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Abstract : The demand for mass calculation of offsite consequence analysis to
conduct exhaustive single-unit or multi-unit Level 3 PSA is increasing. In order to
perform efficient offsite consequence analyses, the Korea Atomic Energy Research
Institute is conducting model optimization studies to minimize the analysis time while

maintaining the accuracy of the results. A previous study developed a model
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optimization method using efficient plume segmentation and verified its effectiveness.
In this study, we investigated the possibility of optimizing the model through particle
size distribution setting by checking the reduction in analysis time and deviation of the

results. Our findings indicate that particle size distribution setting affects the results,
but its effect on analysis time is insignificant. Therefore, it is advantageous to set the
particle size distribution as fine as possible. Furthermore, we evaluated the effect of
multithreading and confirmed its efficiency. Future optimization studies should be
conducted on various input factors of offsite consequence analysis, such as spatial

grid settings.
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A Ql QAP RFEA FAEZ= v|x9 US.
Nuclear Regulatory Commission (U.S. NRC)2] 32| 5}of
Sandia National Laboratories (SNL)o]| 4] 7}j¥=] MELCOR
Accident Consequence Code System (MACCS)o| )th
a8l selanREAe] AT ARE AT
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=] MELCOR%} u|= Electric Power Research Institute
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(EPRI)&] #-2]5}o]| Fauske”} 7H9FSet Modular Accident
Analysis Program (MAAP)©] 3lt}. MELCORS} MACCS
= e 7laolA AENE S5to] Solsit MAAP
=S A9 AU YEE MACCSE A5 218l
A Qwie] wakkgle] Bash.
FriAbTEIA TEQ] MAAP FIES] 147
o WBaEE D A7) w1 2
23} o] Ak

RDPSDIST 5 3 =

/

FMXRBg g, 1y, % WEPJyg, 16,74 < MEPIN X FAFFO 1 < MTFFD, 1(:“ ;
dt

Y
NEPIN,, ~ MFP0, )

£d
\SB.IV.IG.IS. JLILIE.t

t : Calculation Time [s]

MB : Number of Particle Size Bin in MACCS (1~12)

MG : Fission Product Group Number in MACCS (1~10)

RDPSDIST : Fraction of Aerosol in Each Particle Size

Array in Group MG

SB : Number of Particle Size Bin in MAAPS (1~30)

IV : Donor Compartment Index of Release Junction

IG : Fission Product Group Number in MAAP5 (1~18)

IS : Species Type (1 = Vapor, 2 = Aerosol)

JI : Release Junction Number

I : Number of Element (1~25)

IE : Number of Element for Mole Fraction (1~31)

FMXRB : Fraction of Aerosol in Each Particle Size Array
in Compartment IV

WEFPJ : Fission Product Flows through Junction JJ [kg/s]

MFPIN : Initial Mass of Element II [kg]

FAFPO : Element Mole Fraction in Fission Product Group

MTFPO : Initial Number of Fission Product Atoms in
Group 1G

NFPIN : Initial Number of Fission Product Atoms by
Element 11

MEFPO : Initial Mass of Group IG [kg]

MAAP FE=29] Q37| 18(bin)2 3072 FAE
 MELCOR %2 MACCS®] ¢x}37] 122 Hoj 20
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Table 1. MELCOR particle size bins
MELCOR Particle Size Bin

oN
0%
1484

Table 2+ YAZ7|EEE 1704 6747HA] Y=

o Hz

2 A 94 H5E Btk MAAP FEof

Bin No. Diameter range [ x#m] MAAPS Bin
Min Max

1 6.53E-02 1.21E-01 Bin 1~3
2 1.21E-01 2.23E-01 Bin 4~5
3 2.23E-01 4.12E-01 Bin 6~7
4 4.12E-01 7.61E-01 Bin 8-9
5 7.61E-01 1.41E+00 Bin 10~11
6 1.41E+00 2.60E+00 Bin 12~13
7 2.60E+00 4.80E+00 Bin 14~15
8 4.80E+00 8.88E+00 Bin 16~17
9 8.88E+00 1.64E+01 Bin 18~19
10 1.64E+01 3.30E+01 Bin 20~21
11 3.30E+01 5.60E+01 Bin 22~23
12 5.60E+01 1.04E+02 Bin 24~30
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Table 2. Diameter range of each particle size bin
6 Bins (Base case) 3 Bins 2 Bins 1 Bin
Bin No Min (#m) Max (#zm) Bin No Min (#zm) Max (#um) Bin No Min (#m) Max (#zm) Bin No Min (#m) Max (xm)
1 6.53E-02 1.21E-01
2 121E01  2.23B-01 : ORE0 - 22BE01 65302 4.12E-01
3 2.23E-01 4.12E-01
4 A DEOL 261501 2 2.23E-01 7.61E-01 1 6.53E-02  2.60E+00
5 7.61E-01  1.41E+00 4.12E01  2.60E+00
p LATEQ0  2.60E+00 3 7.61E-01  2.60E+00
Table 3. A sample of radionuclide release fraction and dry deposition velocity by particle size distribution
Number of Particle Size Bin
6 Bins 3 Bins 2 Bins 1 Bin
1 2 3 4 5 6 1 2 3 1 2 1
Dry de(%.o?ig}‘,’gsv)ek’dty 8.10E-04 9.01E-04 135E-03 246E-03 4.94E-03 O.87E-03 8.84E-04 2.18E-03 7.94E-03 1.22E-03 6.73E-03 6.21E-03
RDPSDIST001  1.67E-01  1.67E-01  1.67E-01 1.67E-01 1.67E-01 1.67E-01 3.33E-01 3.33E-01 3.33E-01 5.00E-01 5.00E-01 1.00E+00
RDPSDIST002 5.50E-03 239E-02  7.05E-02 1.94E-01 260E-01 4.46E-01 294E-02 2.64E-01 7.07E-01 9.99E-02 9.00E-01 1.00E+00
RDPSDIST003  4.30E-03 1.93E-02 6.40E-02 202E-01 278E-01 432E-01 236E-02 2.66E-01 7.10E-01 876E-02 9.12E-01 1.00E+00
Release RDPSDIST004 530E-03  230E-02 6.87E-02 1.92E01 2.60E-01 4.52E-01 283E-02 260E-01 7.11E-01 9.70E-02 9.03E-01 1.00E+00
bfyragij‘ig RDPSDIST005  5.30E-03 230E-02 6.98E-02 209E-01 296E01 3.97E-01 283E-02 2.79E-01 6.93E-01 9.81E-02 9.02E-01 1.00E+00
nuclide RDPSDIST006 4.70E-03  2.06E-02  6.64E-02 2.04E-01 280E-01 424E-01 253E-02 2.71E-01 7.04E01 9.17E-02 9.08E-01 1.00E+00
RDPSDIST007 4.10E-03  1.82E-02 6.06E-02 191E-01 271E-01 455E01 223E-02 2.52E-01 7.26E-01 829E-02 9.17E-01 1.00E+00
RDPSDIST008  5.00E-03 222E02 6.99E-02 207E-01 2.77E01 4.19E-01 2.72B-02 2.77E-01 6.96E-01 9.71E-02 9.03E-01 1.00E+00
RDPSDIST009 4.80E-03  2.13E-02  6.85E-02 2.09E-01 28IE-01 4.15E-01 261E-02 2.78E-01 6.96E-01 946E-02 9.05E-01 1.00E+00
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Fig. 1. Source term category logic diagram for OPR1000,

Frequencyot
Multi-unit
Number of JAccident Scenario

MAAP

Large
MACCS
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Term Input

MUST Converter Mr. Manager MACCSense

~ Large number of MACCS
calculations automation

- Post-processing of MACCS
results

- MAAP resultsextraction
- sourceterm inputgeneration
for Single or Multi-unit

-~ Sensitivity Analysis
- Optimization

Fig 2. Computerized mass analysis framework for offsite
consequence analysis,
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Table 4. Impact of changes in particle size distribution (1 BIN)

Population- weighted ~ Population-weighted
Time early fatality risk cancer fatality risk
Source (0~80Km) (0~80Km)
No Term Base
Calegory g | BIN o, Base Base ) g o

(sec) ®  Case I BIN % Case

(sec)

STCO1 2217.7 22055 99.5% 100% 100% 0.0% 100% 106.5% 6.5%
STCo2 21704 217491002% 100% 100% 0.0% 100% 1104% 10.4%
STCO3 1214.0 1218.41004% 100% 100% 0.0% 100% 115.1% 15.1%
STCO4 2439.5 24334 99.8% 100% 100% 0.0% 100% 112.0% 12.0%
STCOS 1747.2 17395 99.6% 100% 100% 0.0% 100% 105.3% 53%
STCO6 24183 2405.6 99.5% 100% 107.5% 7.5% 100% 111.7% 11.7%
STCOS 9485 9400 99.1% 100% 100% 0.0% 100% 1043% 43%
STCO9 4330 4295 992% 100% 100% 0.0% 100% 102.7% 2.7%
STCl0 946.1 941.6 99.5% 100% 100% 0.0% 100% 105.6% 5.6%
STCI2 9216 919.6 99.8% 100% 100% 0.0% 100% 117.8% 17.8%
STCI3 3725 3702 99.4% 100% 100% 0.0% 100% 105.0% 5.0%
12 STCl4 9265 9214 994% 100% 100% 0.0% 100% 109.8% 9.8%
13 STC17 13370 13323 99.6% 100% 100% 0.0% 100% 121.3% 21.3%
14 STCI8 15632 1556.6 99.6% 100% 100% 0.0% 100% 102.9% 2.9%
15 STC19 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 STCo1 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%

e I Y e R

Table 5. Impact of changes in particle size distribution (2 BINS)

Population- weighted  Population-weighted
Time early fatality risk cancer fatality risk

Source
No Term (0~80Km) (0~80Km)
Base 2

Category e BINS % B™ 2 piNs o BB 5 pNs o
Case Case
(sec)  (sec)

STCO1 2217.7 22014 993% 100% 100% 0.0% 100% 1042% 4.2%
STCO2 21704 21685 99.9% 100% 100% 0.0% 100% 106.7% 6.7%
STCO3 1214.0 12059 99.3% 100% 100% 0.0% 100% 108.9% 8.9%
STCO4 2439.5 24139 98.9% 100% 100% 0.0% 100% 107.1% 7.1%
STCOS 17472 1737.9 99.5% 100% 100% 0.0% 100% 104.0% 4.0%
STCO6 2418.3 24055 99.5% 100% 105.0% 5.0% 100% 107.2% 7.2%
STCOS 9485 9386 99.0% 100% 100% 0.0% 100% 101.4% 14%
STCO9 4330 4316 99.7% 100% 100% 0.0% 100% 1021% 2.1%
STCI0 946.1 9423 99.6% 100% 100% 0.0% 100% 103.3% 33%
10 STCI2 9216 9164 99.4% 100% 100% 0.0% 100% 103.1% 3.1%
STCI3 3725 3734 1002% 100% 100% 0.0% 100% 103.9% 3.9%
12 STC14 9265 9188 99.2% 100% 100% 0.0% 100% 102.9% 2.9%
13 STC17 1337.1 1337.7100.0% 100% 100% 0.0% 100% 112.5% 12.5%
14 STCIg 15632 15509 99.2% 100% 100% 0.0% 100% 102.4% 2.4%
15 STC19 2608.0 2590.0 99.3% 100% 98.0% 2.0% 100% 104.1% 4.1%
16 STC20 2506.7 2490.0 993% 100% 105.9% 59% 100% 102.9% 2.9%
17 STCo1 8148 816.6 1002% 100% 1024% 2.4% 100% 103.9% 3.9%
Average  99.5% 100.0% 100.9% 09% 100.0% 104.7% 4.7%
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Table 6. Impact of changes in particle size distribution (3 BINs)

Population- weighted  Population-weighted
Time early fatality risk cancer fatality risk
Source (0~80Km) (0~80Km)
No Term Base 3
CHEOY e BINS % PR 3pNg o BEC 3pNg o
(se0)  (sco) Case Case

1 sTCOo1 2217.7 2212.0 99.7% 100% 100% 0.0% 100% 101.5% 1.5%
2 STCO2 21704 2171.7100.1% 100% 100% 0.0% 100% 102.8% 2.8%
3 STCo3 1214.0 12049 99.3% 100% 100% 0.0% 100% 102.2% 2.2%
4 STC04 2439.5 2416.1 99.0% 100% 100% 0.0% 100% 102.3% 2.3%
5 STC05 17472 1737.7 99.5% 100% 100% 0.0% 100% 101.8% 1.8%
6 STC06 24183 2407.0 99.5% 100% 101.5% 1.5% 100% 101.8% 1.8%
7 STCO8 948.5 9432 99.4% 100% 100% 0.0% 100% 100.7% 0.7%
8 STC09 433.0 4293 99.1% 100% 100% 0.0% 100% 100.9% 0.9%
9 STC10 946.1 9425 99.6% 100% 100% 0.0% 100% 101.2% 1.2%
10 sTC12 921.6 9135 99.1% 100% 100% 0.0% 100% 105.4% 5.4%
11 stc13 3725 371.0 99.6% 100% 100% 0.0% 100% 101.4% 1.4%
12 STC14 9265 9242 99.7% 100% 100% 0.0% 100% 102.0% 2.0%
13 stc17 1337.1 1331.3 99.6% 100% 100% 0.0% 100% 100.7% 0.7%
14 sTC18 1563.2 1552.5 99.3% 100% 100% 0.0% 100% 101.0% 1.0%
15 STC19 2608.0 2590.1 99.3% 100% 99.0% 1.0% 100% 101.2% 1.2%
16 STC20 2506.7 2506.6 100.0% 100% 101.1% 1.1% 100% 100.7% 0.7%
17 stco1 8148 811.2 99.5% 100% 100.7% 0.7% 100% 101.6% 1.6%

Average  99.5% 0.3% 1.7%
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Table 7. Relative errors of results by particle size grouping

Average of STCs Average of STCs
(Early Fatality) (Cancer Fatality)

0% 0%

Case

Basecase (6 BINs)

3 BINs 0.30% 1.70%
2 BINs 0.90% 4.70%
1 BIN 1.30% 8.60%
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Fig. 3. Example of mass analysis using Mr. Manager and
Multi—threading technology.,
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Table 8. Comparison of single—thread and multi—thread analysis ZAof thEo g 35t EA A7 | tfgt Pk =
resuls for ail STC Solk A8 st WA A olg
. . . Single run Multiple runs = =
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