RIONALDY, Dr. Ir. Andang Widi Harto, MT.
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

TABLE OF CONTENTS

STATEMENT OF ANTI PLAGIARISM ..ottt 2
APPROVAL FORM ...ttt bbbttt bbbttt 3
PROJECT FORM.....cooiiiiiit ittt sttt sttt sa s e st et st sbenbeaneeneenaeneeneens 4
TABLE OF CONTENTS ..ottt bbbt 5
LIST OF FIGURES. ..ottt ettt ettt sbenbeenaena e nes 6
LIST OF TABLES ...ttt bbbt 7
F N = I ¥ O SRS 8
I [T L8 Tox ([ o ISP 9
1.1 Introduction 10 OAKRIDGE .........ociiiiiieiieieee e 9
1.2 Introduction to Fukushima Corium EXtraction Project...........ccccocevvveviivieiiiesecieseenen, 10
1.2.1 FUKUSRIMA ACCIAENT........ooieieeieciee ettt 10
LL2.2 IRID .ottt bbbttt bbbttt b e bbbt 10
1.2.3 OaKridge ProPOSITION.........cuiiuiiiiitiiicsiesiieiieie et 11
1.2.4 EXIFACHION SYSEIM ..ecuiiiiiiieeie ettt sttt be e e e nteennesraere e 12

1.3 ODjJeCtiVES aNd GOAIS........ccoueieiiieieie e 13
IR Toto] oI U Lo I I T OSSPSR 13

2. General INTrOTUCTION .........oiiieieiiecie ettt e sbe e e sreesteeneesreenseans 14
2.1 Progress of Debris EXraction PrOJECL ...........ccceiveiiiieiecie e 14
2.2 Introduction t0 PANTHERE .......coooiiie et 14
2.2.1 Mathematical models used in PANTHERE ..........cccoooiiiiiiniieeseea 16
2.2.2 Comparison Validation of PANTHERE and MCNP ..........cccoooiiiiiiiiiiiiccee, 17
2.2.3 PANTHERE Technical validation ...........cccccoviiiiiiiiineeee e 17
2.2.4 GeOMELry IMPOITALION ....c..oiuiiiiiitieieeee e 18
2.2.5 Distance Study fOr DED ........coooiiiiiiiccecceee et 20

2.3 CONUM STUAY ..ttt bbbttt bbbt bt 21

KT |V [=11 T[] [oT o USSP 23
3.1 Corium MOUEISALION. ......ccveeiiiie ettt e nae e sre e sreenneans 23
3.2 Capsule MOelliNg ......ooveieeece e e 24
3.2.1 Characterization and ZONING .........cccceeeeerierierenie e 24

3.3 BWR ReaCtor MOUEHING.....c.iiiiiicieiiece ettt 26
3.4 Creation Of EXTraCtion SYSTEM .......cceiiiiiiiiiiiieicie et 28
341 ODJECHIVES ...veeeie sttt ettt e e et e st e et e e b e sreeneeraeeaaenteennenre s 28
3.4.2 The Modeling of Capsule travel from the reactor t0 SFP .........cccccvevvvievieivciennn, 28

4. RESUILS AN DISCUSSIONS ...vvevieiieieite it sieeiesieeee e see ettt e e et st sbesbesbeeneeneeneenens 30
4.1 Calculation of dose rate based on the trajectory of the capsule ............ccocooviiiicinnn, 30
5. Conclusion and RECOMMENTALION...........ccueiiiiiiiieieie et 32
T8 A 0 Tod 11157 o o USSR 32
5.2 RECOMMENAALION .....couiiiiieitieie sttt sttt b et seesneenae e 32
REFERENCE ..ottt ettt s b e te e seese et e s et e ste st e s teateareeneeneenseneas 34
APPENDIX ...ttt ettt et b ettt st ebeeneeteene e enes 35
Appendix 1 Abstract, Conclusion and Recommendation in French ............cccoeeiiiiinnn 35
Appendix 2 SALOME integration ModUule...........cc.ooviiiiiiiic i 38
Appendix 3 PANTHERE Validation Case...........cccoiiiiiiiiiiiiiieieiee e 40
Appendix 4 Corium CharaCterization ............cccocveiii e 42

MODELISATION OF CORIUM FROM FUKUSHIMA-DAICHI POWERPLANT USING PANTHERE CODES



MODELISATION OF CORIUM FROM FUKUSHIMA-DAICHI POWERPLANT USING PANTHERE CODES
RIONALDY, Dr. Ir. Andang Widi Harto, MT.

Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

LIST OF FIGURES

Figure 1 OAKRIDGE field of Nuclear and its Clients ..........ccccoveve e 9
Figure 2 IRID objectives after the establiShment..............cccoooiiiiiiiicii e, 10
Figure 3 OAKRIDGE debris retrieval proposal...........ccccooviieiieiiiie i 12
FIQUIE 4 CapSUIE ESTON ..ottt bbbt 13
Figure 5 PATHERE integration SYSIEIM ..........cciiveiiiiieiee et 15
Figure 6 The attenuation principle for shielding materials in gamma decay ............c.ccecvevenee. 16
Figure 7 STEP RanNdOM gEOMELIY ......cveiieieiiecieese ettt sne e nns 19
Figure 8 STL random geometry with a radioactive source (orange) and point 3, point 2 and

point 1 (from Fight 10 1EFL) ....eceeeieeee s 19
Figure 9 IGES/IGS random QEOMELIY .........coiiirieieieie ettt ettt 20
Figure 10 Capsule Co-60 in the container with several points to test the distance.................. 20
Figure 11 DED calculation based on different diStance............ccoceveieieniiininsesceeceeeeen 21
Figure 12 Corium composition in ORIGEN .........cccccoeiiiiiiiie s 23
Figure 13 Simplified corium composition in PANTHERE ...........cccccceiiiiiiniincccee, 24
Figure 14 Capsule and tube modeled by PANTHERE .........c.coooiiiiiiiiiiececceee e 24
Figure 15 Capsule and tube zoning to get rendering data around the capsule.............cc.cc...... 25
Figure 16 Graphic presenting the three configurations...........c.cccccveve i 26
Figure 17 Initial blueprint Of BWR .......ccui i 26
Figure 18 BWR modeled in PANTHERE..........ccccco i 27
Figure 19 Legends on point of observation in Fukushima Reactor .............ccccocvviiiinicinennn, 27
Figure 20Image of Capsule, tube, and concrete modeled in MCNP..........cccooveviiiiiiciecnee, 29
Figure 21The simulation of the capsule positions and his path from the RPV to the SFP ...... 29
Figure 22 The 6 points of observation generated at the top of the reactor.............c...cccceene. 29
Figure 23 Dose rate based on the travel of the capsule ..., 30
Figure 24 Dose rate proportion of each capsule...........ccooviiiieie e 31


file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618290
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618291
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618292
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618293
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618294
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618295
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618296
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618297
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618297
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618298
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618299
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618301
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618302
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618303
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618304
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618305
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618306
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618307
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618308
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618310
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618312
file:///G:/Stage%20Oakridge/Documents/Draft%203%20Complete.doc%23_Toc21618313

RIONALDY, Dr. Ir. Andang Widi Harto, MT.
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA LIST OF TABLES

Table 1 Comparison between PANTHERE and MCNP (if we use MCNP as Detector) ........ 17
Table 2 PANTHERE Installation Validation from two SOUICES ..........ccceevveeiiieeiiiee e 18
Table 3 STEP file Calculation reSUIL........c..eeviiiiiii e 19
Table 4 STL file Calculation rESUIL...........ocvii i 19
Table 5 IGES/IGS file Calculation reSUIL.............ooiiiiviiii e 20

Table 6 DED of two sources based on different points on Full-scale BWR(in mSv/h )

MODELISATION OF CORIUM FROM FUKUSHIMA-DAICHI POWERPLANT USING PANTHERE CODES



