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Abstract

It is important to understand the behavior of the fission products released to the
environment after the containment failure and the loads that lead to the loss of containment function
from the viewpoint of mitigation measures against severe accidents,. For that purpose, it is important
to grasp the phenomenon by effectively utilizing the prediction by the analysis code. Among the
phenomena related to the loss of containment vessel function, the following four issues were
extracted for which the evaluation using the existing analysis code has a particularly large
uncertainty.

® Molten fuel-coolant interaction outside the reactor pressure vessel

® Molten-core-concrete interaction

® Debris-bed coolability inside and outside the RPV

® Generation, transferring, and removal behavior of radioactive material releasing from
containment vessel

Uncertainty was reduced by developing an analysis code that reflects the latest findings
on phenomena understanding and modeling for these issues. The analysis code was developed for
six years from 2017 to 2022. This report summarizes the results.

In this research, the expected results were obtained as follows.

(1) In “Molten fuel-coolant interaction outside the reactor pressure vessel”, a three-dimensional
molten jet splitting behavior analysis code “JBREAK” was developed to treat three-dimensional
detailed jet and droplet behavior. The molten jet splitting model of the R-Z molten fuel-coolant
interaction analysis code “JASMINE” was improved and vapor explosions were reproduced
well under a contract with Japan Atmoic Energy Agency (JAEA).

(2) In “Molten core-concrete interaction”, we developed a three-dimensional molten core-concrete

interaction analysis code “CORCAAB” which enables detailed analysis of three-dimensional
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MCCI. In addition, a convective heat transfer model in molten debris was developed to reduce

uncertainties related to MCCI.

In “Debris bed coolability inside and outside the reactor pressure vessel”, we developed two

analysis codes “THERMOS” based on the deterministic approach and “JASMINE” based on

the probabilistic approach;

D In the development of the analysis code based on the deterministic approach, a modular
code system, “THERMOS” and four modules on melt jet behavior, melt deblis cooling
behavior, melt deblis spreading behavior and material iteraction in debliswere developed.
In addition, an inter-code interface was developed for the case that coupling analysis
between these multiple module is performed. As a result, detailed debris behavior of actual
BWRs can be analyzed by “THERMOS”.

@ In the development of the analysis code based on the probabilistic approach, a model of
debris formation and melt spreading behavior on the floor was added to JASMINE under
contract with the Japan Atomic Energy Agency (JAEA) to enable evaluation of the success
probability of debris cooling in the containment vessel.

In “Generation, transferring, and removal behavior of radioactive material releasing from

containment vessel”, we worked on two areas; "Development of source term evaluation method

considering chemical reactions" and "Development of aerosol scrubbing removal model.

D In “Development of a source term evaluation method considering chemical reactions”, a
detailed chemical reaction rate and chemical equilibrium composition model were
introduced into a comprehensive severe accident analysis code “THALES2” to improve
the fission products generation behavior in BWR plant accident analysis under contract
with JAEA. As a result, it became possible to evaluate the source term considering the
chemical form of radioactive materials.

@ 1In “Development of the aerosol scrubbing removal model”, an analysis code was
developed to enable evaluation of three-dimensional aerosol transferring behavior under

contract to University of Tsukuba,.
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Table 2.2.1

#2.2.1

DEFOR-A

U — RS

Experimental condition for DEFOR-A series

Hi#) Division of Nuclear Power Safety, “Investigation of Cooling Phenomena of High

Temperature Molten Core, Phase-4 Report on Test Series: Remelting of Multi-Component

Debris (REMCOD) Debris Bed ormation (DEFOR) Pouring and Underwater Liquid Melt

Spreading (PULiMS)*, 2018.!!; Division of Nuclear Power Safety, “Investigation of Cooling

Phenomena of High Temperature Molten Core Phase-5: Modification of the Facilities and

Third Test Series of Separate Effect Studies «, 2019.!2

INTA=R | r—A

A27
TR ) Bi,0;-WO0; (Fih%)
TR kg/m’) 7811
J VNS [m] 0.02
FERIIIRRE (K] 1342
FRAINEEE (K] 199
TRl IARE [L] 3.73
JECHHRERE [s] 6.92
it [L/s] 0.54
J AN —)LIX[H [m] 0.195
KL [m] 1.5
HIHPKIR [K] 360
W7 7 — L [K] 12.5
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THERMOS : Transient Removal of MOlten Substances
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#23.1  CCI2EABR D fRAT S
Table 2.3.1 Estimation condition for CCI experiment
Hi#) M. Farmer, S. Lomperski, D. Kilsdonk, R. Aeschlimann, S. Basu, “2-D Core Concrete
Interaction (CCI) Tests:CCI-2 Test Data Report-Thermalhydraulic Results”, Nuclear
Engineering Division, Argonne National Laboratory, OECD/MCCI-2004-TR0S5, October 15,

20044
77V

HIHVE B [kg]
U0, 242.48
710, 99.60
Si0, 13.56
MgO 4.56
ALO; 1.64
CaO 12.52
Cr 25.64
IR K] 2123

27 Y—h
B 255 ke/ke)
Si0, 0.283
MgO 0.096
CaO 0.260
ALO; 0.035
TiO, 0.001
Fe,05 0.016
Na,O 0.011
IR K] 300
% 8 [kg/m3] 2300
[ FH R K] 1568
TRAH BRI [K] 1393
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Ablation front
surface

Vij+1k+1  Vi+1,j+1k+1

Pattern 4-2 Pattern 4-3 Pattern 4-4

Pattern 4-5 Pattern 4-6 Pattern 5

Hi#) Morita A, Hotta A, Yamazaki N, “Algorithms of three-dimensional concrete ablation front
tracking (CAFT) and crust growth”, Annals of Nuclear Energy, Vol. 158, 108297, 2021.%
(2.3.1 BAHNORETZ B bRZ—

Fig. 2.3.1 Erosion front pattern in cells
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Hi#1) M. Farmer, S. Lomperski, D. Kilsdonk, R. Aeschlimann, S. Basu, “2-D Core Concrete
Interaction (CCI) Tests:CCI-2 Test Data Report-Thermalhydraulic Results”, Nuclear
Engineering Division, Argonne National Laboratory, OECD/MCCI-2004-TRO0S, October 15,
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Fig. 2.3.6 Schematic diagram of CCI experimental apparatus
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Table 2.4.1 Important phenomena and experimental knowledge of debris bed formation and
cooling
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Hi#) W. Kikuchi, A. Hotta, “Extension of molten jet breakup evaluation code JBREAK by
improving droplet agglomeration model and validation based on DEFOR-A test”, September
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Fig. 2.4.1 Phenomena on debris bed formation and coolability
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Fig. 2.4.2 Main phenomena on debris bed cooling
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THERMOS : Transient Removal of MOlten Substances
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Fig. 2.4.3 Composition of debris bed formation and coolability estimation code THERMOS
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Fig. 2.4.4 Heat transfer path between heating element and non-heating element

63



helght(m)

|
[0.Ge+00

(EYEIL S E = Sl it AT =

3 '—0h0Om
EE- BassoE 7 /L —0hOIm
= 35 R 7z - ——0h05m
) f5: DPCOOLIZ L 5 34t 5 —0h10m
X0 —0h30m
w2 2h00m
2
~N
SOOI K
{
—N
N
IN
0.5- \
0-— [ — s - N \-\.-\.\.., .
0 | 2 3 4 5 6

F7Y Ay REEHEHEARY (m)

(b) Basso &7 /L' & DPCOOL O Fr i
Hi#)  A. Hotta, W. Kikuchi, “Extension of Debris Bed Cooling Evaluation Code DPCOOL for
Evaluating Uncertainties in Long-term Debris Coolability”, September 6-8, 2021, Levice,
Slovakia, RCCS-2021, 2021%¢
}12.4.5 DPCOOL (2 X % ZIRITLHRIC L DA T LAY o TR
Fig. 2.4.5 Analytical results of three-dimensional self-leveling by DPCOOL

64



< 0.6 m >
A
7 —ILER
0.21m
— " T A
g FENINENER
o g
=
=
\ 4
0.49 m .
()3 =By REFREASRIZE T 2 HEREE Ot R W
T [
400 p\;:s_/ / 1 1 E
— 395 % {053&2—
0.000

l 390
386.191

_________

Z -~
------- 1.000 —
T Io‘e v
S
XA/\Ay 0o
0.4 \T

Time: 100.0 s
(b) ¥aHL ) E40.0 kW (23315 5 100s # D =2 > 7 —[X]

65



387.5j 39 kW
- B ILESICXT 2 REEHH

ws BB ILEGICINT 5 FHE \

384,

7Km(K)

383.5{

3834 r\
382.5¢

7T, ) I ) NS [N [ S S O V) INmu INUSU SN NEER v w—
20blU1520253035404550556065/0/5808590951(1)

384.3, H:_i_f: & (S)

384.2

384.1

s 38 kW

383.9{

383.8{

383.7{

383.6/

383.5|

383.4

383.3

383.2f

383.1

383 [V e
382.9

382.8)

382.7

382.6

382.5

382455 o 75 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

KA (s)

7KE(K)

(c)HEREE O AR IR EE D Ry 22 4L
Hi#) A Hotta, W. Kikuchi, “Extension of Debris Bed Cooling Evaluation Code DPCOOL for
Evaluating Uncertainties in Long-term Debris Coolability”, September 6-8, 2021, Levice,
Slovakia, RCCS-2021, 20218
[42.4.6 DPCOOL I & - T Tilll S 4172 COOLOCE-13 3 D AHIE FE 251k
Fig. 2.4.6 Liquid phase temperature change in COOLOCE-13 experiment predicted by DPCOOL
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#2.4.3 PULIMS FEB4%M:
Table 2.4.3 PULIMS experimental conditions
Hi#) Division of Nuclear Power Safety, “Investigation of Cooling Phenomena of High
Temperature Molten Core, Phase-4 Report on Test Series: Remelting of Multi-Component
Debris (REMCOD) Debris Bed ormation (DEFOR) Pouring and Underwater Liquid Melt
Spreading (PULiMS)*, 2018.!!

INT A= |r—A E-11
EENELY) Bi>0:-WO; (3LfhR)
VRRMETE [kg/md] 7811
J ZVNEE [m] 0.03
VSRR (K] 915.9
VSR IEEVE (K] 45.9
VSR AR [L] 39.25
JRHHRFRE] [s] 53
e [Ls] 0.62
J A= —)VIX[H [mm] 65
JKAZ [mm] 190
KK [K] 367
Y77 —VEE K] 9
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Sample of sump sink model analysis by MSPREAD
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Fig. 2.4.12 Example of Weir Anchoring model analysis in MSPREAD
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Fig. 2.4.13 JBREAK-MSPREAD interface method
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Fig. 2.4.14 Time variation of melt tip position in KATS-12 experimental setup and analysis

results
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Fig. 2.4.15 VULCANO experimental apparatus and time variation of melt tip position
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Fig. 2.4.17 Comparison of PULIMS experimental setup and melt spread shape
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Fig. 2.4.18 Debris bed distribution in PULIMS E10 as predicted by MSPREAD
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254), — T, IURT, BELAORE LIZBWTEOMHE (R*2E 0.37) Z2RL7-bL00D,
FRFRIR A PE D B EZ ARG L2720, MBfRE R? 6<0.01) ARKE<EKTLE,
ZHUE. BBRIBAICHES I UEOFHBRREEEHCOW T, LB EHEARE O TR E MR 2
LHERLTND,

FUHREETLSFMETH D VERDON-5 £ TH, VERDON-2 EE L [AERIZ, £ 7 Aot
BRI ONWTHERBE L, EDOMBE R fE~0.14 2157 (VERDON-5 FEB7T — # X [EEE

A7 nY=s FOWEICEY T =2 RAK) ., LrLbyHEOREL LT CsBO, HEHK
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(2)

&}, VERDON-2 ([ZHEARTHEEHEBK COr v v A0REEN/EM Lz, /-, I UHEITO
VT VERDON-2 [AARICEEFR 2 3Tk C, THIKSEDSKE IERT L7 o,

X 2.5.5 |Z TeRRa EBRIZ BT DIREAEE N O 3 0 FILAE 5340 & OIREE 400 K LLF O
W EE Lz 3 v R LEROYELRE (=7 vy ik - AR BlOFE &R, BES
BN FP PLE AL, AL FREE R Ol SR REL KB LT, BITLFPREIDS T
R AR, B OBITEFRIC O W IR ER THE LR ZILE B — 7 (LB & fRiTIC &
DHBLTE 2 (RME0.96) 23, RUFRDH D OFRMETH AR T U RNBEIM L7 ERFRE RIS
WTILIE/ NG5 Z & AHER S i 190, Z ik, 325 TIdE IR AEL T CsBOy 1o~ T4
fic L7 24K 3 U RN FIICBAT T 2BRISHESSNIC=7 v Y ko Csl ~& Bk L7-DIc
kU, AL PHEREFR O CIX T AR I O RO T v VY OALIEIBRRIZE A Lz S0 o
7272 Th D,

LY AL PEERIc S <ALFEET M, BV U MMEFERIC O THE L Z D
b¥ZE 2 THITELRBLA/RE, —FH T, SaURFRITARIORLERT D &
IRBBRICB N TEORENE LR, Z 072, LR B i O ok L 72
AERMETHLEZEZDLND,

b w2 3 D <AL T MBS 2 REBHEHE T L OB %

LFET VO ISA ~OEHEN R FEETFHEAMOMRE L LT ZENBRIND T
W, AR SIRFTCHERRE D A 7 5l &\ o TR 2R — 2B DR~ D & B8 L
TG EAICHEBRENTH D, T2 T, fHEANO/NSORERFET AV EBEIIONTHR
FEEDT, ZOHFETIE, AP EERE 0T T V& W CARBAORE, stRMRk
SRR T DAL PR 2 5t R L C T — 2 _X—2{b L, ZhIcE S REBEHEET V&
MEFLL CTISAICIEAT 5 2 LTk v BHEAMOHE K Z M2 > b 5 R RE 28
TX %, VICTORIA = — RSB TME T VA B ISA ICRET A6 L0 Lt RIS E
T2 05, BRRMENT 7 — A% % B L 2 AR SRTOREERRN U 2 7 3l %
L% 8%ZEE L TCEMTEDL A v MIRZ W, T E T, FHHERBERR L FEATRD
HIDINT o 2B DS Dirichlet R Z W= 2 L oXT A KU w7« X RYEK K T4
BIZ X2 ERERET VASE L, B Lo RERE €7 /L% THALES2 = — RIZEA L
THEEEIT o 72, S HFHTFIECTHREIN D BIBEIFET MIZOWTLLTF THT 5,

D Dirichlet BfEZ W=/ L RXT X N v 7« XA XYL
REFEFET LV EE, WERES (W) 1 y) LISIZER (AT x) O OE &7 BE%R
(y=f(x) ZHFNTFIECI > THFTI2ET LV TH D, AUBEHET LTIX, /v~
INTARY w7« XA XEZFEH L TWD, SN T AR w7« X XEIE N R
FROFHLWFEEFHET AL THY, [FIATE 27T — X OBEHEIITE U TET VAKOEME S

HHEBNICHEET L) ZEDOTEDLHETET A THD %, S bIT, AFEHET VT EIFE
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TAD XD RAMEEZFANCHET DHEN L, X ZEHE AW 7o 7 Lo
ENFRETH D, /S /N T AN w7 « X XEORGERERDHFFETVELT, T
4 U7 Lidfe (Dirichlet process) WNZEF 515,

T4 U7 VIR EBRAT LIS, WU RBEGERKETANOHMAT D, T—F y B ER
T 50U ZAREGREIFET VTR TRIND,

pOlm, 1, 0) = Xkay TN (¥t 0% ) = D=1 TN (V| Bro + Bt - %, 07 )= weeeeeeeeees (2.53.1)

ZITCL XIFANEE O by, i DERL Bro & Bl IBT T ET (AT rjy\/\ﬁ)@@
IR, oRI3H Y TETAONETH S, HHIIASOKEDH T ZA[EFE TV EREA

(1 : T~Dir(ay, ay, -, ax)) CTRALIEETF L THD, BALIZKRITOT 1 U 7 LSS
W9, HYARAEIRE T A OTHPERRIZL TR AEIK THIK S D, REHKZ FATCR
ETANERLNWEF AL, Fq U 7 LIBBRERIESETF L & M. Bl Ra K L
R A ZHEE TRHE T2 (256 ) 19716,

P, 1, 0) = Tty e CON (Y|, 07) = e TN (¥ |Bro + B - %, 0 )=+ v o v veeeeee (2.5.3.2)

ISA DEIETIE, HOENUDIER LI bFT — & X—2 (AT & W RN IERTE 22 BfR)

LTy FNEXMNGELET 4 V7 VIBRIESETVEMEL, TOET LV E I —
NRIZEET 2O THD, 2FV, 22— — 3L FT —FRXR—R OV TE#HT HZ &
R FHEMEEEBZ BB LIZHENAETH 5,

X 2.5.6 Tix, (L PR OLFEET VI X VIER LTALSET — 2 _X—2 (1000 &7 —
A, ANJ):Cs, I, Mo, BoeFk, HE, H,O/H b, ) B U AKRONT URO{LFHM
A% (Csl, 1, HI, CsOH, CsBO,, Cs:Mo0Q4)) THERK L 7= fREEHEFE 7 /v 0 BARIRGERS %
R LTz, T — 2 RX—2DRECITL R & DICFEENAR D EER 72 H 17) % 54T <
THZLEMERLEY, LoLaens, FEHEET LT —F X—=Z2A OB\ E
FEET 2 2 LI 0D, AMEICK L THIMEDOZE LI 24 e 56 2 O TR E DMK
W, ABSERR AR LI, RRICIREEICKR L TR AR E b E © D, % D72 Dirichlet 8 F2 % H U
o) T AR w7 e SN KB K DR TV OMETIT, AREHEEICK LT
ERDOET NVEMBEST 52 L TTHRER ESETWD, —J5 T, KRk
ETFMTIE, TRIFRSARER L 25720, T—ZMEHIEIC OV TORERET S
77

@ KifHk
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KEBEIC X 2 EIRET VL, THILTEWATIRT A =2 EOKEHIZH D K HO
T REANTRES NS, THICHZYBETRE T — X80, THILZVWENLD
PREE & Bl b L EAEAE OV TRESINLD,

BAREIZIX, FIHIZKROEY Ths, £9. VICTORIA = — REOLF Efamic -5 <
BT VTR D | JEHRRE I OB GRS T DAL AR 0303 D T — Z RN — X
EHOMNUDIERT D, WIT, ISA TOFEITIZENT, AER LT —Z RXR—2 2B L,
{EAERRR 2 5 L 72 ME2 e GERBESCRE 2 L) [SEWT —# 2T — X X—An b
10 BRI 95, ZAL it LieT — & 2 SALZRE RN -k a2 i B & 739 2 [8])5 dh
MEETZAHNTEHL, 22 AW TTHT 2 (KM 25.7), ofF7—2ofiticid, B
DANIJRT A =4O (Log-Euclidean Bl : D(X;, X*)) ZHEICHHAL TV 5D,

D(X;, X*) = \/(10310 X; —10g1g X )2 eeremrmeerenenentanenentanineneannn. (2.5.3.3)

T THITD2ANME X eT —HRIDOANE X TH Y | ALFERNTH DTRIRE L
INEEESKHIE S Do 238, BoffFO K EO7 — 2L T CHNT 5.

-
—

D(Xl,X*) < D(XZ,X*) < < D(XK,X*) < e < D(XN,X*) .................... (2‘5‘3‘4)

B, BEINT KEOT—2 X0, T —F_X—=ZAO AN ITELOMEZ &% 58T L,
WERS T —2HiHn T& 2 X9 ITET EEIC &S E 2013 2, K FEOR AL,
HRIL AL RSO T — 2 D DRUERIRET VEER TE 5720, 2R EIEZRF2 L)
BT — B R AR MIKHET 2 2N TEDLRTH D,

AR TIER LTALFET VDT — 2 X—= 2% AL EERICES< D THY . AT
NI A=K (X) L LTV AR VEOLFME AR ET D L TEER THEL (Cs,
I. Mo. B). FP&UME (H,O/H ) . FIHKEE ZEE L, HAMRE (Y) &L Tkeyv
LR E v FEOAEEEL (CsI, 1, HI, CsOH, CsBO,, Cs:MoOs) & H 5, E7o, JRHL/R
SA FMFICKHET 2T —F X—=2{LEATOMBER S DD, EATINNT A —F 2 EH S
T 22 o —AERm L, T—F_R—RAZERE LT, LT —Z_X—2 %L K
PRI X DB EIRET O T RIMEREZ X 2.5.8 IR T, X258 DY, AT A—
% (REEROTHEMR) I+ 28BF — 2 _X— 2D % KT T /I L e k< F
BTExZ L afEd Lz 1,

EEIZ, AL FETAVICET D K BFEEZHOWEERERGTET LEZ ISA Th D
THALES2/KICHE |23 A L, BWR4/Mark-1 77 > b O A ERELR (TB) K OYF L4 A
BEREEER (TQUV) D 2 ¥ —r L AZDNWT, YV — A X — LGl 24T - 72 159190, Z DfER
BFEET MR DREBMEET VO E 2 X NoF X, Bk, FLEE, =7 ey

FEFORTOFHFE A M LT 1%RMTH Y, GFHREEHOH KR LI bFEE 2%
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3)

BTELHZLaMR LT, —HTHERETIX, HONUDIER LI LT T —F X— 2D
HEANIFHEL —#HHY, AR KBOT—X2RETEXRVEEL Ao, £0k
D, T—HR=ADPTRT = RX—AFMH LB - HEI. TOE., (L PlE R %
T LT —Z X =R BT 2HOREDBMLETH D,

AT T V& AV CHENT L7 BWR4/Mark-1 O TB ¥ —47 > A (RT7 A 7 = VKA
AR ERE 7 — 2) IS T AR AKX 2.5.9 18T, HEMICE EN DR UEORBEEICL
D, BT LD CsBO,. Cs:MoO, % % & iekk 4 7ot FIERE CHINARRICBAT T 2729 (K
259 (1), B MEERENREIENED CSOH & L TBITT 5 L HE S A IERMIT L
b, KSR ERERFE O pH X 1 R T 92 (X259 2), ZORE, WHTOT AR I ¥
F (LECEKIUER) OV —AZ—KEMBRB Iz (K259 3), AERIT TR
T2 FP OALFIEREIC K o TITIRIR D pH K F S LR MR T L, D L5 iHANT
BRI IRICAE D 2 U R RITHNT 21 &) BEEARgE 1819 2Z 8T 5 L 588
AER E IR oI,

LLEX o, REFGHET VIZFEAMME OBS CIHEFICEDTH DL Z ENRENT,
LU G, fHRERBEICOWTIEEFEIDIS U THRERH U . ISA TIHMEFEET VITK
LTERENDHERBECS L CTFEORERVKENMNETHD EE XD,

JRFF A RN FP AL A28 L7z BWR Y — & ¥ — Akt

BAKFE T T 7T v MEDJRTFIFMERND FP OILFHIZEENCI T, BaC il 1
M#uzH325 BWR 77 FClik, avEROTEY U MEPREE LT, fitk, HMELTEE
CsI =° CsOH &I E R 2L FIBRETHIET 2 AN & 5, ZAvl, RIFFETIX, JAEA N
L OEEEW 17 vy = 7 N CHER L7232 ORI IZEE S\ e FP L PO THIE T v
ZHESE L. JAEA TRH¥ LTV % THALES2/KICHE (2 AT 5 & & iz, BT FEmERN
FP b % B8 L7- BWR ORMA7R Y — A X — LGz 520 L, (L EN 3 vE LKL
U LMETFREIC G 2 5 A T L7 TN,

RFHI 72 Y — A H — NFHCTxG L L= 7 T > MiE, 110 J7 kW %D BWRS/Mark-11 2 B
Bl U, MRETRI SRS — 7 A%, TB, TQUV, mEEK « EMKAERK (TQUX),
MAM I (LOCA) R /KBEREEEZR (S1IQUV) . AREER EMEREREL (TW) O/
Ry — A, T L THEMBERNAA RXAFRTHDLA V H—T = — A AT 5 LOCA (IS-
LOCA) DARODDHER Y —r v AextRE Lz, 7ok, RN TlX, BMERA T LA L
BER B RE e & OFHBFEFIR OB IAITE 2 THhgn,

F7o. FPRBATEENCE D DTS L LT, BN B OB CORSOR-M £ 7 /L % |
M U7 BESBUHNFICIE W T, 2Toa UHEILCs AL CsL &R0 R O Cs i
2T CsOH (272 % EAE LTz, Mtttk b Flmmis & 0 Faiflius ULl s — 2 K&
O K EEIC S S REHGEHE 7 T K 0 2 ORI AN R AL PR AR I 22 kT

[ FPALFETF T, T FEAHIZRNOLETORY 2a— A LTEBLTWS, -, &
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4

UHRIT, HIEHET L — FOBKIC 2R R OERIC LV EIh2 b0 L L,
IR BARMENT Tl KM TOFRONT X D PR EARICE B Loz, S TORK
FUEFBOSIZE D T AR I VR LOFRIEBREEZER LW L & LT,

SRR T LDT T FNEEBOSTHE L LT TB v — 7 A2 FlCHIAT %,
ZIT, FvFebrvyaid, £, AERECTRENSKEEINALT <, SR TET A
W KRR TIE=7 a2 VLR TR S 72 PREEOBITEB 2 R TH R H 5,

TB ¥ —/ v ATlE, FHWBMAE —CHR ORIZFE O TRAE LIEARKERE &+ 571
SAPRBERED HRIC K D DR 2, 2 Dtk 8 el (RFENT CIRE L7-fl) THil4#
AERTH DEFERSEB TS 2 & THREL~OEAMNMEL L, FOEERGICED, TB
V= AN, BRSNS S Z & T R IREE T T, mARRE T LR
DHERT D, £72, TB =7 VAR FFENEERETHODEEGICE L T2, R R A
FHNIZEE LTz 3 UK RPV IR & EE 32, JRFF 2MEEIRRE T RPV 23
BT 256, TORETORLE FP OBITHA TN, EEEHOBIITHREIZL A% L <
725720, LA FP O—H RN &A% SSRGS ~BITT 5,

X1 2.5.10 XX 2.5.11 12, TB =7 L AZBIT DBV T L KNI 7HREOLEMRK % R~
T2, BT AL, K94 FS CsOH, K 4 DS CsoMoOs Th D Z E N TREINT, Th
ICEVEFET VAR IRWISAICBW TS, Pk EEZH WS Z & TG mIctE
VU LD EE AT A Z E N FREL 72D, — 5T CsaMoOs D AEREIE, BREHN D
B S5 Mo DEICKRE AKFFE L THE Y, BN D O FP €7 /1Tl % CORSOR-M
ETNAOTRREEICRE RKGFET D Z EDEEMIT LV A ST o TS 12, LR
ST, BV U LOMFEEBEZHMRS 5 LT, UL ESMEDEWNED FP OET
NDOEEZNT L TEDLILERNH D EEXDND,

FlIUvRIZOVTL, Bl & RDFEFIFHHRIZEBN T, Csl DR IELAFTN 2
2B JAEA ICTIT O TV D EZBROMEE 2 T PRI N7 CsoMoOs D ARSI
W, T RRIEFERE (HIR L) 28 1 HIREAR SN D & PRI, 20955 HLIEZ@EE T
HY. FTWMICALET DYy MY 2 VEOIERMEO pH Z X T &5 2 LIZER LD, 2
DA AR T FEOAEBITATTHTE K LIPSO AR A UEOAREIZHFEL TL
HEEZLND, LM LR GREIEIICR LT ERORGEIZE W T, b Pimic ko< =
U % DAL LA Z R E MR N 2 E AR ENTE Y, H AR T U ROFEM R RG22
1T I PSR E R O FEET VEANC L D TFHEE O EALEARA R TH D,

T A BOS B Gy % 5 8 C & DAL5E T L OREEE

BRI XL AT AND U ET T 7 7 v MEFT~OBEAIZ W T, I 7 #E{k
FRUZ OV T B KL L2 & OFGE D & D 15, AMATIZ I D407 P Hlifam D 2% 2 1
FREECH REROENRE SN, 2T, KnEEEABE T 2P ETLELT, 1k

SRR AR L LT RIRBOE S H oy TR b e D KB TR & i < FE 2 MFT L7z,
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(5)

Z DORBIBLHE SISy H T, EFITEHNVEE DO IGE Z 7o 0N TRATH Y | FEH
IEOFEMEZ EHHET 2N ERDH L, 2T, REMIEGIEIERE X ORR%IBESED
BAEY N NR—2 D Z L b Ui, LRGSR OMGER] & LT, Cantrel & 23%EHE L 7=
PHEBUS-FP FBRIZ 31T 2 K EEFRAVRMIZE 17 22t BRI FEE Y v — % B3 27K
#1% = — F CHEMKEq (T & % gt % £ L 7= 1%,

FREEAZAT I, PHEBUS-FP SEERIZ 35\ TRRVEHE 65 O il sk CRAEF b it S v/ FP 7
Jb— A7y PHEBUS-FP EBRILE 2 17T 2 1 TIREK T LIE R TR A 22T 5 & L
b ThHDH, WMEITH 10T 1800 K725 900 K EFTITIKLTFTHE LTS, [K25.12

(ZRRREMRAT OFE R A 7R3, AL PG CITENL R AR B S & 72 b7y Agl A, SOSEE
TIHKIR T HEMICAER Lz, Z O RIL Cantrel DFG L EFEEO LD TH Y | BFT L7k
ﬁ%ﬁ%&#ﬁéf%é LR LT,

RTIROOIE Y | AL SO E & RIS ST 2 L U CL BB RO B & v
ot7—§N—XKE%mﬁﬁéﬁgﬁ%éﬁ\?—&N—x%%%ﬁiﬁmiwwﬁm
ZDONRERFEATRE KRB & 72 o 72,

FL

AWFFETIX, VERDON B} OF TeRRa ERAH L THONTT —F b, BiC BET

(2T FTRE 7 FP O BRE A B8 L 7= 7#l€7 /L% THALES2 (ZH A L, BWR % %4

HUREREITo T2, FTALFINEERZBE LI FEET VIZ O T HHEE L,

HEMB$P%%%%7me@ﬂMﬁ%%mLkO

ZOREFR, ALFEET IV EAA S 720 MELCOR %0 ISA IZTY — A X — AN % i 5
ZHTD. ATy MITAAT L8 v MEFREZZ T 5720 DL FR R 2 Bs L
7=o ZOTDEULFHREE WD Z L TEAEMICE Y Y A FEBZFHET 5 2 &2
ATRE & 7R o 1o, ALFRUCHERR A BR LTALFET MZHOWTIL, ISA ~DFEE T T —4
NR—2ARNEZRT DNEN D DD, BIEICEE~ORERIETE DIREE L 2o T2,
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Fig. 2.5.2 Experimental matrix for FP chemical behaviors in the system including boron
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Fig. 2.5.3 VICTORIA analysis for VERDON-2 experiment
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(a)
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|

1 Csl(g)

Phase-1 | Phase-2 | Phase-3 | Phase-4 ! Phase-5’
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| | | |
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Fig. 2.5.4 Cs and I chemical behavior in (a) VERDON-2 and (b) VERDON-5
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Fig. 2.5.6 Linear regression model based on nonparametric Bayesian methods
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Fig. 2.5.7 Linear regression model based on K-nearest neighbor algorithm
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