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Abstract

It is important to understand the behavior of 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 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, transfer, and removal behavior of radioactive material released from the
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
effectively under a contract with the Japan Atomic Energy Agency (JAEA).

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

interaction analysis code “CORCAAB” which enables a detailed analysis of three-dimensional



®)

(4)

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 debris cooling
behavior, melt debris spreading behavior and material interaction in debris were developed.
In addition, an inter-code interface was developed for cases in which coupling analysis
between these multiple modules 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, transfer, and removal behavior of radioactive material releasied from the

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

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

@ 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 terms considering the
chemical form of radioactive materials.

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

contract to the University of Tsukuba,.
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CaO 12.52
Cr 25.64
IR K] 2123
27 J—h

B &HI A [kalkg]

SiO, 0.283
MgO 0.096
CaO 0.260
Al,O3 0.035
TiO, 0.001
Fe.03 0.016
Na;O 0.011
HIHAIR K] 300
% ¥ [kg/m3] 2300
[ PR AR K] 1568
AR BRI L [K] 1393
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Hi#) Morita A, Hotta A, Yamazaki N, “Algorithms of three-dimensional concrete ablation front
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Fig. 2.3.1 Erosion front pattern in cells
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Fig. 2.3.6 Schematic diagram of CCI experimental apparatus
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Fig. 2.4.1 Phenomena on debris bed formation and coolability
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Table 2.4.2 Heat transfer coefficients between entities in debris bed
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Fig. 2.4.3 Heat transfer path between heating element and non-heating element
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Fig. 2.4.4 Analytical results of three-dimensional self-leveling by DPCOOL
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Fig. 2.4.5 Liquid phase temperature change in COOLOCE-13 experiment predicted by DPCOOL
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Fig. 2.4.6 DPCOOL predicted water-phase velocity and friction pressure loss for the DEBRIS

CENTER DOWNCOMER experiment and friction pressure loss
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Fig. 2.4.7 Particle layer shape 10 seconds after the starting air injection in the PDS-C15
experiment predicted by DPCOOL
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IRT R B[R E-11

e ) Bi.0s-WOs (%)
L [kg/md) 7811

J ZLNEE [m] 0.03
FRRMIERERE [K] 915.9
TR EEYE [K] 45.9
WSS L] 39.25
TR [s] 5.3
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Fig. 2.4.12 JBREAK-MSPREAD interface method
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Fig. 2.4.14 VULCANO experimental apparatus and time variation of melt tip position
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Temperature Molten Core, Phase-4 Report on Test Series: Remelting of Multi-Component
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Fig. 2.4.16 Comparison of PULIMS experimental setup and melt spread shape
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Fig. 2.4.17 Debris bed distribution in PULiMS E10 as predicted by MSPREAD
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Fig. 2.4.19 Verification of the formation and collapse of continuous crust layers by REMELT
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R OKET N T AR FAREET Y U LK (0.2 mol/L NaOH + 0.02 mol/L
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. HEFE SIRHTORERRAI ) 2 7§ & W o TR T o — A B DI~ D3E & & 58 L
EHACHEBENTH D, T T, dRHAMO/NSOABRHET LVEBEICOVTHR

AfatEdlc, ZOFIETIE, ALPHPEREDOLTE T L &2 0 CIREH OB, JTHRM K
108



AR DAL AR A R L CT — 2 =2k L, ZhicESS BRI ET V&
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EIZ XD EIRET VA ®E L, B LIRS EIET /L% THALES2 =— RIZEAL
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plm p o) = X N (|, 02) = S mN(y|Bro + BE - %, 02 ) v veereeeees (2.5.3.1)

Z 2T, xIZANER DR bV, yIIHNEE. Bro & Bk i%\%f—“ﬁ?/v(ﬁﬁx“ﬁ‘ﬁ)@@
%%ﬁ IV TET LD TH D, HINIADNOKBED T 7 AEFET IV EIRE
(m : n~Dir(ay, ay, -, ag)) TIRELIZET AL TH D, IREWLIIKRITTOT 4 U 7 VAl
WD, AU ZREEEIFET VO FRMERIILTIRGEK THIF S 2, IBREHK %2 FANTH
ETDMERRNET VL, T4V 7 VIBRBRERESGET VLTI, REREAHK S
BRAR I A AHEE TRIAE T 5 (K256 ) 167195

p(YIm, 1, 0) = ooy T CON (¥ |, 07) = Tieea TN (V| Bro + B - %, 0 )= v veeeeee e (2.5.3.2)

ISA DFLETHE, O UDIEL LIALFT — 5 <=2 (ANJ) & WANRIERIT 2 BILR)
HHT Ay FEMRLELET 4V 7 VIBRIESET VEMEL, TOET VA2 —
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A& BN UOIERT 5, WIZ, ISA TOFETIZENWT, AER LT —#X—2 %25
U, ALFHR A BN L 72 B CGeRIBERIRER L) ITEWT —2 %27 —FX—2X
25 10 ERRENT 2, A LeT — % 0 DAL RN R AR 2 T3 5
Bl A2 T AN TEH L, Tnad AW Tlld 5 (1K2.5.7), TF7 —% Ot
EED NI NT A —2EOHERE (Log-Euclidean FEEf : D(X;, X*)) ZHIECHHL T\ 5,

D(X;, X*) = \/(10810 X; —10g g X )2rerorrreneoreneneneenenentanaeneannn. (2.5.3.3)

ZTC, PHITAANME X T =X RIOATE X; THY, ALFESRMTH D nRIEE L
MBI IR T 5, 2B, IEO KEOT —X X Fid THWr %,

D(Xl,X*) < D(XZ,X*) < <Z D(XK,X*) <o < D(XN,X*) .................... (2.5_3'4)

BB, BEINZ KEOT—2 K0, T—F_X—=2DOANHNEHOHEER E %58 L,
HERS T —2HiHN T&E 2 L9 ICET AHBEIC LT E 2 M3 5, RFEOR NI
FALL L AL R DT — 2 O EIRIRE T LV AER T E D720, %{%Mez{ﬂ:%:%ootﬁ
T =B NR—= 2RI T D ENTELRATH D,

KA TIER LTAL T T VDT — 2 X—= 2%, AL P ERICES< O THY . AN

NI A=5 (X) &L TEI AR I VRO ZRES 5 ETEERILHEL (Cs,
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AR GFET V2 W THENT L7 BWR4/Mark-1 ® TB v —47 A (K7 A4 U = LXAH
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2.5.9 (1), BT AMEEREN I MO CsOH & L TRBITT 2 L 1E SN D kT L v
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BT 28546, ZORETOMREE FP OBATHNELEN, SIEEHOBIZITRE 2L L <
IRLT2 ., RAE FP O— AR SR AESR~BITT 5,

X1 2.5.10 X OX] 2.5.11 12, TB v —4 7 L AZBIT DU LRI 7RO FMEE R
T2, BT AK, K4 E3 CsOH, £ 4 F2S CoMoOs TH D Z ENTHRINTE, Th
IZEVIEFET NV EZASRWVISAIZBN T, kSR E Wb Z & TRiGMICE
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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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Fig. 2.5.15 Example of aerosol concentration field analysis inside and outside a bubble
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