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Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In a severe accident at a light water reactor, various physico—chemical
phenomena are postulated to occur. In an evaluation of those sever accident
phenomena using an analysis code, they need to be dealt with conservatively
because of uncertainties associated with complex interaction of spatiotemporal
behaviors. Focusing on the containment used to suppress the release of fission
products into the environment after core damage, state—of-the-art knowledge
should be taken into account continuously in order to improve and upgrade
analysis methods for the assessment of load on the containment boundary,
quantification of the containment failure frequency, fission product release
behavior and so on, which accompany the occurrence of severe accident phenomena.
This research aims to expand a knowledge base with respect to severe accidents

such as;

o State—of-the—art knowledge obtained by participation 1in international
projects
o Analytical findings on physico—chemical phenomena during a severe accident

o Analytical findings on plant behavior during a severe accident

In order to contribute to the reduction of uncertainties in analyses, state-—
of-the—art knowledge obtained by ©participation in the cooperative
international projects under OECD/NEA/CSNI. Phenomenological understandings
of the occurrence of severe accident phenomena was gained from experimental
findings based on the latest measurement methods.

In addition to those, in order to develop a technical basis, the latest
analytical knowledge was collected through participation in international

benchmark analysis projects
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As for analytical findings on physico—chemical phenomena during a severe
accident, the authors have focused on Fuel Coolant Interaction (FCI), Molten
Core Concrete Interaction (MCCI), the influence of hydrogen, the release of
fission products, etc., which are considered large uncertainties with
respect to the occurrence mechanism in detail. Analysis methods for such
phenomena have been developed based on state—-of-the—art knowledge gathered
through participation in various international experimental and analytical
projects. In addition, the experiments on those were analyzed with the

methods, and the findings are summarized.

(1) With regard to FCI, by using steam explosion analysis code JASMINE Version
3, important parameters related to a phenomenon model are classified in order
to apply uncertainty analysis, and findings on upper limit of uncertainty
range were obtained thorough the baseline and bounding analysis. Based on
these findings, statistical evaluations for the uncertainty parameters were
carried out, and the findings summarized that statistical evaluation allows
to figure out quantitative influences for uncertainties of physical models,

which are related to major target parameters such as impulse and so on.

(2) With respect to MCCI, based on an anisotropic erosion behavior observed
in an international experimental project, three—dimensional MCCI analysis code
SOCCR-3D was developed and its ability to predict erosion behavior was

validated.

(3) With regard to the influence of hydrogen, based on experimental data from
international projects on hydrogen mixing, including density stratification
using helium and jet flow, knowledge on hydrogen mixing evaluation method such
as turbulent modeling was gained. In addition, combustion analyses based on
NUPEC Large Scale Hydrogen Combustion experiment data, obtained findings for

hydrogen combustion assessment using analysis code were summarized

(4) In the behavior analysis method for radioactive materials, a pressure
dependence term was newly added to Gibbs function, which is used in evaluation
of thermodynamics equilibrium, of VICTORIA 2.0 and chemical species were

extended so that boron compounds are able to be taken into account. This



improved code was validated based on the VEGA-3 experimental data and obtained

findings were summarized.

For the analytical findings concerning plant behavior during a severe accident,
analyses on the accident at TEPCO’s Fukushima Daiichi Nuclear Power Station
was carried out in detail by using comprehensive severe accident analysis code
MELCOR. In addition, the results of a source term analyzed by MELCOR were
combined with a developed in-site air dose evaluation model, and it was
confirmed that the time-varying behavior of the air dose distribution observed
at the monitoring posts in the accident could be reproduced. Also, for
analytical findings collected from the OECD/NEA-BSAF project which aimed to
perform benchmark analysis on the severe accident at TEPCO’s Fukushima Daiichi
Nuclear Power Plant, information was extracted on accident progress at Units
1 to 3, the hydrogen explosion at the Unit 4 building, and the in-site air
dose rate.

Regarding the spent fuel pool, an evaluation method have been developed for
accident progression, and analytical findings obtained through various
analyses. From findings collected in the OECD/NEA-SFP project having aimed at
an oxidative combustion experiment on fuel cladding under atmospheric
environment conditions, information was extracted on the accident evolution

in the spent fuel pool.

_Vi_



PR o 5 T 1
2. I P A o 3
2.1 EE e Y27 b ~OBZMI LV EONL2EFTOR FHEMGMA .. 3
2.2 BHREHKFOWIEAAFTIZITHROIMTIE R .o o 5
(1) W L-WEMAEEER 5

(2) ®W@FL -7V —=FMEEEM .o 11

(3) KBBICEDEEIAM ... 13

(4) KM IBBEGRED (2% 24

(5) WHMEME OBITEE (B 27
2.3 ERFEHBEOTT O FEEBICRLIMBTA A oo 28
(1) HREBNEESE R FORET L 5L 3 5HoFiER ... 28

(2) HREEIwEEF R FHOREET A SEEROKFERERE ... .. 28

(3) T NRENERE SRR N EMBRETM ... 30

(4) HHBFBRETFE Y — ek 2 HEMER ... 34
3. W 40
BB ST R 44

- vii -



* H
F2.1 EE ey FEOMIZIVEONTZERMAE . ... ...

F2.2 REEINTA—XZOpE P L.
£ 2.3 MAFMEOTZDDORFEEINT A= (B

- viii -



X H &

1.1 BWABNTEEINSIERFROWIALFEIRG . ........... 2
1.2 BHEREQICHTLOIMAMELER e =7 FORBE. ... .. 2
M 2.1 FCIMATICB T H2EHEEREBOHEEOEE 2 ... ... .. 7
X 2.2 TROI(TS-4)EBRDIEN K OA o (BB L. 8
2.3 WEFEM O B 9
2.4 KROTOS (KS—1)EBRMENICHIT D4 v 5V 2HE () &RKQQ 7
Ty b G B 9
2.5 TROI(TS-1)EBRMITICEB T H A4 NV ABHE () KD Q-Q 7
S N0 ) T P 10
2.6 CCI-1FERICB T Har 27— aa (F20 .. 12
2.7 CCI-1EBRICBUIDRBAMBNK B2 o 12
X 2.8 ~VU T AKBORAFBHICETIMATHER F20 17
2.9 ~U U AR ELUE K MELR B K OV AR O FEATRE SR (B L 17
2.10 OpenFOAM (T K B MEMTAREH (270 (oo 18
X 2. 11~V v AR EEEEE 7R 4y A5 O FEER & CFD Mg AT o ff B g (2 2
........................................................... 19
2.12 OECD/NEA-HYMERES T i L 7= AT~ > F ~ — 7 OB 5 & F
A 20
2.13 NUPEC KFRAEREBEOMMBI Z°0 .. .. L. 21
2.14 KWMIARBMIT OO O A v o B9 oL 22
[ 2.15 KRAMEMANO~Y 7 LJEE (B30 . 22
¥ 2.16 FLACS =2 — R I{Z X % NUPEC #RBESEBRICBE 3 5 = Wk oo #R BE 8 AT 7
B B 3 23
2.17 CIGMA EBREEEME K Z 50 25
2.18 OpenFOAM IZ & % CC-PL-04 FEBRAEATRE S (2% . ... .. ..., 26
2.19 VEGA-3 EBRIZ x4 % VICTORIA2.0 @ Cs ft HERE (& ... 27
2.20 3N D A S A~OBIICE T 2N OIS (B Lo 29
2.21 HHINZEMREFEMEROPE B 32
2.22 E=HX VU IARARNTOBRMEBISEEZWMEE TRMHEO g
S 33
X 2.23 SFP O FEH MR FHEOWN T L 36
2.24 HANV RVEBRMATHER FOY 36
X 2.25 1X4 FHRAN RIVEBRMBTFEE B2 . 37

_iX_



X 2.26
X 2.27

SFP N DAL & 2 B 8 L 7o 4t £ 7 v (220

SFP(CBI+ B 22 MM BEMAT R 2% ... ...



ATICC

ANL

BWR
CEA

CFD

CIGMA

CSNI

FCI
TAEA

JAEA

LP
MCCI

NEA
NRC

NUPEC

OECD

PAR
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s FE K

Adiabatic Isocholic Complete
Combustion

Argonne National Laboratory
Boiling Water Reactor
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Computational Fluid Dynamics
Containment InteGral
Measurement Apparatus
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Agency

Japan Atomic Energy Agency
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RANS

SFP
SNL

Reynolds Averaged Navier
Stokes

P

Reynolds Averaged Numerical
Simulation

Spent Fuel Pool

Sandia National Laboratory
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Fig. 1.1 Severe accident phenomena in the containment
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Fig.2.14 Discretization of containment for GOTHIC simulation
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