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Assessment of Risks Associated with the Sever Accidents of Light Water Reactor
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Mitsuyasu HOSHINO, Hideo KAWAGUCHI, Tamon NIISOE, and Yoshihisa HAYASHIDA
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Regulatory Standard and Research Department,

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

Abstract

The safety assessment for mitigation measures to containment failure of
a light water reactor needs both deterministic and probabilistic assessment to
take consideration a wide range of severe accident scenarios, which is affected
by the diversity of accident progression. This is important to assess the risk in
terms of containment failure, source term release and environmental impact.
Although analysis methodologies for those risks have been fostered through various
research projects in last decades, reflecting the state of the art knowledge into
the methods is still necessary to gain continuous safety improvement. Besides,
continuously review for the technical maturity of existing analysis methods is
highly required to maintain certain regulatory safety levels

Based on those backgrounds, this safety research project aims to develop
assessment methods incorporated the state of the art knowledge in order to assess
the accident progression leading to the containment failure, straightforward loads
on the containment failure and its frequencies, source term and environmental
impact as well as the radiation dose evaluations, and to upgrade analysis
methodologies by improvement of existing analysis codes. The project is to be
carried out with a six—year program from FY 2017 to FY 2022.

This report intermediately summarizes the research results conducted in

FY 2017 to 2018.
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(1) Development of the assessment method for the prevention measure to containment
failure
(D Integrated phenomena analysis method
In order to evaluate the source term release to the environment after the
containment failure, accident progression analysis 1is conducted using the
integrated severe accident analysis code MELCOR. We plan to increase in number of
accident scenario to be analyzed and the source term evaluation in the future.
As shown in the Phenomena Identification Ranking Table (PIRT) for the
spent fuel pool (SFP) issued by the Committee on the Safety of Nuclear
Installations / Nuclear Energy Agency / Organization for Economic cooperation and
Development (OECD/NEA/CSNI), insufficiency of the cladding oxidation reaction
model under air—-steam mixed atmosphere condition is pointed out as a specific
phenomenon of SFP. It is planned to consider upgrading a spray cooling model,

which is pointed out in the above PIRT.

@ Dedicated phenomena analysis method

A detailed analysis methods, which 1is for hydrogen combustion,
superposition of melt spread / melting core—concrete interaction, and static and
dynamic loads impact for <containment function, and a model for reducing
uncertainty are being developed.

It is going to establish methods by investigating an analysis method for
localized thermal effect using the Lamped Parameter code, developing an analysis
method that incorporates reasonable assumptions about relationship between
parameters by combining Fuel Coolant Interaction, and apply to analyze accident
occurred at TEPCO’s Fukushima Daiichi Nuclear Power Plants (1F) in the future.

In relation to the individual phenomena described above, we obtained
experimental data and other results by participating to international research
program organized by the OECD/NEA/CSNI. It plans to continue acquiring the latest

findings that have gained consensus internationally.

(2) Development of the assessment method linking to probabilistic risk assessment

Based on results of safety research project on Level 1 probabilistic risk
assessment (PRA), modifications on containment event trees are prepared by taking
consideration of using in integrated assessment between Level 1 PRA and Level 2

PRA.



Validity of using ground surface concentration of cesium—137 and effective
dose as risk indicators in Level 3 PRA was examined. In addition, the probabilistic
environmental impact assessment code has been improved to be able to simulate a
protective action model based on the Operational Intervention Levels defined by
the spatial dose rate in the Nuclear Emergency Response Guidelines

All accident sequences covered by Level 1 PRA are to be analyzed, and
the analysis method for uncertainty analysis is to be investigated to evaluate
the risk indicator in the Level 3 PRA method. Finally, formulate the technical

knowledge.

(3) Development of the environmental impact assessment

In the accidents at 1F, Unit 1 to Unit 3 were faced the core degradations,
and a large amount of radioactive material was released to the environment and
diffused into the atmosphere and the ocean. An evaluation method for analyzing
the amount of radioactive material released into the environment by combining
measured values and numerical analysis in the vicinity of the site boundary, etc.
is in place. In addition, in order to improve the accuracy of exposure assessment
related to the habitability of emergency countermeasures, etc., we are acquiring
knowledge on the uncertainty of exposure assessment using direct lines and
skyshine.

It is planned to modify interface of the ocean diffusion model to
facilitate source term assessment, and to integrate a land surface transfer model
into the modeling framework.

Furthermore, we plan to accumulate knowledge that contributes to the
validation of the analysis results obtained by shielding analysis using the point-

kernel method, the Sn method and the Monte Carlo method
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# 2.1

Table 2.1 Major analytical conditions for experimental analysis
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W 7r B A 2.9X10° kg
PR LB IR < 15 pmFHY4
JINEAIRE ] 1 [
IRG T A AR, ER, BER TLAS
INERAF A 32 mm (%)
600 mm (& X)

3 2.2 SFP T EAENT O 51

Table 2.2 Analytical conditions for accident progression analysis on SFP
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2.30 S—CET (System—Containment Event Tree) D]

Fig. 2.30 Example of S—CET(System—Containment Event Tree)
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Fig. 2.33 Centerline ground concentration (AE, Caesium-137, Mean)
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Fig. 2.36 Parameters required to set the evacuation model in MACCS2 and

parameters related to OIL evacuation
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# 2.7 KEVEETE T )V WRF-Chem D £ 72 fH4E

Table 2.7 Basic specification of the atmospheric dispersion model WRF-Chem.
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[ 1 i Noah €7 /L *
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kL— I A 7 =K

< A A
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A S
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# 2.8 ROMS O F7pflkk
Table 2.8 Basic specification of ROMS.
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B (%) 1TEBOF T arOFNERIRLIEZ L 2RT,
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£ 2.9 KB THRI LEANT =2 Y — LB & B IERT — 4

Table 2.9 Input to ROMS produced using a set of tools developed in this study.

IERT — 4 o4
REZY o R kR M IS H 7 — &
HEVEIRIESS O I - SO T — 4
WiE BT DM (B, B | AT —4

%)

MR~ DT R

JlCH AR D AR (i 38 B I 3R R E)
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Fig. 2.38 A schematic representation of calculation of atmospheric dispersion using

WRF—Chem.
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Fig. 2.39 The target domains of trial analysis. The red cross indicates the

location of 1F.
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Fig. 2.40 Comparison between observations and calculations of atmospheric
concentration of 'Cs (Bq m®) and air dose rate(iSv h'!). The correlation
coefficient (CC) values are shown in the figure. The red, blue, and black lines

represent error factor (EF) 2, 4, and 10, respectively.
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Fig. 2.41 Comparison between observations and calculations of distribution of air
dose rate. Calculated value/observed values between 0.5 and 2 (green area in the
lower figure) represent EF less than 2. O and < indicate the geographical

location of Fukushima city and Koriyama city, respectively.
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Fig. 2.42 A schematic representation of calculation of oceanic dispersion using

ROMS.
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Fig. 2.43 The target domains of trial analysis using ROMS. The red cross indicates

the location of the source.
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Fig 2.44 Concentration of dissolved tracer (Bq m®) in the surface layer 5 days
after the release started.
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Fig. 2.45 Time series of surface concentration of dissolved tracer (Bq m®) at a
location indicated by the black dot in Fig. 2.44, which are compared considering

radioactive decay or not.
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Fig. 2.46 Time series of concentration (Bq m®) at a depth of about 50m at the same

location as Fig. 2.45, which are compared between dissolved tracer and particle.
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Fig. 2.47 A schematic representation of an ocean dispersion model in conjunction

with an atmospheric dispersion model.
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2.48 WRF-Chem (F#R) 2> ROMS (FRHR) ~DJEEFEZE D R[]
Fig. 2.48 A schematic representation of coordinate transformation from WRF-Chem

(blue lines) to ROMS (red lines).
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Fig. 2.49 Distributions of sources deposited from the Atmosphere (Bq m? h''). Input

fluxes to ROMS (right figures) were derived from output fluxes of WRF-Chem (left
figures). The fluxes derived from the nest2, which has high-resolved limited area,

were laid over those derived from the nestl, which has low-resolved extensive area.
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Fig. 2.50 Concentrations (Bq m™®) of four types of tracer deposited from the

Atmosphere (upper left; dissolved with decay, upper right; dissolved without decay,
lower left; particle, lower right; float) at the surface layer 1 month after the

release started.
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and May 1.
1.0E+12 1.0E+12
1.0E+11 1.0E+11
— 1.0E+10 — 1.0E+10
=z o
o, o
& 2
® &®
# 1 oer00 B | oEv00 ’ e FALLOUT
7 e e FALLOUT 4 ——DYE_NO_DECAY
’ ——DYE_NO_DECAY 4 ——DYE_DECAY
' ——DYE_DECAY /I ——SEDIMENT
1.0e+08 | ¢ ——SEDIMENT 1oev08 [ ~ -SEDIMENT_DEPO
] — -SEDIMENT_DEPO , —FLOAT
] —FLOAT
1
)
[}
1.08+07 1.0E+07
20, 20.
14/4/1 4/4/5 4/4/1 20, 4/4/1 60 4/4/2 20 4/4/25 014s5,, o0p 14/4/1 14/4/5 0 20z Va1, on 4/4/1 60, 4/4/21 4/4/2 014/, 00p

X 2.52 Domainl &N Domain2 I35 5 b L —H ORI HEEDHER (Bq)
(REAR VTR - DUFIE TR B, FARITEL H Y OIRTRE,
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Fig. 2.53 Schematic representation of a source—term modification method applying

scale factors to dispersion model results.
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(ROMS) : a split—explicit, free—surface, topography—following—coordinate oceanic
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Fig. 2.54 A schematic representation of distributed runoff model
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