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Modeling Potential Reactor Accident
Consequences, NUREG/BR-0359, Dec. 2012

Select accident
scenarios to
analyze

Model
progression of
accident

Model mitigative
measures

If no core If core damage,

damage, no but containment
release prevents release

No health
consequences to
model

If core damage,
and containment
does not prevent

release

Model dispersion
of radioactive
material

Model
emergency
planning

Model health
consequences

KEY RESULTS:

When operators are successful in using available onsite equipment during the
accidents analyzed in SOARCA, they can prevent the reactor from melting, or delay or
reduce releases of radioactive material to the environment.

SOARCA analyses indicate that all modeled accident scenarios, even if operators
are unsuccessful in stopping the accident, progress more slowly and release much
smaller amounts of radioactive material than calculated in earlier studies.

As a result, public health consequences from severe nuclear power plant accidents
modeled in SOARCA are smaller than previously calculated.

The delayed releases calculated provide more time for emergency response actions
such as evacuating or sheltering for affected populations. For the scenarios analyzed,
SOARCA shows that emergency response programs, if implemented as planned and
practiced, reduce the risk of public health consequences.

Both mitigated (operator actions are successful) and unmitigated (operator actions
are unsuccessful) cases of all modeled severe accident scenarios in SOARCA cause
essentially no risk of death during or shortly after the accident.

SOARCAs calculated longer term cancer fatality risks for the accident scenarios
analyzed are millions of times lower than the general U.S. cancer fatality risk.

U.S. Nuclear Regulatory Commission

NUREG/BR-0359
Revision 1 30

December 2012
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Multiscale and Multiphysics Tsunami Simulator

Structure
destruction

Nonlinear Long Three dimensional Three _ Three dimensional Structure and

wave equations N§ equatl'ons. dimensional NS two phase NS geo analysis by
with continuity equations equations FEM or DEM
surface model with VOF model with VOF model
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Multiscale
analysis
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surfave mudel with VOF model

Th e STO C'CA D M AS SVSte m (Arikawa and Tomita, 2016)

3D model Estimates the
free water surface with the
VOF method

Computation load: heavy

STOC-ML - , CADMAS-SURF/3D
o/

Coupled
with
DEM/FEM

— —STOC-IC

3D model Calculates the free water surface with
a vertically integrated continuity equation

STOC system (Tomita et. al., 2005) Computation load: moderate

CADMAS system (Arikawa et. al., 2005)
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Verification of Accuracy of the system

Image of calculation at Onagawa

Domain 01, ML
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Domain 08, CADMAS-SURF/3D

0.00 s

Comparison of Maximum Inundation height
(Tsunami Source: Takagawa andTomita (2012)
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Comparison of Flow depth

20 WWideo Analysis [Koshimara el al..
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Outline of CADMAS-SURF/3D-STR

Main program

call subroutine/ \ call subroutine

CADMAS-SURF/3D STR3D
(VOF method) (FEM)

Data on pressure

>

Data on displacement

Images of CADCADMAS-SURF/3D ‘,' ",
calculation step calculation step
15
Breakwaters
Numerical Conditions
CADMAS dx=dy=dz=0.10 m
dummy
STR
Young's modulus  : 2.35e1l
Poisson's ratio : 0.333
Density
test body 1 2135
dummy caisson  : 2349
Coefficient of friction
static : 0.6
dynamic : 0.2
16
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Comparisons

Initial

Initia
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The result of the Water Level
Difference of the physical
experiment is 60.8cm
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Target experiments

Arikawa et. al,(2004) : Study on punching shear failures of caisson wall caused by Impulsive
force of dissipating blocks
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Results (Grid size 10cm)

0.00 s

Wave Dissipating Blocks

The
The third
third row
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second row
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Thres Semanuansd bt Theee dimesional Thrae Jemernsionad

surfave mudel with VOF model

INTEGRATED ANALYSIS

SEFUTILPE a6 gra
mquationy WS anan two phase W Ealyiig by FERL
with satinLmy it VOF made] aqutions or CEM

Calculation Conditions

Domain Name solver Grid size N. of G. in x al number of grids

a04 200m 108 15228

a05 100m 166 110 1 18260

EL STOC-ML 50m 240 150 1 36000

a07 10m 1110 690 1 765900

a08 10m 410 500 1 205000

a09 STOC-IC 10m 194 228 1 44232

al0_cad CS-MG 10m 73 60 52 227760

all fc 2FC 5m 114 88 52 521664
STR STR
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Arrangement of structures in STR

Caissons at the head of the northern part were placed as an STR
structures.

Since the grid size was coarse, the gap could not be reproduced
and the caissons were placed to some extent

Velocity Field

Enlarged view near breakwaters
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sea side
Water level at the 7 .
harbor side it
‘Water level difference &
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Water Level {m)
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Breakwaters distributions of Northern part of deep region at
Kamaishi Bay After 2011 tsunamis
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fE R —1l(do1, 12km)

NAMT VY EBEHT LR LR

A5°N

40N

"N

J0'N

25N

20N

15N

10°N

2"N .
105w 100'W  95"W  90'W  B3'W  BOW  T5'W  TO'W  B5'W  BO'W  55'W  50'W  45'W 40w 35'W

B

==, [ErUaEIZBAL T(cu_physics = 14)

Chimed T Terrgurharddug|

Bt B Tl 53 BSRITE

_34-




O BRHERERGR

(BN E I + R EFH +wave setup) ETEFER

2.5
—DBS.
1 —S8TOC
E 15 | —STOC+SWAN | |
3
'E' 1
=
4 0.5
]
= 05
mg% E %iﬂj"'ﬁ LEER V1] i -0 Q77 0D E O
Date
BARLEL R

KEEZRSHEED Swave setupll & 2 FHE FEEEHRELR

nB — CH1/3 c=0.1

WEEE (CXT 9 S HY
D

-35-




Achievement of Resilient Society to Natural Disaster
(Example of Society 5.0)

Improve resilient society system for protection of life, property and
industry and aim for the safe and reliable society
-Develop the resilient infrastructures to improve the prevention capability and develop the
real-time disaster information sharing system to reduce damages, which connect the

response capability with the prevention capability and usage of the prediction capability for
understanding the actual state of disasters.

f-putline of the system }

Improve the seismic
resistant capacity and
Recognize the danger of the
structure in advance

N
Acquire disaster information more
rapidly with higher precision. ——
Earthquake, tsunami, heavy rain,

tornado, volcano and fire &

Real-time Disaster Information
ipcfensel Sharing system (Cabinet Office,
Full-scale three-dimensional vibration Government Of JapaE.J_'-

#’rediction
'Gapability

Prevention |
Capability

destruction experimental facility

Support of disaster response and decision mak‘
of Local community, corporations, citizens.

-Sharing the real-time disaster information

- Information dissemination technique under disastars

-Application for the local community
-Robotics
S

State of
damage of
buildings

State of

| damage of )
infrastructures

Coupling with Evacuation Simulation

Coupling STOC, CADMAS-SURF and PARI-AGENT

STOC

J

| N

Arikawa and Tomita
(2015)

PARI-AGENT

CADMAS-SURF
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Sample Animation

0.00 s
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