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Seismic Safety Analysis of Rear Slope of Prototype Fast Breeder Reactor “Monju

Kei ITO and Hiroyuki OHSHIMA

FBR Systems Technology Development Unit
Advanced Nuclear System Research and Development Directorate
Japan Atomic Energy Agency
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received December 17, 2010)

In accordance with the revision of “Regulatory guide for seismic design of nuclear power
plants”, the seismic safety assessment of the prototype fast breeder reactor “Monju” was carried out
based on the revised guide. In this assessment, the seismic behavior of the sloping land behind
“Monju” was analyzed using mechanistic simulation methods; the distinct element method (DEM)
and the moving particle semi-implicit (MPS) method.

In the DEM simulations, inter-particle behaviors were modeled appropriately based on the
simulation results of triaxial compression tests and the seismic behavior was evaluated in the
simulation cases of various seismic wave amplitudes. As a result, the revised design earthquake
ground motion did not cause any collapse (landslide) on the sloping land.  On the other hand, in the
MPS simulations, the sloping land was modeled as a fluidized layer by using the Bingham model.
The simulation results showed that the movement of the surface layer was at most several tem
meters and therefore, landslide could not reach the “Monju” plant even in this extremely
conservative analysis.

In conclusion, the mechanistic simulations showed that the sloping land of “Monju” had

a sufficient seismic safety against the revised design earthquake ground motion.
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Table 1  Physical properties of the rear slope (D-layer)

. Peak strength .
Density - — Shear modulus of  Poisson
Layer % Adhesive power Internal friction S 2 -
(g/cm?) (N/mm?) angle () rigidity (N/mm°) ratio
a 2.14 0.08 43.7 210 0.36
)i 2.14 0.08 43.7 540 0.23
y 2.14 0.71+1.20P 540 0.23

P: Compaction pressure (N/mm°)

Table 2  Physical properties for DEM simulation

Particle Particle  Young's Shear Critical Stresses
. g modulus Normal  Tangential Friction Reflection
Layer radius mass modulus A S L9 L L
(m) (ko) x10° (Pa) of rigidity  direction  direction  coefficient  coefficient
g x10° (Pa)  x10° (Pa)  x10° (Pa)

a 0.2 269 571 2.10 2.30 1.50 0.5 0.1
B 0.2 269 13.3 5.40 1.90 1.15 0.5 0.1
y 0.2 269 13.3 5.40 3.10 1.95 0.5 0.1
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Fig. 1 The rear slope of “Monju”.
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Fig. 2 Vertical cross-section of the rear slope.

Fig. 3 Simulated region of the rear slope (D-layer).
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Fig. 4 Seismic waves (Ss): (a) Vertical direction, (b) Horizontal direction.
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Fig. 5 Distinct element (Voigt) modeling of particle interactions: (a) Normal direction, (b) Tangential direction,
(c) Overlap of two particles.
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(Cross-sectional area:
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Fig. 6 Inter-particle adhesion modeling
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Fig. 7 Initial particle distribution for the DEM simulation.

4

.

Fig. 8 Particle distribution at t = 30.0 s in the DEM simulation result of Case 1 (reference case).

F

>

Fig. 9 Particle distribution at t = 30.0 s in the DEM simulation result of Case 2 (the weakened bond case).
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(o)
Fig. 10 DEM simulation result of Case 3 (five times amplitude case) att = 10.0 s:
(a) Particle distribution, (b) Distribution of the destroyed bonds.

(@)

(o)
Fig. 11 DEM simulation result of Case 4 (ten times amplitude case) at t = 10.0 s:
(a) Particle distribution, (b) Distribution of the destroyed bonds.

(@)

@) (b)

Fig. 12 DEM simulation result of Case 4 (ten times amplitude case) at t = 30.0 s:
(a) Particle distribution, (b) Distribution of the destroyed bonds.
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Fig. 13 bi-viscosity model.
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Fig. 14 Measured viscosity of liquefaction soil™®.
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(b)

Fig. 15 Initial particle distribution: (a) Bird's eye view, (b) Vertical cross-section.

Fig. 16 Particle distribution at t = 100 s without the earthquake.
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Fig. 17 Particle distributions and displacements at t = 100 s: (a) # = 1.0 Pa*s, (b) £ =5.0 Pa*s, (c) x =10 Pa*s.
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Table A1 Simulation result of triaxial compression tests
Critical Stresses
Normal Tangential Friction Reflection
direction direction  coefficient  coefficient
x10° (Pa)  x10° (Pa)

Normal Tangential
Layer stiffness stiffness
x10% (N/m%)  x10% (N/m®)

a 1.43 5.71 2.30 1.50 0.5 0.1
p 1.43 5.71 1.90 1.15 0.5 0.1
¥ 1.43 571 3.10 1.95 0.5 0.1

(@) (b)
Fig. A1 Simulation domain of triaxial compression tests: (a) Cylindrical container, (b) Vertical cross-section and
particle distribution (test sample).
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Pressure: o3 Pressure: o3

(@)

Pressure: o1

0

Fig. A2 Simulation procedure of triaxial compression tests: (a) Compression of the wall region to achieve the
wall pressure of o3, (b) Compression of the central region, (c) Mohr's stress circle, (d) Mohr-Coulomb equation.
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Fig. A2 (Continued).
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-y layer partition

layer partition

(a) (b)

Compression to
denth direction

(c) (d)

Fig. A3 Build process of the initial particle distribution: (a) Inter-layer partitions and a surface cover, (b) Particle
filling, (c) Compression of particle layers, (d) Deletion of the partitions.
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