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Research on long-term performance assessment for radioactive waste disposal

OTSUKA Kaede, HIROTA Akinari, ICHIKI Takahiko, YAMADA Norikazu,
MUKAI Hiroki, KAGAMI Kenta, MORITA Akinobu, KIJIMA Tatsuya,
IRIE Masaaki, and MUROTA Kento
Division of Research for Radiation Protection and Radioactive Waste Management,

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

For intermediate depth disposal, protecting the public and the environment from the effects
of radiation emitted by relatively high-level radioactive waste such as reactor internals, is essential.
This involves placing the waste at depths considered effective for isolating it from the public and
preventing disturbances caused by natural phenomena and human activities. In addition, controlling
the migration of radionuclides into the biosphere is necessary. This is accomplished by leveraging
the physical and chemical properties of the surrounding host rock, along with engineered barriers
designed to prevent or reduce leakage of radionuclides from the disposal site. Therefore, research
must be conducted to confirm that natural phenomena such as volcanic, igneous, and faulting
activities will not significantly disturb the waste disposal site or impair the safety functions of the
disposal system. Furthermore, verifying that both natural and engineered barriers have long-term
effectiveness in controlling radionuclide migration is critical.

This study gathered the scientific and technical knowledge necessary for reviewing license
application for intermediate depth disposal and subsequent regulation. The research topics were
organized into four categories: (1) long-term assessment of natural phenomena, (2) performance and
dose assessment methods for the disposal system, (3) monitoring methods for geological conditions
and (4) common issues relevant to both intermediate depth and shallow land disposal. Some tasks
were outsourced to the Japan Atomic Energy Agency (here in after referred to as “JAEA”), the
National Institute of Advanced Industrial Science and Technology (here in after referred to as
“AIST”), and GL Science Inc. Some tasks were carried out by joint study between The University
of Tokyo, Saitama University, JAEA, AIST and NRA.

This report summarizes the outcomes of the research conducted from FY2021 to FY2024.
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three stepwise models
a: hydrological parameters from literature, b: hydrological anisotropy considered for the Misawa
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Figure 2.1.2.6  Distribution of the hydrological head obtained by the non-stationary model and
particle tracking lines to the KMK boreholes in the stationary (black) and non-stationary (white)

models
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Figure 2.1.2.7 Survey flow of mineral analysis using borehole core samples
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Figure 2.1.3.1 New experimental setup (left: overall view, right: around the specimen)
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Figure 2.1.3.2 BTV images of the borehole with fractures indicated by red lines
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Figure 2.1.3.3 Result of observation on EDZ1 surface in the core sample

Photographs of a half-split core sequence from ~0.3 to ~0.5 mabh (a), the fracture surface at EDZ1
on the lower block (b), and the fracture surface at EDZ1 created on the lower block by cutting with
a band saw (c). Fluorescence stereo microscopic images of the fracture surface at EDZ1 from the
top (d) and the side (e). The yellow arrow and yellow dotted line indicate the fracture at EDZ1 (a,
e). Green and red arrows indicate the surfaces created by cutting with a band saw and drilling,
respectively (e). Fluorescence microscopic images of the material detached from the fracture

surface (f, g)
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Figure 2.1.3.4 Result of submicron-scale spectroscopic analysis of an EDZ fracture (EDZ1)
A photograph of the fracture surface (a), a counter map of the fracture surface highlighted with a
yellow square based on the peak at 1530 cm—1 in optical photothermal infrared (O-PTIR) spectra
(b). O-PTIR spectra of points 1 and 2 (c). The peak assignment was based on Ellerbrock et al. and
Movasaghi et al. [2, 3]. A blank spectrum was obtained from the surface created by cutting with a
diamond band saw, especially where the cut surface intersected the EDZ fracture (indicated by the

yellow arrow in (a))
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Figure 2.1.3.5 Conceptual model of Figure 2.1.3.6 Matrix diffusion of HTO and

fracture and matrix of rock Cation tracer
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Figure 2.1.3.7 Groundwater flow through Figure 2.1.3.8 Distribution of
fractured porous media groundwater travel time
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Figure 2.1.3.9 Derivative plot and flow dimension
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Figure 2.1.3.10 Conceptual models of the water-conducting microstructure for Pre-Neogene

sediments and Neogene sediments
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Figure 2.1.3.11 Time for non-sorbing solute to fully penetrate into matrix over given
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Figure 2.4.1.1 Analysis results for ablation depth of the surface cover on trench disposal
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Figure 2.4.1.8 Schematic Cross Section of dissected valley
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Figure 2.4.3.3 Results of desorption tests of radionuclides from soil
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Figure 2.4.3.4 Concept image of compartment model in blackish lake
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Figure 2.4.3.5 Conceptual image of dose assessment model with superimposed trench and pit
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