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Title Basic study on the design and construction of cementitious
materials for the low-level radioactive waste disposal

Kazuhito N1wase
Abstract

In Japan we are planning to construct sub-surface disposal facilities for relatively high low-level
radioactive waste. To ensure the safety of the facilities, we should not bequeath a huge burden
to future generations, thus the facilities must be maintenance-free. The safety assessment is
related to the great variety of natural phenomenon or artificial events, etc. from the physical,
chemical and geochemical aspects over a long period of time. Therefore, it is complicated to
set the conditions for the assessment and the uncertainties derived from the long period are
unavoidable. It is important to design the barriers that avoid a serious functional loss by utilizing
the individual advantage of multiple barriers (roughly classified into the engineered barrier
and the natural barrier which is surrounding bedrock) and compensating their weakness. It is
also important to indicate a margin of safety ratio for an entire system in order to evaluate the
barriers.

It is necessary to verify the performance of the engineered and natural barriers for durability
of ultra-long-term which is over tens of thousands of years, as radioactive waste for the burial
disposal contains radionuclides (or radioactive atoms) that require over a long period to be
confined and controlled to migrate (or to migrate from one medium to another). The engineered
barrier mainly consists of a low water permeability layer and a low diffusion layer. The former
is made up of bentonite material for controlling the migration of radionuclide based on advection,
and the latter made up of cementitious material for controlling the migration based on diffusion.

In order to quantitatively verify the design requirement on the low diffusion layer: the leakage
speed should be reduced by controlling the diffusion of radionuclides, I determined to use a
diffusion coefficient as an index for the verification because it is considered as the simplest way
to numerically indicate the diffusion performance of members. I deemed the diffusion coefficient
of the layer can be verified by the overall equivalent value which is related to an area ratio
of healthy portion and other domains that changed in state due to deterioration. And that is, I
assumed the effective diffusion coefficient of the layer structured by mortar or concrete to be
verifiable by using the area ratio of the diffusion coefficient of the following: (1) The healthy
portions, (2) voids with linkages such as cracks or concrete joints and (3) portions altered to a
porous structure of hardened cement mainly due to leaching of cementitious components. First,
I conducted a material selection and mix designs to improve the required performance as much
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as possible from a viewpoint of improving a low diffusion performance and reducing the material
migration related to durability.

Healthy concrete has a performance of constraining the diffusion migration of dissolved
radioactive substances. However, the performance is only expected under the conditions of
retainable physical shapes and dimensions and controllable cracks to the allowed extent. The
propositions to sophisticate the engineered barrier using cementitious materials are; whether
we can build, at practical level, a concrete structure with less cracks over an extended period
of time in the ground, where no maintenance is provided; whether we can incorporate the long-
term durability performance into the safety assessment by kinetically verifying alteration or
deterioration of the concrete properties, which is caused by the interaction with surrounding
materials such as groundwater. Scientifically and technically overcoming these tasks on concrete
structures will enhance the reliability of the engineered barrier, which is important to dispose of
radioactive waste safely and economically.

This paper is organized into six chapters based on the standpoint above. The research subject
is cementitious materials with required performance which can control the migration of
unprecedented fine substances and retain for tens of thousands of years.

Chapter 1 is the introduction for describing the background, purpose, characterization and
outline of the study.

Chapter 2 shows results of literature research on the design performance of the low diffusion
layer and associated items by arranging the functions required on the layer and showing key
functions. Consequently, materials and mixing conditions for the layer were narrowed down
to 33 cases. Moreover, we carried out the experiments for those cases so as to comparatively
review the mix for the layer.

Chapter 3 outlines the review process of controlling cracks on the concrete pit of No. 1 burial
facility, as we can use No. 1 and 2 burial facilities currently in service as reference for the
engineered barrier, which is made from cementitious materials and to be used for burial facilities
for low-level radioactive waste. Regarding the concrete pit of subsurface disposal, I considered
the design was likely to satisfy the required functions because of the similar configuration and
functions to No. 1 burial facility. However, regarding the low diffusion layer which is made from
high-flow mortar without rebar, I worked on more sophisticated crack controlling measures
utilizing the experience in No. 1 burial facility and we demonstrated controlling cracks in full-
size experiments.

Chapter 4 first shows the quantification of (1) diffusion coefficient, (2) cracks and (3) cement
leaching evaluation, and verifies the long-term performance of the low diffusion layer by
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studying the quantificational data comprehensively. Then, this chapter states that it is settable
to use an equivalent diffusion coefficient for the safety assessment of the layer. Finally, the
following individual review is described: Based on the data of dynamic physicality, temperature,
strain, stress, etc. obtained in the demonstrative experiment as described in the previous
chapters, I performed the temperature stress analysis as well as the crack development analysis
by assuming loads of fixed waste body to study the control and development of cracks in the
layer. In addition, I discussed experimental techniques and evaluating methods for an effective
diffusion coefficient of tritium, moreover I studied the diffusion characteristics of a cement matrix
portion affecting the substance permeability in the layer by determining a diffusion coefficient
of mortar, which is mixed for the layer. Furthermore, based on the outcome of the work above,
I set an influencing domain of leaching in the layer by evaluating the leaching analysis of the
cementitious component.

Chapter 5 lists the essentials of quality control to stably meet the design described in
the previous chapters and shows a plan for a more sophisticated design. Major technical
requirements were considered controllable by using the existing quality control and inspection
systems; still, regarding fly-ash, we conducted special experiments taking into account
the influence of quality variation and reviewed the quality concerning the stable use and
construction of cementitious materials. In addition, by focusing attention on the fact that
functional deterioration as stated above develops sluggishly from the surface, I studied the
design and evaluation of burial forms using precast members and proposed a design plan of the
leaching control layer as an advanced design, which can facilitate the quality control based on
long-term characteristic change.

Chapter 6 summarizes the outcomes of the study and future issues for each chapter. The results
of the research are summarized in the following:

1. Based on results of the performance comparison indoor testing and the additional review
testing, a mix for the low diffusion layer was selected: a high-fluidity mortar made from
low-heat portland cement, fly-ash, expansive admixture and fine limestone powder. In
addition, various kinds of physicality such as strength characteristics, adiabatic temperature
rise amount, dry shrinkage and self shrinkage were determined, and the physicality was
confirmed to be within the range of assumption.

2. As a full-size testing, a model of the practical construction environment was built in 100 m
depth of an underground test cavern in disposal. From the test results, the following items
were studied and verified, and then the initial performance was determined: construction
performance during the work, compressive strength, static elastic modulus, void structure,
effective diffusion coefficient, and crack control effect.
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The existing technique to predict the concrete cracks in the curing process was also
applicable for the low diffusion layer made from non-rebar mortar. The result indicates that
crack control for the layer can be studied on these systems.

Methods for determining a diffusion coefficient by using tritium (or one of radionuclides)
were studied. Moreover, testing conditions were presented and a technique that enhances
to explain the calculation methods was proposed.

. In order to reflect the outcomes of the study closer to the actual quality control technique,
the effects on the following characteristics due to the variances of the quality and initial
curing method of fly-ash were confirmed: fresh properties, strength characteristics and
effective diffusion coefficient. Finally, it was consequently clarified that mortar concrete
characteristics were not significantly affected within the variation of the study.

. I studied the design and evaluation of burial forms using precast members and proposed a

design plan of the leaching control layer as an advanced design.

Professor (Chairperson) Youichi Tsukinaga
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