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Abstract The disposal of spent nuclear fuel is a long-standing issue in nuclear technology. Mainly, UO, and metallic

U are used as a fuel in nuclear reactors. Spent nuclear fuel contains fission products and transuranium elements, which

would remain radioactive for 10* to 10® years. In this brief communication, essential concepts and engineering

elements related to high-level nuclear waste disposal are described. Conceptual design models are described and

discussed considering the long-time scale activity of spent nuclear fuel or high level waste. Notions of physical and

chemical barriers to contain nuclear waste are highlightened. Concerns regarding integrity, self-irradiation induced

decomposition and thermal effects of decay heat on the spent nuclear fuel are also discussed. The question of

retrievability of spent nuclear fuel after disposal is considered.
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1 Introduction

The problem of disposal of high-level nuclear
radioactive waste, e.g., spent nuclear fuel (SNF), is not
new and needs urgent attention due to its increasing
volume worldwide. It is now one of the most
important but controversial problems of nuclear
technology. Only safe and successful solution of this
problem would guarantee the long future of nuclear
power. It is extremely difficult for policy-makers
worldwide to develop a consensus on how to approach
towards the startup policy for final disposal of
high-level nuclear waste. The disposal of SNF is now
gaining momentum*® due to the need for more
electricity with minimal emission of CO, and other
greenhouse gases to limit global warming.

Urgency for solution of final disposal of
high-level nuclear waste is due to complications
involved and multidisciplinary nature of the problem,
which will take long time (decades) to reach the stage
of final disposal even after the practical startup of the
final disposal site. Fig.1 shows the cycle of spent fuel,
which is the main high-level nuclear waste. This

simple schematic is based on the well-known facts and
details are given by a number of authors®™®. The next
section gives compact details about composition of
forms of SNF. In section 3, sequence of nuclear fuel
disposal activity is specified along with description of
major aspects of long-term nuclear waste radiation
effects on containment materials, and major issues of
spent nuclear fuel disposal are discussed with state of
situation and references. Paper ends with leading
conclusions.
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Fig.1 Spent nuclear fuel cycle.
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2 Spent nuclear fuel:
forms

SNF shows almost a complete spectrum of
radioactivity. Some of elements in SNF will remain
radioactive for hours to a few years, whereas others for
thousands to millions of years. Rate of change of any
of radioactive nuclei in SNF can be represented by

dN; N dN;
dat  dt |, dt

composition and

)

whereas concentration or number of a specific species
of nuclei at any time are given by
t dN;

t dN.

Ni (t) = Ni (to )+ J‘toditl form t, E decay (2)
where ty, is the starting time and t is any time
afterwards. It is clear from the equations that
composition of SNF will continue changing, but in a
quite deterministic way assuming initial composition
of SNF is known. It is an important point to be
considered while selecting containment materials and
disposal site.

Fig.2 shows general composition and forms of
fission products and transuranium elements, which are
most important in evaluation of disposal activity. This
figure is based on results by Buck et al™. It is clear
from Fig.2 that SNF is a very special type of waste due
to high percentage of rare earth elements in it along
with a quite considerable percentage of radioactive
gases. These are very different characteristics from
those of human safe environment. Major chemical
alterations in SNF are gaseous and thermal
evaporation, oxidation and dissolution of fuel pellets,
and precipitation of secondary phases in changing
spent fuel. These changes, based on well-known facts
and results from Poinssot et al™ and Ewing®, are
represented by a schematic in Fig.3.
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Fission products and transuranium elements

Fig.2 General composition and forms of fission products and
transuranium elements™®!.
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Fig.3 Long-time alterations/changes in SNF(>.

3 Disposal of spent nuclear fuel

The issue of disposal of SNF or high-level
nuclear waste has been evaluated for decades now by
nuclear scientists worldwide®*?. Considered options
for SNF disposal include burial in ocean floor polar or
ice hills, space disposal, keeping in interim storage
facilities and more importantly, deep underground
burial in special geological formations. Deep
underground burial is being considered as the safest in
available options. Fig.4 shows compact summary and
implementation sequence of research areas involved in
the most important geological nuclear waste disposal.
Despite the investigations cited above and others!**9
on materials and geology, correlated research activities
are required for successful geological nuclear waste
disposal, especially coupled investigations on
underground geological formations, seismology and
hydrology. Effects of radiations on confinement
materials in final disposal are very important. Fig.5
shows expected radiation effects on containment
materials to be used in nuclear waste disposal.
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Fig.4 Compact summary and implementation sequence of
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research areas involved in geological nuclear waste disposal.
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Fig.5 Radiation effects on containment materials and
environment.

It is aimed here to highlight the major problems
in the disposal of high-level nuclear waste like
processed or un-processed spent nuclear fuel.
Problems involved are extremely complicated and
requires conceptual, materials and other technical
developments. Feared by complications, it is some-
times treated as unsolvable problem, which has
imposed dark shadows on the future of nuclear power.
To keep nuclear technology in work in future, related
scientific community is working very hard to cope
with the problems. Solution of this problem will bring
conceptual and material developments, which will
help in overall development of science and technology.
Table 1 is composed of a brief discussion about major
issues and problems involved with disposal of SNF.

Table 1 Brief discussion about major issues and problems involved with final disposal of SNF

Issue

Comment / State of the situation / Reference

High strength radiation environment

Initial radiation strength per unit SNF depends on burn of the fuel, but

extremely high for any living being without best available shielding

arrangements’?°!.

Radioactivity decay time scale

Forms of radiations

Geological time scale: up to millions of years.

Various types of radiations including charged and neutral particle rays, and

electromagnetic radiations.

High heat deposit

Gaseous nature of radioactive products

Dirct disposal of SNF versus its reprocessing

Transmutation

Retrievability after disposal

Decay of radioactive elements in SNF is accompanied with the release of
energy, most of which is transformed into heat. SNF is a heat source, which
can harm integrity of its disposed packages.

13% of fission products and transuranium elements are gases, which have
higher danger of leakage and mobility to the objectively safe environment.

Direct disposal of SNF will be cheaper!.

Decreases the danger level of SNF, but does not solve the problem completely.
Final disposal will still be needed™!.

Ideally, it is required. But, assurance is difficult due to involvement of
unexpected natural happenings like earth-quakes.

Disposal of SNF can only be successful by

confine the disposed high level waste. Most important

implementing multiple barrier® strategy to confine the
disposed waste and its effects far from safe environment
to which living beings have or may need to have contact
in future. Fig.6 gives an overview of possible barriers to

of natural barriers is a solid stable crystalline rock far
from earthquake related fault lines. Engineered barriers
include corrosion-resistant containers possibly of
copper alloys and disposal architecture.
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Fig.6 Migration barriers in repository design.

4  Conclusion

State of the situation regarding spent nuclear fuel
disposal is described comprehensively. It is concluded
that composition of spent nuclear fuel will continue
changing with time, which needs to be considered in
evaluation and design of disposal materials and
facilities. Conceptual model description of major
issues of spent nuclear fuel disposal is given along
with scientific discussion and comments with focuses
of materials, geology, seismic and hydrology aspects.
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