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Disposal of high level nuclear wastes: Thermodynamic equilibrium
and environment ethics
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Abstract Contamination of soil, water or air, due to a failure of containment or disposal of high level nuclear wastes,

can potentially cause serious hazards to the environment or human health. Essential elements of the environment and

radioactivity dangers to it are illustrated. Issues of high level nuclear waste disposal are discussed with a focus on

thermodynamic equilibrium and environment ethics. Major aspects of the issues are analyzed and described briefly to

build a perception of risks involved and ethical implications. Nuclear waste containment repository should be as close

as possible to thermodynamic equilibrium. A clear demonstration about safety aspects of nuclear waste management is

required in gaining public and political confidence in any possible scheme of permanent disposal. Disposal of high

level nuclear waste offers a spectrum of environment connected challenges and a long term future of nuclear power

depends on the environment friendly solution of the problem of nuclear wastes.
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1 Introduction

Nuclear energy, compared with hydral, coal, oil-gas
and wind, has some special features, especially it is
considered as a solution to climate change, abundant
fuel and no dependence of supply on seasonal
changes[l"”. Safe development of nuclear power as-
sures the state-of-the-art development in affiliated
technology, which is considered attractive by devel-
oping countries. Further extension of nuclear power is
barred by a still unresolved problem of nuclear waste
management® . After many decades of active opera-
tion of nuclear power stations, a final successful policy of
nuclear waste disposal has not yet been developed. High
level nuclear waste (HLNW) disposal may have ex-
tremely serious implications if it fails due to engineering
faults or natural disasters like high magnitude earth-
quakes leaking radioactive waste into the environment.
Only a very limited number of countries like Sweden
have finalized their policy about definition of nuclear
wastes™™ ™ abandoning the possibility of reprocess-
ing, whereas the remaining nuclear world is still
un-decided on whether they will dispose off
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as-taken-out spent nuclear fuel (SNF) or only reproc-
essed waste. So, the problem of nuclear waste disposal
needs to be analyzed critically with the motivation of
achieving a clear resolve to it. This paper outlines en-
vironmental aspects of disposal of high level nuclear
wastes.

2 The environment and radioactivity dan-
gers

Life is strongly linked to the safe environment. Unde-
sirable changes in the environment can deeply harm
life, so they must be monitored with precision to
maintain life-fit environment. Considerable leakage of
radioactivity into the environment can have serious
implications. So, a major concern about nuclear tech-
nology is its safety. Two decades after the Chernobyl
accident, picture of the harms caused to the environ-
ment in the accident is still far from completion.
Safety failures in nuclear technology can be dis-
astrous. Earthquakes are a reality and are completely
un-predictable to challenge the safety. Countries with
nuclear technology consider earthquake factor in
maintaining present nuclear technology and related
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facilities, and such future plans. In Fig. 1, fissures in
the ground are visible in front of the Kashiwazaki nu-
clear power plant!*® after earthquake on July 17, 2007.
According to an IAEA report, the amount of
radioactivity released was very small and well below
the authorized limits for public health and
environmental safety. But, it was pointed out that the
observations and conclusions relating to the behavior
of the plant structures, systems and components still
require validation through the valid procedure!®!.

Fig. 1 Site around Kashiwazaki nuclear power plant after
earthquake on July 17, 2007 13,

Earthquake is an important consideration in site
selection and design of a spent nuclear fuel storage or
repository as it can release a great amount of radioac-
tivity into the environment. Shaking table tests!*” may
be employed to estimate the properties of the test
frame at frequencies related to earthquake. Earthquake
can cause tsunami in coastal areas*®*®!. The combina-
tion of a tsunami and failure in nuclear waste disposal
site can potentially contaminate the environment at the
scale of Chernobyl. So, history of earthquakes and
their consequences at the disposal site under consid-
eration need to be evaluated carefully. Trustworthy
understanding about migration/leaching of radionu-
clides on earth surface and nature of traps for their
accumulation?®?? is essentially needed. Disequilibria
of U-series and radiation induced effects in minerals
may be used in safety analysis of nuclear waste dis-
posall® 24,

3 Thermodynamic equilibrium

Thermodynamic equilibrium is a state of a system re-
lated to the minimum of the thermodynamic potential.
Thermodynamic potential is the Helmholtz free energy
(U-TS) for systems at constant temperature and vol-

ume whereas the Gibbs free energy (H-TS) for sys-
tems at constant pressure and temperature. U, T, H and
S are, respectively, internal energy, absolute tempera-
ture, enthalpy and entropy. Minimum of thermody-
namic potential is characterized by states of thermal
equilibrium, mechanical equilibrium and chemical
equilibrium of the system. Ideally, nuclear waste
should be disposed in a way that it becomes in ther-
modynamic equilibrium with the environment and
remains the same for almost forever without losing its
original integrity.

Success probability of SNF disposal would in-
crease by implementing multiple barrier strategy to
confine the disposed waste and its effects far from safe
environment to which living being have or may need
to have contact in future!®®. Barriers play an important
role to confine the disposed high level waste. Most
important of natural barriers is a solid stable crystal-
line rock far from earth quake related fault lines. En-
gineered barriers include corrosion-resistant containers
possibly of copper alloys (containing mainly copper
along with Al: 5 %to 9%; Ni: 0.5 %to 4%; Fe: 0.5% to
4%; Mn: 0.1% to 3%; Ti: 0.001 %to 1%, Co: 0.001%
to 1%; and B: 0.001% to 0.1% *®) and disposal archi-
tecture. Regular drilled hole monitoring in buffer zone
and leaching activity before and after earthquake can
establish underground faults produced due to earth-
quake. Nuclear waste containment repository should
be as close as possible to thermodynamic equilibrium,
which means unlimited stability, similar to natural
metal deposits within the Earth’s Crust®".

4  Environment ethics

Some of major considerations in evaluating ethical
issues related to safety of nuclear waste disposal are
clarity of the policies, policy awareness of individuals
involved, natural response to nuclear fear/risk factor
and valid legal system to sue charges. Central specific
ethical issues are summarized as a set of disposal ac-
tivity start-up questionst?®34:;

(1) Have the persons employed/involved given
the free informed consent to the risk involved?

(2) Who bear major responsibilities in waste dis-
posal and who is responsible for what?

(3) Are the distributions of risks and benefits eq-
uitable?
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(4) Have individuals been informed about control
over the risk?

(5) Are assessment about reliability of materials
and methods involved are made?

(6) What are the third parties who can be held re-
sponsible for bringing in risk?

(7) Evaluation of costs and benefits of interven-
tion measures?

(8) Are the plans of compensation for exposure to
risk justified?

(9) How will an emergency be handled?

Generalizing theme build up by above questions,
it may be said that issues like consent, equity, control
and responsibility are essential ethical considerations
for radiological protection policy?®.

It would be interesting to know how above issues
or questions about nuclear waste disposal are incorpo-
rated in policy making and its implementation. Only
thoughtfully critical and multiply reviewed process of
policy analysis can achieve this. Ethical issues are
closely linked with scientific or technical know how
about procedures involved.

So, a trustworthy research is needed to finalize
ethical aspects of high level nuclear waste disposal.
Evaluation of risk faced by far-future generations due
to present disposal of high level nuclear waste is also
of great importance and equally valid ethical issue as
for the case of present generation. Real problems are
associated with predictions about level and nature of
risks faced by future generations and their response to
this problem, especially in case of disposal failures.

It would not be wise to ignore highly radioactive

material and to hope that either nature or future gen-
erations of humans will not bring it into the biosphere
somehow. In principle, we should ensure that even if
detail of nuclear waste disposal is lost, it does not
reach future generations, still they or their environ-
ment is not exposed to disposed waste at all. Nuclear
waste disposal in one country can quite possibly affect
biosphere in the neighboring countries. Pakistan’s two
neighboring countries (India and China) are among the
countries seeking sizeable future nuclear energy pro-
gramst2. Nuclear waste disposal is not a solely inter-
nal matter of any country. Activity of nuclear waste
disposal may have strong local, regional and even
global implications. Regional and global implications
would become considerable for the cases of severe
failures of disposal scheme.

5 Present and future perspectives

Although no repository around the globe is ready for
geological disposal of nuclear wastes, some develop-
ments, mainly in conceptual and plan domains, were
made in last couple of decades. Table 1 summarizes
the present plans for high-level nuclear waste reposi-
tories. Tabulated details show the sensitivity of the
subject and requirement of the decades-long consid-
erations before start up of implementation of any dis-
posal policy. In nuclear waste disposal matters, four
considerations are very important which are radiation
strength, mean life, environment contamination and
traditional ethical values.

Table 1  Plans for high-level nuclear waste repositories ™!

Country Geological medium Estimated opening Status

Belgium Clay 2035 or later Searching for site

Canada Granite 2035 or later Reviewing repository concept
Finland Crystalline bedrock 2020 Site selected (Olkiluoto)
France Granite or clay 2020 or later Developing repository concept
Germany Salt Unknown Moratorium on development
Japan Granite or sedimentary rock 2030 or later Searching for site

Russia Not selected Unknown Searching for site

Sweden Crystalline rock 2020 Searching for site

Switzerland Crystalline rock or clay 2020 or later Searching for site

United Kingdom Not selected After 2040 Delaying decision until 2040
United States Welded tuff 2010 Site selected (Yucca Mountain)
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Ethical values here refer to rightness or wrong-
ness of our actions. Considering above discussion
about high-level nuclear waste disposal, a long time in
decades would be needed in evaluation of repository
location, design and precautions before start up of
disposal. Careful record keeping (including details of
professionals involved) of all nuclear waste disposal
evaluations should be practiced so that investigation of
possible accident/emergency could be carried out with
transparency.

Clear demonstration about safety aspects of nu-
clear waste management would help in gaining public
and political confidence in any possible scheme of
permanent nuclear waste disposal. A common public
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desire is retrievability of finally disposed wastes in
case repository fails to isolate wastes from the live
environment. Desire of retrievability is in direct con-
tradiction with the principle of final disposal and adds
serious complexities to the problem. Public resistance
against nuclear waste repository[33] at Yucca Mountain
is a typical example showing the complexities in-
volved®!. Fig. 2 shows a simplified picture of the
Swedish plan for geological disposal of nuclear
wastes™!. Different objects in the figure, showing
steps of the disposal procedure, are explained with the
inset text. The figure differentiates high radioactivity
wastes from low and intermediate radioactivity wastes
which require different disposal procedures.

Surface or near-surface
disposal facility

Fig. 2 Asimplified picture of the Swedish plan for geological disposal of nuclear wastes.®!

6 Conclusion

The radioactivity danger to the environment is one of
the most important considerations of nuclear energy as
it can cause a severe harm to the environment, which
might not be repairable. Thermodynamic equilibrium
of disposed nuclear waste in the repository is a guiding

principal for the safe future of the environment and a
clear demonstration about safety of nuclear waste
management schemes is required in gaining public and
political confidence. A trustworthy solution to the
problem of final disposal of high level nuclear wastes
is required for physical realization of plans of nuclear
power plants around the globe.
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