
International Conference HR9800004
Nuclear Option in Countries with Small and Me

Opatija, Croatia, 1996

Radioactive Waste as an Argument against Nuclear Energy

Dr. Emil Kowalski, Nagra, Wettingen

The issue of safe management of radioactive waste is commonly regarded as the

Achilles Heel of nuclear energy production. To add strength to the "unsolved"

waste problem as an argument in favour of abandoning nuclear energy production,

anti-nuclear groups systematically seek to discredit waste management projects

and stand in the way of progress in this field. The paradox in this situation is that it

is exactly in the field of waste management that nuclear energy production allows

ecologically sound procedures to be followed.

Of all the arguments against nuclear energy, the one which tends to stand out is that

the problem of disposing of the wastes produced is as yet unsolved. Moreover, this

unsolved problem is slowly being assigned the status of an unsolvable problem.

The argument has now reached a stage in its evolution where it has an aura of

certainty about it and it is no longer challenged in certain quarters. In terms of

waste management, however, nuclear energy offers environmentally sound

solutions, particularly when compared to the impact of burning fossil fuels.

Criticism Directed at the Wrong Target

In this sense, the dispute over the use of nuclear power is directed at the wrong

target. For three reasons in particular, an unbiased observer would, in fact, tend to

come to the conclusion that the waste situation is an important argument in favour

of nuclear energy. Firstly, unlike the burning of fossil fuels, the process of nuclear
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fission takes place without any introduction of oxygen into the system and there is

therefore no contact between the nuclear fuel and the atmosphere. Radioactive

waste therefore arises in isolation from the human environment and can, in

principle, be treated, transported and disposed of in this condition.

Secondly, the waste volumes generated are small relative to the large amounts of

nuclear electricity produced. This economically advantageous situation means that

the potential for* waste isolation can be exploited to the full. This is not the case for

many other wastes produced by our civilisation, where the quality of the

management procedures is dictated by availability of financial means. Thirdly, the

spontaneous decrease in waste toxicity with time due to radioactive decay makes

isolation easier to realise in a technical sense. The necessary containment times are

long, but they are limited - unlike those for chemically toxic heavy metals which

remain hazardous for all time.

Dilution...

All technological processes produce waste, be it in solid, liquid or gaseous form.

There are basically two strategies for waste disposal, namely dilution and dispersal

and concentration and confinement. In the former case, toxic substances are

reduced to concentrations which are no longer harmful to man and his environment

by dispersal or dilution in air or water. This is imperative in situations where

processes occur in contact with the atmosphere, for example in the case of

incineration. Removal of toxic residues from waste gases using filters or catalysts is

either incomplete (e.g. SO2, NOx) or impracticable (CO2) and the residues

inevitably escape into the atmosphere. The resulting impact on the environment is
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small when taken on an individual basis but, as soon as the cumulative emissions

from a large number of waste-producing activities "overload" the natural

environment on either a local or worldwide scale, the results are high ozone

concentrations, smog, the greenhouse effect and death of the forests. This adverse

impact on the environment cannot be avoided - all furnaces have chimneys and all

(conventional) cars have exhaust systems.

„. and Confinement

The contrasting approach to waste disposal involves collecting the wastes,

concentrating them and isolating them from the human environment for the

duration of their toxicity. No waste substances are introduced into the biosphere

and the environment is affected only if the containment system fails. Using reliable

isolation techniques it is possible, at least in principle, to restrict release rates to a

level where concentrations of toxic substances in the biosphere will be negligible

and any adverse environmental impact can be completely ruled out.

Confinement is basically a preferable approach to dilution, but it does have its price

- it is technically costly and is practicable only in situations where waste volumes

are restricted and arise centrally or at least under controlled conditions, allowing

them to be inventarised and collected. In the non-nuclear field, the confinement

strategy is used mainly for chemically toxic residues.
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The Confinement Potential Offered by the Nuclear Fuel Cycle

The process of nuclear fission is ideal for the handling of its resulting wastes by

confinement as it occurs in complete isolation from the biosphere. In reactor

operations, containment has to be guaranteed under difficult conditions - in the

reactor core the power density is very high (around 50,000,000 W/m^) and extreme

temperature conditions prevail. Three decades of operating experience with over

400 nuclear power plants worldwide bear witness to the fact that containment can

be ensured under these conditions. Even accidents like Harrisburg show that

isolation can be maintained in the worst possible case of core melt-down. The

experience with Chernobyl, on the other hand, shows that reliable isolation requires

a high level of technical competence and cannot be guaranteed if this is in any way

lacking.

It is this risk of containment failing completely a la Chernobyl that is behind the

fear of a repository catastrophe. However, conditioned waste in a disposal facility

represents a completely different set of conditions to those in a reactor. No chain

reaction is possible in the waste, no chemical explosions will occur and the power

density (afterheat) is lower by several orders of magnitude (around 10,000 W/m^

for high-level waste and less than 1 W/m^ for secondary low-level waste).

Technically speaking, containment is relatively straightforward and the waste itself

has no characteristics (radioactivity, chemical aggressivity) which would adversely

affect the isolation system. Only conventional external factors such as mechanical

loading or corrosion could have such an effect on the system.
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Although it may sound somewhat overstated, following claim can nevertheless be

made: Once the radioactivity from the reactor is fixed in the solidified waste, the

real risk is actually past. The fact that the waste from use of nuclear energy arises

in a form which is concentrated and confined is a positive rather than a negative

aspect of this energy source.

Financially attractive aspects

The high ratio of benefit (electricity) to cost (waste), mentioned earlier as the

second argument in favour of nuclear energy, means that the potential for

environmentally sound waste management can be realised to the full. Because of its

high energy yield, nuclear power produces a large amount of electricity for only a

small amount of waste. In a period of one operating year, all the Swiss power plants

taken together produce around 12 m^ of solidified high-level waste; the

corresponding figure for low-level waste (including the concrete solidification

matrix) is less than 1000 m^, which is the volume of a storage hall with dimensions

10 x 20 x 5 m. These figures have to be seen in the wider context of Switzerland's

nuclear power production scenario - the Swiss power plants are responsible for

around 40% of Switzerland's total annual power production, which represents an

enormous economic return.

Keeping the waste in interim storage for longer periods of time is therefore justified

and, during transport, safety measures can be taken which would be economically

unjustifiable in the case of other materials with similar toxicity levels or with a

much higher energy density (explosive chemicals, propellants). Taken together
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with the stability of the inert nuclear waste, this is the reason why we never hear of

accidents during transport of radioactive materials.

A Comparison of Safety Margins

Because of the high benefit to cost ratio mentioned previously, huge sums can be

invested every year in waste management programmes without any noticeable

increase in the price of electricity. The safety requirements which apply to waste

disposal are very strict - the risk perceived subjectively by society in the case of

nuclear energy is very high and society also has to accept the resulting costs of

guaranteeing unusually high levels of safety.

It is interesting to compare the different safety margins involved. In the case of

conventional stimulants or medications, the safety margin between a normal and a

toxic dose is generally considered to be a factor 10 to 30 . For example, the normal

dose for sleeping tablets is 1 to 2 tablets per day and a single dose of 20 to 30

tablets would be toxic. Three decilitres of wine (around 0.03 1 of alcohol)

represents normal consumption but 15 times this amount of alcohol (0.5 I) would

be deadly. The safety margins in the case of radioactivity are somewhat different.

From Nature, we receive, on average, an annual background dose of around 5

millisieverts (mSv), which is a thousand times smaller than the fatal dose of 5 Sv.

The limit (Protection Objective) specified for releases from a repository is 0.1 mSv

per year, which is 50 times lower again than the natural exposure level (effective

design of the repository will in fact ensure that this level dose of 0.1 mSv per year

is never reached). The safety margin in the case of a repository is a factor of

50,000, which is to be understood not as an argument for less strict requirements
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but as evidence of the high standard of waste isolation provided by disposal

facilities.

A False Sense of Time

One common preconception relates to the long-lived nature of radioactive waste.

The phenomenon of radioactive decay should, however, be seen as a positive

feature of the waste because it results in a decrease in toxicity with rime. Short-

lived waste requires to be isolated for a period of several hundred years until it is

no longer hazardous - somehow this concept can be grasped. Long-lived waste on

the other hand has to be contained safely for hundreds of thousands of years - a

period which is alarmingly long! One simple question serves to highlight the

problem: For how long do conventional waste substances remain toxic - for

example lead, mercury or cadmium, all of which we dispose of in near-surface

facilities? The answer is: For all time. The toxicity of these materials does not

decrease spontaneously with time. Safety authorities seek to overcome this

situation by requiring that facilities for disposal of such permanently toxic materials

should remain stable "as long as Switzerland remains a populated country".

This unrealistic perception of time is psychologically understandable: although the

concept of eternity defies quantification, we are somehow more comfortable with

this than with the prospect of a period of a thousand years, which seems to us

longer. Measured on the timescale of geological changes, which occur over

millions of years, containment times of hundreds of thousands of years are

relatively short. It is for this reason that underground repositories in stable
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geological formations are foreseen for radioactive waste disposal. Nature has

shown us repeatedly that, under favourable conditions, materials located

underground can remain isolated from our environment for billions of years.

Permanent supervision?

One argument in particular is now being advanced against the concept of final

disposal, namely that waste should be subject to permanent monitoring and should

also be retrievable, as is the case during the limited period of interim storage. The

insinuation behind this argument is that geological disposal does not allow for any

supervisory measures.

It goes without saying that waste can be emplaced in surface facilities which are

accessible at any time, but in order to guarantee safety in such cases it is essential

to have a system of constant supervision, maintenance, repairing of leaks, etc. If

such measures are not taken, the integrity of the containment facility becomes \

questionable, be it sooner or later. Apart from the ethical consideration that the I

generation enjoying the fruits of power production should also bear responsibility [

for disposing of its own waste, there are also convincing practical reasons why an

obligation to provide permanent supervision should not be created. Contracts \

between generations, such as would be necessary in this situation, would be valid :

for hundreds of years and simply do not exist. Even if we would like to think we t

could expect it of them, we cannot place our descendants under an obligation to \

concern themselves with our waste. How can control be maintained during periods ;
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of social unrest, war or natural catastrophes? And who is in a position to rule out

such eventualities for "as long as Switzerland remains a populated country"?

The point being made here is that a geological repository is safe without

supervisory measures, but that it can be supervised. The safety of long-term

storage, on the other hand, cannot be guaranteed without supervision. An

underground repository can be designed in such a way that active monitoring is

possible over long periods of time and the waste can be retrieved if necessary.

What is important, however, is the aspect of passive containment which ensures

continued long-term safety even in the situation where future generations decide to

dispense with control measures. The decision whether to continue monitoring the

facility or to backfill the caverns and seal the access to the repository can be left to

our descendants with a clear conscience.

Counterproductive Obstacles

It is clear that the nuclear power production creates favourable conditions for safe

management of the waste it generates, and that waste treatment technologies, waste

transport and interim storage all benefit from this state of affairs. The final step of

disposal has not yet been reached in Switzerland and, in this respect, waste disposal

continues to be treated as the scapegoat of nuclear fuel cycle and is opposed on a

political level. This is ecologically counterproductive and prevents full realisation

of the positive potential of the situation.
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