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Radioactive waste is an inevitable consequence of almost all uses of radioactivity. In addition to
the well known sources of high level waste which are the by-product of the reprocessing of spent
fuel elements from nuclear reactors, there are many large sources used for industrial purposes
such as sterilisation of surgical materials and radiation treatment of foodstuffs. There are also
hundreds of thousands of smaller sources which are used for industrial radiography, for thickness
and level gauges, and for other practical applications, and which frequently become waste after
the end of their useful life. Much of the structural and other material used in the construction of
nuclear facilities will also become slightly radioactive during the operation of the facilities and
this material, too, must be considered for appropriate disposal or re-utilisation when the plant is
decommissioned.

Natural radioactivity can become concentrated by various industrial processes and is then known
as technologically enhanced natural radioactivity. In the oil industry for example, strong
concentrations of uranium series isotopes have been reported in the scale formed in oil pipes and
these then constitute radioactive waste.

The options available for the safe storage or disposal of radioactive waste are several, although a
number have been ruled out by international agreement, at least for some forms of waste.

To begin with, it is necessary to state the various ways in which radioactive waste can be classified.
In the early 1980's, the International Atomic Energy Agency (IAEA) proposed a qualitative
classification as follows:

High-level waste: conditioned waste produced during the initial extraction cycle of the
reprocessing process; spent fuel when declared a waste; other waste of similar activity level.

Medium-level waste: all radioactive waste which is not included in the HLW or LLW categories.

Low-level waste: waste which does not require shielding for handling and transportation, because
of its low radionuclide content.

Differentiation is also recommended by the IAEA within the MLW and LLW categories. Such
differentiation is to distinguish between short and long lived radioactive substances and between
waste which contains alpha emitters and that which does not. These definitions are useful in
practice, but do not have any legal status and are sometimes extended or restricted for particular
purposes.. For example in the management of waste at the site of production it may it may useful
from the point of view of local control of the sorting, treatment or medium term storage of waste
to classify specific wastes in slightly different ways.

These classifications are often most useful in general scientific discussions and indeed in public
debate but should not be applied too rigorously to specific cases. High level waste containing a
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single isotope, 60Co for example, is clearly not in the same category as a mixed isotope waste
containing long lived alpha emitting isotopes.

Public concern is most often centred on high-level waste which originates as a by-product of
nuclear reprocessing. To consider this in context, it is necessary to look at the numbers of
operating nuclear power plants in the world and at the likely pattern in the future as plants under
construction come into operation, as plants are decommissioned and as future orders are placed.
Tables 1 and 2 are taken from the IAEA's news briefing publication for 1995 and indicate (Table
1) the number of power reactors in operation or on order at present and (Table 2) high and low
predictions for operational reactors during the next 20 years. All of these plants will produce
HLW for the future and it is essential to plan in a methodical and safe way for the disposal of this
waste.

While the radioactive content of waste originating in nuclear installations is governed by the half
lives of the various component isotopes, the main concerns regarding disposal relate to the long
lived components which have half lives of thousands of years which implies that facilities for the
storage of the waste and for its isolation from the external environment need to be planned for
periods of tens of thousands of years and perhaps up to more than a million years.

A number of options have been proposed for waste disposal. However, some of these are
currently impractical, such as the use of rockets to dispose of material into the sun or into outer
space.

This leaves the options of disposal at sea, shallow disposal on land, or deep disposal in engineered
repositories in geologically stable structures.

The possibility of disposal at sea is not currently under consideration in the case of high level
wastes and has been effectively discontinued for low and medium level wastes by a number of
International conventions. The Contracting Parties to the London Dumping Convention agreed to
suspend sea dumping of radioactive waste in 1983 pending further scientific studies and no
further reported dumping has taken place since then, although some may have taken place in
waters near to the former USSR. The first sea disposal of radioactive waste took place in 1946 at
a site about 80 km off the coast of California. Various amounts of low level waste have been
disposed of at about 50 sites in the Atlantic and Pacific oceans since then with the last known
occurring in 1982 about 500 km off the European continental shelf. While low and intermediate
level wastes are not currently disposed of at sea, there remains the possibility that this may in fact
be the best option for certain types of radioactive waste. Clearly, objective scientific criteria would
need to be prepared in considerable detail if the option of marine disposal is to be again
considered for quantities of packaged waste.

Shallow disposal on land is currently practised by many countries for low level waste and to a
lesser degree for medium level waste. If it decided that material from the decommissioning of
nuclear facilities is unsuitable for recycling, than it is almost certain that shallow waste disposal
will be the most appropriate method for long term disposal of the large quantities of material
involved. There are many sites within Europe which are used either for the disposal of medium
level waste or for the temporary storage of high level waste pending the availability of suitable
permanent disposal facilities. Table 3 shows the types of radioactive waste relevant to the Member
States of the European Union.
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Deep disposal in suitable geological strata is not at present practised for high level radioactive
waste but a number of countries are likely to bring facilities into operation in the next century.

A considerable degree of planning is required for a deep disposal facility and of course much
preliminary scientific evaluation is required before a suitable site can be selected. It is of interest
to note that there a number of areas in Ireland which appear at first sight to be appropriate for
usage as deep disposal facilities, should we ever require such an area for the disposal of our
radioactive waste. Such an eventuality might come about as a result of political considerations,
for example.

Decommissioning of nuclear installations
As was clear from Table 1, there are currently a large number of nuclear plants in operation
around the world and Europe obtains almost one third of its electricity from such plants. Some
of these reactors will be reaching the end of their useful life in the next few years and increasing
numbers will reach this position in the early years of next century. The problems of
decommissioning such installations and disposing or recycling large quantities of valuable
materials such as steel will need to be dealt with in a planned scientific way. The European
Commission has established Working groups which have considered various aspects of the
problem and have made recommendations of the optimum strategies for tackling potential
difficulties.

Large volumes of concrete and significant quantities of steels are used in the construction of
nuclear facilities. Depending on its radioactivity, concrete may be recycled, disposed of in landfill,
or disposed of in a radioactive repository. Steels and other metals may have a considerable scrap
value and there is therefore an economic and practical incentive for recycling such materials.

For a 1000 MWe PWR there would be approximately 10,000 tonnes of steel in the areas of high
radiation and radioactivity; a 600 MWe AGR would have a similar amount of steel, and the steel
pressure vessel for a Magnox reactor would be about 13,000 tonnes of which about one third
would have a potential for recycling. Other nuclear facilities such as reprocessing plants and fuel
enrichment plants will also have large quantities of potentially valuable metal for recycling or
disposal at the end of their useful life.

It is clear that there will be several millions of tonnes of steel resulting from the decommissioning
of existing nuclear reactors and other installations. The remainder of this paper will look at the
radiation protection implications for recycling this material.

Since the unrestricted use of steel items which contain recycled steel originating in nuclear
installations implies that there may be a dose to individuals or groups resulting from the
radioactive content of the items, it is necessary to apply restrictions to the radioactivity permitted
to be present at the time when regulatory control is relinquished. These restrictions are termed
clearance levels in the context of releasing materials into general circulation. Because there must
be no restrictions on the circulation of goods and materials within the European Union, it is
important that there should be agreement between the Member States of the EU on appropriate
values for these clearance levels.

In the context of removing radioactive material from control, it may be helpful to consider what
criteria should be used for the protection of individuals and groups who are not occupationally
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exposed to radiation.

Table 4 shows the annual doses, collective and individual, received in Ireland from natural and
other sources of radiation.

The IAEA publication "Principles for the Exemption of Radiation Sources and Practices from
Regulatory Control" suggests two basic criteria which can be used to decide if recycled steel is
suitable for general release.

(a) Individual risks must be sufficiently low as not to warrant regulatory concern.
(b) Radiation protection, including the cost of regulatory control, must be optimised.

The first of these criteria implies that individual doses should not exceed a few tens of
microsievert (for which the annual level of individual risk of death is a few per million).

The second criterion is used by the IAEA to suggest that if a study indicates that the collective
dose commitment resulting from one year of the unregulated practice is less than about one man-
sievert, it may be concluded that the total detriment is low enough to permit exemption without
detailed examination of other options.

The 1990 Recommendations of the International Commission on Radiological Protection
recognise the concept of exemption of a practice from control, but do not recommend figures for
collective or individual doses in connection with such exemptions. They do however suggest that
optimisation studies would be useful in deciding the basis for any exemption.

The recently approved but not yet published European Union Directive on Basic Standards of
Radiation Protection for Workers and Members of the Public against the Hazards of Ionizing
Radiation is relevant to criteria for exemption from regulatory control of any materials to be
considered for recycling.

In 1988, the Commission of the European Communities published a report consisting of
recommendations on Radiological Protection Criteria for the recycling of materials from the
dismantling of Nuclear Installations.

In attempting to forecast doses which might result from the use of recycled steel, it is important to
consider a number of scenarios which could involve collective or individual doses.

On the basis of a total activity concentration of 1 Bq/gramme in steel scrap released from
regulatory control, the report concluded that consequent doses would comply with the
recommendations both of the IAEA and of other bodies such as the ICRP.

A partial list of the scenarios considered is given below.

• Use of recycled steel as reinforcement of concrete used in buildings
• Use of slag in concrete
• Use of furniture made with recycled steel
• Driving a car made with recycled steel
• Re-use of discrete items such as tools, storage tanks and electric motors
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The individual doses which might result from the scenarios were calculated and it was found that
all maximal individual doses based on the scenarios were less than 10 microsievert per year. The
collective dose to the population resulting from the recycling of 10,000 tonnes of steel in a year
was calculated to be about 1 man-sievert. The individual doses would not increase for recycling of
greater amounts of steel although the collective doses would increase linearly with the quantity of
steel recycled in a given year.

The Working Party which produced these criteria has been reconstituted following the
commencement of work to revise the EU radiation protection Directive and has completed a new
report to ensure that its recommendations comply with the changing requirements of the
Directive. The new recycling report has considered a wider and more elaborate range of
scenarios and has produced radionuclide specific reference levels relating to release from
regulatory control, with the requirement for summation of the fractional reference levels for each
nuclide present to be less than one. This report should be published within the next year and will
ensure that the necessary protection criteria remain in line with the requirements of the Directive
and are conservative to an appropriate degree. The levels recommended are in fact considerably
lower than the levels of natural radionuclides present in soil in many parts of Ireland and the
burial of scrap materials contaminated right up to the reference levels would reduce the overall
exposure of the local population in such areas of high natural radioactivity.

Many metals which will be made available when most nuclear power reactors and other facilities
are decommissioned will have a high intrinsic scrap value and it will be prudent and economically
justifiable to recycle these materials whenever possible. It is important to ensure that commercial
products made from such recycled materials should present negligible risk to members of the
public either individually or collectively. Consideration of a number of scenarios for exposure
lead to the conclusion that it is possible to establish reference levels for specific radioactive
isotopes present in steel containing recycled material such that the necessary radiation protection
standards can be maintained. It should be stressed that such recycling of materials from
decommissioned nuclear facilities does not as yet take place and that the evaluations referred to
are made on a conservative basis and doses resulting from any future recycling are likely to be
considerably lower than those referred to here.
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Table 1

Nuclear power plants worldwide

Argentina
Belgium
Brazil
Bulgaria
Canada
China
Czech Republic

Finland
France
Germany
Hungary
India
Iran, Islamic Rep
Japan
Kazakhstan

Operational
2
7
1

•6
22
3
4

4
56
21
4
9

49
1

Being built
1

1

2

4

5
2
5

Korea, Rep of
Lithuania
Mexico
Netherlands
Pakistan
Romania
Russian Federat
South Africa
Slovak Republic
Slovenia
Spain
Sweden
Siuitzerland
United Kingdom
Ukraine
United States

Operational
10
2
2
2
1

29
2
4
1
9

12
5

34
15

109

Being built
6

1
5
4

4

1
6
1

/\f year-end 1994, total in operation: 432; under construction: 48.
Note: The total includes Taiwan, China, inhere six reactors are in operation.



Table 2

Year

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Total Net Capacity MW(e)

Low

340,347

345,153

349,398

355,936

362,737

364,760

366,729

368,844

374,087

377,362

379,780

382,444

383,913

385,586

387,768

389,460

391,036

394,159

392,393

383,273

377,847

368,671

High
340,347

346,103

352,019

359,186

364,520

368,396

375,242

381,803

391,618

399,606

406,531

415,888

427,527

438,759

448,497

459,525

475,535

483,337

493,005

502,447

509,231

515,539



Table 3.
EU Member States, Nuclear Power and radioactive waste facilities required

Country

Austria

Belgium

Denmark

Finland

France

Germany

Greece

Ireland

Italy

The Netherlands

Portugal

Spain

Sweden

United Kingdom

Nuclear power

_

.

V

V

V
-

-

V

V

.

V

V

V

Low/medium waste

V

V

V

V

V

V

V

V

V

V

V

V

V

High-level waste

V

V
*

-

-

*

-

*

V

V

Spent fuel

V

_

_

V
-

V

-

_

V

V

V

* Planned



Table 4.

RADIATION DOSES IN IRELAND.

Average annual individual dose received in Ireland
= 3 .0 millisievert approximately

Collective dose to the population of the Republic of Ireland
= 1 0 , 5 0 0 man-sievert approximately

About 5 5 % from radon.

About 1 0 % from cosmic radiation.

About 1 0 % from what we eat and drink.

About 1 2 % from environmental gamma radiation.

About 1 2 % from medical usage of radiation.

About 0 . 3 % from fallout.

About 0 . 1 % or less from discharges from nuclear
installations.

The remainder is from occupational exposure, consumer
products, air travel, and miscellaneous sources.


