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Abstract. The IAEA has increasingly become concerned with the radiological and environmental impact of
closed uranium mining and milling facilities. It is recognized that inappropriate practices in waste management
and the lack of closeout plans have lead to environmental hazards and the potential for human exposure
worldwide. In many instances the operators or those responsible for radiation and environmental protection
lacked the experience in planning and executing remediation and restoration projects. Through a series of
technical documents and other means, which are reviewed briefly in this paper, the IAEA strives to provide
guidance and examples for the selection and application of adequate remediation technologies and restoration
practices. Emphasis is put upon a comprehensive planning process leading to technology selection. This process
commences with proper site characterisation on the basis of which a strategy is to be developed and finishes with
post-closure monitoring as an integral instrument of quality control and quality assurance.

1. INTRODUCTION

In recent years the political and social climate in many countries calls for actions towards a cleaner
environment. The political changes in Central and Eastern Europe (CEE) and the former Soviet Union
have revealed the state of the environment in these countries. However, the heavy burden on the
environment, resulting from an industry oriented mainly towards productivity, is by no means unique
to these countries.

While it is recognized that many newer operational uranium mining and milling sites, particularly in
the developed Member States, now comply with stringent environmental legislation, older and closed
down sites still may pose a problem which needs to be addressed. The problems are aggravated by the
circumstance that many countries with closed-down uranium mining and milling facilities do not have
the adequate resources for site remediation. This paper is concerned only with the latter type of sites.

In response to this problem, the IAEA has developed over the past two decades a comprehensive
programme aiming at the collation and dissemination of knowledge about inter alia uranium mining
and milling sites [15], appropriate methods for their characterization, assessment of their potential
environmental and radiological impact, and applicable methods for their close-out and cleanup
[13,14,16], following internationally recommended safety criteria [3,5,6,7,8]. The objective is thereby
to enable regions in the world with restricted resources and which are technologically less advanced
to focus their efforts and choose appropriate strategies for abatement.

Table 1 illustrates the suite of environmental restoration related documents which have been
developed by the IAEA, or which are currently under development.

2. SCOPING OF THE PROBLEM

The political changes not only brought forward the step-by-step disclosure of the radioactively
contaminated sites, but also resulted in a condition in which these countries became receptive to co-
operation. It was in these circumstances of change that the Agency decided to launch a Technical Co-
Operation Project on Environmental Restoration in Central and Eastern Europe [15].
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TABLE I. RELATIONSHIP BETWEEN RELEVANT TOPICAL REPORTS PRODUCED
OR UNDER DEVELOPMENT

Safety Management

Remediation of
Contaminated Areas
from Past Activities and
Practices,
Draft Safety Guide

Management of
Radioactive Waste from
Mining and Milling of
U/Th Ores

Draft Safety Guide

Factors for Formulating
a Strategy for Environ-
mental Restoration

TECDOC-1032

Characterization of
Radioactively
Contaminated Sites for
Remediation Purposes

TECDOC-1017

Compliance Monitoring
for Remediated Sites

TECDOC-1118

Factors Impacting on
the Environmental
Restoration Practices

TECDOC in prep.

Databases

A Directory of
Information Resources
on ... Environmental
Restoration,

TECDOC-841

Directory of
Radioactively
Contaminated Sites

TECDOC in prep

Restoration Costs

. . . . . . . . . . . .
TECDOC in prep.

Technology

Technologies for the
Remediation of
Radioactively
Contaminated Sites,

TECDOC-1086

Technical Options for
the Remediation of
Groundwaters

TECDOC-1088

Site Characterization
Techniques Used in
Environmental
Restoration
TECDOC-1148

Remediation of Sites
with Low Levels of
Disperse Radioactive
Contamination

TECDOC in planning

Special Topics

Technologies for Long
term Stabilization and
Isolation of Uranium Mill
Tailings,
TECDOC in prep.

Environmental
Contamination by
NORMs and Relevant
Abatement Measures

TECDOC in planning

Remediation of Sites
Contaminated by Ha-
zardous and Radio-active
Substances
TECDOC in planning

The main focus of the project was the identification and characterization of radioactively
contaminated sites. Before any action in regard to environmental restoration could be undertaken, the
countries involved and the Agency needed to obtain an overview of the environmental status in each
of the countries. During the implementation of the project, it became apparent that most countries in
the region share the problem of contamination from uranium mining and milling. In the course of the
project the emphasis shifted from scientific discussion to the identification of responsibilities, to
planning activities, and to assessment of existing and needed resources for the eventual
implementation of restoration plans.

Although these environmental problems are by no means unique to the CEE countries, a few
distinctive features may raise additional complications. Unlike some countries in which mineral
resources development occurred in remote areas, e.g. the USA and former Soviet Union, in the CEE
countries these are typically located within or near well populated areas. Certain other factors also
contribute to increased risk, namely:

• Long operational periods;
• Higher ore grade increases radiation dose rates from residues;
• Climatic conditions, e.g. rain, wind, are favourable for the dispersal of contaminated materials;
• Countries with limited resources can only allocate marginal resources to environmental

restoration.

Some of the problems noted in [15] have been at least partially resolved, others persist: radon release,
groundwater contamination, proximity of population to contaminated sites, lack of resources to
conduct restoration, non-availability of disposal locations/alternatives, absence of regulations or
regulatory infrastructure for restoration, misuse or removal of tailings for use in construction —
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leading to high indoor radon exposures, absence of responsible operators, large inventories and areal
distribution, lack of means to maintain institutional control.

3. INSTITUTIONAL ASPECTS AND SOCIO-ECONOMIC CONTEXT

Many Members States today have adopted the 'polluter pays principle', meaning that the originator of
a contamination is responsible for adequate environmental protection and, if the occasion arises,
remediation measures. Residues from uranium mining and milling, just as from any other mining
activity, pose a particular challenge to the authorities when active operations have stopped and even
the operators may have ceased to exist. This is particularly true for many CEE countries, including
Eastern Germany, and CIS states [15]. Owing to the nature of such radiologically and otherwise
relevant contaminations, the responsibility for making safe, cleanup and monitoring often rests with
or, in the wider public interest, is assumed by the Government. The Government has to fund such
activities through (regular) tax revenue. Limited income in any one year may hamper and delay
remediation. Lack of government resources may also result in discontinuous and, hence, inefficient
assessment and remediation activities. Similar constraints apply to private enterprises, where
remediation funds typically need to come out of the annual (gross) profits or from (non-taxable)
reserves if these are permitted under the prevailing legislation.

In some instances alternative funding can be sought, such as through the increase in market value of a
property, following cleanup and re-development. Speculations on the property value may indeed
influence the performance of a restoration programme as well as its end-point, for property value is
closely linked to foreseen later land-use.

In the private domain and for new practices, or the further extension of licenses for existing practices,
insurance cover for environmental liabilities are increasingly required by the licensing authorities in
many developed Member States. Depending on the type and size of the operation, these may take the
form of classical risk-type policies, obtainable on the insurance market, or the form of bonds.

An IAEA document currently under development discusses these non-technical factor influencing the
decision making processes in environmental restoration [21].

4. MANAGEMENT OF MINING RESIDUES

As has been pointed out, technology and management know-how for the safe closure and
decommissioning of mining and milling facilities and the management of related wastes exists. This
knowledge, mainly with operating facilities in mind, has been summarized in several technical
documents [1,2,6,13] and may serve as a benchmark for ex post handling of mining residues. In a
remediation context, mining and milling residues pose particular engineering and logistic problems,
mainly owing to their large volumes and to certain geotechnical and geochemical properties [2,4].
Typically, unlike in other environmental remediation situations, removal of the contamination,
conditioning and disposal of residual wastes typically is not feasible anymore to any significant
extend. Solutions have to be found which lead to a stabilization and containment of materials in situ
or at least on site [16]. Although, for instance the use of residues for backfilling of open-cast mines in
a remediation context has been shown in Germany and has been proposed in Slovenia. The long term
integrity of engineered structures is of particular concern.

Potential hazards issuing from uranium mining residues include not the least general engineering
safety risks, such as slope stability of spoil heaps, pit walls or dams, particularly when the operation
had been prematurely stopped without adequate provisions for close-out. Conventional toxicological
risks result from heavy metals and other potentially toxic inorganic or organic constituents of the
mining residues, to which man and the environment might be exposed through water or air pathways.
Radiological hazards can lead to comparable exposures and involve the non-volatile radionuclides as
well as radon [11]. Like in other metal ore mining context, acid generation in mines and mining
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wastes can constitute a major hazard and environmental impact in itself and it furthers the release of
contaminants to the aqueous phase.

Mill tailings are/were often deposited in a rather haphazard fashion, utilizing, for instance,
depressions in the landscape, perhaps improved by damming up valleys etc. [1,10]. Considering the
finite lifetime of any engineered structure, this kind of disposal situation does not necessarily provide
for a long term stable isolation. A current IAEA coordinated research project (CRP) addresses the
problem [18]. The objective of this CRP is to develop techniques and management strategies that can
be applied retrospectively to remediate existing tailing facilities.

5. IN SITU LEACHING

In situ leach (ISL) mining is defined as a mining method where the ore mineral is preferentially
leached from the host rock in place, or in situ, by the use of leach solutions and the mineral value is
recovered. The topic of in situ leaching mines has been taken up in two IAEA technical documents
[9,12]. There is a clear division between practices of ISL in the USA and those in the Eastern
European countries, Central Asia and China, the latter which all employed acid as a leaching agent
because host rocks had only limited buffer capacity. The main conclusion from the IAEA documents
were that the main advantage of the ISL method, as compared to conventional open pit and/or
underground mining, is financial and the fact that hardly any tailings or other mining residues are
produced. There is still no unified opinion on what is considered the best process causing the least
harm to the environment. The operational phase can be designed such that little outside impacts arise
and a significant number of ISL site in the USA using the alkaline leach process have been
successfully restored. Removal or neutralization of residual process acids, however, has proven to be
difficult or impossible, as the examples in Germany and the Czech Republic show. A significant part
of the problem is poor control over the hydraulic system, when combining traditional underground
mine works and ISL fields, as was the case in these two countries.

6. SITE REMEDIATION

Remediation activities typically tend to be technology driven, i.e. mainly by the technology which is
available to the operator in question. However, this may not necessarily lead to an optimized solution
taking into account all relevant factors. Integrated assessment and remediation programmes are
required, which consider technical, environmental, socio-economic and perception factors [17].
Socio-economic factors are likely to be of particular significance where the mining is/was a major
economic factor [14]. It is also important to recognize that in a uranium mining and milling context
the radiological contaminants are not necessarily those of main concern. Heavy metals, arsenic, other
inorganic and organic toxic compounds, and acid generating constituents in residues are often of
much greater relevance. A newly initiated IAEA project will address the specific challenges posed by
mixed contaminations.

In many cases the site remediation and restoration problems not only concern mining specific
problems per se, but contamination problems of a broader nature. Consequently many of the IAEA
documents addressing environmental restoration issues cover both, mining and milling sites, and other
types of sites.

With a lack of proper record keeping or the loss of the respective records over the decades, it is often
difficult to assert the extend of a contamination and its contaminant inventory. For this reason a
proper site investigation, like for other types of contaminated sites, has to be carried out for mining
and milling sites [20]. A CRP on site characterization methods has recently been completed [22].
Other technical documents discussing in more detail available remediation techniques for certain
media, such as soils and groundwater, have been prepared [18,19]. Although [18] does not cover
explicitly mining and milling residues, many of the techniques discussed are applicable to remove or
contain contamination issuing from such residues. The technical document on groundwater
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remediation [19] discusses actual or potential contamination and their treatment citing examples from
Bulgaria, Germany and the Russian Federation.

7. TECHNICAL COOPERATION

In addition to developing guidance for the application of technologies in relevant fields and for the
development of management instruments and strategies, the IAEA provides technical assistance to
individual Member States. In recent years uranium mining remediation technology related projects
have been undertaken inter alia in Slovenia, the Czech Republic and Bulgaria.

8. CONCLUSIONS

A large body of experience in dealing with the legacy form uranium mining and milling has been
accumulated over the past two decades or so and is reflected in a collection of IAEA documents. It is
important to note that the majority of environmental problems are by no means unique to uranium
mining, rather they are common to all undertakings to extract materials from the ground. Even the
radiological hazards are not unique to this kind of mining as the attention Natural Occurring
Radioactive Materials (NORMs) and radon are attracting shows.

While today techniques and management schemes exist which make uranium mining and milling an
environmentally benign process as possible, this is certainly not the case for many 'historic'
operations. In order to reduce actual and potential environmental impacts, remediation measures have
to be undertaken. The IAEA has collated a large body of experience in relevant technical documents,
and continues to do so, and foster the exchange of knowledge between interested parties in this field.
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