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Abstract. The IAEA is developing a Safety Guide for the management of radioactive waste from the mining and
milling of uranium and thorium ores. This new Safety Guide will provide information that has been requested by
Member States concerning the safe management of these wastes. The guide includes some new concepts, but they
are intended to be reasonable and provide appropriate safety conditions for the workers, general public and the
environment. The Regulatory Authorities of individual countries are responsible for establishing and
implementing the regulatory framework through the development of appropriate rules, criteria and guidelines and
establishing a licensing framework. The IAEA has issued a number of publications that provide requirements and
guidance for the protection of workers, public and the environment. The overall objective and subsidiary
principles developed explicitly for the management of radioactive waste should emphasize that the protection of
the public from the beginning of operation to post-closure should be considered in its entity from the beginning
of the design of the facility. The Safety Guide acknowledges that mining and milling wastes will contain non
radiological hazards, in addition to the radiological hazards. The development of the waste management strategy
is usually a complex process that aims to achieve a reasonable balance between the often conflicting goals -
maximizing risk reduction versus minimizing financial expenditures. The evaluation criteria and procedures used
to select the preferred option/and or development of the waste management strategy should be clearly defined
and acceptable for the different parties interested in the project. This includes the public. A safety assessment
should be performed to indicate how the design of the waste management facilities provides the optimum
protection for the workers, public and environment using safety - type indicators.

1. GENERAL

The IAEA is in the process of developing a Safety Guide on the management of radioactive waste
from the mining and milling of uranium and thorium ores. This publication has been in development
for some time and will finally be sent to our Member States for review and comment within the next
few months.

This Safety Guide addresses the strategies and protocols for siting, design, construction operation and
closure of facilities as associated with the protection of the worker, the general public and the
environment. This Guide provides guidance for facilities that are considered practices and do not
necessarily relate to intervention situations. Although not specifically addresses, the guidance may be
relevant to the management of wastes from the mining and milling of other ores having elevated
radioactive levels in their tailings.

This new Safety Guide will replace Safety Series No. 85 "Safe Management of Wastes from the
Mining and Milling of Uranium and Thorium Ores".

2. REGULATORY FRAMEWORK

Individual countries should have a national policy and implementation strategy for managing waste
associated with mining and milling operations in place. Most mining and milling wastes contain non-
radioactive hazardous components and these hazards must also be addressed in the overall national
policy. The Regulatory Authority should consider the need for and extent of public involvement and
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consultation during the regulatory process. At times this can be very painful, but it worth the
investment of keeping the public informed and listening to their concerns.

The Regulatory Authority is responsible for establishing and implementing the regulatory framework
through the development of appropriate rules, criteria and guidelines and establishing a licensing
framework.

The operator is responsible for managing the waste in a safe manner in accordance with all safety and
other regulatory requirements.

3. HEALTH AND SAFETY

The IAEA has issued a number of publicationss that provide requirements and guidance on the
protection of the worker, public and the environment. The basic publication is the "International Basic
Safety Standards for Protection against Ionizing Radiation and for the Safety of Radiation Sources"
commonly known as the Basic Safety Standard or BSS. The new Safety Guide restates the
requirements of the BSS and provides some additional guidance specifically for mining and milling
activities.

The overall objective and subsidiary principles developed explicitly for the management of
radioactive waste should emphasize that the protection of the public from the beginning of operation
to post-closure should be considered in its entirety from the beginning of the design of the facility.
During operation the normal radiation protection requirements of the BSS apply. The facility should
be designed and operated such that radiation doses to members of the public after closure remain
below an annual dose constraint, determined by the Regulatory Authority, which is some fraction of
the dose limit for members of the general public. The International Commission on Radiological
Protection (ICRP) has recommended a value of 0.3 mSv per year.

A combination of engineering and institutional controls may be used to attain a level of radiological
protection that meets the dose constraints determined by the Regulatory Authority. Regardless of the
combination of these controls, there should be reasonable assurance that the controls will remain in
effect for a specified period. However, it should be assumed that following this period, the
institutional controls would fail. The Regulatory Authority should determine the period for which the
institutional controls can be assumed to remain effective. The IAEA recommends a period of 100 to
200 years as a reasonable period. After this period, it is assumed that the waste will inevitably be
subject to human intrusion, even though the engineering controls may have otherwise continued to
remain effective for a longer period.

This Safety Guide acknowledges that mining and milling wastes will contain non-radiological hazards
in addition to the radiological hazards. The management of these wastes should take into account both
types of hazards and analyze the effect on the public and the environment. Even for radioactive
contaminants, their chemical toxicity may cause unacceptable environmental impacts at
concentrations well below those necessary to produce radiological effects. These impacts must be
considered at the planning stage of a project and should be periodically re-assessed throughout the
project life cycle.

4. WASTE MANAGEMENT STRATEGIES

The development of the waste management strategy is usually a complex process that aims to achieve
a reasonable balance between two often conflicting goals, maximizing risk reduction versus
minimizing financial expenditures. The process is one of optimization of protection in which the
available alternatives for siting, design, construction, operation, management of waste streams and
closure are evaluated and compared taking into account all associated benefits, detriments and
constraints that are imposed. The characteristics of the alternatives that should be considered include:
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• the radiological and non-radiological impacts on human health and the environment during
the operation and in the future;

• the requirements for monitoring, maintenance and controls during operation and after closure;
• any restrictions on the future use of property or water resources;
• the financial costs of the various alternatives;
• the volumes of the various waste that need to be managed;
• the socio-economic impacts including public perception; and
• good engineering practices.

The evaluation criteria and procedures used to select the preferred options and develop the waste
management strategy should be clearly defined and acceptable for the different interested parties
involved with the project, including the public.

Of the different waste streams produced during the mining and milling of ores, tailings represent the
greatest challenge because of the large volumes produced and its constituent of very long lived
radionuclides. The preferred management option for achieving the protection goals will depend on the
specific conditions at the site, the ore body characteristics, specifics of the mining and milling
processes and the characteristics of the tailings themselves. The principle that undue burden should
not be placed on future generations leads to the conclusion that a passive design approach for closure
is preferable to one that requires significant and ongoing maintenance. Such a passive approach is
generally achieved by underground disposal that may occur in excavated pits specifically for this
purpose, mined-out pits or underground mine voids. It is possible that underground disposal of mine
tailings at a particular site may not be feasible either due to site specific problems for which
engineering solutions can not be identified, or because of prohibitive cost. In these cases, engineered
surface impoundments may be the only viable option.

Other solid and liquid waste generated by the mining and milling activities need also be properly
managed. While the radiological hazards associated with waste rock and mineralized waste rock are
usually much lower than for tailings, the non-radiological hazards remain and are often the more
important consideration in the choice of the management option. These options may include using it
as backfill material in open pits and underground mines or for construction purposes on the mine site.
The need to cover mineralized waste rock with inert material should be considered. The wastewater
management system should be designed to minimize the volume of contaminated water. This could be
achieved through the re-use of wastewater in the process circuit, use for dust suppression, and the
diversion of clean water away from contaminant sources.

5. SAFETY ASSESSMENT

A safety assessment should be performed to indicate how the design of the waste management
facilities provides the optimum protection for the workers, public and environment using safety-type
indicators. These assessments are used in the decision making process to select options and to decide
if they are optimized. The safety assessment should cover the operational, closure and post-closure
phases of the project.

The scope and extent of the assessment should be commensurate with the site-specific issues that
need to be addressed. The results of the initial safety assessment should be factored into the choice of
the site and the design of the overall mining and milling facilities.

The steps towards deciding how to manage the waste should include:

• identifying and characterizing the site options;
• defining the criteria for human health and environmental protection;
• characterizing the waste streams;
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• identifying and characterizing the waste management options including engineering controls;
• identifying and describing any institutional controls;
• identifying and describing potential institutional and engineering control failures;
• estimating the radiological and other consequences for each combination of options being

considered;
• comparing the estimated doses and risks with appropriate constraints; and
• optimizing protection to arrive at the preferred management option.

6. MONITORING AND SURVEILLANCE

A monitoring and surveillance programme should be developed as early as possible and should be
implemented by the operator during all stages of the life of the facility. The programme should be
reviewed periodically and following major changes in waste management operations or regulatory
requirements.

The goals of the programme should include:

• establishing baseline or current conditions;
• obtaining site-specific input for assessing the safety of proposed designs;
• determining whether there is compliance with regulations, discharge authorizations and

procedures;
• providing data from which radiation doses to workers and members of the general public due to

the waste management facilities may be assessed;
• checking the effectiveness of engineering designs;
• calibrating and validating models and verifying their predictions;
• providing data for possible revisions to discharge authorizations;
• triggering conditions for non-routine investigations/inspections;
• detecting environmental impacts; and
• verifying the physical condition and integrity of the waste management facilities.

7. SUMMARY

The new Safety Guide will provide information that has been requested by our Member States
concerning the safe management of wastes from uranium and thorium mining and milling operations.
There are some new concepts, but they are intended to be reasonable and provide appropriate safety
conditions for the workers, general public and the environment.
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