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PREFACE

Since the mid-1960s, in co-operation with their members, the OECD Nuclear Energy Agency
(NEA) and the International Atomic Energy Agency (IAEA) have jointly prepared the periodic report
Uranium: Resources, Production and Demand. The report commonly known as the “Red Book” is
published by the OECD. The eighteenth edition of the “Red Book” was published in 2000.

In 1999, the Joint NEA/IAEA Uranium Group, which prepares the “Red Book”, established a
Working Group on Environmental Restoration of World Uranium Production Facilities. This was done
in response to the broadened mandate of the Joint NEA/IAEA Uranium Group to foster the exchange
of information on environmental effects and environmental technologies associated with uranium
mining and ore processing.

In order to obtain an overview of the situation, the Working Group sent a questionnaire to
Member countries/states requesting information about remediation activities. The results of the survey
were analysed by the Group and analytical reviews were prepared describing the most relevant issues
involved in the remediation of uranium production facilities. The questionnaire results and anaytical
reviews form the basis of this report.
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EXECUTIVE SUMMARY

Remediation programmes for uranium production facilities being conducted or planned in the
world have a major objective of establishing long-term, stable conditions to ensure the safe use of the
site by both current and future generations. Wherever possible, the remediation plan aims to achieve
the return of affected areasto previously existing environmental conditions or to aland use that will be
sustainable in the long term.

This report provides a summary of the most relevant issues and practices in remediation
programmes of uranium production facilities and an overview of activities and plans in countries that
participated in the study. Twenty-two countries (12 OECD and 10 non-OECD countries) provided
information on historical, ongoing and future remediation activities and on relevant governmental
policies and regulations.

Remediation of uranium production facilities encompasses activities to restore areas including
mines, mills, waste management facilities, tailings containment, and land and water resources. At the
outset of a remediation programme, the final land use for the site is agreed with the stakeholders.
Every effort is made to ensure that the expectations and requirements of the stakeholders are fully
taken into account. At the same time, care is taken to ensure that the agreed outcome is practicable
within the constraints of environment, economics or finance that may apply in the specific instance at
the time of planning or in the foreseeable future. The principles of environmental protection,
sustainable development and intergenerational equity should be taken into consideration at all stages
of the remediation process.

A remediation programme typically includes considerations such as the following:

 Remediation is carried out with appropriate plans and specifications that must comply with
relevant laws, regulations, license provisions, and established criteria

» Remediation limits the residual impact to as low as can be reasonably achieved (ALARA),
economic and social factors being taken into account. Most countries have defined an
acceptable level of impact to the public and the environment.

e All residual contaminants are properly contained or controlled as long as necessary. Many
countries have regulations or guidelines for the design and construction of containment
systems used for contaminants.

* Radon and radioactive dust emissions are properly controlled and/or contained in view of
future land use scenarios or site development plans.

e Al water resources, both above and below ground, are protected from contamination to
appropriate levels and extents.

e For final land use, radiation doses and exposure pathways for individuals who might live at,
work on or visit the site, are assessed.

 Thesiteisremediated in such a way that future maintenance requirements are minimised to
the extent practicable.

e There should be aminimum limitation to public accessto remediated land and site.



In the report, relevant topics are discussed in the following areas. site characterisation;
decontamination, dismantling and decommissioning; waste management; water remediation;
long-term stewardship and monitoring; policies and regulations; and costs.

Clean-up criteria, policies and regulations

Given the increased awareness of environmental and health issues in general, many countries
have adopted, or are in the process of adopting, policies aimed at the improving and reinforcing the:
health and safety of workers and the public; protection of the environment; sustainable economic,
social and environmental development; and public participation in environmental decision-making.

The policies and legidation pertinent to the uranium mining industry tend to be rather complex in
most countries and they typically include sometimes competing requirements from a number of
diverse fields, such as mining law, environmental law, toxic and / or radioactive waste regulations,
radiation protection at the work place, etc.

Risk analysis and management

The remediation of uranium mining and milling facilities is an activity that calls for the
application of proper risk analysis and management at all stages of the process. Environmental risk
management in particular should be applied to ensure that optimised outcomes are achieved from the
remediation work. The scope of environmental risk analysis in this context is very broad and should
consider adjacent communities as part of the environment, which means that health risks become an
integral part of therisk analysis.

The risk analysis and resulting management steps need aso to take into account coventional as
well as radiological risk emerging from the actual remediation operation, such as the operation of
heavy equipment and the transport of contaminated materials between sites.

Site char acterisation

Pre-operational and post-operational characterisation of the site forms the basis of any
environmental remediation programme. This characterisation included the collection of data on the
hydrological, climatological, geological, geotechnical and ecological properties of the site and its
surroundings. The type of mining and processing methods employed over time and the types of waste
generated need also to be assessed.

In many instances communities, ranging in size from small camps to large cities, have been
developed in association with, or became dependent on the mining operations. The cessation of mining
and milling operations may have a substantial social impact on such communities and such effects
must be taken into account when planning the overall remediation process.

The collection and use of site characterisation data are indispensable and their availability is
crucia to ensure the successful implementation of remediation.



Decontamination, dismantling and decommissioning

Based on the agreed land use plan, a decision on the future use of the mine-related infrastructure
will have been made. All buildings, mills, laboratories, chemical and product stores, airfields, etc.,
which are not needed any more are often decommissioned and removed in a remediation programme.
Roads may aso need to be removed, although they are often left to provide access for monitoring and
surveillance after the works programme has been completed and for community use. Many elements
of an uranium mining and processing facility are likely to be below ground level. These may include
the mine workings itself, basements, storage facilities, explosives magazines, crushers, silos, service
tunnels, cable ducts etc. Such installations may be either left underground and perhaps, backfilled, or
may need to be removed to clear the ground for new foundation work.

Radioactively contaminated sites will require decontamination as part of the decommissioning
process. The rules and regulations relating to public and worker safety must be strictly observed in al
decontamination work. Decontamination techniques include scraping or jack hammering, sand
blasting, washing and high pressure hosing, chemical solvent washing, strippable paints, water
treatment, etc.

Waste management

Mining operations produce waste of different types, all of which require appropriate management.
These waste materials include development waste from initial excavations such as soil materials, un-
mineralised rock materials, ores with sub-economic levels of mineralisation or high levels of
contaminants, as well as processing wastes, the largest volume of which are mill tailings. Wastes from
water treatment, and residues from cleaning and dismantling processes a so need to be managed. Upon
closure, mining and milling waste management facilities need to be decommissioned and sometimes
remediated, in order to ensure their long-time stability.

Mill tailings are a type of processing waste associated with uranium production that pose
particular problems. The final containment of tailings is usualy one of the largest issues in uranium
mine site remediation due to the risk to the environment and to the public in terms of the physica
volume, radiological and chemical contaminants.

Water remediation

One of the principal pathways by which contamination may reach the environment from uranium
mining and milling operations is by water. In mining operations, dewatering underground and open pit
mines might produce water contaminated with radioactive or other materials. Contaminated water
might also occur as a consequence of surface water runoff from, and seepage through, the waste rock
piles and ore stockpiles, and as seepage through tailings impoundments. Therefore, the environmental
restoration of any uranium production facility may need to include the restoration of surface and
groundwaters and the treatment of effluents from waste management facilities, such as tailings
impoundments.

Long-term stewar dship and monitoring

Monitoring has become a standard principle by the uranium industry and governmental
authoritiesin countries al over the world. Thisisto ensure and verify that the public and environment



are protected from the effects of radiation exposure during operation and after uranium related
facilities have been closed and decommissioned. When mining facilities are closed, monitoring may
be required for an extended period to verify that closed facilities are not causing adverse impacts to
human health or the environment.

The use of long-term monitoring as a part of the decommissioning plan is, in effect, long-term
stewardship or institutional control, which is often provided by the country. Decisions on whether
controls should be “active” or “passive’ are made during the planning process. The period for which
monitoring is to be part of these controls is also a question that must be determined, as is the question
of how freguently monitoring will take place, what will be measured, what kind of eguipment will be
used, what measurements will trigger a response action, and who is responsible for the monitoring and
emergency actions.

Costs and funding

The statutory framework regulating modern uranium mining in many countries makes it
mandatory for uranium producers to take into account the costs of decommissioning and remediation
and to make appropriate funding provisions during the operating life of facilitiesto cover these costs.

Although cost data are provided in the report for a number of countries, it should be noted that
meaningful comparison of costs could not be made between sites or countries without additional
detailed data and analysis, as these costs were found to be very site specific. The cost data reported are
primarily to provide a globa perspective and information base for policy and decision makers so that
such costs can be accounted for and allocated as with any other social costs.
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1. INTRODUCTION

Increased awareness of issues related to human health and the environment represents one of the
most important priorities in current public attitudes and societal values in the world. This has resulted
from concern over the degradation of local environments due to problems such as traffic congestion
and air pollution, and through the increasing evidence of adverse effects of industrial development on
the globa environment, e.g. acid rain, global warming, biodiversity. These changing societal values
are reflected in a heightened political profile for such issues. Environmental and health issues must be
factored into industrial development and growth. Environmental issues now form a key element of
government policy in many countries. There is an increasingly broad legislative base in this field, both
at the national level and at the international level, as evidenced by the growing number of international
conventions on issues of global environmenta concern.

These environmental concerns and priorities are aso affecting the uranium mining and ore
processing industry. For example, it is likely that any new mining project, no matter where it takes
place, will be subject to strict assessments of the impact on the loca environment and public health. In
many cases, full details of mitigating measures and final remediation plans will be required before
development licences are granted. Many countries have already implemented very strict criteria for
uranium exploitation projects. A major concern, however, is how modern standards of environmental
protection can be met in places where past mining practices were not subject to the current, more
stringent levels of regulatory control and have left alegacy of abandoned sites and facilities. Many of
these sites require remedial action to reduce the levels of risk to workers, the general public and the
environment.

Environmental remediation of uranium sites encompass [1]:

«  Decomissioning and clean-up of redundant or disused structures on a site.
* Remediation of any contaminated waters and soil.

» Remediation of the site to alevel appropriate to its planned future use.

*  Management of any resulting wastes.

This problem is especially challenging to countries that are currently facing economic difficulties
and where the burden for remediation has fallen on the State [2-4].

A major objective of remediation programmes for uranium production facilities being conducted
or planned in many countries is the establishment of long-term stable conditions that will ensure the
safe use of the site by both current and future generations [5]. Wherever possible, the plan is to
achieve the return of affected areas to previoudy existing environmental conditions, or to a land use
that will be sustainable in the long-term and acceptable to all stakeholders. Alternatively, the objective
isto reduce the area of restricted use to a minimum.

This report provides a summary of the most relevant issues and practices in remediation

programmes of uranium production facilities and an overview of activities and plans in reporting
countries. Relevant issues are discussed in the areas of: site characterisation, decommissioning,
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decontamination and dismantling, waste management, water remediation, long-term stewardship and
monitoring, policies and regulations, and costs. The country profiles of remediation activities and
plans include information related to issues judged to be important by the country and are based on
survey responses provided by 22 countries (12 OECD and 10 non-OECD countries). However, the
reported information varies from country to country in scope and level of details, and no attempt has
been made to standardise the submissions to follow any particular format or style.

The report is not intended to provide specific recommendations or guidelines nor is it a
comprehensive review of all activitiesrelated to environmental remediation.

REFERENCES

[1] International Atomic Energy Agency (1998), Factors for Formulating a Strategy for
Environmental Restoration, IAEA-TECDOC-1032, IAEA, Vienna.

[2] International Atomic Energy Agency (1995), Planning and Management of Uranium Mine and
Mill Closures, IAEA-TECDOC 824, IAEA, Vienna.

[3] International Atomic Energy Agency (1996), Planning for Environmental Restoration of
Radioactively Contaminated Stes in Central and Eastern Europe, Vol.1-3, IAEA-TECDOC-
865, IAEA, Vienna.

[4] International Atomic Energy Agency (1997), Planning for Environmental Restoration of
Uranium Mining and Milling Stes in Central and Eastern Europe, IAEA-TECDOC-982,
IAEA, Vienna.

[5] International Atomic Energy Agency (1997), A Review of Current Practices for the Close-Out
of Uranium Mines and Mills, IAEA-TECDOC-939, Vienna.
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2. SITECHARACTERISATION

Objectives

Site characterisation is the first step required in the remediation and reclamation of former
uranium facilities. Data on site properties and conditions form the basis for environmental impact
assessments, risk anayses, decommissioning/close-out plans, remediation programmes, long-term
stewardship and monitoring and ultimate release of the site. In general, data on geological, biosphere,
radiological, operational, and socio-economic conditions are necessary to characterise the site. 1deally,
the data gathering should have begun before exploitation activities commenced (baseline data) and
continued until after operations ceased. While final land use planning may have a significant effect on
remediation, environmental remediation programmes are developed based on baseline data (if
available) and post operational characterisation of the site and depend significantly on the type of
mining and processing methods utilised, as well as the types of waste generated. Therefore, the
collection, availability, and use of site characterisation data are indispensable to ensure the successful
implementation of remediation projects[1,2].

Data quality objectives and appropriate quality control and quality assurance procedures have to
be put in place before data collection begins.

Key factors that can influence the design and implementation of an environmental remediation
programme are. site topography; geology; hydrogeology; hydrogeochemistry and climatology;
ecology; operating characteristics, radiological characteristics; socio-economic characteristics; legal
requirements and risks assessment and risk management. These factors will be discussed in more
detail in the remainder of this chapter.

Topography of the mine site and adjacent region

e Thetopographica setting, e.g. whether the site is located in avalley or on a hillside etc., can
have a mgjor bearing on potential environmental impacts. The basis for the assessment are
up-to-date topographical maps and plans. Today, much of this information may be available
in digital form, and indeed Geo-referenced Information Systems (GIS) are the tools of choice
for managing the data discussed below.

e ldentification of al plant, mine, and waste management areas, affected infrastructure and
confirmed or suspected areas of on-site or off-site impact.

* Administrative delineation of protected zones, such as nature reserves, groundwater
resources, etc.
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Geology

The required geological characteristics of asiteinclude:

» Data on the properties of rocks and soils, including stratigraphy, tectonics and seismicity,
lithology, sedimentology and mineralogy (particularly the presence of acid-generating
minerals, such as pyrite, or toxic elements, such as heavy meta's and radionuclides).

e Aninventory and characterisation of any materials available for remediation purposes, e.g.
cappings for waste rocks or tailings impoundment.

Hydr ogeology, hydr ogeochemistry, and climatology

The climatological, hydrogeologic and hydrogeochemical characterisation of an area is needed
for the assessment of impacts the operation may have on water bodies located in the area. In turn, the
specific climatologica and hydrogeological characteristics may influence decisions on strategies and
techniques for remediation.

The climatological and hydrological characterisation typically includes:

*  Annual/monthly precipitation (rain and snow) pattern.
e Annual/monthly temperature pattern.
*  Annual/monthly wind speed pattern and storm frequencies.

« Distribution of surface water bodies, such as lakes, ponds, rivers and creeks, their catchment
areas, drainage and storm runoff pattern.

Data on evapotranspiration and the distribution of groundwater recharge/discharge areas and
associated rates.

« Information on the scope and frequency of ongoing monitoring programmes.

The hydrogeologica and hydrogeochemical characterisation of an area needs to include:

Identification of aquifers, impermeable strata and depths to water table(s).

e Groundwater isohypses, hydraulic gradients, flow rates, permeabilities and transmissivities
as abasis for aconceptual hydrogeological model.

e The groundwater quality (e.g. pH, Eh, mgor cations/anions, trace elements, organic
contaminants) and related aquifer properties such as sorption characteristics, etc.

*  Thesurface water quality and the quality of respective bottom sediments.

e Records of changes in the surface water and groundwater characteristics over time and in
particular since the beginning of the operation.

* Information on the scope and frequency of ongoing monitoring programmes.

In some cases, the available information on pre-operational water conditions is limited, making it
difficult to understand the changes resulting from uranium production. Knowledge of water
composition, including contaminants, is necessary to determine the effect complexing agents
(hydroxyl, carbonate, sulfate ions, organic compounds), might have on the fate of radionuclides, such
as U, Thand Ra, in terms of migration behaviour (sorption, retention) and also their bio-availability.

Understanding hydrological balances of the site and the surrounding lands is an important input
into the design of waste management facilities and remediation progranmmes. Knowledge of the
catchment area occupied by the mine as well as the identification of surface and subsurface discharge
areas is of prime importance, particularly for understanding environmental contaminant migration
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dominated by water pathways. In the case of in situ or heap leaching mines, surface and groundwater
information and monitoring data are essential. Anayses of water sampled from surface runoff, wells
and piezometers at the mine site, its boundaries, and non-impacted background areas provide a direct
measure of the extent of contamination, and will guide the measures necessary to remediate the site.

National laws and regulations of each country will assist in identification of contaminated water
(pollutant concentrations) and extent to which the water must be cleansed. A case study of the Cunha
Baixa mine in Portugal at the end of this chapter demonstrates how preliminary geohydrologica and
geochemical studies can promote future site characterisation efforts.

Typicaly this information is used to construct a computer-supported hydraulic model of the site
and the adjacent area. Such models are used in the planning and operational phases to derive relevant
engineering parameters and perform risk analyses, and during closure phase to assess impacts and the
effect of mitigation measures.

Ecology

The remediation of an uranium mining and milling site typically requires that the local ecological
system, comprising fauna and flora, be restored as closely as possible to baseline conditions or at least
to a sustainable state. The newly created ecological system may also need to be compatible with the
planned future use of the site, or in turn, may place restrictions on the use. Mapping of flora and fauna
is a standard element in environmental impact assessments supporting the licensing procedures and
will often provide the needed baseline information.

Revegetation is likely to be the major activity in ecologica restoration. The factors likely to
impact on revegetation success include:

»  Thestability and erosion resistance of slopes and berms.

e The mineralogical and granulometric properties of the substrate, e.g. waste materials, cover
materias, including the availability of humus.

»  The presence in the soils of conditions inhibiting growth, such as presence of heavy metals,
high salt concentrations, or organic contaminants, or too high or too low soil pH values,
toxic soil gases, or the supply of nutrients.

*  Theclimatological and micro-climatic conditions at the site.

The habitat restoration will also be guided by aesthetic factors, e.g. trying to blend in the
revegetated areas. Natural re-inhabitation by fauna and flora can be an important mechanism that also
can be actively supported.

Operational characteristics

Baseline data

The development of a mine complex can result in magjor changes to local site topography,
hydrology, and ecology. Remediation and reclamation activities usually attempt to restore a site as
much as possible to its pre-mining conditions, so a collection of pre-operational basdline
environmental data should be undertaken before commencing major site activities. These
measurements can be used as references during cleanup associated with the decommissioning/close-
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out phase and for post close out monitoring and surveillance activities. These data may have been
collected as input for environmental impact assessments associated with the license application
process in many modern mines (typically post-1970).

When pre-operational baseline data are unavailable, such asisthe case for many older facilities, it
may still be possible to obtain suitable data by making measurements in nearby areas unaffected by the
mining operation or mineral processing facilities. However, in extrapolating such data to the site, it is
important to recognise that natural baseline conditions can vary significantly over short distances.

The successful rehabilitation of a mine/mill complex can best be achieved if, from the time of the
initial project planning, al mining and milling operations are planned and carried out to meet the
requirements for fina site remediation [3]. If not, rehabilitation will usually involve additiona effort
and be more expensive. It is generally known which facilities, structures, buildings, etc. would need to
be decontaminated and dismantled and which waste management areas would be closed out. However,
the characteristics of the mill tailings impoundments and other waste management facilities may, or
may not, be well known, depending on when these facilities were built and what were the regulatory
regquirements at that time.

After the decommissioning/close-out requirements have been established, existing operational
data and records should be evaluated in conjunction with the site characterisation data to determine
which operational datawill be useful.

Mining operations

The characterisation process needs to consider the type of mine, and the operational approach
used. Some of the issues are:

*  The mine type: whether conventional open-pit or underground operations, in situ leaching
(ISL) or in-stope (bloc) leaching, or a mixture of two or more of the above methods have
been employed. The type may have changed over time.

«  Theminelayout: structure of the mine, depth, type of access, number of levels, shafts, drifts,
adits etc., and their lateral extension as laid down during the operational mine surveys,
arrangements for dewatering the mine, the nature and method of backfill, degree of
backfilling, numbers and placement of injection/extraction wells for ISL operations.

 Aninventory of all surface facilities and instalations at each mine and related waste and
debris disposa areas and impoundments, together with relevant plans and maps.

e The extraction methods used over the lifetime of the ming(s): blasting, cutting, digging,
leaching etc. Explosives used in blasting can result in enhanced concentrations of nitrates
and organic compounds in mine drainage and groundwater. For 1SL, the use of acid or alkai
leachants may lead to metal contamination in surface and subsurface waters if not properly
contained. Also, improper ISL well closures can significantly impact groundwater and foster
migration of pollutants outside the ore zone.

*  Geotechnical aspects: stability of underground mine workings, susbsidence and settling,
stability of slopes and berms in open-pits, stability of waste rock and impoundments,
stability of any backfills both for open-pit and underground mines.

»  The tonnages of mine outputs over its lifetime, characteristics of the ore bodies such as size,
mineralogy and grade, associated potential contaminants, amounts of ores and below-grade
ores remaining.
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The amounts of waste and barren rocks produced, amounts of below-grade ore stockpiled,
volumes of mine drainage discharged, volumes and location for disposal of treatment
residues such as evaporation pond sludges, types of liners, cappings and drainage systems, if
any.

The method of treating and discharging drainage waters and other mine effluents, disposal of
solid water treatment residues.

The type and sequence of operations involved in the closing of the mine.
The history of the site’s general industrial devel opment.

Milling operations

Characterisation of mill facilities encompasses data on:

Waste

Milling processes employed, e.g. crushing, grinding, vat leaching, heap leaching, resulting
residues and wastes, and any materials used, such as acids, alkaline solutions, ion exchange
resins and precipitating agents.

An inventory of all systems, facilities and installations at each plant and waste management
facility, together with relevant plans and maps; data on their historical development;
information on the method of transport and delivery of ores.

A description of all areas, and their location, and the respective classes of environmental
concern, e.g. radioactive contamination and wastes; controlled and hazardous substances and
products; hazardous and specia wastes.

Methods of treatment of residues and wastes: such as neutralisation, flocculation,
dewatering, evaporation, e.g. in ponds, and any materials and agents used for these
Processes.

Methods of storage and disposal of residues: such as tanks, settling ponds, tailings
impoundments, injection wells.

Amount of residue and wastes in each storage and disposal facility, and residues in facilities
that have not been decommissioned, such as evaporation ponds.

Surface and subsurface contamination resulting from these operations would have been
assessed as part of the site characterisation process, while health and environmental hazards
ensuing from wastes and residues would be assessed as part of the risk assessment process.

There are three main types of waste arising in mining and milling operations: mine wastes,
milling wastes and wastewater. Each type of waste is subject to an appropriate management strategy.
Hence data on tonnages/volumes and composition/characteristics of each are needed, together with
their mineralogical and geochemical characterisation, e.g. concentrations of radionuclides and other
contaminants. Residues and wastes from conventional uranium mining are similar to those from non-
uranium mining. For uranium mining and milling operations, potential contamination by radionuclides
of soil, rock, water, and radon emanation into the ambient air is more obvious, but not restricted to

them.
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Concerning waste rocks: storage and disposal methods of this material may directly result in
impact on the environment (generation of acid drainage and its impacts on wastes), as well as on site
stability. Information on waste rock composition and geochemical characteristics are needed, in
particular on the content of acid-generating minerals (sulfides, such as pyrite), of heavy meta (e.g. Cu,
Cd, Zn) containing minerals, and minerals containing other elements (e.g. As, Se) of potential concern.
Sulfide minerals are the source of drainage water acidification, which in turn increases the
mobilisation of heavy metals and other elements of concern from both, the waste rock and underlying
Strata.

Concerning tailings: surface disposal of tailings may impact the environment through discharge
of porewaters and acid |eachates containing heavy metals and other contaminants. In addition, records
of other materials disposed of in tailings impoundment, such as debris, should be searched. It should
be mentioned that, typicaly, milling processes do not remove most of the non-uranium radioactivity,
and therefore, aradiological characterisation may be necessary.

Concerning residues from water treatment: Residues from the treatment of 1SL mine and HL
effluents may also impact the environment as evaporation ponds can contain significant levels of
residua uranium, radium, and metals either dissolved or as suspended solidsin the water, and as solids
collecting at the bottom of the impoundment. Other waste water treatment techniques potentially
resulting in surface or subsurface contamination are: the spraying of effluents on lands, or deep well
injection. Evaluation of records on those processes is useful for assessing potential future
environmental impacts resulting from migration of radionuclides and other pollutants.

Radiological characteristics
Health impacts may be attributable to the various emissions generated by the site in question.

«  Thewater quality of surface and groundwaters can have a direct impact on human health via
drinking waters and indirectly through irrigation of agricultural land or watering livestock.

e The quadlity of the air around the site (emission of contaminated dust, radon emanation, etc.)
will potentially have a direct affect on human activities and health viainhalation.

Hence, gamma, apha and beta surveys are needed to determine the nuclide-specific (background)
radiological characteristics. As emphasized previoudy, basdline environmental data should be
collected during the pre-operational stage of a mine/milling facility. In fact, relevant data are usually
collected as input for environmental impact assessment that are a key element of the licensing
procedure. This information is aso needed to determine zones of impact. Modelling of the dispersion
through waters and the air will constitute an important tool for the assessment and management of
potential impacts.

A discussion of methods of site characterisation for radiation as employed in the United States of
America is included later in this chapter as a case study. The method highlights sampling and
characterisation methodology at the different stages of the remediation programme. This includes
steps from the preliminary assessment, to the remediation support survey and final status survey.

Exposure scenarios and critical groups

While the remediation workforce certainly will be one of the most exposed groups i.e, a
“critical” group, their exposures will formally be regulated and monitored. However, the adjacent
population may also be at risk to be exposed to the radioactive emissions from the site itself or from

18



the remediation activities and thus may also need to be treated as a critica group. Examples of such
groups are:

»  Peopleliving closest to the site and subject to direct exposure from the site.

e People living downwind, potentially receiving (radioactively) contaminated dust and radon
emanations from the site, or consuming foodstuffs contaminated by fallout of dust from the
site.

e People living downstream of the site, which may drink water or consume food derived from
the downstream aguatic environment, e.g. fish from lakes, or plants irrigated with
contaminated water.

When considering the exposure levels of the critical group, it should be remembered that the issue
is the increase in dose over the “natural background exposure” in the area concerned. This added
exposure is calculated according to a realistic scenario based on measured data from where the
population lives, and after deductions based on measurements made at a reference station. It will only
be after a comprehensive analysis of the potential pathways and risks has been completed that the most
exposed group can be identified. For this analysis, the calculation of the potential exposure will be
based on a combination of measured and estimated doses, using data collected from either a regional
reference station or, preferably, data collected on and around the site before the remediation work
commences and possibly before the uranium operation has started. It islikely that a modelling exercise
will be required to complete the dose calculations, especially for the periods before works begin.

Once this has been undertaken, appropriate management plans can be formulated with the intent
of reducing the risk to the critical group, by either eliminating or minimising the different exposures.
In this context, the idea of risk “treatment” is often used rather than management, as this will separate
the activity from the overal environmental management processes that will be in place during the
remediation works.

Throughout the remediation programme, the risk assessment should be updated after each
successive stage that contributes significant data. The process of “Plan, Do, Check, Act” should be the
dominant process of the environmental management system in this phase. Such an iterative process
will ensure that the optimal solution is achieved in the fina stage. Since the particular risks under
consideration are radiological, the principles of ALARA must also be included in the evaluation
process.

Additionally, at every significant stage of the programme, the works must be evaluated for
compliance with the appropriate regulations and standards set by the regulatory authorities. Also, the
progress must be eval uated against the targets and objectives of the overall remediation programme.

Socio-economic characteristics

In certain communities, mining activities constitute a major source of community income.
Closure of a mine can socially and economically destabilise a community, resulting even in its
abandonment. Therefore, assessing in advance, potential social and financial impacts, and planning to
mitigate those impacts and community is extremely important.

In generd, the socio-economic aspects of closing, decommissioning and remediating uranium

production facilities constitute key components for the success of the project, and are as important as
the scientific and technical aspects.
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Socio-economic aspects include variables such as the demographic structure, business areas,
employment patterns and opportunities, and levels of education and training. In addition, actual and
potential land uses need to be assessed, together with redtrictions or easements, such as sites of
historical, archaeological, spiritual or religious value or scenic beauty. The land use options may also
be predetermined by existing legidation, agreements and plans.

Ultimately, decommissioning and remediation objectives are often determined in an iterative
procedure reconciling public acceptance and expectations, availability of socio-economic resources,
legal requirements and technical feasibility.

L egal requirements

Appropriate international, national, regional, and local legal statutes and requirements must be
assessed in regards to their relevance and potential influence on all aspects of site remediation. In
instances where controlling laws, regulations, or other standards are missing or conflicting, means
must be sought to determine or obtain governing requirements for each step in the remediation
process. Failure to take this into account from the beginning will likely severely interrupt project
activities, delay implementation and result in additional costs and impacts.

Risk assessment and risk management

There are a variety of risks which ensue from mining and milling sites and indeed, from any
remediation activity. Hence, remediation of uranium mining and milling facilities is an activity that
requires appropriate risk management at all stages of the process. These risks may be conventiona or
radiological and typically include:

«  Damage to the environment.

e Environmental and occupational human health risks.
»  Financia and economic risks.

e Technica risks.

Optimised risk management integrates all these aspects to ensure that the intended outcomes are
achieved from the remediation work. The scope of an integrated risk analysis in this context is very
broad and may include consideration of the community as part of the environment. This ensures that
health risks become an integral part of the risk analysis. Risk assessment and management
programmes are organised in severa stages:

e Scoping

Qualitatively evaluate contaminant release, migration and fate. This includes identification
of contaminants of human and ecological concern, receptors, exposure pathways, known and
potential effects and hazards, selection of endpoints of concern, and specification of
objectives and scope of the problem for assessing the uranium mining or milling site and
planning its remediation.

*  Exposure assessment

Conduct field and laboratory studies to quantify the release, migration and fate of
contaminants, characterise the receptors and the site including its surroundings, and measure
or estimate exposure point concentrations and doses. Quality assurance and quality control
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methods applied during this stage provide a means for assuring the risk assessment is an
appropriate portrayal of site conditions.

e Ecologicd and human effects assessment

Determine the impact of contaminants potentially and actualy released at the site. Utilise
literature, conduct toxicity testing if necessary, evaluate field and laboratory studies to
quantify the uptake and effect/dose response of contaminants from the site.

. Risk characterisation and assessment

Using agreed upon or nationaly prescribed models and methods determine and
quantitatively describe the current adverse affects of the site integrating the individual
characterisations from the previous stages of work. Also, evaluate the future adverse effects
from the site in case no remediation is undertaken. In conducting this work, an uncertainty
analysis should be performed to quantitatively evaluate the strengths and limitations of the
risk assessment, including sensitivities of any mathematical models used and uncertainties in
input parameters.

* Remedial objectives and goals

Establish the objectives and goals for site cleanup and remediation considering appropriate
regulatory requirements, standards, and criteria for environmental and human hedth
protection. Take into consideration the expressed concerns of human communities for site
restoration, including planning for future land use and ingtitutional control of the site
required. Also, establish the risk levels acceptable for protection of human and ecological
health and safety from contaminant releases from the remediated site.

e Analysisof remedial aternatives

Evaluate alternative means for site remediation and whether the aternatives will meet the
remedial objectives and goals. This includes the use of sensitivity studies including risk
assessments to compare the risks associated with the various remedial alternatives.

. Public consultation

Consultation will provide vauable input to the selection of aternatives and means of
remediation, especially, on the analyses conducted and the potential remedies (including
consideration of restoration costs), final disposition of the site when remediation is
completed, acceptability of risks posed by the aternatives and necessity for future
mai ntenance and long-term monitoring.

«  Monitoring site operation and maintenance

Risk assessments continue to play a role in the evaluation of the chosen remediation
aternative against the origina criteria for site remediation. The results from long-term
monitoring of environmenta performance provide inputs for updated analyses to determine,
if further restoration or intervention is required, or whether the site remediation is
performing as designed.

It is vital that this anaytical approach to risk management be integrated into the overall
management of the remediation process. The risk analysis process is similar to that employed at any
industrially contaminated site, but with the additional requirement to consider radioactive
contamination and the analysis of the associated risks to the environment and the community.
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CASE STUDY: USA — Procedures developed by the US governmental agencies for radiological
surveys of contaminated sitesand land areas

Methodol ogical approach

In the United States, four Federal Government Agencies, the Environmental Protection Agency,
the Nuclear Regulatory Commission, the Department of Energy, and the Department of Defense
worked together to prepare a manual for radiation site investigations, the Multi-Agency Radiation
Survey and Site Investigation Manua (MARSSIM) [4]. The manual, available on the Internet at
http://www.epa.gov/radiation/marssm/filesfin.htm provides an extensive step-by-step method to
planning the site survey including methods for sampling and instrumentation as well as costs. It was
written on the principle that a site to be released for use after cleanup must demonstrate that it has met
governmental or other release criteria. The manua identifies certain phases of the work, first
trandating the release criteria into a corresponding derived concentration of radioactivity in the soil
through use of environmental pathway modeling; areas for investigation are grouped in separate
classes by likelihood and expected levels of contamination which help inform the statistically based
sampling scheme. It then provides information on how to acquire scientifically sound and defensible
site survey data on the levels of radioactive soil contamination as well as background levels of
radioactivity by employing suitable field and laboratory techniques. It covers the survey of
contaminated sites from buildings to open field areas. Next is a decision phase under which it is
determined whether the survey data, after remediation, indicates that the site meets the release
criterion within an acceptable level of uncertainty through application of a statistically based decision
rule.

Discussions of survey methods below are derived generally from that report. Sampling schemes
for radiological contamination may also be applicable to contamination from metals or other pollutants
present at the site.

Historical site assessments

Whether a radioactively contaminated site to be assessed is part of a mine, distribution facility, or
mill tailings impoundment, the possibility exists that radionuclide contamination may extend both,
across the facility, and beyond its physical boundaries. Preliminary site investigations can determine
the extent of radiation occurrence and movements both inside and outside facility boundaries, affected
media (soil, water, air, buildings and equipment) and also establish background levels of radiation at
sites not affected by the uranium production operations, such as where waste rock has been re-used for
construction purposes.

US national regulations determine how background levels of radiation must be taken into account
for making decisions on the extent and degree of site remediation. This guidance indicates whether a
remediated site must be restricted from certain uses or may be released for general use by the public.
The delineation of radiation background is an important step in Site restoration as many cleanup
requirements are based on the determination of that value. Statistical tests are used to evaluate data
from final status surveys for contaminants that are present in background and when the contaminants
are not present in background. A site background reference area should have similar physical,
chemical, geological, radiological, and biological characteristics as the survey unit being evaluated,
but should not be necessarily part of that survey unit (i.e., on the grounds of the uranium recovery
site). Statistica tests should be conducted to verify that a particular background reference is
appropriate for asurvey.
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In some instances, original radiation survey data may be available for the uranium operational site
with which to compare current radiation levels, however, thisis not usually the case. In establishing a
baseline, reviews of historical operational documents, radiation licenses, maps, aeria or satellite
photography, exploration records, and written correspondence of the uranium production facility may
provide clues and documentation as to the extent of movements of raw ores, products, and wastes, and
sometimes background radiation data. Geological and topographical maps, if available, will also yield
information on possible pollutants dispersal across asite.

Scoping surveys

The objective of the scoping survey is to supplement the historical site assessment. Planning the
survey involves reviewing the historical site assessment to determine the appropriate cleanup radiation
level for the site, and a limited amount of surface radiation scanning, surface activity measurements,
and sample collection (smears, soil, water, vegetation, paint, building materials, subsurface materials).
These radiation measurements are used to examine areas likely to contain residua radioactivity. Any
samples collected as part of the scoping survey should be subject to sample tracking procedures,
including chain-of-custody for quality assurance and control.

Based on the classification of the area for contamination potential, grid patterns of 10 to 20 metre
intervals on land areas may be sufficient to identify survey locations with a reasonable level of effort.
For areas expected, or known, to be generaly devoid of radiation, grids may be at larger spacings,
such as 20 to 50 metres apart. Such grids can be physically marked by chak lines, paint, or stakes. The
use of global positioning system (GPS) technology may provide alternate sampling site record data.

Characterisation surveys

Thistype of survey is performed to satisfy objectives such as 1) determining the nature and extent
of contamination, 2) evaluating remediation aternatives and technologies, 3) input to pathway
analyses including risk and dose assessments, 4) estimating occupational and public health and safety
impacts including the remediation process, 5) development of final status survey design, and
6) determining final corrective measures for the site. The design of the survey should be based on
specific data quality objectives for the information to be collected and can usualy be planned using
the higtoric site assessment and scoping survey. Such a data quality objective process ensures that
adequate amounts of data with sufficient quality are collected for the purpose of characterisation [5].
The survey should provide information on variations in the contaminant distribution in the survey
area; the necessary number of data collection points can be determined using statistica methods.
Selection of survey instruments and analytical techniques should be derived from knowledge of the
final radioactivity cleanup goals and the known levels of residua contamination. Exposure rate
measurements may also be needed to safeguard the occupationa health and safety of the survey
crewmembers.

Surveys of building surfaces and structures include surface scanning, surface activity
measurements, exposure rate measurements, and sample collection, such as smears, subfloor soil,
water, paint, and building materials including concrete, can be conducted onsite using a systematic
approach and professiona judgement.

Land area surveys for surface and subsurface soils and media involve techniques to determine the
lateral and vertical extent and concentrations of radionuclides in the soil. The measurements can be
obtained by either sampling and laboratory analyses, or in situ gamma spectrometry. Sample locations
should be documented using coordinates (a grid) as discussed above. Groundwater monitoring well
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locations should also be planned and recorded. Contaminant concentrations and sources should be
mapped to show the relationship between contamination, sources, hydrogeologic features, and site
boundaries. Air sampling may also be necessary for radioactive dusts and radon emissions. V egetation
may also be sampled and provide some indication of radionuclide uptake, but this may change once
the site is reclaimed.

Documentation of the survey should provide a complete record of the radiological status of the
site. A report including sufficient information to characterise the extent of contamination, including all
possible affected media should be developed. This may, then, serve as the basis for discussion of
approaches and aternatives for site decontamination.

Remediation support

After a decision is made on appropriate methods for decontamination and remediation of a site,
and the actua remediation process begins, it may be useful to conduct limited remediation action
support surveys to determine the effectiveness of aremediation method, determine when asite is ready
for afind status survey prior to release, and provide updated estimates of site specific parameters for
use in planning the fina status survey. A remedial action support survey helps in monitoring how
effective decontamination is proceeding to reduce residual radiation to acceptable levels; this guides
cleanup in ared time mode.

Final status surveys

Final status surveys are performed to demonstrate that residua radioactivity at a site meets the
planned release criteria for unrestricted release, or where appropriate, use with designated limitations.
Statistical tests provide means of selecting the number and location of sampling of the site. One type
of radiological measurement (surface scans, for example) may be sufficient to demonsrate that
decontamination or removal is unnecessary, though it is possible that survey coverage may have to
include the entire land surface area. Total survey is recommended for areas under 2 000 m?, whereas
some coverage between 10% and 100% may be suitable for larger sites, depending on the
classification of the area to be surveyed. Independent confirmatory surveys may be performed by the
responsible regulatory organisation to spot check the final status survey if remediation is performed by
athird party or the company that undertook the uranium production at the site.

CASE STUDY: Portugal — Surface and groundwater evaluationscarried out for preliminary site
characterisation of the Cunha Baixa mine and vicinity

Site history

The Portuguese Mining and Geologicd Institute (IGM) is carrying out a number of studies under
contract for the General Direction of the Environment (DGA) that broadly aim to investigate the
environmental impacts of abandoned mines in Portugal. These studies serve to establish preliminary
information for site characterisation prior to further remediation steps. The Cunha Baixa Mine located
in the centre of Portugal, in Mangual de County, is the focus of the case study reported here [6-9].
Exploitation of uranium ores in Portuga is carried out exclusively by Empresa Nacional de Uranio
(ENU), which owns both, the active and decommissioned mines in the country. Additionally, ENU
also carries out environmental assessments and rehabilitation of these mines after they have closed,
including monitoring.
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The Cunha Baixa ore deposit comprises brecciated quartz veins that fill two main N40°E and
N70°W striking fractures [10]. Uranium was exploited in the Cunha Baixa Mine for about 30 years.
During the period of 1967-1983, underground stoping methods were used, but later, between
1984-1991, in situ chemical leaching procedures using sulfuric acid were adopted. In total, some
484 000 tons of ore with an average grade of 0.186% U3Og were produced. More than one million tons
of sterile waste and tailing materials were produced by the mine, which were partially used to fill a
300 x 100 metre open pit (located immediately above the underground works of the Cunha Baixa
Mine) and aso deposited nearby as coarse grained tailings [11]. About 1 km to the west of the Cunha
Baixa Mine, another open pit exists which operated till mid-2001, the Quinta do Bispo Mine. Low-
grade ores there are being treated using similar leaching procedures.

The water remaining inside the Cunha BaixaMine is pumped continuously through the main
shaft to the surface, where it is chemicaly neutralised with calcium hydroxide. Despite this, some
chemical contamination by mine drainage was found in surface waters, as well as in certain
groundwaters. Barium chloride is added to precipitate minor quantities of radium in the water. Slurries
resulting from these operations, mainly composed of gypsum, are deposited in an old open pit nearby.
The groundwater is used by the local population mainly for irrigation and as drinking water, while the
land in the vicinity of the two minesis utilised for agricultural purposes. Contamination of these media
by mine waste isthe principa concern for the local population.

Geochemistry

Multi-element analyses (DC Plasma Spectrometry and FRX, complimented with fluorimetry for
uranium) were carried out on a number of stream sediment, aluvia soil, rock and tailing samples
collected around the Cunha Baixa Mine. Trace element composition of the mine tailings strongly
contrasts with those of the geological basement (mainly granitic rocks). Thisis particularly evident for
uranium and to some extent for zinc and copper, reflecting the influence of the ore mineral paragenesis
(uranium minerals and some sulfides) that appears to be still imprinted in the tailings. These strong
uranium enrichments (with an average of 318 ppm in the tailing material) aso define an anomalous
level when compared with some established baselines for uranium, such as, 2.7 ppm in the earth’s
crust [12], 3.9 ppm in granites [13], and 9.5 ppm in granites of Central Portugal [14].

Table2.1. Average contentsof U and other selected chemical elementsin thetailings
and rocks of the area of the Cunha Baixa Mine (valuesin ppm unless stated otherwise)

Sample type U, U, Cu | Zn | As | Ni Co | V Cr F |Fe(%)| Mn P

Tailing(n=13) | 318 | 161 | 41| 120 | <20 18 13| 18| 186 840 24| 367 |1000

Granite (n=4) 93| 74 8| 66| <20 8| <10 7| 170 | 1192 | - 394 | -

Uranium turned out to be the only element geochemically anomalous in stream sediments. High
concentrations were detected, either for total uranium (U;), or for the more mobile phases, i.e., the
leached uranium (U;). Among the other metals of concern, only Zn, Cu and Mn show dlight anomalies
in places. Statistically, U seems to be independent from the majority of the other analysed elements.

As would be expected from U isotope series decay [15], ?°Ra was aso present. Analyses carried
out in aluvium, stream sediment and tailings samples gave average values of 444, 1313 and
2647 Bqkg™, respectively, showing the presence of radioactivity in areas closest to the mines.
Alluvial soils collected near (and downstream of) the mine sites are dightly contaminated by uranium.
However, lower contents were found in the soils than in stream sediments (averages of 30 ppm of U
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versus 478 ppm in downstream sediments due to high solubility of uranium in a wide range of pH)
[16]. According to Neves et al., (1999) [17] these soils are acidic, with weak ionic exchange capacity
due to low organic matter content. Intense agricultural use of the aluvia soils, with frequent use of
phosphate fertilisers, could also be contributing to uranium leaching and accumul ation.

Table2.2. Average contentsof U and other selected chemical elementsin stream
sediments of the area of the Cunha Baixa Mine (valuesin ppm unless stated otherwise)

Sample| Statistical

U, U, Cu| Zn | As| Ni [ Co | V Cr F |Fe(%)| Mn P
type |parameters

1 M 118 75| 67| 130 20| 14| 10| 11| 110| 900 22| 689 1131
« 262| 139| 55| 88(152|152|11.2|104| 58 (250.4 06| 638 406
2 M 478 | 235 77| 224| 26| 19| 22| 26| 150 895 27| 912| 1658
« 461 | 217| 41| 140|19.6| 15| 17| 26| 66.6 |268.6 0.7| 591 498
3 M 14 10| 32| 86| 11| 64| 55| 71| 80| 630 19| 430 994
« 26| 27| 161| 127| 39| 23| 15| 29| 20.6(176.9 04| 173 248

4 M+2*sd 19 15| 64| 111 19| 11 8| 13| 121| 984 27| 776 1490

M= Arithmetic mean sd= Standard deviation

1) Overal data (n=61) using samples collected at random in the area

2) Vauesreferred to anomalous samples closed to the mine sites (n=11)

3) Valuesreferred to geochemically barren samples (n=11)

4) Reference statistical parameter for the local background (M+2* sd with data extracted from 3)

Table2.3. Average contents of U and other selected trace elements
in alluvial soils around the Cunha Baixa Mine (valuesin ppm unless stated)

U, U, Cu Zn As Ni Co Y Cr |Fe(%)| Mn P
1 M 30 18 42 93 12 5 5 11 57 2 432 935
Sd 33.7 11| 244| 154| 63| - 12| 34| 157 0.3 835| 249.6
2 M 12 10 47 93 | ~10 ~5 ~5 8 62 18 381 | 1098
Sd 22| 21| 249| 26.7| - - - 36| 86 0.3 91.4| 462.2
M= Arithmetic mean 1) Alluvia samples nearby the mine workings (n=55)
sd= Standard deviation 2) Samples corresponding to local background

The effects of contamination appear to be more strongly imprinted in the neighbouring stream
sediments. The spatia distribution of U aong the main stream (and its tributaries) directly influenced
by the two mines shows persistent chemical anomalies that occur to at least 10 km away. However,
these anomalies occur irregularly aong the main stream, suggesting the existence of superimposed
chemical and mechanical processes in the secondary uranium distribution. This kind of secondary
dispersal process for uranium has been found by other researchers[18].

Hydrochemistry

Some groundwater samples collected in wells and boreholes confirm the existence of strong
anomalies for sulfate, Ca and other metals, including significant concentrations of U together with
others of Mn, Zn, Co, Ni, Al, Be, Y, and Sr. Concentrations in the range of hundreds of ppb (ppm for
sulfate) are common for most of the elements, in particular for those broadly located between the two
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sites. Samples taken at greater distances (roughly between 0.5 and 1km to the SE and NW,
respectively) show less contamination and, in general, show low contrasting concentrations for the
magjority of the elements.

Table 2.4. Average values of selected hydrochemical
parametersin groundwater around the Cunha Baixa Mine

Sample location pH |SO%| Mn | Zn | Co | Ni | Al | Be | Y Sr U
ppm | ppb | ppb | ppb | ppb | ppb | ppb | ppb | ppb | Ppb
Upto1kmto NW 62| 62| 8| -~9| <9|<9]| <50| <5| <4| 37| 38

of Quinta Bispo Mine

Uptolkmto SE 60| 17| 29| 93| 42| <29| <50| <5| <4| 66| 21
of CunhaBaixaMine

Mine influenced samples 51| 829 |6096 | 1006 63| 3331|4680 | 91| 337 (1085 | 912

The chemical data suggest that pollution by the mining operation has occurred due to
groundwater infiltration in the wake of the ore leaching process. In addition, some of the
contamination probably stems from uranium and other metals that were released from the residual
slurries and subsequently reached the groundwater. On the other hand, surface waters collected in the
major streams of the drainage system do not show such critical patterns. With the exception of some
samples taken close to the mine sites, the majority show “normal” concentrations and rapid dilution
patterns downstream.

Hydrogeol ogy

Granites comprise the main rock type of the geological substratum. The massifs are strongly
fractured with faults, small fractures, fissures and diaclases due to tectonic action. These structura
features, which are particularly significant around the ore deposits, greatly increase the permeability of
the rocks and determine their hydraulic behaviour. A preliminary hydrogeological study showed that
water boreholes (deeper aquifers) closer to the mine sites appear to be typically located along selected
fault strikes, thus tapping preferential water conduits. Moderate enrichment in some metals (Zn, Co,
and U) was detected in many of the boreholes, some of which can be detected up to about one hundred
metres in depth. Apart from these geological-structural controls, changes in redox and pH conditions,
interactions between phases (rock/water), and the microbial destruction of organic matter can aso
contribute to metal dispersion and accumulation in groundwater [19].

On the other hand, the more superficial aquifersin general consist of porous rather than fractured
rocks (altered granites, sedimentary deposits). Related to this, they reved stronger enrichments in
sulfate and in most of the analysed metalsi.e.Mn, Zn, Co, Ni, Al, Y, Sr and U, together with lower pH
values. These data are summarised in the following table.

Table2.5. Averagevaluesof selected hydrochemical parameters
in water bore holes and wells under theinfluence of the Cunha Baixa Mine

Sample type PH | SO~ Mn Zn Co Ni Al Be Y Sr U

ppm | ppb ppb | ppb | ppb | ppb | ppb | ppb | ppb ppb
Bore holes 6.4 45 65 334 | 11 | <29 63 5 | <4 27 190
Wells 47 | 1065 | 7819 | 1199 | 49 | 424 | 5908 | 116 | 433 | 1388 | 1118
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The combined interpretation of the element distribution in stream sediments, alluvia soils, rocks,
waters and tailings can assist in building a geochemical-hydrochemical-hydrogeological model of the
uranium in the study area, which is greatly influenced by the presence of “mining signatures”.

Case summary

From this multidisciplinary study, the existence of a radionuclide and toxic metals problem that
can impact human and environmental heath has been demonstrated. Compounding this problem,
about one million of tonnes of tailings with residual average contents of 320 ppm of U (accompanied
by some *°Ra) till exist in the Cunha Baixa open pit.

Significant efforts are currently being undertaken by the mining company to mitigate and control
possible impacts from their previous extraction operations. However, the toxic character of uranium,
radium, as well as other chemical elements with significant biological activity (namely Be, Sr and Y)
[20-22], together with significant concentrations of a variety of other potentially harmful elements in
waters (Al, Mn, Zn, Ni) congtitute a matter of concern. Also, some aluvial areas adjacent to and
downstream of the mine sites with uranium contamination will place constraints on future land use.

Scientific knowledge on the area studied is still scarce. Regarding this, proposas have aready
been made to more effectively characterise the nature and extent of contamination through:

» Detailed hydrogeologica study of the mine drainage basin.

* Mineralogical and geochemical research (detailed identification of the existing U-minerals;
partition of the uranium within the different mineralogical phases using chemical techniques
for selective metal extraction).

* Investigations on the degree of hazard due to the most harmful elements.

»  Epidemiological studies to investigate the degree and extent of certain human diseases in the
area and possible correlation with toxic elements.

«  Monitoring for water quality giving particular enphasis to “*Ra presence.

These results strongly recommended the development of effective and sustained measures aiming to
promote remediation of the main mine sites and surrounding contaminated areas. Therefore, following
these studies (together with others focused on abandoned mines of the country) the Portuguese
Government recently released about € 50 000 000 for mine rehabilitation. The priority was ascribed to
the uranium mines to which most of the financial support was endorsed. The IAEA aso supports a
Technical Co-operation project with the Instituto Tecnoldgico e Nuclear, Sacavém (Lisbon) to
investigate the radiological hazards arising from these mines. A scientific co-operation is actually
underway between this institution and the IGM to investigate the environmental contamination and
radiological risks associated to uranium mining regions in Portugal .
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3. DECOMMISSIONING, DISMANTLING AND DECONTAMINATION

Decommissioning

Decommissioning, as used by the nuclear industry, means the actions taken at the end of a
facility’s useful life to retire the facility from service in a manner that provides adequate protection for
the health and safety of the decommissioning workers, the general public, and the environment [1].
These actions, which should be in conformity with the country’s national laws and regulations, could
range from merely closing down the facility and carrying out minimal removal of radioactive material,
coupled with continuing maintenance and surveillance, to a complete removal of residual radioactivity
in excess of levels acceptable for unrestricted use of the facility and its site. This latter condition,
unrestricted use, is the ultimate goal of all decommissioning actions at retired nuclear facilities.

Decommissioning encompasses al activities that are aimed at an orderly return of a mining or
milling site to its previous state or use to a sustainable state or use agreed upon [2]. Components of
decommissioning are dismantling, the physical deconstruction and remova of infrastructure and
decontamination, typically the removal of radioactive contamination.

A formal risk assessment procedure will help to reduce radiation and other health risks for
workers and the surrounding population ensuing from the actual decommissioning operation.

Depending on the object, decontamination may precede dismantling or be undertaken as
dismantling proceeds, where and when required. Certain dismantled materials may be classified as
radioactives wastes and disposed off accordingly without decontamination, while other materials may
be released for re-use or disposal in non-hazardous landfills. The respective activities are discussed
below in more detail.

A specia subject, discussed below in some length is the decommissioning of underground and
open-pit mine workings (see al'so [3,4]).

Dismantling

General considerations

All dismantling operations are physically hazardous and strict attention should be paid to all
relevant safety regulations and codes of practice, including those dealing with protection of workers
from hazardous chemicals and radiation risks. In addition, the use of Quality Assurance and Quality
Control procedures will be of benefit in assuring that every stage of the programme is planned to meet
the regulatory requirements. Thiswill also assist in avoiding potential future liabilities.

During the dismantling process, decontamination of certain structures or materials may be
required. The dismantling process should also separate, as far as practicable, and as required by
national laws, wastes or materials re-use. Scrap and concrete rubble may be released for re-use if
applicable radiological release criteriaare met. Otherwise landfilling at licensed sites may be required.
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Before the dismantling of facilities is commenced, it is essential that the fina disposal and
relocation of materials have been planned as much as possible. For instance, the volume of
dismantling/decommissioning waste should be estimated as far as possible to ensure that there will be
adequate space available at the chosen disposal site [5,6].

I nfrastructure and above ground facilities

Depending on the plans for the further use of the site, any buildings, mining machinery, mill
structures, laboratories, chemical and product stores, airfields etc., may need to be removed as part of
the decommissioning programme. Roads may also need to be removed, although they are often left to
provide access for monitoring and surveillance staff visiting the site after the decommissioning
programme has been compl eted.

In many instances, communities ranging in size from small to large cities have been developed in
association with mining operations, or became dependant on them. The cessation of mining and
milling operations may have a substantia socio-economic impact on such communities and such
effects should be taken into account when planning the overall remediation process. Often,
infrastructure associated with the former mine or mill has become an integra part of the region’s
development. Such itemsinclude:

*  Sewerage systems and sewage treatment plants.

»  Drinking water supply systems, including wells, treatment plants, and mains.

*  Power stations, transmission lines, and transformer stations.

» Gasmains.

*  Communication infrastructure, such as telephone cables, TV/Radio towers, relay towers etc.
e Domestic refuse dumps, landfills etc.

*  Recreational facilities.

In such instances, transferring ownership and/or responsibility for maintenance to the local
community will be considered [7]. If so, the items to be handed over would be checked thoroughly to
ensure that they are in an acceptable condition, and fit and safe for the proposed use. The involvement
of the local community and other stakeholders in determining which elements of the infrastructure
need to beretained is essential. Also, plans for organising and funding the maintenance may also need
to be drawn up at thistime.

The removal or transfer to the local community of infracture may take place in successive steps
during the lifetime (including the time required for decommissioning) of the mining or milling
operation in order to reduce its footprint to the amount necessary.

There is dso a duty of care on the part of the organisation responsible for the remediation
programme in terms of its obligations to the community who will assume possession of the site after
the completion of works. This duty of care aso covers the surrounding population to ensure that the
risk of any residual liability on site is minimised.

Underground facilities and mine workings

Inherent in any mining operation is the excavation of underground spaces or open pits as part of
the extractive processes. In addition, certain parts of the facilities and infrastructure of mines and mills
may be placed underground for a variety of technical or operational reasons. Typically, these features
include gas, water and electrical mains, sewerage systems, service and communication tunnels, fuel
tanks and bunkers, explosives magazines, silos and other underground storage facilities, etc.
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Uranium mine workings present a number of different classes of hazard that must be identified
and assessed before a comprehensive and appropriate decommissioning plan can be drawn up and
implemented. Hazards may be physical, chemica or radiologica. Examples of physical danger
include the risk of people or livestock falling into open cuts, shafts, tunnels and underground
workings. Water-filled mine pits may pose additional chemical or radiological hazards. Such features
may be viewed by the local community as locations for water-based recreation, as resources for
agricultural use, including irrigation and drinking water for livestock, or for industrial uses such as
process water, dust suppression etc. Such uses would increase the risk to the community and the
environment, particularly in arid areas. The issues of remediating water resources and acid mine
drainage is discussed in more detail below.

As with the above ground facilities, it has to be determined, which facilities are to be retained for
further use. When the facilities are to be decommissioned, a decision has to be taken whether they
have to be dismantled, or whether backfilling and burial is sufficient and feasible. The decision will be
based on the envisaged future land use and any conflicts arising out of the underground features
remaining. For instance, underground features may seriously impede the construction of foundations
of new buildings. Local building regulations may aso stipulate what decommissioning action has to
be taken.

In most countries, the mining laws will regulate the decommissioning of mine workings. This
appliesin particular to the sealing and backfilling of shafts and other types of access to minesin order
to prevent inadvertant and intentional access. The mining laws, typicaly, will aso stipulate that
collapsing underground mine workings may not cause any damage on the surface and suitable
precautions, such as backfilling, will have to be taken based on the assessment of the mining
engineers. In most cases these assessments are part of the norma mine operation and would be
complemented by a surface subsidence monitoring programme. These programmes may have to be
extended a considerable time beyond the actual decommissioning of the mine in order to provide
evidencein liability cases.

Similarly, for open-pit mines the stability of slopes, berms etc. will have to be ascertained and
suitable reprofiling measures undertaken, if required. Backfilling with mining or milling residues
might be considered (see below).

Decommissioning may also include the remova of re-usable materials, such as steel structures,
machinery, etc.

In any case, the underground facilities will be have to be checked for the presence of radiological
and other potential contaminations, e.g. lubricants, fuels, transformer oils, explosives etc., and
decontamination initiated, when necessary.

Decontamination

Objectives

Uranium mining and milling sites and related infrastructure will be, to a greater or lesser degree,
contaminated with radionuclides and, perhaps other hazardous elements, such as heavy metals and
arsenic. Hence, a certain degree of decontamination will likely be required. An important objective of
decontamination is to reduce the footprint of areas restricted under radiation protection regulations.

The level of residua contamination alowed to remain is determined by the future use of the
infrastructure or the materials and the technical feasibility for decontamination. The concepts of
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clearance, exemption and exclusion from regulatory control for radioactively contaminated materials
according to international and national codes of practice may aso determine the level of
decontamination required. Equally, such considerations may affect the ability of an operator to recycle
or reuse decontaminated equipment or materials.

If equipment and material are intended to be re-used at another location, decontamination is
typically required. Throughout all forms of decontamination, the rules and regulations relating to
worker safety must be strictly observed. In most circumstances, workers will be managed under the
national codes of practice relating to radiation workers. The operator should determine the possible
radiation dosages that would be received by workers and/or members of the public as result of such
activities, and how such dosages would be controlled.

There may be appreciable risks arising from the presence of hazardous materials in older
buildings. These materials may, either form part of the structure (e.g. asbestos), or be associated with
the operation (e.g. PCB-laden transformer fluids). If thisis the case, then the decommissioning project
will need to employ specialist contractors to deal with the decontamination operation and any
hazardous wastes generated in the manner required by applicable regulations. Work conditions may be
such that other activities on site have to be suspended until the hazardous materials have been
removed. There will aso be a need to develop and implement a method for the disposal of these
materials that is acceptable to the regulatory authorities.

Decontamination techniques

The most common decontamination techniques employed are briefly described in the following
sections. Throughout the decontamination programme, it is essential that appropriate steps are taken to
ensure that the correct safety regime is in place in order to protect the hedth and safety of the
workforce. It is likely that these measures will be set down in regulations at the local, nationa or
international level, or any combination thereof.

e Scraping or jack hammering

Components and machinery may be encrusted with radioactive sediments or scale derived
from the raw material, process chemicals and reagents, or oxidation or reduction products, or
a combination of all or some of these items. Such deposits may be found in counter current
decantation (CCD) vessels, pachucas or other reaction vessels, storage tanks, pipes and
storage containers, calciners, and so on. Often, thick deposits are removed by chiselling and
scraping with hand tools, or use of power tools, such as jack hammers. These techniques
may also be used to remove contaminated lining materials from such locations. These lining
materials may include rubber or plastic based coatings, or possibly asbestos, brickwork, or
ceramic tiles, etc. The residues from such activities must be managed in an appropriate
manner in accordance with local laws and regulations.

*  Sand or grit blasting
In many instances, surface contamination may be best removed by high-pressure sand or grit
blasting. The cleaning medium nowadays is rarely sand, but more often garnet, zirconia,
sponge, or similar materials, soda, or dry ice, etc. There will be local regulations governing
the safe practices required to operate sandblasting equipment. A prime concern is the
ultimate safe disposal of the spent cleaning medium and the associated contaminants
removed during the cleaning process. In some cases, the cleaning materials, such as zirconia
or metal slags ground into grit and used for sand blasting, may have their own natural
radioactivity which should be taken into account in the health and safety, and remediation
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plans. These materials must be treated as safely, as all other radioactive waste generated in
the decommissioning process.

Washing and high-pressure hosing

Some forms of contamination may be amenable to being removed by simple washing with or
without the addition of complexing agents, detergents and surfactants. The collection,
concentration and disposal of the wastewater and contained contaminants are the major
issues to be addressed. The waste is radioactive and the water will need to be treated before
it can be discharged to the environment. Again, the concentrated solid waste containing
contaminants will have to be managed as for other radioactive waste by placing it in a
suitable containment. The waste may be removed from the wastewater in several stages, e.g.
by filtering followed by evaporation, ionic exchange, precipitation or other forms of
chemical processing.

Chemical solvent washing

In some instances, contamination can be removed by washing with industrial solvents that
are also paint strippers. The application of such a procedure must be in accordance with
appropriate worker health and safety regulations. Residues from the cleaning process need to
be managed appropriately as radioactive waste. Care must be taken to ensure that solvents,
either clean or contaminated, do not escape to the environment. Similarly, the residues from
such activities will constitute a radioactive waste that will have to be managed in an
appropriate manner in accordance with applicable laws and regulations.

Use of strippable coatings

In some instances, surface contamination may be removed by use of strippable coatings.
These are special materials (paints, varnishes, polymers, resins etc.) that are applied to the
contaminated surface to be mechanically stripped off after a short time of curing. The
contamination is removed together with the coating. The stripping of the coating may be
aided by use of solvents or other chemicals.

Treatment of waters

Various decontamination techniques require process waters that have to be treated for
contaminants after use. The method of treatment depends upon the type of the contaminant,
the volume of water, and the flow rate of the water. Large volumes may be evaporated in
ponds or tanks, and the residual evaporites collected as a dudge or crystalline mass for
management and disposal like other radioactive waste. Substantial volumes may also be
treated by use of ion-exchange resins, reverse osmosis plants, filtration and precipitation
methods. The use of precipitation methods to remove radionuclides from solution is well
known, the most common being bulk precipitation using lime. Such precipitation will
remove most heavy metals from solution. There are also other contaminant-specific methods
in use, for example the use of barium chloride to remove radium from uranium mill process
waters. In all such precipitation processes the precipitate is managed as a radioactive waste
with an appropriate disposal strategy. Similarly, ion exchange and reverse osmosis processes
will aso produce sludges or precipitates that will require management and disposa. More
details on water treatment and the management of the ensuing residues are given in
Chapter 6.
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Treatment of mobile equipment

All mine sites and processing facilities have a wide range of mobile equipment and machinery
used in operations. This may range from lorries, excavators and loaders to earth-moving and road
construction machinery, drill rigs, tankers, pumps, generators, lighting sets etc. All such mobile plant
or equipment must be thoroughly checked for the presence of radioactive contamination before being
released for removal from the site. It isimportant that there is a suitable method in place to ensure that
all such equipment is inventoried, checked and documented, including certification of cleanliness or
decontamination as appropriate. The decontamination methods employed will be specific to the item
of machinery and the nature and level of contamination in question. The documentation process
should be under the overall guidance of aradiation safety officer for the site concerned.

Treatment of fixed plant and equipment

Any fixed plant or infrastructure items that are to remain on the site should be decontaminated in
situ to the required degree of cleanliness. Any plant that cannot be adequately decontaminated for
technical or economic reasons should be dismantled and removed to a suitable disposal site. Some
items of plant may be dismantled for transport off site to be re-used. As for mobile plant, al such
items will need to be decontaminated in an approved manner and certified as clean and
decontaminated by aradiation safety officer before they can be transported.

Protection of water resources during decommissioning

At all stages of the decommissioning process, stringent precautions should be taken to ensure that
no contamination of water resources occurs. This applies to both surface and groundwater resources.
Water supplies for decontamination work should be recirculated within leak-free systems to the
greatest extent practicable. Ponds and reservoirs should be lined, if possible, to prevent seepage to
groundwater. Surface activities should be confined to areas where al run-off is contained and
prevented from discharging to the environment except under conditions of strict control and
supervision. At remotely located sites that have been closed, or where operations are suspended, and
there is no active supervision, the use of permeable reactive barriers may be considered as an
additional means of water resource protection. Protection of water resources is covered in more detail
in Chapter 6.

Relocation of equipment and plant, including resale

Before any decontaminated plant or equipment is sold, re-located off site following sale, or
selected for re-use, it is essentia to check it for contamination and to have it certified as clean in
accordance with the relevant national and international laws, codes of practice and regulations. The
standards for cleaning and transport off-site will follow internationa standards and will aso be set in
each jurisdiction. It may aso be necessary to consider, if the conditions of any international
agreements or conventions relating to cross-border transportation of intractable or radioactive waste
may be applicable to the situation [8,9].
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Management of materialsthat cannot be decontaminated

In the course of the dismantling process, it is common to find that items cannot be
decontaminated for economic or technical reasons. Any items of infrastructure, plant, machinery, or
other equipment that cannot be decontaminated to a satisfactory state should be consigned to a suitable
radioactive waste disposal facility. Such items may include concrete sabs and building blocks, pipes,
small semi-sealed reaction vessels, pump casings, structural steel, linings for ovens or calciners etc.

Materials that cannot be decontaminated may be buried, either in a suitable and approved
repository off site, or in parts of underground or open pit mines approved for disposal. Thislast option
assumes that returning radioactively contaminated material to a conventional uranium mine is
approved through the agreed land use strategy and meets the requirements of the radiation dose
assessment.

Transport of contaminated materials and equipment

It must be borne in mind that relocating such materials may cal for the use of specialised
equipment and means of transport, and could require moving the materials over considerable
distances, if a suitable repository site is not available locally. Such activities can, possibly
substantialy, add to the costs of the operation. The overall risk assessment of the decommissioning
operation also needs to take into account the additional health and safety risks from such relocation
operation. Extended lorry traffic will aso add to the nuisance for the adjacent population.

The IAEA in conjunction with other international organisations has developed a comprehensive
body of guidelines and regulations for the safe transport of radioactive materials [10,11]. Additionally,
cross-boundary transport is regulated under bi-lateral agreements and various international
conventions, such as the Basle convention [9].
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4. WASTE MANAGEMENT

Types of waste

Mining and milling of uranium ores results in a variety of wastes and residual materials, such as
top soils, overburden, un-mineralised rock materias, ores with sub-economic levels of mineraisation
or high levels of contaminants, mill tailings, water treatment sludges, and many different types of
processing waste. Additionally, the decommissioning of mining and milling facilities and the
environmenta remediation of such sites resultsin different waste materials of different type and nature
requiring appropriate management.

Waste materials

Waste rocks and overburden materials

The first wastes generated in the development of a site are usually organic rich top-soils. These
are produced during the initial site clearance and excavation and should be stored separate from other
excavated materials for use in the revegetation phase of the remediation programme. Obvioudy, the
area to be cleared is typicaly smaller for degp mines than for open-pit mines. Frequently, little
attention is paid to the conditions under which these soils are stored. If soil materials are to be of any
practical use, they must either be used as soon as possible after they have been excavated, or they must
be managed actively to ensure that the associated flora and fauna, which assist in establishing
vegetation, retain their viability [1,2].

In open-pit mining the next class of waste materials generated is usually weathered rock, followed
by other barren rocks, often described together as overburden. These usually make up the largest
volumes of al materials requiring storage or disposal. In deep mining, the amount of barren rock to be
excavated is typically smaler and results from activities to provide access to the ore, e.g., open up
shafts; drifts; adits.

Waste rock is aterm used generally to describe a “clean” waste with less than a specific level of
uranium mineralisation, which may sometimes be defined by law. For example, under the legidation
in force in the Northern Territory of Australia, non-uraniferous material must contain less than 0.02%
U504 (= 0.017% U), whereas in the USA, the corresponding level is 0.05% (= 0.042% U). In France,
Decree 90-222 considersthat, if arock has an uranium content above 0.03% (300 ppm) U, the materia
must be managed in an appropriate manner. Additionally, the USA has set guidelines on the target
cleanup levels for radioactively contaminated soils that may be applied to the restoration of closed
uranium mines and mills — a maximum of 5 pCi.g™* (0.35 Bg.g™) above background for combined
°Ra, “®Ra, thorium and uranium.
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While the uranium content in these materials may not be significant in economic or mining terms,
the radionuclide content (mainly uranium and radium and associated progeny) may be sufficient to
pollute surface or groundwater, or present a direct exposure hazard (dust, radon) to the adjacent
community. Waste rock often also is arelative term, referring to the ore of interest. The materials may
indeed contain other minerals of interest. They may aso contain minerals of environmental relevance
that generate acid or contain toxic elements including heavy metals and arsenic.

The issue of management for very low-level radioactive materias is currently being discussed in
the USA, the European Union and elsewhere. These materials are termed Naturally Occurring
Radioactive Materials (NORMS) or Technologically Enhanced NORMs (TENORM), and include
uranium mining and milling wastes. Disposal of these classes of materials may be subject to national
codes and requirements for cleanup.

These waste rock materials are usually the only materials that are acceptable for use in the
construction of structural cappings and final landscaping. Cases are well documented in the U.S.
where uranium mine waste rock has been used in house construction, putting the occupants at risk of
increased radiation exposure However, unless they contain no constituents of environmental
relevance, they have to be used in such away that releases of heavy metals or acid are minimised and
that no adverse environmental impact to surrounding areas results.

Sub-economic materials and low grade ores

These are intermediate materials between waste rock and the ore that is recovered. What is
considered to be below economic value may change over time as a function of price that can be
achieved for the final product and the milling technology available. Hence, many mills revert to
stockpiled sub-economic materials at times of high demand or towards the end of their life. If no
milling is considered, the fina management of these materials as part of the remediation process
requires attention to their potential for causing adverse environmental impacts. In particular, thereis a
risk that the mineral paragenesis may have potential to cause environmental detriment. The most
common instance is the presence of sulfide mineras in sufficient quantities to cause acid rock
drainage. This can be a mgjor environmental hazard as the impact may spread through the aquatic
environment, as well as through the soil. The fina placement of waste with acid generating potential
should be selected to ensure that this risk is eliminated as far as possible, or minimised by effective
reduction of the acid generating processes, and containment of acids and residues. Typicaly, this
requires dump sites with bottom liners, engineered drainage systems, and at least low-permeability,
engineered cappings.

Mill tailings

Mill tailings are the most common type of processing waste associated with uranium production,
as well as being the most voluminous. Tailings are the result of the milling process that consists of the
successive crushing and grinding of ore grade rocks to produce a relatively uniform sized sand-like
material. The material then is subject to leaching by either, akaline or acidic reagents to dissolve and
extract the uranium. Mill tailings have a size fraction distribution from 0.5 mm to, about 80% passing
0.2 mm diameter, similar to that of fine sand. Tailings are rarely inert, as not only have they been
finely divided, which makes them inherently more reactive, but they may aso contain residues of

1. Sowder A., Hernandez S, Bain A., Setlow L., Forinash E. (2001), Abandoned Uranium Mines. A
Continuing Legacy for the Navajo Nation Health Physics Society Annual Meeting Proceedings,
June 12-14 2001, Cleveland, Ohio (USA).
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process chemicals including, for example, oxidising agents, neutralising agents and leaching solutions.
Typicaly also, some radioactivity may remain, e.g. radium with only uranium and, perhaps, thorium
being removed. The final containment of tailings is usualy the largest issue in uranium mine site
closure and remediation. The issues are the sheer physical volumes, the difficult geotechnical
properties stemming from the narrow grain-size distribution, and the radiological and toxicological
risks to the environment and human health.

Waste from heap leaching operations

Heap leaching is a method for recovering uranium from simply run-of-mine or crushed ores of
typically low grade, without going through the milling process described above. Heap leaching may be
performed along various schemes. In any case, pads or polders with an impervious bottom liner to
collect the pregnant solution will be constructed. These heaps may either be left in place after the
leaching is complete or the material may be removed to adisposal site to make room for fresh ore.

The chemistry of uranium does enable both alkaline and acid leaching processes to be successful,
the choice depending on the ore and host rock mineralogy. Although the relatively coarse sized
materials, comprised of rocks of a wide size range from boulders or cobbles to gravel, may be less
reactive than the milled materials, many of the radioactive and chemically active constituents, such as
sulfides will remain in the residues. Consequently, these should be regarded as having potentia to
cause environmenta and health detriments.

The best management strategy is to ensure that these waste are managed in such a manner as to
exclude air and water penetration and that leachates are prevented from reaching the (aquatic)
environment.

Waste and residues from in situ leaching (I SL) operations

Uranium may be recovered by injecting acid or alkaline solutions into the ore bearing strata and
recovering the pregnant solution via boreholes. Typically thisis done from the surface, but it has also
been done in combination with deep mining in the past.

In situ leaching operations generate very little solid waste, as there is no waste rock or
mineralised material, other than that from drilling the boreholes, brought to the surface. However, the
recovery of the uranium will generate solid and liquid wastes, including:

e Solids and sludges from the neutralisation of solutions.

*  Spention exchangeresins.

»  Saltresidues and used filters from reverse osmosis plants.

e Scalesfrom pipework, pumps, valves and filters etc.

e Residues from evaporation ponds.

e Excess, neutralised leachants.

Where permitted by country regulation, waste solutions may be returned underground by
injection into the aquifer, provided that there is no contamination of water resources. In other cases,
waste solutions can be treated to produce an effluent of a quality suitable for discharge. This may be

achieved by using such treatments as reverse osmosis, ion exchange or bulk precipitation. Solid
residues should be managed in a manner approved for low-level radioactive waste disposal.
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Sludges from water treatment

The management of water contaminated during remediation operations and decommissioning
should be included in the waste management programme. Often, the water will be treated by one of a
number of methods. Some of these treatment options are discussed in Chapter 6. Many of these
procedures will result in some form of residue, for example precipitates, sludges, evaporites or ion
exchange resins that cannot be recharged and recovered.

It is important that the management plan for any water treatment programme (that will continue
after remediation is completed) includes consideration of the final repository of the dudge, dewatering
of the dudge and transport of sludge to the containment site.

Residues from decontaminating and dismantling infrastructure

As has been pointed out earlier, when facilities are decontaminated and/or dismantled, there is
likely to arise a wide range of wastes. These can include the physical remains of infrastructure that
cannot be recycled or re-used, such as building materials, structural steel, road surface materias, parts
of the mine and mill equipment and machinery. A further waste will be the cleaning materials and
agents used in decontamination of the facilities, such as sand and grit from blast cleaning,
contaminated water from high pressure hosing and washing down of plant and equipment, stripping
paint, paint chips from cleaned equipment or ionic exchange resins used in decontamination activities.

In most cases, a conditioning method that ensures contaminants are immobilised is used to
manage these wastes. This is often achieved by incorporating solid waste and sludges, such as
sandblasting residues and filtercake, into cement mixes, which are cast into blocks. The presence of
the cement, or other suitable binding agents, reduces the mobility of potential contaminants. Some
materials may be placed in metal drums or similar containers. All of these waste items, conditioned or
not, have to be disposed of in a safe and approved way. Typically, they are placed into designated
locations of mill tailings impoundments, into approved low-level waste repositories constructed for
this purpose on site, or are sent off site to such repositories.

Contaminated soils

During site operation, soils on the site and off-site may have become contaminated by
radionuclides and heavy metas originating in the ores, but also by materials such lubricants and fuel
oils. These soils have to undergo a proper remediation procedure or be disposed off in an orderly
fashion. A variety of in situ, on site and off sites method for treatment are available [3]. In situ
remediation techniques have only limited applicability to radionuclides, effecting either
immobilisation or removal by plant uptake, followed by harvesting. In situ bioremediation may be the
technique of choice for the destruction and remova of organic contaminants, such as fuel oils. In other
case, the soils will need to be collected, usually by machinery such as scrapers, graders and bulldozers,
and transported to a suitable site for final disposal and containment, or for treatment. A typical
treatment for radionuclides, to be performed either on or off site, is soil washing. The resulting
contaminated (aqueous) liquids have to be treated and the residues to be disposed of as discussed
elsewhere.

Throughout the soil remediation process, dust suppression and runoff sediment containment
measures must be operated. Transportation and handling of these materials must be carried out in
accordance with the relevant codes of practice on worker health and safety and transport of radioactive
materials.
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Sundry wastes and operational wastes left on site

* The mining and milling of uranium ores and the subsequent decommissioning and
environmental remediation generates sundry radioactive and non-radioactive wastes not
covered by the above categories. All operational waste, including unused process reagents,
fuels, packing materias, etc. should be removed from site for re-use or consigned to a
containment during the decommissioning process. It is important that materials are reused or
recycled as much as possible. Also, care should be taken to ensure that such materials are not
left behind in the remediation process to contaminate the site. Although the main concern
may be the potential for radioactive contamination, the site remediation process should take
account of all other potential contaminants with the potential to cause adverse environmental
impacts, such as organic chemicals and heavy metals. Examples include: Used wood from
the timbering of the mine.

e Laboratory waste (glassware, clothing, etc.).

e Scalesfrom pipework, pumps, valves and filters, etc.

*  Oilsand lubricants from plant and machinery.

Such wastes need to be managed according to the applicable rules and regulations and disposed of
in approved facilities on-site or off-gite, if the materials cannot be recycled or re-used after

decontamination. The sale of such materials may provide some income to offset the costs of the
remediation programme as well as save the cost of disposal of these materials.

Engineered disposal facilities

Objectives and requirements

Mining and milling wastes will have been placed into various types of engineered disposa
facilities during the operation life. In the course of the decommissioning and in preparation for
closeout, these facilities will need to be checked for their suitability as long-term repositories. Aspects
and features to be considered include:

e The geotechnical stability of retaining structures, such as dams, of the impounded material
and any cappings.

e Bottom linersto prevent the escape of seepage waters.

*  Engineered drainage systemsto collect seepage.

e Cappings to prevent the infiltration of rainwater and the erosion of impounded materias by
wind and water.

Depending on the operationa state of the mine, availability of technical and financial resources,
and technical feasibility, backfilling into the mine of waste material may be the preferred option. This
may be particularly suitable for open-pit mines and has been practiced as part of the operational
scheme in Australia and in a remediation context in Germany. It has the advantage of reducing the
footprint of the affected land dramatically.

Relocation of tailings and other waste materials into facilities that meet certain environmental and

geotechnical standards may be required, but a formal risk assessment has to balance the various
radiological, non-radiological and industrial risks associated with such operation.
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I mpoundments for mill tailings

The proper impoundment of mill tailings requires particular attention owing to the properties of
these materials, as discussed earlier. Various reviews have been published, describing such
facilities[4-9], and the basic characteristics, advantages and disadvantages for each type [10] in more
detail.

On site containments may be developed if suitable locations are available and if it does not
impede the planned land-use. If available, a worked-out open-pit mine may be suitable. Rules for on-
site burial of waste materials are usually set out in local or nationa laws, codes of practice and
regulations [11]. The primary concern is that the integrity of the containment should be guaranteed for
aperiod of time that is in accordance with the national regulatory requirements, ideally without further
maintenance or intervention. For example, in Sweden, the time period is 10 000 years. Such objectives
favour below ground waste disposal and containment. However, it is important that the pit or
containment is suitable for the purpose. The same design criteria and objectives as for engineered
disposal facilities off-site apply, for instance with respect to maintaining the integrity of the
containment and radon emanation.

Following, various arrangements for tailings impoundments are discussed in brief.

Lakes

In Canada and in some parts of the former Soviet Union, uranium mill tailings have been
deposited in the past into lakes and water-filled voids. The long-term behaviour of tailings in such
locations has led to concerns about the potential for adverse impacts on the surface and groundwater
quality. However, water cover does reduce radon emanations and prevent problems of acid drainage, if
the tailings are reactive and sulfidic and remain below water in an anoxic environment.

Ring dykes and valley fill systems

Ring dyke systems are perhaps the most common form of talings storage facility. The
embankment is frequently constructed on the ground with little surface preparation. They are built as
self-containing structures, i.e. circular or rectangular, closing upon themselves. Such systems are often
not built as water retaining structures, and are built with drains to enhance the dyke stability and to
collect the seepage water. The type of deposition may be sub-aerial or sub-aqueous. The method of
emplacement is usually based on the coarse size fraction of the tailings that has been separated out by
cycloning. In the “upstream” method, extension of the tailings pond is achieved by placing the new
tailings upstream from the crest of the dyke whereas better stability may be reached by the
“downstream” method. Such above ground structures may be rather obvious in the landscape and
present an aesthetic challenge at the time of closeout or remediation.

Valley fill systems of tailings storage are often used in mountainous areas. The principal feature
isadam or embankment built across the valley. The tailings are deposited on the upstream side, either
sub-aqueously, or sub-aerially. The mgor concern with such structures relates to the risks associated
with flood flows down the valley leading to overtopping of the embankment, which in turn could
result in failure of the embankment and subsequent dispersion of the tailings.

In earlier times, tailings have sometimes been allowed to flow into unconfined and un-
consolidated waste rocks, heap etc. adjacent to or in the close vicinity of the mill. Due to fine grain
size, these sites may have been a source for dispersal of tailings by both wind and water. Such



practices are no longer acceptable and situations of this type should be managed in an appropriate
manner.

Open pits

In recent times, there is an increasing tendency to place as much of the tailings below ground
level as possible to limit the risk and environmental liability associated with storage at the surface.
Tailings have been returned to pitsin several locations usually at the time of milling (or possibly after
relocation at the end of processing). Tailings have been separated out into coarse and fine fractions
(slimes) in the past, but modern methods use whole tailings. Increasing numbers of modern tailings
disposa systems use paste or thickened-tailings technology. Tails thickeners increase the
concentration of solids and reduce the amount of water being placed into a given volume of the facility
[12,13].

There may also be additions to the tailings, such as cement or other pozzolanic materials to
improve their geotechnical strength and reduce the mobility of contaminants contained in the
materials.

The placement of tailings below ground level is regarded as a prime option, as it does offer great
security against later dispersal of the material. The nature of the pit, in particular the groundwater
conditions, both quantity of flow and quality of the water, the location of the pit, the availability of
liners and the nature of the tailings are all factors that should be taken into consideration when the
management plan is being prepared. In particular, the potential for groundwater contamination, the
design of a capping over the containment that will alow for subsidence and settling of the tailings
mass, and the determination of the acceptable elevation for the surface profile of tailings in the pit
should all be established in the design phase.

Another consideration when dealing with pits is the potential for the rock walls to generate acid
drainage if they are left exposed. The emplacement of the tailings may offer a partial solution to this
issue, especialy if the mass will become saturated with groundwater and subsequently create an
anaerobic environment, thereby reducing the potential for acid generation.

Owing to their small grain-sizes and the narrow grain-size distribution, tailings usually exhibit
low permeability for water fluxes. In any case, “the pervious surround method” for open pit disposal,
diverts groundwater flows around the impoundment and alows for improved consolidation due to
improved drainage. As the tailings are filling the open pit, a layer of coarse permeable rock is built
around the face of the open pit. This layer works as a large, continuous drain linked to a pumping
system, which allows dewatering of the tailings and consequently better consolidation of the pile.

After final remediation, the water table is allowed to recover its natural level but, particularly in
the case of “pervious surround”, the tailings remain isolated from the groundwater flow.

Underground disposal

Material of low shear strength, such as durries from water treatment or mill tailings can be
conveniently pumped underground. This has the added value of filling remaining voids in backfilled
mine workings; to provide support for further mining operations in adjacent workings, to provide
disposa space where there has been insufficient space available at the surface, and to reduce the
potential long-term environmenta liabilities associated with near surface disposal sites. However, the
bulking factor associated with the milling and crushing of rocks means that it is usually possible to
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return only 60 to 65% of the tailings to the voids from which they were mined. Paste technology can
help to maximise the amount that can be returned to the workings, provided a technique for delivering
the paste is avail able.

Another option is to create “silos’ in the barren rocks above the ore body by either, raise boring
or stoping. The tailings would then be placed in the silos, most probably as a cemented paste. The
waste rock from excavating the silos would be impounded at the surface. The basic idea behind this
scheme is to replace hazardous with less hazardous materids in the surface impoundments.
Nevertheless, the properties of the excavated materials must be checked to make sure that they are
amenable to safe disposal. Such as scheme has been followed at Jabiluka mine development project in
Australia, as it is a regulatory requirement for al uranium mines in the Alligator Rivers Region that
uranium mill tailings are to be contained below ground level at decommissioning.

Underground disposal solutions are likely to be costly in comparison to surface solutions, but in
particular circumstances they may be the economically most viable solution. If the ore body is
sufficiently high grade and the mine location is environmentally sensitive, for example, then any extra
costs associated with underground disposal may be acceptable to the operator.

I mpoundments for solid wastes

The impoundment of waste rocks from uranium mining follows established mining and
geotechnical engineering practices as for other types of mining. Apart from problems of geotechnical
stability of slopes, the two main issues associated with such impoundments of loose rock, are the
generation of acid drainage by the oxidation of pyrites and other sulfides, and the dispersa of
radionuclides and other toxic elements due to erosion by water or wind.

The geotechnical problems are solved by appropriate grading of dopes, berms, etc. The
generation of acid drainage and erosion can be combatted by covering the waste rock heaps with inert
materials. These cappings minimise infiltration of atmospheric precipitation and inflow of oxygen.
V egetation further helps to increase the cohesion of top layers and to reduce the erodability. The cover
materials should provide an adequate substrate for revegetation.

Cappings

Close-out and remediation programmes of waste impoundments, where waste materials are to
remain above ground, will require some form of capping to be constructed, as indicated above. The
most appropriate materials to be used are the excavated “ clean” and other local rocks and soils, if these
are of suitable quality. The capping will have to serve several functionsincluding:

e To contain the waste and prevent its dispersal through action of wind or water.

e To prevent intrusions by burrowing animals and human intrusion.

*  Toreduce direct gamma radiation exposure.

* Toactasaradon barrier.

* Tolimit entry of water and so to reduce leaching of, or chemical changesin, the waste.

*  To enhance settling and thus to reduce the time until a stable geotechnical and hydraulic state
within the waste pile is achieved.

* To act aserosion protection.

e To provide a growth substrate for vegetation.
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Cappings may need to be constructed in several layers to ensure that each of the above functions
can be successfully achieved. For example, there may be a requirement to provide a) a barrier layer of
rocks, b) a layer limiting infiltration and acting as radon barrier, which be usually constructed from
compacted weathered rock or clay, and c) a surface layer (“rip-rap” cover) for erosion protection.

Detailed characterisation of the different types of materials available is necessary in order to
select the most suitable one. The relevant properties may have been studied during the operation, but it
is advisable to re-sample the rocks and soils in storage in order to assert that present conditions are
comparable to those found initially. Methods and parameters to be investigated are discussed below. In
particular, the presence or absence of sulfides must be ascertained and the potential for devel opment of
acid rock drainage. The weathering characteristics of the chosen rocks are important parameters with
respect to the potential release of contaminants contained in them and with respect to erosion
resistance and long-term stability.

The materials for the capping should ideally be sourced from the site or from nearby areas. Thisis
to reduce the impacts of transport in the region, as well as ensuring that the soil properties of the final
capping will match the surrounding countryside to the greatest extent practicable. This should in turn
make successful revegetation easier to achieve, as plant communities on the revegetated site will be
able to blend more closely with the surrounding vegetation.

Characterisation of wastes and materials used for engineering purposes

Petrographical and mineralogical characterisation

Mineralogical characterisation of the ore is undertaken during the exploration phase, forming the
basis for determining the amount of resources and the optimum ore recovery technology [14]. It is
worthwhile to characterise impounded rocks and tailings alterated by the leaching procedure [12,15] in
order to assess its effect and the effect storage might have had, together with their remaining
radiological and toxicological inventory. Of particular interest are:

*  Any neoformed clay and other minerals.

 The minerdogica association and leachability of the potential pollutants (residual radio-
nuclides, heavy metals etc., and the acid generating potential).

»  Thedistribution of the different potential pollutants within the storage/disposal pile.
e Quality of the pore water in contact within the impounded materials.

»  Possible evolution of material since first disposal.
Studies undertaken on French mill tailings from acid leaching concluded that:

e Porewater isin equilibrium with the minerals.

e Radium and uranium content is low and corresponds to the quality of the seepage water
draining out of thetailings pile.

e Lessthan 1% of radium was leachable due to fixation on newly formed clay minerals. No
radium migration has been observed in the overlaying granite and natural evolution leads to
an even better chemical containment [16-19].
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However, studiesin other countries sometimes came to less favourable conclusions.

Assessment of the source term for pollutants would include a radiological assessment of the
materia s with gamma and radon monitoring on site and in the vicinity.

Geotechnical characterisation

Impounded waste materials and materials used to construct retaining structures and cappings need
to be subject to geomechanical testing in order to ascertain their geotechnical stability and suitability
for the purposes. Standard geotechnical laboratory and field methods are applied to samples from
existing structures and from materials proposed for new structures. Extended tests, such as lysimeter
experiments might be necessary. The purposeisin particular to:

»  Ascertain the stability of the dykes confining impoundments, rockwalls of open pits, berms
and dopes of landscaped impoundments.

e Derivedatafor modelling water and soil gas (including radon) balances in the impoundments.

» Derive data for predicting the settling of impounded materials and to make adjustments to
the thickness of the cappings in accordance with the planned final contour.

The main parameters to be determined are typicaly:

e  Grain size distributions and other characteristics that will alow classification of the materia
according to the (national) geotechnical systems.

»  Proctor indices and the compaction characteristics.

e Shear strength, shear angle and compressive strength (confined and unconfined tri-axial tests
with or without drainage).

*  Cohesionindices (from e.g. Atterberg tests)
*  Oedometric test and settling characteristic.

e Permeability, hydraulic conductivity and water content.
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5. REMEDIATION OF WASTE MANAGEMENT FACILITIES

Objectives and strategies

Waste rock and tailings impoundments and sites of former mines and mills not in compliance
with applicable criteria and standards may need remediation. The objective of remediation is to
remove any potentially harmful effects on the environment and human heath and to render
impoundments stable over prolonged periods of time. The methods and objectives for remediation are
similar to those followed in ordinary closeout of such facilities. In addition to the mineralogical,
geochemical and geotechnical characterisation as discussed earlier, additional information must be
gathered in order to development the final plan for remediation and close-out:

e Agreedfina land use.

e Physical characteristics: tonnage and area of the rock piles and maximum area which can be
used for final disposal site, maximum height for contouring, maximum permitted slope
angles, erosion characteristics for proposed combinations of waste rock and slope, and
possible limitations on use of erosion control structures of fina cappings.

e Availability, quantity and quality of soil for use in revegetation, availability of suitable seeds
and/or plant stocks for use in revegetation.

»  Experience with revegetation of similar rock typesin the region.

Methods for remediating selected problems are discussed in more detail below.

Remediation of tailingsimpoundments

Two types of systems are being used for the final close-out of tailings impoundments, one
involves a dry cover, while the other, relies on a permanent water cover mainly to prevent radon
emanation.

Dry cover

Removal of the free water and stabilisation of surface

Tailings usually are disposed as durry and water expelled during consolidation will collect on the
surface of the impoundment. To implement a dry cover, supernatant water is pumped off to be
discharged after treatment. The surface of the impoundment may have to be stabilised first to alow
construction of the cover. The cover is applied progressively, following the (natural) drainage, and the
surface drying process and the resulting surface stability.
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To improve the drainage of the tailings mass, the natural process may be enhanced by insertion of
vertical wick drains. Thiswill lead to more rapid settling, thus reducing the time taken for the mass to
reach the target density. It will aso reduce the risks associated with the period of relative geotechnical
instability of the mass. By using wicks, a lower final water content may be achieved than can be
reached by natural drainage, especialy if the tailings are impounded in a pit.

Another way to enhance dewatering of the tailingsis by distributing a thin layer of cover materia
increasing the surface stability using alayer of (synthetic) geotextile and an iron netting. This applies a
small load on the tailings, thus enhancing the expelling of waters to the surface. The geotextile in
combination with the netting prevents the occurrence of cracks.

The close-out of valley fill systems proceeds similar in that the tailings mass may require forced
consolidation before it can be safely handed over to the surveillance and monitoring phase. The
structural integrity of embankments itself is of vital importance, and strengthening of the dykes may
be required to meet long-term containment standards. The foundation conditions for the location
should be re-examined to ensure that they are suitable for a perpetual storage facility. For aring dykes,
the general conditions would apply.

In the case of tailings having been allowed to spread without any confinement, relocation of the
tailings to a properly engineered site should be undertaken, if no confinement can be constructed in
situ. Relocation may be by lorry, conveyors, or in a pipeline as surry, depending on the distance to be
covered, the quantity, chemica nature of the tailings and their physical state, particularly the water
content.

Recontouring and landscaping of above ground tailings facilities

Recontouring of above ground tailings facilities has the double objective of improvement of
long-term stability and landscape integration. This can be achieved by relocating material from inside
the impoundment, mainly to reduce sopes, or to reinforce the toe of dykes.

Emplacing the cover over the tailings mass will increase their settling, and must be adequately
predicted to make suitable alowances in the contouring and the cover thickness. Differential settling
can result in depressions on the tailings pile, encouraging in accumulation of surface water and, hence,
increased infiltration rates, or result in unsuitable slope angles that enhance erosion rates.

Capping

The construction of a suitable capping, including erosion protection to the top and sides of the
structure, may then proceed. The tailings containment should be designed to last far into the future.
Some nationa regulatory requirements fix a minimum period for the structure to function that may
vary from 200 to 1 000 years. In projecting the expected lifetime, consideration must be given to the
containment of any weathering products and all radionuclides, protection of surface and groundwater
resources, and the prevention of pollution spreading from the site in form of aerosols or suspensions.

The capping should be constructed of materials that will not become a source of any additional

pollution themselves, either by erosion or in the form of weathering products generated. The capping
materials must also be compatible with the agreed final land use.
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Water management issues and sludge disposal

Water management issues include all the considerations regarding the accumulation and drainage
of the different types of water and how they should be treated:

e Surface water coming from outside the impoundment should be diverted to limit drainage
water volumes requiring treatment.

e Surface run-off originating in atmospheric precipitation on the site may only need to be
controlled for suspended matter (sediment control). This will be important in the initia
period immediately after the construction of cappings has been completed. Later, it may be
possible that such waters can be discharged without any further treatment.

*  Usualy water draining from underground (mine) workings or waters seeping out from the
impoundment have to be treated for extended periods of time.

Revegetation — Maintenance

Revegetation is an important part of the covering process that improves landscape integration,
improves resistance to erosion and limits net infiltration by enhancing evapotranspiration.

Revegetation can be allowed to develop naturally, or may be established by classica agricultura
or forestry methods. An effective way is “hydroseeding”, i.e., spreading a suspension of seeds in
nutrient solutions with added organic gels etc., achieving even good results on areas with little or no
topsoil. Work in some locations, particularly the humid tropics, has found that a final surface capping
of clean waste rock is a suitable growth medium for plants. This can be important, if soil supplies for
rehabilitation work are either insufficient or even totally unavailable

Apart from stimulants for vegetation growth, special treatment with lime may be necessary in
case of acid generating topsoils.

In the case that trees are allowed to grow, surface rooted species are preferred. There may be a
risk that deeper rooting species will threaten the integrity of multi-layered capping systems by
allowing air and water exchange with the surface.

Although passive controls are preferred, some maintenance should be planned in order to cope
with surface disturbance (local erosion, settling, etc.) that may occur during the first few years. The
periodic monitoring extends to surveying the integrity of the surface cover and interventions to repair
the vegetation cover or the topsoil cover may be undertaken as needed.

Water cover

Given suitable topographical and climatological conditions, a permanent water cover over tailings
can be established [1-3]. Similar to dry covers the objectives are to:

e Stop wind erosion of the dry beaches and to reduce radon emanation.
e Provide abarrier to intrusion.

* Prevent acid formation in case of acid generating potential in the tailings. The permanent
water cover prevents access of atmospheric oxygen and may foster the development of
anaerobic conditions in the tailings, which also reduces the mobility of many contaminants
of concern.
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Two main types of disposal facilities may be considered for the water cover option:

 In case of above ground impoundments, tailings are usually transported as a durry and
allowed to settle at the point of discharge, with the coarse part of the tailings forming a beach
and the slimes settling slowly in the centre of the decantation pond.

* In case of below grade disposal in open pits, tailings may have been transported as a
thickened paste and disposed of using the pervious surround method.

A number of prerequistes and design criteria have to be fulfilled:

e Assurance that the water cover will be maintained in the future; i.e., that a natural positive
water balance between drainage (seepage) and recharge by atmospheric precipitation or
surface runoff and groundwater infiltration from the surrounding catchment area is
maintained. This applies to both, open pit and above ground disposal facilities. Hence, in
most cases, this option is restricted to temperate or humid climates.

e Geotechnical stability of the dykes and other retaining structures and design of the drainage
system to cope with possible flooding. Of particular concern is the loss of stability of dams
and dykes due to scouring erosion in case of overflow during storm events.

«  Theimpounded tailings have to be levelled (e.g. by dredging) to prevent parts of the material
becoming exposed in case of variation of the water level.

e A subagueous cover of the tailings with inert material may be necessary to reduce diffusive
exchange with the supernatant water.

» Drainage and seepage waters from the impoundment may need to be managed over some
time, involving water quality checks and intervention with treatment, if necessary.

e Above ground impoundments with water covers are likely to require more monitoring and
mai ntenance to ensure their functioning, than similar pit disposal sites.

In the past, tailings have been disposed of into natural lakes, and it will rarely be possible to
relocate tailings efficiently or economicaly. Remediation work in these cases should concentrate on
ensuring that the tailings will remain contained. This may require the addition of a capping of layers of
sand and rock or similar materials. Water quality monitoring programmes should a so be put in place.

Tailings stored underground

Where tailings have been placed below ground during operations, or at the time of
decommissioning, there is likely to be little further scope and need for remediation. The placement of
tailings below- or underground is likely to provide the best long-term management solution from the
point of view of both, reducing potentia legal liability, as well as providing the greatest long-term
environmental safety. However, the possibility of leaching and suffusion by permeating groundwater
has to be considered. Possible options for prevention and remediation include the sealing of open mine
workings and the creation of underground barriers by injecting grouts etc.

Remediation of waste rock piles
Waste rock arising from mining operations is usualy placed above ground and the dumps are

eventually reshaped according to afinal contour that is designed to improve geotechnical stability and
to limit surface erosion of this artificial landform. The potential for adverse environmental impact
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from the weathering of the excavated and stockpiled rock, for example, the tendency to develop acid
rock drainage etc., will need to be assessed thoroughly before afinal development plan is adopted. An
engineered capping may be required to reduce erosion rates and to provide a substrate for subsequent
revegetation.

Remediation of stockpiled sub economic materials

Asisthe case for other mineralised materias, the potential for adverse environmental impacts and
health risk from such stockpiles has to be assessed. In addition to the geotechnical and geochemical
data required for non-mineralised materials the following should be assessed:

«  Gammaradiation levels from the rocks.

. Radon emanation rates.

There must be agreement with the regulatory authorities on the standards that are to be applied for
the containment of such materials. For instance target gamma dose rate in relation to the critical group
at the remediated site, target radon emanation rate, minimum covers of “clean material” to be installed
over the radioactive materials may be specified. If the materials are to be relocated, a specific order for
placing them into the containment (e.g. most radioactive material lowest, etc.) may significantly
reduce the risk of mobilisation of contaminants and ensuing adverse environmental impacts.

Remediation of heap leaching waste

Heap leaching waste may form piles, which have to be reshaped for proper integration into the
landscape and to meet the geotechnical and erosion stability requirement mentioned before.

It may be advantageous to preserve drainage systems to enhance heap and contour stahility and
collect seepage water. However, capping will reduce further leaching by reducing water infiltration
rates, prevent the dispersion of radioactive materiad due to water and wind erosion, reduce radon
emanation and prevent exposure from direct gamma emissions. A monitoring programme may need to
be initiated to check surface run-off and seepage water quality and, if necessary, contaminated waters
may need to be treated.

In particular cases, relocation may be appropriate. Heap leaching waste may be used as first cover
for mill tailings, if they have suitable radiological properties and do not contain residua acid
generating material. In the case of Ecarpiére in France [4] this has allowed the reduction of areas that
need to be monitored and subject to use restrictions.

Sundry and oper ational wastes
Storage and disposal sites for sundry and operational waste as discussed previously may require
remediation following established procedures for conventionally contaminated sites. Depending on the

nature of the contaminants, the wastes may be conditioned and disposed of at designated locations on
site, or may need to be sent to licensed (hazardous) waste disposal sites.
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6. WATER REMEDIATION

Scoping of the problem

Water is one of the principal pathways by which contamination may be dispersed into the
environment from uranium mining and milling operations. Mining, be it open-pit or underground
mining, almost always requires, owing to the presence of groundwater, the dewatering of the zone to
be mined. A variety of processes may render these waters contaminated.

Contaminated water may also occur as a consequence of surface water runoff from, and seepage
through, waste rock piles and ore stockpiles, and is expelled from tailings during their settling process.
The radioactivity of this water is generally derived from uranium, thorium, radium and lead, either
dissolved or attached to suspended particles. Where pyrite and other sulfidic minerals are present, acid
may be generated during their oxidation. Acid generation, also known as acid mine drainage (AMD)
or acid rock drainage (ARD), isaconcern in all types of mining. The acid dissolves and increases the
mobility of heavy metals and metalloids such as manganese, iron, nickel, zinc, cadmium, arsenic, or
selenium. It also mabilises the radionuclides present in uranium ores. AMD requires neutralisation
before it can be discharged into the environment. Explosives residues and degradation products may
also add nitrites, nitrates, ammonia and a variety of organics to the mine waters. The high sulfate
concentrations and the acid itself may preclude the release of untreated mine drainage waters.

Mill sites in dry areas may produce little or no liquid effluents due to extensive recycling of
process waters. Runoff water from mill sites in wet climates may contain radionuclides and may
reguire treatment before release into watercourses. Typicaly, contaminated water from uranium mills
is discharged into the tailings management facilities. Water contaminated during mining and milling
operations, which cannot be reused, is treated as waste. The composition of this wastewater is
determined by the process technology and the ore grade. Water treatment has to reduce the
concentration of contaminants to levels that are in compliance with the discharge regulations in the
respective country. Additionally, monitoring of the released water is required to ensure that all
constituents are within regulatory limits.

The environmental remediation of any uranium production facility should include treatment of all
associated wastewater and the remediation of contaminated groundwater and surface water, including
the respective bottom sediments.

Any remediation programme would begin with a site characterisation and establishing (perhaps
retrospectively) the baseline conditions as has been detailed above. Characterisation activities may
need to go well beyond the actual site in order to capture the migration of contaminants or the
potential for it.

Quality objectives for aquifers and the surface water courses will be set according to land-use
plans, both in the short- and the long-term, and national regulatory requirements.
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This overall water quality assessment will allow a determination of the degree of treatment and
remediation needed.

Treatment technologies are selected according to the nature of the contaminants, their
concentration in the untreated wastewater and their maximum alowable concentration in the final
effluent. A general objective of mine effluent treatment is the production of an acceptable water
quality of the discharge with low volumes of residues.

Conventional contaminantsin water affected by uranium mining and milling

Biological leaching of uranium occurs naturally, as rainwater and runoff circul ates across the rock
surfaces of open pits and underground uranium mines. The bio-geochemical processes are interlinked
and involve the following major reactions:

Bacterial oxidation of pyrite
2FeS, + H,0+7%0, O MPPIPerei®:  Fe,(S0,),+H,S0,

Chemical oxidation of pyrite by ferric sulfate
FeS, +7Fe,(S0O,),;+8H, 0 15FeSO, +8H,S0,
Chemical oxidation and solubilisation of uranium by ferric sulfate

UO, +Fe,(S0,), M- UO,S0, +2FeS0,

Bacterial reoxidation of ferrous sulfate

4Fe0, +2H,S0, +0O, O RN TPTEE  2Fe,(S0,),+2H,0

Other microorganisms found in such waters and involved in relevant redox and acid-base
reactions are Thiobacillus thiooxidans and Thiobacillus acidophilus.

Asafunction of the various uranium ore treatment processes, different chemical components may
be discharged to the environment as liquid effluents:

Bicarbonates Due to addition of lime in the neutralisation process.

Sulfates From the oxidation of pyrite and other sulfides waste rock, heap
leaching residues and tailings.

Chlorides Stripping agent in solvent extraction processes and from back-
washing of ionic exchange resins.

Nitrates Residues of explosives used for rock blasting.
Fertilisers used in revegetation.
(Biochemical) oxidation of nitrites or ammonia (see below).

Nitrites and Ammonium Degradation of organic pollutants and eutrophication of stagnant
waters (nitrites, however, are readily oxidised).

Cacium Residue from lime addition.
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e«  Sodium

. Iron

+  Manganese

Solvent extraction or ion exchange processes as stripping agent
(NaCl).

Particularly from the oxidation of pyrite (FeS;) and other ferrous
sulfides, dissolution of siderite by AMD and weathering of
various minerals in waste materials.

Naturally from various weathering processes, but it is also, added
as oxidant in some leaching processes.

Regulatory requirementsfor groundwater remediation and surface water dischargein different

countrieswith uranium mining

Treatment of contaminated mine and mill effluents is usually mandatory. National laws and
regulations set effluent release criteria. The maximum permissible concentration limits for individual
contaminants, however, differ from country to country. Examples of effluent concentration limits in

selected countries are listed in the table below.

Some countries have defined specific radionuclide concentration or activity limits for surface
water discharge from uranium mining and milling facilities and for groundwater remediation. Often,
however, drinking water quality standards are applied to discharged mine water as maximum
allowable release limits[1].

Table6.1. Examplesof national effluent concentration limits

Regulated Contaminants

Ua | ®Ra| Pb | Zn | Cu | Ni As SO cl pH

Country
mg!? | Bgl? | mgl? | mgl?| mgl? | mgd™? | mgl? | mgl? mg-l™*

Czech Rep. 0.1 0.3 0.1 0.2 0.1 | 015 0.1 300 350 6-9
France 1.8 0.37 0.1 2000 6.5-9
Germany 0.2-0.5|0.2-04 0.1-0.3|/2500-7500{1 000-1500| 6.5-85
Spain 0.2 3 0.2 2 0.5 2000 2000 5.5-95
USA 0.18 |0015| 5 1.0 0.05 250 250 6.5-8.5

The following factors need to be taken into account in deriving permissible effluent concentration

limits:

*  Nature of the effluent to be treated
Acid mine water.
Runoff from ore stockpiles, mill area and waste rock stockpiles.
Effluents from tailings ponds.

e Concentration of contaminantsin the final effluent

o  Effluent flow rate and dilution factor
Maximum allowable concentration of constituent of interest in the watercourse.

Radionuclides (natural uranium, “°Ra and *°Th).
Annually discharged activity.

Background concentration of receiving watercourse.
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— Evaluation of seasonal changes in radionuclide concentration produced by leaching of
naturally exposed ore bodies and mineralised zones.

e Water quality standards set for release
— As a reference, international recommendations, national guidelines and specific
regulations should be followed.

e Dosesto population
— Based onlimitsfor the general population or critical groups as stipulated in national and
international regulation atarget dose will need to be set for planning purposes.

General approach to uranium mine effluent treatment

Technical criteria

The design criteria for water treatment plants are dictated, in the first place, by the nature of the
effluent to be treated, i.e. the type and concentration of the contaminants, and by the accruing flow
rates in relation to the target quality objectives. However, in addition to these basic requirements,
cost/benefit considerations regarding factors, such as the background concentration of the surface
water into which the effluent will be discharged, official water quality classification of the receiving
surface water, and volume reduction of residues have to be taken into account.

Many treatment technologies are capable of achieving concentrations that are well below the
natural background level of the receiving surface water bodies, and it may not be necessary to
prescribe effluent release concentration limits. Depending on the water quality classification of the
receiving water, concentration limits of contaminants such as sulfates, chlorides, iron, calcium and
magnesium may be established within certain limits. However, the accumulation of contaminants,
such as heavy metals and radionuclides, in bottom sediments may need to be taken into account.

The technical concept for a specific water treatment process takes into account the consideration
that volumes and concentration levels of contaminated effluents are changing with time during
decommissioning and remediation This evolution may require different technologies and differently
sized plants for the various stages of the decommissioning and remediation process.

Treatment of large volumes of contaminated water (>50 m2 h") is currently (and likely for some
time in the future) based on conventional chemical processes. For smaller volumes of contaminated
water, e.g. seepage from a covered waste rock pile, low-tech and low-maintenance, self-regulating
processes that run with a minimum of human supervision and involvement would be ided.
Technologies such as biological treatment in wetlands, or passive trestment, through reactive barriers,
may have some promise for the future.

Residue management and disposal

In developing a conceptual plan for uranium mine and mill effluent treatment, the aspect of
handling and disposal of sludges and other residues is of importance. Treatment processes are
designed to concentrate and isolate radioactive and chemical contaminants. For safe disposal, the
contaminants may need to be further immobilised. The residues and sludges from the treatment need
to be disposed of in an appropriate waste disposal facility licensed to accept such material.

Provided the license conditions for the site alow it, this can be in the on-site tailings
impoundment or in an engineered low-leved radioactive waste disposal cell. Alternatively it may be
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necessary to transport the material to an appropriate facility located away from the site. Typicaly,
more stringent clean-up requirements mean that higher volumes of residues will be generated and,
therefore, more capacity for safe storage is required. Both the immobilisation of residues and the
construction and licensing of suitable disposal cells are expensive. It is therefore important, to choose
atechnology that allows minimising the volumes of residues while meeting the required standards of
clean up. Cost-benefit analyses help to find an optimum solution that satisfies both the demand for as-
low-as-reasonably possible contamination levelsin the effluent and the cost of residue disposal.

Provided license conditions alow this, an on site disposal area integrated into the tailings
management facility can be constructed with spare materia from building the final capping. If
sufficiently isolated, underground disposal in a dedicated section of underground workings may be
considered.

Water treatment techniques

Water treatment technologies make use of different chemical, physical and biologica processes
for contaminant removal. The method of choice depends on the chemistry of the water to be treated,
its volume, the prescribed effluent concentrations, the requirements on the residues to be disposed of,
and the overall cost of the process.

The remainder of this chapter summarises the most common, as well as some of the more
unconventional, methods used in uranium mine closure and remediation.

Precipitation methods

The most widely used methods in uranium mine and mill water effluent treatment are
precipitation methods. They have been in use since industrial uranium ore processing began in the late
1940s. Precipitation methods are quite efficient as they use small amounts of chemicals and are low-
cost. Their disadvantage is the large volume of residues produced.

It should be noted that from a physico-chemica point of view a distinction between precipitation,
co-precipitation and adsorption is often difficult. All three processes may be responsible together — to
avarying degree —for the removal of ions from solution at any onetime.

Lime treatment

Lime treatment is the method of choice for treating acidic waters from uranium processing plants
that rely on sulfuric acid leaching for uranium extraction from the ore. It is used for the treatment of
acid mine drainage, as well as for treating supernatant and seepage water from acid uranium mill
tailings and other disposal facilities.

In the lime treatment process, a 15% to 20% milk of lime (calcium hydroxide) slurry is added to
the acid effluent. Normally, enough milk of lime is added to raise the pH to 10. For agitation and to
oxidise ferrous iron, trivalent manganese and arsenic, air is blown into the precipitation tanks. In the
process, in addition to gypsum, most metals are co-precipitated as either sulfates or hydroxides.
Uranium is precipitated as calcium diuranate. Solid/liquid separation is carried out in thickeners.
Residual metal concentrations in the thickener overflow are low enough to meet the effluent release
regulations in most countries. Before final release, the effluent pH should be adjusted to a value of
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between 6 and 8. Addition of dilute sulfuric or hydrochloric acid may be needed for this. The
thickener underflow, which contains the metal precipitates, is stored in adisposal cell.

Because of its non-selective nature, the lime treatment process is also called a bulk neutralisation
process. Bulk neutralisation tends to generate voluminous precipitation products, which are difficult to
dewater. Conventional bulk neutralisation processes with single-stage lime addition and no recycling
of solids, normally produce underflow densities of not much higher than 2% solids. This low density
may be acceptable in an uranium production plant that operates aso a tailing pond, where further
solid/liquid separation can take place over time, and from where liquids can be recycled to the plant
and used as process water. However, after decommissioning of a mill, the tailing pond may no longer
be available and the residues have to be conditioned so as to take up as little space as possible.
Minimising the time to completion of the operation may be further constraint. Therefore, forced
dewatering may be mandatory. This can be achieved by running the low-density thickener underflow
over drum or disk filters, or through centrifuges, but both the capital and operating costs for either
process are high. For this reason, the thickener underflow density should be maximised to the greatest
extent possible. A careful cost-benefit analysis will further help to offset the various congtraints
against each other.

To increase thickener underflow densities, the characteristics of the precipitation product should
be optimised. Experience has shown that multi-stage lime addition and solids recycling hold the key
for improving the solids characteristics, which subsequently leads to better thickener performance. In
the so-called High-Density Sludge (HDS) process, up to 90% of the thickener underflow is recycled to
a conditioning tank at the head end of the bulk neutralisation stage [2]. There, it is mixed with fresh
contaminated water and milk of lime is added to raise pH to approximately 4.0. After passing the
conditioning tank, the durry runs by gravity through a series of air agitated tanks, where more milk of
lime is added to raise the pH further. Normally, the pH is raised to 10; if magnesium has to be
removed, further lime addition to obtain a pH of 11.5 will precipitate magnesium hydroxide. A
properly selected thickener will aid in the process of producing high underflow densities. The HDS
process is capable of producing underflow densities up to 15% solids. The flow sheet of the HDS
process is shown below [3]. Such precipitation is also possible with sodium hydroxide, but it produces
larger volumes of sludge.

Figure6.1. Flow sheet of the HDS process
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Ferric chloride treatment

Although most of any arsenic present is precipitated as calcium arsenate during bulk
neutralisation, the residual concentration of dissolved arsenic normally remains above accepted release
limits. To bring arsenic down to the required concentration, ferric chloride solution is added to the
slurry during bulk neutralisation. Ferric chloride (FeCls) acts in two ways to remove arsenic: Firstly,
the iron combines with arsenate (AsO,”) to form a ferric arsenate (FeAsO,) precipitate, which has a
very low solubility. For this reaction to occur, arsenic has to be pentavalent and pH hasto be < 7. In
the second mechanism, arsenic species are removed from solution by co-precipitation on ferric iron
hydrolysis products that form voluminous precipitates. Ferric hydroxides have a large reactive surface
area and are capable of adsorbing a variety of ionic species, including arsenic, heavy metals and
radionuclides. Ferric chloride treatment is capabl e of reliably reducing the arsenic concentration to less
than 0.1 mg:l™.

Barium chloride treatment

Barium chloride treatment is widely used in the uranium industry to remove radium, both at
operating mines and for treating contaminated water from decommissioned sites. Radium
concentrations of < 0.3 Bg-l™, as required for mine or mill effluents in most countries, can easily be
achieved.

If contaminated waters contain sulfate ions, asit is the case for amost all effluents that originate
from acid leach processes or for acid mine drainage, radium removal is easily achieved by adding
barium chloride. Barium sulfate has a low solubility and readily precipates, co-precipitating Ra at the
same time as (Ba,Ra)SO,. The precipitation reaction performs best at a pH values between 6 and 8.
The addition of only 30 to 60 milligrammes of BaCl, per litre is required to achieve a 95 to 99%
radium removal. The barium/radium sulfate precipitate is crystalline, however, given the short process
times, only very small crystals can grow, which settle slowly. They are difficult to retain by filtration.
It is, therefore, common practice to co-precipitate radium with other more abundant species, e.g.
during bulk neutralisation, or together with the precipitation of arsenic by ferric chloride.

lon exchange

lon exchange is a well-known water treatment technology. It involves organic or inorganic solids
that have chemically reactive site or functional groups, which carry either negative or positive ionic
charges when dissociated. Appropriately, ion exchange resins are distinguished into exchangers for
cations (when negatively charged) or anions (when positively charged). Attached to the reactive
groups are displacable ions of the opposite charge (counterions), i.e. the exchangers are “loaded” .

lon exchange is a reversible reaction, by which the counterions on the resin are exchanged for
dissolved ions of the same electric charge sign. An example for cation exchange is the familiar water
softening reaction:

Ca.+R-Na.® R-Caw.*2Na.*
The exchange reaction is driven by the relative concentration (activity) of the competing ions,

their eectric charge, and their relative affinity for the exchange site in questions. The affinity is inter
alia afunction of theionic radius and the chemical nature of the reactive group of the resin.

When the resins are “ spent”, i.e. are loaded with the ions to be removed from solution, these ions
can be recovered by “regenerating” the resins through backwashing them e.g. with strong acids. The
counterion in this case isthe H* ion, which typically has the strongest affinity for the exchange places.
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Most industrially used ion exchangers are based on synthetic resins, but also inorganic substrates,
such as zeolites are being used. Detailed technical information is available from commercial suppliers
of ion exchangers.

lon exchange technology is rather expensive. Its application is, therefore, limited to specia cases
requiring either high efficiency or the separation of one or more specific contaminants. Especialy, if
the separated contaminant is intended for further use or for separate storage, ion exchange resins are
well suited.

lon exchange is, or was, commonly used for removing uranium from tailings pond effluents in
former eastern bloc countries. lon exchange for uranium removal, for instance, is applied in the
WISMUT-operated water treatment plant at Helmsdorf in Germany [3]. It is dso used in Lodeve
(France) to treat water from an abandoned uranium mill tailings pond, in preparation for its final
remediation, and in Portugal to treat mine effluents.

lon adsorption

lon adsorption, from a physico-chemica point of view, is similar to ion exchange, except that no
regeneration is envisaged. Dissolved contaminants are scavenged by the reactive surface of a suitable
adsorber. For instance, an uranium-specific high molecular polymer (molecular weight >200 000)
called GOPUR 3000 [4] has been developed in Germany for the removal of uranium from effluents. It
is added as a dilute, acidic solution (normally 2%) to the contaminated water. At pH values between 4
and 11, the polymer is insoluble in water and precipitates forming voluminous flocs. Their reactive
surfaces are capabl e of adsorbing, or actually complexing, the uranyl ion. The loaded flocculant can be
removed from the water by conventional solid/liquid separation techniques.

If the uranium or other contaminants do not have to be extracted for further use, the ion
adsorption technology offers significant operational and cost advantages over the ion exchange
technology. Since the uranium in the loaded polymer can be separated by conventional liquid/solid
separation techniques, this water treatment can be operated as a continuous process. lon exchange
columns require periodic stripping, regeneration and washing. This adds to the capital, operating and
management Costs.

Preventive Strategies

The objective of preventive strategies is to avoid generation of acid effluents from
(decommissioned) mines and waste management facilities and to reduce the source term for
contaminants. The planning of mine closure and closeout of waste management facilities should give
priority to preventive strategies whenever possible. The preventive strategies have one or more of the
following objectives to reduce the generation of acid and the source term for contaminants:

e Tolimit the oxygen supply.
e Tolimit water infiltration.

«  Tolimit water circulation.

While these objectives are the same for underground and open pit mines, waste rock piles and
tailings ponds, the actual technical measures may differ.
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Underground facilities

The preventive strategies applicable to underground mines consist of three elements:

Active management of the quality of the water in the different parts of the mine by avoiding
the mixing of good and poor quality water.

Flooding of open mine workings may be unavoidable once the drainage systems have been
decommissioned. It has the advantage of preventing access of atmospheric oxygen. Sulfide
oxidation reactions will stop once the oxygen dissolved in the water has been consumed. The
flooding may either progress naturally or may be augmented by (neutralised) process waters.

The objective of flooding can only be reached by limiting groundwater circulation in the
open mine workings through permeability reduction and/or hydraulic isolation of the mine.
This intentionaly limits the supply of oxygen by limiting the quantity of water flowing
through the mine and avoids changes in the water table, which would draw air into the mine.

Certain technical measures may be required, including:

Sealing of shafts, boreholes and other access facilities.
Sealing of fracture and fissure zones.

Damming up of individua parts of the mineto prevent circulation.

The development of a geochemical environment that limits contaminant migration can be
encouraged by chemically active backfills, as has been experimented with at the Koénigstein mine in
Saxony, or by reactive barriers upstream.

Surface impoundments of waste materialsincluding tailings

Preventive strategies commonly applied to surface impoundments are for instance:

Surface water diversion by channels.
Limiting infiltration of atmospheric precipitation by capping.

Selective placement of waste materials to foster e.g. neutralising reactions, or to limit access
by infiltrating waters.

Reactive inter-layers, e.g. crushed limestone, to control pH.

Encouraging the development of anoxic conditions by addition of bacteria growth media,
such as manure or wood chips.

Open pits

The most common preventive techniques for open pits are:

Clay sealsto prevent infiltration into underlying strata.
Liming to lift up pH values.
Sealing of boreholesto prevent infiltration into underlying strata.

Backfilling to avoid accumulation of surface runoff.
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Groundwater treatment following | SL operations

In situ leach (ISL) or solution mining is the process of extracting uranium by injecting reagent
solutions through wells into a water-saturated ore body and recovering the pregnant solutions through
other wells after they have passed through the host formation and dissolved the uranium ore. The
uranium bearing solution is then pumped to a surface facility, where the uranium is recovered from the
solution, e.g. by ion exchange.

As with other mining activities the planning and operation of ISL uranium mining is highly
dependent on the specific site conditions of each uranium deposit. The main technical factors to be
considered are the ore characteristics, the host aquifer’s mineralogical and hydrogeological properties
and water quality. Current aquifer uses, such as drinking water extraction, and any administrative
restrictions, such as groundwater protection zones, have to be taken into account.

Two different leaching systems are used for ISL mining: acid and alkaline. Acid systemstypically
use sulfuric acid, but a mixture of nitric and sulfuric that was available as waste product was used for
some time in the former East Germany. In addition to solubilise meta ions, sulfuric acid acts as an
oxidant. Sulfuric acid systems vary from the highly concentrated acid used at Straz, Czech Republic,
to the very low concentrations now being used in some projects in Uzbekistan. Alkaline systems rely
mainly on atmospheric oxygen as an oxidant and carbonate as a complexing agent.

Until recently, acid systems were used only in the Commonwealth of Independent States (CIS),
central and Eastern Europe. At the end of the 1990s acid leaching was tested and is now being used in
Australia

In the USA, only dkaine systems are used for environmental reasons and because of the
carbonate content of the host rocks.

The regulatory regimes and groundwater restoration requirements are different in each of the
countries. For the Australian sites, a strategy has been adopted which requires control and monitoring
of groundwater. ISL is only employed in aquifers with a very high initial salt content — making them
unsuitable for drinking water extraction and where it has been demonstrated that water contaminated
by the leaching process can by hydraulically isolated from other parts of the aquifers. This use has
been authorised following a stringent environmental impact assessment process. The sites are also
located in remote areas with no permanent population. In the USA, groundwater quality must be
restored to pre-mining conditions. This is accomplished through a strategy based on pump-and-treat
technology, complemented with other methodologies. At the densely populated 1SL mine locations
near Straz, Czech Republic, and Konigstein, Germany, where acid in situ block leaching was
performed, the residual acidic solutions are pumped to the surface for treatment and discharge or
reinfiltration.

Most of the ISL mine sites in the countries of central Asia are located in remote, un-populated
areas. Many of the mines were developed in aquifers with low water quality due to high salt contents.
For most of these mine sites, natural attenuation is relied upon to control residual |SL solutions.

Several of these restoration strategies and techniques are described in following case studies in
more detail. In addition, the IAEA has addressed the issue in a dedicated report. [5].
Case studies

The following case studies describe methods for treating contaminated water from uranium
mines, tailings impoundments and other waste management facilities.
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Australia
Removal of radionuclides and other dissolved speciesin a natural wetland system

The Ranger Uranium Mine is located in the tropical region of northern Australia. The mining and
milling operations produce varying qualities and quantities of wastewater, some of which have to be
treated before discharge into the environment. The mine water management system incorporates
various water retention ponds, which collect the wet season rainfall run-off from rock piles within the
project area. In order to treat these waters, Energy Resources of Australia (ERA) has constructed and
maintains a wetland filter in the catchment of Retention Pond 1 (RP1) at the mine site. Its
effectiveness in removing radionuclides was investigated during two periods, 1989/1990 (with
wastewater from the former Retention Pond 4-clean waste stockpile runoff) and 1995/1996 (with
wastewater from Retention Pond 2-ore stockpile and mill area runoff).

The objectives were to: develop a “natural” technique able to achieve a water quality that could
be safely discharged into the environment; determine the controlling factors on the beneficial effects
of the filter; and investigate and relate to performance criteria the chemica properties of the sediments
formed during the wetland filter process. Treated waters were irrigated on undisturbed bushland within
the mining lease boundary. Direct release of waters to the creek system was not acceptable to al the
stakeholders, and was therefore not permitted.

Table 6.2. Approximate wet season concentrations of selected solutesin Retention Pond 4
of Ranger Uranium Mine and in regional backgroundwater from Magela Creek

_ SOy Cl Ca Mg I Br
L ocation (mg.™h) (mg.I™) (mg.l?) (mg.I™) (g™ (g™
RP4 260 10 6 80 170 380
Magela Creek 0.5 2.6 04 0.7 3 20

i Re Mn U *’Ra
ocation ol | (el | ey | @Bar) PH
RP4 50 120 140 0.3 75
Magela Creek <0.1 2 0.1 0.006 6.0

Design and performance of the treatment facility

The natural wetland filter consists of an overland flow area and a “billabong” (seasonal
waterhole) for improvement of effluent water quality through removal of nutrients, raising of pH,
elimination of suspended solids, and adsorption of heavy metals and radionuclides. It began as an
experimental system in 1989-90 and was modified in 1995 by increasing the embankment height and
by additional excavation of a disused clay burrow pit. Currently, the filter comprises eight cells of
varying sizes with a combined surface area of about 56 000 m? and a volume 45 000 m®. The effective
minimum flow path is approximately 1 240 m.

The system is effective at removing Mn and U (96% and 54% respectively during the 1995 dry
season). Elimination of Ra is not significant in the billabong, but processes occurring during the
overland flow may be responsible for a reduction in the concentrations by a factor of about two. The
filter is aimost totally ineffective at removing Mg and SO,”; as can be expected, other solutes like Ca,
[, Br are also not removed.

The table below lists main data for each cell for comparison, showing the effectiveness of the
wetland system for the removal of some contaminants.
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Table6.3. Mean analytical datafor all sampled sites

_ Dista_nce Mn I\_/In U _U Fe soluble Fe
Site frominlet | soluble | particulate| soluble | particulate 1 particulate
M el @t | moth | gt | M) 1 gry
Wetland inlet 0 273.9 29.1 709 10.9 185 96
Outlet Cdl 1 127 253.0 30.8 677 10.1 22.3 80
Outlet Cdll 2 257 164.8 27.9 615 11.3 19.1 83
Outlet Cdl 3 295 137.5 15.1 575 7.8 22.1 78
Outlet Cdll 4 615 64.8 15.6 479 5.2 20.8 52
Outlet Cell 5 685 63.0 7.0 420 85 47.6 121
Outlet Cell 6 828 447 7.1 417 4.1 45.7 98
Outlet Cell 7 1068 25.8 4.8 334 31 39.9 84
Outlet Cell 8 1298 9.9 25 324 2.8 30.0 139
Y ear Efficiency Mn remova Efficiency U removal
1995 96% 54%
1996 84% 78%

Other aspects of relevance

One of the most important aspects to be considered in connection with wetland filters for water
treatment is rainfall. Results for samples collected after rainfall events suggest a remobilization of U
and Ra.

Owning to the complex chemistry of uranium, the mechanism for removal of U cannot be
asserted with the same confidence as for Mn. It is necessary to underline the strong dependency on
retention time for U removal. Although elevated pH vaues should reduce wetland efficiency, it
appears not to be a critical factor for the concentrations of U here.

Sediments formed are moderately to dightly acidic, have a very low to moderate CEC, and a low
organic content. Although the system’s efficiency for removing Mn and U is high, being newly
constructed and due to its immaturity, it has not reached equilibrium with respect to the biotic
processes and the recycling of biologically derived material. It is anticipated that the operationa
efficiency will continue to improve with time.

Care must aso be taken to manage the wetland filter during the dry season. The system needs to
be kept moist to ensure that the essential plants do not perish due to desiccation. Also, if the sediments
dry out, the resulting oxidation leads to extensive remobilisation of previously adsorbed solutes,
particularly the heavy metals that the system is designed for to capture. At the Ranger mine, drainage
water is used to maintain the wetland filter system during the dry season.

Czech Republic

Treatment of acidic waters from ISL operations

Remediation of the Hamr-Straz site involves the treatment of contaminated groundwater. The
waters are mainly contaminated with varying concentrations of sulfuric acid, whereby a distinction is
made between weakly and strongly acidic solutions.

68



Weakly acidic waters from | S operations

The co-existence of two production systems — classical deep mining and in situ leaching (ISL) —
in the Hamr-Straz area (in the North of the Czech Republic), operated by DIAMO (a state-owned
enterprise) requires pumping large volumes of acid mine waters. The water recovered from the mines
has to be treated before it can be discharged into surface watercourses. The main contaminants are
uranium, radium, ammonia, heavy metals (Ni, Zn, Mn) and free sulfuric acid. The concentration of
total dissolved solids (TDS) reaches up to 10 g-I ™. The treatment of this type of acidic waters is based
on precipitation and sorption.

A sorption step for recovery of uranium is placed as the first step before the lime treatment. The
treatment plant (called NDS — Neutralisation Decontamination Station) ensures the elimination of
ammonia, precipitation of Ra and separation of heavy metalsin the form of insoluble precipitates.

The technology of the NDSis divided into sequential operations:
*  Neutralisation and sedimentation.

»  Chlorination, destruction of residua chlorine.

e Sludgefiltration.

Neutralisation and sedimentation

Neutralisation is performed in two steps: Milk of lime is added to raise the pH to 6-7 in the first
step. At the same time, Ra is precipitated as sparingly soluble (Ba,Ra)SO, by adding BaCl,. In a
second step, more lime is added to further raise the pH to 11.5-12. This operation is the main factor
influencing the effectiveness of the following sedimentation and filtration behaviour of sludge.

The precipitation conditions aso control the effectiveness of heavy metals (Al, Fe, Zn, Mn, Ni)
removal.

The mixture of sludge and water is separated in gravitational sedimentation tanks. Flocculant is
added to improve the sedimentation conditions. The clear solution recovered from both steps is
pumped into a collection tank before chlorination.

Chlorination

In aflow-through reactor, chlorine gas is added to oxidise ammoniaionsinto gaseous nitrogen.

Sudgefiltration

Sludges from the sedimentation tanks are thickened by filtration using a filter press. The cake
(approx. 30% of solids) istransported to the Straz mill tailings pond.

Srongly acidic solution from ISL operation

The restoration of water from Hamr-Straz 1SL mines requires the treatment of large volumes of
contaminated groundwater with TDS contents of up to 80 g™, of which about 10 g 1™ is free sulfuric
acid. Based on the chemical composition of these solutions, it was decided to use a complex scheme of
treatment for salt removal. The sequence of operations for acidic solution treatment consists of :
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Evaporation

Thistakes placein heat exchangers and falling film vapour compression evaporators.

e Crystalisation and re-crystallisation of ammonium aluminium sulfate (alum)

In a crystalisation tank, the solution is combined with a solution of ammonium sulfate
sufficient to make up a stoichiometric solution of ammonium/aluminium sulfate. A large
amount of alum crystalsis produced after the flash cooling.

e Reprocessing of alum to aluminium compounds
The products of crystallisation are de facto waste, if they are not further processed. It was
therefore necessary to find a method for their processing into commercia products, or into a
form, which could be safely disposed off. Aluminium sulfate and Aluminium hydroxide are
the chemical compounds produced.

e Treatment of mother liquor

The treatment of the concentrate has the main objective of minimising the solid wastes to be
disposed of. The method (in planning) comprises a 3-stage process of thickening by
evaporation, crystallisation, and separation of the solids. The solid product is processed into
materials, which will be used for the tailings remediation. The liquid residue will be dried
and residual solids will be calcined. The solid products will be deposited in the Straz mill
tailings impoundment.

Figure 6.2. Schematic flowsheet for treatment of strongly acidic I SL solutions at Straz
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France

Treatment of water from the COGEMA Uranium mill tailings after site remediation

Between 1981 and 1997, the 4 564 000 tonnes of ore mined in the Lodéve region were processed
by alkaline leaching [ Na,CO, at ~ 90 g-I™, oxygen 6 bars, 140°C, 18 h] to produce 12 850 tonnes of

uranium.
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In 1998, mining site remediation studies showed that two major types of water would have to be
treated:

e Water from underground mine working.

»  Water seeping out of and surface run off from milling residue disposal areas.
In 1998, the characteristics of these two types of water were as follows:

Table 6.4. Lodéveremediation study results, 1998

Water from underground Water seeping out of mill
mine wor kings tailings disposal areas
Flow rate (m*h™) 40-60 0-70
pH 6.3-7.4 7-9
U (mg.™) 1-40 30-400
Ra (Bg.l™ 0.1-3 0.2-1.1
SO, (mg.I™) 400-900 200-3 000
As (mg.l™) 0.005-0.11 0.01-1

Due to the Mediterranean climate of Southern France, the water flow rate may be extremely
variable.

Based on the license conditions (release authorisations) in force at the site and earlier changesin
the regulations, particularly the ministerial directive of 2 February 1998 (Arrété Ministérid),
COGEMA established the following quality objectives for the treated discharge water:

e pH >55and<9

+ TDS <30mgl™*

e U <1.8mg ™ (as stipulated by the site license)

+ “Ra <0.37Bql*

e S0, <2015mgl™

e As <0.1mg ™, (as stipulated by the ministerial directive of 2 February 1998).

COGEMA chose to recover uranium from the water. By doing this, the volume of sudge
produced during the water treatment processis reduced considerably.

Treatment tests and choices of process

Treatment for uranium
Under normal operating conditions, uranium is recovered using the water treatment system.

Under emergency conditions of higher flow rates, the same system produces water of a quality suitable
for release.
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Normal procedure

The normal procedure consists of the following steps:

*  Water clarification by sedimentation + sand filter.

* Adjusting the pH to around 8 to reduce limescale.

e Uranium extraction on ion exchange resin in a“ down-flow” mode.
*  Elution of the uranium.

Back-up procedure

Should resin treatment prove impossible or too dow to cope with high flow volumes, provisions
have been made for uranium removal by precipitation. The design for the 130 m®.h™* plant foresees the
following treatment steps:

*  Removal of carbonates and precipitation with lime (pH around 12).

e Co-precipitation (or adsorption) of residua uranium by ferric salt.

*  Flocculation with by a polyacrylamide solution and sedimentation. The thickened sludge is
disposed with other ore treatment residues.

e Acidification with sulfuric acid (H,SO,) to give apH of around 8.5.

High emergency flow rates

To treat unusually large water volumes, direct feeding of the resin containers can accommodate a
higher flow rate.
Sudge production and disposal

Under normal conditions, uranium fixation, and Ra and As precipitation produce negligible
amounts of sudge compared to the lime treatment (about 0.1 m® of sludges or 0.01t dry weight for
each m® of water treated). For disposal, sudges are regularly pumped to an impoundment built (from
the material for final capping) on top of the tailings disposal facility.
Treatment for radium

For normal radium concentrations, around 5 g of BaCl, per m® of water are added prior to the
sedimentation step to obtain clarified water with a °Ra content of less than 0.37 Bq 1™,
Treatment for arsenic

If necessary, a ferric salt can be added at a ratio of 7 moles Fe to 1 mole As, effecting the

precipitation of around 50% of the arsenic. The arsenic precipitate is eliminated together with the other
suspended solids.
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Results
The process was operated efficiently since commissioning. The treated water complies with the

release standard. From October to December 1999, the average throughput was about 60 m* h™,
compared to an average of 37 m® h™* for the year 1999.

Table6.5. Water quality at the L odéve water treatment plant

Inflow Releases ogg:t/é
Oct. 99| Nov.99 | Dec.99 | Oct. 99 | Nov. 99 | Dec. 99
28 (mgl™) | 4235| 23.06 31.31| 050 0.90 0.80 <1.8
“’Ra(Bgl™)| 048 0.42 0.18 | 027 0.27 0.16 <0.37
As (ug-l™) 37 59 16 51 51 9 <100

Figure 6.3. Schematic flowsheet of the water treatment plant in L odéve
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Germany

Treatment of mine flooding waters

The water treatment plant at the Schlema-Alberoda mine of WISMUT GmbH was built for the
treatment of flooding water. Flooding of the mine began in 1992 and is planned to come to a
temporary stop in 2002 at some 60 metres below the level of natural overflow. As the mine waters
contains uranium, radium, arsenic, iron, and manganese at concentrations that make it unfit for direct
discharge, it has to be treated bring concentrations down to an acceptable level. Once this has been
achieved, the mine will be allowed to flood completely and to overflow naturaly.

Due to the peculiar chemistry of the flooding water, WISMUT chose an ion adsorption process

for the removal of uranium, combined with radium removal by barium sulfate co-precipitation and
addition of ferric chloride for arsenic precipitation [3].
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Figure 6.4. Schematic flowsheet of the Schlema-Alber oda water treatment plant
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The figure shows a flowsheet of the process, which consists of the following steps [6,7]:

1.

14.
15.
16.

Lowering of pH to approximately 3.4 by addition of hydrochloric acid and oxidation of iron
and manganese by aeration; at the same time any uranyl-carbonate complexes are destroyed.

Adjustment of the pH to between 5.8 and 6.0 by addition of sodium hydroxide.
Precipitation of radium and barium/radium sulfate by addition of barium chloride.

Separation of uranium by adsorption onto the reactive surface of the high molecular weight
polymer GOPUR 3000™ [4].

Addition of sodium hydroxide to adjust pH at 6.2; precipitation of iron as iron hydroxide.
Precipitation of arsenic as ferric arsenate by ferric chloride addition.

Oxidation of manganese by addition of potassium permanganate.

Flocculation of precipitates by flocculant addition.

Liquid/solid separation in lamella clarifier.

Filtration of the clarifier overflow.

. Discharge of the treated effluents into the Zwickauer Mulderiver.

Concentration of solids in the clarifier under flow in athickener tank.

Dewatering of the thickened durry in afilter press to produce a filter cake containing 40%
solids by weight.

Immobilisation of contaminants by mixing the filter cake with cement.
Transfer of the immobilisation product into “big bags’.
After curing, hauling the bags to a specially prepared repository for disposal.

The plant has a design capacity of 950 m3h™. A first stage with a nameplate capacity of
450 me h't is already in operation. The second stage is under construction.
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Contaminant concentrations in the mine water and the treated effluent are summarised in the
following table, together with the licensed effluent maximum quality limits.

Table 6.6. Contaminant concentrationsin raw and treated mine water at Schlema-Alberoda

Unit Mine water* Effluent Effluent quality limits

Uranium mg-l™* 7.2 0.4 0.5

Radium Bal™t 3.8 0.03 0.4

Iron mg-l™* 11.3 0.8 2.0
Manganese mg-l™* 5.9 1.9 2.0

Arsenic mg-l™ 1.9 0.07 0.3

Sulfate mg-l™* 2003 2041 2500

pH 6.8 7.3 6.5-8.5**

*  Average values for January to March, 2000 [7].
**  Permissible range.

Former Soviet Union — Commonwealth of I ndependent States (CIS)

Aquifer contamination from I SL operations

There is a distinction between |SL operations employing well fields with well-defined hydraulic
boundary conditions, as in the case of sitesin the USA and in some parts of the CIS, and other ISL
operations in which the conditions are not so well defined such as sites owned by WISMUT
(Germany) and DIAMO (Czech Republic).

There are two distinct operationa periods with respect to the potential migration of contaminants
away from ISL well fields:

e The period of active leaching, where the spread of any contamination halo is delimited by
the hydrodynamic setting of the well field — if properly designed. In this case, groundwater
contamination is confined to the area within the well field.

*  When the uranium recovery is terminated and the artificial cone of depression diminishes as
pumping is stopped, the natural hydraulic regime will gradually be re-instated. This can
cause contaminants to migrate away from the ISL well field.

In properly operated leach fields there are only limited concerns regarding the spread of
contamination into the aquifers. The examples of ISL mining show that the outer limits of the
contamination halo usually does not extend more than 50 to 100 metres from the well field. Still,
continuous monitoring of the chemical composition of the groundwater through appropriately drilled
monitoring wells is warranted.

Groundwater remediation for sulfuric acid IS operations

The process of groundwater remediation can be typically divided into two steps:

* Removd of contaminated process fluids by active flushing.

e Digpersion of residual contamination under the re-instated natural hydraulic regime.

Several methods for active flushing of an ISL well field exist. They can be used individually or
consecutively.
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Pump-and-treat with inflow of natural groundwaters

By this method five to ten pore volumes of water are extracted using the production wells, while
the surrounding isolation wells are shut off to allow ingress of groundwater. The water is treated on
the surface to neutralise acids, to recover uranium, and to remove contaminants. Typicaly, this
requires a multi-stage unit for the adsorption and desorption of uranium, and the precipitation of lime
pulp. This process potentially generates large quantities of waste solids and durries, for which a safe
method of disposal hasto be found.

Air stripping of contaminated process liquids

This method consists of stripping the leached out well field from the leaching solutions by
injecting compressed air. Air a a pressure exceeding the hydrostatic pressure is applied to the
injection wells and the porewater is expelled and recovered by pumping of recovery wells. Uranium
and other contaminants are recovered from the stripped solutions, while the acid solutions themselves
can be recycled for other ISL fields, if available. Air stripping results in an initial recovery of 70 to
80% of the porewaters within the well field, and hence of 70 to 80% of the contamination within the
accessible pore space. After the pressure is taken off, groundwater fills the pore space under the
natural hydraulic gradient. However, owing to some pore plugging by air entrapment and geological
homogeneity, parts of the well field will remain water unsaturated. Also, air stripping predominantly
affects the upper parts of the well field. The advantage is, on the other hand, less dilution compared to
the pump-and-treatment method, resulting in better process efficiency and smaller volumes to be
treated. The air stripping can be repeated for enhanced recovery.

Flushing by recirculation

An ISL operation can be phased out progressively by maintaining the pumping regime, but
gradually neutralising the production fluids before re-injecting them. As in the pump-and-treat-
procedure, the uranium and other contaminants are recovered or precipitated into the waste dudge.
This technique requires the lifting and treatment of, depending on the permeability and heterogeneity
of the host rack, five to ten pore volumes. As contaminant concentration decrease, so will the expected
process efficiency. This kind of flushing method was & so proposed for, and has been applied to some
degree to the “block leach” mine in Konigstein (Germany) and the ISL mine at Straz pod Ralskem
(Czech Republic).

It should be noted that all methods leave behind some residua contamination in pore spaces that
are not accessible under the applied externa hydraulic conditions. The respective fractional volume
depends on the permeability and heterogeneity of the host rock materia and can be significant.
Predicting the remediation efficiency in this respect appears to be quite difficult.

Restoration by natural attenuation

Relying on natura attenuation for groundwater restoration is an aternative to employing an
active pump-and-treat methodology. Natura attenuation is defined as the natural processes of
biodegradation, dispersion, dilution, sorption, volatilisation, and/or chemical and biochemical
stabilisation of contaminants occurring in soils and groundwater that effectively reduce contaminant
toxicity, mobility, or volume to levels that are protective of human health and the ecosystem.
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When the natura hydraulic conditions are re-instated following leaching, any residua
contamination will gradually disperse under the concentration gradients between accessible and less
accessible pore spaces. In the accessible pore spaces the contaminants will be subject to dispersion,
but aso to natural attenuation due to e.g. sorption or precipitation. The efficiency and the long-term
characteristics of this attenuation will depend very much on the nature and characteristics of the
aquifer, including flow rates, permeability, tectonic patterns, host rock mineral composition, sorption
capacity, etc.

In cases where the aguifer down-stream of an ISL well field has sufficient acid neutralising
capacity, where this aquifer cannot be used for other purposes, e.g. owing to its high salinity, and
where water legidation permits it, the well field may be left to natura recovery. While the acids are
destroyed through neutralisation by carbonates or clay minerals, contaminants, such as radionuclides
and heavy metals, are only retarded, diluted and dispersed. The acceptability of such method depends
very much on whether concentrations below concern can be maintained for prolonged periods of time
and, hence, on the gtability of the hydrogeochemical system. Low contents of acid neutraising
minerals and natural adsorbents and slow natural groundwater flow can significantly delay the process
and thus increase the remediation period.

The process of groundwater natural attenuation and restoration, and the migration of residual
leaching solutions are monitored through a system of observation wells. After decommissioning, the
restored aquifer and the observation wells are transferred to the appropriate authorities.

Increasing the groundwater flow rates can shorten the time required for neutralisation and
removal of contaminants from solution, if enough buffering minerals are available. For this purpose,
additional wells are drilled outside the production well field downstream the aquifer. The purposeis to
draw residua solutions through parts of the aquifer previoudy untouched by the ISL and to use their
acid neutralising and sorption capacity. Re-injecting pumped groundwater from the downstream side
may further increase the hydraulic gradient. The costs of such system are limited to drilling the
additional wells and to the pumping. No surface water treatment is required because other parts of the
aquifier would receive the contamination.

In summary, relying on dilution by dispersion and natural attenuation to reduce unacceptable
concentrations in the aqueous phase requires a careful evaluation of the hydrogeochemical conditions
and their likely long-term development. A demonstration (e.g. by modelling) is required that no
unacceptabl e down-stream concentrations will occur.

This method has been successfully applied to some ISL projects in Uzbekistan, Kazakhstan and
the Russian Federation.

Uzbekistan

The most comprehensive study of the aquifer restoration by natural attenuation following sulfuric
acid ISL mining has been performed over a period of 13 years from 1977 to 1989 at the Ore Lode 10
of the South Bukinai deposit [8]. The deposit was discovered in 1961 and is located about 20 km south
of Zafarabad and 30 km northeast of Navoi in Uzbekistan.

The deposit extended over 70 000 m? in an aquifer 15.5 m thick and at a depth of 150 to 165 m
below surface. It contained 1733000t of ore at a grade of 0.024% U, corresponding to in situ
reserves of 500 tU. At arecovery efficiency of 84%, Lode 10 yielded 420 tU during the eight years of
ISL mining from 1968 to 1975. Two hundred thirty wells were drilled over a grid of 20x20 m to
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25x25 m. Sulfuric acid consumption averaged 40 kg t™ of ore. In total, 65 000t of acid were injected
and the pumped solution volume was 7.7 million m® with an average acid concentration of 8.5 g ™.

The principal U mineras are pitchblende, sooty pitchblende (UO,UQ3) and coffinite. The
carbonate content is commonly less than 2.5% CO,, but can locally be as high as 5% CO,. The ore
lodes are of the roll-front type, hosted in six arenaceous horizons within Maastrichtian and Campanian
strata represented by sandstones with dolomitic and siltstone intercal ations.

At the completion of ISL mining, the aureole of residual leaching solutions occupied the entire
ISL site, covering an area of 110.3km? Their composition was similar to the composition of
production solutions. TDS concentrations increased by a factor of ten, pH values dropped to 1.5. After
ISL mining was stopped, slow neutralisation of residual solutions and precipitation of solids occurred.
The following principal changes of aquifer composition and aureole size occurred during an 11-year
period:

e WithintheISL site contour, pH increased by afactor of 2.9, TDS dropped by a factor of 2.8,
and the sulfate ion concentration was reduced by afactor of 2.4.

+ The surface area of the plume of residua solutions decreased by a factor of 2, the tota
amount of principal contaminants decreased by a factor of 3.6 (SO, by 2.9), the
concentrations of TDS by 2, and the pH increased from 2.0 to 4.8.

*  The plume of residua solutions migrated about 30 to 50 m to the east due to influence of an
adjacent site with active | SL mining and under the general hydraulic gradient.

The principal factors affecting the changes in acidity and TDS were the plume displacement and
the dilution by neutral native water.

Hydrochemical modéelling of the processes showed that complete restoration of the aquifer to a
condition approaching the initial composition would occur over the next 15 to 20 years.

To intensify the remediation, an experiment forcing the displacement of residual solutions
through the media unaffected by ISL was performed. Three additional wells were drilled outside the
ISL site for extracting groundwater from the adjacent aquifer. The water was reinjected through 7 to
10 injection wells in order to shift the plume to the east. During the 20-month experiment 693 290 m®
of groundwater and residual solutions were pumped and circul ated.

Fifteen additiona wells were drilled after the experiment to monitor the aquifer. The results show
that the average TDS and sulfate ion concentration decreased to background values.

Table6.7. Average aquifer characteristicswithin the | SL site

Monitoring period pH | TDS[gl™] | Total TDS[t] | SO,[gl™ | total SO, [t]
1969 (before ISL) 7.3 24 520 114 250
1975-76 (end of I1SL) 2.0 18 3910 10.2 2210
1977 (after ISL) 3.7 9.2 1995 5.2 1130
1980 (3 years after ISL) 4.7 8.8 1910 4.8 1040
1987 (before the experiment) 5.8 6.5 1410 4.2 910
1989 (after the experiment) 6.9 4.0 870 21 455
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Table6.8. Average aquifer characteristicswithin the aureole of residual solutions

Plumelimit for pH <7 Plume limit for TDS>5g-™
Monitoring period Area pH SO, Area TDS SO,

[x1000 m?] [y | [x1000m7 | [glY (g1
1975-76 (end of 1SL) 110.3 2.0 10.2 110.3 18 10.2
1977 (after 1SL) 136.5 3.7 5.2 104.0 9.9 5.6
1980 (3 years after 1SL) 89.0 4.0 51 67.0 109 6.1
1987 (before the experiment) 70.5 4.85 4.7 62.0 9.0 54
1989 (after the experiment) 44.2 55 2.7 23.6 6.15 2.9

The results from monitoring also indicate that radionuclide concentrations were almost constant
during 11 years of observation (from 1975 to 1987). After the plume shifted, the concentrations of U,
20Th, ?°Po and “°Pb dropped significantly, i.e. by a factor of 10 to 50, and are now below the
maximum permissible limits. The ?*Ra concentrations were still above the maximum permissible
limits, but below the initial concentration measured in the groundwater before the ISL mining began.

Spain
Treatment of acid water in open pit mine

Natur e of the effluents

Since 1974, ENUSA has been exploiting an uranium deposit close to Ciudad Rodrigo, in the
province of Salamanca. It isan open pit mine, which yields 90% of the uranium produced in Spain.

Owing to the presence of pyrite in the ore body, natural leaching of uranium takes place induced
by rainwater and surface runoff trickling across the faces of the open pit. Significant volumes of
wastewater are generated (2 000 m*-.day™), with characteristics such as acidity (pH about 3), uranium
content (50 ppm U;0g) and radioactivity (1 100 Bg-l™ of gross apha activity) that make them not
suitable for direct discharge into natural water courses in the area.

In addition, liquids from the tailings ponds and surface runoff have high concentrations of
aluminium, manganese, ammonia and sulfates. These concentrations increase with the retention time
of liquidsin ponds.

Water treatment techniques

To comply with the specific requirements set by the regulatory authorities, ENUSA, in 1986,
started up a plant for the treatment of acid contaminated water collected from the mine and the tailings
pond. The process includes ion exchange in fixed bed columns for the recovery of uranium, followed
by acidity neutralisation with lime and, finally, treatment with barium chloride to remove radium. The
anionic exchange resins are usually styrene and di-vinylbenzene copolymers with quaternary
ammonium as functional groups, and with a strongly basic character.

At the end of the process, the slurry containing heavy metal and radionuclide hydroxidesis sent to
a thickener for liquid/solid separation. The underflow (solids) is released into tailings impoundments
and the overflow (liquids) is analysed and stored for discharge under regulatory control.
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Figure 6.5. Schematic flowsheet for the water treatment process at Ciudad Rodrigo
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Other relevant aspects

The water treatment operations are complemented by other technical measures to reduce liquid
effluent volumes to be discharged into natural watercourses. These include:

e Building surface water diversion channels to prevent runoff into the open pit.

e Construction of evaporation ponds to take advantage of an evaporation rate in this area that
is higher than the precipitation rate.

»  Removing water from the bottom of the open pit by pumping and storing it in ponds, for re-
use in mining and milling operations.

Data on radionuclides and critical parameters

The following table describes the characteristics of waters before and after treatment. The process
effectiveness is assessed against the maximum discharge limits set by regulatory authorities.

Table 6.9. Data of radionuclides and critical parameters

Par ameter Untreated waste water Upper limits | Final effluent
pH 3-35 5595 8
Uranium (mg U30g1™) 50 — 0.01
Radium (Bg19) 37 _ 0.05
Gross Alpha Activity (Bgl™) 1100 — 05
Aluminium (mg-™) 10-30 1 <0.3
Manganese (mg-™) 200 2 0.1
Sulfates (mg ) 8 000 2000 1700
Ammonia (mg-™) 70 15 10
United States

Approach to groundwater treatment for alkaline ISL operations

ISL mines were once considered “unconventional” mines but they have become the predominant
form of uranium mining in the United States in recent years primarily due to their typically low
production costs and minimal environmental impact. Because the uranium is recovered through a
series of wells, rather than through open pits or shaft excavations, surface disturbance is far less and
geologic strata overlying the ore body, including any aquifers, are left undisturbed. Production areas or
wellfields are surrounded by monitoring wells to detect vertical or horizontal movement of leaching
solutions away from the area being mined.
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After a wellfield is exhausted, the aguifer has to be restored. During aquifer restoration
operations, relatively large volumes of wastewater are generated, particularly when groundwater
sweep is the method being utilised. Waste disposal systems at ISL mines are principally designed to
manage waste generated during restoration and usually consist of a combination of evaporation ponds,
deep well injection and surface discharge (usually via irrigation). Each of these methods has
advantages and disadvantages both in terms of cost, site suitability, operationa flexibility and
regulatory feasibility. Waste disposal is of paramount concern to regulatory agencies in the USA and
therefore it is subject to considerable scrutiny and regulations. Because the waste disposal methods
can have significant cost impacts, the evaluation and selection of the best method(s) is a critical
concern to mine operators. Magor considerations of the three primary liquid disposal methods are
discussed below.

Evaporation ponds

Use of evaporation ponds at |SL mines in the USA as the primary means of liquid disposal and
treatment declined significantly over the last decade due to increasingly stringent regulatory
requirements. Evaporation ponds now should typically be double lined and incorporate leak detection
and collection systems. They aso create disturbance areas with reclamation liabilities. Federa
regulations and policies promulgated by the US Nuclear Regulatory Commission (USNRC) prohibit
the proliferation of low-level radioactive waste disposal sites. Therefore, pond residues must
ultimately be shipped off-site to approved disposal facilities. The major advantage of evaporation
pondsis that no treatment of waste streamsis required, resulting in low operating costs.

Injection wells

US regulations prohibit the injection of 1SL waste into aquifers containing less than 10 g-I™ of
Tota Dissolved Solids (TDS). Consequently, suitable receiving formations are not present at all sites
or may be so deep as to render deep well injection uneconomical. Where suitable receiving strata exist
at reasonable depths, such as the relatively shallow and permeable brine (saltwater) aquifersin Texas,
deep well injection is commonly the preferred disposal method. Initial capital costs are relatively high
and operating costs can also be a significant consideration, if substantial pre-treatment before disposal
is required, or well acceptance capacities are low. In comparison with evaporation ponds, reclamation
costs are relatively low.

Remediation process

A wide variety of aquifer restoration processes have been used in the USA with differing degrees
of success. When ISL technology was in its developmental stage, many companies experimented with
different lixiviants including solutions like sulfuric (H,SO,4) and nitric (HNO3) acids. Many of the
earlier minesin Texas used an ammonium bicarbonate lixiviant, and it was aso tried experimentally in
Wyoming. Almost without exception, ore bodies |eached with these solutions proved very difficult to
restore to pre-mining or acceptable conditions, regardliess of the restoration method. Consequently, the
industry moved toward the use of sodium bicarbonate based lixiviants using oxygen and carbon
dioxide because groundwater restoration proved much easier to accomplish and more economical. The
following discussion describes the typical aquifer restoration process now used at the vast majority of
ISL minesin the USA. The methods are usually selected based on their effectiveness in both reducing
contamination and controlling the cost of the restoration process. Additional information is given in
various |AEA publications. [9-11]
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Sep 1: Groundwater sweep

Restoration is initiated in a wellfield when uranium concentration (i.e. “headgrade’) in the
production fluid has dropped to a level, where recovery is no longer economicaly feasible. The first
step in the process is normally referred to as the groundwater sweep phase during which lixiviant
injection into the ore body is discontinued, but fluid continues to be pumped from the recovery wells.
This action removes contaminated water from the formation and draws in surrounding uncontaminated
groundwater into the ore body aguifer. Contaminated water removed during this process is either
injected into a new wellfield or disposed of in evaporation ponds, deep disposa wells or through
irrigation. Groundwater sweep used to be considered sufficient to completely restore the aguifer but
the large volume of water that has to be removed and disposed of, coupled with the fact that the
dilution efficiency of the process decreases, as the water quality approaches baseline conditions,
makes additional restoration steps necessary. The groundwater sweep step is more effective during the
earliest stage of restoration, when the water quality differential between contaminated and unaffected
groundwater is the greatest. Typically, one to three pore volumes of formation water are removed
during this step. A pore volume is defined as the volume of water in the portion of the ore body that is
being restored.

Sep 2: Water treatment

In this phase, contaminated water remaining in the formation after groundwater sweep is pumped
to the surface and fed into a water treatment unit in a continuous process. Clean water produced from
the water treatment unit (permeate) is pumped back to the wellfield and reinjected into the ore body
aquifer. The brine, or reject water from the treatment unit, is disposed of in either evaporation ponds or
deep disposal wells. Most operations use areverse osmosis (RO) unit to purify the contaminated water
although electrodialysis (ED) units have been successfully used at some mines. Treatment of the
contaminated groundwater continues until the water quality within the mined portion of the aquifer is
restored to or near restoration requirements. This process normally requires the removal, treatment,
and reinjection of two to six pore volumes of water from the area being restored. At some mines, the
completion of this second step may be sufficient to return groundwater quality to acceptable
conditions. However, at a majority of mines, it is necessary to go to another step that involves the
addition of chemicalsto the water being re-injected as described in the following paragraph.

Sep 3: Reductant addition

During the ISL mining process, the addition of chemicals and an oxidant into the ore body aquifer
creates an imbalance in the natural geochemical environment. The host formation is changed from a
reduced state to an oxidised state that remains, to some degree, during aquifer restoration. As a result,
uranium and other heavy metals continue to solubilise, making it difficult to return (and stabilise)
these chemica species to baseline levels. Introduction of a chemical reductant, such as hydrogen
sulfide (H,S), into the solution being re-injected during this step helps to restore pre-mining
geochemical equilibrium by inhibiting further oxidation reactions. The reducing action usually causes
dissolved concentrations of uranium and other heavy metalsto stabilise at acceptable levels. Typicaly,
two to three pore volumes of groundwater are recirculated during this restoration phase. Use of
reductants has been a standard procedure for many years in Texas and is how routingly used in
Wyoming and Nebraska.
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Sep 4: Circulation

A final step in the restoration process at some ISL mines is to simply circulate formation water
through the ore body aquifer for one or two pore volumes following step three to make water quality
homogeneous throughout the wellfield. This action tends to eliminate spatial and temporal variations
in water quality during the stabilisation-monitoring period.

Sabilisation monitoring

Once the operator believes that aquifer restoration has been completed in a wellfield or
production unit, restoration verification data are submitted to the appropriate state and federal agencies
and a period of stabilisation monitoring is initiated. During this period, designated representative wells
are normally sampled on a monthly basis for parameters that indicate water quality stability, or lack
thereof. Wyoming and Nebraska require a minimum six-month stabilisation-monitoring period that
can be extended by the regulatory agencies if there are concerns about water quality deterioration.
Texas does not have a specified stabilisation-monitoring period.

In situ leaching Site restoration experience

Since the start of ISL uranium mining in the USA there has aways been a concern about the
effectiveness of meeting the requirement of restoring wellfield groundwater to pre-mine quality.
Although the uncertainties may not have been completely eliminated, experience gained during the
1980s helped ISL project operators to substantially reduce the risk associated with wellfield
restoration. By the end of 1987, about 30 commercial and pilot uranium solution mining wellfields had
been restored in Wyoming, Texas, Colorado and New Mexico [12]. However, there have been a
number of hew mines started up over the last two decades. Furthermore, very few mines have actually
been completely shut down and the facilities fully remediated due to the length of time it takes to
restore groundwater to acceptable limits.

One project that is completing restoration, is the combined Holiday and El Mesquite Fields, in the
Duval and Webb Counties, Texas. The production commenced in 1977 with an expectation of
17 years of production and that the fields would produce from an ore grade of 0.07% Us0g, using a
sodium bicarbonate injected lixiviant. Production from the fields averaged 750 tons of uranium per
year with an estimated extraction efficiency of 93 to 95%. Wastewater was collected at two storage
ponds at the El Mesquite project before injection into deep disposal wells. In joint participation with
Electricité de France (EdF), COGEMA Mining is the operator of the properties.

The ElI Mesquite project lease area comprises 2 900 acres including 5 wellfields, three satellite
locations, processing plant, yellowcake dryer, administrative buildings, laboratory, warehouse, and
maintenance shop. Total wellfield area is 108 hectares. Production facilities include two wastewater
storage ponds each originally measuring 62 m wide by 62 m long, backwash pond, two non-hazardous
waste disposal injection wells, and several small landfills. In addition, seven reverse osmosis units and
related equipment for groundwater restoration are situated on the process pad.

The Holiday lease covers 600 hectares including 10 wellfields and two satellite locations. No

other surface processing or waste facilities are located on this lease. The total Holiday wellfield areais
68 hectares.
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Following requirements of the Texas Bureau of Radiological Control, uranium production at the
Holiday and El Mesquite project areas has ceased and negative pressure is maintained by pumping at
the mine areas to prevent excursions or plume migration beyond mine lease boundaries. Areas, which
were mined out a an early point in the mine history, were subjects of groundwater restoration
activities. Production ceased at the Holiday/El Mesquite facilities in 1996. At this time, all of the
active wellfields were placed in officia restoration status. As of October 1, 2001, ten out of the fifteen
wellfields have been restored and approved by Texas Natura Resource Conservation Commission
(TNRCC) in accordance with TNRCC regulations. Additionally, the associated injection and
production wells have been plugged and abandoned in accordance with TNRCC' s requirements.

Restoration in all the wellfields has been accomplished by groundwater sweep and reverse
osmosis treatment. Groundwater sweep consists of pumping or withdrawing fluids from the mine area
(without re-injection) thus allowing uncontaminated water from outside the mine area to flow into the
mine area. This pumping action creates a negative pressure in the aquifer and prevents mining
solutions from escaping the mine area.

Reverse osmosis treatment consists of pumping the groundwater through membranes that separate
the contaminants into a brine stream and allowing the clean water to pass through as permeate water.
The permeate (clean) water is re-injected into the mine area. All wastewater and brine generated from
the RO units are stored in the waste ponds and eventually disposed off in injection wells.

The State of Texas requirements for groundwater restoration include restoring the groundwater
back to a condition (quality) whereby it can be used for whatever purpose the groundwater was
capable of being used for prior to mining. At Holiday and EI Mesquite, the groundwater prior to
mining is of a quality that is usable as livestock watering, (with some localized exceptions due to
elevated “°Ra, which is present in the groundwater within the uranium orebody). Therefore,
COGEMA'’s goa after mining is to clean the groundwater to as close to background conditions as
possible, leaving the groundwater in a condition similar to that prior to mining. In all of the wellfields
restored to date, only a few water quality parameters were left at levels higher than their original
baseline concentrations. However, the overal quality of the restored groundwater was, in every case,
still capable of being used for the pre-mining use of watering livestock, and therefore was approved by
the TNRCC, and the public (several opportunities for comment and hearings are provided to the
general public during the approval process for arestored wellfield).
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7. LONG-TERM STEWARDSHIP AND MONITORING

L ong-term stewar dship

When mining facilities are closed, stewardship and monitoring activities are often required for an
extended period of time to assure that performance goals are achieved [1]. It has become a standing
principle of the uranium industry and governmental authorities in countries al over the world to
ensure that the public and the environment are protected from the effects of radiation exposure during
operation and after uranium related facilities have been closed and decommissioned.

The long haf-lives of uranium, radium and their daughter products may be a cause of long-term
concern for communities, where the facilities are located. In the planning for decommissioning, a
number of steps should be taken to evaluate the radiation risks posed to the public and the
environment. Risk assessments can provide some degree of assurance that remnant radiation levels
will meet the applicable standards for hedth protection of the public. A concern may be whether
remnant radiation from the closed facility could still impact the environment even thousand of years
into the future. State-of-the-art closure methods based on proven engineering methods and geologica
barriers provide means to protect the public and the environment from radiation emissions by reducing
the exhalation of radon gas over the site, by preventing dispersal of radionuclides into the groundwater
and erosion which could carry radionuclides off site, and by resisting unauthorised intrusion into the
site. Nevertheless, proof that decommissioning and remediation efforts have been successful can only
be obtained through a process of long-term monitoring of air, dust, and water pathways at the site with
respect to emissions of radiation, including direct gamma exposure.

The primary goa for long-term stewardship of radioactive waste and property containing
radioactive materia, is to ensure the protection of the public and the environment. For a variety of
reasons, technical, administrative or funding, final decommissioning and remediation solutions may
have to rely on institutional controls to ensure their integrity and provide maintenance. Stewardship
can aso be part of a programme to reassure the public. In some circumstance long-term stewardship
may be the only form of “remediation” for a site needed.

An inherent problem, however, with ingtitutional controls is institutional memory, or the
willingness and ability of the chosen institution to continue managing a site over a prolonged timespan
measuring in, perhaps, centuries. Assurance of continued funding can pose another serious problem.
Conseguently, the ultimate objective should be to design closure and remediation solutions that would
require aminimum of active controls, both with respect to the duration and extent.

Methods of providing long-term stewardship through institutional control of former radiation sites

are generally classified as either “active” or “passive’. Considerations of whether controls should be
“active” or “passive’ are undertaken in the planning process.
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Active controls

Active controls involve some form of either, continuous or intermittent, human activity to
maintain the condition of the site, detecting any radiation exposure of the public or to the environment,
and cleaning up radiation leakage from the site caused either by intrusion or natural processes. The
controls include restriction of access to the site by physical barriers, e.g. fences, or by warning signs,
restrictions on land use, e.g. through zoning regulations, long-term environmental monitoring, site
maintenance, and remediation in the event of aradiation spill or leak.

Air, surface and groundwater monitoring, site inspections, ground radiation surveys, aerial
gamma surveys, and periodic sampling congtitute potential means of evauating the long-term
performance of a site under activeinstitutional controls.

Experience with uranium mining sites al over the world, however, indicate that active and
ingtitutional controls are likely to fail, for instance, when there is enough pressure to redevelop the
land.

Passive controls

Passive controls rely on engineering and management solutions that do not require human
intervention and that have an amount of redundancy of controls built into them. The first levels of
“defence” typically are passive chemical and physical engineered barriers, preventing the water- or
airborne migration of radionuclides and direct radiation exposures. This requires some robustness in
design and construction. The design has to take into account natural phenomena that can lead to
faillure, such as erosion, and provide adequate margins of safety against their occuring, e.g. by
underground placements as opposed to the construction of above ground impoundments. The
redundancy in barriers also provides defence-in-depth in case of failure of one barrier.

Such engineering measures can be supported by administrative measures, e.g. land use
restrictions. While it is difficult to maintain active use restrictions over more than a few decades, as
many redevelopment projects on former industrial sites have shown, certain critical land uses can be
made unattractive by engineering design or by putting land uses in place that typically have a more
spiritual link with the land, for instance cemeteries or nature reserves.

However, the use of long-term monitoring of land, soil, air, and water conditions may still be
required, perhaps less to verify the actual performance according to design than to reassure the public
of this.

L ong-term monitoring methods

Scope of programmes

Long-term monitoring, maintenance and control are components of a long-term stewardship or
ingtitutional control programme established for the oversight of former uranium recovery sites [2,3].
For developing a monitoring and maintenance programme the following questions have to be
answered:

*  How frequently must monitoring take place?

*  What has to be measured?

*  What kind of equipment will be used?

*  What measurements will trigger a response action?

*  Whoisresponsible for the monitoring and emergency actions?
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Monitoring of aremediated uranium recovery site allows the assessment of the completeness and
effectiveness of the remediation programme. Although this takes place using basically the same means
that were used in characterising the site (see Chapter 1) and to check compliance with environmental
protection criteria during the operational and remediation period, the monitoring network is adjusted to
conditions following remediation. The frequency (e.g., quarterly, semi-annually, annually, biannually,
every five years) of measuring or sampling under the monitoring programme is determined based on
national requirements, site location, potential impacts, frequency and risks of natural events on the site
(water or wind erosion, severe weather, geologica events such as earthquakes, biological agents),
potential natural resources that could be affected by radioactive pollution (water bodies, subsistence
forage or animals, air resources), and community concerns.

Site ingpections

The purposes of site inspections are to confirm the integrity of visible natural and man-made
features at the gsite, to identify changes or new conditions that may affect Site integrity, and to
determine the need, if any, for maintenance or follow-up inspections and monitoring. Inspectors
evaluate the effectiveness of site-specific institutional controls and ensure that the site remains in full
compliance with regulations, guidance, or other requirements. Observations on the progress of
revegetation can help to identify planting techniques and species that result in the greatest success.
Observations and measurements of soil settling and consolidation will provide important information
on changes in subsurface waste impoundments and mine workings. Records and photographs of sites
are compared with others from previous inspections to determine, if any changes or site damage may
have occurred that might be detrimental to site’s integrity. Follow-up radiation monitoring surveys can
help determine if there have been releases since the fina status survey after the completion of
remediation [4-7].

Geotechnical monitoring

Restored sites may need to be assessed for changes in surface and underground geotechnical
stability over time. Geotechnical monitoring utilises topographical surveying of the site with elevation
stakes, benchmarks, etc. either using traditional triangulation methods or, more recently, global
positioning systems (GPS). The surveying marks are resurveyed at regular intervas to determine, if
any horizontal or vertical movement due to settling or erosion has occurred that might affect the
integrity of the site. These surveys measure movements of dykes, slopes, berms and other engineered
features to determine, if there has been any instability in retaining structures and waste piles. All
drainage control equipment is usually preserved after remediation to ensure that in the future drainage
flow rates can be measured and samples be taken. Suspended materials in the drainage waters may
indicate erosion. At some sites, groundwater monitoring using piezometer wells needs to be performed
to ensure that water accumulation within waste containment cells does not cause slopes etc. to become
unstable and fail. Testing of well casing, piping, and surface facilities is hecessary to ensure integrity
of the monitoring wells and to assure their continued useful ness.

Groundwater monitoring

Monitoring typically also will extend to the groundwater quality on site and off the site.
Infiltrating atmospheric precipitation may leach contaminants from waste impoundments, which then
may leak into the underlying groundwater systems or be discharged with any drainage waters.
Groundwater samples are collected from permanent monitoring wells, from drainage discharges,
streams, seeps, or springs hydraulically down-gradient from the site.
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It is common practice to establish wells that were drilled as part of site characterisation studies as
permanent monitoring wells. They can provide long-term time series of changes in the water
chemistry from the time before the site was remediated. Wells that are located in upstream or in
unpolluted areas outside the site boundary provide the background reference for monitoring any
contaminant migration off the site. Monitoring is used aso to document changes in local groundwater
regimes caused by uranium processing-related, and their return to a natural state after operation have
ceased. Samples taken for laboratory anaysis follow standard chain-of-custody and laboratory
analysis procedures.

Surface water monitoring

Surface water monitoring is accomplished through site inspections and routine sampling, both for
quality and quantity.

Remote sensing by aeria or satelite photography of the site may help to detect changes in
watercourses. Site inspections include examination of the route surface waters takes across or around a
site, observing erosion patterns, changes in the state of riverbanks etc. Flow measurement may aso be
taken. The operationa state of water treatment and leachate collection systems should aso be
monitored either by visual inspections or remote transmission of operational data. Surface water
bodies may a so need to be sampled at regular time intervals to obtain quality data.

Ambient air monitoring

Air monitoring is primarily concerned with radon releases, but in arid climates wind erosion of
covers may pose a problem and sampling of dusts may help to establish erosion rates.

Sampling by using of on site passive dust filters and pumped air collection devices alows the
assessment of the flow of radioactive dusts and radon daughters at a site. Active collection during
periodic inspections also is used for such monitoring. Provisions have to be made that the same
locations are utilised for each such inspection each time [8-10].

Radon is an important source component of the exposure and may comprise much of the dose,
requiring a continuing evaluation of the effectiveness of the site remediation to limit that dose. Radon
emissions from the site may need to meet certain requirements of guideline limits; for example, in the
United States remediated uranium mill sites have a limit on release of radon to the atmosphere of
20 pCi-m?:s* (0.74 Bq:m?s?). This measurement can be averaged over the entire surface area of the
disposal cell. An occasiona higher reading or “hot spot” is allowed.

Ecological monitoring

Monitoring of biota on and around a site can be a powerful tool to assess low-level releases into
waters and the air for certain radionuclides and heavy metals. Some radionuclide and heavy metals
accumulate in flora and fauna thus providing a time averaging means to monitor releases, if uptake
rates are known. Monitoring of food chain organisms, vegetation, and predator species at the site and
its surroundings provides a measure of the success of the remediation effort, in particular for those
sitesthat are to be returned to a natural state, rather than to be re-used as industrial sites.

The quantification of the number of individuals and the species distribution, by comparison with
similar undisturbed areas, allows personnel to assess how quickly and effectively a site is achieving a
“natural” state. Limnologic studies of lacustrine or river fauna and flora, on and off site boundaries,
offer away to determine the overall environmental impact of discharges and releases.
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Monitoring schedules

The time period over which a monitoring programme has to be extended depends on a number of
factors that are linked to the expected engineering performance, the planned sites use, and any
institutional controls imposed. At a minimum, it must be extended over the time where institutional
controls are deemed necessary, serving as an instrument to verify their effectiveness.

The frequency with which the various elements of monitoring, such as site inspections, sampling,
remote measurements, surveying etc., have to undertaken depend on a variety of factors such as: the
leve of remediation achieved, the nature or size of the radiological, toxicological and other hazard of
the site, its proximity to human habitation and other site to be protected, the site's vulnerability to
breaching institutional controls, the size and frequency of adverse natural events, e.g. flooding, occur,
etc. Where hazards and risk are comparatively low and sites are remote from people, sites may need to
be revisted only once a year or even once every few years. The frequency might also need to be
adjusted to the availability of funds.

Typicaly, the first round of monitoring is undertaken shortly after a remediation programme is
completed, say within ayear or less. This has more of the nature of a quality control survey, to assert
that the project has been completed to specification. The follow on monitoring events take place at
invervals as discussed above. It may not be necessary to undertake a full survey every time, for
instance, minor and major inspections may be staggered, with differing levels of inspection effort or
different items on checklists. It may also be efficient to monitor only afew key parameters, which then
would trigger more detailed surveys if and when preset values are transgressed. Such schemes would
hep to reduce the cost of monitoring over time.

The length of monitoring is dependent on the expected long-term evolution of the risk posed by
the site. Repository or remediation desighs may have been established with projected lifetimes of 200
or 1000 years, for example. Site monitoring could, in theory, continue indefinitely. However, an
initial monitoring on an annual basis might indicate so little change that monitoring frequency can be
reduced to every other year or even every five years. Converserly, community concern dueto influx of
new populations near a site or signs of change, e.g. increasing erosion, might vindicate more frequent
surveys.

In the United States, uranium mill tailings sites must meet requirements for tailings control for
1 000 years, whereas disposal cells are designed to be effective for at least 200 years and require only
minor custodial maintenance. Inspections at these closed sites are currently occurring on an annual
basis and, over the last decade, the facilities have met all regulatory requirements.

The US EPA oversees highly contaminated sites, which are to be remediated under the
“Superfund” programme. While there are less than 100 radiation sites on this list across the USA,
long-term monitoring with or without other institutional controls may be required as part of the
remedy for specific sites. Periods of monitoring, particularly for groundwater contamination, may be
indefinite, but inspections can be as long as five years apart once a site is cleaned up. The Uravan
uranium processing site in Colorado, which was expected to be completely remediated in the year
2000, is being monitored for groundwater and radon emissions. The monitoring is expected to
continue for at least another 10 years. The Long-Term Surveillance and Maintenance (LTSM)
Programme, managed by the US Department of Energy, conducts oversight and monitoring activities
for 25 low-level radioactive materials disposal sites. For each site, the LTSM Programme ensures that
disposed materials remain isolated from the environment, that the safety of the public and the
environment is maintained, and that all applicable regulations are met.
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8. POLICIESAND REGULATIONS

Conceptual framework

Given the increased awareness of environmenta and health issues, many countries have adopted,
or arein the process of adopting, policies aimed at improving and reinforcing such aspects as:

* Health and safety of workers and the public.
*  Protection of the human and biological environment.
»  Sustainable economic, social and environmental development.

e Consultation and public participation in environmental decision making.

All the above aspects are relevant to the situation at uranium mining and milling sites. However,
there are additional considerations in the case of uranium mining activities, such as the long-term
radiological risks and the link with issues of radioactive waste. As a result, the policies dealing with
the uranium mining industry, as well as the laws to be applied, may not be so straight forward, with
aspects of mining law, environmental law, toxic and waste law or radioactive waste laws al entering
into the equation. In addition, there is the particular issue of long-term stewardship and institutional
control that may be required at these sites because of the radiological hazard posed over along period
of time by uranium mining waste material.

Sustainable development deserves special mention. This has been defined as “devel opment that
meets the needs of the present without compromising the ability of future generations to meet their
own needs’ [1]. Many countries have endorsed the goa of sustainable development and are actively
supporting efforts to achieve it through various environmental policies and regulations. In case of
mining, sustainable development has been defined as ensuring that the mineral raw materials needs of
society are met, without compromising the ability neither of future societies to meet their needs, nor of
the natural environment to sustain indefinitely its quality e.g. climate systems, biological diversity and
ecological integrity. In achieving this, there is a need to strike a balance between the environment, the
economy and society. The specific case of uranium mining cannot be considered in isolation, and an
objective comparison with other branches of the energy supply sector is called for. This should take
into account the typically smaller scale of the uranium mining industry, compared with fossl fuel
extraction and the absence of greenhouse gas production in nuclear electricity generation. The issues
of waste management and remediation of mining sites need to be considered in this context. The more
effective and complete the remediation at these sites, the more sustainable is the practice and more
convincing is the argument in favour of nuclear energy as awhole.

Laws and regulations

National legislation

All countries with an uranium mining industry have laws and regulations related to the operation,
decommissioning, and remediation of the mining and milling facilities. However, these laws and
regulations usually apply to mining, radiological protection or environmental protection in general
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rather than the specific case of remediation of uranium mining and milling sites. Some countries
including Australia [2], Canada [3], and United States [4], have laws and regulations specifically
relating to the remediation of these sites. Germany [5] is another example, having passed a law
relating to the clean-up of the extensive old mining sites in the east of the country, athough the
legislation only establishes the institutional framework for the remediation rather than remediation
criteria. A summary of the status and development of laws and regulations relating to remediation of
uranium mines and mill tailings sites for some countries is provided in the country-specific section of
this report.

I nternational Conventions

There are a growing number of international conventions, imposing environmental obligations on
signatory governments. A non-exhaustive list of those with possible relevance to uranium mining and
milling activities is shown below. In each case, the administering international organisation is also
indicated.

e The Convention on Environmental Impact Assessment in a Transboundary Context, or Espoo
Convention (UN Economic Commission for Europe — UN/ECE).

e The Convention of Access to Information, Public Participation in Decison Making and
Access to Justice in Environment Matters, or Aarhus Convention (also UN/ECE).

e The Convention on the Protection of the Environment through Criminal Law (Council of
Europe).

» Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management (IAEA).

The Convention on Environmental Impact Assessment in a Transboundary Context [6] includes
nuclear installations, radioactive waste management facilities as well as mgjor mining projects for the
extraction and processing of metal ore in the list of projects that must be subjected to an assessment.
The Convention provides for certain rights and duties of contracting parties when the environmental
impact of an activity has a transboundary effect and for certain procedures to be followed when
considering the environmental impact of a given project. The Convention was signed in 1991 by
55 countries and ratified by 21 countries, all of which are IAEA Member states. The Convention
entered into force in October 1997.

Similarly, the Convention on Access to Information, Public Participation in Decision-making and
Access to Justice in Environmental Matters [7] lists within its scope both nuclear ingtalations and
radioactive waste management facilities, though in the case of mining, only open-pit operations are
specifically mentioned in the text (other mining activities will be covered if they are subject to an
Environmental Impact Assessment procedure, with public participation, under national legidation). Its
objectives are to contribute to the “protection of the right of every person of present and future
generations to live in an environment adequate to his or her health and well-being” and to guarantee
“the rights of access to information, public participation in decision-making, and access to justice in
environmental matters’. The Adoption of the Convention in June 1998 was combined with the Fourth
Ministerial Conference, “Environment for Europe” Declaration of 52 ECE Ministers for the
Environment. Two years later, it had been signed by 39 states, all of which are IAEA Member States.
The Convention has not yet entered into force.

The Convention on the Protection of the Environment through Criminal Law [8] makes it a
crimina offence, punishable through domestic laws, to discharge, emit or introduce a quantity of
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ionising radiation into air, soil or water, or to discharge hazardous waste, which causes death or
serious injury, lasting deterioration to health or substantial damage to the environment. The
Convention was opened for signature on 11 April 1999. By October 2000, eleven Member States of
the Council of Europe, al of which are IAEA Member states, had signed it. The Convention has not
yet entered into force.

The Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management (or, simply, the Joint Convention) [9] applies aso to uranium mining and milling
waste, and to corresponding decommissioning and closure activities. This Joint Convention was
approved by an International Diplomatic Conference in Vienna on 5 September 1997. The Convention
would enter into force when 25 countries, 15 of which with at least one nuclear power plant (NPP),
have ratified the text. The status of ratifications was achieved on 18 June 2001, standing at
25 countries of which 17 have at least one NPP. The Convention contains a chapter on “Safety of
Radioactive Waste Management” including treatment of operational and ingtitutional measures after
closure. There is also a chapter on “General Safety Provisions’, including legidative and regulatory
framework, regulatory body, quality assurance, operational radiation protection, emergency
preparedness, responsibility of the license holder, human and financial resources, and
decommissioning. Another article addresses transboundary movements of waste.

Other international conventions that may affect uranium mining and milling activities include the
1972 World Heritage Convention, the 1989 Biodiversity Convention and the 1997 Kyoto Protocol, the
1989 Basal Convention on Hazardous Waste, and the 1990 IAEA Code of Practice on Transboundary
Movements of Radioactive Waste.

I nternational standards and guidelines

One of the statutory functions of the IAEA (under Article 1) isto establish or adopt standards of
safety for the protection of hedlth, life and property in the development and application of nuclear
energy for peaceful purposes, and to provide for the application of these standards to its own
operations as well as to assisted operations and, at the request of the parties, to operations under any
bilateral or multilateral arrangement, or, at the request of a State, to any of that State's activitiesin the
field of nuclear energy. The regulatory-related publications by which the IAEA establishes safety
standards and measures are issued in the IAEA Safety Standards Series.

In order to ensure the broadest international consensus, safety standards are also submitted to all
Member States for comment before approval by the IAEA Board of Governors (for Safety
Fundamentals and Safety Requirements) or, on behalf of the Director General, by the Publications
Committee (for Safety Guides).

The IAEA’s safety standards are not legally binding on Member States but may be adopted by
them, at their own discretion, for use in national regulations in respect of their own activities. The
standards are binding on the IAEA in relation to its own operations and on States in relation to
operations assisted by the IAEA. Any State wishing to enter into an agreement with the IAEA for its
assistance in connection with the siting, design, construction, commissioning, operation or
decommissioning of a nuclear facility or any other activities will be required to follow those parts of
the safety standards that pertain to the activities to be covered by the agreement. However, the fina
decisions and legal responsibilitiesin any licensing procedures rest with the States.
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While the non-radiological aspects of industrial safety and environmental protection are not
explicitly considered; it is recognized that States should fulfil their international undertakings and
obligationsin relation to these, as well.

The requirements and recommendations set forth in the IAEA safety standards might not be fully
satisfied by some facilities built to earlier standards. Decisions on the way in which the current safety
standards are applied to such facilities are taken by individual States. Furthermore, while the safety
standards of the IAEA are not legaly binding, they are developed with the aim of ensuring that the
peaceful uses of nuclear energy and of radioactive materials are undertaken in a manner that enables
States to meet their obligations under generally accepted principles of international law and rules, such
as those relating to environmental protection. According to one such general principle, the territory of
a State must not be used in such a way as to cause damage in another State. States thus have an
obligation of diligence and standard of care.

Civil nuclear activities conducted within the jurisdiction of States are, as any other activities,
subject to obligations to which States may subscribe under international conventions, in addition to
generally accepted principles of international law. States are expected to adopt within their national
legal systems such legislation (including regulations) and other standards and measures as may be
necessary to fulfil al of their international obligations effectively.

International standards, guidelines and general recommendations applicable to environmental
remediation activities of uranium mining and milling facilities are presented and discussed in a
number of publications from the IAEA:

e International Basic Safety Standards for Protection against lonising Radiation and for the
Safety of Radiation Sources, Safety Series No. 115, 1996.

»  The Principles of Radioactive Waste Management, Safety Series No. 111-F, 1995.

»  Establishing a National System for Radioactive Waste Management, Safety Series No. 111-
S-1, 1995.

o Safe Management of Wastes from the Mining and Milling of Uranium and Thorium Ores,
Safety Series No. 85, 1987 (currently under revision).

* Regulations for the Safe Transport of Radioactive Material, 1996 edition (Revised), Safety
Standards Series, No. TS-R-1 (ST-1, Revised), 2000.

Recommendations of the International Commission on Radiological Protection (ICRP) [10] are
routinely incorporated into the IAEA’s own recommendations. A number of |CRP publications issued
over the last few years are relevant to the radiological aspects of remediation at uranium mining and
milling sites, most notably ICRP publications:

e ICRP Publication 60, Recommendations of the International Commission on Radiological
Protection. Annals of the ICRP 21 (1-3), 1991.

* ICRP Publication 61, Annual Limits on Intake of Radionuclides by Workers Based on the
1190 Recommendations. Annals of the ICRP 21 (4), 1991.

»  Risks Associated with lonising Radiations. Annals of the ICRP 22 (1), 1991.

+ ICRP Publication 62, Radiological Protection in Biomedical Research. Annals of the ICRP
22 (3), 1991.
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e Addendum to ICRP Publication 53 — Radiation Doses to Patients from Radio-
pharmaceuticals. Annals of the ICRP 22 (3), 1991.

e« ICRP Publication 63, Principles for Intervention for Protection of the Public in a
Radiological Emergency. Annals of the ICRP 22 (4), 1991.

* ICRP Publication 64, Protection from Potential Exposure: A Conceptual Framework.
Annals of the ICRP 23 (1), 1993.

+ ICRP Publication 65, Protection against Radon at Home and at Work. Annals of the ICRP
23 (4), 1993.

e ICRP Publication 66, Human Respiratory Tract Model for Radiological Protection. Annals
of the ICRP 24 (1-3), 1994.

* ICRP Publication 67, Age-Dependent Doses to Members of the Public from Intake of
Radionuclides: Part 2, Annals of the ICRP 23 (2-3), 1993.

 ICRP Publication 68, Dose Coefficients for Intakes of Radionucledes by Workers: A
Replacement of ICRP Publication 61. Annals of the ICRP 24 (4), 1994,

+  Summary of the current ICRP principles for Protection of the Patient in Nuclear Medicine.
Appears as supplement in the Annals of the ICRP 24 (4), 1994.

e ICRP Publication 69, Age-Dependent Doses to Members of the Public from Intake of
Radionuclides: Part 3. Ingestion Dose Coefficients. Annals of the ICRP 25 (1), 1995.

e ICRP Publication 70, Basic Anatomical and Physiological Data for Use in Radiological
Protection. Part 1. Skeleton. Annals of the ICRP 25 (2), 1995.

* ICRP Publication 71, Age-Dependent Doses to Members of the Public from Intake of
Radionuclides, Part 4. Inhalation Dose coefficients. Annals of the ICRP 25 (3-4), 1995.

+ ICRP Publication 77, Radiological Protection Palicy for the Disposal of Radioactive Waste.
Supplement to the Annals of the ICRP 1997 (28), 1997.

* ICRP Publication 81, Radiation Protection Recommendations as Applied to the Disposal of
Long-lived Solid Radioactive Waste, 2000.

« ICRP Publication 82, Principles for the Protection of the Public in Stuations of Prolonged
Exposure, 2000.

I mplementation process

The Environmental Impact Assessment (EIA) or, smply, Environmental Assessment (EA), has
become a powerful tool to help integrate environmental factors into the decision-making process for a
project. The EIA process provides a systematic approach for identifying the environmental effects of a
proposed development. By identifying potential adverse environmental effects before they occur, EIAs
allow decision-makers to modify plans so that these effects can be minimised or eliminated.

In the 1980s, the World Commission on Environment and Development (known as Brundtland
Commission) gave new impetus and focused public demand for reforming the EIA process in many
countries. In its report, “Our Common Future”, the Commission concluded that EIA processes would
be more effective, if they were mandatory and entrenched in legislation. Many countries have now
incorporated the EIA process into national law (see, for instance, the Canadian example [11]). Others,
while currently practising EIAs, are in the process of introducing legislation to provide EIAs with a
statutory basis, thus reducing legal uncertainties and the need for court interpretation.
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For new mining and milling projects, progressive remediation and eventual decommissioning are
assessed routinely as a part of the EIA process in many countries. For older facilities that have been
shut down, the situation is less clear and will depend on particular local circumstances. New formal
EIAs may be required before these rehabilitation activities can be carried out. Alternatively, some
other form of assessment may be more appropriate in order to determine the risk to the local
population and the intervention level for remediation measures. This will necessarily require a
thorough investigation and monitoring of the affected site (if data are not aready available from
operational records) and a careful cost-benefit analysis of the possible strategies, since some of these
remediation measures are costly and may lead to undue financia burden on the operator of the
facilities, or the State itself. The adopted strategy must be selected in accordance with the applicable
legislation governing environmental protection in general and radiological exposure to the critical
group in particular, as well asregard for present and future generations. This may result in the need for
long-term stewardship or ingtitutional controls to be established (see Chapter 7).

Public involvement

Informing stakeholders as well as consultation with, and participation by, the public in the
process itself have become key aspects in many environmental assessments for development projects
and in drafting environmental legisation. The development of new uranium mining sites and the
decommissioning and remediation of existing facilities are no exceptionsto this trend.

Although the process of public consultation may vary from country to country, and indeed may
not be specifically described in the legislation, the objective should remain the same. It is to ensure
that the process itself is as open and transparent as possible and that all interested parties have the
opportunity to comment on the proposed activity and put forward their views. This is especialy
important and necessary in the case of controversial projects. Only when al stakeholders accept that
the process has achieved these aims, will it be possible for the proposed activity to be generally
acceptable. In fact, the public may have a significant input in certain remediation objectives, e.g.
deciding on the future land use.

Scope

Nine of the countries covered in the country-specific section of this report are either Member
States of the European Union (EU) or candidates for membership. Consequently, it is pertinent to
review the EU legidation that is or will be of relevance to uranium mining and milling remediation
activitiesin these countries.

The usual legidative instrument employed by the European Institutions is the Directive, by which
Member States are required to amend or adopt national legislation by a specified deadline in order to
achieve the aims set out in the Directive. Though Directives are binding on Member States, the precise
method of adoption of the prescribed measuresis decided at the national level.

The legal base for most of the EU legidation in the nuclear sector is the EURATOM Treaty [12].
Though radiological protection is covered extensively in the Euratom Treaty and associated
Directives, the only specific mention of radioactive waste in the Treaty occurs in Article 37, which
states: “Member States shall provide the Commission with such general data relating to any plan for
the disposal of radioactive waste in whatever form as will make it possible to determine whether the
implementation of such plan is liable to result in the radioactive contamination of the water, soil or
airspace of another Member State.” In its recommendation 1999/829/Euratom, the European
Commission has stated that this Article should cover any planned disposal or accidenta release of
radioactive substances associated with (amongst others) the mining, milling and conversion of
uranium and thorium.
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Thereis aso a considerable body of EU legidation dealing with environmental issues. Under the
Treaty establishing the European Community (EC Treaty) [13], as amended by the Treaty of
Amsterdam, environmental considerations must be taken into account in the other EU policy areas.
This is evidence of the increasing concern within the EU over environmental issues in general. In
addition, the European Community is a signatory to both the Espoo and Aarhus Conventions, and a
project of adherence to the Joint Convention is currently under consideration by the Commission
services.

On the more practical side, the Commission, through its various funding mechanisms (principally
the PHARE and TACIS programmes), has financed numerous studies and implementation projects in
the field of remediation at uranium mining and milling sitesin the EU candidate and other countriesin
Central and Eastern Europe. A full description of these activities can be found in arecent paper [14].

The principal EU Directives having a possible bearing on remediation activities at uranium
mining and milling sites are discussed below.

The Environmental | mpact Assessment (EIA) Directive

Council Directive 85/337/EEC and its amendment 97/11/EC [15] on the assessment of the effects
of certain public and private projects on the environment, together, the EIA Directive, is one of the key
items of European environmental legidation. Member States had to comply with the provision of the
amended Directive by 14 March 1999. The amended Directive provides a list of projects for which an
EIA isobligatory and alist of projects for which Members States have discretion in the application of
the Directive, the discretion being based in either a case-by-case examination of thresholds or criteria
set by the Member States themselves. The list of projects for which EIA is obligatory is the same as
the list annexed to the Aarhus Convention.

The EIA Directive requires that certain information be supplied by the projet's developer. This
includes notably “a description of the measures envisaged in order to, avoid, reduce and, if possible,
remedy significant adverse effects’. The Directive also specifies that the public be given access to the
relevant information and be allowed the opportunity to express an opinion. This access to information
by the public is one of the fundamental elements of the EIA Directive, and has been developed even
further in the Espoo and Aarhus Conventions.

Under the terms of the EIA Directive, it is clear that remediation aspects will form an essential
part of the necessary mitigation measures studied for a new mining site. However, “stand alone”
remediation projects are not mentioned in the Directive. This limitation is also apparent in the Espoo
and Aarhus Conventions since the annexed list of applicable projects is essentially the same in all
three legal texts.

The Basic Safety Standards Directive

Council Directive 96/29/Euratom [16] of 13 May 1996, lays down basic safety standards for the
protection of the health of workers and the general public against the dangers arising from ionising
radiation. The origin of these measures lies in the provisions of Chapter 3 of the Euratom Treaty. The
Directive presents the most recent set of basic safety standards, and effectively transposes into law the
recommendations of ICRP 60. Member States must comply with the provisions of this Directive by
13 May 2000. Ongoing uranium mining is included in the scope (Titlell) of the Directive, and the
legislation provides for radiologica protection to the workforce and public from related activities.
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Past mining practices are also covered by the Directive (Art. 48), but not to the same extent as
current mining activities. Article53 of the Directive, concerning past practices, regulates only
intervention measures (like demarcation of the site, monitoring of exposure, etc.). The remediation
measures themselves are not regulated, and the Directive does not contain any specific binding target
values in this respect. However, the Commission is planning to publish a report [17] giving guidance
for remediation projects from the radiation protection point of view.

The Drinking Water Directive

Council Directive 98/83/EC [18] of 3 November 1998, on the quality of water intended for
human consumption prescribes atotal indicative dose of 0.1 mSv-y™ (excluding tritium, potassium-40,
radon and radon decay products) for drinking water. This Directive entered into force on
25 December 1998, and Member States have two years from this date to incorporate it into national
legislation and a further three years to ensure that drinking water standards comply with those set by
the Directive (i.e. until 25 December 2003). The Directive has specific provisions for monitoring and
remedial action in the event that the prescribed limits are surpassed. The provision of this Directive
will have direct relevance to remediation at affected sites.

The Waste Framework Directive

Council Directive 91/156/EEC [19] amending 75/442/EEC establishes a framework for the
management of waste in the European Community. Excluded from the scope of this Directive are
radioactive waste and waste resulting from prospecting, extraction, trestment and storage of mineral
resources and from the working of quarries.

These wastes are excluded from this Directive since they are already covered by other
Community legislation. However, in the case of mining waste, it is clear that no other Community
legislation applies, therefore this waste is covered by the present Directive. In the light of the incident
at the Baia Mare goldmine in Romania, it is likdy that new legislative initiatives will soon be
forthcoming in this area, and the Commission services are in the process of preparing a
Communication in which the Commission's view will be presented, though the extent to which
uranium mining waste is also covered remains to be seen. The situation regarding radioactive waste is
less clear, and the Commission’ s legal service may be required to rule on whether this waste is aready
adequately covered by other Community legislation, e.g. Basic Safety Standards.

The Landfill Directive

Council Directive 99/31/EC [20] of 26 April 1999, on the landfill of waste entered into force on
16 July 1999, and Member States have two years from this date to transpose it into national law. The
Directive does not cover landfills that have aready been closed before this date. Also, it is not yet
clear whether or how the Directive will apply to waste at uranium mining sites, e.g. mill tailings, low-
grade ore heaps, since only those wastes covered by the Waste Framework Directive are included in
the scope of the Directive. However, assuming that this Directive will aso apply to uranium mining
waste, there are minimum requirements that must be respected concerning protection of soil and water,
e.g. maximum permissible permeability and minimum thickness of covering layer.
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0. COSTSAND FUNDING

Scope and availability of data

Decommissioning and remediation costs may be defined in different ways. For the purpose of this
report, decommissioning and remediation costs are defined as “all costs that, according to the
requirements of the regulatory bodies, will be incurred to decommission and remediate uranium
mining and milling facilities and land used in and/or affected by the production process’.

An in-depth analysis of decommissioning and remediation costs for different uranium mining
and/or milling sites around the world would require individua costs for all items that normally would
undergo decommissioning and remediation. These items include: waste rock piles, heap leach piles,
ore storage and loading areas, tailing ponds, underground mines, open pit mines, buildings and
infrastructure, ISL infrastructure, and contaminated groundwater and soils.

Furthermore, a complete analysis would call for a breakdown of the individual costs into their
cost components, which would include research and development, planning and engineering,
licensing, implementation, and monitoring.

Unfortunately information, which would alow such an analysis, is not readily available.
Therefore, this report deals only with aggregate cost data, which have been reported for this study, or
which are available from other published sources. To put the various decommissioning and
remediation costs into perspective, unit costs are calculated and expressed in terms of uranium
produced or ore processed, e.g. as cost per kilogram U or per metric ton of ore mined or processed.
Although costs are calculated for a site or facility, it should be noted that no meaningful comparison of
costs can be made between sites or countries without additional detail data and analysis, as these costs
are very site specific. The cost data presented in this chapter are primarily to provide a global
perspective and information base for policy and decision makers so that such costs can be accounted
for and allocated, as with any other socid costs.

The data in this chapter do not include costs for long-term care and maintenance of remediated

uranium related facilities since such costs are generally not available. Costs for groundwater and mine
water treatment are included, where available.

Factor sinfluencing decommissioning and remediation costs

Cost e ements

There are factors that directly affect decommissioning and remediation costs and that should be
considered in any analysis. The more important factors include: ore deposit size, ore grade, mining
method, climate, surrounding population density, remediation scope and objectives, technical progress
in mining and milling, and funding source.
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Oredeposit size

The size of the ore deposit, or rather the size of the mining operation, has a direct influence on the
total remediation costs. Bigger deposits produce generally larger volumes of waste rock and larger
tailing ponds, which tend to be more complex and hence more costly to deal with, than small
operations.

However, the influence of the deposit size on the specific remediation costs of different sites can
only be analysed, if deposits with roughly the same ore grade and with similar mining methods are
compared.

Oregrade

For the same tonnage of uranium production, low-grade ores lead to more waste rock and tailings
and hence higher remediation costs. On the other hand, the tailings from high-grade ores have a higher
radioisotope inventory per unit volume and may require more elaborate procedures, e.g. more stringent
protective cappings and radiological safety measures during handling and management.

Mining method

The decommissioning of an open pit mine is often less complicated than the decommissioning of
an underground mine. An open pit mine remains accessible even if partially flooded after the
restoration of the groundwater table. The expenditure for securing the slopes to make the pit safe for
public access and to revegetate the embankments is relatively low. Underground mines, on the other
hand, may require costly backfilling of shafts and some or al mine workings. The complexity of
operation, proximity of human settlements, threat to natural resources, such as groundwater, may bein
agiven case the determining factor and, hence, favour one method over the other.

Both open pit and underground mines produce waste rock. The waste-to-ore ratio tends to be
higher for open pit mines. Therefore, open pit mines produce larger volumes of waste rock than
underground mines, but much of it may be rather “clean” overburden.

The operation of an ISL mine does not produce any waste rock or waste ore and, therefore, no
waste rock piles and tailing ponds, other than water neutralisation residues. However, it requires
remediation of the groundwater strata in the exhausted parts of the deposit. Remediation costs, in this
case, depend on the current or future utilisation of the affected aquifer and the leaching method applied
(acidic or alkaline). In general, decommissioning of ISL operations is less costly than that of
conventional mining operations, especially when alkaline (carbonate) leaching can be applied.

Climate

Remediation costs are influenced by the climate of a site’s geographical location. All other things
being equa (ore and host rock mineralogy), the risk of acid mine drainage is higher in humid areas
with high precipitation (e.g. Germany, Northern Australia), than in a dry climate. As a result, higher
remediation costs are expected for waste rock piles and tailing ponds in humid areas. Furthermore,
erosion and water balance considerations influence the design of waste rock and tailing pond covers.
For areas with high precipitation, capping designs are more elaborate and, therefore, more expensive.
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Remediation scope and objectives

The remediation scope and objectives set by corporate policy, agreement with stakeholders, and
the regulatory bodies etc. in a given country congtitute the most decisive factor influencing the
remediation costs.

Because of the growing environmental concerns in many countries, there has been a marked
increase in the stringency and scope of requirements (legal, political, socio-economic) and, hence, the
overall remediation costs.

Surrounding population density

Remediation costs increase with higher population density in the vicinity of the facility. Thereis
likely to be a higher pressure in populated areas on the facility operator to make land available to
unrestricted agricultural, industrial, residential and other higher value uses, than in remote areas. In
addition, long-term monitoring costs increase with higher population density.

However, the population density may also affect decommissoning and remediation costs
positively. The resale value of land or buildingstypically is higher in more densely populated areas.

Technological progressin mining and milling

Technical innovation can have a substantia influence on remediation costs in two ways. First,
technical progressin mining and processing may lead to a less negative environmental impact, e.g. by
applying in situ leach technologies instead of conventional mining. Secondly, new ideas and the
practical experience gained from different remediation projects around the world will lead to technical
progress and thus, generally, have a cost reducing effect. Moreover, newer facilities have usually been
run with a higher awareness for environmental concerns and minimum use of resources, so that total
remediation costs are lower in comparison.

These effects cannot aways be isolated from other influencing factors. In particular, the effects of
inflation run counter to the cost saving effects of technical progress. This makesit difficult to compare
remediation costs at different pointsin time.

Sources and availability of funds

Analysis of the costs of various remediation projects indicates that the source of funding has a
bearing on remediation costs. State-financed remediation projects tend to be significantly more costly
than those financed and implemented by the private industry. The cost differences are not due to the
quality of the remediation programme, or to the remediation philosophy since all laws and standards
are applied to both cases in the same way. The natural site conditions and planning parameters are aso
comparable in both cases. The cost difference is, thus, due to structural, organisational and operational
differences and differences in scope and objective. A particular example provides the substantial cost
differences between the UMTRA Title | and Title Il programmes in the United States [1]. The state-
financed and managed Titlel programme had a pilot function role, i.e., in the context of this
programme, remediation principles and procedures were clarified and technologies developed and
implemented for the first time. The experience gained here was of great value to the Titlell
programme, which is implemented by private companies (mining companies or contract miners), and
helped reduce their costs. In addition, remediation programmes financed by governments often
provide funds, as a matter of public policy, for the mitigation of the socio-economic impact of mine
closures.
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Table9.1. Decommissioning and remediation costs of selected mines|

Site L ast operator Site characteristics
Type | Status |Closing date

Czech Republic
1|« Dylen DIAMO op, ug, wr a 2002
2| e Hamr DIAMO ug, wr a 2015
3| ¢ Horni Slavkov DIAMO ug, wr c 1999
4| e Krizany DIAMO ug, wr a 2005
5| ¢ Licomerice DIAMO ug, wr Cc 2025
6| « Okrouhla Radoun DIAMO ug, wr c 1998
7| e Ols DIAMO ug, wr c 1998
8| ¢ Pribram DIAMO ug, wr, tp a 2007
9| e Pucov DIAMO ug, wr c 1998
10| « Vitkov 11 DIAMO ug, wr a 2005
11 « Zadni Chodov DIAMO ug, wr a 2005

Germany
12| « Ave Wismut ug, wr, tp a 2008
13| « Gittersee Wismut ug, wr a 2004
14| « Ronneburg Wismut op, ug, wr a 2010

USA
15| « Bear Creek,WY Rocky Mountain Energy op,wr c 1997
16| » Big Eagle WY US Energy op,ug, wr n n‘a
17| « Day-Loma WY Energy Fuels Nuclear, Inc. op I na
18| « East Gas HillsWY Umetco Minerals Corp op i n/a
19| « Felder, TX Exxon Minerals Co op c 1983
20| » GasHillsWY Power Resources op c 1995
21| « Highland,WY Exxon Minerals Co op, wr c 1996
22| « Jackpile/Paguate, NM Anaconda Minerals Co op c 1994
23| ¢ Lucky Mc,WY Pathfinder Mines Corp op,wr i n/a
24| « Midnite, WA Dawn Mining Co op, wr i na
25| « PannaMaria, TX Chevron Resources Co op c 1987
26| » Petrotomics Mine WY Petrotomics Company op, wr a n/a
27| » Pitch, CO Homestake Mining Co op, W.r i n‘a
28| « Rhode Ranch, TX Chevron Resources Co op, c 1994
29| ¢ Sherwood, WA Western Nuclear Inc op, wr c 1993
30| e Shirley Basin, WY Pathfinder Mines Corp op,wr i n‘a
31| » S, Powder River Kerr-Mcgee Nuclear op c 1989
32| « St. Anthony, NM UNC Mining & Milling op [ n/a
33| « Sweetwater, WY Minerals Exploration Co op [ n/a

Explanations:

op:
ug:
wr:

tp:
a

open pit mine

under ground mine
waste rock piles

tailing pond
remediation in progress

c.  remediation complete
m.p.: mechanical processing.

i remediation incomplete.

n:  noremediation.
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Table9.1. Decommissioning and remediation costs of selected mines| (contd)

Production Remediation costs
Ore Uranium Total Unit costs
1999 per t ore per kg U
WTI? | WTE® | WTI® | WTE® | WTI? | WTE® | WTI? | WTE
Mt tu MLC® | MLC® |MUSD |MUSD| USD usb uUsD usD
Czech Republic
1 0.8 1100 25.8 0.7 0.93 0.68
2 9.7 13206 | 13000.0 376.1 38.77 28.48
3 1.7 2668 120.6 35 2.05 1.31
4 1.1 1108 172.4 50 453 4.50
5 0.3 383 225.4 63.4 6.5 1.8 21.73 6.11 17.02 4.79
6 1.6 1340 56.2 449 1.6 1.3 1.02 0.81 1.21 0.97
7 1.9 2922 294.4 178.1 85 52 4.48 2.71 291 1.76
8 35.2 48 432 876.4 25.4 0.72 0.52
9 0.2 311 91.2 30.8 2.6 0.9 13.19 4.45 8.48 2.86
10 3.2 3970 129.3 93.6 3.7 2.7 1.17 0.85 0.94 0.68
11 21 4151 295.2 220.1 85 6.4 4.07 3.03 2.06 1.53
57.8 79591 |13667.2 | 15124 395.4 43.8 6.84 0.76 4.97 0.55
Germany
12 22.0 81000 | 15120 1303 823.5 709.7 37.43 32.26 10.17 8.76
13 3.8 3000 150.0 136 81.7 74.1 21.50 19.49 27.23 24.69
14 130.0 110000 | 3723.0 3413 |2027.8 |1858.9 15.60 14.30 18.43 16.90
155.8 194000 | 5385.0 4852 12933.0 [2642.7 18.83 16.96 15.12 13.62
USA
15 4.3 2615 n/a 6.2 1.44 2.37
16 1.2 1 064 n/a 7.3 6.08 6.86
17 0.4 575 n/a 24.6 61.50 42,78
18 7.3 6 836 n/a 16.6 2.27 243
19 0.9 982 n/a 0.4 0.44 0.41
20 0.8 563 n/a 2.3 2.88 4.09
21 10.0 9297 n/a 3.8 0.38 0.41
22 21.6 28 808 n/a 35.0 1.62 1.21
23 10.6 16 923 n/a 15.0 1.42 0.89
24 2.0 3846 n/a 34.5 17.25 8.97
25 47 1 868 n/a 15.0 3.19 8.03
26 57 9075 n/a 32.0 5.61 3.53
27 0.3 830 n/a 10.0 33.33 12.05
28 11 3036 n/a 4.0 3.64 1.32
29 2.6 2300 n/a 35 1.35 1.52
30 6.5 9463 n/a 59.3 9.12 6.27
31 0.5 384 n/a 1.9 3.80 4.95
32 0.6 568 n/a 2.0 3.33 3.52
33 21 497 n/a 11.8 5.62 23.74
83.2 99 530 285.2 343 2.87
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Table9.2. Decommissioning and remediation costs of selected mills||

Site L ast operator Site characteristics
Type | Status | Closing date

Czech Republic
1| MAPE Mydlovary" DIAMO acl,tp| a 2020
2| Straz p. Raskem? DIAMO sl a 2040

Germany
3| Crossen’® Wismut tp, wr a 2010
4| Seelingstadt’ Wismut tp, wr a 2015

USA

Titlel Sites
5| AmbrosialLake, NM Phillips, UNC al, tp c 1995
6| Canonsburg, PA Vitro Minerals al, tp c 1987
7| Durango, CO Vanadium Corp. acl, tp c 1991
8| Edgemont, SD TVA acl, tp c 1989
9| FdlsCity, TX Susquehanna Western acl, tp C 1994
10| Grand Junction, CO Climax acl tp c 1994
11| Green River Concentr., UT Union Carbide acl, tp C 1989
12| Gunnison, CO Gunnison Mining acl, tp c 1995
13| Lakeview, OR Lakeview Mining acl, tp c 1989
14| Maybell, CO Umetco Minerals Corp. acl, tp c 1998
15| Mexican Hat Mill, UT Atlas Minerals acl, tp c 1995
16| Monticello Mill, UT USAEC al, tp a n/a
17| Monument #2 Upgrader, AZ Vanadium Corp. hl, tp c 1994
18| Naturita, CO’ Vanadium Corp. tp C 1998
19| Rifle, CO> Union Carbide tp C 1996
20| RivertonWY Susguehanna Western acl, tp c 1990
21| Sdt LakeCity, UT Vitro Minerals acl, tp c 1996
22| Shiprock, NM Foote Minerals acl, tp c 1986
23| Slick Rock Concentr., CO° Union Carbide acl, tp c 1986
24| Spook Upgrader, WY Wyoming Mining acl, tp c 1989
25| TubaCity, AZ El Paso Natura Gas acl, tp c 1990

Total and averages

Explanations:

acl:

al:
ep:
hi:
isl:
rp:
tp:

acid leach.
alkaline leach.
evaporation pond.
heap leach pile.
in situ leaching.
raffinate pond.
tailing pond.

BN BEE
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remediation in action.
remediation complete.
remediation incompl ete.
no remediation.
a not available.
WTI: water treatment costs included.
WTE: water treatment costs excluded.




Table9.2. Decommissioning and remediation costs of selected mills |1 (contd)

Production Remediation costs
Ore | Uranium Total Unit costs
1999 t ore kgU
WTI? WTE" WTI? WTE WTI? WTE"
Mt tuU MUSD MUSD °© usD usD
Czech Republic
1 16.8 28 500 87.7 5.2 31
2 0 15 562 1041 66.9
Germany
3 74.7 77 000 473.3 368.7 6.3 49 6.1 4.8
4] 108.8 85 500 831.7 641.6 7.6 59 9.7 7.5
183.5 162 500 1305.0 1010.3 7.1 55 8.0 6.2
USA
Title! Sites
5 2.4 3077 n/a 36.9 154 12.0
6 0.3 224 n/a 51.3 1711 229.1
7 15 3569 n/a 65.4 43.6 18.3
8 2.1 1077 n/a 47.4 22.6 44.0
9 2.3 3077 n/a 46.8 20.3 15.2
10 2.1 4 496 n/a 506.4 241.2 112.6
11 0.2 346 n/a 204 102.1 59.0
12 0.5 623 n/a 44.1 88.1 70.7
13 0.1 150 n/a 331 330.5 220.3
14 2.4 1538 n/a 43.7 18.2 28.4
15 2.0 4 385 n/a 48.1 24.0 11.0
16 0.8 1763 n/a 256.2 320.3 145.3
17 0.9 2 307 n/a 19.7 21.9 8.5
18 0.6 1895 n/a 61.1 101.9 32.3
19 2.8 6154 n/a 106.4 38.0 17.3
20 0.8 831 n/a 49.8 62.3 60.0
21 15 4185 n/a 89.1 59.4 21.3
22 3.4 7115 n/a 27.1 8.0 3.8
23 0.6 1290 n/a 54.9 915 42.5
24 0.2 173 n/a 7.4 36.9 42.7
25 0.7 1806 n/a 32.8 46.8 18.1
28.2 50 081 1648.1 58.4 32.9
Footnotes:
1 3030 MCZK, water treatment cost excluded [12].
2. 3600 MCZK, water treatment cost included [12].
3. 677MDEM, water treatment cost excluded; 869 MDEM water treatment cost included [14].
4. 1178 MDEM, water treatment cost excluded; 1 527 MDEM water treatment cost included [14].
5. Mainly vanadium processing, uranium by-product [20].
6. Includes dlick rock plant of North Continental Mining [20].
7. Heap leach operation.
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Table9.2. Decommissioning and remediation costs of selected mills |l (contd)

Site L ast operator Site characteristics
Type |Status| Closingdate
USA
Titlell Sites

26 |[Ambrosia Lake, NM Rio Algom Corp. acl, tp [

27 |Bear Creek, WY Rocky Mountain Energy acl, tp c 1997
28 |Bluewater, NM Anaconda Minerals Co. al, tp, ep c 1995
29 |Church Rock, NM UNC Mining & Milling acl, tp C 1995
30 |Conquista, TX Conoco Inc. acl, tp c 1993
31 |East Gas Hills, WY Umetco Minerals Corp. acl, tp a n/a
32 |Ford, WA Dawn Mining Co. acl, tp i n/a
33 |Gas Hills, WY Federal-American Partn. acl, tp i n‘a
34 |Grants, NM UNC-Homestake al, tp i n/a
35 |Grants NM QuiviraMining Co. acl, tp n/a n/a
36 |Highland, WY Exxon Minerals Co. acl, tp c 1990
37 |L-Bar, NM Sohio Western Mining Co. acl, tp c 1989
38 |Lisbon, UT Rio Algom Corp. al, tp c 1996
39 |Lucky Mc, WY Pathfinder Mines Corp. acl, tp c 1992
40 |Maybell, CO’ Umetco Minerals Corp. tp, ep i n/a
41 [Moab, UT AtlasMinerals acl, dl, tp [ n‘a
42 |PannaMaria, TX Rio Grande Resources acl, tp c 1998
43 |Ray Point, TX Exxon Mineras Co. al, tp c 1994
44 | Sherwood, WA Western Nuclear Inc. acl, tp c 1996
45 |Shirley Basin, WY Petrotomics Company acl, tp C n‘a
46 |Shirley Basin, WY Pathfinder Mines Corp. acl, tp a n/a
47 |Split Rock, WY Western Nuclear Inc. acl, tp, ep c 1997
48 |Sweetwater, WY Minerals Exploration Co. acl, tp [ n/a
49 |Uravan, CO Umetco Minerals Corp. acl, tp, rp a n‘a
50 |White Mesa, UT International Uranium acl, tp, ep i n/a

Total and averages

Explanations:

acl:
al:

ep:
hi:
isl:
rp:
tp:

acid leach.
akaline leach.

evaporation pond.

heap leach pile.
in situ leaching.
raffinate pond.
tailing pond.

LT.AI 3 Tae
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remediation in action.
remediation compl ete.
remediation incomplete.
no remediation.

not available.

WTI: water treatment costs included.

WTE: water treatment costs excluded.




Table9.2. Decommissioning and remediation costs of selected mills |1 (contd)

Production Remediation costs
Ore | Uranium Total Unit costs
1999 tore kg U
WTI? WTE® WTI? WTE® WTI? WTE®
Mt tu MUSD MUSD® usb usb
USA
Titlell Sites

26| 37.9 48 360 41.2 314 11 0.8 0.9 0.6
27 4.3 2529 n/a| 49 11 1.9
28| 32.8 50 000 43.0 39.5 13 12 0.9 0.8
29 3.2 3091 16.4 14.6 51 4.6 5.3 4.7
30 8.0 6 154 n/a| 8.0 10 13
31 7.3 6 836 45.0 6.2 6.6
32 2.8 4773 175 145 6.3 5.2 3.7 3.0
33 5.2 10 263 7.4 14 0.0 0.7 0.0
34| 222 28 500 711 34.1 3.2 15 2.5 1.2
35| 37.9 48 360 41.2 11 0.9
36 10 9297 20 17.2 2.0 17 2.2 19
37 15 1736 17 15.0 11.3 10.0 9.8 8.6
38 35 5712 155 10.0 44 2.9 2.7 1.8
39| 14.6 21909 9.8 7.3 0.7 0.5 0.4 0.3
40 18 385 n/a| 3.2 18 8.3
41) 195 24 769 n/a| 16.0 0.8 0.6
42 5.9 5 846 21 19.3 3.6 3.3 3.6 3.3
43 0.4 292 4.1 3.6 10.3 9.0 14.0 12.3
44 2.6 2 300 n/a| 8.3 3.2 3.6
45 57 9075 n/a| 9.9 1.7 11
46 6.5 9463 n/a| 6.4 10 0.7
47 7 7 190 25 214 3.6 3.1 35 3.0
48 2.1 497 n/a| 54 2.6 10.9
49 9.4 16 346 96.2 10.2 59
50 4 10923 n/a| 11.5 29 11

256.1 334 606 491.4 301.5 1.9 12 15 0.9
Footnotes:
1 3030 MCZK, water treatment cost excluded [12].
2. 3600 MCZK, water treatment cost included [12].
3. 677 MDEM, water treatment cost excluded; 869 MDEM water treatment cost included [14].
4. 1178 MDEM, water treatment cost excluded; 1 527 MDEM water treatment cost included [14].
5. Mainly vanadium processing, uranium by-product [20].
6. Includes dick rock plant of North Continental Mining [20].
7. Heap leach operation.
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Table 9.3. Decommissioning and remediation costs of selected integrated oper ations

Site L ast operator Site characteristics
Type Status | Closing date
Australia
1 [Mary Kathleen™® MKU op, adl, c 1985
2 |Nabarlek?® QM op, adl, tp, wr c 1995
3 |Rum Jungle®® CRA op, acl, tp c 1991
Totalsand averages
4 |Ranger” ERA op, acl, tp, wr 0
Canada
5 |Beaverlodge™® Eldorado ug, al, tp, wr i 1985
6 |Denison®’ Denison Mines Ltd. ug, acl, tp 1999
7 [Panel ®’ Rio Algom Ltd. ug, adl, tp c 1999
8 [Quirke®’ Rio Algom Ltd. ug, adl, tp c 1999
9 |Stanleigh’ Rio Algom ug, acl, tp a 1999
10| Stanrock ® ’ Denison Mines Ltd. ug, acl, tp C 1999
Totalsand aver ages
11|Cluff Lake ’ COGEMA ug, acl, tp,w.r 0
12|Key Lake’ Cameco ug, acl, tp,w.r 0
13|McClean Lake®’ COGEMA op, acl,tp, wr 0
14|Rabbit Lake’ Cameco ug, acl, tp,w.r 0
Czech Republic
15|Rozna DIAMO ug, wr, tp 0 2020
France
16 |Generic facility® COGEMA acl, wr, tp
Germany
17|Konigstein WISMUT ug, wr a 2015
Hungary
18|Mecsek’ MEV ug, wr, hi a 2003
Spain
19|Elefante Enusa op,hl,. a
20|Quercus Enusa op, acl, tp o
Totalsand averages
Explanations:
op: open pit mine acl: acid leach c remediation complete
ug: under ground mine al: alkaline leach i remediation incomplete
wr: waste rock piles hi: heap leach pile o: operating mine
tp: tailing pond na not available °MLC: million local currency unit
a remediation in action
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Table9.3. Decommissioning and remediation costs of selected integrated oper ations (contd)

Production Remediation cost
Ore Uranium Total Unit costs
1999
Mt tu MLC |  MusD UsSD/t | USD/kgu
Australia
1 7.0 7531 30.4 19.6 2.80 2.60
2 0.6 9228 10.5 6.8 11.33 0.74
3 2.0 5193 23.8 15.3 7.67 2.95
9.6 21 952 64.7 41.8 4.35 1.90
4 na n/‘a 32.0 20.6
Canada
5 10.0 17 530 23.9 16.1 1.61 0.92
6 63.0 56 060 39.0 26.3 0.42 0.47
7 15.0 9160 15.0 10.1 0.67 1.10
8 43.0 43710 25.0 16.8 0.39 0.38
9 n/a n/a 20.0 135
10 5.7 10 440 16.0 10.8 1.89 1.03
136.7 136 900 119 80 0.59 0.58
1 na n‘a 33.6 22.6
12 n/a n/a 45.6 30.7
13 0.78 n/a 35.0 23.6
14 n/‘a n/‘a 29.5 19.9
Czech Republic
15| 123 | 15978 | 6149 | 1779 | 14.46 | 11.13
France
16| n/a | n/a H n/a | n/a | n/a | 1.9
Germany
17| 270 | 17000 | 1984 | 10806 | 4002 | 63.57
Hungary
18] 257 | 21251 | 23129 | 975 | 379 | 4.59
Spain
19 8.0 2975 4 200 26.9 3.36 9.04
20 6.0 1955 2 100 134 2.24 6.88
14.0 4930 6 300 40.3 2.88 8.18
Footnotes:
1 19 MAUD in 1985 [10]. 7. Remediation cost figures from [11].
2 10 MAUD in 1995, rehabilitation bond [9]. 8. Unit cost [13] is average figure from decommission and
3. 20.6 MAUD in 1991 [10]. remediation costs of open pit and underground mines at
4. cost estimate March 2000; moniesin trust fund [9]. Cellier, L' Ecarpiére, and Bessines [23].
5. 16.25 MCAD in 1985 [10]. -
6. Al datafrom[10], exc[ept]McCIean Lake [11]. 9. 18000 MHUFin 1997 [17].
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Table 9.4. Decommissioning and remedation costs of selected special facilities

Site Last Operator Site characteristics
Type Status| Closing date
Canada
1 |Agnew Lake' ALM-Kerr Addison ug, acl, tp c 1986
2 |Madawaska’® M adawaska mines op,acl tp c 1986
Germany
3 |Ellweiler® Gewerkschaft Brunhilde | Research, tp c 2000
4 |GroRschloppen® Esso/CEGB/Interuran ug c 1989
5 |Hohenstein® Gewerkschaft Brunhilde ug c 1993
6 |Menzenschwand® Gewerkschaft Brunhilde ug c 1992
Spain
7 |Lobo-G’ Enusa op, hi c 1997
Sweden
8 |Ranstad® AB SVAFO op,acl, tp,wr | ¢ 1993
USA
9 |Belfield Plant, ND® Union Carbide lignite ashes i n/a
10|Bowman Plant, ND’ Kerr-Mcgee ligniteashes | i n/a
11)Grand Junction Pilot Plants  |USAEC Research i n‘a
12|Lowman, ID* Porter Brothers m.p., tp c 1992
13|Shootaring Canyon, UT US Energy acl, tp i n/a
Explanations:
op:  open pit mine m.p.. mechanical processing n/a not available
ug:  under ground mine acl: acidleach c remediation complete

wr:  wasterock piles

Footnotes:
3.3MCAD in 1986 [10].

43 MDEM in 1999 [16].
1.7 MDEM in 1989 [10].
0.93 MDEM in 1993 [10].

grwdE

tp: tailing pond

0.2 MCAD in 1986, only tailing pond cover [10].
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1.44 MDEM in 1993 [10].
1300 MESP in 1997 [19].
140 MSEK in 1993 [10].

“ore” iscoal.
0. 11.5MUSD in 1992 [20].




Table 9.4. Decommissioning and remedation costs of selected special facilities (contd)

Production Remediation cost
Ore Uranium Total Unit costs
1999 tore kgu
t tU MUSD usb usbh

Canada
1 2 300 000 750.0 31 1.4 4.2
2 4 460 000 3675.0 0.2 0.04 0.05

Germany
3 173 000 651.1 234 135.4 36.0
4 18 600 30.3 12 62.6 384
5 13900 9.1 0.6 39.9 61.0
6 98 900 584.1 0.9 9.0 15

Spain
7 0.02 136 8.7 433.67 63.77

Sweden
8 n‘a 200.0 18.0 89.9

USA
9 44 429 130.0 40 90.5 30.9
10 73 140 233.0 2.7 36.2 11.4
11 30 000 50.0 33.3 1110.0 666.0
12 200000 33.0 13.7 68.3 413.8
13 15000 10.0 7.0 466.7 700.0

Table9.5. Exchangerates USD vs. local currencies

Country Currency Exchange Rate
Australia AUD 1.550
Canada CAD 1.486
Czech Republic CzK 34.569
Germany DEM 1.836
Hungary HUF 237.146
Spain ESP 156.170
Sweden SEK 8.262

The availability of funding as a function of time may also have a bearing, as extending work over
time due to the lack of funding, in general, increases total costs. Reasons include inter alia, additional
cost of intermediate safe keeping measures, prolonged hire times of equipment, and interest rates on
borrowed capital.
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Classification of decommissioning and remediation projects

Most available cost data provide the combined aggregate costs for (i) mine and waste rock, and
(it) mill and tailing pond decommissioning. For a few sites, only the total cost for decommissioning
and remediation is available.

For this report, therefore, the remediation projects have been classified into three groups:

e Mineremediation, which includes remediation of waste rock piles.
*  Mill remediation, which includes the remediation of tailing ponds.

 Remediation of integrated complexes, which includes mine, mill, waste rock, and tailing
ponds.

Many countries built experimental/exploratory uranium mining and ore processing facilitiesin the
1960s and 1970s, sometimes using unconventional feedstock. The operations were generally small,
producing only tens to several hundred tonnes of uranium. Because of their experimental character,
these operations do not fit into any of the three groups. They have, therefore, been classified together
in afourth group:

e Special operations.

The cost data corresponding to these four groups are presented on Tables 9.1, 9.2, 9.3 and 9.4,
respectively.

General remarks concerning the presentation of cost data in thisreport

The Tables 9.1 to 9.4 summarise aggregate decommissioning and remediation costs for uranium
mining and milling sitesin Australia, Canada, the Czech Republic, Germany, Hungary, Sweden, Spain
and the USA. Where available, the compilation contains data on ore tonnage and uranium production,
aswell. If both cost and production data were available, unit remediation costs have been cal cul ated.

All costs are given in loca currencies and in US dollars. The exchange rates applied are given in
Table 9.5. They represent the average 1999 US dollar vs. local currency exchange rates [2]. All but the
historic costs figures are estimated values only.

Historic cost data for decommissioned and remediated mines in Australia, Canada, Germany,
Spain, and Sweden have been converted to 1999 local currencies using the consumer price indices of
the respective countries [3-7] and then converted into 1999 US dollars. Using the US consumer price
index [8], the historic costs of Title I mill sites in the USA were converted into 1999 US dollars as
well. Cost data of all other US sites were deemed 1999 costs. All unit costs are expressed in 1999 US
dollars.

Data sources

Physical and cost data listed in Tables 9.1 to 9.4 were derived from the country reports submitted
for this study by participating organisations and from other available data listed in the Reference
section of this chapter. The corresponding sources for each country are as follows. Austraia: [9];
Canada: [10,11]; Czech Republic: [12]; France: [13]; Germany: [10,14-16]; Hungary: [17,18]; Spain:
[19]; and, USA: [1,20,21].
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Analysis of decommissioning and remediation costs

A comparison of decommissioning and remediation costs based only on aggregate cost figures
would not provide an objective assessment of the world situation. It is important to realise that even
for similar projects, like decommissioning of an underground mine or decommissioning of an uranium
mill, the scope and extend of the physical work involved may vary considerably, due to the
influencing factors mentioned above. A breakdown into cost elements such as labour, capital cost,
acquisition of technology and so forth, would be useful for the country comparison, but again the data
are not publicly available in most cases.

A systematic analysisis further complicated by the fact that not all remediation costs presented in
Tables 9.1 to 9.4 incorporate costs for dismantling and demalition, the restoration of used land, and the
treatment of contaminated ground and mine water.

Nevertheless, the data listed on Tables9.1 to 9.4 indicate some trends and broad differences
between different projects in the same country and similar projectsin different countries.

Decommissioning and remediation of mines

When the costs for water treatment are included, the unit costs for mine decommissioning and
remediation in Germany are roughly three times the costs in the Czech Republic. The higher costs in
Germany may be attributed to the extensive work required for underground decommissioning to
prevent later subsidence and surface damage after flooding of the mines. In addition, the waste rock
remediation plans are very elaborate because all three sites are located in densely populated areas.

It does not seem meaningful to compare the decommissioning and remediation costs of the US
mines to the German and Czech costs. The sites in Czech Republic and in Germany are generaly
underground mines whereas the sites in the USA are all open pit mines. In addition, the published
costs for the US mines do not contain costs for mine water treatment, which is a considerable cost
factor in Germany and Czech Republic because of the long time foreseen for water treatment.

Decommissioning of mills

The decommissioning costs for the ore processing facilities in Germany and the Title |l sitesin
the USA are in the same order of magnitude, i.e. between 1 and 8 USD-kg™ U. The higher costs in
Germany may be explained by the fact that work at both sites entails the remediation of huge tailing
ponds (56 million t residue in Crossen, 110 million t in Seelingstadt). Their supernatant water has to
be removed and treated before discharge. Putting a capping on the tailings, especially on the parts
containing fine-grained tailings, isadifficult task that requires expensive and innovative techniques.

The average costs for the Title | sitesin the USA, though, are an order of magnitude higher than
the rest in this group. The unit costs would be even higher, if costs of water treatment were included.
Though water treatment costs were not available for individua sites, the Department of Energy
estimates groundwater restoration costs of 215 million US dollars [20]. The explanation for the
generally higher cost for Title | sitesis, as mentioned above, the pilot character of these projects and,
perhaps, the public sector administration of the Title | programme.

Some of the Title | sites (Table 9.2) have very specific characteristics. For example, Cononsburg,
had been used intermittently as a radium extraction facility since 1911 and processed only little
uranium. Parts of the tailings were reprocessed. The plant islocated in a populated area, close to urban
settlements. A total of 163 vicinity properties were remediated. The land for building the repository
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was also purchased [10]. Similarly, more than 4 300 vicinity properties were remediated in Grand
Junction. In addition, the tailings from the processing plant were transported by train and truck to the
Cheney repository [10]. The remediation unit costs for the Lakeview site are abnormally high because
the tailing materials were transported over 24 km to the disposal cell outside Lakeview [10].
Monticello has a very elaborate disposal cell design and also a large number of vicinity properties to
clean up [22].1f these sites are excluded, the average unit cost for Title | site remediation would drop
to 19.7 USD/kgU.

The abnormally high remediation costs for the Straz pod Ralskem site in Czech Republic results
from the fact that the siteis an ISL operation. The main costs are for groundwater clean-up [12].

Decommissioning and remediation of integrated operations

The cost differences among the sites of this group are substantial (Table 9.3). The closed
commercial operations in Austradia, Canada and France have average decommissioning and
remediation costsin the 0.6 to 2 USD/kg U range. At these sites remediation started right after the end
of the operation and was carried out by the mining operator, using his own funds.

A second group with the Rozna complex in Czech Republic, the Mecsek mines and mill in
Hungary, and the Elefante and Quercus sites in Spain, show costs in the range of 7 to 11 USD/kgU.
These sites are all located in populated areas. Site remediation is carried-out by the operator, but the
funding for DIAMO and MEV isfrom the respective governments.

The high cost for the Konigstein site in Germany is related to the fact that this mine practised
underground acidic in situ block leaching. A major effort now goes into the clean up and protection of
the overlying aquifers.

In part, the large sums required for the remediation of the sites in Germany and the Czech
Republic are due to premature closure and, hence, the absence of decommissioning and remediation
planning during the operational life.

No attempt has been made to calculate decommissioning and remediation cost for the uranium
mining and milling facilities that are still in operation, such as Key Lake, Rabbit Lake, Cluff Lake and
McClean Lake in Canada, and Ranger in Australia.

The statutory framework regulating modern uranium mining in many countries requires that
uranium producers make appropriate provisions to cover decommissioning and remediation costs. In
Australia, Canada and the USA, companies are complying with this requirement by placing surety
bonds, irrevocable letters of credit or even outright cash deposits during the operating life of their
facilities.

Therefore, there is an economic incentive to implement remediation measures, as much as
possible, during the production phase. Hence, the remediation costs become part of the operating
costs. The decommissioning and remediation costs for these facilities are, thus, related to the statutory
financial provisions mentioned above. These funds, which are given in Table 9.3 as lump sums, cover
only the remediation work that is left after the mine and mill closure. Modern uranium mining and
processing facilities in Australia and Canada have estimated remediation costs of less than
1 USD/kg™'U.
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Decommissioning and remediation of special operations

The sites shown in Table 9.4 are al unique in one way or ancther. Therefore, they would skew
the averagesin their respective groups disproportionally.

The Agnew Lake mine, Canada, experimented with underground in situ block leaching and
produced relatively little uranium [10].

The Belfield and Bowman plants in North Dakota, USA, extracted uranium from lignite ashes.
The Shootaring Canyon plant in Utah ran only long enough for testing. The Lowman plant in Idaho
processed a dredging product from a river, and the Grand Junction operation was a pilot plant with
little ore throughput and uranium production, which explains the unrepresentative and high unit costs
[20].

All the German sites in this group were experimental, low volume operations [10].

The Randstad mine and mill in Sweden operated only for afew years between 1965 and 1969 on
apilot plant basis. Remediation started after a hiatus of amost 20 years in 1990. Like the operation,
remediation also had a pilot project character [10]. This may explain the high unit costs.

The Spanish Lobo-G plant was an experimental heap leaching plant.
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- Argentina -

Since the early 1950s, uranium ore deposits have been mined in Argentina, and yellow cake has
been produced by different metallurgical processes at several sites.

At the end of the production stage, the operator began the decommissioning of the facilities, in
accordance with the procedures approved by the Regulatory Authority. The tailings from processing
were confined and monitored to avoid their dispersion into the environment, but without final disposal.

The present internationally accepted regulations and standards propose the suitable management
of the tailings with the objective of returning the disturbed ecosystem to the community either in the
same or similar conditions as it was originaly.

It was realised that it was necessary to adapt international experiences to the domestic scenario.
Hence, it was essential to apply an interdisciplinary analytical methodology which would alow the
understanding of the relationship between the environmental systems and the distribution of the
radiological and non-radiological pollutants.

For that reason, the Comisién Nacional de Energia Atdmica — CNEA (National Atomic Energy
Commission) developed the “Environmental Remediation of Uranium Tailings Sites Project”, which
consists of the design and implementation of an integrated management plan.

The following sections describe the current situation in Argentina, the legal framework and the
technical design developed for the closure and remediation of the Malargtie Complex.

Uranium mine and mill tailings

In Argentina there are severa sites with uranium mine and mill tailings. They are still under the
control of the operator, awaiting remedial action. They are: Malarglie, Huemul and San Rafael
Complexes in Mendoza province; Cordoba and Los Gigantes Complexes in Cordoba province; Tonco
Complex in Salta province; Pichifian Complex in Chubut province; La Estela Complex in San Luis
province; and Los Coloradosin La Rioja province.

L egidative and regulatory framework

Nuclear Law

National Law No. 24.804 on Nuclear Activities (Ley Nuclear — Nuclear Law) of 2 April 1997
appoints the CNEA and the Autoridad Regulatoria Nuclear — ARN (Nuclear Regulatory Authority) as
the bodies responsible for defining the policy and performing research and development, regulation
and surveillance functions in the nuclear field.

The CNEA is the organisation promoting nuclear activities. It is, in particular, responsible for
radioactive waste management; defining the procedures for decommissioning nuclear power plants
and all other relevant radioactive installations; and performing exploration of minerals for nuclear use.
The ARN is responsible for regulating and controlling nuclear activities with a view to ensuring
nuclear safety and radiation protection, as well as for licensing and ensuring surveillance of nuclear
facilities, through inspections.
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Under the Law, a licence is required to develop any type of nuclear activity. The Law also
provides for the operator’s liability in the event of nuclear damage. The operators of NPPs are also
required to contribute to a Fund for Decommissioning of NPPs. In this respect, implementing Decree
No. 1390/98 of 27 November 1998 establishes three funds in order to guarantee the financing of the
decommissioning of the Atucha |, Embalse and Atucha Il plants.

Norma Basica de Seguridad Radioldgica AR 10.1.1 (Basic Standard of Radiological Safety) 1995

The purpose of this standard is to achieve an appropriate level of protection for people against the
risks associated with the exposure to ionising radiation. It also controls the radiological safety of
facilities or practices. The scope of the standard is limited to the protection of human beings only. Itis
considered that standards of protection that are adequate for this purpose will also ensure that no other
species is threatened as a population. The standard has requirements for practices and interventions.
The competent authority in this matter isthe ARN. It is anot prescriptive regulatory authority.

Reguirements for uranium mine and mill tailings

Within the framework of the AR 10.1.1 Standard are the RQ 86 and the RQ 85 requirements for
the uranium tailings management of the Maargiie and Cérdoba Complexes. They establish that the
critical group should not receive a dose higher than 0.1 mSv per year, and that long-term waste
management should be performed. At present, the 0.1 mSv/year dose standard is under review.

Mining Code (MC)

Cadigo de Mineria or Mining Code (MC) No. 22.259 of August 1980 states that the mining must
be done in accordance with policy, safety and preservation rules for the environment. The Mining
Code establishes the environmental protection legidation framework.

The environmental and mining agencies in each province are the enforcement authorities of the
code. The scope of thiscodeis.

«  Mining activities, such as prospection, exploration, development, etc.

«  Milling activities, such as crushing, grinding, etc.

¢ Waste management.

The parties (operators) beginning an activity have to present an environmental impact assessment.
An environmental impact statement must be prepared.

The purpose of the environmental assessment is to determine the potential impacts of a project on
the physical, biological and socio-economic environment. This is done to determine mitigating
measures for significant impacts and ultimately judging the acceptability of the project, and balancing
the potential impacts against the benefits.

Radioactive Waste Management Law

Law No. 25018 on Radioactive Waste Management (Ley de Gestion de Residuos Radiactivos),
promulgated on 19 October 1998, establishes the legal framework and technical provisions governing
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radioactive waste management on Argentinean territory in order to ensure the protection of the
environment and public health, and to guarantee the rights of future generations. This management
extends to all activities necessary to eliminate radioactive waste generated by nuclear activities from
the biosphere until itslevel of radioactivity no longer poses athreat to man or the environment.

The CNEA isthe body responsible for the correct implementation of this Law. It ensures that the
requirements concerning radiological safety and physical protection are observed while waste
management activities are being carried out.

The operator of an installation which produces radioactive waste is responsible for its treatment
and control until it is transferred to the Commission, which will then establish criteria concerning the
acceptance of waste and conditions of its shipment. The operator may not evade his liability for
potential damage to individuals or to the environment until this liability has been transferred to the
Commission.

Finally, afund is established in order to ensure the financing of the Strategic Plan for Radioactive
Waste Management. This fund consists of contributions made by producers of radioactive waste,
which is to be scaled according to the nature and volume of the waste produced, as well as other
criteria concerning the manner in which such waste is produced.

The environmental remediation project for uranium tailings sites

The purpose of the project is the management of uranium mine and mill tailings and the
remediation of the sites. The objective is to mitigate and control the environmental impacts, while
taking into account the appropriate provincial, national and international regulations. The scope of the
project is remediation work and investigations. This consists of the implementation of remediation
works as well as environmental audits, environmental impact assessments, risk analyses, public
consultation processes and preparation of engineering plans and designs for each of the sites.

Malargiie complex

The Maarglie Complex islocated about 500 metres north-east of the northern edge of the town of
Malargue. The town is 420 km south of the city of Mendoza, the capital of the province. About
700 000 metric tons of uranium tailings were disposed of during 32 years of operation of the Malargiie
facility. The average grade of uranium ore processed by the mill was 0.14%.

Work plan

The uranium tailings were deposited in eight piles between 1954 and 1986. They are classified as
dry to semi-dry.

In the framework of the national and provincial regulations, it was necessary to develop a strategy
to acquire the necessary technical knowledge to define the uranium mill tailings management
technology. The context of the entire criteria of the radioactive waste management programme had to
be followed. The final goal was to establish and implement the policies and procedures that would
allow the management of this type of wastes within the limits imposed by the Radiological and Non-
Radiological Regulatory Authorities.
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A general work plan was established. It resulted from the application of a block sequence
technique to the basic investigations. An overall approach was needed to understand the problem and
to determine the complementary required research. It included:

* An Environmental Impact Assessment (EIA) to determine the impacts generated by the
complex.

+ Risk Analyses (RA) to determine the potential short-term and long-term consequences of the
tailings to both humans and the natural environment.

With the EIA and the RA results, various technical options were studied to achieve the project
objective. Finally, a basic and detailed engineering programme was defined to dispose of the tailings
by relocating them within the facility site.

Design objectives
The plan was designed to fulfil the following design objectives:
*  Thedose limit specified by the Regulatory Authority should be observed.

 The annua release of radioactive and non-radioactive contaminants to the environment
should be kept below the limits specified by the Provincia and Federal Authorities.

«  Any exposure arising from the site must respect the ALARA principle.
e Options minimising ingtitutional control and maintenance should be preferred.

«  Theuse of passive barriers to confine the contaminants should be maximised.

Design requirements

It was determined that the impoundment concept was consistent with the overall Argentine
strategy for radioactive waste management. This concept is considered the best and most widely used
option to isolate tailings from the environment.

To ensure that risks will be adequately controlled, the design requirements for the confinement
system are as follows:
a) Dispersion and stabilisation control to ensure confinement and long-term stability of tailings.

b) Erosion control to minimise surface water and soil contamination and to ensure the long-
term integrity of the system.

¢) Control radon and radiation to reduce the dose to the population.

d) Control surface and groundwater to prevent contamination by rain water infiltration into the
tailings.
Engineering design
To achieve these requirements, the following design was devel oped:

1) Foundation

In order to prepare the new site for the wastes, it is necessary to perform different tasks such
as the decontamination of the soil and the preparation of the foundation to homogenise the
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soil base and avoid differential settlement. Considering the soil characteristics and the total
amount of materials to be disposed of, the first actions to be taken on the foundation soil are:
(a) to removethefirst 30 cm; (b) to scarify; and (c) to compact the soil.

2) Engineering barrier

The proposed confinement system is composed of an engineered barrier of natural materials
arranged in different layers. Once the soil has been compacted, the placement of the lower
barrier of the system follows. This barrier consists of porous material, sandy-slimes and clay.

3) Tailings transport and disposal

The physical, chemical and mechanical characteristics of the tailings were studied. The
assessment of these data enabled the selection of the best methodology to remove the
material from the existing pile. Furthermore, the sequence of vertical extraction of the
tailings was selected based on grain size studies and pilot assays of terraces at the working
scale. Thetailings will be moved to the new site by trucks controlling the moisture content to
prevent contamination from dust formation. Wastes will be arranged in compacted layers.
They will be neutralised with lime in order to stabilise them. Due to the fact that the
materials are heterogeneous, they will be located according to their characteristics. Those of
higher strength will be located in the lower part of the system and those of lower strength in
the upper part.

4) Cover

The tailings will be covered with a natura multilayer barrier. The objectives of the
multilayer barrier are: to reduce the radon release and gamma radiation, to minimise the
rainwater infiltration, to prevent dehydration of the clay layer and to provide a long-term
barrier against the erosion. The multilayer barrier is composed of a compacted clay layer, a
compacted sandy-dlimy soil layer and finally, arock layer.

Conclusions

In Argentina, parallel with the continuing reduction of the mining of uranium ores, the
remediation and decommissioning activities are becoming the main programme of CNEA. As many of
these mines were started before environmental impact assessments were made, plans must now be
developed to remediate these situations.

The new regulations in the safety field as well as the new environmental protection legislation in
Argentina give the framework for the technological decisions in the uranium mine and mill activities.
Thus, in the future, it will be possible to avoid the very costly environmental restoration that is being
carried out at some sites today where practically no precautions were taken during the planning or
operational stages.
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. Australia

Government policies and regulations

Uranium mining and milling have been carried out in Australia since the 1950s. The main
historical centre is the Pine Creek geosyncline region of the Northern Territory where there were
mines at Rum Jungle and the South Alligator Valley in the 1950s and 1960s, and Nabarlek in the
1980s, there were also mines at Radium Hill in South Australia and Mary Kathleen in Queendand.
Radium Hill was first worked intermittently for radium during 1906 to 1931, and for uranium during
1954 to 1962. Mary Kathleen operated in two stages during 1958 to 1963 and 1976 to 1982. The
rehabilitation status of each of these former operationsis described in alater section of this document.

Currently, there is uranium mining at Ranger in the Northern Territory (uranium only-open cut)
and Olympic Dam in South Austraia (copper-gold-uranium mixed ores-underground). At Beverley in
South Australia, an in situ leach operation began operation in November 2000. In the Northern
Territory, developmental work has begun on the Jabiluka underground mine, but completion of this
work is subject to negotiation with the traditional landowners. Milling of uranium in Austraia is
generally done adjacent to the mine in a dedicated plant. However, ore from numerous small minesin
the South Alligator valley was treated in a small centra mill in the area. Some ore was aso trucked
50 km to Moline for treatment in a modified base metal processing plant. Concentrates from Radium
Hill were sent 280 km by rail to Port Pirie for treatment.

Commonwealth legislation

Within Australia, the mining of uranium and the rehabilitation of associated milling facilities is
governed by legidation at both federal (Commonwealth) and state levels. The Atomic Energy Act 1953
gives effect to the Commonwealth’s retention of ownership rights to uranium in Australian territories
and also provides the mechanism whereby the operation of the Ranger uranium mine in the Northern
Territory is authorised. Uranium exports are controlled under the Customs (Prohibited Exports)
Regulations under the Customs Act 1901. These Regulations forbid the export of uranium and other
source material, including thorium-bearing ores such as monazite, except with a permit from the
Minister for Resources and Energy. There are, however, no specific Commonwealth laws dealing with
mine site rehabilitation as this is usualy the concern of the relevant state or territory government,
which has day to day responsibility for regulation of all mining operations. It should be noted that
within Australia there is little uniformity in the detail of legislation between states and territories over
the mine site rehabilitation issue, although the general principles and objectives are similar.

The Commonwealth’s recently enacted Environment Protection and Biodiversity Conservation
Act 1999 does list the decommissioning or rehabilitation of an uranium ore mining and milling facility
as a “nuclear action”. Such nuclear actions require approval from the Federal Minister of the
Environment and Heritage before they may be alowed to proceed. Such approval may require
assessment through an environmental impact assessment process.

Although the federal government has no specific laws relating to the day to day control of

uranium mining, the Commonwealth’s Environment Protection (Nuclear Codes) Act 1978 provides for
the Commonwealth to prepare, in consultation with the states and territories, codes of practice relating
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to nuclear activities (including uranium mining and milling). Three national codes of practice have
been developed under this Act:

e Code of Practicefor the Safe Transport of Radioactive Substances 1990 (transport code).

e« Code of Practice on Radiation Protection in the Mining and Milling of Radioactive
Ores 1987 (health code).

+  Code of Practice on the Management of Radioactive wastes from the Mining and Milling of
Radioactive Ores 1982 (waste code).

The codes are reviewed and updated periodically. Each has an associated set of guidelinesin the
current editions. However, the health and transport codes are currently being updated and the most
relevant code here, the waste code, is not proposed to have any update at the present time.

The present waste code guidelines set out overall objectives for the rehabilitation of sites where
mining and milling of radioactive ores, primarily uranium, have taken place. The revised code will be
dealing with the management of radioactive wastes from the mining and processing of any minerals,
including uranium. The general principles of rehabilitation requirements are set out in a generic form
in the waste code. The prime objective of the waste code is “ to provide, both in the short and long
terms, for the protection of people and the environment from harmful effects due to radioactive
contaminantsin waste” .

The introductory notes go on to state that the code shall apply to all stages of mining and mineral
processing, including decommissioning and rehabilitation.

The implementation and enforcement of the codes is the responsibility of the states and territories
and, whilst not formally adopted by any state or territory, they are frequently referred to in appropriate
legislation. There are no nationa standards for the management of radioactive waste from mining but
the approach taken by the individual states is broadly similar. The introduction of the codes has been
successful in so far as they are called up by legidation and the standards within the codes may be
enforced by state regulations.

State/territory level legidation

The following sections describe the current legislation relevant to rehabilitating uranium
production facilities in the states and territories where uranium mining is presently taking place or
expected.

Requirements for rehabilitation of uranium mining sites in the Northern Territory

The Northern Territory is not a state but a self-governing territory with certain powers retained by
the Commonweslth, including ownership and mining of uranium. The Commonwealth Government’s
unique position in the Northern Territory is reflected in the provisions of the Environment Protection
(Alligator Rivers Region) Act (1978). The Commonwealth Office of the Supervising Scientist was
established under this Act with the express responsibility for oversight of all environmenta aspects of
uranium mining within the Alligator Rivers Region. In particular, the Supervising Scientist Scientist
reports and provides advice to the Commonwealth Minister for the Environment on the environmental
effects of uranium mining in the region, and is responsible for ensuring that the operations are carried
out in accordance with the Commonwealth’s Environmental Requirements. The Commonwealth has a
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particular interest by virtue of the Region’s mines being on Aboriginal land and with three identified
uranium deposits (Ranger, Jabiluka and Koongarra) surrounded by the World Heritage Kakadu
National Park which is managed by the Commonwealth in association with the Aboriginal Traditional
Owners.

The Northern Territory Department of Mines and Energy (NTDME) is responsible for the day-to-
day regulation of uranium mining. Most general mining issues are regulated through the Northern
Territory Mining Act 1980 and Mine Management Act 1990, which establish a system of licences and
leases for mineral exploration and mining, “minerals’ being defined broadly enough to include
uranium. Licence applications must include proposals for rehabilitation of the area affected by the
activities concerned. Mine leases and exploration licences may also have conditions attached to them,
which mention rehabilitation of disturbed ground. Furthermore, in the Northern Territory, there is
specific legislation relating to the protection of the environment in relation to uranium mining. The
Uranium Mining (Environment Control) Act 1979 (UMEC) sets out the specific conditions for
uranium mining, including provision for the relevant Minister (currently the Minister for Resources
Development) being able to require any mine or area disturbed by mining activity to be rehabilitated,
including revegetation. The specific conditions for the environmental management of the mine sites at
Ranger and Nabarlek (including rehabilitation) are set down in the Commonwealth Government
Environmental Requirements, which are copied as Schedules to UMEC. These requirements include
specific clauses on rehabilitation and call for a certificate of revegetation to be issued only after the
Supervising Authority is satisfied that all the conditions of the Environmental Requirements have been
met. The site-specific goas and objectives for rehabilitation of the sites have been agreed after
negotiations between the mining companies, the representatives of the Traditional Owners and the
Commonwealth and Northern Territory Governments.

When a uranium mining company in the region wishes to change any significant aspect of
operation, it is required to make an application to NTDME for permission to implement the proposal.
This application is copied to the Supervising Scientist. The Northern Territory Minister, through the
NTDME, is obliged to seek the opinion of the Supervising Scientist before making the final decision.
However, the Minister is not obliged to give effect to any advice given by the Supervising Scientist.
This approval process is also applied to rehabilitation of the uranium mining and milling facilities in
the Region. In al instances, the Northern Land Council, representing the Traditional Owners of the
land, is also consulted.

The detailed administrative arrangements being applied to the rehabilitation of uranium mines of
the Alligator Rivers Region are described in alater section of this document. If there were to be other
uranium mines developed in the Northern Territory, but outside the Alligator Rivers Region, under the
present arrangements the Supervising Scientist would not be involved.

Requirements for rehabilitation of uranium mining sitesin South Australia

Government policy in South Australiais that all sites affected by mining or mineral processing,
including those concerned with uranium production, should be rehabilitated. A number of legidations
implement this policy, as described below. In addition, the Government has a policy of rehabilitating
old abandoned uranium sites in the State and has carried out work at Radium Hill (stabilisation of
mine wastes) and Port Pirie (capping of uranium mill tailings). These projects are described in a later
section of this document.

Overdl requirements for rehabilitation of mine sites (and environmental protection in mining
generally) are administered by the South Australian Department of Primary Industries and Resources,
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under the Mining Act 1971 and the Mines and Works Inspection Act 1921. These requirements do not
differentiate between uranium mining and other types of mining; that is, there are no specific
requirements for rehabilitation of uranium mining or milling sites under this Act.

Under the Mining Act, when a mining lease is granted, conditions can be set on the lease to
safeguard the environment. These could include conditions arising from a project’s environmental
assessment that are designed to ensure that rehabilitation could be effectively achieved. Prior to
operations, a mining and rehabilitation programme must be prepared and approved by the Department.
The programme must include a description of works proposed and wastes generated that will require
rehabilitation, and the measures proposed and the rehabilitation schedule. Failure to implement the
rehabilitation measures as required can lead to penalties including the loss of the mining lease. There
are provisions for holding funds in bond, against proper completion of rehabilitation measures.

The other main legislation dealing with uranium mining is the Radiation Protection and Control
Act 1982. This Act requires that a licence must be held in order to mine or mill uranium ore.
Requirements can be placed on the operation in the form of conditions on the licence. The principal
condition, as far as rehabilitation is concerned, is compliance with the Commonweath Code of
Practice on Management of Radioactive Waste from the Mining and Milling of Radioactive Ore 1982
(the waste code), which is applied routinely to all operations. The Code requires that a waste
management plan, which includes plans for rehabilitation, be prepared, submitted for approval, and
implemented. Failure to rehabilitate would be a breach of a condition on the licence, and an offence,
subject to penalty.

The only commercially operating uranium mine in the State at present is the Olympic Dam
project, which is subject to an indenture between the State and the operator, given effect to by the
Roxby Downs (Indenture Ratification) Act 1982 (the Indenture). The Indenture includes a requirement
that the operator complies with the Commonwealth’ s waste code, transport code and health code, and
also a requirement that a “programme for the protection, management and rehabilitation (if
appropriate in the opinion of the supervising authority) of the environment...” be prepared, approved,
and implemented. If the Indenture is terminated and the project closed, then rehabilitation must be
carried out. Failure to comply with these requirements would be a breach of the Indenture agreement,
and there are procedures for settling such breaches, including recovery of costs. Before the project was
established, an environmental impact statement (EIS) was approved (in 1983) under Commonwealth
legislation. This was triggered by the potential environmental impacts of the Commonwealth’ s actions
in relation to granting export licences for uranium; i.e. issuing such licences would facilitate the
development of the mine. More recently, a joint Commonwealth and South Australia EIS assessment
process was completed in 1997 in relation to a substantial expansion of the project that was completed
infirst half of 1999.

None of the legidative requirements above include specific technical requirements for
rehabilitation in the form of, for example, thickness of soil cover over tailings dams etc., or soil
contamination limits. Although the Radiation Protection and Control Act 1982 imposes an annual
radiation dose limit to members of the public, the measures that must be undertaken to achieve thisare
not specified, but must be proposed by the operator and approved by the regulatory authority.
Similarly, the requirements for “non-radiological” rehabilitation, for example, revegetation of
disturbed sites, are not specified, but must be developed by the operator having regard to site and
operation specific conditions.

The Beverley uranium in situ leaching project, Australia’s first mine to use this method of

mining, was also subject to an intensive EIS assessment process, run jointly by the South Australian
and Commonwealth Governments. The rehabilitation of the site has the primary objective of restoring
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the natural vegetation community after removal of all infrastructure. Where possible, rehabilitation
will be progressive through the life of the project. The well-head sites will be rehabilitated with the
bores cut off at least 500mm below ground level and plugged from bottom to near surface with
locatable markers inserted; and any process residues or evaporites from the plant and ponds will be
buried at an approved location on site. Liquid wastes will be injected into the northern component of
the Beverley aquifer which is effectively sealed from surrounding groundwater. This aquifer is
unsuitable for domestic or anima use as it is highly saline and aready highly contaminated with
radionuclides. Plant and facilities will either be demolished and disposed of in approved repositories
or decontaminated and sold. Whilst the mining company’s agreed plan calls for al facilities to be
removed, some infrastructure, e.g., drinking water bores and some roads etc. may be handed over to
local Traditiona Owners together with the Aboriginal Heritage Centre. The final details will be
resolved in consultation with the regulatory authorities and the direct stakeholders.

Legidative framework for rehabilitation of uranium minesin Western Australia

There are a number of uranium deposits in Western Australia but none has yet been mined on a
commercia basis. There are nevertheless various State legislative mechanisms that are applicable to
the design, operation and decommissioning, including rehabilitation, of uranium mines. The current
application of this legidation requires a potential project to incorporate the concept and feasibility of
decommissioning and rehabilitation, of any new uranium mine into the initial design parameters for
that mine. The entire life of the potential project is then assessed at the time of initiation of the
proposal.

Listed below are the agencies within the Western Australian State Government with
responsibilities for rehabilitation of uranium production facilities and their main legislation applicable
to this situation. These agencies generally work in partnership, avoiding overlap of responsibility as
far aspossible:

e Department of Minerals and Energy
Mining Act 1978 and Mining Regulations 1981.
Mines Safety and Inspection Act 1994 and Mines Safety and Inspection Regulations 1995.

+ Radiologica Council
Radiation Safety Act 1975 and Radiation Safety (General) Regulations 1983.

+  Department of Environmental Protection
Environmental Protection Act 1986.

In addition, there is some other legidation that might be applicable, depending on the specifics of
the project. For instance, for a mine incorporating in situ leaching techniques, particular aspects of the
Rights in Water and Irrigation Act 1914 could be applicable. Any rehabilitation of that sort of ore-
body would be commensurate with that legislation as well as the others. Western Australia would also,
as necessary, promulgate Agreement Acts for specific projects. These Agreement Acts may include
specific requirements on that project.

The specific requirements for the rehabilitation of a uranium mine would be covered by the
Mining Act 1978 and associated Regulations and the Mines Safety and Inspection Act 1994 and
associated Regulations. The legidation dealing with the radioactive aspects of the rehabilitation of the
mine are included in the Mine Safety and Inspection Regulations 1995. These regulations include
specific provision for long-term radioactive waste management and radioactive discharges from a
mine site, as well as, provision to recall the main employer of a mine if rehabilitation is, or is likely to
become, unacceptabl e after some time has elapsed.
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The main management tool covering radioactive rehabilitation that is applicable within the Mine
Safety and Inspection Regulations is the requirement of a waste management plan for the mine to be
included in the approved Radiation Management Plan for that mine. This waste management plan
must include, amongst other requirements, an outline of the proposal for the eventua
decommissioning and rehabilitation of the mine. The waste management system used at amineis also
required to utilise the best practicable technology and is designed to minimise the release of
radioactivity. Compliance with the requirements of the waste management plan will determine the
effectiveness of amine' s rehabilitation.

The Mining Regulations include requirements for posting bonds to cover environmenta
rehabilitation and these are applicable to al mines in Western Australia. The Environmental
Protection Act 1986 (EP Act), administered by the Department of Environment Protection (DEP)
could also be applied in situations where the Mining Act 1978 is not wholly applicable. Under the EP
Act a works approval and licence to operate will be issued if there is a discharge of waste or water
from a facility, or a waste disposal system on sSte e.g. a tailings dam. Once the facility is
decommissioned, the involvement of the DEP is limited to the life of the licence; implementation,
long-term monitoring and management of rehabilitation is covered by the DME legidation. If the
origina development has been subject to an environmental impact assessment process under DEP
legidlation, the Minister can set rehabilitation conditions in the EIA approval which may be enforced
by DEP. If pollution is caused by a facility after decommissioning, then the EP Act can be used to
track down the party responsible and require them to stop the pollution and remediate any damage as
well as provide along-term management solution.

There is dso Contaminated Sites legidation that is currently in draft form and elements may
become applicable to Western Australian uranium mine sitesif they are developed.

Information on Australia’ srestoration activities

Historical restoration activities

In the early days of uranium processing, during the early 1950s, tailings were not considered to be
a particularly problematical waste. In Audtralia, for example, at the South Alligator mill in the
Northern Territory, the tailings were deposited on a flat area immediately downhill of the mill which
in turn was immediately adjacent to the South Alligator River. There was no serious attempt to retain
tailings and observers from that time comment that tailings often went into the river as a consequence
of flooding during the wet season. The tailings were relocated by truck some 37 km to Molinein 1986
where they were reprocessed for their gold content. The tailings were then incorporated into a
redesigned tailings impoundment built under the supervision of the NTDME.

The mines were not rehabilitated but abandoned in accordance with the regulatory regime of the
1960s. Little further action was taken until the early 1990s when the Commonwealth Government
funded a programme of hazard reduction works. This had the objective of making the sites safe with
respect to physica and radiological hazardsto visitors to the park. Work included collection and burial
of contaminated infrastructure remains and process residues, including small quantities of tailings.
Open cuts were fenced and adits and tunnels were collapsed wherever possible. The Office of the
Supervising Scientist was responsible for radiological oversight of the works programme and the
subsequent monitoring programme for the integrity of the containment for both radiologica and
erosional stability. Details of the works undertaken appear in alater section of this document.
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At Moline, the tailings are derived from a series of base metal and gold mining operations near
Moline and from the uranium mines of the South Alligator area approximately 37 km to the east. In
addition, approximately 6 000 tonnes of uranium tailings relocated from the South Alligator mill were
reprocessed for gold in 1987. About 246 000 tonnes of tailings had accumulated at the Moline site
by 1972, which included a small proportion of uranium mill tailings. These tailings were deposited
unneutralised behind bunds adjacent to the mill area. Subsequent erosion at the site resulted in tailings
being distributed down the local creek and rivers system so that only 174 000 tonnes remained
in 1983. The radioactivity of the tailings ranged from 6 Bqm-* s-* to 2 Bq m-* s-'. These differences
were afunction of the different ore grades and mineral processing streams. The tailings repository was
capped by contractors under the supervision of the NTDME later in the 1991/92 period and covered
with arock mulch as erosion protection.

In the case of Rum Jungle, which operated from 1954 to 1971, this was the site of uranium,
copper, nickel and lead mining. At the end of operations, the mining company, which had been
authorised to undertake uranium mining on behalf of the Commonwealth, had no obligation to
rehabilitate the site. Tailings were deposited unneutralised into a series of small impoundments behind
a dam wall. The total amount of tailings deposited was 600 000 tonnes spread over an area of about
31 ha. Supernatant liquid, which also contained some suspended tailings, was allowed to drain over a
spillway whence it flowed into the Finniss River. There was also some wind dispersal of tailings from
the dry surfaces behind the dam. From time to time, there were breaches of the dam, which resulted in
considerable volumes of tailings being released to the river system.

From 1977 to 1978 a“ clean-up” programme was organised with the intention of restoring the site
to natural bushland but the works did little to relieve the impact of discharges from the site into the
Finniss River. Theimpact on the river was severe with the waterway being declared “dead” for 8.5 km
downstream of the mine site to a major confluence and severely impacted for a further 15 km
downstream of that point. As a consequence of increasing public concern, the Commonweslth
announced in 1980 that funding for a rehabilitation programme would be made available. The
programme was managed by the Northern Territory Government and ran from 1982 to 1986. In the
rehabilitation programme, tailings and contaminated underlying soil materials were placed in the
Dysons Open Cut. This was covered with a 1 metre thick rock blanket and then aternating layers of
contaminated subsoil and copper heap leach pile material, from the copper leach pad site. The pit was
then sealed and vegetated. The tailings dam site was covered with topsoil, surface drainage was
installed and the whole area revegetated. Overburden heaps were re-shaped and sealed with clay
covers and erosion protection layers to prevent development of acid rock drainage conditions.

The ore and waste rocks at Rum Jungle contained sulphides in such quantities that their
hydrolysis and oxidation during weathering produced sufficient sulphuric acid for heavy metals,
particularly copper, and low levels of radioactivity to be leached from waste rock and tailings. The
dominant metal was copper which is a very toxic material. The tailings also contributed to this
contamination but have been estimated to have contributed only 5% of the copper load which was so
destructive to the aguatic ecosystem of the Finniss River. It has aso been suggested that sulphuric acid
residues in the tailings contributed to the contamination of the river.

After completion of the rehabilitation works, a comprehensive environmental monitoring
programme was put in place, undertaken by the Northern Territory agencies responsible for erosion
control and water quality maintenance. The programme continues to the present time, as well as
research programmes carried out by a Commonwealth agency, the Australian Nuclear Science and
Technology Organisation. The site required considerable maintenance and management in the early
stages of post-rehabilitation. This was mainly due to the choice of non-native grasses and concerns
about tree roots possibly breaking through the clay capping layers. Maintenance has now been reduced
and trees are alowed to grow unhindered, as the origina fear is now considered unfounded.
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The evidence from the monitoring programme is that the remediation of the Finniss River has
been successful with aquatic life returning to the reaches downstream of the site. The groundwater
monitoring programme results indicate that it is likely to be another 15 years or so before there is a
noticeable drop in contaminant concentrations in waters leaving the waste heaps. Monitoring
continues to the present time with no firm date set for the end of the programme.

Rum Jungle Creek South was an open cut mine located about 3 km from the main Rum Jungle
mine. The mine operated between 1961 and 1963 and approximately 665 000 tonnes of ore were
extracted to be milled at the main site. The pit was allowed to flood after mining ceased and the
location became a popular picnic and recreation area. An assessment of radiation risk to members of
the public was undertaken by the NTDME for a number of abandoned uranium mine sites in the
Northern Territory, including Rum Jungle Creek South. A proposal for rehabilitation was drawn up
and submitted to the Commonweath Government for funding. A budget of approximately
AUD 2 million was alocated for the work, which was carried out by local contractors under NTDME
supervision between October 1990 and January 1991. The main objective of the works was to reduce
the radiation dose to the public to less than ImSv per year. After reshaping of the waste rock dump
and removal of contaminated surface soil layers, the fina landform was covered with suitable soil
materials sourced from local areas. The recreation function of the site was retained through use of the
water filled pit as a lake and the creation of a sports field by levelling part of the site. Suitable
management and monitoring programmes for the site were introduced and the recreation area was
opened to the public at the end of January 1991. A number of other uranium related sites, small mines
and ore dumps, within the Northern Territory were also rehabilitated between 1990 and 1992 as part of
this same programme at atotal budgeted cost of AUD 4 million.

Uranium mining at Radium Hill in South Australia began in 1954, at a site approximately 120 km
south-west of Broken Hill. The ore was concentrated by floatation and railed 280 km further south-
west to Port Pirie, on the Spencer Gulf, where yellowcake was produced by an acid leach and ion
exchange process. The operation ceased in 1962. There were two tailings dams at the mine site,
covering an area of about 40 ha. By 1981, one of the tailings heaps had suffered considerable erosion
with considerable gullying and wind blown tailings were dispersed over an extensive area. A second
tailings heap had been partially covered with waste rock prior to the site being abandoned and was in
considerably better condition. Concerns about the spread of radioactive dust from the tailings heap led
to a rehabilitation programme being undertaken in 1981. The tailings surfaces were sealed with a
compacted clay layer 1 metre thick and the old dams structures surrounded by compacted clay walls
9 metres thick at the base thinning to 3 metres at the top. Rock armouring of the structures was not
carried out because it was considered to be too expensive. At the time construction was finished, a
twenty year maintenance period was considered necessary. Monitoring of the site by the supervising
authority continues to the present time and no major maintenance works have been required to date.
Emissions from the site are reported by the Supervising Authorities as being below any possible
intervention level.

The other processing residues, at Port Pirie, were also a cause of concern due to dusting and
frequent public ingress to the site. Relocation of these materials to Radium Hill was discounted on the
grounds of cost, as was the possibility of importing suitable fill materials to construct an in situ cover.
However, a local zinc smelting plant in Port Pirie offered to supply free slag from the smelter in
exchange for the rights to dump material on the land occupied by the processing wastes. Slag was
placed over the pile to a final depth of 1.5 metre, which prevented dusting and reduced radon
emanation levels to below the US Environment Protection Agency recommended limit for
rehabilitated uranium tailings piles.

133



Another rehabilitated Australian uranium mine and milling complex is the Mary Kathleen site
located about 60 km east of Mount Isain Queensland. This facility mined ore from 1958 to 1963 and
again from 1976 to 1982. Unlike the other Australian uranium mines described previoudly in this
section, Mary Kathleen was rehabilitated at a time when public awareness of environmental issues had
grown and the need for proper rehabilitation planning was seen as being paramount. The rehabilitation
here included not only the mine, the tailings dam, evaporation ponds and the process plant but also the
township. The overall objective of the plan was to leave the site in a safe and stable state consistent
with the proposed future land use, grazing and with no restrictions on public access due to radiation
levels.

Within the overall rehabilitation plan, the tailings area became the repository for all the
contaminated wastes and liquids. There were about 7 million tonnes of tailings covering an area of
approximately 28 ha. The tailings surfaces were graded to slopes of 0.5% leading into perimeter drains
and the initial intention was then to place 1 metre of waste rock on this surface to provide erosion
protection, radiation shielding and reduce radon emanations. This procedure was carried out over
about 60% of the tailings dam. At this stage of the work, it was established that improved control of
radon could be achieved using a 500 mm layer of clay and soil. As a consequence, the waste rock was
removed and replaced by a compacted 500 mm layer of clay and soil taken from the uncontaminated
portion of the evaporation dam wall; the waste rock layer, 1 metre thick, was then replaced. The
remaining 40% of the area was covered with a 500 mm layer of contaminated clay, soil and evaporites
from the floors of the evaporation ponds, followed by 500 mm of clean soil and clay and, finally,
1 metre of waste rock.

Radionuclides and salts were precipitated from the residual liquid using lime. After a period of
drying, the areawas covered with 500 mm of soil/clay and 1 metre of waste rock.

During production, the coarse tailings had been deposited on the downstream side of the main
tailings dam wall. During rehabilitation, these were levelled out and waste rock was placed on the top
of the tailings. The surface provided a minimum cover of 2 metres on a batter slope of 2.5:1; rock
cover on the level portion was 1 metre, graded at a Slope of 0.55 to direct runoff. A final layer of large
garnetite boulders was placed over the waste rock as additional erosion protection. At the end of the
work, afilter zone to trap fine particles washed from the tailings was built beyond the toe of the wall;
this filter was covered by a 2 metre layer of compacted waste rock topped with large boulders.

Current restoration activities

At the Nabarlek mine site, the ore body was mined out in 143 days during the 1979 dry season.
The ore was stockpiled under a concrete cover on a specially built clay-lined pad pending completion
of mill construction. In a situation that is probably still unique, the tailings were deposited into the pit
from which the ore was extracted, athough there are examples of old mine pits being used as tailings
repositories (e.g. Elliot Lake, Canada; Falls City, Texas, USA). The Nabarlek pit was essentially dry
with no significant groundwater ingress, hence the placing of tailings was not seen as being likely to
lead to contamination of ground water resources in the region. Tailings were initially deposited sub-
aqueously after being neutralised to pH 9. In 1985, the deposition method was changed to sub-aerial,
with discharge points being moved to alternate sides of the pit throughout the following years. The
milling operation ended in 1989. In 1990, after the tailings surface had been alowed to dry out and
form a crust, geotextile was laid over the tailings and then covered with 1-2 metres of graded waste
rock to provide a working platform for the installation of vertical drainage wicks. The wicks were
installed on a 3m x 3m grid to a maximum depth of approximately 33 metres. The wicks drained water
as the tailings began to consolidate under their own weight, the weight of the rock blanket and the
vibration of the installation machinery. The wicks were still operationa in early 1993 after further
materias had been deposited in the pit.
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After aperiod of mothballing, the Supervising Authorities determined that rehabilitation had to be
completed by 31 December 1995. In the dry season of 1994, a contractor was engaged to decom-
mission and dismantle the mill. The work continued through the wet season and, by April 1995, all
dismantled and decontaminated equipment was certified and ready to be removed from the site. Any
remaining equipment and parts that could not be cleaned either sufficiently or economically, were
placed in the pit. The pit was filled with a layer of waste rock about 15 metres thick. The evaporation
ponds were filled in by having their embankment walls bulldozed in and the whole area was
landscaped to a close approximation of the pre-mining landform. The complete site was ripped and all
earthworks were completed before the end of the dry season. In December 1995 and January 1996,
seeding was undertaken to take advantage of the early wet season rains. The seed mix was a
combination of an exotic but non-persistent grass to provide surface stability and initial erosion
protection and a comprehensive mix of native plants. This was to ensure the best opportunity to meet
the rehabilitation objective set by the traditional land owners who required the area to be returned to a
vegetative cover that would match the surrounding countryside and permit traditional hunting and
gathering activities with occasional overnight camping. Radioactivity on the remediated site was
surveyed and found to meet the requirements when the agreed occupancy factor of 10% was employed
in the calculations. The final handover of the site has still not been made as the final decision on the
acceptability of the vegetation is yet to be made. Parts of the site are well covered in trees and shrubs
whereas other parts are almost bare. Investigations are underway to assess the prognosis for
achievement of the rehabilitation requirements within the next few years. The mining company is
currently considering introducing an active environmental management programme on a full-time
basis rather than the part-time effort, which has been in place since December 1995.

From 1956 to 1964, the upper South Alligator valley, an area about 200 km south east of Darwin,
was the location for 13 operating uranium mines and a number of prospects. In each case, the
exploration involved drilling, costeaning and development of adits and shafts. The sites had all been
abandoned by 1964, together with a small mill and solvent extraction plant and a gravity battery plant.
There were no rehabilitation requirements under the regulations in force at that time.

In 1986, a survey of abandoned mines was undertaken by the Commonwealth Government to
establish the size and scope of a possible rehabilitation project. The area lay within the boundaries of
Kakadu National Park and visitor numbers were increasing annualy. The funds available from the
Commonwealth rehabilitation fund were insufficient to permit a maor rehabilitation programme.
In 1988, after discussions between the various agencies involved, it was agreed that a hazard reduction
programme would be undertaken. This was to include reductions in physical, as well as radiological,
hazards for visitors to the area. The programme required old mine workings to be fenced and rendered
inaccessible where possible. The radiological study was to ensure that al potentialy troublesome
radioactive waste materials were dealt with in satisfactory manner.

The work was undertaken in two programmes starting in December 1990 and finishing in
July 1992. The phasing of earthworks in particular had to coincide with the dry season. At the end of
this programme, the initial objectives of hazard reduction were considered to have been achieved. In
1996, the former Gimbat pastoral lease, which included the area in which these former mines are
located, was granted to the Traditiona Owners, the Jawoyn people. The Jawoyn Association
immediately leased the area back to the Commonwealth to be incorporated as Stage 3 of the World
Heritage-listed Kakadu National Park. One clause of the lease requires that all former evidence of
mining within the leased area be rehabilitated. As a consequence, negotiations began between the
Traditional Owners and the Commonwealth and other stakeholders (Northern Territory Government,
Northern Land Council) to establish goals and objectives for the rehabilitation programme. Following
formation of a steering committee in March 1999, meetings for the preparation of the rehabilitation
have been held. Currently, the rehabilitation plan is in preparation and this has to be agreed between
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all parties by December 2000. This programme will require al remedial works to be completed by
December 2015, the agreed date from the 1996 lease. The expectation is that the sites will be
rehabilitated to a point where they will not require management significantly different from the
remainder of the Nationa Park, traditional hunting and food gathering activities can be carried out
without serious limitations and the areawill be safe for short-term camping.

Futurerestoration activities

At the Ranger Uranium mine in the Northern Territory, the planning of final restoration is well
established. Each year, the mine operator, Energy Resources of Australia (ERA), isrequired to prepare
aplan of rehabilitation assuming that operations were stopped on 1 April of that year. The plan, which
isfully costed, has to meet the goa and objectives agreed for the site. The broad goal is:

“ Rehabilitation of the Ranger Project Area should aim to establish an environment in the Area
that reflects to the maximum extent that can reasonably be achieved the environment existing in the
adjacent areas of Kakadu National park, such that the rehabilitated Area could be incorporated into
Kakadu National Park without detracting from park values of adjacent areas.”

The main objectives of the rehabilitation programme are :

« To revegetate the disturbed sites of the Ranger Project Area with local native plant species
similar in density and abundance to that existing in adjacent areas of Kakadu National Park,
in order to form an ecosystem the long-term viability of which would not require a
maintenance regime significantly different from that appropriate to adjacent areas of the
Park.

« To establish stable radiologica conditions on disturbed sites of the Ranger Project Area so
that, with a minimum of restrictions on use of the area, the public dose limit will not be
exceeded and the health risk to members of the public, including Traditional Owners, will be
as low as reasonably achievable.

e« To limit erosion in rehabilitated areas, as far as can reasonably be achieved, to that
characteristic of similar landforms in surrounding undisturbed areas.

The plan is assessed annualy by the magjor stakeholders (Commonwealth and Northern Territory
Governments, and Northern Land Council on behaf of the Traditional Owners) and, after discussions,
afina version is agreed. Finally, the plan, including the cost, is checked by an independent assessor
appointed by the Federal Minister (currently the Minister for Industry, Science and Resources)
responsible for administering the Atomic Energy Act 1953 (the Act under which the authority to mine
uranium is granted). The assessor’s estimate of the cost of implementing the agreed rehabilitation plan
is used to determine the amount which ERA must pay into a Commonwealth-administered trust fund,
thereby securing the cost of rehabilitation. The assessor’s latest estimate of the cost of rehabilitating
the Ranger Project areais AUD 29.8 million.

Adjacent to the Ranger Project Area is the Jabiluka Mineral lease, where ERA is currently
developing the Jabiluka #2 uranium deposit as an underground mine. This mine project has been the
centre of much controversy and international debate. As a consequence the rehabilitation requirements
for the site have been made even more stringent than at Ranger. Thisis evidence that increasing levels
of public concern are leading to rehabilitation standards being raised higher and higher.
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In the case of Jabiluka, there are currently two alternative development plans approved by the
Commonwealth Government. ERA’s preferred option is the Ranger Mill Alternative (RMA), under
which ore would be transported by road some 22 km to be milled at the existing Ranger mill and
tailings deposited in the existing, mined-out, Ranger pits. At Jabiluka, stopes would be backfilled
using low-grade (sub-economic) ore materials from the Ranger site, thus reducing the amount of
mineralised material to be incorporated into the fina rehabilitated landform at the Ranger site.

The second option is known as the Jabiluka Mill Alternative (JMA). This would require the
construction of a mill at Jabiluka and the disposal of tailings within the Jabiluka lease. The
Environmental Requirements set down by the Commonwealth Minister for the Environment call for
all tailings to be disposed of underground. The current proposal from ERA is that as much tailings as
possible would be used as backfill in stopes, possibly up to 60%. The remaining tailings would be
placed in underground silos specidly excavated in the sandstone rock overlying the rocks hosting the
ore-body. ERA is investigating the possible of new technology such as paste technology (with or
without cement) for the silo filling operation. A final decision on the development option is likely to
be made by 2002.

Facilitieswith ongoing or future plansfor restoration activities
Australian uranium production facilities

Ranger uranium mine

Characterisation | Name Ranger Uranium Mine, Jabiru, Northern Territory.
Operated by Energy Resources of Australia (ERA).
History Discovered in 1969.

Reserves of 60 500 tonnes U;Og in two ore bodies.
Mining began in orebody 1 from 1981 to 1995 and
second orebody (# 3) from 1997 to present. Milling
began in 1982 and is currently ongoing; lease area is
7 860 ha, mine site covers approximately 500 ha.

Activity type Open cut mining and milling to produce circa 4 000 tpa
Of UsQg (maximum capacity 6000 tpa).
Current status Operational; second orebody (#3) due to be mined out

and operations ended by 2006; 5-year rehabilitation
period planned; mill may continue with ore from nearby
Jabiluka deposit depending on outcome of negotiations
with Traditional land owners.

Contamination Radiological Gamma dose rates in air from stockpiles and in pits; no
public exposure.
Radionuclides in water leaving site are negligible; some
mine waste waters are irrigated within the site but areas
will be cleaned where necessary before final close out.
Radon dose rates in air from pits, tailings dam and
stockpiles; public dose rate at nearest town (7 km) is
50uSv per year.
Dust in air is very low; tailings are all below water or
______________________________ moist beacheshenceminimal dust. |
Chemica Sulphur, Sulphuric Acid, Mn, SO,, U, other metals, oils
and assorted hydrocarbons e.g. process kerosene and
amines. Other process chemicals. Possible water
pathways controlled by restricted rel ease zone system.
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Ranger uranium mine (contd)

Monitoring

Long term

ERA isrequired to monitor radiation, soil, air and water
(ground and surface) under a programme agreed by the
stakeholder, Commonwealth and Northern Territory
Governments and Northern Land Council on behalf of
Traditiona Owners. The Regulator [Northern Territory
Department of Mines and Energy (DME), State
Government] operates check monitoring programmes.
DME / Commonwealth |ong-term stewardship.

Rock dumps

Waste (<0.02%U)

Very low grade/ low
grade (0.02%-0.12%)

Millable ore (>0.12%)

15 247 936 tonnes.

26 451 574 tonnes.

some very low/low grade ore being buried in find
landform beneath a minimum of 1 m of clean waste
rock placed and rolled in two 500 mm lifts.

6 204 869 tonnes.

Tailings

Tailings dam

#1 pit

#3 pit

100 hectares surface area, 1km? plan and containing
10 M m® of tailings. This facility is no longer used for
active tailings deposition but is an evaporation pond and
gtill holds tailing. All tailings will eventualy be
transferredtopits#land#3.
Pit is approximately 700 mx 750 m and 160 m deep.
Available volume for tailings (to reference level 0.0)
15 M m®.

5.05 M cu metre tailings a present; this is the active
repostory.

Pit being mined at present. Anticipated volume for
tailings (to reference level 0.0) 34 M m®.

Costs

(Government and
owner/ operator, cost/
benefit analysis)

Amended plan of rehabilitation #24 costed at
AUD 29.8 million by independent assessor. All monies
held in trust fund, plan updated and fund re-assessed

No data or cost benefit analysis available.

Olympic Dam

Char acterisation

Name

History

Olympic Dam (copper and uranium mine),

Roxby Downs, South Austrelia.
Discovered in 1975. Proven reserves of 630 000 tonnes
Us;0s. Mineable reserves of 569 M tonnes containing
2.0% copper, 0.6 kg UsOg/t, 0.7 g/t gold and 4.9 g/t
silver.

Construction began in 1985. Lease area of 12 000 ha,
mine etc. cover about 600 ha.

Mining began in 1985 and milling in 1988: operation
has recently expanded production to 4 300 tpa U3Os.
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Olympic Dam (contd)

Char acterisation

Activity type

Current status

Underground mining and milling to produce 4 300 tpa

Recently expanded, mining could continue for at least
60 years at current rates.

Contamination
Risk

Radiological

Chemicd

Gamma dose rates — underground so public exposure
negligible.

Radon dose rates — associated with discharge from
ventilation raises, stockpiles, processing plant and
tailings, but negligible risk to community.
Dust —underground mine; dust managed;
facilitiesoffer litfledustrisk.
Acid plant, process chemicas, UsOg, other metals,
hydrocarbons, saline waters. Workplace safety to a high
standard; negligible risk to the community.

tailings

Monitoring

Long term

Quarterly  environmental report to  Regulatory
Authorities; Annual report to the public; comprehensive
routine company programme of environmental
monitoring.

South Australiad Commonwealth long-term stewardship
post mining has been discussed; to be finalised nearer
the time of decommissioning.

Rock dumps

Waste

Very low grade

Waste rock and coarse tailings (20% of tailings) are
used as backfill in the mine, no waste dump at surface;
backfill rock produced by a quarry approximately 2 km
fromthemive.

Minimal ore stockpiles at surface. All primary crushing
underground. Cut off grade 0.06%.

Tailings

Tailings dam

Evaporation ponds

Water disposal pond

Coarse fraction used in backfilling underground. Fine
fraction tailings in 4 paddocks covering about 360 ha.
Currently holding approx. 21 M tonnes tailings. Annual
production deposited in tailings facility is 2.7 Mt.
Expansion of production to about 85M tpa by
October1999.
4 ponds, with a combined total area of 110 ha for
evaporation of tailings liquor.

30 ha, excess mine ground water disposal only.

Costs

Plan for rehabilitation

(Government and
owner/ operator, cost/
benefit analysis)

Rehabilitation fund exists; currently AUD 6.22 M.
Assessment of total rehabilitation costs is revised six
monthly. Current estimate of overall cost is
AUD 60 million but there is also a commitment to use
best practice at the time of decommissioning and
rehabilitation.

No data available.
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- Brazil -

Government policies and regulations

In Brazil, a uranium mining and milling project requires the environmental licensing of the
Brazilian Institute of the Environment (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis — IBAMA) and the nuclear licensing of the Brazilian Nuclear Energy Commission
(Comissdo Nacional de Energia Nuclear — CNEN). The decommissioning of a mining facility is
treated as abandonment of the installation and requires the following actions:

»  Backfilling with mine debris and sealing of al wells, holes, galleries or any other excavation
for research or ore removal, in the surface or sub-surface, to prevent the occurrence of
accidents.

» Actionsto limit the potential risks to human health and safety.

e Clasdsfication of areas in the mine to avoid the release of toxic substances to the
environment.

«  Execution of an abandonment and area restoration plan, to be approved by the regulatory
authority (CNEN), where possible future uses are predicted.

These criteria are expressed in Standard CNEN-NE-1.13 (1989) that regulates the licensing of
uranium and thorium mining and milling facilities. Numerical standards, however, are not provided
but it is implicit that the releases into the environment shall not exceed those authorised for the
operation of the installation.

Specific regulations are also available for waste dam systems containing radionuclides-Standard
CNEN-NE-1.10 (1980). It is required that the wastes shall be stabilised physically and chemically in
order to assure that effluents leaving the system comply with the acceptable regulatory levels.
Stabilisation shall begin immediately after the termination of waste deposition. The systems shall be
provided with means to seal or eliminate contaminated drainage sources in order to avoid, as much as
possible, the collection and treatment of the drainage. The system shall also be protected against the
natural drainage by means of engineering works like dykes and embankments. It shall aso be
controlled and signs posted in order to restrict the invasion of members of the public and to prevent
non-authorised use of the wastes. The stabilisation, control and maintenance of the system in the long-
term shall be documented and this document must be part of any commercial transaction involving the
area. CNEN shall aso beinformed promptly about any new landowner.

Uranium mining and milling facilities are also regulated by the federal environmental
organisation IBAMA. In this sense and to comply with the Brazilian Constitution (article 225
paragraph 2), decree No. 97623 of April 10, 1989, required that every existing project involving
mineral extraction in the country should make available a degraded area recuperation plan in no more
than 180 days after the promulgation of the decree. The decree has also established that in the case of a
new project the plan must be presented during the environmental licensing of the project. Economical
aspects of environmental restoration are also taken into account and costs related to this activity must
be part of the overall project cash flow.
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Historical information on country’srestoration activities

The only uranium production facility that operated on a regular basis in Brazil is the uranium
mining and milling facility of Pogos de Cadas (CIPC). The facility ceased operations (uranium
production) in 1997. However, a well-defined plan of action aimed at restoring the site has not yet
been implemented. The mining company still has plans for processing other materias at the site, i.e.,
by-products of a monazite plant located at Rio de Janeiro State. There is aso the possibility of
uranium being extracted from tantalite/columbite ores from a tin mining site located in the north
region of the country.

Complexo Minero Industrial de Pogos de Caldas—Brief History

The uranium mining and milling facility of Pogos de Caldas was developed to provide uranium
for theinternal market consumption in the scope of the Brazilian Nuclear Programme. The project was
intended to produce 500 t U30g/year and 275 t/year of calcium molybdate as a by-product.

1974: Building of the pilot plant, development of wells and galleries.
1977: Beginning of earth moving activities.
1979: Beginning of development of the milling plant.

January 1981:  Beginning of the tailings dam construction.
November 1981: Beginning of the experimental uranium concentrate production.

1982 Beginning of the commercia uranium production.

1990: Due to investment restrictions the uranium production had to be suspended.
1993: Restart of uranium production.

1997: End of uranium mining and milling.

Type of radiological and chemical contamination

The main sources of contamination to the environment are the tailings dam, where the industrial
effluents used to be released, and the waste rock dumps, where the oxidation of pyritic material leads
to the generation of acid drainage with low pH values and significant amounts of pollutants.

The liquid effluent leaving the waste dam is treated with BaCl, in order to reduce the
concentration of radium isotopes (226 and 228). Lime also needs to be added in the flooded area of the
tailings in order to keep the pH high (about 10). Residua pyrite oxidation is also observed in the
tailings. Mn and sulphates are the pollutants of main concern among the non-radioactive ones [1].
Average concentration of Mn in the effluent of the tailings dam is 56 mg/l (0.70-750 mg/l) and that of
sulfate is 1612mg/l (560 - 4 600). With respect to the radioactive pollutants, the average
concentrations are: *°Ra - 0.161 (0.002-1.09 Bqg/l); *®U - 0.038 (0.15-2.81 Bg/l).

In terms of the groundwater, sulfate concentrations (185-347 mg/l) higher than the background
levels (<10mg/l) of the area have already been registered.

In terms of future impacts, in case of the interruption of the chemical treatment of the
effluents (which is not an option) doses of 8.0 mSv/year (conservative estimate) or doses in the range
0.48 - 0.62 mSv/year (non-conservative estimate) would be predicted to the critical group. Among the
studied radionuclides, *°Pb and **°Po were the radionuclides of concern.
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It isimportant to mention that the tailings dam received (and continues to receive) the product of
the chemical treatment of the acid rock drainage.

Table 1 shows the average concentrations of some pollutants in the acid drainage of one of the
waste rock piles existing at the site.

Tablel. Average concentrations of pollutantsin the acid drainage from WRP-4[3]

Chemical Species Average Minimum Maximum
?°Ra (Bg/l) 0.29 0.14 0.58
28U (Bg/l) 175 71 315
Al (mgll) 96 61 161
F (mg/l) 99 5.1 167
Mn (mg/l) 75 6.6 105
pH 3.30 2.9 3.7

The acid drainage from the two waste rock piles existing at the site are collected in holding
ponds, pumped to the mine pit and treated with CaCO; and Ca(OH),. The solid materia isdeposited in
the tailings pond and the overflow is released into the environment. The effluent released into the
environment has to comply, in terms of radionuclide activity concentrations, with the authorised levels
established by the regulatory authority.

Type of long-term monitoring and surveillance

With respect to the industry operation, a comprehensive monitoring programme is carried out.
The callection of air samples, soil, surface water, groundwater, vegetables, animal products (milk), is
carried out as part of a regular programme. In addition to this, measurements of external gamma
exposure are made by means of thermo-luminiscent detectors. Effluent monitoring is also carried out.
Monitored radionuclides are the long-lived ones from the *°U and ***Th series (**U, **Ra, *°Pb,
#2Th and “®Ra). Non-radioactive pollutants like Al, Mn sulfate, Fe and fluoride are also determined in
the effluent and water samples. This programme will have to continue, with some adaptations, after
the mine closure.

Waste rock dumps, sub-grade and ore stockpiles
The operations developed by CIPC gave rise to the waste-rock piles as described in Table 2.

Table2. Volume, mass and areas of the waste-rock pilesat the CIPC [4]

Waste-rock pile Volume (10°m°) Mass (10°t) Area (10° m?)
WRP-1 4.4 10.6 25
WRP-3 9.8 235 2.0
WRP-4 12.4 29.8 5.7
WRP-7 2.4 5.8 5.3
WRP-8 14.8 355 6.4

Total 43.8 105.2 21.9
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The most important ones, in terms of environmental aspects, are the waste rock piles4 and 8. The
amount of (acid) water pumped from the holding pond of WRP-4 is 8.9 x 10° m®. Average rainfall at
thelocation is 1.7 m/a. Table 3 summarises the costs with the treatment of the acid drainage at CIPC.

Table 3. Consumption and costs associated to acid drainage treatment [4]

. Amount Ca(OH Cost
Period (OH), (USD/a)
1982-1988 1620 137 700
1989-1992 2 246 190910
Total 17 084 1442 140

It is recognised that the collection and treatment option shall not be seen as a permanent solution
to the problem and that permanent sol utions need to be sought.

Tailings

There is only one tailings dam at CIPC. The small basin where it is located presents a bedrock
geology that consists essentially of cretaceous alkaline volcanic rock cut by fault joints and fluorite
veins. The foundations of the dam have been initialy homogenised by injection of cement grout to
reduce permeability and to prevent possible fracture widening. Table 4 shows other characteristics of
the tailings dam. Presently the tailings dam comprises an area covered with water (the tailings dam

lake) and another uncovered (dry area).

Table4. General characteristics of the tailings dam [2]

Drainage Area 0.86 km?
Average Waste Discharge 0.15m’s*
Volume 217x10°m®
Maximum volume of waste disposal 1.97 x 10° m®
Average outflow rate 0.05 m*s*

Table 5 showsthetotal inventory of the tailings dam.

Table5. Inventoriesof metals and radionuclides at the waste dam [2]

Element Total Inventory (t)

Al 25x 10°

Fe 5.6 x 10

Mn 4.1 x 10

Ca 1.8 x 107

Zn 35x 10°

U 3.70 x 10°

Th 8.20x 10"
“°Ra 5.1x 10" (Bq)
“%Ra 2.9x 10% (Bq)
Py 6.9 x 10" (Bq)




It has been estimated that 66 x 10°t of precipitate resulting from the neutralisation of acid mine
drainage have been deposited in the waste dam

Costs

The mining operator has not provided yet a solid budget for the mine area restoration. The
specified data are derived from an independent work [3] and are focused on the remediation of the
tailings dam and waste rock piles.

In the case of the waste rock piles, studies have focused on the WRP-4. The studies were aimed at
providing permanent remedial solutions. The driving force in the process of pyrite oxidation was
assessed as being the diffusion of air oxygen into the dump.

An Intrinsic Oxidation Rate (IOR) of 10° kg (O,).m3s1 was estimated for the deposited
material. It has also been estimated that more than 500 years will be necessary for the tota
consumption of the pyritic material embodied in the dump. These results were produced by means of
mass balance calculations, column leaching experiments and geochemical modelling. By means of
mathematical simulations, it has been observed that a cover layer 0.5 m thick with an oxygen diffusion
coefficient of 1x10° m”s1 (compacted clay) would be an effective strategy of remediation
(cost and benefit analysis being taken into account). The total costs involved in the covering of the
waste dump (three layer system-gravel/clay/sand) would amount to USD 10 million. Engineering
work (reshaping) will aso need to be performed. These costs relate only to one of the waste rock piles.
As arough estimate, it can be anticipated that similar costs will be experienced in relation to WRP-8.
Costs associated with returning back the materia to the open pit were aso assessed to
USD 70 million.

In terms of the tailings pond, it has been assessed in the above study that the contamination of
groundwater by radionuclides will only be observed after 4 000 years (peak concentrations being
observed after 7 000 years). The remediation scheme considered the reduction of Rn exhaation (doses
due to Rn inhalation were estimated as being equal to 40 mSv/year in the first year in case of
intrusion — house construction over the tailings) and the reduction of external gamma exposure (doses
around 8.0 mSv/year were also estimated).

The proposed scheme consisted of covering the tailings with a three layered system. The total
cost of the adoption of this scheme would be USD 3.7 million.

The above costs are based on standard market prices. Obvioudy, they can be reduced if, for
example, clay material is obtained at the site from neighbouring areas.

Other uranium production facilities

The Lagoa Real Project started operations in 2000. The uranium extraction is performed by heap
leaching and atotal production of about 300 t UsOg per year is expected to be achieved.

The remediation plan includes the flooding of the open pit. The waste rock piles will be covered
with clay and soil and revegetation will be undertaken with local species. The leaching areas will be
monitored in order to assess possible soil contamination. In this case, the soil will be covered with
waste rock, soil and vegetation. The waste ponds will be drained and covered with impermeable
material (PVC, clay or asphalt), and subsequently with waste rock material, soil and revegetation.
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- Canada -

Government policies and regulations

The federal government is responsible for all nuclear activities in Canada, including uranium
mining and milling. Provincial and territorial governments within Canada aso have jurisdiction over
mining activities, including uranium, as outlined in alater section of this document.

Federal policy

The federa government announced the Radioactive Waste Policy Framework in 1996. The
Framework emphasises the Government of Canada’'s commitment to the principles of sustainable
development and guides Canada’ s approach to the disposal of nuclear fuel waste, low-level radioactive
waste and uranium mine and mill waste. It sets out the principles governing institutional and financial
arrangements for disposal of al radioactive waste. It also clearly delineates the responsibilities of the
federa government and the waste producers/owners. The responsibilities of the Government of
Canadainclude:

+  Policy development.
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*  Regulation of producers and owners of radioactive waste.

e Oversight to ensure producers and owners comply with legal requirements, funding and
operational obligations.

Waste producers and operators are responsible, in accordance with the principle of “the polluter
pays’ for:

+  Operation, closure and decommissioning of disposal and other waste management facilities.
»  Funding, organisation and management required for their wastes.

Federal acts and regulations

The federal government has responsibility for the regulation of matters relating to atomic energy,
including uranium mines and mills, under the Nuclear Safety and Control Act (NSCA)." Under this
act, the Canadian Nuclear Safety Commission (CNSC) is responsible for the administration and
licensing of uranium mining facilities. The relevant regulations under this act include:

*  Genera Nuclear Safety and Control Regulations.

+  Uranium Mines and Mills Regulations.

Environmental restoration and decommissioning of uranium production facilities are governed by
Uranium Mines and Mills Regulations. These regulations stipulate that a uranium mining facility be
decommissioned in accordance with a CNSC licence. Licence applications must be accompanied by a
detailed decommissioning plan; information on the land, buildings, equipment, nuclear and hazardous
substances that will be affected by the decommissioning; and a description of the planned state of the
site upon completion of the decommissioning work.

Companies annually accrue accounting provisions to finance future costs for decommissioning
and reclamation. In addition, formal financial assurance, usually in the form of irrevocable letters of
credit, for decommissioning and waste management costs associated with the licensed uranium mine
or mill, isrequired to be submitted to the regulatory authorities prior to mine commissioning.

Under the Canadian Environmental Assessment Act (CEAA),? in force since 1995, an
environmental assessment must be conducted by the proponent(s) prior to the construction, operation,
modification, decommissioning or abandonment of uranium mining and milling facilities.

In addition to the Federa Radioactive Waste Policy Framework and the regulations and acts
listed above, the following regulatory documents are applicable to uranium mining facility
decommissioning:

» Policy on the Decommissioning of Nuclear Facilities, Regulatory Document R-90,
August 1988. Describes CNSC policy for the decommissioning of nuclear facilities
including uranium mines and mills.

1. The NSCA was promulgated on May 31, 2000, replacing the Atomic Energy Control Act which was in
force since 1946.

2.  The CEAA was proclaimed on January 19, 1995.
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* Regulatory Objectives, Requirements and Guidelines for the Disposal of Radioactive
Wastes, Long-term Aspects, Regulatory Document R-104, June 1987. Outlines the
regulatory basis for judging the long-term acceptability of radioactive waste disposal.

e Decommissioning Planning for Licensed Activities, Consultative Document G-219, June
2000. Provides guidance for the preparation of decommissioning plans.

* Financial Guarantees for the Decommissioning of Licensed Activities, Consultative
Document C-206, June 2000. Provides a regulatory guide for the establishment and
mai ntenance of measures to fund the decommissioning activities.

Provincial/territorial acts and regulations

Depending on the location of a uranium mining facility within Canada, certain provincial or
territorial acts or regulations may also apply to decommissioning.

The Government of Saskatchewan’s Environmental Assessment Act requires the proponent(s) of
all developments in the province, including uranium mines and mills, to conduct an environmental
assessment and to complete an environmental impact statement describing the assessment. On
November 30, 1999 the governments of Canada and Saskatchewan signed an agreement to improve
federa-provincial co-operation in the environmenta assessment of projects subject to both the
Environmental Assessment Act and the Canadian Environmental Assessment Act. A conceptual
decommissioning plan is a component of the initidl mining project assessment, and a final
decommissioning plan will be subjected to an assessment prior to project closure.

Saskatchewan Environment and Resource Management (SERM) requires, among other things,
approval of a decommissioning and reclamation plan during the development phase of uranium mines
and mills, pursuant to the Environment Management and Protection Act. During operations, SERM
also requires annual approvals pursuant to the Air Pollution Regulations, the Hazardous Substances
and Waste Dangerous Goods Regulations and the Mineral Industry Environmental Protection
Regulations. If a company wishes to permanently close a mining site, it must seek approval from
SERM to implement a decommissioning and regulation plan following the Guidelines for
Decommissioning and Reclamation of Northern Minesites.

In the Province of Ontario, the Environmental Protection Act, the Environmental Assessment Act,
and the Mining Act are the main pieces of legidation pertinent to the decommissioning of uranium
mines and mills. In 2000, the Mining Act was amended to include the Mine Rehabilitation Code. The
Mine Rehabilitation Code includes requirements of other Ontario departments (such as the Ministry of
Environment, the Ministry of Labour and the Ministry of Natural Resources) to assist proponents in
satisfying the requirements of the Mining Act when preparing decommissioning plans.

In the Northwest Territories (NWT), the Territorial Lands Act, under the jurisdiction of Indian
and Northern Affairs Canada (INAC), is the enabling legislation for several key regulations including:
Canada Mining Regulations, Territorial Land Use Regulations, Territorial Lands Regulations and
Territorial Quarrying Regulations. The NWT Waters Act is regulated by INAC and the NWT Water
Board governs water use and disposal. The federal Fisheries Act, administrated by the Fisheries and
Oceans Canada, contains provisions to control the release of deleterious substances into fish habitat,
and includes the Metal Mining Liquid Effluent Regulations administered by Environment Canada.
Future projects are reviewed by the Mackenzie Valey Environmental Impact Review Board or the
Nunavut Impact Review Board.
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Background and overview of Canadian sites

The first uranium mine in Canada began at Port Radium in the Northwest Territoriesin 1933, and
was owned by a private company, Eldorado Gold Mines. Concentrate that had uranium associated
with it was sent to Port Hope, Ontario, where radium was extracted. At that time, uranium had little or
no commercia vaue. The Port Radium Mine produced ore for radium until 1940 and reopened in
1942 to supply the demand for uranium from the British and U.S. defence programmes.

In 1943, the governments of Canada, the United Kingdom and the United States instituted a ban
on private exploration and development of radioactive materials. Also in 1943, the Government of
Canada nationalised Eldorado Gold Mines and established the federal Crown Corporation, Eldorado
Mining and Refining, with a monopoly on all uranium prospecting and development. Canada lifted the
ban on private exploration in 1948.

In 1949, Eldorado Mining and Refining began development of a uranium mine in the
Beaverlodge area of northern Saskatchewan and, in 1953, commenced milling the ore onsite. The
Gunnar and Lorado uranium mines and mills began operating in the same area in 1955 and 1957,
respectively. Severa other small satellite mines also opened in the area in the 1950s, sending ore for
processing to either the Eldorado or the Lorado mills.

In the Province of Ontario, fifteen uranium mines began production between 1955 and 1960 in
the Elliot Lake and Bancroft areas (twelve in Elliot Lake: Pronto, Buckles, Lacnor, Nordic, Quirke,
Panel, Milliken, Spanish American, Stanleigh, Stanrock, Can-Met and Denison; and three in Bancroft:
Madawaska/Faraday, Bicroft, and Dyno). Ten of these production centers in the Elliot Lake produced
tailings, as did three in the Bancroft area.

Production of uranium in Canada peaked in 1959 at 12 200 tU. However, the demand for uranium
to meet defence requirements dropped dramatically in 1959, and Canadian uranium mining entered a
period of decline. Production dropped to less than 3 000 tU by 1966. Commercial sales of uranium to
electrical utilities then began to revive the industry. With the Government of Saskatchewan offering
incentives for exploration, uranium deposits were discovered at Rabbit Lake, Cluff Lake and Key
Lake in 1968, 1969 and 1975, respectively. By the late 1970s these three sites were under
development and production began at Rabbit Lake in 1975, Cluff Lake in 1980 and Key Lake in 1983.
Although most of the mines and millsin Ontario had closed by the late 1960s, electrical utility demand
stimulated renewed operations in the 1970s, particularly in the Elliot Lake area, including the
development of a new uranium production facility at Agnew Lake, some 90 km west of Elliot Lake.
The last of the Elliot Lake region mines, Stanleigh, closed in June 1996.

At present, all active uranium mines are located in the province of Saskatchewan. Mining is
ongoing at Cluff Lake, McClean Lake and McArthur River. Uranium mills and tailings exist at Cluff
Lake and McClean Lake, aswell as at Rabbit Lake, where mining operations were suspended in April
1999, and at Key Lake, where deposits were mined-out in 1997. Tailings deposition continues at Key
Lake however, as al McArthur River oreis being processed at the Key Lake mill.

In addition to the active sites in Saskatechewan, uranium tailings exist at the inactive and
decommissioned sitesin Saskatchewan, Ontario and the North West Territories (Table 1).
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There are also two other sites in Saskatchewan (Midwest and Cigar Lake) that are planned for
production. Operations are expected to commence in 2003 and 2005, respectively, subject to market
conditions and regulatory approvals. At present, ore from Midwest is expected to be milled at
McClean Lake and ore from Cigar Lake is expected to be milled at both McClean Lake and Rabbit
Lake.

Review of Canadian remediation activities

In addition to the four active tailings facilities at the operating Saskatchewan sites and the two
inactive tailings sites at the Key Lake and Rabbit Lake operating mine/mills, there are 20 inactive sites
at various stages of decommissioning and environmental remediation. Figure 1 shows the locations of
uranium mines and tailings sitesin Canada.

Historical remediation activities

Saskatchewan

There are three inactive uranium sites in the Province of Saskatchewan. The Beaverlodge
operation was shut down in 1982 and decommissioned in 1985. Cameco Corporation is currently
conducting post decommissioning monitoring and site evaluation of the Beaverlodge facilities under
CNSC licence.

The Lorado and Gunnar sites have been closed since 1960 and 1964 respectively, and have not
been adequately decommissioned. Some decommissioning activities were conducted at the Gunnar
sitein the early 1990s.

Northwest Territories

There are two inactive uranium sites in the Northwest Territories. Mining at the Port Radium site
occurred from 1933 to 1940 and from 1942 to 1960 to recover radium and uranium respectively, and
finally from 1964 to 1982 to recover silver. The site was partialy decommissioned in 1984. In 2000,
the federal government signed a partnership agreement with the local community to discuss measures
to be taken at this site.

Uranium mining and milling occurred a the Rayrock site from 1957 until 1959 when it was
abandoned. Indian and Northern Affairs Canada began decommissioning and rehabilitation of the
Rayrock site including capping of the tailings in 1996. Performance monitoring of the Rayrock site
began in 1996.

149



Buiobuo Buioiuo

[1poeg

G86T aulN/punoiBepUn | Uemayomeyses uoirelodiod
1adN ul pap|dwoo Aiioke N Z86T-ES6T parsedo alis »sbuljre | ajens UBYLON 0%UWe) abpo|enesg
Burioyuow BuobuQ | G86T-G/6T fesodsip sbul|re UemaLoesses uonesodiod
TO4W| @imnjuipapidwodaqol |  G/6T douss Buiresedo alis sbuljre | agens UBYLION oo%ewe) a7 1qgey
Bulionuow Buiobuo | 966T-€86T fesodsip sbulje L uemayoresses uolreiodiod
TO4IN| aninjulpaw|dwosag o] £86T 20U Bulredo a1s sbuije] ateuns ueyloN o%wWe) e oy
S91IS PAUOISSILILLIOIBP 0 BAI0RU |
)5S uo bul|w oN
666T Ty | uemeyoeyses uonesodiod
TJO4IN| 2inminjuiperidwosaqo] | Jequedsg ul uebaq Bulul e P3|l 310 - SUON ueyloN o%We) | BAIY INYUYIN
666T d0U'S [esodsIp sbuljre |
666T AInC UeMBUOIRYSeS | "OU| S80.N0Say
TO4W | innyuipaeidwodaq o] | ul uefieq Buliw pue Buiul 1d 930 UBYLION euwbo) | e ues|DoN
T00Z dunr Ul papuadsns
a0 0] pajoadxe Bul||iw
'666T U! papuadsns BuIUIIN
G8GT d0Urs [esodsip sBulre |
G/6T 9oUlS uemayoreses uolrJiodiod
JOd | imnjulpaeidwodag ol Bui)iw pue BuuiN 1id 9e11Iq0ey UBYLION oo%ewe) aeT 1qgey
BAY INYUON
W0.} S3.0 pue Sa.o
Pa]1d>003S Y1IM Sanu1uod
Bui)jiw ‘papusdsns Buul dWL)
G66T aouss fesodsipsbuliel | Aujioed aweleue N | Uemaydlexses uonesodiod
TOd4| @imnjuipsp|dwodaqol |  £86T dous Buirsedo alis sbulje | uuew|ed UBYLION ooewe) e oy
‘KpAnoedsal ‘2002
pue TOOZ Ul papuadsns aq 0}
pa1oadxe Bul|iw pue Bulul 1A 8810
€86T 80U's fesodsip sbul|e | N Ul (YINL)esly | Uemayomeyses |  "Ou|S80In0sey
JO4N | ainnjuipepidwooaqol| 086Td0us bueedoais| uswabeue|n sbulje | URBYLON ewbo) a1 Yo
se1ss bulre odo
90U | Ared a|gsuodsal
ASND BN snie;s BuuossIwwose g Aoy Buiresedo ays sbul|e | uoIR207 JlopBd0 aweu [[IWBUIN

so1s shul|re] pue Ssulw WNiue.In Jo Arewwns ‘Tajgel

150



Bulioyiuow led 9910 J4BuS oleuO
Jpasusoljun | Buiobuo 6661 paw|dwo)d G96T-8S6T poresedo alis pue v IAM ybejueis ‘9ye71013| pr1wob|voiy U1 |IN
Bu 1101 uow Buiobuo
papoo 4 sbulje L YINM oleuo <P ued WY
Jpasu0IUN 666T pap|dwo) 6S6T-856T poresedo alis UesloWY ysiueds | ‘e 101113 wob|v ory usiveds
Bu 1101 1uow
Buiobuo Buipooysbulirel 966T-€86T 0leWo NoR
1a4N 666T PaR|dWoD | pue T9ET-8S6T peresedo alis VAMUBeeIS|  ‘axel1ol3 wob|y oy ybe|ueis
Buio1uow Buiobuo uiseg yinos
papoo 4 sbulje L 066T-6/6T| ® (UMON) useguen 0leWo NoR
1a4N 666T Pa|dWoD | pue T9ET-8S6T peresedo alis ‘VINMBUIN pued ‘9)e7101([3 wob|v ol pued
Ared
SOUROIT! snpess Buuossiwwosed K1031H Buresedo ans sbulirel uomeoo|  |qIsUOCSaY [BWeN |IIN/RUIN
OSND WD
Jioredo
Buio1uow Buiobuo (VIAMm)
papoo 4 sbulje L Z66T-896T BalY JusWeBeue N oleuo
1a4N 666T PaR|dWoD | pue T9ET-956T peresedo alis deMBUINING |  'BeTolF| ;pTwoblyord| 2 ®TaMINO
Burio1uow Buiobuo
parebon/paenod shul|e L oo P BIN
1a4N 666T peP|dwo)d ¥96T-/G6T poresedo alis VINLYooJUeS|  ‘©fe710l|[3| Seullyuosileg| -Uedpooluels
Buio1uow Buiobuo
papoo |4 sbulje L oo P
1a4N 666T pap|dwo) Z66T-/S6T porsedo alis VAL Uuosiuiag '9)e7101[[3| SaulN uosiued uosiueg
epeue)
Bu 1101 1uow 9| d Solo1R ] | Sie))V UBYLON
ISd BuiobuQ *Aem Jepun 6G6T-/S6T pariedoalis | sbulje] yinos 7 YuUoN 1SOMULON ® Uelpu| Yoouhkey
epeue)
861 Z86T-796T sealy SOLO}IR L | Sike}V UBYLON
pasusdijun Aq paje|dwoo Ajeiied | pue 096T-2¥6T pareedo alis | Ino4 —sbuljie] adepns 1SOMULION » Uelpu| wnipey 1od
uensyoredses JUBWIUBAOD)
pasuadi|un paje|dwoo 10N 096T-/S6T pertedo alis sbul|re | 8gens URBULON |  Uemayomexses opeJo]
uemayorexses JUBSWIUBANOD)
pasuadi|uN paje|dwoo 10N #96T-GS6T poresedo 8IS sbul|re | 8gejns UBULON|  Uemayomeyses feuuno
(*P1U02) SO1IS POUOISSILULLIOJBP 0 SAI0RU |
90U | Ared a|gsuodsal
ASND BN snie;s BuuossIwwose g Aoy Buiresedo ays sbul|e | uoIR207 JlopBd0 aweu [[IWBUIN

(P109) se1s SBulrey pue Soulw winiue In jo Arewwns Tajgel

151



‘eroiddy Buluossiwwiossq va

'90USD17 S0UBISNS PeqLSAld :TSd

'000Z BquwenoN ulsew N sseg uoll||ig Ag paseyoind sem wob |y o1y
‘06T 11Un N U1 sBuliel paysodep pue aul|n Bied wouy sddod pesssooud (1w 096T Ul pasesd Bul||iw/Buiuiw wniueln
‘Bunjzed pue BulAip ‘96T Ul pasead Buijjiw/Buiuiw wniveln -
"Z86T 01 96T W01 310 JOA|SS Jo Bull|iw pue Buluiinl-
‘Bupuad 82U8217 9oURISNS Paq LIIsAId ‘PasusdIjun Apuadn) -

'80u8017 Buireedo Aujioed BuluIN 04N

—AANM<IT W0

90U8017 BUIIO S ILWO%EA ANjved BUILIA 1A

UoSSIWWOD AB S JeaonN Ueipeued :OSND

Bu 1101 1uow
BuioBuO pererebon/paeA0d €86T-9/6T Sealy olelO fKepere4
va| sbuljel ¥66T pawe|dwo) | pue #96T-/G6T poresedoalis | om | —sbulje] atens ‘yosoueg| p11IOM O3V fexsenepe N
Bu 1101 1uow
Bui0BuQ parersbon/paen0d Sealy olReO soledoid
pasusoliun | sbuljel "066T PR (dwoD €96T-856T porIedoalis | om] —sbul|e | sdepns ‘jjoloueg Youkeg yonig
Buio1uow Buiobuo
patehon/paeA00 sbul|e | olReO
pasuo1uUN S066T pae(dwo) 096T-856T parsedo alis sbuire ] aJepns Jjooueg| p17SSM DIV ouAg
uonoY Jeyun- oN
porebon/palenod sbulle | o0 JUBWUBAOD
JeasuURdIUN 0661 paP|dwoD €£86T-//6T periedoals sbul|re | 80e4Ins "ejoueds3 0leuQ e meuby
Burio1uow Buiobuo
peieA0d Ajented sbulje L ,0L6T-T96T OLENO
JasusdIlun | 666T Pate|dwod Ajeiied | pue 096T-856T Pakesedo alis VINM OO | ‘BAdpullg| ,pi1woblv oy 0Ju0Jd
Buio1uow Buiobuo SYINM Joude] JI=iTe)
Jpesuso1iun 666T Pap|dwo) 8G6T-/S6T PoredoaliS | pue UeoLBWY ysiieds | ‘9Xe7101|13 | P11 wob|v ory sepjong
Bu 11o11uow Bulobup
pereRbon/palenod shulje oLeuO
Jpesuso1iun 6661 PeRIdWoD | 066T-/S6T Pareledo alis VN O1pION ‘9Ye1101|13| P11 wWob|v ory OIpION
Bu 11o1uow Bulobup
pareeban A|ensed pue
pepool} A|fensed sbuljre L oleo
Jasusdlun 6661 paR|dwoD 096T-/G6T paresedo alis VINM Joude |  ‘9e7101[@| P17 wob|y oy loudge
(*P1U02) SO1IS POUOISSILULLIOJBP 0 SAI0RU |
90U | Ared a|gsuodsal
ASND BN snie;s BuuossIwwose g Aoy Buireledo aus sbul|e | uoIR207 JlopBd0 aweu [|iwBulN
(P109) se1s SBulre] pue SSuIW winiue In Jo Arewwns "Tajgqel

152



Ontario

Elliot Lake Area

There are 12 inactive uranium mines and 10 inactive uranium tailings sites in and around Elliot
Lake, Ontario (some of the mines utilised other mills and/or tailings disposal areas). The tailings
disposal areas are referred to as waste management areas (WMAS) by Rio Algom Ltd. and tailings
management areas (TMAS) by Denison Mines Ltd.

Rio Algom Ltd. is responsible for the Quirke, Panel, Spanish American, Stanleigh, Lacnor,
Nordic, Buckles, Pronto and Milliken mines, whereas Denison Mines Ltd. is responsible for the
Denison and Stanrock/Can-Met mines.

Decommissioning of the Stanleigh, Quirke and Panel and the Stanrock/Can-Met and Denison
uranium mining facilities was essentially completed by the end of 1999. Site decommissioning is
governed by the Uranium Mines and Mills Regulations under the Nuclear Safety and Control Act. All
five sites have CNSC Mine Facility Decommissioning Licences (MFDLSs). Most, if not all, of the
major site decommissioning and reclamation has been completed at all of these sites. The
WMASTMAS have been stabilised and contained and most have been flooded. Tailings at the
Stanrock TMA have been saturated to reduce acid generation but have a dry cover. These areas will
continue under interim monitoring and active management until effluent meets discharge criteria
without treatment. Long-term monitoring with care and maintenance will follow. The companies
predict that discharges will stabilise at the flooded WMASTMASs and that treatment can be
discontinued within five years, whereas it is predicted that treatment will be required at the Stanrock
TMA for at least 50 years.

By the end of 1999, Denison Mines and Rio Algom had spent over CAD 75 million on the
decommissioning of the Quirke, Panel, Stanleigh, Denison and Stanrock/Can-Met mines. With the
bulk of the remedial work completed, capital decommissioning costs by both companies at these sites
were projected to be less than CAD 1 million in 2000.

Financial assurances or guarantees arein place for all of these sites. Decommissioning costs at the
Stanleigh site were paid by the electrical utility, Ontario Power Generation (formerly Ontario Hydro).
A letter of credit for CAD 9.2 million has been posted by Rio Algom to cover transition period and
long term care and maintenance costs. Sufficient capital for six years of operation, maintenance and
monitoring is to be maintained in this fund.

Rio Algom’s six other Elliot Lake mine facilities (Spanish American, Lacnor, Nordic, Buckles,
Pronto and Milliken) had been reclaimed some 30 years ago prior to the establishment of the current
legal framework for mine closure and decommissioning. Since nuclear substances are present at these
sites, Rio Algom began the process of obtaining a CNSC licence in 1995 to meet the regulator’'s
mandate to control radioactive materials. In support of its application for a Prescribed Substance
Licence at these sites, Rio Algom recently submitted a screening environmental assessment. Licensing
of these sites is anticipated in 2001.

Between 1992 and 1997, Rio Algom upgraded these facilities to meet current requirements.
Upgrading was completed at all sites except Pronto, where re-vegetation of the waste management
area continues. The Spanish American waste management area has been flooded, whereas tailings at
Nordic and Pronto are contained in dry, vegetated waste management areas and Lacnor tailings have
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been partidly flooded. Financia assurances for the care and maintenance of these sites will be
required before the Prescribed Substance Licence isissued to Rio Algom.

All of the Elliot Lake tailings sites have effluent water treatment plants which generally employ
barium chloride and lime to remove radium and neutralise pH. Discharges to the environment are
monitored on a continuous basis and meet Provincial Water Quality Objectives.

Rio Algom and Denison are also conducting the Serpent River Watershed Monitoring Programme
to assess environmental impacts to the entire Serpent River watershed which encompasses the
majority of the Elliot Lake tailings. The programme includes periodic monitoring of background and
receiving waters as well as studies of the biota in the watershed and in the man-made tailings
environments every five years. Fieldwork for the first of the five-year biota assessments was
completed in the fall of 1999 and a report is expected in 2000. Water quality monitoring is ongoing.

The Agnew Lake Mine near Espanola, Ontario, ceased operation in 1983. The site was
decommissioned and monitored by Kerr Addison Mines from 1983 until 1988. The site was turned
over to the Province of Ontario in the early 1990s.

Bancroft area

Inactive uranium tailings sites also exist in the Bancroft, Ontario area at the Madawaska/Faraday,
Dyno and Bicroft Mines. The Madawaska Mine has been inactive since 1983, while operations at the
Dyno and Bicroft sites ceased in the early 1960s. AEC West Ltd. has completed decommissioning
activities at the Madawaska and Dyno mine sites. Barrick Properties have completed decommissioning
activities at the Bicroft Mine.

The Madawaska site has a decommissioning license from the CNSC. The site has been
decommissioned and is managed and monitored by AEC West. The Dyno and Bicroft sites do not
have CNSC licences. Effluent discharges from the tailings areas at the three Bancroft sites meet
Provincial Water Quality Objectives and there is no active water treatment. There are no financial
assurances in place for the three Bancroft area mines.

In January 1996, the Government of Canada and the Government of Ontario signed an agreement
specifying financia and long term management responsibilities for abandoned uranium mine and mill
tailings in Ontario. At present, there are no abandoned uranium mines in Ontario. This agreement isin
essence a “safety-net” in the event that the owner responsible for decommissioning costs becomes
incapable of providing the necessary funds to do so. A similar agreement between the Government of
Canada and the Government of Saskatchewan is currently under consideration.

Ongoing and future remediation activities

With respect to the Lorado and Gunnar sites in northern Saskatchewan, the Saskatchewan
government is working with the federal government through Natural Resources Canada (NRCan) to
facilitate the decommissioning of both of these sites. Some decommissioning work was done at the
Lorado site in the early 1990s while little or no work has been done at the Gunnar site. Preliminary
work plans and estimated costs have recently been devel oped.

The federal government has entered into a joint process with the Deline Dene Band (local
aboriginal people) to discuss and decide measures to be taken to address the community of Deling's
concern about the Port Radium mine site in the Northwest Territories. An official announcement of
this joint process was made on January 20, 2000 and a forum known as the
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Canada/Deline Uranium Table (CDUT) was established. The CDUT is currently developing an action
plan which will recommend studies and investigations as appropriate.

Some decommissioning and rehabilitation was completed at the Rayrock site in the Northwest
Territories in 1996. Decommissioning included capping of the tailings and sealing of mine openings.
Performance monitoring of the Rayrock site began in 1998. The federal government is responsible for
decommissioning and monitoring of the site through Indian and Northern Affairs Canada

Decommissioning and site remediation will be required at all five of the current operating sitesin
Saskatchewan. Conceptual or detailed decommissioning plans as well as financia assurances in the
form of letters of credit from the operators are in place for all of these sites.

Thefirst of these sites likely to undergo full decommissioning is Cluff Lake which is scheduled to
cease operation by the end of 2002. Cogéma Resources Inc. submitted a detailed decommissioning
plan for Cluff Lake in June 1999 and will be required to complete a comprehensive study
environmental assessment of the proposed decommissioning under the Canadian Environmental
Assessment Act. As the responsible authority for this assessment, the CNSC outlined the scope of the
required study in October 1999.

At most of these sites rehabilitation for eventual decommissioning is an ongoing process as
remediation is conducted on facilities or areas which are no longer used. For example,
decommissioning research and activities are being conducted at the inactive tailings management
areas, waste rock piles and mined-out pits at the Key Lake and Rabbit Lake operating sites.

Sites planned for future production in Saskatchewan (Midwest and Cigar Lake) will aso require
decommissioning. Test mining has taken place at both sites, and production is expected in 2003 and
2005, respectively, depending on market conditions and regulatory approvals. Conceptual
decommissioning plans have been developed for both sites as part of their pre-operational
environmental assessments.

Facilitieswith ongoing or future plansfor restoration activities

Gunnar
Site Name Gunnar mine.
characterisation Beaverlodge area, province of Saskatchewan.
Operated by Gunnar Mines Ltd.
History Began production in 1955. Closed in 1964.
Site was never licensed by the CNSC.
Activity type Former mine and mill.
Current status Inactive; site has not been decommissioned. Siteis not

licensed by the CNSC. Saskatchewan and federal
governments are currently reviewing decommissioning
and restoration of site.

Contamination Radiological Studies by Environment Canadain 1980s indicated
elevated radionuclide levelsin local fish, surface water
and sediment. Surface waters in Langley Bay exceeded
Saskatchewan water quality objectives for *°Ra.

Environmental Ongoing None.
monitoring

Long-term To be determined.
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Gunnar (contd)

Rock dumps Waste rock Unknown.
Specia waste
Ore
Tailings—surface | Description Tailings placement from approximately 1955 to 1964.

tailings

Tailings dam failed in 1960, released tailings into Lake
Athabasca and created Langley Bay tailings delta. Some
revegetation studies conducted by Environment Canada
in early 1980s.

Size (volume, area)

Approximately 4.4 M tonnes.

Water treatment None.
Site Name Gunnar mine.
characterisation Beaverlodge area, province of Saskatchewan.
Operated by Gunnar Mines Ltd.
Restoration costs | To date CADO.
Future Unknown.
Guarantees/surety None.
Cost/benefit analysis | Not completed.
Lorado
Site Name Lorado Mine.
characterisation Beaverlodge area, province of Saskatchewan.
Operated by Lorado Uranium Mines Ltd.
History Began production in 1957. Closed in 1960. Site was
never licensed by the CNSC.
Site was partially decommissioned by Conwest in the
early 1990s including dismantling of mill and flattening
of site. Restoration of a portion of tailings on private
land. Approximately CAD 1 million spent.
Saskatchewan government accepted decommissioning
work.
Activity type Former mine and mill.

Current status

Siteisnot licensed by the CNSC. Saskatchewan and
federal governments are currently reviewing additional
decommissioning and restoration requirements for site.

Contamination

Studies by Environment Canadain late 19705/early
1980s found low pH and elevated “°Rain Nero Lake, a
small local pond. *°Ra exceeded Saskatchewan water
guality objective.

Environmental Ongoing None.
monitoring

Long-term To be determined.
Rock dumps Waste rock Unknown.

Specia waste

Ore
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Lorado (contd)

Tailings— surface
tailings

Description

Tailings placement from approximately 1957 to 1960. A
portion of tailings located on government land till
reguires some restoration work.

Size (volume, area)

Approximately 360 000 tonnes.

Water treatment None.
Restoration costs To date CAD 1 000 000.
Future Unknown.
guarantees/surety None.
Cost/benefit analysis | Not completed.
Port Radium
Site Name Port Radium.
characterisation Great Bear Lake, Northwest Territories.
Operated by Eldorado Mining and Refining Ltd. (for
uranium) and Echo Bay Mines Ltd. (for silver).
History Discovered in 1930. Extraction of radium from 1933-
1940. Uranium extraction from 1942, uranium milling
onsite from 1952-1960 when ore was depleted. Silver
mining/milling was also conducted on site from 1964-
1982.
Activity type Former mine and mill. Pitchblende deposit.

Current status

Inactive. Restoration of some of thetailings areas
completed by Echo Bay Mines following closurein
1982. Siteis not licensed by the CNSC. Federal
government through Indian and Northern Affairs
Canadais|ead agency currently reviewing requirements
for site. Joint federal/provincia process announced on
20 January, 2000 to develop plan, investigate site and
recommend appropriate action.

Contamination

Assessments of tailings areas and receiving waters have
not detected any significant environment problems.

Environmental Ongoing To be determined.
monitoring
Long-term To be determined and will be completed as part of the
future decommissioning work.
Rock dumps Waste rock Yes.
Special waste Unknown.
Ore No.
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Port Radium (contd)

Tailings— surface
tailings

Description

Uranium tailings placement from approximately 1952-
1960. Uranium tailings in four areasincluding small
lake basins. Some tailings also deposited into deeper
waters of Great Bear Lake. Silver tailings placement
from 1964-1982.

Size (volume, ared)

Approximately 907 000 tonnes of uranium tailings and
approximately 500 000 tonnes of silver tailings.

Water treatment Between 1975 and 1982 tailings water and mine waste
water were treated with barium chloride and ferric
sulphate to precipitate radium and arsenic respectively.
Water was then discharged to Garbage L ake.

Rayrock

Site Name Rayrock mine.

characterisation Marian River/Sherman Lake, Northwest Territories.
Operated by Rayrock Mines Ltd.

History Mining and milling of uranium from 1957-1959.

Activity type Former mine and mill.

Current status Site has a CNSC Prescribed substance licence for
decommissioning activities. The Indian and Northern
Affairs Canada (INAC) islead agency currently
reviewing additional decommissioning and restoration
requirementsfor site.

Contamination Radiological Waters directly in contact with tailings have elevated
levels of °Raand copper. “°Raand *°Pb levels are
high compared to other abandoned or inactive uranium
tailings areas in Canada. ?°Ra ranged from 350-

3300 pCi/g. ?°Pb ranged from 350-3 000 pCi/g.

Chemical

Environmental Ongoing DIAND began monitoring the sitein 1998. Radiol ogical

monitoring survey and pathways analysis completed.

Long-term Final monitoring plan to be approved by the CNSC.

Rock dumps Waste rock Unknown.

Specia waste

Ore

Tailings—surface | Description Tailings placement from approximately 1957-1959.

tailings

Size (volume, area)

Approximately 71 000 tonnes. Situated in two piles
south of mine site. Piles cover areas of 6 and 8 ha

Water treatment

None. Tailings are weakly acid-generating but pH in
small water bodies in contact with tailings has not been
affected.
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Rayrock (contd)

Restoration costs

To date

CAD 2.5 million to date, CAD 100 000 for monitoring
to date.

Future

Initial estimates for annual maintenance to multi-year
monitoring events are CAD 60 000 per event.

Guarantees/surety

None.

Cost/benefit analysis

Not completed.

Cluff Lake

Site
char acterisation

Name

Cluff Lake operation.
Province of Saskatchewan.
Owned and operated by Cogéma Resources Inc.

History

Deposits discovered and explored in 1969 through 1986.
Production began early in 1980, with approximately

22 700 tonnes of concentrate (U3Og) produced as of
August 1999.

Project includes four mined-out open pits and two
operating underground mines.

Activity type

Open pit and underground mines and mill.

Current status

Licensed for 2 020 tonnes/year uranium. Production

in 1998 was 1 040 tU. Site has a CNSC Mining Facility
Operating Licence.

Currently mining two underground ore bodies. Cogéma
announced in August 1998 that it would suspend
operations indefinitely by end of 2000. Provided
detailed decommissioning plan to the CNSC in June
1999. Plan is now subject of ongoing environmental
assessment. Cogémawill be submitting an
environmenta assessment report (called Comprehensive
Study report) under the Canadian Environmental
Assessment Act. A document outlining the scope of the
project and assessment was prepared by the CNSC in
October 1999.

Contamination

Radiological

Workplace area and personnel dose monitoring meet
acceptable targets.

Chemicd
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Cluff Lake (contd)

Environmental
monitoring

Ongoing

Radiation protection monitoring including measurement
of gamma radiation and radon progeny conducted in
work areas throughout site. Personnel dosimetry
monitoring also conducted.

Monitoring of water quality in water trestment plant
discharges and surface water sites for general
parameters, radionuclides and metals.

Long-term

Monitoring after closure would continue until no longer
required by regulatory agencies. Monitoring would
include any water treatment systems, surface water and
assessment of revegetation. Extensive post-closure
monitoring programme for surface water, groundwater,
sediment, fish and air is outlined in decommissioning
plan.

Rock dumps

Woaste rock

Waste rock from open pit and underground mines
stockpiled at surface. Waste rock research project being
conducted on Claude Pit pile in support of
decommissioning plans. Hauling and disposal of OP/DP
waste rock pile, and industrial waste buried within
OP/DP waste, to flooded Claude Pit under way since
1997. The Claude and DJIN waste rock pileswill receive
engineered covers.

Special waste

Mineralised special waste (0.03 to 0.10%U or acid
generating) is also disposed in Claude Pit.

Ore

Hauled from mine to mill.

Tailings— surface
tailings

Description

Between 1980 and 1983 tailings were placed in
temporary lined containment near the mill. These
tailings were reprocessed and deposited in Surface
Tailings Management Area (TMA) located in Mill
Creek sub-basin. Tailings placement in TMA began in
March 1983.

Size (volume, areq)

Capacity of TMA is2.67 M m°. Approx. 23 M m’
(2.7 M tonnes) placed to end of 1998.

Water treatment Two water treatment plants at TMA discharging to
settling ponds prior to discharge to environment. Plants
remove radium and suspended solids and control pH.
Water from minesis pumped to mill for use, then to
TMA for treatment.

Restoration costs | To date Unknown.

Future Decommissioning costs developed by Cogéma for 1999
detailed decommissioning plan.

Guarantees/surety Irrevocable letter of credit in place for
CAD 33.6 million.

Cost/benefit analysis | Yes
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Key Lake

Stecharacterisation

Name

Key Lake Operation; Province of Saskatchewan.
Operated by Cameco Corporation.
Ownership: Cameco 83%, Cogéma 17%.

History

Mining of Gaertner Pit began in 1982. Open pit mining
of ore from Gaertner and Deilmann Pits completed in
1987 and 1997 respectively. Ore milled onsite and
tailings deposited initially to surface tailings area and
then to Dellmann Pit.

Activity type

Open pit mine and mill.

Current status

Licensed for 5 700 tonnes/year uranium. Production in
1998 was 5 400 tU. Deposits mined-out in 1997.
Milling of stockpiled ore from Deilmann Pit ongoing.
McArthur River ore will be milled at Key Lake
beginning in December 1999. High grade McArthur
River ore will be blended with lower grade Key Lake
ore. Milling of McArthur River ore projected to
continue until 2025. Site hasa CNSC Mining Facility
Operating Licence.

Contamination

Radiological

Workplace radon progeny and gamma monitoring
indicates acceptable levels. Personal gamma dosimetry
also acceptable.

Radionuclides in surface water leaving site are
negligible.

Airborne particul ate occasionally exceeds the
acceptable level; however, metals and radionuclide
concentrations are low.

Chemicd

Surface water quality meets provincial objectives except
for nickel.

Environmental
monitoring

Ongoing

Aquatic, air and terrestrial monitoring is conducted by
Cameco under guidelines set by the federal and
provincial agencies in the site operating licences.
Surface water, fish and sedimentsin local creeks
impacted by mill effluent and dewatering. Air sampling
for heavy metas, radionuclides, radon and SO,. Routine
monitoring of groundwater quality.

Long-term

Monitoring after closure would continue until no longer
required by regulatory agencies. Monitoring would
include any water treatment systems, surface water and
assessment of revegetation.
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Key Lake (contd)

Rock dumps

Woaste rock

Waste rock piles (40 M m®) will be decommissioned in
situ. Nickel-rich waste rock placed in Gaertner Pitin
1998.

Special waste

Gaertner and Deillmann special waste piles. Storage
capacity of each is 600 000 m>. Special waste will be
blended with McArthur River ore. Approva aso
granted to dispose of mineraised waste rock from
McArthur River at Key Lake site.

Ore

Deilmann Pit ore stockpile was 501 000 tonnes
(5 622 000 kg U30g) at end of 1998. Will be blended
with McArthur River ore.

Tailings—in-pit
TMF

Description

Tailings deposition switched to Deilmann TMF pit in
1995/96. Pit has a pervious surround to minimise
mixing of groundwater with tailings. Approval received
from the CNSC in November 1999 to place tailings
subagueoudly. Pit to be decommissioned by covering
tailings with sand and till and flooding.

Size (volume, areq)

Estimated final volume 4.5 M m®, 12 ha, contained
1 015 M tonnes at end of 1998.

Water treatment All contaminated water from dewatering istreated at
reverse osmosis plant prior to discharge.
Tailings—surface | Description Operational from 1983-1996. Decommissioning options

tailings

include relocating tailings to Deilmann Pit or capping
and decommissioning in Situ.

Size (volume, areq)

3.8 M tonnes, 52 ha, contained 3 586 M tonnes at end of
1998.

Water treatment All discharged water is pumped to reservoir for re-use
or treatment prior to disposal.
Restoration costs | To date Unknown.
Future CAD 45.6 M based on current decommissioning plan.
Guarantees/surety Irrevocable letters of credit in place for CAD 45.6 M to
Saskatchewan government.
Cost/benefit analysis | Under development.
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Rabbit Lake

Stecharacterisation

Name

Rabbit Lake Operation; Province of Saskatchewan
Owned and operated by Cameco Corporation.

History

Discovered in 1968. Construction and mining began in
1972/74. Milling began in 1975. Purchased by Eldorado
in 1982. Mining of open pits known as Rabbit Lake and
A, B and D Zones has been compl eted.

Activity type

Open pits and underground mine with mill.

Current status

Licensed for 6 500 tonnes/year uranium. Production in
1998 was 4 500 tU. Mining from Eagle Point
underground mine was suspended in March 1999.
Milling of stockpiled ore continues at areduced rate.
Approvals currently being sought to process 57% of
Cigar Lake Phase 1 ore at Rabbit Lake mill, which
would extend mill life by est. 12 years. Site hasa CNSC
Mining Facility Operating Licence.

Contamination

Radiological/chemical

Workplace radon progeny and gamma monitoring
indicates acceptable levels. Personal gamma dosimetry
al so acceptable. Monitoring conducted at surface
facilities, mill and underground.

A, B and D Zone pits have been reflooded and water
quality is being monitored for radionuclides and heavy
metals. Water quality in A and D Zones generally meets
provincial guidelines. Water in B Zone Pit exceeds
provincial guidelinesfor Ni and As.

Effluent treatment plant at mill. Water is treated with
acid, lime, barium chloride and ferric sulphate to
remove contaminants such as As, Ni and “°Ra. Water
al so passes through two settling ponds and sand filters
prior to discharge.

Environmental
monitoring

Ongoing

Composite samples of treated effluent water are
collected weekly. Routine monitoring of surface water
and groundwater in pits and onsite for general
parameters, radionuclides and heavy metals.

Air sampling for heavy metas, radionuclides, radon and
SO,.

Environmental
monitoring

Long-term

Monitoring after closure would continue until no longer
required by regulatory agencies. Monitoring would
include any water treatment systems, surface water and
assessment of revegetation.
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Rabbit Lake (contd)

Rock dumps

Woaste Rock

Waste is located at the Eagle Point waste pad, the B-
Zone waste stockpile area and the east, west and north
stockpile areas around the tailings pit. 1 073 M tonnes
of waste were generated to the end of 1998. Waste from
the waste pad and tailings pit waste areasis used for
backfill in the Eagle Point underground mine. Waste
rock has also been used to construct the pervious
surround in the tailings pit.

Special waste

Mineralised special wasteis stored at the B-Zone
special waste area. 223 000 tonnes were generated to the
end of 1998.

Ore

394 000 tonnes of orefrom A, B and D Zones and Eagle
Point Mine onsite at end of 1998.

Tailings —in-pit
TMF

Description

Mined-out Rabbit Lake Pit with pervious surround.
Demonstration tailings placement Nov 1984-March 85.
Full operation since Nov 85. Expected to receive
tailings from milling of Cigar Lake ore. Pit to be
decommissioned by covering tailings and flooding.

Size (volume, area)

Estimated final volume 6.2 M m®, approximately 20 ha,
contained 4.53 M tonnes at end of 1998.

Water Treatment

Water from dewatering is pumped to mill for re-use.

Tailings— surface
tailings

Description

Above-ground tailings management facility. Tailings
placement from 1975 until 1985. Decommissioning will
include placement of fill on the surface and
consolidation. Fill placement is scheduled for 2001-
2004 with final grading and cover beyond 2004.

Size (volume, area)

53 ha, contained 6.5 M tonnes at end of 1998.

Water treatment Seepage directed to effluent treatment plant at mill.
Restoration costs | To date Ongoing decommissioning and reclamation of areas

where operations have ceased. One-year and five-year
plansin place. Costs to date: unknown.

Future Cost estimates devel oped by Cameco in 1996.

Guarantees/surety Irrevocable letter of credit in place for
CAD 29.5 million. Likely to be reviewed within two
years.

Cost/benefit analysis | Under development.
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McClean Lake

Stecharacterisation

Name

McClean Lake project; Province of Saskatchewan
Operated by Cogéma Resources Inc.

Ownership: 70% Cogéma, 22.5% Denison Mines Ltd.,
7.5% OURD (Canada) Co. Ltd.

History

Discovery and exploration from 1980-1990. Mining of
waste rock and ore from JEB Pit completed in July
1997. Mining of waste rock from Sue C Pit commenced
in July 1997, completed late in 1998. Construction of
mill completed in September 1997. Construction
problemsin 1998 resulted in delays in converting JEB
Pit to tailings management facility (TMF).

CNSC issued operating licence in June 1999 to permit
operation of mill and JEB TMF and processing of
stockpiled ore. Milling began shortly thereafter.

CNSC approved mining of Sue A, B and C open pitsin
November 1999.

Activity type

Open pit mine and mill. Potentia underground mine.

Current status

Licensed for 2 300 tonnes/year uranium. Milling of
stockpiled ore from JEB Pit began in June 1999. Mining
of ore from Sue C Pit began in 1999. Ore reserves from
JEB and Sue Pits expected to feed mill for five years.
Sue deposits contain approximately 12 000 tonnes of
uranium at average grade of 2%. The McClean Lake ore
body will be mined last by underground methods. Ore
from Midwest Project and Cigar Lake planned for future
mill feed. Site hasa CNSC Mining Facility Operating
Licence. Expected life of the combined

McClean Lake/Cigar Lake Project is 40 years.

Contamination

Environmental
monitoring

Radiological/ chemical

Workplace radon progeny and gamma monitoring
indicates acceptable levels. Monitoring conducted
throughout site.

Monitoring of sump waters from JEB and Sue C Pits
indicates that water requires treatment prior to discharge
to the environment.

Ongoing

Radiation protection monitoring including measurement
of gamma radiation and radon progeny conducted in
work areas throughout site. Personnel dosimetry
monitoring also conducted. All predicted doses <60% of
permitted annual dose of 20 mSv.

Monitoring of water quality in pit sumps, water
treatment plant discharges and surface water sites for
general parameters, radionuclides and metals.

Stecharacterisation

Name

McClean Lake project; Province of Saskatchewan
Operated by Cogéma Resources Inc.

Ownership: 70% Cogéma, 22.5% Denison Mines Ltd.,
7.5% OURD (Canada) Co. Ltd.
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McClean Lake (contd)

Environmental
monitoring

Long-term

Monitoring after closure would continue until no longer
required by regulatory agencies. Monitoring would
include any water treatment systems, surface water and
assessment of revegetation.

Rock dumps

Waste rock

10 M tonnes of waste rock removed from JEB Pit and
stockpiled. Waste rock pileswill be contoured and
covered.

24 M tonnes of waste rock from Sue C Pit to be
stockpiled at surface, covered and vegetated

(600 m x 1 000 m x 35 m high). Waste rock from the
Sue A and B Pits (6.2 M tonnes) to be placed in the
deeper Sue C Pit. Waste rock will be covered with 2 m
of locadl till and flooded. All three pits will be flooded to
become lakes.

Specia waste

67 000 tonnes of mineralised special waste removed
from JEB Pit. Stockpiled on site. Mineralised special
waste from JEB and Sue A, B and C Pits

(208 000 tonnes) will be placed back in mined out Sue
C Pit. Total estimated volume of waste and special
waste to be placed in Sue C Pitis3.5M m°.

Ore

206 000 tonnes of ore removed from JEB Pit. Estimated
578 000 tonnes of oreto be removed from Sue A, B and
C Pits. All ore transferred to JEB miill for processing.

Tailings —in-pit
TMF

Description

All tailings to be placed in JEB Tailings Management
Facility (TMF). The TMF will operate as a partialy
flooded pit with subaqueous tailings deposition. The
TMF will not require a pervious surround. When
tailings placement is compl ete, tailings will be covered
and the pit will be backfilled with waste rock and
revegetated.

Volume/area

4.7 M m® of material removed to construct JEB Pit.
Approx. 12 ha.

Water treatment

Yes, al sump water from JEB Pit is pumped to JEB
treatment plant. Sump water from Sue Pit is pumped to
Sue treatment plant. Treated effluent from both plants
and uncontaminated water from JEB dewatering wellsis
transferred to Sink/V ulture Treated Effluent.
Management System prior to discharge to surface water.

Site
characterisation

Name

McClean Lake project; Province of Saskatchewan
Operated by Cogéma Resources Inc.

Ownership: 70% Cogéma, 22.5% Denison Mines Ltd.,
7.5% OURD (Canada) Co. Ltd.
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McClean Lake (contd)

Restoration costs

To date

N/A.

Future

Estimates developed by Cogéma and approved by the
CNSC and Saskatchewan Environment (SERM) based
on conceptual decommissioning plan. Plan does not
include undevel oped components including: Sue A and
B Pits, McClean underground mine, future Midwest and
Cigar Lake ore processing at JEB mill. Plan includes
numerical modelling to predict performance of flooded
pits.

Guarantees/
surety

Irrevocable letters of credit in place for CAD 35 million
to the Province of Saskatchewan.

Cost/benefit analysis

Yes.

McArthur River

Site
char acterisation

Name

McArthur River Project; Province of Saskatchewan
Operated by Cameco Corp.
Ownership: 70% Cameco, 30% Cogéma.

History

Discovered in 1988. World' s largest high-grade
uranium mine. Operating licence approved in October
1999.

Activity type

Underground mine and ore processing facility.

Current status

Hauling of oreto Key Lake site for milling began in
December 1999. Licensed for 7 200 tonnes/year
uranium. Site has a CNSC mining facility operating
licence.

Contamination

Radiological

Predictions of radiation dose to nearest critical group
from both aqueous and air emissions are well below
allowable limits.

Main radiological concern is control of radon progeny
released from groundwater during underground
activities. Control measures devel oped.

Chemicd

Some exceedences of metals and ammoniain water
and/or sediment predicted in lakes near site. Far field
effects predicted to be negligible.

Site
characterisation

Name

McArthur River Project; Province of Saskatchewan
Operated by Cameco Corp.
Ownership: 70% Cameco, 30% Cogéma.
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McArthur River (contd)

Environmental
monitoring

Ongoing

Radiation protection monitoring including measurement
of gamma radiation and radon progeny conducted in
work areas throughout site. Personnel dosimetry
monitoring also conducted.

Monitoring of water quality at water treatment plant
discharges and surface water sites for general
parameters, radionuclides and metals.

Air and terrestrial monitoring programme in place.

Long-term

Monitoring after closure would continue until no longer
required by regulatory agencies. Monitoring would
include any water treatment systems, surface water and
assessment of revegetation.

Rock dumps

Waste rock

Waste rock placed in storage area. 128 000 m*
stockpiled at present. Estimated 900 000 m® to be
stockpiled. Approximately 104 500 m® was used for site
development.

Special waste

Mineralised waste (>0.3% U) and acid-generating waste
placed on lined storage pads. 25 000 m® and 74 000 m®
respectively have been stockpiled to end of 1998.
Mineralised special waste to be transferred to Key Lake
for disposal.

Ore

Oreismined by raise boring. Ore cuttings ground and
thickened underground. Ore slurry pumped to surface,
loaded into containers and transported to Key Lake for
milling.

Tailings— surface
tailings

Description

No milling on site. Milling at Key Lake with tailings
deposited to Deilmann Pit TMF.

Size (volume, area)

N/A.

Water treatment

All contaminated water from underground operations,
dewatering, surface runoff and mineralised waste
stockpiled istreated at Primary and Secondary Water
Treatment Plants. Treated water discharged to
monitoring ponds and released to lake if it meets
effluent discharge limits.

Restoration costs

To date

Unknown.

Future

Cost estimates developed by Cameco to support |etters
of credit.

Guarantees/surety

Irrevocable letter of credit with diding scalein place
with current value of CAD 8.6 million.

Cost/benefit analysis

Unknown.
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« Czech Republic -«

Government policies and regulations

Government policy in uranium production

Exploration, production and processing of uranium ores are controlled by the state in the Czech
Republic. Given the changes in domestic nuclear power plant needs, the negative developments on
uranium production costs and the continuous declining tendency on uranium prices worldwide, the
government decided to implement a stage by stage contraction of the uranium industry. A large-scale
contraction programme was worked out that solves technical, social and environmental aspects of such
production contraction and it is fully covered by the state.

The contraction programme started at the end of the 1980s and production was adapted to the
Czech Republic reactor-related uranium requirements. The stage by stage reduction on uranium
production solves mainly the social impacts in mining areas. Part of uranium concentrate production
has been stored in the state material reserves. In accordance with an understanding between the Czech
Republic and the European Union, the government decided to protect the domestic uranium market
until 2001 to finish the production of selected deposits. Before 2001, licence measures prohibit any
import of nuclear fuel that has not been derived from uranium mined in the country.

In accordance with the state policy of continuous improvement of the environment, the state is
responsible for financing the remediation of effects from uranium exploration, mining and processing
at old operations sites also called the “old reminders’.

Environmental laws and regulations applied to mining, decommissioning and remediation

General obligatory regulations

Acts

e Act No. 17/1992 Call. (Collection of Laws), on the Environment.

» Act of CNR (Czech National Council —a part of the Parliament) No. 388/1991 Coll., on the
State Fund for the Environment, in Act of CNR No. 334/1992 Call.

» Act of CNR No. 282/1991 Call., on the Czech Environmental Inspection and Its Activity
in Forest Protection.

e Act of CNR No. 244/1991 Call., on Environmental Impact Assessment (EIA).
e Act No. 123/1998 Caoll., on Rights on Information about Environmental.

e Act No. 157/1998 Call., Act on Chemica Agents and Chemica Products and on Changes of
Same Act.
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Regulation

Regulation of MZP (Ministry of Environment) No. 499/1992 Coll., on Expert Qualification
for EIA and on Method and Course of Public Hearings of Expert Opinions.

Air protection

Acts
e Act No.309/1991 Coll.,, on Air Protection against Pollutants (Act on Air), in Act
No. 218/1992 Coll. and in Act No. 158/1994 Coall., (full text Act No. 211/1994 Call.).
 Act of CNR No. 389/1991 Call., on State Administration of Air Protection and Charges
for Its Pollution (full text in Act No. 212/1994 Call.), in Act No. 86/1995 Caoll.
» Act No.38/1995 Coll., on Technical Conditions for Road Vehicle Traffic on Ground
Thoroughfares.
e Act No. 86/1995 Call., on Protection of the Earth Ozone Layer.
Regulations
* Regulation of MZP No. 41/1992 Coll., which Defines Areas of Special Air Protection and
Sets Principles of Creation and Operation of Regulation Systems and Some Other Measures
to Air Protection in MZP No. 279/1993 Coall.
e Regulation of MZP No. 117/1997 Coll., which Sets Emission Limits and Other Conditions
for Operation of Stationary Pollution Sources and Air Protection.
Measure

Measure of the Federal Committee for the Environment from October 1, 1991 to the Act
No. 309 from July 9, 1991, on Air Protection against Pollutants (Act on Air), in Measure of
the Federal Committee for the Environment from June 23, 1992 published in part 84/1992
Call., in Regulation of MZP No. 122/1995 Coll. and Regulation of MZP No. 17/1997 Call.

Water protection (water management)

Acts

Act No. 138/1973 Coll., on Waters (Water Act), in Act CNR No. 425/1990 Coll., Act
No. 114/1995 Coll., Act No. 14/1998 Call. and Act No. 58/1998 Coll.

Act of CNR No. 130/1974 Call., on State Administration in Water Management, in Act of
CNR No. 49/1982 Coll., Act of CNR No. 425/1990 Coll. and Act of CNR No. 23/1992 Coll.,
(full text Act of CNR No. 458/1992 Coll.), in Act of CNR No. 114/1995 Call.

Act No. 58/1998 Call., on Charges for Discharge of Waste Waters to Surface Waters.
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Directives of the government

Directive of the government of the CR No. 100/1999 Call., on Protection against Floods.

Directive of the government of the CSR (Czech Socialist Republic) No. 35/1979 Coll., on
Payments in Water Management, in Directive of the Government of the CSSR
(Czechoslovak Socialist Republic) No. 91/1988 Caoll., (full text Directive of the Government
No. 2/1989 Call.), in Act CNR No. 281/1992 Coll. and Act No. 58/1998 Coll.

Directive of the Government of the CSR No. 85/1981 Coll., on Protected Areas on Naturd
Accumulations of Waters Cheb Basin and Slavkov Forest, Northbohemian Creataceous,
Eastbohemian Creataceous, Police Basin, Trebon Basin and Quarternary of the Morava
River.

Directive of the Government of the CR No. 82/1999 Coll., which Sets Indices and Vaues
of Admissible Level of Water Pollution.

Regulations

Regulation of MLVH (Ministry of Forestry and Water) CSR No. 28/1975 Coll., which Sets
Waterworks Streams and Their Catchment Areas and Sets a List of Waterworks Important
Streams.

Regulation of MLVH CSR No. 62/1975 Coll., on Expert Technical-Safety Advising on
Some Waterworks and on Technical-Safety Advising of National Committees (Local
Governments).

Regulation of MLVH CSR No. 63/1975 Call., on Duties of Organisations to Report on
Groundwater Discoveries and to Report the Data on Their Use.

Regulation of MLVH CSR No. 42/1976 Coll., on Managers of Water Supplies.

Regulation of MLVH CSR No. 126/1976 Coll., on Water Management and Complete Water
Mangement Recordkeeping.

Regulation of MLVH CSR No. 6/1977 Call., on Protection of Surface Waters and Ground
Waters Quality.

Regulation of MZP No. 47/1999 Coll., which provides application of the Act No. 58/1998
Call., on Chargesfor Discharge of Waste Watersto Surface Waters.

Regulation of MLVH CSR No. 19/1978 Coll., which Sets Duties of Waterstreams
Administrators and Some Tasks Concerning Waterstreams.

Regulation of MLVH CSR No. 144/1978 Call., on Public Water Supply Systems and Public
Sewerages, in Regulation of MLVH DP CSR No. 185/1988 Caoll.

Waste management

Act

Act No. 125/1997 Coll., on Wastes.
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Regulations
« Regulation of MZP No. 337/1997, which Publishes a Catalogue of Wastes and Sets Other
Lists of Wastes (Catal ogue of Wastes).
*  Regulation of MZP No. 338/1997, on Details in Waste Management.
*  Regulation of MZP No. 339/1997, on Assessment of Dangerous Features of Wastes.

* Regulation of MZP No. 340/1997, which Sets Amounts of Financial Reserves for
Recultivation, Waste Dump Care Assurance and Remediation after Its Operation and Details
of Its Development and Use.

* Regulation of CBU (Czech Bureau of Mines) No. 99/1992 Coll., on Establishing, Operation,
Assurance and Decommissioning of Operations for Deposition of Wastes in the
Underground.

Nature and land protection

Act
e Act of CNR No. 114/1992 Caoall., on Nature and Land Protection in Act Measure of CNR
Presidium No. 347/1992 Call., Act No. 289/1995 Caoll., Finding of the Constitutional Court
of the CR No. 3/1997 Coall., Act No. 16/1997 Coll., Act No. 123/1998 Coall., and Act
No. 161/1999 Call.
Regulation

e Regulation of MZP No. 395/1992 Call., in Regulation of MZP No. 105/1997 Coall., which
provides application of Some Provisions of the Act of the CNR No. 114/1992 Coall., on
Nature and Landscape Protection.

Protection of agricultural land

Act
e Act of CNR No. 334/1992 Call., on Protection of Agricultural Land, as results from changes
and additions to the Act CNR No. 10/1993 Coll. and the Act No. 98/1999 Call.
Regulation

* Regulation of MZP No. 13/1994 Coll., which Sets Some Details of Protection of
Agricultural Land.
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Forestry

Acts

e Act No. 289/1995 Coll., on Forests and on Changes and Additions to Some Acts (Forestry
Act).

» Act of CNR No. 282/1991 Call., on the Czech Environmenta Inspection and Its Activity
in Forest Protection.

Regulations

» Regulation of MZe (Ministry of Agriculture) No. 82/1996 Coll., on Genetic Classification,
Forest Renovation, Foresting and on Recording of Forest Wood Species Seed and Seedling
Treatment.

e Regulation of MZe No. 77/1996 Coll., on Requirements on Application for Taking off or
Restriction and on Details of Protection of Land Appointed to Forestry.

Rock environment protection

Acts

e Act No.44/1988 Coall., on Protection and Use of Raw Materiads (Mining Act), in Act
of CNR No. 541/1991 Call. (full text in No. 439/1992 Coll. in application for the CR)
and Changes Resulting from the Act of CNR No. 10/1993 Coll. and the Act No. 168/1993
Coll.

e Act of CNR No.61/1988 Call., on Mining Activities, Explosives and State Mining
Adminigtration, in Act of CNR No. 425/1990 Coall. and Act CNR No. 542/1991 Call. (full
text for the CR Regulationin Act No. 440/1992 Coll.) and Act No. 169/1993 Caoll.

» Act of CNR No. 62/1988 Call., on Geological Works and on the Czech Geologica Office, in
Act of CNR No. 543/1991 Coall. aNo. 369/1992 Coall.

Regulations

* Regulation of CBU No. 104/1988 Coll., on Rational Use of Deposits of Prescribed Minerals,
on Licensing and Registration of Mining Activities and Registration of Activities Done by
Mining Way, in Regulation of CBU No. 242/1993 Call.

*  Regulation of CBU No. 172/1992 Call., on Mining Claims.
*  Regulation of MZP CR No. 364/1992 Coall., on Protected Area of Raw Material Deposits.
« Regulation of CBU No. 15/1995 Coll., on Mining Licences.

* Regulation of CBU No. 52/1997 Coall., which Sets Requirements to Assure Safety and
Health Protection at Work and Work Safety during Decommissioning of Main Mine
Workings.

* Regulation of CBU No. 158/1997 Coall., which Changes and Adds Regulation CBU
No. 435/1992 Coll., on Mine Survey Documentation (Recordkeeping) during Mining
Activities and Some Activities Done by Mining Way.
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lonising radiation

Act

Act No. 18/1997 Call., on Peaceful Use of Nuclear Energy and lonising Radiation (Atomic
Act) and on Changes and Additions to Some Acts.

Regulations

Others
Acts

Hygiene

Act

Regulation of SUJB (State Office for Nuclear Safety) No. 146/1997 Coll., which Sets
Activities Having Direct Influence on Nuclear Safety and Activities Especialy Important for
Radiation Protection, Request on Qualification and Professional Preparation, Ways to
Evaluate Expert Qualification and Giving Permits to Selected Workers and Way of Carrying
Out of Approved Documentation for Permits to Preparation of Selected Workers.

Regulation of SUJB No. 184/1997 Coll., on Requirement for Assurance of Radiation
Protection.

Regulation of SUJB No. 214/1997 Coall., on Quality Assurance during Activities Associated
with Use of Nuclear Energy and Activities Resulting in Irradiation and on Setting of Criteria
for Classification and Sorting of Selected Equipment into Safety Classes.

Regulation of SUJB No. 196/1999 Coll., on Decommissioning of Nuclear Installations or
Workplaces with Significant or Very Significant lonising Radiation Sources.

Act No. 13/1997 Call., on Ground Thoroughfaresin Act No. 259/1998 Coll.
Act No. 77/1997 Call., on State-Owned Enterprise.

Act No. 19/1997 Coll., on Some Measures Associated with Prohibition of Chemica
Weapons and on Change and Addition to Act No. 50/1976 Coll., on Territorial Planning and
Building Order (Building Act), in later versions, Act No. 455/1991 Coall., on Business
Activities (Business Act), in later versions and Act No. 140/1961 Coall., Criminal Act, in later
versions.

Act No. 197/1998 Coall., on Territorial Planning and Building Order (full text in Act
No. 50/1976 Coll. with its changes and additions).

Act No. 20/1966 Coll., on Hedthcare of People in changes and additions of Acts
No. 60/1995 Coall., No. 14/1997 Coll., No. 206/1996 Coll., No. 79/1997 Coll., No. 110/1997
Call., No.83/1998 Coll. No. 167/1998 Coall. (full text Act No.20/1966 Coll.—Act
No. 86/1992 Call.).

Regulations

Regulation of MZd (Ministry of Heath) No. 45/1966 Coll., on Creation and Protection
of Hedlthy Living Conditions in changes and additions of Acts No. 146/1971 Call.,
No. 185/1990 Call., No. 14/1998 Call., No. 292/1998 Caoll.

Regulation of MZd No. 13/1977 Coll., on Protection of Health Against Unfavourable
Influence of Noise and Vibrations.
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Explanatory notes on State Institutions and State Administrative Bodies active in
Decommissioning and Remediation:

1. Ministry of Industry and Trade of the Czech Republic (CR) — founder of DIAMO, state-
owned enterprise, superior authority, which sets tasks arising from government decrees,
approves concepts, projects, realisation conditions and financing.

2. Ministry of Environment of the CR, Regional Offices (Departments) —execution of state
administration and supervision in the area of environment.

3. Czech Environmental Inspection—checks adherence to regulations and decisions of
administration bodies for the environment. It sets conditions and deadlines for tasks and
gives penalties.

4. Office for Environment in County Authority — sets conditions for activities in environment,
checks adherence to regulations and issued decisions, sets measures and deadlines
for improvement of the status.

5. Czech Bureau of Mines/ Regional Bureau of Mines — state administration and supervision in
organisations with mining activities.

6. State Office for Nuclear Safety — state administration and supervision for use of nuclear
energy, activities resulting in irradiation and nuclear items.
Regional and County Hygienic Stations — hygienic supervision for Ministry of Health.

Ministry of Industry and Trade, Building Bureau for Uranium Industry —administrative
direction for building in uranium industry in areas appointed for these purposes.

Historical overview of decommissioning and remediation activities

The first important decommissioning and remediation works after uranium mining were
performed in the 1950s. These works were usually performed after depletion of the deposit or after
finishing of exploration, production and processing activities. Uranium mines Jachymov, Horni
Slavkov, Open Cast Haek, processing plant Nejdek and others are examples. Because these
remediation works were not always sufficient, they were marked as “Old Reminders’. During 1993
and 1997, an inventory of these Old Reminders was carried out. Since 1998, the Remediation Project
for Old Reminders of the Uranium Industry has been implemented. This project is planned to end by
2007 and should cost about 232.3 million CZK (6.6 million USD).

The biggest volume of decommissioning and remediation works corresponds to the contraction
programme of Czecho-Slovak uranium industry. Works will continue approximately until 2040 and
should cost more than 60 billion CZK (1.7 billion USD).

The first production contraction programme was approved by the former Czechoslovak Federa
Government in 1989. The main reasons for implementing a contraction programme were high costs of
low-grade deposits, complicated mining-geological and hydrogeological conditions and unfavourable
conditions on the uranium market. The contraction programme consists of:

*  Finishing uranium exploration in Czechoslovakia.

»  Continuous decrease of mining volumes and uranium concentrate production.

*  Financing this programme by the state without further contribution to production.
»  Deposition of uranium concentrate overproduction to state reserves.

»  Starting the time schedule of close out for mines and mills.
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*  Restructuring of uranium industry.

» Decreasing the number of employees and developing replacement activities for free
employees at the same time.

Given the changes in domestic nuclear energy needs, long-term unfavourable development of

production costs and continuous decrease of uranium market prices, the government has issued other
decrees deepening and speeding up the contraction programme. Production decreased step by step to
23% of 1989 production, to about 600 tU a year in 1999. Almost 90% of employees were discharged
to the 1999 level of 3779. In 1992, the state stopped financing of uranium production. The state covers
only costs of decommissioning and remediation activities, costs related to the Old Reminders from the
past and costs of the social part of the contraction programme.

Overview of the government decrees to uranium production contraction programme in the Czech
Republic

1

Decree of the Presidium of the Government of the Czechoslovak Socialist Republic (from October
19, 1989 No. 94) — on the concept for a decrease in uranium production profitability in the USSR
in 1990, during the 9™ and the 10" five-year plan of the production contraction programme.

Decree of the Government of the Czech and Sovak Federal Republic (from December 17, 1990
No. 894) — on the change in concept of the production contraction programme in the CSFR in
consequence with nuclear power production needs and the report on the checking of conditions
for implementation of the contraction programme in 1990 and 2000.

Decree of the Government of the Czech Republic (from December 20, 1991 No. 533) — on
redisation of changes in the concept of uranium production in consequence with the
Czechodovak nuclear power production needsin 1992 and following years.

Decree of the Government of the Czech Republic (from May 20, 1992 No. 366) — in relation to
results of a complex evaluation of uranium ISL in Ceska Lipa region and following course of
work to set the way of production and remediation of the deposit.

Decree of the Government of the Czech Republic (from August 11, 1993 No. 429) — on change of
the production contraction programme concept and mothballing of the Hamr | Mine.

Decree of the Government of the Czech Republic (from April 26, 1995 No. 244) — on the
realisation of uranium production and processing contraction programme in the Czech Republic.

Decree of the Government of the Czech Republic (from March 6, 1996 No. 170) — on reporting
the course of uranium ISL remediation in Straz pod Ral skem.

Decree of the Government of the Czech Republic (from July 16, 1997 No. 427) — on reporting the
evaluation of uranium mining and processing in the area of Dolni Rozinka and following course
in this case.

Decree of the Government of the Czech Republic (from July 21, 1999 No. 750) — on reporting the

prolongation of uranium production contraction for 4 years with possibility of production from
easily mineable reserves on the presently closed-down mines.
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Time overview of the special regime beginning
for production, mothballing and close-out of minesand mills

Area Starting date
Mine/Mill Special regime Mothballing Close-out

Uranium mines Western Bohemia

Okrouhla Radoun Mine - - April 1, 1990

Dylen Mine — - January 1, 1991

Vitkov Il Mine - - January 1, 1991

Zadni Chodov Mine - - January 1, 1993
Uranium mines Pribram
Minelll - - July 1, 1990
Mine IV - - October 1, 1991
Uranium mines Dolni Rozinka
Olsi Mine - - January 1, 1989
RI, RIl Mines - - January 1, 2002*
Uranium mines Hamr
Krizany Mine - - May 1, 1990
Hamr | Mine - July 1, 1993 May 1, 1995
ISL Mine Straz pod Ralskem July 1, 1992 - March 1, 1996
Mills
MAPE Mydlovary - - November 1,1991
CHU Straz pod Ralskem - July 1, 1993 May 1, 1995
CHU Dolni Rozinka - - January 1, 2002*
Uranium Exploration
Exploration Mine Licomerice - - January 1, 1986
Exploration Mine Brzkov - - July 1, 1990
Exploration Mine Pucov - - July 1, 1990
Exploration Mine Novoveska Huta* * - - January 1, 1991

*

* %

Dates given by the decree of the Government of CR from July 16, 1997 No. 427.

Uranium mine facilities in Slovakia
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Facilitieswith on-going or future plansfor restoration activities
Okrouhla Radoun mine

Facility characterisation

e Short history: Production between 1972 and 1990. 2 mining shafts, 3 prospecting shafts and
41.6 km horizontal mine workings. Mining claim 1.4 km? Depth of mining 600 m under the
surface. 1 339.5 tU produced. Ore was processed in MAPE Mydlovary mill.

e Type of activitiy: Uranium deep mining. Method —overhand stopping with backfill and
underhand stopping. Soda leaching of low grade ores on the surface.

e Present status: Mine decommissioned, underground flooded, surface decontaminated and
reclaimed. Usable buildings sold.

Environmental problems and their solutions

Mine waters. discharge of contaminated mine water after mine flooding. Direct pumping and
treatment of discharging water.

Type of water Amount Main and secondary contaminants

pH=6.8-7.0
U=13-11.3gm?

?Ra= 600 — 1 450 Bg.m™
TDS=0.8-1.1kgm™

Neutral waters

3 -1
pumped from mine 71000 m/year

SO, Cl" Fe

Tailings impoundments

None.

Waste rock dumps

Type: waste rock only; volume of deposited material: 700 000 m* area: 45000 m* status:
reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activities is published. The main monitored
items are:

. Minewaters: U, Ra, TSS, TDS, BCOs.
« Air:faling dust — U, Raand volume activity of Rn.
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Costs

Decommissioning and remediation (1990-1998) 44.9 million CZK (1.3 million USD)

Pumping and treatment of water, monitoring

mai ntenance (1999-2006) 11.3 million CZK (0.3 million USD)
Total (1990-2006) | 56.2 million CZK (1.6 million USD)

Dylen mine

Facility characterisation

»  Short history: Production between 1965 and 1991. At the beginning — open pit, then 2 shafts
and 28.2 km of horizontal mine workings. Area of mining claim was 0.539 km?. Depth of
mining was 1 200 m under the surface. Total production: 1 100.5 tU. Ore was processed in
MAPE Mydlovary mill.

e Type of activity: Uranium open pit and deep mining. Method —open room, overhand
stopping on ore and overhand stopping with delayed backfill.

e Present status: Mine decommissioned, underground flooded, surface decontaminated and
partly reclaimed.
Environmental problems and their solutions
Mine waters: Flooded mine. No discharge to the surface.
Waste rock dumps
Type: waste rock only; volume of deposited material: 218 000m>; area: 20 000 m?; status: partly
processed to crushed stone, partly reclaimed.

Tailings impoundments

None.
Costs
Decommissioning and remediation (1991-1998) 22.8 million CZK (0.7 mil. USD)
End of arearemediation (1999-2002) 3.0 million CZK (0.1 mil. USD)
Total (1993-2002 25.8 million CZK (0.8 mil. USD)
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Vitkov |1 mine

Facility characterisation

e Short history: Mining between 1961 and 1991. 2 shafts, 2 prospecting shafts and 83.0 km of
horizontal mine workings. Area of mining clam was 0.990 km?. Depth of mining was
1050 m under the surface. Total production: 3 972.6tU. Ore was processed in MAPE
Mydlovary mill.

e Type of activity: Uranium deep mining. Method — overhand stopping with backfill and
underhand stopping. Partly also open pit.

e Present status: Mine decommissioned, underground flooded, surface decontaminated and
reclaimed. Useful buildings prepared to sale or dismantling.

Environmental problems and their solutions

Mine waters: seepage of contaminated mine water to the surface after mine flooding. Corrective
action performed (cementing of drillholes). Monitoring.

Type of water Amount Main and secondary contaminants

PH=6.8-7.0

U =0.02-0.74 gm™*
?Ra = 40-3 490 Bg/m™
TDS=0.7-1.0 kg/m™3

Neutral mine waters 0m3lyear™ SO, Cl" Fe

Tailings impoundments

None.

Waste rock dumps

Removed (crushed stone). Areareclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

. Minewaters: U, Ra, TSS, TDS, BCO:s.
+ Air:fdlingdust—U, Ra.
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Costs

Decommissioning and remediation (1991-1998) 39.3 million CZK (1.1 mil. USD)
Close out and remediation (1999-2005) 54.3 million CZK (1.6 mil. USD)

Pumping and treatment of water, monitoring, maintenance|35.7 million CZK (1.0 mil. USD)
(1999-2015)

Tota (1991-2015) | 129.3 million CZK (3.7 mil. USD)

Zadni Chodov mine

Facility characterisation

e Short history: Mining between 1953 and 1993. 5 shafts and 167.4 km of horizontal mine
workings. Area of mining claim was 7.2 km®. Depth of mining was 1200 m under the
surface. Total production: 4 150.7 tU. Ore was processed in MAPE Mydlovary mill.

* Type of activity: Uranium deep mining. Method —overhand stopping with backfill and
underhand stopping without backfill (caving-in under artificial roof).

e Present status: Mine decommissioned, underground flooded, surface decontaminated and
partly reclaimed. Waste rock dumps are processed into crushed stone. Usable buildings are
prepared for sale or dismantling.

Environmental problems and their solutions

Mine waters: seepage of contaminated mine water to the surface after mine flooding. Pumping
and treatment of water.

Type of water Amount Main and secondary contaminants
neutral waters . BH—:Z%BS;??;:; 3 )
-1 — £.0°J. . - -
mrﬁgs\?o:rk?? ] 314 200 m°/year 25Ra= 3 120-6 225 Bgm® SO,~, ClI' Fe
9 TDS = 1.35-1.45 kg.m>

Tailings impoundments

None.

Waste rock dumps

e Type waste rock dumps.

«  Volume of deposited material: 2 581 900 m®.

«  Area 227270 7.

e Status: being removed (being processed to crushed stone), not reclaimed.
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Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervision. The monitoring
programme defines extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

« Minewaters: U, Ra, TDS, pH.
« Air: faling dust - U, Ra.

Costs
Decommissioning and remediation (1993-1998) 76.8 million CZK (2.2 mil. USD)
Close out and remediation (1999-2005) 143.3 million CZK (4.1 mil. USD)
Pumping and treatment of water, monitoring, maintenance 75.1 million CZK (2.2 mil. USD)

(1999-2015)

Total (1993-2015)| 295.2 million CZK (8.5 mil. USD)

Horni Slavkov mine

Facility characterisation

e Short history: Mining between 1948 and 1962. 26 shafts and 30 adits. Area of mining claim
was 21.7 kn?. Total production: 2 668.3 tU. Ore was processed in gravity processing plant
Elias, Bratrstvi and in chemical processing plant Nejdek.

«  Typeof activity: Uranium deep mining. Method — overhand stopping with backfill.
e Present status. Mine decommissioned, underground flooded, surface decontaminated and

reclaimed. Old reminder.
Environmental problems and their solutions

Mine waters: continuous discharge of contaminated mine water from flooded non uranium and
uranium mines in the area. New drainage system and treatment plant was built.

Type of water Amount Main and secondary contaminants

pH=6.0-6.3
U=30-59gm?

“*°Ra = 300 — 600 Bq.m™
TDS=0.49 - 0.52 kg.m™®

neutral water
pumped from 6 401 800 m*/year™
mine workings

S0,%, Fe, Mn
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Tailings impoundments

None.

Waste rock dumps

»  Type Wasterock dumps.

«  Volume of deposited material: 4 382 968 m®.
«  Area 645900 m*.

o Status: naturally forested.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activities is published. Main monitored items:

« Minewaters. U, Ra, TSS, TDS, SO,, Fe, Mn.

 Air: volume activity of Rn.

Costs

New remediation measure — construction of
drainage adit and water treatment plant 120.6 million CZK (3.5 million USD)
(1994-1999)
Continuous water treatment, monitoring,
maintenance

7.5 million CZK/year (0.2 million USD/year)

Nejdek Tailings impoundment

Facility characterisation
»  Short history: tailings impoundments of former chemical processing plant in Nejdek. In
operation between 1952 and 1959. Acid leach process. Capacity 270 t/day.
*  Typeof activity: chemical processing plant tailings deposition.

e Present status. processing plant is decommissioned. Tailings impoundment covered by inert
material and forested. Old Reminder.
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Environmental problems and their solutions

Mine waters. discharge of approximately 10 I.s* of contaminated water from tailings
impoundment (content of U = 0.3-1.6 mg.l™}, ?°Ra = 478 mBq.| ™).

Tailings impoundment

«  Volume of deposited material: 852 000 m®,
«  Area 135000 m*

«  Status: Inflow of surface and ground water into tailings impoundment. Influence on Rolava
River. Inconvenient drainage and capture system. Danger of instability of dams.
Reconstruction of drainage system.

Waste rock dumps

None.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activities is published. Main monitored items:

» Drainagewaters: U, Ra, TSS, TDS.
* Air: volume activity of Rn.

Costs

New remediation measures — reconstruction of
drainage system

7.5 million CZK (0.2 million USD)

Elias tailings impoundment

Facility characterisation
e Short history: Tailings impoundment of former physical processing plant Elias in the area of
Jachymov. In operation between 1949 and 1962.
»  Typeof activity: Gravity processing plant tailings deposition.

»  Present status: Processing plant is decommissioned. Tailings impoundment is closed-out.
Partly forested. Old reminder.
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Environmental problems and their solutions

Mine waters. discharge of contaminated water from tailings impoundment (content of
U =0.3-1.6 mg.l™, ®Ra= 475 mBq.l™%).

Tailings impoundments

«  Volume of deposited material: 1 467 000 m®.
«  Area 105000 m*

o Status: Inflow of surface and ground water into tailings impoundment. Influenced by
Eliassky creek. Inconvenient drainage and capture system. Danger of instability of dams.
Reconstruction of drainage system.

Waste rock dumps

None.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

+ Drainagewaters: U, Ra, TSS, TDS.

e Air: volume activity of Rn.

Costs

New remediation measures — reconstruction of

drai 7.5 million CZK (0.2 million USD)
rainage system

Hajek open pit

Facility characterisation

e Short history: Uranium open pit between 1965 and 1966 and 1968 and 1971. Tota
production 202.7 tU and basalt (846 458 m°®), kaolin (243 617 m®) and bentonite (5 325 m°).
Depth of open pit was 85 m. Mining claim 0.73 km®. Between 1966 and 1968, 5000t of
ballast isomers and chlorinebenzen from chemical production of HCH (hexachlorine-
cyklohexane) of SPOLANA Neratovice was deposited on the dump.

»  Typeof activity: Deposition of waste rocks from uranium open pit mining on the dump.

* Present status: Open pit decommissioned. Surface decontaminated and reclaimed. Old
Reminder.
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Environmental problems and their solutions

Mine waters: discharge of contaminated water from the dump. New remediation measures:
« 1% stage—insulation, drainage, efficiency evaluation.
« 2" stage — new drainage and capture system for water.

Tailings impoundments

None.

Waste rock dumps

»  Type: waste rock dump.

«  Volume of deposited material: 7 000 000 m®.
«  Area 120000 m*

e Status: reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

»  Waste rock dump drainage water: HCH (hexachlorinecyklohexane), CB (chlorinebenzen),

isomers.
Costs
Monitoring, risk analysis (1993-1998) 3.1 million CZK (0.1 million USD)
New remediation measures . Stage (1999-2000) | 63.0 million CZK (1.8 million USD)

1. Stage (up to 2002) Not specified yet
Total (1993-2000) | 66.1 million CZK (1.9 million USD)

Pribram Mines

Facility characterisation

»  Short history: Production between 1950 and 1991. 41 shafts (14 winzes), 42 exploration
small shafts, 4 adits and 2 188.3 kms of horizontal mine workings. Area of mining claim was
57.6 km®. Depth of mining was approximately 1 400 m under the surface (deposit extent to
the depth of 1750m). Tota production: 48 432.2tU. Ore was processed in physica
processing plant on site and from 1962 in MAPE Mydlovary mill.
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»  After production ended (1992-1998) underground of one of mines (Mine IV, shaft No. 16)
was used for cavern gas storage devel opment (capacity of 620 000 m°).

e Type of activity: Uranium deep mining. Method — overhand stopping with backfill and
selective mining. Physical processing of ore.

*  Present status: Mines decommissioned, underground is being flooded (until 2007), surface
partly reclaimed. Waste rock dumps are processed into crushed stone. Usable buildings are
prepared for sale or dismantling.

Environmental problems and their solutions

Mine waters. seepage of mine waters after mine flooding. Pumping and water treatment of
seeping water (from mines, waste rock dumps, tailings impoundments). Loss of water in local
waterstreams (Pribram brook, K Sazkam brook etc.) due to mining activities. Remediation measures.

Type of water Amount Main and secondary contaminants
H=69-71
neutral waters b 3 > i
3 14 |U=21-49gm SO,~, HCO7,
pumped from | 698500m fyear™ | 264~ 1 355-1 620 Bqm® Fe, Mn
9 TDS=0.8-1.2 kgm™

Tailings impoundments

Name Arga Deposutedsvolume Status
m m
Kl 330 000 98 800 partly reclaimed
Kil 111 000 152 500 not reclaimed
Waste rock dumps

+  Type Wasterock dumps.

«  Area 1457 700 nv.

«  Volume of deposited material: 30 071 800 m”.

»  Status: being removed (processed to crushed stone), not reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published.
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Main monitored items:

. Minewaters, U, Ra, TSS, TDS.

« Surfacewaters. U, Ra, TSS, TDS, CHCO, BCOs, heavy metals.
+  Wasterock dumps seepage waters. U, Ra, TDS, TSS, pH, SO,, heavy metals.
« Air: fdling dust - U, Ra, volume activity of Rn, and equivalent volume activity of Rn.

Costs

Decommissioning and remediation (1990 - 1998) 324.7 million CZK (9.3 million USD)

Close out and remediation (1999-2007) 551.7 million CZK (15.8 million USD)

Water treatment, monitoring, maintenance (after 2007) Not specified yet
Total (1990-2007) 876.4 million CZK (25.0 million USD)

Olsi mine

Facility characterisation

»  Short history: Mining between 1959 and 1989. 5 shafts (3 winzes), 2 adits, 3 exploration
shafts and 141.4 km horizontal mine workings. Area of mining claim was 6.29 km? Total
production: 2 922.2 tU. Depth of mining was 900 m under the surface.

e Type of activity: Uranium deep mining. Method — underhand stopping with caving-in under
artificial roof and selective mining.

e Present status: Mine decommissioned, underground flooded, surface decontaminated and
partly reclaimed. Usable buildings sold.

Environmental problems and their solutions

Mine waters: seepage of contaminated mine waters after mine flooding. Pumping and treatment

of seeping waters.
Type of water Amount Main and secondary contaminants
PH=7.0-83
Neutral waters 3 2 ; .
1 |U=14-409/m SO,7, NO 3, NO, Fe, Mn
mped from 234 100 m*lyear™ ) Gy e T
f#njworki s y 25Ra = 80-160 Bg/m NH 4
TDS = 1.0-2.15 kg/m*

Tailings impoundments

None.
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Waste rock dumps

Type: waste rock dumps.

Area: 125 000 n’.

Volume of deposited material: 800 000 m®,
Status: partly reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

Costs

Surface waters (Haduvkariver): U, Ra, NHy4, pH, SO4, TDS, NOs, NO,, Fe, Mn.
Groundwater: U, Ra, NH,,

Drainage water from dumps: U, Ra, SO,, TDS.

Air: faling dust — U, Ra.

Volume activity of Rn.

Decommissioning and remediation (1989-1998) 178.1 million CZK

Remediation finish, water treatment, monitoring, maintenance (1999-2015) | 116.3 million CZK

(5.1 million USD)

(3.3 million USD)

294.4 million CZK

Total (1989-2015) | * g 4 million USD)

Rozna mines

Facility characterisation

Short history: Production started in 1958 and still continues. Since 1968 chemica processing
plant and two tailings impoundments have been in operation. 15 978 tU were produced as of
1 January 2000 at the deposit. Deposit is opened with 11 shafts and there are 493.4 km of
mine workings. Depth of mining is 1 200 m under the surface. Mining claim has 12 km?.

Type of activity: Uranium deep mining. Method — underhand stopping with caving-in under
artificial roof, overhand stopping with backfill and selective mining. Chemical processing
plant and tailings impoundments. Alkaline leaching process.

Present status: In depleted parts of the deposit, decommissioning and remediation are being
performed (mine workings, waste rock dumps, tailings impoundments, not usable buildings).
Production is planned until 2001 (The Government of the CR decree No. 427/1997).
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Environmental problems and their solutions

Mine waters. seepage of contaminated waters. Pumping and water treatment due to mining

activities.
Type of water Amount Main and secondary contaminants
H=6.8-8.8
neutral waters P 3 2 - ;
, 3 1 |U=236.8g/m SO,~, ClI"' NO 3,
\pl)vli)rpkpl)% ;rom mine | 1972 500 m®.year 25Ra = 60-610 Byym =
TDS = 1.1-2.05 kg/m*
Tailings impoundments
Name Arezsa Depostedsvolume Status
m m
Rozna K 627 500 9211115 in operation
Zlatkov K1 274 400 851 195 in operation
Waste rock dumps
Name and type Arezza Depostedavolume Status
m m
Rozna 1 (waste rock) 85 000 600 000 partly reclaimed
" 28 000 200 000 partly reclaimed
! 8 200 20 000 partly reclaimed
" 10 000 0 reclaimed

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervision. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activities is published. Main monitored items:

. Minewaters: U, Ra, TSS, pH, TDS, SO,, NO;, ClI, BCOs, Fe, Mn.
»  Groundwater: U, Ra, pH, SO,, TDS, heavy metals, PCB.

» Air: fdling dust — U, Ra, volume activity of Rn, equivalent volume activity of Rn, NH; and
H2S —technological emissions from uranium mill.

+  Contamination of soils: heavy metals (Cu, Zn, Ni, Cr, Cd, Pb), gamma dose input.

«  Contamination of agricultural products: U, Ra, Zn, Cu, Ni.

Costs

Decommissioning and remediation (1993-1998)
Decommissioning and remediation (1999-2020)
Water treatment, monitoring, maintenance (2002-2030)

213.9 million CZK
5847.8 million CZK
87.2 million CZK

(6.1 million USD)
(167.1 million USD)
(2.5 million USD)

Total (1993-2030)

6 148.9 million CZK

(175.7 million USD)
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Brzkov mine

Facility characterisation

e Short history: Production during detailed exploration programme between 1988 and 1990.
1 shaft, smal open cast and 6.6 kms of horizontal mine workings. Area of mining was
6.29 km?. Total production: 65.3 tU. Depth of mining was 300 m under the surface.

«  Typeof activity: Deposit exploration. Mining method — overhand stopping. Open cast.

e Present status: Exploration ended. Deposit mothballed until 2001. Mine partly reclaimed,
partly decommissioned, underground flooded, surface decontaminated and partly reclaimed.

Environmental problems and their solutions

Mine waters: flooded mine. No seepage to the surface.

Tailings impoundments

None.

Waste rock dumps

e Type: ore dump.
«  Area 24800 m”,
«  Volume of deposited material: 80 000 m* (taken into account for U reserves on the deposit).

»  Status: not reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activities is published. Main monitored items:

. Minewaters: U, Ra, pH, TSS, Fe, Mn, SO,.
»  Drainage water from dumps: U, Ra, pH, TSS, Fe, Mn, SO,.
»  Groundwater: U, Ra, pH, TSS, Fe, Mn, TDS.

Costs

End of decommissioning and remediation after 2001: 25 million CZK (0.7 million USD).
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Pucov mine

Facility characterisation

e Short history: Production in the frame of exploration in 1963-1967 and 1974-1991. 1 shaft,
3 exploration small shafts, 2 adits, open cast and 15.4 kms of horizontal mine workings. Area
of mining claim was 0.278 km®. Total production 311.2 tU. Depth of mining was 400 m
under the surface.

«  Type of activity: Deposit exploration. Mining method — underhand stopping with caving-in,
locally overhand stopping. Open cast.

*  Present status: Exploration and production ended. Mine partly decommissioned, underground
flooded, surface decontaminated and partly reclaimed.
Environmental problems and their solutions

Mine waters. Seepage of contaminated mine water after mine flooding. Pumping and water
treatment.

Type of water Amount Main and secondary contaminants
Neutral waters 5 EH—:O?;Z/m'S )
umped from mine | 151 800 m*/year™ - ) SO,%, Fe, Mn
\F/)vorkFi)ngs Y “"Ra:= 500 Bg/m* )
TDS=1.0 kg/m?

Tailings impoundments

None.

Waste rock dumps

«  Type waste rock dump.

«  Area 48000 nv.

«  Volume of deposited material: 150 000 m®,
+  Status: reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

*+  Minewaters\U, Ra, pH, TSS, TDS, Fe, Mn.
»  Surfacewaters: U, Ra, pH, TSS, TDS, Fe, Mn.
. Groundwater: U, Ra, pH, TSS, TDS, SO,, Fe, Mn.
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Costs

Decommissioning and remediation(1992-1998) 30.8 million CZK (0.9 million USD)

End of decommissioning and remediation,

water treatment, monitoring, maintenance (1999-2014) 60.4 million CZK (1.7 million USD)
Total (1992-2014) 91.2 million CZK (2.6 million USD)

Licomerice mine

Facility characterisation

Short history: Production between 1968 and 1982. Between 1977 and 1985 biological
leaching in the underground and on the surface with use of mine water was performed
(pH=3-4 with free H,SO,) and aerobic bacteria (thiobacillus ferooxidentalis). 2 shafts
(Awinze), 1 adit and 9km of horizontal mine workings. Area of mining clam was
0.348 km?. Total production: 383.3 tU.

Type of activity: Uranium deep mining. Method — underhand stopping with caving-in and
overhand stopping with backfill. Biological leaching on the surface and in the underground.

Present status: Mine decommissioned, underground flooded, surface partly reclaimed.
Old Reminder.

Environmental problems and their solutions

Mine waters. Seepage of contaminated mine waters after mine flooding. Pumping and water

treatment.
Type of water Amount Main and secondary contaminants
neutral mine pH =55
waters pumped s 1 |U=02gm? 2
from mine 76200 mlyear | 26p, g1 Bg/m® SO4", Fe, Mn
workings TDS=4.15kg/m?

Tailings impoundments

None.

Waste rock dumps

Type: waste rock dump.

Area: 47 000 n.

Volume of deposited material: 120 000 m®,
Status: partly reclaimed.
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Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
expert supervision. The monitoring
sampling and way of their assessment.
na laboratories. Monitoring results are

competent authorities of the state administration and by
programme defines the extent, frequency and methodology of
Sampling and analytical works are done by DIAMO and exter

regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.

The environmental status of areas affected by DIAMO activities is published. Main monitored

items:
 Minewaters. pH, U, Ra, Fe, Mn, TSS, TDS.
+  Surfacewaters. pH, U, Ra, Fe, Mn, TDS.
e Groundwater: pH, U, Ra, Fe, Mn, TDS.

Costs

Decommissioning and remediation(1993-1998)
Close out and remediation(1999-2025)
Water treatment, monitoring, maintenance (1999-2025)

50.1 million CZK (1.4 million USD)
13.3 million CZK (0.4 million USD)
162.0 million CZK (4.6 million USD)

Total (1993-2025)

225.4 million CZK (6.4 million USD)

Krizany mine

Facility characterisation

e Short history: Production between 1982 and 1990. 2 shafts and 24.7 km of horizontal mine
workings. 665 exploration drillholes from the surface. Area of mining claim is 13.7 km?.
Total production: 1,108 tU. Ore was

Depth of mining was 190 m under the surface.

processed in chemica processing plant in Straz pod Ral skem.

e Typeof activity: Uranium deep mining. Method — room and pillar with backfill, for tests also

longwall mining.

e Present status: Mine partly decommissioned, underground flooded, surface decontaminated

and partly reclaimed. Usable building prepared for sale.

Environmental problems and their solutions

Mine waters. flooded mine. No seepage to the surface.

Neutral surface waters and waste rock

dump waters partly pumped to mine and partly are to the Druzcov brook.

Type of water Amount Main and secondary contaminants

pH=7.7-82

Neutral surface
U =0.11-0.62 /m*

waters and waste not measured

“®Ra = 60-1,310 Bg/m™ -
rock dump waters TSS=05-193gm*
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Tailings impoundments

None.

Waste rock dumps

Type: waste rock dump.
Area 38 900 nv’.
Volume of deposited material: 424 000 m®,

Status: reclaimed.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and externa laboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

Costs
Decommissioning and remediation(1990-1998) 42.2 million CZK (1.2 million USD)
Close out and remediation(1999-2005) 130.2 million CZK (3.7 million USD)
Tota (1990-2005) 172.4 million CZK (4.9 million USD)
Hamr mines

Facility characterisation

Short history: Production between 1972-1993. During 1994 and 1995 production from the
Hamr Mine was stopped and mine was mothballed. In 1995 decommissioning started.
Production from Hamr Il never started and mine has been decommissioned since 1988.
Hamr | Mine has 4 shafts and 68.0 km of horizontal mine workings. 2 051 exploration holes
were drilled from the surface (425 000 m). Area of all mining claims is 12.0 km?. Depth of
mining was 160 m under the surface. Tota production: 13 205.9 tU. Ore was processed in
chemical processing plant in Straz pod Ralskem. The chemical processing plant processed
77.3 milliontU ore and 1.7 million t of dudge between 1979 and 1993.

In 1999, the possibility of re-opening of mine and mill was discussed.

Type of activity: Uranium deep mining. Method — room and pillar with backfill, for tests al'so
longwall mining.

Chemica processing plant and tailings deposition in tailings impoundments. Acid leach
process.

Present status: Decommissioning in the underground is being performed. Mined-out space is
being backfilled with specia concrete. The processing plant was decommissioned. Usable
buildings are being prepared for sale.
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Environmental problems and their solutions

Mine waters. water treatment in the area— central decontamination station Hamr. Managed
pumping, injection, treatment and discharge are being done during decommissioning and remediation
of the area. System of hydraulic barriers between deep mines and ISL operation.

Type of water Amount Main and secondary contaminants
H =5.5-8.0
neutral waters P 3 2 )
. 5 2 |U=01-06gm SO,2, HCO 5,
\E’v‘g?kﬁ’?]d ;rom mine | 8657600 My™ | 264~ 190-400 Byym Cl" Fe, Al, Mn, Zn, Ni
9 TDS=0.81.2 kg/m*®
mine waters FJH-:125--2;:5.59/m'3 S0z, Cl”
contaminated by | 1727 200 my™ | 2ee " 3 NO 5, Fe, Al, Mn, Zn,
acid ISL solutions Ra= 25 000-50 000 Bg/m Ni, NH,*
TDS = 3.0-5.0 kg/m’ P
Tailings impoundments
Name Area (m?) Depostedsvolume Status
(M)
;St;tagg%"d Ralskem 935 000 9418 922 partly reclaimed
ﬁ”;zaggd Ralsxem 935 000 828310 ot reclaimed

Tailings impoundments are used for deposition of tailings from chemical treatment of mine
waters and remediation wastes.

Waste rock dumps
Waste rock dump Area (m?) Deposited volume (m°) Status
Shaft. No. 1 17 600 42 980 Reclaimed
Shaft No. 3 47 000 488 000 Not reclaimed
Shafts Nos. 4,5 38900 424 000 Reclaimed
Shafts Nos. 6,7 16 300 81 000 Reclaimed

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

 Mine waters: pH, TSS, TDS, BCOs, CHCOs, hydrocarbons, N-NO;, CL-, SO, F-, Cl,
N_NH41 Faotala Zn’ Ba1 226Ra1 Pba U, NI, EOCI| Ptotala Be’ Cdl AS! MNtotaIa Cal Mg1 CrtOIah
#2Th, 2°Th, *°Ph, “K, total alpha and beta activity.
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Costs

Surface streams: U, Ra, TSS, TDS, hydrocarbons, Zn, Ni, BCOs, CHCO, Na, Ca, K, Mg, F,
Fe, Mn, Cl, NO,, NO;, acidity, NH4+, SO,, pH.

Groundwater: monitoring of turonian and coniacian aguifer: pH, acidity, alkality, TDS, TSS,
SO, NH4, NO;, Cl-, F-, HCO;, Mg, Ca, Na, K, Al, Fe*", Fe**, Mn, U, Ra, Zn, Ni, NO,.

Air: faling dust — U, Ra, volume activity of Rn, equivalent volume activity of Rn.

Sail contamination: gamma dose input.

Decommissioning and remediation(1990-1998)

End of decommissioning and remediation, pumping,
water treatment, monitoring, maintenance (1999-2015)

6 107.0 million CZK (174.5 million USD)
6 893.0 million CZK (196.9 million USD)

Total (1990-2015) 13 000.0 million CZK (371.4 million USD)

In situ leaching plant Straz pod Ralskem

Facility characterisation

Short history: Operation between 1967 and 1996. Since 1996, uranium is exploited as
remediation by-product. 2 210 exploration drillholes and 7 684 production wells were drilled
on the deposit. Thirty-five leaching fields were in production. Area of mining claim is
24.1 km?. Before 1996, 15562 tU were produced. Depth of mining was 220 m under the
surface.

Type of activity: In situ leach mining with wells from the surface (ISL). Acid leach (leaching
agent: H,SO,, oxidation agent: HNO,).

Present status. Decommissioning and reclaiming of leaching fields. Remediation of
underground.

Environmental problems and their solutions

Mine waters: groundwater were contaminated by uranium ISL on the Straz deposit. 4 000 200 t of
H,SO, were injected into the underground. Managed pumping and water treatment in station for
liquidation of acidic solutions (evaporation principle). Large scale remediation started.

Target status. pumping out of uranium enriched solutions from the underground; environmental
remediation in the areainfluenced by I1SL.

Type of water Amount Main and secondary contaminants

waters pH =3-5.7 , SOz2, CF
contaminated by 3 1 |U=0.0502g/m Je

ISL solutions 475 700 mlyear™ | 220p, — 50.800 B/m® NOz, Fe Al Mn. zn,
—turonian TDS=2.0-5.0 kg/m™ Sl

concentrated pH=1-2.8 , S0z, CI

solutions from 3 1 |U<01gm —

uranium ISL 978 600 mlyear | 260 ~ 50 000-90 000 By/m® N3G Al Mn, Zn,
— cenomanian TDS = 64-100 kg/m™ S
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Tailings impoundments

None.

Waste rock dumps

None.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activities is published. Main monitored items:

Costs

Mine waters. pH, TSS, TDS, BCOs, CHCOs, hydrocarbons, N-NO;, CL-, SO,, F-, Cl,
N NH., Feqa, Zn, Ba, “°Ra, Pb, U, Ni, Cl extractable organic-fixed, Poa, Be, Cd, As,
M Ny, Ca, M@, Crigw, 22Th, 2°Th, #°Pb, K, total alpha and beta activity.

Surface streams: U, Ra, TSS, TDS, hydrocarbons, Zn, Ni, BCOs, CHCO, Na, Ca, K, Mg, F,
Fe, Mn, Cl, NO,, NO;, acidity, NH,", SO,, pH.

Groundwater: monitoring of turonian and cenomanian: pH, acidity, akality, TDS, TSS, SO,,
NH,4, NO;, CI', F, HCOs, Mg, Ca, Na, K, Al, Fe”, Fe**, Mn, U, Ra, Zn, Ni, NO,.

Decommissioning and remediation (1990-1998) 880 million CZK (25.1 million USD)

Decontamination and remediation, pumping,
water treatment, monitoring, maintenance (1999-2040)

35 120 million CZK (1 003.4 million USD)

Total (1990-2040)| 36 000 million CZK (1 028.6 million USD)

Chemical processing plant MAPE Mydlovary

Facility characterisation

Short history: Uranium chemical processing plant was in operation between 1962 and 1991.
Ore from Westbohemian, Okrouhla Radoun and Pribram uranium deposits was processed
here. Tota processed volume 16.8 million t of uranium ore. Tailings impoundments: 285 ha
and 35.8 million t of tailings.

Type of activity: uranium chemical processing plant and tailings impoundments. Acid leach
process.

Present status: Processing plant is decommissioned. Area of plant is decontaminated and
prepared for sale. Tailings impoundments are being remediated and reclaimed.
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Environmental problems and their solutions

Tailings impoundments water: overbalance water in tailings impoundments after ore leach
process.

Type of water Amount Main and secondary contaminants
pH = 4.94-7.7 SO,%, NOs,
tailings pond 0 mifvear U =0.01-1.45 g/m* NO 2, NH,',
water miyear ?Ra = 80-1 540 Bg/m® Mg, Mn, V
TDS = 6.0-20.0 kg/m’®
pH =6.9 so,, I
, L |lU=064gm? NO 3, NO,,
1
drainage water 111 700 m3lyear™ | 226p4 = 100 B g/m’ Fe, Mn, Mg,
TDS=9.0 kg/m™® NH,"
Waters are treated and discharged into the Vitava River.
Tailings impoundments
Name Area (m’) Deposited volume (m°) Status
Kl 244 000 5551 000 Partly reclaimed
Kl 766 200 10 342 000 Not reclaimed
K111 337400 4 354 000 Partly reclaimed
KIV/C1z 357 100 403 000 Not reclaimed
KIV/C2 312 000 1708 000 Not reclaimed
KIV/D 357 600 661 000 Not reclaimed
KIV/R 319 200 950 000 Not reclaimed
KIV/C1F 233 500 0 Not reclaimed

Tailings impoundments are being filled and covered by inert materials with biologica
reclamation. Target status — stable ecosystem of middle European mixed forests.

Waste rock dumps

None.

Environmental monitoring

Environmental monitoring in the area follows the programme of monitoring approved by
competent authorities of the state administration and by expert supervison. The monitoring
programme defines the extent, frequency and methodology of sampling and way of their assessment.
Sampling and analytical works are done by DIAMO and external |aboratories. Monitoring results are
regularly evaluated and used for risk analyses, projects, management of remediation works and EIA.
The environmental status of areas affected by DIAMO activitiesis published. Main monitored items:

«  Treated tailings impoundment waters. TDS, TSS, SOy, NOs, U, Ra, NH,.

e Groundwater: pH, NH,, Cl, NO3, SO4, CHCOc,, apha and beta activity, Ra, U, TDS, Cu, Zn,
Cr, Pb, Ni, As, Cd, U, Al, Be, Mn, Fe, Ba, Na, K.
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« Air: fdling dust — U, Ra, Mn; average volume activity of Rn; immediate equivalent volume
activity of Rn; immediate input of dose equivalent gamma radiation; average input of dose
equivalent gamma radiation; concentration of soil Rn.

e Contamination of agricultural products: U, Ra, Zn, Cu, Ni, Cd, Cr, Co, Pb, As, Mo, Hg, Mn.

Costs

Decommissioning, decontamination and remediation of
plant (1991-1998)

291.2 million CZK ( 8.3 million USD)

Remediation and reclamation of tailings impoundments
(1991-1998)

205.5 million CZK (5.9 million USD)

Finalisation of remediation and reclamation of tailings
impoundments (1991-2020)

2533 million CZK (72.4 million USD)

Water treatment, monitoring, maintenance (after 2020)

Not specified

Total (1991-2020)

3029.7 million CZK (86.6 million USD)

Conclusions

The uranium production contraction programme has been implemented in the Czech Republic
since 1989. Only one deep mine and one chemical processing plant, located in Dolni Rozinka, are
currently in operation. Their close-out is planned for 2002. Mines already closed-out are being
decommissioned and remediated. In the framework of complex uranium production solution, old
measures (Old Reminders) were revised and corrective actions are being performed. The
environmenta status of sites influenced by uranium mining is being systematically monitored and
evaluated. The production contraction programme is being done under state supervision and activities
are financed from the state budget of the Czech Republic.

! DIAMO, state-owned enterprise
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. Egypt .

The objective of this report is to present a general description of the most common methods that
have been used by the Nuclear Materials Authority (NMA) of Egypt in its programmes to assess the
radiation exposure of individuals. This program aims to ensure that the safe working and
environmenta conditions are maintained and to show compliance with prescribed national standards.
In pure screening programmes, the immediate objective is only to pick out critical localities where
certain reference doses or standards may be exceeded, while the original survey program directly aims
to assess doses as accurately as possible for the purpose of compliance checking or research.

The survey programme is concerned, to a great extent, with mines, mills and laboratories which
constitute the main three areas of activitiesin NMA.

Uranium mines

The mining operations for the purpose of uranium exploration inevitably involve the production
of some radioactive ore materias and wastes. The objectives of the environmental monitoring in such
operations are often focus on radiological control and routine environmental survey. The hazards
associated with the ambient air in the underground mining atmosphere are connected to two main
processes: the inhalation by the involved personnel and the effect of radiation on them. The presence
of radon gas and its daughters and the radioactive rock particles in the inhaed air represent hazards.
Moreover, the radiation at the most heavily mineralised zone in the underground works could result in
an over-exposure. To overcome these hazards, systematic air monitoring in the atmosphere and
radioactivity measurements in the exploratory mining works in Gabal Gattar were performed.

Uranium mills

In uranium mills, *’Rn and its daughters usually present only a minor inhalation hazard
compared to ore and uranium dusts, although significant radon concentrations may occur near ore
storage bins and crushing and grinding circuits. During crushing and screening, the long-lived airborne
radionuclides tend to be in equilibrium, but during subsegquent operations this equilibrium is
necessarily disturbed and the concentrations of individua radionuclides must be measured for the
assessment of hazards. After leaching of the crushed ore, most of the radionuclides except uranium
remain with the wet cake, which after filtration is sent for tailings treatment. Thus airborne uranium is
predominant in the filtration, and external beta and gamma radiations are also present in levels that
depend on the grade of ore, type and grade of concentrate, and type of process. It is assumed that
airborne uranium is present mainly in the final stages of precipitation, filtration, concentrate packing
and storage.

Laboratories

External beta and gamma radiation is the main source of radioactivity in laboratories. Also in
some cases measurabl e radon-gas concentrations are also available.
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Radon gas measurement: A portable radioactive gas monitor RGM 1/L was used. It is senditive to
alpha particles emitted from radon gas. The unit is picocurie/Litre (Pci/L) or microcurie per cubic
meter (1 Ci/m?). The maximum permissible concentration is 0.03 u Ci/m°.

Radon daughters concentration: Tri Met (TM372-A) portable al pha counter with suitable pump
was used. It has a time selector and displays digital reading. The detector is of ZnS (Ag) scintillator
type. The instrument was calibrated with Radon daughter source (***Po) and checked before use by
#Am alpha standard source.

Radon daughters were measured using Kuznetz grab sampling method (IAEA, S.S.43). The
maximum permissable Radon daughters concentration is 0.3 Working Level (WL).

Thetotal cumulative energy of 1.3 x 10° Mev as alpha particle energy defines the Working Level
(WL) as any combination of short-lived decay product of Radon gas (RaA, RaB, RaC and RaD) in one
litre of air that will result in the ultimate emission.

The Working Level Month (WLM) is an exposure unit, which is expressed as the product of WL
and duration of exposure, hormalised to one month which is defined as 170 hours, i.e. 1 WLM =
170 WLH.

Monitoring of external gamma radiation: A portable radiation measuring instrument as Geiger
Counter type Berthold LB-1200 was used. It gives direct reading for dose rate in millirem/hour. It was
calibrated using standard **'Cs gamma source. It is defined that the maximum permissible value for
the dose rate is 2 millirem/hour (mrem/h) or 20 micro sivert/hour (1 Sv/h).

Results and discussions

In case of mines

Environmental monitoring of the Gattar-l and Gattar-1l exploratory mining works were
completed. The monitoring was done in the early stages, during January 1990, of Gattar-1 mining
works .[1] The results of the radiation monitoring are within the accepted level, except for one sample
where the radon daughters concentration reached 0.43 WL. The external gamma radiation ranged from
0.08 to 1.6 mrem/h, which is less than the permissible value. The annua effective dose equivalent
ranged from 8.652 mSv to 85.764 mSv.

The Working Level Hour (WLH) is an exposure equivalent to 1 working level of Radon
daughters per hour. The maximum exposure rate is 0.3 WL, while the maximum annual exposure is
4.7 WLM/Y ear and the maximum life time exposure is 120 WLM.

The results of radiation monitoring in Gattar-1 exploratory mining works during some months
in 1990 and 1991 were reviewed. The external gamma radiation ranged from 0.06 to 0.2 mrem/h,
which are under the permissible value (2 mrem/h). The radon gas concentration ranged from 0.0008 to
0.02 p Ci/m® which is less than the permissible value (0.03 p Ci/m®). The average radon daughter
concentration was 0.025WL. It was also found that the radon gas concentration is inversely
proportional to the quantity of air following, e.g. in the sample number 17 the activity is rather high
where it reached 0.2 mrem/h. This is due to the fact that this site includes secondary uranium
mineralisation. However, when the ventilation increased in this site, the radon gas concentration
reached 0.0008, which represents a very small value. The estimation of the average of the annual
effective dose equivaent in Gattar-1 exploratory mining worksis found to be 2.155 mSv. Thisvaueis
below the accepted limit (50 mSv). This indicates that the ventilation is excellent at this site.
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The results of radiation monitoring in Gattar-11 exploratory mining works were also reviewed.
The external gamma radiation ranged from 0.08 in the vertical shaft where these values are below the
accepted limit of 2 mrem/h. In the eastern adit the value of the external gamma radiation increased to
0.6 mrem/h, which represents a higher value but still under the accepted limit. This increase is due to
the presence of a 1.4 m thick uraniferous shear zone with secondary uranium mineralisation.

The radon gas concentration in the vertical shaft is up to 0.05 p Ci/m® however, it reaches
0.7 u Ci/m? in the eastern adit, which is over the accepted limit (0.03 p Ci/m®). The radon daughters
concentration increases downward in the vertical shaft. At the entrance it is 0.006 WL, while it
reaches 1.6 WL at a depth of 39 m. In the eastern adit it reaches 1.7 WL, which is over the accepted
value (0.3 WL). The same phenomenon is noticed in the estimated values of the annual effective dose-
equivalent which were over the accepted limit in both the vertical shaft and the eastern adit. The
values are based on measurements without using ventilation in the vertical shaft or adits in Gattar-11
exploratory mining works. A proper ventilation system was established in this project to lower the
annual total effective dose equivaent below the accepted limit of 50 mSv. The natural ventilation can
be useful at this site, but it is rather difficult and expensive due to the rough topography of Gabal
Gattar.

In case of millsand labs

Tables 1 and 2 show the average test results for some labs and mills, during the year 1996. In case
of labs, due to good ventilation and good manipulation of the ore used, there was no accumulation for
Rn-gas and its short-lived daughters. The exception was in Lab No.3 where a high-dose rate was
observed and some radioactive deposits were registered on the benches. In the mill cases no high
values were found also due to good ventilation.

Table1. Averagetest resultsfor laboratories

Lab Type WL (Kuznetz) y-Dose Rate (uSv/h) Rn-c(?lngia;;t]rs)atlon
Extraction 0.2 26 0.02
Geologica Isotopes 0.005 1.7 0.003
Production Control 0.004 44 0.006

Table2. Averagetest resultsfor mills

WL (Kuznetz) y-Dose Rate (uSv/h) Rn-t:(ingia?r;c]rs)atlon
M easu'\r/: ir}?SPI ace: 0004 3 —
0.003 8.7 0.004

Recommendations

1. A land use map for the site of Gabal Gattar should be constructed. The location of
management offices, living facilities, machinery, radioactive waste storage should be
assessed to avoid the effect of plate out radon daughters on various surface features. Also,
the direction of blowing wind should be considered.
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2. The biologica effect on the workers should be studied very seriously and regularly
according to the basic safety standards for radiation protection [2].

3. Development and calibration of the instruments used in the measurements of radon and it's
daughters should always be compatible with international standards.

4. A training programme should be regularly held for workers and personnel involved in
uranium mining and milling [3].

5. The contamination of the water pockets in the uranium bearing granites and the water wells
in the wadi depositsin Gaba Gattar environs should be investigated accurately.

6. The exploitation, transportation and storage of the radioactive ores produced from the mining
operations should be treated according to safety standards.

REFERENCES

[1] Abdel Monem A., Hussein M.I., El Naggar A.M., Attia K.E. and Omar S.M. (1990), Monitoring
of radon gas and daughters in uranium exploration mines, Eastern Desert, Egypt. Regional
Symposium Environment Studies (UNARC), Alexandria, p. 507-522.

[2] International Atomic Energy Agency (1982), Basic safety standards for radiation protection,
Safety Series, No. 9, page 172, International Atomic Energy Agency, Vienna.

[3] International Atomic Energy Agency (1965), The basic requirements for personnel monitoring.
IAEA Safety Series, No. 14, p. 44, International Atomic Energy Agency, Vienna.

- Finland -

Government policies and regulations

All mining activitiesin Finland are regulated by Mining Act No. 503/65.

The legidation concerning restoration of uranium production facilities in Finland is included in
Nuclear Energy Law No. 990 of 1987. The aim of thislaw is to keep the use of nuclear energy within

the general interests of the society. This law establishes general principles governing the regulation of
the use of nuclear energy, the establishment of a licensing procedure and nuclear waste management.
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Use of nuclear energy includes the following activities: (1) construction and employment of a nuclear
facility; (2) mine and concentration operations in order to produce uranium or thorium; (3) possession,
fabrication, production, transfer, handling, use, storage, export, transport, and import of nuclear
substances and nuclear waste, as well as the export and import of uranium or thorium containing ores.

The Ministry of Trade and Industry has the supreme authority in the field of nuclear energy in
Finland. The supervision of the matters in nuclear energy is in the Finnish Radiation and Nuclear
Safety Authority (Sateilyturvakeskus — STUK).

The Nuclear Energy Law provides that the construction and operation of nuclear facilities,
including spent nuclear fuel storage or radioactive waste disposal facilities as well as facilities for
mining and enrichment operations the purpose of which is the production of uranium or thorium, is
prohibited without a licence. Permission to construct a nuclear facility requires the approval in
principle from the Council of State, which must base its decision on the requirement that the
construction proposal be consistent with “the overall good of society”. If this approval is obtained, the
Council of State's decision is then submitted to the Finnish Parliament which may either accept or
reject the Council’s decision. Before the Council of State makes a decision on the merits, a lengthy
and wide-ranging consultation procedure must be followed, which includes an assessment in
accordance with Act No. 468/94 on Environmental Impact Assessment. In particular the Ministry of
Trade and Industry must obtain a preliminary safety assessment on the proposed decision from STUK,
a statement from the Ministry of the Environment, and a statement from the municipal council
responsible for the area proposed as a site for the facility. In addition, under Nuclear Energy Decree
No. 161/88, the Ministry of Trade and Industry must submit to the Council of State a review which
specifically addresses questions of nuclear waste management such as methods proposed, safety and
environmental aspects, costs and suitability to Finnish conditions.

Once al the information and comments required by the Finnish legidation have been collected
and submitted to the Council of State, the Council may proceed to make its decision on the
application. If the Council of State’s decision is positive, it must then be submitted to the Parliament,
which may either confirm or veto the decision. Once Parliamentary approval is given, the grant of the
construction licence is dtill contingent on a number of detailed criteria relating inter alia to
environmental protection, town planning and building requirements, nuclear waste management and
final decommissioning plans. If an applicant satisfies all these requirements, a construction licence for
the proposed facility may then be granted by the Council of State. Once the construction of the facility
is satisfactorily completed, a separate licence is needed for its operation. This licence is also granted
by the Council of State after further examination of various criteria (such as safety, environmental
protection and waste management).

According to Act No. 990, subject to some exceptions, the export of spent nuclear fuel is not
permitted, as well as foreign nuclear waste cannot be handled, stored or finally disposed of in Finland.
The licensee is primarily responsible for the management of nuclear waste generated by the licensee's
activities and he is required to bear the costs incurred in implementing his waste management
obligations. This is achieved by requiring the licensee to pay an annua fee into the State Nuclear
Waste Fund (administered by the Ministry of Trade and Industry) and aso to give prescribed
securities to the state as a precaution against insolvency.

Both major Finnish power companies, Teollisuuden Voima Oy (TVO) and Imatran Voima Oy
(IVO, presently a part of the Fortum Group), are co-operating in the final disposal of spent nuclear
fuel into the Finnish bedrock. From the beginning of 1996, they established a joint company, Posiva
Oy, for a nuclear waste disposal program. Four investigation sites had officially been selected for
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detailed studies. On 18 May 2001, the Finnish Parliament ratified the governmental decision allowing
construction of such fina disposal at Olkiluoto in the municipality of Eurgjoki. Since April 1998, low
and intermediate level wastes have been disposed in underground repositories at the TV O power plant
in Olkiluoto and at the IVO power plant in Loviisa.

Historical information on country’srestoration activities

There has been only one uranium mine in Finland. During 1958-1961 some 40 000 tonnes of ore
grading 0.14% U was extracted from the Paukkajanvaara mine in eastern Finland. The ore was treated
with sulphuric acid, and the concentrate containing about 30 tonnes of uranium was exported. After
the mining operations, the opening of the shaft was blocked, but the barren rock and the tailings
impoundment were left in open air. The old pit and tailings were covered by uncontaminated soil in
October 1993. Before that, the old concentration plant had been torn down and was aso covered. The
Finnish Centre for Radiation and Nuclear Safety has been monitoring the mine area and its
surroundings since 1984.

Facilitieswith ongoing or future plansfor restoration activities

There are no ongoing or future plans for restoration of uranium mines or other facilities in
Finland.
Additional information

The following applies to the Paukkajanvaara uranium mine in eastern Finland:

e Mining during 1958-1961 by the company Atomienergia Oy
—  Tota mine output: 70 089 tonnes.
Waste rock: 29 764 tonnes.
Ore output: 40 325 tonnes (in an average 0.14% U).
The concentrate containing about 30 tonnes of uranium was exported.

» Restoration in October 1993 by the land owner company Bonvesta Oy

—  Areatreated about 1.5 km?.
—  The shaft and the open pit were blasted.

— The tailing ponds and waste rock piles were covered by layers of till, clay and peat,
totalling 1.5-2 metres.
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« France .

Government policies and regulations

French laws and regulations regarding environmental issues in uranium mining and milling are
described in a 1999 report prepared jointly by the NEA and the IAEA.!

The main categories of regulations applying to the environmental remediation of uranium mining
and milling sitesinclude:

For mines, the basis is the “Code Minier” (Mining Code) completed by “Réglement général
des industries extractives (RGIE)” (Decree 80.331 issued on May 7,1980) (Genera
regulation on extraction industries) and especialy Decree 90.222 of March 9, 1990 for
radiological protection.

Mills and storages are classified as ICPE (“Installation classée pour la protection de
I"environnement” — Classified facility for protection of the environment—Law 76.663,
July 19, 1976 and Decree 77.1133, September 21, 1977).

Environmental Impact Studies are prescribed by article 2 of Law 76.629, July 10, 1976 on
Environmental Protection and corresponding Decree 77.1141 October 12, 1977.

Decree 66.450 of June 20, 1966 sets the frame of radiological protection and Decree 90.222
of March 9,1990, describes implementation of the radiological protection of the
environment of mining and milling sites.

In relation to radiological protection, Council Directive 96/29 Euratom of May 13, 1996, is
expected to be implemented in French regulation in December 2001. Maximum annual
added exposure to the public will change from 5 mSv to 1 mSv.

A “Circulaire” or guide, No. 99-332, issued on May 7, 1999, by Ministry of the Environment
describes the main facts about remediation of uranium mill tailings and heap leaching wastes
storage sites and gives recommendations to evaluate its efficiency.

Historical and general information on country’sfacilities

Table 1 lists details regarding the different facilities including: dates of operation, date for
end of remediation (or date of fina licence after remediation), characteristics of the storage
facilities and other relevant data. Table 1 aso lists the reference of each site in the officia
ANDRA annual inventory: 20 tables in 1999 [see reference 1], 18 tables for the inventory
under preparation for the year 2000 (updated at the end of 1999).

The enclosed map indicates location of the main facilities and operation and remediation
dates.

1. OECD/NEA (1999), Environmental Activitiesin Uranium Mining and Milling, Joint report by OECD/NEA
and |AEA, Paris, France.
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Figure 1. Location of uranium mining and milling stor ages
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Facility characterisation

The facilities considered in this report are those related to uranium ore processing. They include

uranium mills and the tailings ponds connected to them and heap leaching dumps.

Tailings (volume, area)

The volume and area characteristics of each facility arelisted in Table 1.

Type of radiological and chemical contamination

The main concern is the radiological impact of uranium daughter products either by the air

pathway (radon) or water pathway (U and “°Ra).

Potential chemical contamination is linked to the initial composition of the ore (sulphur or
molybdenum for example) or to the chemicals used for the treatment (mainly sulphuric acid and

necessary neutralisation).
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Tablel. Inventory of COGEMA’s storage facilities mill tailings

Storage inl?/gf?troa;y o:? arlticgn End of T f e
sites 1998 & Start fend remediation an)ép?:n:td?;g%i AREA (ha)
GUEUGNON Dyn BOU 3 1955/ 1980 licensein 1987 ring dyke + dry cover
ROPHIN AUV 2 1950/ 1955 1985 ring dyke + dry cover
TEUFELSLOCH Leach ALS2 1961/ 1963 1994 -
TEUFELSLOCH _
(Poor ore)
BOISNOIRS-L Dyn RHO 1 1960 / 1980 licensein 1987 dyke + water cover 18 (impoundment)
CELLIER Dyn LAR1 1970/ 1990 1991 open pit+300kt inter 66
H.Leach. 1965/ 1990 -erbeded.drain+cover (areaof ind. site)
TOTAL
ECARPIERE Dyn PAY 3 1957/ 1991 1995 ring dyke + dry cover 72
LaCOMMAN D|_E| T_leich PAY 2 1967/ 1976 1994 -
TOTAL
BESSINES Ind.Site LIM3 The Ind.site groups several storages (LAV., BGD) for mill tailings 140
-LAVAUGRASSE seelIM 3 195;3 Lf dlggég * ongoing ring dyke —dry cover see Bessines
-BRUGEAUD 1978/ 1987+ ongoing open pit —dry cover see Bessines
MONTMASSACROT LIM 10 1987/ 1990 entirely covered open pit —dry cover 4
BELLEZANE LIM1 1988 /1993 1997 open pit —dry cover 15
-BRUGEAUD H.Leach seelLIM 3 1964 / 1993 1999 -
-BRUGEAUD H.Leach seelLIM 3 1964 / 1993 1999 -
TOTAL
LODEVE LAR4 1981/ 1997 ongoing open pit - dry cover 54
JOUAC Dyn LIM 7 1979 / operating - ring dyke
H.Leach
TOTAL
LaRIBIERE H.Leach LIM 12 1982 /1985 1992 —
BERTHOLENE MIP 1 1984 / 1995 heap waiting for final dry cover
H.Leach
St PIERRE du CANTAL AUV 3 1977/ 1985 ongoing open pit + dry cover
TOTAL
TOTAL Dyn
H.Leach
(Poor ore)
TOTAL
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and heap leaching wastes *

Mill tailings (contd) Heap leaching
Tonnage Ra 226 activity Type of storage and Area Tonnage Ra 226 activity
(kt) (Tba) remediation (ha) poor ore (kt) (Tba)
185 104 -
30 0.3
Heap - dry cover 13 145 0.03
(2.6) (0,04)
1300 74.6 -
1112 20.4 mixed to heap |.wastes see total area of 288 35
164 1.2 heap + cover industrial site 4080 18.0
1276 21.6 4368 215
7575 1675 heap |leached wastes used as 1st cover ... 3775 15.6
... for mill tailings | -
barren cover in flooded open pit 250 1.0
7575 167.5 4025 16.7
and h. leaching wastes
5678 1415 heap |leached wastes used as 1st cover ... 1807 3.6
5776 1295 ... for mill tailings - 1555 48
737 19.0 -
1514 48.5 - 42 0.6
heap — dry cover see Bessines 1763 55
heap — dry cover see Bessines 3447 1.7
13705 3385 8614 16.2
4142 173.9 poor ore used asfirst dry cover (823) (7,5)
1668 103.6
41 0.2
1668 103.6 41 0.2
open pit - dry cover 197 0.9
heap waiting for final dry cover 476 757
70 24
open pit + dry cover 508 5.4
70 24 508 54
29762 889.8 4063 19
164 12 14167 49
(826,6)
29926 891.0 18230 68.5

* Up-dated by end of 1999. As mentionned by Observatoire de I’ANDRA some storages may contain other wastes than mill
tailings or heap leachings which are not considered in this table.
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Objectives of remediation
For COGEMA, the main objectives of remediation works are as follows:
e Long-term stability of the remediated areain terms of safety and public health.
e Reduction as far as reasonably possible of the residual impacts.
e Prevention of risk resulting from intrusion.
*  Reduction of total land consumption and resulting need for institutional control.
e Favour possibleindustria or leisure activities on the land and remaining buildings.

»  Landscape integration, in co-operation with local intervening parties.

Context of the remediation

Remediation works apply to the structures left after the end of mining operations. mines, mills
and storage facilities of waste rocks or milled residues.

Remediation is part of COGEMA’s environmental policy. Moreover, since the laws on
environment of 1976, remediation is mentioned in the environmental impact study, which is
compulsory for any new facility or for an important modification of an existing one.

Planned operations take into account the final remediation which should be started as soon as
possible. Ideal cases include neighbouring open pits which are filled back by the waste rock from the
first exploited facilities.

During operation financial provisions are set aside to cover the costs for the final remediation.

Regular information is given to the public through documentation mailed to the neighbouring
population. A telephone number is provided to the public and site visits are organised to listen to any
concerns arising from people outside the company. Similar communication programmes are provided
for the personnel who were trained and switched from uranium production to site remediation.

Main facts about remediation

Some facts regarding remediation activities in France are provided in the 1999 joint NEA and
|AEA report [2].
Inventory for site characterisation

Thisincludes:

» History of activity on the site which sometimes allows to locate buried wastes or entrenched
pipes.

* Inventory of the heaps and storages in terms of tonnages and chemical composition.
Inventory of the mill to evaluate surface contamination and select reusabl e equipment.

e Inventory of theland properties.

* Inventory of available material for cover.
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Site studies contribute to characterise the materials, the storages, the potentia impacts
(radioactivity map) and the environment: geology, hydrogeology and geophysics of the sites,
hydrology, ground stabilization, vegetation, etc.

Geochemistry and petrographic analysis of the mill tailings have demonstrated that natural
leaching of radium was limited: less than 1% of the radium content for stored mill tailings compared
to 10% for fresh mill tailings. This can be explained by quick (less than 30 years) development of
secondary large “ specific surfaces’ minerals such as smectite, iron oxy hydroxides and gypsum that
trap 95% of the total radionuclides and associated heavy metals [see references 2-4]. This can be
called “self confinement” which improves the chemical stability of the tailings.

An important step is implementation of test plots to characterise in situ the different types of
covers which may be used: types of materials among those available on the site (heap leaching wastes,
waste rock and/or overburden from mining), influence of compaction and correspondent impact on
radon flux).

Implementation for main types of sites

Underground mines. At the end of mining works, priority is given to the safety of the public in
the long term. Each communication with the surface is backfilled to avoid any intrusion and the stopes
are stabilised to avoid any caving. The related procedures are submitted to regulatory authorities and
may be complemented by specific studies.

Open pits—impacts on the landscape. As a first step, the pit may be partly filled up with waste
rocks (several thousands or million tons of earth may be moved) and/or the geometry of the slopes
may be smoothened with explosives for safety reasons. Depending on the case, the pit may be
transformed into awater impoundment for irrigation, fishing, diving or other purposes.

Dumps of heap leached ores and high radioactive zones of former stockpiles areas are covered
with barren rock (remaining ore of former stockpiles are scraped and may be used as first cover).
Dumps are reshaped to reduce surface erosion and infiltration and for better integration in the
landscape which is enhanced by revegetation.

Tailings storage: during remediation, the drainage system is maintained to alow soaking of the
mass of the tailings and collection of the seepage water. Surface water is diverted to reduce volumes of
water that may require water treatment.

Stability of mill tailings storages must be improved by drying up and resloping of the dykes to
reach an adequate stability coefficient.

Test plots are built to determine the thickness of the rock cover to achieve reduction of external
exposure and radon emanation. The thickness is adjusted by using a first layer of heap leached ore if
available, in order to cope with settlement, reduce slope, erosion and infiltration and finally to reach a
final topography integrated to the landscape. Final cover may be topsoil to improve revegetation.

Water treatment must be adapted from the system used during operation to cope with new water
quality (water overflowing from mine workings) and new location of the collection point. The water
treatment is maintained until the water quality allows direct release into the environment. Management
of the dudges must be planned. An adequate storage volume must be built and cover material
stockpiled in the vicinity for its final remediation. More description of remediation issues is provided
elsewhere [see references 5-9].
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At the end of the remediation works, the final state is controlled — topography, water circuits,
radioactive mapping, and vegetation development. This control is complemented with an internal audit
under COGEMA quality assurance procedures.

Type of long-term monitoring and surveillance
According to the types of storage, two types of monitoring may be necessary after remediation:

»  Geotechnical monitoring to assure the stability of the wastes pile (settlements, dope
stability) and the integrity of the cover.

+  Environmental water and air monitoring to assure the quality of the liquid effluent and the
impact to the public and the environment.

The monitoring network is adapted from what was used during the operational phase. Water
treatment and monitoring can be progressively reduced according to the observed results. Monitoring
is subject to alicense.

For the public, the radiological impact considered is the sum of the external exposure due to
radon and dust inhalation and U/Ra ingestion. D 90.222 defines a generic scenario to calculate the
Annual Total Added Exposure Rate. This rate must be less than 1-5 mSv/year (maximum tota
exposure being 5 mSv/year).

Difficulty to evaluate the initial exposure (that is before start of operation) adds usualy to the
overestimation of the exposure.

Monitoring results, highlighting some examples of the direct influence of remediation work
(cover and radon potential alpha energy, discharge water quality and water treatment) and
implementation to the cal culation of public exposure are given in Daroussin et al. [see reference 10].

During site monitoring, regular checks are carried out to observe the gradua return to a natural
and stable equilibrium. After a probationary period, COGEMA may ask for a reduction of the level of
controls and eventually obtain a definite abandonment of the site and the reuse for further activities by
local parties except for milled tailings storages that must remain under COGEMA responsibility and
supervision.

For the long term, the most important issue is to keep memory of the storage sites. This
encompases athree-fold strategy:
+  COGEMA remains owner of the storage facilities.

« Liabilities are listed in the license issued at the end of remediation and registered to the
“Hypothéques” (Land ownership register).

+ A nationa inventory of radioactive wastes, including residues from uranium ore processing,
is updated annually by ANDRA (Agence nationale pour la gestion des déchets radioactifs)
[seereference 1].

Facilitieswith ongoing or future plansfor restoration activities

Jouac was the only facility still operating in France until 31 May 2001, the date that COGEMA
stopped uranium mining.
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Remediation is still underway on in Bessines (the industrial site grouping Lavaugrasse and the
different Brugeaud storages), Lodeve, St Pierre du Cantal and Bertholéne.

Bessines is an industrial site complex where underground and open pit mining started in 1955.
Milling and heap leaching were developed after 1958. Lavaugrasse (ring dyke type impoundment) is
the first mill tailings storage facility. The tailings were then stored in Le Brugeaud open pit. An
opening in the cover has been kept on top of Lavaugrasse to store sludges from the water treatment
plants of the site and from the mining sitesin the vicinity.

Lodeve stopped in 1997. The mill has been dismantled. Contaminated equipment, scraps and
demolition products are stored on a dedicated area above the tailings and covered. Local conditions
(climate and corresponding variability in flow rates, high uranium content) lead to the conception of a
water treatment plant allowing:

e Flexibility in the throughput.
*  Recovery of uranium with resins.

»  Limitation of the production of sudges.

Remediation is progressing slowly in Saint Pierre du Cantal. Due to local conditions, work is
limited to summer periods to cover the last sludge decantation pond.

In Bertholéne, remediation is on stand by. In this heap leaching facility, cover materias are rich
in sulphur which has not been completely leached away; consequently, after resloping, final cover has
been postponed in order to allow natural dissolution of the sulphur mineras content. The water
treatment is kept operating to allow a good quality water release. The sludges are pressed and trucked
to Jouac to be treated for their uranium content.

Remediation costs

Aggregate cost data

Since 1990, remediation has been going on for most of COGEMA's facilities. Future costs
evaluations have been made for the rest in order to take into account future spending.

Total cost for an average set of facilities producing more than 1 000 tU/year (about 500 000 t
oresyear-1 or 1500 t.day-1 mining sites, mill and corresponding storage facilities) ranges from
FRF 10to 13 per kgU.

Total costsfor specific items and objects
Dismantling of the mill itself costs around FRF 15 to 20 million.

Expenses for dismantling and site remediation are on average FRF 400 000 per hectare. The
highest costs are for mill facilities dismantling and tailings storages remediation, averaging
FRF 1.1 million per hectare.

The total costs for remediation of a set of facilities producing uranium (from mine to tailings
storage) are split into:

«  Planning, engineering and licensing studies: 10%.

e Dismantling (all facilities): 20%.

e Earth moving: 45%.
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Finishing works including revegetation: 15%.
Water treatment and controls: 10%.

The costs for remediation of atailings storage are split into:

Planning, Engineering and licensing studies: 10%.
Earth moving: 75%.
Finishing works including revegetation: 15%.
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. Gabon -

I ntroduction

From the start of uranium mining in 1956 until closure of al uranium production in 1999, Gabon
was a magjor uranium producing country. All uranium production activities were conducted by
Compagnie des Mines d uranium de Franceville (COMUF). A summary of uranium production and
production facilities for Gabon isgivenin Table 1.

Tablel. Mineswith opening and closure dates

. Operations | Operations | Total recovered o
Ste Open commenced ended (tonnes U) o U
Mounana 1956
Open Pit 1960 | March 1975 3915 0.49
Underground 1968 1971 1844 0.49
Bouyindzi 1967
Underground 1980 April 1991 2691 0.31
Oklo 1968
Open pit 1970 1985 7242 0.45
Underground 1977 Dec. 1993 8 100 0.32
Okelobondo 1974
Underground 1989 Nov. 1997 3500 0.33
Mikouloungou
Open pit 1965 June 1997 | March 1999 1200 0.28
Total 28 492 0.38

Source: COMUF.
Relevant Legidation

e Law No. 011/99, which is the basic mining law in Gabon.

e Environmental Law No. 16/93 Relating to the Improvement and Protection of the
Environment of August 26, 1993, which contains a section addressing mining activities.

Programmefor restoring the COMUF sitesat Mounana

The SYSMIN contract No. 1/97/6A to restore the COMUF sites at Mounana was awarded on
February 1997 to the ALGADE Company by the Commissioner for the Planning and Development in
the Ministry for Planning for the Republic of Gabon. The review specified the arrangements for
dealing with the residues of COMUF industrial operations in Mounana (from mining and processing
of uranium ore) and established a procedure for rehabilitating the sites.

The proposed methodology of restoration is based upon the principles of justification and
optimisation of radiation protection recommended by the International Commission on Radiological
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Protection (ICRP) in its publications No. 60 et seqg. and set out by the IAEA in its “RADWASS’
programme on radioactive waste management.

On the basis of these principles, the fundamental criterion for ensuring the safety of an
installation used for storing solid wastes resulting from mining and processing uranium ore, whether in
service, or following shutdown of operations, are defined. As a result, the annual effective dose liable
to be received by individuals in the reference groups of the present and future population must not
exceed 1 mSv. The criterion of a 1 mSv dose limit was, therefore, adopted for the restoration
programme for the COMUF sites. To achieve this objective it was decided to proceed in stages:

Stage 1: Radiological characterisation of the sites

COMUF prepared a review that included:

Counting arrangements on a 20-metre grid.
Topographical maps of the sites.

An assessment of radiological conditions in the immediate environment of the installations
with aview to identify the areas to be contained/restored and the areas to be cleaned up.

From this review it was possible to identify seven areas to be restored totalling about 60 hectares.
These areas are:

The former Mounana M CO.

Upper Gamamboungou Valley zone between the old Mounana quarry and the sulphuric acid
plant.

Gamamboungou Valley zone above the dyke (between the dyke and the sulphuric acid
plant).

Lower Gamamboungou Valley zone (below the dyke down to the confluence with the
Mitembé).

The Mitembé confluence zone.
Thalweg South new plant 2.
Thalweg North new plant 2.

The works to be carried out in these zones include:

Treatment and containment of processing residues.
Covering these residues with laterite and rock.

Replanting.

Seven zones to be cleaned up, total about 15 hectares, as follows:

Vicinity of the Moyindzi well.

Areaof Plant I.

Zone near the sulphuric acid plant.

Storage areafor “doubtful” and “depleted” ore near the feed unit.
Ore storage zone near the OKLO well.
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Ore delivery zone near the OKLO well.
Head end of OKLO MCO.

In addition to these areas identified in the ALGADE study, it is appropriate to include the
following areas where the plan makes provisions for stripping the contaminated soil followed by
placement of alaterite cover:

Mitembé storage zone.

Ore storage areas at the OKLO mine.
Orefeed areafor Plant 2.

Plant 2 platform.

Industrial tracks.

Solvent plant platform.

Plant 1 platform.

These areas were used either for transferring uranium ore, or for storing uranium ore before
processing in the plant. Some were also used for storing wastes and various processing effluents.

Stage 2: Study and identification of principal tasks

The restoration works are intended to:

Ensure the long-term safety of the public.

Guarantee that the residual radiological impact is as low as reasonably possible.
Ensure the physical stability of waste storage aress.

Specify the future use of the restored areas.

Pave the way for integration into the landscape.

These goals will be achieved by:

Collecting together the substances to be controlled so that the areas of land that may have an
impact on the public are as small as possible.

Containing the substances, either underwater or under solid cover, taking into account the
geological and radiological constraints.

Stage 3: Characterisation and evaluation of the residual impact of the site after restoration

This evaluation involved estimating the effective doses liable to be received by the reference
groups of the future population at the restored sites.

Stage 4: Nature of the clean-up work

It is essentially a matter of controlling the radiological effect of the sources rather than managing
the sources themselves. Accordingly, for each zone to be treated, the nature of the work to be carried
out was defined taking into account the radiological objective to be reached.

219



Progress of restoration work

The schedule for compl eting the restoration programmeis givenin Table 3.
Figure 1. Restoration of the COMUF site (Identification of areasto be rehabilitated)

ZONES FOR RESTORATION

1 MOUNANA MCO

2 Gamamboungou valley: above point 402
3 Gamamboungou valley: above dike

4 Gamamboungou valley: below dike

5 Areaof confluence with Mitembé River
6 Thalweg South

7 Thalweg North
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- Germany -

Government policies and regulations

Uranium mine decommissioning and remediation in Germany is regulated by a number of federal
and state acts, ordinances and guidelines. Among the most important are the following federal acts and
ordinances discussed below.

The Federal Mining Act (Bundesberggesetz — BbergG, August 13, 1980)

The legal basis for the operation and restoration of uranium exploration projects in former West
Germany was the General Mining Act (Allgemeines Berggesetz ABG) and after 1980 the Federal
Mining Act (Bundesberggesetz — BBergG). These acts stipulate that, in the licensing process, the
mines inspectorates take into account requirements of other regulations, concerning, for example,
water protection and radiation protection.

The Radiation Protection Ordinance (Strahlenschutzverordnung, June 30, 1989)

Because there were no significant uranium mining and production activities in the former West
Germany, the Radiological Protection Ordinance covers the specia situation of uranium mining
operations only marginally. Exploration, mining and processing of radioactive mineral resources were
included in the ordinance only for completeness, and specific requirements and conditions of uranium
mining operations were not taken into account. Therefore, the ordinance was not fully applicable to the
remediation of waste rock piles, tailing ponds and facility areas. For that reason, the German
unification treaty stipulates that the regulations of the former Germany Democratic Republic (GDR)
on radiation protection should continue to apply to the decommissioning and remediation of uranium
mining.

Nuclear Safety and Radiation Protection Ordinance (VOAS, October 11, 1984)

This ordinance was enacted by the government of the former GDR. It has been carried over by
the unification agreement because it contains provisions dealing with the specific requirements and
conditions of uranium mining and processing. It is still in effect for uranium mine decommissioning
and remediation in Saxony and Thuringia.

The Wismut Act (Wismut Gesetz, December 12, 1991)

The Wismut Act regulates the responsibilities of the federal government for the decommissioning
and remediation of the uranium mining and processing facilities operated by the former SDAG
Wismut. This act mandates the newly formed Wismut GmbH to shut down the former mines and to
remediate the associated Sites.
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Other federal laws and regulations

Other federal laws and regulations to be considered in the licensing process for decommissioning
and remediation are:

*  TheAtomic Energy Act.

»  The Radiation Protection Regulations.

»  Federa Emission Control Act.

e TheEnvironmental Liability Act.

« Act on Managing Water Resources.

e The Waste Water Charges Act.

e The Drinking Water Ordinance.

*  Closed Substance Cycle Waste Management Act.

*  TheOrdinance for Supervision of Waste Materials.

»  The Federa Building Code.

*  Federa Regiona Planning Act.

*  TheFedera Nature Conversation Act.

*  TheFedera Forest Act.

Based on the federal acts and ordinances, it is the state governments that have the responsibility
for licensing particular decommissioning and remediation activities. In the process, they will take into
account a number of state acts and regulations, most prominently those concerning air, water and soil
protection. The federal government has sole responsibility for regulating all matters relating to nuclear
issues, including uranium mining and processing. This gives the federa government the authority of

supervising the licensing activities of the state governments in matters concerning the radiation
protection ordinance and the atomic safety ordinance.

In addition, guidelines concerning the reuse of land and material employed in uranium mining
and processing, which have been formulated by the German Commission on Radiation Protection, are
being considered for deciding if remediation is required or if land, material or equipment can be
released for unrestricted use. The guidelines are based on the 1 mSv/a principle. This principle
suggests that no person should be exposed to an additional dose equivaent of not more than 1 mSv/a
by living in or near a site, or by using equipment or material, formerly used in uranium mining or
processing.

History of uranium mining in Germany

The history of commercia uranium mining in Germany began after the Second World War and
took avery different course in the two parts of the then divided country.

Uranium mining and processing in East Germany was performed on a large scale. By 1990,

former East Germany had produced approximately 232 000 tonnes of uranium, putting it in third place
after the United States and Canada.
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It was in East Germany where German commercial uranium mining started 1946 in the Aue area
of the Ore Mountains, a historic silver mining district in Saxony. At this site, in the fall of 1945 Soviet
geologists began assessing old geological records, and by 1946, the first uranium ore was mined.
In 1947, the Soviet-owned company SAG Wismut was established, which, in 1954, was transformed
into the state owned bi-national Soviet/German company SDAG Wismut. Each government held a
50% interest in the company. After unification, the Soviet government transferred its share in the
company to the German government, which has been the sole owner of Wismut since 1991.
Subseguently, the legal status of the bi-national stock company SDAG Wismut was changed into the
limited liability company Wismut GmbH.

Economic and ecological reasons had prompted the German and Soviet governments to agree on
shutting down all mining and processing activities at Wismut even before the German government
became the sole owner. By the end of 1990, all production operations were discontinued.

West Germany saw uranium mining and processing activities starting as late as 1960 and only on
a small, exploratory scale. Privately owned companies carried out all mining and milling activities.
By 1990, all test mining and processing activities had come to an end in West Germany as well.

Uranium mineremediation

Whereas uranium mine remediation in West Germany is essentially complete, remediation work
in East Germany is till in progress on sites operated by the Wismut GmbH. Other sites in Saxony,
Thuringia and Sachsen-Anhalt, which were used earlier by the former SDAG Wismut and its
precursor SAG Wismut, but which are now under the jurisdiction of the respective state governments,
have seen little or no remediation so far. Figure 1 shows the locations of uranium mining and
processing sites, which are presently in the process of remediation or where remediation is finished.

Remediation of Wismut sites

Forty years of intense mining left many liabilities in East Germany. When operations ceased in
1990, the Wismut sites covered approximately 36 square kilometres. It contained a large number of
shafts, waste rock piles, sub-grade ore piles, contaminated buildings, severa tailing ponds, 4 extensive
underground mines, and one open pit. Table 1 shows the situation at the end of 1990.

Tablel. Number and size of Wismut-liabilitiesin 1990

Aue Konigstein Ronneburg | Seelingstadt Total
Area, ha 570 140 1600 1300 3610
Shafts 8 10 38 0 56
Waste Rock Piles
¢ Number 37 3 16 9 65
* Area ha 340 40 600 500 1480
* Volume, million m3 45 4 190 70 309
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Table 1. Number and size of Wismut-liabilitiesin 1990 (contd)

Aue Konigstein | Ronneburg | Seelingstadt Total
Tailing Ponds
*  Number 1 3 3 7 14
» Area ha 4 5 9 700 718
e Volume, million m3 0.3 0.2 0.3 160 160.8
Mine workings
e Area km? 30 7 70 0 107
*  Open driftsetc, km 240 110 1 000 0 1350
Open pits
*  Number 0 0 1 0 1
e Area ha 0 0 160 0 160
* Volume, million m3 0 0 84 0 84

For the clean-up of the Wismut sites, the federa government has committed a total of
DEM 13 hillion as part of the federal budget. The funds are appropriated annually by the federal
Ministry of Economics and Technology. The ministry mandated Wismut GmbH to optimise
ecological, economic, and social effectsin planning and executing the decommissioning, clean-up, and
remediation of the uranium mining and processing facilities.

By the end of 1999, Wismut GmbH had spent some DEM 6.2 billion for remediation planning,
preparation and implementation. Medium-term financial planning anticipates spending an additional
DEM 2.4 billion on remediation during the period from 2000 to 2004. Completion of the project, to be
achieved between 2010 and 2015 for the various sites, will again require additional DEM 4.4 billion.

Closur e of underground mines
The method of choice for underground mine remediation at Wismut is mine flooding. Before the
mines are allowed to flood, a number of preparatory measures have to be taken:
*  Removd of grease/oils and hazardous chemicals from underground mines.
»  Damming and sealing of individual mine fields to ensure control of water and air circulation.
»  Backfilling of mine workings that may cause a subsidence at the surface.
«  Permanent filling and plugging of pit shafts, adits, and large diameter bore holes.

Flooding has actually started at the Gittersee, Ronneburg and Aue underground mines. At
Konigstein, mine flooding isto start in 2001.

Since remediation began, Wismut GmbH has spent about DEM 3 billion on underground clean-

up to prepare for the flooding. Table 2 shows the status of underground mine remediation achieved by
the end of 1999.
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Figure 1. Location of uranium mining and processing facilitiesin Germany
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Table 2. Remediation of underground mines (as of 12/99)

Activities Results achieved Per cent complete
Clean-up and abandonment of open cavities 1 300 km 93
Underground barrier construction 170 units 92
Plugging and sealing open shafts 46 units 80
Backfilling of near-surface mine workings 125 000 m3 69
Flooding 45 million m3 64

Remediation of wasterock piles

During active uranium mining, stockpiling of sub-grade ore, waste rock and overburden created
48 waste piles at the different sites of Wismut GmbH. At the end of uranium ore mining, these piles
contained approximately 310 million m® of waste rock and covered a surface area of approximately
1 500 hectares.

For remediation of waste rock piles, Wismut GmbH follows two different approaches:

*  Moving waste rock pilesto the mined-out open pit at Ronneburg or to engineered sites.

e Indtuy,i.e in-place remediation.

Which of the two options is applied depends on local conditions. Table 3 shows the status of
waste rock pile remediation achieved by the end of 1999.

Table 3. Remediation of wasterock piles (as of 12/99)

Activities Results achieved Per cent complete
Excavation of waste rock material 60 million m® 40
Placement of waste rock material 10 million m® 56
Filling of open pit 51 million m°® 42
Waste rock pile regrading 2 million m® 40
Waste rock pile covering 1 million m® 20
Waste rock pile revegetation 275 ha 20

Dismantling and demolition

The majority of installations and buildings owned by Wismut GmbH are destined for dismantling
and demolition. Their continued use is not feasible for various reasons.

At Wismut, steel without radioactive contamination will be recycled. Demolition debris is
crushed before being reused inside the Wismut project for various purposes such as interim cover
layers on tailing ponds. Products made of asbestos cement will be disposed of in a hazardous waste
disposal facility.

After regulatory approval, radioactively contaminated material (e.g. scrap, rubble, timber/wood,
excavated soil) is either disposed of underground in obsol ete mine workings or above ground where it
is integrated into waste rock piles, tailing ponds or in the Lichtenberg open pit. Excavated soil that is
contaminated with both radionuclides and hydrocarbons will first have its hydrocarbon concentration
reduced to a prescribed level before it is eigible for disposal in the Lichtenberg open pit or for
incorporation into waste piles. Hydrocarbon contamination is treated microbiologically in temporary
treatment plants on Wismut terrain.
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Demolition at Wismut sites has produced more than 520 000 m® of debris and approximately
140 000 tonnes of scrap metal since the beginning of the clean-up. Table 4 shows the status of
dismantling and demolition achieved by the end of 1999.

Table4. Dismantling and demalition (as of 12/99)

Activities Results achieved Per cent complete
Demolition rubble 520 000 m3 70
Scrap meta 140 000 tonnes 70

Tailing pond remediation

Tailing pond remediation aims at a safe long-term storage of tailings by isolating them from the
atmosphere, biosphere and hydrosphere as much as possible. The techniques applied to achieve this
must ensure that emissions via air and water pathway are minimised to comply with regulatory
requirements.

At Wismut, these objectives are going to be achieved by in situ stabilisation of tailings. Further
planning will be based on this genera approach, while design details (contouring, covering, seepage
collection, vegetation, etc.) have to be optimised for each tailing pond under consideration.

Tailing pond stabilisation will involve the following steps:

* Removal, treatment and discharge of supernatant pond water.

* Interim covering of exposed tailing areas.

*  Regrading of dam and tailing surfaces.

e Fina covering of contoured surfaces.

e Landscaping and revegetation.

«  Collection, treatment and discharge of seepage.

«  Long-term monitoring.

For tailing pond stabilisation, removal of pond water is a prerequisite. Radionuclides and other
contaminants contained in supernatant and pore waters have to be removed and immobilised. For this
purpose, a water treatment plant installed at the Helmsdorf site to treat water from the Helmsdorf and
Dankritz 1 tailing ponds has been on stream since mid-1995. By the end of 1999, this facility had
treated some 7 million m® of pond water. Immobilised residues from the water treatment process are
deposited in an engineered disposa site within the Helmsdorf tailings facility where they will be

encapsulated as part of the final cover construction. Another water treatment plant is under
construction at the other large tailing pond areain Seelingstédt.

Placing of an interim cover is at various stages of completion at the different sites. Table 5 shows
the status of tailing pond remediation achieved by the end of 1999.
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Table5. Tailing pond remediation

Activities Results achieved Per cent complete
Pond water removal 160 million m3 80
Placing interim cover 350 ha 61
Placing final cover Oha 0

Water treatment

Contaminated water from Wismut remediation operations has to be collected and treated in
special water treatment plants to protect ground and surface waters from pollution. Such waters are
primarily:

Flood water Ground water that is pumped from a mine for flood control purposes
or that overflows at the surface when mine flooding is completed.

Pond and pore waters Mill process waters and precipitation contained in tailing ponds.

Seepage Infiltrated surface and pore water seeping from the toes of waste rock

piles and tailing dams.

Depending on site conditions, contaminant removal and immobilisation impose different water
treatment requirements. The wide range of treatment methods in use or being considered includes ion
exchange, precipitation techniques as well as ultrafiltration and reverse osmosis.

Since Wismut GmbH started to remediate its uranium mining liabilities, water treatment has been
one of the main tasks on the company's agenda Over the past nine years, approximately
200 million m® of contaminated water have been treated. Water treatment produced approximately
500 000 m® of residues which were disposed of properly. Water treatment costs to date amount to
some DEM 300 million.

Water treatment will continue to be a requirement for decades to come. After the closure and
remediation of mines, tailing ponds, and waste rock piles, contaminated water will continue to flow or
seep from these objects for some time and will need treatment.

Remediation of varioussitesin West Germany

From the beginning of the 1960s, five uranium mines and one ore processing plant operated in
West Germany. They were:
»  Ellweiler open pit, Rhineland-Pal atinate
- Operating period: 1960-72.
—  Production: 57 400 t of ore with about 0.03% U5Og; atotal of 15.3 t U5Os.
- Remediation: 1972.
- Remediation cost: no data available.

+  Menzenschwand mine, Baden-Wirttemberg
—  Operating period: 1961-90.
- Production: 98 900 t of ore with about 0.7% U3Og; atotal of 687.2 t U3Os.
- Remediation: 1991-93.
— Remediation cost: DEM 1.496 million.
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e Wade mine, Bavaria

Operating period: 1969-82.

Production: 4 800t of ore with about 0.06% U3Og; atotal of 1.36 t U3Os.
Remediation: 1993 -94.

Remediation cost: DEM 5.923 million.

. Hohenstein mine, Bavaria

Operating period: 1978-82.

Production: 13 900 t of ore with about 0.08% U5QOg; atotal of 10.8 t U3Os.
Remediation: 1993.

Remediation cost: DEM 0.926 million.

»  Grol3schloppen mine, Bavaria

Operating period: 1984-87.

Production: 18 600 t of ore with about 0.19% UsQOg; atotal of 35.7 t U3Os.
Remediation: 1989.

Remediation cost: DEM 1.729 miillion.

Thetotal production of these five mines amounted to 750.6 t UsOg (636.5 t U).

»  Ellweiler ore processing plant, Rhineland-Pal atinate

The Ellweiler plant was set up in 1960 near Birkenfeld, Rhineland-Palatinate, as a research
facility and was first supplied with ore from the Ellweiler open-pit mine. From 1961, it received ore
from the Menzenschwand mine. During the 1970s, Ellweiler also processed some of the ore from the
Waldel and Hohenstein mines. In a “substitution procedure’
Pal atinate commissioned and directed the remediation work at the site since the former operator of the

Operating period: 1960-89.

Processed ore: 173 300 t.

Production: 766.6 t UsOg (650t U).

Area covered by the tailings heaps: about 25 000 m?.
Surface area of the tailings heaps: about 27 000 .
Remediation: 1998-2000

Remediation cost: DEM 43 million

plant became insolvent.

After the shut down of the Hungarian Uranium Industry at the end of 1997, the Mecsekérc
Environmental Corp. began the closing and remediation works. The total project was prepared by this

- Hungary -

company and has been approved and financed by the Hungarian Government.

In 1998, the company prepared 130 studies, projects and reports that allowed a successful

co-operation with authorities and local governments in 1999.
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During 1999, thirty public procurements were started in addition to two international
competitions established in the frame of PHARE and ISPA programmes.

Main activitiesin 1999

The main environmental related activities performed in 1999 include:

Closing of underground facilities

*  Reorganisation of ventilate routes.

*  Dismantling of mechanical and electric equipment.
*  Building of “final” closing dams.

*  Removing of polluted areas: anfo, oil, alcali, acid.

*  Filling back of transportation and ventilation shafts (in part and completely).

Final evaluation of the Uranium Resources and Reserves

Remediation works on the surface facilities

* Invedtigation of polluted areas: radiation, petrol, alcali, acid.

e Decontamination: buildings, structures, instruments, tools, materials.
Remediation works on the waste heaps

*  Maintenance on the revegetated heaps. control of thickness of covering soil, replacement of
earlier planted vegetation.
»  Transportation of covering soil on the other heaps, including the leached heaps.

e Building of the drainage ditch around the largest waste heap.

Remediation of the leached heap No. 2

Because of the proximity of a water-table, it was necessary to remove material from the leached
heap No. 2. In 1999, 1 703 490 m® of material was transported to the largest waste heap.

Remediation works on the Tailing Ponds

*  Thefeashility study of the total remediation of tailing ponds was accepted by the authorities
and preparation of the licensing plans was started in 1999.
* Investigation of covering was finished.

* Investigation of load for the stabilisation was finished.
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Handling of the mine water

e The conceptual plan is ready.

»  Thetechnological, licensing and implementation plans are ready.

Reconstruction of water and sewerage system

Development of Environmental Protection

* 604 m new boreholes for monitoring.

Creation of database on final state of health of former employees
Main activitiesin 2000

Finishing of the underground works

Remediation of the surface facilities

e Dismantling and demolition in the ore processing plant.

*  Revegetation of the main transport and supply facility site.

e Finishing of the material removal from the leached heap no. 2.
Remediation works on the Tailing Ponds

*  Pollution containment.

e Water handling.

* Restoration of water quality.

»  Storage for the precipitation of the water treatment.

e Finishing and accepting of the implementation plans for the total remediation of tailing
ponds.

Aggregate cost data
The expected total cost for the sitein 1997 pricesis HUF 18.4 billion or about USD 92 million.

The total uranium produced between 1956 and 1997 was 21 251 tU.

Total cost based on the following specific items

e Planning, engineering and licensing: [02%.
«  Tailing ponds: = 163 ha= 11 734 000 to (120 417 000 m®,
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«  Wasterock piles: areais 82.57 ha; surfaceis 85.33 ha; and volume is 9 872 600 m®.
*  Processing plant facilities: ion exchange — 1 000 t ore/day; closed.
*  Mining facilities: underground — 1 000 t ore/day; closed.

e Reclaimed areas; 303 ha.

Relevant Legidation

There is no legiglation dealing specifically with the prospecting for and mining of uranium ores.
General mining legidation would, therefore, apply (Act No. XLVIII of 1993, as amended by Act
No. XII of 1997).

Under the Atomic Energy Act of December 10, 1996, the President of the Hungarian Mining
Authority is empowered to enforce technical and safety aspects of mining, in so far as they relate to
the activities licensed by the HAEA or licensed by the Minister for Health.

- Japan -

Government policies and regulations

Wastes from past uranium production activities have been controlled in accordance with al
related regulations. Regulations applicable for the shutdown of uranium mines and mills are as
follows:

e Uranium mining and milling facilities: Mines Safety Law (No. 70, 1949), Mine Safety
Regulations.

* Nuclear raw materials: Law on Regulation of Nuclear Source Material, Nuclear Fuel
Material and Reactors (Atomic Control Act No. 166, 1957) and Regulation for Nuclear Raw
Materials and Nuclear Fuel Materials Milling Operation.

Mine Safety Law and Regulations

The regulations are not only aimed at uranium mining and milling but also at commodities such
as oil, coal, limestone and metal mines. The regulations include radioactive safety clauses for uranium
mining and milling to prevent radiation hazards.

If the mining right is transferred or abandoned, the Mine Safety Law requires that responsibility

be established to take measures to prevent mine pollution from a waste rock dump, tailings disposal
site or an abandoned excavation. The act also establishes the entity that is responsible for thisissue.
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A holder of mining rightsis only allowed to dispose of waste rock, tailings and precipitates using
a form of piling and layering. Technical standards for reclaming wastes are established in the
regulation.

Waste rock and tailings are allowed to be disposed as piles. Protective walls and dams to prevent
collapse of effluents are required. After piling of the wastes is terminated, a disposal siteis required to
be covered by soil and revegetated, if necessary.

The above regulations are applied to al mines, including uranium mines. In an uranium mine, the
level of external radiation and radioactive materials in the air and water are of specia concern. They
are regulated to prevent radiation hazard to both workers and the public. Nothing is mentioned
following closure of afacility. It is interpreted, however, that the regulations for preventing radiation
hazards to humans in an operating facility apply to the closing of afacility.

Atomic Control Act (1957)

This Atomic Control Act is aimed at (1) restricting uses of nuclear raw materials, nuclear fuel
materials and nuclear reactors to civil purpose only, (2) preventing disasters and (3) securing public
safety. Thisact applies only to milling, not to exploration and mining activities.

When a milling facility is closed, the operator removes all nuclear fuel materia and
decontaminates the facility and disposes the contaminated materials. The regulatory minister requires
that necessary measures be taken if the close down actions have not been carried out properly. When
contaminated nuclear fuel materials are disposed outside the facility, safety measures are required
under the ministerial ordinance. The minister will require necessary measures to be taken when the
manner of disposal violates the ministerial ordinance.

Historical information on country’srestor ation activities

Currently, no uranium mining and milling is carried out in Japan. Environmental restoration plan
strategy for mining and milling facilities at the Ningyo-toge area, Okayama and Tottori Pref. is under
consideration. The plan may consist of stabilisation, disposal, and controlling of wastes such as
uranium mill tailings, precipitates and waste rock and other contaminated material. The mill facility
has been dismantled since 1983.
Facilitieswith ongoing or future plansfor restoration activities

All of the activities described below are related to environmental restoration activities at facilities
of the Ningyo-toge site, Okayama, Pref. as an example.
Mill facility

The operation of mill was started in 1964 and finished in 1981. Dismantling of the facility was

gradually carried out from 1983 to 1990 and from 1998 to 2001. The building is used for storage of the
disassembled materials.
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Heap leaching facility

Uranium recovery from the low-grade ore was carried out experimentally at the heap leaching
facility from 1979 to 1987. At present, the facility is inactive and under maintenance. Dismantling of
the facility is under consideration.

Mill tailings dam (tailings impoundment)

The mill tailings dam was constructed in 1964, and has disposed wastes consisting of mill
tailings, precipitates, filter sand from the mill facility, the heap leaching facility and the wastewater
treatment facility. The amount of wastes is about 34 000 m*® as of 1999. Additionally, mine water
discharged from old gallery is also stored temporarily. At present, a closet plan of the dam is under
consideration.

Waste rock dumps

From 1957 to 1986, 18 waste rock dumps were constructed. At present, all waste rock dumps are
inactive and being maintained. Closet activity plans of al dumps are under consideration.
Environmental monitoring

The environmental monitoring of the site, which is required by the mining safety act and
regulation, has been carried out since mining activity started. It includes the measurement of

environmental gamma ray, equilibrium equivalent radon concentration in the air, and the concentration
of U and Rain the surface water near the boundary of the site.

Waste rock dumps, sub-grade and ore stockpiles (number, volume, area)

Wasterock dumps

Tailingsimpoundments

Number 18 1
Total volumein m® 432 000 34 000
Total areain m? 77 000 125 000

Costs: restoration action plan including the cost estimate is under consideration at present.
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. Kazakhstan -

Government policies and regulations

Kazakhstan was one of the largest uranium producing regions of the former USSR. More than
100 occurrences of uranium mineralisation are located in the territory of Kazakhstan. Forty of them
are commercial deposits. Uranium extraction or exploration by mine works with radioactive waste
formation was carried out at 100 Sites.

Three large Combines for uranium ore processing were operated in Kazakhstan: Pricaspian
Combine, in the West part of the Republic; Tselinny, in the North; and Ulba Combine, in the East.
These Combines have formed large volumes of radwaste. Currently, uranium ore processing has
practically been stopped and radwaste are not being produced. Some wastes are produced at the Ulba
Combine during uranium pellet production.

Currently, uranium is being extracted in Kazakhstan using in situ leach (ISL) mining technology.
In this case, the volumes of solid wastes are almost entirely eliminated. At the same time, considerable
radionuclide contamination of ore bearing aguifers happens in the ISL process. If this aquifer is a
source of water supply for a population, the problem of groundwater restoration is a very expensive
and complex problem. If the groundwaters were previoudy not suitable for water supply, authorities
can give permission to leave the water without restoration after uranium extraction.

Most of the suitable deposits for ISL method in Kazakhstan are located in the territory where ore
bearing aquifers are not suitable for water-supply due to high salinity and/or primary contamination by
the natural radionuclides near the geochemical barrier of the redox front. In this case uranium
producers are permitted to rely on self-restoration (natural attenuation) for restoring the aquifers. This
generally takes 30-40 years.

In the future, uranium extraction in Kazakhstan will not create large volumes of waste. Use of
ISL will help reduce the problem of radwaste management. At the same time, the radwaste located at
former conventional milling sitesis an important problem for Kazakhstan.

The first economic uranium deposit in Kazakhstan, Kurday, was discovered in the South of
Kazakhstan in 1954. Mining of this deposit began soon after. For ore processing of this deposit and as
well as other South Kazakh mines the Kirgiz Production Centre (mine-ore combine) was put into
production in 1959. Now the Kirgiz Combine together with its process tailings are situated in the
territory of Kirgizstan. Further discoveries of uranium deposits and their extraction led to the
construction of the above named Combines. Mines and Combines have formed about 235 million
tonnes of waste rock dumps and tailings. During operation of these enterprises, some reclamation
work was carried out, but most remain unrehabilitated.

The former USSR had no legislative base for radwaste management. All work was carried out
through departmental instructions. After the collapse of the USSR, Kazakhstan began to create a
legidlative base. Now Kazakhstan has the Law On Using of Atomic Energy and a Draft Law On
Radwaste Management. There are regulatory codes on decommissioning and reclamation of
production areas. Several projects for reclamation of areas with mining and milling wastes have been
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established. However, none of these projects are being carried out due to financial difficulties in
Kazakhstan.

The first document regarding radioactive waste was the Regulation on the Use of Atomic Energy,
Radioactive Waste and Spent Nuclear Fued Management adopted by Resolution No. 364 of
11 April 1994. On the basis of this Regulation, the radwaste management system in Kazakhstan was
created. But this work was stopped due to financial difficulties in the country. The main complication
of this prablem is that the largest volumes of existing radwaste have no owners, due to the liquidation
of enterprises after the collapse of the USSR. The Government of Kazakhstan by specia decree
assigned the responsibilities for radwaste management (including mine and milling waste) to the state-
owned company NAC Kazatomprom. However, they were given no budget for this work.

Radioactive waste management by the existing and projected enterprises is implemented on the
basis of the Law On Licensing of 17 April 1995 and Governmental Decree No. 100 On Licensing
Activity Connected with Atomic Energy Use of 12 February 1998. The authority responsible for
licensing is the Atomic Energy Committee of Kazakhstan. Surveillance functions are carried out by
the Ministry of Health, Ministry of Natural Resources, and the Agency on Emergency Situations.

Historical information on the country srestoration activities

Systematic investigation and inspection of mine and mill waste in Kazakhstan started in the
1990s. First investigations were carried out by the geological enterprise Volkovgeologia under
projects approved by Ministry of Ecology. The goal of this investigation was to determine the volume
and condition of waste rock dumps. Such works were carried out in the south of Kazakhstan at the
sites of 3 deposits (Ulken-Akzha, Kurday, Panfilovskoe). The geological enterprise Stepgeologia
began to carry out similar work in the north of Kazakhstan (Kosachinoe deposit and others). But soon
this work stopped due to budget difficulties.

Investigation within the framework of the TACIS Programme of the European Union; Assessment
of Urgent Measures to be taken for Remediation at Uranium Mining and Milling in the
Commonwealth of Independent Sates, Regional Project No G42/93, Project No NUCREG 9308 in
Kazakhstan were carried out in 1996-1998. This project included four phases:

1. Identification of sites.

2. Radiological survey of the selected sites and measurements.
3. Geochemical and hydrogeologica modelling.

4. Assessment of remediation options and ranking.

In connection with the condition and results of projects, in the framework of this project only the
work of the first and second phases were carried out in Kazakhstan. As a result of the first phase,
100 sites of mine and mill radioactive waste storage were revealed. The sites are located in different
parts of a huge area of Kazakhstan and are characterised by various features. Three criteria were used
for determination of the degree of danger of the sites: proximity to populated area, climate of sites
(precipitation) and grain size of waste. 78% of sites are located farther than 3 km from popul ated
places, 80% are located in an area with precipitation less than 300 mm/y. 70% of volumes of radwaste
are characterised by grain size lessthan 1 mm. The last factor is the factor of greatest risk.

According to these criteria and some other circumstances, 6 sites were selected for carrying out
further investigation under the second phase of the project: measuring, sampling and anaytical works.
Sites were selected to include the entire spectrum of situations. Two sites include exploration waste

237



(Kyzyl and Kosachinoe), 2 are mining sites (Kurday and Botaburum) and 2 sites have tailings
accumulations (Pricaspian and Ulba Combines). Of these, Kyzyl, Botaburum and Pricaspian Combine
are located in a zone with precipitation of less than 300 mm/y and Kosachinoe, Kurday and Ulba
Combine—of more than 300 mm/year.

According to the detailed plan of the second phase of the project, the following activities were
carried out at each site: radiometric survey (if needed); lithochemical sampling; water sampling;
vegetation sampling; aerosol sampling; and radon measurements.

The types of sampling are determined on the basis of the task of dose assessment for the
population. In this case, lithochemical sampling and radiometric measurements are being carried out
for determination of mainly external exposure dose. Water and air sasmpling data allow the assessment
of internal exposure dose caused by water and food use. Based on the results of data analysis at each
site, the directions of diffusion flow are determined and the points of sampling are planned. The
sampling volumeis used so that it is possible to determine the area of the radionuclide contamination,
as well as the radionuclide diffusion flow and characteristics of the area of the radioactive material
remova from waste dumps. In addition, sampling was carried out for the determination of the
background.

Lithochemical sampling is carried out by the “envelope method” (Im x 1m). At al points, a
common assay and small fraction (up to 0.2 mm) are sampled. Water sources are sampled up and
down the hypsometric level of the waste sites. Vegetation sampling is carried out a the same places as
litho-chemical sampling. The top part of plants (higher than 3-5 cm from earth surface) are used for
assay material. Aerosol assays are sampled on 0.5m x 0.5m sticky screens which are left in place for
48 hours and then burnt. The ashes are analysed and then, taking into account the exposition time and
sticky screen square, the radioactive fallout intensity is determined (as Ci/sg. m per day). These sticky
dust-radiation screens are placed according to the wind direction during measurements. Radiometric
measurements are carried out using a radiometer SRP-68-01. Measurements of radon concentration
near the ground surface are carri