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Abstract. For more than 50 years, more than 200 sites were prospected and mined to extract uranium in France. 
Haute-Vienne, in the Midwest of the country, played a leading position. Up to the present, rehabilitation of the 
sites is nearly complete and surveillance is the way of assessing its efficiency. In 2003, AREVA NC was asked 
to produce a report presenting the results of the ten-year (1994-2003) monitoring and surveillance of the 
rehabilitated sites and their environment. In 2006, the Institute of Radioprotection and Nuclear Safety (IRSN) 
was asked to perform the technical review of this report. This review led IRSN to recommend actions to improve 
the monitoring systems and minimise discharges to the environment. Results and recommendations were 
presented to and discussed with the pluralistic expert group (GEP) created in 2006 by the French ministries of 
environment, health and industry. 
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1. Introduction 
 
For more than 50 years, more than 200 uranium mining sites scattered over a large part of the French 
territory were prospected and put in production. Haute-Vienne, in the Middle West of France, played a 
leading position. It yielded nearly one third of the total national production and still hosts 5 of the 18 
tailings repositories that represent roughly 24 000 000 tons. Rehabilitation of most sites is now 
complete and remaining activity mainly consists of surveillance and control and of maintenance of 
several water treatment facilities. AREVA NC (formerly well known as COGEMA) is responsible for 
the management, monitoring and surveillance of all these sites and facilities.  
In 2003, the French authorities asked AREVA NC to produce a report presenting the results of the ten-
year (1994-2003) monitoring and surveillance of the rehabilitated sites and their environment. 
In 2006, the Institute of Radioprotection and Nuclear safety (IRSN) was asked to perform the technical 
review of this report in order to propose possible options to the regulatory body to improve the 
management and monitoring provisions and reduce impacts of the sites over the short and long term. 
The review focussed on understanding the functioning of the sites after rehabilitation - and in 
particular the hydrogeological functioning of the sites hosting uranium mining tailings - and analyzing 
the environmental data with regard to human and environmental impacts (radiological and chemical). 
 
2. Content of the AREVA NC ten-year (1994-2003) environmental report supplied to the 
authorities  
 
In 2004, AREVA NC provided a report (hereafter named “BDE report”) [1] devoted to giving the 
feedback on the surveillance and monitoring of the rehabilitated uranium mining sites of the Limousin 
Region. The report has benefited from 10 years of analysis to throw light on the quality of the 
rehabilitation of the sites. 
It encompasses 3 main parts: the first one is a general presentation of the mining activities within their 
geographic, environmental, climatic, hydrologic, hydrogeological and human context. The second part 
tackles the impact issue on man and environment and the third part consists of a proposal of a 
surveillance network, which is based on a prior ranking of the identified impacts. 
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3. Objectives of the IRSN technical review and interaction with the Pluralistic Expert Group 
(GEP) 
 
The review was launched after the authorities demanded AREVA NC to submit the BDE report to an 
objective body capable of putting forward recommendations about the surveillance of the rehabilitated 
uranium mining sites over the mid and long term period of time. 
 
The objectives of the work undertaken by IRSN were to evaluate the efficiency of the rehabilitation of 
the sites through the review of surveillance data and to size-up the relevance of the surveillance 
network with regard to the future needs and the knowledge of the evolution of the mining systems 
with time. The objectives were also to figure out the way the method of impact assessment on man and 
the environment were applied by AREVA NC to the sites of the uranium mining Division of La 
Crouzille. 
 
As a follow-up of the review, IRSN issued recommendations devoted to improving the monitoring and 
surveillance of the rehabilitated uranium mining sites and their close environment, and impact 
assessments over the short as well as the long term [2][3]. 
 
The IRSN review was carried out in connection with the Pluralist Expert Group (hereunder named 
GEP) established in June 2006 at the initiative of the French ministries in charge of the environment, 
health and industry. Skilled GEP members have been directly involved in the technical discussions 
which took part within 3 work groups (WG) depending on the topic approached: WG1 : source term, 
discharge and transfer to the environment, WG2 : Impact on Man and the Environment, WG3 
Regulatory issues, long term monitoring and control. The set-up of a fourth group (WP4) turned out to 
be necessary to deal with all monitoring matters. Its work has been launched by the end of 2007. Two 
progress reports are available [4][5]. 
 
4. Overall outcomes of the review 
 
The review [3] of the AREVA NC BDE report led to the conclusion that 3 kinds of actions could be 
undertaken to enhance the confidence in the efficiency of the remediation and in the control of the 
functioning and dysfunctioning of the mining entities, including water treatment facilities. The aims of 
these actions are: 

- To reduce the present imprints on the environment over a short term period by limiting the 
radionuclide discharges from the sites (i.e. reducing the source-term) ; 

 
- To set up appropriate monitoring and surveillance actions able: 

 to detect any dysfunction of the water treatment plants and rehabilitated sites ; 
 to better characterize the releases (controlled or diffuse) and the subsequent 

imprints on the environment ; 
 to acquire data to perform realistic impact assessment on human health (and the 

environment if need be) ; 
 

- To undertake researches to improve the understanding of the mining entity behaviour 
(hydrologically in particular). This may come to a proposition of a modelling of the 
rehabilitated mining entities functioning and of a surveillance network fitting the mid and 
even long term issues. 

 
The feasibility and relevance of such actions are discussed and suggestions are made concerning the 
monitoring and surveillance of the rehabilitated sites. 
 
5. Detailed outcomes of the review 
 
5.1 Lessons regarding the regulation 
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The statute limitations of the discharges from post-mining uranium sites to the environment are 
supposed to guarantee that the subsequent imprints on the media and impacts on humans and the local 
ecosystems remain at an acceptable level. The difficulty comes from the definition of what does an 
acceptable level means and from the lack of knowledge about the real effect of chemical and 
radiological species (mainly radium and uranium) on the ecosystems. 
 
The review of the origin of the regulatory values within the context of post-mining activities showed 
that they are not based stricto sensus on the limitation of risk for man and environment. They are 
derived from annual incorporation limits, in effect before the transcription of the EURATOM directive 
96/29, and take into account the feedback relative to the surveillance of the releases managed by the 
operators and also the technological means available. 
 
From an operational point of view, the operator can intervene more easily upon the quality of the 
releases through, for example, treatment processes, than upon the quality of the receiving 
environmental media. For this reason, the standards can not apply to something else than the quality of 
the releases. Nevertheless, the basis of the standards have to be re-evaluated so that they can meet the 
objectives of protection of humans and environment. 
 
Up to the present, attention has been focussed on the soluble part of the liquid releases and on the 
radium concentrations. Mainly two observations have led to reconsider the relevance of these criteria 
and to pay more attention to the particulate part of the discharge and to the uranium concentration.  
First, uranium imprints in the sediments of waterponds downstream the releases of some sites and 
downstream the drainage area have been observed. Secondly, the uranium standard of 1.8 mg/L which 
is the reference value held within the mining industry overall regulation (RGIE), appears to be much 
higher than concentration values allowed in other countries. Values applied in other countries can be 
twenty times lower than the French standard. The guide value of 15 µg/L set by the World Health 
Organization (WHO) for drinking water can also be quoted for information; this provisional value is 
based on health criteria with regard to the chemical impact of uranium on man. 
 
Another lesson from the survey is that the regulatory prescriptions concentrate on the collected fluxes 
and do not take into account specifically diffuse fluxes, as for example discharge to watercourses from 
the leaching of uranium mining waste rock dumps. This issue has to be explicitly included within the 
regulatory policy. 
 
5.2 Actions to reduce the source-term  
 
The source-term is characterized by the radioactivity discharged to the environment through water 
releases and dust or gas emissions. It also encompasses the exposure to gamma ray through gamma 
flux and/or gamma dose rate.  
 
Reducing the source term involves carrying out actions focused on the optimisation of the 
management and treatment of the water (collected or diffuse) arising from mine sites. 
 
Considering the benefit/disadvantage balance, two simple actions have been identified. 
The first one concerns the diffuse water fluxes arising from the leaching of the uranium mining waste 
rock dumps and in particular the ones located near watercourses because of the subsequent potential 
impact on the natural water quality. The first step is to conduct an inventory of all the waste rock 
dumps located near watercourses and to evaluate the contribution of the leachate outflow at the bottom 
of the dump to the environmental impact. It may then be necessary, according to the result of this step, 
to think about a specific way of dealing with these outflows at the bottom of waste rock dumps. If 
relevant, this could consist of collecting and to treating these outflows. 
The second action concerns the water treatment processes. Increasing the efficiency of the settling 
may be the unique solution to be undertaken as a simple action. This can be done through an 
additional settling pond. 
 



4 

Figure 1: Leaching of a barren rock dump 
 

  
 
5.3 Monitoring and surveillance actions 
 
Monitoring and surveillance actions are to be comprehended as routine actions with 3 overall 
objectives: 

- Acquiring knowledge (and the corresponding data) on the present functioning of the mining 
entities including the source-term evolution, and being able to detect any dysfunction. This 
could permit to suggest a potential evolution over the short as well as the long term; 

- Checking compliance to the regulatory demands and bringing to light the environmental 
imprints; 

- Supplying data for the quantitative impact assessment on man and the environment. This 
includes the radiological and the chemical impact. 

 
The surveillance network, put in place by AREVA NC since the end of the remediation (and even 
before), is useful and relevant with regard to the objectives of the surveillance mentioned above. 
However, further measures are needed. They are presented below. 
 
5.3.1 Characterizing the present  functioning of the system 
 
In order to be able to suggest any evolution in time of the system to adapt the surveillance network 
subsequently, it is essential to know how the system works by now. The more critical aspect concerns 
the hydrogeological behaviour of the mining entities encompassing a tailing deposit. Surveillance 
actions consist of:  

• Survey of the chemical and radiological quality of the waters of the different water sources 
(stream water, water from open pit mines, underground water..) ; 

• Inventory and survey of existing or new boreholes drilling to determine the water levels ; 
• Assessment of the watercourse flow up- and downstream the mine sites in order to be able to 

perform mass balance regarding the mining infrastructure. 
The data may be of relevance to bring to light any potential leakage from mining entities. 
 
Another point of importance is to measure the efficiency of the post-mining operations with regard to 
dose rate and radon emission. Up to now, all rehabilitated areas do not show stabilized gamma dose 
rate or measures of radon. It is particularly the case upon barren rock dumps and upon some tailing 
deposits which are isolated from air with a few meters of barren rock cover (from 2 to 12 meters). The 
surveillance of these parameters is the guarantee of the efficiency of the rehabilitation and could 
permit to highlight any potential dysfunction. 
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The surveillance is also devoted to dealing with the water treatment plants by assessing the efficiency 
of the chemical treatment as well as the settling phase. It consists in a surveillance of uranium and 
radium soluble and insoluble content within the collected and the released waters after treatment. 
 
5.3.2 Surveillance of the release (including diffuse fluxes) and environmental imprints 
 
Location of the controls to be set in the environmental media is mentioned in the table hereafter. 
 
 
Table 1: Surveillance of the environment 
 
 Receiving media 
 Water  Sediments Aquatic plants 

Releases Watercourse downstream 
the release 

Diffuse 
fluxes 

Watercourse downstream 
the outflow at the bottom 
of the barren rock dump 
 

The surveillance of 
the watercourse 
sediments doesn’t 
appear to be relevant 
because of 
uncertainties partly 
linked to the difficulty 
to have representative 
sample 

The surveillance of the 
watercourse plants doesn’t 
appear to be relevant because 
of uncertainties partly linked 
to the difficulty to have 
representative sample and to 
the difference between the 
nature of the sample which 
varies according to the 
sampling location 
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Any Watercourse downstream 
the drainage area 
 
Confluences of 
watercourses 
 
Natural watercourses 
upstream the 
releases/diffuse fluxes 
within the drainage area 

Waterponds 
sediments (through 
sediment-trap) 

Ecological survey of the 
watercourses and waterponds 
based on Biological Index 
(like IBGN) 

 
Concerning the parameters to be monitored, the critical analysis showed that not only radium is of 
importance but also uranium. The reason is that significative uranium concentration in sediments in 
ponds downstream the releases have been observed (locally above 10 000 Bq/kg). This contamination 
may results from sorption of dissolved uranium on natural particles but also partly from the discharge 
of non negligible quantities of uranium under particulate form. This led IRSN to suggest ensuring the 
monitoring of soluble as well as insoluble forms. Moreover, this can help to judge the efficiency of the 
treatment plants and in particular the settling process. 
 
The chemical aspect of the environmental imprints has to be taken into account. This concerns the 
surveillance of the parameters linked to the treatment processes (concentration in barium in particular) 
but also the chemical parameters specific of the source term that is the natural chemical content of the 
waters arising from underground mine or open pit mine. The characterization of the chemical input is 
not well defined yet. Effort must be made to fill this gap. 
 
Concerning the surveillance of the environment, IRSN promotes the measures of biological indexes 
within watercourses and of the quality of sediments sampled in waterponds via sediment trap. 
 
5.3.3 Acquiring data to perform impact assessment 
 
The major issue concerning the impact assessment on man is that it is based on field measures that 
often give results under the detection limits. In a precautionary approach, the impact calculation 
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considers that the exposure values under the detection limits are equal to the values of the detection 
limit or this limit divided by a factor 2. As a consequence and because detection limits are sometimes 
quite high, the calculated added doses are high too and could sometimes significantly overestimate 
real exposures.  
IRSN suggests to bring down the detection limit and to proceed to the measure for the radionuclides 
which contribute to a great part of the dose and whose concentrations are determined as a result of 
equilibrium hypothesis. It is the case of lead 210 and polonium 210. 
 
Concerning the radiological risk assessment for the ecosystems, a method (ERICA) is being tested 
within the GEP work group n°2 upon the Ritord drainage area. This method merges from works in the 
framework of European projects. According to the results of the exercise led by WG2, the tool could 
be used by AREVA NC to tackle the quantitative environmental impact assessment. If implemented, 
this method would have to be reinforced with the results of the biological indexes surveillance. 
 
Concerning the chemical impact assessment, improving the characterisation of the source-term is the 
first step to be taken. The chemical impact of uranium seems to have to be considered within the 
context of uranium post-mining activities because of a chemical toxicity higher than the radiological 
one. 
 
5.4 Actions to improve knowledge on processes  
 
Theses actions are essential because they allow the understanding of the processes involved within the 
environmental imprints. This is very useful within the objective of developing a model to propose an 
evolution of the system in time and to delimit the surveillance in the most relevant manner. 
 
Four main topics are dealt with: the water and sediment imprints, the water treatment options and the 
exposure to radon. 
 
5.4.1 Water imprint 
 
The uranium mining waste rock dumps leaching is a potential way of imprint of the watercourse. It is 
thus important to make efforts to characterize the quality of the leaching water and its evolution in 
time within the objective of a long term assessment. 
 
The second potential not-well-known contributor to water imprint is the leakage from hydrogeological 
mining entities. Surveillance actions upper-described are expected to give a lot of information about 
these kind of impact. A special work will concern the modelling of the hydrogeological behaviour and 
the assessment of impact over various periods of time. This mathematical model development 
constitutes one of the axes of these actions. 
 
5.4.2 Sediment imprint 
 
Sediments are very sensible to the environmental releases of radioactive materials because of their 
ability of trapping radionuclides. They can thus accumulate radioactivity and lead to the dysfunction 
of the local ecosystems. Therefore, it is necessary to identify the parameters involved within the 
accumulation processes and, if possible, to quantify them. The aim is to anticipate the future needs of 
waterpond dredging and to elaborate a program for the management of the uranium rich sediments. 
The underlying question is about the concentration level of the radionuclide from which dredging 
would be decided and, consequently, the concentration from which unacceptable effects on the 
ecosystems would be expected. 
 
5.4.3 Water treatment options 
 
To take into consideration the long term dimension of the former mining sites surveillance, the role of 
water treatment needs appears to be essential. Some treatments named passive treatments are already 
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being studied by AREVA with many unknowns as for example the uranium desorption processes, the 
volumes of uranium-rich-materials to be dealt with. On going research on wetland must be pursued. 
 
5.4.4 Exposure to radon 
 
The question of the representativeness of the surveillance points appears to be of importance, 
particularly regarding the surveillance of air quality (and gamma dose rate). As a matter of fact, radon 
concentration over a whole surface of an open pit mine filled with tailings is controlled through an 
unique dosimeter placed at the middle of the area. Considering the difference of thickness of the 
barren rock cover (from 2 to 12 meters observed), the exhalation of radon is expected to show specific 
fluctuations according to the sampling location. 
IRSN suggested then AREVA NC to produce some evidence of the representativeness of the 
surveillance network with a focus on the surveillance of the tailing deposits. 
 
Figure 2: Location of the dosimeter on the tailing deposit of Bellezane in the drainage area of the 
Gartempe river 
 

  
 
Another issue reviewed concerns the role of the underground tunnels on the radon concentration in 
dwelling. Theoretically, existing underground mine tunnels may have an effect on the upper radon 
concentration through exhalation and convective transport processes, all the more so the tunnels are 
not completely drowned. Thus, dwelling built above these areas could show increased concentrations 
of radon, depending on the thickness and fracturing of the rock cover. Nevertheless, no measurement 
of this concentration within houses has been undertaken to confirm or not that hypothesis by now.  
Consequently, IRSN recommend acquiring information likely to size-up the potential of exhalation of 
radon into the underground tunnels and of convective transfer from these tunnels to the environment. 
It suggests to make a precise inventory of the villages built above areas under which underground 
tunnels exist and to describe the main characteristics of these tunnels and in particular the banking-up, 
their depth and level of drowning and the fracturing of the upper rock. 
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Figure 3: Example of location of underground tunnels with respect to the situation of the Pény village 
in the drainage area of the Vincou river 
 

 
⁄ underground mine tunnel               29  dosimeter 

 
7. Conclusion 
 
The editing of the ten years environmental report by AREVA NC and its critical review by IRSN gave 
the opportunity to make a break point on the situation of the former uranium mines in France and in 
particular the resulting impact on the environment and man and the issues to be dealt with within the 
context of the short and long-term surveillance of the sites. 
Most of the recommendations put forward by IRSN have been supported by the GEP. These 
recommendations concern issues that can lead to the reduction of the impact of the uranium mining 
sites. The three main recommendations concern: 

- the assessment of the impact of the barren rock dump leaching on the downstream watercourse 
and the limitation of it, if need be; 

- the need to get data to characterize the hydrogeological behaviour of the mining pools. This 
knowledge will allow to propose a mathematical model witch could be used as a basis for the 
long term assessment; 

- the need to pursuit the experimental investigations about passive techniques for the treatment 
of uranium and radium containing waters. 

 
Methodological issues have also been discussed through the IRSN review and in particular the 
methodology of the impact assessment on the environment. IRSN, together with the GEP work group 
2, encourages AREVA NC to use the ERICA (Environmental Risk from Ionising Contaminants: 
Assessment and Management) methodology [6][7][8]developed within the context of the EC Euratom 
sixth framework and as a first stage, the screening step. Concerning the surveillance, it is suggested to 
implement a surveillance of the ecosystem through the control of biological indexes rather than the 
measure of the concentration of radionuclides in terrestrial and aquatic organisms. 
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