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FOREWORD 

This International Symposium on Uranium Raw Material for the Nuclear Fuel Cycle: 
Exploration, Mining, Production, Supply and Demand, Economics and Environmental Issues 
(URAM-2014) was the fourth in a series of symposia to discuss issues related to uranium raw 
materials. These symposia covered all areas of the uranium production cycle — including 
uranium geology, exploration and mining; milling and refining of uranium concentrates; and 
safety, environmental, social, training and regulatory issues — and reported on uranium supply 
and demand, and market scenarios. The first symposium was held in October 2000, at a time of 
extremely depressed market prices for uranium and of mines being closed, and primarily 
addressed environmental and safety issues in the uranium production cycle. By the time the 
second symposium was held in June 2005, after nearly two decades of depressed activity, the 
uranium market had started to improve owing to increased demand due to rising expectations 
of an expansion of nuclear power. Thereafter, a dramatic rise in the uranium spot price, peaking 
in 2007, promoted a significant increase in uranium exploration activities all over the world. 
The uranium industry was still quite buoyant at the time of the third symposium in the series, 
held in June 2009. 

By the time URAM-2014 was organized, the uranium spot price had fallen and uranium 
exploration had slowed. Some proposed mines were still being opened while the development 
of others was being postponed. Thus, the papers represent yet another snapshot in time, 
reflecting the cyclical nature of the uranium exploration, mining and production industry. 

URAM2014, held in Vienna on 23–27 June 2014, saw the participation of over 
250 experts from over 60 Member States. About 90 oral presentations spread over 14 topical 
sessions covered all aspects of uranium production cycle, with additional special sessions on 
uranium from unconventional resources and recovery of thorium and rare earths. About 
80 posters were also presented. Even though uranium markets were down to a ten year low at 
the time of the symposium, the meeting demonstrated that the uranium industry was taking the 
lead in developing innovative exploration and production solutions expected to keep the costs 
low while achieving high health, safety and environmental performance. New initiatives like 
innovative financing, ‘smart mines’, integrated exploration and ‘wealth from wastes’ were 
discussed extensively at the symposium. Other issues discussed included the need for priority 
attention to social licensing and stakeholder engagement; systematic and ongoing investment 
in uranium exploration; the rollout of new technologies across the uranium production life 
cycle; the need to focus on sustainable recovery of low cost resources; mobilization of scientific 
and intellectual capital; and the refined taxonomic classification and reporting systems. 

The present publication constitutes the record of the symposium and includes the 
summaries of the individual sessions, the opening address, a summary of the panel discussion, 
the closing keynote addresses and the symposium president’s concluding remarks. The 
technical papers based on the oral and poster papers are available on the accompanying 
CD-ROM. 

The IAEA acknowledges the contributions of the experts who participated in the 
pre-symposium consultancy for evaluation and selection of papers for oral and poster sessions 
and outlining of the symposium programme. The IAEA officers responsible for this publication 
were P. Woods, H. Tulsidas and M. Fairclough of the Division of Nuclear Fuel Cycle and Waste 
Technology. 
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SUMMARY 

1. INAUGURAL SESSION 
 
The opening session provided the opportunity to set the scene for the 14 technical sessions 

that would follow during the symposium. In his welcoming address, J.C. Lentijo, Director of 
the IAEA’s Nuclear Fuel Cycle and Waste Technology Division, reminded delegates of the 
changes in the uranium sector since the optimistic times of the previous URAM symposium 
held in 2009 [1]. The sustained downturn in the uranium price has had profound effects on the 
uranium mining and milling industry, which could have two major mid- and long-term 
implications. Firstly, the industry may not be ready for increased demand for uranium if the 
nuclear energy scenario improves in future, as is expected, and current apparently surplus stocks 
are gone. Secondly, the industry must resist increasing financial pressure and maintain the good 
standards and practices that have been gained during the past decades. The uranium industry 
has been successful in the past couple of decades when it has become a champion of good 
practices, and has been a leader in adopting good practices and coming up with innovative 
solutions. It has become very resilient to these issues and must continue to do so. 

The President of the Symposium, M. Cuney (France), then welcomed all the participants 
and commented on the broad international participation and high number of oral and poster 
papers. This year a wider range of topics is included compared to the previous URAM2009. 
The long-term sustainability of nuclear power will depend on, among several factors, an 
adequate supply of uranium resources that can be delivered to the marketplace at competitive 
prices. To discover increasingly hard to find U deposits, generally at greater depth, a better 
understanding of the genesis of uranium ores and more sophisticated exploration technologies 
will be required. This meeting allows exchange of ideas and allow participants to take home 
some of the information they need to fulfil these challenges. Mr Cuney also paid tribute to the 
president of URAM2009, the late Franz Dahlkamp (19312013), a world-recognized leader 
in uranium geology, supporter of IAEA’s endeavours and friend and mentor to many in the 
field. 

Scientific Secretaries P. Woods and H. Tulsidas of the IAEA added their welcome and 
appreciation of the efforts of the President, Programme Committee and IAEA Secretariat in 
bringing the symposium into fruition. Collaboration within the IAEA and some of its other 
activities in the uranium production cycle was highlighted. 

In the first keynote speech, I. Leboucher1 (France) spoke on the uranium and nuclear 
market, the horizon post-Fukushima. Notwithstanding the Fukushima accident, most countries 
have confirmed the importance of nuclear in their energy mix. We are seeing a level of new 
reactor construction unparalleled in decades with 61 nuclear power plants under construction 
and five plants under completion around the world. Further additions can be expected over the 
next two decades. The uranium industry is still grappling with near-term challenges, particularly 
in the form of depressed uranium prices. Recently several uranium producers announced 
production delays or cancellations in response to low prices, including major suppliers. As the 
current price levels, including long-term prices, are not sufficient to stimulate new production, 
future supplies are in question due to the long-lead nature of uranium mine development. 
Despite the near- to medium-term issues of our industry, the fundamentals of the uranium 
market remain strong over the long term. Utilities are looking for reliable, sustainable suppliers. 
For France’s Areva, these are the drivers of the company’s mining growth strategy over the 
coming years.  

                                                 

1 On behalf of  F. Lelièvre who was listed in the programme.  
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S. Foster of the Sustainable Energy Division of the United Nations Economic 
Commission for Europe (UNECE), in cooperation with the IAEA for this event, spoke of the 
UNECE’s efforts to harmonize the world-wide reporting of energy resources including uranium 
[2], and the importance of security and sustainability of supply for the nuclear power industry. 

The Organization for Economic Co-operation and Development–Nuclear Energy 
Association (OECDNEA) was another cooperating organization for URAM2014. R. Vance 
gave an overview of the NEA’s activities in the uranium production cycle, in particular the 
imminent publication of the NEAIAEA joint biennial ‘Red Book’, Uranium 2014: Resources, 
Production and Demand [3] and the recent release of its ‘Managing Environmental and Health 
Impacts of Uranium Mining’ report [4]. He commented that secondary supplies are still 
potentially available from historic highly enriched uranium stockpiles, and on the diverse and 
sometime contradictory trends that influence both supply and demand for uranium as a nuclear 
fuel. 

Closing the opening session I. Emsley of the World Nuclear Association (WNA), the 
third cooperating organization for the symposium, outlined WNA’s activities in the uranium 
production cycle. For utilities, security of supply is paramount in their consideration of uranium 
supply. The WNA provides a daily news service and many other publications, as well as holding 
symposia and conferences. It has developed, with its members, a sustainable development 
checklist that was presented later during the symposium. 

 
2. SESSIONS 1 AND 2: URANIUM MARKETS AND INDUSTRY 

 
Seven papers presented in this session discussed various aspects of uranium markets and 

the dynamics of demand and supply. The first paper on uranium supply to 2060, based on an 
ongoing IAEA study on the topic, discussed various scenarios for nuclear energy growth to 
2060, demand for uranium fuel and production sources and projects in pipeline. Three demand 
cases projected the reactor uranium requirements — the reference scenario projects a 1.8% per 
year growth in nuclear power capacity; the high demand scenario assumes a 2.4% per year 
growth; and the low demand scenario projects negligible growth. The global uranium resource 
estimates and production plans were reviewed and it was concluded that the existing uranium 
resources will not constrict the use of nuclear power in the next half century.  

Since the mid-1960s, with the co-operation of their member countries and states, the 
OECD Nuclear Energy Agency (NEA) and the IAEA have jointly prepared periodic updates 
(currently every two years) on world uranium resources, production and demand, commonly 
known as the ‘Red Book’. The second talk in the session emphasised that uranium spot prices 
have declined by about 50% since the Fukushima accident. The early retirements and the 
prolonged shut-downs of some nuclear power stations led to an oversupplied uranium market, 
putting further downward pressure on uranium prices. The talk presented details of projections 
of nuclear generating capacity and mine production, which have been significantly scaled back 
from previous projections in the Red Book. 

World Nuclear Association (WNA) publishes Nuclear Fuel Market Report on a regularly. 
The next talks summarized the demand scenarios of three capacity projections based on the 
outlook for existing and new nuclear countries. Uranium resource estimations are taken from 
the Red Book and the prospects for new and existing mines assessed on a site-by-site basis. 
Both prospective uranium requirements and primary uranium supply have decreased since the 
previous 2011 WNA report, the latter markedly so from the mid-2020s. Secondary supply is 
projected and expected to remain high to 2030. Increased uranium market uncertainty has 
resulted in the cancellation and deferment of a number of mining projects. As a result, the 
existing and expected capacity plus secondary supply will be insufficient on current plans to 
meet reference scenario requirements by about 2024. 
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The next talk summarized dynamic of the mining industry to respond of the need of the 
market to explore and discover new deposits. For the first time in the uranium industry, the 
effort was conducted not only by the established mining companies but by more than 800 
‘junior’ mining companies. These companies have introduced new methodologies, innovations 
and fresh approaches to uranium exploration. They discovered new deposits, transformed 
historical resources into standards-compliant resources and reserves. New large resources were 
developed in Africa, North America and Australia. However, new production from this effort 
still limited to less than ten percent of the global production. It is also essential that follow-up 
feasibility studies must confirm the resource quality and viability of profitable mining.  

There are currently 28 nuclear power plants under construction in China. It will be 
therefore very significant to understand the nuclear growth scenarios and resultant uranium 
demand from China. The next talk pointed out that most the new nuclear plants will be put into 
operation sequentially in the next few years. China follows a three-pronged approach to 
ensuring the supply of uranium. Domestic production is seen as one of the channels to meet the 
increased requirement. With the intensive exploration in northern China focused on sandstone 
type of uranium deposits, some significant resources were discovered in recent years. 
Development of overseas uranium resources is another channel to supply, which is being 
actively developed by China. Many properties have been acquired by national Chinese 
companies in Australia, Niger, Kazakhstan, Namibia and Mongolia. Purchasing uranium in the 
market is the third option considered. China has been doing uranium trade for many years and 
signed many long-term contracts with uranium production entities. 

The World Nuclear Association (WNA) has developed internationally standardized 
reporting (‘Checklist’) for uranium mining and processing sites. The talks on this topic 
suggested that this reporting is to achieve widespread utilities/miners’ agreement on a list of 
topics/indicators for common use in demonstrating miners’ adherence to strong sustainable 
development performance. The Checklist has been developed to align with the WNA’s policy 
document Sustaining Global Best Practices in Uranium Mining and Processing: Principles for 
Managing Radiation, Health and Safety, and Waste and the Environment [4] which 
encompasses all applicable aspects of sustainable development to uranium mining and 
processing. The Checklist benefits from many years of nuclear utility experience in verifying 
the sustainable development performance of uranium mining and processing sites. This 
Checklist is therefore not new and directly aims to share a common list with a view to 
standardize this reporting between utilities and miners at the international level. 

The last talk in this session summarized IAEA’s efforts to improve the geological 
classification of uranium deposits. In 2009, a working group was created by the IAEA in order 
to review the various existing classifications and to propose a new or a modified classification 
to be used internationally. Since 2005, a number of publications and company data became 
available. This provided a wealth of new information on uranium deposit geology that has been 
used to revise the classification. The previous IAEA classification, used in particular in the 
2012 version of the NEA/IAEA Red Book, dates back to 1993. At that time, only 582 uranium 
deposits were recorded in the IAEA UDEPO Database. At the end of 2013, 1525 uranium 
deposits were listed in the database. Fifteen types of deposits have been suggested in the 
currently revised IAEA classification scheme.  
 
3. SESSION 3: EDUCATION AND TRAINING IN URANIUM PRODUCTION CYCLE 

 
Three papers were presented on this theme. First the IAEA’s experience in large Inter-

Regional Technical Cooperation Projects over the last five years was explained. These projects 
have involved over 40 Member States. The major aim is to address gaps in transferring a 
coherent body of knowledge on sustainable uranium production from a well experienced 
generation of experts to a new generation facing similar challenges in different geographical, 
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technological, economic and social contexts. These projects focused on enabling the new 
practitioners in the uranium production industry to avoid the mistakes of the past and to apply 
good practices established elsewhere, adapted to local needs. 

Human resource development for uranium production cycle was then discussed. It was 
pointed out that the hubs of growth of nuclear power have shifted from North America and 
Europe to Asia. Radiological safety is of paramount importance, and human resources 
development remains a challenge as many of the experts in the area are retiring and not many 
replaced by a younger generation. Based on some years of experience at the IAEA and in India 
the speaker recommended new courses that are required around the world to support the 
uranium production cycle. 

The final talk emphasized the role of networking as a tool to improve education and 
training in environmental remediation of uranium mining and processing sites, and in particular 
the ENVIRONET and broader CONNECT initiatives of the IAEA. CONNECT is an online 
collaboration platform hosted by the IAEA on behalf of its Member States that provides a 
gateway for interconnecting existing (such as ENVIRONET) and planned IAEA Networks. 
With the full use of the CONNECT platform opportunities e-learning materials and educational 
videos will be made available, to complement the collected technical documents on 
technologies, case studies and IAEA guidance. Participants of URAM were invited to get in 
touch with these tools and contribute with their experience to expedite the remediation of 
existing legacy sites and disseminate the so-called good practices to avoid the generation of 
new contaminated sites. 

 
4. SESSION 4: HEALTH, SAFETY AND ENVIRONMENT2 

 
This was a well-supported session, reflecting the importance of health, safety and the 

environment to the modern uranium production cycle. Nine papers were presented, starting with 
a world-wide perspective then considering case studies from three continents. 

 
Public support, perception and risk 

 
Public support is critical to development of the uranium industry including aligning 

mining project developments with regulatory processes and achieving social-economic-
environmental deals. 

Useful proposals for the way forward included: 
 

 Operators seeking upfront public input (especially interests and concerns) on their 
proposed mining projects; 

 Accounting for public input in project development with a view to gaining and 
maintaining support;  

 Reaching a social-economical-environmental deal with local and critical stakeholders.  
 

For enhanced public support and trust, key issues that were highlighted include: 
 
 Transparency in mining deals; applicable treaties, and land rights; 
 Fairness in mining royalties and taxation systems;  
 Benefits to local communities.  
 

                                                 

2 Adapted from notes provided by the chairs, V. Guthrie and S. Saint-Pierre 
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It is critical to communicate the risk but manage the public perception — these are two 
very different approaches to public information and both are required to be successful. 
Involving the community in understanding the baseline is a useful way to overcome negative 
perceptions particularly around radiation. 

Poor performance from the nuclear industry globally can affect all uranium mining 
developments. 

When communicating with the community one needs to be aware of and concerned with 
the community’s primary concern — even if this is not associated with the mining activity. As 
an example, at the Mkuju River deposit, Tanzania, concerns included the clothing business, 
elephant poaching and World Heritage Status. 
 
Environmental assessment 

 
Making complex technical information and risk seem simple and understandable to 

critical to successful communication; e.g. the discharge of tailings at McClean Lake mill and 
complex geochemistry in lake waters in Canada. 

Environmental Impact Assessment (EIA) is moving from prescriptive approach 
(inflexible, concise, not site specific) to risk-based approach (with an importance/likelihood 
analysis).  

Environmental Risk Assessment (ERA) is a matrix approach that is applied to the full life 
cycle at the site level. This system can be used irrespective of where the site is located. 

 
Regulation and government in relation to mine closure and post-closure 

 
Saskatchewan’s registry of mines provides for institutional control of closed operations, 

taking a ‘tending the cemetery’ approach, such that the end point of liability and costs can be 
defined. This is a new model for the rest of the uranium mining jurisdictions to consider 
following. 

A government’s approach to historic uranium mine clean-up is also critical to improving 
public perception and trust around future operations 

Simplifying regulation for new jurisdictions to follow is critical to supporting the 
development of the uranium industry. In particular, removing the overlap and duplication of 
regulation within each layer of government is the best starting point. Further useful aspects 
include establishing new regulations for key issues such as decommissioning plans and initial 
funding prior to allow new mining operations. There must be sufficient attention paid to the 
long-term stability and confinement of decommission work, which may be assisted by reference 
to current best practice regulation in operating jurisdictions. 

 
Key issues/lessons learned 

 
 Pay great attention to public support through shaping and developing uranium mining 

projects which account for public interests and concerns; 
 Communicate the risk but manage the public perception; 
 Do not ‘re-invent the wheel’ in regulation — look to other jurisdictions for best practices 

in regulating and controlling mine closure and post-closure;  
 Note that poor performance from the nuclear industry globally can affect all uranium 

mining developments — including historic performance and the approach to managing 
the clean-up and costs today. 
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5. SESSION 5: SOCIAL LICENSING IN URANIUM PRODUCTION CYCLE3 
 
The session commenced with a paper which explained product stewardship and its 

applicability to the nuclear fuel cycle. The focus was how to both show current performance of 
the industry and also to encourage and communicate future improvements in health, safety, 
environment and community performance. Questions were raised about the relationship to 
nuclear safeguards and how product stewardship can be implanted in practice. 

The next paper by described the path that Namibia had taken to develop a whole of sector 
approach to the management and regulation of uranium. Some high points included the 
development of a method to look at the cumulative impact of the number of discrete mining 
companies and how to use a combination of regulation and alternative mechanisms (such as the 
stock market) to encourage, support and regulate the performance of the miners and explorers. 
During questioning there was some interaction with respect to the maturity of the approach in 
comparison with the emerging aspects in Tanzania which were discussed in the previous 
session. 

The relationship between geology and government with respect to a deposit becoming a 
viable mining operation was then presented. Although “Grade is King” was the focus of the 
geological component, there was substantial material on the political aspects required for an 
operation to develop and get the uranium out of the ground. By using comparison of a range of 
different factors which partially determine the potential success of an operations development, 
he examined the attractiveness of a range of countries for uranium development. Discussion 
was around the grade aspects with respect to Canada but also on the importance of a range of 
other factors in determining the success in developing a resource. 

The historical and current performance of uranium mining and the importance of 
improvements, and the communication of these improvements to stakeholders were then 
discussed. The recent publication of the OECD—NEA MEHIUM report [4] on environmental 
and health impacts was discussed and examples shown of the performance. During discussion 
the audience was encouraged to download the report and details were provided of how it can 
be downloaded on a mobile phone. 

The final paper was a more detailed technical paper on the specifics of solvent extraction 
for uranium recovery. This paper was originally scheduled for Session 11, and showed the 
importance of good control within solvent extraction systems particularly to allow sufficient 
rejection of trace elements. 

 
6. SESSION 6: EVALUATION OF URANIUM RESOURCES 

 
Seven talks in this section summarized current understanding on uranium resource 

estimation, classification and assessment. The first talk was on Wiluna Uranium Project, the 
first uranium mine in Western Australia to receive Government environmental approvals since 
government policy was changed in 2008 to allow uranium mining there. During the four years 
it has taken to gain environmental approval, the operator, Toro Energy Limited also progressed 
technical studies to validate the economic and technical viability of the Project. These included 
the initial Preliminary Feasibility (PFS) to define the processing train; mining optimization 
studies, a Resource Evaluation Pit (REP) and a commercial scale Pilot Plant to verify the mining 
and processing technologies; and finally, Phase 1 of the Definitive Feasibility Study (DFS) 
which focussed on the processing plant design. 

In India, uranium and REE mineralization hosted by the Proterozoic migmatites and 
younger intrusives is identified over 350 km2 in Son Valley area, Sonbhadra district, Uttar 

                                                 

3 Adapted from notes provided by the chairs, F. Harris and W. Swiegers 
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Pradesh. Extensive exploration carried out has established a potential province in the terrain for 
U, Nb-Ta and REE mineralization with complex metallogeny associated with the evolution of 
migmatites. Three major types of uranium mineralization are identified based on the host-rock 
characteristics, viz.: (a) Pegmatoid Leucosome Mobilizate (PLM) and Biotite Melanosome 
(BMM) hosted mineralization; (b) Potassic granite/episyenite hosted mineralization; and (c) 
Magmatic Pegmatite hosted mineralization. The present geological milieu in the Son Valley 
area has the imprints of repeated thermal, tectonic and metamorphic reactivation. 

The talk on international standardization for the reporting of resources and reserves 
discussed the current trend towards tighter corporate governance and regulation demanded an 
international standard to ‘good practice’ in mineral reserve management as well as high 
standards of public reporting by responsible, experienced persons. In 2006, CRIRSCO 
(Committee for Mineral Reserves International Reporting Standards) released an International 
Reporting Template, the purpose of which is to assist with the dissemination and promotion of 
effective, well-tried, good practice for public reporting of Exploration Results, Mineral 
Resources and Ore Reserves already widely adopted through national reporting codes and 
standards.  

Uranium resources are reported regularly by the biennial OECDNEA/IAEA Red Book, 
which uses a unique scheme where different categories based on geological confidence and the 
expected cost of recovery. Resources reported in this report are based on national reports where 
the numbers are aggregated by many diverse schemes. Therefore, it will be worthwhile to know 
how the resources aggregated in national levels compare to each other, so that the numbers are 
universally understood and accepted. The United Nations Framework Classification for Fossil 
Energy and Mineral Reserves and Resources 2009 (UNFC2009 [2]) is a project-based system 
that applies to all fossil energy and mineral reserves and resources. A bridging document 
between NEA/IAEA and UNFC2009 has been developed to explain the relationship between 
these two systems and provides instructions on how to classify estimates generated by the 
NEA/IAEA scheme using UNFC numerical codes. Application of UNFC2009 is expected to 
support the accurate and transparent management of resources throughout the uranium 
production life-cycle. 

The talk that followed was a case study on development of a database for mineral potential 
modelling and quantitative resource assessment based on data from roll-front uranium 
occurrences of the South Texas Mineral Belt, USA. The U.S. Geological Survey is conducting 
a quantitative assessment of roll-front uranium resources in the South Texas Mineral Belt using 
geospatial mineral potential modelling and 3-part assessment methodologies. The objectives 
are to: (i) delineate permissive, favourable, and prospective tracts; (ii) estimate the number of 
undiscovered deposits; and (iii) estimate the resource endowment of each tract. A roll-front 
uranium resources database has been compiled for the assessment detailing occurrence location, 
size, operation type, uranium production and resources, and host unit. The database contains 
253 occurrences, including 165 deposits (sites with recorded production or resources), 75 
prospects (sites with some level of exploration), 6 showings (sites of interest that have been 
investigated), and 5 anomalies (sites with indications of mineralizing processes). 

The case study on geological 3D modelling and resources estimation of the 
Budenovskoye uranium deposit, Kazakhstan followed, highlighted updated uranium resource 
estimates, which recorded significant increase in total uranium resources tonnage in Karartau 
and Akbastau. The resources estimation methodology is based on GT (grade × thickness) 
modelling as a main parameter. This improved resource estimation approach is expected to have 
a significant positive impact on the project.  

The significance of project management to uranium projects was discussed in the next 
talk. Uranium projects, like most other mineral commodities, have a critical ‘to do list’ which 
is part of project feasibility studies. Understanding the complexities of the deposit geology and 
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the application of this to mining and processing is necessary for determining optimum mine 
design. Ensuring effective management of the human resources, product marketing, and 
resolution of environmental, community and legal issues are other major aspects to be carefully 
considered. These all contribute to the effective management of shareholder capital and helps 
create the growth in value required to support the next phase in the development. 

 
7. SESSIONS 7 AND 12: ADVANCES IN EXPLORATION AND URANIUM MINERAL 

POTENTIAL MODELLING 
 

Advances in exploration and uranium mineral potential modelling were presented in 10 
talks in two sessions. The first presentation put forward a genetic model for roll-front uranium 
deposits in the Gulf Coast Uranium Province, Texas, USA. The model suggests rhyolitic 
volcanic ash beds interbedded with host sandstones as the uranium source and uranium 
transport by hydrologically and precipitation controlled by oxidation gradients. Important 
deposit clusters are found within large, permeable palaeochannel systems, and other deposits 
are controlled by facies variations in ancient barrier bar systems. There is localized association 
of uranium deposits with off lap sequences caused by lowered sea level that rejuvenated 
groundwater flow, and increased erosion and oxidation depths. Most deposits appear to be 
controlled by extrinsic reductants that seeped upward from underlying gas fields. Other 
economic deposits are found associated with intrinsic reductants, in the form of organic-rich 
reduced sediments that interfingered with the palaeochannel and barrier bar systems. 

Recent exploration progresses on sandstone-hosted uranium deposits in north-western 
China was presented next, and discussed metallogenic target selection using multiple 
exploration techniques and drilling program. In the Yili basin, the integrated exploration 
techniques of detailed sedimentary facies study, radon survey, high-precision magnetic and soil 
geochemical and seismic surveys have been successfully located potential targets and 
mineralization zones. In the Ordos Basin, an ‘energy basin’ with coal, oil and gas and uranium 
deposits, new metallogenic targets have been selected and progress made to increase 
reserve/resources in Nalinggou and Daying deposits. It has been observed that greenish 
sandstone is due to chlorite alteration by secondary reduction process related to oil and gas and 
can be used as an indicator for uranium mineralization. 

The following talk presented novel geochemical techniques for integrated exploration for 
uranium deposits highlighted the use of geochemistry in detecting uranium deposits at depth, 
where the techniques include: (i) integration of geochemical with geophysical data to refine 
targets; (ii) element distributions in and around deposits to adequately assess the total chemical 
environment associated with the deposit; (iii) the use of element tracing using elemental 
concentrations and isotopic compositions in the near surface environment to detect specific 
components that have migrated to the surface from uranium deposits at depth; and (iv) 
understanding the effects of both macro- and micro-environments on element mobility across 
the geosphere-biosphere interface to enhance exploration. All of the processes that operate to 
produce geochemical anomalies at the surface above unconformity-related deposits are 
applicable to all other types of uranium deposits and should be integrated into learning curves 
for effective exploration of uranium. 

The mineral systems approach for mineral potential assessment of uranium deposits 
presented probabilistic concepts to mineral deposits, was then presented, where the probability 
of an event (formation of a mineral deposit) is conditional on factors such as: (i) geological 
processes occurring in the area; and (ii) the presence of geological features indicative of those 
process. Moreover, mineral deposits can be conceptualized as mineral systems with emphasis 
on mineralizing processes. Mineral systems are defined as “all geological factors that control 
the generation and preservation of mineral deposits”. Seven important geological factors and 
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five questions as a basis to understand spatial and temporal evolution of a mineral system at 
different scales were discussed in this talk.  

A talk regarding forecasting sandstone uranium deposits in oil-and-gas bearing basins of 
the Fergana depression, Uzbekistan was next, providing a good example for understanding the 
dual role of hydrocarbon fluids and the products of their dissolution. Firstly, bituminization of 
permeable strata as well as pyritization, chloritization, dolomitization and other alterations 
associated with it create favourable geochemical conditions of a reducing character for a 
subsequent concentration of ore and non-metal raw materials. Secondly, the intrusion of 
bitumen and its dissolution in the aeration zone leads to the burial of the mineralization which 
formed earlier and disappearance of all traces of its formation. The comparative analysis of the 
sequence of multidirectional epigenetic alterations in sedimentary basins is necessary for 
forming the overall picture of uranium ore genesis complicated by the intrusion of various 
reducing agents. 

The next talk presented recent updates on uranium exploration focused on the Dornogobi 
Province, Mongolia, in the Uneget and Zuunbayaan sub-basins, in which two deposits have 
been discovered recently: the Dulaan Uul and the Zoovch Ovoo deposits. Zoovch Ovoo deposit 
with 56 500 tU of uranium resources at 223 ppm U is a world size deposit discovered during 
the last decade. It is a major high tonnage low grade sedimentary-hosted roll front type deposit. 
It consists of a complex system of partly over-imposed elementary sub-rolls of irregular shapes 
that built a quite atypical sub-massive tabular looking ore body. 

Drill site selection processes in the Keefe Lake Uranium Property and its vicinity in 
Athabasca Basin, Saskatchewan, Canada were next presented, discussing details of a study to 
establish trends of regional uranium mineralization vectors and incorporate these findings into 
the multidimensional integrated analysis of the currently available geophysical and regional 
geochemical data. The aim was to provide an advanced priority ranking of drill hole selection 
process for the upcoming drilling programmes. Close correlation between features of potential 
field data anomalies and the seismic signatures, together with the geochemical uranium deposit 
vectors, established the north-western corner of the property as a significant site for drilling. 

According to the next talk, the recent spate of new discoveries in several areas in the 
Athabasca Basin, Saskatchewan, Canada, has been mainly due to the application of modern 
exploration techniques and the evolution in the understanding of unconformity uranium deposit 
models. Geophysical and geochemical techniques have improved considerably since the 1970s 
and have been used in previously explored areas to develop new targets. New showings in the 
Maurice Bay area on the northwest shore of Lake Athabasca were discovered mainly by the 
application of the Millennium basement-hosted unconformity model in conjunction with a 
refined ground gravity survey. The Patterson Lake South deposits were found by a combination 
of the age-old technique of following a train of uraniferous boulders to its source along an EM 
conductor and by a refined radon sampling system. The Midwest A deposit was found along 
the NNE extension of the Midwest trend within a grid of previous drill holes completed in the 
early 1980s. The Roughrider deposit was also found along the NNE extension of the Midwest 
structure using lithogeochemistry from historic drill holes. The Phoenix deposit was discovered 
on the southeast side of the Athabasca Basin on a project previously worked since the 1970s. 

The next presentation was on the experience of Niger in uranium exploration since the 
1960s and mining since the 1970s. Currently, 3 operating mines are permitted and about 60 
exploration licences are active. One mining project, Imouraren is under development and 
another project, Madaouela, is in an advanced stage of feasibility studies.  

Recently, uranium mining commenced in the carbonate hosted Tummalapalle Uranium 
Project, India. This next presentation gave details of uranium mineralization that is hosted in 
carbonate rock. The underground mine is accessed by three declines along the apparent dip of 
the ore body. The central decline will be equipped with a conveyor for ore transport and the 
other two declines are used as service paths. The ore is treated in a pressurized alkali leaching 
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plant close to the mine. The mine processes 2 000 t ore/day and expansion of the mine and 
processing plant has been planned to augment uranium production. 

The following presentation gave information on the work to use resin-in-pulp technique 
for ion exchange separation of uranium from alkaline leachate in Tummalapalle Uranium 
Project, India. The predominantly fine-size pulps of higher viscosity in the alkaline circuit make 
solid-liquid separation an arduous task. The availability of new generation resins which are 
mechanically resilient and possess higher exchange capacity thereby enable separation of 
dissolved uranium ions from the leach pulps directly in a resin-in-pulp process. The results of 
the current tests indicate superiority of gel type polystyrene based resins grafted with quaternary 
ammonium ion. Semi-continuous counter-current extraction and elution tests indicated that 
about 98% of the dissolved uranium values can be recovered during the loading process and 
practically the entire loaded uranium can be eluted using NaCl eluant. 

 
8. SESSION 8: THE FUTURE OF URANIUM – FOCUS ON GREENFIELDS 

 
The four presentations in this session focussed on potential new areas where uranium 

deposits could be found. The first talk was on the potential for finding new sandstone type 
deposits in Eurasia. Typically, large uranium ore provinces here were discovered in the south 
of the Turan Plate and in the depressions of South Kazakhstan. The common criterion 
established for sandstone type uranium deposits, located in oil and gas and coal bearing 
sedimentary basins, is the zone of interlayer oxidation that controls uranium mineralization. In 
the southern extremities of the Eurasian continent, especially in the region of the collision of 
the Indian Plate, a distinct similarity can be perceived between the location of infiltration 
uranium deposits of the Tien Shan megaprovince and the pattern of development of the Pacific 
Plate subduction. In both cases young sandstone deposits tend to occur close to the zone of 
subsiding geodynamic activity. It could be possible to find endogenic uranium near the contact 
area of such collision plates. 

The second talk on undiscovered uranium resource evaluation explained detailed deposit-
specific resource calculations, target generative processes and estimates of potential 
endowments in a broad geographic or geological area. The process of estimating large-scale 
potential mineral endowments is critical for national and international planning purposes but is 
a relatively recent and less common undertaking. In many cases, except at a general level, the 
data and knowledge for a relatively immature terrain is lacking, requiring assessment by 
analogy with other areas. Few countries report undiscovered resources, but how these figures 
are calculated is unknown and likely involves a range of techniques with variable degrees of 
robustness. Surprisingly these figures for undiscovered resources only marginally exceed those 
for known resources. There is a requirement for an integrated and consistent approach that is 
best done using statistically and geoscientifically robust methods already proven successful for 
other commodities such as copper. 

Next was given a case study on financing growth in uranium production tracing the 
experience of a listed uranium exploration, development and production company. The projects 
include a pipeline of exploration and development properties, with ISR (In Situ Recovery, also 
called ISL, In Situ Leaching) operations in Texas built around a hub-and-spoke expansion 
model. Assets include significant conventional uranium mining properties in Arizona and 
Colorado, as well as potentially world-class exploration/development projects in an emerging 
uranium district in the Parana Basin, Paraguay, South America. With a plan to combine cash 
flow from operations and strategic partnerships, the company is expanding production while 
advancing its diversified portfolio for maximum financial and sector flexibility. 

The Nyota Deposit, in south-western Tanzania, is currently the subject of a detailed 
feasibility study was presented next. The original mining and extraction philosophy was based 
around an open cast mining operation, and a conventional ion exchange (IX), resin-in-pulp 
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processing plant. However, recent studies indicate that an opportunity might exist to convert a 
larger portion of the resource to reserves by extending the extraction options to include ISL. A 
systematic, toll-gated ISL testing program was initiated in 2012 at one of the areas where 
mineralisation occurs below the water table. This was followed up with a very successful push-
pull test, conducted in 2013, which revealed the suitability of the mineralisation to leaching 
with acidic solutions. Should ISL prove to be viable, it holds the potential to unlock the region 
as an ISL production centre. 

 
9. SESSION 9: URANIUM PRODUCTION BASED ON IN SITU LEACHING 

 
Talks in this session commenced with an overview of the world-wide outlook for In-Situ 

Leach (ISL, also called In-Situ Recovery or ISR) uranium mining that has steadily increased 
over the last decade to account for 45% of the world total in 2012. Currently ISL uranium 
production is dominated by Kazakhstan, but with current commercial examples in Uzbekistan, 
the Russian Federation, Australia and the USA, and tests and small-scale efforts elsewhere. 
Alkaline leach dominates in the USA, and acid leach at the other commercial sites. Current 
forecasts are for ISL uranium production to continue to increase until 2022, followed by a 
gradual decline. Nevertheless, ongoing discoveries are possible both near existing ISL 
production centres and in other sedimentary basins with similar geology, notably in Mongolia 
and China, the Karoo system in Africa and the Parana Basin in South America. 

This was followed by an exposition of the development of ISR in Kazakhstan. In 
particular, the advancements in understanding of geology as well as the technology of 
geophysical logging, well maintenance, re-use of mining solutions and extraction (purification) 
were highlighted. The possibility of by-products is being considered and the overall trend is 
towards becoming ‘smart mines’. 

Case studies from individual mines or mining districts then followed. The history of the 
Nichols Ranch project was presented, the newest ISL mine to open in the USA. It required more 
than three and a half years to review and approve all the permits and licenses necessary to start 
construction of the highly automated mine. Construction of the mining facilities and the first 
wellfield started in late 2011 and was completed in late 2013. Mining results to date have been 
better than anticipated and operator was expecting to reach its 2014 production target. 

Next the ISR mining of uranium in the permafrost zone at Khiagda, Russian Federation 
was presented. This has been a challenging project, due to its isolated location, extremely 
challenging climate, the presence of permafrost to a depth of about 90 m, complicated 
hydrogeology and unusual mineralogy (ningyoite, a calcium-uranium phosphate, is the main 
uranium mineral) and extraction chemistry. The formidable technical and logistical challenges 
are now being overcome and production ramping up towards 1000 tU/a, expected from 2018. 
The district is considered extremely prospective for uranium and further mining is possible. 

An innovative, patented approach to ISL mining under artesian hydrogeological 
conditions at the Budenovskoye deposit in Kazakhstan was then described. Here, one extraction 
pump serves several wells, not only a saving in pumps, but meaning extraction and injection 
wells can be drilled to the same design (conventionally extraction wells were larger diameter 
and more expensive) and the extraction and injection roles can be easily reversed. 

Advancements in exploration and In-Situ Recovery of sedimentary-hosted uranium 
developed for the Beverley and nearby deposits in South Australia were then presented. High-
resolution seismic surveys and advanced interpretation techniques have been developed to 
allow higher resolution at shallower depths than the technique has been historically used for. A 
new generation pulsed neutron generator down-hole geophysical tool has been developed to 
measure not just uranium grade but to provide detailed other geophysical, hydrogeological, 
lithological and mineralogical logs. Finally, a new kinetic leaching (reactive transport) 
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computer model has been developed, used to predict wellfield recovery curves, estimating 
chemical consumption and optimizing leaching chemistry. 

Lastly, the latest methods for the cleaning of deep production wells in Kazakhstan were 
described. A method adapted from the oil and gas industry has been developed that is both 
effective and has doubled the time interval between well treatments, increasing the average 
performance of production wells by over 300%, compared to the previous technique used at the 
Zarechnoye deposit. 

 
10. SESSION 10: THORIUM AND RARE-EARTH ELEMENT-ASSOCIATED 
RESOURCES 

 
Thorium is seen as a potential fuel material for some current and future generations of 

nuclear reactors. Six talks in this session highlighted latest updates on thorium resources and 
production. The first talk was on a survey of world thorium resources. Thorium resources can 
be classified according to confidence in estimates of tonnages. In many cases official figures 
are either not available or not in agreement with established standards; therefore, uncertainties 
remain in reported numbers. However, latest estimates for the world indicates more than 6.2 Mt 
Th. 

The next presentation discussed three examples of thorium recovery as a co-product of 
processing rare earth element deposits in the USA. In the Mountain Pass operations of in south-
eastern California, the orebody is a carbonatite reportedly containing 16.7 Mt of proven and 
probable reserves grading 7.98% total REE (Rare Earth Elements) oxides. The primary ore 
mineral is bastnaesite. After the carbonatite is processed and REEs separated, the Th moves 
with other residues into the tailings impoundment. A second example is the Bear Lodge project 
in north-eastern Wyoming, currently in an advanced stage of permitting for their mine and 
processing plant. The deposits occur in a hydrothermally altered carbonatite-alkaline intrusive 
complex, with total measured and indicated resources of 15.2 Mt of ore averaging 3.11% total 
REE oxides. The REE-rich vein deposits within the Bokan Mountain alkaline intrusive complex 
in southern Prince of Wales Island, southern Alaska are enriched in the heavy REEs, which 
comprise about 40% of the total REEs. 

Separation of rare earths from uranium and thorium in Kvanefjeld deposit, Greenland 
presents an interesting case study given next. A Feasibility Study evaluated a concentrator and 
refinery treating 3 Mt ore/a. The concentrator will produce a rare earth mineral concentrate 
which increases the grade of the rare earths by an order of magnitude. The mineral concentrate 
is refined using an atmospheric sulphuric acid leach which extensively leaches the uranium 
from the concentrate. Metallurgical studies have been successful using flotation to produce a 
high-grade concentrate which consists of 14% REE oxides, 0.21% U and 0.8% thorium. 

Thorium and uranium separation from rare earth minerals from southern part of Turkey 
was another case study presented. Physical beneficiation and hydrometallurgical processes 
allow to the separation of U along with Zr and Ti. The obtained REEs and Th oxalate 
concentrate is subjected to metathesis to convert to hydroxides. The hydroxide cake is dissolved 
in acid and thorium is separated by pH regulation, and peroxide precipitation is applied for the 
final purification of thorium. 

Creating a multi-national development platform for thorium energy and rare earth value 
chain was discussed next. Changes in thorium regulations and liabilities resulted in the 
development of excessive market concentrations in the rare earth value chain. Thorium bearing 
rare earth by-products from existing non-rare earth mining operations could potentially meet or 
exceed global rare earth demand if the existing ‘thorium problem’ is resolved. Initiatives to 
create a holding facility of thorium and utilize it as a nuclear fuel were discussed in the 
presentation. 
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11. SESSION 11: URANIUM MINING AND PROCESSING 
 
The session on uranium mining and processing commenced with two talks on the heap 

leach technique of uranium recovery. First, an overview and the general advantages of heap 
leaching were discussed, with acknowledgement of some disadvantages. Heap leaching for 
uranium was mainly developed from its use in copper recovery, with it has several similarities, 
and early experience was with gold. In particular, the importance of sufficient early and ongoing 
testing was emphasized, together with proper preparation of material before it is placed in 
heaps, especially the process of agglomeration, and correct addition and maintenance of the 
mining solution to allow evenly distributed recovery. Good project management on during 
operations is also required, although the technique appears to be simple and straightforward, 
ongoing good implementation and quality control is required to achieve good results and avoid 
failures. 

The second talk explained the application of heap leach uranium recovery in Niger and 
Namibia. The importance of ore characterization, and again extensive testing at different scales 
and agglomeration was emphasized. Experience was presented on both the acid (Niger) and 
alkaline (Namibia) extraction chemistries. 

At the Caetité uranium mine in Brazil, the current heap leaching process is intended to be 
replaced by conventional tank agitated leaching, with a number of other improvements and 
modifications to physical ore preparation and metallurgical methods, as described in the next 
talk. Testing has extended over some years, and the new arrangements to double the annual 
uranium production to 800 t/a as U3O8 (~680 tU/a) go with an enlargement of the mill facility 
and the addition of underground mining. 

A new technique to increase the grade and decrease the mass of ore to be treated was then 
presented. The patented ablation method, developed in the USA but also tested on ores from 
around the world, uses mechanical forces to upgrade suitable sandstone uranium ores. The mass 
of the enriched ore is between 5-10% that of the original, but contains >95% of the uranium. 
Not only are ore transport and processing costs greatly reduced, but two major advantages 
environmental are reduced tailings requirements at the mill site and cleaner waste dumps at the 
mine site. 

Descriptions of metallurgical testwork for three uranium deposits currently being 
considered for possible development followed. The Kintyre project in Western Australia has 
been known for some decades, but recent testwork after a change of ownership was undertaken 
as part of a feasibility assessment. Leach optimization was undertaken, with extensive testing 
of different aspects of extraction. Notwithstanding the relatively high levels of carbonate 
minerals in the ore, following a detailed assessment acid leach was chosen. Mini-pilot plant 
tests with an acid leach followed by solvent extraction and precipitation showed uranium 
recovery of >99.5%. 

The Reguibat calcrete uranium project in Mauritania is large but of very low grade, and 
the economics will rely on ore beneficiation and rapid leaching. Testing has shown an upgrade 
factor of 7 using simple techniques, with the possibility of further improvement, before a rapid 
alkaline leach process. 

In Mali, the polymetallic Falea project is prospective for the production of copper, silver 
and uranium. Different extraction flow sheets were assessed, a simple acid leach and a more 
complex scheme with both acid and alkaline leach. Despite the complexity a development of 
the second route is currently recommended. Both the recycling of reagents and water recycling 
(minimized addition of fresh solution) are critical to economic viability. Testing is ongoing. 

The next talk described the ‘Resin-in-Pulp’ (RiP) process which mixes ground ore and 
resin beads, later separating the two after the absorption of uranium by the resin. The 
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development of RiP worldwide, and its application to alkaline-route uranium production in 
India was explained, with many tests undertaken before the choice of the most appropriate resin 
and physic-chemical condition. 

India is developing some of its carbonate-hosted uranium deposits. The final talk of this 
session described a large, low-grade resource at Tummalapalle that is being mined by 
underground methods, with challenging geotechnical conditions in the upper lode where a 
number of roof collapses lead to suspension of mining until the problems can be satisfactorily 
resolved. Mining continues in the lower lode and the ore is treated by alkaline extraction. 
Leaching is in a series of autoclaves at 130°C. The plant is designed to process 3000 t/d of ore 
and produce a sodium sulphate by-product. Testing, developments and improvements are 
ongoing. 

 
12. SESSION 13: URANIUM FROM UNCONVENTIONAL RESOURCES 

 
The session on uranium from unconventional resources heard eight papers, ranging from 

uranium from phosphates and seawater to its extraction from polymetallic alum shale and coal 
ash. 

The first speaker explained that uranium has not been extracted commercially from 
phosphoric acid for some years, but research and development is ongoing. Factors encouraging 
this include the consideration of the recovery of an energy source otherwise lost forever when 
phosphate fertilizers are spread, ‘cleaning up’ those fertilizers to reduce the addition of heavy 
metals including uranium to agricultural land, and for diversity of uranium supply. Good use of 
technology improvements and careful techno-feasibility studies is considered imperative. 

In addition to uranium, rare earth elements (REEs) are also present in phosphate 
processing streams, and the solvent extraction method has potential to extract both. The 
extraction of REEs could provide an additional impetus for uranium recovery; but in the case 
of the USA, where the described work is being done, careful consideration must be made to 
ensure regulatory requirements for the fate and concentration of radium and thorium could be 
met. 

New ideas for extracting uranium from phosphate rocks are being investigated in France, 
as described in the next talk. A new extracting molecule with improved selectivity for uranium 
over iron has been developed for use in the liquid-liquid extraction pathway (solvent 
extraction). Its performance can be simulated in a new software code, and the technique has 
been tested at a small scale, first on a synthetic solution and then on an industrial phosphoric 
acid. 

Uranium from phosphate rocks could make a significant contribution to fuels for current 
light-water reactors, but this can be shown to be limited to <20% of current world demand. To 
extend this further uranium could be considered the primary product of phosphate rock mining, 
but the economics are generally not favourable, especially if uranium has to bear the full cost 
of mining and processing. 

As described next, exceptionally large resources alum shales exist in Sweden, which 
among other possible metals contain large quantities of uranium, albeit at low grade. A recent 
scoping study considers a large-scale operation using bioleaching, a bacterially assisted process, 
to produce uranium and other metals from the Jämtland Alum Shale, which has favourable 
characteristics of high pyrite and low carbonate content. Costs were projected to be within the 
lower quartile of current uranium producers’ cost curves. 

One additional source of uranium is its extraction from coal ash, or as a deliberate co-
product from high-uranium coal. The early stages of a study were described, that intends to 
estimate both the world resources and potential uranium production capacities. Although it 
could be locally attractive, the overall potential uranium quantities are modest, at an estimated 
4–5 MtU total and an annual production of less than 700 tU/a, assuming a cut-off of 200 ppm U. 
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The final two papers examined the USA seawater uranium recovery research programme, 
summarizing recent advances and current cost estimates. The low average concentration of 
uranium in seawater, approximately 3.3 ppm, remains a challenge to accessing this potentially 
very large resource. Recently developed polymeric absorbents show greatly improved 
selectivity and adsorption capacities, and justify a new economic analysis. Uptakes after 60 
days of seawater immersion averaged approximately 3μU/g of absorbent. Taking into account 
the costs of absorbent fabrication, mooring at sea, recovery and purification, the estimated cost 
to produce 1200 tU/a was estimated at US $640/kgU (range US $470 to 860). If the durability 
of the adsorbent could be improved, the cost could drop further to US $360/kg U, which 
corresponds to the peak uranium spot price reached during the 2007 boom. 

 
13. SESSION 14: CLOSING KEYNOTE PAPERS 

 
The first closing keynote paper was on ‘A market in transition’, by N. Carter (USA). He 

reviewed the current supply and demand figures and current oversupply situation that has driven 
the uranium spot price below the estimated production costs of 50% of current uranium 
production. With low prices causing delays in new production centres and cutbacks elsewhere, 
it is possible that in a few years there will be a problem in the market as demand slowly rises 
and the effects of under-investment in uranium exploration and production. One paradox is the 
parallel development of uranium being sold in the open market, and less price sensitive 
production linked to security-of-supply for some countries with significant nuclear power 
expansion programmes. 

Next J. Hilton (UK) presented on the scope, purpose and practice of feasibility studies for 
critical resources in an era of sustainable development. He proposed that a new Pre-Feasibility 
Study will go further than recent experience, to meet a wide range of new appraisal criteria 
against which ‘feasibility’ can be determined. Strategic solutions should be sought, where it is 
critical to consider uranium in a context of responsible use of multiple resources over their 
whole life cycle. This could transform current ‘waste’ into a resource. Stakeholder engagement 
and the ‘social licence to operate’ are key elements. 

Thirdly, T. Gitzel (Canada) presented on Cameco’s view of the uranium market and the 
recent start of production at its Cigar Lake uranium mine in Canada. He reflected that the 
situation for the uranium industry changed after the 2011 tsunami in Japan, but that these 
challenges are temporary, and there remains a bright long term future for nuclear energy. More 
reactors will mean more demand for uranium. He then described the official start up of the high-
grade Cigar Lake uranium mine, an operation using new techniques to mine a  rich orebody 
about 500 m below the surface. 

The final keynote paper comprised closing remarks by the symposium chairman, M. 
Cuney of France. After a quick review of some of the major topics and themes discussed at the 
symposium, and the current low uranium price, he concluded the audience should remain 
confident in the future of uranium.  
 
14. SESSION 15: PANEL DISCUSSION 

 
The panel discussion was opened by Symposium Chair M. Cuney, who handed over to 

J. Hilton as the moderator of the discussion.  
The panel members were: 

M. Cuney, France, Symposium Chair 
J. Hilton, UK, Moderator 
A. Boytsov, Russian Federation 
F. Harris, Australia 
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O. Gorbatenko, Kazakhstan 
S. Hall, USA 
Z. Li, China 
C. Polak, France 
R. Villas-Boas, Brazil 

Additional symposium delegates from Canada and Namibia were invited but unable to 
join the panel. 

J. Hilton opened with a comment highlighting the need to educate the general public and 
the passing on of experience of the older to the younger generations of workers in the uranium 
production cycle. Comments from the floor included examples of the effectiveness of free or 
low-cost tours for school teachers, and the use of ‘travelling road shows’ for schools, clubs and 
festival events. M. Cuney commented that such efforts could be more effective coming from 
international groups such as the IAEA or WNA rather than directly from industry. The 
importance to the public and governments of safeguards and the demonstration of peaceful use 
of uranium was also mentioned, and the importance of the preservation of corporate knowledge 
and institutional memory, and acknowledging, identifying and filling knowledge gaps. 
Regarding formal education, A. Boytsov reported good progress in Kazakhstan in the last 
several years, such that there is no longer a fear of skills shortages there, whilst O. Gorbatenko 
stated that social assistance is now written into all uranium miners’ contracts in that country. F. 
Harris commented that the development of uranium mining skills and personnel can sometimes 
be done better in ‘developing’ countries, for example Namibia, where uranium is a significant 
player in the local mining industry, compared to a ‘developed’ country like Australia where 
uranium is only a small segment of the local mining industry and not seen as a place for an 
attractive career. 

Comments from the floor included a reminder not to confuse the education of workers 
and professionals to work in the uranium industry with the education of the general public, 
which includes the aim to improve the ‘social licence’ and acceptance of the industry generally. 
The role of private companies in supporting education for professionals and tradespeople was 
also raised. 

The moderator then asked each of the panel members to mention a highlight or an 
important question emerging from the talks, posters and discussions at the symposium. 

S. Hall asked if the remediation of recently closed and older current mines is still a 
concern, for example in Niger but also in the USA. Is bad practice totally in the past? Industry 
needs to apply good standards throughout the world. She also commented that the paradigm 
that ‘when we look we will find’ may be starting to change for uranium. Finding uranium 
deposits is not so easy any more for most areas. We should also remember the significant 
number of discovered deposits that never get developed. However, it was good to hear about 
advances in technology, such as in ore upgrade technology, the jet boring mining method at 
Cigar Lake, Canada, advances in generic models and geophysical exploration leading to 
successful discoveries in already-explored areas, and regarding the extraction of uranium from 
seawater. 

Z. Li’s highlights included the links between oil and gas basins and sandstone-hosted 
uranium basins, and he suggested that this concept could be more widely applied, after progress 
in Kazakhstan, Russia, Australia and elsewhere. He noted advances in uranium exploration 
techniques and technology, the interest in China’s nuclear power expansion plans and the 
securing of its long-term uranium supply, and the role of international cooperation in this. 

R. Villas-Boas noted the diverse views and approaches to ‘social licence’, and reminded 
the meeting that this ‘licence’ is not a document. Communities associated with current or 
planned uranium mining need to know what is in it for them, including; jobs, protection of 
water resources, and where royalty monies will be spent. The benefits of taxes or royalties paid 
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by mining companies may not be noticeable locally if they are all collected and spent by 
regional or national governments. 

M. Cuney opined that despite difficulties, there are still new discoveries being made. The 
possibility of recovering uranium from seawater is still moving forward. Technology can 
overcome technical challenges, but the need for social acceptance is of great importance. 

Recalling some of the papers presented, J. Hilton pointed out the need for healthy 
scepticism of estimates and forecasts, be they for the number of nuclear power plants and their 
uranium requirements into the future, uranium resources in the ground or being mined, and the 
assumed ease of access to deposits [regarding both technology, economics, approvals and social 
support]. 

From the floor, H. Schnell also commented that the ‘easy places’ to mine uranium are 
harder to find. The importance of by-product and non-conventional uranium is emerging, 
although the complexity of the associated technical challenges should not be overlooked. Also 
from the floor the suggestion was offered that perhaps a mechanism to incentivize the 
production of non-conventional uranium could be useful, e.g. by requiring users to buy a certain 
percentage of their supplies from such sources. 

F. Harris commented on the difficulty in communicating the message of high 
performance in uranium mining around the world, in areas of technology, occupational health 
and safety and the environment. As a precautionary tale, if one has the best performance in the 
world, but no-one believes it, what does it count for? Perhaps the failure is in the 
communication. Further, we should remember that uranium metal in the ground is worth 
nothing unless one can successfully and profitably mine it. 

A discussion on the variable acceptance and public support around the world for uranium 
mining, and mining with uranium as a by-product, was prompted by the moderator. In some 
countries, nuclear power is accepted better than uranium mining, e.g. in Slovakia and Argentina, 
compared to a place like Australia that has a reasonable acceptance of uranium mining but has 
little public support for nuclear power. Some countries in Africa have mixed views, and the 
views of at least some nationals may be different to that of international companies mining in 
their nation. Companies, communities and nations are still on a learning curve, and the situation 
might be different for mines established decades ago under very different circumstances, 
compared to mines opened in the last decade or currently under consideration. From a potential 
developer of by-product mine, it was considered that the gaining of local community support 
for a project was instrumental in prompting change of national policy to allow consideration of 
the project, where previously the project was subject to a broad prohibition. 

Kazakhstan uses ISL now, said O. Gorbatenko, but despite the high current production 
continues to explore. It could produce more, but is now the time to do that? 

A. Boytsov contrasted the expectation of low uranium prices, perhaps until 2020 
according to some prognostications, to a likely uranium shortfall compared to demand after 
2025. He noted that these scenarios only really applied to low cost resources [as opposed to 
some government-sponsored strategic mining]. The moderator asked some of those from the 
audience involved in uranium from seawater research for comments. A response from E. 
Schneider was that the USA group considered uranium from seawater a backup, against which 
other uranium sources could be compared, rather than a short-term prospect for production. 

C. Polak suggested more involvement of uranium users (utilities) in uranium production 
cycle events such as URAM, and of the links of education about uranium to that about nuclear 
power. 

Finally, R. Vance warned of déjà vu in a meeting like this. In the cycle of uranium price, 
uranium production compared to consumption and uranium reserves, the current circumstances 
have been experienced before. The industry needs to be careful of being too inward-looking. 
Also, whilst the price of fuel is not as important to a nuclear power plant as for fossil fuel power 
plants, the uranium industry should not assume too much that the price of uranium is not a 
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concern for nuclear power utilities. The efforts to produce uranium cost-effectively should not 
be reduced. 

The moderator asked the Scientific Secretaries for their brief comments. H. Tulsidas 
commented on the importance of environmental aspects, the cleaning up of wastes and tailings 
for example, and the industry’s need to provide benefits to society. He encouraged a holistic 
view of the nuclear cycle including the obtaining of raw materials. P. Woods noted the contrasts 
and paradoxes presented in a meeting as broad as this symposium; short and long-term views 
of uranium supply and prices, opportunistic versus strategic mining plans, the spot market and 
raising capital in a free-enterprise system contrasting with inelastic supply under long-term 
national security-of-supply arrangements. The meeting gives workers in these different 
circumstances and opportunity to hear of different approaches and learn from them. Other 
contrasts include that of collaboration versus intellectual property, and cooperation and 
coordination versus competition for finance and markets. 

The meeting was closed by the chair, M. Cuney. 
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OPENING ADDRESS 

J.C. Lentijo 
International Atomic Energy Agency  

 
 
Good morning ladies and gentlemen, 
On behalf of the IAEA, I am very glad and very pleased to welcome you all, delegates, 

observers and members of the press, to this International Symposium on Uranium Raw Material 
for the Nuclear Fuel Cycle, the so called URAM2014. On behalf of the IAEA, let me also 
express our gratitude to your Governments and Home Institutions for allowing you to attend 
this Symposium. 

As you know, this IAEA’s premier uranium mining and milling meeting is being held 
after a 5 years’ gap. 

The previous URAM symposium in 2009 was held at an optimistic time, when nuclear 
energy was emerging as a revitalized alternative to meet the ever-increasing demand of 
electricity in a sustainable manner. At that time, the price of uranium was still high compared 
to the preceding 20 years. This positive trend was demonstrated in the increase of identified 
uranium resources by 75% since 2000, as well as significant increases in exploration 
expenditure, development of a large number of greenfield and brownfield mining sites, and a 
general upward trend in the production of yellowcake. 

But, after the Fukushima accident in March 2011, we saw unanticipated shutdowns of 
Japan’s large fleet of reactors, which are still under extended shut-down. The growth in new 
builds did not happen as intensely as earlier anticipated, with considerable delays in many 
countries to give them time to assimilate lessons learned from the Fukushima accident and to 
consolidate and strengthen their Safety Action Plans. In some cases, nuclear power phase-out 
plans were also decided. 

In the uranium sector, uranium markets went down by biennium 2012–2013, with the 
prices in 2014 the lowest in 10 years. A few uranium mines suspended production, most plans 
for new production have been delayed, and a number of instances of employee cut-backs have 
been reported.  

This could have two major mid- and long-term implications. Firstly, the industry may not 
be ready for increased demand for uranium if the nuclear energy scenario improves in future 
and current apparently surplus stocks are gone. Secondly, the industry must resist increasing 
financial pressure and maintain the good standards and practices that have been gained during 
the past decades. 

Let us look into the first challenge. We have seen a significant drop in exploration and 
developmental expenditure in uranium, including from major and mid-size companies. More 
and more ‘junior’ companies are finding it difficult to raise money and therefore sell up, look 
for other commodities or simply disappear. Much green-fields exploration has been suspended. 
This will mean lesser rate of resource discovery in the near- and mid-term, and may not be 
commensurate with depletion of resources we see as existing mines progress through their 
reserves. 

A vast majority of earlier-planned uranium mining development has been delayed; for 
example, some projects of the very large uranium mining companies that were envisaged to 
have large production capacities, up to in excess of 5000 tU per year. These projects require 
considerable time and preparation to come on-line, and it is a matter of concern whether stalled 
projects can be ready for production when the market picks up. 

Nevertheless, the large Husab uranium mine in Namibia is proceeding towards 
production, and some small to mid-sized in situ leaching projects in the USA and Australia are 
going ahead. 
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Disruption of production in some of the postponed projects has major socio-economic 
ramifications. Loss of revenue and employment are immediate shocks that the local economy 
has to bear, and on other hand cash strapped companies have to find resources to maintain 
facilities with no returns. In some of the countries where uranium mining is being carried out, 
especially in the least developed economies of Africa, these impacts are very significant to the 
local and national economy. 

Even though no long-term shortage of uranium has been foreseen by the IAEA studies so 
far, some short-term demand–supply gaps could be anticipated, once demand again exceeds 
production from mining and supply from secondary sources. 

Let me bring the attention to the second major challenge. In this scenario, how can the 
industry continue to maintain its responsible behaviour? Companies are under increased 
pressure to cut-back costs, which is now translating into cut-backs in production and jobs. Now 
the question is whether this will mean cost cutting to health, safety and the environment and 
social programmes. 

The uranium industry has been successful in the past couple of decades when it has 
become a champion of good practices. Uranium mining industry has been a leader in adopting 
good practices and coming up with innovative solutions. This has come about after a long and 
painful process of learning from past mistakes, adapting and configuring to diverse local 
requirements.  Any let up on health, safety and environmental performance could end up in 
serious consequences that could threaten the industry itself as a whole. Negative social 
experiences can lead to entrenched opposition locally and politically. 

In this scenario, let me give some positive notes. The uranium industry, after coming a 
long way with good and bad experiences of the past, has become very resilient and open to 
these issues. The IAEA is a natural platform for facilitating support for the uranium industry, 
national institutions and professionals to come together and find and share solutions for these 
challenges. Over the past five years IAEA has increased activities in this area and promoted a 
number of new initiatives with active support and participation of our Member States, 
international institutions, companies and individual experts. 

In this context, I am glad to see around 300 participants from 70 different countries and 
organizations in the Symposium. This year we have close to 200 technical papers being 
presented in 14 sessions. We have received on-going support in our activities from international 
organizations like NEA, WNA and the UNECE, and they are also supporting this symposium.  

This in itself is a proof of the seriousness and willingness of the institutions and the 
industry to continue performing and looking for possibilities in improvement. This symposium 
aims to be a land-mark helping define the path forward in these troubled times for the uranium 
industry.  

Let me reiterate our welcome to all of you to Vienna and wish you a successful week 
ahead. I hope that you will find time to enjoy your stay in Vienna. 

And finally, let me now invite Mr Michel Cuney, a veteran uranium geologist from 
France, who is personally known to many of you, to chair this symposium. I declare this 
symposium open and invite Mr Cuney to give the Chairman’s address. 
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OPENING REMARKS OF THE SYMPOSIUM CHAIRMAN 

Chairperson: 
M. Cuney 

France 
 
 
Distinguished Delegates, Colleagues and Friends, 
It is my pleasure and honour to give a very warm welcome to all the participants who 

have honoured us by taking part in the URAM2014 International Symposium and especially 
those which have had a very long journey to attend it. 

The symposium is really international, with 70 countries and international organizations 
involved. Some countries are represented here for the first time. International liaison and co-
operation is crucial for improving the efficiency of our actions.  

The response to this Symposium has been tremendous, and from this respect is already 
very successful with almost 300 attendees. A total of 239 abstracts were submitted from which 
about 90 oral presentations and over 100 poster presentations have been selected. 

URAM2014 is intended to bring together professionals in the fields of uranium 
production cycle: scientists, exploration and mining geologists, engineers, operators, regulators 
and fuel cycle specialists together with business leaders, experts in the international uranium 
market, and government officials involved in regulation and permitting. The paramount 
objectives of this meeting are: 

 
 Exchange information and discuss updated research and current issues in uranium 

geology and deposits, exploration, mining and processing, production, supply and 
demand, economics and environmental and legal social issues; and 

 Discuss on educational and best practices experience for members of the uranium 
industry.  

 
In a more general way this symposium is a good opportunity for us to learn together, to 

foster cooperation, to interchange ideas, and build capacity to get ready for any upcoming 
challenges to develop an energy source that is vital to keeping world’s economy strong,  

Since the 2005 and 2009 URAM symposia, held by the International Atomic Energy 
Agency (IAEA) in Vienna, despite the world global recession of 2009 which is still having an 
influence into 2014 for many countries, the Fukushima Daiichi nuclear accident in 2011, the 
production of cheap shale gas in the USA, there continue to be strong expectations as to the 
growth of nuclear power worldwide, which should lead to an increase in uranium demand and 
in turn of the price of uranium. 

The long-term sustainability of nuclear power will depend on, among several factors, an 
adequate supply of uranium resources that can be delivered to the marketplace at competitive 
prices. 

To discover increasingly hard to find U deposits, generally at greater depth, a better 
understanding of the genesis of uranium ores and more sophisticated exploration technologies 
will be required. 

Exploration, mining and milling technologies should be environmentally benign, and site 
remediation plans should meet the requirements of increasingly stringent environmental 
regulations and societal expectations. 

The purpose of this symposium is to analyse uranium supply–demand scenarios and to 
discuss new developments in uranium geology, exploration, mining and processing, 
environmental requirements for uranium operations and site decommissioning.  



 

22 

The presentations and discussions at URAM2014 should: 
 

 Lead to a better understanding of the adequacy of U sources (both primary and 
secondary) to meet future demand; 

 Provide information on geological models, new exploration concepts, knowledge and 
technologies that will potentially lead to the discovery and development of new uranium 
resources; 

 Describe new production technologies that have the potential to more efficiently and 
sustainably develop new uranium resources; and 

 Document the environmental compatibility of uranium production and the overall 
effectiveness of progressive final decommissioning and, where required, remediation of 
production facilities. 

 
I am confident that you will bring home new ideas at the end of these days. 
In the organization of the symposium, the following 6 sessions from the previous 

URAM2009 symposium will be repeated: 
 

 Uranium markets and industry; 
 Uranium geology;  
 Health, safety and environment;  
 Social licensing in uranium production;  
 Education and training in uranium production cycle; and 
 Uranium mining and processing.  
 

Besides the above, we have added 6 new topical sessions on: 
 

 Evaluation of uranium resources; 
 Future of uranium with a focus on greenfields; 
 Uranium production based on in-situ leaching — this now assures nearly 40% of the 

world U production, allowing Kazakhstan to be by far the largest world uranium 
producer; 

 Advances in exploration and uranium mineral potential modelling — this discipline has 
become important with the development and wide application of GIS based systems; 

 Thorium and rare-earth element-associated resources — to respond to an increasing 
number of projects considering Th-fuelled reactors concepts in several countries, and to 
the strong increase in the needs of Rare Earth Elements (REEs) for the development of 
new technologies. REEs are commonly associated to thorium in most ore deposits; and 

 Uranium from unconventional resources — hosted in phosphates, black shales and other 
environments, which may assure the uranium supply for long term, especially if co-
valuation of associated other metals is taken into consideration. 

 
I also wish to take the opportunity of this address to give a tribute to the memory of Franz 

Dahlkamp (1931–2013), who was the President of the previous International Symposium on 
Uranium Raw Material for Nuclear Fuel Cycle (URAM2009), in June 2009, in Vienna. He 
left us in spring of last year (2013), at an age of 82, a few days after having chaired his last 
meeting for the UDEPO database at the International Atomic Energy Agency (IAEA) here in 
Vienna. He was known among geologists as the Uranium-Pope. As an economic geologist he 
served in particular as:  
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 The Head of worldwide uranium exploration for the Uranerz Group in 1974 for which 
he conducted reconnaissance surveys for uranium in many countries; 

 Member of Executive Advisory Board of Strathmore Minerals Corp and Uranerz Energy 
Corp; 

 Expert for the IAEA; 
 Consultant for several mining companies, utilities and both national and international 

institutions;  
 Lecturer at the Universities of Leoben and Salzburg in Austria, and Munich in Germany.  
 

Dr Dahlkamp has published over 50 papers, including books on Uranium Ore Deposits 
and especially the first 2 of the 4 volumes of “Uranium Deposits of the World”, offering an 
unprecedented compilation of data and overviews of the U deposits throughout the globe. It is 
a great loss as a friend and for the world of uranium geology. 

For the sake of uranium science and business, I wish that every one of you would find the 
Symposium inspirational and rewarding, and I wish the symposium every success. May your 
deliberations be fruitful and may all countries and scientists greatly benefit from the knowledge 
which will be acquired here. 

I would also like to express my sincere appreciation to the organizers for all their efforts 
to make this symposium a success and to the companies who sponsored it financially. I have to 
inform all of you that the sessions are open to the press. 

I have great pleasure in declaring this symposium officially opened. 
Thank you. 
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THEORY TO PRACTICE: THE SCOPE, PURPOSE AND PRACTICE OF 
PREFEASIBILITY STUDIES FOR CRITICAL RESOURCES IN THE ERA OF 

SUSTAINABLE DEVELOPMENT 

J.K. Hilton, M. Moussaid 
United Kingdom 

T.K. Haldar 
India 

H. Tulsidas 
IAEA 

 

Abstract 

While the fundamental goal of a mining and mineral processing Pre-Feasibility Study, (PFS) to justify the 
technical, financial, social and environmental case for a given project, remains unchanged, the way this goal is met 
in the era of sustainable development must adapt to meet a wide range of new appraisal criteria against which first, 
project ‘feasibility’ can be determined, and secondly, projects given the green light can be successfully 
implemented. These criteria include: Whole Basin Resource Management; Comprehensive Extraction; Life-cycle 
Resource Management (Primary, Secondary, Circular); adherence to the Waste Hierarchy; a constructive, coherent 
NORM (Naturally Occurring Radioactive Materials) Industry Policy Framework; Stakeholder Engagement and 
the Social Licence to Operate. The criteria do not work in isolation, but are interdependent and mutually 
reinforcing. They have all contributed to the development of third and fourth generation business models in 
uranium extraction, all implicitly or explicitly referencing the goal of ‘smart’ mining and processing. 

1. BACKGROUND 

In analyzing the challenges faced in many IAEA Members States in converting 
potentially successful research and development concepts and studies into commercially viable 
projects, it became clear that ‘soft’ aspects such as project management, teamwork, 
communications or social licensing, as much as, or more than, ‘hard’ technical and scientific 
capabilities determine the success or otherwise of the outcome. As a result in late 2011, the 
Uranium Extraction from Phosphates (UxP) Expert Working Group set about addressing this 
issue. 

Following intensive discussions with representatives from some 40 participating Member 
States and a consultancy meeting in Vienna, April 2012, it was agreed that two complementary 
strategies should be given priority for pilot testing on a number of national, regional and inter-
regional projects the UxP team was supporting. These included national projects with 
Philippines Nuclear Research Institute, the Nuclear Materials Authority, Egypt and Groupe 
Chimique Tunisien, Tunisia, the UPSAT Mission to Tanzania (2013)4, the African regional 
project RAF 3007 and the inter-regional project INT 2015. The priority areas were: 

 

                                                 

4 Uranium Production Site Appraisal Team; see TULSIDAS, H., Mining Uranium; With an eye on ‘sustainable’ 
mining, Tanzania hosts Uranium Production Site Appraisal Team,  IAEA Fuel Cycle and Waste Newsletter 9 2 
(Sept. 2013) 11  
(http://www.iaea.org/OurWork/ST/NE/NEFW/Technical-
Areas/NFC/documents/uranium/Tulsidas_2013_UPSAT_Tanzania.pdf) [Accessed April 2015]  
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1) The development of a new style pre-feasibility study (PFS) template focused on project 
progression for related critical resources such as uranium, rare earths and phosphates, 
from laboratory through pilot to commercial scale;  

2) The creation of a virtual Leadership Academy to fast-track the development of critical 
“soft” skills associated with project design, management and social acceptance. 

 
The initial results have been sufficiently encouraging to start to systematise these 

strategies for Member State support in the coming work-cycles, starting with the concept note 
and early stage design even of laboratory-scale activity. In particular, with the world of mining 
and mineral processing projects in rapid and profound transition, there is also an opportunity 
for new entrant states into these fields to skip one or more generations of project management 
and leadership orthodoxy, saving time and resources and enhancing their chances of success. 
Since the UxP team launched its initiative two of the ‘big five’ consulting organisations have 
also come out with studies confirming key aspects of their analysis. Ernst and Young include 
such matters in prominent positions in their periodic review of business risks in the mining and 
minerals sector [1] while KPMG have made the ‘community dividend’ — their term for 
quantifying the benefits back to a community from the social licence to operate — a critical 
dependency for the success of mining and processing projects [2]. 

 
2. CRITICAL RESOURCES 

While susceptible of widely-differing practical outcomes influenced by a cocktail of 
geographical, political, cultural and economic factors, the identification and management of 
critical resources are now central to the sustainable development agenda [3, 4]. This agenda is 
anchored in finding sustainable ways of meeting critical needs (Brundtland’s primary driver 
[3]), of which food, energy and water (the ‘FEW’) predominate as competition among the many 
for these resources grows daily on the planet. What John Nash (1950) understood writing in the 
aftermath of World War Two [5], is that sustainability depends economically and socially on 
finding a new, negotiated point of equilibrium, based on the premise that there are certain 
critical economic transactions in which either both parties win or both lose. Managing critical 
energetic resources such as uranium, rare earths [6] and phosphates [7, 8], which are 
geologically connected (perhaps even genetically related) [9] and which are also on the front 
line of the battle to meet the FEW needs, depends on finding and keeping that point of 
equilibrium in a realistic, transparent and equitable manner. This has some similarity with the 
‘too big to fail’ model used by governments to rescue failing banks during the financial crisis 
of 2008. 

The business community has increasingly understood this need to rethink business 
processes from a socially responsible point of view, following Elkington’s crystallization 
(1994) of Nash’s model into the ‘Triple Bottom Line’ business strategy [10]. The Triple Bottom 
Line retains the necessary and proper adherence of business to generating profit and returning 
reward to shareholders but aligns the financial requirements for success with complementary 
social and environmental indicators, such as the development of social capital and resource 
conservation. At the same time, more specific to the mining and processing industries, since 
2002 and the publication of the seminal report ‘Breaking New Ground’ [11] it is now widely 
agreed that no major project can be broached without the social licence to operate being 
included as a critical success factor from the outset [12] i.e. from the point the first exploration 
geologist puts a boot on the ground. Of course, key concepts such as safety and environmental 
responsibility [13–16] and adherence to the principles of the waste hierarchy and Fundamental 
Safety Principles [17–19] — in which end disposal of waste is the least desired outcome — are 
fundamental to the social licence from the perspective both of the workforce and the wider 
community of stakeholders.  
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3. CHANGE DRIVERS 

The change drivers for sustainability include: 
 
Whole Basin Resource Management — new upstream approaches to estimating and 

managing resources across whole basins, such as sedimentary basins containing oil, gas, coal, 
phosphate, uranium on Rare Earth Elements [20]; 

Comprehensive Extraction — new comprehensive extraction technologies based on 
integrated flow-sheets designed to extract all resources of interest from a single ore body in the 
best economic, social and environmental manner, as for example, extraction of P, U, Th, REE, 
etc from a P ore body [21]; 

Life-cycle Resource Management (Primary, Secondary, Circular) — based on 
models of criticality and substitutability, life-cycle resource management requires the approach 
to all resource management to be similar to that required for non-substitutable resources such 
as phosphates — even when substitutes are available [7]; 

Waste Hierarchy — progressive / step-wise transformation of waste to resource, with a 
hierarchy of waste itself premised as: i) prevention (or transformation to resource); ii) 
minimization; iii) reuse; iv) recycling; and v) disposal (Fig.1); 

 

 

FIG.1. The waste hierarchy (adapted from the European Union). 

 
Constructive NORM Industry Policy Framework — the regulatory framework in 

regard to NORM industries such as the extraction of uranium and rare earths from phosphates 
is typically driven either by legacy waste issues or cross-over regulations from the nuclear 
power sector, or both. Neither is appropriate to NORM industries and tends to inhibit or prevent 
their development. As a number of other energetic NORM industries such as oil and gas are 
likely to be under development in a given country as well as uranium, the definition of a suitable 
framework for these industries, balancing environmental and economic interests and objectives 
is both necessary and timely. Countries such as Spain and UK5 are leading the way in 
establishing a new-style strategy for managing these industries based on thirty years of 
operational experience [22]. 

                                                 

5 For a Scottish example see reference [17] 
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Stakeholder Engagement and Social Licensing – a project can no longer be regarded 
as either safe or sustainable if it does not earn and retain a social licence to operate, based on 
stakeholder communications and engagement. Key determinants of success will be the 
aggregate beneficial or detrimental impact on Food, Energy and Water (FEW) security [11, 12]. 

 
4. THE NEW-LOOK PRE-FEASIBILITY STUDY TEMPLATE 

The operational fulcrum of these changes, and hence the core of the new-look PFS (Table 
1), is that the driver of sustainability is the resource set itself, such that once ground is broken 
or holes are drilled, the return from that activity is optimised across all resources, not just a 
single target. The example given is provisional and generic in that each actual PFS template 
used will be adapted to the particular conditions in which a given project’s feasibility will be 
assessed. But the primary consideration is that the review process is whole resource-
management driven. Hence the key determinant in the PFS is to work out the best strategic 
solution to managing virgin and secondary resources in a comprehensive manner rather than 
taking the traditional, project-based tactical solution of selecting single mineral targets and their 
cut-off grades as the key determinants. 

 
 
TABLE 1. SAMPLE NEW LOOK PFS TEMPLATE 

1. Project – Nature and objectives 

1.1 
1.2 

Project background 
Project team 

1.3 Business case (high level) 
1.4 Technical Advisory Committee/ Experts 
1.5 Major stakeholders 
1.6 Partners 
1.7  High-level road map with major milestones, timeline, life-cycle 
1.8 Sustainable development objectives and dependencies 

 
2. Present state analysis (people, process, purpose)  

2.1  Laboratory and pilot studies / Status within a progressive Project Development Model (e.g. 
RD36) 
2.1.1 Fundamental process chemistry 
2.1.2 Results and findings from scaled-up experiments 
2.1.3 Pilot plant operations 
2.1.4 Project formulation (high level summary)  
2.1.5 Good Laboratory Practice (GLP)/ ISO 17025 

2.2 Existing facilities 
 2.1.1 Buildings and infrastructure 

2.1.2 Technology 
2.1.3 Consumables 
2.1.4 Environment 

2.3 Human resources and social infrastructure 
2.3.1 Capacity-building 

2.4 Mineral projects  
2.4.1 UNFC 2009 resource reporting7 
2.4.2 CRIRSCO or equivalent2 

                                                 

6Research, Development, Demonstration & Deployment (RD3) is a methodology originally promoted by Dr Anil 
Kakodkar, former Chairman of the Indian Atomic Energy Commission, for commercialisation of new technologies 
by IAEC. Its success in India for reliable, step-wise execution of industrial projects involving new technologies 
has led to its adoption into the new look pre-feasibility study template.  
7 See reference [28]. 
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2.4.3 Resource description and comprehensive extraction opportunities 
 2.4.3.1 Primary target(s) and co-products (a. economic grade; b. low-grade) 
 2.4.3.2 Secondary targets and by-products 
 2.4.3.3 Residues 
 2.4.3.4 Tailings 
 2.4.3.5 Other sources (including ‘wastes’) 

2.5 Gap analysis 
2.6  Change drivers 

2.4.1 Economic / financial 
2.4.2 Social 
2.4.3 Environmental 

2.7 Business case  desired outcomes/ triple bottom line returns 
2.5.1 Economic 
2.5.2 Social 
2.5.3 Environmental 

2.8 Sustainable development and performance indicators 
2.8.1 [Proposed] sustainable development framework 
2.8.2 Metrics and indicators 
 

3. Proposed future facilities (structures) including planning and building regulations  

3.1. Site location and justification [brownfield / greenfield], including socio-economic factors 
3.2. Operational context within which site works including physical infrastructure, roads, utilities, 

communications and regulatory framework, communications. 
3.3. Site master plan, location of buildings, facilities and major structures 
3.4. Preparation and development of additional facilities (if required) 
3.5. Engineering infrastructure and materials of construction  
3.6 Permits and licences 

 
4. Architectural and construction requirements 

4.1  Mechanisms / constraints for defining calculating space requirements 
4.2 Climate and related conditions 
4.3 Geology and hydrology 
4.4 Special construction requirements 
4.5 Architectural and construction Solutions 
4.6  Seismic activity/ risk 
4.7 Corrosion and Environmental Impact 
4.8 The Working Environment – heat, light, ventilation 
4.9 Sanitation and other services 
  
5. Health, safety and environment 

 5.1 All hazards approach (biological, chemical, physical, radiological)/ risk and exposure 
pathways 
5.2 Culture of safety [ISO 18000] and associated training and oversight 
5.3 Good Laboratory Practice (GLP) 
5.4 Environmental Impact Assessment 

5.4.1 Baseline data 
5.4.2 Environmental safety case 
5.4.2 Environmental management plan 
5.4.3 Permits and licences 

5.5 Standard operating procedures 
5.6 Lead and lag Indicators  
5.7 Personal protective equipment 
5.8 Fire prevention and emergency procedures 
5.9 Noise and vibration protection 
5.10 Safety stakeholders 
5.11 Inspections and audits 
5.12 Safety, security, safeguards 
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6. Emissions, residues and wastes 

6.1 The waste Hierarchy / zero emissions and discharges 
Characterisation of waste streams and emissions 

6.2 Application of waste hierarchy across project life-cycle 
6.2.1 Prevention 
6.2.2 Minimisation 
6.2.3 Reuse 
6.2.4 Recycling 
6.2.5 Disposal / discharge 

6.7 Added value options  
6.8 Permits and Licences 
  
7. Utilities, roads, engineering support, infrastructure 

7.1 Electric power supply  
7.1.1 Power generation equipment 
7.1.2 Electric lighting  
7.1.3 Controls systems 
7.1.4 Communications 
7.1.5 Alarms, signaling 

7.2 Water supply, wastewater and sewage 
7.3 Roads and transportation  
7.4 Engineering dependencies 

 
8. Technical specifications 

8.1 General information, including process and equipment selection criteria  
8.1.1 Production capacity and operating assumptions  
8.1.2 Licences, patents, uses of third party intellectual property 

8.2 Raw materials/ feedstocks 
8.3 Energy 
8.4 Reagents/ solvents 
8.5 Consumables / coefficients 
8.6 Process Description and Flowsheet 
8.7 Layout – Block Diagrams 
8.8  Equipment List  
8.9 Human Resources including detailed Job Descriptions 

8.9.1 Human resource development/ Capacity-building 
8.10 Process controls 
8.11 Maintenance and upkeep 
8.12 End of Life (EOL) plan 

 
9. Market analysis 

9.1 Supply analysis (including key assumptions) 
9.1.1 Domestic 
9.1.2 International 

9.2 Demand analysis (including key assumptions) 
9.2.2 Domestic  
- Volume 
- Price 
9.2.2 International 
- Volume 
- Price 

9.3  Competitors / market resilience 
9.4 Market risks 
9.5  Supply chain / raw materials and other inputs 
9.6 Transport and distribution 
9.7 Taxes 
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10. Financial assessment and investment requirements 

10.1 Analysis of financial standing of project initiator, its capacity to implement project including 
strategic (business) plan 

10.2 Capital costs (CAPEX) (mapped to length of expected loan / investment) 
10.2.1 Reasonable/ realistic case (base case) 
10.2.2 Pessimistic case 

10.3 Operating costs (OPEX) (mapped to length of expected loan / investment) 
10.3.1 Reasonable/ realistic case 
10.3.2 Pessimistic case 

10.4 Working capital and cash flow  
10.5 Internal Rate of Return (IRR) / Return on Investment (ROI) 
10.6 Permits and licences 
10.7 Off-take agreements, contracts  
10.8 Bonds and special Provisions 
10.9 Life-cycle analysis 

11. Costs of construction including timelines / drawdown requirements / contingencies  

12.  Cross-cutting issues and requirements 

13.  Regulatory and licensing requirements 

14. Project risks 

14.1 Operational and technical  
14.2 Environmental 
14.3 Financial and economic 
14.4 Social 
14.5 Political and regulatory 

 
 Appendix A 

National policies 
Legal and regulatory framework 

  
 Appendix B (etc, as required) 
 Project outline 
 Partnership and collaboration agreements  
 Current state analysis 

Gap analysis 
Regulatory framework and requirements 

 

5. EXPECTED OUTCOMES 

Seen through the lens of classical “People, Process, Purpose” project management 
approach, its is the social dimension of the TBL, the investment in Human Resources to 
generate social capital, which is the primary driver. For if the outcome from social capital 
development is a sustainable social licence, then the social and economic aspirations of any 
mining and minerals project can demonstrably converge, whereas they are so often perceived 
to be conflicted. The complementary environmental driver calls for a commensurate process 
solution (whether for mining or processing) to reflect the economic and social outcomes 
measures. Such a solution will be reviewed in the environmental and social impact assessment 
which is increasingly a mandatory requirement for all projects. 

This socially responsive approach enables a stable synthesis of the three TBL objectives 
(Fig. 2) based on alignment of: 1. the social licence to operate (SLO) (social), with 2. zero waste 
(0W) (environmental / waste hierarchy) and 3. comprehensive extraction (CX) (economic), 
whether from primary or secondary resources. 
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FIG.2. The sustainable Triple Bottom Line. 

 

From this normalized, sustainable position, the anticipated outcomes are: 
 

 De-risked financials/ return on investment (protects lender / investor); 
 Stable, equitable, long-term partnerships with stakeholders; 
 Reduced risk of project-related social conflicts / conflict-free supply chain / compliance 

with EITI8 objectives; 
 Positive contributions to / reduced impact on health, culture and heritage; 
 An equitable balance of economic and environmental interest, e.g. new, NORM industry 

specific regulation (U, P, oil and gas, REE, etc); 
 Innovative (3G and 4G) business models (see below); 
 A sustainable point of equilibrium. 

 
6. OPPORTUNITIES AND CHALLENGES — 3G AND 4G BUSINESS MODELS FOR 

MINING AND PROCESSING 

The investment community is increasingly asking whether or not Moore’s ‘Law’ – that 
computing power doubles in capacity and halves in cost every 12–18 months — could (or even 
should) be applied to other business sectors than ICT. The UxP team has been examining new 
and emerging business models, which can also act as reference cases for the PFS studies 
envisaged, which take this line of enquiry into account. Presented simply, there are already 
examples of a 3G approach, characterised by joint ventures between partners that would not 
traditionally have seen each other as allies. In this case, the reference example is the joint 
venture between INB Brasil and Galvani phosphates to produce 500 000 t/a of fertiliser 
(diammonium phosphate, DAP) and 1500 t/a yellowcake. This joint venture intends to make a 
complex deposit, Santa Quitéria, which from a single mineral perspective would be 
unpromising, into a TBL project with a single flowsheet [23]. 

In similar vein, process innovation of a 3G kind does not necessarily involve partnerships; 
but can come from within an established sector, as was eloquently explained and powerfully 
illustrated at URAM 2014 by Olga Gorbatenko [24] and A. Matunov [25], both speaking to the 
objective of “smart” mining. “Smart” is a composite measure derived from a number of 
performance indicators some of which are enhancements of existing processes while others 
introduce completely new technologies and methodologies. In both cases, “smart” was tied by 
the presenters to social acceptance — the smarter the thinking the higher the acceptance.  
                                                 

8 Extractive Industries Transparency Initiative, see https://eiti.org/  
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There is however, yet more radical business model redesign in hand, as for example 
shown by Wengfu Group, China. Starting from two premises, that phosphogypsum is a resource 
not a waste, and that zero waste is a defining proposition for a sustainable business, Wengfu 
has not only greatly broadened its product range in the phosphate industry to include ammonium 
sulphate, but it now sees itself as a provider of construction materials of various kinds and of a 
range of minerals, such as iodine not just phosphate. Wengfu has also included carbon capture 
(through the generation from phosphogypsum of calcium carbonate for the cement industry) as 
a measurable TBL objective. This comprehensive approach, leveraged off an initial engagement 
with the Chinese ‘green mine’ policy, speaks to a new (4G) model with a very diverse range of 
potential partners, customers and stakeholders. It is not commodity, DAP model driving the 
business any more but the capacity to achieve maximum value add from all the primary and 
secondary sources in play across all Wengfu’s facilities, from the mine to the customer and the 
consumer. Wengfu publishes on its website a set of five reports on its “Enterprise Innovation” 
achievements9. 

While such 3G and 4G models offer a host of opportunities, their adoption and success is 
by no means self-evident, notably in a change- and risk-averse industrial sector. Hence 
extensive work remains to be done to support these new approaches, notably in agreed 
procedures for classifying, quantifying and reporting resources. This involves addressing a 
range of matters such as: 

 

 Resolving definitional uncertainties: in addition to the long-standing uncertainties 
surrounding the distinction between resources and reserves, and under what conditions 
ore bodies can move backwards and forwards between these categories, in the uranium 
field the distinction between conventional and unconventional resources gets harder and 
harder to defend and seems, if anything, misleading. It was reported at the UNECE April 
2014 meeting that the United States Security and Exchange Commission (SEC) is now 
challenging the distinction on these grounds, but for all minerals not just uranium [26]. 
As defined in the Red Book conventional U may include sources of U as a by-product if 
the quantity is ‘important’ or ‘significant’. This begs the question of what either term 
might mean, and whether significance is to be understood as a quantitative judgement or, 
for example as framed by more qualitative environmental expectations. That is, it may be 
seen as ‘significant’ that trace quantities of uranium remain in phosphate fertiliser almost 
irrespective of quantity, with the inference that it would be preferable to remove them. 
From a quantitative point of view by contrast, in the light of conventional mining 
activities often having very low grades (and hence are now being taken out of production) 
the distinction based on an undefined ‘importance’ measure does not really hold at either 
a quantitative level or a taxonomic level. 

 Data unreliability: Steve van Kauwenbergh's observation in the 2010 IFDC 
(International Fertilizer Development Center) report about phosphate resources and 
reserves, that much of the data he evaluated for that report is fundamentally unreliable 
[27], obviously carries across into UxP in general. The underlying causes of this problem 
— age of data, poor surveying and analytical techniques, conservatism of the Responsible 
Person signing off for the bank etc. adversely affect, and even undermine, accurate 
resource and reserve reporting in general. Where U, REE and P resources intersect there 
may therefore be data unreliability at an order of magnitude higher even than for the more 

                                                 

9 Wengfu Group website http://wengfu.com/list-en-463.htm accessed April 2015.  
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classically estimated resource, however precisely the U content in phosphoric acid can be 
measured.  

 Transparency: the data unreliability issue is compounded by the reluctance on the part 
of governments and companies to declare what they have for a compound of strategic and 
commercial reasons. Presumably as new U, P or REE projects depend more and more on 
external finance this issue is going to come to some sort of head, at least for the less 
wealthy countries. This highlights the need to extend the scope and upgrade the analytical 
capability of the United Nations Framework Classification (2009) [28] to address this 
problem. 
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POSITIONING FOR A POSITIVE FUTURE:  
CIGAR LAKE STARTS PRODUCTION10 

T. Gitzel 
Canada 

 

Thank you very much Michel, merci beaucoup, for that kind introduction. Good morning 
everyone. 

Ladies and gentlemen, let me start by saying how delighted I am to be here in Vienna 
with you today at the home of the IAEA. I have to say Vienna really is one of the most beautiful 
places on the planet. So, it wasn’t difficult for me to accept the IAEA’s generous invitation to 
speak with you today. 

I am today, and always have been, a very strong supporter of the great work done every 
day by the team here at the IAEA. I had the opportunity to listen to a number of presentations 
yesterday and found them to be first class and of highest quality. So on behalf of my colleagues 
at Cameco and in the nuclear fuel business, I say thank you to the IAEA for the great work you 
do for us. 

I would also say that one of my favourite parts of attending these events is having the 
opportunity to meet new industry friends and renew old acquaintances. Whether we are 
competitors, partners, customers, regulators or just friends, I get the sense that we are, to some 
extent, all in the same boat. Our future success depends on how we can collectively advance 
the nuclear story and conferences like this give us the chance to do just that. Don’t 
underestimate the value of these relationships. 

I’ve been asked to speak to you today about Cameco’s view of the uranium market and 
more specifically, about the start‐up of the Cigar Lake mine in Saskatchewan, Canada. So this 
morning, with apologies for perhaps repeating information that others have presented, I’d like 
to start with some thoughts about the nuclear industry and the uranium market in a post‐
Fukushima world. 

I’ll then turn to an overview of the Cigar Lake project, including a brief discussion of 
some of the technical innovations that allow us to mine this important deposit. I’ll then close 
then with some thoughts on why I think it’s imperative that we, as leaders in the nuclear 
industry, continue to be actively involved in telling the nuclear story so that countries around 
the world will continue to view nuclear power as an essential part of their electricity mix. 

Let’s start with the big picture. 
As the past chair of the WNA and as CEO of Cameco, one of the world’s largest uranium 

producers, a good portion of my time is spent studying the nuclear energy industry, and 
especially the uranium market. I’ve often said that this is not an industry for the ‘weak of heart’. 
It can be challenging, divisive and controversial. Yet, for those who take the time to understand 
it and believe in its virtues, it can be extremely rewarding… and its benefits can be world‐
changing. 

Today, however, some three years and three months post Fukushima, I would say that we 
are in a very challenging situation. It’s not an easy time for nuclear but it wasn’t always like 
this. 

I like to remind people what it was like the day before the Fukushima accident on March 
10, 2011. The nuclear industry was on a roll with almost every country that had nuclear power 
looking to expand it … and many countries without nuclear power looking to install it. Uranium 

                                                 

10 Closing industry keynote paper 
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prices were behaving accordingly, with both the spot price and the long‐term price at about 
US $72 per pound. At Cameco, we were sitting in Saskatoon, wondering how we were going 
to keep up with this growth. We wondered where we would get the people and how we could 
prudently advance new mining projects. But those were what we now call the “good old days”. 

Then, of course, on March 11, 2011, the mighty earthquake and tsunami hit the shores of 
northern Japan, causing the damage that we are all too aware of at the Fukushima site. This is 
an accident that has had a significant effect on the entire nuclear world, leading to where we 
are today with Japanese reactors still shutdown, countries debating the future of their nuclear 
units and, uranium prices at a nine‐year low. That’s the bad news. 

The good news is that I believe these challenges are temporary and that there remains a 
bright long‐term future for nuclear energy. The reality is that the world needs more energy. I 
heard this several times yesterday, yet, it’s a little hard for us to fathom that, in the 21st century, 
there are still two billion people in the world that don’t have access to electricity, and many of 
those that do are demanding more. 

Over the next few decades, as the world’s population grows from seven billion to nine 
billion people, there will be many more who need access to electricity. That’s more than 
150 000 more consumers on the planet every single day. We’re not just talking about lacking a 
plug‐in to run luxuries like iPads, smartphones and blackberries. We’re talking about lacking 
the large‐scale base-load electricity required for systems like healthcare, education, 
transportation, and communication. 

Governments in many countries are under enormous pressure to add to their grids, and 
they are doing just that. They have to. Their populations will demand it but the decisions on 
what power sources to choose are not easy. These decisions must be made in the context of a 
growing awareness of the world’s need to reduce our dependence on fossil fuels, the desire for 
clean air, and the risk of over‐dependence on a single source of electricity. 

So you can see why governments in countries with rapidly expanding economies and 
growing populations are continuing to choose nuclear. It’s an option that provides the base-load 
power they need, while also meeting their clean air goals and helping to diversify their energy 
portfolio. 

China is a great example and I know it has been talked about many times this week. With 
a burgeoning population and a rapidly growing appetite for clean energy, China, today, has 
about 20 reactors operating, and another 30 under construction, and they plan to have about 58 
in operation by the end of the decade with another 30 under construction. This is breath-taking 
growth, and they’re just getting started. 

But China isn’t the only country building nuclear: India, Russia, South Korea, and now 
the Middle East all have aggressive new build programs. The result is that reactor growth is 
occurring at a pace we haven’t seen in decades. Today, there are 435 operable nuclear power 
plants in the world, with another 70 under construction, and many, many more in the planning 
stages. We at Cameco, see more than 90 net new reactors coming on stream over the next 10 
years. That’s growth we haven’t seen since the 1970s when the US, Europe and Japan were 
building their fleets. 

Of course, more reactors mean more uranium demand…at a time when new mining 
projects are being shelved and secondary supply from sources like the HEU agreement is 
reducing. This, we believe, will lead to a real and growing gap between supply and demand 
over the long term. That is why we’re excited about the future, and why we keep our sights set 
on it, even while navigating the fog of today’s market uncertainty. 

We know that more uranium is going to be needed but licensing, permitting, aboriginal 
relations and many other factors all play an important role. We also know the challenges of 
bringing on a new mine. In many countries, it often takes 7 to 10 years to bring a new mine into 
full production. 
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However, in today’s market, and at today’s prices, producers cannot justify the capital 
expenditures required to bring on a new project. It’s a situation that in my view is not 
sustainable. So I think that going forward, the primary producers will be under some pressure 
to fill what will become a real and growing gap between supply and demand. 

That’s the kind of challenge we want to see and, at Cameco, we are well prepared for it, 
primarily because of our presence in the Athabasca Basin in northern Saskatchewan. Our Rabbit 
Lake and Key Lake properties were the world’s biggest uranium producing mines in the 1980s 
and ‘90s, and, today, our McArthur River and Cigar Lake mines are following in those 
footsteps. 

Before I get too far, I want to acknowledge the great relationship we have with our partner 
AREVA at both McArthur River and Cigar Lake as well as our other Cigar Lake partners, 
TEPCO and Idemitsu. 

The McArthur River mine is the largest high‐grade uranium mine in the world, and boasts 
an average ore grade of about 16%. The Key Lake mill has the distinction of being the world’s 
largest uranium mill. Together, they achieved the highest output from a uranium facility ever 
— 20.13 million pounds11… in 2013. That makes it easy to remember. This is a staggering 
number — and more than all of Australia’s production combined last year. The McArthur‐Key 
operation is really what has kept Canada the second largest uranium producing country in the 
world. 

It’s about to have some help. On March 13 of this year, we announced the official start‐
up of mining at the Cigar Lake operation. Once in full production, Cigar Lake will be second 
only to McArthur River/Key Lake … with plans of producing 18 million pounds [~6900 tU] 
per year and, its ore grade is 18.3%, making it number one in that category. So how did we get 
this point? 

Well, it wasn’t easy and it took us a long time. I can still remember the buzz back in 1981 
in the industry when the Cigar Lake ore body was discovered. With its astonishing ore grades, 
Cigar was the richest prize in uranium mining but it was also the most challenging. With the 
difficult geology and some serious setbacks … there are many in our industry who thought this 
mine could never be brought into production. 

Right from the beginning, we knew it wouldn’t be easy and over time, we proved to be 
right about that. After making the decision to develop the mine in late 2004 … the project 
experienced two serious water inflows which have caused years of delays and added hundreds 
of millions of dollars to the cost. So, what are the characteristics of this mine that make it so 
challenging? 

Probably the most complicated characteristic of this ore body is its location. The ore 
deposit is about 500 m below surface. It is located in the transition zone between water‐bearing 
sandstone and a strong granite basement and it is surrounded by a clay halo. The strike distance, 
or length, is nearly two kilometres with a width ranging from 20 to 100 m and an average 
thickness of about 5.4 m, although there are areas where ore thickness is up to 13.5 m. 

To control water inflow and provide ground stability, we use freezing technology to mass 
freeze the entire ore body, including that halo of clay and sandstone that surround it. At surface, 
this requires high capacity, freeze plants that send brine at ‐30°C underground through pipes to 
freeze the ore body. 

The mining process itself is also unique. Originally, we were going to use the same 
method as at McArthur — raisebore mining, where you have a tunnel above and below the ore 
and you bore up through it. But the ground above the Cigar Lake ore body was not suitable for 
this. So we had to find a way we could mine from under the ore body, in the dry, stable basement 
rock. 

                                                 

11 7743 tU. Other conversions elsewhere in the article added by the editor are in brackets [] 
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The solution was jet boring — a process that has been used in other applications, but 
never uranium mining. So we took it and, with the help of our partners and other experts, 
adapted it specifically for Cigar Lake. Basically, from a special purpose jet boring machine, we 
use high pressure water to cut the ore into chips that are fed into an underground initial 
processing circuit, where it is crushed and thickened and eventually pumped to surface in a 
slurry form. 

Once the ore has been carved out, we send a different pipe up into the cavity and backfill 
it with concrete. This restores structural integrity when we move over to carve out an adjacent 
cavity. The ore circuit is completely self‐contained, and includes ore extraction, storage and 
transport. As a result, workers never come into contact with the ore itself because it stays in the 
piping and tanks, which is important for radiation protection. 

At full production, we expect to have about 600 full time employees at the site – over half 
of which will be aboriginal people from northern Saskatchewan. We will have spent over 
US $2.5 billion dollars since the development decision to get this mine into operation. 

So, the long‐anticipated start of the Cigar Lake mine has begun and it’s a pretty exciting 
time for everyone involved in Cigar Lake right now. With each new cavity of ore that we 
remove, we are gaining the experience to sustain operations for years to come. 

Once the mill is up and running at AREVA’s McClean Lake mill, we expect to start 
producing yellowcake, and ramp up to full production of 18 million pounds [~6900 tU] 
annually over the next several years. With over 200 million pounds [~77 000 tU] of reserves 
for phase one alone, this project will be a strong producer for many years to come and that’s 
important, because as I said earlier, the world is going to need it. 

So that’s Cigar Lake in a nutshell, a project that will have an impact on the nuclear world 
for many years to come. 

Let me move away from Cigar like now and put on my WNA hat. I would like to close 
this morning with a ‘call to action’ to each of you out there who are involved or interested in 
the future role that nuclear energy can play in an energy‐hungry world. Let me encourage you 
to do these key things to help our industry: 

First, whatever your job might be and wherever your operations are, keep safety as a top 
priority. We need to work hard today to convince people that nuclear energy is safe and the best 
way to do that is to BE safe. Second, I urge you to continue to be actively involved in 
associations like the IAEA, WNA, WANO and others, where you can work collaboratively and 
share important information — like we are doing here this week. Finally, let’s stand up and get 
actively involved in discussions about nuclear, not only here at our own events, but at other 
global gatherings and in our communities. 

We need to tell the nuclear story to the world because, as we say, if we don’t tell the 
nuclear story, who will? 

Thank you for the invitation to be here with you today. Enjoy the rest of the conference. 
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CONCLUDING REMARKS OF THE URAM-2014 SYMPOSIUM CHAIRMAN 

M. Cuney 
France 

Distinguished Delegates, Colleagues and Friends, 
It’s my great pleasure to thank all meeting participants for their contribution as speakers, 

as poster presentations, as well as participants to the discussions, and the IAEA and the 
organizers of this symposium. 

This symposium has been a tremendous opportunity to meet old friends to make new ones 
and to develop relations with colleagues from different disciplines and from different countries. 

During these five days we have seen that from the Cradle to the Grave, from scientific 
research to environmental remediation, the field of Uranium Raw Material for the Nuclear Fuel 
Cycle is in constant improvement and extremely innovative. 

I am still more confident after these five days of symposium, than at the opening of it, 
that you have learn a lot from each other and that you will bring home new ideas for the 
development of your activities. 

You have seen that during the last five years, since the last URAM2009 Symposium, 
despite fluctuating economic conditions, new deposits have been discovered, in already 
intensively explored areas such as the Athabasca Basin, as well as in newly explored basins as 
in Africa or in southern Mongolia and new exploration technologies have emerged. 

We have seen also that considerable progresses have occurred for the extraction of 
uranium from the phosphates with new molecules, from the black shales with bio heap leaching, 
and even from the sea water. 

The Red Book report and the UDEPO data base also show that there is plenty of uranium 
available in the world. However, the transformation of these reserves into resources will require 
a lot of investment and a tremendous amount of work.  

The main limiting factor for the development of new projects is the depressed price of 
uranium. The projections made for the uranium demand during the first day of the symposium 
have shown that we may have to wait at least until the middle of the twenties to see the demand 
exceeding the supply. These projections will certainly discourage the investors to put money 
into uranium exploration, this may push companies to reduce their geological staff, and this 
will encourage geologist to move toward the exploration of other metals. 

However, looking back to the systematic failure of the analysts in forecasting the 
evolution of the uranium prices and the future needs in uranium, I recommend you stay 
confident in the future of uranium.  

The development of the world economy will need a considerable increase of the energy 
production, and especially of greenhouse effect-free energy, and nuclear energy is one of the 
most significant in this respect. 

We are just living a difficult period which will be rapidly forgotten when the present 
turbulences will be overcome. 

I wish all of you a safe way back in your country and remain confident in the future of 
uranium. Waiting to meet any of you again, very soon, anywhere in the world. 

Thank you all once more for your contributions 
Au revoir. 
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