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PREFACE AND ACKNOWLEDGEMENTS

Preface

Since the mid-1960s, with the co-operation of their member countries and states, the
OECD Nuclear Energy Agency (NEA) and the International Atomic Energy Agency (IAEA)
have jointly prepared periodic updates (currently every two years) on world uranium
resources, production and demand. These updates have been published by the
OECD/NEA in what is commonly known as the “Red Book”. This 25" edition of the
Red Book reflects information current as of 1 January 2013.

This edition features a comprehensive assessment of uranium supply and demand in
2013 and pro;ectlons of supply and demand to the year 2035. The basis of this assessment
is a comparison of uranium resource estimates (according to categories of geolog1ca1

certainty and production cost) and mine production capability with anticipated uranium
requirements arising from projected installed nuclear generating capacity. In cases where
longer-term projections of installed nuclear capacity were not provided by national
authorities, projected demand figures were developed with input from expert authorities.
Current data on resources, exploration, production and uranium stocks are also
presented, along with historical summaries of exploration and production as well as
plans for future mine production. Available information on secondary sources of uranium
is presented and the potential impact of secondary sources on the market is assessed.
Individual country reports provide detailed information on recent developments in
uranium exploration and production, updates on environmental activities, regulatory
requirements and information on relevant national uranium policies.

This publication has been prepared on the basis of data obtained through
questionnaires sent by the NEA to OECD member countries (19 countries responded and
1 country report was prepared by the Secretariat) and by the IAEA for those states that
are not OECD member countries (17 countries responded and 8 country reports were
prepared by the Secretariat). The opinions expressed in Chapters1 and 2 do not
necessarily reflect the position of the member countries or international organisations
concerned. This report is published on the responsibility of the OECD Secretary-General.

Acknowledgements

The OECD/NEA, Paris, and the IAEA, Vienna, gratefully acknowledge the co-operation of
those organisations (see Appendix 2) which replied to the questionnaire.

URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014 3






TABLE OF CONTENTS

Table of contents

EX@CULIVE SUIMIMATY ....couiiiiiiiiiiiiiiiieeeiesteteteie ettt ettt sttt sttt ettt be b et eaeenes 9
Chapter 1. Uranium SUPPLY .......cccoeriiiiiiiirieienienieetete ettt sttt sttt s ne 17
UTANIUITL TESOUITES ....veuviureueuirienienteieetentetestetestestesteuestestetesessestestestesestetestesesbentestenessestensenessens 17
UTanium eXPLOTAtION . .ecvieeieieiiciieieiesie ettt ettt ettt st et e b e s beeneeneesesneeneeneas 41
(U5 2=NaBRbNa'a W0} doTe L b LatuTo) o HN NSRS 59
RETETEIICES .. ettt ettt ettt s b ettt bt e bt et bt bt e st et s be b eneen 75
Chapter 2. Uranium demand .............ccccooeririeiiininieieieneecetee ettt s s 77
Current commercial nuclear generating capacity and reactor-related uranium
TEQUITEITIEIIES ..eutiteiieutenterteeitet ettt et b et e bbbt e bt et e s bt e bt e st et e s bt ebte st e bt sbeebeenbe bt sbeentenbenbesseeneen 77
Uranium supply and demand relationships.........ccoceveevieneninieiinenineeeneneeeeeneseeens 107
The long-term PEISPECTIVE ..cceiiiriiriirieteierteettete ettt sttt sttt e bbb enaens 126
COTICIUSION .ttt sttt ettt h ettt st e e s bt s bt e bt et e s bt sbeest e besbeebtentenbesbeenaens 130
REFETEIICES ...ttt ettt ettt sttt ebe 131
Chapter 3. National reports on uranium exploration, resources, production,
demand and the environment ................ccccceciiiiiiiniinineneeee e 133
ALGETIA ettt ettt ettt ettt ettt ettt ebe 134
ATGENITINIA c.iniiiieicieeee ettt sttt st sttt et n e st 137
ATINIENIA ..ottt ettt ettt st e b e st e e e b e sh et a e h e s a et b e et n e s h et ennen 147
AUSTTALIA oottt b ettt s b et b e s bttt besbeenaens 148
BOTSWAIIA .c..eiiiiieiiie ettt sttt et aa e s ae e s 162
BIAZIL .ottt et b e bbb bbb bt e bt et e b sbeeneens 166
CANAA ettt et h st h et b e she et nesn e st ennea 174
L@ 0 =Y OO OO OO OO OO OO OO OO OO OO 187
CILE ettt ettt ettt et et et et et e et e e bt e e enbean 189
China, People’s REPUDLIC Of......co.oiiiiiiiiiiieiinreteeetee ettt 199
CZECH REPUDLIC ..ttt ettt sttt bbb sbe et e bbb esaens 210
FINLAIIA ettt ettt sttt b e bttt besbeenaen 220
FIANCE oottt s s 230
L7130 010T= o ORI 236
GIEeNIAN.....coiiiiiieieieee et st sttt st 242
HUNGATY .o e 244
TTIATA -ttt bbbt et b e s bbbt bt ea et b ebt et e bt sbeenaens 250
TLAOTIESIA .ttt ettt sttt sttt b e s bttt s b e sbe et e b bt e bt et e bt sbeenaent 264
Iran, Islamic REPUDLIC Of ...c.oooiiiiiiiiii ettt 267
TEALY ©.oveeoeeeeeee oo 275
JAPATL (et st e st e st e s e e sne e e e eanne 279
Lo e =Y s NSRS 283
KAZAKNSTATL ..ottt et sttt et bbb sbe et nbe b enaen 287
IMIBLATL 1.ttt sttt bbbt bttt s b e s bt st b e b e bt et e bt sbeenaen 299

URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014 5



TABLE OF CONTENTS

IVLALI oottt et e e e e e e e eb e e e e e tae e e eeaaaeeeatbraeeaataaaeeebreeeeataaeeeaareeeeanreeeanes 309
MONIGOLIA . ...ttt ettt ettt e st n e st 312
INGQINUIDIA ..ottt e ettt e e e e tae e e eeaeee e e tbeeeeetaeaeeetreeeearnaeeeeaaeeeeanreeeannes 319
INIGOT oottt b e bttt h e bt et b e bt bt e bbbt bt et s bt bt ea b et sbeebt et e bt sbeeneen 334
=Y i U PSPt 344
| 270) £=1 o Yo RSO E U RUURRPRTRRORRRTROR 347
POTTUGAL ...ttt ettt ettt st b e st nesn st 352
RUSSIAN FEAGTATION ..vecevieceiee ettt ettt e et et e et e e e e e e eaeeeaeeeeaeeeeaeeeenseeeneeeseeenes 357
S1OVAK REPUDLLIC ...ttt ettt sttt s e naeeaeeneenes 369
SLOVEIIIA ..ttt ettt et e e ee e e ettt eeet e e e eeaae e e e e at e e e e ar e e e e et e e eeaaeeeenaateeeeaaeeeennarens 376
SOULI ATTICA ettt e et e et e e eeaae e e e e aaeeeeeraeeeeensaeeeeeaaeeeeenneens 380
SPAIIL c. ettt ettt b et h e bt et b e bt bt et e bt bt bt et e bt bt e st e b e be bt et et e sheebeenee 394
STWEARIL ..ottt ettt e ettt eeet e e e ettt e e e eetae e e eebteeeetaeeeeetbeaeeatbaaeeetaeaeeebreeeeanreeeeetaeeeeenrreas 401
TATLZATIIA . .eeeeevreeeeeriee e ettt e eette e e eeteeeeeetreeeeetaeeeeeabeeeeasseeeeesseeeeersseeesssseeeassseeeensseeeeasseeeeasreeeaas 408
TRAILANIA ..ot ettt e et e e e et e e e eeta e e e e tbe e e e e taeeeeetreeeeetraeeeearaaeeas 414
TUTREY .ttt ettt et b e sttt b e s bt bt et e s bt s bt e bt et bt e bt e bt et s bt sbeenaens 416
UKRTAITIE .ottt ettt e e e ettt e e eeate e e e eaae e e eeaaeeeeensteeeeeaeeeeeesteeeeensaeeeeeaeeeesnnneeeeentes 423
United KINGAOT ....eouiiiiiiriieieierieetetete sttt sttt et et b bt et sbeebeestenbesbeenaens 436
UNIEEA STALES ittt ettt e ettt e e et e e eeaee e e e tbeeeeeebseeeeesseeeesasseeeeesseeesnnseeeennnes 438
VIBE INAINL ..uviiiiiieee ettt ettt ee e e ettt e e e etae e e eeabaeeeetseaeeeaseeeeentseeeeatseeeeesseeeeensseeesnnseens 458
Y=Y 0's1 o t- USRS 462

List of appendices
1. Members of the Joint NEA-IAEA Uranium Group participating in 2012-2013

INEETITIES .ouveuieieeiiiieieet ettt ettt ettt ettt e b e st et e st e b e s ae e e e ae s bt eaeeanen e sreene s ne st ennens 469
2. List of reporting organisations and CONtact PEISONS.......c..coeveeererreneerererenereerennens 473
3. Glossary of definitions and terminology......c..cccecueverirerienenineeiereneeceeene e 477
4.  List of abbreviations and aCIrONYINS ......cccccerirerierienererteieneneeeerie st sieeseessesiesseeneens 489
5. Energy CONVerSiON fACLOTS ....c.coiiririiririiriteienienieetete sttt ettt s 491
6.  List of all Red Book editions (1965-2014) and national reports .......c.ccccecererveveecnnene 493
7. CUITency eXChange IateS .....cccccoivirreriiririeieie ettt ettt et sne s eaeeane 501
8.  Groups of countries and areas with uranium-related activities..........c.cceecervrveenens 503

List of figures

1.1. Global distribution of identified reSOUICES ........ccceevveriirerieiininieteenereeeee e 19
1.2. Distribution of reasonably assured resources (RAR) among countries with a

significant Share Of TESOUICES .....c.ccceviriiiriririicrreee et 26
1.3. Distribution of inferred resources (IR) among countries with a significant share

OF TESOUICES ...ttt 26
1.4. Trends in exploration and development eXpenditures ..........cocceceeverereesierieseereenns 45
1.5. Uranium production in 2012: 58 816 tU.....c.ccccerirereeriererieienienieeterienieseeeeseeniesieennens 62
1.6. Recent world uranium ProduUCHION......cccceeeterierireeiereseetetene ettt eaeens 62
2.1. World installed nuclear capacity: 371.8 GWe Net ....ccccoereevieneneneeieneneeieienieeeeenen 79
2.2. 2012 world uranium requirements: 61 600 tU ........ccocerveerierienieniienienienee e 79
2.3. Projected installed nuclear capacity to 2035 ......ccccoeeeeerirenierieieneneneeenereneeeennens 106
2.4. Annual reactor-related uranium requirements to 2035 ........cccceeveevirreerersieenieenen. 106
2.5. Estimated 2013 uranium production and reactor-related requirements for

major producing and cONSUMING COUNTTIES ....ccceeririeiriririeieineneeeeenie e 108
2.6. OECD and world uranium production and reqUirements ..........coccevvererrveruereereenns 108
2.7. Annual uranium production and reqUIremMents ..........ceceeceererereerienenieneereneneeeens 109

6 URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014



TABLE OF CONTENTS

2.8. Cumulative uranium production and requUIrements.........ccoeeereeerenieneeeenenenreennens 110
2.9. Uranium prices: 1982-2002......ccccirirrieriirireeienie sttt sieete ettt ete st b et essesbe e esaens 120
2.10. NUEXCO exchange value trend ........cocvereerienieneeieieneneeteie ettt 121
2.11. Projected annual world uranium production capability to 2035 compared with
projected world reactor TEQUITEIMNENTS ...ccevirierierieriieieeiee ettt 125
List of tables
1.1. Changes in identified resources 2011-2013......cccccrirererrieninenieineneneteesesereeenens 18
1.2. Identified resources (RAR and inferred) ........cccocecvireniecnininenenneeceeneneeeceaene 20
1.3. Reasonably assured resources (RAR) .....cccocevireriririnenieinenienieteceresteseetere e steeeesiens 21
1.4, INFEITEA TESOUICES. ...couiiiiiieiieieieeteetete ettt sttt b ettt st et e be s b eaaens 22
1.5. Major identified resource changes by COUNIV .....cccceveririenienenenienieneneeteieseeeeens 23
1.6. Reasonably assured resources by production method ........cccceceeceeveniniennenenencnnnns 27
1.7. Inferred resources by production method.........cccocviriicrinininnininenceneneeeceene 28
1.8. Reasonably assured resources by processing method.........c..cecceceeveninveevcnininccennns 28
1.9. Inferred resources by processing method.........cccceeveriecrienineneinineneteneseeeceaene 29
1.10. Reasonably assured resources by deposit tYPe....ccccverereerienenieienieneneetereneeeeeens 29
1.11. Inferred resources Y dePOSit tYPE...ccceririerieriiririeieiesieetetesie sttt 30
1.12. Identified resources proximate to existing or committed production centres....... 31
1.13. Additional identified TE@SOUICES .....cccviruiririeriiriirteeeetee ettt 32
1.14. Reported UndiSCOVETEA FESOUITES ....cccueeterruieiieieereenieesieenteeneesseesseesseesseesseesseesseesseesses 33
1.15. Unconventional uranium resources (1 000 tU) reported in 1965-2003 Red Books
with updated figures from 2011-2013......cocieiiiiririiieieneetete et 35
1.16. Major thorium deposit types and IESOUICES.......cccecuerrerereerrenrerieeerenreeeeeenresreeeennens 38
1.17. Identified thOTIUIMN T@SOUICES ......ccoveirieeirreiiieicereteete ettt 40
1.18. Non-domestic uranium exploration and mine development expenditures............ 42
1.19. Industry and government uranium exploration and mine development
expenditures — domestic in countries listed......c.cccocevverrieriiiiiniieeeeeeee 43
1.20. Production in selected countries and reasons for major changes ........cccoceveeeecenene 60
1.21. Historical uranium production ........ccoiiirieiereninieieieneetete ettt 60
1.22. Ownership of uranium production based on 2012 OULPUL .....ccceeceereeriereeierienieneeeens 66
1.23. Employment in existing production centres of listed countries ........c.cceceverereenees 67
1.24. Employment directly related to uranium production and productivity................... 68
1.25. Percentage distribution of world production by production method.........c.ccceuce.. 69
1.26. World uranium production capability t0 2035 .........ccceveeverenireereeneneneeeenreneeeenens 70
1.27. Recently opened, planned and committed mine capacity expansion and
expansions of existing facilities .......cccvireririniinieeceeecee e 72
1.28. Prospective mines (estimated production capacity in tU/YT).....ccvveveeereneneneeccnncne 74
2.1. Nuclear data SUIMMIATY c..cocceceerieriirieeeienieeteretesreeeetenre st eaeesne st st eseesses st saeensesesneeneennes 78
2.2. Electricity generated at nuclear pOwer Plants.......c.ccoeveeeerenenieeieneneneeene e 80
2.3. Installed nuclear generating capacity t0 2035.......ccccovirirrieneneneenenieneetee e 102
2.4. Annual reactor-related uranium requirements to 2035 .......ccccoceevenerieniienenienieenens 104
2.5. Uranium stocks in countries responding to 2013 questionnaire.........ccccceceeereeuens 111
2.6. MOX production and USE ........ceceevueerierrieeiieiteitesteeie ettt et et et e bt e bt eseesbeebeeseenseen 116
2.7. Reprocessed uranium production and USE ..........ceceereerieerieerieerieesieenieesieenieesieesieeeens 116
2.8. Russian Federation supply of re-enriched tails to European Union end users.....118
2.9. Re-enriched tails production and USE........ccccevererieniererieienieneeteese et 119
2.10. ESA average natural uranium prices (2008-2012).......ccceceevueruerererreenieneneenieneneenens 123

URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014 7






EXECUTIVE SUMMARY

Executive summary

In addition to updated resource figures, Uranium 2014 — Resources, Production and Demand
presents the results of the most recent review of world uranium market fundamentals
and offers a statistical profile of the world uranium industry as of 1January 2013. It
contains official data provided by 36 countries and 9 national reports prepared by the
joint NEA-IAEA Secretariat on uranium exploration, resources, production and reactor-
related requirements. Projections of nuclear generating capacity and reactor-related
uranium requirements through 2035 are presented, as well as a discussion of long-term
uranium supply and demand issues.

Resources!

Total identified uranium resources have increased by more than 7% since 2011, adding
almost ten years of global reactor requirements to the existing resource base, but the
majority of the increases occurred in resource categories with higher production costs.

Total identified resources (reasonably assured and inferred) as of 1January 2013
amounted to 5 902 900 tonnes of uranium metal (tU) in the <USD 130/kgU (<USD 50/1b Us0s)
category, an increase of 10.8% compared to 1January 2011. In the highest cost category
(<USD 260/kgU or <USD 100/1b UsOs) which was reintroduced in 2009, total identified
resources amount to 7 635200 tU, an increase of 7.6% compared to the total reported in
2011.

Although the total identified resources have increased overall, since 2011 there has
been a significant reduction of 36% in the <USD 80/kgU (or <USD 30/Ib UsOs) cost category,
owing principally to increased mining costs. The lowest cost category (<USD 40/kgU or
<USD 15/1b UsOs) changed little, owing mainly to successful exploration efforts in
Kazakhstan. The majority of the increases are a result of re-evaluations of previously
identified resources and additions to known deposits, particularly in Australia, Canada,
the Czech Republic, Greenland, Kazakhstan, Peoples’ Republic of China and South Africa.
At the 2012 level of uranium requirements, identified resources are sufficient for over
120 years of supply for the global nuclear power fleet. Moreover, an additional 119 100 tU

1. Uranium resources are classified by a scheme (based on geological certainty and costs of
production) developed to combine resource estimates from a number of different countries into
harmonised global figures. Identified resources (which include reasonably assured resources, or
RAR, and inferred resources) refer to uranium deposits delineated by sufficient direct
measurement to conduct pre-feasibility and sometimes feasibility studies. For RAR, high
confidence in estimates of grade and tonnage are generally compatible with mining decision-
making standards. Inferred resources are not defined with such a high degree of confidence and
generally require further direct measurement prior to making a decision to mine. Undiscovered
resources (prognosticated and speculative) refer to resources that are expected to exist based on
geological knowledge of previously discovered deposits and regional geological mapping.
Prognosticated resources refer to those expected to exist in known uranium provinces, generally
supported by some direct evidence. Speculative resources refer to those expected to exist in
geological provinces that may host uranium deposits. Both prognosticated and speculative
resources require significant amounts of exploration before their existence can be confirmed and
grades and tonnages can be defined. For a more detailed description, see Appendix 3.

URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014 9



EXECUTIVE SUMMARY

of resources have been identified by the Secretariat as resources reported by companies
that are not yet included in national resource totals.

Total undiscovered resources (prognosticated resources and speculative resources) as
of 1 January 2013 amounted to 7 697 700 tU, a significant decrease from the 10 429 100 tU
reported in 2011, principally because the United States did not report data for this edition
as previous estimates completed in 1980 need re-evaluation to determine their accuracy.

It is important to note that in some cases, including those of major producing
countries with large identified resource inventories (e.g. Australia, Canada), estimates of
undiscovered resources are either not reported or estimates have not been updated for
several years.

The uranium resource figures presented in this volume are a snapshot of the
situation as of 1January 2013. Resource figures are dynamic and related to commodity
prices. The overall increase in identified resources (including high cost resources) from
2011 to 2013 have added over eight years of global supply based on 2012 uranium
requirements, despite less favourable market conditions. Nonetheless, as in the case of
past periods of increased exploration activity, continued high levels of investment and
associated exploration efforts have resulted in the identification of additional resources
of economic interest.

Exploration

The increased resource base described above has been identified thanks to a 23% increase in
uranium exploration and mine development expenditures between 2010 and 2012.

Worldwide exploration and mine development expenditures in 2012 totalled
USD 1.92 billion, a 22% increase over updated 2010 figures (reduced from over
USD 2 billion to USD 1.56 billion). Despite a decline in market prices over the past few
years, prices for uranium since 2003 have been generally higher compared to the
preceding two decades and have stimulated increased exploration in regions known to
have good potential based on past work and grass roots exploration in new areas.
Concerted efforts also continue to be made to expand the resource base and develop
deposits for projected future supply requirements. Over 95% of exploration and
development expenditures in 2012 were devoted to domestic activities.

From 2011 to 2013, domestic exploration and mine development expenditures
decreased in some countries, partly due to the declining uranium price which slowed
down many exploration and mine development projects, particularly in the junior
uranium mining sector. In Canada, although overall expenditures decreased, exploration
expenditures increased by 3.5% from 2011 to 2012. In contrast, Australia reported a
significant decrease in exploration expenditures from 2011 to 2012. This decrease was
offset by increased total expenditures from 2011 to 2012 in a number of countries
including Brazil, China, Ethiopia, Iran, Kazakhstan, Poland, Spain, Tanzania, Turkey, the
Ukraine, the United States and Zambia. Worldwide expenditures are expected to remain
the same or increase slightly in 2013 despite declining expenditures expected in China,
Poland and Tanzania. Exploration expenditures in 2013 are projected to increase
significantly in Kazakhstan.

Non-domestic exploration and development expenditures, although reported only by
China, France, Japan and the Russian Federation, decreased from USD 371 million in 2009
to less than USD 200 million from 2010 through 2012, but remained significantly above
the USD 70 million reported in 2004. Non-domestic development expenses in China are
projected to reach over USD 560 million in 2013 principally due to investment in the
Husab mine in Namibia, pushing expected non-domestic exploration and development
expenditures to a total of more than USD 650 million in 2013.
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Production

Global uranium mine production between 2010 and 2012 increased by 7.6%, which is a
lower rate of growth compared to the last reporting period, but increases were again mainly
the result of rising production in Kazakhstan, currently the world’s leading producer.

Overall, world uranium production increased only 0.2% from 54 653 tU in 2010 to
54 740 tU in 2011. However, production in 2012 increased by 7.4% from 2011 to 58 816 tU
and is projected to increase to over 59 500 tU in 2013. This recent growth is principally the
result of increased production in Kazakhstan, with smaller additions in Australia, Brazil,
China, Malawi, Namibia, Niger, the Ukraine and the United States. Within OECD countries,
production increased slightly from 16 982 tU in 2011 to 17 956 tU in 2012 and is expected
to remain relatively stable in 2013.

From 2011 to 2013, uranium was produced in 21 different countries; one less than in
2010 (Bulgaria did not report mine remediation recovery for this edition and France,
Germany and Hungary continue to recover minor amounts of uranium only as the result
of remediation activities). Kazakhstan’s growing production continued to 21240 tU in
2012 (with 22 500 tU expected in 2013). Although the rate of increase has been reduced
from previous years it remains the world’s largest producer by a large margin. Production
in Kazakhstan in 2012 totalled more than the combined production that same year in
Canada and Australia, the second and third largest producers of uranium respectively.

In situ leaching (ISL, sometimes referred to as in situ recovery, or ISR) production
continued to dominate uranium production accounting for 45% of world production in
2012, largely due to production increases in Kazakhstan and to other ISL projects in
Australia, China, the Russian Federation, the United States and Uzbekistan. World
uranium production by ISL is forecast to reach 47.5% of total production in 2013. In 2012,
underground mining (26%), open-pit mining (20%) and co-product and by-product
recovery from copper and gold operations (6%), heap leaching (2%) and other methods
(1%) accounted for the remaining production shares.

Environmental and social aspects of uranium production

With uranium production poised to expand, in some cases to countries that have not
previously hosted uranium mining, efforts are being made to develop operations similar to
leading practice operations in more established uranium producing countries. These efforts
aim to develop safe mining practices in communities well-informed of such activities and to
continue to minimise environmental impacts.

Although the focus of this publication remains uranium resources, production and
demand, environmental aspects of the uranium production cycle are gaining increasing
importance and, as in the last few editions, updates on activities in this area are included
in national reports in the current edition. With uranium production ready to expand, in
some cases to countries hosting uranium production for the first time, the continued
development of transparent, safe and well-regulated operations that minimise
environmental impacts is crucial.

In January 2013, a number of agreements covering the Ranger Project Area were
signed by the Australian government, Northern Land Council, the Mirarr traditional
owners and the mine operator Energy Resources Australia. Such initiatives provide
greater benefits to traditional owners, including intergenerational benefits, in this case
through the establishment of the Kakadu West Arnhem Social Trust. Other key features
include an agreed approach to increasing opportunities for local Aboriginal participation
in business development, training and employment.

The Uranium Council (formerly the Uranium Industry Framework), established by the
government in 2009 to develop a sustainable Australian uranium mining sector, initiated
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a project led by the Australian Radiation Protection and Nuclear Safety Agency on
radiological protection of non-human biota and participated in the development and
implementation of the Australian National Radiation Dose Register, a centralised
database for the collection and long-term storage of radiation dose registers for uranium
mine and mill workers.

In Botswana, A-Cap Resources established the Safety, Health, Radiation, Environment
and Community Group aimed at informing, educating and involving local communities
through meetings held on a regular basis. An environmental and social impact
assessment study of the Letlhakane Project was submitted to the government of
Botswana in 2011 and a detailed exploration programme was undertaken to identify
sufficient water resources for the proposed Letlhakane Project.

In the Czech Republic, although environmental activities and actions attempting to
resolve social issues arising from the closure of major mining activities were formally
terminated in 2009, extensive environmental remediation projects and projects with a
focus on associated social issues continue to be funded by the state budget and European
Union (EU). These projects aim to develop alternative (mainly environmental) approaches
to address social issues stemming from decreasing employment in uranium mining. This
includes the development of projects and related environmental impact assessments,
decommissioning activities, waste rock management, site rehabilitation and
maintenance, water treatment and long-term monitoring.

Following the closure of all uranium mines in France in 2001, all facilities have been
shut down, dismantled and the sites reclaimed. All sites (over 200), ranging from
exploration camps to mines of various sizes, 8 mills and 17 tailings deposits (containing a
total of 52 Mt of tailings) resulting from the production of over 80 000 tU, have been
remediated. Monitoring continues at only the most affected sites and 14 water treatment
plants have been installed to treat water at the remediated facilities.

In Kazakhstan, remediation of the west and central site of the Uvanas deposit has
been completed and the second stage of remediation is being planned. Remediation of
the Kanzhugan deposit is also scheduled to begin.

In Malawi, mine owner and operator Paladin Energy continues to fulfil its social
development obligations under the terms of the Kayelekera mine development
agreement. A programme to promote local involvement, economic growth and capacity
building in communities is in progress and opportunities are being explored for the
transfer of skills from Kayelekera’s experienced workforce to local businesses. Additional
projects include renovations to Karonga district hospital, the provision of medical
equipment, implementation of a health awareness programme and the continuation of a
weekly outpatient clinic.

Namibia continues to make progress in a number of environmental and social issues,
building on the establishment of the Rdssing Foundation in 1978. The foundation’s
activities focus on education, health care, environmental management and radiation
safety in the uranium industry. Paladin Energy, owner and operator of the Langer
Heinrich production centre, held numerous community meetings in 2011 and 2012 to
update interested parties on mine development activities and to help identify an
appropriate focus for the company’s social development programme. One focus of site
activities has been the reuse and recycling of water. With the development of the Husab
mine, Swakop Uranium has also engaged in social responsibility programmes, including
committing itself to local procurement, recruitment and employment, training, education
and responsible environmental management practices. To this end, projects were
initiated to address research needs identified in the company’s environmental
management plan, including groundwater monitoring. In January 2013, the Geological
Survey of Namibia released the first annual report produced under the Strategic
Environmental Management Plan (SEMP) developed in response to the Strategic
Environmental Assessment on the cumulative effects of uranium mine development.
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One of the key points of interest of SEMP is water. Since 2010, water has been supplied to
the Erongo region from a coastal desalination plant built by AREVA.

In Niger, Somair and Cominak maintained their ISO 14001 -certification for
environmental management and AREVA continues to manage environmental issues with
a focus on water. Methods to conserve and reduce water consumption have successfully
reduced water use despite increased production. The mining companies manage two
hospitals and technical support centres in Arlit and Akokan. First created to provide
medical care for miners and their families, the centres are now largely open to the public
free of charge. A medical centre to treat local residents at no cost was also recently
opened at Imouraren.

In several other countries with closed uranium production facilities (Brazil, Hungary,
Poland, Portugal, the Slovak Republic, Slovenia, Spain and the Ukraine), updates of
remedial and monitoring activities are provided in the respective country reports.

Additional information on environmental aspects of uranium production may be
found in the joint NEA-IAEA Uranium Group publications Environmental Remediation of
Uranium Production Facilities (OECD, 2002) and Environmental Activities in Uranium Mining and
Milling (OECD, 1999). The OECD/NEA has also recently released a report, Managing
Environmental and Health Impacts of Uranium Mining (OECD, 2014), outlining significant
improvements in these areas that have been undertaken since the early strategic period
of uranium mining to the present day.

Uranium demand
Demand for uranium is expected to continue to rise for the foreseeable future

At the end of 2012, a total of 437 commercial nuclear reactors were connected to the
grid with a net generating capacity of 372 GWe requiring some 61 980 tU, as measured by
uranium acquisitions. Taking into account changes in policies announced in Belgium,
France, Germany, Italy and Switzerland following the Fukushima Daiichi nuclear power
plant accident, world nuclear capacity by the year 2035 is projected to grow to between
about 400 GWe net in the low demand case and 680 GWe net in the high demand case,
representing increases of 7% and 82% respectively. Accordingly, world annual reactor-
related uranium requirements are projected to rise to between 72 000 tU and 122 000 tU
by 2035. In addition to declining projections of nuclear generating capacity, uranium
requirements have been reduced from 2011 on the assumption that tails assays at
enrichment plants have been reduced, on average, from 0.30% to 0.25%.

Nuclear capacity projections vary considerably from region to region. The East Asia
region is projected to experience the largest increase, which, by the year 2035, could
result in the installation of between 57 GWe and 125 GWe of new capacity in the low and
high cases respectively, representing increases of more than 65% and 150% over 2013
capacity. Nuclear capacity in non-EU member countries on the European continent is also
projected to increase significantly, with additions of between 20 and 45 GWe of capacity
projected by 2035 (increases of about 50% and 110% respectively). Other regions projected
to experience significant nuclear capacity growth include the Middle East, Central and
Southern Asia and South-East Asia, with more modest growth projected in Africa and the
Central and South American regions. For North America, nuclear generating capacity in
2035 is projected to either decrease by almost 30% in the low case or increase by over 15%
in the high case by 2035. In the European Union the outlook is similar, with nuclear
capacity in 2035 either projected to decrease by 45% in the low case scenario or increase
by 20% in the high case scenario.

These projections are subject to even greater uncertainty than usual due to the
Fukushima Daiichi accident, since Japan has not yet determined the role that nuclear
power will play in its future generation mix and China did not report official targets for
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nuclear power capacity beyond 2020 for this edition. Key factors influencing future
nuclear energy capacity include projected baseload electricity demand, the economic
competitiveness of nuclear power plants, as well as funding arrangements for such
capital-intensive projects, the cost of fuel for other electricity generating technologies,
non-proliferation concerns, proposed waste management strategies and public
acceptance of nuclear energy, which is a particularly important factor in some countries
after the Fukushima Daiichi accident. Concerns about longer-term security of fossil fuel
supply and the extent to which nuclear energy is seen to be beneficial in meeting
greenhouse gas reduction targets and enhancing security of energy supply could
contribute to even greater projected growth in uranium demand.

Supply and demand relationship

The currently defined resource base is more than adequate to meet high case uranium
demand through 2035, but doing so will depend upon timely investments given the typically
long lead times required to turn resources into refined uranium ready for nuclear fuel
production. Other concerns in mine development include geopolitical factors, technical
challenges, increasing expectations of governments hosting uranium mining and other issues
facing producers in specific cases.

In 2012, world uranium production (58 816 tU) provided about 95% of world reactor
requirements (61 980 tU), with the remainder supplied by previously mined uranium
(so-called secondary sources) including excess government and commercial inventories,
low-enriched uranium (LEU) produced by blending down highly enriched uranium (HEU)
from the dismantling of nuclear warheads, re-enrichment of depleted uranium tails (DU)
and spent fuel reprocessing.

Uranium miners vigorously responded to the market signal of increased prices and
projections of rapidly rising demand prior to the Fukushima Daiichi accident. However,
the continued decline in market prices following the accident and lingering uncertainty
about nuclear power development in some countries has at least temporarily reduced
uranium requirements, further depressed prices and slowed the pace of mine
development. Uranium miners have been hit harder by the Fukushima Daiichi accident
than any other segment of the nuclear fuel cycle. The uranium market is currently
well-supplied and projected primary uranium production capabilities including existing,
committed, planned and prospective production centres would satisfy projected high
case requirements through 2032 and low case requirements through 2035 if
developments proceed as planned. Meeting high case demand requirements to 2035
would consume less than 40% of the total identified resource base. Nonetheless,
significant investment and technical expertise will be required to bring these resources to
the market, and producers will have to overcome a number of significant and at times
unpredictable issues in bringing new production facilities on stream, including
geopolitical factors, technical challenges and risks at some facilities, the potential
development of ever more stringent regulatory requirements and the heightened
expectations of governments hosting uranium mining. Sufficiently robust uranium
market prices will be needed to support these activities, especially in light of the rising
costs of production.

Although information on secondary sources is incomplete, the availability of these
sources will at least temporarily decline somewhat after 2013 when the agreement
between the United States and the Russian Federation to blend down HEU to LEU suitable
for nuclear fuel comes to an end. Limited available information indicates that there
remains a significant amount of previously mined uranium (including material held by
the military), some of which could feasibly be brought to the market in the coming years.
With the successful transition from gas diffusion to centrifuge enrichment now complete
and capacity at least temporarily in excess of requirements following the Fukushima
Daiichi accident, enrichment providers are well-positioned to reduce tails assays below
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contractual requirements and in this way create additional uranium supply. Moreover,
interest in the re-enrichment of DU is growing, and if a commercially viable means of
re-enriching DU is developed a considerable source of secondary supply could become
available. Developments in laser enrichment have the potential to accelerate secondary
supply from DU, although considerable progress remains to be made to be successful in
this regard. In the longer term, alternative fuel cycles (e.g.thorium), if successfully
developed and implemented, could have a significant impact on the uranium market, but
it is far too early to say how cost-effective and widely implemented these proposed fuel
cycles could be.

Although declining market prices have led to a delay in some mine development
projects, other projects have advanced through regulatory and further stages of
development. However, the overall timeframe for mine development should be reduced if
market conditions warrant renewed development activity. The current global network of
uranium mine facilities is, at the same time, relatively sparse, creating the potential for
supply vulnerability should a key facility be put out of operation. Utilities have been
building significant inventory over the last few years at reduced prices, which should
help to protect them from such events.

Conclusions

Despite recent declines in electricity demand stemming from the global financial crisis in
some developed countries, overall demand is expected to continue to grow in the next
several decades to meet the needs of a growing population, particularly in developing
countries. Since nuclear power plant operation produces competitively priced, baseload
electricity that is essentially free of greenhouse gas emissions, and the deployment of
nuclear power enhances security of energy supply, it is projected to remain an important
component of energy supply. However, the Fukushima Daiichi accident has eroded public
confidence in nuclear power in some countries and prospects for growth in nuclear
generating capacity are in turn being reduced and subject to even greater uncertainty
than usual. Additional safety measures required after reviews of all operating nuclear
facilities have also driven operating costs upward. This, combined with the abundance of
low-cost natural gas in North America and the risk-averse investment climate stemming
from the global financial crisis, has reduced the competitiveness of nuclear power plants
in liberalised electricity markets. Government and market policies that recognise the
benefits of low-carbon electricity production and the security of energy supply provided
by nuclear power plants could help alleviate these competitive pressures, but it is not yet
clear when and how widely such measures can be adopted. Nuclear power nonetheless is
projected to grow considerably in regulated electricity markets with increasing electricity
demand and a growing need for clean air electricity generation.

Regardless of the role that nuclear energy ultimately plays in meeting future
electricity demand, the uranium resource base described in this publication is more than
adequate to meet projected requirements for the foreseeable future. The challenge is to
continue developing safe and environmentally responsible mining operations to bring the
required quantities of uranium to the market in a timely fashion.

URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014 15






CHAPTER 1. URANIUM SUPPLY

Chapter 1. Uranium supply

This chapter summarises the current status of worldwide uranium resources, exploration
and production.

Uranium resources
Identified conventional resources

Identified resources consist of reasonably assured resources (RAR) and inferred resources
(IR) recoverable at a cost of less than USD 260/kgU (USD 100/1bUs0Os). Relative changes in
different resource and cost categories of identified resources between this edition and the
2011 edition of the “Red Book” are summarised in Table 1.1. The overall picture is one of
resources shifting to higher cost categories and an increase in total identified resources,
similar to the trend noted in previous recent editions. Resources recoverable at costs
<USD 260/kgU increased by 538 600 tU (7.6%) to a total of 7 635200 tU. This increase is
equivalent to more than eight years of global supply at 2012 uranium requirements. The
increases are the result of re-evaluations of known deposits and increased exploration
efforts to extend the life-of-mine or expand production capacity at existing mining
facilities. Resource increases in Australia, Canada, the Central African Republic, China,
the Czech Republic, Greenland, India, Kazakhstan, Mongolia, the Russian Federation, the
Slovak Republic, South Africa, Tanzania and Zambia were countered by reductions in
other countries owing to re-evaluation and depletion by mining, mainly in Botswana,
Namibia and Niger. The most significant changes in terms of an increased resource base
were reported for the Czech Republic, Greenland and Mongolia.

Identified resources recoverable at costs of <USD 130/kgU (USD 50/1bUs0Os) increased
by 10.8% from 5 327 200 tU in 2011 to a total of 5902 900 tU in 2013, as a result of shifting
lower cost resources to higher cost categories in Australia, Namibia, the Russian
Federation and South Africa as well as overall additions, through exploration and re-
evaluation of resources, in a number of other countries.

The shift to higher cost categories resulted in a marked decline in the <USD 80/kgU
(USD 30/1bUs0s) category, which dropped by 1 121 800 tU (36.4%) to 1 956 700 tU from 2011
to 2013. There was very little change in the lowest cost category (<USD 40/kgU or USD
15/1bUs0s) with only a 0.3% increase reported for a total of 682 900 tU. A notable exception
to generally declining figures in this cost category in recent years is Kazakhstan, where
exploration resulted in an 88% increase in low-cost identified resources (<USD 40/kgU)
from 47 400 tU in 2011 to 89 300 tU in 2013. It should be noted however that resources in
this lowest cost category are likely higher than reported, because some countries have
indicated that detailed estimates are not available, or that the data are confidential.

Current estimates of identified resources, RAR and IR, on a country-by-country basis,
are presented in Tables 1.2, 1.3 and 1.4, respectively. Table 1.5 summarises major changes
in resources between 2011 and 2013 in selected countries.

Distribution of identified conventional resources by categories and cost ranges

Australia still dominates the world’s uranium resources with 29% of the total identified
resources (<USD 130/kgU) and 24% of identified resources in the highest cost category
(<USD 260/kgU). Kazakhstan is a distant second with approximately 12% in both cost
categories, with all of the other countries having less than a 10% share. Only 15 countries
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around the world have more than a 1% share of the total world’s identified resources
available at costs <USD 130/kgU (Figure 1.1) and 16 countries in the high-cost category.
The most significant changes between 2011 and 2013 are in the shift of the <USD 80 kg/U
to higher cost categories and an overall increase in total identified resources in the
<USD 260/kgU category (Table 1.2). The distribution of identified resources (RAR and IR)
among the countries with major resources is shown in Figures 1.2 and 1.3.

RAR recoverable at costs <USD 40/kgU, the most economically attractive category,
increased slightly by 13 500 tU (2.7%) mainly as a result of exploration near existing
production centres in Canada, China and Kazakhstan. The most significant change in
RAR was a decrease of 803200 tU (39.9%) in the <USD 80/kgU category, reflecting a
continued trend towards higher production costs. In the <USD 130/kgU and <USD 260/kgU
categories there were modest increases of 7% and 4.8% respectively, which are mainly
the result of the re-evaluation and transfer of lower cost resources to higher cost
categories. The increases in the overall total RAR are mainly due to increases in Australia,
Canada, China, the Czech Republic, India, Mongolia, the Russian Federation and South
Africa with smaller contributions from the Central African Republic, Slovak Republic and
Tanzania. Reductions in the highest cost category in Botswana, Kazakhstan, Namibia and
Niger were due to technical and economic re-evaluation of deposits. France no longer
reports uranium resources.

Lower cost inferred resources were reduced substantially with the <USD 40/kgU
category decreasing by 6.1% and the <USD 80/kgU dropping by 30%. This resulted in
increases in both the <USD 260/kgU and <USD 130/kgU categories of 12.1% and 17.8%,
respectively. A significant increase in total inferred resources came from Greenland with
the addition of 86 000 tU and the Czech Republic with 68 000 tU. A reclassification of
prognosticated to inferred resources in Kazakhstan also contributed to the increased
overall total. Decreased resource totals were registered in other countries, including Niger
and the Russian Federation, with the latter upgrading inferred resources to RAR. Inferred
resources comprise 40% of the identified resource total, a 2% increase over the last
reporting period.

Table 1.1. Changes in identified resources 2011-2013

(1 000 tU)
Resource category 2011 ‘ 2013 ‘ Change (1 000 tU)@ % change
Identified (total)
<USD 260/kgu 7096.6 7635.2 538.6 76
<USD 130/kgu 5327.2 5902.9 575.7 10.8
<USD 80/kgU 30785 1956.7 11218 -36.4
<USD 40/kgu® 680.9 682.9 2.0 0.3
RAR
<USD 260/kgu 4378.7 4587.2 208.5 4.8
<USD 130/kgu 3455.5 3698.9 2434 7.0
<USD 80/kgU 2014.8 12116 803.2 -39.9
<USD 40/kgu® 493.9 5074 13.5 2.7
Inferred resources
<USD 260/kgu 27179 3048.0 330.1 12.1
<USD 130/kgu 1871.7 2204.0 332.3 17.8
<USD 80/kgU 1063.7 745.1 318.6 -30.0
<USD 40/kgu®) 187.0 175.5 11.5 6.1

(a) Changes might not equal differences between 2011 and 2013 because of independent rounding. (b) Resources in
the cost category of <USD 40/kgU are likely higher than reported, because some countries have indicated that
detailed estimates are not available, or the data are confidential.
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Figure 1.1. Global distribution of identified resources
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The global distribution of identified resources among the 15 countries with more than a 1% share of the total global identified resources available at costs
<USD 130/kgU illustrates the widespread distribution of these resources. Together, these 15 countries are endowed with 97% of the global identified resource
base in this cost category (the remaining 3% are distributed among another 21 countries). The widespread distribution of uranium resources is an important
aspect of nuclear energy in terms of security of energy supply.
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Table 1.2. Identified resources (RAR and inferred)
(recoverable resources as of 1 January 2013, tonnes U, rounded to nearest 100 tonnes)

Country Cost ranges
<USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgu

Algeriac.9 0 0 0 19 500
Argentina 2400 9100 18 500 19 600
Australia NA NA 1706 100 1798 300
Botswana* 0 0 68 800 68 800
Brazil 137 300 228 700 276 100 276 100
Canada 321800 418 300 493 900 650 500
Central African Republic* 0 0 32000 32000
Chad*(.e) 0 0 0 2400
Chilet@.® 0 0 0 1500
China@ 65700 148 600 199 100 199 100
Congo, Dem. Rep.*@.c.d) 0 0 0 2700
Czech Republic 0 0 1400 119 300
Egyptacd 0 0 0 1900
Finland(c @ 0 0 1200 1200
Gabon(@ ) 0 0 4800 5800
Germany(©) 0 0 0 7000
Greecef@©) 0 0 0 7000
Greenland 0 0 0 221200
Hungary 0 0 0 13 500
India(d.e) NA NA NA 119900
Indonesia(c. 9 0 1500 6300 8000
Iran, Islamic Republic of 0 0 4 400 4400
Italy() 0 6100 6100 6100
Japan(© 0 0 6600 6600
Jordan. 0 0 40 000 40000
Kazakhstan( 89 300 515700 679 300 875 500
Malawi* 0 0 10 500 15000
Mali*@) 0 0 13000 13000
Mexico(a. d) 0 0 2900 2900
Mongolia 0 141 500 141 500 141500
Namibia* 0 0 382 800 455600
Niger* 0 15400 404 900 404 900
Perut.d 0 2900 2900 2900
Portugal(© 0 5500 7000 7000
Romania*(@ c) 0 0 6700 6700
Russian Federation(® 0 42 300 505 900 689 200
Slovak Republic®: 9 0 12 700 15500 15500
Slovenia(c 0 5500 9200 9200
Somalia*(a.c.d) 0 0 0 7600
South Africa 0 182 300 338 100 450 800
Spain 0 0 0 14 000
Sweden*(d) 0 0 9600 9600
Tanzania*@ 0 46 800 58 100 58 100
Turkey® 9 0 8700 8700 8700
Ukraine 0 59 600 117 700 222700
United States 0 39100 207 400 472100
Uzbekistan* 66 400 66 400 91300 91300
Viet Nam*(.d) 0 0 0 3000
Zambia*© 0 0 24 600 24 600
Zimbabwe*(.c.d) 0 0 0 1400
Total® 682 900 1956 700 5902 900 7635200

See notes on page 21.
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Table 1.3. Reasonably assured resources (RAR)
(recoverable resources as of 1 January 2013, tonnes U, rounded to nearest 100 tonnes)

Country Cost ranges
<USD 40/kgU <USD 80/kgU <USD 130/kgu <USD 260/kgu

Algeriac: 9 0 0 0 19500
Argentina 0 5100 8600 8600
Australia NA NA 1174000 1208 000
Botswana* 0 0 12 800 12 800
Brazil 137 300 155 100 155 100 155 100
Canada 256 200 318900 357 500 454 500
Central African Republic* 0 0 32000 32000
Chiled.¢) 0 0 0 600
China(©) 51800 93 800 120 000 120 000
Congo, Dem. Rep.*@c.d 0 0 0 1400
Czech Republic 0 0 1300 51000
Finland.9 0 0 1200 1200
Gabon(.©) 0 0 4800 4800
Germany(©) 0 0 0 3000
Greecef@ ) 0* 0* 0* 1000
India(.e) NA NA NA 97 800
Indonesia(c 9 0 1500 6300 6300
Iran, Islamic Republic of 0 0 1000 1000
Italy() 0 4800 4800 4800
Japan(©) 0 0 6600 6600
Kazakhstan() 20 400 199 700 285600 373000
Malawi* 0 0 8200 10 400
Mali*@ 0 0 8 500 8 500
Mexico(@ 9) 0 0 2900 2900
Mongolia 0 108 100 108 100 108 100
Namibia* 0 0 248 200 296 500
Niger* 0 14 800 325000 325000
Peru(e.d) 0 1400 1400 1400
Portugal(© 0 4500 6000 6000
Romania*@.c) 0 0 3100 3100
Russian Federation(® 0 11800 216 500 261900
Slovak Republic®. d 0 8 800 8 800 8 800
Sloveniatc.d 0 1700 1700 1700
Somalia*(@c.d) 0 0 0 5000
South Africa 0 113 000 175 300 233700
Spain 0 0 0 14 000
Sweden*(.d 0 0 4900 4900
Tanzania*@ 0 38300 40 400 40 400
Turkey® 9 0 6800 6800 6800
Ukraine 0 42700 84 800 141 400
United States 0 39100 207 400 472100
Uzbekistan* 41700 41700 59 400 59 400
Viet Nam*®.d) 0 0 0 900
Zambia*© 0 0 9900 9900
Zimbabwe*(.c.d) 0 0 0 1400
Total(® 507 400 1211 600 3698 900 4587 200

* Secretariat estimate; NA = not available. (a) Not reported in 2013 responses, data from previous Red Book; (b) Assessment
partially made within the last five years; (c) Assessment not made within the last five years; (d) /n situ resources were adjusted
by the Secretariat to estimate recoverable resources using recovery factors provided by countries or estimated by the
Secretariat according to the expected production method (Appendix 3); (e) Cost data not provided, therefore resources are
reported in the <USD 260/kgU category; (f) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU are higher than
reported in the tables because certain countries do not report low-cost resource estimates, mainly for reasons of confidentiality.
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Table 1.4. Inferred resources
(recoverable resources as of 1 January 2013, tonnes U, rounded to nearest 100 tonnes)

Cost ranges
Country
<USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Argentina 2400 4000 9900 11000
Australia NA NA 532100 590 300
Botswana* 0 0 56 000 56 000
Brazil 0 73600 121000 121000
Canada 65 600 99 400 136 400 196 000
Chad*(@.e) 0 0 0 2400
Chile(d.e) 0 0 0 900
China@ 13900 54 800 79100 79100
Congo, Dem. Rep.*@c.d 0 0 0 1300
Czech Republic 0 0 100 68 300
Egyptac.d 0 0 0 1900
Gabon(@©) 0 0 0 1000
Germany(©) 0 0 0 4000
Greecel@©) 0* 0* 0* 6000
Greenland 0 0 0 221200
Hungary 0 0 0 13 500
India(e NA NA NA 22100
Indonesia(c. 9 0 0 0 1700
Iran, Islamic Republic of 0 0 3400 3400
[taly() 0 1300 1300 1300
Jordan®. 0 0 40000 40000
Kazakhstan() 68 900 316 000 393700 502 500
Malawi* 0 0 2300 4600
Mali*@ 0 0 4500 4500
Mongolia 0 33400 33400 33400
Namibia* 0 0 134 600 159 100
Niger* 0 600 79900 79900
Peru(.d) 0 1500 1500 1500
Portugal(© 0 1000 1000 1000
Romania*(@ <) 0 0 3600 3600
Russian Federation(® 0 30500 289 400 427300
Slovak Republic®: d 0 3900 6700 6700
Sloveniat 0 3800 7500 7500
Somalia*@ c.d) 0 0 0 2600
South Africa 0 69 300 162 800 217100
Sweden*(9) 0 0 4700 4700
Tanzania*@ 0 8500 17 700 17 700
Turkey® & 0 1900 1900 1900
Ukraine 0 16 900 32900 81300
Uzbekistan* 24700 24700 31900 31900
Viet Nam*®.d 0 0 0 2100
Zambia*@ 0 0 14700 14700
Total® 175 500 745100 2204 000 3048 000

* Secretariat estimate; NA = not available. (a) Not reported in 2013 responses, data from previous Red Book; (b) Assessment
partially made within the last five years; (c) Assessment not made within the last five years; (d) /n situ resources were adjusted
by the Secretariat to estimate recoverable resources using recovery factors provided by countries or estimated by the
Secretariat according to the expected production method (Appendix 3); (e) Cost data not provided, therefore resources are
reported in the <USD 260/kgU category; (f) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU are higher than
reported in the tables because certain countries do not report low-cost resource estimates, mainly for reasons of confidentiality.
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Table 1.5. Major identified resource changes by country

(recoverable resources in 1 000 tonnes U)

Country Resource category 2011 2013 Changes Reasons
RAR
<USD 80/kgu 962 NA -962
<USD 130/kaU 1158 1174 16 Additional resources were defined at
g known deposits; however the increase in
Australia <USD 260/kgu 1180 1208 28 total resources was partly offset by the
Inferred transfer of resources in some deposits
into higher cost categories as a result of
<USD 80/kgU 388 NA 388 increases in mining and milling costs.
<USD 130/kgu 504 532 29
<USD 260/kgU 559 590 32
RAR
<USD 130/kgU 0 13 13 Recent evaluations resulted in an overall
<USD 260/kgU 23 13 10 decline in identified resources, but an
Botswana increase in the grade resulted in the re-
Inferred classification of some resources in lower
<USD 130/kgU 0 56 56 cost categories.
<USD 260/kgU 59 56 -3
RAR
<USD 40/kgU 238 256 18
<USD 80/kgu 293 319 26
<USD 130/kgU 320 358 38 New resources identified as a result of
<USD 260/kgU 499 455 13 recent exploration activities. Most of
Canada Canada's identified resources are
Inferred re-evaluated annually by the mining
<USD 40/kgu 113 66 -47 companies.
<USD 80/kgu 124 99 25
<USD 130/kgU 149 136 -13
<USD 260/kgU 193 196 3
Central African  |RAR Re-evaluation of resources associated
Republic <USD 260/kgU 12 32 20 with a feasibility study.
RAR
<USD 40/kgu 46 52 6
<USD 80/kgU 89 94 5 As a result of exploration activities,
additional RAR and inferred resources
<USD 130/kgU 10 120 " have been added to the resource base in
china <USD 260/kgu 110 120 11 northern  China  (Yili, Erlian, Erdos,
Inferred Songliao and Benxi basins) and in
southern China (Xiangshan, Taoshan,
<USD 40/kgU 13 14 ! Zhuguangnanbu and Dazhou uranium
<USD 80/kgu 47 55 8 fields).
<USD 130/kgU 57 79 23
<USD 260/kgU 57 79 23
RAR
<USD 260/kgU ‘ 0 51 51 An increase in resource totals as a result
Czech Republic of technical and economic re-evaluation
Inferred of the existing resource base.
<USD 260/kgU ‘ 0 68 68
RAR
France Resources no longer reported.
<USD 260/kgU | 12 0 12
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Table 1.5. Major identified resource changes by country (continued)

(recoverable resources in 1 000 tonnes U)

Country Resource category 2011 2013 Changes Reasons
Inferred Re-evaluation of rare earth elements
Greenland <USD 260/kgU | 135 221 87 and uranium resources in the Kvanefjeld
deposit in south Greenland.
RAR Additional resources identified in the
<USD 260/kgU | 77 98 21 contiguous area of deposits in the
India Cuddapah Basin and the extension of
Inferred known deposits in the Singhbhum shear
<USD 260/kgU | 28 22 6 zone and Mazhadek basin.
) Inferred .
Iran, Isllamlc <USD 130/kgU 3 1 Add|t|0n§ baseq on results of
Republic of exploration activities.
<USD 260/kgU 3 1
Inferred
Jordan <USD 130/kgu 34 40 6 Re-evaluation of resources.
<USD 260/kgU 34 40 6
RAR
<USD 40/kgU 17 20 3
<USD 80/kgU 245 200 -45 Exoloration addin fo | { RAR and
xploration adding to low-cos an
<USD 130/kgU 320 286 34 inferred resources, higher cost RAR
Kazakhstan <USD 260/kgu 402 3r3 -29 decrease through mining depletion,
Inferred increase in  higher cost inferred
<USD 40/kqU 30 69 39 resources  through  upgrade from
9 prognosticated resources.
<USD 80/kgu 241 316 75
<USD 130/kgU 309 394 85
<USD 260/kgU 417 503 86
RAR
, <USD 130/kgU | 0 9 9 _
Mali New Falea deposit.
Inferred
<USD 130/kgU | 0 5 5
RAR
<USD 80/kgU 3 108 78 | ey due to additional
ncreases primarily due to additiona
<USD 130/kgU 31 108 8 resources  associated  with  the
Mongolia <USD 260/kgu 31 108 8 Gurvansaikhan, Ulziit and Zoovch ovoo
9 Inferred sandstone-type deposits located in
<USD 80/kgU 25 33 south-east Mongolia (Gurvansaikhan,
Ulziit, Zuun Bayan basins).
<USD 130/kgU 25 33
<USD 260/kgU 25 33
RAR
<USD 80/kgU 6 0 6
<USD 130/kgV 235 248 13 Decrease in recoverable resources due
Namibia <USD 260/kgu 363 297 -67 to adjustment of recovery factors,
Inferred production depletion and updated mine
<USD 80/kgU 1 0 1 design plans.
<USD 130/kgU 26 135 109
<USD 260/kgU 156 159 3
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Table 1.5. Major identified resource changes by country (continued)

(recoverable resources in 1 000 tonnes U)

Country Resource category 2011 2013 Changes Reasons
RAR
<USD 80/kgu 5.5 15 9
<USD 130/kgu 339 325 -4 Reductions due to technical and
Niger <USD 260/kgU 34 325 -16 economic re-evaluation of resources
Inferred and depletion by mining.
<USD 130/kgU 82 80 2
<USD 260/kgU 105 80 -25
RAR
<USD 130/kgU 173 217 44
<USD 260/kgU 218 262 44 New inferred resources delineated and
Russian recent exploration activities resulted in a
. Inferred ;
Federation transfer of some inferred resources to
<USD 80/kgU 44 31 -13 RAR.
<USD 130/kgu 314 289 -25
<USD 260/kgU 432 427 -5
RAR
<USD 80/kgu
<USD 130/kgU
<USD 260/kgU Increases owing to resource calculation
Slovak Republic in a pre-feasibility study for the Kosice
Inferred deposit (Kuriskova area).
<USD 80/kgu 2
<USD 130/kgu 2
<USD 260/kgU 2
RAR
<USD 80/kgU 96 113 17 3 ‘ ‘ .
<USD 130/kgU 145 175 31 Aqqmonal information from .exten'swe
drilling programmes resulted in revised
. <USD 260/kgu 193 234 4 geological modelling and estimates
South Africa
Inferred combined with commodity price
changes and increased mining costs
<USD 80/kgU %0 69 20 resulting in cut-off grade increases.
<USD 130/kgu 134 163 28
<USD 260/kgU 179 217 38
RAR
<USD 130/kgU 29 40 12
Tanzania <USD 260/kgU 30 40 10 Additional drilling and re-evaluation of
Inferred the Mkuju and Likuyu deposits.
<USD 130/kgU 8 18 10
<USD 260/kgu 16 18 2
RAR
<USD 130/kgU 0 10 10
Zambia Inferred Additional drilling and re-evaluation of
the Muntanga and Lumwana deposits.
<USD 130/kgU 15 15
<USD 260/kgU 15 9
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Figure 1.2. Distribution of reasonably assured resources (RAR) among countries
with a significant share of resources
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* Secretariat estimate.

Figure 1.3. Distribution of inferred resources (IR) among countries
with a significant share of resources
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Distribution of resources by production method

In 2013, countries once again were asked to report identified resources by cost categories
and by the expected production method, i.e. open-pit or underground mining, in situ
leaching (ISL, sometimes referred to as in situ recovery, or ISR), heap leaching or in-place
leaching, co-product/by-product or as unspecified.

In the lowest cost category, <USD 40/kgU, underground mining is the dominant
production method for RAR (Table 1.6), mainly from Canada and to a lesser extent China.
Production by ISL is the second most important, with Kazakhstan being the primary
producer. Resources in the by/co-product category make a significant contribution,
mainly from Brazil, with ISL from China and Kazakhstan making up most of the rest. The
total is likely underestimated because of the difficulty in assigning mining costs
accurately in the by/co-product category, particularly in Australia. In the <USD 80/kgU
category, resources produced by underground mining and ISL methods make the largest
contributions. This contrasts with the last reporting period where co/by-product
resources associated mainly with the Olympic Dam deposit dominated this cost category.
Increasing mining costs have resulted in resources at Olympic Dam being transferred to
the <USD 130/kgU category. There is now a more even distribution of resources
associated with open-pit, underground and co/by-product categories in both the
<USD 130/kgU and <USD 260/kgU categories (Table 1.6). However in the highest cost
category, underground mining still dominates. Canada holds the largest resource total for
underground mining while Namibia and Niger make the largest contribution to open-pit
production. Olympic Dam is responsible for the majority of the co/by-product category
with South Africa and Brazil making significant contributions. ISL makes an important
contribution in all cost categories with Kazakhstan being the major player.

Table 1.6. Reasonably assured resources by production method

(recoverable resources as of 1 January 2013, tonnes U)

Production method <USD 40/kgu <USD 80/kgu <USD 130/kgU <USD 260/kgU
Open-pit mining 8160 80 141 918 993 1142771
Underground mining 331450 479 089 944 213 1400 659
In situ leaching acid 96 690 408 864 493 333 542 333
In situ leaching alkaline 0 36 592 88 530 110 991
Co-product/by-product 71100 201924 1199 336 1303 453
Unspecified 0 4990 54 495 86 993
Total 507 400 1211600 3698 900 4 587 200

The pattern of production method for IR is only slightly different from that of RAR
(Table 1.7). In the lowest cost categories (<USD 40/kgU and <USD 80/kgU) ISL is dominant.
In the higher cost categories (<USD 130/kgU and <USD 260/kgU) underground mining
dominates with co-product/by-product, with ISL and open-pit mining making significant
contributions. The United States does not report IR by production method, leading to
under-representation in the ISL alkaline category.
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Table 1.7. Inferred resources by production method

(recoverable resources as of 1 January 2013, tonnes U)

Production method <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Open-pit mining 2431 17 971 459 316 530 639
Underground mining 69 814 190 998 602 127 903 854
In situ leaching acid 103 255 392 382 488 039 589 039
In situ leaching alkaline 0 0 0 0
Co-product/by-product 0 100 488 571529 867 769
Unspecified 0 43 261 82989 156 699
Total 175 500 745100 2204 000 3048 000

Distribution of resources by processing method

In 2013, countries were once again requested to report identified resources by cost
categories and by the expected processing method, i.e. conventional from open-pit or
underground mining, ISL, in-place leaching, heap leaching from open-pit or heap
leaching from underground or as unspecified. It should be noted that not all countries
reported their resources according to processing method.

In all cost categories for RAR (Table 1.8) conventional processing from underground
mining is the major contributor, with Australia dominating because of Olympic Dam. In
the higher cost categories, conventional processing from open-pit and ISL make
increasing contributions, but even when combined do not surpass the underground
resources. In the IR category (Table 1.9), ISL dominates in the two lower cost categories
but in the two higher cost categories it is replaced by underground conventional methods
with totals more than twice that of ISL. The amount that is reported as unspecified is
important because the exploration of many deposits is insufficiently advanced for any
mine planning to have been carried out. Note that the United States does not report IR by
production method, leading to under-representation in the ISL alkaline category in
Table 1.9.

Table 1.8. Reasonably assured resources by processing method

(recoverable resources as of 1 January 2013, tonnes U)

Processing method <USD 40/kgu <USD 80/kgU <USD 130/kgU <USD 260/kgU
Conventional from OP 6 760 61259 605 492 711093
Conventional from UG 331450 592 113 1957 606 2313312
In situ leaching acid 96 553 408 864 493 333 542 333
In situ leaching alkaline 0 36 592 88 530 110 991
In-place leaching* 0 0 500 3653
Heap leaching** from OP 1400 16 410 277 654 306 653
Heap leaching** from UG 0 0 13680 16 682
Unspecified 71237 96 362 262 105 582 483
Total 507 400 1211600 3698 900 4 587 200

*

Also known as stope leaching or block leaching.
** A subset of open-pit and underground mining, since it is used in conjunction with them.
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Table 1.9. Inferred resources by processing method

(recoverable resources as of 1 January 2013, tonnes U)

Processing method <USD 40/kgUu <USD 80/kgU <USD 130/kgU <USD 260/kgU
Conventional from OP 2431 16 483 343 146 414 381
Conventional from UG 69814 260 284 1088 556 1407 079
In situ leaching acid 103 255 392 382 488 039 588 939
In situ leaching alkaline 0 0 0 0
In-place leaching* 0 0 2100 13 468
Heap leaching** from OP 0 1488 76170 76170
Heap leaching** from UG 0 0 4400 14 679
Unspecified 0 74 463 201589 533 284
Total 175 500 745100 2204000 3048 000

*

Also known as stope leaching or block leaching.

** A subset of open-pit and underground mining, since it is used in conjunction with them.

Distribution of resources by deposit type

In 2013, countries also reported identified resources by cost categories and by geological
types of deposits using a new deposit classification scheme (Appendix 3). In the lowest
cost RAR (<USD 40/kgU) category, Proterozoic unconformity-related deposits in Canada
dominate, with smaller contributions from sandstone, metasomatite, phosphate, granite-
related and unspecified-type deposits (Table 1.10).

Table 1.10. Reasonably assured resources by deposit type
(recoverable resources as of 1 January 2013, tonnes U)

Deposit type <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Proterozoic unconformity 256 160 318917 463 272 569 120
Sandstone 96 553 511153 1165707 1467 697
Polymetallic iron-oxide breccia complex 0 0 942 300 943 000
Paleo-quartz-pebble conglomerate(@ 0 113 034 169 536 231303
Granite-related 17 800 40 100 46 670 82 984
Metamorphite 0 2802 8332 34 879
Intrusive 0 0 198 879 268 940
Volcanic-related 0 34082 139 695 164 913
Metasomatite 65 900 101 848 285958 410 886
Surficial deposits 0 0 110 108 140 154
Carbonate 0 0 0 40 304
Collapse breccia pipe 400 400 400 400
Phosphate 53 200 53 200 94 000 94 000
Lignite — coal 0 0 0 0
Black shale 0 0 0 0
Unspecified 17 387 36 064 74 043 138 620
Total 507 400 1211600 3698 900 4587 200

(a) In South Africa, Paleo-quartz-pebble conglomerate resources include resources contained in tailings.

URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014

29



CHAPTER 1. URANIUM SUPPLY

30

Sandstone resources (in Kazakhstan, Niger and the United States) dominate the
<USD 80/kgU category. Polymetallic iron-oxide breccia complex deposits in Australia
become important in the <USD 130/kgU category, and are only surpassed by sandstone-
related resources with Proterozoic unconformity-related and metasomatite resources still
making important contributions. Other types of deposits take larger shares of the total
only in the two highest cost categories with significant shares of resources attributed
to metasomatite, intrusive and paleo-quartz-pebble conglomerate types in the
<USD 260/kgU category (Table 1.10).

Similar observations can be made in the IR category (Table 1.11). In the <USD 260/kgU
and <USD 130/kgU category, sandstone-hosted resources dominate with metasomatite
and polymetallic iron-oxide breccia complex resources, the next most important deposit
types. Sandstone deposits dominate the <USD 80/kgU cost category, followed by
metasomatite and Proterozoic unconformity deposits. In the lowest cost category
(<USD 40/kgU) sandstone deposits dominate, followed by the Proterozoic unconformity-
type which makes a moderate contribution and volcanic-type deposits which make a
very small contribution.

Table 1.11. Inferred resources by deposit type

(recoverable resources as of 1 January 2013, tonnes U)

Deposit type <USD 40/kgU <USD 80/kgu <USD 130/kgU <USD 260/kgU
Proterozoic unconformity 65614 92150 166 873 195 607
Sandstone 105192 425668 743 333 921 467
Polymetallic iron-oxide breccia complex 0 0 403 400 408 900
Paleo-quartz-pebble conglomerate@ 0 79786 114 429 168 283
Granite-related 0 1000 52 304 60 796
Metamorphite 0 700 825 16 157
Intrusive 0 0 98 744 378119
Volcanic-related 480 41907 89 595 126 808
Metasomatite 0 19535 286 519 460 116
Surficial deposits 0 0 97 140 123 695
Carbonate 0 0 0 5835
Collapse breccia pipe 0 18 600 18 600 18 600
Phosphate 0 31200 34000 36700
Lignite — coal 0 0 47 844 63 792
Black shale 0 0 0 0
Unspecified 4214 34 554 50 394 63 125
Total 175 500 745100 2204 000 3048 000

(a) In South Africa, Paleo-quartz-pebble conglomerate resources include resources contained in tailings.
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Proximity of resources to production centres

A total of ten countries provided estimates on the availability of resources for near-term
production by reporting the percentage of identified resources (RAR and inferred
resources) recoverable at costs of <USD 80/kgU and <USD 130/kgU that are tributary to
existing and committed production centres (Table 1.12). Resources tributary to existing
and committed production centres in the ten countries listed total 1099 921tU at
<USD 80/kgU (about 78% of the total resources reported in this cost category). This is 57%
lower than the 2011 value of 2 575 786 tU. This large drop can be attributed primarily to
transfer of lower cost resources into higher cost categories in Australia in addition to
China and Ukraine not providing data in this reporting period. Resources tributary to
existing and committed production centres in the ten countries listed total 3 154 147 tU at
<USD 130/kgU (about 66% of the total resources reported in this cost category). This is 9%
higher than the 2 906 468 tU reported in 2011.

Table 1.12. Identified resources proximate to existing or committed production centres”

RAR + inferred recoverable at <USD 80/kgU RAR + inferred recoverable at <USD 130/kgU
Country in existing or committed production ‘centres in existing or committed centres‘
Total % Proximate Total % Proximate
resources (tU) resources (tU) resources (tU) resources (tU)
Australia NA NA NA 1706 100 80 1364 880
Brazil 228 700 66 150 942 276 100 66 182 226
Canada 418 311 80 334 649 493 854 62 306 189
Czech Republic 0 0 0 1356 100 1356
Iran, Islamic Rep. of 0 0 0 4408 59 2601
Kazakhstan 515749 93 479 647 679 316 82 557 039
Namibia 0 0 0 382870 29 137 546
Niger 15449 100 15 449 404 914 84 338913
Russian Federation 42 300 75 31725 505 900 26 131534
South Africa 182310 48 87 509 338109 39 131863
Total 1402 819 78 1099 921 4792927 66 3154147

NA = not available. * Identified resources only in countries that reported proximity to production centres; not world total.

Additional conventional resources

The Secretariat identified additional identified resources (Table 1.13) since some
countries do not include resource determinations by junior exploration companies in
national totals until additional information is provided to the pertinent agencies or until
a mining licence application is filed (e.g. Peru) and others do not always have sufficient
human resources to provide detailed information and evaluation as requested in the
questionnaire. The table, included for the first time in the 2011 Red Book, is a Secretariat
estimate based on technical reports of resources that have been classified either as Joint
Ore Reserves Committee (JORC), NI 43-101 or South African Mineral Resource Committee
(SAMREC) compliant.

These additional resources amount to a total of 119 100 tU classified as RAR and IR in
several countries that are not included in Tables 1.2, 1.3 and 1.4. The most significant
“additional resources” occur in Mauritania (29 100 tU), Peru (22 400tU) and Spain
(18 000 tU).
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Table 1.13. Additional identified resources
(rounded to nearest 100 tU)

Country Deposit/project RAR and inferred resources
Bulgaria ISL mineable deposits 7900
Kitongo 11100
Cameroon
Lolodorf 1000
Colombia Berlin 8200
Gabal Gutter 2000
Egypt ,
Abu Zenima 100
Guinea Firawa 7500
Guyana Kurupung 6200
Bin En Nar 800
Mauritania A238 9000
Reguibat 19 300
Paraguay Yuty 4300
Kihition 11200
Colibri 2 and 3 8600
Peru
Corachapi 2700
Triunfador 1200
Spain Salamanca 18 000
Total@ 119100

(a) Amount not reported in RAR and IR national totals but may include amounts
reported as undiscovered resources.

Undiscovered resources

Undiscovered resources (prognosticated and speculative) refer to resources that are
expected to occur based on geological knowledge of previously discovered deposits and
regional geological mapping. Prognosticated resources (PR) refer to those expected to occur
in known uranium provinces, generally supported by some direct evidence. Speculative
resources (RS) refer to those expected to occur in geological provinces that may host
uranium deposits. Both prognosticated and speculative resources require significant
amounts of exploration before their existence can be confirmed and grades and tonnages
can be more accurately determined. All PR and SR are reported as in situ resources
(Table 1.14).

Worldwide, reporting of PR and SR is incomplete, as only 26 countries have
historically reported resources in this category. A total of 20 countries reported
undiscovered resources for this edition, compared to the 37 with RAR. Only 12 countries
of those reporting provided updated undiscovered resource figures for this edition.
Twenty-one countries report both prognosticated and speculative resources, including
Chile which reports SR and PR as one combined figure. Germany, Italy, Jordan, Venezuela,
and Zimbabwe reported only speculative resources, whereas Bulgaria, Greece, Portugal,
the Slovak Republic, Slovenia and Uzbekistan reported only prognosticated resources.
Some of the countries that do not report undiscovered resources, such as Australia are
considered to have significant resource potential in as yet sparsely explored areas. The
United States did not report data for this edition as previous estimates developed in 1980
need re-evaluation to determine their accuracy.
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Table 1.14. Reported undiscovered resources*
(in 1 000 tU as of 1 January 2013)

Prognosticated resources

Speculative resources

Country Cost ranges Cost ranges Total SR
<USD 80/kgU | <USD 130/kgU | <USD 260/kgU | <USD 130/kgU | <USD 260/kgU f::;;;’:gz
Argentina NA 13.8 13.8 NA 56.4 NA 56.4
Brazil( 300.0 300.0 300.0 NA NA 500.0 500.0
Bulgaria(©) NA NA 25.0 NA NA NA NA
Canada 50.0 150.0 150.0 700.0 700.0 0.0 700.0
Chile(.9) NA NA 2.3 NA NA 23 2.3
China(© 36 36 36 41 4.1 NA 4.1
Colombia() NA 11.0 11.0 217.0 217.0 NA 217.0
Czech Republic 0.0 0.2 2229 0.0 0.0 17.0 17.0
Germany(@ NA NA NA NA NA 74.0 74.0
Greece(© 6.0 6.0 6.0 NA NA NA NA
Hungary 0.0 0.0 13.4 NA NA NA NA
India NA NA 84.8 NA NA 424 424
Indonesia NA NA 235 NA NA 22.0 22.0
Iran, Islamic Republic of(® 0.0 124 12.4 0.0 0.0 32.7 32.7
Italy(@ 0.0 0.0 0.0 10.0 10.0 0.0 10.0
Jordan 0.0 0.0 0.0 0.0 50.0 NA 50.0
Kazakhstan 2175 403.4 404.9 270.5 300.0 NA 300.0
Mexico(©) NA 3.0 3.0 NA NA 10.0 10.0
Mongolia 210 21.0 210 1390 1390.0 NA 1390.0
Namibia 0.0 0.0 57.0 0.0 0.0 110.7 110.7
Niger(© NA 13.6 13.6 0 51.3 NA 51.3
Peru® 6.6 20.0 20.0 19.7 19.7 0.0 19.7
Portugal 1.0 1.5 15 NA NA NA NA
Romania(©) NA 3.0 3.0 3.0 3.0 NA 3.0
Russian Federation 0.0 112.0 112.0 NA NA 452.0 452.0
Slovak Republic®) 0.0 37 10.9 NA NA NA NA
Slovenia© 0.0 1.1 1.1 NA NA NA NA
South Africa(e) 34.9 110.3 110.3 0.0 0.0 1113.0 1113.0
Ukraine® 0.0 8.4 225 0.0 120.0 135.0 255.0
United States NA NA NA NA NA NA NA
Uzbekistan() 24.8 24.8 24.8 0.0 0.0 0.0 0.0
Venezuela®© NA NA NA 0.0 0.0 163.0 163.0
Viet Nam NA NA 81.2 NA NA 321.6 321.6
Zimbabwe(©) 0.0 0.0 0.0 25.0 25.0 NA 25.0
Total 665.4 1222.8 1755.5 2639.3 2946.5 2995.7 5942.2
* Undiscovered resources are reported as in situ resources.
NA = Data not available.
(a) Reported in 2013 responses, but values have not been updated within last five years.
(b) Reported in 2013 responses, but only partially assessed within last five years.
(c) Not reported in 2013 responses, data from previous Red Book.
(d) National report combines PR and SR.
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Total PR in the highest cost category (<USD 260/kgU) amounted to about
1.76 million tU, a notable 52% decrease compared to 2011. Increases reported in Argentina,
the Czech Republic, India, Indonesia, the Islamic Republic of Iran, Namibia, the
Slovak Republic and Viet Nam amounted to less than the major decline resulting from no
data being reported by the United States and declines reported in Hungary, Jordan,
Kazakhstan and the Russian Federation. In parallel with the trends observed in the
<USD 260/kgU category, the lower cost categories (i.e. <USD 130/kgU and <USD 80/kgU)
dropped by 55% and 59% respectively, compared to 2011.

Total SR in the <USD 260/kgU cost category (2.9 million tU) declined by 21% compared
to 2011 as only Argentina reported an increase in this category. The total SR in the
<USD 130/kgU cost category (2.6 million tU) dropped by 26% from 2011. Similar to PR, the
overall decline can be attributed mainly to the United States not reporting SR in this
edition. In the unassigned category, despite increases reported for Hungary, the Islamic
Republic of Iran, Namibia and Viet Nam, compared to 2011, total SR decreased by 20%,
again because of the missing data from the United States as well as lower values reported
in the Czech Republic and the Russian Federation.

High-cost (<USD 260/kgU) PR and total SR amount to a combined total of 7 697 800 tU,
a decrease of 2 738 800 tU compared to the total of 10 436 600 tU reported in 2011. In 2011,
the United States reported a total of 2613 000tU total SR and PR, hence a large
percentage (95%) of the decline can be attributed to the United States not reporting
undiscovered resources in 2013.

Other resources and materials

Conventional resources are defined as resources from which uranium is recoverable as a
primary product, a co-product or an important by-product, while unconventional resources
are resources from which uranium is only recoverable as a minor by-product, such as
uranium associated with phosphate rocks, non-ferrous ores, carbonatite, black shale and
lignite. Most of the unconventional uranium resources reported to date are associated
with uranium in phosphate rocks, but other potential sources exist (e.g. black shale and
seawater).

Since 2009, a combination of expectations of rising medium-term demand and
sustainability issues, have stimulated investigation of a variety of projects, extraction
technologies and business models on the part of both governments and commercial
entities. Interest in recovery of uranium from phosphates has been the primary focus for
both economic and environmental reasons. This prompted a series of the International
Atomic Energy Agency (IAEA) supported consultancies and technical meetings in 2010
and 2011, as well as a sequence of capacity-building workshops and training courses
beginning with a major workshop in Marrakech, Morocco in November 2011, followed by
Amman, Jordan (2012) and Tunis, Tunisia (2013). A national project was active in Tunisia
(2012-13) and new projects are being planned in the Philippines (2014-15) and Egypt (2014-
15).

Since few countries reported updated information, a comprehensive compilation of
unconventional uranium resources and other potential nuclear fuel materials is not
possible. Instead, a summary of information documented over recent years and data
reported in this edition is provided. Table 1.15 summarises unconventional resource
estimates reported in Red Books between 1965 and 2003 (NEA, 2006) and incorporates
unconventional resource assessments included in the national reports of this edition in
order to illustrate the evolution of these resource estimates.

Unconventional uranium resources were reported occasionally by countries in
Red Books beginning in 1965. Earlier estimates for Jordan appear to have overestimated
uranium contained in phosphate, whereas estimates of black schists (shales) in Finland
and Sweden appear to have underestimated contained uranium (Table 1.15). Other
estimates of uranium resources associated with marine and organic phosphorite deposits
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point to the existence of almost 9 million tU in Jordan, Mexico, Morocco and the United
States alone (IAEA, 2001). Others have estimated the global total to amount to
22 million tU (De Voto and Stevens, 1979). Recent data from the International Fertilizer
Development Centre (IFDC) indicates that the latter figure is probably a very conservative
estimate of total resources, but is likely to be a reasonably accurate reflection of
commercially exploitable resources (Hilton et al., forthcoming).

The figures presented in Table 1.15 can be expected to continue to evolve and are
clearly incomplete, since large uranium resources associated with the Chattanooga
(United States) and Ronneburg (Germany) black shales, which combined are estimated to
contain a total of 4.2 million tU, are not listed. Neither are large uranium resources
associated with monazite-bearing coastal sands in Brazil, India, Egypt, Malaysia,
Sri Lanka and the United States. Unconventional resources are also not regularly reported
in former USSR countries. The total uranium reported in previous Red Books as
unconventional resources, dominated by phosphorite deposits in Morocco (>85%), were
conservatively estimated to amount to about 7.0-7.3 million tU. The estimated total
unconventional uranium resources in this edition are 7.3 to 8.4 million tU, which is an
increase of approximately 4.5% since the last report. The potential to expand the
unconventional uranium resource base is clear but will likely not be fully realised until

market conditions strengthen considerably.

Table 1.15. Unconventional uranium resources (1 000 tU) reported in 1965-2003
Red Books with updated figures from 2011-2013 (in brackets)

Country Phosphate rocks Non-ferrous ores Carbonatite Black schist/shales, lignite
Brazil* 28.0-70.0 (84.4) 2 13

Chile 0.6-2.8 (7.2#) 4552

Columbia 20.0-60.0

Egypt™ 35.0-100.0

Finland 1(1%) 25 (2.5) 30-9.0 (22)
Greece 0.5

India 17-2.5 6.6-22.9 4
Jordan 100-123.4 (60%)

Kazakhstan 58

Mexico 100-151 (240%) 1

Morocco 6,526

Peru 20 (21.6%) 0.14-1.41

South Africa™* 77
Sweden 42.3 300 (967.6)
Syria 60.0-80.0

Thailand 0.5-1.5

United States 140-330 1.8

Venezuela 42

Viet Nam 05

#

*

** Includes an unknown quantity of uranium contained in monazite.

Not reported in 2013 responses, data from 2011 Red Book.
Considered a conventional resource in Brazil and is thus included in conventional resource figures (Table 1.4).

*** Also reports resources in phosphorite but does not provide tonnage estimates.
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In 2013, only Finland and Sweden reported new values for unconventional uranium
resources (Table 1.15). Finland updated the amount reported for uranium associated with
Talvivaara to 22 000 tU and Sweden reported an increase in resources associated with
black shales/schists now amounting to 967 617 tU (includes the Haggan deposit,
307 692 tU; MMS Viken, 3 825 tU and Narke uranium oil, 257 000 tU).

The potential to expand the unconventional uranium resource base is strongly tied to
the ability to bring these resources into production. This will depend on i) market
conditions, notably for the commercial recovery of phosphate reserves, since these
determine the underlying economics of by-product uranium recovery; and ii) changing
policy, notably to require uranium and other critical resources such as rare earth
elements to be extracted for strategic and sustainability reasons rather than on a
commercial basis. Policy drivers might include the need to enhance the security of
uranium supply to the national nuclear fuel cycle or to reap the environmental benefits
of extracting uranium from phosphoric acid rather than by conventional mining, along
with minimising the already very low amounts of uranium contained in fertiliser
products.

If uranium prices reach long-term levels in excess of USD 260/kgU (USD 100/1b UsOs),
and/or improvements are made in reducing mining and processing costs, by-product
recovery of uranium from unconventional resources could once again become
commercially viable, even without the policy change noted above.

Uranium from phosphates

In the market scenario, phosphate deposits will only be processed commercially when it
is intrinsically economically viable to do so. Hence, the phosphate market acts as the
determining factor of how much uranium can even theoretically be extracted from
phosphate resources.

In the policy-driven scenario, the value of other recoverable elements will be added
by various means, such as long-term government contracts, to the overall economic
evaluation. Governments could also place a premium on securing the supply of nuclear
fuel, especially where this can come from national resources, thereby eliminating
dependency on third parties. In some countries, uranium extraction from phosphates
could perhaps be mandated.

A hybrid situation (market and policy driven scenario) may, however, be the most
sustainable scenario over the long term. The need to combine fuel security to the utility
company with commercial viability to the phosphate company and to align these
requirements with the equally significant role of phosphates in providing food security
could drive new business models. One benchmark in Brazil has already been set for this
scenario, the Santa Quitéria greenfield joint venture between the government company,
Industrias Nucleares do Brasil (INB), and Galvani phosphates, with a prime customer
Eletrobras, owner of the national nuclear power operator, Eletronuclear. This project will
produce both yellow cake and diammonium phosphate (DAP) in a single integrated
process, thus spreading business risk across both phosphates and uranium. The
alternative model is where a government will step in as customer, as in India, on the
premise that the wider challenge of sustaining energy production as the fundamental
driver of economic development justifies an off-set of risk from the commercial producer
to the tax payer. Under the hybrid option, both phosphate and uranium are managed as
utility products and not as market-dependent commodities.

An Australian company, Uranium Equities is working with uranium major Cameco on
the PhosEnergy process, a market based development to remove uranium from
phosphate streams during the fertiliser production process. In May 2012, the company
commissioned the construction of a portable demonstration plant in the United States
and completed four ten-day tests at two different fertiliser plants. Positive results have
been reported with uranium recovery of more than 90%. A pre-feasibility study estimated
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the production cost of uranium concentrate at about USD 20/lb UsOs (USD 46/kgU), with
other costs dependent on the size of the plant. It is estimated that it would cost about
USD 156 million for a 1 Mtpa P.Os phosphate facility in south-eastern United States.

Uranium from seawater

Seawater has long been regarded as a possible source of uranium due to the large
amount of contained uranium (over 4 billion tU) and its almost inexhaustible nature.
However, because of the low concentration of uranium in seawater (3-4 parts per billion),
developing a cost-effective method of extraction remains a challenge.

Research on uranium recovery from seawater was carried out in Germany, Italy,
Japan, the United Kingdom and the United States from the 1950s through the 1980s and
more recently in Japan. In 2012, researchers at the US Department of Energy's Oak Ridge
National Laboratory and Pacific Northwest National Laboratory reported encouraging
results through the use of innovative improvements to Japanese technology tested in the
late 1990s (Ferguson, 2012). By using plastic fibres with a surface area ten times greater
than the Japanese design, the amount of uranium recovered has been doubled, reducing
overall production costs from about USD 1230/kgU to USD 660/kgU, with further cost
reducing improvements being tested. Although not commercially oriented, the goal of the
research is to determine the minimum cost of a virtually limitless supply of uranium in
order to guide future fuel cycle decisions. Many Chinese research groups in universities
and institutions have also shown interest in uranium extraction from seawater. A 2013
workshop on the subject in Shanghai drew more than 80 attendees from China and
5 delegates from the United States.

Other potential sources

Although uranium recovery from tailings and coal ash is being considered, these projects,
as currently outlined, would contribute annually only small amounts of material, likely
on the order of a few hundred tU/yr from each operation. In South Africa, extraction of
uranium in the Mine Waste Solution Uranium Plant, which will be processing uranium
from the tailings, was planned to begin by the end of 2013. AngloGold Ashanti acquired
the Mine Waste Solutions (MWS) tailings retreatment operation in the Vaal River region
in July 2012. MWS comprises tailings storage facilities that originated from the processing
of ore from the Buffelsfontein, Hartebeestfontein and the Stilfontein gold mines. The
plant is still being commissioned and the current plan is to extract uranium from the
tailings at the end of 2014. Other future operations in South Africa may include
processing of uranium from tailings at the Ezulwini Uranium Plant.

Thorium

Thorium (Th) is a silvery white, radioactive metal found in small quantities in most rocks
and soils. Its global crustal abundance in the earth’s crust is between three and five times
that of uranium. Thorium in mineral form occurs as oxides, silicates and phosphates,
often with rare earth elements (REE), niobium and tantalum.

Various classification schemes have been proposed for thorium-bearing deposits. At
the simplest level thorium is found in four main types of deposits, which are (in
decreasing order of importance): placer, carbonatite-hosted, vein-type and alkaline rock-
hosted deposits (Table 1.16). Other, less important deposit types are also known.

Placer-type deposits range in age from the Archean, such as the paleo-quartz pebble
conglomerates in the Witwatersrand Basin, to Tertiary and recent deposits of heavy
mineral coastal sands in Australia, Brazil, India, Mozambique, South Africa and the
eastern United States. Carbonatite-hosted thorium deposits are common around the
world and are documented in Argentina, Australia, Brazil, Canada, the Russian
Federation, Scandinavia (Finland, Norway, Sweden), South Africa and the United States.
Vein-type and alkaline-rock-hosted deposits are equally widespread, occurring on all
continents. Some thorium-rich deposits, such as the enormous Bayan Obo deposit in
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China, are difficult to assign to a specific deposit-type category since they display
characteristics of carbonatite, alkaline and vein-type deposits, and accordingly several
genetic theories have been proposed. Currently, beach sand deposits in Brazil and India
are the only sources of thorium, and this type of deposit is likely to remain an important
source of thorium production.

Table 1.16. Major thorium deposit types and resources”

Deposit type Resources (1000 t Th)
Placer 2182
Carbonatite 1783
Vein-type 1528
Alkaline rocks 584
Other/unknown 135
Total 6212

* (IAEA ThDEPO, in preparation).

There are a few REE mining-development projects that have possible Th by-product
and Th containing residues that have the potential to come into production in the near
term. One such project is Nolans Bore in Australia, which contains about 81 810 tonnes
of Th in 30.3 Mt of measured, indicated and inferred resources grading 2.8% rare-earth
oxides, 12.9% P,0s, 0.017% U and 0.27% Th. The proponents are considering establishing
an intermediate processing facility to recover REEs at the Nolans Bore mine site in
Northern Territory.

At Steenkampskraal, South Africa, from the 1950s and to 1963, about 50 000 tonnes of
monazite concentrates were extracted which contained between 3.3 and 7.6% Th before
operation of the mine was halted. Historical resource estimates are 15 000 tonnes Th.
Total rare-earth oxides (TREO) including yttrium estimates (in situ and in tailings) were
updated in 2012 to NI43-101 complaint resources of 86 900 tonnes. A preliminary
economic assessment was completed in 2012 and the refurbishment of the mine is under
progress for a planned restart in the near future. Thorium will be extracted from the
mixed rare-earth chloride concentrate, then mixed with concrete and stored in
designated areas and stockpiled at an expected rate of about 360 t/yr.

A pre-feasibility report was released in 2011 for the Kvanefjeld rare-earth element
project of the Ilimausaq intrusion. In 2013, Greenland's parliament voted in favour of
lifting the country's long-standing ban on the extraction of radioactive materials,
including uranium. The move could enable the Kvanefjeld Project to proceed, which is
currently the subject of a definitive feasibility study to evaluate a mining operation for
the production of uranium, rare earth elements and zinc. If the deposit were to be mined,
uranium could be recovered as a by-product while thorium would be precipitated with
other impurities such as iron, aluminium and silica and stored in a residue storage
facility with the possibility of recovering the Th in the future.

The by-product nature of the occurrence of thorium and a lack of economic interest
has meant that thorium resources have seldom, if ever, been accurately defined.
Information on thorium resources was published in Red Books between 1965 and 1981,
typically using the same terminology as for uranium resources at that time
(e.g. reasonably assured resources and estimated additional resources I and II, the latter
two categories which are now termed inferred and prognosticated resources,
respectively). No further information was published until 2003 when a global estimate of
thorium resources of 4.5 million tTh was presented in the 2003 Red Book. A more
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comprehensive report was presented in the 2007 Red Book where resource estimates
were given by deposit type and by countries and this was updated in the 2009 edition.

Currently, the worldwide thorium resources by major deposit types are estimated to
total about 6.2 million tonnes Th including undiscovered resources (Table 1.16).

In 2011 and 2013 the IAEA conducted technical meetings on thorium resources. Based
on the inputs given in the meetings and details available in other open sources, total
thorium resources, regardless of resource category or cost category, have been updated
for 16 of the 35 countries listed (Table 1.17).

Thorium as a nuclear fuel

Similar to uranium, thorium can be used as a nuclear fuel. Although not fissile itself, 2**Th,
when loaded into a nuclear reactor, absorbs neutrons to produce **U, which is fissile (and
long-lived). Much of the #*U will then fission in the reactor. The used fuel can then be
unloaded from the reactor and the remaining #*U can be chemically separated from the
thorium and used as fuel in a nuclear reactor.

The OECD/NEA (2011) noted an interest in several countries to use thorium as a
nuclear fuel over the last few decades. Basic research and development, as well as
operation of reactors with thorium fuel, has been conducted in Canada, Germany, India,
Japan, the Russian Federation, the United Kingdom and the United States. Some
examples include:

e Germany: The 15MWe AVR (Arbeitsgemeinschaft Versuchsreaktor) experimental
pebble bed reactor at Jiilich operated between 1967-1988, partly as a test bed for
various fuel pebbles, including thorium. The 300 MWe THTR (thorium high-
temperature reactor), developed from the AVR, operated between 1983 and 1989
with 674 000 pebbles, over half containing Th/highly enriched uranium (HEU) fuel.
In addition to these high-temperature reactors, thorium fuel was tested at the
60 MWe BWR in Lingen.

e United Kingdom: Thorium fuel elements with a 10:1 Th/U (HEU) ratio were
irradiated in the 20 MWth Dragon reactor at Winfrith, for 741 full power days. The
Dragon reactor was run between 1964 and 1973 as an OECD/Euratom co-operation
project, involving Austria, Denmark, Sweden, Norway and Switzerland in addition
to the United Kingdom.

e United States: Fuel was tested in one light water reactor (Shippingport) and two
gas-cooled reactors: i) Shippingport operated as a light water breeding reactor
between August 1977 and October 1982; ii) General Atomics’ Peach Bottom high-
temperature, graphite-moderated, helium-cooled reactor operated between 1967
and 1974 at 110 MWth, using high-enriched uranium with thorium and iii) The Fort
St. Vrain reactor, the only commercial thorium-fuelled nuclear plant in the
United States, was a high-temperature (700°C), graphite-moderated, helium-cooled
reactor with a Th/HEU fuel designed to operate at 842 MWth (330 MWe). The fuel
was arranged in hexagonal columns (“prisms”) rather than as pebbles. Almost
25 tonnes of thorium were used as fuel for the reactor, and this achieved
170 GWd/t burn-up. The reactor operated from 1979 to 1989.

e Canada: Atomic Energy Canada Limited has more than 50 years of experience with
thorium-based fuels, including burn-up to 47 GWd/t. So far some 25 tests have
been performed in 3 research reactors and 1 pre-commercial reactor.

e India: The Kamini 30 kWth experimental neutron-source research reactor using
23U started up in 1996 near Kalpakkam. The Kamini reactor was built adjacent to
the 40 MWt fast breeder test reactor (FBTR), in which the ThO; is irradiated,
producing #**U for Kamini.
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Table 1.17. Identified® thorium resources

Region Country Total thorium resources, tTh (in situ)
Turkey* 374000

Norway 87000

Greenland (Denmark) 86 000-93 000

Europe FinIar.1d* . 60 000
Russian Federation 55000

Sweden 50 000

France 1000

Total 713 000-720 000

United States** 595000

Brazil 632 000

Venezuela* 300 000

Americas Canada 172 000
Peru 20000

Uruguay* 3000

Argentina 1300

Total 1723 300

Egypt* 380000

South Africa 148 000

Morocco* 30000

Nigeria* 29000

Madagascar* 22000

. Angola* 10 000
Africa Mozambique 10000
Malawi* 9000

Kenya* 8000

Democratic Republic of the Congo* 2500

Others* 1000

Total 649 500

CIS* (excluding Russian Federation) 1500 000

- includes Kazakhstan, estimated (>50 000)

- includes Russian Federation, Asian part, estimated (>100 000)

- Uzbekistan, estimated (5000-10 000)

- others Unknown

India 846 500

Asia China, estimated >100 000 (including 9 000* Chinese Taipei)
Iran, the Islamic Republic of* 30000

Malaysia 18 000

Thailand*, estimated 10 000

Viet Nam*, estimated 5000-10 000

Korea, Rep. of* 6000

Sri Lanka*, estimated 4000

Total >2 647 500-2 684 500

Australia 595 000
World total 6 355 300-6 372 300

CIS = Commonwealth of Independent States.

1. Identified Th resources may not have the same meaning in terms of classification as identified U resources. Higher
range of the estimates wherever given is taken for a region.

* Data not updated. ** Estimate of identified resources (RAR + inferred) of thorium in the United States is based on a
recent comprehensive review of published data by the US Geological Survey (Staatz et al, 1979, 1980). Earlier
estimates in the Red Book indicated thorium resources as much as 770 000 tonnes in the United States, which may
have included estimates of undiscovered resources (prognosticated and speculative). This higher value cannot be
replicated or substantiated, so it is not repeated here.
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Recent developments

Current research and development is being carried out on several concepts for advanced
reactors including: high-temperature gas-cooled reactor (HTGR); molten salt reactor
(MSR); Candu-type reactor; advanced heavy water reactor (AHWR); and fast breeder
reactor (FBR).

Since 2008, Candu Energy of Canada and China National Nuclear Corporation are
co-operating in the development of thorium and recycled uranium as alternative fuels for
new CANDU reactors. In India, during mid-2010, a pre-licensing safety appraisal of the
planned experimental thorium-fuelled 300 MW(e) AHWR was completed by the Atomic
Energy Regulatory Board. The site-selection process started in 2011; the reactor is
expected to become operational by 2020. However, full commercialisation of the AHWR is
not expected before 2030. In January 2011, the China Academy of Sciences launched a
research and development programme on a liquid fluoride thorium reactor, known at the
academy as the thorium-breeding molten salt reactor (Th-MSR or TMSR). In April 2013,
Thor Energy of Norway commenced a thorium-mixed oxide fuel (MOX) testing
programme in the Halden research reactor in Norway. Fuel irradiation is being tested to
determine if thorium-plutonium (Th-Pu) mixed oxide fuel can be used in commercial
NPPs. Despite these tests, the use of thorium as reactor fuel has yet to be fully
commercialised in a modern power reactor. As a result of the low demand for thorium, it
has never been a primary exploration target. Its common association with uranium
and/or especially REE has the consequence that thorium resources have been identified
as a spin-off of exploration activities aimed at those commodities. In current market
conditions, primary production of thorium is not economically viable.

Extraction of thorium as a by-product of REE recovery from monazite seems to be the
most feasible source of thorium production at this time. Due to its high density and weak
magnetism the recovery of monazite from raw sand or crushed ore is possible by physical
separation techniques involving gravity and electrostatic methods. The monazite is then
dissolved in either sodium hydroxide or sulphuric acid. The resulting solutions contain
REE, uranium and thorium. This is followed by a multistage process using organic phases
to achieve separation with a final product of ThO.. Processing of monazite to recover
rare-earths and thorium has been done in the past in many countries. Monazite
concentrate production is currently taking place in Brazil, India, Malaysia and Viet Nam
(USGS, 2011).

Uranium exploration
Non-domestic

Only four countries, China, France, Japan and the Russian Federation reported non-
domestic exploration and mine development expenditures since 2008 (Table 1.18). The
Russian Federation reported mine development expenditures in 2011 and 2012 were 79%
and 71% respectively, of total expenditures. Exploration expenditures have declined since
2011 and 2013 expenditures are expected to be 45% lower than in 2012. China reported
the mine development expenditures as 84% and 89% of total expenditures in 2011 and
2012, respectively. Non-domestic mine development expenses in China are expected to
reach USD 563 million in 2013 due principally to investment in the Husab mine in
Namibia. France and Japan reported only exploration expenditures. Total expenditures in
Japan increased from 2011 to 2012 but are expected to decline in 2013. France reported a
minor decrease from 2011 to 2012, but exploration expenditures are expected to increase
2013. Several countries do not report non-domestic expenditures or have not reported
these expenditures recently so the data are incomplete. Previously, Canada reported
significant expenditures (e.g. USD 139 million in 2007) and it is likely that Canada
continues to be a leading investor in foreign exploration and development, but no
information was reported for this edition. Australia is also known to make non-domestic
investments, but figures have not been reported since 2006.
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Domestic

Twenty-five countries reported domestic exploration and development expenditures in
this edition. Despite a slowdown in the industry in more recent years, following peak
levels of activity associated with high uranium prices in 2007-2008, the majority of
reporting countries have maintained domestic exploration and mine development
expenditures above pre-2007 levels (Table 1.19). From 2011 to 2013, expenditures
decreased in a number of countries, partly due to the declining uranium price which
slowed down many exploration and mine development projects, particularly in the junior
uranium mining sector. In Canada, although overall expenditures decreased, exploration
expenditures increased by 3.5% from 2011 to 2012. In contrast, Australia reported a
significant decrease in exploration expenditures from 2011 to 2012. Increased total
expenditures from 2011 to 2012 were reported for Brazil, China, Ethiopia, the Islamic
Republic of Iran, Kazakhstan, Niger, Poland, Spain, Tanzania, Turkey, Ukraine, the United
States and Zambia. Expenditures are expected to remain the same or increase slightly in
2013, except in China, Poland and Tanzania, where decreases are expected. For
Kazakhstan, a significant increase in exploration expenditures is expected in 2013. For
2011 to 2013, of the countries that reported exploration and development expenditures
separately, China, the Islamic Republic of Iran, Namibia, the Russian Federation, South
Africa and Ukraine reported more exploration than development expenditures (81-82%,
56-63%, 71-96%, 72-80%, 63-68%, and 73-100% of total exploration and development
expenditures, respectively). In contrast, Canada, Tanzania, and the United States
reported mainly higher percentages of development expenditures (77-78%, 49-62%, and
71-80%, respectively). In Finland, 90-95% of the total expenditures from 2010 to 2011 were
related to exploration expenditures while in 2012, 95% was related to development
expenses associated with the construction of the uranium recovery circuit at the
Talvivaara nickel mine. In Turkey, development expenditures accounted for 70% of
expenditures in 2011 but decreased to 10% in 2012. Expenditures in 2013 are expected to
follow a similar trend to the previous few years with the exception of Namibia where
development expenditures are expected to dominate (95%) due to development of the
Husab deposit.

Table 1.18. Non-domestic uranium exploration and mine development expenditures
(USD thousands in year of expenditures)

Country Pre-2006 2006 2007 2008 2009 2010 2011 2012 2013 (expected)
Australia 10426@ | 4580 NA NA NA NA NA NA NA
Belgium 4500 0 0 0 0 0 0 0 0
Canada 91443 | 124546 | 139655 NA NA NA NA NA NA
China NA NA | 160000 | 220 0000®) | 193 020¢)| 94 950 94 740 81690 563 370
France 940 895 85000 | 53985 87092 77 356 61652 68 670 | 64 596 72 944(9)
Germany 403 158 0 0 0 0 0 0 0 0
Japan 418 331 NA 15700 3 8100 47790 3020@| 3030@| 53710 40080
Korea, Republic of 24049 NA NA NA NA NA NA NA NA
Russian Federation NA NA NA 49724 95613 26 300 31100 30 100 16 500
Spain 20400 0 0 0 0 0 0 0 0
Switzerland 29 660 3 16 0 0 0 0 0 0
United Kingdom 61263 0 0 0 0 0 0 0 0
United States 260 598( NA NA NA NA NA NA NA NA
Total 2264723 | 214129 | 355226 | 360626 | 370768 | 185922 | 197540 | 181757 656 822

Note: Domestic exploration and development expenditures represent the total expenditure from domestic and foreign sources
within each country. Expenditures abroad are thus a subset of domestic expenditures.

NA = Data not available. (a) From 2011 Red Book. (b) Government development expenditures only. (c) Government
expenditures only. (d) Exploration expenditures only.
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Table 1.19. Industry and government uranium exploration and mine development
expenditures - domestic in countries listed

(USD thousands in year of expenditures)

Country Pre-2006 2006 2007 2008 2009 2010 2011 2012 2013 (expected)
Algeria NA 0 0 0 0 0 0 0 0
Argentina 53 581 649 439 7153 6 854 12222 14 296 10 647 10733
Australia 550286 | 61603 | 149917 | 211612 | 144605 | 166084 | 198 742 98 695 93 264
Bangladesh 453 NA NA NA NA NA NA NA NA
Belgium 2487 0 0 0 0 0 0 0 0
Bolivia 9343 NA NA NA NA NA NA NA NA
Botswana* 825 NA NA 377 3721 5421 1218 1061 1026
Brazil 186 577 0 0 0 0 223 126 1198 1705
Cameroon 1282 0 0 0 0 0 NA NA NA
Canada 1552074 | 316364 | 532710 | 514751 | 457936 | 750484 | 948223 | 847721 873 112
Central African Rep. 21800 NA NA NA NA NA NA NA NA
Chile 7113 100 113 480 540 1272 NA NA NA
China 48000 | 28000 38 000 44000 55000 89000 | 118000 | 131000 128 000
Colombia 19946 0 6000 NA NA NA NA NA NA
Costa Rica 364 NA NA NA NA NA NA NA NA
Cuba 972 NA NA NA NA NA NA NA NA
Czech Republic@ 314152 132 33 373 114 5 12 203 222
Ecuador 1945 NA NA NA NA NA NA NA NA
Egypt 111 396 1736 1761 2378 NA NA NA NA NA
Ethiopia NA NA NA 22 NA NA NA NA NA
Finland 14 997 1798 1511 2449 506 2367 19 657 58 894 NA
France 907 240 0 0 0 0 0 0 0 0
Gabon 102 433 NA NA NA NA NA NA NA NA
Germany(®) 2002789 0 0 0 0 0 0 0 0
Ghana 90 NA NA NA NA NA NA NA NA
Greece 17 547 NA NA NA NA NA NA NA NA
Greenland (Denmark) 4140 NA NA NA NA NA NA NA NA
Guatemala 610 NA NA NA NA NA NA NA NA
Hungary 3700 NA 112 239 NA NA NA NA NA
India 346149 | 16422 19793 25093 39905 55778 56 227 49771 42 946
Indonesia 15909 120 122 74 266 327 455 275 605
Iran, Islamic Rep. of 17 205 4826 3930 8 047 23084 32165 53 156 82070 36 837
Ireland 6200 NA NA NA NA NA NA NA NA
Italy 75060 NA NA NA NA NA 0 0 0
Jamaica 30 NA NA NA NA NA NA NA NA
Japan 19697 0 0 0 0 0 0 0 0
Jordan 920 0 0 419 10 306 11434 6 766 1839 2401
Kazakhstan 49140 8500 34318 78 155 59 740 57 584 70955 94 303 111209
Korea, Republic of 17 886 0 0 0 NA NA NA NA NA
Lesotho 21 NA NA NA NA NA NA NA NA
Madagascar 5293 NA NA NA NA NA NA NA NA

See notes on page 44.
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Table 1.19. Industry and government uranium exploration and mine development

expenditures - domestic in countries listed (continued)

(USD thousands in year of expenditures)

Country Pre-2006 2006 2007 2008 2009 2010 2011 2012 2013 (expected)
Malawi NA NA NA NA NA NA NA NA NA
Malaysia 10 478 NA NA NA NA NA NA NA NA
Mali 58 693 NA NA NA NA NA NA NA NA
Mexico(©) 30 306 NA NA 50 100 150 NA NA NA
Mongolia 8153| 12527 26 138 29 156 11332 18 284 30 051 26 040 NA
Morocco 2752 NA NA NA NA NA NA NA NA
Namibia 29488 2 000* 8 000* 46 560* 44 911* 32984 84 627 76 533 522104
Niger 226743 | 12453 152984 | 207173 | 306828 20 424 5032 117 290 21125
Nigeria 6950 NA NA NA NA NA NA NA NA
Norway 3180 0 0 0 0 0 0 0 0
Paraguay 26 360 NA NA NA NA NA NA NA NA
Peru 4776 NA NA NA NA NA NA NA NA
Philippines 3492 NA NA NA NA NA NA NA NA
Poland NA NA NA 0 90 1388 1452 1108
Portugal 17 637 0 0 0 NA NA NA
Romania 10 060 NA NA NA NA NA NA NA NA
Russian Federation 94600 33496 64218 | 221783 | 233998 117 647 99 786 63 521 56 217
Rwanda 1505 0 0 0 0 0 0 0 0
Slovak Republic NA NA NA 7 465 7454 3576 5579 2434 NA
Slovenia(@ 1581 0 0 0 NA NA 0 0 0
Somalia 10 000 NA NA NA NA NA NA NA NA
South Africa 143398 | 24698 14 972 11386 14 552 18761 35072 32788 34 800
Spain 140 455 427 3887 4552 3354 10 223 14 786 15038 17 241
Sri Lanka 43 NA NA NA NA NA NA NA NA
Sudan 200 0 0 0 0 0 NA NA NA
Sweden 47900 NA NA NA NA NA NA NA NA
Switzerland 3359 0 0 0 0 0 0 0 0
Syria 1151 NA NA NA NA NA NA NA NA
Tanzania NA NA NA NA NA 23783 25 557 28 871 7960
Thailand 11299 NA NA NA NA NA 0 0 0
Turkey 22 011 56 50 74 66 91 2230 2815 3268
Ukraine 24714 6168 6 560 7548 3362 3207 1992 2620 2648
United Kingdom 3815 0 0 0 0 0 0 0 0
United States(® 2675213| 155300 245700 | 246400 | 139300 144000 | 150400 166 000 NA
Uruguay 231 NA NA NA NA NA NA NA NA
USSR 3692 350 0 0 0 0 0 0 0 0
Uzbekistan 177805 21230* 21 230* 23798 25652 NA NA NA NA
Viet Nam 3729 NA NA NA NA 3137 5383 1697 961
Zambia® 25 NA NA NA NA NA 2438 3518 3751
Zimbabwe 6902 NA NA NA NA NA NA NA NA
Total 13991 006| 708605 | 1332498 | 1701567 | 1593492 | 1580723 | 1952154 | 1918 344 1973 243

Note: Domestic exploration and development expenditures represent the total expenditure from both domestic and foreign sources in
each country for the year. Previously published 2010 expenditures of >USD 2 billion revised downward with new information.

NA = Data not available. * Secretariat estimate. (a) Includes USD 312 560 expended in Czechoslovakia (pre-1996). (b) Includes
USD 1 905 920, spent in the German Democratic Republic between 1946 and 1990. (c) Government expenditures only. (d) Includes
expenditures in other parts of the former Yugoslavia. (e) Includes reclamation and restoration expenditures from 2004 to 2012.
Reclamation expenditures amounted to USD 49.1 million, 62.4 million, 41.7 million, 46.3 million in 2008, 2009, 2010, 2011, 2012,
respectively. (f) Non-government industry expenditures between 2011 and 2013.
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Based on the information provided in national reports, 25 countries reported
exploration and development drilling activities for this edition compared to 16 countries
in the 2011 edition. In terms of exploration drilling between 2010 to 2012, Argentina,
Brazil, India and the Islamic Republic of Iran all reported increases in total metres drilled
with trends expected to continue into 2013. However, decreased efforts during this period
are noted for Canada, China, India, Jordan, Namibia and Spain. Kazakhstan, the
Russian Federation and South Africa all reported a decline in expenditures from 2011 to
2012 but efforts are expected to increase in 2013. Finland only reported drilling in 2012.
Tanzania reported an increase in drilling in 2012 but a decline is expected in 2013. Turkey
reported drilling in 2012 and an increased effort is expected in 2013.

Six countries reported development drilling: Canada, Kazakhstan, Namibia,
South Africa, Turkey and the United States. Canada and South Africa reported an
increase over the period from 2010 to 2012 and Kazakhstan reported a decline over the
same period with a slight increase from 2012 expected in 2013. The United States and
Namibia’s efforts were variable with a decrease in 2011 over 2010, an increase in 2012 and
then a sharp decrease expected in 2013. Turkey reported an increase from 2010 to 2011, a
decline in 2012 and the forecast is for efforts to increase again in 2013.

For the countries reporting in this edition, total drilling in 2010 amounted to
5714202 m (3 599 710 m exploration; 2 114 492 m development), 6 102 851 m (4 586 563 m
exploration; 1 516 288 m development) in 2011 and 5 864 149 m (4 246 009 m exploration;
1618 140 m development) in 2012. Development totals exclude some of the activities
being undertaken by the Russian Federation as the government reports the number of
development holes but not the actual length drilled.

Trends in domestic and non-domestic uranium exploration and development
expenditures since 2000 are depicted in Figure 1.4. Both domestic and non-domestic
expenditures increased as uranium prices increased from 2003 through 2007. Although
non-domestic expenditures levelled off before declining through 2012 to 2012, domestic
expenditures have remained strong, increasing to almost USD 2 billion through 2011 to
2013, despite declining uranium prices, particularly after the Fukushima accident in 2011.
Non-domestic expenditures are expected to increase dramatically in 2013, principally due
to development of the Husab mine in Namibia.

Figure 1.4. Trends in exploration and development expenditures”
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Current activities and recent developments

North America

In Canada, overall uranium exploration and development expenditures amounted to
USD 848 million in 2012 and are expected to increase to USD 873 million in 2013. Less
than one-quarter of the overall exploration and development expenditures in 2012 can be
attributed to advanced underground exploration, deposit appraisal activities, and care
and maintenance expenditures associated with projects awaiting production approvals.
Exploration efforts have continued to focus on areas favourable for the occurrence of
deposits associated with Proterozoic unconformities in the Athabasca basin of
Saskatchewan, and to a lesser extent, similar geologic settings in the Thelon basin of
Nunavut and the Northwest Territories. Uranium exploration has also remained active in
the Otish Mountains of Quebec where Strateco Resources Inc. has applied for a licence to
conduct underground exploration on the Matoush deposit. Mineralisation at Matoush
occurs in mafic dykes associated with Proterozoic sandstones. However, these plans have
been put on hold since April 2013 when Quebec announced a moratorium on uranium
exploration and mining permits in the province. Recent exploration activity has led to
new uranium discoveries in the Athabasca Basin in Saskatchewan. Significant, high-
grade uranium mineralisation discoveries in the Athabasca Basin include: Centennial
(UEM Inc.), Shea Creek (AREVA Resources Canada Inc.), Wheeler River (Denison Mines
Inc.), Midwest A (AREVA Resources Canada Inc.) and Roughrider (Rio Tinto). In 2013, the
Saskatchewan provincial government announced changes to its system of royalties to
encourage the development of new mines and mine expansions.

In the United States, private industry expenditures for exploration and mine
development activities in 2011 amounted to USD 150.4 million, an increase from 2010,
and expenditures continued to rise in 2012 reaching 166.0 million. Much of the increase
in development and production expenditures from 2010 to 2012 was due to generally
strong uranium (and vanadium) prices as well as the need to meet longer-term demand
resulting from the anticipated global expansion of nuclear power, particularly in the
developing world. An additional contributing factor to increased expenditures was the
end of the 20-year Megatons to Megawatts programme in 2013, which through an
agreement between the United States and the Russian Federation brought the equivalent
of 9200 tU/yr to the commercial market. In 2012, expenditures for uranium surface
drilling amounted to USD 66.6 million, up USD 23 million from expenditures in 2011 of
USD 53.6 million. This 24% increase is a continuation of the upward trend in investment
from 2009 to 2012, following the sharp decline in late 2008. In 2010, the number of holes
(7 209) and total metres drilled (1 494 744 m) increased from 2009. In 2011 and 2012, the
increasing trend continued with 10 597 holes drilled in 2011 and 11 082 in 2012. The total
metres drilled increased 13% from 1 927 866 m in 2011 to 2 181 156 m in 2012. Exploration
has primarily been for sandstone-type uranium deposits in districts such as the Grants
Mineral Belt and Uravan Mineral Belt of the Colorado Plateau and in the Wyoming basins
and Texas Gulf Coastal Plain region. Most exploration occurred on deposits that were
identified in the 1970s and earlier, or on extensions and satellites of operating mines.
However, in 2012 exploration expanded to include previously unexplored targets.

Central and South America

Argentina reported domestic exploration expenditures in 2011 of USD 19.8 million, a 19%
increase over 2010 expenditures of USD 16.6 million. However, this declined to
USD 98.6 million in 2012 and forecasted expenditures for 2013 are USD 93.2 million. It is
worth noting that exploration and development expenditures and drilling totals, as
reported by the government, likely do not reflect all activity within the private sector as
there is no requirement for private industry to report these expenditures. From 2007 to
2011, a total of 28 431 m have been drilled into the main mineralised areas in the
Pichinan district, including 4 030 m of core sampled for hydrometallurgical analyses. For
most of 2011 and until January 2012, the main activities at Cerro Solo ore deposit were
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related to environmental studies and hydrometallurgical tests. In the south of Argentina
(Santa Cruz province) the main exploration works have been focused on shallow low-
grade uranium anomalies in six areas under study. At the Las Termas vein-type deposit
(Catamarca province), exploration activities were allowed to resume in April 2012 after
activities had been halted for five years due to interventions by environmental groups. In
the east slope of Velasco Hill (La Rioja province), the National Atomic Energy Commission
Argentina (CNEA) is studying promising Alipan I Project uranium occurrences. In the Rio
Negro province, five exploration licences covering an area with deposits amenable to ISL
were requested. In two of the areas granted in 2013 (out of the five requested), superficial
geological and geochemical surveys were developed and a minimum exploration drilling
plan was outlined. Exploration activities are expected to be continued in 2014.

The Bolivian government has not reported any exploration expenditures since 1986
and there is little indication that any significant exploration activities are currently being
carried out. Renewed interest was however signalled with a government announcement
in 2010 that a preliminary study for a programme of uranium exploration in the southern
department of Potosi would be initiated. The programme is expected to be financed by
the Potosi departmental government and carried out by the National Mineral Geological
and Technical Service (Sergeotecmin). There has also been some speculation that
production may resume at the volcanic-associated Cotaje deposit, if the remaining
uranium resources are confirmed.

In Brazil, USD 0.13 million was reportedly spent on domestic exploration activities in
2011 and an increase of over USD 1 million to USD 1.2 million was reported for 2012, with
a further increase to USD 1.7 million expected in 2013. Expenditures of this magnitude
have not been reported since 2004 (USD 0.44 million). During 2011 and 2012, exploration
efforts were focused on favourable albititic areas in the north part of the Lagoa Real
province. A geophysical survey in 2011 and surface drillings in 2012 were used to identify
and define the extensions of the uranium deposits.

In Colombia, recent exploration activities have focused on sedimentary-hosted
deposits, with a total area of 267 km? currently being explored under 14 licences (Muriel,
2010). The companies include U308 Corp. with activities focusing on the Caldas,
Santandar, North Santander and Cundinamarca regions. There are others conducting
exploration in these regions but very limited information is available. Of main interest is
the work being carried out by U308 Corp., a Canadian uranium exploration company that
has been conducting exploration at the Berlin Project in Caldas province. The company
reported an exploration budget of USD 7 million in 2011 and in January 2012 announced a
NI43-101 indicated resource of 1.5Mlbs UsOs (577 tU), at 0.11% UsOg (0.09% U) and
19.9 Mlbs UsOs inferred (7 655 tU), at 0.11% UsOs (0.09% U).

Chile did not report exploration and development expenditures for this edition. From
2008 to 2012, the Chilean Nuclear Energy Commission (CCHEN) completed a broad scope
co-operation agreement with the National Copper Corporation (CODELCO Norte) for
geological and metallurgical investigation of natural atomic material occurrences. From
2009 to 2012, CCHEN and CODELCO Norte completed an agreement on activities to
investigate the recovery of uranium and molybdenum from copper ore leaching solutions.

There has been some uranium exploration in Guyana where unconformity-type and
volcanic-associated deposits are being targeted. U308 Corp. obtained uranium
exploration rights from the Guyana Geology and Mines Commission (GGMC) for two areas
in western Guyana: the Roraima basin and the Kurupung batholith. An updated NI 43-101
filing in 2012 reports uranium resources from the Kurupung Batholith amounting to
8.4 Mlb UsOs at an average grade of 0.09% UsOs (indicated resources; 3 200 tU at 0.8% U)
and 7.7 Mlb at an average grade of 0.08% UsOs (inferred resources; 3 000 tU at 0.7% U).
AZIMUTH Resources, an Australian-based junior explorer, has an ongoing uranium
exploration project in the Amakura region of north-western Guyana. It is an early stage
exploration project which was previously explored in the 1980s by COGEMA who had
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concluded that uranium mineralisation in Amakura was likely similar to Kurupung
(where U308 Corp. currently conducts exploration). Argus Metals Corp., a Canadian-
based mineral exploration company, holds rights to the Kaituma east uranium-gold
project in Guyana, reportedly a low-grade, large-tonnage uranium target modelled on the
Rossing and Husab deposits in Namibia, as well as Lago Real in Brazil. Historically, the
Kaituma Project has been explored by various companies including COGEMA and BHP.
The company completed a drill programme on the Kaituma Uranium/Gold Project in 2012.

The government of Paraguay did not report domestic exploration or development
expenditures for this edition. However, there have been recent exploration activities in
the country including the Yuty Project in the Parand basin that was originally held by Cue
Resources. In 2012, a US-based exploration company, Uranium Energy Corp. (UEC),
acquired the rights to the project through a takeover agreement. NI 43-101 compliant
measured, indicated and inferred resources for the project were updated in 2011 to
9.98 Mt at 507 ppm eUsOs for 11.1 Mlbs eUsOs (4 300 tU). UEC also holds rights to
approximately 399 425 ha in the Coronel Oviedo region in central Paraguay.

Peru does not report exploration and development expenditures and industry is not
required to report expenditures to the government. Currently, there are five active
exploration companies, all from Canada: Vena Resources/Cameco, Southern Andes
Energy Inc., Global Gold S.A.C. subsidiary of Macusani Yellowcake, Fission Energy Corp.,
and Wealth Minerals Ltd. In order to further develop uranium resources through drilling
in different prospects, several companies have focused on the Macusani, Puno
uraniferous district. Since 2003, exploration has been undertaken in Macusani, Santa
Lucia-Rio Blanco and Pampacolca (Arequipa), as well as in the Tertiary volcanic
environment. Uranium potential in other parts of Peru is important and Instituto Peruano
de Energia Nuclear (IPEN), through its promotional activities, has proposed to highlight
new areas of interest. In 2012, IPEN discovered new uranium occurrences in the San
Ramoén-Oxapampa region, where initial results demonstrate important uraniferous
potential. An IAEA initiative was undertaken in 2012-2013, within the Technical
Cooperation (TC) project PER/2/016 “Evaluating the uraniferous potential in the magmatic
environments in the eastern Andes region.” The project supported uranium exploration
in volcanic and intrusive granite environments in the Macusani Uranium District.

In Uruguay, the government is developing a law that will give Administracién Nacional
de Combustibles, Alcoholes y Portland (ANCAP) facilities for uranium prospection,
exploration and exploitation. ANCAP governs the state oil company responsible for
supervising energy initiatives. However, no plans for uranium development have been
announced. The IAEA through its TC programme supported two programmes in Uruguay
in 2012 and 2013, i) “Supporting Exploration and Exploitation of Uranium and Developing
National Capacity for this Activity” and ii) “Improving Exploration and Exploitation
Mining Processes and their Environmental Consequences”. Support through these
projects included national training, fellowships and procurement of analytical equipment.

European Union

In the Czech Republic, exploration and development expenditures increased dramatically
from USD 12 000 in 2011 to USD 203 000 in 2012 and similar expenditures (USD 222 000)
are expected in 2013. This increase is related to the preparation in 2012 of the new State
Energy Concept as well as the Concept of the Raw Materials and Energy Security of the
Czech Republic. As a result, technical and economic re-evaluation of remaining uranium
resources was undertaken and has resulted in an increase of uranium resources in some
cost categories.

Exploration and development expenditures in Finland have fluctuated in the past few
years but a significant increase in expenditures was reported from USD 506 000 in 2009 to
USD 2.37 million in 2010. Mawson Resources Ltd has been the most active company in
uranium exploration the past three years. The company is focused on the Rompas-
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Rajapalot gold and uranium exploration project in Paleoproterozoic Perdpohja Schist Belt
in northern Finland. Mawson recently announced a new discovery at the Rajapalot area
located 8km to the east of the Rompas trend. In early 2012, European Uranium
Resources Ltd acquired a portfolio of exploration licences and applications for uranium
projects in Finland from Mawson involving three uranium exploration projects (Riutta,
Asento and Nuottijarvi). In March 2013, the company was awarded a three-year
exploration licence for the Asento Project in north-central Finland.

Although no domestic uranium activities have been carried out in France since 1999,
AREVA and its subsidiaries have been active abroad. In 2011 and 2012, efforts have been
focused on targets aimed at the discovery of exploitable resources in Australia, Canada,
Central Africa Republic, Finland, Gabon, Jordan, Kazakhstan, Mongolia, Namibia, Niger
and South Africa. Total non-domestic exploration expenditures reported by the govern-
ment decreased from USD 68.7 million in 2011 to USD 64.6 million in 2012. Expenditures
are expected to be USD 72.9 million in 2013. No development expenditures were reported.

Greenland does not report uranium exploration and development expenditures as
uranium exploration and mining has not been allowed since 1988 under home state rule.
In October 2013 however, Greenland's parliament voted in favour of lifting this long-
standing ban on the extraction of radioactive materials, including uranium. Prior to the
removal of the ban, a renewed interest in REE deposits spurred Greenland Minerals and
Energy Limited, an Australian Securities Exchange (ASX)-listed company, to acquire the
Kvanefjeld deposit in 2007. Kvanefjeld is part of the Ilimaussaq complex, a peralkaline
igneous complex which contains elevated concentrations of rare earth elements,
uranium and zinc. An updated, inferred resource of 260 815 tUsOs (221 172 tU) has been
recently determined and the recent decision to lift the uranium mining ban could enable
the Kvanefjeld Project to proceed.

The government of Hungary did not report any exploration or development
expenditures. Exploration activities appear to be limited to activities conducted by
Wildhorse Energy in four uranium exploration project areas: Mecsek, Bataszék,
Dinnyeberki and Madriakéménd which are covered by seven exploration licences.
Exploration drilling of 2422 m in 5 holes was reported for 2010. In 2012, the Hungarian
government announced that it will allow state-owned companies Mecsek-Oko and
Mecsekérc and Hungarian Electricity Ltd. to enter into a joint venture with Wildhorse
Energy in order to assist the development of the Mecsek Hills Uranium Project.

In 2009, the government of Poland decided to introduce nuclear energy and the
possibility of mining domestic uranium resources is being studied. Exploration
expenditures of USD 90 000 in 2010 were reported for the first time and expenditures for
2011 and 2012 amounted to USD 1.39 million and USD 1.45 million, respectively. In 2013,
expenditures of USD 1.10 million are expected. There are no documented uranium
deposits and no concessions for uranium have been granted. However, there are some
perspective regions based on past work.

In the Slovak Republic, a pre-feasibility study was finalised in 2012 and a new
reserves calculation report for Kosice (Kuriskova area) was approved by the Commission
for reserves classification in the Ministry of Environment and these resources were added
to RAR in the national report. Exploration and development expenditures were
USD 3.5 million in 2010 and rose to USD 25 million in 2011, followed by a decrease to
USD 3.8 million in 2012. At present, ten uranium exploration licences are active in the
Slovak Republic. Exploration companies involved include: Ludovika Energy Ltd (related to
European Uranium Resources), performing exploration in six areas; Beckov Minerals Ltd
(related to Ultra Uranium, Canada), performing exploration on two areas in western
Slovak Republic; and Crown Energy Ltd (related to GB Energy, Australia), performing
exploration in two prospecting areas in eastern Slovak Republic. Note that Tournigan
Gold Corporation, a private Canadian company, changed its name to European Uranium
Resources Ltd on 1 March 2012 and formed a strategic alliance with AREVA. Ludovika
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Energy Ltd (a subsidiary of European Uranium Resources) is continuing exploration in six
prospecting areas in the eastern Slovak Republic. The most prospective exploration
licence covers uranium mineralisation in Kuriskova, near Kosice where 16 additional
exploration holes were drilled (totalling 5 179 m) in 2011 and 2012. Crown Energy Ltd (a
subsidiary of GB Energy) drilled five exploration holes (totalling 204 m) in 2011. During
2012, GB Energy completed exploration programmes over the Kluknava and Vitaz-II
exploration areas.

Spain reported increases in domestic expenditures from USD 10.22 million in 2010 to
USD 14.79 million in 2011 and USD 15.0 million in 2012, with projected expenditures of
USD 17.24 million in 2013. This reflects uranium exploration and development activities
by Berkeley Resources on a total of 20 exploration licences covering a total of 66 400 ha in
the provinces of Salamanca and Céceres. Berkeley’s “Salamanca” Project comprises the
Retortillo, Alameda and Gambuta (in the Caceres province) deposits plus a number of
other satellite deposits located in western Spain. In 2012, Berkeley completed an initial
assessment of the integrated development of Retortillo and Alameda and reported the
results of the scoping study, which according to that company demonstrated the
potential of the Salamanca Project to support a significant scale uranium mining
operation.

The government of Sweden did not report exploration and development expenditures
but a number of exploration programmes have been ongoing in the country since 2007. In
many cases work is focused on areas where discoveries were made during the initial
phase of exploration. Mawson Resources and Continental Precious Minerals have been
the most active. During 2011 and 2012, work has been focused on the potential of the
alum (black) shale where uranium can be recovered as a by-product along with other
co-products such as molybdenum, vanadium, nickel, zinc and petroleum products.
Exploration expense figures for the course of these two years is however not available.

Europe (non EU)

An Armenian-Russian joint venture CJ-SC “Armenian-Russian Mining Company” was
established in April 2008 for geological exploration, mining and processing of uranium.
The document “Geologic Exploration Activity for 2009-2010” aimed at the uranium ore
exploration in the Republic of Armenia was developed and approved. The geologic
prospecting works were carried out on the 1% Voghchi zone of the Pkhrut-Lernadzor
licensed area in 2011. Geologic prospecting identified some anomalies. All plans for
geologic prospecting in 2011 were fulfilled by January 2012. Exploration of the block
1%t Voghchi zone identified resources of uranium ores classified in category C2 (inferred).
Calculations of inferred resources of the Voghchi zone of the Pkhrut deposit indicate that
the deposit is prospective.

The Russian Federation reported a decline in domestic exploration and development
expenditures from USD 99.8 million in 2011 to USD 63.5 million in 2012, with forecasted
expenditures of USD 56.2 million in 2013. The decreases were primarily by industry as
government exploration expenditures have increased somewhat over the past few years.
There are two types of uranium exploration activities in the Russian Federation, one
aimed at new deposit discovery and the second directed at exploration of earlier
discovered deposits with a view to developing resource estimates and deposit delineation.

In the Republic of Buryatia and the Trans-Baikal region, exploration was focused on
the expansion of the resource base near the existing production centres (Khiagda and
Priargunsky) and exploration for large deposits suitable for either conventional or ISL
mining in new areas. Preliminary exploration was completed at the Balkovskoe deposit
(Republic of Kalmykia) and the Dulesminskoe occurrence in the Vitimsky area (Republic
of Buryatia). As a result of exploration at the Sirotinka occurrence (Transbaikal region),
inferred resources have been estimated as 4 000 tU. In the Irkutsk region (Akitkan area),
prognosticated resources have been estimated as 3 100 tU and speculative resources as
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13500 tU. Subsidiaries of the uranium holding company “Atomredmetzoloto” (ARMZ)
performed exploration and resource estimation of uranium deposits which are being
prepared for development. Exploration and resource estimation activities were also
undertaken in the Elkonsky area (the South Yakutia and Khiagda ore field) in the Vitim
area of the Republic of Buryatia. In 2012, uranium resource estimation of deposits in the
Elkonsky area (South Yakutia) was completed based on 2008-2011 exploration results.
The resource feasibility study for the deposits in the Khiagda ore field was also
completed in 2012. Additionally, exploration was carried out at the Dalmatovskoye
deposit (Kurgan region) and the Berezovoe deposit in the Transbaikal region.

Non-domestic expenditures by the Russian Federation decreased moderately from
USD 31.1 million in 2011 to USD 30.1 million in 2012 and are estimated to decrease
dramatically to USD 16.5 million in 2013. In 2011-2012, ARMZ, through its subsidiary
Uranium One based in Canada, performed exploration in Kazakhstan at all joint ventures
with Kazatomprom (Akbastau, Karatau, Betpakdala, Zarechnoye and Kyzylkym). The
Australian public company Mantra Resources, which owns rights to the Mkuju River
uranium project in Tanzania, was acquired in 2011 by ARMZ. In 2011-2012, Mantra
Resources continued exploration drilling focused on new mineralised zones and
resources estimation. There were also minor investments in exploration of prospective
areas in Armenia made by the Armenian-Russian Mining Co.

Exploration and development expenditures in Turkey increased from USD 2.2 million
in 2011 to USD 2.8 million in 2012 while projected expenditures are expected to increase
further to around USD 3.3 million in 2013. Public sector activities were focused on granitic,
acidic igneous and sedimentary rocks in several areas totalling 15 000 km?. Private sector
activities were focused in Yozgat province, with resource evaluation drilling programmes
undertaken at the Temrezli and Sefaatli uranium prospects. The majority of the work
was conducted at Temrezli, resulting in a JORC compliant indicated and inferred resource
estimate amounting to 17.4 Mlb UsOs (6 693 tU). In late 2012, hydrological test drilling was
initiated at Temrezli in order to assess regional groundwater conditions and test
hydraulic conditions in the mineralised zone for mining by ISL.

Exploration and development expenditures in Ukraine declined from 2010
expenditures of USD 3.21 million to USD 1.99 million; however, in 2012 expenditures
increased to USD 2.62 million and are expected to continue to increase, with
USD 2.65 million forecasted for 2013. From 2011 to 2012, prospecting work for discovery of
deposits of different geological/commercial types was conducted. This included
prospecting of sandstone-type uranium deposits on the Troytskaya and Vladimirskaya
regions and for vein-type occurrences in the Rozanovskaya region. In addition, geological
prognostic work at a scale of 1:25 000 within the southern part of Kirovogradskiy uranium
ore fault was undertaken. Prospecting for granite-related type uranium deposits in the
Pokrovskiy territory and uranium ore occurrences in the crystalline foundation of
Ukrainian Shield, within the borders of the Nikolaevskiy ore field, was also conducted.
Exploration is planned for metasomatite-type deposits, particularly within the areas of
current operating mines.

Africa

The IAEA TC programme Regional Africa Project, RAF/3/007 “Strengthening Regional
Capabilities for Uranium Mining, Milling and Regulation of Related Activities” was carried
out from 2009 to 2013. The objectives were to address common regional priority needs in
uranium exploration, mining, milling and regulation using the available infrastructure
and expertise, including regional designated centres and specialised teams. Regional
workshops, training courses and technical meetings in DR Congo, Egypt, Gabon, Ghana,
Madagascar, Malawi, Morocco, Mozambique, Namibia, Tanzania, Uganda and Zambia
provided opportunities for experts to receive updated information on technology,
operations and environmental aspects of uranium production, leading to improved
understanding of regulatory requirements for mining and processing. The first Uranium
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Production Cycle Appraisal Team (UPSAT) review in Africa was carried out in the planned
uranium mining and processing facility in Tanzania. In 2014, workshops/training courses
are planned in Botswana, South Africa and Morocco under a new TC training programme,
RAF/2/011.

In Algeria, no uranium prospecting or mine development work was carried out
between January 2007 and January 2013 and although the government of Botswana has
not reported exploration expenditures, a Secretariat estimate indicates that expenditures
have decreased significantly from USD 5.4 million in 2010 to USD 1.2 million in 2011, and
1.1 million in 2012 and 2013.

Exploration activities in Botswana have focused on uranium occurrences in the Karoo
Group, targeting similar deposits to those currently being mined by Paladin Energy in
Malawi (i.e. the sandstone-type Kayelekera deposit). Surficial calcrete-type mineralisation
is a secondary target. Despite decreased expenditures, exploration activities continue.
The Letlhakane uranium deposit has been the focus of detailed technical work by A-Cap
since 2010, resulting in the February 2013 release of a positive scoping study. Impact
Minerals Ltd, another Australian junior company, acquired permits around A-Cap’s areas
in early 2008. Exploration activities in 2009 began with airborne radiometric surveys,
followed by field reconnaissance, mapping and drilling, leading to the discovery of four
prospects in Karoo siltstones and sandstones. In addition to sandstone-hosted
mineralisation, uranium-bearing alaskitic rocks similar to those found at Rossing in
Namibia and mineralisation related to Proterozoic sedimentary and basement rocks with
similarities to the unconformity-related deposits in Canada and Australia were
discovered. At the end of 2012, A-Cap’s prospecting licences for uranium totalled
5000 km? while Impact Minerals Ltd controlled 26 000 km?. The two companies drilled a
total of 12 462 m in 95 reverse circulation holes during 2011, but no drilling was reported
in 2012. Both companies completed regional ground gravity surveys and Impact Minerals
Ltd completed a soil geochemical survey over an area of 250 km? at the Ikongwe prospect.

The Bakouma deposit in the Central African Republic was discovered in the 1960s. It
is small, but has a relatively high uranium content of approximately 2 700 ppm U
(0.27% U). In August 2008, AREVA and the Central African government signed an
agreement which stipulates that the country will receive financial support of
CFA francs 18 billion over five years. It also provides for the construction of infrastructure
and employment of 900 people (primarily from the region) once the mine is operating at
full capacity. Following a test phase, the Bakouma Project was originally planned to
gradually ramp up to full production by 2014-2015. However, AREVA suspended
investment in the development of the Bakouma mine in 2011 due to current market
conditions, even though inferred resources at Bakouma were raised from 32 224 tU to
36 475 tU.

Egypt last reported exploration expenditures in 2008. It has had ongoing support over
the last several years in developing uranium exploration and production capacities
through a number of IAEA TC projects.

The Ministry of Mines of Gabon authorised AREVA to resume uranium prospecting
activities in late 2006. After some initial success AREVA founded AREVA Gabon SA in 2008,
a 100% owned subsidiary of AREVA with headquarters in Franceville. No updates have
been provided in the last few years regarding exploration activities by AREVA in Gabon.

The Karoo Group of the Morondava basin in Madagascar has a similar geological
setting to sandstone-hosted uranium deposits in the Karoo Group in other African
countries including Botswana, Zambia, Malawi, South Africa and Tanzania. These
similarities have prompted some interest in exploration for potentially economic
deposits of this type. UMC Energy PLC dominates the majority of prospective holdings
through its 80% equity interest in URAMAD S.A, holder of a number of exploration
permits including the Folakara deposit which has a historical resource estimate of 500 tU
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at 0.01% U. The deposit is hosted by the Triassic to Jurassic Isalol and IsaloII
formations of the Karoo Group. Exploration permits in Madagascar are normally granted
for ten years and UMC’s current holdings expire in 2015 and 2016, but there appears to
have been very little exploration activity on these permits since their acquisition. A few
other less extensive areas with uranium exploration permits have been held by various
companies over the past few years that also do not show any exploration activity in
recent years.

Uranium exploration activities continued in Malawi due to the interest in expanding
resources at the Kayelekera mine operated by Paladin Energy and the potential for
discovery of additional deposits in a similar geological setting in the Karoo Group
sedimentary rocks. Paladin continues to explore around Kayelekera. The orebody
remains open to the west where exploration drilling continued in 2011 and 2012 and
additionally, drilling was undertaken on nearby leases including Mpata to the east and
Juma to the south. Resource Star, the operator of the Livingstonia Project, has reported
that thickened zones of mineralisation are open to the north-east and the sparse drilling
in the southern zone increases potential for additional mineralisation being defined. The
mineralisation is also open to the north where the project adjoins tenements owned by
Paladin Energy Ltd. In 2011-2012, Globe Metals & Mining continued the development of
the Kanyiba deposit. Total drilling, reverse circulation and diamond drilling amounted to
40 540 m. As of December 2012, total resources amount to 68.3 Mt of ore at average grade
of 0.28% Nb20s, 0.0135% Ta:0s and 0.0666% U (4 550 tU). Globe Metals and Mining
submitted the environmental impact assessment for the Kanyika Niobium Project for
public review in May 2012.

According to the Ministry of Mines in Mali, uranium potential occurs in three main
regions. The best covers 150 km? of the Falea-North Guinea basin where the estimated
potential is thought to be 5000 tU. The 19 930 km? Kidal Project in north-eastern Mali is
part of a large crystalline geological province known as L'Adrar Des Iforas. The
sedimentary basin of the Gao region hosts the Samit deposit that contains an estimated
potential of 200 tU. In 2011, a heliborne VTEM-magnetics-radiometrics survey was flown
over the central Falea area. The survey comprised 933 line-km at a 1 100-metre line
spacing covering an area of approximately 90 km? Drilling data used for the 2009 mineral
resource estimate totalled 149 drill holes. Since then additional drilling has been
undertaken. In 2011 and 2012, 247 and 754 holes were drilled respectively. Further drilling
is planned, mainly to test potential extensions of high-grade mineralisation on the north
zone structures. As of 1January 2013, seven uranium exploration permits had been
granted to five exploration companies. However, due to the rebellion in the north-eastern
part of the country, exploration activities are only being undertaken in the western part
of the country.

In 2007, Aura Energy commenced exploration on the Reguibat Craton in northern
Mauritania, a region with strong uranium radiometric anomalies recorded in airborne
geophysical data. Aura has eight wholly owned permits and two permits in joint venture
with Ghazal Minerals Limited. Aura drilled 2 022 holes (9 100 m) at the Reguibat Project in
2011 and 392 holes in January 2010. Drilling confirmed the presence of widespread
calcrete uranium mineralisation and in July 2011, Aura established JORC inferred
resources of 19300 tU at 280 ppm U (0.028% U), based on a cut-off grade of 85 ppm U
(0.0085% U). Drilling in 2012 confirmed major extensions to calcrete uranium minerali-
sation well beyond the boundaries of current resource limits. The Bir En Nar Project,
180 km south-east of Bir Moghrein, is the most advanced project in terms of historic
drilling completed by AREVA. The uranium mineralisation is comprised of shallow,
narrow vein, high-grade deposits. In July 2010, Forte Energy announced an initial
estimate of indicated and inferred resources totalling 792 tU. Forte Energy has another
project, A238, which contains 23.4 Mlbs U3Os (9 000 tU).

Namibia reported a decrease in exploration and development expenditures to
USD 84.6 million in 2011 and USD 76.5 million in 2012. However a large increase is
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expected for 2013 with projected expenditures of USD 522.1 million principally related to
development of the Husab mine. Two major types of deposits are currently being
targeted; the intrusive-type associated with alaskites, as at Rossing, and the surficial,
calcrete-type, as at Langer Heinrich and Trekkopje. During 2011 and 2012, the two
operating uranium mines, Rossing and Langer Heinrich, focused efforts on expanding the
resource base and increasing production. Reptile Uranium Namibia Ltd (RUN), the
subsidiary of Australia’s Deep Yellow Ltd, has been exploring for paleodrainage (calcrete),
metamorphic/metasomatic and alaskite-hosted uranium since 2009. In January 2013,
RUN announced in situ resources for their Omahola Project of 17 286 tU at 0.036% U, the
majority of which will be mineable by open-pit methods. Reverse circulation and
diamond drilling during 2012 have increased resources at both the MS7 and Ongolo
prospects highlighting both extensive high-grade intercepts and new discoveries. Forsys
Metals Corp. reported drilling on the Namibplaas property and announced in September
2012 a NI 43-101 indicated in situ resources of 12 850 tU at 0.013% U plus 4 230 tU of in situ
inferred resources. Between 2007 and 2012, Zhonghe Resources undertook exploration
work on Exclusive Prospecting Licence 3602, located in Happy Valley area. This included
geological, radioactivity, geophysical and geochemical surveys, drilling (372 holes for
89 512 m) and trenching, leading to the discovery of deposits No. 18, No. 2 and No. 15. In
2012, JORC compliant resource declarations using an 85 ppm U (0.0085% U) cut-off grade
amounted to indicated in situ resources of 25772 tU and inferred in situ resources of
15 000 tU for the No. 18 deposit, as well as inferred resources of 11 539 tU in associated
deposits on the lease. In 2011, Xemplar Energy Corp., subsidiary Namura Minerals
Resources (Pty) Ltd, drilled 113 holes for 2 336 m in the Cape Cross calcrete-type deposit.
While a number of samples recorded values in the region of 100 to 200 ppm U (0.01% to
0.02% U), there was insufficient data to justify a more extensive exploration programme,
particularly in the current market.

Uranium exploration and development expenditures in Niger have been variable over
the past few years due to security risks and market conditions. In 2009, USD 306.8 million
was spent on exploration but decreased dramatically to 20.4 and 5.0 million in 2010 and
2011, respectively. This sharp decline was largely due to security issues. In 2012,
expenditures increased again to USD 117.3 million but are forecasted to again decline to
USD 21.1 million in 2013. A total of 6 new exploration permits have been granted and by
2011 uranium exploration activities were being carried out on 160 concessions by foreign
companies. However since 2011, there have been increasing geopolitical tensions in the
region, resulting in foreign companies like Paladin and URU Metals suspending
exploration activities in Niger. URU Metals Limited reported a SAMREC compliant inferred
resource of 1654 tU on their In Gall deposit and in 2011 continued to drill the Aboye,
Akenzigui and Fagochia targets within their Irhazer and In Gall permits. Project
commitments elsewhere and security risks in Niger caused URU Metals to take steps to
terminate activities in Niger by 2014. In December 2010, Paladin completed the takeover
of NGM Resources Ltd (NGM), the owner of the local company Indo Energy Ltd that held
concessions in the Agadez region. NGM Resources had announced an inferred mineral
resource of 4320tU. Paladin indicates that they have developed an exploration
programme to identify higher-grade uranium mineralisation in local Lower Carboniferous
stratigraphies. In early 2011, Paladin carried out a drilling programme that further
defined targets for follow-up and information from the drilling was used to plan a
15 000 m follow-up drilling campaign. However, this was put on hold due to security
concerns. All fieldwork has ceased and force majeure has been requested from the
government authorities for an indefinite suspension of further expenditures. The
Imouraren mine, which is being developed by AREVA, was originally scheduled to begin
production in 2012, but has been delayed due to security risks and unfavourable market
conditions.

Exploration and development expenditures in South Africa increased from
USD 18.8 million in 2010 to USD 35.1 million in 2011 and remained near these levels at
USD 32.78 million in 2012. Between January 2011 and June 2012, Peninsula Energy Limited
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drilled 601 holes totalling about 21 640 m at sites 22, 29 and 45 (previously known as
Matjieskloof, Quaggasfontein and Davidskolk respectively). In the same period, a total of
343 drill holes (~15 284 m) were re-probed. Drilling programmes at these sites have been
successful in confirming the historic uranium mineralisation at each site. HolGoun
Uranium and Power Limited completed a pre-feasibility study of its project in the
Springbok Flats basin in 2012 and have begun a bankable feasibility study. AngloGold
Ashanti Limited has continued with near-mine gold exploration (uranium is associated
with gold in South Africa) as well as extensions of existing mining areas. Drilling has
been ongoing in the extensions of the Great Noligwa mining lease to determine the
extent of remnant blocks of the Vaal Reef. More than 4 500 m of diamond drilling is
planned for 2013 to increase the geological confidence at the Great Noligwa. Exploration
targets have also been identified within the Kopanang mining lease and adjacent areas
and surface and underground drilling programmes are underway. Furthermore,
brownfield exploration is in progress at Moab Khotsong to provide required additional
geological information for capital development as well as improve geological confidence.
Six surface drilling machines and nineteen underground drilling machines were in
operation during 2011 and 2012.

Harmony Gold Ltd has developed two uranium projects to feasibility stage: Harmony
Uranium TPM (Tshepong, Phakisa and Masimong); and the Free State Tailings Uranium
Project. Witwatersrand Consolidated Gold Resources Limited (Wits Gold) holds
14 prospecting rights in the southern Free State, Potchefstroom and Klerksdorp areas
adjacent to operating mines. Wits Gold’s assets include its most advanced projects, the
De Bron-Merriespruit (DBM) and Bloemhoek projects as well as three other projects;
Robijn, Beisa North and Beisa South. An independent feasibility study for the DBM Project
was completed in June 2012 and a bankable feasibility study is at an advanced stage. On
the other hand, a pre-feasibility study has been completed for the Bloemhoek Project and
synergies with adjacent operating mines are being investigated to fast track Bloemhoek’s
development timeline. Namakwa Uranium has continued exploration in the Henkries
Project, in which the area has been subdivided into Henkries Central, Henkries North and
Henkries South.

Exploration efforts have been focused on the uranium prospective Karoo Group
sediments of southern Tanzania and to a lesser extent, paleochannel associated calcrete
and sandstone-hosted uranium targets within the Bahi catchment of central Tanzania.
Exploration and development expenditures totalled USD 25.6 million in 2011 and
increased to USD 28.9 million in 2012. However, a sharp decline to USD 7.96 million is
forecast for 2013. Mantra Resources who operated the Nyota Project was acquired in 2011
by the Russian Atomredmetzoloto (ARMZ). An updated resource of the Nyota deposit
estimate in September 2011 boosted total in situ resources by over 40% to 119.4 Mlbs UOs
(45 924 tU) and formed the basis of a feasibility study. Drilling activities and historical
data analysis resulted in a 28% total resources increase in March 2013 to 152.1 Mlbs UsOs
(58 505 tU), including 124.6 Mlbs UsOs (47 927 tU) measured and indicated at an average
grade of 303 ppm UsOs (0.0257% U) at a 100 ppm UsOs (0.0085% U) cut-off grade.
Exploration potential has been identified in areas adjacent to Nyota. In 2012, continued
regional exploration drilling at the Mkuju River regional area and near Nyota, which
focused on new mineralised zones and resources estimation. Recent activity at the Mkuju
River Project focused on feasibility study optimisation and update, licensing and
permitting. Drilling to date by Uranex at Likuyu North has identified a mineralised zone
extended to 2.6 km of the 5 km zone defined by the surface radiometric anomaly. In April
2012, a maiden resource was estimated at 6.1 Mlb UsOs (2 346 tU). Efforts have been
undertaken to define economic uranium mineralisation within the project area that is
not associated with surface radiometric anomalism and three zones were targeted for
drilling at Likuyu North during the 2012 drilling programme.

Uranium Resources Plc. completed 159 diamond drill holes (39 000 m) and announced
the maiden resource of 3.6 Mt ore containing 769 tU grading 0.00216% U at the Mtonya
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Project. The resource is potentially amenable to ISL recovery. In 2010, a Memorandum of
Understanding signed between Japan Oil, Gas and Metal National Corporation (JOGMEC)
and the Geological Survey of Tanzania (GST) has resulted in the two institutions joining
efforts to explore and assess mineral resources in the country. In 2013, Australian-based
East African Resources Ltd (EAR) obtained prospecting licences for the Madaba property,
where work carried out from 1979-1982 by Uranerzbergbau GmbH identified six
anomalous uranium zones. The site is also located within the Selous World Heritage
Game Reserve. EAR has commissioned an environmental impact assessment as
requested by the Ministry of Natural Resources and Tourism (MNRT) in support of an
application for site access. Mantra Resources contributed 75% to the total metres drilled
for uranium exploration in Tanzania during 2010-2013 and 88% to the total number of
drill holes. The bulk of Mantra’s exploration expenditures have been devoted to new
resources identification at the Nyota deposit and resources conversion from inferred to
RAR. The remaining exploration drilling was carried out by Uranex at Likuju North and by
Uranium Resources Plc. at Mtonya deposit. All development expenditures in Tanzania
were invested by Mantra Resources for the Mkuju River feasibility study. Since 2012,
Mantra also started to invest in detailed engineering and grade control projects for the
Mkuju River development.

In Zambia, exploration activities are focused on identifying sandstone-type deposits
in the Karoo Group. Exploration expenditures increased from USD 2.4 million in 2011 to
USD 3.5 million in 2012 and are expected to rise to USD 3.8 million in 2013. Denison
completed extensive drilling in 2011 and 2012 on their Mutanga Project and updated the
resource estimate to 18 923 tU at an average grade of 252 ppm U (0.0252% U). Airborne
geophysics techniques were used to locate anomalies for potential uranium
mineralisation. Future exploration activities are expected to be focused on field
programmes including an extensive surficial geochemistry and surface radon surveys,
geological mapping and airborne geophysics to assist in defining drill targets. In mid-2011,
Equinox Minerals was taken over by Barrick Gold Corp. for CAD 7.3 billion. At that time, a
total of 4.2 Mt of uraniferous ore at a grade of 0.118% Us0s (0.1% U) was stockpiled at the
Lumwana copper mine which could be processed at a later date if Barrick decides to build
a uranium mill for an estimated cost of USD 200 to 230 million. In 2012, drilling
programmes at Lumwana were focused on a resource definition programme at
Chimiwungo, reserve delineation at Chimiwungo and Malundwe, extension exploration
drilling at Chimiwungo and condemnation drilling to test for economic mineralisation in
areas of planned mining infrastructure. A total of 237 277 m of diamond drilling and
49 029 m of reverse circulation drilling was completed during 2012 in order to better
define the limits of mineralisation and develop an updated, more comprehensive block
model of the orebody for mine planning purposes. At the end of 2012, African Energy
concluded baseline environmental studies for the Chirundu Uranium Project, the only
work completed by African Energy on its uranium projects. African Energy is now
focusing efforts on its coal projects in Botswana and intends to divest all uranium
projects.

Middle East, Central and Southern Asia

In India, government exploration expenditures have gradually declined over the past few
years with USD 56.2 million reported in 2011, USD 49.8 million in 2012 and
USD 42.9 million expected in 2013. In recent years, exploration activities have been
concentrated in the following areas: Proterozoic Cuddapah basin, Andhra Pradesh;
Mesoproterozoic Singhbhum Shear Zone, Jharkhand; Mesoproterozoic North Delhi Fold
Belt, Rajasthan and Haryana; Cretaceous sedimentary basin, Meghalaya; Neoproterozoic
Bhima basin, Karnataka; and Neoproterozoic alkaline complexes in the Southern
Granulite Terrain, Tamil Nadu.

The Islamic Republic of Iran reported an increase in exploration and development
expenditures from USD 53.2 million in 2011 to USD 82.1 million in 2012 with a decline to
USD 36.8 million forecasted for 2013. Exploration activities are being undertaken on
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several prospects including the Saghand mining district, the Champeh and Moghuyeh
salt plugs, the Kerman-Sistan mineralisation trend, Naiin-Jandagh mineralisation trend,
and on the Birjand-Kashmar mineralisation trend.

Exploration expenditures by government and industry in Jordan decreased
significantly from USD 6.8 million in 2011 to USD 1.8 million in 2012, with expected
expenditures of USD 2.4 million in 2013. During 2011-2012, The Jordanian-French
Uranium Mining Company (JFUMC) started the second phase of the exploration
programme in the southern part of the central Jordan licence area. The second phase of
the exploration programme included geological mapping; a carborne radiometric survey;
borehole drilling and trenching; limited sampling and chemical analysis; and a
preliminary resource evaluation using the radiometric data collected from the gamma
logging of the boreholes. However, the JFUMC did not meet the timelines of the
agreement signed in 2008. As a result, the Jordanian government did not agree to the
extension of the longstop date of the agreement and cancelled the joint venture activities.
During 2011-2012, Jordanian Energy Resources Inc. (JERI) continued the same prospecting
programme in other areas with a similar geological setting, located to the north of the
three anomalous areas mentioned above. The prospecting programme included
geological studies; carborne radiometric surveys; a trenching programme (443 trenches);
sampling programme (1 951 samples); chemical analyses (X-ray fluorescence, inductively
coupled plasma and gamma spectrometry); delineation of mineralised zones (four areas);
and a preliminary resource estimate of 15 265 tU (18 000 tUsOs). An additional three areas
were delineated during 2009-2010 resulting in a preliminary resource estimation of the
seven areas of 28 000 tU.

Increased expenditures are reported by Kazakhstan from USD 70.96 million in 2011 to
USD 94.3 million 2012 with further increases to 111.2 million expected in 2013. Projected
estimates for exploration and development expenditures for 2013 support Kazakhstan
remaining the top global producer of uranium in the near future with estimated total
production of 22500 tU in 2013. During 2011 and 2012, exploration of deposits was
performed at Moinkum, Inkai, Budenovskoye in the Shu-Saysu uranium province and the
Northern Kharassan and South Zarechnoe deposits in the Syrdaria uranium province.
JV Katco continues exploration at site No. 3 (central) and detailed exploration at site No. 2
(Tortkuduk) of the Moinkum deposit and JV Inkai continues exploration at site No. 3 of
the Inkai deposit. The Akbastau JSC started exploration at sites No. 1, 3 and 4 of the
Budenovskoye deposit. ISL pilot production is ongoing at sites No.1 and 3. The
Kyzylkum LLP and the Baiken-U LLP are performing exploration at the Northern
Kharassan deposit and the Karatau LLP finished exploration on site No.2 of the
Budenovskoye deposit. In 2011, GRK LLP began exploration and ISL pilot production at the
new Moinkum site No. 3 (central) deposit and exploration of the Zhalpak deposit was
postponed. Zarechnoe LLP also postponed exploration on the South Zarechnoe deposit.
The Volkovgeology JSC renewed geological prospecting of sandstone-type deposits
amenable for ISL mining in new perspective areas of the Shu-Sarysu uranium provinces,
with funding from the NAK Kazatomprom JSC budget.

South-eastern Asia

Exploration expenditures in Indonesia were variable during this reporting period, in 2011
USD 0.45 million was spent and declined to USD 0.28 million in 2012 while in 2013 it is
expected to increase to USD 0.61 million. In 2011, exploration drilling was carried out at
Sarana (Kalan Sector) to a total depth of 116 m, targeting uranium mineralisation hosted
in metasiltstone and metapelite schists. A general survey was completed in the eastern
part of the central mountain of Papua Island (Nalca District, Yahukimo Region), covering
an area of 300 km?. The exploration target is Proterozoic unconformity-type minerali-
sation in Paleozoic to middle-Proterozoic rocks. In 2012, the general survey of Papua
continued in the central area of the central mountain, targeting sandstone-type deposits
hosted in the Paleozoic Aiduna Formation that contains carbonaceous material. In 2013, a
general survey was conducted over an area of 80 km? in Miocene age potassic volcanic
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rocks in West Sulawesi. A general survey will also be conducted in Biak Island, Papua
where a uranium anomaly from an environmental survey has been reported. Exploration
drilling is also planned with a total of 1 500 m in the Lemajung sector and a total of 600 m
in Lembah Hitam, Kalan.

Since 2010, the Geological Division for Radioactive and Rare Elements in the Ministry
of Natural Resources and Environment (GDRRE) has been carrying out uranium
exploration in the Parong area in the Quang Nam province in central Viet Nam. The
project consists of an investigation and evaluation of Triassic sandstone-type deposits.
Recent exploration activities on the Parong deposit consisted of geophysical and
geological surveys, trenching, drilling and mining tests. A drilling programme from 2010
to 2011 over the main part of the deposit resulted in 712 holes being drilled for a total of
60 954 m.

East Asia

Total non-domestic development expenditures reported by China decreased from
USD 94.7 million in 2011 to 81.6 million in 2012. A dramatic increase is forecasted for 2013
with total expenditures of USD 563.4 million. This is primarily due to the acquisition and
development associated with the Husab mine in Namibia which was acquired in 2012 by
CGNPC Uranium Resources Co., Ltd, a subsidiary of China General Nuclear Power Group
(CGNPC). Chinese companies have carried out exploration activities in Australia,
Kazakhstan, Mongolia, Namibia, Niger, Uzbekistan and Zimbabwe. In China, domestic
exploration and development expenditures have continued to increase since 2004 with
an all-time high of USD 131.0 million in 2012 and a similar amount of USD 128.0 million
forecasted for 2013. The majority is exploration related with only 8-9% of the total coming
from development activities. Domestic uranium prospecting and exploration have
intensified and increased due to additional financial input. The scope of work has also
been expanded to potential prospects selected after regional prognosis and assessment
has been completed, apart from the continued prospecting and exploration on areas
within previously discovered metallogenic regions/belts. The exploration, including
regional uranium potential assessment and further works on previously discovered
mineralisation and deposits in northern China has principally been focused on the Yili,
Turpan-Hami, Junggar and Tarim basins of the Xinjiang Autonomous Region; the Erdos,
Erlian, Songliao, Badanjili and Bayingebi basins of Inner Mongolia; the Caidaum basin in
Qinghai province and the Jiuquan basin in Gansu province. The total drilling footage
completed in the last two years amounted to 1700000m (820000 m in 2011 and
920000 m in 2012). As a result, uranium resources in northern China such as those
contained in the Yili, Tarim, Erdos, Erlian, Songliao basins have been dramatically
increased, especially the large Daying deposit which was discovered in the Erdos basin. In
addition, important progress has been achieved in old mining areas of southern China,
such as the Xiangshan, Taoshan, Xiazhuang, Zhuguangnanbu and Dazhou uranium fields.
CGNPC has carried out domestic uranium resources exploration on several uranium
exploration projects in the northern edge of Tarim basin in Xinjiang Uygur Autonomous
Region and the northern part of Guangdong province.

Non-domestic government exploration expenditures from Japan increased from
USD 3.0 million reported in 2011 to USD 5.4 million in 2012, and a moderate decrease is
expected in 2013 of USD 4.0 million. Japan-Canada Uranium Co. Ltd, which took over
Japan Nuclear Cycle Development Institute’s (JNC) Canadian mining interests, is
continuing exploration activities in Canada while Japan Oil, Gas and Metals National
Corporation (JOGMEC) continues exploration activities in Australia, Canada and
elsewhere. Japanese private companies hold shares in companies developing uranium
mines and also with those operating mines in Australia, Canada, Kazakhstan and Niger.

Reported domestic exploration and development expenditures in Mongolia fluctuated
over the past few years from USD 18.3 million in 2010 to USD 30.1 and USD 26.0 million in
2011 and 2012, respectively. Overall the trend has been for increased expenditures. In
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2011-2012, most uranium prospecting was performed in the Ulziit, Gurvansaikhan and
Zuunbayan basins (south-east Mongolia), with the objective of identifying sandstone-type
uranium mineralisation suitable for ISL mining.

Pacific

Domestic exploration expenditures in Australia decreased significantly from
USD 198.7 million in 2011 to USD 98.7 million in 2012 and are expected to further decline
to USD 93.2 million in 2013. Exploration was carried out in Western Australia, South
Australia, Northern Territory and Queensland. Despite the decline in expenditures,
attributed primarily to market conditions, several exploration programmes are being
carried out. In Western Australia several companies explored for sandstone-hosted
uranium deposits in sands and lignite of the Gunbarrel basin. In mid-2012, Energy and
Minerals Australia Ltd discovered a new uranium deposit Princess, within the Mulga Rock
Project area 250 km east-northeast of Kalgoorlie. Toro Energy continued exploration at
the Theseus prospect, in the Lake Mackay region of North East Western Australia
adjacent to the Northern Territory border. Drilling intersected significant mineralisation
in Cainozoic paleochannel sands adjacent to uranium-rich rocks of the Amadeus basin.
Companies also explored for calcrete-hosted deposits in palaeochannels overlying the
Yilgarn Craton.

In South Australia there has been an increased amount of exploration for sandstone-
hosted uranium deposits in the Frome Embayment. Quasar Resources continued
exploration drilling at the Pepegoona, Pannikan and North Mulga deposits, which are 8 to
12 km north of the Beverley mine. Cauldron Energy discovered uranium mineralisation in
paleochannel sands at its Macdonnell Creek prospect, north of Mount Babbage Inlier. In
addition, several companies explored for sandstone-hosted deposits along the northern
portion of the Ngalia basin, 200 km north-west of Alice Springs. Drilling during 2011
intersected mineralisation at Anomalies 15 and 4 (near the Bigrlyi deposit) and at the
Camel Flat prospect (35 km south-east of Bigrlyi). In the Northern Territory high-grade
unconformity-related mineralisation was discovered at the Angularli prospect in western
Arnhem Land in 2011. Angularli is the first discovery in Alligator Rivers region of
significant high-grade uranium mineralisation above the unconformity in the Kombolgie
Sandstone. Exploration also intersected high-grade unconformity-related mineralisation
in the Ranger 3 Deeps area, east of the Ranger open-cut, and the Caramal prospect in
western Arnhem Land. In Queensland, Paladin Energy Ltd continued exploration drilling
for metasomatite deposits in an area extending from 10 km to 110 km north of Mount Isa
in North West Qld. During 2011 and 2012, several Australian companies explored for
uranium in Namibia and Malawi but these expenditures are not reported by the
government.

Uranium production

In 2011, 2012 and 2013, uranium was produced in 21 different countries, with Germany,
Hungary and France producing small amounts of uranium only as the result of mine
remediation activities (Bulgaria did not report uranium recovery from mine remediation
for this edition of the Red Book; hence there is one less producing country than in 2010).
Kazakhstan’s growth in production continued, albeit at a slower pace, and it remains the
world’s largest producer with 21 240 tU produced in 2012 and 22 500 tU expected in 2013.
In 2012, production in Kazakhstan amounted to more than the combined 2012 production
of Canada and Australia, respectively the second and third largest producers. Table 1.20
summarises major changes in uranium production in a number of countries and
Table 1.21 shows production in all producing countries from 2010 to 2012, with expected
production in 2013. Figure 1.5 shows 2012 production shares and Figure 1.6 illustrates the
evolution of production shares from 2006 to 2012.
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Table 1.20. Production in selected countries and reasons for major changes
(tonnes U)

Country Production 2010 | Production 2012 Difference Reason for changes in production

Return to normal production at Ranger after high rainfall
Australia 5900 7009 1109 events flooded the open pit, disrupting mine production
and ore processing in 2010 and 2011.

Brazil 148 326 178 Increase of production at Caetité.
Canada 9775 8998 177 Production suspended at McClean Lake.
China 1350 1450 100 Ongoing expansion of existing mines.
Kazakhstan 17 803 20 981 3178 New deposits brought into production.
Malawi 681 1103 422 Expansion of the Kayelekera mine.

- Decrease of production at Rdssing, but increase at
Namibia 4503 4653 150 Langer Heinrich and first test production at Trekkopje.
Niger 4197 4822 625 Additional production at Somair and Azelik.

Russian Decline in production due to lower ore grade at
Federation 3563 2862 701 Priargunsky mines.

Decrease caused by suspension of production at
Ezulwini; lower uranium grade, industry wide strike

South Africa 582 467 11 actions and safety-related stoppages at other production
centres.
Ukraine 837 1012 175 Start of production at Novokonstantinovskiy mine.

Table 1.21. Historical uranium production

(tonnes U)
Country Pre-2010 2010 2011 2012 Total to 2012 2013 (expected)
Argentina 2582 2582
Australia 164 363 5900() 5 967 7009 183239 6700
Belgium 686 686
Brazil 3186 148 265 326 3925 340
Bulgaria 16 363 19 0* 0* 16 364 0*
Canada@ 437 571 9775 9145 8998 465 489 9000
China 32 599* 1350 1400 1450 36 799* 1450
Congo, Dem. Rep. of* 25600 25600
Czech Republic® 110 685 254 229 228 111 396 213
Finland 30 30
France®@ 80 945 9@ 6@ 3@ 80 963 3@
Gabon 25403 25403
Germany(© 219517 8@ 51() 50() 219626 300
Hungary 21053 6@ 2@ 1) 21062 3
India* 9443 400 400 385 10 628 400

See notes on page 61.

60 URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014



CHAPTER 1. URANIUM SUPPLY

Table 1.21. Historical uranium production (continued)

(tonnes U)
Country Pre-2010 2010 2011 2012 Total to 2012 2013 (expected)
Iran, Islamic Rep. of 25 7 12 15 59 40
Japan 84 84
Kazakhstan 140920 17 803 19450 21240 199 413 22500
Madagascar 785 785
Malawi 90 681 842 1103 2716 1200
Mexico 49 49
Mongolia 535 535
Namibia 100 089 4503 4078 4653 113323 4820
Niger 110 149 4197 4 264 4822 123432 3859
Pakistan* 1214 45 45 45 1349 45
Poland 650 650
Portugal 3720 3720
Romania* 18 499 80 80 80 18739 80
Russian Federation 143300 3563 2993 2862 152718 3133
Slovak Republic 211 211
Slovenia 382 382
South Africa 156 808 582 556 467 158 413 540
Spain 5028 5028
Sweden 200 200
Ukraine 125 202 837 873 1012 127 924 1075
United States 365 270 1630 1582 1667 370 149 1700*
USSR 102 886 102 886
Uzbekistan 115017 2874 2 500* 2 400* 122 791* 2 400*
Zambia 86 86
OECD 1410 444 17 582 16 982 17 956 1462 964 17 649
Total 2541225 54 653 54740 58 816 2709 434 59 531

Note: For pre-2010, other sources cite 6 156 tU for Spain, 91 tU for Sweden.

* Secretariat estimate.

(a) Historical total updated from 2011 Red Book.

(b) Includes 102 241 tU produced in the former Czechoslovakia and CSFR from 1946 through the end of 1992.

(c) Production includes 213 380 tU produced in the former the German Democratic Republic from 1946 through the end of
1989.

(d) Production from mine rehabilitation efforts only.
(e) Includes production in former Soviet Socialist Republics of Estonia, Kyrgyzstan, Tajikistan and Uzbekistan.
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Figure 1.5. Uranium production in 2012: 58 816 tU
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Figure 1.6. Recent world uranium production
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Note: Values for China (pre-2008), India, Namibia, Pakistan and Romania are estimates.
* “Others” includes the remaining producers (Table 1.21).

62 URANIUM 2014: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7209, © OECD 2014



CHAPTER 1. URANIUM SUPPLY

Niger produced 4 822 tU in 2012 which is only slightly more than Namibia which
produced 4 653 tU. The top five producing countries (Kazakhstan, Canada, Australia,
Niger and Namibia) retained their dominance accounting for 79% of world production in
2012. Eleven countries, Kazakhstan (36%), Canada (15%), Australia (12%), Namibia (8%),
Niger (8%), the Russian Federation (5%), Uzbekistan (4%) and the United States (3%), China
(2%), Malawi (2%), and Ukraine (2%) accounted for about 97% of world production
(Figure 1.5).

Overall, world uranium production increased only 0.2% from 54 653 tU in 2010 to
54 740 tU in 2011 and in 2012 amounted to 58 816 tU, an increase of 7.4% from 2011. These
recent increases are principally the result of increased production in Kazakhstan
(accounting for 83% of global production increases in 2011 and 2012), with smaller
additions from Australia, Brazil, China, Malawi, Namibia, Niger, Ukraine and the United
States. Within OECD countries, production increased slightly from 16 982 tU in 2011 to
17 956 tU in 2012 and is expected to decrease slightly to 17 649 tU in 2013.

Present status of uranium production

North American production amounted to 18% (10 665 tU) of world production in 2012, a
decrease of 740 tU since 2010. Current Canadian uranium production remains below full
production capability and is forecasted to remain at 9 000 tU in 2013 but will increase
significantly when the Cigar Lake mine reaches full production, expected in 2016-17. In
the United States, production remained relatively steady with a slight increase in
production from 2011 to 2012. The share of world production from North America
continues to decline because of increased production elsewhere. Canada has been far
outstripped in production increases by Kazakhstan, but remains the dominant North
American producer and the second largest producer in the world. Production at the
McArthur River mine, the world’s largest high-grade uranium mine, was 7 626 tU and
7 460 tU in 2011 and 2012, respectively. Ore from the McArthur River mine is crushed and
treated underground to produce high-grade ore slurry that is pumped to surface and
transported by specially designed trucks to the Key Lake mill for processing.

The Key Lake mill maintained its standing as the world’s largest uranium production
centre by producing 7 686 tU and 7 520 tU in 2011 and 2012, respectively. These totals
represent a combination of high-grade McArthur River ore slurry and stockpiled,
mineralised Key Lake special waste rock that is used to blend down high-grade McArthur
River ore to produce a mill feed grade of about 3.4% U. The McClean Lake mill has been
on care and maintenance since July 2010 and is expected to restart in 2014 when ore from
Cigar Lake becomes available. The Rabbit Lake production centre produced 1459 tU and
1479 tU in 2011 and 2012, respectively. Exploratory drilling in the Eagle Point mine during
the last several years has increased identified resources to 14 700 tU, extending the life of
the mine to at least 2017.

In the United States uranium mines produced 1 582 tU in 2011, 3% less than in 2010.
In 2012, US uranium mines produced 1 667 tU, 5% more than in 2011. Production in 2012
was from 11 mines, 6 underground mines and 5 ISR mines, 1 more than in 2011. Uranium
ore from underground mines is stockpiled and shipped to the White Mesa Mill, to be
milled into uranium concentrate (a yellow or brown powder).

At the end of 2012, one uranium mill (White Mesa in Utah) was operating with a
capacity of 1814 tonnes ore per day. Two mills (Shootaring Canyon in Utah and
Sweetwater in Wyoming) were on standby status with a combined capacity of
3400 tonnes ore per day. One mill (Pifion Ridge) was planned for Colorado. The
US Nuclear Regulatory Commission received letters of intent for mill licence applications
from Uranium Resources Inc. (Juan Tafoya mine area, New Mexico), General Atomics
(Mt. Taylor Mine area, New Mexico) and Oregon Energy LLC (Aurora deposit area, Oregon).

Five ISR plants were operating in 2012 with a combined capacity of 3 770 tU per year
(Crow Butte, Nebraska; Alta Mesa, Texas; La Palangana, Texas; Smith Ranch-Highland
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and Willow Creek in Wyoming). Smith Ranch, Crow Butte, Alta Mesa and Willow Creek
processed lixiviant at the mine site and loaded resins were trucked from La Palangana to
the Hobson plant in Texas for processing. The Kingsville Dome and Rosita ISR mines in
Texas were on standby with a total capacity of 770 tU per year. The Lost Creek and
Nichols Ranch ISR projects were under construction in Wyoming and seven other ISR
plants are planned in New Mexico, South Dakota, Texas and Wyoming. Existing and new
ISR properties are most likely to be the largest contributors to expanded US production in
the near term.

Work continues in Argentina to restart production at the Sierra Pintada mine of the
San Rafael complex, but regulatory and environmental issues remain to be addressed. A
strategic plan recently submitted by CNEA to national authorities includes development
of a new production centre in the province of Chubut in the vicinity of the Cerro Solo
deposit, with first production targeted in 2018. Brazil was the only producing country in
South America with production of 265 tU and 326 tU in 2011 and 2012, respectively at the
country’s only production centre, Lagoa Real, Caetité. Expansion of this facility to
670 tU/year is progressing but has been delayed somewhat to around 2016. The
expansion involves replacement of the current heap leaching process by conventional
agitated leaching. The phosphate/uranium project of Santa Quitéria, an INB-Brazilian
fertiliser producer partnership agreement, remains under development. In 2012, the
project applied for a construction licence and the operation is now scheduled to begin
production in 2016. The Engenho deposit, located 2km from the currently mined
Cachoeira deposit, is under study and is expected to provide additional feed to the
Caetité mill after 2016.

Primary uranium production in the European Union (EU) was from only two countries,
the Gzech Republic and Romania. A further three countries, France, Germany and
Hungary produced minor amounts of uranium from mine remediation activities only (a
small portion of Czech Republic production results from similar activities).

Total reported EU production in 2012 was 308 tU of which the Czech Republic
contributed 228 tU. Romania has not reported production data in almost a decade but the
Secretariat estimates that it produces about 80 tU per year. Finland is poised to become a
uranium producer through the Talvivaara Mining Company Plc.,, which operates the
Talvivaara Ni-Zn-Cu-Co mine in Sotkamo, eastern Finland, one of the largest sulphide
nickel deposits in Europe. On 1 March 2012, the Finnish government granted a licence for
the extraction of uranium as a by-product and the company plans to begin uranium
production sometime in 2013-2014. The licence is valid until the end of 2054.

Output from non-EU countries in Europe in 2012 amounted to 3 874 tU, a slight
increase from 2011, as production decreased in the Russian Federation by 131 tU but
increased in Ukraine by 139 tU from 2011 to 2012. Russian Federation output is expected
to increase to about 3 133 tU in 2013 and ongoing development projects, particularly in
the Elkon uranium district, should see production capacity increased substantially in
coming years.

The four producing countries in Africa, Namibia, Niger and South Africa were joined
by Malawi in 2009 when production commenced at the Kayelekera mine. African
production increased from 9 963 tU in 2010 to 11 045 tU in 2012. A decline is expected in
2013 due to decreased production in Niger as the Somair plant was closed for about
2 months following an attack by insurgents that required parts of the plant to be rebuilt.
The Imouraren mine in Niger which is being developed by AREVA, was originally
scheduled to begin production in 2012, but has been delayed due to security risks and
unfavourable market conditions. Possible production in Botswana, Tanzania and Zambia
and several projects under investigation in South Africa could contribute to regional
production increases in the future should market conditions improve.
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Dramatic increases in production in the Middle East, Central and Southern Asia
continued into 2012 with a total of 24 085 tU produced. This was driven mainly by
Kazakhstan where production increased from 17 803 tU in 2010 to 19 450 tU in 2011 and
21240 tU in 2012. It is now by far the largest uranium-producing country in the world.
Production growth is expected to slow into the future but is still expected to increase to
almost 22 500 tU in 2013. India and Pakistan do not report production figures but their
combined total is estimated to amount to about 430 tU in 2012, down slightly from an
estimated 450 tU in 2010. Uzbekistan did not report production for this edition and the
Secretariat estimates that production declined slightly to 2 400 tU. The Islamic Republic
of Iran continues to produce small amounts of uranium from its Gachin deposit and
plans to commence production from its Saghand facility in the near future. At present
the development of mines No. 1 and 2 is being carried out in the Saghand ore field. In
mine No. 1, the open-pit method is being developed whereas ore at mine No. 2 is planned
to be extracted by the underground method. Jordan continues to develop resources with
the aim of producing uranium in the near future but current market conditions could
delay mine development.

China, the only producing country in East Asia, reported a small but steady increase
in production of 1350tU in 2010, 1400tU in 2011 and 1450tU in 2012 from six
production centres. Production is equally spread between sandstone-hosted and
volcanic-hosted deposits with a third of total production coming from unidentified “other”
sources.

Australia is the only producing country in the Pacific region. Production increased
slightly from 5 900 tU in 2010 to 5 967 tU in 2011 and further increased to 7 009 tU in 2012.
The Olympic Dam Expansion Project, based on the development of a large open pit to
access the south-eastern portion of the deposit, was formally approved by the Australian
and South Australian governments in October 2011. However, in August 2012, the
company announced that it would delay the project and investigate an alternative, less
capital-intensive design alternatives involving new technologies which would
substantially improve the economics of the project. Heap leach and other technological
solutions were being studied. Market conditions, including subdued commodity prices
and higher capital costs led to the decision to delay the expansion project.

Ownership

Table 1.22 shows the ownership of uranium production in 2012 in the 21 producing
countries. Domestic mining companies controlled about 59.2% of 2012 production, a
decrease from the 67.9% reported in 2010. Domestic government participation basically
remained the same at 38.6% compared to 38.8% in 2010. Non-domestic mining companies
controlled about 40.8% of 2012 production with private companies controlling about
62.5%.

Employment

Although the data are incomplete, Table 1.23 shows that employment levels at existing
uranium production centres rose by 1.8% from 2010 to 2011, then declined by 1.4% from
2011 to 2012 and are expected to decline by a further 1% in 2013. However, if future
production expansions in countries such as Australia, Canada, India, Kazakhstan,
Namibia and the Russian Federation are successfully completed, employment will
increase in the longer term. Table 1.24 provides, in selected countries, employment
directly related to uranium production (excluding head office, R&D, pre-development
activities, etc.).
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Table 1.22. Ownership of uranium production based on 2012 output

Domestic mining companies Non-domestic mining companies
Country Government-owned Privately owned Government-owned Privately owned ot
tu % tu % tu % tu % tu
Australia* 0 0 4380 62 119 2 2510 36 7009
Brazil 326 100 0 0 0 0 0 326
Canada 0 0 6 737 75 2261 25 0 0 8998
China 1450 100 0 0 0 0 0 0 1450
Czech Republic 228 100 0 0 0 0 0 0 228
France 3 100 0 0 0 0 0 0 3
Germany 50 100 0 0 0 0 0 0 50
Hungary 1 100 0 0 0 0 0 0 1
India* 385 100 0 0 0 0 0 0 385
Iran, Islamic Rep. of 15 100 0 0 0 0 0 0 15
Kazakhstan 11931 56 0 0 2481 12 6828 32 21240
Malawi 165 15 0 0 0 0 938 85 1103
Namibia 69 1 0 0 973 21 3611 78 4653
Niger* 1675 35 0 0 3147 65 0 4822
Pakistan* 45 100 0 0 0 0 0 45
Romania* 80 100 0 0 0 0 0 0 80
Russian Federation 2862 100 0 0 0 0 0 0 2862
South Africa 0 0 467 100 0 0 0 0 467
Ukraine 1012 100 0 0 0 0 0 0 1012
United States* 0 0 517 31 0 0 1150* 69* 1667
Uzbekistan* 2400 0 0 0 0 0 0 2400
Total 22 697 38.6 12101 20.6 8981 15.3 15037 255 | 58816

* Secretariat estimate.
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Table 1.23. Employment in existing production centres of listed countries

(person-years)

Country 2006 2007 2008 2009 2010 2011 2012 2013 (expected)
Argentina 133 133 133 133 133 128* 123* 123*
Australia®@ 959 3010 4787 3830 4813 4 888 5574 5620
Brazil 580 580 640 620 620 620 620 650
Canada® 1665 1873 1984 2205 2399 2060 2109 2400
China 7300 7400 7450 7500 7560 7650 7660 7670
Czech Republic 2251 229 2287 2248 2164 2118 2126 2141
Germany(© 1835 1775 1770 1638 1489 1452 1372 1204
India 4300 4300 4634 4643 4917 4917 4962 4962
Iran, Islamic Rep. of 285 285 285 320 325 340 350 600
Kazakhstan 6 941 7845 7940 9261 8828 8 550 9760 10 232
Malawi 0 2000* 1250 1033 1036 766 759 750
Namibia 1400 1900 >2 543 >2 781 2554 1886 2786 2340
Niger 1741 1900* 2156 2764 2915 2915 2915 2915
Romania* 2000 2000 2000 2000 2000 2000 2000 2000
Russian Federation 12 575 12950 12870 9975 8989 9028 9526 10335
Slovenia© 20 NA NA NA NA NA NA NA
South Africa 150 1150 3364 4 494 4825 4320 237 3900
Spain© 58 58 43 43 25 24 23 22
Ukraine 4310 NA 4 260 4 350 4310 4 470 4490 NA
United States 600 1076 1409 934 948 1089 1017 NA
Uzbekistan 8 700* 8 700* 8750 8 800 8 860 NA NA NA
Total 57 803 61229 | >70555 | >69 572 69710 59 221 58 409 57 864

* Secretariat Estimate; NA = Data not available.

(a) Olympic Dam does not differentiate between copper, uranium, silver and gold production. Employment has been estimated
for uranium-related activities.

(b) Employment at mine sites only.

(c) Employment related to decommissioning and rehabilitation.
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Table 1.24. Employment directly related to uranium production and productivity

2010 2011 2012
Country ei:?)?;ycrﬂzgt Pro?tbition e}?r:g(lj:ycrgg:t Pro?tb(;ﬁon ei:?)?c:jycrﬂggt Pro?ttLJ;;tion
(person-years) (person-years) (person-years)

Australia® 4514 5900 4590 5967 3720 7009
Brazil 340 148 340 265 340 326
Canada® 1305 9775 1316 9145 1361 8998
China 6 860 1350 6950 1400 6 960 1450
Czech Republic 1118 254 1139 229 1147 228
India NA NA 400* NA 385* NA
Iran, Islamic Rep. of NA 7 NA 12 NA 15
Kazakhstan 6718 17 803 6792 19450 5809 21240
Malawi* 1036 681 NA 842 NA 1103
Namibia* 1915 4503 1737 4078 2628 4653
Niger* 1900 4197 NA 4 264 NA 4822
Russian Federation 5669 3563 5687 2993 5810 2 862
South Africa 1286 582 1270 556 182 467
Ukraine 1420 837 1580 873 1600 1012
United States 737 1626 881 1535 856 1595
Uzbekistan 8 860 2874 NA 2 400* NA 2 400*

* Secretariat estimate. NA = Data not available.

(a) Olympic Dam does not differentiate between copper, uranium, silver and gold production. Employment has been
estimated for uranium-related activities.

(b) Employment at mine sites only.

Production methods

Historically, uranium production has been produced mainly using open-pit and
underground mining techniques processed by conventional uranium milling. Other
mining methods include in situ leaching, co-product or by-product recovery from copper,
gold and phosphate operations, heap leaching and in-place leaching (also called stope or
block leaching). Stope/block leaching involves the extraction of uranium from broken ore
without removing it from an underground mine, whereas heap leaching involves the use
of a leaching facility on the surface once the ore has been mined. Small amounts of
uranium are also recovered from mine water treatment and environmental restoration
activities.

Over the past two decades, ISL mining, which uses either acid or alkaline solutions to
extract the uranium directly from the deposit, has become increasingly important. The
uranium dissolving solutions are injected into and recovered from the ore-bearing zone
using a system of wells. ISL technology is currently being used to extract uranium from
sandstone deposits only and in recent years has become the dominant method of
uranium production.
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The distribution of production by type of mining or “material sources” for 2009
through 2013 is shown in Table 1.25. The category “other methods” includes recovery of
uranium through treatment of mine waters as part of reclamation and decommissioning.

As can be seen in Table 1.25, ISL production has continued to dominate uranium
production, largely because of the rapid growth of production in Kazakhstan along with
other ISL projects in Australia, China, the Russian Federation, the United States and
Uzbekistan. World uranium production by ISL is forecasted to reach 47.5% of total
production in 2013. The co-product/by-product method could increase in importance in
coming years if the planned expansion of Olympic Dam proceeds.

Table 1.25. Percentage distribution of world production by production method

Production method 2009 2010 2011 2012 2013 (expected)
Open-pit mining 25.6 20.6 17.6 19.9 18.5
Underground mining 32.6 29.8 28.6 26.2 25.6
ISL 33.8 421 445 449 475
Co-product/by-product 7.3 53 71 6.6 6.4
Heap leaching 0.7 1.5 1.5 1.7 1.3
Other 0.0 0.7 0.7 0.7 0.7
Total 100.0 100.0 100.0 100.0 100.0

Projected production capabilities

To assist in developing projections of future uranium availability, member countries were
asked to provide projections of production capability through 2035. Table 1.26 shows the
projections for existing and committed production centres (A-II columns) and for existing,
committed, planned and prospective production centres (B-II columns) in the <USD 130/kgU
category through 2035 for all countries that either are currently producing uranium or
have the plans and the potential to do so in the future. Note that both the A-II and B-II
scenarios are supported by currently identified local RAR and IR in the <USD 130/kgU
category, with the exception of Pakistan and Romania.

Several current or potential uranium producing countries including China, India,
Jordan, Malawi, Mongolia, Namibia, Niger, Pakistan, Romania, South Africa, Tanzania, the
United States, Uzbekistan and Zambia did not report projected production capabilities to
2035. Estimates of production capability for these countries were developed by the
Secretariat using data submitted for past Red Books and company reports. Projections of
future production capability for Pakistan and Romania in Table 1.26 are based on reports
that these countries intend to meet their future domestic reactor requirements with
domestic production, even though the currently identified resource bases are insufficient
to meet these projected requirements.

The reported production capability of existing and committed production centres in
the A-II category in 2013 is 74310tU. For comparison, estimated 2011 production
capability totalled 73 305 tU whereas actual 2011 production amounted to 54 740 tU, or
about 74% of stated production capability. In 2010, production amounted to 54 653 tU, or
about 78% of stated production capability, in 2007 production was 76% of production
capability, in 2005 (84%) and in 2003 (75%), demonstrating that full capability is rarely, if
ever, achieved. Total production capability for 2013, including planned and prospective
centres (category B-II), amounts to 74 410 tU, slightly lower than the 2011 B-II total
capability of 75 090 tU. In 2011, 2010 and 2007, production amounted to 73% of total B-II
capability — in 2005 and 2003, production amounted to 81% and 74%, respectively.
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Table 1.26. World uranium production capability to 2035

(in tonnes U/year, from RAR and inferred resources recoverable at costs up to USD 130/kgU, except as noted)

Country 2013 2015 2020 2025 2030 2035
Al B-lI Al B-lI Al B-lI Al B-ll A-ll B-lI A-ll B-ll

Argentina 120 120* 150 150* 150 250 300* 300* 300* 300* 300* 300
Australia 9700 9700 9700 10 200 10 100 20 800 10 100 28400 9800 28100 9800 28100
Brazil 340 340 340 340 1600 2000 1600 2000 2000* 2000* 2000* 2000*
Canada 16 430 16 430 17730 17730 17730 19000 17730 19 000 17730 19000 17730 19 000
China* 1500 1600 1800 2000 1800 2000 1800 2000 1800 2000 1800 2000
Czech Republic 500 500 500 500 50 50 50 50 50 50 30 30
Finland** 0 0 0 350 0 350 0 350 0 350 0 350
India* 610 610 740 740 1080 1200 1200 1600 1200 2000 1200 2000
Iran, Islamic Rep. of 70 70 90 90 90 120 100* 100* 100* 100* 100* 100*
Jordan* 0 0 0 0 2000 2000 2000 2000 2000 2000 2000 2000
Kazakhstan 22000 22000 24000 25000 24000 25000 14 000 15000 11000 12000 5000 6 000
Malawi* 1200 1200 1400 1460 1400 1460 0 0 0 0 0 0
Mongolia* 0 0 0 500 150 1000 150 1000 150 1000 150 1000
Namibia* 6000 6 000 10 000 10 000 15700 15700 16 100 16 100 16 100 16 100 12000 12 000
Niger* 5400 5400 5400 10 500 10 500 10 500 10 500 10 500 7500 7500 7500 7500
Pakistan*( 70 70 70 110 140 150 140 150 140 650 140 650
Romania*(@ 230 230 230 230 350 475 350 475 350 630 350 630
Russian Federation 3135 3135 3920 3970 4140 4180 5520 7250 5180 10 830 4900 9900
South Africa* 540 540 1100 1380 1540 3180 1360 3000 1185 2830 890 2530
Tanzania” 0 0 0 0 3000 3000 2000 2000 1000 1000 0 0
Ukraine 1075 1075 1075 3230 810 5500 250 5800 170 6400 0* 6 400
United States(®) 2040 2040 3400 6100 3800 6 600 3700 6 500 3100 5600 3100 5600
Uzbekistan 3350 3350 4150 4150 4500 4500 5000 5000 5000* 5000* 5000* 5000*
Zambia* 0 0 0 0 0 650 0 650 0 650 0 650
Total 74 310 74 410 85795 98 730 104 630 129 665 93 950 129 225 85855 126 090 73990 113 740

A-Il = Production capability of existing and committed centres supported by RAR and inferred resources recoverable at <USD 130/kgU.
B-11 = Production capability of existing, committed, planned and prospective centres supported by RAR and inferred resources recoverable at <USD 130/kgU.

* Secretariat estimate.

** By-product of nickel production.
(a) Projections are based on reported plans to meet domestic requirements through the discovery of additional resources.
(b) Data from previous Red Book.
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Expansion in production capability is principally being driven by generally higher
uranium prices since 2003. Production has also increased in recent years despite
declining uranium prices since 2011, although not as rapidly as the projected production
capability. Kazakhstan continued to rapidly increase production in 2011 and 2012,
accounting for 83% of the growth in global production over these two years. In most other
countries turning stated production capability into production takes time, expertise and
investment and can be confounded by unexpected geopolitical events, technical
challenges and other factors.

The influence of the Fukushima Daiichi accident and its impact on the development
of nuclear power and in turn uranium prices has slowed the rate of increase in
production capabilities in the short term. Furthermore, the delay in the significant
expansion of the Olympic Dam mine in Australia (announced in August 2012) and
uncertainties about the ROssing expansion makes establishing the timing of the
additional production capability more uncertain than usual.

As of 2013, projections show a marked decrease in production capability in 2015
compared to the last Red Book (decreases of 1700 tU and 11 600 tU in the A-II and B-II
categories, respectively), as developments are being brought in line with the slowdown in
nuclear generation capacity growth since the Fukushima Daiichi accident (Table 1.26).
Although the longer-term growth prospects for nuclear power have not been greatly
affected, the accident has caused a near-term slowdown in the rate of growth and the
role of nuclear power in Japan remains uncertain. Despite the slowdown and remaining
uncertainties, longer term projections of production capability from existing and
committed production centres (A-II category) from 2020 to 2035 have nonetheless been
slightly increased compared to the 2011 Red Book.

The current overall picture is that the closure of existing mines due to resource
depletion is expected to be offset by the opening of new mines. As currently projected,
production capability of existing and committed production centres is expected to reach
about 105 000 tU/yr in 2020, declining thereafter to about 94 000 tU in 2025, 86 000 tU in
2030 and 74 000 tU in 2035. Total potential production capability (including planned and
prospective production centres, category B-II) could climb to over 129 000 tU/yr by 2020
and 2025, followed by a slow decline to around 114 000 tU/yr in 2035. However, these
projections are based on currently known uranium resources that will in all likelihood be
supplemented by new discoveries in the future, with the appropriate market signals.

Recent, planned, committed mines and expansions

Table 1.27 summarises production capacity (the nominal level of output based on plant
design), adding some detail to the capability expansions outlined in Table 1.26.
Committed production centres (C) are either under construction or are firmly committed
for construction, planned production centres (P) are those where feasibility studies are
either completed or under way, but for which construction commitments have not yet
been made. Expansions (Exp) are capacity increases at existing sites (E).

During 2011 and 2012, three new mines opened; Honeymoon in Australia, Mohuldih
in India and Novokonstantinovskiy in Ukraine. The Langer Heinrich stage 3 expansion in
Namibia was also completed in 2012. Until 2021, the majority of the increases in uranium
capacity arising from new mine openings, the expansion of existing mines and planned
mines are expected to take place from 2014 to 2016. In 2014, an additional 7 890 tU of
production capacity is expected to be brought on line, mainly owing to the opening of the
Cigar Lake and Four Mile mines, the initiation of uranium production as a by-product of
nickel production at Talvivaara (Finland) and the commissioning of two new ISL mines in
the United States.
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Table 1.27. Recently opened, planned and committed mine capacity expansion and expansions of existing facilities

(in year of estimated first production with tU/yr estimated production capacity and capacity increases for expansions in brackets)

Production centre

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

Argentina

Cerro Solo

P (100)

Australia

Honeymoon

E (340)

Olympic Dam® Exp (12 280)

Beverley@ Exp (420)

Four Mile®

P (650%)

Yeelirrie®

Wiluna

P (850)

Botswana

Letlhakane

Brazil

Lagoa Real/Caetité®

Santa Quitéria(®)

Engenho(

Canada

Cigar Lake

C (5000)

Midwest® P (2 300)

Millennium® P (2 750)

Kiggavik® P (3 000)

China

Fuzhou("9 Exp (150)

Chongyl(10) Exp (100)

Yining('9 Exp (120)

Benxi("9 Exp (100)

Shaoguan(10 Exp (100)

Finland

Talvivaara()

India

Mohuldih

E (50°)

Tummalapalle

Gogi

Lambapur-Peddagattu

P (130)

KPM42)

P (340)

Turamdih

Exp (100%)

Iran, Islamic Republic of

Ardakan/Saghand

C (50)

Kazakhstan('3)

Kharasan-1

Exp (1000%)

Exp (1000)

Kharasan-2

Exp (11159

Moinkum site 3

C (Unk)

Malawi

Kanyika

P (60)

Mongolia

Emeelt

P (Unk)

Gurvansaikhan

o

(Unk)

Coge-Gobi

P (Unk)

See notes on page 73.
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Table 1.27. Recently opened, planned and committed mine capacity expansion and expansions of existing facilities (continued)
(in year of estimated first production with tU/yr estimated production capacity and capacity increases for expansions in brackets)

Production centre

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

Namibia

Etango

P (3 000)

Husab

C (5 800)

Langer Heinrich(14)

Exp (680)

Rossing Exp®

Trekopje(® C (1 600)

Norassa

P (1 900)

Niger

Imouraren

C (5000)

Madaouela

P (1 040)

Russian Federation

Kiagda

Exp (Unk)

South Africa

Beaufort West

P (1035)

Free State Tailings

P (700)

Mine Waste Solution

C (300)

Springbok Flats

P (600)

TPM uranium

P (340)

Tanzania

Mkuju River

P (1400)

Ukraine

Novokonstantinovskiy

E (1500

Safonovskiy

C (150)

Severinskiy

P (1.200)

United States

Goliad

P (385)

Lost Creek

C(770)

Hank/Nichols Ranch

C(770)

Moore Ranch

P (190)

Zambia

Lumwana P (650)®)

Mutanga P4

* Secretariat estimate; E = existing (new) production centre; Exp = expansion; C = committed; P = planned; Unk = unknown.
(1) Expansion by mining the southern portion of the deposit by a large open pit delayed in 2012 pending investigation of less capital intensive options for the project. (2) Approval

granted to expand the production capacity of the facility, when commercially viable. (3) Solutions are to be treated at Beverley. (4) Start-up date and capacity unknown.

(5) Expansion of Caetité mill capacity. (6) Phosphate/uranium by-product project. (7) Ore to be treated at Caetité. (8) Postponed due to market conditions, start-up date unknown.
(9) Start-up date unknown. (10) Date of expansion unknown. (11) Nickel by-product. (12) KPM = Kylleng-Pyndengsohiong Mawthabah. (13) Planned expansions of Mynkuduk,
Budenovskoe, Zhalpak, Inkai and other ISL facilities noted but capacities and start-up dates unknown. (14) Stage 4 expansion by 1 800 tU delayed due to market conditions.
Start-up date unknown. (15) Project placed in care and maintenance in 2012; start-up date unknown.
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In 2015, over 13 000 tU of production capacity is expected to be brought online, in
major part due to the projected start-up of the Imouraren (Niger) and Husab (Namibia)
mines. In 2016, another 11 500 tU is expected to be added through possible new mine
start-ups in Botswana, Brazil, Namibia, South Africa and Tanzania. With these and other
developments, total production capacity could increase by as much as 40 000 tU by 2021
(Table 1.27). Included in these figures are by-product centres that are expected to be
producing uranium from unconventional sources (i.e. Talvivaara in Finland and Santa
Quitéria in Brazil), the first time in several years that production from unconventional
sources is expected to take place.

It is important to note however, that many of these projected increases in production
capacity will only go forward with strengthening market conditions. Increased mining
costs and development of new technologies combined with uncertainties associated with
producing in jurisdictions that have not previously hosted uranium mining, mean that
strong market conditions will be needed to secure the required investment to develop
these mines. As also noted in Table 1.27, as of 2013 over 24 000 tU/yr of additional
capacity in various stages of development (about half of which is the planned expansion
of Olympic Dam) has been delayed due to poor market conditions.

In addition, a number of prospective production centres (those for which construction
plans have not yet been made) were noted in national reports for which a projected start-
up date, and in some cases mine capacities, have not yet been determined (Table 1.28).
While there is greater uncertainty surrounding the development of these production
centres, such potential capacity additions underscore the availability of uranium deposits
of commercial interest. Once again it must be noted that strengthened market conditions
will be necessary before mine developments will proceed. Additionally, since these sites
span several stages of approvals, licensing and feasibility assessments, it can reasonably
be expected that at least some will take a number of years to be brought into production.

Tables 1.26 and 1.27 clearly show that the uranium mining industry is poised to
increase production further with the appropriate market signals.

Table 1.28. Prospective mines (estimated production capacity in tU/yr)*

Country Production centre
Yeelirrie
Australia
Kintyre (2 300 tU)
Canada Michelin

Elkon (5 000 tU/yr) in 2025
Gornoe (300 tUfyr)

Russian Federation

Turkey Temrezli (385 tUlyr)

Jab and Antelope (769 tU/yr)

Dewey-Burdock

Lance-Ross

United States
Church Rock-Mancos

Reno Creek

Pinon Ridge Mill (385 tUlyr)

* As noted in country reports, but in several cases start-up dates and capacity unknown.
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CHAPTER 2. URANIUM DEMAND

Chapter 2. Uranium demand

This chapter summarises the current status and projected growth in world nuclear
electricity generating capacity and commercial reactor-related uranium requirements.
Relationships between uranium supply and demand are analysed and important
developments related to the world uranium market are described. The data for 2013 and
beyond are estimates and actual figures may differ.

Current commercial nuclear generating capacity and reactor-related uranium
requirements

World (371.8 GWe net as of 1 January 2013)

On 1 January 2013, a total of 437 commercial nuclear reactors were connected to the grid
in 30 countries and 68 reactors were under construction (a total of about 64 GWe net).!
During 2011 and 2012, 10 reactors were connected to the grid (a combined total of about
7.0 GWe net) and 16reactors were permanently shut down (about12.7 GWe net).
Table 2.1 and Figures 2.1 and 2.2 summarise the status of the world’s NPPs as of 1 January
2013. The global NPP fleet generated a total of about 2 465 TWh of electricity in 2011 and
about 2 323 TWh in 2012 (Table 2.2).

World annual uranium requirements amounted to 61 600 tU in 2012 and are expected
to decrease to 59 270 tU in 2013.

OECD (303.0 GWe net as of 1 January 2013)

As of 1January 2013, the 331reactors connected to the grid in 18 OECD countries
constituted about 81% of the world’s nuclear electricity generating capacity. A total of 11
reactors were under construction with a net capacity of about 13.3 GWe (IAEA, PRIS; IAEA
2013a). During 2011 and 2012, 2 reactors were connected to the grid (about 2.0 GWe net)
and 16 reactors were permanently shut down (about 12.7 GWe net).

The accident at the Fukushima Daiichi NPP in Japan on 11 March 2011 was directly
responsible for all but four of the permanent shutdowns in 2011 and 2012, as Germany
accelerated its phase-out from nuclear power in response to the accident and the four
damaged reactors at Fukushima Daiichi were permanently shut down. As of 1 January
2013, only 2 of the remaining 50 operational reactors in Japan were in service as the
debate on the role of nuclear energy continued. Countries with NPPs conducted safety
reviews (“stress tests”) and the pace of nuclear energy development slowed. Despite the
Fukushima Daiichi accident a number of OECD member countries (the Czech Republic,
Finland, Hungary, the Slovak Republic, the Republic of Korea, Sweden and the United
Kingdom) remain committed to maintaining or increasing nuclear generating capacity in
their energy mix. In North America, some new build construction plans made significant
progress while others were put on hold, at least temporarily.

The OECD reactor-related uranium requirements were 48 030 tU in 2012 and are
expected to decline to 44 045 tU in 2013.

1. Figures include the reactors operating and under construction in Chinese Taipei.
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Table 2.1. Nuclear data summary
(as of 1 January 2013)

. Generating . Reactors started Reactors shut
Country ?,2:::2;9 capacity re201_2 uranium | Reactors upder up during 2011 | down during 2011 Rgactors
(GWe net) quirements (tU) | construction and 2012 and 2012 using MOX

Argentina 2 0.9 120 1 0 0 0
Armenia 1 04 65 0 0 0 0
Belgium 7 5.9 1030 0 0 0 0
Brazil 2 1.9 400 1 0 0 0
Bulgaria 2 1.9 310* 0 0 0 0
Canada 19 135 1600 0 0 1 0
China( 17 12.9 4200 29 4 0 0
Czech Republic 6 38 670 0 0 0 0
Finland 4 27 370 1 0 0 0
France 58 63.1 8000 1 0 0 22
Germanyt®) 9 121 2000 0 0 8 9
Hungary 4 19 430 0 0 0

India 20 44 715 7 1 0 1
Iran, Islamic Rep. of 1 0.9 40 0 1 0 0
Japan 50 44.2 1960 2 0 4 NA
Korea, Republic of 23 20.7 4200 5 2 0 0
Mexico* 2 14 180 0 0 0 0
Netherlands* 1 0.5 60 0 0 0 0
Pakistan 3 0.7 120 2 1 0 0
Romania 2 1.3 210 0 0 0 0
Russian Federation 33 23.6 3800 1 1 0 0
Slovak Republic 4 1.8 375 2 0 0 0
Slovenia 1 0.7 150 0 0 0 0
South Africa 2 1.8 290 0 0 0 0
Spain 8 75 1320 0 0 0 0
Sweden 10 9.3 1470 0 0 0 0
Switzerland 5 33 290 0 0 0 3
United Arab Emirates 0 0.0 0 1 0 0 0
Ukraine 15 131 2480 2 0 0 0
United Kingdom 16 9.2 1220 0 0 3 0
United States 104 101.4 23085 3 0 0 0
OECD 331 303.0 48 030 14 2 16 34
Total 437 371.8 61600 68 10 16 35

* Secretariat estimate.
+ Data from 2013 edition of OECD Nuclear Energy Data.

(a) The following data for Chinese Taipei are included in the world total but not in the total for China: six NPPs in operation,
5 028 GWe net; 820 tU; two reactors under construction; none started up or shut down during 2011 and 2012.

(b) All nine operating reactors are licensed to use MOX, but only six used MOX in 2012.

Source: IAEA Power Reactor Information System (www.iaea.org/programmes/a2) except for generating capacity and 2012
uranium requirements, which use government-supplied responses to a questionnaire, unless otherwise noted and rounded to
the nearest five tonnes. MOX not included in U requirement figures.
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Figure 2.1. World installed nuclear capacity: 371.8 GWe net
(as of 1 January 2013)
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Figure 2.2. 2012 world uranium requirements: 61 600 tU
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Table 2.2. Electricity generated at nuclear power plants

(TWh net)
Country 2009 2010 2011 2012
Argentina 7.6 6.7 5.9* 5.9*
Armenia 23 23 2.44) 2.1
Belgium 45.0 457 45.9* 40.0*
Brazil 12.20) 13.9@ 14.8 15.2@d
Bulgaria* 14.2* 14.2* 15.3 14.9
Canada 85.3 85.3 88.3 91.0
China© 65.7@@d 71.0*@d 82.6*@d 92.7*@
Czech Republic 25.7@) 26.4@ 26.7@) 28.6@
Finland 22.76@ 21.9@ 22.3 22.1
France 390.0 407.9 405.0 421.0
Germany 128.0 133.0 102.0 94.5
Hungary 14.6* 14.8(@)* 14.7+ 14.8(@)*
India 14.80) 20.59) 29.00) 29.74)
Iran, the Islamic Rep. 0.0 0.0 0.1 1.3
Japan 263.1* 279.3* 156.2* 17.2*
Korea, Republic of 141.0* 142.0* 154.7* 143.5*
Lithuania 10.0* 0.0 0.0 0.0
Mexico 10.1* 5.6+ 9.3 8.4
Netherlands 4.0* 4.0* 3.9 3.9
Pakistan 2.6* 2.6* 3.8* 5.3*
Romania* 10.8 10.7 10.8* 10.6*
Russian Federation 152.8.9) 159.4@.d) 162.0@ 166.3(9)
Slovak Republic 131 13.5 14.3 14.4
Slovenia 5.5¢ 5.4* 5.9 52
South Africa* 116 12.9 12.9* 12.4*
Spain* 50.5 59.2 55.1 58.6
Sweden 50.0* 55.7+ 58.0* 61.2*
Switzerland 26.3* 25.3* 25.7* 24.4*
Ukraine 78.0@ 84.00 84.90 84.9¢@
United Kingdom 62.9* 56.9* 62.7* 64.0*
United States* 799.0 803.0 790.0 769.00)
OECD 2136.8 2184.9 2040.7 1881.8
Total 2559.3 2623.0 2465.2 23231

* Secretariat estimate.

+ 2013 edition of OECD Nuclear Energy Data.
(a) Generation record.

(b) Provisional data.

(c) The following data for Chinese Taipei are included in the world total but not in the total for China: 39.9 TWh in 2009,
39.9 TWhin 2010, 40.4 TWh in 2011 and 38.7 TWh in 2012.

(d) Gross capacity converted to net by Secretariat.
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European Union (121.7 GWe net as of 1 January 2013)

As of 1January 2013, 132 nuclear reactors were operational in the European Union (EU)
with a total installed generating capacity of 121.7 GWe (net). The Santa Maria de Garona
reactor in Spain (0.4 GWe net) is included in this total even though it was taken out of
service in December 2012 for economic reasons, since the decision to permanently shut
down the reactor was not made until July 2013. During 2011 and 2012, no new reactors
were connected to the grid and 11 (a total of 9.3 GWe) were shut down, eight of which in
Germany (8.4 GWe) as a direct result of the Fukushima Daiichi accident and three in the
United Kingdom that had reached the end of their operational lifetime (a total of
0.92 GWe). A total of four reactors were under construction that are currently expected to
be finalised between 2014 and 2016, adding a total of 4.1 GWe (net) generating capacity.
Preliminary construction work on two reactors in Bulgaria was halted in 2012 owing to
rising costs and challenges in securing the required investment.

Nuclear phase-out policies remain in place in Belgium and Germany, although the
implementation of both policies was affected by the accident at the Fukushima Daiichi
NPP in March 2011. All reactors in Germany are now expected to be permanently shut
down by the end of 2022 as the phase-out policy was accelerated after the accident. In
Belgium, all reactors (with one exception) are now expected to be shut down after
40 years of operation, overturning a 2009 policy to extend the lifetimes of the three oldest
units. Following through with these two phase-out policies will result in a reduction of
nuclear generating capacity of 17.9 GWe (net) by 2025. However, other countries in the EU
remain committed to nuclear power and plan to add nuclear generating capacity in the
coming years.

In response to the Fukushima Daiichi accident, stress tests were carried out on the
entire EU reactor fleet as well as those in adjacent countries in order to assess safety and
robustness of NPPs in case of extreme natural events, in particular floods and
earthquakes. In this process, NPP operators conducted self-assessments that were later
reviewed by national safety authorities and then by multinational teams in a peer review
process. Although it was concluded that the level of safety is generally high and that no
reactors needed to be taken offline for safety reasons, a need for significant and tangible
improvements was identified for all plants evaluated. Work at some plants has already
been undertaken, such as improving seismic instrumentation, evaluating risks posed by
seismically induced floods and fires, reinforcing structures against extreme weather
phenomena, strengthening flood protection measures and ensuring an adequate backup
of cooling water supply and mobile generators. The deadline for completing all required
improvements is 2015. The implementation of these additional safety measures and
assessments has been estimated to amount to about EUR 200 million (about
USD 270 million) per reactor.

In Belgium, the government announced in 2009 the intention to relax the 2003 policy
to phase-out nuclear power by granting a one-time, ten-year lifetime extension to the
three oldest units in the fleet (Doel 1, 2 and Tihange 1). Following the Fukushima Daiichi
accident however, the 2003 decision to phase-out all reactors after 40 years of service was
reinstated, with the exception of the Tihange 1 reactor that would be allowed to operate
for 50 years until 2025 to ensure security of energy supply. As of October 2013 this policy
change had not yet been confirmed by law. In June 2013, GDF Suez subsidiary Electrabel,
operator of all NPPs in the country, filed an appeal to the Constitutional Court of Belgium
against an annual federal tax on nuclear power generation that had been doubled in 2012
to EUR 550 million. During the course of routine inspections in 2012, a number of fault
indications in pressure vessels were discovered with new ultrasonic equipment, leading
to the temporary shutdown of Doel 3 and Tihange 2 for further testing and investigation
by the regulator. In May 2013, the Belgian safety authorities concluded that the fault
indications did not constitute a danger to the structural integrity of the units and the
reactors were allowed to restart. In 2012, the seven operational reactors in Belgium
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provided over 50% of domestic electricity generation, despite the unexpected need to idle
the Doel 3 and Tihange 2 reactors for several months.

In Bulgaria, following the closure of four older reactors by the end of 2006, only two
larger units (about 0.95 GWe net each) remain operational at the Kozloduy NPP. These
two units generated about 30% of the country’s electricity in 2012. To compensate for the
loss of nuclear generating capacity and to regain its position as a regional electricity
exporter without increasing greenhouse gas emissions, the government of Bulgaria has
made efforts to build additional nuclear generating capacity. In 2008, work began at the
Belene site on two VVER reactors (0.95 GWe net each) supplied by the Russian Federation,
but this project was abandoned in favour of building new gas-fired generation plants
after the project failed to attract the required foreign investment. It was later reported
that the government was considering the construction of a new unit at the Kozloduy site
and supporting a project to extend the lifetime of the two existing reactors. Results of a
referendum held in early 2013 supported the continuation of the Belene construction
project, albeit with only a 20% voter turnout. In February 2013, increased electricity bills
sparked public protests. The government continues to assess the situation but as of
October 2013, no definitive plans for reactor construction had been announced.

In the Gzech Republic, a total of six reactors were operational on 1 January 2013 with
an installed capacity of 3.8 GWe net. The scheduled upgrade of Dukovany4 was
completed in 2012, bringing to a close the modernisation and power uprate programme
for all reactors at the Dukovany NPP (four VVERs, now with a total capacity of 1.9 GWe
net). This, combined with the good performance of all reactors resulted in a record
amount of electricity produced by nuclear power in 2012 (35% of domestic electricity
production). The public tender for the construction of two new units at the Temelin NPP
launched by the Czech Power Company CEZ in August 2009 continues. A total of three
bids were received for evaluation, but the bid from AREVA was subsequently excluded
from further consideration, a decision that remains under appeal. CEZ had expected to
select a supplier of the two new Temelin reactors by the end of 2013, but decided to delay
the decision by a year after the unexpected fall of the government in June 2013. This
delay will give a new government, formed after elections in October 2013, time to update
the national energy strategy and negotiate a power purchase agreement with CEZ.

In Finland, four units (two each at the Olkiluoto and Loviisa NPPs) with a total
generating capacity of 2.7 GWe (net) were operational on 1 January 2013, providing about
30% of domestic electricity generation. Construction of the Olkiluoto 3 European
pressurised reactor (EPR; about 1.6 GWe net) continues but may not be completed until
2016, some seven years later than the originally planned. In 2010, the Finnish parliament
ratified the decision-in-principle for the construction of the sixth and seventh reactors in
the country, one at the existing Olkiluoto site and a single reactor at the greenfield
Pyhdjoki site. By mid-2012, bids for the Olkiluoto 4 reactor from AREVA, GE Hitachi,
Kansai Electric Power Company (KEPCO) and Mitsubishi Heavy Industries were under
review. Fennovoima, a company formed by a group of investors seeking to secure long-
term electricity supply to power energy intensive industries, is the proponent of the
Pyhdjoki development. In January 2012, Fennovoima received bids from AREVA and
Toshiba, but after review decided to terminate the bidding process and invited Toshiba to
engage in direct negotiations. In October 2012, E.ON announced that it was divesting all
operations in Finland, including its 34% share in Fennovoima, which was subsequently
purchased by the major shareholder in the consortium, Voimaoskeyhtio SF. As a result of
this ownership change, Fennovoima began assessing smaller, mid-sized reactors for
Pyhgjoki, leading to negotiations with AREVA, Toshiba and Rosatom.

In France, 58 operational reactors generated 78% of domestically produced electricity
in 2012. Construction of a new EPR at the Flamanville NPP began in late 2007 and the unit
is scheduled to begin commercial operation by 2016. Following the Fukushima Daiichi
accident, the French Institute for Radiological Protection and Nuclear Safety (IRSN)
undertook a six-month review of reactor safety. The report, released in conjunction with
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the French Nuclear Safety Authority (ASN), proposed a new set of safety requirements to
ensure the protection of vital safety structures and equipment. Regional rapid response
forces (FARN) were brought into service at the end of 2012. A national debate on the
French energy transition was launched in late 2012 to address how energy efficiency and
conservation can be improved and to define options for the future energy mix and how
they can be achieved by 2025 while maintaining commitments to reduce greenhouse gas
emissions. It is also expected to define renewable energy and new technology options,
industrial and regional development strategies and the costs involved in implementing
each option. The current government has indicated that it intends to shut down the
Fessenheim NPP (two reactors, each 880 MWe net) by the end of 2016 (before the end of
the current presidential term) and provide a plan to reduce nuclear power generation
from about 75% of domestic electricity generation today to 50% by 2025. Construction of
the Georges Besse Il centrifuge uranium enrichment plant continued with a total of
2.5 million SWU installed by 2012 of the total target capacity of 7.5 million SWU by 2016.
Commercial production began in 2011 and the energy intensive gaseous diffusion
centrifuge plant (Eurodif) was closed at the end of June 2012 after 33 years of operation.

In Germany, nine reactors were operational on 1 January 2013, producing about 16%
of domestic electricity generation in 2012. Changes to the Nuclear Power Act (NPA) in
2002 enshrined the nuclear phase-out in German law and necessitated the early
shutdown of two reactors. In December 2010, the NPA was amended to extend the
operating lives of the existing reactors by an average of 12 years. However, following the
Fukushima Daiichi accident the German government decided to reassess the risks posed
by nuclear energy by launching a comprehensive safety review of all 17 operational NPPs
and taking the oldest 7 NPPs, commissioned prior to 1980, out of service for the duration
of a 3-month moratorium and review. On 30 May 2011, the German cabinet announced
that it was accelerating the nuclear phase-out by permanently shutting down the seven
oldest reactors taken offline during the review, plus the Kriimmel NPP which was offline
for maintenance. The remaining nine reactors are to be permanently shut down in a
stepwise manner in the following order: Grafenrheinfeld by the end of 2015;
Gundremmingen B by the end of 2017; Philippsburg2 by the end of 2019; Grohnde,
Gundremmingen C and Brokdorf by the end of 2021 and the three most recently built
facilities - Isar 2, Emsland and Neckarwestheim - by the end of 2022. A tax on spent fuel
rods, under consideration since the December 2010 NPA amendments, is to remain in
place despite the accelerated phase-out schedule. This tax has been challenged by
utilities operating reactors in the country who are also seeking compensation for the
shutdown of the eight reactors in 2011. With reduced nuclear generating capacity,
renewable energy sources are being added at a rapid rate but it has also been necessary
to increase use of coal-fired plants, which in turn increases greenhouse gas emissions.

In Hungary, four operational VVER reactors at the Paks NPP (a total of 1.9 GWe net) at
the end of 2012 accounted for over 46% of Hungarian electricity generation in that year. A
programme of power uprates, maintenance optimisation and a 20-year lifetime extension
(to a total lifetime of 50 years) initiated in 2005 continues, with an important milestone
achieved in late 2012 when all work was completed on the first unit and a licence for
extended operation was received. Activities are underway on the remaining three units
to complete the programme. The target safety reassessment of the Paks NPP was
undertaken in 2012 in compliance with the EU stress tests. The report identifies a number
of options and measures to further enhance safety that will be considered in a peer
review process. Any actions deemed necessary are to be implemented in a consistent and
transparent manner. The Hungarian Energy Strategy, adopted by parliament in October
2011, aims to develop an optimal balance between security of supply, competitiveness
and sustainability. The current government considers energy production as a way of
emerging from the economic crisis and one pillar of the strategy is to maintain the
current share of nuclear generating capacity in the long term. To this end, the MVM
Paks II Nuclear Power Plant Development Ltd was established in early 2012 to conduct
preparatory work for the construction of new units.
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In Italy, processes to bring about the removal a 20-year ban on nuclear power and
install up to 13 GWe of nuclear power generating capacity by 2030 came to an abrupt end
in 2011 following the Fukushima Daiichi accident. Immediately after the accident the
government declared a one-year moratorium on nuclear development plans in order to
reconsider the energy strategy following stress tests conducted by the European
Commission (EC). However, results of a referendum in June 2011 firmly rejected the
government’s proposed nuclear development plans, an outcome that is binding for five
years. Italy is heavily reliant on imported fuels to meet over 85% of its energy needs, has
high electricity prices and is subjected to occasional electricity shortages. The
referendum result does not however restrict ongoing work on the disposal of radioactive
waste, including the development of a national repository.

In Lithuania, the Ignalina 2 (1.2 GWe net) reactor was shut down at the end of 2009 in
accordance with agreements governing entry into the EU (Ignalina 1 had been shut down
on 31 December 2004 for the same reason). The closure of these reactors significantly
reduced domestic electricity generation (Ignalina 2 alone provided over 70% of the
electricity generated in the country in 2008). Facing a looming electricity shortage the
government made efforts to have new reactors in operation by 2020 (to a maximum
capacity of 3.4 GWe), but an investment decision has not yet been made. Following the
election of a new coalition government in October 2012 led by a party that had opposed
the construction of the proposed Visaginas NPP on economic grounds and the rejection of
the project in a non-binding referendum, prospects for a new NPP diminished. However,
the new government has stated that such an important decision should be made only
after detailed economic study and discussions have continued with the potential
strategic investor, Hitachi-GE. A final investment decision on a proposal to build a
1.35 GWe advanced boiling water reactor, with Hitachi-GE holding a 20% share in the
project (along with Lithuania 38%, Estonia 22% and Latvia 20%), is not expected until 2015.
With no nuclear generating capacity, Lithuania relies heavily on imports, in particular
natural gas from the Russian Federation.

In the Netherlands, the single operational reactor (0.5 GWe net) supplied 3.5% of
domestically generated electricity in 2012. In February 2011, the government issued a list
of conditions that must be met to build a new NPP, including that the reactor design and
safety levels meet the highest standards (e.g. withstanding an airplane crash) and that
the plant owner is responsible for dealing with waste and decommissioning, as well as
posting financial guarantees to do so. Companies had originally expressed an interest in
building a new unit at the existing Borssele site, but in January 2012 prospective investors
Delta (in partnership with Electricité de France — EDF) and RWE announced that such plans
had been put on hold for at least a few years owing to the financial crisis, the size of the
investment required and current over-capacity in the electricity market.

In Poland, where coal-fired plants currently generate more than 90% of domestic
electricity, the government continues to advance plans to construct 6 GWe of new
nuclear power generation in the next 20 years. The strategy calls for the first unit
(between 1.2 and 1.6 GWe) to be in operation by 2024, with three additional similar-sized
units added by around 2030. A consortium led by state-owned Polska Grupa Energetyczna
(PGE, the Polish Energy Group), the largest power supplier in the country, has been put in
charge of organising the project. The legal framework for the development of nuclear
power was established in 2011 and the Council of Ministers instructed the Ministry of
Economy to prepare a new national strategy concerning radioactive waste and spent fuel
management. In early 2013, PGE awarded a contract to carry out site characterisation,
licensing and permitting services for the construction of the first units with three
potential sites under consideration: Choczewo, Gaski and Zarnowiec.

In Romania, the two CANDU reactors at the Cernavoda NPP provided about 20% of the
electricity generated in the country in 2012. Facing the coming retirement of as much as
one-third of non-nuclear electricity generating capacity, the government developed plans
to expand nuclear generating capacity by adding two more units by 2035. A tender for the
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construction of Cernavoda units 3 and 4 (each with a capacity of 0.72 GWe) was launched
and EnergoNuclear SA was formed with foreign investors to undertake the construction,
commissioning and operation of the new units. The project has made little progress
however, principally due to market uncertainties and the current investment climate.
The withdrawal of GDF Suez, RWE, CEZ and Iberdrola from the project, along with
declining demand and electricity prices, suggests that an investment decision to add
reactors to the Cernavoda NPP will be delayed until economic conditions improve. In June
2013, the government announced the partial privatisation of the state-owned nuclear
power corporation Societatea Nationala Nuclearelectrica.

In the Slovak Republic, a total of four reactors with a combined capacity of 1.8 GWe
net were operational as of 1 January 2013. In 2012, the reactors provided 55% of the total
electricity generated in the country. Power uprating of Mochovce 1 and 2 and Bohunice 3
and 4 has been completed. Fuel with higher enrichment (4.87% **U) has been used in the
Mochovce reactors since 2011 and in the Bohunice units since 2012. Work to complete
construction of Mochovce 3 and 4 (construction of the two reactors was stopped in 1992)
was officially initiated in 2008 with completion now expected in 2014 and 2015. When in
operation, the new units will add 0.9 GWe of electrical generating capacity to the grid.
Discussions with six NPP vendors were reportedly ongoing in 2013 for the construction of
a single large reactor at Bohunice. The government of the Slovak Republic supports the
construction of NPPs as part of a plan to increase the security of energy supply.

In Slovenia, the single nuclear reactor in operation (Krsko, 0.70 GWe) is jointly owned
and operated with Croatia by Nuklearna Elektrana KrSko. The Krsko reactor began
commercial operation in 1983 and was recently granted a conditional 20-year lifetime
extension to 2043. The single unit accounted for 34% of the electricity generated in
Slovenia in 2012, although a proportion of this is exported to meet about 20% of Croatia’s
electricity requirements. The Slovenian government had been considering the
construction of a second unit by 2025, subject to parliamentary approval and a possible
referendum, but the effects of the ongoing financial crisis have limited progress.

In Spain, eight operational reactors provided about 20.5% of the total domestically
generated electricity in 2012. The Spanish government supports a balanced electricity
mix that takes into account all energy sources and available capacities. In addition, it
notes that since nuclear energy contributes both to the diversification of energy supply
and the reduction of greenhouse emissions, it cannot be disregarded when the reactors
are in compliance with nuclear safety and radiological protection requirements enforced
by the Nuclear Safety Council. Through 2010 and 2011, the Spanish government approved
ten-year licence extensions for Ascé units 1 and 2, Almaraz units 1 and 2, Vandellés
unit 2 and the lone Cofrentes unit. The single Trillo unit has a licence to operate until
2014. The lone Santa Maria de Garona unit (0.466 GWe net) had been expected to
continue operation until 2019 but new taxes on electricity generation combined with
costs associated with extending the reactor’s lifetime caused the operator to stop
operations in December 2012. A decision to permanently shut down the unit was taken in
July 2013 when the operating licence expired.

In Sweden, ten operational reactors (a total of 9.4 GWe net) generated over 35% of
domestic electricity supply in 2012. While actively promoting the installation of
additional renewable energy sources, the government gave new life to the country’s
nuclear power programme in 2010 by passing legislation that allows the construction of
replacement reactors at existing sites, effectively overturning the 1980 ban on the
construction of new NPPs and the phase-out of nuclear energy. Replacement reactors can
only begin operation once an existing unit is permanently shut down (not expected until
after 2020) and the government will not provide subsidies for the development of new
reactors despite high upfront investment costs. Following the Fukushima Daiichi
accident, the government ordered a comprehensive review of the current reactor fleet
ahead of the EU stress tests but indicated that the recent legislative changes allowing
replacement would not be reconsidered. Nationally owned Vattenfall, the largest Nordic
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utility, filed an application to build up to two reactors to replace its older units in 2012, at
the same time noting that an investment decision would not be made for a number of
years. In response to the application, the Swedish Radiation Safety Authority indicated
that the application process may take up to 15 years in total and that regulations for new
reactors would not be finalised until the end of 2014, at the earliest. In 2013, Vattenfall
announced that it is planning to invest USD 2.4 billion between 2013 and 2017 to
modernise and upgrade its 5 most recently built units (Ringhals 3, 4 and Forsmark 1-3) in
order to continue operations for up to 60 years.

In the United Kingdom, 16 operational reactors with a combined capacity of 9.2 GWe
(net) on 1 January 2013 provided about 17% of total domestic electricity generation in 2012.
Since the fleet is comparatively old and operators have stated that they expect up to
7.4 GW of existing nuclear capacity to close by 2019 (one unit permanently closed in 2011
and two in 2012) and coal-fired generating capacity is ageing and in decline, the
government has taken a series of actions to encourage nuclear new build. Industry has
announced ambitions of adding up to 16 GWe of new nuclear generating capacity by 2025,
with the first reactor scheduled to go online in 2019. New nuclear investments are
expected to be part of the total estimated expenditure of GBP 75 billion in new power
generation capacity needed by 2020. Three consortia: NNB Generation Company, a joint
venture led by EDF; Horizon Nuclear Power (Hitachi-GE) and NuGen (GDF Suez and
Iberdrola) are currently making preparations for the construction of new units. Interest
by Russian, Korean and Chinese vendors has also been reported. Among the existing
consortia, NNB GenCo has made the most progress having received regulatory approval
(a site licence, environmental permits and a generic design assessment of its EPR reactor
design). The government has made clear that investments in new nuclear will not be
subsidised by government. It has however made changes to the energy market in order to
encourage the installation of low-carbon energy sources such as nuclear power. One
important part of the reformed energy market is long-term guaranteed prices for low-
carbon power generation in order to reduce uncertainties associated with such
investments. Negotiations between the NNB GenCo and the government over the
guaranteed price (referred to as a contract for difference or “strike price”) were finalised
in October 2013, improving prospects of new build, but an investment decision is not
expected until 2014, subject to an EU determination on the legitimacy of using a strike
price to stimulate investments in nuclear power.

The reactor-related uranium requirements for the EU in 2012 amounted to about
17 235 tU and are expected to increase to 18 320 tU in 2013.

North America (116.30 GWe net as of 1 January 2013)

At the beginning of 2013, a total of 104 reactors were connected to the grid in the
United States, 19 in Canada and 2 in Mexico. A decision by Hydro Quebec to not proceed
with the refurbishment of the Gentilly 2 reactor in Quebec led to the permanent
shutdown of this unit in late 2012. No other reactors were shut down and no new units
were brought into operation in 2011 and 2012. Refurbishment of three CANDU reactors in
Canada was completed in 2012 (Bruce A units 1, 2 and Point Lepreau) and the reactors
began generating electricity once again. Work to complete the construction of one reactor
in the United States (Watts Bar 2; 1.2 GWe net) was ongoing. A decision to defer new build
in Canada combined with abundant supplies of low-cost natural gas and competition
from subsidised renewable energy sources currently limit prospects for growth in nuclear
generating capacity in this region.

In Canada, the government of Ontario stated after the Fukushima Daiichi accident
that it remained committed to a policy of nuclear energy supplying 50% of the province’s
electricity. The bidding process for new units at the Darlington NPP was resumed, after
being suspended in 2009 because of high costs, and in 2012 an environmental assessment
was approved and a site preparation licence for as many as four reactors was issued (the
first of three licences required to build and operate a nuclear facility in Canada). A
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decision on whether to proceed with the construction of two units at Darlington was to
be made after detailed construction plans, schedules and costs are submitted in late 2013
by two preferred suppliers, Atomic Energy of Canada Ltd (AECL) for the enhanced
Candu 6 and Westinghouse for the AP-1000. However, the Minister of Energy in Ontario
announced in October 2013 that the Ontario government had postponed plans to build
new nuclear generating capacity owing to declining demand for electricity. For the
existing reactors, a two-part investment strategy for the Pickering and Darlington
stations is being pursued, involving a detailed planning phase for the mid-life
refurbishment of the four existing Darlington reactors (to extend operations another
25-30 years, with work expected to begin in 2016) and a CAD 200 million investment to
ensure the continued safe and reliable performance of the six operational Pickering
reactors until 2020, after which they will be decommissioned. In October 2011, the federal
government completed the sale of the assets of the CANDU Reactor Division of AECL to
Candu Energy Inc., a wholly owned subsidiary of SNC Lavalin. In 2012, the second phase
of the restructuring of AECL was launched, focusing on the corporation’s nuclear
laboratories.

In Mexico, a 4-year, USD 600 million refurbishment and uprate programme of the
2 units at Laguna Verde by the Federal Electricity Commission was successfully
completed in 2011, increasing the power of the 2 units by about 20% and extending the
plant’s operating life to 40 years (to 2029 and 2034). The two units (a total of 1.4 GWe net)
typically provide about 4% of the electricity generated in the country. It was reported in
2012 that the Energy Minister supported the addition of two new units at Laguna Verde as
part of strategic energy plan to meet rising demand and reduce carbon emissions. Since
the election of a new coalition government later that year, focus has shifted to
liberalising the state-run oil industry. No plan to add additional nuclear generating
capacity has been announced, although it has been reported that the government is still
considering adding more units in the longer term.

In the United States, 104 reactors were operational on 1January 2013 contributing
about 20% of the total electricity generated in the country. The construction of two
AP-1000 reactors officially began in early 2013, one each at Vogtle (Georgia) and
Virgil C. Summer (South Carolina), the initial phase of a plan to have two AP-1000
reactors in operation at each site by 2020. The Tennessee Valley Authority (TVA)
continues to work toward the completion of the Watts Bar 2 reactor, a construction
project resumed in 2007 after being halted in 1988. TVA announced in 2012 that it was
delaying the planned restart of construction of the single Bellefonte unit until work at
Watts Bar 2 was completed. As of the end of 2012, the Nuclear Regulatory Commission
(NRC) had granted licence renewals to 73 of the 104 operating reactors to continue
operating for another 20 years (to a total of 60 years lifetime operation) and was in the
process of reviewing similar applications for 15 additional reactors. NRC regulations do
not limit the number of licence renewals and the industry is reportedly preparing
applications for continued operation beyond 60 years. However, low natural gas prices
and the installation of subsidised renewable generating sources led to announcements in
2013 of the closure of two smaller reactors in liberalised energy markets on economic
grounds (Kewaunee in Wisconsin and Vermont Yankee in Vermont). Three other reactors
were permanently shut down in 2013 owing to technical issues (San Onofre 2 and 3 in
California and Crystal River 3 in Florida). In response to the Fukushima Daiichi accident,
the NRC and the nuclear industry initiated an immediate co-ordinated response to the
accident as well as long-term actions to assure the safety of all operating and planned
reactors in the United States. Following this review, the NRC stated that it remains safe
for the existing fleet to continue operations. Nonetheless, orders were issued to enhance
safety and this work must be completed by no later than 31 December 2016. In December
2010, the NRC amended the Waste Confidence Rule, stating that spent nuclear fuel could
be stored safely at reactor sites for 60 years. This amendment was challenged and struck
down, causing the NRC to suspend actions related to issuing operating licences and
licence renewals until the Waste Confidence Rule is revised (expected in 2014).
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Annual uranium requirements for North America were about 24 865 tU in 2012 and
are expected to decline to 20 255 tU in 2013.

East Asia (82.8 GWe net as of 1 January 2013)

As of 1January 2013, 96 reactors® were operational in East Asia. In 2011 and 2012, four
reactors in China (CFER, Ling Ao 4, Qinshan 2.4 and Ningde 1) and two in the Republic of
Korea (Shin Kori 2 and Shin Wolsong 1) were connected to the grid (a combined total of
4.6 GWe net) and four reactors at Fukushima Daiichi were shut down after the accident.
During these same two years construction of a total of five reactors was initiated,
bringing the regional total of 38 reactors under construction in this region as of mid-2013.
When all construction is successfully completed, a total of about 40.3 GWe (net) will be
added to the grid. Prospects for nuclear growth are greatest here than any other region in
the world, principally driven by rapid growth underway in China. However, political
developments and public dissent in Japan and the Republic of Korea could limit
somewhat the overall expected growth in the region.

In China, 17 operational reactors (12.9 GWe net) provided about 2% of national
electricity production in 2012 and a total of 28 reactors were under construction (about
27.7 GWe net) as of 1January 2013. The government plans to add significant nuclear
generating capacity in order to meet rising energy demand and limit greenhouse gas and
other atmospheric emissions since poor air quality, mainly due to emissions from coal-
fired plants, is a significant health issue. Following the Fukushima Daiichi accident, the
government imposed a freeze on new nuclear projects, suspended approvals of planned
reactors and ordered safety checks of all operating units and those under construction.
By June 2011 safety checks had been completed and although no reactors were laid up for
safety reasons, the government reaffirmed a commitment to safety by stating its
intention to incorporate all IAEA safety standards and formally requested public input on
the draft safety plan. In late 2012, approvals for new units were resumed after the safety
plan was finalised, and although at a slower pace than prior to the Fukushima Daiichi
accident, at a rate sufficient to increase total nuclear capacity to as much as 58 GWe by
2020. The government stated that only projects that complied with new generation safety
standards would be approved and that no approvals would be granted for inland sites in
seismically active areas prone to water shortages until 2015. It was reported in 2013 that
work was underway to develop a domestic Gen III reactor, the ACPR-1000, by upgrading a
Gen II French PWR design. Work was also underway to develop the CAP-1400 based on
the Westinghouse AP-1000 design, with components sourced locally. China has also
increased efforts to export these and other designs and to secure long-term uranium
supply for its growing fleet by acquiring stakes in mining projects abroad, purchasing
supply on the open market and increasing domestic mine output. By mid-2013,
construction of five reactors had been initiated, four in 2012 (Fuqging 4, 1 GWe; Shidao Bay,
a 0.2 GWe high-temperature gas reactor; Tianwan 3, 0.933 GWe and Yangjiang 4, 1 GWe)
and work on the Tianwan 4 reactor (1.05 GWe) was begun in early 2013. Construction
projects initiated prior to the Fukushima Daiichi accident continued although some
delays resulted from the safety inspections. In mid-2013, local protests led to the
cancellation of a proposal to build a uranium processing and nuclear fuel manufacturing
facility in Heshan. It was also reported that construction of an AP-1000 reactor at Sanmen
had fallen one year behind schedule.

In Japan, the future role of nuclear power in the national power generation mix
remains uncertain after the Fukushima Daiichi accident. Following this serious accident,
four Fukushima Daiichi reactors (units 1-4) were permanently shut down and units 5 and
6 were taken out of service before being permanently retired in late 2013. The remaining

2. There were also six NPPs in operation in Chinese Taipei (about 5.0 GWe net) and two plants
under construction (about 2.6 GWe net).
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48 reactors in the country were progressively taken off line for mandatory maintenance
outages, with only two reactors operating periodically since (generating less than 2% of
domestic electricity production in 2012). As of September 2013, the entire fleet had been
idled until permission to restart is granted in accordance with a new, more stringent
regulatory regime. The previous government had stated the intention of moving toward
the elimination of nuclear power, but after elections in December 2012 a new government
has worked toward allowing the restart of at least a portion of the nuclear fleet. The
Japanese Nuclear Regulation Authority (NRA) was established as the new independent
regulator and new regulations for reactor restarts came into force in July 2013, leading a
number of utilities to apply to restart 14 reactors. According to the new regulations,
utilities will be required to show that reactors are prepared for extraordinary external
events (such as the severe earthquake and tsunami of 2011), that they are not situated on
active faults, sufficient mobile generators are on hand in waterproof buildings to supply
power in case of a blackout and that secure sources of make-up water and the means to
inject water into the reactor for emergency cooling are on-site. Filtered vents will be
required in all BWR reactors before restart and must be installed in PWR reactors within
five years after restart. Hydrogen combiners that operate without power supply will also
be required and, within five years, secondary control rooms outside the reactor will be
required. The NRA has indicated that the restart process could take between 6 to
12 months. Approval by local government was not a legally binding requirement prior to
the Fukushima Daiichi accident and it is unclear to what the extent local political consent
is required in the new regulatory system. How many of the laid-up reactors will be
successful in obtaining regulatory approval to restart remains to be seen. In 2012, it was
reported that construction of the Ohma ABWR (1.383 GWe net) had been resumed, with
the understanding of the local community. Construction of the Shimane 3 reactor
remains suspended and the start date for construction of the Higashidori unit has been
deferred. With most NPPs out of service, Japanese utilities have been importing large
amounts of oil and natural gas for electricity generation, driving electricity prices and
greenhouse emissions upward. The government has urged citizens and industry to
conserve energy in order to avoid electricity shortages and created incentives for the
installation of renewable energy sources. The government is reportedly planning to
release a revised energy plan outlining the role of nuclear power in December 2013.

In the Republic of Korea, 23 operational units produced about 30% of the total
electricity generated in 2012. Construction of Shin Kori 2 (0.96 GWe) and Shin Wolsong 1
(0.997 GWe) was completed in January 2012 and both units were connected to the grid in
July 2012, increasing total nuclear generating capacity to 20.7 GWe (net). Construction of
five reactors is underway, with work on two 1.34 GWe reactors (Shin-Hanul 1 and 2)
initiated in 2012 and 2013, respectively. Shin-Hanul is the new name for the second phase
of this NPP, formerly known as Shin-Ulchin (Yonggwang was renamed Hanbit and Ulchin
as Hanul after pressure from local fishermen who felt that problems at the plants named
after the region had led to reduced sales of their traditional regional catch). Following the
2012 election, the government pledged to continue with a strategy of increasing nuclear
generating capacity to provide 40-50% of electricity supply by 2030. However, a station
blackout at Gori 1 that was not reported to the Nuclear Safety and Security Commission
as required, combined with revelations of forged safety reports that forced the temporary
closure of several reactors and a delay in the construction of two units (Shin Kori 3, 4),
have undermined public trust in nuclear power. The unexpected closure of reactors for
safety checks led to concerns of maintaining an adequate supply of electricity. It has
been reported that the government is reviewing the role of nuclear power in its National
Energy Master Plan, due to be released at the end of 2013. Following the Fukushima
Daiichi accident, safety vulnerability assessments of NPPs were conducted and a resident
inspection team for each NPP site was established in April 2012. Each team, consisting of
six to eight inspectors, makes it possible to conduct field inspections in a more in-depth
way, strengthening verification of safety on a real time basis.
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Although Mongolia does not currently have nuclear generating capacity, it has
signalled its interest in the use of small and medium-sized reactors after signing an
agreement with the Russian Federation on the exploration, extraction and processing of
uranium resources.

The 2012 reactor-related uranium requirements for the East Asia region were
11 180 tU and for 2013 are expected to increase to about 11 320 tU.

Europe (non EU) (40.4 GWe net as of 1 January 2013)

As of 1January 2013, 54 reactors were operational in 4 countries. This region is also
undergoing strong growth with 12 reactors under construction that will add about
10.3 GWe net generating capacity when completed. During 2011 and 2012, one new plant
was connected to the grid in the Russian Federation, none were shut down and
construction was initiated on one reactor in the Russian Federation. Although
Switzerland decided to phase-out nuclear power following the Fukushima Daiichi
accident, several other countries in this region continue to support nuclear power and
overall growth in nuclear generating capacity is expected.

In Armenia, the single operational reactor (Armenia 2; 0.38 GWe) provided 27% of the
electricity generated in the country in 2012. It was reported in 2012 that the government
had decided to extend the life of the unit to 2020 given its significance in domestic energy
supply, despite concerns of continued operation in a seismically active region. According
to the Armenian energy sector development plan to 2035, construction of two new units
(1 GWe each) is envisaged, with the second unit operating by 2030 to 2035. The Ministry
of Energy and Natural Resources released in 2011 an environmental assessment of the
new build project, an engineering firm was engaged to manage the project and a
confidentiality agreement with Russian NPP vendor JSC Atomstroyexport (a subsidiary of
Rosatom that constructs NPPs abroad) was signed.

In Belarus, a USD 10 billion agreement was signed with Atomstroyexport in 2012 to
build the country’s first NPP, consisting of two 1 180 MWe VVER reactors, with expected
completion dates in late 2018 and mid-2020. It was reported that the Russian Federation
would extend a loan to Belarus for construction costs. In early 2013, site preparation and
construction activities on both units was reported to be months ahead of schedule.

In the Russian Federation, 33 operational reactors (23.6 GWe net) provided about 18%
of the total electricity generated in the country in 2012 and a total of 10 reactors were
under construction (8.4 GWe net combined), including the Beloyarsk 4 fast neutron
reactor (0.8 GWe net). Construction of Kalinin 4 (0.95 GWe net) was completed and the
reactor connected to the grid in 2011 and construction was initiated on Baltic 1 (1.1 GWe
net) in 2012. No reactors were permanently shut down over these two years. Following a
safety review after the Fukushima Daiichi accident, the government continued with the
implementation of a 2010 national energy strategy that envisioned the commissioning of
a total of 26 new reactors along with the development and integration of fast neutron
reactors to close the nuclear fuel cycle. In addition to an active domestic programme, the
state-run energy company Rosatom is adding to a portfolio of building contracts in
several countries (e.g. Bangladesh, China, India, Turkey and Viet Nam) through active
participation in numerous tenders for new build projects using its build, own, operate
model, supplemented by possibilities for loans to fund the projects, lifetime fuel supply
and spent fuel take-back. This is proving a particularly attractive model for countries
with no previous experience with nuclear power and those that lack sufficient resources
to fund nuclear development. In January 2013, the nuclear safety regulator agreed to
extend the operating licence of the Smolensk 1 RBMK reactor by 10 years to 2022 (for a
total operational lifetime of 40 years) after an extensive modernisation programme. A
graphite-moderated design made infamous in the Chernobyl accident, modernised RBMK
reactors remain the backbone of the Russian nuclear programme, providing about 45% of
total domestic nuclear power electricity generation. In April 2013, it was reported that 7of
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the remaining 11 RBMKs may have to be decommissioned ahead of scheduled retirement
owing to technical issues arising from the deformation of graphite stacks. Efforts were
underway in early 2013 to find a technical solution to keep the reactors in operation until
the planned retirement age is reached, with a report on the future of the reactors
expected by the end of the year. Construction of the Kursk5 RBMK was officially
cancelled in August 2012.

In Switzerland, proposals to build three reactors to replace plants that reach the end
of their operational lifetime were abruptly terminated following the Fukushima Daiichi
accident. Three days after the accident, the government suspended the approval process
for replacement reactors and ordered a safety review of the existing five operational
reactors. Later in the year, cabinet cancelled the approval process for replacement
reactors and proposed that all five existing reactors be shut down at the end of 50 years
of operation (i.e. between 2019 and 2034). After a thorough review (EU stress tests plus its
own test programme), the national safety authority concluded that since the cooling of
the core and fuel rod storage pools would remain operational in the event of an
earthquake followed by flooding, the power plants could remain in service. It nonetheless
issued a series of requests in order to complete the analysis and the five operating plants
are required to demonstrate, by the end of 2013, that they are sufficiently protected
against incidents caused by extreme weather events. The five operating reactors in
Switzerland typically produce about 35-40% of the electricity generated in the country. To
ensure that Switzerland has a competitive and safe supply of electricity, a phased
transformation of the energy system has been planned. A reduction of energy and
electricity consumption, combined with an increased share of renewable energy sources
and the introduction of combined heat and power fossil fuel plants is planned to fill the
gap created by the phase-out of nuclear power. Modernisation and enlargement of the
electricity grid is also considered necessary to accommodate increased input from
variable renewable energy sources.

In Turkey, the government continues to advance its nuclear development programme
as its fast growing economy faces rapidly escalating electricity demand. Nuclear energy is
seen as a cost-effective means of meeting rising demand despite regional earthquake
hazards. An intergovernmental agreement (IGA) signed with the Russian Federation for
the construction of four VVER-1200 units at the Mediterranean Akkuyu site on the build,
own, operate model entered into force on 21 July 2010. A project company established by
the Russian Federation started site surveys and environmental impact assessment (EIA)
studies. Under the terms of the IGA, the Russian Federation will retain the majority share
of ownership of the power plant during the entire lifetime of operation and will provide
fuel supply, take back spent fuel for reprocessing, train personnel and decommission the
facility. Construction was expected to begin in 2014 with commissioning of the four units
planned for 2019, 2020, 2021 and 2022, but in late October 2013 it was announced that
work had fallen behind schedule by at least one year owing to shortcomings with the EIA
and other process delays. Negotiations with countries and nuclear supplier companies for
a second NPP, the Sinop-inceburun site on the Black Sea coast were underway. The
technology to be employed, its installed capacity, annual generation, fuel cycle strategy
and related issues had not been finally determined by October 2013, although exclusive
negotiating rights were established with a consortium led by AREVA and Mitsubishi
Heavy Industries that has proposed construction of a four-unit NPP (4.6 GWe in total)
using the Atmea 1 design. The government is also reported to be considering a third NPP
at a site yet to be determined.

In Ukraine, 15 reactors with a combined installed capacity of 13.1 GWe net were
operational on 1 January 2013, producing 46% of the electricity generated in the country
in 2012. The national energy programme foresees that nuclear energy will continue to
generate 45% of total electricity production by 2030. Achieving this target will require a
combination of lifetime extensions of existing reactors, the construction of 12 additional
units (with 10 of these new units having a gross capacity of 1.5GWe) and the
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decommissioning of 12 reactors at the end of their operational lifetime. Two reactors are
currently under construction (Khmelnitski 3 and 4) that, when completed (expected in
2016, 2017), will add 1.9 GWe capacity to the grid. Construction of these two reactors
originally began in the mid-1980s, but was suspended in 1989. The agreement reportedly
involves the Russian Federation providing finances for the design, construction and
commissioning of the two reactors. In 2013, the European Bank for Reconstruction and
Development backed a EUR 300 million loan in support of a safety upgrade programme,
comprising up to 87 safety measures per reactor for all operating reactors in Ukraine. The
total cost of the programme is estimated to amount to EUR 1.4 billion, which Euratom will
contribute EUR 300 million.

Albania had been considering the construction of new NPPs but in 2012 it was
reported that it had postponed its new build plans to consider all potential
environmental impacts in light of the Fukushima Daiichi accident.

Reactor-related uranium requirements in 2012 and 2013 for the Europe (non-EU)
region amount to about 6 635 tU.

Middle East, Central and Southern Asia (6.0 GWe net as of 1 January 2013)

As of 1January 2013, 24 reactors were operational in this region and 10 were under
construction (a total of 6.8 GWe net). During 2011 and 2012, three reactors were
connected to the grid, construction was initiated on five units and none were shut down.
Growth in nuclear generating capacity in this region is expected in the coming years as
governments continue to work toward implementing plans to meet rising electricity
demand without increasing greenhouse gas emissions.

In Bangladesh, cabinet ratified a deal with Rosatom in March 2012 to build two 1 GWe
reactors at the Rooppur site. Under the terms of the agreement, the Russian Federation
will reportedly provide support for construction and infrastructure development, supply
fuel for the entire lifetime of the two reactors and take back spent fuel. Soft loans from
the Russian Federation will also finance 90% of the estimated USD 4 billion cost.
Construction is expected to begin in 2015, with a target date of 2020 for first electricity
generation from the first unit. In October 2013, an official ceremony was held to mark the
initiation of the project that will begin with final design selection, an environmental
assessment and licensing actions. This is the first step in a plan to install 5 GWe of
nuclear generating capacity by 2030 to help alleviate periodic electricity shortages in the
face of declining domestic natural gas supply.

In India, 20 reactors (4.4 GWe net) were operational on 1January 2013, providing
about 4% of domestic electricity generation in 2012. Kaiga 4 (0.2 GWe net) was connected
to the grid and construction of Rajasthan 7 and 8 was initiated in 2011 (0.62 GWe net
each), bringing the total number of reactors under construction at the end of 2012 to
7 with a total capacity of 4.8 GWe net (4 PHWRs, 2 PWRs of Russian design and a
prototype fast reactor). In July 2013, criticality was achieved at the first of the two PWRs
(Kudankulam 1 and 2, 0.917 GWe net each), a project originally agreed to in 1988. The
government has indicated that as many as six units could be added to this site. Following
a review of safety and security at all operating plants after the Fukushima Daiichi
accident that identified the need to strengthen defences against extreme events in select
reactors, the government is proceeding with plans to significantly increase nuclear
generating capacity, close the existing uranium fuel cycle and develop a thorium fuel
cycle. Agreements in 2008 that granted India the ability to import uranium and nuclear
technology have resulted in improved reactor performance through adequate uranium
supply. However, concerns expressed about the 2010 Civil Liability for Nuclear Damages
Act that leaves vendors potentially open to unlimited accident liabilities have slowed the
development of agreements on imported technology. Public demonstrations at the
Kudankulam site that delayed commissioning of the reactor, as well as at the proposed
Jaitapur and Haripur sites, largely stemming from the Fukushima Daiichi accident,
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threaten to delay the implementation of at least some aspects of the national nuclear
development plan.

In the Islamic Republic of Iran, commissioning of the Bushehr-1 reactor (about
0.9 GWe net) supplied by Atomstroyexport took place on 4 September 2011. The reactor
reached full capacity in January 2013 and in September that year the two-year handover
process from the Russian constructor to the Iranian customer began. The Iranian
government plans to develop up to 8 GWe net of installed nuclear capacity by 2025 in
order to reduce its reliance on fossil fuels, beginning with the installation of three more
units at Bushehr. It has reportedly been in discussions with the Russian Federation to
expand co-operation and engaged in identifying potential sites for additional reactors. In
February 2013, the Atomic Energy Organisation of Iran announced that it had designated
16 new sites for NPPs in coastal areas of the Caspian Sea and the Persian Gulf, as well as
in south-western and north-western regions of the country.

In Jordan, a plan to construct two reactors to generate electricity and desalinate water,
along with development of the country’s uranium resources, has been under
development since as early as 2004, driven by rising energy demand and the current need
to import around 95% of its energy needs. The situation has worsened in recent years as
natural gas supply has become less reliable owing to regional geo-political turmoil.
Nuclear co-operation agreements have been signed with several countries, including
Argentina, Canada, France, Japan, the Russian Federation, the United Kingdom and the
United States. In 2012 it was reported that the review of bids for reactor installation had
been narrowed to Atomstroyexport and a consortium of companies led by AREVA and
Mitsubishi Heavy Industries, the process was nearing completion and a final decision was
imminent, as required to meet the target date of commissioning the first reactor by 2020.
However in late May 2012, Jordan’s parliament voted to suspend the nuclear development
plan until the necessary funding is identified and feasibility studies have been completed.
Finding a suitable site for the NPP that is acceptable to local residents has also proven
challenging. Jordan has thus far not given up its right to enrich uranium and reprocess
spent fuel.

In Kazakhstan, the First Deputy Prime Minister announced in 2012 that the country
intended to follow-up on a plan announced earlier to provide 4.5% of domestic electricity
production with nuclear power by 2030. This is part of the significant investment
required to replace ageing generation plants, modernise others and to develop the grid.
Adding nuclear power to the generation mix will also diversify energy sources by
lessening reliance on fossil fuels. In 2013, it was reported that the political decision to
install nuclear generating capacity had been taken and the most likely location for the
facility is in the western region of Aktau on the Caspian coast, site of past NPP operation
between 1973 and 1999.

In Pakistan, three reactors (0.725 GWe net) were operational on 1January 2013,
supplying about 5% of domestic electricity production in 2012. The Chasnupp 2 reactor
(0.3 GWe net), completed under an agreement with the China National Nuclear
Corporation (CNNC) and placed under IAEA safeguards, was added to the grid in 2011. In
the face of severe power shortages, the government of Pakistan began construction of
two additional units (Chasnupp 3, 4; 0.3 GWe each) later that same year with financial
and technical assistance from China following approval of a safeguards agreement by the
IAEA Board of Governors. These two units are expected to be completed in 2016. As part
of an effort to address chronic power shortages, a growing population and increasing
electricity demand, the government established the Energy Security Action Plan with a
target of 8.8 GWe of installed nuclear generating capacity by 2030. In mid-2013, it was
reported that the government had signed contracts for the construction of two ACP-1000
reactors supplied by the CNNC to be built at the coastal Karachi site (home of the 42-year-
old Kanupp 1 PWHR reactor). This contract has been challenged as lying outside norms
established by the Nuclear Suppliers Group but China maintains that the arrangement is
for peaceful purposes and within the IAEA safeguard regime.
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In the United Arab Emirates, a consortium from the Republic of Korea led by KEPCO
won a contract in 2009 to build four APR-1400 reactors (a total of 5.4 GWe net) for
USD 20 billion. The contract reportedly includes provisions that require the KEPCO
consortium to hold an equity interest in the facility, assist in the design, operation and
maintenance of the reactors, provide training and education and initial fuel loads for all
four units. Construction of the first and second units (Barakah 1, 2) officially began in July
2012 and May 2013, respectively. Work is reportedly on track for the completion of
Barakah 1 in 2017, with the other three reactors scheduled to be completed in successive
years. In late 2012, it was announced that fuel for the reactors would be sourced through
contracts with Techsnabexport, AREVA, Uranium One, Rio Tinto and Coverdyn for
uranium concentrates, conversion and enrichment services, in addition to KEPCO’s
contractual obligations. When all units are in operation, the Barakah NPP is expected to
produce about 25% of national electricity requirements. Increasing energy demand,
combined with policies to reduce greenhouse gas emissions and domestic consumption
of natural gas in order to maintain the inflow of foreign capital through exports were
central considerations in the government’s decision to develop the Barakah NPP. After
signing agreements with the IAEA for the use of nuclear power for peaceful purposes and
nuclear co-operation agreements with a number of countries, in which the domestic
enrichment and reprocessing initiatives were forgone, the United Arab Emirates is
proceeding with nuclear development plans with full international co-operation.

In 2012, it was reported that Saudi Arabia planned to build as many as 16 reactors
with 22 GWe installed capacity by 2030 at an estimated cost of USD 100 billion in order to
meet rising electricity demand and reduce oil exports. The first reactor was targeted for
operation in ten years. In early 2013, the government endorsed a nuclear energy pact
signed in 2011 with France to contribute to the development of technical skills and
personnel development as well as the use and transfer of knowledge of the peaceful uses
of nuclear energy. The government has also signed nuclear co-operation agreements with
Argentina and the Republic of Korea.

Other countries in the region, currently without NPPs, have been considering the
development of such facilities, including Bahrain, Iraq, Israel, Kuwait, Oman, Qatar,
Syria and Yemen. In 2012, it was announced that Bahrain had postponed its nuclear
development plans and Kuwait abandoned plans to build four reactors by 2020, both in
response to the Fukushima Daiichi accident. Other countries listed above have not
advanced stated intentions in the last two years.

Reactor-related uranium requirements for the Middle East, Central and Southern Asia
region were about 875 tU in 2012 and are expected to increase to 1 680 tU in 2013.

Central and South America (2.82 GWe net as of 1 January 2013)

As of 1]January 2013, a total of four reactors were operational in two countries and two
reactors were under construction. Governments in Argentina and Brazil continue to
support nuclear power suggesting growth in nuclear generating capacity in the long term,
despite other countries in the region reportedly turning away from plans to install
nuclear generating capacity following the Fukushima Daiichi accident.

In Argentina, two reactors (Atuchal and Embalse; 0.34 GWe and 0.6 GWe,
respectively) were operational on 1 January 2013, accounting for a little less than 5% of
domestic electricity production in 2012. In August 2006, the state generating company
Nucleoeléctrica Argentina restarted construction of Atucha2 (0.75 GWe net), a Siemens
heavy water reactor design unique to Argentina. Fuel loading began in late 2012 and the
unit is expected to begin generating electricity in June 2014. Argentina’s government is
also considering the initiation of construction of another two reactors in 2017 and 2020. It
has been reported that the Atmea 1 (1.1 GWe net) PWR design (a joint venture with
AREVA and Mitsubishi Heavy Industries) has been preselected as one option for the third
Atucha unit. Discussions have also been held with Canadian, Chinese, French, Japanese,
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South Korean and American reactor vendors, with a final decision on the supplier to be
made after Atucha 2 is in operation. In support of the national nuclear development plan,
initiatives are underway to reactivate heavy water production, further develop the
25 MWe CAREM reactor and reopen an enrichment plant. With the licence for the
Embalse reactor due to expire in 2014, the government intends to conduct the necessary
work to upgrade equipment, increase power output and extend the life of the reactor by
25 years. In early 2013, the Development Bank of Latin America issued a USD 240 million
loan in support of this project.

In Brazil, two reactors (Angra 1 and 2; 0.5 GWe net and 1.3 GWe net, respectively)
were operational on 1 January 2013, providing about 3% of the electricity generated in the
country in 2012. Construction of the Angra-3 reactor (1.2 GWe net) was restarted in 2010
with completion of the USD 5.1 billion project expected in 2018. Work on this reactor
originally began in 1984 but was suspended in 1986. The national long-term electricity
supply plan includes a total of 4 GWe nuclear generating capacity installed by 2030 in
order to help meet rising energy demand, with the first unit to be installed at a new site
by 2022 (siting studies are underway). In 2013, it was announced that USD 150 million
would be invested in strengthening safety measures at the two existing units in a
programme referred to as the Fukushima Response Plan. The work involves 30 studies
and 28 projects that will be undertaken through 2016 to improve plant protection against
assorted risks, loss of cooling capability and reducing the possibility of off-site radioactive
contamination in a serious accident. Earlier plans to install several reactors have
reportedly been scaled back in the aftermath of the Fukushima Daiichi accident.

Other countries in the region, currently without NPPs, have been considering the
development of such facilities, including Bolivia, Chile, Cuba, Uruguay and Venezuela.
Given the risk of strong seismic events in Chile, the government is reconsidering nuclear
development plans while observing the response of the Japanese authorities to the
Fukushima Daiichi accident. Venezuela has also put its nuclear development plans on
hold. Legislation in Uruguay promotes development of renewable energy sources, for the
time being putting nuclear development plans on hold.

The uranium requirements for Central and South America amount to about 520 tU in
2012 and are expected to increase to 770 tU in 2013.

Africa (1.8 GWe net as of 1 January 2013)

Nuclear capacity remained constant in Africa with the region’s only two operational
reactors located in South Africa. Government plans to increase nuclear generating
capacity are projected to drive growth in this region, but no construction activities have
been initiated. Although several countries are considering adding NPPs to the generation
mix to help meet rising electricity demand, development of the required infrastructure
and human resources could delay these ambitions.

In South Africa, two operational units (a total of 1.8 GWe net) accounted for about 5%
of the total electricity generated in the country in 2012. Coal-fired plants dominate
current electricity generation, accounting for about 90% of generating capacity. In order
to meet electricity demand, avoid additional power shortages and reduce carbon
emissions, South Africa’s state-owned utility Eskom solicited bids for a fleet of up to
12 reactors in 2007, but the process was put on hold owing to the financial crisis. In 2010,
the South African government approved the Integrated Resources Plan that sees nuclear
generating capacity increasing from 1.8 GWe today to over 11 GWe by 2030, with the first
units online by 2025. The government reconsidered this nuclear development plan
following the Fukushima Daiichi accident but after reassessing the safety of its nuclear
facilities announced that it remains committed to nuclear power remaining a necessary
and growing component of the energy strategy. Three proposed coastal sites for new
NPPs are being investigated: Thyspunt (in the Eastern Cape province), Bantamsklip and
Duyneyfontein (both in the Western Cape province). In 2013, the government signed an
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agreement with the EU to co-operate in the supply of nuclear and non-nuclear materials,
equipment and technologies associated with civil nuclear power. The government has
announced its intention to invite bids for new build in early 2014. Plans to restart
enrichment for both domestic and export purposes are also reportedly under
consideration.

Although no other countries in Africa have NPPs at this time, several have expressed
interest in developing nuclear power for electricity generation and desalination in recent
years, including Algeria, Egypt, Ghana, Kenya, Morocco, Namibia, Niger, Nigeria, Tunisia
and Uganda. Both Egypt and Nigeria reaffirmed plans to install nuclear generating
capacity in the long term after the Fukushima Daiichi accident. In 2012, a commission to
co-ordinate and promote the development of nuclear energy in Africa established by the
African Union became fully operational. South Africa has agreed to host the African
Commission on Nuclear Energy (Afcone) in Pretoria.

Annual reactor-related uranium requirements for Africa amounted to about 290 tU in
2012 and 2013.

South-eastern Asia (0 GWe net as of 1 January 2013)

No reactors were operational in this region at the end of 2012 but several countries are
considering nuclear development plans, suggesting growth in nuclear generating
capacity in the longer term as the region continues to experience strong economic
growth. Concerns about climate change, security of energy supply and energy mix
diversification along with volatile fossil fuel prices are driving nuclear development
policies but political support has generally been weak (except in Viet Nam) owing to
public safety and cost concerns. Moreover, public confidence in nuclear power has been
undermined by the Fukushima Daiichi accident.

In Malaysia, since the decision to develop a national nuclear policy in 2008, the
government established the Malaysian Nuclear Power Corporation in late 2011 to plan,
spearhead and co-ordinate the implementation of a nuclear energy development
programme and take the necessary action to realise the first NPP in the country. Driven
by an emerging gap in electricity production and the need to diversify the energy mix, a
target of 2 GWe of nuclear generating capacity was adopted, with the first unit to be
operational by 2021. Although work continues toward realising this goal through efforts
to promote public acceptance, adopt the necessary regulations, sign required
international treaties and obtain low-cost financing, it was reported that the programme
had fallen behind schedule as a result of public distrust following the Fukushima Daiichi
accident.

In Thailand, the third revision of the National Energy Policy Council released in 2012
scaled back the planned contribution from nuclear energy from 10% to 5% and set back
the schedule for the installation of the first unit from 2020 to 2026; the second three-year
postponement since the Fukushima Daiichi accident. The postponements were
implemented in order to ensure safety and improve public understanding of nuclear
energy. Currently, Thailand relies on natural gas to generate over 70% of its electricity.
Domestic fossil fuel energy reserves are in decline and electricity demand is expected to
double by 2024. The Thailand Power Development Plan of 2010 called for the installation
of a total of 5 GWe of nuclear generating capacity.

In Viet Nam, with annual economic growth of over 5%, increasing electricity demand
that already requires rationing and further shortages forecast by 2020, a reliance on
hydro (over one-third of supply) with little prospect for expansion and a shortage of fossil
fuels, the government established a master plan with a goal of nuclear power supplying
as much as 25% of domestic electricity production by 2050. The first step in achieving this
goal was made when the Ministry of Industry and Trade signed an agreement with
Atomstroyexport in 2010 to construct the country’s first NPP. This agreement covers two
VVERs (1.0 GWe each) to be built at PhuocDinh in the NinhThuan province on a turnkey
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basis, the first of what is expected to be as many as ten NPPs (15 GWe total) to be
operational by 2030. Construction was initially expected to begin by the end of 2014 with
the first reactor commissioned by 2020, but this schedule has reportedly been delayed by
as much as three years. The agreement also reportedly includes a low interest loan of
USD 10 billion, the provision of nuclear fuel and the return of used fuel for reprocessing
for the life of the plant. A second agreement has reportedly been signed with a Japanese
consortium for two units at VinhHai in the NinhThuan province, including finance and
insurance for up to 85% of total costs. The Republic of Korea is reportedly expected to win
a contract for the third, two-unit NPP after agreeing to conduct a feasibility study of the
project, and negotiations are reportedly underway with the Russian Federation to add
four units to PhuocDinh. The potential bottleneck of an insufficient number of qualified
personnel to operate and regulate the industry is being addressed with a USD 140 million
budget for training, initially in the Russian Federation and Japan. In August 2013, it was
announced that construction of a centre for nuclear science technology would be
undertaken, funded by loans of up to USD 500 million from the Russian Federation to
further accelerate training. The government has also launched an information campaign
to better inform the public on nuclear power.

The governments of Indonesia, the Philippines and Singapore have considered the
use of nuclear power to help meet rising electricity demand despite recurring large-scale
natural hazards. In 2012, the Prime Minister of Cambodia had reportedly not allowed a
feasibility study of establishing an NPP in the Koh Kong province to proceed owing to the
Chernobyl and Fukushima Daiichi accidents and Singapore concluded that no available
nuclear technology is suitable for deployment in the city-state in 2010.

Pacific (0 GWe net as of 1 January 2013)

This region currently has no commercial nuclear capacity. Current policy prohibits the
development of commercial nuclear energy in Australia. The government of
New Zealand also has a policy prohibiting the development of nuclear power but is
reported to be considering options for future electricity supply in light of greenhouse gas
reduction targets and declining supplies of natural gas.

Projected nuclear power capacity and related uranium requirements to 2035
Factors affecting capacity and uranium requirements

Reactor-related requirements for uranium, over the short term, are fundamentally
determined by installed nuclear capacity, or more specifically by the number of kilowatt-
hours of electricity generated in operating NPPs. Since the majority of the anticipated
near-term capacity is already in operation or wunder construction, short-term
requirements can be projected with greater certainty. However, both short-term and
long-term requirements are much more challenging to project following the accident at
the Fukushima Daiichi NPP in 2011.

Uranium demand is also directly influenced by changes in the performance of
installed NPPs and fuel cycle facilities, even if the installed base capacity remains the
same. Energy availability and capacity factors have increased from 71.0% to generally
over 80% since 2000 (IAEA, 2014). In 2010, the average world nuclear energy availability
factor (as defined by the IAEA) was 81%. Increased availability tends to increase uranium
requirements, but unexpected events in recent years have disrupted the trend of
increasing availability factors. After reaching 82.9% in 2006, the world average availability
factor declined slightly because of an extended shutdown of seven large reactors at the
Kashiwazaki Kariwa station in Japan that were damaged by a strong earthquake in July
2007. After recovering to 81% in 2010, the world average availability factor declined to
78.7% in 2011 and further to 73.5% in 2012 following the Fukushima Daiichi accident that
eventually led to the entire Japanese nuclear fleet being taken off line pending safety
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checks. These reactors will not be restarted until applications from utilities are reviewed
in light of new, more stringent safety requirements administered by the Nuclear
Regulation Authority (NRA), a new independent regulatory body created in 2012, part of
the Japanese government’s response to the Fukushima Daiichi accident. Once restarts are
approved by the NRA, consent will also have to be received from local and national
governments.

Other factors that affect uranium requirements include fuel-cycle length and
discharge burn-up as well as strategies employed to optimise the relationship between
the price of natural uranium and enrichment services.? Generally increased uranium
prices since 2003 have provided incentive for utilities to reduce uranium requirements by
specifying lower tails assays at enrichment facilities, to the extent possible in contracts
and the ability of the enrichment facilities to provide the increased services. Overcapacity
in the enrichment market since the Fukushima Daiichi accident that led to a political
decision to close eight reactors in Germany before the end of their operational lifetime
and the entire nuclear fleet being taken offline in Japan, has provided incentive to
enrichment facility operators to “underfeed” facilities by extracting more **U from the
uranium feedstock, reducing the amount of uranium required to produce contracted
quantities of enriched uranium that, in turn, creates a stockpile of uranium. In
recognition of these recent market trends, uranium requirements for the operational
lifetime of projected new reactors in this publication have been reduced from
175 tU/GWe/yr assuming a tails assay of 0.30%, to 163 tU/GWe/yr assuming a tails assay
of 0.25% (including first core requirements over the lifetime of the reactor). This uranium
requirement factor has been applied in recent editions of this publication in the absence
of uranium requirement data provided by governments.

Enrichment providers have indicated that they are considering re-enrichment of
depleted uranium tails in modern centrifuge facilities as an economic means of creating
additional fissile material suitable for use in civil nuclear reactors. In addition,
technological development of laser enrichment led to an agreement in 2013 between the
US Department of Energy (DOE) and Global Laser Enrichment to further develop the
technology using a portion of the US inventory of high assay uranium tails (about
115 000 tonnes), estimated to amount to a total of between 25000 and 35000 tU.
Successful deployment of laser enrichment to re-enrich depleted uranium tails could
bring a significant source of secondary supply to the uranium market in the mid-term,
although technological hurdles remain to be overcome before commercial deployment
can be achieved. Nonetheless, developments like these in the enrichment sector have put
further downward pressure on uranium prices.

The combined impact of tails assay variation and strategies to optimise reactor
operation and fuel costs, as well as unanticipated reactor closures and the idling of
reactors in Japan, are evident in the uranium requirements data collected for this edition,
since global requirements have decreased from 65 180 in 2011 to 61 600 tU in 2012 and are
expected to decline further to 59 270 tU in 2013, despite global installed nuclear capacity
remaining relatively steady through 2012 and 2013. Uranium requirements (defined in
the Red Book as anticipated acquisitions, not necessarily consumption) are however
expected to increase in the coming years as the significant amount of capacity currently
under construction comes online, particularly in Asia.

The strong performance and economic competitiveness of existing plants, chiefly
because of low operating, maintenance and fuel costs, has made retention and
improvement of existing plants desirable in many countries. This has resulted in a trend

3. A reduction of the enrichment tails assay from 0.3 to 0.25% 2**U would, all other factors being
equal, reduce uranium demand by about 9.5% and increase enrichment demand by about 11%.
The tails assay selected by the enrichment provider is dependent on many factors including the
ratio between natural uranium and enrichment prices.
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to keep existing plants operating as long as can be achieved safely and upgrading existing
generating capacity, where possible. This strategy has been undertaken in the
United States and other countries (e.g. Canada, France, Hungary, Mexico, the Netherlands,
the Slovak Republic, the Russian Federation and Sweden) have or are planning to upgrade
their generating capacities and/or extend the lives of existing NPPs. However,
competition from subsidised intermittent renewable energy sources and low natural gas
prices as a result of technological advances in shale gas recovery have nevertheless
recently rendered some plants uneconomic in liberalised energy markets in the United
States, leading to shut downs before the end of the originally planned operational
lifetime (e.g. Kewaunee and Vermont Yankee). Regulatory responses to the Fukushima
Daiichi accident have also increased operating costs that may affect the competitiveness
of other reactors, in particular the smaller, single units operating in liberalised markets in
the United States.

Installation of new nuclear capacity will increase uranium requirements, particularly
since first load fuel requirements are roughly some 60% higher than reloads for plants in
operation, providing that new build capacity outweighs retirements (first load
requirements are included in the lifetime requirement figure of 163 tU/GWe/yr used in
this edition of the Red Book). A wide range of factors must be taken into consideration
before any new significant building programmes are undertaken. These factors include
projected electricity demand, security and cost of fuel supplies, the cost of financing
these capital intensive projects, the cost competitiveness of nuclear compared to other
generation technologies and environmental considerations, such as greenhouse gas
emission reduction targets. Proposed waste management strategies and non-proliferation
concerns stemming from the relationship between the civil and military nuclear fuel
cycles also must be addressed. Following the Fukushima Daiichi accident, public
acceptance of the safety of nuclear energy will require greater attention and this remains
a pivotal issue in the yet to be determined role that nuclear power will play in the coming
years in Japan.

Declining electricity demand in several developed countries during the lengthy
recession following the financial crisis of 2008, the low cost of natural gas in the
United States, competition from subsidised renewable energy sources in Europe and the
United States and the challenge of raising the significant investment required for capital
intensive projects with lengthy regulatory approval and construction times like NPPs, has
made nuclear power development generally more challenging, particularly in liberalised
energy markets.

However, despite these challenges and the reaction of a few countries to back away
from nuclear power following the Fukushima Daiichi accident (i.e. the strengthening of
nuclear phase-out programmes in Belgium, Germany and Switzerland and the decision to
not proceed with nuclear power development in Italy for at least five years following a
national referendum), many countries have decided that, on balance, objective analysis
of these factors supports development of nuclear power. This is particularly so in
countries with growing air pollution issues like China and India where coal-fired
generation presently provides the majority of electricity. Significant nuclear building
programmes are underway in India and following a near 24-month pause to reassess
safety requirements, are continuing in China. Although the impacts of the global
financial crisis have slowed the implementation of ambitious new build plans in some
countries (e.g. South Africa), several other nations remain committed to long-term
growth in nuclear generating capacity. Smaller scale programmes to increase nuclear
generating capacity are underway in for example, the Czech Republic and Finland, while
Poland continues to work towards construction of its first reactors. In the United States,
despite the unexpected closure of five reactors, construction activities are underway on
five reactors.

The International Energy Agency’s (IEA) 2013 World Energy Outlook (WEQ) once again
notes that if governments follow the current path of current energy policy, severe climate
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change impacts can be expected and greenhouse gas emissions from electricity
production is at the heart of the issue (IEA, 2013). Moreover, climate change appears to be
slipping down the policy agenda and although energy efficiency policies are gaining
momentum and growth in renewable energy sources is continuing, investment in
renewables slowed in 2012. Economic implementation of carbon capture and storage
remains distant and, as noted above, nuclear power faces a number of challenges. In
setting a goal of stopping growth in emissions by 2020, four policy measures are proposed:
implementation of select energy efficiency policies, limiting the use of inefficient coal
power plants, reducing methane emissions from upstream oil and gas facilities and the
partial removal of fossil fuel subsidies.

Global electricity demand to 2035 is expected to increase by two-thirds, or about 2.2%
a year on average, with the largest increases expected from China, India and Southeast
Asia. The success of policy measures proposed to reduce emissions in the face of rising
demand hinges on the transition from fossil-fuelled to low-carbon generation sources. In
the IEA New Policies Scenario for example, a marked difference is projected between
OECD member countries, where the shift is towards renewable generating sources, and
non-OECD member countries, where coal remains the dominant source of electricity
generation. In terms of nuclear power, the New Policies Scenario projects growth in
nuclear generating capacity, mainly in non-OECD countries, but the share of nuclear
generating capacity in the energy mix is projected to remain at about 12% globally. The
WEO notes that the expansion of nuclear power is mainly policy driven and can be
limited by public opposition and long permitting processes that heighten uncertainties
about project completion dates that in turn increases cost.

Projections to 2035*

Forecasts of installed capacity and uranium requirements, although uncertain due to the
above-mentioned factors, continue to point to long-term growth. Installed nuclear
capacity is projected to increase from about 372 GWe net at the beginning of 2013 to
between about 400 GWe net (low case) and 678 GWe net (high case) by the year 2035. The
low case represents growth of about 7% from 2013 nuclear generating capacity, while the
high case represents an increase of about 82% (Table 2.3 and Figure 2.3). By 2025, low and
high case scenario projections see increases of 12% and 51% respectively, indicating that
significant expansion activities are already underway in several countries.

However, these projections are subject to even greater uncertainty than usual
following the Fukushima Daiichi accident, since the role that nuclear power will play in
the future generation mix in Japan has not yet determined and China did not report
official targets for nuclear power capacity beyond 2020 for this edition. As a result,
projections submitted in 2011 by the Chinese government are once again used. The
almost two-year pause in the implementation of China’s nuclear power development
programme to review safety following the Fukushima Daiichi accident and the lack an
officially announced capacity expansion targets beyond 2020 justifies this approach.

The low case installed nuclear capacity projection to 2035 has decreased by 26%
compared to the last edition of this publication in 2011, due in part to incorporating the
current policy of the French government to diversify electricity generation and reduce
nuclear generation share of electricity production from 75% to 50%, strengthened phase-
out policies in Belgium and Germany and reduced expectations of low case capacity
additions in Canada and the United States. In Japan, installed nuclear capacity is

4. Projections of nuclear capacity and reactor-related uranium requirements are based on official
responses from member countries to questionnaires circulated by the Secretariat. For countries
that did not provide this information, Secretariat projections are based on data from the IAEA
Energy, Electricity and Nuclear Power Estimates for the Period up to 2050. Because of the uncertainty
in nuclear programmes in the years 2015 onward, high and low values are provided.
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projected to decline from 44 GWe in 2013 to about 10 GWe by 2035 as reactors are
permanently shut down owing to a range of factors including location near active faults,
technology, age and local political resistance.

The high case projection to 2035 has also declined, but only by 9% compared to 2011,
as projections in a number of countries (e.g. Bangladesh, Bulgaria, Canada, India, the
Republic of Korea, the Netherlands, Pakistan, the Russian Federation, Slovak Republic,
Slovenia, South Africa, Sweden and Chinese Taipei) have been reduced or delayed
somewhat as the safety of nuclear power was reviewed and other factors. New safety
requirements have in general strengthened the robustness of responses to extreme
events and the costs of implementing these measures could reduce the competitiveness
of nuclear power in some liberalised markets. The high case scenario for Japan sees
capacity remaining about the same as several reactors remain in service and ageing units
are replaced by new reactors.

Nuclear capacity projections vary considerably from region to region. The East Asia
region is projected to experience the largest increase that, by the year 2035, could result
in the installation of between 55 GWe and 125 GWe of new capacity in the low and high
cases respectively, representing increases of about 65% and 150% over 2013 capacity.
While representing significant regional capacity increases, it is important to note that
while the projections are based on recently revised nuclear development plans in the
Republic of Korea, they are based on 2011 data from China that may not completely
reflect the results of an extensive review of the safety of nuclear power conducted by the
government following the Fukushima Daiichi accident. The regional projection also
estimates that installed (not necessarily in operation) nuclear generating capacity in
Japan by 2035 will be reduced by either 75% or will increase slightly by about 5% from
2013 installed capacity in the low and high cases, respectively. Should either of these
projections prove incorrect, significant regional and global capacity adjustments could
result.

Nuclear capacity in non-EU member countries on the European continent is also
projected to increase considerably, with between 20 and 45 GWe of capacity additions
projected by 2035 (increases of about 50% and 110% over 2013 capacity, respectively).
Other regions projected to experience significant nuclear capacity growth include the
Middle East, Central and Southern Asia and South-eastern Asia regions, with more
modest growth projected in Africa and the Central and South America regions. For North
America, nuclear generating capacity in 2035 is projected to either decrease by almost
30% in the low case or increase by 20% in the high case by 2035, depending largely on
future electricity demand, lifetime extension of existing reactors and government policies
with respect to greenhouse gas emissions. In the EU, the outlook is similar, with nuclear
capacity in 2035 either projected to decrease by 45% in the low case scenario or increase
by 15% in the high case. The low case projection includes the implementation of phase-
out or reduced nuclear generation policies, continued subsidisation of intermittent
renewable energy sources and weak growth in electricity demand. In the high case,
phase-out policies are maintained but plans for the installation of additional nuclear
generation capacity are assumed to be successfully realised in the Czech Republic,
Finland, Hungary, Romania and the United States.

World reactor-related uranium requirements by the year 2035 (assuming a tails assay
of 0.25%) are projected to increase to a total of between 72 200 tU/yr in the low case and
121 100 tU/yr in the high case, representing increases of about 20% and 105%, respectively,
compared with 2013 requirements (Table 2.4 and Figure 2.4). Due to a combination of
reductions in installed nuclear capacity projections compared to 2011 and the use of a
lower uranium requirements figure in cases where governments do not provide this
information (163 tU/GWe/yr compared to 175 tU/GWe/yr in previous editions), projected
uranium requirements to 2035 have declined by 25% in the low case and 10% in the high
case, compared to 2011.
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Table 2.3. Installed nuclear generating capacity® to 2035
(MWe net, as of 1 January 2013)

Country 2012 2013 2015 - 2020 - 2025 - 2030 . 2035 .
Low High Low High Low High Low High Low High

Algeria* 0 0 0 0 0 0 0 0 0 0 0 600
Argentina®) 935 935 1450 1450 2350 2350 4 665 5865 4815 4815* 4815* 4815*
Armenia 375 375 375 375 375 375 1000 1000 1000 2000 2000 2000
Bangladesh* 0 0 0 0 0 1000 1000 2000 2000 2000 2000 3000
Belarus* 0 0 0 0 0 1140 2085 2280 2280 2280 2280 2280
Belgium* 5927 5927 5927 5927 4099 4099 3000 4 099* 0 4.099* 0 0
Brazil 1875 1875 1875 1875 3120 3120 3120 5120 3120 7120 4 575* 7 485
Bulgaria* 1906 1906 1906 1906 1906 1906 1906 1906 1906 2906 953 2906
Canada 13 500 13500 13 500 13 500" 10 100 10 400* 10 100* 10 400* 8 900" 12 400* 6 145* 12 400*
China®@ 12 860 16 040 25000 35000 40 000 58 000 58 000 71300 71 300 83 800 83 800 108 800
Czech Republic 3760 3884 3850 3880 3900 3920 5900 6 100 5900 6100 7100 7200
Egypt* 0 0 0 0 0 0 0 0 0 1000 0 1000
Finland 2700 2700 2750 4400 2750 4500 5600 7800 5100 7300 5600 6800
France 63 130 63 130 63 130 63 130 62 900 62 900 43 885" 64 410* 42 060" 64 410* 37 865" 61475
Germany 12100 12100 10 800* 12100 5 460" 8100 0 0 0 0 0 0
Hungary 1890 1890 1890 1890 2000 2000 2000 3000 2000 4000 950 3000
India®) 4391 5308 5990* 6915 9575 10 905 15 215* 23750 18 445* 36 730" 18 240* 36 745"
Indonesia* 0 0 0 0 0 0 0 0 0 1000 0 2000
Iran, Islamic Republic of 915 915 915 915 3175 5075 6 975 7925 6 975* 7 925* 6 975* 7 925*
Italy 0 0 0 0 0* 0* 0* 6 400 0* 13 000 0" 13 000
Japan* 44 215 42 400 30 730 43 690 26 645 44 650 22990 44 210 17 855 46 690 10 195 44130
Jordan* 0 0 0 0 0 0 0 0 1000 2000 1000 2000
Kazakhstan® 0 0 0 0 0 600 300" 600" 300" 600* 300* 600*
Korea, Republic of* 18 700 20 710" 24 500" 24 500 27 900" 31500 35900 37 000" 42700 46 000" 42700 45 300"
Lithuania® 0 0 0 0 0 0 0 0 0 1500 0 1500
Malaysia* 0 0 0 0 0 0 0 0 0 1000 0 1000
Mexico* 1400 1400 1400 1600 1 500* 1600 1 500* 1600 1 500* 2600 1500* 2600

See notes on page 103.
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Table 2.3. Installed nuclear generating capacity® to 2035 (continued)
(MWe net, as of 1 January 2013)

Country 2012 2013 2015 : 2020 : 2025 : 2030 : 2035 :
Low High Low High Low High Low High Low High

Morocco* 0 0 0 0 0 0 0 0 0 1000 0 1000
Netherlands* 480 480 480 480 480 480 480 480 480 480 0 0
Pakistan* 725 725 600 725 900 1325 1200 1200 1200 3200 1200 3200
Poland 0 0 0 0 0 0 1000 1650 4500 7000 7000 10 000
Romania* 1300 1300 1300 1300 1300 1300 2000 2000 2000 2700 2000 2700
Russian Federation(®) 23 640 23 640 22765 22765 22 960 25890 26 475 34 000 27 550 37710 29310 39375
Saudi Arabia* 0 0 0 0 0 0 0 2690 0 2690 0 2690
Slovak Republic 1816 1816 2692 2692 2692 289% 2692 289% 2692 28% 2692 2 8%
Slovenia* 698 698 698 698 698 698 698 698 698 698 698 698
South Africa 1840 1840 1840 1840 1840 1840 1840 7200 1840 14 400 1840 20000
Spain 7515 7120 7070 7070 7070 7070 7115* 7315* 7115* 7315* 2 050" 7315*
Sweden* 9300 9 500* 9 600* 9 600* 10 100 10 100* 10 100* 10 100* 10 100 10 800* 200* 7 800*
Switzerland 3280 3280 3280 3280 2175 3280 1190 3280 0 2905 0 2175
Thailand 0 0 0 0 0 0 0 0 0 3000 0 3000
Turkey 0 0 0 0 0* 1200 1140* 7040 2 280* 9280 2 280" 9280
Ukraine(®) 13100 13100 15000 17 000 15 800 19200 17 900 24900 19000 24900 24700 29000
United Arab Emirates* 0 0 0 0 2690 5380 5380 5380 5380 5380 5380 5380
United Kingdom* 9200 9 200* 8700 9 200* 7700 10 240* 3600 12 980* 1200 12 600* 1200 13 190*
United States* 101400 99 600 99100 | 100020* | 103420* | 105650* | 104900 121900 102 800 121 900 74 900 122 500
Viet Nam* 0 0 0 0 0 0 2000 3000 2000 6 000 2000 6000
OECD total 303 071 299 271 290 097 307 657 281 589 315281 262 875 353 356 257 880 382 471 203 075 37117571
World total®@ 371 961 372258 | 3741421 407 451 394100 462 415 416 831 563 200 432 691 650 455 399 143 678 486

* Secretariat estimate, to 2030, based on Energy, Electricity and Nuclear Power Estimates for the Period up to 2050, IAEA (Vienna), August 2013.

+ Data from Nuclear Energy Data, NEA (Paris), 2013.

(a) Projections for years 2015 to 2035 from 2011 Red Book. The following data for Chinese Taipei are included in the world total but not in the totals for China: 5 028 MWe in 2011
and 2012, respectively; 5 028 and 7 728 net for the low and high cases in 2015; 6 520 and 7 728 MWe net for the low and high cases in 2020; 2 700 and 7 728 MWe net for the low
and high cases in 2025; 2 700 and 10 328 for the low and high cases in 2030 and 2035, respectively. These projections are based on government policy announcements as of May

2013.
(b) MWe gross converted to net by the Secretariat.
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Table 2.4. Annual reactor-related uranium requirements® to 2035
(tonnes U, rounded to nearest five tonnes)

Country 2012 2013 2015 : 2020 : 2025 : 2030 : 2035 :
Low High Low High Low High Low High Low High
Algeria* 0 0 0 0 0 0 0 0 0 0 0 100
Argentina 120 120 140 140 285 285 635 850 660 660" 660" 660"
Armenia 65 65 65 65 65 65 315 315* 155 470 310 310
Bangladesh* 0 0 0 0 0 165 165 330 330 330 330 495
Belarus® 0 0 0 0 0 185 365 365 365 365 365 365
Belgium 1030 1160 950 950 670" 670" 340* 670" 0 670* 0 0
Brazil 400 650 600 600 550 550 550 1000 550 1400 745* 1.400*
Bulgaria* 310 310 310 310 310 310 310 310 310 475 155 475
Canada 1600 1675 1500 1650 1500 1695 1645 1695 1450 2020* 1000 2020*
China®@) 4 200" 4 800" 6 450 8200 6 450 8200 12300 16 200 12300 16 200 14 400 20 500
Czech Republic 670 640 650 655 955 970 885 890 1090 1100 1100 1500
Egypt* 0 0 0 0 0 0 0 0 0 165 0 165
Finland 370 370 700 760 700 1360 870 1250 690 1050 690 1050
France 8000 8000 8000 9000 8000 9000 7155* 10 500* 6 855* 10 500* 6175* 10 020*
Germany 2000 2000 1970* 2000 895* 1200 0 0 0 00 0 0
Hungary 430 365 435 435 390 390 390 490* 390 650* 195 490"
India 715" 1400 975 1300 1800 2050 2 480" 4400 3 005* 5985* 2975 5990*
Indonesia* 0 0 0 0 0 0 0 0 0 165 0 330
Iran, Islamic Republic of 40 160 160 160 590 910 1230 1390 1230 1390 1230 1390
Italy 0 0 0 0 0* 0* 0* 1045 0* 2120* 0 2120*
Japan 1.960* 1200* 2 500* 3 500* 4 345" 7 280* 3 745* 7 205* 2910* 7610* 1660 7195*
Jordan* 0 0 0 0 0 0 0 0 165 330 165 330
Kazakhstan 0 0 0 0 0 60 50* 100* 50* 100* 50* 100*
Korea, Republic of* 4200 4500 4600 4700 6 000 6 200 7200 7700 8600 9100 10 000 10 700
Lithuania* 0 0 0 0 0 0 0 0 0 245 0 245
Malaysia* 0 0 0 0 0 0 0 0 0 165 0 165
Mexico* 180 230 385 435 190 435 410 410* 395 410* 395 410*
Morocco* 0 0 0 0 0 0 0 0 0 165 0 165

See notes on page 105.
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Table 2.4. Annual reactor-related uranium requirements® to 2035 (continued)

(tonnes U, rounded to nearest five tonnes)

2015 2020 2025 2030 2035
Country 2012 2013 - - - - -
Low High Low High Low High Low High Low High

Netherlands* 60 60 60 60 60 60 60 60 60 60 0 0
Pakistan* 120 120 100 195 145 195 195 195 195 520 195 520
Poland* 0 0 0 0 0 0 165* 270" 790 900 900 1000
Romania* 210 210 210 210 210 210 210 210 330 330 330 440
Russian Federation 3 800 3 800 3700 3700 3700 4 200 4 300 5500 4 450 6 150 4800 6400
Saudi Arabia 0 0 0 0 0 0 0 440 0 440 0 440
Slovak Republic 375 360 660 660 505 555 515 555 515 555 515 555
Slovenia 150 140 120 180 120 180 120 180 120 180 120 180
South Africa 290 290 290 290 290 290 290 1190 290 2375 290 3300
Spain 940 1655 1250 1350 1250 1350 1250 1350 1160* 1190 335" 1190
Sweden* 1470 1550* 1 565 1900 1650 1900 1650 1900 1650 1900 35* 1270
Switzerland 290 290 230 355 170 535 170 535 0 470 0 365
Thailand 0 0 0 0 0 0 0 0 0 490 0 490
Turkey* 0 0 0 0 0 195 185 1150 370 1550 370 1550
Ukraine 2480 2480 2480 3230 3020 3600 3020 3660 3600 4 800 4 800 5300
United Arab Emirates* 0 0 0 0 440 875 875 875 875 875 875 875
United Kingdom* 1220 1500 1350 1650 580 1665 305 2115* 305 2 055* 0 2150*
United States 23085 18 350 19170* 19170* 19 300* 19 300* 21260 24 650 20835 26 650 15270 24735
Viet Nam* 0 0 0 0 0 0 330 490 330 980 330 980
OECD total 48 030 44 045 46 095 49 410 47 280 54 940 48 320 64 620 48 185 70 740 38760 68 500
World total 61 600 59 270 62 755 69 075 66 200 78 355 76 380 103 705 77 815 117 990 72 205 122110

* Secretariat estimate, to 2030, based on Energy, Electricity and Nuclear Power Estimates for the Period up to 2050, IAEA (Vienna), August 2013; if uranium requirement data are
not provided in questionnaire response, requirements are calculated assuming lifetime requirements of 163 tU/GWel/yr.

+ Data from Nuclear Energy Data, NEA (Paris), 2013.

(a) The following data for Chinese Taipei are included in the world total but not in the totals for China: 820 tU in 2012; 820 tU and 1 265 tU in the low and high cases in 2015;
1 065 tU/yr and 1 265 tU in the low and high cases in 2020; 440tU and 1 265 tU in the low and high cases in 2025; 440 tU and 1 690 tU in the low and high cases in 2030 and 2035,

respectively.
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Figure 2.3. Projected installed nuclear capacity to 2035
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Figure 2.4. Annual reactor-related uranium requirements to 2035
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As in the case of nuclear capacity, uranium requirements vary considerably from
region to region reflecting projected capacity increases and possible inventory building.
Annual uranium requirement increases are projected to be largest in the East Asia region
where increased installed nuclear generating capacity (particularly in China and the
Republic of Korea) drives significant growth in uranium requirements. In contrast to
steadily increasing uranium requirements in the rest of the world, annual requirements
in the EU are either projected to decline by about 40% (low case) or increase by 25% (high
case) by 2035, compared to 2013 requirements. Projected North American uranium
requirements show a similar wide range, varying from a decline of almost 20% (low case)
to growth of almost 35% (high case) by 2035.
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Uranium supply and demand relationships

Uranium supply has been adequate to meet demand for decades and there have been no
supply shortages since the last edition of this report. However, a number of different
sources of supply are required to meet demand. The largest is the primary production of
uranium that, over the last few years, has satisfied as much as 95% of world
requirements. The remainder has been provided or derived from secondary sources
including stockpiles of natural and enriched uranium, blending down weapons grade
uranium, reprocessing of spent fuel and the re-enrichment of depleted uranium tails.

Primary sources of uranium supply

Uranium was produced in 21 countries in 2012, 1 less than in 2010 (no mine remediation
production was reported for Bulgaria in 2012), with total global production amounting to
58 816 tU (representing increases of 7% and 8% from 2011 and 2010, respectively). Of
these 21 producing countries, 3 reported limited production through mine remediation
efforts only (France, Germany and Hungary). Kazakhstan passed Canada in 2009 to
become the world’s largest producer and has remained in this position through 2012,
continuing its run of production increases of 8% each year over the past two years, albeit
levelling off from the more significant increases of 65% and 27% in 2009 and 2010,
respectively. Production in Kazakhstan is projected to increase by 6% in 2013 to 22 500 tU.
The top five producing countries in 2012 (Kazakhstan, Canada, Australia, Niger and
Namibia) accounted for 79% of world production and ten countries, Kazakhstan (36%),
Canada (15%), Australia (12%), Niger (8%), Namibia (8%), the Russian Federation (5%),
Uzbekistan (4%), the United States (3%), China (2%) and Malawi (2%) and Ukraine (2%)
accounted for 97% of global mine production.

Of the 30 countries currently using uranium in commercial NPPs, only Canada and
South Africa produced enough uranium in 2012 to meet domestic requirements
(Figure 2.5) creating an uneven distribution between producing and consuming countries.
All other countries with nuclear power must make use of imported uranium or secondary
sources and, as a result, the international trade of uranium is a necessary and established
aspect of the uranium market. Given the uneven geographical distribution between
producers and consumers, the safe and secure shipment of nuclear fuel will need to
continue without unnecessary delays and impediments. Difficulties that some producing
countries, in particular Australia, have encountered with respect to international
shipping requirements and transfers to international ports have therefore always been a
matter of some concern. However, efforts to objectively inform port authorities on the
real risks involved and better recognition of the longstanding record of successful
shipments of these materials have helped avoid unnecessary delays.

Due to the current availability of secondary supplies, primary uranium production
volumes have been for some time significantly below world uranium requirements.
However, this has changed in recent years as production has increased and requirements
have declined. In 2012, world uranium production (58 816 tU) provided about 95% of
world reactor requirements (61 600 tU). In OECD countries, the gap between production
and requirements has changed little as both have declined in the past two years. In 2012,
production of 17 956 tU provided 37% of requirements (48 030 tU; Figure 2.6). Remaining
reactor requirements were met by imports and secondary sources.

Secondary sources of uranium supply

Uranium is unique among energy fuel resources in that a significant portion of demand
has been supplied by secondary sources rather than direct mine output. These secondary
sources include: stocks and inventories of natural and enriched uranium, both civilian
and military in origin; nuclear fuel produced by reprocessing spent reactor fuels and from
surplus military plutonium; uranium produced by the re-enrichment of depleted uranium
tails.
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Figure 2.5. Estimated 2013 uranium production and reactor-related requirements for major
producing and consuming countries
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Natural and enriched uranium stocks and inventories

From the beginning of commercial exploitation of nuclear power in the late 1950s to 1990,
uranium production consistently exceeded commercial requirements (Figure 2.7). This
was mainly the consequence of a lower than projected growth rate of nuclear generating
capacity combined with high levels of production for strategic purposes. This period of
over production created a stockpile of uranium potentially available for use in
commercial power plants. After 1990, production fell well below demand as secondary
supplies fed the market. Initially, production dropped well below demand but the gap has
closed in the last two years as mine production is increasing and uranium requirements
are declining, at least temporarily. The decline in requirements in 2008 was likely related
to utilities specifying lower tails assays at enrichment facilities and a reduced number of
reactors being refuelled. Since 2008, requirements increased slightly before declining
again owing to unplanned reactor closures in Germany and Japan following the
Fukushima Daiichi accident. Production since 2007 has generally increased and has
closed the gap to reactor requirements.

Figure 2.7. Annual uranium production and requirements”
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Following the political and economic reorganisation in Eastern Europe and the former
Soviet Union in the early 1990s, steps have been taken to move towards the development
of an integrated global commercial market. More uranium is now available from the
former Soviet Union, most notably Kazakhstan, but also the Russian Federation and
Uzbekistan, as is more information on the production and use of uranium in the former
Soviet Union. Despite these developments and some better information on the amount of
uranium held in inventory by utilities, producers and governments, uncertainties remain
regarding the size of these inventories as well as the availability of uranium from other
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potential secondary supply sources. This, combined with uncertainty about the desired
levels of commercial inventories continues to influence the uranium market.

Data from past editions of this publication, along with information provided by
member states, give a rough indication of the possible maximum upper level of
potentially commercially available inventories. Cumulative production through 2012 is
estimated to have amounted to over 2700000 tU, whereas cumulative reactor
requirements through 2012 amounted to about 2 150 000 tU. This leaves an estimated
remaining stock of roughly 550 000 tU; a rough estimate of the upper limit of what could
potentially become available to the commercial sector (Figure 2.8). This base of already
mined uranium, minus an unknown but not insignificant amount lost during processing,
has essentially been distributed into two sectors, with the majority used and/or reserved
for the military and the remainder used or stockpiled by the civilian sector. Since the end
of the Cold War, increasing amounts of uranium, previously reserved for strategic
purposes, have been released to the commercial sector.

Figure 2.8. Cumulative uranium production and requirements*
(1947-2013)
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Civilian inventories include strategic stocks, pipeline inventory and excess stocks
available to the market. In recent years material held by financial investors has been a
part of the inventory, although reports indicate that the major investment banks are in
the process of exiting commodity markets because of declining demand and increased
regulation. Utilities are believed to hold the majority of commercial stocks because many
have policies that require carrying the equivalent of one to two years of natural uranium
requirements. Despite the importance of this secondary source of uranium, information
about the size of these stocks is limited because few countries are able or willing, due to
confidentiality concerns, to provide detailed information on stockpiles held by producers,
consumers or governments (Table 2.5).
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Table 2.5. Uranium stocks in countries responding to 2013 questionnaire
(tonnes natural U equivalent as of 1 January 2013)

Country Natural uranium Enriched uranium
Argentina@ 52 0
Australia® 0 0
Belgium NA NA
Brazil 0 0
Bulgaria© 0 81
Canada® NA 0
China NA NA
Czech Republic@ NA NA
Finland(©) NA NA
France® NA NA
Germany NA NA
Hungary(@) 3 0
India NA NA
Iran, Islamic Republic of NA NA
Japan NA NA
Kazakhstan NA NA
Korea, Republic of(¢.) 2000 6000
Mexico NA NA
Mongolia 0 0
Netherlands NA NA
Niger 0

Poland 0

Portugal 168

Russian Federation NA NA
Slovak Republic 0 NA
South Africa NA NA
Spain® NA >608
Switzerland() 1543 673
Turkey 2 0
Ukraine 0 0
United Kingdom NA NA
United States®) 34 375 33196
Viet Nam 0 0
Total 38143 >40 558

(a) Government data only. Commercial data are not available.

(b) Government stocks are zero in all categories. Commercial data are not available.

(c) Data from 2009 Red Book.

(d) CEZ maintains strategic and working inventories in various forms, including fuel assemblies, amounting to about
two years of requirements.

(e) The nuclear power utilities maintain reserves of fuel assemblies sufficient for 7-12 months of use.

(f) A minimum strategic inventory, amounting to of a few years of forward fuel requirements, is maintained by EDF.

(9) Inventory from mine water treatment only.

(h) A strategic inventory is maintained along with about one year’s forward consumption in pipeline inventory.

(i) Regulations require a strategic inventory of at least 611 tU be maintained jointly by nuclear utilities.

(j) Utilities also hold 48 t (U equivalent) of reprocessed uranium.

(k) Does not include 9 247 tU natural uranium hexafluoride (UFg) and 20 648 tU enriched uranium in fuel assemblies
held in storage by utilities. Government stocks also include 25 950 t (U equivalent) of depleted uranium.
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Nonetheless, available data suggest that industry has been increasing inventories in
recent years. In the United States, 2012 year-end total commercial uranium inventories
(natural and enriched uranium equivalent held by producers and utilities) amounted to
46 438 tU, an increase of almost 20% compared to 2010 levels of 38 517 tU. Uranium
inventories held by EU utilities at the end of 2012 totalled 52 362 tU, enough for three
years fuel supply, an increase of 10% since the end of 2011 and 21% since the end of 2007
(ESA, 2013). These data from the two largest regions of nuclear power generation suggest
that global commercial inventories have been increasing.

Uranium requirements are growing rapidly in East Asia (in particular in China where
29 reactors were under construction at the end of 2012). By the early 2020s, demand in
this region is expected to surpass both that of North America and the EU. Questionnaire
responses received during the compilation of this volume revealed little about national
inventory policies in the East Asia region.

The World Nuclear Association (WNA) reports that questionnaire responses from
industry show a clear build-up of utility inventory since 2003, mainly in East Asia. At the
end of 2012 global inventories totalled 155 000 tU, an increase of 35 000 tU since 2010. The
WNA (2013) considers this build-up to be a response to the Fukushima Daiichi accident
(since reactors have been laid up in Japan pending restart and fuel deliveries have
continued) and lower uranium prices since the accident. Although not reported in the
questionnaire response, the WNA (2013) estimates that China has accumulated an
inventory of over 30 000 tU between 2009 and 2012 in anticipation of increasing uranium
requirements due to the significant number of reactors under construction and planned.

In recent years, commercial entities other than utilities have been holding quantities
of uranium for investment purposes. Although commercially confidential, variable and
largely dependent on uranium price dynamics, the WNA (2013) notes that financial
investors have reduced their holdings by about 50%, compared to the estimated 5 000 tU
in April 2010. Efforts by governments and international agencies have also resulted in
actions to create nuclear fuel banks, another form of inventory. These are discussed
below.

In July 2013, the US DOE outlined to Congress its plan to manage its excess uranium
inventory in various forms that amounts to between 46 000 and 56 000 tNatU (tonnes of
natural uranium equivalent; DOE, 2013). It identifies uranium inventories that have
entered the commercial uranium market since the issuance of the last plan in 2008, as
well as transactions that are ongoing or being considered through 2018. A Secretarial
Determination must be made every two years in advance of sales or transfers in order to
provide assurance that the transactions would not have an adverse material impact on
the domestic uranium mining, conversion or enrichment industries.

The most recent transactions involve the transfer of up to 9 082 t of depleted uranium
(DU) to Energy Northwest in 2012 and 2013, the majority of which would be enriched for
use in the company’s power reactor and the remainder sold to the TVA as part of a
commercial transaction to support future power generation and tritium production from
2013 through 2030; the transfer of up to 2 400 tU to DOE contractors for clean-up services
at the Paducah and Portsmouth gaseous diffusion plants and up to 400 tNatU transferred
to the National Nuclear Security Administration (NNSA) for blending down HEU to low-
enriched uranium (LEU).

Also noted is approximately 123 000t of the total DOE inventory of 510 000t DU
believed to have economic value for enrichment (referred to as high assay tails).
Transfers to Energy Northwest have reduced this high assay tails total to around 114 000 t
DU, half of which are located at the Paducah gaseous diffusion enrichment facility.
Operations at Paducah, a DOE facility leased to United States Enrichment Corporation
(USEC), were brought to an end in May 2013. Ahead of the closure, the DOE issued a
request for expressions of interest for the DU inventory and in late 2013 selected a
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proposal by GE-Hitachi Global Laser Enrichment to build and operate a tails processing
plant using Silex laser enrichment technology.

Large stocks of uranium, previously dedicated to the military in both the
United States and the Russian Federation, have become available for commercial
applications, bringing a significant secondary source of uranium to the market. Despite
the programmes outlined below, the remaining inventory of HEU and natural uranium
held in various forms by the military is significant, although official figures on strategic
inventories are not available. If additional disarmament initiatives are undertaken to
further reduce strategic inventories, several years of global supply of NatU for
commercial applications could be made available.

=  HEU from the Russian Federation

The Russian Federation and the United States signed a 20-year, government-to-
government agreement in February 1993 for the conversion of 500 t of Russian HEU from
nuclear warheads to LEU suitable for use as nuclear fuel (referred to as the Megatons to
Megawatts agreement). USEC, the US executive agent for this agreement, announced that
as of 31 December 2012 472.5 tonnes of HEU had been recycled into 13 603 tonnes of LEU,
eliminating 18 899 warheads. As of 31 December 2012, the programme, which will expire
in late 2013, had not been extended.

Under a separate agreement, the natural uranium feed component of the HEU
purchase agreement is sold under a commercial arrangement between three western
corporations (Cameco, AREVA, and Nukem) and Techsnabexport (TENEX) of the
Russian Federation. Imports of uranium from the Russian Federation outside of these
agreements have been limited by the Agreement Suspending the Antidumping Duty
Investigation on Uranium from the Russian Federation (suspension agreement) signed
between the US Department of Commerce (DOC) and the Ministry of Atomic Energy of
the Russian Federation in 1992. As a result of the suspension agreement, DOC suspended
antidumping investigations and the Russian Federation agreed to sell uranium to the
United States under a quota system whereby Russian imports would have to be matched
by an equivalent quantity of newly produced uranium in the United States.

A February 2008 amendment to the suspension agreement allows very small
quantities of Russian LEU to enter the United States beginning in 2011 and much higher
sales of Russian uranium products directly to US utility companies under quota from
2014 to 2020. In addition, Russian-origin fuel supply to new reactors will be quota-free.
Since the signing of this amendment, agreements for nuclear fuel supply deliveries have
been signed by US utilities and the Russian Federation, including a contract between
USEC and TENEX in March 2011 for the ten-year supply of LEU through 2022. By mid-2012,
it was reported that TENEX had signed 13 commercial contracts with 10 US utilities,
representing more than 50% if the permitted quota. By 2015, the LEU supplied will
amount to about one-half the level currently supplied under the HEU purchase
agreement. However, quantities supplied under these new arrangements will come from
the Russian Federation’s commercial enrichment activities as opposed to blending down
excess Russian weapons material.

=  HEU from the United States

In 1995, the United States declared 200 t of fissile material, about 175 t of which is HEU, as
surplus to defence needs and committed to its disposition. The preferred option for the
disposition of this material is blending down HEU to LEU suitable for fuel in research and
commercial reactors. The remainder that is not suitable for such uses would be blended
down and disposed of as low-level radioactive waste (DOE, 1996). As of 2007,
approximately 100 of the 175 t HEU had been blended down, another 10 t HEU was in the
blending down process and about 18 t HEU was considered unsuitable for use as nuclear
fuel (DOE, 2007).
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In 2001, the DOE and TVA signed an interagency agreement, whereby TVA committed
to utilising LEU derived from blending down about 33t of USsurplus HEU for the
production of “off-spec” LEU fuel (termed BLEU). This fuel is considered “off-spec”
because it contains #*U and #**U in excess of the specifications established for commercial
nuclear fuel. In 2004, this agreement was modified to increase the total to 39 t of HEU and
an additional 5.6 t of HEU was added to the programme in 2008.

From 1999 to 2000, four BLEU fuel assemblies loaded in the Sequoyah NPP
successfully demonstrated the use of “off-spec” LEU. Since 2005, BLEU has been used in
TVA’s Browns Ferry and Sequoyah reactors and TVA plans to continue to use BLEU in
these reactors until 2016, since it has proven to be a reliable source of lower cost fuel
(TVA, 2011).

In 2005, an additional 200 t HEU was declared as surplus, the majority of which was
designated for use in naval propulsion and with a portion to be blended down to LEU fuel
for use in power or research reactors (DOE, 2007). DOE proposed to allocate about 61t
HEU for BLEU production over the next few decades, with the LEU gradually being made
available to power reactors over a 25-year period. TVA subsequently prepared an
environmental assessment of obtaining an additional 28 t of HEU for blending down in
order to meet Browns Ferry and Sequoyah fuel requirements from 2016 through 2022
(TVA, 2011). By October 2010, 22.8 t HEU had been blended down, creating 312 t of LEU.

Also in 2005, DOE announced its intention to set aside 17.4 t of HEU to be blended
down to LEU fuel and held in reserve to address any disruptions in domestic or foreign
nuclear fuel supply. In August 2011, DOE announced that the American Assured Nuclear
Fuel Supply had been established to secure sufficient LEU for six reloads of an average
1 000 MWe reactor (230 t LEU), derived from blending down this HEU. The remaining 60 t
LEU produced from blending down the 17.4 t HEU is expected to be sold on the market to
pay for processing costs.

In December 2008, the DOE excess uranium inventory included 67.6 t of HEU that was
declared unallocated (not presently obligated or approved for a specific purpose or
programme). The disposition plan for this material noted that the HEU will be made
available gradually over several decades at a rate controlled by weapons dismantlement
initiatives and the rejection of material from naval reactors (DOE, 2008).

As of 31 December 2012, DOE reported that it held 11.4 t of surplus HEU remaining in
the active disposition programme and approximately 18 t of unallocated surplus HEU,
(DOE, 2013). These amounts reflect the material blended down since 2008, the allocation
of 5 t HEU to the BLEU programme and the reallocation of significant quantities of surplus
HEU to activities not expected to impact uranium markets (i.e. research reactor and naval
fuel requirements).

Nuclear fuel produced by reprocessing spent reactor fuels and surplus weapons-related
plutonium

The constituents of spent fuel from NPPs are a potentially substantial source of fissile
material that could displace primary uranium production. When spent fuel is discharged
from a commercial reactor it is potentially recyclable, since about 96% of the original
fissionable material remains along with the plutonium created during the fission process.
The recycled plutonium can be reused in reactors licensed to use MOX. The uranium
recovered through reprocessing of spent fuel, known as reprocessed uranium (RepU), is
not routinely recycled; rather, it is stored for future reuse.

The use of MOX has not yet significantly altered world uranium demand because only
a relatively small number of reactors are using this type of fuel. Moreover, the number of
recycles possible using current reprocessing and reactor technology is limited by the
build-up of plutonium isotopes that are not fissionable by the thermal neutron spectrum
found in light water reactors and by the build-up of undesirable elements, especially
curium.
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As of January 2013 there were 35 reactors, or about 8% of the world’s operating fleet,
licensed to use MOX fuel, including reactors in France, Germany and India (Table 2.1).
Japan had planned to use MOX fuel in 16 to 18 reactors by 2015, but the status of this plan
and the current MOX licensing situation is unknown. Reprocessing and MOX fuel
fabrication facilities exist or are under construction in China, France, India, Japan, the
Russian Federation, the United Kingdom and the United States. However, in 2011 it was
announced that the Sellafield MOX plant in the United Kingdom would be closed owing
to reduced demand for services in Japan following the Fukushima Daiichi accident.

Following on basic research and MOX fuel fabrication for experimental reactors by the
Japan Atomic Energy Agency (JAEA), Japan Nuclear Fuel Ltd (JNFL) began testing
plutonium separation at the Rokkasho reprocessing facility in 2006. Japanese utilities
began using MOX initially in fuel manufactured overseas. The use of imported MOX fuel
was to be followed by the use of MOX produced at JNFL’s MOX fuel fabrication facility
(JMOX) adjacent to the Rokkasho reprocessing plant. JMOX construction began in 2010. By
mid-2010, three reactors in Japan had received fuel loads with MOX produced overseas,
the last being reactor No. 3 at Fukushima Daiichi. Commercial operation of JMOX is
expected to begin in 2016 (130 tHM/yr capacity). In January 2013, JNFL reported that it
planned to reprocess 880 tHM over three years following completion of the Rokkasho
facility in 2014, once consultation with local residents on plant safety and reprocessing
plans had been completed. The recovered plutonium and uranium would be stored until
MOX fuel fabrication could begin at JMOX.

Following the closure in 2003 of the Cadarache MOX fuel production plant in France
and the MOX fuel plant in Belgium (BELGONUCLEAIRE) in 2006, the MELOX plant in
Marcoule, France was licensed in 2007 to increase annual production from 145 tHM to
195 tHM of MOX fuel (corresponding to 1 560 tNatU). Annual MOX production in France
varies below this licensed capacity, in accordance with contracted quantities. Most of the
French MOX production is used to fuel French NPPs (a total of about 120 t/yr; 960 tNatU)
and the remainder is delivered abroad under long-term contract arrangements.

The Euratom Supply Agency (ESA) reported that the use of MOX fuel in the EU
increased by 10% in 2012 to 10 334 kg Pu from 9 410 kg Pu in 2011. Use of plutonium in
MOX fuel reduced natural uranium requirements in the EU by an estimated 897 tU in
2012 and 824tU in 2011. Since 1996, MOX fuel use in EU reactors has displaced a
cumulative total of 18 753 tU through the use of 161.5 t of Pu (ESA, 2013). Since the great
majority of world MOX use occurs in Western Europe, this figure provides a reasonable
estimate of the impact of MOX use worldwide on uranium requirements during that
period. Responses to the questionnaire provide some additional data on the production
and use of MOX (Table 2.6).

Uranium recovery through reprocessing of spent fuel, known as RepU, has been
conducted in the past in several countries, including Belgium and Japan. It is now
routinely done only in France and the Russian Federation, principally because the
production of RepU is a relatively costly endeavour, in part due to the requirement for
dedicated conversion, enrichment and fabrication facilities. Available data indicate that it
represents less than 1% of projected annual world requirements. Reprocessing could
become a more significant source of nuclear fuel supply in the future if China
successfully commercialises the process. In 2012, it was reported that China planned to
move beyond conducting research and development of reprocessing and recycling
technologies to build and operate a large-scale commercial reprocessing facility with a
capacity of 800 tHM/yr in order to achieve maximum utilisation of uranium resources,
given the country’s rapidly rising requirements. Since 2007, China and France have
reportedly been discussing the possibility of France supplying a commercial scale
reprocessing facility.
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Table 2.6. MOX production and use

(tonnes of equivalent natural U)

Country Pre-2010 2010 2011 2012 | Total to 2012 (exf)‘;lfe 9
MOX production
Belgium 523 0 0 0 523 0
France 15598 1560 1160 1200 19518 NA
Japan 645 37 2 0 684 0
United Kingdom NA NA NA NA NA NA
MOX use
Belgium 520 0 0 0 520 0
France NA 880 880 880 NA NA
Germany 6530 100 100 100 6830 260
Japan 702 146 64 0 912 0
Switzerland 1407 0 0 0 1407 0
NA = Not available or not disclosed.
Table 2.7. Reprocessed uranium production and use
(tonnes of equivalent natural U)
Country Pre-2010 2010 2011 2012 Total to 2012 2013
(expected)
Production
France®@ 13900 1000 1000 1000 16 900 1000
Japan® 645 0 0 0 645 0
Russian Federation NA NA NA NA NA NA
United Kingdom(©) 53 819 NA NA NA NA NA
Use
Belgium(@ 508 0 0 0 508 0
France@ 3500 600 600 600 5300 600
Germany NA NA NA NA NA NA
Japan® 215 0 0 0 215 0
Switzerland 2563 291 309 291 3454 304
United Kingdom(©) ~15000 NA NA NA ~15000 NA

NA = Data not available.

(a) Figures updated from 2011 Red Book.

(b) For fiscal year.

(c) 2013 edition of OECD Nuclear Energy Data.

(d) From 1993 to 2002.
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=  MOX produced from surplus weapons-related plutonium

In September 2000, the United States and the Russian Federation signed the Plutonium
Management and Disposition Agreement that committed each country to dispose of 34 t
of surplus weapons-grade plutonium (enough to make several thousand nuclear
weapons), at a rate of at least two tonnes per year in each country, once production
facilities are in place. Both countries agreed to dispose of the surplus plutonium by
fabricating MOX fuel suitable for irradiation in commercial nuclear reactors that would
convert the surplus plutonium into a form that cannot be readily used to make a nuclear
weapon. In 2009, US President Obama and Russian President Medvedev signed a joint
statement on nuclear co-operation in Moscow that reaffirmed this commitment.

In the United States, the MOX fuel is to be fabricated at the DOE’s Savannah River
complex in South Carolina. In February 2011, the TVA and AREVA signed a Letter of
Intent to begin evaluating the use of MOX at TVA’s Sequoyah plant in Tennessee and the
Browns Ferry plant in Alabama. As of late 2013 however, no formal agreements with
utilities to use the MOX fuel had been signed.

DOE’s National Nuclear Security Administration awarded a contract for construction
of a Mixed Oxide Fuel Fabrication Facility at Savannah River in 2001 and construction was
officially started on 1 August 2007. In late 2012, construction was reportedly 88%
complete. Cold start-up is expected to begin in 2016, followed by PWR and BWR MOX fuel
fabrication in 2019. The facility is expected to be in operation for about 20 years.

In mid-2013 however, it was reported that the project had encountered technical
difficulties and was running over budget. Work at the Russian MOX facility had
reportedly been undertaken at an estimated cost of USD 2 billion, but the WNA (2013)
reported that the project had been abandoned in favour of burning excess plutonium in
fast reactors.

If the current agreement is implemented as planned, the 68t of weapons-grade
plutonium would displace about 14 000 to 16 000 tonnes of natural uranium over the life
of the programme. This represents about 1% of world annual uranium requirements over
this period.

Uranium produced by re-enrichment of depleted uranium tails®

Depleted uranium (DU) stocks represent a significant source of uranium that could
displace primary production. However, the re-enrichment of depleted uranium has been
limited since it is only economic in centrifuge enrichment plants with spare capacity and
low operating costs.

At the end of 2005, the inventory of depleted uranium was estimated to amount to
about 1600 000 tU and to be increasing by about 60 000 tU annually based on uranium
requirements of 66 000 tU per annum (NEA, 2007). If this entire inventory was re-enriched
to levels suitable for nuclear fuel it would yield an estimated 450 000 tNatU; sufficient for
about seven years of operation of the world’s nuclear reactors at the 2006 uranium
requirement levels.® Following the construction of new centrifuge enrichment facilities
and declining demand since the Fukushima Daiichi accident, spare enrichment capacity
is currently available and it has been reported that tails assays are being driven
downward at enrichment facilities to underfeed the centrifuge plants and create
additional uranium inventory.

5. Depleted uranium is the by-product of the enrichment process having less ?*U than natural
uranium. Normally, depleted uranium tails contain between 0.25 and 0.35% **U compared with
the 0.711% ?**U found in nature.

6. This total assumes 1.6 million tU at 0.3% #*U assay is re-enriched to produce 420 000 tU of
equivalent natural uranium, leaving 1 080 000 tU of secondary tails with an assay of 0.14% #*°U.
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Deliveries of re-enriched tails from the Russian Federation had been an important
source of uranium for the EU, representing 1-3.7% of the total natural uranium delivered
annually to EU reactors between 2005 and 2009 (Table 2.8). However, contracts with EU
utilities came to an end in 2010 and in 2011 the Russian Federation stopped the
re-enrichment of depleted uranium tails. EU enrichers are now putting in place long-term
strategies to manage enrichment tails remaining from enrichment activities, including
deconversion of UFs to the more stable form UsOs. Currently deconversion takes place in
France and URENCO UK is constructing a tails management facility.

Table 2.8. Russian Federation supply of re-enriched tails to European Union end users

Year Re-enriched tail deliveries (tU) Percentage of total natural uranium deliveries
2007 388 1.8
2008 688 3.7
2009 193 1.1
2010 0 0.0
2011 0 0.0
2012 0 0.0

Source: Euratom Supply Agency (2011, 2012), Annual Report 2009, 2010, Luxembourg.

In the United States, the DOE and the Bonneville Power Administration initiated a
pilot project to re-enrich 8 500 tonnes of the DOE’s enrichment tails inventory. Between
2005 and 2006, this project produced approximately 1 940 tU equivalent for use between
2007 and 2015 at Northwest Energy’s 1190 MWe Columbia generating station in
Washington State. In mid-2012, Northwest Energy and USEC, in conjunction with the DOE,
developed a new plan to re-enrich a second portion of DOE’s high-assay tails. The
resulting LEU is to be used to fuel Northwest Energy’s Columbia generating station
through 2028. Northwest Energy is also to provide some LEU created in this process to
TVA starting in 2015.

Until 2009, a fraction of the depleted UFs flow generated through enrichment
activities in France was sent to the Russian Federation for re-enrichment. This fraction
was limited to materials with mining origins that would allow their transfer (in
accordance with international and bilateral agreements dealing with the exchange of
nuclear materials). The return flow was exclusively used to overfeed the enrichment
plant in France (the Georges Besse gaseous diffusion plant run by EURODIF, an AREVA
subsidiary).

In addition, in 2008 and 2009, a few thousand tonnes of DU were removed from
storage, converted to UFs and enriched to natural uranium grade at the Georges Besse
gaseous diffusion plant, thanks to the then prevailing economic conditions (primarily
high uranium spot prices). Following the completion of additional centrifuge enrichment
capacity sufficient to meet global demand, gaseous diffusion enrichment plants became
uneconomic and the Georges Besse plant as closed in 2012 and the Paducah facility was
closed in 2013.

As noted above, GE-Hitachi Global Laser Enrichment’s proposal to build and operate a
tails processing plant using Silex laser enrichment technology at the closed Paducah
gaseous diffusion enrichment plant has been accepted by DOE. Successful development
of laser enrichment could potentially result in an additional supply of uranium to the
market in the longer term. Moreover, commercial enrichment providers have indicated
an interest in using centrifuge enrichment capacity to create additional uranium
inventory by re-enriching DU stored at existing enrichment facilities. These
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developments suggest that re-enrichment of DU tails may become a more important part
of uranium supply in the coming years.

Additional information on the production and use of re-enriched tails is not readily
available. However, the information provided in questionnaire responses (Table 2.9)
indicates that its use has been limited between 2010 and 2012.

Table 2.9. Re-enriched tails production and use

(tonnes of equivalent natural U)

Country Pre-2010 2010 2011 2012 Total to 2012 | 2013 (expected)
Production

France NA NA NA NA NA NA
United States 1940 0 0 0 1940 0

Use

Belgium®@ 345 0 0 0 345 0
Finland 843 0 0 0 843 0
France NA NA NA NA NA NA
Sweden(®) 1697 0 0 0 1697 0
United States 1376 0 191 0 1567 373

NA = Data not available.
(a) Purchased for subsequent re-enrichment.
(b) 2013 edition of OECD Nuclear Energy Data.

Uranium market developments

Uranium price developments

Some national and international authorities (Australia, the United States and the ESA),
publish price indicators to illustrate uranium price trends for both long-term and short-
term (spot price) contract arrangements. Australian data record average annual prices
paid for exports, whereas ESA and US data show costs of uranium purchases in a
particular year. Canada and Niger published export prices for some years but neither
continue to do so. Figure 2.9 displays this mix of annual prices reported for both short-
term (spot market) and longer-term purchases and exports.

The overproduction of uranium, which lasted through 1990 (Figure 2.7), combined
with the availability of secondary sources, resulted in uranium prices trending downward
from the early 1980s through the mid-1990s, bringing about significantly reduced
expenditures in many sectors of the world uranium industry, including exploration,
production and production capability. The bankruptcy of an important uranium trading
company resulted in a modest recovery in prices from late 1994 through mid-1996, but
the regime of low prices returned shortly thereafter.

Beginning in 2002, uranium prices began to increase, eventually rising to levels not
seen since the 1980s, then rising more rapidly through 2005 and 2006 with spot prices
reaching a peak through 2007 and 2008, then falling off rapidly, recovering somewhat in
2011 and declining in 2012 (Figure 2.9). In contrast, EU and US long-term price indices
continued to rise until 2011 before levelling off in 2012. Fluctuations in these indicators
do not rival the peak in spot market in 2007 and 2008 or the degree of declining prices
since 2011 since they reflect contract arrangements made earlier under different price
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regimes. The Australia average export price has generally followed the trend of other
long-term price indices, but with greater variation since it is a mix of spot and long-term
contract prices. Depending on the nature of the purchases (long-term contracts versus
spot market), the information available indicates that prices ranged between
USD 116/kgU and USD 133/kgU (USD 45/1bUs0; and USD 52/1bUsOs) in late 2012.

Figure 2.9. Uranium prices: 1982-2012
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Source: Australia, Canada, Euratom Supply Agency, Niger, and the United States.
1. Euratom prices refer to deliveries during that year under multi-annual contracts.

2. Beginning in 2002, Natural Resources Canada (NRCan) suspended publication of export price pending policy
review.

In addition to this information from government and international sources, spot price
indicators for immediate or near-term delivery (less than one year) that typically amount
to less than 15% of all annual uranium transactions, are provided by the industry trade
press, such as TradeTech and the Ux Consulting Company LLC (UxC). While the trend of
increasing prices outlined above is evident for spot market transactions since 2002, and
in particular after 2004, the spot price shows more volatility than long-term price
indicators since 2006 (Figure 2.10). In June 2007, the spot market price reached as high as
USD 136/1b UsOs (USD 354/kgU) before declining to USD 40.50/1b UsOs (USD 105/kgU) in
February 2010. It recovered to USD 72.25/Ib UsOg (USD 188/kgU) at the end of January 2011,
before declining to USD 34.50/lb UsOg (USD 90/kgU) at the end of 2013 (Figure 2.10) after
the Fukushima Daiichi accident.’

A variety of factors have been advanced to account for the spot price dynamics
between 2003 and 2013, including problems experienced in nuclear fuel cycle production

7. Spot price data courtesy of TradeTech (www.uranium.info).
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centres in 2003 that highlighted dependence on a few critical facilities in the supply chain,
as well as changes in the value of the US dollar, the currency used in uranium
transactions. In addition, an increasing sense of declining inventories, the expected
expansion of nuclear power generation in countries such as China, India and the
Russian Federation, combined with the recognition by many governments that nuclear
power can produce competitively priced baseload electricity that is essentially free of
greenhouse gas emissions and the role that nuclear can play in enhancing security of
energy supply, contributed to the strengthening market through 2007. The influence of
speculators in the market also helped accelerate upward price movement at this time.
The downturn in the spot price since June 2007 began with reluctance on behalf of
traditional buyers to purchase at such high prices and the global financial crisis that
stimulated sales by distressed sellers needing to raise capital.

Figure 2.10. NUEXCO exchange value trend
(31 December 2002-31 December 2013)
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In late 2007, the uranium spot price began a gradual decline that settled in the
USD 40/1b U30s (USD 104/kgU) to USD 50/1b Us0s (USD 130/kgU) range in 2009. Proposed US
government inventory sales appeared to offset rising demand as government
programmes in China and India to increase nuclear generating capacity began to be
implemented. In the second half of 2010, the spot price began to rally once again on news
that China was active in the long-term market, stimulating speculative activity on
perceptions of tightening supply-demand. However, the Fukushima Daiichi accident
precipitated an initial rapid decline in price that has continued more gradually through to
the end of 2013 as reactors were shut down in Germany and gradually laid-up in Japan as
new nuclear safety regime was established. Projects to increase uranium production,
implemented before the accident, resulted in increasing production even as demand
weakened and the market became saturated with supply, putting further downward
pressure on prices through to the end of 2013.
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Policy measures in the European Union

Since its establishment in 1960 under the Euratom Treaty, the Euratom Supply Agency
(ESA) has pursued a policy of diversification of sources of nuclear fuel supply in order to
avoid overdependence on any single source. Within the European Union, all uranium
purchase contracts by EU end-users (i.e. nuclear utilities) must be approved by ESA. Based
on its contractual role and its close relations with industry, ESA monitors the market
with a particular focus on supplies of natural and enriched uranium to the EU. ESA
continues to stress the importance of maintaining an adequate level of strategic
inventory and using market opportunities to increase inventories, where possible. It also
recommends that utilities cover the majority of their needs under long-term contracts
and continues with efforts to promote transparency and predictability in the market.

Nuclear materials for EU reactors came from diverse sources in 2012 (ESA, 2013).
Russian-origin uranium supplied 27% of the uranium delivered to the EU, followed by
Canada (17%), Niger (13%), Kazakhstan and Australia (12% each). HEU feed (material
blended down from weapons-grade in the Russian Federation) declined to 2% of total
deliveries, about the same amount as uranium supplied from sources within the EU
(mainly the Czech Republic and Romania). These deliveries were made under terms and
conditions contained in a number of contracts of variable duration with 96% of total
deliveries covered under long-term contracts and 4% under spot market contracts. In
2012, ESA processed a total of 63 contracts and amendments, of which 10 were classified
as multi-annual (long-term) and 8 as purchases on the spot market.

In 2013, natural uranium supplies to the EU continued to come from diverse sources.
Kazakhstan and Canada were the top two countries delivering natural uranium to the EU,
providing 40% of the total. Uranium originating in Kazakhstan represented the largest
proportion, with 21 % of total deliveries, followed by uranium of Canadian origin, with a
19% share. In third place, uranium produced in the Russian Federation (including
purchases of natural uranium contained in enriched uranium product) amounted to 18%.
Niger and Australia accounted for 13% and 12% respectively in 2013. European uranium
delivered to EU utilities originated in the Czech Republic and Romania, covering
approximately 2% of the EU’s total requirements.

Since uranium is sold mostly under long-term contracts and the terms are not made
public, the ESA traditionally published two categories of natural uranium prices on an
annual basis, i.e. multi-annual and spot, both being historical prices calculated over a
period of many years. With at least some uranium market participants seeking greater
price transparency, the ESA introduced in 2009 a new natural uranium multi-annual
contracts index price (MAC-3). This index price, developed to better reflect short-term
changes in uranium prices and to more closely track market trends, is a three-year
moving average of prices paid under new multi-annual (long-term) contracts for uranium
delivered to EU utilities in the reporting year.

In 2012, the MAC-3 average price index was EUR 103.42/kgU, an increase of 3% from
2011, and the multi-annual contract price increased by 8% over the same period to
EUR 90.03, whereas the average spot price for deliveries in 2012 decreased by 9% from
2011 to EUR 97.80/kgU (Table 2.10). The depreciation of the Euro against the US dollar in
2012 accounts for the different trajectories in these price indices expressed in USD/1bU:0s.
In 2012, spot price data were narrowly distributed whereas multi-annual contract prices
varied widely. On average, the multi-annual contracts which led to deliveries in 2012 had
been signed 8 years earlier, in contrast to spot contract deliveries that are concluded over
a maximum period of 12 months (ESA, 2013).

In 2013, the MAC-3 average price index was EUR 84.66, down by 18% from 2012 and
the ESA U;Og spot price was EUR 78.24/kgU, 20% lower than in 2012. The ESA long-term
U;0g price was EUR85.19/kgU. On average, the multi-annual contracts which led to
deliveries in 2013 had been signed nine years earlier. For the first time in nine years,
ESA’s spot price in 2013 was lower than its long-term price. As in previous years, long-
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term supplies constituted the main source for meeting demand in the EU. Deliveries of
natural uranium to EU utilities under long-term contracts accounted for 15809 tU or
92.9% of the total deliveries, whereas the remaining 7.1% (1 214 tU) was purchased under
spot contracts. On average, the quantity of natural uranium delivered was 150 tU under
long-term contracts and 45 tU under spot contracts.

The year 2013 was marked by an appreciation of the Euro in nominal effective terms
against the US dollar, on average appreciating by 3% against the US dollar as compared
with 2012.

Table 2.10. ESA average natural uranium prices (2008-2012)

Year Multi-annual contracts Spot contracts g‘:::r;lilst I(-;nl%u_;l)
EUR/kgU USD/Ib Us0s EUR/kgU USD/Ib Us0s EUR/kgU USD/Ib Us0s

2008 47.23 26.72 118.19 66.86 84.75 47.94
2009 55.70 29.88 77.96 41.83 63.49 34.06
2010 61.68 31.45 79.48 40.53 78.12 39.83
2011 83.45 44.68 107.43 57.52 100.02 53.55
2012 90.03 44.49 97.80 48.33 103.42 51.11
2013 85.19 45.32 78.24 39.97 84.66 43.25

Nuclear energy activities in the EU in 2011 and 2012 were dominated by responses to
the Fukushima Daiichi accident. Comprehensive risk and safety assessments (stress tests)
were completed in 2012 for all NPPs in the EU and associated neighbouring countries and
follow-up measures were determined. The stress tests were an unprecedented exercise in
terms of extent, collaboration and commitment of all parties involved. While confirming
the high level of nuclear safety in Europe, the tests revealed the need for technical
improvements at nuclear facilities and further improvements in the regulatory and
legislative frameworks governing nuclear safety. National action plans for implementing
the stress test recommendations received from all participating countries were reviewed
in 2013. Presentations and in-depth discussions on the status of these plans took place at
a dedicated workshop organised by the European Nuclear Safety Regulators Group
(ENSREG) in Brussels in April 2013. The EC and ENSREG will keep track of progress with
the implementation of the national action plans submitted during 2013.

The EC organised in 2013 an EU review team from its ENSREG group as well as from
its own services for conducting a peer review of stress tests carried out in Chinese Taipei.
Regarding neighbouring countries not included in the 2011/12 European peer reviews
(i.e. Russian Federation, Belarus, Armenia and Turkey), separate meetings were organised
in 2013 to discuss their stress tests.

Implementation of the nuclear safety directive adopted in 2009, with the goal of
maintaining and promoting continuous improvements in nuclear safety moved ahead
through 2012 with all but one member state incorporating the directive completely.
Preparatory work for the revision of the Euratom nuclear safety legislation also continued
with a legislative proposal planned that could, am