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EXECUTIVE SUMMARY

Executive summary

Uranium 2022: Resources, Production and Demand presents the most recent review of world
uranium market fundamentals and offers a statistical profile of the uranium industry. It
contains 54 country reports on uranium exploration, resources, production and reactor-related
requirements, 36 of which were prepared from officially reported government data and
narratives, and 18 that were prepared by the secretariats of the Nuclear Energy Agency (NEA)
and International Atomic Energy Agency (IAEA). The report includes projections for nuclear
generating capacity and reactor-related uranium requirements through 2040, as well as a
discussion of long-term uranium supply and demand issues.

The data reporting period for this edition of the so-called “Red Book” covers 1 January 2019
to 1 January 2021, although some relevant information for 2021 and 2022 is also included in the
discussions.

Resources

Overall, global uranium resources decreased modestly in the reporting period, in contrast to the slight
increases registered in previous recent editions of the “Red Book”. Total identified recoverable resources
decreased by nearly 2% from 2019, most notably in lower cost recoverable resources. The most significant
decreases occurred in reasonably assured resources (<USD 40/kgU, -39%) and inferred resources
(<USD 40/kgU, -5%). The decreases were primarily the result of mining depletion and cost category
re-assignments of resources in Kazakhstan and Canada. Also contributing to decreases in these and other
uranium producing countries were changes in cut-off grades, updated recoverability information, currency
inflation effects and re-evaluations of previously identified uranium resources. This resulted in the decline of
overall recoverable uranium, downgrades from reasonably assured resources to inferred resources and re-
assignment of resources to higher or sub-economic cost categories.

Globally, Australia continues to lead with 28% of the world’s identified recoverable resources
(reasonably assured + inferred resources) in the category <USD 130/kgU (equivalent to
USD 50/1b UsOs). Almost 80% of Australia’s national total endowment is related to a single site,
the Olympic Dam deposit. In terms of lower cost identified recoverable resources (<USD 80/kgU
and <USD 40/kgU, equivalent to USD 30/lb UsOs and USD 15/Ib U30s), Kazakhstan leads with 65%
and 37% of the world total, respectively.

Australia reported increases in reasonably assured recoverable resources due to updated
resource estimates at Olympic Dam, but decreases in inferred recoverable resources, while
Kazakhstan reported overall decreases in reasonably assured resources as a result of mining
depletion and transfer of high-cost resources to the sub-economic category. Noteworthy
changes in resources also occurred in other countries, such as Canada, Central African Republic,
Mongolia, Namibia and Niger. Canada experienced a significant decrease in lowest cost category
reasonably assured recoverable resources (<USD 40/kgU) due to the combined effects of inflation,
changes in cut-off grades and mining depletion. In other countries, the re-estimation of
resources resulted in adjustments in resource values, such as shifting of resources from lower
to higher cost categories and from inferred to reasonably assured resources.

Global identified recoverable resources of uranium, expressed in tonnes of uranium metal (tU),
in the <USD 130/kgU category as of 1 January 2021 amounted to 6 078 500 tU, a decrease of just
over 1% compared to 2019. In the highest cost category (<USD 260/kgU, equivalent to
USD 100/1b Us0g), total identified resources amounted to 7 917 500 tU, a decrease of nearly 2%
compared to the total reported for the previous edition.

URANIUM 2022: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7634, © OECD 2023 9



EXECUTIVE SUMMARY

Reasonably assured resources decreased most notably in the lowest cost category
(<USD 40/kgU), by nearly 39% compared to the amounts reported in 2019. Small decreases also
occurred in the <USD 80/kgU and <USD 260/kgU cost categories (2.6% and 0.7%, respectively), with
a slight increase of 0.6% in the <USD 130/kgU category.

Inferred resources in the <USD 260/kgU cost category decreased overall by 3.5% from
3346 400 tU in 2019 to 3 229 200 tU in 2021, mainly due to the re-evaluation of resources and
conversion of inferred to reasonably assured resources as a result of exploration activities.
Australia and Kazakhstan reported the most significant decreases, while Mongolia and Niger
reported some increase in inferred resources.

Although all resources in this publication are reported as recoverable, a summary has also
been prepared for in situ identified resources worldwide. The recovery factor from in situ to
recoverable resources is 74% overall, but increases to 83% when only resources in the low cost
<USD 40/kgU category are considered. Compared with the previous edition, the total identified
in situ resources increased slightly from 10 584 500 tU to 10 671 800 tU. Reporting in situ
resources provides a more optimistic view of the available resource base and gives some
indication of how the resource base could increase with improvements in mining and
processing methods, which would lead to better recovery.

Additions to the conventional resource base in the future could come from undiscovered
resources (prognosticated resources and speculative resources), which as of 1 January 2021
amounted to 7 365 500 tU, a 2% increase from the 7 220 300 tU reported in the previous edition.
Unconventional resources are another source of potential future supply, and currently amount
to nearly 39 million tU. It is important to note that in some cases, including several major
producing countries with large identified resource inventories, estimates of undiscovered
resources and unconventional resources are either not reported or have not been updated for
several years.

The uranium resource figures presented in this volume are a snapshot of the situation as of
1 January 2021, as reported mainly from official government sources. Readers should keep in
mind that resource figures are dynamic and related to commodity prices.

Exploration and mining development

Continuing a downward trend over several years, worldwide domestic exploration and mine development
expenditures decreased to approximately USD 250 million in 2020 from nearly USD 500 million in 2018
and over USD 2 billion in 2014 (note that expenditures made by junior exploration companies in some
significant producing countries was unavailable). Preliminary data for 2021 expenditures suggest a minor
increase to nearly USD 280 million. Non-domestic figures, a subset of global exploration and development
expenditures, declined significantly from nearly USD 420 million in 2016 to under USD 40 million in 2020,
with a minor increase to just over USD 70 million expected in 2021 (preliminary data). Total expenditures
continue to decrease in response to a depression in the uranium market that has lasted since mid-2011.

From 2014, total domestic expenditures dropped from over USD 2 billion to USD 876.5 million
in 2015, USD 681.9 million in 2016, USD 482.9 million in 2018 and USD 251.3 million in 2020. In 2020,
global expenditures on exploration and mine development were down 88% from 2014. However,
global expenditures increased by 10% in 2021 from 2020 (preliminary data). Expenditures
decreased in many countries, mainly because of persistently depressed uranium prices, which
slowed or delayed several exploration and mine development projects. Another reason is the
significant spending on the construction of the Husab mine in Namibia which was completed in
2017 after a three year project.

Total exploration and mine development expenditures from 2018 through 2020 in the
reporting countries amounted to USD 1.25 billion, with Canada, China, India, Russia and
Kazakhstan leading the way. Expenditures in Canada alone exceeded the total spending of the
remaining top five countries and amounted to 44% of the total.
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From 2018 to 2020, the total estimated overall length of global exploration and development
drilling decreased by almost 50%, from 2 633 km to 1 363 km. Kazakhstan accounted over 58% of
the total exploration and development drilling length reported in 2020, with India, Tiirkiye, Russia,
Namibia and Ukraine accounting for most of the remainder. Part of this significant overall
decrease may be explained by the absence of drilling data from Canada and China for 2020.

Production

Global uranium mine production decreased by nearly 12% from 2018 to 2020. Major producing countries,
including Canada and Kazakhstan, limited total production in recent years in response to a depressed
uranium market. Uranium production cuts deepened suddenly with the onset of the COVID-19 pandemic
in early 2020. As of 1 January 2021, the annual production capacity of idled mines amounted to over
29 400 tU. These operations, which have all the necessary licenses, permits and agreements for operation
and have produced commercially in the past, could potentially be brought back into production relatively
rapidly given appropriate market conditions.

In 2020, 16 countries produced uranium for a global total of 47 432 tU. Kazakhstan'’s
continuous growth in production reached a peak of 24 689 tU in 2016, after which it started to
decline in 2017 as production cuts were instituted to reduce supply to an oversupplied market.
Kazakhstan nonetheless remained by far the world’s largest producer, even as production was
eased back from 21 705 tU in 2018 to 19 477 tU in 2020. Kazakhstan’s 2020 production alone
totalled more than the combined production in that year from Australia, Namibia, Canada, and
Uzbekistan, respectively the second, third, fourth and fifth largest producers of uranium in 2020.
These five countries accounted for 81% of global uranium output that year.

In situ leaching (ISL) remained the dominant production technology throughout the reporting
period, accounting for over 58% of total global uranium production in 2020 and approximately 63%
in 2021.

Overall, world uranium production decreased by 12% from 53 501 tU in 2018 to 47 342 tU in
2020 as producers instituted production cuts, followed by a slight increase to 47 472 tU in 2021.
These planned reductions were greatest in Canada and Kazakhstan. In Canada, for example,
uranium production was reduced by 45% from 6 996 tU in 2018 to 3 878 tU in 2020. Mining at Rabbit
Lake was suspended in mid-2016, while mining at the McArthur River and milling at Key Lake
were suspended at the end of January 2018, all due to unfavourable market conditions. Production
also declined dramatically in the United States. These actions are in addition to a list of 14 idled
mines (defined as mines with associated identified uranium resources and mining/processing
facilities that have all the necessary licenses, permits and agreements for operation and have
produced commercially in the past). As of 1 January 2021, the annual production capacity of idled
mines amounted to over 29 400 tU. It should be noted, however, that idled mines could be brought
back into production relatively rapidly with appropriate market signals.

Planned uranium production cuts were further deepened with the onset of the COVID-19
pandemic in early 2020. In Canada, in March 2020, Cameco announced that it had suspended
production at the Cigar Lake mine and Orano announced that it had suspended work at the
McClean Lake mill in response to the COVID-19 pandemic. In Kazakhstan, in early April 2020,
JSC National Atomic Company Kazatomprom announced that it was reducing operational
activities at all uranium mines for three months due to the COVID-19 pandemic. The pandemic
also caused restrictions at other mining operations, such as in Australia, Namibia and South
Africa. In August 2020, some of these restrictions were eased and several producers gradually
resumed production. However, with these unplanned reductions, some producers did not reach
their 2020 production targets.
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Environmental and social aspects of uranium exploration and production

With uranium production projected to expand to meet global demand over the medium-term, efforts are
being made to develop safe mining practices and to continue to minimise environmental impacts. The
country reports provide some updates about the environmental and social aspects of uranium mining,
including site remediation and decommissioning projects, which highlight the progress that the uranium
industry has made on environmental stewardship.

Although the focus of this publication remains uranium resources, production and demand,
the environmental and social aspects of the uranium production cycle are gaining in importance
and, as in the last few editions, updates on activities in this area have been included in the
country reports. With a need for increased uranium production to meet demand, the continued
development of transparent, safe and well-regulated operations that minimise environmental
impacts is crucial, particularly for those countries hosting uranium production for the first time.

For this edition, 26 countries provided information on activities related to the environmental
aspects of the uranium production cycle, including ongoing work related to closed facilities and
policy/regulatory-related issues.

Additional information on the environmental aspects of uranium production may be found
in Managing Environmental and Health Impacts of Uranium Mining (NEA, 2014), which outlines the
significant improvements made in these areas since the early strategic period of uranium
mining. The IAEA Bulletin, Uranium: From Exploration to Remediation (IAEA, 20182) includes some
information on this topic. More recently, the NEA published a comprehensive overview of the
experiences in the uranium mining industry of working with Indigenous people and local
communities to maximise overall benefits for all stakeholders in Maximising Uranium Mining’s
Social and Economic Benefits: A Guide for Stakeholders (NEA, 20233).

Uranium demand

World nuclear capacity is expected to rise for the foreseeable future as global energy demand is projected
to increase and the need for a clean energy transition grows. Reactor-related uranium requirements vary
considerably from region to region, reflecting projected nuclear capacity increases and possible inventory
building. Annual uranium requirements are projected to be largest in the East Asia region by 2040.
Recognising the security of supply, reliability and predictability that nuclear power offers and promoting
incentives for all types of low-carbon technologies are key conditions for greater growth in nuclear capacity,
and consequently, in uranium demand.

As of 1 January 2021, a total of 442 commercial nuclear reactors were connected to the grid
globally, with a net generating capacity of 393 GWe requiring about 60 100 tU annually (about
150 tU per GWe of electrical generating capacity for an already-operating reactor). Taking into
account changes in policies announced in several countries and revised nuclear programmes
as of 1 January 2021, world nuclear capacity by 2040 is projected to remain at the current level
of 394 GW in the low demand case but increase to 677 GW in the high demand case (an increase
of around 70%, with respect to 2020 capacity). Accordingly, world annual reactor-related
uranium requirements (excluding the use of mixed oxide fuels, which is marginal) are projected
to rise to between 63 000 tU/y and 108 200 tU/y by 2040.

12

1. NEA (2014), Managing Environmental and Health Impacts of Uranium Mining, OECD Publishing, Paris,
https://oecd-nea.org/jcms/pl_14766/managing-environmental-and-health-impacts-of-uranium-mining.

2. IAEA (2018), Uranium: From Exploration to Remediation, IAEA Bulletin, Volume 59-2, June 2018, Vienna,
www.iaea.org/bulletin/59-2.

3. NEA (2023), Maximising Uranium Mining’s Social and Economic Benefits: A Guide for Stakeholders, OECD
Publishing, Paris, www.oecd-nea.org/jcms/pl_72776/maximising-uranium-mining-s-social-and-
economic-benefits-a-guide-for-stakeholders.
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Nuclear energy capacity projections vary considerably from region to region. East Asia is
projected to experience the largest increase of generating capacity in absolute terms, which, by
the year 2040, could result in increases of between 35 GW and 152 GW over 2020 capacity,
corresponding to 130% and 240% increases in the low and high cases, respectively. While
representing a significant regional capacity increase, it is important to note that countries of
this region (e.g. China) have in recent years demonstrated the ability to build multiple reactors
with predictable costs and schedules.

Other regions projected to experience significant nuclear capacity growth by 2040 include
the Middle East, Central and Southern Asia. For these regions collectively, the low and high
cases project an additional growth of between 27 GW and 51 GW with respect to 2020 capacity.

In Europe, nuclear capacity in non-EU member countries is projected to increase in the high
case scenario to 93 GW by 2040. On the basis of 2021 data, in the European Union, nuclear
capacity in 2040 is projected to decrease by 25% in the low case scenario and increase only by
16% in the high case with respect to 2020 capacity.

Modest growth in terms of absolute capacity increase is projected in Africa, Central and
South America and South-eastern Asia.

For North America, the projections see nuclear generating capacity decreasing by 2040 in
the low case (-42%) and roughly flat in the high case (+3%), with respect to 2020 capacity. These
projections depend largely on future electricity demand, lifetime extensions of existing reactors,
government policies with respect to greenhouse gas emissions and investment in new nuclear
power capacity.

As in the case of nuclear capacity, uranium requirements vary considerably from region to
region, reflecting projected capacity increases and possible inventory building. By 2040, annual
uranium requirements are projected to be largest in the East Asia region, where an increase in
installed nuclear generating capacity drives significant growth in uranium needs.

Key factors influencing future nuclear energy capacity include projected electricity demand,
the economic competitiveness of nuclear power plants, associated financing arrangements for
such capital-intensive projects, proposed waste management strategies and public acceptance of
nuclear energy and national energy security strategies. The extent to which nuclear energy is seen
to be beneficial in climate change mitigation and in securing greater energy independence in light
of recent geopolitical events will be key to unlocking even greater projected growth in nuclear
capacity and, consequently, in uranium demand.

The importance of energy security was highlighted by the COVID-19 pandemic in 2020 and
2021 and even more so in 2022 by the war in Ukraine and the ensuing energy security crisis in
Europe. Realising the full contribution of nuclear power to climate change mitigation and to energy
security requires recognising the reliability and predictability that nuclear power offers and
providing appropriate incentives for all types of low-carbon technologies, in particular new builds
of both conventional large reactors and small modular reactors. In the near term, extensions to
the operating timeframes of existing nuclear power plants are also required. Already in 2021 and
2022, many governments (including France, Japan and Korea) changed their policies in favour of
developing nuclear energy sources, both conventional and advanced new reactors. It can be
anticipated that these policy shifts will impact the projections in future editions of the Red Book.

Supply and demand relationship

The currently defined resource base is more than adequate to meet even high case uranium demand through
2040, but doing so will depend upon timely investments to turn resources into production. At the end of the
reporting period, meeting high case demand requirements to 2040 would consume about 80% of the total
2020 identified recoverable resource base at a cost of <USD 30/1b UsOs (USD 80/kgU). In light of more recent
market prices sustained through the end of 2022, meeting high case growth requirements to 2040 would
consume about 26% of identified recoverable resources available at a cost of <USD 50/1b UsOs (USD 130/kgU).
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As of 1 January 2021, world uranium production covered nearly 79% of world reactor
requirements, down from about 86% in 2019, with the remainder supplied by secondary sources.
Such secondary supply includes excess government and commercial inventories, spent fuel
reprocessing, underfeeding and uranium produced by the re-enrichment of depleted uranium
tails, as well as low-enriched uranium produced by blending down highly enriched uranium.

During the past decade, the decline in uranium market prices after the 2011 Fukushima
Daiichi accident and the uncertainty about nuclear power development in some countries
reduced uranium requirements, further depressed prices and slowed the pace of mine
production and development. More recently, the increase in uranium spot prices (at the end of
2022 to around USD 50/Ib U3Og or USD 130/kgU), can be explained by the additional curtailments
to primary production brought on by the COVID-19 pandemic in 2020 and 2021 and the
uncertainties related to the shifting geopolitical situation in 2022. It is worth noting, however,
that the reduction in uranium mining and ore processing activities due to the pandemic did not
disrupt the performance of nuclear power reactors, as utilities and fuel cycle producers hold
significant inventories.

Meeting high case growth requirements to 2040 would consume about 26% of identified
recoverable resources available at a cost of <USD 130/kgU and about 20% of these at a cost of
<USD 260/kgU. However, when considering lower cost resources, in light of 2020 and 2021
market prices, at a cost of less than USD 80/kgU, in the high demand case meeting projected
requirements to 2040 would consume about 80% of identified recoverable resources.

For the foreseeable future, projected primary uranium production capabilities, including
existing, committed, planned and prospective production centres, would satisfy projected low-
case requirements through 2040, and partially satisfy high-case requirements, if new mining
developments proceed as planned.

For this to happen, however, significant investment and technical expertise will be required
to bring these resources to the market. Producers will have to overcome a number of significant,
and at times unpredictable, issues in bringing new production facilities on stream, including
geopolitical and local factors, technical challenges and complex legal and regulatory frameworks.
Strong market conditions will be critical to achieve the required industry investment.

Although low market prices have led to significant reductions in uranium production and a
delay in some mine development projects in recent years, other projects have advanced through
further stages of development. An improvement of uranium market conditions should also see
some of the delayed projects or idled mines reactivated in order to ensure supply to a growing
global nuclear fleet. The current global network of uranium mine facilities is relatively sparse,
creating the potential for supply vulnerabilities. However, utilities have been building significant
inventory over the last few years at reduced prices, which should help to protect them from such
events in the near term.

Although information on secondary sources is incomplete, the availability of these sources is
generally expected to decline somewhat in the 2020s. Existing information, however, indicates
that there remains a significant amount of previously mined uranium, some of which could
possibly be brought to the market in the coming years. With the enrichment capacity temporarily
in excess of requirements, enrichment providers are well-positioned to reduce tails assays below
contractual requirements and thereby create additional uranium supply. In the longer term,
alternative fuel cycles, if successfully developed and implemented and, in particular, closing the
fuel cycle, could have a very significant impact on the uranium market. It is too early to say how
cost-effective and widely implemented these proposed alternative fuel cycles could be.

Conclusions

Sufficient uranium resources exist to support continued use of nuclear power and significant
growth in nuclear capacity for electricity generation and other uses (e.g. heat, water, hydrogen)
in the near to long term. Identified recoverable resources, which include reasonably assured and
inferred resources combined, at a cost category of <USD 260/kgU (equivalent to USD 100/1b UsOs),
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are sufficient for more than 130 years, considering the uranium requirements of the year 2020.
At the end of the reporting period for this edition of the “Red Book”, when early 2021 uranium
market prices were about USD 30/lb UsOs (USD 78/kg U), only 25% of the recoverable resource
base outlined in this edition of the “Red Book” could be economically brought into production,
since resources with estimated mining costs greater than 80 USD/kgU cannot be profitably mined
at such prices. Hence, given those market and economic conditions, identified recoverable
resources at a cost category of <USD 80/kgU (equivalent to USD 30/1b UsOs, the average price of
uranium in early 2021) would be sufficient for only about 30 years of global reactor-related
uranium requirements, considering 2020 uranium requirement figures. At average market prices
of about USD 50/Ib UsOs (USD 130/kg U), beginning in mid-2021 and sustained through the
beginning of 2023, approximately 75% of the recoverable resource base could be economically
brought into production, representing about 100 years of uranium requirements. Favourable
prices would need to be sustained — and significant timely investment and technical expertise
will be required - to turn these resources into refined uranium ready for nuclear fuel production.

Global uranium demand is expected to continue to increase in the next several decades to
meet large population needs, particularly in emerging economies. Since nuclear energy produces
competitively priced, low-carbon baseload electricity and enhances the security of energy supply,
it is projected to remain an important component in the mix of low carbon energy supply.

The abundance of low-cost natural gas in North America and the risk-averse investment
climate have reduced the competitiveness of nuclear power plants in some liberalised electricity
markets. Government and market policies that recognise the benefits of low-carbon electricity
production and the security of energy supplied by nuclear power plants could help alleviate
these competitive pressures.

In 2021 and 2022, the perception of nuclear energy as a strategic resource for energy
independence has started to change in many countries, as reflected by recent government
nuclear energy policy changes. Noting that this was also due to the dramatic European energy
crisis of 2022 brought by the shifting geopolitical situation, the 2024 edition of the “Red Book”
will aim to provide a fuller picture of the implications of these developments on uranium
demand and supply.

After a period of reductions in uranium production, slowed investment and comparatively
low prices, it remains to be seen whether the quickly evolving market and policy environment
will provide incentives for the uranium market to expand substantially in the coming decades.
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URANIUM SUPPLY

Chapter 1. Uranium supply

This chapter summarises the status of worldwide uranium resources, exploration and
production. The data reporting period for this edition of the Red Book covers 1 January 2019 to
1 January 2021 (i.e. the calendar years 2019 and 2020). However, some important information for
2021 and 2022 has also been included when needed.

Uranium resources

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, or IR) refer to uranium deposits delineated by sufficient direct measurement to conduct pre-
feasibility and sometimes feasibility studies. For reasonably assured resources, 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 (which include
prognosticated resources, or PR, and speculative resources, or SR) 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. Unconventional resources are defined as very low-grade resources or those
from which uranium is only recoverable as a minor by-product or co-product. For a more detailed
description, see Appendix 3.

Identified conventional resources

The global distribution of identified conventional resources, recoverable at a cost of less than
USD 130/kgU is shown in Figure 1.1. Identified resources consist of reasonably assured resources
(RAR) and inferred resources (IR) recoverable at a cost of less than USD 260/kgU (USD 100/1b UsOs;
see Appendix 3). Unless otherwise noted, resource figures in this report refer exclusively to
recoverable resources; that is, the potential amount of uranium recovered after losses from
mining and processing are deducted. In situ resources are also presented at times in this report,
referring to the estimated amount of uranium in the ground, and are clearly indicated as such
(see Appendix 3).

Relative changes in different resource and cost categories of global identified resources
between this edition and the 2020 edition of the Red Book are summarised in Table 1.1 (note
that resources of a given cost category also include resources from lower cost categories, in
other words, the resource amounts are cumulative from lowest to highest cost category; see
Appendix 3 about how to read and interpret cost category resource figures).
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Table 1.1. Changes in identified resources (recoverable) 2019-2021
(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes®)

e T T R

Identified (total)

<USD 260/kgU 8070400 7917 500 -152 900 -1.9
<USD 130/kgU 6 147 800 6078 500 -69 300 -1.1
<USD 80/kgU 2007 600 1990 800 -16 800 -0.8
<USD 40/kgU® 1080500 775900 -304 600 -28.2
RAR

<USD 260/kgU 4723700 4688300 -35400 -0.7
<USD 130/kgU 3791700 3814500 22 800 0.6
<USD 80/kgU 1243900 1211300 -32 600 -2.6
<USD 40/kgu® 744 500 457 200 -287 300 -38.6
Inferred resources

<USD 260/kgU 3346 400 3229200 -117 200 -3.5
<USD 130/kgU 2355700 2263900 -91 800 -3.9
<USD 80/kgU 763 600 779 600 16 000 2.1
<USD 40/kgu® 335900 318700 -17 200 -5.1

* Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country and cost range level.
Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating to uranium resources
in this report. (a) Changes might not equal differences between 2019 and 2021 because of independent rounding. (b) Resources in the
cost category of <USD 40/kgU and <USD 80/kgU should be regarded with some caution since some countries do not report low-cost
resource estimates, mainly for confidentiality concerns, whereas other countries that have never, or not recently, hosted uranium mining
may be underestimating mining costs.

Contrary to recent editions, the overall picture from 1 January 2019 to 1 January 2021 is one
of decreasing global identified conventional uranium resources with the decrease in recoverable
resources greatest (-28%; >304 000 tU) in the lowest cost category (<USD 40/kgU). Decreases in
identified conventional resources occurred in all higher cost categories as well but were much
less pronounced (<2%). Highest cost (<USD 260/kgU) identified recoverable resources totalled
over 7.9 million tU a decline of 1.9% from 2019. Low-cost (<USD 40/kgU) RAR declined most
dramatically (-39%; 287 000 tU) and higher cost RAR followed a similar pattern to total identified
resources, with declines in each cost category amounting to <3%. IR declined less dramatically
overall (-5%) except for the <USD 80kgU cost category which increased modestly by 2.1%
(16 000 tU).

The overall decrease in the lowest cost category (<USD 40/kgU) of identified conventional
resources is principally the result of the removal of over 250 000 tU from the lowest cost category

in Canada (the country no longer reports in this category), along with mining depletion in Canada,

Kazakhstan and Uzbekistan. As of 1 January 2021, only Argentina (2 400 tU), Brazil (138 100 tU),
China (73 200 tU), Kazakhstan (502 000 tU), Spain (8 100 tU) and Uzbekistan (52 100 tU) reported
recoverable uranium resources in the lowest cost category (<USD 40/kgU). Much less dramatic
declines (-2% or less) of identified resources in the higher cost (<USD 80/kgU, <USD 130/kgU and
<USD 260/kgU), were principally the result of mining depletion in Russia and Ukraine, the
removal of over 100 000 tU of high-cost resources in Kazakhstan (Kosachinoye field open-pit and
underground resources), downgrading of Bakouma resources in the Central African Republic, the
movement of lower cost (<USD 80/kgU) resources in Mongolia to higher cost categories and
reductions due to the reassessment of recoverability factors in China and Tirkiye. This was
balanced by increases in Guyana, Hungary, India, Malawi, Mauritania, Mongolia, Namibia, Niger
and, to a lesser extent Paraguay, as a result of a combination of new discoveries and ongoing
exploration activities, supplemented by the movement of resources into higher cost categories
in Canada and the United States.
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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 and graphically summarised in Figures 1.2 and 1.3. Table 1.5
summarises major changes in resources between 2019 and 2021 in selected countries.

Figure 1.2. Distribution of reasonably assured recoverable conventional uranium
resources among select countries with a significant share of resources
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Figure 1.3. Distribution of inferred recoverable conventional uranium resources
among select countries with a significant share of resources
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Table 1.2a. Identified recoverable resources

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

; <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Algeria@®? 0 0 0 19500
Argentina 2400 19300 34300 35300
Australia NA NA 1684 100 1959 800
Bolivia®@® 0 0 0 1400
Botswana* 0 0 87200 87 200
Brazil® 138 100 229 400 276 800 276 800
Canada 0 292 400 588 500 865 400
Central African Republic*® 0 0 0 29200
Chad*@b.cd 0 0 0 2400
Chile*@bd 0 0 0 1400
China*®ce 73200 132500 223900 244700
Congo, Dem. Rep.*@b< 0 0 0 2700
Czech Republic 0 0 800 119100
Denmark/Greenland® 0 0 0 114 000
Egypt® 0 0 400 1900
Finland®@) 0 0 1200 1200
Gabon@9 0 0 4 800 5800
Germany® 0 0 0 7 000
Greece®9 0 0 0 7000
Guyana®@®) 0 0 0 4600
Hungary® 0 0 0 16 700
India®d NA NA NA 220900
Indonesia@f 0 1500 8600 8600
Iran, Islamic Republic of*®:<) 0 0 7400 7 400
Italy@< 0 6100 6100 6100
Japan® 0 0 6 600 6 600
Jordan® 0 0 52500 52500
Kazakhstan® 502 000 732100 815200 874700
Malawi* 0 0 9500 16 300
Mali*® 0 0 8900 8900
Mauritania* 0 0 18 800 26 100
Mexico® 0 0 3700 5000
Mongolia@ 0 16 900 144 600 144 600
Namibia 0 19700 470100 509 500
Niger* 0 14 600 311100 468 000
Paraguay*® 0 0 4400 4400
Peru*® 0 33400 33400 33400
Portugal @09 0 3600 5600 5600
Romania*@< 0 0 6600 6600
Russia® 0 35000 480 900 656 900
Senegal*®) 0 0 0 1100
Slovak Republic@) 0 12700 15500 15500

Continued on next page.
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Table 1.2a. Identified recoverable resources (cont’d)
(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

<USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Slovenia@® 0 5400 9200 9200
Somalia*@b< 0 0 0 7 600
South Africa* 0 228 000 320900 444700
Spain® 8100 28 500 28 500 28 500
Sweden*@b) 0 0 9600 9600
Tanzania*® 0 46 800 58 200 58 200
Turkiye®f9 0 0 11700 12700
Ukraine 0 71800 107 200 185 400
United States® 0 9000 59400 112200
Uzbekistan* 52100 52100 131 300 131300
Viet Nam*(@b) 0 0 0 3900
Zambia* 0 0 31000 31000
Zimbabwe@b< 0 0 0 1400
Total®™ 775900 1990 800 6078 500 7 917 500

* Secretariat estimate. ** Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country and
cost range level. Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating to
uranium resources in this report. (a) Assessment not made within the last five years. (b) In situ resources were adjusted by the Secretariat to
estimate recoverable resources using recovery factors provided by countries or estimated by the Secretariat. (c) Not reported in 2021
responses, data from previous Red Book. (d) Cost data not provided, therefore resources are reported in the <USD 260/kgU category.
(e) Updated recovery factors. (f) Assessment partially made within the last five years. (g) Updated to report recoverable resources. (h) Totals
related to cost ranges <USD 40/kgU and <USD 80/kgU should be regarded with some caution since certain countries do not report low-cost
resource estimates, mainly for confidentiality concerns, whereas other countries that have never, or not recently, hosted uranium mining,
may be underestimating mining costs.

Table 1.2b. Identified in situ resources

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes)

<USD 40/kgU <USD 80/kgu <USD 130/kgU <USD 260/kgU
Algeria® 0 0 0 26 000
Argentina® 3200 25800 46 100 47 500
Australia® NA NA 2608 400 3061400
Bolivia® 0 0 0 1700
Botswana*® 0 0 140 600 140 600
Brazil 184 300 314600 382300 382300
Canada® 0 304 600 638 400 992 300
Central African Republic* 0 0 0 36 500
Chad*@cd) 0 0 0 3200
Chile*@9 0 0 0 1900
China*© 104 600 188 100 311800 339500
Congo, Dem. Rep.*@c) 0 0 0 3600
Czech Republic® 0 0 1300 197 300
Denmark/Greenland 0 0 0 228 000
Egypt 0 0 500 2500
Finland® 0 0 1500 1500
Gabon@b<) 0 0 6400 7700

Continued on next page.
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Table 1.2b. Identified in situ resources (cont’d)

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

; <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Germany@b) 0 0 0 9300
Greece@b< 0 0 0 9300
Guyana®@ 0 0 0 6200
Hungary 0 0 0 22200
India@ NA NA NA 292900
Indonesia® 0 2000 11 500 11500
Iran, Islamic Republic of*© 0 0 9900 9900
Italy@bo 0 8100 8100 8100
Japan@®) 0 0 7 800 7 800
Jordan 0 0 70000 70000
Kazakhstan 564 000 823100 919 300 991 000
Malawi*®9 0 0 11 800 21300
Mali* 0 0 11 800 11800
Mauritania*® 0 0 21800 31600
Mexico 0 0 4900 6700
Mongolia® 0 22500 192 200 192 200
Namibia® 0 24 600 587 600 636 900
Niger*®9 0 18 000 384100 586 000
Paraguay* 0 0 5100 5100
Peru* 0 47700 47 700 47700
Portugal® 0 4500 7 000 7 000
Romania*@b<) 0 0 8800 8800
Russia®® 0 46 600 590 200 840900
Senegal* 0 0 0 1500
Slovak Republic® 0 15 800 19300 19300
Slovenia® 0 7 200 12200 12200
Somalia*@< 0 0 0 10 200
South Africa*® 0 311 600 436 900 612000
Spain 9800 34400 34 400 34400
Sweden*® 0 0 12 800 12800
Tanzania*®) 0 58 500 72 800 72 800
Tarkiye® 0 0 15300 16 700
Ukraine® 0 82 000 121900 211100
United States 0 12 000 79 200 149 500
Uzbekistan*® 65200 65 200 170300 170300
Viet Nam*@ 0 0 0 5200
Zambia*® 0 0 34300 34300
Zimbabwe@9 0 0 0 1800
Total@ 931 100 2416900 8046 300 10671 800

* Secretariat estimate. ** Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country
and cost range level. Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating
to uranium resources in this report. (a) Assessment not made within the last five years. (b) Recoverable resources were adjusted by the
Secretariat to estimate in situ resources using recovery factors provided by countries or estimated by the Secretariat according to the
expected production method (Appendix 3). (c) Not reported in 2021 responses, data from previous Red Book. (d) Cost data not provided,
therefore resources are reported in the <USD 260/kgU category. (e) Assessment partially made within the last five years. (f) Updated
recovery factors. (g) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU should be regarded with some caution since certain
countries do not report low-cost resource estimates, mainly for reasons of confidentiality, whereas other countries that have never, or
not recently, hosted uranium mining, may be underestimating mining costs.
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Table 1.2c. Comparison of identified resources reported as in situ versus recoverable

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

Identified resources (tU) <USD 40/kguU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Total in situ 931100 2416 900 8046 300 10671 800
Total recoverable 775 900 1990 800 6078 500 7917 500
Difference 155200 426 100 1967 800 2754300
Difference % 16.7 17.6 245 25.8
Recovery % 83.3 824 75.5 74.2

Identified resources (tU) <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU

(as of 1 January 2019, tonnes U; Red Book 2020)

Total in situ 1268 400 2456 300 8070300 10584 500
Total recoverable 1080 500 2007 600 6 147 800 8070900
Difference 187 900 448 700 1922500 2513600
Difference % 14.8 183 23.8 237
Recovery % 85.2 81.7 76.2 76.3

Identified resources (tU) <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU

(as of 1 January 2017, tonnes U; Red Book 2018)

Total in situ 1294700 2618000 8122100 10652 900
Total recoverable 1057700 2079500 6142200 7 988 600
Difference 237000 538 500 1979900 2664 300
Difference % 183 20.6 244 25.0
Recovery % 81.7 79.4 75.6 75.0

(as of 1 January 2015, tonnes U; Red Book 2016)

Identified resources (tU) <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Total in situ 841000 2695300 7 659 400 10188 700
Total recoverable 646 900 2124700 5718400 7 641 600
Difference 194100 570 600 1941 000 2547100
Difference % 23.1 21.2 253 25.0
Recovery % 76.9 78.8 74.7 75.0

* In Red Book editions 2016, 2018, and 2020, the percent difference and percent recovery are in error, and are here corrected. ** Note
that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country and cost range level. Therefore,
these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating to uranium resources in this
report.
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Table 1.3a. Reasonably assured recoverable resources

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

; <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Algeria@? 0 0 0 19 500
Argentina 0 7 000 10500 10500
Australia NA NA 1238700 1317800
Botswana* 0 0 20400 20400
Brazil® 138 100 155900 155900 155900
Canada 0 282300 489700 649 000
Chile*@bo 0 0 0 600
China*®<d) 31800 55600 107 600 111100
Congo, Dem. Rep.*@bo 0 0 0 1400
Czech Republic 0 0 800 50800
Denmark/Greenland® 0 0 0 51400
Finland®@®) 0 0 1200 1200
Gabon@9 0 0 4800 4800
Germany® 0 0 0 3000
Greece@ 0 0 0 1000
Guyana®@® 0 0 0 2400
India®® NA NA NA 213000
Indonesia®? 0 1500 5500 5500
Iran, Islamic Republic of*®<) 0 0 3200 3200
Italy@c) 0 4800 4800 4800
Japan®@ 0 0 6600 6600
Jordan® 0 0 6000 6000
Kazakhstan® 252000 316 400 367 800 387 400
Malawi* 0 0 7700 12000
Mali*® 0 0 5000 5000
Mauritania* 0 0 6500 6700
Mexico® 0 0 1800 1800
Mongolia@ 0 7 600 66 200 66 200
Namibia 0 11 800 307 200 322800
Niger* 0 14 600 257 500 334800
Paraguay*® 0 0 3000 3000
Peru*® 0 14 000 14 000 14 000
Portugal@®b9 0 3600 4800 4800
Romania*@®c 0 0 3000 3000
Russia® 0 20 600 206 400 251900
Slovak Republic®?) 0 8800 8800 8800
Slovenia®® 0 1700 1700 1700
Somalia*@b. 0 0 0 5000
South Africa* 0 166 300 236 000 255700

Continued on next page.
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Table 1.3a. Reasonably assured recoverable resources (cont’d)

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

<USD 40/kgU <USD 80/kgu <USD 130/kgU <USD 260/kgU
Spain® 8100 19100 19100 19100
Sweden*@b) 0 0 4900 4900
Tanzania*® 0 38300 39700 39700
Turkiye®f9 0 0 3000 3000
Ukraine 0 45200 73300 120 600
United States® 0 9000 59400 112 200
Uzbekistan* 27 200 27 200 49200 49200
Viet Nam¥*@b) 0 0 0 900
Zambia* 0 0 12 800 12 800
Zimbabwe@b9 0 0 0 1400
Total™ 457 200 1211300 3814500 4 688 300

* Secretariat estimate. ** Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country
and cost range level. Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating
to uranium resources in this report. (a) Assessment not made within the last five years. (b) In 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). (c) Not reported in 2021 responses, data from previous Red Book. (d) Updated recovery
factors. (e) Cost data not provided, therefore resources are reported in the <USD 260 kgU category. (f) Assessment partially made within
the last five years. (g) Updated to report recoverable resources. (h) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU should
be regarded with some caution since certain countries do not report low-cost resource estimates, mainly for reasons of confidentiality,
whereas other countries that have never, or not recently, hosted uranium mining, may be underestimating mining costs.

Table 1.3b. Reasonably assured in situ resources

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

<USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Algeria® 0 0 0 26 000
Argentina® 0 9600 14 400 14 400
Australia® NA NA 1907 500 2076 300
Botswana*® 0 0 32900 32900
Brazil 184 300 209700 209 700 209 700
Canada® 0 293100 525100 744 400
Chile*@b 0 0 0 700
China*© 45 400 79100 149 800 154 500
Congo, Dem. Rep.*@q 0 0 0 1900
Czech Republic® 0 0 1300 83 800
Denmark/Greenland 0 0 0 102 800
Finland® 0 0 1500 1500
Gabon@bad 0 0 6400 6400
Germany@P) 0 0 0 4000
Greece®b 0 0 0 1300

Continued on next page.
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Table 1.3b. Reasonably assured in situ resources (cont’d)

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

; <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Guyana® 0 0 0 3200
India@ NA NA NA 282 400
Indonesia® 0 2000 7 400 7 400
Iran, Islamic Republic of*© 0 0 4300 4300
Italy@be) 0 6400 6400 6400
Japan@P) 0 0 7 800 7 800
Jordan 0 0 8000 8000
Kazakhstan 283100 355700 414700 438 300
Malawi*® 0 0 9500 15700
Mali* 0 0 6700 6700
Mauritania*® 0 0 7 500 7900
Mexico 0 0 2500 2500
Mongolia® 0 10100 88 200 88200
Namibia® 0 14700 384000 403 500
Niger*®9 0 18 000 317 900 413 400
Paraguay* 0 0 3400 3400
Peru* 0 20 000 20000 20000
Portugal® 0 4500 6000 6000
Romania*@bc) 0 0 4000 4000
Russia®®) 0 27 500 257 200 327100
Slovak Republic® 0 10900 10900 10900
Slovenia® 0 2200 2200 2200
Somalia*@c 0 0 0 6700
South Africa*® 0 229400 324600 351500
Spain 9800 23 000 23 000 23 000
Sweden*® 0 0 6500 6500
Tanzania*®e 0 47 900 49 600 49 600
Turkiye® 0 0 4300 4300
Ukraine® 0 51800 83700 137 200
United States 0 12000 79200 149 500
Uzbekistan*® 34100 34100 61800 61800
Viet Nam*@ 0 0 0 1200
Zambia*® 0 0 14100 14100
Zimbabwe(@© 0 0 0 1800
Total@ 556 700 1461700 5064 000 6337 100

* Secretariat estimate. ** Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country
and cost range level. Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating
to uranium resources in this report. (a) Assessment not made within the last five years. (b) Recoverable resources were adjusted by the
Secretariat to estimate in situ resources using recovery factors provided by countries or estimated by the Secretariat according to the
expected production method (Appendix 3). (c) Not reported in 2021 responses, data from previous Red Book. (d) Cost data not provided,
therefore resources are reported in the <USD 260/kgU category. (e) Assessment partially made within the last five years. (f) Updated
recovery factors. (g) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU should be regarded with some caution since certain
countries do not report low-cost resource estimates, mainly for reasons of confidentiality, whereas other countries that have never, or
not recently, hosted uranium mining, may be underestimating mining costs.
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Table 1.4a. Inferred recoverable resources

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

; <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Argentina 2400 12300 23800 24800
Australia NA NA 445 400 642 000
Bolivia@®? 0 0 0 1400
Botswana* 0 0 66 800 66 800
Brazil ® 0 73500 120900 120900
Canada 0 10 000 98 900 216 400
Central African Republic*® 0 0 0 29200
Chad*@bcd) 0 0 0 2400
Chile*@bo 0 0 0 900
China*b<e 41400 76900 116 400 133 600
Congo, Dem. Rep.*@bo 0 0 0 1300
Czech Republic 0 0 0 68 300
Denmark/Greenland® 0 0 0 62 600
Egypt® 0 400 1900
Gabon®9 0 0 0 1000
Germany @ 0 0 0 4000
Greece@ 0 0 0 6000
Guyana®@® 0 0 0 2200
Hungary® 0 0 0 16 700
India®d NA NA NA 8000
Indonesia®? 0 0 3000 3000
Iran, Islamic Republic of*®) 0 0 4200 4200
Italy@c) 0 1300 1300 1300
Jordan® 0 0 46 500 46 500
Kazakhstan® 250000 415700 447 500 487 300
Malawi* 0 0 1800 4300
Mali*® 0 0 3900 3900
Mauritania* 0 0 12300 19300
Mexico® 0 0 1800 3200
Mongolia@ 0 9300 78 400 78 400
Namibia 0 7900 162 900 186 700
Niger* 0 0 53600 133 200
Paraguay*® 0 0 1400 1400
Peru*® 0 19 400 19 400 19400
Portugal@®b9 0 0 800 800
Romania*@®c 0 0 3600 3600
Russia® 0 14 400 274500 405 000
Senegal*® 0 0 0 1100
Slovak Republic@?) 0 3900 6700 6700

Continued on next page.
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Table 1.4a. Inferred recoverable resources (cont’d)

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

<USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Slovenia@® 0 3800 7 500 7 500
Somalia*@b< 0 0 0 2 600
South Africa* 0 61700 84 800 189 000
Spain® 0 9400 9400 9400
Sweden*@b) 0 0 4700 4700
Tanzania*® 0 8500 18 500 18 500
Turkiye®t9 0 0 8700 9700
Ukraine 0 26700 33800 64 800
Uzbekistan* 24900 24900 82100 82100
Viet Nam*@b) 0 0 0 3000
Zambia* 0 0 18 200 18 200
Total® 318700 779 600 2263900 3229200

* Secretariat estimate. ** Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country and
cost range level. Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating to
uranium resources in this report. (a) Assessment not made within the last five years. (b) In 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). (c) Not reported in 2021 responses, data from previous Red Book. (d) Cost data not provided, therefore
resources are reported in the <USD 260/kgU category. (e) Updated recovery factors. (f) Assessment partially made within the last five years.
(g) Updated to report recoverable resources. (h) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU should be regarded with some
caution since certain countries do not report low-cost resource estimates, mainly for confidentiality concerns, whereas other countries that
have never, or not recently, hosted uranium mining, may be underestimating mining costs.

Table 1.4b. Inferred in situ resources

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

<USD 40/kgu <USD 80/kgu <USD 130/kgu <USD 260/kgu
Argentina® 3200 16 300 31800 33100
Australia® NA NA 700900 985 100
Bolivia® 0 0 0 1700
Botswana*® 0 0 107 700 107 700
Brazil 0 104 900 172 600 172 600
Canada® 0 11500 113300 247900
Central African Republic* 0 0 0 36 500
Chad*®bcd 0 0 0 3200
Chile*®o 0 0 0 1200
China*© 59200 109 100 162 000 185 000
Congo, Dem. Rep.*9 0 0 0 1700
Czech Republic® 0 0 0 113 500
Denmark/Greenland 0 0 0 125100
Egypt 0 0 500 2500
Gabon@b< 0 0 0 1300

Continued on next page.
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Table 1.4b. Inferred in situ resources (cont’d)

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes™)

; <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Germany®@b 0 0 0 5300
Greece®b9 0 0 0 8000
Guyana® 0 0 0 2900
Hungary 0 0 0 22200
India@® NA NA NA 10500
Indonesia® 0 0 4100 4100
Iran, Islamic Republic of*© 0 0 5500 5500
Italy@bo 0 1700 1700 1700
Jordan 0 0 62 000 62 000
Kazakhstan 280 800 467 400 504 600 552600
Malawi*@0 0 0 2300 5600
Mali* 0 0 5200 5200
Mauritania*® 0 0 14300 23700
Mexico 0 0 2500 4300
Mongolia® 0 12 400 104 100 104 100
Namibia® 0 9900 203 600 233400
Niger*@f 0 0 66 200 172 600
Paraguay* 0 0 1600 1600
Peru* 0 27700 27700 27700
Portugal® 0 0 1000 1000
Romania*@b< 0 0 4800 4800
Russia®®® 0 19200 333000 513 800
Senegal* 0 0 0 1500
Slovak Republic® 0 4900 8400 8400
Slovenia® 0 5000 10 000 10 000
Somalia*@b9 0 0 0 3500
South Africa*@ 0 82200 112200 260 600
Spain 0 11400 11400 11400
Sweden*® 0 0 6300 6300
Tanzania*@® 0 10600 23200 23200
Turkiye® 0 0 10900 12 400
Ukraine® 0 30200 38200 73900
Uzbekistan*@ 31100 31100 108 500 108 500
Viet Nam*© 0 0 0 4000
Zambia*@® 0 0 20100 20100
Total@ 374 300 955 500 2982200 4334500

* Secretariat estimate. ** Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country
and cost range level. Therefore, these cost range totals do not exactly match totals for these cost ranges as shown in other tables relating
to uranium resources in this report. (a) Recoverable resources were adjusted by the Secretariat to estimate in situ resources using
recovery factors provided by countries or estimated by the Secretariat according to the expected production method (Appendix 3).
(b) Assessment not made within the last five years. (c) Not reported in 2021 responses, data from previous Red Book. (d) Cost data not
provided, therefore resources are reported in the <USD 260/kgU category. (e) Assessment partially made within the last five years.
(f) Updated recovery factors. (g) Totals related to cost ranges <USD 40/kgU and <USD 80/kgU should be regarded with some caution
since certain countries do not report low-cost resource estimates, mainly for confidentiality concerns, whereas other countries that have
never, or not recently, hosted uranium mining, may be underestimating mining costs.
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Table 1.5. Major identified recoverable resource changes by country

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes®)

e T T e
RAR

<USD 130/kgU 1183900 1238700 54800
RAR increases and INF decreases due to
Australia <USD 260/kgu 1284800 1317800 33000 reported Olympic Dam resource figures and
Inferred updated uranium recoverability information
for some deposits.
<USD 130/kgU 508 800 445 400 -63 400
<USD 260/kgU 764 600 642 000 -122 600
RAR
<USD 40/kgU 258 500 0 -258 500
<USD 80/kgU 258 500 282 300 23 800
Loss of USD <40/kgU RAR due to combined
<USD 130/kgU 461600 489700 28100 | effects of inflation, changes in cut-off grades
<USD 260/kgU 652 200 649 000 -3200 | and mining depletion.

Canada Increase in USD<80/kgU RAR in part due to
Inferred the addition of Phoenix and Heldeth Tué
<USD 40/kgU 1900 0 -1900 | deposits that are proposed to be mined

using lower cost ISL methods.
<USD 80/kgU 10900 10 000 -900
<USD 130/kgU 103 300 98 900 -4 400
<USD 260/kgU 220800 216 400 -4 400
RAR

Central <USD 130/kgU 32000 0 -32000 Re-evaluation of Bakouma Basin deposits

African <USD 260/kgU 32000 0 -32000 | resultsin a decrease of overall recoverable

Republic uranium and a downgrade from RAR to INF.
Inferred
<USD 260/kgU 0 ‘ 36 400 36 400
Inferred Private company exploration adds to the

Hungary
<USD 260/kgU 13500 ‘ 16 700 3200 | existing total of Mecsek Mountain resources.
RAR Increase due to resource additions in the

. southern Cuddapah Basin and extensions of
India o .
<USD 260/kgU 188 000 213 000 25000 | known deposits in the Singhbhum Shear Zone,
Bhima Basin, and North Delhi Fold Belt.
RAR
<USD 40/kgU 272200 252000 -20 200
<USD 80/kgU 343 800 316 400 -27 400
Overall decreases in Identified Resources a
<USD 130/kgu 445100 367 800 77300 | result of mining depletion and the transfer of
<USD 260/kgU 464 700 387 400 -77300 | Kosachinoye deposit high-cost resources (OP

Kazakhstan and UG; >100 000 tU) to the sub-economic
Inferred category, balanced by increases in Inferred
<USD 40/kgU 258 400 250 000 8400 | Resources (> 5500 tU) at sites No. 6 and No. 7

of the Budennovskoye deposit.
<USD 80/kgU 374600 415700 41100
<USD 130/kgU 461700 447 500 -14 200
<USD 260/kgU 504 400 487 300 -17 100

Continued on next page.
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Table 1.5. Major identified recoverable resource changes by country (cont’d)

(as of 1 January 2021, tonnes U, rounded to nearest 100 tonnes®)

e T T
RAR

<USD 130/kgU 4400 7700 3300

<USD 260/kgU 9700 12000 2300 | RARincrease as aresult of a new resource
Malawi evaluation by Lotus Resources Ltd, after its

Inferred acquisition of the Kaylekera uranium project.

<USD 130/kgU 1800 1800 0

<USD 260/kgU 4 600 4400 -200

RAR

<USD 130/kgU 5700 6500 800

<USD 260/kgU 5900 6700 800 | Drilling and analyses done to complete a Tiris
Mauritania Project feasibility study converts Inferred

Inferred Resources to Reasonable Assured Resources.

<USD 130/kgU 11500 12300 800

<USD 260/kgU 18 500 19300 800

RAR

<USD 80/kgU 25100 7600 -17 500

<USD 130/kgu 45500 66 200 20700 | additional resources were identified during

<USD 260/kgU 45500 66 200 20700 | recentexploration of sandstone-type
Mongolia deposits amenable to ISL while resources for

Inferred underground and open-pit mining were

<USD 80/kgU 20 400 9300 11100 moved to higher cost categories.

<USD 130/kgU 62 500 78 400 15900

<USD 260/kgU 62 500 78 400 15900

RAR

<USD 80/kgU 0 11800 11 800

<USD 130/kgU 279 400 307 200 27800 | RARand IR increases the result of additional

resources identified at the Tumas and Wings

Namibia <USD 260/kgU 320700 322800 2100 | deposits balanced by mining depletion at the

Inferred Husab and Rdssing mines, along with

re-estimation of historical resources at

<USD 80/kgU 0 7900 7900 | Trekkopje.

<USD 130/kgU 168 900 162 900 -6 000

<USD 260/kgU 183 500 186 700 3200

RAR

<USD 80/kgU 9900 14 600 4700

<USD 130/kgU 238700 257 500 18800 | Ongoing exploration defines additional
Niger <USD 260/kqU 315 500 334 800 19300 resources at existing mines and deposits

9 under development, mainly at Somair and

Inferred Dasa.

<USD 130/kgU 37700 53600 15900

<USD 260/kgU 123 900 133200 9300

* Note that tonnes U values in this table are rounded to the nearest 100 tonnes, independently, at the country and cost range level. Therefore, these
cost range totals do not exactly match totals for these cost ranges as shown in other tables relating to uranium resources in this report.
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Reasonably assured resources amount to 59% of the identified resource total, a less than 1%
increase compared to the last reporting period. As of 1January 2021, low-cost RAR and IR
comprised <10% of total RAR and IR, declining by 6% and 0.2% respectively from 2019.

Australia reported increased RAR and decreased IR in the higher cost categories
(<USD 130/kgU and 260/kgU) due to Olympic Dam resource figure updates and reassessment of
recoverability information for some deposits. Canada reported a significant decline in low-cost
(<USD 40/kgU) RAR owing to the combined effects of increased mining costs and cut-off grade
change that reflects a uranium price <USD 80/kgU. The Central African Republic reported
reduced high-cost (<USD 260/kgU) resources, downgraded from RAR to IR, resulting from the
reassessment of resources at the Bakouma deposit. In Hungary, additional high-cost
(<USD 260/kgU) Mecsek Mountain resources identified through private company exploration
efforts were incorporated into national resource totals, leading to an increase in IR. In India,
ongoing exploration efforts led to a 13% increase in high-cost (<USD 260/kgU) RAR, compared to
2019. Kazakhstan reported decreased RAR and IR (with the exception of IR <USD 80/kgU category)
resulting from ongoing mining depletion and the transfer of high-cost open-pit and
underground Kosachinoye field resources to the subeconomic category, balanced by increases
in IR at sites No. 6 and No. 7 of the Budennovskoye field. Updated resource evaluations by the
new owner of the Kayelekera uranium project in Malawi led to increases in higher cost
(<USD 130/kgU and 260/kgU) RAR. Ongoing exploration at the Tirus deposit in Mauritania led to
increases in higher cost (<USD 130/kgU and 260/kgU) RAR and IR. In Mongolia, ongoing
exploration led to the identification of higher cost (<USD 130/kgU and 260/kgU) RAR and IR and
reassessment of mining costs led to a shift of resources into higher cost categories. Ongoing
exploration in Namibia boosted RAR and IR resource totals in all categories (with the exception
of IR <USD 130/kgU), including the addition of lower cost (<USD 80/kgU) RAR and IR resulting
from the discovery of the first deposit (Wings) in the country potentially amenable to in situ
leaching (ISL) mining. Decreases in RAR and IR occurred across all cost categories in China and
Tirkiye owing to recovery factor reductions in both countries resulting from Secretariat
assessment of local geologic conditions.

Australia still dominates the world’s uranium resources with 28% of the total identified
resources at <USD 130/kgU and 25% of identified resources in the highest cost category
(<USD 260/kgU). However, 68% of Australia’s uranium resources (and 17% of global identified
resources) are attributed to the world-class polymetallic Fe-oxide breccia complex, the Olympic
Dam deposit, where uranium is mined as a co-product. Kazakhstan remains a distant second
with approximately 13% available at <USD 130/kgU and 11% in the <USD 260/kgU cost category.
Canada’s share has been reduced slightly since the last reporting period to about 10% in the
<USD 130/kgU category and 11% in the <USD 260/kgU category. All remaining countries have
less than a 10% share in these higher cost categories. There are 15 countries that represent
approximately 95% of the total identified resources in the <USD 130/kgU cost category (see
Figure 1.1).

With respect to the lower cost categories, Australia does not report any resources at these
costs and thus Kazakhstan leads with 64% of lowest cost resources (<USD 40/kgU), followed by
Brazil (18%), China (9%), Uzbekistan (7%), Spain (1%) and Argentina (<1%), the only six countries
reporting resources in this cost category for this edition. In the <USD 80/kgU cost category,
Kazakhstan holds a 37% share, followed by Canada (15%), Brazil and South Africa (12%), China (7%),
Uzbekistan (3%) and Spain (1%), with Argentina, Mongolia, Niger each holding <1% shares in this
cost category. Readers are cautioned concerning these lower cost resource estimates
(<USD 40/kgU, <USD 80/kgU), since Australia does not report resources in these cost categories,
the United States does not report IR, and some countries that have never (or have not recently)
hosted uranium mining may be underestimating mining costs.

Starting in the 2016 edition, a summary has been prepared of worldwide in situ identified
conventional resources (see Tables 1.2b, 1.3b and 1.4b). Table 1.2c is a summary comparison of in
situ identified resources and recoverable identified resources by cost category. Overall, there is a
17% to 26% increase in the resource figures when they are reported as in situ. This corresponds to
average recoveries ranging from approximately 74% to 83%. Total identified in situ resources
increased marginally (<1%) from 10 584 500 tU reported in the last edition to 10 671 800 tU for this
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edition as only three countries provided both in situ and recoverable figures, and conversions
produced by the application of generic recovery factors (see Appendix 3) as NEA/IAEA estimates
were, in the cases of China and Tirkiye, adjusted by the IAEA Secretariat to be more
commensurate with the geological settings of the uranium deposits and planned mining
technologies in these countries.

Reporting in situ resources provides a more optimistic view of the available resource base
and provides an indication of how the resource base could be increased with improvements in
mining and processing methods that would lead to better recovery. Nonetheless, recoverable
resources still provide the best and more realistic estimate of uranium supply.

Distribution of resources by production method

For this edition of the Red Book, countries once again were asked to report identified resources
by cost categories and by the expected production method: 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 unspecified.

In the cost category <USD 40/kgU, although underground and open-pit mining remain
important production methods for RAR (Table 1.6) in Brazil (where resources for open-pit mining
have been developed in recent years), ISL (acid) has surpassed the combined total of underground
and open-pit mining, as well as ISL alkaline and co-product/by-product production, in this, the
lowest cost category of high confidence resources. Low-cost resources amenable to production by
ISL, mainly in Kazakhstan, and to a lesser extent China and Uzbekistan, make the most significant
contributions. Resources suited for co-product/by-product production and underground mining
in Brazil make up the remainder, followed by alkaline ISL (China). The total of low-cost resources
is likely underestimated owing to the difficulty in assigning mining costs accurately in the co-
product/by-product category, notably in Australia.

Table 1.6. Reasonably assured recoverable resources by production method

(as of 1 January 2021, tonnes U)

Production method <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Open-pit mining 16153 104 832 900 196 1047 462
Underground mining 59 049 384 885 971 898 1399002
In situ leaching acid 291556 434 686 544 941 601902
In situ leaching alkaline 19460 26 852 75575 75575
Co-product/by-product 71050 255167 1280228 1434 468
Unspecified 0 4800 41 546 129 659
Total 457 268 1211222 3814384 4 688 068

In the <USD 80/kgU category, resources amenable to production by ISL (Canada, China,
Kazakhstan, Mongolia, Namibia, Russia, Ukraine and Uzbekistan) and underground mining
methods (mainly Brazil, Canada, Ukraine and the United States) make the most significant
contribution, with by-product/co-product category (Brazil and South Africa) and open-pit
mining (Argentina, Brazil, Niger, Peru, Spain and Tanzania) rising in importance.

In the <USD 130/kgU category, resources in the by-product/co-product category are greatest,
predominately a result of the Olympic Dam deposit in Australia, with underground (mainly
Australia, Brazil, Canada, Russia and Ukraine) and open-pit mining (mainly Australia, Namibia
and Niger) making the most significant contributions of the remaining production methods,
followed by ISL acid.
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In the <USD 260/kgU category, the underground (mainly Australia, India, Canada and Russia)
and co-product/by-product (Australia, Brazil, Greenland, Russia and South Africa) production
methods continue to lead, followed by open-pit mining (mainly Australia, Namibia and Niger).
Canada holds the largest resource total for underground mining while Namibia and Niger make
the largest contributions in the open-pit production category. ISL makes an important
contribution in all cost categories, with Kazakhstan being the dominant player for ISL acid and
China and the United States for ISL alkaline.

The pattern of resource distribution by production method for IR (Table 1.7) is similar to that
for RAR. In the lowest cost categories (<USD 40/kgU and <USD 80/kgU), resources amenable to ISL
production dominate, principally in Kazakhstan. In the <USD 130/kgU category, ISL acid continues
to lead, dominated by Kazakhstan and Uzbekistan, but is followed closely by co-product/by-
product (Australia, Brazil and South Africa), open-pit (mainly Botswana, Jordan, Namibia and
Niger) and underground mining (mainly Australia, Canada, China, Russia and Ukraine). In the
highest cost category (<USD 260/kgU), underground mining (mainly Canada and Russia) leads with
co-product/by-product (mainly Australia, Brazil, Greenland and South Africa), open pit (mainly
Australia and Namibia) and ISL (mainly Kazakhstan, followed by Australia, the Czech Republic
and Uzbekistan) making significant contributions. Since the United States does not report IR, the
ISL alkaline category is under-represented in Table 1.7.

Table 1.7. Inferred recoverable resources by production method

(as of 1 January 2021, tonnes U)

Production method <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Open-pit mining 2430 52047 525323 693 405
Underground mining 0 56 088 506 833 860 808
In situ leaching acid 281 646 475729 573836 690313
In situ leaching alkaline 34650 59955 63 245 63 245
Co-product/by-product 0 94 579 520 898 718 045
Unspecified 0 41130 73830 203 571
Total 318726 779528 2263 965 3229387

Distribution of resources by processing method

In 2021, countries were once again requested to report identified conventional resources by cost
categories and by the expected processing method: conventional from open-pit or conventional
from underground mining, ISL, in-place leaching, heap leaching from open-pit or heap leaching
from underground, or unspecified. It should be noted that not all countries reported their
resources according to processing method.

The overall distribution has changed somewhat since the last reporting period, owing to the
reclassification of Canadian resources from the lowest cost category (<USD 40/kgU), considerably
reducing the share of low-cost resources amenable to underground mining. In all but the lowest
cost category for RAR, where ISL amenable resources dominate (Table 1.8), conventional
processing from underground mining is the major contributor, particularly in the higher cost
categories (<USD 130/kgU and <USD 260/kgU), owing principally to Australia’s Olympic Dam
deposit. 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.
Heap leaching from open-pit and underground mining become increasingly important in the
higher cost categories (<USD 130/kgU and <USD 260/kgU), particularly in Botswana, Namibia and
Niger.
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Table 1.8. Reasonably assured recoverable resources by processing method

(as of 1 January 2021, tonnes U)

Processing method <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Conventional from OP 12103 81673 621140 763073
Conventional from UG 59 049 549 571 2143734 2618995
In situ leaching acid 291 556 434 687 544 941 601902
In situ leaching alkaline 19 460 26 852 75575 75575
In-place leaching* 0 0 516 5942
Heap leaching** from OP 3150 17129 268 224 323568
Heap leaching** from UG 0 5130 25638 29459
Unspecified 71950 96 180 134616 269 554
Total 457 268 1211222 3814384 4 688 068

* Also known as stope leaching or block leaching.

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

With respect to IR (Table 1.9), ISL dominates in the two lower cost categories, but in the two
higher cost categories is surpassed by the underground conventional method, with conventional
from open-pit mining rising in importance. Heap leaching from open pit becomes increasingly
important in the higher cost categories (<USD 130/kgU and <USD 260/kgU), particularly in
Botswana, Jordan and Namibia. 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 processing method, leading to under-
representation in the ISL alkaline category in Table 1.9.

Table 1.9. Inferred recoverable resources by processing method

(as of 1 January 2021, tonnes U)

Processing method <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

36

Conventional from OP 2430 34332 339400 555009
Conventional from UG 0 113994 931176 1367418
In situ leaching acid 281646 475729 573838 690 306
In situ leaching alkaline 34650 59955 63 245 63 245
In-place leaching* 0 0 2068 13594
Heap leaching** from OP 0 19418 139626 151498
Heap leaching** from UG 0 0 250 7085
Unspecified 0 76 100 214362 381232
Total 318726 779528 2263965 3229387

* 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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Distribution of resources by deposit type

In 2021, countries also reported identified resources by cost categories and by geological types
of deposits using the deposit classification scheme introduced in the 2014 edition (Appendix 3).

Sandstone RAR, mainly in Australia, China, Kazakhstan, Niger and the United States, tops
all cost categories (Table 1.10). In the higher cost categories (<USD 130/kgU and <USD 260/kgU),
polymetallic iron-oxide breccia complex deposits in Australia become increasingly more
important, along with Proterozoic unconformity-related resources (mainly in Canada),
metasomatite (mainly in Brazil, Russia and Ukraine), intrusive (mainly Greenland, Namibia and
Russia) and paleo-quartz-pebble conglomerate resources (South Africa).

Table 1.10. Reasonably assured recoverable resources by deposit type

(as of 1 January 2021, tonnes U)

Deposit type <USD 40/kgVU <USD 80/kgVU <USD 130/kgU <USD 260/kgVU

Proterozoic Unconformity 282327 596 683 733 862
Sandstone 311016 501554 996 689 1203 406
Polymetallic Fe-Oxide Breccia Complex 0 0 969 432 1009928
Paleo-quartz-pebble conglomerate® 0 166 337 228784 254388
Granite-related 27 184 58250 65 037 89397
Metamorphite 0 1522 5979 57182
Intrusive 0 0 226721 346 955
Volcanic-related 0 29779 129074 132007
Metasomatite 66 663 111569 293637 401 492
Surficial deposits 0 1860 152 029 165 753
Carbonate 0 0 0 122722
Collapse breccia 405 405 405 405
Phosphate 52000 53270 88139 96 255
Lignite - coal 0 0 15767 15767
Black shale 0 0 1690 1690
Unspecified 0 4349 44318 56 859
Total 457 268 1211222 3814384 4 688 068

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

Similar patterns are apparent in the IR category (Table 1.11). Sandstone-hosted resources
dominate all cost categories. In the lowest cost category (<USD 40/kgU), sandstone-hosted
resources essentially standalone. In the higher cost categories (<USD 130/kgU and <USD 260/kgU),
polymetallic iron-oxide breccia complex type deposits (Australia), metasomatite (mainly
Kazakhstan, Russia and Ukraine), intrusive (mainly Greenland, Namibia and Russia) and
Proterozoic unconformity-type deposits (mainly Canada) rise in importance, but still do not rival
sandstone-based resources in abundance.
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Table 1.11. Inferred recoverable resources by deposit type

(as of 1 January 2021, tonnes U)

Deposit type <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Proterozoic Unconformity 10025 134177 223 004
Sandstone 318246 567 922 864 449 1151760
Polymetallic Fe-Oxide Breccia Complex 0 0 366 224 435237
Paleo-quartz-pebble conglomerate® 0 72456 85161 129411
Granite-related 0 9421 61108 77 495
Metamorphite 0 720 2988 9220
Intrusive 0 0 122368 244 644
Volcanic-related 480 26423 87 684 103 871
Metasomatite 0 33948 296 704 414982
Surficial deposits 0 1120 100 823 157 677
Carbonate 0 0 3748 3748
Collapse breccia 0 19008 19008 19008
Phosphate 0 30010 37137 76 327
Lignite coal 0 0 2010 72785
Black shale 0 0 32900 32900
Unspecified 0 8475 47 476 77318
Total 318726 779528 2263 965 3229387

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

Proximity of resources to production centres

Estimates on the availability of resources for near-term production in nine countries are
provided by reporting the percentage of identified resources (RAR and IR) recoverable at costs
of <USD 80/kgU and <USD 130/kgU that are proximal to existing and committed production
centres (Table 1.12). Resources proximal to existing and committed production centres in seven
of the countries listed a total of 1 228 843 tU at <USD 80/kgU (about 79% of the total resources
reported in this cost category). This is a 2.4% increase over the 2019 value of 1 200 385 tU. This
change over the two-year reporting period is attributed to decreased resources in this cost
category in Russia, offset by increases in Canada, Kazakhstan, Namibia and Niger. Resources
proximal to existing and committed production centres in the nine countries listed a total of
3078 504 tU at <USD 130/kgU (about 62% of the total resources reported in this cost category).
This is 2.6% lower than the 3 160 532 tU reported for 2019 and is the result of decreases of
resources in this cost category in Australia, Namibia, Niger and Russia, offset by increases in
Canada and Kazakhstan.

URANIUM 2022: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7634, © OECD 2023



URANIUM SUPPLY

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

(as of 1 January 2021, tonnes U)

Reasonably assured + inferred recoverable Reasonably assured + inferred recoverable
0 resources at <USD 80/kgU cost category resources at <USD 130/kgU cost category

Total (tU) Proximate (tU) | Proximate (%) Total (tU) Proximate (tU) | Proximate (%)
Australia NA NA NA 1684 097 1347278 80
Brazil 229 396 17 205 8 276 786 16 607 6
Canada 292352 292352 100 588524 373713 64
Iran, Islamic Rep of® 0 0 0 7 484 7 484 100
Kazakhstan 732060 680816 93 815244 676 653 83
Namibia 19 680 0 0 470 065 239733 51
Niger® 14620 14620 100 311120 117115 38
Russia 34 966 34616 29 480 901 110 607 23
South Africa 227 993 189234 83 320873 189315 59
Total 1551067 1228843 79 4955094 3078504 62

* |dentified resources only in countries that reported proximity to production centres, not world total. (a) Not reported in 2021; data
from previous Red Book. (b) Assumes the Dasa Project is committed.

Undiscovered resources

Undiscovered resources (prognosticated and speculative; see Appendix 3) 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
(SR) refer to those expected to occur in geological provinces that may host uranium deposits.
Both PR and SR 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 (see Table 1.13).

Worldwide, reporting of PR and SR is incomplete; a total of 27 countries (including
11 NEA/IAEA estimates) reported undiscovered resources for this edition, compared to the
40 reporting RAR (including 13 NEA/IAEA estimates). Only 10 countries of those reporting
updated undiscovered resource figures for this edition. Nineteen countries reported both PR and
SR. Germany, Italy, Jordan, Mauritania, Poland, Venezuela and Zimbabwe reported only SR,
whereas Bulgaria, Egypt, Greece, Hungary, Indonesia, Paraguay, Portugal, the Slovak Republic,
Slovenia and Uzbekistan reported only PR.

In addition to a few recently updated assessments, some countries with significant resource
potential, such as Australia and the United States, do not report undiscovered resources.
A number of different quantitative mineral resource assessment approaches and integrated
quantitative and mineral prospectivity mapping methods have been investigated and applied at
local, regional and national scales, including in Australia (for surficial-type uranium deposits,
using a variety of integrated methodologies), and the United States (for sandstone-hosted and
surficial-type uranium deposits, using integrated mineral prospectivity mapping and 3-Part
quantitative methods). For additional details on such methods and applications, see IAEA (2018a).
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Table 1.13. Undiscovered (prognosticated and speculative) in situ resources

(as of 1 January 2021, tonnes U)

Prognosticated resources Speculative resources

- Cost ranges Cost ranges -
<USD 80/kgU |<USD 130/kgU| <USD 260/kgU | <USD 130/kgU | <USD 260/kgU 5:;;:;223
Argentina NA 20100 20700 NA 79500 NA 79500
Brazil® 300 000 300 000 300 000 NA NA 500 000 500 000
Bulgaria NA NA 25000 NA NA NA NA
Canada® 50 000 150 000 150 000 700 000 700 000 0 700 000
Chile*® 0 0 2300 0 0 2360 2360
China®9 3600 3600 3600 4100 4100 NA 4100
Colombia® NA 11 000 11 000 217 000 217 000 NA 217 000
Czech Republic 0 0 222910 0 0 17 000 17 000
Egypt 0 13 600 13600 NA NA NA NA
Germany® NA NA NA NA NA 74 000 74 000
Greece® 6 000 6 000 6 000 NA NA NA NA
Hungary 0 0 14 800 0 0 0 0
India NA NA 144 200 NA NA 59400 59400
Indonesia 0 0 37 300 0 0 0 0
Iran, Islamic Republic of® 0 9800 9800 0 0 48100 48 100
Italy® 0 0 0 10 000 10 000 NA 10 000
Jordan®@ 0 0 0 0 50 000 NA 50 000
Kazakhstan 85200 113 200 114 700 191 900 219400 NA 219400
Mauritania* 0 0 0 NA NA 19000 19000
Mexico® NA 3000 3000 NA NA 10 000 10 000
Mongolia® 13300 13300 13300 1319000 1319000 NA 1319000
Namibia 0 0 57 000 0 0 150 700 150700
Niger 0 13600 13 600 0 51300 0 51300
Paraguay 0 10800 10800 0 0 0 0
Peru 6 600 19800 19 800 45 400 45 400 0 45 400
Poland 0 0 0 0 0 20000 20000
Portugal® 1000 1500 1500 NA NA NA NA
Romania® NA 3000 3000 3000 3000 NA 3000
Russia 0 110650 164 700 148 200 528 600 0 528 600
Slovak Republic 0 3700 10900 0 0 0 0
Slovenia® 0 1060 1060 0 0 0 0
South Africa® 0 74 000 159 000 243 000 411 000 280 000 691 000
Ukraine® 0 8400 22500 0 120 000 255000 375000
United States NA NA NA NA NA NA NA
Uzbekistan* 24 800 24 800 24 800 NA NA NA NA
Venezuela® NA NA NA 0 0 163 000 163 000
Viet Nam® NA NA 81200 NA NA 321600 321600
Zimbabwe® 0 0 0 25000 25000 NA 25000
Total 490 500 914910 1662 070 2906 600 3783300 1920 160 5703 460

NA = Data not available. * Secretariat estimate; no change since last edition. (a) Reported in 2021 responses, but values have not been updated
within last 5 years. (b) Not reported in 2021 response, data from previous Red Book. (c) China has conducted a systematic nationwide uranium
resource prediction and evaluation with prognosticated resources estimated to be around 2 million tU. Since a cost range is not assigned to these
resources, they are not included in this table.
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The US Geological Survey in the United States, for example, is now re-estimating undiscovered
resources using a combination of mineral prospectivity mapping and the “3-Part” form of
quantitative mineral resource assessment (Singer et al., 2010). Two assessments have been
completed, estimating about 84 500 tU recoverable in the Texas Coastal Plain and 15 000 tU in situ
in the Southern High Plains region (Mihalasky et al., 2015; Hall et al., 2017). However, this recent
work is yet to be classified into either PR or SR categories and, as a result, is not reported in Table
1.13. As of 2022, only about 10% of the undiscovered uranium resources in the United States have
been recently reassessed. There is interest in completing more assessments and plans have been
made, but the assessments have not yet been conducted.

China, as well, reports significant resource potential not included in Table 1.13. A systematic
nationwide uranium resource prediction and evaluation estimated that PR amounted to
2 million tU. Since a cost range is not assigned to these resources, they are not included in
Table 1.13.

Total PR in the highest cost category (<USD 260/kgU) amounted to 1.662 million tU, a 3.5%
increase compared to 2019. In the lower cost categories (i.e. <USD 80/kgU and <USD 130/kgU),
the PR totals increased by <1% and 3.7% respectively, compared to the last reporting period.
Increases were reported for Argentina and Egypt in the <USD 80/kgU and <USD 130/kgU cost
categories, Hungary and India in the <USD 260/kgU cost category and Kazakhstan in all three
cost categories (<USD 80/kgU, <USD 130/kgU and <USD 260/kgU). Decreases were reported for
Peru in the <USD 130/kgU and <USD 260/kgU cost categories and Russia in the highest cost
category (<USD 260/kgU). No changes have been reported for the remaining countries since the
last reporting period.

Speculative resources in the <USD 130/kgU and <USD 260/kgU cost categories increased by
1.1% and 1.3% respectively, compared to 2019, due to increases reported by Peru and Kazakhstan,
offset by decreased SR in the highest cost category (<USD 260/kgU) recorded by Russia. The
unassigned cost category increased overall by 1.7%, owing to increases reported by India,
Kazakhstan and Namibia, offset by reductions in Russia. The total SR in the <USD 130/kgU cost
category increased by 1.1% since the last report, with increases reported by Kazakhstan and Peru.
No other countries reported changes in this cost category.

High-cost (<USD 260/kgU) PR and total SR amount to a combined total of 7 365 530 tU, an
increase of 2% from the 7 218 540 tU reported in 2019.

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 (see
Appendix 3 for definitions).

In essence, conventional resources are the types of resources that have historically been
mined, whereas unconventional resources have only been mined occasionally, although there
are exceptions. Moreover, the distinction between conventional and unconventional resources
is not consistently defined: some countries consider unconventional resources to be a part of
their conventional resource endowment: 1) if uranium grades are relatively high; 2) if uranium
was the principal exploration target; or 3) if conventional resources are not available in the
quantities needed to meet domestic requirements.

Historically, phosphate deposits (Barthel, 2005) are the only unconventional resources from
which a significant amount of uranium has been produced. Processing of Moroccan phosphate
rock in Belgium produced 690 tU between 1975 and 1999, and about 17 150 tU were recovered in
the United States from Florida phosphate rocks between 1954 and 1962. As much as 40 000 tU were
also recovered from processing marine organic deposits (essentially concentrations of ancient fish
bones in Kazakhstan). In the former German Democratic Republic, low grade (<0.006% U) Silurian
black shales in the Ronneburg ore field were a source of significant quantities of uranium (nearly
100 000 tU) between 1950 and 1990 (IAEA, 2020). However, except for Belgian production from
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phosphates, production from such low-grade unconventional resources was undertaken
principally to meet strategic demand when uranium prices were high and, in some cases,
production costs were not considered important.

Most of the unconventional uranium resources reported to date are associated with uranium
in black shales and phosphate rocks, but other potential sources exist (e.g. seawater, discussed
below). Estimates of uranium resources associated with marine and organic phosphorite deposits
point to the existence of almost 9 million tU in four countries alone: Jordan, Mexico, Morocco and
the United States. Estimates of global uranium resources associated with phosphate rocks range
considerably, from 6 million to 9 million tU (cited in IAEA reports, 1965-1993 Red Books, and
Haneklaus [2021]), to as high as 22 million to 24 million tU (cited in Red Book 2005, and derived
from the IAEA UDEPO database; see below). These estimates use various assumptions,
methodologies, cut-off grades and other considerations, such as some addressing reserves and
other resources. A more comprehensive discussion about the uncertainty of phosphate resources
is presented in Gabriel et al. (2013) and Haneklaus (2021).

The variation in these estimates shows that these figures should be considered as part of a
general mineral inventory rather than conforming to standard categories used in reporting
resources. The development of more rigorous estimates of uranium in phosphate rocks will be
required if uranium market prices justify the economic extraction of uranium during the
exploitation of these deposits.

Unconventional resources are not usually classified to the same degree of certainty as
conventional resources (i.e.they are not identified resources), although there are notable
exceptions. The majority are not currently being mined but at least some have been mined in
the past, as noted above, and could be mined in the future in the right circumstances. Until
demand and prices increase, however, most unconventional resources are not economically
feasible sources of uranium in current market conditions.

Unconventional resources and the UDEPO database

The IAEA maintains a database of global uranium deposits, “UDEPO”. It is primarily a geological
(mineral deposit) database, with little emphasis given to the economic aspects or implications of
uranium ore bodies. It has several specific purposes, the primary one being to provide insights
into uranium mineralisation. It is also used for the evaluation of regional-scale resource potential
as well as related modelling and assessment methods.

UDEPO consists of uranium-bearing occurrences for which a resource estimate is (or was)
available. They are classified into 15 main types and 50 subtypes according to the IAEA uranium
deposit-type classification system (see IAEA, 2018b), several of which are considered to be largely
subeconomic at the present time (these are dominated by low-grade unconventional deposit types,
such as black shale deposits). For a given deposit, the maximum resource publicly reported is
recorded. It is commonly an estimate calculated using the lowest cut-off grade, without any
mining and processing constraints, and/or including all low-reliability mineralisation inferred. In
rare cases, remaining resources or production estimates are given where they are the only known
amounts available, but in general the resources given are the largest known initial resources. In
addition, in some instances, a deposit in UDEPO may represent an ore body, or one of two or more
mines exploiting a single larger ore body, or a mining district consisting of multiple ore bodies and
mines that has not been disaggregated.

For the sake of completeness, UDEPO also contains many historic resources that do not
comply with modern resource estimating procedures, or that utilise a variety of estimation
techniques. Moreover, particularly in the case of unconventional resources, where formal
resource estimates are rare, Secretariat estimates are given using minimal data. Secretariat
estimates are also given for deposits that have not yet undergone formal ore delineation analyses,
and may never be developed for economic reasons, such as low tonnages or low grades. These
deposits, however, are important for predicting (modelling) the location and amount of
undiscovered uranium resources at regional scales, and hence included in UDEPO.
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It is important to note that the Red Book and UDEPO define “unconventional resources”
somewhat differently. For the Red Book, 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, porphyry copper, carbonatite, black shale and coal-lignite”. For UDEPO,
which is first and foremost a geological database, there is no economic connotation, thus
unconventional resources are those of low to very low grade that are not or cannot be mined just
for uranium. For example, with respect to deposit types, the Red Book considers resources
associated with phosphate, lignite coal, black shale, polymetallic Fe-oxide breccia complex (with
the exception of the Olympic Dam uranium by-product deposit in Australia), and a subtype of
intrusive deposits (i.e. plutonic) to be unconventional. UDEPO considers resources associated with
phosphate to be unconventional, and resources associated with lignite coal and black shale to be
mostly unconventional, but with some notable exceptions to also be conventional (e.g. some “high
grade” black shale deposits in Uzbekistan are considered conventional for UDEPO). Other
discrepancies also exist. So, there is no simple one-to-one correspondence between
unconventional resources reported in the Red Book and unconventional resources recorded in the
UDEPO database.

Therefore, uranium resources recorded in UDEPO represent optimistic, maximum resource
amounts that have been identified and entered into the database to date (there are certainly more
deposits yet to be discovered). UDEPO should be used at an order-of-magnitude, aggregated, and
global or continental scale. As such, deposit uranium resources and ore grades (where available)
are provided only as ranges (e.g. 1-300 tU, 300-1 000 tU). Caution should be used when using
UDEPO estimates, or making comparisons with uranium resources reported in the Red Book.
Further, on an individual basis, it is not recommended to use a deposit or small groups of deposits
for economic representations or comparisons.

Given these caveats above, and using the UDEPO definition of “unconventional”, the latest
version of UDEPO (scheduled for release in 2023), which has over 5 200 deposits, reports about
61 million tU of unconventional resources in approximately 360 deposits (that have resource
amounts recorded) located in 55 countries. Conversely, using the Red Book definition of
“unconventional”, UDEPO reports about 57 million tU in approximately 210 deposits (that have
resource amounts recorded) in 53 countries. That represents a difference of 4 million tU, or 6.5%.
As indicated above, these estimates of unconventional resources derived from UDEPO should
be viewed with caution. A more reliable guide for unconventional resource totals of current
economic interest can be found in recent editions of the Red Book.

This edition of the Red Book includes information for countries that: 1) have been preparing
to mine or are mining unconventional uranium resources, and maintain well-defined deposits as
part of their conventional mineral resource inventory; 2) have well-defined unconventional
uranium resources, and have firm plans for mining; 3) have nuclear power aspirations but have
not yet defined sufficient domestic conventional uranium resources, and are actively exploring
unconventional resources; 4) have well-defined unconventional uranium resources that may be
amenable to mining; and 5) have unconventional uranium resource targets in their early
exploration programmes.

Countries preparing to mine or currently mining unconventional uranium resources, and
maintaining well-defined deposits as part of their conventional mineral resource inventory:

e Australia - Although considered an important by-product of copper and gold mining at
Olympic Dam, uranium has been produced for several years in what is here considered an
unconventional uranium resource. However, the multi-metal Olympic Dam deposit is
exceptional in size and uranium is routinely produced along with the primary targets of the
mining operation, and is thus considered conventional by Australia.

e India - Carbonate deposits form the largest part of India’s well explored uranium resources,
accounting for over 57% of recoverable RAR (more than 122 000 tU, cost range unassigned) and
are considered conventional resources by India. Strata bound carbonates have provided feed
for the Tummalapalle mill since 2017, but because India does not publish information on
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uranium production and details of the deposits being mined, neither the grade of the deposits
nor the total production from the mill are known.

¢ Kazakhstan - Although estimates are not made of Kazakhstan’s unconventional uranium
resources and other materials, the uranium contained in well explored phosphates and
lignite coal deposits is considered a part, albeit small (<13% and <2% of the higher cost (<130
and <260 USD/kgU) recoverable RAR and IR), of the country’s uranium resource base.
Balausa LLP is developing by open pit the Bala-Sauskandykskoye deposit where uranium is
produced as a by-product of vanadium. A very small amount of uranium-bearing ore,
containing about 4 005 kgU, was mined and stockpiled during 2019-2020.

¢ Russia - Although only a small part of the country’s resource endowment (<4% and <3% of
the higher cost [<130 and <260 USD/kgU] RAR and IR), phosphates are considered
conventional resources in Russia because uranium is the main commodity of interest.

e South Africa - A significant unconventional resource base in paleo-quartz-pebble
conglomerates and derived tailings and coal-hosted deposits has been reported in recent Red
Books, all of which could be sources of by-product uranium. Uranium is hosted primarily by
coal (with minor amounts in the mudstones) in the Springbok Flats. In the 2016 edition of the
Red Book, 70 775 tU in lignite and coal deposits were reported as inferred in situ conventional
resources. This is a good example of a reclassification of resources from unconventional to
conventional. This reclassification is subjective since there are some parts of the definition of
these resource classes that are open to different interpretations. In addition, uranium
production and resources from tailings is reported as conventional and in association with
the paleo-quartz-pebble conglomerate deposit type.

As reported in the 2011 edition of the Red Book, a field of manganiferous phosphate nodules
was identified off the west and south-west coast of South Africa on the continental shelf. The
nodules contain low grades of uranium and are currently considered uneconomic with
respect to both phosphate and uranium extraction. Renewed interest in phosphate-hosted
uranium deposits, however, may generate future investigation. These unconventional
resources have been previously estimated to contain up to 180 000 tU.

e Uzbekistan - Several black shale type uranium deposits were identified during the 1960s in
the Auminzatau Mountains district. Although resources of individual deposits are relatively
small and low grade (0.02 to 0.13% U; averaging 0.05% U), uranium resources in well explored
black shales amount to <4% and 40% respectively of the higher cost (<130 and <260 USD/kgU)
RAR and IR uranium resource endowment. Black shale deposits in Uzbekistan are estimated
to contain almost 33 000 tU of recoverable IR uranium resources.

In August 2009, GoscomGeology (Uzbekistan’s State Geology and Mineral Resources
Committee) and the China Guangdong Nuclear Uranium Corp. (CGN-URC), set up a 50%-50%
uranium exploration joint venture to focus on uranium extraction from black shale deposits
in the Boztau area of the Central Kyzylkum Desert in the Navoi region, where approximately
5500 tU resources have been reported. From 2011 to 2013, CGN-URC was to develop
technology for producing uranium and vanadium from these deposits, but no activities
have been reported since that time. Given recent low uranium prices, development of
Uzbekistan’s black shale deposits has been indefinitely delayed.

Countries with well-defined unconventional uranium resources and firm plans for mining:

e Brazil - The Santa Quitéria phosphate/uranium project, an INB-Brazilian fertiliser producer
partnership agreement, remains under development. The deposit is estimated to contain over
50 000 tU in situ RAR available at an incremental cost of <USD 40/kgU, just under 40% of the
country’s well explored uranium endowment. Santa Quitéria’s phosphates are also higher
grade (0.08% U) than most phosphate deposits. At full production, the Santa Quitéria Project
could produce close to 1 950 tU/yr.
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The licensing of the Santa Quitéria phosphate/uranium project is split into a non-nuclear part,
involving milling and phosphate production, and a nuclear part, involving uranium
concentrate production. In 2012, the project operators applied for a construction licence that
was denied in 2018. INB and its partner subsequently developed a new model for the project
and a revised licence application was filed in 2020, with a decision expected in 2022. The
operation is now scheduled to begin in 2024.

o Denmark (Greenland) — The Ilimaussaq igneous complex of South Greenland hosts the REE-
U-Zn-F Kvanefjeld deposit. It is a high-tonnage, low-grade uranium-enriched layered
intrusive deposit, with concentrations of around 300 ppm U (0.03% U). Uranium was planned
to be mined (see below) as a by-product from a proposed open-pit mine, accounting for about
5% of total revenue from the mining. Kvanefjeld is the only uranium deposit or occurrence in
Greenland with reasonably assured uranium resources. The supply cost for uranium was
expected to be very low, as most of the costs were to be borne by the production of REE, the
primary mining target (Kvanefjeld is considered to be one of the largest REE deposits in the
world). A uranium specific supply cost of approximately USD 13/kgU (USD 5/Ib U3Os) has been
reported, which is incremental to the cost of the REE production.

The total identified in situ reasonably assured conventional mineral resource inventory for
Kvanefjeld is 102 820 tU. Additional in situ inferred mineral resources of 125 143 tU are
related to the Kvanefjeld deposit. The recoverable uranium resources using the established
and pilot plant tested flowsheet are approximately 50%.

Development of mining has taken several years, in part related to issues associated with
uranium mining in a jurisdiction that has never produced uranium, complicated by a
previous ban on uranium mining and the need for both Greenland and Denmark to agree
to all legislative and regulatory requirements for uranium mining and export. This has been
further complicated by an April 2021 election in Greenland that led to a change in
government that passed a new law prohibiting exploration and exploitation of uranium as
of December 2021. Passage of this new law led the project developer, Greenland Minerals
Ltd., to request arbitration proceedings with the governments of Greenland and Denmark
concerning the impact of new legislation on its exploration licence for the Kvanefjeld REE
zinc and uranium project under development in southern Greenland.

o Finland - A 2020 resource update from project operator Terrafame Oy estimated that in situ
unconventional resources of uranium in the Talvivaara black schist-hosted Ni-Zn-Cu-Co
deposit total approximately 19 400 tU at an average grade of 0.0017% U in the measured and
indicated resources of 1 142 Mt, and about 25 500 tU at an average grade of 0.0017% U in the
total mineral resources (measured, indicated and inferred) of 1 500 Mt.

Between 2010 and 2015, Talvivaara Sotkamo Oy prepared for uranium recovery as a by-
product from the Talvivaara deposit in Sotkamo, eastern Finland. The Talvivaara Ni-Zn-Cu-
Co deposit is hosted by metamorphosed black shales in the Kainuu Schist Belt. It is a low-
grade, large-tonnage deposit averaging 0.26 wt% Ni, 0.53 wt% Zn, 0.14 wt% Cu, 0.02 wt% Co
and 0.0017 wt% U.

In 2012, the Finnish government granted a uranium extraction licence to Talvivaara
Sotkamo Oy in accordance with the nuclear energy legislation. In 2013, however, the
Supreme Administrative Court returned the licence to the Finnish government for
reassessment due to several changes in the operations after the licensing decision,
including a corporate reorganisation. Talvivaara Sotkamo Oy then filed for bankruptcy in
2014. The state-owned company Terrafame Oy acquired the operations and assets of
Talvivaara Sotkamo Oy from its bankruptcy estate in 2015, and as of 1 January 2021, was
carrying on the mining operations in Sotkamo.

In 2017, Terrafame Oy applied to the Finnish government for a licence to recover uranium as
a by-product at Terrafame’s mine in Sotkamo, in accordance with the nuclear energy
legislation. In February 2020, the Finnish government granted a uranium extraction licence to
Terrafame. However, this licence was appealed to the Supreme Administrative Court. In June
2021, the Supreme Administrative Court confirmed the uranium extraction licence that had
been previously granted by the government. The mine site in Sotkamo currently includes an
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almost fully completed uranium solvent extraction plant from the time of Terrafame’s
predecessor, Talvivaara Sotkamo Oy. Terrafame expects to start uranium production in
Sotkamo in 2024, principally to remove uranium impurities from the Ni-Co sulphide
concentrate before refining, once the economic feasibility of uranium recovery has been
established and the investment decision has been finalised, along with final plant design,
project implementation, deployment and start-up of the uranium solvent extraction plant.

Countries with nuclear power aspirations that have not yet defined sufficient conventional
uranium resources, and are actively exploring unconventional resources:

e Jordan - In 1982, a feasibility study for uranium extraction from phosphoric acid was
completed by a German engineering company on behalf of the Jordan Fertiliser Industry
Company, leading to the subsequent purchase by the Jordan Phosphate Mines Company.
One of the extraction processes evaluated was originally found to be economically feasible,
but as uranium prices dropped in the 1990s, the process became uneconomic, and
construction of an extraction plant was deferred.

After SNC-Lavalin performed a technological and economic feasibility study for the recovery
of uranium from the phosphoric acid produced at the Agaba Fertilizer Complex, the
economics of the project improved and JUMCO conducted research to develop optimised
extraction parameters, with promising results. Jordan’s phosphate deposits are estimated
to contain some 100 000 tU in situ but, due to limited exploration, are not yet considered
classified resources.

e Malawi - In the Kanyika Niobium Project held by Globe Metals, uranium is an important by-
product in the complex niobium and tantalum ore in a pegmatite quartz vein, hosted in
Proterozoic felsic schists. Niobium and tantalum products would be produced with uranium
as by-product. As of December 2012, total resources amount to 68.3 Mt of ore at an average
grade of 0.28% Nb20s, 0.0135% Ta20s and 0.0067% U (4 550 tU). Globe Metals & Mining
submitted an environmental impact assessment (EIA) for the Kanyika Niobium Project for
public review in May 2012. In January 2019, Globe Metals announced that it had finalised
the feasibility study, including revision of the mineral resource estimates, mining,
metallurgical studies, processing, engineering design and infrastructural support. It
obtained updated capital and operating cost estimates and updated its financial model.
However, Globe Metals is not yet in a position to finalise the financial model and the key
outcomes of the project, due to the current uncertainty associated with the status of the
mining law in Malawi, and to the status of negotiations between Globe Metals and the
government on the Development Agreement.

¢ Saudi Arabia - An exploration programme was initiated in 2017 to develop domestic mineral
resources in line with Saudi Arabia’s Vision 2030 goal to have a mining sector that contributes
to the national economy and to develop sufficient domestic uranium resources to fuel its
planned nuclear power programme. As a result of this exploration programme, uranium
deposits and prospects have been reported as in situ inferred unconventional resources,
including uranium resources associated with Nb, Zr, REE, Ta + Th, in peralkaline granite and
pegmatite in the Ghurayyah and Jabal Sayid areas, and uranium associated with phosphate
horizons. Total in situ unconventional uranium resources amount to 77 731 tU, including
63 171 tU associated with the intrusive plutonic deposit type and 14 560 tU associated with
the phosphorite type.

Phosphorite deposits in the Sirhan-Turayf shelf in northern Saudi Arabia form part of the
large North African Middle East Tethyan phosphate province, which stretches from Morocco
to Irag. The Thaniyat phosphorite member at the base of Jalamid Formation of late Cretaceous
(Campanian) to Paleocene age, was deposited in a shallow marine shelf to intertidal zone. The
uraniferous phosphorite layer extends continuously within a target area of about 70 km? and
has an average thickness of 1.8 m, with an average density of 2.0 g/cm?3. The IR in situ resource
is estimated to total 14 551 tU and the current resource is severely uneconomic.
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Countries with well-defined unconventional uranium resources that may be amenable to mining:

e Central African Republic - While the Bakouma uranium deposit is associated with
phosphates and the country does not report unconventional resources, it is classified as a
conventional deposit because of relatively high uranium grades (0.15-0.30% U). In its 2020
Annual Report, Orano (the current owner of the project) reported the results of a new
resource evaluation that estimates IR insitu resources of 36475tU available at
<USD 260/kgU at an average grade of 0.20% U. The start-up of the Bakouma pilot project was
initially planned for 2010, with open-pit mining initially producing 1200 tU/yr and
2 000 tU/yr at full capacity. The uranium mining project was, however, suspended at the
end of 2011 for one to two years due to low uranium prices and the need for further research
on the metallurgy.

e Chile - The production of copper oxide minerals has quadrupled in Chile over the last decade
and the copper industry, particularly large-scale mining, has strategic (sub-economic)
uranium potential in the large volumes of copper oxide leaching solutions that could be
recovered. These resources are assigned an in situ potential of 1000 tU. However, no
background studies have been performed to confirm these estimates, either as mining
resources or in terms of the volumes of solutions treated annually.

Over the last decade, private firms, both domestic and foreign, have explored 12 “exotic
copper” deposits in Chile, essentially paleochannels filled with gravel, mineralised with
copper silicates, oxides and sulphates primarily as a result of the natural leaching of porphyry
copper deposits. These mineralised bodies contain variable uranium contents ranging
between 7 to 116 ppm (0.007 to 0.016% U). The leaching solutions in the plants that treat these
copper oxide minerals contain up to 10 ppm U that is technically recoverable using ion-
exchange resins at a likely production cost of over USD 80/kgU. A pilot-level trial, conducted
between 1976 and 1979, obtained about 0.5 tU from copper-rich solutions containing 10 to
15 ppm U (0.001 to 0.0015% U).

Beyond this trial, there has been no experience in recovering uranium from phosphorites in
Chile. The only deposit currently being worked is Bahia Inglesa in Region III (Atacama), which
produces a solid phosphate concentrate used directly as fertiliser. In 2001, Compaiia Minera
de Fosfatos Naturales Ltda. (Bifox Ltda.) began producing phosphoric acid from this deposit,
opening the potential of recovering uranium from the acid.

Identified unconventional recoverable RAR amount to 1 169 tU (<USD 260/kgU), including
415 tU in phosphates, while undiscovered unconventional resources are estimated to total
5458 tU.

Countries with unconventional uranium resource targets in their early exploration programmes:

e Ecuador - Early exploration activities included the examination of the Puyango sedimentary
deposit (V, Zn, U, Cu, Pb), where tabular-shaped uranium mineralisation is hosted by the
Early Cretaceous Puyango Unit, which consists of black limestone, bituminous limestone and
calcareous sandstone. This deposit may be considered a potential source of U, where this
metal may be recovered as minor co- or by-product to other metals. However, no
assessment of uranium resources and processing technologies has been carried out. Further
south in the Alamor-Lancones basin, the Maastrichtian Cazaderos Formation consisting of
medium grained sandstones, black shales and siltstones could also host uranium
occurrences.

e Egypt — Phosphate deposits represent one of the more promising unconventional uranium
resources, with estimates suggesting that they amount to about 700 million tonnes, with
uranium content ranging between 50 ppm and 200 ppm (0.005-0.02% U). However, no
reliable estimate of the uranium resources in Egyptian phosphate ores has been made since
2008, when it was reported in the 2009 Red Book that up to 42 000 tU may be contained in
Egyptian phosphates.
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Black sands are considered the second most important unconventional source of uranium
in Egypt. Radioactive monazite comprises one of the black sand ore minerals and is
estimated to contain about 6 million tonnes of heavy minerals. In one area, the monazite
contains up to 0.5% U and 6% Th, as well as rare earth elements (REE).

From 1999 to 2003, Egypt worked on the development of a semi-pilot plant for the extraction
of uranium from phosphoric acid, but unexpected technical problems delayed uranium
production. The project was suspended due to challenges related to the low uranium content
of the phosphoric acid and difficulties in the extraction cycle. The semi-pilot plant for the
purification of phosphoric acid has since been converted to produce phosphoric acid for
agricultural, food and other domestic purposes, and the country has returned to the
development of conventional sources of uranium.

¢ Indonesia - The uranium resource potential in the Bangka and Belitung areas is comprised of
placer deposits of monazite within a tin deposit. Monazite, a uranium/thorium phosphate
mineral, was deposited in the alluvium and has mostly accumulated as a tailings by-product
material of tin mining. The total resource from deposits in Bangka and Belitung islands
amounts to 25 236 tU. In Singkep, the uranium potential is in lateritic soil, with a resource of
1100 tU. In Semelangan (West Kalimantan), uranium is present in bauxite lateritic deposits,
with resources of 624 tU. In Katingan (Central Kalimantan), monazite is present as a by-
product material of zircon mining, with resources of 485 tU. Total unconventional monazite
resources are therefore estimated to amount to 27 445 tU, with about 100 000 tU contained in
Indonesian phosphate deposits. However, no effort has yet been made to develop uranium
extraction technologies from these unconventional deposits.

e Mexico — The San Juan de la Costa phosphorite deposit is estimated to contain significant
uranium resources, but no systematic evaluation of the contained uranium or the optimal
processing method to extract the uranium has been conducted.

e Nepal - Early exploration efforts led to the determination that the most important phosphate
occurrence in Nepal is the Baitadi Carbonate Formation in the Lesser Himalaya of Far East
Nepal. The phosphate-rich horizon of middle Proterozoic age (1 200 to 1 000 Ma), confined to
the stromatolitic Massive Cherty Dolomite member among seven lithological members,
extends laterally over more than 25 km with thickness varying from a few metres to 18 m.
The P,Os content varies from 10 to 32 wt%. Neither the average phosphate nor uranium
content of the occurrence has been determined, prohibiting the evaluation of the economic
potential of the Baitadi Formation.

Coal occurrences in Nepal are found in four stratigraphic horizons: Quaternary lignite of the
Kathmandu valley, Siwalik coal of the Sub Himalayas/Churia Range, Eocene coal of the
Western and mid-Western Nepal, and Gondwana coal. Although the uranium content of
these horizons is unknown, the lignite horizon in the Kathmandu valley may have
significant uranium contents owing to the presence of uranium showings in the gneissic
muscovite-tourmaline granites and pegmatites north of Kathmandu city. Only the
Quaternary lignite of the Kathmandu valley and the Eocene coal has been mined for
domestic needs. The resources from the Quaternary lignite and the Eocene are quite limited
and even if they were relatively rich in U, its recovery will not be of economic interest.
However, due to the presence of U-rich orthogneisses surrounding the Kathmandu
depression, it is likely that these lignites are significantly enriched in U.

Black shales also occur in various parts of Nepal, but they are generally metamorphosed and
deformed, and their uranium content is not known. The probability of having significant
uranium resources in this type of lithology is limited given the present state of knowledge.

e Peru- Unconventional resources in Peru account for a minimum of 41 600 tU in situ, which
include phosphates (16 000 tU), granites with high uranium content (20 000 tU) and
hydrothermal deposits (5 600 tU).
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In 2010, the Vale company (formerly Vale do Rio Doce) of Brazil started exploitation of the
Bayovar phosphate deposit through its local subsidiary, Miski Mayo SRL. Before the start of
the operation the company planned for the possibility of uranium recovery during
phosphate production, but these plans have not yet been implemented.

¢ Sri Lanka - Sri Lanka reported in the Red Book 2020 that a current focus of its early work on
national fissile material development was to identify radioactive mineralisation in the
country with an emphasis on the extraction of uranium from unconventional sources.
Through IAEA technical co-operation projects, a substantial amount of technical assistance
was provided to Sri Lanka for the discovery of economic uranium and thorium
mineralisation, but no resource determinations have been reported.

Varying concentrations of heavy mineral sands (ilmenite, rutile, garnet, zircon, monazite)
occur in the beach sands of the country. However, only certain locations have
concentrations that are deemed sufficient for potential economic exploitation. From 2016
to 2019, four new areas of anomalous radioactivity were identified in the coastal stretch
from Talaimannar to Galle. Fieldwork from Talaimannar to Kudiramalai was completed in
2017 and continued to Puttalam to the end of 2019. Follow-up work is anticipated. Monazite-
rich beach sand placer deposits are known to occur along the coastal stretch covering the
Aluthgama-Beruwala-Induruwa southwest sector and the Kudiramalai northwest sector of
the island. Notable amounts of thorianite-rich sands are reported in beach sands in the
Beruwala-Induruwa areas. Monazite and thorianite sands are reported to occur in lesser
concentrations within the Pulmuddai, Thirukkovil and Galle mineral sand occurrences.
Urano-thorianite deposits also occur in river placers (southwest). Monazite concentrations
of 0.3-1% are known to occur in approximately 75 million tonnes of inland REE deposits
(northwest). Monazite-bearing beach mineral samples collected from the east coast
Pulmoddai Deposit were processed to separate monazite and analyse for trace elements by
AEB laboratories. The analysis revealed values up to 23% Ce in monazite. Geophysical
surveys for near offshore minerals in southwest Sri Lanka identified an estimated volume
of sediments of 170 million tonnes in 11 potential basins to a depth of 2 metres. Monazite
concentrations of up to 1.1% were estimated based on gamma-ray spectrometry analysis.

e Viet Nam - Uranium exploration activities associated with rare earth element ores (Dong
Pao bastnaesites, Namxe bastnaesite, YenPhu xenotime and beach sand monazite, etc.) are
being conducted, but resource determinations stemming from these efforts have yet to be
reported. Research focused on the recovery of thorium and uranium from rare earth
concentrates has been undertaken, and a continuous counter-current extraction process
for the simultaneous recovery of thorium and uranium from the Yen Phu rare earth
concentrate leach solutions was developed by the Institute for Technology of Radioactive
and Rare Elements. Results show that the extraction method is suitable for the recovery of
thorium and uranium from rare earth concentrate with thorium and uranium purities of
greater than 99%.

In summary, unconventional uranium deposits remain an important part of the global
uranium endowment and in some countries mining is already underway or planned. However,
for many of the unconventional deposits discussed above, sufficient exploration has not yet
been conducted to develop high confidence resource estimates and costs of production remain
too high for commercial production in today’s market. Moreover, licensing for mining some of
these deposits has proven challenging, particularly in jurisdictions that have not recently or
have never mined uranium, since licensing involves both radiological (nuclear) and non-
radiological components. Development of mines that extract uranium as a co- or by-product
also depends on the primary mining target(s), markets, and the fortunes of the companies
conducting the mining, which may have little experience with uranium. However, if uranium
demand and prices rise to near historic highs, or if demand for REE, lithium and other
co-occurring targets of interest rise even further, unconventional uranium resources could once
again contribute more significant quantities of uranium to the global market.
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Seawater

The world’s oceans have long been regarded as a possible source of uranium because of the
large amount of contained uranium (over 4 billion tU) and its inexhaustible nature. However,
because seawater contains such low concentrations of uranium (3-4 parts per billion),
developing a cost-effective method of extraction remains a challenge.

Research on uranium recovery from seawater was carried out initially from the 1950s to the
1980s in Germany, Italy, the United Kingdom and the United States. From 1981 to 1988, the
Agency for Natural Resources and Energy, the Ministry of International Trade and Industry, and
the Metal Mining Agency of Japan teamed up to operate an experimental marine uranium
adsorption plant based on TiO; adsorbents.

A renewal of interest in the last 15 years led to a special issue of the Journal of Industrial
and Engineering Chemical Research devoted to the recovery of uranium from seawater (ACS,
2016). One of the leading methods considered for extracting uranium from seawater at that time
involved infusing fibres made of polyethylene, a common plastic, with amidoxime, a chemical
group pioneered by Japanese researchers in the 1980s that attracts uranium dioxide and binds
it to the fibre (Kuo et al., 2016; Abney et al., 2017). Researchers at the Pacific Northwest National
Laboratory and LCW Supercritical Technologies subsequently produced five grams of
yellowcake using this method (PNNL, 2018). This and other developments are estimated to have
reduced the cost of uranium extraction from seawater by a factor of three to four based on
laboratory experience (CNA, 2016; PNNL, 2016).

Researchers at Stanford University subsequently developed an electrochemical method to
capture uranium from seawater, demonstrating a nine-fold increase in uranium capacity, a four-
fold faster rate of uranium accumulation, and favourable reusability compared to the best
adsorbent materials developed for the same purpose (Abate, 2017; Liu et al., 2017). The application
of carbon nanotube technology to extract uranium from seawater was also investigated, owing to
the high surface area of the material for adsorption and its rapid ion transport capability (Ahmad
et al., 2020; Zhao et al., 2019). However, finding a simple method to prepare the new carbon
structure proved challenging.

To overcome bio-fouling on wet sorbent surfaces, a guanidine and amidoxime polypropylene
non-woven fabric was developed that showed improved selectivity and anti-fouling performance,
thereby accelerating the rate of uranium sorption (Zhang et al., 2018). Poly phenylacetylene
conductive chains incorporated into the porous adsorbent channels as a pathway for ion
transportation by electrically driven motility achieved a record uptake capacity of uranium in a
90-day test using natural seawater (Wang et al., 2020), although low uranium seawater
concentrations and interfering ions reduced overall efficiency. “Pre-enriching” uranium content
in seawater was experimentally achieved through development of a glycerine cross-linked
graphene oxide-based membrane that effectively captured co-existing ions (K*, Na*, Ca? and Mg?)
while rejecting approximately 100% of the uranium (Chu et al., 2022).

A reusable bioinspired film with extremely small pores that adsorbs uranyl ions rapidly
through hierarchical (increasingly smaller) porous channels increased adsorption capacity up to
20 times (Zhang, 2021). Importantly, the film can be cleaned with HCI for reuse (Sparkes, 2021).
Calcium carbonate mesospheres synthesised by nanoemulsion to produce interconnected
mesospheres of high surface area showed high rates of uranium adsorption that was easily
recovered after adsorption by dissolution of the mesospheres in acid (Dongsheng et al., 2022).
Inspired by the high uranium content in natural marine carapaces, tests using the crystalline
calcium carbonate in ground crab carapace achieved high uranium extraction capacities (Feng et.
al., 2022).

These and other techniques have been recently investigated in what has become an active
area of research, particularly in China. While each resulted in an improvement in both the
capture and recovery of uranium from seawater, it is important to note that these are laboratory
tests only. Development of an industrial scale method of extracting uranium from seawater,
even with the bench scale improvements recently demonstrated, will need to overcome several
challenges, including the vast amounts of seawater that would need to be processed, ecological
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concerns potentially arising from such a process, and production costs that remain significantly
above market prices. However, should an economical method be developed, it would be the
ultimate low-impact method of producing uranium, bolstering the low-carbon standing of
nuclear power and dispensing with any concerns of uranium shortages, should nuclear power
experience rapid growth.

Uranium exploration

Non-domestic

Only four countries (China, France, Japan and Russia) have reported non-domestic exploration
and development expenditures since 2008, and this was reduced to three countries in this edition
as China did not report (Table 1.14). Non-domestic expenditures are a subset of domestic
(i-e. within country) expenditures as the totals reported on a country-by-country basis are a total
of expenditures from both domestic and foreign sources within each country. The recent trend in
non-domestic exploration and development expenditures is depicted in Figure 1.4. During this
reporting period, non-domestic expenditures declined from USD 142.9 million in 2017 to
USD 75.7 million in 2018, USD 56.8 million in 2019 and USD 39.2 million in 2020. They are expected
to increase to USD 70.7 million in 2021 (preliminary data). In this edition, non-domestic
exploration and development expenditures reported by France and Japan declined from 2019 to
2021, likely due to poor market conditions, whereas expenditures by Russia increased
considerably in 2020 and 2021 as exploration and mine development activities continued in
Namibia, Kazakhstan and Tanzania, raising non-domestic expenditures by Russia to levels not
seen since 2012.

Table 1.14. Non-domestic uranium exploration and development expenditures*

(as of 1 January 2021, USD thousands in year of expenditures, for countries listed)

Country Pre-2014 2017 2021
(prehmmary)

Australia

Belgium 4500 0 0 0 0 0 0 0 0
Canada 355644 NA NA NA NA NA NA NA NA
China 1443500 | 762980 | 526310 | 378010 | 108110 41480 23580 NA NA
France 1514680 27 600 34 866 30736 30765 30240 26 400 24 920 22140
Germany 403 158 0 0 0 0 0 0 0 0
Japan 443 423 5465 3922 5089 2245 2239 3228 3133 2601
Korea NA NA NA NA NA NA NA NA NA
Russia NA 4900 17 100 6100 1800 1700 3610 11100 45930
Spain 20400 0 0 0 0 0 0 0 0
Switzerland 29679 0 0 0 0 0 0 0 0
United Kingdom 61263 0 0 0 0 0 0 0 0
United States NA NA NA NA NA NA NA NA NA
Total 4276247 | 800945 | 582198 | 419935 | 142920 75659 56818 39153 70671

* 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. Unless otherwise noted, all expenditures made by majority
government-owned companies and their subsidiaries are considered expenditures by government. NA = Data not available.
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Figure 1.4. Trends in exploration and development expenditures
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Several countries do not report non-domestic expenditures or have not reported these
expenditures recently, and thus the data are incomplete. Private companies in Canada and
Australia are known to make non-domestic investments and are likely leading investors in foreign
uranium exploration and development activities, but no information has been reported by these
governments for the past several years.

Domestic

Twenty-one countries reported domestic exploration and mine development expenditures for this
edition (Table 1.15). The totals reported are on a country-by-country basis and represent the total
expenditures from both domestic and foreign sources within each country. The recent trend in
domestic exploration and development expenditures is depicted in Figure 1.4. As in the previous
report, the overall picture is one of declining expenditures since 2015 with total expenditures
dropping by 71% from over USD 876.5 million in 2015 to USD 251.3 million in 2020. However,
expenditures were expected to increase slightly to USD 277.4 million in 2021, despite China, one
of the leading countries in exploration and development expenditures in recent years, not
reporting expenses in 2020 or 2021. From 2015 to 2020, decreased expenditures in many countries
were related to persistently low uranium prices that slowed exploration and mine development
projects.

Of the 19 countries reporting exploration and mine development expenditures in the period
2019 through 2021 (seven of these reporting only two years or less), the total over this three-year
period amounts to just over USD 1 billion. Canada (USD 505.5 million, or 50.0% of the total) led the
way, followed by India (USD 179.2 million, 17.7%), China (USD 154 million or 15.2%; with only 2019
expenditures reported), Kazakhstan (USD 42 million, 4.2%), Namibia (USD 36.2 million, 3.6%),
Russia (USD 32.4 million, 3.2%), Tlrkiye (USD 21.5 million, 2.1%; with 2021 expenditures not
reported), Australia (USD 18.6 million, 1.8%), Saudi Arabia (USD 12.8 million, 1.3%; reporting
uranium exploration expenditures for the first time), and Jordan (USD 8.8 million, 0.9%).
Expenditures in Canada alone exceeded the total spending of the eight countries ranked second
to ninth (India, China, Kazakhstan, Namibia, Russia, Tirkiye, Australia and Saudi Arabia),
demonstrating once again that Canada (mainly the Athabasca Basin) remains the prime
destination for uranium exploration.
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Table 1.15. Domestic (industry and government) uranium exploration
and development expenditures*

(as of 1 January 2021, USD thousands in year of expenditures, for countries listed)

Country Pre-2014 2017 2021
(prellmlnary)

Algeria

Argentina 115653 4244 5880 4142 5092 2376 1496 1089 4166
Australia 1630331 37124 33665 17 295 15115 9044 7138 4589 6870
Bangladesh 453 NA NA NA NA 6 6 7 8
Belgium 2487 0 0 0 0 0 0 0 0
Bolivia 9343 NA NA NA NA NA NA NA NA
Botswana** 12629 NA NA NA NA NA NA NA NA
Brazil 189732 0 224 1348 574 0 0 0 0
Cameroon 1282 NA NA NA NA NA NA NA NA
Canada® 6765 387 525677 | 397249 | 319785 | 253435 | 198496 | 210687 | 140876 153906
Central African Rep. 21800 NA NA NA NA NA NA NA NA
Chile 9618 NA NA NA NA NA NA NA NA
China 740 000 197000 | 152000 | 128000 | 125000 | 120000 | 154 000 NA NA
Colombia 25946 NA NA 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 ® 315200 1327 633 514 17 9 197 284 289
Denmark/Greenland 4210 2195 NA NA NA NA NA NA NA
Ecuador 1945 NA NA NA NA NA NA NA NA
Egypt 117 271 NA NA 28 28 84 20 186 254
Ethiopia 22 NA NA NA NA NA NA NA NA
Finland 124474 1753 0 0 0 0 0 0 0
France 907 240 0 0 0 0 0 0 0 0
Gabon 102443 NA NA NA NA NA NA NA NA
Germany © 2002789 0 0 0 0 0 0 0 0
Ghana 20 NA NA NA NA NA NA NA NA
Greece 17 547 NA NA NA NA NA NA NA NA
Guatemala 610 NA NA NA NA NA NA NA NA
Hungary 4051 NA NA NA NA NA NA NA NA
India 647 648 43983 49 858 52156 63732 60 852 66 165 47 805 65268
Indonesia 18 038 100 464 233 121 81 246 42 25
Iran, Islamic Rep. of 267 680 50179 6276 17 320 39221 13567 8 NA NA
Ireland 6200 NA NA NA NA NA NA NA NA
Italy 75 060 0 0 0 0 0 0 0 0
Jamaica 30 NA NA NA NA NA NA NA NA
Japan 16 697 0 0 0 0 0 0 0 0
Jordan 34859 3820 3697 2886 3531 4831 3531 2444 2825
Kazakhstan 529115 34676 60934 23935 36 620 37252 18779 13367 9911
Korea, Republic of 17 866 NA NA NA NA NA NA NA NA
Lesotho 21 NA NA NA NA NA NA NA NA
Madagascar 5239 NA NA 13 24 NA 23 NA NA
Malawi NA NA NA NA NA NA NA NA NA
Malaysia 10478 NA NA NA NA NA NA NA NA
Mali 56 693 1516 774 387 390 354 298 30 NA
Mexico® 30761 106 93 66 886 1204 871 NA NA

Continued on next page.
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Table 1.15. Domestic (industry and government) uranium exploration
and development expenditures* (cont’d)

(as of 1 January 2021, USD thousands in year of expenditures, for countries listed)

Country Pre-2014 2017 2021
(prellmlnary)

Mongolia 177 537 15436 7816 6 600 7172 4857 158

Morocco 2752 NA NA NA NA NA NA NA NA
Namibia 344182 1041434 9962 8253 3310 3718 5960 11068 19208
Niger® 1048927 NA NA 4504 322 6937 2912 2527 NA
Nigeria 6950 NA NA NA NA NA NA NA NA
Norway 3180 0 0 0 0 0 0 0 0
Paraguay 26 360 690 0 0 NA NA 250 250 250
Peru 4776 NA NA NA NA NA NA NA NA
Philippines 3492 NA NA NA NA NA NA NA NA
Poland NA 229 0 NA NA NA NA NA NA
Portugal 17 637 NA NA NA NA NA NA NA NA
Romania 10 060 NA NA NA NA NA NA NA NA
Russia 977 005 39917 17 581 18 907 9980 8336 8782 13808 9804
Rwanda 1505 0 0 NA NA NA NA NA NA
Saudi Arabia® 0 0 0 0 9000 16 000 9000 3000 849
Slovak Republic NA 408 NA NA NA 0 0 0 0
Slovenia@ 1581 0 0 0 0 0 0 0 0
Somalia 10000 NA NA NA NA NA NA NA NA
South Africa® 297 517 1655 5164 NA NA NA NA NA NA
Spain 202790 5400 9106 1160 1180 908 893 285 417
Sri Lanka 43 NA NA NA NA NA NA NA NA
Sudan 200 NA NA NA NA NA NA NA NA
Sweden 47 900 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 NA NA NA NA
Thailand 11299 NA NA NA NA NA NA NA NA
Turkiye 30441 4875 6842 223 768 2987 14 245 7 288 NA
Ukraine 57508 1337 689 484 1111 800 2235 1762 3312
United Kingdom 3815 0 0 0 0 0 0 0 0
United States® 4062813 102100 | 105000 71900 44300 NA NA NA NA
Uruguay 231 NA NA NA NA NA NA NA NA
USSR 3692350 0 0 0 0 0 0 0 0
Uzbekistan 269715 NA NA NA NA NA NA NA NA
Viet Nam 15373 1875 2610 1794 1540 NA NA NA NA
Zambia® 9732 NA NA NA 710 607 502 536 NA
Zimbabwe 6902 NA NA NA NA NA NA NA NA
Total*** 26 189 357 2119056 | 876517 | 681933 | 623179 | 493305 | 508472 | 251313 277 438

* Domestic exploration and development expenditures represent the total expenditure from both domestic and foreign sources in each country
for the year. ** Secretariat estimate. *** Updated totals from 2012 on with corrected expenditures: Mexico (2012-2016) and Australia (2016).
NA = Data not available. (a) Development expenses only reported in 2021. (b) Includes USD 312 560 expended in Czechoslovakia (pre-1996).
(c) Includes USD 1905 920, spent in GDR between 1946 and 1990. (d) Government exploration expenditures only. (e) Pan African and Global Atomic
exploration spending only in 2018 and 2019, Global Atomic exploration spending only in 2020. (f) Secretariat estimate of annual spending from
total spending of USD 37 000 000 reported in Country Report. (g) Includes expenditures in other parts of the former Yugoslavia. (h) Includes
expenditures for both uranium and gold in the Witwatersrand Basin until 2012. (i) 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.
(j) Non-government industry expenditures between 2011 and 2013, 2017 and 2018.
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Declining expenditures were reported from 2019 to 2021 in Indonesia (USD 246 000 to
USD 25 000), Kazakhstan (USD 19 million to USD 10 million) and Saudi Arabia (USD 9 million to
USD 849 000). Generally increasing expenditures over this same period were reported by the Czech
Republic (USD 197 000 to USD 289 000), Egypt (USD 90 000 to USD 254 000) and Namibia
(USD 6 million to USD 19.2 million). Exploration and mine development expenditures were
relatively steady from 2019 to 2021 in Australia (~ USD 6.2 million), Canada (*USD 170 million),
India (~USD 60 million), Jordan (~USD 2.9 million), Russia (~USD 11 million), Spain (~USD 500 000)
and Ukraine (~USD 2.5 million). Finland reported exploration expenditures for 2014; however, from
2015 onwards, there is no data for Finland as it is not possible to separate uranium exploration
expenditures from the total reported for gold exploration, in which uranium is a potential co- or
by-product. Due to very low values and confidentiality concerns, no expenditures were reported
for the United States from 2018 to 2021; expenditures have been in dramatic decline since 2012
when exploration and mine development expenditures amounted to USD 166 million, compared
to USD 44.3 million in 2017, a decrease of 73%.

Global exploration and mine development expenditures were expected to increase in 2021 to
USD 277.4 million, a 10% increase compared to 2020, although the increase is likely greater since
2021 expenditures were not reported for key countries such as China, Niger, Tirkiye and Zambia.
Increases in expenditure from 2020 to 2021 are, however, expected in important uranium
producing countries, such as Australia, Canada, India, Namibia and Ukraine. For the 2019 to 2021
period, of the countries that reported exploration and development expenditures separately,
Canada and Kazakhstan reported greater exploration than mine development expenditures
(except for Kazakhstan in 2021), whereas Ukraine reported greater mine development than
exploration expenditures.

For the first time in this edition of the Red Book, a table summarising recent global drilling
activities is included (although not comprehensive nor complete). Fifteen countries reported
drilling activities, although nine reported only partially (i.e. some years or entities involved in
exploration and/or mine development activities were not reported). Data from four countries are
included from the previous edition of the Red Book to round out data for 2018 and 2019 in order
to give a more complete picture (Table 1.16). For the countries reporting data, total drilling declined
by 42% from 2018 (2 633 128 m) to 2021 (1 100 934 m), although the number of countries providing
data declined from 15 to 10 over these same years. For the countries reporting exploration and
development drilling meterage separately, development drilling accounted for 19% of total drilling
in 2018, 15% in 2019, 28% in 2020 and 47% in 2021, although the number of countries reporting
development drilling declined from 5 in 2018 to 3 in 2021. Note that the separate totals for
exploration and development do not always add up to the total metres drilled as the United States
does not report this information separately and drilling data for India and Russia were not
separated into exploration and development. Also noteworthy is that drilling data for Canada
were not available in 2020 and 2021 and that the United States has not provided data since 2017,
owing to very low values and confidentiality concerns. Despite these gaps, the reported global
drilling effort has not only declined since the last reporting period, but it has also been in decline
since 2012, when 17 countries reported drilling that totalled 5 368 268 m in the 2016 edition of the
Red Book.

In terms of exploration drilling distance from 2018 to 2021, most countries reported irregular
trends as COVID-19 work restrictions disrupted drilling plans and several countries did not report
drilling distance in each year. Of the countries that reported drilling for each year, Namibia and
Egypt were the only countries reporting upward trends in exploration drilling, although drilling in
Namibia was significantly greater than that reported for Egypt. Kazakhstan and Ukraine reported
declining drilling distance while India reported relatively steady drilling length in each year. In
contrast, Argentina and Russia reported variable drilling distance.

Of the countries reporting exploration and development drilling data for all four years
(2018-2021), Kazakhstan accounted for between 27%-65% of global drilling distance, India between
10%-25%, Namibia 1%-8%, Ukraine 1%-8%, Argentina and Egypt <1% (note that 2018 data from the
previous edition of this publication were included for Namibia and Ukraine). Percentages for these
countries were generally highest in 2020 and 2021 since Canada and China did not report
exploration drilling distance in these years. In 2018 and 2019, China accounted for about 22% and
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33% respectively of global exploration drilling, Kazakhstan 35% and 27% and Canada 12% in both
years. In 2020 and 2021, Kazakhstan led with 58% and 65% shares without China and Canada
reporting drilling distance in these two years. Kazakhstan reported its largest exploration drilling
distance in 2018 at almost 930 000 m, India in 2021 at over 279 000 m, Namibia in 2021 at over

82 000 m, and Ukraine in 2018 at over 212 000 m.

Table 1.16. Exploration and development drilling data for select countries
(as of 1 January 2021, for 2018-2021, metres)

Exploration| Develop. | Total |Exploration| Develop.| Total |[Exploration|Develop.| Total |Exploration|Develop.| Total
Argentina 2373 0 2373 654 0 654 385 0 385 4115 0 4115
Canada* 260640 | 52734| 313374 188954 | 65156| 254110 NA NA NA NA NA NA
China* 580 000 NA | 580000 720000 NA | 720000 NA NA NA NA NA NA
Egypt 1500 0 1500 2000 0 2000 1550 0 1550 3100 0 3100
India 250808 0 250808 278732 0| 278732 195308 0| 195308 279250 0| 279250
Indonesia 0 0 0 425 0 425 0 0 0 0 0 0
Iran* 1883 8252 10135 4757 4326 9083 NA NA NA NA NA NA
Kazakhstan 712250 217718 | 929968 362136| 230647 | 592783 433462 | 358957 792419 205015| 505522 710537
Mauritania’ NA 0 NA 7 900* 0 7 900* NA NA NA NA NA NA
Mexico* 2582 0 2582 NA NA 0 NA NA 0 NA NA 0
Mongolia 14222* 0 14222* 1100 0 1100 0 0 0 0 0 0
Namibia 18756* | 14511* 33267* 32957 16 600 49 557 47 423 5319 52742 73240 9417 82657
Niger? NA NA 21390 NA NA 11863 NA NA NA NA NA NA
Paraguay® 0 0 0 330 0 330 330 0 330 330 0 330
Russia 115210 NA| 115210 35879 NA 35879 114653 NA| 114653 6400 NA 6400
Turkiye 110012* 0 110012*| 198613* 0f 198613* 193329 0| 193329 NA NA NA
Saudi Arabia 35360 0 35360 17 700 0 17 700 0 0 0 0 0 0
Spain 0 0 0 0 0 0 0 0 0 3350 0 3350
Ukraine 7410% [ 205517*| 212927* 601 10524 11125 0 12740 12740 1485 9710 11195
us w w w w w w w w w w w w
Totals 2113006 | 4987322633128 1852738 327253( 2191854 986440 | 377016 | 1363456 576285 | 524649 1100934

* From Red Book 2020. 1. Tirus drilling only. 2. 2018 Orano and GAC only; 2019 Orano only. 3. Total drilling reported for multiple years divided into
equal yearly totals. NA = Data not available. W = Data withheld to avoid disclosure of individual company data.

Only four countries reported development drilling for all four years (2018-2021) in this
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edition: Egypt, Kazakhstan, Namibia and Ukraine. Kazakhstan dominated development drilling
length in all four years, from 44% in 2018 to 70% in 2019, 95% and 96% in 2020 and 2021,
respectively. Namibia and Ukraine accounted for between 2% and 5% of total global
development drilling in each year, with the exception of Ukraine reporting 41% of total
development drilling in 2018, while Egypt’s development drilling amounted to <1% in each year
between 2018 and 2021.

Trenching data, reported only by Argentina (2018 and 2021 only), Egypt, Iran (2018 and 2019
only), Jordan (2018 only) and Saudi Arabia (2018 and 2019 only), totalled over 10 500 m
(1 851 trenches) in 2018, 2 229 m (65 trenches) in 2019 and 330 m (14 trenches) in 2020 (Egypt
only), with 600 m (40 trenches) expected in 2021 (Argentina and Egypt only). In 2018, Iran and
Jordan accounted for over 90% of the global total trenching length. In 2019, Iran accounted for
67% of the global total. Egypt accounted for 100% and 83% of the trenching distance reported in
2020 and 2021 while Argentina accounted for 17% of the 600 m that were expected to be
excavated in 2021.
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Current activities and recent developments

North America

The North American region continued to dominate reported uranium exploration and mine
development activities, accounting for about 40% of total global expenditures in 2018 and 2019,
then rising to about 55% of total expenditures in 2020 and 2021 as expenditures in China were not
reported for these years. This dominance continues despite the United States not reporting
exploration and mine development expenditures since 2017 and Mexico not reporting since 2019.

Canada, despite the global trend of declining exploration and development expenditures,
has maintained higher than average expenditures and in 2020 accounted for 56% of the world
total for countries reporting this data. Total Canadian uranium exploration and development
expenditures in 2019 amounted to USD 210.7 million, a 6% increase from 2018. This ended a
series of expenditure declines since 2013 (USD 845.1 million) but was short-lived, as
expenditures slid to USD 140.9 million in 2020, with USD 153.9 million expected in 2021.
Uranium development expenditures declined from CAD 253 million in 2016 to CAD 114 million
in 2019 and CAD 105 million in 2020, comprising about 60% to 46% of total expenditures in these
years, respectively. This decrease and the 45% decrease in exploration expenditures (from
CAD 170 million in 2018 to CAD 88 million in 2020) is primarily due to work-related COVID-19
pandemic restrictions and low uranium prices.

Box 1.1. SABRE mining method

SABRE (Surface Access Borehole Resource Extraction) is an innovative and scalable mining method that
can allow for the exploitation of relatively small high-grade orebodies that are either too small or too
deep to be mined economically by open-pit and (or) underground mining methods. It is a surface-based,
non-human-entry method that uses a single high-pressure water jet placed at the bottom of a drill hole
to excavate a mining cavity. An access hole is drilled to an orebody and a high-pressure fluid injection
tool is then lowered down the hole on a specialised mining string to disaggregate the ore material and
form a subsurface cavity. The ore material is optionally ground to a desired size by a drill bit and is air-
lifted as a slurry through production tubing to the surface for further processing. The injection and
grinding tools are optimally part of an integrated bottom-hole assembly at the lowermost end of a drill
string. The bottom-hole assembly also includes surveying equipment to measure the cavity dimensions
at intervals during excavation, thus allowing fluid injection adjustments to achieve a desired cavity
geometry and dimension. Adjacent cavities can be excavated as long as the previous one has been
backfilled.

Beginning as a mining equipment invention initiative in 2004, SABRE was developed by Orano Canada
Inc.in joint-venture partnership with Denison Mines Corp. as a technique for selectively recovering high-
value ore from shallow deposits in the Athabasca Basin. In 2021, a five-year field-testing programme was
completed at the McClean Lake property in Saskatchewan, Canada. Four mining cavities were
successfully excavated to produce approximately 1 500 tonnes of high-value ore ranging in grade from
4% to 11% Us0s (3.4% to 9.3% U). SABRE was able to achieve key test programme operating objectives,
such as targets for cavity diameter, rates of recovery, and mine production rates, with no safety,
environmental, or radiological incidents.

Due to its less intrusive nature and potentially smaller surface footprint, SABRE can significantly reduce
the environmental impact of this mining method, when compared to conventional mining methods.
Reduced water usage and power consumption can also contribute to potential reductions in
greenhouse gas emissions. Additionally, as a non-entry mining method, it has significant safety and
radiological benefits.
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Despite poor market conditions, Canada’s high grade uranium deposits remain the prime
target for uranium exploration. Recently discovered large high grade uranium deposits include
Phoenix/Gryphon and Heldeth Tté (Denison Mines Inc.), Triple R (Fission Uranium Corp.), Arrow
(Next-Gen Energy Corp.) and Fox Lake (Cameco Corp.). While work-related COVID-19 pandemic
restrictions have limited activity at many of these projects, Denison continues technological
testing and is conducting an environmental assessment of a proposal to mine the Phoenix
deposit by ISR, the first proposed use of this method for unconformity-type uranium deposits.
Denison’s Heldeth TGé project is also slated to be mined by ISR.

In the United States, the total expenditures for land, exploration, drilling, production and
reclamation decreased to USD 108.8 million in 2018, down 11% from USD 122.6 million in 2017 and
notably lower than the 2016 total of USD 169.9 million. The trend of decreased expenditures that
began in 2013 continued to the point that since 2018 most information is being withheld by the
United States Energy Information Administration to avoid disclosure of individual company data
due to the limited number of companies reporting. Publicly available information, however, even
if not officially reported, indicates that investment in the exploration sector has continued to
decrease significantly during this period. The overall decrease in reported expenditures (except
exploration expenditures in 2017) was primarily the result of a depressed uranium market and a
global oversupply of uranium during a lengthy period.

In Mexico, after several years of modest expenditures, total exploration and development
expenditures increased from USD 0.66 million in 2016 to USD 1.2 million in 2018, as the
government invested in the re-evaluation of resource declarations for 53 previously discovered
uranium deposits, drilling 5164 m in 47 holes through 2017 and 2018. Results showed that
previous work did not meet international standards of evaluation and the main exploration
effort was to be focused on Santiago Papasquiaro, where anomalies and evidence of surface and
underground uranium minerals have been defined. No exploration and development
expenditures were officially reported by Mexico for 2019, but according to publicly available
information from the Mexican Geological Survey, 2019 expenditures were approximately
USD 871 000. Subsequently, exploration activities slowed down, no drilling campaigns were
carried out, and no exploration and mine development expenditures were reported for 2020 and
2021.

Central and South America

Uranium exploration and mine development expenditures in the Central and South American
region accounted for <2% of reported global expenditures from 2018 to 2021, with ongoing
activities in a number of countries despite sharply reduced expenditures in Brazil, the only
country that had produced uranium in this region in recent years.

In Argentina, the continued investment in uranium exploration aligns with the 2006
government policy of reactivating the national nuclear energy programme. Reported domestic
exploration expenditures by government in 2018 amounted to 26.9 million Argentine pesos (ARS),
increasing to ARS31.8 million in 2019, then declining to ARS27.4 million in 2020, with
ARS 63 million expected in 2021 (expenditures in local currency are considered a more reliable
guide due to the extreme Argentinean currency fluctuations in recent years). Expenditures by
private exploration companies amounted to ARS 39 million, ARS 32.3 million and ARS 48.8 million
in 2018, 2019 and 2020 respectively, but are expected to increase significantly to ARS 287 million
in 2021. However, because there is no requirement for private industry to report exploration
expenditures, the amounts reported may not reflect all expenditures in the sector.

From 2017 to 2019, exploration activities carried out by the government slowed down and no
drilling was carried out. Activities were focused on field work for geological and radiometric
reviews, geophysical surveys, sampling for geochemical analysis and environmental studies.
Government exploration activities in Argentina were expected to intensify in the second half of
2021, including a 1 200 m drilling programme in the Neuquén basin, but this was postponed until
2022.
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Of those uranium deposits managed by the CNEA (the National Atomic Energy Commission),
the most relevant in the assessment/exploration stage is Cerro Solo in Chubut Province. Work
to define the hydrometallurgical extraction line of uranium and molybdenum minerals and
laboratory-scale sample testing was completed, but further up-scale testing was postponed.
Since 2018, only environmental monitoring has been carried out at the site since hydrological,
palaeontological, socio-economic, air quality, flora and fauna, pedological and archaeological
studies have been completed. Radiometric/radiological and natural acidic drainage surveys are
being developed in compliance with provincial regulations.

Sophia Energy S.A., UrAmerica Ltd, Blue Sky Uranium Corp., U308 Corp. and Consolidated
Uranium Inc. reported exploration-related activities during the 2017-2021 period. Sophia Energy
S.A. continued exploration of its mining properties at the Laguna Sirven deposit in Santa Cruz
Province, including completion of a 600 km?radiometric airborne survey of the entire project. In
December 2019, Sophia Energy S.A. received approval from the provincial government to
perform an intensive two-year advanced exploration programme focused on resource
assessment, but the COVID-19 pandemic caused exploration activities to be put on hold since
early 2021.

In 2019, Blue Sky Uranium Corp. announced the first preliminary economic assessment (PEA)
for the Ivana deposit (Amarillo Grande project), as well as an updated inferred in situ resource
estimate, including 8 730 tU at 0.031% U and 2 920 tV at 0.011% V. Exploration in 2019 continued
to focus on expanding the mineralisation proximal to the Ivana deposit. A drilling programme
was launched in Q1 2020, immediately halted due to the COVID-19 pandemic, and then resumed
in Q1 2021.

In June 2021, International Consolidated Uranium Inc. announced that it had chosen to
exercise its option to purchase the Laguna Salada project (Chubut province) from U308 Corp. In
December 2021, this acquisition was completed and, although the Laguna Salada project has
been in care and maintenance since 2014, it is expected that exploration activities will be
resumed in the short term.

Exploration drilling by private companies totalled 2 373 m (236 holes) in 2018, 654 m (88 holes)
in 2019, 385 m (8 holes) in 2020, before increasing to 4 115 m (80 holes) in 2021. Exploration
trenching was also reported in 2018 (60 m in 39 trenches) and 2021 (100 m in 20 trenches).

In Brazil, no exploration and mine development expenditures were reported from 2018 to
2021. In late 2020, a reassessment of resources in several deposits in the provinces of Lagoa Real
and the Santa Quitéria deposit was initiated, with results expected in 2022. Efforts have been
devoted to making the transition from open pit to underground mining of the Cachoeira deposit,
developing open-pit mining of the Engenho deposit and expanding the Lagoa Real production
centre.

Chile did not report exploration and development expenditures for this edition and, given
the lack of updates on projects in northern Chile’s iron-oxide copper-gold belt, with potential
for copper, gold, silver and uranium, activity has likely continued at a reduced pace since 2016.

In Ecuador, between 2019 and 2021, the Geological and Energy Research Institute (IIGE) of
Ecuador, assisted by the IAEA through the Undersecretariat of Nuclear Control, Investigations and
Application’s liaison, updated and reviewed historical information on uranium exploration in the
country, with the objective of taking up research carried out years ago by the National Polytechnic
School and the Ecuadorian Atomic Energy Commission (CEEA). Despite these surveys and
background research, the Mining Regulatory and Control Agency (ARCOM) has not reported any
private or state concessions in its mining portfolio related to uranium exploration in recent years.

In 2020, the Private Technical University of Loja (UTPL) carried out a geochemical survey in
the Chirimoyo and Guineo micro-basins in the Puyango area, finding anomalies of V, U and Zn
related to black limestones, bituminous limestones and calcareous shales of marine origin. This
study confirmed the radiometric anomalies previously identified by the National Polytechnic
School and the CEEA in the 1970s and 1980s.
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Since U308 Corp. left Guyana in 2012, there has been no significant exploration, but the
Guyana Geology and Mines Commission (GGMC) continues to conduct annual geochemical
projects to map the country's mineral potential. In recent years, GGMC data from Permission
for Geological and Geographical Survey (PGGS) Areas for both light and heavy rare earth
elements has shown that uranium concentrations are higher than other elements, ranging from
more than 2.7 to 296 ppm (0.0003% U to 0.03% U). GGMC was expecting to continue carrying out
geochemical survey projects in Guyana’s interior, beginning in September 2021.

The government of Paraguay did not respond to the Red Book questionnaire for this edition,
although exploration was carried out by Uranium Energy Corporation (UEC) from 2019 to 2021
in the Coronel Oviedo area. Several radon emmanometry surveys and drilling exploration
totalling approximately 1 000 m were conducted, with total operating expenditures amounting
to USD 750 000. UEC has reported an exploration target at Coronel Oviedo ranging from 8 900 to
21500 tU at grades between 0.034 and 0.044% U and that the uranium-bearing unit has aquifer
characteristics suitable for ISL.

For Peru, no exploration and development expenditures were reported in this edition, and the
industry is not required to report expenditures to the government. In 2021, American Lithium Corp.
acquired Plateau Energy Metals and its projects in the Macusani district and announced drilling
plans (12 000 m; 70 holes) for the Macusani project to expand existing uranium resources and
identify new deposits. The permitting process has been initiated, including development of an
environmental impact assessment and community access agreements. Drilling is expected to
start once an exploration permit is granted.

European Union

Uranium-related exploration and mine development activities in the European Union
accounted for <0.5% of total reported global expenditures from 2018 through 2021, as the main
activities continued to be focused on remediation of closed uranium mines. Mine development
activities continued in Denmark (Greenland), Hungary and Spain, but new legislation
jeopardises projects in Denmark (Greenland), and in July of 2021, Spain’s nuclear regulator
blocked Berkeley Energia’s planned uranium mine over safety concerns.

In the Czech Republic, exploration and development expenditures dropped from
USD 514 000 in 2016 to USD 17 000 in 2017 and USD 9 000 in 2018, before increasing to
USD 197 000 in 2019, USD 284 000 in 2020 and USD 289 000 in 2021. After closure of the Rozna
mine in 2017, exploration activities have been focused on the conservation and processing of
previously collected exploration data from Czech uranium deposits. Advanced processing of the
exploration data and building of an exploration database will continue in the coming years. In
2019 and 2020, activities included analysis and evaluation of rock samples, geological
documentation, developing a feasibility study and final reports, as well as archiving data. No
drilling data has been reported in the Czech Republic since 2016.

Denmark (Greenland) reported total expenditures of between USD 1.5 million and 3 million
for all commodities from 2016 to 2019, but the portion spent on uranium is not possible to separate.
No expenditure figures for 2020 and 2021 were reported, and no drilling data was reported for the
entire five-year period. Since 2007, Greenland Minerals Limited (GML; prior to 2018, Greenland
Minerals and Energy Ltd) has conducted rare earth element (U-Zn) exploration activities in the
Kvanefjeld area, South Greenland, including drilling of 57 710 m of core. A mining/exploitation
licence application was submitted in July 2019, including updated environmental and social
impact assessments together with a navigational safety investigation study. However, an April
2021 election in Greenland led to a change in government that passed a new law prohibiting
exploration and exploitation of uranium as of December 2021. Passage of this new law prompted
GML to request arbitration proceedings with the governments of Greenland and Denmark
concerning the impact of this new legislation on its exploration licence for the Kvanefjeld REE,
zinc and uranium project under development in southern Greenland.

In Finland, no exploration expenditures or drilling data exclusively for uranium have been
reported since 2014. However, uranium may be included in some active gold exploration permits.
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In France, although no domestic uranium exploration and mine development activities have
been carried out since 1999, majority government-owned Orano (formerly Areva) and its
subsidiaries remain active abroad. As of 2020, Orano S.A. has been working outside France,
focusing on discovery of exploitable resources in Canada, Gabon, Kazakhstan, Mongolia, Namibia
and Niger. In Canada, Kazakhstan and Niger, Orano is also involved in uranium mining operations.
In addition, as a non-operator, Orano holds shares in several mining operations and research
projects in different countries. In 2020, Orano started exploration in Uzbekistan. Total non-
domestic exploration expenditures remained relatively steady from 2017 to 2018 at about
USD 30 million per year, before declining by 17% to around USD 25 million in 2019 and 2020.

The government of Hungary did not report any exploration or mine development
expenditures for this edition. The non-governmental mine development project, which started in
2007 with a focus on the Mecsek deposit and surroundings, is still in the environmental licensing
phase. The Environmental Impact Study submitted at the end of 2017 is expected to be modified
regarding the planned production rate, following some legal actions and discussions with the
environmental authority. If a licence is obtained, a mining property could be established and likely
merged with the existing, historic mining properties in the area.

For Poland, no exploration and development expenditure data were reported, although
there are some prospective indications of uranium and currently some small prospects
amenable for the discovery of uranium that could potentially be economically exploited.

In Portugal there has been no exploration or exploitation of uranium since 2001, although
there are unexploited uranium deposits located in the southern part of the country. However,
no future production centres are planned, and rehabilitation and remediation (environment and
safety) are the only activities being undertaken.

In the Slovak Republic, exploration in Kuriskova associated with the Kosice uranium deposit,
initiated in 2011 by Ludovika Energy Ltd (a subsidiary of European Uranium Resources), came to
an end in 2015 when exploration licences were not renewed by the government. Several protests
and lawsuits over the allocation of exploration areas followed, as well as political discussions to
ban uranium mining and exploration in the country, and no new uranium exploration licences
have been issued in the Slovak Republic since.

In Slovenia, expenditures on uranium exploration ended in 1990, and there are no recent or
ongoing uranium exploration activities in the country. In 1992, the final closure and subsequent
decommissioning of the Zirovski Vrh mine and mill complex began with the production facility
being dismantled. After finishing the remediation, the remaining disposal sites and the mine
water effluents were put under long-term environmental surveillance. A hydrometallurgical
tailings disposal site and a waste rock disposal site associated with this facility, are undergoing
environmental remediation, with the disposal site for hydrometallurgical tailings in its final stage,
and with the critical factor being the stability of the site. All remediation work was finished on the
mine waste pile site, and in 2015, long-term environmental surveillance began.

Spain reported around USD 1 million in 2017 and 2018 in exploration and mine development
expenditures by industry, declining to USD 893 000 in 2019 and USD 285 000 in 2020, with an
increase to USD 417 000 expected in 2021. No industry exploration drilling was reported from 2018
to 2020, but 3 350 m (13 holes) of exploration drilling was expected in 2021. This reflects a shift by
Berkeley Minera Espana S.L.U. from exploration to licensing of its proposal to mine uranium by
open pit in Salamanca province. However, Spain’s Climate Change Law of May 2021, which aims
to ensure the nation’s compliance with the objectives of the Paris Agreement and the associated
energy transition. It includes a section regarding uranium mining and milling facilities in Spain.
No new permits to exploit radioactive mineral deposits will be admitted after the law comes into
force. In July 2021, the Spanish Nuclear Safety Council issued a negative report on the construction
licence application for Berkeley’s proposed processing plant. The report is mandatory, and when
negative or regarding the conditions imposed, it is binding for action to be taken by the Ministry
for the Ecological Transition and the Demographic Challenge (MITECO), who are in charge of
granting construction licenses. Consequently, MITECO rejected Berkeley Energia’s authorisation
to build a uranium processing plant at the company’s Salamanca project in western Spain.
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On 16 May 2018, the Parliament of Sweden passed an amendment to the Environmental Code
banning uranium exploration and mining in the country. Prior to this, most exploration activity
was related to the potential of alum (black) shale, where uranium could be recovered as a by-
product along with other co-products such as molybdenum, vanadium, nickel, zinc and petroleum
products. The Australian company Aura Energy Ltd, having worked for several years developing
the Higgan Project for uranium and vanadium mining, lodged a claim against the Swedish
government in November 2019 for compensation of financial losses resulting from the 2018 ban
on uranium exploration and mining. Although no input was received from Sweden for this edition
of the Red Book, it has been reported (Casey, 2022) that Aura Energy is appealing to the Swedish
government to develop the Hiaggan Project to address security of supply for energy and battery
metals, following Vattenfall’s decision to suspend orders of uranium and nuclear fuel from Russia
until further notice owing to the current geopolitical situation (Vattenfall, 2022).

In previous reports, countries such as Poland and the Slovak Republic were either interested
in or issuing permits to explore for and develop domestic uranium deposits for mining. Neither
Poland nor the Slovak Republic, or any other country in the European Union, reported uranium
exploration and mine development expenses for this edition, except for those outlined above. In
February 2018, it was reported that the Supreme Court of the Slovak Republic supported the
Environment Ministry in not extending an exploration licence for uranium held by Ludovika
Energy.

Europe (non-EU)

Uranium exploration and mine development expenditures in non-EU countries in Europe
accounted for 2.5% to 10% of total reported global expenditures in 2018 through 2021, led by
exploration and mine development activities in Russia and Ukraine, supplemented by ongoing
exploration in Tirkiye.

In Russia, exploration of identified deposits is carried out by the subsidiary uranium mining
enterprises of JSC Atomredmetzoloto (ARMZ), which is a part of the Russian State Atomic Energy
Corporation Rosatom. The main exploration activities in 2019 and 2020 were concentrated on
the Dobrovolnoye deposit (Dalur mine). A significant increase in investment from 2019 to 2020
(USD 1.8 million to USD 6.7 million) is associated with the development of exploration drilling
at the Dobrovolnoye deposit, with completion planned for 2023. The Priargunsky production
centre continued limited exploration focused on identifying uranium resources on the flanks of
the deposits currently being mined by drilling boreholes from the underground mine workings.

Box 1.2. Smart ISL Site Digital Mining System

The “Smart ISL Site” digital mining system was developed by the ARMZ Uranium Holding Company and
the Seversk Institute of Technology, and implemented at the Dalur and Khiagda ISL operations in the
Kurgan Region and Republic of Buryatia in Russia, respectively. The system includes digital technologies
for the management of uranium production based on automatic data collection and remote control of
wellfield units, comprehensive analysis of all geological and operational data, and geological,
hydrological and technical simulations.

The Smart ISL Site system is operated from a central control complex. It monitors and manages
hydrodynamic processes to provide uniform leaching of wellfield units, simulates movement of
groundwater in each cell and mining block, and takes into account their mutual influence on one other.
The system optimises hydrodynamic conditions, automatically adjusts optimum well productivity, and
identifies wells in need of repair and restoration.

Smart ISL Site improves working conditions, increases labour productivity, ensures prompt receipt and
processing of operational data, and provides efficient technical solutions for ISL process optimisation. It
improves the leaching process by enhancing the rate and reducing the time of uranium extraction, as
well as reducing reagent consumption, resulting in significant savings in operational costs.
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Domestic exploration and mine development expenditures in Russia increased from
USD 8 million to 13 million from 2018 to 2020, with development expenditures increasing from
18% in 2020 to 68% of total expenditures in 2021.

From 2018 to 2020, Russia, through Uranium One (owned by Rosatom), carried out exploration
and pilot test work for uranium at joint ventures in Kazakhstan, work in Tanzania to prepare for
the development of the Mkuju River uranium project, and exploration in Namibia.

In Kazakhstan, six uranium mines jointly owned by Uranium One are in commercial operation.
In 2020, exploration in the expanded geological allotment of the Zarechnoye deposit was
completed and additional resources were identified to extend the life of the mine. In 2021, a new
exploration programme was launched at the Kharasan mine to convert defined resources into
more reliable categories.

Box 1.3. Innovations at Kazatomprom JSC Uranium Mining Operations

The national atomic company Kazatomprom continues its research aimed at the associated extraction
of rare and rare earth metals from productive solutions of uranium obtained by in situ recovery (ISR)
extraction method.

Scandium: Research work has been carried out to explore the possibility of obtaining scandium-
containing concentrates from mother liquors of uranium sorption and to optimise the process. The
possibility of obtaining non-radioactive scandium oxide has been confirmed. Work is underway on the
application of nanofiltration technology to concentrate the productive solution and increase the
efficiency of obtaining scandium oxide from the mother liquors of uranium ISL operations.

Rhenium: During the processing of the productive solution of ISL, rhenium along with uranium is extracted
and concentrated into an ion-exchange resin, which can serve as a source for obtaining rhenium. The
technique has been developed and tested on an enlarged laboratory-scale technology for the production
of ammonium perrhenate. The results showed that it is feasible to extract rhenium. Kazatomprom is
working on the manufacture of a mobile plant to produce a crude rhenium concentrate.

Vanadium: A project is being implemented to assess the possibility of obtaining vanadium from sorption
mother liquors during uranium mining at the Zarechnoye deposit.

In Tanzania, Mantra Resources (purchased by ARMZ in 2011) completed a major exploration
programme at the Mkuju River deposit in 2016. During 2017-2019, further development was
suspended due to unfavourable market conditions. In 2020, a decision was made to build a pilot
processing plant during 2021-2022 and to proceed with pilot open-pit mining from 2023 to 2025.

In Namibia, Uranium One, through its subsidiary Headspring Investments Pty., conducted
an intensive drilling exploration programme in 2019 and 2020. As a result, a new sandstone-
type uranium deposit (Wings) was discovered with JORC compliant resources amounting to RAR
of 14 700 tU and IR of 9 900 tU, with an exploration potential of 40 000 tU. Based on 2020 results,
resources are potentially amenable for development by ISL, and a pre-feasibility study
completed in 2021 confirmed positive economics for exploitation by ISL. The 2021 exploration
programme includes further drilling aimed at identifying additional resources and preparing for
an ISL pilot test.

In Tirkiye, government exploration expenditures increased from USD 223 000 in 2016 to
USD 3.0 million in 2018, rising to USD 14.2 million in 2019 before falling to USD 7.3 million in 2020,
with expenditure figures not available for 2021. Exploration drilling amounted to just over
198 600 m (484 holes) in 2019 and 193 300 m (576 holes) in 2020, the only two years reported. No
development expenditures were reported. Efforts were mainly focused on exploration of granite,
acidic igneous and sedimentary rocks in Edirne, Kirklareli and Tekirdag provinces. In 2020,
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Canakkale, Nevsehir, Yozgat, Giresun, Manisa and Aydin provinces were explored for radioactive
raw materials and drilling was conducted in Nevsehir, Canakkale, Giresun and Aydin provinces.
In 2021, a drilling programme to confirm previous work and develop resource estimates at the
Manisa-Kopriibag: exploration site was undertaken.

In early 2019, Westwater Resources Inc. reported that the Turkish government had cancelled
all exploration and operating licences held by Adur in June 2018 (Adur was Westwater’s Turkish
subsidiary, Adur Madencilik Limited Sirketi). Adur and its predecessors had been developing the
Temrezli and Sefaatli projects, carrying out drilling, testing and studies to move the projects
towards production. The issue remains the subject of an arbitration tribunal as Westwater seeks
compensation for its investments, with a formal ruling on the case expected in the second half of
2022 (Westwater Resources, 2022).

In Ukraine, exploration and development expenditures totalled USD 800 000 in 2018,
USD 2.2 million in 2019, USD 1.7 million in 2020 and USD 3.3 million in 2021. Development
expenditures accounted for 90%, 96% and 92% of total expenditures respectively over the
2019-2021 period (with most of the investments in each year made by industry), as mine
development was accelerated to meet the government target of fulfilling all domestic uranium
requirements with local production by 2030. During the 2019 to 2021 reporting period, a total of
over 32 974 m of drilling (1 873 holes) was conducted, all by the government, with the majority
(>87% each year) for development. SE Kirovgeology focused on analytical work of existing
geological data to identify areas perspective for uranium exploration.

Africa

Uranium exploration and mine development expenditures in Africa accounted for about 2% of
total reported global expenditures in 2018 and 2019, rising to 6% in 2020 and 7% in 2021. Although
COVID-19 restrictions reduced or delayed activities in several countries, work on the development
of new mines continued in Botswana, Mali, Mauritania, Namibia, Niger, Tanzania and Zambia,
along with associated exploration activities in these countries and Egypt.

In Algeria, the Agence du Service Géologique de 1'Algérie, in collaboration with the United
States Geological Survey, conducted preliminary prospecting (reconnaissance-level) for
undiscovered mineral resources (diamond, Au, PGE-Cr, Cu-Ni-PGE-Cr, Mo-Cu and uranium)
related to granites, calcretes, and alkaline rocks in the Eglab Region of the Reguibat
Paleoproterozoic shield in southwestern Algeria during 2017 and 2018. For granite-hosted (shear
zone), calcrete-hosted and alkaline rock-hosted deposit types, it was determined that the
potential for economic uranium mineralisation was low, with no significant resources identified.
No uranium prospecting or mine development work was carried out between January 2019 and
January 2021, largely due to the COVID-19 pandemic.

Algeria moved to regulate activities related to the research, production and peaceful use of
nuclear energy with the adoption of Law No. 19-05 on 17 July 2019, leading to the creation of the
National Authority for Nuclear Safety and Security under the supervision of the Prime Minister
by executive decree (No 21-148 of 20 April 2021). This independent administrative authority,
which has legal authority and financial autonomy, is the competent authority charged with
drafting legislation and regulations relating to nuclear activities and guides of good practice to
ensure the safety and security of operations, and to ensure their application. Its prerogatives
also include the issuance of authorisations and licences, control of installations, approval of
training programmes, approval and management of emergency plans, and co-operation with
international and regional organisations. Pending the establishment of the independent
authority, the Atomic Energy Commission (COMENA) continues to exercise its prerogatives.

In Botswana, no exploration and mine development expenditures were reported. However,
Australian based A-Cap Resources (now A-Cap Energy Limited), after conducting research to
optimise mining and attending to the requirements of the Letlhakane Uranium Project’s mining
licence, shifted its efforts to requesting extensions on the commencement of the pre-
construction and construction period specified in the Letlhakane mining licence due to low
uranium market prices and COVID-19 pandemic work restrictions in 2019. In September 2021,
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the government amended the licence at A-Cap’s request to specify that the construction period
will start by 30 September 2024.

In the Central African Republic, following the attack at the Bakouma project site in 2012 that
led to the suspension of all activities, field uranium exploration and mine development work has
not been undertaken. However, in its 2020 Annual Report, Orano outlined the results of a new
resource evaluation that shows IR in situ resources amounting to 36 475 tU at an average grade of
0.20 %U in the <USD 260 cost category. This is a downgrade of resources reported in previous
editions of the Red Book, where Bakouma resources were reported as 42 200 tU RAR in situ in the
<USD 260 cost category. While the Bakouma uranium deposit is associated with phosphates,
which are typically reported as unconventional resources, it is classified as a conventional deposit
because of the relatively high (0.15-0.30% U) uranium grade.

The last time the Democratic Republic of Congo (DRC) reported exploration activities to the
Red Book was in 1988 (at that time the DRC was known as Zaire). Recently, the IAEA has been
providing support for the identification and evaluation of uranium and other radioactive
resources in the Katanga province in the DRC through the Technical Co-operation programme
entitled, “Strengthening National Capacities for the Assessment of Uranium Resources and
Other Radioactive Minerals and for the Regulation of Associated Mining Activities”. This
programme began in 2018 and continued through 2020.

Egypt reported government exploration and mine development expenditures of USD 84 000 in
2018 and USD 90 000 in 2019, before increasing significantly to USD 186 000 and USD 254 000 in
2020 and 2021 respectively, as the Egyptian Nuclear Materials Authority (NMA) focused efforts on
the exploration of four prospects in the Eastern Desert and South Sinai. These activities involved
exploratory trenching and shallow drilling programmes and were supported by geophysical and
geochemical surveys following subsurface extensions of the formations hosting uranium
mineralisation. They resulted in significantly increased prognosticated resource estimates. Mine
development expenditures comprised 33% of total expenditures from 2018 to 2021 as pilot
production facilities planned for 2025 at Abu Rusheid (where uranium occurrences are associated
with REEs) and El Sella as well as established facilities at Gattar and Abu Zenima continue to
investigate uranium recovery through heap and vat leaching, and beginning in 2019, by ion
exchange. Exploratory trenching amounted to 1 310 m (46 trenches) and drilling totalled 9 450 m
(394 holes) between 2018 and 2021.

Egypt has had ongoing support for over two decades in developing uranium exploration and
production capacities through several IAEA Technical Co-operation projects. The most recent
include “Enhancing Regional Capabilities for a Sustainable Uranium Mining Industry” and
“Supporting a Feasibility Study for Uranium and Rare-Earth Element Recovery from
Unconventional Resources”, both of which began in 2018; “Supporting Uranium, Thorium and
Rare Metal Evaluation, Production and Purification from Conventional Resources” and
“Supporting Uranium Recovery from Solid Radioactive Waste Produced in the Radioisotope
Production Facility”, both of which began in 2020; and “Enhancing Regional Capabilities for
Sustainable Uranium Exploration and Mining (AFRA)” and “Supporting Feasibility Study for
Uranium, Thorium and Rare Metals Recovery from Conventional Resources”, both of which
began in 2022.

For Malawi, no exploration and mine development expenses were reported, as activities
ground to a halt when the government imposed a moratorium in 2015 on applications and grants
for all mining and exploration tenements until a new cadastral system and a new minerals act is
introduced. On 14 December 2018, the National Parliament of Malawi passed new legislation
(Mines and Minerals Bill 2018) to update and replace the current, outdated legislation. The Mines
and Minerals Bill was assented to by State President Arthur Peter Mutharika on 25 January and
gazetted on 15 February 2019. As of June 2020, the mines and minerals regulations for the new
legislation had been finalised and were awaiting gazetting.

While no exploration activities since 2015 were reported, an ownership change occurred to
the country’s only uranium mine (Kayelekera, now idled). On 13 March 2020, Paladin completed
the sale of its 85% interest in Paladin (Africa) Ltd to Lotus Resources (65%) and Lily Resources Pty
Ltd (20%). Lotus, formerly Hylea Metals Ltd, holds 76.5% of the shares in Lily with Kayelekera
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Resources Pty Ltd holding 23.5%, giving Kayelekera Resources Pty Ltd an indirect 20% interest in
the Kayelekera project. The remaining 15% of shares in Paladin (Africa) Ltd are held by the Malawi
government. Paladin is to receive a 3.5% royalty based on revenues derived from future production
at Kayelekera, capped at AUD 5 million.

In Mali, reported private sector exploration and mine development expenditures of
USD 390 000 in 2017 and USD 354 000 in 2018, before declining to USD 298 000 in 2019 and
USD 30 000 in 2020 as a rebellion in the north-eastern part of the country limited activities to
the western regions of the country. As of 20 December 2021, four uranium exploration permits
had been granted to two exploration companies in Mali. In 2019, ASTER images of the Falea area
were interpreted for the identification of new exploration targets and in May and June 2020, soil
and termitaria sampling were completed. The geochemical results highlighted significant gold
anomalies, in addition to already known U, Cu and Ag anomalies in the Falea project area. During
the fourth quarter of 2020, GoviEx conducted a core sampling and geophysics programme, which
identified a significant correlation between the Birimian geology, the fault structures and the
geophysical chargeability anomalies in relation to gold mineralisation. No uranium exploration
drilling was completed in 2020. In January 2021, GoviEx announced a 6 000 m air core drilling
programme to test the gold potential associated with soil anomalies.

In Mauritania, no exploration and development expenditures were reported, although
private sector activity to advance mine development continues, notably by Australia’s Aura
Energy at the Tiris (Reguibat) project. On 29 July 2019, Aura released the results of the Definitive
Feasibility Study, which confirmed that the Tiris Uranium Project is both a low cost and a low
operating cost development. The project is designed to support an open-pit mine, a 1.25 million
tonne ore processing plant and supporting infrastructure. The uranium mineralisation lies
largely within 3 to 5 m of the surface in a relatively soft, free digging material containing patchy
calcrete. Based on trenching and metallurgical test work to date, the mineralisation does not
require blasting before mining or crushing prior to beneficiation.

In 2021, Aura released the results of new resource estimates of the Tiris East deposits, resulting
in a2 080 tU increase in resources and a new JORC compliant resource estimate including the Sadi
South Zone. Based on an 85 ppm U cut-off (0.0085% U), global in situ Tiris project resources total
7 499 tU in the measured and indicated categories, and 14 308 tU in the inferred category. In July
2021, Aura commenced Stage 2 exploration, with key results of this work expected to include
detailed results of several approaches being considered to lower operating costs, completion of a
net zero emission study, water drilling results building on 2019 findings and the potential positive
impact on the Tiris project operating cost from vanadium by-product recovery. The Tiris project
is 85% owned by Tiris Resources SA, a subsidiary of Aura Energy Ltd, and 15% by the Mauritanian
government through its agency Société Mauritanienne des Hydrocarbures et de Patrimoine Minier
(SMH-PM).

Support in the uranium production cycle has been provided through an IAEA Technical
Co-operation project, “Establishing an Effective Monitoring Mechanism for Environmental
Protection related to Uranium and Mining Activities”. The project began in 2014 and continued
through 2017. The specific objective of the project was to put in place a framework for
environmental management and build capacity for environmental and radiological site
characterisation, leading to baseline generation of potential uranium mining sites in Mauritania
and building capacity for monitoring of radionuclides in the environment.

In addition, the United States Geological Survey, in co-operation with the Ministry of
Petroleum, Energy, and Mines of the Islamic Republic of Mauritania, conducted a preliminary
mineral resource assessment for 12 commodities (including uranium), and in 2015 published
the assessment as Open-File Report 2013-1280, “Second projet de renforcement institutionnel
du secteur minier de la République Islamique de Mauritanie (PRISM-II) phase V”. With respect
to uranium resources, the assessment report indicated that Mauritania has 80 known uranium
mineral occurrences and, at the time, was a focus of active exploration for uranium by a number
of private companies. Seventeen occurrences have had resource estimates published and can
be considered as mineral deposits. Fourteen of these are calcrete-type deposits with total
resources of 138.3 million tonnes at an average grade of 331 ppm UsOs. The three bedrock-hosted
deposits are granite-hosted vein/shear zone type deposits with total resources of 46.5 million
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tonnes at a grade of 248 ppm Us3Og (0.02% U). Further, permissive tracts for undiscovered
uranium deposit types were also delineated.

In Namibia, over 60 exploration licences had been issued until early 2007, when a
moratorium on new licences was imposed by the Namibian government pending development
of new policies and legislation, primarily in response to concerns about water and energy
requirements of uranium mining. In January 2017, the Namibian government lifted the 10-year
moratorium on new applications for exploration licences for nuclear fuel minerals and as of the
end of 2019, 52 new licences had been granted.

Box 1.4. U-pgrade™ ore beneficiation process

Namibian calcrete ores are conglomerates of predominantly quartz, feldspars, biotite and carbonate
cemented together by a clay matrix. The uranium mineral carnotite occurs predominantly as liberated
particles within the clay matrix, sometimes in fractures or on the surface of larger particles. The presence
of significant quantities of carbonate minerals excludes acid leaching as a process route.

The calcrete deposits are generally <20 m deep with the top 3 to 4 m, representing about 15% of the
deposit, containing high sulphate (gypsum) levels. The sulphate consumes the alkali leach reagent, thus
15% of the deposit cannot be leached economically with acid or alkali.

U-pgrade™ is a beneficiation process that uses commonly known and well understood unit operations
configured in an unconventional manner for uranium. The process was developed in-house by Elevate
Uranium Ltd and has granted patents in various countries.

U-pgrade™ exploits the properties of the gangue minerals to reject them through the process,
producing a concentrate of <5% of the mined mass. For example, at Elevate Uranium Ltd’s Marenica
Uranium Project in Namibia, the process increases ore grade from 93 to 5 000 ppm UsOs. Due to the
rejection of acid consuming carbonate minerals, the low mass, high grade concentrate can be acid
leached at a lower temperature and lower cost than the high temperature alkali leach.

U-pgrade™ provides a way to process the high sulphate calcrete ore that otherwise cannot be treated
by conventional processes. This effectively increases the resource by 15%.

The U-pgrade™ process reduces the capital and operating costs by ~50% compared to conventional
processes. The production of a low mass high grade concentrate provides processing options for the
concentrate, which can either be leached and refined on site or transported off site to be leached and
refined by a third party. The latter option reduces the capital expenditure on site without the need for a
leach and refinery. As such, U-pgrade™ provides a practical means by which lower grade or small
deposits can be developed.

Among the environmental benefits of U-pgrade™:
e  Thereduced mass to be leached reduces the volume of acid transported to the mining operation.

e The carbonate concentrate produced during the process can be added to the leach tail to neutralise
the acid and precipitate any metals, producing inert tailings.

The tailings dam is <5% of the size of conventional processing
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Exploration activities between 2018 and 2021 focused on developing properties and little
work was undertaken at the existing mine sites. Bannerman Resources continued work on its
Etango Project, where two-thirds of the identified resources (82 400 tU in situ) are located within
200 m of the surface. Reptile Mineral Resources continued exploration of its Omahola Project,
including the Ongolo and MS7 alaskite as well as the Inca skarn deposits, and the Tumas, Tubas
and Aussinanis surficial calcrete deposits, with total identified in situ resources amounting to
75 353 tU. Between 2019 and 2021, the focus was to advance the Tumas Project by conducting a
scoping study that directly led into a pre-feasibility study completed in February 2021 that
confirmed the technical and economic viability of the project. A definitive feasibility study
followed that is expected to be completed in 2022. Elevate Uranium Ltd (formerly Marenica
Energy) resumed work on the Marencia Project after suspending drilling activities in 2016 due
to depressed market conditions. In 2020, Elevate announced a new uranium discovery at EPL
7278 (“Hirabeb”), then conducted an airborne EM survey of the Hirabeb tenement and the
associated paleochannel system in April 2021. In south-eastern Namibia, Russian owned
Uranium One, through its Namibian daughter company Headspring Investments Pty.,
discovered and has been developing a new sandstone-type uranium deposit (Wings) that is
potentially amenable for extraction by ISL. Wings contains JORC compliant in situ resources
amounting to 14 700 tU RAR, 9 900 tU IR, with an exploration potential of 40 000 tU.

Uranium exploration and mine development expenditures in Namibia amounted to
USD 3.3 million and USD 3.7 million in 2017 and 2018, respectively, before increasing to
USD 6 million in 2019, USD 11.1 million in 2020 and USD 19.2 million in 2021. A total 0of 218 223 m
(3 939 holes) were drilled in Namibia from 2018 to 2021, with 79% of the drilling for uranium
exploration.

Uranium exploration and development expenditures were not reported for all operations in
Niger in this edition. Reported expenditures for GoviEx in 2018 and 2019 and Global Atomic
Corporation (GAC) in 2020 amounted to USD 6.9 million in 2018, USD 2.9 million in 2019 and
USD 2.5 million in 2020 (expenditures in 2021 were not reported). In 2017-2018 GAC commenced
a new drilling programme targeting various areas of the Dasa project and a total of 59 holes
amounting to 26 479 m were completed, leading to resource estimates of 39 080 tU indicated
and 33 695 tU inferred. In 2020, GAC completed a preliminary economic assessment, then
submitted an environmental impact statement and applied for a mining permit. In December
2020, a Presidential Decree granting the mining permit was approved by the Council of Ministers.
GAC also received three-year permit extensions for each of its six exploration properties in
Niger.

GoviEx developed a NI 43-101 integrated development plan for five deposits (Marianne,
Marilyn, Miriam, MSNE and Maryvonne) comprising the Madaouela project, with total in situ
uranium resources amounting to 42 603 tU measured and indicated and 10 647 tU inferred. In
September 2019, the Republic of Niger approved the revision to the Madaouela mining permit
to include 1 550 tU in the measured and indicated categories associated with the Miriam deposit
as well as 6 880 tU in the measured and indicated categories associated with Madaouela South
North East (“MSNE”) deposit. Both were previously situated within the Agaliouk exploration
permit. In 2020, GoviEx completed an updated feasibility study and announced the results in
February 2021. Open-pit mining is planned with standard truck and shovel operations for the
Miriam deposit at a planned rate of 1 Mt per year of ore feed to the process plant, with the
Marianne-Marilyn and MNSE-Maryvonne deposits to be mined by room and pillar. The project's
life is forecast to last 20 years, producing an estimated total of 19 100 tU, averaging 950 tU per
annum.

In 2019-2020, Orano continued exploration and development activities within the Cominak
and Somair mines perimeters and in the Arlit concession. Somair drilled 16 240 m in 2017, 8 150 m
in 2018, and was planning 11 863 m in 2019. In October 2018, Somair was granted the Artois deposit
concession. The government of Niger renewed Pan African Minerals exploration licences
(Ouricha 1 and 2, Tegmert 1 and 2) in 2018, but no activity was reported in 2019 and 2020.
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In Senegal, although there has been no exploration and mining development for uranium
since 2016, undiscovered conventional resources of 1 500 tU have been reported in the Red Book.
However, considering the amount of drilling and analyses completed in the Saraya area and the
resource estimation completed by COGEMA, the previously reported undiscovered resources have
been reclassified as inferred resources.

For South Africa, no exploration and mine development expenditures were reported in this
edition. Low uranium market prices have not only slowed exploration activity but have shelved
projects, including Harmony Uranium TPM (Tshepong, Phakisa and Masimong) and the Free State
Tailings Uranium Project, which had both been advanced to the feasibility stage, as well as the
Henkries Project in the Namaqualand, Northern Cape Province, and the Ryst Kuil and
Quaggasfontein areas (Karoo projects). In 2018, Mintails Mining South Africa (Pty) Ltd and several
related companies announced their liquidation. Mintails used to mine and process gold and
uranium from waste piles and open pits in Krugersdorp near Johannesburg.

For Tanzania, exploration and development expenditures were not reported in this edition.
The main focus of activity had been directed at the Nyota deposit (Mkuju River Project), where ISL
tests were conducted over 10 months in 2016 using a two-well pattern and a final report was
issued in 2017. The results confirmed the amenability of the portion of the resources situated
below the water table for extraction by ISL. During 2017, rehabilitation of aquifers and the ground
surface was completed following the ISL tests. In December 2016, Mantra Resources (purchased
by ARMZ of Russia in 2011) applied to the Ministry of Energy and Minerals of Tanzania for
suspension of its special mining licence due to unfavourable uranium market conditions. In
September 2017, the ministry approved the request. In 2020, Mantra Resources shifted its focus
from ISL to open-pit mining and decided to move ahead with a pilot processing plant during
2021-2022 to proceed with a small-scale pilot open-pit mining operation during 2023-2025. An
annual pilot plant capacity of 15000 tonnes of ore assumes production of 5 tU/yr. In 2021,
Mantra/Uranium One applied to the Tanzanian government for permits for uranium exploration
as well as the siting and construction of a uranium mine processing facility.

Uganda does not report data to the Red Book but may in future since the IAEA has continued
to support Uganda’s efforts to identify and evaluate uranium resources through the Technical
Co-operation programmes “Strengthening the National Capacity for Uranium Exploration and
Evaluation” from 2014 to 2017, and “Enhancing Regional Capabilities for a Sustainable Uranium
Mining Industry” from 2018 to 2021. The government continues to evaluate national uranium
resources utilising their Geological Survey and Mines Department as part of long-term planning
as the country considers adding nuclear energy to its future energy mix.

In Zambia, after acquiring the Mutanga and Chirundu projects in 2016 and 2017, respectively,
GoviEx Uranium Inc. (GoviEx) released a new preliminary economic assessment for the Mutanga
uranium project, including mineral resource estimates for Mutanga, Dibwe, Dibwe East, Gwabe,
Njame and Njame South sandstone-hosted ore deposits in 2017. The project currently consists of
five main uranium deposits under three fully permitted contiguous mining licences, totalling
140 km in strike length. It also includes two more prospective licences covering 100 km2. Due to
the COVID-19 pandemic, GoviEx employees worked remotely in 2020. In 2021, GoviEx planned soil
sampling and geological mapping in the Mutanga area, as well as an 8000 m down-hole
percussion drilling programme (100 m x 50 m grid), focused on the Dibwe East deposit and new
areas defined by previous trench sampling east of Dibwe East. Although total exploration and
mine development expenditures were not reported for this edition, exploration expenditures by
GoviEx amounted to USD 710000 in 2017, USD 607 000 in 2018, USD 502 000 in 2019 and
USD 536 000 in 2020.

Middle East, Central and Southern Asia

Uranium exploration and mine development expenditures in the Middle East, Central and
Southern Asia region amounted to about 20% to 30% of total reported global expenditures,
mainly in India, Kazakhstan and Jordan, supplemented for the first time by reported uranium
exploration activities in Bangladesh and the Kingdom of Saudi Arabia.
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Bangladesh provided information for this edition of the Red Book, for the first time since
1988, as it launches its civil nuclear power programme. During 2018-2020, the Bangladesh
Atomic Energy Commission (BAEC), through the Institute of Nuclear Minerals, Atomic Energy
Research Establishment, completed a preliminary programme of uranium and thorium
exploration over a 12 km? area in the Jaintiapur and adjacent Sylhet areas of north-east
Bangladesh, spending a total of USD 21 000 from 2019 to 2021.

In India, government exploration and development expenditures remained relatively
steady at above USD 60 million from 2017 to 2019, up from USD 40 million to USD 50 million
since 2012. They then declined to USD 48 million in 2020, but were expected to rise to over
USD 65 million in 2021. In 2020, India ranked second to Canada in uranium exploration and
mine development expenditures.

As in recent years, exploration activities remain concentrated on various Precambrian and
Palaeozoic through Cenozoic basins, shear zones, fold belts and metamorphic complexes.
Extensive exploration, including ground and heliborne geophysical, ground geological,
radiometric and geochemical surveys, and drilling are planned in other geological domains of
the country that have the potential to host uranium. These efforts have resulted in a 13%
increase in RAR and a 7% increase in speculative resources from 2019 to 2021, due to appreciable
resource additions in the contiguous area of the stratabound deposits in the southern part of
the Cuddapah Basin and the extension areas of known deposits in the Singhbhum Shear Zone,
Bhima Basin and North Delhi Fold Belt.

Iran did not respond to the Red Book 2022 questionnaire, so nothing is available beyond
reported government exploration and development figures, with expenditures of USD 17.3 million
in 2016, USD 39.2 million in 2017, USD 13.6 million in 2018 and USD 9.3 million (expected) in 2019.
Exploration accounted for 53% of total expenditures over this same period. Exploration drilling
and trenching totalled 19918 m (114 holes) and 8 043 m (244 trenches), respectively, whereas
development drilling totalled 17 608 m (3 319 holes).

Exploration activities in Iran have followed a general plan in favourable areas from
reconnaissance to more detailed phases. Reconnaissance and prospecting phases are being
undertaken over much of the country and uranium mineralisation with positive indications has
been found in a variety of geological environments. Targets include granite-related, metasomatic,
volcanogenic, intrusive and sedimentary types of deposits.

In Jordan, government exploration expenditures decreased from USD 4.8 million in 2018 to
USD 3.5 million in 2019 and USD 2.4 million in 2020 but were expected to increase slightly to
2.8 million in 2021. Over that same period, the Jordan Uranium Mining Company (JUMCO)
completed 6 944 m of trenching (1 736 trenches), all in 2018. Plans for 2019-2020 included a drilling
programme on a 50 x 50 m grid in selected areas to upgrade resources in preparation for
pre-feasibility studies. During the second half of 2019, JUMCO completed the development of the
wireline logging capacity required to execute the planned drilling campaign, but during the first
quarter of 2020 COVID-19 pandemic work restrictions stopped all exploration activities, and the
plan was put on hold.

Uranium production cycle activities in Jordan have been supported by several IAEA Technical
Co-operation projects over the last few years, most recently the “Enhancing Capabilities in
Extracting Uranium from Local Ores on a Pilot Scale Level” project in 2018 and 2019; “Supporting
Capacity Building in Member States for Uranium Production and Safety of Naturally Occurring
Radioactive Material Residue Management” and “Developing a Detailed Engineering and Complete
Feasibility Study for Uranium Extraction from Local Ores” projects started in 2020; and the
“Enhancing the National Capabilities in Exploiting Uranium Ores in a Safe and Environment
Friendly Manner” project started in 2022.

In Kazakhstan, exploration and development expenditures decreased from USD 37.3 million
in 2018 to USD 18.8 million in 2019 and USD 13.4 million in 2020 and were expected to decline to
USD 9.9 million in 2021. These expenditures are the lowest since Kazakhstan started ramping up
its exploration and development activities in 2007 and 2008. During the most recent reporting
period (2018-2021), 12% of the total expenditures were devoted to mine development activities,
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the remainder to exploration. Drilling over this same period amounted to 3 025 707 m (6 208 holes),
with development drilling accounting for 1 312 844 m (2 889 holes).

During 2019 and 2020, exploration was undertaken at Inkai, Budenovskoye in the Shu-Sarysu
Uranium Province and at the Northern Kharasan and Zarechnoye deposits in the Syrdaria
Uranium Province. This resulted in an increase of in situ IR resources of 55 409 tU at sites No. 6
and No. 7 of the Budennovskoye field. Total identified resources decreased by 111 725 tU, however,
due to mining depletion and transfer of the Kosachinoye field resources (OP and UG; 121 630 tU)
to the sub-economic category. Kazatomprom also contracted JSC “Volkovgeology” in 2020 to
complete a state geological study focused on the potential for discovery of new “sandstone” type
deposits suitable for ISL in perspective areas of the Shu-Sarysu uranium province.

Re-evaluations of prognosticated and speculative resources were also undertaken in 2019 and
2020, resulting in the addition of 4 900 tU in high-cost prognosticated resources and over 33 000 tU
in speculative resources. Of the 114 696 tU prognosticated resource total, 113 166 tU are related to
sandstone-type deposits and 1 530 tU to the metasomatite type. Of the 219 380 tU total speculative
resources, 85% relate to the sandstone-type and 15% relate to the unconformity or metasomatite
type mineralisation.

The Kingdom of Saudi Arabia provided information for this edition of the Red Book, the first
time that it has done so. The mining and metals processing sector has grown significantly over
the last few years and, in line with Saudi Arabia’s Vision 2030 goal to have a mining sector that
contributes to the national economy, a strategic exploration programme for mineral resources,
including uranium, was initiated. From March 2017 to March 2019, the first phase of uranium and
thorium exploration was conducted, including the evaluation of nine designated areas (including
36 subareas) covering a total area of 27 000 km? across Saudi Arabia. Exploration targets included
intrusive, volcanic, phosphate, calcrete and sandstone-hosted deposit types. The Ghurayyah, Jabal
Sayid and Thaniyat Turayf subareas were selected for detailed exploration and the estimation of
inferred resources. The cost of the exploration programme was USD 37 million between 2017 and
2020, with USD 849 000 in expected expenses in 2021.

Although no conventional resources were reported from these efforts, inferred
unconventional resources were reported, including uranium resources associated with Nb, Zr,
REE, Ta + Th, in peralkaline granite and pegmatite in the Ghurayyah and Jabal Sayid areas, and
uranium associated with phosphate horizons. Total in situ unconventional uranium resources
totalled 77 731 tU, including 63 171 tU associated with the intrusive plutonic deposit type and
14 560 tU associated with the phosphorite type.

The Saudi Nuclear Regulatory and Radiation Commission (NRRC), a legal public organisation
with financial and administrative autonomy, aims to regulate activities, practices, and facilities
involving the peaceful use of nuclear energy and ionising radiation as Saudi Arabia prepares to
bring nuclear power into its energy mix by the mid-2030s, introducing demand for uranium to fuel
the reactors.

Uranium production cycle activities in Saudi Arabia have been supported by IAEA Technical
Co-operation activities, most recently in 2019 with an Integrated Nuclear Infrastructure Review
Mission and workshops on “Developing a Policy and Strategy on Nuclear Fuel Cycle” and
“Uranium Production Feasibility Studies: Processing, Economic, Social and Environmental
Aspects”, all of which focused on the front-end and back-end of the nuclear fuel cycle, as well
as project management.

Uzbekistan reported both resources and production for this edition of the Red Book, but only
related to that of the Navoi Mining and Metallurgy Combinat (NMMC). In December 2019, it was
reported that France and Uzbekistan had established the French-Uzbek uranium joint venture,
the Nurlikum Mining LLC, which is 51% owned by Orano and 49% by Uzbekistan’s State Committee
on Geological and Mineral Resources (GoscomGeology). Nurlikum Mining will conduct uranium
exploration and mining operations throughout Uzbekistan, focusing on sandstone-type uranium
mineralisation in the Djengeldi region of Kyzylkum province. Orano will contribute capital and
technology to the JV, while the Uzbekistan side will contribute historical exploration results.
Nurlikum’s first field exploration commenced in 2020 and consisted of 40 drill holes. The planned
exploration campaign for 2021 envisioned the drilling of around 300 boreholes.
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South-eastern Asia

Uranium exploration and mine development activities in the South-eastern Asia region amounted
to <1% of total reported global expenditures throughout the period 2018 to 2021. Ongoing
exploration in Indonesia and Viet Nam, along with investigations into uranium processing in Viet
Nam, were reported for this edition of the Red Book, although associated expenditures in Viet
Nam have not been reported since 2017.

In Indonesia, exploration expenditures declined from USD 121 000 in 2017 to USD 81 000 in
2018, then increased to USD 246 000 in 2019 before dropping to USD 42 000 in 2020 and
USD 25 000 in 2021. A drilling programme of 425 m (6 holes) to test for mineralisation in alkaline
lava flows was executed for 2019, as well as detailed geological mapping of lateritic soil in
eastern Takandeang, re-evaluation of previously discovered anomalous radiometric values in
Harau and reconnaissance geological, geochemical, and radiometric mapping, and radon
measurements, in Melawi. In 2020, exploration was conducted in the Mamujui (radon surveys
and geochemistry of drill core), Bangka Island (detailed radiometric and radon surveys, and
spectral logging measurements in 13 holes [20-70 m depth] that tested a placer deposit), and
Melawi regions (preliminary grid-based radon surveys).

In Viet Nam, uranium mineralisation is associated with rare earth element deposits (Lao Cai
province), phosphate deposits (Cao Bang province), and sandstone and coal deposits (Quang Nam
province). Government uranium exploration expenditures amounted to USD 1.8 million and
1.5 million in 2016 and 2017, respectively, but no expenditures have been reported since.

Activities to estimate uranium potential of 12 orebodies in the Palua-Parong area were
undertaken from 2016 to 2019. In support of these efforts, research on ore leaching treatment
methods, laboratory and pilot-scale tests, as well as investigations on the management of mining
wastes and tailings, have been carried out by the Institute for Technology of Radioactive and Rare
Elements (ITRRE). The results show that the heap leach method is suitable for the low-grade
Parong ore, with uranium recovery greater than 75% achieved.

Current ITRRE activities are focused on the recovery of thorium and uranium from rare earth
concentrates, and a continuous counter-current extraction process for the simultaneous recovery
of thorium and uranium from the Yen Phu rare earth concentrate leach solutions was developed.
Separation of thorium and uranium from xenotime leach solutions was achieved by solvent
extraction using primary and tertiary amines. Results show that the extraction method is suitable
for the recovery of thorium and uranium from rare earth concentrate with thorium and uranium
purities of greater than 99%. Uranium exploration and research on uranium extraction from
uranium ores are continuing but no production centre has been planned to date.

East Asia

Uranium exploration and mine development expenditures in the East Asia region amounted to
25% and 30% of total global expenditures in 2018 and 2019 respectively, before dropping to <1%
of global expenditures in 2020 and 2021, since expenditures in China for these years were not
reported and only expenditures in Mongolia were made available for this edition of the Red Book.

China did not respond to the questionnaire for this edition of the Red Book. Total non-
domestic development expenditures by China had decreased from USD 378 million in 2016 to
USD 108.1 million in 2017, USD 41.5 million in 2018 and USD 23.6 million in 2019, as the
acquisition and subsequent ramp up in development of the Husab mine in Namibia was
completed. Husab was acquired in 2012 by Uranium Resources Co., Ltd, a subsidiary of state-
owned China General Nuclear Power Group (CGN).

In addition to development of the Husab mine, overseas expenditures have been reported for
several other uranium projects mainly in Kazakhstan, Namibia and Niger. In 2006, the state-
owned China National Nuclear Corporation (CNNC) signed an agreement to develop the Azelik-
Abokurum deposit in Niger, but after about 670 tU were produced the mine was idled in 2014 and
it is unlikely to be restarted. CNNC purchased a 25% equity stake of the Langer Heinrich uranium
mine from Paladin Energy, acquiring a total of 934 tU under the shareholders’ equity in 2017, prior
to the mine being idled. On 26 November 2018, CNNC signed a share-sale agreement with Rio
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Tinto to buy a 68.62% equity stake of the Rossing uranium mine in Namibia. CGN is also in a
partnership with Kazatomprom for the Semizbay and Irkol ISL mines in Kazakhstan and in May
2014 agreed to buy uranium from Uzbekistan through to 2021 for USD 800 million.

Domestic uranium exploration and mine development expenditures in China were relatively
stable from 2016 to 2018 but were expected to increase to USD 154 million in 2019. Over 90% of
these expenditures were exploration related. In response to the challenges brought about by
sustained low uranium prices and efforts to meet ecological goals announced by the central
government, Chinese uranium companies reorganised in 2017 and 2018 and a domestic industry
focused on production dominated by ISL in northern China, supplemented by underground
mining in southern China was developed, and the main exploration effort was shifted to ISL.

Industrial ISL tests, carried out in some parts of the Erdos and Erlian sandstone-type
uranium deposits in Inner Mongolia, produced encouraging results that may result in these
deposits becoming the principal uranium production centres in China.

Over the past several years, the IAEA has supported China through the Technical Co-operation
programme. Some of the most recent projects include the project “Developing Exploration
Techniques for Deep Blind Deposits in Typical Hydrothermal Uranium Ore Fields”, which was
conducted from 2014 to 2016; “Studying Identification Technology and Technical Economic
Evaluation of Typical Sandstone-hosted Concealed Uranium Deposits”, which began in 2018;
“Implementing Exploration Techniques for Paleochannel Sandstone-Hosted Uranium Deposits
and Fluid-Rock Interaction in In-Situ Leaching Processes”, which carried out from 2020 to 2021,
and the current project, “Evaluating the Technical and Economic Viability of Uranium Resources
in Different Exploration Stages”, which started in 2022.

Japan reported an increase in non-domestic government exploration development
expenditures from USD 2.2 million in 2017 and 2018 to 3.2 million in 2019, with a subsequent
decline to 3.1 million in 2020 and USD 2.6 million expected in 2021. The Japan-Canada Uranium
Co. Ltd (JCU), which took over JNC’s Canadian mining interests, is continuing exploration activities
in Canada while JOGMEC continues exploration activities in Uzbekistan and Namibia. Japanese
private companies hold shares in companies developing uranium mines and in those operating
mines in Australia, Canada, Kazakhstan and Niger. In December 2019, Uzbekistan agreed to sell
uranium to two Japanese trading companies. Uzbekistan signed separate contracts with ITOCHU
(valued at USD 636.4 million) and Marubeni (valued at USD 510.1 million) with both agreements
covering uranium deliveries between 2023 and 2030.

In Mongolia, reported domestic exploration and development expenditures by industry
declined from USD 4.9 million in 2018 to USD 158 000 in 2019, then to USD 71 000 in 2020 before
picking up to USD 74 000 in 2021. No development expenditures were reported. Exploration drilling
in 2019 totalled 1 100 m with none reported in 2020 and 2021, a sharp decline from peak drilling
of 23 655 m in 2017. Four companies are engaged in exploration activities in Mongolia focusing on
the identification of sandstone-type uranium mineralisation amenable to ISL mining.

Major exploration activities during 2019-2020 were conducted by Badrakh Energy on the ISL
amenable Zuuvch Ovoo and Dulaan uul uranium deposits in southeast Mongolia. As a result,
uranium resources of the Zuuvch ovoo deposit were increased to 93 291 tU in situ and a technical
report was submitted to the Mongolian Professional Committee of Resources in February 2020.
After receipt of all required authorisations from government authorities including validation of an
environmental impact assessment and environmental management plan, a pilot ISL test was
started in 2021. On 10 August 2021, the first kg of uranium concentrate was produced. Operations
were planned to continue in 2022 to provide information confirming key technical and economical
parameters for future industrial production.

An IAEA Technical Co-operation project, Regional Asia Pacific, was initiated in 2016 and
continued through 2019. The project, “Conducting the Comprehensive Management and Recovery
of Radioactive and Associated Mineral Resources”, is aimed at supporting member states in the
Asia-Pacific region in developing sustainable mining of deposits with associated radioactive
minerals. Uranium production is one potential aspect of economic development in the region
where balancing consumption and production is of interest. Though the region (especially China)
is expected to grow significantly in terms of nuclear power production, a large part of the current
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and future uranium requirements is expected to be met by imports. Though potential for
increasing domestic uranium production exists, several factors preventing this from materialising
will be addressed to strengthen capacities through the establishment of centres of excellence in
member states. Other IAEA support includes a Technical Co-operation project, “Developing
Human Resources in Nuclear Science and Establishing Electron Beam Capacities for Flue Gas”,
which started in 2018, and most recently in 2022, an Integrated Uranium Production Cycle Review
Mission for the Mongolian Nuclear Energy Commission.

Pacific

Uranium exploration and mine development expenditures in the Pacific region (i.e. Australia)
accounted for about 2% of total global expenditures reported for this edition of the Red Book
from 2018 through 2021. Mine development activities slowed, however, after government
approvals were obtained, as developers await improved market conditions before bringing these
projects into production.

In Australia, domestic exploration expenditures by industry continued to decline from
USD 15.1 million in 2017 to USD 9.0 million in 2018, USD 7.1 million in 2019 and USD 4.6 million in
2020, with a rise to USD 6.9 million expected in 2021. During this period, uranium exploration was
most active around known resources in Western Australia and South Australia, as low uranium
market prices limited greenfield activity.

In Western Australia, Vimy Resources was granted government approvals for the Mulga
Rock project in March 2017, released a definitive feasibility study in 2018, and in September 2021
the Western Australian Department of Mines, Industry Regulation and Safety approved the
Mulga Rock Mining Proposal and associated Mine Closure Plan. The project involves shallow
open-pit mining of 4 polymetallic deposits, with 1 346 tU produced annually over 15 years. The
Yeelirrie project, one of the world’s largest surficial uranium deposits, received environmental
approval from the Western Australia government in January 2017 and the Commonwealth
government in April 2019. Wholly owned by Cameco Australia Pty Ltd, production of nearly
3300 tU per annum over 19 years utilising open-pit mining and alkaline leach technology is
planned. The unconformity-related Kintyre uranium deposit, also wholly owned by Cameco
Australia Pty Ltd, is planned to produce 2 290 tU per annum over 15 years. Suited for open-pit
mining with the uppermost parts of the resource 50 m below surface, Kintyre secured
environmental approval for the Kintyre project in 2015 from both the Commonwealth and
Western Australian governments. Toro Energy Ltd, the owner of the Wiluna project, a surficial
calcrete-hosted regional resource comprised of six deposits, received environmental approvals
from the Western Australian government and the Commonwealth in 2017. A shallow strip
excavation to a maximum depth of 15 m is planned, with alkaline agitated leaching in tanks at
elevated temperatures to process the ore. Production is estimated to be approximately 577 tU per
annum. All four of the projects, poised to enter production, are on hold until uranium market
conditions improve.

In South Australia, the sandstone-type Honeymoon deposit, operated by Boss Energy Ltd, is
approved for mining and exploration, and metallurgical test work continued with total identified,
recoverable resources of 23 306 tU. In June 2021, Boss Energy released an Enhanced Feasibility
Study and in June 2022 the company announced a final investment decision to develop the
Honeymoon project with a first uranium production scheduled for Q4 2023 ramping up to about
940 tU within 3 years.

Through 2019 and 2020, Australian-listed mineral companies were involved in exploration
activities for uranium in countries such as Namibia and Tanzania. However, non-domestic
expenditures were not reported for this edition and the past several editions.
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Uranium production

In 2020, 17 countries produced uranium, with the global total amounting to 47 342 tU.
Kazakhstan’s continuous growth in production came to an end in 2017 as production cuts were
instituted to reduce supply to an oversupplied market. Nonetheless, Kazakhstan remained by far
the world’s largest producer, even as production was eased back from 21705 tU in 2018 to
19 447 tU in 2020. Kazakhstan’s production alone in 2020 amounted to more than the combined
production in that year from Australia, Namibia, Canada and Uzbekistan, respectively the second,
third, fourth and fifth largest producers of uranium that year. Germany and Hungary were the
only countries that reported their entire 2020 uranium production from mine remediation
activities (a combined total of 10 tU). In the recent past, both Germany and France had been
reporting a few tU of production through remediation activities, but they are unlikely to produce
uranium by this means in the coming years as remediation has resulted in reduced amounts of
uranium in water captured and treated during the remediation process. In Germany, future water
treatment at the Konigstein mine site will still be required but without any special separation of
uranium. Table 1.17 summarises major changes in uranium production and Table 1.18 shows
production in all producing countries from 2018 to 2021. Figure 1.5 shows 2020 production shares,
and Figure 1.6 illustrates the evolution of production shares from 2012 to 2021.

Table 1.17. Production in selected countries and reasons for major changes

(as of 1 January 2021, tonnes U)

Production | Production
2018 2020 Reason for changes in production

Decline in production from Olympic Dam and declining
Australia 6526 6195 -331 production from stockpiled ore at Ranger as production
stopped 8 January 2021.

Production idled at Rabbit Lake, McArthur River and Key
Canada 6996 3878 -3118 Lake due to depressed uranium market prices and reduced
activity due to COVID-19 pandemic work restrictions.

Overall decline as Kazatomprom flexes down production

Kazakhstan 21705 19477 2228 to the target of 20% until 2022.

Husab continues production ramp up but higher calcium
Namibia 5520 5412 -108 content in Réssing ore limiting processing plant

throughput.

Reduced production at Somair open pit balanced by
Niger 2878 2991 13 Cominak production increases ahead of Cominak

shutdown on 31 March 2021 due to ore depletion and high
operating costs.

Operations at the uranium plant of AngloGold's Mine
South Africa 346* 62* -284 Waste Solutions ceased in 2018, other operations limited
by low market prices and COVID-19 work restrictions.

Decline due to mine production being idled or reduced at
United States 277 8* -269 a number of facilities due to an extended period of low
market prices.

* Secretariat estimate.
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Table 1.18. Historical uranium production

(as of 1 January 2021, tonnes U)

Argentina 2582 2582

Australia 212502 6526 6613 6195 231836 3817
Belgium 686 0 0 0 686 0
Brazil 4216 0 0 0 4216 30
Bulgaria 16 347 0 0 0 16 347 0
Canada® 524929 6996 6944 3878 542747 4 692*
China 44 679 1620 1 600* 1600* 49 499 1 600*
Congo, Dem. Rep. of 25 600 0 0 0 25 600 0
Czech Republic® 112119 34 42 34 112229 36
Finland 30 0 0 0 30 0
France 80978 0 0 0 80978 0
Gabon 25403 0 0 0 25403 0
Germany®© 219765 0 24d) 7@ 219796 0
Hungary 21078 5@ 3@ 3@ 21089 3@
India* 12568 385* 460* 540* 13953 600*
Iran, Islamic Rep of® 98 20 21 21 160 21
Japan 84 0 0 0 84 0
Kazakhstan 316 593 21705 22 808 19477 380583 21819
Madagascar* 785 0 0 0 785 0
Malawi 4217 0 0 0 4217 0
Mexico 49 0 0 0 49 0
Mongolia 535 0 0 0 535 0
Namibia 131224 5520 5477 5412 147 633 5753
Niger 143 261 2878 2982 2991 152112 2250
Pakistan* 1574 45% 45% 45% 1709 45%
Poland 650 0 0 0 650 0
Portugal 3720 0 0 0 3720 0
Romania 18974 0 0 0 18974 0
Russia 167 821 2904 2911 2846 176 482 2635
Slovak Republic 211 0 0 0 211 0
Slovenia®® 387 0 0 0 387 0
South Africa 160 701 346* 185* 62* 161294 192*
Spain®@ 5028 0 0 0 5028 0
Sweden®@ 200 0 0 0 200 0
Ukraine 132143 790 796 711 134 440 455
United States 376 646 277 67 8* 376 998 4*
USSR® 102 886 0 0 0 102 886 0
Uzbekistan 137016 3450* 3500* 3512* 147 478 3520*
Zambia 86 0 0 0 86 0
Total 3008371 53501 54478 47 342 3163692 47 472
Total OECD-only 1559062 13 838 13693 10125 1596718 8552

* NEA/IAEA estimate. (a) Includes production from refinery wastes (14 tU in 2015, 17 tU in 2016 and 21 tU in 2017) and 61 tU recovered from
cleaning Key Lake mill circuits in 2018. (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 GDR from 1946 through the end of 1989. (d) Production from mine
rehabilitation efforts only. () Updated pre-2018 production figures provided by Iranian authorities 8 March 2021. (f) Pre-2018 total updated
after review of historic records. (g) For pre-2010, other sources cite 6 156 tU for Spain, 91 tU for Sweden. (h) Includes production in former
Soviet Socialist Republics of Estonia, Kyrgyzstan, Tajikistan, Uzbekistan.
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Figure 1.5. World uranium production 2020
(47 342 tU, as of 1 January 2021)
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Figure 1.6. Recent world uranium production
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Namibia moved up to 3" place as Husab ramped up production and Niger moved up to
6" place as 2020 production of 2 991 tU edged out Russia’s production of 2 846 tU. Canada’s
production declined sharply, dropping it to the 4% place (3 878 tU), as some key facilities were idled
because of poor market conditions and COVID-19 pandemic work restrictions limited activities at
others. Australia moved up to 27 place as production declined much less so than in Canada.
Uzbekistan continued to rank as the 5% largest producer in 2020 with production of 3 512 tU. The
top five producing countries (Kazakhstan, Australia, Namibia, Canada and Uzbekistan) dominated
uranium production, accounting for 82% of world production in 2020. Ten countries: Kazakhstan
(41.1%), Australia (13.1%), Namibia (11.4%), Canada (8.2%), Uzbekistan (7.4%), Niger (6.3%), Russia
(6.0%), China (3.4%), Ukraine (1.5%) and India (1.1%) accounted for over 99% of world production in
2020 (Figure 1.5).

Overall, world uranium production increased slightly (1.8%) from 53 501 tU in 2018 to 54 478 tU
in 2019, then declined by 13% to 47 342 tU in 2020 as producers instituted production cuts to reduce
supply in a saturated market. These planned reductions were greatest in Canada and Kazakhstan.
Production also declined dramatically in the United States as mine production was suspended at
several facilities due to an unfavourable market (Table 1.18). Within OECD countries, production
decreased from 21 521 tU in 2016 to 13 838 tU in 2018 and 13 693 in 2019, primarily due to planned
production cuts in Canada and declining production in the United States. It then dropped (26%) to
10 120 tU in 2020 and further to 8 477 tU in 2021 as operations at the Ranger mine in Australia
wound down before closing in early 2021.

World production was expected to increase marginally (0.3%) to 47 472 tU in 2021, mainly
due to continued production cuts in Canada and Kazakhstan, as well as declining production in
Australia following closure of Ranger mine and in Niger following closure of Cominak. In Canada,
mining at Rabbit Lake was suspended in mid-2016, then mining at the McArthur River and
milling at Key Lake was suspended at the end of January 2018, all due to low uranium prices. In
2017, Kazatomprom announced that it planned to reduce production by a total of 20% through
2021 to better align production by the world’s largest producer with demand. On 19 August 2020,
Kazatomprom announced that it intended to extend its plan to flex down production by 20%
through 2022 (WNA, 2020a).

In addition to planned production cuts, the COVID-19 global pandemic has also affected
operations in several uranium producing countries. In Canada, on 23 March 2020, Cameco
announced that it had suspended production at the Cigar Lake mine and Orano announced that
it had suspended work at the McClean Lake mill in response to the pandemic. In Kazakhstan, on
7 April 2020, JSC National Atomic Company Kazatomprom announced that it was reducing
operational activities at all uranium mines for a period of three months due to the pandemic. In
Namibia, activity at the Réssing mine was temporarily reduced to a minimum, and in Australia, a
temporary suspension of travel by in-bound workers was imposed on the Ranger mine, and at
Olympic Dam, measures were implemented across the operation to reduce virus risk. Work
restrictions have since been eased but at the time of writing, it is not clear how COVID-19
pandemic induced work restrictions on mining and milling will impact future uranium production
and further disruption caused by the pandemic could ripple through the industry, constricting
global supply of mined uranium.

In 2021, Kazatomprom announced that it planned to continue its market-centric strategy
and discipline by maintaining 2023 production at a similar level to 2022, which is expected to be
20% lower than the planned volumes under its Subsoil Use Contracts. It also indicated that it
does not expect to return to full Subsoil Use Contract production levels until a sustained market
recovery is evident (Kazatomprom, 2021). In early 2022, Cameco announced that it intended to
gradually resume production at the McArthur River mine and Key Lake mill by 2024, but at 40%
below the annual licensed capacity of the operations (Cameco, 2022).
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Present status of uranium production

North America

North American production of 3 886 tU amounted to 8% of world production in 2020, as
production declined by 3 387 tU (47%) since 2018. This decrease is due to production cuts
implemented because of an oversupplied market and COVID-19 work restrictions in Canada,
and reduced competitiveness of US production in an oversupplied, low-price market during a
lengthy period.

Canada lost its standing as the world’s largest producer in 2009 due to production increases
in Kazakhstan, and although it remains the dominant North American producer, it dropped from
second to the world’s fourth-largest producer in 2020, behind Australia and Namibia. Current
Canadian uranium production is well below the full licensed production capacity of over 25 000 tU
at the existing uranium mills. Production in 2020 was 3 878 tU (its lowest level since 1975), 44%
below 2019 production of 6 944 tU, as operations were suspended for six months due to the
COVID-19 pandemic. The Cigar Lake mine and McClean Lake mill were returned to production in
April 2021. Operations at the McArthur River mine and Key Lake mill have been suspended since
January 2018 in response to low uranium market prices and Canadian production will increase
further when operations at McArthur River and Key Lake resume.

McArthur River mine has remaining identified recoverable resources of 154 100 tU with an
average grade of 5.5% U. The Key Lake mill, also idled, recovered 61 tU from cleaning the mill
circuits in 2018 and 6.1 tU in 2019, but there was no uranium produced at the mill in 2020.

The Rabbit Lake production centre was idled in mid-2016 due to low uranium prices and the
facility was placed in care and maintenance. Exploratory drilling at the Eagle Point mine during
the last several years has increased identified resources to 27 000 tU at an average grade of
0.63% U.

The Cigar Lake mine, with recoverable resources of 111 100 tU at an average grade of 11% U,
was the world’s largest producing uranium mine in 2019. However, production decreased by 44%
in 2020 due to the COVID-19 pandemic. The McClean Lake mill produced 6 938 tU and 3 878 tU
from Cigar Lake ore in 2019 and 2020, respectively. In December 2020, Orano purchased the 7.5%
share of the McClean Lake production centre that was held by Overseas Uranium Resources
Development (Canada) Co. Ltd, a subsidiary of Overseas Uranium Resources Development
Corporation of Japan.

In February 2022, Cameco announced that it planned to restart the McArthur River mine
and Key Lake mill in 2024, operating at reduced capacity, in line with the company’s supply
discipline strategy that will continue until the uranium market improves and Cameco has
signed long-term contracts for its in-ground inventory of uranium. In 2024, it plans to produce
15 million lbs UsOs (5 770 tU) at McArthur River/Key Lake, 40% below the annual licensed
capacity of the operation, and 13.5 million Ibs UsOs (5 190 tU) at Cigar Lake, 25% below its annual
licensed capacity. Total planned production in 2022 continues to face risks due to the ongoing
COVID-19 pandemic and related global supply chain disruptions, including at Cigar Lake, where
15 million pounds UsOs (5 770 tU) are expected to be produced, which is 20% below the facility’s
licensed capacity (Cameco, 2022).

Uranium mines in the United States produced 67 tU in 2019, 76% less than in 2018 (277 tU).
Data on 2020 production were withheld because of the limited number of companies actively
mining. Production in 2019 came from seven facilities: six ISR plants in Nebraska and Wyoming
(Crow Butte Operation, Lost Creek Project, Ross CPP, North Butte, Nichols Ranch, and Smith Ranch-
Highland Operation) and one underground mine. When mined, uranium ore from underground
mining is stockpiled and eventually shipped to the White Mesa Mill for milling into UsOs
concentrate.

In March 2022, the EIA reported that in the last quarter of 2021, a total of 9 978 Ibs UsOs
(3.8 tU) had been produced from three facilities in the United States: Nichols Ranch (ISL), the
Ross central processing plant and the Crowe Butte operation in Nebraska, up 88% from the third
quarter production of 5 297 lbs UsOs (2.0 tU). No uranium was produced in the first two-quarters
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of 2021 (EIA 2022). This information, although not complete, suggests that uranium production
had declined to as low as 8 tU in 2020 and 4 tU in 2021.

At the end of 2020, the Lost Creek and Smith Ranch-Highland in situ recovery (ISR)
operations in Wyoming were operating with a combined theoretical (nominal) annual capacity
of 7.5 million pounds of UsOsg (2 900 tU). Nine ISR plants were on standby at the end of 2020, and
nine ISR plants were planned throughout four states: New Mexico, South Dakota, Texas and
Wyoming. One uranium mill (White Mesa in Utah) was operating with a capacity of 1 814 metric
tonnes of ore per day. During 2019, the White Mesa Mill did not produce any uranium. In 2020,
White Mesa produced about 70 tU from reprocessed on-site pond water and alternative feed
material. Alternative feed material includes uranium extracted during municipal water
treatment, process residues from uranium conversion, uranium-bearing tails from other metal
recovery operations, and others. Two mills (Shootaring Canyon in Utah and Sweetwater in
Wyoming), with a combined capacity of 3 402 metric tonnes of ore per day, remained on standby
status. Both mills have been on standby status since the early 1980s and will require
rehabilitation to operate again.

The United States has a number of conventional and ISR-amenable mines and deposits with
some degree of permitting or development. Most of these are indefinitely paused, awaiting more
favourable market conditions. ISR mining and exploration is mostly conducted in Texas and
Wyoming, and conventional mine-related activity is in the part of the Colorado Plateau that
includes Colorado, Utah, New Mexico and Arizona.

Many uranium mining and exploration companies were hopeful that supportive
recommendations would emerge from the Nuclear Fuel Working Group established in July 2019,
in response to a Section 232 Petition from two United States uranium miners. On 23 April 2020,
the United States Department of Energy released the Administration’s Nuclear Fuel Working
Group strategy with recommendations to revitalise and strengthen the front end of the nuclear
fuel cycle and the domestic nuclear industry. One of the recommendations of this group was to
create a national strategic uranium reserve from domestically produced uranium over a ten-year
period. In December 2020, a United States federal budget was enacted that included the first year
of funding for developing this uranium reserve. DOE will administer the USD 150 million/year plan,
which is slated to buy uranium directly from domestic mines and support domestic conversion
operations. These developments, along with increased uranium market prices, have led to US
uranium producers reportedly making plans to increase production from facilities in Wyoming
and Utah by improving efficiencies, as well as accelerating development of other properties (WNA,
2022b). Geopolitical tensions in eastern Europe can be expected to further incentivise domestic
uranium production.

South America

There has been no uranium production in South America since 2015, except for 30 tU produced
during the commissioning process for mining the Engenho deposit in Brazil in 2021. Work
continues in Argentina to restart production at the Sierra Pintada mine and to develop a new
production centre for the Cerro Solo deposit. In Brazil, the licensing process to mine the
remainder of the Cachoeira deposit (Lagoa Real) by underground methods is under way, and the
expansion of the Lagoa Real, Caetité unit to 670 tU/year is also progressing, including
commissioning of the Engenho deposit, with completion expected in 2027. Development of the
Santa Quitéria phosphate/uranium project remains in progress, with production currently
scheduled to begin in 2024.

In Argentina, domestic uranium requirements are increasing as the country’s nuclear
generating capacity is increasing, incentivising domestic production. However, regulatory and
environmental issues remain to be addressed before uranium production can resume. In 2018,
the 2013 update of an environmental impact assessment (EIA) for restarting production at the
San Rafael mining-milling complex (Sierra Pintada mine) was presented to provincial
authorities, who reached a favourable technical opinion, and a mandatory public hearing was
held in 2019 with positive outcomes, resulting in provincial authorities approving the EIA.
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However, before restarting uranium production at San Rafael, it will also be necessary to
obtain both provincial approval and agreement to amend the provincial law that prevents the use
of sulphuric acid and other chemicals that may be used in the operation. Technical feasibility has
been partially demonstrated by the fact that this deposit was previously in operation, using the
acid heap leach processing method. However, other alternatives have been considered for possible
future production, including the use of alkaline leaching, bioleaching and vat leaching. Also, given
the possibility of reopening the mining-milling complex, all available data have been processed to
refine the geological model and formulate more suitable mining and processing.

CNEA continues developing feasibility studies for the proposed mining of the Cerro Solo
deposit (Chubut Province) and several laboratory-scale tests have been carried out to determine
the most economically competitive milling process, including possible by-product molybdenum
production. The project has been placed on standby because, in addition to technical
considerations, a provincial law preventing open-pit mining remains in effect and a provincial
regulatory framework for mining needs to be developed.

Until 2021, no production had been reported in Brazil following mining of the entire open-
pit portion of the Cachoeira deposit (Lagoa Real, Caetité) in 2014, until the commissioning process
of the Engenho deposit began in Brazil in 2021. Both the licensing process to mine the remainder
of the Cachoeira deposit by underground methods and resource reassessments are under way,
with full scale expanded production expected to begin in 2027.

The expansion of the Lagoa Real, Caetité unit to 670 tU/year is also progressing, with
completion expected in 2027. The expansion involves replacement of the heap leaching process
by conventional agitated leaching and an overall investment estimated to amount to
USD 90 million.

Since 2014, Industrias Nucleares do Brasil S.A. (INB) has been working on the development
of the Engenho deposit, with the commissioning process beginning in 2019-2020 without
significant production. Mine production amounted to 30 tU in 2021. Initially, Engenho was
planned as an additional ore source for increased production at the Caetité plant, but it is
currently the only source of ore for the mill due to the delay in commissioning the Cachoeira
underground mine.

Development of the Santa Quitéria phosphate/uranium project, under the terms of an INB-
Brazilian fertiliser producer partnership agreement, remains in progress. In 2012, the project
operators applied for a construction licence that was denied in 2018. INB and its partner worked
on a new model for the project and a revised licence application was filed in 2020, with a
decision expected in 2022. The operation is currently scheduled to begin in 2024.

European Union

Primary uranium production in the European Union (EU) for 2020 was from only one country,
the Czech Republic, which produced 28 tU by ISL. Total reported EU production in 2020 was 44 tU,
an increase of 13% from the 39 tU reported for 2018. With the end of mining at Rozna in the
Czech Republic in 2017, and a new law enacted in 2021 that ends the issuance of new permits
for exploitation of radioactive mineral deposits in Spain, EU production should continue to
decline as uranium recovery from mine remediation declines as remediation proceeds.

The Czech Republic also recovered 6 tU in ongoing mine water treatment in remediation
activities, while Germany and Hungary contributed 7 tU and 3 tU, respectively, from mine
remediation activities only. France had also been producing minor amounts as a by-product of
mine remediation activities but reported no uranium production in this fashion from 2018 to
2021. In Germany, where all uranium production since 1992 has been from remediation
activities at the Konigstein mine, uranium will no longer be separated and recovered owing to
the decreasing content of uranium and heavy metals in the flood waters in recent years.

Europe (non-EU)

Output from non-EU countries in Europe in 2020 amounted to 3 557 tU, a 4% decrease from 2018.
Production declined in Russia by 58 tU and in Ukraine by 79 tU over this two-year period.
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Production by non-EU countries in Europe in 2020 accounted for about 8% of total global
production.

In 2020, uranium production in Russia, carried out by three enterprises that are part of the
uranium mining company Uranium Holding ARMZ (JSC Atomredmetzoloto), amounted to 2 846 tU,
of which 1 240 tU was obtained by traditional underground mining at Priargunsky (120 tU of this
total by heap leaching) and 1 606 tU by ISL. Since 2018, uranium production in Russia by
underground mining has decreased by 15%, whereas ISL production has increased by 11%.

During 2018-2020, construction of the Mine No. 6 surface complex and infrastructure
elements continued at Priargunsky (design capacity of 2 300 tU/yr) for the development of the
Argunskoye and Zherlovoye deposits, with the start of mining scheduled for 2026. ISL uranium
mining of deposits at the Khiagda ore field (recoverable resources of 25 133 tU) in the Republic
of Buryatia by JSC Khiagda continued and, in 2020, development of the Kolichikan deposit
(6 530 tU RAR) and the Dybryn deposit (6 634 tU RAR) began, with mining expected to begin in
2021 and 2023, respectively. In addition, JSC Dalur (Kurgan Oblast) started preparations for pilot
uranium mining at the Dobrovolnoye deposit in 2020. Development of deposits in the Elkon
uranium region has been suspended due to unfavourable market conditions.

In Ukraine, 2020 production amounted to 711 tU (623 tU by conventional mining and 88 tU
by heap leaching), all of which was produced at three underground mines located in the central
Ukrainian ore province (Ingulska, Smolinska and Novokostyantynivska). Production in 2020
declined by 10% from 790 tU in 2018 and was expected to decline more sharply to 455 tU in 2021.
Long-term government plans include mining the Safonivske deposit by ISL (ISL operations were
conducted from 1966 to 1983 at the Devladovske and Bratske deposits that are now being
monitored after decommissioning), as well as developing the Severinskie and Podgaytsevske
deposits for underground mining. The Energy Strategy of Ukraine to 2035, which was approved
by government in 2017, set a target that all uranium requirements for the Ukrainian nuclear
fleet must be met entirely by domestic production, up from the 30% of requirements produced
domestically in 2020.

Africa

African production decreased by 3%, from 8 744 tU in 2018 to 8 465 tU in 2020, accounting for about
18% of global production. Production in Namibia continued to rise as the Husab operation moved
closer to full production capacity and production at Rossing increased in recent years. However,
the Rossing mine is scheduled to close at the end of 2026. Norasa, Etango and other projects under
development would more than compensate for the upcoming Rossing closure, should they be
successfully brought into production. In Niger, production amounted to just under 3 000 tU in 2019
and 2020 as production at the Somair (Arlit) open-pit mine has been lowered by 30% since 2015
due to weak market conditions. On 31 March 2021, due to the exhaustion of ore and high operating
costs, Cominak’s Akouta mine ceased production after nearly 50 years of service. Production in
South Africa declined from 346 tU in 2018 to 62 tU in 2020 as depressed market conditions and
COVID-19 work restrictions limited production, but production is expected to increase to 192 tU in
2021.

In 2020, Lotus Resources Ltd (the new owner of the idled Kayelekera mine in Malawi),
conducted a restart scoping study of the uranium production centre. Two scenarios were
considered: treating only high grade material and treating the medium-grade stockpiles at the
end of the life of mine after high grade material is exhausted. The restart of Kayelekera is
expected to require an initial capital cost of USD 50 million, but no target date for the restart
was specified.

Total uranium production in Namibia reached 3 593 tU in 2016 and increased to 4 221 tU in
2017 and 5 520 tU in 2018. Start-up of the Husab mine is the main reason for these production
increases. In 2020, uranium production in Namibia amounted to 5 412 tU, 3 301 tU of which was
produced at Husab and 2 111 tU at Rossing. Production at the open-pit Husab mine reached
1140 tU in 2017, was ramped up to 3 026 tU in 2018 and maintained at a level 3 300 to 3 400 tU
during 2019 and 2020. The Husab mining fleet will need to move 15 million tonnes of ore per
year from two separate open pits to feed a processing plant to produce the nameplate capacity
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of 5 700 tU per year. In 2019, Rio Tinto plc sold its 69% share of Rossing to the China National
Uranium Corporation, a wholly owned subsidiary of the government-owned China National
Nuclear Corporation. Production at Rossing Uranium has steadily increased over the last few
years as the mine has accessed higher-grade ore after the Phase 2 and 3 pushbacks and
production levels increased gradually to 2111 tU in 2020. The higher-grade material does,
however, come with increased calcium content, thereby limiting processing plant throughput.
To process the higher calcium carbonate containing ores, the annual capacity of the processing
plant was reduced to 9.2 million tonnes per annum. The current mine plans foresee a cessation
of Rossing production at the end of 2026. However, both the idled Langer Heinrich and Trekkopje
production centres, as well as projects under development, are poised to begin production with
improved market conditions.

Production in Niger totalled 3 484 tU in 2017 and 2 878 tU in 2018, then increasing slightly to
2982 in 2019 and 2 991 tU in 2020. In 2019, Somair’s Arlit open-pit mine produced 1 912 tU and
Cominak produced 1 070 tU at the Akouta underground mine. Production in 2020 amounted to
2 991 tU, of which 1 879 tU were produced by Somair and 1 112 tU by Cominak. Production at
the Arlit open-pit mine has been lowered by 30% since 2015 due to weak market conditions but
itis expected to continue operating until the late 2020s as additional resources have been added
over the last few years. On 31 March 2021, due to the exhaustion of ore and high operating costs,
production at Cominak’s Akouta mine was brought to a halt with cumulative production from
1978 to the end of 2020 amounting to approximately 75 000 tU. It is expected that uranium
production in Niger will decrease by about 25% due to the Akouta mine shutdown from 2021 on
until mines under development in the country, such as Imouraren, Dasa and Madouela, are
brought into production.

Production in South Africa declined from 346 tU in 2018 to 62 tU in 2020 but increased to
192 tU in 2021 as COVID-19 work restrictions were lifted. However, depressed market conditions
continue, making most operations in the country uneconomic, and production is limited. In
2019 and 2020, uranium production came from the Harmony Gold Vaal River operation (Moab
Knotsong mine). At the end of March 2020, the government imposed a 21-day lockdown in
response to the COVID-19 pandemic. As part of the lockdown, all mining operations (apart from
coal mines supplying Eskom) were initially suspended, then in mid-April 2020 they were
allowed to resume mining at up to 50% of normal capacity. Most of South Africa’s historical
uranium production was derived from quartz-pebble conglomerate deposits (a by-product of
gold or, to a minor extent, copper) with a small proportion from the Palabora copper-bearing
carbonatite. Current production is sourced from the quartz-pebble conglomerate deposits and
associated tailings. Future production centres could include the Dominion Reef mine and
Beaufort West deposit (Karoo Basin).

The Witwatersrand Basin contains about 79% of total identified uranium resources in South
Africa, in both the underground, hosted by quartz-pebble conglomerates, and their resulting
tailings storage facilities. Approximately 47% of the total national identified resources are in the
Witwatersrand underground operations, 28% in their associated tailings facilities, 20% in the
Springbok Flats Basin, and about 5% in the sandstone-hosted deposits of the Karoo Basin. The
uranium pay limit in most parts of the Witwatersrand Basin is calculated on a by-product basis,
according to which the uranium is not classified as a resource unless it occurs in an area of gold
mineralisation that satisfies the estimated gold cut-off grades. In addition, uranium production in
these projects only includes the costs of transporting ore from the underground or tailings
operations to the processing plants and the treatment of uranium, while gold carries all other
costs. The Witwatersrand Basin has a total of about 470 tailings storage facilities with uranium
resources, most of which are not included in reasonably assured and inferred conventional
resource totals. Should uranium market conditions improve, uranium contained in South African
gold mine tailings could be recovered to help meet demand.

With improved market conditions uranium production in Africa could surge, as idled mines
in Namibia (Langer Heinrich, Trekkopje) and Malawi (Kayelekera) could be returned to
production in a relatively short time and mine development projects in Botswana (Letlhakane),
Mali (Falea), Mauritania (Tiris), Namibia (Etango, Norasa, Marenica, Omahola, Wings), Niger
(Dasa, Madaouela, Imouraen), Tanzania (Mkuju River) and Zambia (Mutanga) are poised to be
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brought into production, potentially providing significant production capacity. Development of
many of these projects has been stalled due to poor market conditions and, in 2020 and 2021,
work restrictions related to the COVID-19 pandemic.

Middle East, Central and Southern Asia

Production in the Middle East, Central and South Asia region declined by 8% from 25 605 tU in
2018 to 23595tU in 2020. This was driven principally by the world’s largest producer,
Kazakhstan, where production was decreased from 21 705 tU in 2018 to 19 477 tU in 2020 by
planned production cuts. Despite this decline, Kazakhstan accounted for 41% of global
production in 2020. India and Pakistan do not report production figures, but their combined total
is estimated to be about 505 tU in 2019 and 585 tU in 2020. Neither Uzbekistan nor Iran provided
information for this report, but production in 2019 and 2020 is estimated to have amounted to
3 500 tU/yr in Uzbekistan (maintaining its position as the world’s fifth largest producer) and
21 tU/yr in Iran.

India continues to ramp up production capacity after commissioning the Tummalapalle mill
in January 2017, with plans to increase capacity at both the Tummalapalle and Turamdih mills
from 3 000 to 4 500 t/day ore. However, the country does not report either production or
production costs and the effect of increasing mill input on production is uncertain. In April 2022,
it was reported that over the past three years, India has imported a total of 4 557.67 tU from
Kazatomprom and 2 988.37 tU from Cameco, all as natural uranium ore concentrate. It also
imported 56.78 tU from TVEL, in the form of enriched uranium fuel pellets, with all imports from
Russia taking place during 2019 and 2020 (WNA 2022c).

Jordan does not produce uranium but continues developing resources with the aim of doing
so, working on production from surficial deposits in central Jordan as well as extracting uranium
from phosphates. In 2021, a pilot-scale uranium extraction plant was commissioned to fine-
tune the developed process for extracting uranium from the local ores in central Jordan and to
generate the technical data needed to finalise the detailed engineering of a commercial plant.
Mutual collaboration between Jordan and the IAEA enabled the establishment of on-site
analytical laboratories in 2020 to support exploration and extraction activities.

In Kazakhstan, all uranium was produced by the ISL method. In 2019 and 2020, uranium was
mined at the Kanzhugan, Moinkum, Akdala, Uvanas, Mynkuduk, Inkai, Budenovskoye, North and
South Karamurun, Irkol, Zarechnoye, Semizbay, Northern Kharasan deposits. With the largest
share (64%) of the world’s low-cost (<USD 40/kgU) resource base, with 95% of all identified uranium
resources associated with existing and committed production centres and 27 000 tU/yr of
production capacity, Kazakhstan can be expected to remain the world’s largest producer for the
foreseeable future. On 2 July 2021, Kazatomprom announced that it planned to continue its
market-centric strategy and discipline by maintaining 2023 production at a similar level to 2022,
which is expected to be 20% lower than the planned volumes under its Subsoil Use Contracts and
does not expect to return to full Subsoil Use Contract production levels until a sustained market
recovery is evident, supply and demand conditions signal a need for more uranium, and the
company’s pipeline of mid- to long-term contract negotiations implies that there is a low risk of
produced volumes further delaying the recovery (Kazatomprom, 2021).

Uzbekistan has produced uranium since 1946 and conducted the first ISL tests in 1968. Since
1995, Uzbekistan has been producing uranium using only ISL technology and has developed and
implemented two new technologies of acid ISL for ores with high carbonate content. The first,
a bicarbonate-acid method that is used for ores with a carbonate content above 2%, reduces
repair and restoration procedures for plugged wells by 2.5-3 times. The second uses a mini-
reagent technology that is applied to ores with a carbonate content >0.5% located in artesian
aquifers. Implementation of these two technologies has significantly reduced acid consumption
and in turn operating costs by 20-30%.
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Uranium produced in Uzbekistan since 1992 has mainly been exported to China, India, South
Korea and the United States. In May 2014, China’s CGN agreed to buy USD 800 million of uranium
through to 2021. Uzbekistan’s state-owned Navoi Mining and Metallurgy Combinat (NMMC) has
also signed a contract to supply 2 000 tU to India from 2014 through 2018. In December 2019,
Uzbekistan agreed to sell uranium to two Japanese trading companies. Uzbekistan’s NMMC
signed separate contracts with ITOCHU (valued at USD 636.4 million) and Marubeni (valued at
USD 510.1 million), with both agreements covering uranium deliveries between 2023 and 2030.
From 2015 to 2020, Uzbekistan has maintained an annual production of approximately 3 300 tU
to 3 500 tU.

East Asia

China, the only producing country in East Asia, reported variable production from 1 650 tU in 2016
to 1 580 tU in 2017 and 1 620 tU in 2018 as the country transitions from higher cost underground
mines, mainly in the south, to lower cost ISL production centres in the north. However, because
production figures were not reported by China for 2020 and 2021, the Secretariat assumes that
production has remained steady at 1 600 tU/yr.

In response to the challenges brought about by sustained low uranium prices and efforts to
meet ecological goals set by the government of China, state-owned Chinese uranium companies
were reorganised in 2017 and 2018. Of the three hard-rock, underground uranium mines with
depleted uranium resources or with high production costs, one (Qinglong) was closed for
decommissioning and operations at two others (Chingyi, Lantian) were idled. With improved
uranium market conditions, the idled uranium production centres are expected to be brought back
into operation. The uranium industry’s focus of production has become dominated by ISL mining
in northern China, supplemented by underground mining in southern China, and the principal
exploration effort has shifted to ISL. ISL production capacity was expanded at the Yining centre in
the Xinjiang Autonomous Region (north-west China) and the Tongliao centre in Inner Mongolia
(north-east China), but the level of capacity after these expansions is unknown.

Pacific

Australia is the only producing country in the Pacific region. Production remained relatively
steady at 6 526 tU in 2018 and 6 613 tU in 2019, before declining to 6 195 tU in 2020. However,
only 3 817 tU are expected to be produced in 2021 as the Ranger mine ceased production on
8 January 2021. Mining at Ranger Pit 3 concluded in December 2012, but stockpiled ore continued
to be processed at the main metallurgical plant and the laterite treatment plant until operations
ceased. The Gundjeihmi Aboriginal Corporation advised the mine operator and owners in 2016
that the Mirarr Traditional Owners do not support the creation of a new Ranger Authority, which
would have provided the regulatory mechanism to enable mining after 2021. Rehabilitation
activities at the Ranger site have commenced and are scheduled to be completed by January
2026. Since operations began in 1981, more than 132 000 tonnes of uranium oxide concentrate
(112 000 tU) were produced at the Ranger mine.

Australia currently has five approved uranium mines, all in South Australia: Olympic Dam,
Honeymoon, Beverley, Beverley North and Four Mile, with only Olympic Dam and Four Mile
producing uranium in 2020. Plans for a large expansion at Olympic Dam have been scaled back
and although BHP plans for production to remain stable in the near term, it is anticipated that
output could increase over time through incremental production efficiency gains and
infrastructure investment. Mining at Beverley and Beverley North has now ceased and is currently
working towards closure. Honeymoon (Boss Energy) has been idled with all government approvals
in place, and in June 2022 the company announced a final investment decision to develop the
project. Four uranium mining projects, all in Western Australia and all with government approvals
to proceed are also awaiting improved market conditions for further development: Kintyre and
Yeelirrie (Cameco Australia Pty Ltd), Wiluna (Toro Energy Ltd), and Mulga Rock (Vimy Resources
Ltd). If Honeymoon and all four projects under development are successfully brought into
production, annual production capacity in Australia will increase by 8 000 tU.
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Ownership

Table 1.19 shows the ownership of uranium production in the 17 countries that produced
uranium in 2020 and Brazil, which did not produce in 2020, but has produced recently.
Ownership of production in 2020 has not changed since 2018. Domestic mining companies
continued to control about 56% of production in 2020, as in 2018. Domestic government
participation increased from 37% in 2016 to 42% in 2018, owing to increased shares in
Kazakhstan and Namibia, whereas the share of domestic private companies declined from 18%
in 2016 to 14% in 2018, as an increased share in Australia offset a decline in Canada. Non-
domestic mining companies continued to control about 44% of production in 2020 (no change
from 2018). It should be noted that for this reporting period, the percentage of control
(i.e. government vs. private) of non-domestic mining companies, for both Australia and the
United States, is not reported.

Table 1.19. Ownership of uranium production

(as of 1 January 2021, based on 2020 production output)

Domestic mining companies Non-domestic mining companies

0 Government-owned Privately-owned Government-owned Privately-owned ;
tu % tu % tu % tu % tu
Australia’ 0 0 3226 52 2969 48 0 0 6195
Brazil 0 0 0 0 0 0 0 0 0
Canada 0 0 1939 50 1435 37 504 13 3878
China* 1600 100 0 0 0 0 0 0 1600
Czech Republic 34 100 0 0 0 0 0 0 34
Germany 7 100 0 0 0 0 0 0 7
Hungary 3 100 0 0 0 0 0 0 3
India* 540 100 0 0 0 0 0 0 540
Iran, Islamic Rep of* 21 100 0 0 0 0 0 0 21
Kazakhstan 10712 55 0 0 6038 31 2727 14 19477
Namibia 402 7 0 0 4957 92 53 1 5412
Niger* 1032 35 0 0 1570 53 389 13 2991
Pakistan* 45 100 0 0 0 0 0 0 45
Russia 2846 100 0 0 0 0 0 0 2846
South Africa* 0 0 62 100 0 0 0 0 62
Ukraine 711 100 0 0 0 0 0 0 711
United States* w w 8 100 0 0 w w 8
Uzbekistan* 3512 100 0 0 0 0 0 0 3512
Total 21465 45 5235 11 16 969 36 3673 8 47 342

* Secretariat estimate. 1. Government and Private Non-domestic ownership of uranium production not separated. W = Data withheld to
avoid disclosure of individual company data.

Employment

Although the data are incomplete, Table 1.20 shows that employment levels at existing uranium
production centres declined by 10% from 2018 to 2020, owing to gradually declining employment
reported by some key countries, including Australia and no officially reported employment figures
for Namibia, Niger and the United States. Preliminary employment figures for 2021 suggest that
mine employment is expected to decline more dramatically, but this is mainly due to data not
being reported for Canada and Kazakhstan.
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Table 1.20. Employment in existing production centres

(as of 1 January 2021, for listed countries, person-years)

2021
mmmmmm (Prellmmal'y)

Argentina®

Australia® 5805 4481 3630 4488 4559 3198 3134 2738
Brazil 620 590 680 680 500 550 550 550
Canada® 2874 2676 2246 1418 1844 1824 1934 NA
China 7 660 7670 6750 5950 2350 2290 2300* 2300*
Czech Republic 2072 2040 1955 1672 1557 1556 1546 1550
Germany® 1147 1062 1043 1031 1010 982 911 857
India 4689 4725 474 4722 4629 4672 4630 4600
Iran, Islamic Rep of 500 350 340 290 280* 280* 280* 280*
Kazakhstan'@ 7728 8042 8222 25224 20801 20684 21186 NA
Namibia®© 5101 8107 4331 4881 NA NA NA NA
Niger* NA NA 3935 3843 3011 NA NA NA
Russia 8790 6 857 6077 5696 6263 6163 6103 6179
South Africa 4141 3815 NA NA NA NA NA NA
Spain® 23 21 76 78 79 79 42 42
Ukraine 4500 4555 4426 4450 4275 3701 3741 3829
United States 626 509 462 324 234 155 W NA
Uzbekistan NA NA NA NA NA NA NA NA
Total 56 361 55582 48979 64 805 51446 46 189 46 408 22977

(¥) Secretariat Estimate. NA = Data not available. W = Data withheld to avoid disclosure of individual company data. (a) Employment
related to decommissioning and mine rehabilitation only. (b) Olympic Dam does not differentiate between copper, uranium, silver and
gold production. Employment has been estimated for uranium-related activities. (c) Employment at mine sites and head offices. (d) Total
number of Kazatomprom employees reported from 2017 onward. (e) Peak in 2015 due to Husab mine construction. (f) Employment
related to decommissioning and rehabilitation only from 2012 to 2015, but includes employment related to mine development activities
from 2016 to 2021.

However, if future production expansions and restarts of mines currently in care and
maintenance in countries such as Australia, Canada, China, India, Kazakhstan, Namibia, Niger,
Russia, the United States and others are successfully completed, employment should increase in
the longer term. However, because ISL production centres in China are highly automated,
employment in China’s uranium production sector may not recover to pre-2018 levels as ISL, now
the favoured domestic method of production, requires fewer employees than underground mines.

Table 1.21 shows employment directly related to uranium production (excluding head office,
research and development, pre-development activities, etc.) in selected countries. Figures show
generally declining or relatively static employment as global production decreased. Declining
employment was most pronounced in Canada and Kazakhstan as temporary production cuts
were implemented.
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Table 1.21. Employment directly related to uranium production and productivity

(as of 1 January 2021, for listed countries)

; Production . Production . Production .
S p— Production S p— Production e — Production
(person-years) L8 (person-years) L8 (person-years) )
Australia® 3163 6526 2200 6613 2175 6195
Brazil 310 0 310 0 350 0
Canada® 831 6996 913 6944 746 3878
China 1490 1620 1500* 1600* 1500* 1 600*
Czech Republic 786 34 806 42 793 34
Iran, Islamic Rep of 95 20 95* 21* 95*% 21*
Kazakhstan 7 822 21705 7 242 22808 7 060 19477
Namibia 2585 5520 3231 5477 3319 5412
Niger* 1478 2878 NA 2982 NA 2991
Russia 4601 2904 4726 2911 7 060 2846
South Africa NA 346* NA 185* NA 62*
Ukraine 1490 790 1288 796 1332 711
United States 207 277 NA 67 NA 8*
Uzbekistan* 7 340 3450 7 387 3500 7 500 3512
Total 32198 53 066 29 698 53946 31930 46 747

(¥) Secretariat estimate. (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 has been produced mainly using open-pit and underground mining
techniques, then processed by conventional uranium milling. Other mining methods include
ISL (sometimes referred to as ISR); co-product or by-product recovery from copper, gold and
phosphate operations; heap leaching and in-place leaching (also referred to as 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 after 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.

The distribution of production by type of mining or “material sources” for 2018 through 2021
is shown in Table 1.22. The category “other methods” includes recovery of uranium through the
treatment of water recovered during reclamation and decommissioning activities, and more
recently has also included production from refinery wastes and cleaning mill circuits in Canada.

ISL technology continues to dominate uranium production, largely because of the rapid
growth of this low-cost method of production in Kazakhstan, and to a lesser extent in Australia,
China, Russia and Uzbekistan. Note that not all countries report production by method, and for
this reporting period, the United States, where most production is by ISL, the information is not
officially reported. World uranium production by ISL amounted to 55.5% of total global
production in 2018, increasing 63.3% in 2021, owing to expected ISL production increases
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principally in Australia, China, Kazakhstan and Russia. The decreasing share of underground
mine production over this reporting period is mainly driven by decreases in Canada due to
temporary production cuts and in Niger due to the closure of the Cominak mine, and to a lesser
extent in Russia and Ukraine.

Table 1.22. World production by production method
(as of 1 January, 2021, percent)

Production method 2021
(preliminary)

Open-pit mining 17.0 16.6 18.7 17.1
Underground mining 20.8 19.9 16.1 15.1
ISL 55.5 56.9 583 63.3
In-place leaching 0 0 0 0
Co-product/by-product 6.6 6.5 6.6 4.5
Heap leaching 0 0 0 0
Other® 0.1 0 0 0
Total 100 100 100 100

(a) 61 tU recovered from cleaning Key Lake (Canada) mill circuits in 2018.

Projected production capabilities

To assist in developing projections of future uranium availability, member countries were asked
to provide projections of production capability through 2040 (Table 1.23). Projections for 2025 to
2040 are included 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
for countries that are either currently producing uranium or have plans and the potential to do
so in the near 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, except in Pakistan. Also note that
actual production seldom, if ever, matches full production capability.

Several current or potential uranium producing countries including Argentina, Botswana,
China, India, Mauritania, Mongolia, Namibia, Niger, Pakistan, South Africa, Tanzania, Ukraine, the
United States, and Uzbekistan did not officially report, or only partially reported, projected
production capabilities to 2040. In some countries, the NEA/IAEA suggested updates to the
submitted data to include recent and important changes since the cut-off date for data submission.
As a result, estimates of production capability for many countries were developed by the
NEA/IAEA using data submitted for past Red Books, company reports and other public data.

The reported projected production capabilities for existing and committed production centres
for 2025 are 69 675 tU in the A-II category and 83 105 tU in the B-II category, a decrease of 7 750 tU
in the A-II category and an increase of 1 495 tU in the B-II category compared to 2025 production
capability estimates reported in the 2020 edition of this report. Increased production capability
will likely not translate into increased production in the early 2020s because, as of May 2022,
uranium production was significantly below full production capability as mining was temporarily
suspended in some important producing countries and workforce limitations and work practice
adjustments were implemented in response to the COVID-19 pandemic.

Projections beyond 2025 show generally decreasing global production capabilities as A-II
category estimates decline in response to depletion of resources at existing and committed
production centres. In contrast, B-II production capability generally increases through to 2040 due
to the development of several projects that are ready to produce with improved market conditions,
particularly in Australia, Canada, Namibia and Niger. Only Brazil, Canada, Kazakhstan and Russia
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reported production capability to 2040; the remaining projections to this date are NEA/IAEA
estimates. These 2040 estimates show a decline in production capability from 2035 due to
depletion of local resources (RAR and IR) available at <USD 130/KgU. Neither India nor Pakistan
report production costs and these costs are considered high, likely above the cost threshold above,
but because domestic uranium production is carried out in these countries without major
considerations for the cost of production, projections for India and Pakistan are included in
Table 1.23.

Table 1.23. World production capability to 2040

(as of 1 January 2021, tonnes U/year, from reasonably assured and inferred
recoverable resources at costs up to USD 130/kgU)

A-ll B-lI A-ll B-lI A-ll B-lI A-ll B-lI

Argentina*® 0 0 0 0 0 350 0 350
Australia 5000 53800 5400 15000 5700 10 000 4000 13000
Botswana* 0 0 0 1440 0 1440 0 1440
Brazil® 220 2170 220 2170 220 2170 NA 1950
Canada® 12330 18850 15000 30000 15000 30000 15000 30000
China* 1800 2000 2000 2400 2000 3000 1500 3500
Czech Republic® 50 50 50 50 30 30 20 20
Finland 0 250 0 250 0 250 0 250
Greenland@* 0 0 0 0 0 400 0 400
Indial®* 700 960 960 1300 1300 1300 1300 1300
Iran, Islamic Rep of* 70 80 70 80 70 80 70 80
Kazakhstan 28 000 29 000 26 000 29 000 14000 23000 9000 14000
Malawi® NA NA NA NA NA NA NA NA
Mauritania* 0 0 0 315 0 315 0 315
Mongolia* 0 0 0 800 0 1200 0 1600
Namibia* 7200 7200 7200 7200 7200 9800 7200 9800
Niger* 1700 1700 1700 4100 4100 7 400 7 400 7 400
Pakistan®©* 45 45 45 45 45 45 45 45
Russia 2700 2700 2300 4100 1600 3500 1500 2400
South Africa* 1160 3000 1160 3000 1180 2800 1090 2500
Tanzania* 0 0 0 0 0 2000 0 3000
Ukraine* 1000 1200 1500 1700 1500 1700 1000 1700
United States@* 4700 5100 1500 2400 350 1200 350 1200
Uzbekistan* 3000 3000 2000 2500 800 2500 0 2000
Total 69 675 83105 67 105 107 850 55095 104 480 49 475 98 250
A-ll = Production capability of existing, idled and committed centres supported by RAR and inferred resources recoverable at

<USD 130/kgU. B-Il = Production capability of existing, idled, committed, planned and prospective centres supported by RAR and
inferred resources recoverable at <USD 130/kgU. * NEA/IAEA estimate. (a) BIl category excludes Caetité expansion. (b) Projections
consider McArthur/Key Lake operational by 2025. (c) Production from remediation. (d) 2021 legislation prohibiting uranium mining
creates additional uncertainty for by-product U production in REE project under development. (e) Production costs not stated but
considered high. (f) For Malawi, NA through 2040 because of uncertainty regarding legislation for mineral production and uranium
market uncertainty (as reported in the Malawi country report). (g) For the United States, the projections consider the hypothetical case
with all the existing and idled mines being operational in 2025.
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Actual production seldom, if ever, reaches stated A-II production capability. In 2017,
production was 85% of listed capability. From 2003 to 2015, production varied between 90% and
75% of listed production capability. From 2003 to 2011, the expansion of production capability
was driven by increasing and what were considered sustainable uranium prices. Production also
increased, although not as rapidly as the projected production capability. Since 2011, and
despite a depressed uranium market, production continued to increase, mainly due to the start-
up of the Cigar Lake mine in Canada, the continued expansion of production in Kazakhstan and
the development of the Husab mine in Namibia. The fact that production increased during a
period of depressed uranium market prices can be attributed to the long planning times and
investment required to establish new mines and bring new production to the market, as well as
the time it takes to respond to changing market conditions. Increasing global production since
2011 was essentially a response to increased demand and uranium market prices beginning
almost a decade earlier. However, producers have recently responded to the sustained uranium
market downturn by delaying mine expansions, temporarily shuttering some operations
(e.g. McArthur River and Cigar Lake, Canada) and scaling back production at others
(e.g. Kazakhstan), leading to declining global production since 2019. Turning stated production
capability into production takes significant amounts of time, expertise and investment.
Moreover, uranium mining operations and production plans can be confounded by unexpected
geopolitical events, legal issues, technical challenges and so-called “Black Swan” events, the
most recent being the COVID-19 pandemic and geopolitical tensions in eastern Europe.

Projections of production capability have increased somewhat compared to projections
made in the 2020 edition of this report, as mine development activity has continued in key
producing countries despite low market prices. Compared to the 2020 edition, category A-II and
B-II projections for 2025 increased by 10% and decreased by 2%, respectively. Projections from
2030 to 2040 in the A-II category increased by 4.5% in 2030, 3.7% in 2035 and 13.2% in 2040,
compared to projections made in the 2020 edition of this publication. Projections from 2025 to
2040 in the B-II category have increased by 34% in 2030, 25% in 2035 and 34% in 2040, compared
to projections in the 2020 edition of this report. Compared to projections in earlier reports there
are greater differences, which can be expected because of the continuous updating of plans and
responses to market conditions, along with the amount of time it can take to respond to these
changes.

As currently projected, production capability of existing and committed production centres
(category A-II) is projected to reach about 69 675 tU by 2025, then decline by 4% to 67 105 tU in
2030, 18% to 55 095 tU in 2035, and 10% to 49 475 tU in 2040, with an overall decline of 29% from
2025 to 2040. The overall decrease of 29% in projected production capability from 2025 to 2040
reported in this edition reflects the general decline in local resources (RAR and IR) at existing
and committed production centres.

Total potential production capability, including planned and prospective production centres
(category B-II), is projected to reach about 83 105 in 2025, then increase to 107 850 tU in 2030,
before declining to 104 480 tU in 2035 and 98 250 tU in 2040. The current projection estimates
for B-II category production capability indicate an overall increase of 18% from 2025 to 2040,
compared to a projected 10% decline over the same period reported in the 2020 edition of this
report. This reflects the rate of mine development that has occurred in recent years despite the
extended period of low uranium market prices continuing through mid-2021.

Recent committed mines and expansions

As expected during a prolonged period of low market prices and, more recently, planned
production cuts at existing facilities, there were limited new production plans unveiled during this
reporting period (Table 1.24). Since the first production from the Husab mine in Namibia in 2016,
no new major developments have been completed and some have been delayed. However, it is
now expected that by-product recovery of uranium from the Talvivaara deposit in Finland will
begin in 2024. Kazakhstan remains committed to development of the Zhalpak deposit by ISL, but
even though pilot production began in 2016, dates for completion and beginning production were
not provided. In Russia, construction of the surface complex and infrastructure elements of new
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mine No. 6 at the Priargunsky production centre began in 2018. Completion, now scheduled for
2025, will increase annual production capacity of this operation by 2 300 tU.

Table 1.24. Recent committed mines and expansions

(as of 1 January 2021, nominal production capacity, tonnes U/year in parentheses)

Finland Terraframe (Talvivaara)" C (250)

Kazakhstan Ortalyk LLP (Zhalpak)®
Russia Priargunsky (Mine 6) Exp (2 300)

C = Committed. Exp = Expansion. 1) By-product of nickel, cobalt and zinc production. 2) Committed, but production capacity and start-
up date not provided; pilot mining began in 2016.

There are few firmly scheduled additions to the existing and committed production
capacities through 2027, suggesting that production may not be increased greatly through the
addition of new facilities or the expansion of existing facilities through to 2027 as production
cuts continue during the extended period of low market prices and major long-term producing
mines in Australia (Ranger) and Niger (Cominak) were shut down in 2021.

Planned and prospective mines and expansions

An impressive list of planned and prospective mines could be brought into production through
2040 (Table 1.25), but as with existing and committed expansions in Table 1.24, few firm dates
of completion have been provided and those that have are years away. The main increases in
the longer term are expected to come from Australia, Botswana, Brazil, Canada, Kazakhstan,
Namibia, Niger, Russia, Tanzania, Ukraine, the United States and Zambia. However, since few
of these developments have a firm date for first production, most will not be developed until
uranium market prices increase and remain at levels justifying the investments required to
increase production.

With appropriate market signals, total annual production capacity could increase by as much
as 75 000 tU by 2040 (Table 1.25). However, many of these increases in production capacity will
only go forward if there are lasting improvements in market conditions, as the costs of mining
and development of new exploitation technologies have increased and there are risks producing
in jurisdictions that have not previously hosted uranium mining.

While there is uncertainty surrounding the development of prospective and planned
production centres, given the depressed market conditions of recent years, the number of
potential capacity additions listed in Table 1.25 underscores the availability of uranium deposits
of commercial interest. Since these sites span several stages of approvals, licensing and
feasibility assessments, it can reasonably be expected that at least some will take several years
to be brought into production and others may never be. Notwithstanding the time it takes to
bring new deposits into production, these new mine developments are timely since long-
standing, significant production centres in Australia (Ranger) and Niger (Cominak) were closed
in 2021, and the Rossing production centre in Namibia is expected to end production in 2026
(three facilities with a combined production capacity of 7 900 tU/yr).
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Table 1.25. Planned and prospective mines*

(as of 1 January 2021, nominal production capacity, tonnes U/year)

_

Cerro Solo 2035
Argentina
Sierra Pintada 150 2035
Yeelirrie 3265 NA
. Kintyre 2290 NA
Australia®
Mulga Rock 1346 NA
Wiluna** 527 NA
Botswana Letlhakane 1440 NA
Brazil Santa Quitéria 1950 2024
Caetité/Cachoeira 340 2027
Arrow 11155 NA
Triple R 5700 NA
Kiggavik 3000 NA
Canada Gltypho.n 2900 NA
Millennium 2750 NA
Midwest 2300 NA
Phoenix** 2300 NA
Heldeth Tué** 800 NA
Denmark/Greenland Kvanefjeld 425 NA
Gogi 130 2024
India Lambapur-Peddagattu 130 2024
KPM (Kylleng) 340 2028
Kazakhstan Budenovskoe 6, 7** 2500 2025
Mauritania Tiris 315 NA
Badrakh** 1500 NA
Mongolia Emeelt** 700 NA
Gurvansaihan** 400 NA
Namibia® Etango 2770 NA
Norasa 2000 NA
Dasa 1400 2025
Niger®© Imouraren 5000 NA
Madaouela 950 NA
Paraguay Yuty** 200 2035
Peru Macusani 2350 2035
Russia Elkon 5000 2040
Tanzania Mkuju River 3000 2030
. Safonivske 150 2023
Ukraine -
Severinska 1200 NA
Reno Creek** 770 NA
Shirley Basin** 770 NA
United States Dewey-Burdock** 385 NA
Burke Hollow** 385 NA
Goliad** 385 NA
. Mutanga 920 NA
Zambia
Lumwana 650 NA
Total 77138

* As noted in country reports or from public data, in several cases, start-up dates are not known (NA). ** To be
mined by ISL. (a) Australia — Uranium mining at Ranger ended in January 2021. (b) Namibia — Current mine plans
foresee a cessation of Rossing production at the end of 2025. (c) Niger — Uranium mining at Cominak (Akouta)
ended 31 March 2021.
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Idled mines

Due to a lengthy period of low uranium prices in an oversupplied market, producers have been
motivated to reduce production to reduce supply to, in turn, put upward pressure on prices.
While some producers have reduced production at some facilities, others have opted to close
operations entirely until market conditions improve sufficiently to justify reopening. These
temporarily closed operations, referred to as idled mines (Table 1.26), are defined as those with
associated identified uranium resources and processing facilities that have all the necessary
licences, permits and agreements for operation and have produced commercially in the past,
but were not producing uranium as of mid-2020.

Table 1.26. Idled mines*
(as of 1 January 2021)

Production Resources
Production centre (mine) Year idled capacity (tU/yr)

Australia Honeymoon®@ 2013 23300
McArthur River / Key Lake 2018 9600 154 100
Canada
Rabbit Lake 2016 6 500 27 000
Chongyi 2017 200 NA
China
Lantian 2017 100 NA
Malawi Kaylekera 2014 1270 9150
Langer Heinrich 2018 2030 36875
Namibia
Trekkopje® 2013 2500 36450
Willow Creek 2018 1000 13770
Smith Ranch/Highland 2016 2100 12 540
Alta Mesa 2016 570 7 850
United States Lost Creek 2020 845 7030
Crow Butte 2017 770 6040
Nichols Ranch 2020 770 3130
La Palangana (Hobson) 2015 385 NA
Totals 29410 337 235

* |dled mines are those with associated identified uranium resources and processing facilities that have all necessary licences, permits
and agreements for operation and have produced commercially in the past. (a) Technical difficulties contributed to decisions to stop
production. (b) Although not fully satisfying the definition of an idled mine (no commercial production), it is included here because it
produced 251 tU and 186 tU in 2012 and 2013 (respectively) as part of two pre-commercial pilot tests. A care and maintenance team
regularly provides upkeep of the mine's infrastructure so that it can be recommissioned and brought on stream when market conditions
are more favourable.

As shown in Table 1.26, annual production capacity could be increased relatively rapidly if the
listed idled mines are brought back into service. Although each mine operation is unique in terms
of operational costs and a threshold price for reopening, the ability to raise capital as required to
resume operation and to meet regulatory requirements, idled mines could be returned to
production faster, given that all permits and licences remain in place. Decisions to resume
production depend principally on increased market prices. With the right market signals, idled
mine facilities, associated with a total of at least 335 000 tU in local resources (recoverable), could
potentially bring as much as 29 000 tU annually to the market if all are brought back into
production. At least some of these facilities can reasonably be expected to be brought back online
before new mines are established, should uranium market conditions improve.
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Operations to recover uranium from gold tailings in South Africa could also contribute to
increased global production relatively rapidly and production at Somair (Niger) could be returned
to full capacity (capacity was reduced by 30% in 2017 due to poor market conditions) with the right
market signals. Moreover, operations that have progressed to pilot mining, such as Trekkopje
(Namibia), or those that have operating permits but where work to bring the site into production
was suspended pending more favourable market conditions, such as Imouraren (Niger), could also
increase global annual production by over 7 500 tU. Improved market conditions and significant
investment, however, would be required to bring operations like these on stream (note that
Trekkopje is included in the list of idled mines, while Imouraren is listed in Table 1.25 “Planned
and prospective mines”; see Table 1.26 footnotes for additional details).

Sufficient uranium resources have been identified to support even the most aggressive
scenarios of growth in nuclear generating capacity. However, the majority of this in-ground
uranium cannot be brought to the market without improved market conditions. At the market
prices of early 2021 (that is, up to the ending date that this edition covers, 1 January 2021), less
than 25% of the recoverable resource base outlined in this edition could be economically brought
into production, since resources with estimated mining costs greater than 80 USD/kgU
(USD 30.80/1b UsOs) cannot be profitably mined at such prices. However, in the latter half of and
continuing into 2022, uranium market prices have strengthened significantly (up to
USD 64.50/1b U3Os in mid-April of 2022) owing to speculation and heightened uncertainties
associated with ongoing geopolitical conflict. Should such market prices be sustained, planned
production cutbacks could be eased, idled mines could be brought back on stream and new
mines could be developed.

It should also be noted that there is the ability to increase production more rapidly than the
traditional lengthy mine development processes of the recent past. However, efforts to manage
the COVID-19 pandemic at production facilities and market realignments resulting from
geopolitical tensions could lead to further, unplanned reductions in production as well as
restrictions to the flow of nuclear materials (including uranium) in the global marketplace,
which would test the market’s ability to continue providing an adequate supply of uranium to
the global nuclear fuel supply chain.

Conclusions

Nearly 8 000 000 tonnes of in-ground uranium resources of economic interest (recoverable at
<USD 260/kgU) have been identified in this edition. However, much of this in-ground uranium
cannot be brought into production without improved market conditions. Poor market conditions
have also slowed investment in uranium exploration, which could affect delineation of additional
low-cost reasonably assured and inferred resources in the longer term.

At the market prices of early 2021 (the end of the reporting period for this edition of the Red
Book) of about USD 30/Ib UsOs (USD 78/kg U), only 25% of the recoverable resource base outlined
in this edition of the Red Book could be economically brought into production, since resources
with estimated mining costs greater than 80 USD/kgU cannot be profitably mined at these prices.
To help ensure that uranium resources are brought to market when they are needed, future
supplies would benefit from timely research and innovation efforts to further improve uranium
exploration and to develop new, more cost-effective extraction techniques.

However, since some producers have either idled production facilities or reduced production
due to a lengthy period of low uranium prices, there is an ability to increase production more
rapidly than the traditional lengthy mine development processes of the recent past. Beyond idled
projects, significant investment and time could be required to bring existing uranium resources
into production, particularly for high-cost, undiscovered or unconventional resources. Historically,
significant proportions of identified resources have never been extracted, while, on average, the
extraction of identified resources has taken one to two decades or more (see, for example, IAEA
2020, Figure 2.75), in addition to several decades for the delineation of undiscovered resources.
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Looking ahead, with the easing of efforts to control the COVID-19 pandemic at production
facilities, and the recent run-up in the spot price of uranium in the latter half of 2021, a modest
increase in the production of uranium can be expected. However, with ongoing geopolitical
tensions that threaten the continuation of some aspects of global trade in nuclear materials, the
market's ability to continue supplying an adequate amount of uranium to the global nuclear fuel
supply chain will be tested.
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URANIUM DEMAND AND SUPPLY/DEMAND RELATIONSHIP

Chapter 2. Uranium demand and supply/demand relationship

This chapter summarises the current status and projected growth in world nuclear electricity
generating capacity and commercial reactor-related uranium requirements up to 2040. Relationships
between uranium supply and demand are analysed and important developments related to the
world uranium market are described.

Nuclear generating capacity and reactor-related uranium requirements

On 1 January 2021, a total of 442 commercial nuclear reactors were operational in the world, in
31 countries, and 52 reactors were under construction.

During 2019 and 2020, 11 reactors were connected to the grid, construction started on
8 reactors and 14 reactors were permanently shut down. Table 2.1 summarises the status of the
world’s nuclear power plants as of 1 January 2021. The global nuclear power plant fleet generated
a total of about 2 626 TWh of electricity in 2019 and about 2 523 TWh in 2020 (see Table 2.2).

World annual uranium requirements amounted to around 60 100 tU as of 1 January 2021.

Global nuclear programmes

OECD

As of 1January 2021, 293 reactors were operational in 19 OECD countries and constituted about
71% of the world’s nuclear electricity generating capacity. During 2019 and 2020, a total of
16 reactors were under construction in OECD countries with two additional construction starts in
Tirkiye and the United Kingdom. In this same period, 12 reactors were permanently shut down
in France, Japan, Korea, Sweden, Switzerland and the United States. A number of OECD member
countries, namely the Czech Republic, France, Finland, Hungary, the Slovak Republic and the
United Kingdom, remain committed to maintaining or increasing nuclear generating capacity in
their energy mix. To help enable the development of small and advanced reactors, several
countries have set out frameworks designed to encourage the industry to bring technically and
commercially viable small reactor propositions to the global marketplace.

The OECD reactor-related uranium requirements amounted to around 40 000 tU as of 1 January 2021.
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Table 2.1. Nuclear data summary
(as of 1 January 2021)

Operational Generating Reactors Reactor grid Reactor Reactors 2020 uranium
Country r.eactors capacity under. .connections shutdowns in using MOX® requirements
in 2021 (GWe net) construction | in 2019-2020 2019-2020 (tU)*
Argentina 3 1.8 1 0 0 219
Armenia 1 0.4 0 0 0 64
Bangladesh 0 0.0 2 0 0 0
Belarus 1 1.1 1 1 0 176
Belgium 7 5.9 0 0 0 944
Brazil 2 1.9 1 0 0 400
Bulgaria 2 2.0 0 0 0 320
Canada 19 13.6 0 0 0 1715
China® 50 47.5 13 4 0 8352
Czech Republic 6 39 0 0 0 594
Finland 4 2.8 1 0 0 720
France 56 61.4 1 0 2 23 6034
Germany 6 8.1 0 0 0 1012
Hungary 4 1.9 0 0 0 348
India 22 6.8 7 0 0 1 1350
Iran 1 0.9 1 0 0 160
Japan 33 31.7 2 0 5 3168
Korea 24 23.1 4 1 1 3904
Mexico 2 1.6 0 0 0 430
Netherlands 1 0.5 0 0 0 1 80
Pakistan 5 13 2 0 0 21
Romania 2 13 0 0 0 208
Russia 38 28.6 3 4 1 5100
Slovak Republic 4 1.8 2 0 0 483
Slovenia 1 0.7 0 0 0 149
South Africa 2 1.8 0 0 0 294
Spain 7 7.1 0 0 0 946
Sweden 6 6.9 0 0 1 1104
Switzerland 4 3.0 0 0 1 480
Turkiye 0 0.0 2 0 0 0
Ukraine 15 13.1 2 0 0 2480
United Arab Emirates 1 14 3 1 0 224
United Kingdom 15 89 2 0 0 944
United States 94 96.6 2 0 2 16 886
Total World 442 393.2 52 11 14 25 60114
Total OECD 293 279.5 16 1 12 24 39941
Total Non-OECD 149 113.7 36 10 2 1 20173

* NEA/IAEA estimate. MOX is not included in uranium requirement figures.

(a) The following data for Chinese Taipei are included in the world total but not in the total for China: four reactors in operation, 3.8 GWe net; 615 tU
as 2020 uranium requirements; no reactor under construction, none started up and one shut down during 2019 and 2020.

Source: i) Government-supplied responses to a questionnaire; ii) NEA Nuclear Energy Data 2021 for OECD countries and iii) IAEA Power Reactor
Information System (accessed November 2022).
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Table 2.2. Electricity generated at nuclear power plants

(TWh)
Argentina 7 8 7 8 10
Armenia 3 2 2 2 3
Belarus 0 0 0 0 0.3
Belgium 25 41 27 41 33
Brazil 14 15 15 15 13
Bulgaria 15 15 15 16 16
Canada 96 95 94 95 92
China® 161 198 277 330 345
Czech Republic 25 23 28 29 28
Finland 22 22 22 23 22
France 417 384 396 382 339
Germany 87 80 72 71 61
Hungary 15 15 15 15 15
India 35 35 35 41 40
Iran 3 6 6 6 6
Japan 9 18 49 66 43
Korea 165 154 127 139 153
Mexico 12 10 13 11 11
Netherlands 4 4 3 4 4
Pakistan 4 5 9 9 10
Romania 1 10 1 10 1
Russia 182 183 191 196 202
Slovak Republic 14 15 14 14 14
Slovenia 6 5 6 6 6
South Africa 11 15 11 14 12
Spain 55 56 53 56 56
Sweden 54 61 66 64 47
Switzerland 22 20 25 25 23
United Arab Emirates 0 0 0 0 2
Ukraine 82 76 80 78 72
United Kingdom 64 65 59 51 46
United States 797 806 808 809 790
Total World 2452 2473 2563 2657 2556
Total OECD 1889 1874 1878 1902 1783
Total Non-OECD 563.1 598.5 684.7 755.1 772.6

(a) The following data for Chinese Taipei are included in the world total, but not in the total for China: 35.1 TWh in
2015;30.5in 2016; 26.7 TWh in 2018; 31.1in 2019 and 30.3 in 2020.

Source: i) Government-supplied responses to a questionnaire; ii) NEA Nuclear Energy Data 2021 for OECD countries
and iii) IAEA Energy, Electricity and Nuclear Power Estimated for the period up to 2050 (IAEA, 2021a) for non-OECD
countries.
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Figure 2.1. World uranium requirements: 60 114 tU
(as of 1 January 2021)
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European Union

In 2018, the European Commission established a Technical Experts Group on Sustainable Finance
(TEG) to assist in the development of a unified classification system for sustainable economic
activities (i.e. the EU Taxonomy), along with methodologies for low-carbon indices and metrics
for climate-related disclosure. The EU taxonomy Regulation (EU) 2020/852 establishes uniform
criteria for determining the degree of environmental sustainability of investments. On 9 March
2022 the European Commission (EC) adopted Delegated Regulation (EU) 2022/1214, which
includes criteria for classifying nuclear energy as an environmentally sustainable investment
and recognises that nuclear energy can contribute to the decarbonisation of the European
Union’s economy.

In Belgium, seven nuclear power plants provided about 40% of domestic electricity generation in
2020. Under current Belgian law, nuclear power is to be phased out by 2025. The Belgian
Constitutional Court ruled in March 2020 that a law passed in 2015 to grant a ten-year extension
to Doel units 1 and 2 was unconstitutional because a required Environmental Impact Assessment
was never produced before granting extended operations. However, the Court said it would allow
the law to remain in force until the end of 2022. The corresponding environmental impact
assessment and the public consultation were performed, and a new law granting a ten-year
extension to Doel units 1 and 2 was passed in 2022. In addition, the government plans to dedicate
EUR 100 million over four years to investigate the potential to build new small modular reactors
(SMRs).

In Bulgaria, following the closure of four older reactors by the end of 2006, only two units
(about 0.95 GWe net each) remain operational at the Kozloduy Nuclear Power Plant and provided
around 40% of domestic electricity production in 2020. To compensate for the loss of nuclear
generating capacity and to regain its position as a regional electricity exporter without
increasing carbon emissions, the government plans to build new reactors. A nuclear station at
Belene was originally planned in the 1980s, but was stopped in the early 1990s due to
environmental and financial concerns. In May 2019, the government advertised for a strategic
investor to participate in the Belene project to build two new reactors. In January 2021, the
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government approved a plan for the potential building of a new nuclear power plant at the
existing Kozloduy site, and announced discussions with external partners for the potential roll-
out of SMRs.

In the Czech Republic, a total of six reactors were operational on 1 January 2021, with an
installed capacity of 3.9 GWe net and providing around 37% of the domestic electricity
production in 2020. In May 2015, the Czech government announced a national energy policy that
favours an ambitious increase in nuclear power to about 50-55% by 2050 as a means to reduce
carbon emissions. The Czech utility CEZ applied to the State Office of Nuclear Safety to construct
two new reactors at its Dukovany site. Under the current schedule, the reactor supplier is to be
selected by the end of 2022, with commissioning expected by 2036. The Czech government
would loan 70% of the cost of building a single 1 200 MWe unit, with CEZ funding the remaining
30%. In June 2020, CEZ stated that it expects to invest about USD 2.3 billion over the next three
decades to extend the operating lifetime of the four reactors at Dukovany by a further 20 years
to a total of 60 years.

In Finland, four units (two each at the Olkiluoto and Loviisa Nuclear Power Plants) with a
total generating capacity of 2.8 GWe were operational on 1 January 2021, providing about 34% of
domestic electricity generation in 2020. Teollisuuden Voima Oyj (TVO) owns and operates the
two plant units, Olkiluoto 1 and 2, and it has deployed a third unit, Olkiluoto 3 (OL3), an
Evolutionary Power Reactor (EPR) with capacity of 1.6 GWe. The OL3 construction has suffered
numerous delays and cost overruns. TVO was granted an operating licence in 2019 and in April
2020 applied for permission to load fuel. OL3 was connected to the grid in March 2022. The
project for the new nuclear site in Pyh&joki to build a new VVER reactor provided by a
consortium with Rosatom was cancelled in 2022. There is political support in Finland to consider
new SMR builds in the future.

In France, 56 operational reactors generated 70% of domestically produced electricity in 2020.
Construction of a new EPR at the Flamanville Nuclear Power Plant began in late 2007. Repairs to
welds in the Flamanville 3 EPR were completed and deemed compliant by the French Nuclear
Safety Authority (ASN). Fuel loading is now scheduled to start in early 2023 following start-up tests
and authorisation from the ASN. In February 2020, unit 1 at Fessenheim was closed, followed by
the closure of unit 2 in June 2020. The closure of the Fessenheim reactors was part of the energy
policy objective to reduce the share of nuclear power to 50% by 2035. However, in late 2021,
Electricité de France (EDF) proposed the construction of six EPR-2 units and the French president
stated that France would pursue the construction of new reactors to maintain its energy security
and to meet climate goals.

In Germany, six reactors were operational on 1 January 2021, producing about 11% of domestic
electricity generation in 2020. Following the Fukushima Daiichi Nuclear Power Plant accident, the
German Cabinet announced that it was accelerating the nuclear phase-out by permanently
shutting down the reactors. The remaining reactors are to be permanently shut down no later
than the end of 2022 in the following order: 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. In November 2022, however, the German parliament voted that Germany’s three
remaining nuclear power reactors still operating in 2022 should keep operating until mid-April
2023 to ensure the security of electricity supply. With reduced nuclear generating capacity,
renewable energy sources are being added at a rapid rate, but it has also been necessary to
increase the use of coal-fired plants, which in turn increases greenhouse gas emissions. In
addition, coal power plants are planned to remain part of the generation mix until 2038. The
Federal Ministry for Economic Affairs and Energy presented its new project funding programme
in the field of safety research for nuclear facilities for the years 2021 to 2025 with a budget of
approximately EUR 38 million per year. The objective of the research and development is to
improve the safety of nuclear facilities and to establish and further develop the scientific basis for
the safe management of radioactive waste. These objectives will continue to remain relevant after
Germany'’s decision to phase out the commercial use of nuclear energy.
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In Hungary, four operational VVER reactors at the Paks Nuclear Power Plant (1.9 GWe net
capacity) accounted for 48% of electricity generation at the end of 2020. In January 2020, the
government approved the new National Energy Strategy 2030 and the National Energy and
Climate Plans 2030. The preservation of nuclear generation capacity by replacing existing units
at the Paks Nuclear Power Plant nearing the end of their lifetime is one of the key strategic
measures for further decarbonisation of the electricity sector. Plans are well advanced for the
construction of two new VVER-1200 reactors at the Paks site. Preliminary work began in June
2019 and the construction phase is expected to start in 2022-2023. The units were originally
scheduled to start operating in 2025 or 2026. All of Hungary’s nuclear fuel supply is contracted
from TVEL in Russia. The construction licence application for the two nuclear power units is
currently under review by the Hungarian Atomic Energy Authority.

With no nuclear generating capacity, Lithuania relies heavily on imports, in particular natural
gas from Russia. Prospects for a new nuclear plant diminished following the election of a new
coalition government in 2012, led by a party that had opposed the construction of the proposed
Visaginas Nuclear Power Plant on economic grounds. In 2016, the government released its national
energy strategy and announced a delay of the nuclear project until more favourable market and
economic conditions arise. The Visaginas Nuclear Power Plant was planned to be built by GE-
Hitachi, but has not proceeded. In April 2022, Lithuania’s government stated the country was
“seeking full energy independence from Russian gas”.

In the Netherlands, the single operational reactor (0.5 GWe of net capacity) supplied 3% of
domestically generated electricity in 2020. There are currently no plans for conventional large new
nuclear build in the Netherlands. Nevertheless, it is stated in the National Climate Agreement that
nuclear power is one of the options for the future energy mix. The government of the Netherlands
plans to spend EUR 35 billion by 2030 to reach new climate targets, which aim at a 50% cut in
emissions compared to 1990 levels, and include EUR 500 million in support for two new SMRs.

In Poland, which as of 2021 has no nuclear generating capacity, coal-fired plants generate
more than 90% of domestic electricity. Poland had four 440 MWe Russian VVER-440 units under
construction in the 1980s at Zarnowiec, but these were cancelled in 1990. The government
continues to advance plans to construct about 6 GWe of new nuclear power generation in the next
20 years. 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 2021, the government recommitted
to launching a nuclear programme with the release of a draft consultation that targets start of
construction on the first of four to six reactors by 2033.

In Romania, two CANDU reactors at the Cernavoda Nuclear Power Plant provided around 20%
of the electricity generated in the country in 2020. Nuclearelectrica, the state-owned utility that
operates the Cernavoda Nuclear Power Plant, has also announced plans to refurbish unit 1 of the
plant by 2028 in order to extend the operational lifetime for another 30 years. The project to
complete Cernavoda units 3 and 4 is now also proceeding and Nuclearelectrica has estimated that
unit 3 will start commercial operation in 2030, followed by unit 4 in 2031. In October 2020, an
intergovernmental agreement was signed with the United States by which the United States
intends to support the construction of two new Cernavoda reactors and help refurbish unit 1. In
March 2019, a Memorandum of Understanding was signed with NuScale Power to evaluate the
potential for SMRs in Romania. In November 2021, Romania announced the potential roll-out of
SMRs in the country by 2028.

In the Slovak Republic, a total of four reactors with a combined capacity of 1.8 GWe net were
operational as of 1 January 2021 and provided around 53% of the country’s electricity in 2020.
Construction of two additional units at the Mochovce Nuclear Power Plant has been delayed as
a result of design safety improvements and technology updates and is still ongoing. Mochovce
3 completed hot testing in April 2019, and the draft permit of the Nuclear Regulatory Authority
for fuel loading was released in 2020. When in operation, the new units will add 0.9 GWe of
electrical generating capacity to the grid.
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In Slovenia, the single nuclear reactor in operation (Krsko, with 0.70 GWe capacity) is jointly
owned and operated with Croatia by Nuklearna Elektrana Krsko (NEK). The Kr8ko reactor began
commercial operation in 1983 and was recently granted a 20-year lifetime extension to 2043. The
single unit accounted for about 38% of the electricity generated in Slovenia in 2020, although a
proportion of this is exported to meet about 15-20% of Croatia’s electricity requirements. An
ambitious programme of safety upgrades at the Krsko plant was rolled out after the Fukushima
Daiichi accident, and was completed in 2021. The government of Slovenia will make a decision by
2027 on whether to build a second unit at the Kr§ko Nuclear Power Plant site.

In Spain, seven operational nuclear reactors with a total generating capacity of 7.1 GWe
provided 22% of total domestically generated electricity in 2020. The government approved in
March 2021 the national energy and climate plan, which includes the phasing out of nuclear
energy by 2035. In May 2020, the Spanish Nuclear Safety Council granted permission for
Almaraz 1 and 2 to operate until 2027 and 2028, respectively. In addition, Vandellés 2 applied
for a licence extension to 2030. In May 2020, the State Company for Radioactive Waste and
Decommissioning, Enresa, applied for the phase 1 dismantling authorisation of the Santa Maria
de Garona Nuclear Power Plant.

In Sweden, six operational reactors (with 6.6 GWe net capacity) generated about 30% of
domestic electricity supply in 2020. At the end of 2019, Ringhals 2 was shut down after 44 years of
operation and the Ringhals 1 reactor finally ceased operations on 31 December 2020. In June 2019,
the Swedish Radiation Safety Authority approved Forsmark 1 and 2 to operate for a further ten
years, until 2028. For the remaining reactors, plans remain to continue operation for up to 60 years.

North America

In Canada, 19 operating reactors provided about 15% of the county’s electricity needs in 2020 and
should continue to play an important role in the future. The province of Ontario has 18 of those
operating nuclear power reactors across three power plants: Pickering, Darlington and Bruce.
A CAD 26 billion refurbishment plan for Ontario’s nuclear reactors will see the sequential
refurbishment of four units at the Darlington site and six units at the Bruce site. The
refurbishment of the Darlington Nuclear Generating Station began with work on the first reactor
in 2016 and is expected to be completed by 2026. The Bruce project started with unit 6 in early
2020 and will be completed by 2033. Ontario’s third operating nuclear power plant, Pickering, was
originally scheduled to shut down in 2020, but the Canadian Nuclear Safety Commission (CNSC)
extended the plant’s licence to at least 2026. The federal government and other partners have
advanced efforts in priority areas, such as developing SMR research and development and
exploring business partnerships for potential deployment in the late 2020s. The CNSC continues
to work to ensure readiness so as to regulate SMRs in Canada. As of June 2021, 12 SMR technology
companies applied to the CNSC for the Pre-Licensing Vendor Design Review process.

In Mexico, the two units at the Laguna Verde Nuclear Power Plant (a total of 1.6 GWe net
capacity) provided about 5% of the electricity generated in the country in 2020. Laguna Verde
units received permission from the national regulator to operate at the extended power uprate
level (120%). In July 2020 Mexico’s nuclear regulator approved a 30-year extension to the
operating licence of Laguna Verde 1, allowing it to operate until July 2050, and a similar
application for a lifetime extension was submitted for unit 2 in 2020.

In the United States, 94 reactors were operational as of 1 January 2021, contributing 19.7% of
the total electricity generated in the country in 2020. Two AP1000 reactors are currently under
construction at the Vogtle power plant in the state of Georgia. In April 2020, Indian Point 2 was
shut down four years before the expiry of its operating licence, and Duane Arnold-1 (601 MWe)
was shut down in October 2020. A total of 6.8 GWe of nuclear capacity in eight states has thus
closed before the end of the licensed operating period between 2013 and 2021. However, states
and utilities are acting in support of nuclear power. For example, the New Jersey Board of Public
Utilities voted in 2021 to extend zero emissions credits for nuclear power plants and the Illinois
state legislature passed a law that includes about USD 700 million in subsidies over five years to
keep the Byron, Dresden and Braidwood nuclear power plants in operation. The US Nuclear
Regulatory Commission first approved and then reversed a 20-year licence extension for Turkey
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Point 3 and 4, authorising the reactors to operate for a total of up to 80 years. On the industry side,
TerraPower recently announced plans to build its Natrium reactor at a retiring coal plant in
Wyoming, which currently receives almost 90% of its electricity generation from fossil fuels. The
US Department of Energy is investing nearly USD 2 billion to support the licensing, construction
and demonstration of this first-of-a-kind reactor by 2028. In July 2020, the US International
Development Finance Corporation lifted its legacy prohibition on funding nuclear energy projects
overseas.

East Asia

Prospects for nuclear growth are greater in East Asia than in any other region of the world,
principally driven by rapid growth of nuclear capacity in China. Recent changes in the official
energy strategy of Japan and Korea have put national reliance on domestic nuclear energy back in
the main scene.

In China, 50 operational reactors with a total installed capacity of around 47.5 GWe provided
about 5% of national electricity production in 2020. Recent developments include the grid
connection in June 2019 of Taishan 2, the second EPR to start operation. In November 2019,
China’s first commercial nuclear heating project began operating at the Haiyang Nuclear Power
Plant with two AP1000 units. In 2020, hot testing was completed at the Fuging 5, one of the first
Hualong One domestic design reactors under construction in China. A total of 13 reactors were
under construction as of 1January 2021. In the period 2019 to 2021, 7 new reactors totalling
capacity of 7.6 GWe were connected to the grid. Projected nuclear growth remains strong in
China and the country is moving ahead with the planning and construction of new nuclear
power plants and the development of its own Gen III technologies. The government plans to
add significant nuclear generating capacity in order to meet rising energy demand and limit
greenhouse gases and other atmospheric emissions since poor air quality, mainly due to
emissions from coal-fired plants, is a significant health issue. As China aims to increase its
installed nuclear capacity, it is also aiming at becoming self-sufficient in the nuclear fuel supply
and fuel cycle aspects and has initiated a number of domestic projects, often in co-operation
with foreign suppliers, to meet these goals.

In Japan, nuclear energy in 2020 provided only around 5% of domestic electricity generation
(from over 30% before 2011). With most of Japan’s 33 nuclear power plants 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. Reactor restarts and rejuvenation of the
industry is, however, proving to be challenging given the stringent new regulatory requirements
and public resistance. Nevertheless, the finalisation in 2015 of a new long-term energy policy that
envisions nuclear power representing 20-22% of total energy supply in 2030 represented an
important step for a sustained nuclear comeback. Sendai 1 and 2 were the first reactors to restart
in 2015, and a further eight have restarted since then. Mihama 3 reactor, which had been idle since
2011, was restarted in June 2021. However, in October 2021 the utility took the reactor offline to
implement antiterrorism measures, a requirement of new regulations introduced by the Nuclear
Regulation Authority. Mihama 3 had been granted a licence extension in 2016 to operate beyond
40 years. As of 2022, 16 reactors were in the process of restart approval. Reactors that have
restarted are also required to construct bunkered backup control centres within five years of
regulatory approval to restart.

In Korea, 24 operational reactors produced around 30% of the total electricity generated
in 2020. Construction of four reactors (5.4 GWe additional capacity) is underway. Shin-Hanul
unit 1 was connected to the grid in mid-2022. On the other side, Kori units 2 and 3 will be
permanently shut down by the end of 2024. An energy transition policy was announced in
October 2017, outlining a long-term phasing out of nuclear power. However, the newly elected
government in 2022 has since changed this policy and set instead a target for nuclear energy to
provide a minimum of 30% of electricity in 2030 and 35% by 2036.

Although Mongolia does not currently have nuclear generating capacity, it has signalled an
interest in the use of small and medium-sized reactors.
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Europe (non-EU)

This region is undergoing strong growth with reactors under construction. Several countries in
this region continue to support nuclear power and overall growth in nuclear generating capacity
is expected.

In Armenia, the single operational reactor (Metsamor 2, with 0.4 GWe capacity) provided
about 34% of the electricity generated in the country in 2020. In 2015, the nuclear power plant
began a large-scale life extension maintenance programme with the help of Rosatom. In October
2021 ANRA, the regulator, extended the operating licence to 2026. According to the Armenian
energy sector development plan, construction of one new unit is envisaged by 2027.

In Belarus, a USD 10 billion agreement financed by Russia was signed with Rosatom’s
Atomstroyexport in 2012 to build the country’s first nuclear power plant. It consists of two
VVER-1200 reactors, with unit 1 connected to the grid in November 2020 and unit 2 still under
construction as of 2022.

In Russia, 38 operational reactors (with 28.6 GWe net capacity) provided about 21% of the
total electricity generated in the country in 2020. Russia has brought 10 reactors online in the
period 2011-2021, including the two Akademik Lomonosov floating nuclear power plants.
Rosatom has confirmed its intention to commission two other floating nuclear power plants by
2027. In April 2020, the Russian nuclear regulator extended the operating licence of the
Beloyarsk BN-600 fast reactor by five years to 2025. As of 1 January 2021, three reactors were
under construction in Russia. In 2021, Rosatom was granted a construction licence for the
BREST-OD-300 reactor, a lead-cooled fast reactor. The reactor is due to start operating in 2026
and is part of a pilot demonstration programme aimed at closing the nuclear fuel cycle. The
programme also includes the design and construction of reference SMR power units. In addition
to an active domestic programme, the state-run energy company Rosatom is currently involved
in new reactor projects in several countries (e.g. Bangladesh, Belarus, China, Hungary, India,
Iran, Tiirkiye and Uzbekistan).

In Switzerland, four operating reactors produced 33% of the electricity generated in the
country in 2020. Switzerland’s first nuclear power plant, Mihleberg, with an approximate
output power of 373 MW, was permanently shut down on 20 December 2019. In 2017, a public
referendum was organised on the new Energy Strategy 2050. Under the new law, no permits for
the construction of new nuclear power plants or any basic changes to existing nuclear power
plants will be delivered. The existing nuclear power plants may remain in operation for as long
as they are declared safe by the Federal Nuclear Safety Inspectorate.

In Turkiye, the government continues to advance its nuclear development programme as its
economy faces rapidly escalating electricity demand. Construction of the country’s first nuclear
power reactor, the first of four VVER-1200 units at Akkuyu, started in April 2018. A construction
licence for unit 2 was issued in September 2019. Construction of the second and third reactor units
at the Akkuyu began in 2020 and 2021, respectively. In 2021, preparations began for the
construction of the fourth unit. In March 2021, Akkuyu Nuclear, a subsidiary of Russia’s Rosatom,
received two loans from Sovcombank to finance the construction of the Akkuyu Nuclear Power
Plant. The first unit is expected to be in operation by 2023.

In Ukraine, 15 reactors with a combined net installed capacity of 13.1 GWe were operational
on 1January 2021, producing 51% of the electricity generated in the country in 2020. The
national energy programme foresees that nuclear energy will continue to generate about 50%
of total electricity production by 2035. In February 2022, Russia launched a military offensive
against Ukraine. In early March 2022 the Zaporizhzhia plant in south-eastern Ukraine became
the first operating civil nuclear power plant to come under armed attack. Ukraine had been
receiving most of its nuclear services and nuclear fuel from Russia. In June 2022 an agreement
was signed with Westinghouse that will see the company provide all fuel for the Ukrainian
reactors.

In the United Kingdom, 15 operational reactors with a combined capacity of 8.9 GWe net as of
1January 2021 provided 14.5% of total domestic electricity generation in 2020. In the coming
decades, the current UK fleet will be shut down, with the first units expected to come offline in
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2023 and the last currently expected to close by 2035. The government has taken a series of actions
to encourage nuclear new build. EDF, China General Nuclear Power Group (CGN) and the
development vehicle NNB Generation Company HPC Limited are constructing two EPRs at Hinkley
Point C (3.2 GWe). In January 2021, the United Kingdom also entered negotiations with EDF in
relation to the Sizewell C project in Suffolk. In December 2020, the United Kingdom published the
response to the consultation on a regulated asset base (RAB) model for private investment in new
nuclear generation. Having assessed the consultation responses, the UK government believes that
a RAB model remains credible for large-scale nuclear projects. The UK government is thus
continuing to explore a RAB model with developers. On the other side, the United Kingdom's
advanced gas-cooled reactor (AGR) nuclear power stations have been scheduled to progressively
reach the end of their operational timespans by 2030. The two-unit Dungeness B was shut down
in June 2021, while Hunterson B-1 in Scotland ceased operations in November 2021. The
government is investing more than GBP 100 million of innovation and industrial strategy funding
into advanced nuclear research and development to help the development of SMRs and advanced
modular reactors (AMRs) in the United Kingdom.

Middle East, Central and Southern Asia

Nuclear generating capacity in this region is expected to grow in coming years as governments
continue to implement plans to meet rising electricity demand without increasing greenhouse
gas emissions.

In Bangladesh, a deal with Rosatom was ratified in 2012 to build two reactors at the Rooppur
site. Under the terms of the agreement, Russia will reportedly provide support for construction
and infrastructure development, supply fuel for the entire lifetime of the reactors and take back
spent fuel. The first safety-related concrete for unit 1 was poured in 2017, with the pour for unit 2
in 2018. The Bangladesh Atomic Energy Commission planned to commission the two VVER-1200
in 2023 and 2024, respectively. However, it is still not clear to what extent COVID-19 may have
slowed the work.

In India, 22 reactors (with 6.2 GWe net capacity) were operational on 1 January 2021, providing
about 3.3% of domestic electricity generation in 2020. Agreements in 2008 that granted India the
ability to import uranium and nuclear technology have resulted in improved reactor performance.
However, concerns about nuclear liability legislation have slowed the development of agreements
on imported technology. In 2021, construction of seven new reactors was in progress, with four
indigenous pressurised heavy water reactors (PHWRs), two VVERs and one sodium fast reactor.
As other countries with PHWR fleets have done, India has started the process of refurbishing its
reactors to allow for extended operation. The national plan is to increase installed nuclear capacity
to 15.7 GWe by 2031, following the 2019 announcement of India’s Department of Atomic Energy.
In 2021, Kakrapar-3 was connected to the grid.

In the Islamic Republic of Iran, one operational 900 MW reactor (Bushehr-1) supplied by
Atomstroyexport provided 1.7% of domestic electricity production in 2020. Another reactor,
Bushehr-2, also of Russian design, has been under construction since 2017. The second reactor
is expected to start up in 2024. The government plans to develop up to 8 GWe of net installed
nuclear capacity by 2030 in order to reduce its reliance on fossil fuels. The country also has a
major programme of uranium enrichment.

In Pakistan, five reactors (with 1.3 GWe net capacity) were operational on 1 January 2021,
supplying about 7% of domestic electricity production in 2020. On 1 January 2021 two reactors
were under construction in Pakistan but they have since been connected to the grid, in 2021 and
2022, respectively. 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 installing additional nuclear generating capacity by 2030. The Pakistan Atomic
Energy Commission signed a contract with China (CNNC) in 2017 for a Hualong One reactor, the
country’s third of the kind after two units were installed at Karachi. China’s Import and Export
Bank is expected to provide the major part of the financing for the unit, Chashma-5.
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In the United Arab Emirates, one unit of 1.3 GWe provided around 1% of the domestic
electricity production in 2020. In late 2009, ENEC (the Emirates Nuclear Energy Corporation)
announced that it had selected a bid from a Korean KEPCO-led consortium to build four APR1400
reactors, to be built at the Barakah site. As of 1 January 2021, three pressurised water reactors
(PWRs) were under construction at the Barakah Nuclear Power Plant and two of them (Barakah-2
and Barakah-3) have since connected to the grid, in 2021 and 2022 respectively. The last unit,
Barakah-4 started construction in 2015 and in 2022 was in the final stages of commissioning prior
to construction completion.

Other countries in the region, currently without nuclear power plants, have been
considering the development of such facilities.

Jordan currently has no nuclear generating capacity. A plan to construct two reactors to
generate electricity and desalinate water, and to develop the country’s uranium resources, had
been moving forward, driven by rising energy demand and the need to reduce energy imports,
which meet around 95% of national needs. However, the project to build these two VVER reactors
has since been cancelled and the country is now considering SMRs instead. It signed in 2018
several co-operation agreements with CNNC, Rolls-Royce, NuScale, X-energy and Rosatom.

Kazakhstan continued to be the world’s largest uranium producer in 2021, but the country
has no active nuclear power generation capacity. In May 2014, Russia and Kazakhstan signed a
preliminary co-operation agreement regarding the construction of a new nuclear power plant
with generating capacity of between 300 and 1200 MWe. Discussions on building a nuclear
power plant in Kazakhstan are still pending.

Saudi Arabia is seeking to build its first nuclear power plant and has solicited information
from various vendors from China, France, Korea, Russia and the United States. In January 2021,
the energy minister said that the country is committed to becoming carbon neutral and that it
aimed to produce 50% of its electricity from renewables by 2030, with the remaining 50%
supplied by natural gas.

In Uzbekistan, the world’s fifth uranium producer as of 2021, the Uzbek Agency for the
Development of Nuclear Energy (UzAtom) and Russia’s Rosatom are working on finalising an
Engineering, Procurement, Construction (EPC) contract for Uzbekistan’s first two commercial
reactors. In 2020, a 10-year plan for Uzbekistan'’s electricity sector was developed with the Asian
Development Bank and the World Bank. It aims to develop up to 30 GW of additional power
capacity by 2030, including 5 GW of solar power, 3.8 GW of hydro energy, 2.4 GW of nuclear energy,
and up to 3 GW of wind power. In May 2020 the country’s Ministry of Energy published a report
on its strategy for electricity generation through 2030, which forecasts 15% of the country’s
electricity coming from nuclear energy by 2030, with 8% from solar and 7% from wind.

Central and South America

Governments in Argentina and Brazil continue to support nuclear power, suggesting some
growth in nuclear generating capacity in the long term, despite other countries in the region
reportedly turning away from nuclear following the Fukushima Daiichi accident.

In Argentina, three reactors were operational on 1January 2021, accounting for 7% of
domestic electricity production in 2020. The Embalse reactor returned to service in 2020
following a three-year upgrade and refurbishment programme that will allow it to operate for a
further 30 years. In addition to providing electricity, Embalse can now also produce Cobalt-60
for medical and industrial applications. In April 2020 a 20-year lifetime extension project for
Atucha 1, which currently has a licence to operate until 2024, was resumed. Work continues on
the Carem-25 small modular reactor (SMR) at the site adjacent to the Atucha Nuclear Power
Plant. In July 2021, a contract was signed between Nucleoelectrica (NA-SA) Argentina and the
country’s National Atomic Energy Commission to complete construction of the Carem-25 within
three years. There are plans to build other larger units by 2032, potentially of Chinese design. In
August 2021 NA-SA was reported to be considering a Canadian project for a CANDU reactor at a
still-undecided site.
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In Brazil, two reactors (Angra 1 and 2, with 0.5 GWe and 1.3 GWe net capacity, respectively)
were operational on 1 January 2021, providing about 2% of electricity generated in the country in
2020. Construction of the Angra-3 reactor (1.2 GWe net) was restarted in 2010 but was then
suspended in 2015 following cost overruns and corruption issues. Recently, Brazil approved a plan
to complete Angra 3 in Brazil’'s Investment Partnership Program. The plan allows for
Electronuclear to recruit a partner to help finance the project and share its ownership (minority
stake) and operation. The national long-term electricity supply plan includes installing 4 GWe of
nuclear generating capacity by 2030 to help meet rising energy demand.

Other countries in the region, including Bolivia, Chile, Cuba, Uruguay and Venezuela, do not
have nuclear power plants but have been considering developing them. Venezuela has put its
nuclear development plans on hold.

Africa

Nuclear capacity remained constant in Africa, with the region’s only two operational reactors
located in South Africa. However, government plans to increase nuclear generating capacity are
projected to drive growth in this region. Although several countries are considering adding nuclear
power plants 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 (for a total of 1.86 GWe net capacity) accounted for about
6% of the total electricity generated in the country in 2020. Early in 2020, South Africa’s
government issued a nuclear energy roadmap calling for the development of 2.5 GWe of new
nuclear capacity, including small modular reactors to bolster employment, enhance energy
security and reduce carbon emissions. In June 2020, the government revived prospective nuclear
new build plans by issuing a Request for Information to vendors of both large conventional
reactors and SMRs for information on their technologies and possible financing strategies.

In Egypt, as of January 1 2021 preparation work was underway to host four VVER-1200 units at
the country’s first nuclear power plant at the El Dabaa site. In February 2021, representatives from
the Russian and Egyptian governments reported that the COVID-19 pandemic had slowed
preparations at the site, and by May 2021 the expectation was that a construction permit for unit 1
would be issued in July 2022. The Nuclear Power Plants Authority applied to ENRRA for
construction permits for units 1 and 2 in June 2021. In 2022 construction of the first two units
started. Egypt’s energy minister and Russia’s Rosatom had previously signed several contracts,
including a “turnkey” contract, the supply of nuclear fuel for the plant’s 60-year lifetime, operation
and maintenance for the first 10 years, and a contract for the training of Egyptian personnel.
Previously, the Egyptian president had issued a decree approving a USD 25 billion loan from Russia
to Egypt covering 85% of the project costs.

Although no other countries in Africa have nuclear power plants at this time, several have
expressed interest in recent years in developing nuclear power for electricity generation and
desalination, including Algeria, Ghana, Kenya, Morocco, Namibia, Niger, Nigeria, Tanzania,
Tunisia and Uganda.

South-eastern Asia

No reactors were operational in this region at the end of 2021 but several countries are
considering nuclear development plans, 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 owing to public safety and cost concerns.

Malaysia adopted a target of 2 GWe of nuclear generating capacity in 2011, driven by an
emerging gap in electricity production and the need to diversify the energy mix. However, it was
reported that the programme was postponed as a result of public distrust following the
Fukushima Daiichi Nuclear Power Plant accident. Work continues through efforts to promote
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public acceptance, adopt the necessary regulations, sign required international treaties and
obtain low-cost financing.

In Thailand, a revision of the National Energy Policy Council scaled back the planned
contribution of nuclear energy to electricity generation from 10% to 5% and set back the
schedule for the installation of the first unit from 2020 to 2028. The postponements were
implemented to ensure safety and improve public understanding of nuclear energy. Currently,
Thailand relies on natural gas to generate over 70% of its electricity.

In Viet Nam, the government had a goal in the years 2000 for nuclear power to supply as
much as 25% of domestic electricity production by 2050, as a result of increasing electricity
demand. In 2015, Rosatom and Electricity of Vietnam signed a framework agreement for the
construction of unit 1 at the proposed Ninh Thuan Nuclear Power Plant. However shortly after,
in November 2016, the Vietnamese Parliament voted to abandon its nuclear programme in
favour of gas and coal.

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 July 2020, the president of the Philippines issued an executive order to set up an
interagency panel to look at creating a national policy for nuclear energy. Coal-fired power
generation accounts for more than half of electricity generation in the Philippines.

Pacific

This region has no commercial nuclear capacity at present. Current policy prohibits the
development of commercial nuclear energy in Australia. However, a new interest in nuclear power
was prompted by the South Australian premier in 2015 when it was announced that a Royal
Commission would investigate South Australia’s future role in the nuclear fuel cycle. In 2019,
Australia’s House of Representatives Standing Committee on the Environment and Energy
commenced an inquiry into the prerequisites for nuclear energy production in Australia. The
committee considered a range of matters, including energy affordability and reliability, economic
feasibility and workforce capability, waste management, health and safety, environmental
impacts, community engagement and national consensus.

Projected nuclear power capacity and related uranium requirements to 2040

Factors affecting nuclear capacity and uranium requirements

Reactor-related requirements for uranium over the short term are fundamentally determined
by installed nuclear capacity. Since near-term capacity is made up of reactors that are either
already in operation or under construction, short-term requirements can be projected with
greater certainty. However, even with a fixed installed nuclear capacity, uranium requirements
also depend on other factors linked to the performance and operation of installed nuclear power
plants and fuel cycle facilities. These factors include fuel cycle length, enrichment level,
discharge burn-up, as well as strategies employed to optimise enrichment services according to
the price of natural uranium (NatU), as reflected in the level of tails assays chosen in the
enrichment phase (see Table 2.3). For example, a reduction of the enrichment tails assays from
0.3 to 0.25% 235U would, all other factors being equal, reduce uranium demand by about 9.5% and
increase enrichment demand by about 11% (the tails assays selected by the enrichment provider
is dependent on many factors, including the ratio between natural uranium and enrichment
prices). Generally, increased uranium prices have provided an incentive for utilities to reduce
uranium requirements by specifying lower tails assays at enrichment facilities, to the extent
possible.
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Energy availability and capacity (or load) factors also play an important role in determining
uranium requirements. Load factors have increased to over 80% in the period 2000-2010 (IAEA,
2020). Increased load factors tend to increase uranium requirements. The world average load
factor declined to 77.4% in 2011 and further to 73.1% in the period 2012-2015 (IAEA, 2020b)
following the Fukushima Daiichi Nuclear Power Plant accident. In the period 2019-2021, the
average energy availability factor calculated for 446 reactors in the world increased instead again
to 79.5% (LAEA, 2020D).

Table 2.3. Uranium demand sensitivity to some parameters

Impact on uranium

Factor Base value GIELE requirements
Capacity (or load factor) 80% Jigzz +ZZ//:
Tails assays 0.25% +gg:§2 +ZZZ
Sy ooway
Cyclelengh 12 months 2 month e

Source: WNA, 2019; NEA/IAEA estimate.

After the Fukushima Daiichi Nuclear Power Plant accident, overcapacity in the enrichment
market incentivised operators to “underfeed” enrichment facilities by extracting more #**U from
the uranium feedstock. This reduces the amount of uranium required to produce contracted
quantities of enriched uranium and, in turn, creates a stockpile of uranium. In recognition of
these recent market trends, and since the 2012 edition of the Red Book, uranium requirements
for the operational lifetime of projected new reactors in this publication have been reduced from
175 tU/GWe/yr, the original assumption being a tails assay of 0.30%, to 160 tU/GWe/yr, under
the new assumption of a tails assay of 0.25% over the lifetime of the reactor. In the absence of
data provided by governments, this is the uranium requirement factor which has been applied
in this edition of the Red Book.

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.

World uranium requirements, which are defined in the Red Book as anticipated acquisitions,
not necessarily consumption, are expected to increase in the coming years as a significant amount
of capacity currently under construction comes online, particularly in Asia. Installation of new
nuclear capacity will increase uranium requirements, not only because of the additional capacity
that will have to be fuelled but also because first load fuel requirements are around 60% higher
than reloads for plants in operation. 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 to
keep existing plants operating as long as this can be achieved safely and upgrading existing
generating capacity where possible (i.e. long-term operation).

Significant nuclear build programmes are underway in China and continue in India.
Although the impacts of the global financial crisis have slowed the implementation of ambitious
new build plans in some countries, several other nations remain committed to long-term
growth in nuclear generating capacity. Smaller scale programmes to increase nuclear
generating capacity are underway in the Czech Republic and Finland, for example, while Poland
continues to work towards the construction of its first reactors.
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Box 2.1. Nuclear power and clean energy transitions

Nuclear power has avoided about 63 Gt of CO2emissions over the past 50 years, a quantity equivalent to
2 years of global energy-related CO; emissions (IEA, 2019). Without nuclear power, emissions from
electricity generation would have been almost 20% higher. About 90% of the avoided emissions were in
advanced economies, with the European Union and United States each avoiding approximately
22 GtCO:z (see Figure 2.2). Without nuclear power, emissions from electricity generation would have
been 25% higher in Japan, 45% higher in Korea and over 50% higher in Canada over the period
1971-2018 (IEA, 2019).

In order to be on track with sustainability targets, including international climate goals, the expansion
of clean electricity would need to be three times faster than at present (IEA, 2019). It would require 85%
of global electricity to come from clean sources, by 2040, including nuclear, compared with just 36%
today. In the absence of further lifetime extensions and new nuclear projects, it could result in additional
4 billion tonnes of CO, emissions, underlining the importance of the nuclear fleet to low-carbon energy
transitions around the globe.

Figure 2.2. Cumulative CO; emissions avoided by nuclear power
in selected countries over the period 1971-2018

(GtCO,)
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Source: IEA, 2019

The extent to which nuclear energy is seen as instrumental in meeting low-carbon reduction targets will
have a clear effect on the role that nuclear energy is able to play in meeting future electricity demand,
and therefore, a clear impact in uranium requirements worldwide. As noted in (NEA, 2022), while the
potential exists for nuclear energy to play a much larger role in global climate change mitigation efforts,
various enabling conditions would be required. To seize the window of opportunity, the nuclear sector
must move quickly to demonstrate and deploy both near-term and medium-term innovations, including
Generation IV and small modular reactors.

Projections to 2040

Projections of nuclear capacity and reactor-related uranium requirements are based on official
responses from member countries to questionnaires circulated by the NEA/IAEA and projections
established by an expert group (IAEA/NEA) and published in the IAEA report Energy, Electricity
and Nuclear Power Estimates for the Period up to 2050. Because of the uncertainty in nuclear
programmes from 2020 onwards, high and low values are provided. The low case forecast
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assumes current market and technology trends continue with few additional changes in policies
and regulations affecting nuclear power and includes implementation of phase-out or reduced
nuclear generation policies. The high case assumes that current rates of economic and
electricity demand growth continue. It also assumes changes in country policies towards the
mitigation of climate change.

Forecasts of installed capacity and uranium requirements, although uncertain because of
the factors mentioned in the previous section, continue to point to long-term growth. World
installed nuclear capacity (see Table 2.4) in the low case scenario is projected to remain flat
through 2040 (from around 390 GWe at the beginning of 2021 to about 394 GWe by the year 2040)
or to significantly increase in the high case scenario, to 677 GWe. By 2030, the high case scenario
projection sees an increase of 23% with respect to the 2021 level, indicating that significant
expansion activities are already underway in several countries, compensating the announced
nuclear power plant closure programmes in others.

Table 2.4. Installed nuclear generating capacity to 2040*

(GWe net)*
EEN B HEREREE

low high
European Union 104.3 100.4 96.5 97.4 89.8 96.6 85.6 104.6 78.7 121.0
North America 111.8 110.7 97.2 111.7 87.3 111.8 724 112.8 64.6 1154
East Asia 106.1 107.7 | 108.8 | 1255 | 1239 | 169.1 126.1 207.8 141 | 258.1
Europe (non-EU) 55.1 52.6 45.8 494 494 58.6 51.7 70.2 56.3 93.0
Central and South America 37 35 35 3.6 4.9 4.9 45 6.6 7.0 10.7
g"o'ﬂfl:eAE?:t' Central and 104 | 127 | 176| 200| 238| 358| 338| 528| 37.7| 6138
South Eastern Asia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 5.0
Africa 1.8 1.9 1.9 19 19 19 43 8.7 7.7 11.7
Pacific 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
World Total 393.0 390.0 371.0 410.0 381.0 479.0 378.0 564.0 394.0 677.0

* NEA/IAEA estimate based on government-supplied responses to a questionnaire and data established by a group of experts (IAEA/NEA)
and published in IAEA, 2021a, 2022.

These projections are subject to uncertainty?, since the role that nuclear power will play in
the future generation mix in some countries has not yet been determined. Over the short term,
in both the low and high case, competitive challenges from other electricity generation sources,
along with nuclear policy hurdles, will continue to affect nuclear growth in some regions of the
world. In addition, new safety requirements have in general strengthened the robustness of
responses to extreme events, but the costs of implementing these measures could reduce the
competitiveness of nuclear power in some liberalised markets.

Several currently operating reactors, mainly in OECD countries, were set on a path for early
decommissioning as a result of economic challenges or policy decisions. Nevertheless, in 2018,
construction started on the first of four planned reactors in Tirkiye and the first formal start of
nuclear construction in the Western Europe since 2007 began at Hinkley Point C, in the United
Kingdom. The high case projection for Japan sees installed capacity staying about the same, as
several reactors remain in service and ageing units are replaced by new reactors.

1 For instance, estimations to 2050 by IEA (2021b) which are considered conservative, project a nuclear
generating capacities of around 810 GWe in 2050. These do not include, like the estimations presented
in this work, the potential role that nuclear innovation may play in the future (SMRs or other emerging
electric and non-electric applications of nuclear) (NEA, 2022).
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Nuclear capacity projections vary considerably from region to region. The East Asia region
is projected to experience the largest increase and could result in the installation of between
33 GWe and 150 GWe of new capacity in the low and high cases, respectively, by the year 2040,
representing an increase between about 30% and 155% compared with 2020 capacity

Other regions projected to experience significant nuclear capacity growth include the
Middle East, and the Central and Southern Asia region, notably with India’s ambitious expansion
plan and several potential newcomer countries (Kazakhstan, Saudi Arabia or Uzbekistan). In the
high case scenario, nuclear capacity in non-EU member countries on the European continent is
projected to increase considerably, with 75 GWe of capacity projected by 2040 in the high case
(increases of about 66% over 2020 capacity). More modest growth is projected in Africa, Central
and South America and the South-eastern Asia regions.

For North America, the projections see nuclear generating capacity decreasing by 2040 in both
the low and high case, depending largely on future electricity demand, lifetime extension of
existing reactors and government policies with respect to greenhouse gas emissions. The reality
of financial losses at several reactors in the United States has resulted in a larger number of
premature shutdowns to be assumed. In Canada, despite the reactor refurbishment programme
that will result in the long-term operation of the existing fleet, there is little support for new
reactor construction in the period to 2040, with the exception of small modular reactors. In the EU,
nuclear capacity in 2040 is projected to decrease by around 20% in the low case scenario but
increase by around 30% in the high case. The low case projection includes the implementation of
phase-out or reduced nuclear generation policies, continued growth 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, Poland and the
United Kingdom.

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
requirements are projected to be largest in the East Asia region, where increased installed nuclear
generating capacity (particularly in China) drives significant growth in uranium needs. World
reactor-related uranium requirements by the year 2040 are projected to increase to a total of
between 63 040 tU/yr in the low case and 108 272 tU/yr in the high case (see Table 2.5).

Table 2.5. Annual reactor-related uranium requirements to 2040*

(tonnes U per year)

Region
Africa 294 304 304 304 304 688 | 1392 | 1232 | 1872
Central and South America 619 560 576 784 784 720 1056 1120 1712
East Asia 16039 | 17408 | 20080 | 19824 | 27056 | 20176 | 33248 | 22560 | 41296
Europe (non-EV) 9244 | 7328 | 7904 | 7904 | 9376 | 8272 | 11232 | 9008 | 14880
European Union 12942 | 15440 | 15584 | 14368 | 15456 | 13696 | 16736 | 12592 | 19360
Q’Eﬂfﬁe,i?jt’ el 1945 | 2816 | 3200 | 3808 | 5728 | 5408 | 8448 | 6032 | 9888
North America 19031 | 15552 | 17872 | 13968 | 17888 | 11584 | 18048 | 10336 | 18464
Pacific 0 0 0 0 0 0 0 0 0
South Eastern Asia 0 0 0 0 0 0 0 160 800
World Total 60114 | 59408 | 65520 | 60960 | 76592 | 60544 | 90160 | 63040 | 108272
* NEA/IAEA estimate.
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Figure 2.3. Projected annual reactor-related uranium requirements to 2040
(low and high projections)
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Uranium supply and demand relationship

Uranium supply has met 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. Secondary sources of uranium
include stockpiles of natural and enriched uranium, blending down weapons-grade uranium,
reprocessing of spent fuel, underfeeding and the re-enrichment of depleted tails.

Primary sources of uranium supply

Uranium was produced in 17 countries in 2020 and 2021, with total global production amounting
to 47 342 tU in 2020 and 47 472 tU in 2021 (see Table 1.18).

Kazakhstan is the world’s largest producer and remained in that position through 2021,
being responsible for over 46% of world uranium production that year. The top six producing
countries in 2021 (Kazakhstan, Namibia, Canada, Australia, Uzbekistan and Russia, by order of
production) accounted for 88% of world production, while 99% of world uranium production
took place in 10 countries (Kazakhstan, Namibia, Canada, Australia, Uzbekistan, Russia, Niger,
China, India and Ukraine).

The COVID-19 pandemic triggered a decrease in the supply of uranium as the main
producers suspended uranium operations and temporarily closed their mines. Nevertheless, the
suspension of uranium mining activity is not expected to disrupt the performance of nuclear
power reactors in the near term as utilities and fuel cycle producers hold significant stocks (see
section below on stocks and inventories).
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Of all countries with installed nuclear generating capacity, only Canada produced enough
uranium to meet domestic requirements (see Figure 2.4) in 2021. 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. The difficulties that some producing countries have encountered with respect to
international shipping requirements and transfers to international ports have therefore always
been a matter of concern.

Figure 2.4. Uranium production and reactor-related requirements
for major producing and consuming countries

(data as of 1 January 2021)
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Because of the availability of secondary supplies, primary uranium production volumes
have been significantly below world uranium requirements for some time. However, this trend
has changed in recent years as production has increased and requirements have declined. In
2020, world uranium production provided around 74% of world reactor requirements. In OECD
countries, the gap between production and requirements has changed little as both have
declined in the past years. In 2020, production of 10 125 tU provided only around 25% of OECD
requirements (39 941 tU). Remaining reactor requirements were met by imports and secondary
sources.

—
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Figure 2.5. OECD and world uranium production and requirements
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Secondary sources of uranium supply

Uranium is unique among energy fuel resources in that, historically, 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 from the reprocessing of spent reactor fuels and from

surplus military plutonium; underfeeding;
depleted uranium tails.

and uranium produced by the re-enrichment of

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 (see Figure 2.6). 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 overproduction created a stockpile
of uranium potentially available for use in commercial power plants. After 1990, production fell

well below demand and secondary supplies

fed the market. Since 2008, requirements increased

slightly before declining again in the last few years owing to unplanned reactor closures in
Germany and Japan following the Fukushima Daiichi Nuclear Power Plant accident. Uranium
production since 2007 has generally increased and has partially closed the gap between
production and reactor requirements. The decline in requirements in 2018 was likely related to
the reduced number of reactors being refuelled in Japan. More recently, producers have responded
to the sustained uranium market downturn by temporarily shutting some operations and scaling
back uranium production at other mines, causing a slight gap between supply and demand to

reappear.
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Figure 2.6. World annual uranium production and requirements
(1949-2021)
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Following the political and economic changes in Eastern Europe and the former Soviet Union
in the early 1990s, steps were taken to move towards the development of an integrated global
commercial market. More uranium is now available from the former Soviet Union, most notably
from Kazakhstan, but also from Russia and Uzbekistan. Despite these developments and more
information being available on the amount of uranium held in inventory by utilities, producers
and governments, uncertainties remain regarding the size and the mobility of these inventories,
as well as the availability of uranium from other potential secondary supply sources. Although
it is still early to analyse the long-lasting consequences in the global uranium market, it is clear
that the geopolitical crisis triggered by Russia’s invasion of Ukraine in February 2022 can create
additional barriers to the exchange of Russia’s stocks in the international market. These latter
uncertainties 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
countries, give a rough indication of the maximum level of the potential inventories
commercially available when considering cumulative production and requirements for
uranium at the global level. This leaves an estimated remaining stock of around 525 000 tU,
which is a rough estimate of the upper limit of what could potentially become available to the
commercial sector (see Figure 2.7). This base of already mined uranium 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. However, since the end of the Cold War,
increasing amounts of uranium, previously reserved for strategic purposes, have been released
to the commercial sector.
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Figure 2.7. World cumulative uranium production and requirements
(1949-2021)
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Civilian inventories include strategic stocks, pipeline inventory and commercial stocks
available to the market. In recent years, material held by financial investors has been a part of
the inventory. Utilities are believed to hold the majority of commercial stocks because many
have policies that require them to carry the equivalent of one to several 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,
because of confidentiality concerns, to provide detailed information on stockpiles held by
producers, consumers or governments.

In the United States, as of 1 January 2021, total commercial inventories (utilities and
producers’ stocks) were 54 483 tU (EIA, 2021). Around 76% of the commercial inventories were
held by owners and operators of commercial reactors. Enriched uranium inventories held by
utilities (including fuel elements in storage) in 2021 (around 20 145 tU) were up around 8% from
their 2019 values, whereas natural uranium inventories held by utilities (including UFs in storage)
have decreased 10% from their 2019 values (EIA, 2021).

In the European Union, uranium inventories (still including UK inventories) held by utilities
at the end of 2020 totalled 42 396 tU, enough for an average of more than two years’ fuel supply,
and down around 7% since the end of 2018 (ESA, 2020 and 2021) (see Table 2.6).

Uranium requirements are growing rapidly in East Asia, in particular in China. By 2040,
demand in this region is expected to be roughly equivalent and even surpass (in the high case
scenario) that of North America and the EU together. Questionnaire responses received during
the compilation of this edition revealed little about national inventory policies in the East Asia
region. Based on import statistics, it is estimated (WNA, 2021) that as of 1 January 2021, China
had an accumulated inventory of over 129 000 tU, while India held an inventory of 9 600 tU. It is
assumed that these countries are holding these stocks in anticipation of increasing uranium
requirements due to the significant number of reactors under construction and planned, and
also for strategic purposes.
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Table 2.6. Uranium inventories held by EU and US utilities

(tonnes natural U equivalent at the end of the year)

Inventories held by owners
and operators of the US

Inventories held by

EU utilities nuclear power plants
2015 51892 46589
2016 51514 49217
2017 49004 47635
2018 45342 42759
2019 42912 43385
2020 4239 41024
2021 36810* 417320

Source: ESA Annual Report, 2019, 2020, 2021; US EIA Uranium Marketing Annual report 2019,
2020, 2021.
* Note the EU data no longer includes UK inventories as of 2021 figures.

a) Preliminary data.

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 US Energy Information Administration notes that
US-based traders and brokers held about 9 600 tU as of 1 January 2021 (EIA, 2021), an almost
threefold increase compared to the levels at the end of 2016.

Excess uranium inventories held by the US government were last reported in 2013. At that
time, the government possessed 56 031 tU, which includes 17 596 tU of uranium concentrates,
12 485 tU of enriched uranium, and 25950 tU of depleted uranium. In May 2014, the US
Government Accountability Office reported that as of 31 December 2012, the US Department of
Energy maintained an excess uranium inventory of 29 tU in highly enriched uranium (HEU);
48 tU in low-enriched uranium (LEU); 12 939 tU in natural uranium; 114 000 tU in high-assay
depleted uranium tails; and 387 000 tU in low-assay depleted uranium tails. A DOE Secretarial
Determination must be made in advance of sales or transfers of these inventories in order to
provide assurance that the transactions will not have an adverse material impact on the
domestic uranium mining, conversion or enrichment industries.

In the calendar year 2015, the DOE Secretarial Determination authorised the transfer of up
to 2 000 tU to DOE contractors for clean-up services at the Portsmouth gaseous diffusion plant
and up to 500 tNatU to the National Nuclear Security Administration (NNSA) for blending down
HEU to low-enriched uranium (LEU). Other transactions involved 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 TVA as part of a
commercial transaction to support future power generation and tritium production from 2013
through 2030. In 2016, the US DOE Secretary determined that exchange of LEU to HEU down-
blending services serves national security purposes and that in this case the transfers no longer
require a Secretarial Determination.

In 2017, the US DOE issued a new Secretarial Determination that further reduces transfers
of material to support Portsmouth gaseous diffusion plant clean-up work to 1 200 tU as natural
UFe.

In 2018, the Secretary of Energy issued a determination covering the transfer of low-
enriched uranium in support of the tritium production mission. The Secretarial Determination
establishes the national security purpose of these transfers, therefore these uranium transfers
were conducted under Section 3112(e)(2) of the USEC Privatisation Act of 1996.
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Large stocks of uranium, previously dedicated to the military in both the United States and
Russia, 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 these governments 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 Russia

Russia 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). The United States
Enrichment Corporation (USEC), the executive agent for this agreement, purchased the
enrichment component of the LEU, about 5.5 million SWU per year, from Techsnabexport
(TENEX) of Russia. Under a separate agreement, the natural uranium feed component of the
HEU purchase agreement was sold under a commercial arrangement between three western
corporations (Cameco, Areva and Nukem) and TENEX. Deliveries under this government-to-
government agreement were finalised at the end of 2013. As of 2022, it is clear that the changing
geopolitical scene will see western utilities seeking western uranium enrichment services and
fuel providers.

HEU from the United States

As of June 2015, the US DOE reported 15 t of unallocated HEU. Following the current campaign,
the National Nuclear Security Administration (NNSA) plans to conduct a HEU down-blending
offering for tritium (DBOT) programme in the fiscal years 2019-2025.

Fuel banks

Efforts by governments and international agencies have also resulted in actions to create
nuclear fuel banks - another form of inventory.

Driven by rising energy needs, non-proliferation and waste concerns, governments and the
IAEA have made a number of proposals aimed at strengthening non-proliferation by
establishing multilateral enrichment and fuel supply centres.

In December 2010, the first LEU reserve was inaugurated in Russia at the International
Uranium Enrichment Centre in Angarsk under IAEA auspices. This LEU reserve is comprised of
120 t LEU in the form of UFs enriched to 2%-4.95% 2**U. Under IAEA safeguards, the reserve will be
made available to IAEA member states whose supplies of LEU are disrupted for reasons unrelated
to technical or commercial issues. The LEU reserve is not intended to distort the functioning of
the commercial market, but rather to reinforce existing market mechanisms of member states.

Also in December 2010, the IAEA Board of Governors authorised the IAEA Director-General
to establish a LEU bank to serve as a supply of last resort for nuclear power generation. The IAEA
reserve is a backup mechanism to the commercial market in the event that an eligible member
state’s supply of LEU is disrupted and cannot be restored by commercial means. In May 2015,
Kazakhstan signed a draft agreement with the IAEA to host the IAEA LEU bank at the Ulba
Metallurgical Plant. The IAEA LEU bank is a physical reserve of up to 90 metric tons of low-
enriched uranium suitable to make fuel for a typical light water reactor. In 2018, the IAEA signed
contracts to purchase LEU, paving the way towards the establishment of the IAEA LEU Bank in
2019. The IAEA LEU Bank was established and became operational on 17 October 2019. The
establishment and operation of the IAEA LEU bank is fully funded by voluntary contributions.
Donors have provided a total of USD 150 million to establish the LEU Bank and operate it for at
least ten years. Donors include the Nuclear Threat Initiative (NTI), the United States, the
European Union, the United Arab Emirates, Kuwait, Norway and Kazakhstan.
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Nuclear fuel produced by reprocessing spent reactor fuels and surplus weapons-related
plutonium

The constituents of spent fuel from nuclear power plants 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 more than 90% of the original
material is essentially made up of uranium-238, along with the plutonium and remaining
uranium-235. The recycled plutonium can be reused in reactors licensed to use mixed oxide
(MOX) fuel. 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 altered world uranium demand since only a relatively small number
of reactors are using this type of fuel. As of January 2021, there were 25 reactors, or around 5%
of the world’s operating fleet, licensed to use MOX fuel, in France, India, and the Netherlands
(see Table 2.1). Reprocessing and MOX fuel fabrication facilities exist or are under construction
in France, India, Japan and Russia. China is also building a pilot processing plant (200 tHM/yr)
that is planned to be operational in the mid-2020s.

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. Under the latest schedule, completion of the
reprocessing plant has been put back to the first half of 2023 while the JMOX plant still needs to
pass further checks on its construction plans before it can start operations, with currently no
official date for the start of commercial operations.

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 145tHM to 195tHM of MOX fuel
(corresponding to 1560 tNatU). Annual MOX production in France varies below this licensed
capacity, in accordance with contracted quantities. Most of the MOX production is used to fuel
French nuclear power plants (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 quantity of plutonium contained in the
MOX fuel loaded into nuclear power plants in the EU was 5 308 kg in 2020, a slight increase over
the 5 241 kg used in 2019 (ESA, 2021). Use of plutonium in MOX fuel reduced natural uranium
requirements in the EU by an estimated 481 tU in 2020. In the 1996-2021 period, MOX fuel use in
EU reactors has displaced a cumulative total of 25 922 tU through the use of 238.2 t of Pu (ESA,
2021). 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 (see Table 2.7).

Uranium recovery through reprocessing of spent fuel, known as RepU, has been conducted in
the past in several countries, including Belgium and Japan (see Table 2.8). It is now routinely
undertaken only in France and Russia, principally because the production of RepU is a relatively
costly endeavour, in part because of 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. 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 facility with a capacity of about 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 recycling facility.
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Table 2.7. MOX production and use

Total through Total through 2021
end of 2018 end of 2020 (expected)

MOX production

Belgium 523 0 0 523 0
France 24 397 870 635 25902 NA
Japan 684 0 0 684 NA
MOX use

Belgium 520 0 0 520 0
Japan 1154 16 0 1170 NA
Switzerland 1407 0 NA NA NA

Table 2.8. Reprocessed uranium production and use

Tendofooia | 21 2020 | 0 om0 | (expected

RepU production

France(a) 28 982 1026 980 30988 1026
Japan 645 NA NA NA NA
United Kingdom® 15000 0 0 15000 0
RepU use

Belgium® 508 0 0 508 0
France 5300 0 0 5300 0
Germany® 0 0 0 0 0
Japan 217 0 0 217 0
Switzerland® 4750 116 33 4899 45
United Kingdom® 1767 39 0 195 38

(a) See 2021 edition of NEA Nuclear Energy Data. Rows with countries that did not report any data in past years were suppressed.

MOX produced from surplus weapons-related plutonium

In September 2000, the United States and Russia signed the Plutonium Management and
Disposition Agreement that committed each country to dispose of 34t of surplus weapons-
grade plutonium at a rate of at least 2 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.

In the United States, the MOX fuel was to be fabricated at the DOE’s Savannah River complex
in South Carolina. The DOE’s NNSA awarded a contract for construction of the Mixed Oxide Fuel
Fabrication Facility (MFFF) in 2001 and construction was officially started in 2007. In mid-2013,
however, it was reported that the project had encountered technical difficulties and was running
over budget. Since 2014, the project has seen progressive cuts to its funding as the DOE’s National
Nuclear Safety Administration embarked on a review of its plutonium disposition strategy. The
DOE NNSA terminated the MOX project in October 2018. The facility was being built as part of the
2000 agreement with Russia whereby each country would dispose of 34 tonnes of weapons-grade
plutonium. Russia — which had agreed to dispose of the material in fast reactors — suspended the
agreement in October 2016.
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The Russian MOX facility was reportedly abandoned in favour of burning excess plutonium
in fast breeder reactors (WNA, 2017). A MOX fuel fabrication facility established by Mining and
Chemical Combine (MCC) Zheleznogorsk, a Rosatom subsidiary, was officially started in 2015.
Russia has no commercial reactors using MOX fuel, but its BN-800 fast neutron reactor will use
MOX fuel. In August 2020, the MCC has received a five-year licence for the industrial production
of MOX fuel for the Beloyarsk-4 BN-800 fast neutron reactor.

Uranium produced by re-enrichment of depleted uranium tails? and uranium saved
through underfeeding

Depleted uranium 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 enrichment plants with spare capacity and low operating costs.

The world stock of depleted uranium in 2021 is of around 1.2 million tonnes, with around
50 000 tonnes of depleted uranium being added yearly to already substantial stockpiles in the
United States, Europe and Russia (WNA, 2021). Following the construction of new centrifuge
enrichment facilities and declining demand since the Fukushima Daiichi Nuclear Power Plant
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.

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
U30s. Currently, deconversion takes place in France, and Urenco UK is constructing a tails
management facility.

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 1 190 MWe Columbia generating station. 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.

GE-Hitachi Global Laser Enrichment proposed to build and operate a tails processing plant
using Silex laser enrichment technology on land adjacent to the closed Paducah gaseous diffusion
enrichment plant. Successful development of laser enrichment could potentially result in an
additional supply of uranium to the market in the longer term. However, GE-Hitachi Global Laser
Enrichment recently announced plans to slow development of its laser technology because of poor
market conditions. Some other commercial enrichment providers (e.g. Urenco) have indicated an
interest in using centrifuge enrichment capacity for tails re-enrichment.

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

2. Depleted uranium is the by-product of the enrichment process, with less °U than natural uranium.
Normally, depleted uranium tails contain between 0.25% and 0.35% 2**U compared with the 0.711% U
found in nature.
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Table 2.9. Re-enriched tails production and use

(tonnes of equivalent natural U)

Count Total to 2021
y end 2018 (preliminary)

Production

United States 5678 0 0 0
Netherlands® 21135 3439 3712 2834
Use

Belgium® 345 0 0 0
Finland 843 0 0 0
Sweden® 3700 200 0 0
United States 1940 0 0 0

NA = Data not available. (a) 2021 edition of NEA Nuclear Energy Data. (b) Purchased for subsequent re-enrichment.

Underfeeding

The potential for underfeeding of enrichment plants is also a source of secondary supply, which
has become more important in the last few years. Underfeeding reduces the amount of uranium
required to produce contracted quantities of enriched uranium and, in turn, creates a stockpile of
uranium that can be sold. It is estimated that global underfeeding and tails re-enrichment
contribute up to 6 000 tU of supply per year (WNA, 2019).

In recent years, secondary supply has shown a downward trend resulting from the end of
the “Megatons to Megawatt” agreement. The level of secondary supply is currently around
10 500 tU/yr and is likely to decrease to about 6 000 to 7 000 tU/yr by 2040 (WNA, 2022).

Uranium market developments

Uranium prices

Some national and international authorities (Australia, the United States and Euratom), 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
Euratom (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 2.8 displays
this mix of annual prices reported for both short-term and longer-term purchases and exports.

The overproduction of uranium, which lasted through 1990 (see Figure 2.6), 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 and production. 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. They then rose more rapidly through 2005 and 2006, with spot prices reaching a peak
through 2007 and 2008, and fell off rapidly, recovering somewhat in 2011 and declining in 2012
(see Figures 2.8 and 2.9). In contrast, EU and US long-term price indices continued to rise until 2011
before levelling off in 2012, and then started to decline until 2019. Fluctuations in these indicators
do not rival the peak in the spot market in 2007 and 2008 or the degree of declining prices since
2011 since they reflect contract arrangements made earlier under different price 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.
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Figure 2.8. Uranium prices for short- and long-term purchases and exports
(1982-2021)
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Source: ESA, 2021, EIA, 2021.

Figure 2.9. Uranium spot price dynamics
(TradeTech Exchange Value trend, 2002-2022)
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Note: The Exchange value is Trade Tech’s judgement of the price at which spot and near-term transactions for significant quantities
of natural uranium concentrates could be conducted as of the last day of the month.
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In addition to this information from government and international sources, spot price
indicators for immediate or near-term delivery (less than one year), which typically amount to
15% to 25% 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 (see Figure 2.9). 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 Us0s (USD 105/kgU) in February 2010. It recovered to USD 72.25/1b UsOs (USD 188/kgU)
at the end of January 2011, before declining to USD 27/lb UsOg (USD 70.2/kgU) at the end of 2018
(see Figure 2.9). In May 2019, the spot market price declined to USD 24/Ib UsOs (USD 62.4/kgU). In
June 2021, the spot price was USD 32.40/1b UsOs (USD 84.2/kgU).

A variety of factors have been advanced to account for the spot price dynamics between 2003
and 2020, including problems experienced in nuclear fuel cycle production centres 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. The expected expansion of
nuclear power generation in countries such as China, India and Russia, combined with the
recognition by many governments of the role that nuclear energy can play in enhancing security
of energy supply, contributed to the strengthening market through 2007. The influence of
speculators in the market helped accelerate upward price movement at this time. The downturn
in the spot price since June 2007 began with the 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.

In late 2007, the uranium spot price began a gradual decline that settled in 2009 in a range
between USD 40/lb UsOs (USD 104/kgU) and USD 50/1b UsOs (USD 130/kgU). 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 Nuclear Power Plant accident precipitated an initial rapid
decline in price. 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 2019. In
addition, the excess uranium inventories and the decline in uranium needs as a result of the
substitution of enrichment (underfeeding) contributed to the downdraught in uranium prices.
Significant uranium production cuts have been made during 2018-2019 (e.g. McArthur River
mine in Canada) contributing to high spot purchasing levels as producers and traders bought
material to cover near-term delivery commitments. The significant rise in the spot price seen
in March and April 2020 was precipitated largely by additional curtailments to primary
production brought on by the COVID-19 pandemic.

The uranium market was also impacted by macroeconomic trends. The strengthening of
the US dollar in recent years, especially in relation to the currencies of major uranium producers
(e.g. Canadian dollar, Kazakh tenge, Russian rouble and South African rand) contributed to the
uranium price volatility. Non-US mining companies have benefited from US dollar appreciation
against these currencies, as most of their operating costs, including labour, are in their domestic
currencies. This allowed them to keep operating the mines despite falling uranium market
prices, expressed in US dollars.

The uranium market could be further affected by developments on both the demand and
supply side. Demand factors include Japanese restarts and successful global new builds. Key
considerations on the supply side include uranium production levelling off in the short term as
well as possible limitations on government inventories. When looking at the longer-term
outlook, there is a general agreement that nuclear growth is likely to continue. Asia and the
Middle East are the most critical markets for new reactors, and new uranium production will be
needed in the coming decades. However, new uranium supply capacity would need the right
price signals for producers to make investments.
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Policy measures in the EU and uranium prices

Since its establishment in 1960 under the Euratom Treaty, the Supply Agency of the European
Atomic Energy Community (ESA) has pursued a policy of diversification of sources of nuclear
fuel supply 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 concurred by the
ESA. Based on its contractual role and its close relations with industry, the ESA monitors the
market with a particular focus on supplies of natural and enriched uranium to the EU. The 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 with diverse suppliers and
it continues to promote transparency and predictability in the market.

Uranium purchased for EU reactors came from diverse sources in 2021 (ESA, 2021). The top
five providers amounted to more than 96% of all uranium purchased by EU utilities. In decreasing
order of percentage of uranium provided, these were: Niger (24%), Kazakhstan (23%), Russia (20%),
Australia (16%), and Canada (14%). Uranium of European origin delivered to EU utilities covered
less than 2% of the EU’s total purchases (ESA, 2021).

Since uranium is sold mostly under long-term contracts and the terms are not made public,
the ESA traditionally publishes 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 a new natural uranium multi-annual contracts index price (MAC-3) in 2009. 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 (see
Table 2.10).

Table 2.10. ESA average natural uranium prices
(2011-2021)

Multi-annual contracts Spot contracts New multi-annual contracts (MAC-3)
EUR/kgU USD/Ib UsOs EUR/kgU USD/Ib UsOs EUR/kgU USD/Ib UsOs
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
2014 78.31 40.02 74.65 38.15 93.68 47.87
2015 94.30 40.24 88.73 37.87 88.53 37.78
2016 86.62 36.88 88.56 37.71 87.11 37.09
2017 80.55 35.00 55.16 23.97 80.50 34.98
2018 73.74 33.50 44.34 20.14 74.19 33.70
2019 79.43 34.20 55.61 23.94 80.00 3445
2020 71.37 31.36 HxX Fxx 75.51 33.17
2021 89.00 40.49 HRE *xE 92.75 42.19

Source: ESA, 2019, 2020, 2021.

Note *** In 2020 the ESA spot price was not calculated because there were not enough transactions (less than 3) to calculate the index.
Before 2021: data for EU-27 + UK.

Since uranium is priced in US dollars, fluctuation of the EUR/USD exchange rate influences the level of the price indices calculated. The
average EUR/USD rate in 2021, according to the European Central Bank, stood at 1.18, which was 3.5% higher than in the previous year.
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Supply and demand to 2040

Market conditions are the primary driver of decisions to develop new or expand existing primary
production centres. Market prices have generally increased since 2003, and plans for increasing
production capability continued through 2021. A number of countries, notably Australia, Brazil,
Canada, China, India, Namibia, Niger, Russia and South Africa, have plans for significant additions
to future production capability. Some other countries, notably Botswana, Denmark/Greenland,
Finland, Mauritania, Mongolia and Tanzania are working towards producing uranium in the near
future. These developments are important as global demand is projected to increase in the longer
term, and secondary sources are expected to decline somewhat in availability.

However, with rising mining and development costs and the long pause in nuclear
development following the Fukushima Daiichi Nuclear Power Plant accident, along with the
continuing decline of market prices through 2019, delays in some of the planned mine
developments have been announced. Uranium production has also slowed at a number of existing
facilities because of poor market conditions. The most significant of these changes was the
suspension of Canada’s McArthur River mine and Key Lake mill, following a series of production
cuts to Kazakh production, a reduction to Niger uranium output, and cessation of production at
Langer Heinrich project in Namibia. Meanwhile, many ISL mines in the United States are facing a
situation in which no new capital is being invested into developing new wellfields. In addition,
over the first part of 2020, the COVID-19 pandemic significantly impacted production, with many
mines temporarily closed. An improvement in uranium market conditions should see at least
some of the delayed projects or the mines in care and maintenance reactivated in order to ensure
supply to a growing global nuclear fleet. Since several of these projects have advanced through
regulatory and other development steps, the time required to bring these facilities into production
should be reduced overall, and production will likely be able to respond more rapidly to increasing
demand.

Despite some uncertainties and challenges in raising investment for mine development,
producers have moved to increase production capability in recent years and governments are
laying the groundwork (e.g. legislation and regulations) for mine development in countries that
have not previously hosted uranium production. However, should uranium demand increase as
projected, producers would still face a number of significant and unpredictable issues in bringing
new production facilities on stream, including geopolitical and policy factors (e.g. from the ban on
new uranium mine development in Western Australia, to terrorist attacks in Niger and a global
pandemic), technical challenges and risks at some facilities, the development of more stringent
regulatory requirements and heightened expectations of governments hosting uranium mining
(e.g. increased taxes and contributions to regional socio-economic development).

As reactor requirements are projected to rise through 2040, production capability is also
projected to expand (see Figure 2.10). As noted earlier, secondary sources can be expected to
continue to be a source of supply for some years, despite a general downward trend.

If all existing and committed mines (A-II) produce at or near stated production capability,
high case demand is projected to be met through 2025 (without taking into account the
secondary supplies). If planned and perspective production capability is included (B-1I), high
case demand requirements are projected to be met through 2035. Planned capability from all
existing and committed production centres is currently projected to cover around 78% of low
case requirements through 2040 and about 46% of high case requirements in 2040. With the
inclusion of planned and prospective production centres, primary production capability would
more than satisfy low case requirements through 2040, would cover all high case demand
through 2035 and around 91% of the high case demand in 2040.

However, real mine production is rarely more than 85% of a mine’s production capability and
several challenges will need to be overcome in order for all planned and prospective uranium
projects to be successfully brought into production. Figure 2.10 also gives, therefore, an overview
of the supply/demand relationship with global production capability at 85% of mine production
capability. In this case, a gap is identified for the high case reactor requirements scenario starting
with 2025 and can be filled with secondary supply or new projects.
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Figure 2.10. Projected world uranium production capability to 2040 (supported by identified
resources at a cost of <USD 130/kgU) compared with reactor requirements
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Source: Tables 1.23 and 2.5.

Figure a) illustrates the A-ll case (production capability of existing, idled and committed centres supported by RAR and
inferred resources recoverable at <USD 130/kgU). Figure b) illustrates the B-Il case (production capability of existing, idled,
committed, planned and prospective centres supported by RAR and inferred resources recoverable at <USD 130/kgU).
Both figures illustrate two production capacities per case: the light shaded area represents 100% of production capacity,
the darker shade represents 85% of the production capacity.

Note that figures do not include the secondary supply forecast, which has in the past filled the gap between primary
production and demand.
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The total identified uranium resource base in 2021 (see Table 1.1) is adequate to meet even
high case projections of growth in nuclear generating capacity. Meeting high case demand
requirements would consume by 2040 around 26% of the total 2021 identified recoverable
resource base at a cost of <USD 130/kgU (USD 50/1b UsOs). If lower cost resources are considered
(<USD 80/kgU; USD 30/1b Us0s), the high case demand would correspond to around 80% of the
identified recoverable resource base by 2040. With the appropriate market signals, as significant
new nuclear generating capacity is added, additional resources of economic interest are likely
to be identified with additional exploration efforts.

The gap between production and requirements from 2008 (and earlier) to 2014 has been met
by drawing down secondary supplies. In 2014, producers almost closed the gap between world
production and reactor requirements, albeit with requirements temporarily depressed owing to
reactor closures and idling of reactors in Japan following the Fukushima Daiichi Nuclear Power
Plant accident. However, following the production cuts and the reductions due to the COVID-19
pandemic in 2020, a gap between demand and primary supply appeared again. Furthermore, it
should be noted that production capability is not production. Maintaining production at the level
required to meet reactor requirements in the coming years, particularly in light of uncertainties
related to the COVID-19 pandemic and depressed market prices for uranium, will be a challenge.

World production has varied between 70% and 90% of full production capability since 2008. In
addition, delays in the establishment of new production centres can reasonably be expected,
especially in the prevailing risk-averse investment environment. As always, technical and
geopolitical challenges in the operation and development of mine and mill facilities will need to
be effectively dealt with. These factors can be expected to reduce and/or delay development of
planned and prospective centres. Although the industry has responded vigorously to the market
signal of generally higher prices since 2003, compared to the previous 20 years, additional primary
production will likely be required. As secondary sources of uranium are generally expected to
decline somewhat in availability, reactor requirements will have to be increasingly met by primary
production. Therefore, despite the significant additions to production capability reported here,
bringing facilities into production in a timely fashion remains important. To do so, strong uranium
market conditions will be fundamental in bringing the required investment to the industry.

A key uncertainty of the uranium market continues to be the availability and the mobility
of secondary sources, particularly the level of stocks available and the length of time remaining
until those stocks are exhausted. However, the possibility that at least a portion of the
potentially large inventory (including from the military) will continue to make its way to the
market after 2022 cannot be discounted. These uncertainties complicate investment decisions
on new production capability. Another limiting factor for investment decisions is that uranium
demand outlook in the near- to medium-term is driven primarily by the large number of
reactors that are scheduled to close (e.g. in Europe and the United States), which offsets the
growth from new nuclear power plants in other countries (e.g. China).

It is clear that the generally stronger market of the 2003-2011 period, compared to the last
two decades of the 20% century, has driven exploration activity, building up a significant base
of uranium resources. However, history shows that periods of low prices for uranium and
reliance on secondary supplies have had dramatic impacts on the industry in terms of
consolidation of producers and significant reductions in primary production capability.

The long-term perspective

Global uranium demand is fundamentally driven by the number of operating reactors in the world,
which ultimately is driven by the demand for electricity. In turn, the role that nuclear energy will
play in helping meet projected electricity demand (i.e. the number of operating reactors) will
depend on government policy decisions that affect nuclear power plant development and on how
effectively a number of factors discussed earlier are addressed (e.g. economics, safety, security of
energy supply, security of supply chain, waste disposal, environmental considerations). The
extent to which nuclear power will be part of future low-carbon electricity mixes thus also
depends on ongoing energy policy discussions in countries the world over.
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All credible models show that nuclear energy has an important role to play in decarbonisation
and global climate change mitigation efforts (e.g. NEA, 2022; IEA, 2021) as an established large-
scale, low-carbon emissions energy source. However, industry must first receive clear and
consistent policy support for existing and new capacity development, with nuclear also included
in clean energy incentive schemes schemes, as well as indications that a supply of uranium is
readily available at least 50 years or more into the future. Recognising the importance of the
security of supply, reliability and predictability that nuclear power offers and promoting
incentives for all types of low-carbon electricity production are key conditions for a faster
deployment of nuclear power. The expansion of nuclear power is mainly policy-driven and faces
challenges due to large upfront capital costs, complex project management requirements and
often long permitting processes. Without actions to provide more support for nuclear power,
global efforts to mitigate climate change will become significantly harder and more costly (IEA,
2019), as it is clearly established that achieving net zero globally will be harder without nuclear
(IEA, 2022).

The NEA study, Unlocking Reductions in the Construction Costs of Nuclear: A Practical Guide for
Stakeholders (NEA, 2020b) highlights that while industry has made major efforts in terms of
organisational restructuring and integration of a number of recent technological advances,
governments also have a role regarding significant construction costs and risk reductions by
committing to the next set of new build projects. With several projects under completion in
OECD countries, the next decade offers opportunities to capitalise on the experience
accumulated to improve the economic performance of both traditional large reactors and new
innovative designs.

As the recent NEA report Meeting Climate Change Targets: The Role of Nuclear Energy (NEA, 2022)
notes, rapid build-out of new nuclear energy is possible but requires a clear vision and plan.
Experience shows that under the right policy frameworks and a robust programmatic approach,
nuclear energy can be a low-carbon technology with rapid delivery times. This was the case
historically for countries such as France and Sweden and jurisdictions such as Ontario in
Canada that have both decarbonised their electricity mix in less than two decades with nuclear
energy and hydropower.

Several alternative uses of nuclear energy also have the potential to increase nuclear power
installation worldwide, including desalination and heat production for industrial and residential
purposes. Cogeneration, combining industrial heat applications with electricity generation, is not
a new concept; some of the first civilian reactors in the world were used to supply heat as well as
electricity. District heating using heat generated in reactors has been used in some countries for
decades. Industrial process heating has also been used and there is potential for further
development, but the extent to which nuclear reactors will be used for such applications will
depend on the economics of heat transport, international pressure to reduce CO, emissions and
national desires to reduce dependence on imported fossil fuels, as well as competition with
alternative heat or combined heat and power (CHP) technologies (IAEA, 2019b).

The prospect of using nuclear energy for desalination on a large scale is attractive since
desalination is an energy intensive process that can make use of either the heat from a nuclear
reactor and/or the electricity produced. About one-third of the world’s population lives in water-
stressed areas, with a majority in Sub-Saharan Africa, the Middle East and South Asia, and with
climate change, access to fresh water could become increasingly challenging (IAEA, 2020). In
recent years, several governments have been actively evaluating the possibility of using nuclear
energy for desalination (e.g. China, Jordan, Libya and Qatar), building on experience gained
through the operation of integrated nuclear desalination plants in India, Japan and Kazakhstan.
The advanced nuclear reactors that are under development as Generation IV reactors will have
higher outlet temperatures and will thus be more suited to supplying heat for a larger range of
industrial processes.

Cogeneration applications of nuclear energy are most likely to develop if nuclear cogeneration
is more economical than the technical solutions it replaces, essentially gas-fired production of
steam and electricity. Because of its large upfront capital costs and economies of scale, nuclear
energy might be appropriate (i.e. competitive against fossil fuel applications) for significant
combined heat and electricity demand. Small modular reactors (SMRs) may certainly address
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other market segments if they demonstrate their competitiveness. A solid understanding of the
economics of nuclear cogeneration, including the associated system costs, is therefore essential
(NEA, 2022b).

Energy use for transport, which is projected to continue to grow rapidly over the coming
decades, is also a major source of greenhouse gas emissions. Both electric and hydrogen-fuelled
vehicles are seen as potential replacements for those powered by fossil fuels. Nuclear energy
offers baseload electricity production that could be used to power electric vehicles; it also has
the potential of producing hydrogen on a massive scale that could make this alternate energy
carrier available with significantly less greenhouse gas emissions compared to current methods
of hydrogen production.

There is increasing interest in SMRs in both established nuclear countries (e.g. Argentina,
Canada, the United States), and in newcomer countries in Europe, the Middle East, Africa and
Southeast Asia. SMRs, with capacities generally in the range of 30-300 MWe, could be suitable for
areas with small electrical grids and for deployment in remote locations. SMRs offer smaller
upfront investment costs and reduced financial risks compared to larger reactors typically being
built today (1 000-1 700 MWe) and may be deployed as alternatives to larger nuclear power plants
in locations where such plants cannot be built, or to fossil fuel-fired plants of similar sizes.

The developments in design and technology, technical feasibility, the economic aspects and
the factors affecting the competitiveness of SMRs are described in various reports (NEA, 2021a;
IAEA, 2020a; NEA, 2016). A large number of SMR designs are reported to be under different stages
of development (more than 70 designs reported). Many are still at the conceptual design phase,
with some at the licensing phase and some already under construction (in Argentina and in China).
Russia connected the world’s first floating nuclear power plant (KLT-40), Akademik Lomonosov,
to the grid and started commercial operation in May 2020.

Technological developments will be a factor in defining the long-term future of nuclear energy
and of uranium demand. Advancements in reactor and fuel cycle technology are not only aimed
at addressing economic, safety, security, non-proliferation and waste concerns, but also at
increasing the efficiency of uranium resource use. The introduction and use of advanced reactor
designs and Generation IV designs would also permit the use of other types of nuclear fuels
(e.g. fuels based on high assay low-enriched uranium, higher burn-ups, or other fuel compositions
such as uranium-238 and thorium) that consume fissile resources more efficiently. In particular,
fast neutron reactors are being developed to make more efficient use of the energy contained in
uranium. Many national and several major international programmes are working to develop
these advanced technologies, for example the Generation IV International Forum and the IAEA
International Project on Innovative Nuclear Reactors and Fuel Cycles. In the long term, new reactor
designs may bring fundamental changes to the nuclear fuel landscape.

Box 2.2. Advancing High-Assay Low-Enriched Uranium (HALEU) supply

High assay low-enriched uranium (HALEU) continues to attract significant attention from global nuclear
fuel cycle producers, utilities and governments. Many small modular reactors (SMRs) designers around the
world are indeed developing innovative reactor concepts that will require HALEU-based fuel. HALEU is
enriched between 5% and 20% and is being proposed for some advanced reactors and SMRs in order to
allow for more compact cores, increased fuel cycle lengths, longer life cores and better fuel utilisation
overall. The current commercial nuclear power reactors use uranium fuel that is enriched up to 5%, a limit
that has become an industry standard and shaped the entire front end of the fuel cycle industry. The
transition to a HALEU fuel supply chain would however need a robust market for companies to commit the
investments needed and will require fuel cycle infrastructure and regulation updates.
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Today, Russia is the only country with an established HALEU commercial supply chain. Several countries are
looking to diversify HALEU fuel supply, including the United States. At the end of 2022, the US Department
of Energy (DOE) established a HALEU consortium with the aim to pool together entities across all the stages
of the nuclear fuel cycle, to partner and support the availability of HALEU for domestic commercial use. In
parallel, the DOE secured a contract with the enrichment company Centrus to demonstrate the production
of HALEU at the Piketon facility by the end of 2023.

In the short-term, potential recovery methods for HALEU include down-blending of government-owned
highly enriched uranium (HEU) stocks. As an example, the United States is working on chemical methods
for down-blending HEU to provide small amounts of HALEU to reactor developers in the near term in
support of SMR demonstration projects.

Conclusion

As reported in this volume, sufficient uranium resources exist to support continued use of
nuclear power and significant growth in nuclear capacity for electricity generation and other
uses (e.g. heat, hydrogen production) in the long term. Considering current yearly uranium
requirements of about 60 000 tU, identified recoverable resources,? including reasonably
assured resources and inferred resources, are sufficient for over 130 years. Exploitation of the
entire conventional resource* base would increase this to around 250 years. Furthermore,
uranium exploration and development, motivated by significantly increased demand and
market prices, would be required to move these resources into more definitive economic cost
categories. Nevertheless, a rapid growth of nuclear power in coming decades would significantly
change this picture. Uranium requirements that may arise from emerging applications of
nuclear such as SMRs (including electric and potentially non-electric applications) will also need
to be considered in these projections when better visibility of these novel applications allows
for it.

The uranium resource base described in this report is more than adequate to meet currently
projected growth requirements to 2040. As far as the availability of physical resources is
concerned, there is no reason to assume major changes in this picture even beyond 2040.
However, consumers and producers need to ensure that adequate framework conditions for the
exploration, mining, transformation and transport of uranium are in place. This includes pricing
mechanisms that allow for sufficient visibility in order to allow for the considerable long-term
investments required

Meeting projected low case requirements to 2040 would consume about 20% of the identified
recoverable resources available at a cost of <USD 130/kgU and about 15% of identified
recoverable resources available at a cost of <USD 260/kgU. For the high case, meeting growth
requirements to 2040 would consume about 26% of identified recoverable resources available at
a cost of <USD 130/kgU and about 20% of identified recoverable resources available at a cost of
<USD 260/kgU. It is worth noting that average uranium market prices beginning in mid-2021
and sustained through the beginning of 2023, were of around USD 130/kg U.

When considering lower cost resources, meeting projected requirements to 2040 would
consume about 60% of the identified resources available at a cost of <USD 80/kgU in the low
case scenario and about 80% of identified resources in the high demand case.

3. Identified recoverable resources include all cost categories of reasonably assured resources and inferred
resources for a total of about 7 917 500 tU (see Table 1.2a).

4. Total conventional resources include all cost categories of reasonably assured, inferred, prognosticated
and speculative resources for a total of more than 15 million tonnes (see Tables 1.3a, 1.4a and 1.13). This
total does not include secondary sources or unconventional resources, e.g. uranium from phosphate
rocks.
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Given the limited maturity and geographical coverage of uranium exploration worldwide,
there is considerable potential for the discovery of new resources of economic interest. As
clearly demonstrated in the last few years, with appropriate market signals, new uranium
resources can be readily identified, developed and mined.

As noted in this report, there are also considerable unconventional resources, including
phosphate deposits and black schists/shales, which could be used to lengthen the time during
which nuclear energy could supply energy demand using current technologies. However, more
research and innovation effort and investment would need to be devoted to better define the
extent of this potentially significant source of uranium and develop cost-effective extraction
techniques.

The development and deployment of advanced reactor and fuel cycle technologies could
further significantly add to and stretch global uranium supply in the long term. Moving to
advanced technology reactors and recycling fuel would increase the long-term availability of
nuclear energy based on the fission of uranium from hundreds to potentially thousands of years.
If alternative fuel cycles were developed and successfully deployed, thorium could also be a
potential contributor to the nuclear fuel cycle provided existing initial fissile inventories to start
such thorium fuel cycles are readily available.

In conclusion, sufficient physical uranium resources exist to meet demand from electricity
generation at current and even at increased demand levels until 2040 and beyond. However, for
these resources to be fully commercially available, considerable exploration and investment will
be required to develop new mining projects in a timely manner and to generate sufficient supply
to satisfy demand at reasonable prices.
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NATIONAL REPORTS ON URANIUM EXPLORATION, RESOURCES, PRODUCTION, DEMAND AND THE ENVIRONMENT

Chapter 3. National reports on uranium exploration, resources,
production, demand and the environment

Introduction

This chapter presents the national submissions on uranium exploration, resources and
production. These reports have been provided by official government organisations (see
Appendix 1) responsible for the control of nuclear raw materials in their respective countries,
although the details are the responsibility of the individual organisations concerned. In countries
where commercial companies are engaged in exploration, mining and production of uranium, the
information is first submitted by these companies to the government of the host country and may
then be transmitted to the NEA or the IAEA at the discretion of the government concerned. In
certain cases, where an official national report was not submitted, and where it was deemed
helpful for the reader, the NEA/IAEA has provided additional comments or estimates to complete
this report. In such cases, “NEA/IAEA estimates” are clearly indicated.

It should be noted that exploration activities may be currently ongoing in a number of other
countries that are not included in this report. In addition, uranium resources may have been
identified in some of these countries. It is believed, however, that the total of these resources
would not significantly affect the overall conclusions of this report. Nevertheless, the NEA and
IAEA encourage the governments of these countries to submit an official response to the
questionnaire for the next edition of the Red Book.

Additional information on the world’s uranium deposits is available in the IAEA online
database World Distribution of Uranium Deposits — UDEPO (www-nfcis.iaea.org). UDEPO contains
information on location, ranges of uranium tonnage and average grade, geological type, status,
operating organisations (in case the deposit is being mined), and other technical and geological
details about the deposits.

Thirty-six member countries submitted a response to the questionnaire and the NEA/IAEA
drafted 18 country reports. As a result, there are a total of 54 national reports in the following
section.
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Algeria

Uranium exploration and mine development

Historical review

Over the last forty years, uranium prospecting in Algeria, which began with the launch of a
mineral prospecting programme in the Hoggar region, underwent a first stage (1969-1973) marked
by a significant investment effort which led to the discovery of the first uranium deposits in the
Hoggar Precambrian crystalline basement (Timgaouine-Abankor-Tinef).

These results, obtained through ground radiometric surveys and geological mapping,
quickly identified the uranium resource potential of the Hoggar region, which overall has
favourable geological and metallogenic characteristics for mineral deposits.

An aeromagnetic-spectrometric survey of the entire country, carried out in 1971, provided the
initial incentive and direction for uranium exploration. The processing of the data collected from
this survey identified potential regions for further uranium prospecting, including the Eglab,
Ouggarta, and Tin Seririne sedimentary basins (Southern Tassili where the Tahaggart deposit was
discovered), as well as individual areas in Tamart-n-Iblis and Timouzeline.

While these developments were taking place, uranium prospecting entered a new phase
(1973-1981) primarily aimed and focused on the assessment of uranium reserves and the
development of previously discovered deposits.

Despite a pronounced slowdown in prospecting activities in the phase that followed (1984-
1997), work undertaken in the immediate vicinity of previously discovered deposits and in other
promising areas revealed indications of uranium mineralisation and radiometric anomalies in the
Amel and Tesnou zones located to the northwest and north respectively of the Timgaouine region.

Surveys conducted in the Tin Seririne Basin (Tassili South Hoggar), provided a basis on which
to undertake geologic mapping and revealed the distribution of uranium-bearing minerals in
Palaeozoic sedimentary formations.

Recent and ongoing uranium exploration and mine development activities

In 2017 and 2018, the Agency of the Geological Service of Algeria in collaboration with the United
States Geological Survey carried out preliminary prospecting work for undiscovered mineral
resources (diamond, Au, PGE-Cr, Cu-Ni-PGE-Cr and Mo-Cu) in the Eglabs region, including
uranium resources related to granites, calcretes, alkaline rocks and carbonatites.

No uranium prospecting or mine development work was carried out between January 2019
and January 2021. All prospecting programmes were placed on hold, largely due to the COVID-19
pandemic.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)

There are two geological types of reasonably assured resources in Algeria: upper Proterozoic
vein deposits in the western Hoggar, and a deposit linked to the Precambrian basement and its
Palaeozoic sedimentary unconformity in the central Hoggar. The first type includes vein
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deposits linked to faults crossing the Pan-African batholith in the Timgaouine region,
represented by the Timgaouine, Abankor and Tinef deposits in the south-western Ahaggar.

The second type is unconformity-related, represented by the Tahaggart deposit. It is
associated with a weathering profile (regolith) developed at the interface between the
Precambrian basement and the Palaeozoic cover, and to conglomerates at the base of the
Palaeozoic sedimentary sequence in the Tin Seririne Basin (south-east of Hoggar). It is worth
noting that the uranium mineralisation discovered in the Ait Oklan-El Bema (north Hoggar)
region has not been assessed in terms of uranium resources.

Undiscovered conventional resources (prognosticated and speculative resources)

Algeria does not report any resources in any category other than reasonably assured resources.

Uranium production

Historical review

Algeria does not produce uranium.

Regulatory regime

Mining activities related to raw materials for nuclear energy, and environmental protection
aspects to be taken into account for such activities are governed, among others, by:

e Law No. 03-10 of 19 July 2003 on the protection of the environment for sustainable
development;

e Law No. 14-05 of 24 February 2014 relating to mining activities;
e Law No. 19-05 of 17 July 2019 on nuclear activities.

Algeria decided to regulate activities related to the research, production and peaceful use of
nuclear energy with the adoption of Law No. 19-05 of 17 July 2019 on nuclear activities.

The law sets objectives such as the protection of human health, the environment and future
generations against potentially harmful effects related to the use of ionising radiation, while
respecting the principles of radiological protection and nuclear safety and security, in compliance
with Algeria’s commitments under international treaties and conventions. It applies to activities
related to nuclear materials and ionising radiation sources, nuclear and radiological installations,
radioactive waste, and uranium and thorium ores.

The measures to be put in place by operators, importers, transporters, and holders of
radioactive materials to achieve these objectives, including exposure limits, accident prevention
measures, or systems to control access to facilities or to combat illicit trafficking in nuclear
materials, will be set by regulation.

In application of this law, the National Authority for Nuclear Safety and Security was created
under the supervision of the Prime Minister by executive decree (No 21-148 of 20 April 2021). This
independent administrative authority, which has legal personality and financial autonomy, is
competent, in particular, to draft legislation and regulations relating to nuclear activities and
guides of good practice to ensure the safety and security of operations and ensure their application.
Its prerogatives also include the issuance of authorisations and licences, the control of
installations, the approval of training programmes, the approval and management of emergency
plans, and co-operation with international and regional organisations.

Pending the establishment of the authority, the Atomic Energy Commission (COMENA)
exercises its prerogatives.
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National policies related to uranium

From a mining perspective, in a world market dominated in the short- and medium-term by a
small number of producers, it is currently not economically feasible to exploit uranium
resources in Algeria.

Algeria’s uranium resources can only be exploited in a sustainable manner within the
framework of an integrated development of the nuclear sector and its main applications. The
latter include, in particular, nuclear power generation and seawater desalination plants,
together with applications in medicine, agriculture, water resources and industry.

With regard to the current situation in the global energy market, Algeria is working towards
the integrated development of the uranium sector, ranging from exploration to production and
encompassing research and development, training, and long-term nuclear power generation
prospects.

Gaining control over the uranium production cycle and its applications would require the
acquisition of technical expertise, which can only be achieved through ambitious research,
development and training programmes. Through its nuclear research centres, Algeria currently
has the appropriate tools to undertake work in the future, either alone or through bilateral or
multilateral co-operation on various research, development and training programmes.

Itis in a spirit of openness and transparency that Algeria applied itself to the task of putting
in place the most favourable and appropriate institutional and regulatory framework with
which to pursue the energy development of the country, including a Mining Act, Environmental
Protection Act, an Oil and Gas Act and recently a civil nuclear activities Act. The latter
establishes the regulatory framework for mining activities relating to radioactive minerals, from
exploration to mine rehabilitation, including the management of radioactive mining waste.

To improve the mining sector and boost research, exploration and exploitation, the
government amended Law 01-10 (of 3 July 2001) by promulgating Law 14-05 on 24 February 2014.
This mining law aims to create better conditions for the revival of the sector through adequate
funding for research and exploration of new economically viable mining deposits, including
uranium.

Uranium stocks

None.

Reasonably assured conventional resources by production method

(in situ tonnes U)

Production method <USD 40/kgVU <USD 80/kgU <USD 130/kgVU <USD 260/kgU

Unspecified 26 000

Total 0 0 0 26000

Reasonably assured conventional resources by processing method

(in situ tonnes U)

Processing method <USD 40/kgU <USD 80/kgU <USD 130/kgVU <USD 260/kgU

Unspecified 26 000

Total 0 0 0 26000
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Reasonably assured conventional resources by deposit type

Deposit type <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

(in situ tonnes U)

Proterozoic unconformity 2000
Granite-related 24000
26 000

Total

Installed nuclear generating capacity to 2040

High

(MWe net)

High

High

High

High

0

NA

NA

NA

NA

NA

NA

NA

NA

Fﬂ“““““
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Argentina

Uranium exploration and mine development

Historical review

Uranium exploration activities in Argentina were launched in 1951-1952 by the National Atomic
Energy Commission (CNEA), leading to the discovery of the Papagayos, Huemul, Don Otto and
Los Berthos uranium deposits. During the late 1950s and the early 1960s, airborne surveys also
led to the discovery of the Los Adobes sandstone-type deposits in Patagonia.

During the 1960s, the Schlagintweit and La Estela granite-related deposits were discovered
and subsequently mined. During the 1970s, follow-up exploration near the previously discovered
uranium occurrences in Patagonia led to the discovery of two new sandstone deposits: Cerro
Condor and Cerro Solo. At the end of the 1980s, a nationwide exploration programme was
undertaken to evaluate geological units with uranium potential.

From 1990 to 1997, exploration was conducted in the vicinity of the Cerro Solo deposit (Chubut
Province), where more than 56 000 m were drilled to test the potential of favourable portions of
the paleochannel structure. The results included the localisation and partial evaluation of specific
mineralised bodies with 4 600 tU of reasonably assured and inferred resources.

These results allowed the CNEA to complete a preliminary economic assessment of the Cerro
Solo U-Mo deposit in 1997, including a revised geological model and ore resource estimates,
mining and milling methods and costs, cash flow and risk analysis, as well as the exploration and
evaluation of the surrounding areas.

As aresult of the national government’s policy announced in August 2006 to reactivate the
nuclear programme, different areas of uranium interest have been explore and evaluated.

From 2007 to 2016, a total of 45 672 m was drilled (across 380 boreholes) in the main
mineralised areas of the Cerro Solo district, while in the Cerro Solo U deposit, a total of 44 246 m
was drilled (373 boreholes) to further stratigraphic correlation and metallogenic studies,
mineralogical and hydrometallurgical studies, and triaxial strength.

Other areas under study in Chubut Province were the Sierra Cuadrada Uranium district,
where at least four uranium mineralised areas were recognised. In this district, a regional
geological survey was carried out in an area of 4 000 ha with geological-radiometric data
collection and four drill holes accounting for total drilling of 585 m.

Fluvial and lacustrine deposits of Cretaceous age discoveries were made at the Mirasol Chico
site, where a drilling programme of 507 m (3 holes) was completed in 2015, and at the El Cruce
site, where radiometric prospecting works and 647 m of drilling were undertaken.

In Santa Cruz Province, the main exploration work was focused on shallow low-grade
uranium anomalies in six areas defined as a surficial deposit (calcrete type), and in the Laguna
Sirven area the focus was on defining the extension and continuity of uranium mineralisation.
Mining properties are shared by FOMICRUZ S.E. and the CNEA.

In the Urcal and Urcuschun deposits, located in La Rioja Province, uranium mineralisation
is associated with limestone deposits from the Ordovician age to sedimentary sequences from
the Carboniferous-Permian age. Exploration activities included re-examination of old mining
activities, geological studies, geophysical exploration and the implementation of a drilling
programme of 993 m (13 drilled holes) in 2015.

144 URANIUM 2022: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7634, © OECD 2023



NATIONAL REPORTS: ARGENTINA

Systematic geochemical studies and geophysical exploration were carried out at the Alipan
[ site (perigranitic deposit) in the Velasco Range of La Rioja Province. Between 2010 and 2013,
14 drillings were executed for a total of 2 344 m. Over the eastern side of the Velasco Range, a
new area of exploration called Lucero has been studied with encouraging results, and three
zones with anomalies and evidence of surface uranium minerals were defined.

At the U Mina Franca perigranitic deposit, located in the Fiambald Range, Catamarca
Province, surface systematic radiometric surveys, geological-structural-metallogenic mapping,
mineralogical studies and geochemical analyses have been undertaken. In 2017, surface
geological reconnaissance activities were completed, which provided the structural geological
base map used to plan a drill programme to define mineralisation at depth.

Geophysical techniques were applied to study mineralisation behaviour in detail in the
north and central sectors of the Don Otto deposit (Cretaceous-aged sandstone type), Salta
Province. Other activities conducted in the district included geomorphological studies and
identification of the geological setting. These works were complemented with a drilling
programme totalling 1 734 m (8 holes).

Evidence of uranium mineralisation found in oil wells and, to a lesser extent, known from
surface data, have been under analysis in two exploration areas near Catriel town, Rio Negro
Province. Mineralisation is related to sandstone deposits within the Neuquén Basin. Geophysical
exploration was undertaken during 2015 and 2016, complemented with geochemical exploration,
geological radiometric reconnaissance and a drilling programme of 1 910 m distributed across
10 boreholes.

Some semi-regional geological recognition activities, including geochemical surveys and
geophysical studies, were conducted in an exploration area in Gobernador Ayala, La Pampa
Province, and a drilling programme was planned.

In the early 2000s, six private uranium exploration companies began work in Argentina as
noted by the Cdmara Argentina de Empresas de Uranio (CADEU - Argentine Chamber of Uranium
Companies): U308 Corp. (Meseta Exploraciones S.A. - MEXSA; Calypso Uranium Corp. merged
with U308 Corp.); Sophia Energy S.A.; Blue Sky Uranium Corp. (Minera Cielo Azul S.A.); Cauldron
Minerals Ltd; Gaia Energy Argentina S.A. and UrAmerica Ltd. Of these private companies, U308
Corp., Sophia Energy S.A., UrAmerica Ltd and Blue Sky Uranium Corp. continue with their work
in Argentina.

The Laguna Salada U deposit (Chubut Province) held by MEXSA, a subsidiary of U308 Corp., is
a surficial uranium-vanadium deposit and includes the Guanaco and Lago Seco areas with 82%
and 12% of the resources, respectively. Mineralisation occurs within 3 m of the surface in soft,
unconsolidated gravel. Indicated and inferred in situ resources have been evaluated at 2 420 tU
and 1 460 tU, respectively, while vanadium identified resources have been assessed at 21 330 tV.
The NI 43-101 report, including exploration results, resource evaluation and the preliminary
economic assessment, was issued in 2014. Since then, however, the project has been on hold.

Sophia Energy S.A. carried out the exploration of its calcrete-type vanadium-uranium
deposit at the Laguna Sirven site in Santa Cruz Province. Geochemical and biogeochemical
surveys and hyperspectral and thermal remote sensing studies were performed in order to
spectrally characterise and determine mineralised areas of interest. Trenching and sampling
was also carried out.

UrAmerica Ltd undertook an intensive underground exploration programme supported by
drilling 250 holes, for a total of approximately 24 000 m, on neighbouring areas of the Cerro
Solo ore deposit, in Chubut Province. They report 7 350 tU as inferred in situ resources for the
Meseta-Central project. As reported by UrAmerica, about 75% of the uranium resources
evaluated are in confined aquifers. Therefore, further geological and hydrological studies will
be needed to determine if it is suitable for in situ leach mining. The NI 43-101 report included
exploration results and an inferred resource assessment and was issued in 2013. In the same
year the project was put in care and maintenance.

Blue Sky Uranium Corp has been actively exploring its Amarillo Grande Project in central Rio
Negro Province since 2006. Defined mineralisation at Amarillo Grande is found in three target
areas (Ivana, Anit, and Santa Barbara) along a 145 km trend. Mineralisation at all three areas occurs
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at or very near surface in unconsolidated to weakly-cemented host rocks. Surface exploration,
ground geophysics, pit sampling and more than 9 000 m of reverse circulation drilling were
completed at the project since the beginning of the revitalised work programme in 2016.

Recent and ongoing uranium exploration and mine development activities

As of 2021, the CNEA owns 50 exploration licences in Argentina, considering requested and
conceded exploration permit areas (22), statements of discovery (18), and ore deposits (10). They
are located within the provinces of Salta, Catamarca, La Rioja, San Juan, Mendoza, La Pampa,
Rio Negro, Chubut and Santa Cruz.

From 2017 to 2019, exploration activities carried out by the government have slowed down
and no drilling has been carried out. The main areas that have been targeted by the CNEA for
uranium exploration belong to Cafiadon Asfalto Basin (Chubut Province), Neuquén Basin (Rio
Negro and La Pampa Provinces), Velasco Range (La Rioja Province), Fiambalad Range (Catamarca
Province) and Salta Group Basin (Salta Province). In general, the activities have been focused on
some field work for geological and radiometric reviews, geophysical surveys, sampling for
geochemical analysis and environmental studies.

Of those uranium deposits managed by the CNEA, the most relevant in the assessment/
exploration stage is Cerro Solo, which belongs to the homonymous district and is located in
Chubut Province. Identified uranium resources of the Cerro Solo deposit total 9 230 tU. To define
the hydrometallurgical extraction line of uranium and molybdenum minerals, laboratory-scale
sample testing has been completed, but further up-scale testing was postponed. Since 2018, only
environmental monitoring has been carried out.

From 2012 to 2019, one of the main activities at the Cerro Solo ore deposit was related to
environmental baseline surveying in compliance with provincial regulations. In this regard,
hydrological, palaeontological, socio-economic, air quality, flora and fauna, pedological and
archaeological studies have been completed, while radiometric/radiological and natural acidic
drainage surveys are being developed.

In the framework of an IAEA Coordinated Research Project on “Geochemical and
Mineralogical Characterisation of Uranium and Thorium Deposits”, the interpretation of new
studies on uranium mineralisation from several uranium sites of interest has improved the
metallogenetic understanding of the granite-related deposits and the exploration guidelines.

Due to the COVID-19 pandemic, during 2020 and the first half of 2021, cabinet uranium
exploration activities were carried out, consisting of: data collection, processing, and
interpretation; writing of technical reports; dissemination, training and teaching activities.
Limited laboratory activities were carried out, which included preparation, studies and analysis
of geological samples. At the same time, maintenance and servicing tasks of facilities, vehicles
and technical equipment were fulfilled, as well as the administrative, legal, and environmental
commitments corresponding to the various projects and sites. Field tasks were very limited and
reduced to two geological commissions carried out in the Northwest of the country.

Government exploration activities were expected to intensify in the second half of 2021,
which included a programme of 1 200 metre drillings (6 drilled holes) in the Neuquén Basin, but
the task was postponed until 2022.

Sophia Energy S.A., UrAmerica Ltd, Blue Sky Uranium Corp., U308 Corp. and Consolidated
Uranium Inc. reported exploration-related activities during the 2017-2021 period. Sophia Energy
S.A. continued exploration of its mining properties at the Laguna Sirven deposit in Santa Cruz
Province. Activities include processing satellite imagery, geological mapping, ground and airborne
radiometric surveys, and geochemical and geobotanical sampling and analyses, a portion of which
was carried out in co-operation with the University of Surrey (United Kingdom). In 2018, a
radiometric airborne survey of the entire project (600 km?) was carried out under contract by the
National Atomic Energy Commission. All these exploration efforts brought encouraging results. In
December 2019, Sophia Energy S.A. received approval from the province of Santa Cruz Mining
Authorities to perform an intensive two-year advanced exploration programme focused on
resource assessment, but the COVID-19 pandemic caused exploration activities to be put on hold
since early 2021.
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In 2020, the memorandum of understanding signed in 2018 among UrAmerica Ltd, Uranium
One Group from Russia, UrAmerica Argentina and the Government of Argentina, expired. The
main purpose of that MOU was to promote co-operation and the joint development of uranium
exploration and production focused on ISL, with planned investment amounting to
USD 250 million. UrAmerica Ltd plans to set up a subsidiary company based in the United States,
which among other goals, would provide uranium exploration investments for its Argentinian
uranium projects.

In 2019, Blue Sky Uranium Corp. announced the first preliminary economic assessment for
the Ivana deposit (Amarillo Grande project), as well as an updated resource estimate. The
inferred in situ resource estimate includes 8 730 tU at 0.031% U and 2 920 tV at 0.011% V
Exploration in 2019 continued to focus on expanding the mineralisation proximal to the Ivana
deposit. The first half of the year included additional pit and auger sampling, with a 6 km-long
induced polarisation (“IP”) geophysical survey and up to 4 500 m of RC drilling planned for the
second half of the year. The drilling programme was launched in Q1 2020 but immediately
halted due to the COVID-19 pandemic, then resumed in Q1 2021.

In June 2021, U308 Corp. announced that International Consolidated Uranium Inc. had been
chosen to exercise its option to purchase the Laguna Salada project (Chubut Province) from
U308 Corp. The terms of the option agreement were outlined in U308 Corp.’s press release dated
14 December 2020. In December 2021, International Consolidated Uranium closed its option to
acquire the Laguna Salada uranium and vanadium project. This project has been in care and
maintenance since 2014, but it is expected that exploration activities will be resumed in the
short term.

The information about private exploration expenditures must be taken as only partially
complete since the industry is not required to report these expenditures to the government.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)

No new reasonably assured and inferred resources have been assessed since the last Red Book
edition (2020). Changes observed in figures are due to recalculation to convert in situ into
recoverable resources and re-assignment of mining and processing methods taking into
consideration available NI 43-101 reports and CNEA internal documents.

Identified recoverable uranium resources (RAR+IR) in Argentina

(as of 1 January 2021)

Deposit T RAR tU IRtU
e
(ownership) B <USD 130/kgU | <USD 130/kgU

Sierra Pintada (CNEA) Mendoza Volcanic-related 3900 6110
Cerro Solo (CNEA) Chubut Sandstone 4420 3760 (4 810)"
Don Otto (CNEA) Salta Sandstone 180 250
Laguna Colorada (CNEA) Chubut Volcanic-related 100 60
Laguna Salada (Consolidated Uranium Inc.) Chubut Surficial 1860 1120
Meseta Central (UrAmerica Ltd) Chubut Sandstone - 5290
Ivana/Amarillo Grande (Blue Sky U Corp.) Rio Negro Sandstone (surficial) - 7 200
23790tU
Subtotal 10460 tU (24 840 tU)"
34250tU
Total RAR + IR (35 300 tU)*

*tU for production cost category of <260 USD/kgU.
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As of 1 January 2021, the total identified recoverable resources of Argentina are 34 250 tU at
the cost category <130 USD/kgU and belong to seven projects whose main characteristics are
mentioned in the appropriate table. It can be highlighted that if the highest production cost
category of <260 USD/kgU is considered, there is no substantial variation and total recoverable
identified resources amount to 35 300 tU.

Undiscovered conventional resources (prognosticated and speculative resources)

The 13 800 tU prognosticated resources reported in the Red Book 2020 corresponded to five
sandstone-type deposits in the Cerro Solo and Sierra Cuadrada uranium districts of Chubut
Province (Cerro Solo, El Ganso, Puesto Alvear, El Molino, Sierra Cuadrada Norte and Arroyo
Perdido).

As a result of recent interpretation of direct and indirect data, an additional 6 900 tU of
prognosticated resources have been evaluated at the Catriel (6 000 tU; sandstone type; Rio Negro
Province), El Gallo (600 tU; intrusive type; La Rioja Province) and Laguna Sirven (300 tU; surficial
type; Santa Cruz Province) deposits. Therefore, total prognosticated in situ resources account
for 20 700 tU in the <USD 260/kgU cost category.

To assess the uranium favourability and estimate the potential resources by the application
of quantitative McCammon and Deposit Size Frequency (DSF) methods, also used in the US
National Uranium Resource Evaluation (NURE) programme, the country was divided into
61 investigation units (IU). These units, which cover 1 450 000 km?, were delineated on the basis
of the geotectonic setting as well as petrological, mineralogical and geochemical characteristics.
Speculative uranium in situ resources amount to 79 500 tU according to the resource assessment
that has been completed in 5 IUs considered as the units with high uranium potential (i.e. Salta
Group Basin, Pampean Ranges, Paganzo Basin, San Rafael Basin and Chubut Group Basin).
Sandstone, volcanic-related and granite-related uranium deposit types have been taken into
consideration in this approach.

In addition, qualitative methodologies based on spatial modelling and mineral system
concepts have been applied to determine uranium exploration targets. The geological units under
study are: the Salta Group Basin (sandstone type; Salta province), Pipanaco Salt Flats/Aimogasta
Basin (surficial type; Catamarca and La Rioja Provinces), Paganzo Basin (sandstone type;
Catamarca and La Rioja Provinces), Western Precordillera and Western Flank of the Pie de Palo
Range (sandstone and surficial types; San Juan Province), Ambargasta Salt Flats (surficial type;
Santiago del Estero Province), Sumampa Ranges (granite-related type; Santiago del Estero
Province), Deseado Massif and related areas (sandstone and surficial types; Santa Cruz Province).
Other prospective studies have been conducted, notably related to uranium from phosphates
(unconventional resources). In the framework of an IAEA Coordinated Research Project,
preliminary studies are underway for the assessment of the uranium potential of phosphate rocks
and testing uranium extraction from low-grade phosphate ores. The research project involves
studies in three sedimentary basins (Ordovician North-Western Basin, Upper Jurassic — Lower
Cretaceous Neuquén Basin, and Paleocene - Miocene Patagonia Basin), where low-grade
phosphate mineralisation and uranium anomalies (up to 135 ppm U) have been detected.

Uranium production

Historical review

Argentina produced uranium from the mid-1950s until 1999 with a total of seven commercial-
scale production centres and a pilot plant that operated between 1953 and 1970. The closure of
one of the last of these facilities in 1995 (Los Colorados) resulted in a change in the ownership
structure of uranium production in Argentina, and since 1996 the uranium mining industry has
been wholly owned by the CNEA. The last facility that remained operative at that time, San
Rafael, was placed on standby in 1997. No uranium has been produced since then, neither
privately nor by state. Between the mid-1950s and 1997, cumulative uranium production
totalled 2 582 tU.
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Status of production facilities, production capability, recent and ongoing activities and
other issues

Production projects

Argentina produced about 120 tU/year for about 20 years to provide raw material to fuel its nuclear
power plants Atucha I and Embalse, with ore from different sites distributed throughout the
national territory. In the late 1990s, the decline in the international price of uranium made
domestic production no longer competitive and the decision was taken to shut down the
remaining production plants and import uranium. However, changes in recent years have caused
the CNEA to review its plans and consider reopening production facilities. These changes are the
uncertainties in future external supply and the increase in domestic uranium requirements upon
the full capacity operation of the Atucha II reactor, which was reached in 2015. In addition,
Embalse was out of the generation system for three years for successful refurbishment to extend
its operational life by 30 years and increase its power by an additional 35 MWe. With an installed
nuclear capacity of 1.79 GWe, natural uranium requirements are about 220 tU per year. The
potential addition of one new PWR-1150 and the development of the CAREM-25 prototype and
CAREM-120 commercial reactors will further increase domestic uranium requirements, which
could reach approximately 480 tU/year by 2030.

The San Rafael Mining-Milling Complex (CMFSR) Remediation and Reactivation Project

Once the CNEA evaluated the possibility of reopening the production facilities of the San Rafael
mining-milling complex (Sierra Pintada mine), an environmental impact assessment (EIA-2004,
according to provincial Act 5961) was presented to the authorities in the province of Mendoza and
to the Nuclear Regulatory Authority. This study evaluated the potential impacts of uranium
concentrate and dioxide production and the treatment of the former wastes simultaneously.

This EIA concluded that former operations had not affected the quality of underground and
surface waters in the area, or any other environmental component in the surrounding area.
Provincial authorities nonetheless rejected the reopening proposal, arguing that the CNEA must
first remediate the open-pit water and the milling wastes stored in drums before restarting
production. In response, the CNEA prepared and submitted a new EIA (2006) addressing only
the treatment of wastes in temporary storage and pit water. This proposal received technical
approval, but not final approval because it lacked the required statutory public hearing.
A further complication that increased the difficulty of reopening the plant was the approval of
Mendoza Provincial Act 7722 (2007), which prohibits the use of sulphuric acid, among other
chemicals, in mining activities.

Currently, the CNEA is constructing evaporation ponds and defining the basic engineering
for the simultaneous treatment of open-pit water and milling wastes stored at the San Rafael
complex. To date, three effluent evaporation ponds have been finished and one more is under
construction. In 2018, the update of the EIA 2006 (EIA, 2013) presented to the provincial control
authorities reached a favourable technical opinion and a mandatory public hearing by law was
held in 2019 with positive outcomes. Therefore, the provincial authorities granted the
environmental impact statement through Resolution N° 259/19.

The CNEA secured sufficient funds for the rehabilitation works of former uranium production
facilities from the Bank for Investment Projects in the Ministry of Economy. Having an approved
budget means that more time and resources can be devoted to addressing the remediation and
rehabilitation works. These activities involve the removal of obsolete facilities, construction of
effluent ponds, purchase of equipment and facilities, and other associated activities.

Before restarting uranium production in San Rafael, it is necessary to obtain both provincial
approval and agreement to amend the provincial law that prevents the use of sulphuric acid,
among other chemicals. Technical feasibility has been partially demonstrated by the fact that
this deposit was previously in operation, using the acid heap-leach processing method. Other
alternatives have been considered for possible future production, including the use of alkaline
leaching, bioleaching and vat leaching. Also, given the possibility of reopening the mining-
milling complex, all available data have been processed to redefine the geological model and
formulate more suitable mining and processing designs.
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The Cerro Solo Project

The CNEA continues developing feasibility studies for the proposed mining of the Cerro Solo
deposit (Chubut Province) and several laboratory-scale tests have been carried out to determine
the most economically competitive milling process. Since the deposit contains molybdenum in
addition to uranium, identifying an appropriate and feasible process is not trivial. Molybdenum
could be a valuable by-product, but its presence in the leachate could complicate the exchange
resins, so another process, like liquid-liquid extraction, may be used. For this reason, all
preliminary investigations have been critical steps in developing a profitable production plan.
Recently, the conceptual engineering has been defined.

In the mining sector, a conceptual study was advanced and improved using specific software
for geological modelling. A pre-technical economic feasibility study was in development,
beginning with prior validation of all information (tonnages, grade, geotechnical, geostructural
and hydrogeological) and some surface works.

Currently, the project is in standby status awaiting a governmental decision to continue it,
taking into consideration the basic engineering studies of both the mining operation and the
processing plant.

Besides technical considerations, a Chubut provincial law 5001/03 that prevents open-pit
mining remains in effect and mining projects need to wait for the Chubut provincial territory
zoning provisions of the aforementioned law, as well as the introduction of a regulatory
framework for mining in this jurisdiction.

Ownership structure of the uranium industry

In Argentina, the uranium industry is owned by the government. Private sector participation
exists only in the exploration phase, although legislation provides for the participation of both
state and private sectors in uranium exploration and production activities.

Uranium production centre technical details

(as of 1 January 2021)

Name of production centre San Rafael Mining-Milling Complex Cerro Solo Deposit
Production centre classification Prospective (reopening) Prospective
Date of first production NA NA

Source of ore:

Deposit name(s) Sierra Pintada Cerro Solo
Deposit type(s) Volcanic-related (synsedimentary) Sandstone (paleochannel)
Recoverable resources (tU) 6 000 NA

Grade (% U) 0.107 NA

Mining operation:

Type (OP/UG/ISL) OoP OoP

Size (tonnes ore/day) 550 NA
Average mining recovery (%) 20 NA
Processing plant:

Acid/alkaline Acid Acid

Type (IX/SX) IX SX
Average process recovery (%) 78 NA
Nominal production capacity (tU/year) 150 200

Plans for expansion Yes NA

Production started in 1976 and ceased in

1997. Remediation activities are underway. Preliminary stage

Other remarks
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Employment in the uranium industry

In connection with the uranium production industry, currently most of the employees are working
on development, maintenance and remediation of the San Rafael mining-milling complex.

Future production centres

The development of a new production centre in Chubut Province near the Cerro Solo deposit is
the most suitable option for future production. However, the project is on hold and feasibility
studies have not yet been carried out.

Production and/or use of mixed oxide fuels

Argentina neither produces nor uses MOX fuel in its nuclear power plants.

Production and/or use of re-enriched tails

In Argentina there is no production or use of re-enriched tails.

Environmental activities and socio-cultural issues

Environmental impact assessments

In Argentina, production permits are subject to both national and provincial legislation. Currently,
environmental studies are being undertaken on three major uranium production projects.

The San Rafael Mining-Milling Complex Remediation Project (Mendoza Province)

As stated in the 2018 edition of the Red Book, an update of the 2006 EIA (MGIA-2013) had been
presented to the authorities of the Mendoza Province. This study addressed only the treatment of
solid wastes (currently in temporary storage) and open-pit mine water. The proposal received
technical approval (2013 EIA), which was endorsed after the implementation of the statutory
public hearing in 2019. In the meantime, the CNEA has continued to evaluate technical options to
minimise environmental impacts and established additional security measures:

= Effluent pond “DN 8-9”

An evaporation pond (5 hectares) with a double lined waterproof high-density polyethylene
(HDPE) geo-membrane and a leakage detection system has been built, and hydraulic tests have
been successfully accomplished. It is currently being used to manage open-pit water.

= Effluent pond “DN 5”

This precipitation facility is designed to treat open-pit water. This pond will have a total
operational capacity of approximately 12 000 m?® and will have security drainage systems and
double waterproofing HDPE geo-membrane to control potential leaks. Its purpose is to provide
the necessary conditions (residence time) to generate As and Ra precipitates before they are fed
into the effluent pond “DN 8-9” for final disposal. The civil engineering has been approved by
the local authorities, with ground stabilisation and slope recontouring completed. Currently,
the drainage system pipes and geo-membrane are being installed.

= Other remediation activities

Other activities related to waste management are being undertaken, such as cisterns,
waterproofing, designing wastewater treatment systems, repairing facilities and installing pipes
to pump effluents between the quarries and the processing and treatment facilities.
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Cerro Solo ore deposit (Chubut Province)

As requested by the provincial authorities, the CNEA is developing environmental baseline studies
through contracts with universities and institutes, and parts of the studies (archaeological,
palaeontological and socio-economic impacts) have already been presented to provincial
authorities. In addition, the CNEA continues with communication activities, offering information
on mining practices to residents located near the proposed mining projects and areas of
exploration.

The Los Gigantes former Mining-Milling Complex Remediation Project (Cérdoba Province)

In November 2018, the detailed engineering of the environmental restitution project of the site
was presented to provincial authorities and the CNEA is awaiting a response before conducting
a public hearing and developing an environmental impact statement.

Monitoring

The San Rafael Mining-Milling Complex Remediation Project (Mendoza Province)
The CNEA currently has an intense monitoring programme, which includes:

o Surface water: surface water and run-off, both upstream and downstream of the facilities,
is being sampled systematically to follow the evolution of possible pollutant
concentrations (U, As, Ra, among others) inside and outside the CNEA’s influence area.

¢ Groundwater: groundwater within a redesigned well network inside the complex is being
sampled systematically.

e Air pollution: particulate matter and radon emissions are periodically sampled in key
locations of the complex.

e Open-pit water: open-pit water is being sampled systematically in every pit.

e Sediments: sediments are being sampled systematically in the complex.

Cerro Solo deposit (Chubut Province)

The sampling work includes analysis of water samples from exploration wells, water samples
from domestic wells (owned by inhabitants of the area), surface run-off and sediment from
streams and springs in the watershed (analysing for U, Ra, As, F, among others). Analysis of air
quality includes particulate matter and radon emission measurements.

Effluent management

The San Rafael Mining-Milling Complex Remediation Project (Mendoza Province)

The construction of the “DN 8-9” evaporation pond and the “DN 5” facility for treating open-pit
water aims to reduce pollutants to meet provincial water quality standards. Moreover, the
design and implementation of a local wastewater treatment system is under study.

Site rehabilitation

The San Rafael Mining-Milling Complex Remediation Project (Mendoza Province)

In general, the CNEA is submitting technical proposals to rehabilitate those areas of the complex
that will not be used for uranium production in the future. Topics include rehabilitation of the
former tailings dump, open-pits and waste rock management, among others.
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Uranium Mining Environmental Restoration Programme

The CNEA is undertaking the Uranium Mining Environmental Restoration Programme (PRAMU).
The aim of this programme is to restore the environment as much as possible in every area
where uranium mining and milling activities have taken place.

At the Malargiie site (Mendoza Province), the environmental restoration work was completed
in June 2017, together with the construction of a recreation space for the community. From that
date, a post-closure environmental and radiological monitoring programme was initiated.

The Cérdoba and Los Gigantes sites (Cérdoba Province) have advanced detailed engineering
projects underway. The sites being studied are Huemul (Mendoza Province), Pichifidn (Chubut
Province), Tonco (Salta Province), La Estela (San Luis Province), and Los Colorados (La Rioja
Province), where environmental baseline studies are being developed. All these sites are the
subject of periodic radiological and environmental monitoring. PRAMU seeks to improve the
conditions of the tailing deposits and mines to ensure the long-term protection of people and the
environment.

The CNEA is required to comply with all legislation that is in force and is under the control
of various national, provincial, and local state institutions.

Regulatory activities

Argentina’s provinces have legislation limiting certain aspects of mining activities (e.g. use of
certain substances, open-pit mining). The local regulations co-exist with national legislation
related to mining activities and environmental protection.

National regulations

e Law No. 25 675: “General Environmental Law” establishes minimum standards for
achieving sustainable management of the environment, the preservation and protection
of biodiversity and the implementation of sustainable development.

e Law No. 1919: “National Mining Code”, which in Title Eleventh (Articles 205 to 212) refers
to nuclear minerals (U and Th).

e Law No. 24 585: Requirement to submit an environmental impact assessment (EIA) prior
to each stage of development of a mining project. It sets the maximum acceptable limits
of various effluent parameters in water, air and soil.

Mendoza provincial regulations

e Law No. 3790, created the Mining General Direction with specific functions related to the
administration, control and promotion of the mining industry in all its phases throughout
the province.

e Law No. 7 722 prohibits the use of chemicals such as cyanide, mercury, sulphuric acid, and
other toxic substances typically used in metalliferous mining, including prospecting,
exploration, exploitation and industrialisation of metal ores obtained by any extraction
method in the province.

e Resolution No. 778/96 of the General Department of Irrigation (DGI) regulates all activities
that potentially affect surface water and groundwater quality in the province.
Chubut provincial regulations

e Law XVII-No. 68 prohibits open-pit metal mining in the province, as well as the use of
cyanide in mining production processes. It also specifies the need for zoning in the
province for the exploitation of mineral resources with an approved production model
required for each case.
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Uranium requirements

The uranium requirements listed below correspond to an estimate made in the Strategic
Nuclear Energy Planning 2010-2030 and the reactivation of the Argentine Nuclear Energy Plan
launched in 2006. As of the end of 2020, the nuclear plan’s status is as follows:

o finishing construction and commissioning Atucha II (achieved);
¢ extending the licence of Embalse (achieved);
o extending the licence of Atucha I (committed);

e construction of the 4™ and 5% nuclear power plants (although only construction of one is
currently planned);

¢ development and construction of a small modular nuclear power reactor (CAREM; in
progress);

e reactivation of uranium enrichment (in progress);
e reactivation of uranium mining industry (in stand by status).

The most important update in Argentina’s nuclear production was the start-up of Atucha II
(745 MWe), reaching first criticality at the end of 2014 and obtaining its commercial operating
licence in 2016.

Between 2016 and 2018, Embalse was out of the electricity generation system for
refurbishment tasks designed to extend its operating time frame by 30 years, which also increased
its output by an additional 35 MWe. In January 2019, the refurbished unit successfully reached
criticality and in August of the same year obtained a commercial operation licence for its second
life cycle.

During 2024, Atucha I will be inoperative as it undergoes facility refurbishment to extend
operation until 2046.

Also proposed is the expansion of the nuclear energy network, which would be covered by
the construction of a fourth nuclear power plant consisting of a PWR-type reactor (1 150 MWe
by 2030).

In addition, the CNEA is carrying out the construction of the CAREM (27 MWe), a small
modular reactor prototype expected to come into operation by 2025. Planning is underway to
build another larger unit, CAREM-120 (120 MWe), which is expected to begin operating by 2030.

A pilot plant for uranium enrichment located in the Pilcaniyeu Technological Complex
(Bariloche) was operated in the 1980s and early 1990s before deactivation in 1995. A restart
project was launched in 2006 and operations resumed in March 2014, enabling Argentina to
produce enriched uranium by gaseous diffusion technology. The plant has a capacity of
20 000 SWU/year and in 2015 enriched about 600 kg of UFs. The CNEA is currently engaged in
the development of other enrichment technologies, such as ultra-centrifuges and lasers.

Supply and procurement strategy

In 1992, due to low prices in international markets, uranium concentrates began to be imported
from South Africa, eventually leading to the closure of local production in 1997. Since then, there
has been no production of uranium in Argentina and uranium requirements for operating
nuclear power plants have been met with raw material imports from abroad (i.e. Uzbekistan,
Czech Republic, Kazakhstan and Canada).

At present, both government and industry are carrying out exploration projects with the
intention of restarting domestic uranium production to achieve the goal of self-sufficiency in
uranium supply.
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Uranium policies, uranium stocks and uranium prices

National policies relating to uranium

The Nuclear Activity Law of 1997 establishes the roles of the CNEA and the Nuclear Regulatory
Authority. It also provides for the participation of the public and private sectors in uranium
exploration and development activities.

The National Mining Code of 1994 states that nuclear minerals (uranium and thorium) can
be explored and exploited by both the national government and the private sector with legal
licences issued by a Competent Provincial Authority. The national government has the first
option to purchase all uranium and thorium produced in Argentina and the export of nuclear
minerals depends upon first guaranteeing domestic supply and control of the destination of any
exports. The government also regulates development activities to ensure practices comply with
international environmental standards.

Uranium stocks

Nucleoelectrica Argentina S.A., operator of the domestic nuclear power plants, implements the
uranium supply policy and is responsible for guaranteeing a uranium fuel stock of at least two
years for Argentina’s operational nuclear power plants.

The uranium dioxide producing company (Dioxitek S.A.) acquires uranium oxide concentrates,
which in recent years have come from Canada and Kazakhstan. On average, the country imports
approximately 220 tU annually.

In addition, the fuel fabrication company (Conuar S.A.) every year imports a few tonnes of
low-enriched uranium (LEU), which is required for manufacturing slightly enriched uranium
(SEU: 0.85% U-235) fuel for Atucha II and low-enriched uranium (LEU: 1.9/3.2% U-235) fuel for the
CAREM SMR prototype.

Uranium prices

Since 1997 uranium needs have been entirely met with purchases on the spot market through
international tenders, without subscribing to medium- or long-term supply contracts.

In recent years, the average prices paid by the country have ranged from USD 125/kgU to
USD 150/kgU, including transportation fares, taxes, and insurance premiums.
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Uranium exploration and development expenditures and drilling effort - domestic

(In Argentine pesos [ARS])

2021 (expected)

Private* exploration expenditures 39000 000 32300000 48 800 000 287 000 000
Government exploration expenditures 26 900 000 31800000 27 380 000 62 990 000
Private* development expenditures 0 0 0 0
Government development expenditures 0 0 0 0
Total expenditures 65 900 000 64 100 000 76 180 000 349990 000
Private* exploration drilling (m) 2373 654 385 4115
Private* exploration holes drilled 236 88 8 80
Private* exploration trenches (metres) 60 0 0 100
Private* tranches (number) 39 0 0 20
Government exploration drilling (metres) 0 0 0 0
Government exploration holes drilled 0 0 0 0
Government exploration trenches (m) 0 0 0 0
Government trenches (number) 0 0 0 0
Private* development drilling (m) 0 0 0 0
Private* development holes drilled 0 0 0 0
Government development drilling (m) 0 0 0 0
Government development holes drilled 0 0 0 0
Subtotal exploration drilling (m) 2373 654 385 4115
Subtotal exploration holes drilled 236 88 8 80
Subtotal development drilling (m) 0 0 0 0
Subtotal development holes drilled 0 0 0 0
Total drilling (m) 2373 654 385 4115
Total number of holes drilled 236 88 8 80

* Expenditures made by private companies. Government expenditures refer to those corresponding to majority government funding.

Reasonably assured conventional resources by production method

Production method

(recoverable tonnes U)

<USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Underground mining (UG) 180 180 72
Open-pit mining (OP)* 0 6990 10280 10 280* 70-76.7
Total 0 6990 10 460 10460

*82% of the total has an overall recovery factor of 72% and 18% of the total has an overall recovery factor of 76.7%.
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Reasonably assured conventional resources by processing method

(recoverable tonnes U)

Processing method <USD 40/kgVU | <USD 80/kgU | <USD 130/kgVU [ <USD 260/kgU | Recovery factor (%)
Conventional from OP 0 1860 1860 1860 76.7

Heap leaching* from UG 0 0 180 180 72

Heap leaching* from OP 0 5130 8420 8420 72

Total 6990 10 460 10 460

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

Reasonably assured conventional resources by deposit type

(recoverable tonnes U)

Deposit type <USD 40/kgU <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)
Sandstone 0 2890 4600 4600 72
Volcanic-related 0 2240 4000 4000 72

Surficial 0 1860 1860 1860 76.7

Total 6990 10 460 10 460

Inferred conventional resources by production method

(recoverable tonnes U)

Production method <USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)
Open-pit mining (OP) 2430 12310 18 250 19 300* 72-76.7-82.5
Underground mining (UG) 0 0 250 250 72
Unspecified 0 0 5290 5290 72

Total 2430 12310 23790 24 840

* 57% of the total with an overall recovery factor of 72%, 37% of the total with a recovery factor of 82.5%, and 6% of the total with a

recovery factor of 76.7%.

Inferred conventional resources by processing method

Processing method

(recoverable tonnes U)

<USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Conventional from OP 2430 12310 18 250 19 300** 72-76.7-82.5
Heap leaching* from UG 0 0 250 250 72
Unspecified 0 0 5290 5290 72
Total 2430 12310 23790 24840

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

** 57% of the total with an overall recovery factor of 72%, 37% of the total with a recovery factor of 82.5%, and 6% of the total with a

recovery factor of 76.7%.
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Inferred conventional resources by deposit type

(recoverable tonnes U)

Deposit type <USD 40/kgVU | <USD 80/kgU | <USD 130/kgVU [ <USD 260/kgU | Recovery factor (%)
Sandstone 1950 9390 16 500 17 550* 72-82.5
Volcanic-related 480 1800 6170 6170 72

Surficial 0 1120 1120 1120 76.7

Total 2430 12310 23790 24 840

* 59% of the total has a recovery factor of 72% and 41% of the total with a recovery factor of 82.5%.

Prognosticated conventional resources

(in situ tonnes U)

Cost ranges

<USD 80/kgU

<USD 130/kgU

<USD 260/kgU

0

20100

20700

Speculative conventional resources

(in situ tonnes U)

Cost ranges

<USD 130/kgU

<USD 260/kgU

Unassigned

0

79 500

0

Historical uranium production by production method

Open-pit mining'

1859

(tonnes U in concentrate

1859

Underground mining’

723

0 0

723

)
; Total through Total through !
PrOducuon methOd “m 2021 (expeCted)
0 0 0
0

Total

2582

0 0

2582

1. Pre-2018 totals may include uranium recovered by heap and in-place leaching.

Historical uranium production by processing method

(tonnes U in concentrate)

Total through

Processing method

Total through

2021 (expected)

end of 2018
Conventional 753 0 0 753 0
Heap leaching 1829 0 1829 0
Total 2582 0 0 2582 0
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Historical uranium production by deposit type

(tonnes U in concentrate)

. Total through Total through

Deposit type end of 2018 end of 2020 2021 (expected)
Volcanic-related 1600 0 0 1600 0
Sandstone 729 0 0 729 0
Granite-related 253 0 0 253 0
Total 2582 0 0 2582 0

Uranium industry employment at existing production centres
(person-years)
2018 2019 2020 2021 (expected)

Total employment related to existing production centres 54 55 51 52(%)

Employment directly related to uranium production 0 0 0 0

(¥) San Rafael Uranium Mining-Milling Complex ceased production in 1997. Only remediation activities are underway.

Mid-term production projection

(tonnes U/year)

Mid-term production capability

(tonnes U/year)

A-l B-I A-ll B-lI A-l B-1 A-ll B-lI
0 0 0 0 0 0 0
2035 2040
A-l B-I A-ll B-lI A-l B-I A-ll B-lI
NA NA NA NA NA NA NA NA

Net nuclear electricity generation

Nuclear electricity generated (TWh net) ‘ 7.20 ‘ 10.00 |
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Installed nuclear generating capacity to 2040

(MWe gross capacity)

Low High Low High Low High Low High

1790 1790

1822 1822 3092 3092 4722 4842 4722 5322

Annual reactor-related uranium requirements to 2040

(tonnes U)*

Low High Low High Low High Low High

150.2 218.5

224.5 224.5 480.6 480.6 868.7 912.7 868.7 2030.5

* First core loads for planned new reactors are included in the U requirements data. There are no plans to build an inventory (stockpile)
of U.
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Armenia

Uranium exploration

Historical review

On 23 April 2007, the Director-General of Rosatom (a state corporation of Russia) and the
Armenian Minister of Ecology Protection signed a protocol on conducting uranium exploration
work in Armenia.

Based on this protocol, an Armenian-Russian joint venture, CJ-SC Armenian-Russian Mining
Company (ARMC), was established in April 2008 for the purpose of geological exploration,
mining and processing of uranium. The founders of ARMC are the Armenian government and
Atomredmetzoloto of Russia.

Within this framework, the collection and analysis of archival material relevant to uranium
mining was completed, and a document, “Geologic Exploration Activity for 2009-2010”, specifically
regarding uranium ore exploration in Armenia, was published and approved.

In the spring of 2009, fieldwork related to uranium exploration started in the province of
Syunik. Geological prospecting carried out on the first Voghchi zone of the Pkhrut-Lernadzor
licenced area in 2011 identified some anomalies. All plans for geologic prospecting in 2011 were
fulfilled by January 2012. Exploration of the first Voghchi zone of the Pkhrut deposit led to the
identification of a very small occurrence, below 1000 tU inferred resources (category C2 in
Russian classification), and indicated that the deposit is prospective.

In 2013, the Armenian-Russian joint venture activities were suspended due to unfavourable
uranium market prices.

Uranium production

Armenia does not produce uranium, so there is no associated infrastructure (legislation,
regulatory authority, licencing/authorisation system, inspection, etc.).

According to the Strategic Programme for the Development of the Energy Sector of the
Republic of Armenia, uranium mining is not foreseen until 2040. On 14 January 2021, this
programme was approved by the government of the Republic of Armenia.

Uranium requirements

There have been no changes to Armenia’s nuclear energy programme during the past two years.
The country’s short-term uranium requirements remain the same and are based on the
operation of one VVER-440 unit (Armenian-2). A detailed forecast for uranium requirements was
carried out, considering the designed lifetime for this reactor, which has an installed capacity
of about 407.5 MWe.

Long-term uranium requirements depend on the country’s policy in the nuclear energy
sector. The approval of the Strategic Programme for the Development of the Energy Sector until
2040, and the schedule ensuring the implementation of this Strategic Programme, include as
priorities the extension of operations of the existing power reactor from 2026 to 2036 and the
construction of a new nuclear power plant.
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Supply and procurement strategy

Nuclear fuel for the Armenian nuclear power plant is supplied by Russia. Armenia’s nuclear fuel
requirements have remained unchanged over the past two years. The fuel procurement strategy
has also remained unchanged and continues to be based on fuel sourced from Russia. The
requirements for the proposed new unit will depend on the reactor type.

In 2007, the Armenian government decided that it would enter an agreement with the
governments of Kazakhstan and Russia to establish an international uranium enrichment
centre (IUEC) at the Angarsk electrolytic chemical combine in Russia. Armenia completed the
legal registration of accession and in 2010 joined the IUEC.

Net nuclear electricity generation
(TWh net)

Nuclear electricity generation (TWh net) 2.55 2.10

Installed nuclear generating capacity to 2040
(MW (e) net)

381 381

Annual reactor-related uranium requirements to 2040 (excluding MOX)

(tonnes U)

Low High Low High Low High Low High

64 64
64 64 64 64 64 64 NA NA
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Australia

Uranium exploration

Historical review

Australia has maintained involvement in the uranium industry since its inception and remains
one of the world’s largest producers and exporters of uranium. The majority of Australia’s
significant uranium deposits were discovered between 1969 and 1980 when exploration
expenditures for the commodity were relatively high. Uranium exploration budgets have
generally declined since the greenfields discovery of the Kintyre deposit in Western Australia by
Conzinc Rio Tinto of Australia (CRA) in 1985. Despite the lack of major recent greenfields
discoveries, the resource base has grown through significant brownfields extensions to known
resources, and some new occurrences delineated proximally to these with similar geology.

Discovered by Western Mining in 1975 and owned and operated by BHP since 2005, the
Olympic Dam mine in South Australia is the world’s largest single uranium resource. Production
has been continuous since 1988. Australia’s uranium has usually been produced from a small
number of mines (often only three), though production has shifted localities over time. Mining
has occurred at Mary Kathleen and Westmoreland in Queensland; Radium Hill, Mount Painter,
Honeymoon, Four Mile and Beverley in South Australia; along with Ranger, Narbalek and Rum
Jungle in the Northern Territory.

Most of Australia’s uranium resources occur in two main types of deposits: breccia complex
deposits, such as Olympic Dam, or unconformity-related deposits, such as Ranger or Kintyre.
Other categories include sandstone uranium deposits, such as Honeymoon; surficial (calcrete)
deposits such as Yeelirrie or Centipede; and metasomatite, metamorphic, volcanic or intrusive
deposits. Australia has no significant deposits of the quartz-pebble conglomerate-type, vein-type
and collapse breccia-pipe type.

Australia currently has two operating mines that produce uranium, Olympic Dam and Four
Mile, both in South Australia.

Recent and ongoing uranium exploration and mine development activities

Mineral exploration in Australia is undertaken exclusively by commercial entities. However,
quality geoscientific databases and information systems are maintained and made available by
the Federal Government and relevant state or territory governments, augmenting Australia’s
favourable geological settings.

Exploration expenditure for uranium decreased in 2020 to AUD 6.7 million from
AUD 10.2 million in 2019 and AUD 12.3 million in 2018.

Western Australia

= Mulga Rock

The sandstone-type Mulga Rock resource is wholly owned by Vimy Resources Ltd. It is located
240 kilometres east of Kalgoorlie in Western Australia and consists of four deposits, Ambassador,
Emperor, Princess and Shogun. The project involves shallow open-pit mining of four polymetallic
deposits with commercial grades of uranium situated in sandstone-hosted carbonaceous material.
It has a 15-year mine life and is anticipated to produce 1 346 tU annually. In January 2018, Vimy
Resources released a definitive feasibility study for the Mulga Rock project and in September 2021
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the Western Australian Department of Mines, Industry Regulation and Safety approved the Mulga
Rock mining proposal and associated mine closure plan.

= Yeelirrie

The surficial calcrete-hosted Yeelirrie uranium deposit is wholly owned by Cameco Australia
Pty Ltd and is located about 420 km north of Kalgoorlie and 70 km south-west of Wiluna in
Western Australia. It is one of the world’s largest surficial uranium deposits and is therefore
suited to open-pit mining with minimal drilling or blasting required. Cameco acquired the
Yeelirrie project from BHP in 2012.

The Yeelirrie Uranium Project received environmental approval from the Western Australia
Government in January 2017 and the Commonwealth Government in April 2019.

Future development of the Yeelirrie Uranium Project will depend on better market
conditions. It is estimated that average production from the Yeelirrie project would be nearly
3300 tU per annum over 19 years, utilising open-pit mining and alkaline leach technology.

* Kintyre

The unconformity-related Kintyre uranium deposit is wholly owned by Cameco Australia Pty
Ltd, which in 2018 acquired the 30% interest that was held by Mitsubishi Development Pty Ltd.
Kintyre is located in the East Pilbara region of Western Australia, approximately 260 km
northeast of Newman at the western edge of the Great Sandy Desert. Although there is no
outcrop, the Kintyre resource is suited to open-pit mining with the uppermost parts of the
resource 50 m below surface.

Cameco Australia secured environmental approval for the Kintyre project in 2015 from the
Commonwealth and Western Australian governments. Future development of the Kintyre
Uranium Project will depend on better market conditions. Production from the Kintyre project
is estimated at around 2 290 tU per annum, with an estimated mine life of 15 years.

® Wiluna Uranium Project

Toro Energy Ltd is the single owner of the Wiluna Uranium Project, which is a surficial calcrete-
hosted regional resource located 30 km from the town of Wiluna in central Western Australia.
Wiluna comprises six deposits: Centipede, Lake Way, Millipede, Lake Maitland, Dawson Hinkler
and Nowathanna. The first four deposits collectively make up the Wiluna Uranium Project, while
the Dawson Hinkler and Nowathanna deposits are regarded as advanced exploration prospects.

Mining of the Centipede and Lake Way uranium deposits, including the construction of a
processing facility at Centipede, received environmental approval from the Western Australian
government in 2012 and the Commonwealth Government in 2013. Toro expanded the Wiluna
project proposal, which encompasses the Lake Maitland and Millipede resources, and received
environmental approval from the Western Australian government in January 2017 and the
Commonwealth in July 2017.

Mining at Wiluna is planned as shallow strip excavation to a maximum depth of 15 metres.
The project proposes to use alkaline agitated leaching in tanks at elevated temperatures to
process the ore. Production is estimated to be approximately 577 tU per annum.

South Australia

South Australia has five approved uranium mines: Olympic Dam, Honeymoon, Beverley,
Beverley North and Four Mile. Only Olympic Dam and Four Mile produced uranium as of 2020.
Mining at Beverley and Beverley North has ceased and the sites are working towards closure.

® QOlympic Dam

BHP Ltd’s breccia complex-hosted Olympic Dam is Australia’s largest uranium mine, contributing
around two-thirds of Australia’s uranium production as a by-product to primary copper
production. Plans for a large expansion at Olympic Dam have been scaled back, although BHP
plans to steadily increase production capacity under its existing approvals, and in 2018,
underground operations commenced in the “Southern Mining Area” of the resource. While
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production is planned to remain stable in the near term, it is anticipated output will increase over
time through incremental production efficiency gains and infrastructure investment.

= Four Mile

The Four Mile mine is located approximately 550 km north of Adelaide. It is operated by Quasar
Resources Pty Ltd using in situ recovery (ISR) to extract uranium from sandstone deposits.
Uranium is extracted at Four Mile West with other ore bodies identified and under continued
delineation at Four Mile East, Four Mile North East and Four Mile North. Uranium-bearing resin
from Four Mile is pumped to the Beverley processing plant for elution, precipitation and drying as
uranium concentrate.

®* Honeymoon

Operated by Boss Energy Ltd, the sandstone-type Honeymoon deposit is currently in care and
maintenance. However, it remains approved for mining and exploration and metallurgical test
work continues. Mineral exploration continued by Boss Energy in the Yarramba and Billeroo
palaeochannels with new resources identified at the Gould’s Dam and Jason’s deposit. The
Honeymoon project comprising, Honeymoon, Gould’s Dam and Jason’s, has identified,
recoverable resources of 23 306 tU. Boss Energy released an Enhanced Feasibility Study of the
Honeymoon Project in June 2021.

Northern Territory
® Ranger

Uranium production at the Ranger mine ceased on 8 January 2021 after 40 years of operation that
totalled approximately 112 000 tU. The Ranger mine, operated by Energy Resources Australia (ERA;
majority owner Rio Tinto with 86.3%) is located in the Pine Creek Inlier and is classified as an
unconformity-related deposit. In 2012, Pit 3 mining operations ceased, with production from 2013
being maintained through stockpiled ore material. Activities ceased at Ranger Open Pit 1 in 1994,
and as a part of the closure, the pit was filled with tailings and waste rock with a laterite clay cap
being placed on the pit surface in 2016. Rehabilitation of the mine area is scheduled to be
completed by January 2026.

" Queensland

Queensland hosts more than 80 known sites that contain valuable amounts of uranium, mainly
in the remote north-western area of the state. In March 2015, the incoming Queensland
government announced that it intended to reinstate a ban on uranium mining. The ban had been
repealed in 2012 by the previous government following a period of over 30 years during which no
uranium mining had been undertaken in the state. Currently, Queensland allows uranium
exploration but not mining.

New South Wales

Uranium exploration was prohibited in New South Wales for 26 years until 2012, when the state
government overturned the ban. However, while uranium exploration is currently permitted,
the ban on uranium mining remains in place.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)

On 1 January 2021, Australia’s total identified recoverable uranium resources at a cost of
<USD 130/kgU amounted to 1 238 741 tU (1 907 495 tU in situ) of reasonably assured conventional
resources and 445 356 tU (700 893 tU in situ) of inferred conventional resources.
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Estimated mining and processing losses were deducted from commercial uranium resource
reports for individual deposits submitted under the Australian Joint Ore Reserves Committee
(JORC) Code. For deposits where this information is not available, an overall mining and milling
recovery factor was applied as recommended in the 2021 Red Book Questionnaire. Overall
recovery factors range from 58% to 95%.

Notable differences between Australia’s previous country report (2020) include an overall
increase in RAR but decrease in inferred resources. This is principally accounted for by reported
resources at Olympic Dam which show a significant increase in RAR but decrease in inferred
resources. Additionally, recoverability information was updated for some deposits.

Although there are more than 35 deposits with identified resources recoverable at costs of
<USD 130/kgU, the vast majority of Australia’s resources are within the following three individual
deposits: Olympic Dam in South Australia, Jabiluka in the Alligator Rivers Region of the Northern
Territory, and Yeelirrie in Western Australia. At the Olympic Dam mine, uranium is a by-product
of copper mining, with gold and silver also recovered.

Undiscovered conventional resources (prognosticated and speculative resources)

Geoscience Australia does not make estimates of Australia’s undiscovered uranium resources.

Unconventional resources and other materials

Geoscience Australia does not make estimates of Australia’s unconventional uranium resources.

Uranium production

Historical review

The current phase of Australian uranium production commenced in 1976. Exports are
approximately 6 600 (tU) per annum (averaged over ten years), or around 12% of the global market.
Uranium produced in Australia is exported to countries in North America, Asia and Europe, and
is used as fuel in nuclear power stations to generate electricity.

A review of the history of uranium exploration, development and production in Australia is
provided in Australia’s Uranium Resources, Geology and Development of Deposits, available at:
www.ga.gov.au/webtemp/image_cache/GA9508.pdf.

Status of production capability and recent and ongoing activities

As of 1 January 2021, Australia had three operating uranium mines: Ranger (Energy Resources
of Australia Ltd) in the Northern Territory, Olympic Dam (BHP Ltd) and Four Mile (Quasar
Resources Pty Ltd), both in South Australia. However, production at the Ranger mine ceased on
8 January 2021.

Five uranium projects in Australia are awaiting better market conditions before proceeding
with development: Honeymoon (Boss Energy Ltd) in South Australia, Kintyre and Yeelirrie
(Cameco Australia Pty Ltd), Wiluna (Toro Energy Ltd), and Mulga Rock (Vimy Resources Ltd), all
in Western Australia.

Total uranium mine production for 2020 from the three operating mines, Olympic Dam,
Ranger and Four Mile, amounted to 6 195 tU.
Olympic Dam

Olympic Dam’s production of payable metal in concentrate for 2020 was 3 062 tU, a decrease of
300 tonnes from 2019. Olympic Dam contains well over one million tonnes of uranium resources,
making it the largest single uranium deposit in the world. It is also the only known breccia
complex deposit that has significant economic resources of uranium. Olympic Dam produces
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copper cathode, refined gold and silver bullion, along with uranium oxide. The BHP-owned
underground mine utilises long-hole open stoping technology and cemented aggregate fill, with
integrated metallurgical processing.

Ranger

Production at the Ranger mine was 1 335 tU in 2020, a decrease of 150 tonnes, or 10%, from the
1485 tU produced in 2019. All production at the Ranger mine ceased as of 8 January 2021. Energy
Resources Australia (ERA) has produced uranium at Ranger since 1981, with more than
132 000 tonnes of uranium oxide concentrate (112 000 tU) produced. Mining at Ranger Pit 3
concluded in December 2012, but stockpiled ore continued to be processed at the main
metallurgical plant and the laterite treatment plant until operations ceased.

Ranger 3 Deeps was discovered in 2009 and is estimated to contain over 34 000 tonnes of
uranium oxide (28 830 tU). ERA invested around AUD 120 million in an exploration decline,
which was commenced in 2012 and completed in 2014, providing access to the resource for
further analysis and assessment. In 2015, ERA’s majority owner, Rio Tinto, announced that after
careful consideration the company did not support further study or the future development of
Ranger 3 Deeps due to the economic challenges facing the project.

The Gundjeihmi Aboriginal Corporation advised ERA in 2016 that the Mirarr Traditional
Owners do not support the creation of a new Ranger Authority, which would provide the
regulatory mechanism to enable mining after 2021. Rehabilitation activities at the Ranger site
have commenced and are scheduled to be completed by January 2026.

Beverley

The sandstone-type Beverley resources, located east of the Flinders Ranges in South Australia,
began operations in 1990. Production from Beverley, operated by Heathgate Resources Pty Ltd,
started in late 2000, making it Australia’s first operating ISR mine. The Beverley and Beverley
North mines have been in care and maintenance since early 2012 and 2018, respectively, and
since late 2020 have moved into mine closure.

Four Mile

The Four Mile resource comprises two significant sandstone uranium deposits, Four Mile East
and Four Mile West, operated by Heathgate Resources on behalf of Quasar Resources Pty Ltd.
The initial phase of operations consisted of pumping uranium-bearing solutions to the nearby
satellite ion-exchange plant at the Pannikan deposit. The resin produced was initially trucked
to the Beverley processing plant for elution, but as of October 2019 it is pumped via trunk lines
for precipitation and drying of the uranium concentrates.

Honeymoon

Operated by Boss Energy Ltd, which acquired it in 2015 from Uranium One (Rosatom - the
Russian state-owned nuclear industry operator), Honeymoon remains in care and maintenance.
Uranium One’s production from the Honeymoon project ceased in November 2013. However, all
government approvals remain in place, and exploration and metallurgical test work continues.
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Uranium production centre technical details
(as of 1 January 2021)

A

Name of production centre Olympic Dam Four Mile (a) Honeymoon Mulga Rock

Production centre classification Existing Existing Planned Planned

Date of first production (year) 1988 2014 2011 Not known

Source of ore

Deposit name(s) or district name Olympic Dam Four Mile HoneD);rqu;r;,oic’)suld's Anzlr)lgscseascj’cih;nagzlror
Polymetallic

Deposit type(s) Fe-oxide breccia Sandstone Sandstone Sandstone

complex

Recoverable resources (tU) 1328837 14 680 23306 28 836

Grade (% U) 0.048 0.29 0.15 0.08

Mining operation

Type (OP/UG/ISL) UG ISR ISR oP

Size (tonnes ore/day) 12 NA NA NA

Average mining recovery (%) 85 NA NA 95

Processing plant

Acid/alkaline Acid Acid Acid Acid

Type (IX/SX) SX IX SX & IX

Size (tonnes ore/day) 12 NA NA NA

Average process recovery (%) 68 85 85 87.3

Nominal production capacity (tU/year) 3250 1700 769 1346

Plans for expansion (yes/no) yes no no no

Name of production centre Yeelirrie Wiluna Kintyre

Production centre classification Planned Planned Planned

Date of first production (year) Not known Not known Not known

Source of ore

Deposit name(s) or district name Yeelirrie M(izliztelg:fjlzll(-zkl\:;?t/g {] d Kintyre

Deposit type(s) Surficial (Calcrete) Surficial (Calcrete) Proterozoic unconformity

Recoverable resources (tU) 39409 19344 18 253

Grade (% V) 0.13 0.09 0.53

Mining operation

Type (OP/UG/ISL) oP oP opP

Size (tonnes ore/day) NA NA NA

Average mining recovery (%) NA NA NA

Processing plant

Acid/alkaline Alkaline Alkaline Alkaline

Type (IX/SX) (d) IX NA

Size (tonnes ore/day) NA NA 1700

Average process recovery (%) 80 80 80

Nominal production capacity (tU/year) 3265 577 2290

Plans for expansion (yes/no) no yes no

168

(a) The Four Mile resource comprises Four Mile East and Four Mile West. Uranium-bearing resin from Four Mile is pumped to the Beverley
processing plant for elution, precipitation and drying as uranium concentrate.
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Ownership of uranium production

Australia’s uranium mines are owned and operated by a range of domestic and international
companies:

¢ The Olympic Dam mine is fully owned by BHP Ltd, listed on the Australian Stock Exchange
(ASX: BHP).

e The Four Mile mine is fully owned by Quasar Resources Pty Ltd, a subsidiary of Heathgate
Resources Pty Ltd, which is in turn owned by General Atomics (United States).

Secondary sources of uranium

Australia does not produce or use mixed oxide fuels, re-enriched tails or reprocessed uranium.

Environmental activities and socio-cultural issues

Environmental approvals

Australia’s Commonwealth and relevant state or territory legislative framework require
proponents of uranium mines to undertake rigorous and comprehensive environmental impact
assessment processes that incorporate public comments on the proposal. A Commonwealth
assessment is conducted under the Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act). An EPBC Act assessment is usually undertaken bilaterally with relevant state and
territory authorities. An assessment is required for modifications to existing projects along with
new proposals, ensuring that strict requirements for environmental, heritage and nuclear
safeguards are maintained.

Social factors are also considered in the approvals processes. In particular, Aboriginal Land
Rights and Native Title legislation ensures that the concerns and cultural needs of Aboriginal
people are respected.

Recent environmental assessments include:

e BHP received approval in February 2015 from the Government of South Australia to raise
the wall height of Tailings Storage Facility 4, from 30 m to 40 m. Commonwealth approval
was not required. Previously, in 2012, BHP obtained approval to develop an open-pit mine.
However, BHP has postponed this proposal indefinitely and, in 2016, announced plans to
increase production through an underground expansion into the higher-grade Southern
Mining Area at Olympic Dam. In late 2019, BHP received approval to construct Tailings
Storage Facility 6 (TSF6) and in mid-2021, received approval to commission and operate
TSF6. TSF6 replaces TSF4, which has now reached the end of its operational life.

e Cameco Australia’s Kintyre project obtained Western Australian state environmental
approval in March 2015 and Commonwealth environmental approval in April 2015.

o Vimy Resources’s Mulga Rock project obtained Western Australian state environmental
approval in December 2016 and Commonwealth environmental approval in March 2017.
Most recently, in September 2021, the Western Australian Department of Mines, Industry
Regulation and Safety approved the Mulga Rock mining proposal and associated mine
closure plan.

¢ Toro Energy’s Wiluna Extension project, encompassing the Lake Maitland and Millipede
resources, obtained Western Australian state environmental approval in January 2017
and Commonwealth environmental approval in July 2017.

e Cameco Australia’s Yeelirrie Uranium Project obtained Western Australian state
environmental approval in January 2017 and Commonwealth environmental approval in
April 2019.
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Site rehabilitation

The Ranger mine, operated by Energy Resources Australia, ceased uranium production on
8 January 2021. The Ranger project area will now undergo extensive rehabilitation work that is
due to be completed by January 2026. Since 2012, ERA has spent in excess of AUD 683 million on
rehabilitation and water treatment at Ranger and expects to invest an additional AUD 800 million
on rehabilitation by completion. The Ranger mine closure plan was released by ERA in October
2020 with the objective to rehabilitate the disturbed regions of the project area to a condition
similar to the environment of the surrounding Kakadu National Park. The closure plan also
includes a maintenance and monitoring programme for 25 years after the rehabilitation
programme is completed.

Industry/government collaboration activities

The Uranium Council (UC), formerly the Uranium Industry Framework (UIF), was established by
the Australian government in 2009 to develop a sustainable Australian uranium mining sector
in line with world’s best practice in environmental and safety standards. Membership of the UC
comprises representatives of federal, state and territory government agencies, industry, and
industry associations.

The UC made a submission to the 2015 South Australian Royal Commission into the nuclear
fuel cycle. The UC’s submission reviewed its (and the UIF’s) work undertaken in three key areas:
health and safety, regulation and environmental protection, and community engagement. The
submission also provided the following publications developed in response to UC (or UIF)
initiatives:

o Safe and Effective Transport of Uranium (2007);

¢ Review of Regulatory Efficiency in Uranium Mining (2008);

e Consolidated Indigenous Engagement Factsheets;

e Australia’s In Situ Recovery Uranium Mining Best Practice Guide: Groundwaters, Residues and
Radiation Protection (2010);

e Environmental Protection: Development of an Australian Approach for Assessing Effects of
Ionising Radiation on Non-Human Species (2010);

¢ Guide to Safe Transport of Uranium Oxide Concentrate (2012);
¢ Uranium Oxide Concentrate (UOC) Transport Strategy (2014).

Further information on the UC can be found at www.industry.gov.au/about-us/what-we-
do/uranium-council.

National Energy Resources Australia (NERA) is one of six growth centres established by the
Australian government under the Industry Growth Centres Initiative. Through a national focus,
NERA'’s roles are to grow collaboration and innovation to help the energy resources industry
(petroleum, coal, and uranium) manage cost structures and productivity, direct research to
industry needs, deliver the future work skills required and promote fit for purpose regulation.
To do this, key strategies include:

e supporting collaborative and innovative research;

¢ building a resilient and agile supply chain through small and medium-sized enterprises
and research sector collaboration;

e promoting industry sustainability through developing a greater understanding of social,
environmental, economic and operational consequences of industry activity.

To date, NERA has developed a Sector Competitiveness Plan and in association with
management consultants, Accenture, undertook the Australian Uranium Industry
Competitiveness Assessment. These reports have outlined several challenges facing the
Australian uranium industry, but have also identified several opportunities to assist the
industry in becoming more globally competitive. Further information on NERA can be found at:
WWww.nera.org.au.
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Regulatory activities

Radiological protection matters arising from uranium mining in Australia are principally the
responsibility of the states and territories where mining occurs. The Australian Radiation
Protection and Nuclear Safety Agency (ARPANSA) is responsible for developing Australia’s
national radiological protection framework as laid out in the Radiation Protection Series (RPS),
which are implemented through jurisdictional legislation and licence conditions.

ARPANSA'’s RPS includes a pivotal background document, RPS F-1 Fundamentals for Protection
Against Ionising Radiation (2014), and several codes and guides relating to uranium mining and
associated processes:

e RPS 9 Code of Practice and Safety Guide for Radiation Protection and Radioactive Waste
Management in Mining and Mineral Processing (2005); RPS 15 Safety Guide for the Management
of Naturally Occurring Radioactive Material (NORM) (2008);

e RPS 16 Safety Guide for the Predisposal Management of Radioactive Waste (2008);
e RPS 20 Safety Guide for Classification of Radioactive Waste (2010);

e RPS 9.1 Safety Guide for Monitoring, Assessing and Recording Occupational Radiation Doses in
Mining and Mineral Processing (2011);

e RPS C-2 Code for the Safe Transport of Radioactive Material (2014);
e RPS G-1 Guide for Radiation Protection of the Environment (2015);
e RPS C-1 Code for Radiation Protection in Planned Exposure Situations (2016).

ARPANSA continues to develop frameworks that guide radiological protection best practice
and works closely with industry representative bodies through relevant consultative processes.
ARPANSA also administers the Australian National Radiation Dose Register (ANRDR) for the
storage and maintenance of dose records of workers occupationally exposed to ionising
radiation. Since 2013, ANRDR has complete coverage of the uranium mining and milling
industry in Australia with all operations submitting relevant dose records.

A Radon Progeny Technical Coordination Group was established with representation from the
uranium mining industry, state regulators, and ARPANSA to develop a national approach to radon
progeny dose assessment to address proposed changes in international recommendations. This
included a programme of measurements in Australian uranium mines. This work has been
published as an Advisory Note on the ARPANSA website: New dose coefficients for radon progeny:
Impact on workers and the public, and is available at: www.arpansa.gov.au/understanding-radiation/
sources-radiation/radon/new-dose-coefficients-radon-progeny-impact-workers.

The Australian government released the 2016 edition of the Leading Practice Sustainable
Development Program for the Mining Industry (LPSDP) of that year. The latest edition consists of a
17-book series with several updated handbooks and two new handbooks — Community Health and
Safety and Energy Management in Mining. Further information on the Leading Practice handbooks
can be found at www.industry.gov.au/data-and-publications/leading-practice-handbooks-for-
sustainable-mining.

Uranium requirements

Australia has no commercial nuclear power plants and has very limited domestic uranium
requirements. An Open Pool Australian Lightwater (OPAL) research reactor is operated by the
Australian Nuclear Science and Technology Organisation (ANSTO) at Lucas Heights south of
Sydney, New South Wales. The OPAL reactor was opened in 2007, with the capacity to produce
commercial quantities of radioisotopes utilising low-enriched uranium (LEU) fuel.
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Uranium policies, uranium stocks and uranium prices

National policies

Australian policy states Australian uranium can only be sold to countries with which Australia
has a nuclear co-operation agreement, to ensure that countries are committed to peaceful uses
of nuclear energy. They must also have safeguards agreements with the International Atomic
Energy Agency (IAEA), including an Additional Protocol. Australia’s network of safeguards
agreements now totals 43.

The Australian government supports the development of a sustainable Australian uranium
mining sector in line with world’s best practice environmental and safety standards. Uranium
exploration and mining are currently permissible in South Australia, the Northern Territory and
Western Australia. New South Wales overturned legislation prohibiting uranium exploration in
2012; however, uranium mining remains prohibited. In March 2015, Queensland stated it planned
to reinstate the ban on uranium mining, which had been overturned in October 2012 by the
previous state government, but uranium exploration is permitted. Victoria currently prohibits
both uranium exploration and mining. In March 2017, the incoming Western Australian
government restated its commitment to place a ban on future uranium activities except for mines
that had already been approved by the previous government.

Australia currently has no plans to develop a domestic nuclear power industry, but interest
at the state level led to the South Australian Nuclear Fuel Cycle Royal Commission in 2015 and,
more recently, the New South Wales Uranium Mining and Nuclear Facilities (Prohibitions)
Repeal Bill 2019 and the Victorian Inquiry into Nuclear Energy Prohibition (2019). At the
Commonwealth level, the House of Representatives Standing Committee on the Environment and
Energy undertook an Inquiry into the Prerequisites for Nuclear Energy in Australia, also in 2019.

Further, Regulation 9 of Australia’s Customs (Prohibited Exports) Regulations 1958, provides that
the export of goods listed in Schedule 7 of the Regulations is prohibited unless permission is
obtained from the Commonwealth Minister for Industry, Innovation and Science or an authorised
person. Goods listed in Schedule 7 include minerals, ores and concentrates containing more than
500 parts per million of uranium and thorium combined.

Uranium stocks

For reasons of confidentiality, information on producer stocks is not available.

Uranium prices

The average price of uranium exported from Australia in 2020 was USD 30.27/1b UsOs with
exports governed by a combination of contract specifications. Average export prices for the last
five years are listed in the table below.

Average export prices for Australian uranium oxide 2015-2020

AUD/Ib U308 51.31 43.03 35.90 39.58 42.81 43.83
USD/Ib UsOs 38.61 32.03 27.53 29.60 30.05. 30.27
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Uranium exploration and development expenditures and drilling effort - domestic
(AUD millions)

0 019 020 0 expectea
Private* exploration expenditures 12.3 10.2 6.7 9
Government exploration expenditures 0 0 0 0
Private* development expenditures NA NA NA NA
Government development expenditures 0 0 0 0
Total expenditures 12.3 10.2 6.7 9
Private* exploration drilling and trenches NA NA NA NA
Government exploration drilling and trenches 0 0 0 0
Private* development drilling NA NA NA NA
Government development drilling 0 0 0 0
Subtotal exploration drilling (metres) NA NA NA NA
Subtotal development drilling (metres) NA NA NA NA
Total drilling (metres) NA NA NA NA
Total number of holes drilled NA NA NA NA

* Non-government.

Conventional reasonably assured resources by production method

(recoverable, tonnes U)

Production method <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU
Underground mining (UG) NA NA 94100 101873
Open-pit mining (OP) NA NA 151 868 174 382
In situ recovery (ISR) NA NA 30160 38742
Co-product and by-product NA NA 962613 1002763
Total NA NA 1238741 1317760

Conventional reasonably assured resources by processing method

Processing method

(recoverable, tonnes U)

<USD 40/kgU <USD80/kgU | <USD130/kgU | <USD 260/kgU

Conventional from UG NA NA 1056713 1104636
Conventional from OP NA NA 151 868 174382
In situ recovery (ISR) NA NA 30160 38742
Total NA NA 1238741 1317760
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Conventional reasonably assured resources by deposit type

(recoverable, tonnes U)

Proterozoic unconformity NA NA 108 004 110843
Sandstone NA NA 62 365 72252
Polymetallic Fe-oxide breccia complex NA NA 969 432 1009928
Granite-related NA NA 322 322
Intrusive NA NA 0 13873
Volcanic-related NA NA 2433 4826
Metasomatite NA NA 29281 34593
Surficial NA NA 66 904 71123
Total NA NA 1238741 1317760

Conventional inferred resources by production method

Production method

(recoverable, tonnes U)

<USD 80/kgU <USD 130/kgU

<USD 40/kgU

<USD 260/kgU

Underground mining (UG) NA NA 35632 48216
Open-pit mining (OP) NA NA 30317 108 812
In situ recovery (ISR) NA NA 13183 49750
Co-product and by-product NA NA 366 224 435237
Total NA NA 445 356 642015

Conventional inferred resources by processing method

Processing method

(recoverable, tonnes U)

<USD 40/kgU <USD80/kgU | <USD130/kgU | <USD 260/kgU

Conventional from UG NA NA 401 856 483453
Conventional from OP NA NA 30317 108 812
In situ recovery (ISR) NA NA 13183 49750
Total NA NA 445 356 642015
Conventional inferred resources by deposit type
(recoverable, tonnes U)
Deposit type <USD 40/kgVU <USD 80/kgU <USD 130/kgVU <USD 260/kgU
Proterozoic unconformity NA NA 37 491 52424
Sandstone NA NA 32517 86 258
Polymetallic Fe-oxide breccia complex NA NA 366 224 435237
Granite-related NA NA 0 28
Intrusive NA NA 0 9824
Volcanic-related NA NA 0 1089
Metasomatite NA NA 8424 11916
Surficial NA NA 700 45239
Total NA NA 445 356 642015
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Prognosticated conventional resources

(in situ tonnes U)

Cost ranges

<USD 80/kgU

<USD 130/kgU

<USD 260/kgU

NA

NA

NA

Speculative conventional resources

(in situ tonnes U)

Cost ranges

<USD 130/kgU

<USD 260/kgU

Unassigned

NA

NA

NA

Historical uranium production by production method

(tonnes U in concentrates)

Total through

Total through

Production method end of 2018 2019 2020 end of 2020 2021 (expected)
Open-pit mining 129 684 1485 1335 132504 29
Underground mining1 838 0 0 838 0
In situ recovery (ISR) 13337 1764 1798 16 899 1866
Co-product/by-product 75169 3364 3062 81595 1922
Total 219028 6613 6195 231836 3817

Historical uranium production by processing method
(tonnes U in concentrates)

sz endotaora | 2019 220 | om0 | (expacted
Conventional 205 691 4849 4397 214937 1951
In situ recovery (ISR) 13337 1764 1798 16 899 1866
Total 219028 6613 6195 231836 3817

Historical uranium production by deposit type
(tonnes U in concentrates)
A I g

Proterozoic unconformity 122270 1485 1335 125090 29

Sandstone 13337 1764 1798 16 899 1866

Polymetallic Fe-oxide breccia complex 75169 3364 3062 81595 1922

Metasomatite 7531 0 0 7531 0

Intrusive 721 0 0 721 0

Total 219028 6613 6195 231836 3817
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Ownership of uranium production in 2020*

private Government/private

(tV) (%)
3226 52

(tV) (%)
2969 48

(tV)
6195

(%)
100

* These figures are estimated based on public ownership information. For reasons of confidentiality, government vs private ownership
information is not available; there is no Australian government production ownership. Estimated by proportioning domestic private
ownership and foreign private ownership for each uranium mining company by its production for 2020.

Uranium industry employment at existing production centres

(person-years)

2018 2019 2020 2021

(expected)
Total employment related to existing production centres 4559 3198 3134 2738
Employment directly related to uranium production 3163 2220 2175 1900

Mid-term production projection (tonnes U/year)
(tonnes U/year)

3817 5000 5000 5400 5700 4000

Mid-term production capability (tonnes U/year)

A-l B- A-ll B-lI A-l B-l A-ll B-ll
NA NA 5000 5800 NA NA 5400 15000
2035 2040
Al B- Al B-lI A-l B-1 A-ll B-ll
NA NA 5700 10000 NA NA 4000 13000

Total uranium stocks

(tonnes natural U-equivalent)

Natural uranium Enriched Depleted Reprocessed Total
stocks in concentrate uranium stocks uranium stocks uranium stocks

Government

Producer NA 0 0 0 NA
Utility 0 0 0 0 0
Total NA 0 0 0 NA
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Bangladesh

Uranium exploration and mine development

Historical review

The vision of the Bangladesh Atomic Energy Commission (BAEC) is to contribute to the socio-
economic development of the country through the peaceful application of nuclear science and
technology. To implement that vision, the BAEC initiated an exploration programme for atomic
minerals in favourable geological areas in Bangladesh.

Four regions in Bangladesh are considered to be interesting for uranium exploration: the
Eastern Mobile Belt, the Stable Platform, the Dauki Fault Belt and the Dinajpur Slope. The north-
eastern border of Bangladesh, located near the Meghalaya uranium province of India, is also
potentially promising. Targets include sandstone and basement hosted deposits (U, U-Th-REE),
as well as placer deposits (Th, U, REE).

The presence of radioactivity in U and Th bearing zircon- and monazite-rich beach and river
sand deposits in Bangladesh was reported in the early 1960s. BAEC has been studying placer
minerals along the coastal belts of Bangladesh since its independence and a programme of
systematic exploration of heavy minerals was initiated in 1968. The entire south-eastern and
southern coastal areas along with their offshore islands were explored from 1968 to 1986. From
this detailed survey, a total of 1.76 million tonnes of economic heavy minerals were estimated,
among which uranium and thorium bearing zircon and monazite were estimated at
1158 117 tonnes and 17 352 tonnes, respectively. The findings include:

o Testing of bulk sand samples by BAEC indicate that radioactive heavy minerals can be
concentrated in specific fractions.

o In separated zircon fractions, uranium and thorium values of up to 140 ppm U (0.014%
U), and 526 ppm Th were identified by neutron activation analysis.

e In radioactive sample concentrates, uranium and thorium were measured as high as
1 400 (0.14% U) and 700 ppm, respectively. Values from mineral grain concentrates were
recorded as high as 37 600 ppm Th and 5 120 ppm U (0.512% U) using high-resolution
gamma-ray spectroscopy.

In 1976, with assistance from the International Atomic Energy Agency and through the
United Nations Development Programme, a reconnaissance radiometric survey was conducted
through the Exploration of Uranium and Thorium in Bangladesh project. Some of the highlights
of the project:

e A regional reconnaissance survey was completed over a 2 000 km? area of the greater
Chittagong and Chittagong Hill Tracts and Sylhet districts. More than 150 surface
radiometric anomalies were identified.

e An aerial survey was completed over the Jaldi anticline, and a detailed survey was
completed over a 450 km? area including the Sylhet, Jaintia and Harargaj geological
structures.

¢ Radon surveys were carried out in a 35 km? area over the Sylhet anticline and the Jaintia
Structure.

e About 27 shallow boreholes were drilled in the Sylhet region resulting in the identification
of more than 85 anomalies.
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e Uranium indicators were identified in the Harargaj anticline, Moulavibazar District,
Eastern Mobile Belt. Most of the samples collected from anomalous beds contain
uranium and thorium ranging from 10 to 300 ppm (0.001-0.03% U) and 100 to 1 000 ppm,
respectively. The highest radiometric counts occurred in the Phooltala Reserve Forest, at
6 000 counts per second (60 times the background counts). Chemical analysis of this
sample indicated the presence of 1 020 ppm of total uranium (0.102% U). Uranothorite
and thorianite were identified in the rock samples.

The project was suspended in 1985 before the follow-up exploration of prospective areas.
BAEC reinitiated its uranium and thorium exploration activity in 1993 through the Exploration
and Exploitation of Atomic Minerals: Joypurhat — Sylhet Area in the Dauki Fault project. Project
outcomes include:

e In 1995, a radiometric survey was conducted over various locations along the Dauki Fault,
Jaintiapur. Radioactivity in some locations was found to be 5-6 times above background
levels. Also, radioactive counts were found to be 4 to 6 times the background level in the
Jadukata valley and 3.5 times the background level near the Rangpani River, with a
maximum of up to 10 times the background level at one location.

¢ Gamma logging was completed in a 300 m deep drill hole (EDH-52, drilled by the
Geological Survey of Bangladesh at Madarpur, Mithapukur, Rangpur). Total gamma count
anomalies of 20-25 times the background level were identified at various depths in the
crystalline basement rocks. Larger-scale follow-up surveys have not yet been carried out
in prospective regions due to limited budgets and technical know-how. However, BAEC
continues to conduct small-scale exploration research.

Recent and ongoing uranium exploration activities

From 2018 to 2020, BAEC completed uranium and thorium exploration over a 12 km? area in the
Jaintiapur and adjacent Sylhet areas of north-east Bangladesh. The exploration was carried out
through the Institute of Nuclear Minerals of the Atomic Energy Research Establishment.

e The range of radon concentration was measured as 8 to 4 360 Bq/m? with an average of
851 Bg/m?3, with anomalous values of 2 120 to 4 360 Bqg/m? observed in the Tertiary
sediments, and 8 to 584 Bg/m?® found in the recent alluvial soil.

e Samples were analysed by neutron activation for uranium and thorium, and
enrichments were attributed to the presence of monazite and zircon. Uranium values
averaged 5 ppm (0.0005% U), with a maximum of 12 ppm (0.0012% U). Thorium averaged
41 ppm, with a maximum of 100 ppm.

e Average background spectrometric sample values were 611, 45, and 83 Bg/kg, for samples
40K, 226Ra and 232Th, respectively. The highest values recorded for 40K were 1 040 Bq/kg,
and 86 and 179 Bg/kg, for 226Ra and 232Th, respectively.

Uranium exploration and development expenditures and drilling effort - Government

domestic
(BDT)
Government exploration expenditures 500 000 500 000 600 000 700 000
Total expenditures 500 000 500 000 600 000 700 000
Total drilling (metres) NA NA NA NA
Total number of holes drilled NA NA NA NA
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Recent mine development activities

Bangladesh has no current or planned mine development activities.

Uranium resources and production

Bangladesh has no current uranium resources or production.

Uranium requirements

Bangladesh began construction of its first nuclear power reactor (Rooppur 1) in November 2017
with commissioning scheduled in 2023 and commercial production in 2023 or 2024.
Construction of the second unit at Rooppur commenced in July 2018, with completion scheduled
for 2024 and commercial production in 2024 or 2025. The country has a rapidly increasing power
demand and is aiming to reduce its dependence on natural gas. All fuel for Rooppur will be
provided by Rosatom and used fuel will be repatriated to Russia.
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Bolivia

Uranium exploration and mine development

Historical review

The Bolivian Nuclear Energy Commission (COBOEN) has responsibility for all the activities of
research and application of nuclear energy for peaceful purposes in the fields of geology, mining,
metallurgy, research, industry, energy, agriculture, medicine, hydrology and others.

On 3 June 1983, COBOEN was restructured and changed its name to The Bolivian Institute of
Science and Technology (IBTEN), embracing the activities of research and application of nuclear
techniques, planning and supervision of the development of nuclear technology.

Uranium and thorium prospecting and exploration activities are conducted by the Geological
Mining Service of Bolivia (SERGEOMIN), with the specific function of evaluating the potential of
such resources. In addition, the Uranium Metallurgy project of the Institute of Mining and
Metallurgical Research, has the specific function of completing studies on the extraction of
uranium concentrates and the optimisation of production costs based on new techniques within
the framework of the national nuclear policy.

The main uranium exploration activities occurred in three stages.

First stage

In 1953, at the request of the Bolivian government, the United States Atomic Energy Commission
(USAEC) sent a geological reconnaissance mission to the country to investigate the uranium
exploration potential. The mission detected heightened radioactivity in some areas of Bolivia
(Potosi and Cochabamba Departments) related to old mines where copper, cobalt and nickel
minerals were associated with uranium minerals in the Santa Cruz Department. During this
campaign, radioactive anomalies were also identified in the eastern highlands of Santa Cruz, as
a result of aerial reconnaissance.

From 1954 to 1955, the USAEC and the former National Department of Geology of Bolivia
(DENAGEQ) carried out a new exploration campaign, which despite many difficulties encountered
in the field, yielded interesting results that were reflected in the report by Henderson and others'.
Among numerous mines investigated in the Cordillera and Altiplano regions, based on the
measurements made on mineral samples, the tin porphyry mine Siglo XX (also known as Siglo
Veinte, Llallagua, and Catavi), located close to the city of Llallagua in Bustillos province (Potosi),
appeared to have good potential for uranium resources. In addition, other uranium indicators
were found in the areas of Sorata, in La Paz and Tasna, in Potosi.

Second stage

In 1963, on behalf of the DENAGEO and the United Nations Development Program (UNDP), a
Swedish consulting company carried out an aerial prospecting campaign, covering the Cordillera
and the Altiplano regions.

*  Henderson, J., M. Honea and G. Donoso (1955), “Appraisal of uranium possibilities in Bolivia”, United States
Atomic Energy Commission, Unpublished Report 4060.
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The reports presented indicated that there were several radioactive anomalies of variable
dimensions, detected mainly in “La Meseta de Los Frailes” in an area of around 15 000 km?.
Despite uncertainties, it was concluded that there were enough indicators to guide the future
exploration by COBOEN.

COBOEN paid close attention to the western part of the “Los Frailes” volcanic plateau with
the central Altiplano-Cordillera boundary. In 1968 the first exploratory work was planned in this
volcanic area.

In 1970, the regional prospecting project began in the “Los Frailes” region, covering the
adjacent altiplanic portion, located between Salinas, Sevaruyo and Rio Mulato. During this
campaign, the Cotaje deposit (the only Bolivian deposit at that time) was discovered in July 1970.
In addition, regional prospecting work that year was carried out in the areas of Tupiza, Camargo
and Uyuni.

After a technical evaluation of the economic possibilities of the uranium deposits, the
Homestake Mining Co., in co-ordination with COBOEN, in 1973 recommended that the evaluation
of the prospects in the Sevaruyo area and prospecting in the Chacarilla area with ground and
aerial methods should continue and that anomalies found in the Tupiza area should be
investigated.

In December 1974, COBOEN authorities delivered two kilograms of uranium concentrates
(yellowcake), obtained in its laboratories from Cotaje uranium deposit ore (Potosi), to the
national government. This work was carried out in co-operation with the Nuclear Operations
and Processes Division, and marked a technological milestone in Latin America and for Bolivian
nuclear metallurgy in particular.

Third stage

From 1975, prospecting and exploration was consolidated across Bolivia, though the rate of
anomaly discovery was reduced. Activities at the Cotaje deposit were maintained to evaluate
the feasibility of the metallurgical mining project and to quantify the economic potential of
existing resources, using donated UNDP exploration equipment.

In 1977, the first uranium ore concentration pilot plant was inaugurated in Cotaje (the
second in Latin America). Its design, installation and start-up were undertaken exclusively by
COBOEN personnel.

In order to increase deposit resources, physical exploration of the Cotaje metallurgical
mining complex was intensified in 1979 by means of an electrical resistivity geophysical survey.
The geological evaluation found that the estimated resource base did not justify construction of
an industrial plant for uranium processing. It was instead decided to expand the Cotaje pilot
plant to a semi-industrial scale with a declared rated annual production capacity of 4 tonnes of
Us0s in the form of commercial concentrates.

In September 1980, the plant was officially inaugurated, but due to a limited budget and lack
of prospecting equipment it was not possible to continue with the discovery of additional
resources in the country.

Mining exploration work was resumed in 2008 when the Prefecture of the Department of
Potosi contracted the services of the National Geological and Technical Mining Survey
(SERGEOTECMIN, now SERGEOMIN) to carry out a prospecting and exploration programme in
the Cotaje district and adjacent areas.

Results from the Cotaje mine indicated that mineralisation was low grade and not
commercially exploitable. In addition, the uranium grade was less than what was estimated by
COBOEN in the 1970s.

During the 2009-2010 period, SERGEOTECMIN conducted a radiometric prospecting survey
in the sectors previously investigated by COBOEN, defining Tholapalca, Asuncién and Coroma
Este as the areas of greatest interest due to heightened uranium anomalies.
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Between 2009 and 2011, SERGEOTECMIN signed a contract with the Prefecture of Potosi and
subsequently with the Departmental Autonomous Government to conduct exploration. In 2011,
more detailed geological exploration was carried out, including a diamond drilling programme
at the Tholapalca and Coroma Este sites. However, due to lack of funding, project activities were
suspended.

Recent and ongoing uranium exploration and mine development activities

There are currently no exploration and mine development activities.

Identified conventional resources (reasonably assured resources and inferred resources)

According to the December 2011 report on this work, there were 1 720 tU of in situ inferred
resources related to volcanic type Cotaje deposit.t

Inferred conventional resources by production method

(in situ tonnes U)

Production method <USD 40/kgU <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Open-pit mining 1720
Total 0 0 0 1720 NA

Inferred conventional resources by processing method

(in situ tonnes U)

Processing method <USD 40/kgU <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Unspecified 1720
Total 0 0 0 1720 NA

Inferred conventional resources by deposit type

(in situ tonnes U)

Deposit type <USD 40/kgU <USD 80/kgU <USD 130/kgVU <USD 260/kgU

Volcanic-related 1720
Total 0 0 0 1720

t  Servicio Geolégico Minero Bolivia (December 2011), “Prospeccién y exploracién geolégico-minera en el
Distrito Cotaje, Departamento Potosi, Provincia Antonio Quijarro, Cantén Coroma”, SERGEOMIN
Unpublished Internal Report.

182 URANIUM 2022: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7634, © OECD 2023



NATIONAL REPORTS: BOTSWANA

Botswana*

Uranium exploration and mine development

Historical review

A surge in the uranium price in the 1970s led to exploration activities in Botswana by various
foreign and local companies. Large airborne radiometric surveys were followed by ground
surveys, soil sampling, trenching and drilling. However, the thick sand cover in many parts of
the country hindered exploration activities. Exploration effectively ceased in the early 1980s
with the slump in uranium prices. No deposits of economic interest were discovered in this
early phase of exploration, but significant mineralisation was identified in the Karoo sandstones
and surficial calcretes, particularly in the east-central part of the country.

Rising uranium prices in 2005 renewed interest in uranium exploration by junior Australian
companies, and by 2011, there were 168 uranium prospecting licences registered in Botswana.

A-Cap Resources (currently known as A-Cap Energy) has been exploring in Botswana since
2004, following up on mineralisation discovered by Falconbridge in the 1970s in the Serowe area
and further discovering significant mineralisation at the Letlhakane project. Intensive drilling
resulted in A-Cap reporting Botswana’s first JORC compliant uranium resource in 2008 of just
over 100 000 tU at an average grade of 129 ppm U (0.0129% U).

Atthe end 0f 2012, A-Cap’s prospecting licences for uranium covered 5 000 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.

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, there were
discoveries of 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. Further work is needed to assess the
validity of the model and the potential of this unconformity style of mineralisation.

Impact Minerals was exploring some prospective deposits in eastern Botswana, including
Lekobolo, with uranium mineralisation down to 45 m. Further south, it had the Shoshong and
Ikongwe prospects in calcrete. In May 2013, Impact announced the sale of four prospecting
licences to a local company, Sechaba Natural Resources, but this was not completed due to
licensing delays, and in 2014 Impact put its uranium exploration on hold and the majority of
Impact’s prospecting licences within the Botswana uranium project licences were not renewed.

*  Report prepared by the NEA/IAEA, based on previous Red Books and A-Cap Energy Ltd reports.
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The Letlhakane uranium deposit has been the focus of detailed technical work for A-Cap
since 2010, resulting in the February 2013 release of a positive scoping study. A thorough
examination of all aspects of the resource has led to a greater understanding of the framework
and grade distribution of uranium mineralisation and the use of appropriate mining techniques
to maximise the economics of the deposit.

The uranium mineralisation, hosted predominantly in carbonaceous mudstones and
siltstones, occurs in relatively thin (0.5-5 m), laterally extensive lenses with lower-grade material
separating higher-grade ore horizons. The nature of the ore combined with shallow, flat-lying and
soft strata lends itself well to open-pit extraction methods. This information has resulted in a
resource determination that is smaller than previously reported, but with higher grades.

A drilling programme was completed in September 2014 focusing on shallow high-grade
zones where initial optimisation runs delineated possible early pits. This drilling was designed
to test the continuity and mine scale variability of mineralisation in three main project areas
(Kraken, Gorgon and Serule West), and to provide data for further resource modelling and mine
planning. This drilling yielded excellent results and confirmed the presence and continuity of
high-grade mineralisation within these areas.

A drill optimisation study has also been completed. The drill study focused on the Kraken
area where infill drilling had previously been completed. Holes were then excluded to make pre-
infill drilling grids. These were completed at 400 m spacing and 200 m spacing as well as
100 x 100 m and 50 x 100 m. At the 400 m and 200 m spacing alternate offset grids were also used
to evaluate consistency. The results from the Kraken area concluded that the drilling defines the
resource at 200 m spacing and only small variations in grade and contained metal occur when
the infill drilling is conducted. This gives A-Cap an excellent guide to defining mineralisation for
the project as a whole.

An infill drilling programme that was a follow-up to a major reverse circulation and diamond
drilling programme, completed in June 2014, was commenced in October 2014 to further define
potential early pilot pits. This programme was successfully completed in November. Resource
evaluation, using uniform conditioning (UC) and localised uniform conditioning (LUC) techniques,
were conducted. In September 2015, A-Cap announced an upgrade of Letlhakane resources
utilising the LUC method. The resources for all deposits, in compliance with the JORC 2012 code,
are presented in the table below.

Resources reported by A-Cap, compliant with the JORC 2012 code (September 2015)

Total indicated Total inferred

- [ R I L il B e
85 197.1 167 323890 625 172 107 740 822.1 171 140 630
170 59.2 274 16 230 209.7 272 57010 268.9 272 73240
255 22.2 393 8730 81.6 378 30890 103.8 382 39620

In August 2015, a mining licence application was submitted to the Botswana Department of
Mines. The application was based on the results of a technical study and financial modelling,
assuming open-pit mining and heap leaching processing, to produce 1 440 tU/yr over a mine life
of 18 years. A detailed programme of acid column leaching, solvent extraction and ion exchange
was completed. Uranium recoveries varied from 60.5% to 77.7% depending on the mineralisation

type.

Recent and ongoing uranium exploration and mine development activities

In 2017, A-Cap completed in-house processing studies with the objective of reducing acid
consumption and increasing recovery. Acid soluble uranium analysis was performed on
296 samples. Results showed spatial and mineralogical relationships with high acid consumption
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in the Kraken and Gorgon South areas, exhibiting an increase in acid consumption with depth.
Optimisation studies identified savings of up to 26% of acid consumption.

A-Cap continued to assess the LUC resources in terms of mining optimisation and in
2018-2019 it continued to attend to the requirements of the Letlhakane Uranium Project’s
mining licence, including meeting reporting requirements, maintenance of the mining licence
boundary, radiation inspectorate, compliance and engaging with the community to update
them on the project’s status. The Department of Mines confirmed that the mining licence and
all prospecting licences continue to be in good standing.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)

In September 2015, A-Cap Energy upgraded the global JORC Resource of the Letlhakane Uranium
Project. Letlhakane hosts a global resource of 822.1 million tonnes at 171 ppm uranium (0.017% U)
for an in situ resource totalling 140 630 tU, based on an 85 ppm U cut-off grade. Within this
resource, 32 890 tU belong to the RAR category and 107 740 tU to Inferred. Using a total recovery
factor of 62% (mining and processing), the total identified recoverable resource amounts to
87 190 tU in the <USD 130/kg U category.

A-Cap Energy has also defined a higher-grade resource of 73 240 tU, based on the 170 ppm U
cut-off grade, or 39 620 tU, based on the 255 ppm U cut-off grade.

Undiscovered conventional resources (prognosticated and speculative resources)

The key feature for uranium mineralisation in Botswana is the presence of highly radiogenic
granitoid suites, most relating to the Pan-African (~500 Ma) magmatic event, which introduced
uranium-rich source material into the upper crust. The uranium mineralisation is highly mobile
and, through leaching, uranium-bearing solutions became concentrated in reduced environments
in sandstones, mudstones and carbonaceous materials in the overlying lower Karoo system.

Most calcareous sediments in the Gojwane and the Foley area, which lies on the Karoo and
the Karoo-aged sediments, are presumed to host widespread and continuous uranium
mineralisation. These areas are considered to have the same geology as the Letlhakane area,
which hosts one of the biggest undeveloped uranium deposits in Botswana.

Impact Minerals Ltd reports “target conceptual” undiscovered resources of less than 2 000 tU;
however, the uncertainty of this term, and the small amount reported, do not warrant inclusion
as undiscovered resources at this time. Although undiscovered resources no doubt exist, further
work is required to develop the estimates.

Uranium production

From 2013-2015, A-Cap conducted feasibility studies required for the application of a mining
licence for the Letlhakane Uranium Project.

Physical test work on expected lithology mixes was done to evaluate productivity and mining
costs using surface miners. Metallurgical test work was completed to optimise the process design
and provide geotechnical, geochemical, and hydrological data for studies on heaps and waste
products. Process test work was based on heap leach processing using acid leaching for the
primary oxide and secondary mudstone ore, and alkaline leaching for the secondary calcrete ore.
The uranium recoveries varied from 60.5% to 77.7% depending on mineralisation type.

On completion of the feasibility study, a mining licence application was submitted to the
Botswana Department of Mines in August 2015. The mining licence was granted by the Minister
of Minerals, Energy and Water Resources on 12 September 2016, and is valid for 22 years.
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A-Cap Resources anticipated starting production at its uranium mine by 2018, with a
production capacity of 1 440 tU/yr, at an average operating cost of USD 34.9/1b UsOg (USD 90.7/kgU)
in the first five years and USD 40.70/1b UsOg (USD 105.8/kgU) during the life of the mine.

On 23 April 2019, A-Cap met with the Botswana Department of Mines and submitted a letter
requesting an amendment to extend by two years the commencement of the pre-construction
and construction period for the Letlhakane Uranium Project. On 20 August 2019, A-Cap received
confirmation from the Botswana Minister of Mineral Resources, Green Technology and Energy
Security, that the amendment was approved. The amended date for the commencement of the
pre-construction and construction period is now 30 October 2021. In September 2021, the
Minister extended the start of construction to 30 September 2024, amending a condition of the
mining licence.

Uranium production centre technical details
(as of 1 January 2021)

Name of production centre Letlhakane
Production centre classification Prospective
Date of first production NA

Source of ore:

Deposit name(s) Gojwane/Serule
Deposit type(s) Secondary/calcrete
Recoverable resources (tU) 87180
Grade (% U) 0.017
Mining operation:

Type (OP/UG/ISR) oP

Size (Mt ore/year) 24 000
Average mining recovery (%) 920

Processing plant:

Acid/alkaline Acid
Type (IX/SX) Heap leaching
Size (Mt ore/year); for ISR (litre/hour)

Average process recovery (%) 69
Overall recovery factor (%) 62
Nominal production capacity (tU/year) 1440

Environmental activities and socio-cultural issues

A-Cap has established a Safety, Health, Radiation, Environment and Community Group aimed at
informing, educating and involving local communities with regard to their activities. Meetings are
held on a regular basis. The company submitted an environmental and social impact assessment
study of the Letlhakane project to the Botswana government in 2011. The scoping study indicates
potential for a mine life of more than 20 years, subject to world market prices for uranium.

A detailed water exploration programme by A-Cap has confirmed that a well field located
30 km west of Letlhakane could supply water of sufficient quality and quantity to meet the
project’s requirements. A-Cap submitted water rights applications which were subsequently
granted by Botswana’s Water Apportionment Board in 2012.
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An environmental and social impact assessment (ESIA) consistent with the Botswana
government’s requirements was completed in 2014 and submitted in May 2015 to the
Department of Environmental Affairs (DEA). Studies determined that with appropriate
mitigation all environmental and social aspects during the construction and planned operations
could be addressed. The ESIA findings were presented to the Serule and Gojwane Kgoltas, the
Mmadindare and Paje subland Boards, and the Tonata council.

Following a comprehensive review by the DEA, A-Cap was advised in March 2016 that it had
adequately identified and assessed impacts associated with the project. A four-week public review
was completed, following which the environmental and social impact assessment was approved
on 13 May 2016.

Uranium policies, uranium stocks and uranium prices

National policies relating to uranium

National policies regarding uranium exploitation and production are under development and no
regulations for uranium mining and milling are currently in place. However, the government is
committed to encouraging private investment in exploration and new mine development. The
fiscal, legal and policy framework for mineral exploration, mining and mineral processing in
Botswana is continuously being reviewed to make it more competitive. Amendments made to the
Mines and Minerals Act in 1999 and the Income Tax Act in 2006 streamlined licensing, enhanced
security of tenure and reduced royalty payments and tax rates.

Reasonably assured conventional resources by production method

(recoverable tonnes U)

Production method <USD 40/kgVU | <USD 80/kgU | <USD 130/kgVU [ <USD 260/kgU | Recovery factor (%)

Open-pit mining (OP) 20390 20390
Total 0 0 20390 20390 62

Reasonably assured conventional resources by processing method

(recoverable tonnes U)

Processing method <USD 40/kgU | <USD 80/kgU | <USD 130/kgVU [ <USD 260/kgU | Recovery factor (%)

Heap leaching* from OP 20390 20390
Total 0 0 20390 20390 62

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

Reasonably assured conventional resources by deposit type

(recoverable tonnes U)

Deposit type <USD 40/kgU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Sandstone

20390

20390

Total

20390

20390
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Inferred conventional resources by production method

(recoverable tonnes U)

Production method <USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Open-pit mining (OP) 66 800 66 800
Total 0 0 66 800 66 800 62

Inferred conventional resources by processing method

(recoverable tonnes U)

Production method <USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Heap leaching* from OP 66 800 66 800

Total 0 0 66 800 66 800 62

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

Inferred conventional resources by deposit type

(recoverable tonnes U)

Deposit type <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Sandstone 66 800 66 800

Total 0 0 66 800 66 800
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Brazil

Uranium exploration and mine development

Historical review

The Brazilian National Research Council began systematic prospecting for radioactive minerals in
1952. These efforts led to the discovery of the first uranium occurrences at Pocos de Caldas (State
of Minas Gerais) and Jacobina (State of Bahia). In 1955, a technical co-operation agreement was
signed with the United States to assess the uranium potential of Brazil. After the creation of the
National Nuclear Energy Commission (CNEN), a mineral exploration department was organised
with the support of the French Alternative Energies and Atomic Energy Commission (CEA) in 1962.

In the 1970s, CNEN exploration for radioactive minerals accelerated with the addition of
financial resources. Further incentive for exploration was provided in 1974 when the government
opened NUCLEBRAS, an organisation with the exclusive purpose of uranium exploration and
production. One of the early achievements of the government organisations was the discovery
and development of the Osamu Utsumi deposit on the Pocos de Caldas plateau.

In late 1975, Brazil and Germany signed a co-operation agreement for the peaceful use of
nuclear energy. It was the beginning of an ambitious nuclear development programme that
required NUCLEBRAS to increase its exploration activities. This led to the discovery of eight areas
hosting uranium resources, including the Pocos de Caldas plateau, Figueira, the Quadrilatero
Ferrifero, Amorinépolis, Rio Preto/Campos Belos, Itataia, Lagoa Real and Espinharas (discovered
and evaluated by Nuclam, a Brazilian-German joint venture).

As a result of the Brazilian nuclear development programme reorganisation of 1988, Industrias
Nucleares do Brasil S.A. (INB) discontinued uranium exploration activities in 1991. Since then,
limited exploration work has been done to further define resources in Lagoa Real province.

Recent and ongoing uranium exploration and mine development activities

During the 2012-2017 period, exploration efforts focused on favourable areas related to albitic
metasomatites of LR 09, LR 35 and LR 36 deposits in the north part of the Lagoa Real province.
No exploration work was done during the 2018-2020 period.

In late 2020, the INB started the reassessment of resources in several deposits in the
provinces of Lagoa Real and Santa Quitéria. Results were expected for the end of 2021.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)
Brazil's conventional identified uranium resources are hosted in the following deposits:

e Pocos de Caldas (Osamu Utsumi mine) with the orebodies A, B, E and Agostinho (collapse
breccia-type);

e TFigueira and Amorindpolis (sandstone);
¢ Itataia, including the adjoining deposits of Alcantil and Serrotes Baixos (phosphate);

¢ Lagoa Real Province, Espinharas (metasomatic);
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e Campos Belos (metamorphite);
o Pitinga (by-product Sb/ Nb; granite-related);

e others including the Quadrilatero Ferrifero with the Gandarela and Serra des Gaivotas
deposits (paleo-quartz-pebble conglomerate).

No additional resources were identified during the 2019-2020 period.

Undiscovered conventional resources (prognosticated and speculative resources)

Based on exploration activities in the Rio Cristalino (Proterozoic unconformity) area and additional
resources at the Pitinga site (granite-related), in situ prognosticated resources are estimated to
amount to 300 000 tU.

Speculative uranium resources amount to some 500 000 tU according to a preliminary
resource assessment that has been completed in geological environments with high uranium
potential. Different geological types of uranium deposits were included in this estimate.

Uranium production

Historical review

The Pocos de Caldas uranium production facility, which started production in 1982 with a design
capacity of 425 tU/year, was operated by the state-owned company NUCLEBRAS until 1988. At
that time, Brazil’s nuclear activities were restructured. NUCLEBRAS was succeeded by the INB
and its mineral assets transferred to Uranio do Brasil S.A. With the dissolution of Uranio do
Brasil in 1994, ownership of uranium production is 100% controlled by the INB, a state-owned
company.

Between 1990 and 1992, the production centre at Pocos de Caldas was on standby because
of increasing production costs and reduced demand. Production was restarted in late 1993 and
continued until October 1995. After two years on standby, the Pocos de Caldas production centre
was shut down in 1997 and a decommissioning programme started in 1998. This industrial
facility was used to produce rare earth compounds from monazite treatment until 2006, but
closed the next year for market reasons.

The Caetité unit (Lagoa Real province) is currently the only uranium production facility in
operation in Brazil. The open-pit part of the Cachoeira deposit was entirely mined out in 2014.

Status of production facilities, production capability, recent and ongoing activities and
other issues

The expansion of Caetité unit (Lagoa Real) to 670 tU/year is progressing and production is expected
to restart in 2027. Expansion of the mine includes development of one underground and one open-
pit mine.

Both the licensing process for underground mining of the remainder of the Cachoeira deposit
and resource reassessments are underway. Production is expected to start in 2027.

Planning for expansion included the evaluation of several scenarios and involves
replacement of the current heap leaching (HL) process by conventional agitated leaching. The
overall investment in this expansion is estimated to amount to USD 90 million.

Since 2014, the INB has been working on the development of the Engenho deposit, which was
initially planned as an additional ore source for increased production at the Caetité plant, but is
currently the only ore source for the plant due to the delay in commissioning the Cachoeira
underground mine. The unit started operating in a commissioning process in 2019-2020 without
significant production. Mine production in 2021 was 30 tU.
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Ownership structure of the uranium industry

The Brazilian uranium industry is 100% state-owned through the INB.

Employment in the uranium industry

Employment at existing production centres slightly decreased in 2018 from 2016-2017, with a
small increase in 2019-2020 (see table below).

Future production centres

The Santa Quitéria phosphate/uranium project, a partnership between the INB and a Brazilian
fertiliser producer, remains under development. In 2012, the project operators applied for a
construction licence, but it was denied in 2018. The INB and its partner have developed a new
model for the project and a revised licence application was filed in 2020, with a decision
expected in 2022. The operation is currently scheduled to begin in 2024.

Uranium production centre technical details
(as of 1 January 2021)

Centre #2

Name of production centre Caetité/Cachoeira Santa Quitéria Caetité/ Engenho
Production centre classification Planned Planned Existing
Date of first production 2027 2024%* 2020
Source of ore:

Deposit name(s) Cachoeira Santa Quitéria Engenho
Deposit type(s) Metasomatic Phosphate Metasomatic
Recoverable resources (tU) 10100 50 000** 5 000*
Grade (% U) 0.3 0.08 0.2
Mining operation:

Type (OP/UG/ISL) UG opP (0]3

Size (tonnes ore/day) 1000 13 000** 1000
Average mining recovery (%) 90 20 90
Processing plant:

Acid/alkaline Acid Acid Acid
Type (IX/SX) SX SX HL/SX
Size (tonnes ore/day)

Average process recovery (%) 90 80** 70
Nominal production capacity (tU/year) 340 1950%* 220
Plans for expansion (yes/no) No No** Yes
| et | e,

* Expected production at Engenho mine.
** Updated according to current project.
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Environmental activities and socio-cultural issues

Licences in Brazil are issued by the Brazilian Institute for the Environment and Renewable
Natural Resources (IBAMA) and the CNEN.

The closure of Pocos de Caldas in 1997 ended the exploitation of this low-grade ore deposit
that produced vast amounts of waste rock. Several studies have been carried out to characterise
geochemical and hydrochemical aspects of the waste rock and tailings dam to better establish the
impact they may have had on the environment and to develop the necessary mitigation measures.
A remediation/restoration plan, considering several alternatives, was submitted to the regulatory
body at the end of 2012. Depending on the option adopted, the costs of implementing the
remediation/restoration plan could reach USD 300 million. In the meantime, some measures have
been taken to reduce environmental impacts, such as uranium recovery from acid drainage (resin),
heavy metal precipitation (ozone), and surface drainage optimisation. The INB, regulators and
central government are involved in the consolidation of a work plan for the remediation.

The licensing of Santa Quitéria Uranium/Phosphate Project is split into a non-nuclear part,
involving milling and phosphate production, and a nuclear part, involving uranium concentrate
production. The INB has applied for local construction licences under the guidelines established
by the IBAMA and the CNEN.

Regulatory regime
Licences are issued by the IBAMA, according to Brazilian environment law and CNEN regulations.

Government policies and regulations established by the CNEN include basic radiological
protection directives (NE-3.01 - Diretrizes Bdsicas de Radioprotegdo), standards for licensing of
uranium mines and mills (NE-1.13 - Licenciamento de Minas e Usinas de Beneficiamento de Minérios de
Urdnio ou Tério) and decommissioning of tailing ponds (NE-1.10 - Seguranga de Sistema de Barragem
de Rejeito Contendo Radionuclideos), as well as standards for conventional U and Th mining and
milling (NORM and TENORM NM 4.01 - Requisitos de Seguranca e Protegdo Radioldgica para Instalages
Minero-Industriais). In the absence of specific norms, the recommendations of the International
Commission on Radiological Protection and the International Atomic Energy Agency are used.

The CNEN oversees nuclear research and regulation, but due to the potential future growth of
the Brazilian nuclear programme, the creation of a separate independent nuclear regulatory
agency is under study by the federal government. In this regard, a bill was submitted to the
congress in 2021.

Uranium requirements

Brazil’s present uranium requirements for the Angral nuclear power plant, a 630 MWe
pressurised water reactor (PWR), are about 150 tU/yr. The Angra 2 nuclear power plant, a
1245 MWe PWR, requires 220 tU/yr. The start-up of the Angra 3 nuclear power plant (a similar
design to Angra 2) was scheduled initially for 2016, but construction was stopped in 2015. With
the resumption of construction, Angra 3 is scheduled to be operating in 2026. Once in operation,
it will add another 220 tU/yr to annual domestic demand.

A new version of the national energy plan, “Plano Nacional de Energia 2050” (PNE 2050), issued
in 2020, is a fundamental study of long-term planning for the country’s energy sector. It assesses
trends in production and use of energy and evaluates alternative strategies for expanding energy
supply in the coming decades. The PNE 2050 also establishes guidelines for the role of nuclear
power in the national strategy, including post-Fukushima risk perception and increasing costs,
mastery of the complete nuclear fuel production cycle, and the possibility of exporting such
products, taking into consideration the scale of production and competitiveness. Depending on
different scenarios, nuclear generation could reach 10 GW in 2050.
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Supply and procurement strategy

All domestic production is designated for domestic requirements. The shortfall between
demand and production is met through market purchases. In the 2019-2020 period, the INB
acquired a total of 650 tU.

The planned uranium production increases are designed to meet all reactor requirements,
including the Angra 3 unit and all units foreseen in the planned long-term expansion of nuclear
energy for electricity generation.

Uranium policies, uranium stocks and uranium prices

National policies relating to uranium

The INB, a 100% government-owned company, oversees fuel cycle activities that are conducted
under state monopoly. The INB is currently working on increasing uranium concentrate
production and towards the full implementation of fuel cycle activities required to meet domestic
demand.

Uranium stocks

The Brazilian government does not maintain stocks of uranium concentrate or enriched uranium
product.

Uranium exploration and development expenditures and drilling effort - domestic
(in BRL [Brazilian real])

pLLE:] 2019 ‘ 2020 ‘ 2021 (expected)
Private* exploration expenditures 0 0 0 0
Government exploration expenditures 0 0 0 0
Total expenditures 0 0 0 0

*Non-government.

Reasonably assured conventional resources by production method*

(in situ tonnes U)

Production method <USD 40/kgVU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Underground mining (UG) 72900 72900 72900 72900 90 (mine); 90 (process)
Open-pit mining (OP) 9900 9900 9900 9900 90 (mine); 70-90 (process)
Co-product and by-product 101 500 126 900 126 900 126 900 NA

Total 184 300 209700 209700 209 700

* No changes in resources in the period 2017/18 due to absence of mining activities.
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Reasonably assured conventional resources by processing method

(in situ tonnes U)

Processing method <USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU | Recovery factor (%)

Conventional from UG 72900 72900 72900 72900 90 (mine); 90 (process)
Conventional from OP 4900 4900 4900 4900 90 (mine); 90 (process)
Heap leaching* from OP 5 000** 5000 5000 5000 90 (mine); 70 (process)
Unspecified 101 500 126 900 126 900 126 900 NA

Total 184300 209 700 209 700 209 700

* A subset of open-pit and underground mining since it is used in conjunction with them.
** Expected to be produced at Engenho mine.

Reasonably assured conventional resources by deposit type

(in situ tonnes U)

Deposit type <USD 40/kgVU <USD 80/kgU <USD 130/kgU <USD 260/kgU

Granite-related 25400 50 800 50 800 50 800
Collapse breccia-type 500 500 500 500
Metasomatic 82300 82300 82300 82300
Phosphate 76 100%* 76 100 76 100 76 100
Total 184300 209 700 209 700 209 700

* Associated with the Lagoa Real site. Recovery cost will be further evaluated.

** Associated with the Santa Quitéria site. Operating expenditures for uranium recovery are considered (incremental cost for uranium
extraction).

Inferred conventional resources by production method

(in situ tonnes U)

Production method <USD 40/kgVU | <USD 80/kgU |<USD 130/kgU [ <USD 260/kgU| Recovery factor (%)

Open-pit mining (OP) 0 3400 3400 3400 90 (mine); 80 (process)
Co-product and by-product 0 44600 112300 112300 NA
Unspecified 0 56 900 56 900 56 900 NA

Total 0 104 900 172 600 172 600

Inferred conventional resources by processing method

(in situ tonnes U)

Processing method <USD 40/kgU | <USD 80/kgU | <USD 130/kgU | <USD 260/kgU Recovery factor (%)

Conventional from OP 3400 3400 3400 90 (mine); 80 (process)
Unspecified 0 101 500 169 200 169 200 NA
Total 0 104 900 172 600 172 600
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Inferred conventional resources by deposit type

(in situ tonnes U)

Deposit type <USD 40/kgU <USD 80/kgU <USD 130/kgVU <USD 260/kgU

Sandstone 0 13000 13000 13000
Paleo-quartz-pebble conglomerate 0 15000 15000 15000
Granite-related 0 0 67 700 67 700
Metamorphite 0 1000 1000 1000
Collapse breccia-type 0 26 400 26 400 26 400
Metasomatic 0 5000 5000 5000
Phosphate 0 44 500 44 500 44 500
Total 0 104 900 172 600 172 600

Prognosticated conventional resources

(in situ tonnes U)

<USD 80/kgU

<USD 130/kgU

<USD 260/kgU

300000

300000

300000

Speculative conventional resources

(in situ tonnes U)

<USD 130/kgU

<USD 260/kgU

Unassigned

NA

NA

500000

Historical uranium production by production method

tonnes Uin concentrates

Production Total through Total through 2021 ted)
method end of 2018 end of 2020 expecte

Open-pit mining* 4216

4216

Total 4216

0 0

4216

30

* Pre-2018 totals may include uranium recovered by heap and in-place leaching.

Historical uranium production by processing method

tonnes Uin concentrates

Processing Total through Total through

Conventional 1097 1097
Heap leaching* 3119 0 0 3119 30
Total 4216 0 0 4216 30

* A subset of open-pit and underground mining since it is used in conjunction with them.
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Historical uranium production by deposit type

tonnes Uin concentrates

Total through Total through
DePOSIt type ““ 2021 (expeCted)

Collapse breccia-type 1097 1097
Metasomatic 3119 0 3119 30
Total 4216 0 4216 30

Uranium industry employment at existing production centres

(person-years)

_mmm 2021 (expeCted)

Total employment related to existing production centres

Employment directly related to uranium production 310 310 350 350
Mid-term production projection (tonnes U/year)
30 ‘ ‘ 2170* ‘ 2170* | 2170*

* Excluding Caetité expansion.

Short-term production capability (tonnes U/year)

A-l

B-I

A-ll

B-lI

A-l

B-I

A-ll

B-lI

220

2170*

220

2170*

220

2170*

220

2170*

A-l

B-1

A-ll

B-lI

A-l

B-I

A-ll

B-ll

220

2170*

220

2170*

NA

1950*

NA

1950*

* Excluding Caetité expansion.

Net nuclear electricity generation

Nuclear electricity generated (TWh net)

16.13
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Installed nuclear generating capacity to 2040

(MWe net)
High High High High
1875 1875
1875 1875 1875 3120 3120 NA 3120 NA

Annual reactor-related uranium requirements to 2040 (excluding MOX)

(tonnes U)
High High High High
400 400
400 400* 400 550 550 NA 550 NA

* First core Angra 3 (400 tU) in 2025 not included.
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Bulgaria®

Uranium exploration and mine development

Historical review

The presence of uranium mineralisation in Bulgaria, in the Buhovo ore deposit 25 km from Sofia,
has been known since 1920. The first exploration activities were undertaken in 1935. More
serious exploration activities using technological research methods and economic calculations
were carried out between 1938 and 1939 with the co-operation of German specialists. The first
300 tonnes of uranium ore were mined in 19309.

During 1946-1947, Soviet geologists performed intensive geological investigations of the
Buhovo ore deposit. In the spring of 1946, a joint Soviet-Bulgarian enterprise was established, but
its activity ceased in 1956. The Rare Metals Bureau of the Council of Ministers was established and
existed until 1992, when the government decided to cease all uranium production activities.

A large number of exploration methods were applied: geological, geophysical, technological
and combined methods. Aero-gamma-ray-spectrometry, hydro-radio-geochemical and water-
helium photography were used for exploration.

In total, 39 ore deposits were discovered, dozens of mines were developed across the country,
and two facilities for the processing of uranium ore and production of uranium concentrate
(Us0s) were built in Buhovo and Eleshnitsa.

Bulgarian uranium deposits are small to medium in size (up to 10 000 tU), with ore grades of
about 0.1% U. They have complex morphologies and irregular mineralisation. Deposits exploited
via classical mining methods have complex geological structures and are situated mainly in
mountain regions (Stara Planina, Rhodope massif, East Sredna Gora). The areas of the ore beds
range between 250 m? to 20 000 m?, with an occurrence depth of about 500 m and low metal
concentration. Technical mining conditions and geological parameters resulted in a high prime
cost and lower efficiency of uranium production.

The main ore deposits for underground mining are: Buhovo near Sofia; Eleshnitsa, Senokos
and Simitli in south-west Bulgaria; Vinishte and Smolyanovtsi in north-west Bulgaria; Sliven in
central Bulgaria; Smolyan, Dospat and Selishte in the Rhodopa Mountains.

When sediment-hosted mineralisation was found, the acid in situ leaching (ISL) mining
method was adopted®. It was first used in 1969 and applied mainly (90% of the time) to sandstone-
hosted deposits (roll-front) using drilling systems (wellfields) for leaching, and occasionally (10%
of the time) to hardrock deposits using underground systems.

Deposits of this type were found first in regions of the Upper Thracian Valley, then also in the
Struma river valley and in the Dospat river valley. Uranium-bearing horizons occur at 30 to 250 m
below the surface. Their thickness varies from 10-12 m to 60-80 m. Uranium mineralisation is
hosted by Pliocene sandstone with a thickness varying from 0.4 m to 7-8 m. Uranium grades are
variable, within large limits, but with an average value of 300 ppm U (0.03% U).

This report is based on the 2007 and 2009 Red Books and a partial Red Book 2022 questionnaire response.
1 International Atomic Energy Agency, (2016), “In Situ Leach Uranium Mining: An Overview of Operations”,
IAEA Nuclear Energy Series NF-T-1.4 report STI/PUB/1741.

198 URANIUM 2022: RESOURCES, PRODUCTION AND DEMAND, NEA No. 7634, © OECD 2023



NATIONAL REPORTS: BULGARIA

In the case of hardrock deposits, the dimensions of ore bodies vary by height from 50-70 m
to 500-600 m and by thickness from 2-4 m to 80-100 m. Uranium grades are between 0.03% U to
0.2-0.3% U.

Recent and ongoing uranium exploration and mine development activities

Uranium exploration and mine development activities were terminated in 1990. No exploration
was conducted in recent years and no new exploration is expected to be conducted as of 2021.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)

As of 1 January 1991, identified conventional resources amounted to 20 565 tU in situ, which at
the time were determined to be subeconomic based upon prevailing market conditions and
processing technology.

A revised resource estimate was made based on a select subset of deposits using data from
a Redki Metali State Company report (a final report coinciding with the termination of uranium,
exploration and mining activities in 1990) and from subsequent reports submitted to the
Specialised Expert Committee on Reserves and Resources (SEC), within the Ministry of
Environment and Waters.

As of 1 January 2009, the remaining identified conventional uranium resources were
estimated to be 19 809 tU in situ, of which 11 908 tU were determined to be amenable to
underground mining methods, and 7 901 tU amenable to ISL methods.

The 11 908 tU of in situ resources amenable to underground methods are associated with
67 different sites (locations) where insignificant quantities of uranium were detected. These
deposits and their resources were considered subeconomic with little or no production potential.

The 7 901 tU of in situ resources amenable to ISL mining methods were considered to be
potentially economic. During production in 1991, an average recovery factor of 65% was achieved
based on ISL operations at 16 sites.

To date, no official estimates of the cost of production have been performed. The stated
evaluation of the identified conventional uranium resources is unchanged as of 1 January 2021.
No determinations of the identified conventional resources per cost category are available.

Undiscovered conventional resources (prognosticated and speculative resources)

Prognosticated conventional resources are estimated to amount to about 25 000 in situ tU.
No classifications of the undiscovered conventional resources per cost category are available.

Unconventional Resources and other materials

No unconventional resources have been identified.

Uranium production

Historical review

Up to 1990, 60 000 tU stocks were assessed and about 16 500 tU were produced. Production grew
from 150-200 tU/y in the 1950s to 430 tU in 1975. The adoption of the ISL mining method for
uranium production from Upper Thracian uranium deposits raised the production to 660 tU in
1989, when 70% of the uranium was ISL extracted. Ores were processed in the two
hydrometallurgical plants. Uranium extraction from ISL sorbent resins and their processing was
done at the Zvezda plant near Eleshnitsa. UsOs was produced with 80-82% of concentration
(68-70% U).
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Status of production facilities, production capability, recent and ongoing activities and
other issues

At present no production centres exist that could be operated for uranium extraction. If plans
for the renewal of uranium production were considered, independent of who operates these
facilities, the entire process would need to be built from the beginning.

At the former uranium ore processing plant Zvezda, an installation for ion-exchange resins
is operational. This facility serves for the purification of uranium-contaminated mine waters. It
is a small capacity installation of some 742 m? of resins per year.

Since 1992 the only activities have been the dismantling of facilities, closing of mining works,
re-cultivation of contaminated areas, purification of uranium-contaminated mine waters, and
environmental monitoring.

Ownership structure of the uranium industry

All uranium production was carried out by the state.

Employment in the uranium industry

There is currently no uranium production and no exploration or production-related employment.

Environmental activities and socio-cultural issues
Uranium production and processing ceased by Government Decree No 163 of 20 August 1992.

Remediation activities from uranium production and processing include: technical liquidation,
technical and biological re-cultivation, purification of uranium-contaminated mine waters, and
environmental monitoring of the areas affected by the uranium mining.

Presently the main part of the environment re-cultivation from the uranium mining impact
is considered completed.

Uranium requirements

The Bulgarian nuclear power programme was launched in 1974 with the commissioning of the
first nuclear power unit of the Kozloduy Nuclear Power Plant. The nuclear facilities are
concentrated at the Kozloduy Nuclear Power Plant site, where six units were built (units 5 and
6 are in operation and units 1-4 are in the process of decommissioning). In 2020, nuclear power
provided about 40.8% of total electricity production in Bulgaria. With an operable nuclear power
capacity of 2 006 MWe (2 VVER V-320 units at Kozloduy), uranium requirements are estimated
at 322 tU/year.

The lifetime extension of units 5 and 6 is a top priority. From 2014 to 2018, the Plant Lifetime
Extension (PLEX) project was completed. The project results demonstrated the units’ technical
capabilities for long-term operation — until 2047 for unit 5 and 2051 for unit 6. The Nuclear
Regulatory Agency (NRA) Chairman issued operating licences for unit 5 in 2017 and for unit 6 in
20109.

On 22 May 2019, a call for the procedure to select a strategic investor for the Belene Nuclear
Power Plant project was published in the Official Journal of the European Union. The call also
gave an opportunity to declare interest in acquiring a minority shareholding in the project,
and/or for purchasing electricity from the power plant.

By the deadline of 19 August 2019, 13 companies had submitted applications. On
19 December 2019, a shortlist of candidates was published, to whom a call for binding tenders
was submitted. The shortlisted companies included China National Nuclear Corporation (CNNC),
Atomenergoprom AD as part of Rosatom, Korea Hydro-Nuclear Power, Framatom SAS, France,
and General Electric, United States. The procedure envisages that negotiations be held with the
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companies included in the shortlist to structure the Belene Nuclear Power Plant project. The
implementation of the procedure has been delayed due to the COVID-19 pandemic.

By decision of the Council of Ministers, dated April 2012, the construction of new nuclear
power capacity at the Kozloduy Nuclear Power Plant was agreed upon in principle. In August 2013,
the NRA issued a permit for determining the location of a nuclear power plant (site selection). The
following activities have also been implemented: technical-economic analysis for the
construction of a new nuclear power unit at the Kozloduy Nuclear Power Plant site; research and
determining the location of the preferred site for the construction of new nuclear unit at Kozloduy;
and performing an environmental impact assessment (EIA) of the investment proposal for
building a new nuclear power unit at the Kozloduy site. In 2016, a procedure was launched to
appeal the EIA decision before the Supreme Administrative Court (SAC). In April 2019, the SAC
rejected the appeal and the EIA decision was adopted. In the beginning on April 2019, a request
for approval of the selected site was submitted. On 21 February 2020, an order to determine the
location of the site (site 2) was issued by the Chairman of the NRA.

Supply and procurement strategy

The Kozloduy Nuclear Power Plant fuel cycle does not include the purchase of uranium, its
conversion or enrichment, but only the purchase of fuel assemblies from the supplier, their
interim storage at the plant site after being removed from reactor cores, spent fuel transport for
reprocessing, and further disposal of high-level waste. Those activities are based on an
agreement between Bulgaria and Russia, as well as on commercial contracts for the supply of
nuclear fuel and reprocessing of spent nuclear fuel.

In accordance with the European Energy Security Strategy, a study was conducted to explore
options on diverse enriched uranium supplies for the manufacture of fuel assemblies, as well
as for the identification of an alternative supplier of fuel assemblies.

Uranium policies, uranium stocks and uranium prices

National policies relating to uranium

There have been no changes to the legal basis related to uranium. At present, Bulgaria does not
intend to renew uranium mining activities.

Uranium stocks

There have been no changes in the uranium stock levels.

Historical uranium production by production method

(tonnes U in concentrates)

Total through

Total through

Production method 2019 2020 2021 (expected)

end of 2018 end of 2020
Open-pit mining* 920 0 0 90 0
Underground mining* 11985 0 0 11985 0
In situ leaching 4272 0 0 4272 0
Total 16 347 0 0 16 347 0

* Pre-2018 totals may include uranium recovered by heap and in-place leaching.
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Historical uranium production by processing method

(tonnes U in concentrates)

Processing method T:rt‘zl ;'f‘rz‘:;;%h T:rt‘zl ;'f‘rz‘:;;%h 2021 (expected)
Conventional 11526 0 0 11526 0
In-place leaching* 549 0 0 549 0
In situ leaching 4272 0 0 4272 0
Total 16 347 0 0 16 347 0

* Also known as stope leaching or block leaching.

Historical uranium production by deposit type

(tonnes U in concentrates)

P Te Total through Total through 2021
end of 2018 end of 2020 (expected)
Sandstone 8700 0 0 8700 0
Polymetallic Fe-oxide breccia complex 4640 0 0 4640 0
Granite-related 1497 0 0 1497 0
Metamorphite 366 0 0 366 0
Volcanic-related 1144 0 0 1144 0
Total 16 347 0 0 16 347 0

Net nuclear electricity generation (TWh net)

Nuclear electricity generated (TWh net) ‘ 15.379 15.776

Installed nuclear generating capacity to 2040

(MWe net)
Low High Low High Low High Low High
NA NA 9 9 9 9
NA NA NA NA NA NA NA NA

Annual reactor-related uranium requirements to 2040 (excluding MOX)

(tonnes U)

Low High Low High Low High Low High

NA NA

NA NA NA NA NA NA NA NA
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Canada

Uranium exploration

Historical review

Uranium exploration in Canada began in 1942, with the focus of activity first in the Northwest
Territories where pitchblende ore had been mined since the 1930s to extract radium. Exploration
soon expanded to other areas of Canada, resulting in the development of mines in northern
Saskatchewan and in the Elliot Lake and Bancroft regions of Ontario during the 1950s. In the late
1960s, exploration returned to northern Saskatchewan where large high-grade unconformity
deposits were discovered in the Athabasca Basin and later developed (the first was the Rabbit Lake
deposit, discovered in 1968, and brought into production in 1975). Saskatchewan is now the sole
producer of uranium in Canada.

Recent and ongoing uranium exploration and mine development activities

During 2019 and 2020, exploration efforts continued to focus on areas favourable for the
occurrence of deposits associated with the Proterozoic unconformity in the Athabasca Basin of
Saskatchewan. Very little exploration activity occurred in other areas of Canada in 2019 and 2020.

Surface drilling, as well as geophysical and geochemical surveys, continued to be the main
tools used to identify new uranium occurrences, define extensions of known mineralised zones,
and reassess previously discovered deposits.

Exploration activity has led to new uranium discoveries in the Athabasca Basin. Notable
recently discovered large high-grade uranium deposits include Phoenix/Gryphon, Triple R,
Arrow and Fox Lake.

Domestic uranium exploration expenditures amounted to CAD 162 million in 2019, down
5% from CAD 170 million in 2018. Domestic exploration expenditures decreased further in 2020,
to CAD 88 million, primarily due to the COVID-19 pandemic work restrictions. In 2019 and 2020,
overall Canadian wuranium exploration and development expenditures amounted to
CAD 276 million and CAD 193 million, respectively.

Uranium resources

Identified conventional resources (reasonably assured and inferred resources)

As of 1 January 2021, Canada’s total identified conventional uranium resources recoverable at a
cost of <USD 80/kgU amounted to 292 400 tU, an increase of 8.5% from the 2019 estimate of
269 500 tU. Canada’s total identified uranium resources recoverable at a cost of <USD 130/kgU
were 588500 tU as of 1January 2021, an increase of 4.2% compared to the 2019 estimate of
565 000 tU. These increases are primarily due to two unconformity deposits, Phoenix and Heldeth
Taé, which are now proposed to be mined using lower cost ISL methods. Canada no longer reports
uranium resources in the <USD 40/kgU cost category. Companies that previously reported
deposits with resources in the <USD 40/kgU cost category have reassessed these deposits using a
cut-off grade that reflects a price of <USD 80/kgU. The <USD 80/kgU category more closely reflects
recent uranium prices as well as increased costs of production. Most of Canada’s identified
uranium resources are re-evaluated annually by the uranium mining companies.
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The bulk of Canada’s identified conventional uranium resources occur in Proterozoic
unconformity-related deposits in the Athabasca Basin of Saskatchewan and the Thelon Basin
of Nunavut. These deposits host their mineralisation near the unconformity boundary (below,
above and across) in either monometallic or polymetallic mineral assemblages. Pitchblende
prevails in the monometallic deposits, whereas uranium-nickel-cobalt assemblages prevail in
the polymetallic assemblages. The average grade varies from 1% U to over 15% U. None of the
uranium resources referred to or quantified herein are a co-product or by-product output of any
other mineral of economic importance. Mining losses (~10%) and ore processing losses (~3%)
were used to calculate known conventional resources if not provided by the company.

The percentage of identified conventional uranium resources in existing or committed
production centres that are recoverable at <USD 80/kgU, <USD 130/kgU and <USD 260/kgU are
100%, 63.5% and 53.1%, respectively. All the resources in existing or committed production
centres are updated annually by the mining companies.

Undiscovered conventional resources (prognosticated and speculated resources)

Prognosticated and speculated resources have not been a part of recent resource assessments;
hence there are no changes to report in these categories since 1 January 2001.

Uranium production

Historical review

Canada’s uranium industry began in the Northwest Territories with the 1930 discovery of the Port
Radium pitchblende deposit. Exploited from 1933 to 1940 for radium, the mine was reopened in
1942 in response to uranium demand for the Manhattan Project. Provincial and Territorial bans
on private exploration and development were lifted in 1947 and 1948, and by the late 1950s some
20 uranium production centres had started up in Ontario, Saskatchewan and the Northwest
Territories. Production peaked in 1959 at 12 200 tU. No further defence contracts were signed after
1959 and production began to decline. Despite government stockpiling programmes, output fell
rapidly to less than 3 000 tU in 1966, by which time only four producers remained. While the first
commercial sales to electric utilities were signed in 1966, it was not until the mid-1970s that prices
and demand had increased sufficiently to promote expansions in exploration and development
activity. By the late 1970s, with the industry firmly re-established, several new facilities were
under development in Saskatchewan and Ontario. Annual output grew steadily throughout the
1980s, as Canada’s focus on uranium production shifted increasingly to Saskatchewan. The last
remaining Ontario uranium mine closed in mid-1996. Uranium production peaked at 14 039 tU in
2016 when the Cigar Lake mine reached full output, but production has declined since 2016 due
to the suspension of operations at Rabbit Lake and McArthur River/Key Lake in response to low
uranium prices.

Status of production capability and recent and ongoing activities

All active uranium production centres are in northern Saskatchewan and operated by Cameco
Corp. (Cameco) and Orano Canada Ltd (Orano). Current Canadian uranium production is well
below the full licensed production capacity of the uranium mills. Production in 2020 was 3 878 tU,
44% below 2019 production of 6 944 tU, as operations were suspended for six months due to the
COVID-19 pandemic. In 2020, Canadian uranium production was at its lowest level since 1975. The
Cigar Lake mine and McClean Lake mill were returned to production in April 2021; however, total
output for 2021 (4 692 tU) is still below 2019 production as operations continue to be affected by
the COVID-19 pandemic. Operations at the McArthur River mine and Key Lake mill have been
suspended since January 2018 in response to low uranium market prices. Cigar Lake is expected
to return to full production (6 900 tU) in 2022 and Canadian production is expected to increase
further when operations at McArthur River and Key Lake resume.
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Cameco is the operator of the McArthur River mine, a Cameco (70%) and Orano (30%) joint
venture which was the world’s second-largest uranium mine in terms of annual production in
2017 and is the world’s largest high-grade uranium deposit. Production was idled indefinitely in
January 2018 in response to low uranium demand; however, the mine is expected to restart when
markets improve. At the mine, ground freezing is used to reduce water inflow from the overlying
rock formation and the high-grade ore (>5% U) is extracted using raise bore mining with concrete
used as a backfill. A high-grade ore slurry is produced by underground crushing, grinding and
mixing, which is then pumped to the surface and loaded on specially designed containers that are
shipped 80 km southward by road to the Key Lake mill. The remaining identified resources for
McArthur River mine are currently 154 100 tU with an average grade of 5.5% U.

The Key Lake mill is a Cameco (83%) and Orano (17%) joint venture operated by Cameco. The
mill has been in care and maintenance since January 2018 due to low uranium prices. In 2018,
61 tU were recovered from cleaning the mill circuits and a further 6.1 tU was recovered in 2019.
There was no production from the Key Lake mill in 2020.

The McClean Lake production centre, operated by Orano, is a joint venture between Orano
(77.5%) and Denison Mines Corp. (22.5%). In December 2020, Orano purchased the 7.5% share that
was held by Overseas Uranium Resources Development (Canada) Co. Ltd, a subsidiary of Overseas
Uranium Resources Development Corporation of Japan. Open-pit mining was completed in 2008
and ore containing 2 500 tU was stockpiled to provide mill feed. Production in 2009 and 2010
amounted to 2 045 tU and was obtained from processing the higher-grade ore from the stockpile.
The 500 tU of ore remaining in the stockpile was not economic to process so the mill was placed
into care and maintenance in July 2010. Production from the McClean Lake JEB mill resumed in
2014 to process low-grade ore from the stockpile and high-grade ore from the Cigar Lake mine.
Production from Cigar Lake ore was 6 938 tU in 2019, but dropped to 3 878 tU in 2020 and then
increased 4 692 tU in 2021, due to the idling of operations for 6 months during the COVID-19
pandemic and its lingering effects.

Production from the Rabbit Lake production centre, wholly owned and operated by Cameco,
has been idled since mid-2016 due to low uranium prices. Production could resume when
uranium prices recover. Exploratory drilling at the Eagle Point mine during the past several years
has increased identified resources to 27 000 tU at an average grade of 0.63% U.

Cigar Lake, with identified resources of 111 100 tU at an average grade of 11% U, is the world’s
third-largest high-grade uranium deposit. The mine began operation in March 2014 and is a
Cameco (50.025%), Orano (37.1%), Idemitsu (7.875%) and Tokyo Electric Power Company (5%) joint
venture operated by Cameco. Cigar Lake was the world’s largest producing uranium mine in 2019;
however, production decreased by 44% in 2020 due to the COVID-19 pandemic, although
production appears to be recovering in 2021, it is 32% below 2019 production. Ground freezing is
used to reduce groundwater inflow and ore is extracted using an innovative jet bore mining
method with concrete used as backfill. The high-grade ore slurry is then shipped by road to the
McClean Lake (JEB) mill for processing. The McClean Lake mill produced 6 938 tU, 3 878 tU, and
4 692 tU from Cigar Lake ore in 2019, 2020 and 2021 respectively.

Ownership structure of the uranium industry

Cameco Corp. (Cameco) and Orano Canada Ltd. (Orano) are the operators of the current uranium
production centres in Canada. Cameco is the owner and operator of the Rabbit Lake production
centre, which includes the Eagle Point mine and the Rabbit Lake mill. Cameco is also the operator
of the McArthur River mine and the Key Lake mill, which are joint ventures with Orano. Cameco
is the majority owner and operator of the Cigar Lake mine, in which Orano, Idemitsu and the
Tokyo Electric Power Co. (TEPCO) have minority ownership. Orano is the majority owner and
operator of the McClean Lake production centre in which Denison Mines Corp. has minority
ownership.
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Uranium production centre technical details

(as of 1 January 2021)

Name of production centre McArthur River McClean Lake Rabbit Lake Cigar Lake Midwest
/Key Lake
Production centre classification Idled Existing Idled Existing Planned
Date of first production 1999/1983 1999 1975 2014 NA
Source of ore:
JEB, McClean,
Deposit name(s) P2N et al. Sue A-E, Eagle Point Cigar Lake Midwest
Caribou

Deposit type(s) Unconformity | Unconformity | Unconformity | Unconformity | Unconformity
Recoverable resources (tU) 154 100 tU 12100 tU 27 000 tU 111100 tU 19000 tU
Grade (% U) 5.5 1.1 0.63 11.0 1.52
Mining operation:
Type (OP/UG/ISR) UG UG/OP UG UG opP
Size (tonnes ore/day) ~200 NA NA ~200 NA
Average mining recovery (%) NA NA NA NA NA
Processing plant:
Acid/alkaline Acid Acid Acid
Type (IX/5X) SX SX sX Processed at Tobe

i McClean Lake processed at
Size (tonnes ore/day) 864 300 2880 McClean Lake
Average process recovery (%) 98 97 97
Nominal production capacity (tU/year) 9600 9200 6500 6900 2300

Expansion of | Expansion of
Plans for expansion tailings tailings
capacity capacity

Employment in the uranium industry

Employment in Canada’s uranium production industry (including head office employees),
totalled 1 844 in 2018, 1 824 in 2019 and 1 934 in 2020. Employment directly related to uranium
production, including contract workers, was 831 in 2018, 913 in 2019 and 746 in 2020. The
reduced employment at the mine and mill sites in 2020 is primarily the result of only allowing
essential staff to work at the sites during the COVID-19 pandemic.

Future production centres

Two uranium mining projects in Saskatchewan that would feed existing mills could enter into
production within the next decade should uranium prices increase. Ore from Orano’s proposed
Midwest mine, which has received environmental approval, would provide additional feed for the
McClean Lake mill. Ore from Cameco’s proposed Millennium mine would be processed at the Key
Lake mill. Cameco has also identified other deposits (Fox Lake, Tamarack) that could feed existing
mills.

Several other exploration projects in the Athabasca Basin have recently identified large high-
grade uranium deposits that have the potential for development. In the western Athabasca Basin,
the Arrow deposit (NexGen Energy Ltd.) is the world’s second-largest high-grade uranium deposit
(130 000 tU) and a project to develop an underground mine and a mill is currently undergoing an
environmental assessment. The nearby Triple R deposit (Fission Uranium Corp.) is a high-grade
uranium deposit (52 000 tU) which also has indicated and inferred gold resources totalling
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67 000 ounces and has recently undergone a Pre-Feasibility Assessment for the development of an
underground mine. In the eastern Athabasca Basin, Denison Mines Corp.’s Phoenix deposit
(26 900 tU) is undergoing an environmental assessment process for a proposal to develop an ISL
mining operation. The Phoenix deposit is located in permeable sandstone above the unconformity
and ground freezing is proposed in the sandstone overlying the deposit to create the confining
conditions required for ISL operations. Denison Mines Corp.’s nearby Gryphon deposit (24 000 tU)
has the potential to be mined by conventional underground methods. In 2020, Denison conducted
a Preliminary Economic Assessment for mining the Heldeth TGé deposit (former name: J-Zone
deposit) at Waterbury Lake using ISL methods.

There is also a possibility of mines being developed outside of Saskatchewan; however,
uranium prices would have to increase substantially. Orano has proposed developing the
Kiggavik and Sissons deposits in Nunavut, should market conditions improve and mining
becomes economic.

Secondary sources of uranium

Canada does not use secondary sources of uranium. Canada does not produce or use mixed
oxide fuels nor use re-enriched tails.

Environmental activities and socio-cultural issues

Environmental impact assessments

As indicated above, environmental assessments are currently underway for proposals to develop
the Arrow deposit in the western Athabasca Basin and the Phoenix deposit in the eastern
Athabasca Basin.

Effluent management

Water treatment and minor engineering works continued to be the main activities at the closed
Elliot Lake area uranium mine and mill sites in 2019 and 2020. Water quality within the Serpent
River Watershed has improved since the closure and decommissioning of the mines and
currently meets Ontario Drinking Water Standards.

Site rehabilitation

The Cluff Lake mine, located in the western Athabasca Basin of Saskatchewan, ceased mining and
milling operations in May 2002. A two-year decommissioning programme was initiated in 2004,
following a five-year comprehensive environmental assessment study. Decommissioning was
essentially completed by 2006, followed by revegetation. The remaining buildings were
demolished in 2013 and access to the site is no longer restricted. Orano conducts monitoring of
the site every quarter.

In northern Saskatchewan, several mines (principally the Gunnar and Lorado mines) were
operated from the late 1950s to early 1960s by private sector companies that no longer exist.
When the sites were closed, there were no regulatory requirements in place to appropriately
contain and treat the waste, which has led to environmental impacts on local soils and lakes.
The responsibility for these sites is now held by the government of Saskatchewan and a project
is currently underway to remediate these sites.

Uranium requirements

In 2020, nuclear energy provided about 15% of Canada’s total electricity needs (including
approximately 60% in Ontario and 40% in New Brunswick) and is expected to continue to play
an important role in supplying Canada with electricity in the future. Canada has a fleet of
19 CANDU pressurised heavy water reactors, of which 17 are currently in full commercial
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