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Talking Points...

* |International Atomic Energy Agency (IAEA)

* |AEA Nuclear Fuel Cycle & Materials Section (NFCMS),
Uranium Production Cycle (UPC) Team

* NFCMS UPC Team support to Member States
« NFCMS UPC Team outputs
« Joint OECD-NEA / IAEA Uranium Group

 The “Red Book™... World uranium exploration, resources,
and production



International Atomic Energy Agency (IAEA)

« 1953 — Eisenhower’s “Atoms for Peace”
speech, UN General Assembly

1957 — Established as autonomous agency

to UN General Assembly and Security Council

Promotes the peaceful use of nuclear
technology and nuclear power worldwide

Intergovernmental forum for scientific and
technical cooperation




IAEA Member States... 176 As of 3 January 2023

* |AEA provides direct support to 52 Member States actively
iInvolved in the development of the uranium production cycle...

== Vienna, Austria...
) o i

B Member states

Membership approved
Withdrew membership
B Non-members




IAEA Provides Support for the Nuclear Fuel Cycle

* Prospecting and
exploration

 Mine and processing
facility development

 Decommissioning and
remediation

 Fuel enrichment and
fabrication

* Nuclear power plants
« Spent fuel management

powerPlant il W /
Reprocessing

Mining

\)\ Y=

Disposal




IAEA Nuclear Fuel Cycle & Materials Section
(NFCMS), Uranium Production Cycle (UPC) Team..

Nuclear
Fuel
Cycle
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IAEA NFCMS UPC Team... International Technical
Cooperation Projects Support

Technical training
Workshops
Expert missions
IJUPCR missions
Fellowships
Scientific visits
Procurements

Some 40-60 international experts
provided training for 400-600
participants during 2018-2023...

Over 450 lectures
on specific topics;
Q & A sessions,
discussions

During 2016-2023, the UPC Team
provided technical advice and
support to 27 Inter-Regional,
Regional, and National projects




IAEA NFCMS UPC Team... Development of National
Infrastructure for the UPC

Development of national infrastructure to support and regulate the uranium
production cycle is a significant and complex task

Uranium Exploration Uranium Mine and Uranium Mine and Uranium Mine and
Processing Facility Processing Facility Processing Facility
Construction Operation Decommissioning and
Remediation

The IAEA has developed a Milestones approach to support Member States
in developing national infrastructure in a systematic and manageable way



IAEA NFCMS UPC Team... Milestones Approach to
Development of National Infrastructure for | JPC

Milestone 1
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Considerations
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to explore for
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A Member State
commissions and operates
a uranium mine and

processing facility or

increases current capacity
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https://www.iaea.org/publicati
ons/15010/milestones-in-the-
development-of-national-

Exploration

Feasibility Planning and
Construction of a Uranium Mine

Operation of a uranium mine
and processing facility

and Processing Facility

infrastructure-for-the-

Approximately 15 - 30 years

2

uranium-production-cycle

Decommissioning and remediation
of a uranium mine and processing
facility or a facility that is placed in
care and maintenance



IAEA NFCMS UPC Team... Milestones Application

Regional Africa IAEA Technical Cooperation Project...
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IAEA NFCMS UPC Team Outputs (Resources-Related)

 Authoritative, objective, and reliable information to support
member states with characterlzatlon and evaluatlon of
uranium resources.. | * o
— Statistical databases
— Geology
— Deposit types
— Deposit

distribution

— Undiscovered resource assessment
and mineral potential
— Best practices guides

https://nucleus.iaea.org/sites/connect/UPCpublic/SitePages/Home.aspx




Meetings... Uranium Raw Material for the Nuclear

Fuel Cycle

International Symposium on

Uranium Raw Material for
the Nuclear Fuel Cycle

Innovation for Sustaining Future Resources
and Production

8-12 May 2023, Vienna, Austria

URAM-2023

#URAM23

« URAM Series...
— 2000, 2005, 2009, 2014, 2018

— Sessions on...

* Nuclear power and modern energy markets
Uranium markets

» Uranium geology and resources

» Advances in exploration

» Uranium deposit evaluation

* ISL and other U mining & processing

* Unconventional U resources, Th

» Health, safety and environment

 Tailings and waste management

https://www.iaea.org/events/uram-2023



Publications... Uranium Deposit Types and Models

Descriptive Uranium Deposit
and Mineral System Models

1. INTRUSIVE

2. GRANITE RELATED

3. POLYMETALLIC BRECCIA COMPLEX

4. VOLCANIC RELATED

5. METASOMATITE

6. METAMORPHITE

7. PROTEROZOIC UNCONFORMITY

8. COLLAPSE BRECCIA PIPE

9. SANDSTONE

10. PALEO QUARTZ-PEBBLE CONGLOMERATE

11. SURFICIAL

12. LIGNITE COAL

13. CARBONATE

14. PHOSPHATE

16. BLACK SHALE

SYIAEA

Intsrnational Atomic Eneray Agency

‘Brief Description
= Tutrovive Urkatini

broad range of petrochemical compositions.

are 2 genetically diverse group of ores hosted by a wide variety of istrusive rocks with a

- Deposits o this ype are broadly divided ito (1.1 )m\mam (pegmatite-alaskite) cres the genesis of which is linked to
atuse

partial melting processes in high-femper

Subtypes and Classes
= 1.1, Anatectic (pegmatite-alaskite)
~ 1.2, Pluienic
=121, Quartz monzonite
122 Peralkaline complex
=123, Carbonatite

fpr Transport
~ The plutonic subtype is further subdivided into three classes TFiuid pathwavs
complex and (1.23.) carbonatite deposits. They constinute ug " Crustal-scale favlt zooes
low usanium that may be extractable as by-prod| Trap

Type Examples

~ ‘Subtype 1.1. Rossing, Husab, Namibia

— Class 1.2.1, Bingham Canyon, Twin Buttes, Yerington, USA

~ Class 1.22. Kvanefjeld, Greealand; Posos de Caldas, Brazil
Class 1.23. Phalabora, South Africa; Catalio, Asaxa, Brazl

Principal Commodities

~ Subtype 1.1. U

— Class 1.2.1. Cu = Av, Mo; U (by-product oaly)

— Subtype 1.2.2 REE. Nb = Au. Be, Cu. Hf L r. Ta. Th Ti.

Physical
~ Transition from hot, weak ductile crust to cold, strong brittle crust, and/or

- Dilational deformatien, permeablity and suction focused on

~ Focusing of the volatile phase into high strain zones, flanks
fault-fracture nefworks, zones of brecciation or anticlinal fol

~ Metasomatised magma chanber roof acting as a seal

Chemical

= Redox boundaries

| ety
H Mtiva0ss
|| Meam-00431

Deposition

Fractional crystallisation and cooling

~ Pressure and Li
in the ascending melt and volatile phase, or

- Gravitational settling a the base of s magma chamber

Exsolution, ic-hydrot

Grades (%) and Tonnages (1U)
— Average: 00441, 243394
— Median 0.0254,2640.0

Number of Deposits
— 138

Provinces
- Aileron Province, Ange, Arabizn Shield, Bokan Mounraia, Cod
Ceatral Swakop, Greaville, Kanyika, Lolodor Akoago, Mabel
Massif. Phalaborwa, Pilanesberg Complex. Pocos de Caldas,
Tectonic Setting
-G magmatic arcs. A

= Fracmre and/or breccia controlled discharge of uraniferous v

~ Due to fluid/wallrock interaction

— Due to fluid mixing

Depositional processes affecting ore prades and tonnages

- Coalescence ofnnmfms !mxomm:rs prometes formatios

— Secondar ing of uray

Typical Geological Age Range
— Precanibris

Source

Ground preparation
~ Collisional orogeny and post-orogenic collapse, or

~ Formation of crustal magma staging chambers above 2 =
- Rifting. mafic underplating and ithospheric doming

Ensrgy
~ High heat flow, extrense geothermal gradicat and patial
~ Voluminous magmatism, and/or

- High low p upper af
Melts and fluids
~ High-temp: finorite-rich melr o

Preservation

~ Crustal extension and/or aomfanlung crh]hng of minerali
— Relative tectonic stability

BERGER. V. L SINGER. D. A ORRIS, G. 1, Carbomatles of 0
and grade and tounage models. U.S. Geological Survey Open-File R{
BASSON, LI, GREENWAY, G.. The Rassing uraniun deposit
‘graites in the Ceatral Zoge of the Damara Ocogea, Nacuibia. Jouma)
FAN, H, CHEN, I, WANG, 5., ZHAO, J., GU, D., MENG, Y.,
usanium deposits in the Gaudeagmms area, Ceatral Damara BJ
geochemistry. Acta Geologica Sinica, 91(6). 2126-2137 (2017).
INTERNATIONAL ATOMIC ENERGY AGENCY, Grological CI
Selected Examples. AEA-TECDOC Series, 1842, 415p (2018)
JOHN, D. A, AYUSO, R A, BARTON, M. D., BLAKELY, H
GRAYBEAL F. T., MARS, J. C., MCPHEE, D. K. SEAL, R E.,
deposit models for resource assessment. U.S. Geological Survey §

010)
T A, NEX,P. A M, A review of geological controld

felsic cale-alkall or
~ Mastle relted penliatine or casbonatite melts, and

mm;
~ F.CO2, HCL H:S, 02 CL S, Ca, PO

Reductants and reactants.

~ Subtype 1.1 Masble, graphite, sulphides

— Classes 1.2.110 1.2.3. No information

Uranim

— Fractionated melts, or

— Crustal sources (erystalline basement rocks uch as grani

within the Damam Orogen, Nanubia, Applied Earth Scaence, 116(2)
LANDTWING, M. R, FURRER, C, REDMOND, P. B, PETTH
Bingham Canyon porphyry Cu-Mo-Au deposit, Il Zoned copper.
Economic Geology, 105(1), 91-118 (2010).

PIRAINO, F. continental anorogenic alkaline magmaticm an)
mantle plume connection. Gondwana Research, 27(3), 1181-1216 (2
RICHARDS, J. P., Tectono-magmatic precursors for porphyry Cf
93(.9), 15151533 (2003).

L, G. I, PARADIS, S., Carbonatites: related ore depor
AwhedEmhsnwe 127(4), 123-152 (2018).
VERPLANCK, P. L., VAN GOSEN, B. S, SEAL, R. R, MCCAF)
peralkaline intrusiou-related rare earth element deposits. U.S. Geolo

5070-J, 38p (2014).

WILKINSON, J. 1., Triggers for the formation of porphyry ore depos
925 (2013). K
G, D., AUDETAT, A, What caused the formation of the g

ZHANC
Insights from melt inclusions and magmatic sulfides. Economic Geol

https://www.iaea.org/publications/146
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FIG. 1b. Grade and tonnage scatterplot highlighting Intrusive uranium deposits from the UDEPO database.




Publications... Resource Assessment & Mineral
Potential

IAEA-TECDOC-1258 Resu“ R
Undiscovered -
. (%)
Assessment of uranium Resources e '
deposit types and resources — i

a worldwide persp|

Proceedings of a Technical Comm)
&

owmrel |AEA TECDOC SERIES

Quantitative and Spatial : ——

INTERNATIONAL ATOMIC ENERGY AGENCY :‘ Evaluations Of Undiscovered E::‘—% é
{  Uranium Resources =) N =

https://www.iaea.org/publi
cations/12380/quantitativ
e-and-spatial-evaluations-
of-undiscovered-uranium- A 1AEA = _—

resou rCeS International Atomic Energy Agency



Databases & Data Explorers... Integrated Nuclear
Fuel Cycle Information Systems, UDEPO & ThDEPO

g SehiaR » Select Chart Types: INB Conventional Legend Reset
& Deposit type grades box and whisker plot - )
€ o2.0% g ) S Unconventional - n n
2 U = L]
. https://infcis.iaea.org/
010-020 ) . . Scale Height Lock : Disable Outlier Filter by Deposit Types:
10 Selected
as.010 All Types
— 7 g > ! 7 o g T World Distribution of Uranium Deposits World Thorium Deposits and Resour!
: 18] critercalel gl Database (UDEPO) (ThDEPO)
” -l oxide bre
n °c
2 14+ o o
§ £ s & 3§ § & § z 1o o - UDEPO covers i ThDEPO covers
8 £ & g $ 3 § g ’ o o rozoic unconformity . i . ~ thorium deposits
: " s o 1.0 e A
Tonnage range (tU) o T se breccia pipe UDEPO & ThDEPO b g 1d the world
2=t : o
(0] 0.8 : - " are e"n dion
K : ; o o C H ﬁ preliminary data as
& el o combined and upgraded...
"7 - i, B na | - Co@® Lignite-coal - i B " P n {2013)
7 : ok . : IAEA technical = World Thoriui
G L : 2@ carbonate
"UDEPO... Data exploration, - B B PRI [ - , e Ooiiggpe®
- - 1 } i . i " § s
,EL,,_, — socos oo o = (O) @ Black shale other des classification of Deposits and Res preparation).
Ch art l n g J an d m ap p ’ n g to OI S ,g\,&"’a\ @\a‘“’é v&,@“e @\z\zb ‘oo“lb@ 0@@“‘5 & S deposits, technical infol ual deposits and occurrences
5 o y
J L C,&&‘a 2 4‘,\%0 & e @Bo“\@ \BD<>°° deposits, detailed geological information about are incomplete in many respects due to non-
3 : <7 4 v Tranium ore proguchon 10 spent rael s‘ﬁLorage regions, districts and deposits. availahility of data. More details will be included
facilities. as they are made available in future.
Post Irradiation Examination Facilities Database (PIEDB) Nuclear Fuel Cycle Simulation System (NFCSS)
| PIEDB is derived from a catalogue of NFCSS is a scenario-based simulation
| ® such facilities worldwide that the IAEA system to estimate long-term nuclear fuel
| m issued in the 1990s. It includes a cycle material and service reguirements as
| complete survey of the main well as material arisings. The code uses
I & characteristics of hot cells and their PIE simplified approaches to make estimation.
= capabilities.




Databases... Interactive PDF Maps T
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World Thorium Occurrences,
Deposits and Resources

IAEA TECDOC SERIES

World Distribution of
Uranium Deposits (UDEPO)

2016 Edition

https://lwww.iaea.org/publications/12314/
world-distribution-of-uranium-deposits
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Joint OECD-NEA / IAEA Uranium Group

« Collaborative effort between the Nuclear Energy Agency
(NEA) of the Organisation for Economic Cooperation and
Development (OECD) and the International Atomic Energy
Agency (IAEA)...

— Forum for the exchange of information, analysis, and guidance on
the uranium market and its role and relationship with respect to the
global nuclear fuel cycle

— Platform for dialogue and cooperation among governments,
iIndustry, and other stakeholders on issues related to the uranium
market and the nuclear fuel cycle

— Activities are based on the principles of transparency, objectivity,
and impartiality

https://www.oecd-nea.org/jcms/pl_28567/the-joint-neal/iaea-group-on-uranium-ug



Joint OECD-NEA / IAEA Uranium Group... Red Book

. . 1st edition L. b - 29t edition
) Respons.l ble for prepa":atlon | 2 . SQ%% )f °. ol el
and publication of the "Red  [iE o
Book” { LI
Tracks world and country | Resources,
trends and developments in = q- and Detignd
uranium resources, P | '
. i WORLD URANIUM
prOdUCtK)n & demand - -2 AND THORIUM RESOURCES

— Derived from government :
information officially reported to |: |

the IAEA

— Aims to obtain a uniform, E.... .
worldwide acceptable 1965 2023
classification of uranium OECD /| ENEA OECD-NEA / I1AEA
resources

https://www.oecd-nea.org/jcms/pl_79960/uranium-2022-resources-production-and-demand



Red Book... Uranium Demand, Commercial NPPs...

B - operation

UNITED STATES OF AMERICA
CHINA
FRANCE [
RUSSIA I
KOREA, REPUBLIC OF s
INDIA —
CANADA [
JAPAN I
UKRAINE s
UNITED KINGDOM N
SPAIN mmmm

Under Construction

I Permanent Shutdown

32 Countries in Operation

As of April 2023...

Power Reactor
Information System

IAEA | PRI

&

e
%

SWEDEN
PAKISTAN !
CZECH REPUBLIC mmm
SLOVAKIA mm
BELGIUM mmm
FINLAND
SWITZERLAND 1
HUNGARY I
ARGENTINA
UNITED ARAB EMIRATES
GERMANY
BRAZIL g
BULGARIA g
SOUTH AFRICA
ROMANIA §
MEXICO J
IRAN, ISLAMIC REPUBLIC OF |
BELARUS |
NETHERLANDS [
ARMENIA ||
SLOVENIA |
TURKIYE
EGYPT
BANGLADESH
ITALY gm

423
378 912

17
15448

56
58 595

19 516

NUCLEAR POWER REACTORS
IN OPERATION

MW TOTAL NETINSTALLED
CAPACITY

NUCLEAR POWER REACTORS
IN SUSPENDED OPERATION

MW TOTAL NETINSTALLED
CAPACITY

NUCLEAR POWER REACTORS
UNDER CONSTRUCTION

MW TOTAL NET INSTALLED
CAPACITY

REACTOR-YEARS OF
OPERATION

REGIONAL DISTRIBUTION OF NUCLEAR POWER CAPACITY

AFRICA |
AMERICA - LATIN [
ASIA - MIDDLE EAST AND SOUTH -
EUROPE - CENTRAL AND EASTERN
ASIA - FAR EAST
EUROPE - WESTERN
AMERICA - NORTHERN

30

60 90
Net Capacity, GW(e)
I In Operation Under Construction

120

LITHUANIA &
KAZAKHSTAN |
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140

https://pris.iaea.org/pris/




Red Book... Uranium Production and Demand,
PI’OjECtiOﬂ to 2040 (based on 2019 & 2020 data)

100% capability []
90,000 85% capability [J
®
[¢}]
2‘ 60,000
<]
o
[7)]
[<})
c
c
i)
5 30,000 idled and
committed centres
0
2020 2025 2030 2035 2040

» Actual uranium production seldom, if ever, matches
full production capability

* It is assumed that secondary supply will fill the gaps
when requirements are greater than production

Gap between high demand and
85% capability production...

U tonnes per year

90,000

+ planned and prospective centres

2020 2025 2030 2035

2040




Red Book... Exploration & Mine Development
Expenditures (2019 & 2020)

 Decreased to ~USD
250M in 2020 from
~USD 500M in 2018,
and ~USD 2B in
2014

* Preliminary 2021
expenditures show
small increase to
~USD 280M

USD (millions, current)

2,500

2,000 -

—Domestic

Non-domestic

1,500 -

1,000 -

500 -

Uranium price
run-up...

1
i
1
1
1
1
1
1
1
1
2
2021 -

» Total expenditures continue to decrease in response to a
depressed uranium market that has lasted since mid-2011



Red Book... Identified Recoverable Resources
Distribution at <USD 130/kgU (2019 & 2020)

Australia 28%
Kazakhstan 13%

Canada 10%
Russia 8%
Namibia 8%
South Africa 5%
Niger 5%
Brazil 5%
China 4%
Mongolia 2%
Uzbekistan 2%
Ukraine 2%
Botswana 1%
United States 1%
Tanzania 1%

. Percent of World Total =
1% 14% 28%



Red Book... Changes in Global Uranium

Reasonably Assured Recoverable Resources

Tonnes Uranium

9,000,000

8,000,000

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000
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Global Resonably-Assured Recoverable Uranium Resources

~O—<USD 40/kgU
~O=<USD 80/kgU
O <USD 130/kgU |
=O=<USD 260/kgU
9.8 -1.9
9 3 - M ﬁf-) o -0.7
___{}_— —
11.8 -1.9
b 2.0 P -6.5 0 o O 0.6
O O O

O -0 -2.6
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Red Book... Identified Recoverable Resources, by
Processing Method, at <USD 130/kgU (2019 & 2020

Conventional from UG

In-Situ Leaching - Acid

Conventional from Open Pit

Heap Leaching from Open Pit

Unspecified

_IRAR <USD 130/kgU

In-Situ Leaching - Alkaline
IIR <USD 130/kgU

Heap leaching from Under Ground

Block or Stope (In-Place) Leaching

500,000 1,000,000 1,500,000 2,000,000 2,500,000 EXV) EX )
TONNES URANIUM




Red Book... Identified Recoverable Resources by
Deposit Type, at <USD 130/kgU (2019 & 2020

Sandstone

Polymetallic Fe-Oxide Breccia Complex

Proterozoic Unconformity

Metasomatite

Intrusive

Paleo-quartz-pebble conglomerate(a)

Surficial deposits

Volcanic-related

Granite-related _IRAR <USD 130/kgU
Phosphate 2 IIR <USD 130/kgu

Unspecified
Black shale
Collapse breccia
Lignite coal
Metamorphite

Carbonate

200,000 400,000 600,000 800,000 1,000,000 1,200,000 1,400,000 1,600,000 1,800,000 2,000,
TONNES URANIUM




Red Book... World Total Recent Uranium Production
2009-2021 (~0.72M tU)

80,000 -

B Kazakhstan B Namibia E Canada

OAustralia @ Uzbekistan E Russian Federation
70,000 - O Niger O China OIndia

@ Ukraine B South Africa O United States

@ Others* ;
60,000 A _— N =g o 3#11$5; 9
30,000 1 My P
20,000 - | | oo | - i
10,000 4
0 = T T T T T T T T

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021**

tU/year

Year




Red Book... World Uranium Production (~47,300 tU)
(2019 & 2020)

Canada Uzbekistan*®
0 8%
o Niger
Namibia 6%
12% /_
Russia
/_6%
China*
«-»:""':-}l 3cy .
- ° _Ukraine

2%

Australia India*
13% 1%
United States*
0.02%
Others

0.4%

Kazakhstan
41%




Red Book... World Uranium Production by Methods
(2019 & 2020)

~4.5%
Co-/By-Product

~17%, Open-Pit

~15%, Underground

>63%, ISL




Red Book... World Uranium Production by Deposit
Type (2019 & 2020)

<1%, Granite-related

~7%, Polymetallic ~3.5% ~1.5%, S
Fe-Oxide Breccia Volcanic-  Metasomatite” <1%, Paleo-quartz-
Complex related ~ pebble conglomerate

P <9

~12%, Proterozoic
Unconformity

~12.5%, ~62.5%, Sandstone
Intrusive




Red Book & UDEPO Uranium... Who, What, Where

DEPOSITS (counrs)

Number of uranium-bearing deposits with
>4000 tU (as of 2021, IAEA UDEPO database)

10- o
12 ©
13 I ==
13 I ==
16 I ™™
16 I
18 I
18 I ==
32 I
33 I ==
47 I

United States

of America

1,065 Il >

950 M 4+

910 Il ==
DEMAND v

Nuclear power plant reactor-related uranium

705 0 *
requirements (for 2018)

https://nucleus.iaea.org/sites/connect/UPCpublic/Publishinglmages/Infographics/Red_Book 2020 Uranium_Depos-Res-Prod-Demd.png

795 1™ ™| 42

(tonnes uranium; tU) Es 0 U R c E S

Identified recoverable uranium resources at
<USD 130/kgU (for 2019)

.=m | 52,500

>~ 1l 58,200

== M 87,200

== Il 108,700

== Il 132,300

% W 143,500
I 248,900

== I 276,400

< I 276,800

I 320,900

I 448,300

== B 436,000

O I 594,900

= I 906,800

= . 1,692,700

Highest in RESOURCES
Australia

.
X,

Kazakhstan #2

Canada #3

¥ I 22,508

Australia #3

2

Canada

Highest in PRODUCTION

Kazakhstan

«ayPRODUCTION

Uranium produced
(for 2019, Red Book preliminary)
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