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Presentation Objectives

After successful completion of this lecture, students should be able to:

• Understand the mission of the IAEA

• Recall the added value of using isotopes in hydrological studies and list 
applications of isotope hydrology

• Describe examples of how accelerators support thermonuclear fusion 
energy research

• Recall basic information on fusion energy generation

• Be an ambassador for mitigating climate change, sustaining precious
resource and promoting science-based policy
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International Atomic Energy Agency



“The Agency is a formidable 
institution that deals with 
issues of war and peace, of 
human health, of energy, 
food and water –
fundamental concerns of all 
human beings.”

Atoms for Peace and Development

Rafael Mariano Grossi,
Director General, IAEA



IAEA at A Glance

175 
Member States 

(as of May 2022) 

2,500+staff
from 

over 100
countries

• HQ in Vienna
• Laboratories in Seibersdorf, 

Monaco and Vienna.
• Regional offices in Toronto 

and Tokyo. 
• Liaison offices in New York 

and Geneva

1957
IAEA Statute



Organization
• Director General
• Director General’s Office
• Secretariat of the Policy-Making Organs
• Offices of Legal Affairs; Public Information and 

Communication; and Internal Oversight Services, and
• 6 Departments:



12 unique laboratories

Food & AgricultureFood & Agriculture

Human HealthHuman Health

Nuclear ScienceNuclear Science

EnvironmentEnvironment

Seibersdorf
8 Labs

Seibersdorf
8 Labs

Sterile Insect Technique

Plant Breeding

Vienna
1 Lab
Vienna
1 Lab

Water ResourcesWater Resources

Isotope Hydrology

Radioecology

Monaco
3 Labs
Monaco
3 Labs

Environment 
(Marine)

Environment 
(Marine)



UN 2030 Agenda - Sustainable Development Goals

Nuclear science and 
technology for development 

in energy, human health, 
food&agriculture, water 

management and 
environmental protection. 

Atoms for Peace and Development
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IAEA response to global challenges

#Atoms4NetZero



IAEA - Nuclear Sciences and Applications
Programmes
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#atoms4life

Using nuclear 
technologies to 
achieve UN 
Sustainable 
Development Goals

 Zero Hunger
 Good Health and Well-being
 Clean water
 Clean energy
 Foster Innovation
 Climate Action
 Life below water and on land
 Partnerships for goals

Human Health

Environmental 
Laboratories

Physical
and Chemical
Sciences

FAO/IAEA Food & 
Agriculture 

#atoms4climate



Nuclear Data

Data 
Development

Data Services

Atomic & 
Molecular Data

Physics

Accelerator 
Applications

Nuclear 
Instrumentation

Nuclear Fusion

Research reactor 
applications

Radioisotope 
production &  

Radiation 
Technology

Medical Radioisotope 
production, 

Radiopharmaceuticals

Radiotracers, NCS & 
NDT in industry

Radiation 
technology 
applications

Isotope 
Hydrology

Isotopic methods 
for groundwater 

assessment

Water resource 
management

Scenario 
modelling

Nuclear Data, Nuclear Science, Physics, Radiation Sciences & 
Applications, Water resource management

Division of Physical & Chemical Sciences (NAPC)

12NE NA
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Isotope Hydrology for Water Security



Africa Snapshot – Water & Environment

 One-third of  Africa is deemed to have water 
security below the global threshold of 45 percent; 
all but Egypt are below 70 (scale of 100).

 19 water-stressed countries below threshold are
home to 500 million people. 

 Africa’s carbon emission share is below 3% of 
global emissions, but carries a disproportionately 
high burden of climate change

 Africa is the region most affected by climate 
shocks: 6 of the 10 most affected countries in 
2022 are on the continent. 

 75% of Africa relies on groundwater for drinking 
water
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Hydrology = Science of Water

• Meteorology

• Climatology

• Oceanography

• Limnology

• Hydrogeology

• Water resource management
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Isotope Hydrology = Science of Water Isotopes
• Started in the late 1940s, early 1950s, when sensitive nuclear

techniques became available to study
fractionation of stable water isotopes (2-H, 18-O)
distribution of radioactive hydrogen isotope (3-H)

• Following release of large amounts of tritium in nuclear bomb tests 
(adding to the cosmogenic generation 3200 atoms/m2s) 3-H became 
useful for studying the water cycle (hydrosphere), including dating

• Other (dissolved) isotopes later included, e.g. N, C, Cl, noble gas 
isotopes 

• Isotope Hydrology is used for studies of
• Groundwater dynamics (recharge, flow, residence time, mass 

transport)
• Groundwater quality (pollution)
• Climate (palaeoclimate, climate change, climate phenomena e.g.

monsoons, El Niňo)
• Animal and insect migration, forensic science 
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Isotope Hydrology Study Resources

Loads of info at the IAEA Water Resource page -
https://www.iaea.org/topics/water-resource-management
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Targeting Drought - link



IAEA Focus: Water Resources

Every country needs to assess Water 
Vulnerability to improve Water 
Security and ensure Water 
Resilience. 

This facilitates

• Improved water and sanitation 
services

• Secure food production systems
• Reliable energy supplies
• Economic development
• Protection of the environment

Water is a planetary resource
What we do in one area has an impact in another

Sometimes we don’t know the consequences until it is too late

CLIMATE CHANGE VS ANTHROPOGENIC CHANGE



Tools We Can Use: Isotope Hydrology

Stable Isotopes
• Abundance constant, but distribution 

changes

• Used to quantify interactions between 
different reservoirs

Radioactive Isotopes
• Concentration affected by radioactive 

decay

• Used to examine the duration of 
processes
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At the IAEA we use nuclear techniques to isotopically “fingerprint” water molecules. This tells us:
• Where the water came from
• How it got to its current location
• How long it been there
• How long will it last

Ct0

Ct1

Water Resource Sustainability

Progeny



Global Network of Isotopes in Precipitation 
GNIP is a worldwide isotope monitoring network of hydrogen and oxygen isotopes 
in precipitation jointly operated by the IAEA WMO, in cooperation with numerous 
partner institutions in Member States, established in 1960.

Contemporary 
tritium levels in 
precipitation in 
Tritium Units 
[TU] 

The Global Network of Isotopes in Rivers (GNIR) was initiated in 2002 and is 
dedicated to the collection, compilation and dissemination of isotopic assays of 
Earth’s river waters, including pollution indicators.



GNIP Data for Menongue, Angola
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Data from precipitation samples ranging from 1 to 309 mm, collected at temperatures 
14.0-21.6 ˚C between 1969 and 1983.
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GMWL

Begin of Period End of Period O18 H2 H3 H3 Error Precipitation Air Temperature Vapour Pressure
1969-01-01 1969-01-31 -8.77 -57.9 32.8 2.2 206 21.6 19.6
1969-02-01 1969-02-28 -7.48 -47 29.1 2 215 21.3 20.6
1969-03-01 1969-03-31 -12.23 -86.5 25.8 1.8 232 21.7 20.4
1969-04-01 1969-04-30 232 21.1 17.6
1969-05-01 1969-05-31 18 13.1
1969-06-01 1969-06-30 14.3 10.7
1969-07-01 1969-07-31 14.8 9.6
1969-08-01 1969-08-31 18.4 8.8
1969-09-01 1969-09-30 -4.8 1 20.4 7.7
1969-10-01 1969-10-31 -2.67 -13.8 34.6 2.1 94 22.6 14.6
1969-11-01 1969-11-30 -5.5 -36.3 30 2.1 188 22 18.4
1969-12-01 1969-12-31 -7.18 -44.8 40.3 2.3 109 22.6 17.9
1970-01-01 1970-01-31 -5.02 -28.9 43.5 1.7 222 21.4 20
1970-02-01 1970-02-28 -8.25 -54.2 31.4 2 202 21.7 19.9
1970-03-01 1970-03-31 -1.33 1.5 36 1.6 111 21.3 17.4
1970-04-01 1970-04-30 -5.66 -44.7 18.1 7 8 20.2 14.7



PROJECT: Water Security Across the Sahel (UNHCR)

• Population growth, human migration, resource 
conflict and climate change puts pressure on 
provision of water supplies 

• The current climate suggests that groundwater 
replenishment is limited and sustainability is 
poor

• Tritium and water isotopes indicate significant 
replenishment in spite of semi-arid to arid 
conditions

FINDINGS: Groundwater age mapping is essential 
to identify appropriate areas for placing wellfields 
to support water supply infrastructure

Application: Groundwater Sustainability 



Application: Water Quality Management

PROJECT: Nitrate Pollution in the Liptako-Gourma
System

• Intensive food production activities, poor sanitation 
systems and other factors contribute to declining 
water quality

• Measuring chemical components like nitrate allows 
assessment of how badly polluted a water source is.

• Isotopes track where the source of pollution is coming 
from.

• This allows precise identification of pollution sources  
in order to develop effective mitigation strategies

FINDINGS: Poor management of borehole protection 
(often at small scale) has direct negative impact on water 
quality in civil infrastructure



Other applications
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Forensic Science

Food safety

Biodiversity protection



Next year ↓ and potentially of  interest:
IAEA has a post-graduate “sandwich” 
programme, coordinated on a regional 
level.

S=Sandwich, meaning a 6 months stay 
at home institute, 6 months in host/co-
supervising institution (e.g. Canada, 
France, Italy, Morocco….) over 3 years. 

53 candidates for 17 applications in 
current cycle.

Interested persons contact us (NAPC or 
TC Department)!
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Future Nuclear Energy and the African 
Continent
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Electricity access in Africa

30

43% of African population (~600 million) lacked 
access to electricity in 2021, the vast majority in 
sub‐Saharan Africa

Recent reverse of downward trend, mainly due to 
the pandemic, is expected to continue due to 
geopolitical factors

Access varies across the continent.

20% of the world’s population is in Africa, but 
accounts for only 6% of the global energy 
demand.

14 African countries considering nuclear power 
generation: Algeria, Egypt, Ethiopia, Ghana, 
Kenya, Morocco, Niger, Nigeria, Senegal, South 
Africa, Sudan, Tunisia, Uganda, Zambia

Africa’s low access to modern energy is 
undermining its development goals and 
ability to build climate resilience.
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African states with significant activity 
towards NPP 
• Egypt: construction of 2nd unit started for 4.8 GW Dabaa (4 units) 

• Kenya: siting at Kilifi and Kwale

• Nigeria: open for bidding for 4 GW, target operation date 2037

• Ghana: identified 4 potential sites and established their Nuclear 
Regulatory Authority

• South Africa: Seeking 10 GW in addition to 1.9 GW Koeberg
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Why Nuclear? 
The Paris Agreement (CoP21) and IPCC
2°C Scenario (2DS) = concerted action to achieve >50% chance of limiting average global 
temperature increase to 2°C by 2100. 
This requires:
• Reducing GHG emissions 25% from that in 2017 by 2030
• Energy sector offers the largest GHG reduction potential; projected reduction of cumulative 2015 -

2100 CO2 emissions ~1,170 GtCO2 (2021=36.3 GtCO2)

Global Energy Review: CO2 Emissions in 2021, IEA

But…
Total annual greenhouse gases emissions 
continue to reach record highs



Roadmap to Net Zero
Net Zero=balance of anthropogenic GHG 
produced and that removed from the atmosphere
• Phase our fossil fuels
• Increase low-carbon renewables and nuclear 

(double present capacity by 2050)
• Innovate technologies

But…
• ½ emission reductions from technologies not 

yet commercialized
• Supply of critical minerals limited for massive 

increase in wind and solar capacity
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Clean Energy Drivers
Health benefits of air pollution reduction is paramount.

The UN World Health Organization estimated in 2016 4.2 million premature 
deaths worldwide per year are caused by outdoor air pollution 

Who Factsheet “Ambient (outdoor) air quality and health”; 
https://www.who.int/en/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health



But what about the waste?

Sources:https://whatisnuclear.com/articles/waste_per_person.pdf
http://ec.europa.eu/eurostat/statistics-explained/index.php

Non-hazardous solid waste 
generation per capita in Europe = 4.8 

kg/day

EU-28 nuclear waste generation from 
electricity generation = 13.2 μg/day*

*24.7% from 3032.1 GWh generated in 
2014, producing 0.82 ng waste/J electricity 
for a population of 508293.4 Mio

Waste is a relative burden
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• Waste inventory

– Early estimation of quantities, level of activity, other 
characteristics

– Waste characterization and waste streams

• Waste minimization

– Minimize waste generation

– Recycle, reuse

– Use low activation materials, etc.

• Mixed wastes

– Account for non-radiological hazards and limitations

• Established disposal pathway for radioactive and other 
hazardous waste

Key issues in nuclear waste management  



R&D and the nuclear fuel cycle

Two examples:

• accelerators for waste R&D

• non-destructive testing (NDT) for waste 
characterisation



IAEA CRP(F11022): INWARD
• Ion Beam Irradiation for High-Level Nuclear Wasteform Development –

knowledge of ceramic and glass wasteform damage from self-irradiation 
by studying accelerated damage induced by ion beams

197Au-ion beam
keV – MeV heavy ion beam 

Ceramic sample
Glass sample

Penetration depth at given E

Comparison to An-doped, aged samples
Dose rate effects?
Critical dose for amorphization?
Leaching behaviour?
Characterisation: XRD, RBS, Raman, UV-
Visible, XPS, XANES, AFM, 
nanoindentation, TEM, EELS

cf. CRP SMoRE-II: Ion beam irradiation as a proxy for accelerated reactor materials testing 



Alpha particle
 MeV ions
 µm Range
 Less damage (hundreds of 

atoms displaced)

Outcomes and motivation

Alpha-recoil nucleus:
 keV ions - more nuclear 

collisions
 nm Range
 More damage (thousands of 

atoms displaced)

Confidence in using ion beam irradiation for predicting long-term performance of 
wasteforms for safe containment of high level nuclear waste through:

• Understanding damage evolution in candidate waste forms 
• Comparison of ion-irradiated and natural/historical samples
• Intercomparison of dual beam vs single beam (alpha and recoil emulation)
• Development of protocols for future studies

Alpha decay damage in materials 

+Helium accumulation



• IAEA-ELETTRA joint XRF beamline (since 2013) 
o Dedicated beam-time for IAEA; >20 groups from >18 MSs 
o Recent improvements of the beam line and end-station
o UHVC ‘Mirror Facility’ for training commissioned at NSIL Seibersdorf
o TR workshop at SESAME, with remote connection to ELETTRA in 2018

• IAEA-RBI agreement (collaboration >20 years)
o New ion source for dual beam capability commissioned 
o TR workshop, with hands-on-training using various ion beam techniques
o New CRP to facilitate experiments at ion beam facilities started
o TR workshop at Seibersdorf, with remote connection to RBI in 2018

Facilitated access to state-of-the-art 
accelerator facilities

physics@iaea.org
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Non-destructive testing for waste 
characterisation, e.g. muon radiography

Muon radiography 
uses cosmic ray 
muons as a source, 
instead of gammas, X-
rays or neutrons.

Advantages: 
 Highly penetrating
 Transmission 

detects density 
differences and 
scattering Z 
(scattering=f(1/Z2)

Technical Meeting “Non-destructive Testing Using Muon Radiography: Present Status 
and Emerging Applications, Sept 2019, planned TecDoc and follow-up CRP proposal.



Muon radio(tomo)graphy for waste 
package characterisation

• Applicable for waste confined in containment materials and encasements
• Can distinguish between nuclear fuel and other metals
• Usable for dray cask storage and legacy wastes
• Demonstrator used at Sellafield
• Can image corium and reactor debris in Fukushima Daichi reactors



What might the future look like?
Fusion Energy Research
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Fusion versus Fission
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Fusion: Introduction
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Fusion: Introduction
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NIF
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Fusion Energy and D-T Fusion 
Fuel Cycle

Credits: S. Hsu (ARPA-E, 2021)

• Tritium is not defined as a 
“nuclear material” by the IAEA 
and therefore not covered by 
nuclear safeguards

• In principle, fusion facilities fall 
outside the definition of 
“nuclear installation or nuclear 
facility” 
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Fusion Research: ITER
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• 35 ITER Member States: EU + 

Switzerland, China, Korea, Japan, 

India, Russia, USA

• demonstrate feasibility of large scale

fusion power

• Input (heating) 50 MW  Output 

(thermal) 500 MW for 400 seconds

• ITER schedule: 

–Under construction in South of 

France, 77% complete

–First Plasma in December 

2025 (?) and DT Operation in 

2035 (?)



Fusion research: ITER 
under construction
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Fusion 
Roadmap

Source: Fusion For All – DONES (ifmifdones.org); See European Research Roadmap to the Realisation of Fusion Energy, 2018 

>2050

2035

Main challenges:
• Real-time plasma 

control (Disruptions)
• Heat exhaust and 

helium removal 
(Divertor)

• Plasma Environment –
the Materials Challenge

• Design Integration
• Tritium-breeding 

blanket (coolant, plant 
balance)

• Remote maintenance 
development  
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Fusion Device Information System (FusDIS)

https://nucleus.iaea.org/sites/fusionportal/Pages/FusDIS.aspx



IAEA Fusion Energy Conference 2023

16th to 21st October 2023



Thanks for your attention!

physics@iaea.org


