
Nuclear Waste Management – Moving 
Forward Toward Better Days

Dr. Charlotta E. Sanders
Senior Project Manager

Engineers Australia
Sydney, Australia
22 November 2019



Outline of Presentation
• Overview of World Nuclear Association (WNA) 
• Introduction
 Historical Technological Challenges & Opportunities
 Background to the Political and Social Challenges
 Example of State Political/Social Process 

• Structure of Nuclear Waste Management Program
 Stability through Linkage

• Dynamics of Change
• Progress of Geologic                                             

Repository Developments
• Conclusions

2

SFR (image courtesy SKB)

image courtesy Yankee Atomic Electric Company

Tunneling Machine at the Yucca Mountain Facility, 
Nevada, USA (source: Bechtel)



Introduction – Charlotta Sanders
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Naturalized US citizen born in Sweden

Combined 20 years experience in the nuclear 
industry and academia

Work experience includes Yucca Mountain project, 
US national enrichment facility, Westinghouse 
AP1000  technology transfer to China

Author of numerous journal articles, conference 
papers, US NUREGs, and textbooks
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An International Perspective

https://www.elsevier.com/books/nuclear-waste-management-strategies/sanders/978-0-
12-813738-3

* Mark C. Sanders

* Charlotta E. Sanders

https://www.elsevier.com/books/nuclear-waste-management-strategies/sanders/978-0-12-813738-3


World Nuclear Association
- A Strong Global Network of Members

187
member

companies

44
countries



We work with industry

We inform and communicate on 
nuclear energy

We train the leaders of tomorrow

We drive global action towards the 
Harmony goal

Our Mission



An increased share of low-carbon sources, as well as a 
drastically reduced level of fossil fuels, work together in 
harmony to secure a reliable, affordable and clean future 
energy supply 24 hours a day.

Harmony



We develop industry positions on the issues that matter 
through our Members Groups

Working Groups



When did it All Begin?

9



Historical Technological Challenges 
& Opportunities
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Over the past few centuries, societies have engaged in large
challenging projects pushing the bounds and understanding of
technology. They required a significant amount of
investment/financing and left long lasting impacts.



Historical Overview

 18th Century –
(Industrial Revolution) 
Even the most modern 
of nuclear power plants 
use steam turbines

 Benjamin Franklin flies a 
kite and “discovers” 
electricity…
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1894 illustrations of steam engines. Credit: F.A. Brockhaus, Berlin und Wien



Introduction – Historical Overview

 19th Century –
Building Canals
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Source: http://www.britishempire.me.uk/openingofsuezcanal.html

& Railroad Projects

Source: http://www.history.com



Introduction – Historical Overview

 20th Century –

Building of dams
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source: https://travelnevada.com

& Space Exploration 

source: http://planetary-science.org/planetary-science-
3/exploration-2/an-introduction-to-space-exploration/



Introduction – Historical Overview
 21st Century –

Improved Mobile/Wireless 
Infrastructure
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Source: http://www.letsgodigital.org/en/38417/5g-mobile-network/

Closing the fuel cycle 
by completing a deep 
geologic repository for 
high level waste…

Source: http://news.bbc.co.uk/2/hi/science/nature/4949096.stm



Nuclear Waste Management –
Challenge/Opportunity

 Nuclear waste management 
is primarily a social and 
political challenge; not 
necessarily a technical one. 

 To be successful, each 
society must address the 
variance of expectations 
found among individuals 
within that society.
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Illustration by Mirjam Ouwehand; source: https://socialdilemma.com/social-
dilemmas/ 



Nuclear Waste Management –
State Perspective

 It is important to work within the cultural, historical and 
legislative processes of a State 
 Each society must evolve a program in terms of its own 

history
 This concept is found in the Joint Convention on the 

Safety of Spent Fuel Management and on the Safety of 
Radioactive Management 
 It recognizes that the fuel cycle policy rests with the State 
 The responsibility for ensuring the safety of spent nuclear 

fuel and radioactive waste management rests with the State
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Social/Political Challenge

Nuclear Power Station Steam Laundry

17



Social/Political – Public 
Awareness

(1) Positive engagement in open public 
meetings 

(2) Use of the judicial 
system 

(3) Acts of civil 
disobedience 
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The Social Process

Social dilemmas have 
two distinct 
characteristics: 
(a) Selfish Cooperative 

choices
(b) Selfish non-cooperative  

choices (Weber, et al., 2004) 
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Nuclear Waste Management -
Stability Through Linkage

 Erik Gustaf Geijer
(1783-1847)

 Swedish historian and 
philosopher

 Argued that human 
history is interconnected 
with a  State, its people 
and ideas
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source: http://www.geijer.com/jp/egg/egg.html



Nuclear Waste Management -
Stability Through Linkage

 To achieve acceptance 
- each idea, discovery 
or  action should be 
linked together with 
public involvement 

 When bonds of the 
chain are broken this 
leads to mistrust and 
unacceptance of a 
technology by the 
public
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source: https://hackerbits.com/data/broken-link-checker-analysis-with-r/



A Sustainable Radioactive  
Waste Management Program

 A radioactive waste 
management program 
has four personalities for 
it to be sustainable. 
These include:

• Funding mechanisms –
How to pay for it.

• Environmental 
Concerns – Are all 
STAKEHOLDERS 
adequately protected?
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Sanders M & C, Progress in Nuclear Energy 2016



A Sustainable Radioactive  
Waste Management Program

• Society – does the 
program reflect the 
intention set forth by 
society prerogative?

• Stability –
decisions/actions 
undertaken must be 
in accordance with 
the rule of law. 

23

Sanders M & C, Progress in Nuclear Energy 2016



Validity and Legitimacy 

• A Political law making 
system can potentially 
lead to “valid and 
illegitimate” or 
“legitimate and unjust” 
results. 

• Accountability requires 
that citizens have the 
tools to assess and 
participate in the 
regulatory process. 
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Michael Langan, ‘The Physician Wellness Movement and Illegitimate
Authority: The Need for Revolt and Reconstruction’ Disrupted Physician
Blog



Consent or Science Based 
Approach

• Role of the decision-
maker is to decide!

• Are decisions consent-
based, science-based 
or a hybrid-model? 

• Resolving challenges/ 
opportunities within the 
personalities ‘Science’ 
and ‘Society’ are 
complex. 
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Consent Based Approach
• Programs in numerous 

countries (e.g. Canada, 
Finland, Sweden) 
demonstrate that public 
involvement is essential. 

• Trends in other countries  
(e.g., USA and Germany) 
underscore that 
unresolved challenges to 
implement a radioactive 
waste management 
program is institutional 
and not always technical. 
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Science Based Approach

• The science-based 
approach requires that a 
consensus body develop 
methods and tools for 
applying a comprehensive 
and systematic approach

• Requires a ‘commitment’ 
to a set of pre-defined 
standards and outcome-
based initiatives.   
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Hybrid Approach
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The Dynamics of Change 

• A purpose of 
government, and a 
duty of the courts, is to 
process change as 
society and 
technology alters, all 
while seeking to 
constrain the 
“constant and restless 
motion [of 
government]” (McKay 
1963)

29Sanders M & C, Progress in Nuclear 2019



Progress of Waste Management 
Programs - Canada

• A deep geological 
repository at 500 to 
1000 meters deep is 
proposed

• To be developed in a stable 
rock formation, known as 
the Canadian Shield. 

• Will narrow down 
potential host 
communities by mid 
2020’s. 

• Repository  operation 
expected by expected 
2035.

30Source: https://www.nwmo.ca/en/A-Safe-Approach/Facilities/Deep-Geological-Repository

https://www.nwmo.ca/en/A-Safe-Approach/Facilities/Deep-Geological-Repository
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Canada – Adaptive Phase 
Management 

Source: Sanders & Sanders, Academic Press 2019



Progress of Waste Management 
Programs - Finland

• Low and intermediate-
level waste at a 
nuclear power plant is 
stored at the reactor 
site. 

• Subsequently, this 
waste is permanently 
transferred to a 
repository on site 
situated in bedrock, at 
a depth of 60–110 
meters.  32

Image: Posiva



Progress of Waste Management 
Programs - Finland

• High-level waste 
repository excavation 
work began in 2004.

• Disposal concept is to 
isolate the waste 
packages, without the 
possibility of retrieving 

• Start of facility 
operation is expected 
sometime in the mid-
2020s. 

33
Entrance to Onkalo, Finland (Image: Posiva)



Progress of Waste Management 
Programs - Sweden

• Operates a facility for 
low and intermediate-
level waste (Forsmark) 
and interim storage of 
used nuclear fuel 
(Clab). 

• Low and Intermediate 
waste is deposited in 
rock vaults, which was 
commissioned in 1988. 

34Clab Facility  - Source: Swedish Nuclear Fuel and Waste 
Management Company (SKB)

Source: World Nuclear News. 



Progress of Waste Management 
Programs - Sweden
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Source: Swedish Nuclear Fuel and Waste Management Company (SKB)



Progress of Waste Management 
Programs - Sweden

• Final geologic repository (Forsmark) for spent nuclear 
fuel is based on three protective barriers.
 Fuel is encapsulated in copper canister. 
 Copper canisters are placed in crystalline basement 

rock at a depth of about 500 meters. 
 Embedded in bentonite clay to prevent corrosion and 

act as a buffer. 
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Source: Swedish Nuclear Fuel and Waste Management Company (SKB)



Progress of Waste Management 
Programs - USA

Waste Isolation Pilot Plant Yucca Mountain
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Progress of Waste Management 
Programs - WIPP

• The State Senator for the Carlsbad, New Mexico region 
worked with local leaders to propose that the Atomic 
Energy Commission study their salt beds for waste 
disposal in the 1970’s. 

• From the start, they worked with the New Mexico 
Congressional delegation in Washington and with the 
Governor of New Mexico. 

• The local newspaper in Carlsbad was involved and 
maintained an open-minded editorial position. 

• The local supporters of the project in Carlsbad studied 
the waste disposal plans and potential hazards and 
were available to discuss technical issues.

• Began operation in 1999. 38



Progress of Waste Management 
Programs – Yucca Mountain (YM)

• In 1982, the Nuclear Waste Policy Act became law, 
requiring the Department of Energy to study at least 
five sites and recommend three of them to the 
President by 1985.

• 1987 Amendments to the Nuclear Waste Policy Act 
designated YM as the sole site. 

• U.S. Senator Harry Reid of Nevada promptly labeled 
this the “Screw Nevada Bill.”

• Precipitated over 30 years of adamant opposition in 
Nevada. 

• Las Vegas newspapers were strongly opposed because 
of YM’s “proximity” to their town (about 90 miles away).

39



Progress of Waste Management 
Programs – Yucca Mountain (YM)

• Many articles claimed that transportation of high-level 
waste in the vicinity of Las Vegas and the potential for 
serious accidents would destroy the gambling industry.

• February 2002 - Secretary of Energy recommends YM 
to the President. Nevada Governor vetoes this 
selection, but  his veto is overridden by Congress.

• License Submitted to the Nuclear Regulatory 
Commission in 2008. 

• Funding for YM was stopped by President Obama in 
2010, largely based on continuing opposition in 
Nevada, and it has not resumed.

 Main Problem: The 1987 Amendments simply mandated 
YM selection with no state consultation or agreement. 40



Conclusion

 Nuclear waste management challenges are primarily 
social/political. 

 Nuclear waste management programs are a natural 
extension of historical human activity. 

 To ensure a fully sustainable nuclear waste 
management program all parts of the sustainability 
model (i.e., Economy, Environment, Society and 
Stability [The Law]) must be incorporated. 

 Nuclear waste management programs should be a 
hybrid of public participation and science.
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Thank you for your Attention
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