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요   약   문

Ⅰ. 제    목

 제2차 세계원자력대학 여름 연수 참가를 통한 원자력 인력 양성

Ⅱ. 연구개발의 목적 및 필요성

 본 과제는 세계원자력대학 여름연수 참가를 통하여 젊은 원자력과학기술자들에게 필요한 지식

을 습득하게 하고, 세계 원자력과학기술자간의 학술교류를 통해 보다 적극적인 원자력 기술개발 

동기를 부여하며, 또한 2007년 한국에서 있을 세계원자력대학 여름연수를 성공적으로 개최하기 

위한 정보수집의 목적으로 수행되었다. 

Ⅲ. 연구개발의 내용 및 결과

 본 연수 프로그램의 전체 구성은 다음과 같았다.

‣ 강의(Lecture)

‣ 그룹 토론 (Group Discussion)

‣ 사례 연구 (Case Study)

‣ 이슈 포럼 (Issue Forum)

‣ 견학 (Technical Tour)

 강의는 원자력에 대한 전반적인 내용 및 현황뿐만 아니라, 기술적인 부분에서부터 경제, 정치, 

법적인 부분까지 폭넓게 다루었으며, 회사, 학교, 연구기관, 국제기관 등으로부터 온 세계 각국

의 전문가들에 의해 진행되었다. 그룹토론은 전체를 8그룹으로 나누어 매일 오후 1시 30분부터 

5시까지 진행되었으며, 주로 오전의 수업내용을 복습하고, 요점들을 정리하며, 이슈가 되는 부

분에 대해서는 자유롭게 토론하 다. 사례연구는 중요한 현안이라고 생각되는 문제들에 대해서 

그룹별로 토론하고 해결책을 제시하는 시간이었으며, 최종 결과는 참가자, 멘토, 전문가들 앞에

서 발표하고 평가를 받았다. 이슈포럼은 참가자가 원하는 이슈그룹에 참여하여 텀프로젝트를 

수행하는 방식으로 진행되었으며, 약 3주간의 시간이 주어졌다. 주로 수업시간 이외의 시간을 

이용하여 수행되었으며, 최종결과는 최종보고서와 함께 발표되었다. 본 프로그램에서 다루어진 

이슈들은 다음과 같다.

     ‣ 제 4세대 원자로

‣ 국제 공동 원자력 폐기물 저장소
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‣ 새 발전소 건설

‣ 핵연료 농축

‣ 비핵확산 문제

‣ 재처리 문제

 견학은 프랑스와 스웨덴의 원자력 시설물들을 방문할 수 있는 기회 으며, 핵연료 농축 시설에

서부터 폐기물 처리장 까지 핵연료 주기의 모든 과정에 관련된 시설물들을 견학할 수 있었다.

Ⅴ. 연구개발결과의 활용계획

  본 연수과정은 원자력 전반에 대한 지식 및 현재 세계의 흐름 및 원자력의 현실을 파악할 

수 있는 매우 유익한 프로그램이었으며, 특히 세계 각국의 젊은 원자력 종사자들과의 인적 네

트워크를 구축함으로써 향후 국내 원자력 분야의 국제 교류에 도움을 줄 수 있다. 본 연수과정 

참가자들은 앞으로도 WNU의 지원 하에 지속적으로 관계가 유지되며 교류가 이루어지게 된

다. 특히 본 연수에서 얻어진 경험과 자료는 2007년 한국에서 있을 WNU-SI의 성공적인 개최

를 위해서 유용하게 쓰일 예정이다.
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S U M M A R Y

 WNU-SI(World Nuclear University - Summer Institute) is the six-week program designed to 

develop and inspire future international leaders in the field of nuclear science and 

technology. In 2006, three Korean young scientists had chances to participate by support of 

this project. There were three purposes in this project; (1) to motivate young Korean nuclear 

engineers, (2) to develop the human network with future nuclear leaders in the world, (3) to 

collect the informations for successful WNU-SI 2007 Korea.

 The WNU-SI offered an intensive six-week program of lectures, tutorials, field trips, and 

team projects presented by some of the world's foremost authorities on the global 

environment and sustainable development, nuclear-related technology innovation, nuclear 

diplomacy, and nuclear industry operations. The present summer institute consisted of the 

following parts.

‣ Lecture

‣ Group Discussion

‣ Case Study

‣ Issue Forum

‣ Technical Tour

 Lectures were proceeded by many outstanding people from companies, universities and 

institutes around the world. It covered the wide ranges of subjects from technology to 

economics and politics. Group discussion was performed between 1:30 pm and 5:00 pm 

divided into 8 subgroups. In group discussion, the fellows summarized the lectures they 

learned in the morning and discussed about the issues concerning the topics. The case 

study is the time to find the solutions about some artificial cases by discussion. The final 

results was presented and evaluated ahead of the fellows, mentors and specialists in that 

field. In issue forum, the participants selected the subjects they wanted to attend, and 

proceeded the term project for three weeks. This program was one of the highlight in this 

institute. The final output was presented to the fellows, mentors, and specialists with a 

final summary report. The following issues were dealt with.



- iv -

     ‣ Gen-VI reactors

‣ Multi-national repository

‣ New nuclear plant

‣ Enrichment

‣ Non-proliferation

‣ Reprocessing

 In the technical tour, we had a chance to visit the nuclear facility in France and Sweden. 

 2006 WNU-SI was very useful program for Korean young nuclear engineers in view of 

knowledge management and international human network development. Especially, the 

experiences and informations obtained here will be used for preparing successful 2007 

WNU-SI held in Korea.
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제 1 장 연구개발과제의 개요  

1절. 연구개발의 목적 및 필요성

본 과제는 2006년 스웨덴에서 개최한 2006 세계원자력대학(WNU) 여름연수(Summer 

Institute) 참가를 통해 젊은 원자력과학기술자들에게 지식 습득의 및 학술 교류의 기회를 주

고, 차기 2007년 한국에서 있을 WNU-SI 2007의 성공적인 개최를 위한 준비의 일환으로서 

계획되었다. (그림 1-1) 본 연구의 필요성은 기술, 경제, 사회적 측면에서 다음과 같이 기술할 

수 있다. 

1. 기술적 측면

 

양식 3

- 원자력기술의 세대간 이전 및 선진기술의 국내 산업체 전달이 원활하지 못하여 대책 마련이 필요

- 원자력기술의 활용은 국제적 이슈를 야기하므로 관련 지식에 대한 교육 필요

- WNU SI에서는 기존 강의실에서 배우기 힘든 신기술, 정책 동향, 국제관계 등 새로운 지식을 전달

 현재 원자력분야는 기존의 과학기술자들이 이룩한 인류복지와 에너지 활용을 위한 기술의 

지식과 비전이 젊은 원자력 과학자와 산업계 현장에는 원활히 전달되지 못하고 있어 이에 

대한 대책이 시급히 필요한 시점이며, 특히 원자력기술의 활용은 그 특성상 특정 국가 내에

서의 문제가 아니라 주변국을 포함한 전 세계적인 이슈가 되기 때문에 원자력관련 국제법의 

적용과 국제기구의 역할 등 향후 원자력 기술을 주도해 갈 젊은 원자력과학기술자들이 파악

하고 분석해 둘 필요성이 있다.

 이러한 문제점들을 해결하고자 세계원자력대학(World Nuclear University; WNU) 여름 연

수가 IAEA의 주도로 2005년부터 (개최지: Idaho Falls) 시작되었다. 올해로 2년째를 맞고 있

는 이 프로그램은 기존 강의실에서 학습할 수 없는 원자력 신기술, 핵비확산 정책을 포함한 

원자력 이용의 국제 관계, 기후변화 협약 등 원자력을 둘러싼 국제 환경의 변화 등에 초점이 

맞추어져 있어 국내의 젊은 원자력과학기술자들에게 매우 실제적이고 유용한 지식을 제공할 

수 있다. 
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2. 경제, 산업적 측면

  

양식 4

- 국내기술인력이 국제무대에서 보다 주도적인 역할을 수행할 수 있도록 해야 함

- 2007년 WNU SI 개최는 한국이 국제 원자력 무대에서 주도적인 역할을 수행하는데 필요

- 세계적으로 에너지 위기에 대한 인식이 높아지는데 이를 구체적으로 파악하고 대안을 개발하기  

위한 노력 필요

 본 인력양성 과제를 통하여 추후 국내기술인력이 국제무대에서 보다 주도적인 역할을 수행하

여, 궁극적으로 국내 원자력기술의 수출과 위상확보에 기여할 수 있으며, 세계적으로 에너지 

위기에 대한 인식이 높아지는데 이를 구체적으로 파악하고 대안을 개발하기 위한 노력의 일환

으로서 WNU SI의 역할은 의미를 가진다고 할 수 있다. 또한 세계의 젊은 원자력과학기술자들

과의 경쟁 및 협력을 통하여 인적네트워크 형성에 기여를 할 수 있다.

 또한, 2007년 SI 유치는 한국이 국제 원자력 무대에서 주도적인 역할을 수행하여 세계 각국

의 젊은 원자력과학기술자들에게 한국 원자력의 위상을 높일 수 있는 매우 좋은 기회가 될 

수 있을 것으로 본다.

 

3. 사회․문화적 측면

  

양식 5

- WNU-SI 참가 및 개최는 젊은 원자력과학기술자의 자발적인 각성을 꾀하고 기성세대의 관심을 지

속적으로 유도할 수 있다는 차원에서 중요한 의미를 가짐

 사회적 측면에서 WNU-SI 참가 및 개최는 젊은 원자력기술자들에게는 자발적인 각성과 자기 

발전의 계기를 주고, 기성세대에게는 지속적인 관심을 유도할 수 있다는 측면에서 중요한 의미

를 가진다고 할 수 있다. 
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2절. 연구개발의 목표 및 범위

 본 과제의 목표는 2006년 WNU-SI 프로그램에 참가하여, 원자력 관련 지식을 쌓고, 적극적

인 참여 및 다양한 활동 등을 통하여 차기 SI 개최지로서의 입지를 확보하고, 프로그램 참가

를 통하여 2007년에 한국에서 열릴 WNU-SI를 위한 정보를 수집하고, 준비사항들을 도출하

는 데 있었다.   

 참가자는 2006 WNU SI에서 선발된 인원에 한해 지원하 으며, 참가자격은 35세 이하, 석

사학위 이상 또는 동등 자격의 원자력과학기술자로 제한되었다. 본 과제를 통하여 총 3명이 

프로그램에 참가하 다. (그림 1-2 참조.) 참가자는 다음과 같다.

  ‣ 강현국 (한국원자력연구소)

  ‣ 윤석균 (경희대학교)

  ‣ 김응수 (KAIST) 

 본 과제의 연구개발 추진체계는 그림 1-3에 도시한 바와 같다.
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그림 1-1 2006 WNU-SI 모집 요강 (a)
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그림 1-1 2006 WNU-SI 모집 요강 (b)
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그림 1-2. (a) 2006 WNU-SI 참가 채택 서신 (강현국: 원자력연구소)
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그림 1-2. (b) 2006 WNU-SI 참가 채택 서신 (윤석균: 경희대학교)
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그림 1-2. (c) 2006 WNU-SI 참가 채택 서신 (김응수: KAIST)
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원자력 인력 교육

학습/견학을 통한

기술 습득

국제 원자력 

네트워크 

2007 WNU SI 

개최에 필요한 

정보 습득

적극적 WNU 활동 

참여

2006 WNU SI

참가 및 정보수집

WNU를 통한 인적 

교류 활동 참여

2007 WNU SI 성공 개최

그림 1-3. 본 과제의 연구개발 추진 체계
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제 2 장 국내외 기술개발 현황

 ※ 본 과제는 인력양성 과제로 국내외 기술개발은 해당사항이 없음.
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제 3 장 연구 개발 수행 내용 및 결과

1절 개  요

  본 과제를 통해서 2006년 7월 8일부터 8월 19일까지 총 6주 동안 3명의 참가자(한국에서 총 

7명 참가)가 스웨덴 스톡홀름에서 열린 WNU-SI 2006 (세계원자력대학 여름연수)에 참가를 하

다. 연수 장소는 스톡홀름 근교에 위치한 Radisson SAS Royal Park Hotel (그림 3-1) 이었으

며, 총 34개국에서 89명의 Fellow들이 참가를 하 다. (그림 3-2) 14명의 Mentor와 Staff들에 의

해 프로그램이 진행되었다. (그림 3-3) 

     

그림 3-1. 2006 WNU-SI 가 개최된 Radisson SAS Royal Park 호텔 (스웨덴, 스톡홀름)
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그림 3-2. 2006 WNU-SI 참가자 사진, 명단 및 e-mail (a)

********

******** ********
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그림 3-2. 2006 WNU-SI 참가자 사진, 명단 및 e-mail (b)

******** ******** ********

********
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그림 3-2. 2006 WNU-SI 참가자 사진, 명단 및 e-mail (c)

********

********
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그림 3-2. 2006 WNU-SI 참가자 사진, 명단 및 e-mail (d)

******** ****************
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그림 3-2. 2006 WNU-SI 참가자 사진, 명단 및 e-mail (e)

******** ********

******** ********

********
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그림 3-2. 2006 WNU-SI 참가자 사진, 명단 및 e-mail (f)

********

******** ********

********

********



- 18 -

그림 3-3. 2006 WNU-SI Mentor 와 Staff 들

********
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2절 활동 내용

 본 연수는 크게 오전과 오후로 나누어 진행되었으며, 오전에는 주로 강의를 오후에는 토론과 

강의를 병행하여 수업을 하 다. (그림 3-4 참조) 총 6주의 기간 중 5주는 스웨덴에서 진행되었

으며, 3주차에는 프랑스의 원자력 시설을 견학하는 Technical Tour 시간을 가졌다. 본 연수프

로그램의 기본 구성은 다음과 같았다.

‣ 강의(Lecture)

‣ 그룹 토론 (Group Discussion)

‣ 사례 연구 (Case Study)

‣ 이슈 포럼 (Issue Forum)

‣ 견학 (Technical Tour)

다음 절들에서는 각각의 강의 내용 및 결과들을 자세히 설명하도록 하 다.

1. 강의 (Lecture)

 가장 기본이 되는 과정으로 매일 오전 8시에서 12시까지 원자력의 다양한 주제들을 다루었다. 

호텔에 마련된 강의실에서 전체 학생들이 한꺼번에 강의를 들었다. 각 강의 당 90분 수업으로 

정해져 있었으나 강사에 따라서 자유롭게 변경되어 진행되었다.  이번 연수에서 다루어진 주제

들은 다음과 같다.

‣ Global Environmental Crisis

‣ Risk Assesment

‣ Industry Economics

‣ Nuclear Fuel Market

‣ Nuclear Operational Focus

‣ Waste Management

‣ Radiation Effects & Radiological Protection

‣ Advanced Nuclear Fuel Cycle

‣ Next Generation Nuclear Reactors

‣ Nuclear Law

‣ Safety and Liability

‣ Non-Proliferation and Safeguard

‣ Nuclear Material Security

‣ Nuclear Politics

‣ Nuclear Transport

‣ Knowledge Management
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‣ New Technology - Hydrogen & Space Applications

‣ Public Communication

 본 연수는 원자력에 대한 전반적인 내용 및 현황뿐만 아니라, 기술적인 부분에서부터 경제, 

정치, 법적인 부분까지 폭넓게 다루었으며, 학교, 회사, 연구기관, 국제기관 등으로부터 온 세계 

각국의 전문가들이 강의를 맡았다. 전체 강의 스케줄은 그림 3-5에 정리되어 있다. 그림 3-6은 

강의를 받고 있는 학생들과 강사들의 모습을 찍은 사진이다.

2. 그룹 토론 (Group Discussion)

 그룹 토론은 매일 오후 1시 30분부터 5시까지 진행되었다. 전체를 8그룹으로 나누어, 각 그룹

별로 한명의 Mentor가 그룹토론을 돕는 역할을 하 다. (그림 3-7 참조) 토론 내용은 오전 수

업 내용들 중 중요한 점들을 요약하고, 이슈가 되는 부분에 대해서는 자유롭게 토론을 하 다. 

다양한 정치적, 경제적 배경을 가지고 있는 Fellow들로 인해 다양한 관점에서 활발한 토론을 

진행할 수 있었다. 토론을 통해 나온 그날의 요점이나 이슈들은 매일 정리되어 제출되었다. 그 

내용은 다음과 같다.

July 10, 2006 - Rick Bradley (World Energy Demand and Supply)

Take Away Points
� We are not on track with reducing CO2 emissions.
� We are still in a world of increasing dependency on oil and gas.
� Supply security threatened by concentration of resources in certain regions.
� The greatest potential for reducing CO2 emissions is through energy 

efficiency increases.
� Alternative Policy Scenario becomes a tool for change.
� The results of the scenario presented shows that we need to make stronger 

policies.
� Do not try to "sell" energy conservation instead try to encourage energy 

efficiency.

Discussion
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� Demand for electricity drives an increase in price (natural law of demand 
and supply).

� Concentration of supplies in a few countries presents a problem (for e.g. in 
terms of transportation and political stability).

� Energy supply and demand can be used as a political tool.

Open Issues
� How large are the oil and gas reserves and when is the production peak 

going to occur?

July 10, 2006 - John Ritch (Introduction to the WNU Summer Institute)

Take Away Points
� Energy solutions should be based in science rather than on ideology.
� Population and growth:impact on the environment.
� Energy needs other than for electricity.
� Very uneven distributions (e.g., population growth, wealth etc).
� Energy diversity.
� Life is a race between education and catastrophe(George Orwell).
� Nuclear 20th century threat to civilization and 21st century will depend on it 

for survival.

Discussions
� Politicians feel uncomfortable with discussing nuclear because population 

uneasy with nuclear.
� Politicians tend to beagainst nuclear before election and become pronuclear 

after.
� Politicians think locally for energy solutions rather than globally.
� Need to educate the public and change their perception of nuclear in order 

to force politicians to change their policies regarding nuclear.
� Educate public and politicians and they will eventually come to the 

conclusion that nuclear must be a part of the energy mix.
� Need to educate public and politicians to see the long term picture and not 

just short term solutions to energy crisis.
� Can’t win emotional arguments using logic.
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� Public must understand that there are pros and cons to every energy option.  
If they know this, public may be more inclined to make a more informed 
decision and choose nuclear as apart of the mix.

� Damage to the environment generally occurs when we try to make a better 
life.

� In the past energy problems were localized and it has now become a global 
problem.

� It is more important to give the tools for economic growth rather than try 
to curtail population growth.  Economic growth may tend to lead to a 
decrease in population growth.

� State support for the aged population can lead indirectly to a decrease in 
population growth.  Fewer children needed to support parents.

� Cannot realistically stop population growth, need to figure out how to 
provide more electricity. 

� Reported world population under the poverty line is never exact or 
quantifiable.

Open Issues
� Need diversity of supplies (other than 5000 nuclear plants).
� Still don’t know how we can get rational debate rather than ideology.
� There is a need to convince environmentalists of benefits of nuclear power 

and that it can be a part of the mix along with renewable sources.
� Risk of accidents should be inany discussions regarding the nuclear option.

July 11, 2006 – David Barber (Climate Change)

Take Away Points
� Change has only begun. Atmosphere not yet in equilibrium.

Natural processes would take 300 years to cancel one year’s emissions.
� Other concerned groups do not embrace nuclear.
� The oceans are the major carbon sink. Resulting in acidification and 

dramatic changes.
� Water vapour is 60% of the greenhouse effect and is a major feedback 

mechanism.
� The climate varies naturally, but what we see now is certainly 

anthropogenic.
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� Many factors are not well understood: clouds, methane, permafrost melting, 
particulates, ocean acidification.

� Adding heat to the system simply makes it more energetic.

Discussion of issues raised by lecturer
� Does Earth / our generation have a climate problem?

o Some people have a problem, but not everyone, yet. 
o Some even welcome certain aspects of climate change.
o The evidence does fit the theory.
o But Barber could be wrong on some aspects, omitting something or 

biased towards nuclear.
� Is our generation’s concern over future generations’ worse climate problem 

enough to make nuclear energy indispensable today?
o Not necessarily nuclear, but we need a greater share of low- and 

no-carbon generation as soon as possible. Nuclear should be part of 
the mix.

� Is the climate problem worse for future generations? 
o Future generations will face the effects of climate change, but it is 

our generation that must try to renew our infrastructure. Developed 
countries will have to cut extra to allow for countries such as China 
and India.

� Indispensable during the careers of WNU 2006 Summer Institute Fellows?

Open Issues
� Carbon emissions come from multiple sources. Changes must be made on 

many fronts: coal power plants, transport, efficiency 
� Still unknown how we will implement our good intentions. 
� This is a global problem. We must develop better cooperation in 

international emissions reduction strategy.
o Handle Chinese and Indian development.
o Get the USA and Australia more involved.

� We must be fair to later generations in terms of climate change effects we 
cause and radioactive waste we leave. This generation must take a prudent, 
responsible attitude to our stewardship.

� Sustainability is relative. We may never achieve it, but we can move to 
more sustainable position.
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 12 July 2006 - CharlesVörösmarty - Clean Water Shortage

Take away points
� The water cycle is changing. This appears consistent with global warming 

theory.
o Fundamental global ocean currents could be affected by freshening 

the North Atlantic with potentially radical effects.
� Mankind is already using most of the available water.

o We have identified many areas under severe water stress (>40% 
usage)

o The problem is heterogeneous and spatially diverse
� Humans are affecting the water cycle.

o Agriculture, deforestation, wastage.
� Population increase, migration and development will cause most of our 

problems.
o Upstream vs. downstream use: supply problems, floods, nitrogen 

pollution
� Desalination will not solve the clean water problem on its own – efficient 

use is better.
� Water needs to be available and affordable. That means it should be 

appropriately used and conserved. 

Discussions / Open Issues
� The main way nuclear can help the problem is in desalination, but that will only 

happen if it’s economic.
o Desalination would be too expensive for irrigation, although in some 

markets drinking water could be economic.
o What do you do with the salt? Put the concentrated brine back in 

the sea – or you might be able to sell it. Or just give it away.
� Conservation is the most cost-effective way to increase a resource, water or energy.
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July 13, 2006 - Kjell Andersson (Comparative Risk Assessment)

Take-Away Points
� The risk informed approach to decision making is not the same as the risk 

based approach.
� Transparency—if the communication process is transparent, the decision 

makers can be held accountable.
� There must be a dialogue between the technical people and the public.
� Arguments need to be truthful, authentic, and legitimate.
� Kjell Andersson recommended that PRA (probabilistic risk assessment) 

should not be used for determining absolute safety, or comparing different 
reactor designs or energy production systems 
o May be usable if the difference between two systems is 

orders of magnitude, but less useful if the differences are small.
� Compare risks to something that is better understood by the public.  What 

is emotionally acceptable risk?  Disputes are often based on values, not 
facts

Discussion
� The perception of risk is very subjective—the view of the consequences and 

probability is based on individual experience and attitude.  Risk can be 
defined in several different ways.  

� The determination of something to have high probability and high 
consequences is also dependent on perspective.  

� Historically, incidents that actually happened were not and could not be 
predicted by risk assessment 

� It’s hard to communicate qualitative and quantitative safety goals—a 
minefield.  

� Risk is less scary if it can be controlled by the individual.  People are less 
scared of something they can understand rather that a thing is invisible like 
radiation.

� Technical people use risk assessment to prepare for the potential 
consequences.  They use risk informed decision making for design purposes 
or to find the weaknesses in a system/plant.  Human errors are included in 
a risk assessment and can be quantified.
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� Ultimately the goal is to save/make money—keep the plant in operation by 
keeping it safe.

� It can be distracting to use PRA to discuss nuclear power with the public.  
Risk perception is an important issue.  PRA is mathematical, and cannot 
predict public perception.

� The public often does not understand the concept of risk.  The word risk is 
scary.  Risk can be perceived as catastrophic.  "Risk" also includes 
unexpected benefits.  The public reacts in an emotional fashion to nuclear.

Open Issues
� How to practically identify risks and apply risk assessment

July 13, 2006 - Steve Kidd (Nuclear Economics)

Take Away Points
� Decision to build NPP (nuclear power plants) based on resources available, 

security of energy supply, government policies
o NPP in developing countries are needed for new base load, while 

NPP in developed countries needed for existing plant replacements.
� NP is cheapest option for electricity production today; capital cost is biggest 

portion which is impacted by construction costs and cost of borrowing both 
during and after construction.  Money has to be reserved for 
decommissioning and construction schedule controlled to control costs.
o Typical operating costs 1.3 to 2 cents/kWhr.  Typical capital costs 

$1500-$2000 kWe. (US dollars)
� External costs –include responsibility for a nuclear accident.  How will this 

funding (700 million euros) be found and be available?  State guarantees 
funding if costs are 700 to 1200 million euros, from 1200 to 1500 million 
euros the other states in the agreement.

� Foresee the re-involvement of government in NPP investment due to long 
timelines involved and the need for government guarantees and responsibility 
to the electorate.

� Pension funds are the ideal financiers but need certain guarantees (for 
example, Bruce Power and (OMERS) Ontario Municipal Employees 
Retirement Fund).
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Discussion
� need for infrastructure, regulation, laws, market to support nuclear investment
� not just capital money but also technical knowledge is needed to purchase 

and operate NPP (with respect to developing economies like Viet Nam).  
Obligation of more developed countries to support the knowledge investment 
in developing countries.

� Economic figures referenced were from deregulated capital economies.
� Can a decision be made on purely economic factors?
� Is nuclear ever not subsidized by government?  For example, construction 

loans, incentives, guaranteed rates…
� Nuclear also includes additional costs—waste repository for low and high 

level radioactive waste.  Waste repositories more cost effective for multiple 
units.  Calculation of costs dependent on discount rate selected in model.

� New base load in developed countries needed for new technologies ie. 
Electric cars.

� Uncertainty of interest rates in open market is negative for NPP which have 
a very long payback (40 years compared to 7 years for natural gas).  The 
potential cost of an incident is infinite.  Government regulations may also 
change drastically during the power plant life cycle.  "dependence on 
uncontrollable events"   Korea was able to keep fixed electricity prices 
during economic crisis due to presence of NPP.

� Plant operation must balance cost of unplanned maintenance/shutdowns 
versus cost of preventative maintenance and NDE.

Issues
� how to convince big users to invest in new nuclear power plants
� role of distributed generation

NPP covering external costs such as waste management

July 14, 2006- Steve Kidd (Nuclear Fuel and Fuel Market)

Take Away Points
� The new interest in nuclear will lead to increased investments in nuclear 

fuel facilities
� There are sufficient uranium resources to support nuclear growth through 

2015
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o There is security of the uranium supply given their location in 
relatively stable areas.

o Uranium will be supplied by few companies mining from a few 
countries.

o Uranium production needs to rise sharply to meet future demand
� The new generation of reactors will significantly change the fuel market
� Currently, mining supplies 60% of the uranium while secondary sources 

(Highly Enriched Uranium from military sources, MOX and RepU, utility 
commercial reserves) supply the remaining 40%.

� Presently, 90% of operating reactors require enriched uranium, which 
requires conversion to UF6.  There is little excess capacity for this 
conversion.

� Future fuel sales may see combined mining and enrichment contracts.

Discussion
� There is a future possibility of de-centralized fuel processing.
� Presently there is an issue of private versus state owned fuel resources (raw 

material, conversion facilities, fabrication facilities).  This is an important 
issue for security of supply.

� Even if there is security of supply with respect to nuclear fuel, it is critical 
to maintain a diversity of sources for electricity overall.

Issues
� The terminology for "Spent Fuel" should be changed from "Nuclear Waste" 

to "Used Fuel." 
o Historically terminology has been quite harsh and has bad 

connotations with the public.
o Recycling vs. Reprocessing 

� The next generation of reactors will have significantly different fuel 
economy.  Ideas and concepts for generation 4 reactors have been 
established for some time, although not implemented.  Current reactors 
utilize only 1/60 – 1/50 the fuel.  New design can obtain much higher 
efficiency.
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July 14, 2006- Engin Ozberk (Nuclear Fuel Cycle)

Take Away Points
� The safety concerns associated with uranium mining are commensurate with 

other mining operations.
� There have been significant technological advances associated with uranium 

mining that help to address radiological issues.

Discussion
Uranium mining more heavily (safety) regulated than other mining operations
Exciting innovations in nuclear – laser isotope separation and pebble bed reactor.
"Remote control" of mining equipment does not completely remove humans from 
hazardous situations, although administrative limits are still monitored.

July 17, 2006- Charles McCombie (Nuclear Fuel Cycle and Radioactive Waste)

Take Away Points
� Industries besides Nuclear Power Plants generate radioactive wastes that will 

also require geological storage.
� Recycling fuel through the use of advanced reactors addresses 

nonproliferation by making Plutonium more difficult to separate
� Radioactive wastes are challenging to manage and require a diverse technical 

and societal approach to resolve.
� Present use of uranium is wasteful and the tailings generated pose a 

significant radiological problem.
� Uncontrolled radioactive wastes are a security concern.  There are 

nonproliferation benefits to controlling radioactive wastes.  
� There is no single solution to the radioactive waste problems and therefore 

the societal issues may be more difficult to manage than the technical.
� International repositories are an attractive solution to small countries as it is 

inefficient to build a repository for a smaller amount of waste
o Only $0.001/kWh must be charged in the US while greater amounts 

would likely be charged in smaller countries. 
� There is not "Safest"site or "Best" site, only a site that meets the criteria.
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Issues
� Practical implementation of technical solutions can be as challenging as 

development of the solution.

Discussions
� Citizens of one country generally do not want to be saddled with the 

responsibilities of managing the wastes from other countries.  
o The host country bears the associated risks and does not necessarily 

receive the benefits.
o Receipt of financial payments may encourage countries/cities to host 

waste from other countries and areas.
� Contracts must define duration, ownership, and other terms of agreement.
� When does responsibility of the waste generator end in this case?

o In the case a private waste generator goes bankrupt, where does the 
burden for wastes fall?  On the state?  On the future owners?

o Benefits (jobs, payments, tax base, etc.) may lead to improved public 
acceptance.  Financial incentives can be very motivating.

o Management of radioactive wastes is on an unprecedented timescale.
o Public opinion changes rapidly so present views may not exist in the 

near future.  (For example the attitude regarding atomic power was 
very different 50 years ago than it is today)

o Education and information provided to the public, on an appropriate 
level, can change their attitudes.

� Management of global radioactive wastes is a multinational responsibility.

18 July 2006- Patrice Bernard (Waste Management & Public Communication)

Waste Management

Take Away Points
� 95% of used fuel can be reused as a valuable resource
� Disposal site selection, particularly for SNF/HLW repositories, necessitates 

flexibility
� Proliferation is one of the reasons many countries use MOX fuel, because
� Three ways to approach the back-end of the fuel cycle
� Partitioning & Transmutation
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� Conditioning & Long-Term interim storage
� Deep geological disposal
� Many advantages of the closed fuel cycle
� Reduction in the volume of waste
� Reduction in the radiotoxicity of the waste
� Cost for reprocessing is now competitive with the cost of fresh fuel 

fabrication

Issues
� It is possible to build a bomb with fuel-grade Pu  complicating 

non-proliferation issues

Public Communication

Take Away Points
� Major effort to create discussion w/the public rather than telling them what 

to believe and expecting it to be accepted.
� People have a hard time getting their minds around ‘infinite’ concepts like 

volume, time and space –we need to be mindful of this when talking about 
nuclear 

� There is significant concern among the public about repositories and waste 
management, causing some countries (i.e. France) to look to reprocessing.

� Public opinion in France about the risk of nuclear accidents is about the 
same as from other risks. – It is a good time to promote nuclear power in 
France.

� The public wants any repository to allow for the retrieval of waste.
� People do not trust the experts; education and acceptance of the nuclear 

industry are not correlated.

Issues
� Base load vs peak load –utility of windmills? You can use hydro, gas, oil 

or coal to compensate for low performing windmills, reducing the ‘green’ 
factor.



- 32 -

July 20, 2006 - Harold McFarlane (Advanced Nuclear Fuel Cycle)

Take Away Points
� Spent fuel contains 94.5 % unused uranium, 1% plutonium, 0.2 % minor 

actinides, 4.3 % fission products (based on 40,000 MWday/tonIHM).
� Assurance of security of supply for the fuel cycle has not been resolved 

since nuclear industry’s start.
� Requirements for sustainable fuel cycle:  recovery of uranium, plutonium, 

and minor actinides; minimization of environmental effluents; deploy fast 
reactors; stabilized waste with geological repositories; non-proliferation and 
transparency; improve resource utilization.  These are the basis for defining 
"green nuclear power".

� Volume of waste has been reduced even though nuclear power use has 
increased.

� Fast reactors have a higher construction cost than light-water reactors and 
recycled fuel is more expensive.

� Reprocessing in the US is driven by the need to reduce waste, not by the 
costs of fuel.

Discussion
� What is the boundary between state and private investment in fuel 

reprocessing?  Who owns the fissile material and controls the market of 
fissile material?  Is recycling truly more expensive?

� Non-proliferation as a diplomatic/political issue rather than a technical issue.  
"There isn’t a completely iron-clad technical fix."  

� Approximately 1/3 of electricity from nuclear core output comes from 
plutonium reactions.

� Currently 40% of nuclear fuel is coming from above-ground uranium 
sources.  

� Emphasis that geologic repository is needed for any fuel-cycle option.  But 
if HLW decay is 300 years, why not just use long-term storage.  However, 
due to small inefficiencies in recycling and separation of isotopes, the decay 
will actually take longer than the model.  And the waste material still needs 
to be kept in a "secure" location.  With the current cost of uranium, is it 
not more practical to store the spent fuel now for future reprocessing.  But 
the limitation of storage/repository volume is a key factor (Yucca Mountain 
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already fully allocated).  Larger volumes and longer-lived wastes are more 
susceptible to unintentional interference, causing radiation exposures to 
people/environment.  It may be better in the short term for public 
communication to be able to assure people that the waste material will have 
lower radioactivity. 

� Can we guarantee that future generations will have the same vigilance at 
waste sites against intentional or unintentional interference.  Public appeal of 
the concept of taking responsibility now for spent fuel instead of forcing the 
choice on the future generations.

� Anti-nuclear opinions are against reprocessing because it means a 
commitment to nuclear energy or because bombs can be made from 
reprocessed material.

� Where does the waste material from the reprocessing plant go?  And the 
contaminated concrete, steel, wiring, etc. from the plant maintenance or 
decommissioning activities?

� Consider the long-term repository as a resource, not a waste.  Isotopes can 
be used for current applications or applications which have yet to be 
developed.

� Fast reactors (fast neutrons) are more expensive due to increased complexity 
of the systems; however, the benefits of transmutation need to be credited.
Is there a current need to further separate elements (Am, Np, etc.) and do 
isotopic partitioning based on the health hazards and technical challenges?  
Currently there is a political climate in the US resistant to 
expansion/duplication of Yucca Mountain repository. 

07-21 2006 - Jacques Bouchard (Next Generation Nuclear Power Reactors)

Take Away Points

� GEN 3 is for makers (funded by industry), GEN 4 is for dreamers (funded 
by governments).

� Technical and economic competition between large and small reactors, 
passive and active safety systems.

� GEN 4 will be industrially ready by 2030-2040.
� 2 main goals of GEN 4 reactors:
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o sustainability (waste minimization & resource use optimization) => 
fast reactors

o diversity of applications (hydrogen, industrial heat, water desalination) 
=> high temperature

� 6 reactor concepts : VHTR, SFR, GFR, LFR, SCWR, MSR.
� GEN 4 has still technical difficulties but it is necessary fo next generation.
� GIF is international sharing of R & D.
� VHTR are attractive : safety, reliability, hydrogen production, but the 

material issues are challenging.
� hydrogen production may solve a part of transportation problems.
� LWR impose a high standard to future generations of reactors, but present 2 

limitations :
o temperature < 300 °C
o poor neutron balance and breeding capacities.

Issues

� Is the GIF project fair between the countries involved ? Some countries 
invest more than others, should they get more from the project ?

�  "distributed decision-making in nuclear design"

3. 사례연구 (Case Study)

 사례 연구(Case Study)는 강의자(lecturer)의 요청에 의하여 중요한 현안이라고 생각되는 문제

들에 대해서 각 그룹별로 토론하여 해결책을 제시하고, 발표를 하는 과정이었다. 따로 시간이 

할당되어 있지 않았기 때문에 그룹 토론 시간을 활용하거나 전체 일정이 끝난 저녁시간에 주

로 수행이 되었다. 조별로 최종결과를 Fellow, Mentor, 전문가들 앞에서 발표하 으며, 10분 정

도의 질의응답시간을 가졌다. 실제적인 주제들에 대해서 전문가들의 조언을 받으며, 경험을 쌓

을 수 있는 효과적인 과정이었다. (그림 3-8 참조)

 본 연구에서 수행한 사례연구 자료는 본 보고서 “첨부자료 1”에 포함되어 있다.

4. 이슈포럼 (Issue Forum)

  이슈 포럼(Issue Forum)은 참가자들이 8개의 포럼그룹 중에서 자신이 관심 있는 그룹에 참

여하여 3주 동안 그 주제에 대해서 프로젝트를 수행하는 방식으로 진행되었다. 포럼 그룹은 토

론 그룹과 다른 별개의 그룹으로 운 되었다. 최종 결과는 최종보고서로 작성되어 제출되었으

며, 마지막 날에 최종발표와 함께 평가를 받았다. 총 30분간의 발표시간과 10분간의 질의응답

시간을 가졌다. (그림 3-9, 3-10 참조) 이슈포럼은 3주라는 시간이 주어진 만큼 본 연수 프로그
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램에서 가장 심도 있는 공부와 토론이 요구된 시간이었으며, 본 연수를 통해 얻어낸 가장 중요

한 최종 결과물 중의 하나라고 할 수 있다. 여기에서 다루어진 주제는 다음과 같다.

 

     ‣ Gen Ⅳ Reactor

‣ Multi-national Nuclear Waste Repository

‣ Decision of New Power Plant

‣ Enrichment

‣ Non-proliferation

‣ Reprocessing

 본 과제 참가자가 참여한 이슈 포럼 최종 보고서 및 발표자료 요약본은 본 보고서 “첨부자료 

2”와 “첨부자료 3”에 포함되어 있다.

5. Technical Tour

 견학(Technical Tour)은 프랑스 투어와 스웨덴 투어로 수행되었으며, 연수 3주차에 1주일간 프

랑스 투어를 하 고, 연수 5주차 주말에 2일간 스웨덴 투어를 하 다. 프랑스에서 본 시설물들

은 다음과 같다.

‣ La Hague (Reprocessing Plant)

‣ Eurodif (Enrichment Plant)

‣ Melox (Mox Fuel Fabrication Plant)

‣ Phenix (Fast Breeder Reactor)

‣ ITER Site (Fusion)

 프랑스에서는 front-end fuel cycle부터 back-end fuel cycle의 전 과정을 견학을 통하여 볼 수 

있었다. 스웨덴에서는 스웨덴의 폐기물 재처리 시설들을 견학하 으며, 특히 high level waste

의 geological disposal 을 위한 지하 실험시설들도 견학할 수 있었다.
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그림 3-4 WNU-SI 하루 시간
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그림 3-5 WNU-SI 전체 일정표 (1/4)
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그림 3-5 WNU-SI 전체 일정표 (2/4)
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그림 3-5 WNU-SI 전체 일정표 (3/4)
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그림 3-5 WNU-SI 전체 일정표 (4/4)
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그림 3-6 강의
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그림 3-7 토론 그룹 (1/2)
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그림 3-7 토론 그룹 (2/2)
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그림 3-8 사례 연구 발표 (1/2)
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그림 3-8 사례 연구 발표 (2/2)
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그림 3-9 이슈 그룹 토론 
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그림 3-10 이슈 그룹 발표 중 (1/2)
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그림 3-10 이슈 그룹 발표 중 (2/2)
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6. 2006 WNU-SI 참가기

 2006년 7월 8일 오전, WNU-SI를 참가하기 위해 인천공항에 모 다. 전 세계 젊은 과학도들이 

모여 정보를 공유하고 토의한다는 부푼 기대를 안고 스웨덴행 비행기에 몸을 실었다. 장시간의 

비행을 마치고 드디어 스톡홀름 국제공항에 첫발을 내딛는 순간 긴장감이 맴돌았다. 택시를 타

고 숙소인 Radison SAS 호텔로 향했다. 도착하여 각자의 숙소를 배정받았다. 이미 먼저 도착한 

다른 나라 참가자들의 모습도 보 다. 

 연수 첫날, 오전부터 연수 참가자들의 발걸음이 빨라졌다. 주최 측에서 제공하는 여러 가지 자

료들을 받고 이름과 국기가 새겨진 이름표를 가슴에 달았다. 다른 참가자들끼리 서로 서먹서먹

한 분위기속에서 서로 간단한 인사를 나누었다. 첫날 일정은 특별한 강의 없이 프로그램에 대

한 전체적인 구도와 자기소개로 진행하 다. 때마침 저녁에는 월드컵 결승전이 있는 날이라 호

텔에서 마련한 스크린을 이용하여 축구를 관람할 수 있었다. 

 다음날 연수 1주차 일정이 시작되었다. 오전 8시부터 강의가 시작하여 점심시간이 될 쯤에 끝

났다. 오전강의는 매일 정해진 강사진에 의해 매주 다른 주제로 진행되었다. 원자력뿐만 아니라 

전 세계의 공동관심사에 대한 내용도 포함되었다. 1주차에는 기후변화, 환경 등과 같은 내용에 

대한 강의를 들을 수 있었다. 점심식사는 호텔에서 준비한 음식으로 식사를 마쳤다. 

 오후 일정은 강의가 아닌 그룹토의 형식으로 이루어졌다. 총 89명을 8개 그룹으로 나누었으며 

각 그룹에는 한명씩 멘토가 입석하여 토론에 대한 진행을 도왔다. 그룹토의는 주로 오전강의 

내용에 대한 요약과 요점에 대한 토론형태로 이루어져 있으며 매일 리포트를 작성하여 제출하

다. 작성된 리포트는 주최 측에서 만든 홈페이지에 올려 모든 참가자들이 공유할 수 있도록 

하 다. 또한 그룹토의 후에는 distinguished speaker의 강의가 일주일에 2~3회 정도 있었다. 

다양한 나라에서 온 전문가가 준비해온 발표 자료를 통해 다양한 지식을 습득할 기회 다. 하

지만 몇몇 발표들은 흥미롭지 않은 주제, 또는 너무 상업적인 것들도 있어서 약간은 거부감이 

없지 않아 있었다. 이러한 정해진 일정대로 2주차 지나고나니 처음의 서먹한 분위기는 없어졌

다. 서로 농담도하고 저녁시간에는 맥주한잔과 더불어 이야기도 나눌 수 있었다. 평생에 갖지 

못할 좋은 경험이었다. 

 드디어 2주간의 강의와 토론 일정을 마치고 3주차에는 Technical Tour가 기다리고 있었다. 호

텔에 큰 짐을 맡기고 프랑스로 가기 위해 비행기에 몸을 실었다. 약 2시간의 비행을 마치고 도

착한 샤를 드골 공항의 날씨는 매우 무더웠다. Technical Tour는 2개조로 나뉘어 이동하 다. 

약 100명이나 되는 인원이 한꺼번에 이동하기 불가능하기 때문이었다. 도착하자마자 버스를 타

고 5시간 떨어진 Chalon-St Marcel에 도착하여 Framatome에서 운  중인 PWR 원자로 시설을 

방문하 다. 우리나라의 원자력 발전소와 다르게 내륙에 지어져 스팀을 냉각시키기 위한 커다

란 두 개의 냉각탑이 세워져있었다. 처음보는 원자력발전소 구조라 사진을 찍으려 했지만 보안

이 까다로워 한잔의 사진도 남길 수 없었다. 머릿속에 남기는 것만으로 만족해야 했다. 둘째 날 

일정은 Orange 근처에 위치한 MELOX, Phenix 시설을 견학하는 것이었다. 안내원 인솔 하에 

여러 군데의 시설을 보았다. 하지만 원자력을 전공한 사람으로서 정말로 보고 싶었던 여러 가

지 장치들은 볼 기회가 없었다. 셋째날엔 Eurdiff(농축시설), ITER Site(Fusion Reactor) 시설을 

견학할 수 있었다. 넷째 날에는 하루 종일 이동이었다. 약 6시간동안 TGV와 기차로 프랑스 북
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부에 위치한 La Hague라는 도시까지 이동하 다. 이곳은 재처리 시설이 있는 지역으로 

AREVA라는 회사가 운 하고 있었다. 

 모든 Technical Tour를 마치고 다시 스웨덴으로 이동하여 4주차 일정에 참가하 다. 무더운 

날씨와 빡빡한 일정 때문인지 참가자들 모두 지친 기색이었다. 하지만 일정은 변경 없이 순조

롭게 진행되었다. 4주차부터는 이슈포룸 그룹이 결성되어 각 그룹에 주어진 주제에 대한 토론

이 이루어졌다. 최종결과는 최종보고서로 작성되어 제출되었으며, 6주차의 마지막 날 최종발표

와 함께 평가를 받았다. 6주의 시간이 처음에는 길게만 느껴졌지만 중반이 지나면서 정말 빠르

게 지나갔다. 매일매일 바쁜 일정과 어로만 대화가 통하는 분위기 속에서 매일 긴장의 연속

이었지만 매우 좋은 경험이었다. 

 수많은 경험을 로 다 쓰지는 못하 지만 6주 동안 수고해주신 멘토, 스텝 분들에게 감사드

리고 연수 후에서 꾸준한 연락을 취하면서 정보를 함께 공유하자는 다른 나라 참가자들에게 고

마움이 든다. 마지막으로 이러한 기회와 경험을 갖게 해준 한국원자력연수원과 과학기술부 관

계자 여러분들께 감사의 인사를 드린다.

3절 2007년 WNU-SI 준비사항

 본 과제의 또 하나의 목적은 2007년 한국에서 있을 WNU-SI의 성공적인 개최를 위한 준비사

항 점검 이다. 이번 2006년 WNU-SI는 매우 성공적인 행사 으나 참가자의 입장에서 좀 더 

개선되거나 보완되어야 할 점들을 찾아볼 수 있었다. 특히 다른 나라의 참가자들과의 대화를 

통해 다양한 문화를 가진 사람들이 어떤 어려운 점들을 가지고 있는지를 직접 살펴볼 수 있었

으며, 이것은 직접 참가를 했을 때만 얻을 수 있는 중요한 정보들이다. 다음과 같은 사항들이 

개선된다면 2007년 WNU-SI에서는 더 좋은 성과를 얻을 수 있을 것으로 판단한다.

    1. 연수 전 

‣ 이름표에 자석 사용을 하지 말아야 함 (이름표의 자석이 신용 카드 등을 상하게 한 

경우가 많음.)

‣ 이름표의 이름과 국기가 커야 함 (너무 작아서 잘 보이지 않음.)

‣ WNU-SI에 맞는 슬로건을 만들어 전체가 공유할 필요가 있음 

‣ 첫날 분위기를 돋우기 위한 프로그램 개선 

‣ 시간표나 스케줄이 정해진 대로 흘러갈 수 있도록 신경 써야 함. (시간표나 스케줄

이 너무 급하게 바뀌면 혼란을 줌.)

   2. 강의

‣ 각 수업시간을 1시간으로 줄일 필요성이 있음 (수업시간이 너무 길어서 집중력을 

떨어뜨림.)

‣ 다양한 관점의 강사를 초빙해야함 (너무 한쪽의 이야기만 들음.)

‣ Mentor의 관여를 최소화함 (Mentor의 관여가 자유로운 토론은 방해함.)

‣ 강의 전에 발표자료 혹은 요약본 혹은 주제어 등을 미리 공개해야 함 (수업 전에 
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미리 예습을 하면, 수업 참여도 높아지고 더 수준 높은 토론을 할 수 있음.)

‣ 첫날 자기 자신에 대한 그림 그리는 것 등은 하지 말아야 함 (너무 유치하고, 호응

도도 낮음.)

‣ 시간표나 스케줄이 정해진 대로 흘러갈 수 있도록 신경 써야 함. (시간표나 스케줄

이 너무 급하게 많이 바뀌어 혼란을 줌.)

‣ 소통 언어로는 어를 사용하 으나 각국의(인도, 동구권, 서유럽) 발음이 상이하여, 

개인별 어 구사의 수준차도 많아 어려운 점이 있었음. 차년도 개최 시에 이에 대

한 고려가 필요하다고 사료됨.(강의 시 시청각자료 적극 활용 등)

‣ 주요 강의자들이 미국 및 프랑스 위주로 구성되어 강의 내용이 일부 국가 정책을 

중심으로 진행되었음. 따라서 차년도 국내 개최 시에는 국가별 안배(특히 아시아권)

가 반드시 필요하다고 사료됨. 또한 강의자들의 강의내용 중 일부가 겹치거나, 중요

한 주제가 다루어지지 않는 경우도 있었으므로 이에 대한 상세 조율이 필요할 것으

로 판단됨.

   3. 생활

‣ 컴퓨터 관련 전문가를 상주시킴 (인터넷이 느려서 어려움을 겪음.)

‣ 식사에 문제가 없도록 조치해야 함 (이슬람이나 힌두교를 가진 사람들이 식사에 심

각한 어려움을 토로함.)

‣ 언어문제가 없도록 간단한 한국어 교육 및 행사장 주변에 대한 조치가 필요함 (한

국에는 어가 잘 안 통함.)

‣ 연수 기간 중 서로 간에 연락이 가능한 임시 핸드폰이나 무전기 등이 있으면 좋을 

듯함.

‣ 세탁 서비스를 지원하고 지원자들에게 미리 알림. (6주 동안 빨래가 많이 나옴. 특

히 한국은 날씨가 덥고 습함.)

‣ 레저나 스포츠에 대한 지원을 함. (현실적으로 운동 장비를 해외로 가져오는 것은 

쉽지 않음. 한국에서 싸고 쉽게 대여할 수 있어야 함.)

‣ 교통이 편리하고 중심가와 가까운 곳에서 행사를 해야 함. (이번 행사장은 너무 교

외에 있어서 답답했음.)

‣ 각 수업시간을 1시간으로 줄일 필요성이 있음 (집중력과 효율) 

‣ 식사에 문제가 없도록 조치해야 함 (이슬람이나 힌두교, 채식주의자) 

‣ 한국의 문화나 한 에 대한 강좌, 유적지 방문 등 social program이 보강될 필요가 

있음. 

‣ 언어문제가 없도록 간단한 한국어 교육 및 행사장 주변에 대한 조치가 필요함 

‣ 세탁 서비스를 지원하고 지원자들에게 미리 알림. (6주 동안 빨래가 많이 나옴. 특

히 한국은 날씨가 덥고 습함.) 

‣ 레저나 스포츠에 대한 지원을 함. (현실적으로 운동 장비를 해외로 가져오는 것은 

쉽지 않음. 한국에서 싸고 쉽게 대여할 수 있어야 함.) 

‣ 교통이 편리하고 중심가와 가까운 곳에서 행사를 해야 함. 
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   4. Tour (Technical tour 포함)

‣ 여행사를 상주시킴 (참가자들이 한국이나 주변국 여행을 할 때, 혹은 비행기나 숙소

를 예약하거나 변경할 때 쉽게 할 수 있어야 함)

‣ 많은 곳을 보여주지 않더라도 실속 있는 견학이 되도록 해야 함 (견학 일정이 너무 

빡빡했으며, 자세히 볼 수 있는 기회가 없어 아쉬웠음.)

‣ 강의 일정이 다소 빡빡하며, technical tour시 너무 원거리 이동이 많아 fellow들에

게 부담으로 작용하 음.

‣ 체계적인 일정 수립(주요 견학지 및 교통 상황을 고려한 시간 안배) 필요.

 4절 결론

 스웨덴에서 개최한 WNU-SI 2006은 좋은 강사들과 잘 준비된 계획을 통해서 매우 성공적으로 

수행되었다. 오전 수업과 오후 수업내용토론으로 나뉘어 수업에 대한 이해도가 매우 높았으며, 

그룹별로 요점을 매일 정리하여 제출함으로써 원자력 분야의 다양한 지식을 잘 습득할 수 있

었다. 사례연구 및 이슈포럼 등을 통하여 보다 실제적인 문제를 경험해 볼 수 있었으며, 단순

한 지식이 아닌 활용할 수 있는 지식을 얻을 수 있는 기회가 되었다고 판단한다. 특히 외국의 

젊은 원자력 종사자들과 인적 네트워크를 형성할 수 있는 기회가 되었으며 본 연수과정 참가

자들은 앞으로도 WNU의 지원 하에 지속적으로 관계가 유지되며 교류가 이루어지게 된다. 

 본 참가를 통하여 내년에 한국에 있을 2007년 WNU-SI를 미리 경험해 보고 사전에 필요한 사

항들을 체크해 볼 수 있었다. 3절에서 제시한 사항들을 개선한다면, 2007년 한국에서 개최될 

WNU-SI는 더욱 성공적으로 진행될 것으로 판단한다.
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제 4 장 목표달성도 및 관련분야에의 기여도

 본 과제의 목표달성도는 다음과 같다.

 

세부연구목표 주요 연구개발 실적
1) 가중치

(%)
2)

연구목표 

달성도
3)

(%)

비고
4)

2006 WNU SI 참가를 

통한 지식 습득

- 6주간의 WNU SI 수업을 통하여 원

자력 산업 전반에 대한 다양한 지식 습

득

- 그룹 토론 및 Case Study를 수행하

여, 결과물 발표

- 3주간의 Issue Forum을 통하여 현재 

원자력 이슈들에 대한 연구 및 발표

- 프랑스와 스웨덴의 주요 원자력 시설

물견학을 통하여 지식 및 정보 습득

60 100

2007 WNU SI 개최 

준비

- 2006 WNU SI 프로그램 진행 과정을 경

험하면서, 배워야 할 점들과 개선해야 할 

점들에 대한 목록 작성

40 100

총계
5)

100
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제 5 장 연구개발결과의 활용계획

 본 연수를 통해 국내 기관의 강의실에서 배우기 힘든 국제관계나 새로운 원자력 활용기술에 

대한 이해를 넓혀 국내 젊은 원자력과학기술자들에게 새로운 활력 제공할 수 있으며, 팀 빌딩 

등을 통해 형성된 젊은 원자력과학기술자들의 네트워크를 통해 향후 한국 원자력계의 발전을 

위한 발판으로 활용할 수 있다. 20호기의 발전소 운  경험과 다양하고 전문화된 R&D 분야의 

기술은 원자력 발전과 기술을 필요로 하는 개발도상국가에 수출할 수 있는 있으며 다른 참가

자들의 한국에 대한 좋은 이미지를 바탕으로 기술교류와 인적교류가 활발히 이루어 질 수 있

을 것이라 생각된다. 또한 WNU SI 2006에서 얻은 경험과 정보를 바탕으로 2007 WNU-SI를 

개최하기 위한 사전 준비 및 기초 자료로 활용할 예정이며 우리나라의 다양한 분야의 전문가

의 참여를 통한 우리나라의 국가적인 인지도를 높이고 우리나라만이 갖고 있는 기술들을 선보

임으로 국제적으로 우위를 점할 수 있는 좋은 기회라 판단된다.
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제 6 장 연구개발과정에서 수집한 해외과학기술정보

 본 과제를 통해서 2006 WNU-SI 연수 수업 자료 (프리젠테이션 자료)를 확보할 수 있었으며, 입수된 자

료는 별첨 CD를 통해서 제출될 예정이다. 본 과제에서 확보된 수업자료의 내용은 다음과 같다.

‣ Global Environmental Crisis

         - Nuclear Energy and The Future The Hydrogen Economy or the Electricity 

Economy? (David B. Barber) and two presentation materials

         - The Global Environmental Crisis : Clean water shortage (Charles J. Vorosmarty)

‣ Risk Assesment

         - Comparative Risk Assessment (Kjell Andersson)

‣ Industry Economics

         - Nucelar Economics (Steve Kidd)

‣ Nuclear Fuel Market

         - Nuclear Fuel (Steve Kidd)

         - Nuclear Fuel Cycle Uranium Resources and Processing (Engin Ozberk)

‣ Nuclear Operational Focus

         - Nuclear excellence and operation focus (Ronald Hagberth)

‣ Waste Management

         - The backend of the fuel cycle and waste management (Patrice Bernard)

         - The French approach on public acceptance issues : What we did in the last 

years (Alain Bucaille)

‣ Radiation Effects & Radiological Protection

         - Radiation protection session (Sylvain Saint-Pierre)

         - Topical Issue : Attributablity of Effects to Radiation Exposure (Abel J. Gonzalez)

‣ Advanced Nuclear Fuel Cycle

         - Advanced Nuclear Fuel Cycle Part 1 : Options (Harold McFarlane)

         - Part 2 : Fuel Cycles for Sustainable Development and Waste Minimisation 

(Massimo Salvatores)

‣ Next Generation Nuclear Reactors

         - Next Generation Nuclear Reactors (Jacques Bouchard)
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‣ Nuclear Law

         - Introduction to Nuclear law (Carlton Stoiber)

‣ Safety and Liability

         - Introduction to the International Instruments on Nuclear Safety and Liability 

(Wolfram Tonhauser)

‣ Non-Proliferation and Safeguard

         - The Nuclear Non-Proliferation Regime (Laura Rockwood)

         - Today's Issues (Bruno Pellaud)

         - Safeguards verification (Bruno Pellaud)

‣ Nuclear Material Security

         - Nuclear Security : The Legal Framework (Carlton Stoiber)

         - Security of Nuclear Material and Facilities (Miroslav Gregoric)

‣ Nuclear Politics

         - A (Personal) Survey of Nuclear Politics (Tom Isaacs)

‣ Nuclear Transport

         - Transport of Radioactive Materials (Michel Hartenstein)

         

‣ Knowledge Management

         - Nuclear Knowledge Management (Yanko Yanev)

‣ New Technology - Hydrogen & Space Applications

         - The potential role of hydrogen in the energy context (Francoise Barbier)

         - Nuclear Power to Serve Space Exploration (Xavier Raepsaet)

         - Clean Non-nuclear technology (Karl Bergman)

‣ Public Communication

         - How to build and keep public support for nuclear energy (Ann Bisconti)
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제 7 장 참고문헌

 ※ 본 과제는 참고 문헌이 없음.
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첨부 자료 1. 사례연구 자료

World Nuclear University- Summer Institute 2006 Stockholm
Session "Nuclear Law, Security and Non-Proliferation"

30 July  2 August 2006

An Exploratory Case Study    
31 July 2006

Seven small European countries build 
their own multinational uranium enrichment facility

Synopsis

  The current year 2011 opens another difficult period for the international non-proliferation regime. After 
India and Israel, bilateral nuclear agreements were concluded this year between Pakistan  the third non-NPT 
State - and several large nuclear States eager to sell their products. This marks the end of international 
export controls as they were in earlier times when no exports were allowed to States that had not accepted 
international safeguards on all their nuclear activities. Less than one year after the complete failure of the 
2010 NPT Review Conference in New York, the non-proliferation regime is in disarray. International nuclear 
trade has now become unpredictable.
Meanwhile, nuclear energy is booming again. Higher costs of fossil fuels and the necessity to switch to 
non-CO2 production under the new "Kyoto Protocol II", are bringing nuclear power into full swing again, to 
satisfy the high and increasing demand in electric power. The further operation of existing nuclear power 
plants has gained great economic importance for the countries that have them. There are more than 50 new 
nuclear power plants under construction worldwide, and another 50 in the planning stage.
In this evolving and uncertain framework, and after reviewing all other options, seven small central European 
countries (informally called "the Habsburg Alliance") have tentatively decided to build their own multinational 
uranium enrichment facility in the Principality of Liechtenstein, taking advantage of the stable political 
environment, as well as the communication and industrially developed environment.
This exploratory case study invites the readers to a review and assessment of the decision-making process 
that led to this choice, and to an evaluation of theplanning steps needed to implement the project in the 
context of prevailing international legal norms and requirements of nuclear materials security and 
non-proliferation. The case applies to the whole 3-day Session "Nuclear Law, Security and Non-proliferation" 
and makes use of the material presented in that session.
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Background

  During the 2010 NPT Review Conference in New York, several influential States tried to impose additional 
prohibitions and constraints on Non-Nuclear Weapons states (NNWS) - through modifications and 
reinterpretations of the "Treaty on the Non-Proliferation of Nuclear Weapons (NPT)". Meanwhile, the NWS 
adamantly refused to talk about their obligations in connection with nuclear disarmament under the same 
treaty. Several NNWS even expressed their intention to step out of the Treaty - feeling cheated by the empty 
promises made in 1995 when the NPT was permanently extended.
Six small central European countries of the Habsburg Alliance (Switzerland and five others) have become 
increasingly concerned about the supply of enriched uranium fuel for their 20plants currently in operation. 
While the market of existing suppliers has been up to now reasonably fluid, competitive and reliable, 
ominous signs are appearing on the horizon. The increase in demand for enrichment services has not been 
met with the creation of sufficient additional enrichment capacity. Moreover, the recent turmoil on the 
non-proliferation scene has led to uncertainties in the supply of uranium enrichment services -resulting in the 
actual denial of deliveries. Uranium supply could quite possibly become the victim of political expediency, as 
happened in 1974 after the first "peaceful" Indian explosion when uranium supply to a number of other 
countries was arbitrarily interrupted.
The current demand for enrichment services amounts to about 45 million SWU/yr. The 50 nuclear power 
plants under construction will add 5 million SWU to the demand, and as much capacity will be needed for the 
50 plants in planning, for an expected total of 55 million SWU/yr.
The comparison between demand and supply of enrichment services shows possible bottlenecks after 2015:

Under such circumstances, the six nuclear countries of the Habsburg Alliance have decided to act on their 
own in order to secure their long-term needs in enrichment services. In assessing their position, the 
members of the Alliance have considered the following four alternatives.
The international market
Over the last decades, the commercial marketNuclear fuelMarket has adequately satisfied the demand for 
fuel services. There has been a diversity of commercial enrichmentEnrichment companies; enrichment 
capacity has exceeded demand; and, through the substitution of diffusion by centrifugation technology, the 
enrichment capacity was kept comfortably in line with projected increases in demand, at least until the 
closing stages in 2009 of the US/RussiaRussia Agreement on HEUUraniumHigh enriched conversion to 
LEUUraniumLow enriched. Since then, given the greater volatility of supply and price, the projections for 

 Installed capacity (SWU/yr) 2005 2015

Europe (Urenco) 6.0 10
France 10 10

United States (USEC+LES) - 6.5
Russia 20 26
Japan 1.05 2.55
Others 0.5 1.0
Total 38 56
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future supply and demand have become less certain. 
Even though the current supply of enrichment services is commonly referred to as a "commercial market", 
States are the main shareholders in the enrichment companies, and all exports of enriched uranium bythe 
existing suppliers remain subject to government approval. The companies do not have much leeway in 
responding to market demands in the face of the political will of their respective governments. With nuclear 
energy becoming an ever important pillar of their respective national economies, many countries do not fully 
trust service providers that are politically dependant of Nuclear-Weapons States. Other potential suppliers, 
such as Japan and Brazil, do not yet have sufficient capacity to participate in the international market.
While still counting on the international market, the Members-States of the Habsburg Alliance see the need 
for more direct solutions to their long-term need for assurances of supply.

Multilateral assurances of supply
  Proposals have been made for the creation of an "intergovernmental fuel bank" through a 
consortiumConsortium of governments that would guaranteeGuarantees access to enrichmentEnrichment 
services. The commercial suppliersIndustry wouldact as the executing agents, with the governments drawing 
from those suppliers. The right of the State to draw on the services or material might be established, for 
example, through the adoption of domestic legislation providing for a government claim on capacity under 
specified circumstances, or the conclusion of a contract under which a government buys guaranteed 
capacity under specified circumstances.
In a variation of such a consortium, the IAEAIAEA would be invited to step in to act as the anchor for the 
arrangement. Essentially, the Agency would function as the guarantorGuarantorof supply to States that are 
in good standing under the NPTNPTand which are willing to accept the requisite conditionality (which would 
need to be defined, but which would likely include foreswearing a parallelParallel programme path to 
enrichmentEnrichment/reprocessingReprocessing and the acceptanceNuclear energyAcceptance of the 
Additional ProtocolSafeguardsAdditional Protocol (INFCIRC 540)). The IAEA could either hold title to the 
material to be supplied or, more likely, simply act as guarantor through the conclusion  of back-up 
agreements with supplier countries to fulfil commitments made by the IAEA. 
In early 2006, the US Government proposed the creation of a "Global Nuclear Energy Partnership" (GNEP), 
a consortium of so-called "nuclear fuel cycle nations" that would, inter alia, guarantee fuel services to 
countries explicitly renouncing their right to engage in enrichment and reprocessing activities ("reactor 
nations"). 
GNEP was meant to achieve the following objectives:

1. Expand the use of nuclear power in the world
2. Minimize nuclear waste production
3. Demonstrate new plutonium recycle technologies
4. Demonstrate Advanced Burner Reactors as a means of burning existing plutonium 

stockpiles
5. Establish reliable fuel services for "reactor nations" through a consortium of the "nuclear 

fuel cycle nations"
6. Develop small, exportable proliferation-resistant reactors
7. Enhance nuclear safeguards technology
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 Together with the US, the UK, France, Russia, China and Japan have defined themselves under GNEP as 
"partner nations [for the development]  of a fuel services program to provide nuclear fuel to developing 
nations allowing them to enjoy the benefits of abundant sources of clean, safe nuclear energy in a 
cost-effective manner in exchange for their commitment to forgo enrichment and reprocessing activities, also 
alleviating proliferation concerns" (US Government announcement; February 6, 2006). Since then, this 
objective has been implemented through the "leasing"of enriched fuel for use in customer countries and its 
subsequent return to the suppliers, followed by the separation and burning of recycled components in the 
nuclear fuel cycle nations.
 Since 2006, remarkable progress has been made under GNEP in all stated objectives, except as  to the 
creation of the rather discriminatory "two-class nuclear service business"(Item 5). There are two explanations 
for this failure. Firstly, most NNWSs have made it clear that they would not accept  - as a matter of principle - 
any restriction of their NPT rights, either through collective modification to the NPT (as attempted at the 2010 
NPT Review Conference) or through voluntary declarations. Secondly, the consortium failed to provide any 
economic incentive for nuclear operators and countries to even consider such idea. Why restrict ones long 
term options, if getting supplies from the consortium would offer no economical benefits in comparison with 
the existing international market? An utility manager in a small NNWS made the pertinent comment that "if 
not at least 20% cheaper, I will not press my government to renounce anything…"
While supporting the GNEP objectives, all members of the Habsburg Alliance have kept their distance from 
GNEP - with respect to this form of fuel services.  They would have considered favourably the concept of an 
"IAEA fuel bank", if the IAEA had been given much control over materials and services, in particular through 
the waiver by supplying countries of "prior consent rights"and through the strengthening of the authority of 
the IAEA Director General in matters of distribution.  The choice of an IAEA model would have been 
possible, if a sufficient numberof suppliers-countries had granted prior generic consentrights to the IAEA for 
the transfer of the respective materials and services. 

Participation in existing enrichment facilities
  The option of participating in an existing European facility, individually or collectively, was looked at 
seriously, but dismissed in the end by the members of the Alliance. It was felt that - even if they were to 
participate collectively - the Alliance would always remain a junior partner, never sure of its ability to protect 
its own political or economic interests in large companies strongly influenced by NWSs. Participation in other 
existing enrichment facilities outside of Europe was considered too risky politically, and the facilities offered 
only limited capacity or were located too far away.
 
Preferred option: Building a joint multinational nuclear facility
  Given the drawbacks of the other alternatives for ensuring the future supply of LEU for reactors, and the risk 
of being cut off for reasons having nothing to do with nonthe States of the Habsburg Alliance considered that 
alternative domestic or regional off-marketNuclear fuelMarket measures Assurance of supplywere advisable 
for the following reasons:

1. They could reduce dependence on foreign suppliersIndustry and provide for greater 
economic independence;

2. They would avoid the negative experiences in the past and the need to rely on 
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NWSsIndustry and
3. There could be collateral benefits Spin-offs from technology for industrialIndustry and 

technological development.
  In this framework, and after reviewing all other options, the seven countries of the Habsburg Alliance have 
tentatively decided to build their own multinational, regional uranium enrichmentfacility in the Principality of 
Liechtenstein, at the Upper Rhine River,  taking advantage of its stable political environment and its 
advanced communications infrastructure and industrial capabilities.

[Case Study: Working Group 1 will critically assess the choices made by the seven countries]

Multinational project of an uranium enrichment facility
Participating countries
  Membership in the Habsburg Alliance includes Liechtenstein, Switzerland and five other small central 
European countries with nuclear power plants. Liechtenstein is a member as host country, even though it 
operates no nuclear facility. All countries are party to the NPT and have a Comprehensive Safeguards 
Agreement in place with the IAEA; all have also brought into force an Additional Protocol. They also adhere 
to all international agreements in the field of safety and security.
Government-to-government legal arrangements
  The legal basis for the realisation of the joint project of a regional enrichment facility will be inspired by that 
of the Urenco model, as follows.
  Responsibility for political matters will be kept separate from responsibility for industrialIndustry and 
commercial operations. The political aspects of the activities will be controlled by a Joint Governmental 
Committee (JGC), to be set up under an intergovernmental agreement (the "Treaty of Vaduz")Almelo.  This 
Committee will be responsible for matters related to internationalMultilateral Nuclear ApproachesInternational 
policy, including safeguardsSafeguards, the security of technical information and technologyTechnology, and 
the sitingMultilateral Nuclear ApproachesSiting of the joint facility, but issues related to industrial and 
commercial aspects of the project will be entirely the responsibility of the Joint Industrial Committee(JIC) in 
which the  industrial partners (and shareholders) of the Joint Enrichment Consortium (JEC)will be 
represented according to the assets they would have brought to the consortium. Shareholdership in JEC 
may differ from country to country: it could be a government entity or a private company from the energy or 
manufacturing sectors.

 [Case Study: Working Group 2 will draft the treaty that establishesjoint project of the participating 
governments. The fundamental intergovernmental agreement of Urenco ("The Almelo Treaty") is available to 
serve as a starting point for drafting the Vaduz Treaty]

The proposed site of the facility
  After a detailed assessment, the Alliance decided to build the facility in nearby Liechtenstein. A number of 
factors worked in favour of that country:

1. Suitable location in terms of transportation (roads and railroads), close to Switzerland 
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(CH), Germany (D) and Austria (A).
2. Stable political environment: Liechtenstein is a small, well managed country with a solid 

infrastructure. Stable nuclear licensing environment based on the Swiss nuclear law and 
decrees. While independent from Switzerland, most of the applicable laws on standards 
and trade in Liechtensteinare the same as those in Switzerland.

3. Presence of large industrial worldwide companies with experience in relevant activities 
(e.g. Hilti, a world leader in professional construction tools and equipment with sales 
approximating € 2.8 billion, operations in 120 countries and a global workforce of around 
15,000).

  Despite its small geographic size and limited natural resources, Liechtenstein has developed into a 
prosperous, highly industrialized, free-enterprise economy, and boasts a financial service sector and living 
standard which compare favourably to those of the urban areas of Liechtenstein's large European 
neighbours.  It also has advantageously low business taxes the maximum tax rate is 18%  as well as 
simplified rules for incorporation, that have attracted many companies from abroad.
  Liechtenstein participates in a customs union with Switzerland and employs the Swiss franc as national 
currency. Except when it chooses not to do so, Liechtenstein adopts the industrial, economic and social 
laws, norms and standards of the Swiss Confederation.
  The proposed site is located in the small town of Schaanat the northern tip of Liechtenstein, between Vaduz 
and Feldkirch, on grazing land approved for industrial settlements.

  

Siting arrangements with Liechtenstein (Headquarters Agreement)
  The Principality of Liechtenstein will not be a full member of the Alliance since it will not draw enrichment 
services from the consortium - having no need for them.  However, in view of the political dimension of the 
project, its representatives will have a seat on the Joint Governmental Committee (JGC) set up under the 
Treaty of Vaduz. However, they may or may not participate in the deliberations of the Joint Industrial 
Committee (JIC) in which the shareholders will have the say; this will depend on Liechtenstein's investment 
into the Consortium JEC.
  It will be necessary to conclude a Headquarters Agreement between Liechtenstein and the other Alliance 
partners to spell out the respective duties and rights of the parties with respect to the construction and 
operation of the facility in Schaan. In particular, the host State will commit to respect the ownership rights, to 
allow international safeguards controls and to keep all its non-proliferation commitments.
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[Case Study: Working Group 3will draft a Headquarters Agreement between Liechtenstein and the other 
parties. Models of such agreements are available]

Characteristics of the facility
  The choice of centrifuge enrichment was obvious. The gas centrifuge process was first demonstrated in the 
1940s but was shelved in favour of the simpler diffusion process. It was then developed and brought on 
stream again in the 1960s in a second-generation enrichment technology. It is economical on a small scale, 
even under 2 million SWU/yr, a level that enables the construction of medium-size plants. It has been 
deployed at a commercial level in Russia and in Europe by Urenco, an industrial group formed by British, 
German and Dutch companies, the model for multinational nuclear facilities. Russia's four plants account for 
some 40% of world capacity. Urenco operates enrichment plants in the UK (Capenhurst), the Netherlands 
(Almelo) and Germany (Gronau) and under license in France and in the USA. In Japan, JNFL operates a 
centrifuge plant (1.5 million SWU/yr). China has a smaller centrifuge plant using Russia technology (0.5 
million SWU/yr). Brazil has a small plant producing 0.2 million SWU/yr.
  After having decided the go-ahead with a regional facility, the Habsburg alliance did consider for a while 
manufacturing its own centrifuges. Among the seven partners, several   in particular Switzerland - possess 
first rate mechanical industries as well as high-tech carbon fibre factories (in 2010, for the third time in a row, 
a carbon-fibre sailboat made in Switzerland won the sea-going America Cup). In last analysis, rather than 
developing its own centrifuge technology, the alliance gave preference to a facility using existing, third-party 
technology for fear of delaying too much the availability of enriched uranium for its own needs by going it 
alone.
  After extensive discussions with two technology holders, Urenco and Russia, the consortium selected the 
standard Urenco technology, the model TC-21, a centrifuge made of carbon fibres capable of 100 SWU per 
year and about 3 meter long. The technically different subcritical design offered by Russia was known to be 
extremely sturdy and reliable (80 cm long), but it produces less than 20 SWU/yr per centrifuge.

          Gronau             Russia  

The preliminary design of the new facility is based on the following generic information:

Fundamental characteristics of enrichment centrifuges:
[Separative requirements : about 100'000 SWU/yr for 1000 MWe capacity]
Space requirements : about 100 m2 per 1000 SWU/yr
Electricity requirements : about 50 kWh per SWU/yr
Investment : about 400 Euros per SWU/yr.
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The general arrangement of the site would be similar to that of the Urenco plant in Gronau (Germany):

The participating countries of the Alliance operate a total of 20 nuclear power plants with a total capacity of 
some 12'000 MWe. To cover future growth of up to 20'000 MWe, they thus foresee:

Nominal enrichment capacity : 2 million SWU/yrLand area required: 200'000 m2 (450 x 450 m) 
Electricity required : 0.1 TWh (1% of the nearby Swiss Leibstadt nuclear plant)
Investment cost : 800 million Euros

            Licensing arrangement with the technology provider Urenco
Urenco is organised around two distinct principal business activities: enrichment of uranium and its 
commercialisation on the one hand; and the supply of enrichment technology on the other hand. Urenco has 
strict rules as to the licensing of its technology to third parties. For example, in the case of the Louisiana 
Enrichment Services (LES)Louisiana Enrichment Services Corp. partnership venture to build a 
centrifugeEnrichmentCentrifuges enrichment plant in the USAUSA, the three governments of Urenco's 
Intergovernmental Joint Committee concluded with the US government a so-called Quadripartite Agreement. 
This agreement sets out the arrangements under which Urenco classified information and/or technology was 
to be transferred into the USA, in order to enable the plant to be licensed, constructed and operated, (and the 
control of any information flowing back to Urenco from the US plant). 
  A similar arrangement has been reached with France for Urenco centrifuges installed in the George 
Besseenrichment plant in France, operated by the industrial company Areva, and bilaterally with respect to 
the Chinese enrichment plant making use of Russian centrifuges. As in the French, Chinese and US plants, 
the Urenco centrifuges at the Schaan site will be treated as "black boxes"to be shipped back to Urenco in 
case of failure.
[Case Study: Working Group 4 will draft a "Technology licensing agreement" for the supply by Urenco of 
centrifuges to the Habsburg joint consortium. Models of technology licensing or leasing agreements are 
available to serve as starting point for drafting the Urenco- Consortium agreement.] 
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Industrial planning arrangements among the partners
  To build and operate the enrichment plant, the partners will form an industrial consortium that will produce 
and make available low-enriched uranium for the partners, and possibly for sale on the international market.
  Keeping in mind proliferation concerns, a fundamental choice had to be made about the model to be used 
for setting up the multinational facility: the Urenco or the EURODIF model.

i: The Urenco model: The model involved the sharing of technology among all partners 
participating in the construction and operation of new facilities. Originally, all three Urenco 
partner countries (UK, Netherlands, Germany) had already developed their own centrifuge 
technology. In a sense, all were equal partners.

ii: The EURODIF model: Although all partners have a financial share in the ownership and 
production of the facility, the technology holder would not give the other partners access to 
the technology nor permit them to participate in the operation of the facility. The original 
partners were France as technology holder; Belgium, Italy, Spain and Iran as participants.

  In the cases of the French (George Besse II) and American (LES) facilities built under Urenco licence, the 
black box approach was adopted, allowing construction of the facility in a non-Urenco country while ensuring 
that that recipient did not get access to commercially valuable information.  This approach opens the way to 
a third model of multinational nuclear arrangement  the Schaan model   in which the sensitive technology to 
be used in the joint facility (located in a NNWS) is provided by a technology holder that is not a member of 
the consortium owning the facility. Under such a model, none of the consortium members has access to 
thecore technology, but all would participate in the construction and operation of the facility and the 
commercialisation of its products.
  Once all broad agreements mentioned above have been concluded, the partners will need to set up the 
Joint Enrichment Consortium (JEC) and agree on ownership sharing, on a business plan and on a 
manufacturing plan. The focal point of this work will be the Joint Industrial Committee (JIC).
  The sharing will be proportional more or less to the relative nuclear electric capacity in the respective 
countries. Some countries may choose to invest more than they need, e.g. Liechtenstein, thereby acting 
more like an investor. The business plan will define the enrichment capacity of the facility to be built. This will 
depend primarily on a basic decision: whether to produce no more than the anticipated needs of the partners 
- or to produce more, with the objective of supplying the world market as well. In the first case, stable and 
long-term allocation quotas of the production will be needed; in the second case, some rules should be 
stipulated to allocate financial contributions and profits from the commercial activities. The manufacturing 
plan will specify the engineering details for the construction, the staffing and the operation of the facility.
  As far as the construction of the facility is concerned, the partners will decide whether they elect to conclude 
a turnkey contract with an ad hoc international construction consortium (that would include strong local 
companies and possibly the technology holder Urenco), or to form its own construction consortium that 
would issue individual orders on a cost+fee basis, giving preference to suppliers from within the Habsburg 
Alliance, according to the ownership quota in the enrichment joint venture. This latter arrangement would be 
similar to that adopted for the International Thermonuclear Experimental Reactor(ITER), the multibillion 
fusion energy demonstration plant under construction in Cadarache (France), in which each of the 
participating countries is entitled to a share of the equipment supply contracts equal to its overall financing 
contribution.
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Operation of the facility will be comparable to any other industrial facility, except that the staff will be 
multinational. This characteristic will imply particular requirements in terms of recruitment, training and 
experience.
Commercialisation  with an appropriate marketing and sales staff  will not be required if the Alliance reserves 
all of the production for its members. If not, a limited staff will be necessary for identifying and securing 
customers outside the inner circle. It is not unlikely that the technology hoder (Urenco)  itself a major player 
on the world market  would impose geographical or other constraints on exports from the Schaan facility, in 
the framework of the Technology Licensing Agreement.
 [Case Study: Working Group 5will formulate proposals for ownership sharing, business plan, manufacturing 
plan, construction phase, operation and commercialisation. Suitable models and checklists are available]

Nuclear materials safeguards, security and safety
  Uranium enrichment raises special nonproliferation concerns given that it is a sensitive "choke point" in the 
path for production of weapons-grade nuclear material.  By its very nature, the multinational nature of the 
project should reduce the risk of a State diverting the supplied technology for proscribed purposes. This is 
particularly true under the Schaan Model, an arrangement that excludes access to the core enrichment 
technology for allpartners in the enrichment project. However, steps should be taken to anticipate the risk  
however unlikely  of Liechtenstein nationalizing the facility and/or withdrawing from the NPT.
International verification of the non-diversion of nuclear material produced in the facility will lie with the IAEA, 
which has developed special safeguards approaches for that purpose. From the facility point of view, it is 
important to design the facility in such a way that simplifies IAEA verification, providing for full transparency 
to the inspectors and the installation of surveillance equipment by the IAEA.
Nuclear material security and safety should also be carefully planned in the design of the facility, even 
though the enrichment level will be kept at all times below 5%.
[Case Study: Working Group 6will formulate proposals for facilitating the safeguarding of the Schaan facility 
and for ensuring a high level of nuclear materials security and safety. IAEA documents are available, dealing 
with safeguards practice and tools, physical protection and facility design for materials security, e.g. 
INFCIRC 225.]

Timetable
  As soon as the industrial planning has been completed, the "Joint Enrichment Consortium"(JEC) will launch 
the project and seek the proper authorisations. First, the applicable Swiss legislation will require an 
application for a "General Licence" that will be based on a preliminary design, on a safety and environmental 
assessment and on detailed site data. The evaluation report of the joint Swiss/(Liechtenstein) safety authority 
will be submitted to the Liechtenstein Government and Parliament for review and approval. Once the 
General Licence has been granted, the JEC will begin detailed engineering, will call for tenders for 
construction of the facility and select suppliers and constructors. On that basis, the JEC will apply for a 
"Construction Licence", the Licence that will trigger the beginning of construction.

� Mid 2012: Completion of legal instruments, project launching
� Mid-2012 to mid-2013: Preparation of the application for the General Licence
� Mid-2013: Submittal of the request for the General Licence
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� Mid-2014: Granting of the General Licence
� Mid-2016: Application for the Construction Licence
� Mid-2017: Granting of the Construction Licence and beginning of construction
� 2020: Facility testing and beginning of commercial operation

Recommended reading
The class is invited to look at the attached excerpts of three general introductory documents:

1. "Handbook on Nuclear Law", IAEA, C. Stoiber et all  2003Chapters 1, 11, 12 and 14
2. "Multilateral approaches to the nuclear fuel cycle" (MNA); Expert Group Report submitted 

to the Director General of the International Atomic Energy Agency, February 2005; 
INFCIRC 640, at 
http://www.iaea.org/Publications/Documents/Infcircs/2005/infcirc640.pdf.Chapter 5: §94 to 
§153

3. "Uranium enrichment and nuclear weapons proliferation"  A. S. Krass et al  SIPRI 
1983Page 60 to 71 on multinational approaches.

Organisation of the Case Study
  The session programme schedule shows the time allocated to the Case Study in the afternoons. During 
these periods, the class will be divided in six Working Groups according to the following topics:

1. Critical review of the decision-making process that led these seven central European 
countries to embark on a Multilateral Nuclear Approach for uranium enrichment;

2. Drafting of an intergovernmental treaty establishing the joint venture;
3. Drafting of a headquarters agreement with the host country;
4. Drafting of a licensing agreement with the centrifuge technology provider;
5. Planning of the industrial implementation of the project: pre-construction phase, 

construction phase, operation and commercialisation phase;
6. Planning of nuclear material security, safety and safeguards measures in the facility, 

during construction and during operation.
  On the third day of the session, in the afternoon, the working groups will report their findings in the plenary 
meeting.

Compendium of documents
  All documents referred to in this case study are included in the SI-2006 Data Bank under the title 
"Compendium of documents related to the Session Nuclear Law, Security and Non-Pro". The compendium 
contains a wealth of information about each of the topics included in the session, as well as documents 
related to each of the working groups,



- 69 -



- 70 -



- 71 -

1.0 Introduction

The use of nuclear energy produces high-level radioactive waste (HLW) which must be securely 
managed in the very long term to protect health and the environment.

HLW itself is the irradiated fuel discharged from civilian reactors and some of the solid or liquid 
wastes and biproducts from the reprocessing of those irradiated fuels. It must be packaged in 
containers capable of withstanding the heat and radiation produced by radioactive decay.

For the ultimate management of HLW, the general consensus is that it will need to be stored in 
deep geological repositories. This storage method involves placing the HLW hundreds of meters 
underground, relying on a series of natural and engineered barriers to isolate it from humans and 
the surface environment over its hazardous lifetime which could extend to 100,000 years.

The purpose of this report is to examine three approaches towards the implementation of deep 
geological repositories for HLW, from the political, economic, technological and legal perspectives. 
The three approaches of implementing such facilities are defined as follows: 

National: a repository established for HLW within the country where the waste was generated.

Regional:a HLW repository shared by several countries situated in the same region of the world.

Global: a single HLW repository shared by every country in the world.

The report is organised as follows: 

Section 2.0 examines, from the political perspective, the benefits and challenges of different 
approaches of implementing a deep geological waste repository.

Section 3.0examines the economic considerations and implications of the different approaches.

Section 4.0 examines how technical aspects of HLW storage differ with each approach.

Section 5.0 examines the legal issues.

Section 6.0 presents the Group’s recommendation(s) for the path towards the successful 
implementation of permanent deep geological repositories for the disposal of high-level radioactive 
waste.

Section 7.0 lists publications used by the Fellows in preparation of this work.
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2.0 Politics

Politics is perhaps the most important factor in the development of HLW repositories, whether on a 
national or international scale. It canbe very difficult in democracies for governments to tackle the 
thorny issue of radioactive waste at all, and even more difficult to nominate one particular area of a 
country to accept the waste of the whole. Even once those hurdles are overcome, governments are 
short lived and their policies change and move much faster than a repository programme can 
develop.

Although there is no urgent technical need for implementing final disposal of power reactor wastes 
in any country, all nuclear programmes, whether large or small, should be able to point to possible 
solutions of their waste programme. This can involve national or global approaches, and, for small 
countries, the existence of specific initiatives in the latter area can help build the public and political 
confidence that is necessary to justify past and future use of nuclear power.

A number of issues are considered at the political level with respect to storing HLW.

2.1 Security

While storing HLW out of harm’s way increases security, having a large number of national 
repositories is comparatively less secure than fewer regional ones, or indeed one global store. On 
the other hand, transporting HLW from one country to another raises concern, and increases the 
level of risk.

2.2 Safety

Nuclear operationsare carried out with a commitment to excellence, but accidents still occur. With 
more repositories, the number of accidents would be greater and in that respect regional or global 
schemes would be safer.

A serious consideration for the host country of a regional store would be that the majority of 
possible accidents would occur on their territory, and with more HLW the consequences could be 
that much greater. This concentration of risk in the host country would need to be compensated for 
financially and would be a difficult negotiating point in international agreements and with the 
public.

2.3 Non-Proliferation 

Many national repositories do little to address current non-proliferation concerns, despite putting 
dangerous materials out of reach. 

In terms of safeguards, using fewer sites means that implementing safeguards can be simpler, with 
the conclusion that one global site would be simplest.
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However, as international law currently stands, there is no recourse of action if countries 
participating in international schemes, particularly the host country, would withdraw from 
agreements.

2.4 Public Acceptance 

For national schemes, the public acceptance issue is localised around the repository site and this can 
be enough to delay developments for years.

A regional or global repository would attract more controversy, with potential resistance from the 
entire host country’s public. Acceptance might be easier to find in the other participating countries, 
but even there a sense of fairness is essential.

2.5 Siting

Although many different geologies can be suitable for HLW disposal, site selection naturally 
becomes progressively easier the more countries are involved. Some individual nations would have 
trouble finding a site, while regions will have a huge selection and, of course, when surveying the 
entire world one would expect to find at least one suitable location. The most difficult part of the 
site selection process comes in gaining public acceptance.

2.6 Development Level 

Smaller and less developed countries face more of a challenge in developing their own repository 
system and cooperation with more similar countries, or with a larger nation would obviously benefit 
them. 

In an international programme, the richer nations would have to be careful to avoid been seen as 
dumping their waste on a poorer nation. Partners in an international scheme must be seen to be 
equal, regardless of incentives. 

The ability for small nations to safely dispose of their HLW would greatly enhance the attraction of 
nuclear power in this era of climate change awareness.

2.7 Stability, Tensions and Alliances

National programmes face the threat of political changes at home, but for international endeavors 
the problems are multiplied. Although additional tensions can arise, new alliances can also emerge. 
At the top level, international politics changes from generation to generation, at a much faster rate 
than the decay of radioisotopes.

Stability of a regional programme would depend on good relations between partner states. It would 
be expected that partners in a regional repository would be similar nations with a common 
understanding of one another, bound by strong trade links.
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A global programme would have greater inherent stability, but this is limited by the lack of strong 
international law.

2.8 Credibility

We have discussed the changing nature of national regimes. That fragility can make decisions made 
by a country’s government meaningless under the next. The credibility of an agreement between 
many nations, covering such long timescales, would therefore be questioned. Again, the lack of 
strong international law would make multinational cooperation more difficult.

3.0 Economics

The economics of used fuel disposal are very hard to understand, not least because no country has 
actually done it yet and there’s no market. However, the cost-effectiveness of sharing such large 
tasks is obviously a very great driver towards multinational efforts.

Financial arrangements are simpler and more proven on a national level: The funding and liability 
costs are obviously a state responsibility and the state would presumably take title to the waste far 
into the future and decide alone how to fund its management.

For a regional or global store, long-lasting arrangements would have to be made between nations. 
Advance payments and consideration far into the future must be made from site selection to 
post-closure monitoring and maintenance which would essentially last forever. Perhaps the best 
example of this kind of agreement today is that for the development of Iter. 

However, over such long timescales things could change, and so flexibility is essential. For example, 
future generations might want to open the store and remove the waste and these costs should be 
provided for by the current generation. Long-lasting guaranteed funds for these purposes would be 
difficult to set up, but not impossible.

Transparency is a must for such an international undertaking. Every citizen of every country must 
be able to see how and why their money is being spent. Above all the entire project must be seen 
to be fair.

3.1 Liability

Liability is closely related to cost and several factors can lead to cost increases beyond the estimates, 
and these have to be properly identified and evaluated (changing safety requirements, actual 
experience, advanced state-of-the-art, unforeseen events, etc.) This is true for all programmes, but for 
multinational projects the complications only increase.

To deal with liability, two typical examples can be envisaged. In the first case, at the time of 
receiving the waste the host country may take all responsibility and liability for any possible future 
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remediation as part of the contract. In that case the host country –especially a less developed one 
– might be keen to receive extra money up front.

In the second, the host country and partner countries may conclude an agreement by which the 
partners accept a partly open-ended situation and assume joint liability for improbable but not 
impossible future events which might require remediation. 

For a global scheme, the ultimate guarantor would likely be the United Nations or IAEA for 
example. 

3.2 Commercial opportunities

Repository projects are generally thought of as non-profit, although some parts of the operation 
would produce profits for contractors

 

For national schemes, there would be few commercial opportunities except for the contractors 
carrying out the construction and management, although technology transfer would be a possibility 
(for example the cooperation between Sweden and Finnland).

Regionally, the host country and its own industry could benefit – especially if they offer space for 
sale.

Perhaps a country could become a partner in a regional scheme even if it had no nuclear power. 
They might join for influence on a project in their region, or for practicality with respect to 
transport across their territory. They could even sell unused space for profit.

If an international repository were built in international territory such as Antarctica or the seabed in 
international waters, ownership could be split between the whole world. In that situation, countries 
with no need for the HLW storage space could sell their allowance in a manner not unlike carbon 
trading.

3.3 Incentives

The host country of a regional store must negotiate an equitable contribution from its partners 
towards the total development costs of the project including general infrastructure improvements and 
the environmental impact of those.

Partner countries should agree to pay a consideration for the operation of the site. Therefore, a 
multinational agreement will spread the full burden of development costs among several partners, 
significantly reducing these costs for individual members. In some countries, a small fee levied on 
each kilowatt-hour produced by nuclear power has provided a fund more than adequate for waste 
storage prior to construction of facilities.

In addition, the host country would most likely expect payment to exceed accounted costs.
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3.4 Ownership of HLW

In the case of national repositories, the HLW can only be the property of the state. Once a facility 
is closed, it is then the state’s ultimate responsibility to maintain it into the distant future.

However, in the case of a regional facility it would be highly unlikely that the host would want to 
own foreign waste. A joint ownership agreement could be developed where the waste would belong 
to the operating consortium, or, if the waste would be retrievable, each participating nation could 
keep title to its own to remove it if it ever so desired.

Under a global repository scheme, HLW would likely become the property of the global 
organisation responsible for the project. It is imagined that a global HLW solution would more 
probably be a disposal one rather than storage and so not feature retrievability, although this 
remains a possibility.

3.5 Cost-effectiveness

The national solution is probably the most expensive and inefficient, except in a country with a 
large programme (USA, Canada, France, Russia, Japan). 

This approach can become more economic if some cooperation can be found, as Finland did in 
joining Sweden’s research programme. And a large country could possibly sell some space in its 
own store, eg. Russia providing for the countries of the former Soviet Union, or Canadareceiving 
some used nuclear fuel under a leasing arrangement. 

It’s clear that it is cost effective to cooperate as this brings economies of scale in research, 
development and construction. Standardisation of waste packages would give reduced research and 
development costs while simply reducing the number of sites reduces start-up costs.

Research by the Finnish disposal company, Posiva, has shown that unit disposal costs of 
once-through used nuclear fuel are reduced with higher inventories. This trend continues until 
around 10,000tU is to be disposed of. However, at that point, facilities become so large as to require 
additional roads and encapsulation facilities which cause unit disposal cost to level off.

There are cases where a number of smaller countries joining together would require a facility 
smaller than that for a country with a large programme. 

Looking at a global solution, it’s clear that economies of scale would continue to grow within 
certain limiting factors. Additional complications such as the difficulty in reaching international 
agreements could lead to lengthy delays that outweigh engineering savings. Also, moving the entire 
world’s HLW to one place would be a serious logistical effort – especially if the global store were 
in Antarctica, far away from where most of the waste was produced.
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4.0 Technical

From a technical point of view, the same requirements apply to the national, regional or global 
repository, and the same principles should be followed in designing the facility. Technical 
advantages can result from collaborating on regional or global repository implementation: More 
expertise is available; more funding can be made available for developing robust engineered systems; 
and a wider choice of siting may be possible. However there are also additional technical challenges.

4.1 Siting

The basic objectives of site selection are to select one or more suitable sites and to demonstrate that 
at least one of these sites, when combined with repository and waste package designs, provides 
adequate isolation of the radionuclides from people and the environment for the desired period of 
time. For the regional or global case, there are more available options (geological and geographical) 
than for the national case.

For the regional or global repository, as for any national facility, the key siting issues will be more 
societal than technical. Accordingly, a successful siting strategy must consider both aspects.

Locating the repository to take advantage of a harbour and good links to the international rail 
network would obviously be advantageous.

4.2 Safety, public health and the environment

Radiological safety will not be a major issue, provided that the regional or global repository 
conforms to the same international norms that nationalfacilities must satisfy. Regional and global 
repositories will have to fulfil the same criteria and meet the same requirements and standards as 
national repositories.

In addition, the regional or global repository approach has the potential to reduce thetotal number 
of future repository sites that would otherwise be needed around the world. It follows that this 
approach would avoid the environmental impacts that would have been incurred as a result of the 
construction and operation of numerous repositories.

A condition that should be satisfied by the host country in the case of the regional or global 
repository is that the repository itself must represent the state of the art and be planned and 
implemented following international requirements. The safetyshould be checked by performance 
assessments involving qualitative and quantitative safety case arguments. Reviews of such work by 
international organisations or by third party countries are becoming a standard part of any 
repository programme and will be expected for the host country involved in a regional or global 
project.

Additional impacts may result from larger construction volumes for larger facilities and from higher 
doses gathered from the handling of larger waste volumes. The host country would also incur an 
incremental near-term environmental risk with the transport of waste from partner countries. In 
addition, there would be conventional environmental impacts at some level associated with the 
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construction and operation of the new and potentially more extensive road or rail infrastructure in 
the host country. Such potentially greater environmental impacts raise the question of environmental 
equity for the host country. 

4.3 Transportation

In the case of the regional or global repository, the wastes would begin widely spread and it would 
be impossible to make use of only one mode of transport.

The flow of waste transports into the facilities would be almost continuous – a daily occurrence – 
for several decades. Taking into account that the waste locations would be widely spread and the 
volume of traffic, rail and sea (or river) transport is preferable to road transport in terms of 
environmental impact and social acceptability.

4.4 Retrievability

The same requirements and technical principlesapply to a regional or global repository as to a 
national one. Retrievability is accepted as a desirable feature which would allow future generations 
to remove wastes for repackaging, destruction or recycling.

4.5 Safeguards

It must be recognised that the safeguards regime for a regional or global repository would have to 
be of equivalent – or perhaps greater – strength than the safeguards regime required for national 
repositories. However, implementing safeguards at fewer regional facilities would be easier and less 
expensive than with a large number of national repositories.

As a minimum, the host country would be responsible for safeguards applied during transport of 
the waste within its borders; during temporary surface storage at the repository site during 
emplacement; and after the repository is closed and sealed. The host country should also anticipate 
that safeguards will continue for the life of the facility.

4.6 Waste Types and Forms

The types and amounts of material to be disposed of would have to be determined as HLW comes 
in many shapes and sizes: Civilian used nuclear fuel, MOX fuel, vitrified HLW, research reactor 
fuel, immobilised plutonium, etc. This would be important in determining the types of packaging 
and/or conditioning that will be required. This information will also be used to establish waste 
acceptance requirements that must be set by the participating parties.

One potential technical challenge arising from the larger scale regional or global disposal facility is 
that there may be a greater variety of waste sources. In this context, the waste acceptance criteria 
might be more complex due to differences in the nationally employed conditioning technologies and 
waste packaging, and a greater variety of waste handling equipment might be required. A very 
specific issue would be the quality assurance of the waste packages to be disposed of in the 
regional or global repository. Usually the waste producers are involved to a great extent in the 
quality assurance of the waste packages. Ifdifferent national systems are followed, it could be 
difficult to maintain compatibility. The situation may become worse if historic waste is involved, 
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since this may be poorly documented in national systems. In some cases, reconditioning and/or 
repackaging of waste might even be needed.

5.0 Legal Issues

There are legal concerns when choosing among different approaches of implementing deep 
geological radioactive waste repositories. The regional and global approaches of implementing waste 
repositories may encounter several challenges in addition to those expected in national repository 
projects. 

5.1 International Agreements

Each country has its own legislative approach to the management of radioactive waste, ranging from 
the process for development of legislation, to the allocation of responsibilities and liabilities or to 
definition of competent authorities, authorisations needed, classification of waste, possession of waste, 
etc. The applicable laws in connection with regional or global-based waste repositories in the 
partnering countries might have to be made compatible before mutual agreements among the 
partnering countries could be reached. In addition, the legal form of a joint venture in charge of 
planning, constructing and operating a regional/global-based waste repository would need to be 
defined and agreed upon. These issues may cause delay of implementing a regional or global-based 
programme.

5.2 Intergovernmental Treaties

Intergovernmental treaties need to be negotiated and established to enforce legal requirements 
stipulated by international agreements. The need to establish intergovernmental treaties may delay 
the implementation of a regional or global programme. However, there is currently no authority to 
enforce intergovernmental treaties, and collaboration of partnering countries is based on voluntary 
compliance. Thus, honouring of any treaties may not be guaranteed even with oversight by an 
organisation such as IAEA.

5.3 Liability

Each country has its own laws on liability regarding waste disposal. The sharing liabilities must be 
agreed upon among the partnering countries of a regional or global programme. The requirement to 
conclude an agreement may delay the implementation of a regional or global programme.

However, on the international level, several legal instruments on international cooperation in various 
fields regarding the peaceful use of nuclear energy and radioactive materials and also referring to 
regional/global repositories already exist, especially in the field of liability. Examples are the Joint 
Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste 
Management, and Euratom Proposed Directive.

5.4 Obstacles
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For some countries, a national repository is the only option unless there is a change in their 
national policies and/or legislation, for example France, Sweden or Finland. For these countries 
where legislation restricts import and/or export of radioactive waste, such legislation needs to be 
amended if they wish to join a regional or global repository project.

5.5 Stability

One of the arguments against the national approach of implementing a radioactive waste repository 
is that, given the long lead time (20 years or more) and operational period of such a project, 
national boundaries aswell as national structures are uncertain. Radioactive waste disposal solutions 
must endure timespans that exceed those of national structures, and so have to be as independent 
from them as possible.

As for the regional or global approach, potential withdrawal of the partnering countries is a real 
concern given the timescale of the project. Such arrangements would risk the withdrawal of the host 
country from the partnership by creating a political emergency, expelling multinational staff, 
withdrawing from the NPT (and thereby terminating its safeguards agreement), and operating the 
facility without international control. However, one could argue that the regional and global 
approaches do offer in this regard a better protection than national facilities by means of the 
established international agreements and treaties.

5.6 Adequacy of Legal Bases

Regardless of the approach chosen for implementing a radioactive waste repository, for countries 
that have yet to establish their own bases on the disposal of radioactive waste, partnering countries 
and IAEA can provide assistance. However, the lack of adequate legal bases in some partnering 
countries may prolong negotiation and delay the implementation of a regional or global programme.

In general, it is expectedthat the amount of time and effort required to successfully implement a 
global, deep geological repository for HLW are more substantial than what would be required for a 
regional programme, owing to the larger number of countries involved. 

6.0 Conclusion

This report presents a high level review of the potential benefits and challenges of different 
approaches to the implementation of implementing deep geological HLW repositories. National, 
regional and global-based approaches towards implementation of the repositories were examined. 

A global-based approach towards the establishment of a waste repository shared by all countries 
seems impractical, if not impossible, given the political and societal circumstances at present and in 
the foreseeable future.

It is our view that collaboration in the further development of a regional repository concept should 
be encouraged among countries which are located in the same region of the world and which have 
small-scale civilian nuclear energy programmes. However, theinternational community is not yet 
ready to seriously begin this type of development, and repository concepts cannot yet be considered 
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proven. Once a handful of national civilian used nuclear fuel repositories are operating with public 
support, serious research could begin on regional solutions.
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첨부 자료 3. 이슈포럼 발표자료
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주        의

1. 이 보고서는 과학기술부에서 시행한 원자력연구개발사업의 연구보고서입니다.

2. 이 보고서 내용을 발표할 때에는 반드시 과학기술부에서 시행한 원자력연구개

발사업의 연구결과임을 밝혀야 합니다.

3. 국가과학기술 기 유지에 필요한 내용은 대외적으로 발표 또는 공개하여서는 

아니됩니다.
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