http://www.ancia.befradio/

Uil

&)

POF

. SCOPE-RADSITE
WinRar Edited by:
René J.C.Kirchmann
&
Arrigo A. Cigna

http://www.ancia.be/radio/ (1 sur 6)04/08/2005 16:27:24

Radioactivity from Military Installations
sites
and Effects on Population Health

CONTENTS

<% 'CSS %> Foreword
Acknowledgements

List of Participants

Executive Summary R.Kirchmann & A.Cigha
Introduction R.Kirchmann

1.1. Background
1.2. Selected Sites
1.3. Organization

Chap.1 WISMUT Karin Wichterey and Peter Schmidt

1.1 Generalities
1.1.1 History and Brief Characteristics of the Object
1.2 Source term
1.2.1 Production Capacities and Operation Characteristics
of the Objects
1.2.2 Characteristics of accumulated radioactive materials
(RM) and radioactive wastes (RW)
1.3 Pathways
1.3.1 Characteristics of radionuclide releases
1.3.2 Atmospheric pathways
1.3.3 Aquatic pathways
1.3.4 Terrestrial pathways
1.3.5 General remarks
1.4. Dose assessment
1.5.Impact on population health
1.6. Impact on environment
1.6.1 Nuclear impact
1.6.2 Other nuclear directly related impact
s1.6.3 Non-nuclear site related impact
References

Chap.2 P.R.CHINA Mao Yongze, Lu Jiandong,Pan Zigiang
2.1 Generalities

2.1.1 Foundation and feature of nuclear fuel cycle facilities
2.1.2. Overview of foundation of nuclear fuel facilities.


mailto:rene@kirchmann.be
http://www.ancia.be/radio/uir.pdf
http://www.ancia.be/radio/uir.rar

http://www.ancia.befradio/

2.2 Source term

2.2.1 Environmental protection in nuclear industry
2.3 Pathways
2.4 Dose assessment

2.4.1 Environmental evaluation and impact of nuclear
industry on environment

2.4.2 Environmental radiation monitoring and dose
evaluation
2.5 Impact on population health
References

Chap.3 ELEKTROSTAL A.A.lskra, V.K.Popov

3.1 Generalities

3.2 Source term
3.2.1 Characteristics of radioactive releases and discharges
3.2.2 Characteristics of accumulated radioactive wastes
3.2.3. Territories contaminated with radionuclides as a

result of the object's operation

3.3 Pathways

3.4 Dose assessment

3.5 Impact on population health

References

Chap.4 OAK RIDGE M.Goldman

4.1 Generalities

4.2 Source term

4.3 Pathways

4.4 Dose assessment

4.5 Impact on population health
4.5.1 Overview
4.5.2.0ak Ridge Health Studies

References

Chap.5 SAVANNAH RIVER T. Hinton

5.1 Generalities

5.2 Source terms
5.2.1. Heavy Water Production and Reprocessing Plant
5.2.2. Fuel and Target Fabrication
5.2.3 Nuclear Reactors
5.2.4 Chemical Separation Facilities
5.2.5 Waste Facilities

5.3 Pathways
5.3.1. Atmospheric Pathways
5.3.2. Aquatic Pathways
5.3.3. Terrestrial Contamination

5.4 Dose assessment

http://www.ancia.be/radio/ (2 sur 6)04/08/2005 16:27:24



http://www.ancia.befradio/

5.4.1 Major Contributors to Dose
5.4.2 Dose from Plutonium Contamination
References

Chap.6 HANFORD B.A. Napier, M.Savkin

6.1 Generalities
6.2 Source term
6.3 Pathways
6.3.1 Atmospheric pathways
6.3.2 Aquatic pathways
6.4 Dose assessment
6.4.1 Historical Radiation Doses
6.4.2 Current Radiation Doses
6.5 Impact on population health
References

Chap.7 INDIA U. C. Mishra

7.1 Generalities
7.1.1 Introduction

7.2 Source term

7.3 Pathways

7.4 Dose assessment
7.4.1 Special Features of Indian Programme
7.4.2 Additional Features For Sensitive Sites
7.4.3 Environmental Monitoring

7.5 Impact on population health

References

Chap.8 KRASNOYARSK-26 V.K.Popov ,E.Stukin, E. Kvasnikova, M.
Savkin, V.Golosov

8.1 Generalities

8.1.1 Historical background

8.1.2 Geography, climate, hydrology and sediment
transport

8.1.3. History of investigations
8.2 Source term

8.2.1. The MCC radiation legacies: an overall
characterization

8.2.2. Liquid radioactive wastes

8.2.3. The underground LRW disposal site

8.2.4. MCC radioactive releases and discharges

8.2.5. Radioactive contamination of the Ye nisei river
valley and catchment
8.3 Pathways

8.3.1. R adionuclide composition of the water of Yenisey
river

http://www.ancia.be/radio/ (3 sur 6)04/08/2005 16:27:24



http://www.ancia.befradio/

8.3.2. Spatial redistribution and accumulation of
radionuclides in the estuary zone of the Yenisey-river

8.3.3. Data on the fish contamination

8.3.4. Contamination of the bottom materials and of the
soil of the flood-plain

8.3.5. Redistribution and v ertical distribution of
radionuclides in the soils of the flood-plain

8.3.6. Behaviour of radionuclides in the forest landscapes
of the Krasnoyarsk region
8.4 Dose assessment

8.4.1 External Exposure

8.4.2 Internal Exposure

8.4.3 Accumulated Effective Doses
References

Chap.9 MARCOULE A. A. Cigna

9.1 Generalities
9.2 Source term
9.2.1 The waste production
9.2.2 Solid Wastes Storage
9.2.3 Trends in discharges over the period 1980-1991
9.3 Pathways
9.3.1 Liquid Effluents
9.3.2 Chronology of Liquid Discharges
9.3.3 Atmospheric Discharges
9.3.4 Chronology of Atmospheric Discharges
9.3.5 Accidental Releases
9.4 Dose assessment
9.4.1 Predictive models and associated input
9.4.2 Methodology
9.4.3 Results
9.5 Impact on population health
9.5.1. Impact on a critical group
9.5.2. Epidemiological study
9.5.3. Impact on Mediterranean basin populations
References

Chap.10 SELLAFIELD L. Leon Vintr6 , P. I. Mitchell, K. J. Smith , R.
Kirchmann, M. Savkin, J.A.Lucey

10.1 Generalities

10.2 Source term
10.2.1 Operations at Sellafield
10.2.2 Liquid effluents
10.2.3 Atmospheric discharges

10.3 Pathways
10.3.1 Aquatic exposure pathways
10.3.2 Terrestrial exposure pathways

http://www.ancia.be/radio/ (4 sur 6)04/08/2005 16:27:24



http://www.ancia.befradio/

http://www.ancia.be/radio/ (5 sur 6)04/08/2005 16:27:24

10.4 Dose assessment

10.4.1. Dose exposure from Sellafield discharges

10.4.2. Dose uptake to members of the public from marine
pathways

10.4.3. Dose uptake to members of the public from
terrestrial pathways
10.5 Impact on population health
References

Chap.11 IMPACT MITIGATION /REMEDIATION W.E.Falck, P.
Schmidt,, H.Vandenhove., C.M. Vandecasteele, G. Collard

11.1 Methodology
11.2 Remediation
11.3 Case-Studies: Wismut
11.4 Conclusions and Recommendations of the SCOPE-
RADSITE
Workshop on Remediation Achievements after Uranium
Mining and Milling
11.4.1 Introduction
11.4.2. Synopsis of the Workshop presentations
11.4.3. Issues raised and Recommendations
References

Chap.12 ENVIRONMENTAL IMPACTS: A CASE STUDY OF THE
SAVANNAH RIVER SITE T. G. Hinton

12.1. Introduction
12.2. Methods
12.2.1. Source of Radiological Contamination Data
12.2.2. Method of Estimating Environmental Impacts from
Radiological Releases
12.2.3 Activity Concentrations in Contaminated Habitats
12.3. Results
12.4. Impacts of Thermal Discharges
12.5. Impacts of Lands Use Change
12.6 Conclusions and Uncertainties
12.7. Références

Radiation Units

Glossary

Appendix
.Minutes of RADSITE meetings
.Manhattan Project
.Uranium Mining Legacy

Photos Gallery


http://www.ancia.be/radio/foreword.html

http://www.ancia.be/radio/

http://www.ancia.be/radio/ (6 sur 6)04/08/2005 16:27:24




Untitled Document

<% 'CSS %> Foreword
Acknowledgements

List of Participants

Executive Summary R.Kirchmann & A.Cigna
Introduction R.Kirchmann

1.1. Background
1.2. Selected Sites
1.3. Organization

Chap.1 WISMUT Karin Wichterey and Peter Schmidt

1.1 Generalities
1.1.1 History and Brief Characteristics of the Object
1.2 Source term
1.2.1 Production Capacities and Operation Characteristics of the Objects
1.2.2 Characteristics of accumulated radioactive materials (RM) and radioactive wastes (RW)
1.3 Pathways
1.3.1 Characteristics of radionuclide releases
1.3.2 Atmospheric pathways
1.3.3 Aquatic pathways
1.3.4 Terrestrial pathways
1.3.5 General remarks
1.4. Dose assessment
1.5.Impact on population health
1.6. Impact on environment
1.6.1 Nuclear impact
1.6.2 Other nuclear directly related impact
s1.6.3 Non-nuclear site related impact
References

Chap.2 P.R.CHINA Mao Yongze, Lu Jiandong,Pan Zigiang

2.1 Generalities
2.1.1 Foundation and feature of nuclear fuel cycle facilities
2.1.2. Overview of foundation of nuclear fuel facilities.
2.2 Source term
2.2.1 Environmental protection in nuclear industry
2.3 Pathways
2.4 Dose assessment
2.4.1 Environmental evaluation and impact of nuclear industry on environment
2.4.2 Environmental radiation monitoring and dose evaluation
2.5 Impact on population health
References

http://www.ancia.be/radio/content.html (1 sur 5)04/08/2005 16:27:25



Untitled Document

Chap.3 ELEKTROSTAL A.A.Iskra, V.K.Popov

3.1 Generalities
3.2 Source term
3.2.1 Characteristics of radioactive releases and discharges
3.2.2 Characteristics of accumulated radioactive wastes
3.2.3. Territories contaminated with radionuclides as a result of the object's operation
3.3 Pathways
3.4 Dose assessment
3.5 Impact on population health
References

Chap.4 OAK RIDGE M.Goldman

4.1 Generalities

4.2 Source term

4.3 Pathways

4.4 Dose assessment

4.5 Impact on population health
4.5.1 Overview
4.5.2.0ak Ridge Health Studies

References

Chap.5 SAVANNAH RIVER T. Hinton

5.1 Generalities
5.2 Source terms
5.2.1. Heavy Water Production and Reprocessing Plant
5.2.2. Fuel and Target Fabrication
5.2.3 Nuclear Reactors
5.2.4 Chemical Separation Facilities
5.2.5 Waste Facilities
5.3 Pathways
5.3.1. Atmospheric Pathways
5.3.2. Aquatic Pathways
5.3.3. Terrestrial Contamination
5.4 Dose assessment
5.4.1 Major Contributors to Dose
5.4.2 Dose from Plutonium Contamination
References

Chap.6 HANFORD B.A. Napier, M.Savkin

6.1 Generalities
6.2 Source term
6.3 Pathways

http://www.ancia.be/radio/content.html (2 sur 5)04/08/2005 16:27:25



Untitled Document

6.3.1 Atmospheric pathways
6.3.2 Aquatic pathways
6.4 Dose assessment
6.4.1 Historical Radiation Doses
6.4.2 Current Radiation Doses
6.5 Impact on population health
References

Chap.7 INDIA U. C. Mishra

7.1 Generalities
7.1.1 Introduction

7.2 Source term

7.3 Pathways

7.4 Dose assessment
7.4.1 Special Features of Indian Programme
7.4.2 Additional Features For Sensitive Sites
7.4.3 Environmental Monitoring

7.5 Impact on population health

References

Chap.8 KRASNOYARSK-26 V.K.Popov ,E.Stukin, E. Kvasnikova, M.Savkin, V.Golosov

8.1 Generalities
8.1.1 Historical background
8.1.2 Geography, climate, hydrology and sediment transport
8.1.3. History of investigations
8.2 Source term
8.2.1. The MCC radiation legacies: an overall characterization
8.2.2. Liquid radioactive wastes
8.2.3. The underground LRW disposal site
8.2.4. MCC radioactive releases and discharges
8.2.5. Radioactive contamination of the Ye nisei river valley and catchment
8.3 Pathways
8.3.1. R adionuclide composition of the water of Yenisey river
8.3.2. Spatial redistribution and accumulation of radionuclides in the estuary zone of the
Yenisey-river
8.3.3. Data on the fish contamination
8.3.4. Contamination of the bottom materials and of the soil of the flood-plain
8.3.5. Redistribution and v ertical distribution of radionuclides in the soils of the flood-plain
8.3.6. Behaviour of radionuclides in the forest landscapes of the Krasnoyarsk region
8.4 Dose assessment
8.4.1 External Exposure
8.4.2 Internal Exposure
8.4.3 Accumulated Effective Doses
References

http://www.ancia.be/radio/content.html (3 sur 5)04/08/2005 16:27:25



Untitled Document

Chap.9 MARCOULE A. A. Cigna

9.1 Generalities
9.2 Source term
9.2.1 The waste production
9.2.2 Solid Wastes Storage
9.2.3 Trends in discharges over the period 1980-1991
9.3 Pathways
9.3.1 Liquid Effluents
9.3.2 Chronology of Liquid Discharges
9.3.3 Atmospheric Discharges
9.3.4 Chronology of Atmospheric Discharges
9.3.5 Accidental Releases
9.4 Dose assessment
9.4.1 Predictive models and associated input
9.4.2 Methodology
9.4.3 Results
9.5 Impact on population health
9.5.1. Impact on a critical group
9.5.2. Epidemiological study
9.5.3. Impact on Mediterranean basin populations
References

Chap.10 SELLAFIELD L. Leon Vintr6 , P. I. Mitchell, K. J. Smith , R. Kirchmann, M. Savkin, J.A.Lucey

10.1 Generalities
10.2 Source term
10.2.1 Operations at Sellafield
10.2.2 Liquid effluents
10.2.3 Atmospheric discharges
10.3 Pathways
10.3.1 Aquatic exposure pathways
10.3.2 Terrestrial exposure pathways
10.4 Dose assessment
10.4.1. Dose exposure from Sellafield discharges
10.4.2. Dose uptake to members of the public from marine pathways
10.4.3. Dose uptake to members of the public from terrestrial pathways
10.5 Impact on population health
References

Chap.11 IMPACT MITIGATION /REMEDIATION W.E.Falck, P.Schmidt,, H.Vandenhove., C.M.
Vandecasteele, G. Collard

11.1 Methodology

11.2 Remediation

11.3 Case-Studies: Wismut

11.4 Conclusions and Recommendations of the SCOPE-RADSITE

http://www.ancia.be/radio/content.html (4 sur 5)04/08/2005 16:27:25



Untitled Document

Workshop on Remediation Achievements after Uranium
Mining and Milling

11.4.1 Introduction

11.4.2. Synopsis of the Workshop presentations

11.4.3. Issues raised and Recommendations
References

Chap.12 ENVIRONMENTAL IMPACTS: A CASE STUDY OF THE SAVANNAH RIVER SITE T. G. Hinton

12.1. Introduction

12.2. Methods
12.2.1. Source of Radiological Contamination Data
12.2.2. Method of Estimating Environmental Impacts from Radiological Releases
12.2.3 Activity Concentrations in Contaminated Habitats

12.3. Results

12.4. Impacts of Thermal Discharges

12.5. Impacts of Lands Use Change

12.6 Conclusions and Uncertainties

12.7. Références

Radiation Units

Glossary

Appendix
.Minutes of RADSITE meetings
.Manhattan Project
.Uranium Mining Legacy

Photos Gallery

http://www.ancia.be/radio/content.html (5 sur 5)04/08/2005 16:27:25


http://www.ancia.be/radio/foreword.html

Untitled Document

FOREWORD

SCOPE, the Scientific Committee on Problems of the Environment, was established in 1969 as an
interdisciplinary body of ICSU, the International Council of Science. Its mandate is to assemble,
review and assess the information available on environmental changes attributable to human
activities and the effects of these changes on humans. Its findings are directed to research scientists,
scientific advisersto political decision-makers and to the public at large.

The present report, RADSITE, isthe latest in a series of SCOPE publications dealing with radioactive
contamination of the environment resulting from the nuclear fuel cycle, starting with the 1985/1986
volumes on the ecologica consequences of nuclear war (ENUWAR, SCOPE 28 aand b), followed

by “Radioecology after Chernobyl” (RADPATH, SCOPE 50, 1993) and “Nuclear Test

Explosions” (RADTEST, SCOPE 59, 1999).

While RADTEST addressed the environmental and human health impacts of nuclear weapons tests,
RADSITE is aimed at assessing the potential risks to the health of local population groups and to the
nearby environment due to the radioactive releases and wastes generated by the development and
production of nuclear weapons.

The study covers all phases of the production process, from uranium mining and milling to nuclear
reactor operation, reprocessing for plutonium extraction, tritium plants, etc. Information was obtai ned
for sites located in all first five nuclear weapons states. USA, UK, USSR (with East Germany),
France and China. It should be noted that, historically, extreme secrecy prevailed for most of the sites
involved. The exemplary cooperation of experts from the countries where the sites are located made
it possible to obtain the crucial data, without which the project could not have been carried out. Their
invaluable help is gratefully acknowledged.

The report presents a unique synthesis of information on inventories of radioactive releases,
environmental pathways of radionuclides, environmental contamination levels, site specific radiation
dose assessment and health impacts. The human cost of nuclear weapons development and
production proved to be very high, as radiation protection was neglected in the early days. In the
USSR, particularly, hundreds of thousands of forced labourers were drafted into the programs, many
of which died or were severely irradiated.

The report ends with areview of remediation measures and an examination of options for the
management of the contaminated sites.

Specia thanks are due to the RADSITE project leader, René Kirchmann, who succeeded in
completing the project despite numerous difficulties and delays. Tom Hilton is also thanked
gratefully for his English editing of several chapters.

We acknowledge with thanks the financial help of The European Union, the substantial support from
various Belgian organizations and the material assistance of David Ancia.
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in Munich,08-09 Sept.2000, hosted by the Bundesamt flir Strahlenschutz (BfS), with the financial support of
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colleagues participated to the RADSITE Project at the expenses of their own Laboratory.
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a full local support.

Contributors

The project, completed in 2003, involved some 50 specialists from China, Europe, India and Japan former
Soviet Union, United States of America, who joined their efforts and expertise.

This international, integrated and critical review strategy produced a comprehensive report

The list of participants to the SCOPE-RADSITE project is provided in another section.
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Dr. Christian Vandecasteele Tel: +32-14335281

Belgian Nuclear Research Centre SCK .CEN Fax: +32-14333581
Radiation Protection Division

Boeretang 200

B-2400 Mol (Belgium)

Dr. Hildegarde Vandenhove Tel: +32-14335280
Head of Section of Radioecology Fax: +32-14580523

Belgian Nuclear Research Centre SCK .CEN

Dept. of Radiation Protection Research

Boeretang 200

B-2400 Mol (Belgium)

Victor Y akovlev Tel: +380-565226824
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STC DRWM Fax: +380-565226824
(NTTC KORO)

37, Petrovsky street

Zhovtie Vody (Ukraine)

SCOPE-RADSITE WORKSHOP Brussels, December 2000

Fatal A. Balogun
Centre for Energy Research & Development |Tel.: +234 36 23 02 90
Obafemi Awolowo University Fax:

ILE-IFE (Nigeria)

Benes Petr
CTU Prague
Dpt. of Nuclear Chemistry Tel.: +420 2 2317626
Brehova7

CZ-115 19 Praha 1 (Czech Republic)

Philippe Bourdeau

[Université Libre de Bruxelles] Tel.: +32 2 650 43 22
26 avenue des Fleurs Fax: +32 2650 43 24
B-1150 Brussels (Belgium)

Guy E.R. Collard _

Radioactive Waste Cleanup Division Tel.; +32-14-3334 32

Tel.; +32-14 33 34 35 (secretary)

Boeretang, 200 _ A

B-2400 Mol (Belgium) Fax: +32-14-32 03 13
Michel Chartier

:;itlgut de Protection et de SOreté Nucléaire Tl +33 1 46 54 89 85
F-92265 Fontenay-aux-Roses CEDEX Fax: 331465488 29
(France)

Arrigo Cigna Tel.: +39 0141 907 265
Fraz Tuffo Fax:

1-14023 Cocconato (Italy) '

J.M .Deconinck

ONDRAF/NIRAS Tel: +3222121011
Avenue des Arts Fax: + 322 218 51 65
B-1210 Bruxelles (Belgium)

Eduard Deksnis

DG-Research-B-2 (SDME 1/60)
European Commission
RuedelaLoi, 200

B-1049 Brussels (Belgium)

Tel: +32 2296 72 02
Fax: + 32 2296 92 27
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Marvin Goldman
1122 Pine LN
CA 95616 Davis (USA)

Tel 1 +1530 152 13 41
Fax : +1 530 152 71 07

Vaentin Golosov

Institute of Global Climate and Ecology
Glebovskaya str.,20-b

Ru-107258 Moscow (Russia)

Tel. +7 095 160 90 25
Fax. +7 095 160 08 31

Tom Hinton
SREL DRAWER E
SC 29803 Aiken (USA)

Tel.: +1 803 557 7454
Fax : : +1 803 557 7324

Jiro Inaba

Institute of Environmental Sciences
Rokkasho-mura

Aomori 039-32 (Japan)

Tel: +81 17571 12 00
Fax: +81 175711270

Anatoly Iskra
Kashirskoye shosse 33
Ru-115230 Moscow (Russia)

Tel: +7 095324 42 38
Fax : +7 095 324 54 41

Jiandong Lu

Research Institute of Chemical Defence
p.o Box 1044-201

102205 Beijing (PR of China)

Tel : +86 10 66 75 81 86
Fax : +86 10 69 76 74 52

René Kirchmann
(University of Liege)

Rue Cardinal Cardyn, 5/18
B-4680 Oupeye (Belgium)

Tel: +32-4 264 25 64
Fax: +32-4 264 55 73

Jean-Marie Lambotte

Agence Fédérale de Controle Nucléaire
Rue Ravenstein, 36

B-1000 Bruxelles (Belgium)

Tel.: + 322289 2159
Fax : +32 2289 21 62

Umesh Mishra

Health Safety & Environment Group
Bhabha Atomic Research Centre
Mumbai 400 085 (India)

Tel.:
Fax:

géggeHl\;raﬁlser Tel.: +1 509 375 3896

WA 99352 Richland (USA) Fax : +1 509 375 2019

Véronique Plocq Fichelet

SCOPE Tel.: +33 145 2504 98
bd de Montmorency 51 Fax: +33 1 42 88 14 66

F-75016 Paris (France)
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Victor: Popov
RRC "KI", Kurchatov Square 1
Ru-123182 Moscow (Russia)

Michael Savkin
Zhivopisnaya 46
Ru-123182 Moscow (Russia)

M.Schrauben
ONDRAF/NIRAS Tel.: +3222121011
Avenue des Arts Fax: + 32 2218 51 65
B-1210 Bruxelles (Belgium)

Lionel Sombré
Agence Fédérale de Controle Nucléaire Tel.: +322 289 21 54
Rue Ravenstein, 36 Fax : +32 2289 21 52
B-1000 Bruxelles (Belgium)

Ernst Schulte
DG-Research-B-2 (SDME 1/60)
European Commission
Ruedelaloi, 200

B-1049 Brussels (Belgium)

Tel.: +7 095 196 93 44
Fax : +7 095 196 86 79

Tel.: +7 095 190 42 89
Fax : +7 095 190 35 90

Tel.: +32229571 55
Fax: +32 2 296 62 56

Christian Vandecasteele

Belgian Nuclear Research Centre

SCK<CEN Tel: +32 14 3352 81
Radiation Protection Division Fax: +32 14 333581
Boeretang 200

B-2400 Mol (Belgium)
Hildegarde Vandenhove

Radioecology Section

Belgian Nuclear Research Centre Tel: +32 14 3352 80
SCK<CEN Fax: +32 14 58 05 23
Dept. of Radiation Protection Research '

Boeretang 200

B-2400 Mol (Belgium)

Leon Vintro Luis

Dept. Experimental Physics 1
Dublin- 4 (Ireland)

Karin Wichterey

Kopenicker Allee 120
D-12557 Berlin (Germany)

Tel.: +353 1 706 22 21
Fax : no

Td.: +49 3050 92 23 42
Fax : no

* Minutesof the SCOPE-RADSITE Workshop,2 September,2001
Aix-en-Provence,France

Within the framework of the I nter national Congress on the Radioecology & Ecotoxicology of
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Continental and Estuarine Environments (ECORAD-2001) a SCOPE-RADSITE Workshop
was convened on Sunday 02 Sept at 15:00 hr in the premises of the Congress Centre.
Present :R.Alexakhin,E.Falck, T.Hinton, A.lskra, R.Kirchmann (Chairman), E.Kvasnikova,
Y.Ohmomo (partim), G.Polikar pov (Acting Secretary),V.Popov, K.Wichterey

In attendance : D.Calmet, L.Foulquier, D.L ouvat

Apologiesfor absence: Ph.Bourdeau, A.Cigna G.Collard, M.Goldman, Y .Kutkahmedov, G.
Linden, M.Savkin, S.Sheppard, H.Tsukada, C.Vandecasteele, H.Vandenhove, T.Zeevaert

» SCOPE RADSITE Working Group Meeting Gembloux, 12 June 2002

Attendees: Ph. Bourdeau, A. Iskra, R. Kirchmann, U. Mishra, G. Polikarpov, V. Popov,
C. Vandecasteele.
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<% 'CSS %>
EXECUTIVE SUMMARY - R.Kichmann,A.Cigna
1 INTRODUCTION

The programme “ RAD ioactivity from military installations SITE s and effects on population health”, or
RADSITE, belongs to the series of numerous studies carried out under the auspices of the S cientific C
ommittee O n P roblems of the E nvironment ( SCOPE ). It falls under the SCOPE's Health & Environment
cluster.

Whereas safety and respect of the environment was always given a high priority in civil nuclear
programmes, the race towards nuclear arms did not burden itself too much with such preoccupations. For
the public, the most obvious manifestation of military programmes are nuclear bomb testing. Since the late
1940's, nuclear test explosions have resulted in the production and dispersion in the environment of
enormous amounts of radioactivity. The inventory of the radioactive releases from test explosions and their
radiological consequences on human health, specially for the most exposed populations submitted to local
fallout, has been addressed by the SCOPE-RADTEST programme carried out from 1993 until 1997. The
prominent conclusions were published in the SCOPE books series [Warner & Kirchmann, 1999].

Behind the scene, however, less visible activities such as uranium ore mining and milling, uranium isotopic
enrichment, spent fuel reprocessing to extract plutonium and R & D on nuclear weapons development,
have generated large amounts of radioactive waste that were disposed off with more or less environmental
care. In contrast with the well-documented civil nuclear wastes, the military ones is still surrounded by much
uncertainty regarding the nature, quantities, the way they were disposed off and the consequence of such
disposal for human populations and the environment.

The SCOPE-RADSITE Project was launched in 1998 as an integrated scientific study aiming to assess the
potential risks to the health of local population groups and to the nearby environment due to the radioactive
wastes generated by the development and production of nuclear weapons and their potential releases of
radionuclides into the environment.

The relevant issues include consideration of data, models, uncertainties, and new information and insights.
Furthermore, clean-up and remedial actions already underway or under consideration are studied in terms
of advantages and uncertainties. It is, however, not the aim to provide an exhaustive inventory of all the
sites and options, but to select significant examples and the best assessment tools for action and evaluate
qualitative aspects of source terms, pathways, models and consequences of military waste treatment and
disposal. The criteria applied for the selection of most relevant sites include magnitude and potential
mobility of radioactive residues, importance of environmental pathways, current site status, and potential
impacts on human health and environment.

Chap.1 WISMUT

In the years immediately following World War 1l, East German mines supplied uranium for the Soviet
nuclear weapons program. Even after mining started in the Soviet Union, East Germany continued to serve
as the major source of uranium. The most important uranium deposits were in the Erzgebirge in Saxony
and the Thuringian Forest in Thuringia.

The peak year was 1967, during which 7,100 metric tons of uranium were produced. In total, about 400,000
people have worked in Wismut mines, producing a total of about 231,000 metric tons of uranium.
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These activities have contaminated an area estimated at 100 square kilometres from which the mining
operations area is about 37 km 2 . Lake-like basins of mill tailings and associated waste up to 2.5 square
kilometres dot the region.

The main sources of contamination in the case of uranium mining and milling sites of WISMUT are :

» Large underground mines with near surface workings and shafts as primary source of radon,
radioactively contaminated dust release and of groundwater contamination,

» Waste rock dumps, mining debris including low grade ore, residues from heap leaching,
» Radioactively contaminated scrap material and contaminated equipment,
» Contaminated mining operation areas, roads and railways,

 Mill tailings as the most important repositories of waste residues producing radon, releasing contaminated
dust and contaminated seepage water.

The most extensive contamination is present in area covered by waste rock, tailing embankments and in
considerably contaminated groundwater bodies. This means that at WISMUT mostly volume sources of
radioactivity have to be dealt with, in contrast to radioactive contamination by deposition from
fallout or washout.

The relevant exposure pathways in case of WISMUT are :

« Atmospheric pathway leading to exposure by inhalation of radon and radon daughters and inhalation of
airborne radioactive particles (dust) ;

» Terrestrial pathway that can lead to doses due to external radiation in connection with residence on site
and ingestion of soll ;

* Aquatic pathway that can result in dose exposure due to ingestion of contaminated water or crops
irrigated with such water.

The following dose assessment for the population is made on the basis of measurements in all relevant
environmental media in the surroundings of uranium mining and milling relics at the Ronneburg region in
Thuringia in 1994. Higher exposures could be expected during active mining operations but since
remediation is rapidly under progress the situation still was improved in the meantime. The pathways,
parameters and assumptions used are in accordance with the German guideline "Calculation Instruction for
the Estimation of Radiation Exposures caused by Mining Related Environmental Radioactivity" (1999)
which is sufficiently conservative, but more realistic concerning existing situations. The critical group of
inhabitants in that region is mostly the age group <1 year (of the six age groups given in the Euratom
Directive).

Dose assessment for the Ronneburg region (based on average values)

Pathway Resulting dose for the critical group* (mSv/a)
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without backgr. deduction with backgr. deduction

External exposure 0.238 0
Inhalation of dust 0.025 0.001
Ingestion of local food 0.155 0.128
Ingestion of water 0.056 0.008
Ingestion of soil 0.153 0.029
Inhalation of radon/decay 0.55 0.11
products (ICRP 65)

Sum 1.177 0.256

* Critical group being mostly (except dust) the age group <lyear
IMPACTS ON POPULATION HEALTH

During Wismut's entire operational period of mining and processing of uranium ores in East Germany no
grave incident with extremely high emissions into the environment occurred. Thus the comparatively low
rate of emission from routine releases did not cause acute radiation sickness or other acute illness among
the population.

The dose rate was significantly below the threshold for non-stochastic effects. Stochastic radiation injuries
that might result from radiation exposures have not been reliably quantified by epidemiological studies.

On another hand the effects of decades of increased radiation exposures and of other unwholesome
impacts at underground work places and processing plants were the subject of intensive studying. This was
of particular importance for the recognition of occupational diseases and for money compensation involved.

By the end of the 1990s, the WISMUT social security system had conducted a total of 43,743 procedures
related to the recognition of occupational diseases in favour of 35,004 persons. Out of this total, 31,325
cases were recognised as occupational diseases. 6,943 cases of radiation-induced cancers were notified of
which 5,492 cases were recognised as occupational cancers caused by ionising radiation. These diseases
were exclusively lung cancer cases.

ENVIRONMENTAL IMPACTS
* Nuclear related Impacts

Over 40 years of radionuclide emissions from uranium ore mining and processing facilities at WISMUT sites
has led to environmental accumulations of radioactivity in the air, water and soil. Increase in concentrations
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in those media resulted in a transfer to biota.
Activity concentrations in plants

, huclide transfer could attain radiological relevance in the case of plants intended for human consumption
(leafy vegetables, vegetables, fruits), which are grown right next to mining relics. In the surroundings of
mining areas specific activities typically measured for 226 Ra were between 1 and 10 Bg/kg , but 130 Bg/kg
could be reached on contaminated grounds.

Activity concentration in animal products

In mining regions, Federal Authorities and WISMUT did not carry out systematic studies on radioactivity in
animal products except for milk.

Other nuclear directly related impact

Large-scale deposition of radioactive wastes from the mining and milling of uranium ores in the immediate
vicinity of residential neighbourhoods has led to the affected areas needing extensive rehabilitation. After
the cleanup, reuse of the rehabilitated areas partly will be restricted.

* Non-nuclear site related impacts

The enormous/tremendous devastation of the landscape and the related dramatic restriction of land use
and impact on the quality of life of the locals must be qualified as the most serious, and at the same time
most apparent non-nuclear environmental impact.

Apart from the devastation of the landscape, the pollution of soils and waters with conventional chemical
contaminants has to be mentioned among the non-nuclear impacts on the environment. Major
contaminants are:

- Arsenic

- Metals (Fe, Ni, Mn, ..)

- Salts (sulphates, carbonates).
Chap.2 P.R.CHINA

Tablel to table 6 in the report illustrated the total activity of different radio-nuclides in gaseous and liquid
effluents discharged from six kinds of nuclear industry systems:

the uranium ore metallurgy system,

the nuclear fuel element manufacture system ,

the uranium isotopes separation system,

the nuclear reactor and spent fuel reprocessing system,

http://www.ancia.be/radio/exesum.html (4 sur 19)04/08/2005 16:27:34



Bienvenue dans Adobe GoLive 6

* the nuclear metallurgy and processing system and
* the nuclear engineering research system.

Over thirty years, it was concluded that defining facility year as a unit of statistic up to 93.5% the annual
effective dose equivalent of the key resident group resulted from the gaseous and liquid effluents of nuclear
industry was below | mSv and about 6.5% was over | mSv but below 5 mSv.

The main source resulting the collective effective dose equivalent of the residents around the nuclear
facilities was the uranium ore metallurgical facility due to the large quantity of radon gaseous discharge.
The radon quantity discharged to environment per 100 t of uranium production was much more than that
estimated by the UNSCEAR.

The environmental impact of nuclear fuel cycle facilities could be neglected. China as a developing country
has a population of 1.2 billion, from the point and statistic of national dose which involves the exposures of
national background, professional, public and medical, the nuclear industry led to the public an