Contents

Radioactive Waste Management . . . .. ......................

Principles of Radioactive Waste Management. . . . .........
Types of Radioactive Wastes. . . .......................
Definition of Radioactive Wastes. . .. ............
Classification of Radioactive Wastes. . .. ..........
Radioactivity of Radioactive Wastes. . ... .........
Radioactive Waste Engineering . . . .. ...................
Radioactive Waste Treatment and Disposal

Processes . . . .

Generation and Characteristics of Radioactive Wastes. . . . ... ...

Wastes from Uranium Mining and Melting Facilities. . . . .. ..
Wastes from Fuel Fabrication Facilities. . . ...............

Wastes from Nuclear Power Plants . . .. .................
Gaseous Wastes . . .. ..o i it

Liquid Wastes
Solid Wastes .

Wastes from Reprocessing. .. ............. ...,
Gaseous Wastes . . ... vin it

Liquid Wastes
Solid Wastes .

Wastes from R&D and Radioisotope Uses. . . .............
Repatriated Wastes . . .
Wastes Below the Clearance Limit. . . ..................
Wastes from Partitioning and Transmutation. . .. ..........

1

1.1

1.2
1.2.1
1.2.2
1.2.3

1.3
1.3.1
1.3.2

References

2

2.1

2.2

2.3
2.3.1
232
233

2.4
2.4.1
2.4.2
2.4.3

2.5

2.6

2.7

2.8

2.8.1
2.8.2

Partitioning . .
Transmutation

XV



XVi

Contents
2.8.3  Fuel for Transmutation. . . ..................... 39
284 P&T System........ .. ... ... . ... . ... ... 39
285 WastesfromP&T......... ... ... ... ........ 41
2.8.6 P&T as a Waste Management Policy . .. ........... 43
References. . ... ... 45
Decommissioning of Nuclear Facilities. . ... ................. 47
3.1  What Is Decommissioning? . . . ........................ 47
3.1.1 Decommissioning Method . . ................... 49
3.1.2  Amount of Wastes Generated

from Decommissioning. . . .................... 50
3.2 Formulation of Decommissioning Plan. . ................ 51
3.2.1  Evaluation of Residual Radioactive Materials. . . . . . . 52
3.2.2  Development of a Decommissioning Plan. . ... ..... 56
323 Evaluationof Safety.......................... 57
3.3  Decommissioning Techniques. ........................ 62
3.3.1 Decontamination Techniques. .................. 62
3.3.2 Remote Techniques. ......................... 65
3.3.3 Dismantling Techniques. ...................... 65
3.4 Dismantling of Nuclear Facilities. . . ................... 66
3.4.1 Dismantling of Reactor Facilities: Examples. . ... ... 67

3.4.2  Dismantling of Nuclear Fuel Cycle Facility:
Examples. . ... ... ... . ... .. . 68
35 SiteRelease. ... ... e 71
3.5.1 Criteriafor Site Release . . . .................... 72
3.5.2  Verification for Site Release . . . ................. 74
References. . ... ... . 76
Clearance. . .. ...t 79
41 WhatlsClearance?. .. ........ . ... ... 79
4.1.1  Necessity of a Clearance System. .. .............. 79
4.1.2  Concepts Similar to Clearance . . . .. ............. 80
4.1.3  The Japanese Clearance System. .. .............. 81
4.2 Methods of Clearance Level Derivation. ................. 83
4.2.1  Preconditions for Clearance Level Derivation. . . .. .. 83
4.2.2  Exposure Dose Evaluation Models. . ... .......... 85
423 Clearance Levels. ... ......... .. ... .......... 92
4.3  Clearance Level Verification. .. ....................... 95
4.3.1 Flow of Clearance Level Verification. . ........... 95
432 Clearance Judgment. ......................... 97
4.4 Clearance Applications. . . . .......... ..., 102
4.4.1 Clearance Activities at the Tokai Power Station. . . ... 102

442  Clearance Activitiesat JRR-3. .. ................ 108



Contents XVii

4.5  Clearance Level Approaches of International Organizations. . . 110
4.5.1 International Atomic Energy Agency............. 110
4.5.2 European CommisSion. . . ..................... 112
4.6  Clearance for Non-reactor Facilities. .. .................. 113
4.6.1  Clearance for Uranium-Handling Facilities. . .. ... .. 113

4.6.2  Clearance for Radioisotope-Using Facilities and
Radiation Generators. . .. ..................... 115
References. . . ... 116
5 Radioactive Waste Treatment Technologies. . ................ 119
5.1  Principles of Radioactive Waste Treatment. . . ... ......... 119
5.2 Gaseous Waste Treatment . . . . ........................ 120
5.2.1 Radioactive Noble Gases. . .................... 120
5.2.2  Radioactive Iodine . . . ............. ... ... .. ... 122
5.2.3 Particulate Matter. . . ......... . ... ... ... 123
5.3 Liquid Waste Treatment. . ... .........vverneenn. .. 123
5.3.1 Coagulation-Sedimentation (Adsorption)........... 125
532 Filtration.......... ... ... ... 126
533 Evaporation.................eiiiiiiiiina.n 128
534 JonExchange............. ... .. ... ... ..... 129
54  Solid Waste Treatment . . . . ..., 132
54.1 Incineration....................iiiiiia... 132
542 Compaction. . .........uuuuiuiiinunnnneneno... 135
543 Melting. ... 136
5.5 Solidification. . . ... ... 138
5.5.1  Solidification of Low-Level Radioactive Wastes . . . . . 141
5.5.2  Solidification of High-Level Radioactive Wastes. . . . . 145
5.5.3 Waste Form Verification. ... .................. 146
References. ... ... . . . 150
6 Radioactive Waste Disposal . . . ........................... 153
6.1  Concept of Radioactive Waste Disposal . . . ............... 153
6.1.1  Basic Concepts for Ensuring Safety. .. ........... 154
6.1.2  Disposal Methods for Different Types of Wastes. . . . . 155
6.2  Multi-barrier Approach. .. ......... ... ... .. ... ... ... 156
6.3  Near-Surface Disposal: Category 2 Waste Disposal . . . . ... .. 158
6.3.1 Landfill Disposal . ... ........... ... .......... 159
6.3.2 VaultDisposal.......... ... ... .. ... 160
6.3.3  Subsurface Disposal . . ........................ 162
6.4  Geological Disposal: Category 1 Waste Disposal . . ... ...... 164

References. . . ... o e 172



Xviii

Contents

Performance Assessment of the Radioactive Waste
Disposal System . . . .. ... ... . ... ...
7.1  Performance Assessment of the Disposal System. . .........
7.1.1  Purpose of Performance Assessment. .............
7.1.2  Content and Method of Performance Assessment. . . . .
7.1.3  Treatment of Uncertainty . . . ... ................
7.2 Performance Assessment Models. . .....................
7.2.1  Groundwater Hydrology and Geochemical
Environments. .. ........ ... ... .. .. ...
7.22  Source Term Model . . ........................
7.2.3  Migration of Radionuclides in Soil and Rock........
7.2.4  Radionuclide Transfer in the Biosphere. . ..........
7.3  Interpretation and Use of Performance Assessment Results . . . .
731 Safety..... ...
7.3.2  Technology Development. .....................
7.3.3  Public Consensus Building Process and Policy
Decision Making . . . ......... ... ... .. ... ...
References. . . ... ... .

Appendix A: Derivation of Clearance Levels. .. ..............
8.1 Reference Dose Values. ............... ... ... ... .....
82 Evaluationltems............... ... .. ......... ... ...
8.3 Evaluation Pathways. .......... ... ... ... ... .........
8.4  Exposure Dose Evaluation Models . . ....................
8.4.1  External Exposure Dose Evaluation Model . . . ... ...
8.4.2  Inhalation Intake Exposure Dose Evaluation Model . . .
8.4.3  Ingestion Intake Exposure Dose Evaluation Model . . .
8.4.4  Skin Exposure Dose Evaluation Model . . . .........
8.5 Scenario Parameters. ................. ... ..
References. . ... ...

Appendix B: Solving Diffusion Equations and
Advection-Dispersion Equations for Radioactive Materials. . . . . .
9.1 Diffusion in an Infinite Medium . . . .. ..................
9.1.1  Solution Using Fourier Transform................
9.1.2  Solution by the Variable Separation Method . . . . . . ..
9.1.3  Average Migration Distance . . .. ................
9.2  Advection in an Infinite Medium . . . ....................
9.3  Advection and Dispersion in an Infinite Medium. . .........
9.4  Advection and Dispersion in an Infinite Medium Under the
Retardation Effect. ... ...... ... . ... ... ... ....
9.5  Advection and Dispersion in an Infinite Medium
Accompanied by Radioactive Decay and Retardation. . . . . . ..
9.6  Diffusion in an Infinite Medium with Stepwise Initial
Concentration Distribution. . . . .......................
9.7  Diffusion Under Patch-Source Condition. . ...............



Contents Xix

9.8  Advection—Dispersion Equation for a Multi-member

Decay Chain. . ....... ... it 243

9.9  Diffusion in a Semi-infinite Medium . . . . ................ 245
9.10 Solution for a Band-Release Condition. . . ............... 247
9.11 Diffusion in a Finite Medium. . . .. .................... 248
9.12 Diffusion Equation in Cylindrical Coordinate System. .. ... .. 254
9.13 Diffusion in Spherical Coordinate System. .. ............. 255
9.14 Laplace Transform Pairs. . ............ ... ... ... ...... 256
References. .. ... i 257

10 Appendix C: Fundamentals of Chemical Equilibrium

and Thermodynamics for Radioactive Waste Management . . . . . . 259
10.1 Enthalpy and Entropy . .. ............. ... .. ... .. ... 259
10.1.1 Enthalpy............ ... 259

10.1.2 Entropy . ..o o ettt e e 261

10.2  Gibbs Energy and Chemical Equilibrium. . ............... 263
10.2.1 GibbsEnergy........ ... . i 263

10.2.2 Chemical Equilibrium. .. ..................... 264

103 AdSOIption. . .. ... oot 266
10.3.1 Adsorption Isotherm Equation. . ................ 266

1032 KyModel. ... ... .. 268

10.4 Exercises with Solutions . . . ............. ... ......... 271
Answers to Exercises. . .. ........ ... . .. ... 281
Chapter 2. . . . ... 281
Chapter 3. . . ... 283
Chapter 4. . .. o e 284
Chapter 5. .. o e 286
Chapter 6. . . ... 288
Chapter 7. . . oo 289



2 Springer
http://www.springer.com/978-4-431-55416-5

Radioactive Waste Engineering and Management
MNagasaki, S.; Nakayama, S. (Eds.)

2015, XX, 296 p. 60 illus., 1 illus, in color., Hardcover
ISEM: 978-4-431-55416-5



	Contents

