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�¶���Þ 14 �!���I��n 93 �ï�Ö	d�à�‚�!�»�����”�����Z�t��
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�´�”�i�r�h�V
Œ�#	1�¾�:�=���+�¦�^�é�È�p�`���–  
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�  

(2)
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            (1)2 A �Ê�p�Ë�t�¤��µ	"���ß�«�Ô� �p���Ë�t�¤��µ	"�`�œ�ñ  

(2)2 B�• C �Ê�p�Ë�t�¤��µ	"���ß��� �p���Ë�t�¤��µ	"�`�œ�ñ  

(3)U�½�Ã�m���È�¬�¶�L C �Ê�p�Ë�t�¤��µ	"  

(4)�È�È�¬�¶�†	d�Ð�B�p	ì�ð	"�”�.
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2��Õ�f
þ���™����h�-	1�	�8�”�Í 2008�£�<�à��	ì���Á�=���•
�

���Á�=�Û�Ì�ã�”���) 2030�£�´���d��=�:	1 25%���Þ�Á�=�–� �U���Í 2011

�£ 6 �´ 12�• 13 �²�^�é���ñ�†�'�‹���” 95%	1�'��	d�Ô�˜�™��û�æ�Y�N
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��ƒ�¹	1�E	��Â�”�å
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ù”�Á�h	1�<�Â�”�H�‚�¼� �U���«
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Sites D&D license Green field 

Bosco Marengo 2008 2022 

Trino 2012 2024 

Garigliano 2012 2025 

Caorso 2012 2026 

Latina 2017 2035 

Trisaia 2014 2026 

Saluggia 2015 2029 

Casaccia 2016 2025 
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�È�6�`�œ�ñ�H���I�´�?�˜�f�`û�¬���3�p�Ï�Ë�t�¤��µ	"�–  

3.� ���é�È�p
à�½��
Þ  

(1)�È�p�>�Q
"2�Á�=��
����«�8�†�–  

(2)�´�t	1�œˆ
"�7�@�h�‚�H�¬�s  

�  ��n�È�6�`�œ�ñ�p�ñ�4�¤  

�  �È�p�z�ñ�—��n�V�†�±�Ì�%�²�Â�p�Á�1  

�  �©���6�!�ñ�?�p�È���•
à�d�—	5�•	ì�E1�Â  

(3)�>	›
ù�U�^�v�š  

�  ���È�¬�¶�4���Á�W�Ï�±���¬�ð�f�`û  

�  �È�Æ�—�È�p�¬�Á�Ó�-�V�4�Y�p�œ�d�<�’  

�  �������à	1��µ	"�p�P�•  

�  �+�s	ì	"�p�È�È  

�  �A�o���È  

�  �	�•�Ì�%�²�Â1	p�a�I���p�Á�1�”�È�Æ�—�È�È�G�s�p�Ë�t�¤�Ó

�-�V�4�Y  

�  �‡�R�Î��n�È�6�`�œ�ñc		�@�^�é�È�p
à�½�”���Š��	ì��	1��

�±�*�„�—�<�’ü�¶�*�„�”�Ð�@
"�>	›�ú�ã�p���±�*�„�”�Ð	õ

�ñ�h�k
Þ�©�Ú �ú  

�  CAORSO�=���š�P�•�m�x��µ	"�?�˜�*�„�r�f 4,000 

    ¯  

�  GARIGLIANO �=���š��	ì��µ	"�?�˜�*�„�r�f 2,400 

�E�±�†�¡  

�  BOSCO MARENGO�{
��š�<�’ü�¶��µ	"�?�˜�*�„  

�r�f 200�E�±�†�¡  

�  SALUGGIA �{
��š��	ì��µ	"�?�˜�*�„�r�f 2,000 

�E�±�†�¡  

�  LATINA �=���š��	ì��µ	"�?�˜�*�„�r�f 1,800�E�±  

�†�¡  

(4)�!�Ô�Ì
Þ
à�½�š  

�  LATINA �=���š  

�  �È�È�=���˜�p�—�û	��ò  

�  �È�È�³�²�—�c�³�%��  
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�  �^�é�v�†�—È�ï���±�`û�Ó�-�`��  

�  GARIGLIANO �=���š  

�  �Y�«�Ì�?�9�È�È�p�{
à�`��  

�  ��	ì�?�˜�*�„�Ð�È�È���±�—�.  

�  �^�é�È�È�³�²�•�c�³�%���p�{
à�`��  

�  �^�é�<�’�˜�¨�t���ª�•���Ó�-�p�{
à�`��  

�  �È�È�A�o���^�é���ƒ�?�˜  

�  CAORSO�=���š  

�  �È�È�+�s	ì	" (���• RHR ��	¥�Ã ) 

�  ��	ì�È�Æ���ª�”�Ð	•2��	n�F�È�Á�ßX��e�½��  

�  �Y�«�È�È�³�²�•�c�³�%�� (�È�Á 5,800�r��	n�F�—��  

    �) ) 

�  �^�é���Û�?�9���È�—���Û�`û���ª�È�È�`��  

�  TRINO �=���š  

�  �Y�«�È�È�+�s	ì	"�—�Ó�-  

�  �Y�«�È�È�A�o  

�  �Y�«�³�²���ª�•���Ó�-�•�=�:�Ó�-�•�<�’��	¥�½�Ó�-  

�  
à�½�^�é�Ø�¤�Ü�•
à�½�Ð�`û�4���«�_  

�  SALUGGIA �{
��š  

�  �È�È�4���Ï�±�Ã  

�  �È�È�½��	¥�Ã  

�  ��	ì�Y�«��È�ï���±�?�˜�R  

�  �����±�`û�{
��%�‡��	ì�m  

�  �����±�?�˜�*�„�%�‡��	ì�m  

 

  �2�2�2�2�•�•�•�•�Ó�-�Ó�-�Ó�-�Ó�-�•�•�•�•�è�Ì�I�•�Y	1�ý�¤�è�Ì�I�•�Y	1�ý�¤�è�Ì�I�•�Y	1�ý�¤�è�Ì�I�•�Y	1�ý�¤�•�/ �•�/�•�/�•�/  

   (�+ )�4�Y	n�F�&�—�m�l�J	"�I
R�•��	"�p
”�Ò  

	n�F
R�•	õ�«
a�����I�`û�é�|�@�Ì
Þ�p source term���-�”�°�Z�1

�÷�?�t�J�{�Ì
Þ
"�¾�™�h�—�«	4w�J�{	1 � �Á���”�Ö�È	h�¾�™�`û�é�|�^

�é�1�÷	1�S�¤	ž�ã
ù�Í�Á���u�ï�H�—�«	o�Z � �• � �J�{	1���|�–�>	›�3�Ê

�b	5	1	n�F�—�±	5�•�”�ý��
"�™�Í	h�Z��2�^�é�È�p�`��	1�˜�¨�t�”�}�¤

	�XÄ�”�†�C�“�à��µ	"�m	1�Ë�t�¤�Á���º	ë�–  
��Á�%���—�!�Ô�â�ï�M

�¾�™�¼�Ú�1�+�Ó�h
Œ�Â
”�Ò�•�@�–  
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�  NUREG/CR-3474,Long-Lived Activation Products in Reactor 

Materials(1984) 

�  NUREG/CR-6567, Low-Level Radioactive Waste Classification, 

Characterization and Assessment: Waste Steams and Neutron 

Activated Metals(2000) 

�  ��¾�:�W�h���Ÿ , Technical Reports Series No.389, Radiological 

Characterization of Shut Down Nuclear Reactors for 

Decommissioning Purposes (1998) 

�  
��h�-�• , PNL-6046 Spent Fuel Disassembly Hardware and 

other Non-Fuel Bearing Components: Characterization, Disposal 

Cost Estimates and Proposed Repository Acceptance 

Requirements (1986) 

�  �)�I	æ��‚�Ã�é�|
•�‚�V�~�l�Ó , Determination of Chlorine in 

Steel and Graphite (2002) 

�Ö�Ë�t�¤�Á�� 93Mo, 36Cl, 108mAg, 59Ni, 63Ni, 94Nb, 14C, 99Tc �‚
a� �¶	o

�ê�•�Z�•�‡�Þ�¥�é�|�m�ñ���ï	1�ý�¤�I�–�7�J���œ�‰�—�«�ï�ƒ�J�{	1�ý�¤

�Ö�9�)�Â�ù�– 108mAg, 59Ni�I 63Ni�Ì
Þ�-�Þ�6�¬�I��	1�è�Ì	"�” 93Mo, 36Cl, 
94Nb, 14C, 99Tc�Ì
Þ�-�Þ�l8)�S�—���ƒ�6 Mo, Cl, Nb, N, S�Û�l�J	"�–  

�È�p�=���m�È�@	1	n�F�%���4�Y�”�!�?�t�ý�¤�Ì
Þ�9�)�:���}	n�m�•

�H�«�]	1���|�–���>	›†�\�4�Y�´	u��	1�—���ž�Ô�m�”�•�ê�ý�h�1�™�—�±

�ý�¤ (�•N	ë )�¶�Â	1�•�H�G�•�”���™���|�9�C�t	õ�?�t�ý�¤	1�Þ�f�•�H (�•

Cl)�”	ž�l���ý���Q�/�à���–  

 

	d�2   �z�Ê�‰�ë�±	��¾�™�l�u�Ê	À�l8)�S�‰�ë�!�¬�6
ù
Þ�Þ�f�•�H�è�à�´
Þ	d  
                                                       �â�ï :(mg/k�h�”ppm) 

�•�H  

NUREG/ 

CR-3474 

Type 304 

PNL-6046 

Type 304 

Anonym. 

Type 304 

Imperial 

College 

Type 304L 

NUREG/ 

CR-3474 

Type 316 

Anonym. 

Type 316 

Imperial 

College 

Type 316L 

Mo 2.6 0 -- -- 21100 250 -- 

Cl 70 -- -- <0.73 -- -- <1.2 

Nb 89 100 220 -- 29.33 370 -- 

N 452 1300 670 -- 357 500 -- 

S -- 300 34 -- -- 28 -- 

Co 1414 800 2310 -- 1473 3180 -- 

�/�š Anonym. Type 316(¸�6�f�œ�Ÿ�”�ñ�h
"�‰�ë�Q�„�”�H�ñ�h���”�B�l
" 316�l8)�S�–  
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	d�?   �!�†�ù�Á�h�=��D�4	1 SA240 Type 304�• 316�l8)�S�—���u�¤  

�•�H  304 304L 316 316L 

C <0.08% <0.03% <0.08% <0.03% 

Mn <2.00% <2.00% <2.00% <2.00% 

P <0.045% <0.045% <0.045% <0.045% 

S <0.030% <0.030% <0.030% <0.030% 

Si <0.75% <0.75% <0.75% <0.75% 

Cr 18.00~20.00% 18.00~20.00% 16.00~18.00% 16.00~18.00% 

Ni 8.00~12.00% 8.00~12.00% 10.00~14.00% 10.00~14.00% 

Mo --- --- 2.00~3.00% 2.00~3.00% 

N <0.10% <0.10% <0.10% <0.10% 

Fe �!XR �!XR �!XR �!XR 

    �‡�=���È�p���Ó�m�”�l�Ð��S	ñ�È�{�Â�—���ž�Ô	1�µ�þ
§�U�”�›�h�	

�8��é�Þ�f�•�H	1�•�‚�s�¤�‰�ë�”�Ö�¼�±	�DD�¶���4�B�p
û�+�¤�– 2�È

�p�Â�ù	1�•�H�V�!�†�ùD�4	1†�\�—���u�¤�º���”�ñ�Ð
Ž�à��	C�Â�ù
ù�š

�l�u�–�Þ�f�•�H�™�Ë�t�¤��µ	"�`�œ	1
ù
Þ�¤�x�¤	�	ì�E�à�+�Z�Q�7�¨�P

�s	1�•�‚�‰�ë�±	��”ü�é	1�‰�ë�è�à 
Œ�] �¶
û�”�	�>	›�è�à
Ž���”�}	n�m

�”�¾	1�z�—�#�º	ë�ñ�h�º�C�Z
Þ�Ï�”�{�•(´�”�¾	1�º	ë�ñ�h�Ÿ�Í�C�Z�”�ñ

�h���Š�[�8�0��	1�â�í�‰�ë�Ð	ì�E�z��	n�F�m�p�'�����A�º	ë�–  
 

   (�2 )�Ë�t�¤�1�÷�Œ�ï�`� �•�/  

    AERI(Automatic Estimation of Radiological Inventory (AERI) Software 

Tool )
"�+�Z EPRI�I ENRESA�e�u�}���r�Ç���4�Í�È�p�ñ�?�{
��Ë�t�¤

�1�÷	1�Œ�ï�`� �–�È	c�r�Ç	1�>	1�”	•�4���1�÷ ENRESA�¬
ä�‚�Á�{
�

�È�p	1�Ë�t�¤�I��µ	"���f�–���4�B�Á�c�A�5�È�p�ñ�?	1�ý�¤�ó
7�÷�±�I

�ñ�?�ƒ�z�ˆ�{�Â�I	ì�ð	"	1�á�2�¡	ë�U�[�”���4�¼�Œ�ï�h�÷�)�à�z�Ê�È�p

��µ	" (Releasables�• VLLW �• ILLW �• HLW �Û�Û)	1���f�I�Ø¯�G�– EPRI

�H�C�s2�¼�Œ�ï����
a
Î�®	 �!���Í 2013�£�r�h���z���I�ö�Õ���4�–

AERI 	1�™���•
ÿ�•�@�¬�B�–  
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�y�2   AERI �™���•
ÿ�B�à  
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�?�?�?�?�•�•�•�•�Ë�t�¤��µ	"�%û�Ë�t�¤��µ	"�%û�Ë�t�¤��µ	"�%û�Ë�t�¤��µ	"�%û  

(�+ )EPRI�Â�Í�È�p�`���Ë�t�¤��µ	"	1
”�Ò  

1.VLLW (Very Low Level Waste): 

�=���È�p���Ó�m  VLLW �ñ�h�å�6�¶×�ý�R�Ç�•�®�Ä�•�R�æ�I	n�F

�•�Y�–	���I�ë���Ã�‘�¶�«�u	1 VLLW �`�œ
à�½�–
��>	›�Ë�t�¤��

µ	"†�4 A�• B�• C�•�L C �‰�Ê�”�!�m���¤�Ê�ÿ�[
J VLLW ��µ	"	1�Û

�M�–EPRI�1�÷�•
a�”
�
É†�é VLLW 	1��µ	"�%û�Ü���ñ�Ð�Ô�é�‡

�Ÿ�È�p�«�!�”�C
à�5�è�ß 2056�£
a�·�ñ�•
Š�@ 60 �Ù
	n�–  

ERPI
Œ�Â�ô�+�ñ�ö�Õ  
(1)EPRI Technical Report, 1023025, “Decommissioning Experiences 

and Lessons Learned: Decommissioning Cost” 

(2)EPRI Technical Report, 1024844, “Basis for National and 

International Low Activity and Very Low Level Waste Disposal 

Classifications” 

�y�?   
�†�é VLLW �•
Š	1�È�p�«�!  

2.�Ë�t�¤��µ	"�‡�r�Ü���š  


��È	c���!�=���È�p�´�”�È�@	1�Ë�t�¤��µ�4�Y�{�Â�”�Y�d�»

�}���Ø�r�t�p�¡�Z�—
ù�f�^�é�Š�Ê�•�Ø¯�–�p	õ�Çü�¼�Ú	�
��[�D�3

�:�•�–�D�•�j�f�”�>�ú�ã���±�G�f�”���l	þ�]�–�p	õ�•
a�	�•ü�¶��

µ	"�¡�Z�{
à���Ø�r�t�”
w�ß�ž�!�4�Y���]�å�Ø�R�`���Ú
a���Ø�r

�t�”�•�¼�ñ�U���‡�Ÿ�Š�Ê�G�f�”���^�Ö
þ���–�D�—�j�f�–  
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3.�4���«�_	1�%û -�•�‚�È�Æ�«�_	1�`û  

���4�•�‚�È�Æ�b�o�ž�”�¶���Í�È�p�`��	1�r�v�I
þ���È�p�«�!�”

�¥�Ö�•�‚�È�Æ	õ�¬���3	1�4����µ�«�_�–D�«
a�Õ�f†�é�•�‚�È�Æ�´

	1	t�v�”�>	›�Ç�v�m	1���~�l2�ñ�ã�v�•�‚�È�Æ�«�_	1�`û�I�`�œ�–  

              �‡�¶�²�«�_�m�‰�&�à�¤�²	1�Ë�t�¤	n�F�ñ�Ð���:�¶�«�_�m�6�¶��

�Ÿ�f	1�Ë�t�¤�Á���º	ë�–�‡	c�Z�‰�&	1�x
D
ª�ñ�‡�Ÿ 50%	1�«�_��µ

	"�f�”�È�6���@	1��µ	"�f�›
ª
a�¦	c��µ�«�_	1 10%�–�á
L�Ó�•�y

���¬�B : 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�y��  �«�_�‰�&
L�Ó�y  

EPRI
Œ�Â	1�ô�+�ñ�ö�Õ : 

EPRI Technical Report 1025303, “Program on Technology 

Innovation: Volume Reduction Methods and Waste Form Changes for 

High-Activity Spent Resin, A Feasibility Study” 

(�2 )� �U���È�p�I��µ	"�%û�Q�7�á�•  

       1980�£�Ö�m�Z�”� �U���Á�œ�%û�²�Â�G���1�+�Z�Ë�t�¤��µ	"�‰�Ê

�—�%û�œ�d
��§�–�¼	õ�”�‡��n�Á�œ�²�Â	1�	
7�‚�Â�@�”� �U����¾�Q�7

�•�4�ã UNI (Italian Standard Organization)�I�Á�h�`��
z�r�h�}��
”�µ�à�+

�ž�ZÜ�b�1���x (Low-Level)�I�m�x (Intermediate-Level)�Ë�t�¤��µ	" (�-

�Þ�=���Ü���I�=���È�p�`���@���3 )	1��n�%û�Q�7�–�•�ž�Z�Q�7�u�¤�1

� �U���Á�h�{
��È�p�`���m�¢�!�x
D���x�Ë�t�¤��µ	"	1�%û�7	ž�”�å�6

�¶	c�Z	1�ñ�?�ý�¤�ó
7�•�È�p��µ	"�‰�Ê�•�ñ�?�)�à�I�ñ�?�ž	��Û�–  
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    �  �U �� � �n �Á �œ �² �Â �Í 1987 �£ �G �� �1 Technical Guide n.26 

“Radioactive Waste Management”�”  �±�‡	ì�E�Ë�t�¤��	"�%û�I�`�œ	1�Y

�ž�Q�7�–�¼�~�l
��§2��µ	"�‰
a�?�Ê�”�H�Í
��§�ƒ�r�m�…�Ô�1�z�Ê��µ

	"�‰���™�¨	1�l�u
û�+�´�t (confinement times)�I�%û�Ü�� (�•	d�� )�–  

 
	d��  � �U���Á�œ�²�Â	ì�E�p��µ	"�‰�Ê�~�l
��§  

��µ	"�Ê

	À 

�s�   	À�ª  �È�6�`�œ

�±�¤  

I 

�Ë�t�¤��µ	"�!�¬�6

�Á��
R	ë�h�‡�G�´�¨

�G�£�ƒ�•�‡�ß�ñ���)

�Í�+�s�é�|	1�Q�7�–�•

�]�m�‚�z�Ÿ�f	o�ê�•

�Z�Á��	1�˜�‡�”k�!�º

	ë�Š���Í�u�¤
û���–  

�Ë�t�¤��µ	"�Ì
Þ�6�¶�Í

�ê�•�Z	1�Á���”�+�s�Ö�â

�!�ê�•�Z�Š���Í�+�£
w�¨


"�2�!�´�–�¼�Ê��µ	"�Ì


Þ
"�7�3	"���•�I
”�Ò
R

�ï�¬���3�–  

�È�6�Þ�È

�%�+ 

II 

�Ë�t�¤��µ	"�!�¬�6

�Á���Ë�t�¤
R	ë�º	ë

�h�‡�G�<�£�ß�Í�£�t

�•�‡�ß�G�Í�æ�� /���–  

�¼�Ê	À��µ	"�Ì
Þ�7�Á�h

�{
� (�ý��
"�Á�h�=���Ü

���Z�t )�I�Ÿ�G�3	"��

�•�•�`���I
”�Ò
R�ï�¬��

�3�–�H�å�6�1�=���È�p��

�Ó�m�È�È�•�Y�I�{�Â���3

	1��µ	"�–  

	h�†	d�`

�œ 

III 

�Ë�t�¤��µ	"�¤	��¼

�F�Í	›�2�Ê	C�–�ý��
"


��!�¬�6�Á���Ë�t�¤


R	ë�º	ë�Š�‡�G�O�£

	õ�i�•�‡�ß�G�Í�æ�� /

���–  

�Ï�x��µ	"�”�å�6�4���Ï

�±�f�`û���Ó�m�¬���3�p

��µ	"�I�!�Ô
”�Ò�I�`��

�4�œ�m�å�6�¶ � �I�m�W�t

�-	C�–  

�†��á��

�`�œ  

�# I �Ê�Ë�t�¤��µ	"�”���Š�‡�+
D�´�t�ƒ�•�˜�Í���]�é�|�”�Ð�×�!�¬

�6�Ë�t�¤�Á��
R	ë�º	ë�•�‡�ß�é�Ð���Í	��×
û�+���–  �# II �Ê�Ë�t�¤��µ

	"�f�	�•�!�¬�‘�¶	1�`û�ý�¤�‰�«���Ê : 

      Group1��µ	" -�^�é	õ�[�`�œ	›�Á
Þ�c�^�é���]�`û  

      Group2��µ	" -�l�Á
Þ�c�^�é���]�`û���ñ�^�é�`�œ  

� �U��
��Œ�Í 1987�£�¦�¬�[�Â�¨�Á�h�=���I�Ï�±���é�`û�{
�	õ�”


��Œ�Á�h�%�+�â�ï�Í 1996�£�r�h�^�é Technical Guide n.26�%û
��§�%
á

�`���”�%
á�`���K�¢�Í�# III �Ê��µ	"	1�œ�d�%û�–  
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�Ð�B�¬�¶�Ê	À��µ	"	1�È�6�`�œ�²X¿�9�)�Â�ù�”�>	›� �U���M
À�:
”

�Ò�z�È�p�ñ�?
Ü�3�p����2 : 

1.�Ë�t�¤�—�±	1�•�‚�ý�¤�¸�s  

2.×�}	À��µ	"	1�È�6�`�œ�±�¤  

3.���•�Ë�t�¤��µ	"	1�%û  

4.NORM	1�%û  

5.VLLW (Very Low Level Waste)	1�`�œ  

6.�Ï�x��µ	"	1��
Þ�`û  

7.�&�f�`û���Ó�m	1��	"�I��µ	"�%û  

      � �U��
��Œ�+�s�•�Z�Ë�t�¤��µ	"�œ�d�%û
��§	1�–�í�”�ï�r�%�‡��

���r�h�u�d�È�p�`��	1� ��”�B
"�”�+�ž�Z�È�p�`���å�6	��u�•�È�p
à�½

�Û�2�•�”�¨�à�7�Á�{
��–�Ü	C�•�È�È	C�I
��Œ�%�+�²�Â�%�+�â�ï�Û�•�±�â

�ï�e�u�D�@���	��é�2�•�•	��×�•	7���z��
ÿ�â�°	1�ñ���¤�^�é�á�2�˜

�õ�”	À�¿�à�+�Z���}�!��c�+� �-�}��¾�†
ª�u�s	1�È�p�`���%û�Ü��

�I�±�¾�”�Ð�ú�ã�È�p�`��
à�½��é	1�ñ�>�¤�–  

(�? )�û���^ Chernobyl�Á�h�=���p�Ë�t�¤��µ	"�%û�«�!�÷�)�•�/  

      �‡ Chernobyl�Á�h�=���È�p�Z�t�Ë�t�¤��µ	"	1�¤�í�1�÷�”
"���Š�Õ

�f�‡�È�p	1�¢�+�x
D�Ù�p�Ë�t�¤��µ	"���3�f�—�Á
)	"��	1�ï�ª���^�é

	1�–�Ë�t�¤��µ	"�%û�¬�Á�¤�í�¤�î�p�¬�s�B�”�™�Í��	1�†�e�{
�	1	ì

�E�•�=�:�Á�£�•�å	Þ�•���A�•�‰�ñ�‰�»�•�B�h�«�!�Û�Ÿ���Š�h�5�Õ���–��

�F�Í	o�ê�•�Z�Šá���†���È�6�`�œ�p��µ	"�l�‡�!�¤�î�«�!�Õ�f�ƒ�”����

���‡�m�Z�?�˜�x
D�p�D�4	ž���Š�h�5�–  

      �u�´�™�Í�¤�í	1�1�÷�Ì
Þ�Š†�7	…�š	1� �š�”�]�¥�¤�í�÷�)���_����

�4�~�l�V�{�Â�Ö�ã�Ð�%�%�–�–�÷�)�è�àS�à�” Chernobyl�Á�h�=���Ë�t�¤

��µ	"	1�%û�¬�Á�«�!
ª UAH2,920 �Í�„ (�>	› UAH:�[�•
ª 10:1)�”
ª�í

�ž�!�È�p�«�!�p 14.8%�”�à���p�Ë�t�¤��µ	"�%û�`���´�U�•�@�–  
1.�à���ƒ�Ë�t�¤��µ	"�‰�Ê	�	•2�b�5�è�pÈ�ï�—�P�ï��µ	"�c��‡
�

�¶	1�?�˜�„�ƒ�–�Ë�t�¤��µ	"�?�˜�p�«�!�÷�)
a : 

    (1)È�ï��µ	" 1m3 �?�˜�«�!
ª 186.9 UAH/�£�•�P�ï��µ	"
ª 140.7UAH/    

�£  

(2)È�ï��µ	"	1�£�?�˜�ï�è
ª 19,527m3�”�P�ï��µ	"	ž
ª 2,600m3 

(3)�™�Í�Ë�t�¤��µ	"�‡�È�p�«�!�m	1�¥�ø
a  

      19,527́186.9+2,600́140.7=UAH4,015,416.3� 4 �Í�„ UAH/�£  
2.�=���™�Í�Ë�t�¤��µ	"�%û�«�!�p�>	›	#�ª�š  
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(1)�Á�^�é�`�œ�p��µ	"�`û�«�!�B���k
"�¬�s�Í�¬�a�œ Buriakovka�`

�œ�ñw�¯�Ë�t�¤��µ	"�¬�Á�p�D�4�«�!�–  

(2)�‡ Buriakovka�`�œ�ñ�p�`�œ�«�!	•†�P�s�ú�ã�±�¤�”�‡ 2007�£

270.43 UAH/m3�”���‡ 2011�£	ž�í�) 348.97UAH/m3�–  

(3)�>	›�‡ Chernobyl�=���P�ï��µ	"�%û�¬�Á�p�«�!�b���) 4.1 �Í�„

UAH/�£�–�ß�ÍÈ�ï��µ	"�%û�«�!	1�¥�ø
a 3.7 �Í�„ UAH/�£�–  
3.�™�Í Chernobyl�Á�=���Ö�â�”�B
ê�Ë�t�¤��µ	"�—�Æ
)	"���p�%û�”�¬

†�7	1�:	ž�å
�  

(1)�Ú�t�•�{�Â�—�—�±�ƒ�¯�‡���4�È�U�•�–  

(2)�Æ
)	"�����ñ�h�È�Æ�–  

(3)�b�`û�p�Ë�t�¤	"���œ�d	Þ�˜�–  
4.�Ë�t�¤��È�`û�m�¨�° LRTP�±	1�3��÷
ª 10,500��È�P�•¯�”�!�‡�`

û�—�7�Â�¬���Ë�`�œ�ñ�p�Ì
Þ�«�!�ˆ�>�å
��š  

(1)�ã�[	´�«�!�š 7.69�Í�„ UAH/�£  

(2)�#�+�»�å�Ø�r�t�«�!�š 10.6�Í�„ UAH/�£  

(3)�ã�[�h�-�«�!�š 5.11�Í�„ UAH/�£  

(4)�â�í�«�!�š 1 �Í�„ UAH/�£  

(5)�3�:�2�÷�š 8.424�Í�„ UAH/�£  

(6)�{�Â�B�%�«�!�š 1 �Í�„ UAH/�£  

�¬�Ð�Ë�t�¤��È�`û�m�¨���£	ë�Ü���«�!�C�÷
a 33.8 �Í�„ UAH/

�£�”�È�1�Ü���«�!���”�Ë�t�¤��µ	"�å	Þ	õ���¬�È�6�`�œ�p�«�!�¨�à�H

�Š�h�5�Õ�f�”�C�÷
ª 17.7 �Í�„ UAH/�£�”�¼�•�‰�å
����A�«�! (350UAH/

�š ´ 250 �� 87.5 �O UAH/ �£ ) �V �‡ SENSFSRW �` �œ �« �!

(8,400UAH/m3́ 10,500 pc. ́0.2m3�� 17.64�Í�„ UAH/�£ ) 

�5�B�¬
ê�”È�ï��µ	"�p�¢�£	ë�`û�«�!�—�`�œ�«�!���I
ª�¥�ø

UAH51.6�Í�„�”�M���¬�¶È�ï��µ	"�`û�«�!
ª UAH1,179�Í�„�–  

5.���&�W�L�D�P�ï��µ	"�`û�m� �̈° ICSRM�±	1�3��÷
ª�¢�£�`û�P�ï��

µ	" 525 ¯�”�!�‡�`û�—�7�Â�I�´�?�˜�V�¬���Ë�`�œ�ñ�p�Ì
Þ�«�!�ˆ�>

�å
��š  

(1)�ã�[	´�«�!�š 1.25�Í�„ UAH/�£  

(2)�#�+�»�å�Ø�r�t�«�!�š 16.9�Í�„ UAH/�£  

(3)�ã�[�h�-�«�!�—�Ü���þ�•�š 1.95�Í�„ UAH/�£  

(4)�3�:�2�÷�š 16 �Í�„ UAH/�£  

(5)�{�Â�B�%�«�!�š 1 �Í�„ UAH/�£  
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�¬�Ð ICSRM ���£	ë�Ü���«�!�C�÷
a 37.1 �Í�„ UAH/�£�”�È�1�Ü��

�«�!���”�Ë�t�¤��µ	"���å���¬�È�6�`�œ�p�«�!�¨�à�H�Š�h�5�Õ�f�”�C

�÷
ª 26.5�Í�„ UAH/�£�”�¼�•�‰�å
��š  

�  ���A�«�!�š 350UAH/�š ´ 175�� 61.25�O UAH/�£  

�  �‡ SENSFSRW�`�œ�«�!�š 8,400UAH/m3´ 525 pc. ́ 6m3�°�å
��r�t

�‡�ƒ�p�å	Þ���ï�è�±�� 26.46�Í�„ UAH/�£  

�5�B�¬
ê�” ICSRM �p�¢�£	ë�`û�«�!�—�`�œ�«�!���I
ª UAH63.6

�Í�„�”�M���¬�¶�P�ï��µ	"�`û�«�!�‡�{
à���4�‚�N�Z�t
ª�Á UAH1,908

�Í�„�–�–���Ð�B�p�÷�)�”�¬�¶�Ë�t�¤��µ	"�‡�{
��ƒ�p�`û�«�!���I
ª

UAH3,087�Í�„�–  

(�� )Jose Cabrera�Á�=����µ	"�%û�{
�  

�7�Í�c	›�p �³ �²���ª	z�¼�Ê�F�È�p�=���m�p�9�â�°���|�†�ô�”�Å�•

�ž�ï�È�p
à�½�p�u�d�”�:�b�h
a�#�+�…�o�È�È�p	ì	"�”���È	õ�¬�s �³ �²

���ª�”�å
���†�•�‰�A�l�È�È�”�Ö
"�%�•�«��µ	"�%û�Ü���p���ª�”�!

�]�¥���Š�h�$�}�Ë�t�¤��µ	"�m�Z�?�˜�—�È�Æ�Ûº�Y�–�ü���”�+�!�7�˜

�¨�t���ª�Ö��	1��	11�4�•���o��
a�r�t	4w���A�”�¼���”���ª�¶���ƒ

�•�è�Ì�Á
Þ�%�•�”���•	ì�—��	1	à�È�å�I�†�è�”	4w	…���U�•�‰	1 �³ �²

��†��
a	à�È�I
û�+�ô�–�=��2�‡���ª�ƒ�œ�Ø�å
��Š�Ê�V�•�‚�È�Æ�Û��

�{
��Ó�-�”�–  

(�v )�È�p��µ	"�p�«�!�¶�¯�¤�—�é�|�ñ�>�¤�%û  


a�1�Ú�“�Ë�t�¤��µ	"�¨�h�‡�Ë�t�¤��µ	"�p�«�!�¶�¯�¤�—�é�|�ñ

�>�¤�p�%û�”�È�p�`�����Š�µ�s��µ	"�%û	1�Ó�g�–�Ö�!�Â�v�ö�G	•�	

�•��n�¬
á�s�pX��e�Q�7�I��µ	"�`�œw�¯�7	ž�¬�%�+�p�ý�¤�•�V�‰�Ê

�Û
Þ�ˆ�Dû�–  

�‡�W�" Studsvik	ì��2���3�p��µ	"U	zD�[���`�p�Ë�t�¤�Æ
)	"

�)�Ï�Ë�t�¤��µ	"�‰�«�„�U�Ê�”
ù�š�‰
ê�•�@ : 

1. �	�•���`�‰�Ê�I��µ	"�%û�p
ù
Þ�¤�”	ì���{�E�+�Z�“	1�Ó�-�”� �Â

�ø�4�±	��ñ�‡���ƒ�¨�����`û�•
R	ë�à�“�V�ó�ž�”�Ê�•�Z�Ó�-
"���Š

� �Â�Õ�>�¤�V
�[�¤�”���å
��f���é���4�p�«�!�¶�¯�¤�–  

2. �‡�È�p
à�½�m��µ	"�%û�«�ä�p�Â�v�‚�W
"�å
��Á���‡�ƒ�Û�ý�¤�p

	´���—w�9	ë�”�¥�Ö�–�í�V�1�Þ
"�Ç�v�È�p�`���è�Ì�4�ã�«�ä	1�

�Õ�–  

3. 
a�i��È�p�Ó�g�Ç�3ÿ�m�V�‡���ƒ�¨�����t�^�é�B
�����u�Û
ù
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Þ�”���•�¬�)���•�{
��`û�Û�”�•�H�ñ�h
"�È�p
à�½�m�+�ˆ�Ç�3�«�!

	1�Â�v�¤�‚�W�–  

4. �Õ�f�B
ê�����‚�H�ÖS�)�È�p�m��µ	"�%û�È���•�p
��§�–  

    �È�p
à�½�ñ�‰�«�6�U�x
D :	c�Z
à�½�•���È�Ï�±�•�Œ
7�—�ý�¤�ó
7�•

�È�Æ�•�È�È�•��µ	"�%û�•�Œ�š�˜
7�•�ñ�?X��e�Û�–�!�m�¾�™
ù�š�ˆ�>�”

�ý�ã�Ð�…�Ô�•�@ : 

(1)	c�Z
à�½�Š�Õ�f	1�‚�H�å
��u�d�´�Ó�•��µ	"���3���-�•��µ	"�%

û�±�¤ (���`�•��µ	"�à���V�! )�•�È�p�é�ï�ñ�h�p���`�–  

(2)�Œ
7�—�ý�¤�ó
7�Š�ñ���p�‚�H�å
��—�±�•�r�è�•�´�Ó�—��µ	"���-

�p�ñ�>�¤�C�“�p
ù
Þ�¤�^�é�•�ó
7�Z�ö�"	5	1��µ	"���3�-�•�Ð�—

�®�Y�•�÷�±�„�%û�Û�–  

(3)�È�Æ�Š�Õ���p�‚�H�å
��d�Ó�-�p�È�Æ�•†ü�ñ�È�Æ�—�]�•
����•	ì

�ð	"�È�Æ�—×�i�R�*�È�•�‡�����`û�{
��ƒ��é�È�Æ�`���Û�–  

           �5�B�¬
ê�”�È�p�´	1��µ	"�u�d�¨�‚�>�p�ä�ð�å
� : 

�  �È�p����µ	"�m�p�Ø�Â��µ	"
ª
a���«�!�p 1/3�–  

�  �ý�¤�ó
7�Š�	�•�¬
á�s�pX��e�>�Q�–  

�  �‡�����`û�{
��`û��µ	"�ñ�•
Š�´�t�—�D�4�–  

�u�´�”�¨�^�é��µ	"
L�Ó�S�µ�‰�ë�”�Ð�•�ó�È�È�Ó�g	1s�+�”
Þ�š

�å
� : 

�  ���4�b�ø���•�~�l�—�¶�–�í�p�3�I�ñ�œ�d��é
à�½�”
þ���3�I    

�ƒ�ï�j�f�–  

�  ��Í�´�Ó�—�‡�Ÿ�`�œ��µ	"�”
þ���«�!�–  

�  �`���3�I�—�{
��‡���ƒ���È���p���4�”�ñ
þ�����`�–  

�¼���”��µ	"�È���•�p�%û�Œ�c�‰�g�¨
a : 

�‡�Ÿ��µ	"�f     
ù�����4     �ƒ�¯�f���4     �h�-�ƒ�¯      �`�œ  

���������•�•�•�•  ���?�ý�¤�—�ž	����?�ý�¤�—�ž	����?�ý�¤�—�ž	����?�ý�¤�—�ž	�  

EPRI �Í 2006 �£�¦���™�†�@�½�ý�¤�ó
7�—�ž	��~�l�^�é
”�Ò�”�Ð

MARLAP principals�• EPA �—NRC �<��	1�„	ž
a��Õ�”�à	 �1�†�@�½	…

�h
��§�•�R�æ�—�†�@�½�ž	�
��§�Û
Œ�Â�ô�+�”�Ð�<���†�@�½†�L�L	´	…

�˜�•�Ë�t�¤�Á���‰�ë�p
��§�”���–�7�”�¾�È�p���ô�Â���˜X…�ž	��~�l�–  

�>	›
������m�=��	1�È�p
à�½�Ì
Þ�„�{
a (1)�‡��C�6�·	õ�”2�ñ�?�{


��ž	��ß	z
û�+���4�4�†�p�u�s�– (2)
ù�U	1�v���Ë�t�¤�Á
Þ�‡�È�p�x
D

�^�é�ñ�?�ž	��”�Ð�$�}�È�p�Y�«	õ	z
û�+���4�4�†�p�Q�7�–  
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EPRI�‡ 2012�£�¬�<�à	1�ô�+�%
á	 �Ì
Þ�¾�™�?�`�ƒ�r�%�% :�#�+
a

�•�ö�‡�Ÿ�ñ�?�ƒ (�å�6�†�@ )�v���Ë�t�¤	"��	1�•�/�™�#�2
a�ó
7�È�p
à

�½�ñ�?�p�†�@�ý�¤�Ð�í�ž�v���p�Ë�t�¤�™�#�?
a�T�ó	…�˜�ó
7
§�U�”�å


��ó
7�@�š�—�ó
7�f	1
§�U�–  

�)�+�*�Â���•�/�´�U�!

�ï�Í�ë���Ã���Ÿ�Í���ú	1�h�-�é�|�V
•�~
”�Ò�m�¨ CIEMAT�”�X�–


"�ë���Ã
À�:�Í�¨�4�Á�W�Æ�	1�Ö	d�”�¥�Öü�‡�¶�•�‰�{�Â�b�–���´�•

�Ö�²���^�5�È�p�x
D�–�‡ 2000 �£ CIEMAT �r�h�^�é�1�+�ˆ�ž�}
à�½

(Integrated plan for the improvement of CIEMAT facilities, PIMIC)�”�å
��{


��ñ�?	1�È�Æ�•�È�È�•���Û�—�R�æ�ž	�
R�ï�”�!�m�¶�+�`�ô� ”Lenteja”(�y

�v )�Í 70 �£�Ö�X�‚
a�‚	ñ�`ûÈ�ïU�f�`û�������ßÈ�ï�`û�Ø�œ�{�Â

�´�”�Ç�3�Ë�t�¤È�ï
[�å	1�à����
��”�Æ
)�12	h 1000 �E�±�†�¡	1�R

�æ�”�Í
"�v�r�á�2	1�Ë�t�¤�R�æ�ý�¤�ó
7�”�å
�	d�R�—á�� 16 �Ï	1�5

�ž�ó
7�”�Ð�—�Ç�v�d
ÿ	1�Ë�t�¤�—�±�ý�¤�C�‰�Ê	��–�Ì
Þ	1�ž	��¡��
a

�d�s�9�Æ�ô��•
	�È�9�Æ
)	1�R�æ�•�È�6���«	z
û�+���4	1�R�†�ý�¤�ó


7�Ð�—�Ä�Ö�R�æ�ß�Y�«�ž	�	1�ô��–  

�ë���Ã�Í 1984�£�«�E�Ë�t�¤��µ	"�Ü���†�ù (Empresa Nacional de 

Residuos Radiactivos, ENRESA)�”
ä�‚�d��Ë�t�¤��µ	"�p�¯�ƒ�•���A�•

�`û�—�È�6�`�œ�”�à�†�ù�Í 2006 �£�r�h�^�é CIEMAT 	1�È�È�`���ß

2010�£�h�Y�«�”�Í 2010-2012�£�t�™ ”Lenteja”�ô�  �^�é�R�†���Û
R�ï�–

�‡ ENRESA �Y�«	1	c�Z�R�æ�ý�¤�ó
7�è�à�é�B�”�R�æ�m	1�Ì
Þ	1�Ë�t

�¤�Á��
a Sr-90 �I Cs-137�” 1 �ß 2 �Ïá	1�R�æ�v�����U�•�‰	1�Æ
)	"���”

5 �Ïá�`	1�R�æ�À�“�à	1�Á
)	"���b�U��	ë�‡�Ÿ�”�)�1 9 �Ïá�`	1�R�æ�”

�¬�À�“�à	1�Á
)	"���b�–���Í 1Bq/g�–  

 

 

 

 

 

 

 

�y�v   Lentejaj �Æ
)�ô�  
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�‡�–���1�+�‘�í	1�À�“�`��	õ�”w���^�é�R�æ
	�È�`�� (�y�„ )�”�£

�È �� �� �M�� �Š �$ �} �[ �i 	1 
Œ�Â�u �s (EC Recommendations RP122�•

RP113)�–  

 

 

 

 

 

 

 

 

 

 

 

 

 

�y�„  ü�ñ�ž	��C�Â  

Lenteja�ñ�?�È	õ�e
	�È�1 2845�r	1�R�æ�”�!�m�ñ�o�)�à	1�R�æ�þ

66%�”�!XR 34%
a�����x (VLLW) �V���m�x (LILW) ��µ	"�–�Y�«
	�È�`

���p	õ�”	ž�Á�^�é�È�6�?�t�à�À�ó
7�”�”�•�Ë�t�¤	"���bX��È�Y���Ê��

�Í���)�Q�7�”�È	õ�f2�Óã�R�æ�ƒ�Ä�ß�à�ô��–U�!�Â���ñ�‚�>�)�”
z

�s�ž�ï�`���¤�î (�†	d�—�†�@á	ë�•�R�±�f )�V	"�±�%û� �!
ù
Þ�”�ñ�¥

��	õ�[	1�R�æ
	�È�—�?�t�à�À�`���–  

(�2 )
z�s�V�%û�R�æ�†�@�½�Æ
)	"��	1�±	��—�~�l -�S�¤	ì�E  

�È�1�?�t	"�����—�«�R�æ�—�†�@�½�Æ
)�”�Á�=���ƒ�}�¶�z�•�h�‡	1

�Æ
)��2�”�•
,���•�‚	"�� (�å�6�¶�²	"�—�¤�²	" )�—
ù	n�F	1�Æ
)�–�°

�Z	1�A	����w�`���—�1�N�y�—���“�“�‡�y�Ó�B���3�z�•�ë��	 �́”���‡��

�Ó�m���—�«�z�•�Æ
)�”�™�é�|�—�«
ä�[�”
� EPRI�Í 1988�£�Ç�v�1�+�Z

�ñ�?�%û�±�Â�”�¾�™�ñ�?�ý�¤�ó
7�•�1�÷�—�R�†���Û�^�é�Ì���~�l
”

�Ò�”�•�Z�±�Â�Í 1988�£�r�h�¨�4�”�Ö	õ�H�¨�4�Í�Á�=���È�p�`���]�m

	1�R�Æ�¸�s�—�ž	��–  

�‡ ERPI�•�Z�±�Â�m�”�Š�c�^�é�ý�¤�ó
7 -�ñ�?�µ�þ
”�Ò�”�c�õ�Þ�R

�æ�—�ô��¬�‡�•�i	1��!�÷�±�”�å
��R�æ�ž�¼	ë�•�ö�˜�¤�•�†�@�½á	ë�•
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�•�i�ñ�h	1�h�‡�Æ
) (	"��	1���‰�‰�ë )�Û�Û�”���4�<�t�ˆ�Ç���` ( Laser 

Induced Fluorescence, LIF)�~�l�<���†�@�A	��Æ
)	#		�Ï�Þ�ë	ë�p�s�¤

�ß�ê�s�f�p�÷�›�”�˜���¼�~�l�ñ�v�’�—� �–�Î�¯X¦�p�±�¤�ô�‰�9�Æ
)�—

�"�9�Æ
)�p�ô��–  

�ó
7�Y�«	õ���¾�™�Æ
)�ñ�?�^�é�1�÷�”��
"�‡�”�¾	1�ý�s�ñ�?�”�•

�^���Û�`�”
"	ð�Ä�^�é�1�÷	1�”�‚�¼ EPRI�Ç�v�+�Z Remedial Options 

Assessment Model(ROAM)�S�¤�”�ñ�Ð���z���™�Æ
)�ñ�?�¶
Œ�]�Ó	ë	1�õ

�Þ�”�•�Z ROAM �S�¤�”
Œ�Â	1���š�•�@�y�”�ñ�¥���z���õ�Þ : 

1. �Æ
)�-�º	ë�I�+�à�_�´�t�â�•	1�Ó	ë  

2. �º	ë
þ�ß
¹�S���Á
Þ	X�•�F�´�t  

3. �‡�Ÿ�½�Ã�ö�å2�™
L�ñ�_�´�t�â�•�—�«�y�Ö�•�â  

4. 
a�1�$�}�%�+�Q�7	1��
Þ�Õ�f
a�ö  

5. �™�Í	u	h�½�ï�¶�ö�h�‡���|  

�y�.    ROAM Conceptualization 

ROAM �S�¤	•���4�ñ�?�†�y��	ì�E�y���”�Ð�¸�s�Æ
)�-�š�ï�—�ž	�

	1�ž�ï�u�d�{
à�”�•�H
" ROAM 	1�ý�š�p�+�”�‚
a�•�L�ñ�–�7�ñ�?�ñ

�.�•�õ�Þ�ý�s�ñ�?	1��2�”�Ð�—�ž	��Ó�-
"�!�{
à���]�–�S�¤�m�H�ƒ	ì

�1�����ñ�í�ž�R�æ�—�†�@�½�m�Æ
)	"��	1
L�ñ�V�š�¬�S�¤�”�–�7
à�)�—

�ä��	1�S�µ�1�÷	õ�”�ñ�Ð�<���ñ�é	1�•�ó�±�Â�–  
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�y�6  ROAM Components 

ROAM 	1�ý�å�È�1
a���4�y���é�B�ñ�?�Æ
)���”���ñ�`û�ä�}�¤	1

�Æ
)�-�—�C�“�ž	�	1�¯�à�”�Ê�l�%
"�!���4 MODFLOW �?�B�†�@�½
L

�S�¤�”�Ÿ�ñ�Ð�)�à
L�ñ�‰���–�¼���” ROAM �H�ñ�¨�4�Í�C�“�†�@�½�m	"

��	1�º	ë�”���™�3�ï�ÜH�I�3�ª�—�«�•�U���`���|�–   

  �v�v�v�v�•�•�•�•  �Á�Á�Á�Á�=���Ì
Þ�4�Y�p�È�È�—�%û�=���Ì
Þ�4�Y�p�È�È�—�%û�=���Ì
Þ�4�Y�p�È�È�—�%û�=���Ì
Þ�4�Y�p�È�È�—�%û  

   (�+ )�w�L�D�t�•�c�³���3�t�—�y�÷�Û�U	À�4�Y�ƒ�¯�f���4  

1. Studsvik���ø
"�W�"�ù�w�`���”�Þ 1987�r�h�`û�Á�h�=���U	À�4�Y�”    

�`û	1�ˆ�>�å
��š  

(1)�Ï /���˜�³�²���W�I�!���•  

(2)�ã�w�t�•�C�w�t�I�w�L�D�t  

(3)�c�³���3�t�° SG�±  

�  �y�÷  

�  �Ï�±�•�Y���A�{�Â  

�  �˜�¨�÷�·�b  

�7�Í�–���`û	1�U	À�4�Y�ñ�‡�Ÿ��µ	"	1�ï�è�—�È�6�`�œ	1�G�f�”

	h�£���H�r�h�`û���Þ����”	Y�^�”�ë���Ã�I
Î��L�Ñ	1�U	À�4�Y�–  

�™�Í���Æ
)�4�Y (�•�C�w�t�”�³�²�•���i�t�”�y�÷�Û )�!�`û	1�±	�


a�‰�Ê�•�È�Æ�•�ù�B�”�¶º�Y���)�—�^�+�¡�ƒ� �̄™�™�Í�Æ
)�Ñ�Ï	1�4�Y (�•

�w�L�D�t�”�c�³���3�t�•�Ï�±�•�Y���A�{�Â )�”†�7�p�`û�±	�	•�‡�+�!

1�4�?�t�û�h�`��	Û�m�^�é�È�Æ�—�•�‰�‰�Ê�”�9w���^�+�¡�‰�Ê�—�ù
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�B�”�¶º�Y���)�—�^�+�¡�ƒ�¯�–  

�–�`û	õ�p�U	À�4�Y�”�:�h��
ù�p 80-90�8�ñ�Ð���)�”�2�»��µ	"


ª�þ 10�8�ß 15�8�”	õ	C�ñ�^�é�˜�	Þ�Ø�—�È�6�`�œ�–  

 

 

 

 

 

 

 

       �y�0    Studsvik���±�`û	n�—�Ã�S	À  

 

 

 

 

	d�v   �U	À�4�Y�‡���«�¯  

2.� �Æ
)�p�U	À�4�Y���A�Š�Õ���Ð�@��2�š  

(1)���A�z�ñ  

            ��ƒ�—��¾���A�—�%�+�²�Ì�ö�V�”�•�š  

�  �L�•���A�Ì�%�•	p  

�  �Á�h�%�+�â�ï  

�  �}�í�]  

�  �é	…�Ì�%�²�Â  

�  �!�Ô��n�¨�†�ô	1�ý�s�²�Ì�I�4�ã  



�C ADR / RID �u�s	1���A�%�+�@	1	d
ÿ�Æ
)	"�ï�° SCO�±�‰�Ê�š 

�  SCO-I�š�P�s�Æ
)w��	1	d
ÿ 4E4 Bq/cm2 

�  SCO-II�š�P�s�Æ
)w��	1	d
ÿ 8E5 Bq/cm2 

(2)���¬�7�Â����  

�  �`�†����  

�  �?�t�ó
7  

�  
 �K�ž�ã�b�—/	Þ  
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�  �0��	1	à�È  

�  �4�Y�B�ê�¨�å�Ø  

�  �è�Ì�À
7�—���¬���s  

�  �U	À�{�Â�?�†	1�{
à�I�y�—  

�  �v���®�Y
§�U  

�  ���A���µ�ó
7  

�  
ù�Y���A  

�  �%�+�²�Â�I���m
Œ�Â�x�ï	1�ö�V  

�  �z�ñ�ž�9�î  

3.�U�4�Y���±�‡�r�çX¿
ù
Þ  

�™�U�•�G��n�Ö�â�”�?�˜�ñ	1	<�t�¶
û�¨�Ä�t�”�d�¡�Z�•�˜�l�›�l  

�ñ�é�”�Ö�Ê�D�4�Ï�Ó�–�™�z��Ö�â�”�U�4�Y�^�é�|���`û�¶�z�•�Œ�š�”

�å
��œ�d�—�é�|�¯X¿�—�«�!�•
Š�”�ñ�i��Á
Þ�‡�=���ƒ
á�y1�4�`û�{


��”�•���Œ�¨�ñ�h�L����E��	1�l	• (�U	À�4�Y���¬ )�–�!�Ô�Œ�š�•�@�š  

(1) �‡�Ÿ���±���f�”
þ���m�Z�I�È�6�•�˜�{
��«�!  

(2) �•	o�?�˜�ñ	1�‚
û  

(3) �‡�Ÿü�ñ	1���±�`û����  

(4) �i��‡�=���I�˜�”���ú�U�•�˜	<�t  

(5) �ƒ�¯�¶�4�—�±�÷�-  

(6) 
þ���"���"	5�«�!  

(7) �<�Ï�%
ÿ�n�=  

(�2 )� �U���?�†�Á�=���Á�~�È�È  

� �U�� Sogin�†�ù�ô�+ TRINO �• GARIGLIANO�• CAORSO �?�†�Á

�=���È�È����ü		�•�@�–  

      1.TRINO�=����!�÷�±�š  

(1)	À�¤�š PWR 

(2)�Ç�=�f�š 270 MWe 

(3)�����£
û�š 1964 – 1987 

(4)4 �±��  

         (5)�˜�¨�÷���ªü		�š  

�  �˜�¨�÷�Ï�±�b���È�” 47 �4�Ï�±�I�˜�Í�4���Ï�±�Ã�m�–  

�  2004�£ 4 �!�c�³���3�t (SG)�—�˜�¨�÷��	¥�½
W�^�é�µ�B�•�‚�È

�Æ�– 

�  ü�¶�U	À�4�Y
à 924�r�”�å
��˜�¨�÷ 229�r�• 4 �!�c�³���3�t
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452�r�• 1 �!�ó�˜�R 55 �r�• 4 �! RCP
W80 �r�•�)�˜�R 6 �r�—

�%�º�Û 102�r�”�ü���–���Ó�-�¶ 28 �r�”��
R	ë 1.65E11�æ���–  

�  �U	À�4�Y�È�È�p�{
à�x
D (Phase I)�b�Y�«�”�� RPV �—�!�ƒ�•�4

�Y�p�È�È�F Phase II�x
D�”�l�å�6�‡�!�x
D�m�–  

         (6)�³�²���ªü		�š  

�  �Ó�-�—�4�Y�b�–�È�È�–  

      2.GARIGLIANO �=����!�÷�±�š  

(1) 	À�¤�š  BWR 

(2) �Ç�=�f�š 160 MWe 

(3) �����£
û�š  1964 – 1978 

(4) �˜�¨�÷���ªü		�š  

�  �˜�¨�÷�Ï�±�b���È�”�4���Á�Ï�±�������¬�–  

�  ���ª�A�o	…�5�—�b���È�–  

�  ü�¶�U	À�4�Y
à 685�r�”�å
��˜�¨�÷ 181�r�• 2 �! 2 �»�c�³��

�3�t 200�r�• 1 �! 1 �»�c�³���3�t 134�r�• 2 �!�f���é
W 40

�r�•�—�%�º 130�r�”�ü���–���Ó�-�¶ 45 �r�–  

�  �Ó�-�“���{
à�x
D�^�é�m�”�å
��š��	1�=�:�Ó�-�•�“��
��¶�v

€�{�Â�•��	1	<�ó�Ó�-�•�“��
[�½�Ó�-�– (�~�£ 12 �´�•	›�Y�«

�{
à�x
D ) �–  

          (5)�³�²���ªü		�š  

�  �Ó�-�—�4�Y�x�"�È  

�  �³���Ç�=�²	1�A�o�}�˜ü�ñ  

�  800¯�«�_�—�º�`�}�˜�Ë�‡�³�²���ª  

�  �U�4�Y�—�Ó�-�È�È�{
à�x
D
�[�^�é�m  

�  �³�²���ª�T�è�Ø�œ���±�`û�{�Â�4���`û�˜�¨�÷���ª���È�p

�Ó�-�—�{�Â  

      3.CAORSO�=����!�÷�±�š  

(1) 	À�¤�š BWR 4 Mark II �î	t�ï  

(2) �Ç�=�f�š 860 MWe 

(3) �����£
û�š 1981 – 1986(4�!�Ï�±�\�Z ) 

(4) �˜�¨�÷���ªü		�š  

�  �˜�¨�÷�Ï�±�b���È�”�4���Á�Ï�±�������¬  

�  ���È�A�o	…�5�—  

�  �^�é�µ�B�•�‚�È�Æ  
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�  ���ª�ƒ�}�¶�p�Ó�-�—�4�Y
ª�¶ 2000�r�”�‡�2�»�î	t�ï�ƒ�}ü

�¶�š���½�Ó�-�•�Ó�t��	¥�Ó�-�• RWCU�• SBLC�•�Ã�½ã�•�Ó

�-�• RHR�• HPCI �—Core Spray�™�+�»�î	t�ï�ƒ�}�¶�š 2 �!�f

���é�±���Û�º�• 4 �! MSIV�• 16 �!�œ�d�)�˜�º�•�•�˜�Ã�—

Downcomer�–  

�  �+�»�î	t�ï�—�2�»�î	t�ï�Ó�-�—�4�Y�È�È�{
à�x
D
�[�^�é

�m: 

�  	"�±�—�Ë�t�¤�—�±�?�˜�u�d  

�  �”�•�È�È�x
D�Š	…���p�Ó�-  

�  �=�:�Ó�-�%�•  

�  �”�•�4�Y�Ó�-�È�È�‰�g  

�  �³�²���ª�ƒü�¶���±�`û�{�Â�[���%�•  

�  �”�•�˜�¨�÷���ª�—�³�²���ª���±���¬�Y�Ö���‰  

(5) �³�²���ªü		�š  

�  5800�r�Ó�-�—�4�Y�b�–�È�È  

      4.TRINO�=���U	À�4�Y�È�È
à�½  

   (1)�È�È
à�½�Ì
Þ�¡���š  

�  �È�È�p�—�±�”	"�Œ�š  

�  �u���?�t�¢�ï	1�Œ�š  

�  �	�•	À�¤�—�u���?�t�™�4�Y�—�Ó�-�‰	p���Ê  

�  �¢�+�4�Y�	�?�t�G�•�•���ö�n	#�—	¦	ë�G�—���}�p�Š�Ê�~�l�”

�Š�Ê
à�½�	�!�Â���¬�s  

�  �]�•�Š�Ê�—�È�Æ�@�r�z�‡���ƒ���¤���¬  

         (2)�È�È
à�½�+�s
Þ�£�š  

�  �È�È�—���¬�����È�[�•�°�j�f�È�[�•�±  

�  ���f�‡�Ÿ�L�P�Æ
)	1�°�‰�6X��e�—�Æ
)���±�±  

�  ���f�‡�Ÿ�`��
z
ÿ�š�È�È�����¨�‡�m���`���@��é�”�Ð
þ���Æ


)	1�©�K  

�  �”�•��	"���¬���‰�—�·�â�ô�  

�  	…�š�v€
ä�	  

�  
ù�ä�¤	1�`���Ð�Ÿs�±�¤�™���°
þ���™���3�I�¬�9�j�f�±  

         (3) �Š�Ê�±	��”�•�š  

�  �w�Š�Ê�±	�  

�  �c�³���3�t�·�•�°�Ü�Ç"G�±  
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�  �c�³���3�t���x�°�Ü�Ç"G�±  

�  �²³�Š�Ê�±	�  

�  �c�³���3�t�%�”�°
”�ã�²�±  

�  �c�³���3�t�%�è�°E�O�±  

�  �c�³���3�t�½	Û�°E�O�±  

�  �ó�˜�R�°E�O�±  

�  24 �y�%�°
é���8�±  

�  �[�%�°�ê�Š�±  

�„�„�„�„�•�•�•�•  �˜�¨�÷�—�ƒ�•�4�Y�%û�—�È�Æ�˜�¨�÷�—�ƒ�•�4�Y�%û�—�È�Æ�˜�¨�÷�—�ƒ�•�4�Y�%û�—�È�Æ�˜�¨�÷�—�ƒ�•�4�Y�%û�—�È�Æ  

�³ �»�+�¼�˜�¨�÷�È�È�È���•�³

AREVA �†�ù�•
a�È�È�����¨�7 HOT to COLD�”���c�^�é�d�Ó�-�È

�Æ�”�È�È�����7�Ï�Æ
)�ô��f�ß���Æ
)�ô��”�M���7 NSSS�r�h��é�”�ñ

�U��
þ���3�Iw�9	1�?�t�j�f�”���!	õ	1�?�û�—���“�âS�“
a�á�â�”�!�Œ

�š�•�@�š  

1.�_	õ�p�`��ü�ñ�j�f÷�U��
þ��  

2.�h�‡�¤	1�Ë�t�¤�)�Ë�²÷�é���‡�Ÿ  

3.�°�+�š�^�5���4�²�ï�¤�™���{�Â  

4.	<�ì���“ /�•���Ó�-�ñ�U���á�•  

5.�È�È����	1�û�¾{
��ñ�á�•  

6.���½�`û�ñ�á�•  

7.���n�Ó�g�á�•  

8.���4�+�s�`���Q�7  

�¶�Â BWR �î	t�ï�ƒ�È�È�¤�î�š RPV �—�ƒ�•�4�Y�•�6�w�—�—�3	"	à�È�•

���i	Û�• CRD Room�•�é	#�ô (annulus)�—�%�º�”�È�È�����‰�g�•�@�š  

(1)�˜�¨�÷�T�è�— CRD	Û�ƒ�^�é�`���7�Â  

�  �½�ý�Ç�•�Ó�t�b�•�˜�¨�÷�b	…�5�—�Õ���9�Ø�œ�È�È  

�  ���È�l�f�Á
Þ	1�`� �”���•�š�Ï�±�v���`�  

�  �4���Ï�±�Ã�ƒ�{�œ�`���ô  

�  �{�œ�È�Æ�{�Â�•�Š�Ê�ô��•	Þ�Ø�{�Â�•�–���¦
ù�²  

�I�–���`���¯  

�  �È�È��	Þ�Øs�+�g�€�ï�²�Ì�—
W�º��  

�  ���È�l�f�Á
Þ���4�p�Ï�±
.  
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(2)�‡�½�@�^�é�È�È�—	Þ�Ø�˜�¨�÷�ƒ�•�4�Y  

�  �c�³�Ó�ß�t -�•�à�¶��
Þ�^�é	õ�È�Æ�f�È�Þ  

�  �³�½�‰�&�t -�•�à�¶��
Þ�^�é	õ�È�Æ�f�È�Þ�•�˜��—	Þ�Ø  

�  X6�½�ô�ï -�È�Þ�•	Þ�Ø  

�  �B�÷�¨�Ñ�è�—�@�÷�¨�Ñ�è -�È�Þ�•	Þ�Ø  

�  �÷�ƒ flux tube�4�Y -�È�Þ�•	Þ�Ø  

�  �÷�¨�á�è -�È�Þ�•	Þ�Ø  

�  X�û�B�Ã�—
þ���½�ï  

�  �È�È�Ï�±�v���{�Â  

         (3)�È�È�—	Þ�Ø�˜�¨�÷  

�  �‡�4���Ï�±�Ã�œ�Ø
Œ�Â�{�Â�I	õ�Z�Ê�Š�ô�  

�  �B�•�ø�{�é	#����  

�  
þ���˜�¨�÷�ƒ	1�½�ï  

�  �È�5�3	"	à�È�Ð�B�%���•�ô�ï�—�6�w�—�ƒ�é  

�  �^�é�é
D�‰�Ê  

�  �‡�@�Ã�^�é	õ�[�»�‰�Ê  

�  	Þ�Ø/�È�Æ 

�  ��6�Õ�è�È�È�”���‡�4���Ï�±�Ã�^�é�Š�Ê  

�  �u�´X�û CRD Room�ƒ�ÍXR	1�4�Y  

(4)�È�È��	Þ�Ø�˜�¨�÷�6�w�—  

�  �ø�{��
.  

�  �{�œ�`���ô�  

�  ���4�«�`� �Y�^�é�È�È  

�  �‡�4���Ï�±�Ã�ƒ�^�é	õ�Š�Ê  

�  	Þ�Ø 

(5)�˜�¨�÷�é�n�\�°�ª�t�È�È����  

�  �ö�7�î	t�ï�Û��	p�^�é�{�Â�—�±���¬  

�  �È�È�B�é�•	<�Û���é�Ó�-  

�  �È�È�Ì�c�³�%���•�º	p�—X6�½�%��  

�  �È�È ECCS�Ó�-  

�  �È�È�÷�½ã�•�Ó�-  

(6)���i	Û�{�Â�È�È  

�  �ø
.�7�Â  

�  �7�@�Ö�B�È�5  
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(7)�3	"	à�È�È�È	Þ�Ø  

�  �{�œ�`���ô�  

�  �Ç	#�È�5  

�  	õ�Š�Ê  

�  ��
Þ�´�È�Æ	õ�f	Þ�Ø  

(8)X��È���ª�è�Ì  

 

(�2 )�W�" Barsebäck�Á�=���È�p
à�½  

Barsebäck 
a BWR �= �� �¶ 2 �• �² �4 B1(1975–1999)�—

B2(1977–2005)�”�¢�+�•�²�r�f 1800 MWt�—615 MWe�”�7�Í
��Ü�‚�H�¬

�s�” 1 �Æ�²�Í 1999�£ 11 �´ 30 �²�)�F�Ö�·�����” 2 �Æ�²�Í 2005�£ 5 �´

31 �²�)�F�Ö�·�����”�Þ 2006 �£ 12 �´ 1 �²�¦���•�²
ƒ�`�Í Service 

operation(�{�Â�}�‡�B�h	…XD�m�Ð��B�"���È�p���� )�– Barsebäck2�B


�‡ Service operation	#�ª�ß 2018 �£�È�È���� (Dismantling operation)�r

�h�”�>�Q�‡ 2025 �£�r�h�^�é���?���:�– Barsebäck
�C	C
a Barsebäck 

Kraft AB (BKAB)�”�Í 2007�£
ù���•�4�”�!�á�å�Z�í�…�Ô�•�@�–  

 

 

 

 

 

 

�y�<    Barsebäck�È�p�´�Ó  

 

Service 
operation 


 �[ �� �n �=
������  
�� �d �È �È ��
��  

1 Dec. 2006 

�7�Â�È�È  2018 Dismantling 
operation �^�é�È�È  2020 

New 
Business 

�� �? �r �h ��
�)  

2025 

�y�<�+    Barsebäck�á�å�Z�í  
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1.Site Service operation�š �!�Z�í
"�”	…�=��	…
�‡�%D	#�ª�”�Ð�<���"��

	1�È�È����	1��B�”ü�¶�����å
����n�”�B�h�”

�%�•�”�À�í�”	…�œ�”�ã�û�”���±�%û�”�í���ÜH�”

�?�û�I�é	…�–  

2.Decommissioning planning�š���d	o�Z�œ�d�—�$�}�«�!�¯��	1�È�Þ�����–  

3.New business�š �Ðü�¶���?��
a��B�!�Ô�������”���•�<�����ª�—�Ó�-

��
a�“�â�B�h�m�¨�”�•��4�Y�¨�{�Â�Û�–  

4.BO�š �<�����ƒ�3�I 3 �£	1�	��	…�½�”���–�„���D�ß�!���é���–  

�W�"�¾�™�Á�=���3�N�\�Z�m�`û�Á���±	1�	n�‰
a 2 �!�•�]�”�!�+


a�������± (Operational waste)�”�ü�+
a�È�È���± (Dismantling waste)�”

Barsebäck�™�Í�˜�¨�÷�÷�ƒ�4�Y�È	c�Ü���.�!
a�������±�”���Š�‡ 2017

�£	› Service operation�Z�t�–�`û�����¬�ß�����c�é���•�I�˜�–  


a�•	o Service operation�Ð�ž�}�7���•�²�˜�¨�÷�ƒ�•�°�Z�Š�Ê�—�•

�˜	1���±�”�Ð�$�}��	1�é�|���|�1�÷�”�¬�¶�•�Ë�Í�÷�D	1�������±�”��

�œ�Í�˜�÷�ƒ�•�È�È���±�”2�	�•�9�î�Â���`û�”�¼�+�â�‚�b�™�:	c�Z�Ü

��
Þ�£�������±�l�¨�à���|�È�È�«�!�— 2020�£�È�È
à�d�´�Ó�”���3�1��

� �̀”�ü�����¬�r�t	1�r�Ç�—���4��C�ñ�h�¤	��—�´�Y�«�”�H
"�+�ˆ��� �̀–  

(�? )�ë���Ã José Cabrera�Á�=���È�È
à�½  

�ï�Í�ë���Ã	1 José Cabrera�Á�=���Í 2010�£ 7 �´�L�Ñ�ë	â�†�ù�^�é

�È�È�˜�¨�t�ƒ�•�4�Y  (Reactor Vessel Internals, RVI)	1�È�p�`�Ó�”�`�Ó�å


��Š�™ RV �ƒ�•�I�����´���3	1��µ	"	1�È�Þ�I�‰�Ê�”�—�å�6�c�Z�¤	1

�`�Ó
”�Ò�”�c�Z	1�`�Ó
”�Ò�à�/��
Þ�™�+����
Þ	1���ª�•	ì�•�{�Â��� �̈•

	c�M�I�»�M��µ	"	1�Ø�	�^�é
”�Ò�–  

�‡�^�é�È�p
à�½	1�#�+�£�”�à�†�ù
À�:
”�Ò�ÿ	õ	1�`�Ó�u�d�V�y��

�"���`�Ó�¬�Á	1�{�Â�t�—�”�•���{�Â�Ÿ�Š�–���ý�s	1�“�â�—�À�í�}�Ñ	õ

�i���“�ñ�?�”�™���3�I�M�¥�–�¬�¶	1�±�Â‚�ï�Ÿ���Š�–��	Ü�ª�”�H�	
"

�=���‘�¶�3	1�u�à�i�ñ�[�é�”�Ö�à�=���È	õ�G�—	1�4�Y�Š�Ê	•
a�²³�Š

�Ê�±�¤�–�‡�Š�Ê
R�ï�p	›�”�Á
Þ�c�Š�Ê�˜�¨�t�÷�D�V�4���Á�Ï�±�Ã�p�t

	1�å�•�”	…�½�Ã	1�Y�ž�¤�—�Ø�{��	1�`���¯���IX��e�Ï�±�Ã�–  

�ñ�Ð�C�à	1
"�”2��	1ü�ñ�`��� �¶
Œ�]�Ó	ë	1�ä�'�¤�”ü�ñ	1�Z

�ö�Ó�g�—�`� �Š�–�“�â�}�Ñ	õ�i�ñ�r�h�����”�Ö�ñ�?�H���Š�`û
����ß

	c�h	#�ª�”�¬�¶	1�{�Â�H�Š�–���È�Æ	õ�ú�&�ñ�?�i�)
"�+�+
D�µ�–�>	›

�•�!�ë���Ã José Cabrera�=��	1�È�p�`���%�9�7/�T	1��é�m�”�"��2
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�ñ�<���z�=���^�é�È�p	1�+�U���´�V�–�í�‰���–  

(�� )�È�p�È�Æ	1�Ý���1�÷  

�‡�È�p�`���m�”�•�‚�È�Æ	1�”�¾�¯X¿
"	ð�Ä�÷�)	1�”�‚
a�4�Y�j�f

÷
þ��	1�u�´�”��µ	"�j�f�•�È�Æ�´�t�—�D�4�Ÿ�ñ�h�ú�ã�”���Š�á�2�Õ

���¬�s�È���È�Æ÷�–  

�È�Æ�‚�W (Decontamination Factor, DF=�È�Æ	›�4�Y�j�f÷ /�È�Æ	õ�4

�Y�j�f÷ )�•D�4���Ö	d�È�Æ�¯÷�”��	¥�H	ð�r�Ð���3×ä�V�„�Þ�”�0��

���… DF100�V DF10�”�	�G�—
ÿ���…
" DF 	1 10 ��”��
"�”�¾�B�” DF10

�Ö	d�•�!�È�Æ
R�ï�ñ�ð�È 90%	1�Æ
)�”�Ö DF100
a�ñ�ð�È 99%	1�Æ
)�”

�¬�Ð�”�¾�B DF10�I DF100�›
Œ�• 9%	1�•���”�Ö	zF
ÿ�B	1 10 ��–  

�¼���” DF �È�Æ�‚�W�‡�”�í	Û�Ù	1
à�)�•D�Ÿ�Ï�÷�1ü�ñ�È�Æ�¯�:�”

�“�“�l���%�”�”�‚�¼�•�à�‡ü�ñ�`��	1�}
ª�m�”
Þ�£���n
Þ���«�”�í	Û

DF 	1�½�7�”2���„
À�3
a�ú�ã�È�Æ�`���”�^�Ö�ú�ã��µ	"���f�•�È�Æ�´

�t�V�È�Æ�`���j�f�–��µ	"�^�é�‰�Ê�•�c�f�†�•
Š�È�È�`�Ó	1�«�!�”�V

�‚�•�‚�È�Æ���Ó�m���3	1��µ	"�¬�—�«	1�«�!�”�¨��S�7S�����– DF

�K�Ï�”	d�B�ð�È�K�•	1	n�F�”�	S	X�B�“�•	1�«�!���È�Æ�–�‚�¼�”�‡�È

�p
à�½�m�”�¬�s�È��	1 DF 
a�È�p
à�½�«�ä	1�#�+�¡���–  

  �.�.�.�.�•�•�•�•  CARBOWASTE Workshop    

           �!�»����2 11/24	1���Ó�‰�« Track A�•

Track B���!���ñ���^�é�”�!�m Track B�!�”


" �[ �i 	1 �+ �! �} �� 
” �Ò 
à

�½ ”CARBOWASTE” 	1 �# 5 �» ��

���– ”CARBOWASTE”�d�|
a Treatment and 

Disposal of Irradiated Graphite and Other 

Carbonaceous Waste, �Ë�t�¤�A�`�—�!�Ô��

���µ	"�`û�`�œ ” �”�7�[�i�à�÷�”�Ì
Þ�‡


”�Ò�˜�¨�÷�ƒ	1�Ë�t�¤�6����µ	"	1�`û

�`�œ�±	��–  

          �È�˜�¨�÷�ƒ	1�Ë�t�¤�6����µ	"�É	1�Ì


Þ���-
" GCR(Magnox)	À�• AGR 	À�• RBMK

	À�• V/HTR 	À�Á�=��	1�A�`�·�I�j�”�z���

�4�p�˜�½�¤�˜�¨�÷���¤�¼�Û�Ë�t�¤��µ	"�–  
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           �[�i�÷
à�”�!�|�ƒ�p�Ë�t�¤�6����µ	"�e
ª 23000�r�”�•�ê�F�m�x

��µ	" (Intermediate Level Waste, ILW)�¨���x��µ	" (Low Level Waste, 

LLW) (�[�i�‰�Ê	� )�”�ƒ�6	o�ê�•�Z�p�Á���• C-14(�ê�•�Z 5730�£ )�•�{

-36(�ê�•�Z 30 �„�£ )�•�—�z -129(�ê�•�Z 1.59X107 �£ )�–�l���‚
a�ê�•�Z	ð

	o�”�ö� Latina �=���´�”�™�±�…�Ô�à���>	›�÷�¨�m���p�?�t�j�f÷�›

1mSv/hr�–  
�‡�����m�Ç	d�p
”�Ò�«�à�¶�š  

(�+ )� �U�� SOGIN�†�ù /Latina�=��  
”�Ò�Ÿs�7�à�Ø�œ�”�Ð	•2�A�`�ä�Þ

�˜�¨�÷�Œ�7�à���–�>	›�x�‡�Ð�"�9�C�t�p�â�+�A�`�ä (virgin graphite 

brick)�“�â�!�¬�h��9�p�È�U�Œ�7�˜�:�•�—
Þ�‚�A�`�ä�Œ�¦�p�È�[�Œ

�:�– Virgin Graphite�Vü�ñ�b�9�C�t�p�A�`�!�¬�h��9�p�È�U�Œ�7�˜�:

�¨�l
Œ�u�”���‚�A�`�ä�Œ�¦�¬�Á�p�È�[�Œ�:�¨�Ê�ÿ�–  

(�2 )
Î��÷�§�N�ý (Manchester)�U�‚�Ç	d�?�t�C�{�™�A�`�p���|
”�Ò�–�è�à

�é�B Virgin Graphite�¶�U�Â	1�Y�ž�è�R�”�9�?�t�C�t	õ�”�Ì
Þ	1�'�O

�å
����t�‰�& (laminated)�•���3	<
P (vacancy)�–�Ð�®�÷ (Raman)�`�œ�Ú


à�)�R�Ñ�•�´ (disorder)	1�Í�‰�º�”�Çü�+�!�¶�
	1ü�=�š���5�@���3

�p�'�O�Í�‰�º�˜�Ï�Í�Ï�5�´�”
”�Ò�3�Iò�“�ñ�h
"�Ï�5�´���3�1�¯�¾

(annealing)�¯�¨2�•�]�þ�ž�%���–  

(�? )	���=�:�†�ù (EDF)�Ç	d	���A�`��µ	"�`û /�`�œ�Ü���–	��=�>	›�¶

9 �!�È�p�=���”�!�m 6 �!
"�A�`�·�I�Û���¤�˜�¨�÷ (GCR)�–�7�Í	��

�"�h�‡ 2009 �£�G�s	o�ê�•�Z�Ë�t�¤��µ	"�•�˜�{
��” EdF �>	›�[�{

�È�Æ�ã�‡�r	õ�I�˜	1�±�{
”�Ò�”���•
a Studsvick �†�ù
��‰�†�ù�‘

�¶	1�ã�w�¶�²	"�‡�r�~�l ”THOR” �ñ�h�ñ�Ð�%�•	õ�^�é�A�`�È�Æ�‡�r

�`û�–�>	›�%�•�“�â�è�à�” C-14�È�Æ�È���ñ�� 80%�• H-3 ��	h 100%�•

�Ê�Æ
ù�f�‡�Ÿ
ª 17%�–EdF�•
a�x�¶�@�h��2�Á�Þ�¬�š C-14�È�Æ�¯÷

80%�}�œ�Ÿ�•�Ê�Æ
ù�f�‡�Ÿ�œ�• (�>�Q 5%�Ð�@)�•�Û�ï�m�Ë�t�¤�Á���¢

�¦�~�l�}	ñ�ãN�–  

           ”CARBOWASTE”
à�½�Þ 2008�£�r�h�^�é�”�#�+�Z	1 4 �£
à�½�>	›

�bw	h�`�"�”�!�»����
a�#�+�Z
à�½�p�È	õ�+�»�����”��2�Í�Ô (2013)

�£ 5 �´�ô�r�# 2 �Z
à�½�p�u�d�����–�7�Ð�B
”�Ò�ƒ�r�ñ�Ð
Ž�à�”�>	›��


z�}�‡
”�Ò�"�C�t�A�`	1�¤���”�¨	C
"�‡�”�í	Û�^�é�?�t���|�¨�2�µ�“

�â�”�O�&�Ç�v�”�¾�Ë�t�¤�A�`	1�ƒ�¯�~�l�”�k�¶	ð	o	1��
Þ�è�–  
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�6�6�6�6�•�•�•�• Latina �Á�h�=���ö�Á�h�=���ö�Á�h�=���ö�Á�h�=���ö�v �v�v�v  

           �¼�»����	1�# 4 �š (10/25)�”�†�Ì� �U�� SOGIN�†�ù�œˆ�V���3�I�ö

� �È�p�m	1 Latina�Á�h�=���–  

           �‡ 1986�£�ë�-�º���Y�Ç�3	õ�”� �U���†�‹�¬�s�l�f�Ç�v�Á�h�”�l�é

�p�=�:	ž�{����\�G (�Ì
Þ
"	�� )�–�‚�¼�”� �U��	1 8 �!�Ü���m	1�Á�h�{


� (�å
� 4 �!�Á�h�=���” Latina�=�����!�m�p�+ ) �A�Ö�·�����–�Ö Latina

�=���²�:�¶�ü�+ Cirene�=�� (
ù�½�¤�Á�=�� )	ž
"�b	ì�“�”��U�"�Ø�Ä�Ï

�±�–  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
      (�+ )�=���4
ê  

1.�µ�Ó�V�ý�¤  

(1)�A�`�¤�•†�2�Ü�•���Û���¤�˜�¨�t�”�2�Ü�•���˜�: :14 bar�•�5	ë : 

180 - 360oC)�–  

(2)ã�=�:�A�à :200MW�–  

(3)	ì�—�Z�t :1958-1962�– 1964�£�´�”
"�[
J�U�¬�È�U�²�4�Á�=���–  

(4)�����Z�t :1964-1986�– 1987�£�7
��Œ�¬�s�Â�¨�”�����Z�t�e�Ç�=

26TWh�–  

(5)�È�p :2009�£�7
��Œ
Þ�£�^�é�È�p�–  

�y�<�2   Latina�=���ï�Í�…�Í	¤�±�”�O�…�Í
ª�+�!�ê�[�´�ë�Ó  
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   2.�Ì
Þ�4�Y  

  (1)6� �T���²�”�¢�+�†�%��	o 80 �Ï�–  

  (2)6� �w�L�D�t�”�¢�+�†	4�‰ 5.59�Ï�•�Ï 24.1�Ï�•
ù�f 771�r�–  

  (3)�˜�¨�t  

       (4)�÷�¨ :�'�½
*�ï�”	4�‰ 14.2�Ï�•�Ï 9.4 �Ï�–  

       (5)�A�`�·�I�j (moderator):1258�r�•�A�`�˜�t�j (reflector):807�r�–  

(6)�Ï�± :23.426�” (	4�‰ 2.93cm�•	o 91.2cm)�”�¢�+�Ï�±�•�Y�7 8 �!�Ï

�±�”�4�«�–  

(7)�Ï�±�h�Z�š�—��
a�1�t�}	n Magnox-Al 80�y�«�”�•�H
"�A�`�·

�I�Û���¤�Á�=����� Magnox�=��	1�:�‚�–  

      (�2 )�=���È�È  

    1.�4���Á�W�Ï�±���È�—���A  

     �!�ˆ�`���‡ 1987-1991�£�t��é�”�e�¶ 22,441�Ï�±�•�Y (256�r )�–��        

     16�!�p�»�p�M���ß
Î� Sellafield	1�f�`û���–  

    2.�4�Ï�±�v���{�Â�‡ 1992-1994�£�t�È�È�”�e
à 2,400�r	1��	n�F�”�!    

                �m�L�� 90%	1�—�±�‡�²�¶�Ë�t�¤
û�+�@�)�à�–�e	X�D 30,000�3�´�—   

16,000man mSv �p�?�t�j�f�–  

 3.�2�Ü�•���T���²�È�È�”�‰���‡ 1998-1999�£�• 2006-2007�£�t�^�é�”

�‚
a 6 �†�T���²�‰���ï�Í�˜�¨�t���ª���á�”�!�m�ï�Í�ë�°	1�c�È�È�”

�È�1�T���²�!�ï�È�È���”�x�å
��§�¯�•�n�6�—�=�:�Ó�-�•�‰�”�e	X

�D 12,300�3�´�–  

 4.�Ì
Þ�±���%�Y�È�È�”�!�m�¬�¶�B�ê�•�%�Y�‡ 2008-2011�£�t�b�o�È

�È�”�e
à���3 350�r	1	n�F	"�–�@�ê�•�%�Y�—�²�•�%�Û�‡ 2003-2006

�£�t�È�È�”�e
à���3 260�r	n�F	"�–�e	X�D 96,700�3�´�— 15,800 man 

mSv �p�?�t�j�f  

 5.�Ï�±�Ã	1�È�Æ�`���”�‡ 1996-1998�£�t�^�é�” 3 �†�Ï�±�Ã�m	1 2 �†�b

�o�*�È�—X��e�”�e	X�D 5,400�3�´�—w�9 5,800man mSv �p�?�t�j�f�–

�!�m�¬†�4�p1�4�È�Æ�`� 	•�7�=���ƒ�p�I�`�–���õ�Þ	õ�¬�{
à�”

�Ì
Þ�4�Í	¿	4�V�½��	1×�i�R	d
ÿ�^�é�²³�¤	1�È�Æ�`���–��µ	"

	1	1���3�f�e 2.4 �r�”�e�?�˜�‡ 14 �ý	n�F¯ (220�†�’ )�m�–�ß�Í�‡�Ï

�±�Ã�m�¨�ï�œ�p�Á�ý�b�7�L�‰�ë�–�Ã�ƒ�C�z	1�`û�Ó†�4��	<�.�ƒ

�±�¤�–�U�•�‰	d
ÿ�Ð	š�È
ª 3 mm	¦	ë	d�����È�Æ�”�‡�¼	š�È	¦	ë

�´�”�!�`û�’÷
ª 1m2/hr�–�È�Æ	›	1�å�—�†�è	d
ÿ�Æ
)��
ª 3000 

Bq/cm2�”�–���È�Æ	õ�Æ
)��
þ�ß 1 Bq/cm2 �Ð�@�– 
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 6.�L�Ï�˜��—
ù�����å�`���”	•†�4�+�•�ñ���3 2000�r�:�p���ï�¤�L

�Ï�˜��²�”���Ë�t�¤�Ó�¤��µ	"�?�˜�‡ 220�†�’�p	n�F¯�ƒ�–�L�Ï

�˜�	õ�”2���3�pX?	#	"�¯�ƒ�Ë�5 380�†�’¯�ƒ�–�`û�p��µ	"¯

�e
à 1512¯ (220�†�’ )�”���3�p�Z¯
ª 500�ý (380�†�’ )�–  

 7.�˜�p�È�È�`���‡ 2011�£�^�é�”
Œ�Â�`�Ó�å
� 700�Ï	o	1�h�ò�”�e
à

×�i�R 5000�r�•�s�Y 122�r�–  

 8.�³�²���ª�È�È�`���”
à�¶ 3 �•�z 70MW �p�³�²�ã�B 2 �•�z 12MW �â

�n�¤�³�²�Û�”�‡ 2004-2007�£�t�b�È�È�Ì
Þ�{�Â�•�Y�”�U
ª���3 4200

�r�p	n�F	"�”�Ð�— 2500m3 �p×�i�R�è�Ì	"�o�È�È�–�>	›�›�Í�@	ì�ð

	"�p�è�Ì�ï�”�%���4�¦
ù�²�È�Þ�–  

 9.�!�Ô�b�–�Y�«	1�`���”�å
��%�Y	Þ�¾�•�—�±�Ø�¤�È�Æ�—��È�`û�•

�—�±�w�Š�Ê�Ø¯�V���ƒ�?�˜�–  

      (�? )��µ	"�%û  

1.Latina�=��
a�1�È�p�`���h�‰���^�é�”��	ì�+�†
a�1�z�¤���Ë�t�¤��

µ	"�p�m�Z�?�˜�{
�	ì�ð	"�”�Ð�—��	ì�+�•1	p�`û�Á�ý�p��È�`û

�P�•�Ó�-�p�/�´	ì�ð	"�–  

2.��	1�?�˜�{
��Ì
Þ
"
a�<���"����µ	"���3�¬�Á�”�{
à�r�f
a

25,000m3 �Ê�›w�¯�–�`û	õ�p��µ	"¯�”�‡�!�»�ö� �u�´�”
ª�b�?

�˜ 1600�ý� �¶�l�u
R	ë�p��µ	" �̄–�?�˜�{
����ª�ƒ�”�Ì
Þ�{�Â�å


� 2 ���v�ë�•ˆ�½�Ó�-�•�Ë�t�¤���“�Ó�-�•�•���Ó�-�•�Ð�—�ã�û�Ó

�-�Û�–w�¯�p��µ	"�Ê���å
� : 

 (1)���ð���3�p�������Ë�t�¤��µ	"  

 (2)�–�P�•�p�Ë�t�¤�Á�ý  

 (3)�–�`û�p ”magnox”��µ	" (��x�"�¬�s�•�ö�`û ) 

 (4)�+�»�±���p�2�»��µ	"  

 3.�Á�ý�`û�P�•�Ó�-�œ�Ø�‡1�4�I�´�¤	ì�ð	"�ƒ�”�>	›�%�‡�“�â�m�”

�b�‡�†�@�T�?�˜ 12m3 �p�m�x�Ë�t�¤�Æ�ý�”�C
à�`û�P�•	õ�p
R	ë2


ª���3 100¯ (�¢¯ 440�†�’�r�è )�–�`û
L�Ó�•�@ : 

 (1)�#�+�@~�Á�ý¯�ƒ�ã�½  

 (2)�#�2�@~���5�Ó�¯�t�—�½�ý�•��µ	"�%�µ  

 (3)�#�?�@~�ã�5�s�f�p�½�ý�—��µ	" (25%�Á�ý +75%�½/�½�ý ) 

 (4)�#���@ ~���È�Ó�¯�t�—�ã�±�%�µ  

 (5)�#�v�@ ~�P�è (48 �[�´ ) 

 (6)�#�„�@ ~�7
ù�—	Þ�b  
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 (7)�#�.�@ ~�P�è (24 �[�´ ) 

 (8)�#�6�@~	Þ�˜  

         4.�"���È�p�u�d�`��  

 (1)�³�²���ª�È�È�Y�«  

 (2)�T���²���x (hosing)�È�È (2013-2014�£ ):�C�Z
ª���3 180�r	1	n�F

	"�”�•�•�‰
"�¶�Æ
)	1�”�¬�Ð���Š���è�^�é�”�È�à	õ2�¬�)�Æ
)

�ô�Ð�½�È�Æ�±�¤�^�é�–  

 (3)�Š�Ê���ª�{�E (2013-2014�£ ):�à���ª�‰�«���ô�Ç�”�å
��·�â�ô�•�Š

�Ê�ô�•�È�Æ�—�À
7�ô�•�Ú�í�Ó�-�ô�–  

 (4)�c�³���3�t�È�È (2014-2019�£ ):�¢�†�c�³���3�t2�Š�Ê�« 8 �U�•

�‰�”�Š�Ê	õ2���¬�ß�Š�Ê���ª�^�é�à�“�V�Š�Ê�«�“�[�4�Y�–  

 (5)�˜�¨�t���ª�È�È (2019-2021�£ ):�‡�¼�x
D�˜�¨�t���ª2�^�é�

�[�”	…���•�‰���ª�•�Ø��
a�˜�¨�t�÷�¨���3�p�m�x�—�Ï�x�Ë�t�¤

��µ	"	1�?�˜�{
��”�^�é�œ�d�?�˜�”	4�)� �U���p�È�6�`�œ�ñ�”

�s	õ
a�·�–  
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�¥�¥�¥�¥�•�•�•�•	ì��	ì��	ì��	ì����� �̂��ˆ��� �̂��ˆ �

 �+�•�Á�=���p�È�p�`���ñ�Ð�‰�«���!�x
D�”�‰��
a (�+ )�c�Z�u�d�•	c�Z�È�p�Z    

�í�`�� (�¬�s�ñ�?�"�����4�•	c�Z�ñ�?�ý�¤�ó
7�—�µ�þ�÷�±�1�÷�•�V�%�+�²

�Â�p�u�ï )�•��C�6�·
à�½�•�ñ�?���)�j�f�1�÷�S�¤ (�2 )�Ó�-�V�4�Y�p�œ�d

�È�Æ�•�È�È�•���È (�? )	ì	"�V�ñ�?�é�|�p�ž	� (�� )�ñ�?�È�6�ó
7�V�=����C

�6�·�–  

 �2�•�>	›�!�†�ù�=���p���±¯�ý�¶�+�!�u�Ñ�”�� 55 �ã�� �̄–�¥�Ö�È�p���3�p��

�±�G�f�������•�”�Ê	À�¤�—�¡�Z�U�[�l�+�”�H���àü�+���j�f	ð�Ï	1�Ë�t

�¤��µ	"�”�¼�´�f���4�â�+�r�t�”	ž�¬�¶�Ë�t�¤��µ	"�A�Á�Š�Ê�ß�h�œ�5

�à�¡�Z¯�m�”
��<�Ï�`û�«�!�•�H�<�Ï�`û�3�I�j�f�”���l���u�–�È�6�`

�œ�ñ�{
à�V�=�����à���±�¡�Z�(�±�¨�u
Œ�0�ó�»�}�”�i
"�}û	1��	��–�Ð

�L C �Ê��µ	" (GTCC)
a���”�‚�!�?�tN	ë�Ï�”�>	›�A
"�V�4���Ï�±�+�¦�Ó

�¤�?�˜�–�+�r�h
����!�È�p�=���”�! GTCC��µ	"�AN�+�Š�Ê�ß�h�Ø�5

�4���Ï�±�ß�”�‚�¼	X�D�1�z�•�l��
Þ	1�´�t�—�j�f�”�p	õ�È�p�=���.�7’

�•�” GTCC¯�ü�é�{
à�”�‡�Ó�?�{
������±	•�—�c�f�‡�Ÿ GTCC�4�Y�Š�Ê

��	C�p�t�7S�����–  

 �?�•����
"�‡�È�p�x
D�”�=��	ì���—�����´�Z	1�÷�±�}�ñ�<�‰
ù
Þ�”�Á
Þ�Ò�2     

�†	…�˜�–�!�»�����m����–�í�é�B�š�‡�²�¶�=���”�¾�G�•	1c�n�@�”�ý�“

�^�é�È	…�š�p�×�{�”�•�¼�ñ�h���3�l��
Þ	1	X�D�–�¼�•�]�!�†�ù�Á�+���>

	›�ÚS�l�Q�”�‡�^�é�•�p�1�÷�´�”�b2	ì���÷�±�—�����–�í�žû���+�»�”

�Çü�V�=���÷�±�m�¨�l�}	1�÷�±�H�ƒX…�ï�=���%�•�y
ÿ�¨�G�•�”�²	õ�Ö�p /

�È�p�´�•���÷�±�}�¨�	�[	…�˜�”�Ð	•�È�p�u�d�´�ö�Õ�§�4�–  

 ���•�+�ž�Z�È�p�`���å�6	��u�•�È�p
à�½�Û�2�•�”�¨�à�7�Á�{
��–�Ü	C�•�È�È

	C�I
��Œ�%�+�²�Â�Û�•�±�â�ï�e�u�D�@���	��é�2�•�•	��×�•	7���z��
ÿ

�â�°	1�ñ���¤�^�é�á�2�˜�õ�”	À�¿�à�+�Z�+� �$�}��¾�†
ª�u�s�—���}�z

��c	1�È�p�`���%û�Ü���I�±�¾�”�Ð�ú�ã�È�p�`��
à�½��é	1�ñ�>�¤�—

�œ�d�¤�–  
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	u�Y�+       EPRI�# 11 �{�Á�=���È�p�������Ó  
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