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UO2
2+ + 2NO3

– + 2TBP � UO2(NO3)2 · 2TBP  (1) 
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         An4+ + 4NO3
– + 2TBP � An(NO3)4 · 2TBP  (2) 
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In France, advanced aqueous processing technologies are being developed and 

assessed to support future recycling of Am and Cm or the minor actinides 

together with U and Pu to fast reactors.  Pilot-scale demonstration is planned 

within the next decade with a goal of industrial deployment to support the 

deployment of Generation IV fast reactors.  France is also in the process of 

selecting a site for a geological repository for disposal of high-level waste with a 

goal to open the repository in 2025.  Research related to the study of geological 

formations and the capacity as a deep geological repository for HLW is being 

conducted at the Meuse/Haute Marne Underground Research Laboratory located 

in Bure, France.

Russia is currently processing used fuel from civilian power reactors as well as 

spent HEU fuel from naval and other reactors at Mayak’s RT-1 aqueous 

reprocessing plant. The Experimental-Demonstration Center (EDC), which will 

be a 100 MT/yr pilot facility for evaluation of the fuel cycle based on modified 

PUREX extraction technology, is currently being designed.  This facility will also 

be used to develop other advanced processing technologies for processing used 

fuel from thermal reactors. The current goal is to support completion of a new 

aqueous reprocessing facility around 2025. Research is also actively being 

performed relative to pyroprocessing technologies for the processing of spent fuel 

from future fast reactors. To this end, the Multipurpose Pyroprocessing Complex 

(MPC) is being designed at the Research Institute of Atomic Reactors (RIAR) to 

support molten salt processing development at a capacity of up to 2,500 kg fast 

reactor used fuel per year. 
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South Korea decided to develop a closed fuel cycle associated with 

pyroprocessing and SFR with metallic fuels. A demonstration SFR is planned to 

operate from 2030 initially with U-Zr metal fuels and later with recycled 

U/TRU/Zr metal fuels produced from PWR SNF in a pyroprocessing facility that 

is planned to be operated from 2025.  0��
��
�������	"����
�
��	��������	���	

�� ��
����"	�
�"�����	�"	H
���	,"
���	2�����	��������	!��"�"�"�	��"�	

�����	"
	#����	��	�����������	�����	/�����"�	#�	+?(<�		,-��
��	����
�������	

"����
�
��	��	������"��	�
"	#����	��"� ���	�"�����	���	��	�
"	�
��������	�	

�������"�	/
�	�
���������=�"�
�	��	"��	����#���	
/	H
����		���	����	
/	�	����8

�� ��	���"�	���
��"
��	��	��
"���	��
#���	/����	#�	"��	�
��"��	���	"
	

�� �����	����"��	����	���
������		4��"�	������=�"�
�	��$	"���$	�	��7
�	


#7��"� �	��"�	���
��
�������	"����
�
��	��������	���	�� ��
����"	��	

�
�"�	H
����	

	

	

)� 6�#��
������	

	

1. OECD and IAEA, Uranium 2007: Resources, Production, and Demand;
Nuclear Energy Agency, June 2008. 

2. Gray LW (1999) From separations to reconstitution – A short history of 
plutonium in the US and Russia. Lawrence Livermore National 
Laboratory, UCRL-JC-133802 

3. Evans TF and Tomlinson RE (1954) Hot semiworks REDOX studies, 
Hanford Atomics Products Operations, HW-31767 

4. (1951) REDOX technical manual, Hanford Works, HW-18700. 
5. Hore-Lacy I (2009) Mixed oxide fuel (MOX). World Nuclear Association 

(Content Partner); Cutler J. Cleveland (Topic Editor).  In: Encyclopedia of 
Earth. Eds. Cutler J. Cleveland (Washington, D.C.: Environmental 
Information Coalition, National Council for Science and the 
Environment). 

6. Denniss IS and Jeapes AP (2001)Reprocessing irradiated fuel In: Wilson 
PD (ed) The nuclear fuel cycle: from ore to wastes, Oxford University 
Press, Oxford, UK, p. 120 

7. Poczynajlo A (1988) Studies on reductive back extraction of plutonium in 
PUREX process. J. Radioanal. Nucl. Chem., vol 125 no.2, p 445-465 

8. Long, JT  (1967), Engineering for Nuclear Fuel Reprocessing, Gordon 
Breach Sci. Publ., N.Y. 



	 +%

9. Petitjean V,  Fillet C, Boen R, Veyer C, Flament T (2002) Development of 
Vitrification Process and Glass Formulation for Nuclear Waste 
Conditioning, Proceedings of Waste Management 2002, Tucson, AZ USA. 

10. Spent Fuel Reprocessing Options.  International Atomic Energy 
Administrations, IAEA-TECDOC-1587, Vienna, Austria 2008. 

11. Boullis, B (2008) Future nuclear fuel cycles: prospects and challenges. In 
Solvent Extraction: Fundamentals to Industrial Applications, Proceedings
of ISEC 2008 International Solvent Extraction Conference, Bruce Moyer 
editor, Vol. 1, pp 29-42. 

12. Nash K (2008) Key features of the TALSPEAK and similar trivalent 
actinide-lanthanide partitioning processes. In Solvent Extraction: 
Fundamentals to Industrial Applications, Proceedings of ISEC 2008 
International Solvent Extraction Conference, Bruce Moyer editor, Vol. 1, 
pp 511-519. 

13. Laidler J (2008) An overview of spent-fuel processing in the Global 
Nuclear Energy Partnership. In Solvent Extraction: Fundamentals to 
Industrial Applications, Proceedings of ISEC 2008 International Solvent 
Extraction Conference, Bruce Moyer editor, Vol. 1, pp 695-701. 

14. Riddle C, Baker J, Law J, McGrath C, Meikrantz D, Mincher B, Peterman 
D, and Todd T (2005) Development of a novel solvent for the 
simultaneous separation of strontium and cesium from acidic solutions.  
Sovent. Extr. Ion Exch., Vol. 23, No. 3, pp. 449-461. 

15. Christiansen B, Apostolidis C, Carlos R, Courson O, Glatz JP, Malmbeck 
R, Pagliosa G, Römer K and Serrano-Purroy D (2004) Advanced aqueous 
reprocessing in P&T strategies: Process demonstrations on genuine fuels 
and targets. Radiochim. Acta  Vol 92, 475–480.  

16. Miguirditchian M, Chareyre L, Hérès X, Hill C, Baron P, Masson M 
(2007) GANEX : adaptation of the DIAMEX-SANEX process for the 
group actinide separation, Proceedings of GLOBAL 2007 Advanced 
Nuclear Fuel Cycles and Systems, Bosie, Idaho, USA. 

17. 4�������	�$	6����	�$	
������	�$	�
����	2	B+??<C ������"�
��	���	

�������"�"�
�	���"����	"
	!���
 �	1"���=�"�
�	
/	�	*�
�
���	

���
��"
���	�������	�����
�
��$	5
��	()'$	�
�	($	��;)8(?<�
18. Drain F, Emin JL, Vinoche R and Baron P (2008) COEX process: cross-

breeding between innovation and industrial experience. Proceedings from 
Waste Management 2008, Tucson, AZ, USA. 

19. Katsuta T, Suzuki,T (2009) Japan’s spent fuel and plutonium management 
challenge. Energy Policy, In press. 

20. Pereira C, Vandegrift G, Regalbuto M, Bakel A, Bowers D, Gelis A, 
Hebden A, Maggos L (2007) Lab-scale demonstration of the UREX+1a 
process using spent fuel. Proceedings from Waste Management 2007,
Tucson, AZ, USA. 

21. Nuñez L and Vandegrift G (2000) Evaluation of hydroxamic acid in 
uranium extraction process: literature review, Argonne National 
Laboratory, ANL00/35. 



	 +;

22. Colven, TJ Jr, (1956) Mixer-Settler Development-Operating 
Characteristics of a Large-Scale Mixer-Seller.  Savannah River 
Laboratory, DP-140 

23. Davidson J K, Shafer AC, and Haas WO (1957) Application of Mixer-
Settlers to the PUREX Process. In: The symposium on the reprocessing of 
irradiated fuels, Book 1 United State Atomic Energy Commission, TID-
7534.

24. Benedict M, Pigford TH and Levi HW (1981) Nuclear Chemical 
Engineering, McGraw-Hill, N. Y.p 210 

25. Milot JF, Duhamet J, Gourdon C, Casamatta G (1990) Simulation of a 
pneumatically pulsed liquid-liquid extraction column.  Chem. Eng. J.
45:111-122.

26. Sege G, and Woodfield  FW, (1954) Chemical Engineering Progress, 
50(8).

27. Geier RG (1954) Application of the Pulse Column to the PUREX Process. 
USACC, Report TID-7534. 

28. Richardson GL and Platt AM (1961) Progress in Nuclear Energy, Series 
IV, Technology Engineering and Safety, Vol. 4, Pergammon Press, New 
York.

29. Leonard RA  (1988)Recent Advances in Centrifugal Contactor Design. 
Separation Science and Technology, 23(12&13).

30. Jubin RT et al. (1988) Developments in Centrifugal Contactor 
Technology. Oak Ridge National Laboratory, ORNL/TM-10768. 

31. Meikrantz DH, et al. (2001) Annular Centrifugal Contactors for Multiple 
Stage Extraction Processes. Chem. Eng. Comm., Vol 188. 

32. Watts C.  (1977) Solvent Extraction Equipment Evaluation Study – Part 2. 
Battelle Northwest Laboratory, BNWL-2186 Pt. 2. 

33. Bernstein GL, et al. (1973) A High-Capacity Annular Centrifugal 
Contactor. Nuclear Technology, 20.

34. Drain F., et al. (2003) “Forty years of Experience with Liquid-Liquid 
Extraction Equipment in the Nuclear Industry,” Proceedings from Waste 
Management Conference 2003, Tucson, AZ. 

35. Meikrantz DH et al. (1996) Rotor Sleeve for a Centrifugal Separator. U.S. 
Patent # 5,571,070. 

36. Macaluso LL and Meikrantz DH (1999) Self-cleaning Rotor for a 
Centrifugal Separator. U.S. Patent # 5,908,376. 

37. Garn, TG, Meikrantz DH and Law JD (2008)  Remote Evaluation of a 
Three-Stage 5 Cm Annular Centrifugal Contactor Remote Module at the 
INL. Idaho National Laboratory, INL/EXT-08-13670. 

38. Meikrantz DH, Garn TG, Law JD and Macaluso LL (2009) Evaluation of 
a New Remote Handling Design for High Throughput Annular Centrifugal 
Contactors. Idaho National Laboratory INL/EXT-09-16824 

39. Chang, Y.I.; “The Integral Fast Reactor;” Nuclear Technology, vol. 188, 
n.2, pp. 129-138 (1989). 

40. Till, C.E., Chang, Y.I. and Hannum, W.H., “The Integral Fast Reactor – 
An Overview,” Progress in Nuclear Energy, 31, 1-2, 3 (1997) 



	 &?

41. Benedict, R.W.; “EBR-II Spent Fuel Treatment Demonstration Project;” 
Transactions of the American Nuclear Society, vol. 77, pp. 75-76 (1997). 

42. Ackerman, J.P.; “Chemical Basis for Pyrochemical Reprocessing of 
Nuclear Fuel;” Industrial and Engineering Chemistry Research, vol. 30, 
N. 1, pp. 141-145 (1991). 

43. Lee S.Y. et al. (2007) A Preliminary Study on the Safeguardability of a 
Korean Advanced Pyroprocessing Facility (KAPF). Proceedings of Global 
2007, Boise, Idaho. 

44. Lee H.S., Hur J.M., Ahn D.H., Kim I.T., and Lee J.H.  (2009) 
Development of Pyroprocessing Technology at KAERI. Proceedings of 
Global 2009, Paris, France. 

45. Willit J.L., Miller W.E., and Battles J.E.  “Electrorefining of Uranium and 
Plutonium – A Literature Review.”  Journal of Nuclear Materials, vol. 
195, No. 3, 1992, pp. 229-249. 

46. Goff K.M. and Benedict R.W. “Electrorefining Experience for 
Pyrochemical Reprocessing of Spent EBR-II Fuel.” Proceedings of Global 
2005, Tsukuba, Ibaraki (Japan). 

47. H�����	2���$	*
����������	H�5�$	���"�	����$	��
�	����$	���	�����	��	

K������"�
�	
/	,�"������	/�
�	�4�	
���	1����	�
�"��8���"86����	

2���"�
��������	0�
�������L	Nuclear�Technology$	 
��	(&<$	�����#��	

+??($	&'+8&)&�
48. Gourishankar K., Redey L., and Williamson M. “Electrochemical 

Reduction of Metal Oxides in Molten Salts.” Light Metals 2002, TMS. 
49. Westphal B.R., Keiser D.D., Rigg R.H., and Laug D.V. “Production of 

Metal Waste Forms from Spent Fuel Treatment,” Proceedings of the DOE 
Spent Nuclear Fuel Meeting: Challenges and Initiatives, Salt Lake City, 
Utah; December 13-16, 1994. 

50. Abraham D.P., McDeavitt S.M., and Park J. “Metal Waste Forms from the 
Electrometallurgical Treatment of Spent Nuclear Fuel.” Proceedings of 
the Embedded Topical Meeting on DOE Spent Nuclear Fuel and Fissile 
Material Management, Reno, Nevada, June 16-20, 1996. 

51. 0������	��$	.���	����$	�����	��,�$	��������	��H�$	���	6���
	��		

Materials�Research�Society�Symposium�Proceedings	))<	B(;;;C$	(()�
52. ,��������	��H�$	*����	.�H�$	0������	��$	���	,�������	��0�		Ind.�Eng.�

Chem.�Res�	(;;%$	37$	(')�
53. ��9�	��	���	�
���
�	!�		F������
�	���	!
�	29������	��	"��	�
�"��	

B��"����	���
����80
"������	���
����8,�����	���
����C	���"	E	I�
��"�	

',	���"��	��"�	,�����	��"��	���
�����	
/	�
����$	��#�����$	���	

�������	Metallurgical�and�Materials�Transactions	+??($	32B$	'+;�
54. 0�
������

�	��	���	�����
�$	��
�	K��
	��"�	2-����#����	�
���	/
�	

!
�	29������	6�"����	���"� ����"	��"�
��	���	I�
��"�8,	��	�	�
�"��	

���"PL	AIChE�Journal$	5
��	)+$	�
�	)$	���	(G&<8(G'&$	���	+??<�

55. H��	2�.�$	0���	*�!�$	��
	O�I�$	���	O���	.���	K,	���	,���
���	"
	

������=�	0��
��
�������	4��"�	���"�	���
���	�	������	
/	
����
�	

0�
���"	���
 ��	0�
�����L	Nuclear�Technology$	 
��	(<+$	�
�	+$	+??%$	
���	+?%8+(%�



	 &(

56. �����
�	��
�	���	������ 	0�	K�� ��
����"	
/	2���"�
��/����	4��"�	

���"	����
���	0�
����	/
�	"��	26�8!!	����"	
���	����"���"	0�
7��"PL	

Nuclear�Engineering�and�Technology$	 
��	'?$	�
�	&$	,����	+??%�
57. �����
�	��
�$	*
//	H���$	�
���
�	��*�$	6�"����	H���$	6�""��"�	����$	�
���	

H���$	
����	����$	�
����""�	����$	���	FD.
������	��0�	K,	�������"�
�	
/	

"��	�������	4��"�	

��	0�
���"�
�	0�
����	/�
�	"��	���
��"��"�
�	

0����	
/	"��	2���"�
��"����������	����"���"	
/	26�8!!	����"	
���$L	

Nuclear�Technology$	 
��(&'$	���	+<&8+GG	B+??(C�
58. Thomas J.L.,Mange M., and Eyraud C. Molecular Sieve Zeolites-I., R.F. 

Gould, Ed., Amer. Chem. Soc. (1971). 
59. Ebert W.E. “Testing to evaluate the suitability of waste forms developed 

for electrometallurgically treated spent sodium-bonded nuclear fuel for 
disposal in the Yucca Mountain repository.” Argonne National 
Laboratory, ANL-05/43, September 2005. 

	

	


