Demonstration of the faisability with a first hot test in ATALANTE facility

EXAM integral experience 5

Cold and spiked tests Hot test

Main results

Very good adequation between data calculated and measurements Step Am Recovery 

Performances

Decontamination factor
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	EXAM -Process Development EXAM -Process Development Spent fuel dissolution
			Hot test in Atalane facility (CBP) Hot test in Atalane facility (CBP)
	surrogate feed Spiked test in Atalante facility (C17) Validation of the new scheme with a surrogate feed surrogate feed Spiked test (Atalante facility -C17) Validation of the new scheme with a surrogate feed 3 dissolution batches Hot test in Atalane facility (CBP) • 32 stages extraction-scrubbing, • 8 stages Mo, Pd, Ru stripping, • 20 stages Am stripping, • 8 stages Ln, Fe stripping Hot test in Atalane facility (CBP) • 32 stages extraction-scrubbing, • 8 stages Mo, Pd, Ru stripping, • • 8 stages Ln, Fe stripping 20 stages Am stripping, Dissolution of 3 kg of UOX and 1.6 kg of MOX fuel	• EXAM scheme with concentrated feed • 32 stages extraction-scrubbing, • 4 stages TEDGA scrubbing • 8 (12) stages Mo, Pd, Ru stripping, • EXAM scheme with concentrated stripping, • 8 (12) stages Mo, Pd, Ru feed • 32 stages extraction-scrubbing, • 4 stages TEDGA scrubbing
	Total volume : 22 L		• • • •	8 stages Am stripping, 8 stages Ln, Fe stripping 8 stages Am stripping, 8 stages Ln, Fe stripping
	2010 2010 Main characteristics of the dissolution solution 2011 2012 2013 2014 2014 2015 2015 2010 2010 2011 2012 2013 2014 2014 2015 2015	2016 2016 2016 2016	2017 2017 2017 2017
	C HNO3 = 4.3M,		
	Optimization of the concentration factor Optimization of scrubbings (Mo Cold tests (G1 facility -PROUST platform): Optimization of the concentration factor Optimization of scrubbings (Mo c U = 160 g/L, Preparation of the raffinate for next EXAM test (concentrated) 25 L of feed solution c Pu = 4.4 g/L, (concentrated) c Np = 49 mg/L, Total βγ activity: 1.9.10 12 Bq/L (02/2011), Concentration by steam distillation • Validation of the process and optimisation of conditions • Test with genuine solution Concentration by steam distillation • Validation of the process and optimisation of • Test with genuine solution c Cm = 50 mg/L conditions c Am = 160 mg/L 25 L of feed solution		Final step in Atalante facility (C9) • Co-conversion UAmO 2 (C10) • Fabrication of pellets Final step in Atalante facility (C9) • Co-conversion UAmO 2 (C10) • Fabrication of pellets
	and TEDGA) and TEDGA) 106 Ru activity: 1.35.10 11 Bq/L (02/2011).	
	Tests at laboratory scale Tests at laboratory scale	
		Modelling Modelling	
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Cold tests (G1 facility - PROUST platform) -Hydraulic tests

  

	Spiked test (Atalante facility -C17)
	Validation of the new scheme with a
	surrogate feed surrogate feed
	-Optimization of the
	concentration factor
	-Optimization of scrubbings
	(Mo and TEDGA)

Final step in Atalante facility (C9) • Co-conversion UAmO 2 (C10) • Fabrication of pellets EXAM -Process Development 2016 2016 2017 2017 Hot test in Atalane facility (CBP)

  

			Hot test in Atalane facility (CBP)
			• EXAM scheme with concentrated
	• • • •	32 stages extraction-scrubbing, 8 stages Mo, Pd, Ru stripping, 20 stages Am stripping, 8 stages Ln, Fe stripping	• • •	feed 32 stages extraction-scrubbing, 4 stages TEDGA scrubbing 8 (12) stages Mo, Pd, Ru stripping,
			•	8 stages Am stripping,
			•	8 stages Ln, Fe stripping
		Steam distillation Concentration by steam		
		• Validation of the process distillation		
		and optimisation of • Validation of the process		
		conditions and optimisation of		
		• Test with genuine solution conditions		
		• Test with genuine solution		
		Tests at laboratory scale		
		Modelling		
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EXAM (

Concentrated flowsheet) Which concentration factor? Keep a good Am/Cm separation factor Main modifications

  

		EXAM (concentrated flowsheet)	
		Which influence on stripping steps?	
			DMDOHEMA 0.6M +			
			HDEHP 0.45M, TPH	Influence of Ln total concentration on SF(Am/Cm)
				2.6		
			2.4 Am Extraction	Cm Scrubbing	
	Σ Σ Σ Σ Ln (mM) Σ Cations (mM) Σ Σ Σ	UOx3 (PUREX raffinate) 25 52	5x 125 260 Mo Scrubbing 1.4 pH 2.5-3.5 50 NaOH Carboxylic acid 1.6 1.8 2.0 2.2 La, Ce, Pr, Nd, Mo, Pd, Fe, Ru, TEDGA 100 150 200 SF(Am/Cm) FEED + TEDGA TEDGA Cm, light Ln, Zr, Ru HNO 3 5-6 M HNO3 5-	250	300	350
					[Ln] tot (mmol/L) Ln-Fe Stripping Am Stripping
					DTPA +		TEDGA
	Increase of c Ln aq ---increase c TEDGA		Malonic acid pH 2.5		+oxalic HNO 3 1M
	But c TEDGA org	and then the loading capacity			
	Avoid 3 rd phase formation ---increase c HDEHP	DMDOHEMA 0.6M	DMDOHEMA 0.6M
				HDEHP 0.30 M	HDEHP 0.45 M
	Highest Concentration Factor reasonably achievable is 3.5	
							11 12
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6M From High acidity ….. … to low acidity Am Mo Ln Fe

  

			EXAM -Process Development Spiked test april 2014	Atalante C17
	Spiked test (Atalante facility -C17) Validation of the new scheme with a surrogate feed Solvent recycled by batch TEDGA Cm Scrubbing Scrubbing TEDGA HNO 3 5-6M NaOH HNO 3 4M HNO 3 3M FEED 8 M Hot test in Atalane facility (CBP) DMDOHEMA 0.6M + • HDEHP 0.45M, TPH 32 stages extraction-scrubbing, • 8 stages Mo, Pd, Ru stripping, • 20 stages Am stripping, • Am Extraction 8 stages Ln, Fe stripping TEDGA Cm, light Ln, Zr, Ru, Pd	test in Atalane facility (CBP) • EXAM scheme with concentrated feed • 32 stages extraction-scrubbing, • 4 stages TEDGA scrubbing • 8 (12) stages Mo, Pd, Ru stripping, • 8 stages Am stripping, • 8 stages Ln, Fe stripping Concentration factor = 3 UOX 3 Simulated Feed
	pH	2010 2010 Mo	2011 Citric acid pH 2.5-3.5 Mo Scrubbing NaOH pH	2012	pH	2013	2014 2014 HEDTA	2015 2015	2016 2016 Element La Ce	g/L 1.6 2.6	2017 2017
	2 main issues with a concentrated flowsheet: c TEDGA in the organic phase increases -Leak of Am during Mo scrubbing -Competition with DTPA during the Am stripping and TEDGA) TEDGA Scrubbing Preparation of the raffinate for next EXAM test (concentrated) 25 L of feed solution Cold tests (G1 facility -PROUST platform): Optimization of the concentration factor Optimization of scrubbings (Mo Addition of HEDTA as Pd masking agent (limit the saturation) Additional TEDGA scrubbing to maintain c TEDGA Zr 1.8 org < 10 mM Final step in Atalante facility (C9) • Co-conversion UAmO 2 (C10) Y 0.56 • Fabrication of pellets Concentration by steam • Validation of the process and optimisation of • Test with genuine solution Gd 0.22 conditions TEDGA +oxalic HNO 3 1M DTPA + Malonic acid pH 2.5 Ln Fe 0.1M Eu 0.17 0.2 mg/L Am HNO 3 Sm 1.2 244 Cm distillation Ln-Fe Stripping Pr 241 Am 1.2 Am Stripping Nd 4.9 0.4 mg/L pH
		pH stabilization in Mo scrubbing steps more difficult Study of others buffering/complexing molecules Tests at laboratory scale pH control, online spectrophotometry RadioChemistry & Processes Department IEMPT 2016, October 18-20, 2016 Citric acid (instead glycolic Pd 2.2 Mo 2.2 acid) in Mo scrubbing test 13 14 Solvent recycled by batch (after analysis c and re-adjustment) Fe 1.1 Modelling Nuclear Energy Division -Marcoule Ru 1.7

Nuclear Energy Division -Marcoule RadioChemistry & Processes Department IEMPT 2016, October 18-20, 2016 HEDTA Nuclear Energy Division -Marcoule RadioChemistry & Processes Department IEMPT 2016, October 18-20, 2016