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Sheet1

										Lot #		Pu Rec. (%)		QC Limit		Th Rec. (%)		Pu in Th Mean (%)		Pu in Th Max (%)		Th in Pu Mean (%)		Th in Pu Max (%)

						Tested		Age				(>95%)				(>95%)		(<1%)		(<2%)		(<1%)		(<2%)

						2/1/10		13.0575342466		Jan-97		100%		93%		100%		0.09%		0.20%		0.30%		0.42%

						2/1/10		12.7095890411		May-97		100%				100%		0.19%		0.27%		0.40%		0.44%

						2/1/10		12.3315068493		Oct-97		100%				100%		0.14%		0.20%		0.40%		0.43%

		Limit				2/1/10		12.1780821918		Dec-97		97%				100%		0.25%		0.33%		0.40%		0.90%

		Error Bars  (1 sigma)				2/1/10		11.498630137		Aug-98		91%				100%		0.00%		0.09%		0.30%		0.55%

		Out of QC Spec				2/1/10		11.1589041096		Dec-98		89%				99%		0.00%		0.03%		0.20%		0.28%

		Out of 1-sigma Spec				2/1/10		10.8657534247		Mar-99		100%				99%		0.18%		0.28%		0.90%		0.98%

		Out of 2-sigma Spec				2/1/10		10.8438356164		Apr-99		100%				99%		0.12%		0.20%		0.70%		1.02%

		Out of 3-sigma Spec				2/1/10		10.6602739726		Jun-99		99%				100%		0.28%		0.43%		0.70%		0.74%

						2/1/10		10.2520547945		Nov-99		99%				100%		0.37%		0.53%		0.90%		0.96%

						2/1/10		9.9698630137		Feb-00		99%				100%		1.06%		2.77%		0.80%		0.80%

						2/1/10		9.6630136986		Jun-00		90%				100%		0.07%		0.13%		0.30%		0.37%

						2/1/10		9.5616438356		Jul-00		99%				100%		0.04%		0.20%		0.70%		0.81%

						2/1/10		9.202739726		Nov-00		99%				100%		0.02%		0.09%		0.80%		0.96%

						2/1/10		8.8191780822		Apr-01		100%				100%		0.15%		0.25%		1.20%		1.30%

						2/1/10		8.8109589041		Apr-01		96%				100%		0.16%		0.23%		0.20%		0.30%

						2/1/10		8.5890410959		Jul-01		100%				98%		0.16%		0.25%		2.20%		2.35%

						2/1/10		8.3315068493		Oct-01		99%				100%		0.05%		0.13%		0.80%		0.86%

						2/1/10		8.0246575342		Jan-02		98%				100%		0.00%		0.18%		0.30%		0.34%

						2/1/10		8.0054794521		Feb-02		99%				99%		0.00%		0.04%		1.00%		1.17%

						2/1/10		7.5315068493		Jul-02		96%				100%		0.28%		0.46%		0.30%		0.37%

						2/1/10		7.3726027397		Sep-02		97%				100%		0.24%		0.36%		0.50%		0.55%

						2/1/10		6.8931506849		Mar-03		85%				100%		0.01%		0.10%		0.30%		0.32%

						2/1/10		6.6356164384		Jun-03		80%				100%		0.00%		0.11%		0.20%		0.29%

						2/1/10		6.6246575342		Jun-03		85%				100%		0.00%		0.00%		0.10%		0.20%

						2/1/10		6.3835616438		Sep-03		87%				101%		0.00%		0.00%		0.10%		0.09%

						2/1/10		6.0356164384		Jan-04		95%				101%		0.08%		0.30%		0.20%		0.41%

						2/1/10		5.3315068493		Oct-04		98%				100%		0.00%		0.16%		0.10%		0.27%

						2/1/10		5.2246575342		Nov-04		98%				101%		0.00%		0.11%		0.10%		0.22%

						2/1/10		4.9342465753		Feb-05		95%				100%		0.13%		0.28%		0.20%		0.51%

						2/1/10		4.7835616438		Apr-05		99%				100%		0.08%		0.13%		0.20%		0.29%

						2/1/10		4.5589041096		Jul-05		99%				100%		0.12%		0.22%		0.10%		0.21%

						2/1/10		4.298630137		Oct-05		99%				100%		0.06%		0.09%		0.20%		0.22%

						2/1/10		3.9671232877		Feb-06		96%				100%		0.23%		0.30%		0.10%		0.18%

						2/1/10		3.6465753425		Jun-06		93%				100%		0.13%		0.33%		0.30%		0.28%

						2/1/10		3.3342465753		Oct-06		96%				100%		0.14%		0.19%		0.20%		0.26%

						2/1/10		3.0191780822		Jan-07		98%				100%		0.01%		0.08%		0.20%		0.23%

						2/1/10		2.5479452055		Jul-07		98%				100%		0.00%		0.02%		0.10%		0.27%

						2/1/10		2.3178082192		Oct-07		89%				100%		0.02%		0.10%		0.00%		0.10%

						2/1/10		1.8520547945		Mar-08		97%				100%		0.00%		0.08%		0.10%		0.20%

								Mean				95.85%				99.93%		0.12%		0.26%		0.43%		0.54%

								Std. Dev.				4.95%				0.54%		0.18%		0.43%		0.42%		0.43%

								1-sigma				90.90%				99.40%		-0.06%		-0.17%		0.01%		0.10%

								1-sigma				100.80%				100.47%		0.30%		0.68%		0.84%		0.97%

								2-sigma				85.96%				98.86%		-0.24%		-0.60%		-0.41%		-0.33%

								2-sigma				105.75%				101.01%		0.48%		1.11%		1.26%		1.40%

								3-sigma				81.01%				98.32%		-0.42%		-1.02%		-0.82%		-0.77%

								3-sigma				110.70%				101.55%		0.66%		1.54%		1.68%		1.84%
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Sheet1

										Lot #		Th230 Rec. (%)		U233 Rec. (%)		Th230 in U233 Mean		Th230 in U233 Max		U233 in Th230 Mean		U233 in Th230 Max

						age		tested				(>90%)		(>90%)		(<0.5%)		(<0.7%)		(<1%)		(<2%)

						13.1397260274		7/1/10		May-97		101%		97%		0.80%		0.95%		0.05%		0.13%

						11.0849315068		7/1/10		Jun-99		99%		97%		0.60%		0.80%		0.17%		0.17%

						10.8164383562		7/1/10		Sep-99		98%		98%		0.40%		0.53%		0.08%		0.08%

		Limit				10.397260274		7/1/10		Feb-00		104%		98%		0.30%		0.61%		0.12%		0.14%

		Error Bars  (1 sigma)				9.2301369863		7/1/10		Apr-01		101%		94%		0.10%		0.15%		0.30%		0.32%

		Out of QC Spec				8.7315068493		7/1/10		Oct-01		98%		98%		0.20%		0.28%		0.93%		1.05%

		Out of 1-sigma Spec				8.3232876712		7/1/10		Mar-02		103%		96%		0.40%		0.30%		0.29%		0.34%

		Out of 2-sigma Spec				7.7287671233		7/1/10		Oct-02		102%		96%		0.30%		0.30%		0.09%		0.12%

		Out of 3-sigma Spec				7.6383561644		7/1/10		Nov-02		102%		98%		0.30%		0.36%		1.08%		1.38%

						7.1589041096		7/1/10		May-03		100%		98%		0.30%		0.38%		0.22%		0.34%

						7.0438356164		7/1/10		Jun-03		97%		96%		0.30%		0.48%		0.39%		0.43%

						7.0328767123		7/1/10		Jun-03		95%		99%		0.30%		0.36%		0.09%		0.16%

						6.7342465753		7/1/10		Oct-03		104%		96%		0.20%		0.22%		0.14%		0.18%

						6.4273972603		7/1/10		Jan-04		101%		93%		0.15%		0.16%		0.23%		0.34%

						5.7917808219		7/1/10		Sep-04		96%		99%		0.20%		0.21%		1.01%		1.11%

						5.5808219178		7/1/10		Dec-04		104%		95%		0.30%		0.45%		0.18%		0.22%

						5.3178082192		7/1/10		Mar-05		102%		96%		0.30%		0.35%		0.06%		0.07%

						5.104109589		7/1/10		May-05		109%		96%		0.20%		0.26%		0.12%		0.16%

						4.9726027397		7/1/10		Jul-05		101%		98%		0.20%		0.22%		0.05%		0.05%

						4.6438356164		7/1/10		Nov-05		101%		97%		0.30%		0.45%		0.10%		0.14%

						4.4712328767		7/1/10		Jan-06		98%		98%		0.20%		0.27%		0.28%		0.35%

						4.2821917808		7/1/10		Mar-06		99%		96%		0.30%		0.36%		0.14%		0.15%

						3.6410958904		7/1/10		Nov-06		99%		96%		0.80%		0.89%		0.13%		0.21%

						3.5753424658		7/1/10		Dec-06		106%		97%		0.30%		0.41%		0.05%		0.07%

						3.3178082192		7/1/10		Mar-07		105%		102%		0.20%		0.26%		0.08%		0.12%

						3.2246575342		7/1/10		Apr-07		98%		95%		0.30%		0.30%		0.16%		0.19%

						2.997260274		7/1/10		Jul-07		100%		99%		0.10%		0.13%		0.07%		0.10%

						2.7424657534		7/1/10		Oct-07		98%		93%		0.30%		0.34%		0.29%		0.36%

						2.3780821918		7/1/10		Feb-08		102%		102%		0.20%		0.28%		0.21%		0.29%

								Mean				100.75%		97.05%		0.31%		0.38%		0.25%		0.30%

								Std. Dev.				3.19%		2.06%		0.17%		0.21%		0.28%		0.32%

								1-sigma				97.56%		94.98%		0.14%		0.18%		-0.03%		-0.02%

								1-sigma				103.94%		99.11%		0.47%		0.59%		0.52%		0.63%

								2-sigma				94.37%		92.92%		-0.03%		-0.03%		-0.31%		-0.35%

								2-sigma				107.13%		101.17%		0.64%		0.79%		0.80%		0.95%

								3-sigma				91.18%		90.85%		-0.20%		-0.24%		-0.59%		-0.67%

								3-sigma				110.32%		103.24%		0.81%		1.00%		1.08%		1.27%
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Sheet1

						Resin		Date		Lot #		Am241 Rec. (%)		Pu239 Rec. (%)		Am241 in Pu239 Mean		Am241 in Pu239 Max		Pu239 in Am241 Mean		Pu239 in Am241 Max

						Age		Tested				(>95%)		(>95%)		(<1%)		(<2%)		(<1%)		(<2%)

						14.1150684932		6/1/10		Apr-96		99.6%		97.4%		0.20%		0.39%		0.16%		0.21%

						13.0520547945		6/1/10		May-97		99.5%		96.6%		0.20%		0.64%		0.17%		0.22%

						12.3095890411		6/1/10		Feb-98		99.1%		95.2%		0.40%		0.73%		0.24%		0.25%

						12.0739726027		6/1/10		May-98		99.0%		96.5%		0.80%		1.18%		0.17%		0.17%

		Limit				10.8		6/1/10		Aug-99		99.1%		95.4%		0.60%		1.30%		0.35%		0.38%

		Error Bars  (1 sigma)				10.504109589		6/1/10		Dec-99		99.0%		95.7%		0.50%		1.23%		0.33%		0.37%

		Out of QC Spec				10.3561643836		6/1/10		Jan-00		99.7%		96.0%		0.40%		0.57%		0.28%		0.35%

		Out of 1-sigma Spec				9.9095890411		6/1/10		Jul-00		99.5%		95.9%		0.50%		0.62%		0.30%		0.32%

		Out of 2-sigma Spec				9.6410958904		6/1/10		Oct-00		100.4%		96.8%		0.00%		0.19%		0.35%		0.39%

		Out of 3-sigma Spec				9.1287671233		6/1/10		Apr-01		100.0%		97.0%		0.10%		0.51%		0.36%		0.46%

						8.602739726		6/1/10		Oct-01		100.0%		96.5%		0.00%		0.43%		0.32%		0.44%

						8.5890410959		6/1/10		Oct-01		100.1%		96.9%		0.00%		0.38%		0.35%		0.45%

						8.2794520548		6/1/10		Feb-02		98.7%		96.8%		0.30%		0.47%		0.14%		0.19%

						8.1342465753		6/1/10		Apr-02		98.7%		97.2%		0.40%		0.52%		0.11%		0.18%

						7.8164383562		6/1/10		Aug-02		98.7%		97.2%		0.40%		0.60%		0.07%		0.10%

						7.5506849315		6/1/10		Nov-02		98.6%		96.8%		0.40%		0.53%		0.09%		0.11%

						7.2876712329		6/1/10		Feb-03		100.3%		96.4%		0.00%		0.11%		0.57%		0.67%

						7.2054794521		6/1/10		Mar-03		100.3%		96.2%		0.10%		0.27%		0.27%		0.37%

						6.904109589		6/1/10		Jul-03		100.3%		95.8%		0.10%		0.19%		0.80%		1.16%

						6.6164383562		6/1/10		Oct-03		98.9%		96.8%		0.60%		0.85%		0.59%		0.98%

						6.3424657534		6/1/10		Jan-04		98.9%		96.1%		0.40%		0.70%		0.20%		0.30%

						5.7726027397		6/1/10		Aug-04		99.2%		96.8%		0.30%		0.56%		0.62%		0.66%

						5.7643835616		6/1/10		Aug-04		99.0%		96.3%		0.70%		0.87%		0.47%		0.49%

						5.5561643836		6/1/10		Nov-04		98.9%		96.6%		0.70%		1.11%		0.46%		0.56%

						5.2273972603		6/1/10		Mar-05		99.7%		97.1%		0.10%		0.46%		0.59%		0.72%

						5.0246575342		6/1/10		May-05		98.3%		96.7%		0.80%		0.82%		0.24%		0.39%

						4.8328767123		6/1/10		Aug-05		98.9%		97.9%		0.60%		1.05%		0.34%		0.42%

						4.6246575342		6/1/10		Oct-05		99.9%		97.8%		0.20%		0.76%		0.30%		0.45%

						4.3123287671		6/1/10		Feb-06		99.0%		98.2%		0.40%		0.89%		0.00%		0.06%

						3.8383561644		6/1/10		Jul-06		97.8%		98.5%		0.70%		1.06%		0.02%		0.17%

						3.7123287671		6/1/10		Sep-06		99.4%		95.5%		0.40%		0.54%		0.34%		0.43%

						3.3917808219		6/1/10		Jan-07		99.3%		96.6%		0.40%		0.54%		0.12%		0.13%

						3.3780821918		6/1/10		Jan-07		99.3%		96.1%		0.30%		0.41%		0.16%		0.21%

						3.0410958904		6/1/10		May-07		99.3%		97.1%		0.40%		0.56%		0.16%		0.35%

						2.7589041096		6/1/10		Aug-07		99.5%		95.5%		0.30%		0.66%		0.56%		1.07%

						2.1095890411		6/1/10		Apr-08		99.3%		95.6%		0.20%		0.26%		0.27%		0.30%

						2.0849315068		6/1/10		May-08		99.5%		96.3%		0.20%		0.29%		0.18%		0.26%

				Mean								99.32%		96.59%		0.35%		0.63%		0.30%		0.40%

				Std. Dev.								0.59%		0.77%		0.23%		0.30%		0.18%		0.26%

				1-sigma								98.72%		95.82%		0.12%		0.32%		0.11%		0.14%

				1-sigma								99.91%		97.36%		0.58%		0.93%		0.48%		0.66%

				2-sigma								98.13%		95.05%		-0.10%		0.02%		-0.07%		-0.12%

				2-sigma								100.50%		98.13%		0.81%		1.24%		0.67%		0.91%

				3-sigma								97.54%		94.28%		-0.33%		-0.28%		-0.25%		-0.37%

				3-sigma								101.10%		98.90%		1.04%		1.54%		0.85%		1.17%
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Sheet1

						Age of		Date		Lot #		Sr Rec. (%)		Ba Rec. (%)		Ca Rec. (%)		Y Rec. (%)		Y Load + Rinse Rec. (%)				Sr Gravimetric Rec. (%)

						Resin		Tested				(>85%)		(<0.25%)		(<0.15%)		(<0.15%)		(>99.0%)				(<105%)

						9.501369863		11/10/08		May-99		92%		0.000%		0.02%		0.00%		100.0%				102%

						9.3506849315		11/10/08		Jul-99		96%		0.020%		0.03%		0.00%		100.0%

						8.9506849315		11/10/08		Dec-99		92%		0.000%		0.02%		0.00%		100.0%				103%

		Limit				8.5616438356		11/10/08		Apr-00		94%		0.000%		0.01%		0.00%		100.0%				101%

		Error Bars  (1 sigma)				8.3808219178		11/10/08		Jun-00		93%		0.000%		0.00%		0.00%		100.0%				101%

		Out of QC Spec				8.0931506849		11/10/08		Oct-00		94%		0.000%		0.01%		0.00%		100.0%				104%

		Out of 1-sigma Spec				7.6876712329		11/10/08		Mar-01		94%		0.000%		0.02%		0.00%		100.0%				101%

		Out of 2-sigma Spec				7.5643835616		11/10/08		Apr-01		92%		0.000%		0.02%		0.00%		100.0%				96%

		Out of 3-sigma Spec				7.4		11/10/08		Jun-01		2%		0.000%		0.00%		0.00%		103.4%				92%

						7.0493150685		11/10/08		Oct-01		87%		0.000%		0.01%		0.00%		100.0%				102%

						6.6520547945		11/10/08		Mar-02		94%		0.000%		0.01%		0.00%		100.0%				101%

						6.5315068493		11/10/08		May-02		93%		0.020%		0.01%		0.00%		100.0%				100%

						6.3643835616		11/10/08		Jul-02		84%		0.000%		0.00%		0.00%		100.0%				100%

						6.1534246575		11/10/08		Sep-02		89%		0.000%		0.00%		0.00%		100.0%				100%

						5.6520547945		11/10/08		Mar-03		86%		0.010%		0.01%		0.00%		100.0%				100%

						5.3671232877		11/10/08		Jul-03		92%		0.020%		0.02%		0.00%		100.0%				102%

						5.3643835616		11/10/08		Jul-03		81%		0.010%		0.02%		0.00%		100.0%				100%

						5.0547945205		11/10/08		Oct-03		89%		0.010%		0.03%		0.00%		100.0%				103%

						4.7698630137		11/10/08		Feb-04		93%		0.020%		0.05%		0.00%		100.0%				97%

						4.5452054795		11/10/08		Apr-04		91%		0.020%		0.07%		0.00%		100.0%				102%

						4.5424657534		11/10/08		Apr-04		95%		0.000%		0.01%		0.00%		100.0%				98%

						4.2136986301		11/10/08		Aug-04														102%

						3.8465753425		11/10/08		Jan-05														100%

						3.8328767123		11/10/08		Jan-05														98%

						3.7506849315		11/10/08		Feb-05														101%

						3.7479452055		11/10/08		Feb-05														101%

						3.7369863014		11/10/08		Feb-05														100%

						3.7315068493		11/10/08		Feb-05														96%

						3.7287671233		11/10/08		Feb-05														99%

						3.7150684932		11/10/08		Feb-05		1%		0.000%		0.01%		0.00%		100.0%				15%

						3.5068493151		11/10/08		May-05														100%

						3.3260273973		11/10/08		Jul-05														103%

						3.3150684932		11/10/08		Jul-05														100%

						3.1589041096		11/10/08		Sep-05														103%

						3.1369863014		11/10/08		Sep-05														102%

						3.0246575342		11/10/08		Nov-05														98%

						2.9917808219		11/10/08		Nov-05														102%

						2.9342465753		11/10/08		Dec-05		92%		0.000%		0.04%		0.00%		100.0%				103%

						2.9260273973		11/10/08		Dec-05														22%

						2.8301369863		11/10/08		Jan-06		90%		0.000%		0.00%		0.00%		100.0%				102%

						2.8219178082		11/10/08		Jan-06														28%

						2.7095890411		11/10/08		Feb-06														26%										1/1/12		40909

						2.695890411		11/10/08		Mar-06														33%										1/1/02		37257

						2.6602739726		11/10/08		Mar-06		3%		0.000%		0.00%		0.00%		100.0%				31%

						2.597260274		11/10/08		Apr-06														41%

						2.5890410959		11/10/08		Apr-06														100%

						2.5315068493		11/10/08		May-06														53%

						2.5260273973		11/10/08		May-06														103%

						2.501369863		11/10/08		May-06		92%		0.000%		0.02%		0.00%		100.0%				104%

						2.4356164384		11/10/08		Jun-06														96%

						2.4301369863		11/10/08		Jun-06														36%

						2.4109589041		11/10/08		Jun-06														36%

						2.3095890411		11/10/08		Jul-06		96%		0.000%		0.00%		0.00%		100.0%

						2.2794520548		11/10/08		Aug-06		95%		0.000%		0.00%		0.00%		100.0%				100%

						2.2712328767		11/10/08		Aug-06														88%

						2.1369863014		11/10/08		Sep-06														103%

						2.1260273973		11/10/08		Sep-06														103%

						2.1205479452		11/10/08		Sep-06														103%

						1.8356164384		11/10/08		Jan-07		91%		0.000%		0.02%		0.00%		100.0%				101%

						1.8191780822		11/10/08		Jan-07														103%

						1.8136986301		11/10/08		Jan-07														94%

						1.5315068493		11/10/08		May-07														103%

						1.5150684932		11/10/08		May-07														96%

						1.495890411		11/10/08		May-07														104%

						1.4904109589		11/10/08		May-07		91%		0.030%		0.05%		0.00%		100.0%				99%

						1.2931506849		11/10/08		Jul-07														103%

						1.2767123288		11/10/08		Aug-07														101%

						1.2602739726		11/10/08		Aug-07														96%

						1.2547945205		11/10/08		Aug-07		94%		0.000%		0.00%		0.00%		100.0%				101%

						1.2410958904		11/10/08		Aug-07		97%		0.010%		0.00%		0.00%		100.0%				103%

						0.6904109589		11/10/08		Mar-08														101%

						0.6849315068		11/10/08		Mar-08														96%

						0.6794520548		11/10/08		Mar-08														101%

						3.5479452055		11/28/11		May-08														103%

						3.5424657534		11/28/11		May-08														99%

						3.5287671233		11/28/11		May-08														104%

						3.4767123288		11/28/11		Jun-08														102%

						3.298630137		11/28/11		Aug-08														105%

						3.295890411		11/28/11		Aug-08														102%

						2.2383561644		11/28/11		Sep-09														105%

						2.2164383562		11/28/11		Sep-09														102%

						1.9835616438		11/28/11		Dec-09														95%

						1.9808219178		11/28/11		Dec-09														97%

						1.8410958904		11/28/11		Jan-10														96%

						1.6602739726		11/28/11		Apr-10														95%

						1.4767123288		11/28/11		Jun-10														95%

						1.3369863014		11/28/11		Jul-10														95%

						1.2438356164		11/28/11		Aug-10														94%

						1.1698630137		11/28/11		Sep-10														95%

						1.0657534247		11/28/11		Nov-10														105%

						0.9698630137		11/28/11		Dec-10														106%

						0.8630136986		11/28/11		Jan-11														103%

						0.698630137		11/28/11		Mar-11														107%

						0.5863013699		11/28/11		Apr-11														102%

						0.4684931507		11/28/11		Jun-11														104%

						0.3561643836		11/28/11		Jul-11														106%

						0.2164383562		11/28/11		Sep-11														107%

						0.1424657534		11/28/11		Oct-11														104%

				Mean								83.33%		0.01%		0.02%		0.00%		100.11%				91.01%

				Std. Dev.								26.86%		0.01%		0.02%		0.00%		0.60%				23.94%

				1-sigma								56.47%		-0.00%		-0.00%		0.00%		99.51%				67.07%

				1-sigma								110.19%		0.01%		0.03%		0.00%		100.71%				114.95%

				2-sigma								29.60%		-0.01%		-0.02%		0.00%		98.90%				43.12%

				2-sigma								137.05%		0.02%		0.05%		0.00%		101.31%				138.89%

				3-sigma								2.74%		-0.02%		-0.04%		0.00%		98.30%				19.18%

				3-sigma								163.91%		0.03%		0.07%		0.00%		101.91%				162.83%

		w/o Known Failures		Mean								91.76%

		<60%		Std. Dev.								3.61%

				1- sigma								88.15%

												95.37%

				2-sigma								84.55%

												98.97%

				3-sigma								80.94%

												102.58%
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Sheet1

						Age of		Date		Lot #		Sr Rec. (%)		Ba Rec. (%)		Ca Rec. (%)		Y Rec. (%)		Y Load + Rinse Rec. (%)				Sr Gravimetric Rec. (%)

						Resin		Tested				(>85%)		(<0.25%)		(<0.15%)		(<0.15%)		(>99.0%)				(<105%)

						9.501369863		11/10/08		May-99		92%		0.000%		0.02%		0.00%		100.0%				102%

						9.3506849315		11/10/08		Jul-99		96%		0.020%		0.03%		0.00%		100.0%

						8.9506849315		11/10/08		Dec-99		92%		0.000%		0.02%		0.00%		100.0%				103%

		Limit				8.5616438356		11/10/08		Apr-00		94%		0.000%		0.01%		0.00%		100.0%				101%

		Error Bars  (1 sigma)				8.3808219178		11/10/08		Jun-00		93%		0.000%		0.00%		0.00%		100.0%				101%

		Out of QC Spec				8.0931506849		11/10/08		Oct-00		94%		0.000%		0.01%		0.00%		100.0%				104%

		Out of 1-sigma Spec				7.6876712329		11/10/08		Mar-01		94%		0.000%		0.02%		0.00%		100.0%				101%

		Out of 2-sigma Spec				7.5643835616		11/10/08		Apr-01		92%		0.000%		0.02%		0.00%		100.0%				96%

		Out of 3-sigma Spec				7.4		11/10/08		Jun-01		2%		0.000%		0.00%		0.00%		103.4%				92%

						7.0493150685		11/10/08		Oct-01		87%		0.000%		0.01%		0.00%		100.0%				102%

						6.6520547945		11/10/08		Mar-02		94%		0.000%		0.01%		0.00%		100.0%				101%

						6.5315068493		11/10/08		May-02		93%		0.020%		0.01%		0.00%		100.0%				100%

						6.3643835616		11/10/08		Jul-02		84%		0.000%		0.00%		0.00%		100.0%				100%

						6.1534246575		11/10/08		Sep-02		89%		0.000%		0.00%		0.00%		100.0%				100%

						5.6520547945		11/10/08		Mar-03		86%		0.010%		0.01%		0.00%		100.0%				100%

						5.3671232877		11/10/08		Jul-03		92%		0.020%		0.02%		0.00%		100.0%				102%

						5.3643835616		11/10/08		Jul-03		81%		0.010%		0.02%		0.00%		100.0%				100%

						5.0547945205		11/10/08		Oct-03		89%		0.010%		0.03%		0.00%		100.0%				103%

						4.7698630137		11/10/08		Feb-04		93%		0.020%		0.05%		0.00%		100.0%				97%

						4.5452054795		11/10/08		Apr-04		91%		0.020%		0.07%		0.00%		100.0%				102%

						4.5424657534		11/10/08		Apr-04		95%		0.000%		0.01%		0.00%		100.0%				98%

						4.2136986301		11/10/08		Aug-04														102%

						3.8465753425		11/10/08		Jan-05														100%

						3.8328767123		11/10/08		Jan-05														98%

						3.7506849315		11/10/08		Feb-05														101%

						3.7479452055		11/10/08		Feb-05														101%

						3.7369863014		11/10/08		Feb-05														100%

						3.7315068493		11/10/08		Feb-05														96%

						3.7287671233		11/10/08		Feb-05														99%

						3.7150684932		11/10/08		Feb-05		1%		0.000%		0.01%		0.00%		100.0%				15%

						3.5068493151		11/10/08		May-05														100%

						3.3260273973		11/10/08		Jul-05														103%

						3.3150684932		11/10/08		Jul-05														100%

						3.1589041096		11/10/08		Sep-05														103%

						3.1369863014		11/10/08		Sep-05														102%

						3.0246575342		11/10/08		Nov-05														98%

						2.9917808219		11/10/08		Nov-05														102%

						2.9342465753		11/10/08		Dec-05		92%		0.000%		0.04%		0.00%		100.0%				103%

						2.9260273973		11/10/08		Dec-05														22%

						2.8301369863		11/10/08		Jan-06		90%		0.000%		0.00%		0.00%		100.0%				102%

						2.8219178082		11/10/08		Jan-06														28%

						2.7095890411		11/10/08		Feb-06														26%										1/1/12		40909

						2.695890411		11/10/08		Mar-06														33%										1/1/02		37257

						2.6602739726		11/10/08		Mar-06		3%		0.000%		0.00%		0.00%		100.0%				31%

						2.597260274		11/10/08		Apr-06														41%

						2.5890410959		11/10/08		Apr-06														100%

						2.5315068493		11/10/08		May-06														53%

						2.5260273973		11/10/08		May-06														103%

						2.501369863		11/10/08		May-06		92%		0.000%		0.02%		0.00%		100.0%				104%

						2.4356164384		11/10/08		Jun-06														96%

						2.4301369863		11/10/08		Jun-06														36%

						2.4109589041		11/10/08		Jun-06														36%

						2.3095890411		11/10/08		Jul-06		96%		0.000%		0.00%		0.00%		100.0%

						2.2794520548		11/10/08		Aug-06		95%		0.000%		0.00%		0.00%		100.0%				100%

						2.2712328767		11/10/08		Aug-06														88%

						2.1369863014		11/10/08		Sep-06														103%

						2.1260273973		11/10/08		Sep-06														103%

						2.1205479452		11/10/08		Sep-06														103%

						1.8356164384		11/10/08		Jan-07		91%		0.000%		0.02%		0.00%		100.0%				101%

						1.8191780822		11/10/08		Jan-07														103%

						1.8136986301		11/10/08		Jan-07														94%

						1.5315068493		11/10/08		May-07														103%

						1.5150684932		11/10/08		May-07														96%

						1.495890411		11/10/08		May-07														104%

						1.4904109589		11/10/08		May-07		91%		0.030%		0.05%		0.00%		100.0%				99%

						1.2931506849		11/10/08		Jul-07														103%

						1.2767123288		11/10/08		Aug-07														101%

						1.2602739726		11/10/08		Aug-07														96%

						1.2547945205		11/10/08		Aug-07		94%		0.000%		0.00%		0.00%		100.0%				101%

						1.2410958904		11/10/08		Aug-07		97%		0.010%		0.00%		0.00%		100.0%				103%

						0.6904109589		11/10/08		Mar-08														101%

						0.6849315068		11/10/08		Mar-08														96%

						0.6794520548		11/10/08		Mar-08														101%

						3.5479452055		11/28/11		May-08														103%

						3.5424657534		11/28/11		May-08														99%

						3.5287671233		11/28/11		May-08														104%

						3.4767123288		11/28/11		Jun-08														102%

						3.298630137		11/28/11		Aug-08														105%

						3.295890411		11/28/11		Aug-08														102%

						2.2383561644		11/28/11		Sep-09														105%

						2.2164383562		11/28/11		Sep-09														102%

						1.9835616438		11/28/11		Dec-09														95%

						1.9808219178		11/28/11		Dec-09														97%

						1.8410958904		11/28/11		Jan-10														96%

						1.6602739726		11/28/11		Apr-10														95%

						1.4767123288		11/28/11		Jun-10														95%

						1.3369863014		11/28/11		Jul-10														95%

						1.2438356164		11/28/11		Aug-10														94%

						1.1698630137		11/28/11		Sep-10														95%

						1.0657534247		11/28/11		Nov-10														105%

						0.9698630137		11/28/11		Dec-10														106%

						0.8630136986		11/28/11		Jan-11														103%

						0.698630137		11/28/11		Mar-11														107%

						0.5863013699		11/28/11		Apr-11														102%

						0.4684931507		11/28/11		Jun-11														104%

						0.3561643836		11/28/11		Jul-11														106%

						0.2164383562		11/28/11		Sep-11														107%

						0.1424657534		11/28/11		Oct-11														104%

				Mean								83.33%		0.01%		0.02%		0.00%		100.11%				91.01%

				Std. Dev.								26.86%		0.01%		0.02%		0.00%		0.60%				23.94%

				1-sigma								56.47%		-0.00%		-0.00%		0.00%		99.51%				67.07%

				1-sigma								110.19%		0.01%		0.03%		0.00%		100.71%				114.95%

				2-sigma								29.60%		-0.01%		-0.02%		0.00%		98.90%				43.12%

				2-sigma								137.05%		0.02%		0.05%		0.00%		101.31%				138.89%

				3-sigma								2.74%		-0.02%		-0.04%		0.00%		98.30%				19.18%

				3-sigma								163.91%		0.03%		0.07%		0.00%		101.91%				162.83%

		w/o Known Failures		Mean								91.76%

		<60%		Std. Dev.								3.61%

				1- sigma								88.15%

												95.37%

				2-sigma								84.55%

												98.97%

				3-sigma								80.94%

												102.58%
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Sr Resin Shelf-Life QC

All lots of bulk Sr resin are analyzed every
six months for two years after production

QC procedure represents conditions Sr
resin is commonly used under

For several years (2013-2017) no failures
were observed

To date, NO failures observed within the
first year

Recent cluster of failures observed
sporadically for 2018-2020 lots

But what about columns and
cartridges???

m www.eichrom.com

Lot

17A

178

17D

17F

17G

17H

18A

18C

18D

18E

18G

18H

198

19C

19E

19G

191

19L

208B

20E

20F

20H

6 mo.

12 mo.

18 mo.

24 mo.




What is Sr resin?

Inert polymeric support impregnated with “crown” extractant and octanol diluent
* Srresin has a high affinity for Sr(ll) and Pb(lIl)
* OQOctanol is necessary to aid in phase transfer Surface of Porous Bead

Stationary
Phase

Inert
Support

L Mobile
Phase

4,4'(5')-di(t-butylcyclohexano)18-crown-6

m www.eichrom.com



What is Sr resin?

Eichrom T-Shirt Game

Acid dependency of k' for various ions at 23-25°C.

Day 1 .
4 1) Sr Resin
1&3?- I rlli'llll L) IIIIIIII L] ITIII'IE E I_TIIIW L] II|1II|| T |lll||E E
1.02 E_ = E_ '-! E_ Po (IV) H
[ 1 L 4)Ba ] | :
10 | — - - — —
- 2K 7 - e\ 3
t ._-\_' i - .“\
107 F Rb i F
_ > E E . E . E
i Na "'\K 1 [ 1 T k'gj <0.4 -
10_1 =3 d , /'1.\‘-5 ;‘ (] _‘:* - le {04 —
F Cs 1 ca(y 1 F ]
1ﬁ-2 1 IIIIIIII L IIIIIIII 1 L1 1 1aill [ IIJ.].IJII. L II!IIIII 1 L1 1 illl i i Iillllll i IIIIIIII . IIIIlI:
102 101 100° 101 10° 101 100 10 4p-2 10-1 100 101
[HNO3] M [HNO3] M [HNO3] M



Sr Resin — Crown Production

QK\ O/\Q H,, catalyst OK\ O/E
_o_J

o)
Lo/
4,4'(3")-di(t-butylbenzo)18-crown-6 4,4'(5")-di(t-butylcyclohexano)18-crown-6
(two isomers) (forty isomers)

« Crown production on 200-600 g scale

« Each lot of SR resin is a unique
crown blend

* Multiple lots of Sr resin may use the
same support and/or octanol

m www.eichrom.com



Crown Isomers

Table 1. Predicted D, at 0.1 M ligand concentration for the n-octanol::] M nitric acid system.

4(2) 4" (2) cis-sym-cis wem—m 95016

4(z) 4 (&) cis-sym-cis 5.79+1.0
4e) 4" (e) cis-sym-cis 4.93+0.8
H2),5" (&) cis-rym-cis w4 57308
4(e),5'(a) cir-sym-ciy w3 57+0.6
) 4" (&) cls-anii-ciy w3 3]1H0.5

Isomer mixture will determine
Sr resin extraction power...
but does it impact shelf-life?

4(z),3°(z) ciz-syn-cLs
4(2),5"(z) cis-anti-cis
4{e),3"(e) cis-anni-cLs
4(e) 4" (e) cis-anti-cis
4(z),4"(z) cis-anti-cis

4(z),5"(e) cis-anti-cis

m www.eichrom.com

3.004+0.5
2.77H).3
2.5230.4
0.052=0.009
0.064+0.010
0.022+0.004

*Cii:@**ci

4(z),4' (z) cis-syn-cis

o

4(z),5' {z) cis-syn-cis

ped Sellie<” Po

'\,0\)

4(z),4'(e)-cis-syn-cis

4(z),5' (e) cis-syn-cis

@

/<

o™ o™
- & 5
SOEPOlNed Pop

4(e),4"(e)-cis-syn-cis

4(e),5'(e)-cis-syn-cis



Shelf-Life Experiment

Goal: Correlate resin failures to physical
parameters ex: crown isomer mix, octanol
loss, or storage methods

Plan: Perform standard shelf-life QC test on
all available lots of pre-packed columns and
cartridges of Sr Resin

Measure:
% Srin strip

If > 85% then pass
% Ba in strip

If < 0.75% then pass

m www.eichrom.com

cpm/mL vs bed volumes eluate on Sr Resin
2 mL cartridge, 50-100 um, 2 mL/min flow rate, 22(1)°C

10° gy —— 17—y
1Load 10.0 mL 8.0 M HNO, spiked ;
s |with ®Sror *’Ba ) Rinse

10 E Rinse 30M Strip E

] 8.0 M HNO Rinse 0.05M ]

- HNO, 31 80M HNO, -

10* o lot SRS04274 0.05M 1 o, " .

3 oxalic Sr 3

] AN acid i
=

E 10° 4 M 4

g ] ;
a.
Q

102 1335, E

Background

0! # f/[?* _

10° E\/E\:—D‘ﬂ/j\t .

96% Sr ]

-
10" T | | L L B L B A
0 2 4 6 8 10 12 14 16 18 20
Bed Volumes

10



Shelf-Life Experiment: Columns

Columns:

* Nine total lots
2008-2022
e 100-150 pum particle size

* Manually packed in 2 mL columns
* Stored in 0.05 M HNO;,
* Gravity flow elution

m www.eichrom.com
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Columns — Barium Contamination in Strip Fraction

% Ba Recovery In Strlp Fractlon for 2 mL Columns

[ Original QC
1.0 - ; B Shelf-Life |
0.8 - i
a fr— — — e s S S S S IS S S DS EEaE  BEEE O EEaE O EEEE EEae
o
>
S 0.6 1
(O]
m -
@
m
o 04
0.2 I
0.0
100 11D 19D 20B 21C 22A

Lot Number
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Columns — Strontium Recovery

% Sr Recovery in Strip Fraction for 2 mL Columns

120

100 -

% Sr Recovery
(@] (0]
o o
| |

N
o
|

20 -

8H

10D

11B

m www.eichrom.com

11D 18F 19D
Lot Number

[ Original QC
B shelf-Life |

20B

21C

22A

13



Shelf-Life Experiment: Cartridges

Cartridges:

* 59 total lots

* Multiple lots from 2013-2021
* One lot from 2003 and 2006
* 50-100 um particle size

* Automatically packed in 2 mL
cartridges

e Stored dry

* Vacuum box assisted elution at approx.
1 mL/min

m www.eichrom.com




Cartridges — Barium Contamination
% Ba Recovery in Strip Fraction for 2 mL Cartridges

LB I LI

N RN N
i » (o¢]
| L | :

| |

-
N

|
|

N
o
|

o
oo
[

% Ba Recovery

o
(o))
M T

o
~
|

©
N
P

o
o

3A 6G 13A13B13D13E 13F13G13H14B 14D 14E14G14H 14l 15A15C15D 15F 15G15H 151 15J 16A16C 16E 16F 16H 161 17A17B17D17F17G17H18A18C 18D 18E18G18H19B 19C 19E 19G 19l 19L 20B 20E 20F 20H20K21A21C21D21F21G 211 21J
Lot Number

10y/o 5y/o 2y/o

m www.eichrom.com
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Cartridges — Strontium Recovery

% Sr Recovery in Strip Fraction for 2 mL Cartridges

120 rrtrererererrr*rr+r-r+-r#++~r+~r*r&r~r+*rr*~rr-r+-rrrrrrrrrrrrrrrrrrrrrr-rrrrrrrrrrrr e ror et Tt T T

100 -

% Sr Recovery
(o] (0]
o o

D
o

20

3A 6G 13A13B13D13E 13F 13G13H14B 14D 14E14G14H 141 15A15C 15D 15F 15G15H 151 15J 16A16C 16E 16F 16H 16l 17A17B17D17F 17G17H18A18C18D 18E18G18H 19B19C 19E 19G 19| 19L 20B 20E 20F 20H20K21A21C21D21F21G 211 21J
Lot Number

0

10y/o 5y/o 2y/o

m www.eichrom.com
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Cartridges — Sr Recovery vs. Uptake
Sr Recovery vs. Uptake for S-grade Sr Resin

160 |'|'|'|'|'|'l'l'l'-%SrRecovery-
] —&—D, Sr

3A 6G 13A13B13D13E13F13G13H14B 14D 14E14G14H 141 15A15C15D 15F15G15H 15| 15J 16A16C 16E 16F 16H 161 17A17B17D17F17G17H18A18C18D 18E18G18H 19B 19C 19E 19G 19| 19L 20B 20E 20F 20H20K21A21C21D21F21G 21l 21J
Lot Number

10y/o 5y/o 2y/o

m www.eichrom.com
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% Sr Rec

% Sr Recovery

Sample reruns:

120 I

overy in Strip Fraction for 2 mL Cartridges

100 -

(0]
o
|

(o))
o
|

N
o
1

20K

21A

21C

21D  21F
Lot Number

1 8/16/2022

I 9/2/2022 redo

21G 211 21J

m www.eichrom.com

Samples stored in 0.05 M HNO3
* Marginal improvement in rerun

* Could storage in acid help to better
prepare the resin for extraction?

* Could rerunning lots that failed after
storage in 0.05 M HNO3 lead to a
passing performance?

*NOTE: reusing cartridges could lead to

inaccurate results due to residual metals on

resin, but in this case the mass balance for the
redo did not exceed 100% 18



Failed lots rerun
% Sr Recovery In Strlp Fractlon for 2 mL Cartrldges

80

! - Orlglnal Shelf-Life |
704 . T I Shelf-Life redo  H
60 .

($)]
o
|
]

% Sr Recovery
w LN
o o
| ]

20

15F 18G 19B 19E 199G  20B 20E 20H

Lot Number
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Do failing lots have a kinetic issue?

Kinetics of Sr Uptake on S-grade Sr Resin
0.25 g resin, 60 ppm Sr, 3 M HNO3

21G (pass)
100 T - =

D,, Sr

19E (fail)

10

T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400
www._eichrom.com




Do failing lots have greater octanol loss?

Procedure for testing mass loss:

Empty contents of 3 cartridges into 5 mL column
Strip crown/octanol using 125 mL 100% ethanol
Dry resin and record solid mass
Dry crown/octanol gently and record liquid mass
Dissolve crown/octanol in octanol

— Measure D-Sr from 2 M HNO3

— Use calibration curve to calculate [crown]

m www.eichrom.com

D

2M HNO,

10

10"

10

1074

107 8

10-3- e A
107 107 10"
[diBuCH18C6], (mole/L)

10°

21



Resin Mass Loss

Pass/Fail Liquid Crownin |%mass
mass liquid loss

1.21 0.49 12.7
19E Fai 1.27 0.48 - 10.6
19G Fai 1.25 0.52 0.13 9.3
19C Borderline 1.17 0.57 0.28 11.1
13F Pass 1.20 0.47 0.34 14.8
21G Pass 1.18 0.65 - 6.4
22A Pass 1.18 0.64 0.29 6.5
theoretical - 1.20 0.75 0.40 -

W www.eichrom.com



Conclusions

* Srresin failures are a physical issue

* Srresin has at least a one-year shelf
life

 Still some sporadic lot failures after
1.5-2 years

* All lots showed some octanol loss

* Failed lots had more difficult-to-
remove crown

e Storage in dilute acid appears to
improve shelf-life

m www.eichrom.com
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Future Work

* Continue monitoring
e Expand studies to Pb resin
* Evaluate failed lots Pb uptake

* Investigate alternate conditions for
production to reduce octanol loss

* Add more QC testing
— Crown/octanol stripping?
— Dilute acid storage?

m www.eichrom.com
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Questions?

m www.eichrom.com
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