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~ a d u b W y o x p r r l n m r # H d o s U ~ r u u l C ( ~ n m r t U R ~  

Initial values 
U wnc of 

Label matrix(m) 
UME-OA 0 
UME-OB 0 
UME-7A I .OX1 0-7 
UME-7B 1.0~10-7 

Experlmontrl data and results. 

Experiment Elapsed time 

Corrected and estimated values 

pH d solution 
Sample Label Cappm Sippm label (hn) - removed u ppm 

0.00 
URSEOA 24.47 

166.42 
358.13 
502.00 
870.25 
837.58 

1007.72 
1173.80 
1342.02 
1509.78 
1877.83 

0.00 
URSE-08 24.50 

168.42 
358.15 
502.02 
870.27 
837.80 

1007.73 
1173.82 
1342.03 
1509.80 
1877.85 

6.03 
6.01 
5.95 
5.95 
5.94 
5.88 
5.80 
5.91 
5.90 

5.92 
5.90 

8.04 
8.08 
5.97 
5.95 
5.97 
5.89 
5.90 
5.91 
5.90 
5.89 
5.92 

URSEOA-1 
URSEOA-2 
URSEOA-3 
URSEOA4 
URSEOA-S 
URSEOA-6 
URSEOA-7 
URSEOA-8 
URSEOA-8 
URSEOA-10 
URSE-OA-11 

URSEOB-1 
URSEOB-2 
URSEOB-3 
URSEOB4 
URSEOB-S 
URSEOB-6 

URSE-OB-8 
URSEOB-7 

URSEOB-9 
URSEOB-10 
URSEOB-11 

0.0320 
0.0500 
0.0550 
0.0580 
0.0570 
0.0680 
0.0610 
0.0630 
0.0440 
0.0530 
0.0550 

0.0300 
0.0340 
0.0480 
0.0480 
0.0500 
0.0550 
0.0650 
0.0500 
0.0460 
0.0480 
0.0830 

390.09 
387.00 
388.00 
390.00 
390.09 
394.74 
395.67 
402.19 
404.98 
410.57 
412.00 

392.00 
390.09 
389.18 
396.61 
396.81 
397.54 
398.00 
400.33 
401.26 
404.05 
41 1.50 

32.933 
33.293 
32.694 
33.293 
32.335 
33.053 
32.694 
32.933 
33.053 
33.891 
33.891 

33.412 
33.000 
32.400 
32.800 
32.894 
33.532 
33.532 
33.652 
33.532 
33.891 
34.490 

0.00 
URSE-7A 24.75 

168.62 
358.35 
502.18 
670.48 
837.78 

1007.97 
1173.83 
1342.25 
1510.07 
1678.15 

S04 
5 99 
5 92 
5 95 
5 93 
5 88 
5 86 
5 89 
5 87 
5 8 8  
‘5 88 

URSE-7A-1 
URSE-7A-2 
URSE-7A-3 
URSE-7A4 
URSE-7A-5 
URSE-7A-6 
URSE-7A-7 
URSE-7A-8 
URSE-7A-9 
URSE-7A-10 
URSE-7A-11 

0.0560 
0.0530 
0.0830 
0.0510 
0.0450 
0.0430 
0.0440 
0.0440 
0.0450 
0.0500 
0.0490 

391.95 
395.00 
397.00 
392.00 
398.81 
402.00 
401.28 
398.47 
403.12 
411.50 
412.43 

33.772 
33.652 
33.652 
33.173 
33.412 
33.053 
33.852 
33.412 
32.933 
33.532 
34 131 

0.00 
URSE-7B 24.77 

166.82 
358.37 
502.20 
870.50 
837.80 

1007.98 
1173.85 
1342.27 
1510.08 
1078.17 

(3.02 
!5.98 
!5.91 
!%e3 
!5.93 
!5.84 
!5.88 
!5.92 
!K89 
!LE8 
!LO2 

URSE-7B-1 
URSE-7B-2 
URSE-7B-3 
URSE-784 
URSE-7B-5 
URSE-7B-6 
URSE-757 
URSE-78-8 
URSE-7B-S 
URSE-7B-10 
URSE-7B-I I 

0.0510 
0.0550 
0.0610 
0.0730 
0.0740 
0.0600 
0.0610 
0.0880 
0.0530 
0.0620 
0.0550 

390.09 
391.00 
391.95 
392.88 
395.00 
400.33 
397.54 
402.19 
408.71 
405.92 
412.00 

33.891 
33.173 
33.053 
33.173 
32.933 
33.412 
33.772 
34.251 
34.251 
34.370 
34.490 

PH 
6.05 
6.05 
5.98 
5.98 

Corrected valuea 

00000 38800 33412 
00000 38638 34251 
00230 38823 34131 
00230 38823 33772 

Uppm Cappm Sippm 

Values for EQ3 calcs 

UO2++ Si02 

0.0383 
0.0587 
0.0624 
0.0635 
0.0647 
0.0748 
0.0692 
0.0714 
0.0499 
0.0601 
0.0624 

0.0340 
0.0385 
0.0545 
0.0544 
0.0587 
0.0824 
0.0737 
0.0567 
0.0522 
0.0544 
0.0714 

0.0635 
0.0601 
0.0714 
0.0578 
0.0510 
0.0488 
0.0499 
0.0499 
0.0510 
0.0587 
0.0558 

70.451 
71.219 
89.938 
71.219 
69.170 
70.707 
89.938 
70.451 
70.707 
72.500 
72.500 

71.475 
70.593 
89.310 
69.738 
69.938 
71.732 
71.732 
71.980 
71.732 
72.500 
73.781 

72.244 
71.988 
71.988 
70.983 
71.475 
70.707 
71.980 
71.475 
70.451 
71.732 
73.013 

0.0578 72.500 
0.0624 70.963 
0.0892 70.707 

0.0839 70.451 
0.0680 71.475 
0.0692 72.244 
0.0748 73.289 
0.0601 73.269 
0.0703 73.525 
0.0624 73.781 

0.0828 7 0 . 9 ~ 3  



Ipm 
33 412 
34 251 
34 131 
33 772 

Log activily 
Ca++ 

-2.2728 
-2.2755 
-2.2746 
-2.2729 
-2.2728 
-2.2888 
-2.268 

-2.2802 
-2.2558 
-2.2544 

-2.2825 

Si02 

-2.9309 
-2.9262 
-2.9341 
-2.9262 
-2.9389 
-2.9293 
-2.9341 
-2.9309 
-2.9293 
-2.9185 
-2.9185 

u02++ 

-8.6966 
-8.4671 
-8.3174 
-8.3099 
-8.2839 
-8.1155 
-8.1842 
-8.18&$ 
-8.32513 
-8.245!5 
-8.2845 

Q lWQ 

10.6522 
10.9979 
10.9224 
10.9549 
10.9216 
10.9216 
10.8954 
10.9589 
10.6298 
10.8164 
10.8996 

-6.03 
-6.01 
-5.95 
-5.95 
-5.94 
-5.88 
-5.9 

-5.91 
-5.9 
-5.9 
-5.92 

44895209241 
99517624317 
83637299158 
90136356708 
83483375372 
83483375372 
78595919652 
90970378148 
42618680542 
85523939402 
78359696820 

9.7872 
9.7445 
9.6254 
9.6271 
9.6072 
9.4912 
9.532 
9.5575 
9.5398 
9.5444 
9.5856 

3.3534 
3 5529 
3.5826 
3.5901 
3.5961 
3.6445 
3.6158 
3.6316 
3.4742 
3.5545 
3.5755 

-2.271 1 
-2.2728 
-2.2736 
-2.2672 
-2.2672 
-2.2884 
-2.288 
-2.2641 
-2.2633 
-2.261 
-2.2548 

-2.9247 
-2.9301 
-2.936 
-2.9353 
-2.9341 
-2.923 1 
-2.9231 
-2.9215 
-2.9231 
-2 8185 
-2 9109 

-8.74351 
-8.726il 

-8,3769 
-6.3949 
-8.21 14 
-8.157 
-8.288 
-8.3062 
-8.2709 
-8.2063 

-8.41 18' 

-6.04 
-6.06 
-5.97 
-5.95 
-5.97 
-5.89 
-5.9 
-5.91 
-5.9 
-5.89 
-5.92 

42943753373 
59511377099 
70274861766 
64327992726 
78487410349 
63767589443 
9414559401 9 
598273821 58 
47654070173 
50141609203 
1.07349€+11 

10.6329 
10.7746 
10.8468 
10.8084 
10.8948 
10.8046 
10.9738 
10.7769 
10.6781 
10.7002 
11.0308 

9,8089 
9.8472 
9.6664 
9.6328 
9.6728 
9.5136 
9.534 
9.5559 
9.5367 
9.519 
9.5852 

3.3367 
3.3938 
3.5282 
3.5231 
3.5451 
3.5686 
3.643 
3.532 
3.4938 
3.5091 
3.6337 

-2.2712 
-2.2686 
-2.2889 
-2.2711 
-2.2672 
-2.2627 
-2.2633 
-2.2656 
-2.2617 
-2.2548 
-2.2541 

-2.92 
-2.9216 
-2.9215 
-2.9278 
-2.9247 
-2.9293 
-2.9215 
-2.9247 
-2,9309 
-2.9231 
-2.9154 

-8.4732 
-8.4058 
-8.206 
-8.3506 
-8.3692 
-8.2657 
-8.256 
-8.3081 
-8.264 
-8.201 
-8.2442 

-6.04 
-5.99 
-5.92 
-5.95 
-5.93 
-5.86 
-5.86 
-5.89 
-5.87 
-5.86 
-5.88 

1.521 Q5€+11 
1.03896€+11 
99563464431 
74490347452 
53088444423 
32158812236 
34809677523 
40625619819 
37025420540 
45394161665 
50897915925 

11.1824 
11.0166 
10.9981 
10.8721 
10.725 
10.5073 
10.5417 
10.6088 
10.5685 
10.657 
10.7067 

9.8088 
9.7114 
9.5731 
9.6289 
9.5928 
9.4573 
9.4567 
9.5144 
9.4783 
9.4652 
9.5059 

3.6068 
3.5742 
3.634 
3.5484 
3.4908 
3.4543 
3.464 
3.4719 
3.476 
3.519 
3.5158 

-2.2728 
-2.272 
-2.2712 
-2.2704 
-2.2686 
-2.2641 
-2.2664 
-2.2625 
-2.2571 
-2.2594 
-2.2544 

-2.9185 
-2.9278 
-2.9293 
-2.9278 
-2.9309 
-2.9246 
-2.92 

-2.9139 
-2.9139 
-2.9124 
-2.9109 

-8.4771 
-8.3714 
-8.2017 
-8.1597 
-8.154 
-8.0877 
-8.1145 
-8.186 
-8.2279 
-8.1426 
-8.2645 

.&02 
-5.98 
.5.91 
.5.93 
-5.93 
-5.84 
-5.86 
-5.92 
-5.89 
-5.88 
-5.92 

I .13763E+11 
l.O2235E+ll 
84488866948 
1.36333E+11 

56402713743 
66772863346 
1.1420QE+ 1 1 
62994118055 
81395425910 
82186408039 

1.38548E+Il 

11.056 
11.0096 
10.9268 
11.1346 
11 1416 
10.751 3 
10.8246 
11.0577 
10 7993 
10.9106 
10.9148 

9.7672 
9.686 
9.5486 
9.5896 
9.5914 
9.4159 
9.4536 
9.5775 
9.5229 
9.5006 
9.5856 

3 5629 
3.5886 
3.6183 
3 7003 
3.706 
3.5923 
3.6055 
3.654 
3.5521 
3.0174 
3.5755 
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Uranophane solubility experiment4 and estimated results (Experiment UPEA) 

Initial values 
Label 

UPM-I 
UPM-2 
UPM-3 
UPM-4 
UPM-5 
UPMd 
UPM-7 
UMP-8 

Experimental data and result:% 
Corrected or estimated values 

Experiment Elapsed pH of 
label Sample Label time (hrs) solution U ppm Ca ppm SI ppm 

UPEA-1A UPEA-1A-I 
UPEA-1A-2 

UPEA-1A-4 
UPEA-1A-3 

UPEA-IA-5 
UPEA-1A-6 
UPEA-1A-7 
UPEA-IA-8 
UPEA-IA-9 
UPEA-IA-10 
UPEA-IA-11 
UPEA-1A-I2 

UPEA-1B UPEA-IB-I 
UPEA-IB-2 
UPEA-10-3 
UPEA-10-4 
UPEA-10-5 
UPEA-16-6 
UPEA-10-7 
UPEA-10-8 
UPEA-10-9 
UPEA-16-10 
UPEA-16-11 
UPEA-1B-12 

UPEA-ZA 

UPEA-2B 

UPEA-2A-I 
UPEA-2A-2 
UPEA-2A-3 
UPEA-2A-4 
UPEA-2A-5 
UPEA-2A-6 
UPEA-2A-7 
UPEA-2A-8 
UPEA-2A-9 
UPEA-2A-IO 
UPEA-2A-11 
UPEA-2A-12 

UPEA-ZB-I 
UPEA-2B-2 
UPEA-ZB-3 
UPEA-2B-4 
UPEA-2B-5 
UPEA-2B-6 
UPEA-2B-7 

UPEA-2B-9 
UPEA-26-8 

UPEA-2B-10 
UPEA-26-11 
UPEA-26-12 

0 00 
23 42 
47 30 

167 75 
335 60 
503 70 
679 23 
839 50 

1007 58 
117552 
1344 10 
1512 95 
1680 08 

0 00 
23 43 
47 27 

167 72 
,335 55 
!io3 72 
ti79 20 
839 48 

1 (I07 52 
1175 53 
1244 15 
1512 90 
1680 10 

0 00 
23 40 
47 25 

137 77 
335 57 
503 73 
679 18 
839 53 

1007 53 
1175 55 
1344 13 
151293 
16E0 12 

0 00 
23 40 
47 25 

167 77 
335 57 
503 68 
673 22 
83’3 52 

100757 
11 ‘!j 50 
1344 12 
151292 
1680 13 

6 07 
6 04 
5 91 
5 92 
5 92 
5 96 
5 95 
5 95 
5 94 
5 94 
5 95 
5 95 

5 97 
5 97 
5 85 
5 84 
5 83 
5 84 
5 84 
5 84 
5 84 
5 82 
5 82 
5 83 

5 95 
5 90 
5 80 
5 79 
5 81 
5 81 
5 81 
5 81 
5 80 
5 78 
5 79 
5 79 

5 94 
5 89 
5 81 
5 79 
5 80 
5 81 
5 79 
5 80 
5 80 
5 79 
5 80 
5 79 

0 0273 
0 0219 
0 0294 
0 0460 
0 0635 
0 0576 
0 0535 
0 0611 
0 1105 
0 1034 
0 1034 
0 1065 

0 0504 
0 0324 
0 0480 
0 0957 
0 1028 
0 0990 
0 1249 
0 1249 
0 1365 
0 1414 
0 1515 
0 1414 

0 0277 
0 0431 
0 0545 
0 0961 
0 1134 
0 1547 
0 1538 
0 1269 
0 1547 
0 1616 
0 1616 
0 1919 

0 0511 
0 0390 
0 0676 
0 1217 
0 1095 
0 1237 
0 1007 
0 2039 
0 1927 
0 1623 
0 1684 
0 2069 

361 77 
360 68 
361 77 
360 68 
363 95 
361 77 
362 86 
365 04 
365 04 
368 31 
369 40 
370 49 

361 80 
359 64 
362 88 
362 88 
363 96 
365 04 
365 04 
366 12 
366 12 
367 99 
367 99 
370 01 

359 64 
360 72 
361 80 
362 88 
361 80 
365 04 
368 28 
368 28 
369 36 
370 01 
372 03 
372 03 

358 50 
358 50 
359 59 
361 77 
365 04 
367 22 
367 22 
368 31 
367 22 
368 31 
368 31 
370 49 

31 709 
31 709 
31 064 
30 957 
31 279 
30 957 
30 527 
31 064 
30 957 
31 279 
30 742 
31 279 

32 371 
32 159 
32 052 
31 628 
31 734 
31 628 
31 522 
31 522 
31 522 
31 482 
31 991 
31 788 

64 848 
65 166 
64 048 
64 954 
64 742 
64 636 
65 485 
65 272 
65 591 
64 798 
64 899 
65 409 

62 989 
62 989 
62 666 
62 451 
62 881 
63 634 
63 526 
63 419 
63 419 
63 634 
62 881 
63 849 

u cOnc Of 
matrix (m) 
10x10-6 
10x10-6 
2 0x1 0-6 

10x10-6 
10x10-6 
2 0x104 
2 0x104 

2 0x1 0-6 

PH 
6 02 
6 02 
5 99 
5 99 
5 95 
5 95 

6 
6 

Corrected values 
Uppm Cappm 

02819 36286 
03083 361 77 
05335 36504 
06126 361 77 
02069 35959 
02251 34870 
04533 36286 
04899 36504 

Values for EQ3 calcs 

U02++ Si02 

0 0307 
0 0249 
0 0334 
0 0522 
0 0720 
0 0654 
0 0607 
0 0693 
0 1254 
0 1174 
0 1174 
0 1208 

0 0571 
0 0367 
0 0544 
0 1086 
0 1166 
0 1123 
0 1417 
0 1417 
0 1548 
0 1604 
0 1719 
0 1604 

0 0314 
0 0489 
0 0618 
0 1090 
0 1286 
0 1755 
0 1744 
0 1439 
0 1755 
0 1833 
0 1833 
0 2177 

0 0580 
0 0443 
0 0767 
0 1381 
0 1243 
0 1404 
0 1142 
0 2313 
0 2186 
0 1841 
0 1910 
0 2347 

67 832 
67 832 
66 453 
66 223 
66 913 
66 223 
65 303 
66 453 
66 223 
66 913 
65 763 
66 913 

69 248 
68 793 
68 566 
67 658 
67 885 
67 658 
67 431 
67 431 
67 431 
67 346 
68 436 
68 000 

138 722 
139 403 
138 722 
138 949 
138 495 
138 268 
140 084 
139 630 
140 31 1 
138 615 
138 833 
139 922 

134 745 
134 745 
134 055 
133 595 
134 515 
136 125 
135 895 
135 665 
135 665 
136 125 
134 515 
136 585 

Si ppm 
32 625 
32 300 
32 625 
32 300 
64 925 
63 191 
65 250 
65 359 
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;I ppm 
32 625 
32 300 
32 625 
32 300 
64 925 
63 191 
65 250 
65 359 

Log activity 
Ca++ Si02 u02+.+ H+ Q log0 

10.5423 
10.2905 
10.2167 
10.6241 

10.914 
10.9171 
10.8174 
10.949 

11.4328 
11.388 

11.3982 
11.4386 

-2.2983 

-2.2983 
-2.2993 
-2.2962 
-2.2983 
-2.2972 
-2.2952 

-2.2922 
-2.2912 
-2.2902 

-2.2993 

-2.2952 

-2.9474 
-2.9474 
-2.9563 
-2.9578 
-2.9533 
-2.9578 
-2.9639 
-2.9563 
-2.0578 
-2.9533 
-2.9608 
-2.9533 

-8.8423 
-8.8777 
-8.5'162 
-8.3405 
-8.2016 
-8.3145 
-8.3288 
-8.2716 
-7 9'382 
-8.0.266 
-8.0445 
-8.0 323 

-6.07 
-6.04 
-5.01 
-5.92 
-5.92 
-5.96 
-5.95 
-5.95 
-5.94 
-5.94 
-5.95 
-5.95 

9.6417 
9.7807 
9.5217 
9 5407 
9.5438 
9.6217 
9.6028 
9.6046 
9.5848 
9.5878 
9.6088 
0.6098 

3.2977 
3.2023 
3.3038 
3.4995 
3.6384 
3.6055 
3.5712 
3.6284 
3.8818 
3.8534 
3.8555 
3.8677 

-2.2984 
-2.9003 
-2.2972 
-2.2972 
-2.2962 
-2.2952 
-2.2952 
-2.2942 
-2.2942 
-2.2925 
-2.2925 
-2.2908 

-2.9384 
-2.9413 
-2.9427 
-2.0485 
-2.947 

-2.9485 
-2.0499 
-2.0499 
-2.0499 

-2.9435 
-2.0505 

-2.0463 

-8.3911 
-8.5823 

-7.8845 
-8.2003 

-7.8368 
-7.8702 
-7.7701 
-7.7702 
-7.7 322 
-7.6828 
-7.653 1 
-7.Ei999 

-5.97 
-5.97 
-5.85 
-5.84 
-5.83 
-5.84 
-5.84 
-5.84 
-5.84 
-5.82 
-5.82 
-5.83 

7 29E+10 
2 97E+10 
3.29E+10 
119E+11 
131E+l l  
1 28E+ll  
202E+l l  
2 02E+11 
2 41E+ll  

2 3E+11 
2 72€+11 
2 49E+11 

10.8626 
10,4725 
10.5168 
11.0768 
11 . I  162 
11.1074 
11.3048 
11.3056 
1 1.381 6 
11 3609 
11.4343 

11.397 

9.6418 
9.6397 
9.4028 
9.3828 
9.3638 
9.3848 
9.3848 
9.3858 
9.3858 
9.3475 
9.3475 
9.3694 

3.5489 
3.3577 
3.4997 
3.7955 
3.8232 
3.8098 
3.9099 
3.9098 
3.9478 
3.9572 
3.9869 
3.9601 

-2.6367 
-2.6345 
-2.6367 

-2.6374 
-2.8359 

-2.6381 
-2.6324 
-2.6338 
-2.6317 
-2.637 

-2.6363 
-2.6329 

-8.614 
-8.3335 
-8.0599 

-7.7605 
-7.6271 
-7.15299 
-7 .'r 1 24 
-7.13103 
-7.!5582 
-7.575 

-7.501 5 

-7.798 

7.91E+10 
1.46E+11 
1.28E+11 
3.76€+11 
5.83E+11 
1.08E+12 
1.1€+12 

7.51E+Il 
1.06E+12 
9.98E+11 
? .07E+ 12 
1.52E+12 

9.5997 
9.5007 
9.3018 
9.2828 
9.3218 
9.3248 
9.3278 
9,3278 
9 3086 
9.2694 
9.2912 
9.2912 

3.286 
3.4665 
3.5401 
3.782 

3.8595 
3.9929 
3.9901 
3.9076 
3.9897 
4.0018 
4.005 

4.0785 

-2.3003 
-2.2993 
-2.2882 
-2.2972 
-2.2982 
-2.2952 
-2.2922 
-2.2922 
-2.291 2 
-2.2906 
-2.2888 
-2.2888 

-5.95 
-5.9 
-5 8 

-5.79 
-5.81 
-5.81 
-5 81 
-5.81 
-5.8 

-5.78 
-5.79 
-5.79 

10.8983 
11.1647 
11.1086 
11.575 
11.766 

12.0344 
12.0432 
11.8754 
12.0248 

11.999 
12.0286 
1 2.1 824 

-2.3013 
-2.3013 
-2.3003 
-2.2983 
-2.2952 
-2.2932 
-2.2832 
-2.2922 
-2.2932 
-2.2922 
-2.2922 
-2.2902 

-2.6493 
-2.6493 
-2.651 5 
-2.853 
-2.65 

-2.6449 
-2.6456 
-2.6463 
-2.6463 
-2.6449 

-2.65 
-2.8434 

-8 3305 
-8.3586 
-7.9833 
-7.8961 
-7 7583 
-7 7229 
-7 7781 
-7 4923 
-7 5164 
-7.573 

-7 5741 
-7 4894 

2.39E+11 

1.95E+ll 
5.54E+11 
4.88€+11 
6.78E+11 
3.98E+1 I 

1.7E+12 
1.52E+12 
I .03E+12 
1 .I 5Et12 
1.88E+12 

1.05E+11 
11.3791 
11.0229 
11.2901 
11.7435 
11 6882 
11.8312 
11.5994 
12 2306 
12.1814 

12.012 
12.0596 
12.2242 

9.5787 
9.4787 
9.3197 
9.2617 
9.3048 
9.3268 
9.2868 
9.3078 
9.3068 
9.2878 
8.3078 
9.2898 

3.5495 
3.4214 
3.6367 
3.8839 
3.8417 
3.8971 
3.8019 
4.1077 
4.0836 
4.007 

4.0259 
4.1106 

-5.94 
-5.80 
-5.81 
-5.79 
-5.8 

-5.81 
-5.79 
-5.8 
-5.8 

-5.79 
-5.8 

-5.79 
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Sa- UR8E4A 
Amwnt of unnopiwta added = 
AmOunl of 0 0 M U  rolution added = 
Total sample wt = 
Wt of bottle = 

Concentrations 01 components in 
starting solutions molaiity 
U 0 0 
Ca 38600 0009630739 
SI 33 4 I 0 001 189474 

o r m g  

28 57 g 

200 25 g 
229 32 g 

Sampling data Elapsi?d 
time ihrs) 

24 4" 
16642 
358 13 
502 00 
670 25 
837 58 
1007 72 
1 173 ti0 
1342 02 
1509 78 
1677 03 

Wt of bottle before 

229 24 
217 81 
207 19 
196 40 
18572 
175 16 
164 33 
15392 
143 36 
132 68 
121 80 

sampling (a) 
WI of soh belore 

200 17 
188 74 
17812 
167 33 
15665 
146 03 
13528 
124 85 
11423 
103 61 
92 73 

sampling (9) 

moles 
0 

0001928555 
0000238192 

Wt 01 bottle after 
sampling (9) 

219 21 
207 80 
196 86 
186 32 
17568 
164 97 
154 57 
143 97 
133 50 
122 68 
111 86 

Wt of soh 
removed (9) 

1003 
1001 
10 33 
10 08 
10 04 
10 19 
9 76 
9 95 
9 86 
1000 
9 94 

PH 
6 03 
6 01 
5 95 
5 95 
5 94 
5 88 
5 90 
5 91 
5 90 
5 90 
5 92 

U (ppm) 
0 032 
0 050 
0 055 
0 056 
0 057 
0 066 
0 061 
0 063 
0 044 
0 053 
0 055 

Ca ( P P ~ )  
390 09 
387 00 
388 00 
390 00 
390 09 
394 74 
395 67 
402 19 
404 98 
41057 
412 00 

Si (ppm) 
32 93 
33 29 
32 69 
33 29 
32 33 
33 05 
32 69 
32 93 
33 05 
33 89 
33 89 

Calculation of cumulative release (moles of U, Ca, Si released or precipitated as a fiinction 01 time) 
C'efined by. 
Cumulative moles released = (moles in soh at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soh) 
n here 
Moles in soh at sampling time = (measured molar concentration in sample) * (wl of soh belore sampling) / 1000 
kloles extracted during sampling = (measured molar concentration in sample) + (wt 01 soh removed during sampling) I1000 

U 

Moles in soh 
Elapsed time at sampling time 

24 4 i  
166 42 
356 13 
502 00 
670 25 
837 5<3 
1007 72 
1173EO 
1342 c2 
1509 78 
1677 e 3  

24 47 
166 42 
358 13 
502 00 
670 2!j 
837 511 
1007 72 
117360 
1342 02 
1509 78 
1677 83 

24 47 
166 4;' 
358 1 3  
502 00 
670 2!, 
837 511 
1007 72 
117360 
1342 02 
1509 78 
1677 83 

Molar concentration as a function 
01 lime hours 

E apsed lime 

0 
24 47 
166 4;' 
358 13 
502 00 
670 25 
837 511 
1007 72 
117383 
1342 02 
1509 78 
1877 83 

2 68947E-08 
3 96235E-08 
4 11 333E-08 
3 93441 E-08 
3 75121E-08 
4 04839E-08 
3 46431 E-08 
3 30253E-08 
2 11144E-08 
2 30585E-08 
2 14263E-08 

0 001948196 
0 001 822406 
0 001 724307 
0 001 628202 
0 001 524626 
0001438816 
0 001 335294 
0 001252826 
0 001 154823 
0 001061348 
0 000953203 

0 000234682 
0 000223696 
0 000207312 
0 0001 9832 
0 000180319 
0000171901 
0 0001 F427 
0 0001 46376 
0 0001 34482 
0 0001 25007 
0 0001 1188 

U moVL 

0 
13436E-07 

2 09938E-07 
2 30931 E-07 
2 3513E-07 
2 39466E-07 
2 771 18E-07 
2 56124E-07 
2 64522E-07 
184745E-07 
2 22534E-07 
2 31063E-07 

Moles extracted 
dunng sampling 

0 
1 34763E -09 
2 10148E-09 
2 38552E.-09 
2 3701 1 E-09 
2 40423E.-09 
2 82383 -09 
2 49977E -09 
2 63199E 09 
1 821 59E -09 
2 22534E -09 
2 29677E -09 

0 
9 76195E-05 
9 66534E-05 
0 ooo100001 
9 80838E-05 
9 771 68E-05 
0 0001 0036 
9 63519E-05 
9 98455E -05 
9 96294E -05 
0 000102438 
0000102178 

0 
1 17594E-05 
1 1864E 05 
1 2023E 05 

1 19469E -05 
115571E-05 
119904E-05 
1 13596E-05 
116656E-05 
116021E-05 
120653E-05 
1 19929E-05 

Ca mobL 

0009630739 
0 009732749 
0009655689 
0 009680639 
0 009730539 
0 009732749 
0 009848391 
0 00987i 12 
0010034719 
0 010104105 
0 010243778 
0 010279441 

Moles extracted in 
all samples removed 

pnor lo sampling 
0 
0 

134783E-09 
3 4491 1 E-09 
5 83463E-09 
8 20474E-09 
10609E-08 
134328E-08 
159326E-08 
185646E-08 
2 03862E-08 
2 261 15E-08 

0 
0 

9 76195E-05 
0 000194273 
0 000294274 
0000392358 
0000490075 
0 000590435 
0000686787 
0 000786632 
0 000886262 
0 000988699 

0 
0 

117594E-05 
2 36233E-05 
3 56464E-05 
4 75933E-05 
5 91504E-05 
7 11408E-05 
8 25004E-05 
9 41659E-05 
0 OO0105768 
0 0001 17833 

SI moVL 

0 001 189474 
0 001 17242 
0 W118521 
0001163894 
0 00118521 
0 001 151 104 
0 001 176684 
0 001 163894 
0 001 17242 
0001178684 
0 001206527 
0 001206527 

Cumulative moles released 

2 68947E-08 
4 0971 1 E-08 
4 45824E-08 
4 51788E-08 
4 57168E-08 
5 10929E-08 
4 80759E-08 
4 89579E-08 
3 96789E-08 
4 34427E-08 
4 40378E-08 

1 96401 E-05 
-8 5299E-06 
-9 9758E-06 
-6 0792E-06 
-1 1571E-05 
3 34805E-07 
-2 8266E-06 
I 10569E-05 

129E-05 
190545E.05 
133472E-05 

-3 5098E-06 
-2 7372E-06 
-7 2571 E-06 
-4 2256E-06 
-1 0279E-05 
-7 1411E-06 
-9 6241E-06 
-9 3161E-06 
-9 544E-06 
-7 4169E-06 
-8 4786E-06 
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%mP* URSCM 
Amount d uranophpne added = 
Amount d o  0 M U SOluhOn added = 
Total sample wl = 
Wt of bonle = 

Concentrations 01 components in 
staning solutions mil/L m o I a I i ty 
U 0 0 
C. 38E 36 0 009639835 
si 3425116188 0001219317 

I1 5006 '3 

229 17 13 
200 06 '3 

28 6 (2 

Ssmpvns data Elapsed 
time (hrs) 

24 50 
166 42 
358 15 
502 02 
670 27 
837 60 
100'73 
117362 
1342 03 
1509 80 
167;' 85 

Wt of bollle before Wt of s o h  before 
sampling (g) sampling (9) 

229 08 19998 
218 32 189 22 
207 63 178 53 
196 84 167 74 
18620 157 10 
175 54 146 44 
164 87 135 77 
154 38 125 28 
143 72 11462 
133 03 103 93 
122 22 93 12 

moles 
0 

0 001 928545 
0 000243937 

Wt 01 bonle after 
sampling (g) 

218 79 
208 28 
197 30 
186 80 
176 17 
165 55 
155 12 
144 44 
133 85 
123 10 
11228 

Wt 01 soh 
removed (g) 

1029 
1004 
10 33 
10 04 
1003 
9 99 
9 75 
9 94 
9 87 
9 93 
9 94 

PH 
6 04 
6 06 
5 97 
5 95 
5 97 
5 89 
5 90 
5 91 
590 
5 89 
5 92 

U (ppm) 
0 030 
0 034 
0 048 
0 048 
0 050 
0 055 
0 065 
0 050 
0 046 
0 048 
0 063 

Ca (ppm) 
392 00 
390 09 
389 16 
396 61 
396 61 
397 54 
398 00 
400 33 
401 26 
404 05 
411 50 

SI (PPW 
33 41 
33 00 
32 40 
32 60 
32 69 
33 53 
33 53 
33 65 
33 53 
33 89 
34 49 

Calculation 01 cumulative release (moles 01 IJ, Ca. Si released or precipitated as a function of time) 
Defined by. 
Cumulative moles released = (moles in soh at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soln) 
where 
Moles in soh iil sampling time = (measured molar concenlration in sample) * (wt of soin before sampling) / 1000 
Moles (sxtracted during sampling = (measured molar concentration in sample) * (wt 01 soin removed during sampling) / 1000 

U 

C. 

Moles in Soln 
Elapsed time at sampling time 

24 50 
166 42 
358 15 
502 02 
670 27 
837 60 
1007 73 
1173 62 
1342 03 
1508 80 
1677 85 

24 !iO 
166 42 
358 15 
502 02 
670 27 
837 60 
1007 73 
117382 
1342 03 
1509 80 
1677 85 

24 50 
186 62 
358 15 
502 32 
670 27 
837 50 
1007 73 
117362 
1342 03 
1509 80 
1677 85 

Molar concentration as a function Elapsec time 
01 tim houis 

0 
24 50 
166 42 
358 15 
502 02 
670 27 
837 IiO 
1007 73 
117362 
1342 03 
15oBBo 

2 51899E-08 
2 701 25E-08 
3 60014E-08 
3 38062E-08 
3 29999E.08 
3 381 75E-08 
3 70541 E-08 
2 63159E-08 
2 21379E-08 
2 0946E-08 
2 46321 E-08 

0001955886 
0 001841625 
0001733435 
0 001 65984 
0 001 554553 
0 00145247 

0 001 348209 
0001251324 
0 001 14751 1 
0 001047731 
0 000956057 

0 00023787 
0 000222294 
0 000205922 
0 000194671 
0 000182847 
0 0001 7481 

0 000182073 
0 0001 50085 
0 0001 38825 
0 000125394 
0 0001 14338 

U moVL 

0 
125963E-07 
142758E-07 
2 01655E-07 
2 0154E-07 

2 1 0058E-07 
2 30931E-07 
2 72919E-07 
2 10058E-07 
193143507 
2 01 Y E 4 7  

1 877 e5 2 W W E - ~ ~  

Moles extracted in 
Moles extracted all samoles removed Cumulative moles released 
dunng sampling 

0 
129616E-09 
1 43329E-09 
2 0831 E-09 
2 02346E-09 
2 10688E-09 
2 30701 E-09 
2 66096E-09 
2 08797E-09 
1 90632E-09 
2 00129E-09 
2 62934E-09 

0 
0 000100641 
9 771 68E-05 
0 0001 00299 
9 93493E-05 
9 92503E-05 
9 90866E-05 
9 681 89E-05 
9 92833E-05 
9 881 34E-05 
0 000100106 
0 0001 02054 

0 
122397E-05 
1 17949E-05 
11915E-05 
11652E-05 

116739E-05 
1 19254E-05 
1 16389E-05 
119081E-05 
1 17822E-05 
I 19808E-05 
122048E-05 

Ca mol t  

0 009639835 
0 009780439 
0 009732749 
0 00970952 
0 009895348 
0 009895348 
0 009918577 
0 00993014 
0 009988262 
0 010011481 
0 01-1 176 
0 010267005 

pnor to sampling 
0 
0 

129616E-09 
2 72944E-09 
4 81254E-09 
6 836E-09 

8 94288E-09 
112499E-08 
139108E-08 
159988E-08 
1 79051 E-08 
199064E-08 

0 
0 

0 000100641 
0000198358 
0000298657 
0000398006 
0 000497256 
0000596343 
0 0006931 62 
0000792445 
0000891259 
0 000991 365 

0 
0 

122397E-05 
2 40346E-05 
3 59496E-05 
4 76016E-05 
5 92754E-05 
7 12009E-05 
8 28398E-05 
9 47479E-05 
0 00010653 
0000118511 

Si moVL 

0001219317 
0 001 189474 
0 001 174795 
0 001 153435 
0 001 160555 
0 001 163894 
0 001 193737 
0 001 193737 

0001198 
0 001193737 
0 001 208527 
0 001227844 

2 51899E-08 
2 83087E-08 
3 87308E-08 
3 861 88E-08 
3 98359E-08 
4 27603E-08 
4 83039E-08 
4 02267E-08 
3 81 367E-08 
3 8851 1 E-08 
4 45385E-08 

2 7341E-05 
137203E-05 
3 24701 E-06 
2 99513E-05 
2 401 41 E-05 
2 11816E-05 
160069E-05 
1 59401E-05 
1 141 1 E-05 
10444E-05 
188768E-05 

-6 06635E-06 
-9 40284E-06 
-1 39798E-05 
-1 33161E-05 
-1 3488E-05 
-9 851E-06 

-1 06627E-05 
-1 1012E-05 
-1 23632E-05 
-1 20128E-05 
-1 10896E-05 



S a w  URSE-7A 

Amount of umnophane added = 0 5 0 0 4 9  
Amount of 0 0 M U solubon added 
Total sample vd = 
wt of bottle = 

Concentrations 01 components in 
starting solutions mwL molality 
U 0 0229fl6877 9 6571 3E-08 
Ca 388 23 0009686292 
si 34 13086134 0001215054 

20004 g 
229 15 g 
28 62 g 

Smpllng data Elapr,ed 
time (lirs) 

24 75 
166 32 
358 35 
502 18 
670 18 
837 78 
1007 97 
11 73 83 
1342 25 
151007 
1878 15 

Wt of bottle before Wt of soin before 
sampling (g) sampling (9) 

229 04 199 92 
218 53 18941 
207 84 178 72 
197 33 16821 
186 71 157 59 
176 06 146 94 
165 33 138 21 
154 82 125 70 
144 26 11514 
133 80 104 48 
122 68 93 76 

moles 
I 931 81 E-08 
0 001 937646 
0 000243059 

Wt of bottle after 

21907 
208 53 
197 83 
187 32 
176 69 
166 03 
155 57 
144 89 
134 39 
123 88 
112 90 

sampling (g) 
Wt of soh 

removed (9) 
9 97 
10 00 
10 01 
10 01 
1002 
10 03 
9 76 
9 93 
9 87 
9 92 
9 98 

PH 
604 
5 99 
5 92 
5 95 
5 93 
5 86 
5 86 
5 89 
5 87 
5 86 
5 68 

u (ppm) 
0 056 
0 053 
0 063 
0 051 
0 045 
0 043 
0 044 
0 044 
0 045 
0 050 
0 049 

Ca (ppm) 
391 95 
395 00 
397 00 
392 00 
396 61 
402 00 
401 26 
398 47 
403 12 
411 50 
412 43 

Si (Ppm) 
33 77 
33 65 
33 65 
33 17 
33 41 
33 05 
33 65 
33 41 
32 63 
33 53 
34 13 

Calculation of cumulative release (males of U, Ca. Si released or precipitated as a lunction of time) 
Dofined b(  
Ciimulative moles released = (moles in soh at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in Jdn) 
where 
Miiles in soh at sampling time = (measured molar concentration in sample) * (vd of soh before sampling) I1000 
Moles exliacted during sampling = (measured mlolarconcentration in sample) ' (wl of soh removed during sampling) I 1000 

u 
Zlapsec time 

24 75 
166 16.2 
358 :35 
502 18 
670 48 
837 "8 
1007 97 
117383 
1342 25 
151307 
1678 15 

24 75 
166 62 
358 35 
502 I8 
670 48 
837 Tl 
1007 97 
117383 
1342 25 
151007 
167R 15 

24 75 
166 02 
358 35 
502 18 
67C 48 
837 78 
1007 97 
1173 83 
1342 25 
1510 07 
1678 15 

Molar concentration as a function Elapsed time 
01 time hours 

0 
24 75 
166 €2 
350 35 
502 18 
670 r.8 
837 78 
1007 97 
1173 83 
1342 25 
1610 37 
1678 15 

Moles in soh  
at sampling time 

4 70071E-06 
4 21501 E-08 
4 72752E-08 
3 60198E-08 
2 97756E-08 
2 65446E-08 
2 51641E-08 
2 32357E-08 
2 17549E-08 
2 19342E-08 
1 9301 E-08 

0 001 955055 
0 001 866686 
0 001 770252 
0 001645164 
0 001 559404 
0 001473795 
0 001363661 
0001249681 
0 001 158068 
0 001 072893 
0 000964808 

0 000240358 
0 00022691 3 
0 000214106 
0 000198647 
0 000187449 
0 0001 72901 
0 0001631 79 
0000149516 
0 0001 34992 
0 000124721 
0000113923 

U moWL 

9 65713E-08 
2 351 3E-07 
2 22534E-07 
2 64522E-07 
2 14136E-07 
1 88944E-07 
180649E-07 
184745E-07 
1 84851E-07 
188944E-07 
2 06936E-07 
2 05858E-07 

Moles extracted in 
Moles extracted all samples removed 
dunng sampling 

0 
2 34425E-09 
2 22534E-09 
2 64786E-09 
2 1435 I E-09 
1 89322E-09 
181191E-09 
1 8031 IE-09 
1 83557E-09 
18648AE-09 
2 08256E-09 
2 O544!jE-09 

0 

9 8552YE-05 
9 91 50YE-05 
9 79022E-05 
9 91514E-05 
0 0001006 

9 77122E-05 
9 87221E-05 
9 92719E-05 
OooO101849 
0 000102697 

0 
1 19866E.05 
1 198E-05 
11992E-05 
1 18213E-05 
119185E-05 
118021E-05 
116925E-05 
118115E-05 
11571RE-05 
118419E-05 
121262E-05 

9 7498 r ~ - o 5  

Ca ml3WL 

0 009686292 
0 009779206 
0009855289 
0 0099051 9 
0 009780439 
0009895348 
0 01 002994 
0 01001 1491 
0 ow41805 
0 01 0057946 
0 0102fi7005 
0 0102(10233 

pnor to sampling 
0 
0 

2 34425E-09 
4 56959E-09 
7 21745E-09 
9 36095E-09 
112542E-08 
1 30661 E-08 
148692E-08 
187048E-08 
185696E-08 
2 06522E-08 

0 
0 

9 74987E-05 
0 0001 96052 
0 000295203 
0 0003931 05 
0 000492256 
0 000592856 
0 W 9 0 5 6 9  
0 000789291 
0 000888563 
0 OO0990411 

0 
0 

1 19886E-05 
2 39666E-05 
3 59586E-05 
4 77798E-05 
5 96984E-05 
7 15005E-05 
8 3193E-05 
9 50045E-05 
0 000106576 
0 000118418 

Si moWL 

0 001 21 5054 
0 00 1 202264 

0001198 
0001198 

0 001 180947 
0 001 189474 
0 001 176684 

0 0 0 l l s a  
0001189474 
0 00117242 
0001193737 
0 001215054 

Cumulative moles released 

2 7689E-08 
2 51762E-08 
3 25266E-08 
2 391 91 E-08 
1 98184E-08 
184806E-08 
18912E-08 
187867E-08 
191416E-08 
2 11 857E-08 
2 06351 E-08 

1 74091 E-05 
2 65393E-05 
2 86573E-05 
2 7205E-06 
148629E-05 
2 84057E-05 
188718E-05 
2 60373E-06 
9 71301E-06 
2 36094E-05 
175737E-05 

-2 70327E-06 
-4 16001 E-06 
-4 98663E-06 
-8 4541 8E-06 
-7 83084E-06 
-1 04596E-05 
-8 3797E-06 
-1 035E-05 

-1 30629E-05 
-1 17619E-05 
-1 07183E-05 

15 



9.- URSE-71 

Amount 01 urarmpha om18 Q 
&notint 010 0 M U I 200 (12 Q 
Total sample wt = 22911 g 
Wt 01 bottle = 2858 g 

Concentrations of components in 
starting solutions mg/L inolality 
U 0 022986877 9 65713E-08 
Ca 36823 0009686292 
SI 33 77158912 0 001202264 

Sampling data Elapsed 
tlme (hrs) 

24 77 
16662 
358 37 
502 20 
670 50 
837 80 
1007 98 
117385 
1342 27 
151008 
1678 17 

Wt of bonle belore Wt of soln belore 
niainpltng (9) sampling (g) 

229 02 19994 
21842 189 34 
207 47 178 39 
19696 16788 
186 38 157 30 
I75 75 146 67 
16502 13594 
154 50 125 42 
I44 01 11493 
13303 103 95 
122 41 93 33 

mole3 
1 93162E-08 
C 001937452 
C 000240477 

Wt 01 bottle alter 
sampling (9) 

219 05 
208 12 
19747 
186 95 
176 37 
165 74 
15526 
144 61 
134 15 
123 12 
11245 

Wt 01 soh 
removed (g) pH 

9 97 6 02 
10 30 5 98 
10 00 5 91 
1001 5 93 
10 01 5 93 
10 01 584 
9 76 5 86 
9 89 5 92 
9 86 5 89 
9 91 5 88 
9 96 5 92 

U ( P P ~ )  Ca (ppm) Si (ppm) 
0051 39009 3389 
0055 391 00 33 17 
0061 391 95 3305 
0073 39288 3317 
0074 39500 3293 
0060 40033 3341 
0061 39754 3377 
0066 402 19 3425 
0053 40871 3425 
0062 40592 3437 
0055 41200 3449 

Calculation 01 cumulative release (moles 01 U. Ca. Si released or precipitated as a function 01 time) 
Defined by  
Cumulative mo es relensed = (moles in soh at sampling time) + (moles extracted in all samples removed prior to sampling) . (initial moles in soln) 
where 
Moles in Soh a: sampliig time = (measured molar concentralion In sample) * (wt of soh belore sampling) / 1000 
Moles extracted during sampling = (measured molar concentralion in sample) . (wt 01 soh removed during sampling) / 1000 

U 

C. 

SI 

Mol'as in soln 
Elapsed time at sainpling time 

24 77 
166 62 
358 37 
502 20 
670 50 
837 80 
1007 98 
117385 
1342 27 
1510 08 
1676 17 

24 77 
166 62 
358 37 
502 20 
670 50 
837 80 
1007 98 
117385 
1342 27 
151008 
1678 17 

24 77 
166 62 
358 37 
502 20 
670 50 
837 80 
1007 98 
117385 
134227 
151008 
1678 17 

Molar concentration Elapsed time 
of time hours 

0 
24 77 
166 62 
358 37 
502 20 
670 50 
637 80 
1007 98 
117385 
1342 27 
1510 MI 
1678 17 

4 211143E-08 
4 38'493E-08 
4 511898E-08 
5 l4565E-08 
4 811741 E-08 
3 60497E-08 
3 411372E-08 
3 4 i  559E-08 
2 55~757E-08 
2 7C1603E-08 
2 1965E-08 

0 001 945958 
0001847096 
0 001 744505 
0 001645625 
0001550229 
0 001 46497 

0 001348323 
0 301258546 
0 00117197 

0001052759 
0 003959372 

0 000241232 
0 01102236 

0 00i1209908 
0 00111 98258 
0 0041184421 
0 lx)O174459 
0 0001 63435 
0 0001 52926 
0 (Nll140135 
000012719 
0 0001 14594 

U moUL 

9 6571 3E-08 
2 14 36E-07 
2 3 1063E-07 
2 56' 24E-07 
3 06!109E-07 
3 lOi'OBE-07 
2 51925E-07 
2 5627E-07 

2 771 18E-07 
2 221~34E-07 
2 EX123E-07 
2 31CWE-07 

Moles extracted in 
Moles extracted all samples removed Cumulative moles released 
dunng sampling 

0 
2 13494E-09 
2 37995E-09 
2 561 24E-09 
3 0681 6E-09 
3 11019E-09 
2 52177E-09 
2 5012E-09 

2 74069E-09 
2 19418E-09 
2 5798E-09 

2 301 39E-09 

0 
9 70355E-05 
0 000100482 
9 77921E-05 
9 81224E-05 
9 66514E-05 
9 99825E-05 
9 68053E-05 
9 92434E-05 
0 0001 00546 
0 0001 00365 
0 300102383 

0 
1 20291E-05 
1 21638505 
1 17668E-05 
118213E-05 
1 17359E-05 
1 19066E-05 
1 17341 E-05 
12059E-05 
120225E-05 
I 21257E-05 
1 222938-05 

Ca moUL 

0 009686292 
0 009732749 
0 009755489 
0 009779206 
0009802434 
0009855289 
0 009988262 
0 OOQQl8577 
0 010034719 
0010197319 
0 010127833 
0 01M79U1 

pncr to sampling 
0 
0 

2 13494E-09 
4 51 489E-09 
7 07613E-09 
101443E-08 
1 32545E-08 
157762E-08 
182774E-08 
2 10181E-08 
2 32123E-08 
2 57921 E-08 

0 
0 

9 70355E-05 
0 I100197517 
0 000295309 
0 000393431 
0 000492083 
0 000592065 
0 OQ0688871 
0 0007881 14 
0 00088866 

0 000989025 

0 
0 

1 2'0291 E-05 
2 41928E-05 
3 b9597E-05 
4 77809E-05 
5 95169E-05 
7 14235E-05 
8 31576E-05 
9 52166E-05 
0000107239 
0 0001 19365 

si mout 

0 001202264 
0 001 206527 
0 001 180947 
0 001 178684 
0 001 180947 
000117242 
0 091189474 
0 M1202264 
00131219317 
OMJ1219317 
0 00122356 
0 MI1227844 

2 3498E-08 
2 6568E-08 
3 0888E-08 
3 921 68-08 
3 9702E-08 
3 0688E-08 
3 1297E-08 
3 3717E-08 
2 7278E-06 
3 0956E-08 
2 8041 E-08 

6 5059E-06 
6 6799E-06 
4 5697E-06 
3 4819E-06 
6 2086E-06 
1 9601 E-05 
2 9368E-06 
9 9652E-06 
2 2632E-05 
3 967E-06 
10944E-05 

7 5527E-07 
-4 8482E-06 
-6 3763E-06 
-6 2607E-06 
-6 2751 E-06 
-6 5008E-06 
-5 6185E-06 
-4 3934E-C6 
-5 125E-06 

-6 0475E-06 
-6 5183E-06 



Sample UPEA-1A 
Amount of uranophpne added = 
Amount of matdx sdutwn added = 
Total sample wt = 
Wt of bottle = 

Concentrations of components in 
starting solutions 
U 
Ca 
SI 

Sampling data 

o w 2 g  

22921 g 
2854 g 

2W16 g 

mgl. molality 
0 29512781 1 23988E-06 
362 32 0 009039835 
32 413 0 001 15566 

Elapsi!d 
time (hrs) 

23 4;' 
47 30 
167 75 
335 61 
503 70 
679 2 3 
839 51) 

117552 
1344 10 
151295 
1680 08 

1007 58 

Wt 01 bottle belore 

229 13 
218 10 
207 06 
19642 
186 07 
175 63 
165 05 
154 84 
144 78 
134 56 
124 31 
114 11 

sampling (8) 
Wt of soh before 

samplino (e) 
200 09 
189 06 
178 02 
167 38 
157 0.3 
146 5!3 
13601 
125 80 
11574 
105 52 
95 27 
85 07 

moles 
2 48174E-07 
0 001 80941 3 
0000231317 

Wt of bottle alter 

218 17 
207 38 
196 80 
186 43 
17603 
165 65 
155 05 
144 91 
134 83 
124 58 
11435 
104 10 

sampling (9) 
Wt 01 soh 

removed (g) 
10 96 
10 72 
10 26 
9 99 
10 04 
9 98 
10 00 
9 93 
9 95 
9 98 
9 96 
10 01 

PH 
6 07 
604 
5 91 
5 92 
5 92 
5 96 
5 95 
5 95 
5 94 
5 94 
5 95 
5 95 

U (ppm) 
0 027 
0 022 
0 029 
0 046 
0 063 
0 058 
0 054 
0 061 
0111 
0 103 
0 103 
0 106 

Ca (ppm) 
361 77 
360 68 
361 77 
360 68 
363 95 
361 77 
362 86 
365 04 
365 04 
368 31 
369 40 
370 49 

Si (ppm) 
31 71 
31 71 
31 06 
30 96 
31 28 
30 06 
30 53 
31 06 
30 06 
31 28 
30 74 
31 28 

Cakulation of cumulative release (moles of U. 01, Si released or precipitated as a function of time) 
Di?fined by 
Cirmulative moles released = (moles in soh at sampling time) t (moles extracted in ali samples removed pnor to sampling) . (initial moles in sdn) 
where 
Moles in soh at sampling time = (measured molar concentration in sample) * (wt of soh before sampling) / 1000 
Moles extracted during sampling = (measured molar concentration in sample) (wl of soh removed during sampling) / 1000 

Molar concentration as a function 
d lime 

Moles in soh 
Ehpsed time at sampling time 

23 42 
47 30 
167 75 
335 60 
503 70 
679 23 
839 50 
1007 58 
117552 
1344 10 
1512 95 
I680 08 

23 42 
47 30 
167 75 
335 60 
503 70 
379 23 
1339 50 
1007 58 
117552 
1344 10 
1512 95 
1680 08 

23 42 
47 30 
16775 
335 60 
503 70 
e879 23 
E39 511 
1007 58 
117552 
1.344 10 
1512 95 
1680 08 

Elapsed time 
hours 

0 
23 42 
47 30 
167 75 
335 60 
533 70 
679 23 
839 50 
1CO7 J8 
117552 
1344 10 
1512 95 
iemm 

2 27626E-08 
173996E-08 
2 19964E-08 
3 23776E-06 
4 1883dE-08 
3 54762E-08 
3 05978E-08 
3 22672E-08 
5 3752E-08 

4 58585E-08 
4 14039E-08 
3 80584E-06 

0 001 806059 
0 001701359 
0 00160685 
0 00150626 
0 001425927 
0 001323155 
0 001 231 355 
000114576 
0001054135 
0 00096966 
0000878059 
0 000786363 

0 000225871 
0 ow21 342 
0 00019687 

0 0001 84463 
0 000174859 
0 000161551 
0 000147809 
0 ooO13912 
0 000127552 
0000117501 
0 000104264 
9 47287E-05 

U moWL 

123988E-06 
1 13762E-07 
9 20321 E-08 
123562E.07 
1 93436E 07 
2 66723E-07 
2 4201E-07 

2 24967E-07 
2 56407E-07 
4 64421E-07 
4 34598E-07 
4 345WE-07 
4 47378E-07 

Moles extracted 
dunng sampling 

0 
1 24683E 09 
9 86584E 10 
1 26774E 09 
1 93244E 09 
2 67789E 09 
2 41526E-09 
2 24967E-09 
2 54701 E-09 
4 62099E-09 
4 33727E-09 
4 32858E-09 
4 47826E-09 

0 
9 89276E-35 
9 64699E-135 
9 26092E-05 
8 99005E-05 
9 11694E-05 
9 0081 9E-05 
9 05343E 05 
9 04405E-05 
9 06226E-05 
9 17099E-05 
9 17969E-05 
9 25298E-05 

0 
123722E-05 
121012E-05 
113464E-05 
1 10096E-Ci5 
1 11 8E-05 

109986E-05 
1 08675E 05 
1 09815E-05 
109655E-05 
111131E-05 
1 09003E 05 
1 11465E-05 

Ca moUL 

0 009039835 
0009026241 
0 008999054 
0 009026241 
0 008999051 
0 00908061d 
0 oO902624 t 
0 0090534213 
0009107803 
0 009107803 
0 0091W366 
0 00921855.3 
0 00924374 I 

Moles extracted in 
all samples removed 

pnor to sampling 
0 
0 

124683E-09 
2 23341 E-09 
3 501 16E-09 
5 4336E-09 
8 11 149E-09 
105268E-08 
127764E-08 
153234E-08 
199444E-08 
2 4281 7E-08 
2 86103E-08 

0 
0 

9 89276E-05 
0 0001 95397 
0 000288007 
0000377907 
0 000469077 
0 0005591 59 
0 000649693 
0 0007401 33 
0 000830756 
0 000922466 
0 001014263 

0 
0 

123722E-05 
2 44734E-05 
3 58196E-05 
4 68294E-05 
5 80094E-05 
6 90079E-05 
7 98755E-05 
9 0857E-05 

0 000101822 
0 0001 12936 
0000123836 

Si moVL 

0 00115566 
0 001 128847 
0 001 128847 
0 001 105886 
0001102061 
0 0011 13541 
0001102061 
0001066755 
00611Os(M8 
ow1102081 
ow1113541 
0 001o9u08 
0 OO1113541 

Cumulative moles released 

-2 2541 1 E-07 
-2 29527E-07 
-2 23944E-07 
-2 12295E-07 
-2 00857E-07 
-2 04586E-07 
-2 07049E-07 
-2 0313E-07 
-1 79098E-07 
-1 82371 E-07 
-1 82488E-07 
-1 81505E-07 

-3 35456E-06 
-9 12646E-06 
-7 16625E-06 
-1 51469E-05 
-5 57878E-06 
-1 71818E-05 
-1 68998E-05 
-1 39607E-05 
-1 51447E-05 
-8 99736E-06 
-8 88834E-06 
-8 78748E-06 

-5 44597E-06 
-5 52499E-06 
-9 97348E-06 
-1 10342E-05 
-9 62829E-06 
-1 17565E-05 
-1 44996E-05 
-1 23209E-05 
-1 29075E-05 
-1 19937E-05 
-1 41172E-05 
-1 27522E-05 



s.mpk UPU-1 B 

Total sample wl = 

Amwnt 01 urpnophane added - 
Amount of 0 0 M U solutm added = 

Wt 01 bonle = 

Concentrations of components in 
starling solutions mg/L m o I a I i ty 
U 0 5?30144Ibl 2 40732E-06 
Ca 363 41 0 009067022 
SI 32 '16247935 0 001 15566 

0 5MM g 
200 I 6  g 
229 ,7 g 
28 59 g 

Sampling data E lapsed 
time (hn) 

23 43 
47 27 
.67 72 
335 55 
!io3 72 
ti79 20 
1139 48 
1007 52 
117553 
134415 
1512 90 
1680 10 

Wt 01 bottle oefore 
sampling (g) 

229 19 
218 14 
207 14 
196 68 
186 27 
175 79 
16527 
155 06 
144 97 
13481 
124 39 
11419 

Wt 01 soh  belore 
sampling (9) 

200 10 
18905 
178 05 
167 59 
157 18 
146 70 
136 18 
125 97 
11588 
105 72 
95 30 
85 1CI 

moles 
4 81849E-07 
0 001814855 
0 ooO231317 

wt 01 bonle after 
sampling (9) 

218 20 
207 43 
197 09 
186 66 
17623 
165 79 
15523 
145 12 
13505 
124 57 
11443 
10424 

Wt 01 soh 
removed (g) 

10 99 
10 71 
1005 
1002 
1004 
1000 
10 04 
9 94 
9 92 
10 24 
996 
9 95 

PH 
5 97 
5 97 
5 85 
584 
5 83 
584 
584 
584 
5 84 
5 82 
5 82 
5 83 

U (ppm) 
0 050 
0 032 
0 048 
0 096 
0 103 
0 099 
0 125 
0 125 
0 136 
0 141 
0 151 
0 141 

Ca (ppm) 
361 80 
359 64 
362 88 
362 88 
363 96 
365 04 
365 04 
366 12 
366 12 
367 99 
367 99 
370 01 

SI (ppm) 
32 37 
32 18 
3205 
31 83 
31 73 
31 83 
31 52 
31 52 
31 52 
31 48 
31 99 
31 79 

Calculation of cumulative release (moles 01 IJ. Ca, S i  released or precipitated as a Iunction of time) 
Delimed bv 
Cuniulative motes released := (moles in soh  at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in Mln) 
where 
Mok!s in S o h  at sampling time = (measured molar concentralion in sample) * (wt of soh before sampling) / 1000 
Moli!s extra(:ted during sampling = (measured molar concentration in sample) + (wt of soh removed during sampling) / 1000 

U 

Elaimed time 

23.43 
47.27 
'167 72 
335 55 
(i03.72 
I379 20 
1339 48 
1007 52 
11 75.5.3 
1344.1!5 
151 2.90 
1680 10 

23.43 
47.27 

'I 67 72 
335.55 
!io3 72 
($79 20 
1339.48 
1007.52 
11 75.53 
1344 15 
1512 90 
1680.111 

23 43 
47 27 
'6772 
335.55 
503.72 
ti79 20 
I139 48 
1007 52 
117553 
1344 15 
1512 90 
1680.10 

Molar concentration as a function Elapsed time 
of tlme hours 

0 
23 43 
47 27 
167 72 
335 55 
!io3 72 

I139 48 
100752 
117553 
1344 15 
1512 90 
1880 10 

079 2a 

Moles in soln 
at sampling time 

4 23316E-08 
2 5721 3E-08 
3 58698E-08 
6 73898E-08 
6 78997E-08 
6 10034E-08 
7 14732E-08 
6 61 145E-08 
6 64329E 08 
6 2799E 08 

6 06529E-08 
5 05504E 08 

0001806288 
0 001 696352 
0001612042 
0001517338 
0001427323 
0001336108 
0001240294 
0 001 150698 
0 001058529 
0 000970648 
0000674979 
0 000785622 

0000230594 
0 00021 6432 
0000203166 
0 0001 88697 
0 00017757 
0 OCO165176 
0 000152817 
0 000141 359 
0 0001 30037 
0000118485 
0 000108535 
9 63013E-05 

U moVL 

2 40732E-06 
2 I 1  553E-07 
136056E-07 
2 0146E-07 
4 02112E.07 
4 31988E-07 
4 15839E-07 
5 24845E 07 
5 24845E-07 
5 73292647 
5 94015E-07 
6 3BU4E-07 
5 94015E-07 

Moles extracted 
during sampling 

0 
2 32497E-09 
145716E-09 
2.02467E-09 
4.02916E-09 
4.33716E-09 
4.15839E-09 
5.26944E-09 
5.21696E-09 
5.68706E-09 
6.08271 E-09 
6.33898E-09 
5.91044E-09 

0 
9.92061E-05 
9.61 01 4E-05 
9.0991 6E-05 
9.072E-05 

9 11716E-05 
9 10778E-05 
9.14422E-05 
9.07992E-05 
9.06165E-05 
9.4017E-05 
9.14462E-05 
9 18563E-05 

0 
126648E-05 
122612E-05 
1 14677E-05 
11282E-05 
1 13425E-05 
1.12595E-05 
1.12666E-05 
1 11 544E-05 
1 11319E-05 
1 14765E-05 
1.13433E-05 
1.12597E:-05 

Ca moVL 

0.009067022 
0 009026946 
0 008973054 
0 009053892 
0 009053892 
0 009080838 
0 0091 07784 
0 0091 07784 
0 0091 34731 
0 009134731 
0.009181348 

0 009231 793 
o o o 8 i e i m  

Moles extracted in 
all samples removed 

pnor to sampling 
0 
0 

2 32497E 09 
3 78213E 09 
5 8068E-09 

9 83596E 09 
1 41 731 E-08 
1 83315E-08 
2 36009E-08 
2 88179E-08 
3 4505E-08 

4 05877E-08 
4 69267E-08 

0 
0 

9 92061 E-05 
0 0001 95308 
0000286299 
0 00037701 9 
0 0004681 91 
0000559269 
0000650711 
0 00074151 
0000832127 
0000926144 
0 00101759 

0 
0 

126648E-05 
2 49261 E-05 
3 63938E-05 
4 76758E-05 
5 90182E 05 
7 02777E 05 
8 15443E-05 
9 26987E-05 
0 000103831 
0 0001 15307 
0 00012665 

SI moVL 

0 001 15566 
0 001 152397 
0 001 144841 
0001141062 
0 001 125949 
0001129727 
0001125949 
0 001 122171 
0001122171 
0 001 122171 
000112075 
000113MM5 
0 001131831 

Cumulative moles released 

-4 39518E-07 
-4 53803E-07 
-4 42197E-07 
-4 08653E-07 
-404114E-07 
-4 06673E-07 
-3 92045E-07 
-3 92134E-07 
-3 86598E-07 
-3 84545E-07 
-3 80609E-07 
-3 84372E-07 

-8 56686E-06 
-1 92968E-05 
-7 50573E-06 
-1 12178E-05 
-1 05135E-05 
-1 05561 E-05 
-1 52921E-05 
-1 3446E-05 
-1 48162E-05 
-1 20804E-05 
-1 37331 E-05 
-1 16436E-05 

-7 22591 E-07 
-2 22033E-06 
-3 22506E-06 
-6 22575E-06 
-6 07099E-06 
-7 12235E-06 
-8 22238E-06 
-8 41 31 5E-06 
-8 58148E-06 
-9 001 E-06 

-7 47447E-06 
-8 36512E-06 



slmpla upEI-2A 
Amount 01 urpnophane added = 
Amount 010 0 M U solubon added = 
Total sample w( = 
Wt 01 boWe = 

Concentrations 01 components in 
starling solutions 
U 
Ca 
SI 

ssmpring data 

os001 g 

28 53 g 

200 07 g 
z?9 09 Q 

mg/l. molality 
3 21602 139 9 07539E-07 

363 55 0 009080616 
E85 30431989 0 002324824 

Elapsi?d 
time (hn) 

23 411 
47 2!j 
167 77 
335 57 
503 73 
679 18 
839 53 
1007 !13 
11 75 !,5 
1344 13 
1512 93 
1680 12 

Wt 01 bonie belore 
sampling (8) 

229 00 
21848 
207 44 
196 73 
18636 
175 59 
165 04 
154 86 
144 87 
13448 
123 90 
11368 

Wt of mtn belore 

199 97 
18945 
178 41 
167 70 
157 33 
146 56 
136 01 
125 83 
11584 
105 45 
94 t17 
84 ti5 

sampling (g) 

moles 
181571E-07 
0001816759 
0 OW4651 28 

Wt of bottle altei 

218 55 
207 75 
197 17 
186 75 
176 06 
165 67 
155 05 
145 07 
134 84 
124 23 
11395 
103 73 

sampling (g) 
Wt 01 soin 

removed (8) 
1045 
10 73 
1027 
9 98 
10 30 
9 92 
9 99 
9 79 
10 03 
1025 
9 95 
9 95 

PH 
5 95 
5 90 
5 80 
5 79 
5 81 
5 81 
5 81 
5 81 
5 80 
5 78 
5 79 
5 79 

u (PPm) 
0 028 
0 043 
0 054 
0 096 
0 113 
0 155 
0 154 
0 127 
0 155 
0 162 
0 162 
0 192 

Ca (ppm) Si (ppm) 
35964 6485 
36072 65 17 
361 80 6485 
362 88 6495 
361 80 6474 
36504 6484 
36828 6548 
36828 6527 
36936 6559 
37001 6480 
37203 6490 
37203 6541 

Wculation of cumulative release (moles (11 U. Ca. Si released or precipitated as a function 01 time) 
D<?lined by: 
Ciimulati\e moles released = (moles in soln at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soh) 
where 
M3les in Iloln at sampling time = (measured molar Concentration in sample) * (wl of soh before sampling) / 1000 
MJies extracted during sampling = (measured molar concentration in sample) + (wl of soh removed during sampling) I1000 

Molar concentration as a function 
01 time 

Elapsed lime 

23 40 
47 25 
1677' 
335 5 ' 
503 7:) 
679 I t \  
839 53 
1007 53 
1176 55 
1344 13 
1512 93 
1680 12 

23 40 
47 25 
167 77 
335 57 
503 7: 

839 5: 
1007 53 
11755'1 
1344 13 
1512 93 
1680 I ,' 
23 40 
47 25 
167 77 
335 57 
503 73 
679 18 
839 53 
1007 5:) 
117555 
1344 13 
151293 
1680 l i  

Eldpsed tine 
hour? 

0 
23 40 
47 25 
167 ?7 
335 57 
503 ?3 
679 18 
839 53 
1007 55 
11755': 
1344 13  
I512 92 
1680 12 

679 r e  

Moles in sdn 
at sampling lime 

2 32512E-08 
3 43422E-08 
4 08404E-08 
6 7705E-08 
7 49516E-08 
9 5264E-08 
8 78574E-08 
6 70572E-08 
7 5296E-08 

7 15872E-08 
6 44047E-08 
6 62416E-08 

0 001 794341 
0 001705049 
0001610497 
0 001518337 
0001420209 
0 001 334836 
0 001249744 
0001156203 
0 001067531 
0 000973492 
0 000880605 
0 000785741 

0 OW461645 
0 000439506 
0000411872 
0 000387781 
0 00036261 3 
0 000337237 
0 00031 7072 
0 000292389 
0 000270489 
0 00024325 
0000219189 
0 0001971 11 

U moVL 

9 07539E-07 
116273E-07 
181273E-07 
2 28913E-07 
4 03727E-07 
4 76398E-07 

6 5E-07 
6 45963E.07 
5 3201 SE-07 

6 5E-07 
8 78874E-07 
8 78874E-07 
8 08183E-07 

Moles extracted 
dunng sampling 

0 
1 21 506E-09 
1 94506E-09 
2 35094E-09 
4 0291 9E 09 
4 9069E-09 
6 448E -09 

6 45317E-09 
5 21728E-09 
6 51 95E-09 

6 95846E-09 
6 75479E-09 
8 02132E-09 

0 
9 37684E-05 
9 657E-05 

9 27067E-05 
9 03578E-05 
9 29775E-05 
9 03492E-05 
9 17943E-05 
8 99566E-05 
9 24322E-05 
9 46259E-05 
9 23583E-05 
9 23583E-05 

0 
2 41246E-05 
2 48926E-05 
2 3709E-05 
2 30773E-05 
2 37394E-05 
2 28261 E 4 5  
2 32891 E-05 
2 27489E-05 
2 34203E-05 
2 36446E-05 
2 29886E-05 
2 316911f-05 

Ca moVL 

0 00908061 6 
0 008973054 

0 009 
0 00902f1946 
0 00905:1892 
0 00902f1946 
0 0091 01'784 
0 0091 88623 
0 00918&623 
0 00921 !I560 
0 009231 793 
0 00928224 
0 00928224 

Moles extracted in 
ail samples removed 

pnor to sampling 
0 
0 

1 21 506E-09 
3 16012E-09 
5 51106E-09 
9 54025E-09 
144471E-08 
2 08951E-08 
2 73483E-08 
3 25656E-08 
3 90851 E-08 
4 60436E-08 
5 27984E-08 

0 
0 

9 37684E-05 
0 000190338 
0 000283045 
0 000373403 
0 000466381 
0 00055673 
0 000648524 
0 000738481 
0 00083091 3 
0 000925539 
0 00 101 7897 

0 
0 

2 41246E-05 
4 90172E-05 
7 27262E-05 
9 58035E-05 
0000119543 
0 000142369 
0 0001 65658 
0 000188407 
0000211827 
0 000235472 
0 00025846 

Si moVL 

0 002324824 
0 002308573 
0 002319908 
0 002308573 
0 002312351 
0 002304795 
0 002301 01 6 
0 002331243 
0 002323686 
0 002335021 
0 0023OS786 
OW2310413 
0 002328548 

Cumulative moles released 

-1 5832E-07 
-1 46014E-07 
-1 37571E-07 
-1 08355E-07 
-9 70794E-06 
-7 18601 E-08 
-7 28187E-06 
-8 71657E-08 
-7 37097E-08 
.7 0899E-08 
-7 11 23E-08 

-6 05313E-06 

-2 24181 E-05 
-1 79413E-05 
-1 59239E-05 
-1 53769E-05 
-2 31473E-05 
-1 55423E-05 
-1 02854E-05 
-1 20312E-05 
-1 07475E-05 
-1 23543E-05 
-1 06149E-05 
-1 31211E-05 

-3 48252E-06 
-1 4967E-06 
-4 23816E-06 
-4 6203E-06 

-6 71101E-06 
-8 34802E-06 
-5 68652E-06 
-7 08031 E-06 
-6 232E-06 
-1 005E-05 

-1 04672E-05 
-9 55587E-06 



s.nQh UPEA-2II 
Amount 01 umnophane added = 
Amount 01 0 0 M U solum added - 
Total sample W = 
W t 01 bonie = 

Concenlrations of components in 
starling solutions mg/L molality 

0 4998 g 

229 16 g 
2861 g 

2 0 0 0 5 g  

U 11471595992 198125E-06 
Ca 362 '50 0 00904441 1 
si 63 !i 0 002260591 

Sampling dala Elapsed 
time (tirs) 

23 40 
47 25 
167 77 
335 57 
503 1t8 
679 22 
839 52 
1007 57 
1175 50 
1344 12 
1512'32 
1680 13 

Wt 01 bottle before 

229 06 
218 15 
207 65 
19721 
166 87 
176 44 
165 94 
155 70 
145 58 
13523 
125 05 
11491 

sampling (9) 
Wt of soin before 

sampling (g) 
199 95 
189 04 
17854 
168 10 
157 76 
147 33 
I36 83 
126 59 
11645 
106 12 
95 94 
85 80 

moles 
3 96348E-07 
0 001 809334 
0 000452231 

Wt 01 bonle after 
sampling (8) 

218 58 
207 96 
19764 
187 20 
17684 
166 47 
155 89 
145 78 
135 60 
125 27 
115 16 
10501 

wt of SOln 
removed (g) 

10 48 
10 19 
1001 
10 01 
10 03 
9 97 
10 05 
9 92 
9 96 
996 
9 89 
9 90 

PH 
5 94 
5 89 
5 81 
5 79 
5 80 
5 81 
5 79 
5 80 
5 80 
5 79 
5 80 
5 79 

U (ppm) 
0 051 
0 039 
0 068 
0 122 
0 110 
0 124 
0 101 
0 204 
0 193 
0 162 
0 168 
0 207 

Ca (ppm) 
358 50 
358 50 
359 59 
361 77 
365 04 
387 22 
367 22 
368 31 
367 22 
368 31 
368 31 
370 49 

Calculation 01 cumulative release (moles of U, Ca. Si released or precipitated as a funclion 01 time) 
Defined tiv 
Curnulalive moles released = (moles in soln at isampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soln) 
where 
Moles In !loin a1 sampling time = (measured molar concentration in sample) * (wt of soln before sampling) I 1000 
Moles exiracted during sampling = (measured molar Concentration in sample) * (W of soln removed during sampling) I1000 

U 

SI 

Elapsed time 

23 4CI 
47 2:s 
167 71 
335 5 1  
503 613 
679 22 
839 52 
1007 57 
117550 
1344 12 
151292 
1680 13 

23 40 
47 25 
167 77 
335 5: 
503 668 
679 22 
839 52 
100751 
11 75 50 
1344 1 2  
1512 92 
1680 1 :I 

23 40 
47 25 
187 77 
335 57 
503 68 
679 22 
839 52 
1007 57 
11755Cl 
1344 12 
151292 
I680 13  

Molar concentration as a function Elapsed time 
of time houm 

0 
23 40 
47 25 
167 77 
335 57 
503 68 
679 22 
839 52 
1007 57 
1175 50 
1344 12 
151292 
lea0 13 

Moles in soln 
a1 sampling time 

4 29376E-08 
3 10099E-08 
5 07396E-08 
8 59478E-08 
7 2595E-08 

7 65838E-08 
5 78917E-08 
1 0841 3E-07 
9 4271 3E-08 
7 23442E-08 
6 78569E-08 
7 45768E-08 

0 00178849 
0 001 690904 
0 001601839 
0 001517313 
0 001436849 
0 001349866 
0 001253663 
0 001 163284 
0 00 1 066938 
0 0009751 77 
0 00088163 
0 000793115 

0 000448366 
0 000423902 
0000398307 
0 00037373 

0 000353156 
0 000333754 
0 000309444 
0 000285802 
0 000282909 
0 000240399 
0 000214768 
0 OW1 95024 

U moUL 

198125E-06 
2 14742E-07 
1 64039E 07 
2 84192E-07 
5 11289E-07 
4 6016E-07 
5 1981 1 E-07 
4 23092E-07 
8 W l E - 0 7  

8 08541 E47 
881719E-07 
7 07284E-07 
8 68192E-07 

Moles extracted 
dunng sampling 

0 
2 25043E-09 
1 67155E-09 
2 8447BE-09 
5 11801E-09 
4 61 541 E-09 
5 1825 t E-09 
4 2520 7E-09 
8 49550E-09 
8 06303E-09 
6 78992E-09 
6 99503E-09 
8 6051f-09 

0 
9 37402E-05 
9 1146:lE-05 
8 98084E-05 
9 03527E-05 
9 13513E-05 
9 13469E-05 
9 20799E-05 
9 11585E-05 
9 12553E-05 
9 15261 E-05 
9 O8828E-05 
9 151 31I-05 

0 
2 35002E-05 
2 28499E-05 
2 2331 4E-05 
2 22548E-05 
2 24528E-05 
2 25855E-05 
2 27283E-05 
2 23963505 
2 24866E-05 
2 25629E-05 
2 21 394505 
2 250271E-05 

Ca moVL 

0 00904441 1 
0008944679 
0 008944679 
0 008971 866 
0 009026241 
0009107803 
0 009162178 
0 0091 621 78 
0 0091 89366 
0009162178 
0 009189368 
0 0091 88368 
0 009243741 

Moles exlracted in 
all samples removed 

pnor lo sampling 
0 
0 

2 25049E-09 
3 92204E-09 
6 7668E-09 
1 18848E-08 
1 65002E-08 
2 16827E-08 
2 59348E-08 
3 44304E-08 
4 24934E-08 
4 92833E-08 
5 62784E-08 

0 
0 

9 37402E-05 
0 0001 84887 
0 000274695 
0000365048 
0000456399 
0 000547746 
0 000639826 
0 000730984 
0000822239 
0 000913768 
0 001 004648 

0 
0 

2 35002E-05 
4 63502E-05 
6 86816E-05 
9 09364E-05 
0 000113389 
0 000135975 
0 000158703 
0000181099 
0 000203586 
0 000228149 
0 000248288 

Si moUL 

0002280591 
0002242389 
0002242389 
0 002230909 
0002223256 
0 002238562 
0 002265348 
0 002261 522 
0 002257695 
0 002257695 
0 002266348 
0002238582 
0 002273001 

Cumulative moles released 

-3 5341 1 E-07 
-3 63088E-07 
-3 41687E-07 
-3 03634E-07 
-3 11 868E-07 
-3 03264E-07 
-3 16774E-07 

-2 62E-07 
-2 67647E-07 
-2 81 51 1 E-07 
-2 79208E-07 
-2 65493E-07 

-2 OBM2E-05 
-2 46904E-05 
-2 26092E-05 
-1 73267E-05 
-7 43801E-06 
-3 07006E-06 
-7 92601 E-06 
-6 22516E-06 
-1 14128E-05 
-1 19177E-05 
-1 39393E-05 
1 15713E-05 

-3 86518E-06 
-4 82941 E-06 
-7 57416E-06 
-9 81995E-06 
-8 13888E-06 
-5 08789E-06 
-6 81212E-06 
-7 72622E-06 
-8 22291 E-06 
-8 2461 E-06 
-1 13144E-05 
-8 91908E-06 

si (Ppm) 
8299 
8299 
62 87 
6245 
6288 
83 63 
6353 
63 42 
6342 
6363 
62M 
63 85 
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Preparation of soliutions for Np-uranophane coprecipitation experiment NPUA 

Written by: J. D. Prikryl 
Date: 10/17/06 

Objective: Prepare :jolutions containing U, Np, Ca, Na, and SiOz for use in Np-uranophane 
coprecipitation tests. Solutions will have a Ca content of 10” M to 1.5 x 
Si02 content of 10” M. U contents will be 1.0 x lU5 M (2.38 ppm). Np contents will be 
4.33 x IO-’ M (0.1 ppm), 1.08 x 10-6 M (0.25 ppm) or 1.73 x 
Solutions will have Na contents of 0.0 ppm, 8.7 x IO-’ M (2 pprn), and 4.35 x ~ O - ~  M (10 
pprn). The pH: of the solutions will be approximately 6.0. 

Addition of chemical reagents containing Ca, Np, Na, and U to an approximate 
Si02 solution. 

M and a 

M (0.4 ppm). 

Method: M 

Materials and Equipment: 

- Prebiously prepared 
- Np htandard solution #61A (102.55 ppm Np; 4.33 x 

notebook 582, p. 177) 
- CaCI2.2H2O; F.W. 147.02; (lot no. 0 b \ 7 ) 
- U02(N0&.6H20; F.W. 502.13; (lot no. 2 b 4 0  CchP) 
- CaC03; F.W. 100.09; (lot no. 9 .J b 3Gk7 ) 
- NaCI; F.W. 58.44; (lot no. 4 8 ‘t 3 3 I ) 
- Polypropylene bottles; various volumes 
- 30 ml LDPE bottles 
- Orion pH meter 
- Orion combination pH electrode 
- ATC: probe 
- pH buffer solutions 
- 
- weighing paper and boats 
- Gyra.tory shaker 

M Si02 solution (scientific notebook 325, p. 73-74) 
M Np, see scientific 

Mettler analytical balances (AE240 and PR5002) 

Procedure 

1. 
\ o  \+G “rp 

Transfer 100 g of the previously prepared 10” M Si02 solution to a 250 ml polypropylene bottle. Add 
0.0502 g of U O ~ N O ~ ) , . ~ H Z O  to the bottle. Label the bottle as m U. 

Ppp 2. Lab 1 1 250 polypropylene bottles as follows: 

0.0 ppm Np 
0.1 ppm Np 
0.25 pprn Np 
0.4 ppm Np 
0.0 pprn Np/2.0 ppm Nil 
0.1 ppm Np/2.0 pprn Na 
0.25 ppm Np/2.0 ppm Pia 
0.4 ppm Np/2.0 ppm Na 
0.0 ppm Np/lO.O ppm Na 
0.1 ppm Npl10.0 ppm Na 
0.25 ppm NpIlO.0 ppm Na 
0.4 ppm Np/lO.O ppm Na 
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;!SO ml PP Bottle 
0.0 pprn Np 
0.1 ppm Np 
0.25 DDm ND 

of the previously prepared lx103 M SOz solution into the 12 bottles listed above. 

quantities of chemicals and reagents listed below to the specified bottle. 
Use weighing paper and weigh out reagents as accurately as possible. After adding reagents make up 
to a final weight of 200 g with the 10” M SiOz solution. 

Wt (E) 

5.  

6. 

7. 

( 0  ( I ’ p ” ~  
A low solu ons to equilibrate with air by loosely capping bottles and placing on a gryratory shaker. 

Every 3 or 4 days measure and record pH to determine when solutions reach equilibrium with air. 
Note: the pH of the solutions may have to be adjusted to reach the desired pH of about 6 by addition of 
acid (HN03) or tlase (CaC03). 

When equilibrium is reached (i.e., when pH is stable) record the weight of each solution bottle. 

I 0.4 DDm ND I I 
~~ 

Np/2.0 ppm Na 

0.25 ppm Np/2.0 ppm Na 
9 i p m  Np/2.0 ppm Na 
0.0 ppm Np/lO ppm Na 
0.1 ppm Np/lO ppm Na 
0.25 pprn Np/lO ppm Na 
0.4 ppm Np/lO ppm Na 



8. Label and weight 12 30 nd LDPE bottles as below. Take a -28 g sample aliqout from each solution 
and place in correspondirig.30 ml LDPE bottle for gamma counting. Weight bottles and record. 
Gamma counting will show the initial Np contents of the solutions before addition of uranophane. 

(8) Wt of bottle + Wt of sample (g) 
sample (8) 

9. After sampling record the weight of each 250 ml solution bottle. 

250 ml PIP Bottle 

0 . 1 n  N 

0 . 4 n  N 
0.0 DDm ND/:!.O DDm Na 

0.25 nNp/2.0 mNa 
0.4 mNp/:!.O m Na 
0.0 m ~ N p l l O  m Na 
0.1 m N p l 1 0  mNa 

0.25 niNp,10 N p : s = l  m Na 

10. After measuring the Np contents of the 28 g sample aliqouts by gamma counting (# 8 above), acidify 
each sample by addition oPHN03. Take two 10 ml sample aliqouts from each sample solution and 
place in 15 ml polypropy1e:ne bottles for cation analysis by ICP. Use an Oxford pipettor and 10 ml 
plastic tips to take samples. Chemical analysis will show the initial Ca, SiO2, Na, and U contents of 
solutions before addition of uranophane. Label samples as shown below. 

10 rill PP Bottle Label 

0.25 DDIn ND NPUA-M5: NPUA-M6 
I 0.4 Doni  ND I NPIJA-M7:NPIJA-M8 I 

NPUA-M9; NPUA-M10 
NPUA-M11; NPUA-M12 
NPUA-Ml3; NPUA-M14 
NPUA-IM15: NPUA-M16 
NPUA-lM17; NPUA-M18 
NPUA-M19; NPUA-M20 
NPUA-M2 1 ; NPUA-M22 
NPUA-M23: NPUA-M24 0.4 DDm Nd10 DDm Na 
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NpAJmpham 8aMIan mndydr 

Sample = 1 168-85 
Sample wt (9) = 28.24015 

Ba conversion 0 037 Bq per 2 2 dpm = 0 01 68 Bqldpm 

Measured Np concentration based on gamma counting 

Sample activity = total counts / (counting efficiency ' % yield * counting time) 

NPm 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
74700 
21 00 
93200 
11400 
18800 
5750 
2440 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

w 3 7  
Abundances (%yield) taken f m  IAEA Nudat dttrbws 

YO yield 
0.1412 
0 00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROIchannels 'I 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

'otal counts 
73000 
21 10 
91700 
11600 
19200 
5880 
2390 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1 351 
0.1107 
0.0935 

NPm 
Abundances (%yield) taken from IAEA Nudat database 

Ensrsy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
72900 
2270 
92400 
11400 
19100 
6280 
21 20 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

time (m) 
120 
1 20 
120 
120 
120 
120 
120 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00943 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

Sample wt (9) 
28.24 
28.24 
28.24 
28.24 
28.24 
28.24 
28.24 

Average = 

Activity (dpm) 
42509.363 
40071.152 
44859.238 
43223.65 

43284.195 
41969.556 
49109.035 
43361.159 

time (m) 
120 
120 
120 
120 
120 
120 
120 

Sample wi (9) Activity (dpm) 
28.24 41541.947 
28.24 40261.967 
28.24 441 37.254 
28.24 43981.96 
28.24 44205.136 
28.24 42918.433 
28.24 481 02.702 

Average = 43502.024 

time (m) 
120 
120 
120 
120 
120 
120 
120 

Sample wt (9) Activity (dpm) 
41485.041 28.24 

28.24 43315.007 
28.24 44474.1 8 
28.24 43223.65 
28.24 43974.901 
28.24 45838.054 
28.24 42668.506 

Average = 4341 7.526 

Activity (dpm/g) 
1505.281 
1418.943 
1588.491 
1530.574 
1532.71 8 
1486.166 
1738.979 
1535.444 

Activity (Bq/g) 
25.3161 
23.864 

26.7155 
25.7415 
25.7775 
24.9946 
29.2465 
25.8234 

Ppb PP* 
970.30815 0.9703081 
914.65116 0.9146542 
1023.9458 1.0239458 
986.6123 0,9866123 

987.99429 0.9879943 
957.98665 0.9579866 
1120.9508 1,1209506 
989.75103 0.989751 

molality moles 
4.09326E-06 1.16E47 
3.85849E-06 l.WE-07 
4.31 954E-06 1.22E-07 
4.16204E-06 l.lBE-07 
4.16787E-06 1.18E-07 
4.04129E-06 1.14E-07 
4.72875E-06 1 .WE47 
4.17528E-06 1.18E-07 

Activity (dpmlg) 
1471.024 
1425.699 
1562.926 
1557.427 
1565.329 
1519.766 
1703.344 
1540.432 

Activity (Bq/g) 
24 74 

23.9777 
26.2856 
26.1931 
26.326 

25.5597 
28.6472 
25.9073 

PPb wm 
948 2261 7 0 9482262 
91900966 09190097 
1007466 1007466 

1003 9213 1 0039213 
10090154 1 o090154 
97964548 09796455 
1097- 10979809 
99296639 09929664 

molality 

3.87686E-08 
4.0001 1 E-06 

4.25001 E-06 
4.23506E-06 
4.25655E-06 
4.13265E-08 
4.63185E-06 
4.18885E-06 

mdas 
1.13E-07 
1.09E-07 
1 .a507 
1.2E-07 
1.2E-07 

1.17E-07 
1.31E-07 
1.18E-07 

Activity (dpdg) 
1469.009 
1533.809 
1574.856 
1530.574 
1557.177 
le23.152 
1510.916 
1537.44 

Activity (Bug) 
24.7061 
25.7959 
26.4862 
25.7415 
26.1889 
27.2986 
25.4109 
25.8589 

PPb 
946.92723 
988.69759 
101 5.1 566 
986.6123 

1003.7602 
to46.288 

973.94071 
991.03767 

W m  
0.9469272 
0.9886976 
10151566 
0.9866123 
1.0037602 
1.046288 

0.9739407 
0.9910377 

molality 
3.99463E-06 
4.17084E-06 
4.28246E-06 
4.16204E-06 
4.23438E-06 
4.41379E-06 
4.10859E-06 
4.18071E-06 

mdse 
1.13E-07 
l.lBE-07 
1.21 E-07 
1.18E-07 
1.2E-07 

1.2G-07 
1.16E-07 
1.18E-07 
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NplUramphane dutlm aNlYSb 

Sample = 61D 
Sample wt (9) = 28.22 

Bq canversion 0.0168 Bddpm 0.037 Bq per 2.2 dpm = 

Measured Np concentration based on gamma counting 

Sample activity = total counts / (counting efficiency * O h  yield counting time) 

-7 
Abrrndances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

T 'otal counts 
623m 
2490 

100300 
13000 
21 500 
6460 
2600 

Efficiency 
0. i 037 
0.1234 
0.1396 
0.1 324 
0.1 351 
0.1107 
0.0935 

?lo yield 
0. i4i2 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 

120 
120 
120 
120 
120 
120 

^^ 
I LU 

Sample wi (9) Activity (dpm) 
26.22 LWxh)L).LlO 

28.22 47512.938 
28.22 48276.626 
28.22 49290.127 
28.22 49500.543 
28.22 47151.883 
28.22 52329.3 

Average = 48769.845 

.,.,.̂  C-n Activity (dpm/g) 
1 ern  ,.. n 
1 0 3 Y  .o I J 
1683.662 
1710.724 
1746.638 
1754.094 
1670.868 
1854.334 
1728.201 

Activity (Bdg) Ppb PPm 
.n,.n -.,,An . n,.n-.nrv\ 
I M Y . I J U Y  I . M Y I Y U Y  

n-. n.. -. 
LI  . Y  I I I 

28.31 61 1085.2929 1.0852929 
28.7713 1102.7371 1.1027371 
29.3753 1125.8875 1.1258875 

, 1 306939 
,0770457 
,1953085 
.1140032 

29.5007 11 30.6939 
28.101 1077.0457 

31.1865 1195.3085 
29.0652 1114.0032 

*=? 
Abundances (%yield) taken from MEA Nuda( datrbsss 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
82300 
2440 

102oOo 
1 2600 
21100 
6230 
2520 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1 107 
0.0935 

*m 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
83300 
2400 

104000 
13000 
21 500 
6200 
2440 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

molality 
1 r r n n n r  - 
w . 3  I L Y J E W  

4.57833E-06 
4.651 92E-06 
4.74958E-06 
4.76985E-06 
4.54354E-06 
5.04243E-06 
4.69944E-06 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
O.OW43 

time (m) 
120 
1 20 
1 20 
120 
120 
120 
120 

Sample wt (9) 
28.22 
28.22 
28.22 
28.22 
28.22 
28.22 
28.22 

Average = 

Activity (dpm) 
46834.278 
46558.862 
49094.874 
47773.508 
48579.602 
45473.101 
5071 9.167 
47656.42 

Activity (dpm/g) 
1659.61 3 
1649.853 
1739.719 
1692.895 
1721.46 

161 1.378 
1797.277 
1688.746 

Activity (Bq/g) 
27.91 17 
27.7475 
29.2589 
28.4714 
28.951 8 
27.1 005 
30.2269 
28.401 6 

PPb 
1069.7909 
1063.4999 
11 21.4276 
1091.2448 
11 09.6577 
1038.6988 
1158.5297 
1088.5703 

PPm 
1.0697909 
1.0634999 
1 .I 21 4276 
1.0912448 
1.1096577 
1.0386988 
1.1585297 
1.0885703 

molality 
4.51 293E-06 
4.48639E-06 
4.73076E-06 
4.60344E-06 
4.681 11 €46 
4.38177E-06 
4.88728E-06 
4.5921 5E-06 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01Q31 
0.00443 

time (m) 
120 
120 
120 
120 
120 
120 
120 

Sample wi (9) Activity (dpm) 
28.22 47403 346 
28.22 45795.602 
28.22 50057.51 9 
28.22 49290.127 
28.22 49500.543 
28.22 46254.13 
28.22 49109.035 

Average= 47725.464 

Activity (dpm/g) 
1679.778 
1622.807 
1773.831 
1746.638 
1754.094 
1603.619 
1740.22l 
1691.193 

moks 

1.29E-07 
1.31 E-07 
1.34E-07 
1.35E-07 
1 .BE47  
1.42E-07 
1 . 3 3 3 7  

a n-n- ..-. 
1 .;I =-ut 

mdeJ 
1.27E-07 
1.27E-07 
1 34E-07 
1.3E-07 

1.32647 
1.24E-07 
1.38E-07 
1.3E-07 

28.2508 
27.2927 
29.8326 
29.3753 
29.5007 

26.97 
29.2674 
28.4428 

1082.7896 
1046.0654 
1143.4163 
11 25.8875 
11 30.6939 
1033.6971 
1121.751 

1090.1474 

PPm 
1.0827896 
1.0460654 
1.1 4341 63 
1.1258875 
1 . 1 306939 
1.0336971 
1.1 21 751 

1.0901 474 

molality 
4.56777E-06 
4.41285E-06 
4.82352E-06 
4.74958E-06 
4.76985E-06 
4.36067E-06 
4.7321 3E-06 
4.59881 E-06 

moles 
1 .BE47  
1.25E-07 
1.38E-07 
1 3E-07 
1 5e-07 
1 23E-07 
1 .%E47 
1.3E-07 

1 





NpAJranoplum wlM rnatyrls 

Sample = Cal9b 
Sample wt (9) = 0.1 039 

Bq conversion 0.037 Bq per 2.2 dpm = 0.0168 Bqldpm 

Measured Np concentration based on gamma counting 

Sample activity = total counts / (counting efficiency * % yield * counting time) 

Uranophane reference peak counts 
Energy keV d p d g  

92.28 5991.79 
95.86 27.27 
143.25 141.79 

w 
Abundances (%yield) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
29.37 Genie 46266.7 0 
57.1 Genie 2050 0 
86.48 Genie 98200 0 
92.28 Genie 83333.3 74705.6377 
95.86 Genie 19700 340.00236 
108.43 Geme 8600 0 
143.25 Genie 4203.33 1767.83772 

CON&ed 
counts Efficiency 
46266.7 0.1356 
2050 0.2258 
98200 0.3244 

8627.662 0 1977 
19360 0.2981 
8600 0.3366 

2435.492 0.2212 

% yield 
0.1412 
0.0035 
0.124 
0 0166 
0.0268 
0.0103 
0.0044 

time (m) 
120 
120 
120 
120 
1 2 0  
120 
120 

Sample wt (9) 
0.1039 
0.1039 
0.1039 
0.1039 
0.1039 
0.1039 
0.1039 

Average = 

Activity (dpi 
20136.91 
21 372.01 
20343.6 
21907.72 
20194.23 
20651.16 
2071 1.74 
20759.62 

rn) Activity (dpm 
19381 1 
205698 
I95800 
21 0854 
194362 
198760 
199343 
199804 

1/91 Activity (Bq/g) 
3259.5405 
3459.4648 
3292.996 
3546.1788 
3268.8183 
3342.781 
3352.5878 
3360.3382 

PPb 
124930,773 
132593.41 3 
12621 3.046 
13591 6.965 
125286.368 
128121.19 
128497.062 
128794.117 

PPm 
124.9308 
132.5934 
126.213 
135.917 
125.2864 
128.1 21 2 
128.4971 
128.7941 

molality 
0000527 
0 Ooom 
0000532 
0 000573 
0000529 
OOOO54 
0 000542 
OooO543 

mdas 
5 .48Ea 
5.81 E-08 
5.53E-08 
5.96E-OB 
5.49E-08 
5.62E-08 
5.63E-08 
5.65E-08 



NpNranophane solid analysis 

Sample = G a l a  
wt (9) = 0.1031 

Bq conversion 0.037 Bq per 2.2 dpm = 0 0168 Bn,,rlp! 

, Measurea ~p concentration based on gamma counting 

Sample activity = total counts / (counting efficiency * % yield * counting time) 

Uranophane reference peak counts 
Energy keV d P m  

92.28 5991.79 
95.86 27.27 
143.25 141.79 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
29.37 Genie 36766.7 0 
57.1 Genie 1576.67 0 
86.48 Genie 78266.7 0 
92.28 Genie 80500 74130.4259 
95.86 Genie 16100 337.38444 
108.43 Genie 6586.67 0 
143.25 Genie 3480 17S.22588 

Corrected 
counts Efficiency 
36766.7 0.1356 
1576.67 0.2258 
78266.7 0.3244 
6369.574 0.1977 
15762.62 0.2981 
6586.67 0.2366 
1725.774 0.2212 

% yield 
0.1412 
0.0035 
0.124 
0.0166 
0.0268 
0.0103 
0.0044 

time (m) 
1 20 
120 
120 
120 
120 
1 20 
120 

Sample wi (9) 
0.1031 
0.1031 
0.1031 
0.1031 
0.1031 
0.1031 
0.1031 

Average = 

Activity (dpm) 
16002.18 
16437.37 
1621 4.1 1 
16173.89 
16441 .a3 
15816.55 
14676.21 
15966.02 

Activity (dpdg) 
155210 
159431 
157266 
156876 
159475 
153410 
142349 
154860 

Activity (Bq/g) 
2610.3539 
2681 3452 
2644.9266 
2638.3644 
2682.0733 
2580.0746 
2394.0556 
26or(.c(562 

PPb 
100048.927 
102769.863 
101 374.01 9 
101 122.503 
102797.768 
gesee.3887 
01 758.7049 
99822.882 

ppm molality 
102.7699 100.0489 0.000422 O.ooo434 

101.374 0.000428 
101.1225 0.000427 
102.7978 O.OOO434 
98.88839 0.000417 
91.7587 0.000387 
99.82288 0.000421 

moles 
4.35E-08 
4.47E-08 
4.41 E-08 
4.4E-08 

4.47E-08 
4.3E-08 

3.99E-08 
4.34E-08 

I 
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NpNranophane sohd aMlYSIS 

S a m e  = CaI-2b 
Sample wi (9) - 0.1039 

i3q coriversioii 0 037 Bqper 2 2 dpm = 0 0168 wdpm 

Measured Np concentralion based on gamma COUnllng 

Sample aclivily = total counts I (counllng enlciency * % veld. counting time) 

UranOphane reference peak CWnlS  

Energy keV d p W  
92 28 5991 79 
95 86 27 27 

14325 141 79 

i r y Z S i  
mundances (96ymId) taken lrom IAEA Nudal databaw 

EnerOy keV ROI channels Total counls aunts counts EHiuency % veld llme (m) Sample wl (9) Aa~vily (dpm) ACtlvlty (dpwg) Actlvity (8419) ppb ppm mOlallty mO(B.9 

Estimated 
Uranophane Corrected 

3353473 128530991 128531 OooO542 563E-08 2937 Gene 47600 0 47600 01356 01412 120 01039 2071721 1118396 
32738349 125478645 1254786 0000529 55E-08 571 Gerue 1940 0 1940 02258 00035 120 01039 2022522 194660 

8648 Gene 97300 0 97300 03244 0124 120 01039 2015715 194005 32628158 125056307 1250563 OM0528 S a - 0 8  
40257208 154296721 1542967 O w 0 6 5 1  676E-08 92 28 Genie 84500 747056377 9794362 01977 00166 120 01039 2487025 239367 
32350495 123992087 1239921 O M 0 5 2 3  543E-08 95 86 Genie 19- 3400236 19160 02981 00268 120 01039 1998561 19.2354 

10843 Genie 8280 0 8280 03366 00103 120 01039 1988274 191364 32183984 12335389 1233539 000052 541E-08 
14325 G e m  4060 176783772 2292162 02212 O W 4 4  120 01039 1949285 187612 31552862 120834942 1209349 OW051 5 3 E a  

A W a -  2076158 1DQEZ3 33606541 128806226 1288062 0000543 565EQB 

Np237 
Abunaances (%yeld) taken lrom IAEA Nuda1 databaw 

E.tvruted 
urpnophpne conedea 

EmrgykeV ROIchame(a ToWcoum mum coun(s E m  

57 1 Genie 2070 0 2070 02258 

9228 G e m  83700 747056377 8994362 0 1977 

2937 Gene 47000 0 47000 01356 

86 48 Genie 98800 0 98800 03244 

9586 Gene 19300 34000236 18960 02981 
10843 GeNe 7890 0 7890 03366 
14325 Genie 4030 176783772 232162  02212 

Np237 
Nwndances (%yleM) taken Irom IAEA NuQt dalabase 

Estimated 
Uranophane Corrected 

EnurpykeV ROIchands Totalcounts counts counts Efhciency 
2937 Gene 46900 0 46900 01356 
571 Gena 21 50 0 2150 02258 

8648 Genie 97900 0 97900 03244 
9228 Genie 83700 747056377 8994362 01977 
9586 Game 19600 34000236 19260 02981 

10843 Gene 8140 0 8140 o m  
14325 Genie 3960 176703772 2192162 02212 

Xvrera 
0 1412 
0 0035 
0 124 

00166 
0 0268 
00103 
O W  

n m ( m i  samplewt(oi 
120 01039 
120 0.1039 
120 01039 
120 01039 
120 01039 
120 01039 
120 01039 

Average = 

Aaivltv (-1 
20456 07 
2158052 
-7 89 
2283886 
19776 99 
18946 24 
16'237 72 
20472 04 

A a w  (dpn/Q) 
196882 
207705 
196996 
219816 
190346 
182351 
18.5156 
167036 

Actlvl(y (Wa) 
3311 2023 
3493 2156 
33131162 
3696 9014 
3201 2807 
3066 8072 
31138896 
3313 7876 

PPb 
126910853 
133887 008 
126984205 
14169382 

122697 806 
117543743 
119352 136 
l27OOB 939 

wm 
1269109 
133 887 

126 9842 
141 6938 
122 6978 
1175437 
1193521 
127 OOBg 

molality mdes 
OooO535 556E-08 
0000565 587E-08 
O M 0 5 3 6  557E-08 
0000598 621E-08 
0000518 538E-08 
oooo496 515E-08 
0000503 523E-08 
o m 5 3 6  557E-08 

% yield 
0.1412 
0.0035 
0 124 
0.0166 
0.0268 
0.0103 
0.W44 

time (m) Sample wt (9) 
120 0.1039 
120 0,1039 
120 0.1039 
120 0.1039 
120 0.1039 
120 0.1039 
120 0.1038 

Awcsge = 

Activity (dpm) 
20412.55 
22414.55 
20281.45 
22838.86 
20089.92 
19546.w 
18602.43 
20803.76 

h I v W  ( W Q J  
196463 
215732 
195202 
21 981 6 
193358 
lBBl29 
178427 
198304 

Advihl (Wg) 
3304.1572 
3628.2191 
3282.936 

3696.9014 
3251.9339 
3163.9811 
3U17.6308 
9335.1085 

FC4 
126640.828 
139061.335 
125827.466 
141693.82 

124639.228 
121268.196 
115658.822 
127827.121 

ppm tnotalily mole0 
1266408 o m 5 3 4  555Ea 
1390614 0000587 61E-08 
1258275 OW0531 552608 
141 6938 OOOO598 621E-08 
1246392 OM0526 546E-08 
1212682 OW0512 532508 
1158588 Oooo488 507E-08 
1278271 OOOO539 56E-08 



NpNranophane solid analysis 

Sample = Cal4a 
Sample wl (9) = 0.1031 

Bq conversion 0 037 Bq per 2 2 dprn = 0 01 68 Bvdpm 

Measured Np rnncPfitration based on gamma counting 

Sample activity = lolal counts / (counting eniciency * % veld . counling lime) 

Uranophane reference peak counts 
Energv keV d P M  

99 7 R  wai  7s 
95 86 27 27 

143 25 141 79 

Np237 
Abundawes (%yeld) taken from IAEA Nuda1 database 

Eslimaled 
Uranophane 

Energ, keV ROI channels Total counts counts 
29 37 Genie 35900 0 
57 I Genie 1590 0 
m a  Genie 785w 0 
9228 Genie 81400 741304259 
95 86 Genie 15900 33738444 

10843 Genie 6670 0 
14325 Genie 3430 175422588 

Corrected 
counts Elllclency %)wid 
35900 01356 01412 
1590 02258 00035 

785W 03244 0124 
7289574 01977 00166 
1556282 02981 00268 

6670 03366 00103 
1675774 02212 00044 

Np237 
Abundances (%veld) taken from IAEA Nudat database 

Estimated 
Uranophane Correcled 

Energy keV ROI channels Total counts counts counts Efficiency 
29 37 Genie 35700 0 35700 0 1356 
57 1 Genie 1500 0 I500 02258 
86 48 Genie 78400 0 78400 03244 
9228 Genie 80300 741304259 6169574 01977 
9586 Genie 15900 33738444 1556262 02981 

loa43 Genie 6320 0 6320 03366 
14325 Genie 3430 175422588 1675774 02212 

 par 
Abundpnces (%yc?ld) taken from IAEA Nuda1 d a w  

ESbmatad 
umnophm 

EnsroykeV ROlchanneIa Tolalcwnts writs 
2937 cieme 3Mxx) 0 
571 Gem 1490 0 

8648 Genm 77m 0 
9228 Genie 809oO 741304259 
9586 Genle 1w 33738444 

10843 Qenle 8860 0 
14325 Genu, 3800 175422588 

carsdsd 
cavds Effidancy 
38ooo 0.1356 
1490 0.2258 
77soO 0.3244 

6769.574 01077 
1528262 02981 

8860 0.3366 
2045774 0.2212 

% yeld 
0 1412 
0 0035 
0 124 
00166 
0 0268 
0 0103 
00044 

% *kl 
0.1412 
0.0035 
0.124 

0.0166 
0.0268 
0.0103 
0.0044 

time (m) Sample w i  (9) 
120 01031 
120 01031 
120 01031 
120 01031 
120 01031 
120 01031 
120 01031 

Average = 

time (m) Sample wl (9) 
120 01031 
120 01031 
120 01031 
120 01031 
120 01031 
120 01031 
120 01031 

Average = 

Aaivity (dpm) 
15624 96 
16576 34 
16262 45 

18459 2 
16233 22 
16016 65 

14251 
16203 4 

Aclivity (dpm) 
15537 91 
1563806 
16241 73 
1566604 
16233 22 
151762 

14251 
15534 88 

time (m) 
120 
120 
120 
120 
120 
120 
120 

~ m P l s * ( O )  W W ( d P m )  
0.1031 15688.48 
0.1031 15533.8 
0.1031 16117.43 
0.1031 17189.58 
o.rm1 15920.29 
0.1031 1688264 
0.1031 17387.53 

Average = 18258.97 

Activity (dpmlg) 
151551 
160779 
15?735 
179042 
157451 
155351 
138225 
1571 62 

Activity (Wg)  
2548 8m2 
2704 0148 
2652 8107 
3011 1566 
2648 0425 
26127159 
2324 6938 
2643 1792 

Aclivity (dp 
150707 
151679 
157534 
151 950 
157451 
147199 
138225 
150678 

Mg) Activity (BWg) 
2524 6206 
2550 9573 
2649 4313 
2555 5216 
2648 0425 
2475 6169 
2324 6938 
2534 1263 

M V i l Y  (r4 
151974 
150667 
156328 
166727 
1 W 1 6  
155118 
168744 
157711 

ppb 
97690 4779 
103638 733 
101676 198 
115410782 
101493 444 
100139456 
891002253 
101307045 

ppm molality moles 
9769048 OW0412 425E-OB 
1036387 OW0437 451E-08 
101 6762 O W 2 9  4 42E-08 
1154108 0000487 502E-08 
101 4934 OW0428 441E-OB 
1001395 O W 2 2  436E-08 
89 10023 0 000376 3 88E-08 

101 307 0000427 441E-08 

ppb ppm molality moles 
971462413 9714624 Oooo41 423E-08 

9777239 9777239 Oooo412 425E-08 
101546674 101 5467 Oooo428 442E-08 
97947 3298 97 94733 0 000413 4 26E OB 
101493444 101 4934 0000428 441E-08 
9- 7622 9488476 00004 4 13E-08 
891002253 89 10023 0000376 388E 08 
971272953 971273 003341 422E-08 

ppb wm 
979625963 979626 
97120 5741 97 12057 
100769 531 100 7695 
107472849 1074728 
995388587 9953696 
99989.3222 9998932 
108772974 108773 
101660687 101 6607 

molality moles 
O W 1 3  426EoB 
Oooo41 422EoB 

oooMz5 438E-08 
O W 3  4 8 7 E a  
000042 433E-08 
OW0422 435E-08 
O W 5 9  473E-08 
O o o M 2 9  442E-08 
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Prepariation of solutions for Ny-uranophane coprecipitation experiment NPUA 
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Written by: J. 13. I’rikryl 
Date: 11/09/06 

Objective: Prepare solutions containing U, Np, Ca, Na, and SiOz for use in Np-uranophane 
coprecipitation tests. Solutions will have a Ca content of 

(0.1 ppm), 1.08 x 
contents of 0.0 pprn and 4..35 x 
approximately 6.0. 

Aidition of chemical reagents containing Ca, Np, Na, and U to an approximate 
SiOz solution. 

M and a Si02 content of 
M (2.38 ppm). Np contents will be 4.33 x 10.’ M M. U contents will be 1.0 x 

M (0.25 ppm) or 2.16 x M (0.5 ppm). Solutions will have Na 
M (10 ppm). The pH of the solutions will be 

Method: M 

Materials and Equipment: 

-. Previously prepared 10” M SiOz solution (scientific notebook 325, p. 73-74) 
-. Np standard solution #61A (102.55 ppm Np; 4.33 x M Np, see scientific 

notebook 582, p. 177) 
- CaClz.2HzO; F.W. 147.02; (lot no. b b 2-u ) 
- U02(N03)2.6H20; F.W. 502.13; (lot no. 3 Ir qo 1 C ‘ q  
- CaCO,; F.W. 100.09; (lot no. 4 & 3 5 b 
- NaCl; F.W. 58.44; (lot no. L7 8 4 3 ~  \ ) 
- Polypropylene bottles; various volumes 
- 30 ml LIIPE bottles 
- Orion pH meter 
- Orion combination pH electrode 
- ATCprobe 
- pH buffer solutions 
- 
- weighing paper and boats 
- Gyratory shaker 

) 

Mettler analytical bahnces (AE240 and PR5002) 

1. Transfer 100 g of the previously prepared lo” M SiOz solution to a 250 ml polypropylene bottle. Add 
0.0502 g of UOl(N03)2.6H20 to the bottle. Label the bottle as IO’, m U. 

ml polypropylene bottles as follows: 

0.0 ppm Np 
0.1 ppm Np 
0.25 pprn Np 
0.5 ppm Np 
0.0 ppm Np/10.0 pprn Na 
0.1 ppm Np/10.0 ppm Na 
0.25 ppm NpIlO.0 pprn Na 

prepared I x ~ O - ~  M Si02 solution into the 8 bottles listed above. 



4. Carefully add the following quantities of chemicals ,and reagents listed below to the specified bottle. 
Use weighing paper and weigh out reagents as accurately as possible. After adding reagents make up 
to a final weight of 200 g with the 10.:' M Si02 solution. 

Bottle Label p-1 1OOOppmNa I 1O'MU 1 4.33xlO'MNp 
soh soln soh 

+\""$ Allow solutions to equilibrate with air by loosely c,apping bottles and placing on a gryratory shaker. 
\ 

6.  Every 3 or 4 days me,asure and record pH to determine when solutions reach equilibrium with air. 
Note: the pH of the solutions may have to be adjustlsd to reach the desired pH of about 6 by addition of 
acid (HN03) or base I Ca(3'03). \ 

When equilibrium is reached (i.e., when pH is stable) record the weight of each solution bottle. 

I 0.1 pprn Np 531.2s 

1 0.1 ppm Np/lO ppm Na a.3 \ -  4 '7 
a 30. qlc 
2 31 ,  7 0 

%pb$ Label and weight 8 30 ml LDPE bottles as below. Take a -28 g sample aliqout from each solution and 
,A" place in corresponding 30 ml LDPE bottle for gamma counting. Weight bottles and record. Gamma 

counting will show the initial Np contents of the solutions before addition of uranophane. 

1 30 ml LDPE Bottle 1 Wt ofbottle (g) I Wt of bottle + I Wt of sample (g) 1 



f' 

250 ml PP Bottle 
0.0 ppm Np 
0.1 ppm Np 
0.25 ppm Np 
0.5 ppm Np 

0.0 ppm Np/lO ppm Na 
0.1 DDm N ~ / 1 0  DDm Na 

b 

f 

Wt (8) 
203.0s 
t o r .  $3 \ 
2 o r .  a 7  
z03 ,  V I $  
204. 3s 
203 <q f 

0.1 ppm Np 
0.25 ppm Np 
0.5 ppm Np 

01.0 ppm NpllO ppm Na 
0.1 ppm NpllO ppm Na 

0.25 ppm Np/lO ppm Na 
0.5 ppm NpllO ppm Na 

~- 
~- 

9. After sampling record the weight of each 250 ml solution bottle. 

NPUA-M3; NPUA-M4 
NPUA-M5; NPUA-M6 
NPUA-M7; NF'UA-M8 
NPUA-M9; NPUA-M10 
NPUA-M 1 1 ; NPUA-M 12 
NPUA-M 13 ; NPUA-M 14 
NPUA-M 15 ; NPUA-M 16 

I 0 25 DDm NdlO DDm Na 1 2 0 2 . c 9  I 

P 

.P 

B 

i 

$" 

c 

F 

P -  

I. 

I 0.0 DDm ND 1 NPUA-MI: NPUA-M2 I 



i.00 
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Written by: J. D. Prikryl 

t Date: 11/27/06 

Np-Uranophane coprecipitation test NPUA 

f 
P the uranophane. 

Objective: Precipitate uranophane from solutions containing - ,r, to evaluate incorporation of Np into 

P Method. Evaluate incorporation of Np into synthesized uranophane from solutions containing Np 
and considered to be supersaturated with uranophane Np incorporation will be 
determined by tracking Np in solution and in the solid (i.e , the uranophane) by gamma 

c spectrometry analysis. 
f 

Materials and Equipment. 

c 
Procedure 

L 

i. 

c 

c 

Synthesized uranophane (URANOPHANE-7) 
Previously prepared CaC12-Si02 test solutions containing Np, U, Na 
Polypropylene bottles (250 ml and 15 ml) 
30 rnl LDPE bottles 
Orion pH meter 
Orion combination pH electrode 
ATC probe 
pH buffer solutions (Fisher certified) 
gyratory shaker 
Mettler analytical balance (AE240 and PR5002) 
Pipets and pipet tips 
Plasticware as needed 
IEC EXD Centrifuge 
25 mm membrane filters 
Filtration system for 25 mm membrane filters 
100 mm x 15 mm polystyrene petri dishes 

1. Label 8 250 ml polypropylene bottles as follows and record weights. 

Label Weight (8) \ 

2 3  5-7 
2 8 .  5.d' 
3 2 . 5 3  
2 3  5 3  
23. SP 

NPUA-6 23 k.2- 
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2. To each sample bottle: add 0.1+0.0010 g of synthesized 
added to each bottle. 

q:Q NPUA-2 0 .  ( 6 0 3  
NPUA-3 
NPUA-4 a. 0 Y4b 
NPUA-5 
NPUA-6 
NPUA-7 
NPUA-8 

uranophane. Record the weight of uranophane 

3. To each bottle add 15(h0.05 g of the specified test solution shown in the table below. Record the 
weight of matrix solution added. 

- 
Bottle -- 

NPUA- 1 
NPUA-2 
NPUA-3 
NPUA-4 
NPUA-5 
NPUA-6 
NPUA-7 
NPUA-8 

4. Record the initial sample weights (bottle + synthesized uranophane + U/Np matrix solution). 

5 .  

6. 

Loosely cap the bottles and place on a gryratory shaker set at about 120 rpm. 

At 48 hrs, approximately 1 week, and approximately 3 weeks: 

Record the weight of each sample bottle b&de e s &  

IJ* ; 3 O P l  5 4  
bt, a d : p  

.y a+' Remove sample bottles from gyratory shaker 

Centrifuge to remove suspended solids from the :solution column L#i& 3-7Y * 

For each sample bottle 
_ - -  
&-a 

0 

0 

ensure that solids in the bottle have not been resuspended during sample handling 
remove a 28 rril aliclout and transfer to a 30 ml LDPE bottle for gamma counting of Np 
remove a 5 ml aliqout using a pipettor with a 5 ml tip, transfer to a 15 ml PP bottle, and 
preserve for caltion (analysis by adding 10 pl of 6 M HNOJ to the 15 ml PP bottle. After 
several minutes draw the acidified sample up into the 5 ml tip used to take the sample, wait a 
few minutes, and expel the sample back into the 15 ml PP bottle. Discard 5 ml tip 

* 
rJ&C 



- 
Wt of bottle Wt of bottle Wt of 

after solution 
sampling removed 

-cbtte(I~!cM iqS.45 33.52 
Il0.b.Lc 3 3  (pq 
7L.73( 31.4y 

* 

pH of Sample 
solution Label 
removed 
C . o a  NPUA-1A 
7 -2q NF'UA-1B 
5 -?+ NPUA- 1C 

.L- 

* -  

r- 

Date / Time Wt of bottle Wt of bottle Wt of pH of 
before after solution solution 

sampling sampling removed removed 
- 0  I ' J , ? c c  144.68 34.11 G.37 

Lt.3 ..ts 104 * 3 \  -33 G+ G t Y  
7'4- L7 33 20 i I b 

---I_ 

Sample 
Label 

Cations 
NPUA-2A 
NPUA-2B 
NPUA-2C 

.-... <.____ 

solution 
removed 

LtY. \ \ 6  ,yk 33'& 
3% I L 

10%. 7 7  74 .7Q 33. i?'7 

,. ." 

pH of Sample 
solution Label 
removed Cations 
5.77 NPUA-3A 
- 5 . b 3  NPUA-3B 
5 - 4 3  NPUA-3C 

-. .- solution 
removed 
? J ~ . V I  

\ O c l .  3 L 33.*\ 

-..I. -. 

-- . \ 

-.. . .. 

- .. -,. 

pH of Sample 
solution Label 
removed Cations 
S.7y NPUA4A 
C; , bb NPUA-4B 
'j- '1.5 NPUA-4C 

0 remo (re a second 5 ml aliqout using a pipettor with a 5 
and use to measure pH. 
record the weight of the 
looseily cap bottle and place back on gyratory shaker 

\oI.$l- L-Lk T o  s.*t\e 
y 1 1 1 3 4 ~ ~  

Below are tables into which data can be recorded. Samples for cation analyses should be labeled 
as shown in the tables. 

Date / Time pH of 
solution solution 

Sample 
Label 

sampling samplin removed 
ict5.aA 3t tq 

3,7\ 133 
33 -7% 

removed Cations 
L, 09 NPUA-5A 

<,35 NPUA-SC 
6.00 NPUA-SB 
- 



NPUA-6 
Wt of bottle Wt of bottle Wt of pH of Sample 

before after solution solution Label 
sanipling sampling removed removed Cations 
~ 2 . 7 7  I.tqL7ip 3 3 . 0 \  !jtb\3 NPUA-6A 

\ \ e . <  1 3 3 . 1 7  g, 5-2 NPUA-6B 
33  24 5.39 NPUA-6C 7S.t) 

NPUA-7 
Date / Time Wt of bottle Wt of bottle Wt of pH of Sample 

after solution solution Label 
sampling removed removed Cations 

O ' l 3 0  9 0  07 14GvOL) '34.63 s,9\ NPUA-7A 
o~ \NG ~ % s . o z ~  m. 16 3 2 % ~  5-7 4 NPUA-7B 

z \? Ob 0 8 3 3  ( \9 .L4  7L  -7s 3 3 .-?$ 5 , b 0  NPUA-7C 

NPUA-8 
Date / Time Wt of bottle Wt of bottle Wt of pH of Sample 

before after solution solution Label 
sampling sampling removed removed Cations 

34-25 5 . 3 3  NPUA-SA 
33 $9 5. 6 2/ NPUA-8B 
3 2 G 2 b  5- 5 6 NPUA-8C 

7. After the sampling at approKimately 3 weeks, for each sample: 

dishes as IVPUA-1S thru NPUA-8S 
0 Place a 25 mm membrane filter in each petri dish and record weight in the below table 
0 

0 

Remove solids in :sample bottles by filtration; use vacuum filtration system and the associated 25 
mm membrane filler for each sample 
After filtration place mambrane with solids in its associated petri dish and allow to air dry 
Transfer filtered soluticm back to the assocated sample bottle 
After drying record weigh of each petri dish and calculate weight of uranophane recovered 
Count uranophane solid by gammd spec to determine Np content 

membrane + 



e-- 
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8. Note from #6 

L 

P 
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.- 

* - __ 

At each sampling time (48 hrs, 1 week, and 3 weeks), 30 ml sample bottles should be weighed before 
and after transfer of 28 ml aliqout of experimental solution. 
Below are tables into which data can be recorded. 

Wt of 30 ml sample Wt of solution 
bottle after solution Transferred (E) 
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1Preparation of solutions for Np-uranophane coprecipitation experiment NPUB 

Written by: J, D. Prikryl 
Date: 06/19/07 

Objective: Prepare solutions containing U, Np, Ca, Na, and Si for use in Np-uranophane 
coprecipitation test. Solutions will have a Ca content of lo-' M (-400 ppm Ca) and a Si 
content of 4 x 
content will be 8.44 x 10.' M (-20 ppm Np). The pH of the solutions will be 
approximately 6.0. 

M (-128 ppm Si). U content will be 3.0 x M (-71 ppm U). Np 

Method: Addition of chemical reagents or standards containing Ca, Si, Np, Na, and U to DI water. 

Materials and Equipment: 

Np standard solution #61A (102.55 ppm Np; 4.33 x 
notebook 582, p. 177) 
CaC12.2Hz0; F.W. 147.02; (lot no. 3 0 7 1 2  fi ) 
UOz(N0&-6H20; F.W. 502.13; (lot no. sblro k ) 
c~co:,;F.w. 100.09;(lotno. q % b 3 q b  
Na2Si03*9H20; F.W. 284.20 (lot no. 9 Y 2 8 ).;sA, 
Polypropylene bottles; various volumes 
30 ml LDPE bottles 
Orion pH meter 
Orion combination pH electrode 
ATC probe 
pH but'fer solutions 
Mettler analytical balances (AE240 and PR5002) 
weighing paper and boats 
Gyratory shaker 

M Np, see scientific 

Procedure 

'ap 1. Transfer 50 g (of DI water to a 250 ml polypropylene. 
b\ \403 

2 .  Label bottle NPUB. - 1  

3. Carefully add the following quantities of standards and reagents listed below to the specified bottle. 
'I Use weighing paper and weigh out reagents as accurately as possible. After adding reagents make up 

L\\''Q to a final weight of 150 g with DI water. 

r y x  Uranyl nitrate Sodium silicate Np standard 
Solution #61A 

0.02259 g 0.17052 g 30 g 

4. Allow solutions to equilibrate with air by loosely capping bottles and placing on a gryratory shaker. 

5. Every 3 or 4 days measure and record pH to determine when solutions reach equilibrium with air. 
Note: the pH of the solutions may have to be adjusted to reach the desired pH of about 6 by addition of 
acid (HNO,) o r  base (CaC03). 





t -  
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6. When equilibrium is reached (i.e., when pH is stable) record the weight of the bottle. 

7. Label and weight 1 30 ml LDPE bottles as below. Take a -28 g sample aliqout from NPUB solution 
and place in the 30 ml LDPE bottle for gamma counting. Weight bottle and record. Gamma counting 
will show .the initial Np content of the solution before addition of uranophane. 

i,\$?io7r=d LDPE Bottle I Wt of bottle (g) 1 Wt of bottle + I Wt of sample (8) I 
sample (8) 

NPUB-initial 

8. After sampling record the weight of NPUB bottle. 

Wt (g) 
NPUB 1 5 0 . 5 i  

l\a.31°t-- 
7f I 

9. After measuring the Np content of the 28 g sample aliqout by gamma counting (# 7 above), acidify the 
sample by addi1.ion of HN03. Take two 10 ml sample aliqouts and place in 15 ml polypropylene 
bottles for caticn analysis by ICP. Use an Oxford pipettor and 10 ml plastic tips to take samples. 
Chemical analysis will show the initial Ca, SiO2, Na, and U contents of solutions before addition of 
uranophane. Label samples as NPUB-M1 and NPUB-M2. 
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Np-Uranophane coprecipitation test NPUB 

Written by: J .  D. Prikryl 
Date: 06/28/07 

Objective: Precipitate uranophane from solutions containing Np to evaluate incorporation of Np into 
the urai?ophane. 

Evaluate incorporation of Np into synthesized uranophane @om solutions containing Np 
and considered to be supersaturated with uranophane. Np incorporation will be 

spectrometry analysis. 

- 
w 

-? 
Method: 

determined hy tracking Np in solution and in the solid (i.e., the uranophane) by gamma -- 
"7 

Materials and Equipment: i 

Synthesized uranophane (URANOPHANE-7) 
Previously prepared NPD solution 
Polyprcpylene bottles (15 ml) 
30 ml LDPE bottles 
Orion pH meter 
Orion combination pH electrode 
ATC probe 
pH[ buffer solutions (Fisher certilied) 
gyratory shaker 
Mettler analytical balance (AE240 and PR5002) 
Pipets and pipet tips 
Plasticware as needed 
IEC EXD Centrifuge 
25 mrn membrane filters 
Filtration system for 25 mm membrane filters 
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2. To bottle NPUB-1 add 0.1kO.0010 g of synthesized uranophane. Record the weight of uranophane 
added. 

A 

3. To bottle NPw-1 atid lOOk0.05 g of test solution NPUB. Record the weight of solution added. 
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4. Record th'e initial sample weights (bottle + synthesized uranophane + U/Np solution). 

5. Loosely cap the bottle and place or1 a gryratory shaker set at about 120 rpm. 

6. At 48 hrs, approximately 1 week, and approximately 3 weeks: 

liemove sample bottle from gyratory shaker 
Record the weight 
Centrifuge to remove suspended solids from the solution column 
e:nsura that solids in the bottle have not been resuspended during sample handling 
remove a 28 ml aliqout and transfer to a 30 ml LDPE bottle for gamma counting of Np 
Note: At each sampling time (48 hrs, 1 week, and 3 weeks), 30 ml sample bottle should be 
weighed before and after transfer of 28 ml aliqout of experimental solution. 
remove a 5 ml aliqout using a pipettor with a 5 ml tip, transfer to a 15 ml PP bottle, and preserve 
for cation analysis by adding 10 pl of 6 M HNO3 to the 15 ml PP bottle. After several minutes 
draw ithe acidified sample up into the 5 ml tip used to take the sample, wait a few minutes, and 
expel the sample back into the 15 ml PP bottle. Discard 5 ml tip 
remove a second 5 ml aliqout using a pipettor with a 5 ml tip, transfer to a 10 ml sample cup, and 
use to measure pH. Discardpmpka&S ml tip after pH measurement. I 

loosely cap bottle and place ba'ck on gyratory shaker 
Eielow are tables into which data can be recorded. Samples for cation analyses should be labeled 
as shown in the table, 

- 
5-14 

record the weight of the bottle hr.ck to 2 \ 0 - 1  
b ; t + \ r  ( F J p d 6  - 1 )  

Wt of 30 ml sample Wt of solution 
bottle after solution Transferred (g) 
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7. After the sampling ai: approximately 3 weeks, for each sample: 

0 

0 

0 

0 

Label a petri dish as ?PUB-1S 
Place a 25 mm membrane filter in the petri dish and record weight in the below table 
Remove solids in sample bottle by filtration; use vacuum filtration system and the associated 25 
mm membrane filter 
After filtration place membrane with solids in the petri dish and allow to air dry 
Transfer filtered solution back to sample bottle 
After drying record weigh of petri dish and calculate weight of uranophane recovered 
Count uranophane solid by gamma spec to determine Np content 

membrane + membrane + uranophane 
petri dish (g) petri dish + recovered (g) 
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Summary of initial Np concentrations d NPUA solutions measured by gamma spectrometry 

Bq conversion 0 037 Bq per 2 2 dpm = 0 0168 Bq/dpm 

Measured Np concentration based on gamma counting 

Sample activity = total counts / (counting efficiency * % yield ' counting time) 

Sample = 0.0 ppm Np 
Sam (9) = 28.45 

Np-237 
Aiiuidiaiwa j ly ie i i i j  kiwi iiuiii iAEA iiuudi & h i s e  

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 
0 
0 
0 
0 

Efficiency 
0.1 037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

Sample = 0.1 ppm Np 
Sample (9) = 28.38 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
23900 
61 2 

29200 
3690 
6080 
1880 
842 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

Sampre = 0.25 ppm Np 
ampla Wt (9) = 28.45 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) Sample wt (9) Activity (dpm) 
360 28.45 0 
360 28.45 0 
360 28.45 0 
360 28.45 0 
360 28.45 0 
360 28.45 0 
360 28.45 0 

Average = 0 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) 
28.38 
28.38 
28.38 ' 
28.38 
28.38 
28.38 
28.38 

Average 

Activity (dpm) 
4533.5733 
3892.6262 
4684.8703 
4663.6044 
4666.0977 
4574.0733 
5648.8808 

= 4666.2466 

Activity (dpdg) 
0 
0 
0 
0 
0 
0 
0 
0 

Activity (dpdg) 
159.7454 
137.1609 
165.0765 
164.3271 
164.41 5 

161.1 724 
199.0444 
164.4202 

Activity (Bwg) ppb PPm molality moles 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 a 

0 0 0 0 a 

Activity (Bq/g) 
2.68663 
2.3068 

2.77629 
2.76368 
2.7651 6 
2.71063 
3.34757 
2.76525 

ppb 
102.97228 
88.414276 
106.40873 
105,92571 
105.98234 
103.89217 
128.30456 
105.98573 

PPm 
0.1029723 
0.0884143 
0.1064087 
0.1 059257 
0.1059823 
0.1 038922 
0.1283O46 
0.1059857 

molality 

3.72977E-07 

4.4685E-07 

4.34391 E-07 

4.48887E-07 

4.47089E-07 
4.38271 E-07 
5.41 255E-07 
4.47103E-07 

mdes 
1 23E-08 
1 06E-08 
127E-08 
127E-08 
127E-08 
124E-08 
154EQ8 
127E-08 



Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

TOM CoWRs 
sggoo 
1610 

73600 
9190 
15200 
4700 
1720 

Htidfflcy 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

h ( m )  
0.1412 360 
0.00354 360 
0.124 360 
0.0166 360 
0.0268 360 
0.01031 360 
0.00443 360 

samp(s (e) 
28.45 
28.45 
28.45 
28 45 
28.45 
28 45 
28.45 

Average = 

ActMtYfdpm) 
11382.387 
10240.406 
11808.44 

11614.776 
11665.244 
1 1435.1 83 
11 539.281 
1 1380.81 7 

W ( d p n d g )  
389.3809 
359.944 

41 5.0594 
408.2522 
410.0262 
401.9397 
405.5986 
400.0287 

Adivny(8qlg) 
6.71686 
6.0536 

6.98054 
6.86606 
6.89589 
6.75989 
6.82143 
6.72776 

p(lb 
257 44198 
232.02083 
267.54839 
263.16047 
264.30395 
259.09137 
261.44996 
257.85956 

ppm 
0.257442 

0.2320208 
0.2675484 
0.2631 605 
0.2643039 
0.2590914 

0.26145 
0.2578596 

molality 
1.08602E-06 

1 . 1 2866E-06 
1 .11015E-06 
1.11497E-06 
1.09298E-06 
1 102I)RFX% 
1.08779E-06 

9.78784E-07 

moles 
3.09E-08 
2.78E-08 
3.21 E-08 
3.1 6E-08 
3.17E-08 
3.11E-08 
3 IAE- 

3.09E-08 

Sample = 0.5 ppm Np 
Sample wl (9) = 28.44 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROIchannels 1 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

'otal counts 
119Ooo 
3200 

146OOO 
18200 
30200 
8820 
3580 

Efficiency 
0.1037 
0.1234 
0.1 396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield time (m) 
0.1412 360 
0.00354 360 
0.124 360 
0.0166 360 
0.0268 360 
0.01031 360 
0.00443 360 

Sample wt (9) 
28.44 
28.44 
28.44 
28.44 
28.44 
28.44 
28.44 

Average 

Activity (dpm) 
22573.022 
20353.601 
2.3424.352 
23002.059 
23176.998 
21459.216 
2401 7.807 

= 22572.436 

Amity (dpdg) 
793.7068 
715.6681 
923.641 1 
808.7925 
814.9437 
754.5435 
844.508 

793.6862 

Activity (Bq/g) 
13.3487 
12.0362 
!3.852! 
13.6024 
13.7059 

12.69 
14.2031 
13.3484 

PPb 
51 1.62551 
461.321 56 
53O.3212 
521.3498 

525.31485 
486.38072 
544.37207 
51 1.61224 

PPm 
0.51 16255 
0.4613216 
0.5309212 
0.521 3498 
0.52531 49 
0.4863807 
0.5443721 
0.5116122 

molality 
2.1583E-06 

1.94609E-06 

2.19932E-06 
2.21605E-06 
2.05181E-06 
2.29644E-06 

2.2397E-06 

2.15825E-06 

mdas 
6.14E-08 
5.53E.08 
6.37E-06 
6.25E-08 
6.3E-08 

5.84E-08 
6.53E-08 
6.14E-08 

Sample = 
Sample wl (g) = 28.35 

0.0 ppm NpnO ppm Na 

N p 2 3  
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 
0 
0 
0 
0 

Efficiency 
0.1 037 
0.1234 
0.1 396 
0.1 324 
0.1351 
01107 
0 0935 

% yield time (m) 
0.1412 360 
0.00354 360 
0.124 360 
0.0166 360 
0.0268 360 
0.01031 360 
0.00443 360 

Sample wt (9) Activity (dpm) Activity (dpdg) 
28.35 0 0 
28.35 0 0 
28.35 0 0 
28.35 0 0 
28.35 0 0 
28.35 0 0 
28.35 0 0 

Average = 0 0 

Activity (Bqlg) 
0 
0 
0 
0 
0 
0 
0 
0 

PPb PPm 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

molality moles 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 



Sample = 
Sample wt (9) = 28.38 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

0.1 ppm NNlO ppm Ne 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

10843 
~ .^ -- 
I43L3 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
23900 
71 7 

29200 
3630 
6Ooo 
1860 
824 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
o.ocCxi 

%W 
0 1412 
0 00354 
0 124 
0 0166 
0 0268 
0 01031 
U 00443 

time (m) 
360 
360 
360 
360 
360 
360 
9bi) 

Sample wi (9) 
28.38 
28 38 
28 38 
28.38 
28.38 
28 38 
28 38 

Average 

Activity (dpm) 
4533.5733 
4560.4787 
4684.8703 
4587.7734 
4604.701 6 
4525.41 3 

5528.1209 
= 4717.8473 

Activity (dpdg) 
159.7454 
160.6934 
165.0765 
161.6552 
162.2516 
159.4578 
194.7893 
166 2385 

Activity (Bdg) 
2.68663 
2.70257 
2.77629 
2.71 875 
2.72878 
2.68179 

3.276 
2 79583 

Ppb 
102.97228 
103.58339 
106.40873 
104.20334 
104.58784 
102,78693 
125.56171 
107 15775 

PPm 
0.1029723 
0.1 035834 
0.1064087 
0.1042033 
0.1045878 
0.1027869 
0.1255617 
0 1071 577 

molality 
4.34391 E-07 

4.48887E-07 
4.39584E-07 
4.41206E-07 
4.33609E-07 
5.29684E-07 

4.36969E-07 

4 52047E-07 

mdes 
1.23E-08 
1.24E-08 
1.27E-08 
1.25E-08 
1.25E-08 
1.23E-08 
1 SE-08 

1.28E-08 

Sample = 
Sample wi (g) = 28.36 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

0.25 ppm NNlO ppm Na 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
59500 
1900 

74300 
9020 
15400 
1010 
1860 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield time (m) 
0.1412 360 
0.00354 360 
0.124 360 
0.0166 360 
0.0268 360 
0.01031 360 
0 . w  360 

Sample wt (9) 
28.36 
28.36 
28.36 
28.36 
28.36 
28.36 
28.36 

Average = 

Activity (dpm) 
1 1286.51 1 
12084.951 
11 920.749 
11 399.922 
11  81 8.734 
2457.3479 
12478.525 
10492.391 

Activity (dpdg) 
397.9729 
426.1266 
420.3367 
401.971 9 
416.7396 
86.64837 
440.0044 
369.9715 

Activity (Bdg) 
6.6931 8 
7.16667 
7.0693 

6.76044 
7.0088 

1.45727 
7.40007 
6.22225 

PPb 
256.53437 
274.68234 
270.95015 
259.1 1212 
268.63143 
55.853771 
283.62801 
238.4846 

PPm 
0.2565344 
0.2746823 
0.2709501 
0.2591 121 
0.2686314 
0.0558538 
0.283628 

0.2384846 

molality 
1.0822E-06 

1 .I 5875E-06 
1 .I4301 E-06 
1.09307E-06 
1.13323E-06 
2.3562E-07 

1 . 1 9649E-06 
1.00605E-06 

moles 
3.07E-08 
3.29E-08 
3.24E-08 
3.1E-08 

3.21 E-OB 
6.68E-09 
3.39E-08 
2.85E-08 

Sample = 
sample wi (g) = 28.36 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

0.5 ppm NNlO ppm Na 

Enargy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
119M)o 
31 50 

148GiM 
18100 
30000 
9070 
3720 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

X yleld 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01 031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wi (9) Activity (dpm) 
28 36 22573 022 
28 36 20035 576 
28 36 23745 233 
28 36 22875 674 
28 36 23023 508 
28 36 22067 471 
2836 24957 051 

Average= 22753.934 

Activity (dpdg) 
795.9458 
706.4731 
837.279 

806.6176 
81 1.8303 
778.1 196 
880.0088 
802.324 

Activity (Wg) 
13.3864 
11.8816 
14.081 5 
13.5658 
13.6535 
13.0866 
14.8001 
13.4838 

ppb 
513.06874 
455.39441 
539.71227 
519.94782 
523.30798 
501 57793 
567.25602 
517.18074 

PPm 
0.5130687 
0.4553944 
0.5397123 
0.51 99478 
0.523308 

0.501 5779 
0.567256 

0.5171807 

molality 
2.16439E-06 
1.921 09E-06 
2.27679E-06 
2.19341 E-06 
2.20758E-06 
2.11 592E-06 
2.39298E-06 
2.181 74E-06 

mdes 
6.14E-08 
5.45E-08 
6.46E-08 
6.22E-08 
6.26E-08 
E-08 

6.79E-08 
6.1 9E-08 





Summary of Np concentrations in NPUA solutions measured by gamma spectrometry 

Bq conversion 0 037 Bq per 2 2 dpm = 0 01 68 Bq/dpm 

Measured Np concentration based on gamma counting 

Sample activity = total counts / (counting efficiency * % yield counting time) 

Sample = NPUA-IA 
Sample Hn (g! = 2B.536 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 
86.48 
92.28 
95.86 
108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 
0 
0 
0 
0 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) Activity (dpm) 
28.639 0 
28.639 0 
28.639 0 
28.639 0 
28.639 0 
28.639 0 
28.639 0 

Average = 0 

Sample = NPUA-1 B 
(9) = 28.8953 

Np.237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 
86.48 
92.28 
95.86 
108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 
0 
0 
0 
0 

Efficiency 
0.1037 
0.1234 
0.1 396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (a) Activity (dpm) 
28.895 0 
28.895 0 
28.895 0 
28.895 0 
28.895 0 
28.895 0 
28.895 0 

Average = 0 

Activity (dpmlg) 
0 
0 
0 
0 
0 
0 
0 
0 

PPb 
0 
0 
0 
0 
0 
0 
0 
0 

Activity (dpdg) Activity (Wg) ppb 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

PPm 
0 
0 
0 
0 
0 
0 
0 
0 

PPm 
0 
0 
0 
0 
0 
0 
0 
0 

molality 
0 
0 
0 
0 
0 
0 
0 
0 

moles 
0 
0 
0 
0 
0 
0 
0 
0 

molality moles 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 



T - 7  f r 

Sample = NPUA-1C 
Sample wt (g) = 27.0168 

NPm 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 
86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 

0 
0 
0 
0 

Efficiency 
0.1037 
0.1234 
n 1396 
0.1324 
0.1 351 
0.1107 
0.0935 

% yield 
0.1412 

0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
?e 
360 
360 
360 
360 

Sample wt (9) Activity (dpm) 
27.017 0 
27.017 0 
27.G!? 0 
27.017 0 
27.017 0 
27.01 7 0 
27.017 0 

Average = 0 

Activity (dpm/g) 
0 
0 

0 
0 
0 
0 
0 

n " 

Activity (Bq/g) 
0 
0 
0 
0 
0 

0 
0 
0 

ppb 
0 
0 
0 
0 
n 
0 
0 
0 

molality 
0 
0 
0 
0 
!2 
0 
0 
0 

mdes 
0 
0 
0 
0 
0 
0 
0 
0 

ppm 
0 
0 
5 
0 
n 
0 
0 
0 

Sample = NPUA-2A 
Sample wl(g) = 29.1589 

N P m  
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
23700 
660 

29700 
3630 
6020 
866 
772 

Efficiency 
0.1 037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 

0.0166 
0.0268 
0.01031 
O.CO44.3 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample (€0 
29.159 
29.159 
29.159 
29.159 
29.159 
29.159 
29.159 

Average = 

Activity (dprn) 
4495.6354 
41 97.9302 
4765.0907 
4587.7734 
4620.0506 
2106.9933 
5179.2589 
4278.9618 

Activii (dpdg) 
154.1771 
143.9674 
163.4181 
157.337 

158.4439 
72.25901 
177.621 9 
146.7463 

Activity ( B W  
2.59298 
2.42127 
2.74839 
2.6461 2 
2.66474 
1.21527 
2.98728 
2.46801 

PPb 
99.382984 
92.801749 
105.33971 
101,41984 
102.13338 
46.578351 
114.49554 
94.593078 

PPm 
0.099383 

0.0928017 
0.1053397 
0.1014198 
0.1021 334 
0.0465784 
0.1144955 
0.0945931 

molality 
4.19249507 
3.91486E-07 
4.44378E-07 
4.27842E-07 
4.30852E-07 
1.96492E-07 
4.83002E-07 
3.99043E-07 

mdss 
1.22E-08 
1.14E-08 
1.3E-00 

1.25E-08 
1 26E-00 
5.73E-09 
1.41 E48 
1.16E-08 

ampla= NPUA-2B 
Sample wt (9) = 28.8888 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
24000 
742 

30300 
3690 
61 50 
524 
659 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wi (g) Activity (dpm) 
28.889 4552.5422 
28.889 471 9.491 3 
28.889 4861.3552 
28.889 4663.6044 
28.889 4719.0192 
28.889 1274,9013 
28.889 4421.154% 

Average = 4173.2669 

Activity (dpm/g) 
157.5885 
163.3675 
168.2782 
161.433 

163.3789 
44.131 33 
153.0404 
144.4597 

Activity (Bq/g) 
2.65035 
2.74754 
2.83013 
2.71501 
2.74774 
0.74221 
2.57386 
2.42955 

PPb 
101.58195 
105.30713 
108.47257 
104.0601 1 
105.31444 
28.4471 75 
98.850278 
93.119094 

molality 

4.4424E-07 
4.57594E-07 
4.3898E-07 

4.44271E-07 
1.2OOO5E-07 
4.16158E-07 
3.92825507 

4.20525E-07 
mdes 

1.24E-08 
1.28E-08 
1.32E-08 
1.27E-08 
1.28E-00 
3.47E-09 

1.2E-08 
1.1 3E-08 

PPm 
0.101 582 

0.1053071 
0.1084726 
0.1o40601 
0.1053144 
0.0284472 
0.0986503 
0.0931 191 

3 
4 



Sample = NPUA-2C 
Sample wt (9) = 28.3103 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29 37 
57 1 

86 48 
92 28 
95 86 

?e8 43 
143 25 

ROI channels 
Genie 
Genie 
Genie 
Geiile 
Genie 
r,,,:, 
Genie 

Total counts 
23700 
762 

30800 
3640 
6040 
751 
646 

Eff iciency 
0.1 037 
0 1234 
0 1396 
0 i324 
0 1351 
!? ??E 
0 0935 

Sample = NPUA-3A 
Sample wt (9) = 29.1404 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57 1 

86.48 
92 28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
59900 
1600 

75300 
9020 
15500 
4550 
1790 

Efficiency 
0.1 037 
0.1234 
0.1396 
0.1 324 
0.1351 
0 1107 
0.0935 

Sample = NPUA-3B 
Sample wt (9) = 28.7466 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29 37 
57 1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
60000 
1620 

74900 
8980 
15300 
2030 
1610 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0i66 
0 0268 

c! O? !?3? 
0.00443 

% yield 
0.1412 
0.00354 
0.124 

0.01 66 
0.0268 
0.01031 
0.00443 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) Sample wt (9) Activity (dpm) 
360 2831 4495 6354 
360 2831 4846 701 3 
360 2831 4941 5755 
360 28% 4852 i 8 i B  
360 2831 4635 3997 
“Y” ?cn 2831 I856 3325 
360 2831 4333 9394 

Average = 4280 4037 

time (m) 
360 
360 
360 
360 
360 
360 
360 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) 
29.14 
29.14 
29.14 
29.14 
29.14 
29.14 
29.14 

Average 

Sample wt (9) 
28.747 
28.747 
28.747 
28.747 
28.747 
28.747 
28.747 

Activity (dpm) 
11 362.387 
10176.801 
12081.19 

11399.922 
1 1895.479 
11070.231 
12008.903 
11427.845 

Activity (dpm) 
1 1381.355 
10304.01 1 
1201 7.01 3 
1 1349.368 
11 741.989 
4939.026 
1m1.304 

Average = 10362.O09 

Activity (dpm/g) 
158.7986 
171.1992 
174.5504 

163 7354 
65.57304 

153.087 
151 196 

1-1 , - - ~  
I I I .‘)LO I 

Activity (dpm/g) 
389.91 87 
349.2334 
41 4 5856 
391.2068 
408.2126 
379.8929 
412 105 
392.165 

Activity (Bq/g) 
2 6707 

2 87926 
2 93562 
2 883’1 i 
2 75373 

2 57465 
2 54284 

4 4nooq 
I OULUL 

Activity ( W g )  
6 55772 
5 87347 
6 97258 
6 57939 
6 86539 
6 3891 1 
6 93086 
6 5955 

Activity (dpn 
395.9201 
358.4428 
41 8.0325 
394.8073 
408.4653 
171 .e125 
375.742 
360.4603 

n/g) Activity (Bq/g) 
6.65866 
6.02836 
7.03055 
6.63994 
6.86964 
2.88957 
6.3193 

6.06229 

PPb PPm 
102 361 98 0 102362 
110 35547 0 1103555 
11251568 01125157 
IIWJUJUJ 0 i i0503 
105 5443 0 1055443 

98680297 00986803 
97 461 331 0 097461 3 

. . ̂ _^^^^  

A F ) I C O C C ~  nnrnqcoc 
- tLLUU.J.Jl  V-LLUUU 

PPb 
251 34262 
225 11676 
267 24296 
252 17292 
263.1 3494 
244.87996 
265 64395 
252.79059 

PPm 
0 251 3426 
0 2251 168 
0 267243 

0 2521729 
0 2631 349 

0 24488 
0 2656439 
0 2527906 

PPb PPm 
255.21 112 0.25521 11 
231.05315 0.2310531 
269.46486 0.2694649 
254.49384 0.2544938 
263.29783 0.2632978 
110.75081 0.1 107508 
242.20427 0.2422043 
232.35369 0.2323537 

molality moles 
4 31816E-07 1 22E-08 
4 65537E-07 1 32E-08 
4 7465E-07 1 34E-08 
66i59E-07 . --- ^ ^  

4 45241 E-07 1 26E-08 
4 7 0 - 4  4 c n7 c ncc nn 

4 16285E-07 1 18E-08 
4 11 143E-07 1 16E-08 

I JLt-UU 

I ,Udl 1 L - V I  4 UdL-Ua 

molality 
106029E-06 
9 49659E-07 
1 12737E-06 
10638E-06 

1 11004E-06 
103303E-06 
1 12062E-06 

10664E-06 

moles 
3.09E-08 
2.77E-08 
3.29 E-08 

3.1 E-08 
3.23E-08 
3.01 E-08 
3.27E-08 
3.1 1 E-08 

molality moles 
1 07661 E-06 3 09E-08 
9 74702E-07 2 8E-08 
1 13674E-06 3 27E-08 
107359E-06 309E-08 

4 67204E-07 1 34E-08 
1 021 74E-06 2 WE-08 
9 801 89E-07 2 82E-08 

1 11073E-06 3 19E-08 



28.747 10801.304 
Average = 10382.~)9 

- .-- 
375.742 

360.4603 

L . W U J I  

6.3193 
6.06229 

i iU . IW1 0.1107508 4.67204E-07 

232.35369 0.2323537 9.80189E-07 
242.20427 0.2422043 1.02174E-06 

134E-08 
2.94E-08 
2.82E-08 

t 1 

Sample= N P U M C  
Sample wt (9) = 28.¶s56 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 
%.e 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 

Genie 
Genie 
Genie 
Genie 

e,.-:- "GI llr 

Total counts 
61200 
1 no 

- u . - P M  
I " , -  

9440 
15800 
5080 
2220 

Efficiency 
0.1 037 
0.1234 
Cis96 
0.1324 
0 1651 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 

C i 2 i  
0.0166 
n n m  
0.01031 
0.00443 

time (m) 
360 
360 
3 w  
360 
3% 
360 
360 

Sample wt (9) 
28.936 
28.936 
28.YX 
28.936 

28.936 
28.936 

98 O?C -I."-- 

Average = 

Activity (dpm) 
11608.983 
11 258.086 
12305.807 
11930739 
: 2!25.7:: 
12359.73 

14893.724 
12354.683 

Activity (dpdg) 
401.2007 
389.0739 
425.2826 
412.3204 

427.1461 
514.7197 
426.9717 

A . n  A,-...- 
. t l J . " i K ) I  

Activity (Bqlg) 
6.74747 
6.54351 
7.15248 
6.93448 

7.1 8382 
8.65665 
7.18089 

- - .--- 
I . W I O I  

PPb 
258 61502 
250.79804 
274.1 3828 
265.78283 iso,i.m 
275.33954 
331.78969 
275 2271 

m m  
0.258615 
0.250798 

0.2741383 
0.2657828 

0.2753395 
0.331 7897 
0.2752271 

i ) .Z i i ) f .HS 

molality 
1.09097E-06 

1 .OWE46 
1.15646E-06 
112121E-06 
1.13953E-06 
1 . I  61 53E-06 
1.39966E-06 
I . I  61 05E-06 

moles 
3.16E-08 
3.06E-08 
3 35E-08 
3 24E-08 
3.3E-08 

3.36E-08 
4.05E-08 
3.36E-08 

Sample 5 NPUA4A 
Sampie wt (9) = 27.6483 

NP= 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
lleooo 
3020 

146OOO 
18OOO 
29900 
851 0 
351 0 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01 031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) 
27.648 
27.648 
27.648 
27.648 
27.648 
27.648 
27.648 

Average = 

Activity (dpm) 
22383.332 
19208.71 1 
23424.352 
22749.29 

22946.763 
20704.981 
23548.1 85 
221 37.945 

Activity (dpmm 
809.5736 
694.752 

847.2257 
822.8097 
829.952 

748.8699 
851.7046 
800.6982 

Activity (Wg)  
13.61 56 
11.6845 
14.2488 
13.8382 
13.9583 
12.5946 
14.3241 
13.4663 

ppb 
521 .E5325 
447.83896 
546.12396 
530.38531 
534.98928 
482.72355 
549.01105 
516.13219 

PPm 
0.5218533 
0.447839 
0.5461 24 

0.5303853 
0.5349893 
0.4827235 
0.549011 

0.5161322 

molality 
2.20145E-06 
1 BE922E-06 
2.30383E-06 
2.23744E06 
2.25686E-06 
2.03638E-06 
2.31601E-06 
2 17731 E-06 

mdss 
6.09E-08 
5.22E-08 
6.37E-08 
6.lSE-oB 
6.24E-08 
5.63E-08 
6.4E-08 

6.02E-08 

Sam= NPUA4B 
Sample wi (9) = 28.7173 

NPm 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
127000 
3160 

144000 
18100 
29600 
9300 
3710 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
350 
350 
350 
350 
350 
350 
350 

Sample wt (9) Activity (dpm) 
28.71 7 24n8.637 
28.717 20673.443 
28.717 23763.569 
28.717 23529.265 
28.71 7 23365.572 
28.717 23273.552 
28.717 25601.103 

Average = 23569.335 

ActW (dpm/g) 
862.854 

719.8951 
827.5001 
819.341 1 
813.641 

81 0.4366 
891.4871 
820.7364 

Activity (Wg)  
14.51 16 
12.1073 
13.917 

13.7798 
13.684 

13.6301 
14.9932 
13.8033 

ppb 

533.40877 

556.19796 
464.04628 

528.14946 
524.47512 
522.40961 
574.65496 
529.04888 

w m  
0.556198 

0.4640463 
0.5334088 
0.5281 495 
0.5244751 
0.5224096 
0.574655 
0.5290489 

mdality 
2.34633E-06 
1.95759E-06 
2.25ME-06 

2.22801 E-06 
2.21 251 E-06 
2.2038E-06 

2.42419E-06 
2.2318E-06 

moteg 
6.74E-08 
5.62E-08 
6.46E-08 
6.4E-08 

6.35E-08 
6.33E-08 
6.96E-08 
6.41 E-08 



Sample = NPUA-4C 
Sample wt (g) = 28.47 

Np-237 
Abuidances (%yeld) taken from IAEA Nudat database 

EnergykeV 1 
29 37 

57.1 
86 48 
92 28 
95 86 
i 08.43 
143 25 

301 channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
124000 
3620 

157000 
18800 
31 500 
28% 
501 0 

Eff iciency 
0 1037 
0 1234 
0 1396 
0 1324 
0 1351 

0 0935 
0 1107 

% yeld 
0 1412 
0 00354 
0 124 
0 0166 
0 0268 
0 01031 
0 00443 

time (m) 
360 
360 
360 
360 
360 
YtiO 
360 

Sample M(g !  
28.47 
28.47 
28.47 
28 47 
28.47 
28.47 
28.47 

Average 

Activity (dpm) 
23521 468 
23025 01 1 

25189 2 
23760 369 
241 74 684 
681 2 4496 
3361 1 51 2 

= 2287067 

Activity (dpm/g) 
826 1843 
808 7464 
884 7629 
834 5757 
849 128.7 
239 2852 
1 180 594 
803 3253 

Actlvity (Bq/g) 
13 8949 
13 6016 
14 8801 
14 036 

14 2808 
4 02434 
19 8554 
13 5105 

PPb 
532 56061 

521 3201 
570 32051 
537.96968 
FA7 35037 
154 24387 
761.01 403 
51 7 82559 

PPm 
0 5325606 
0 5213201 
0 5703205 
0 5379697 
0 5473504 
0 1542439 
0 761 01 4 

0 51 78256 

molality 
2.24662E-06 

2 1992E-06 
2.40591 E-06 
2 26944E-06 
2 30901 E-06 
6.50681 E-07 
3.21035E-06 
2.1 W6E-06 

moles 
6.4E-08 

6 26E-08 
6.85E-08 
6 46E-08 
6 57E-08 
1.85E-08 
9.14E-08 
6.22E-08 

Sample = NPUAdA 
Sample wt (9) = 29.1 828 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29 37 

57 1 
86 48 
92 28 
95 86 

108 43 
I 4 3  25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 
0 
0 
0 
0 

Efficiency 
0.1037 
0.1234 
0.1 396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 

0.0166 
0.0268 

0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wi (9) 
29.183 
29.183 
29.183 
29.183 
29.183 
29.183 
29.183 

Average 

Activity (dpm) 
0 
0 
0 
0 
0 
0 
0 
0 

Activity (dpmlg) 
0 
0 
0 
0 
0 
0 
0 
0 

Activity (Bq/g) 
0 
0 
0 
0 
0 
0 
0 
0 

ppb 
0 
0 
0 
0 
0 
0 
0 
0 

PPm 
0 
0 
0 
0 
0 
0 
0 
0 

molality 
0 
0 
0 
0 
0 
0 
0 
0 

moles 
0 
0 
0 
0 
0 
0 
0 
0 

Sample = NPUAdB 
Sample wt (9) = 28.778 

Np237 
Abundances (%yeld) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108 43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
0 
0 
0 
0 
0 
0 
0 

Efficiency 
0.1037 
0.1234 
0.1 396 
0.1 324 
0.1351 
0.1107 
0.0935 

% yield 
0 1412 
0.00354 
0.124 

0.01 66 
0 0260 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wi (9) Activity (dpm) 
28.770 0 
28.778 0 
28.778 0 
28.778 0 
28.778 0 
28.778 0 
28.778 0 

Average = 0 

Activity (dpdg) 
0 
0 
0 
0 
0 
0 
0 
0 

Activity (Bq/g) 
0 
0 
0 
0 
0 
0 
0 
0 

PPb 
0 
0 
0 
0 
0 
0 
0 
0 

molality moles 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

PPm 
0 
0 
0 
0 
0 
0 
0 
0 



Average = 0 
., 
0 

" U U U 
0 0 0 0 

Sample= NPUA-5C 
Samp(e wt (g) = 28.8587 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV ROI channels Total counts Efficiency % yield time (m) Sample wt (g) Activity (dpm) Acfiity (dpdg) Activity (Bdg) ppb wm molality 
29.37 Genie 0 0.1037 0.1412 360 28.859 0 0 0 0 0 0 
57.1 Genie 0 0.1234 0.00354 360 28.859 0 0 0 0 0 0 

86.48 Genie 0 0.1396 0.124 360 28.859 0 0 0 n !? 0 
02.28 !%:!e O.iS2.i O.Oi66 3W 28.859 0 0 0 0 0 0 
95.86 Genie 0 0.1351 0.0268 360 28.859 0 0 0 0 0 0 

0 0 0 0 0 0 108.43 Genie 0 o i im  n . ~ i ~ g ?  7 ~ "  28.55% 
143.25 Genie 0 0.0935 0.00443 360 28.859 0 0 0 0 0 0 

Average = 0 0 0 0 0 0 

n 

Sample= NPUAdA 
Sample wt (9) = 28.9876 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keii 
29.37 
57 1 
8648 
92.28 
95 86 

108 43 
143 25 

ROi channeis 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
24200 
499 

29400 
3650 
6210 
1960 
583 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

Sample= NPUA-GB 
s a w  wt (g) = 28.5112 

N P ~  
Abundances (%yield) taken from IAEA Nudat database 

E w  keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
24400 
847 

29700 
3710 
6260 
523 
806 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1 324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) Activity (dpm) 
28.988 4590.48 
28.988 31 73.8897 
28.988 4716.9585 
28.988 4613.0504 
28.988 4765.8662 
28.988 4768.71 47 
28.988 391 1.2797 

Average = 4362.8913 

Sample wt (9) Activity (dpm) 
28.51 1 4628.41 79 
28.51 1 5387.3438 
28.51 1 4765.0907 
28.51 1 4688.8813 
28.51 1 4804.2307 
28.51 1 1272.4683 
28.51 1 5407.3609 

Average = 4421.971 7 

Activity (dPW) 
158.3601 
109.491 3 
162.7233 
159.1387 
164,4105 
164.5088 
1349294 
150.5089 

Activity (dpm/g) 
162.3368 
188.9554 
167.1305 
164.4575 
168.5036 
44.63047 
189.6574 
155.096 

Activity (Bdg) 
2.66333 
1.84144 
2.73671 
2.67642 
2.76509 
2.76674 
2.26927 
2.53129 

Activity (Wg) 
2.73021 
3.17789 
2.81083 
2.76588 
2.83392 
0.7506 

3.1 8969 
2.60843 

Ppb 
102,07936 
70.578374 
104.89188 
1 02.581 26 
105.97945 
106.0428 

86.975853 
97.018425 

w m  
0.1020794 
0.0705784 
0.104691 9 
0.102581 3 
0.1059795 
0.1060428 
0.0869759 
0 09701 84 

wb PPm 
104.64275 0.1046428 
121.801 12 0.121801 1 
107.73275 0.1077328 
106.00975 O.lO60098 
108.61784 0.1086178 
28.768919 0.0287689 
122.25368 0.1222537 
99.97526 0.0999753 

molality 
4.30624E-07 
2.97736E-07 
4.42488E-07 
4.32741 €47 
4.47076E-07 
4.47344E-07 
3.66909E-07 
4.09274E-07 

molality 
4.41437E-07 
5.1382E-07 

4.54473E-07 
4.47204E-07 
4.58206E-07 
1.21 362E-07 
5.1573E-07 

4.21748E-07 

0 
0 

moles 
0 
0 
0 
0 
0 

0 
0 
0 

mokrs 
1.25E-08 
8 63E-09 
1.28E-08 
1.25Ea 
1.3E-08 
1.3E-@ 

1 .06E-@ 
1.19E-08 

molas 
1.26E-08 
1 ME-08 
1.3E-08 

1.28E-08 
1.31 E-08 
3.46E-09 

1.2E-08 
1.47E-08 



Sample = NPUAdC 
Sample wi (9) = 28.3043 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29 37 
57 1 

86 48 
92 28 
95 86 

143 25 
!oe 43 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
'Genie 
Genie 

Total counts 
24400 
646 

30000 
3900 
6200 
? 960 
605 

Efficiency 
0.1037 
0.1234 
0.1396 
n !124 
0.1351 
01107 
0 0935 

% yield time (m) Sample wt (9) Activity (dpm) Activity (dpm/g) 
163 5235 
145 1682 
170 0527 
174 1436 
168 1084 

143 4014 
161 8397 

.^^^ 
I oa 4UUL 

Activity (Bqg) 
2 7501 7 
2 44146 
2 85998 
2 92878 
2 82728 
2 83359 
241175 
2 721 85 

ppb 
105 40767 
93 575781 
109.61643 
112.25343 
108 3631 'i 
108 6028 

92 436897 
104.32231 

PPm 
0 1054077 
0 0935758 
0 10961 64 
0 1122534 
0 1083631 
0 1086028 
0 0924369 
0 1043223 

molality 
4 44664E-07 
3 94751 E-07 
4 62419E-07 
4 73543E-07 
4 571 32E-07 
4 58143E-07 
3 89947E-07 
4 40086E-07 

moles 
1.26E-08 
1.12E-08 
1.31 E-OR 
1.34E-08 
1.29E-08 
1.3E-08 
1.lE-08 

1.25E-08 

01412 360 
000354 360 
0 124 360 

O"!F;!F; 360 
00268 360 
5 (31io.31 350 
000443 360 

28.304 
28.304 
28.304 
28.3M 
28.304 
28 3% 
28.304 

Average = 

4628 41 79 
41 08 8832 
481 3 2229 
4929 01 27 
4758 1917 
4768 7: 47 
4058 8752 
4580 7598 

Sample = N P U AJA 
Sample wl (9) = 28.9772 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV ROI channels 
2937 Genie 
57 1 Genie 

8648 Genie 
9228 Genie 
9586 Genie 

10843 Genie 
14325 Genie 

Total counts 
58400 
1800 

73300 
9650 
15600 
-1060 
1 800 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

% 9eld 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) 
28.977 
28.977 
28.977 
28.977 
28.977 
28.977 
28.977 

Average = 

Activity (dpm) 
11077.953 
11448.901 
11760308 
121 96.147 
1 1972.224 

12075.992 
9707.4894 

-2578.9988 

Activity (dpn 
382.2955 
395.1003 
405.8469 
420.8877 
41 3.1601 

41 6.741 2 
335.0044 

-89.00097 

Vg) Activity (Bq/g) 
6 42951 
6 64487 
6 82561 
7 07857 
6 9486 

-1 49683 
7 00883 
5 63416 

PPb 
246.42868 
254.6827 

261.61 001 
271.30532 
266.32412 

268.63246 
215.94472 

-57.37026 

PPm 
0.2464287 
0.2546827 

0.26161 
0.271 3053 
0.2663241 

0.2686325 
0.2159447 

-0.0573703 

molality 
1.03956E-06 
1.07438E-06 
1.1 0361 E-06 
1.14451E-06 
1.12349E-06 

-2.4201 8E-07 
1.13323E-06 
9.10967E-07 

moles 
3.01 E-08 
3.11E-08 
3.2E-08 

3.32E-08 
3.26E-08 

3.28E-08 
-7.01 E-09 

2.64E-08 

Sample = NPUAJB 
Sample wl (9) = 28.0303 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV ROI channels 
2937 Genie 
57 1 Genie 

8648 Genie 
9228 Genie 
9586 Genie 

10843 Genie 
143 25 Genie 

Total counts 
64500 
1650 

71 900 
9340 
14700 
676 
1950 

Eli iciency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) 
28.03 
28.03 
28.03 
28.03 
28.03 
28.03 ' 
28.03 

Average = 

Activity (dprn) 
12234.957 
10494.826 
1 1 535.691 
1 1804.354 
1 1281.51 9 

164472 
13082.325 
10296.913 

Activity (dpn 
436.4904 

374.41 
41 1.5436 
421.1283 
402.4759 
58.6765 

466.7208 
367.3494 

n/g) Activity (Bqg) 
7.34098 
6.2969 

6.921 42 
7.08261 
6.76891 
0.98683 
7.8494 

6.1781 5 

PPb PPm 
281.36287 0.281 3629 
241.3457 0.2413457 
265.2821 0.2652821 

271.46044 0.2714604 
259 437 0 259437 

37.823029 0.037823 
300.84948 0.3008495 
236.?943? 0.236794 

molality moles 
1 18693E-06 3 33E-08 
1 01812E-06 2 85E-08 
1 1191E-06 3 14E-08 

114516E-06 321E-08 
109444E-06 3.07E-08 
1 59557E-07 4 47E-09 
1 26914E-06 3 56E-08 
9 98922E-07 2 8E-08 

I- -- 



Sample = NPUA-IC 
Sample wt (9) = 28.8137 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
59500 
1820 

78500 
9670 
15400 
4890 
1670 

Efficiency 
0 1037 
0 1234 
0 1396 
0 1324 
0 1351 
0 1107 
0 09.75 

Sample = NPUA-8A 
Sample wt (9) = 29.2849 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV ROI channels 
29.37 Genie 
57 I Genie 

8648 Genie 
92.28 Genie 
9586 Genie 

10843 Genie 
143 25 Genie 

Total counts 
121 000 
3440 

150000 
18300 
30700 
8990 
3580 

Efficiency 
0 1037 
9 ? 2 3  
0 1396 
0 1324 
0 1351 
0 1107 
0 0935 

Sample = NPUA-88 
Sample wt (gj = 28.8779 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29 37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
131 000 
3470 

149000 
1 e400 
30200 
9030 
3420 

Efficiency 
0 1037 
0 1234 
0 1396 
0 1324 
0 1351 
0 1107 
0 0935 

% yield 
0.1412 

0.00354 
0 124 
0 0166 
0.0268 
0 01031 
n n w 3  

% yield 
0.1412 

0.09354 
0.124 
0.0166 
0.0268 

0.01031 
0.00443 

Yo yield 
0 1412 
0 00354 
0 124 
00166 
0 0268 
0 01031 
0 00443 

time (m) 
360 
360 
360 
360 
360 
360 
360 

time (m) 
360 
36s 
360 
360 
360 
360 
360 

time (m) 
360 
360 
360 
360 
360 
360 
360 

Sample wt (9) 
28.814 
28.814 
28.814 
28.814 
28.81 4 
28.814 
721 21i A --.". 

Average = 

Activity (dpm) 
1 1286.51 1 
11576.1 11 

12594.6 
12221.424 
1 181 8.734 
11 897.457 
? 1203.037 
11799.81 

Sample Wt (9) Activity (dprn) 
29.285 22952.4 
29.285 21880.i2i 
29.285 24066.115 
29.285 231 28.444 
29.285 23560.723 
29.285 21872.829 
29.285 2401 7.807 

Average = 23068.349 

Sample Wt (9) 
28 878 
28.878 
28.878 
28.878 
28.878 
28.878 
28.878 

Average = 

Activity (dpm) 
24849.293 
22070.936 
23905.674 
23254.829 
23176.998 
21970.1 5 

22944385 
23167.467 

Activity (dpm/g) 
391.7064 
401.7572 
437.1046 
424.1532 
41 0.1 776 
41 2.9097 

409.5208 

,,"" ne-," 
JOO.OJIL 

Activity (dprn/g) 
783.7623 
747.1469 
821.7926 
789.7737 
804 5349 
746.8979 
820.143 

787 721 6 

Activity (dpmlg) 
860.4951 
764.2847 
827.819 

805.2812 
802.586 

760.7946 
794.5309 
802.2559 

Activity (Bug) 
6 58779 
6.75683 
7.3513 

7 13349 
6 89844 
6.94439 
6.55953 

6 8874 

Activity (Bug) 
13.1 81 5 
12.5657 
13.821 1 
13.2826 
13.5308 
12.5615 
13.7933 
13.248 

Activity (Bug) 
14.472 

12.8539 
13.9224 
13.5434 
13.498 

12.7952 
13.3626 
13.4925 

PPb PPm 
25249498 0252495 
25897374 02589737 
281 75876 0 2817588 
273 41 029 0 27341 03 
264 401 56 0 2644Ol6 
26616269 02661627 
250 b4Mb 0 2506455 
263 97821 0 2639782 

ppb PPm 
505.21524 0.5052152 
481.61284 0.4816128 
529.7297 0 5297297 

509.09023 0.5090902 
518.60531 0.5186053 
481.45234 0.4814523 
528 66637 0.5286664 
507.76743 0.5077674 

PPb 
554.67745 
492.65992 
533.61 431 
519.08638 
517.34906 
490.41 02 

512.15675 
51 7 13629 

PPm 
0.5546774 
0.4926599 
0.5336143 
0.51 90864 
0.5173491 
0.49041 02 
0.51 21 567 
0.5171363 

molality 

109249E-06 
I .  1886E-06 

1.15339E-06 
1 11538E-06 
1.12281 E-06 
1.05735E-06 

7 11 36E-06 

1 06515E-06 
moles 

3 07E-08 
3 15E-08 
3 42E-08 
3 32E-08 
3 21 E-08 
3.24E-08 
3 05E-08 
3 21 E-08 

molality moles 
2 13126E-06 6 24E-08 
2 031 69E-06 5 95E-08 
2 23467E-06 6 54E-08 
2 14761 E-06 6 29E-08 
2 18775E-06 6 41 €48 
2 031 02E-06 5 95E-08 
2 23019E-06 6 53E-08 
2 14203E-06 6 27E-08 

molality 
2 33992E-06 
2 0783E-06 

2 25106E-06 
2 18978E-06 
2 18245E-06 

2 0688E-06 
2 16054E-06 
2 18155E-06 

moles 
6 76E-08 

6E-OB 
6 5E-08 

6 32E-08 
6 3E-08 

5 97E-08 
6 24E-08 
6 3E-08 



Sample = NPUA-8C 
Sample wl(g) = 27.4322 

Np-237 
Abundances (%yeld) taken from IAEA Nudat database 

Fnprgy CpV RQl Chinn@S 

2937 Genie 
57 1 Geriie 

8648 Genie 
9228 Genie 
9586 Genie 

10843 Genie 
14325 Genie 

To!a! Co,n!r 
118000 

152000 
18100 
30600 
8870 
3190 

2890 

l=&4;,.;--.-.. L"'"'.z,IL,y 

0.1037 
[l 1 2 . 3  
0 1396 
0.1324 
0.1351 
0.1107 
0.0935 

0 ,  .;-,A ,o YlClU 

0.1412 
"E354  
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

I : _ _ .  I . ~ \  

11111e (Ill} 

360 
?cn 

360 
360 
360 
360 
360 

U"" 

Sdrripie WI (gj Activity (dpm) 
27 432 22383 332 

24386 996 27 432 
27 432 22875 674 

23483 978 27 432 
27 432 21 580 867 
27 432 21401 342 

. nnn- .^ 
I OJO I 040 

97 ,490 
G I  *r)L 

Average = 22070 577 

Activity (dpm/g) 
5159511 
670 0828 
888 991 6 
833 8986 
856 0735 
786 6984 
780 154 
804 55 

Activity (Bq/g) 
13.7228 
11.2696 
14.951 2 
14.0247 
14.3976 
13 2308 
1 3.1 208 
13.531 1 

PPb 
525 96421 
431 93716 
573 04636 
537 53327 
551 82722 
507 10785 
502 88936 
51861506 

PPm 
0 5259642 
0 4319372 
0 5730464 
0 5375333 
0 5518272 
0 5071 079 
0 5028894 
0 51861 51 

molality 
2 21879E-06 
1 82214E-06 
2 41 741 E-06 
2 26759E-06 
2 32789E-06 
2 13924E-06 
2121 45E-06 
2 18779E-06 

moles 
5 WE-08 

5E-08 
6.63E-08 
6 22E-08 
6.39E-08 
5 87E-08 
5.82E-08 

6E-08 

b v * * . . . I f ...-e .-- c . . . . 
' -  i 
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Summary of gamma counting of solids recovered in NPUA experiment 

Bq conversion 0 037 Bq per 2 2 dpm = 0 0168 Bq/dpm 

Measured Np concentration based on gamma counting 

Sample activity = total iuunts  i (counting efficiency A YO yeia - counting time) 

UranoFhane reference p 1 - k  c o ~ n ! ~  
Energy keV dpmig 

32 2s 5591 79 
95 86 27 27 

143 25 141 79 

Sample = NPUA-1S 
Sample wi (9) = 0.0898 

Np-237 
Abundances (%yeld) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV RO! Ch2r!!?P!S ?=!a! cGun!s cOiiI1:s 
2937 Genie 0 0 

57 1 Genie 0 0 
86 48 Genie 541 0 
9228 Genie 41oooO 387405174 
9586 Genie 1720 1763 16912 

10843 Genie 0 0 
14325 Genie 9870 91 67 57424 

Sample = NPUA-PS 
Sample wi (9) = 0.0946 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
29.37 Genie 3820 0 
57.1 Genie 0 0 

86.48 Genie 7570 0 
92.28 Genie 406OOO 408112.8 
95.86 Genie 3120 1857.41424 

10843 Genie 0 0 
14325 Genie lo500 9657.60048 

Corrected 
counts Efiicieincy 

0 0.1356 
0 02258 

541 0.3244 
22594.83 0.1977 

0 0.3366 
702.4258 0.2212 

-43.16912 0.2981 

Corrected 
counts Efficiency 
3820 0.1356 

0 0.2258 
7570 0.3244 

1262.586 0.2981 
0 0.3366 

842.3995 0.2212 

-2112.8 0.1977 

% yieia 
0.1412 
0.0035 
0.124 
0.0166 
0.0268 
0.01 03 
0.0044 

% yield 
0.1412 
0.0035 
0.124 
0.01 66 
0.0268 
0.01 03 
0.0044 

iime (mj 
720 
720 
720 
720 
720 
720 
720 

time (m) 
720 
720 
720 
720 
720 
720 
720 

Sample wt (g) 
0.0898 
0.0898 
0.0898 
0.0898 
0.0898 
0.0898 
0.0898 

Average = 

Sample wi (9) 
0.0946 
0.0946 
0.0946 
0.0946 
0.0946 
0.0946 
0.0946 

Average = 

Activity (dpm) 
0 
0 

18.67937 
9562.286 
-7.504883 

0 
995.5867 
1509.864 

Activity (dpm) 
277.1 

0 
261.3731 
-894.151 8 
219.4985 

0 
1193.979 
I51 . I  141 

Activity (dpm/g) 
0 
0 

208.01 1 
106484 

-83.5733 
0 

1 1086.7 
1681 3.6 

Activity (dpm/g) 
2929.18 

0 
2762.93 

-9451.92 
2320.28 

0 
12621.3 
1597.4 

Activity (Bojg) 
0 
0 

3 4983636 
1790 871 6 
-1 405551 

0 
186 45833 
282 77468 

Activity (Bq/g) 
49.26340 1 

0 
46.467441 
-158.9641 
39.022899 

0 
212.26807 
26.865383 

PPb ppm 
0 0 
0 0 

134084317 0.134084 
68640 0339 68 64003 
-53 871 5754 -0 053872 

0 0 
71 46 52359 7 146524 

10838 11 1083811 

molality moles 
0 0 
0 0 

5.66E-07 5.08E-11 
0.00029 2.6E-08 

-2.27E-07 -2.04E-11 
0 0 

3.01 E-05 2.71 E-09 
4.57E-05 4.1 1 E-09 

Ppb ppm molality moles 
1888 15406 1 888154 7 97E-06 7 54E-10 

0 0 0 0 
1780 991 31 1 780991 7 51 E-06 7 11 E-1 0 

-6092 73347 -6 092733 -2 57E-05 -2 43E-09 
1495 65893 1 495659 6 31 E 4 6  5 97E-10 

0 0 0 0 

1029689 1029689 434E-06 411E-10 
81% 7522 e 135752 3 ~ E - O S  3 ~ ~ - 0 9  



F 
Sample = NPUAOS 
Sample M(g) = 0.092 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
29.37 Genie 0 0 
57.1 Genie 0 0 

86.48 Genie I840 0 
92.28 Genie 428000 396896.17 
95.86 Genie 2400 1806.3648 

108.43 Genie 0 0 
143.25 Genie 10600 9392.1696 

Corrected 
counts Efficiency 

0 0 1356 
0 0.2258 

1840 0.3244 
31103.83 0.1977 
593 6352 0.2981 

0 0.3366 
1207.83 0.2212 

% yield 
0.1412 
0 0035 
0.124 

0.01 66 
0.0268 
0.0103 
0.0044 

time (m) 
720 
720 
720 
720 
720 
720 
720 

Sample wt (9) 
0.092 
0.092 
0.092 
0.092 
0.092 
0.092 
0.092 

Average = 

Activity (dpm) 
0 
0 

63.53058 
13163.36 
103.2025 

0 
171 1.925 
2148.859 

Activity (dpm/g) 
0 
0 

690.55 
143080 
1121.77 

0 
18607 I) 
23357.2 

Activity (Bq/g) 
0 
0 

11.613791 
2406.3447 
18.866077 

0 
31 2.95067 
392.82503 

ppb PPm 
0 0 
0 0 

445 1301 92 0 4451 3 
922297173 9222972 
723093794 0723094 

0 0 
??%?A6855 :: 99469 
150560895 1505609 

molality moles 
0 0 
0 0 

188E-06 1 73E-10 
0 000389 3 58E-08 
3 05E-06 2 81 E-IO 

0 0 
J wc-ua nnr ^- 4 66EUY 
6 35E-05 5 WE-09 

San w = NPUA-4S 
Sample wt (9) = 0.0961 

Np-237 
Abundances (“hyeld) taken trom IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
2937 Genie 0 0 

57 1 Genie 0 0 
8648 Genie 451 0 0 
9228 Genie 409000 414583934 
9586 Genie 0 1886 86584 

10843 Genie 0 0 
14325 Genie 10200 981 0 73368 

Corrected 
counts Efficiency 

0 0.1356 
0 0.2258 

4510 0.3244 
-5583.934 0.1977 
-1886.866 0.2981 

0 0.3366 
389.2663 0.2212 

% yield 
0.1412 
0.0035 
0.124 
0.01 66 
0.0268 
0.01 03 
0.0044 

time (m) 
720 
720 
720 
720 
720 
720 
720 

Sample wt (9) 
0.0961 
0.0961 
0.0961 
0.0961 
0.0961 
0.0961 
0.0961 

Average = 

Activity (dprn) 
0 
0 

155.719 
-2363.159 
-328.0286 

0 
551.7286 

-283.3915 

Activity (dpmlg) 
0 
9 

1620.38 
-24590.6 
-341 3.41 

0 
5741 . I9  

-2948.92 

Activity (Bqlg) 
0 
0 

27.251 924 
-41 3.5696 
-57.40734 

0 
96.556417 
-49.59552 

ppb PPm 
0 0 
0 0 

1044.50425 1 044504 
-15851.1835 -15.85118 
-2200.29267 -2.200293 

0 0 
3700.78777 3.700788 

-1 900.88345 -1.900883 

molality 
0 
0 

4.41 E-06 
-6.69E-05 
-9.28E-06 

0 
1.56E-05 

-8.02E-06 

moles 
0 
0 

4.23E-10 
-6.43E-09 
-8.92E-10 

0 
1.5E-09 

-7.71 E-1 0 

Sample = NPUA-5S 
Sample wt (9) = 0.0979 

Np-237 
Abundances (%yield) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
29.37 Genie 0 0 
57.1 Genie 0 0 

86.48 Genie 0 0 
92.28 Genie 406000 422349.294 
95.86 Genie 21 80 1922.20776 

108.43 Genie 0 0 
143.25 Genie 10200 9994.49352 

Corrected 
counts Efficiency 

0 0.1356 
0 0.2258 
0 0.3244 

257.7922 0.2981 
0 0.3366 

205.5065 0.2212 

-16349.29 0.1977 

% yield 
0.1412 
0.0035 
0.124 
0.0166 
0.0268 
0,0103 
0.0044 

time (m) 
720 
720 
720 
720 
720 
720 
720 

Sample wt (9) 
0.0979 
0.0979 
0.0979 
0.0979 
0.0979 
0.0979 
0.0979 

Average = 

Activity (dpm) 
0 
0 
0 

-6919.134 
44.81677 

0 
291 2756 

-940 4345 

Activity (dprn/g) 
0 
0 
0 

-70675.5 
457.781 

0 
2975.24 

-9606.07 

Activity (Bug) 
0 
0 
0 

-1 188.634 
7.6990462 

0 
50 038067 
-1 61.5567 

PPb 
0 
0 
0 

-45557.6306 
295 086924 

0 
1917.84527 

-61 92 09977 

PPm 
0 
0 
0 

-45.55763 
0.295087 

0 
1 917845 

-6 1921 

molality 
0 
0 
0 

-0.000192 
1.24E-06 

0 
8.09E-06 

-2.61 E-05 

moles 
0 
0 
0 

-1.88E-08 
1.22E-10 

0 
7.92E-10 

-2.56E-09 
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Summary of Np concentrations in NPUB solutions measured by gamma spectrometry 

Bq conversion 0.037 Bq per 2.2 dpm = 0.0168 Bq/dpm 

Measured Np concentration based on gamma counting 

Sample activity = total counts / (counting efficiency % yield * counting time) 

=&,,,fie = .*nu 1 0  I-i.irl ,.r ""-I, ,..I_. 

sample (9) = 28.6593 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROIchannels 1 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

-otal counts 
296ooo 
81 50 

320000 
41 400 
68200 
21600 
8750 

Efficiency 
0.1 037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

Sample I. NPUB-1A 
SanYJe (S) = 20.4348 

Np237 
Abundances (%yield) taken from IAEA Nudat database 

E w g y  keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

AOI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
293ooo 
81 90 

311000 
40000 
66200 
23700 
8280 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1107 
0.0935 

yield 
0.1412 
0.00354 
0.124 
0.01 66 
0.0268 
0.01031 
0.00443 

% yield 
0.1412 
0.00354 
0.124 
0.0166 
0.0268 
0.01031 
0.00443 

time (m) 
30 
30 
30 
30 
30 
30 
30 

time (m) 
30 
30 
30 
30 
30 
30 
30 

Sample wi (9) 
28.659 
28.659 
28.659 
28.659 
28.659 
28.659 
28.659 

.Average 

Activity (dpm) 
673776.24 
622056.93 
616092.54 
627880.39 
628081.3 

630638.19 
704432.88 

= 1xw79.7a 

Sample wt (9) Activity (dpm) 
28.435 666947.43 
28.435 625109.97 
28.435 598764.93 
28.435 606647.72 
28.435 609662.5 
28.435 691950.24 
28.435 666594.77 

Average= 637953.94 

Activity (dpdg) 
23509.86 
21705.24 
21 497.12 
21908.43 
21 91 5.44 
22004.66 
24579.56 
22445.76 

Activity (dpm/Q) 
23455.32 
21 983.98 
21 057.47 
21334.69 
21440.72 
24334.63 
23442.92 
22435.68 

Activity (Bqlg) 
395.393 
365.043 
361.543 
368.46 

368.578 
370.078 
41 3.383 
377.497 

Activity (Wg) 
394.476 
369.731 
354.148 
358.81 1 
360.594 
409.264 
394.267 
371.327 

PPb 
151 54.52 

13991.254 
13857.103 
141 22.235 
14126.754 
14184.263 
15844.047 
14468.597 

ppb 
15119.364 
14170.929 
13573.701 
13752.399 
13820.743 
15686.165 
151 11.369 
14462.096 

PPm 
15.15452 

13.991 254 
13.857103 
14.122235 
14.126754 
14.184263 
15.844047 
14.468597 

ppm 
15.119364 
14.1 70929 
13.573701 
13.752399 
13.820743 
15.686165 
15.111369 
14.462096 

molality 
6 39296E-05 
5 90224E-05 
5.84565E-05 
5.95749E-05 
5.9594E-05 

5.98366E-05 
6.68384E-05 
6.1 0361 E-05 

molality 
6.37813E-05 
5.97803E-05 
5.72609E-05 
5.80148E-05 
5.83031 E-05 
6.61724E-05 
6.37476E-05 
6.10086E-05 

moles 
183E-06 
169E-06 
1 .ME46 
1.71E-06 
1 71E-06 
1 7lE-06 
192E3.06 
175E-a 

m0k5 
1 .E1 E-06 
1.7E-06 

1.63E-06 
1.65E-06 
1 .ME* 
1 .WE46 

1.73E-06 
1.81 E-06 

'-53 i -" 3 t 
.1 

I 



Sample = NPUB-1B 
Sample wt (9) = 

Np23l 
Abundances (%yield) taken from IAEA Nudat database 

27.491 6 

Energy keV 
29.37 
57.1 

86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
309000 
8640 

321000 
41 300 
69300 
12300 
8020 

Efficiency 
0.1037 
0.1234 
0 1396 
0.1324 
0.1351 
0.1107 
0.0935 

Sample= NPUB-1C 
Sample wt (9) = 26.1965 

-237 
Abundances (%yield) taken from IAEA Nudat database 

Energy keV 
29.37 
57.1 
86.48 
92.28 
95.86 

108.43 
143.25 

ROI channels 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 
Genie 

Total counts 
311000 
8670 

31 2ooo 
404oO 
66900 
22000 
8320 

Efficiency 
0.1037 
0.1234 
0.1396 
0.1324 
0.1351 
0.1 107 
0.0935 

7 r .  

% yield time (m) 
0.1412 30 
0.00354 30 
0.124 30 
0.0166 30 
0.0268 30 
0.01031 30 
0.00443 30 

% yield time (m) 
0.1412 30 
0.00354 30 
0.124 30 

0.0166 30 
0.0268 30 
0.01031 30 
o.M)443 30 

Sample wt (g) 
27.492 
27.492 
27.492 
27.492 
27.492 
27.492 
27.492 

Average 

Activity (dpm) 
703367.77 
659456.68 
618017.83 
626363.77 
63821 1.65 
3591 13.42 
645663.05 

= 607170.59 

Sample wt (a) Activity (dpm) 
26.197 707920.31 
26 197 661 746.46 
26.197 600690.22 
26.197 61 271 4.2 
26.197 616109.08 
26.197 642316.68 
26.197 669815.03 

Average = 644473.14 

Activity (dpdg) 
25584.82 
23987.57 
22480 24 
22783.82 
23214.79 
13062.66 
23485.83 
22085.68 

Activity (dPf'M8 
27023.47 
25260.87 
22930.17 
23389.16 
23518.76 
2451 9.1 8 
25560.07 
24601.5 

Activity (Bwg) 
430.29 

403.427 
378.077 
383.1 82 
390.431 
219.69 

394.989 
371.441 

Activity (Wg) 
454.486 
424.842 
385.644 
393.363 
395.543 
412.368 
430.022 
413.752 

Ppb 
16492.046 
15462.451 
14490.824 
14686.51 3 
14964.313 
8420.225 

15139.028 
14236.486 

w 
17419.4 

16283.225 
14780.849 
15076.716 
15160.252 
15805.128 
16481.764 
15858.191 

ppm 
16.492046 
15.462451 
14.490824 
14.686513 
14.964313 
8.420225 

15.1 39028 
14.236486 

wm 
17.41 94 

16.283225 
14.780649 
15.076716 
15.160252 
15.805128 
16.481764 
15.858191 

molality 
6.9572E05 

6.52286E-05 
6.11298E-05 
6.1 9553E-05 
6.31272E-05 
3.55209E-05 
6.38643E-05 
6.00569E-05 

molality 
7.34841E-05 
6.8691 1E-05 

6.3601 4E-05 
6.39538E-05 
6.66742E-05 

6.68981 €45 

6.23533E-05 

6.95286E-05 

moks 
1.91 €46 
1.79E-06 
1.68E-06 
1.7E-06 
I .74E46 
9.77E-07 
1.76E-06 
1 .WE46 

mdea 
1.93E-06 
1 BE-06 

1 B3E-06 
1 .67E-06 
I .ME46 
1.75E-06 
1 J32E-06 
1.75E-06 



Summary of gamma counting of solids recovered in NPUB experiment 

Bq conversion 0.037 6q per 2.2 dpm = 0.0168 Bq/dpm 

Measured Np concentration based on gamma counting 

Sarnp!e ac!ivi!y - !o!a! co"n!s / :ccun!ing cfficieiq * ":. yield * counting iiiiiej 

Uranophane reference peak counts 
Energy keV d P m  

92.28 5991.79 
95.86 27 27 

143 25 141.79 

sample = NPUB-1S 
sample wt (9) = 0.0934 

Np-237 
Abundance8 (%yield) taken from IAEA Nudat database 

Estimated 
Uranophane 

Energy keV ROI channels Total counts counts 
29.37 Genie 0 0 
57.1 Genie 0 0 
06.48 Genie 67100 0 
92.28 Genie 16400 16788.9956 
95.86 Genie 0 76.41054 

108.43 Genie 0 0 
14325 Genie 0 397.29558 

corrected 
counts Efficiency 

0 0.1356 
0 0.2258 

67100 0.3244 
-388.9956 0.1977 
-76.41054 0.2981 

0 0.3366 
-397.2956 0.2212 

% yield 
0.1412 
0.0035 
0.124 
0.0166 
0.0268 
0.0103 
0.0044 

time (m) 
30 
30 
30 
30 
30 
30 
30 

Sample wt (e) 
0.0934 
0.0934 
0.0934 
0.0934 
0.0934 
0.0934 
0.0934 

Average = 

Activity (dpm) 
0 
0 

55603.07 
-3951.01 5 
-318.8124 

0 
-13514.61 
5402.661 

Activity (dpm/g) 
0 
0 

595322 
42302.1 
-341 3.41 

0 
-144696 
57844.3 

Activity (891s) 
0 
0 

1001 2.232 
-71 1.4442 
-57.40734 

0 
-2433.525 
972.8365 

PPb ppm molality moles 
0 0 0 0 
0 0 0 0 

383746.071 383.7461 0.001619 1.51E-07 
-27268.0362 -27.26804 -0.000115 -1.07E.08 
-2200.29267 -2.200293 -9.28E-06 -8.67E-IO 

0 0 0 0 
-93271.4733 -93.27147 -0.000393 -3.67508 
37286.6098 37.28661 0.000157 1.47E-08 

I 
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E - ErnWStsdc 
L - LiquM 
P - P d u d  

w-sediment 
T - Tissue 
w - Water 

- 
Sa 
D -  uplicate 
ER - Equipment Rinsate 
ES - Envinwnental S8hple 
FB - FMd Blank 
FD - Fidd Duplicate 
YS - Math Spike 
YSD - Mamx Spike DUP 
TB -Trip Blank 
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