LY

Stable lsotope Invenlory
Heguirements and Enrichment
Capabilities

W. A, Bell
A G Tracy




Printed in the United %tat of Anerica.
National Technical Information Se
u.s. l)epdr ment of Commercs
735 Port Royal Hoad, C;‘ ingfiela, Virginia 22161
price vodes-r».‘f‘rmt d Copy: ".O/‘ M|crof|che 01

This report was prepaied as an account of work sponsored by an agency of the
Uniied States Governiment. Neither the U nited Siates Government 1ior any agency
thereof, nor any of their employeses, makes any warranty, express or implied, or
assumes any legal liability or responsibility for tig accuracy. completeness. or
usefulness of any informiation, apparatus, product, or process disclosed, or
represents that its use would notinfringe privately owned rights. Beference herein
to any specific comimicrcial prodiict, process, or service by trade name, tracgemark,
manufacturer, or otherwise, doss not negessarily constitute or imiply its
engorsement, recominendation, or favoring by the United States Government or
any agency tiieieof. The viewe and opinions of auinors expressed herein do not
necessarily state or reflect thiose of the United States (‘ overniriernit or any agancy
thereof.




ORNL/TM-9809

OPERATIONS DIVISION

STABLE ISOTOPE INVENTORY REQUIREMENTS AND ENRICHMENT CAPABILITIES

W. A, Bell
J. G. Tracy

Date Published: December 1985

Prepared by the
0AK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831

operated by

MARTIN MARIETTA ENERGY SYSTEMS, INC,

for the
DEPARTMENT OF ENERGY
under Contract No. DE-AC05-840R21400

|

IR

3 4456 0002895 8






iii

CONTENTS

Page

I. INTRODUCTION seveeessceconesssescssssssonssscossonscosssnss 1
11. SEPARATORS seevonsessserssonsrssosscsassscscsssosnscesssnsesss 1
III. COLLECTIONS AND ENRICHMENT s4iuecevesccncosccssoscssacscnnses 2
Iv, INVENTORY REQUIREMENTS .sueeesscesaccsssscsscccssscsscssncns 2
APPENDICES ..ceeeccesscsascsssscassnsssssssssnsscosssossonsosnnes 20
APPENDIX A: Table A-1, Collectlon rates of 1Sotopes ..eeeesseecs 20
APPENDIX B: Table B~1l. Average sales per year in milligrams

(1980"1984) S0 000 0B 000N NRGECLNORGIOREISOEOROERINOEIDROOGEOEOSETSTS 39






STABLE ISOTOPE INVENTORY REQUIREMENTS AND ENRICHMENT CAPABILITIES

W. A. Bell
J. G. Tracy

I. INTRODUCTION

The electromagnetic isotope enrichment program established in
1945 has since then continued to provide enriched stable, actinide,
and selected radiocactive isotopes. These unique materials used in
research and medicine and for industrial applications are made
available throughout the world by direct sales and/or on a loan basis.
In recent vears, the primary effort of the program has been directed
toward providing enriched stable isotopes necessary to replenish the
sales inventory. This document presents a summary of the stable iso~-
tope sales requirements and the capabilities of the electromagnetic
isotope separators for providing the quantity and quality of enriched
products to meet those needs. Special enrichment and actinide separa-
tions or Research Materials Collection (loan program) needs are not

addressed.
II. SEPARATORS

Two types of separators (calutroms) are utilized for the enrichment
of stable isotopes to maintain the sales inventory. The first is the
180° focusing machine, and the second is a 255° double~focusing,
inhomogeneous magnetic field separator. Both machines are capable of
multi-milliampere beam current and can resolve all the isotopes of an
element simultaneously. The 255° machine has a higher mass dispersion
and resolution, but has a correspondingly less beam throughput. In
practice, both types of separators are necessary to meet the require~

ments of the user community.



II¥. COLLECTIONS AND ENRICHMENT

Enrichment of the isotopes of each element is unique, depending on
atomic weight and physical and chemical characteristics. Table 1 pre-
sents typical enrichment and collection capabilities for the isotopes
of each element. Since the dispersion at the collector varies inversely
as the square root of the mass, it sometimes is necessary to use more
than one type collector for elements having isotopes with atomic weights
greater than 100. The collection rate listed in Column 3 in Table 1
is summarized from Appendix A and has been adjusted for pocket retention

and percent innage.

IV, TINVENTORY REQUIREMENTS

Tank times required to replace material distributed through annual
sales and maintain inventory equilibrium are given in Table 2. These
data were derived from the average annual sales (Appendix B) and the
collection rates given in Table 1. The total tank hours (90,728)
required to maintain inventory equilibrium represent approximately 16

calutron-years operating on a 5-day/week, 24-hour/day basis.



Table 1. Calutron capabilities

Abundance Collection Rate
Element~ (Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector I  Collector II
Antimony~121 57.25 . 299 28.0
Antimony~123 42.75 >99 29.4
Barium-130 0.101 35~60 0.085 0.085
Barium~132 0.097 20-50 0,137 0.137
Barium—134 2,42 80-85 2.06
Barium~135 6.59 >93 4,11
Barium~136 7.81 >92 8.11
Barium—~137 11.32 >89 10.2
Barium~138 71.66 >99 45,1
Bromine~-79 50.54 >98 10.6
Bromine—81 49.46 >98 5.31
Cadmium-106 | 1,215 80~91 1.11 1.11
Cadmium—-108 0.875 >69 1.01 1,01
Cadmium—-110 12.39 >96 10.0
Cadmium-111 12,75 >95 9.41
Cadwium-112 24.07 >97 18.7
Cadmium-113 12,26 >96 9.34
Cadmium—~114 28.86 >98 20,8
Cadmium~116 7.58 >98 5.59 5.59
Calcium~40 96.97 >99.9 54.9
Caleium—42 0.64 >93 0.438
Calcium—43 0.145 >79 0.110
Calcium~44 2.06 >98.5 1.67
Calcium—46 0,0033 >43 0.0055
Calcium-48 0.185 297 0.156



Table 1., Calutron capabilities (continued)

Abundance Collection Rate
Element— (Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector I  Collector II
Cerium—136 0.193 35-50 0.029
Cerium~138 0.25 >25 0.263
Cerium—140 88.48 >99.5 26,6
Cerium—142 11,07 >92 2,98
Chlorine-35 75.53 >99 10.6
Chlorine—-37 24,47 >98 2.86
Chromium—50 4,31 >95 2.23
Chromium~52 83.76 >99.7 46.4
Chromium—53 9.55 >96 5.10
Chromium—54 2,38 >94 0.925
Copper—63 69.09 >99.8 59.1
Copper—65 30.91 >99.6 25.8
Dysprosium-156 0.052 21-34 0.034 0.034
Dysprosium~158 0.090 >20 0.053 0.053
Dysprosium—160 2,294 69-85 1.64
Dysprosium—161 18,88 90-96 11.2
Dysprosium—162 25,53 92-96 14.7
Dysprosium—-163 24,97 93-97 12.6
Dysprosium—164 28,18 >98 14.0
Erbium—162 0.136 >27 0.174 0.174
Erbium-164 1.56 >73 0.941 0.941
Erbium—-166 33.41 >96 19.0
Erbium~167 22.94 >91 13,4
Erbium~168 27.07 >95 15.0
Erbium—170 14,88 >95 8.38 8.38
Buropium—151 47.82 >92 18.7

Europium=-153 52.18 94~98 18.5



Table 1.

Calutron capabilities (continued)

Abundance Collection Rate
Element— (Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector T  Collector 11
Gadolinium=—152 0.20 32-51 0.166 0.166
Gadolinium—-154 2.15 >66 1.41
Gadolinium-155 14.73 >90 4,71
Gadolinium—156 20.47 93-99 6.76
Gadolinium=-157 15.86 >90 6.87
Gadolinium—158 24,87 >95 8.22
Gadolinium—-160 21.90 95-98 8.39 8.39
Gallium—69 60.4 >99 24,2
Gallium—71 39.6 >99 13.3
Germanium—-70 20,52 >98 6.45
Germanium—-72 27.43 >97 10.4
Germanium~73 7.76 >94 2.53
Germanium—-74 36.54 >98 13.6
Germanium—-76 7.76 >92 1.90
Hafpnium—174 0.18 7-19 0.057 0.057
Hafnium~176 5.20 64~72 0.742
Hafnium—-177 18.50 86-91 3.83
Hafnium-178 27.14 91-94 7.05
Hafnium-179 13,75 81-87 3.60
Hafnium~-180 35.24 >93 7.36
Indium~113 4,28 >96 2.29
Todium—~115 95,72 >99,99 55.6
Iridium~191 37.3 98.17 8.72
Iridium—193 62.7 99,45 17.4
Iron~-54 5.82 >96 3.67
Iron-56 91,66 >99.9 69.4
Iron=-57 2.19 86~-90 1.70
Iron~58 0.33 65-76 0.235



Table 1. Calutron capabilities (continued)

Abundance Collection Rate
Element- (Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector T  Collector II
Lanthanum-138 0,089 >7 0.353
Lanthanum—139 99.911 99.99 29.7
Lead—-204 1.48 >70 2.1 2.11
Lead-206 23.60 >99 26.3
Lead-207 22.6 >92 26.4
Lead~208 52.3 >98 61.2
Lutetium—175 97.41 >99.9 44,2
Lutetium-176 2,59 70-75 1.16
Magpesium~24 78,70 >99.9 31.4
Magnesium—25 10.13 >97 4,49
Magnesium~26 11,17 >99 4.87
Mercury—-196 0.146 31-48 0.068
Mercury-198 10,02 85-96 0.416
Mercury-199 16.84 85-91 1.16
Mercury-200 23.13 >95 1.74
Mercury-201 13.22 >92 1.02
Mercury-202 29.80 >96 2,06
Mercury—204 6.85 90-98 0.475
Molybdenum—92 15.84 >97 15.3
Molybdenun-94 9.04 >91 10.0
Molybdenum—95 15,72 >96 15,5
Molybdenum—96 16.53 >96 18.0
Molybdenum—97 9.46 >92 9.41
Molybdenum~98 23,78 >96 22,7

Molybdenum~100 9.63 >97 8.52



Table 1.

Calutron capabilities (continued)

Abundance Collection Rate
Element~ {(Atom %) (mg/Tank hr)
Isotope Natural Enriched: Collector I Collector II
Neodymium~142 27.11 >92 13.2
Neodymium=-143 12.17 >91 6.30
Neodymium—144 23.85 >97 11.8
Neodymium—145 8.30 >89 4.47
Neodymium~146 17,22 >97 8.30
Neodymium~148 5.73 >9%4 2,90 2.90
Neodymium—150 5.62 >96 2,56 2.56
Nickel-58 67.88 >99.9 97.5
Nickel-60 26,23 >99 41,0
Nickel-61 1.19 88-93 1.71
Nickel=-62 3.66 >96 5.32
Nickel—64 1.08 92-96 1.29
Osmium—184 0,018 5.45 0.023 0,023
Osmium—-186 1.59 61 0.203
Osmium—-187 1.64 >70 0,457
Osmium-188 13.30 >9%4 2.35
Osmium~189 16.10 >94 2.86
Osmium-190 26.40 >95 5,49
Osmium—192 41,00 >95 7.18 7.18
Palladium—-102 0.96 >69 0.481 0.481
Palladium=-104 10.97 >95 5.28
Palladium~105 22.23 >97 9.95
Palladium~106 27.33 >98 12.0
Palladium~-108 26,71 >98 12.9' 12.9
Palladium~110 11.81 >96 5.27 5.27



Table 1. Calutron capabilities {continued)

Abundance Collection Rate

Element— (Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector I  Collector II
Platinum—-190 0.0127 >4 0.049 0.049
Platinum=-192 0.78 >57 0.230 0.230
Platinum—194 32.9 >97 11.5

Platinum—195 33.8 >97 10.7
Platinum-196 25.3 >97 8.22

Platinum—198 7.21 >95 2,13 2.13
Potassiumn-39 93.10 >99.9 14.8

Potassium~40 0.012 78-87 0.008

Potassium—41 6.88 >98 0.820

Rhenium~185 37.07 >96 17.1

Rhenium—187 62.93 >99.2 32.0

Rubidium—85 72.15 >99.7 30.6

Rubidiun-87 27.85 98 12.8

Ruthenium~96 5.51 98 0.659

Ruthenium—-98 1.87 >89 0.201

Ruthenium-99 12,72 >98 1.64

Ruthenium~100 12.62 >97 1.50

Ruthenium~101 17,07 >97 1.87

Ruthenium-102 31.61 >99 3.18

Ruthenium~104 18.58 >99 2.37

Samarium~144 3.09 85-96 2.76 2.76
Samarium~147 14,97 >98 12.8
Samarium~148 11,24 >96 10.1

Samarium—149 13.83 >97 11.4
Samarium—150 7.44 295 6.15

Samarium~152 26.72 >98 24,1 24,1

Samarium-154 22.71 >98 18.8 18.8



Table 1, Calutron capabilities {(continued)

Abundance Collection Rate
Element— {Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector I  Collector II
Selenium~74 0.87 55~77 0.120
Selenium-76 9.02 >96 2,27
Selenium—-77 7.58 91-94 1.98
Selenium—78 23.52 >97 5.87
Selenium—80 49,82 >99 13.2
Selenium~82 9.19 >96 1.83
Silicon~28 92,21 >99.8 35.1
Silicon—29 4.70 >95 1.32
Silicon~30 - 3.09 >9%4 0.920
Silver~107 51.35 >98 22.8
S$ilver—-109 48.65 >99 21.2
Strontium-84 0.56 >80 0.534
Strontium—86 9.86 >95 10.5
Strontium—-87 7.02 87-93 7.43
Strontium~88 82.56 >99.8 78.9
Sulfur-32 95.0 >99.8 47.8
Sulfur-33 0.760 48-90 0.174
Sulfur-34 4,22 94-98 1.52
Sulfur~36 0.0136 15-35 0,001
Tantalum~180 0.0123 4,10 2,44
Tellurium~120 0,089 >51 0.081 0.081
Tellurivm—-122 2,46 296 . 1.52
Tellurium-123 0.87 76-89 0.692
Tellurium—-124 4.61 94-97 4,10
Tellurium~125 6.99 >95 7.18
Tellurium—126 18.71 >98 13,0
Tellurium—128 31.79 >%9 26,3 26.3

Tellurium—130 34,49 >89 25.06 25,6
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Table 1. Calutron capabilities (continued)

Abundance Collection Rate
Element~ (Atom %) (mg/Tank hr)
Iscotope Natural Enriched Collector I  Collector II
Thallium-203 29.50 >95 47.3
Thallium-205 70,50 >98 110,0
Tin-112 0.96 68-80 0.520 0.520
Tin-114 0.66 >61 0.343
Tin-115 0.35 >32 0.239
Tin-116 14,30 >95 9.34
Tin-117 7.61 >89 5.51
Tin-118 24,03 >97 15.0
Tin~-119 8.58 >84 5.58
Tin~120 32,85 >98 23.8
Tin—-122 4,72 >92 2.88 2.88
Tin-124 5.94 >94 3.56 3.56
Titanium—46 7.93 >81 3.89
Titanium=—47 7.28 >80 3.81
Titanium—48 73.94 >99 37.4
Titanium-49 5.51 68-81 2.36
Titanium—50 5.34 67-83 2.27
Tungsten-180 0.135 >8 1.53 1.53
Tungsten—182 26.41 >94 34.7
Tungsten~183 14,4 >81 23,1
Tungsten—184 30,64 >94 40,1
Tungsten~186 24,41 >97 37.0 37.0

Vanadium~50 0.24 36 0.044
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Table 1. Calutron capabilitles (continued)
Abundance Collection Rate

Element— (Atom %) (mg/Tank hr)
Isotope Natural Enriched Collector 1 Collector 1I
Ytterbium—168 0,135 13-24 0.260 0.260
Ytterblum-170 3.03 >78 1.90
Yeterbium—171 14,31 >95 8.80
Ytterbium-172 21.82 >97 12.0
Ytterbium—-173 16,13 >92 9.40
Ytterbium—174 31.84 >98 18.3
Ytterbium—-176 12,73 >96 6.63 6.63
Zinc—64 48,89 >99.8 25.8
Zinc—66 27.81 >98 21,3
Zinc—-67 4,11 89-93 2,48
Zine—-68 18.57 97-99 15.8
Zine-70 0.62 65-86 0.346
Ziyconlum-90 51.46 97-99 12,7
Zirconium-91 11.23 88~94 2,37
Zirconium—92 17.11 >98 3.76
Zirconium~94 17.40 >98 3.70 3.70
Zirconium-96 2.80 >95 0.343 0.343




Table 2., Tank hours required to replace annual sales
Inventory Avg, Sales Tank Hours for Annual

Element— 12/31/84 {1980-84) Sales Replacememt

Isotope (mg)  (mg/yr) Collector I  Collector II TOTAL
Antimony~121 0 534 19

Antimony~123 538 919 31 31
Barium-130 682 53 624 624 624
Barium—132 192 47 343 343

Barium-134 0 43% 21

Barium—-135 3,700 1,041 253

Barium-136 401 1,075% 133

Barium—-137 500 551 54

Barium—138 4,909 2,878 64

Bromine-79 1,702 161 161
Bromine-§1 919 99

Cadmium-106 352 189 170 170

Cadmium—108 0 83 8z 82

Cadmium—110 7,733 2,158% 216

Cadmium-111 1,860 2,056 219

Cadmium—-112 45,964 43,139 2,307 2,307
Cadmium-113 0 2,053% 220 220
Cadmium—114 45,569 4,620 222

Cadmium—-116 5,208 1,447 259 259

(4N



Table 2. Tank hours required to replace annual sales {continued)

Inventory Avg. Sales Tank Hours for Annual
Element— 12/31/84 (1580-84) Sales Replacememt
Isotope (mg) (mg/vyr) Collector I  Collector II TOTAL
Calcium=40 66,549 4,090 75
Calcium-42 2,386 991 2,263
Calcium-43 540 38 346
Calcium~44 5,771 2,683 1,607
Calcium=-46 0 37 6,727 6,727
Calcium=-48 1,811 979 6,276
Cerium~136 930 3 31
Cerium=-138 172
Cerium=140 28,412 18,534 697 697
Cerium=142 501 544 183
Chlorine~35 8,604 3,189 301 301
Chlorine-37 11,623 642 225
Chromium~50 9,473 2,453 1,100
Chromium—52 7,260 1,073 ’ 23
Chromium~53 3,314 862 169
Chromium—>54 2,735 1,225 1,325 1,325
Copper=63 52,138 32,924 557 557

Copper=65 54,440 14,313 555

£1



Table 2. Tank hours required to rewlace annual sales {(continued)

Inventory Avg. Sales Tank Hours for Annual
Element- 12/31/84 (1980-84) Sales Replacememt
Isotope {(mg) (ng/vyr) Collector I  Collector II TOTAL
Dysprosium=156 0 27% 794 794
Dysprosium—158 163 62 1,170 1,170 1,170
Dysprosium-160 744 707 431
Dysprosium—161 85 2,507 224
Dysprosium—162 973 4,998 340
Dysprosium—-163 1,476 2,220 176
Dysprosium—-164 584 7,310 522 K
Erbium~162 0 31® 178 178
Erbium—164 584 97 103 103
Erbium-166 4,000 2,355 124
Erbium-167 588 3,070 229 229
Erbium—168 4,149 3,396 227 227
Erbium—-170 3,943 2,901 346 3456
Europium—-151 0 1,909 102

Europium—-153 1 2,987 162 162



Table 2. Tank hours required to replace annual sales (continued)

Inventory Avg., BSales Tank Hours for Annual

Flement— 12/31/84 (1980-84) Sales Replacememt

Isotope (mg) (ng/yr) Collector I  Collector II TOTAL
Gadolinium—152 2 233% 1,404 1,404

Gadolinium—154 1,187 271 192

Gadolinium=155 4,757 314 67

Gadolinium=-156 3,289 1,985 294

Gadolinium—-157 457 416 61

Gadolinium—-158 3,216 1,342 163

Gadolinium=-160 96 13,087 1,560 1,560 1,560
Gallium=69 3,579 1,736 72

Gallium=-71 417 1,796 135 135
Germanium=70 9,617 2,401% 372

Germanium-72 17,180 1,297° 125

Germanium~73 8,242 241 95

Germanium-74 12,039 6,225 458 458
Germanium—-76 4,180 588 310

Hafnium—174 144 3 53 53

Hafnium—-176 692 84 113 113
Hafnium—177 1,109 464° 121

Hafnium~178 2,315 333 47

Hafnium—179 1,483 583 162 162
Hafnium=180 3,928 776 106

ST



Table 2. Tank hours required to replace

annual sales (continued)

Inventory Avg. Sales Tank Hours for Annual

Element- 12/31/84 (1980-84) Sales Replacememt

Isotope (mg) (mg/yr) Collector I  Collector II TOTAL
Indium-113 0 70 31 31
Indium-115 988 2782 5

Iridium-191 3,060 838 96 96
Iridium-193 15,687 1,000% 58

Iron=-54 400 6,610 1,801

Iron=-56 402 30,998 447

Iron-57 11 6,507 3,828

Iron-58 8 1,624% 6,911 6,911
Lanthanum-138 346 60 170 170
Lanthanum—139 4,896 20 1

Lead-204 15,502 1432 68 68

Lead-206 20,586 3,708 141

Lead-207 90,223 7,194 273 273
Lead-208 511,888 47,954a 784 784
Lutetium~175 1,866 344 8

Lutetium—176 0 1,1922 1,028 1,028

91



Table 2, Tank hours required to replace annual sales {continued)

Inventory Avg, Sales Tank Hours for Annual

Element- 12/31/84 (1980~84) Sales Replacememt

Isotope (mg) (mg/vr) Collector I Collector IL TOTAL
Magnesium=24 3,356 5,329 170

Magnesium=-25 0 2,917 650 650
Magnesium=26 335 1,7622 362

Mercury-196 659 21 309

Mercury=-198 795 1512 363 363
Mercury=-199 1,937 205% 177

Mercury-200 1,892 1572 91

Mercury=-201 328 3962 388

Mercury=202 2,616 1732 84

Mercury=-204 6,494 3952 832 832
Molybdenum—-92 5,523 2,597 170

Molybdenum=94 881 1,570 157

Molybdenum=95 8,459 16,170 1,043 1,043
Molybdenum~96 5,732 4,745 264

Molybdenum=97 1,477 2,547 271

Molybdenum=98 118,017 1,594 70

Molybdenum—-100 9,806 5,234a 614

LT



Table 2., Tank hours required to replace annual sales {continued)

Inventory Avg. Sales Tank Hours for Annual

Element- 12/31/84 (1980-84) Sales Replacememt

Isotope (mg) (mg/yrx) Collector 1 Collector II TOTAL
Neodymium—142 8,757 1,357 103

Neodymium—143 4,445 996 158

Neodymium=—144 1,448 2,407 204

Neodymium—145 1,779 1,653 370

Neodymium—~146 3,321 2,074 250

Neodymium—148 3,636 1,115 385 385

Neodymium—150 1,502 2,036 795 795 795
Nickel-58 4,018 152,113 535

Nickel-60 12,731 52,129 1,272

Nickel-61 3,670 443 259

Nickel-62 9,220 8,449 1,588 1,588
Nickel-64 44 1,422 1,102

Osmium=-184 34 1 44 44

Osmium—186 91 24 119

Osmium—187 513 31 58

Osnlum—188 733 388 165

Osmium—-189 190 398 140 140
Osmium—190 8,960 1,471% 268 268
Osmium~192 3,512 987 138 138

8T



Table 2. Tank hours required to replace annual sales (continued)

Inventory Avg. Sales Tank Hours for Annual

Element- 12/31/84 (1980-84) Sales Replacement

Isotope mg) (ng/yr) Collector I Collector II TOTAL
Palladium—102 0 143% 298 298 298
Palladium~104 8,001 421 80

Palladium~105 12,703 7572 76 76
Palladium~-106 16,202 510 43

Palladium~108 13,714 1,5532 120 120

Palladium~110 7,320 4922 94 94

Platinum~190 37 142 286 286

Platinum-192 278 72 313 313 313
Platinum~-194 3,238 366° 32

Platinum-195 2,934 670 63 63
Platinum—196 3,471 4442 54

Platinum~198 2,295 5422 255 255

Potassium=-39 1,103 1,405 95

Potassium=40 0 47% 5,875 5,875
Potassium—41 0 5192 633

Rhenium=185 ¢ 1,709 100 100
Rhenium—~187 216 802 25

61



Table 2. Tank hours required to replace annual sales (continued)

Inventory Avg, Sales Tank Hours for Annual

Element=- 12/31/84 (1980-84) Sales Replacememt

Isotope (mg) (mg/yr) Collector I  Coliector 1I TOTAL
Rubidium—-85 2 2,353 77

Rubidium—-87 2,272 5,230 409 409
Ruthenium=96 1,757 410% 622

Ruthenium~98 809 20% 100

Ruthenium=99 5,841 3122 190

Ruthenium~100 4,971 3122 208

Ruthenium—-101 6,816 1,246 666 666
Ruthenium=102 11,216 8352 263

Ruthenium-104 9,322 875% 369

Samarium—144 57 1,098% 40 40

Samarium—147 0 2,469 193

Samarium=-148 7,201 1,432 142

Samarium~149 5,137 1,912 168

Samarium=-150 2,510 1,947 317

Samarium=~152 3,194 11,677 485 485

Samarium-154& 4,301 19,899 1,058 1,058 1,058

0¢



Table 2. Tank hours required to replace annual sales {continued)

Inventory Avg. Sales Tank Hours for Annual

Element- 12/31/84 (1980-84) Sales Replacememt

Isotope (mg) (mg/yr) Collector I  Collector II TOTAL
Selenium-74 1,731 205 1,708 1,708
Selenium~76 2,329 1,247 549

Selenium—77 269 420 212

Selenium-78 76 423 72

Selenium—-80 480 1,995 151

Selenium—82 2,541 605 331

Silicon~28 1,276 1,867 53

Silicon-29 10 3,672 2,782 2,782
Silicon-30 12 1,885% 2,049

Silver-107 2,581 8,819 387 387
Silver-109 7,363 7,467 352

Strontium—84 1,878 508 951 951
Strontium—86 1,980 2,551 243

Strontium-87 10,036 1,662 224

Strontium—88 18,939 20,893 265

Sulfur-32 3,988 1,055 22

Sulfur-33 56 342 1,966 1,966
Sulfur-34 894 1,004% 661

Sulfur-36 17 15 15,000

Tc



Table 2. Tank hours required to replace annual sales {continued)

Inventory Avg. Sales Tank Hours for Amnual

Element- 12/31/84 (1980-84) Sales Replacememt

Isotope (ng) T (mglyr) Coilector I  Collector II  TOTAL
Tantalum—-180 1 8 4 4
Tellurium—-120 39 16 196 196

Tellurium-122 20,572 497 327

Tellurium=-123 1,680 264 382 382
Tellurium—-124 112,106 35,470 8,651 8,651
Tellurium—125 4,301 1,690 236

Tellurium—126 6,338 3,033 234

Tellurium—128 6,369 8,109 309 309

Tellurium-130 26,019 9,133 357 357

Thallium—=203 988,364 723,558 15,298 15,298
Thallium=-205 13,812 2,979 3

Tin-112 5,931 1,948 3,746 3,746

Tin-114 239 221 645

Tin-115 651 8 34

Tin-116 5,241 2,450 263

Tin=-117 5,263 12,513 2,271

Tin-118 10,841 4,265 285
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Table 2. Tank hours required to replace annual sales (continued)

Inventory Avg. Sales Tank Hours for Annual

Element- 12/31/84 (1980-84) Sales Replacememt

Isotope {mg) ~ (mg/yr) Collector I  Collector II TOTAL
Tin-119 1,700 6,904 1,238

Tin-120 513 4,244 179

Tin=-122 2,157 2,345 815 815

Tin-124 649 14,184 3,985 3,985 3,985
Titanium—46 0 2,113 544

Titanium=47 151 2,041 536

Titanium—-48 1,453 2,710 73

Titanium-49 0 2,167 919 919
Titanium=-50 0 729 322

Tungsten—180 508 28 19 19

Tungsten—-182 3,341 1,096 32 32
Tungsten-183 0 9928 43 43
Tungsten—-184 3,861 9312 24

Tungsten—-186 1,326 ‘ 2,130 58 58

Vanadium-50 24 72 160 160

€T



Table 2. Tank hours required to replace annual sales (continued)

Inventory Avg,. Sales Tank Hours for Annual

Element- 12/31/84 {1980-84) Sales Replacememt

Isotope (mg) ~ (nglyr) Collector I  Collector II TOTAL
Ytterbium—-168 2,306 747 2,873 2,873 2,873
Ytterbium—170 1,257 225 119

Ytterbium—-171 8,969 1,549 176

Ytterbium—-172 7,612 649 54

Ytterblum—173 4,839 879 94

Ytterbium—174 6,525 1,465 80

Yeterblum—176 5,501 2,947 445 445

Zinc-64 7,949 3,541 137

Zinc-66 20,137 3,956 186

Zinc-67 11,292 3,341 1,347

Zinc—-68 56,263 143,358 9,074 9,074
Zine-70 2,648 602 1,740

Zirconium-90 1,938 4,947 390 390
Zirconium-91 4,811 301 127 127
Zirconium=-92 929 731 195

Zirconium=-94 213 873 236 236

Zirconium=96 1,705 62 181 181

GRAND TOTAL HR: 90,728

a. Sales data limited due to low inventory.

K&
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APFFNDIX A

Table A-~1. Collection rates of isotopes*

Natural Total Product Pocket Collection Rate
Element Abundance to Receiver Trnage Retention Recovery (mg/Tark hr)
Isotope (%) Series (mg/Innage hr) %) (% (mg/Tark hr) Collector I  Collector II
Antimony—-121 57.25 IC 147.7 74.0 44,7 28.0 28.0
Antimony-123 42,75 63.0 29.4 29.4
Bariur130 0.101 QJ 97.8 80.4 107.0 0.085 0.085 0.085
Barium-132 0.097 180.0 0.137 0.137 0.137
Barium-134 2,42 108.0 2.06 2.06 0
Barium-135 6.59 79.3 4.11 0 4,11
Barium-136 7.81 132.0 8.11 8.11 0
Bariuwmr137 11.32 115.0 10,2 0 10.2
Barium-138 71.66 80.0 45,1 45,1 0
Bromine—79 50.52 OR 46.0 63.9 71.7 10.6 10,6
Bromine-81 49.48 64.0 9.31 9.31
Cadnd w106 1,215 PQ 135.4 85,2 79.5 1.11 1.11 1.11
Cadmium108 0.875 99.9 1.01 1.01 1.01
Cadmdumr—110 12,39 70.0 10.0 10.0 0
Cadodwar-111 12,75 64.0 9.41 0 8.41
Cadm um-112 24.07 67.4 18.7 18,7 0
Cadmdum—-113 12.26 66.0 9.34 0 9,34
Cachdum-114 28.86 62.5 20.8 20.8 0

Cadndum—116 7.57 64.0 5.59 5.59 5.59



Table A-1., Collection rates of isotopes* (continued)

V Natural Total Product Pocket Collection Rate
Element Abundance to Receiver Innage Retention Recovery (mg/Tank hr)
Isotope % Series (mg/Innage hr) (% ¢3) (mg/Tank hr) Collector I  Collector II
Calcium=-40 96.97 NI & NX 142.8 79.3 50.0 54.9 54.9
Calcium—42 0.64 60.4 0,438 G.438
Calcium43 0,145 67.2 0.110 0.110
Calcium=-44 2,06 ' 71.7 1.67 1.67
Calcium~46 0.0033 146.5 0.0055 0.0055
Calcium-48 0.185 74.5 0.15% 0.1%
Ceriunr-136 0,193 op 50.1 64,5 158.0 0.099 0.099
Cerium-138 0.25 325.0 0.263 0.263
Cerium-140 88.48 93.1 26.6 26.6
Cerium—142 11.07 83.2 2,98 2.98
Chilorine-35 75.53 Q© 31.3 60.2 74.7 10.6 10.6
Chlorine-37 24,47 62.0 2.86 2.86
Chrour um—50 4,31 00 83.2 73.8 84.4 2.23 2.23
Chromiun—52 83.76 90.3 46.4 46,4
Chrood unr~53 9.55 87.0 5.10 5.10
Chromi um54 2.38 63.3 0.925 0.925
Copper—63 69.1 NR 123.9 86.3 80.0 59.1 59.1

Copper—65 30.9 78.0 25,8 25.8
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Table A~1. Collection rates of isctopes* (contimued)

Natural Total Product Pocket Collection Rate
Element Ahrdance to Receiver Innage Retention Recovery (mg/Tank hr)
Isotope % Series (mg/Trmage hr) %) (%) (mg/Tark hr) Collector I  Collector II
Dysprosium156 0.052 0Bl 73.9 77.4 115.0 0.034 0.034 0.034
Dysprosium—158 0.090 103.0 0.053 0.053 0.053
Dysprosium-160 2,29 125.0 1.64 1.64 0
Dysprogium—161 18.88 104.0 11,2 G 11,2
Dysprosium=162 25,53 101.0 14.7 14,7 0
Dysprosium163 24.97 88.4 12.6 0 12.6
Dysprosium164 28.18 87.0 14,0 14,0 0
Erbiu—162 0.136 oGl 76.7 71.9 214.0 0.174 0.174 0.174
Erbium—164 1.56 101.0 0.941 0.941 0.941
Erbiumr166 33.41 95.1 19.0 19.0 0
Erbium167 22.94 97.6 13.4 0 13.4
Erbium—168 27.07 93.0 15.0 15,0 0
Erbium—170 14.88 94,2 8.38 8.38 8.38
Europium—151 47,77 Mo 60.4 70.6 92.0 18.7 18.7
Europium-153 52.23 83.1 18.5 18.5
Gadolind w152 0.20 0y2 66.2 71.3 176.0 0.166 0.166 0.166
Gadolinium—154 2.15 139.0 1.41 1.41 0
Gadoliniur—155 14,73 67.8 4,71 0 4,71
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Table A-1. Collection rates of isotopes* (continued)

Natural Total Product Pocket Collection Rate
Element Abundance to Receiver Innage Retention Recovery (mg/Tark hr)
Isotope 0 Series (mg/Image hr) ¢9) %) (mg/Tank hr) Collector I  Collector II
Gadolinium156 20,47 70.0 6.76 6.76 0
Gadolimium-157 15.86 91.8 6.87 0 6.87
Gadolinium—158 24,87 70,0 8.22 8.22 0
GadoHniume-160 21.90 81.2 8.39 8.39 8.39
Gallium69 60.20 PB 67.6 82.6 72.0 24,2 24,2
Gallium-71 39.80 59.7 13.3 13.3
Germard um-70 20.55 Q® 55.5 89.2 63.4 6.45 6.45
Germanium—/2 27.37 76.4 10,4 10.4
Germanium-73 7.67 66.6 2,53 2.53
Germanium-74 36.74 74.6 13.6 13.6
Germaniuor-76 7.67 30,0 1.90 1.90
Hafnium-174 0.18 PD2 45,0 71.3 98.5 0.057 0.057 0.057
Hafniam—176 5.15 44,9 0.742 0.742 0
Hafnium177 18.39 65.0 3.83 0 3.83
Hafnium=-178 27,08 8L.2 7.05 7.05 0
Hafnium-179 13.78 81.3 3.60 0 3.60
Hafniuem—180 35.44 64,7 7.36 7.36 0
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Table A=1. Collection rates of isotopes* (continued)

Natural Total Product Pocket Collection Rate
Element Abundance to Receiver Trmnage Retention Recovery (mg/Tark hr)
Isotope (%) Series (mg/Innage hr) ¢3) ¢3) (mg/Tark hr) Collector I Collector 1T
Indium-113 4,23 Jo 73.1 90.1 82.2 2,29 2.29
Indium-115 95,77 88.1 55.6 55.6
Iridivm-191 37.30 RD 56.7 49.2 83.8 B.72 8.72
Tridium-193 62,70 99.6 17.4 17.4
Tron—=54 5.84 e 96.9 80.0 81.1 3.67 3.67
Iron—56 91.68 97.6 69.4 69.4
Tron=57 2,17 101,1 1.70 1.70
Iron=-58 0.31 ' 97.8 0.235 0.235
Lanthammr-138 0.089 1c £4.8 82.8 1,069.0 0.353 0.353
Lanthamue—139 99.911 80.0 29.7 29,7
Lead-204 1.48 M 143.3 91.5 108,7 2,11 2.11 2,11
Lead—-206 23.6 85.0 26.3 26.3 0
Lead—-207 22,6 89.0 26.4 0 26.4
Lead=208 52.3 89.2 61.2 61.2 0
Lutetium-175 97.40 XS 66.0 76.8 89.5 44,2 44,2

Lutetiumr176 2.60 88.2 1.16 1.16
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Table A-1. Collection rates of isotopes* {(contimied)

Natural Total Product Pocket Collection Rate
Element Abundance to Receiver Imnage Retention Recovery (mg/Tank hr)
Isotope €3] Series (mg/Irmage hr) ¢3) %) (mg/Tark hr) Collector I  Collector II
Magnesium~24 78.60 oD 64,8 78.0 79.0 31.4 31.4
Magnesium25 10.11 87.8 4.49 4,49
Magnesium26 11.29 85.4 4.87 4,87
Meraury-196 0.15 MW & ON 35,2 65.6 195.0 0.068 0.068 0
Mercury-198 10.02 18.0 0.416 0 0.416
Mercury-199 16,84 30.0 1.16 1.16 0
Meraury-200 23.13 32.6 1.74 0 1.74
Mercury-201 13.22 33.5 1.02 1.02 0
Mercury-202 29,80 30.0 2,06 0 2.06
Mercury-204 6.85 30.0 0.475 0.475 0
Molybdersm-92 15.86 | 4.4 1423 76.0 89.0 15.3 15.3
Molybdermm-94 9.12 101.5 10.0 10.0
Molybdenum—-95 15.70 91,2 15,5 15.5
Molybderan—96 16.50 100.7 18.0 18.0
Molybderum97 9.45 92.1 9.41 9.41
Molybdermm—98 23.75 88.4 22,7 22.7
Molybdernm—~100 9.62 81.9 8.52 8.52
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Table A-1. Collection rates of isotopes* {(contimied)

Natural Total Product Pocket Collection Rate
Element Aburdance to Receiver Innage Retention Recovery (mg/Tark hr)
Isotope (% Series (mg/Immage hr) 3] ¢3) (mg/Tark hr) Collector I Collector II
Neodymitmr-142 27.11 oyl 72.6 74.8 89.4 13.2 13,2 0
Neodymi um—143 12,17 95.3 6.30 0 6.30
Neodymiumr-144 23.85 91.4 11.8 11.8 0
Neodymd um-145 8.30 99.2 4.47 0 4,47
Neodywd um-146 17.22 88.8 8.30 8.30 0
Neodymdur148 5.73 93.1 2.90 2.90 2.90
Neodymi ier—150 5.62 84,0 2.56 2.56 2.56
Mickel-58 67.76 N3 256.3 66.8 84.0 97.5 97.5
Mickel~60 26,16 91.5 41,0 41,0
Nickel-61 1.25 79.9 1.71 1.71
Nickel-62 3.66 84.9 5.32 5.32
Nickel—64 1.16 65.0 1.29 1.29
Osmi w184 0.018 RB 83.0 32,9 476.0 0.023 0.023 0.023
Osmiunr-186 1.59 46.7 0.203 0.203 0
Osud umr-187 1.64 102.0 0.457 0 0.457
Osmiur—1838 13.30 64.8 2.35 2,35 0
Osmium—189 16.10 65.0 2.86 0 2,86
Osmium—190 26.40 76.2 5.49 5.49 0
Osplur-192 41,0 64,1 7.18 7.18 7.18
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Table A-l. Collection rates of isotopes* (contimued)

Natural Total Product Pocket Collection Rate
Element Aburdance to Receiver Innage Retention Recovery (mg/Tark hr)
Isotope (% Series (mg/Trmage hr) ¢ (%) (mg/Tark hr) Collector I  Collector II
Palladiuwmr102 0.96 R 90.2 67.8 82.0 0.481 0.481 0.481
Palladium-104 10,97 78.8 5.28 5.28 0
Palladium-105 22,23 73.2 9.95 0 9.95
Palladium106 27.33 71.8 12.0 12,0 0
Palladium-108 26.71 78.8 12,9 12.9 12,9
Palladium-110 11,81 73.0 5.27 5.27 5.27
Platinmr—190 0.012 RC 71.3 51.8 1,097.0 0.049 0.049 0,049
Platinmm—192 0.78 79.8 0.230 0.230 0.230
Platimm~194 32,80 95.1 11.5 11,5 0
Platinumr—195 33.70 86.4 10.7 0 10,7
Platinmm—196 25.40 87.6 8.22 8.22 0
Platimmr198 7.23 79.8 2.13 2.13 2,13
Potagsiym39 93,08 KL 28.5 85.2 65,3 14.8 14.8
Potassium40 0.0119 277.0 0.008 0.008
Potassium-41 6.91 48,9 0.820 0.820
Rhenium-185 37.07 0s 92.1 68.0 73.5 17.1 17.1
Rhenium—187 62.93 81.3 32.0 32.0
Rubi dium-85 72.15 PP 67.5 85.2 73.7 30.6 30.6
Rubi divmr-87 27.85 79.9 12,8 12,8
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Table A-l. Collection rates of isotopes* (continued)

Natural Total Product Pocket Collection Rate
Elerent Abundance to Receiver Tnnage Retention Recovery (mg,/Tark hr)
Isotope (%) Series (mg/Innage hr) ¢A) (% (mg/Tark hr) Collector I  Collector I1
Rutheniumr96 5.47 R 41,0 44,2 66.5 0.659 0.659
Ruthen{um-98 1.84 62.9 0.210 0.201
Ruthenium99 12,77 70.7 1.64 1.64
Rutheniumr-100 12,56 65.8 1.50 1.50
Ruthenium—101 17,10 60,2 1,87 1.87
Ruthenium—-102 31,70 55.3 3.18 3.18
Ruthenium-104 18,56 70.3 2.37 2,37
Samarium—144 3.16 Nol 118.3 77.2 95,5 2,76 2.76 2,76
Samarium-147 15.07 92.8 12.8 0 12.8
Samarium—-148 11,27 98.2 10.1 10.1 0
Samarium—149 13.84 90.3 11.4 0 11.4
Samarium-150 7.47 90,2 6.15 6.15 0
Samariumr-152 26.63 98.9 24,1 24,1 24,1
Samarium154 22,53 91,2 18.8 18.8 18.8
Selenium—74 0.87 PH 31.5 88.8 49,5 0.120 0.120
Seleniumr76 9,02 89.8 2.27 2,27
Selendun—77 7.58 93.4 1.98 1.98
Seleniumr78 23,52 89.3 5.87 5.87
Selenium—80 49,82 94,7 13.2 13.2

Selenium82 9.19 71.3 1.83 1.83
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Table A-l. Collection rates of isotopes* (continued)

Natural Total Product Pocket Collection Rate
Element Aburdance to Receiver Trmage Retention Recovery {mg/Tank hr)
Isotope (%) Series (mg/Innage hr) %) % (mg/Tank hr) Collector I  Collector IL
Silicon-28 92,27 v 62,6 78.0 77.8 35.1 35.1
Silicon-29 4,68 57.6 1.32 1.32
Silicon~-30 3.05 61.8 0.920 0.920
Silver-107 51.35 NP 76.8 80.1 72.3 22.8 22.8
Silver-109 48,65 70.8 21.2 21.2
Strontfum-84 0.56 MS 142.0 80.1 83.8 0.5% 0.5% .
Strontium-86 9.86 93.7 10.5 10.5 v
Strontium-87 7.02 93,1 7.43 7.43
Strontium88 82.56 84,0 78.9 78.9
Sulfur-32 95.06 N 87.3 67.2 85.7 7.8 47.8
Sulfur-33 0.74 40.0 0.174 0.174
Sulfur-34 4,18 62.0 1,52 1.52
Sulfur-36 0.016 10,0 0.001 0.001
Tantalum—180 0.012 KX 65.7 76.5 40,506.0 244 2.44
Tellurium=120 0.089 QX2 133.7 79.5 85,6 0.081 0.081 0.081
Tellurium122 2,46 58.1 1.52 0 1.52
Tellurium123 0.87 74,8 0.692 0.692 0

Tellurium-124 4.61 83.7 4,10 0 4.10



Table A-1. Collection rates of isotopes* (contirmued)

Natural Total Product Pocket Collection Rate
Flement Abundance to Receiver Innage Retention Recovery (mg/Tark hr)
Isotope (% Series (mg/Irmage hr) {%) 03] {(mg/Tark hr) Collector I  Collector II
Tellurtun-125 6.99 96.6 7.18 7.18 0
Tellurium126 18,71 65.4 13,0 0 13.0
Tellurium128 31.79 77.8 26.3 26.3 26.3
Tellurium-130 34,49 69.8 25.6 25,6 25.6
Thallium-203 29.50 ™ 222.6 97.4 74.0 47,3 47.3
Thallium205 70.50 72.0 110.0 110.0
Tin-112 0.95 or 97.4 79.2 71,0 0.520 0.520 0.520
Tin-114 0.65 68.4 0.343 0.343 0
Tin-115 0.34 9l.1 0.239 0 0.239
Tin-116 14.24 85.0 9.34 9.34 0
Tin—-117 7.57 94.3 5.51 0 5.51
Tin-118 24,01 81.2 15,0 15.0 0
Tin—-119 8,58 84,3 5.58 0 5.58
Tir—120 32,97 93.5 23.8 23.80 0
Tin—122 4,71 79.2 2,88 2.88 2.88
Tin-124 5.98 77.2 3.56 3.56 3.56
T4 tarniur46 7.95 MN 77.5 87.5 72.2 3.89 3.89
Titanium47 7.75 72,4 3.81 3.81

T tandum48 73.45 75.0 37.4 37.4
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Table A-1., Collection rates of isotopes® {continued)

Natural Total Product Pocket Collection Rate
Element Abundance to Receiver Tnnage Retention Recovery (mg/Tark hr)
Isotope ¢4) Series (mg/Innage hr) ¢3) ¢4 (mg/Tark hr) Collector T  Collector IL
Titanium-49 5.51 63.2 2.36 2.36
T tanium—50 5.34 62.8 2.27 2.27
Tungsten—180 0.135 MT 218.8 70.6 733.0 1.53 1.53 1.53
Tungsten~182 26,40 85.0 34.7 0 34,7
Tungsten—-183 14,40 104.0 23,1 23.1 4]
Tungsten—184 0.6 84.8 40,1 0 40.1
Tungsten—186 28.4 84.4 37.0 37.0 37.0
Vanadium~30 0.24 43,2 71.8 54.8 Q.44 0.44
Ytterbium-168 0.14 88.4 69.3 303.0 0.260 0.260 0.260
Ytterbium—170 3.03 102.0 1.90 1.90 0
Ytterbium-171 14.31 100.0 8.80 0 8.80
Ytterblum=-172 21.82 90.0 12.0 12,0 0
Ytterbium-173 16.13 95.0 9.40 0 9.40
Ytterbium-174 31.84 94.0 18.3 18.3 0
Ytterbium=176 12,73 85.0 6.63 6.63 6.63
Zine-64 48,89 0 4) 134.8 75.6 51.8 25,8 0.258
Zinc—66 27.82 75.2 21.3 21.3
Zinc—-67 4,14 58,7 2.48 2.48

LE



Table A~l, Collection rates of isotopes*

Natural Total Product Pocket Collection Rate
Elerent Abundance to Receiver Innage Retention Recovery (mg/Tark hr)
Isotope ¢ Series (mg/Innage hr) %) 3 (mg/Tark hr) Collector 1 Collector 1I
Zine—68 18.54 83.5 15.8 15.8
Zine=70 0.617 78.8 0.495 0,495
Zi rcordur90 51.46 PN 33,9 76.3 95,2 12.7 12.7 0
Zirconium—91 11.23 81.5 2.37 0 2.37
Z4 reonium—92 17.11 85,0 3.76 3.76 0
Zirconiuwnr94 17.40 82,2 3.70 3.70 3.70
Zi reonium—96 2.80 47.3 0,343 0,343 0.343

* Total product to receiver:

to receiver)(Natural abundance) (% Innage) (% Retention); % Retention:

1. Separaticns in both 180° and 255° machine.
2. Separation in 255° machine.
3. Twoarc equipment.

{Average total ion current){0.0373)(Atamic weight of element); Pocket recovery: (Total product
{Recovered weight)(Estimated weight).
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APPENDIX B

Table B-1l. Average sales per year in milligrams (1980-1984)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Antimony-121 1,096 36 1,244 0 294 2,670 534
Antimony-123 886 180 1,924 388 1,219 4,597 919
Barium~130 110 14 85 50 5 264 53
Barium-132 203 10 20 0 234 47
Barium-134% 30 121 0 0 64 215 43
Barium—-135 2,280 2,084 297 210 332 5,203 1,041
Barium~136" 4,436 440 500 0 0 5,376 1,075
Barium=-137 2,000 300 265 0 190 2,755 551
Barium-138 9,490 1,558 2,000 1,340 0 14,388 2,878
Bromine-79 2,593 1,386 1,828 102 2,600 8,509 1,702
Bromine-81 2,030 1,325 920 0 320 4,595 919
Cadmium—-106 240 350 283 72 0 345 189
Cadmium—-108 80 i8 143 175 0 416 83
Cadmium-110% 9,770 380 334 6 300 10,790 2,158
Cadnium—111 3,697 3,501 2,650 93 339 10,280 2,056
Cadmium-112 36,242 11,730 8,452 78,300 81,000 215,724 43,145
Cadmium-1132 7,676 2,326 0 0 263 10,265 2,053
Cadnium-114 4,345 4,200 3,332 7,000 4,222 23,099 4,620
Cadmium~116 1,680 2,642 1,982 930 0 7,234 1,447
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Table B-1,

Average sales per year in milligrams (1980-1984) (continued)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Calcium—40 5,330 4,191 4,514 2,600 3,813 20,448 4,090
Calcium-42 1,026 544 1,673 655 1,058 4,956 991
Calcium—43 71 22 67 10 20 190 38
Calcium—44 4,530 704 2,223 3,379 2,580 1,316 2,683
Calcium—46 8 42 15 7 111 183 37
Calcium—48 465 444 1,652 1,095 1,237 4,893 979
Cerium—-136 0 4 4 5 0 13 3
Cerium-138 0 0 0 0 0 0 0
Cerium—-140 11,520 8,905 55,796 15,950 500 92,671 18,534
Cerium—-142 949 193 1,065 354 160 2,721 544
Chlorine—-35 4,572 5,325 1,545 950 3,550 15,942 3,189
Chlorine~-37 449 233 170 250 2,117 3,210 642
Chromium—50 2,124 1,900 2,229 2,980 3,033 12,266 2,453
Chromium—52 1,400 1,295 1,800 600 271 5,366 1,073
Chromium—53 2,125 324 1,270 540 50 4,309 862
Chromium—54 390 5,082 535 0 120 6,127 1,225
Copper-563 76,683 -17,136 14,861 27,733 12,418 131,659% 32,924
Copper=-65 27,290 16,733 11,649 8,742 13,153 71,567 14,313
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Table B—-1. Average sales per year in milligrams (1980-1984) (continued)

Element-

Igotope 1980 1981 1982 1983 1984 Total Average
Dysprosium~1562 0 85 10 26 12 133 27
Dysprosium=-158 =395 0 83 150 16 249% 62
Dysprosium=~160 1,650 1,085 27 673 100 3,535 707
Dysprosium~161 5,932 2,255 3,105 453 790 12,535 2,507
Dysprosium=162 1,940 10,722 7,320 333 4,674 24,989 4,998
Dysprosium=163 3,750 1,725 2,050 3,035 540 11,100 2,220
Dysprosium=-164 8,335 2,980 16,350 8,790 95 36, 550 7,310
Erbium-162" 0 100 5 0 50 155 31
Erbium=164 280 50 152 0 0 482 97
Erbium~166 1,639 3,350 4,295 2,315 175 11,774 2,355
Erbium-167 9,600 755 2,356 1,776 861 15,348 3,070
Erbium-168 8, 500 1,600 3,085 1,655 2,140 16,980 3,396
Erbium~170 3,370 7,445 925 419 2,345 14,504 2,901
Europium=151 1,176 1,227 1,455 723 4,964 9,545 1,909
Europium=-153 2,041 6,642 961 1,465 3,825 14,934 2,987
Gadolinium=152% 160 320 38 229 416 1,163 233
Gadolinium=154 25 550 550 45 183 1,353 271

Gadolinium=155 493 305 322 270 180 1,570 314
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Table B-1. Average sales per year in milligrams (1980~1984) (continued)

Element~-

Isotope 1980 1981 1982 1983 1984 Total Average
Gadolinium-156 8,025 1,327 535 20 20 9,927 1,985
Gadolinium=157 656 750 451 25 200 2,082 416
Gadolinium-158 3,911 1,600 75 410 712 6,708 1,342
Gadolinium-160 5,392 42,170 4,155 6,262 7,456 65,435 13,087
Gallium-69 713 2,300 3,300 1,550 817 8,680 1,736
Gallium-71 1,600 2,160 4,245 315 659 8,979 1,796
Germanium-70% 10,610 1,396 0 0 0 12,006 2,401
Germanium-72% 1,610 4,300 436 0 140 6,486 1,297
Germanium-73 140 238 463 16 347 1,204 241
Germanium~-74 12,260 7,163 6,699 3,000 2,002 31,124 6,225
Germanium=76 1,460 330 940 11 200 2,941 588
Hafnium=-174 10 1 2 0 o 13 3
Hafnium-176 50 64 307 0 0 421 84
Hafnium—-177% 547 270 800 86 619 2,322 464
Hafnium-178 550 201 150 674 91 1,666 333
Hafnium=-179 522 421 1,079 260 635 2,917 583

Hafnium—-180 315 379 884 1,670 630 3,878 776
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Table B-1. Average sales per year in milligrams (1980-~1984) (continued)

Element- '

Isotope 1980 1981 11982 1983 1984 Total Average
Indium-113 50 4 124 60 110 348 70
Indium-1152 0 190 1,200 0 0 1,390 278
Iridium-1912 850 2,651 177 0 510 4,188 838
Iridium~1932 850 3,719 32 0 400 5,001 1,000
Iron-54 11,743 6,155 5,900 4,524 4,730 33,052 6,610
Iron-56 15,610 30,320 33,860 36,111 39,089 154,990 30,998
Iron-57 6,093 6,564 10,152 5,216 4,509 32,534 6,507
Iron-582 848 210 5,425 1,606 30 8,119 1,624
Lanthanum=-138 47 33 28 186 299 60
Lanthanum-139 0 0 100 0 100 20
Lead=2042 306 0 155 139 115 715 143
Lead=206 1,609 12,043 2,603 1,180 1,106 18, 541 3,708
Lead-207 8,875 10,701 6,150 8,814 1,430 35,970 7,194
Lead-2082 100, 331 25,017 19,847 80,777 13,796 239,768 47,954
Lutetium—175 283 500 200 482 255 1,720 344
Lutetium=-1762 2,385 0 0 0 0 2,385 1,192
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Table B-1,

Average sales per year in milligrams (1980-1984) (continued)

Element—-

Isotope 1980 1981 1982 1983 1984 Total Average
Magnesium—-24 3,433 4,967 2,900 3,340 12,004 26,644 5,329
Magnesium=-25 2,160 2,126 6,193 1,600 2,504 14,583 2,917
Magnesium-26" 2,595 4,810 0 300 1,103 8,808 1,762
Mercury-196 36 2 30 25 13 106 21
Mercury-1982 195 130 278 9 142 754 151
Mercury-1992 125 184 537 10 171 1,027 205
Mercury-200? 363 272 100 0 50 785 157
Mercury-2012 93 120 366 ~244 1,003 1,582% 396
Mercury-202% 120 363 290 10 80 863 173
Mercury-2042 1,583 0 0 0 391 1,974 395
Molybdenum-92 2,785 1,691 4,833 1,900 1,777 12,986 2,597
Molybdenum=94 1,925 1,281 900 1,540 2,204 7,850 1,570
Molybdenum=-95 7,566 3,492 4,450 5,423 59,918 80,849 16,170
Molybdenum-96 4,137 5,440 8,626 2,920 2,600 23,723 4,745
Molybdenum=~97 5,300 1,277 2,372 930 2,951 12,736 2,547
Molybdenum-98 2,120 1,250 2,000 500 2,100 7,970 1,59
Molybdenum—100% 1,800 1,588 5,360 2,220 15,200 26,168 5,234
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Table B-l. Average sales per year in milligrams (1980-1984) (continued)

Element-
Isotope 1980 1981 1982 1983 1984 Total Average
Neodymium—142 1,567 1,110 748 404 2,966 6,785 1,357
Neodymium=143 1,503 3,150 120 205 0 4,978 996
Neodymium—144 227 1,975 840 5,233 3,762 12,037 2,407
Neodymium—145 2,705 852 4,214 100 392 8,263 1,653
Neodymium=-146 2,840 845 1,122 3,899 1,666 10,372 2,074
Neodymium—-148 1,155 3,550 454 20 395 5,570 1,115
Neodymium—150 1,975 3,250 1,278 3,032 643 10,178 2,036
Nickel-58 25,339 59,770 14,543 20,905 140,010 260, 567 52,113
Nickel-60 80,949 66,703 90,279 2,740 19,975 260,646 52,129
Nickel-61 526 222 671 454 342 2,215 443
_Nickel-62 2,600 3,547 15,151 10,224 10,723 42,245 8,449
Nickel—-64 689 1,715 2,261 702 1,743 7,110 1,422
Osmium—-184 0 1 2 0 0 3 1
Osmium—186 0 69 0 0 52 121 24
Osmium—~187 50 53 0 25 27 155 31
Osmium=-188 150 480 1,296 0 16 1,942 388
Osmium~189 451 270 357 100 812 1,990 398
Osmium~190% 673 5,275 0 0 1,406 7,354 1,471

Osmium~192 2,322 393 0 1,238 984 4,937 987
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Table B-1. Average sales per year in milligrams (1980-1984) (continued)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Palladium-1022 0 27 0 50 637 714 143
Palladium~104 500 831 161 0 614 2,106 421
Palladium-105° 3,462 0 200 21 100 3,783 757
Palladium~106 1,220 760 148 260 164 2,552 510
Palladium-108% 4,506 2,077 421 181 580 7,765 1,553
Palladium-110% 1,367 0 72 70 949 2,458 492
Platinum-190? 0 0 5 60 4 69 14
Platinum—192 0 0 128 0 229 357 72
Platinum—1942 44 0 0 0 1,784 1,828 366
Platinum—195 2,074 100 100 22 1,056 3,352 670
Platinum-196% 1,077 170 0 30 942 2,219 444
Platinum-1982 1,320 202 112 100 975 2,709 542
Potassium—39 235 1,087 2,037 1,333 2,333 7,025 1,405
Potassium-402 69 59 13 0 0 141 47
Potassium-41% 781 543 628 119 5 2,076 519
Rhenium—185 583 3,485 1,006 0 53 5,127 1,709
Rhenium—187 1,352 1,277 580 0 0 3,209 802
Rubidium—85 3,030 3,503 1,465 1,716 2,049 11,763 2,353

Rubidium—-87 8,285 4,085 4,489 2,886 6,407 26,152 5,230
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Table B-1, Average sales per year in milligrams (1980~1984) (continued)

Element~-

Isotope 1980 1981 1882 1983 1984 Total Average
Ruthenium~96> 0 0 0 410 410 410
Ruthenium~98% 0 0 0 20 20 20
Ruthenium-99> 225 0 0 400 625 321
Ruthenium~1002 256 0 0 24 600 624 312
Ruthenium-1012 0 850 0 14 1,629 2,493 1,246
Ruthenium-102% 516 0 0 1,155 1,671 835
Ruthenium-104% 652 1,584 93 0 1,169 3,498 875
Samarium-144% 2,311 1,075 145 20 1,940 5,491 1,098
Samarium—147 1,750 3,650 3,805 2,591 550 12,346 2,469
Samarium~148 1,292 2,200 1,201 1,135 1,330 7,158 1,432
Samarium~149 4,000 2,831 1,431 755 545 9,562 1,912
Samarium~150 3,697 1,631 3, 509 700 200 9,737 1,947
Samarium=152 44,675 -15,022 10,37 10,337 2,023 58,385 11,677
Samarium-154 12,894 31,493 5,086 47,291 2,730 99,494 19,899
Selenium=74 234 165 255 284 86 1,024 205
Selenium-76 730 470 1,184 3,155 695 6,234 1,247
Selenium-77 332 570 470 485 244 2,101 420
Selenium—78 350 235 360 745 424 2,114 423
Selenium-80 7,556 480 671 299 971 9,977 1,995

Selenium-82 40 105 729 1,546 =792 2,420 605
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Average sales per year in milligrams (1980-1984) (continued)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Silicon-28 1,624 2,100 437 3,753 1,420 9,334 1,867
Silicon-29 2,422 6,065 5,618 1,500 2,756 18,361 3,672
Silicon-30° 2,584 3,595 1,367 1,335 544 9,425 1,885
S8ilver-107 17,025 8,905 8,875 3,650 5,639 44,094 8,819
Silver-109 23,283 578 9,614 2,833 1,029 37,337 7,467
Strontium=—84 1,520 401 242 185 193 2,541 508
Strontium=-86 2,313 2,200 2,875 3,200 2,165 12,753 2,551
Strontium—87 2,100 0 2,688 3,222 300 8,310 1,662
Strontium—88 4,720 2,800 37,424 38,250 21,270 104,464 20,893
Sulfur-32 1,210 500 565 1,000 2,000 5,275 1,055
Sulfur-33 363 287 244 357 458 1,709 342
Sulfur-34% 1,016 940 2,080 943 40 5,019 1,004
Sulfur-36 0 0 76 0 0 76 15
Tantalum—-180 2 17 6 0 0 25 8
Tellurium—-120 3 0 0 50 25 78 16
Tellurium-122 520 203 1,410 55 298 2,486 497
Tellurium—-123 200 70 100 90 858 1,318 264
Tellurium—-124 19,875 38,682 61,630 46,185 10,975 177,347 35,470
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Table B-l. Average sales per year in milligrams (1980-1984) {continued)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Tellurium-125 300 1,822 373 5,475 480 8,450 1,690
Tellurium~126 2,365 3,049 3,419 3,732 2,600 15,165 3,033
Tellurium—-128 6,999 3,300 12,881 9,078 8,287 40,545 8,109
Tellurium—-130 10,713 9,400 16,226 5,275 4,052 45,666 9,133
Thallium-203 708,176 1,242,842 799,710 655,408 211,655 3,617,791 723,558
Thallium=-205 5,000 1,410 3,833 0 4,651 14,894 2,979
Tin-112 3,079 2,821 430 2,361 1,050 9,741 1,948
Tin-114 70 20 140 160 714 1,104 221
Tin-115 0 21 14 0 5 40 8
Tin-116 5,098 3,369 442 1,620 1,720 12,249 2,450
Tin-117 -57,068 2,867 945 980 707 62,567 12,513
Tin~118 7,779 1,108 7,213 2,487 2,736 21,323 4,265
Tin-119 6,944 7,978 5,854 5,783 7,961 34,520 6,904
Tin=120 3,015 5,881 2,730 4,295 5,300 21,221 4,244
Tin~122 1,200 2,341 3,666 343 4,175 11,725 2,345
Tin-124 8,900 4,503 50,965 4,562 1,989 70,919 14,184
Titanium—-46 3,685 2,295 149 210 0 6,339 2,113
Titanium—47 5,874 200 450 1,370 270 8,164 2,041
Titanium-48 1,883 1,120 4,728 3,107 2,714 13,552 2,710
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Table B-1,

Average sales per year

in willigrams (1980-1984) (continued)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Titanium—49 5,322 924 130 0 124 6,500 2,167
Titanium=-50 879 782 700 126 0 2,187 729
Tungsten—-180 0 0 125 0 11 136 28
Tungsten=-182 884 1,929 850 2,300 400 5,479 1,096
Tungsten-—183a 1,150 950 875 0 0 2,975 992
Tungsten-184a 1,169 250 1,150 1,386 700 4,655 931
Tungsten—186 4,500 3,900 800 1,047 400 10, 647 2,130
Vanadium-502 1 3 23 0 10 36 7
Ytterbium~168 500 1,299 286 757 890 3,732 747
Ytterbium=-170 150 0 250 625 100 1,125 225
Ytterbium—171 3,162 2,535 1,292 310 445 7,744 1,549
Ytterbium—-172 555 1,270 200 620 600 3,245 649
Ytterbium—~173 995 500 1,025 1,711 165 4,396 879
Ytterbium—174 1,800 3,605 0 995 925 7,325 1,465
Ytterbium—-176 3,317 3,525 2,590 700 4,600 14,732 2,947
Zinc—64 5,720 6,020 2,003 1,061 2,900 17,704 3,541
Zinc—-566 2,627 5,360 7,794 3,847 150 19,778 3,956
Zine—67 4,754 4,319 4,405 1,969 1,257 16,704 3,341
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Table B-l. Average sales per year in milligrams (1980-1984) (continued)

Element-

Isotope 1980 1981 1982 1983 1984 Total Average
Zinc-68 118,481 119,175 142,303 82,370 254,460 716,789 143,358
Zine=70 1,057 1,000 396 185 373 3,011 602
Zirconium=-90 10,805 3,658 6,271 3,000 1,002 24,736 4,947
Zirconium=-91 480 44 325 16 637 1,502 301
Zirconium=-92 60 470 301 1,160 420 3,653 731
Zirconium=-94 554 685 2,288 695 140 4,362 873
Zirconium=-96 98 0 80 92 40 310 62

*Does not include negative (-) sales.

are not included in calculations.

a. Sales data limited due to low inventory.

NOTE: Data obtained from ORNL/TM-7214, -7764, -8302, -8704, and -8979.

Negative values result from inventory adjustments and
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