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3 U M M Y 

This is the seventeenth report in a series that is being issued semi­
annually to inform the heavy-elcnent community of the status and future 
production plans of the Transuranium Element Production rrogiam at OtMl. 

During the period January 1. 1976, through June 30, 1976, we obtained 
transuranium elements from ten irradiated HFIR targets; products recovered 
are listed in Table 2.1 on p. 3. About SO mg of high-purity Cn was puri-

248 fied chemically for shipment, and another 7S mg of Cm was separated fn-s 
2S2 

Cf. Forty shipments were made from TRU during the period; recipients 
and the amounts of nuclides are listed in Table 2.2 on pp. 4-S. Nineteen 
HFIR targets, each containing approximately 9 g of curium, were fabricated. 

During the next 18 months, we expect to obtain totals of 70 mg of 2 4 9 B k , 
81S mg of 2 5 2 C f , 3.1 mg of 2 S 3 E s (in a mixture of isotopes), 360 pg of high-
purity Es, and 1.7 pg of Fn; we also expect to make available 150 mg 248 of high-purity Cm. There are no plans to process any of the remaining 
SRP plutoniun-aluainum tubes or to irradiate any plutonium targets in the 

244 HFIR; thus, we do not expect to recover any Pu. 

There have been no changes during this report period in the chemical 
processing flowsheets normally used at TRU. 

Five neutron sources were fabricated, bringing the total fabricated 
to 54. Six sources that were used previously in various projects have been 
returned to TRU and are available for reassignment. 

2S0 Special projects included (1) the continued study of Cm production 
by irradiation of Cm; (2} the production of 0.S4 mg of Cf by irradia-

249 2S4 
tion of 8k; (3) the separation of approximately 200 pg of Cf from 
39-hr 2 S 4 a E s that was produced by irradiation of 5 ug of 2 5 3 E s ; and (4) the 
determination of process steps needed to obtain rare-earth fission products 
in an oxide form from LiCl-based anion exchange raffiliate solution. 

The values that we are currently using for transuranium element decay 
data and for cross-section data in planning irradiation-processing cycles, 
calculating production forecasts, and assaying products are tabulated in 
the Appendix. 
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1. WTOOUCTION 

This is the seventeenth report in a series that is being issued semi­
annually to infora the heavy-eleaent community of the status and the future 
production plans of the Transuraniua Element Production Program at Of.NL. 
The objective of these reports is to provide information that will enable 
users ot the products to obtain maximum service from the production facili­
ties at OWL. Production plans and schedules are sharply defined only for 
the short term; long-range plans can be markedly influenced by feedback from 
researchers and other users of transuranium elements. 

TMJ operations during this report period are summarized, and the amounts 
of materials obtained and shipped are listed. Proposed processing schedules 
and anticipated yields of various products in the near future are outlined. 

252 248 The original and current contents ( Cf and Cm) of existing neutron 
sources that have been made at TRU, as well as the individuals to whom these 
sources are currently loaned, are tabulated. Special projects are described; 
these projects were designed to (1) study the production of by irradia­
tion of 2 4 8Cm, (2) produce 2 5 0 C f by irradiation of 2 4 9Bk, (3) produce enriched 
254 253 

Cf by irradiation of Es, and (4) isolate a portion of the Campaign 50 
rare-earth fission products in an oxide form. Values of nuclear parameters 
which were used as input data for the calculations of production rates for 
transuranium elements, along with a listing of the parameters which were used 
to calculate the specific activities of the isotopes that are of interest to 
TRU, are included in the Appendix. 

Previous reports in this series are: 
(1) For period ending June 30, 1968 -0RNL-4376. 
(2) For period-ending December 31, 1968 -ORNL-4428. 
(3) For period ending June 30, 1969 -0RNL-4447. 
(4) For period ending December 31, 1969 -ORNL-4540. 
(5) For period ending June 30. 1970 -0RNL-4S88. 
(6) For period ending December 31, 1970 -ORNL-4666. 
(7) For period ending June 30, 1971 -ORNL-47J8. 
(8) For period ending December 31, 1971 -ORNL-4767. 
(9) For period ending June 30, 1972 -ORNL-4833. 

(10) For period ending December 31, 1972 -0RNL-4884. 
(11) For period ending June 30, 1973 -ORNL-4921. 
(12) For period ending December 31, 1973 -0RNL-4965. 
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(13) For period ending June 30, 1974 -OtNL-4991. 
(14) For period ending Decenber 31. 1974 -OtNL-5034. 
(15) For period endiuc June 30, 1975 -GKM.-S0S4. 
(16) For period ending Deceaber 31, 1975 - 0RNL-S146. 

PROCESSING SMMART AND PRODUCTION ESTIMATE 

The isotonic concentrations of the various transuraniun elenents are 
not constant but are functions of irradiation histories and decay tines. 
Me nave selected one isotope of such elenent to use in unking notorial 
balances for the isotopic nixtures noraally handled in TBI. Except in 
special instances, 2 4 2 P u . 2 4 5 A n , 2 4 4 C n . 2 4 9 i k , ^ f , and ^hs are the 
isotopes used for tracing the corresponding elenents. Throughout this 
report section, we are discussing nixtures of isotopes unless we indicate 
otherwise. 

2.1 Processing Suanery 

One TRU canpaign (No. 50) was node between January 1, 1976, and June 30, 
1976, to obtain transuraniun eleaents fron ten irradiated HFIR targets; 
products are listed in Table 2.1. These targets originally contained curiue 
chat had been recovered fron previous HFIR irradiation of Californiun-I 
(Cf-I) curiun. Californiun-I was a Savannah River Plant (SRP) irradiation— 

252 252 
TRU processing caapaign aade to obtain Cf for use in a Cf uarket evalua­
tion prograa conducted by the ERDA Division of Nuclear Fuel Cycle and Produc­
tion (DNFCP). Much of the curiun recovered during the Cf-I canpaign has been 
irradiated in the HFIR to produce transcuriua eleaents. 

Two batches of high-purity Ca were processed. (High-purity Cn 
typically contains 97% 2 4 S C a , 3t 2 4 6 C a , and less than 0.01% 2 4 4Cn.) About 

252 50 ag of the first batch, which had been initially separated fron Cf dur-
1 252 

ing an earlier report period, was purified froa residual Cf and packaged 248 for shipment. The second batch (calculated to contain 75 ag of Ca) was 
252 

separated froa 110 ag of Cf during this report period. Another snail batch 
(2.5 ag) of Ca, obtained during the final purification of the celifoxniiai 
product froa Caapaign 49, was isolated, sanpled, and analyzed to detemine 



3 

Table 2.1. Aaounts of aaterials recovered in the aajor caapaign 
in the Transuranium Processing Plant during the period 

January 1, 1976, through June 30, 1976 

Caapaign nuaber 
SO 

Coapletion date February 

Material processed 10 Cf-I Ca-HFIR 
targets plus rework 

Aaounts recovered 
2 4 V 8* 
2 4 4 C 8* 
2 4 9Bk. •8 
2 5 2 C f . •8 
2 5 3 E s . •8 
2 5 7 F . . PC 

50 (107)b 

29 
277 
1.7 
O.S 

aAaeTiciua and curiua are not usually separated froa each other. 
The aaount shown in parentheses is total curiua. 

250 the Ca concentration for coaparison with a calculated value (see Sect. 
S.l). The composition of this batch was approximately 98% Cm, 2% Cm, 

244 248 
and 0.1% Ca (this was not considered to be high-purity Ca because of 244 the relatively high concentration of Cm). This material is now available 
for allocation. 

Forty shipments were aade from TRU. Recipients and the aaounts of 
nuclides shipped are listed in Table 2.2. 

Nineteen HF1R target: were fabricated. Each contained approximately 
9 g of curium in the fora of curiua oxide—aluminum pellets that had been 
pressed to 80% of the theoretical density of the pellet core. The curium 
had been recovered during the Cf-I campaigns at TRU and had an isotopic 
COffif 
248. 

244 246 
composition ranging froa 57 to 66% Cm, 27 to 34% Cm, and 1.9 to 2.7% 

Cm. 
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Table 2.2. Distribution of heavy elenents fro* the 
Transuranium Processing Plant during the 
period January 1. 1976 - June 30, 1976 

Date 
TRU file 

MB. 
Shipped to: 

Major nuclide Date 
TRU file 

MB. Individual Site 

Tin-126 (*5%). ng 
140 6-22-76 866 C. J. Orth LASL 

Anericiua-243, g 
2.08 3-09-76 836 ISO. Res. Hat'l. Lab. 0RNL 

Curiun-243 (56%), ng 
0.93 5-19-76 812 Isotopes Sales for USEPA, Nevada 
1.26 6-25-76 863 G. Struble LLL 
5.06 6-25-76 864 J. J. Thonpson Lovelace 
T35 

Curiun-248 (97%), ng 
25.0 2-20-76 830 N. N. Edelstein LBL 
25.0 2-20-76 831 R. G. Haire ORNL 
SO 

Berkeliun-249, ng 
2.369 3-31-76 839A N. M. Edelstein LBL 
5.685 3-31-76 840 R. W. Hoff LLL 
0.0011 3-31-76 843 F. P. Hungate PNL 
2.369 4-02-76 842A H. N. Abrahaa ORNL 
2.25 5-13-76 8428 R. G. Haire ORNL 
4.4 6-09-76 838 W. T. Carnal1 ANL 
0.0019 6-09-76 854 Isotopes Sales for Sandia, NM 
2.132 6-21-76 839B N. M. Edelstein LBL 
19.2079 

Californiuu-249, ng 
0.622 6-17-76 850 If. T. Carnal1 ANL 
0.49 6-17-76 855 Isotopes Sales for Sandia, NM 
0.828 6-17-76 856 N. N. Edelstein LBL 
0.828 6-18-76 857 R. J. Silva ORNL 
2"77©T 

California-2S0 (89%), ng 
0.54 4-26-76 849 W. T. Carnal1 ANL 
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Table 2 .2 . (continued) 

Date 
TRU file 

No. 
Shipped to: 

Major nuclide Date 
TRU file 

No. Individual Site 

Californium-252, ag 
44.278 l-CS-76 810 A. R. Boulogne SRL 
0.011 1-09-77 821 Isotopes Sales 0KNL 
0.0614 (NSD-49) 2-02-76 823 L. J. Esch XAPL 
0.013S (NSD-91) 2-02-76 823 L. J. Esch KAPL 
0.US3 (NSD-S1) 3-08-76 835 F. J. Nuckenthaler 0KKL 
19.931 (NSD-87) 4-05-76 721 G. I. Gleason 0RAU 
0.0816 (NSO-48) 4-12-76 848 A. C. England ORNL 
1.08S (SR-Cf-167) 4-23-76 851 J. E, Rushton ORNL 
0.028 5-19-76 853 R. J. Silva ORNL 
0.0419 (NSD-56) 6-29-76 822 M. H. Bretscher ANL 

65.6467 

Californiun-254, pg 

19 6-22-76 865 J. B. Milhelay 

Einsteinium-253, ug 
300 2-13-76 825A R. G. Ha ire 
409 2-17-76 824 W. T. Carnal1 
60 3-10-76 825B R. G. Haire 
22 3-11-76 826B D. C. Hoffman 
27 3-11-76 827 R. N. Hoff 
5 4-02-76 833 F. P. Hun-ate 
10.7 6-21-76 826A D. C. Hoffman 

833.7 

Einsteiniua-253 (tilked), ug 
57 4-01-76 847 R. G. Haire 
11.2 4-02-76 846 R. N. Hoff 
68.2 

Fermium-257, pg 
0.54 3-05-76 829 D. C. Hoffaan 

LASL 

ORNL 
ANL 
ORNL 
LASL 
LLL 
PNL 
LASL 

ORNL 
LLL 

LASL 



2.2 Irradiation and Processing Proposals 

The level of TRU operations is expected to continue at two processing 
campaigns per year to produce transcuriua elements. A long-ten projection 
of the capability of the TRU-HFIR complex to produce the "yardstick" isotope 
2S2 2 

Cf was described in a previous report in this series. Table 2.3 out­
lines the estimated production of transcuriua elements froa a series of 
likely processing campaigns that are scheduled through December 1977. Pro­
jected estiaates for 1978 and 1979 are based on current t.-ends. 

2.3 Estiaates of the Availability of Transuranium Elements 

The amounts of transcuriua elements expected from each campaign are 
shown in Table 2.3. During the next IS months, we expect to recover a total 
of 70 mg of 2 4 9ak, 815 mg of 2 5 2Cf, 3.1 mg of 2 5 3 E s (in a mixture of isotopes), 

253 2S7 
360 ug of high-purity Es, and 1.7 pg of Fm. These estimates were made 
by means of a method described in a previous report in this series. That 
method requires the use of assumed values for chemical yields and recovery 
times for each of the transplutoniua elements that are separated at TRU. 
The assumed values are based on past performance data, and the most recently 
revised values are listed in Table 2.4 of ref. 4. 

Plutonium, americium, and curium that are separated from the trans-
curium elements during the processing of irradiated targets are generally 
considered to be intermediate feed materials. However, two isotopes of 

244 248 these elements, Pu and Cm, which are valuable research materials, are 
frequently recovered. Nithin the next 18 months, we do not plan to process 
any of the remaining Cf-I aaterials irradiated at SRP or to irradiate any 

244 plutomum targets in the HFIR; thus, we do not expect to recover any Pu. 

On June 30, 1976, TRU had an inventory of purified californium in 
252 several batches, which contained totals of 650 mg of Cf and 154 mg of 

248 
Cm, At appropriate times, each batch will be processed to separate the 

californium and curium. The curium thus obtained is considered to be high-
purity Cm; typical isotopic composition is 97% Cm, 3% Cm, and 
<0.01% 2 4 4Cm. The 2 4 6Cm is produced by decay of 2 5 0Cf, which is present 



Tablr 2.3. Estimated future production of transcurium elements 

Period Processing campaign 

2* 2Cf productionb 

Products of campaigns •![: n g 

«s» B k « ^ c f «-» E va « ' F w period Cumul. Dataproducts 
(mg) (mg) (wg) (pg) (mg) (mg) available 

Through June 1976 

* i •*- v . « « / 4 Cf-I Cm-HFIR targets 1 „ 
July-December 1976 { ? ^ C m 4 f f n t M > g J t s } 22 

_ * ,o-.i / 7 Cf-I Cm-HFIR targets! , , 
January-June 1977 [$ ^ ^ ^ t a r g J t $ } 24 

Julv-December 1977 i 5 C f " ! <*-""* targetsl 2 4 

juiy-oecember is /7 j 6 ^ ^ ^ j , t a r g e t s ) «* 

1978 

270 1060 (120) 0.6 270 2221 

275 960 (120) 0.5 275 2496 

270 1060 (120) 0.6 270 

540 

2766 

3306 

losr 
2221 October 1976 

2496 February 1977 

2766 October 1977 

1979 540 '846 

aAmounts from initial separation. Amounts "milked" from californium product fraction after decay period 
are given in parentheses. 

Californium produced in SRP irradiations is not included in production totals. A total of 720 mg was 
recovered from 164 SRP slugs and 21 SRP tubes processed between November 1970 and January 1973. 
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~*48 in the californium. Ne expect to sake available 50 ag of high-purity " Ca 
in July 1976, and an additional 100 ag during 1977. 

3. PROCESSES AND EQUIPMENT 

There have been no changes in the cheaical processing flowsheets or 
equipaent used at TRU during this report period. The condition of process­
ing equipaent at TRU is generally good and is continually Maintained. 

4. CALIFORNIUM NEUTRON SOURCES 

Some of the californium recovered at TRU is incorporated into neutron 
sources, which are subsequently loaned to researchers. Data for existing 
neutron sources that have been fabricated at TRU are listed in Table 4.1. 
Most of the sources were fabricated into one of the four standard aodels 
illustrated in Fig. 4.1 of ref. 3, and are designated in the table by a 
three-letter prefix. Nonstandard sources are designated siaply NS-. The 
three-letter prefix indicates whether the source is singly or doubly encap­
sulated, and whether it is fabricated froa type 304L stainless steel or 
Zircaloy-2. The characteristics of standard source capsules are listed in 
Table 4.2 of ref. 3. 

4.1 Sources Fabricated During January-June 1976 

Five sources, NSD-87 and NS-82, -83, -84, and -85 were fabricated dur­
ing this rt-x>rt period. The latter four were fabricated in a nonstandard 
form specified by the user. 

4.2 Sources Returned 

An increasing number of neutron sources are being returned as the 
projects for which they were requested are completed or as replacement 

252 sources are ordered to make up for decay of the Cf. The returned 
sources are available for reassignment until the appropriate time for 
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Tabic » . l Data for aaatioe aoarecs praparaa at 1W 

Source 
Date o f 

c a l i b r a t i o n 

2 5 2 C f 

Coclcat at 
e a l l k r a t i o n 

iaS) 

Caataat a . or 6 /30 /76 
Oa loaa t o : 

l aa lv iaab l S i t * 

• S - l ' 8-26-60 316 n b c. L. Swlata PBL 

• 5 - 2 8-23-68 25* 32 a e 

• 5 - 3 5-13-69 •»90 M l b (J_ I . lilaaaoa oaau 
•»-» 7-09-69 Ma 1*2 707 c. P. M a t i n U K 

« - 5 * S- ia -69 9*6 156 753 p. a. Slaaooa I K 

• S - 6 11-21-69 7*7 132 586 a. v. • o f r ILL 
•J -T 1-81-70 78B 1*6 612 c 
M - 8 12-17-69 1839 332 1*37 i . Barasr m. 
•SD-9 a-17-TO 1720 339 1317 a. 0 . BBapaa rwL 
• • 5 - 1 0 VU-TO U 3 22 a j . P . Balaoaa urn. 
• J - l i 3 10-70 8 2 b a. *. Pollaaoa UNO. 
•SS-12 6-30-70 1868 388 1*12 a. w. • o f f ILL 
•SD-1J V19-71 •6*9 1165 3323 a. 0 . • t a l o v r urn. 
• S S - 1 * 6-29-70 K15 957 3*88 D. c. Stewart ML 

• S - 1 5 * 6-25-TO 931 193 70* P. *. S l f i u a « K 

HB-1T 8-31-71 »886 1378 33*6 L. H. Dafclk* Saadla-Llvoraor* 
• 5 - 1 8 * 6-2k-70 962 199 728 r. a. Slapaoa « C 
MS-19 6-26-70 «*3 102 373 j . X. • l « * l o v oaaufln 
•59-20 7-01-70 630 131 •76 j . t . POMtll r—«1a HI 
•55-21 10-21-70 18 k b r. Cro>« P A 
• 5 - 2 2 9-10-70 13 3 b j . I . •lftvlow oaat-TMi 
•5D-2W 10-15-75 6 1 b j . %. •uehtoa OML 
•5 -25 11-09-70 58 13 b p . 1. ttuckentfcaler o n 
BSD-26 2-11-71 1* 3 b a. 0. Ntalova urn. 
B5D-27 1-29-71 2528 £11 1828 L. c. ae laoa , J r . l e v Braasalek 
B5D-28 2-12-71 11 3 b t . B. l i e * * Rocky P laM 
BSD-29 9-10-71 11393 3236 7779 S. c. Snow T-12 
•50-30 3-31-71 879 222 626 e 
WO-31 11-23-71 1733 519 1158 J . L. Kbit* HDL 
RZD-3V 11-23-71 1 9 * 576 1285 H. C. Spear a n . 
•ID-35 11-23-71 190* 570 1272 e 
« S - 3 6 d 3-23-T1 2070 520 1*78 P. a. Slaaaon JUK 
•SD-37 9-0fc-71 9838 2783 6729 R. w. Ptrklo i PBL 
USD-38 6-16-71 102 27 b R. c. Nralovc U t L 
5S-39 11-07-71 9*2 279 632 V. Spiegel m 
R5D-UO *-27-72 115k 387 732 e 
•SD-H 11-08-71 5117 1516 3»3» c. i . Catrt a«PL 
RSD-W2 11-02-71 Wa3» 1308 2981 c. J. tmtrt BAPL 
USD-1.3 k-20-72 V83» 1613 3077 c. J . Batrt a*PL 
K D - U 5-15-7J 10T31 36*1 6761 p. a. Slaaaon AK 
»SV»5 8-18-71 4776 ••96 1220 K. L. Svintb P t l 
HSD-W W-23-72 629 210 399 K. 0 . Mtnlov* USL 
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Taal* V . ! (caatli 

•r 
caliarotio 

2 5 2 ^ 
Gaataat at 
ca l tknt laa 

<a«) 
«*, cr 

(a«) 

- - <fflT* 
tadtvtdaal 

" • I f f <~ 
S i t * 

BO-%7 

K-50 

KD-53 
•S-5* 
WD-55 
• 0 - 5 6 
•SO-57 
KC-M 
«-59* 
KD-60 
BD-61 
RS-62 
•SD-63 
B0-6k 
W-65 
•SD-66 

• - 7 5 
KD-76 
WD-77 

•10-78 
•S-79 

•50-80 
•SD-81 
•5-02 
•5-83 
«S-8k 

*»-«5 
•5-86 
•SD-87 

ISD-S9 

KS-90 

MD-91 
»-Cf- l6T f 

7-ia-Tl 
7-lk-Tl 
T-lfc-Tl 
8-2V71 

11-02-71 
9-02-71 

10-25-71 
1-19-73 
k-19-72 
k-19-72 
k-lk-72 
5-1V72 
7-13-72 
k-11-72 
1-19-73 
3-27-73 
k-21-72 
7-19-73 
7-09-73 
8-02-73 
9-11-73 
9-11-73 

10-01-73 
3-09-7k 
3-09-7k 
3-09-7k 

10-O2-7k 
6-03-7k 
6-OJ-7k 
5-19-75 
9-2k-75 
9-30-75 

10-22-75 
11-17-75 
10-15-75 
k-23-75 
1-16-75 
9-26-75 
5-26-71 

200 
19» 
199 
i * 
X5 
280 

1051 
3itr 

k 
12W 
973 

11003 
53 
20 

5225 
3755 
8k7 

193 
Ilk 

3^9 
13515 
kkl6 
1919 
k3k 
k33 
k29 

1650 
5966 
636b 

lk26k 
11783 
1267b 
12181 
2620 

22387 

12687 
0.87 

15 
3975 

5* 
53 
5k 
39 

MS 
79 

308 
1293 

1 
"-; 

3733 
19 
7 

2120 
1598 
282 

89 
52 

1609 
6503 
2120 
935 
237 
236 
23k 

10k5 
3k6k 
3695 

106k5 
9639 

10*13 
10167 
2228 

18592 
9293 

«1 
12 

10k6 

U K 

UK. 

U K 

LLL 

MTL 

Thli aourca ia taeaaaulatad la alusiau*. 
a 2k6 
TkU aouret ia not fuitael* for recovery of Cm. 

eThli eourec 1* halo at OMR. a»4 i* available for ratsaua. 
Thle aourc* la encapsulated In Type ko5 atainlaaa ateel. 
*Thl» eource being bald for ua« at MPL. 
rThla aoure* wa» fabricated at 1WJ In atandard Savannah »lv*r SP-CC-lOO aerlea hardwar*. 
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248 reprocessing to recover the ingrown Ca. Six sources that contain from 
252 32 to 570 ug of Cf are now in this category and are so designated in 

Table 4.1. 

5. SPECIAL PROJECTS 

The primary functions of TRU are: (1) to fabricate targets for ir­
radiation in the HFIR to produce transuranium eleaents, and (2) to isolate 
and purify transuranium eleaents for use by research workers. However, 
the facilities that are available are also used for a variety of other 
purposes such as nonroutine production, special preparations, and special 
irradiations in HFIR; in each case, a unique service can be provided to 
assist a research prograa at ORNL or another site. The following special 
projects were undertaken during the current report period. 

S.l Production of 2 5 0 C a 
250 Preparations for a study of the production of Ca by irradiation 

of Ca were described in the previous report in this series. Four 
248 special HFIR targets, each containing one or two Ca pellets located 

within the targets at positions corresponding to a specific flux region 
within the reactor, were fabricated and scheduled for irradiation for 
varying lengths of tiae. Irradiation and processing of two of the targets 
have now been completed. The results are summarized in Table 5.1. 

2S0 The Ca content of these pellets is so low that it cannot be 
249 measured with high precision. However, the results imply that the Cm 

capture cross section is in the range of 10 to 22b, nearly an order of 
magnitude higher than previously supposed. This information, in conjunc-

2 tion with data obtained previously for long exposures, leads to the 
250 conclusion that the burnout cross section of the Cm is about 90 to 

100 b, much higher than previously supposed. 

Another possible method for producing Cm is by the alpha-bTanching 
2S4 decay of Cf (0.31%). To investigate this possibility, we recovered 

24S 2S2 
about 2.5 ng of Cm from the Cf product of Campaign 49. The decay 
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Table S.l. Summary of data obtained from the irradiation 
of 2 4*Cm pellets to produce 2 5 0 C m 

Pel le t number PI P2 P3 P4 

Cycles of 
irradiation 1 i 2 2 

Neutron flux 3 x 1 0 1 5 1.5 x 1 0 1 5 3 x 1 0 1 5 1.5 x 1 0 1 5 

Isotopic analysis of curiua products, a t . % 
2.14 2 4 4 C 1.416 1.263 2.14 0.847 

2 4 5 ^ 0.020 0.018 0.028 0.013 
246^, 3.44 3.29 4.14 3.19 
247Q. 0.082 0.064 0.119 0.078 
2 4 8 ^ 95.04 95.37 93.57 95.87 
2 5 0 c 0.0007 0.0003 0.0015 0.0005 

history of this Material was well-known. Using the Bass-spectrometer data 
for the composition of the initial californium) and the known decay pro­
perties of the californium isotopes, it was calculated that the recovered 

250 curiua would contain 12.9 ppa of Can The sample was carefully purified 
250 from californium (to avoid interference by Cf) and analyzed on the mass 

2S0 spectrometer. The results showed a Cm content of 14 ppm, which was 
excellent confirmation of the instrumentally derived branching ratio. 
Calculations to optimize this technique suggest that a curium product 

248 2S0 
containing 0.5 mg of Cm with 25 ppm of Cm might be obtained by ir-252 radiating 100 mg of Cf followed by short-cooled processing of the 
target(s). 

5.2 Production of 2 5 0 C f 
250 Argome National Laboratory (ANL) requested that 0.5 mg of Cf be 

249 produced from a portion of their share of the Bk from Campaign 50. 
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249 The calculated aaount of Bfc required for irradiation was 3.0 mg (about 
249 249 

53% of ANL's share). The Bk was purified to remove the Cf daughter 
and •iscellaneous cationic inpurities; nine aluminum pellets, each contain-

249 ing 0.33 ag of Bk, were then prepared by Beans of the resin loading— 
magnesium-diluent technique. Three HFIR rabbits, each containing three 
pellets, were fabricated and transferred to the HFIR for a planned 16-hr 

15 -2 -1 
irradiation at a theraal flux of 3 x 10 neutrons-ex -sec After an 
irradiation period of 9.5 hr, a leak was detected from one of the rabbits, 
and it was discharged. Irradiation of the other two rabbits was completed 
as planned, and all three were transferred to TRU for chemical processing. 
Approximately 0.54 

of 2 5°Cf and 2.3 mg of residual 2 4 9 B k were obtained. 
Isotopic composition of the Cf product is shown in Table 5.2. 

250, Table 5.2. Composition of Cf product 

Batch identification code 4H40-Cf-prod. 

Date of analysis April 22, 1976 

Nuclide 
2 4 9 C f 

Isotopic composition 
(at. \) 
6.68 

2 5 0 C f 87.18 
2 5 1 C f 5.57 
2 5 2 C f 0.566 
2 5 3 C f <0.002 
2 5 4 C f <0.002 
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S.3 Production of 2 S 4 C f 

Californium-254 was produced experimentally by the electron-capture 
decay (0.078% branchinf) of 39-hr 2 S**Es. For this experiment, aHFIl 
rabbit containing approximately S tig of was fabricated, irradiated 
for 32 hr at a flux of 3 x 10 neutron-en' -sec* , cooled for 2 hr, and 
then chemically processed at TRU to isolate the irradiated einsteinium 
(2S3-2S4« 1 E 5 ) 

from other actinide, fission product, and activation product 
elements. The isolated einsteinium, containing 2.75 wg of ^ . w a s 
transferred to a glove box and processed at a micro level by means of ion 
exchange runs to separate the californiun daughters. One run was made as 
soon as possible after isolating the einsteinium, and a second run was 
made after a 5-day interval. The isotopic compositions of the californium 
products recovered in the glove box are listed in Table 5.3. These composi­
tions are similar to that predicted by calculation except that there was 252 somewhat more Cf than expected. The glove-box faci»»ty had been chosen 252 for this purpose in order to minimize contamination by Cf, which is 
omnipresent in our cells. During the processing, we discovered that a 
rather high-gamma background was associated with the ^ ^ s content of 
this sample, and the radiation levels were about twice what we would 
normally accept for routine handling. Thus, the amount of Cf produced 
in this manner and processed in the shielded cave and gliwe-box facilities 
at TMJ should be limited to about 50 pg. Additional shielding would be 

254 
required for handling larger amounts of Cf. It is estimated that as 
much as 5 ng could be produced by irradiation of fabricated into 
HFIR targets which would be processed in the main cell bank at TRU. How­
ever, processing in the main cell bank would increase the possibility 252 of Cf contamination of the product. 

5.4 Separation of Rare-Earth Elements from Anion Exchange Raffinate 

A portion of the LiCl-based anion exchange raffinate (10 N LiCl) ob­
tained during Campaign 50 was processed to determine the steps that would 
be required to obtain the rare-earth fission products in a purified solid 
form. The solution was processed by means of a Tranex batch solvent 
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Table S.3. Isotopic composition of californium separated 
fro* irradiated 

253ES 
First separation Second separation 

(» t . %) (» t . %) 

2 4 9 C f <6.0* S6.4* 
2 5 0 c f 83.33 88.60 
2 5 1 c f 8.38 3.95 
2 5 2 c f 2.25 1.03 
2 5 3 c f S0.05 b <0.45 b 

2 5 4 c f 0.032 c 0 .054 c 

254 
Total Cf recovered 

113 pg 79 pg 

"Determination is difficult due to residue of Bk. 
Determination is difficult due to residue of Es. 
ihese values were derived froa the results of neutron counting, alpha 
counting, and mass spectrographic analyses. 

extraction to remove LiCl and two cycles of oxalate precipitation to remove 
aluminum and other miscellaneous impurities. The oxalate precipitate was 
then calcined to convert the rare earths to the oxide form. An aliquot of 
the oxide product was dissolved in nitric acid and processed by means of a 
Berfcex batch solvent-extraction run in glass equipment to separate cerium 
from the other rare earths. No significant difficulties were encountered 
during any of the processing steps. 
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7. APPENDIX 

We have traditionally used the Appendix in this series of s—f annual 
reports to tabulate decay data and cross-section data of Interest to the 
transplutouiun co—unity. In the first few issues, rapid changes occurred 
as a result of the publication of such new data. Sonetiaes, by virtue of 
personal contacts with son* of the investigators, we were able to incor­
porate new data in our tables even before foraal publication. In more 
recent Issues, the press of other work has prevented us from revising the 
tables; as a result, they are no longer current. In the neantine, the 
Nuclear Data Project at OHL has Issued revised and updated Nuclear Data 

7-13 Sheets which cover the nsss region of interest (A>237), and which arc 
considered the definitive source of all types of nuclear data relating to 
decay nodes, half-lives, etc. However, because these Appendix tables have 
proven to be a convenient reference to us at TED, we will continue to 
publish the.* with each issue. It is our expectation that, as tine permits, 
we will bring the decay data in these tables in line with the latest revi­
sions of the Nuclear Data Sheets. 

7.1 Decay Data 

Table A-l is a list of all nuclides of interest to the Transplutoniun 
Element Production Program (i.e., all that can be produced by neutron bom­
bardment of 2 3 8 U ) . The list IncLudes values for half-lives and branching 
ratios or partial decay half-lives, along with literature references where 
available. In many cases, the half-life of an isotope waa determined by 
relating that Isotope's half-life to the half-life of some other reference 
Isotope. In a few of these cases, a newer value has been accepted for the 
half-life of the reference isotope, and the values of the half-Uvea that 
were dependent upon it have been recalculated. Such cases are footnoted 
because the half-life value in our table no longer agrees with the value 
given in the reference. However, we did use the relstlonshlp given in the 
referenced work. 
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The references used in Table A-l are decoded in Table A-2. The system 
of references is that used in the Nuclear Data Sheets. Table A-3 lists 
derived data, such as specific/ activities, along with information concerning 
the hazard associated with handling these nuclides. 

7.2 Neutron Cross-Section Data 

The values of neutron cross sections used to compute transmutations in 
HFIR target irradiations are listed in Table A-4 This table shows six param­
eters describing the neutron interactions. The first is the thermal-neutron 

c capture cross section, O
22oo» ""* t n * thl'd !• the neutron capture resonance 

integral, RI. The second parameter, C, is a constant that is a function of 
the target geometry; it is used to estimate the resonance self-shleldlug ef­
fect. The effective capture cross section, o c . f , would be: 

• RI c c res j-z—' _. 
Vlf " "2200 * • £ , ^ ^ • 

where N is the number of grams of the particular nuclide in one target rod, 
+ is the average flux per unit lethargy width in the resonance region, and 
•2200 i s t n e * (J u i v* 1* n t * l u* of 2200-m/sec neutrons that would give the same 
reaction rate with a 1/v absorber as would the actual reactor flux. In the 
HFIR, the ratio • r e >/* 2200 r* n*** f r o * °« 0* 2 t o 0.051. The effective cross 
section for fission is computed by a similar relationship among the last 
three parameters. 

These cross sections are to be regarded as • aelf-conslstent set where­
by one can compute overall transmutation effects and as a set of arbitrary 
constants to be used to obtain the best fit to our data. Hopefully, these 
numbers and the cross sections experimentally measured on pure isotopes 
will agree; however, we will not allow the possibility of a discrepancy to 
confine us. 

It should be pointed out that Am Is a fictitious isotope which is 
used to simplify the calculation of the main transmutation chain involving 
244 244c 

As. The properties of Am were calculated from the properties of the 
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Table A-4. Hcutroa cross acctlOM twed to 
target Irradlatloa* 

it* tri itatloM la v i l 
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ralail«« M M af pntmtttm Itm , * ' » . 
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real laoaere 2 4 4 t * a aad 2 4 4 * * B by leaontaa, that: (1) tha aanber of at 
244c of an present equals the total Banker of atoaa of tha real laoaera 

(2) tha 6 decay froa 2 4 4 c a n equals the total • decay froa the real 
(3) tha flaaloaa froa 2 4 4 c * a c^ual the total fleeloaa froa the real 
(4) the laoaera are la eaaUlbrlaa with their Miasm pareat 2 4 3 * a while 
the reactor la operating; aad (5) the oaly algalfleant proeactloo and re-
aovel factora are the roaoval of the laoaera by decay aad aaati 
tloa aad the production of the laoaare by trananetatlon froa an. 

i ) " c - » , • « « . 

2 ) Vc " Vg * V. ' 
3) <&-<£,•<&. 

dH dH dH 
*> dr-d^-dr-0- — 
5) (A- + o > > ^ - r o ^ , 

where auperacrlpta f, a, aad c refer to fission, neutroa absorption, and 
naatron capture; aubocrlpt I refer* to the 4th leaner, c, g, or a; and f 

243 la the fraction of neutron captures In an reealtlag la the -cch 
each that f » f_ • f_ • 1. 

c g a 


