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SUMARY

This is the seventeenth report in a series that is being issued semi-
ammuzlly to inform the heavy-element commmity of the status and future
production plams of the Tramsursnius Elemeant Production Program at ORNL.

During the period Jamuary 1, 1976, through Jume 30, 1976, we obtained
transuranium elements from tem irradiated HFIR targets; products recovered
are listed in Table 2.1 on p. 3. About 50 mg of high-purity 2“C- wvas puri-
fied chemically for shipment, and amother 75 mg of 2*°Ca was separated frea
252Cf . Forty shipments were made from TRU during the period: recipieats
and the amounts of nuclides are listed in Table 2.2 om pp. 4-5. Nineteen

HFIR targets, each comtaining approximately 9 g of curium, were fabricated.

During the next 18 months, we expect to obtain totals of 70 mg of 249px,
815 mg of 252Cf, 3.1 mg of 253€s (in a mixture of isotopes), 360 pg of high-
purity 25353, snd 1.7 pg of 57
of high-purity Z“Ca. There are no plans to process any of the remsining

SRP plutonium-sluminum tubes or to irradiate sny plutonium targets in the
244
Pu.

Fa; we also expect to mske available 150 ng

HFIR; thus, we do mot expect to recover any

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 34. Six sources that were used previously in various projects have been
returned to TRU and are available for reassignment.

2'an production
250

Cf by irradia-

Special projects included (1) the continued study of
by irradistion of 2*%cm; (2; the production of 0.54 mg of
tion of 2"!&; (3) the separation of approximately 200 pg of 2S‘Cf from
39-hr 25%gs that was produced by irradistion of S pg of 2O5Es; and (4) the
determination of process steps needed to obtain rare-earth fission products

in an oxide form from LiCl-based anion exchange raffinate solution.

The values that we are currently using for transuranium element decay
data and for cross-section dats in planning irradiation-processing cycles,
calculating production forecasts, and assaying products are tsbulated in

the Appendix.



1. YNTRODUCTION

This is the seventeenth report in a series that is being issued semi-
annually to inform the heavy-element community of the status and the future
production plans of the Tramsuranium Element Production Program at ORNL.

The objective of these reports is to provide information that will emable
users ot the products to obtain saximum service from the production facili-
ties at ORNL. 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.

TRU 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.
The original and curreat contents (ZSZCf and 2“(:-) 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 250cn by irradia-

tion of 248 2498y . (3) produce enriched

254C

Ca, (2) produce zso(If by irradiation of
f by irradiation of 25355' and (4) isolate a portion of the Campaign S0
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 — ORNL-4376.

(2) For period-ending December 31, 1968 — ORNL-4428.
(3) For period ending June 30, 1969 — ORNL-4447.

(4) For period ending December 31, 1969 — ORNL-4540.
(S) For period ending June 30. 1970 — ORNL-4588.

(6) For period ending December 31, 1970 — ORNL-4666.
(7) For period ending June 30, 1971 — ORNL-47]8.

(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 — ORNL-4884.
(11) For period ending June 30, 1973 — ORNL-4921.
(12) For period ending December 31, 1973 — ORNL-496S5.
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(13) For period emding Jume 30, i974 — ORNL-499].
(14) For period ending December 31, 1974 — ORNL-S034.
(1S) For period emding Jume 30, 1975 — ORML-S084.
(16) For period ending December 31, 197S — ORNL-5146.

2. PROCESSING SUMGARY AND PRODUCTION ESTIMATE

The isotopic comcemtrations of the various tramsursnium elements are
mot comstant but are fumctio.s of irradiatiom histories and decay times.
We have selected one isotope of ach element to use in mekinmg material
balances for the isotopic mixtures normally handled in TRU. Except in
special imstances, z‘zhl, ZASA.‘ Z“C'. 2"!&, 25sz. and 25353 are the
isotopes used for tracing the corresponding elements. Throughout this
report section, we are discussing mixtures of isotopes unless we indicate
otherwise.

2.1 Processing Summery

One TRU campaign (No. S0) was made between Janmuary 1, 1976, and June 30,
1976, to obtain transuranium elements from ten irradiated HFIR targets;
products are listed in Table 2.1. These targets originally contained curium
¢hat had been recovered from previous HFIR irradiation of Californium-1I
(C£-1) curivm. Csalifornium-I was a Savannah River Plant (SRP) irradistion--
TRU processing campeign made to obtain 252Cf for use in a zsch market evalua-
tion program conducted by the ERDA Division of Nuclear Fuel Cycle and Produc-
tion (DNFCP). Much of the curium recovered during the Cf-1 campaign has been
irradisted in the HFIR to produce transcurium elements.

Two batches of high-purity 2“C- were processed. (High-purity Z“C-

typically contains 978 2*%ca, 3% 2%6ca, and less than 0.01% 2*%ca.) About
50 mg of the first batch, which had been initially separsted from >>2Cf dur-
ing an earlier report pcriotl,l was purified from residual 2520¢ and packaged
for shipuent. The second batch (calculated to contsin 75 mg of Z“C-) was
separated from 110 mg of zs“"Cf during this report period. Another sasll batch
(2.5 mg) of 2*%ca, obtsined during the final purificaticn of the cslifornium

product from Campaign 49, was isolated, sampled, and analyzed to determine
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Table 2.1. Amounts of materials recovered in the major campaign
in the Transuranium Processing Plaat during the period
January 1, 1976, through June 30, 1976

Campaign mmber

S0
Completion date February
Material processed 10 C€-1 Ca-HFIR

targets plus rework

Amounts recovered

243-' ‘a _ 2
My, 5 ~ so aen®
24, e ”
252¢¢ . ug - 277
253Es. »g 4 1.7
257¢a, g 0.5

*Americium and curium are mot usually separated from each other.
Dhe amount shown in parentheses is total curium.

the 250Cl concentration for comparison with a calculated value (see Sect.

5.1). The composition of this batch was approximately 98% 2“Cl, P z“Cl,
and 0.1% 244 248

Cm (this was not considered to be high-purity Ca because of
the relatively high concentration of 2“Ca). This material is now available

for allocation.

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

Nineteen HFIR target: were fabricated. Each contained apnroximately
9 g of curium in the form of curium 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-1I campaigns at TRU and had an isotopic

244 246

composition ranging from 57 to 66% Cm, 27 to 34% Cm, and 1.9 to 2.7%

248c. .



Table 2.2.

Distribution of heavy eleaents from the

Traasuraaium Processing Plaat during the
period Jamuary 1, 1976 — June 30, 1976

™U file Shipped to:
Major muclide Date No. Individual Site
Tin-126 (~5%), ug
140 6-22-76 866 C. J. Orth LASL
Americium-243, g
2.08 3-09-76 836 Iso. Res. Mat'l. Lab. ORNL
Curium-243 (56%), mg
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. Thompson Lovelace
7.5
Curium-248 (97%), w»g
25.0 2-20-76 830 N. M. Edelstein LBL
25.0 2-20-76 831 R. G. Haire ORNL
50.0
Berke.ium-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 M. M. Abraham ORNL
2.25 5-13-76 8428 R. G. Haire ORNL
4.4 6-09-76 838 W. T. Carnall ANL
0.001% 6-09-76 854 Isotopes Sales for Sandia, NM
2.132 6-21-76 8398 N. M. Edelstein LBL
19.2079
Californiwa-249, mg
0.622 6-17-76 850 ¥. T. Carmall ANL
0.49 6-17-76 855 Isotopes Sales for Sandia, NM
0.828 6-17-76 856 N. M. Edelstein LBL
0.828 6-18-76 857 R. J. Silva ORNL
Californium-250 (89%), mg
0.54 4-26-76 849 ¥W. T. Carnall ANL



-

Table 2.2. (continued)
TRU file Shipped to: _
Major muclide Date No. Individual Site
Californium-252, mg
44.278 1-G8-76 810 A. R. Boulogne SRL
0.011 1-09-77 821 Isotopes Sales ORNL
0.0614 (NSD-49) 2-02-76 823 L. J. Esch KAPL
0.0135 (NSD-91) 2-02-76 823 L. J. Esch KAPL
0.1153 (NSD-S51) 3-08-76 83s F. J. Muckenthaler ORNL
19.931 (NSD-87) 4-05-76 721 G. 1. Gleason ORAU
0.0816 (NSD-48) 4-12-76 848 A. C. England ORNL
1.085 (SR-Cf-167) 4-23-76 851 J. E. Rushton ORNL
0.028 5-19-76 853 R. J. Silva ORNL
0.0439 (NSD-56) 6-29-76 822 M. M. Bretscher ANL
65.6467
Californium-254, pg
19 6-22-76 865 J. B. Wilhelmy LASL
Einsteinium-253, ug
300 2-13-76 825A R. G. Haire ORNL
409 2-17-76 824 W. T. Carmall ANL
60 3-10-76 8258 R. G. Haire ORNL
22 3-11-7¢6 826B D. C. Hoffman LASL
27 3-11-76 827 R. ¥W. Hoff LLL
S 4-02-76 833 F. P. Hun_ate PNL
10.7 6-21-76 826A D. C. Hoffman LASL
833.7
Einsteinium-253 (nilked), ug
57 4-01-76 847 R. G. Haire ORNL
11.2 4-02-76 846 R. W, Hoff LLL
68.2
Fermium-257, pg
0.54 3-05-76 829 D. C. Hoffman LASL
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2.2 Irradiation and Processing Proposals

The level of TRU operations is expected %0 continue at two processing
Campaigns per year to produce transcurium elements. A long-term projection
of the capability of the TRU-HFIR complex to produce the "yardstick" isotope
252“. was described in a previous report in this serics.z Table 2.3 out-
lines the estimated production of transcurium eiements from a series of
likely processing campaigns that are scheduled through December 1977. Pro-

jected estimates for 1978 and 1979 are based on current t.ends.

2.3 Estimates of the Availability of Transuranium Elements

The amounts of transcurium elements expected from each campaign are
shown in Table 2.3. During the next 18 months, we expect to recover a total
of 70 mg of 2‘9&. 815 mg of 2ssz, 3.1 mg of 25355 (in a mixture of isotopes),
360 ug of high-purity 2>3

Es, and 1.7 pg of 257!’-. These estimates were made
by means of a method described in a previous report in this series.3 That
method requires the use of assumed values for chemical yields eand recovery
times for each of the transpiutonium 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 7ef. 4.

Plutonium, americium, and curium that 2re separated from the trans-
curium elements during the processing of irradiated targets are generally
considered to be intermediate feed materials. However, two isotopes of
z«l,u and 248(:'

frequently recovered. Within the next 18 months, we do not plan to process

these elements, , which are valuable research materials, are

any of the remaining Cf-1 materials irradiated at SRP or to irradiate any

244P

plutomium targets in the HFIR; thus, we do not expect to recover any u.

On June 30, 1976, TRU had an inventory of purified californium in
several batches, which contained totals of 650 mg of 2"'ZCI’ and 154 mg of
2“Cl. At appropriate times, each batch will be processed to separate the

californium and curium. The curium thus obtained is considered to be high-

purity 2“(:-; typical isotopic composition is 97% Z“Ca, 3% 2“0-, and
<0.01% 2“(:-. The 246(:1- is produced by decay of 25oCt' , which is present
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Table 2.3. Estimated future production of transcurium elements

i " 25204 productionb
B} Products of campaigns —E::l"'
e e
Bk (%4 E.8 Fm period Cumul. Date products
Period Processing campaigu (mg) (mg) (ug) (pg) (mg) (mg) svailable
Through June 1976 1951°

July-December 1976 4 Cf-1 Cm-HFIR targets} 22

7 TRU Ca-HFIR targets 270 1060 (120) 0.6 270 2221 October 1976

January-June 1977

7 Cf-1 Ca-HFIR “"‘"’} 24 275 960 (120) 0.5 275 2496  February 1977

S TRU Cm-HFIR targets

July-Deceaber 1977 {S Cf-1 Cm-HFIR taruu} 24

6 TRU Ca-HFIR targets 270 1060 (120) 0.6 270 2766 October 1977

1978 540 3306

1979 540 846

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

PCalifornium 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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in the californium. We expect to make available SO mg of high-purity 248C-

in July 1976, and an additional 100 mg during 1977.

3. PROCESSES AND EQUIPMENT

There have been no changes in the chemical processing flowsheets or
equipment used at TRU during this report period. The condition of process-
ing equipment 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 models
iliustrated in Fig. 4.1 of ref. 3, and are designated in the table by a
three-letter prefix. Nonstandard sources are designated simply NS-. The
three-letter prefix indicates whether the source is singly or doubly encap-
sulated, and whether it is fabricated from 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 reoort 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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Teble 4.1 Deta for seetroa sources prepered at TWU

232

Co:tusr.! ————M s of §
Date of cslidration (44 s On loaa teo:

Source calibration ivg) (vg) (ug} Individual Site
-1t 8-28-68 ne I8} 1Y K. L. Swisth m
s-2 8-23-68 5 2 c
-3 5-13-69 90 ~1h ® 5. 1. Glessom ORAU
m-b 7-09-69 1} 142 T07 C. 7. Vasters LASL
w3t 81869 "6 156 753 F. B. Siapeon anc
ns-6 11-21-69 ™ 13 506 R. V. NofT L
ns-7 1-21-70 ™= 186 612 ¢
»-8 12-17-69 183 33 1837 i. Berger ANL
»o-9 -17-T0 1T20 3 1317 5. D. Vogma m
3-10 *1u-T0 1n3 n . J. P. Melagae LASL
»-1: 3-10-70 8 H ® 2. 2. Pullwood LaSL
8s-12 6-30-70 1868 508 1832 R. V. Noff ur
BSD-13 3-19-T1 L 1165 323 R. O. Wenlove LASL
»ss-1% 6-29-70 15 97 3.08 D. C. Stewart AR
ss-1st 625-T0 9n 193 Toh 7. B. Simpecs anc
"8-17 8-31-71 h306 1778 336 L. V. Dehlke Sandie-Liversore
»s-18¢ 6-24-T0 962 199 726 7. B. Simpece anc
Bss-19 6-26-70 93 102 m . E. Mgelow ' oom-10
SD-20 7-01-70 63 131 ATE J. E. Powell Sendie-MN
»ss-21 10-21-70 i8 k » 7. Cross m
»s-22 9-10-70 13 3 . . 2. Migelow ORIL-TRU
wSD-2k i8-15-7% 6 1 ® J. B. Rushton OREL
»s-25 11-09-70 58 12 ® . J. Wuckenthaler orSL
RSD-26 2-11-71 15 3 ® N. 0. Menlowe LASL,
nSD-27 1-29-T1 528 611 1828 L. C. Belocm, Jr. Bev BDrumewick
»SD-28 2-12-71 il 3 ® E. £. Micks Rocky Flsts
RSL-29 9-10-T1 1133 3236 e S. G. Saow 1-12
RSD-30 33-71 .14 222 626 ¢
¥ZD-31 11-23-T1 1733 $19 1158 J. L. Wnite L
¥ZD-3b 11-23-T1 1924 576 1283 V. G. Speer oL
WZD-3% 11.23-T1 190k s70 1272 ¢
ss-3° 32311 2070 520 1878 7. B. Sispson AR
RSD-37 9-0b-T1 9838 2183 6129 R. ¥W. Perkine m
¥SD- 138 6-16-71 102 27 ] R. C. Menlove LASL
55-39 11-07-11 92 279 632 V. Spiegel ns
NSD-LO 2712 115k 387 732 €
FSD-h1 11-08-71 117 1515 I3b C. J. Bmert MPL
R§D-L2 11.02-71 bh3b 1308 2981 C. J. Bmert BAFL
NSD-h3 b-20.72 »» 1613 3077 C.J. Baert BAPL
NZD-bb 5-15-72 107 3681 6761 7. 3. Sispson ANC
1S.=b5 8-18-711 AT6 k96 1220 K. L. Svinth .
NSD-h6 k2372 629 210 199 #. 0. Venlove LASL

PRI

b
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Table b.! (contiswed)

252.¢
Contest ot c;;-‘ . of
Date of calibratioa cr (= Oa te:

Seurce calibestion (ug) (ng) (vg) Individuml Site
;D47 7-10-71 200 b 1% P. L. Johmsos Fownd
BsD-A0 1-1-11 1% 33 133 A. C. Eaglesd oL
-0 1-1%-T1 199 Sh 138 L. 3. Bach KAPL
s-50 8-2>-71 1% » ” S. G. Carpester ANL-BUTS
#5D-51 11-02-TL %3 222 33 F. J. Nuckenthaler omL
nSD-352 9-02-7T1 280 ™ 192 E. D. Clagten m.
0-9) 10-2%5-T1 1051 308 08 L. J. Zsch are
s-5h 1-19-73 ner 1293 1806 Y. Splegel »s
wSD-53 -19-T2 3 1 » L. J. Eech are
wSD-36 ~19-72 126 L k4] R. M. Dretscher NR.
wSD-57 e1hT2 L 15) 12 620 c
np-58 5-1%-T2 11003 »nn (2}) F. . Siapeen ANC
m-set 1-13-12 53 19 Y [ I — LasL
sD-60 1172 20 i » . 7. Bagwood ORRL-DOSAR
m=p-61 1-19-73 5229 2120 2961 L. J. Esch are
362 3-271-73 ITss 1598 2057 J. E. Digelow OREL-TRU
23D-6) ~-21-72 87 20 3 K. 0. Memlove LASL
nSp-64 1-19-73 153 L] 99 . 0. Nenlove LASL
s-65 7-09-T3 11 52 9 L. Cresn [T 4
#3D-66 8-02-13 3y 1609 1755 3. E. Powell Sandie-W
mD-73 9-11-713 1354 6503 6715 G. 1. Glemson ORAU
=D-Th 9-11-72 16 2120 219 G. I. Glemson ORAL
»-T5 10-01-73 1919 95 9% 3. Kloepping uL
»D-76 3-09-Th b F3 14 188 P. L. Johmeon Nound
»SD-T7 3-09-Th (3}) 2% 188 P. L. Johmeon ound
»SD-78 3-09-Th 29 F31) 186 P. L. Johmson Mound
.79 10-02-Th 1659 104$ sTT v. Splegel s
»Sp-% 6-0)-Th 5966 6 2386 C. J. Bmert ML
5SD-81 6-03-Th 6364 %95 2548 C. 3. Emert ML
»S-82 5-19-T% 13264 10643 Ws1 .
ns-8)3 9-2h-T5 11783 963 2064 .

»s-8 9-30-75 12676 19413 2156 .

ns-05 10-22-T5 12181 10167 1921 e

Rs-06 11-17-7% 2620 2228 1) V. Spiegel ns
#SD-87 10-15-75 22387 18592 3619 G. I. Clesson ORAU
#30D-% b23-75 12687 9293 32% J. £. Powell Seadio-
2890 1-16-T5 .87 1 J. R. Saith ANC
RSD-91 9-26-75 15 12 b L. J. Rech KAPL
sp-cr-167° $5-26-T1 975 1086 Z19% 4. E. Ruston onmL

“his source is encapeuleted in aluminua.

.‘nlo source is not suitedle for recovery of 2“&.

“This source ie held st OMIL and is svailable for reissue.
Smie source fs encapsulsted in Type 405 steinless steel.
*Ihis source dbeing held for use st BAPL.

This source vas febriceted ot TRU {n standerd Savemnah River SR-Cf-100

series hardweare.
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reprocessing to recover the ingrown Ca_. Six sources that contain from

32 to 570 ug of zssz are now in this category and are so designsted in
Table 4.1.

S. SPECIAL PROJECTS

The primary functions of TRU are: (1) to fabricate targets for ir-
radiation in the HFIR to produce transuranium elements, and (2) to isolate
and purify transuranium elements for use by research workers. However,

the facilities that are availables

are also used for a veariety of other
purposes such as nomroutine production, special preparations, and special
irradiations in HFIR; in each case, a unique service cam be provided to
assist a research program at ORNL or another site. The following special
projects were undertaken during the current report period.

250

$.1 Production of Ca

Preparations for a study of the production of ZSOCu by irradiation
248

Ca were described in the previous report in this series.l Four
2“C- 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 time. Irradiation and processing of two of the targets

of
special HFIR targets, each containing one or two

have now been completed. The results are summarized in Table S5.1.

The ZSOCa content of these pellets is so low that it cannot be

measured with high precision. However, the results imply that the 249

Ca
capture cross section is in the range of 10 to 22b, nearly an order of
magnitude higher thesn previously supposed. This information, in comjunc-
tion with data obtained previousl)r2 for long exposures, leads to the

250

conclusion that the burnmout cross section of the Ca is about 90 to

180 b, much higher than previously supposed.

Another possible method for producing ZSOCI is by the alpha-branching

254“ (0.318). To investigate this possibility, we recovered

24800 from the 252c¢ product of Campaign 49. The decay

decay of
about 2.5 mg of

YT 0N

o g e By

o
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Table S.1. Susmary of data obtained from the irradiation
of 243%Ca pellets to produce 250Cca

Pellet number | 4 P2 P3 P4

Cycles of

irradiation 1 i 2 2

Neutron flux 3 x 1018 1.5 x 10'° sx10'® 1.5 x 10!

Isotopic analysis of curium products, at. §
44, 1.416 1.263 2.14 0.847
2450, 0.020 0.018 0.028 0.013
2460y 3.44 3.29 4.14 3.19
247cq 0.082 0.064 0.119 0.078
248cy 95.04 95.37 93.57 95.87
250cq 0.0007 0.0003 0.0015 0.0005

history of this material was well-known. Using the mass-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(:.. The sample was carefully purified
from ca!.fornium (to avoid interfere;;; by 2""’(:f) and analyzed on the mass

Ca content of 14 ppm, which wss

curium would contain 12.9 ppm of

spectrometer. The results showed a
excellent confirmation of the instrumentally derived branching ratio.
Calculations to optimize this technique suggest that a curium product
2::’c- with 25 ppm of 2°0Ca might be obtained by ir-

Cf followed by short-cooled processing of the

containing 0.5 mg of
radiating 100 mg of
target(s).

250

5.2 Production of Cf

2"'(’Cf be

Bk from Campaign 50.

Argonne National Laboratory (ANL) requested that 0.5 mg of
produced from a portion of their share of the 249
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249u required for irradiation was 3.0 mg (about

The calculated zmount of
53% of ANL's share). The 240 249¢¢ daughter

and miscellaneous cationic impurities; nine aluminum pellets, each contain-

Bk was purified to remove the

ing 0.33 mg of 2“!&, were then prepared by means of the resin losding--
magnesium-di luent technique.® Three HFIR rabbits, each coatsining three
pellets, were fabricated and transferred to the HFIR for a planned 16-hr
irradiation at a therma] flux of 3 x mlS mtrons-cn'z-sec'l. 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 mg of 2>0Cf and 2.3 mg of residual 247k were obtained.
Isotopic composition of the

zsoct‘ product is shown in Table 5.2.

Table 5.2. Composition of 2>UCf product
Batch identification code 4H40-Cf-prod.
Date of analysis April 22, 1976
Nuclide lsotopi:t::o:positim
249:¢ 6.68
250c¢ 87.18
Blee 5.57
252c¢ 0.566
53¢ <0.002
254

cf <0,002
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S.3 Production of zs‘Cf

Californium-254 was produced experimentally by the electron-capture
decay (0.078% branching) of 39-hr >*™Es. For this experiment, a HFIR
rabbit comtaining spproximately S ug of ZSJB was fabricated, irradiated
for 32 hr at a flux of 3 x 10'° neutron-ca™2-sec”!, cooled for 2 hr, and
then chemically processed at TRU to isolate the irradiated einsteinium
(253~254-B) from other actinide, fission product, and activation product
elements. The isolated einsteinium, containing 2.75 ug of 253B. was
transferred to a glove box and processed at a micro level by means of ion
exchange runs to separate the californium daughters. One rum was sede as
soon as possible after isolating the einsteinium, and a second run was
made after a S-day intervsl. 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
somevhat more zsch than expected. The glove-box facii.ty had been chosen
for this purpose in order to minimize contamination by 252“’ which is
omnipresent in our cells. During the processing, we discovered that a
rather high-gasms background was associated with the zs.Es content of
this sample, and the radiation levels were about twice what we would
normally accept for routine handling. Thus, the amount of 254c¢ produced
in this menner and processed in the shielded cave and glsve-box facilities
at TRU should be limited to about S0 pg. Additiomal shielding would be
required for handling larger amounts of 2'."“Cf. It is estimated that as
much as 5 ng could be produced by irradiation of 25353 fabricated into
HFIR targets which would be processed in the main cell bank at TRU. How-
ever, processing in the msin cell bank would increase the possibility

of 2"'ZCf contamination of the product.

S.4 Separation of Rare-Earth Elements from Anion Exchange Raffinate

A portion of the LiCl-based anion exchange raffinste (10 M LiCl) ob-
tained during Campaign SO 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 Tramex batch solvent
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Table 5.3. Isotopic composition of californium separated
from irradiated

First separation Second separstion

(at. %) (at. %)
299¢¢ <6.0" %.4*
250c¢ 83.33 88.60
21ce 8.38 3.95
252¢¢ 2.25 1.03
253c¢ 50.08° <0.4s?

254c¢ 0.032° 0.054¢
Total 2!."(:f recovered 113 pg 79 pg

'Deter-imtion is difficult due to residue of 2“!&.
bDetmimtion is difficult due to residuve of ZSSB.

“These values were derived from the results of neutron counting, alpha
counting, and mass spectrographic analyses.

extraction to remove LiCl and two cycles of oxalate precipitation to remove
slumimm 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
Berkex 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.

BT N S TP
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7. APPENDIX

We have traditionally used the Appendix in this series of gsemiannual
reports to tabulate decay dats and cross-section data of interest to the
transplutonium commmity. In the first few issues, rapid changes occurred
as a result of the publication of much new data. Sometimes, by virtue of
personal contacts with some of the investigators, we were able to incor-
porate nev data in our tsbles even before formal publication. In more
recent issues, the press of other work has prevented us from reviging the
tables; as a result, they are no longer current. In the meantime, the
Nuclear Dats Project at ONNL has issued revised and updated Nuclear Data
Sheets 7-13 ohich cover the mass region of interest (A>237), and which arc
considered the definitive source of all types of nuclear data relsting to
decay modes, half-lives, etc. However, because these Appendix tables have
proven to be a convenient reference to us at TRU, we will continue to
publish thes with each issuve. It is our expectation that,as time permits,
we will bring the decay data in these tables in line with the latest revi-
sions of tle Nuclear Data Sheets.

7.1 Decay Data

Table A-1 is a list of all nuclides of interest to the Transplutonium
Element Production Program (i.e., all that can be produced by neutron bom-
bardment of 23%y). The 1list includes values for hslf-lives and branching
ratios or partial decay half-lives, along with litersture references where
available. In many cases, the half-1ife of en isotope was 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-1l1fe of the reference isotope, and the values of the half-lives 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 relstionship given in the
referenced work.
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The references used in Table A-1l are decoded in Table A-2. The systea
of references is that used in the Nuclear Data Sheets. Table A-3 lists

derived data, such as specifid activities, along with informstion concernimg
the hazard associated with handling these nuclides.

7.2 MNeutron 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 params-
eters describing the neutron interactions. The first is the thermal-neutron
capture cross section, °;200’ and the third is the neutron capture resonance
integral, Rl. The second parameter, C, is a constant that is a functior of
the target geometry; it is used to estimate the resonsnce self-shieldiug ef-

fect. The effective capture cross section, o:ff, would be:
oeff = 02200 + ;;;;6 1+C8 ,

vhere N is the number of grams of the particular nuclide in one target rod,
’res is the average flux per unit lethargy width in the resonsnce region, and
%2200 is the equivalent flux 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 ’rel,’ZZOO ranges from 0.042 tn 0.051. The effective cross
section for fission 1is computed by a similar relationship among the last

three paraseters.

These cross sections are to be regarded as a self-consistent set vhere-
by one can compute overall transmutation effects and as a set of arbitrary
constants to be used to obtain the best fit to our dats. Hopefully, these
nuabers and the cross sections experimentally measured on pure isotopes
wiil agree; however, ve will not allow the possibility of a discrepancy to
confine us.

244¢

It should be pointed out that Am is a fictitious isotope which is

used to simplify the calculatfion of the main transsutation chain involving

ZAAAn. The properties of ZAACA- were calculated from the properties of the
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Table A-3. (continued)
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Table A-4. Neutrom cross sectiocus used to compute tramsmmtatioms ia HFIR
target irradistions
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real isomers 2“‘h and z‘hh by ssemmiag that: (1) the mmmber of atoms
of Zﬂc‘- present equals the total mmber of atoms of the resl isomers;

z“chequhthtoulld.uyfmthmlimu;

(2) the B8 decay from

(3) the fiestons from 2*4sa equal the total fiseicas from the real feomers;
(4) the isomers are in equilibrius vith their common pareat 263- vhile
the reactor is operating; and (5) the oaly sigaificsmt productios amd re-
moval factors are the removal of the iscmers by decay sad meutroa sbeorp-

tion amnd the productionm of the iscmers »y traasmutatios from 2‘3-. Thus,

Q) lc-l‘+l- »
{2) lclc = l‘l' + l.l- »
(3) oM =N +08 ,

%) _F.._l._'.o.u

a
(5) (O + a0, = £.0M) .,

vhere superscripts f, a, and c refer to fission, neutroa sbeorption, and
neutron capture; subscript 4 refers to the i{th iscmer, ¢, g, or m; and fi.

3

is the fraction of neutron captures in An resultiag ia the (th isomer,

luchthltfc-f'+f.-l.



