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SUMMARY

This is the twentieth report in a series that is being issued semi-~
anipually to inform the heavv-element community of the status and future

production plans of the Transuranium Element Production Program at ORNL.

During the period July 1, 1977 through vecexzber 31, 1977, we obtained
transuranium elements from 13 irradiated HFIR targets:; products recovered

are listed in Table 2.1 on p. 2. Ome batch of high-purity 2480!1 (~75 mqg)

was separated from 252Cf. Eighteen r.ipments were made from TRU during
the period; recipients and the amounts of nuclides are listed in Table 2.2
on pp. 3-4. Seven HFIR targets, each containing 8 to 9 g of curium, were
fabricated.

During the next 18 months, we expect to obtain totals of 97 mg of
2498):, 985 mg of zsch, 4.2 mg of 23385 (in a mixture of isotopes), 665 ujy

of high-purity 25385. and 1.8 pg of 257F’m; ve also expect to make available

250 mg of high-purity 24801:.

7 new s-rubber svstem was installed in the dissolver off-gas (DOG) stream
to remove the bulk of the 1311 and to reduce the amount sorbed in the Hop-
calite--charcnal system. During TRU target Campaign 53, the DOG stream was
scrubbed with hyperazeotropic nitric acid (the IODOX process). Both the

equipment and the process performed satisfactorily.

1hree neutron sources were fabricated diaring this report period, bringy-
ing the total fabricated to date to 100. Six sources were returned to TRU
and are available for reassignment. |

Special projects included the production of several grams of ultra-

243

1
high-purity Am and the development of a method for purification of the j

Zn8r2 solution from a shielding window.

| 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 assayiny products are tabulated in

the Appendix.




1. INTRODUCTION

This is the twentieth report in a series that is being issued semi-
annually to inform the hzavy-element community of the status and the future
production plans of the Transuranium Element Production Program at ORINL.
The objective of these reports is to provide informacion that will enable
users of the products to obtain maximum service from the production facili-
ties. 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.

Opv rations 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 current contents (252Cf and 248cm) of existing neutron
sources made at TRU, as well as the individuals to whom these sources are
currently loaned, are tabulated. Spicial projects to produce several grams
of ulitrahigh-purity 243Am and to purify the ZnBr2 solution from a shielding
window are described. vValues of nuclear parameters that were used as input
data for the calculations of production rates for transuranium elements,
along with a listing of the parameters used to calculate the specific acti-
vities of the isotopes that are of interest to TRU, are included in the

Appendix.

2. PROCESSING SUMMARY AND PRODUICTION ESTIMATE

The isotopic concentrations of the various transuranium elements are
not constant but are functions of irradiation hjstories and decay times.
We have selected one isotope of each element to use in making material
balances for the isotopic mixtures normally handled. Except in special
instances, 242Pu, 243Am, 244cm, 2493k, 252Cf, 25385, and 257Fm are the
isotopes used for tracing the corrcsponding elements. Thrcughout this
revort, we are discussing mixtures of isotopes unless we indicate other-

wige.



2.1 Processin3j Summary

During the period between July 1, 1977 and December 31, 1777, the

following operations were accomplished:

(1) One chemical processing campaign (No. 53) was made to obtain
transuranium elements from 13 HFIR-irradiated targets plus rework material.

Products from this campaign are listed in Table 2.1.

{(2) We made the initial separation (Batch No. 23) of about 75 mg of

high-purity 2480 (curivm that typically contains 97% 248(::1, 3t 2460!1, and

<0.01% 244011) from 100 mg of the parent z'ch .

(3) Eighteen product shipments wer~ made. Recipients and the amounts
of nuclides shipped are listed in Table 2...

(4) Seven HFIR targets were fabricated. Each contained 8 to v j 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 isotopic composi-

244

tion of the curium in these targets was approximately 36.0% Cm, 0.3%

245, 54.2% 2%6cp, 1.4v ?Ycn, and 8.18 28

Table 2.1. Amounts of materials obtained in the major campaign
in the Transuranium Processing Plant during the period
July 1, 1977 — December 31, 1977

Campaign No. 53

Completion date October 1977

Material processed 7 C£-I Cm~-HPIR targets
6 TRU Cm-HFPIR targets
plus rework material

Amounts obtained:

243Am, ga 0.4 ‘
2440, g2 22(68)° |
249y, mc 34 |
252, mg 318 |
253, mg 1.957° |
257em, pg 0.8%

Aamericium and curium are not usually separated from each other.'
l;"I'he amount shown in parentheses is total curium. |
®Before final purification.

dEstimated.




Table 2.2.

Bistribution of heavy elements frum the

Transuranium Processing Plant during the period

July 1, 1977 ~ December 31, 1977

Date TRU file Shipped to:
Major nuclide shipped No. Individual Site
Curium-246 (46%), g
1.01 8-24-77 837 R. W. Hoff LLL
Californium-252, mg
37.054 7-18-77 901 A. R. Boulougne SeL
0.0078 8-02-77 924 Isotopes Sales for EGSGI™
0.428 (NZD-35) 8-10-77 926 N. Clark ucr®
43.250 8-22-77 930 A. R. Boulougne SRL
9.791 (NSD-67) 9-06-77 694A H. G. Rieck PNL
16.532 (NSD-70) 9-06-77 694A H. G. Rieck PNL
12.372(NSD-72) 9-06 7 694A H. G. Rieck PNL
4.845(NSD-98) 9-06-77 918 J. L. Fuller HEDL
12.011 (NSD-68) 9-30-77 6948 H. G. Rieck FNL
11.966 (NSD-69) 9-30-77 694B H. G. Rieck PNL
15.628 (NSD-71) 9-30-77 6948 H. G. Rieck PNL
0.715(NSD-99) 9-30-77 927 G. P. Gottschalk HEDL
1.313(NSD-94) 10-28-77 912 F. M. Clikeman pu‘
1.307 (NSD-95) 10-28-77 912 F. M. Clikeman pPu©
1.015 (NSD-96) 10-28-77 012 F. M. Clikeman py©
1.190(NSD-97) 10-28-77 912 F. M. Clikeman puc
16.539(NSD-101) 11-11-77 932 J. E. Powell S-
5.469 (NSD-88) 11-29-77 722 R. L. Ullrich ORNL-B®
0.021 12-15-77 890 O ORNL
1914538
Einsteinium-253, ug
147 10-10-77 935A R. G. Haire ORNL
192 11-07-77 935B R. G. Haire ORNL

339
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Table 2.2. (continued)
. Date TRU file Shipped to:

Major nuclide shipped No. Individual Site
Einsteinium-253 (milked), ug

164 11-01-77 537 R. G. Haire ORNL

17 11-03-77 938 D. C. Hoffman LASL

181
Fermium-257, pg

0.8 10-27-77 936 W. T. Carnall ANL

%EGEG - Tdaho.

bUniversity of Cos:a Rica.
“Purdue University.
dSandia-NeH Mexico.

€ORNL Biology Division.

fIsotopes Research Materials Laboratory, ORNL.




2.2 Irradiation and Processing Proposals

The level of transurznium element production is expected to continue
at a rate of two processing campaigns per year. A long-term projection of
the capability of the TRU-HFIR ccmplex to produce the “yardstick®™ isotope
252Cf was described in a previous report in this series.1 Table 2.3 out-
lines the estimated production of transcurium elements irom a series of
likely processing campaigns that are scheduled through June 1979. Projec-

tions for the remainder of 1979 and for 1980 are based on current trends.

2.3 Estimates of the Availability of Transuranium Elements

The ampunts of transcurium elemrents expected from each campaign are

shown in Table 2.3. During the next 18 months, we expect to recover a total

of 57 mg of 2%%BKk, 985 mg of °2Cf, 4.2 mg of 2°°
c
665 ug of high-purity 253Es, and 1.8 pg of 2“7Fm. The following steps were

Es (in a mixture of isotopes),

used to forecast the amounts: (1) calculation of the amounts of transcurium
elements in each group of targets at the time of reactor discharge by means
of our computer code, (z) addition of the assumed amounts of rework feed,
and (3) application of the assumed chemical yield factors and net decay
factors for the assumed recovery times to the amounts of total feed (targets
plus rework). The assumed chemical yields and recovery times are »daseé on
past performance data, and the most receantly revised values are unierlined
in Table 2.3 of ref. 2,

Curium-248, a valuable research material, is formed by alpha decay of
252Cf. On December 31, 1977, TRU had the inventory of purified californium
shown in Table 2.4. At appropr.ate times, a group of packages and/or un-
needed pellets or neutron sources will be processed to separate the cali-
fornium and curium. The curium thus obtained is considered to be high-

purity 248Cm; the typical isotopic compcsition is 97% 248Cm, 3% 246Cm, and

<0.01% 244Cm. The 246Cm is produced by the decay of 2socf, whici: is present
in the californium. We expect to make available 1.0 mg of the high-purity

2980 in 1978.and 100 mg in early 1979,



Takie 2.3.

Estimated future producticn of transcurium elements

) 252.¢ productionb
Products of sampaigns D:;:nq
P 52
2493k 252Cf 2°'Esa 257Fm period Cumul. Date products
Period Processing campaign (mg) (mg) (ug) (pg) (mg) (mg) availahle
Through December 1977 2792b
Januvary-June 1978 13 Cf-I Cm-HFIR targets 30 290  1215(195) 0.5 290 3082 March 1978
[}
1C C0f-1I Cm-HFIR targets
July-De 30 412 ) 7
uly-December 1978 {73 tRU Cm-HFIR targets } 32 330 141!10(225) 0.6 3 3 November 1978
7 C£-1 Cm-HFIR targets -
January-J: 777
anuvary-June 1979 { 3 TRU Cm-HFIR targets } 35 365 1530(245) 0.7 365; 3 July 1979
July-December 1972 300 4077
1980 600 4677

a s i .
amounts from initial separation.

are given in parentheses.

b . R . . Coaq . X .
Californium produced in SRP irradiations is not included In prcodaction totals.

Amounts "milked" from californium preduct fraction after decay period

A total of 720 mg was re-~
covered from 164 SRP slugs and 21 SRP tubes processed between Nd>vember 1970 and January 1973,




Table 2.4. Inventorv of purified californium-252

Container Content on December 31, 1977
4
Type Number 252cf {mg) 2 8Cln (mq)
Stored packages 24 781 189
252Cf Pellets 10 37 13
Neutron sources 80 190 205
1008 407

3. PROCESSES AND EQUIPMENT

Cooling periods for irradiated HFIR targets proceses'd at TRU are kept
. short to enhance the yields of 25325 (half-life = 20.5 days). Because of
this short cooling time, the group of targets processed during a TRU campaign
typically contains several hundred curies of 1311 when the targets are
processed. Several methods for rerx ving radioiodine from the off-gas have
been tested and used at TRU. FPor the jast 6 years, a Hopcalite--charcoal
system has been used in the vessel off--gas system (“450 cfm). (Hopcalite
is an MnO,~Cu0 mixture used Lo catalyze the oxidation of organic materials
to compounds tnat are either not scrbed on charcoal or are less strongly
sorbed than iodine.) Al:hough this system has worked well and releases of
131I have been low, about 5 to 25 Ci of 1311 was scrbed in the system during
each campaign; this constituced a potential for accidental release. A
scrukber system was ‘nstalled in the dissolver off-gas system (Vv0.25 cfm)

131

to remove the bulk of the I and reduce the .uwunt sorbed in the Hopcalite--

charcoal system.

During TRU Campaign 53, the dissolver off-gas was scrubbed with hyper-

2zeotropic nitric acid (the Iodox process). Equipment performance was
satisfactory, and the amount of 1311 sorbed in the Hopcalite--charcoal system
was significantly less than in previous campaigns. More than 99% of ‘he

1311 in the nitric acid dissolver solution was volatilized and then sorbed

into either 11 or 23 M HNO3 in a six-stage bubble-cap column. 1Iodine



4]

. . . . 4
decontamination factors achieved in the column ranged from 1 x 10 to

a
8 x 10 , or about 5 to 7 per stage. These were the first tests made of
the Iodox process at high-activity levels, and the results were consistent

with the results cf tracer-level tests.

4. CALIFORNIUM NEUTRON SOURCES

Some of the recovered californium is inconrporated into neutron scurces,
which are subsequently loaned to researchers. Data for existing neutron
sources that have been tabricated at TRU are listed in Table 4.1. Most of
the sources were fabricated into one of the four standard models illustrated
in Fig. 4.1 of ref. 3 and are designated in the table by a three-letter
prefix. Nonrtardard sources are designated simply NS-. The three-letter
prefix indicates whether the scuarce is singly or doubly encapsulated, 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 July-December 1977

Three 252Cf neutron sources, NSD-88, -99, and -101, were fabricated

during this report period.

4.2 Used Sources Returned tn TRU

A number of neutror. sources are returned to TRU when the projects

for which they were requested are completed or when replacement sources
are ordered to make up for decay of the 252Cf. The returned sources are
available for reassignment until the appropriate time for reprocessing to

248cm

recover the ingrown . Six sources were returned during this report

period.
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5. SPECIAL PROJECTS

The primary functions of TRU are: (1) tou fabricate targets for ir-
radiation in the HFIR to prrduce transuranium elements, and (2) to isolate
and purify transuranium elements for use by research workers. However,
the facilities that are availablr:4 are also used for a variety of other
purposes such as nonvoutine production, special preparations, and special
irradiations in HFIR; in each case, a unique service can be provided to

assist a research program at ORNL or another site.

5.1 Purification of inericiun-243

Many requests have been received through the years for highly purified
243An, to be used for neutron cross-section studies, for capture gamma
studies. and as an analvtical standard. A guantitv of svrellent fandciock
that contained 120 ppm of >Mam and 0.4% 2*%n (by weight), was available
from earlier programs at the Savannah River Labcratory; we were asked to
reduce the curium concentration in some of this material to less than 5 ppm.
The corresponding 252Cf content that will yield a corpxrable neutron emis-
sion rate is 25 parts per trillion of americium. Hence it is necessary to
have an ultraclean facility in which to do this work. A suitable facility
was not available until recently when a riew liner was installed in Cave A
of Laboratory 111 at TRU.

We have prepared about 10 g of 243Am averaging less than 1 ppm of 244cm

using ion exchange techniques. This is sufficient to meet current requests.
We anticipate preparing a similar amount for future needs before allowing
Cave A or the equipment to be used for any other purpose.

5.2 Purification of Zinc Bromide from Cave-A Shielding Window

During replacement of the Cave~A liner, the zinc bromide solution in
the shielding window was drained and the window wag dicassembled %0 replace
leaking gaskets. The zinc bromide solution was filtered through a medi@m
of glags fiber éovered with a diatomaceous-earth filter aid to remove some
of the yellow-célﬂted matter, and the filtered solution was put back Lntd

|
i
|
1
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the tepai:ed. window. Several weeks after the filtrat.on, the solution
again became cloudy and Yellow. We were unable to locate a supply of
frest optical-qtade zinc bromide solution nor could we find anyone (at
seraral other DOZ sites and shielding window firms) who could offer a
solution to our problem. The cloudiness in the Cave A window appared
to stabilize at a condition in which the window was useable. Thus we
have tesmedooerationsinCavenhttmcontinuing to search for a way
to imrrove the situation, either by locating a supply of new zinc bronlde
at some reasonable cost or by developing a method for clarifying our
present supply of zinc bromide. )

Analysis of the solution in tne CaveA window indicated +-2t the
cloudiness was nrobably caused by a high concentration of ir.n. There-
fore, a procedure was devzloped and demonstrated in the laboratory to
remyve iron fenr the zine hromidae enlubinn and thon &n reconetituba the
solution characteristics to those necessary for use in the shielding
window. The treatment procedure included (1) dilution by a factor of 2
to reduce the solution viscosity prior to filtration; (2) oxidation with
bromine to precipitate the iron; (3) filtration through a 1l.€-um glass-

fiber filter to remove the precipitate; (4) reconcentration cf the filtrate

by means of evaporation; (5 addition of hydroxylamine hydrochloride to
prevent further precipitation of iron; and (6) adjustment of the solution
alkalinity to 0.3 N by addition of NH40H. The feasibility of using the

procedure in engineering-scale equipment is being considered.
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L. J. King, J. E. Bigelow, and E. D. Collins, Transuranium Processing
Plant: Semiannual Report of Production, Status, and Plans for Period

Ending December 31, 1975, ORNL-5146.

L. 7. King, J. E. Bigelow, and E. D. Cnllins, Transuranium Processing
Plant Semiannual Report of Production, Status, and Plans for Period

Ending December 31, 197G, ORNL-5305.

L. J. King, J. E. Bigelow, and E. D. Coilins, Transuranium Processing
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Ending June 30, 1973, ORNL-4921.
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Ending June 30, 1972, ORNL-4833.

Y. A. Ellis and A. H. Wapstra, Nucl. Data Sheets 3(2), 1 (1969)
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7. APPENDIX

We have traditiomally used the Appendix in this series of semfamnual
reports to tabulate decay data and cross-sectior data of interest to the
transplutonium community. In the first few issues, rapid changes occurred
as a result of the publication of much new data. Sometimes, by virtuz of
personal contacts with some of the investigators, we were able to incor-
porate new data in our tables even before formal publication. In more
recent issues, the press of other wu.a uas prevented us from revising the
tables; as a result, they are no longer current. In the meantime, the
Nuclear Data Project at ORNL has issued revised and updated Nuclear Data
Sheets":'-.13 that cover the mass region of interest (A>237) and which are
considered the definitive source of all types of nuclear data relating to
decay mndes, half-lives, etc. However, because these Appendix tables have
proven to be a convenient rexerence to ug at IKU, we wili continue to
publish them with each issue. 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 the 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 238y). 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 was determined by
relating that isotope’s half-life to the half-life of some other reference
i0:pe, In a few of these cases, 8 newer value has been accepted for the
- half-1ife 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 teble no longer agrees with the value
given in the reference. However, we did use the relationship given in the

referenced work.



Table A-1.

Half-life values" for isotopes of transuranium slements

Partial Half-Lite Pa:tial Half-Life Neutrons »
Nuc lvde Total Nalf-Life for o Decay Srsnching Ratios for Sontaneous Pission por Fission heferences
Wy 2.1 2 0.01) 2 10% »10i8 y 2.009 0Bri2, ¢10r04
230 2.0t 0.0l d S0FVS3
Wiy 2.339 ? 0.010 ¢ $9Ce93
240y, SRR 40Le0d
240nyy 73103 . dGtyel
My T “0Le03
ing 3LAN 60Le03
2 87,404 2 0.1 ¥ (52 0.6) v 1010y 2.33 2 0.08 610704, 68Jols, BOHIO)
1%, (2.4413 * 0.003) x 10% ¥ 5.5 0 10¥ y ER L 528007, $9Ma26
240y, 500 * @0y (1.340 2 0.018) a 103 y 2,177 * 0,008 311803, ewal3, ¢8B0S¢
My, 4.9 2003 y (52230108 y 0Ca19, ¢0BrIS
A2, {3.069 2 0.016) » 0% y 2.4 2 0.17) 2 1019 2,186 2 0.000  ¢3Ma80, 698006, ADBeSd
iy, 4,933 2 0.003 A 30109
iy, (.20 2 0100 x 107 (0.3 £ 0.30) 2 1019 .04 45107, 69Be0s
Hlpy 0.6 2 0.4 N e
ey, 10,83 1 0.02 4 S6Hol3
Sl a0y 2300 50l y 2.4 610704, ¢70e0)
My .01 2 0.02 N EC/8 » 0.19 $3Ked8
g ety (2.92 1 0.45) x 104 y sonall®
LY 730 140y [Y11TH
Sy 0.1 1010 $2Va08
dmy, b 340834
.07 2 0.02 N 111" 2]
20102 ssinle
0rT?a s70re?
43 670r02
182.7 2 0.1 4 2.2 0 10%y 2.8 2 0.09 $1Ha8?, $7Pes2, S6H{IOL
Ny $7A870
19.099 % 0.00$ ¥ «/SF « (7.43 ¢ 0.01) & 10 2484 2 0,00 5Ne02, 680026, S8HIO0)
a3 ! 100 y 90}
4688 ¢ @0 y o/SF » 3822 1 10 3,004 9001, 71Me10
.36 1 0.08) x 107y 719101
(3.703 ? 0.032) x 10 {4,013 20.034) 08 y 3.3 LTI
“!in $0a0¢
(1. a1 0.20) x 10ty 3,344 OR00)

91



Table A-1. (contirtued)

Partial Half-Life Jartisl Half-Life Noutrens

wuc lide Total Half-Life for a Decay Branching Ratios for Spontaneous Filssion per Fisrion Icunmn"
9y uelad afh s (14810080 x 10°* (1,17 T 0.08) x 107 y 3.72 % 0.18 $7:801, 6IHL08, €4PyO0Q
g 233 Y 0008 N sva0?
Sy ST e onaos
N Bty a/SE v (1,92 1 0.040) 2 108 saed PMe0), SIMI08
¢ 1%.08 20,09 y «/SF » 1200 ¢ 40 v.5¢¢ 3M01, hes)
By 900 t 50 y 900}
Wy Jode P Q.00 y a/8F = 31,3 2 0.2 3,796 1 0,03 elMe0?, ¢8WhO4
B¢ 7.812 2 0082 d a/8 s (3.1 % 0.4) n t0°} 90T02, *HRGO)
B¢ 0.8 1 0.2 4 a/SF v (3,10 * 0.18) a (0°} 3.90 1 0,14 CIPN0L, S4RyD3, 68002}
B¢ 1.5 208N 70109
N, 20.47 C 0.0 d a/SP s (1,15 ¢ 0.08) x 107 3.9 34002, §00P0?
sy, M Geistoly 4.0 477103, $7Un0}
25dmy RN NEY YRR TN 42Un01, $3PNOI
{ t.C./¢ » 0,00078 © 0.00006
Wiy, »e124 a/f » 0.0u66 ! 0.0043 aied S8RG01, 677103
[uss v (2.22 7 0.10) a 10
Sy EISE I B slloll
Blse 3.4 001 0 o/SP v 1698 ' 8 4,00 L 0.0 S6Je0P, ¢7Fi03, S6ChE3
e 20.07 ! 0,07 A SF/a » (3.4 2 1.0) x 1077 e 3PR01, G4AeOL
Sy 2.62 T 0,00 N ~100% SF w2 oiiel3
5% 4104 GRGO)
S5 380 Y &0 41 ~100\ SF 71403

e half-life valwes uaed in Thit table vore boing used at TRV at the ond of the report pericd,
Seferences are decoded in Table A-2.

SPubisshed values are adjusied for T4lam haif-dife of 432.7 y.

YYaiuc e3timated by linear interpolation of the values for *44Ca and 252C(, based on muclidis mass,

Ly
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The references used ir Table A-1 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 inforwation concerning
the hazard associated with handling these nuclides.

7.2 Neutron Cross-Section Data

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

capture cross sectiom, » and the third is the neutron capture resonance

Cc
%2200
integral, RI. The second parameter, C, is a constant that is a function of

the target geometry; ‘it is used to estimate the resopnance gself-shielding ef-

fect. The effective capture cross section, c:ff. would be:
¢ RI
-C c . Ies T3 1

A4 -; LI v A »
eff 2200 ¢2200

where N is the number of grams of the particular nuclide in one target rod,
ores is the average flux per unit lethargy width in the resonance 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 éres

section for fission is computed by a similar relationship among the last

/02200 ranges from 0.042 to 0.051. The effective cross

three parameters.

These crogs sections are to be regarded as a self-consistent set where-
by one can compute overall transmutation effects and as ¢ set of arbitrary
constants f.v 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 rhe possibility of a dizcrepancy to
confine us.

244¢

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

used to simplify the calculation of the main transmutation chain involving

244Am of 24bc

. The properties Am were calculated from the properties of the
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Table A-3., (continued)
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ke values for progertics inciuded 1n this Table are those in use at TAU at 1he ond of the report period.

Ssrom 1P PR lication J, “Report of Committce 11 on Poysissible Dose for Interna) Radialion (1959) and IUNP Fublication b, “Nscomsendstions of th

Intersational Commission os Radiological Protection” (1964).
“Coumting grometry, SIV.

22y decays by & weiasion (84%) and orhatsl capiure (18%).

T24200g gecays alwost emtitely by i308eric transition to the Ib-Ay ground siate, 02,

1260mag gocays primarily by # emission, but 0.0°9% decays hy elrctron capture 1o Hay,
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Table A-4. Neutron cross sections used to compute transmutations in HFIR
target irradiatioms

7200-als Fr.?.:t: Resensnce T 2200-mis s

Cress Sectien Self-Shielding lateg Cross Section Self-Shielding Integral
Beclide Half-Life (barms) Constant {tarns) (barns) Conatsat (barns)
218, 07.404 y 560 ] 150 16.5 ] 25
i .61 x 10% y 265.7 o 1% 2. o 2
ey, 50y 2% ° %53 0.05 o °
2ipy 15.99 y %0 3 166 1011 (] s&1
2029, 3069 x 10° 19.5 .20 1200 ° ° °
Wiy 49550 20 [] ° 210 [] ]
Ipy 8.28 2107 y 1.6 ] [ [ B ]
3y 10.6 & n 0 [ [ [ (]
2%8p, 10.85 4 ] ] ° ° ]
MYy 770 § 105 [ 1500 ° o o
Eaa’™ 10.1 ° o o 2300 [} (]
e, %s ° o [} [ ] (]
Whcppt e [ o ° 1128 ] o
23 2.07 0 o o ] [ °
LALTSY 25.0= 0 ° ° ) 0 [}
2%y 18.099 y 10.0 4.0 €50 1.2 4.0 12.5
%50n 0263 y n3 2.4 120 1727 2.4 1140
LAad - %Sy 1.2% ° m [ o °
2v7cy 1.56 x 107 0 ° $00 120 [ 1060
e, 3.397 x Jo% y .56 2.0 170 ° ° v
Ve 6= 2.8 ] [/} 50 ] (]
2500y 1.76 x 108 2 ° ° ° 0 0
Ehad 1 N4 d 1451 2.4 1250 0 [/} [
2505y, L1218 350 ° ° 3000 0 0
28ipy 57m 0 [} ] ] [} [}
Wce 2 y 430 1.46 750 16%0 5.8 2920
230¢¢ 13.08 y 1900 20 11800 ) [} 0
1Sy %00 y 2850 16 1600 3750 1% 5400
132¢y 2.646 y 19.8 0 b 32 ° 130
253¢c¢ 17.812 4 12.6 ] 0 1300 [] ]
258 0.5 ¢ 50 0 1650 [} [] 0
255¢¢ 1.5 % [} 0 0 [ (] [
TS, 20,467 4 ns 0 0 ] [] (]
5vg, 276 4 20 [ o 3060 [} 0
2'myy ”.3hn 1.26 0 o 1360 [ 0
235g, ».84 60 0 0 n [} 0
236g, s [ [ [ [} 0 [
2vpy 3.2 b 7 ° ° [ 0 °
135y 20,07 » 2¢ [} 0 100 [] 0
136py 2,62 h 48 ° [ [ [} [
137pn % d 10 0 0 $500 [} 'o
150y 300 ue ) 0 [ 0 [ [

%70 simp1ify calculations we vee a ficcicious fsotope,
relative rases of production from 7*)am.

I%*Cam, which cosbines the prepertiss of **“Bam and *“Am sccording to thesr
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real isomers 2443Am and 244mAm by assuming that: (1) the number of atoms

of 244cAm present equals the tetal number of atoms ol the real isomers;

(2) the 8 decay from 244cA_ equals the total § decay from the real isomers;

(3) the fissions from 244cAn equal the total fissions from the real isomers;

(4) the isomers are in equilibrium with their common parent 263An while
the reactor is operating; and (5) the c.ly significant production and re-

moval factors are the removal of the isomers by decay and neutron absorp-

tion and the production of the isomers by transmutation from 243An. Thus,

(1) Nc=Ng+Nm,

(2) Xch = )«gNg + A\mlllll ’

3) ofN = ofN +0£N .
cec g8 nw

ch dN dqn
=-—&d =a—=0,and

@ &

a
(5) O+ GOIN; = £.0M,,5,

where superscripts f, a, and c refer to fission, neutron absorption, and

neutron capture; subscript £ refers to the {th isomer, c, g, or m; and fi
is the fraction of neutron captures in 243Am reaulting in the Lth isomer,

such that fc = fg + Em =1,



