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ABSTRACT

The radiatlion properties of curium (~95 wt % 2%4Cm)
that would be produced in a large-scale program at the
Savannah River Plant are similar to the properties
reported in the literature for pure 244Cm, The alpha,
gamma, and neutron radiations associated with the 24%Cm
product are presented for evaluation by users of 24%Cm
as a heat source 1n l1sotoplce power generators.
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RADIATION PROPERTIES OF 2**Cm PRODUCED
FOR ISOTOPIC POWER GENERATORS

INTRODUCTION

Curium-244 is a promising heat source for isotopic power
generators. This isoctope can bhe produced 1n large quantities
at reasonable cost, and without excessively long lead times.
A pilot production program for 2%4%4Cm i1s underway at the
Savannah River Plant.‘l) The program not only pillots the
large-scale production of curium, but will also provide three
kilograms of 2%*%*Cm for the development and demonstration of
power generaters fueled with this isotope.

This report presents the radiation properties of 24%(m
that would be produced in & large-scale program at the
Savannah River Plant, The Information is intended for evalua-
tion by users of 2%44Cm as a heat source 1n isotopic power
generators. These radiation properties are based on:

e Measured radiation properties of a purified sample
of ~95 wt % 2%4%4Cm produced in a Savannah River
reactor.

o Expected purification of the curium product in the
chemical separations process belng developed.

e Reported radiation'prOperties of tHe nuclides in
the curium product.

SUMMARY

When 2%%Cm is produced by irradiating plutonium in &
nuclear reactor, a mixture of curium isotopes is cbtained.
The radiation properties of the curium (~95 wt % 2%%Cm) that
would be produced in a large-scale program are similar to the
properties reported in the literature for pure #**Cm. The
effective alpha half-life of the mixture will bte practically
the same as that of 2%%Cm, since only 0.02 wt % of 2%%*Cm will
be present in the 244Cm product. The significant amounts of
gamma radiatlon and neutrons associated with the 24*Cm product
are not greatly different from those for pure 24%Cm because
the 1sotoplc composition of the product 1s faverable and also
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because the chemlcal separations process can remove sufficient
quantities of objectionable impurities such as 2°52Cf,

The radlations from 2**Cm produced in a large-scale pro-
gram include radlations from:

e TIndividual curium isotopes.
¢ Products of the spontanecus fission of curium 1sotopes.

¢ Radioactive contaminants that are not removed in
chemical processing.

e Neutrons from a,n reactions with oxygen.
The total alpha, gamma, and neutron radiations are summarized

in the followlng table,

Aetivity of 2**Cm Product

Alpha Activity: 2.88 x 10%2 disintegrations/{sec)(gram)

Gamma Activity Neutron Actlvity

Energy, Abundance, Energy, Abundance,
Mev photons/( sec) (gram) Mev neutrons/(sec) (gram)

0 - 0.5 8.1 x 10® 0~ 0.5 1.% x 10°

0.5 - 1.0 5.3 x 107 0.5 ~ 1.0 1.8 x 10%

1.0 - 2.0 1.3 x 107 1.0 - 2.0 3.7 x 108

2.0 - 3.0 4.3 x 108 2.0 - 3.0 2.4 x 10®

3.0 - 4.0 © 5.0 x 108 3.0 - 4.0 1.4 x 10°

4.0 - 5,0 1.7 x 10°% 4,0 - 5.0 7.8 x 10°%

5.0 - 6.0 8.9 x 10* 5.0 - 6.0 2.6 x 10°

6.0 - 7.0 1.5 x 10% 6.0 - 7.0 2.0 x 10°

7.0 - B.0O 6.1 x 10

8.0 - 10 4.9 x 10*

10 - 13 1.0 x 10*



DISCUSSION

GENERAL NUCLEAR PROPERTIES OF CURIUM ISOTOPES

The general nuclear properties of curium isotopes are
presented in Table I.

TABLE T

General Nuclear Properties of Curlum Isotopes

Spontaneous Neutrons per Specific Activity  Specific Power
Fiasslon Fisgion of Alphe Decay of Pure Isotope, of Pure Isotope,
Tsctope Half-Iife Pure Isotcpe Half-Life curies/gram watts/gram
24zon 7.2 x 10% y1®) 2 61 x0.09%%t  162.,5 0.3 a'®! 3,320 120
243¢py - - 35 yl2] 42 1,44
2440m 1,346 $0.,006 2.8 £0.05!%) 18,1 y!®! 81 2.78
x 107 Y(BJ
2450y - - 1.43 £0.29 1.025 x 107t 5.8 x 1072
x 104 y'®!
2éeon 1.2 x 107 yi®’ 3,0is! 4.0 £0.6 3.65 x 1073 7 % 1078
x 102 ytzi
2470y - - >9 x 107 y(&) 1.62 x 107% 4.6 x 107°
248cn 4.6 £0,5 3.4(s) 4.7 0.4 3.08 x 1072 1.03 x 107*
x 108 yi&! x 105 yl2!

CURIUM PRODUCED IN TRANSPLUTONIUM PROGRAM

Several hundred grams of 2%*Cm have been produced at
Savannah River for the Atomic Energy Commission's Trans-
plutonium Program, A sample of this material was purified
from fission products and other actinides by solvent extrac-
tion, double carbonate precipltation, and ion exchange. The
regsulting curium was of very high purity as indicated by the
concentrations of impurities in Table II and the isotopic
content in Table ITII.

TABIE IT

Spectrographic Analysis of Purified Curium
from Transplutonium Program

Concentratlion, Concentration, Concentration,

Element pom Element rpm Element Ppm

Ca 60 Sn <10 Sk <5

Zn 50 Mg 5 3i 3

Ce <50 [of:] <5 Bi <3

La <25 cr <5 T1i <3

P <25 ' e <5 11 <

Zr <55 Mo <5 Mn <1

Al 10 o <5 Ag <0.5

Na 10 Ni <5 B <0.5

Ba <10 Pb <5 Be <0.01
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TABLE ITI

Composition of Curium Products

Purified 244Ccm from 2440m Product from
Trangplutonium Program Large-Scale Program(a
Nuclide _Mass Abundance, wt % Mass Abundence, wt %

2420m 0.12 +0,006 0.02
243Cm 0.03 $0,002 0.002
244cm 95.5 95.3
2450m 1.6 0,05 0.9
2480y 2.7 0,01 2.7
2470y 0.04 0,01 0.07
2480 0.0k £0,01 0.05
24%m 0.0009 0.5
2s20p <1 x 107° <4 x 107°

{a) One year after reactor irradiation, 97% of the 24%Cm
product will be of thls compogition; 3% of the
product will contain higher concentrations of 242(m
and 243Cm,

244C, PRODUCT OF LARGE-SCALE PRODUCTION PROGRAM

From the measured composltion of the purified curium
from the Transplutonium Program, the isotoplc composition was
calculated for curlum produced in the irradistion scheme for
a large-scale 2%4%*Cm program. This calculated composition is
listed in Table III.

The product of the large-scale program will be referred
to as the "24%*Cm product" in the remainder of this report.

ALPHA ACTIVITY OF THE 244Cy PRODUCT

Alpha radlation 1s the major source of energy released
by curium lsotopes. The relative abundance and energies of
the aliphe particles emltted from the principal alpha-emitting
curium isotopes are glven in Table IV,

The alpha spectrum of purified curium from the Trang-
plutonium Program is shown in Figure 1. The spectrum shows



TABLE IV

Alpha Radiaticns of Surium Isotopes

Energy/Dieintegration

Alphe Particles Per Energy
Energy, per Disintegration Interval, Total,
Isotope Mev of Isotope!?! Mev Mev
2420y 6.110 0.737 k.5
6,066 0.263 1.6
5.965 3.5 x 1074 2.1 x 1672
5.811 6 x 107° 3 x 107*%
5,605 3 x 1077 2 x 10”8
5.515 1 x 1078 & x 107°
5.200 3 x 1077 2 x 10"°%
5.120 4 x 1078 2 x 1077
' 6.1
2430y 6.061 1 x 1078 & x 1072
6,054 5 x 1072 3 x 107°
6.005 9 x 107° 5 x 1072
5.987 & x 1072 3 x 107%
5.900 1x 1078 6 x 1072
5.872 5 x 1073 3 x 1072
5.780 0.73 b 2
5.735 0.115 0,66
5,680 1,6 x 107% 0.09
' 5.7
2440 5.798 0.767 4 bk
5.756 0.233 1.34
5.658 1.6 x 1074 g x 107%
5.511 4 x 1073 2 x 107*
5.78
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FIG. 1 ALPHA SPECTRUM OF PURIFIED CURIUM FROM TRANSPLUTONIUM PROGRAM
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only the peaks from 2%2Cm and 244Cm and agrees with the
spectrum calculated from the known isotcpic content:

Alpha Activity of Purified Cm
from Transplutonium Program,

% of total
From Measured Calculated from
Isotaope Spectrum Isotopic Content
2420m 5 }4_.9
2440m 95 95.1

From the calculated isotopic content of the 2%*Cm product,
greater than 99% of the total alpha activity of the product
will be from 24%4Cm; therefore, the over-all alpha decay rate
of the 2%**Cm product will be practically the same as that
of pure 24%Cm,

GAMMA ACTIVITY OF THE 244Cm PRODUCT

The gamma, activity of the 2%%Cm product will consist of
gamme. rays from:

e Decay of curium isotopes and actinide impurities.

e Prompt spontaneous fisgsion of curium isotopes and
actinide impurities,

e TFission products continucusly produced by the fission
of curium isotopes and actinide impurlties,

e Radioactive impurities (primariiy fission products)
that are not removed in the chemlcal separations
process,

Gamma radiations from each of these scurces are described in

the followlng sections.

Gamma, Rays from Decay of Actinides

Gamma rays reported for the decay of actinides in the
2440y product are listed in Table V.

From the mass abundances listed in Tatle III, only two

groups of these gamma rays above 0.2 Mev contribute signifi-
cantly to the total gamma spectrum of the purified curium

- 11 -



TABLE V

Gamme Rays from Decay of Actinides

Gamme. Ra.ys
Energy, Abundance,
Nuclide Mev photons/(sec) (g of nuclide)

242op 68} 0.0k 4.8 x 10%°
0,101 4,3 x 10°

0.157 2.8 x 10°

0.210 2.5 x 107

0.562 2.2 x 108

0.605 1.7 x 10®

0.890 1.1 x 107
0.935 Negligibvle

1.010 1.2 x 107
z4scp(7) 0.106 Negligible
0.2100 9.3 x 101°

0.2280 1,1 x 1ot

0.2775 2,7 x lotl

asappyte) 0.043 6.3 x 10°
0,100 4.5 x 107

0,150 3.9 x 107

0'262(9, 3.5 x 10°

8:2{0 4.2 x 10°

0,825} 2.0 x 10°

zsapple) 0.043 2,78 x 10°
0,100 2.0 x 10°

243y 229y, (8) o g7y 5.9 x 10°
{a) 0.04%7 b,1 x 108
C.04%94 9.5 x 10°

0.0572 7.5 x 10°

0.0615 4,0 x 108

0.0678 1,1 x 107

0.1062 2.1% x 10°

0.1818 3.4 x 107

0.2099 2.5 x 10%

0.2265 1.1 x 108

0,2084 5.4 x 10%

0.2546 1.5 x 108

0.2731 5.4 x 107

0.2778 9,0 x 10%8

0,2856 8.2 x 107

0.3161 2,7 x 107

0.3346 1.4 x 10°

{e) Daughter in equilibrium with parent, The 0.0T4-Mev
gamma ray is from alpha decay of 2*3Cm; the others
are from bets decay of 2°®Np.
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from the Transplutonium Program. These are the 0,210-0.278 Mev
gamme rays from 2%°Cm and the 0.570-0.825 Mev gamma rays from
2440m, From the second and fourth columns of Table VI, the
gemma rays from 243Cm account for 16% of the total 0,0-0.5 Mev
gamma radiatlion from figsion and decay, and the gamma rays from
2440m sccount for 18% of the total 0.5-1.0 Mev gamma radiation.

TABLE VI

Significant Gamma Activity from Decay
of Purified Curium from Transplutonium Program

Gamma Activity from Decay,
photons/(sec) (g of sample)

Caleulated from Total Gamma Activity from
Energy, Decay Schemes and From Interpretation Fisslion and Decay,
Mev Isotopic Content of Gamma Spectrum photons/{sec)(g of sample)
0.2 -~ 0.5 1.% x 108 1.1 x 10° 8.9 x 100(®
¢.5 - 1,0 6.2 x 1o0® 4,0 x 108 3.5 x 107
(a) 0.0 - 0.5 Mev,

The contribution of gamma rays from decay calculated
from published decay schemes and measured mass ratios was
verified by the observed spectra shown in Figure 2., In
interpreting the gamma spectra, the fission spectrum of 2%2¢f
was subtracted from the 2%*Cm spectrum, and the intensities
of the remaining photopeaks were corrected for detector
efficiency, geometry, and Compton events.

In addition to the gamma rays from decay of curium
isotopes, there would be gamma rays from decay of 2#32Cf and
249Am.2%%Np in the 2*4Cm product. The contributions of 2°2Cf
and 243pm-2°®Np to the total gamma rays from decay were calcu-
lated from the predicted concentrations of these isotopes in the
2440m product (Table III) and the data in Table V, Since
2520f has only low-energy decay gamma rays and would be present
in extremely low concentration, 1t would not contribute a
significant amount to the total. The decay gamma rays from the
0.5 wt % 24%Am (and the 2%°Np daughter) predicted in the
244Cm product would amount to about 2.8 x 107 photons/(second)
(g ®**Cm product), with about 1.1 x 107 photons/(second){g 2**Cm
product) above 0.2 Mev.

Prompt Gamma Rays from Spontaneous Fissicen

The energy and abundance of prompt gamms rays from
spontaneous fission were calculated by assuming the spon-
taneous fisslon gamma energy spectrum for 24*Cm to be the

- 1% -




same as that reported for 2°5U,¢ *! The validity of this
assumptlon, which 1s in accord with theory, ‘'S’ was supported
experimentally by measuring the total gamma spectra of 252Cf
and 244%Cm and by comparing literature data for 252Cr‘S) ang
235y (41 e 25205 and 244Cm spectra, shown in Figure 2,
are quite similar in the high energy region (beyond 2 Mev)
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FIG. 2 TOTAL GAMMA SPECTRA OF 252C{ AND PURIFIED CURIUM
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where the gamms contribution from short-lived fission products
is relatively smell. In thls energy reglon the measured ratio
of photons/fission for 252Cf was 1.26 times that for 24%Cm,
which is in line with the ratio of 1.35 calculated from
literature data for 2%2¢f and 2°5y, The 2%%Cm used in
measuring the spectrum was the purified curium from the
Transplutonium Program,

The spectra of prompt gamme rays from spontaneous fission
of 2%4%Cm and 2%20f were measured with a ¥,n coincidence
technique, also, With this technique, only 100-kev or greater
gamma, raye emitted within 180 nanoseconds of a spontaneous
fisslon are recorded. The measurements are gshown 1n Figure 3.

|
1000 W4 »
- e .
L S ]
L ]
- A )
e c ﬁ
<
k-
— L s 2%cm Dota —
L]
I o 2%2cf Data
— 08 .. . —d
oSe
aq"
L]
. o@. .?
100 |- el - -
‘ E L o‘f':oe te { -
5 B o@o.. 7
Q | |
S . ooo.:.‘l
- B :t::’ Jo' e e 7]
[ [ e .
o - orce® % -
Q. " L]
*g o .8 °°a.a o
=] — Q o e
S S e,
00. QD.OD oe
o a @ ° - .
]0 hd -] ioa.a - ¢ b
- ] . -
- 0.1 to 1.7 Mev . o oe oot ]
= © Coincidence Technique ° o 4
B 3" x 3" Nal Detector oces #0 9 a0
- 3He Neutron Specirometer . o —
— a9 O O e —
— o0 o) -
L. o o
l 05
0 200 400 600 800 1000 1200 1400 1600 (800D

Gamma Energy, kev

FIG. 3 FISSION GAMMA SPECTRA OF 252C{ AND PURIFIED CURIUM
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The energy and abundance of the prompt gamma rays cal-
culated for 24%Cm from the literature data for 225U are
given in Table VII; literature data for 2%2Cf are also included.
In the 244Cm product, prompt gamma rays from the spontaneous
fisgion of curium isotopes other than 2**Cm will be less than
2.5% of those from 2*%*Cm. The prompt gamme rays from 252Cf
(<4 x 10~%° wt %) in the 2**Cm product will amount to 10% of
the prompt gamma rays from 244Cm. These are the only nuclides
that will contribute significantly to the prompt gamme rays |
from spontaneous fission in the 2%%Cm product.

TABLE VII

Prompt Gamma Reys from Spontaneous Fission
of 2%4%cm and 25%¢r

Abundance,

Energy, photons/(sec) (g of nuclide)

Mev 2440 2s25p(5)
0.0 - 0.5 1.2 x 107 3.3 x 102
0.5 - 1.0 7.4 x 10% 1.7 x 1o'®
1.0 - 1.5 3.3 x 10® 7.7 x 1012
1.5 - 2.0 2.1 x 10% 4.2 x 10**
2.0 - 2.5 1.1 x 10% 2.2 x 10*?
2.5 = 3.0 5.8 x 10® 1,1 x 10%t
3.0 - 3.5 2.4 x 10° 5.6 x 10%°
3.5 - 4.0 2,5 x 10° 3,0 x 10*°
%,0 - 4,5 9.3 x 10* 1.7 x 10'°
4,5 - 5.0 7.4 x 10* 8.2 x 10°
5.0 = 5.5 6.6 x 10* 4.9 x 10°
5.5 -~ 6.0 2,7 x 10* 1.8 x 10°
6.0 - 6.5 1.6 x 10* 1,0 x 10°

Gamma Rays from Equllibrium Flsslon Products

The fission products formed from spontanecus filssion
approach equilibrium 1n the curlum within a few hours after
separation. Equilibrium fisslon product gamma activities
were calculated by assuming that the gamma spectra of the
fission products are the same as those of the flsslon products
from 2°%Yy, Table VIII lists the energy and abundance of
these gamma rays from fission products of 2%*Cm and 252Cf,

- 16 -




TABLE VIIT

Gamma Rays from Flssion Products of Sgontaneous
Fission of 24%Cm ang 252¢p!*

Abundance, photons/(sec)(g of nuclide)

Energy, From Products From Products
Mey of 2*4cm of 2S2cyp
0.1 - 0.4 6.3 x 10% 1.3 x 102
0.4 - 0.9 1,9 x 107 4.0 x 1032
0.9 - 1.35 1.3 x 10° 4,0 x 101?
1.35 ~ 1.8 2.4 x 10° 5.1 x 10**
1.8 - 2.2 1.2 x 10° 2.5 x 10%? J
2,2 - 2,6 4.5 x 10% 9.4 x 10%°
2.6 - 3.0 4.4 x 10 9.3 x 10°

The contributions of 244Cm and 252Cf to the total gemma
activity from equilibrium fission products in the 2%4Cm product
were calculated from the predicted isotoplc composition
{Table III) and the data in Table VIII, Curium-244% will con-
tribute about 92% of the total; 2®2Cf, about B4,

Gamme. Rays from Impuritles

In additlion to the equilibrium fission products from
spontaneous fission, the 2%*4Cm product will contain small
amounts of fission products formed in the irrasdiatlon process
and not removed in the chemical separations process. From the
predicted performance of the chemical ﬁrocess and the calcu-
lated guantities of fission products associated with the curium
after irradiation, the gamma activity of the filssion product
impurities are those given in Table IX,

TABLE IX

Gamma Rays from Fission Product Impurities

Energy, Abundance, photons/
Mev (sec){g ?**Cm Product)
0.0 - 0.5 6 x 107
0.5 - 1.0 2 x 107
1.0 - 2.0 3 x 10°
2.0 - 3,0 1 x 10°

- 17 -



Almost all of the gamma rays above 1 Mev are from %*pr
and 527154y, and those below 1 Mev are primarily from %3Zr-
95Nb’ 14406’ 10$Rh’ and lOSRu_lOSRh.

X-Rays

The X-ray spectrum of purified #*%Cm from the Trans-
plutonium Program 1s shown in Flgure %, Because most of the
X-reys detected are less then 40 kev in energy, X-rays are
not included in the calculations of the total gamma radiation.

4 T T
Absorber: 0.004" Al +0.0335" Glass
Counting Time: 5 minutes
Distonce from Source o Detector: 0.25"
3 f\ Detector: Xenon Proportional Counter
<
o
»
w2
e
c
=3
D
()
| A N
X0 Xl X25
O
0 10 20 30 40 50
Energy, kev

FIG. 4 X-RAY SPECTRUM OF 3.4 pg 2%%Cm SAMPLE

Total Gamms Radiation

The total gamma activity of the #4%Cm product was obtained
by combining the individual contributions listed in the pre-

ceding sections. The gamma energles and corresponding abundance
are listed in Table X,

- 18 -
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Significant Gamma Rays of #*4Cm Product

TABLE X

(a)

Abundance, photons/(sec){g 2%%Cm product)

Energy, From Decay of Nuclides From Spontaneous Fissions From Figsion Products of From
Mev 2420m 2430y 2440 2435 Radop aS2or 244 oy =S20r Impurities Total

0.0-0.5 1.1x107 9.5x10° 6.8x10% 2,8x107 1.1x107 1.3x10° 5.9x10% 5.2x10°% 6x107 8.1x108
0.5-1,0 8x10% - 5.9x10°€ - 7x10® 6.8x10% .1.8x107 1.6x10°® 2x107 5.3x107
1.0-2.0 2.4x10° - - - 5.2x10° 4,.8x10° 4,1x10® 3.6x10°% 3x10° 1.3x107
2.0-3.0 - - - - 1.6x108 1.3x10% 1.6x10°8 1.4x10° 1x10° h.3x10°
3.0-4.0 - - - - 4 7x108 3,4x10% - - - 5.0x10°
4,0-5.0 - - - - 1.6x10° 1.0x10*% - - - 1.7x10%
5.0-6.0 - - - - 8.9x10* 2.7x10° - - - 8.9x10*
6.0-7.0 - - - - 1.5x10% 4, 0x10% - - - 1.5x10*

{a) Isotoplc composition

listed in Table

IIT.



BETA ACTIVITY OF THE 244Cm PRODUCT

The principal beta emitters in the 2%%Cm product are
short-lived fission products, fission product contaminants,
and 249Bk (estimated concentration: 2 x 107%° wt %4). Beta
radiations will not contribute significantly tc the specific
power or to the shielding problems sassoclated with the curium
product,

NEUTRON ACTIVITY OF THE 244Cm PRODUCT

The neutron radiation from the 2**Cm product wlll consist
principally of neutrons from spontaneous fission of #**Cm,
with minor contributions from spontaneous fission of 242(m,
248%0m, and 252¢f., A second minor source of neutrons is the
a,n neutrons from the reaction of alphs partlcles with light
elements, for example, the reaction with oxygen in CmOs.

a,n Neutron Spectra

The .only appreciable source of a,n neutrons in a 2*%Cm

heat source will be the reaction wlth oxygen in Cm0, or
Cms0a. If other curium compounds are used in the heat source,
the values for the a,n neutrons must be changed accordingly.

The quantities?®) and spectra‘ll’) of neutrons formed

by the reactlon of alpha particles with oxygen have been
reported for polonlum and plutonium isotopes. These data

were extrapolated to the alpha energies of nuclides in the
2440m product.*® From the resulting data in Table XI and the
predicted composition of the 2%%*Cm product, the total neutrons
produced by @,n reactlons with oxygen in CmO, were calculated,
The total was only 3% of the neutrons from spontaneous fisslon.
Almost all of the a,n neutrons are produced by the alpha
activity of 2%%cm.

Spontaneous Fission Neutron Spectra

The neutron spectrum of the purified 24%Cm from the
Transplutonium Program was experimentally determined and
compared with reported spectra of 225yfl2) gang 2s2¢p (5)
Since the spectra, shown in Figure 5, are guite similar, the
spectra for 2°%%U or 2%°2(Cf may be used to calculate the abun-
dances in each energy interval for 2%%cm, #*®Cm, 2*®Cm, and
2520r  Neutron energies and corresponding abundances for
these nuclides are listed in Table XII, From these data and

*¥ The total quantitles of neutreons agree with those reported
by Arnold, (22!
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Energy,

Neutrons from o,n Reactions with Oxygen

TABLE XI

Abundance, neutrons/(sec)(g of nuclide)

Mev o from 2%3Cm a from 2%%Cm o from 2°2Cf

0.2
0.4
0.6
c.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.2
b4
4.6
4.8

5.0 x 10°

1.0
2.0
2.5
7.6
1.5
2.8
4.5
7.6
1.0
1.3
1.7
2.0
2.1
2.1
2,1
1.8
1.5
1.0
6.5
4.0
2.8
1.8
5.0

X

X

X

-

L

10t
10*
104
10%

10®
10®

10°
10®
108
10°
108
10°
10°
108
10%
10t

- 21

L.y x 10%

1.9
2.3
4.7
7.5
1.2
1.7
2.3
2.8
3.3
3.7
3.9
3.9
3.8
3.4
2.8
2.2
1.4
8.4
5.6
3.8
2.4
2,0

X

X

10°®
10°
10°
10°
104
10*
10%
104
10
10*
10*
10%
10*
0%
10*
10*
10*
10°
10°
10°
10°
10%

8.1 x 10%
1.6 x 10°
3.3 x 10°
4.1 x 10°
1.2 x 1ot
2.5 x 10*
4.5 x 10
7.4 x 10%
1.2 x 10%
1.7 x 10%
2.2 x 10%
2.7 x 10°
3.2 x 10°
3.4 x 10°
3.4 x 10°
3.4 x 10°
2,9 x 10°
2.4 x 10°
1.7 x 10°
1.1 x 10°
6.5 x 10*
.5 x 10*
2.9 x 10*
8.1 x 10°



100

—— — 252cf (5)
— 235 U(la)

[5)
y
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rd

T T T 171
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d
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0 f 2 3 4 5 6
Neutron Energy, Mev

FIG. 5 SPONTANEOUS FISSION NEUTRON SPECTRA
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TABLE XII

Spentaneous Figsion Neutrons from £42cm, ®***cm, **°%Cm, and 2°%r

.

Energy, gbu.ndance, neutrons/( segﬁg of nuclide)
Mev - +20m 2440nm 2480n ES2op
0.3 - 0.4 7.7 x 10% 4.2 x 10° 5.2 x 10 9.4 x 107°
0.b ~ 0.6 1.6x 10° 8.7 x 10° 1.1 x 10° 1.9 x 102
0.6 - 0.8 1.6 x 10%° 8.9 x 10% 1.1 x 10® 2.0 x 1011
0.8 - 1.0 1.4 x 10® 7.7 x 10° 9.5 x 10° 1.7 x 10%*
1.0 - 1.2 1.4 x10° 7.9 x 10% 9.7 x 10° 1.8 x 10*?
1.2 - 1.4 1.4 x10®% 7.8 x10% 9.6 x 10° 1.7 x 10%?
1.4 -~ 1.6 1.2 x 10° 6.8 x 105 8.3 x 10° 1.5 x 10%*
1.6 - 1.8 1.1 x 10° 6.1 x 10° 7.5 x 105 1.4 x 10%?
1.8 = 2.0 1.0 x 10° 5.5 x 10° 6.7 x 10° 1.2 x 10%*
2.0 - 2.2 9.1 x 10° 5.0 x 10% 6.2 x 10° 1.1 x 101
2.2 - 2.4 8.4 x10% 4.6 x 10° 5.7 x 10° 1.0 x 103%*
2.4 - 2.6 8.0 x 10° 4.4 x 10° 5.5 x 10° 1.0 x 10%*
2.6 - 2,8 6.5 x 10° 3.6 x 10% 4.4 x 10% 8.0 x 10%°
2.8 - 3.0 ‘5.5 x 10° 3.0 x 10° 3.7 x 10% 6.8 x 10'°
3.0 - 3.2 5.0x 105 2,8 x 105 3,4 x 10°% 6.2 x 10%°
3.2 - 3.4 5.0 x10% 2.7 x 105 3.4 x 10® 6.1 x 10%°
3.4 - 3.6 4.7 x10° 2.6 x10° 3.2 x 10° 5.9 x 10%°
3.6 - 3.8 3.7 x10° 2.1 x 10% 2.5x 10° 4.6 x 10'°
3.8 - 4.0 4.1 x10% 2,2x 10 2.8 x'10° 5.0 x 103°
4,0 - 4.4 5,2 x10° 2.9 x 10° 3.5 x 10° 6.4 x 101°
4.4 - 4.8 4.4 x 10° 2.4 x 105 2.9 x 10® 5.4 x 10%°
4.8 - 5.2 3.2 x 105 1.8 x 10% 2.2 x 10% 3.9 x 10%°
5.2 - %.6 2.5x 10°% 1.4% x 105 1.7 x 10% 3.1 x 10%°
5.6 - 6.0 1.9 x 10° 1.1 x 10° 1.2 x 10° 2.3 x 10%°
6.0 - 6.4 1.5x 105 8,2 x 10* 1.0 x 105 1.8 x 10%°
6.4 - 6.8 1.1 x 10% 8.9 x 10* 7.2 x 10* 1.3 x 10%°
6.8 - 7.2 7.5x 10* 4.1 x 10* 5.1 x 10* 9.3 x 10°
7.2 - 7.6 5.6 x10% 3.1 x 10* 3.8 x 10* 6.9 x 10°
7.6 - 8.0 4.7 x 10* 2.5 x 10%* 3.2 x 10* 5.8 x 10°
8.0 - 8.8 5,0x 10* 2.8 x 10* 3.4 x 10* 6.2 x 10°
8.8~ 9.6 1.5x 10* B.2 x 10% 1.0 x 10* 1.8 z 10°
9.6 - 10.4 1.6 x 10* 8.6 x 10* 1.1 x 10* 1.9 x 10°
10.4 - 11.2 1.0 x 10* 5.7 x 10® 7.0 x 10° 1.3 x 10°
12.2 - 12.8 7.1 x 10°® 3.9 x 10® 1.8 x 10° 8.8 x 10°
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the predicted isctopic composition (Table ITI), the neutron
energles and abundances of the 2%*Cm product were calculated.
These data were combined with wvalues for a,n neutrons to
obtain the total neutron activity of the 2%*Cm product listed
in the Summary.

Total Neutrons

The neutron emlssion rate of purified curium from the
Transplutonium Program was measured in a counting assembly of
BF5 tubes embedded in a paraffin moderator. The assembly
wag calibrated with a 2%2Cf standard. The specific neutron
activity of the purified curium was found to be 9,7 x 10%
neutrons/(second ) (g of sample), which agrees well with
the specific neutron activity reported for 2*%Cm, 1.09 x 107
neutrons/(second ){g **%*Cm) (see Tablie I),
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