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ABSTRACT

The radiation properties of callfornium {~72 wt %
2520f) produced by thermal neutron bombardment of
transplutonium isotopes are presented, The gamma and
neutron radlations assocliated with thls material were

converted to dose rate, for evaluatlion by isotope

users.
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RADIATION PROPERTIES OF CALIFORNIUM - 252

INTRODUCTION

Small but practical quantities of californium-252 will scon be
produced by thermal neutron bombardment of transplutonium isotopes.
Anticipating the avallability of californium-252, research groups are
becoming inecreasingly interested in its properties.(ll The radlation
properties, based on literature datsa, have been calculated and

gummarlzed.

SUMMARY

When plutonium-242 targets are irradiated in a nuclear reactor,
a mixture of californium isotopes is obtained. The radiation proper-
ties of this californium mixture {(~72 wt € Z°2Cf) are similar to the

properties of pure 2°2Cf,

The neutron production rate from one gram of 52Cf produced as the
oxide is 2.4 x 10'® neutrons/sec, which corresponds to a neutron dose

rate of 284 rad/hr and 2400 rem/hr at one meter.

The gamma production rate (exclusive of internal conversion X-rays)
is 1.3 x 10'® photons/(sec )(gram), which corresponds to an unshielded
dose rate of 140 rad/hr. Since the RBE* for gammas is 1, then this also

corresponds to 140 rem/hr at 1 meter from 1 gram.

* Relative Blological Effectiveness



DISCUSSION

GENERAL NUCLEAR PROPERTIES OF CALIFORNIUM 1SOTOPES
The general nuclear properties of the californium igctopes are

presented in Table T.
TABLE I

General Nuclear Properties of Californium Iscotopes

Neutronsg Per Alpha or Specific Activity

Spcntaneous Fisslon Fission of Beta Decay of Pure Isotope,
Tsotope Half-Life Pure Isctope Half-Life curies/gram
2489¢¢ 1.5 x 102 yi2! 3(a) 360 yl2! 4
2500r  (1.73 $#0.06) x 10* y'#) 3ia) 11 yi=) 1.31 x 107
2sigr - - ~1500 yl(2) 0.95
2sapyp 85,5 $0.,5 y'&! 3.80 +0,035(%} 2,646 40,004 y'S! 5,37 x 107
283¢r - - 18 13 gle! 2,87 x 104
2s4ay £1.9 1,1 4f=®) 3.9 +0.14i8) - -

(a) Estimated from Reference 3.

CALIFORNIUM PRODUCTION

Quantities of californium produced 1n the high flux isotope
reactor &t Oak Ridge National Laboratory wlll contein a calculated

isotopic distribution as shown in Table II.

TABLE IT

Composition of Californium Product'®’

Mass Abundance,

Isotope wt %
2490y 0.49
250Cf 19.?
ESlcf 7.2
esagy T2,
233¢r 0.18
Esdpe 0.003

(a) Computed at 90 days after removal
from the reactor.
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The Effect of the |sotopic Composition

All igotopes other than #52Cf listed in Table II contribute only
2% of the total dose rate from the mixture. Since 23%2Cf contributes
98% of the dose rate, the remainder of this report includes only data

on 2%2¢r,

ALPHA ACTIVITY OF 252c¢
The relative abundance and energies of the alpha particles emitted

from 2°%2Cf are listed in Table III.

TABLE TTI

Alphs Radiation Trom 252¢e(®)

Alpha Particles Energy Per
Energy, Per Disintegration Disintegration,
Mev of ®S2¢y Mev
5.969 ~0,002 0.01
6.069 ~0,155 0.94
6.112 0.845 5.16
Total 6£.11

GAMMA ACTIVITY OF 252cy
The gamma activity of #%2Cf consists of gamma rays from
o The alpha decay process
9 Prompt spontanecus fission
9 TFission products continuocusly produced by the
spontaneous fisslon
Gamma radiations from each of these sources are described in the

followlng sections.



Gemma Rays from Alpha Decay
Gamma rays reported for the decay of 2°2Cf are listed in Table IV.

TABLE IV

Gamma Rays from 252Cf Decay!7”!

Energy, Abundance,
Mev photons/(sec }{g of nuclide)
0.043 2,78 x 10°
0.100 2.0 x 10%

Prompt Gammo Rays from Spontanecus Fission

The energy and abundance of prompt gamma rays from spontaneous

fission are listed in Table V.

Gomma Rays from Equilibrium Fission Products
The fission products formed from spontaneous fission approach
equilibrivm within a few hours after separation, Eguilibrium fission

product gamma activitles are listed in Table V.

TABLE V

Gamme Reys from Spontaneous Fisslon of 252¢f

abundance' 7!, photons/(sec ){g of nuclide)

Energy, Equllibrium Fission

Mev Prompt Gammas Product Gammas Total

0 - 0.5 3.3 x 10%% 1.3 x 1012 4.6 x 1012
0.5 - 1.0 1,7 x 10%*® 4.0 x 10*® 5.7 x 10%%
1.0 -~ 1.5 7.7 x 10t? 9,1 x 101 1.7 x 108
1.5 = 2.0 4.2 x 107 3.5 x 10ttt 7.7 x 101t
2,0 «2,5 2,2 x 10! 2.2 x 10*?
2,5 - 3.0 1,1 x 1ot? 1.1 x 1012
3,0 - 3.5 B,6 x 10*° 5.6 x 10°
3.5 - 4.0 3.0 x 10*° 3.0 x 10*°
4,0 - 4,5 1,7 x 101° 1.7 x 10%°
4.5 - 5,0 8.2 x10° 8.2 x 10°
5.0 - 5.5 4.9 x 107 4.9 x 10°
5.5 - 6,0 1,8 x 10° 1.8 = 10°
6.0 - 6,5 1.0 x 10° 1,0 x 10°




X-rays
Although relatively high in abundance, X-rays produced are wvery low

in energy {(most <40 kev) and are not included in this report.

Gamma Dose Rate

Decay gamma rays are insignificant (~0.1% of those produced in the
first energy group), compared with those produced by the spontaneous
fission process. The {otals listed 1n Table V represent the total
gamma rays present. These source strengths are converted to dose rate
at one meter, from one gram by assuming the source acted as a point
isotropic source. The results of these calculations are shown in

Table VT.

TABLE VI

Total Gamms Doge Rate from =52¢f

Conversion Factor(a), Dose Rate,

Energy, Photons/{em® )(sec) Photons/{em®){sec) rad/hr
Mev g at 1 meter rad/hr g at 1 meter

0 - 0.5 3.7 x 107 2.2 x 10° 1.7 x 10t
0.5 - 1.0 L.,5 x 107 7.4 % 105 6.1 x 10*
1.0 - 1.5 1.4 x 107 4.7 x 10° 3.0 x 10*
1.5 - 2.0 6.1 x 10°® 3.7 x 10°% 1.6 x 10*
2.0 - 2.5 1.8 x 10°® 3.1 x 10% 5.8 x 10°
2.5 - 3.0 8.8 x 105 2.7 x 10° 3.3 x 10°
3.0 - 3.5 4.5 x 10° 2.4 x 108 1.9 x 10°
3.5 - 4.0 2.4 x 103 2.2 x 10°% 1.1 x 10°
h.0 - 4.5 1.4 x 10° 2.0 x 108 7.0 x 107%
b5 - 5.0 6.5 x 10* 1.9 x 108 3.4 x 10-*
5.0 ~ 5.5 3.9 x 10* 1.7 % 10° 2.3 x 1071
5.5 = 6.0 1.4 x 10t 1.6 x 10% 8.7 x 1077
6,0 - 6.5 8,0 x 10° 1.5

x 10% 5.3 x 1072

TOTAL 1.4% x 10%

(a) From plot of data given in Reference 3.




BETA ACTIVITY OF 232t

No beta radiation has been reported from the decay process. The
beta radiation associated wlith the equllibrium fission products during
spontaneous flssion é;é easily absorbedy and éég not included 1in this
report, The contribution to dose rate from this isotope at a distance

greater than a few centimeters will be very small.

NEUTRON ACTIVITY OF 252c¢

The neutron radiation from 252Cf consists principally of neutrons
from spontanecus fission. A second socurce of neutrons is the a,n
neutrons from the reaction of alpha particles with light elements,
Table VII lists the neutrons present from spontaneous fission, and

from the a,n reaction with oxygen.
TABLE VII

Neutrons from 2°2Cf

Neutrons/(sec ) (g of nuclide)'”!

ENErgy, Spontaneous «,n Reaction
Mev Fission with Oxygen Total

0 -0.5 2,8 x 10t 2.4 x 10° 2.8 x 10%*
0.5 - 1.0 3.7 x 101% 7.4 x 10° 3.7 x 10t?
1.0 - 2,0 7.6 x 101% 2.8 x 107 7.6 x 10**
2.0 - 3.0 4.6 x 1011 1.3 x 10° L. 6 x 107
3.0 - 4,0 2.8 x 10%? 1.4 x 10° 2.8 x 101*
101t 2.6 x 10° 1.6 x 10%?

4,0 - 5.0 1.6 x

5.0 - 6.0 5.6 x 101° 5.6 x 101°
6.0 - 7.0 4.0 x 101° 4.0 x 10%°
7.0 - 8.0 1.3 x 10%° 1.3 x 10%°
8.0 -10.0 9.9 x 10° .9 x 10°
10.0 -13.0 2.2 x 10° 2.2 x 10°

TOTAL 2.4 x 1012
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Neutron Dose Rate

Neutrons from the a,n reaction with oxygen are insignificant as

compared with those from spontaneous fission.

The totals listed

in Table VII were converted to dose rate at one meter from one gram

by assuming the source acted as a point lsotropic source, The

results of these calculations are shown in Table VIII.

Keutron Dose Rate from ?5%¢r

TABLE VIIT

gon:ers;on 5 . Con:er?éﬁn
Energy, n/{em® }(see ) aiaz;hr ’ Oizdﬁire, Faie;;hr ’ DOiZmﬁi:e’
Mev g at 1 meter n(cm?)(sec) g at 1 meter nlem® )(sec) g at 1 meter
0 - 0.5 2.2 x 10° 5,8 x 10~°® 1.3 x 10° 5.0 x 10°° 1.1 x 102
0.5 - 1.0 2.9 x 10° 1.2 x 107° 3.5 x 10* i.2 x 107* 3.5 x 10%
1.0 - 2,0 6,1 x 10° 1.5 x 10°% §,1 x 10t 1.4 x 207 8.5 x 107
2.0 - 3.0 3.7 x 10°% 1.6 x 1078 5.9 x 10t 1.3 x 1074 4.8 x 10%
3.0 - 40 2.2 x10° 1.7 x 1078 3.7 x 10% 1.3 x 107* 2.9 x 107
4.0 - 5.0 1.3 x 10® 2.0 x 1073 2.6 x 10* 1.3 x 107 1.7 x 107
5,0 - 6,0 4,5 x 108 2,3 x 10°% 1.0 x 10t 1.4 x 1074 6.3 x 10t
6.0 ~ 7.0 3.2 x 108 2.5 x 1078 8.0 x 107 1.5 x 1074 1.8 x 10t
7.0 - 8.0 1.0 x 10° 2.5 x 107° 2.5 x 10° 1.5 x 107* 1.5 x 1ot
8.0 - 10.0 7.9 x 10% 2.6 x 107% 2,1 x 10° 1.5 x 107* 1.2 x 10t
10,0 - 13.0 1.8 x 1lo* 2.5 x 10°°% 4,5 x 1071 1.5 x 107* 2.7 x 10°

TOTAL 284 rad/hr

TOTAL 2,400 rem-hr

{a) From plotted Snyder and Neufeld data reported in Reference g,
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