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Total and Spontaneous Fission Half-lives of the Uranium and Plutonium Nuelides

Norman B. Holden

Abstract

The total half-life and the half-life for spontaneous fission aro evaluated for the various
lone-lived nuclides of interest. Recommended values are presented Tor 232u, 233U, 23±U, Zttu, 238U,
238U( 23ePu> 233Pu> 239Pu> 240pu> 241pu, 242Pu> and 24*Pu. The uncertainties are provided at the
957! confidence limit for each of the recommended values.

I. Introduction

The lon^-lived nuclidea of the uranium and plutonium elements are of interest for their use in
nuclear reactors, as well as in certain safeguard applications. The total half—lives for the
uranium nuclides were reviewed some time ago1. At that time, the only spontaneous fission value
•whi.j was evaluated was 238u. Recently, the plutonium nuclides were reviewed2 for both total and
fission half-lives.

The general procedure followed in this paper has been to review each of the experiments and
revise the published values for the latest estimates of the various parameters used by the original
authors. For the case of Ihe total halflives of uranium, only differences from the original work
have been discussed. The reference l i s t supplements that g iven in reference 1.

II. Uranium Isotopes

The only change In the total half—life of the uranium nuclides compared to reference 1 is in
the 234y value where Poenitz and Meadows3 have Intercompared 15 235U samples from 7 labs and
obtained an estimated 234u half-life value. They also left out Meadows earlier value* as too
uncertain.

For the spontaneous fission measurements, only 238y had been investigated in reference 1 and
there are a number of additional values in the literature now5.6*,7,8,9,10,

III. Plutonium Isotopes

It can be noted in the various tables in section VI that the uncertainties quoted by some
authors are such that exclude many other recent measurements from consideration. Undoubtedly,
systematic errors hare not been carefully considered In these publications.

IV. Discussion of Results

Although the uranium nuclide total half—lives are in reasonable agreement among the various
experiments, except perhaps for 232r/_ more work in evaluation is required for the plutonium nuclides
before we have a similar situation. Aa a result, the recommended values indicate a larger
uncertainty than one might obtain by a simple weighted average of data. Thi3 procedure (weighted
average) is not considered justified at this point. Work will continue in this area.
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Segre(52)

VI. Tabulated Results

Table I Spontaneous Fission Half-lifo -if 232u

Tl/2 (1013Tears)
8. (5.5)
> 0.8

Author(7ear)
Sellars(54)
Chilton(64)
Ag«ar*al(79)

Table II Total Half-life of 232u

Tx/2 (Years)
73.6 (3.0)
71.7 (0.9)
68.90 (0.56)

Comment

99.2/5 enriched sample

Author(Year)
Se£re(5S)
Alekaandrov(68)

voa Gunten(ai)

Table III Spontaneous Fission Half-life of 233y

Tl/2 (1017year9)
> 2.7
1.2 (0.3)

> 2.7

Cement

No aention of correction for zi2{J. If present to 0.03J!,
this contribution of 232u would accoimt for discrepancy.
G7.11Z enriched sample

Author(Tear)
Jaffey(74)
Vauinbrraioc(7e)
Geidel'man(79)

Table IV Total Half-life of

Ti/2
1.591 (0.001)
1.5925 (0.0O37)
1.5937 (0.0033)
1.5885 (0.0085)

Table V Spontaneous Fi3Sion Half-life of

Author(Tear)
Segre(5a)
Qiior3o(52)
•von Gunten(81)

Author(Tear)
Flening(52)
«bite(65)
Meadows(70)
DeBievre(72)
Laun3bury(72)
Geidel'man(80)
P0enitz(83)

T l /2 (10lsyears)
> 0.6
1.6 (0.7)
1.42 (o.oa)

Table VI

Tl/2 (lO^ears)
2.475 (0.048)
2.47 (0.06)
2.439 (0.07E)
2.450 (0.008)
2.458 (0.012)
2.4S9 (0.008)
2.457 (0.005)

Total Half-life of

Commeat

Author withdrew data

Mass interconparlson used



Autfaor(Year)
Seere(52)
Aletaaairavfee)
Greutter(73)
•TOO Gunten(81)

Autbor(Year)
Nier(39)
Eayas(51)
Fleaing(52)
Knlsht(50)
WUT2er(57)
1thlte(65)
Backs(68)
Dervytter(65)
Jaffey(71)

Autbor(Year)
Jaffey(49)
Conde(7l)
•VDQ Gunten(81)
Belenhy(83)

Table VII Spon

Tl/2 (lO^^ears)
0.18
0.35 (0.09)
> 1.8
9.8 (3.8)

Table VIII

Tt/£ (lO^ears)
7.04 (0.31)
6.94 (0.40)
7.12 (0.31)
7.10 (0.32)
6.93 (0.27)
7.12 (0.18>
7.02 (+ 0.14 - 0.C6)
6.97 (0.19)
7.037 (0.011)

Table IX Sponl

Tir'2 (l016years)
2- (1-0)
2.7 (0.3)
2.43 (0.13)
2.7 (0.4)

Spontaneous Fission Half-life of

Total Hal f - l i fe of 235u

Spontaneous Fiaslon Half - l i fe of

Concent

238U/236U = 0.304-0.03

Table X Total Half-life of

Author(Year)
Jaffey(51)
Fleniii2(52)
Flyim(72)

Author(Year)
Hbffnan(57) -
Jame3(59)
Nakanishi(84)
Qiior3o(52)

Author(Year)
A£garnal(81)
Sevostijanov(8l)
Dianood(77)
Folyutajv(76)
Stoba(74)
HoffBan(57)
Uech(56)
Jaffey(50)

Tl/2 (lO^yeaxs)
2.46 (0.14)
2.391 (0.057)
2.3422 (0.0031)

Table XII Partial

T1 / 2 (Years)
2.85 (0.10)
2.7 (0.3)
2.87 (0.01)
3.4 (I.2)xio9

Table XIII Alpha

Ti/2 (Years)
87.98 (0.51)
86.54 DO uncert.
87.71 (0.03)
86.98 (0.39)
87.77 (0.023)
86.41 (0.98)
86 (3.5)
89.59 (0.41)

Half-live;

Decay Mode
alpha
alpha.
alpha
Spont.Fiss.

Half-life



Table XI Spontaneous Fission Half-life of 238u

Author(Ye»r)
Wniteboti3e(50)

Fleischer(64)
Roberts(ea)
Spada.vecchia(S7)
•vca Guntsn(69)

Storzer(70)
Kleemn(71)
•nniry(71)
Leme(71)
-ian(73)
Ivanov(75)
Eama(75)
Wajner(75)
Thiel(78)
Eaae(78>
PqpekD(80)
Eadler(81)
de Carvalho(82)
Belenky(83)
Vartaniau(B4)

8.33 (0.52)
8.60 (0.29)
6.85 (0.30)
7.03 (0.11)
8.42 (0.10)
8.68 (0.22)
8.46 (0.08)
8.49 (0.78)
6.8 (0.6)
8.66 (0.43)
7.30 (0.16)
6.82 (0.55)
7.12 (0.32)
7.2 (0.2)
8.7 (0.8)
8.57 (0.42)
8.22 (0.20)
7.9 (0.4)
8.6 (0.4)
11.8 (0.7)
8.35 (0.40)
8.23 (0.43)

Author(Tear)
Segre(52)
Jaffey(48)
Druin(ei)

Gay(75)

Table XIV Spontaneous Fiasion Half-life of 238 Pu

Tears)Tl/2
3.8
4.7 (0.4)
5.1 (0.6)
4.77 (0.14)
4.64 (0.11)

Table XV Half-life of 239 P u

Autnor(Year)
Aletaandrov(7
Glover(75)

Lucas(78)
QiDn(73)
tersh(73)
Seabough(78)
Prindle(78)
Vaninbrouk>c( 78)
Brown(81)

Ti/2 (10*
Z.4060 (0
2.4115 (0
2.4131 (0
2.4112 (0
2.4102 (0
3.4164 (0
2.4101 (0
2.4051 (0
2.4100 (0
2.4088 (0
5.5 x 105

Years)
.0038)
.0080)
,0016)
0016)
.0020)
0014)
0020)
0016)
0030)
0051)
Years

Decay Mode
Alpha

Spont.Fiss.



Table XVI Alpha Half-life of 240pu

.tathor(Tear)
Iaghraa(51)
Butler(56)
tekuchaev(59)
Oettln°(67)
Jaffey(78)

(
iucaa(84)
SteiE!cryjer(84)
Blcksas(84)

Ti/2 (Tears)
6505 (45)
6600 (100)
6610 (Sti)
8533 (10)
6569 (6)
6552.4 (1.7)
6552.2 (5.2)
6571 (7)
6574- (6.3)

Table XVII Spontaneouj Fission Half-life of 240 P u

Autbor(Tear)
KiDdernann(53)
Eaxclay(S4)
Qaaberlain(54)
Mi!*eev(59)
Watt(62)
MalKin(63)
Wilte(67)
Fieldhouae(67)
Budtz-Jor2ensen(80)

Autbor(Year)
Strohn(74)
Whltehead(77)
Garner(79)
Vaninbroukx(78)
Ajgan»al(80)
Uarsh(80)
A£janra.l(81)
Aj»ar)«al(81)
DeBlevre(83)

Ti/2 (1OU Tears)
1.314 (0.028)
i.225 (0.030)
1.20
1.20
1.34 (0.015)
1.45 (0.03)
•1.27 (0.05)
1.170 (0.025)
1.15 (0.03)

Table XVIII

Tl/2 (Tears)
14.355 (0.007)
14.56 (0.115)
14.38 (0.07)
14.60 (0.10)
14.42 (0.09)
14.38 (0.06)
14.52 (0.08)
14.44 (0.06)
14.33 (0.02)

Half-life of 241P u

Table XIX Alpha Half-life of 2*2P u

Author(Tear)
Butler (56)
Butler(56)
lfech(56)
Benis(69)
Duitian(70)
03hourne(76)
Bulyanit3a(76)
Meadow3(77)
Ajgar«ra.I(79)

Tl/2 (105 Tears)
3.649 (0.05)
3.790 (0.05)
3.855 (0.100
3.823 (0.016)
3.674 (0.07)
3.763 (0.009)
3.702 (0.014)
3.708 (0.024)
3.754- (0.35)



Author(Tear)
Butler(56)
Mech(58)
Druin(61)

MeadDirs(77)

Table XX Spontaneous Fission Half-lire of 2* sPu

Tears)Tl/2
6.64 (0.10)
6.80 (0.08)
6.6 (0.7)
7.45 (0.17)
6.80 (0.05)

Author(Tear)
Dlanond(56)
Butler(56)
Fields(66)
Ee=ii3(S9)

Tl/2
7.6 (2)
7.6 (2)
B.ll (0.26)
8.00 (0.11)

Table XXI Alpha Half-life of 2*4pu

Years)

Table XXII Spontaneous Fission. Hal f - l i fe of

Author(Tear) . Ti/2 (1010 Tears)
Flelda(55) 2.5 (0.8)
Fields(66) 6.82 (0.32)
Goldiberg(77) 6.8 (0.8)

Reference
Nucllde
232U
E33U
E34U
235U
236U
E38U"
236Pu
238Pu
239PU
240PU
241PU
S42Pu
244PU

Tl/2 (total)
Tears
69.8 (1.0)
1.592 <0.002) i 103

2.456 (0.005) I 105

7.037 (0.011) r I.o8
2.3+2 (0.0034) x 10?

4.468 (G.OOB) X 109

2.9 (0.2)
87.7 (0.4)
2.410 (0.005) I 10*
6.58 (0.02) X 103

14.4 (0.1)
3.74 (0.02) J: 10^
8.02 (0.11) x 107

Table XXIII Recommended Half-lives and Uncertainties

Tl/2 (spont.ri3S.)
Tears
8. (6.) X 1013

> 2.7 x 1017

1.42 (0.08) X 1016

8.8 (2.8) x 1018
2.43 (0.13) X 1016
8.2 (0.2) X 1015

3.4 (1.2) X 109
4.7 (0.3) x 1010
5.5 (no uncert.) x
1.16 (0.04) X 1011

8.8 (0.1) x
6.9 (0.3) x 1010
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