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ABSTRACT 

Studies are underway to investigate the rehabilitation of the former nuclear 
weapons test sites at Maralinga and Emu in South Australia. Many of these 
studies are based on measurements of Am-241 which is a contaminant in the 
Plutonium dispersed at these sites. Measurements of the ratio of activities 
of Pu-239 and Am-241 are presented for sites where suitable samples could be 
collected. Where possible, measurements were also made of Pu-240 and U-235 
activities. 

Recommended values, current for mid 1988, for the Pu-239/Am-241 activity ratio 
for the major trial sites are 40 for Totem I and 50 for Toten II at Emu, and 
at Maralinga 30 for One Tree and Breakaway, and 40 for Tadje and Biak. For 
the minor trial sites, the recommended values are 20 for TM100, 7.6 for TM101, 
20 for VK60A and C at Wewak, and 23 for VK33 at Wewak. At Taranaki, values 
for the Pu-239/Am-241 activity ratio vary between 6 and 22. 

For the minor trial sites, current values of the Pu-240/Am-241 activity ratio 
vary between 1 and 2. 



INTRODUCTION 

As a result of the recommendations of the Royal Commission into British 
Nuclear Weapons Tests in Australia, the Australian Government established a 
Technical Assessment Group (TAG) to investigate the rehabilitation of the 
former atomic weapons test sites at Maralinga and Emu in South Australia. 

The major difficulties in rehabilitating the Maralinga site come from the 
contamination of some areas with plutonium. This contamination arose from 
dispersal of plutonlum in nuclear weapons tests (major trials) and other 
experiments (minor trials) conducted between 1955 and 1963. The plutonlum was 
predominantly Pu-239 which 1s used as fissile material in nuclear devices, 
but, inevitably, other Isotopes of plutonlum Including Pu-240 and Pu-241 are 
generated In the production of Pu-239. 

Direct determination of plutonlum activity by detection of its emissions from 
radioactive decay is very difficult because of the low abundance of gamma-rays 
from the decay of Pu-239 and Pu-240 and the extensive radiochemistry required 
for analysis by alpha spectrometry. Pu-241 1s a low-energy beta-emitting 
radionuclide which 1s also very difficult to detect. However, it has a 
half-Hfe of 14.4 years which means that most of the Pu-241 present at the 
time of the trial has already decayed to Am-241. Am-241 has a high abundance 
gamma-ray (35.82%) of 59.54 keV which is readily detected. 

Recent field studies at Maralinga car-led out by this Laboratory (Burns et al. 
(1986), Cooper et al. (1985)) and by other groups under the auspices of TAG 
have relied upon the detection of the Am-241 gamma-ray to determine the 
distribution of plutonlum at the various major and minor trial sites. In 
order to derive plutonlum activities the activity ratios of Pu-239/Am-241 and 
Pu-240/Am-241 are needed. This work provides the data needed to interpret the 
results based on Am-241 measurements. 

Five series of measurements have been made over a period of four years on 
soil, glazing (fused sand) and sub-millimetre particle samples from Maralinga 
and Emu. These have all been analysed 1n a consistent manner 1n order to 
determine the Isotopic ratios for each site at which plutonium contamination 
exists. 
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The first two series of measurements, made in 1984, were analysed to produce a 
value of 7.4 + 0.6 for Taranaki by use of data for a selected set of soil 
samples with > 1000 Bq of Pu-239 (Cooper et al. (1985)). As the earlier work 
did not include an assessment of the uncertainties on the individual 
measurements, these data have been re-analysed and are reported here, together 
with additional measurements to provide a comprehensive and consistent set of 
isotopic ratios for the plutonium-contaminated sites at Maralinga and Emu. A 
third series of measurements on soil samples extends these data for other 
minor trial sites and Tadje. A fourth series of measurements on glazing 
samples provides data for those major trial sites where glazing is still 
present. A fifth series of measurements has been performed on isolated 
sub-millimet.e particles from minor trial sites as well as Tadje and One 
Tree. Comparison is made with other available data (Burns et al. (1986), 
Ellis (1979) and Cooper et al. (1978)). 

ISOTOPIC COMPOSITION OF PLUTONIUM AT MARALINGA 

Pu-239 was a major essential constituent of the nuclear devices which have 
contaminated areas at Maralinga. Pu-239 is formed in a nuclear reactor or 
pile by neutron capture on U-238. Half-Hves have been taken from IAEA (1986). 

U-238 (n.y) U-239 (8) Np-239 (B) Pu-239 
4.468xl09a 23.47m 56.52h 24110a 

The degree to which the U-238 is consumed is determined by the purpose of the 
reactor. If power is sought, then burn-up of U-238 proceeds as far as 
(economically) feasible. If weapons grade plutonium is sought then burn-up 1s 
reduced to keep neutron capture in Pu-239 to an acceptable level. All 
transactinium elements present undergo neutron capture and fission within the 
reactor, and consequently Pu-240 and Pu-241 are formed by the reactions 

P'i-239 (n.f) Pu-240 (n,Y) Pu-241 
24110a 6563a 14.4a 

together with other minor paths. 
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Pu-238 is also created in the plutonium production process by the mechanism 

U-238 (n,2n) U-237 (B) Np-237 (n.y) Np-238 (B) Pu-238 q c 
4.468x10 a 6.75d 2.14x10 a 50.81h 87.7a 

Hence the plutonium in a nuclear device consists primarily of Pu-239, but with 
the contaminants Pu-238, Pu-240 and Pu-241. Pu-241 beta-decays to Am-241 
(432.7a). 

Pu-238 is very difficult to detect in the presence of Am-241. Its principal 
gamma-ray is masked by the 43 keV gamma-ray of Am-241 and its alpha-particle 
emissions are almost indistinguishable from those of Am-241. Pu-238 activity 
has not been assessed in this wcrk, but its contribution to total plutonium 
activity should be minor. 

The time variation of Am-241 activity and Pu-239/Am-241 ratio 

At a given time t, the number of atoms of Pu-239, N (t); of Pu-241, N (t); 
and of Am-241, N (t); are given by the expressions -

N^t) = N 1(t o)e" Xl ( t" to ) 

N 2(t) = N 2 ( t 0 ) e " x 2 ( t " V 
and 

N 3(t) = N 3 ( t 0 ) e " X 3 ( t " V + ( e " X 2 ( t _ t o ) - e " X 3 ( t - t o ) ) X 2N 2(t f l) 
(x 3 - x 2) 

where v . , x 2 and x 3 are the decay constants of Pu-239, Pu-241 and Am-241 
respectively, and 

X1 = ln(2)/24110a = 9.1101x10" s" 
X2 = ln(2)/14.4a = 1.5253xl0"9 s" 1 

X3 = ln(2)/432.7a = 5.07615xl0 - 1 1 s" 1 . 

From these equations, 

activity of Pu-239/act1vity of Am-241 = x ^ f t J / x ^ U ) 
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For the minor trials the fission yields were very low and it is probable that 
the isotopic composition of actinides was essentially unchanged by the trial. 
For the major trials the material was changed by burn-up inside an exploding 
nuclear device. Therefore, for the major trials these formulae can only be 
applied back to the time of detonation of the device. It is assumed that the 
detonation of the device affected all material in the device equally and the 
Plutonium was homogeneous. 

MEASUREMENTS ON SOIL SAMPLES 

2 The measurements were all made using a Princeton Gamma-Tech 450 mm planar 
Ge detector which has sufficient resolution to separate the 51 keV gamma-ray 
of Pu-C39 from the Ge K X-ray escape peaks and the backscatter peak produced 
by 59.5 keV gamma-ray of Am-241. Where possible the Pu-240 activity was 
estimated from the 45 keV gamma-ray. 

All measurements were made on soil samples in a PVC container of 76 mm 
diameter and 5 mm thickness. Peak areas were obtained using the trapezoidal 
method, with the same channels being used for peaks and backgrounds throughout 
a given series of measurements. 

In the first series of measurements, performed in mid 1984, the Ge detector 
was calibrated using three reference sources made up in the same geometry as 
the soil samples. These sources were a mixed Pu-239/Am-241 reference source, 
a Pu-239 reference source and an Am-241 reference source made from 
standardised solutions and inactive Maralinga soil. 

Because of the large change in attenuation with energy due to the sample 
matrix, it was necessary to use gamma-rays of the radionuclides of Interest 
that were close in energy. While t! *. absolute magnitude of activities may 
vary by several percent due to variations in attenuation and geometry from 
sample to sample, the ratio of the measured activities of nuclides should be 
relatively insensitive to these effects. 

Measurements on the reference sources gave excellent consistency for the 51 
kev gamma-ray of Pu-239 from the Fu-239 reference and the mixed reference 
source. Similarly measurements for the 59 keV gamma-ray were consistent for 
the Am-241 reference and mixed reference sources. 
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The efficiency for the 45 keV gamma-ray was estimateo from the efficiency of 
the 43 keV gamma-ray in the decay of Am-241 and known gamma-ray abundances. 
The abundances used for the 43 keV gamma-ray in Am-241 and for the 45 keV 
gamma-ray in Pu-240 were taken from Browne and Firestone (^Se). 

The results of the first series of measurements for minor trials are given in 
Table 1 and for Tadje the mean Pu-239/Am-241 ratio from six soil samples in 
mid 1984 was 50. The uncertainties quoted come from counting statistics of 
the sample and the standards. No allowance has been made for effects due to 
attenuation and geometry as these should cancel in the calculation of the 
activity ratios. 

A second series of measurements was made at the end of 1084 using a different 
geometry which Improved the efficiency of the detector for the 51 and 59 keV 
gamma-rays. For this series of measurements the detector was calibrated with 
the mixed radionuclide reference source. The results of the second series of 
measurements are given in Table 2. 

Those samples for which no values were given for Pu-240 suffer significant 
Interference with the 45 keV peak from Sm K g 1 in the decay of Eu-152. 
Eu-152 was produced at ground zeroes of major trials by neutrons from the 
nuclear explosion activating the soil. 

Estimates of Pu-240/Am-24l measured in these two series of measurements are 
available by direct methods for all sites except Tadje. In order to obtain an 
estimate for Tadje, the sample with the lowest activity of Eu-152 relative to 
Am-241 was analysed and a correction applied for the underlying Sm K-. by 
using the intensity of Sm K and known X-ray intensity ratio from Browne and 

a Firestone (1986). Efficiency changes between K and K„, were ignored. 
a pi 

This gave a value for Pu-240/Am-241 of 5. 

A third series of measurements was made in 1988 on similar soil samples from 
other sites. A sequence of five calibration measurements was undertaken using 
another mixed Pu-239/Am-241 reference source throughout the third series of 
measurements. These calibration measurements showed excellent consistency. 
The results of the third series of measurements for minor trials are given 1n 
Table 3 and for Tadje the mean Pu-239/Am-241 ratio from three soil samples 1s 
40. 
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No estimate of the Pu-240 concentration at Tadje could be obtained from the 
sample measured in the third series of measurements because of interference 
due to Eu-152 present in the soil. 

MEASUREMENTS ON GLAZING SAMPLES 

Glazing samples from Totem I, Totem II, Biak, Breakaway and One Tree were made 
up into the same geometry as previous measurements on soil samples. These 
samples were measured after the third series of measurements given above. 
Check measurements were made before and after these measurement", to ensure 
that the efficiency had not altered. Activity ratios of Pu-239/Am-241 are 
given in Table 4. 

Pu-240 activity could not be measured because of interference due to Eu-152 
also present in the glazing. 

The high airburst tests at Kite and Taranaki did not produce any glazing at 
the ground zeroes. The crater produced by the Marcoo blast has subsequently 
been filled. Any glazing from the small trial at Tadje has been destroyed by 
subsequent soil treatment. 

MEASUREMENTS ON SUB-MILLIMETRE PARTICLES 

The minor trials conducted at ?«aralinga resulted in the dispersal of many 
discrete particles of material contaminated with actinides. 

The availability of particles of high specific activity provided the 
opportunity to make measurements 1n another geometry. Particles were mounted 
1n microscope slides and placed as close as possible to the Be window of the 
detector used above. This gave a very high efficiency geometry. 

The spectrometer was calibrated for this geometry using reference sources made 
from Am-241, Pu-240 and Se-75 and deriving an efficiency curve from 26 kev to 
210 keV. 

Measurements on isolated particles have two advantages over measurements on 
soil. Firstly, they are free of Eu-152 making determination of Pu-240 
possible for more samples and the attenuation by the sample matrix is much 
reduced. However, samples are harder to obtain and could not be obtained for 
all sites. 
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Results are presented in Table 5 together with uncertainties from counting 
statistics. 

SUMHARY AND DISCUSSION 

For all the sites except for the V^xen B minor trials at Taranaki, it is 
likely that homogeneous material was used and so at a given time a single 
value of the Pu-239/Am-241 ratio describes the material at that site. 
Likewise a single value of the Pu-240/Am-241 ratio should pertain. Certainly 
for major trial sites this seems to be true and our measurements at the minor 
trial sites ocher than Taranaki show consistency of the plutonium to americium 
ratios. 

It 1s known that material of varying plutonium isotopic composition was used 
in the twelve minor trials at Taranaki. This is consistent with the 
variability of results obtained for soil samples from central Taranaki. Our 
results for Taranaki therefore confirm those of Burns et al. (1986) which 
showed variable Isotopic composition from measurements on particles. The 
range of Pu-239/Am-241 activity ratios that were measured is similar to the 
current work. 

In order to compare the results of the current work with previous measurements 
of Pu-239/Am-241 ratios, the results are expressed as ratios of numbers of 
atoms of the various isotopes of plutonium present at a "birth-date" (Table 
6). For the minor trials this was assumed to be 1 January in the year of the 
trial. 

Figures 1, 2 and 3 present the measurements of Pu-239/Am-241 for TM100, TH101 
and Wewak along with the deduced ratios as a function of time. Comparison of 
results from the first and third series of measurements show good 
consistency. For Tadje, Cooper et al. (1978) report a value of 55 for the 
Pu-239/Am-241 activity ratio measured 1n 1978. This 1978 measurement together 
with the values reported 1n this report (50 1n 1984, 40 1n 1988) are 1n broad 
agreement when the Ingrowth of Am-241 is taken into consideration. 

The Pu-240 activity measurements for particles gave ratios systematically 
higher than measurements on soil samples. For the particle measurements the 
efficiency for the 45 keV gamma-ray of Pu-240 was obtained by direct 
1ntercompar1son with a reference source. However, for the soil measurements 
the efficiency was interpolated from calibration points at other nearby 
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energies by use of a Pu-239 and Am-241 soil reference. In the latter approach 
more uncertainiv (up to 20%) could be expected due to poor nuclear data and 
summing difficulties with nearby energy calibration points. Therefore, 
results from particle measurements are preferred to measurements on soil 
samples. 

An earlier measurement by Ellis (1979) indicated an averags activity ratio of 
Pu-239 + Pu-240 : Am-241 of 2.7 for the minor trials. This value is very low 
and not consistent with the values found in the present study. 

Cooper et al. (1985) presented indicative values for Pu-239/Am-241 for the 
minor trial sites TM101, TM100 and Wewak as 6, 15.5 and 13 from measurements 
on large particles. These measurements had large uncertainties and 
consequently are not in disagreement with the current work. 

At the present time (mid 1988) '.e recommend the following Pu-239/Am-241 
activity ratios for the major trial sites: 

Totem I 40 
Totem II 50 
One Tree 30 
Breakaway 30 
Tadje 40 
B1ak 40 

For the minor trial sites recommended values are: 

TM100 20 
TM101 7.6 
Wewak (VK60A and VK60C) 20 
VK33 23 

At Taranakl, values for the Pu-239/Am-241 activity ratio vary between 6 and 22. 

For the iiiinor trial sites, current values of the Pu-240/Am-241 activity ratio 
vary between 1 and 2. 

Further work 1s underway to characterise the plutonlum to amerldum ratios of 
the various plumes from the Vixen B minor trials at Taranakl. This work 
Involves very long period measurements of samples of low activity. 
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Table 1 

Activities and activity ratios for soil samples, 
first series of measurements April-October 1984 

Site Pu-239 
(kBq) 

Pu-240 
(kBq) 

Am-241 
(kBq) 

Pu-239/Am-241 Pu-240/Am-241 

Taranaki 
T75 
T90 
T29 
K480 
K320 

17.9(6) 2.4(2) 1.940(2) 9.2(3) 
15.2(7) 1.723(2) 8.8(4) 
10.7(5) 1.094(1) 9.7(5) 
25(2) 3.2(5) 2.806(4) 8.9(6) 
1.4(3) 0.148(1) 10(2) 

weighted mean 9.2(3) 

1.2(1) 

1.1(2) 

1.2(1) 

TM101 
18 
119 

9.0(6) 0.7(2) 1.007(2) 9.0(6) 
5.0(4) 0.6(1) 0.521(1) 9.5(8) 

weighted mean 9.2(5) 

0.7(2) 
1.2(3) 
0.9(2) 

TH100 
050 29.1(9) 2.1(2) 1.260(2) 23.1(7) 1.7(2) 

Uncertainties come from counting statistics of sample and reference sources 
and represent one standard deviation. 
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Table 2 

Activities and activity ratios for soil samples from Taranaki, 
second series of measurements October 1984 - January 1985. 

Site Pu-239 Pu-240 
(kBq) (kBq) 

Am-241 
(kBq) 

°u-239/Am-241 Pu-240/Am-?41 

K480 23(1) 4.7(8) 3.021(4) 7.6(5) 1.6(3) 
K440 3.0(3) 0.378(1) 7.9(9) 
K560 0.9(3) 0.132(1) "•(2) 
K640 0.9(2) 0.1350(5) 7(2) 
K760 1.9(2) 0.280(1) 6.7(7) 
K800C 0.9(2) 0.1137(4) 8(2) 
M280 1.6(1) 0.2054(3) 7.6(6) 
M440 1.6(2) 0.2095(4) 7.8(8) 
M560 1.5(2) 0.1990(4) 7.3(9) 
M680 0.7(1) 0.0899(3) 8(1) 
M800 0.2(1) 0.0313(2) 7(3) 
U280 0.62(8) 0.0711(2) 9(1) 
U360 0.8(1) 0.0842(3) 9(1) 
U400 1.0(1) 0.0809(3) 12(1) 
U520 2.4(2) 0.349(1) 6.9(7) 
U600 1.8(1) 0.2676(4) 6.7(5) 
U640 1.0(1) 0.1664(3) 6.1(8) 
U720 3.5(3) 0.484(1) 7.2(5) 
U840 2 5(2) 0.393(1) 6.5(6) 
1560 0.57(8) 0.0691(2) 8(1) 
I760E 0.8(1) 0.1101(3) 7(D 
I760S 0.8(1) 0.1195(3) 7(D 
I7G0N 0.6(1) 0.1260(3) 6.2(9) 
*M800 0.37(6) 0.0369(1) 10(2) 
*M440 1.4(2) 0.2154(4) 6.5(8) 
*M280 1.6(2) 0.2201(5) 7.3(9) 
*M560 1.5(2) 0.1911(5) 8(1) 
*M680 0.7(1) 0.0928(3) 7(D 
W920 0.38(7) 0.0610(1) 6(1) 
W1080 0.8(1) 0.1275(2) 6.1(8) 
Y280 1.0(1) 0.905(3) 11(1) 
Y440 1(8) 0.00037(2) 3(22) 
Y520 0.8(1) 0.1247(3) 6.1(9) 
Y600 0.8(1) 0.1052(3) 8(1) 
Y680 0.6(1) 0.0897(2) 7(1) 
Y108C -0.04(1) 

weighted mean 
0.0108(1) -4(9) 

7.2(3) 

Uncertainties come from counting statistics of sample and reference sources 
and represent one standard deviation. 

* duplicate measurements performed on these samples. 
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Table 3 

Activities and activity ratios for soil samples, 
third series of measurements March and April 1988. 

Site Pu-239 
(kBq) 

TM100 
E320 8.9(4) 
C100E 14.7(6) 
C320 30.7(9) 
E320E 8.1(4) 
weighted mean 

TM101 
J80N 3.7(2) 
K120W 15.3(5) 
J80E 3 9(2) 
K120N 2.9(2) 
weighted mean 

Wewak 
VK60A40SE 8.3(4) 
VK60C65N 4.4(3) 
VK60A20NE 3.4(3) 
VK60C20N 2.7(2) 
weighted mean 

Pu-240 Am-241 Pu-239/Am-241 Pu-240/Am-241 
(kBq) (kBq) 

0.7(1) 0.438(1) 20.3(9) 1.7(3) 
1.1(2) 0.664(1) 22.1(9) 1.6(3) 
2.4(3) 1.393(1) 22.0(7) 1.7(2) 
0.4(1) 0.394(1) 21(1) 1.0(4) 

21.6(6) 1.6(1) 

0.47(8) 0.496(1) 7.4(5) 1.0(2) 
1.9(2) 2.017(1) 7.6(3) 0.92(8) 
0.52(8) 0.457(1) 8.6(5) 1.2(2) 
0.29(8) 0.400(1) 7.4(6) 0.7(2) 

7.7(2) 0.93(7) 

0.6(1) 0.426(1) 19.5(9) 1.4(3) 
0.3(1) 0.226(1) 19(1) 1.3(4> 
0.11(9) 0.165(1) 21(2) 0.7(6) 
0.4(1) 0.131(1) 21(2) 2.1(5) 

19.9(7) 1.4(2) 

0.19(4) 0.1841(2) 22.7(8) 1.0(2) VK33C 4.2(1) 

Uncertainties come from counting statistics of sample and reference sources 
and represent one standard deviation. 
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Table 4 

Activity ratios (mean of 2 measurements) from glazing samples; 
measurements were made in May and August 1988 

Site Pu-239/Am-241 

Totem I 40 

Totem II 50 

Biak 40 

Breakaway 30 

One Tree 30 
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Table 5 
Activities and activity ratios for particle samples, 

measurements made from April to July 1988 

No. Pu-239 Pu-240 Am-241 U-235 Pu-239/ Pu240/ 

(kBq) (kBq) (kBq) (Bq) Am-241 Am-241 

Taranaki 

ZH590 0.66(4) 0.07(1) 0.0975(2) 0.01(2) 6.8(4) 0.7(1) 
0.61(2) 0.106(7) 0.0939(1) 0.03(1) 6.5(3) 1.12(7) 
0.65(2) 0.117^6) 0.0979(1) 0.02(2) 6-7(3) 1.20(6) 
2.30(9) 0.42(2) 0.3692(5) 0.09(3) 6.2(2) 1.15(6) 
0.1(4) 1.7(1) 1.494(2) 6.7(3) 1.11(7) 
1.25(4) 0.198(9) 0.1905(2) 0.02(2) 6.6(2) 1.04(5) 

U875 
11 4.8(1) 0.91(3) 0.7488(9) 0.15(3) 6.5(2) 1.21(4) 

W1100 
13 5.7(2) 0.87(6) 0.773(1) 0.15(4) 7.4(3) 1.13(7) 
14 5.9(2) 1.00(5) 0.832(1) 0.13(5) 7.1(3) 1.20(6) 

U317 
15 80(2) 9.2(3) 6.814(8) 14.9(3) 11.7(3) 1.35(5) 
16 76(2) 9.6(3) 6.278(8) 11.7(4) 12.1(3) 1.53(5) 
17 28.3(8) 3.3(2) 2.399(3) 5.3(2) 11.8(3) 1.37(6) 
18 119(3) 14.4(5) 9.67(1) 15.7(5) 12.3(3) 1.49(5) 
19 60(2) 7.1(3) 5.078(6) 8.8(3) 11.8(3) 1.39(6) 
20 131(3) 15.4(5) 10.87(1) 17.6(5) 12.0(3) 1.41(4) 
21 56(2) 7.2(3) 4.790(6) 10.6(3) 11.6(3) 1.51(6) 
22 12.2(4) 1.6(1) 1.030(2) 1.6(1) 11.8(4) 1.59(9) 
23 44(1) 5.4(3) 3.916(5) 6.5(3) 11.3(3) 1.38(7) 
24 46(1) 5.5(2) 3.681(5) 5.5(2) 12.5(3) 1.50(7) 
25 7.5(2) 0.91(5) 0.6358(8) 1.05(6) 11.7(3) 1.43(7) 
26 18,0(5) 2.1(1) 1.513(2) 2.5(1) 11.9(4) 1.41(7) 
28 3.14(9) 0.39(2) 0.2616(4) 0.45(3) 12.0(4) 1.50(8) 

U587 
36 85(2) 7.8(2) 3.766(5) 23.8(4) 22.5(5) 2.06(6) 
37 49(1) 4.3(2) 2.191(3) 12.7(2) 22.3(5) 1.96(7) 
38 42(1) 3.9(1) 1.889(2) 11.3(2) 22.2(5) 2.08(7) 

ZC590 
39 7.5(3) 1.27(7) 1.161(1) 0.15(3) 6.5(2) 1.09(6) 

SI 010 
40 4.6(1) 0.76(3) 0.6182(7) 0.10(3) 7.4(2) 1.23(5) 

Area3 
4 24.5(7) 3.8(1) 3.316(4) 0.65(6) 7.4(2) 1.14(4) 
2 20.5(5) 3.11(7) 3.008(3) 0.51(4) 6.8(2) 1.03(2) 
2 21.1(5) 3.21(6) 3.023(3) 0.51(3) 7.0(2) 1.06(2) 
26 40.0(9) 6.2(1) 5.643(6) 0.15(5) 7.1(2) 1.11(2) 
9 36.4(8) 5.58(9) 4.930(5) 1.43(4) 7.4(2) 1.13(2) 
5/1 11.1(3) 1.69(7) 1.538(2) 0.23(4) 7.2(2) 1.10(4) 
6 37.6(8) 5.83(9) 5.214(5) 0.87(4) 7.2(2) 1.12(2) 
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Table 5 con't 

No. 

IM100 

K105 
27 

Ml 04 
29 
30 
31 
33 
34 
35 

Tadie 

Pu-239 
(kBq) 

Pc-240 
(kBq) 

Am-241 
(kBq) 

080 
7 
a 
9 
10 

59(2) 
2.23(7) 
7.2(2) 
19.2(5) 

5.3(3) 2.952(5) 
0.24(2) 0.1161(2) 
0.64(4) 0.3500(6) 
1.96(9) 0.951(1) 
weighted mean 

TM101 

2.30(8) 0.41(2) 

1.25(5) 
3.0(1) 
186(7) 

94(6) 
41(1) 
34(1) 

0.302(4) 

0.21(1) 
0.46(4) 

25(2) 
14(2) 
6.4(3) 
5.2(3) 
weighted mean 

0.1467(2) 
0.3936(6) 

25.04(3) 
12.79(3) 
5.621(7) 
4.654(6) 

li-235 
(Bq) 

Pu-239/ 
Am-241 

19.9(5) 
19.2(6) 
20.5(6) 
20.2(5) 
20.0(3) 

7.6(3) 

8.5(4) 
7.7(3) 
7.4(3) 

4(5) 
3(3) 
3(3) 
6(1) 

Pu240/ 
Am-241 

1.8(1) 
2.1(1) 
1.8(1) 
2.06(9) 
1.94(5) 

1.35(7) 

.4(1) 
•16(9) 
.01(7) 
.1(1) 
.14(f) 
.13(6) 
.17(3) 

40 

One Tree 
20 10 

Uncertainties come from counting statistics of sample and reference sources 
and represent one standard deviation. 
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Table 6 

Ratios of atoms of plutonium isotopes at "birth-dates" 
deduced from measurements. 

Site "birth-date" 
Minor Trials 
TM101 1/1/60 

TM100 1/1/60 

Wewak 

VK33 

1/1/61 

1/1/59 

Pu-239 Pu-240 Pu-241 

Series 1 0.972(3) 0.026(3) 0.0028(2) 
Series 3 0.965(1) 0.032(1) 0.0031(1) 
Particles 0.9568(4) 0.0400(5) 0.00311(4) 

Series 1 0.980(1) 0.019(2) 0.00113(4) 
Series 3 0.979(1) 0.020(1) 0.00112(3) 
Particles 0.9731(3) 0.0257(3) 0.00120(2) 

Series 3 0.980(2) 0.019(2) 0.00124(4) 

Series 3 0.987(2) 0.012(1) 0.00106(4) 

Uncertainties come from counting statistics of sample and reference sources, 
they represent one standard deviation. 
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Figure 1. Pu-239/Am-241 as a function of time for TM100 
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Figure 3. Pu-239/Am-241 as a function of time for Wewak 


