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ABSTRACT 

A detailed assessment Is presented of the distribution of 
plutonium-contaminated fragments and sub-millimetre particles in the vicinity 
of the Taranaki site at the former U.K. Atomic Weapons Test Range at Maralinga 
in South Australia. The area which is contaminated with fragments has been 
divided into three general regions with the designations 'heavily 
contaminated', 'moderately contaminated' and 'plumes'. The average surface 
density, activity and estimated total number of fragments are presented for 
each region. Average surface densities of all fragments with americium-241 

-2 activities greater than 2 kBq are estimated to be 33, 7 and 2 m for the 
'heavily contaminated', 'moderately contaminated' and 'plumes' regions 
respectively. The total number of such fragments is estimated to be in excess 
of three million which accounts for a total plutonium activity of 
approximately 0.8 TBq. The implications of these results for a rehabilitation 
program are discussed. 
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INTRODUCTION 

Li 1984 a major environmental survey M the former British Atomic Weapons 
Test Sites at Maralinga was undertaken by this Laboratory (Lokan, 1985). As a 
result of that survey it was recognised that large numbers of discrete 
fragments contaminated with plutonium exist at the Taranaki, TM100, TM101 and 
Wewak sites. The presence of these fragments would constitute a significant 
risk to health under certain circumstances. The fragments, which are of 
diverse nature and size, are clearly debris resulting from explosive 
dispersals of plutonium. They include macroscopic and discrete pieces of 
metal and plastic, as well as smaller (in many cases sub-millimetre) particles 
of high specific activity. 

Subsequent analysis of fragments from Taranaki collected during the 1984 
survey showed that many contain roughly equal masses of plutonium-239 and 
uranium-235. The plutonium at Maralinga is a mixture of three isotopes of 
atomic masses 239, 240 and 241. Americium-241, which results from the decay 
of the plutonium-241 (t, / 2 = 14.4 y), is also present. \\e activities of 
plutonium-239, -240, americium-241 and uranium-235 for a representative sample 
of the more active fragments found at Taranaki, determined by high-resolution 
gamma-ray spectrometry, are given in Appendix 1. 

It was estimated, based on a surface survey covering approximately 12% 
of the inner Taranaki region, thav the total njmber of fragments was somewhere 
between 50,000 and 100,000 (Cooper et al., 1985). These fragments were 
defined as localised americium-241 sources with activities in excess of 0.1 
MBq. The mean value of fragment activity was estimated to be 1.6 MBq, 
yielding an upper limit of total americium-241 activity of 0.16 TBq. This 
corresponded to a plutonium-239 activity of 1.2 TBq. 

With the objective of obtaining further information about the 
plutonium-contaminated fragments to assist the assessment of clean up options 
for the four sites at Maralinga, a further survey was conducted in February 
1986. This survey is the subject of the present report. 

The purpose of the survey was two-fold. One aim was to determine the 
efficacy of a clean-up operation for fragments by the detection and physical 
removal of sources of localised activity. The second aim was to define more 
accurately the concentration and activities of contaminated fragments in the 
Inner Taranaki area. 
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EXPERIMENTAL 

The field work was confined to the region within the survey grid at 
Taranaki (Cooper et al., 1985). This grid extends 1500 m in an east-west 
direction and 860 m north-south (Fig. 1). Grid coordinates are specified by 
combinations of letters and numbers, the letters marking intervals of 20 m 
from the south boundary and the numbers indicating the distance from the 
eastern edge in metres. 

The survey work outlined in this report was performed at eight sites 
within the grid. Each of the sites was known to have a high fragment 
concentration and to contain fragments representative of the different types. 
Three sites each of 20 m x 5 m were selected outside the man-proof (MP) fence 
which encloses the regions of highest activity and the 21 burial pits. Five 
sites were selected within the MP fence, each being a strip of 20 m x 1 m. 
Large areas of the surface soil at Taranaki had been treated by either a 
scraping or mixing ('ploughing') technique (Pearce, 1968), resulting in long 
windrows with areas of shallow top soil in between. One of the sites was 
chosen to be outside this treated area. 

Within the MP fence, large areas of contaminated soil had been covered by 
approximately 10 cm of clean introduced soil (Pearce, 1968). It is reasonable 
to assume that significant numbers of contaminated fragments lie beneath this 
Introduced soil; however their detection will be difficult due to the 
attenuation of the 60 keV gamma ray from americium-241 by the covering soil. 
One of the ureas within the MP fence was chosen in such an area. The 
positions of the eight sampling sites, the survey grid and the MP fence, 
treated ('ploughed') areas and the areas of introduced top soil at Taranaki 
are shown in Fig. 1. The boundaries of areas of introduced soil, which are 
poorly defined 1n places, were determined by visual inspection of the terrain. 

The plutonlum at Maralinga 1s a mixture of three isotopes of atomic masses 
239, 240 and 241 in diminishing proportions. The americium-241 activity 
resulting from the decay of the plutonium-241 (t, / 2 = 14.4 y) was used as an 
Indicator of plutonium-239, the activity ratio of plutonium-239 to 
amer1c1um-24l having been previously determined as 7.4 t 0.6 (Cooper et al., 
1985). The survey sites were gridded into 1 m wide strips; these were 
surveyed by slow passes with a hand-held 50 mm d1a. x 2 mm thin-crystal 
Nal(TI) detector and Eberline scalar-ratemeter. The window of the ratemeter 
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was set to cover the range 40 to 80 keV in order to detect the 60 keV gamma 
ray of americium-241. The detector was held at 5-10 cm above the ground 
surface, and fragments were found by detecting spots of localised high count 
rates. 

The survey procedure was as follows. A first pass over a site was made 
and the fragments which were detected were removed. A second pass over the 
same site was then made in an attempt to locate and remove those fragments 
missed in the first pass. Removal of the fragments involved digging with a 
hand trowel a small portion of soil containing the source of localised high 
activity. In the present survey, this mixture of soil and fragment(s) was 
further processed by a simple but effective sample-splitting technique using a 
second trowel to isolate, where possible, individual fragments. 

To determine the number and distribution of any remaining fragments at 
2 each of the three sites outside the MP fence, 10 areas of 1 m , uniformly 

2 distributed over the 100 m area of search, were dug to the limestone base. 
The removed soil was spread to a depth of ca. 2 cm on stainless steel trays 
and carefully scanned to detect and recover all fragments. Inside the MP 

2 fence only one area of 1 in , in a region of introduced top soil, was treated 
in this manner. 

The americium-241 activities of all isolated fragments were determined by 
use of a 50 mm dia. x 2 mm Nal detector shielded to reduce the background 
level. The detector was calibrated with americium-241 sources of known 
activities. 
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RESULTS 

Site 1 

2 Site 1 of 100 m was just to the north-east or the MP fence, close to a 
region of general high activity. It was bounded by survey grid points Q355, 
0360, R355 and R360 (Fig. 1). 

The numbers of fragments, together with their total activities, for each 
phase of the survey are given in Table 1. In Fig. 2, the number of fragments 
detected in each surface pass is presented as a histogram according to 
activities. 

Table l 
2 Fragment data for Site 1 (10 p i ) 

Phase Fragment count Total Am activity (MBq) 

Pass 1 28 5.3 

Pass 2 16 1.0 

Dig* 400 4.9 

Total 444 11.2 

* These results are estimated from the data obtained from a dig covering 
10% of the area. 

Soil 1n this area had been treated to give distinct windrows, and the 
majority of fragments were found in these windrows. Most of the 40 fragments 
found during the 10% dig were very small and, in many cases, a single 
source could not be isolated from the surrounding soil. 
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Site 2 

2 Site 2 of 100 m was just north of the HP fence in line with a known 
plume of activity (Cooper et al., 1985). It was bounded by grid points S700, 
S720 and points 5 m towards T700 and T720 (Fig. 1). 

During the first pass of this area, the monitor was unwittingly de-tuned 
due to a discriminator problem. This effectively raised the limit of 
detection and meant that only the more active fragments were detected. The 
first pass data for this area are therefore not consistent with those for the 
other areas. This problem was rectified for the second pass. 

Numbers and activities of fragments are given in Table 2 and the activity 
distribution is presented in Fig. 3. 

Table 2 
2 Fragment data for Site 2 (100 m ) 

241 Phase Fragment count Total Am activity (MBq) 

Pass 1 10 9.0 

Pass 2 40 1.7 

Dig* 460 5.9 

Total 510 16.6 

* These results are estimated from the data obtained from a dig covering 
10% of the area. 

The fragments of highest activity collected on the first pass consisted of 
large pieces of metal or wire. The bulk of the 46 fragments found during the 
10% dig were very small but most could be isolated as a single source. As 
for Site 1, the majority of the fragments were present in the windrows. 
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Site 3 

2 Site 3 of 100 m was approximately 400 m north-west of the HP fence in 
the direction of the known north-west plume of activity (Cooper et al., 
1985). It was aligned with the 20 m axis in a north-west to south-east 
direction with the north-west end centred on W1080. This site was the only 
one of the eight selected sites which was outside the treated region at 
Taranaki (Fig. 1). 

Numbers and activities of fragments are given in Table 3 ana the activity 
distribution is presented in Fig. 4. 

Table 3 
2 Fragment data for Site 3 (100 m ) 

Phase Fragment count Total '"Am activity (MBq) 

Pass 1 31 0.5 

Pass 2 13 0.2 

Dig* 150 0.3 

Total 194 1 0 

* These results are estimated from the data obtained from a dig covering 
10% of the area. 

Essentially all fragments found were very small. In many cases they were 
tiny grey particles (<1 mm), and difficult to isolate from the suiroui'ding 
soil. 
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Site 4 

2 Site 4 of 20 m was inside the MP fence in the eastern sector. It ran 
between grid points 1280 to 1300 (Fig. 1). 

Numbers and ectivities of fragments are given in Table 4 and the activity 
distribution is presented in Fig. 5. 

Table 4 
2 Fragment data for Site 4 (20 m ) * 

Phase Fragment count Total Am activity (MBq) 

Pass 1 27 1.8 

Pass 2 5 0.2 

Total 32 2.0 

* No dig was performed in this area. 

The fragments were in general small (< 2 mm) but some larger metallic 
pieces were also found. 
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Site 5 

2 Site 5 of 20 m was inside the MP fence in the north-eastern sector in 
an area of introduced top soil. It spanned the grid points M360 to M380 (Fig. 
1). 

Numbers and activities of fragments are given in Table 5 and the activity 
distribution is presented in Fig. 6. 

Table 5 
2 Fragment data for Site 5 (20 m ) * 

Phase Fragment count Total Am activity (MBq) 

Pass 1 19 13.3 

Pass 2 5 0.7 

Total 24 14.0 

* The data obtained from the 1 m dig performed at this site are discussed 
1n the text. 

The fragments found in the surface scans were generally large (2-20 mm). 
2 A i m dig was performed after pass 2 in this area. The Introduced top soil 

was ca. 10 cm in depth and contained only two readily identifiable fragments. 
The original surface, exposed upon removal of the Introduced soil, was found 
to be very active and it was not considered feasible to quantify Individual 
fragments. 
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Site 6 

2 Site 6 of 20 m was Inside the HP fence in the central sector. It 
spanned the grid points K480 to K500 (F1g. 1). 

Numbers and activities of fragments are given In Table 6 and the activity 
distribution Is presented in Fig. 7. 

Table 6 
2 Fragment data for Site 6 (20 m ) * 

Phase Fragment count Total Am activity (MBq) 

Pass 1 42 6.0 

Pass 2 28 3.6 

Total 70 9.6 

* No dig was performed 1n this area. 

As with Site 5, the fragments found were generally large and easy to 

Isolate. However, some small grains of highly active material were also 
collected. 
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Site 7 

2 Site 7 of 20 • was Inside the HP fence 1n the eastern sector. It 
spanned grid points 6780 to 6800 (F1g. 1), and was In an area with a thin 
covering (1-2 cm depth) of Introduced soil. Due to a generally high 
background level, the Isolation of Individual fragments was ouite difficult. 

2 A single pass over 10 m of the area yielded 35 fragments of 2.1 MBq total 
241 

Am activity. All fragments collected were physically large (2-30 no). 
Smaller fragments (<1 mm) of sower activities were present in very large 
numbers. A histogram of activities of the fragments collected Is given In 
F1g. 8. 
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Cite 8 

2 Site 8 of 20 m was Inside the HP fence in the northern sector. It 
spanned grid points 0540 to 0560 (Fig. 1). 

Numbers and activities of fragments are given In Table 7 and the activity 
distribution is presented In Fig. 9. 

Table 7 
2 Fragment data for Site 8 (20 m ) * 

Phase Fragment count Total Am activity (HBq) 

Pass 1 45 20.9 

Pass 2 10 1.8 

Total 55 22.7 

* No dig was performed in this area 

The nature of the fragments was variable, ranging from small pieces of ca. 
1 mm diameter to large metallic and bituminous fragments up to 5 cm diameter. 
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DISCUSSION 

It Is clear from the survey that both the nature of the fragments and 
their distribution are highly variable. In broad terms, the area outside the 
HP fence contains a lower density of fragments than inside, and the average 
activity of the fragments decreases with distance from the fenced region. In 
the present survey, during the analysis of soil samples, a small fragment of 
ca. 0.5 kBq americium-241 activity was discovered 4.5 km due north of Taranaki 
on Second Avenue. This suggests that similar small fragments may be present 
with low surface density at considerable distances from Taranaki along the 
directions of plumes. The fragment of highest activity discovered on the 
surface at Taranaki was detected during an earlier survey (Cooper et al., 
1985). It was a concave trapezoidal piece of 12 mm steel plate, of 
approximate dimensions 10 to 15 cm wide and 25 cm long, with about 7 GBq (0.2 
C1) of plutonium-239 on its inner surface. This fragment was found 620 m 
north of the A row (near grid coordinate ZC400) in an area which does not 
otherwise contain many fragments of significant activity. 

The sites surveyed outside the MP fence were chosen to be representative 
of the regions which contain appreciable numbers of fragments. In this regard 
we note that large areas outside the MP fence would be expected to have 
fragment densities considerably lower than those reported here. It is 
difficult, therefore, to quantify accurately the number of fragments and their 
total activity from the data presented above. However, by combining the 
previous data on the distribution of fragments at Taranaki (Cooper et al., 
1985) with the present results, we can make some reasonable estimates of the 
numbers and mean activities of fragments in typical regions. 

In the previous survey of the fragment distribution at Taranaki (Cooper et 
al., 1985), a fragment was defined as a localised source of americium-241 
activity in excess of 0.1 MBq. The largest surface density was taken to be 
0.5 fragments per m*". In the present survey, during the two surface passes 
1t was found that fragments of much smaller activity, down to 2 kBq of 
americium-241, could be identified. From the histograms of fragment 
activities. Figs. 2 9, it can be seen that many fragments lie in the activity 
range 20-100 kBq. The total surface densities of fragments in each site 
surveyed are therefore given in lable 8 for lower limits of 100, 20 and 2 kBq. 
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Table 8 

-2 The surface densities (m ) of all fragments, 
detected by surface scans, having americium-241 

activities greater than the given limits. 

Site >100 kBq >20 kBq >2 kBq 

Site 1 (100 m ) 0.1 0.4 0.4 

Site 2 (100 m ) * 0.1 0.3 0.5 

Site 3 (100 m ) * 

Site 4 ( 20 m ) 

Site 5 ( 20 m ) 

0.0 

0.2 

0.9 

C.l 

0.8 

1.1 

0.4 

1.6 

1.2 

Site 6 ( 20 m ) 1.5 3.3 3.5 

Site 7 ( 10 m ) 1.0 2.8 3.5 

Site 8 ( 20 m ) 2.0 2.7 ?.8 

* Sites outside the MP fence. 

It is seen from Table 8 that the maximum surface density of fragments 
-2 -2 

(>100 kBq criterion) is ca. 2 m within the MP fence and 0.1 m 
outside. We therefore conclude that the technique and instrumentation 
employed in the earlier survey (Cooper et al., 1985) underestimated the 
surface density of fragments. The instrument used in the present survey, an 
Eberline ESP-1 having Improved sensitivity on its audible signal, facilitated 
the resolution of fragments in areas of high background continuum. At the 
other extreme, for the inclusion of ail fragments able to be detected, the 

-2 maximum surface density within the MP fence 1s 3.5 m and outside the MP -2 fence 1t 1s 0.5 m However, due to the generally high levels of activity 
which arise from the presence of large numbers of small fragments within the 
fenced area, the surface density of the low activity fragments, down to 2 kBq, 
inside the MP fence 1s almost certainly underestimated. 



23 

In the report of the earlier surveys (Cooper et al., 1985) the mean value 
of the fragment activity (for fragments having americium-241 activities in 
excess of 100 kBq) was estimated to be 1.6 MBq. For the 120 fragments with 
activities greater than 100 kBq collected in the present survey from all eight 
sites, the mean activity is 0.51 MBq per fragment. This is probably a better 
estimate as it derives from all such fragments collected from a selection of 
representative areas. By use of this value, the total activity of 
plutonium-239 present on the previously estimated 100,000 fragments would be 
0.4 TBq. 

Cooper et al. (1985) recognised the uncertainties in the calculation of 
tr.e total number of contaminated fragments at Taranaki, particularly in areas 
inside the MP fence where the levels of activity were so high as to give a 
continuous audible signal from the monitor. In the present survey, no data 
are available for the numbers or mean activities of fragments beneath the 
large areas of introduced soil within the MP fence (Fig. 1). Despite the 
consequent uncertainty, we have used the present data in conjunction with the 
previously published data on the distribution of contaminated fragments at 
Taranaki (see Appendix 2) to estimate the numbers of fragments present. Based 
on the distribution of fragments, the Taranaki area can be divided into three 
regions with the designations 'heavily contaminated' (Region 1}, 'moderately 
contaminated' (Region 2) and 'plumes' (Region 3). These are indicated in 
Fig. 10. In each region we can then estimate the number and average activity 
of fragments for the two americium-241 activity ranges 2-20 kBq and greater 
than 20 kBq. 

239 241 By use of the Pu/ Am activity ratio of 7.4 as established by 
Cooper et al. (1985), the total plutonium activity on fragments in each region 
has been estimated. These data are presented in Table 9. 
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Table 9 
Estimates of fragment numbers and activities present 

in the various regions at Taranaki 

Region 1 
'Heavily 
contaminated' 

Region 2 
'Moderately 
contaminated1 

Region 3 
'Plumes' 

Area (hectare) 10 

Sites of present 
survey included 
in Region 

6.7.8 1,2,4,5 

Average surface density 3 
-2 

of fragments (m )* (30) 

241A Average Am 
activity (kBq)' 

240 
(12) 

0.6 

(6) 

300 
(11) 

0.1 
(2) 

45 
(8) 

Total number 
of fragments* 

2.4X10 
(2.4xl0 6) 

6x10 
(6xl0 5) 

2x10 
(4xl0 4) 

Total 2 3 9 Pu 
activity (TBq)* 

0.43 
(0.21) 

0.13 
(0.05) 

7x10 
(2xl0 _ 3) 

241 The top value of each pair of numbers refers to fragments having Am 
activities >20 kBq and the bottom value (in parentheses) to the <20 kBq 
fraction. 

The most heavily contaminated region (Region 1) is predominantly Inside 
the MP fence, in the vicinity of the firing pads. The region is Irregular 1n 
shape and extends approximately 600 m in an east-west direction and 200 m in a 
north-south direction, covering an area of about 8 hectares. Sites 6, 7 and 8 
are within this region and data from these sites were used to derive the 
estimates 1n fable 9. Region 2 is moderately contaminated and 1s generally on 
the northern side of Region l and the MP fence, extending approximately a 
further 200 m from the firing pads. A small portion of Region 2 1s within the 
MP fence. The region includes Sites I, 2, 4 and 5 and 1s about 10 hectares in 
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area. To the north of Region 2, starting some 300-400 m from the firing pads, 
the distribution of contaminated fragments falls into several well defined 
narrow plumes and these constitute Region 3. Fragments in this region are 
mainly small black sub-millimetre particles. Site 3 is typical of this region 
which covers approximately 2 hectares. 

Outside these three regions, which cover approximately 20 ha in total, the 
surface density of all fragments is known to be extremely small. From Table 
9, it can be seen that the bulk of fragments and their associated activity lie 
in Regions 1 and 2, with the total activity and fragment count both being four 
times greater in Region 1 than Region 2. In contrast, Region 3 only contains 
of the order of 1% of both the total number of fragments and activity 
present in the three regions. 

It can be deduced from Table 9 that approximately 10% of all fragments 
have activities in excess of 20 kBq and that these contribute approximately 
70% of the total activity. 

From the histograms of fragment activities for the eight survey sites 
(Figs. 2-9), it is evident that a one-pass surface survey can only be 
guaranteed to detect all fragments with americium-241 activities in excess of 
1 MBq. Our survey demonstrates that by using the two-pass technique it is 
possible to detect essentially all fragments with americium-241 activities in 
excess of 20 kBq. This was verified by the results from sites at which digs 
were performed, which show that, in general, the fragments isolated during 
each dig had activities in the range 2-20 kBq. However, this does not 
necessarily apply to those areas of introduced soil in Region 1. 

The total fragment count and distribution have a great impact on the 
efficacy of any possible clean-up method. It is plain that any attempt to 
remove individual fragments above a reasonable activity threshold by the 
methods employed 1n the present survey will be labour intensive and tedious. 
Such an operation will, at best, remove only the more active individual 
fragments, leaving behind innumerable smaller fragments as well as areas of 
very finely dispersed plutonium. We consider that a realistic lower limit for 
the efficient detection of fragments by the surface scan technique is an 
amer1dum-24l activity of 20 kBq. Within the MP fence, problems would arise 
due to both the generally high background levels, which make it difficult to 
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detect all but the more active fragments, and the large areas of Introduced 
soil under which many fragments are burled. However, outside the MP fence 1n 
particular, the present work Indicates that a clean-up operation or this type 
may have some benefit 1n a preliminary preparation of the site for further 
processing. 
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APPENC'X 1 

The act iv i t ies of a representative sample of fragments collected from 

Taranaki in 1984/85 are given in the Table below. The fragments are identif ied 

by the grid coordinate of the position at which each was found. 

Activit ies were determined in March 1985 by high-resolution gamma-ray 

spectrometry. Results are only presented for those samples where the effects 

of self-absorption were judged to be re lat ive ly small. The cri ter ion used was 
241 that the act iv i ty ratios for the 26.4 and 59.5 kev peaks of Am and the 

239 
38.7 and 129.3 kev peaks of Pu were both greater than 0.5. The act iv i t ies 

239 240 
presented below were determined from the 129.3 ( Pu), 45.2 ( Pu), 59.5 

241 235 
( Am) and 185.7 ( U) kev peaks in the spectra. 

Fragment 

Identity 

Mass 
239„ 

Pu 
Activi t ies 

240 n 241 
Pu Am 2 3 5 u 

Ratio 
239„ 241. 

Pu/ Am 

(9) (MBq) (MBq) (MBq) (Bq) 

B-820 3.9 25.1 0.93 2.80 394 9.0 
D-842 14.8 41.9 2.62 6.06 917 6.9 
E-848 8.1 4.92 0.97 0.69 404 7.1 
G-270 36.1 24.7 0.63 4.07 1640 6.1 
G-745 <0.2 0.41 0.14 0.064 148 6.4 

1-340 19.5 1.86 3.93 690 5.0 

K-324 10.0 8.55 1.04 1.18 217 7.2 

0-371 10.7 2.08 1.89 473 5.7 

0-564 72.3 1.19 0.14 0.057 158 20.9 

Q-200 0.87 0.012 0.101 158 8.6 

Q-380 3.13 0.41 0.45 227 7.0 

Q-382 . . 4 0.92 1.63 601 6.4 

Q-386 0.97 0.056 0.103 89 9.4 

U-316 <io"5 1.88 0.095 0.084 118 22.4 

U-570 10.2 1.14 1.92 315 5.3 

U-680 37.4 3.2 5.61 453 6.7 

U-965 8.36 1.12 1.29 631 6.5 

W-1100 0.23 0.05 0.039 79 5.9 

ZE-580 <O.0Ol 1.42 - 0.163 108 8.7 
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APPENDIX 2 

The fragment distribution data (November 1984) used to produce Fig. Al 
(Fig. 1.5 1n Cooper et al., 1985) are given in the following Table. The 
numbers of fragments detected in 3 m wide strips along each of the grid rows 
A, C, E, etc. are given for 40 m intervals (20 m either side of the given 
coordinate). 

The grid extends 1500 m in an east-west direction and 860 m north-south. 
Grid coordinates are specified by combinations of letters and numbers, the 
letters marking Intervals of 20 m from the south boundary and the numbers 
Indicating the distance from the eastern edge in metres. The letters ZA, ZB, 
ZC, etc. denote successive intervals of 40 m north of row Z. 

In this Table, fragments are defined as localised sources of amerlcium-241 
with activities in excess of 100 kBq for rows A to Z, and with activities down 
to ca. 10 kBq for rows north of Z where the background was generally low. 

Areas where the level of activity 1s so high as to give a continuous 
audible signal from the monitor, and hence where the numbers of individual 
fragments could not be determined, are denoted by an asterisk (*). The density 
of fragments having americ1um-241 activities 1n excess of 100 kBq in such 

-2 areas 1s likely to be 2 m or higher, I.e. greater than 240 fragments per 
interval. 
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A C E G I K H O Q S 

0 0 0 0 0 1 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 1 0 0 0 0 0 0 
120 0 0 0 0 0 0 1 0 0 0 
160 4 0 0 0 0 0 2 0 1 0 
200 0 0 2 1 0 0 1 3 2 7 
240 0 0 4 4 6 3 1 4 6 2 
280 0 0 0 5 15 32 9 4 3 6 
320 0 0 0 3 22 * 29 11 10 11 
360 1 0 0 3 2 * 36 28 30 15 
400 0 0 0 1 8 14 32 29 * 9 
440 0 0 0 3 18 33 * 26 21 10 
480 0 1 1 0 25 * * 40 14 4 
520 0 0 1 0 4 18 28 56 21 8 
560 0 0 0 2 12 * 30 70 * 10 
600 0 0 0 1 24 * 35 74 8 1 
640 0 1 0 8 31 65 35 26 8 2 
680 0 0 2 17 38 35 * 12 17 6 
720 1 0 10 22 38 31 5 13 8 10 
760 0 1 31 * 26 26 8 10 8 2 
800 2 2 11 * 32 25 5 3 7 5 
840 0 1 4 47 43 27 0 1 1 3 
880 2 1 0 17 8 18 4 2 0 1 
920 0 1 0 2 5 4 4 3 0 1 
960 2 0 0 0 0 3 2 0 1 1 
1000 1 0 0 1 0 1 0 0 2 5 
1040 1 3 0 1 0 0 0 0 0 0 
1080 0 0 0 0 1 0 0 0 0 0 
1120 0 0 0 0 0 0 1 0 0 0 
1160 0 0 0 0 0 0 0 0 0 0 
1200 0 0 0 0 0 0 0 0 0 0 
1240 0 0 0 0 0 0 0 0 0 0 
1280 0 0 0 0 0 0 0 0 0 0 
1320 0 0 0 1 0 0 0 0 0 0 
1360 0 0 1 0 0 0 0 0 1 0 
1400 0 0 0 0 0 0 0 0 0 0 
1440 0 0 0 0 0 0 0 0 0 0 
1480 0 0 0 0 0 0 0 0 0 0 

U W Y ZA ZB ZC ZD ZE ZF ZG ZH Z I 

0 0 0 0 1 0 0 0 
1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 
1 0 0 0 0 0 5 2 
1 0 0 0 2 1 0 0 
0 0 0 9 10 0 0 0 
2 2 7 2 0 0 0 0 
4 3 6 2 0 0 0 0 
9 12 0 1 0 1 0 0 
1 1 2 2 0 2 0 0 
3 0 5 0 0 2 0 0 
1 0 0 0 0 0 0 0 
3 8 0 0 0 0 0 0 0 0 0 0 
5 12 2 0 1 0 0 0 0 0 0 0 
4 5 10 10 5 3 0 0 0 0 2 0 
3 1 2 8 11 6 15 14 9 5 1 6 
0 0 1 0 4 0 0 0 0 0 0 0 
5 2 6 0 3 0 0 0 0 0 0 0 
13 6 4 5 1 0 1 0 0 0 0 0 
4 3 1 2 0 0 0 0 
0 0 0 2 3 0 0 0 
4 1 0 0 0 1 0 0 
6 1 0 0 0 0 1 0 
0 2 0 0 0 0 0 0 
1 0 3 0 0 0 0 0 
0 0 0 1 2 0 
12 0 0 0 4 1 
0 9 0 0 0 1 
0 2 1 C 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 1 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
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