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ABSTRACT 

The results from the surveys of environmental radiation at the Monte Bello 
Islands, in 1962 and 1968, are presented. These were the first of the series 
of extensive surveys of radioactive contamination of the Islands, to be 
carried out by Australian authorities following the nuclear weapons tests 
conaucted there in 1952 and 1956. 

The results from the surveys in 196*: ana 1966 became the basis for 
subsequent protective control of access to the Islands, but the aata have 
remained unpublisheo. In presenting them here, detailed comparison is made 
with the results obtained in the subsequent surveys in 1972 and 1978. For 
tnis purpose, the four sets of field results are reouced to standard units, 
with full account taken of calibration ana other factors involved. 

The presentation is a strong reminder of the important role played by the 
early surveys. Inaeea, it remains essential to bear their results in mind 
when drawing conclusions from the more recent data. The early work served to 
characterise the radiological status of all islanas which might have become 
contaminated with radioactivity as a consequence of the nuclear explosions. 
On this basis, areas no longer contaminated were identifiea and access was 
permitted to them as required; the remaining contamination became the focus 
of attention in subsequent investigations. 

•-or more than 20 years, no area at the Monte bello Islanas has presented 
an acute hazard due to external exposure to environmental radiation. No acute 
raoiation hazard exists at the Islanas now. Possible detriment to health 
associated with long term access to the Isla.ids, including consiaeration of 
ingestion ana inhalation of raoioactive contaminants, is oiscussea elsewhere 
(Australian Ionising Kaoiation Aovisory Council (AIKMC; \l97i»)j. 



1. INTRODUCTION 
The Monte Bello Is 1 anas in Western Australia have the distinction of being 

the site, where, in the nuclear explosion of 3 October 1952, radioactive 
fallout was first introduced into the Southern Hemisphere. In all, three 
nuclear weapons tests were conaucted by Britain at tne Islands and details are 
given in Table 1. The Islands, and their location off the coast of Western 
Australia, are shown in the maps of Figures 1(a) and 1(b). There was no 
permanent population at the time and the area was left unoccupied afterwards. 
In order to dissuade entry to contaminated areas, occasional visits were made 
by the Royal Australian Navy (RAN) and warning signs were posted at access 
points. The Islands remain a prohibited area. 

Table 1: Nuclear weapons tests conoucted at the Monte Bello Islands 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

HURRICANE MOSAIC MOSAIC Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

3 October 1952 
kiloton range 
HMS Plym 

off Cocoa Beach 
Trimouille I. 

Gl G2 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

3 October 1952 
kiloton range 
HMS Plym 

off Cocoa Beach 
Trimouille I. 

16 May 1956 

kiloton range 

tower 

19 June 1956 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

3 October 1952 
kiloton range 
HMS Plym 

off Cocoa Beach 
Trimouille I. 

16 May 1956 

kiloton range 

tower 
kiloton range 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

3 October 1952 
kiloton range 
HMS Plym 

off Cocoa Beach 
Trimouille I. 

16 May 1956 

kiloton range 

tower tower 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

3 October 1952 
kiloton range 
HMS Plym 

off Cocoa Beach 
Trimouille I. 

north-western 
Trimouille I. 
lat. 20*23'00.06HS 
long. 115*32'47.98"E 

northing 7745418 m 
easting 348332 m 

north-eastern 
Alpha I. 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

lat. 20*24'30"S 
long. 115°33,50"E 

northing 7742669 m 
easting 350154 m 

north-western 
Trimouille I. 
lat. 20*23'00.06HS 
long. 115*32'47.98"E 

northing 7745418 m 
easting 348332 m 

lat. 20°24,26.42"S 
long. 115*32'03.36HE 

Code name of 
operation 

Code name of 
test 

Date 
Yielo 
Platform 

Ground Zero 
- location 

- geographical 
coordinates* 

- Australian Map 
Grid cooroinates* 

lat. 20*24'30"S 
long. 115°33,50"E 

northing 7742669 m 
easting 350154 m 

north-western 
Trimouille I. 
lat. 20*23'00.06HS 
long. 115*32'47.98"E 

northing 7745418 m 
easting 348332 m 

northing 7742752 m 
easting 347062 m 

In common with other sites of low yield nuclear tests, the Islands were 
contaminated with a wioe range of radionuclides, having a variety of physical 
and chemical properties LCooper et al. (i97ba); Cooper and Hartley (1979)]. 
The contaminants incluaed fission products, unconsumed fissile material and 

* The coordinates are given in terms of the Australian Geodetic Datum 
[.National Mapping Council of Australia (i968)j; they are basea on the 1972 
adjustment for the geodetic control of the Islands tsee Appenaix). 
The coordinates of Gi ano G£ &re established t>^ ground survey. 
Mt this stage, the position of HMS Plym has not been established by oirect 
measurement; the AMG coordinates listed are derived from the geographical 
coordinates of the ship, at the time of firing, aovised by LUAWRE. 
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radionuclides induced in materials readied oy escaping neutrons, including 
weapon ana platform conspcnents and the constituents of the environment, 
especially soil. 

The environmental raoiation field, supported by the radioactive 
contamination, was surveyea by British aiitnorities in 1952, 1953 and 1956 
l_Pilgrim U96i)j ana monitored, subsequently, on the occasion of the RAN 
visits. The first major survey by Australian authorities was in 1962, 
followed by further extensive surveys in 196b, 1972 and 19/8. Additional 
measurements were made by the Western Australia State X-ray Laboratory (SXRL) 
in 1974 and 1977 L*ing et al. (1978)j. 

Results from the 1972 and 197S surveys have been published [Cooper and 
Hartley 11979); Cooper and Duggleby (1980)] and evaluated in terms of 
possible detriment to health of visitors to the Islands [AIRAC (1979)]. In 
order to complete the characterisation of the radiological condition of the 
Islands, both of these surveys concentrated attention on the residual 
raoioactive contamination, rather than on the radiation field. Environmental 
radiation levels were monitored, but less extensively than in the past, as 
major studies had been maae in the earlier investigations. 

Results from the 19b2 ana 1968 surveys were evaluated and reported at the 
time L^oroney (1964) and (1968D)J, but neve remained unpublished. It is the 
purpose of the present work to publish the outstanding oata ana to array the 
values for environmental raaiation levels with those from tne later surveys. 
In addition to proviaing an historical record, tnis will serve to complete the 
set of data, including those areas stuoied in 1962 and 19fa8, which were shown 
then to require no further attention ano, as a consequence, were not part of 
later surveys. 

2. THE RADIOLOGICAL STATUS OF THE MONTE ttELLO ISLANDS IN 1962 
The availaDle data on the residual radioactive contamination of the 

lslanos were reviewed by the United Kingdom Atomic weapons Research 
Establishment (UKAWRE) in late-i961. In developing their estimates, UKAWKE 
drew on the results of the radiation survey after HURRICANE, in 1952 - and the 
follow-up survey, aoout a year later - ana on the survey after MOSAIC Gi, in 
195D. contamination from MOSAIC G2 was estimated from these, and other, 
data. Corrections for raoioactive decay were taken from the calculations of 
dolles and ballou (i9bb). No allowance was made for possible reduction of the 
radiation tic!a aue to weathering of the surface contamination. The estimates 
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and predictions were summarised by UKAMRE as a set of isodose curves for the 
environmental radiation field [Pilgrim (1961)J. The radiological status of 
the Islands in early-1962, represented by Figure 2, is derived from this 
review. 

As indicated in Figure 2, the radioactive plumes of close-in fallout from 
all three nuclear tests were oriented in a north-westerly direction from the 
ground zeros. From the evidence of Figure 2, it became convenient to define 
six areas for separate consideration in the investigations that were to follow; 

area 1: the locality of bl on Trimouille I., radiating from the ground 
zero and extending over the north-western region of the island, 

area II: the central area of Trimouille I., about Red Beacon, 
area III: the locality of G2 on Alpha I., radiating from the ground zero 

and extending over the north-eastern reyion of the island, 
area IV: North West I. and the flower-nameo islands to the west and 

north-west of Trimouille I. and Alpha I., known collectively as 
the minor islands, 

area V: south-eastern Trimouille I. and south-western Alpha I. ana 
area VI: the remainder of the archipelago south to Hermite I., known 

collectively as the southern islands. 

Radiation dose-rotes in areas I to III on Trimouille I. and Alpha I. were 
predicted to be in the order of 100 uSv/h. That being so, protective 
measures, ">ore effective than those then in force, were deemed desiraDle and 
it remained to define the radiation fields in the three areas oy direct 
measurement. 

Because of the nature of the minor islands, surface contamination there 
was expected to be affected by weathering to a greater extent than on 
Trimouille I. and Alpha I. Thus the external radiation dose-rates on the 
minor islands coula be appreciably lower than predicted. Notwithstanding this 
expectation, it was required to establish the aose-rates, by direct 
measurement, before a decision could be taken on further protective action. 
Area V, on Trimouille I. and Alpha I., also needed to be checked. 

The radiation surveys executed as part of HURRICANE and M U S M I L haci 
established that the southern islands had remained free of radioactive 
contamination. Tnis situation was unchanged in 1977 when Hermite I. was 
monitored by the SXkL (.Kiny et al. 11978;j. 
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3. RADIATION SURVEYS FROM I % 2 TO 1978 
An Overview 

In the four major surveys of the Islands - 1962, 1968, 1972 and 1976 - the 
same methodology was maintained throughout, the surveys differing only in the 
emphasis given to the areas or environmental elements being studied; thus, 
briefly, 

the 1962 survey determined radiation dose-rates throughout areas I to 
V ana provided soil samples, from two sites near &1 ana 62, for 
radiochemical analysis. An attempt was made to investigate 
weathering effects on surface contamination ana the prevalence of 
radioactive 'glazing', fallout pellets, metal fragments and 
biological specimens of particular interest. The survey was largely 
successful in defining the environmental radiation field throughout 
all contaminated areas of the Islands; 
the 19b8 survey monitored radiation dose-rates in areas I to III and 
on the islands of area IV closest to Trimouille I. and Alpha I. Soil 
samples were taken from 61 sites in areas I to III, but they proved 
unsuitable for laboratory analysis. General inspections were made of 
all islands; 
the 1972 survey monitored radiation dose-rates, and determined the 
raoionuclide content of soil from 53 sites, in areas I to III. The 
Islanas were reliably connected to the Australian Geodetic Datum for 
the first time; 
the 1978 survey investigated the transfer of contaminant 
radionuclides in the marine ana terrestrial environments, monitored 
raaiation dose-rates at some sites in areas I to III and determined 
the radionuclide content of soil from 36 sites in the three areas. 
The environmental studies on radionuclide transfer were the first 
conaucted at the Islands since HURRICANE [Barnes et al. (19b5); 
Scott Russell et al. (1955)j. 

While the same overall methodology was retained in the successive surveys, 
improved field and laooratory techniques were introduced as they became 
available. In incorporating the improvements, however, it was recognised that 
the results needed to remain a consistent set. Because of these measures, the 
results from the four surveys can be inter-compared directly, without 
qualification. 

The inaependent investigations made by SXRL in 1974 and 1977 were largely 
exploratory and did not ado to the data already available. 
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Each of the majcr surveys was conducted in three separate phases 

Development of the survey program, including instrumentation and all 
field methods iMoroney (1962), (1968a) and (1972); Cooper (1978)], 
execution of the sjrvey, including all field work and the recording 
of measurements and other observations [Power (1962); Hard (1968); 
Turk (1972); Cooper and Hartley (1979)] and 
compilation ana evaluation of the field and laboratory data [Moroney 
(1964) and (1968b); Cooper and Hartley (1979)J. 

Although fully documented at the time, most of this work remains unpublished. 
In presenting the outstanding material from 1962, 1968 and 1972, the 
monitoring of raaiation dose-rate in the 1978 survey, already reported by 
Cooper and Hartley (1979), .s incluaed here for completeness. 

Because the successive surveys enjoyed consistent methodology, they can be 
described together as a set. The survey methods, observations and results, 
not involving the environmental radiation field, are discussed first. A 
fuller treatment is then given of the environmental radiation monitoring, as 
that makes up the substance of the work to be presented. 

Survey Methods, Observations and Results other than Determination of the 
Radiation Field 

Remoteness of the Monte Bello Islands, with access only by sea, has 
dictated that, for all surveys to date, the fiela teams should be transported 
to the area, ana supported there, by seacraft. Navigation of the Islands can 
be hazardous, especially auring the perioa of tropical cyclones, mainly 
November to April. In the aftermath of a cyclone, the seas can continue to 
make it difficult to move between islands and some can become inaccessible. 
Thus the timing, ana successful conauct, of a survey program are strongly 
influenced by such local factors. 

The surveys in 1962 and 1968 were naval operations - the field teams for 
both were comprised of RAN personnel, supported at the Islands by HMAS 
Diamantina. Tne first survey, from 28 May to 7 June, 1962, was carried out by 
a specialist team of nine from the RAN ABCO School.* The second survey, from 
8 to 11 February, 1968, was performed by a party of 13 from HMAS Diamantina. 
In 1972, the field program was executed, between 25 and 29 October, by a team 

* Atomic, Biological and Cnemical Defence School, HMAS Penguin, Balmoral, 
Sydney. 
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of four from the Division of National Happing.* In 1978, the field team of 
five - from Australian Radiation Laboratory (ARL), SXRL, W.A. Museum and the 
Australian Army - was at the Islands from 23 to 28 October. The field work in 
the four surveys entailed commitmerts of about 95, 50, 19 and 16 man-days, 
respectively. 

In all surveys, the field material gathered from areas I to ill - the 
regions of main contamination - was taken from recorded locations, which could 
be recovered on the ground as required. Thus, for area II, a rectangular grid 
was established from Red beacon (Figures 3(a), 4(a), 5(a), 6(a)); ana, for 
areas I ano 111, circular grids were generated from the grouno zeros, Gl and 
G2, respectively (Figures 3(D) and (d), 4(b) ana (a), 5(b) and id), 6(b) and 
(a)). Tne map record for the field data in all surveys was 6S6S Misc 
1562/2.** While Red beacon was precisely located on the map, Gl and G2 were 
not. Following unsuccessful attempts in 1962 and 1968, it was not until 1972 
that bl and G2 were established with respect to identifiable map features. 
Therefore, map plots of field data from the early surveys, reported elsewhere 
Lhoroney (1964) and (1968b)j, are in error in this regard. The correct 
locations of the field material from the four surveys are given in Figures 3 
to 6, where they are displayed with respect to the Australian Map Grid (AMG). 

Uistribution of radionuclides in soil 
Although the identity of the radionuclides contaminating soil at the 

Islands was known, it was important to determine the concentrations and 
distribution in soil, especially in areas I to III. Efficient allocation of 
sampling points for this purpose could be assured if an adequate measure was 
available of variations in the radiation field above the contaminated soil and 
elsewhere throughout the areas. This information was provided by the 
dose-rate measurements of the 19b2 sjrvey anc a comprehensive program of soil 
analyses was included in 1968. Unfortunately, the 1968 soil work failed in 
field execution and it was not until the 1972 survey that the program was 
concluded successfully. Some additional ano confirmatory studies were made in 
1978. Field methods and analytical results on the radionuclide content of 

* The field team from Division of National Mapping was at the Islands taking 
the observations to complete the connection to the Australian Geodetic 
Datum. 

** GSGS Misc 1562 (sheets i ar.a I) was produced from air photographs by the 
Ordnance Survey, February ano June, 1Vt> 1, ano was used for Operations 
HURRICANE ana MOSAIC. 
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soil in 1972 ana 1978 have been reported ICooper ana DuggltLy (1980)j and 
potential hazarcs to health have been discussed [Cooper" and Hartley (19?9); 
AIKAC (1979)]. 

In 1962, representative samples of soil were taken from two sites, to the 
north-west of the ground zeros, as a preliminary to the comprehensive 
investigations to follow. The samples were analysed radiochemically for 
'"Sr and 1 J • x o'Cs and by low resolution T-spectrometry (Nal(Tl)) for 
^-emitting radionuclides. Results are given in Table 2, together with data 
obtained from sites nearby in 1972 and 1978; all values are expressed at time 
of sample collection.* Although only exploratory - with no intention of 
defining contamination levels for areas I and H I - the two sets of analyses 
for 1962 served to confirm expectations on the identity and approximate 
concentrations of the radionuclides in soil. For those radionuclides still 
present in 1972 and 1978, the 1962 oat a proved to be consistent with the more 
extensive results obtained in the later surveys. For details of distribution 
ana concentration at other locations, reference should be made to the results 
from the later surveys. 

weathering effects 
Because of the nature of the Islands and their climate, it was anticipated 

that weathering effects could be a major factor in redistributing, and even 
removing, the radioactive contaminants from soil. Being low-lying and devoid 
of protective physical features, all islands are wind and rain swept, 
especially during perioos of tropical cyclones. Many areas, including some 
iv;inor islands, are swept by the sea. Soils, where th<-y occur, are loose, 
sandy and highly calcareous. vegetation, where it occurs, is sparse. 
Trimouille I., including areas I and II, has substantial soil cover, mainly in 
the form of extended sand dunes and hills. By contrast, Alpha I - and area 
111 - has a barren terrain of sandstone outcrops, witn only a few pockets of 
sanoy soil. 

It coulo be expecteo that, in area ill, neutron-induced radionuclides in 
the sandstone around Wc would remain immobile; whereas the fission products, 
deposited as fallout on the surface of the sandstone, would be freely 
redistributed Dy leaching. In area I, not only the fission products in surface 

Radionuclide concentration in soil from the 1972 and 1978 surveys, as 
tabulated by Cooper ana Uuggleby (1980), are expressed at time of 
measurement, which ranged from August to UctoDer, 1*76, for the ly72 
material, ano from December, iy7b, to Feoruary, 1979, for the 1978 samples. 
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Taole 2: Radionuclide concentrations in soil in 1%2 and, 

at nearby sites, in 1972 and 1978. 
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soil, but the neutron-'nduced radionuclides, too, would be accessible to 
reoistribution; radionuclides induced in deeper soils would remain in place. 
For area II, which was contaminated by fallout from HURRICANE, both the 
fission products and neutron-induced radionuclides started as surface 
deposits; subsequent changes in their distribution would reflect weathering 
processes. The effects of weathering on the contaminants, therefore, were 
expected to be manifest in 

irregularities in the areal distribution of the radiation field; for 
example, higher dose-rates on the tops of dunes and sand hills, than 
in the valleys between them; higher dose-rates in drainage channels 
than nearby and 
irregularities in the vertical distribution of the radionuclides in 
soil. 

Investigations were made in all surveys specifically for such effects. 

In the survey made by UKAWRE in 1953 - a year after HURRICANE - it was 
noted that, on Trimouille I., dose-rates tended t'. be lower in the valleys 
than elsewhere [Pilgrim (1961)J- Therefore, in 1962, general surveys were 
maae of the radiation field over the hills and valleys to the east of Gl and 
the north-west and south-west of G2. No remarkable differences in dose-rate 
were found between ridges and valleys about G2. Because of the absence of 
soil there, the investigations were not pursued. The searches for systematic 
differences in dose-rate were then confined to the hills and valleys east of 
Gl and the drainage channels to the south, beyond Tidepole Bay. 

The highest ground in this region - and also that in area II -
consistently showed greater dose-rates than the lower ground nearby, Figures 
3(a) ano (b), 4(a), 5(a), 6(a). Otherwise, the successive surveys failed to 
reveal any difference in dose-rate between hills and valleys suggestive of 
major redistribution by weathering. 

The drainage channels near Tidepole Bay were investigated in 1962 (Figures 
3(a) ano ( D ) ) ano, more thoroughly, in 1978 (Figure 6(a)). Local variations 
in dose-rate were observed, but they did not coincide with any of the 
established scour lanes. 

The soil samples taken from the region in 197*: - reference points 14 to 2Z 
of Cooper ano Uuggleby (l98Uj - showeo broad uniformity from site-to-site in 
radionuclide concentrations in the surface layer to 8U m;n, with only 
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occasional penetration below that aepth. Not even the drainage zone -
reference point 22 - showed evidence of major weathering effects. 

Elsewhere on Trimouille I., irregularities in the vertical distribution of 
the radionuclides in soil gave abundant evidence of weathering effects. In 
their most cormon form, these are expressed as simple downward movement of 
surface deposited contaminants, often describing an exponential decrease of 
concentration with depth [Walton (1963)]. However, other effects of 
weathering occur which entail more extensive re-arranging, or reduction, of 
the vertical distribution of contaminants. 

In the sector to the south and west of 61, instability of the loose sandy 
soil required the laying of a vast area of Marsden matting for MOSAIC. 
Results for the ..ector for 197?. and 1978 - reference points 5, 6, 7 and 8 -
showed a progressive build-up of soil of lower radionuclide concentration, 
overlying the primary contaminants to depths of 150 mm or more. On the 
coastline immediately to the north and south of Gl - reference points 9, 13 
and 56 - a near-unifor, vertical distribution of fission products and 
neutron-induced radionuclides was seen to the maximum depth sampled, 320 mm. 
In the rectangular monitoring grid of area II (Figures 3(a), 4(a), 5(a) and 
6(a)), the two lanes of sites farthest from Red Beacon lie over a complex of 
steep dunes and hills of loose sand. Soil samples from the lane closest to 
the coast - reference points 26, 27, 34 and 35 - showed the effects of 
overlying, and deep mixing, with less contaminated soil; vertical 
distributions ranged from near-constant, to rapidly increasing, with depth, to 
the lowest layers sampled in 1972 and 1978. Such effects were also observed 
at two of the sites in the adjacent lane - reference points 28 and 33. 

On Alpha I., evidence of weathering effects on radioactive contaminants in 
soil is restricted by the sparsity of soil on the island. The main effects 
observed are sho*n by the data in Table 2. In 1972 and 1978, the coastal 
plain sloping to Burgundy Bay gave an apparently undisturbed vertical 
distribution of neutron-induced radionuclides in soil - reference points 47, 
4b, 50 and 74 - with a severely reduced concentration of fission products, 
presumably the result of leaching. At its northern edge, the plain is bounded 
by a sand riage - reference point 49 - which showed effects of overlying with 
less contaminated soil, similar to those observed on Trimouille I. Elsewhere 
on Alpha I., where soil sampling to sufficient depth was possible, 
radionuclide concentrations decreased regularly with depth, without evidence 
of any major re-arrangement. 
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Radioactive debris 

because of tneir abundance in '.ne debris remaining at the other sites of 
nuclear weapons tests in Australia,* radioactive 'glazing' and fallout pellets 
were included for investigation in the 1962 survey, but none was found. The 
formation of 'glazing' on the soil surface at ground zero, ana of fallout 
particles of millimetre dimensions, both depend on aluminosilicates being the 
aominant constituent of the soil. The negative result from the investigation 
is consistent, therefore, with the calcareous nature of the soils at the 
Islands, which were found to be some 75°/ CaO. 

o 

The occasional visits by the RAN to the Islands prior to 1962 led to a 
history of metal fragments, scattered about the ground and giving radiation 
dose-rates appreciably higher than in clear areas nearby. The reports related 
only to Trimouille I. (area II) as the high dose-rates encountered generally 
on Alpha I. (area III) prevented any extended search being made there. In 
1962, metal fragments were observed more-or-less throughout areas I to III, 
but only those in area III gave dose-rates above the surroundings. One 
example, a gear-wheel, recorded 500 uGy/h at the surface. Active metal 
fragments were still evident throughout northern Alpha I. in 1972 and 1978. 
Many had surface dose-rates of 100 to 200 u&y/h and one large plate registered 
1 mby/h. 

Flora ano fauna 
The Islands provide a naturally harsh environment for terrestrial plant 

and animal life, but a beneficent one for marine life. It was observed in the 
1962 survey that the land flora and fauna were established in areas I to III 
wherever the natural characteristics of the environment made that possible. 
Specimens of the fauna - mainly lizards and rats - were trapped for 
examination and then released. Vegetative growth in some areas was noted as 
more abundant than in others, the distribution appearing to relate to the 
stability of the surface soils. The field observations were made in several 
localities, including the vicinities of the ground zeros. No difference was 
evident between areas I to III and others of similar character on 
Trimouille I. and Alpha I. 

Nuclear weapons tests of low yield were conducted at Emu (South Australia) 
in 19h3 and at Maralinga (South Australia) in 1956 and 1957. Residual 
radioactive contamination of the test sites was the subject of extensive 
survey in 1977 and 1978 hooper et al. ll97ba ana bf, Mac lagan et al. 
(1979); Cooper and Uugyleby U98U/J. 
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In 1978, samples of marine animals were taken for analysis from accessible 

locations in areas I to III, including the coastlines near 61 and G2. Samples 
of terrestrial vegetation were also taken near the ground zeros. Results for 
b U C o , 1 3 7 C s , i b 2 t u , 1 5 5 E u and 2 4 1 A m are presented ana discussed 
elsewhere [Cooper ana Hartley (1979)]; only Co was detected in all 
samples. 

other aspects 
Warning notices were erected throughout the Islands to dissuade visitors 

from entering contaminated areas. These were in place at the time of the 1962 
survey and were reported to be generally in good condition. They were 
replaced in October, 1964, when Gl and G2 were securely fenced; warning signs 
were erected there and at all landing places for areas I to III. The 
condition of the fences and signs was assessed in 1968 and 1972. Although 
corrosion was evident in February, 1968, the only serious damage sustained at 
that stage was the cutting of the fence at the southern boundary of area II -
to allow access for the motor vehicle parked nearby. By October, 1972, 
corrosion had damaged, or destroyed, the posts for all fences and signs. The 
fence across central Trimouille I. no longer existed; there were no warning 
signs standing at beach approaches to areas I and II and few remaining for 
area III. The fences and signs around Gl and G2 remained intact. The 
condition of fences and signs was largely unchanged in 1978. 

The extent of uncontrolled access to contaminated areas throughout the 
period may be gauged simply by the number of camp-fire sites and the frequency 
distribution of the ubiquitous beverage container. Visits by fishing vessels 
were known to occur from time-to-time. It would seem from the containers 
remaining on Trimouille I. in 1968 that, at that stage, they were more often 
of South East Asian origin than Australian. However, with steady growth in 
the population resident in the Pilbara region of the mainland, opposite the 
archipelago, containers of Australian origin now predominate. During recent 
years, unauthorised visits to the Islands have become common-place. 

Material of military or civil defence interest was arrayed in areas I and 
II us targets for evaluation of response to the effects of a nuclear 
explosion. These target response items were examined and monitored for 
radioactive contamination in 1968. Many items were described and 
photographed; none showed remarkable contamination. 
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A photographic record was compiled by each survey, covering items of 

general and specific interest.* 

Environmental Radiation Monitoring 
The overall purpose of the environmental radiation monitoring is 

self-evident. The initial major survey, in 1962, was required to determine 
the radiation dose-rate throughout areas I to V. The subsequent surveys were 
made to monitor the regions of greater interest and to characterise the 
time-rate of decrease of the radiation fields due to decay and weathering. 

In all surveys, the radiation measurements in the five areas were made at 
1 m above ground at rectangular and circular grid points, or other locations, 
as discussed on page 6 and given in Figures 3 to 6. The two sets of locations 
are designated grid and broadscale, respectively. Grid points are recorded 
accurately with respect to the AMG. Broadscale points are known less 
precisely, but all points are recoverable by ground survey. 

Generation of the ^-radiation field above a plane expanse of soil, 
contaminated to depth with a radionuclide, has been treated theoretically by 
Beck and his colleagues [Beck and de Planque (1968); Beck et al. (1972); 
Beck (1980)]. From their treatment, the radiation exposure-rate at 1 m above 
the soil surface can be calculated, given the composition of the soil, the 
vertical distribution of the radionuclide and its y-ray emission 
characteristics. A complete set of these data is rarely available for 
expanses of contaminated soil such as those at the Islands. Rather than a 
method of calculation, therefore, it is the analysis given of the underlying 
processes that is most useful for the present purpose. For r-ray energies and 
vertical distributions of interest, the dominant process in the transport of 
the radiation through the soil is Compton scattering. This leads to a 
build-up of lower energy radiation in the field above the soil, giving a 
degraded spectrum, rather than the line emission spectrum characteristic of 
the radionuclide. The shape of the degraded spectrum depends on all of the 
quantities mentioned above for calculation of the dose-rate. Therefore, the 
energy distribution of the radiation field, as well as its overall strength, 
can be expected to vary from place-to-place in a contaminated area. Variation 

The complete record is held by ARL, in the custody of one of us (M.B.C.). 
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in the radiation field can be severe, even over short distances. Calibration 
of radiation survey meters for use in such conditions presents a formidable 
problem, especially in the simulation of the radiation field and its energy 
distribution. The problem is avoided if the sensitivity of the survey meter 
is essentially independent of energy; that is, if the instrument is 
energy-compensatea. 

For work in remote areas with harsh climates, such as the Islands, there 
is the attenaant problem of undetected failure of instruments in field use. 
Malfunction can occur without being immediately evident and there is little 
opportunity for returning to the field to check doubtful results. 

In recognition of these problems, the following measures were implemented 
in all surveys. The instruments used are listed in Table 3. 

# Several radiation survey meters were taken into the field in each 
survey; many failed in field use. 

• Energy-compensated survey meters were preferred; Scintrex BGS-ISL, 
used in 1978, was a notable oversight. 

0 Measurements with all survey meters were taken at grid points 
selected to give a range of exposure-rates and radionuclide 
contaminants in soil; pairs of measurements, with different 
instruments, were made wherever possible. 

* Sealed radioactive sources, retained in an uncontamina^ed area, were 
referred to regularly to check instrument performance and confirm 
calibration. 

# Laboratory calibration of the survey meters for 2*-geometry - 1 m 
above an extended plane source - was performea, where possible, for a 
range of y-ray energies. 

* Recorded field observations were the average of survey meter readings 
within 5 m radius for a grid point and 20 m radius for a broadscale 
point; variation of dose-rate about a survey point was commonly 
* 3U°/ e (la) of the recorded average - 1 in 20 chance of a 
reading being less than .4 of the average or greater than 1.6 times 
the average. 
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Results for the four surveys are presentea in Figures 3 to 6. They are given 
as pSv/h of dose-equivalent rate at body surface 1 m above ground, corrected 
and converted from the field observations. The conversion factors are given 
in Table 3 and details of their derivation are discussed below for each survey. 

The overall accuracy of dose-equivalent rate reported for a survey point 
is about 30°/ (lo). The uncertainty derives mainly from the correction 

0 

and conversion to dose-rate, with minor contribution from variability in the 
field observation, recorded as the average of readings about the survey point. 

In preparing the dose-rates for presentation in Figures 3 to 6, a 
rounding-off convention was adopted, whereby 

dose-rates < .2 uSv/h are reported as 'b6D' 
" " to the nearest .1 nSv/h 
•I ii ii H ii p H 

M II II II 11 L II 

ii ii ii ii ii i n " 

and so on. 

The implied precision, of about 10°/ , greatly exceeds the overall 
accuracy, of about 30°/ , claimed for conversion of the field data. 
Nevertheless, the rounding-off convention is useful in that it preserves t..e 
relative magnitudes of the field observations. 

Radiation measurements in 1962 
The 1962 survey was intended to determine the environmental radiation 

levels throughout areas I to V and to indicate the type of radiation 
involved. The field team was equipped with ten radiation survey meters - six 
Ericsson 1320, two Ericsson 139U and two Ericsson 1391 - and details are given 
in Table 3. Results for the five areas are presented in Figures 3(aj to 3(e) 
as dose-equivalent rates in pSv/h. Landings could not be made on Pansy I. and 
Hollyhock I., but, otherwise, all of the areas were included. 

Sets of 1391 measurements were made with and without shield, at 5 cm and 
1 m above ground, to evaluate the contribution to the aose-rate from the low 
energy component of the radiation field. No differences in exposure-rate were 
detected and it was concluded that, even „iose to ground surface, the 
penetrating component dominated. 

.2 nSv/h < " " <_ 1.0 
i.O " < " " < 2.2 
2.2 " < " " <_ 5.5 
5.5 " < " " < 10.5 
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Table 3: Radiation survey meters and dose-rate conversion factors* 

for the four surveys of the Islanas between 1962 and 1978 

Instrument Description 
Useful 
range Survey 

Conversion 
factor* 

tricsson 1390 exposure-rate meter -
ionisation chamber with 
air-equivalent wall and 
heavy Al cover 

1 to 1000 
mR/h 

1962 10 uSv/h 
per mR/h 

Ericsson 1391 exposure-rate meter -
ionisation chamber with 
air-equivalent wall and 
removable Al shield 

1 to 1000 
mR/h 

1962 10 uSv/h 
per mR/h 

tricsson 132U 
land 12571 
e - Y probe) 

count-rate meter -
GM tube with steel shutter 
and 0-100 linear display 

1 to 1000 
cps 

1962 .10 nSv/h 
per cps 

tricsson 132U 
land 12571 
e - Y probe) 

count-rate meter -
GM tube with steel shutter 
and 0-100 linear display 

1 to 1000 
cps 

1968 .i0 nSv/h 
per cps 

Allscott 
NIS 29SB 

exposure-rate meter -
energy compensated 50x50 
plastic scintillator with 
4-decade logarithmic 
display 

.05 to 500 
mR/h 

1968 12 wSv/h 
per mR/h** 
and non-linear 

Allscott 
NIS 29SB 

exposure-rate meter -
energy compensated 50x50 
plastic scintillator with 
4-decade logarithmic 
display 

.05 to 500 
mR/h 

1972 13 nSv/h 
per mR/h** 
and non-linear 

Berthold 
LB1200 

exposure-rate meter -
energy compensated end-
window GM tube with 0-100 
non-linear aisplay 

1 uR/h 
to 

1 R/h 

1978 10 nSv/h 
i per mR/h 
| 
i 

Ber.hola 
KATu/F 

H 10 wR/h 
| to 
10 R/h i 

1978 1 
13 ySv/h 

! per mR/h 
i 

bcintrex 
bbS-IbL 

count-rate meter -
2bx2b Nal(Tlj detector 
with 0-luu linear display 

i 

10 to 10000 
cps 

1978 I ax& nSv/h 
a = 1.1x10-3 

i b = .947 
x = corrected 

cps 

* The adopted factor converts the field observation to aose-equivalent rate 
at body surface in ySv/h and takes account of all available data for the 
instrument ana the radiation field. 

** (Non-linear aDovt-: I mK/h 
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Trie ten meters for the survey were drawn from the instrument pool 

maintained by the Health Physics Group at Maralinga Range. Two 1320 and one 
1391 became unserviceable in the field and could not be used. Readings were 
taken with the remaining instruments at 61, at the beginning, and at the ena, 
of the survey; no difference was detected suggesting any change in 
performance during the survey. 

Calibration data for the seven serviceable meters are no longer 
available. Accordingly, an internally consistent set of factors was derived 
from the field observations to convert them to dose-equivalent rate. 
Examination of 41 pairs of observations taken with 1320 and 1390 in the grid 
survey from 62 showed the 1390 to be unreliable below 1 mR/h. Linear 
regression of 1320 on 1390 aata gave 112 ± 25 and 96 ± 24 cps per mR/h for the 
exposure-rate ranges of 1 to 3 mR/h, and greater than 3 mR/h, respectively. 
Therefore, in deriving the factors in Table 3, and converting the field 
observations to dose-rate, the 1390 observations below 1 mR/h were discarded 
in favour of the 1320 values; ana a quotient of 100 cps per mR/h was adopted 
for all 1320 readings. 

Radiation measurements in 1968 
The field program for February, 1968, called for radiation measurements in 

areas I to IV, to confirm the general pattern established by the 1962 survey 
and to monitor the rate of natural decrease of the radiation field. ARL 
provided three meters for the survey - one All scot 295B and two Ericsson 1320 
- and they are described in Table 3. The meter readings were corrected and 
converted to dose-equivalent rate, as discussed below, and then plotted in 
Figures 4(a) to 4(e), as pSv/h, at their AMG coordinates. 

One 1320 malfunctioned, but its defective operation was not detected until 
it failed completely, halfway through the survey. The measurements made with 
it have been discarded; as shown in Figure 4(a), they were at the northern 
end of area II, on Trimouille I. 

Neither 29btJ nor 1320 was calibrated for the survey, but, since then, both 
models have been thoroughly evaluated for measurements over an extended plane 

152 source of tu [.wilson (i978)j. Mile trie recent calibrations cannot be 
applied o:.ectly to the earlier measurements, the conclusions which are 
model-related, rather than instrument-related, can be used. Wilson founo that 
the <;ybi3 required non-linear scale correction aoove 2 mR/h, wnereas the 1320 
was closely linear over a wiae range of exposure-rate, with all corrections 
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applied, his results gave a quotient of 103 * 5 cps per mR/h for the two 
instruments, for exposure-rates of .2 to 20 mR/h. By contrast, linear 
regression of 1320 on 295B field data showed poor correlation for 26 pairs of 
oDservations in the grid surveys from 61 and G2. After application of the 
non-linear scale correction to 295B, regression gave a quotient of 92 cps per 
mR/h, in agreement with Wilson's value. Further corrections for both 
instruments might be needed, but that cannot now be resolved. Notwithstanding 
this qualification, in deriving the factors in Table 3, and in converting the . t 
field observations to dose-rate, the ?95B readings were simply corrected 
according to Wilson's evaluations; and a quotient of 100 cps per mR/h was 
adopted for all 1320 measurements. 

Radiation measurements in 1972 
In October, 1972, areas I to III were again the subject of a major 

radiation survey, primarily to extend the data from the previous series of 
measurements. The minor islands, of area IV, were not included. ARL provided 
two radiation survey meters, both Allscot 295B. One meter failed at an early 
stage of the field work and all measurements were made with the other 
instrument. 

The serviceable 295B was recalibrated for point source geometry 
immediately after the survey [Richardson (1972)]. The calibration data are in 
close agreement with determinations made for the same geometry by Wilson 
(1978), as part of his full evaluation of the model, discussed above. 
Therefore, in deriving the factor in Table 3, and in converting the field 
observations to dose-rate, the 295B readings were corrected according to 
Wilson's determinations for extended source geometry. Results for areas I to 
III are given in Figures 5(a) to b(d) as wSv/h of dose-equivalent rate at body 
surface. 

Tne entries '<.5' in Figures 5(a) to 5(d) refer to measurements at 
exposure-rates below the useful range of the 295B. A proportion of these 
results would lie below .2 pSv/h and, according to the convention being used, 
should be reported as 'bbu'. The same comments apply to Figures 4(a), [b) and 
(e) with results from the 1968 survey. 

Radiation measurements in 1978 
In October, 197b, the environmental radiation fields in areas I to IV were 

again monitored. The field program was smaller than in the previous major 
surveys, but it was scaled to accord with the earlier results and the natural 
decrease in the radiation field. Three radiation survey meters were used -
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berthola RATO/F, Scintrex 3bS-ISL and eertholo LB1200 - and functional details 
are given in Table 3. Results for area IV - the minor islanos - given in 
Figure 6(e), were taken with the LB12Q0; all readings were less than 20 uR/h 
ana no calibration correction was applied. Field observations for areas I to 
III were corrected and converted to dose-equivalent rate as discussed below. 
Results for the three areas are presented in Figures 6(a) to 6(d) as uSv/h. 

The performance of the RATO/F was not investigated in relation to the 
survey and no calibration data are available for extended source geometry. 
However, calibration checks hac been made routinely with 2 2°Ra in point 
source geometry and a closely similar survey meter - Nuclear Enterprises NE 
2601/N - was fully evaluated by Huntley (1978a) for both point, and extended 
source, geometries. Like RATO/F, NE 2601/N uses an energy-compensated GM 
detector in a downward-facing layout; other aspects of the design and 
operation of the two instruments are similar. On this basis the calibration 

152 factor for the RATO/F, 1 m above an extended plane source of Eu, is 
estimated to be 1.3 - or 13 uSv/h per mR/h as entered in Table 3. 

After the survey, Scintrex BGS-ISL was thoroughly evaluated for 
*. A A i c 60 r 137 r 152 c 

measurements over extended plane sources of Co, Cs, Eu and 
241 

Am LHuntley (1978b)J. This work revealed the instrument to be unsuitable 
for the quantitative determination of radiation fields of mixed energy. 
Ueaa-time losses are substantial, ranging up to 70°/ , but the major 
problem lies with the heavy oependence of sensitivity of the instrument on the 
energy of the X or ^ radiation reaching the detector. The sensitivity ranges 
from 60 cps per yR/h for 60 keV radiation at the detector, to 2.8 cps per pR/h 
for 1300 keV raoiation. Thus, despite their excellence, the calibration 
factors developed by Huntley cannot be applied successfully for the field 
observations, because the energy spectrum of the radiation is not known. 

In all, 48 pairs of observations were taken with both the RATO/F and the 
Scintrex BGS-ISL in tne grid surveys from Gl and G2. After calibration and 
dead-time correction, the pairs of measurements proved to be well described Dy 
an expression of the form ax , with a and b as in Table 3. Therefore, in 
correcting and converting the field observations to dose-rate, values above 
.1 mK/h were taken from the RATu/F, using the factor in Table 3. Values below 
.1 mR/h were taken from the Scintrex BGS-ISL, corrected for oeaa-time and 
converted to dose-equivalent rate with the expression in Table 3. 
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4. THE EXTERNAL RADIATION ENVIRONMENT FROM 19bZ TU 1978 

In examining the data on dose-equivalent rate from the four surveys, the 
properties of main interest for the present purpose are the magnitude and 
distribution of dose-rate throughout the Islands, the changes that occurred 
between surveys ana what caused them. The starting point i; taken as the 
results frcm the first major survey, in 19b2. 

The Raoiation Environment in 1962 
The predictions by UKAWRF. on the radiological status of the Islands in 

early-1962 became the basis on which areas I to VI were selected for separate 
study. It is instructive, therefore, to compare the results from the 1962 
survey, summarised in Figures 7 to 11, with the predictions, represented by 
Figure 2; the same colour coding is used throughout. It is immediately 
evident that the measurements confirmed the predicted distribution of 
aose-rate throuahout the Islands in all important respects; but they did not 
confirm the p.cdicted magnitudes. The measured dose-rates were generally 
lower than predicted by a factor of about three; but, for certain areas, the 
factor was ten or more. Examining areas I to V in turn 

area I gave dose-rates around 61 and over north-western Trimouille I. 
about a third of the predicted values; for the most part, dose-rates 
were some 1 ySv/h, but ranged up to 35 ^Sv/h at ground zero 

area II recorded dose-rates over central Trimouille I. about a third 
of predicted values - some 2 pSv/h over the high ground at the 
northern ena of the area and 6 i.Sv/h or so along the ridge behind Red 
beacon. Main Bay, at the southern end of the area and previously 
contaminated with fallout from HURRICANE, proved to have returned to 
background dese-rates, less than .2 uSv/h 

area H I gave dose-rates about a thirci of the predictions around G2, 
but only a tenth in the northern region, where the fallout plume left 
the island. Dose-rates ranged generally from some 1 nSv/h in the 
northern region to lbO uSv/h at ground zero 

area IV showefl the greatest differences; North West I., Carnation I. 
ana bluebell i. haa returned to backgrouna dose-rates, suggesting 
factors exceeding tenfold below prediction. Other minor islands 
which remained contaminated - jonquil I., Kingcup I., bardenij I. and 
Primrose I. - gave- dose-rates lower tha-i, uut much closer to, the 
prtu u;t ions 
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area ¥ was measured at background dose-rates throughout, including 
the region on TrimouiKe I. opposite HNS Plym. 

Thus, the results from the 1962 survey demonstrated that no area at the 
Islands presentea an acute radiation hazard due to external exposure to 
environmental radiation. Inaeed, many of the contaminated areas had returned 
to background radiation levels by mid-1962. 

Changes and their Causes 
Tne 1962 survey raised the interesting question of the cause of the 

greater reduction in aose-rate than Mas expected. The prediction took no 
account of weathering effects and made certain assumptions regarding the 
radionuclide composition of the contamination in each area. These two factors 
- weathering effects and radioactive decay - are responsible for determining 
the rate of reduction in the dose-rate with time. They are of interest, not 
only in relation to the 1962 results, but for the whole period up to 1978. 

As discussed at page 13, the radiation exposure-rate in air can be 
calculated from the radionuclide concentrations in soil, if the necessary data 
for the soil and its contaminants are available. Proper account can then be 
taken of radioactive decay in the reduction of the environmental radiation 
field with time. Otherwise, if the complete data are not available, knowledge 
of the identity and distribution of the radionuclides in soil can be used only 
semi-quantitatively, with the weathering effects, to assess the changes of 
aose-rate with time and ascertain the likely causes. 

The principal radioactive contaminants of soil at the Islands were those 
listed in Table 2. Not all of them were included in the analyses in the 1962 
survey. The subsequent extensive measurements in 1972 and 1978 showed Co, 

Cs, Eu and Am to be the main contaminants, but, in 1962, the 
fission products, Ru and Sb, were still important. 

The reduction in dose-rate between successive surveys was evaluated by 
reference to the 1962 results, because they were the most comprehensive set. 
The ratios of dose-rates from the other three surveys, to those from 1962, 
were derived region-by-region in areas I to III. Initially, the regions were 
chosen on the basis of similarity of radionuclide content, ano vertical 
distribution, in soil, where data for contiguous regions were consistent, 
however, they were combined. The resulting average ratios ano their standard 
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60 '52 errors are given in Table 4. Ratios for Co, * Eu and unfractionated 

fission products are included to give a convenient fraaeworfc for Baking 
comparisons. 

Table 4: Reduction in dose-equivalent rate froa environaental 
radiation at the Monte Bello Islands between 1962 and 1978. 

1 
keg ion 

Average ratio of dose-rates* 1 
keg ion 1968 

196? 
1972 
1962 

1978 
1962 

heasureo dose-rates on Triaouille I . 

.09 * .02 

.34 * .04 

.36 * .05 

.16 * .04 

.38 * .03 

.40 * .04 

.06 * .01 

.22 * .02 

.18 * .02 

area I: sector west of 61, 
extending to 7b a. 

area I: within 100 • of Gl, 
excluding sector. 

area I I : central Triaouille I . 
- grid and broadscale. 

.09 * .02 

.34 * .04 

.36 * .05 

.16 * .04 

.38 * .03 

.40 * .04 

.06 * .01 

.22 * .02 

.18 * .02 

Measured dose-rates on A pha I . 

.53 * .02 

.66 * .06 

.40 * .01 

.36 * .02 

.38 * .03 

.16 * .01 

.22 * .02 

.26 * .03 

.12 * .01 

area I I I : within 100 a of 62. 

area I I I : Burgundy Bay 

area I I I : beyond 100 m of 62 
- excluding burgundy bay - grid 
and broadscale. 

.53 * .02 

.66 * .06 

.40 * .01 

.36 * .02 

.38 * .03 

.16 * .01 

.22 * .02 

.26 * .03 

.12 * .01 

kaoioactive decay 

.47 

.74 

.72 - .85 

.25 

.57 

.64 - .76 

.12 

.42 

.55 - ,6b 

I 5 2 t u 

unfractionated fission products 

.47 

.74 

.72 - .85 

.25 

.57 

.64 - .76 

.12 

.42 

.55 - ,6b 

It is apparent from Table 4 that, for areas I and II, reduction of 
dose-rate with time was dominated by the effects of weathering on the 
contaminants in soil, as discussed at pages 7 to 10. Radioactive decay of the 
contaminants was initially masked by these effects ana its importance was not 
evioent until 1978. 6y contrast, the reouction in oose-rate in area III was 

uncertainty is one stanaard error of the mean. 
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dominated by radioactive decay. Thus, by application of the exposure-rate 
conversion factors of Beck (1980), to representative combinations of Co 

152 ana Eu typical of concentrations in soil of the regions, most of the 
change with time can be accounted for by radioactive decay of these 
neutron-induced radionuclides. It would appear that, prior to 1963, the 
contributions by fission product decay and weathering effects were of some 
importance, but only in regions remote from G2 and not near the ground zero. 

In summary, therefore, for areas I and II on Trimouille I., weathering was 
the most important effect in determining reduction of dose-rate between 1962 
and 1978. Whereas, for area III on Alpha I., the determining factor was 
radioactive decay of the neutron-induced radionuclides. As shown in Table 4, 
the average reductions in dose-rate differed between regions within the three 
areas. 

The Radiation Environment from 1962 to 1978, in Summary 
The data on the external radiation environment of the Islands from 1962 to 

1978 are summarised in Figures 7 to 11 as sets of isodose contours for 
Trimouille I. and Gl, Alpha I. and G2, and the minor islands. For this 
purpose, the dose-equivalent rates from the four surveys, reported in Figures 
3 to 6, were assembled as time series for each area. Where necessary, a 
series was completed by interpolation, using the dose-rate reduction factors 
of Table 4. In all Figures, the ground zeros are identified by asterisks; 
and, in Figures 8 and 10, the same symbol is used to fide the dose-rates at Gl 
and G2, respectively. 

As a summary of the external radiation environment of the Islands from 
1962 to 1978, Figures 7 to 11 are largely self-explanatory. Some aspects of 
the data are less obvious, however, and attention will be given to these, 
rather than discussing the summary area-by-area. 

As shown by Figure 7, the fallout contamination from HURRICANE persisted 
only on the high ground at the northern ena of area II and on ''he sand ridge 
behind Red Beacon. The south-eastern extremity of the sand ridge was last 
monitored thoroughly in 1962. In Figure 10, the near-circular symmetry in the 
radiation fiela, centred on G2, reflects its origins in neutron-induced 
radionuclides in the sandstone. The radiation field about Gl, too, was 
initially symmetrical; the strong asymmetry shown in Figure 8 arose due to 
weathering effects on the loose sandy soil. The sector to the south and west 
of the ground zero gave the greatest reduction in oose-rate during the period; 
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it was due to the accretion, by wind action, of an overburden of less 
contaminated soil over the region. The minor islands of Figure U proved to 
have remarkably low dose-rates, despite being contaminated by three fallout 
plumes. It can only be concluded that the ameliorating influence was the 
weathering of debris, especially on North West I. and Bluebell I., which, 
initially, were heavily contaminated. 

During the period 1962 to 1978, the external radiation environment 
exceeded background levels in areas I to III and part of area IV - northern 
Trimouille I., north-eastern Alpha I., and the minor islands closest to them. 
Elsewhere, the Monte Bello Islands were free from radioactive contamination. 
The magnitude of the hazard to health presented by the external radiation 
environment can be gauged by comparing the recorded dose-rates to the annual 
dose-equivalent limit for a member of the public, recommended by the National 
health and Medical Research Council (NHMRC) (1980). For control of radiation 
exposu.e of members of the public in a given situation, the NHMRC has set an 
annual dose-equivalent limit of 5 mSv. For the comparison, the 
dose-equivalent rates at body surface 1 m above ground, reported in Figures 3 
to 6 and summarised in Figures 7 to 11, are to be converted to effective 
dose-equivalent rates. The conversion entails several factors which are 
discussed by the United Nations Scientific Committee on the Effects of Atomic 
Radiation (1977 ana 1982); an overall factor of 0.75 is applicable to the 
exposure geometry and radiation fields at the Islands. The highest effective 
dose-equivalent rate between 1962 and 1978 was 120 pSv/h at ground zero G2 in 
mid-1962; elsewhere about G2 at that time, the effective dose-equivalent rate 
was some 40 pSv/h. Such effective dose-equivalent rates do not constitute an 
acute raaiation hazard. 

The radiation environment in the vicinity of Gl and G2 was changed in May, 
1979, when a aetachment of Royal Australian Engineers carried out a 
rehabilitation program at the Islands on behalf of Department of National 
Development ana Energy (1980). The decontamination of the ground zeros at Gl 
ana G2 yielded about a tenfold reduction in aose-rate at 1 m above ground. 
Removal of contaminated steel debris from around 61 reduced the radiation 
dose-rate in the vicinity. No other action was reported which would alter the 
raaiation fields in contaminated areas. 
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Figure 3(a) Radiation dose-rate, / j $ v / h f in the grid wrvey from Red Beacon, and eteewhere. on Trimou* L in May-June, 1962 . 
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Figure 3(b) Radiation dose-rate, uSv/h, in the grid survey from G I , and nearby.on Trimouille I. . in May-June, I 9 6 2 . 
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Figure 3(e) Radiation dose-rate, uSv/h, in the »,oadscaie survey of the minor islands in May Jjne, I 9 6 2 . 
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Figure 4(a) Radiation dose-rate, pSv/h, in the grid «urv«iy from Red Beacon, and elsewhere, on Trimouilie I. in February, I 968. 



Figure 4(b) Radiation dose-rate, uSv/h, in the grid survey from G I , Trimou>Ne I., in Februai y, I 968 . 



Figure 4(c) Radiation dow-rate, injiSv/h, in tlw brot4t;»k survfy of Alpha I. in February, 1968. 



Figure 4(d) Radiation dose-rate, >iSv/h, in the grid turvey from G2, and nearby, on Alpha l „ in February, I 968 . 
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Figure 5(a) Radiation dose-rate, uSv/h, in the grid survey from Red Beacon, and elsewhere, on Trimouille I. in October, I 9 7 2 . 
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Figure 5(b) Radiation dose-rate, uSv/h, in the grid survey from G I , Trimouille I., in October, 1 9 7 2 . 
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Figurt5(c> R««»tion do««~rit«f jiSv/h, in tht broadtcil* itirvty of Aloh» I. in October, 1972. 
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Figure 5(d) Radiation dose-rate, uSv/h, in the grid survey from G2 fand nearby,on Alpha I., in October, 1972. 



Figure 5(e) Radiation dose-rate, j iSv/h, in the broadscale survey of the minor islands . 
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Fijura 6(a) Radiation doaa-rata, pSv/h, In tha grid aurvay from Rad Baacon, and tlsawhera, on TrimouHte I. In Octobr, 1 9 7 8 . 



Figure 6(b) Radiation dose-rate, >iSv/h. m the grid survey from G I , Trimouille I., in October. 1978 . 
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Figure 6(d) Radiation dose-rate, /iSv/h, in the grid survey from G2, and nearby, on Alpha I., in October, 1978. 
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APPENDIX: AUSTRALIAN MAP GRID - STATION CONTROL FOR MONTE BELLO ISLANDS 

Geographical coordinates and AMG coordinates of stations at the Monte 
Bello Islands have been provided by the Division of National Mapping of the 
Department of National Development and Energy. The coordinates are taken from 
the National Geodetic Horizontal Control Data Base. The locations of the 
stations are shown on the map of Figure 1(a). For more information, including 
station descriptions, enquiry should be made of the Division of National 
Mapping. 

STATION NAflC ALTERN. TIUC REFERENCES 
Homz 

0»D DAT LATITUDE LONGITUDE 2N EAST INC NORTHINC HEICHT 
VERTICAL 
ODD DAT 

BURGUNDY BAY G 2 3RD ACD 20 24 2 8 . 2 J 3 3 115 32 04 4115 50 3 4 7 0 9 2 . 3 0 0 7 7 4 2 6 9 6 . 9 4 7 NONE 

CL.IHir COUf TSD 4TH AGO 2D 2? 0 3 . 3 9 4 8 115 31 4 7 . 7 1 5 4 5 0 3 4 6 6 9 8 . 2 6 0 7 7 3 2 6 9 3 545 24 40 TRC r.HD UN 

b AS I BAH! 4TH ACD 20 24 OS 3903 110 34 Ob S79S 00 3 5 0 6 2 8 . 7 6 4 7 7 4 3 3 3 7 . 1 3 5 NONE 

h L A I ; :s 3RD AGD 20 27 .13.0009 115 34 4 4 . 9 1 9 2 00 3S1794 .813 7 7 3 7 0 4 0 . 3 4 8 NONE 

GANNF T 1', 4 IH AGO 20 2 6 03 . l,l 02 110 34 01 281S 00 3S0519 026 7 7 3 8 2 0 5 . 7 1 9 12 .80 TRG AHD JN 

GABDFNIA I I 3RD AGD 20 2." 0 7 . 7 2 0 3 110 11 42 9763 50 346446 304 7 7 4 5 4 7 3 . 5 7 7 21 30 TRC AMD UN 

HERMIT 'AST EXTREMITY 4 IH AGD 20 26 11 . 9 4 9 5 n o 32 54 .974C 00 348S94 696 7 7 3 8 5 9 7 . 0 3 4 1 2 . 2 0 TRG ,1HD UN 

MEHr i T F MN 091 2ND AGD 20 2? - .4 .4003 110 .11 17 .0456 50 346679 148 7 7 3 2 6 6 0 . 6 7 0 24 . 30 TRG AHD 

HEB.1ITE IS I F PENINSULA :nuTH DELTA ?TH AGD 2 0 23 »S 0 3 4 8 110 32 1 0 . 7 3 9 8 0« 348360 792 7 7 3 4 7 9 0 . 1 4 0 13 70 TRG AND UN 

HOW T". 4IH AGD 2 0 2 ' , 1? 1706 110 33 0 8 . 0 4 4 9 00 348949 969 7741269 159 O.OO TRC AHD ;JN 

JONUUII IT, 4IH AGO 211 ..'4 02 4.129 1 10 32 25 3579 ' .0 347692 . 760 7 7 4 3 4 9 4 . 7 4 4 O.OO TRG AHD UN 

K A B A N G I :rj 4rn AGD 20 •6 TM. 6.16.3 n o 36 05 2602 00 3 0 4 0 9 9 . 0 2 2 7 7 3 9 7 9 2 . 7 4 2 21 10 TRG AHD UN 

rr:p E'ASF 4IH AGP 211 2 4 12 31176 n o 33 08.4S.7J 00 300391 042 7743519 896 NONE 

NOB TH UliOT IS rSB 4TH AGO 20 .'1 40. 1.128 115 31 .14.7815 on .145317 414 7 7 4 7 8 4 9 . 1 0 5 a. ao TRC AHD UN 

NORTH UFST [3 n%ST 4TH AGP 20 ••2 0 7 , 4 4 0 6 n o 32 0 4 . 9 1 4 9 00 347068 61.1 7 7 4 7 0 2 0 . 1 0 1 22 90 TRG AHD UN 

NGBTM UFST 13 I IGHT 4TH AGD ;:o , 1 4 0 . 0 8 0 2 n o 31 2 2 . 7 S 1 0 00 3 4 0 8 4 4 . 4 9 4 77478.10. 705 16. "6 TRG AHD UN 

NOBTH UFST TS MOUTH UEST 4TH AGD 211 21 3 9 . 9 7 2 7 110 31 IS . -9(,B oo J45J46 811 7747804.49 .1 18 10 TRG AHD JN 

\M :3LET E HERHITF IS CKHACCOLD 15 4TH ACD 20 27 2 8 . 9 6 5 5 n o 33 17 3465 oo .149250.831 7737107 612 12 20 TRG AHD UN 

'10UIH ARK TIDE TOLE BAT 4TH AGD 20 23 I t 0 4 1 9 110 32 01 .0820 00 3 4 8 4 2 6 . 0 3 4 7 7 4 4 9 1 2 . 4 0 4 7 60 TRC AHD UN 

SOUTH EAST IS 4 IH AGD 20 25 11 8 1 3 4 n o 30 17 9416 oo 1S2719 052 7 7 4 0 7 9 0 . 2 2 2 2 4 . 4 0 TRC AHD UN 

TBImiUI tLE G 1 4TH ACD 20 23 30 1921 w, 32 4 8 . 1 2 4 4 on 14833S 843 7 7 4 0 4 1 4 . 1 6 8 8. 00 TRC AHD UN 

mmwiLLt 4IH AGD 20 24 31 9B75 n o 34 2 8 . 2 6 6 3 oo 351263 745 7 7 4 2 6 1 7 . 2 8 7 1? 0 0 TIG AHD UN 

TRIHOUII.LE LIGHT 4TH AGD 20 24 32 0476 110 34 2B 4019 oo 1S1267.692 7 7 4 2 6 1 0 . 4 7 4 NONE 

TSIKOUILLE UEST 4IH AGD 20 2 3 56 2 4 7 1 115 33 4 0 . 6 0 4 3 50 349872 484 7743704 181 0 50 r«c AHD UN 

TSC 2ND ACD 20 24 09 4B22 110 34 2 5 . 4 2 0 6 00 3S1188 59S 7 7 4 1 7 7 1 . 1 7 3 26 40 TRC AHD 


