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FOREWORD 

This work was presented to the Royal Commission into British Nuclear Tests 
in Australia in 1985, but it was not otherwise reported. The impetus for 
now making it available to a wider audience came from the recent experience 
of one of us (KNW)* in surveying current research into modelling the 
transport of radionuclides in the environment; from this it became evident 
that the methods we used in 1985 remain the best available for such a 
problem. 

The present report is identical to the submission we made to the Royal 
Commission in 1985. Developments in the meantime do not call for change to 
the derivation of the radiation doses to the population from the nuclear 
tests, which is the substance of the report. However the recent upward 
revision of the risk coefficient for cancer mortality to 0.05 Sv" 1 does 
require a change to the assessment we made of the doses in terms of 
detriment tc health. In 1985 we used a risk coefficient of 0.01, so that 
the estimates of cancer mortality given at pages iv & 60, and in Table 7.1, 
need to be multiplied by five. 

Our calculations therefore lead to estimates of 35 cancer deaths and seven 
serious hereditary consequences as a result of exposure of the Australian 
population to the fallout from the nuclear tests. Due to the various 
sources of uncertainty discussed, these estimates could be too low by a 
factor of two or too high by a factor of ten. 

Keith Wise 
John Moroney 

Secondment to the National Radiological Protection Board (UK) under 
an Australian Public Service Professional Development Award. 

1990 Recommendations of the International Commission on Radiological 
Protection. ICRP publication 60: Annals of the ICRP, 21(1-3). 
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SUMMARY 

Durinq the period 1952-1957, Britain conducted 12 full-scale nuclear 
weapons tests in Australia in five series, viz. Hurricane(1952), Totem(1953), 
Mosaic(1956), Buffalo(1956) and Antler(1957). Radioactive fallout from the 
t°sts reached many parts of Australia. This report reviews the pathways by 
which the radionuclides in the fallout could have irradiated the population. 
The methodology is presented for estimating the radiation doses and values are 
dprived from the available data. The possible effect that the radiation 
exposure had on public health is assessed. 

The information now available for each test includes the explosive yield 
and the approximate trajectories taken by the debris clouds across Australia. 
Fallout radioactivity was measured for numerous population centres after each 
test in the last three series. However, there was no systematic monitoring of 
fallout for the first two test series; and there were no measurements for 
increased radioactivity in food products subsequent to any of the 12 nuclear 
tests. It is reauired, therefore, to provide the missing data by calculation. 

Estimation of the radiation doses is approached in two parts: (a) the 
contributions from the Mosaic, Buffalo and Antler series which were monitored, 
and (b) the contributions from the Hurricane and Totem series for which there 
are few fallout data. 

In part (a), the activities of the radionuclides making up the measured 
fallout are. established by calculation. Standard models are then used to 
derive the radiation doses for the population centres - from external 
radiation, from ingestion of radionuclides in food and from inhalation of 
radionuclides in air. A simple treatment is adopted to estimate radiation 
doses from drinking contaminated water. 

For part (b), the data assembled in (a) provide the basis for developing 
statistical models for predicting radiation doses from weapon yields and 
trajectories of the radioactive clouds. The models are then applied to give 
the radiation doses to population centres following the tests in Hurricane and 
Totem, using cneir yields and trajectories. 

ii i 



The set of models for (a) and (b) apply equally to all population centres; 
there is no provision for local factors which might affect pathways 
differently for particular centres. Overall, it is seen that contamination of 
the food chains was the dominant pathway, as some 67°/= of the radiation 
dose to the Dopulation came from that source. The most important single 
contaminant was iodine-131, which, in milk, accounted for some 45°/° of the 
total radiation dnse. External radiation from radionuclides on the ground 
contributed about 17°/° of the population dose; and consumption of 
contaminated water made UD 14°/°. Inhalation of airborne debris accounted 
for the remaining 3°/°. 

The radiation doses from fallout in the 1? nuclear tests were delivered to 
the Australian population over four years. During that period, the population 
received, on average, a radiation dose from natural sources of some 4000 
microsievert. The radiation dose from fallout in the nuclear tests, averaged 
over the population, is calculated to total 70 microsievert. 

The calculated radiation dose to the population can he interpreted in 
terms of detriment to health by application of risk factors for exposure to 
radiation. For simplicity, risk factors of 0.01 per sievert, with linear 
dosp-effect relationship, are applied for both cancer mortality and serious 
hereditary damaae in the first two generations. The calculation then gives 
seven cancer deaths and seven serious hereditary consequences in the 
Australian oopulation as a result of contamination of the environment with 
fallout radionuclides from the I? nuclear tests. 

The principal calculations, some results of which are summarised above, 
are made without radionuclide fractionation in the fallout debris. A full set 
of calculations with fractionation effects likely to occur in country-wide 
fallout is not. made. However, representative calculations includinq 
fractionation effects, made for purposes of comparison, suqqest an overall 
reduction in the radiation dose to the population and removal of the 
dominance of iodine-131 as the most important single contaminant. 

IV 



TERMINOLOGY 

Radiation Protection Quantities 
In this report the formal terminology for radiation protection quantities 

is reserved for Tables and Figures; it is used in the text only where 
ambiguity miqht otherwise arise. Elsewhere 

effective dose equivalent commitment is replaced by "radiation dose" 
collective effective dose equivalent commitment is replaced by 
"population dose" 

For convenience, some calculations are made using factors that involve 
committed dose equivalent. However, for all pathways considered, more than 
95°/» of the dose equivalent, totalled over all radionuclides in fallout, is 
delivered within one year of the nuclear test. Because of this short period, 
committed dose equivalent can be taken as numerically equal to dose equivalent 
commitment summed over all radionuclides. Results obtained from the 
calculations are given as dose equivalent commitment. 

Classification of fallout 
It is helpful to consider fallout as being broadly in three parts 

according to distance from the explosion 

on-site fallout : around, and immediately downwind of, ground zero 
close-in fal iout : within a few hundred kilometre of the explosion 
lonq-ranqe fallout : beyond a few hundred kilometre 

This report is directed to close-in and long-range fallout. 

v 



1 
1. INTRODUCTION 

In all, 12 full-scale tests of nuclear weapons were conducted by Britain 
in Australia in five series between 1952 and 1957, viz. Hurricane (1952), 
Totem (1953), Mosaic (1956), Buffalo (1956) and Antler (1957). Fallout from 
the tests reached both rural and urban centres and led to irradiation of the 
populations. It is our purpose to estimate the radiation doses, including all 
realistic pathways by which the population was exposed, and to assess the 
possible effect on public health. 

Systematic monitoring of fallout was not carried out for the first two 
test series and few useful data are available. Wide-scale monitoring was 
introduced progressively for the last three series when data were obtained for 
numerous population centres after each test. There were no measurements 
however, for increased radioactivity in food products subsequent to the tests 
in any series. 

At the time, the results obtained from the fallout monitoring were applied 
to estimate the external radiation dose for the population centres monitored. 
Estimates of internal radiation dose were confined to the inhalation pathway 
and no estimate was made for the contribution from ingestion of fallout 
radionuclides with food. The emphasis on external radiation dose was 
consistent with best contemporary practice and reflected the limitations of 
knowlpdqe held then of the environmental transport of the radionuclides 
involved. 

The pathways by which fallout radionuclides may affect the population are 
now well known (UNSCEAR 1969, Nq et al 1968). A simplified description of the 
principal routes is given in Fiqure 3.1 and the pathways involving the food 
chain are. shr ;, in Figure 3.2. The calculations reported here are based on 
the four main pathways 

( i) external radiation from fallout deposit on the ground, 
( ii) internal radiation from ingestion of radionuclides transported 

throuqh the food chain 
(iii) internal radiation from ingestion of radionuclides contaminating 

drinking water and 
( iv) internal radiation from inhalation of fallout contaminants in air 

with full provision for the transfer of radionuclides through the food chain. 
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While it is recoqnised that local conditions might impose some variation 

on a pathway from place-to-place, it is assumed that such local factors can be 
iqnored for the present purpose. The approximation is made that all pathways 
apply equally to all population centres. 

Two population groups are excluded from the calculations. They are the 
aboriqinals living away from population centres and the personnel involved 
directly in nuclear test activities. Otherwise, the total population is 
represented in the estimated radiation doses. 

As the present purpose is to establish estimates of radiation dose from 
the five series of nuclear tests, account is taken of both close-in and 
lonq-range fallout from all 12 tests. The main bodies of data from the 
period now available for the purpose comprise 

for the nine nuclear tests comprising Mosaic, Buffalo and Antler: 
total beta-activity of radionuclides in fallout deposit and in air 
from Australia-wide monitoring programs (Butement et al 1957 and 
1958, Dwyer et al 1959) 

for all 12 nuclear tests: details of the explosions as given in 
Table 1.1, trajectories taken by the radioactive clouds across 
Australia [for Hurricane (Operation Hurricane 1953 and 1954, Gale and 
Crooks 1954, Peirson 1955); for Totem (Gale 1954, Westwater and 
Freeman 1954); for Mosaic (Dwyer 1956a, Butement et al 1957, 
Matthewman 1957); for Buffalo (Dwyer 1956b, Phillpot 1957); for 
Antler (Dwyer 1957, Operation Antler 1957, Phillpot 1959)] and 
meteoroloqical conditions for population centres, including rainfall 

for the seven tests of Buffalo and Antler: radiation dose-rate and 
total beta-activity of radionuclides in fallout deposit and in air 
within the region of close-in fallout [for Buffalo (Dwyer 1956b, 
Carter 1957, Clay 1957, Hicks and Macdougall 1958); for Antler 
(Beaver 1958, Cater 1958, Siddons and Sams 1958)] 

* see Terminology, paoe v 
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for the two tests of Totem: airborne survey of ground contamination 
(Cambray and Munnock 1954) 

for the three tests of Hurricane and Mosaic: ground contamination of 
the nearby coastal region of the mainland and of distant population 
centres [for Hurricane (Gale and Crooks 1954, Peirson 1955); for 
Mosaic (Matthewman 1957, Operation Mosaic 1956)]. 

Other measurements from the period may be of interest for other reasons, 
hut they are not useful for estimation of radiation dose to the population; 
for example, the measurements of iodine-131 in animal thyroids by Marston 
(1P5R). 

Estimation of radiation dose from the data on total beta-activity is not 
straightforward. A central difficulty is that the radionuclides which 
comprise the fallout material change with time and hence their relative 
importance, as contributors to the radiation dose, is time dependent. Thus 
the first step in developina estimates of radiation dose is to determine the 
radionuclide composition of fallout at times after fission. Section 2 
describes the calculation procedure. Section 3 develops the models for 
radiation dose in the four pathways. Section 4 discusses the results now 
available from fallout measurements. Section 5 estimates the radiation doses 
in the four pathways for the nine nuclear tests in Mosaic, Buffalo and 
Antler. Section 6 applies statistical procedures to the data developed for 
the nine tests to derive equations for estimating the radiation doses 
associated with the three tests of Hurricane and Totem. Section 7 reviews the 
results obtained for the five series of nuclear tests and assesses their 
likely effects on the Australian population. Appendices reproduce the full 
results from important steps in the calculations where they are of particular 
interest. They are summarised in the main text. 



TABLE 1.1 

UK ATMOSPHERIC NUCLEAR WEAPONS TESTS IN AUSTRALIA, 1952 - 1957. 

OPERATION and 
Location 

Date and Code 
Time (GMT) 

Platform height Approx 
(m) Yield 

(kT) 

HURRICANE 3 Oct 1952 
Monte Bello Is, WA O0O1Z 

Ship -2.7 25 

TOTEM 14 Oct 1953 Tl Tower : 31 10 
Emu Field, SA 2130Z 

26 Oct 1953 T2 Tower : 31 8 
2130Z 

MOSAIC 16 May 1956 Gl Tower : 31 15 
Monte Bello Is, WA 0350Z 

19 Jun 1956 G2 Tower : 31 60 
0214Z 

BUFFALO 27 Sep 1956 One Tree Tower 31 15 
Maralinqa, SA 0730Z 

4 Oct 1956 
0700Z 

Marcoo Surface 0.2 1.5 

11 Oct 1956 
0557Z 

Kite Airdrop • 150 3 

21 Oct 1956 
1435Z 

Breakaway Tower : 31 10 

ANTLER 14 Sep 1957 Tadjo Tower : 31 1 
Maralinqa, SA 0505Z 

25 Sep 1957 
0030Z 

Biak Tower : 31 6 

9 Oct 1957 
0645Z 

Taranaki Balloon : 300 25 



, V •. 

tf 

ii 

1 

?. RADIONUCLIDES IN FALLOUT 

Fallout deposit is a mixture of radionuclides the relative importance of 
which is time-dependent. The radionuclides have been widely studied and much 
information is available detailing their half-lives, their modes of decay, the 
existence and life-times of isomeric states, the fracticn of decays which pass 
through the isomeric states and the radiations emitted as the radionuclides 
decay. Further, information is available on the number of atoms of each 
radionuclide aenerated in nuclear explosions with fission of various fissile 
materials. 

Such data are used as input to a computer code, ADORED, written by one of 
us (KNW) during 197P-1973 as part of a suite of diagnostic tools for the 
monitoring of fallout deposit from nuclear weapons tests. The original 
purpose of ADORED was to compute activity, dose £.ate_ and dose associated with 
fallout deposit, with and without fractionation. For the present study, extra 
features were added to the program to enable calculation of the number of 
disintearations of a radionuclide over a nominated time period from the time 
of fallout deposit. The core of the program is a fast algorithm for solving 
all the equations describing the decay of the radionuclides at any time after 
fission. Inout- data for the program are 

the yields for fission product radionuclides, for selected 
fissile materials, given by Crouch(1969) 

the yields for induced radionuclides of Crocker and 
Turner(196S). These radionuclides derive from neutron 
irradiation of weapons material and other material associated 
with the explosion 

1 
1 I - the factors, derived by Crocker et al (1966), for converting 

i j I radionuclide activity to exposure rate in air at lm. above an 
• , |r, infinite plane surface over which the radionuclide is uniformly 
'j deposited 
'' *> - the correlation parameters for radionucl ide fractionation in 

Jtj fallout for land surface hursts and for air bursts (Crocker et 
L..„ al l%r>, Hpft 1%R and earlier USNRDL studies reviewed by 

Frei1ina et al 196S). 

] 

the half-lives of the radionuclides and their branching ratios I 
to daughter radionuclides presented by Meek and Rider(1968) 
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More recent data are available but the small changes they would bring to 
calculated values are not sufficient to warrant their -introduction for the 
oresent purpose. Not all of the options available in the ADORED code are 
reguired in the present study; the assessment of radiation doses by the models 
developed in section 3 uses 

the activity of each radionuclide per unit of total activity of 
the radionuclide mixture, for a nominated time after fission, to 
give the radionuclide composition of the measured fallout deposit 

the exposure in air at lm. above a plane surface to give the 
external radiation dose, which is calculated for a nominated 
time period from a nominated time after fission 

the disintegrations for each radionuclide per unit of total 
activity, taken over a nominated time period from a nominated 
time after fission. This calculation incorporates provision for 
loss-rate of the radionuclide, in addition to radioactive decay, 
as may occur in the natural environment. The calculated 
disintegrations are used to give the internal radiation dose 
following transfer of the radionuclide througn the food chain. 

Throughout the present calculations, the yields of fission products and 
neutron-induced radionuclides are taken exclusively from fission-spectrum 
neutrons on plutonium-239. The principal calculations are made without 
fractionation. A full set of calculations with fractionation effects likely 
to occur in country-wide fallout is not included. However, where radiation 
doses are changed significantly by radionuclide fractionation, representative 
calculations are presented for purposes of comparison. 

The production ratios in atoms per fission, suggested by Crocker and 
Turner (1965) for neutron-induced radionuclides in fallout, reflect a 
different generation of nuclear weapons from at least some of those included 
among the twelve tested by Britain in Australia some ten years earlier. For 
example, for low yield explosions, Crocker and Turner give neptunium-239 and 
uranium-237 as the dominant induced radionuclides, with typical production 
ratios 

neptunium-239: 0.013 atoms per fission, from neutron capture in 
uranium-238 
uranium-237: 0.026 atoms per fission, from (n, 2n) on uranium-238. 
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Whereas measurements on airborne debris from Hurricane (Gale 1954b), Totem (Tl 
and T? : Gale 1954a) and Buffalo (Kite : Marston 1957) give values of 
neptunium-?39 atoms per fission two orders of magnitude higher. A more 
detailed comparison is made in Table 2.1. 

TABLE 2.1 

NEPTUNIUM-239 IN FALLOUT 

atoms 
Neptunium--239 activity/f 

days after 
ssion product 
fission 

activity 

Oriqin per 
fission 

per 
fission 1 2 5 10 

Crocker and 
Turner (1965) 
Hurricane 

0.018 

O.fi ± .1 

0.013 

(0.6) 

0.023 

0.8 

0.027 

0.5 

0.013 

0.15 
Totem 1 1.8 * .2 (1.8) 2.6 2.6 1.1 
Totem ? 2.5 ± .3 (2.0) 3.2 3.6 1.5 

The present calculations are executed using the production ratios suggested by 
Crocker and Turner. However, the much higher component of neptunium-239 
observed in the fallout from Hurricane and Totem is included in estimating the 
final radiation doses for those three nuclear tests. 
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3. MODELS FOR THE ASSESSMENT OF RADIATION DOSE 

3.1 External radiation dose 

The calculation of radiation exposure from fallout deposit provided by the 
ADORED code assumes that the radionuclide is uniformly distributed over an 
infinite plane surface; and that it remains in place throughout the period of 
interest. Thus further steps are required to give the external radiation dose 
from the measured fallout deposit for the population centres. First the 
calculated exposure is to be converted to effective dose equivalent. Then 
account is to be taken of the modifying effects of a more natural environment, 
including qround roughness, leaching of the debris from ground surface and 
hieldinq afforded by structures. 

Conversion of exposure to external radiation dose requires the use of five 
factors 

a, converting exposure in air, expressed as roentgen, to 
absorbed dose in air, expressed as rad, 

s, converting absorbed dose in air to absorbed dose in tissue 

q, a geometric factor, converting tissue dose to whole body dose 

0, a quality factor, converting absorbed dose as rad to dose 
equivalent expressed as rem; for gamma-radiation, Q=l. 

100, for converting rem to sievert 

Thus, for each radionuclide in the fallout deposit, the effective dose 
equivalent from external radiation, D sievert, is derived from the exposure in 
air over a 50-year period as computed by ADORED, R roentgen, as 

D Sv = O.OlasgQR 

For this report, values adopted for a and sg, derived from UNSCEAR (1977), are 

a = 0.869 rad/roentgen and sg = 0.82. Therefore, 

D Sv = 0.00713R 



9 
For calculation of 0 F(t), the effective dose equivalent due to all 

-2 radionuclides comprisinq total activity 1 kBq m of fallout, deposited t 
days after fission, rearession analysis of Dp(t) on t suggests use of the 
followino expression 

D £(t) uSv = 0.17t 0 , 7 7 5S 0.1 <t <20 (1) 

where- S, a shieldinq factor, provides for the reduction in radiation dose due 
to environmental effects, so that S < 1 

Virtually all of the radiation dose is delivered within a year. Although 
derived from inteqration to only 50 years, Dr(t) is numerically the 
effective dose equivalent commitment from external radiation. 

The principal contributions to Dp(t) are shown in Table 3.1 for several 
values of t between 1 and 20 days after fission. The two pairs of fission 
products - zirconium-95 and niobium-95, barium-140 and lanthanum-140 - are 
responsible for about half of the total external radiation dose from fallout 
that occurs within the first few weeks of the explosion. 

The dose conversion factor Dr(t) is largely unchanged by inclusion of 
fractionation effects in the calculation. Hicks (1982) came to the same 
conclusion from his analysis cf data for on-site and close-in fallout from 
nuclear explosions at the Nevada Test Site. 

With S evaluated for the effects of ground roughness, eouation (1) can be 
used to calculate the external radiation dose from fallout for a person living 
entirely outdoors. For those adopting a western lifestyle, account needs to 
be taken, too, of the shieldinq afforded by structures, and the proportion of 
time spent outdoors. 

UNSCFAR (1.962) developed a world average shielding factor of 0.4 for 
exposure to fallout. Althouqh the factor remains in wide use, the conditions 
assumed in its derivation ^re not representative of Australia. From a review 
of Australian population and housing data for the period, and drawing on 
compilations of factors for dose reduction by structures and ground roughness 
(Glasstone 1962, Glasstone and Dolan 1977), shielding factors for Australian 
conditions are derived. 
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TABLE 3.1 

CONVERSION FACTOR DE(t) FOR EXTERNAL RADIATION. 
DOSE EQUIVALENT COMMITMENT TO WHOLE BODY FROM 1 kBq m~2 OF FALLOUT 

DEPOSITED t DAYS AFTER FISSION (1) 

Percentage of DE(t) 
Radionuclide 

time of fallout deposit, days 
2 5 10 20 

zirconium-95 and niobium-95 
ruthenium-103 
ruthenium-106 and rhodium-106 
tellurium-131m and iodine-131 
tellurium-132 rind iodine-132 
caesium-137 and barium-137m 
barium-140 and lanthanum-140 
remainder 

12.2 14.9 19.3 24.2 30.9 
6.0 7.3 9.1 11.2 12.8 
2.5 3.1 4.0 5.2 6.9 
4.9 4.9 4.0 3.4 2.0 

19.1 18.8 13.1 5.8 0.8 
5.2 6.4 8.4 10.9 14.8 

23.2 27.5 31.9 31.9 25.3 
26.9 17.1 10.2 7.5 6.4 

DE(t) ySv (?) 0.06 0.10 0.20 0.34 0.59 

Note: (1) The fallout deposit comprises unfractionated fission products 
and induced radionuclides (Crocker and Turner 1965) from the 
fission of plutonium-239. 

(2) The entries for Df(t) include a shielding factor of 0.34. 
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(i) For urban centres, the average dose reduction weighted for fractions 

of the population and the types of structures they occupy 
0.36 at home, for 13 hours per day 
0.15 at work, for 9 hours per day 
0.35 travelling, for 2 hours per day 

giving an urban shielding factor of 0.28. 

(ii) For rural communities, the average dose reduction weighted for 
fractions of the population and exposure situations 

0.44 at home, for 12 hours per day 
0.57 at work, for 10 hours per day 
0.35 travelling, for 2 hours per day 

giving a rural shielding factor of 0.49. 

With 70°/° of the population in urban centres and 30°/° in rural 
communities, the average shielding factor for Australia S = 0.34. 

In order to affecc the external radiation dose, leaching of fallout from 
around surface would need to give rapid removal of the radionuclides. Most of 
the radiation dose is delivered within the first few months of the fallout 
occurring and virtually all of it within a year. For paved areas, for which 
removal can be expected to be quickest, a weathering half-life of about two 
months is indicated for fission products (Warming 1984). For grassed and 
aarden areas, the debris would be largely retained. Thus weathering of the 
fallout deposit does not warrant a further reduction of S. 

3.? Internal radiation dose from radionuclides in diet 

3.2.1 Choice of the model 

Radioactive contaminants deposited after a nuclear weapons test enter the 
diet by various routes, for example, 

the qround deposit-plant-man pathway 
the deposit to plant surface-man pathway 
the deposit to pasture-animal-man pathway 

Figure 3.2 illustrates the various routes by which radionuclides in 
fallout deposit become incorporated in the diet. 
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Two methods are available for estimating the radiation dose incurred by 

ingestion of radionuclides in food products. These are the systems analysis 
method (SA) and the concentration factor method (CF). Both methods have been 
well documented (ICRP 1979a, NCRP 1984). 

The SA approach represents, by differential equations, all time-dependent 
processes transferring radionuclides from deposit to ingestion in food. For 
mixtures of radionuclides, additional differential equations are necessary to 
represent the radioactive in-growth and decay of the radionuclides within each 
staqe of the transfer process. Solution of the differential equations then 
gives the amounts of each radionuclide ingested. An estimate of the dose then 
follows by use of the dose commitment factors given by ICRP (1979b, 1981, 
1982a, 1982b). 

The CF method is considerably simpler and involves multiplication of the 
input into each pathway by factors to estimate the output from each stage of 
the transfer process. Summation of the activities of the radionuclides 
ingested by man through the several pathways then leads to estimates of the 
radiation dose, as before. The SA and CF methods give identical estimates for 
the radiation dose in the special case where the inputs to each pathway are 
time independent. In the present study, the CF method is used to estimate the 
internal radiation dose from radionuclides in diet. 

Two major reasons determine the choice of the CF method. Firstly, in 
referrina to the CF method, ICRP (1979a, para 52) states that 

"The prediction of doses which could result from an acute release of 
radioactive material is similar to that for chronic releases in the 
special case where only the dose commitment is required. In general, if 
the equilibrium annual intake or annual dose D is known for an annual 
release tf, then a single release of $ in average environmental conditions 
will result in a total intake or dose commitment equal to D." 

Secondly, a dynamic model incorporating both transfer of radionuclides 
between stages in the environmental transfer processes, and the growth and 
decay of the radionuclides within each stage, involves the writing of a large 
computer code. Such program development was not justified for the present 
purpose, as the end result required is an estimate of the dose commitment, not 
a time-dependent description of the whole system. Use of the CF method is 
strongly indicated. 



3.?.2 Eauations for the model 

The CF method has also been called the steady-state model and, as the name 
implies, estimates of the amount of a radionuclide ingested are made for a 
time-independent deposit X . Here the equations for calculating the amount 
ingested are presented for the steady-state model and then it is shown how the 
eauations sre modified to de.-ive the estimates required for a time-dependent 
deposit. 

Figure 3.2 is a detailed representation of the routes by which 
radionuclides become incorporated in the diet and gives the numeric labels for 
the different compartments. These numeric labels are used extensively in the 
equations for estimating the activity of a radionuclide ingested with diet. 
Thus X. represents the concentration of a radionuclide in compartment i and 
F.. represents the concentration factor for a radionuclide when transferred 
to compartment i from compartment j. 

For a time-independent deposit X , the concentration of a radionuclide 
in a crop eaten by man is given by 

F^l-V + F. of l h (2) 
P d ^s c 

where fr is the fraction of fallout deposit intercepted 
h the number of harvests per year 
o the density of the soil 
d the average depth of soil supporting the crop 
Y the mass of the edible portion of the crop per 

unit area 

The first term in brackets represents the fractional uptake from the 
soil. The second term gives the fraction of deposit to the plant surfaces 
translocated to the edible portions of the plant. 
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For ingestion by animals of radionuclides in pasture, allowance must be 

made for the fraction of soil consumed with pasture. Thus, the effective 
concentration of a radionuclide in pasture, as consumed by the grazing animal, 
is 

X 0 = f F 2 1 (1-fj) + fj + (l-fjjfj X, (3) 
ps d p Y ps dp 

where f is the mass of soil per unit mass of pasture consumed 
d the depth of soil supporting pasture 

The amount of the radionuclide passed to each kilogram (or litre) of meat 
(or milk) is then given by 

xi - Fi2 Wp h W 

where W is the amount of pasture ingested per year. 

If it is assumed that poultry is grain fed, then the concentration of a 
radionuclide in meat or eggs is estimated from 

X 1 - F i 4 W g X 4 (5) 

where W is the mass of grain consumed per unit time. 

Finally, the intake of the radionuclide in a year is estimated from 

I =][X X. (6) 
1-3 

where W. is the amount of food product i eaten per year 

Two steps remain to complete the development of the model. Firstly, the 
equations need to be adjusted for time-dependent input and environmental 
losses. Secondly, allowance must be made for losses due to radioactive decay 
during transport of food products from the processor to the consumer. 
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For time-dependent fallout deposit, it is required to establish the amount 

ingested to time t from equations (2)-(6), assuming average environmental 
conditions and allowing for environmental losses. A procedure compatible with 
the methods of ICRP (1979a) and NCRP (1984) is to replace X Q by the 
integral J X (u;x )du where x w is the environmental loss-rate. If the 
dietary intakes are expressed in suitable units then the radionuclide intakes 
are calculated as total intakes to time t. The disintegrations are computed 
in the ADORED code by replacing the decay constant for radionuclide k, x. , 
by its effective decay constant x e = x^ + x w. 

In order to account for the loss of radionuclides resulting from the time 
delay between production of food and its consumption, tne procedure adopted by 
the United States Nuclear Regulatory Commission (USNRC 1977) is to multiply 
the estimated intakes of radionuclides by exp(- x kp) where p is the time 
between production and consumption. Experience with the model shows that this 
approach is effective for most of the decay chains where a single radionuclide 
is dominant at times of interest. However, for some decay chains, two 
radionuclides in the chain can be important contributors to the radiation 
dose. Examples of such pairs of radionuclides are zirconium-95 and 
niobium-%, tellurium-13? and iodine-132, barium-140 and lanthanum-140. In 
such cases, conservative estimates of the activities ingested, at time of 
consumption, are given by multiplying the estimated activities, at time of 
production, by exp(- \-*p) where \.* is the decay constant for the 
lonqest-lived member of the decay chain. 

3.?.? Parameters for the model 

Values for the parameters of the model are drawn primarily from tables 
published in the major study conducted by the National Radiological Protection 
Board and the Commissariat as 1'Enerqie Atomique (NRPB-CEA 1979). For several 
terms, values are derived in Appendix A using data for the Australian 
environment, and they are preferred. The data from the NRP3-CEA study are 
supplemented, as required, by the results published by Ng(1982). The 
oarameters tabulated here are 

the element independent parameters for crops and pastures in Table 3.2 

the element independent parameters for animals in Table 3.3 

the element dependent parameters for crops and pastures in Table 3.4 

the element dependent parameters for cattle and poultry in Table 3.5 
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TABLE 3.2 

ELEMENT INDEPENDENT PARAMETERS FOR CROPS AND PASTURES 

Parameter 
Root 
Veg. 

Value 

Grain Green 
Veg. 

Pasture 

-? -1 
Yield, wet weight, kg m y 2.5 0.4 1.0 0.15(1) 

Interception factor 0.2 0.2 0.2 

Amount of soil on edible plant 
after preparation, °/« dry wt. 

0.001 0.1 

Mean l i f e on plant surfaces, d 30 30 30 14 

Mean life for cropping, y 0.27 0.27 0.27 

Depth of soil, cm 30 30 30 15 

Days from production to 
consumption 

14 90 14 V. 

Sources: NRPB-CEA (1979), Table 3.15; USNRC (1977), Table E-15. 
Note: (1) Estimated from Australian data (see Appendix A) 
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TABLE 3.3 

ELEMENT INDEPENDENT PARAMETERS FOR ANIMALS 

Value 
Parameter 

Dairy Beef Sheep 
Cows Cattle 

Amount eaten per year, 5100 5100 550 
kq dry wt y-1 

Soil consumption, 4 4 20 

°/o dry wt intake 

Weight muscle, kg 230 18 

Weight liver, kg 6 0.8 

Days from milking 4 
to consumption 
Days from slauqhter 20 20 
to consumption 

Sources: NRPB-CEA (1979), Table 3.17; USNRC (1977), Table E-15 



18 

TABLE 3.4 

ELEMENT DEPENDENT PARAMETERS FOR CROPS AND PASTURES 

Concentration factor Translocation 
(1), (5) factor (2) 

Element Root Grain Green Pasture Root Green Veg 
Veq. Veg. Veg. and Grain 
F31 F41 F51 F21 F30 F40' F50 

Chromium 3 E-4 3 E-4 3 E-4 3 E-4 - -
Manqanese 3 E-2 3 E-2 3 E-2 3 E-2 5 E-2 -
Iron 3 E-4 4 E-4 2 E-4 4 E-4 5 E-2 -
Cobalt 2 E-3 1 E-2 1 E-3 1 E-2 5 E-2 -
Zinc 4 E-1 4 E-1 4 E-1 4 E-1 5 E-2 -
Rubidium 1 E-1 1 E-1 1 E-1 1 E-1 1 E-2 -
Strontium(3) 2 E-1 2 E-1 2 E-1 5 (4) 1 E-2 -
Yttrium 3 E-3 3 E-3 3 E-3 3 E-3 1 E-2 -
Zirconium 2 E-4 2 E-4 2 E-4 2 E-4 1 E-2 -
Niobium 1 E-2 1 E-2 1 E-2 1 E-2 1 E-2 -
Molybendum 1 E-1 1 E-1 1 E-1 1 E-1 - -
Technetium 5 E+1 5 E+1 5 E+1 5 E+1 1 E-1 1 E--1 
Ruthenium 1 E-2 6 E-2 4 E-3 4 £-2 5 E-2 _ 
Silver 2 E-1 2 E-1 2 E-1 2 t-1 5 E-2 -
Antimony 1 E-2 1 E-2 1 E-2 1 E-2 5 E-2 -
Tellurium 1 1 1 1 1 E-1 1 E--1 
Iodine 2 E-2 2 E-2 2 E-2 2 E-2 1 E-1 1 E--1 
Caesium 5 E-3 6 E-3 2 E-2 1.5 (4) 1 E-1 1 E--1 
Barium 5 E-3 5 E-3 5 E-3 5 E-3 1 E-2 -
Lanthanum 3 E-3 3 E-3 3 E-3 3 E-3 1 E-2 -
Cerium 3 E-3 3 E-3 7 E-3 5 E-4 2 E-2 -
Promethium 3 E-3 3 E-3 3 E-3 3 E-3 2 E-2 _ 
Europium 3 E-3 3 E-3 3 E-3 3 E-3 2 E-2 -
Neptunium 1 E-3 1 E-6 1 E-4 1 E-4 - -
Plutonium 1 E-3 1 E-6 1 E-4 1 E-4 _ _ 

Source: NRPB-CEA (1979), Table 3.16 
Not;-: (1) Concentration factor = activity/unit wet wt plant 

activity/unit dry wt soil 
(2) Translocation factor is the fraction deposited on the plant which 

reaches the portion eaten 
(3) Nq (1979) 
(4) Estimated from Australian data (see Appendix A) 
(5) Read x E-y as xlO~ y 
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TABLE 3.5 

ELEMENT DEPENDENT PARAMETERS FOR CATTLE (1) AND POULTRY (2) 

Fraction of daily intake transferred (4) (5) 
Cattle Poultry 

Element per L. per kg per kg per kg per kg 
m ilk muscle 1 i ver meat eggs 
F< 32 F 72 1 '82 F10,4 Fll,4 

Chromium 2 E-3 5 E-3 5 E-3 _ _ 
Manganese 1 E-4 5 E-3 2 E-1 5 E-2 0.065 
Iron 6 E-5 1 E-3 4 1.5 1.3 
Cobalt 2 E-3 1 E-3 1 E-1 5 E-1 -
Zinc 1 E-2 2 E-3 2 E-3 6.5 2.6 
Rubidium 1 E-2 1 E-2 1 E-2 - — 
Strontium(3) 0 0014 6 E-4 6 E-4 0.035 3 E-1 
Yttrium 2 E-5 6 E-3 5 E-2 1 E-2 2 E-3 
Zirconium 8 E-2 5 E-4 5 E-4 - -
Niobium 2 E-2 5 E-4 5 E-4 2 E-3 3 E-3 
Molybdenum 1 E-3 1 E-2 2 E-1 5 E-2 5 E-1 
Technetium 1 E-2 1 E-3 4 E-2 0.063 1.9 
Ruthenium 6 E-7 1 E-3 1 E-3 1 E-3 6 E-3 
Silver 3 E-2 1 E-3 4 E-1 - -
Antimony 2 E-5 5 E-3 1 E-1 - -
Tellurium 2 E-4 5 E-3 5 E-3 0.27 8 E-1 
Iodine 1 E-2 2 E-2 2 E-2 0.94 2.8 
Caesium 7 E-3 3 E-2 3 E-2 4.4 0.49 
Barium 3 E-4 5 E-4 5 E-4 2 E-2 9 E-1 
Lanthanum ? E-5 5 E-3 2 E-1 1 E-1 9 E-3 
Cerium 2 E-5 1 E-3 2 E-1 1 E-2 5 E-3 
Promethium 2 E-5 5 E-3 4 E-2 3 E-2 5 E-3 
Europium 2 E-5 5 E-3 4 E-2 - -
Uranium(3) 6 E-4 5 E-3 5 E-3 1.2 1.0 
Plutonium(3) 1 E-7 1 E-6 — 2 E-5 3 E-5 

Note : (1) From NRPB-CEA (1979), Table 3.18 
(2) From Ng (1982) 
(3) From Nq et al. (1979) 
(4) Fraction transferred = concentration in food product 

daily intake by animal 
The fractions transferred to sheep muscle and liver 
can be derived from the following expression 

^s i = ^c,i- ̂ c \l ^s i 
where f s j and f c >i'are tfie fractions transferred to 
unit mass'of sheep'and cattle tissue, respectively, and 
M s i and M c .j are the masses of tissue i in sheep and 
cattle, respectively 

(5) Read x E-y as xlO~y 
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TABLE 3.6 

AGE DEPENDENT PARAMETERS FOR THE AUSTRALIAN POPULATION 

Aqe group, year 
Parameter <1 1-11 1L-18 >18 

Body mass, kg 7 18 55 70 
Fraction of pop. (1) 0.022 0.223 0.102 0.653 
Breathinq rate, L/min 1.7 7.6 13 16 

Annual consumption (2) 
Root crops, kg 27 
Grain, kg 15 
Green vea., kg 13 

Milk, L 254 198 177 95 

51 60 77 
63 80 68 
24 39 42 

Beef: muscle, kg 4.5 27 47 60 
liver, kg 0.5 3 5 7 

Lamb: muscle, kg 4.9 25 25 35 
liver, kg 0.9 4 4 6 

Poultry, kq 0.5 3 5 5 
Eggs, kg 4.4 6.6 8.1 11 

Note :(1) based on Australia (1957, 1953a and 1958b) 
(2) based on Australia (1962) and Rupp (1980) 
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Dietary data are obtained from the annual apparent food consumption per 
head of the Australian population (Australia 1962), for the three years to 
1958-1959. In order to derive the estimates for dietary consumption by age 
arouD, the per caput values are apportioned according to the "best estimates" 
of Rupp (1980). The estimates of dietary intake used in this study are given 
in Table 3.6. 

3.?.4 The dose conversion factors 

The model described in sections 3.2.2 and 3.2.3 estimates the intake of 
radionuclides in food by each age group of the population, for unit total 
activity of fallout deposit. Dose conversion factors to calculate radiation 
doses to orqans and tissues for ingested radionuclides are given by ICRP for 
adults (ICRP 1979b, 1981, 1932a and 1982b), but not for other age groups. The 
Droblem of obtaining similar factors for infants and children, allowing for 
age variation of metabolism and body mass, was recognised by ICRP (1983), but 
it remains to establish appropriate expressions for them. 

One simplification that has been made in deriving expressions for other 
age groups is to assume that the ratio of the mass of an organ to the total 
body mass is constant with age; this approximation is applicable to most, but 
not all, orqans (Adams 1981). An expression for the body mass M(T ) in 
kilogram, at aqe T years, is given by Adams (1981) as 

M(T) = 3.5 exp(1.52T) 0 y < T < 0.5 y 

M(T) = 7.5 exp(0.58(T-0.5)) 0.5y <T < 1 y 

M(T) = 10 exp(0.122(T-l)) 1 y < T < 17 y 

The total body mass for adult Reference Man is 70 kg (ICRP 1975). 

Some of values for the ratio, r, of the dose conversion factor for infants 
to that for adults, are documented by ICRP (1983) and the UK Medical Research 
Council (MRC 1975). Examination of the available data suggests the following 
apDroximations for r 

for strontium-89, use r = (70/M(T)) 1 , 4 

for strontium-90, use r = (70/M(T)) 0 , 7 

for all other radionuclides, use r = 70/M(r) 
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Thus, the dose equivalent commitment* for tissue T and age group g, 

resultina from unit activity of fallout deposit t days after fission, is 
calculated as Hpy(t; g) by summing over the radionuclides k which enter the 

"* food chains from fallout 

HFT <**> = r g Z I g k V k > <7> 
k 

where r is the ratio of the dose conversion factor for age *' 

w 
i 

g 
group g to that for adults 

I . the intake in food of radionuclide k, for age group g, 
resulting from unit total activity of fallout deposit, 
at time t 

H T(k) the dose conversion factor in adults for ingested 
radionuclide k and tissue T 

N * The effective dose equivalent commitment* is given by 

HF(t;q) =Ys WT HFT ( t ; c , ) ( 8 ) 

where w-r is the weighting factor documented by ICRP(1977) for the mortality 
risk associated with irradiation of the tissue T 

The dose equivalent commitment for tissue T, weighted for the age distribution 
of the population, is calculated by 

D F(t;T) - £ F
q

H F T ( t ; ^ 

where F is the fraction of the population in age group g. 

The age-weighted effective dose equivalent commitment is given by 

DF(t) - £ FgHF(t;g) 
q 

and the collective effective dose equivalent commitment* is calculated as 
i: \f 
•' '4 P F(t) = N.D F(t) (9) 
i 

: " •> where N is the population of the centre for which the population dose is 
4 ( calculated. 

* see comments on terminology at page v. 

\ 

• t 

1 
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ire 

| age groups <1 y, 1-11 y, 12-18 y and >18 y 

\ 

The values adopted for F and M ( T ) are presented in Table 3.6 for the four 

Fquations (2)-(9) provide the basis for estimating radiation dose and 
population dose for those radionuclides in fallout which enter ".he food 
chains. As discussed in section 3.2.2, adjustment of the CF model to account 
for time dependence requires that the equations are applied to the integrated 
activities of the radionuclides as the input term of the model. Thus the dose 
conversion factors Hp T(t;g), Hp(t;g), Dp(t;T) and Dp(t) are estimated 
by applying equations (2)-(9) to the integrated activities of the 
radionuclides in unit total activity of fallout deposit t days after fission, 
obtained from the ADORED code. Estimates for Hp T(t;g) and Dp(t;T) are 
given in Table 3.7 for gonad, thyroid and red marrow, for fallout occurring 
0.1 to 20 days after fission. Values for Hp(t;g) and Dp(t) are given in 
Table 3.8 for the same times after fission. 

' For calculation of the four dose conversion factors Hpy(t;g), Hp(t;g), 
D F(t;T) and D F(t), regression analysis suggests expressions of the form 

' h — ? 
« a.t . exp(ct). Values of a, b and c are given in Table 3.9 for 1 kBq m 
lt total activity of fallout, deposited t days after fission. The conversion 
1 factor for age-weighted radiation dose is described by 

Dp(t) ySv = 0.263 t ° ' 9 9 7 exp(-0.082t) O.kt <20 (10) 

Virtually all of the radiation dose is delivered within a year. 

The principal contributions to Hp(t;adults) - by food, radionuclide and 
tissue at risk - are shown in Table 3.10 for several values of t between 1 and 

\ 20 days after fission. The results presented are for unfractionated debris 
t and it is seen that iodine-131 dominates the contributions to the effective 
I dose equivalent commitment for adults. Alone it provides two-thirds of the 
\ 

total radiation dose, with the thyroid as the organ at risk. The pathway is 
the qrazing of contaminated pasture by cattle with transfer of the 

| radionuclide throu. the food chain via milk and meat. The two pairs of 
fission products - zirconium-95 and niobium-95, barium-140 and lanthanum-140 -

'- Ay, contribute most of the remaining radiation dose; they irradiate the gut. 
' 4 

. * 

\ 
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TABLE 3.7 

CONVERSION FACTORS H F T(t;g) and Dp(t;T) FOR RADIONUCLIDES IN FOOD. 
DOSE EQUIVALENT COMMITMENT FROM 1 Bq m - 2 OF FALLOUT 

DEPOSITED t DAYS AFTER FISSION (1) 

Time of Dose equivalent v Sv per Bq m"2 

Organ fallout 
deposit 
(days) 

<i y 1-11 y 12-18y >18y Age-
weighted 

Gonad 0.1 5.7E-5 1.8E-5 5.7E-6 3.0E-6 7.8E-6 
0.2 1.1E-4 3.5E-5 1.1E-5 5.9E-6 1.5E-5 
0.5 2.4E-4 7.8E-5 2.5E-5 1.3E-5 3.4E-5 
1.0 4.3E-4 1.5E-4 4.6E-5 9.0E-7 6.3E-5 
2.0 8.4E-4 2.7E-4 8.9E-5 4.9E-5 1.2E-4 
5.0 1.7E-3 5.7E-4 1.8E-4 1.0E-4 2.5E-4 
10.0 2.2E-3 7.6E-4 2.5E-4 1.4E-4 3.3E-4 
20.0 2.5E-3 8.6E-4 2.7E-4 1.5E-4 3.8E-4 

Thyroid 0.1 4.6E-3 1.6E-3 5.1E-4 2.7E-4 6.8E-4 
0.2 9.2E-3 3.0E-3 1.0E-3 5.4E-4 1.3E-3 
0.5 2.0E-2 6.8E-3 2.2E-3 1.2E-3 2.9E-3 
1.0 3.8E-2 1.3E-2 4.1E-3 2.3E-3 5.6E-3 
2.0 7.6E-2 2.5E-2 8.1E-3 4.3E-3 1.1E-2 
5.0 1.5E-1 4.9E-2 1.6E-2 8.9E-3 2.2E-2 
10.0 1.7E-1 5.7E-2 1.9E-2 1.0E-2 2.5E-2 
20.0 l.OE-1 3.5E-2 1.1E-2 6.2E-3 1.5E-2 

R.Marrow 0.1 8.4E-6 3.0E-7 1.0E-6 5.9E-7 1.3E-6 
0.2 1.7E-5 6.2E-6 2.1E-6 1.2E-6 2.7E-6 
0.5 4.1E-5 1.5E-5 5.1E-6 3.0E-6 6.7E-6 
1.0 7.8E-5 3.8E-5 1.0E-5 5.9E-6 1.5E-5 
2.0 1.6E-4 5.9E-5 2.1E-5 1.2E-5 2.7E-5 
5.0 3.8E-4 1.4E-4 4.9E-5 3.0E-5 6.5E-5 
10.0 6.2E-4 2.4E-4 8.1E-5 4.9E-5 1.1E-4 
20.0 7.8E-4 3.0E-4 1.1E-4 6.5E-5 1.4E-4 

Note: (1) The fallout deposit comprises unfractionated fission products 
and induced radionuclides (Crocker and Turner 1965) from the 
fission of plutonium-239 
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TABLE 3.8 

CONVERSION FACTORS H p(t;g) and D p(t) FOR RADIONUCLIDES IN FOOD. 
EFFECTIVE DOSE EQUIVALENT COMMITMENT FROM 1 Bq m~2 OF FALLOUT 

DEPOSITED t DAYS AFTER FISSION (1) 

w: 
if" 

N 

Time of Effective dose equivalent pSv per Bq m 
fallout <l y 1-11 y 12-18y >18y Age-
deposit weighted 
(days) 

0.1 1.8E-4 6.2E-5 2.0E-5 1.1E-5 2.7E-5 
0.2 3.5E-4 1.2E-4 4.1E-5 2.3E-5 5.4E-5 
0.5 7.8E-4 2.7E-4 8.6E-5 4.9E-5 1.2E-4 
1.0 1.5E-3 5.1E-4 1.7E-4 9.5E-5 2.3E-4 
2.0 3.0E-3 1.0E-3 3.2E-4 1.9E-4 4.5E-4 
5.0 5.9E-3 2.1E-3 7.0E-4 4.1E-4 9.3E-4 
10.0 7.6E-3 2.6E-3 8.6E-4 5.1E-4 1.2E-3 
20.0 6.2E-3 2.2E-3 4.6E-4 4.3E-4 9.8E-4 

Note: (1) The fallout deposit comprises unfractionated fission products 
and induced radionuclides (Crocker and Turner 1965) from the 
fission of plutonium-239 

When provision is made for likely fractionation of the radionuclides in 
the country-wide fallout, Hp(t;adults) takes values about a third of those 
shown in Table 3.8 for unfractionated debris. The major changes are a sixfold 
reduction in the contribution from iodine-131; and a doubling of the 
contribution from zirconium-95 and niobium-95. This pair of fission products 
becomes dominant and alone provides half the total radiation dose. Iodine-131 
provides a third of the radiation dose. 

N f 
'"4 
> 

«r 

i 
> 

i * ' 
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TABLE 3.9 

REGRESSION FUNCTIONS(l) FOR H F T(t;g), H p(t;g), D p(t;T) and D p(t), 
DOSE EQUIVALENT COMMITMENT FROM 1 kBq m~ 2 OF FALLOUT 

DEPOSITED t DAYS AFTER FISSI0N(2) 

Tissue Coefficient Age group, year Age-

(wT) < 1 1-11 12-18 >18 weighted 

Thyroid 
(0.03) 

a, 
b 
c, 

uSv/kBq 

d a y 1 

m-2 47 
1.03 

-0.11 

15 
1.01 

-0.11 

5.0 
1.01 

-0.11 

2.8 
1.02 

-0.11 

6.8 
1.02 

-0.11 

Gonads 
(0.25) 

a, 
b 
c, 

ySv/kBq 

d a y 1 

m-2 0.48 
0.92 

-0.06 

0.16 
0.94 

-0.06 

0.05 
0.95 

-0.06 

0.03 
0.96 

-0.06 

O.07 
0.94 

-O.06 

Red 
Marrow 
(0.12) 

a, 
b 
c, 

wSv/kbq 

day- 1 

m-2 0.086 
1.02 

-0.04 

0.034 
1.06 

-0.05 

0.011 
1.03 

-0.04 

0.007 
1.05 

-0.04 

0.015 
1.05 

-O.045 

Bone 
Surface 
(0.03) 

a, 
b 
c, 

uSv/kBq 

day" 1 

m-2 0.17 
1.02 

-0.02 

0.061 
0.98 

-0.02 

0.021 
0.99 

-0.01 

0.012 
1.10 

-0.02 

0.028 
1.02 

-0.02 

Upper L. 
Intest ine 
(0.06) 

a, 
b 
c, 

uSv/kBq 

day" 1 

m-2 0.97 
1.01 

-0.04 

0.37 
1.01 

-0.04 

0.13 
1.02 

-0.05 

0.09 
1.02 

-0.05 

0.18 
1.01 

-O.05 

Lower L. 
Intest ine 
(0.06) 

a, 
b 
c, 

uSv/kBq 

day" 1 

m-2 2.48 
1.01 

-0.04 

0.93 
1.01 

-0.04 

0.32 
1.01 

-0.05 

0.21 
1.02 

-0.05 

0.43 
1.01 

-O.05 

Whole 
Body 
(1.0) 

a, 
b 
c, 

pSv/kBq 

day" 1 

m-2 1.7 
0.99 

-0.08 

0.59 
0.99 

-0.08 

0.19 
0.99 

-0.08 

0.11 
1.00 

-0.08 

0.26 
l.OO 

-O.08 

Note: (1) The regression functions are of the form a.tb. exp(ct); the 
values of a, b and c are valid for 0.1<t<20 days. 

(2) The fallout deposit comprises unfractionated fission products and 
induced radionuclides (Crocker and Turner 1965) from the fission 
of plutonium-239. 
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TABLE 3.10 

PRINCIPAL CONTRIBUTIONS TO THE CONVERSION FACTOR HF(t;adults)(l)(2) 
FOR RADIONUCLIDES IN FOOD 

Contributor 

Percentage of Hp(t;adults) 

time of fallout deposit, days. 

2 5 10 20 

root vegetates 
qrain 
qreen veqetables 
beef-muscle 
beef-liver 
nilk 
lamb-muscle 
1amb-1iver 
ooultrv-meat 
poultry-eggs 

4.0 
1.7 
4.3 
16.8 
7.7 
57.1 
7.1 
2.7 

<0.1 
<0.1 

4.0 
1.7 
4.3 
17.1 
8.1 
55.7 
7.0 
2.9 

<0.1 
<0.1 

4.2 
1.8 
4.3 
16.0 
8.7 
54.0 
6. 
3. 

<0.1 
<0.1 

.7 

.0 

5 
2 
4 
17 
9 
53 
7 
3 

<0.1 
<0.1 

6 
3 
4 
17 
10 
52 
10.1 
4.0 
<0.1 
<0.1 

zirconium-95 and niobium-95 9.4 9.9 11.3 15.3 23.5 
tellurium-131m and iodine-131 71.4 70.0 66.0 57.9 43.8 
tellurium-13? and iodine-132 3.1 2.6 1.7 0.7 
caesium-137 and barium-137m 1.9 2.1 2.7 4.6 10.9 
barium-140 and lanthanum-140 7.0 7.3 7.8 8.4 8.6 
ceriurn-141 2.9 3.0 3.4 4.3 5.8 

qonad 
thyroid 
red marrow 
hone surface 
ULI 
LLI 
rest of bodv 

6. 
71. 

0. 
4. 
11. 
3. 

0.7 
6.3 
70.0 
0.8 
0.3 
5.1 
12.1 
3.5 

6.1 
66.0 
1. 
0. 
5. 

13. 
4.5 

7.5 
58.0 
1.9 
0.7 
7.0 
16.0 
6.3 

10.5 
44.0 
3.8 
1.5 
9.2 
21.8 
10.6 

Note: (1) Hp(t;adults) is given by equation(8) and Table 3.8; it is the 
effective dose equivalent commitment to adults from radionuclides 
enterinq the food chains from unit total activity of fallout, 
deposited t days after fission. 

(?) The fallout deposit comprises unfractionated fission products 
and induced radionuclides (Crocker and Turner 1965) from the 
fission of plutonium-239. 



28 
3.3 Internal radiation dose from radionuclides in water 

In Australia, drinking water is draw.i from four main sources - from 
catchment storages, from rivers, from private dams and bores and from tanks 
collectinq rainwater from the roofs of buildings. In general, the water 
supplies based on reticulation from catchment storages or rivers are confined 
to large centres of population. Some were monitored for radioactive 
contaminants following the nuclear tests in Mosaic and Buffalo. The 
monitorinq program, and the results obtained, are discussed in section 4.3. 
They demonstrate that these sources of drinking water made minimal 
contributions to the radiation dose from fallout from the nuclear tests. 
Similar conclusions can be reached for water drawn from private dams and 
bores. Therefore, in evaluating the impact on the population of fallout from 
the 1? nuclear tests, no further consideration is given to the first three 
sources of drinkina water - despite the large fraction of the Australian 
population that they supply. Attention is confined to the fourth source, 
namely, rainwater collected from the roofs of buildings. 

When used as a catchment for rainwater, a roof can lead to substantial 
enhancement of the concentration of fallout radionuclides in the water 
collected and stored for drinking. Much of the fallout deposited on the roof 
in the absence of rain remains there until the next fall of rain when it is 
washed into the storage tank. Fallout reaching the roof in rain is carried 
directly to the storage tank. In either circumstance, there is a build-up of 
radioactive contaminants in the storage tank. It is possible, therefore, that 
drinkina water taken from a roof following fallout could be a significant 
source of radiation dose. In this report, the radiation dose from fallout 
radionuclides in drinkinq water is based on estimates of the concentration of 
the radionuclides in tank water. 

The model adopted for calculating the concentration of the radioactive 
contaminants in tank water is conceptually very simple. Fallout deposited on 
the roof t days after fission remains there until a fall of rain occurs 
sufficient to wash the radionuclides into the collecting tank. Further 
rainfall dilutes the radionuclides in water in the tank. Water is used from 
the tank at a constant daily rate. Radioactive decay of the radionuclides is 

-1 2 renresented by a t ' time dependence of their total activity. The model 
is expressed through a set of three equations for the volume of water in the 

w 
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tank V., the total activity of fallout deposit on the roof A. and the 
concentration of radionuclides in water in the tank C., all at t days after 
fission 

Vi - u 

Vi - u + ¥ 
-1.2 

x0(t)z 

c^Ct/U-i)] -1.2 

-1.2 

IL < R 

t o 

t 0 A^ctm-nr1*'+ x o ( t ) z R t_j < R O 

Rt 1 > R„ 
t-1 0 

R* < R« 
t o 

C^ltKUl)}—- + At/Vt Rt > R0 

(ID 

where xQ(t) is the fallout deposit occurring on day t 
the rainfall occurring on day t 
the minimum fall of rain in 24 hours required to carry 
fallout deposit from the roof into the tank 
the area of the roof 
the volume of water used per day 

Several assumptions are made in the model. Firstly, the fallout that is 
deposited on the roof under dry conditions remains there and is not blown 
off. Secondly, no fallout deposit remains on the roof after a fall of rain 
exceeding R . Thirdly, the radionuclides in fallout remain in the water and 

3 o are not captured by sediments in the roof gutters or in the tank, 
the tank has unlimited capacity. 

Finally, 

Values for three parameters are required to initiate the calculations with 
the set of equations (11), namely, the roof area Z, the volume of water in the 
tank before the nuclear test V and the volume used per day U. 
Representative values to cover the wide variety of Australian homes, climates 
and Dractices are difficult to derive. A roof area of 100 m was adopted 
after consideration of the size of the average home in the decade beginning 
I960. The volume of stored water required to service the needs of the home is 
more difficult to establish. De Laine and Vasey (1961) suggested values 
ranqina from 90 to 260 L per square metre of catchment as being suitable for 
areas receiving between 50 and 65 cm of rain each year. Many areas of 
Australia have a lower annual rainfall and residents would require larger 
water storage to meet their domestic requirements. For the purpose of the 
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present calculations, a storage capacity of 22,000 L is assumed and it is 
taken that the tank is initially half-full, so that V is 11,000 L. The 
rate of water usage is estimated by adding together the volumes of water 
required for the domestic purposes of the mid 1950's. A representative value 
of 20 L per day was adopted for U. With the parameters Z, V and U taking 
these values, the calculation of C. then proceeds by application of the set 
of equations (11) to the daily fallout deposit and rainfall recorded for the 
population centre. C t is given as the total activity concentration of the 
radionuclides in drinking water at t days. 

Dose conversion factors to calculate radiation doses to organs and tissues 
from inqestion of unit total activity of the radionuclides in drinking water, 
t days after fission, are derived in two stages. First, the fraction F. (t) 
of the total activity contributed by radionuclide k at t days is obtained 
usinq the ADORED code. Then for each tissue T and age group g, the dose 
conversion factor r H-r(k), for radionuclide k, is applied to F. (t) and 
the total radiation dose for T obtained by summing over k. So that the dose 
equivalent commitment* for tissue T and age group g, resulting from ingestion 
of unit total activity of the radionuclides in drinking water t days after 
fission, is calculated as 

H W T(t;q) = r q ^ F k ( t ) H T ( k ) 
k 

where r and H T(k) are as defined and evaluated in section 3.2.4. 

For the total activity concentration in drinking water C t, the radiation 
doses are given by 

C tWH W T(t;g) = ^ [ ^ ( 1 ) ^ ( 0 g g 
k 

where W is the average volume of drinking water consumed per day at age g 

ICRP (1975) indicated that the fluid intake of children is dependent on body 
| size and age. Therefore, assuming that consumption of water is proportional 

* ! I to body mass and substituting for r„ from section 3.2.4, W„r„ becomes 
« t- " 9 9 

* see comments on terminology at page v. 

I r" 

• t 
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approximately W . ,., as strontium-89 and strontium-90 make negligible 
contributions to the radiation dose. Then, for all age groups 

H W T(t;q) = H W T(t;adults) 

= ^ F k ( t ) H T ( k ) 
k 

The effective dose equivalent commitment * is given by 

Hw(t;q) = £ w TH W T(t;adults) (12) 
T 

where w T is the weighting factor documented by ICRP (1977) for the mortality 
risk associated with irradiation of the tissue T. 

The collective effective dose equivalent commitment* is calculated as 

P w(t) = N £w TH W T(t;adults) (13) 
T 

where N is the population of the centre for which the population dose is 
calculated 

Equations (12) and (13) provide the basis for estimating radiation dose and 
population dose from C., the total activity concentration of fallout 
radionuclides in drinking water t days after fission. The dose conversion 
factors H W T(t;adults) and H w(t;adults), to be applied to C t, are given 
in Table 3.11 for several times after fission. 

For calculation of Hw(t;adults) for ingestion of 1 Bq total activity of 
radioactive contaminants in drinking water at t days after fission, regression 
analysis suqqests the following expression 

D w(t) nSv = 0.63t 0 , 5 5 2 exp(-0.024t) 0.2<t<100 (14) 

Virtually all of the radiation lose is delivered within a year. 

* see comments on terminology at page v. 
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TABLE 3.11 

CONVERSION FACTORS H w T(t;adults) AND Hw(t;adults) FOR 
RADIONUCLIDES IN DRINKING WATER. DOSE EQUIVALENT COMMITMENT FROM 1 Bq 

OF FALLOUT RADIONUCLIDES IN DUNKING WATER t DAYS AFTER FISSION(l) 

Time after Dose equivalent uSv per Bq 
fission Gonad Thyroid Red Effective 
(days) Marrow 

0.2 5.1 E-5 4.9 E-3 5.5 E-6 2.2 E-4 

0.5 9.5 E-5 9.2 E-3 1.2 E-5 4.2 E-4 

1.0 1.6 E-4 1.5 E-2 2.0 E-5 6.6 E-4 
2.0 3.0 E-4 2.2 E-2 3.6 E-5 1.0 E-3 

5.0 5.0 E-4 3.4 E-2 6.0 E-5 1.6 E-3 
10.0 5.1 E-4 4.3 E-2 7.0 E-5 2.0 E-3 
20.0 4.5 E-4 3.8 E-2 8.2 E-5 1.9 E-3 
50.0 4.2 E-4 8.1 E-3 2.3 E-4 1.1 E-3 

100.0 4.3 E-4 3.8 E-4 4.2 E-4 9.0 E-3 

Note: (1) The fallout contaminants comprise unfractionated fission products 
and induced radionuclides (Crocker and Turner 1965) from the 
fission of plutonium-239. 

Examination of the principal contributions to Hw(t;adults) - by 
radionuclide and tissue at risk - shows that, for unfractionated debris as 
Table 3.11, iodine-131 (with tellurium-132 and iodine-132) dominate the 
contributions to the effective dose equivalent commitment for adults. They 
r.rovide two-thirds of the total radiation dose, with the thyroid as the organ 
at risk. Barium-140 and lanthanum-140 make the other main contribution; they 
irradiate the out. 

When the model is extended to include likely fractionation of the 
radionuclides in the country-wide fallout, the values for Hw(t;adults) 
become about half of those derived in Table 3.1.1 for unfractionated debris. 
The contribution from iodine-131 is reduced by a factor of five and that from 
bariiim-140 and lanthanum-140 is halved. 



TS'G&T'-JSSZl. 

33 
3.4 Internal radiation dose from radionuclides in air 

The available measurement data, from monitoring of the inhalation pathway 
durinq the nuclear tests, give total activity of radionuclides per unit volume 
of air obtained by daily air filter sampling. Conversion of the measurement 
data to radiation dose, from inhalation of the airborne contaminants t days 
after fission, proceeds in two stages. First, the fraction F k(t) of the 
total activity contributed by radionuclide k at t days is obtained using the 
ADORED code. Then for each tissue T and age group g, the dose conversion 
factor r H. T(k), for radionuclide k, is applied to F.(t) and the total 
rsdiation dose for T obtained by summing over k. Thus the dose equivalent 
commitment* for tissue T and age group g, resulting from inhalation of 
airborne contaminants at unit total activity concentration t days after 
fission, is calculated as 

HAT ( t; q ) = V q E F k ( t ) H A T ( k ' 

whr>re v is the volume of air inhaled per day at age g 
r the ratio of the dose conversion factor for age group g, to 

that for adults 
the dose conve 
radionuclide k and tissue T 

H.T(k) the dose conversion factor in adults for inhalation of 

ICRP (1979b, 1981, 1982a and 1982b) gives H A T(k) and the evaluation of r £ 

is discussed in section 3.2.4. 

The effective dose equivalent commitment* is given by 

HA(t;q) = £w TH A T(t;q) 

where w-r is as defined in section 3.2.4. 

see comments on terminology at page v. 
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The dose equivalent commitment for tissue T, weighted for the age 

distribution of the population, is calculated by 

DA(t;T) = £ F g H A T(t;g) 
q 

= Z Vq rd Z Fk ( t ) HAT ( k ) ( 1 5 ) 

g k 

where F is as defined in section 3.2.4. 

The age-weighted effective dose equivalent commitment is given by 
D A(t) = £ w T D A ( t ; T ) (16) 

T 

The collective effective dose equivalent commitment* is calculated as 

P A(t) = N. D A(t) 

where N is as defined in section 3.2.4. 
The product F v r occurs in all of the equations of interest, q q g 

Takinq F„ and v„ from Table 3.7 and substituting r„ from section 3.2.4 
q r» q 3 - 1 q 

qives > F v r = 28 m" d as strontium-89 and strontium-90 
" M l 

make negligible contributions to the radiation dose. 
Equations (15) and (16) provide the basis for estimating radiation dose 

and population dose from the total activity concentration of the fallout 
radionuclides in inhalable air t days after fission. The dose conversion 
factors DA(t;T) and D A(t) are given in Table 3.12 for several times after 
fission. 

For calculation of D«(t) from inhalation, for a day, of airborne 
contaminants at 1 Bq m~ total activity concentration t days after fission, 
reqression analysis sugqests the following expression 

D A(t) uSv = 0.0126 t 0 , 7 5 1 exp(-0.022 t) 0.5 <t <20 days (17) 

Virtually all of the radiation dose is delivered within a year. 

* see comments on terminology at page v. 
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TABLE 3.12 

CONVERSION FACTORS Dft(t;T) and Dft(t) FOR RADIONUCLIDES IN AIR. 
DOSE EQUIVALENT COMMITMENT FROM INHALATION FOR ONE DAY OF 

1 BQ M" 3 OF FALLOUT RADIONUCLIDES IN AIR t DAYS AFTER FISSION(l) 

Time after 
fission 
(days) 

_3 Dose equivalent uSv per Bq m 

Gonad Thyroid Red 
Marrow Effective 

0.5 
1.0 
2.0 
5.0 

10.0 
20.0 

3.7 E-4 1.6 E-l 6.5 E-4 7.4 E-3 
6.1 E-4 2.5 E-l 1.1 E-3 1.2 E-2 
1.1 E-3 3.9 E-l 1.9 E-3 2.1 E-2 
2.2 E-3 6.2 E-l 4.0 E-3 3.8 E-2 
3.2 E-3 7.6 E-l 6.0 E-3 5.5 E-2 
3.9 E-3 6.5 E-l 8.7 E-3 7.7 E-2 

Note: (1) The fallout contaminants comprise unfractionated fission 
products and induced radionuclides (Crocker and Turner 1965) 
from the fission of plutonium-239. 



— . — - ..nil- - nil--1- r — . i ••• • n ^ T - T a g * * *i^| "* faasi.y?~agss:.r:. .-«% 

3 6 
a.KtiSuLi^ rKOn T M L L U U I nufri iOKXIIVJ 

Three major sets of measurements were made on fallout from Mosaic, Buffalo 
and Antler to provide the basis for assessing possible harm to the Australian 
population. The measurements were made for total beta-activity of the fallout 
radionuclides present 

as fallout deposit on adhesive film 
as airborne contaminants in air filter samples 
in water and mud samples collected from catchment storages, 
reservoirs and dams. 

The fallout monitoring methods, and the results obtained, are discussed in 
sections 4.1 to 4.3. 

Extensive investigations of on-site and close-in fallout were made as part 
of trials operations for all 12 nuclear tests. Airborne and ground-based 
methods were employed to determine the radiation field of the fallout deposit 
at various dista"":es from the explosion and to study the airborne 
contaminants. The measurements on close-in fallout are discussed in section 
4.4. 

4.1 Fallout deposit 

Dailv fallout samples were collected at 29 population centres during 
Mosaic and at R5 centres during Buffalo and Antler. Sampling was performed at 
Liveringa, Noonkanbah, and Fitzroy Crossinq during Mosaic but not for Buffalo 
or Antler. The centres are listed in Appendix B and their geographical 
coordinates are qiven in Appendix F. 

The sampling and measurement procedures remained unchanged throughout the 
three series of nuclear tests. Fallout deposit samples were collected by 
exposina a horizontal strip of adhesive film, 30 cm by 15 cm, at a height of 
!.? m above around. The adhesive film was exposed for ?A hours from 9 a.m.; 
at the end of the sampling period, the film and a card detailing 
meteoroloqical data were sent to Commonwealth X-ray and Radium Laboratory (now 
Australian Radiation Laboratory) where the film was analysed for 
radioactivity. Thp measurement methods are described by Owyer et al (1957). 

I 
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The measured activity of each sample was converted to activity at 
mid-collection time by extrapolation using 

A(t ) = A(t )t k 
v s m' 

with t = t -t m s 

where A(t ) is the activity at mid-sampling time t 
A(t ) the activity at measurement time t m 

k a semi-empirical parameter, usually 1.2. 

Several sources of error are characteristic of the procedures used. In 
addition to statistical uncertainty due to the random nature of radioactive 
decay, errors arise from 

1 2 extrapolation to mid-collection time using t 
the small area of the fallout deposit sample 
the inefficiency of the adhesive film for retaining deposited 
particulates, especially when accompanied by rain. 

The error in extrapolation of A(t ) back to A(t ) using t is due to 
variation of k away from the value assigned to it. As regards radioactive 
decay, the properties of the radionuclides in fallout indicate a value of k 
close to 1.2 (Glasstone and Dolan 1977). Wide experience of measurements on 
fallout confirms that 1.2 is the most representative value, but it is 
recoqnised that for individual samples k can range from 0.8 to 1.6. As it was 
imoractical to determine the value of k for each sample, 1.2 was used. 

The small area of the collecting surface of the adhesive film is a major 
cause of variability of sampled activity. The deficiency is greatest close to 
the explosion site and soon after the nuclear test (Beaver 1958), when larger, 
more active, particles might be present in the fallout. During the first few 
days, the magnitude of the activity recorded by the adhesive film is strongly 
influenced by the presence of the more active particles in the fallout - even 
on the chance event of such a particle being deposited on the film (Keam et 
al. 1958). Under these circumstances, therefore, considerable variability 
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would be expected in the activity collected on the adhesive films.* Moreover, 
as much of the fallout in Australia occurred within seven days of a nuclear 
test, it is likely that the activity collected on films throughout the 
monitoring network would be subject to appreciable sampling error. This was 
confirmed by a study carried out during Antler by Keam et al (1958). The study 
involved comparing the results obtained with pairs of adhesive films exposed 
side-by-side at 15 locations around Australia. Table 4.1 summarizes the ratio 
of the activities of pairs of films as the median ratio and the approximate 
94°/» confidence interval for the median. While the median ratio is close 
to unity, ratios of two or more are not uncommon, thus demonstrating that 
sampling errors are sizeable. 

Althouqh the 'sticky paper' method of sampling fallout deposit has the 
advantaqe of simplicity, doubts have been expressed on the efficiency of the 
adhesive film for retaining fallout deposit especially in the presence of 
rain. Keam et al (1958) have described the earlier work. As the method was 
retained in a modified form for use in monitoring fallout in Australia from 
nuclear tests in Polynesia, one of us (JRM) carried out a series of 
measurements to better define the performance of the adhesive film under 
different climatic conditions. This experiment was executed during 1967 and 
196R and involved the operation of arrays of fallout samplers at climatically 
different sites in Australia and New Guinea. One set included an ion-exchange 
column to trap any material washed from the surface of the adhesive film, so 
enablina determination of total activity deposited on the device (Devlin et al 
1971) . Figure 4.1 shows the variation of measured efficiency with daily 
rainfall for the four sampling stations . Regression analysis gives the mean 
efficiency as 

1/(1 + 0.218 R) R < 5.9 mm 
(18) 

0.44 R > 5.9 mm 

where E is the collection efficiency expressed as a fraction 
and R the rainfall in millimetre 

The variation of the mean efficiency with rainfall is also shown in Fig. 4.1, 

* Studies have shown that the method gives consistent fallout deposit at 
orpat. distances from the nuclear explosion, so that the debris has been 
airborne for a week or more (Keam et al 1958, Devlin et al 1971). 
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TABLE 4.1 

MEDIAN VALUES FOR THE RATIO OF ACTIVITIES OF 
FALLOUT DEPOSIT ON PAIRS OF ADHESIVE FILMS. 

r* 

Period Median Approximate 94°/« Number of 
Ratio Confidence Interval Values 

25 Sep - 27 Sep 0.83 0.13 - 2.14 11 
28 Sep - 2 Oct 1.1 0.72 - 1.6 10 
9 Oct - 16 Oct 0.35 0.15 - 0.53 10 
17 Oct - 20 Oct 1.1 0.83 - 1.2 13 
21 Oct - 22 Oct 1.0 0.86 - 1.08 13 

Based on Keam et al 1958. 

\. The published data on fallout deposit for the nuclear tests (Butement et 
j al 1957 and 1958; Dwyer et al 1959) did not include corrections for 

i inefficiency of the adhesive film. For this report, corrections have been 
made to the published data by the following steps. Firstly, the efficiencies 
were estimated from equation (18) using daily rainfall provided by the Bureau 
of Meteorology from their computerised records. Then, the fallout deposits 
were divided by the calculated efficiencies and the corrected activity 
converted to kBq m ". All values for the fallout deposit calculated by this 
procedure are documented in Appendix B. 

4.2 Fallout radionuclides in air 

Concurrent with the adhesive film measurements, daily samples of fallout 
i radionuclides in air were collected at most of the sampling stations during 
t 
J Mosaic and Buffalo and at eiqht major population centres during Antler 

> { ' (Butement et al 1957 and 1958, Dywer et al 1959). The samples were collected 3 -1 by drawinq air for 24 hours through a filter paper at roughly 20 m d per 
day (i.e. at about 14 1 m ). All measured activities were extrapolated 

1 2 back to mid-sampling time by use of the t ' expression. A correction was 
• 1 applied for efficiency of the filter paper for the fallout particles, taken to 
t ^ be 60°/°. Results from the monitoring of activity in air, expressed as 
w** BQ m~ , are given in Appendix C. 
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4.3 Fallout radionuclides in water 

Prior to Mosaic and Buffalo, programs were instituted to monitor 
radioactivity in water (filtered and unfiltered), mud and sludge samples from 
water storaqe facilities for cities around Australia. These samples provided 
a measure of background radioactivity. During both series of nuclear tests 
further samples were collected. There were no detectable rises in sample 
activity during Mosaic and only very small rises during Buffalo (Butement et 
al 1957 and 1958). 

Rainwater was monitored for radioactivity in Buffalo and Antler (Butement 
et al 1958, Dwyer et al 1959). 

Rainwater samples werp collected for 24 hour periods during Buffalo and 
Antler at 12 and 13 meteoroloqical stations, respectively. Of the 66 
rainwater samples collected during Buffalo, 27 showed activities greater than 
40 kBq nf"5. The two highest results were approximately 7 MBq m . Of the 
27 rainwater samples collected during Antler, none was above the detection 
limit of &0 mRq m~ . 

The Dresence of fallout radionuclides in rainwater following the nuclear 
tests was not reflected, to any siqnificant extent, in increases in 
radioactivity of water supplied to the centres of population. However, 
drinkinq water drawn more immediately from rainfall, via roof water storage 
tanks, would be affected, foo data are available on radioactivity in tank 
water followinq any of the nuclear tests and the problem is taken up using the 
t^nk-water model discussed in section 3.3. 

4.4 Fallout measurements in trials operations 

For the present purpose of estimating radiation doses from the nuclear 
tests, data are required on fallout deposit where centres of population were 
affected. Of the extensive investigations made of on-site and close-in 
fallout as part of trials operations, useful results on close-in fallout 
remain available for only Buffalo and Antler. Surveys of close-in fallout 
deposit were made for the other nuclear tests, but only fragments of the data 
are retained in the available record. 
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In Hurricane, Peirson (1955) made an airborne survey to determine close-in 

fallout deDosit in coastal reaions of north western W.A. Throughout a flight 
at 500 feet from Onslow to Broome on 4 October 1952 he observed a general 
enhancement of airborne radioactivity, but he did not detect fallout deposit. 
Gale and Crooks (1954) reported radioactive contaminants in rainwater samples 
collected in Cairns, Rockhampton and Brisbane during the week of 
3 to 9 October 1952; activities were 100 Bq, 20 kBq and 1 kBq, respectively. 

For Totem, Cambray and Munnock (1954) made airborne surveys of close-in 
fallout deDosit to 400 miles for Round 1 and to 160 miles for Round 2. The 
measurements qive the geographical location of the fallout deposit and the 
relative intensity of the radiation field supported by the radioactive 
contaminants. Calibration uncertainties, however, prevent expression of the 
results in terms useful to the present purpose. 

For Mosaic Round 1, an airborne survey between Onslow and Broome on 17 May 
1^56 did not detect close-in fallout deposit; but a subsequent ground survey 
at Onslow showed enhanced radiation levels (Operation Mosaic 1956). A more 
extensive around survey confirmed that close-in fallout had occurred over the 
north western coastal region.* For Mosaic Round 2, airborne surveys from 
Onslow to Port Hedland to Derby to Wyndham to Darwin and return, before and 
after the nuclear test, showed "patches of fall-out at several places along 
the coast but all were below zero risk level"** (Operation Mosaic 1956). Data 
on fallout deposit for the two nuclear tests in Mosaic, reported by Matthewman 
(1957), are identical to the results given by Butement et al (1957) and 
included here in Appendix B. 

In Buffalo and Antler, trials operations at Maralinga included two 
Droqrams dedicated to close-in fallout 

the airborne survey of fallout deposit to distances of 300 km or so 
and 
the ground-based investigation ot fallout deposit, radiation dose 
rate and airborne contaminants at downwind distances of 250 to 300 km 
from Maralinqa. 

• _ , * Operation Mosaic (1956) records that the survey was made by Beaver and 
| ^ Spwell; the results are no lonqer available. t 

** "Zero risk level" probably means a radiation dose of 30 mSv. 
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The ground-based investigations were made by field teams of the Australian 
radiation detection unit (ARDU). Before the nuclear test, the teams were 
positioned to intercept the fallout plume on the road system extending from 
Tarcoola, through Coober Pedy and Mabel Creek, to Wei bourn Hill to the north 
and to Emu to the west. 

For Buffalo, useful data on close-in fallout are available 

for Round 1, which contaminated Coober Pedy and Ingomar (Carter 1957, 
Clay 1957, Dwyer 1956b, Hicks and Macdougall 1958) 
for Round 2, which did not reach centres of population (Carter 1957, 
Hicks and Macdougall 1958) 
for Round 3, where airborne contaminants were registered in Maralinga 
Villaqe (Hicks and Macdougall 1958) and 
for Round 4, where fallout was recorded at Ingomar (Dwyer 1956b). 

For Antler, near-complete sets of data on close-in fallout are available 
for the three nuclear tests (Beaver 1958, Cater 1958, Siddons and Sams 1958) 

for Round 1, where the centre-line of the fallout deposit was close 
to Emu 
for Round 2, which contaminated Coober Pedy and Mabel Creek and 
for Round 3, where Mulgathing was contaminated and the centre-line 
lay over Ealbara. 

The measurements for Buffalo and Antler employed a variety of methods 
which are described in the several references. The results are not summarised 
here. 

W.' 

i ; 
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5. EVALUATION OF RADIATION DOSES FROM MOSAIC, BUFFALO AND ANTLER 

5.1 Radiation doses at monitored population centres 

For the population centres monitored in Mosaic, Buffalo and Antler, 
estimates of the radiation dose from external exposure Dp, and from 
inqestion of fallout radionuclides with food Dp, are obtained from the 
corrected fallout deposit by application of the dose conversion factors 
derived in sections 3.1 and 3.2; so that 

°E = Z ° E ( t ) ' *o{t) 

t 

and D F = £ DF(t). XQ(t) 
t 

where Dp(t) is qiven by equation (1) 
Dp(t) qiven by equation (10) 
X (t) the fallout deposit at the population centre, corrected 

from the measurement result and qiven in Appendix B 

Similarly, the radiation dose from inhalation of fallout radionuclides 
D A is estimated as 

DA = X! °A(t)' A ( t ) 

t 

where D.(t) is qiven by equation (17) 
A(t) the concentration of fallout radionuclides in inhalable 

air; the measurement results are given iii Appendix C. 

The radiation dose from fallout radionuclides in drinking water drawn from 
rainwater tanks D w is estimated from the models developed in section 3.3 for 
rainwater collected from the roofs of buildings. The procedure of section 3.3 
is combined with the dose conversion factor D w(t) of equation (14), the 
fallout deposit X (t) from Appendix B and the daily rainfall for the 
population centre. The rainfall data were obtained from the Bureau of 
Mpteoroloqy. 



The population doses P for the centres monitored in Mosaic, Buffalo and 
Antler are then given by 

P = N(D £ + D p + D w + D A) (19) 

where N is as defined in section 3.2.4. 

Estimation of N for the 85 population centres monitored in Buffalo and 
Antler involves analysis of census data for the statistical divisions 
surrounding the centres. If two or more population centres are in a division, 
the disposition of local government areas is considered in estimating the 
total population represented by the centre. The values of N for the 85 
population centres are combined into geographically representative areas to 
give estimates applicable to the 29 centres monitored in Mosaic. 

Appendix D lists the values obtained for Dp,DF,D,,,Dfl and P for the 
population centres monitored in Mosaic, Buffalo and Antler. A separate set is 
given for each of the nine nuclear tests in the three series. Table 5.1 
summarises the radiation doses as population-weighted averages. The radiation 
doses in Appendix D and Table 5.1 are derived without radionuclide 
fractionation of the fallout deposit. Radiation doses incurred by ingestion 
of radionuclides in food and in water could be reduced by factors of about 
three and two, respectively, for fractionation likely to occur in country-wide 
fallout. 

5.2 Radiation doses from monitoring in trials operations 

Population centres affected by close-in fallout from nuclear tests in 
Mosaic, Buffalo and Antler were monitored in programs carried out as part of 
the trials operations. As discussed in section 4.4, data which can now be 
used to estimate radiation doses for the centres are available for only 
Buffalo and Antler. They comprise fallout deposit and radiation dose rate at 
the population centre and the approximate time after the explosion when the 
fallout occurred. 
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TABLE 5.1 

AGE-WEIGHTED PER CAPUT EFFECTIVE DOSE EQUIVALENT COMMITMENT 
FROM FALLOUT(l) OVER AUSTRALIA IN MOSAIC, BUFFALO AND ANTLER(2) 

Series Per caput effective dose equivalent uSv 
External Food Water Air Total 

MOSAIC 1.1 4.8 0.7 <0.1 6.5 
BUFFALO 4.1 17.8 3.7 1.4 26.9 
ANTLER 3.1 10.0 2.4 0.1 15.5 

Total 8.3 32.6 6.8 1.5 48.9 

Note: [V The fallout is assumed to comprise unfractionated fission 
products and induced radionuclides (Crocker and Turner 1965) 
from the fission of plutonium-239. 

(?) Values for all population centres monitored in Mosaic, Buffalo 
and Antler are given in Appendix D. 

The external radiation dose for the population centre is estimated by 
inteqratinq the recorded radiation dose rate to one year, assuming a time 

-1 2 dependence of t ' for the purpose (Glasstone and Dolan 1977). The 
shielding factor S, derived in section 3.1, is applied. Where the monitoring 
results are recorded as fallout deposit, they are converted to radiation dose 
rate by applying the conversion factors in use at the time. The total 
radiation dose for the population centre for all pathways is estimated simply 
by scaling from the external radiation dose, with the external component taken 
to comprise 17°/- of the total - as obtained in averaging over the whole 
population. This approximation assumes that the pathways for transfer of 
radionuclides to the populations near Maralinqa are the same as for other 
centres in Australia. The radiation doses for the population centres affected 
by close-in fallout from Maralinqa are given in Table 5.2. 
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TABLE 5.2 

ESTIMATED PER CAPUT EFFECTIVE DOSE EQUIVALENT COMMITMENT 
FROM CLOSE-IN FALLOUT FROM NUCLEAR TESTS AT MARALINGA (1) 

r 

per caput effective dose equivalent ySv 
Series Round Population external total 

centre (2) (2) 

i r" 

N* 

Buffalo Coober Pedy 200-680 1200-4000 
Ingomar 170-300 1000-1800 
McDouall Peak 30 200 

Maralinga Village 18 

L 

Antler 

4 Coober Pedy 45 
Inqomar 120 

1 Emu 50-370 

2 Coober Pedy 40 
Inqomar 20 
Mabel Creek 35 

3 Bulgannia 3 
Ealbara 260-270 
McDouall Peak 3 
Mulqathing 100 

260 
720 

320-2200 

250 
120 
200 

20 
1600 
20 
600 

! tr: - f 

I 

Notes: (1) The fallout measurements, from which the effective 
equivalents were estimated, are discussed in section 4.4. 

dose 

(2) A single value indicates that the effective dose equivalent 
derives from the results of one fallout monitoring method. A 
ranqe of values reflects the spread of results from several 
monitoring methods. 



47 
6. ESTIMATION OF POPULATION DOSES FROM HURRICANE AND TOTEM 

The fallout measurements made in trials operations for Hurricane and Totem 
are described in section 4.4. Country-wide monitoring of fallout deposit was 
not performed for the three nuclear tests. Radiat'on doses to the population 
are to be estimated, therefore, from the results obtained in section 5 for the 
nine nuclear tests in Mosaic, Buffalo and Antler. The main information now 
available on the three nuclear tests, useful for the purpose, is outlined in 
sections 1 and 4.4. 

One conventional method for deriving the estimate is to scale the results 
from similar nuclear tests according to the known yields of the devices. 
Plotted in Figure 6.1 are population doses and yields of the nuclear tests in 
Mosaic, Buffalo and Antler. The curve is fitted by eye. The lower population 
doses for the two nuclear tests in Mosaic may be attributed to the 
partitioning of the radioactive debris between tha main cloud, which remained 
largely over the Indian Ocean, and a secondary cloud whose trajectory was 
confined to northern Australia. Fallout did not reach the major population 
centres in south eastern Australia. From Figure 6.1, estimates of the 
population dose are 20 man-Sv for the Hurricane test and 60 man-Sv and 50 
man-Sv for Totem 1 and Totem 2, respectively. Such a scaling approach is 
justified only if there is reasonable correspondence between the various 
nuclear tests in meteorological and firing conditions. The method fails to 
take into account a host of factors which may lead to higher or lower 
estimates, such as the existence of secondary clouds, the path of the 
trajectory of the main cloud or rainfall after the test. To examine whether 
these effects are important, a regression* study was conducted on the 
calculated radiation doses and the factors associated with each of the nuclear 
tests in Mosaic, Buffalo and Antler. 

* As the radiation doses are spatially correlated, the independence 
assumption required for regression analysis is not satisified and there is some 
loss of efficiency. The development of techniques to take into account the 
spatial correlation is not justified for the present study. Regression analysis 
remains the most suitable technique for which software is readily available. 
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The dependent variable in the regression analysis is the effective dose 

equivalent commitment for the population centre. Independent variables and 
indicator variables considered in the analysis are 

(a) fission yield, Y 
(b) distance of closest approach of the cloud trajectory to the 

population centre, d 
(c) distance from the nuclear explosion to the point of closest approach, 

dz 
(d) height of the explosion, h . 
(e) height of cloud trajectory above sea level, h t 

(f) rainfall within 3 days of the explosion, r 
(g) whether rain fell within 3 days of the explosion: 0=no rain fell, 

l=rain fell 
(h) type of burst: 0=fireball contacted soil surface, I=fireball did not 

contact soil surface 
(i) whether secondary cloud was present: 0=main cloud only, l=main cloud 

and secondary cloud 
(j) whether sampling centre was upwind or downwind: 0=downwind, l=upwind 

The trajectories used in calculating (b) and (c) for each nuclear test are 
shown in Figure 6.2(a)-(b). The Hurricane and Totem tests involved contact of 
the fireball with soil surface; therefore, the data set was confined to those 
nuclear tests in the later series which also involved contact of the fireball 
with the soil surface, viz. all except the third test in both the Buffalo and 
Antler series. 

The model used as a basis for the regression analysis is of the form 

4 ©_ 

= 1 1 * k Y e x p { ? u m n vmn } 
(20) 

where D m is the effective dose equivalent commitment for the population 
centre, 

one of the factors (g)-(j) above, 
the fission yield, 
a subscript deno'.ing one of the nine nuclear tests, 
one of the variables in (b)-(f). 
constants 

K 
Y 
m 
v 
mn 
U,0 
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J*^ A logarithmic transformation reduces the equation to a linear 
'jf*""* relationship. Following the suggestions of McCullagh and Nelder (1983), 
I * analyses of (?0) have been done via generalized linear model techniques using 
J » log-link and gamma-error functions and utilizing the GENSTAT package 

(Rothamsted, 1977). This is equivalent to assuming that the errors in (20) 
have a constant coefficient of variation. The use of the model necessarily 
renuires that the only population centres to be considered in the analysis are 
those for which the estimated radiation doses are non-zero. 

Standard reqression analysis procedures involving repeated cycles of model 
construction, parameter estimation and examination of residual plots 
established that the most suitable variables for predicting D were (a), (b) 
and (j). 

The implications flowing from this analysis include 

separate analyses need not be done for data sets involving nuclear 
tests where there was only the main cloud or where there were both 
main and secondary clouds 

the presence or absence of rainfall after the nuclear test may be 
ignored for the purposes of this analysis 

separate analysis should be done for upwind and downwind data sets 

In the final stages of model development, the model was reduced to the form 

Dj - -j Y 9J exp ( P jd c) 

where j is 0 or 1 depending on whether the data came from the nuclear tests 
in Mosaic or from those in Buffalo and Antler 

a, JJ, & constants 

>\ 

i 

i 

i r 

{ 

1 
j | With the data restricted to population centres downwind of the test sites, *" 

I I analysis with the model showed that e and e, are not different 
< ^ • statistically, leading to the further simplification 

D j = a j Y* e x p ( g j d c } ( 2 1 ) 

« > 
pi* Table 6.1 gives estimates of a., © and » . . Figure 6.3 illustrates the 
* T j J 
C relationship between 0,- and d r for a fission yield of lOkT and includes 
w 95°/' confidence limits! 

fci • »t to — — ^ > 



50 
For population centres upwind of the test sites, a similar analysis shows 

that the fission yield and distance to the trajectory, d , are not useful 
predictors for the radiation dose, that is, the model reduces to 

D. = a. 
J J 

Estimates of a. are given in Table 6.1. J 

(22) 

TABLE 6.1 

ESTIMATES OF PARAMETERS FOR THE MCCEL (1) 
ON EFFECTIVE DOSE EQUIVALENT COMMITMENT AT POPULATION CENTRES 

FROM FALLOUT IN HURRICANE AND TOTEM. 

Parameter Centres downwind 
of test site 

Centres upwind 
of test site 

In a Q 2.14 ± 0.56 
In 0| 1.13 * 0.27 

e 1.13 ± 0.11 
vo -0.0024 * 0.0008 
vl -0.00036 * 0.0002 

3.4 * 0.8 
1.3 * 0.2 

Notes: (1) The model is given by equations (21) and (22) 

(2) a 0, u 0 are required in the equation to model Mosaic data while 
oq, ui are required to model Buffalo and Antler data 

Equations (21) and (22) are used to estimate the population dose from 
fallout in Hurricane and Totem. The steps followed in calculating the 
estimates are 

the paths taken by the main clouds of radioactive debris are derived 
from the information available as outlined in section 1. The adopted 
cloud trajectories are shown in Figure 6.4. 
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the population centres chosen for the purpose of estimating the 
radiation dose for Hurricane correspond to the population centres 
monitored in Mosaic. Similarly, for Totem, the population centres 
monitored in Buffalo and Antler are used 

if the radiation dose is zero at a population centre for both nuclear 
tests in Mosaic, then the dose is taken to be zero for Hurricane. 
Similarly, centres for which radiation doses are zero for all of the 
nuclear tests in Buffalo and Antler are assumed to receive zero 
radiation doses for the Totem tests 

the radiation doses for the population centres are calculated from 
equations (21) and (22) using the known yields of the nuclear tests 
in Hurricane and Totem and the calculated distances to the 
trajectories, d 

the population dose for the centre is obtained by multiplication by 
the population N represented by the centre; and summation over all 
centres gives the population dose for Australia. 

Appendix E tabulates the estimated radiation doses for the three nuclear tests 
in Hurricane and Totem. The radiation doses are derived for fallout deposit 
comprisinq unfractionated fission products and induced radionuclides as 
suggested by Crocker and Turner (1965) for the fission of plutonium-239. 
However, as discussed in section 2, measurements for the three nuclear tests 
in Hurricane and Totem gave much higher neptunium-239 components of the 
fallout debris than provided in the representative composition suggested by 
Crocker and Turner; details are given in Table 2.1. Therefore, the radiation 
doses for the three nuclear tests, given in Appendix E, are to be corrected 
for the observed neptunium-239 components of the fallout; they are presented 
in Table 6.2, with the uncorrected values, as population-weighted averages. 

The statistical model developed fo- estimating radiation doses for 
Hurricane and Totem rests on the assumptions adopted in the calculations for 
Mosaic, Buffalo and Antler. Inclusion of radionuclide fractionation in the 
calculation would affect the model in two ways; not only would there be 
overall reduction in the population dose, but rainfall accompanying the 
fallout deposit could become an important parameter of the model. 
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TABLE 6.2 

ESTIMATED PER CAPUT EFFECTIVE DOSE EQUIVALENT COMMITMENT 
FROM FALLOUT OVER AUSTRALIA IN HURRICANE AND TOTEM 

Series Per caput effective dose equivalent ySv 
principal corrected for 
estimate(l) neptunium-239(2) 

Hurricane 
Totem 

19 
48 

12 
14 

Notes: (i; is assumed to comprise unfractionated fission 
induced radionuclides (Crocker and Turner 1965). 

equivalent commitments for the population 
centres are given in Appendix E. 

The fallout 
products and 
Effective dose 

(2) The correction applied to the principal estimate is derived on 
the basis of neptunium-239 atoms per fission observed in 
fallout debris for Hurricane and Totem and summarised in Table 
2.1. 
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7. RESULTS AND DISCUSSION 

This report presents the calculations of radiation dose* to the population 
from the fallout produced in the British nuclear tests in Australia. The 
calculations consider all realistic pathways by which the population was 
irradiated as a result of the radioactive contaminants entering the 
environment, viz. 

» • ! • - hy external radiation from fallout deposit 
- bv internal radiation from ingestion of fallout radionuclides in food 
- by internal radiation from ingestion of fallout radionuclides in 

drinking water 
- by internal radiation from inhalation of fallout radionuclides in air. 

\ y 

The radiation doses are derived for the four pathways for population 
centres throughout Australia. However, two groups are excluded from the 
analysis - the aboriainals living away from population centres and the 
personnel involved in the nuclear test activities. Otherwise, the total 
copulation is represented. 

* 

THP approximation is made in the calculations that the irradiation of the 
population via a pathway is the same at all centres. No account is taken of 
local factors affecting a Dathway; it is assumed that the transfer of a 
radionuclide throuah the environment to the population is not affected by 
conditions peculiar to the locality. 

' ri i 

The calculations rest on the data now available on the environmental 
contamination caused by the nuclear tests. The data are outlined in section 1 
and discussed in section 4. Programs to monitor fallout in population centres 
were mounted only for Mosaic, Buffalo and Antler and the fallout data for the 
nine nuclear tests are tabulated in Appendices B and C. A major problem is 
the absence of measurements at the time on radionuclides in the food chain and 
the present approach aims to overcome this deficiency. The methodology for 
the computation, developed in sections 2 and 3, is implemented using the 
parameters documented there and the available fallout data. 

i 
see comments on terminology at page v. 



54 
The full computation is made only for the nine nuclear tests in Mosaic, 

Buffalo and Antler. The results are given in Appendix D for each pathway and 
population centre; a separate set is presented for each nuclear test. The 
radiation doses for the three series, averaged by population weighting, are 
summarised in Table 5.1. The estimated radiation doses for centres of 
Dopulation affected by close-in fallout* from nuclear tests at Maralinga are 
presented in Table 5.?. 

Radiation doses for the three nuclear tests in Hurricane and Totem are 
estimated from the results obtained for the nine tests in Mosaic, Buffalo and 
Antler by applying prediction models developed in section 6 by regression 
analysis procedures. The models link the two groups of nuclear tests through 
the limited sets of data held in common for them. The radiation doses 
estimated for the three nuclear tests are listed in Appendix E by population 
centre; population-weighted averages are given in Table 6.2. 

The methodology and numerical parameters for the calculation of radiation 
dose are discussed in sections 2 and 3 for Mosaic, Buffalo and Antler and in 
section fi for Hurricane and Totem. The principal calculations are made 
assumina that the radioactive component of the fallout comprises 
unfractionated fission products and induced radionuclides as suggested by 
Crocker and Turner (19^5) for the fission of plutonium-239. The effect of 
fractionation on the estimated radiation doses is discussed below. Much 
higher components of the neutron-induced radionuclide, neptunium-239, were 
observed in the fallout debris from several of the nuclear tests, including 
the three comprising Hurricane and Totem, than provided in the principal 
calculations; details are given in section 2 and Table 2.1. The radiation 
doses estimated for Hurricane and Totem in Appendix E take no account of the 
higher component of neptunium-239 and the correction is made for the final 
values for the three nuclear tests. They are summarised in Table 6.2 as 
population-weighted averages and the uncorrected values are included for 
comparison. No such correction for neptunium-239 is made to the radiation 
doses calculated for Mosaic, Buffalo and Antler. 

see comments on terminology at page v. 
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In addition to the effect of weapon design on the presence of 

neutron-induced radionuclides in the fallout debris, and the overall impact of 
radionuclide fractionation, other sources of variability in the calculated 
radiation doses need to be considered when examining the values presented 
h°ro. The main sources of uncertainty result from variation in the sampling 
of fallout d Qposit in the monitoring programs and from adoption of values for 
the numerical parameters in the calculation. 

As discussed in section 4.1, experimental work by Keam et al (1958) showed 
that, in monitoring fallout from the British nuclear tests, it was not 
uncommon for the activity of ad.iacent samples of fallout deposit to differ by 
more than a factor of two. The radiation dose calculated for a population 
rontro derives direct!v from the fallout deposit recorded for the centre in 
the mnnitorina prooram. Therefore, this source of uncertainty is especially 
sinnificant when considpn'nq a population centre, hut of less importance as a 
causp of variability in the radiation dose for the whole population. 

Th^ calculation demonstrates the importance of the contribution to the 
radiation dose made hv iodine-131 in milk supplied from pasture contaminated 
vit^ fallout. Worldwide experience has shov/n that the concentration factor 
F q ? for iodin°-131, from pasture to milk, ranqes from 0.0036 to 0.034 (NCRP 
1Q3/1, T^hlp ?.16, paci" °1) whereas a value of 0.01 is adopted for this 
rppnrt. However, as described in Appendix A, numerical parameters for the 
calculation arp baspd as far as possible on data for the Australian 
environment, including those obtained in monitoring iodine-131 in milk 
supplies. Anv error in the value adopted for F Q ? is expected to be much 
smaller than a factor of three. 

Tho data of Crocker and Turner (1965) on the yields of neutron-induced 
radionuclides indicates that, for fission of plutonium-239, as much as 6°/° 
of the activity of the fallout deposit occurs as neutron-induced species, such 
as neDtunium-?3ci and uranium-237, up to two weeks after fission. Glasstone 
and Polan (1977) point out that the contribution by induced activity is highly 
variable, ranqino up to 40°/=. of the total from 1 to 15 days after fission. 
As discussed in section ?, UD to R0°/« of the activity of fallout debris 
from the nuclear tests in Hurricane and Totem came from induced radionuclides 
- and corrections ar" made to the calculated radiation doses for the presence 
of this component. For the nuclear tests in Mosaic, Buffalo and Antler, the 
radiation doses could be lower than calculafpd Here, due to the presence of 
noijtrnn-ipHijr.ed radionuclides not taken into account. 



The principal calculations of radiation dose, presented here, are made 
without radionuclide fractionation. A full set of calculations with 
fractionation effects likely to occur in country-wide fallout is not 
includpd. However, where radiation doses are chanaed significantly by 
radionuclide fractionation, representative calculations are presented for 
purposes of comparison. External radiation dose is largely unchanged by 
inclusion of fractionation effects in the calculations. For fallout 
radionuclides in food, the radiation dose estimated for adults in the 
population is reduced by about threefold with fractionation. The major change 
is a sixfold reduction in the contribution from iodine-131. For ingestion of 
radionuclides in drinkina water, the estimated radiation dose to adults is 
rpduced bv about twofold by inclusion of fractionation. The representative 
calculations with fractionation suqaest an overall reduction of about 
threefold in the population-weighted average radiation dose. 

The sources of variability in the calculations, considered above, mean 
that the estimated population doses oiven in TaMe 7.1 and Appendices D and F, 
and the population-weighted average radiation doses summarised in Tables 5.1 
and F.?, mav be too hioh bv up to a factor of ten or too low by up to a factor 
of two. The factors are extreme values obtained bv multiplying tonether the 
limits of the several sources of variability discussed above. For the 
radiation dose to a population centre in Appendix D or E, the factors might be 
up to twice as great. 

Thp models used for the calculation of radiation dose cannot be fully 
validated aqainst experimental data for Australian conditions because adequate 
data arp not available. Validation of parts of the modpl can be attempted, 
however, in terms of the data obtained in the monitoring of fallout in 
Australia from nuclear tests by France in Polynesia*; and by making 
comparisons with the results of calculations by others. 

Application of the model to fallout deposit recorded for Australian 
dairvina a»-eas followino French nuclear tests in Polynesia qives estimated 
radiation dos a to thyroid for infants consuming the milk of 0.7±0.3 of the 
values obtained from the monitorinq of iodine-131 in the milk supplies. The 
agreement is regarded as validation of the model for iodine-131. 

The proqrams for monitoring fallout in Australia are mentioned in Appendix A 
and references are qiven to their publication. 
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The external radiation doses for population centres in Appendix D agree, 

cpntre-hy-centre, with the values derived at the time from the fallout 
monitoring results (Butement et al 1957 and 1958, Dwyer et al 1959). The 
population-weighted average external radiation doses in Table 5.1 agree with 
those reported by Moroney (1979). 

Similar comparisons of external radiation doses with those published by 
AIRAC (1 Q83) show wide variation from centre-to-centre. The values presented 
here are from ? to 30 times hiqher than those reported by AIRAC. When taken 
over the 12 nuclear tests, the population-weighted average external radiation 
dose reported here is ten times the value given by AIRAC; the population dose, 
due to irradiation via all pathways, is some 30 times higher; and the 
radiation dose to thvroids of infants is about 100 times higher. 

The tabulation of radiation doses for the separate pathways in Appendix D 
and Table F.l reveals the relative magnitudes of the contributions they make 
to the total radiation dose from the fallout. From Table 5.1 and the more 
detailed presentations of section 3, it is seen that the population-weighted 
averaae radiation dose from the fallout derives from 

external exposure: 17°/°, with zirconium-95 and niobium-95, 
barium-140 and lanthanum-140 responsible for about half (see Table 
3.1) 
radionuclides in food: 67'/°, with iodine-131 responsible for 
two-thirds of the radiation dose for adults (see Table 3.10) 
radionuclides in drinking water: 14°/» with iodine-131 giving 
two-thirds of the radiation dose for adults 
radionuclides in air: 3°/» 

These values <ire provided by the principal calculations, made without 
fractionation. Iodine-131 and the food chains are the dominant contributors 
to the radiation dose. This domination is removed, however, when the 
calculation is extended to include fractionation effects. 

For the four pathways, the radiation doses to the population from the 
fallout are virtually complete within a year of the nuclear test. This 
affords a convenient basis, therefore, on which to compare the magnitude of 
the averaqe radiation dose to the population from fallout in the nuclear tests 
with that, from natural sources. Although the British program of nuclear tests 
in Australia extended over five series, they were executed in four separate 
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years. Hence, the comparison with the natural background radiation is to be 
made for a period of four years, namely, 4 mSv.** The total radiation dose 
from the 12 nuclear tests, averaged over the population, is 70 uSv. 

Table 7.1 summarises the estimates of population dose* derived in this 
reDort for the 12 nuclear tests carried out in Australia between 1952 and 
1957. The population doses for Mosaic, Buffalo and Antler are taken from 
Appendix [). For Hurricane and Totem, the population doses given in Appendix E 
are corrected for neptunium-239 as discussed above and in section 6. 
Derivation of the population doses takes full account of the age distribution 
of the population. 

The population doses from the nine nuclear tests in Mosaic, Buffalo and 
Antler are plotted against explosion yield in Figure 6.1. The population 
doses for the two nuclear tests in Totem show (fortuitously) close agreement 
with those for Buffalo and Antler. The value for Hurricane is inconsistent 
with the population doses for the two nuclear tests, in Mosaic, executed at 
the same location. The population doses for Mosaic are lower than those for 
thp nuclear tests at Maralinga because much of the radioactive debris from the 
explosions at the Monte Bello Is. fell into the Indian Ocean; and the 
secondary clouds, which carried the remaining debris across Australia, were 
confined to low latitudes. Fallout did not reach the major pooulation centres 
in south-eastern Australia. While similar partitioning of radioactive debris 
occurred with Hurricane, the estimated population dose for the nuclear test is 
hiqh because the assumption cannot be rejected that the secondary cloud did 
reach the population of north-eastern Australia. Otherwise the estimated 
value would be much lower. 

It is of interest to estimate the cancer mortality and the hereditary 
damaqe that occurred in the population as a result of contamination of the 
Australian environment with fallout radionuclides from the 1? nuclear tests. 
The National Research Council: Committee on the Biological Effects of Ionizing 
Radiation (BEIR) made a detailed study of the risk to health from exposure to 
radiation (National Research Council 1980). They examined the dependence of 
the risk on the level of exposure in terms of a variety of simple models, 
which allow extrapolation of epidemiological data obtained at high radiation 
doses to give estimated consequences of exposure to much lower radiation doses. 

* see comments on terminoloqv at paqe v. 

** excliidina the dose equivalent to lung from radon dauahter products. 
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TABLE 7.1 

COLLECTIVE EFFECTIVE DOSE EQUIVALENT COMMITMENTS AND 
ESTIMATED STOCHASTIC EFFECTS IN THE AUSTRALIAN POPULATION 

FROM FALLOUT IN THE BRITISH NUCLEAR TESTS IN AUSTRALIA, 1952-57 

Series Round 
Collective 

dose 
equivalent 

man-Sv 

Stochastic effects 
cancer serious (1) 
deaths hereditary 

consequences 

HURRICANE 1 110 

TOTEM 1 70 1 
0 60 1 

MOSAIC 1 10 < 1 < 1 
? 52 < 1 < 1 

BUFFALO 1 83 1 < 1 
2 11 < 1 < 1 
3 56 < 1 < 1 
4 101 1 

ANTLER 1 3 < 1 < 1 
? 28 < 1 < 1 
3 118 1 

TOTAL 700 7 7 

Notes: (1) Expressed in the first two qenerations. 
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Their analysis using 1inear-auadratic models gave the risk of cancer mortality 
in the ranqe 0.007 to 0.0?2 S v - i (Saunders 1980). A linear model was 
adopted hv ICRP (1 Q77) as a working approximation, giving a value for the risk 
of cancpr of 0.01 Sv~ ; this is intermediate to the range established by 
BEIR. Similarly, a linear dose-effect relationship was adopted by ICRP for 
hereditary damage; the risk of serious hereditary ill health in the first two 
generations is 0.01 Sv _ 1 (ICRP 1977, paragraph 43). 

The linear dose-effect relationship and the risk estimates, for cancer 
mortality and serious hereditary consequences, adopted by ICRP are accepted 
for the present calculations. For more detailed work the full expressions for 
radiation-induced detriment, provided by BEIR for exposure of specified 
tissues to radiation, should be used. The radiation dose to the tissue for 
the radionuclides in fallout can be obtained from the regression relations 
aiven in Table 3.9. 

Estimates of the number of cancer deaths and serious hereditary 
consequences in the Australian population are obtained in Table 7.1 by 
annlvinq thp risk factors of 0.01 Sv~ to the population doses for fallout 
from the nuclear tests. The calculation gives seven cancer deaths, and seven 
serious Hereditary consequences in the subsequent two qenerations, for 
exposure of the population to fallout from the I? nuclear tests. The cancers 
and hereditary co.iseouences are expressed throughout the whole Australian 
population. For individuals, the numerical risk of serious detriment to 
health was higher for residents of population centres which received areater 
fallout than elsewhere; the radiation doses calculated for population centres 
are given in Appendices D and E and Table 5.?. 

For the princiDal calculations, made without fractionation, thyroid cancer 
predominates over others, with the burden of the cancer mortality borne 
heavily bv those aqed less than 11 years at the time of the nuclear tests. 
Inclusion of fractionation effects changes not only the estimated numbers of 
cancers, but also the predominance of sites affected. 
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Figure 4.1: The dependence on rainfall of the ratio of fallout deposit 
collected on adhesive film, denoted by 672, to the total 
deposit as collected in a Sticky Paper Ion-Exchange Fallout 
Sampler (SPIEFS), from four climatically different centres 
in Australia and New Guinea. The full line shows the best 
fit. The reciprocal of the ratio is the correction factor 
applied in this report to the published data for fallout 
deposit obtained with the adhesive film. 
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Finure, s.l: The collective effective dose equivalent commitment 
for the Australian population as a function of explosive 
yield for each nuclear test in the Mosaic A, Buffalo +, 
and Antler 0 series. The lines are fitted to the data 
by eye. 
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2(_a): Trajectories taken by radioactive clouds across Australia 
for the nuclear tests in the Mosaic and Antler series. 
The main debris clouds from Mosaic Rounds 1 ana ? are not 
shown as thpy remained largely over the Indian Ocean, moving 
to the north east Darallel to the coast. 
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APPENDIX A 

ESTIMATION OF MODEL PARAMETERS FrtOM DATA ON RADIONUCLIDES 
IN THE AUSTRALIAN ENVIRONMENT 

Al. Introduction 

From 1957 to 1974 fallout reaching Australia from nuclear weapons tests in 
the atmosphere was monitored in two programs, one on shorter-lived 
radionuclides and the other on strontium-90 and caesium-137. Both programs 
yielded substantial sets of data for the Australian environment and these are 
to be used to estimate values for parameters in the models, developed in 
section 3.2, on internal radiation dose from radionuclides in diet 

the effective half-time for retention of stable elements on plant 
surfaces, T * 

the half-time for retention of strontium-90 and caesium-137 in soil, 
u, 

the ratio of the fraction of fallout deposit intercepted by pasture, 
f T, to the available biomass, Y, and 

the concentration factors for transfer of strontium-90 and 
caesium-137 from soil tc pasture, Fp,. 

Thp proqram on shorter-lived radionuclides operated only for the period 
immediately following nuclear tests. It provided data on daily fallout 
deposit and iodine-131 in milk, which are used here to give estimates for T 
and fj/Y. 

The monitoring of strontium-90 and caesium-137 gave a continuous record 
for fallout deposit and food products, including milk. The results are 
applied here to estimate g, Fp, and fWY. 

The data obtained in the two programs are available in a series of 
reports, a list of which is given by the Australian Ionising Radiation 
Advisory Council (1975). 

Symbols and equations dre discussed in section 3.?.2 

file:///1mY~
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A.2 Parameters from iodine-131 monitoring 
a _ i The concentrations of iodine-131 in milk, X Q Bq L , t days after a 

-2 single fallout deposit onto dairy pasture, X Bq m of iodine-131, can be 
derived from equations (3) and (4) of section 3.2.2 as 

X 9 = W p F g 2 X Q
 f_l e " e (Al) 

where x is the effective decay constant of the radionuclide on pasture 

x ln2 

and x can be estimated from the published monitoring data by simple 
regression of logXg on t. Several estimates obtained for T from analysis 
of sinqle fallout episodes are given in Table Al. 

In order to estimate fx/Y from the monitoring data, values are to be 
assigned to W and Fg« and equation (Al) is to be re-arranged in Xg and 
X . The monitoring results on daily fallout deposit are reported as total 
beta-activitv and the fractions due to iodine-131 are to be calculated via the 
ADORED code to give X . The calculation requires a decision on 
fractionation of iodine-131 in the measured fallout deposit. 

Iodine-131 shows wide variability in fallout, being present as a vapour, 
in aerosols or attached to particles of different types (Perkins, 1963). In 
studies of fractionation in fallout particulate, iodine-131 is grouped with 
the highly fractionated radionuclides. In the present application, however, 
it is noted that all of the fallout episodes being analysed with equation (Al) 
were accompanied by substantial falls of rain. Despi'e its several Physic >1 
states, iodine-131 scavenged from the atmosphere in rain would k; iprve 
completely removed than under conditions of dry deposition; and apparent 
fractionation would be much reduced. Accordingly, in applying tl± ADURCD code 
to give X , it is assumed that the iodine-131 is unfraction.'ted ^n the 
measured fallout deposit. 

Estimates of fj/Y from analysis of several single fallout episodes are 
shown in Table Al. The values for W and F„ 2 were taken from Tables 3.2 
and 3.4. 
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TABLE Al 

ESTIMATES OF fT/Y AND T FROM IODINE-131 MONITORING 

Population Time f T/Y \ T 
centre period 

? -\ -1 
m kg day day 

Maland.T 6 Jul 1971 1.0 
Perth 24 Jul 1971 1.8 

Malanda 12 Sep - 25 Sep 1974 3 0.114 ± 0.014 25 ± 3 
Melbourne 16 Sep - 24 Sep 1974 1.1 0.163 ± 0.028 9 ± 1.5 
Pev-th 15 Sep - 24 Sep 1974 1.3 0.118 ± 0.021 22 ± 4 

A3. Parameters from strontium,-90 and caesiutn-137 surveys 

Previous studies (UNSCEAR, 1977) have used the expression 

C(i) = b.f(i) + b,f(i-l) + b, £ exp(-wm) f(i-m) (A2) 
1 l J m=l 

to relate C(i), the concentration of strontium-90 or caesium-137 in milk in 
year i, to f(j), the deposit of the radionuclide in fallout for year j. The 

-1 -2 
units of b-,, b ?, b^ are expressed as pCi(gCa) per mCi km " for 

-1 -2 
strontium-90 and as pCi(qK) per mCi km for caesium-137. Estimates of 
b-,, b-j, b^ and y for Australia are obtained from the survey data for the 
two radionuclides by detailed calculation. 

An interpretation of equation (A2) is that the first term represents the 
contribution from foliar deposit and from shallow root uptake in the first 
year. The second term is the contribution from shallow root uptake in the 
second year. The third term represents the contribution from deeper root 
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systems, with proqressive binding of the radionuclide to the soil matrix. It 
is of interest to compare these terms with the expressions that can be derived 
from equations (3) and (4) of section 3.2.2 for the contributions from foliar 
deposit and soil. 

From the model given in section 3.2.2, with a continuing yearly fallout 
_? 

deposit of X pCi m 

- the foliar contribution over a year is 
f. F n o W X l-exp(-x T) I 92 p o w 

Xw (A3) 
the contribution from soil in a year is 

y_^92 w
P\> l ^P 

>s dp T xb 
i-V F21 F92 Mp Xo l-exp(-xbT) 

o„ d_ T xu 

where T = 365 days 
x day" is the rate of loss of the radionuclide from pasture w "_, 
x. day is the rate at which the radionuclide is bound to soil 

It is expected that x T >> 1 and x.T « 1; so that the expressions of (A3) 
can be simplified and then equated to corresponding terms from (A2). 

(i) f, F q 2 W p X o = (h rb 2) c 
Y x T 1000 

w 
( i i ) ^ V F21 F92 Wp Xo = b 3 C 

o s d p 1000 

(iii) x b = v 

where c=l.15 qCa/L milk for strontium-90 and c=1.54 gK/L milk for caesium-137 
(Thomas and Corden, 1977). Division by 1000 is reqnired to make the units 
compatible. 
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_2 
Subst i tut ing X = 1 pCi m , T = 1 4 days and other constants from 

0 W 
Tables 3.2 and 3.4, then the numerical approximations for strontium-90 are 

(i) fj/Y = 1.06 (bl - b 2) 
(ii) F 2 1 = 18 b 3 

Simi la r l y , the numerical approximations fo r caesium-137 are 

( i ) f j /Y = 0.28 (bl - b 2 ) 

( i i ) F 2 1 = 4.8 b 3 

Table A? summarises the values of fj/Y, F_, and p based on estimates 
of h., b ?, b., obtained from the Australian data on strontium-90 and 
caesium-137. 

TABLE A2 

ESTIMATES OF f /Y, ?n and v 

FROM STRONTIUM-90 AND CAESIUM-137 SURVEYS. 

Strontium-90 Caesium-137 

b ] 1.79 7.24 
b? 0.87 4.78 
b, 0.29 0.30 

-1 
u year 0.065 0.18 
fj/Y m ? kg - 1 0.98 0.69 
F ? 1 5.2 1.44 
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A4. Conclusions 

Some useful parameters for modelling the transfer of radionuclides to food 
products are estimated from data obtained in the fallout monitoring programs. 
These values derive from measurements in the Australian environment and they 
are to be preferred, therefore, over estimates developed for other countries. 

The results obtained for T in Table Al are compatible with 14 days, the 
value observed elsewhere for a wide variety of conditions. T =14 days is 
adopted for the present study. 

? -1 The values of f,/Y in Tables Al and A2 give a mean of 1.4 m kg . The 
? -1 ranqe of values observed elsewhere is 1.0 to 4.0 m kg l (NCRP, 1984). If 

-2 it is accepted that f, is 0.2, then Y is about 0.15 kg m , which is the 
value adopted for pasture in the present study. 

i, 

The concentration factor F~, for strontium-90 in Table A2 is rounded to 
5 for use in the present work. Observations for other countries give a range 
for F ? 1 of 0.12 to 23 (NCRP, 1984). 

For caesium-137, F~, from Table A2 is rounded to 1.5. This value is 
hiqher than observed elsewhere - NCRP (1984) gives a range of 0.0038 to 0.57. 
Nevertheless, F„.=1.5 is adopted for this report. 
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APPENDIX B 

FALLOUT DEPOSIT FOR 
MOSAIC, BUFFALO AND ANTLER 

\r .1 
' i 

Note: For the location of a sampling centre see Appendix F 
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CORRECTED FALLOUT DEPOSIT FOR HOSAIC ROUND 1 
CONDUCTED AT HONTE BELLO IS. ON 16 HAY 56 

KBQ/HM2 AT 2100 HOURS ON DAY OF COLLECTION 
HAY 16 HAY 17 HAY 18 HAY 19 HAY 20 HAY 21 HAY 22 HAY 23 

SAHPLING CENTRE 

ADELAIDE - - - - - - - -
ALICE SPRINGS - - - - - - - -
BRISBANE - - - - - - - <1 
BROOKE - 778. 19. 11. 15. 7, 3. <1 
CAIRNS - - - - 7. 1. a -
CARNARVON - - - 11. 15. <1 - -
CHARLEVILLE - - - - - - <i 3. 
CLONCURRY - - - - - - - -
DALY MATERS - - 7. 93. 3. <1 - -
DARVIN - - - 41. 22. 11, 4. a 
FITZROY CROSSING - 41. 144. 33. 1. <1 l. 
GERALDTON - - - - <1 3, - -
HALL'S CREEK - - - 37. - - <1 <i 
KALGOORLIE - - - - - - - -
LIVERINGA - 37. 100. 70. 15. 1. 4. <i 
HEEKATKARRA - - 11. 15. 4. - - -
MELBOURNE - - - - - - -
NOONKANBAH - 167. 159, 48. 4. 3. 4. <i 
ONSLOW - 926. 156. 74, 4. 1. 2. <i 
OODNADATTA - - - - - 2. - -
PERTH - - - - - - - -
PT. HEDLAND - 67. - 11. 1. - <1 -
PT. HORESBY - - - - - - - -
ROEBOURNE N N N N N N N N 
SYDNEY - - - - - - - -
THURSDAY ISLAND - - - - - 1. <1 <1 
TOHNSVILLE - - - 19. 7. 1. <1 a 
WJOHERA - - - - - - - -
UYNDHAH - - 78. 26. 3. <1 2. <i 

- I LESS THAN MINIMUM DETECTABLE 
h ', NO SAMPLE 
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CORRECTED FALLOUT DEPOSIT FOR MOSAIC ROUND 2 
CONDUCTED AT MONTE BELLO IS. ON 19 JUN 56 

»>. 

frv 

i 

h • * 

\ > 

i 

Li 

KBQ/NM2 AT 2100 HOURS ON DAY OF COLLECTION 
JUN 19 JUN 20 JUN 21 JUN 22 JUN 23 JUN 24 JUN 25 JUN 26 

SAMPLING CENTRE 

ADELAIDE 
ALICE SPRINGS 
BRISBANE 
BROOME 
CAIRNS 
CARNARVON 
CHARLEVILLE 
CLONCURRY 
DALY HATERS 
DARWIN 
FITZROY CROSSING 
GERALDTON 
HALL'S CREEK 
KALGOORLIE 
LIVERINGA 
MEEKATHARRA 
MELBOURNE 
NOONKANBAH 
ONSLOW 
OODNADATTA 
PERTH 
PT. HEDLAND 
PT, MORESBY 
ROEBOURNE 
SYDNEY 
THURSDAY ISLAND 
TOMNSVILLE 
WOOHERA 
UYNDHAM 

1444. 

1741. 

4741. 

- 17. <1 - - - -
- - 8. 3. 8. - -

444. 7. 7. <1 - - -
- - - 2. - <1 <l 
- 2. 463. 5. - -
<1 3. 19. <1 - - -
- 4. 19. 3. - - <1 
- - 59. 41, 19. 7. 4. 

667. 15. 7. 1. - <1 -
167. 11. <1 - - - -
144. 4. 7. 1. - - <1 

926, 48. 15. 4. 1. 2. 
-

85. 22. <: <1 1. ™ 
— 

630. 11. 63, 11. 3. 6. -
96. 11. 4. <1 N N N 

4. 19, 3. 6. <1 <1 <1 
111. 274. 26. 3, - 3. 1. 

- J LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 

K-' 

i -. 
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CORRECTED FALLOUT DEPOSIT FOR BUFFALO ROUND 1 
CONDUCTED AT MARALINGA ON 27 SEP 56 

<*i 

I 
111. 52, <1 <1 <i 
11. 3. - - -
- 11. - - -
20. 59. <1 -
_ 5. 6, : _ 
" ~ 

2. _ 
~ 

- - - <i <i 
- 14. 1. - <i 

KBQ/MM2 AT 2100 HOURS ON DAY GF COLLECTION 
SEP 27 SEP 28 SEP 29 SEP 30 OCT 01 OCT 02 OCT 03 

SAMPLING CENTRE 

ADELAIDE - -
ALBANY 
ALICE SPRINGS 
ARMIDALE 
BIRDSVILLE 
BOULIA 
BOURKE 
BRISBANE 
BROKEN HILL 
BROOME 
BUNDABERG 
CAIRNS 
CAHOOWEAL 
CANBERRA 
CARNARVON . _ . . - . 
CEDUNA <1 
CHARLEVILLE - 38. <1 
CLEVE 
CLONCURRY 
COBAR - 4. <1 - - - <1 
COFF'S HARBOUR 
COOK 
COONABARABRAN 
CUNNAMULLA 13. <1 - <1 3 & 
CURRIE 
DALY HATERS 
DARWIN 
DUBBO 2. 
ECHUCA 
EMERALD <1 
ESPERANCE -
FINKE 1, 
FORBES <1 
FORREST -
GERALDTON -
GILES - 1, - <1 - <1 
GOONDIVIND! 46. 48. <1 
HALL'S CREEK 3, 1. 
HAMILTON -
HILLSTON . , - . . - <i 
HOBART -
KALGOORLIE -
LEIGH CREEK - 59. 3, <1 
LEONORA - -

- - - - <1 
- 2. - - <1 
4. <1 - - -
- 44. 2. - -
- - - - <1 
- 8. - - -
- 13. <1 - <1 
- - 1. <1 <1 
- - - 1. <1 

w a 

* 
- ! LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 
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CORRECTED FALLOUT DEPOSIT FOR BUFFALO ROUND 1 
CONDUCTED AT HARALINGA ON 27 SEP 56 

KBQ/Ntt2 AT 2100 HOURS ON DAY OF COLLECTION 
SEP 27 SEP 28 SEP 29 SEP 30 OCT 01 OCT 02 OCT 03 

SAMPLING CENTRE 

LISKORE - 363. 665. 4. 2. <1 <1 
L0N6REACH - - 8. <1 <1 - -
MACKAY - - - 2. - <1 -
MARALIN6A - - - - - <1 -
HAREE - 304. - - - 1. 3. 
MEEKATHARRA - - - - - - -
MELBOURNE - - - - - - -
MILDURA - - - - - - -
MT. GAMBIER - - - - - - -
NHILL - - - - - - -
NORMANTON - - 1. 3. <1 - -
ONSLOW - - - - - - -
OODNADATTA - - - - - - <1 
PERTH - - - - - - -
PT. AUGUSTA - - - - - - <1 
FT, HEDLAND - - <1 - - - -
PT. LINCOLN - - - - - - -
PT. MORESBY - - - - - -
RICHMOND - - 1. 1. 1. - -
ROCKHAMPTON - - - 2. - - -
ROMA - - 22. 2. - - -
SOUTHERN CROSS - - - - - - -
SWAN HILL - - - - - - <1 
SYDNEY - - - - - - -
SYDNEY (AEC) - - - - - - -
TAMBO - - 5. 3. - - -
TARCOOLA - - - - <1 <1 -
TENTERFIELD - 44. 135. <1 - - -
THARGOKINDAH - 100, 30. - - <1 -
THURSDAY ISLAND - - - - - - -
TIBOOBURRA 131. 177. - N 2. - <1 
TOWNSVILLE - - - - 3. <1 -
UAGGA - - - - - - -
WALSETT - 1. 34. 3, - - -
WARRNAMBOOL - - - - - - -
WESTERN JUNCTION - - - - - - -
WILLIANTOWN - - - - - - -
WINDORAH - - 31, - - - -
UINTON - - 2. - <1 - -
WOONERA - - - - - - -
WYNDHAM - - - <1 1, - -

- : LESS THAN MINIMUM DETECTABLE 
N t NO SAMPLE 
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CORRECTED FALLOUT DEPOSIT FOR BUFFALO ROUND 2 
CONDUCTED AT NARALINGA ON 04 OCT 56 

KB0/HM2 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 04 OCT 05 OCT 06 OCT 07 OCT 08 OCT 09 OCT 10 

SAMPLING CENTRE 

ADELAIDE - - - - - - -
ALBANY - - - - - - -
ALICE SPRINGS - 3. 1. - - - -
ARMDALE - - 29. <1 - - <1 
BIRDSVILLE - 11. 4. - - - -
BOULIA - - 1. - 1. 3. <1 
BOURKE 1. 1. 8. - - <1 -
BRISBANE - - 3. - - - -
BROKEN HILL - - - - - <1 -
BROOKE - - - - - - -
BUNDABERG - - <1 <1 - - -
CAIRNS - - - - - - -
CAMOOMEAL - - <u <1 <1 -
CANBERRA - - - - - - -
CARNARVON - - - - - - -
CEDUNA - - - - - 3. 1. 
CHARLEVILLE - - 1. <1 - - -
CLEVE - - - - - - -
CLONCURRY - <1 <1 - - - -
COBAR - - 3. - - - -
COFF'S HARBOUR <1 1. 2. <1 - - -
COOK - 6. - - - - -
COONABARABRAN - 1. 8. - - - <1 
CUNNANULLA <1 2. <1 - - - -
CURRIE - - - - - - -
DALY HATERS - - - - - - -
DARWIN - - - - - - -
DUBBO - - 4. - - - -
ECHUCA - - - - - - -
EMERALD - - - - - - <1 
ESPERANCE - - - - - - -
FINKE - 4. <1 - - - -
FORBES - - - - - - -
FORREST - - - - - - -
GERALDTON - - - - - - -
GILES - - - - - - -
GOONDIUINDI - 7, 17. - - - -
HALL'S CREEK - - - - - - -
HAMILTON - - - - - - -
HILLSTON - - - - - - -
HOBART - - - - - - -
KAL600RLIE - - - - - - -
LEIGH CREEK - - - - - - -
LEONORA - - - - - - -

- ! LESS THAN MINIMUM DETECTABLE 
N '. NO SAMPLE 
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CORRECTED FALLOUT DEPOSIT FOR BUFFALO ROUND 2 
CONDUCTED AT KARALINGA ON 04 OCT 56 

KBQ/Htt2 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 04 OCT 05 OCT 06 OCT 07 OCT 08 OCT 09 OCT 10 

SAMPLING CENTRE 

LISMORE 219. 1. <1 1. <1 - <1 
L0N6REACH - - <1 - - <1 <1 
NACKAY - - - - - - -
HARALIN6A 105. 8. - - 1. - -
MAREE <1 5. - - - - -
MEEKATHARRA - - - - - - -
MELBOURNE - - - - - - -
HILDURA - - - - - - -
NT. GANBIER - - - - - - -
NHILL - - - - - - -
NORMANTON - - - - - - -
ONSLOW - - - - - - -
OODNADATTA 14. 5. - - - - -
PERTH - - - - - - -
PT. AUGUSTA - - - - - - -
PT. HEDLAND - - - - - - -
PT. LINCOLN - - - - - - -
PT. MORESBY - - - - - - -
RICHMOND - - - - - - <1 
ROCKHAMPTON - - - - - - -
ROMA - - 1. - - - -
SALE - - - - - - -
SOUTHERN CROSS - - - - - - -
SWAN HILL - - - - - - -
SYDNEY <1 - 2. - - - -
SYDNEY (AEC) - - 2. - - - -
TAMBO <1 - n - - - -
TARCOOLA - - - - <1 - -
TENTERFIELD - - 8. 1. - - -
THAR60MINDAH - - 4. <1 - - -
THURSDAY ISLAND - - - - - - -
TIBOOBURRA <1 10. 20. - - <1 -
TOWNSVILLE - - - - - - -
mm - - - - - - -
WALGETT <1 2. 9. - - <1 <1 
UARRNAMBOOL - - - - - - -
WESTERN JUNCTION - - - - - - -
WILLIAMTOUN - - <1 - - - -
UINDORAH - 3. <1 <1 - - -
WINTON - - - - <1 - <1 
WOONERA - - - - - - -
WYNDHAM - - - - - - -

- : LESS THAN MINIMUM DETECTABLE 
N : NO SAMPLE 
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CORRECTED FALLOUT DEPOSIT FOR BUFFALO ROUND 3 
CONDUCTED AT HARALINGA <)N 11 OCT 56 

KB0/KII2 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 11 OCT 12 OCT 13 OCT 14 OCT IS OCT 16 OCT 17 OCT 18 OCT 19 OCT 20 OCT 21 

SAMPLING CENTRE 

ADELAIDE - 8. 
ALBANY - -
ALICE SPRINGS - -
ARHIDALE - -
BIRDSVILLE - -
BOULIA - -
BOURKE - -
BRISBANE - -
BROKEN HILL - -
BROOME - -
BUNDABERG - -
CAIRNS - -
CAMOOUEAL - -
CANBERRA - -
CARNARVON - -
CEDUNA 3. 2. 
CHARLEVILLE - -
CLEVE - 19. 
CLONCURRY - -
C08AR - -
COFF'S HARBOUR - -
COOK 4, -
COONABARABRAN - -
CUNNAHULLA - -
CURRIE - -
DALY HATERS - -
DARWIN - -
DUBBO - -
ECKUCA - -
EMERALD - -
ESFERANCE - -
FINKE - -
FORBES - H 
FORREST - -
6ERALDT0N - -
GILES - -
GOONDIVINDI - -
HALL'S CREEK - -
HAMILTON - -
HILLSTON - -
HOBART - -
KAL600RLIE - -
LEIGH CREEK - -
LEONORA - -

3. 2. 4. <1 

<1 <1 - <1 

<1 1. 

<1 - - <1 

1. 7. 

2. - 7. 

- <1 <1 - -
- - <1 - -
2. 2. - - N 
- <1 <1 - <1 
- - 37. - -

_ 1, <1 <1 
2. 2. 3. <1 

-

-
<1 

- -
2 

5. <1 " 
; 

- - <1 - -

<1 4. 3. 3. -
<1 <1 - <1 <i 
- - S. <1 -

. <1 <1 - . 

- ; LESS THAN MINIMUM DETECTABLE 
N I NO SAMPLE 
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CORRECTED FALLOUT DEPOSIT FOR BUFFALO ROUND 3 
CONDUCTED AT HARALINGA ON 11 OCT 56 

KBQ/HW2 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 11 OCT 12 OCT 1 3 OCT 1 4 OCT 15 OCT 16 OCT 1 7 OCT 18 

SAMPLING CENTRE 

LISNORE 
L0N6REACH 
HACKAY 
HARALIN6A 
HAREE 
HEEKATHARRA 
MELBOURNE 
MILDURA 
NT. GAMBIER 
(WILL 
NORMANTQN 
ONSLOW 
OODNADATTA 
PERTH 
PT. AUGUSTA 
PT. HEDLAND 
PT. LINCOLN 
PT. MORESBY 
RICHMOND 
ROCKHAMPTON 
ROM 
5ALE 
SOUTHERN CROSS 
SWAN HILL 
SYDNEY 
SYDNEY (AEC) 
TAMBO 
TARCOOLA 
TENTERFIELD 
THARGOHINDAH 
THURSDAY ISLAND 
TIBOOBURRA 
TOVNSVILLE 
WAG6A 
WALGETT 
WARRNANBOOL 
WESTERN JUNCTION 
WILLIAMTOWN 
WINDORAH 
VINTON 
UOOMERA 
WYNDHAH 

556. 

1. 

4. 

<1 

2. 

<1 

<1 

4. 

<1 

3. <1 3. <1 
2. <1 <1 <1 
4. 8. 2. 3. 
3. 5. - 2. 

<1 <1 

2. 

<1 - <1 - 1. -

N <1 <1 
3. 
3 . 

<1 

1. 

3, <1 1. 

3. 
3 . 

<1 
-

•• - - <1 -
- - - <1 -

- <1 N - -

- <1 2. <1 -

- 1. 3. 4. 3. 
- - - 3. <1 
- - <1 2. -
1. - 2. - -

29. 3. <1 <1 -

<1 

<1 

<1 

- ! LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 
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COMKTD FM10OT W05IT FOR NFFALO ROOM 4 
CORWCTD til MMUKA OK 22 KT 5* 

m m n a 2 i « HOURS OK M T OF COUECTIOH 
ttl 22 OCT 23 OCT 24 OCT 25 OCT 24 OCT 27 OH 78 KT 2? OCT JO OCT 31 NOV 01 NOV 02 NOV 03 NOV W 

SRRKM CENTRE 

MCUIK . . . < | . . . . 
•LIMY . . . . . . - . . - - - - . 
• L i d SPRINGS <1 7. I t . 3 . <J 
NJMIMLE - 71. 12. <1 3 . 2 . - <1 
i i n s v i u c m . u. - « . 21. w . <i 2. 1 - <i - - N 
MUIA 1*. 11. 11. S. 11. 3 . - <1 - - 1. - - -
HUME 2». - - 7. 12. - <1 <1 2 . - - - - -
MISMNE 17. ». <1 14. 4. <1 <1 2 . - - - " <1 
NOratHIU 27. - - 3 . 2 . <1 <1 2. - - - <1 - -

24. 2 . 2 . »4. 4. <1 1. - - <1 <I 
CAIRNS - ! . » . < ! - <1 1 . I . 2 . 
CMOKM. 5 4 . 3 4 . 27 . N 3 . 3 . 7 . <1 - <1 <1 
CAMEMM 3 . 
CARNARVON < ! - - - - -
CEJW* <1 
CHARLEVILLE - 4 7 . 1 0 . <1 4 2 . 2 7 . <1 I . <1 - <1 - - -
CL-JE - - - l . 
aONCUKT - 4 2 . 4 7 . 2 2 . 4 . 4 . I . <1 <1 - 1 . 1 . 
COM* 1 1 . 7 . - 4 . 2 . - - <I <1 
W F ' S NAtfOUR - 7 . 3 . - i . <1 -
COON <1 N 
COOMMMMNI 1 3 . - - 1 . 2 . - - -
CUMWUIA 1 ? . 4 . - <1 1 2 . 1 . 1 . 1 . • - <1 
CURRIE N 
WIT IMTERS - - 10 . 3 0 . 1 . 2 . I . <1 - - <1 
DttNIN 3 . 4 . 5 . 3 . <l <1 - <1 <1 
OUMO 4 . - - 3 . 2 . - - <1 
ECHUCA 
EICMIO - 5 . • . <1 <1 1 2 . 2 . - - - 2 . 1 . 
ESPEMNCE 
FIWE - - - 1 2 . 2 . <1 - - - - <1 - - -
FORRES 5 . 3 . 
FORREST - - - < 1 
GERALDTON 
SUES 5, 3 . 2 . 1 . <1 <1 - - N 1 . 
GOOJOIMNDt - 13, 20 . <1 23 . 4 . - <1 2 . - - - - -
WILL'S CREEK - 5 . 13 . 3 . 2 , 1 . <I <1 
HMIILTOK 
KILLSTOH - - - 2 . <1 
HOIART 
KAL600RUE 
LEIGH CREEK 1 3 7 , < l I . 9 . 1 . - - <1 
LEONORA 

- : LESS MAN HINIIMT KTECTARLE 
N : HOSAHPLE 
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COWCTU FturjT DEPOSIT FOR MFFMJ) MM 
OMUCTED *T IWMLMft OH 22 OCI 54 

HK/MC »T 2100 HOWS » MT OF COLLECTION 
OCT 22 OCT 23 OCT 24 OCT 75 XT 21 OCI 27 OCT 2« OCT 2? OCT JO OCI 11 K N H • « W H W H 

S4WIIH5 CENTRE 

LISMRE I I . 32. N 4. - <1 2. - <1 N N 
LOMKAOt - 120. 23. 1. 4. S. t . 2. <I - <1 <1 
M O M - - 3. 3. 3. 2. 5. 2. 2. - 1. <l 
MMLMM <1 <1 
IMKE 55». - <l 2 0 . <t - <1 - <1 <1 <1 - -
ICEMTHMM 
KLNUME 
MLHM - - - 3 . 
HI. GAMIES . - - - -
WILL - -
MRMNTON - 4 . 3 . <I - <l <1 I . <1 <1 <I <l 
OWSLW 
O00NNMTT* 1 . - - 14 . 4 . - < l < I < l 
PERTH - - . . . . 
PT. AUGUST* - - - 1 2 . < l - - -
PI. nxm -
PT. LINCOLN 
P I . iWEsir <i 
RiCKMNO - M . 14. 7 . 4 . 4, <1 <1 <1 - - 1 . < i 
HOHAHPTOH - 1 . 1 3 . 4 . < I 14- S . <1 3 . - - <1 
MHIA - 74 . 2 7 . - 44. 27. 1 . I . 3 . - < l <1 
SALE - - - < l - N 
SUTHEMt OMSS . . - -
SNA* HILL 
SYDNEY 
SYDNEY (AEC) 
TWO - 44. 12. - 10. 17. <1 <1 2. - <1 - - -
TARCOOLA - - 2. 2. - - » » » 
reHTERfiaO 3 2 . 1 3 . <1 5, 10. - - <1 
THARSOHINMH - 12. 1 . 3 . 8 . 4 . - 1 . - <1 
THURSDAY ISUKD - - 4 . - - - - <1 <1 
TIM0MM1A 322. i . - f . <1 - N N 
TOKBVIUE 7 . 1 . 2 , 1. 2 . N 1 . <1 <1 1. - -
HAGSA 
HM.EETT 2 3 . 1 0 . <1 <1 S. 1 . - <1 <1 - - - <1 -
VARRNAIUjOOl » - - - » 
yESTERN JUNCTION 
HUIMTOW - <1 - - 1. - - - <1 
NIMORAH - 27 . <1 2 . 14. 12. - I . <1 - <1 - - -
HINTON - 3» . 3 0 . 4 . 4. 4 . 1 . <J <1 - I . <J - -
WOKRA 1 . 
HTTOtMII - 4 , 8 . 1 . 3 , 1 . - < I - <1 - <1 <1 

- ! LESS THAN H I N I I U ! DETECTAM.C 
N : NO SMFLE 
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B12 

CORRECTED FALLOUT DEPOSIT FOR ANTLER ROUND 1 
CONDUCTED AT HARALINGA ON 14 SEP 5 7 

KBQ/HII2 AT 2100 HOURS ON DAY OF COLLECTION 
SEP 14 SEP 15 SEP 16 SEP 17 SEP 18 SEP 19 SEP 20 SEP 2 1 SEP 22 SEP 2 3 SEP 24 

SAMPLING CENTRE 

ADELAIDE < 1 - - - -
ALBANY 
ALICE SPRINGS 4 4 . <1 
ARNIDALE 
BIRDSVILLE N N N N N N N N N N N 
BOULIA 
BOURKE 
BRISBANE 
BROKEN HILL 
BROOKE - 5. 10. 2 . 1. <1 
BUNDABERG 
CAIRNS 
CAMOOWEAL 1 9 . - - - - N N - N - -
CANBERRA 
CARNARVON 
CEBUNA 
CHARLEVILLE 
CLEVE 
CLONCURRY - < 1 . . . 
COBAR 
COFF'S HARBOUR 
COOK 
COONABARABRAN 
CUHNANULLA 
CURRIE 
DALY WATERS - - 1 . 
DARyiN U 
DUBBO 
ECHUCA 
EMERALD 
ESPERANCE 
FINKE 
FORBES 
FORREST <1 <1 
GERALDTON 
GILES 
GOONDIUINDI 
HALL'S CREEK - - 5. <1 
HAMILTON <1 
HILLSTON 
HOBART 
KALGOORLIE 
LEIGH CREEK 
LEONORA 

- I LESS THAN MINIMUM DETECTABLE 
H ', NO SAMPLE 



RT? 
( c o n t ' d ) 

CORRECTED FALLOUT DEPOSIT FOR ANTLER ROUND 1 
CONDUCTED AT HARALIN6A ON 14 SEP 57 

KB8/WI2 AT 2100 HOURS ON DAY OF COLLECTION 
SEP 14 SEP 15 SEP 16 SEP 17 SEP 18 SEP 1? SEP 20 SEP 21 SEP 22 SEP 23 SEP 24 

SAMPLING CENTRE 

LISHORE . _ -
L0N6REACH 
HACKAY 
NARALIN6A - _ - - . _ 
HAREE . . . - <1 
HEEKATHARRA <1 
MELBOURNE <1 - - -
HILDURA - - - - - -
NT. GAMBIER 
NHILL - - - - - <1 
NORHANTON 
ONSLOW 
OODNADATTA 
PERTH -
PT. AUGUSTA, 
FT. HEDLAND 4. 1. <1 
PT. LINCOLN 
PT. MORESBY 
RICHMOND 
ROCKHAHPTON <1 
ROMA -
SALE 
SOUTHERN CROSS 
SWAN HILL 
SYDNEY 
TAMBO 
TARCOOLA N N N N N N N N N N N 
TENTERFIELB 
THARGOMINDAH 
THURSDAY ISLAND 
TIBOOBURRA 
TOWNSVILLE 
WAGGA 
WALGETT 
WARRNANBOOL <1 
WESTERN JUNCTION -
WILLIAHTOWN 
WINDORAH 
WINTON <1 
WOOKRA 
WYNDHAH 1, 

- I LESS THAN NINIHUM DETECTABLE 
N .' NO SAMPLE 
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CHKCTEd FHUDT KPttlT Fit MOFJ H H 2 
LU—W.HJ *T MMLHM 01 23 SEP 5? 

OOTM2 »T 21M M R S • MT tf O U C H I M 
SEP 23 SEP 24 SEP 27 SEP 21 SEP 2t SEP » OCT 01 OCT 02 flCTU OCTM OCT «3 OCT 04 OCT 07 OCT I 

SWIMS CBfTlE 

MEUIfE 

aiccspiws 4. <i 
MMIMLC - ST. - 2 . - <1 
imsvou » » » » » » 
HAM 

MISMK 
I M U 

CAINS 
CMMKAL 

CMMMM 
CEMM 
CHMLEV1UE 
aEVE 
aOKUMT 
COM* 
CfFF'SHMMW 
coot 
COOWMMWW 

CUttlE 
MLTIMTERS 
MMIN 
mm 
ECNUU 
EICRN.D 
ESPFJMNCE 
FIHK 
FORKS 
FPMKST 
OCMLBTON 
6ILES 
GOOHIHMI 
HALL'S CKEK 
MKILTON 
Hi ASTON 
MIMT 
MLiVm.lt 
l i K H CHEEK 

" ». *• 
- - 4. 1. - 3. <I - - - - - - -
_ . I. 3. <1 1. <I 
- - 7. 4. 4. 2. <1 <1 
II N IS. <1 II II 1 

- 24. <1 <1 - -
- <1 4. - - - <1 - - - - <l - -
- 4. 1. <1 - - <1 - - - - - -

11 
32. 1. <1 
* 37. ~ H " • - * - - - - - -
. . - <1 - <1 w <1 _ _ _ _ _ . 

<1 <1 <1 <1 <1 <1 
<1 
<1 

a 

- - <1 3. 17. i. - - - - M - - -
24. 11. 7. " <1 <1 

<1 
- IS. 1. 1. <1 <1 
- 7. <1 

<1 

<1 <l <1 
<1 

- : LESS rww HIMIUI KTECTULE 
N t 10 SAMPLE 

http://MLiVm.lt
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( c o n t ' d ) 

COWCTEI FALLOUT BCPOSIT FOR ARTIEIIM 
CMKTER AT MALUM M 25 » 57 

na/MtZ AT 2100 MORS M MT OF COUECTIiM 
SEP 25 SEP 24 SET I? SET S SEP 2» SEP 30 OCT 01 OCT 02 OCT 03 OXTM OCT 05 K T M OCT 0? K T H 

SAHMR6 COTRE 

LISHRE - 7, 1. - <I 
lOKKMM • U . 4. - <1 a - <1 <1 
MCUT - 33. 30. 15. 1. 4 . - - <1 - <I 
MALUM - < 1 » -
RAREE <I - - -
ICEUTHMHA - - - I . 
IGJOUME 
AILMIA 
AT. GAMIER - -
ANIU 
NORHMTTON - - 2 . 4 . 1 . I. <I 
O6L0V 
OOMAMTT* 5». 4. - - - <1 
PERTH 
PT. MKUSTA 
PT. HEDLAW 
PT. mean 
PT. HWE5BT < ! < ! - - - -
RICHMW - - <i 
Rocjotwron - <i n> 2. 3. 2. 
Mm - 7, - - - <i a - -
SALE 
SOUMPJ CROSS - - - - I . 
S4MN HILL 
STRICT <I 
TAMO 1». I , - <1 I . 
TARCOOLA N M N 
TEHTFJIIELR - 7 . - - - <1 
THAMORIKDAH 7 . N 70. 2 . < I <1 - - - - < I < I 
THWSMT ISLAW <1 I . <! 1 . I . <l 
TIMOWHA - - - - It It - -
TOWSVILLE - - 30. 13. 8. 3. 2. < I 

«*LGETT - - 3 . - <1 
WKtNMHOL 
RESTESR JUNCTION 
yilLlMTOW 
Himotw - » . - - - -
V . •"•-. - 17 . 
WOICM 
KTWHAR <1 <1 - - - - <1 <1 

- ! LESS THAR HIHIPUt KTECTAHi 
N S HO SAMPLE 
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CORRECTD FRLLin KPOSIT FOR m i l M M 3 
CORKIER »T RRRN.IRM OR W OCT 37 

UVHUi H 21N M S « MT OF CSUKTIM 
on w on 10 tcT u on 12 on u on H on is on u on 17 on it on i t on 2* on 2i an 22 

sMinB c a n e 

MEUIRE - <1 - - - 1 . 10. 2 . 
MJMT . - . . . - - - - . . - . -
•LICE SMM5 <I - <1 3 . 5 . <I 
• M I K E - 1 2 . - - - - <1 
IIMSMUE 4 . <I - <1 
KM.H - - - 1. 
ROME 230. <1 . . . 
MISMNE <1 
M I » H I U 211. 3 . <1 4 . <1 
M M < 1 1 . 
M M K K < ! < ! - - - -
urns - - - - 4. <i s. 
CMMOL <1 I <1 <1 2 . <1 R R 
CMOM - - - - 1 . 3 . 
CMMVM 
CtHM - - - - <l - - <1 <t - - <I 2 . -
O H H E V I L U 
a t * R - 1. ». <• 
aOMJMT 3. <! <! 3 . <1 - <1 
COM - 24. - <1 1. <1 
COFF'S m x m - o. 3 . 

a w n i t 
COOMMMMM - 10. <1 
CURRMULU 
cuniE <, 
BN.TWTCPS <1 ' 1 - <5 - - R R R 
MM1IM 4 . 3 . <1 1 . < l I . <1 ' . 
sum - 7. 2. <i -
awe* <i 7. 12. 
EflERNJ 
ESFEMMX 
FIRKE < l <1 2 . 3 . < l 
FORKS - 2 . - <I -
FORREST <1 R - - - - R R 
SEMLOTIM 
EILES <1 <1 <1 -
G00MIRIH1I 
HULL'S CREEK I , 1 . <t <1 <1 
HMILTON <1 - 3, 
HIUSTOR - 7 . - - - - <1 2 , 3 . 
MWMT < l - <I 
MLSOORLIE 
LEIGH CREEK 2 . 3 , <1 
LEIMM 

- I LESS TIMN RIRIlMI KTKTMLE 
II ! NO SIMPLE 
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( c o n t ' d ) 

COWCIB FALLOUT DEPOSIT FBI W H O 
CBMCTEO »I M A L I K * t i CT On 57 

K N / m ; «T 2100 HOWS H MT OF COLLECTION 
a t « OCT 10 on ii on 12 on 13 on i« on is on i* on 17 on 11 on it an » on 21 on 22 

sarins carra 

I I J I O K 
UMOFJOI <1 - I . 
MOW <1 - <t 
MRALIKA 
mil 2. 5. <i 
ICEMTHMM 
ICLIOUME . - - . . . 7. » . 3 . 
ItlLHM I . I . 5 . 
NT. SMDIER - - - - - <I - 2 . 
WILL 3 . 2 . 4 . 
M R H M T M 1. - - - <i <i 2 . <i <i 
GN3.0M <I 
BWOWTTA 3 . <1 - - - <I <1 4 . 4 . <I 
PERTH 
P I . AUGUSTA 19. 0 . « . 
P I . KM.AM . . . . . . . . . . . . . . 
pr. L i i e a i t 
FT. Wttstr 4. <i -
HCHKHtD . . . . . . < t . . . . . . . 
Mxm/tiw < i . . . . 
WW 
S*E 2 . » . 2 . 
SOUrHFJW CROSS 
SIMM HILL 2 , 7. 3. 
sraer - 4. <i 
IWW < ! - - - . 
TWCOOLA N f t H H M N N N H N N I f M M 
TENTERFIELD - -
THAMOMWAH 3. - - - - < l - <1 - - - N 
THURSDAY ISLAM . - . . . . - - . - - <i - <j 
IUO0IUWA <I 3 . 
TBWSVILLE <1 - <l <I <1 <1 <1 <1 
weu 3. 4. 
KALKTT - I?. 1. 3, <I 
MftMMIOUl - - - I . - 2. 
CSTEM JUNCTION - - 1, - <1 
VILLIWTEWf ». <l 
nrnaurn <i <i K . <I 
WHTOH 1 . - <1 <1 
MXWM - - - <1 - - - - - - - 4 . 2 , 2 . 
VTDOHM - - - - - - - - - <1 - < l 2 , » 

- i LESS THM HIItlMJI KTECIMIE 
N ; NO SAMPLE 
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APPENDIX C 

CONCENTRATION OF RADIOACTIVE CONTAMINANTS IN AIR FROM 
MOSAIC, BUFFALO AND ANTLER 

! * 

* -

Note: For the location ot a sampling centre see Appendix F 
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C2 

RADIOACTIVE CDNTAHINANTS IN AIR FROM MOSAIC ROUND 1 
CONDUCTED AT HONTE BELLO IS. ON 16 HAY 56 

BQ/HM3 AT 2100 HOURS ON DAY OF COLLECTION 
HAY 16 HAY 17 HAY 18 HAY 19 HAY 20 KAY 21 HAY 22 HAY 23 

SAHPLIN6 CENTRE 

ADELAIDE 
ALICE SPRIN6S 
BRISBANE N 
BROOKE 
CAIRNS 
CARNARVON 
CHARLEVILLE 
CLONCURRY 
DALY HATERS 
DARVIN 
FITZROY CROSSING N 
GERALDTON 
HALL'S CREEK 
KAL600RLIE 
LIVERINGA 
HEEKATHARRA 
HELBOURNE 
NOCNKANBAH 
ONSLOW 
OOB.IADATTA 
PERTH 
PT . HEDLAND 
PT. MORESBY 
ROEBOURNE N 
SYDNEY 
THURSDAY ISLAND 
TOHNSVILLE 
UOOHERA 
MYNDHAH 

- : LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 

<1 
N - - - - -

307. - <1 1. <1 <1 
- - - - <1 <1 
- 2. 15. 15. - -

<1 

- - 7. 4. 4. - -
N N N 

<1 
2. 3. <1 

- - -
<1 

- <1 2. 
- N N » N N -
11. 26. 37. 1. 3. 3. -
- - 11. 4. 1. - -

30. 22. 37. N N N N 
26. 26. 7. <1 - 4. -
- - - - <1 - -

- 78. 11. - <1 - -

N N N N N N N 
- <1 - - - - -
- - - <1 <1 - -
- - 4. - - - <1 
- 56. 19. - <1 2. 4. 
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C 3 

RADIOACTIVE CONTAMINANTS I N AIR FROM HOSAIC ROUND 2 
CONDUCTED AT MONTE BELLO I S . ON 19 JUN 56 

W n t f i AT 2100 HOURS ON DAY OT COUECTION 
JUN 19 HJH 20 JUN 21 JUN 22 JUN 23 JUN 24 JUN 25 JUN 26 

SAMPLING CENTRE 
_ . _______ — — — ——-- -_____— __.._—. -—-----_——... --_-—__ _ 
ADELAIDE - - - - - - - -
ALICE SPRINGS - - - <1 1. - - -
BRISBANE - - - N N N N N 
BROOME - 1. - 1. 1. 1. <1 -
CAIRNS - - - - - <1 <1 <l 
CARNARVON - - - - - <1 - -
CHARLEVILLE - - - 4. - - - <1 
CLONCURRY - - 2. 7. - - - <1 
DALY WATERS - - - - - <1 <1 <1 
DARWIN - - - 19. - 4. <1 2. 
FITZROY CROSSING N 204. - - <1 <1 <1 -
6ERALDT0N - - - - - - - -
HALL'S CREEK - - - - - - <1 -
KAL600RLIE - - - - - <1 - -
LIVERINGA 63. - - - - - - -
MEEKATHARRA - - - - <1 <1 - -
MELBOURNE - - - - - - - -
NOONKANBAH N 518. 137. 1. 1. 1. - -
ONSLOW - 4. 3. <1 <1 1. - -
OODNADATTA - - - - - - - -
PERTH - - - - - - - -
PT. HEDLAND - 104. 167, 4. 4. 1. <1 <1 
PT. MORESBY' - - - - - <1 - -
ROEBOURNE - 1. 3. <1 1. N N N 
SYDNEY - - - - - - - -
THURSDAY ISLAND N N N N N N N N 
TOWNSVILLE - - 1. <1 <1 <1 <1 <1 
HOOHERA - - - - - - - -
UTNDHAH - - 85. - <1 11. <1 1. 

- : LESS THAN MINIMUM DETECTABLE 
N : NO SAMPLE 



?•**:. -JEZ 

C4 

RADIOACTIVE CONTAHINANTS IN AIR FROH BUFFALO ROUND 1 
CONDUCTED AT HARALIN6A ON 27 SEP 56 

BQ/MW3 AT 2100 HOURS ON DAY OF COLLECTION 
SEP 27 SEP 28 SEP 29 SEP 30 OCT 01 OCT 02 OCT 03 

SAMPLING CENTRE 

ADELAIDE - - - - - - -
ALBANY - - - - - - -
ALICE SPRINGS - - 1. - - - -
ARHIDALE - 81. 63. - <1 <1 <1 
BOURKE - 44. 3. <1 - - -
BRISBANE - - 2. 5. <1 - -
BROKEN HILL - 3. - - - - -
BROOKE - - - <1 - - -
BUNDABER6 - - - 20. 1. - -
CAIRNS - - - - <1 4. 2. 
CAMHMEAL - - 26. 1. <1 3. 2. 
CANBERRA - - - - - - -
CARNARVON - - - - - - -
CEDUHA - - - - - - -
CHARLEVILLE - - 13. - - - <1 
CLONCURRY - - 4.1 <1 1. 5. 2. 
COBAR - - 3. - - - -
COFF'S HARBOUR - - 14. <1 - - -
COONABARABRAN - - 6. <1 <1 - -
CUNNAHULLA - - 52, 1. <1 <1 <1 
CURRIE - - - - - - -
DALY WATERS N N N 16. 3. 3. 1. 
DARWN N N N N N N N 
DUBBO - 3. <1 1. - - N 
ECHUCA - - - - - - -
EHERALD - - - 23. <1 <1 <1 
ESPERANCE - - - - - - -
FORREST - - - - - - -
GERALDTON - - - - - - -
GILES - - - - <1 <1 <1 
GOONDIUINDI - - - 2, - - -
HALL'S CREEK - - - - N - -
HAMILTON - - - - - - -
HILLSTJN - - - - - - -
HOBART - - - - - - -
KALGODRLIE - - - - - - -
LEIGH CREEK - 19. - - - - -
LEONORA - - - - <1 - -
LISHORE - 107. 16, 2. 2, - <i 
LONGREACH - - 1. <1 N <1 N 
HACKAY - •• - - 3, 4. 3, 
HARALINGA - - - - - <1 -
HAREE - 31. - - - - <1 
HEEKATHARRA - - - - <1 - -

- : LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 
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C5 
( c o n t ' d ) 

RADIOACTIVE CONTAMINANTS IN AIR FROM BUFFALO ROUND 1 
CONDUCTED AT HARALINGA ON 27 SEP 56 

BQ/MW3 AT 2100 HOURS 3N DAT OF COLLECTION 
SEP 27 SEP 28 SEP 29 SEP 30 OCT 01 OCT 02 OCT 03 

SAMPLING CENTRE 

MELBOURNE 
HILDURA 
HT. GAMBIER 
NHILL 
NORHANTON 
ONSLOU 
OODNADATTA 
PERTH 
PT. AUGUSTA 
PT. HEDLAND 
PT. LINCOLN 
PT. MORESBY 
RICHMOND 
ROCKHAHPTON 
ROMA N 
SALE 
SOUTHERN CROSS 
SWAN HILL 
SYDNEY 
SYDNEY (AEC) 
TARCOOLA 
TENTERFIELD 
THARGOMINDAH 
THURSDAY ISLAND 
TOHNSVILLE 
VAGGA 
UALGETT 
NARRNAHBOOL 
WESTERN JUNCTION 
HILLIAHTOUN 
UOOMERA 
WYNDHAM 

- : LESS THAN MINIMUM DETECTABLE 
N : NO SAMPLE 

" " "" — ~ ~ 
- - - <1 - -

- 3. 15. 11. 1. 2. 
3. "" <1 

- «. 
<1 

-

3. 3. 14. 6. 2. 
- - 22. <1 2. <1 
<1 21. 1. <1 

N 
1. 

-

- -
-

<1 

- -

- 11. <1 <1 - -
3. N 2. - N -
- - - - - <1 
- - - 10. 3. 1. 

-
15. 5. 

-
3. -

-
4. 

<1 7. 111. 2. 2. 



C6 

RADIOACTIVE CONTAMINANTS IN AIR FROM BUFFALO ROUND 2 
CONDUCTED AT MARALIN6A ON 04 OCT 56 

BQ/HM3 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 04 OCT 05 OCT 06 OCT 07 OCT 08 OCT 09 OCT 10 

SAHPLIN6 CENTRE 

ADELAIDE - - - - - - -
ALBANY - - - - - - N 
ALICE SPRINGS - 2. 6. <1 1. <1 -
ARHIDALE - - 6. - - - -
BOURKE <1 - 3. <1 - - -
BRISBANE <1 - 2. 3. - - -
BROKEN HILL - - - - <1 - -
BROOME - - - - - - -
BUNDABERG <1 - - 3. - - -
CAIRNS 1. <1 - - 3. 3. <1 
CAMOODEAL 1. <1 9. 8. <1 <1 1. 
CANBERRA - - - - - - -
CARNARVON - - - - - - -
CEDUNA - - - - - - -
CNARLEVILLE <1 - 22. 2. - <1 -
CLONCURRY 2, 4. 13. 9. <1 1. <1 
COBAR - - 2. - - - -
COFF'S HARBOUR - - <1 <1 - - -
COONABARABRAN - - 1. - - - -
CUNHAHULLA - 2. 19. <1 - - -
CURRIE - - - - - - -
DALY WATERS 1. 4. 1. 1. 2. <1 <1 
DARUIN N N N N N N N 
DUBBO - - <1 - - - -
ECHUCA - - - - - - -
EMERALD <1 <1 <1 4. <1 - -
ESPERANCE - - - - - - -
FORREST - - - - - - -
GERALDTON - - - - - - -
GILES <1 20. - 2. 2, - -
GOONDIVINDI <1 - 13. 1. - - -
HALL'S CREEK - - - - <1 - N 
HAMILTON N - - - - - -
HILLSTON - - - - - - -
HOBART - - - - - - -
KAL600RLIE - - N N N N H 
LEIGH CREEK - - - - - - -
LEONORA - - - - - - -
LISMORE 3. <1 <1 2. - - -
L0N6REACH <1 <1 3. 5. - <1 -
MACKAY <1 <1 <l 1. 3, <1 -
NARALINGA 9, - - - - - -
MAREE - 2. - - - <1 -
KEEKATHARRA - - - - - - -

- : LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 
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RADIOACTIVE CONTAMINANTS IN AIR FROM BUFFALO ROUND 2 
CONDUCTED AT HARALINGA ON 04 OCT 56 

BQ/Hlt3 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 04 OCT 05 OCT 06 OCT 07 OCT 08 OCT 09 

SAMPLING CENTRE 

MELBOURNE . - - - - -
MILDURA - - - - - -
MT. GAHBIER - - - - - -
NHILL - - - - - -
NORHANTON 2. 8. 3. 3. 3. 1. 
ONSLOW - - - - - -
OODNADATTA - 1. - - <1 -
PERTH - - - - - -
PT. AUGUSTA - - - - - -
PT, HEDLAND - - - - - -
PT. LINCOLN - - - - - -
PT. MORESBY - - - - - -
RICHMOND 1. 1. i 9. 1. 1. 
RCCKHAMPTON <1 - - 4. <1 -
ROMA <1 - 14. 4. - -
SALE - - - N - -
SOUTHERN CROSS - - - - - -
SWAN KILL - - - - - -
SYDNEY - - <1 - - -
SYDNEY (AEC) - - - - - -
TARCOOLA - - - - - -
TENTERFIELD - - 3. 1. - -
THARGOHINDAH - - 16. 6. - -
THURSDAY ISLAND <1 - - - - -
TOUNSVILLE <1 - - 1. 4. 1. 
UAGGA - - - - - -
yALGETT - - 13. - - -
UARRNAMBOOL - - - - - -
WESTERN JUNCTION - - - - - -
yiLLIAMTOUN - <1 - - <1 -
VOOMERA - - - - - -
HYNDHAH <1 N N H H N 

- ! LESS THAN MINIMUM DETECTABLE 
N '. NO SAMPLE 
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RADIOACTIVE CONTAHINANTS IN AIR FROM BUFFALO ROUND 3 
CONDUCTED AT HARALINGA ON 11 OCT 56 

BQ/MI3 AT 2100 HOURS ON DAT OF COLLECTION 
OCT 11 OCT 12 K T 13 OCT 14 OCT 15 OCT 16 OCT 17 OCT 18 K T 19 K T 20 K T 21 

SAMPLING CENTRE 

ADELAIDE - 518. 148. 9, 12. <1 - - - - -
ALBANY - - - - - - - - - - -
ALICE SPRINGS - <1 - <1 <1 2. - - - - -
ARHIDALE - - 6. 14. <1 - <1 - - - -
80URKE - - - - <1 3. 1. - - N N 
BRISBANE - - <1 <1 - - <1 <1 - - -
BROKEN HILL - - 41. <1 2. 6. - - - - -
BR!M)HE - - - - - - <1 <1 - - -
BUNDABERG - - <1 - - - <1 - - - -
CAIRNS - <1 <1 <1 <1 <1 - - - - -
CAHOOWEAL - - - <1 <1 <1 <1 - - - N 
CANBERRA - - 14. 52. 5. <1 1. - - - -
CARNARVON - - - - - - - - - - -
CEDUNA - 352. 1. 4. 7. - - - - - -
CHARLEVILLE - - - - <1 - <1 - - - -
CLONCURRY - 1. <1 <1 <1 <1 <1 - - - -
COBAR - - - - - 3. 1. - - - -
COFF'S HARBOUR - - - 7, 2. <1 <1 - - - -
COONABARABRAN - - - 3. - <1 1. - - - -
CUNHAHULLA 1. - - - <1 <1 1. - - - -
CURRIE - - - <1 1. <1 - - - - -
DALY HATERS <1 <1 <1 <1 <1 <1 <1 <1 - - -
DARWIN N N N N N N N N N N H 
DUBBO - - - 85. - - N N N N N 
ECKUCA - - 35. 96. 4. 2. 3. - - - -
EMERALD - - <1 <1 <1 <1 <1 <1 - - -
ESPERANCE - - - - - - - - - - -
FORREST 8. 1. 13. <1 - - - - - - -
GERALDTON - - - - - - - - - - -
GILES - - <1 <1 <1 - - N N N N 
GOONDIUINDI - - - - <1 <1 <1 <1 - - <1 
HALL'S CREEK N N N N N N N N N N N 
HAMILTON - - 56. 23. 4. 1. - - - - -
HILLSTON - - 67. 12. - 3. 3. - - - -
HOBART - - - - <1 <1 - - - - -
KALGOORLIE N N - - <1 - - - - - -
LEIGH CREEK i9. - - <1 2. 5. - - - - -
LEONORA - - - - - - - - - - -
LISHORE - 1. - <1 3. <1 <1 <1 - <1 <1 
L0N6REACH - - <1 <1 <1 <1 <1 - - - -
HACKAY - - - <1 <1 - - - - - -
HARALINGA 118. 3. 5. 5. <1 <1 - - - - -
MAREE 9. - - <1 1. 2. - - - - -
HEEKATHARRA - - - - - - - - - • -

- : LESS THAN MINIMUM DETECTABLE 
N S NO SAMPLE 
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(cont'd) 

RADIOACTIVE CONTAHINANTS IN AIR FROM BUFFALO ROUND 3 
CONDUCTED AT MAKALINGA ON 11 OCT 56 

BQ/HM3 AT 2100 HOURS ON DAY OF COLLECTION 
OCT 11 OCT 12 OCT 13 OCT 14 OCT 15 OCT 16 OCT 17 OCT 18 OCT 19 OCT 20 OCT 21 

SAMPLING CENTRE 

MELBOURNE <I N 11. 1. - <1 - - - - -
MILBURA - - 104. 3. 4. 3. - - - - -
NT. GAHBIER - <1 48. 22. 5. 1. - - - - -
NHILL - - 237. 16. 1. 2. - - - - -
NORHANTON - <1 <1 N <1 - - - - - -
ONSLOW - - - - - - - - - - -
OODNADATTA - - - 1. 2. <1 - - - - -
PERTH N N N N - - - - - - -
PT. AUGUSTA - 10. <1 <1 5. <1 - - - - -
PT. HEDLANB - - <1 - - - <1 <1 - - -
PT, LINCOLN - 7, 78. <1 - - - - - - -
PT. MORESBY - - - - - - - - - - -
RICHMOND <1 <1 <1 <1 <1 <1 - - - - -
ROCKHAHPTON - - - - <1 - - <1 - - -
ROMA - - - <1 - <1 <1 - - - -
SALE 1. - 16. 3. 1, <1 - - - - -
SOUTHERN CROSS - - - <1 - - - - - - -
SHAN HILL - - 70. 56. 1. 2. - - - - -
SYDNEY - - - 9. 6, <1 <1 - - - -
SYDNEY (AEC) - - - 13. 7, <1 <1 - - - -
TARCOOLA - - - - 1. - - - - - -
TENTERFIELD - - - <1 - - <1 - - - -
THARGOMINDAH - - - - - <1 1. <1 - - -
THURSDAY ISLAND <1 <1 - - <1 <1 - - - - -
TOHNSVILLE - - - - <1 - - - - - -
UA66A - - 9, 93. 4. 1. <1 - - - -
UALGETT - - <1 <1 - 1. 2. - - - -
MARRNAMBOOL - - 41. 9. 13, 1. - - - - -
WESTERN JUNCTION - - - - 1. 1. - - - - -
NILLIAMTOUN - - - 8. 5. <1 1. - - - -
yOOHERA N 222. <1 <1 <1 1. - - - - -
UYNDHAM N N N N N N N N N N N 

- : LESS THAN MINIMUM DETECTABLE 
N ! NO SAMPLE 
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RADIOACTIVE COKTMUMNTS IN AIR HRM DOFFALO R O M 4 
CONDUCTED AT AARALIKA ON 22 OCT M 

DO/HSU AT 2100 HOURS ON MT OF COUECTUM 
K T 22 OCT 23 OCT 24 OCT 25 K T 24 K T 27 K T 28 K T 2? K T 30 K T 31 NOV 01 NOV 02 NOV 03 NOV 04 

SAMPLING CENTRE 

AKUUtE <1 
ALMrr 
ALICE SPRUES - <1 <I 1. 2. - - <1 - - <1 - - . -
AAMDAIE - 3. <1 <1 <1 
DOURKE N N N N N N N N N 
D R I S M K - 2. <1 <1 1. 1. 
BROKEN HILL <1 - - 2. 1. <1 <1 1. - - <! - - -
BROOK 
DUNBAIER6 - - 1. 7. 3. <1 <1 <1 <1 - - <I - -
CAIRNS - - 12. <1 - <1 - <1 <1 a <1 <1 <1 <1 
CMOOHEAL - 12. 24. 36. N 4. <I <1 <I <i <1 - - -
CANBERRA <1 
CARNARVON a N 
CEBUM 
CNARtEVIUE - 7. 3. - 12. 3. <1 <l <1 - <1 <1 N N 
aOACURRT - 2. 20. 11. 3. 4. 1. 1. <1 <i 1. 1. <I -
COIAR 4, - - <1 <1 
COFF'S HUMOUR - 10. <1 
COONAIARAMAN 1. N 
CUNNAMUA - 11. <1 - N N N N N N N N N N 
CURRIE N N N N - - - N 
DALT HATERS - - 4. 24. 1. <1 <1 <I <1 
DMtUIH N N N N N N N N N N N N N N 
DUBBO N N N N - - - <1 - - - - - -
ECHUCA <1 
EKRALO - 2. 1. 3. 1. 7. <1 <1 <1 - - <1 - -
ESFfRANCE 
FORREST 
KRALSTON 
GILES N N H H N N N N N N N H N N 
600NDIHINDI - 4. <1 - 1. <1 <1 <1 
HAIL'S CREEK - 7. 1. 
HMILTON 
NILLSTON 
HOIART N N N N N N N N 
ML600RLIE 
LEIGH CREEK 54. - - <1 - - - - - <1 - • - -
LEONOR' 
LISNOni - <1 - - N - - - - - - N - N 
LONGREACH - 20. <I 2. 10. 4. - <1 - <1 - <1 - -
MCKAT - - 4. S, - 2. <1 <1 <1 - <1 - - -
MRALINGA 
MREE 33. «. - <! - - <1 - - - <I - -
nEEXATHMOM 1, 

- : LESS THAN H M I I U I DETECTABLE 
N ! NO SAMPLE 
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[cont'd) 

M O I O K I W CmfTMIMIITS III MR FRO* MFFN.0 
camera AT MRALIMA OH 22 OCT SA 

N / H I U AT 2100 HOIKS ON M Y OF COLLECTION 
OCT 22 K T 23 K T 24 OCT 73 OCT 24 KT 27 K T 28 K T 2? K T 30 K T 31 NOV 01 I W 0 2 **> 0 3 KW 04 

SMFUNC CENTRE 

nCLNUWF. 
NILMRA - -
NT. GMI IE I I 
mill - - - - - - <| 
MWWITOII - 2 . 3 . 1 . - <1 1 . 2 . 1 . S . 1 . <1 <1 
ONaoy -
OMNADATT* 1 1 . - - < 1 - -
PttTH <1 
PT. AUGUSTA . . . j , _ _ - - » - - - - -
FT. HCDUW < 1 - - - -
PT. LINCOLN - <1 
PT. H0RES1Y <1 <1 - - <1 -
RICHMND 44 . 2 4 . 12 . 37 . 12. 2 . < ! 1 . <1 I . J . -
ROCmANPTON <1 <1 t. I. 1 . <1 <1 <1 - - <I 
MUM 13. 1 . 3. 1 . <1 <1 <1 
SALE - - -
SOUTICRN CROSS N N N N N M N N N N - - - -
S N W H I L L - - - - - - < | N 

STOKEY <1 -
STDNEY <A£C) - H u l l 
TttCOOLA N N N 
TENTERFIEID 3 . - - <1 <1 
THMGOMNOM <1 2 . 3 . <1 N 
THURSDAY ISLAND 3 . 1 . <1 1 . <1 <1 < I 
TOIINSVIllE - - 4 . <1 <1 <1 2 . M <1 <1 <1 <1 - -
UA6GA _ _ . _ _ , - - _ - - - - -
WIGETT <1 1. - - - <1 <1 <1 
MKIUMHICa - - - H 
NESTER*. JUNCTION - - -
MlLIAHTffl* - <1 - - 1 , 
KXMERA <1 - - - -
Wimm ttNMHHNNHNMHNHN 

- ! LESS THAN DINIHUH BETECTAM.E 
N : NO SAMPLE 

•"4 
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RMIOACTIVE CO»TAMNANTS M AIR FRO) ANTLER R O M 1 
COWSHED AT RARM.INEA EM 14 SEP 57 

I 

M / m t ] AT 2100 HOURS ON DAY OF COLLECTION 
SEP 14 SEP IS SEP 16 SEP 17 SEP 18 SEP 1» SEP 20 SEP 21 SEP 22 SEP 23 SEP 24 SEP 25 

SN>1MB CENTRE 

ADELAIDE 
NISMNE 
IRWIN 
MWART 
HELKWNE 
PERTH 
STtNET 
TOWSVILLE 

N <1 <1 
30. 3 . <1 <1 <1 

<1 <1 

- ! LESS THW HIMKJt BETECTRJLE 
N ! NOSMPLE 

RADIOACTIVE C0HTAHINANT5 IN MR niOH ANTLER 
CONDUCTED AT MRALINM ON 75 SEP 57 

i\ 
N / H M 3 AT 2100 HOURS ON DAT OF COLLECTION 
SEP 75 SEP 26 SEP 27 SEP 28 SEP 2 ! SEP 30 K T 01 K T 02 K T 03 K T 04 K T OS ITT 06 K T 07 OCT 09 

SARPLIN6 CENTRE 

ADELAIDE 
BRISBANE 
DARWN 
H08ART 
I C . K M N E 
PERTH 
STDNET 
lOHNSVILU 

1. <1 <! <1 <1 <1 
1. 3. 1. I . 

<1 

<I <1 
N 

<1 
N 

1. 4 . 1 . 
<1 

3 . <1 

- : LESS THAN HININUR OETECTAIU 
N ! HO SAMPLE 

RADIOACTIVE CONTAMINANTS IN AIR FSOH ANTLER ROM) 3 
COHBUCTED AT IMMLINGA ON « K T 57 

) 

s 
' If > 

SAHAINO CENTRE 

ADELAIDE 
MtlSMNC 
DARMN 
HOBART 
HELROURNE 
PERTH 
STDNET 
TOWfSWILLE 

B0/Htt3 AT 2100 HOURS ON DAT OF COLLECTION 
KT 10 OCT 11 KT 12 KT 13 KT 14 KT 15 K T l i KT 17 KT 18 KT 1? KT 20 KT 21 KT 22 KT 23 

<I <I <1 - -
<1 N - - <1 1 , 

I . 4 . 7. <1 2 . 4 . 4 , 3 . 2 . 

<1 <I <1 

<1 11 . 1. 

- ; LESS THAN NINIIU1 KTECTAIIE 
N ! NO SAME 

3. 7. 3 . 1 . 4. 1 1 . 
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APPENDIX D 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT 
COMMITMENTS FOR MOSAIC, BUFFALO AND ANTLER 

N 
• • • ; 
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AGE-WEIGHTED EFFFCTIVE DOSE EQUIVALENT COMMITMENTS 
FOR MOSAIC ROUND 1, CONDUCTED AT MONTE BELLO IS. ON 16 MAY 56 (WST) 

RADIATION DOSE wSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 921041 .0 .0 .0+ .0 .000 
ALICE SPRINGS 6900 .0 .0 .0 .0 .000 
BRISBANE 1230599 .0 .0 .0+ .0 .000 
BROOME 3340 276.2 62.5 15.2 3.9 1.195 
CAIRNS 97014 7.2 1.6 1.2+ .0 .973 
CARNARVON 3559 19.8 4.4 4.* .9 .105 
CHARLEVILLE 31250 .4 .1 .9 .0 .044 
CLONCURRY 47638 .0 .0 .0 .0 .000 
DALY WATERS 992 67.1 14.6 3.3 .2 .084 
DARWIN 16073 58.0 12.9 3.2 .5 1.199 
FITZROY CROSSING 75 112.0 24.5 13.6 .2 .011 
GERALDTON 32195 2.9 .7 .6 .0 .135 
HALL'S CREEK 392 25.5 5.6 1.3 .1 .013 
KALGOORLIE 23202 .0 .0 .0 .0 .000 
LIVERINGA 75 124.7 27.4 16.1 1.9 .013 
MEEKATHARRA 3436 18.2 4.0 3.5 .5 .090 
MELBOURNE 2921693 .0 .0 .0+ .0 .000 
NOONKANBAH 75 172.6 38.1 20.3 1.8 .017 
ONSLOW 549 415.9 93.1 16.0 1.2 .289 
nODNADATTA 43866 1.9 .4 .6 .0 .128 
PERTH 589304 .0 .0 .0+ .0 .000 
PT. HEDLAND 1367 29.6 6.7 5.3 1.9 .059 
ROEBOURNE 1542 .0 .0 .0 .0 .000 
SYDNEY 3224217 .0 .0 .0+ .0 .000 
THURSDAY ISLAND 1996 1.4 .3 1.4 .0 .006 
TflWNSVILLE 207784 19.8 4.4 1.5+ .1 5.347 
WOOMERA 15530 .0 .0 .0 .0 .000 
WYNDHAM 1369 60.4 13.? 2.8 1.9 .107 

PER CAPUT DSV 0.8 0.2 0.1 <0.1 

TOTAL 9427073 9.817 

* The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drinking water for all 
households in the region represented by the centre. 
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AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR MOSAIC ROUND 2, CONDUCTED AT MONTE BELLO IS. ON 19 JUN 56 (WST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 921041 .0 .0 .0+ .0 .000 
ALICE SPRINGS 6900 9.1 2.0 2.1 .0 .091 
BRISBANE 1230599 15.2 3.4 1.9+ .0 25.177 
BROOME 3340 286.4 71.6 42.9 .1 1.339 
CAIRNS 97014 3.4 .8 .6+ .1 .477 
CARNARVON 3559 .0 .0 .0 .0 .000 
CHARLEVILLE 31250 316.7 68.9 62.0 .1 13.991 
ft pftirnnny 47638 14.2 3.1 2.4 .3 .954 
DALY WATERS 992 17.1 3.8 2.7 .0 .023 
DARWIN 16073 100.1 22.5 18.3 .8 2.276 
FITZROY CROSSING 75 228.0 51.3 29.0 2.6 .023 
GERALDTON 32195 .0 .0 .0 .0 .000 
HALL'S CREEK 392 59.6 13.4 7.2 .0 .031 
KALGOORLIE 23202 .0 .0 .0 .0 .000 
LIVERTNGA 75 217.7 57.6 21.8 .1 .022 
MEEKATHARRA 3436 .0 .0 .0 .0 .000 
MELBOURNE 2921693 .0 .0 .0+ .0 .000 
NOONKANBAH 75 336.9 75.7 43.7 9.3 .035 
ONSLOW 549 40.4 9.0 5.2 .2 .030 
OODNADATTA 43866 .0 .0 .0 .0 .000 
PERTH 589304 .0 .0 .0+ .0 .000 
PT. HEDLAND 1367 710.5 183.3 108.6 5.0 1.377 
ROEBOURNE 1542 39.3 8.8 5.2 .1 .082 
SYDNEY 3224217 .0 .0 .0+ .0 .000 
THURSDAY ISLAND 1996 .0 .0 .0 .0 .000 
TOWNSVILLE 207784 19.4 4.3 3.0+ .1 5.574 
WOOMERA 15530 .0 .0 .0 .0 .000 
WYNDHAM 1369 199.0 43.6 28.3 2.3 .374 
DER CAPUT uSv 4.0 0.9 0.6 <0.1 

TOTAL 9427073 51.878 

* The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drinking water for all 
households in the region represented by the centre. 
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AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR BUFFALO ROUND 1 , CONDUCTED AT MARALINGA ON 27 SEP 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 706091 .0 .0 .0+ .0 .000 
ALBANY 37470 .0 .0 .0 .0 .000 
ALICE SPRINGS 6383 .0 .0 .0 .0 .000 
ARMIDALE 58281 56.4 12.7 7.7 2.3 4.607 
BIRDSVILLE 293 4.3 1.0 .0 .0 .002 
BOULIA 749 5.2 1.1 .6 .0 .005 
BOURKE 9510 33.9 7.4 4.4 .6 .441 
BRISBANE 729199 6.4 1.4 1.3+ .2 6.756 
BROKEN HILL 38490 .0 .0 .0 .0 .000 
BROOME 3340 .0 .0 .0 .0 .000 
BUNDABERG 115816 1.4 .3 .2+ .6 .292 
CAIRNS 95030 .6 .1 .0+ .3 .100 
CAMOOWEAL 12573 7.8 1.7 1.6 .8 .150 
CANBERRA 112880 .0 .0 .0+ .0 .000 
CARNARVON 3559 .0 .0 .0 .0 .000 
CEDUNA 6076 .8 .2 .2 .0 .007 
CHARLEVILLE 8202 18.2 3.9 4.7 .3 .222 
CLEVE 6637 .5 .1 .0 .0 .004 
CLONCURRY 6352 1.1 .2 .2 .4 .012 
COBAR 6963 1.7 .4 .2 .1 .017 
COFF'S HARBOUR 55743 22.1 4.8 1.1+ .3 1.581 
COOK 628 .7 .1 .2 .0 .001 
COONABARABRAN 30913 3.7 .8 .5 .1 .157 
CUNNAMULLA 4830 6.3 1.5 .7 1.1 .049 
CURRIE 17421 .0 .0 .0 .0 .000 
DALY WATERS 992 1.6 .4 .3 .6 .003 
DARWIN 16073 1.5 .3 .0 .0 .029 
DUBBO 94198 .7 .2 .0 .1 .095 
ECHUCA 218549 .0 .0 .0+ .0 .000 
EMERALD 9895 .5 .1 .5 .7 .018 
FSPtRANCE 5229 .0 .0 .0 .0 .000 
FINKE 371 .7 .2 .0 .0 .000 
FORBES 98930 .4 .1 .0 .0 .044 
FORREST 194 .0 .0 .0 .0 .000 
GERALDTON 32195 .0 .0 .0 .0 .000 
GILES 146 .9 .2 .3 .0 .000 
GOONDIWINDI 128190 35.6 7.9 7.0 .0 6.480 
HALL'S CREEK 392 2.5 .5 .6 .0 .001 
HAMILTON 118878 .0 .0 .0 .0 .000 
HILLSTON 81015 .7 .2 .2 .0 .088 
HOBART 161904 .0 .0 .0+ .0 .000 
KALGOORLIE 21430 .0 .0 .0 .0 .000 
LEIGH CREEK 1278 17.7 4.1 .7 .2 .029 
LEONORA 1578 .0 .0 .0 .0 .000 
LISMORE 88220 418.9 92.3 97.8+ 1.8 53.886 

* The entries for external radiation dose include a shielding fartor of 0.34 

+ Tankwater would not comprise the main source of drinking water for a l l 
households in the region represented by the centre. 
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AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR BUFFALO ROUND 1 CONDUCTED AT MARALINGA ON 27 SEP 56 (CST) 

RADIATION DOSE M s v POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

LONGREACH 8858 4.5 1.0 1.0 .1 .058 
MACKAY 42209 1.7 .4 .3+ .4 .119 
MARAL INGA 2500 .3 .1 .0+ .0 .001 
MAREE 630 87.0 20.0 10.7 .4 .074 
MEEKATHARRA 3436 .0 .0 .0 .0 .000 
MELBOURNE 1993033 .0 .0 .0+ .0 .000 
MILDURA 29858 .0 .0 .0+ .0 .000 
MT. GAMBIER 93884 .0 .0 .0 .0 .000 
NHILL 52932 .0 .0 .0 .0 .000 
NORMANTON 1984 2.9 .6 .7 1.0 .010 
ONSLOW 549 .0 .0 .0 .0 .000 
OODNADATTA 630 .7 .2 .2 .1 .001 
PERTH 544303 .0 .0 .0+ .0 .000 
PT. AUGUSTA 32998 .4 .1 .0 .0 .016 
PT. HEOLAND 2919 .2 .0 .0 .0 .001 
PT. LINCOLN 13083 .0 .0 .0 .0 .000 
RICHMOND 5551 2.4 .5 .6 .9 .024 
ROCKHAMPTON 84732 1.2 .3 1.6 .7 .316 
ROMA 19074 11.7 2.5 2.8+ .5 .335 
SALE 134180 .0 .0 .0 .0 .000 
SOUTHERN CROSS 2302 .0 .0 .0 .0 .000 
SWAN HILL 26894 .4 .1 .0+ .0 .012 
SYDNEY 2273876 .0 .0 .0+ .0 .000 
TAMBO 3974 4.4 1.0 1.0 .0 .025 
TARCOOLA 630 .9 .2 .2 .0 .001 
TENTERFIELD 55146 76.2 16.7 16.1 .2 6.021 
THARGOMINDAH 694 41.9 9.5 4.1 .1 .039 
THURSDAY ISLAND 1996 .0 .0 .0 .0 .000 
TIBOOBURRA 1017 55.5 13.3 13.1 .0 .083 
TOWNSVILLE 80843 2.7 .6 .4+ .5 .335 
WAGGA 121670 .0 .0 .0 .0 .000 
WALGETT 26112 18.4 4.0 2.7 .5 .669 
WARRNAMBOOL 59386 .0 .0 .0 .0 .000 
WESTERN JUNCTION 138516 .0 .0 .0+ .0 .000 
WILLIAMTOWN 403772 .0 .0 .0+ .1 .040 
WINDORAH 780 14.8 3.2 1.7 .0 .015 
WINTON 3660 1.2 .3 1.3 .0 .010 
WOOMERA 3788 .0 .0 .0 .0 .000 
WYNDHAM 1369 1.4 .3 .4 4.0 .008 

PER CAPUT gSv 6.2 1.4 1.3 0.1 
TOTAL 9426854 83.291 

* The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drirking water for a l l 
households in the region represented by the centre. 



D6 
AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 

FOR BUFFALO ROUND 2, CONDUCTED AT MARALINGA ON 04 OCT 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 706091 .0 .0 .0+ .0 .000 
ALBANY 37470 .0 .0 .0 .0 .000 
ALICE SPRINGS 6383 1.6 .4 .3 .2 .016 
ARMIDALE 58281 14.8 3.2 3.3 .1 1.247 
BIRDSVILLE 293 5.2 1.2 .0 .0 .002 
BOULIA 749 4.7 1.1 1.1 .0 .005 
BOURKE 9510 5.1 1.1 1.1 .1 .070 
BRISBANE 729199 1.5 .3 .3+ .1 1.612 
BROKEN HILL 38490 .5 .1 .5 .0 .043 
BROOME 3340 .0 .0 .0 .0 .000 
BUNDABERG 115816 .7 .2 .2+ .1 .138 
CAIRNS 95030 .0 .0 .0+ .2 .019 
CAMOOWEAL 12573 .7 .2 .2 .5 .020 
CANBERRA 112880 .0 .0 .0+ .0 .000 
CARNARVON 3559 .0 .0 .0 .0 .000 
CEDUNA 6076 3.7 .9 .5 .0 .031 
CHARLEVILLE 8202 .8 .2 .3 .5 .014 
CLEVE 6637 .0 .0 .0 .0 .000 
CLONCURRY 6352 .4 .1 .0 .6 .007 
COBAR 6963 1.5 .3 .4+ .0 .016 
COFF'S HARBOUR 55743 1.7 .4 .4 .0 .138 
COOK 628 1.6 .4 .3 .0 .001 
COONABARABRAN 30913 4.3 .9 .9 .0 .189 
CUNNAMULLA 4830 1.0 .2 .3 .4 .009 
CURRIE 17421 .0 .0 .C .0 .000 
DALY WATERS 992 .0 .0 .0 .2 .000 
DARWIN 16073 .0 .0 .0 .0 .000 
DUBBO 94198 2.0 .4 .4 .0 .267 
ECHUCA 218549 .0 .0 .0+ .0 .000 
EMERALD 9895 .4 .1 .3 .2 .009 
ESPERANCE 5229 .0 .0 .0 .0 .000 
FINKE 371 1.5 .3 .2 .0 .001 
FORBES 98930 .0 .0 .0 .0 .000 
FORREST 194 .0 .0 .0 .0 .000 
GERALDTON 32195 .0 .0 .0 .0 .000 
GILES 146 .0 .0 .0 .4 .000 
GOONDIWINDI 128190 10.1 2.2 1.9 .3 1.857 
HALL'S CREEK 392 .0 .0 .0 .0 .000 
HAMILTON 118878 .0 .0 .0 .0 .000 
HILLSTON 81015 .0 .0 .0 .0 .000 
HOBART 161904 .0 .0 .0+ .0 .000 
KALGOORLIE 21430 .0 .0 .0 .0 .000 
LEIGH CREEK 1278 .0 .0 .0 .0 .000 
LEONORA 1578 .0 .0 .0 .0 .000 
LISMORE 88220 11.9 3.6 2.4+ .1 1.595 

* The entries for external radiation dose include a shielding factor of 0.34 
+ Tankwater would not comprise the main source of drinking water for all 

households in the region represented by the centre. 
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D7 (cont'd) 

AGE-WEIGHTED EFFECTIVE UUSE EQUIVALENT COMMITMENTS 
FOR BUFFALO ROUND 2, CONDUCTED AT MARALINGA ON 04 OCT 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

LONGREACH 8858 1.2 .3 .4 .2 .019 
MACKAY 42209 .0 .0 .0+ .2 .008 
MARAL INGA 2500 7.9 2.3 1.6+ .0 .029 
MAREE 630 1.4 .3 .3 .0 .001 
MEEKATHARRA 3436 .0 .0 .0 .0 .000 
MELBOURNE 1993033 .0 .0 .0+ .0 .000 
MILDURA 29858 .0 .0 .0+ .0 .000 
MT. GAMBIER 93884 .0 .0 .0 .0 .000 
NHILL 52932 .0 .0 .0 .0 .000 
NORMANTON 1984 .0 .0 .0 .5 .001 
ONSLOW 549 .0 .0 .0 .0 .000 
OODNADATTA 630 2.0 .5 .5 .0 .002 
PERTH 544303 .0 .0 .0+ .0 .000 
PT. AUGUSTA 32998 .0 .0 .0 .0 .000 
PT. HEDLAND 2919 .0 .0 .0 .0 .000 
PT. LINCOLN 13083 .0 .0 .0 .0 .000 
RICHMOND 5551 .4 .1 .3 .5 .007 
ROCKHAMPTON 84732 .0 .0 .0+ .1 .008 
ROMA 19074 .7 .1 .4 .4 .031 
SALE 134180 .0 .0 .0 .0 .000 
SOUTHERN CROSS 2302 .0 .0 .0 .0 .000 
SWAN HILL 26894 .0 .0 .0+ .0 .000 
SYDNEY 2273876 .9 .2 .3+ .0 3.306 
TAMBO 3974 .8 .2 .2 .0 .005 
TARCOOLA 630 .5 .1 .4 .0 .001 
TENTERFIELD 55146 4.4 .9 .9 .1 .348 
THARGOMINDAH 694 2.6 .6 .4 .5 .003 
THURSDAY ISLAND 1996 .0 .0 .0 .0 .000 
TIBOOBURRA 1017 13.0 2.9 3.2 .0 .019 
TOWNSVILLE 80843 .0 .0 .0+ .2 .016 
WAGGA 121670 .0 .0 .0 .0 .000 
WALGETT 26112 5.8 1.3 1.4 .3 .230 
WARRNAMBOOL 59386 .0 .0 .0 .0 .000 
WESTERN JUNCTION 138516 .0 .0 .0+ .0 .000 
WILLIAMTOWN 403772 .4 .1 .0+ .0 .173 
WINDORAH 780 1.2 .3 .5 .0 .002 
WINTON 3660 .6 .1 .4 .0 .004 
WOOMERA 3788 .0 .0 .0 .0 .000 
WYNDHAM 1369 .0 .0 .0 .0 .000 

PER CAPUT pSv 0.8 0.2 0.2 <0.1 

i r 

4' 

TOTAL 9426854 11.520 

* The entries for external radiation dose include a shielding factor of 0.34 

Î 
+ Tankwater would not comprise the main source of drinking water for all 

households in the region represented by the centre. 



D8 
AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 

FOR BUFFALO ROUND 3, CONDUCTED AT MARALIN6A ON 11 OCT 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-

ADELAIDE 706091 9.0 2.0 1.7+ 10.1 16.079 
ALBANY 37470 .0 .0 .0 .0 .000 
ALICE SPRINGS 6383 .0 .0 .0 .1 .001 
ARMIDALE 58281 1.3 .3 .3 .5 .142 
BIRDSVILLE 293 .0 .0 .0 .0 .000 
BOULIA 749 .0 .0 .0 .0 .000 
BOURKE 9510 1.5 .3 .4 .2 .024 
BRISBANE 729199 .0 .0 .0+ .1 .073 
BROKEN HILL 38490 .5 .1 .3 1.1 .078 
BROOME 3340 .0 .0 .0 .0 .000 
BUNDABERG 115816 .0 .0 .0+ .0 .000 
CAIRNS 95030 .0 .0 .0+ .1 .010 
CAMOOWEAL 12573 .0 .0 .0 .1 .001 
CANBERRA 112880 6.3 1.4 1.2+ 1.9 1.212 
CARNARVON 3559 .0 .0 .0 .0 .000 
CEDUNA 6076 .7 .2 .0 4.7 .034 
CHARLEVILLE 8202 .0 .0 .0 .0 .000 
CLEVE 6637 12.6 2.8 2.6 .0 .120 
CLONCURRY 6352 .0 .0 .0 .1 .001 
COBAR 6963 1.2 .3 .2 .2 .013 
COFF'S HARBOUR 55743 .3 .1 .0+ .3 .037 
COOK 628 2.1 .5 .4 .0 .002 
COONABARABRAN 30913 1.6 .4 .3 .2 .075 
CUNNAMULLA 4830 .0 .0 .0 .1 .000 
CURRIE 17421 29.1 6.5 5.3 .1 .713 
DALY WATERS 992 .0 .0 .0 .1 .000 
DARWIN 16073 .0 .0 .0 .0 .000 
DUBBO 94198 2.2 .5 .5 2.3 .520 
ECHUCA 218549 4.7 1.0 .8+ 3.6 2.212 
EMERALD 9895 .0 .0 .0 .1 .001 
ESPERANCE 5229 .0 .0 .0 .0 .000 
FINKE 371 .0 .0 .0 .0 .000 
FORBES 98930 1.8 .4 .3 .0 .254 
FORREST 194 2.7 .6 .7 .3 .001 
GERALDTON 32195 .0 .0 .0 .0 .000 
GILES 146 .0 .0 .0 .1 .000 
GOONDIWINDI 128190 .6 .1 .0 .1 .104 
HALL'S CREEK 392 .0 .0 .0 .0 .000 
HAMILTON 118878 7.7 1.7 1.5 2.0 1.539 
HILLSTON 81015 1.1 .3 .5 1.9 .305 
HOBART 161904 4.5 1.0 .8+ .0 1.027 
KALGOORLIE 21430 .0 .0 .0 .0 .000 
LEIGH CREEK 1278 .8 .2 .4 .3 .002 
LEONORA 1578 .0 .0 .0 .0 .000 
LISMORE 88220 3.9 .9 .9+ .2 .517 

* The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drinking water for all 
households in the region represented by the centre. 



u* (cont'd) 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR BUFFALO ROUND 3, CONDUCTED AT MARALINGA ON 11 OCT 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

LONGREACH 8858 .0 .0 .0 .1 .001 
MACKAY 42209 .0 .0 .0+ .0 .000 
MARALINGA 2500 42.9 12.3 4.9+ .5 .151 
MAREE 630 .0 .0 .0 .1 .000 
MEEKATHARRA 3436 .0 .0 .0 .0 .000 
MELBOURNE 1993033 5.2 1.1 .8+ .3 14.803 
MILDURA 29858 2.5 .6 .6+ 2.4 .181 
MT. GAMBIER 93884 11.1 2.5 2.0 1.8 1.634 
NHILL 52932 6.6 1.5 1.5 5.4 .794 
NORMANTON 1984 .0 .0 .0 .0 .000 
ONSLOW 549 .0 .0 .0 .0 .000 
OODNADATTA 630 .0 .0 .0 .1 .000 
PERTH 544303 .0 .0 .0+ .0 .000 
PT. AUGUSTA 32998 1.4 .3 .3 .3 .076 
PT. HEDLAND 2919 .0 .0 .0 .0 .000 
PT. LINCOLN 13083 2.2 .5 .4 1.7 .062 
RICHMOND 5551 .0 .0 .0 .1 .001 
ROCKHAMPTON 84732 .0 .0 .0+ .0 .000 
ROMA 19074 .7 .1 .3 .0 .021 
SALE 134180 1.3 .3 .5 .5 .354 
SOUTHERN CROSS 2302 .0 .0 .0 .0 .000 
SWAN HILL 26894 2.2 .5 .4+ 3.0 .163 
SYDNEY 2273876 2.6 .6 .5+ .5 9.616 
TAMBO 3974 .0 .0 .0 .0 .000 
TARCOOLA 630 2.7 .6 .6 .0 .002 
TENTERFIELD 55146 .7 .1 .0 .0 .045 
THARGOMINDAH 694 .4 .1 .4 .1 .001 
THURSDAY ISLAND 1996 .0 .0 .0 .0 .000 
TIBOOBURRA 1017 .4 .1 .0 .0 .000 
TOWNSVILLE 80843 .0 .0 .0+ .0 .000 
WAGGA 121670 2.3 .5 .2 2.9 .717 
WALGETT 26112 .0 .0 .0 .1 .003 
WARRNAMBOOL 59386 8.2 1.8 1.5 1.5 .775 
WESTERN JUNCTION 138516 3.4 .8 .8+ .1 .700 
WILLIAMTOWN 403772 2.1 .5 .2+ .4 1.259 
WINDORAH 780 1.5 .3 .4 .0 .002 
WINTON 3660 .0 .0 .0 .0 .000 
WOOMERA 3788 10.6 2.4 .8 2.8 .063 
WYNDHAM 1369 .0 .0 .0 .0 .000 

PER CAPUT uSv 3.4 0.8 0.6 1.3 
TOTAL 9426854 56.516 

* The entries for external radiation dose include a shielding factor of 0.34 

• Tankwater would not comprise the main source of drinking water for all 
households in the region represented by the centre. 
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AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR BUFFALO ROUND 4, CONDUCTED AT MARALINGA ON 22 OCT 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 706091 .3 .1 .0+ .0 .234 
ALBANY 37470 .0 .0 .0 .0 .000 
ALICE SPRINGS 6383 17.7 4.0 2.5 .2 .156 
ARMIDALE 58281 45.0 9.9 8.1 .1 3.681 
RIRDSVILLE 293 167.3 39.2 .0 .0 .061 
BOL'LIA 749 33.5 7.7 4.0 .0 .034 
BOURKE 9510 23.8 5.5 4.9 .0 .326 
BRISBANE 729199 33.2 7.7 7.7+ .1 35.466 
BROKEN HILL 38490 13.1 3.2 2.7 .2 .737 
BROOME 3340 .0 .0 .0 .0 .000 
7UNDABERG 115816 116.3 27.3 27.5+ .4 19.868 
CAIRNS 95030 12.1 2.9 2.4+ .5 1.700 
CAMOOWEAL 12573 76.4 17.3 13.6 1.9 1.373 
CANBERRA 112880 .5 .1 .0+ .0 .076 
CARNARVON 3559 .6 .2 .5 .0 .004 
CEDUNA 6076 .1 .0 .0 .0 .001 
CHARLEVILLE 8202 116.2 26.5 17.2 .8 1.318 
CLEVF 6637 .9 .2 .4 .0 .010 
CLONCURRY 6352 76.2 17.2 10.6 1.3 .669 
COBAR 6963 11.5 2.7 1.8 .0 .111 
COFF'S HARBOUR 55743 6.0 1.3 .8+ .1 .456 
COOK 628 .3 .1 .0 .0 .000 
CnONARARABRAN 30913 5.5 1.3 .9 .0 .239 
CUNNAMULLA 4830 20.2 4.8 4.6 .2 .144 
CURRIE 17421 .0 .0 .0 .0 .000 
DALY WATERS 992 40.9 9.3 8.1 .9 .059 
DARWIN 16C73 16.6 4.0 1.3 .0 .352 
DUBBO 94198 5.1 1.2 .9 .0 .679 
ECHHCA 218549 .0 .0 .0+ .0 .000 
EMERALD 9895 25.5 6.2 4.9 .6 .369 
FSPERANCE 5229 .0 .0 .0 .0 .000 
FTNKE 371 11.7 2.6 1.3 .0 .006 
FORRES 98930 5.8 1.3 .9 .0 .785 
FORREST 194 .5 .1 .0 .0 .000 
GERALDTON 32195 .0 .0 .0 .0 .000 
GILES 146 8.5 2.1 1.7 .0 .002 
GOPNDIWINDI 128190 49.8 11.2 9.4 .2 9.054 
HALL'S CREEK 392 15.1 3.4 2.3 .2 .008 
HAMILTON 118878 .0 .0 .0 .0 .000 
H ILLSTON 81015 1.7 .4 .3 .0 .190 
HOBART 161904 .0 .0 .0+ .0 .000 
KALGOORLIE 21430 .0 .0 .0 .0 .000 
LEIGH CREEK 1278 37.5 8.8 4.0 .1 .064 
LEONORA 1578 .0 .0 .0 .0 .000 
LISMORF 88220 31.7 7.1 6.6+ .0 4.004 

* The entries for external radiation dose include a shielding factor of 0.34 
+ Tankwater would not comprise the main source of drinking water for all 

households in the region represented by the centre. 
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AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR BUFFALO ROUND 4 , CONDUCTED AT MARALINGA ON 22 OCT 56 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR MAN-SV 

LONGREACH 8858 78.1 17.4 13.2 .9 .971 
MACKAY 42209 20.8 5.2 4.4+ .4 1.298 
MARAL INGA 2500 .8 .2 .0+ .0 .002 
MAREE 630 134.8 32.2 10.1 1.2 .112 
MEEKATHARRA 3436 .0 .0 .0 .0 .000 
MELBOURNE 1993033 .0 .0 .0+ .0 .000 
MILDURA 29858 2.5 .5 .6+ .0 .108 
MT. GAMBIER 93884 .0 .0 .0 .0 .000 
NHILL 52932 .0 .0 .0 .0 .000 
NORMANTON 1984 9.2 2.3 2.0 .9 .029 
ONSLOW 549 .0 .0 .0 .0 .000 
OODNADATTA 630 15.2 3.4 2.3 .0 .013 
PERTH 544303 .0 .0 .0+ .0 .000 
PT. AUGUSTA 3290R 9.4 2.1 2.0 .0 .445 
PT. HEDLANO 2<n9 .0 .0 .0 .0 .000 
PT. LINCOLN 13083 .0 .0 .0 .0 .000 
RICHMOND 5551 43.2 9.8 6.7 3.5 .351 
ROCKHAMPTON 84732 35.3 8.4 9.6+ .5 4.559 
ROMA 19074 135.9 31.0 32.8 .4 3.818 
SALE 134180 .3 .1 .0 .0 .045 
SOUTHERN CROSS 2302 .0 .0 .0+ .0 .000 
SWAN HILL 26894 .0 .0 .0+ .0 .000 
SYDNEY 2273876 .0 .0 .0 .0 .000 
TAMBO 3974 63.1 14.4 15.2 .0 .368 
TARCOOLA 630 2.7 .6 .4 .0 .002 
TENTERFIELD 55146 36.3 8.2 7.1 .1 2.850 
THARGOMINDAH 694 ?2.4 5.2 3.8 .1 .022 
THURSDAY ISLAND ]996 3.0 .7 .5 .4 .009 
TIROOBURRA 1017 76.9 18.3 6.5 .0 .103 
TOWNSVILLE 80843 13.4 3.3 2.9+ .3 1.610 
WAGGA 121670 .0 .0 .0 .0 .000 
WALGETT 26112 17.1 4.0 3.2 .1 .638 
WARRNAMBOOL 59386 .0 .0 .0 .0 .000 
WESTERN JUNCTION 138516 .0 .0 .0+ .0 .000 
WILLIAMTOWN 403772 1.5 .4 .3+ .1 .920 
WINDORAH 780 40.4 9.3 6.7 .0 .044 
WINTON 3660 51.7 11.7 7.5 .0 .260 
WOOMERA 3788 1.1 .2 .7 .0 .008 
WYNDHAM 1369 14.1 3.5 2.9 .0 .028 

PER CAPUT uSv 7.4 1.7 1.6 <0.1 

TOTAL 9426854 100.847 

The entr ies for external rad ia t ion dose include a shielding factor of 0.34 

+ Tankwater would not comprisp the main source of dr inking water fo r a l l 
households in t.hp rpaion represented by the centre. 
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AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 

FOR ANTLER ROUND 1, CONDUCTED AT MARAL INGA ON 14 SEP 57 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 722333 .8 .2 .3+ .0 .908 
ALBANY 38332 .0 .0 .0 .0 .000 
ALICE SPRINGS 6530 13.3 3.0 1.3 .0 .115 
ARMIDALE 59622 .0 .0 .0 .0 .000 
BIRDSVILLE 300 .0 .0 .0 .0 .000 
BOULIA 767 .0 .0 .0 .0 .000 
BOURKE 9729 .0 .0 .0 .0 .000 
BRISBANE 745972 .0 .0 .0+ .0 .000 
BROKEN HILL 39375 .0 .0 .0 .0 .000 
BROOME 3417 9.2 2.0 .4 .0 .040 
BUNDABERG 118480 .0 .0 .0+ .0 .000 
CAIRNS 97216 .0 .0 .0+ .0 .000 
CAMOOWEAL 12862 1.2 .4 .0 .0 .020 
CANBERRA 115476 .0 .0 .0+ .0 .000 
CARNARVON 3641 .0 .0 .0 .0 .000 
CEDUNA 6216 .0 .0 .0 .0 .000 
CHARLEVILLE 8391 .0 .0 .0 .0 .000 
CLEVE 6790 .0 .0 .0 .0 .000 
CLONCURRY 6498 .2 .0 .0 .0 .002 
COBAR 7123 .0 .0 .0 .0 .000 
COFF'S HARBOUR 57025 .0 .0 .0+ .0 .000 
COOK 642 .0 .0 .0 .0 .000 
COONABARABRAN 31624 .0 .0 .0 .0 .000 
CUNNAMULLA 4941 .0 .0 .0 .0 .000 
CURRIE 17822 .0 .0 .0 .0 .000 
DALY WATERS 1014 .5 .1 .0 .0 .001 
DARWIN 16443 .7 .2 .2 1.0 .034 
DUBBO 96365 .0 .0 .0 .0 .000 
ECHUCA 223576 .0 .0 .0+ .0 .000 
EMERALD 10122 .0 .0 .0 .0 .000 
ESPERANCE 5349 .0 .0 .0 .0 .000 
FINKE 378 .0 .0 .0 .0 .000 
FORBES 101206 .0 .0 .0 .0 .000 
FORREST 198 .8 .2 .4 .0 .000 
GERALDTON 32936 .0 .0 .0 .0 .000 
GILES 150 .0 .0 .0 .0 .000 
GOONDIWINDI 131139 .0 .0 .0 .0 .000 
HALL'S CREEK 401 2.8 .6 .3 .0 .002 
HAMILTON 121612 .3 .1 .0 .0 .049 
HILLSTON 82879 .0 .0 .0 .0 .000 
HOBART 165628 .0 .0 .0+ .0 .000 
KALGOORLIE 21923 .0 .0 .0 .0 .000 
LEIGH CREEK 1307 .0 .0 .0 .0 .000 
LEONORA 1614 .0 .0 .0 .0 .000 
LISMORE 90250 .0 .0 .0+ .0 .000 

* The entries for external radiation dose include a shielding factor of 0.34 
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D13 (cont'd) 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR ANTLER ROUND 1, CONDUCTED AT MARALINGA ON 14 SEP 57 (CST) 

; I 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

LONGREACH 9062 .0 .0 .0 .0 .000 
MACKAY 43180 .0 .0 .0+ .0 .000 
MARAL INGA 1500 .0 .0 .0+ .0 .000 
MAREE 644 .4 .1 .3 .0 .001 
MEEKATHARRA 3515 .3 .1 .0 .0 .001 
MELBOURNE 2038877 .7 .2 .2+ .0 2.106 
MILDURA 30544 .0 .0 .0+ .0 .000 
MT. GAMBIER 96043 .0 .0 .0 .0 .000 
NHILL 54150 .3 .1 .0 .0 .022 
NORMANTON 2029 .0 .0 .0 .0 .000 
ONSLOW 561 .0 .0 .0 .0 .000 
OODNADATTA 644 .0 .0 .0 .0 .000 
PERTH 556823 .0 .0 .0+ .0 .000 
PT. AUGUSTA 33757 .0 .0 .0 .0 .000 
PT. HEDLAND 2986 4.0 .9 .2 .0 .015 
PT. LINCOLN 13384 .0 .0 .0 .0 .000 
RICHMOND 5679 .0 .0 .0 .0 .000 
ROCKHAMPTON 86681 .3 .1 .0+ .0 .035 
ROMA 19512 .0 .0 .0 .0 .000 
SALE 137266 .0 .0 .0 .0 .000 
SOUTHERN CROSS 2355 .0 .0 .0 .0 .000 
SWAN HILL 27513 .0 .0 .0+ .0 .000 
SYDNEY 2326179 .0 .0 .0+ .0 .000 
TAMBO 4065 .0 .0 .0 .0 .000 
TARCOOLA 644 .0 .0 .0 .0 .000 
TENTERFIELD 56414 .0 .0 .0 .0 .000 
THARGOMINDAH 710 .0 .0 .0 .0 .000 
THURSDAY ISLAND 2042 .0 .0 .0 .0 .000 
TIBOOBURRA 1041 .0 .0 .0 .0 .000 
TOWNSVILLE 82703 .0 .0 .0+ .1 .008 
WAGGA 124469 .0 .0 .0 .0 .000 
WALGETT 26712 .0 .0 .0 .0 .000 
WARRNAMBOOL 60752 .3 .1 .0 .0 .025 
WESTERN JUNCTION 141703 .0 .0 .0+ .0 .000 
WILLIAMTOWN 413059 .0 .0 .0+ .0 .000 
WINDORAH 798 .0 .0 .0 .0 .000 
WINTON 3744 .2 .0 .0 .0 .001 
WOOMERA 3875 .0 .0 .0 .0 .000 
WYNDHAM 1400 .7 .2 .0 .0 .001 

PER CAPUT ySv 0.2 0.1 0.1 <0.1 

* 
i i 

TOTAL 9642629 3.386 

•• 'i' * The entries for external radiation dose include a shielding factor of 0.34 
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D14 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR ANTLER ROUND 2, CONDUCTED AT MARALINGA ON 25 SEP 57 (CST) 

RADIATION DOSE IJSV POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

ADELAIDE 722333 .8 .2 .2+ .0 .858 
ALBANY 38332 .0 .0 .0 .0 .000 
ALICE SPRINGS 6530 3.0 .7 .8 .0 .029 
ARMIDALE 59622 21.7 4.9 1.4 .0 1.668 
BIRDSVILLE 300 .0 .0 .0 .0 .000 
BOULIA 767 3.7 .8 .3 .0 .004 
BOURKE 9729 .0 .0 .0 .0 .000 
BRISBANE 745972 6.5 1.5 1.5+ .1 7.142 
BROKEN HILL 39375 .0 .0 .0 .0 .000 
BROOME 3417 .0 .0 .0 .0 .000 
BUNDABERG 118480 5.3 1.2 .5+ .0 .825 
CAIRNS 97216 14.9 3.3 1.6+ .0 1.930 
CAMOOWEAL 12862 8.3 1.8 .7 .0 .140 
CANBERRA 115476 .0 .0 .0+ .0 .000 
CARNARVON 3641 .0 .0 .0 .0 .000 
CEDUNA 6216 .0 .0 .0 .0 .000 
CHARLEVILLE 8391 9.7 2.2 .7 .0 .106 
CLEVE 6790 .0 .0 .0 .0 .000 
CLONCURRY 6498 4.0 .9 .3 .0 .034 
COBAR 7123 .0 .0 .0 .0 .000 
COFF'S HARBOUR 57025 3.1 .7 .2+ .0 .230 
COOK 642 .0 .0 .0 .0 .000 
COONABARABRAN 31624 6.9 1.8 .5 .0 .290 
CUNNAMULLA 4941 12.4 2.8 .8 .0 .079 
CURRIE 17822 .0 .0 .0 .0 .000 
DALY WATERS 1014 1.0 .2 .5 .0 .002 
DARWIN 16443 3.9 1.0 .6 .4 .097 
DIJBBO 96365 .4 .1 .3 .0 .083 
ECHUCA 223576 .6 .2 .2+ .0 .218 
EMERALD 10122 21.9 4.9 6.7 .0 .339 
ESPERANCE 5349 .0 .0 .0 .0 .000 
FINKE 378 11.1 2.6 .6 .0 .005 
FORBES 101206 .0 .0 .0 .0 .000 
FORREST 198 .0 .0 .0 .0 .000 
GERALDTON 32936 .3 .1 .2 .0 .020 
GILFS 150 7.8 1.7 .5 .0 .002 
GOONDIWINDI 131139 2.9 .6 .4 .0 .511 
HALL'S CREEK 401 1.3 .4 .4 .0 .001 
HAMILTON 121612 .0 .0 .0 .0 .000 
HILLSTON 82879 .4 .1 .3 .0 .071 
HOBART 165628 .0 .0 .0+ .0 .000 
KALGOORLIE 21923 .4 .1 .3 .0 .016 
LEIGH CREEK 1307 .0 .0 .0 .0 .000 
LEONORA 1614 1.4 .3 .4 .0 .003 
I.ISM0RE 90250 3.4 .7 .4+ .0 .407 

•• m 
* The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drinking water for all 
households in the region represented by the centre. 
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D15 (cont'd) 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR ANTLER ROUND 2, CONDUCTED AT MARALINGA ON 25 SEP 57 (CST) 

RADIATION DOSE MSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

LONGREACH 9062 9.5 2.1 .7 .0 .112 
MACKAY 43180 55.5 12.3 10.8+ .0 3.396 
MARAL INGA 1500 .1 .0 .0+ .0 .000 
MAREE 644 .4 .1 .5 .0 .001 
MEEKATHARRA 3515 1.0 .2 .4 .0 .006 
MELBOURNE 2038877 .0 .0 .0+ .0 .000 
MILDURA 30544 .0 .0 .0+ .0 .000 
MT. GAMBIER 96043 .0 .0 .0 .0 .000 
NHILL 54150 .0 .0 .0 .0 .000 
NORMANTON 2029 7.0 1.6 .5 .0 .018 
ONSLOW 561 .0 .0 .0 .0 .000 
OODNADATTA 644 59.2 15.9 2.2 .0 .050 
PERTH 556823 .0 .0 .0+ .0 .000 
PT. AUGUSTA 33757 .0 .0 .0 .0 .000 
PT. HEDLAND 2986 .0 .0 .0 .0 .000 
PT. LINCOLN 13384 .0 .0 .0 .0 .000 
RICHMOND 5679 .4 .1 .0 .0 .003 
ROCKHAMPTON 86681 13.7 3.1 3.6+ .0 1.768 
ROMA 19512 3.6 .9 .3 .0 .093 
SALE 137266 .0 .0 .0 .0 .000 
SOUTHERN CROSS 2355 1.0 .2 .4 .0 .004 
SWAN HILL 27513 .0 .0 .0+ .0 .000 
SYDNEY 2326179 .5 .2 .6+ .1 3.189 
TAMBO 4065 8.4 1.9 .6 .0 .044 
TARCOOLA 644 .0 .0 .0 .0 .000 
TENTERFIELD 56414 2.8 .6 .4 .0 .218 
THARGOMINDAH 710 40.9 9.0 3.3 .0 .038 
THURSDAY ISLAND 2042 6.0 1.5 .7 .0 .017 
TIBOOBURRA 1041 .0 .0 .0 .0 .000 
TOWNSVILLE 82703 35.8 7.9 3.7+ .5 3.967 
WAGGA 124469 .0 .0 .0 .0 .000 
WALGETT 26712 1.7 .4 .5 .0 .067 
WARRNAMBOOL 60752 .0 .0 .0 .0 .000 
WESTERN JUNCTION 141703 .0 .0 .0+ .0 .000 
WILLIAMTOWN 413059 .0 .0 .0+ .0 .000 
WINDORAH 798 3.0 .7 .2 .0 .003 
WINTON 3744 5.6 1.3 .4 .0 .027 
WOOMERA 3875 .0 .0 .0 .0 .000 
WYNDHAM 1400 1.4 .4 .9 .0 .004 

PER CAPUT pSv 2.0 0.5 0.5 0.1 
TOTAL 9642629 28.134 

• • > r , ; 

' 4 The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drinking water for all 
households in the region represented by the centre. 
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D16 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR ANTLER ROUND 3, CONDUCTED AT MARALINGA ON 09 OCT 57 (CST) 

RADIATION DOSE uSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-

ADELAIDE 722333 15.5 5.2 4.0+ .1 17.913 
ALBANY 38332 .0 .0 .0 .0 .000 
ALICE SPRINGS 6530 10.5 3.4 4.4 .0 .119 
ARMIDALE 59622 3.8 .9 .4 .0 .302 
BIRDSVILLE 300 5.1 1.6 .0 .0 .002 
BOULIA 767 .7 .2 .4 .0 .001 
BOURKE 9729 64.8 14.9 6.6 .0 .840 
BRISBANE 745972 .8 .3 .3+ .2 1.174 
BROKEN HILL 39375 17.2 5.6 4.0 .0 1.056 
BROOME 3417 2.2 .8 .7 .0 .012 
BUNDABERG 118480 .8 .2 .2+ .0 .148 
CAIRNS 97216 8.6 2.7 3.3+ .0 1.416 
CAMOOWEAL 12862 4.4 1.2 1.3 .0 .089 
CANBERRA 115476 4.8 1.7 1.9+ .0 .966 
CARNARVON 3641 .4 .2 .8 .0 .005 
CEDUNA 6216 3.7 1.1 1.0 .0 .036 
CHARLEVILLE 8391 .0 .0 .0 .0 .000 
CLEVE 6790 9.4 3.1 3.4 .0 .108 
CLONCURRY 6498 7.5 2.0 1.7 .0 .073 
COBAR 7123 8.8 2.2 1.4 .0 .089 
COFF'S HARBOUR 57025 3.9 .9 .4+ .0 .294 
COOK 642 .0 .0 .0 .0 .000 
COONABARABRAN 31624 3.3 .7 .5 .0 .143 
CUNNAMULLA 4941 .0 .0 .0 .0 .000 
CURRIE 17822 1.0 .4 .0 .0 .024 
DALY WATERS 1014 1.1 .3 1.0 .0 .002 
DARWIN 16443 19.5 5.9 6.3 1.6 .548 
DUBBO 96365 3.3 .8 .5 .0 .442 
ECHUCA 223576 22.7 7.9 7.1+ .0 8.433 
EMERALD 10122 .0 .0 .0 .0 .000 
ESPERANCE 5349 .0 .0 .0 .0 .000 
FINKE 378 7.3 2.4 2.2 .0 .004 
FORBES 101206 1.0 .3 .3 .0 .154 
FORREST 198 .4 .1 .3 .0 .000 
RERALDTON 32936 .0 .0 .0 .0 .000 
GILES 150 1.7 .6 .5 .0 .000 
GOONDIWINDI 131139 .0 .0 .0 .0 .000 
HALL'S CREEK 401 5.1 1.6 1.6 .0 .003 
HAMILTON 121612 4.8 1.7 .9 .0 .896 
HILLSTON 82879 8.8 2.8 3.0 .0 1.213 
HOBART 165628 1.8 .6 .2+ .0 .442 
KALCOORLIE 21923 .0 .0 .0 .0 .000 
LEIGH CREEK 1307 5.6 1.9 1.7 .0 .012 
LEONORA 1614 .0 .0 .0 .0 .000 
LISMORE 90250 .0 .0 .0+ .0 .000 

* The entries for external radiation dose include a shielding factor of 0.34 

+ Tankwater would not comprise the main source of drinking water for all 
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D17 
(cont'd) 

AGE-WEIGHTED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR ANTLER ROUND 3, CONDUCTED AT MARALINGA ON 09 OCT 57 (CST) 

RADIATION DOSE liSv POPN. DOSE 
CENTRE POPULATION FOOD EXTERNAL 

* 
WATER AIR man-Sv 

LONGREACH 9062 2.1 .6 .6 .0 .029 
MACKAY 43180 1.3 .4 .3+ .0 .087 
MARAL INGA 1500 .0 .0 .0+ .0 .000 
MAREE 644 9.5 3.2 5.8 .0 .012 
MEEKATHARRA 3515 .0 .0 .0 .0 .000 
MELBOURNE 2038877 19.2 6.4 3.7+ .1 59.916 
MILDURA 30544 17.5 6.0 6.5+ .0 .914 
MT. GAMBIER 96043 2.4 .8 .5 .0 .359 
NHILL 54150 10.0 3.4 2.9 .0 .886 
NORMANTON 2029 4.9 1.5 1.2 .0 .015 
ONSLOW 561 3.9 1.5 .3 .0 .003 
OODNADATTA 644 12.5 4.0 3.6 .0 .013 
PERTH 556823 .0 .0 .0+ .0 .000 
?T. AUGUSTA 33757 25.1 8.3 8.0 .0 1.399 
P T. HEDLAND 2986 .0 .0 .0 .0 .000 
PT. LINCOLN 13384 .0 .0 .0 .0 .000 
RICHMOND 5679 .4 .1 .3 .0 .004 
ROCKHAMPTON 86681 .4 .1 .4+ .0 .081 
ROMA 19512 .0 .0 .0 .0 .000 
SALE 137266 14.7 5.0 5.9 .0 3.510 
SOUTHERN CROSS 2355 .0 .0 .0 .0 .000 
SWAN HILL 27513 12.9 4.4 4.9+ .0 .611 
SYDNEY 2326179 2.0 .5 .4+ .2 7.368 
TAMRO 4065 .4 .1 .5 .0 .004 
TARCOOLA 644 .0 .0 .0 .0 .000 
TENTERFIELD 56414 .0 .0 .0 .0 .000 
THARGOMINDAH 710 1.6 .4 .3 .0 .002 
THURSDAY ISLAND 2042 .9 .3 .3 .0 .003 
TIB008URRA 1041 3.6 1.3 1.6 .0 .007 
TOWNSVILLE 82703 5.1 1.5 1.8+ 2.8 .924 
WAGGA 124469 7.8 2.7 3.3 .0 1.718 
WALGETT 26712 8.1 1.8 1.0 .0 .291 
WARRNAMBOOL 60752 3.7 1.3 .7 .0 .343 
WESTERN JUNCTION 141703 2.7 .9 .5+ .0 .582 
WILL1AMT0WN 413059 2.8 .7 .4+ .0 1.622 
WINDORAH 798 13.3 3.7 5.2 .0 .018 
WINTON 3744 2.4 .7 .7 .0 .014 
WOOMERA 3875 9.5 3.1 3.8 .0 .064 
WYNDHAM 1400 3.4 1.1 1.0 .0 .008 

PER CAPUT pSv 7.8 2.5 1.8 0.1 
TOTAL 9642629 117.766 

* The entries for external radiation dose include a shielding factor of 0.34 
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APPENDIX E 

ESTIMATED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR HURRICANE AND TOTEM 
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E2 

ESTIMATED EFFECTIVE DOSE EOUIVALENT COMMITMENTS 
FOR HURRICANE, CONDUCTED ON 3 OCTOBER 1952 (WST) 

Population Popn. Radn. Popn. 
Centre Dose Dose 

wSv man-Sv 
ADELAIDE 706091 0.0 0.0 
ALICE SPRINGS 6900 134.1 0.9 
BRISBANE 1230599 80.9 99.5 
BROOME 3340 243.0 0.8 
CAIRNS 97014 115.0 11.2 
CARNARVON 3559 29.0 0.1 
CHARLEVILLE 31250 102.7 3.2 
CLONCURRY 47638 237.7 11.3 
DALY WATERS 992 133.2 0.1 
DARWIN 16073 76.8 1.2 
FITZROY CROSSING 75 248.6 0.0 
GERALDTON 32195 29.0 0.9 
HALL'S CREEK 392 235.0 0.1 
KALGOORLIE 23202 0.0 0.0 
LI VER INGA 75 245.9 0.0 
MEEKATHARRA 3436 85.3 0.3 
MELBOURNE 2921693 0.0 0.0 
NOONKANBAH 75 245.7 0.0 
ONSLOW 549 29.0 0.0 
OODNADATTA 43866 70.0 3.1 
PERTH 589304 0.0 0.0 
PT. HEDLAND 1367 248.0 0.3 
ROEBOURNE 1542 245.5 0.4 
SYDNEY 3224217 0.0 0.0 
THURSDAY ISLAND 1996 40.3 0.1 
TOWNSVILLE 207784 178.9 37.2 
WOOMERA 15530 0.0 0.0 
WYNDHAM 1369 139.1 0.2 
TOTAL 171.0 
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ESTIMATED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR TOTEM ROUND 1, CONDUCTED ON 15 OCTOBER 1953 (CST) 

Population Popn. Radn. Popn. Population Popn. Radn. Popn. 
Centre Dose Dose Centre Dose Dose 

uSv fnan-Sv ySv <nan-Sv 
ADELAIDE 706091 33.2 23.5 LEIGH CREEK 1307 37.6 0.0 
ALBANY 37470 0.0 0.0 LEONORA 1614 4.0 0.0 
ALICE SPRINGS 6383 39.5 0.3 LISMORE 88220 27.5 2.4 
ARMIDALE 58281 27.9 1.6 LONGREACH 8858 40.9 0.4 
BIRDSVILLE 300 40.8 0.0 MACKAY 42209 36.7 1.6 
BOULIA 767 36.6 0.0 MARALINGA 2500 4.0 0.0 
BOURKE 9510 32.7 0.3 MAREE 630 38.8 0.0 
BRISBANE 729199 28.4 20.7 MEEKATHARRA 3515 4.0 0.0 
BROKEN HILL 38490 33.6 1.3 MELBOURNE 1993033 26.2 52.4 
BROOME 3417 4.0 0.0 MILDURA 29858 30.6 0.9 
BUNDABERG 115816 31.0 3.6 MT. GAMBIER 96043 29.1 2.8 
CAIRNS 97216 36.1 3.5 NHILL 52932 29.4 1.6 
CAMOOWEAL 12573 32.5 0.4 NORMANTON 1984 33.6 0.1 
CANBERRA 112880 25.6 2.9 ONSLOW 561 4.0 0.0 
CARNARVON 3559 4.0 0.0 OODNADATTA 630 39.6 0.0 
CEDUNA 6076 4.0 0.0 PERTH 544303 0.0 0.0 
CHARLEVILLE 8202 35.8 0.3 PT. AUGUSTA 32998 36.2 1.2 
CLEVE 6637 36.1 0.2 PT. HEDLAND 2986 4.0 0.0 
CLONCURRY 6352 35.5 0.2 PT. LINCOLN 13083 4.0 0.0 
COBAR 6963 31.3 0.2 RICHMOND 5551 38.7 0.2 
COFF'S HARBOUR 55743 26.6 1.5 ROCKHAMPTON 84732 33.9 2.9 
COOK 628 4.0 0.0 ROMA 19074 33.3 0.6 
COONABARABRAN 30913 29.2 0.9 SALE 134180 24.3 3.3 
CUNNAMULLA 4830 34.8 0.2 SOUTHERN CROSS 2355 4.0 0.0 
CURRIE 17421 25.5 0.4 SWAN HILL 26894 28.8 0.8 
DALY WATERS 992 29.3 0.0 SYDNEY 2273876 25.9 59.0 
DARWIN 16073 4.0 0.1 TAMBO 4065 37.3 0.2 
DUBBO 94198 28.8 2.7 TARCOOLA 630 41.3 0.0 
ECHUCA 218549 27.6 6.0 TENTERFIELD 55146 28.1 1.6 
EMERALD 9895 36.2 0.4 THARGOMINDAH 694 37.1 0.0 
ESPERANCE 5229 0.0 0.0 THURSDAY ISLAND 1996 27.2 0.1 
FINKE 371 41.4 0.0 TIBOOBURRA 1041 35.2 0.0 
FORBES 101206 28.0 2.8 TOWNSVILLE 80843 40.0 3.2 
FORREST 194 4.0 0.0 WAGGA 121670 26.5 3.2 
GERALDTON 32936 4.0 0.1 WALGETT 26112 30.9 0.8 
GILES 146 4.0 0.0 WARRNAMBOOL 60752 27.2 1.7 
GOONDIWINDI 128190 3(.2 3.9 WESTERN JUNCTION 138516 22.3 3.1 
HALL'S CREEK 392 4.0 0.0 WILLIAMTOWN 403772 26.4 10.7 
HAMILTON 118878 28.0 3.3 WINDORAH 780 41.1 0.0 
HILLSTON 81015 29.1 2.4 WINTON 3660 40.3 0.1 
HOBART 165628 21.7 3.6 WOOMERA 3788 38.4 0.1 
KALGOORLIE 21923 4.0 0.0 WYNDHAM 1369 4.0 0.0 

TOTAL 243.0 
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ESTIMATED EFFECTIVE DOSE EQUIVALENT COMMITMENTS 
FOR TOTEM ROUND 2, CONDUCTED ON 27 OCTOBER 1953 (CST) 

Population Popn. Radn. Popn. Population Popn. Radn. Popn 
Centre Dose Dose Centre Dose Dose 

uSv man-Sv pSv nan-Sv 

ADELAIDE 706091 26.5 18.7 LEIGH CREEK 1307 30.4 0.0 
ALBANY 37470 0.0 0.0 LEONORA 1614 4.0 0.0 
ALICE SPRINGS 6383 26.2 0.2 LISMORE 88220 22.9 2.0 
ARMIDALE 58281 22.5 1.3 LONGREACH 8858 31.4 0.3 
BIRDSVILLE 300 30.3 0.0 MACKAY 42209 31.9 1.3 
BOULIA 767 26.9 0 0 MARAL INGA 2500 4.0 0.0 
BOURKE 9510 25.5 0.2 MAREE 630 31.4 0.0 
BRISBANE 729199 23.9 17.4 MEEKATHARRA 3515 4.0 0.0 
BROKEN ::ILL 38490 27.2 4.0 MELBOURNE 1993033 21.1 42.1 
BROOME 3417 4.0 0.0 MILDURA 29858 24.7 0.7 
BUNDABERG 115816 26.6 3.1 MT. GAMBIER 96043 23.1 2.2 
CAIRNS 97216 26.0 2.5 NHILL 52932 23.5 1.2 
CAMOOWEAL 12573 23.8 0.3 NORMANTON 1984 24.2 0.0 
CANBERRA 112880 20.4 2.3 ONSLOW 561 4.0 0.0 
CARNARVON 3559 4.0 0.0 OODNADATTA 630 31.1 0.0 
CEDUNA 6076 4.0 0.0 PERTH 544303 0.0 0.0 
CHARLEVILLE 8202 28.7 0.2 PT. AUGUSTA 32998 29.0 1.0 
CLEVE 6637 28.7 0.2 PT. HEDLAND 2986 4.0 0.0 
CLONCURRY 6352 26.0 0.2 PT. LINCOLN 13083 28.3 0.4 
COBAR 6963 24.9 0.2 RICHMOND 5551 28.1 0.2 
COFF'S HARBOUR 55743 21.7 1.2 ROCKHAMPTON 84732 29.0 2.5 
COOK 628 4.0 0.0 ROMA 19074 27.3 0.5 
COONABARABRAN 30913 22.9 0.7 SALE 134180 19.6 2.6 
CUNNAMULLA 4830 26.7 0.1 SOUTHERN CROSS 2355 4.0 0.0 
CURRIE 17421 20.3 0.4 SWAN HILL 26894 23.2 0.6 
DALY WATERS 992 19.5 0.0 SYDNEY 2273876 20.3 46.3 
DARWIN 16073 4.0 0.1 TAMBO 4065 30.5 0.1 
DUBBO 94198 22.4 2.1 TARCOOLA 630 31.9 0.0 
ECHUCA 218549 22.2 4.9 TENTERFIELD 55146 23.1 1.3 
EMERALD 9895 30.4 0.3 THARGOMINDAH 694 28.4 0.0 
ESPERANCE 5229 0.0 0.0 THURSDAY ISLAND 1996 19.6 0.0 
FINKE 371 28.4 0.0 TIBOOBURRA 1041 28.8 0.0 
FORBES 101206 22.1 2.2 TOWNSVILLE 80843 29.1 2.4 
FORREST 194 4.0 0.0 WAGGA 121670 21.3 2.6 
GERALDTON 32936 4.0 0.1 WALGETT 26112 24.2 0.6 
GILES 146 4.0 0.0 WARRNAMBOOL 60752 21.7 1.3 
GOONDIWINOI 128190 24.6 3.2 WESTERN JUNCTION 138516 17.8 2.5 
HALL'S CREEK 392 4.0 0.0 WILLIAMSTOWN 403772 20.9 8.5 
HAMILTON 118878 22.3 2.7 WINDORAH 780 28.8 0.0 
HILLSTON 81015 23.5 1.9 WINTON 3660 29.6 0.1 
HOBART 165628 17.2 2.8 WOOMERA 3788 30.8 0.1 
KALGOORLIE 21923 4.0 0.1 WYNDHAM 1369 4.0 O.O 

TOTAL 194,7 
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APPENDIX F 

GEOGRAPHICAL LOCATION OF POPULATION CENTRES 
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Population Long. Lat. Population Long. Lat. 
Centre East South Centre East South 

ADELAIDE 138*35' 34*56 ' LISMORE 153*17' 28*48' 
ALBANY 117*53' 35*02 ' LIVERINGA 125*33' 18°13' 
ALICE SPRINGS 133*53' 23*48 ' LONGREACH 144*15' 23*26' 
ARMIDALE 151*39' 30*32 ' MACKAY 149*11' 21°10' 
BIRDSVILLE 139*22' 25*55 ' MARALINGA 131*35' 30*08' 
BOULIA 139*54' 22*55 ' MAREE 138*04' 29°39' 
BOURKE 145*56' 30*06 ' MEEKATHARRA 118*29' 26*36' 
BRISBANE 153*02 ' 27*28 ' MELBOURNE 144*58' 37°49' 
RROKEN HILL 141*27' 31*58 ' MILDURA 142*10' 34*12' 
BROOME 122*13' 17*57 ' MT. GAMBIER 140*46' 37°49' 
BIJNOABERG 152*21 ' 24*52 ' NHILL 141*39' 36*20' 
CAIRNS 145*46' 16*55 ' NOONKANBAH 124*51' 18*33' 
CAMOOWEAL 138*08' 19*55 ' NORMANTON 141*05' 17*40' 
CANBERRA 149*12' 35*18 ' ONSLOW 115*07' 21*40' 
CARNARVON 113*39' 24*53 ' OODNADATTA 135°27' 27*33' 
CEDUNA 133*42 ' 32*08 ' PERTH 115*49' 31*57' 
fHARLEVILLE 146*17' 26*25 ' PT. AUGUSTA 137*46' 32*30' 
CLEVE 136*30' 33*42 ' PT . HEDLAND 118*37' 20*23' 
CLONCURRY 140*30' 20*40 ' PT. LINCOLN 135*52' 34*44' 
COBAR 145*50' 31*30 ' PT . MORESBY 147*15' 9*26' 
COFF'S HARBOUR 153*08' 30*18 ' RICHMOND 143*08' 20*44' 
COOK 130*24' 30*37 ' ROCKHAMPTON 150*29' 23*23' 
COONABARABRAN 149*17 ' 31*06 ' ROEBOURNE 117*10' 20*48' 
CUNNAMULLA 145*49' 28*16 ' ROMA 148*47' 26*35' 
CURRIE 143*51 ' 39*56 ' SALE 147*08' 38*06' 
DALY WATERS 133*23' 16*16 ' SOUTHERN CROSS 119*19' 31*13' 
DARWIN 130*52' 12*26 ' SWAN HILL 143*34' 35*21' 
DUBBO 148*37' 32*15 ' SYDNEY 151*12' 33*52' 
ECHUCA 144*05' 36*08 ' TAMBO 146*15' 24*53' 
EMERALD 148*10' 23*32 ' TARCOOLA 134*33' 30*42' 
ESPERANCE 121*53' 3 3 * 5 1 ' TENTERFIELD 152°01' 29*05' 
FINKE 134*36' 25*34 ' THARGOMINDAH 143*46' 27*59' 
FITZROY CROSSING 124*13 ' 18*05 ' THURSDAY ISLAND 142*13' 10*35' 
FORBES 148*01 ' 33*23 ' TIBOOBURRA 142*01' 29°26' 
FORREST 128° Of,' 3 0 * 5 1 ' TOWNSVILLE 146*46' 19*15' 
GERALOTON 114*4?' 28*48 ' WAGGA 147*25' 35*08' 
GILES 128*18' 25*02 ' WALGETT 148*07' 30*02' 
GOONDIWINDI 150*1.8' 28*32 ' WARRNAMBOOL 142*29' 38*24' 
HALL'S CREEK 127*37' 18*16 ' WESTERN JUNCTION 147*13' 41*33' 
HAMILTON 142*02' 37*45' WILLIAMTOWN 151*50' 32*49' 
HILLSTON 145*32 ' 33*29 ' WINDORAH 142*39' 25*26' 
HOBART 147*20' 42*53 ' WINTON 143*02' 22*23' 
KALGOORLIE 121*27' 30*46 ' WOOMERA 136*48' 31*09' 
LEIGH CREEK 138*25' 30*28 ' WYNDHAM 128*06' 15*27' 
LEONORA 121°19' 28*53 ' 


