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2 . 20 Effective altitude 

The effective altitude is the amount of attenuator required to give 

a spectrum the appearance characteristic of a detector system at 

that altitude in air above a uniform ground source. It is measured 

in metres of air equivalent. This definition conforms to that of 

Dickson (1980) as quoted by Bailey (1986). 

If there is an Increase 1n the amount of attenuator between emitter 

and detector, the proportion of scattered radiation increases. 

Since these photons have lost energy during scattering, the spectrum 

s o f t en s ; i t l o s e s p r om i n e n c e n e a r t h e p ho t ope a k s and g a i n s 

intensity between them. As a consequence, the residue left behind 

after removal of background and the fitting of the model spectra 

contains direct information of the intervening attenuating material. 

B L Dickson et al. (1979) used the ground level residue at the 

uranium 609 keV peak to measure the overburden on a near-surface 

uranium deposit. Grasty (1982a) used the spill of counts from the 

potassium photopeak into an adjacent window to make estimates of 

snow depths between the aircraft and ground in a single flight. 

B H Dickson (1980) used factor analysis to formalize a method of 

this estimation from multichannel data. He obtained what amounted 

to height factors for each element by multivariate analysis of the 

data obtained when covering the pads at Breckenridge, Ottawa with 

various thicknesses of plywood. His overburdens arrived at using 

the scattering 10 the thorium data were almost as good as those 

obtained using the potassium spectrum, but the method requires quite 
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long counting times. He concluded that reasonable estimations would 

require a kilometre of flight-line data using the 50 L fixed-wing 

system of the Geological Survey of Canada. 

Dickson et al.. (1981) studied the effect of thicknesses of 

attenuator for each of the elements and was able to produce a model 

spectrum for the altitude effect on each element. Bailey (1986) 

developed a physical model to describe the effect. Since the 

amplitude of that characterizing height spectrum depends on the 

concentration of the element, the presence of each element should be 

seen as a height dependent factor with two spectral components. 

With increasing thickness of attenuator, the amount of deflection 

due to scattering increases. As effective altitude increases, the 

lower energies become more isotropic whereas the photopeaks become 

collimated toward the vertical. If the angular distributions of the 

ganma ray flux could be measured as ·well as the counts, their 

stronger dependence on attenuator thickness might allow a better 

determination of the effective altitude. In connection with the age 

of fission product fallout, Beck and de Planque (1968) consider that 

it might be possible to estimate the depth distribution of the 

emitter in the soil from the radiometric angular distribution . 

It is with similar logic that Bailey (1986) advocated the use of 

upward looking crystals for the estimation of atmospheric radon as a 

negative effective altitude extracted from the uranium signal. 
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2.21 Terrain and to pog ra phic effects 

Any repeating pattern in the ground surface forms a terrain. 

Workers such as Schwartzer et al. (1972) foresee considerable value 

in the use of airborne radiometries in terrain analysis. 

A repeating pattern in the topography is an example. Even uniformly 

radioactive ground will leave the imprint of its topography in the 

data (see Figure 2.10, page 42). Unless the ground clearance varies 

only slowly, the usual height correction (see Section 2.15) will 

incompletely suppress the variation since it assumes a plane source. 

Clark (1971, quoted in Duval, 1977) modelled several idealized 

topographic features, and found the height correction to be 

imprecise. 

Laterites and calcretes can set up characteristic terrains (Butt, 

1981), with the recurrence of flat topped hills with sharp gradients 

at the edges. Since both materials have radiometric signature, so 

do the i r a s s o c i a t e d t e r r a i n s . An i n t e r p re t e r may comp a r e the 

topographic profile with the radiometries to infer the presence of a 

high thorium laterite, or a uranium-bearing calcrete, for example. 

Another example is dune country, where the sand of the dunes has 

been sorted clean of the more radioactive clay. An interpreter may 

observe a correlation between low radiometric signal and rolling 

terrain; and then infer sand dunes. Similarly the high clay 

contents of playas may be expected to create an identifying 

signature of radiometric highs over flat stretches of ground. 

Topography should be available from the barometric and radar 
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altitudes if they are recorded sufficiently often. Parker Gay and 

Lyons (1978) consider the topographic profile to be a valuable data 

set in its own right, allowing the interpreters to supply their own 

knowledge of rock types relative to the terrain. 

2.22 Sumnar y 

The literature of airborne radiometries has been reviewed with some 

conmentary . No particular emphasis has been placed on radon 

suppression, a subject which will be addressed in the following 

Chapter. There is a certain amount of multichannel information ID 

the technical literature, with relatively little appearing in 

exploration text books. It is apparent that research is being done, 

without radical changes having appeared in practice. The main 

workers in the multichannel studies are in Canada, particularly Dr R 

C Bailey at the University of Toronto and Dr R L Grasty at the 

Geological Survey of Canada. In Australia, the work of Dr BL 

Dickson is pre-eminent. 

The window method of radiometric data analysis 1s a matured 

technique, with radon suppression an outstanding problem. This 

problem may be better addressed with appropriate multichannel 

techniques, as they become practical. 



Q-l,\PTER III 

RAIXN- PRFLIMIN\RY CINSirERATICNS 

3.1 Introduction 

The achievement of solutions to the problem of the effects of 

airborne radon required an examination of the various physical 

phenomena as well as the data processing con·siderations. The 

mechanism of the appearance of exces~ airborne radon is of interest 

as it has implications for the whereabouts of the radon and its 

spectral effects. The chapter begins with a discussion of the 

causes and the meteorological and spectral behaviours. 

A specimen data set containing a significant change in signal due to 

airborne radon was needed. A selection was made from a search of 

some data made available by Aerodata P.L. (1987). The likelihood 

of radon being present in the selected data set was examined . 

The stochastic noise content was examined and means of noise 

suppression relative to the useful signal was discussed . 

A practical distinction between the useful uranium signal and the 

spurious radon effects was sought in the spectral evidence . To this 

end the attenuation behaviour was studied in some detail. The 

relationship between the airborne radon and the patterns in the data 

was found to be interwoven with the effects of altitude. 
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The Behaviour of Radon 

3 . 2 The s pectral difference due to airborne radon 

The search for measures of the airborne radon effects required the 

project to address the types of variation rn the data. It was 

considered appropriate to seek a four th degree of freedom '-beyond 

the three ground concentrations- that 1n some way expressed the 

variation in airborne radon. Once this behaviour was identified, a 

radon estimate R was to be found which quantified the amount of the 

total "uranium" signal due to the effects of airborne radon. This 

radon estimate would be of use to the industry to isolate that part 

of the uranium signal due solely to the concentration of uranium in 

the ground: 

Ulitho . = Utotal - R 

Accordingly, a characteristic distinction was sought between the 

spectra due to the uranium series in the ground and that caused by 

radon in the air. The spectra are otherwise equivalent. Under 

similar physical conditions, the Nal-acquired s pectrum of radon-222 

must be taken as the s pectrum of natural uranium, as the radon 

daughters Pb-214 and Bi-214 (see Fi gure 2.2 on pa ge 11) are the onl y 

si gnificant uranium daughters distinguishable 1n the Nal-acq uired 

s pectrum between 0.3 and 3 MeV (see Fi gure 3.1 on page 57). There 

is not enou gh detail in the reading s or calibration s pectra to 

resolve any of the emissions due to the other uranium daughters. 
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Fla.RE 3.1 

Emissions of Radon Daughters 

The energies of the significant emissions of Rn-222 are shown as 

spikes against the channel numbers used in these data. Apart from a 

single line of Pb-214 at 352 keV, they all arise during the decay of 

Bi-214 into Po-214. The mean spectrum of line 4014 1s shown 

super imposed. Compare with the spectrum of a uraninite sample, 

Figure 2.4 on page 15. 
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Except possibly in the event of fresh precipitation the Pb-214 and 

Bi-214 are in equilibrium with each other, so the spectrum of the 

uranium in the land surface below the aircraft was taken to be 

equivalent to that of radon, similarly attenuated by the intervening 

soil and air. 

Th e r e 1 s a d i f f e r e n c e in t he s p e c t r a c a u s e d by a s i g n i f i c an t 

increase in the amount of attenuation between the source and 

detector . Due largely to the increased scattering at the lower 

energies (see Section 2.6 on page 20), this effect allows the 

estimation of the amount of overburden on a uranium deposit from the 

field spectra (BL Dickson et al., 1979) . It is of interest to 

extend the estimation to soil, vegetation, water, snow or air 

separation in general airborne surveys. In the work that fol lows, 

the approximation is made, following B H Dickson (1980), that the 

difference can be measured as if it were due to an attenuating layer 

of air . 

There is a strong peak of Pb-214 at the relatively low energy of 352 

keV (see Figure 2.4 on page 15) which has been proposed by Grasty 

(1982b) for radon estimation instead of the Bi-214 lines. Any 

disequilibrium effects would need to be understood, but are unlikely 

to be great since the half-life of the transition between the two 

nuclides is only 20 minutes. Regardless, the contribution by Pb-214 

to the spectrum is only at the lowest energies, which are rarely 

used. It is sufficiently accurate to speak of the spectrum of Bi-

214 as the spectrum of both radon and uranium, when the attenuation 

is equal. 
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On the basis of these considerations, a difference of the 

appropriate form between the detected spectrum and that expected of 

a ground uranium distribution can be attributed to the free radon. 

The relation between R and the amount of the spectral difference 

will depend on the attenuation distribution of the radon. Two 

examples serve to illustrate the range of distributions. 

3 . 3 Radon in the atmos phere 

Radon is produced by alpha decay in the soil or rock. The recoiling 

radon nuclei have too much energy (typically 100 keV) to be stopped 

by the gas in the soil pores. In dry soil they come to rest in the 

solid grains (Kerrigan and O'Connor, 1989) and some then diffuse 

into the pore spaces. If the radon gas does not move further in the 

soil pores, its subsequent ganma ray signal is attenuated similarly 

to the radon remaining fixed in the solid rock; it is only when it 

moves into a position of different attenuation relative to the 

d e t e c t o r t h a t i t c o n f u s e s t h e i n f e r e n c e o f t h e u r a n i um 

concentration. Primarily, the radon confuses by a change in 

the amplitude of the spectrum and secondly by a change in its shape. 

An example can be taken to show a change in amplitude of the signal 

with no change in spectral shape.- If the radon intermittently 

escapes into the air above the soil and is swept away, the drop in 

signal can cause stripes in the map of the inferred uranium. An 

adjacent line collected before the escape has a relative step tn the 

amplitude of the spectrum, but there ts no change 1n its shape 

because there is no change in the attenuator. 
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The opposite extreme is met when the aircraft flies into a pocket of 

radon-containing air, such as might be leaving the near-surface zone 

in a morning thermal. (See Figure 3. 2 on page 61.) Here there is 

minimal attenuation and a disproportionate transmission of the low

energy end of the spectrum. The spectrum has changed shape as well 

as amplitude. 

It is to be noted that these two extreme cases can be caused by the 

same quantity of displaced radon. A procedure that allows inference 

of the quantity of radon from a measure of the attenuation effect 

will estimate zero free radon in the first (buried radon) case and 

excessive free radon in the second (nearby airborne radon) case. 

Yet the two cases are equally undesirable when mapping the uranium 

concentration. Clearly the mapping methods are limited by the 

working assumptions of the free radon distribution . 

. }f there i s sufficient change of spectral shape to quantify, and the 

airborne distribution can be confidently estimated, then the 

attenuation effect can be used to measure the proportion of the 

signal due to the ground sources. The groundwork for such methods 

will be developed further in this thesis. 

A complete description of the free radon activity from spectral 

evidence alone would require several independent values to be 

determined at each element of area where the radon 1s to be 

estimated. Some function of the sequence of values would then yield 

the radon quantity estimate. One value alone could not quantify the 

free _radon activity; but it would allow a first approximation of the 
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FIG.RE 3 . 2 

.Ambiguity of Range when Detecting Airborne Radon 

When exhaled radon lies close to the ground surface its signal 

suffers a similar amount of attenuation to that from the uranium 

series still embedded in the ground. When a pocket of radon

enriched air is encountered by the aircraft, the detector receives 

the radon signal with minimum attenuation. 
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free radon signal received, which 1s the quantity relevant to 

uranium mapping. 

This value is the relationship between a quantified change in shape 

and the amount of spurious uranium signal, referred to earlier as 

the radon estimate, R . Clearly R depends functionally on the 

vertical distribution assumed by the worker during the processing. 

Considerations of noise In the currently available one-second 

c onme r c i a I d a t a make t he ex t r a c t i on o f mo r e t ha n one v a 1 u e 

inadvisable. Even that value would have to be related to the 

adjacent readings to improve the reliability: B H Dickson (1980) 

had to use 10 second intervals to reliably calculate a similar 

estimate, the potassium overburden. Although his data were obtained 

at the less sensitive height of 97 m, his equipnent was better 

calibrated and used more (50 L) crystal. The potassium overburden 

is likely to be more reliable than the radon estimate, so the 

prospects of achieving a high level of signal in any inference of 

the radon are not great. 

This thesis attends mainly to the simplest models, whereby the radon 

estimate derived at any point is a single number. 

3.4 Radon excursions due to moisture 

How the radon excursions arise Is not fully understood. 

appropriate to examine some possible mechanisms. 

Jt IS 

The capacity of solid surfaces to cool the adjacent air at night

time gives rise to dew and fog. The negative buoyancy of the cooler 
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a 1r c an c a u s e a n a i r ma s s t o d r i f t o f f t b e b i g h g r o u n d a n d 

accumulate 1n low ground. This may cause an air mass already 

enhanced in radon activity to associate with a fog patch without 

necessarily any relationship between the radon gas and the droplets. 

Across a survey, there may then be a tendency for uranium-window 

activity to occur in low ground, as observed by Butt et al. (1977). 

Such activity would have the half-life of Rn-222 of 3.8 days rather 

than the half-life of Bi-214 at 20 minutes. Darnley et al. (1968) 

observed an association with fog but did not estimate the half-life. 

On the other hand, when dew forms 1n the bot tom severa 1 hundred 

metres of night-time still air, the circulating droplets are able to 

adsorb the charged decay products of radon. Grasty (1973) implied 

this mechanism when describing the activity of fresh snow. Once the 

droplets have deposited on the outermost surfaces of the vegetation 

and exposed materials, a layer of activity has formed with the 

maximum thickness of air and the minimum of other attenuation. This 

activity shows very little spectral distinction from uranium in the 

ground. 

As radon daughters rather than radon gas have been adsorbed on the 

droplets then the characteristically shorter half-life (approx . 20 

minutes for both Pb-214 and Bi-214) al lows the activity to clear 

quickly (Grasty, 1973). Furthermore, the radon daughters can only 

be scavenged from the depth of air in the . inversion, already similar 

in magnitude to the range of the airborne detector. This model does 

not appear to adequately explain the quantities of spurious signal 

from Bi-214 and Pb-214. 
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Moreover, the meteorological phenomenon most con:monly associated 

with a radon excursion is rain rather than fog. Clifford et al. 

(1981) tabulated several sets of radon excursions against the 

rainfall as recorded in the nearest meteorological posts. Results 

of a correlation analysis of their data is shown in Table 2 on page 

65. The correlations are rather weak, the stronger results giving a 

rate of increase of the radon signal near 5% per millimetre of rain. 

Amodei for the effect of rainfall on dry soil may be inferred from 

the work of Kerrigan and O'Connor (1989) and others. Consider that 

most aerated soils will have a water film spread over the soil 

grains. A radon nucleus produced in an alpha decay, 

Ra-226 -> Rn-222 + He-4 

has a recoil energy of 100 keV which is often sufficient to allow 

the nucleus to escape from the soil particle grain and be stopped 

either in another soil particle or in the water film. 

Consider also that a wet soil will always be evaporating a water 

vapour into any atmosphere which is short of 100% relative humidity. 

The thickness of the water film at any depth will vary according to 

the vapour pressure gradient and the permeability of the soil above 

it. The gradient will be particularly affected by a change of the 

top surface from a sun-dried state to a saturated micro-environment 

with free water droplets. Without itself contributing to the mass 

of the water films, a fall of rain or dew lying on the surface may 

still allow the temporary accumulation of a water film which would 

otherwise have evaporated from the subsoil. 
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TABIE 2 

Correlation of Rainfall against Radon Excursions 

Clifford et al. (1981) tabulated rainfall of the locality against 

the radiation levels compared to the average for the station. Their 

data have been reprocessed to seek the sensitivity to rain. Many of 

their rainfalls were shown only as "trace" and so have been emitted 

from the regressions. The resulting gradients suggest a general 

response of total signal, as detected by their upward looking Nal 

detector, of 5% per millimetre of rain. 

Table State Corre lat ion Response 

lXV Oklahoma 0.795 * 4.55%nm-l * 

IXVI N.Mexico 0.072 11.4% nm-1 

IXVII Texas 0.155 1.25% nm-l 

IXVIII N.Dakota 0.529 * 5.26% nm-l * 
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An increase 1n the proportion of water to solid mineral implies that 

the freshly formed radon will increasingly come to rest in water 

rather than solid. From the water the radon readily diffuses into 

the gas in the soil pores and thence into the atmosphere. Its rate 

of diffusion is unaffected by changes in the humidity. 

By this process the wetness of the surface may cause exhalation of 

radon from the interior of the soil. Supporting evidence for this 

model of the radon excursions is also found in the monazite studies. 

These studies have shown a 5£m increase in exhalation of Rn-220 from 

monazi te samples to occur when ~ water is added to dry samples 

(Kerrigan and O'Connor, 1989). The behaviour of Rn-222 is likely to 

be similar. 

It is reasonable to ascribe radon excursions to the growth of water 

films in the soil pores during wet conditions . The experimental 

set-up used in the work on monazite may present appropriate means of 

testing such propositions . 
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3.5 Mechanisms and measurement of the vertical develo pment 

When a layer of air near the ground persists unstirred by upper 

winds it can be expected to accumulate radon diffusing from the 

soil. Conversely, an air mass which has travelled over ocean for 

some weeks will be almost clean. As air masses tend to stratify, it 

1s appropriate to examine factors affecting the vertical 

distribution of radon. 

The air IB the first few centimetres and metres above the soil 

remains for a time which depends partly on its height above the 

ground. The residence time is a function of the amount of mixing 

reaching that height . 

The whereabouts of radon in the at100sphere above tree height is 

controlled by layer formation and layer dissipation. The 

characteristic vertical mixing velocity is about 1 m s-l whereas the 

horizontal velocities are larger, perhaps 10 m s-1 . Consequently 

horizontal uaiformity is to be expected to be more conmon than 

vertical uniformity, and the vertical distribution to be more 

significant than the horizontal. 

Thermals provide a mechanism for the mixing of near-surface air into 

the air above. The sun heats the soil and vegetation within a few 

centimetres above . The adjacent air warms, becomes buoyant and 

lifts off. It may remain trapped in the vicinity of higher, cooler 

obstructions, such as shrubs, trees, or crops. This constitutes a 

layer closer to the aircraft. Although only a few metres of 
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absolute distance may be involved, the change in attenuation can be 

significant: 10 kg m- 2 o f i n t e r v en i n g veg e t a t i on ha s a ma s s 

attenuation equivalent to 10 m of air. 

Daytime thermals liberate trapped au and deliver it as high as the 

lapse rate permits. An inversion layer near the operating height 

will stop the thermals and allow a local accumulation of radon, 

vertically localized but horizontally spread. Such interface 

accumulation has been observed by Darnley (1971). The effect in a 

radiometric image would be a general uranium bias. If the inversion 

clears before all the flight lines were completed, a long stripe 

with a strong, relatively uniform, spectral signature might be seen. 

On the other hand, active thermals at flying height must create a 

noisy imprint with a non-uniform distribution in the data. 

Some of the Bi-214 residuals selected by Green (1987) are shown rn 

Figure 3.3 on page 69. These are derived from the uranium means of 

flight lines at 150 m. They are suggestive of a surface or near

surface activity being mixed into the atmosphere as the day 

progresses. 

It is clear that the vertical whereabouts depends on the prevailing 

meteorology and is quite variable. Yet in practice assumptions have 

to be made; for instance, flying over a test line or over water or 

the use of baseline averages are averaging procedures that seek to 

establish a reference estimate for the whole atmosphere for that 

period. (See for instance, Wilkes, 1988.) 
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Uranium Residuals and Time of Day 

A selection of radon quantifiers obtained by Green (1987), showing 

decay as the day advances. This quantity 1s the uranium residual , 

or discrepancy between the uranium mean of each line and the mean 

expected on the basis of its potassium and thorium means . The 

expectation is given by regressing uranium line means against the 

potassium and thorium line means. From Green (1987). 
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The flying of test lines at successively higher altitudes for the 

estimation of the cosmic contribution may allow the estimation of 

the gross vertical gradient in the radon at the same time if the 

equipment is mu l t i channe 1 . When window equipment 1 s 1n use, the 

a s s ump t i on i s u s u a 1 1 y mad e t h a t t he r ado n i s con s t an t ( W i 1 k e s , 

1988). 

The use of an upward-looking crystal assumes a certain vertical 

uniformity to infer the total airborne radon contribution to the 

uranium channel. This allows the radon estimate to change 

horizontally as often as the upward crystal is sampled. 

The vertical separation of airborne radon from the parent rock 

provides a behavioural distinction between it and the uranium series 

in the ground. The spectral expression of the behaviour will be 

used to characterize the effects of airborne radon. 

The Data Set 

3.6 Identification of a data set with a radon step 

Some multiclient data, currently being collected by one of the 

supporters of the project, were scrutinized for the presence of a 

radon step. To maintain confidentiality, the location was given 

only as the locality of Charters Towers, Queensland. 

A Geometrics 256-channel multichannel .. nalyser had been used with 

eight four-litre Nal crystals. Data had been stored on magnetic 

tape without special attention being paid to the quality control. 
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Some 100 000 seconds of multichannel fl:ght data representing about 

6000 km of grid in lines of about a thousand seconds duration each 

were examined. 

The average spectrum of each line was compared to that of the next. 

At the same time, the size of the 609 keV hump was moni tared, that 

is, the average sum of counts in the 609 keV peak over and above the 

average of the spectrum on either side was recorded. The 609 keV 

emission is a high intensity, low energy emission of Bi-214 (Beck, 

1972) and so is expected to be particularly sensitive to the 

decaying airborne radon near the aircraft. 

Both the spectral plots and the peak counts showed a distinct drop 

between the lines named 4013 and 4014 . Subsequent radiometric maps 

show the same jump, despite the smoothing. 

Figure 3.4 on page 72. 

An example is seen in 

The average flying heights of both lines was 58 m, although the 

standard deviation of 10 metres on line 4013 was twice that of line 

4014 at 5 metres. Also similar was the gain shift, measured by 

comparing the counts on either side of the nominal position of the 

main thorium series peak at 2.67 MeV. The statistics of the 

neighbouring lines are detailed in Table 3 on page 73. 
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Part of the Raw Image for Uranium 

Image of raw uranium counts after stripping but before image 

processing. Lines 4013, 4014 run along the middle. Interpolation 

has created a smoothing effect. Pos s ibly the processing worker has 

invoked extra smoothing to suppress the step, but it is still 

evident. The flight line grid is superimposed, its 200 m spacing 

giving scale to the image. Same area as Figure 2.12 on page 49. 
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TABlE 3 

Acquisition sumnary of some flight lines 

The average sum of counts in the 609 keV peak above the average of 

the spectrum on either side is seen to show a distinct drop between 

lines 4013 and 4014. The gain shifts, here showing little change, 

are measured by coo:iparing the counts on either side of the nominal 

position of the main thorium series peak at 2.67 MeV. The total 

count and the potassium, uranium and thorium counts are also shown 

averaged. 

Log entry Line No Samples Gain 609 keV N K u Th 
Shift hump 

2nd June: 

4th f i I e 4001. OW 1140 30.3 15.7 2387 205 61 90 
5th file 4002.0E 1264 29.8 17.8 2411 200 64 91 
6th file 4003.0W 1152 31.3 20.7 2408 199 65 92 
7th file 4004.0E 1244 32.1 23.1 2489 203 68 95 
8th file 4005.0W 1152 29.2 21.8 2300 186 64 88 
9th file 4006.0E 1232 30.2 22.9 2334 188 65 89 

10th file 4007.0W 1124 28.2 24.7 2282 184 64 86 
11th file 4008.0E 1196 29.2 23.8 2281 181 65 87 
12th file 4009.0W 1132 26.9 23.5 2220 171 64 85 
13th file 4010.0E 1212 29.1 25.7 2240 174 64 86 
14th file 4011. OW 1088 26.4 25.1 2146 164 63 83 
15th file 4012.0E 1208 27.6 23.4 2174 169 63 84 
16th file 4013.0W 1044 26.7 23.0 2180 171 62 84 

5nd June: 

34th file 4014.0E 1176 23.6 15.2 1993 160 53 79 
35th file 4015.0W 1080 25.9 15.0 2041 163 54 81 
36th file 4016.0E 1180 28.3 15.9 2006 155 55 80 
37th file 4017.0W 1064 25.0 15.1 2004 152 55 81 
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When l he a-ru age spec t r a o f the two I i n es a r e sub t r a c t e d and 

smoothed, tk result can be seen to be dominated by the uranium 

spectrum. Qmpare Figures 3.5 and 3.6 on pages 75 and 76, the 

spectr11m of tie difference, with Figure 3.7 on page 77, which is a 

smoothed nraium calibration spectrum. At the far left in Figure 

3.4 on pagr11 is a rising spectrum cut off near the 350 keV peak by 

the acquisition equipment. The major peak around channel 30 can be 

identified with the Bi-214 peak at 609 keV. Other details on the 

smoothed am: are readily matched with the positions of the main 

uranium serir:s peaks, see Figure 2 .4 on page 15. It is apparent 

that the 1pectrum of the difference between the two lines ts 

dominated by the spectrum of the radon daughters. 

It was coacladed that the line 4013 has distinctly more "radon" 

signal thulk adjacent line 4014. Accordingly, the pair of lines 

4013 and 401.fwas taken as the main reference data set . 

3 . 7 The 11Rther during acquisition 

It is appropriate to seek a meteorological event which could have 

given rise ttt the apparent radon step. The flight logs for the two 

lines reveabd that they were flown on two different dates several 

days apart, lie higher signal appearing on ·the second and the lower 

signal appearing on the fifth of June, 1987. The times of the 

f l i gh t s arr: nknown . 
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Difference between Mean Spectra of Lines 4013, 4014 

These averages differ by only a few percent so the scaled up result 

includes much noise. The spikes on the horizontal axis identify the 

expected emission lines. Only the 609 keV emission from the uranium 

series is prominent before the smoothing, the result of which is 

shown in Figure 3.6 on page 76. 
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Smoothed Difference Spectrum 

The differences between the channel counts for lines 4013 and 4014 

are shown after smoothing with a Hanning function around 16 cycles 

per spectrum. The result resembles the uranium spectrum. Compare 

with Figure 3.7 on page 77. 
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Uranium Field Calibration Spectrum, Smoothed 

The average of a hundred seconds of fie Id readings taken of the 

uranium calibration sample 1s shown after smoothing using a Hanning 

function around 32 cycles per spectrum. The background activity is 

still evident: the potassium peak and the thorium peaks are seen to 

intrude in an otherwise uranium dominated profile. Compare with 

Figure 3.6 on page 76. 
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The weather at ground level was uneventful in the period around 31 

May to 5 June, 1987. The meteorological data for Charters Towers 

townsite are shown in Table 4 on page 79. 

The daily distributed weather niaps (The Age,1987) show that the 

pressure remained constant at 101.6 kPa. The soil gas could not 

have been d i s p l aced f rom t he po r e s by a d r op i n a t mo s p he r i c 

pressure, a mechanism favoured by some workers. 

A temperature drop overnight indicates the growth of a night time 

inversion. With a clear night sky and an increase 10 relative 

humidity to 80% or so, this 1s strongly suggestive of heavy dew. 

Dew is likely to have occurred on the nights around 2nd June when 

line 4013 was collected, but not on the night of the 5th. 

The winds at 900 m increased to 30 knots on the evening of the 4th 

June and persisted, together with an overcast sky. The night-time 

inversion layer necessary for the formation of dew is unlikely to 

have formed during that night, the night before the collect ion of 

line 4014 . 

Although the wind reading taken at 3 a.m. 1n the town suggests 

otherwise, it is quite likely that turbulent conditions persisted in 

the field through the morning of the 5th. Conditions would then 

have been conducive to dispersion of both moisture and radon; and 

the radon concentration at ground level must have been as low as 

that of the general air mass. 
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TABlE 4 

Meteorolpgical Data from 26 May to 10 June 

The high radon 1 ine, 4013 was acquired on the 2nd, the low radon 

line, 4014, on the 5th. From the Bureau of Meteorology, Brisbane . 

lOH RELATIVE 900M 
DATE ~ WIND ~ HUMIDITY ~ ~ 

26 Hay 3 am 110/02 21 73 0 120/ 18 
9 am 110/02 23 61 0 120/12 
3 pm VRB/01 29 43 0 230/06 

27 Hay 3 am V RB/ 01 18 83 0 170/06 
9 am VRB/ 02 21 60 4 180/13 
3 pm 200/05 28 42 6 200/10 

28 May 3 am 160/10 16 45 0 160/15 
9 am 1$0/17 17 39 0 140/20 
3 pm 150/13 23 23 0 165/15 

29 Hay 3 am 140/05 12 44 0 150/15 
9 am 140/18 15 27 0 120/14 
3 pm 130/05 22 50 0 150/10 

30 Hay 3 am 140/02 11 35 0 120/18 
9 am 140/05 14 28 0 100/16 
3 pm 140/05 25 34 0 140/13 

31 May 3 am 130/02 11 71 0 120/22 
9 am 140/10 l9 43 0 120/22 
3 pm 140/05 26 37 5 U0/14 

1 June 3 am 130/02 17 77 0 120/26 
9 am 140/05 18 88 8 110/31 
3 pm 1'0/12 23 6l ' 120/26 

2 June 3 am 130/02 17 77 0 120/22 
9 am 130/08 2l 56 0 110/25 
3 pm 110/10 27 42 7 115/22 

3 June 3 am 130/05 18 88 0 110/22 

' am 120/10 21 69 0 110/23 
3 pm 110/08 27 42 8 115/15 

4 June 3 am 110/02 l9 83 4 130/08 
9 am 130/07 22 57 0 l2S/23 
3 pm 120/05 26 42 8 135/19 

5 June 3 am 110/01 19 68 6 120/30 
9 am 130/12 20 64 8 115/33 
3 pm 13 0/ 1 0 25 47 8 125/28 

6 June 3 am 110/03 19 60 0 120/33 
9 am 110/05 20 53 8 115/30 
3 pm 13 0/l 2 22 57 8 120/29 

7 June am 110/05 18 83 0 110/3 l 
9 am 110/12 19 73 8 110/34 
3 pm 100/10 25 so 4 125/29 

8 June 3 am 090/01 19 73 6 U5/25 

' am 110/05 17 82 3 120/10 
3 pm 130/05 26 51 7 150/16 

9 June 3 am 070/02 18 88 0 115/12 

' am 130/06 22 60 0 115/ 18 
3 pm 130/05 28 42 3 165/ 12 

10 June 3 am 090/02 17 88 0 130/26 
9 am 130/05 21 73 0 130/19 
3 pm 130/05 2.7 37 0 160/14 
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Darnley et al. (1968) had observed increases in the Bi-214 1. 76 MeV 

counts with the formation of fog and inversion layers . Inversion 

layers are often associated with fog, mist and dew. It is possible 

that both their anomaly and the current step are caused by the 

mechanism -implicitly proposed by Grasty (1973)- of adsorption of 

radon daughters during the formation of precipitates. However if 

this was the mechanism, the radon must have been concentrated from a 

deeper (>200 m) thickness of inversion than the normal detection 

range of the equipment, which is already of the order of 100 m above 

and below the aircraft. 

There was no precipitation measured at Charters Towers except for 

0.2 nm on the 1st June. Since this town is some distance from the 

survey area, it is possible that a similar amount fell on 2 June 

after that day's flying without being recorded in the town. In line 

with the correlations from Clifford et al. (see Section 3.4, page 

62) a prediction could have been made that the 0.2 nm precipitation 

indicates a 1% increase in the radon signal. Yet the figures of 

Table 2 (page 65) suggest a greater excursion than 1%. Those 

results of Clifford et al. (1981) were obtained in the winter of the 

mainland U.S.A., possibly not representative of the dry soil and 

erratic rain of the area of Charters Towers . 

On the basis of the meteorological evidence, it appears that dew or 

rain brought radioactivity to the ground surface on the second of 

June 1987, but not on the fifth. The mechanism remains unknown, but 

it is clear that daughters of airborne radon cause most of the 

difference between the two lines . 

Fol lowing these considerations, a working assumption was made; that 
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