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Review of cu r r en t r e s e a r c h , problems and future t r e n d s wi th 

regard to geochemlcal techniques for uranium exp lo ra t ion and 

recen t developments in radon d e t e c t i o n . 

Dr W J de Wet - (NUCOR) 

The necessity for appropriate prospecting and exploration know how and 

techniques for U became rather evident, particularly since the early 

seventies, as it was realised that future nuclear power fuel requirements 

would require maintaining high levels of forward reserves, not entirely 

to be realised from known U deposits only. The IAEA is thus very 

conscious of the importance of the study of U geology and exploration 

techniques and as a consequence it sponsored a panel meeting which was 

held in April 1970 in Vienna and as a result of that meeting, a number of 

Working Groups were set up to study genetic concepts as well as the 

various principal types of U deposits and their formation. Also in 1976, 

the NEA/IAEA Joint Group of Experts on R and D in U Exploration 

Techniques decided to convene a series of expert workshops to select 

prospecting techniques for collaborative R and D. The workshops enable 

experts to exchange information on the state of present research, to 

discuss intended future research, to identify areas in which 

• international cooperation in R and D could be expected to lead to early 

discovery of new deposits and to formulate appropriate proposals. 

Projects on nine topics were formulated which have been regrouped into 

five projects in 1982. In a number of these activities, emphasis is 

placed not only on basic geochemical aspects related to U but also on 

geochemical exploration techniques. 

Surface radioactive anomalies are detected from the air with comparative 

ease but for hidden uranium ore deposits geochemical techniques based on 

the measurement of Rn, He, Ra and U or its pathfinder elements in the 

secondary environment are needed, apart from complementary possibilities 

utilising non-geochemical approaches. The radiometric measurement of 

radionuclides through scintillometry and spectrometry will be discussed 

by Mr Andersen and for my presentation, I have decided to dwell 

essentially on radon techniques and closely related aspects. Other 

geochemical methods such as hydrogeochemical and stream sediment surveys 

for U or other pathfinder elements, will thus not be covered. 
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Gases in U exploration were formerly dealt with under project 3 of the 

NEA/IAEA Joint Group of Experts program on R and D in U Exploration 

Techniques and have now been regrouped as project 2 with 10 countries 

collaborating, including South Africa. 

The use of radon as a prospecting tool is primarily based on the fact 

that it is an inert gas and therefore, has the ability to migrate through 

cracks and porous media. The high atomic weight and the short half-lives 

of the radon isotopes, however, prevent them from travelling too far in 

geological media. Experience has shown that Rn permeability plays a 

dominant role and uranium ore bodies lying even as low as 10 to 50 m 

below the surface may not be detectable under unfavourable 
222 220 

circumstances. There are three Rn isotopes, namely Ra, Rn and 
O I Q O O Q O O A 

Rn which are formed in the respective decay chains of U/ U, 
235 222 

Th and U, respectively. The most important isotope is Rn 

because of its relatively long half life of 3,8 d. Radon-219 can be 

ignored because of its very short half life of 4 s. and low abundance of 
235 220 

its parent U. The second most important isotope is Rn (thoron) 
from 2 3 2Th, with a half life of 55,6 s. 

For the purpose of prospecting, radon can either be determined in soil 

gas (or gas form or in sub-surface water samples) making use of the 

following methods and instruments. 

The methods used can be described as either active or passive and are 

based on the detection of ex or y-radon produced during the radioactive 

decay of Rn and/or Rn decay daughter isotopes. 

The active methods involve pumping of soil gas from a narrow hole drilled 

in the ground and suitably covered, into or through a detector 

instrument, whereas the passive methods register Rn concentrations in the 

ground under natural conditions. Most of the active methods register Rn 

concentrations directly and the results are simultaneously displayed on 

the detector instrument. The passive methods register Rn concentrations 

over longer periods. Exposure time for the passive methods varies 

according to the type of detector used and the radon concentration to 

which it is exposed. 
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The most widely used active methods involved silver-activated ZnS 

phosphors as scintillation devices in portable battery-operated 

instruments, known as emanometers. A commercially available emanometer 

using an ionization chamber is also available. For grab samples from 

surface accumulators, laboratory ionization chambers are normally used. 

Emanometers have a high measuring capacity- 20 - 50 measurements per 

day. The results are displayed directly on the instrument, which allows 

for flexibility in measuring programs. 

A disadvantage of soil gas emanometry is that determinations are only 

relative because the extent of dilution of soil gas sample varies 

according to type of soil conditions in which measurements are made. For 

more accurate measurements, emanometers should be supplemented by a 

time-integrated passive method. Emanometer results can be affected by 

rapid changes in meteorological conditions, in particular excessive 

precipitation. 

Five passive methods are available. These are either based on a-track 

counting in a-sensitive film, the absorption of Rn on activated charcoal 

and subsequent Y-counting of Rn daughters, a-counting with solid-state 

detectors (Alphameter), TLD thin a-sensitive wafers or the deposition and 

counting of a-emitting daughters of Rn on so-called a-cards. 

In all these methods the units in inverted cups or top-end closed pipes 

are planted in the ground at depths of about 0,5 m. The sampling times, 

however, are different. For a-sensitive film and TLD systems, sampling 

times can be as long as 30. For the charcoal systems, exposure times 

vary from 5 - 8 whereas for a-meters, sampling times for exploration 

purposes are usually 2 - 3 d and for a-cards 12 - 2 4 . 

As time does not allow for discussion of all the advantages or 

disadvantages of these passive methods, let it suffice to say that large 

differences in-cost effectiveness, flexibility, measuring capacity, etc. 

certainly exist. 

Detailed intercomparisons of these radon measurement techniques have been 
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carried out in several different environments in the USA, Canada and 

Sweden. These tests, including studies on sensitivities, detection 

limits and comparative costs, have, in the main, been completed but the 

results have not been finally presented in all cases. Work is also 

ongoing or has been completed at national test sites in four countries 

where attempts are being made to establish a correlation between radon, 

uranium mineralisation and several other parameters. 

The studies done in Sweden under the supervision of the Geological Survey 

of Sweden (SGU) in collaboration with several Swedish institutions and 

universities, have been fully published and will briefly be summarised. 

In additioni some results published by the other countries will briefly 

be reviewed. 

In U exploration the aim is to distinguish areas with enhanced radon 

concentrations in relation to background levels. It could then be argued 

that absolute calibration, and to a lesser extent also standardisation of 

radon measuring methods, should be of lesser concern than, for instance, 

applications of these methods in environmental surveys. Nevertheless, 

approximate calibrations and standardisations are useful in comparing the 

various methods. Calibration factors have been determined in Sweden by 

exposures in a radon room, and are available. Comparisons were also done 

in practical field studies using surface accumulators as well as 

measurements in holes at various depths. For the accumulator 

experiments, measurements compare favourably but correlation between 

results of the various methods for measuring soil gas concentrations in 

holes at different depths is not so good, which indicates that additional 

factors obviously affect the results of soil gas measurements. 

Standardisation may thus well be a considerable problem. Attempts by the 

international project are aimed at continued incalibration efforts with 

suitable facilities, investigations of correction factors for 

non-standard environments, efforts to establish which methods are least 

affected and possibly to decide on one or two standard methods and the 

possibility of establishing parameters for a standard radon hole. 

The Swedish studies were further aimed at evaluation of the various 

methods with regard to the detection of variation in Rn concentrations, 
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reproducibilities, depth effects and meteorological effects. From a 

sensitivity or detection limit point of view, all the Rn methods and 

detectors have proved to be suitable for measuring Rn levels in soil 

gas. Moreover, variations in soil gas radon concentrations detected by 

one method were also detected by other methods, although the variation 

was not always the same. The importance of geological and meteorological 

effects on measurements done over test site profiles again turned out to 

be quite pronounced. 

Reproducibilities for field test investigations deteriorated considerably 

from those obtained in the radon room. For the radon room, values of 10 

- 20 % have been obtained which decreased to over 10U % for some systems 

in field tests, again as a result of a number of factors responsible, 

with some systems more susceptible than others. 

Radon concentrations in soil gas are strongly dependent on depth. Levels 

increase with increasing depth in most environments. To limit short term 

variations, measurements should preferably not be made at depths less 

than 0,5 m. Deeper depths will, in most terrains, unfortunately prove 

uneconomical. The depth of measurement should always be taken into 

account when comparing results from different measurements. 

The meteorological investigations confirmed, as intimated earlier, that 

atmospheric pressure, wind-speed, precipitation and temperature could 

drastically influence soil Rn concentrations. Variations as large as a 

factor of five can be expected, which are rather serious especially with 

regard to the use of active methods. High humidities in soil layers, 

however, also affect most of the passive methods, e.g. drops of moisture 

on the detector surface prevent a-particles from reaching the detector 

and give rise to errors in measurement. 

Some general comments are that some methods (for example, gas 

eraanometry), require greater experience in measuring radon, and also in 

the interpretation of results, than in the case of, for instance 

a-sensitive film. Interpretation of results should preferably be based 

on many measurements. The distance between measurements should also be 

as small as possible, preferably less than 10 m. A combination of active 

and passive methods can suitably be used in investigations. 
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Rn and He studies done in several countries indicate that, in general, Rn 

and He measurements in near-surface soil usually indicate anomalous 

values in detailed surveys over known mineralisations and depth. Rn and 

He patterns in more regional surveys tend not to indicate known 

mineralisations. The radon patterns observed under such situations are 

usually explained as being controlled more by lithology and the radium 

concentrations of the soil, whilst anomalous helium values can be related 

more to structure. In certain circumstances, such as mineralised 

brecciated fault zones, helium may be useful. 

As an extension to emanometry, studies under the American NURE program 

indicated that entrained Rn returns in recirculating drilling mud may 

provide pre-logging information of potential ore zones and formation 

changes, both of which can be correlated with depth in the borehole. It 

can also help to differentiate the Y~ray signatures of Th and K in gross 

Y-ray logs. 

For the sampling of Rn (and He) in borehole water at depth, the French 

have apparently developed efficient segmented water-trapping samplers and 

diffusion gas collectors. Results obtained using these devices indicate 

that the distribution of Rn is not uniformly distributed with depth-

Higher concentrations are often observed at an intersection with 

uraniferous mineralisations or at intersections with aquifers in contact 

with mineralisations. These anomalies can be of a highly local nature, 

inferring the desirability of depth gas sampling of boreholes. On the 

other hand, agitation of the underground water by pumping often enhances 

contrasts. 

The thermoluminescence yields of natural quartz, feldspar or other 

minerals may reveal their radiation exposure histories through geological 

times. Studies ongoing in Belgium are aimed at relating glow curve 

information to Rn exposure and possibly also by exposure resulting from 

the passage of radioelement-mineralised solutions through the geological 

formation. 

210Pb -21Po 
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The measurement of these long-lived Rn daughters has recently received 

renewed interest. Near-surface soil or rock samples are radiocheraically 

analysed for these isotopes which have been deposited on mineral grains. 

In order to enhance the loosely bound species, these analyses are usually 

performed on weak acid extractions of the samples, thus leaving in place 

the component produced from Rn within the local mineral grains. Pb 

can be measured after chemical separations of the Pb fraction by 
210 210 

B -counting Bi or a-containing Po. Alternatively, the polonium 
210 

fraction can be chemically separated and Po ct~counted. 

As part of the NURE program, a hole was cored from the surface through a 

deposit at a Red Desert mineralisation site in Wyoming and samples of the 

core were analysed for Po for comparison with its y-log. A strong 

correlation between the two logs was found, from which it was concluded 

that long-range Rn migrations apparently did not take place. This 

conclusion may be erroneous and misleading with respect to surface Rn 

expression through long-range Rn migration from deep-lying orebodies. 

Clearly, for estimating the long-term Rn migration profiles, Po 

should be monitored vertically at positions well separated from zones of 

concentrated uranium or radium. 

A knowledge of the migration of Ra is of crucial importance in this 

regard. In Southern Australia it has been found, for instance, that 
9') h 

Ra haloes in groundwater in unconsolidated formations extend up to 

several k i lomet res from known depos i t s with Ra concen t ra t ions of 

hundreds to thousands pCi/ va lues in these w a t e r s . The l e v e l s of U, 
226n 224„ J 223„ n , „ . J , 

Ra, Ra and Ra, all determined by a-spectrometry, are in 
fact used to indicate nearby mineralisation. 

210 
Work done by the Geological Survey of Canada has indicated that Po 

210 
analyses of soils reveal a strong Po background in forest litter and 

210 
A horizon soils, overshadowing completely any Po expected as should 

be resulting from known hidden radioactive boulders. In B and C soil 

horizons, however, Po became progressively more anomalous over the 

boulder terrain. It appears that the emanation of Rn from soils into the 

atmosphere and precipitation of its decay products in a uniformly 
210 

integrated manner leads to high Po backgrounds on the surface. 
210 

Hence the Po method should be employed on lower soil horizons. 
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Conclusion 

It would appear from published results, that there is a great need for 

rather thorough interpretation in the application of any Rn data. 

More investigations are clearly required to measure the short, medium and 

• j- '! .! . ! :• I.. ?.-. ,•,-'. i. •:!'•.•!•; H.<ic' L<> better understand the 

histories as possible, that have made use of Rn detection met i ' , i 

be obtained and published. These should include both successful and 

unsuccessful programes. A knowledge of the geological setting, type of 

occurrence and other geophysical and geochemical data is critical for 

properly using Rn data, which by itself, cannot as yet be regarded as 

reliable. Although some experts are sceptical about the value of Rn 

methods altogether, it is known that most uranium deposits in 

Czechoslovakia have been discovered by Rn detection and that it is being 

applied reasonably successfully in a number of countries. Tt can be 

expected that international efforts with regard to Rn will continue. 

2.4 Resource Evaluation of Uranium Deposits 

Convenor - Dr F A G M Camisani-Calzolari (NUCOR) 

Review of current research, problems and future trends with regard 

to resource evaluation and production forecasting 

Dr F A G M Camisani-Calzolari - (NUCOR) 

The methodology used in the annual national uranium resource assessment 

is continuously refined. In this regard the Geology Department closely 

liaises with mining groups and scientific institutions both in South 

Africa and abroad. Computer facilities are being used to store and 

process exploration statistics, resource estimates and borehole 

information. 

Research into uranium production forecasting has been particularly 

active. The computer program FERPROD, which had originally been 




