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1. Introduction 

In summer and autumn 2016 Radai Oy carried out airborne radiometric measurements over the tailings of 

the abandoned iron mine of Rautuvaara using an unmanned aerial vehicle (UAV). The measurements were 

commissioned by Geological Survey of Finland (GTK) as a part of UAV-MEMO project funded by Tekes 

(Finnish Funding Agency for Innovation and Technology) and four mining companies operating in Finland 

(AA Sakatti Mining, Agnico-Eagle, Mawson, Nordkalk).  

The main objective of the survey was to test the applicability of the UAVs for radiometric measurements. 

The test was conducted at Rautuvaara mine because of the elevated uranium content of the tailings area. 

This survey report describes Radai's UAV system, the spectrometer, the test flights, and presents the results 

as the maps of the total intensity of gamma radiation and the intensity of the energy windows 

corresponding to potassium, uranium and thorium. Because the main objective was the testing of the UAV 

based measurement system, normal data correction (e.g. background and height correction) and energy 

calibration methods have not been made to the radiometric data. 

 

2. Radai's UAV based radiometric measurement system 

The intensity of the gamma radiation is measured with the digital spectrometer D230A by Georadis 

(www.georadis.com). The spectrometer is illustrated in Fig. 2.1 and its technical parameters are shown in 

Table 1. The D320A uses two (BGO) detector units and two 1024 channel gamma-ray spectrometers and a 

small data acquisition and control unit. The spectrometers use a method of automatic gain stabilization 

using natural background radiation. This stabilization method eliminates the need for an additional 

radioactive check source.  

file:///D:/Radai_data/xRautuvaara2/Report/www.georadis.com
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Fig. 2.1. Georadis D230A spectrometer. 

Table 2: Technical information on Georadis D230A spectrometer. 
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The measurement device, which weighs about 3.5 kg, is attached to the bottom of a custom-made UAV 

quad-copter (Terrain Scout 3.2) shown in Fig. 2.2. Table 2 shows technical information on the UAV. The 

spectrometer is a standalone instrument that records a 1024 channel spectrum for both detectors and the 

GPS location (longitude, latitude and altitude) and time. The horizontal accuracy of the GPS positioning is 

about ±2 m during flight. The vertical accuracy of the GPS is much less. More precise estimate of the 

altitude could have been obtained from the barometric pressure measured by the UAV autopilot. However, 

the digital elevation model (DEM) of the survey area was found outdated and, thus, it would not have been 

possible to define the true flight altitude. Therefore, pressure data of the autopilot wasn’t used to define 

even the relative flight altitude. 

 

Fig. 2.2. Radai’s Terrain Scout 3.2 UAV with Georadis D230A spectrometer attached to its bottom. 

 

Table 2: Technical information on Radai's TerrainScout 3.2 UAV 

UAV parameters Value 

Operation mode Quad-copter 
Engine type 4 x electric engine 
Power source Batteries (LiPo) 
Mass 8 kg (12 kg w batteries) 
Payload up to 5 kg 
Flight speed 0-10 m/s 
Flight time at least 60 min w/o payload 

up to 40 min w 3.5 kg payload 

 

 

3. Radiometric measurements at Rautuvaara mine 

The survey site is located next to the old abandoned iron mine of Rautuvaara near the village of 

Hannukainen about 20 km North of Kolari in Northern Finland. The mine was opened by Rautaruukki Oy in 

1962. In late 1970’s Laurinoja and Kuervaara open pits north of Hannukainen were opened. Rautaruukki 

ended mining in Hannukainen 1988, but Laurinoja open pit was operated by Outokumpu Oy between 1989-

1990. Presently, the mines are owned by Hannukainen Mining Oy that aims to restart mining in 

Hannukainen in the near future. The enrichment facilities and tailings of Rautuvaara mine also served 
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Outokumpu Oy’s Pahtavuoma Cu-Au mine in Kittilä in 1974-1976 and 1989-1993 and Saattopora Au mine in 

Kittilä during 1988-1995. In 1992 enrichment test were made in Rautuvaara for the Juomasuo Co-Cu-Au-U-

REE ore in Kuusamo. The tailings contain radioactive material (mainly uranium and thorium from 

Saattopora and Juomasuo ores) that has been covered in some parts with a thin (0-3 m) protective layer of 

soil and dirt. 

The survey site is shown in Fig. 3.1. The original plan was to make a comprehensive survey using 50 m line 

spacing resulting to a total line length of about 14.4 km. The flight lines are directed 30 degrees south from 

east due to an electric power line crossing the northern part of the survey area. The whole area was to be 

measured at a height of 2 m above the surface. The eight lines in the middle of the survey area (shown in 

red color in Fig. 3.1) were to be measured at three different heights (2, 5 and 10 m).  

 

Figure 3.1. The location of the planned survey lines over the tailings area of Rautuvaara mine. The red lines 

depict the middle section of the area to be measured at three height levels (2, 5 and 10 m). ETRS-TM35FIN 

coordinates are used. Background map is provided by National Land Survey of Finland © 2015. 
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3.1 On the measurement time 

Before any flight missions, a decision was made to use 5 s measurement (integration) time for the 

spectrometer. The decision was based on UAV flight speed of about 3-5 m/s (10-18 km/h) and the 

consequent spatial sampling along the profile lines. This makes the UAV more efficient than a walking 

human (1.4-2 m/s = 5-7 km/h). On the other hand, the spatial sampling of the data should not become too 

coarse. Preferably, the sampling should be less than half of the line spacing. Considering 3-5 m/s flight 

speed, the 5 second measurement time thus provides 15-25 m sampling along the profile line. 

Measurement time of 10 seconds would make the data sampling two times larger (30-50 m), which would 

have been acceptable only if flight speed was reduced below 3 m/s. On the contrary, shorter 2 second 

measurement time would not have provided data accurate enough. 

To get an idea on the intensity levels of the data measured with D230A spectrometer Fig. 3.2 shows two 

spectrograms. Fig. 3.2a on the left shows a 60 second spectrogram measured 20 cm above ground when 

the spectrometer was attached to the bottom of the UAV and the UAV was standing still on the ground. 

Figure 3.2b on the right shows a 5 second spectrogram when the spectrometer was flying at 5 m height.  

 

  

Figure 3.2. Two 256 channel gamma spectra measured with D230A spectrometer: a) 60 s measurement on 

the ground and b) 5 s measurement time at the height of 5 m. Top figures show the raw spectra for 

detectors D1 and D2. Bottom figures show the combined spectra (D1+D2) normalized with measurement 

time. The dashed horizontal line represents noise level. The location of the two spectra are not the same. 

(a) (b) 
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The raw data (top) show that the intensity level of the 60 s spectrum is about 10 fold compared to 5 s 

spectrum. The normalized spectra (bottom), however, show that the intensity of the 5 s data measured at 5 

m height is stronger than that of 60 s data measured on the ground. This is because the location of the 5 s 

data coincides with a peak radiometric anomaly in the tailings. As such, Fig. 3.2b can be considered 

maximum response obtained at 5 m height using 5 s measurement time.  

Fig. 3.2 also indicates that the noise increases when intensity is below few tens of pulses. Putting the noise 

limit down to 6 pulses makes the normalized noise level 0.1 pulses/s for 60 s spectra and 1.2 pulses/s for 5 

second data (dashed lines in Fig. 3.2). Considering the spectral windows of potassium (1360-1560 keV), 

uranium (1.66-1.86 MeV) and thorium (2.41-2.81 MeV), Fig. 3.2a indicates that a 60 s spectra can be used 

to assess potassium and maybe uranium, but thorium window is below the noise level. The 5 s gamma 

spectra can only be used to map the total intensity at low energy levels (<750 keV) as the Ka, U and Th 

windows are below the noise level. Please, note that these results are only indicative. In this study 

systematic mappings made with the D230A spectrometer and the comparison of the results made at 

different time and height are used to evaluate if 5 s integration time is enough in practice.   

3.2 The measurements 

The UAV based radiometric measurements in Rautuvaara were made in two campaigns. The first campaign, 

C1, made between June 29 and July 1, suffered from frequent rain showers and the hard wind (>6 m/s). The 

second campaign, C2, made between October 15 and 17, was more successful as the wind was much less 

(<3 m/s) although the temperature was close to zero and the first snow appeared on Oct 16.  

During the campaigns several tests were made to find out the optimal measurement method. For example, 

the laser altimeter tested in the beginning of campaign C2 was found useless because it made the UAV 

flight unstable. Most likely, this was because of the great mass of the UAV and its payload that made the 

quadcopter slow and sluggish when it tried to correct its altitude and attitude (orientation). Therefore, the 

flight altitude was based on barometric pressure in all surveys. 

The use of a less accurate method for altitude measurement, however, required that the minimum 

measurement height was raised up to 5 m because the 2 m height was not considered safe. For the same 

reason, the profile lines were shortened to avoid hitting trees close to edges of the survey area. The digital 

elevation model (DEM) was found to be outdated for some parts of the survey area. Therefore, flat 

topography was assumed for the middle and southern parts of the survey site. However, for the northern 

part of the survey area where the terrain topography is the roughest, DEM data was used to let the UAV 

follow the terrain more accurately. 

Because survey using 2 m flight height was omitted, an additional test was made at the height of 30 m 

above ground level. This test allows evaluating the applicability of D230A spectrometer at “normal” flight 

altitudes above the level of treetops. 

Slightly faster target flight speed of 4.5 m/s was applied in campaign C2 to make sure the batteries last for 

the whole time of flight. The longest flight mission (C2C1) that covered the eight lines in the middle of the 

survey area (the red lines in Fig. 3.2) took about 25 minutes and covered a distance of about 5000 meters 

including transit flights to the beginning of the first line and back home after the end of the last line. 

All in all, two complete surveys (C1S1 and C1S2) were made in campaign C1 and three surveys (C2S1, C2S2 

and C2S3) in campaign C2. The nominal flight heights and the flight codes are listed in Table 3. The surveys 
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of campaign C2 cover the whole middle section of the survey area (the red lines in Fig. 3.1), whereas the 

surveys of campaign C1 cover only the eastern side of the middle section. In addition, survey C2S1 covers 

most of the northern part of the survey area. None of the surveys was as large as planned (see Fig. 3.2). The 

four southernmost and the six northernmost lines were not measured at all. Nonetheless, the survey 

results can be used to assess the applicability and the quality of UAV based radiometric surveying and to 

compare measurements made at different altitude as well as at different time of year. 

Table 3. List of radiometric surveys made in Rautuvaara. 

Survey Height (m) Flight(s) Coverage 

C1S1 5 C1B3 + C1B4 East side of middle area 
C1S2 10 C1B6 East side of middle area 

C2S1 5 C2B2 + C2B3 + C2B4 Middle & north area 
C2S2 10 C2B1 Middle area 
C2S3 30 C2C1 Middle area 

 

 

4. Data processing 

Data processing was made using the GammaPros software created by Markku Pirttijärvi. The basic data 

processing steps executed on the raw data are listed below. 

1. Combining detectors D1 and D2 to yield the total count, 

2. Combining adjacent 4 channels to yield 256 channel data, 

3. Normalizing the total count with measurement time, 

4. Computation of rectangular X and Y coordinates (UTM projection), 

5. Correction of X and Y coordinates due to UAV movement, 

6. Computation of profile distance and flight time, 

7. Saving the data in a format that suits mapping and as combined 256 channel spectra. 

After initial processing steps, each dataset was manually edited and unnecessary points (e.g. when the UAV 

was standing still on the ground and when it flies to the beginning of the first profile line and returns to the 

home base after the last profile line) were cut away. Moreover, surveys consisting of multiple flights were 

manually combined into a single file.  

Tables 4 and 5 gives some statistical values describing all the surveys. The tables show the number of 

samples (spectrograms), flight time and length, mean spatial sampling distance, mean flight speed, and the 

mean, maximum and minimum for the total intensity and inside the energy windows of potassium, 

uranium and thorium. The total intensity is computed for energy range 0-3 MeV. Potassium, uranium and 

thorium windows range between 1.36-1.56 MeV, 1.66-1.86 MeV, and 2.41-2.81 MeV, respectively. The 

values in Tables 4 and 5 are given for the final edited data (combined and transit flights excluded). 

In all measurements, Ari Saartenoja was the principal pilot and Arto Karinen and Markku Pirttijärvi were co-

pilots. Communication between the crew members was established using walkie-talkies. 
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Table 4. Flight statistics on Rautuvaara radiometric surveys in campaign C1. 

Parameter Survey C1S1 Survey C1S2 

Target height (m) 5 10 
Target speed (m/s) 4 4 

Samples 131 133 
Fly-time (min) 11.5 11.8 
Flight length (m) 2040 2130 
Mean step (m) 15.6 16.0 
Mean speed (m/s) 2.9 3.0 

Mean Tot (counts/s) 132.8 126.6 
Min Tot (counts/s) 91.3 91.0 
Max Tot (counts/s) 200.7 178.6 

Mean K (counts/s) 6.25 5.89 
Min K (counts/s) 3.26 3.23 
Max K (counts/s) 10.2 9.97 

Mean U (counts/s) 4.26 4.07 
Min U (counts/s) 1.42 1.83 
Max U (counts/s) 8.36 7.75 

Mean Th (counts/s) 1.17 1.10 
Min Th (counts/s) 0.0 0.0 
Max Th (counts/s) 3.07 2.84 

 

Table 5. Flight statistics on Rautuvaara radiometric surveys in campaign C2. 

Parameter Survey C2S1 Survey C2S2 Survey C2S3 

Target height (m) 5 10 30  
Target speed (m/s) 4.5 4.5 4.5 

Samples 414 192 199 
Fly-time (min) 36.6 17.0 17.6 
Total line length (m) 8700 4130 4210 
Mean step (m) 21.0 21.5 21.1 
Mean speed (m/s) 4.0 4.0 4.0 

Mean Tot (counts/s) 117.4 117.7 94.9 
Min Tot (counts/s) 55.1 87.6 74.6 
Max Tot (counts/s) 230.0 173.5 123.8 

Mean K (counts/s) 5.84 5.73 4.42 
Min K (counts/s) 2.08 2.69 2.13 
Max K (counts/s) 11.8 9.52 8.04 

Mean U (counts/s) 3.96 3.95 3.08 
Min U (counts/s) 0.42 1.25 1.25 
Max U (counts/s) 10.1 8.43 5.34 

Mean Th (counts/s) 1.04 0.97 0.78 
Min Th (counts/s) 0.0 0.21 0.0 
Max Th (counts/s) 3.84 2.27 2.16 
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5. Results 

The final results from the radiometric survey at Rautuvaara mine are provided in digital format as:  

a) Original 1024 channel spectra in Georadis SPC file format. The data are stored separately for each 

measurement (location) and detector (SPECT1_*.SPC & SPECT2_*.SPC) for the flights in Table 3. The 

data are stored in folders named according to flight number. See Appendix A for the SPC file format. 

b) Processed 256 channel spectra (SPECT_1+2_256*.DAT) that contain the sum of both detectors and 

the spectra normalized with time. The data are stored in the same folder as the original SPC files. See 

Appendix B for the DAT file format. 

c) Column formatted text files (SURVEY*.DAT) that contain the processed 256 channel radiometric data 

from all five surveys C1S1, C1S2, C2S1, C2S2 and C2S3 in a format more suitable for mapping. See the 

Appendix C for the DAT file format. 

The results of surveys C1S1 and C1S2 are presented in Figs. 5.1-5.8 as image maps. Figs. 5.1 and 5.2 show 

the total intensity (0-3 MeV), Figs. 5.3 and 5.4 show potassium window (1.36-1.56 MeV), Figs. 5.5 and 5.6 

show uranium window (1.66-1.86 MeV), and Figs. 5.7 and 5.8 show thorium window (2.41-2.81 MeV). Each 

pair of figures displays the data measured at 5 m (C1S1) and 10 m (C1S2) height. 

The results of surveys C2S1, C2S2 and C2S3 are presented in Figs. 5.9-5.20 as image maps. Figs. 5.9-5.11 

display total intensity, Figs. 5.12-5.14 display potassium window, Figs. 5.15-5.17 display uranium window, 

and Figs. 5.18-5.20 display results for thorium window. Each triplet of figures displays the data measured at 

5 m (C2S1), 10 m (C2S2) and 30 m (C2S3) height.  

The small gray crosses in Figs. 5.1-5.20 display the location of the edited data points used to prepare the 

maps. The interpolation was made using moving average with 40 m search radius. 
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Figure 5.1. Total intensity at 5 m flight height (survey C1S1).  

 

Figure 5.2. Total intensity at 10 m flight height (survey C1S2). 
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Figure 5.3. Intensity in potassium window at 5 m flight height (survey C1S1).  

 

Figure 5.4. Intensity in potassium window at 10 m flight height (survey C1S2).  
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Figure 5.5. Intensity in uranium window at 5 m flight height (survey C1S1).  

 

Figure 5.6. Intensity in uranium window at 10 m flight height (survey C1S2). 
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Figure 5.7. Intensity in thorium window at 5 m flight height (survey C1S1).  

 

Figure 5.8. Intensity in thorium window at 10 m flight height (survey C1S2).  
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Figure 5.9. Total intensity at 5 m flight height (survey C2S1).  

 

Figure 5.10. Total intensity at 10 m flight height (survey C2S2).  
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Figure 5.11. Total intensity at 30 m flight height (survey C2S3).  

Note the different color scale used in the figure. 

 

Figure 5.12. Intensity in potassium window at 5 m flight height (survey C2S1).  
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Figure 5.13. Intensity in potassium window at 10 m flight height (survey C2S2).  

 

Figure 5.14. Intensity in potassium window at 30 m flight height (survey C2S3).  

Note the different color scale used in the figure. 
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Figure 5.15. Intensity in uranium window at 5 m flight height (survey C2S1).  

 

Figure 5.16. Intensity in uranium window at 10 m flight height (survey C2S2). 
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Figure 5.17. Intensity in uranium window at 30 m flight height (survey C2S3).  

Note the different color scale used in the figure.  

 

Figure 5.18. Intensity in thorium window at 5 m flight height (survey C2S1).  
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Figure 5.19. Intensity in thorium window at 10 m flight height (survey C2S2).  

 

Figure 5.20. Intensity in thorium window at 30 m flight height (survey C2S3).  

Note the different color scale used in the figure. 
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6. Discussion on the results 

The various image maps of the total intensity of gamma radiation (Figs. 5.1-5.2 and 5.9-5.11) display similar 

features and, thus, reflect the same geological background. To some degree, this also applies to the 

intensity maps of uranium for campaign C1 (Figs. 5.5-5.6). For campaign C2 (Figs. 5.15-5.17) the results are 

not as clear. The intensity maps of potassium (Figs. 5.3-5.4 and 5.12-5.13) and thorium (Figs. 5. 7-5.8 and 

5.18-5.20) measured at different height levels are quite different. Based on the example spectra in Fig. 3.2, 

the discrepancy (as well as similarity) between measurements made at two different heights manifests the 

statistical vagueness (reliability) of the measurements.  

Considering the statistical nature of gamma radiation, the intensity levels of the total field (max 230 

counts/s at 5 m height) can be considered acceptable. In potassium window the maximum intensity level is 

about 8 counts/s. Considering the measurement time of 5 seconds, 8 counts/s means 40 counts per 

measurement. That is barely acceptable in terms of statistical the reliability and repeatability of the 

measurements. The same applies to the reliability of uranium window data. The low intensity (max 4 

counts/s) of thorium window, the discrepancy between the intensity maps (Figs. 5.15-5.16 and 5.18-5.20) 

and the shape of the typical spectrum (Fig. 3.2) tells that it is not possible to get enough information on 

thorium intensity at 5 m height using 5 s measurement time. Interestingly, the thorium intensity maps are 

not completely random, either. This suggests, that despite the low intensity level (or high amount of noise) 

some geological information is still included in the mid and high energy (>750 keV) part of the spectra. 

Except for survey C2S3 (30 m height) the same color scale is used in all corresponding figures. Due to the 

attenuation of gamma radiation as a function of flight height, the intensity of the data measured at 30 m is 

so small that similar comparison to lower altitude data is unnecessary. The narrower color scale used for 

the results of survey C2S3, however, reveals that the total intensity at 30 m height corresponds quite well 

with the data measured at lower height levels. The higher altitude increases the so-called footprint of the 

radiometric measurements that means the radiation comes from a wider area below the UAV. Therefore, 

data measured at 30 m altitude is smoother and flatter than data measured at 5 or 10 m altitude. Survey 

C2S3 shows that D320A spectrometer can provide useful information on the subsurface even at the height 

of 30 m provided that a sufficiently high energy source is being studied. If this applies to vegetated forest 

remains to be seen. 

As the objective of this survey was to assess the general applicability of the UAVs in radiometric surveys, 

many of the correction methods normally used in radiometric surveys were omitted. The fact that flight 

height and its variations were not taken into account is perhaps the most important defect of the survey. 

The laser altimeter was found problematic for safe flight operations and the digital elevation model data 

was found outdated. A barometer included in the D230A device would have been useful. The pressure data 

could have been extracted from the autopilot but this would have required additional work and proper 

DEM data would still have been needed to compute the true flight altitude. Moreover, a special height 

calibration test would have been needed to determine the attenuation coefficients for gamma radiation in 

the air. 

To some degree, the effect of flight height can be estimated from the intensities of total and Ka, U and Th 

windows presented in Tables 4 and 5. One should consider only the maximum intensity levels, because the 

surveys have different coverage but the most anomalous area is located within each survey. The intensity 

difference between surveys made at altitude levels 5 and 10 m is quite small. The maximum intensity at 30 

m altitude is more than half of that at the lowest 5 m altitude. The difference between summer (C1) and 
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autumn measurements (C2) appears to be less than the difference between day to day (or within a day) 

measurements. For example, the maximum intensity of total and potassium are higher in survey C2S1 than 

in C1S1 (5 m) but lower in C2S2 than in C1S1 (10 m). This is due to prevailing rain/snow conditions (in the 

air and in the ground) and, possibly, the amount of radon in the air. The changes between different 

measurements could have been taken into account using a common calibration spot or a tie-line that 

would have been measured before every flight mission. This could also have accounted for possible 

levelling effects due to spectrometer stabilization process when the instrument is started up. 

The lack of proper information on the mid and high energy part of the spectrum prevents the use of 

conventional data correction and stripping methods and estimation of apparent potassium and uranium 

contents (% or ppm). The poor quality of the spectra also affects data possible calibration tests (e.g. flight 

height calibration) discussed above. Considerably longer measurement time would be needed to estimate 

the attenuation factors at different intensity levels. More advanced analysis methods (e.g. least squares 

fitting) could be useful too. 

Undoubtedly, a sensor considerably larger than the two provided by the Georadis D230A is required for 

more reliable radiometric measurements. The UAV platform, however, sets restrictions on the 

measurement instrument and measurement parameters. Most importantly, it may be impossible to 

operate much heavier measurement devices with UAV safely. Moreover, the flight time becomes shorter 

when the payload increases unless much bigger (and more expensive) UAV is used. In addition to rain, that 

troubles radiometric measurements in general, strong wind (> 6 m/s) and gusts are the dangerous for UAV 

flight operations. This is mainly due to the large size of the propellers used in Radai’s quad-copter. 

Despite its restrictions the UAV based radiometric measurements with Georadis D230A instrument can 

provide a feasible method for mapping the total radiometric intensity as long as the UAV flight operations 

can be made safely and reliably. 
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Appendix A: Format of the original 1024 channel spectrum file (*.SPC) 

The example below illustrates the format of the file with the original 1024 channel spectrum (SPECT1_*.SPC 
and SPECT2_*.SPC ).  

The first line defines the lifetime in microseconds. The second line defines the measurement time in 
microseconds. The following 1024 rows define the number of detected gamma counts. The fifth last line is 
not used. The last four lines define the GPS latitude, longitude and height from sea level and the GPS time 
of the measurement. 

 

1114 

4748070 

0 

0 

0 

0 

6 

15 

9 

7 

8 

5 

… 

0 

0 

14.2 0 3 0 

67.491508 

23.933477 

196.699997 

0 14:26:40  
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Appendix B: Format of the processed 256 channel spectrum file (*.DAT) 

The example below illustrates the format of the file that contains combined 256 channel spectrum 
(SPECT_1+2_256*.DAT). 

The header defines the measurement time (s), lifetime (s), dead time (s) normalized by measurement 
time and number of channels (1024), the GPS location (in geographic and UTM coordinates) and time, as 
well as the total intensity and the intensity of potassium, uranium and thorium windows normalized with 
measurement time. The line starting with #-character is a header title defining the columns of the next 256 
rows. The columns correspond to the channel index number, channel mean energy (keV), counts measured 
by detectors D1 and D2, their sum and the sum count normalized with the measurement time. 

 

   4.748  ! meas. time (s) 

1124.000  ! lifetime (µs) 

 976.331  ! dead time (µs)/s/channel 

   23.933477   67.491508  196.7  ! lon,lat,hei 

   369040.75  7489412.50  196.7  ! x_m,y_m,hei 

    14:26:40  ! clock 

    130.4962  ! Tot (counts/s) (0.30-3.00 MeV) 

      6.9570  ! K (counts/s)  (1.36-1.56 MeV) 

      3.7947  ! U (counts/s)  (1.66-1.86 MeV) 

      0.4216  ! Th (counts/s)  (2.41-2.81 MeV) 

 #  E_keV  D1  D2  D1+D2  (D1+D2)/time 

   1     7.5      0      0      0    0.000 

   2    19.5     79     86    116   24.431 

   3    31.5     44     51     71   14.953 

   4    43.5     30     37     55   11.584 

   5    55.5     48     58     96   20.219 

   6    67.5     50     73    115   24.220 

   7    79.5     47     62     95   20.008 

   … 
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Appendix C: Format of the processed 256 channel profile data file (*.DAT) 

The example below shows the file header and the first two rows of the file that contains the processed 256 

channel spectra in a format suitable for preparing maps (FLIGHT*.DAT or SURVEY*.DAT). Note that the data 

lines are so long line that they span several lines.  

The first line is a header line which defines the data columns. The data columns are: 1= sample number 
2 and 3= X (east) and Y (north) rectangular coordinate (m) of the data point (UTM), 5= profile distance (m) 
from the beginning of the flight, 6 and 7= GPS longitude (°) and latitude (°), 8 = GPS height (m), 9= time (s) 
from the beginning of the measurement, 10= total intensity (counts/s), 11-13 = the intensity (counts/s) of 
gamma radiation inside potassium, uranium and thorium windows, 14-270 = the intensity (counts) of 
gamma radiation for the 256 channels. Note that the header line defines center of the energy windows 
ranging between 7.5 and 3067.5 keV (e.g. channel 1 = 7.5 keV which is the mean of 3, 6, 9 and 12 keV) 
rounded to an integer value. 

 

    #        X           Y         Dist         Lon         Lat    Hei  Time      Tot       K       U       Th     7    19    31    43    55    67    79    91   
103   115   127   139   151   163   175   187   199   211   223   235   247   259   271   283   295   307   319   331   343   355   
367   379   391   403   415   427   439   451   463   475   487   499   511   523   535   547   559   571   583   595   607   619   
631   643   655   667   679   691   703   715   727   739   751   763   775   787   799   811   823   835   847   859   871   883   
895   907   919   931   943   955   967   979   991  1003  1015  1027  1039  1051  1063  1075  1087  1099  1111  1123  
1135  1147  1159  1171  1183  1195  1207  1219  1231  1243  1255  1267  1279  1291  1303  1315  1327  1339  1351  
1363  1375  1387  1399  1411  1423  1435  1447  1459  1471  1483  1495  1507  1519  1531  1543  1555  1567  1579  
1591  1603  1615  1627  1639  1651  1663  1675  1687  1699  1711  1723  1735  1747  1759  1771  1783  1795  1807  
1819  1831  1843  1855  1867  1879  1891  1903  1915  1927  1939  1951  1963  1975  1987  1999  2011  2023  2035  
2047  2059  2071  2083  2095  2107  2119  2131  2143  2155  2167  2179  2191  2203  2215  2227  2239  2251  2263  
2275  2287  2299  2311  2323  2335  2347  2359  2371  2383  2395  2407  2419  2431  2443  2455  2467  2479  2491  
2503  2515  2527  2539  2551  2563  2575  2587  2599  2611  2623  2635  2647  2659  2671  2683  2695  2707  2719  
2731  2743  2755  2767  2779  2791  2803  2815  2827  2839  2851  2863  2875  2887  2899  2911  2923  2935  2947  
2959  2971  2983  2995  3007  3019  3031  3043  3055  3067 

   20   369097.06  7489207.00     85.75   23.935032   67.489693  202.3   106  121.168    6.484    4.660    1.418     0   191   
106    73    89   141   120   117    84    90    68    77    73    55    61    36    57    31    47    52    43    22    29    27    32    19    
21    20    18    19    17    18    15    13    13    10    16     6    11     8     8     4     5    11     6     8     6    10     9     8    14    10     6     
6     5     5     5     5     2     2     6     4     2     8     5     4     3     4     4     4     0     1     4     3     3     4     1     4     4     7     4     2     2     
2     1     8     3     2     1     6     3     2     2     1     2     2     3     1     3     1     2     0     0     1     3     1     5     1     0     2     1     1     1     
1     3     3     3     0     2     2     2     3     1     1     3     0     2     1     1     3     2     1     0     0     1     0     1     0     1     1     2     0     0     
0     3     1     1     3     3     0     1     1     2     4     0     3     0     0     0     0     1     0     2     0     0     0     1     0     0     1     0     0     0     
0     0     0     0     0     0     0     1     0     1     1     0     0     0     0     0     1     0     0     2     1     1     0     0     0     0     0     0     0     0     
0     0     0     1     0     0     0     0     0     0     1     0     0     1     0     0     0     1     1     1     0     0     0     1     0     0     0     0     0     0     
0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0 

   21   369113.75  7489197.50    104.95   23.935432   67.489616  203.2   111  125.251    6.560    3.895    0.820     0   147   
112    88   118   126   135   111    98    82    73    53    69    76    57    50    45    48    32    34    45    32    39    20    27    16    
27    22    24    17    24    11    14    18    15     8     9     5    12     4     5     6     5     9     8    13    11    14    13    11     7     6    11     
9     7     9     8     8     3     1     2     3     3     7     2     5     0     5     3     3     3     3     4     5     4     3     4     1     5     3     2     2     1     
2     2     0     3     2     2     4     1     1     2     2     3     3     2     4     2     2     1     3     3     2     3     3     1     3     1     1     2     2     1     
1     0     3     5     1     3     3     3     1     3     4     1     0     2     0     2     1     1     1     1     0     0     1     0     2     3     0     1     0     0     
3     3     2     0     0     3     1     2     0     0     0     1     2     0     1     0     0     1     0     0     0     0     0     1     0     0     0     0     0     0     
0     0     0     0     0     0     0     1     0     2     1     1     2     0     0     0     2     0     0     0     0     1     0     0     0     0     0     0     0     0     
0     0     1     1     1     0     0     0     0     0     0     0     0     0     0     0     0     0     1     0     0     0     0     0     0     0     0     0     0     0     
0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     1     0     0     0     0 

… 


