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Abstract—Coal remains one of the dominant global energy 

sources, accounting for approximately 35% of global electricity 

generation. According to recent reports by the International 

Energy Agency global coal demand reached a record high of 

approximately 8.79 billion tonnes in 2024, while coal-fired 

electricity generation exceeded 10,700 TWh worldwide. As a fine 

powder by-product generated during coal combustion, coal fly 

ash constitutes approximately 65–95% of the total ash produced 

and is recognized as one of the largest industrial solid wastes 

worldwide. The annual generation of coal fly ash is estimated to 

be around one billion tons [1,2].In this study, measurements of 

the ambient gamma dose equivalent rate were conducted in the 

near-ground atmospheric layer at a height of 1 m above the 

surface. The investigation focused on active and passive ash and 

slag disposal sites in the coal fired power plants TENT A and 

Kolubara, with the aim of assessing the radiological impact of 

coal combustion by-products on the surrounding environment. 
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I. INTRODUCTION

Radioactive elements in minerals and ores origin from the 

environment are known as NORM – naturally occurring 

radioactive material. Naturally occurred radionuclides 

contained or released from process materials may pose a risk 

to public or the environment. The processes most often 

associated with processing of NORM with elevated 

concentrations of radioactive materials include production of 

coal. The average specific activity of natural radionuclides 

ISBN 978-86-6200-074-3©2026AM& ETRAN 

https://doi.org/10.69994/13Ic26032

238U and 232Th in coal 

is around 20 Bq/kg (range 5–300 Bq/kg) [3]. During the coal 

combustion, the organic compounds are converted into gases 

(water vapour and carbon dioxide), while the inorganic 

elements, which include the significant naturally occurring 

radionuclides, are concentrated in the ashes [1]. The waste 

from a coal fired power plant is generated as fly ash, which is 

entrained with the hot flue gases of the combustion process. 

The remaining, heavier ash settles at the bottom of the boiler, 

forming bottom ash. Volatile radionuclides, including 210Pb 

and 210Po, accumulate in the fly ash and on the smaller 

particles released through the stack emissions [4].The 
radionuclide enhancement factor in ash is about 10 (for 238U 

and 232Th 1-10, for 226Ra 5-15, for 40K 10-50, for 210Pb 20-120, 

for 210Po 30-200) [4]. 

Using of fly ash for building construction may expose 

people to radiation due to both direct gamma radiation and 

radon emission. The disposal of fly ash can lead to elevated 

radiation levels in the surrounding area of the disposal site. 

Based on the fact that coal remains one of the primary 

sources of electricity generation worldwide, enormous 

amounts of coal are continuously consumed in thermal power 

plants, resulting in the production of large quantities of 

combustion by-products.Fly ash is currently recognized as one 

of the largest industrial solid wastes worldwide.For this reason, 

it is necessary to determine the ambient gamma dose 
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equivalent rate above active and passive ash and slag disposal 

areas in coal fired power plants in order to assess their 

potential radiological impact on the surrounding environment. 

All units of TENT A are equipped with electrostatic 

precipitators for powdery substances - electrofilters. Kolubara 

coalfired power plant has six electrostatic precipitators for flue 

gas separation.  

In TENT A, ash and slag are mixed with water in 1:15 ratio 

and are hydraulically transported to open ash and slag landfill. 

The TENT A landfill occupies an area of 400 ha   

and is 800 maway from the power plant. Ash is disposed of in 

an active cassette, and the other part of the landfill is in a 

temporary standstill phase (passive-reserve cassettes). The 

passive cassette is in a standstill phase for technical 

consolidation and drainage, and this period lasts 6–10 years.  

The existing ash removal system of units A1–A4 of the 

Kolubara power plant is based on a system of diluted hydraulic 

transport of ash and slag (the designed ratio of water: ash and 

slag = 1:10, while in practice the ratio is often 1:15). Dry ash, 

which is separated from the funnels under the flue gas duct in 

the boiler room and under the electrostatic precipitator, is 

collected in “teapots” in which a thin hydromixture is formed. 

The slag is washed from the inner walls of the boiler funnels 

and, together with the ash, flows into the hydromixture pools. 

The thin hydromixture of ash and slag is transported to the ash 

landfill by pumps. 

The treatment of the combustion products is in principle the 

same in both power plants and is well known and standardized. 

II. MATERIALS AND METHODS

Measurements of the ambient gamma dose rate were 

performed at locations specified in the radioactivity 

measurement program using Automess AD6 with an AD-b 

scintillation probe, with a resolution of 1 nSv/h at 1 m above 

the ground. Automess AD6 is hand-held instrument and the 

AD-b probe is well characterized, so the instrument is most 

favorable choice for the measurement of ambient gamma dose 

equivalent rate in the field. The measurement in the field was 

performed using Automess AD6 digital dosemeter with a 

scintillation probe by holding the instrument at a 1 m height 

above the ground and noting the indication of the instrument. 

The instrument range is 0.2 – 999 mSv/h with the energy range 

of 45 keV - 2,6 MeV. It is able to show both current measured 
value and the averaged value, with the averaging period lasting 

from the moment the instrument was turned on or from the last 

reading of the averaged value.  During the measurement in the 

field, the instrument was held for approximately 10s and the 

reading was then noted. The calibration of the Automess AD6 

digital dosemeter was performed in the Secondary Standards 

Calibration Laboratory in the Radiation and Environmental 

Protection Department by using the sources with the defined 

radiation quality, angle of incidence and dose rate. The 

calibration procedure provided a calibration factor with the 

appropriate measurement uncertainty.  Also, the linearity of the 

instrument response is evaluated during the calibration 

procedure. It is done by exposing the instrument to the different 

dose equivalent rates produced by the same or different 

reference source. The range of instrument calibration 

coefficients for different dose rates is then taken as a 

contribution to the measurement uncertainty. The repeatability 

of the measurement was checked by measuring an enclosed 

point source containing 60Co, product number 9031-OL-

591/09 with activity of 732.9 kBq on 01.08.2011, produced by 

Czech Metrology Institute. Measurement was repeated 20 times 

and the standard deviation of the obtained values was taken as a 

contribution to the measurement uncertainty. The measurement 

uncertainty calculation yielded approximately 20% relative 

combined uncertainty with the coverage factor k=1. However, 

this uncertainty is not readily stated in the Monitoring Report 

although the uncertainty budget is available to the user on 

request. 

Beside the measurements of the ambient gamma dose 

equivalent rate focused on active and passive ash and slag 

disposal sites, measurements were performed also above 

surface water, vegetation and ground. 

In coal fired power plant TENT A, the ambient gamma dose 

equivalent is measured at 10 points, of which 2 are above the 
water, namely Sava river upstream and downstream from the 

recipient of the waste waters, 4 are directly above the ash in the 

disposal sites, 2 are above the vegetation that grows on the rim 

of the disposal sites and 2 are above the ground in the vicinity 

and at a significant distance from the power plant, the latter 

serving as a control point.  

At the Kolubara site, the measurement of the ambient dose 

equivalent is done on 8 points, of which 2 are above the water, 

namely Kolubara river upstream and downstream from the 

recipient of the waste waters, 3 are directly above the ash in the 

disposal sites, 1 is above the vegetation that grows on the rim of 

the disposal site and 2 are above the ground in the vicinity and 

at a significant distance from the power plant. 

III. RESULTS AND DISCUSSION

The results of the ambient gamma dose equivalent 

measurements in both power plants are presented in Table I. 

Since the Kolubara power plant has only one passive landfill, 

the number of points for measurement is less, as described in 

previous section. 

TABLE I. MEASURED AMBIENT GAMMA DOSE RATE EQUIVALENT IN BOTH 

POWER PLANTS 

Ambient gamma radiation 

dose rate [nSv/h] 

TENT A Kolubara 

River 

Sava/Kolubara 

upstream 

76 105 

River 

Sava/Kolubara 

downstream 

83 117 

Ash and slag, active 

landfill rim I 
147 126 

Ash and slag, 169 108 
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Ambient gamma radiation 

dose rate [nSv/h] 

TENT A Kolubara 

passive landfill 

bottom II 

Ash and slag, 

passive landfill rim 

II 

183 123 

Ash and slag, 

passive landfill rim 

III 

135 / 

Vegetation, passive 

landfill rim II 
120 108 

Vegetation, passive 

landfill rim III 
135 / 

Soil in the vicinity 120 102 

Soil remoted 84 106 

As it can be seen from Table I, the highest values were 

measured above the ash and slag landfills in both power plants. 

In TENT A, values measured above the landfills are 2 – 3 times 

higher than those measured above water. The results on 

Kolubara power plant are not so prominently higher, but 

nevertheless, the highest values were measured above the 

landfill. This is to be expected since the combustion of coal 

leads to the concentration of radionuclides existing in the coal 

used and are dependent on the type and quality of the coal. 

Also, it can be noted that the vegetation that is grown on 

landfill rims forms a type of barrier for the ambient gamma 

dose, since the values obtained above the vegetation are slightly 

lower. However, this difference is not so prominent, suggesting 

that the vegetation does not screen completely the substrate 

below.  

As a part of the monitoring program, a gamma spectrometry 

of the soil samples was performed and according to these 

results, the ambient gamma dose rate was calculated. 

Based on the radionuclide activity concentration 

measurement, the ambient dose rate was calculated using the 

following equation:  

  KThRa CCCnGyhD  0417.0604.0462.01
.

  (1) 

where CRa, CTh и CK are measured activity concentrations of 
226Ra. 323Th and 40K in respectively. 

By using these calculated values, the annual effective dose 

originating from the radionuclides present in soil was 

calculated using the following equation:  

 
.

1 243652.07.0 DSvGymSvDE  

 (2) 

The ambient gamma dose rate calculated for soil ranged from 

27 nGy/h to 83 nGy/h for TENT A and from 57 nGy/h to 

82nGy/h for Kolubara power plant. Thus the calculated 

effective annual dose was in the interval of (0,034 - 0,102) 

mSv in TENT A and (0,070 - 0,101) mSv in Kolubara power 

plant. 
According to this, the expected ambient gamma dose rate 

equivalent should be of the same order of magnitude, which is 

confirmed by the measurement. The measured ambient dose 

rate equivalent above the ash and slag landfill ranged from 123 

nSv/h to 183 nSv/h in both power plants. This would result to 

an annual effective dose range from 0.2 mSv to 0.3 mSv 

(assuming that 20% of the time during the day is spent outside) 

which is below the limitations set by a radiation protection law 

in Serbia and is of the order of magnitude of the dose 

originating from other terrestrial sources.  This on the other 

hand, suggests that the influence of the ash and slag landfill is 

localized and is not detected in the measurements of the 

ambient dose equivalent above the soil remote from the 

examined power plants. 

Compared to data from the literature the values of the 

ambient gamma radiation dose rate in the ground layer of the 

atmosphere are of the same order of magnitude [5, 6]. The 

relatively elevated values of ambient dose rate equivalent 

measured above the ash and slag landfills is not alarming, it is 

only stated here that the difference was observed and is found 

consistently in both examined power plants. According to data 

from Serbian Radiation Protection and Nuclear Safety Agency 

the range of 70-177 nSv/h of ambient dose equivalent rate is 

comparable with the values obtained in Serbia [7, 8]. 

According to the recommendations of international 

organizations [9], the lower value of the typical range of the 

total average worldwide exposure to natural radiation sources 
is 1 mSv/y while 0.3-0.6 mSv/y is the typical range for total 

external terrestrial sources which depend on radionuclide 

content in soil and building materials [3]. 

Although the ambient dose rate equivalent measured above the 

ash and slag landfills does exceed the average values for the 

region, the difference is not significant enough to pose any 

significant threat. However, it does show that the influence of 

the landfills is measurable.  

IV. CONCLUSION

For environmental protection purposes, and to evaluate the 

potential further use of fly ash in construction, it is important 

to regularly measure the ambient gamma dose equivalent rate 

above disposal sites in coal fired power plants. This provides a 

more realistic picture of the exposure levels in the immediate 

surroundings and how they may change over time. It is also 

essential to compare active and passive disposal areas, since 

the conditions at these sites differ and can lead to variations in 

radiation levels. In addition to measurements of the ambient 

gamma dose equivalent above active and passive ash and slag 

disposal sites, measurements were also conducted above 

surface water, vegetation, and soil. The measured dose above 

the disposal sites were higher than those measured above water 

and vegetation, which was expected due to the higher 

concentration of naturally occurring radionuclides in the ash 

deposits. 
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