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This paper presents the results of identification of natural ionizing irradiation in the vicinity
of Nikola Tesla B power plant ash disposal field. The investigations have comprised the deter-
mination of natural gas (radon and thoron) activities with a passive discriminative nuclear
track detector (CR 39) in the air column of the depth of 80 cm in the soil. The determination
of gamma dose rate has been given as well, including the corresponding GPS coordinates of

28 measuring points.
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INTRODUCTION

Nikola Tesla Power Plant B (TENT B) is one of
six power plants in Serbia using low energy coal, lig-
nite. The plant was built in the vicinity of Obrenovac,
37 km southwest of Belgrade (fig. 1). The geological
profile of the TENT B surroundings shows the pres-
ence of a main sandy gravel aquifer between two for-
mations of shallow alluvial clay-like sediments and
Miocenic marly clay. A targeted investigation of the
concentrations of the natural radionuclides of ura-
nium, thorium, and potassium was performed in 1996
in order to determine the potential contamination of
the soil and underground waters originating from the
power plant industrial waste: ash and dross, however,
no significant quantities of these radionuclides were
found [1]. The concentrations of natural radionuclides
were measured again in 2004 in a short-term investiga-
tion by an active method (Alpha Guard), when low
concentrations of radon and thoron were found, indi-
cating that the TENT B zone was a low natural radia-
tion area [2]. In a preliminary investigation, performed
in the period of 2005-2007, the low concentration of
natural radionuclides in the vicinity of TENT B was
confirmed [3].

* Corresponding author; e-mail: jugnik@eunet.rs

The natural radioactivity measurements given in
this paper (normal occurring radioactive material —
NORM) comprise technologically advanced and more
detailed investigations of certain natural ionizing irra-
diation components, predominantly those of radon
and thoron, which comprise more than 51% of natural
radioactivity [4]. Gamma dose rates were measured on
the same locations with scintillation counter at the
height of 80 cm above the ground.
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Figure 1. Ash disposal field of TENT B
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The experimental procedure based on the use of
passive radon/thoron discriminative detectors (with
the commercial name of RADUET [5]) aiming of de-
termining the concentration of these radioactive gases
in soil has been used in the investigation of an ash dis-
posal field in Serbia and in the world for the first time.
The field work results are systematized as the data on
the measuring point coordinates, their height above
the sea level, measured radon and thoron activities,
and gamma dose rate.

MATERIALS AND METHODS

Soil radon and thoron concentrations were de-
termined with the passive radon/thoron discriminative
detectors. The detectors used for measurements of the
concentration of both gases, radon and thoron, have
been developed and calibrated in the National Institute
of Radiological Sciences (NIRS), Chiba, Japan [5].

The detectors were deployed at 28 measuring
points in the vicinity of the TENT B ash disposal field,
and immersed into air columns of the depth of 80 cmin
the ground. The measuring points, shown in fig. 2,
were located radially in the TENT B vicinity, and the
geographical position and the height above the sea
level were determined for each of the points.

The detectors were installed in the survey area as
shown in fig. 3(a). First, holes of depth 80 cm were
drilled in the soil with a specially designed iron drill.
The depth of the holes was affected by the soil hard-
ness and sometimes its higher humidity, though these
factors did not present an obstacle in the experiment.
Each detector was tied with an elastic string to the stick
placed over the hole, so that it could hang down and
reach the bottom. The hole opening of about 10-15 cm
in diameter was covered with a polyethylene bag, and
then a loop of mud was made into which a piece of
knauf of 20 x 20 cm was inserted and the soil previ-
ously dug placed over it. Thus, an air column of 70-80
cm was formed and tightly sealed.
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Figure 2. Sample locations — the measurement points

The influence of humidity on radon and thoron
concentration measurements has been investigated in
NIRS on the basis of the experimental procedure con-
ducted in this paper and it has been shown that humid-
ity does not have any significant influence on the mea-
surements [6]. The detectors in the air columns were
exposed to radon and thoron for seven days, after
which they were pulled out, fig. 3(a) and sent to be
etched in their originating NIRS laboratory. In order
for alpha particle tracks to be obtained, the etching
process was performed by a standard chemical method
lasting six hours in 6.25 M NaOH solution at 90 °C [7].

Additionally, at the same locations, five gamma
dose rate measurings were performed. A scintillation
counter was used, and the counting time was 100 sec-
onds for each measuring.

Figure 3. Installation (a) and collection (b) of the passive
radon-thoron discriminative detectors

RESULTS AND DISCUSSIONS

The measuring results obtained from 28 loca-
tions are given in tab. 1.

Based on the data processing and result analysis,
the arithmetic means of radon activity of 6600 Bq/m?,
thoron activity of 1600 Bq/m?, and gamma dose rate of
114 nGy/h were calculated. Regarding the geological
profile of the TENT B surroundings (alluvial sediment),
these values identify the investigated TENT B ash dis-
posal field surroundings as a low natural radiation area.
The results are in accordance with the previous investi-
gations performed in the period of 1996-2007, when the
low concentrations of natural radionuclides of uranium,
radium, thorium, and potassium were measured in the
soil and underground waters. This conclusion is con-



J. L. Nikoli¢, et al.: Soil Gas Mapping in the Vicinity of Nikola Tesla Thermo ...

Nuclear Technology & Radiation Protection: Year 2010, Vol. 25, No. 1, pp. 37-40

39

Table 1. Radon and thoron activities, and the gamma dose rate

Nobg;i?;}ple North latitude East longitude Ele[\;i Eion Ra?gx:lr(;i?n) Tho[ré)grflio]Rn) Gam[rllllé}(}}?,sf]: rate
1 44°40'05.35" 20°02'18.33" 82.4 18051 + 450 n. d.* 131
2 44°39'17.93" 20°02'57.39" 88.6 7038 £ 283 3 120
3 44°38'53.49" 20°02'52.80" 84.2 23835+ 517 n. d. 117
4 44°38'43.69" 20°02'58.91" 81.8 5922 +£259 n. d. 123
5 44°39'37.92" 20°05'11.02" 84.2 24917 £ 530 n. d. 109
6 44°38'55.40" 20°04'30.47" 82.0 1714 £ 141 649 121
7 44°38'30.07" 20°04'13.03" 83.1 3088 £ 188 n. d. 109
8 44°3821.03" 20°04'12.45" 79.3 2253 £ 161 179 119
9 44°3728.71" 20°04'39.33" 923 4638 + 230 n. d. 131
10 44°37'33.04" 20°04'57.51" 85.3 >83398 n. d. 127
11 44°37'48.88" 20°05'09.42" 82.0 5960 + 260 n. d. 118
12 44°38'22.85" 20°06'07.35" 111.5 9143 + 321 n. d. 105
13 44°36'53.43" 20°05'25.58" 79.0 2574+ 173 1655 102
14 44°37'06.56" 20°04'53.61" 61.0 839 £ 102 1677 118
15 44°37'08.20" 20°04'44.56" 73.0 1477 £ 132 1884 122
16 44°36"21.41" 20°04'00.52" 84.0 1503 £ 132 n. d. 101
17 44°36'15.31" 20°04'08.56" 79.0 5078 £ 240 n. d. 109
18 44°35'53.48" 20°04'13.76" 79.0 10208 + 340 1599 113
19 44°36'46.96" 20°02'47.56" 80.0 2836 + 180 132 105
20 44°36'37.04" 20°02'36.56" 83.4 3447 £ 199 53 119
21 44°36'19.42" 20°02'26.19" 82.9 8788 + 315 n. d. 93.9
22 44°37'18.03" 20°02'35.12" 89.0 10768 + 161 n. d. 107
23 44°37'14.76" 20°02'08.35" 77.9 2235+ 185 472 112
24 44°37'00.71" 20°01'43.90" 84.0 5134 £242 43 106
25 44°38'07.61" 20°02'26.45" 80.7 8186 + 304 7 104
26 44°38'14.24" 20°01'58.65" 86.4 2858 + 181 203 106
27 44°38'17.87" 20°01'42.93" 84.3 856+ 103 1944 117
28 44°38'43.63" 20°00'34.72" 88.8 2475 + 169 509 109

*n. d. — non-detectable

firmed by the measured maximum radon activities of
24917 Bg/m?® and thoron activities of 1944 Bg/m?, as
well as the maximum gamma dose rate of 131 nGy’/h.

Soil gas mapping in the vicinity of a coal power
plant disposal field conducted with CR 39 passive ra-
don/thoron discriminative nuclear track detectors with
the parallel gamma dose rate measuring completes the
picture of high and low radiation areas in Serbia, al-
ready marked by the several years of investigation [8,
9].
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Jyrocaas JI. HUKOJ/Nh, Henax 4. BECEJIMHOBW, Tope b. TOJIE®CEH,
Hrop T. YEJIUKOBUWh, dparuna M. KMCH'h, Onusepa P. YYKHHWh, 3opa C. XYHUh

MAIIMPAILE 3EMHOI TACA Y OKOJIUHU OOJATAJ/INIITA
NEINEJIA TEPMOEIEKTPAHE ,HUKOJIA TECJIA®

Y pagy cy IpuKa3aHu pe3yaTaTy UeHTU(UKALYje jOHN3YjyhUX 3paderha U3 IPUPOJie Y OKOIUHU
ojjlarajmilTa nemneina repmoenekrpase ,,Hukona Tecna® b. McrpaxuBamwa cy o0yxBaTuiia ogpebusame
AKTUBHOCTH NPHPOAHMX PAAMOAKTUBHUX racoBa pajjloHa W TOPOHA MACHBHUM AWCKPUMHUHATHUBHUM
HykJeapHuM Tpar ferekropuma (CR 39) y BazgymiHoM cTyOy Ha ayousan o 80 cm y 3emibminTy. Takobe,
oapebeHa je jaunHa 103e rama 3pauewma ykibyuyjyhu ogrosapajyhe GPS xoopauHaTe 28 MepHUX Tadaka.

Kmwyune peuu: padon, wiopon, jauuna zama 003e, GacusHu padOHCKO-MOPOHCKU OUCKPUMUHATHUBHLL

OetlieKTiop, epMOeeKlupana



