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This paper deals with the analysis of natural radionuclide content in 23 water samples col-
lected in the vicinity of the Nikola Tesla B thermal power plant, Serbia. All samples were ana-
lyzed for 226Ra and uranium isotopes (238U, 234U) activity using radiochemical methods and
alpha spectrometry. Obtained results show that the activity concentrations for uranium and
radium in the water around the thermal power plant are low when compared to those from ar-
eas across Serbia with their enhanced natural uranium and radium content. No important ra-
diological hazard related to uranium and radium activity stored in heap was found.
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INTRODUCTION

The assessment of the environmental impact of
radioactivity in wastes from coal production takes into
consideration the direct hazards resulting from wastes
in the immediate surroundings and the dispersal of
radionuclides in the environment through surface and
groundwaters. Over a period of three years
(2004-2007), the 6™ Framework European Commis-
sion International Cooperation Project arose as an As-
sessment of Environmental Risks of Radioactively
Contaminated Industrial Tailings (INTAILRISK) [1],
aiming at investigating wastes containing naturally
occurring radioactive material (NORM) from
coal-burning power plants in Western Balkan coun-
tries. The test sites in eleven participating countries,
Serbia being one of them, have been defined in detail
in terms of the radionuclide type, distribution and dis-
persion. The test site in Serbia was the Nikola Tesla B
(TENT B) thermal power plant, including its tailing
pond, its immediate surroundings, i. e., villages and
settlements, the facility itself, and its raw materials.

* Corresponding author; e-mail: ecelab@vinca.rs

The TENT B area is located on the bank of the
river Sava, near the town of Obrenovac, about 40 km
upstream from the city of Belgrade. The power plant
produces about 4.5 -10° kg of coal-ash per year. The ash
is transported to the dump after being suspended in wa-
ter taken from the Sava in an approximate ratio of 1:10,
while all water-surplus is drained back to the river. The
fly-ash deposit of TENT B covers an area of about 6
km? and is located 4.5 km from the thermal power plant
itself. Thus, the primary environmental concern associ-
ated with radionuclides coming from a field disposal
site, in this case, is potential groundwater contamina-
tion [1, 2] Hydrochemical data of waters from wells
and springs collected during the field survey of TENT B
revealed high mineralization (1200 mg/l), a high con-
tent of SO,>~ (up to 450 mg/1), as well as a high content
of CI" (up to 70 mg/1), supporting the hypothesis of po-
tential pollution from the fly-ash deposit [3].

The TENT B area has been characterized by an
investigation regarding gamma dose rates, radon con-
centration in soil gas, indoor and outdoor radon con-
centrations, and radionuclide activity concentration in
soil and waste materials which were considered in pre-
vious papers [4, 5]. The present paper focuses on the
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results of the investigation of the influence of fly-ash
deposits on groundwater radioactivity. Namely, the
problem of ash repository is considered as being a
problem of disposal of low-level radioactive waste
material [6, 7], because natural radionuclide concen-
trations in the ash and slag are higher than the corre-
sponding concentrations in the Earth’s crust, i. e.,
fly-ash deposits may be considered as a source of natu-
ral radionuclides which enable the migration of
radionuclides of the uranium and thorium series
through soil and groundwater [8].

Field work on water sampling in the vicinity of
TENT B has been carried out in October 2004 and June
2006. All field surveys were carried out by a joint inter-
national team from the Electrochemical Etching Labo-
ratory (ECE Lab) of the Vinca Institute of Nuclear Sci-
ences, Belgrade, Serbia, and the Earth Science
Department of the Sapienza University of Rome,
Rome, Italy, while the radiochemical analysis of the
water samples was done by the Laboratory of Radioac-
tivity Analysis of the Henryk Niewodniczanski Insti-
tute of Nuclear Physics, Polish Academy of Sciences
(IFJPAN), Krakow, Poland. This paper presents the re-
sults of the alpha spectrometric measurements on >2°Ra,
234U, and 2**U in groundwater and their correlations.

GEOLOGICAL AND HYDROLOGICAL
SETTING OF THE TENT B AREA

This chapter considers the ability of succeeding
equilibriums of water levels in aquifers in the vicinity
of TENT B, determining mainly the status of natural
radionuclides.

TENT B surroundings are composed of quater-
nary river sediments consisting of loam and argilla-
ceous sandy sediment. These lithological components
usually lie across the river terrace sediments and the
clay marl, carbonic clay, diatomaceous earth, and sands
of the Lower Pliocene (Pontian). The sediments are
concordant, usually without any tectonic disturbances.
The only significant tectonic structure (south from
TENT B) is the fault that stretches in the direction of
E-NE, close to the villages of Dren and Grabovac. The
presence of this fault was detected thanks to
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photogeological and satellite photos. A deep borehole
was drilled in the village of Vukicevica for geological
and stratigraphic purposes [9]. Moreover, shallow wells
reaching a depth of about 25 m are present over a wide
area, enabling us to have a geological insight of the re-
gion. The geological and hydrogeological profile of the
Obrenovac area shows the presence of a main sandy
gravel aquifer between two impermeable formations of
shallow alluvial clay sediments and the Miocenic marly
clay (fig. 1). The groundwater flows in the NW direc-
tion toward river Sava. According to the results ob-
tained from the deep borehole drilled for stratigrahpic
purposes in Vukicevica, at this location the first water
horizon is situated in the fine grain quartz sand at depths
ranging from 23 m to 33.5 m or at the absolute altitude
0of 97 m to 107 m. Below this series of rocks, clay sedi-
ments are dominant up to 273 m where limestones oc-
cur. Near the surface, a thick series of dark diluvial loam
is present, further below, fine grain yellow and grey
dusty quartz sands with quartz gravel occur. Surface
flows that are formed here have a very small dip causing
swamp terrain. Clays, which are near the surface at the
depth of 4-5 m, make the water sustainable at ground
level. As a result, the terrain is covered with numerous
swamps and ponds. Some channels were dug for drain-
age, but basically the terrain has retained its pond and
peat characteristics. One of the channels is the
Vukicevica channel which gathers waters from
Grabovac and takes them north, to the Sava.

In this region, the aquifers are formed of sands
and gravel and are of the freatic type. Since imperme-
able clay lays a top of them, they are not fed with rain
water. Due to this, changes in the water level are small,
about Imup or down. In the period of intensive rain, the
terrain becomes wet and the water stays and gathers in
natural depressions, creating ponds and swamps. Such
occurrences are frequent on the Grabovac-Vukicevica
terrace. Shallow surface flows gather water and take it
away. In dry periods, the clay dries out and fractures ap-
pear taking in a certain amount of water in the initial
rainy period, so some water manages to flow into the
aquifers.

The freatic aquifers on the higher terrace are of
small thickness, but have a large surface. Depth levels
at various points of the terrain differ, but on the terrace
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Figure 1. Geological-hydrogeological profile of the TENT B area
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itself, the depth usually varies between 18 to 22 m,
sometimes up to 25 m. This is the case with the wells in
the villages of Vukicevica, Trstenica, Orasac, Dren,
and Grabovac. Water comes from coarse grained
sands and gravels by force of gravity or is carried up-
ward by gas bubbles. At the same altitude, in the allu-
vial plane of river Vukiéevica in the village of Orasac,
a lot of springs are located.

It is obvious that this is the place where the aqui-
fer, formed in Vukicevica, discharges. In Grabovac, at
the altitude of 95 m to 100 m, there are numerous
springs emptying the Grabovac aquifer. They are on
the same altitude and usually not very strong. The ter-
rain in their immediate vicinity is wet and water dif-
fuses from the ground. The water from this freatic
aquifer flowing out through the springs is directed to
the main channel in the village of Grabovac located on
the edge of the terrace and then directed to the NW and
Sava river. With this channel, surface waters are taken
away from this part of the terrain. The level of the aqui-
fer is at the depth 0f 22-24 m in the area of Vukicevica
and at a depth of 18 m to 21 m in the Grabovac area.
Water temperature in the aquifers at these locations is
13.5°Cto 14.5 °C. Considering the chemical compo-
sition of underground waters in the area of Usce,
Orasac, Vukicevica, Ljubini¢, Trstenica, and Dren,
most of them have mineralization that ranges between
0.5 to 1 g/l. Less mineralized waters are in the area
around the villages of Vukicevica and Trstenica. The
levels of underground water on the lower terrace in the
vicinity of villages Us¢e, Skela, Grabovac, and Ratari
are much closer to the surface than those on the higher
terraces. Their water levels are at a depth 0f 0.00 to 4-6
m below the surface. Geological conditions have en-
abled the creation of an aquifer of a confined type, with
complicated transboundary characteristics of the aqui-
fer level (freatic-artesian type). In some periods of the
year, the clay layer that is 3-4 m thick in some places
limits the level of underground water. The aquifer is
formed in sands which are below alluvial and diluvial
sediments. The thickness of these sands and gravels
differs. In some places, their thickness is 5-6 m, at oth-
ers, less. Amplitudes of water level changes in the
aquifer are 2-3 m. Water temperature is 14.5 °C. The
chemical composition of waters in the villages of
Usce, Skela, Grabovac, and Ratari is similar to those
previously mentioned (ones on the higher terraces),
but with a slight difference, because these waters are
more mineralized. In the period these studies were car-
ried out, the level of underground water in the village
of Skela was at a depth of 7.4 m to 8 m.

According to local testimonies, the amplitude of
level changes is much higher in this than in regions in
the south of Serbia and directly dependant on changes
in the level of the Sava. According to the studies on
aquifer levels at various distances from the Sava river-
bank, we can conclude that these aquifers are very per-
meable and that their levels are approximately the

same. This, obviously, points to a quick ability of suc-
ceeding equilibrium of water levels in aquifers
(normal dynamic curve). A comparison between the
chemical composition of waters in the riverbank zone
of Sava with those from the river flow itself, shows a
tight link between the two. All these waters have low
mineralization values of 0.72-0.83 g/l.

ALPHA SPECTROMETRIC
MEASUREMENTS

Although the organization of the experimental
work initially encompassed 38 water samples collected
during the first and second field survey, only 23 were
analyzed for 2*Ra and uranium isotopes (>**U, 2*U)
activity concentration, using radiochemical methods
followed by alpha spectrometry, due to the fact that sev-
eral samples exhibited a much too thick alpha source for
further spectrometric measurements. All water samples
(WS) were collected in villages near the TENT B site
(fig. 2).

After sampling, acidified water was transferred
to the IFJPAN laboratory in Krakow, in polyethylene
bottles of 1 dm?. A sub-sample of 90-250 ml was taken
for radium analyses. Using hydrochloric acid, the pH
was set below 2. The samples were filtered and evapo-
rated to around 50 ml of the original volume. A spike
of 13°Ba tracer was added. The exact activity of the
spike was not determined. This was not necessary any-
way, since the chemical yield was established in a rela-
tive measurement comparison with the Ba count rate
(for the 356 keV line) in the final Ba(Ra)SO, co-pre-
cipitated alpha source and in the same alpha source as
spike '¥3Ba activity evaporated on the stainless steel
plate. Besides a spike at the beginning of the
radiochemical analysis, 0.2 mg of the Ba*? carrier (in
the form of a barium chloride solution) was added. A
simplified method was used in which we do not care
too much about the content of calcium ions in water
samples. This was checked in the initial batch of sam-
ples and then accepted as a rule for the whole set
(which would later prove to be a rather bad choice). In
this case, a Na,SO, solution was added in excess and
samples were heated to 50-60 °C for about one hour. In
such conditions, radium micro-co-precipitated with
BaSO,. An additional hour later, the formed tinny
crystals were filtrated using a 100 nm membrane filter.
The filter was rinsed with ethanol and subsequently
glued to a stainless steel disk (2.5 cm in diameter). The
chemical yield was determined by means of low back-
ground gamma spectrometry in the relative measure-
ment method described above. The sample was then
measured for a further few days using the Silena Al-
pha-Quattro alpha spectrometer. Unfortunately, for
some samples, the calcium content was not negligible.
In almost a third of all cases, this simplified
radiochemical procedure failed — the calcium content
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was too high and the obtained source too thick to get a
good quality source, meaning that the results obtained
were unreliable.

For the purpose of uranium analyses, another
sub-sample of 250-400 ml of each water sample was
weighed, acidified, filtered and then evaporated to
<50 ml. A spike of 232U was added (209 + 9 mBq).
The samples were then evaporated to dryness and dis-
solved in 50 ml of hot 9 M HCI. After cooling, the so-

g locations in the TENT B area

lution was filtrated and passed through an anion-ex-
change column preconditioned with 9 M HCI
Dowex-1. U and Fe ions were attached to the resin.
Iron was removed by 25 ml of 8 M HNOj; and then
uranium was eluted using 50 ml of 0.5 M HCI with
0.8 g hydroxylamine added. To this solution, 1 g of
Mohr salt, 50 ug of Nd** ions (in the form of a NdCl,
solution) and 5 ml of concentrated HF were added to
produce NdF; co-precipitated sources [10]. The sam-
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ple was then measured for a few days using the Silena
Alpha-Quattro alpha spectrometer.

The quality of the analyses was monitored by
means of the reference material for the uranium in the
water [11]. During the time of the samples’ treatment, a
Polish National Intercomparison Run for 2>°Ra in water
samples was also conducted (with other nuclides and
other kinds of samples) [12-14]. Data obtained on ap-
plied quality assurance for uranium and radium in water
samples examined is presented in tab. 1.

Table 1. Data on applied quality assurance for uraium
and radium activity concentration in water samples

Table 3. Results of alpha spectrometric measurements

Radionuclide |Reference value [Bgkg ']|Our result [Bqkg ']
26Ra 1.114 + 0.033*** 1.096 + 0.035
Zj 0.0360 + 00010 0.0391 % 0.0025
U 0.0450 + 0.0013 0.0482 + 0.0027
“Ref. [14]
“Ref. [11]
RESULTS

The results of alpha spectrometric measure-
ments for *?°Ra activity concentration (mean value
and its standard deviation) are presented in tab. 2,
those for 23U and 2*8U in tab. 3. Activity concentra-
tion ratios are presented in tab. 4. The ratios between

Table 2. Results of alpha spectrometric measurements of
26Ra activity concentration in water samples

of #*U and ***U activity concentration in water samples

SampCm’ [e] ioatst U Bake'] | ™"U[Bakg ]
WS3 | 297 | 74+4 |0.0074 +0.0008 | 0.0034 + 0.0006
WS4 | 337 | 91+£4 |0.0108 £0.0009 | 0.0057 £0.0007
WS6 | 347 | 95+5 [0.0232+0.0014 | 0.0157 £ 0.0011
WSI10| 393 | 76 £4 [0.2303 +0.0058 | 0.1884 + 0.0053
WSI1 | 413 | 67+3 [0.0831+0.0039| 0.0800 + 0.0039
WSI12 | 388 | 78 +4 [0.1199 +£0.0041| 0.1013 +0.0039
WS13 | 411 83+4 [0.0641 +0.0031| 0.0455 +£0.0027
WS15 | 221 | 77+4 1.040 £ 0.013 0.854 +£0.011
WS17 | 427 | 85+4 |0.0876 +0.0032 | 0.0604 + 0.0026
WSI8 | 399 | 87+4 [0.0334+0.0020| 0.0202 +0.0016
WS20 | 335 | 66+3 [0.2850+0.0061 | 0.2434 + 0.0056
WS21 | 363 | 81+4 [0.3802 +0.0085 | 0.3305 +0.0077
WS22 | 369 | 81+4 [0.0714 £ 0.0036| 0.0553 +0.0031
WS23 | 388 | 64+3 [0.1180+0.0037 | 0.0732 + 0.0029
WS24 | 382 | 79+4 [0.2040 £ 0.0058| 0.1575 £ 0.0050
WS27 | 378 | 89+5 [0.0959 +0.0038| 0.0598 + 0.0029
WS28 | 239 | 90+4 [0.0708 + 0.0020 | 0.0522 +0.0017
WS29 | 394 | 88+5 [0.0849 +0.0034| 0.0475 £+ 0.0025
WS31 | 386 | 95+5 [0.0553 +0.0028 | 0.0389 + 0.0024
WS32 | 363 | 86+4 [0.0637+0.0033| 0.0367 = 0.0026
WS34 | 292 | 73+4 [0.0857 £0.0029 | 0.0646 + 0.0025
WS35 | 283 | 66+3 |0.1008 +0.0034 | 0.0801 + 0.0030
WS36 | 378 | 85+4 [0.0572+0.0027| 0.0418 +0.0023

*m means mass of sample

Table 4. Ratios of activity concentration of analyzed

Sample | 1'[g] | Chemical yield [%]| **Ra [Bakg '] water samples
ws3 | 121 2.0+34 0.0097 + 0.0036 Sample code UMy 2Ra/**U
WS4 120 53+13 0.0180 + 0.0063 WS3 2.17£0.44 29£12
WS6 121 258+38 0.0063 + 0.0014 WS4 191+0.28 32+12
WS10 90 60.2 6.9 0.0038 £ 0.0007 WS6 147£0.14 0.40+0.09
WS11 90 46.7+4.8 0.0271 + 0.0063 Ws10 122 +£0.05 0.020 £ 0.004
WS12 90 47.6+4.9 0.0053 + 0.0014 WSI11 1.04 £ 0.07 0.339 £ 0.081
WS13 90 56.1 £5.1 0.0040 + 0.0009 WSI2 1.18 £0.06 0.052 £0.014
WSI15 122 438+59 0.0052 +0.0010 WS13 141+0.11 0.089 £ 0.020
WS17 90 78.9 + 14.5 0.0037 £ 0.0009 WSI5 1.22 £0.02 0.006 £ 0.001
WS18 90 60.5+ 6.8 0.0028 + 0.0007 WS17 1.45£0.08 0.062 £ 0.015
WS20 119 42.1+53 0.0026 + 0.001 WS18 1.65+0.17 0.140 £ 0.037
Ws21 90 69.4+7.9 0.0021 +0.001 WS20 1.17£0.04 0.011 +0.003
WS22 120 297425 0.0040 + 0.001 WS21 1.15+0.04 0.006 £ 0.002
WS23 90 71.6 £ 6.0 0.0023 £ 0.001 WS22 1.29£0.10 0.072 £ 0.021
WS24 90 69.4+72 0.0029 + 0.001 WS23 1.61+0.08 0.031+0.010
WS27 121 91.9+11.0 0.0031 £ 0.001 WS24 1.30 £0.06 0.019 £ 0.005
WS28 253 433456 0.0029 + 0.0005 WS27 1.60 £0.10 0.052 £ 0.009
WS29 90 65.8+7.1 0.0049 + 0.001 WS28 136 +£0.06 0.055+0.010
WS31 90 46.2+53 0.0061 £ 0.001 WS29 1.79 £0.12 0.102 £ 0.018
WS32 122 185459 0.0075 + 0.003 WS31 142+0.11 0.156 +0.033
WS34 118 26.1+3.6 0.0037 + 0.001 WS32 1.74+£0.15 0.205 +0.079
WS35 120 64.1+7.5 0.0002 + 0.0001 WS34 1.33 £0.07 0.057£0.016
WS36 90 543+62 0.0020 + 0.0005 WS35 1.26 +£0.06 0.002 £ 0.001
+m moans mass of sample WS36 1.37+0.10 0.048 +0.012
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Table 5. Comparison of statistical data for uranium and
radium activity concentration in examined wells and
springs at TENT B area

Wells at the edge of S
Radionuclide | fly-ash deposit of vi\l);/aegllzss ?lrezgr%l}ig;%nB
TENT B
26Ra 0.0113 + 0.0060 0.0048 + 0.0055
ij 0.0083 + 0.0054 0.115+0.170
9] 0.0145 + 0.0069 0.147 +0.230

Table 6. Comparison of statistical data of radium activity
concentration in examined wells and springs in the
villages near TENT B and other areas across Serbia

Field site 26Ra [Bq 1]
TENT B 0.0048 £ 0.0055
Niska Banja 0.62 £0.10
Vranjska Banja 0.08 £ 0.02
Slatina 0.11+£0.03

234U and 238U are typical of water samples slightly en-
hanced by lighter isotopes. The highest values of this
ratio did not exceed 3, which is a quite moderate value.
The mean value and its standard deviation for radium
and uranium activity concentration (tab. 5) show a dif-
ference between samples from the fly-ash deposit area
(where more 2*°Ra than 238U was detected) compared
to the remaining samples from the villages. This seems
to be the only difference between the water collected
in the TENT B heap and the rest of the samples. How-
ever, the radium activity concentration in examined
water samples from the villages near the thermal
power plant (tab. 6), shows low level in comparison
with the high radon area (Niska Banja) and other re-
gions (Vranjska Banja, Slatina) across Serbia [15] .
No correlation was found between the activity concen-
tration of 238U and *?°Ra in the examined water sam-
ples (fig. 3).
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Figure 3. Correlation between uranium and radium in
water samples

CONCLUSION

Uranium and radium activity concentration of
the water around TENT B is low and occurs in a small
area around the fly-ash deposit. The groundwater
downstream of the waste facilities is not, or is merely
weakly affected by uranium and radium isotopes pres-
ent in the TENT B heap. Thus, our conclusion is that
uranium and radium leakage from the TENT B heap
does not present an acute problem. Results obtained
show that there is no correlation between the activity
concentration of 228U and ?°Ra in the water samples.
Furthermore, uranium and radium contents in water
around the lignite thermal power plant are low when
compared to those from areas with enhanced natural
uranium and radium content and other surveyed re-
gions in Serbia. Therefore, no significant radiological
hazard related to heap-stored uranium and radium may
be concluded.
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Haunkapio h1OTOJIU, Urop T. YEJINKOBUW, IIpeapar H. YIU'h, dparuna M. KUCHUh,
Mupociaas BAPTU3EJL, Joana BOT'AXK, Bnagumup . Y 1OBUYNh, Popossyo 1. CUMOBUH

YPAHUIYM U PAJIUIYM Y Y30PIHUMA BOJE Y OKOJ/JIMHU
TEPMOEJIEKTPAHE “HUKOJIA TECJIA” b - OBPEHOBAIL

Paj; ce 6aBu aHanmM30M cafpkaja IpUPOHUX PAUOHYKIUIA Y 23 y30paKa BOJe CAKyIUbEHUX Y
okonuHm TepmoenekTpane “Hukomna Tecna” b — O6penosar, Cp6uja. Y cBuM y30pnuma je aHaau3upaHa
paguoakTuBHOCT >°Ra u ypannjymoBux uzorona (>U, 2*U) kopucrehn paguoxemujcke MeTosie u anda
cnekTpoMeTpHjy. [JobujeHn pe3yaTaTu MoKasyjy fa je pajuoakKTUBHOCT ypaHUjyMa U pajiujyma y BOgd Y
OKOIIMHU TepMOeJIeKTpaHe HHCKa y mopebemwy ca mepewuma y oOmactuma CpOuje ca moBehanum
cajip>kajeM TMPUPOJHOT YpaHUjyM W paamjymMa. AKTHUBHOCT ypaHWjymMa M pajdjyMa HaTaJOXKEHUX Ha
NETCNAIITY He TPEfIcCTaBiba 3HaYajHy PalHoIIONIKY OTACHOCT 3a JXMUBOTHY CPEIUHY y OKOJIMHH.

Kmwyune peuu: aagpa ciiektipomeitipuja, iiepmoesekimpand, paouoaxKiiueHOCId, paoujym, yparujym



