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RADIOACTIVE CONTAMINATION OF GROUNDWATER
AT WASTE DUMP SITES IN CHERNOBYL EXCLUSION ZONE

Results are presented of groundwater contamination survey of several waste dump sites in the 10-km zone of the Chernobyl
NPP containing wastes from post-accident decontamination activities (e.g., “red forest“ destroyed by extreme radiation levels
in 1986). Groundwater sampling in the immediate vicinity of waste burials using Waterloo Profiler push-drill system carried
out in July — August 2015 has shown that the main hazard is related to groundwater contamination by strontium-90.
Strontium-90 concentrations in groundwater ranged for different waste burials from 1.1 to 17800 Bq/I significantly exceeding
the permissible activity concentration in drinking water of 2 Bq/L. Concentrations of cesium-137 in groundwater varied
from values below the detection limit (<0.04 Bq/l) to 0.6 Bg/l (thus lower than the permissible activity concentration in
drinking water of 2 Bq/1). Sampling results revealed that levels of radioactive contamination of groundwater by strontium-90
at waste dump sites are relatively stable over the last two decades, which is consistent with the hypothesis of gradual
dissolution of nuclear fuel particles in waste material, and release of radioactive contaminants to groundwater system.
Lower levels of strotium-90 in groundwater were observed at “Neftebaza” waste dump site near the Pripyat Zaton surface
water body, being likely caused by specific hydrogeological and geochemical conditions of this site (clayey soils; higher lateral
groundwater seepage rates; reducing alkaline geochemical environment). The obtained data on radioactive contamination
of groundwater in the immediate vicinity of waste burials with the help of the push-drill auger provide significantly higher
levels of groundwater contamination in comparison to the data of the regime monitoring network of the Special State
Enterprise “Ecocenter, which is responsible for radiation monitoring in the Chernobyl Exclusion zone. This confirms that
the existing system of hydrogeological monitoring of the waste dump sites in the 10-km zone of the ChNPP requires further
improvement and development.
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Introduction

One of the most important sources of radioactive
contamination of groundwater in the Chernobyl
exclusion zone are the so-called Radioactive Waste
Temporary Storage Sites (RW'TSS), established in
1987-88 during the decontamination of the terri-
tory adjacent to the Chernobyl Nuclear Power
Plant (ChNPP) (Dzhepo et al., 1994; Bugai et al,,
1996; Antropov et al., 2001). The RWTSS are com-
posed of shallow unlined trenches and above
ground “clamps” containing radioactively conta-
minated materials generated during decontami-
nation (soil, vegetation remnants, construction
garbage), which were covered from the top by a clean
soil layer. In total, the decontamination area was
about 12 km?, while the total number of individual
waste burials is about 800. The RWTSS were later
sub-divided into sectors including the following
ones: “Red Forest”, “Yanov Station”, “Staraya Stroy-
baza”, “Novaya Stroybaza’, “Neftebaza’, “Sandy Pla-
teau” and “Kopachi” (Antropov etal., 2001; Molitor
et al., 2017). The main sources of radioactivity in
waste dumps are micron-size nuclear fuel particles
with the uranium oxide matrix, which have formed
during the Chernobyl accident (Kashparov et al.,
2003). These fuel particles gradually dissolve un-
der influence of environmental factors and release
radionuclides in mobile (ion-exchangeable) forms
(Kashparov etal., 2019). Radioactive contaminants
released from waste dumps infiltrate to the local
unconfined aquifer composed of Quaternary
sandy deposits. The upper part of the geological
section at ChNPP site is composed of the fine-
grained quartz sands of eolian genesis, which have
a relatively high permeability (3-5 m/day) and low
sorption capacity (cation exchange capacity of
about 1-1.2 meq/100g). A detailed description of
radiation conditions and hydrogeological condi-
tions of RWTSS is provided in (Dzhepo et al., 1994;
Antropov et al., 2001; Bugai et al., 2012a).

The existing system of groundwater monito-
ring of the Chernobyl exclusion zone, which is op-
erated by the State Specialized Enterprise (SSE)
“Ecocenter’, does not allow to obtain accurate da-
ta on the radioactive contamination of groundwa-
ter in the immediate vicinity of waste burials at the
RWTSS as siting of monitoring wells does not ac-
count for the layout of individual burials on ter-
rain, and monitoring wells often have large 12 m
long screens resulting in vertically-averaged groun-
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dwater samples (Dzhepo et al.,1998; Kireev et al.,
2019). The contaminated groundwater emerging
from RWTSS poses potential threat of contamina-
tion of Pripyat River, which receives subsurface
flow from the ChNPP site.

The last systematic field surveys of radioactive
contamination of groundwater at RWTSS were
carried out within the framework of the “Polygon”
research project in 1998-2000 (Institute of Geo-
logical Sciences, 2001). Subsequently, in 2000-
2012, monitoring studies of radioactive contami-
nation of groundwater were carried out at the sin-
gle site only — at the international research site
“Experimental Platform in Chernobyl” at the “Red
Forest” RWTSS near trench no. 22-T (Van Meir
et al., 2009; Bugai et al., 2012a). No purposeful
groundwater contamination surveys have been
carried out at other RWTSS. For some of RWTSS
sectors, such as “Staraya Stroybaza” (which belongs
to the most radioactively contaminated sites), no
groundwater monitoring studies have been con-
ducted during the entire post-Chernobyl accident
period. Therefore, conducting the survey of radio-
active contamination of groundwater in the
RWTSS sectors in the near zone of ChNPP in or-
der to assess radioactivity releases to the geo-envi-
ronment was an urgent task.

In this article we present results of groundwater
contamination survey of RWTSS using the push-
drilling sampling system (Waterloo Profiler) which
was performed in July — August 2015. The field
work was carried out by an international expert
team (see affiliations of authors) within the frame-
work of the EC technical assistance project to
Ukraine U4.01/10CDF “Support for radioactive
waste management in Ukraine”.

The groundwater survey of RWTSS pursued the
following objectives:

« to characterize radioactive contamination of
groundwater in the surveyed sectors of the RWTSS
at different distances downstream from the waste
burials;

« to assess the temporal dynamics of radioactive
contamination of groundwater (compared to pre-
vious surveys of 1992-2000, where possible);

« to characterize the hydro-chemical conditions
and their influence on the geo-migration of radio-
nuclides.

The survey covered the following sectors locat-
ed in the areas with the highest levels of contami-
nation by radioactive fallout due to the Chernobyl
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Fig. 1. Groundwater sampling using Waterloo Profiler
push-drill auger and Cobra TT percussion hammer.
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accident: “Red Forest”, “Staraya Stroybaza’, “Yanov
Station”, and “Neftebaza” The results of groundwa-
ter survey were further used in the project
U4.01/10CDF to check and calibrate radionuclide
transport models used in safety assessments for
the RWTSS. The overview of results of safety as-
sessment studies in order to prioritize the remedial
measures for the RWTSS is provided in (Molitor
etal, 2017).

Methods of field works

and analytical studies
Field works

For hand drilling of one-time groundwater sam-
pling boreholes, the Waterloo Profiler drill auger
was used with the Cobra TT gasoline-powered
percussion hammer (Fig. 1). The contaminated
topsoil layer (approximately 20 cm thick) was re-
moved at drilling locations (to preclude contami-
nation of drill hole from the surface). Groundwa-
ter sampling was carried out from the depth inter-
val of 0.5-1 m below the groundwater table.
Groundwater sampling was conducted using a
peristaltic pump.

In the “Red Forest” RWTSS sector the existing
small diameter (1-2 inch) shallow wells were used
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original design by the Institute of Geological Sciences

for groundwater sampling, which were installed at
this site by various organizations (Institute of Geo-
logical Sciences — IGS, Research Institute of In-
dustrial Technologies — NIPIPT) during the pe-
riod of 1992-2000. These wells usually have 0.5-1
m long screens and allow sampling groundwater
from the upper part of the unconfined aquifer
immediately below the groundwater table. Wells
were purged prior to sampling (by pumping at
least 3 well volumes). Coordinates of sampling
locations were recorded using GPS. The pH, Eh,
conductivity and temperature of collected samples
were measured in field conditions using the port-
able multi-meter WTW Multi 350i.

Analytical measurements

Analytical studies on groundwater samples were
carried out in the laboratory of SSE “Ecocenter” in
Chernobyl (strontium-90, cesium-137), as well
as in the Institute of Geological Sciences (stron-
tium-90). Upon arrival to laboratory the water
samples were filtered through the 0.45 um filter.
In the laboratory of the “Ecocenter”, the strontium-
90 was determined by the radiochemical method.
Radiostrontium was separated from the solution
by precipitation of carbonates (by the addition of
sodium carbonate and sodium hydroxide). The
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chemical yield of strontium-90 was determined by
the weight method by adding a stable strontium
label. The activity of strontium-90 in the precipi-
tate was determined by beta-radiometry using
NRR-610 (TESLA). Cesium-137 was extracted by

Table 1. Radiation characteristics of materials stored
in surveyed waste burials (mean values of activity
concentration as in 2015; based on data of SSE
“Central Enterprise on Management of Radioactive
Wastes”, Chernobyl)

Waste Cesium—137,. Strontium—9q,
RWTSS burial Bq/kg (analyti- | Bq/kg (analyti-
cal err. 5-10%) |cal err. 10-20%)
“Red Forest” 1-B 3.6E + 05 2.5E+05
“Red Forest” 4-TB| 1.3E+05 8.6E+04
“Red Forest” 6-TB| 1.6E+05 1.1E+05
“Red Forest” 7-TB| 4.7E+05 3.2E+05
“Red Forest” 10-T | 6.7E+05 4.6E+05
“Red Forest” 22-T | 6.2E+05 4.26E+05
“Neftebaza” 201-T| 1.4E+05 9.66E + 04
“Neftebaza” 202-T| 1.5E+05 1.1E+05
“Neftebaza” 204-T| 1.1E+05 8.1E+04
“Staraya Stroybaza”| 33-B | 2.2E+06 3.3E+05
“Yanov Station” 26-B| 2.5E+04 1.8E+04
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filtration of a water sample through an ion-ex-
change resin ("ANFEG”, manufactured by “Eco-
sorb” LLC, Russia) followed by determination on
an ion-exchange material using SEG-002 “AKP-P”
gamma-spectrometer equipped with the high pu-
rity germanium detector (“Atomprylad”, Kyiv). In
the laboratory of the IGS, the strontium-90 was
determined by direct beta-spectrometry on ground-
water samples. Radiometric measurements were
carried out using the SEB-01 beta spectrometer
(“Atomprylad”, Kyiv).

Results

Radioactive contamination
of groundwater in RWTSS sectors

A number of “representative” radioactive waste bu-
rial sites was selected for groundwater sampling in
the surveyed RWTSS sectors (Table 1). Activity con-
centration ratio of cesium-137 and strontium-90
in material of waste burials constitute about 1.4 (as
in 2015), which corresponds to the composition of
the irradiated nuclear fuel of Chernobyl Unit 4 (ta-
king into account the radioactive decay since the time
of accident). The exception in the burial no.33-B

ISSN 1025-6814. Geologicnij Zurnal. 2020. Ne 2



Radioactive contamination of groundwater at waste dump sites in Chernobyl Exclusion Zone

Red Forest

Staraya Stroybasa

22
s

0 50 100 m
S —

Yanov Station

Neftebaza

#1 Groundwater

201-T
a Waste burial 6.71 0

Sr-90 in sampling
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Fig. 4. Diagrams of the hydro-chemical parameters for the RWTSS “Neftebaz

August 215)

in the RWTSS “Staraya Stroybaza”. This waste bur-
ial has an anomalously high cesium-137 to stron-
tium-90 activity concentration ratio of 6.7, which
can be explained by presence in waste material of

ISSN 1025-6814. Ieonoziunuii scypran. 2020. Ne 2

Red Forest” and Pripyat Zaton (July-

high proportion of condensation component of
Chernobyl fallout enriched by cesium-137.

In the “Red Forest” sector, the choice of waste
burials for groundwater sampling was dictated by
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the existence of monitoring wells in the vicinity of
these burials. In the “Neftebaza” sector, waste trenches
were selected, which were surveyed in the previous
years by the State Enterprise “Science — Technical
Center on Complex Radioactive Waste Manage-
ment” (SE “STC KORO’, Zhovty Vody). In the RWTSS
sectors “Staraya Stroybaza” and “Yanov Station’,
groundwater sampling at the respective radioac-
tive waste burial sites was carried out for the first time.

Hydrogeological conditions in the near zone of
ChNPP at the time of sampling are illustrated in
Fig. 2. The groundwater flow in the unconfined
aquifer occurs from RWTSS sectors towards the
Pripyat River and residual lakes in the area of the
former cooling pond of the ChNPP. To the north
from ChNPP is situated the Pripyat Zaton reser-
voir (pond), which represents the dead channel of
the Pripyat River separated from the main river

Table 2. Groundwater contamination at the RWTSS in the 10 km zone of ChNPP in July-August 2015 based on samp

Nearest Depth to
RWTSS Longitude Latitude waste Sampling point ground-
burial water, m
“Red Forest” 5123.089 30 04.064 1-B Well IGN-1B 2.51
7 7 5122.983 3003.928 4-TB Well 1 2.81
7 7 5122982 3003.932 4-TB Well 2 4.68
7 7 5122988 30 03.967 4-TB Well 4 2.94
7 7 5122.989 30 04.017 6-TB Well 9 2.32
7 7 5122.989 30034.035 6-TB Well 12 2.18
7 7 51 23.007 30 04.162 7-TB Well 14 1.3
7 7 5123.009 30 04.171 7-TB Well 15 2.33
7 7 5123.009 30 04.190 7-TB Well 16 2.33
7 7 5123.009 30 04.197 7-TB Well 17 1.73
7 7 5122.942 30 04.092 10-T Well 35 2.8
7 7 5123.009 30 04.181 7-TB Well 7-TB. 2.18
7 7 5123.028 30.04.198 22-T Well 3-95-2 4.02
7 7 22-T Well 4-02-2 4.45
“Neftebaza 22-T Well 5-99 2.95
7 5124.331 3005.334 204-T Well 2-HH 2.94
7 5124.320 30 05.304 202-T Well 8-HH 2.89
7 51 24.522 30 05.545 201-T | Auger, 0 m from waste burial 2.6
” 51 24.521 30 05.554 201-T | Auger, 2,5 m from waste burial 2.6
7 5124.521 30 05.554 201-T | Auger, 5 m from waste burial 2.6
7 5124.521 30 05.554 201-T | Auger, 10 m from waste burial 2.6
7 202-T | Auger, 0 m from waste burial 2
? 202-T Auger, 2,5 m from waste burial 2
7 51 24.544 30 05.531 202-T | Auger, 5 m from waste burial 2
7 202-T | Auger, 10 m from waste burial 2
7 5124.613 3005.410 Pripyat Zaton (surface water)
“Staraya Stroybaza” 51 23.029 30 04.721 B-33 Auger, 0 m from waste burial 4
> 7 B-33 Auger, 2,5 m from waste burial 4
> 7 B-33 Auger, 5 m from waste burial 4
”? ? B-33 Auger, 10 m from waste burial 4
> 7 B-33 Auger, 5 m upstream from waste burial 4
“Yanov Station” 5123.234 30 03.149 B-26 Auger, 0 m from waste burial 1.75
” ? B-26 Auger, 2,5 m from waste burial 1.75
? ? B-26 Auger, 5 m from waste burial 1.75
7 > B-26 Auger, 5 m upstream from waste burial 3

Note: For groundwater samples from “Staraya Stroybaza” and “Yanov Station” strontium-90 was analyzed in the labo

carried out in the laboratory of the SSE “Ecocenter”, Chernobyl.
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channel by a protective dam. The water level in
Pripyat Zaton (105.3 m a.s.l.) is 2 m higher than
the mean level in Pripyat River (103.3 m a.s.l).
This results in water seepage from Pripat Zaton
through its banks towards the river.

The Fig. 2 also shows the layout of groundwater
sampling sites in the respective RWTSS sectors.
Locations of groundwater sampling points with
respect to individual waste burials are shown in

ling using shallow wells and a push-drill auger

Eh, Cond, 28r, Err., 137Cs, Err.,
pH mV | puS/cm | Bg/l % Bq/l %
5.2 282 24 1200 9 0.097 50
4.62 293 158 3500 9 [Not determ.

4.6 130 44 170 9 7 7

6.3 160 51 2200 9 7 ”?

4.8 214 23 270 9 7 ”?

5 62 145 7100 9 7 ”?

596 | -105 97 660 9 7 7

5.81 121 53 1800 9 ” 7

6.03 40 250 350 9 7 ”?

6.4 145 118 560 9 7 7

6.23 12.8 270 960 9 7 ”?

6.74 21 476 790 9 > 7

5.25 315 39 510 9 0.08 49
5.27 327 58 | 11000 9 0.220 30
5.01 338 30 180 9 0.210 30
6.6 22 147 1.4 10 0.600 15
6.8 -39 315 2.6 10 0.090 49
6.3 20 328 3.0 10 0.088 49
6.6 -7.7 288 2.1 9 0.082 49
6.71 -11 264 2.0 9 0.170 34
5.4 66 244 1.1 9 0.091 49
6.81 1.6 338 6.7 9 0.089 49
6.71 | -14.6 | 348 1.5 10 0.062 55
6.8 10 354 1.5 10 0.061 58
6.61 | -30.5| 348 14 10 0.069 60
8.5 127 263 11 10 2.100 11
447 | 1524 | 191 13900 | 24.8 0.08 42
4.5 155.4 | 220 7550 | 14.3 0.06 48
8.05 | -60.9| 255 17800 | 12.5 0.08 41

5 118 267 6710 | 12.5 0.06 45

5.6 85.4 43 780 | 16.2 <0,04

4.13 170 76 50 52 <0,04

4.7 150 58 133 | 36.5 <0,04

4.9 120 123 732 | 24.8 <0,04

5.2 101 122 129 | 184 <0,04

ratory of the IGS; all other analytical determinations were
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Fig. 3 (a)-(d). The expected directions of ground-
water flow in the vicinity of burials are shown by
arrows. These flow directions were determined
based on measurements of groundwater levels in
wells (see Fig. 2). Sampling was performed along
monitoring well profiles (or from temporary drill-
ing points) located in the immediate vicinity of the
waste burials at distances ranging from several
meters to 10 m in downstream direction. In addi-
tion, groundwater samples from upstream loca-
tions were collected.

Determining the concentration of strontium-90
in groundwater was of main interest, as this radio-
nuclide poses major risks of groundwater and sur-
face water contamination in the Chernobyl exclu-
sion zone (Bugai et al., 1996; Kireev et al., 2013,
2019). The concentration of cesium-137 in ground-
water was also measured. The results of the
groundwater contamination survey of the RWTSS
sectors are summarized in Table 2 and illustrated
in Fig. 3.

The higher specific activities in groundwater of
the RWTSS sectors are observed for strontium-90.
At RWTSS “Red Forest” the strontium-90 concen-
trations varied from 180 to 11000 Bq/]; at “Staraya
Stroybaza” — from 780 to 17800 Bq/l; at “Yanov
Station” — from 50 to 732 Bq/l, at “Neftebaza” —
from 1.1 to 14 Bq/l. For comparison, the maxi-
mum permissible activity concentration of stron-
tium-90 in drinking water according to the DR-
2006 regulations (Ministry of Health of Ukraine,
2006) is 2 Bg/l. The highest levels of groundwater
contamination by strontium-90 are observed for
waste burials that contain waste with maximum
specific activity (in the “Staraya Stroybaza” and
“Red Forest” RWTSS, see Table 1). At the RWTSS
“Starya Stroybaza” elevated strontium-90 concen-
trations in groundwater were sampled at up to 10
m distance downstream from the waste burial
(clamp B-33). Somewhat lower levels of ground-
water contamination with strontium-90 and cesi-
um-137 for the “Yanov Station” compared to “Red
Forest” and “Staraya Stroybaza” may be due to rel-
atively low specific activity of waste in this RWTSS
compared to other surveyed sectors (see Table 1).

Noticeably lower levels of strontium-90 in
groundwater at “Neftebaza” compared to the “Red
Forest” are likely to be related to the geological
conditions of this site which is the presence of lay-
ers of loamy soils with elevated sorption properties
underlying the radioactive waste burials at “Nefte-
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baza” The migration of radionuclides from the
waste burials at “Neftebaza” has been also likely af-
fected by the specific hydrogeological and hydro-
chemical conditions of this RWTSS due to the in-
filtration of water from the Pripyat Zaton into the
aquifer. The geochemical conditions in groundwa-
ter below the RWTSS are discussed in more detail
below in paragraph 3.2.

The concentrations of cesium-137 in ground-
water at the surveyed RWTSS sectors are signifi-
cantly lower compared to strontium-90, and vary
from values below the detection limit (<0.04 Bq/l)
to 0.6 Bq/l, while most values are of an order of 0.1
to 0.2 Bq/l or less. For comparison, the maximum
permissible activity concentration of cesium-137
in drinking water according to the DR-2006 regu-
lations is 2 Bq/l (Ministry of Health of Ukraine,
2006). The low mobility of cesium-137 in ground-
water is caused by the significant sorption of this
radionuclide by the matrix of geological deposits
and the fixation (non-exchangeable sorption) by
clay minerals (Cornell, 1993; Bugai et al., 2020).

Levels of radioactive contamination of ground-
water of RWTSS by strontium-90 and cesium-137
measured during the survey in 2015 are generally
comparable to the levels of contamination of the
respective sectors based on sampling surveys in
1992-1998 (Table 3). Thus, during the last two
decades the conditions for radioactive contamina-
tion of groundwater were observed at RWTSS,
which are relatively stable over this time span. This
may be due to the gradual dissolution of the fuel
particles in the waste burials and the subsequent
release of mobile forms of radionuclides to ground-
water, so that vertical inflow of radionuclides from

waste burials compensate for horizontal transport
in the aquifer by advection-dispersion process and
radioactive decay. In particular, it was established
by (Kashparov et al., 2019) that by 2015 about half
of the strontium-90 activity in trench no.22-T in
the “Red Forest” RWTSS still remained associated
with that of the non-dissolved fuel particles (from
this last fraction about ~30% of activity was asso-
ciated with the very stable zirconium-matrix fuel
particles).

The exception from the general picture is the
RWTSS “Neftebaza”, where markedly lower levels
of groundwater contamination with strontium-90
were observed in 2015 compared to data from
1998. The possible reasons for this are discussed in
the next paragraph.

It should be noted, that the strontium-90 con-
centrations in groundwater sampled in the report-
ed survey are much higher than concentrations
that are observed during last decade in the moni-
toring wells of the SSE “Ecocenter” (Kireev et al.,
2013, 2019). For example, *Sr concentrations in
wells no.1/1, 2/1 and 2/2 of SSE “Ecocenter” situ-
ated at RWTSS “Staya stroybaza” in 2015 ranged
from 22 to 76 Bq/l, while *Sr concentrations in
groundwater based on push drill sampling reached
17600 Bgq/1 (see Table 2).

Hydro-chemical conditions

In the course of groundwater sampling, measure-
ments were also made in the field of pH, Eh and
conductivity. The Eh parameter determines the re-
dox conditions in groundwater: the positive values
correspond to the oxidizing conditions, while the

Table 3. Data of studies on radioactive contamination of groundwater
in RWTSS carried out by various organizations, in 1992-1998 (Antropov et al., 2001)

RWTSS Waste Year Organization that Maximum radionuclide activity concentration, Bq/l
burial of survey conducted survey o0y 1370 2394200py;
“Red Forest” 19-T 1992 NIPIPT 3600 No data 0.42
7 7 20-T 1992 7 30000 “© 0.33
7 7 29-T 1992 7 14000 “©oc 0.15
7 7 22-T 1998 IGS 16000 0.3 0.18
7 7 4-BT* 1998 7 2700 350* 5.0
“Yanov Station” 14-T 1995 STC KORO 3990 No data No data
“Neftebaza” 4-T 1998 ” 613 0.4 0.039
> 201-T 1998 7 274 0.3 <0.001

Notes: *High "Cs value for waste burial 4-BT can be explained by the fact that the waste burial was flooded by
groundwater, and sample was taken directly from the water-saturated waste material.
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negative values to reducing hydro-chemical condi-
tions. The conductivity parameter depends on the
total dissolved solids (TDS, content of the major
ions): higher conductivity indicates a higher TDS
value of the sample. The results of the corres-
ponding measurements are shown in Table 2 and
in Fig. 4.

It can be seen that the results of hydro-chemical
measurements for the “Neftebaza” are essentially
different compared to other RWTSS (“Red Forest”,
“Yanov Station”, “Staraya Stroybaza”), which can
be explained by the different groundwater recharge
mechanism to the unconfined aquifer.

For the RWTSS “Red Forest”, “Yanov Station’,
“Staraya Stroybaza” groundwater recharge is for-
med by atmospheric precipitation. Such ground-
water is characterized mainly by oxidizing con-
ditions (positive Eh), relatively low pH (about 5)
and low TDS (and respectively low conductivity).
Downstream of the trenches, the TDS of the wa-
ters may increase slightly, and Eh may change to-
wards reducing conditions due to the leaching of
ions from the waste material and the bio-degrada-
tion of organic materials in the waste burials (Bu-
gai et al.,, 2012b).

A different picture is observed for the RWTSS
“Neftebaza” Here, the groundwater is character-
ized by a relatively high conductivity (close to the
value for the water of the Pripyat Zaton), reducing
conditions (negative Eh) and pH values shifted to-
wards alkaline conditions. In our opinion, this is
due to the infiltration and seepage in the aquifer of
the surface waters of the Pripyat Zaton towards the
Pripyat River. The water level in the Pripyat Zaton,
which is isolated from the river by a protective
dam, is about 105.3 m a.s.l., and in the Pripyat Riv-
er — about 103.3 m a.s.l. (in low flow conditions),
which results in a hydraulic head gradient, and
creates condition for seepage from the Pripyat Za-
ton towards the river. Reducing conditions in
groundwater infiltrating to the aquifer from the
Pripyat Zaton can be caused by leaching the sur-
face water through the organic-rich bottom sedi-
ments in the Pripyat Zaton.

Relatively high discharge rates of the lateral
seepage flow from the Pripyat Zaton in the aquifer
in the zone of waste burials of the “Neftebaza”
could have caused leaching of mobile radionuclide
chemical forms (in particular strontium-90), and a
decrease in strontium concentrations as in 2015
(see Table 2) compared to the previous survey in
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1998 (see Table 3). The concentration of stron-
tium-90 can also be affected by alkaline hydro-
chemical conditions, which may cause the removal
of radiostrontium from the solution in the form of
carbonates (Panasyk et al., 2019).

Conclusions

The survey of radioactive contamination of ground-
water at waste dump sites (RWTSS) in the 10-km
zone of ChNPP carried out in 2015 has shown
that the main hazard, as in previous years, is relat-
ed to groundwater contamination by strontium-
90. The strontium-90 concentrations have varied
at “Red Forest” from 180 to 11000 Bq/]; at “Staraya
Stroybaza” from 780 to 17800 Bq/l; at “Yanov Sta-
tion” from 50 to 732 Bq/]; at “Neftebaza” from 1.1
to 14 Bq/l.

The concentrations of cesium-137 in ground-
water are significantly lower compared to stron-
tium-90 and vary from values below the detection
limit (<0.04 Bq/l) to 0.6 Bq/l; while the most val-
ues are in an order of 0.1-0.2 Bq/l or less.

The levels of radioactive contamination of
groundwater at RWTSS with strontium-90 and
cesium-137 measured during the survey in 2015
are in general comparable to the levels of conta-
mination of the respective sectors based to the
studies performed in 1992-1998. Thus, at present
the conditions of radioactive contamination of
groundwater are observed, which are relatively
stable over the last 2 decades. This may be due
to the gradual dissolution of fuel particles in
waste, and, respectively in the gradual leaching
of newly released mobile radioactive contami-
nants into groundwater which compensate for
horizontal transport in the aquifer and radioac-
tive decay.

Relatively low levels of groundwater contamina-
tion by strontium-90 have been observed for the
waste dumps at “Neftebaza” site. Based on the ana-
lysis of hydrodynamic and hydro-chemical condi-
tions, it can be assumed that here radionuclide mi-
gration conditions are affected by surface water
infiltration from the Pripyat Zaton in the direction
of the Pripyat River. High discharge rate of seepage
from the Pripyat Zaton creates a “wash-out re-
gime” in the aquifer, and clayey soils and alkaline
geochemical conditions may favor lowering radi-
ostrontium concentrations in groundwater below
waste burials.
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It should be noted that the sampling data of ra-
dioactive contamination of groundwater in the
immediate vicinity of waste burials with the help
of the push-drill auger provide significantly higher

proper locations and design of the observation
wells), and it requires further improvement and
development.
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PAJIOAKTVIBHE 3ABPYIHEHHA ITIISEMHMX BO/I B ITYHKTAX
JIOKAJII3AIIIT PAB B YOPHOBMJIbCHKINM 30HI BITYY>XKEHHSA

I[IpencraBieHi pesyabraTit 00CTeXXeHHs 3a0PYAHEHH MiI3eMHMX BOJL B IIYHKTAX JIOKa/Ti3allii pagioakTMBHIUX BiIXOAIB
(PAB) B 10-kinometposiit 30Hi YopHob6mabCcHKOI AEC, 1110 MicTATH BigXoau Bin micistaBapiitHOI Je3akTuBanii micie-
BOCTI (30KpeMa, “pyauit ytic”, 3arnbmmit Bif ekcTpeManbHuX piBHIB papianii 8 1986 p.). Big6ip npo6 migsemuux Bog y
OesmocepenHiit 6M3bKOCTI Bijj IOXOBAaHb BiAXOAIB i3 3aCTOCYBaHHAM cuUCTeMu yaapHoro 6ypinus Waterloo Profiler,
HpoBefeHnit y munHi—cepmi 2015 p., IoKasas, 10 OCHOBHA Hebe3IleKa IOB’sI3aHa i3 3a6py/JHeHHAM IIiI3eMHUX BOJ
cTpoHLieM-90. KoHlleHTpanisa cTpoH1i0-90 y IpyHTOBIl BOAi KonMBanach /il pisHMX IIOXOBaHb Bifixoxis Bif 1,1 o
17 800 bx/n, 10 3HAYHO NepeBUIye HOPMATUB /I MUTHOI Bofy 2 B/, KonuenTpanis mesito-137 y nigseMHux Bofax
BapiloBajach Bifj 3Ha4YeHb HIDK4Ye MexXi BusBneHHs (<0,04 Bk/n) mo 0,6 Bx/n (To6TO MeHIlle MUTHOTO HOPMATUBY
2 Bk/n). PesynbraTu Bif6opy npo6 moxasa, 1110 piBHi pagioaKTMBHOTO 3a0pyIHEHHs Mifj3eMHIX BOJ CTPOHIIieM-90 B
30H1 TOXOBAHb € BITHOCHO CTabiMIbHUMM IIPOTATOM OCTAHHIX IBOX JeCSTUIITH, 1[0 BiAIOBIfAE TimoTesi Ipo MoCTynoBe
PO3UMHEeHHs MaTMBHIUX YaCTMHOK y MaTtepianax PAB Ta momanpiuiit Mmirpaunii pagioakTMBHUX 3a0pyAHEHD B MiA3eMHIX
Bojax. bibur HU3bKI piBHI cTpOHILI0-90 B mi3eMHNUX BOAAX MOO/IM3Y MIOXOBAHD BiIXOMIB CIIOCTEpIranucs B MYHKTI
noxanisauii PAB «HadTo6a3a» mobnusy IIpumr’stcpkoro 3aToHy, 110, IMOBIpHO, 00YMOB/IEHO crienndiuHNMM Tifpo-
TeO/IOTIYHMMM Ta TeOXiMIYHMMM YMOBaMM 1i€l SULTHKY (IIMHMCTI IPYHTH; MifABUILEH] IBUAKOCTI TaTepanbHOI ib-
Tpalil; BifHOB/TIOBa/IbHI TyXXHI reoximiuni ymoBu). OTpruMaHi faHi 00 pagioakKTUBHOTO 3a0pyAHEHHS IPYHTOBUX
BOZ y 6e3mocepenHiit 6m13bKOCTi Bif oxoBaHb PAB i3 3acTOCYBaHHAM CUCTEMU YHapHOTO OYpiHHSI [TOKa3amy 3HAYHO
Oi/bII BUCOKMIT pPiBeHDb 3a0pyIHEHHS IPYHTOBKX BOJ HOPIBHSAHO 3 JAHUMI PEXMMHOI Mepexxi MoHiTopuHTry [epxaB-
HOTO crerjiasisoBanoro mifgnpueMcra “ExoueHTp”, sike BifnoBigae 3a papianiitanit MOHiTOpUHT y YOpHOOMIBCHKI
30Hi Biguy>keHHA. Lle mifATBepIKYyE, 1110 iCHYI0Ya CMCTeMa Iifporeo0riyHOro MOHITOPMHTIY IYHKTIB JI0Kali3aLii pafi-
oakTUBHMX BifxoxiB B 10-kM 30Hi YAEC noTpebye nogaabuioro BIOCKOHANTEHHS Ta PO3BUTKY.

Kntouoei cnosa: asapis na YAEC; cmponuiii-90; yesiii-137; nidsemmi 600u; MOHImMopuHe.
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PAIVIOAKTVBHOE 3ATPA3SHEHME ITOJA3EMHBIX BOJI B ITYHKTAX
JIOKAJTM3AIIM PAO B YEPHOBBUIBCKOM 30HE OTUYXXJIEHN A

ITpencraBiieHbl pe3y/IbTaThl 0OC/IETOBAHNA 3arPsA3HEHNA ITOA3EMHbBIX BOJ B ITYHKTAX JIOKa/IM3alMM PajlOaKTVBHBIX
orxoo (PAO) B 10-kmmometpoBoit 30He YepHOOBUTBCKOT ADC, COfepKaIX OTXOMBI TOCTEABAPUITHON [e3aK-
TUBALMU MECTHOCTH (B YaCTHOCTH, «PBDKIIL JIEC», TIOTMOIINIT OT SKCTPEMa/IbHBIX yPOBHelt paguanuu B 1986 1.). Ot6op
npo6 IOA3EMHBIX BOJ B HEMOCPEACTBEHHON OIM30CTH OT 3aXOPOHEHMII OTXOHOB C IPMMEHEHNEM CHCTEMBI yAap-
Horo Oypernst Waterloo Profiler, mpoBenenHsiit B ntonne—asrycre 2015 I., TOKa3aJI, YT0 OCHOBHASI OIIACHOCTD CBsI3aHA C
3arpssHEHNEM IOA3eMHbIX BOf cTpoHumeM-90. Konienrpanms crpoHums-90 B IpyHTOBOI Boje Kojmebamach s
PAa3IMYHBIX 3aXOPOHEHNU 0TX0f10B OT 1,1 1o 17 800 BK/1, YTO 3HAYNTE/ILHO IPEBbIIIaeT HOPMATHB JI/IsI HUTHEBOI BOBI
2 bx/n. KonnenTpauns nesusa-137 B MO3eMHBIX BOJAX BapbUpPOBaNach OT 3HAYCHMIT HIDKE IMIpefiena 06Hapy>KeHM;1
(<0,04 Bx/m) 5o 0,6 Bx/11 (1.e. MenblIe muTheBOro HOpMarusa 2 Bk/i). Pesynbrarer or6opa mpob mokasanu, 9T0 ypOBHI
PaAMOAKTMBHOIO 3arpsI3HEHIIsI O3eMHBIX BOZ CTPOHIeM-90 B 30HE 3aXOPOHEHNIT OTHOCUTENBHO CTAOM/IbHBL B Te-
YeHNe NOC/IeNHNX IBYX JIeCATIIETHI, YTO COOTBETCTBYET IMIIOTE3€ O IOCTEIIEHHOM PacTBOPEHNM TOIUIMBHBIX YaCTHUI]
B MaTepuanax PAO u ganpHeiiner MUTpanuy pagMoaKTVBHbIX 3arPsA3HEHNI B IIOfj3eMHbBIX BofjaX. bornee Hu3Kkie ypos-
HIU CTPOHIMsI-90 B IIO/I3€MHBIX BOZIAaX BO/INM3M 3aXOPOHEHMIT OTXO[0B HaO/MIOaMICh B yHKTe ToKam3anuy PAO «He-
¢rebasa» BOmusu IIpumsarckoro 3aToHa, 4TO, BEPOSITHO, OOYCIOBIEHO CHEUNM(UIECKNMI TUPOreOTOrNYeCKUMI 1
TeOXVMMYECKVMI YCTIOBYAMM 3TOTO Y4acTKa (IIMHUCTBIE TPYHTDI; IIOBBIIICHHbIe CKOPOCTI JIaTepalbHO (QUIbTpa-
LIUJ; BOCCTAHOBUTE/IbHbIE IIeJIOYHBIe FeOXMMITYecKye yenoBusA). [lorydeHHble faHHbIE IO PafMOAKTUBHOMY 3arpss-
HEHMIO TPYHTOBBIX BOJ, B HEIIOCPECTBEHHOI 6/M30CTH OT 3axopoHeHmit PAO ¢ mpuMeHeHMeM CHCTEMBI YAAPHOTO
OypeHsI TOKasaIy 3HAUYNTEbHO O0jIee BBICOKIIT YPOBEHb 3arpsiI3HEHNsI TPYHTOBBIX BOJ 110 CPAaBHEHMIO C JAHHBIMI
PEXMMHOIT ceT MOHUTOpUHTa [OCYAapCTBEHHOTO CIIELMaIN3UPOBAHHOIO MPERIPUATHs “DKOLEHTP , KOTOPOe OT-
BedaeT 3a PafAMalMOHHBII MOHUTOPUHT B UepHOOBIIBCKOI 30HE OTUYXK/EHWsI. DTO MOATBEP)KAAET, YTO CYIIECTBYIO-
mas CUcTeMa TMAPOreoI0TMYecKOro MOHUTOPMHIA ITYHKTOB JIOKAIM3allMM PafiMOAKTUBHBIX OTXOf0B B 10-KM 30He
YAIC tpebyer fa/IbHEIIIEr0 COBEPIIEHCTBOBAHIS U PA3BUTIA.

Knioueswie cnosa: asapus na YAIC; cmponyuii-90; yesuii-137; noddemole 600bl; MOHUMOPUHE.
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