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DETERMINATION OF THE PETROLEUM POLLUTION SOURCES FOR GROUNDWATER
(ON THE EXAMPLE OF SOLOTVIN TERRITORY IN THE PRECARPATHIANS)

(PexomeHdoeaHo YrieHOM pedakuyiliHol Kkosezii 0-pom 2eos. Hayk, npogb. O.€. Kownsikosum)

The article is dedicated to solution of groundwater oil products pollution problem within area of Solotvyn village, which is located in
Precarpathians, Ilvano-Frankivsk region of Ukraine. Contamination was found in the wells of drinking water supply with specific taste and
smell. The alternative sources of pollution are considered: conserved oil well, oil pipeline and gas station (GS).

All owners of these facilities submitted survey or test documents confirming tightness (well and gas station tanks) or lack of
hydrocarbons (inactive pipeline). A paradoxical situation arose: there is pollution, but there are no sources of pollution. To solve the
problem, the complex of geochemical and geophysical methods was applied.

Geochemical studies were conducted for water samples taken from wells in the contaminated area and adjacent areas. In addition,
samples of near-surface air in the soil were collected on the condensed network. The level of heavy and light hydrocarbons in polluted
water samples exceeded the background values by tens of times and exceeded the permissible concentrations. Laboratory tests of air

samples clarified and detailed the contaminated area.

According to the results of geochemical surveys it was found that the source of pollution can be located on the GS territory.

Geophysical studies have allowed finding out the lithological structure of the upper part of the section and establishing the depth of
the roof and the bottom of the groundwater collector and, accordingly, the underlying aquifer roof. At the same time, the filtration direction
in aquifer and a location of old river channel that are in correlation with spreading of groundwater from GS to polluted wells.

The report on the causes of groundwater pollution with oil products and on the established source of pollution was submitted to the
relevant authorities of the State Service of Ukraine for Emergency Situations.

Keywords: oil products, pollution, chink, geophysics, geochemistry, underground gas.

The relevance of issue. Analysis of literary data.
Pollution of groundwater, as discussed in the article, is
related to the area of Solotvyn village, which is located in
Precarpathians in Ivano-Frankivsk region of Ukraine in the
Bystrytsia Solotvynska river basin, which is a tributary of the
Dniester River.

Pollution was first found in 2007 in several wells that are
the sources of household water supply. Pollution was found
according to chemical and bacteriological indicators but
overtime it decreased. But in 2013 next "flash" of pollution
was marked. The results of laboratory studies showed
evidence of oil products in water with major excess of
maximum allowed concentration. The square of polluted
area was 900 m?.

Objects, which could be potentially sources of pollution,
were considered to be decommissioned in 1986 oil pipeline
"Kosmach — GU Starunia", conserved chink (for gas) "15 —
Babche", gas station within the urban-type village of Solotvyn.

As water quality starting from 2013 didn't improve over
time, in 2016 at the request of village council all the
companies-owners of mentioned objects gave conclusions
about their ecological state. The results of examinations,
according to introduced official conclusions, point on
absence of pollution possibility of groundwater as a result of
activity of companies on these objects. So, a paradoxical
situation has arisen: pollution exists, but its' sources — don't.

Analysis of groundwater pollution on the territory of
Ukraine is a topic of survey of many scientists. In particular,
in oil products pollution professor M.S. Ohnianyk was
engaged. Works (Ohnianyk et al., 2013; Ohnianyk et al.,
2017) suggested the principle of evaluation of oil products
pollution danger of natural and household objects and
creation of warning zone around potential pollution objects-
sources of geological environment and location of
observation points in it.

Determination of pollution via complex of methods on
objects of oil and gas, mining and chemical industry is
represented in works (Osadchyi et al., 2004, Hrytsyk et al.,
2004; Dryhulych et al., 2003; Levashov et al., 2004), where it is
suggested use of geoelectrical and geochemical methods of
research for detection and outline of oil pollution zones.

Works (Onyshchuk et al., 2010; Onyshchuk et al., 2006;
Onyshchuk et al., 2006; Bahrii end Kuzmenko, 2010) are
dedicated to determination of pollution within industrial
objects (tailings dams, salt dumps, tailings ponds, objects
with mineral fertilizers etc.).

Geophysical and geochemical methods of research are
successfully used also abroad. Works (Abdullahi et al.,
2016; Burazer and Burazer, 2017; Dahlin et al., 2010;
Guerin et al., 2004; Koo and Yoon,1994; Lohva et al., 2007
Papyirin and Pustozerov, 1998) presented their efficiency
for detection and outline of polluted territories. After
analysing mentioned and other works, we could conclude,
that complex of geophysical and geochemical methods will
allow to find source of pollution for indicated territory.

Goal and tasks of research. Conducted geochemical
and geophysical surveys set the goal for finding the source
of pollution of groundwater and routes of pollution
spreading.

For accomplishing of the set goal the following actions
were done:

Sampling from wells and analysis for oxidation-reducing
indicator (pH) and content of hydrocarbons for determination
of level and area of pollution;

Sampling of free underground gas from depth of 0,5 m
and analysis for hydrocarbons content for determination of
area of pollution by light fractions;

Geophysical research by natural electric field method for
mapping of filtration flows;
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Geophysical research by vertical electric sounding
method for mapping the roof of indigenous rocks and the
determination of the capacity of the aquifer.

General characteristics of research area. Geological
structure of the research territory was carefully studied in
previous years due to oil and gas capacity of the region and
is described in numerous reports of different organizations.
In terms of location of oil and gas deposits, territory of
research is located within mining drainage Bytkiv-Babche oil
and gas condensate field. The closest to pollution area is oil
well — Rakovets-1. It is located 225 meters from pollution
zone down to underground water flow — in northeast
direction and currently is liquidated. Well No. 15 — Babche is
situated 830 meters from pollution zone. Well was drilled in
2013 and conserved in the same year, like one that didn't
give industrial oil products rush.

In geostructural relation territory of research is included
into zone of connection of Sambir zone with the Bilche-Volyn
zone of the Carpathian precipice. Geological structure of
region is represented by sedimentary rocks belonging to the
Paleozoic, Mesozoic and Cenozoic ages, and mainly by
sandy-clay, argillite and siltstone fractions.

It is clear that we are interested in the upper part of the
section, within which there is an aquifer, whose water was
contaminated. In fig. 1 is a section, built by us on basis of
the description of rocks extracted during the tunnel in the
beginning of July 2017 within the area of a farmland in the
territory of research.

Closer to the edge of the valley of the river, argillites in
the wells are set at a depth of 4,5 meters, that is, the capacity
of alluvial river deposits decreases. It should be noted that
the direction of movement of groundwater within the
contaminated area is approximately parallel to the direction
of the Bystrytsia Solotvynska, as evidenced by the location
of the water outlets in the wells. This groundwater is formed
on the territory of the floodplain of the river due to infiltration
of atmospheric precipitation. The aquifer, which is used by
the inhabitants of the village, is a pebble alluvial horizon,
formed in ancient times by the Bystrytsia Solotvynska River.
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Fig. 2. Places of sampling water from wells
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Fig. 1. Lithostratigraphic section of the research site

The results of gas geochemical research. Water gas
capture.Water gas capture was conducted to identify a
potential source of groundwater contamination of wells by
hydrocarbons. For this purpose, 15 samples of water from
the wells were selected on contaminated and adjoining
territory. It is clear that such analyses, together with an
evaluation of the potential route of groundwater from
potential pollution objects, can provide an answer to the
location of a specific source of pollution. Fig. 2 shows a
scheme for sampling water from wells. The selected
samples of water are degreased by the method of thermo-
vacuum degassing, which resulted in the release of water-
soluble gases in them and appropriate chromatographic
analyses. The results are shown in table 1. In the waters,
the oxidation-reducing parameter (pH) of the medium was
also determined. In all waters, the reaction of the medium is
slightly acid to neutral (pH 5,9-6,8), indicating the
presence of oxidants in water, which are hydrocarbons
dissolved in water.
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Table 1
Results of chromatographic analysis of water-soluble gases

Sample Unit Gas mixture composition Total CH,_

number CH4 CZHG CZH4 C3H3 C3HG i'C4H10 H'C4H1o i'C5H12 H'C5H12 C5H14+B C5H14mg/m3
No.1.Sl | Z.x10“] 1212 | 088 | 008 | 106 | - | 037 | 133 | 119 | 1,19 0,52 18,76

e mg/m® | 8,68 1,18 0,10 2,08 - 0,96 3,46 3,85 3,84 2,01 26,18
No. 2 SI %, x10™* | 4,49 0,20 0,07 0,30 - 0,09 0,22 0,16 0,20 0,19 5,96

) ) mg/m®* | 3,21 0,27 0,09 0,60 - 0,25 0,57 0,52 0,66 0,73 6,94
No. 3 SI %, x10* | 74,72 | 7,15 0,80 1,33 - 2,58 19,99 | 67,88 | 26,05 0,11 200,64

) ) mg/m® | 53,49 | 9,59 1,00 2,62 - 6,69 51,85 | 218,5 | 83,86 0,45 428,08
No. 4 SI %, x10*| 10,84 | 0,63 0,12 0,30 - 0,25 1,56 3,87 1,94 0,14 19,69

) ) mg/m® | 7,76 0,85 0,15 0,59 - 0,65 4,06 12,48 6,24 0,56 33,39
No. 5 SI %, x10* | 16,09 | 0,40 0,05 0,31 - 0,09 0,52 0,58 0,41 0,08 18,55

) ) mg/m® | 11,59 | 0,53 0,06 0,61 - 0,23 1,35 1,87 1,34 0,32 17,86
No. 6 SI %, x10* | 6,65 0,34 0,06 0,54 - 0,20 0,76 0,53 0,43 0,27 9,82

) ) mg/m® | 4,77 0,46 0,07 1,06 - 0,53 1,98 1,72 1,39 1,06 13,08
No. 7 SI %, x10* | 7,31 0,15 0,06 0,20 - 0,07 0,76 0,79 0,64 0,14 10,16

) ) mg/m® | 5,24 0,20 0,08 0,40 - 0,20 1,98 2,54 2,06 0,53 13,26
No. 8 SI %, x10™*| 6,73 0,14 0,05 0,17 - 0,05 0,44 0,39 0,35 0,02 8,39

) ) mg/m® | 4,82 0,19 0,06 0,35 - 0,15 1,16 1,27 1,14 0,08 9,25
No. 9 SI %, x10* | 3,21 0,06 0,02 0,04 - 0,01 0,07 0,03 0,07 0,08 3,61

) ) mg/m® | 2,29 0,08 0,03 0,07 - 0,04 0,18 0,11 0,22 0,32 3,38
No. 10 SI %, x10™* | 4,21 0,02 - 0,04 - 0,04 0,08 0,24 0,02 0,12 4,80

) ) mg/m® | 3,01 0,03 - 0,09 - 0,11 0,23 0,77 0,07 0,48 4,08
No. 11 SI %, x10* | 3,77 0,03 - 0,03 - 0,01 0,04 0,04 0,06 0,09 4,10

) ) mg/m® | 2,70 0,04 - 0,06 - 0,03 0,11 0,12 0,20 0,38 3,67
No. 12 SI %, x10™* | 4,21 0,04 0,20 0,04 - 0,02 0,02 0,01 0,05 0,07 4,69

) ) mg/m® | 3,01 0,06 0,25 0,08 - 0,06 0,06 0,04 0,16 0,28 4,04
No. 13 SI %, x10™* | 3,91 0,04 0,04 0,04 - 0,01 0,04 0,02 0,09 0,10 4,32

) ) mg/m® | 2,80 0,05 0,05 0,08 - 0,04 0,11 0,07 0,28 0,38 3,91
No. 14 SI %, x10™*| 3,86 0,06 0,11 0,05 - 0,01 0,08 0,03 0,08 0,15 4,47

) ) mg/m® | 2,76 0,08 0,14 0,11 - 0,02 0,21 0,11 0,28 0,59 4,34
No. 15 SI %, x10* | 3,89 0,04 0,08 0,02 - 0,03 0,07 0,02 0,07 0,07 4,33

) ) mg/m* | 2,78 0,06 0,10 0,05 — 0,08 0,19 0,08 0,22 0,29 3,89

According to the results, in all samples, methane and it's
homologues to Cs + were detected inclusively. Also, in
almost all samples (except for 10-SI. and 11-Sl.)
unsaturated ethylene homologue (C2H4) was found.

The content of methane in water is in the range of 2,7 +
53,49 mg/m3. Moreover, for wells from No.1 to No. 8, the
content of dissolved methane is more differentiated and is
within the range of 3,21 + 53,49 mg/m3at the maximum
value in the well No. 3-53,49 mg/m?, and for the wells from
No. 9 to number 15 it is slightly smaller, more stable and
varies from 2,29+3,01 mg/m3and only in the sample from
well No. 3 the maximum value is 53,49 mg/m?.

The content of butane in water for wells 9+15 varies
mainly from 0,124 mg/m?at to 0,347 mg/m?, and for wells
1+8 is slightly larger — 0,57+51,85 mg/m?® with a maximum
value of 51,85 mg/m? in the well No. 3.

Capture of underground gas of free state. In the process
of the implementation of near-surface gas geochemical survey,
28 samples of free groundwater from a depth of 0,5 m were
selected. Fig. 2 depicts gas sampling points.

The capture was conducted in order to find the possible
source of groundwater contamination by oil products. In
total, four main objects were surveyed: a gas station, a
liquidated well, a non-operating oil pipeline link and eight
wells (No. 1+8), in which relatively high levels of
hydrocarbon dissolved in water were detected.

Analyses of gas-air mixtures, as compared with the analysis
of water samples in wells, have the advantage that they are not
limited in area by the presence of wells, but can be selected
anywhere. The results of chromatographic analyses of selected
near-surface gas mixtures are shown in table 2.

On fig. 3 the graphical distribution of background and
abnormal gas geochemical zonesis depicted.

Gas station. A total of 10 underground gas samples were
selected around the gas station, six of which revealed
homologues of methane up to Cs (hexane) inclusive. In two

samples No. 18 and No. 19, unsaturated ethylene was
detected.

The content of methane in the subterranean atmosphere
varies within 1,880 + 6,516 x 10~*% vol. and an average of
3,098 x 10“% vol., which according to STK
320,20077720.0162000 refers to the 1st degree of gas
content of near-surface sediments and under the conditions
of gas safety, refers to safe backgrounds.

Liquidated well 15-Babche. It is located at the distance
of nearly 900 m southwest from the epicentre of
groundwater contamination. 4 samples of subsoil gas were
selected around the well. The content of methane in the
subsoil deposits varies from 6,075 to 13,849 x 10~* % vol.
and an average of 9,97 x 10 % vol. This indicates the
presence of dead passes in this well. In all samples
homologues of methane to C6 were found. Unsaturated
hydrocarbons are absent.

Links of inactive oil pipeline. Six samples of subsoil
atmosphere have been selected. Methane and its
homologues, to Cs, are defined in all trials. Hexan plus
higher was found in samples No. 13 and No. 14. Also,
unsaturated ethylene — Ordinary alcohol in samples No. 13,
No. 14, No. 12 and No. 11 was detected.

The content of methane in samples above the oil pipeline
varies in the range of 2,900 + 5,673 x 10% vol. and an
average of 4-00 x 10~ % vol.

Wells. Methane and all of its homologues to C6 were
detected in underground gas samples taken near 8 wells
(No. 1+8). The content of methane in the underground
atmosphere has low values, varying within the range of
2,571+3,728 x 10* % vol. and an average of 3,170 x 10 %
vol. Unsaturated ethylene is detected only in sample No. 8.

Based on the received data of subterranean gas
surveying, gas pollution maps and analysis of their results,
it can be noted that two zones of relatively high gas content
under the surface sediments are allocated on the surveyed
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area — a zone of gas stations where the high gas content of
near-surface sediments is allocated by light, heavy and total
carbohydrates , and somewhat displaced zone with respect

to the well number 3 in the direction of the movement of
groundwater, which is also allocated for light, heavy and
aggregate values.

Table 2
Results of chromatographic analyses of gas-air mixtures
Sample Unit Gas mixture composition Total CH,-
number CH, 02H5 C,H, C3Hg C3He i-C4H1n H-C4H1o i-C5H12 H-C5H12 CGH14+B C(;H14mglm3
No. 1-Ch %, x10* | 3,564 |0,052| - |0,071 - 0,011 | 0,048 | 0,041 0,043 0,071
mg/m® 2,551 | 0,070 - 0,140 - 0,029 0,124 0,132 0,138 0,273 3,457
No. 2-Ch %, x10* | 2,606 |0,066| - |0,039 - 0,034 | 0,082 | 0,043 | 0,024 0,019
mg/m® 1,865 | 0,089 - 0,077 - 0,088 0,213 0,138 0,077 0,073 2,620
No. 3-Ch %, x10™* | 2,571 | 0,062 — 0,034 — 0,013 0,047 0,041 0,046 0,018
mg/m? 1,840 | 0,083 - 0,067 - 0,034 0,122 0,132 0,148 0,069 2,495
No. 4-Ch %, x10* | 2,709 | 0,053 — 0,03 — 0,013 0,03 0,013 0,018 0,019
mg/m? 1,939 | 0,071 - 10,059 - 0,034 | 0,078 | 0,042 | 0,058 0,073 2,354
No. 5-Ch %, X107 3,492 | 0,054 — 0,021 — 0,020 0,048 0,030 0,035 0,173
mg/m?® 2,500 | 0,072 - 0,041 - 0,053 0,125 0,096 0,111 0,667 3,665
No. 6-Ch %, X107 3,728 | 0,045 - 0,085 - 0,029 0,074 0,061 0,04 0,053
mg/m?® 2,668 | 0,060 - 0,167 - 0,075 0,192 0,196 0,129 0,204 3,691
No. 7-Ch %, x10* | 3,516 | 0,048| - 0,028 - 0,033 | 0,065 | 0,054 | 0,051 -
mg/m® 2,517 | 0,064 - 0,055 - 0,086 0,169 0,174 0,164 - 3,229
No. 8-Ch %, x10* | 3,113 | 0,06 | 0,019 | 0,052 - 0,025 0,05 0,043 | 0,035 0,08
mg/m® 2,228 | 0,080 | 0,024 | 0,102 - 0,065 0,130 0,138 0,113 0,308 3,188
No. H9-Ch %, x10™* | 4,099 | 0,078 — 0,074 — 0,047 0,065 0,045 0,034 -
i mg/m® 2,934 |0,105 - 0,146 - 0,122 0,169 0,145 0,109 - 3,730
No. H10-Ch %, X107 5,123 | 0,093 — 0,057 — 0,029 0,062 0,057 0,056 -
mg/m? 3,667 |0,125| - 10,112 - 0,075 | 0,161 | 0,183 | 0,180 - 4,503
No. H11-Ch %, x10™* | 2,900 | 0,044 | 0,013 | 0,039 - 0,047 0,051 0,018 0,024 -
mg/m?® 2,76 0,059 | 0,016 | 0,077 - 0,122 0,132 0,058 0,077 - 2,617
No. H12-Cr %, x10* | 2,314 | 0,053 | 0,02 | 0,028 - 0,027 0,097 0,01 0,011 -
mg/m® 1,657 | 0,071 | 0,025 | 0,055 - 0,070 0,252 0,032 0,035 - 2,197
No. H13-Ch %, x10* | 3,841 | 0,089 | 0,024 | 0,046 - 0,057 0,07 0,067 | 0,049 0,104
i mg/m® 2,749 |0,119] 0,030 | 0,091 - 0,148 0,018 0,216 0,158 0,400 4,093
No. H14-Ch %, x10* | 5,673 | 0,107 | 0,059 | 0,082 - 0,035 0,069 0,051 0,055 0,15
mg/m® 4,061 0,144 | 0,074 | 0,161 - 0,091 0,179 0,164 0,177 0,577 5,628
No. GS15Ch %, x10™* | 3,099 | 0,077 — 0,047 — 0,022 0,038 0,032 0,043 -
mg/m? 2,218 10,103 | - 0,092 - 0,057 | 0,098 | 0,102 | 0,139 - 2,809
%, X107 1,880 | 0,062 — 0,035 — 0,033 0,037 - - -
No.GS16Ch [ /s T 1346 [0.083] — [0.069] — | 0086 | 0097 | = Z Z 1,681
No. GS17Ch %, X107 3,295 | 0,043 - 0,022 - 0,024 0,032 0,034 0,015 -
mg/m?® 2,358 | 0,058 - 0,043 - 0,062 0,083 0,111 0,048 - 2,763
No. GS18Ch %, X107 3,463 | 0,074 | 0,092 | 0,061 - 0,023 0,031 0,01 0,02 0,015
mg/m® 2,479 10,099 ]0,115 | 0,120 - 0,060 0,080 0,032 0,064 0,058 3,107
No. GS19Ch %, x10™* | 4,135 | 0,162 | 0,062 | 0,08 - 0,048 | 0,075 | 0,033 | 0,045 0
mg/m® 2,960 | 0,217 |0,078 | 0,157 - 0,124 0,194 0,106 0,145 0,000 3,981
No. GS20Ch %, x10™* | 2,369 | 0,035 0 0,028 - 0,016 0,081 0 0 0
mg/m® 1,696 | 0,047 | 0,000 | 0,055 - 0,041 0,210 0,000 0,000 0,000 2,049
No. GS21Ch %, x10™* | 3,476 | 0,132 — 0,064 - 0,025 0,040 0,021 0,041 -
) mg/m? 2,488 |0177| - 10,126 - 0,064 | 0,104 | 0,066 | 0,133 - 3,158
No. GS22Ch %, x10* | 4,723 0,134 — 0,108 — 0,028 0,080 0,027 0,048 -
) mg/m? 3,380 10,180 - ]0,212 - 0,074 | 0,207 | 0,088 | 0,154 - 4,295
No. GS23Ch %, x10* | 4,545 | 0,113 - 0,091 - 0,031 0,066 0,036 0,058 0,108
mg/m?® 3,253 | 0,152 - 0,179 - 0,080 0,171 0,116 0,187 0,415 4,553
No. GS24Ch %, x10* | 6,516 | 0,272| - |0,215 - 0,014 | 0,067 | 0,065 | 0,064 0,12
i mg/m® 4,664 | 0,365 - 0,423 - 0,036 0,174 0,209 0,206 0,461 6,538
No. GS25Ch %,x10* | 7,981 |0,315| - 0,259 - 0,014 | 0,167 | 0,061 0,093 0,154
mg/m® 5713 | 0,423 - 0,510 - 0,036 0,432 0,196 0,299 0,593 8,202
No. GS26Ch %, x107* 11,94 |0,459 — 0,325 — 0,103 0,207 0,101 0,148 0,057
mg/m® 8,548 | 0,616 - 0,638 - 0,267 0,536 0,324 0,476 0,220 11,625
No. GS27Ch %, X107 13,84 | 0,589 — 0,475 — 1,452 0,322 0,160 0,192 0,193
) mg/m? 9,913 |0,790| - 0,934 - 3,765 | 0,834 | 0,515 | 0,619 0,741 18,111
No. GS28Ch %, x10* | 6,075 | 0,477 — 0,526 - 0,051 0,310 0,128 0,139 0,017
} mg/m?® 4,348 | 0,640 - 1,035 - 0,132 0,803 0,412 0,447 0,065 7,882
These data and the presence at two points of the Results of geophysical research. Geophysical

inspection in the area of the gas station (GS18Ch and
GS19Ch), as well as over the oil pipeline (sample H11-Ch
and H12-Ch), unsaturated hydrocarbon gas (ethylene)
speaks of its technogenic origin (the process of distillation of
oil), which allows to call the gas station a source of pollution.
Visually, the site of increased gas content is one abnormal
zone to which the gas station is adjoined.

investigations are performed by two methods: vertical electrical
sounding (VES) and natural electric field (NEF), and the
location of the points of the VES and NEF is presented on fig. 2.

The method of VES is executed for the purpose of
mapping the covering of the rocks on the profile, passing
through the contamination area across the groundwater
movement. After all, it is known from geological reports that
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on the right bank of the Bystrytsia Solotvynska River, where
research was conducted, pebble-sand forms of the first,
second and third floodplain terraces are developed, and on
the left bank there is the formation of the fourth floodplain
terrace. That is, the river changed its position, forming a
wide valley, where river alluvial deposits are developed.

It can be assumed that during its movement it formed the
deep channels that exist under the surface of the earth and
are the dominant element of groundwater filtration.
Consequently, the specific purpose of the work by the VES
method is to find such a channel for specifying the location
of the groundwater flow.

Physical substantiation of the VES method is the
differentiation of rocks in depth by electrical resistance. The
presence of a reliable geological section, along with analysis
of the curves of the VES allowed making the following table
3 correspondence of lithology, that is, the composition of
rocks of the cut, and electric resistance.

All curves of VES are of the same type and correspond
according to the table 3 to correlation of resistance
p1 <p2> p3> p4. As an example in fig. 4 is shown one of the
curves of the VES with the designation of the
correspondence of the branches of the curve selected by
four geoelectric layers, as indicated in table 3.

IRakovets - 1'

LEGEND

& Gawel
@  Points of free underground gas sample

[ —

Fig. 3. Total hydrocarbon content in subsoil gas

Table 3

Characteristics of the section of rocks and their electric resistance

No. of the layer Characteristics of the rock Electric resistance, Om
| Surface clay-sand formation 40-1000
Il ISand and pebbles dry rocks of river deposits 300-900
11] ISand and pebble water bodies of river deposits 35-70
[\ Root watered argillite rocks 3-7
_. Depth

Fig. 4. Typical VES curve



ISSN 1728-2713

FEONOrIS. 3(86)/2019

~ 45 ~

In the section of imaginary resistance on a qualitative
level, the tendency to increase the depth of occurrence of
indigenous rocks and the presence of the ancient channel
within the zone of pollutionis reflected, which is the main way
of filtration of groundwater in the eastern direction. The
places of the largest depths in general coincide with the line
of pollution. Consequently, contamination clearly lies from
west to east in the sub-latitudinal direction.

In the geoelectric section, the result is reproduced in
quantitative units. In fig. 5 arrows indicate the areas of the
largest depths of the alluvial formations, that is, contours of
the ancient channel. As can be seen, the pollution in general
coincides with the data of electrical probing, because the
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flow of groundwater has a local direction, from west to east.
This is the direction of movement of groundwater from the
gas station. Thus, the findings regarding the pollution of
groundwater in the gas station territory received an indirect
confirmation by the data of geoelectric studies.

The NEF method was conducted to trace the paths of
active groundwater filtration. The method is based on this
variant on the ability of ions of different signs in underground
waters to move at different speeds, resulting in anomalies of
the potential of the electric field.

The resulting map of the NEF method is a map of
distribution of potentials by profiles (fig. 6).
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Fig. 5. Geoelectric section (according to VES)

Profile 1

Profile 2

Profile 3 x\ M

300

|
300

Profile 4
2

Profile 5

0 0 40 60 80 100 120

graphs of observed potentials

— — — averaged potentials graphs

T T 1
140 160 180 200 220 240 260 260 300

N general direction of groundwater filtration

\
"~ < local direction of groundwater filtration

Fig. 6. Graphs of natural electrical potentials
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In fig. 6, in addition to the output graphs of potentials, the
averaging lines are depicted, and the arrows indicate the
direction of filtration of groundwater. Negative anomalies
corresponding to filtration flows correlate, that is, they are
coordinated according to different profiles.The direction of
movement of groundwater corresponds to the direction from
the gas station to the pollution areas.

Planned distribution of potentials confirms the tendency
for anomalies of lower potential in territories adjacent to the
territory of the gas station.

Conclusion. According to the results of geochemical
research in the territory of Solotvyn (August—September
2017) contaminated water was defined in eight wells on an
area of 900 m? (the total content of light and heavy
hydrocarbons from 9,258 to 428,087 mg/m3, with their
contents in "clean" wells from 3,387 to 4,826 mg/m3).

The analysis of the presented cartographic materials,
primarily the distribution of the content of light and heavy
hydrocarbons in water and near-surface gas, suggests that
the source of pollution is in the gas station, where in previous
years it was likely that the oil products release in the ground
occurred (possibly even in different years). At present, the
pollution of the filling station territory by hydrocarbons after
analyses of near-surface gas with a tendency of
displacement of this pollution towards the wells is noted.

The distribution of electric resistance and natural
filtration potentials obtained from geophysical studies has
established the direction of filtration in the aquifer, which is
consistent with the location of the ancient river bed or its
sleeve, and corresponds to the distribution of groundwater
from the gas station to contaminated wells.

The experience of self-cleaning groundwater due to their
natural filtration shows that this process will take decades,
depending on the velocity of groundwater. In order to
accelerate the full water purification of hydrocarbons, it is
necessary to conduct intensive pumping out of water from
the wells, accompanied by periodic analyses on the content
of hydrocarbons.

Prospects for the further development of research in this
area are connected, firstly, with further regime observations
for the purpose of monitoring and implementation of
measures to eliminate sources of groundwater pollution in
the object specified in the article, and secondly, using the
above scientific developments and experience gained on
other territories.
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BU3HAYEHHSA IXKEPEN 3ABPYAHEHHA NIASEMHUX BOA HA®TOMNMPOAYKTAMU
(HA NPUKNAAI TEPUTOPII CONTOTBUHO B NMPUKAPNATTI)

lMpucesiyeHo po3e’'sa3aHHI0 Npobremu 3abpyOHeHHs1 nid3eMHuUx 6ol Hagpmonpodykmamu Ha mepumopii cenuwa Cos10meuHoO, Po: )8aHO20
8 lMpukapnammi e leaHo-®PpaHkieckkili o6nacmi YkpaiHu. 3abpyOHeHHs1 ausieIeHO 8 KOs100535IX MUMHO20 8000rMnocmayaHHsi 3a CMaKkoguMU sIKOC-
msamu i cneyudpiyHuM 3anaxom. Slk anbmepHamueHi po3ansidanucs maki Moxnuei dxepena 3abpydHeHHs1: 3aKOHcepeosaHa Haghmoea ceepdio8uHa,
Hagbmonpoeid, aemo3anpaeHa cmaHryisi (A3C).

Yci enacHuku 3azHavyeHux o6'ekmie npedcmasusiu 0oKyMmeHmu ob6cmexeHb abo eunpobyeaHb i3 nidmeepdxxeHHAM 2epmemuyHocmi (ceepdso-
8uHa i pesepayapu A3C) abo sidcymHocmi eyaneeodHie (Heditoyuli Hagpmonpoeid). BuHukna napadokcanbHa cumyauyisi: 3a6pyOHeHHs1 €, a Oxepen
3abpyOHeHHs1 HeMmae. []na supiweHHs1 MuMaHHs 3acmoco8aHo KOMIJIEKC 2eoXiMiYHuXx i 2eogpizuyHux memodis.

eoximiyHi AocnidxeHHs1 npoeedeHo Onsi NPob eodu, eidibpaHux 3 Ko100s13ie Mo mepumopii 3a6pydHeHHss ma npuneanux dinsgHok. Kpim moezo,
nos2yweHili Mmepexi gidibpanu npobu npunosepxHeg8o20 rPyHMo8020 rnosimpsi 8 rpyHmi. BMicm eaxkux i neckux ayaneeodHis y 3abpyOHeHuXx npo-
6ax eodu nepesuujyeae ¢hoHoei 3Ha4YeHHs1 8 AecsimKu pasie i nepesuwyeae 2paHuU4Ho donycmumi KOHUeHmpayii. JlabopamopHi docnidxeHHs1 Npo6
nosimps do3eosnunu ymo4yHumu i demarizyeamu mepumopito 3abpydHeHHs1. 3a pe3ysibmamamu 2eoxiMiyHux AoclidXXeHb ycmaHOo8/IeHO, W0 Oxe-
pero imogipHo20 3a6pyOHeHHs1 € Ha mepumopii A3C.

leoghizu4Hi docnidxeHHs1 do3eonunu 3'scyeamu simonoziyHy 6ydoey eepxHbOi YacCMUHU po3pi3y i ecmaHoeumu 2nubUHU 3ansi2aHHs1 Nokpiesni
U nidoweu Konekmopa nidzemHux eod i eidnoeidHo nokpieni niocmensitoyo2o eodoynopy. Mpu ybomMy 0GHO3Ha4YHO 8U3HAYEHO HaNPSIMOK inbmpa-
yi'y 8000HOCHOMY 20pU30HMI Ui po3mauwlyeaHHs1 0aeHbO20 pycJria pidKu, sike eidnoeidae wiisixy nowupeHHsi nidzemHux eod eid A3C do 3abpyOHeHux
Konodssie.

MomueoeaHuli sUCHOBOK NPO NPUYUHU 3a6pydHeHHs1 Nid3eMHuUx 800 Haghmonpodykmamu ma npo ecmaHoesieHe depesio 3abpyOHeHHs1 nepe-
0daHo 0o eidnoeidHux opaaHie [epxxaeHol cryx6u YkpaiHu 3 Had3eu4aliHux cumyauid.

Knro4oei cnoea: Hagpmonpodykmu, 3a6pyOdHeHHs1, ceepdnioguHa, 2eoghizuka, 2eoximisi, nidrpynmoeuli 2as.
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NBaHO-PpaHKOBCKUI HaLMOHaNbHbIN TEXHUYECKUIA yHUBepcuTeT HethTH 1 rasa,
WUHcTuTyT reonorumn n reocmsnkm, yn. Kapnarckas, 15, r. UBaHo-®paHkoBck, 76019, YkpauHa

ONPEAENEHUE NCTOYHUKOB 3AIrPA3HEHUA NOA3EMHUX BOA HE®TEMPOAYKTAMU
(HA NPUMEPE TEPPUTOPUUN CONOTBUHO B NMPUKAPIATbE)

IMocesiujeHo peweHuro NpPobreMbl 3a2psi3HeHUs1 N0G3eMHbIx 800 Heghmenpodykmamu Ha meppumopuu nocesika CoomeuH, Haxodsiwe2ocsl e
lMpukapnamse e UeaHo-PpaHkoeckoli o6nacmu YkpauHbl. 3a2psi3HeHUe 8bisia/IeHO 8 Koslodyax numbeeo2o 8000CHabXXeHUs Mo 8Kyco8bIM Kayecm-
8am u cneyuguyeckomy 3anaxy. B kayecmee annbmepHamueHbIX paccMampueanuch criedyroujue 803MOXHbIE UCMOYHUKU 3a2Psi3HEHUSI: 3aKOHCep-
eupoeaHHasi He¢pmsiHasi ckeaxKuHa, Hegpmenpoeod, aemo3anpasoyHasi cmaHyusi (A3C).

Bce enadenbybl ykazaHHbIx 06bekmoe npedcmasunu 0oKkymeHmbl o6cnedoeaHuli unu ucnbimaHuli ¢ noomeepxoeHUeM 2epMmemuyHocmu
(ckeaxuHa u pezepeayapbi A3C) unu omcymcmeus yeneeodopodoe (Hedelicmeayrowuli Hegpmenpoegod). Bo3Hukna napadokcanbHasi cumyayusi: 3a-
2psi3HeHuUe ecmb, a UCMOYHUKO8 3a2psi3HeHus1 Hem. [nsi peweHus1 eonpoca npuMeHeH KOMIM/IEKC 2e0XUMUYECKUX U 2e0¢hu3uvecKux Memodoos.

eoxumuyeckue uccnedosaHusi npoeedeHnl Os1s1 NPo6 e00bl, 0MO6PaHHbIX U3 KOSI00yee Mo MeppuMopUU 3a2PsiI3HEeHUsT U npusie2aroujux y4yac-
mkos. Kpome mozo, no cayweHHoli cemu omo6paHbi Npo6bl MPUNO8epPXHOCMHO20 M0Y8EHHO20 8030yxXa 8 2pyHme. CodepkaHuUe MsiKesbIX U Ie2Kux
yaneeodopodoe e 3a2psi3HeHHbIX Mpobax eodbI Npeebiwano ¢hoHoEbIe 3HaYeHUsI 8 OeCsIMKU pa3 U NpeebIWwasno 2paHU4Ho donycmuMblie KOHYeHm-
payuu. JlabopamopHbie uccredosaHusi Npo6b eo3dyxa Mo380aUNU YMOYHUMb U demanu3uposamb MePPUMOPUI0 3a2PA3HEHUS.

IMo pesynsmamam 2eoxumuyeckux uccredoeaHuli yCmaHo8JIeHO, YIMo UCMOYHUK 8ePOSIMHO20 3a2psi3HeHUs1 Haxodumcsi Ha meppumopuu A3C.

eoghusuyeckue uccredosaHusi M0380UMU 8bIICHUMb JIUMOJIO2UYECKOE CMPOEHUE 8epXHell Yacmu pa3pe3a U ycmaHoeumsb 2/1y6uHbl 3aneaa-
Husi Kpoesu u nodowesbl KosisieKkmopa rnod3eMHbIX 800 U coomeemcmeeHHO Kpoesu nodcmunarouje2o eodoymnopa. [lpu amom oOHo3Ha4HoO onpede-
JIeHO HanpaesneHue cunbmpayuu e 6000HOCHOM 20pU3OHMe U pacnosioxeHue OpeeHe20 pycria PeKu, Komopoe coomeemcmeyem mymu
pacrnpocmpaHeHuro nod3emHbix 800 om A3C do 3a2psi3HEeHHbIX Koslodyee.

MomueupoeaHHoe 3ak/o4yeHuUe o NPUYUHax 3a2psi3HeHUs1 Mod3eMHbIXx 800 Heghmenpodykmamu u 06 ycmaHO8/1eHHOM UCMOYHUKe 3a2psi3HeHUs
nepedaHo e coomeemcmeayroujue op2aHbl [ocydapcmeeHHoOU ciyx6bl YKkpauHbl 1Mo Ype3eblyaliHbiM cumyayusim.

Knroyeenie cnoea: HegpmenpodyKkmbl, 3a2psi3HeHUe, CK8aXXuHa, 2e0ghu3uka, 2e0XUmusi, MoOONoYeeHHbIl 2a3.



