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Received in revised form: 14.01.2020 developed in a latent form for decades, in a similar fashion to the territory of any object of
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pollution were detected in places of natural drainage of the groundwater flow directed to the
ponds cascade of the Western Hollow. It should be noted that this cascade of ponds located on the border of the arboretum protects the
rest of the park by absorbing pollutants that migrate from the plant territory. More than 10 years of research of the contaminated area
with the goal of designing remediation measures began and continued after that. This project was not implemented in full because of a
lack of funds. Based on a comparative analysis of the results of ecological and hydrogeological studies of the past years and a modern
survey of the western part of the arboretum “Olexandria” and the adjacent territory of the former aircraft repair plant, it was established
that pollution of the pond “Poterchata” continues to this day. Over the past 12 years, the scheme of pollutants incoming into ponds
has changed. At first, the main stream of oil pollutants directed to the upper reaches of the beam was considered as very dangerous.
Nowadays, perhaps due to the remediation measures taken, this flow seems to be exhausted. However, there were signs of discharge
of a polluted underground stream in the lower reaches of the pond “Poterchata”. In the soil samples from wells drilled near the water
edge, the oil content is 600-900 mg/kg, and in places of water sampling from ponds, the content of dissolved hydrocarbons varies from
2 to 3 mg/dm?, that is, 60 times higher than the standard for fish farms ponds. It is assumed that LNAPL and contaminated groundwater
move towards the cascade of ponds of the Western Hollow not in a continuous stream, but in the form of narrow tongues in places of
increased conductivity, which are consistent with the lateral shallow gullies crossing the slope of hollow. It is possible that over time,
oil pollution will reach the lower “Rusalka” pond. However, one cannot exclude the assumption of natural attenuation processes, the
significance of which increased after the closure of the plant and a decrease in the volume of LNAPL because of its extraction from the
subsoil. In order to confirm or refute the assumptions made and decide on the need to protect the ponds of the arboretum it has been
planned to equip the observation points in places where we should expect influent of pollutants.
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He0e3nexka HadToxiMiuHOro 32a0pynHeHHs cTaBKiB aeHaponapky«OJekcanapis» (bina Llepksa)
A. JI. bpuxkc, P. b. I'aBpumiok, FO. O. Herona
Incmumym zeonociynux nayk HAH Ykpainu, Kuis, Ykpaina, gwp_ign@gwp.org.ua

AHoTanis. 3a0pyIHEeHHS MiA3eMHUX BOJA Ha TEpUTOpii BilonepkiBCchKOro aBiapeMOHTHOTO 3aBOAY, 5K 1 Oyab-skoro 00’ekty HadTo-
MIPOIYKTOBOTO 3a0e3MeUYeHHs, PO3BUBANOCS y NMPHUXOBAHOMY BUINIAALI JecaTKd pokiB. Ha mouatky 90X pokiB MHHYIOTO CTOpidYs
Oynu BHSIBIICHI TEpIIi O3HAKM IHOTO 3a0pYAHEHHS B MICIIX MPHUPOIHOIO JPEHYBAHHS IPYHTOBOIO IOTOKY, CIIPSMOBAHOTO B OiK
KacKajay CTaBKiB 3axijHOi Oayky, sika po3TalllOBaHA HA IPaHUL AepKaBHOTo JeHaponapky «Oxexcanapis». Toxi x po3movanucs i
pomoBxKyBaHcs Oinbire 10 pokiB TOCTiIKEHHS 3a0pyJHEHOT TePUTOPIl 3 METOI0 OOTPYHTYBAHHS MPOEKTY peMemiallifHUX 3aXOIiB.
UYepes Opak KOIITIB meil MPOEKT He OyNo peani3oBaHO B MOBHOMY 00cs3i. Ha OCHOBI MOPIBHSUIBHOTO aHAJI3y PEe3yNbTaTiB €KOJIOTO-
T1IPOTEONIOTIYHUX TOCIIKEHb MUHYJINX POKIB 1 Cy4acHOT0 00CTeXEHH: 3aXiJHIl YacTHHI AeHaponapKy «OIeKcaHapis» Ta mpuiIeriol
110 Hel TepUTOPii KOMHUIIHBOTO aBiapEeMOHTHOTO 3aBOJy BCTAHOBJICHO, 110 HA(TOMPOAYKTOBE 3a0pyIHEHHS HAWOIMIKIOrO 10 BEPXiB’s
Oanku ctaBka «IloTepuaray TpHBaEe A0 TEMEPILIHBOTO Yacy. 3a OCTaHHI 12 POKiB 3MIHMJIACS CXEMa HAJIXODKCHHS 3a0pyIHIOBAYiB
y CTaBKH. SIKIIO paHillle OCHOBHUM i peaslbHO HeOe3IIeuHHM BBa)kKaBCS MOTIK Ha(TONPOIYKTIB, CIIPIMOBAHUH y BepXiB’s Oaikd, B
Halll 4ac, MOXKJIMBO 3aBJISIKH ITPOBEACHUM peMelialiifHnM 3axo/aM, el MOTiK BUJA€ThCsl BUCHAKEHUM. HaToMiCTh BUSIBIEHO O3HAKH
PO3BaHTaKEHHS MOTOKY Ha()TOIPOLYKTOBOTO 3a0py/HIOBaYa B HIDKHIN 4acTHHI cTaBka «IloTepuara». ¥V 3paskax IpyHTY 3 CBEpIUIO-
BUH, IPoOypeHUX Mo0In3y ypizy BoaH, BMicT HadpTonpoaykTy ckiaanae 600900 mr/kr, a B MicIsIX BizOOpy mpo0 BOAM 31 CTaBKiB BMICT
PO3YMHEHHX BYINICBOHIB 3MiHIOETHCS Bix 2 10 3 Mr/am?®, To6TO0 B 60 pasis nepesuiiye [JIK mist ppOOBOAHUX CTaBKiB. IIpHITyCKaeThCs,
1110 Ha() TONPOYKTOBA PiiMHA i 3a0pyAHEHI IPYHTOBI BOJIY PyXalOThCs B 01K Kackaly CTaBKiB 3axifHOT OaJIKi He CYLIJIbHUM (POHTOM, a Yy
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BUIJISIT BY3bKHX SI3UKIB B MICIISIX ITiIBUIICHOT POBIAHOCTI, SIKi y3TOJDKYIOTHCS 3 O1YHUMH YJIIOTOBHHAMH, 110 TTEPECIKAIOTh CXUIT OANKH.
MoXKITHBO 3r0JIOM MOKHA OYIKyBaTH HaJXODKCHHS Ha(TONPOIYKTOBOTO 3a0pYIHEHHS 10 cTaBKa «Pycaikay, KU po3TamoBaHMit
HIDKUE 3a Tediero Bix craBka «[lorepuara». OgHak He MOXKHA BHKIIIOYATH MPHUMYIISHHS MPO MPOLECH MPHPOJHBOTO MOCTA0IeHHS,
3HAUYUMICTB SKHX 3pOCIIa MiciIs 3aKPUTTS 3aBOAY 1 3MEHIICHHS 00CATY JIETKOr0 HATOMPOAYKTY B PE3yJbTari HOro BIIIYYEHHS 3 HAJIp.
Jnis Toro, o6 miaATBepAUTH a00 CIIPOCTYBATH BUCYHYTI MIPUITYIIIEHHS 1 BUPIIIUTH NUTAHHA 00 HEOOXITHOCTI 3aXUCTY ACHAPOIAPKY
nependavacThes 0OMAIITYBATH MyHKTH CIIOCTEPEKEHHS B MICIISIX, € CITiJT OUiKyBaTH HAAXOKSHHs 3a0py/IHIOBAYiB y BOOWMH.

Knrouosi crosa: nagpmonpodykmose 3a6pyonenns, eeonociune cepedosuuye, pemediayitini 3axoou, IPYHmMosi i n08epxHesi 600U

Introduction. Arboretum “Olexandria” (Bila Tserkva
city) is known not only in Ukraine, but also beyond
its borders as one of the oldest objects of the nature
reserve fund of Ukraine, it has undoubted scientific,
aesthetic and historical value. Since 1946, the arbore-
tum has been subordinated to the National Academy
of Sciences of Ukraine (NAS). The main objective
of the management of the arboretum is the imple-
mentation of scientific research aimed at preserving
the plant gene pool in the forest-steppe conditions
of Ukraine and the restoration and reconstruction of
historical park landscapes [Galkin & Kalashnikova,
2013]. However, in the broader list, in addition to the
tasks usual for landscape parks, there should also be
protection of that part of the environment, which, due
to its increased sensitivity to the influence of techno-
logical factors and the dynamism of the processes that
occur in it, requires attention not only on the protected
area, but also beyond its boundaries. This is not about
pollution of the atmosphere and surface water, which
nowadays is the subject of constant attention, but
about the underground hydrosphere, or rather its up-
per part, which is most sensitive to the polluting effect
of technogenesis. This article discusses the peculiari-
ties of formation of ecological and hydrogeological
situation in the western part of the arboretum under
the influence of technogenesis from the adjacent ter-
ritory of the residential and industrial borough “Ha-
yok”.

Research purpose. The research aims at determining
the current level of oil pollution of the western part
of the arboretum and evaluation of the dynamics of
the hazard of this process in the future. Realization
of this goal is necessary for planning of remediation
activities. Previously we consider two possible situa-
tions. If stabilization or intensification of the hazard
of contamination is detected, active protective mea-
sures should be initiated. Hazard reduction justifies
the introduction of a controlled natural attenuation
strategy (EPA, 1999; NRC, 2000).

Study of the territory. Arboretum “Olexandria” is
located on the outskirts of the city of Bila Tserkva.
From the northeast side, industrial enterprises of the
Bila Tserkva city have a negative impact on it. At
least, such a conclusion can be drawn from the results
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of hydrogeological studies 2001 presented in (Kulik,
2003). For several decades, a large airbase operated
to the west of the arboretum, and with it an aircraft
repair plant, designed to serve this airbase. (Fig. 1).

Nowadays, the air base does not exist anymore,
and in 2000 the Municipal Enterprise “Belotserkivsky
Cargo Aviation Complex” (BCAC) was established
on the basis of the factory and the military airfield.
At the BCAC industrial site, the buildings of two
workshops, access roads and railways, fuel storage,
etc. were kept in working order. It is not possible to
determine whether active sources of petroleum prod-
uct contamination of the geological environment are
available in this territory now. However, it can be ar-
gued that high content of petroleum hydrocarbons in
the soil in groundwater that have been formed in re-
cent years are still preserved. This is already a feature
of the petroleum pollution centers of the geological
environment this pollutant is able to migrate in a con-
cealed way for several decades towards the natural or
economic objects, which may require protection later
(CL, 2014; Cohen & Mercer, 1990; Mironenko & Ru-
mynin, 1999; Thomas & Middleton, 2003).

When collecting information about the history of
the formation of the pollution zone in the study area,
we were convinced of the absence of full and overall
accounting for production losses of fuel. The article
by the former director of the “Olexandria” arbore-
tum, included in the collection of articles (Kolyshni
..., 2003), states that the volume of lost NAPLs is
approximately 500-600 tons. The source of this in-
formation is uknown; therefore it is very difficult to
assess its reliability. Based on the experience of re-
searching similar objects located in various regions
of Ukraine, we assume that here a significantly larger
amount of oil products was lost and penetrated into
the subsurface for 30-40 years, as a result of system-
atic leaks and, possibly, accidental spills. The geo-
logical environment, which has a significant assimi-
lative capacity, absorbed the pollutant and delayed
its spread for some time. As presented in numerous
articles that describe the behavior of lost hydrocar-
bons (CL, 2014; Cohen & Mercer, 1990; Ognyanik et
al., 2006), a long stage of formation in the subsoil of
the mobile layer of a light non-aqueous phase liquid
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Fig. 1. Site overview

1 - boundary of the territory of the arboretum; 2 — contour line; 3 — geological environment polluted by
oil products (information of the Pravoberezhna Geological Expedition 1990); 4 — fuel storage; 5 — cascade
of artificial ponds; 6 — mobile layer of LNAPL (information of Institute of Geological Sciences of NAS
2007); 7 — aircraft repair workshop — probable source of ground water pollution.

(hereinafter LNAPL or lens'” of LNAPL) and a plume
of dissolved hydrocarbons elongated in the direction
of groundwater flow begins. Only in the early 90s of
the last century, when the pollution front reached the
place of natural drainage of groundwater in the upper
reaches of the Western Hollow, does LNAPL spill on
the earth surface and the film of oil products becomes
visible on the water of the “Poterchata” pond. Thus,
the pollution process finished the state of latent devel-
opment. In the next ten years, various organizations
performed large-scale geo-ecological studies in the
arboretum and adjacent areas.

Due to the lack of information about unregulated
fuel losses at the regime facility that was the aircraft
repair plant, it can be only assumed that during 30-40
years, as a result of systematic and possibly accidental
leaks (discharges), a considerable amount of NAPL
came into the soil.

Obviously, for some time, a geologic environ-
ment with significant assimilative capacity absorbed
the pollutant and delayed its spread. And then, as
usual, there is a long stage of formation in the soil
thickness of the mobile layer of light petroleum liquid
(hereinafter NAPL or lenses *) and the advance plume
of dissolved hydrocarbons elongated in the direction
of the groundwater flow. Only in the early 1990s, the

1 * A lens is an outdated definition for a mobile LNAPL
layer that can be used as a simplified expression

pollution front reached the point of natural unload-
ing of groundwater, that leakage to the surface of the
NAPL was found in the upper reaches of the Western
Beam, and an oil film appeared in the water. Thus,
the contamination process has emerged from the stage
of latent development. Given the undeniably nega-
tive impact of oil pollution on freshwater ecosystems
(Nikanorov & Stradomskaya, 2008; Green & Trett,
1989), large geo-ecological studies have been carried
out in the territory of the arboretum and adjacent areas
by different organizations and programs.

The most complete information on hydrogeologi-
cal conditions and pollution of the geological envi-
ronment is contained in the materials of the Pravo-
berezhna geological and hydrogeological expedition
(Kulik, 2003). As the results of these detail geochemi-
cal investigations, probable sources of pollution, con-
touring the area of maximum contamination of soil,
ground and surface waters with mainly hexavalent
chromium compounds and petroleum products. In
1990, mobile LNAPLs were found only in the up-
per reaches of the Western Hollow and near the fuel
storage in the northwestern part of the plant territory
(see the Fig. 1). In the rest of the plant, where there
should be sources and a pathway of pollutants migra-
tion in the geological environment, the presence of
NAPL is detected only with the help of organolep-
tic analysis, that is, by the specific smell and color
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of moraine loam detected by exploratory wells?*. Ac-
cording to the Pravoberezhna geological and hydro-
geological expedition data (Kulik, 2003), the contour
of the LNAPL-lens in the upper reaches of the hollow
has not changed for 10 years since the beginning of
the study, except that the thickness of the LDL layer
in the observation wells decreased by 3040 cm. The
width of the oil product flow at the site of its drainage
on the slope of the hollow reached 35 m. The con-
tent of hydrocarbons dissolved in water at the place
of drainage of the LNAPL fluid reached 5.6 mg/dm’.

In 2007, the Institute of Geological Sciences of
the National Academy of Sciences of Ukraine, on
the request of the State Governance for Environmen-
tal Protection in the Kiev region, carried out pre-de-
signed works that were integrated into the ecological
and geological studies of contaminated sites adjacent
to the territory of the arboretum. Private firms “In-
geokom” (development of a working draft), “EcoHy-
droGeo” (drilling works) and “Zemelna kompaniya”
(commissioning) were involved in these works. As
a result of research work in the central part of the
study area, a layer of free LNAPL was discovered
and contoured (hereafter “the southern lens”). This
lens extended almost 600 m from the aircraft repair
workshop to the western boundary of the arboretum
(Fig. 1). The lens area was almost 65 000 m?. The
maximum thickness of the LNAPL layer, determined
by measuring the levels of water and LNAPL in the
well, reached 1.5 m. It seems that, moving to the
right side of the hollow, the lens was divided into two
branches directed to the lateral shallow gullies cross-
ing the slope of the hollow, which are quite clearly
defined in the relief. Thus, in 2007 the LNAPL lens
was located at a distance only 120-150 m far from
the pond. Therefore, the threat of contamination of
the “Poterchata” pond from this side already seemed
quite probable at that time. However, due to the exist-
ing restrictions on hazardous work in the townships,
the remote site of location of north lens near the head-
waters of the Western Hollow was chosen as the site
of recovery measures. After that, the potential hazard
of the southern lens was forgotten.

Thus, the project was approved, but, its authors
did not participate in the implementation of the reme-
diation actions, and the IGS the NAS of Ukraine does
not have information about these actions and their im-
pact on the environment. Usually, “entrepreneurs” at
their own expense and at their discretion, extract lost
petroleum products from the bowels. In the absence
of proper control and additional financing, they are

2 * Our version of the distribution of LNAPL in the sub-
soil of this territory is presented in [Bricks, 2008]
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not interested in environmental monitoring. Exactly
so, with few exceptions, Ukraine is fighting ground-
water oil pollution (Ognyanik, 2017).

Assessment of the condition of environmental
hazard. 12 years have passed since the last inspec-
tion of the western part of the arboretum. Until 2007,
there was an opinion that the influx of LNAPL and
dissolved hydrocarbons into the water bodies of the
Western Hollow occurs only in the upper reaches of
the “Poterchata” pond. At the beginning of the 90s the
maximum inflow of LNAPL was approximately up to
500 liters per a day. As for the aforementioned south-
ern lens, which moved across the western slope of
the hollow and was 120-150 m far from the pond, its
discharge into the reservoir was considered only de-
ferred in time. However, to calculate this time due to
poor knowledge of the geological and hydrogeologi-
cal conditions of the slope of the hollow was almost
impossible. The lack of reliable baseline data makes it
necessary to think up with different versions of the de-
velopment of the pollution process. So, if the level of
groundwater on the slope of the hollow is contained in
weakly permeable moraine loams, the front of the lens
can move at a speed of several meters per a year. And
this means delaying critical pollution of the pond for
several decades. An alternative version assumes the
transformation of moraine loams in places of lateral
depressions, where local replacement of fine material
with coarse sand can occur. It is in these places a sig-
nificant acceleration of the flow of groundwater and,
of course, migration of the pollutant can be expected.
Presenting the main material. In May 2019, the In-
stitute of Geological Sciences of the NAS of Ukraine,
under the agreement on scientific cooperation with
the State Dendrological Park of the NAS of Ukraine
“Olexandria”, resumed monitoring of the contaminat-
ed area (Bricks, 2008).

We will divide all planned studies into three
parts in order of execution. First, it is necessary to
determine the legal capacity of the monitoring net-
work used in the past. As expected, many of observed
long-drilled wells have partially worn out for twelve
years without any supervision. Private entrepreneurs
still use some of them to produce petroleum liquid
products. At the time of the examination, the LNAPL
thickness at the measurement points had the smallest
values at which the use of simple and therefore the
most common hydraulic remediation methods were
not effective. However, the measurement results are
also evidence that the clusters of mobile LNAPL in
the territory adjacent to the arboretum is preserved.
This means that there is still a danger of their migra-
tion to ponds.
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Then, before proceeding with an active search for
signs of modern pond oil pollution, it is advisable to
conduct a visual inspection of the surface of the slope
of the hollow and the water surface near the coast.
In general, the right coast of the “Poterchata” pond
forms an almost smooth line. However, there is an
exception three small coves, which are the estuarine
part of the lateral shallow gullies, which cross the sur-
face of the slope (Fig. 2).

It is appropriate to think about the origin of these
shallow gullies. The first thing that comes to mind is
the effect of the erosive action of surface (rain) flows.
There is almost no doubt about the definition of the
first shallow gully located in the upper reaches of the
Western Hollow. This, of course, is the effect of a
peak erosion, which usually leads to the advancement
of the upper reaches of the hollow to the watershed.
However, it is rather difficult to explain the origin of
other lateral shallow gullies only by the effect of slope
erosion. The formation of gullies, leads to the exces-
sive cultivation of the land; however, no one has been

Industrial and housing
estate «Hayok»

t\\o“"“““

fene®

using this territory for a long time. In addition, dense
vegetation completely protects the slope from ero-
sion. Therefore, let us recall the possible connection
between the relief forms and the geological structure
of the study area.

Precambrian crystalline rock with a weathering
crust and a complex of Quaternary deposits partici-
pate in geological structure of the site. The structure
of the crystalline massif in the considered area is
poorly known. However, it is known that fracture-
block structure is characteristic of crystalline mas-
sifs, and therefore, the possible relationship between
deep fractures and the formation of a ravine-hollow
network should not be rejected. Greenish-gray clay
with fragments of crystalline rocks represents the
weathering crust. Near the ponds, it lies at a depth of
1012 m and, therefore, can hardly affect the process
of groundwater pollution.

We also ignore loess-like loams that make up the
aeration zone over almost the entire territory adjacent
to the arboretum. They can be the object of research

N

The State Dendrological Park
of Ukrainian NAS
«Oleksandria»

Fig. 2. Scheme of location of the lateral shallow gullies
1 —the Earth’s surface contour line; 2 — thalweg of shallow gullies.
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at the locations of surface sources of pollution, that is,
on the territory of the plant, but in the area of the hol-
low, these loams are absent.

The most interesting in the context of the topic
are deposits of the Dnipro glacial complex (Fig. 3).

Dnipro glacial complex, including supra-moraine
sandy loam and sands that make the aeration zone;
moraine deposits, represented by heavy loam; sub-
moraine sandy loam and diverse sands. It is in these
moraine and sub-moraine sediments on the site of the
western slope of the hollow that mobile LNAPL and
groundwater with dissolved hydrocarbons has been
moving to the pond. Moraine or glacial sediment is
mainly heavy loam and clay with fragments of crys-
talline rocks and has low permeability and very high
heterogeneity. Heavy loam or clay without even be-
ing completely saturated, but only moistened become
impermeable for LNAPL. However, in addition to the
clay, it contains quite a variety of granular material,
which forms not only isolated lenses but also elongate
interlayers. These interlayers are formed, of course,
not randomly, but genetically determined, that is, as

a
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a result of the transfer of coarse-grained material by
water flows during the melting of the glacier. Thus,
it is quite likely that in the strata of low permeable
sediments separate zones of preferential (selective)
migration of pollutants are present. The credibility of
this assumption is confirmed in publications devoted
to the description of LNAPL behavior in fluvioglacial
deposits, e.g. (CL: AIRE, 2014).

Fig. 3 reflects a generalized geological and hydro-
geological section (profile), crossing the Western Hol-
low, that is, along the main direction of groundwater
flow and the estimated migration of pollutants. The
right part of the figure shows two variants of the geo-
logical structure of the hollow slope and the corre-
sponding variants of the relief line. The first option is
typical for a normal slope of the hollow. The second
option corresponds to a lateral shallow depression
that intersects the slope of the hollow. In both cases,
groundwater levels also vary significantly. The level
line, designated as GWL1 in the figure, corresponds
to filtration in the low permeable moraine loam. This

line is gently sloping and only near the surface of the
b

The State Dendrological Park
; «Oleksandria»

[~ 166

— 164

kevation/m

162

E

— 160

«Poterchatay pond

Fig. 3. Conceptual scheme of the geological structure of the western part of the “Olexandria” Arboretum

1 —root layer; 2 — loess-like sandy loam; 3 — supra-moraine sandy loam and sands; 4 — moraine deposits, represented by heavy
loam, containing layers of sand and fragments of crystalline rocks; 5 — sub-moraine sandy loam and diverse sands sub-moraine
sandy loam and diverse sands sub-marine lake-glacial sandy loams and sands and water-glacial multigrain sands; 6 — sand
interlayers in moraine sediments; 7 — layer of mobile LNAPLs (lens); 8 — groundwater level - GWL: GWL1 — within the slope of
the hollow, GWL2 — along the side shallow gully; Transverse slope line: SL, — prevalent slope line of the hollow; SL, — slope line

along the side shallow gully.
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slope, it abruptly drops to the water level in the pond,
and sometimes the line crosses the earth surface where
a spring forms. The level line (GWL2) corresponds to
the filtration on the site elongate along the side shal-
low gully, that is, where, by our assumption, there
should be many sandy interlayers in the moraine.

A useful conclusion could be made from the
above considerations. The location of side shallow
gullies as an indirect sign should be used to search
for areas of high conductivity in moraine sediments.
It can be assumed that the position of these secondary
elements of the relief indicates the presence in of the
pathways of selective migration of pollutants in the
subsoil. Precisely that way we chose among the four
possible migration routes of pollutants. The first way,
directed to the upper reaches of the Western Hollow,

ern” LNAPL lens to the “Rusalka” pond, seems the
least likely, but worth verification.

The scheme of the study area (Fig. 5) shows all
the described trajectories of expected migration of the
oil pollution.

The diagram shows the soil and water sampling
points. The content of petroleum products in water
and soil samples was determined in a certified “Labo-
ratory of Petrochemical Studies of the Geological En-
vironment” of the IGN of the NAS of Ukraine using
the “Mikran” analyzer by UV spectrophotometry of
hexane extract.

In soil samples from other wells drilled in the up-
per reaches of the Western Hollow (W. 7, 8) and on
the way to the “Rusalka” pond (W. 6), we found no
signs of oil pollution.

Fig. 4. The film of oil products on the water surface of the “Poterchata” pond*.

*The location of the photo point is shown in the Fig. 5.

has been known since the research of twenty years
ago (Kulik, 2003). Once here was a LNAPL seeping
in the form of a weak stream. Presently, due to the
LNAPL recovery at the top of the stream, there is no
free flow, but latent contamination is possible. The
second way is defined on the basis of the considerable
size (width and depth) of the shallow gully, which, by
our assumption, may indicate a significant influence
on its formation of the geological and hydro-geolog-
ical factor. The third option is the shortest way for
a possible migration of an oil product pollutant from
the “southern” LNAPL lens to the aforementioned
small cove on the west bank of “Poterchata” pond,
where, a film of oil product was found on the surface
of the water (Fig. 4).

The fourth option, which points to the possibility
of migration of an oil contaminant from the “south-

At the sampling points (see Fig. 5), the content
of dissolved hydrocarbons fluctuates from 2.0
to 3.2 mg/dm?, which is a clear indication of a
significant exceedance of the maximum permissible
concentrations of NAPLs for fish ponds®".
Conclusions. Based on the results of the studies, it
can be stated that the process of oil product pollution
of the Western Hollow ponds continues to the pres-
ent day. In past years, the main pathway for migration
of the pollutant went from the territory of the former
aircraft repair plant to the upper reaches of the hollow.
Modern data indicates the depletion of this stream.
On the other hand, signs of drainage of the NAPL-
pollutant flow were found in the estuary part of one
of the lateral shallow gully crossing the surface of

3 " Maximum permissible concentrations of NAPLs for
fish ponds 0,05 mg/dm?
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the western slope of the hollow (“Poterchata” pond).
This gives a reason to build a new conceptual model
of contamination site considered. The main idea of
this model is that the migration of pollutants from the
groundwater recharge zone, where pollution sources
are located, to the place of their drainage in the West-
ern Hollow through moraine deposits occurs in zones
of increased conductivity formed by interlayers of

LNAPL thickness in the will
as -'\_:fng 2019

© X
15m _@_'0.:1-'6‘.M

LNAPL thickness in the will
as of 2007

Fragment of the northern
LNAPL lens
as 2007 ‘

Fragment of the southern
LNAPL lens
as 2007

LNAPL thickness in the will
as of 2007

Housing area
«Haiok»

\> Petrolel.unﬁlm WHoR,

detected A

as of May2019 R =
3 Y R

fluvioglacial sand. According to our assumption, an
external sign of such zones location may be lateral
basins on the slope of the Western beam. In order to
confirm these assumptions, it is necessary to perform
monitoring at the sites of the expected selective mi-
gration of the pollutant at least for one year.
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Fig. 5. Survey scheme of the western part of the Alexandria arboretum (May August 2019).

1 — wells of the monitoring network that existed before 2007; 2 — test wells drilled in May 2019; 3 — water
sampling points (near the shore and at a distance of 3 m); 4 — the first (2", 3" and 4") version of a possible mi-
gration way for an oil product; 5 — points of photography on May 3, 2019 (see the Fig. 4); 6 — Earth’s surface

contour lines.
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Table. Results of determination of oil product content in water and soil samples

Sampling date Place of soil and water* sampling Sample of soil Hydrocarbons content
in soil samples mg/kg
03.05.2019 W.1: 35-40 m from the pond/ depth 2-3 m Water-saturated light loam <0.01
W.2: 5 m from the pond/ depth 0.4 m Water-saturated light loam 621
W.2: 5 m from the pond/ depth 0.9 m Water-saturated light loam 640
30.07.2019 W.3: 20 m from the pond/ depth 0.8 m Water-saturated sandy loam 819
W.4: 2m from the pond/ depth 0.8 m Water-saturated sandy loam 918
W.5: 5m from the pond/ depth 0.5-0.7 m Water-saturated light loam 39.0
W.6: 35 m from the pond/ depth 2.2 m Water-saturated light loam or 26.7
clay sand

* Note: see the soil sampling locations in the Fig. 5.

assistance in conducting research, O. Logvinenko,
junior researcher of the IGN of the NAS of Ukraine
for determining the content of petroleum products in
samples, G. Golub, researcher of IGN NAS of Ukraine
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