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ABSTRACT

The developing oil and gas industry in the modern world, including the territory of the Russian Federation, does
not remain without a trace for the environment. Land is the national wealth of each state, so it is very important
to preserve its natural potential and prevent environmental disasters. Accidents at the territories of operating oil
pipelines, which cause great harm to all kinds of natural resources — and first of all to land resources— remain un-
avoidable. The presented research reveals the methodology of the detailed assessment of the level and degree of
soil contamination by oil products. The assessment scale was developed and five zones with different degrees of
soil contamination by oil products were established. Using the calculation and a graphic method, a map of zones
with the degree of contamination was developed and their exact areas were established. The presented develop-
ment will be used when carrying out land reclamation of the territory under study.
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INTRODUCTION

Land resources are a priority among others,
as the most important task of each country is to
provide people with food. In connection with the
long-term restoration of land resources, each state
is working with the problem of their rational and
efficient use [Simakova et al. 2019, Ryazansteva
2019]. The oil industry is characterized by an
intensive impact on the environment, which in-
evitably causes its change. In the process of pro-
duction, the existing environmental condition in
the areas of industrial facilities is completely or
partially violated. These changes are manifested
in various combinations of negative phenomena,
the most important of which are: the removal of
forest land for the placement of objects; depletion
and pollution of groundwater and surface water;
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flooding and waterlogging of the affected areas;
dehydration and salinization of soils; pollution by
harmful substances and chemical elements of at-
mospheric air; hydrogeological and geochemical
changes unfavorable for local ecological systems.
Oil and oil products, as pollutants of subsoil and
environment, are evaluated mainly by the degree
of toxicity and geochemical stability. When these
petroleum products infiltrate into the soil, they
move downward under the influence of gravita-
tional forces and spread in breadth under the ac-
tion of surface and capillary forces. The speed
of oil movement depends on its properties, soil
properties as well as the ratio of oil, air and wa-
ter in a multiphase moving system. The oil en-
tering the soil, causes significant and sometimes
irreversible changes: hydronization, cementation,
etc. [Gaevaya et al. 2019, Pohomova et al. 2016].
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MATERIAL AND METHODS

The research was based on the following
methods: determination of the spatial coordi-
nates of points of the terrain by satellite geodetic
measurements (definitions); graphic method of
forming the layers of an electronic plan using the
Geographic Information System (GIS) Maplnfo
Professional 16.0 Windows, in accordance with
the symbols for the topographic plans at scales
of 1:5000, 1:2000, 1:1000, 1:500 (Qualifier of
conventional signs) [Simakov 2020]; method of
soil diagnosis (soil profile method); method of
sampling in concentric circles; method of math-
ematical and graphical modeling [Simakova
et al. 2015, Simakova et al. 2018, Evtushkova
2018]. The quantitative chemical analysis of
soils was performed in the laboratory, by measur-
ing the mass fraction of oil products in soil and
soil samples by using the fluorimetric method
[Federal environmental regulatory documents
PND F 16.1: 2.21-98. 2013].

RESULTS

The research was conducted on the territory
of the Sosvinskogo District of the Sverdlovsk
Region in the area of the operating oil pipeline.
Assessment of the state of lands was carried out
in the area exposed to an accidental oil spill after
cleaning of the territory, in order to make a map
of contamination for subsequent reclamation.

In the course of the preparatory stage, in-situ
inspection of the territory was established:

1. Area in the district of 1.7 km from the village
of Koshay, Sosvinskogo District of the Sverd-
lovsk Region, which is part of the Middle Urals
taiga district;

2. Boundaries of the polluted area are defined by
their location, established by carrying out a set
of topographic and geodetic works on the ob-
ject of research;

3. By visual inspection of the study area 6.07.2021
established:

e territory of the operating oil pipeline has no
vegetation cover (disturbed lands), due to
the replacement of the top soil layer with
infertile soil;

e cxisting artificial reservoir, located on the
northern side of the corridor of the operat-
ing oil pipelines, is the lowest place in terms

of height, it has clear signs of oil pollution
(water color — dark, turbid, on the water
surface there is an oil film in places), the
coastal area has a dirty and oily color;

e in the northern part of the water body, in the
forest area there are local spots of oil prod-
ucts on the soil surface.

On the basis of the results of field surveys,
terrain relief, establishment of approximate di-
rection of the territory contamination with oil
products in the direction to the north, west and
south of the place of oil outlet from the main oil
pipeline, the method of sampling by the system of
concentric circles was determined, which is used
for local soil contamination [Federal environmen-
tal regulatory documents GOST 17.4.3.01-2017].

The soils on the territory of the polluted area
were studied by sampling according to a certain
methodology and using the soil profile method,
by laying and describing the soil section (half-
section, ditching). The selected samples were
numbered in accordance with the developed num-
bering (scale). The soil section (half-section, dug-
outs) was laid on the ground, taking into account
the field survey in the area of coordinate points
determined by topographic and geodetic works.

Sampling for petroleum products was done
with a BP-50 soil drill, at the depth of 0-20 cm,
using shovel, glass jars, polyethylene bags and
film, with marking the sample code, description
of'the soil profile (sections, half-sections and dug-
outs) by morphological features and submitting
the samples to the testing laboratory. The samples
were taken from the main soil section in five di-
rections (relative to parts of the light) by forming
rays at a differentiated distance from the source of
contamination.

As a result, five rings were formed up to the
southern boundary of the territory of the contami-
nated area. From the northern part, samples were
taken by using the concentric circles method up
to the border of the artificial reservoir, as a result
1 point and 5 combined samples were formed at
a distance of 40 meters from the main soil sec-
tion Additional sampling was performed outside
the combined samples of the formed rings, taking
into account the original scheme of the contami-
nated land plot borders. In total, more than 100
soil samples were taken in the contaminated area.
Background sampling was performed outside the
contaminated site from the northeastern part at a
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Figure 1. Location of soil sampling

distance of 213 meters. The sampling location is
shown in Figure 1.

As a results of soil description on the exca-
vated soil section, half-sections and dugouts it
was established that the topsoil is not fertile, is an
artificially created horizon at the main section at a
depth of 1 m and in the area of the four dugouts at
adepth of 11 cm to 40 cm. The results of laborato-
ry tests of soil samples are presented in Figure 2.

According to the results of laboratory tests,
it was found that 8 out of 43 samples showed ac-
ceptable content of oil products in the soil, 1 sam-
ple was low, 2 samples were moderate, 3 samples
were high and 29 samples were very high. The
pollution degree scale (pollution levels
e permissible, low, medium, high, very high)

has been defined on the basis of the Letter of
the RF Ministry of Environment Protection
and Natural Resources dated 27.12.1993 No.
04-25-61-5678 “On the procedure of defin-
ing pollution damage from land pollution by
chemical substances”. Taking into account
the content of oil products in the background
sample (32.6 mg/kg), and the results of labo-
ratory testing of the selected soil samples on
the territory of the contaminated land plot, the
range of the degree of contamination with the
following values was determined:
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e acceptable level of contamination — the con-
tent of petroleum products from 32.6 mg/kg to
160.0 mg/kg;

e low pollution level — the content of petroleum
products from 160.0 mg/kg to 650.0 mg/kg;

e medium pollution level — content of pe-
troleum products from 650.0 mg/kg to
975.0 mg/kg;high pollution level — the content
of petroleum products from 975.0 mg/kg to
1630.0 mg/kg;

e very high level of pollution — the content of
petroleum products from 1630 mg/kg and
above.

The results of soil description and laboratory
tests determined the boundaries of the polluted
land plot, taking into account the land category
and type of permitted use (Fig. 3).

The areas of contaminated plots on lands of
the forest fund subjected to:

e very high degree of pollution

— area No. 1 — 5350 m?;

— area No. 2 —376 m?;

e high degree of contamination
— area No. 5— 130 m?;

e medium degree of pollution
— area No. 6 — 136 m?;

e low degree of pollution
— area No. 9 — 343 m?.
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Figure 2. Petroleum products content, mg/kg
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Figure 3. Map of areas with the degree of land pollution by petroleum products

The areas of contaminated sites on industrial

land subject to:

very high degree of pollution
— area No. 3 — 9 m?;
— area No. 8 — 2896 m?;

high degree of contamination
— area No. 4 — 69 m?%;

medium degree of pollution
— area No. 7 — 345 m?.

CONCLUSIONS

As a result of the assessment of the level
of land pollution by petroleum products it was
found that the zone with a very high degree of
pollution prevails in the study area (the con-
tent of petroleum products in the soil more
than 1630 mg/kg) — 8631 m? The zone with
a high degree of pollution (the content of pe-
troleum products in the soil from 975.0 mg/kg
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to 1630.0 mg/kg) was 199 m?. For these zones,
it is necessary to conduct recultivation in two
stages: technological, i.e. cleaning of the con-
taminated soil layer and application of a clean
fertile soil layer and biological, aimed at plant-
ing and restoration of plant species peculiar to
the current natural and climatic zone. For the
areas of medium pollution (oil content in the
soil from 650.0 mg/kg to 975.0 mg/kg) area of
481 m? and a low degree of pollution (oil content
in the soil from 160.0 mg/kg to 650.0 mg/kg) area
of 343 m?, the biological stage of rehabilitation
must be conducted.
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