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Impact of the oil production complex on land pollution in Russia
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Abstract

The assessment of the impact of the economic
activities of the Russian oil-producing complex on
land pollution contributes to the adoption of
evolutionary management decisions. It also helps
to take into account the opinion of society, the
Ministry of Emergency Situations. In the oil
complex, industrial pollution negatively affects
flora and fauna. It's important to identify the level
of exposure, the degree of its danger, the location
of the contamination. The work deals with the
methodology, information-logical and
mathematical model of solving the above
problem. The main result of the work is a system
and procedure (technique) for analyzing the
results of monitoring and forecasting of land cover
take into consideration the sanitary and hygienic
consequences of residual content of petroleum
products. As a result of the system analysis, an
approach to the construction of alternative
solutions has been proposed, taking into account
not only permissible pollution standards, but also
environmental, sanitary and epidemiological
norms and assessment methods. The emergence
of soil systems, their categories, is taken into
account. In particular, (in importance) risks for
soil cover-morphological, bio-physical-chemical,
ecological-health, toxic influence and irreversible
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AHHOTANHSA

O1eHka BJIIMSTHUS XO3SIHCTBEHHOM
NeATEIIbHOCTH poccuiickoro
He(pTeT00BIBAIOIICTO KOMIIIEKCca Ha

3arpsi3HEHUE 3€MENb CIIOCOOCTBYET NMPUHATHIO
SBOJIOLMOHHBIX YIPABJICHYECKUX PELICHHUM.
OTO TaKKe IOMOTaeT Y4YHTHIBATh MHEHHE
obmectea, MUC. B HedTssHOM KOMIUIEKCe
MIPOMBIIIVICHHOE ~ 3arpsi3HEHHE  HETaTUBHO
ckasbiBaeTcsi Ha Quope u dayHe. BaxHo
OIIPECINTh YPOBEHb BO3JEIHCTBUS, CTENEHb
€ro OIaCHOCTH, MECTO 3arpsa3HeHus. B pabote
paccmarpuBaroTCs METOJI0JIO0T s,
UH(OPMALIMOHHO-JIOT HYECKast u
MareMaTHuecKas MOJIENU pellieHHs] yKa3aHHON
3agaun. OCHOBHBIM pE3yJIbTaTOM pabOTHI
SIBISIETCSI CHUCTEMa W METOJMKA aHaIHu3a
pe3yibTaToB MOHHUTOPHHTA n
MIPOTHO3UPOBAHHUS COCTOSIHUSI TTOYBEHHOTO
TIOKPOBA C YYETOM CAHUTaPHO-TUTUEHNIECKHX
MIOCJIEACTBMH  OCTaTOYHOTO  COZIEPKaHUS
HedrenpoaykToB. B pesynbrate cucteMHOro
aHalM3a NpeAioKeH MOJAX0J K IOCTPOCHHUIO
aNbTEPHATUBHBIX DPEIIEHUM, YYUTHIBAOIIMM
HE TOJIBKO JIOMYCTHMbIE HOPMBI 3arpsi3HEHHS,

HO )4 OKOJIOTHYCCKUC, CaHUTapHO-
OMUACMHOJIOTUYCCKUE HOPMbI W METOAbL
OILICHKH. VYuurteiBaeTcs BO3HUKHOBCHHC
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processes and bifurcations, including taking into
account regional peculiarities and restoration
potential of soil, are considered. Proposed
algorithm of simulation and system analysis is
based on situational modeling. Evolutionary
modeling allows you to adapt the prediction and
assessment procedure (methodology) to the risk
factors of the environment. It increases accuracy
(formalization and evidence) and completeness of
conclusions, efficiency of situation analysis,
which affects manageability of risk both for oil
complex and for individual enterprise of the
industry. The results of the work may be used for
the development of software tools, in particular
expert and predictive systems. Situational models
are needed when oil companies are addressing
multi-criteria and multi-factor decision-making
challenges.

Keywords: modeling, oil complex, pollution,
evolutionary, risk, soil, earth, system analyses.

Introduction

Oil production and processing are major land
pollutants. In Russia such enterprises - about
17% (total world production). Prompt and well-
prepared expertise prevents possible unfavorable
situations. It takes into account deviations of soil-
ecological parameters from permissible residual
content of oil products in soil, according to the
norms of state documents, for example,
(Recommendations, 1995).

Oil production is also a harmful human activity;
it impairs the environmental situation around the
world, as in Russia. This is due, for example, to
the fact that the final product (for example,
gasoline) is not more than 5-10% of the produced
volume. Raw material waste entering the
biosphere, particularly the soil, is toxic,
carcinogenic and even mutagenic. They contain
substances of both organic and inorganic origin.
Wastes generated during drilling include a wide
range of organic and inorganic substances. In
intensive  well operation, various acids,
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cucrteM, uX Kareropuil. B
YaCTHOCTH, paccMmarpuBaroTcs (mo
3HAQYUMOCTH) PHCKH IS MOYBEHHOTO
MIOKPOBa-MOP(OIOTHUECKHE, o6uoduzuko-
XMUMHUUYECKHE, 9KOJIOTO-TUTHEHHYECKHUE,
TOKCHUYECKOE BO3JCHUCTBHE W HEoOpaTHMBbIE
mpouecckl M Oudypkauuu, B TOM YHCIE C
Y4ETOM PpETHOHAIBbHBIX OCOOCHHOCTEH U
BOCCTAaHOBHUTEIBHOIO  IMOTEHOHAMa  IOYB.
IIpennaraemplii anroputM MOAEIUPOBAHUS U
CHCTEMHOTO aHaM3a OCHOBaH Ha
CHUTYaI[IOHHOM MOJICTIMPOBaHUH.
OBOJIONNOHHOE MOJAEINPOBAHUE ITO3BOJISIET
aIanTUPOBATh NPOLEAYPY NPOTHO3UPOBAHUS
U OLCHKU (METOMOJIOTHIO) K (haKTOpaM pucKa
BHEIIHEH CpeAbl. JTO IOBBILAET TOYHOCTH
(bopmanuzanio ¥ JIOKAa3aTENbHOCTH) H
HOJHOTY BBIBOJIOB, 3¢ PEeKTUBHOCTH
CUTYal[HOHHOTO aHaJM3a, YTO BIHMSAET Ha
YTIPaBISIEMOCTh PUCKAMHU KaK Ul HETSIHOTO
KOMIUIEKCa, Tak W I  OTAGNBHOTO
TIPEATIPUATHS OTpacid. Pe3ynpraTel paboTHI
MOTYT OBITh HCIIOJIB30BAaHBI OIS pa3pabOTKU
NPOTPaMMHBIX ~ CPEICTB, B  YaCTHOCTH
9KCIEPTHBIX M MPOTHOCTUYECKHX CHCTEM.
CutyalioHHBIE MOJIEIN HEOOXOAUMBI, KOrja
HedTsIHbIe KOMIIaHUU pemaiT
MHOTOKpUTEpUAIIbHBIE ¥ MHOTo(aKTOpHbIE
3aJ[a4¥l IPUHATHUS PELICHUH.

TIOYBCHHBIX

KiroueBble cjioBa: MoiennpoBaHue, HepTIHOM
KOMIUIEKC, 3arps3HEHHE, SBOJIOLMS, pHCK,
1104Ba, 3eMJIs, CHCTEMHBII aHAJIN3.

inhibitors, etc., are used. About half (56%) of the
waste is water, 28% - washing solutions, and the
remaining 16% - removable  rock
(Barabanshikov, Serdyukova, 2016).

Russian  regulations and regulations are
considered sufficiently strict (Ivshina, 1.B. et al,
2015). They exclude the possibility of oil
products entering the medium adjacent to the
well or processing plant. At the same time it is
allowed to involve land in economic turnover
with restrictions of non-environmental regime of
use. Providing sanitary and hygienic standards of
soil purity in the process of self-healing, without
the use of additional special measures for
recultivation.  Bioclimatic, landscape, soil
parameters and structures, categories and types
of land, composition of oil products are taken
into account (Alekseenko, 2013).

The purpose of our work is a systematic analysis
of the emergent properties (Glukhova, Kaziev &
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Kazieva, 2018) of soil impact assessment
systems taking into account risks and
anthropogenic load. The main result of the work
is the methodology, procedure of modeling and
analysis of the results of prediction of the soil
condition taking into account their contamination
with oil products. This is necessary to reduce the
risks of impact on the region's soil and health
(Sinha, et al, 2017).

In the work, we propose to systematically
analyze alternative solutions that take into
account of only permissible pollution standards
(MPC) and to move to differentiated
environmental and sanitary-epidemiological
standards and methods of assessment taking into
account ergicity by soil categories.

Theoretical foundations

The rate of generation of soil, vegetation cover is
low, and this important factor of human life
cannot be lost. The soil contaminated with
hydrocarbons becomes oily, unsuitable for
agricultural use. Intensified control of oil soil
pollution (Gennadiev, 2015) requires an
individual approach, individual measures to
prevent, eliminate damage.

Equally important is the systematic analysis of
the organization of monitoring and prevention of
pollution, efficiency of elimination and
restoration measures for the environment. The
most comprehensive such measures and
programs of reconstruction have been developed
in Russia by regions: KhMAO-Ugra, Komi,
Chuvashia, Tatarstan, Udmurtia. In other regions
not so dependent on oil, they focus on the specific
content of oil products and the letter of the
Ministry of Natural Resources of the Russian
Federation  (Letter, 1993), where the
"permissible™ levels of oil in the soil are given.

Oil refining causes great damage to plant cover.
Pollution occurs through leaks, accidents and
transportation. The impact of oil production and
processing on the environment is also increased

by:

1) inadequate industry requirements;

2) inefficient transportation;

3) lack of investments in risk forecasting,
prevention of damage;

4) insufficient attention and investment of
environmentally optimal production.

In the study, risks to the soil cover are identified
by importance:

www.amazoniainvestiga.info

1) violations of morphological, bio-
physical-chemical properties (loss or
alienation of land use);

2) inability to perform ecological and
health functions as a result of
accumulation of hydrocarbons and
impurities contained in oil and poorly
neutralized in soil (Buzmakov, Yegorov
& Gatina, 2017);

3) toxic effect of contaminated sites on
humans and microorganisms in soil;

4) irreversible processes and bifurcations
(Muzica, 2011) during oil field
operation.

According to the standards for soils in order to
minimize the spread in the environment,
deterioration of agricultural products and
sanitary and hygienic environment, appropriate
methods and recommendations have been
developed, in particular, proposed in the work
Shtripling, Kholkin & Larionov, 2016. In
particular, 5 levels of soil contamination with
petroleum products (in mg/kg) have been
identified:

1) permissible (up to 1000; Level in 1 g of
oil per 1 kg of soil);

2) low (1000-2000;

3) average (2000-3000);

4) high (3000-5000);

5) very high (from 5000).

These standards do not take into account regional
features (background) and recovery potential of
soil types (Balandina, et al, 2015). As a result of
monitoring, expert procedures and system
analysis, it is important to highlight the ergent
properties and propose a system procedure based
on them. There's need for situational modeling
(Germanova, et al 2020).

Methodology

Various methods of soil pollutant purification
and neutralization are used. Not all are safe for
the environment, many are expensive, energy-
intensive or labor-intensive, others are only
suitable for high pollution risks, such as oil spills
(Quen Thi Quinh An, et al, 2019).

One rational, available with large contamination
methods is soil bioremediation (Voinov, 2018).
It is based on the natural-metabolic activation of
biological objects (microorganisms, plants, etc.)
and the use of photosynthesis energy, reactions
like catalysis. The latter change the physical and
chemical composition and structure of soil and
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oil products, especially when contaminated with
heavy metals. The method does not require bulk
earthworks, large investments.

Since in our work one of the important tasks is
self-organization, use of self-organization
potential, this method is most relevant to this
goal. The purification process in this case -
initially self-organized is carried out by the
forces of bioactive substances in the soil itself.
Social Mining models and methods can be used
to model such processes (Kaziev, et al, 2019).

We also use methods of analysis and synthesis,
decomposition and aggregation, prediction and
situational modeling, computational experiment,
statistical ~ analysis, classification, etc.
Evolutionary modeling is also used, which adapts
the system to return to the trajectory, increases its
evolutionary  capabilities.  The  method
(algorithm) of work of Schwyryaev and
Menshikov (2006) was also used.

When predicting contamination, data is not
always normally distributed, as are data errors.
Therefore, we perform preliminary analysis, for
example, as in Fetisov and Kolesnikov (2018).

But we used the simpler following procedure
(using a formal language like Pascal):
repeat

{if < there is coarse data >, then consistently find
the average, moments, variations, distribution
points of the Student (critical - 5%, 0.1%) and
solve the task of deleting the data if necessary}
until < do not exhaust the list of values by rank.
The procedure (algorithm) proposed in the work
for assessing the degree of soil contamination
and land disposal from agricultural turnover
provides forecast estimates "on the depth of the
process." It uses both balance-sheets, semi-
empirical methods and computer modeling and a
computational, simulation experiment aimed at a
multi-criterion technique of identifying and then
localizing oil pollution with subsequent waste
disposal. As well as with the assessment of
economic expediency, damage, geological and
time factors (Shabanov, Alexandrov, 2016).

Results and discussion

Let's enter variables risk grades of R € [0; 1],
where R=0 corresponds to lack of pollution, R=1
- to the maximum (total) pollution of the soil oil
products.

We build an evolutionary model of the species:
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xter = xi+ e (@xd + X7, Ax), O]

where x},, — is the pollution risk of the i-th
pollutant, t is the time, a; — the evolutionary risk
factor due to natural causes, c; — the empirical
factor (determined by the forecast period, data
averaging), m is the number of pollutants.

As indicators of the contribution of pollutants to
total pollution, we use additional risks x; the
effects of the associated factors of the region:

Axf = xf—xp', 2)

where x,f* — is the risk of the i-th pollutant
without taking into account the influence of the
environment factor at time t.

The algorithm for assessing damage due to risks
to soil as an evolving system is implemented by
the following procedure.

1. Calculation of risk to soil in the
interval (x{; x,").

2. Average assessment (on types of
soils or vegetation) values of the
indicator of weight of pollution g;
(weight of structurally functional
changes in the soil), with attraction
of monitoring, examinations.

3. Assessment of average value of risk
of pollution X, with attraction of

statistics and laboratory
experiments (see below) in the
region.

4. Search for relative (%) indicators of
z pollution and s disposal,
corresponding to  evolutionary
potential and accumulated risks
(excluding regional factors).

5. Search for indicators of
contamination, disposal from the
curve of accumulated risks taking
into account all environmental
factors (biota).

6. Finding of violations in the soil
Az, and leavings As,’.

7. Finding of  the
coefficients:

provided
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ki=t, li=2F 3)

8. Finding soil pollution and land
disposal indicators:

ijg,i o _ g gi
z)ky, oz =27 1L, 4)

i G o gl
s, ki, s =51, (5)

where z/(z.), 3/ (s.) are the given values of
pollution.

9. We find changes in pollution and
land disposal for the j-th pollutant
and i-th soil (plot of land) at time t:
20 =79 =39, sl = 5P 5.

(6)

As noted in paragraph 3 of the procedure, we
used both statistical and laboratory data. By way
of example, one of the laboratory experiments is
given (Table 1).

Table 1. Characteristics of oil added to the soil (laboratory experiment, % of the average values for the
Perm region)

N Oil indicator Result (%)
1 Temperature 78
2 Density 82
3 Pressure 91
4 Water 37
5 Paraffin 19
6 Chloride salts 41
7 Hydrogen sulfide 30
8 Fractions of impurity 54
9 Chlorides (organic) 8
10 Mineralization 72
11 Hydrogen sulfide 30
12 Sulfur 24
13 pH 61

Classification methods were also used in the
work, in particular the work of Olhovikova
(2018), as well as the ranking of land by their
disposal (Kaziev and Shevlokov, 2008) - deserts,
heavily shot down land, etc.

Conclusions

The degree of risks and their assessments allow
reducing negative impacts, damage to soils in
aggregate, by factors, soils and risks.
Identification of potential risks according to
Russian standards and regulations (GOST 2477-
14, 21534-76, 6370-83, 1756-60, 2177-99,
11851-85 and GOST-R 51947-02, 50802-95,
52247-04) will require the use of both laboratory
directed experiments and monitoring research.
Despite this, the proposed procedure is
technological, simple and flexible, allowing

www.amazoniainvestiga.info

entering the mode of self-organization and
stability of soil, vegetation cover.

It is obvious that the proposed procedure can be
further developed by integrating, for example,
procedures of random Markov processes, taking
into account probabilities (and time) of transition
to a different state of soil, all ecosystems. It is
also possible to estimate forecast errors by
entropy, with dynamic reassessment of
evolutionary parameters of the system. For
example, if the estimates given in the procedure
(paras. 7-9) are close to optimal, then we have the
optimal measure of pollution and disposal of
land. It is also necessary to assess the
evolutionary potential and adaptation stress of
land.
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The results of the work are useful for the
development of software tools, in particular
expert and predictive systems. As the attention of
oil and gas enterprises to risk management has
increased, the management of the oil complex is
becoming more difficult. It becomes multi-
critical, multi-factor, so situational models are
needed.
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