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The problem of the oil wells operation influence on the environmental ecological state is considered. The technical
and biological aspects of the impact of drilling solution components used in the process of oil production on the biotic and
abiotic environment are analyzed. The methods of preserving the cleanliness of reservoirs and soil during the wells
operations and preventing pollutants from entering the environment are described. Possible effects of the toxic compounds
of the drilling fluid on living organisms, in particular plants, have been identified. The components of drilling fluids of
different types are characterized by different levels of environmental hazard. The lowest level of threat to environmental
safety is inherent in the clay type of solution, and the polymer-potassium solution is characterized by the highest
potentially dangerous impact on the biota. Despite belonging to the third class of moderately hazardous substances,
sodium salts, calcium and chlorides, as components of drilling fluids, have the highest destructive effects on the
environment. Soil salinization has the most detrimental effect on plants, as it breaks the osmotic equilibrium in the soil-
plant system, disrupts the transport of organogenic elements throughout the plant, and reduces the availability of moisture
and minerals. Increasing soil pH due to the ingress of calcium and sodium hydroxides as components of drilling fluids
adversely affects plant growth and development. Stability of some groups of plants to the influence of components of
drilling fluids and ability of phytoobjects to resist stress influence are noted. Halophytes are well adapted to the growth in
conditions of excessive soil salinization due to the specific metabolic and structural features of the organization. Low oil
content in drilling fluids can be released into the environment and, when accumulated in the aquatic and soil
environments, lead to a number of destructive processes in living systems. Plants sensitive to oil pollution respond by
reducing growth processes, increasing catabolic processes, and reducing assimilation function. In order to minimize the
negative impact of chemicals on the environment of oil production territories, it is necessary to apply a comprehensive
approach that combines the technical aspects of pollution control with effective biological methods. The urgent task of
modern environmental science is to search for oil-resistant plant species that are effectively capable of converting toxic
petroleum products to biota-safe compounds. Technological recommendations for the prevention of environmental
pollution by drilling fluids are proposed, as well as phytorecultivation methods for controlling already polluted
ecosystems.
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Introduction. Petroleum pollution is one of the
global environmental problems of today. There are
known destructive effects of oil on living organisms,
which are manifested in the suppression of growth
processes, the appearance of developmental
abnormalities, death of plants and animals. The most
dangerous are the aromatic hydrocarbons as
components of the oil, since these compounds have
mutagenic and carcinogenic action and are capable of
being metabolized only in living remedial organisms.
Heavy metals and compounds of sulfur, nitrogen,
which are oil components, block the activity of
enzyme systems in biological objects and accelerate
their premature aging, are also toxic (Alves-Silva et
al., 2018; Glibovytska, Karavanovych, 2018; Pedroso
et al., 2016). In addition to the immediate danger of
the oil itself and the oil products to the environment,
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the drilling fluids used in the operation of the oil wells
pose a threat to the normal functioning of living
systems. Drilling solution are complex multi-
component dispersion systems of suspensions,
emulsions and aerated liquids used for drilling wells.
The toxicity of the drilling fluid and the degree of
potential threat to the operational work depend on the
number and hazard class of the chemical reagents
included in the drilling solution.

The purpose of our work is to analyze the possible
impact of drilling solution components on the
environment and to find technical and biological
ways of counteracting the risks of contamination by
toxicants during the operation of oil wells.

The following types of drilling fluids are
distinguished: clay, polymer-clay, polymer-acrylic,
polymer-potassium (table. 1) (Tarasova et al., 2007).
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Table 1.

Types of drilling solutions and their composition

Type of drilling solution

Drilling solution composition

Clay

clay powder, sodium carbonate, graphite

Polymer-clay

clay powder, carboxymethylcellulose, sodium carbonate

Polymer-acrylic

clay powder, potassium chloride, sodium carbonate, sodium hydroxide,
polyanionic cellulose of high viscosity and low viscosity form,
biopolymer-structure-forming agent, hydrolyzed polyacrylamide,

Polymer-potassium

clay powder, potassium chloride, sodium carbonate, sodium hydroxide,
oil, high viscosity and low viscosity polyanionic cellulose,
polysaccharide stabilizer, calcium hydroxide, graphite, calcium carbonate

The smallest number of components is included in
the clay solution, the largest - in the polymer-
potassium solution. The toxicity of the drilling
solution components is uneven and is determined by
the chemical nature of these components.

Chemical reagents used for drilling solutions are
the next:

— clay powder — is a dried and crushed clay with or
without chemical reagents;

— graphite — is a crystalline silver powder insoluble
in water, obtained by flotation enrichment of
natural graphite ores;

— high-viscosity and low-viscosity polyanionic
cellulose —is white, odorless, water-soluble
powder, used as a drilling fluid stabilizer;

— polysaccharide stabilizer — is a scattered fine,
odorless white powder that is an organic polymer;

— structure-forming agent — is a biopolymer, loose,
white, odorless powder, used as a structure-
forming mud;

— sodium carbonate — is a white powder used to
improve the quality of clay powders and clays;

— cretaceous — is a type of poorly cemented fine-
grained carbonate rock used as a filler of drilling
solution, characterized by a relatively small
structure-forming ability and belongs to non-toxic
materials;

— potassium chloride — is a crystalline substance
soluble in water used as an inhibitor, which has a
positive effect on the retention of the wells walls;

— hydrolyzed polyacrylamide — is a white, odorless
powder used as a drilling fluid structure;

— carboxymethylcellulose — is a white or yellowish
inhomogeneous powder used as a drilling fluid
stabilizer;

— calcium hydroxide — is a powdery or paste-like
reagent of white color, strong alkali by origin,
makes it easy to adjust the structural and
mechanical properties of the solution;

— sodium hydroxide — is a white crystalline mass,
well soluble in water, accompanied by the release
of a large amount of heat;
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— calcium carbonate formed from specially treated
crystalline white marble, insoluble in water, used
as a weighting agent for acid-borne drilling fluid.
The characteristics of the drilling solution

components are shown in table 2 (Tarasova et al., 2007).
Among these compounds, sodium and calcium

hydroxides belong to the second hazard class and are

characterized as highly hazardous substances.
Sodium carbonate, potassium chloride,
carboxymethylcellulose, hydrolyzed

polyacrylamide, calcium carbonate belong to the
third hazard class and are moderately hazardous
substances. The fourth class includes clay powder,
polysaccharide stabilizer, structure-forming agent,
graphite, oil, polyanionic cellulose of high viscosity
and low viscosity form.

Calcium and sodium hydroxides, entering the
soil, cause an increase in the soil alkalinity, which
reduces the availability of phosphorus, iron,
manganese, copper, zinc and boron for plants. This
disrupts the mineral nutrition of plants. Sodium and
calcium carbonate, calcium chloride cause soil
salinization, which reduces the availability of water
to the plants and leads to their drying and premature
death (Birke et al., 2018). The most toxic effects on
plants are sodium and chlorine ions, which increase
the osmotic potential of the soil solution, lead to
impaired nitrogen and sulfur metabolism. In
conditions of soil salinization the structure and
functioning of chloroplasts of cells are impaired, the
assimilation function of plants is suppressed, the
permeability of membranes is slowed, the growth
and development of plants is decreased, the level of
oxidative stress is increased. In this case, free radical
processes in the mitochondria during cellular
respiration accelerate and damage vital structures
within the cell. Particularly sensitive to the effect of
salts is the generative sphere of the plant, which is
manifested in the suppression of seed germination
and the formation of generative cells through a
number of destructive processes: disturbance of
hormonal balance of the plant organism, synthesis of
protein molecules, nucleic acids (Daliakopoulos et
al., 2016; Machado, Serralheiro, 2017).
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Table 2.

Characteristics of drilling solution components

Ne Drilling solution components Dricl:)i:lltge;(z;t)ion mgl/\;[:g)gz ’soil Hazardous class
1 Clay powder 6.0 - 4
2 Sodium carbonate 0.3 200 3
3 Sodium hydroxide 0.2 2000 2
4 Potassium chloride 6.0 - 3
5 | High-viscosity polyanionic cellulose 0.3 3000 4
6 Low-viscosity polyanionic cellulose 0.6 400 4
7 Polysaccharide stabilizer 1.2 - 4
8 Carboxymethylcellulose 0.9 3000 3
9 Hydrolyzed polyacrylamide 0.4 4000 3
10 Structural Former 0.5 8000 4
11 Graphite 2.0 0 4
12 Calcium hydroxide 2.0 8000 2
13 Oil 10.0 4000 4
14 Calcium carbonate 8.0 4500 3

Note: MPC is the maximum permissible concentration.

Most plant species belong to glycophytes - plants
that are not adapted to the increased concentration of
salts in soils. Therefore, an alternative biological
method of combating increased salts content in oil
wells is to plant halophytic plants that are resistant to
soil salinization. Halophytes, which in the process of
individual development have adapted to high
concentrations of salts, can be divided into three
groups: eugalophytes, cryptogalophytes,
glycogalophytes. Eugalophytes accumulate a large
amount of salts in cells without harming their body
due to the high - up to 7% - concentration of salts in
cellular juice, and therefore can absorb water from a
highly concentrated soil solution. Cryptogalophytes
absorb salts by roots, but do not accumulate salts in
cellular juice, but secrete toxic matters through
special cells on leaves and stems. The plants of this
group are characterized by a high intensity of
photosynthesis, which creates a high concentration of
cellular juice, that allows the plants to absorb water
from saline soils. Glycogalophytes are characterized
by the fact that the cytoplasm of their root cells is
poorly permeable to salts, so they do not enter the
plant. High osmotic concentration in the cells of this
plants group is caused by the intense photosynthesis
and accumulation of soluble carbohydrates. All
groups of halophytes have pronounced adaptation
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features of physiological and biochemical processes.
In particular, they have an accumulation of so-called
protective substances, which make the cells more
resistant to high salt concentrations. At salinization,
the genes encoding the enzymes of proline and
betaine synthesis, enzymes of lignin synthesis, as well
as encoding protective proteins, aquaporins, various
ATPases and proteases begin to express. The use of
plants with resistance to soil salinization may be the
basis of phytoremediation technologies for the
restoration of man-made ecosystems (Derkach,
Romaniuk, 2016; Nouri et al., 2017; Negrao et al.,
2017).

Oil, which is part of the drilling fluid at the highest
concentration relative to other components, has a
stimulating effect on plant growth in its low content
in environment. However, accumulating in the
ecosystem, petroleum compounds have a detrimental
effect on living systems. Today, the restoration of oil-
contaminated territories using environmentally safe
biological methods is one of the priority areas of

environmental science. In particular, plants
characterized by valuable metabolic indicators
convert toxic aromatic hydrocarbons to biota-

harmless products - water and carbon dioxide - are
widely introduced into the greening of oil production
areas. A separate group is formed by plants that
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absorb heavy metals present in large quantities in oil.
Such plants are resistant to heavy metals because they
inactivate them in fixed forms, blocking the ability of
metals to interact with the components of plant cells.
The main mechanisms of protection of a plant
organism from the influence of heavy metals are the
synthesis of phytochelatins, metallothioneins, the
transport of metals in vacuoles and lysosomes, the
binding of metals to the cell wall of plants. The
availability of heavy metals to plants is due to their
transition from insoluble to soluble form in soil,
which is accelerated by soil acidification (Cristaldi et
al., 2017; Kaur et al.,, 2017; Ikeura et al., 2016;
Musilova et al., 2017; Li et al., 2018; Lim et al., 2016;
Shevchyk, Romanyuk, 2017).

Polymers included in the drilling solution - high-
viscosity and low-viscosity polyanionic cellulose,
hydrolyzed polyacrylamide, carboxymethylcellulose,
polysaccharide-stabilizer, structure-forming agent do
not exhibit pronounced toxic effects on the
environment, and small amounts of graphite and clay
do not disturb the physical and chemical structure of
the soil.

In large quantities, drilling fluids pose
environmental hazards to water and soil. During
excavation, transportation, mechanical damage to the
soil is observed, which, in combination with chemical
contamination of the drilling solution components,
contributes to the degradation of edaphotopes.
Therefore, when constructing drilling  rigs,
installation, dismantling of drilling equipment, it is
necessary to take measures that exclude
contamination of areas by metal, reinforced concrete,
wood and other materials. Technological and
emergency causes are the sources of drilling
solutions’ components entering the environment.
Technological reasons include non-compliance with
drilling solutions safety rules, groundwater
contamination due to leakage of columns and poor
cementing, pipeline  breaks, violations  of
transportation and storage requirements for drilling
fluids. Emergency causes arise as a result of the
breach of the well test technology mentioned above.
Environmental measures aimed at preventing possible
causes and ways of environmental contamination
during the operation of wells should be aimed at
eliminating sources of pollutants and the
consequences of their negative effects, and in case of
environmental impact, drilling solution components
should not exceed the maximum permissible
concentrations in the environment. During wells
drilling is not allowed to disrupt technological
processes that can lead to open fountain accidents.
Before the well operations they must have a
contingency plan with clearly defined responsibilities
for each drill crew member, instructions for
preventing appropriate services, a list of necessary
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equipment and reagents. Delivery of drilling fluids to
the well must be carried out in sealed containers and
stored in an equipped warehouse, the fuel supply to
the engines must be done through a sealed pipeline,
collection and removal of waste drilling fluids must
be carried out in special metal containers. Well
development products must be treated and disposed
of in sludge barns with an anti-filtration screen.

The well should be far from urbanized sites to
reduce the negative impact of the chemical
components on people.

The protection of surface water bodies and
groundwater must be carried out at all stages of the
well construction, taking into account construction
and installation works, drilling, mounting and well
testing.

Optimal technological and technical measures
should be provided to ensure the environmental safety
of the facility and minimize its adverse effects on the
aquifer and other water bodies, namely:

— creation of a uniform cement ring at the well
fixing by casing in the zones of occurrence of
highly mineralized waters;

— to prevent the migration of groundwater and
reservoir fluids, all casing columns are cemented
by raising the slurry;

— when drilling under the service column on the
wellhead, the ejection equipment is installed;

— the use of chemical reagents of the 3rd and 4th
class of toxicity in the washing and tamponing
solutions.

These measures provide protection of fresh and
mineral waters from: penetration of surface
pollutants, contamination by drilling fluids
components, ingress of formation fluids in the
environment in emergency situations. To prevent
leakage of drilling fluids during starting and lifting
operations, special drainage devices must be used.

Conclusions. The most dangerous components of
the drilling fluid are sodium hydroxide, calcium
hydroxide, leading to a strong shift of soil pH
towards alkaline. Potassium chloride, sodium
carbonate and calcium are also known to have toxic
effects on the biota, as they cause soil salinization,
reduce the availability of water and nutrients to
plants, impair the integrity and functioning of the
plant organism. Other components of oil do not have
a significant toxic effect on the biota, because they
are polymers of natural origin or minerals. In order
to prevent pollution by drilling fluids, a number of
technological measures and observance of safety
rules are envisaged, as well as the use in the
landscaping of oil production territories resistant to
possible contamination of plant species.
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BIIJIMB KOMITIOHEHTIB BYPOBOI'O PO3UHNHY HA JJOBKLJLISI TA HATIPSIMHA
MOT 0 3MEHIIEHHS

H. I. I'nidoBuubKa, JI. B. Ilnakciii

Posensinymo npobremy nacnioxie po3pobku Hagpmosux ceepOnosun 3 ekoro2iynHoi mouxu 3opy. Ilpoananizosami
MmexHiyHi ma 0i0N02iYHI  acnekmu 6HAUGY CKAAO0BUX OYPOBUX PO3YUHIB, WO BUKOPUCIOBYIOMbCSA Y Npoyeci
Hagpmosudobymky, na biomuune ma abiomuyne cepedosuwye. OnuUcano memoou 36epedcents YUCmomu 6000UM ma
IPYHIMY APU eKCHIYamayii c6epoNosUH ma 3anodicants NOMpAanisiHis 3a6pyOHI06ayie y 008K, Buseieno mociusutl
BNIUB MOKCUHHUX CHOTYK OYPOBO2O PO3HUUHY HA JHCUBI Op2aHizmu, 30kpema pocaunu. Oxapakxmepuzo8ano KOMHOHEHMU
6YpPOGUX PO3YUHIG PIZHUX MUNIE, SKI BIOPIHAIOMbCS Pi6HeM eKo02iuHol Hebesneku. Hatimenwuil pigenv 3a2poszu 0is
besnexu 006K NPUMAMAHHULL 2IUHUCIIOMY mMuny Oypo8020 pO3YUHY, d NOJNIMep-KANiesuii Oyposuul pO34uH
XapaxmepuzyemvCsi HAUGUWUM NOMEHYIUHO Hebe3neunum enausom ma 6iomy. Hessadcaiouu na npunanesicnicmes 0o
Mpemvbo20 KAAcy NOMIpHO-HEOE3NeYHUX PeHOBUH, 6CHIAHOGIEHO HAUBUWUL OeCTMPYKMUSHUT 6NIUE HA OOBKILIA CONell
HaAmMpilo, Kanyilo ma Xaopudie K KOMHOHEeHmMI8 OYPOGUX pO3UUHIE. 3aCONeHHs TPYHMY HAUOLIbW 32YOHO 6NIUBAE HA
POCIUHY, OCKIIbKU HOPYWYEMbCA OCMOMUYHA PiHOGA2A Yy CUCMEMI (IPYHM-POCIUHAY, NOPYUYEMbCA MPAHCNOPH
OP2AHO2EHHUX eNleMeHMi68 NO POCIUHI, 3MEeHUYEMbCA OOCMYNHICING 80102U MA MIHepanbHux peyvosun. lliosuwenns
noxazuuxa pH tpynmy uepez nompanisauts y Hb02o 2i0poKcudie Kaibyilo i HAmpilo K KOMNOHEeHMI8 OYPOBUX PO3YUHIE
HeCnpusmaugo 6NIUBAE HA picm mda pOo38UMOK pOCIUH. Bio3znaueno cmillkicms OesAKUX epyn pociuH 00 6HIU8Y
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KOMNOHEHMI8 OYPOBUX PO3UUHIE ma 30amHuicmb Qimood ekmie npomudismu cmpecosomy enaueosi. I anogimu ¢ dobpe
NPUCMOCO8aHI 00 3POCMAHHA 6 YMOBAX HAOMIPHO20 3ACONEHHS TPYHMY 3A605KU OCOOIUSUM MemaboniuHuM ma
cmpykmypuum ocobnugocmsam opeanizayii. Heeenukuii emicm Hagmu y Oypogux po3uuHax Moodice NOMpanisimu y
006K MA, HAKONUYYIOUUCL Y GOOHOMY MdA IPYHMOBOMY Cepedosulyi, npuzeooumu 00 HU3KU OeCmpPYKIMUGHUX
npoyecie y ocusux cucmemax. Hymaugi 00 HAMOB020 3a0pYOHEHHSI POCIUHU Peazylomb 3HUICEHHIM DOCMOBUX
npoyecis, NOCULEHHAM KamabONiuHUX NpoYecis, 3HUICEHHAM ACUMITAYIUHOL Gynkyii. 3 memoro Mminimizayii
He2amugHo20 6NIUBY XIMIYHUX DeHoGUH HA OO0BKIUISL mepumopii Hapmosudodymxy HeobXioHO 3acmocogysamu
KOMAAEKCHUU nioXio, wjo nepedbaiac NOEOHAHHS MEXHIYHUX ACNeKmi6 3aXucmy 6i0 3a0pYOHeHHs 3 eqeKmusHUMU
bionoziunumy memooamu. AKMYarbHUM 30460aHHAM CYYACHOI eKONOZIYHOI HAYKU € NOWYK CMIUKUX 00 Hapmosoco
3a6pyOHeHHs. 8UOI8 POCIUH, 5IKI e)eKMUSHO 30amHi Nepemeopro8amu MOKCUYHI HAYMOnpooykmu 00 6e3neuHux o
6iomu cnonyk. 3anponoHO6AHO MEXHONOZIYHI peKoMeHOayii 0ns 3anobicanHs 3a0pYOHeHHI0 OO08KILI Oyposum
PO3UUHAMU, A MAKONC PIMOPeKyIbmuUsayiini cnocobu 6opomvbu 3 yoice 3a0pyOHEHUMU eKOCUCMEMAMU.

Knrouosi crnosa: Oyposuii pozuun, nagmosa ceeponosuna, 006KLLA, XiMiuui 3a0pyouiosaui, imopemedianmu,
bion02iuna peKyibmueayis
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