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INTRODUCTION

Ukraine has significant potential in the field of oil hydrocarbon
production. The main deposits of natural resources are concentrated in various
regions of the country, covering both land and sea areas, and lie at various
depths. However, the process of extracting oil and natural gas is not
environmentally safe, waste-free or harmless. On the contrary, during drilling,
exploration and operational extraction, an average of 1.05 m? of drilling waste
is generated for every metre drilled?.

The drilling of oil and gas wells involves the use of various technical
solutions that result in the formation of large amounts of multiphase waste,
both solid and liquid. These include drilling sludge, spent drilling fluids and
drilling wastewater. All these components have a serious anthropogenic
impact on the environment: they can lead to soil, surface and groundwater
pollution, as well as negatively affect air quality, especially due to evaporation
from open sludge ponds?.

From the point of view of environmental safety, destructive changes in
ecosystems and landscapes, disruption of the natural balance and a significant
reduction in biodiversity — the consequences of activities in the oil and gas
sector — deserve special attention. In this regard, there is a need to introduce
effective measures aimed at reducing the anthropogenic impact on nature and
its components.

In today's world, it's super important to use environmentally safe and cost-
effective ways to deal with drilling waste. Right now in Ukraine, the most
common way is to store waste in drilling (slurry) pits, which are built right
near drilling sites in specially designated areas. However, this approach does
not ensure proper disposal and storage of waste, and its long-term storage

! Exonoriuna Gesrneka HadTOra30BOro KOMIUIEKCY Y 3aXiHOMY perioHi : KONEKTHBHA
moHorpadis / O. M. Anamenko Ta iH. IBaHo-®pankiBebk: IODHTYHI', 2017. 384 c.

2 Sharif M. D. A., Nagalakshmi N. V. R., Reddy S. S., Vasanth G., Uma Sankar K. Drilling
waste management and control the effects. J Adv Chem Eng. 2017. Vol. 7: 166. DOI: https://doi:
10.4172/2090-4568.1000166.
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becomes a source of pollution and, as a result, increases the anthropogenic
pressure on the environment. A more rational alternative is considered to be
reducing the volume of waste generated, processing it and reusing it
(recycling). At the same time, existing technological solutions for the disposal
of drilling waste are not always comprehensive and universal. Their
effectiveness is often reduced due to underestimation of the specific
geological, natural and climatic features of the territories and landscapes of a
particular region and the technological aspects of drilling operations®.

Therefore, the scientifically based development and implementation of an
effective technological scheme for the disposal of drilling waste, adapted to
local conditions and taking into account its individual parameters and
properties, is an extremely important task today. This issue is the subject of
research aimed at finding the optimal solution to reduce the negative impact
of geological drilling and exploration on the environment, landscapes and
ecosystems.

1. Drilling waste as a source of technogenic pollution of territories:
ecological and geochemical consequences and management
(processing)

All activities related to the exploration, extraction, storage and
transportation of oil and gas, including the transportation of petroleum
products, are accompanied by the generation of waste that poses a potential
threat to the environment. A significant portion of the materials and waste
generated during drilling operations can have a negative impact on individual
components of the natural environment.

Among the pollutants generated by the operation of oil and gas production
enterprises are both organic and inorganic compounds. Organic pollutants
include oil, its derivatives, gas condensate, lubricants, phenolic compounds,
asphaltenes, resins, methanol, acetone, formaldehyde, benzene, toluene and
other polycyclic aromatic hydrocarbons with high molecular weight.

Inorganic pollutants are mainly represented by various mineral salts. Many
of these substances have a pronounced toxic effect, which adversely affects
key components of the environment: atmospheric air, water resources and soil
cover.

In the oil and gas industry, it is common for significant volumes of oil-
contaminated liquid waste, flushing fluids and solid residues such as sludge
to be generated. These formations arise during the drilling of oil and gas wells,
intensive industrial exploitation of deposits, oil refining processes, treatment
of wastewater containing petroleum products, as well as during the cleaning

3 A6neesa 1. 10., nauyx JI. JI., Byasonuit O. I1. JlochimkeHHs ckaaay Ta CTPYKTypH
OypoBOro IUIaMy 3 METOIO OOIPYHTYBaHHS BHOOPY MeToAy iforo mogansmoi ytuiizanii. BicHuk
KpHY imeni Muxaiina Octporpazacskoro. 2014. Ne 2 (85). C. 172-178.
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of tanks and other technological equipment of the oil production complex.
According to the waste classification system, there are two main types of
sludge: oil and drilling*.

Oil sludge is a stable multi-component system that includes oil residues,
petroleum products, sand, water and clay components. Their formation is
associated with the physical and chemical interaction of petroleum products
with mechanical soil impurities, atmospheric air and moisture, which causes
partial oxidation of hydrocarbons and the formation of resinous substances>®.
Drilling sludge is semi-solid or solid drilling residue, which includes rock
fragments and colloidal phases remaining after the recovery and purification
of drilling mud. Since drilling sludge has a complex and variable structure,
there is no unified model of the composition or properties of this waste. Most
of these sludges are formed during geological exploration and oil well drilling.
As a result of the destruction of rock by a drilling tool (bit), a finely dispersed
mass is formed at the bottom of the well, which is brought to the surface with
the help of circulating drilling fluid. It is this mixture of crushed rock and
flushing fluid that constitutes drilling sludge’.

Depending on their aggregate state, drilling waste is divided into three
main groups: liquid, semi-liquid (paste-like) and solid. The main criterion for
classification is the ratio of solid and liquid phases in the waste composition.
Thus, if the solid phase content does not exceed 35%, such material has high
mobility and belongs to liquid drilling waste (spent drilling mud). When the
solid phase is between 35% and 85%, the sludge takes on a paste-like
appearance and is classified as semi-liquid (spent drilling fluid from drilling
sludge). If the waste contains less than 15-16% liquid, it is considered solid
and is referred to as drilling sludge®.

The greatest threat to the natural environment is posed by production and
technological waste generated during the drilling process, in particular drilling
sludge, spent and contaminated drilling fluid, and drilling wastewater. Such

4 NlepxaBHuit knacugikatop Ykpainu. Knacudikarop simxoxis JIK 005-96. 3atsepaxkeHo i
BBeIEHO B Jif0 HakazoM /[lepkcranmapry VYkpaimm Ne89 Bim 29.02.1996 p. URL:
https://zakon.rada.gov.ua/rada/show/vb089217-96#Text (nara 3BeprenHs: 09.06.2022).

® Kazamias G., Zorpas A. A. Drill cuttings waste management from oil & gas exploitation
industries through end-of-waste criteria in the framework of circular economy strategy. Journal
of Cleaner Production. 2021. Vol. 322. ID 129098. DOI: https://doi.org/
10.1016/j.jclepro.2021.129098.

6 Jlynenxo C. B., A6neesa 1. 1O. VTumisamis HadToBOro Mmmamy y BiJLEHTPOBOMY MOJi.
CydacHi TexHoJIoTii y IpoMuciIoBoMy BHpOOHMITBI : Matepiann VI Beeykpaincbkoi HaykoBo-
TexHiuHOi KoHpepeHuii, M. Cymu, 16-19 kBitHa 2019 p. Cymum: CyMmcbkuil nep:kaBHUi
yHiBepcurer, 2019. C. 172-173.

7 Anamenko S. O. OriHKa BIUIMBIB TEXHOI'€HHO HeGe3NevyHHX 00'€KTiB HA HABKOJIHMIIHE
cepenosuie. Exomoriuna 6e3mnexa ta 36anancoBane pecypcokopuctyBanus. 2010. 2. C. 58-63.

8 Ismail A. R., Alias A. H., Sulaiman W. R. W., Jaafar M. Z., Ismail 1. Drilling fluid waste
management in drilling for oil and gas wells. Chemical Engineering Transactions. 2017.Vol. 56.
P. 1351-1356. DOI: https://doi:10.3303/CET1756226.
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waste is usually accumulated and stored directly on the territory of drilling
sites, mainly in earthen barns, which are equipped in mineral or loose soil®.

Hazardous substances contained in the extracted products of oil and gas
fields include sour gases — hydrogen sulphide and carbon dioxide, whose
concentration can reach up to 40%. These gases are present both in a free state
and dissolved in oil. Hydrogen sulphide poses a particular threat, as it can have
an aggressive effect on drilling equipment, flushing fluids and solutions, as
well as various cementing materials®®.

Areas where oil is extracted are also prone to water pollution. This is
because oil and its derivatives can simultaneously exist as a surface film,
emulsion or dissolved in water't. The entry of such substances into surface
and groundwater significantly impairs their quality and limits their further use.
The main sources of pollution are leaks during oil production, accidents on oil
pipelines, depressurisation of technological equipment, as well as rainwater
and meltwater runoff from drilling sites and slurry pits. Among all types of
pollution, liquid and semi-liquid waste poses the greatest danger. Due to their
mobility and ability to quickly penetrate the environment, they accumulate
toxic substances, leading to long-term pollution of natural components and
disruption of the ecological balance of biocenoses in the places and territories
where they end up?2.

Oil, formation water and drilling fluids, which contain a wide range of
chemicals, are particularly dangerous. The entry of these compounds into the
soil and underground aquifers causes serious damage. The main causes of
such pollution are emergencies, in particular uncontrolled well blowouts,
breaks in underground and above-ground oil pipelines, breaches in the
integrity of technological systems and equipment, accidents, etc.. In addition,
soil and vegetation contamination with heavy metals, in particular copper,
zinc and lead, is often recorded in oil production areas, which only exacerbates
the environmental burden on natural-territorial complexes and ecosystems.

All technical and technological processes related to the exploration,
extraction, transportation and storage of oil and gas have a negative impact on

9 3aems B. O., Hmutpuk B. B., dpurymuu I1. T, Ilykim A. B. IIpobnemu moBokeHHS 3
HeOe3NeYHNMH BiJxojamu y HadTorasosiit ramysi Yxpainn. Hadrorasosa ramyss Ykpainn. 2017.
Ne 1. C. 32-36.

10 Kausalya Tamalmani, Hazlina Husin. Review on Corrosion Inhibitors for Oil and Gas
Corrosion Issues. Applied Sciences. 2020. Vol. 10 (10). P. 3389. DOI: https://d0i:10.3390/
app10103389.

1 NMpurymuu I1. T. Exonoro-reonoriunuii MOHITOPHHT 3a0pyIHEHHs AOBKiIA 06'eKTaMu
HadTOra30Boro KOMIUIEKCY : aBToped. Auc. ...KaHI. reon. Hayk : 21.06.01. IBano-DpaHKiBCBK,
2008. 19 c.

12 Helmy Q, Kardena E. Petroleum Oil and Gas Industry Waste Treatment; Common Practice
in Indonesia. J Pet Environ Biotechnol. 2015. Vol. 6, Issue 5. ID 241. DOI: https://doi:10.4172/
2157-7463.1000241.
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the environment and create an additional ecological burden on all components
of the natural environment®3,

Impact on atmospheric air.

As a result of technical and economic activities in oil and gas fields, the
concentration of harmful substances in the air increases due to emissions.
Sources of emissions can be stationary or mobile, organised or unorganised.
Although the scale and duration of such pollution is not critical, emissions
during drilling contain nitrogen dioxide and oxide, carbon monoxide, soot,
sulphur dioxide, hydrocarbons and other harmful substances. Their impact on
human health and the environment varies in intensity and nature. During the
operation of wells, an additional source of emissions may be a horizontal flare
unit, which is used to burn gas when purging a well or loop, as well as during
exploration, research and repair. Slurry pits, from the surface of which
hydrocarbons evaporate, are also stationary sources of emissions. During the
preparation of drilling mud, when powdered materials (clay, marble, graphite,
lime, chalk) are loaded into the clay mixer, dust is released into the air in the
form of aerosols. These particles also pose a danger to the atmospheric
environment,

Impact on soil.

The main sources of soil contamination are drilling fluid spills, chemical
reagents, drilling sludge, wash water, drilled rock and mechanical damage
during operations. Drilling, excavation and transport operations lead to
disruption of the topsoil, its compaction, loss of humus and reduced water
permeability and aeration. This can negatively affect the development of plant
root systems, reduce their access to water and affect the quality of the soil
cover. Mixing the upper soil horizons can lead to the loss of humus in the root
layer if the requirements of SOU 73.1-41-11.00.01:2005% are not met. This
standard provides for the removal of the fertile soil layer up to 60 cm without
distribution or to its entire thickness in layers. Dense soil in a dry state not
only hinders the development of the root system of plants, but also poorly
transmits water, which requires additional costs for processing.

13 Pliatsuk L. D., Ablieieva I. Yu. System approach to oil production wastewater treatment.
Water supply and wastewater disposal : collective monograph. Lublin : Lublin University of
Technology, 2018. P. 242-250.

¥ 3BiT 3 OWiHKM BIUIMBY Ha JOBKIIIS CIOPY/KEHHS MOIIYKOBOI CBEpIOBMHH Ne3
JlepkauiBcbko-BoiiTeHkiBebKol o rimubuHoo 4900M. Peectpaniiinuii Homep 20193153108.
TOB HTBK “Vkpaina”. Xapki, 2019. C. 225. URL: https://kovyagi.com/wp-
content/uploads/2019/05/ovd-zuravlyna3.pdf.

*® TIpo 3atBepmKxenHs MeTOIMYHUX PEKOMEH 1Al 00 CTPYKTYpH i 3MicTy po3ainis TEO
3 €KOJIOTiYHOrO OOTPYHTYBaHHS KOHIMLIN U MipaxyHKy 3amaciB HadTH i razy : Haka3
JlepxaBHoi koMmicil YkpaiHu 1o 3amacax kopucHuX komamuH Nel91 Big 28.05.2009 p. URL:
https://ips.ligazakon.net/document/FIN48832.
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Impact on water resources.

The protection of groundwater and surface water is a priority at all stages
of geological exploration and drilling: from installation to completion of well
testing. During well drilling, possible sources of contamination of
underground freshwater horizons include drilling mud used to open aquifers
and the overflow of mineralised water from underlying aquifers®®.

Chemical reagents used in drilling fluids can be hazardous to the
environment. However, the use of environmentally safe chemical reagents in
drilling allows drilling fluids and drilling waste to be considered moderately
safe and prevents negative impacts on the environment. To prevent drilling
fluid leakage during lowering and lifting operations, special drainage devices
must be used. Drilling fluids used in well construction must meet modern
drilling technology requirements. To prevent the migration of groundwater
and fluids, all casing strings are cemented with high-quality cement slurry,
which rises to the wellhead.

Sludge pits used in oil and gas production processes are one of the key
sources of environmental pollution!’. Their functional purpose is to
accumulate drilling waste, but long-term storage of this waste in open earthen
containers significantly increases the level of technogenic impact on
landscapes and the environment. In particular, over time, drilling sludge, spent
solutions and associated pollutants can penetrate into the soil and groundwater
and pollute the atmosphere through evaporation, posing a threat to the
ecological balance of the areas surrounding drilling sites. With this in mind, a
strategically important step is not only to reduce the amount of waste to be
stored, but also to find effective solutions for its disposal and recycling. One
way to reduce the negative environmental impact is to introduce drilling waste
recycling technologies that reduce the volume of harmful materials and, in
some cases, produce useful secondary products. However, there is currently
no single unified approach or method that would allow for the effective and
safe recycling of all types of drilling waste under any conditions. Each
technology has its own application characteristics, advantages and limitations,
depending on the composition of the waste, the geographical location of the
drilling site, climatic conditions, landscapes, etc.

Table 1. presents the main existing methods of drilling waste processing
used in practice'®.

16 Mykim A.B. Jlocmimkenns ocobiuBocTell (opMyBaHHS (Di3HKO-XiMiYHOrO CKIamy
MOBEPXHEBUX Ta Mi3EMHHUX BOJ] B MeXax HadToBoro poposuia. Hadrorazosa ramyss Ykpainu.
2017. Ne 2. C. 36-38.

Y7 CucTeMHUMHM MiXia 10 MiABUILEHHS €KOJIOTIYHOT Ge3IeKn Ha(TOBHIOOYBHUX TEPUTOPIH :
moHorpadis / Abneesa I. YO., [Tnsayk JI. JI. Cymu : Cymcbkuit nep>xaBHuit yHiBepcurer, 2021.
275 c.

18 Pukycosa H. I. Cyuachi MeTo epepoOKH Ta yTUITi3AILii BiX0/1iB OypiHHS HadTOrazoBux
cBeputoBuH. Exororiuni nayku. 2018. Nel (20), Tom 2. C. 130-135.
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Table 1
Methods of handling drilling waste

Name of method Characteristics of method

Temperature treatment, burning, followed by the production

Thermal of bituminous residues

Physical Separation in a centrifugal field, settling, filtering

Extraction using solvents, solidification using organic and

Chemical . B
inorganic reagents

Special treatment with additional reagents that change the

Physico-chemical physico-chemical properties (coagulants, flocculants)

Microbiological or biothermal decomposition using

Biological - -
microorganisms

When considering the practical implementation of various methods of
handling drilling waste, it is advisable to conduct an analysis taking into
account the specifics of individual types of waste. Particular attention should
be paid to spent drilling fluids (SDF) and drilling sludge (DS), as they
constitute the bulk of technogenic waste during drilling and have different
physical and chemical characteristics that determine the choice of appropriate
disposal or processing technology.

Circulation systems are used to handle drilling mud, which include drilling
mud cleaning units, usually consisting of vibrating screens, hydrocyclones and
centrifuges. These technological solutions ensure that drilling mud is cleaned
of drilled rock, allowing it to be returned for reuse in the preparation of drilling
mud.

Physical and physicochemical methods for handling spent drilling fluids
(SDF) (and in some cases drilling sludge (DS)) are determined by changes in
the physical and physicochemical properties of waste under the influence of
various physical factors. For example, under the action of gravitational and
centrifugal forces, the components of the suspension layer are separated into
individual phase components (Fig. 1)°.

¥ Jlynenko C. B., Bepexna 1. O., Slnuenko . O. IIpakTHuHi acleKTH MOKpamIeHHS
e(deKTUBHOCTI yTHii3auii HadTOonUIaMiB Ta BiaxoaiB OypiHHs. Cramuid pPO3BHTOK: 3aXHUCT
HaBKOJIMIIHBOTO cepefoBuiia. EneproomasaHicts. 30agaHCOBaHE NPUPOIOKOPUCTYBAHHS !
36ipHnK MatepianiB VI MixnaponHoro konrpecy, M. JIpBiB, 23-25 Bepecus 2020 p. JIbBiB :
3axinHo-Ykpaincekuii Koncanrunr Lentp, T30B, 2020. C. 138.
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Fig. 1. Separation of the components of the suspension layer into
individual phases under the action of centrifugal forces

Dehydration of spent drilling fluid and drilling sludge is the main
technological operation for their preliminary preparation, which can
potentially be implemented by the following methods: centrifugation,
extraction, gravitational compaction, vacuum filtration, filter pressing,
freezing.

A systematic analysis of research results indicates that centrifugation is
one of the most effective technologies for separating sludge to obtain a solid
fraction with a high dry matter content and improve the balance of element
content between the two fractions, resulting in a clean liquid fraction for
reuse?. In addition, a centrifuge with the addition of a coagulant, flocculant
or polymer is considered to be highly efficient separation equipment, while a
screw press, vibrating screen and rotating drum are low-efficiency separation
processes?.

Decanter centrifuges are used to separate suspensions with relatively low
solids content, often in combination with chemical conditioners and additives.
Under the influence of high centrifugal force, larger and heavier solid
fractions are separated from the solution due to their increased weight and
density. Decanter centrifuges are used, for example, to separate sludge and to
process various industrial waste streams. Despite their technical complexity
and higher cost, centrifuges, unlike belt filter presses, can operate
continuously??. During the separation of sludge into phases, an oil-containing
mixture is obtained, which can then be used as raw material and solid phase.
The solid phase is dried in horizontal or vertical dryers, depending on the
required productivity. The dry sludge can then be used as a mixture for the
production of building materials and road surfaces.

2 Aplieieva I, Berezhna I., Berezhnyi D., Prast A. E., Geletukha G., Lutsenko S., Yanchenko
I., Carraro G. Technologies for Environmental Safety Application of Digestate as Biofertilizer.
Ecological Engineering & Environmental Technology. 2022. Vol. 23, Issue 3. P. 106-119.

2 Akhiar A., Guilayn F., Torrijos M., Battimelli A., Shamsuddin A. H., Carrére H.
Correlations between the Composition of Liquid Fraction of Full-Scale Digestates and Process
Conditions. Energies. 2021. 14. 971. DOI: https://doi.org/10.3390/en14040971.

2 Alan Records, Ken Sutherland Decanter Centrifuge : 1st Edition. Handbook. Elsevier
Science. 2001. 421 p. DOI: https://doi.org/10.1016/B978-1-856173-69-8.X5000-X.
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Among thermal methods of drilling sludge disposal, incineration is the
most common. This process is carried out in specialised furnaces of various
designs and capacities, including rotary drum furnaces, fluidised bed furnaces,
furnaces with bubbling burners or using nozzles. Sometimes incineration can
even be carried out in open sludge barns.

Another effective thermal method is the pyrolysis of drilling waste — the
process of decomposing organic components at high temperatures without
access to air. Pyrolysis is usually carried out at temperatures above 400 °C,
resulting in the decomposition of oil, humic and other organic substances into
simpler compounds, in particular hydrocarbons, which can be used as fuel or
raw materials for the chemical industry. In addition, pyrolysis gas is formed,
which also has energy value. Pyrolysis is considered an environmentally
sound method of treating drilling waste, as it significantly reduces its volume
and minimises emissions of harmful substances into the atmosphere. At the
same time, the efficiency of the process depends on the composition of the
waste, in particular the presence of toxic components?®, High-temperature heat
treatment of drilling sludge includes two stages: preliminary preparation and
main firing at temperatures between 950 — 1200°C. This approach requires the
use of special heat-resistant equipment and significant energy resources,
which makes it expensive.

The products of thermal decomposition of drilling residues consist of four
main components: solid carbon residue (21.45% by weight), water (39.40%),
hydrocarbon distillate (30.35%) and hydrocarbon gas (8.80%). In general,
thermal methods are versatile in terms of application, as they do not require
lengthy preliminary preparation of raw materials, such as the removal of
foreign impurities, vegetation, stones or debris. In addition, the volume of the
final processed product is significantly smaller than the initial volume of
drilling sludge. However, thermal disposal also has significant limitations.
During high-temperature combustion, a significant amount of toxic and
harmful gaseous substances are released into the atmosphere. To minimise
their impact on the environment, territory and public health, it is necessary to
install emission purification systems, which requires additional material,
energy and financial resources. In addition, the high moisture content of
drilling waste significantly increases energy costs, which negatively affects
the economic feasibility of using thermal methods?*.

The chemical method of drilling waste disposal is based on chemical
reactions involving special reagents that promote the transformation of
drilling sludge (DS) into less harmful or useful materials for further use. One

2 I'peuko O.B. CyuacHi MeToau TepMiuHOi MepepoOKH TBEPAMX MOGYTOBHMX BiAXOIiB.
Ipomucinosa enepreruka. 2006. Ne 9. C. 25-29.

2 Ab6neesa 1. YO. Ilineumienss PIBHS eKoJIOTiyHOi Oe3lexy INpH yTHIi3amii BiaxomiB
HagTOra30Boro BUAOOYTKY : JHC.... KaH. TexH. HayK, 21.06.01. Cymu. 2016. 194 c.
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of the most effective technologies is considered to be reagent encapsulation,
which involves the physical and mechanical transformation of waste into a
stable substance that is safe for the environment and surrounding areas. In this
method, each waste particle is covered with a hydrophobic protective shell of
calcium carbonate, which is formed as a result of the reaction of slaked lime
in the presence of water and carbon dioxide. Since the lime slaking reaction is
accompanied by heat release (exothermic), this additionally promotes the
evaporation of excess moisture and the disinfection of the material by
destroying microorganisms. After maturing, the resulting granules are
characterised by high strength. The rate of release of harmful substances from
such a neutralised product is significantly reduced — hundreds of times
compared to the initial input drilling sludge. One of the advantages of the
chemical method is the possibility of further use of the treated sludge as a
secondary raw material for the production of building materials or road
surfaces, which not only reduces the burden on the environment but also
increases the economic feasibility of disposal. In particular, a technology for
the production of gypsum concrete has been developed, where
phosphogypsum in combination with drilling sludge is used as a binding
component. This combination allows the creation of an environmentally safe
material formed by chemical immobilisation of heavy metals present in the
sludge. The process results in a stable crystalline structure of gypsum
concrete. According to toxicological, radiation and sanitary-hygienic studies,
the resulting product is environmentally safe and has practical applications?.

The biological method of disposal of drilling waste involves the use of
microorganisms capable of breaking down petroleum products and other
hydrocarbon compounds through biochemical reactions. As a result of this
action, mineralisation, humification and gradual neutralisation of pollutants
contained in the soil environment are observed?®. This method is particularly
effective when combined with other methods of processing drilling waste,
residues, and areas and landscapes contaminated with petroleum products. For
example, after extracting petroleum products from sludge using xylene and
then introducing a consortium of specially selected microorganisms, the
degree of purification can reach 91%?. In addition, biosorption technologies
have also shown high efficiency in removing organic substances, toxic
compounds and petroleum product residues. The use of various sorbents in
aerotanks significantly increases the efficiency of bioremediation. Today,
there are about two hundred types of sorbents, both organic and inorganic.

% A6neepa 1. 1O. IlimBumenHs piBHS eKoONOTiuHOi OGe3MeKH TpH yTUi3allil BimXomiB
Ha(TOra30Boro BUAOOYTKY : AHC.... KaHJ. TeXH. HayK, 21.06.01. Cymn. 2016. 194 c.

2 CucTeMHMIT THIXiZ [0 IMBHINCHHS CKOJNOTIYHOI OC3MEKH Ha()TOBUIOOYBHUX TEPUTOPIH :
monorpadist / Abneesa 1. 1O., [Tmsyk JI. 1. Cymu : Cymcbkuii aepkaBHUiA yHiBepeuTert, 2021. 275 c.

2" Biomoriudi MeTOAU OXOPOHHM HABKOJMIIHBOTO CEPEIOBUINA Bix 3a0pyJHEHHS
Hadronpoxykramu : MoHorpadis / B. I1. lanopes ta in. Xapkis : HTY «XI1I», 2015. 216 c.
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Organic sorbents include caustobolites, natural substances of plant or animal
origin, their processed products, as well as synthetic analogues. Inorganic
sorbents include natural, artificial, and organo-mineral materials. Therefore,
biological methods should be used as part of a comprehensive system for
handling oil-contaminated waste. However, given the relatively low
concentration of petroleum products in drilling sludge (unlike oil sludge), the
independent use of the biomethode may be less effective and not always
justified from an economic or technological point of view.

Thus, a promising and economically viable technology for the disposal of
drilling waste is to separate it into fractions in a centrifugal field using physical
separation methods. The components obtained in the separation process can
be used as raw materials, fuel or as part of new building materials. In addition,
such substances are suitable for the preparation of special solutions used
during the plugging of depleted and exhausted oil wells in the geological
profile?,

2. Characteristics of the studied deposit and samples of drilling sludge
as a component of drilling waste

The research covered samples of drilling sludge obtained during the
drilling of wells at the Semyrenkivske gas condensate field and the
Machukhsk gas field located in the Poltava region. Thirteen commercial gas
condensate deposits have been discovered at the Semyrenkivskyi field, which
are confined to the Upper Visean deposits. The geological structure of the
sedimentary complex of the Semyrenkivskyi field includes formations from
the Palaeozoic, Mesozoic and Cenozoic eras, with a total thickness of up to
8.5 km. Exploration and production wells drilled in the Palaeozoic deposits
have revealed Carboniferous and Permian formations, while Mesozoic
formations include Triassic, Jurassic and Cretaceous formations, as well as a
complex of Cenozoic deposits typical for this part of the basin. The porosity
of the reservoirs in the Semirenkovskoye field ranges from 7 to 10%, and the
permeability, according to laboratory core studies, ranges from 0.8 to 114 -
10> m2. These reservoirs are fine— to medium-grained quartz sandstones,
fractured with low capacitance and filtration parameters. The reservoirs are of
the porous and fractured-porous type?. The waters contained in the Lower

28 Jlyuenxko C. B., Bepexna 1. O., Suuenxo 1. O. IlpakTudHi acmekTH MOKpAIIEHHS
edexTuBHOCTI yTHmi3anii HadrTommamiB Ta BimxoxiB OypiHHA. Cranmii po3BHUTOK: 3aXHCT
HaBKOJIMIIHBOTO cepefoBuiia. EneproomaaHicTs. 30agaHCOBaHE NPUPOIOKOPUCTYBAHHS :
30ipHuK MatepianiB VI MixknaponHoro xoHrpecy, M. JIbBiB, 23-25 Bepecust 2020 p. JIbBiB :
3axingHo-Ykpaincekuit Koncantunr Llentp, T30B, 2020. C. 138.
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Carboniferous deposits of the Semirenkovskoye field belong to the calcium
chloride type, have significant mineralisation ranging from 123.9 g/l to
212.2 g/l, and are located in a zone of very slow water exchange.

The Machukhskoye gas field is located in eastern Ukraine and belongs to
the Glinsk-Solokhovskoye gas and oil bearing area of the Eastern oil and gas
bearing region. The area lies at depths of 1.5 km to 5.5 km and includes a
significant part of the Paleozoic deposits. This area has developed primary
porous sandy-siltstone and cavernous-fractured carbonate reservoirs with high
porosity and permeability, in which extensive systems of stratiform, massive
stratiform and massive natural reservoirs filled with sedimentary brines are
widespread®,

The geological structure of the deposit includes rocks from the
Carboniferous, Permian, Triassic, Jurassic, Cretaceous and Cenozoic systems.

The research covered samples of drilling sludge taken from wells No. 77
of the Semyrenkivske deposit (Nos. 1, 2, 5, 6), Machukha No. 54 (Nos. 3 and
4) and wells using IEP Witer Il-based drilling fluid (Nos. 7-10), which are
shown in Fig. 2.3,

Sample Nel * Clay-polymer sludge at the centrifuge inlet
Sample Ne2 . (l))tft}l, etlractlon of clay-polymer-based sludge at the centrifuge

. cla)u?l, et;raction of hydrocarbon-based sludge at the centrifuge
« Hydrocarbon-based fugate at the centrifuge outlet

* Clay-polymer-based sludge at the centrifuge inlet

. (I))l:'t)l' elt'raclion of clay-polymer-based sludge at the centrifuge
« IEP Witer II-based sludge at the centrifuge inlet

* Sludge without washing

« Sludge with washing

Sample Nel0 * Dry fraction of sludge based on IEP Witer II at the
AP centrifuge outlet
Fig. 2. Test samples of drilling sludge from deposits

Samples of drilling sludge Nos. 7-10 were taken from wells drilled using
IEP Witer Il-based drilling fluid. Its purpose is for primary and secondary
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opening of productive formations, drilling in emergency zones of any
complexity, carrying out major repairs of wells, and use as special fluids for
well cementing®. For some of the samples studied, a clay-polymer-based
drilling fluid was used, which included: weighting agents (barite, hematite,
chalk, ground limestone); a suspension of drilled rock or bentonite;
carboxymethylcellulose, inhibiting reagents, KCI, thinners, soda ash,
graphite. Accordingly, such drilling fluids have different parameters
compared to the IEP Witer Il-based drilling fluid.

Waste drilling fluids can cause significant damage to the upper layers of
the lithosphere, especially for alkaline loamy and clayey soils. However, the
negative impact of waste drilling fluids is less significant for acidic soils with
a high organic matter content and sandy soils. One way to reduce the volume
of waste from used drilling fluids containing drilling sludge and reduce their
harmful impact on the environment is to regenerate and reuse waste drilling
fluids in the technological process®.

An environmentally safe technology for handling spent drilling mud is its
regeneration and reuse in the technological process®*. Based on a literature
review, it has been established that centrifugation is an effective method for
separating spent drilling mud and drilling sludge to obtain technical water
suitable for preparing new drilling mud and a solid environmentally safe
phase. Experimental studies are aimed at determining the technological,
environmental and operational characteristics of the proposed technology, as
well as scientific justification of the patterns of the process of intensification
and direct separation of drilling sludge in the field of centrifugal forces®.

In this regard, the experimental methodology included the following
stages:

—  researching the chemical and phase composition of the waste used
for the experiment and its level of environmental safety;

—  determining the moisture content of the drilling sludge samples under
study;
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—  separating the drilling sludge into solid and liquid phases in a
centrifuge;

—  treatment of the studied samples of drilling sludge with coagulants
and flocculants of different concentrations, and separation of drilling sludge
in a centrifuge;

—  study of the chemical and phase composition of the obtained samples
of the solid and liquid phases of drilling sludge;

—  determination of the moisture content of the studied samples of the
solid phase of drilling sludge after separation and calculation of the degree of
dewatering of drilling sludge;

—  statistical analysis of the results obtained, establishment of effective
concentrations of flocculant and coagulant, determination of the efficiency of
the centrifuge dewatering mode3®7,

All samples were taken in triplicate to ensure the statistical significance of
the measurement results. Samples at all stages of drilling sludge separation
were subject to research, with the initial sample at the centrifuge inlet being
the primary one. To establish the patterns of sludge dewatering in the
OVS-950, drilling sludge of different genesis was used for analysis, i.e.
formed as a result of drilling different wells and at different depths. Since
drilling mud of different composition is used at each stage of the well drilling
life cycle, sludges were studied, which included spent drilling mud on a clay-
polymer basis, a hydrocarbon basis, in particular on the basis of IEP Witer 113
39, The moisture content of drilling sludge samples was determined according
to standard methods in accordance with DSTU B V.2.1-17:2009 and DSTU
ISO 11465-2001.

A circulation cleaning system, including a vibrating screen, hydrocyclone
and centrifuges or a decanter or tricant, is effectively used to separate drilling
waste into phases. The process is intensified by electrocoagulation or reagent
coagulation and flocculation. Coagulation results in the formation of
aggregates — large (secondary) particles consisting of clusters of small
(primary) particles. The primary particles in such aggregates are connected by
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intermolecular forces of interaction, either directly or through a layer of the
surrounding (dispersion) medium*,

Flocculation is used to intensify the formation of aluminium and iron
hydroxide flocs in order to increase their precipitation rate**. The use of
flocculants allows reducing the required doses of coagulants, shortening the
coagulation process and increasing the precipitation rate of the formed flocs.
Chitosan, which is a deacetylated derivative of chitin consisting of a linear
copolymer of D-glucosamine and N-acetyl-D-glucosamine (Fig. 3)*%, was
used for the research.

CH,OH CH,OH CH,OH
O (@] O

o o H 0 i1 H. OH
HO

2 2 2

Fig. 3. Chemical formula of chitosan — a copolymer of D-glucosamine
and N-acetyl-D-glucosamine

The complete mechanism of flocculation using chitosan has not been
sufficiently studied, but it has been established that the bridging mechanism
prevails during this process®. Flocculation ability, like other properties of
chitosan, depends on the degree of deacetylation and the pH of the medium.
It is soluble in an acidic medium in which amino groups are protonated, but
insoluble in neutral and alkaline media*.
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3. Results of experimental tests on the utilisation (separation into

separate phases) of drilling sludge and its subsequent uses

Research into the elemental composition of the solid phase of drilling
sludge and phase analysis allows its mineral composition to be established and
the presence of heavy metals to be detected. This data can be used to make
recommendations on waste disposal methods, such as using it in the
production of building materials, for road filling and other useful purposes.
This has environmental and economic advantages over landfilling or sludge
storage.

Based on the results of X-ray fluorescence analysis, it was determined that
heavy metals constitute a distinct group of chemical elements present in all
analyzed drilling sludge samples. However, their overall concentration is
relatively low, not exceeding 0.3%, with some metals detected only at trace
levels. Specifically, clay-polymer-based drilling sludge samples (Samples 1
and 2) were found to contain iron, nickel, chromium, cobalt, zinc, and lead.
Samples 5 and 6 contained iron, nickel, chromium, zinc, and lead.
Hydrocarbon-based samples (Samples 3 and 4) exhibited the presence of iron,
nickel, cobalt, copper, and lead, while samples based on the IEP Witer Il
composition (Samples 7-10) included iron, nickel, copper, and lead.

The study encompassed sludge samples both before centrifugation and
after their separation into solid and liquid fractions. To assess the
environmental safety of these resulting fractions, it is essential to analyze the
distribution of heavy metals between the phases post-separation and to
identify the patterns governing the transfer of these elements.

A comparison of the quantitative content of individual metals revealed a
general trend toward their accumulation in the solid fraction at the centrifuge
outlet, as opposed to the inlet. This suggests that heavy metals tend to
concentrate in the solid phase, leading to a corresponding reduction in their
levels within the filtrate. Importantly, all measured concentrations were below
the maximum permissible concentrations (MPC) established for soils*> 46,

The experimental results confirmed the hypothesis that, following
centrifugation, there is an increase in the concentration of elements typically
associated with rock formations, alongside a decrease in the concentration of
chemical elements originating from the drilling fluid, which are
predominantly transferred to the liquid phase. A comparative analysis of the
elemental composition of drilling sludge samples taken at the centrifuge inlet
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(Sample No. 1) and outlet (Sample No. 2) revealed a reduction in chlorine
content in the drilling fluid, while the concentrations of silicon, iron, and
calcium increased in the solid phase.

The results of the chemical composition analysis were corroborated by X-
ray phase analysis, which identified the dominant mineral phases present in
the studied samples. Furthermore, X-ray fluorescence analysis confirmed the
presence of a group of heavy metals—specifically iron, nickel, copper, and
lead—in Samples Nos. 7, 8, 9, and 10. Importantly, the concentrations of all
detected heavy metals remained below the maximum permissible
concentrations (MPC) for soil, indicating that the samples are environmentally
safe*” 48,

Phase analysis was performed for solid phase samples obtained at the
centrifuge outlet, on a clay-polymer basis (sample No. 2) and on a
hydrocarbon basis (sample No. 3). For the phase composition, the following
phase ratios were obtained for samples No. 2 and No. 3 (Fig. 4 and Fig. 5,
respectively).
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Fig. 4. Relationship between phases for sample No. 2

The solid phase sample obtained at the centrifuge outlet contains a high
concentration of quartz (87%), which can be explained by the composition of
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the rocks in the drilling area. Aluminium oxide (10%) was also found, which
originates from the clay-polymer-based drilling fluid used during drilling.
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Fig. 5. Relationship between phases for sample No. 3

The X-ray phase analysis results for sample No. 3 reveal a distinct
composition compared to sample No. 2, which can be attributed to the use of
a hydrocarbon-based drilling fluid with a different chemical formulation. In
sample No. 3, silicon oxide was identified as the predominant phase (62%),
while the quartz content decreased to 26%. Although both phases share the
same chemical formula (SiO2) and hexagonal crystal system, they differ in
their crystal lattice parameters.

The results of the X-ray phase analysis underscore a strong correlation
between the mineralogical composition of the drilling sludge samples and
both the chemical characteristics of the drilling fluid and the lithological
composition of the rock strata disrupted during drilling. These disrupted rocks
constitute the primary component of the resulting sludge®.

In light of these findings, to substantiate the feasibility of repurposing the
separated and dried sludge products for specific functional applications, it is
recommended to conduct further research involving the chemical analysis of
the aqueous extract from the sludge. This should include evaluation of the

4 Jlynenko C.B., Inauyk JI.JI., A6neesa L.IO. Busnauenns exonorianoi 6esmeku 6ypoBoro
oulaMy 3ajJeXHO Bia rnuOuHM OypiHHs. EKouoris, HEOeKoJoris, OXOpOHa HaBKOJHUIIHBOTO
cepeioBHINa Ta 30aJaHCOBaHE MPUPOAOKOPUCTYBaHHS : Marepianu [X MikHapoaHoi HayKoBOT
koHdepeHIii MomoauxX BYEHMX, M. XapkiB, 25-26 mmcromama 2021 p. Xapkis: XHVY im.
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cationic and anionic composition (K*, Na*, Ca?', Ba*', Cl-, SO+, COs*", OH")
as well as the hydrogen ion concentration (pH)®.

Such analyses are governed by the Basel Convention, the regulatory
standards for technical water, and, where applicable, the Rules for Wastewater
Discharge into Municipal Sewer Systems and the Rules for the Protection of
Surface Waters from Pollution. According to the Basel Convention,
compounds such as sodium, potassium, and calcium chlorides are classified
under List B, group B2040. However, since drilling sludge is not classified as
dry waste, the majority of the cations and anions—whose presence is
determined by the composition of the drilling fluid—are expected to be released
into the liquid phase during separation.

During the process of separating sludge into phases, an oil-containing
mixture and a solid phase are obtained, which can be used as raw materials.
The absolute moisture content indicates the efficiency of separating oil-
containing products from drilling sludge®'. Based on the data obtained on the
absolute moisture content of drilling sludge, the arithmetic mean value of
relative moisture content was calculated by averaging three parallel
measurements. The results obtained indicate the average relative moisture
content of drilling sludge. We obtained the following results after dewatering.
The efficiency of the degree of drying in a centrifuge for clay-polymer-based
drilling sludge for samples No. 1 and No. 5 is 81.45% and 80.55%,
respectively. The efficiency of the degree of drying in a centrifuge for drilling
sludge for samples No. 7, No. 8 and No. 9 is 51.37%, 50.63% and 55.71%,
respectively®. Based on the results obtained, it can be concluded that the
degree of dewatering of clay-polymer-based drilling sludge is higher than that
of hydrocarbon-based sludge. Namely, the degree of dewatering of clay-
polymer-based sludge is almost 82%, while for hydrocarbon-based sludge it
is 56%0%,

This is due to the chemical and physical properties of the clay-polymer
base of the sludge, as well as its water yield indicators. One of these properties
is the rheological capacity of the drilling mud used to drill the well. As a result
of the analysis of the influence of the initial moisture content of drilling sludge
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on the degree of sludge dewatering, no statistical significance of the results
was found. In addition, the data show that clay-polymer-based drilling sludge
samples No. 1 and No. 5 had higher initial moisture content than hydrocarbon-
based sample No. 7. Therefore, the initial moisture content of drilling sludge
does not affect the degree of sludge dewatering in a centrifuge®. From a
rheological point of view, an effective drilling fluid in a downward flow
should have a viscosity close to that of water, and in an upward flow, it should
have a viscosity that is necessary and sufficient to transport the sludge to the
surface without accumulating it in the well. However, real drilling fluid was
used for experimental studies, which was the same for both downward and
upward flows. The research was conducted on selected samples of two types
of drilling fluid bases. Drilling fluid and drilling sludge are examples of
Bingham fluids, which behave as solid materials under static conditions and
begin to flow when subjected to force®. For effective separation of spent
drilling fluid with maximum separation of the solid phase containing minimal
moisture, the rheological properties of the drilling fluid must correspond to
lower values of conditional viscosity and higher filtration indices®®”. Another
determining factor is the difference in the physical and chemical properties of
clay-polymer-based and hydrocarbon-based drilling mud. For samples of
spent drilling mud where hydrocarbon-based drilling mud was used, in
particular IEP Witer I, hydrophobisation of the sludge surface is observed,
which delays the free separation of water from the solid phase, further
contributing to lower dewatering rates compared to clay-polymer-based
samples.

Comparing the water yield and the degree and quality of drainage of the
studied samples, it was found that it is higher in the studied sample on a clay-
polymer basis than on a hydrocarbon basis. This is explained by the different
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rheological properties of these solutions and, as a result, their different
physical properties and ability to regenerate>® *°.

The separation of drilling waste, in particular spent drilling mud and
drilling sludge, into solid and liquid phases was carried out using a developed
method, which involves preliminary treatment of waste with coagulants and
flocculants, followed by separation in an OVS-950 centrifuge. In this case, the
liquid phase is reused for the preparation of drilling fluid, and the solid phase
is subject to environmentally safe disposal, for example, for the production of
building materials, which meets the requirements of water recycling and
rational balanced nature management. To accelerate the precipitation of
suspended particles, coagulants aluminium polyoxochloride Al,(OH)sCI and
aluminium sulphate Alx(SO4)3, obtained from coal mining waste — fly ash,
were used. Aluminium cations can be leached with both hydrochloric acid and
sulphuric acid®2. In the second case, we obtain aluminium sulphate, which
is effectively used as a coagulant and meets the requirements of rational nature
management for waste disposal. It has been experimentally established that
aluminium polyoxochloride has a higher efficiency in terms of coagulation
rate at low temperatures and does not form accompanying hydrolysis
products, since it has a higher basicity value, on which the coagulation process
indicators depend — floc size, sedimentation rate, water purification efficiency.
To improve the chemical precipitation process, a chitosan-based flocculant
was also used, which increases the size of flocs after coagulation and has a
wide range of operating pH values (3.5-10.5) and temperatures (0—100 °C).
Its main advantages are environmental safety compared to polyacrylamide,
ease of obtaining and use, complete biodegradability, and the absence of
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harmful substances in purified water263, Experimental studies to establish the
optimal doses of coagulant and flocculant that provide the maximum possible
degree of dewatering of drilling sludge were additionally conducted with
previously studied samples No. 1, No. 5 and No. 7, corresponding to samples
of spent drilling mud obtained from clay-polymer-based drilling fluid (No. 1
and No. 5) and hydrocarbon-based IEP Witer Il (No. 7), respectively
(see Fig. 2.1). It was proven that an increase in the sedimentation rate of
enlarged particles contributes to an increase in the separation coefficient in the
field of centrifugal forces, which is realised in a centrifuge, so at the outlet we
obtain a solid phase with a lower water content and, as a result, a lower
percentage of moisture.

It has been established that the use of a coagulant solution with a mass
concentration of 15% and 25% of the proportion of mechanical impurities is
insufficient for complete precipitation of impurities, which is due to the
formation of a paste-like sediment of viscous consistency. When using a
coagulant with a mass concentration of 35%, a loose-structured flake sediment
is formed, which contributes to a higher degree of separation of sludge into
liquid and solid phases with a lower water content. Increasing the mass
concentration of the coagulant to 45% and 55% led to the absorption and
binding of the water sediment, which made it harder to separate. So, the most
effective solution is a coagulant with a mass concentration of 35%. In
addition, it should be noted that the use of aluminium sulphate coagulant is
optimal when creating a slightly acidic reaction environment, corresponding
to a pH value of 5-7.5. After the coagulant, a flocculant was added — chitosan,
which exhibits maximum flocculating properties in a slightly acidic or acidic
environment. The studied samples of drilling waste had a slightly alkaline and
alkaline reaction of the environment, so they were pre-acidified by adding a
solution of hydrochloric acid in an amount calculated to bring the pH of the
environment to a level of 5-5.5 units, which is the optimal indicator for both
the coagulant and the flocculant. Based on the experiments conducted, the
optimal dose of flocculant was established at 0.4% by mass of the mechanical
impurities fraction. The sequence of preliminary chemical treatment of
drilling waste to accelerate sedimentation was carried out in accordance with
the methodology, bringing the initial reaction of the medium to a level of
5-5.5 units by adding hydrochloric acid. In this way, the sediment contains a
minimum amount of water and the process of separating drilling sludge in a

62 Ablieieva 1., Plyatsuk L., Yanchenko I., Zinchenko V., Berezhna I., Lutsenko S., Prast A.
E. Assessment of environmental safety of solid phase of drilling sludge after centrifusion
separation. Scientific and technical journal « Technogenic and Ecological Safety». 2020. Vol. 8
(2/2020). P. 3-11.

8 A6neesa 1. 0., Mnanyk JI. JI., 3inuenko B. 1O., Jlynenko C. B., Bepexna 1. O.,
SIruenko 1.O. Orninka eeKTUBHOCTI po3isIeHHs: OypOBOro IIIaMy Yy IO il BIALIEHTPOBUX CHIL
Tipumanit Bicauk. 2020. 108. C. 3-9.
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centrifuge into solid and liquid phases is significantly intensified, with their
subsequent technological use. The proposed scheme for cleaning drilling
sludge and spent drilling fluid allows the purified water to be returned to the
well drilling process, which is in line with the principles of rational and
efficient use of water resources, recycling and waste management. Thanks to
a comprehensive approach to drilling waste management, it is possible to
significantly reduce the negative anthropogenic impact on the surrounding
landscapes, territories and water areas during the exploration, research and
extraction of hydrocarbon minerals.

CONCLUSIONS

Based on the results of theoretical and experimental assessments within
the framework of the conducted research, conclusions were made which are
science-intensive, practice-oriented and, taken together, significant for
improving the environmental safety of the process of handling and managing
drilling waste through the justification, development and implementation of
environmental protection technology in the oil production industry. In
particular:

1. Based on an analysis of the impact of drilling waste on the environment,
in particular atmospheric air, groundwater and surface water, and soil, it has
been established that the soil surface and deep geological space are primarily
subject to significant destructive effects. The feasibility and environmental
friendliness of using a physical and chemical method of preliminary waste
treatment to intensify separation with the obtaining of separate phases (solid
and liquid) has been analysed.

2. The developed experimental methodology focuses on analyzing the
properties of drilling waste both before and after phase separation, particularly
in terms of environmental safety. It also includes identifying the patterns of
waste separation in a centrifuge under conditions of process intensification
using chemical coagulation and flocculation. The degree of solid phase
dewatering in the centrifuge is proposed as a key indicator for evaluating the
efficiency of the intensification process and the operational performance of
the dewatering equipment.

3. An environmental safety assessment of drilling waste conducted before
and after separation confirmed that the resulting solid phase does not present
significant environmental hazards in terms of radioactivity or heavy metal
concentrations. These parameters remain within permissible limits, and the
environmental hazard coefficient (K) of the solid fraction was determined to
be within acceptable levels (K < 1).

4. Based on the evaluation of the performance efficiency of the OVS-950
vertical dewatering unit, it was found that the equipment achieves a
dewatering efficiency ranging from 51% to 82%, depending on the type of
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drilling fluid—IEP Witer 1l or clay-polymer-based, respectively. The higher
dewatering rates observed in clay-polymer-based samples are attributed to
their specific rheological characteristics and water yield index, which were
substantiated through the analysis.

5. The enhancement of the drilling sludge separation process through
chemical coagulation and flocculation is justified. The study demonstrated
that the use of aluminum sulfate as a coagulant at 35% of the mass of
mechanical impurities, combined with chitosan as a flocculant at 0.4% of the
mass, and the maintenance of a slightly acidic medium (pH 5-5.5) via the
addition of hydrochloric acid, leads to a significantly high solid phase
dewatering rate of up to 95-98%.

SUMMARY

Among the wide range of technological schemes, methods, and
approaches for drilling waste disposal, no universally effective and
environmentally safe solution currently exists. This is largely due to the
insufficient consideration of regional geological, climatic, and operational
factors during drilling activities. Consequently, the scientific substantiation,
design, and implementation of an optimal technological framework for
drilling waste management—tailored to the specific characteristics and
parameters of the generated waste—remains an urgent and relevant challenge
addressed by this study.

To enhance the environmental safety of oil-producing regions and improve
the efficiency of drilling waste treatment, several novel scientific and practical
findings have been achieved. The study has scientifically substantiated and
experimentally verified the correlation between the degree of drilling sludge
dewatering in a centrifuge and the type of drilling fluid base used. This
dependency arises from the differing rheological properties of clay-based
versus hydrocarbon-based fluids.

To increase the environmental safety of phase-specific waste utilization,
the distribution patterns of chemical elements—particularly heavy metals—
between the liquid and solid fractions of spent drilling fluids and sludge
following centrifugation have been identified. A waste management approach
has been proposed that involves the separation of drilling waste into solid and
liquid phases using a centrifuge or decanter, followed by the targeted
treatment of each phase.

This method is both environmentally sound and economically justified.
The liquid fraction meets regulatory standards for reuse in preparing new
drilling fluids, while the solid fraction can undergo chemical stabilization to
immobilize heavy metals and be repurposed in construction or road
maintenance applications.
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