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The article reflects the importance of improving the quality of oil and gas well completion. The problem of improving well
operational efficiency sets the requirement for a high-tech approach to solving the whole range of tasks from the design and
construction of an oil and gas well to its completion, workover and abandonment. The article mentions the major problems
arising at the well completion stage. In particular, it provides a review of poor-quality cementing consequences, including
the formation of filtration channels resulting in a cross-flow and increased watercut; the contraction effect; and the
mismatched cement compositions that affect the formation isolation and the oil, gas and water showing. The authors outline
the methods for repair and renewal operations aimed at well uploading. In addition, they show existing technologies for
recovering well casing integrity during remedial insulation, as well as the methods to improve the quality of a well casing at
its construction. Moreover, the article presents the developed technology of temporary aquifers in-process isolation with
compositions of viscoelastic systems. Studying water shut-off techniques for the existing wells determines the focus for the
scientists, who work on creating new and improving the existing blocking agents to get better result from their application
and lower operational costs. The authors recommend using the advanced compositions of viscoelastic systems to shut-off
aquifers while drilling. In order to strengthen the cement stone and, as a consequence, the well casing, the following fields
could be proposed for further study: upgrading the cement slurry quality with carbon additives, such as soot, carbon black,
graphite, oxidized graphite, graphene, graphene oxide, and carbon nanotubes.

OTpakeHa aKTyaJbHOCTh IOBBINICHUS Ka4yecTBAa 3aKaHYMBAHMS He(TErasoBblX CKBaKHMH. [Ipo0iema MOBBIICHHS
3¢ dexTBHOCTH pPAbOTHI CKBaKHHBI (OPMHUPYET MOTPEOHOCTH B BHICOKOTEXHOJOTMYHOM IIOJXOJE K PEIICHUIO
[IOCTABJICHHBIX 3a[a4, HAYWHAas OT MPOCKTHUPOBAHHUs M CTPOUTEIbCTBA HE(TEra30BOM CKBAXKHMHBI 10 €€ 3aKaHIUBAHUS,
PEeMOHTa ¥ JHMKBHAAUUH. PaccCMOTpEHbl OCHOBHbBIC HANPABICHHS OCJIOXKHCHUI, BOSHHKAIOIIMX IPH 3aKaHYNBAHHU
CKBaXXHH, B OCOOCHHOCTH MpEJCTAaBICH 0030p MOCIEACTBHS HEKAYECTBEHHOTO LEMEHTHPOBAHUS — OOpa3oBaHUE
KaHAJIOB (GMIBTPALMM, NPUBOSMIMX K MEXKIUIACTOBBIM IEPETOKAM M IIOBBILICHHIO OOBOJHEHHOCTH CKBa)KHHHOM
NPOAYKIMH, KOHTPAKUMOHHBIH S((GEKT ¥ HEempaBUIbHO MOJOOPaHHBIC TAMIIOHAXHBIC COCTABBI, BIMSIOLIHE Ha
paso0uieHne IacToB u HedTe-, ra3o-, BOJOMpPOsBICHHE. KpaTKo MpeAcTaBiIeHbl METOJABI MPOBEACHHUS PEMOHTHO-
BOCCTAHOBHUTEJBHBIX pabOT IO BO3BPAIICHUIO CKBKHHBI K OKU3HH. [lOKa3aHbl CYIIECTBYIOLIME TEXHOJIOTUH
BOCCTaHOBJICHUS T€PMETHYHOCTU KPEMH CKBaXWHBI IIPU MPOBEICHUH PEMOHTHO-H30JALMOHHBIX pa0oT, a TakkKe MyTH
MOBBILICHHUS Ka4yecTBAa KpelH CKBa)XHHBI Ha JTale €€ CTPOMTENbCTBA. [IpeicTaBiieHa paspaboTaHHAs TEXHOJIOTHS
BPEMEHHON H30JISILIMU BOJOHOCHBIX TOPH30HTOB Ha STale OypeHUs B BHAE COCTABOB BSI3KOYNPYrUX cucTeM. M3ydenue
MEXaHH3MOB BOJOU3OJISALMU MPOOYPCHHBIX CKBAXHH OIPEIEISET BEKTOP ACATEIBHOCTH YYEHBIX, KOTOPBIMH BEIyTCS
paboThl 10 CO3[AaHHMI0 HOBBIX M YIYYIICHHIO YXK€ HMEIONIMXCS OJIOKMPYIOIMX COCTAaBOB C LEJIBI0 TOBBILICHUS
TEXHHYECKOTO Pe3yJbTara OT MX NPUMEHEHHs M CHI)KCHHs 3aTpaT Ha NPOBEAEHHE paboT momoOHOro pona. ABTOpEI
PEKOMEHIYIOT TNPHMEHSTh NEPCIEKTHBHBIE COCTaBbl BSI3KOYNPYTMX CHCTEM JUI OJIOKHPOBAHHWS BOJOHOCHBIX
TOPU30HTOB B mporecce OypeHus. sl MOBBIIEHHS MPOYHOCTH LEMEHTHOTO KaMHs M, KaK CJIEJICTBHE, KPEIUICHHUS
CTBOJIa CKBKMHBI MPEIJIATralOTCs IyTH JaJbHEHINEro M3y4eHWs — IMOBBILICHHE KayeCTBa TaMIIOHAXXHOTO pPacTBOpa
IIyTEeM BBOJIA YIJICPOAHBIX J00ABOK, TAKMX KaK Caka YepHasi, caxka TeXHU4eckasi, rpadur, okuciaeHHslit rpadur, rpadeH,
oKcH rpadeHa, yriepoaHble HAaHOTPYOKH.
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Introduction

Drilling oil exploration and production wells
is one of the most high-tech processes. Within a
well construction cycle, the drilling stands
between the design (encompassing the entire
range from an investment project to a well-
construction one) and the completion. Thus,
the drilling links a production formation
(a reservoir) with a technology (as the key
efficiency factor) — technically, economically
and administratively.

Stable profitability of field development can
only be achieved by reducing the produced oil
cost, which depends on the volume of operating
and energy costs by 30-50 %, as well as on the
workover costs. The completion, including the
innovative one, 1is becoming increasingly
important for the efficiency improvement [1]. In
2017, the well completion equipment market
turnover exceeded RUB 15 billion despite being
at a relatively early development stage (liner
hangers accounted for approximately 50 % of the
market). ‘Horizontal’ facilities and systems —
new wells, sidetracks, multistage hydraulic
fracturing, and others — constitute 55 % of the
demand [2, 3].

At each stage from the drilling to production
operations, a well is exposed to various process
loads. Perforation, hydraulic fracturing, corrosive
environment, tripping and other operations inside
the casing string have a strong impact on the well
casing integrity and, above all, on the cement
stone, which is one of the key elements in a well.

A poor cementing quality may be a reason for
incorrect estimate of the explored area potential;
identifications of ‘new’ oil deposits and,
especially, gas ones in the reservoirs; fluid cross-
flows; gryphon formations; and oil, gas and water
showing. This is one of the most hazardous
complications as it often results in accidents.
The fluid cross-flows are quite common in wells.
The most complicated and lossmaking emer-
gencies were registered in the fields of Ukraine
and Uzbekistan. An enormous cross-flow of
formation gas into a string resulted in a well
blow-out. In that case, the drillers addressed the

issue by drilling an additional relief well for a
nuclear explosion, which prevented the gas
migration into the well [4]. The given examples
illustrate low qualifications of the drilling
technicians and their failure to observe the well-
drilling regulations and standards.

An increased watercut is one of the adverse
effects of the poor-quality well-casing related to
making passages for the formation fluid migration.
Currently, the watercut level of the Russia's
oilfields exceeds 90%. A quality isolation of oil
and gas wells and reduced cross-flows remain the
principal conditions for a well effective operation.
Sealing compounds and devices used in this
process should ensure accident-free performance in
compliance with operational, environmental and
economic requirements [5, 6].

Today, due to the highly problematic situation
the scientists are getting focused on studying the
shut-off mechanisms (root causes, process, and
solutions) for the drilled wells. Despite the wide
range of the existing technologies and com-
positions for remedial insulation to shut-off the
water, progress is being made to create new
blocking agents and to upgrade the existing ones
in order to get better result from their application
and to reduce the operational costs.

Methods for Eliminating Water Showings
and Inter-casing Cross-flows

At present, a number of trends indicate an
increasingly crucial need to address the existing
problems in the cementing quality of oil and gas
wells. These trends are associated with the growth
in production drilling, the development of fields at
their late development stage, and the development
of new fields with difficult geological and
technical conditions. The absence of high-quality
and long-term formation isolation, the inter-casing
and interstratal showings of oil, gas and water, the
cross-flows, the lost circulations and low cement
top — all these problems result in the reduced well
productivity and low field development efficiency.
These in general increase the cost of the workover
process in the well development and operation. For
a high-quality well support, at all stages from well
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conditioning to casing running and further
cementing, it is necessary to ensure a competent
choice of technologies, equipment and materials
applied to such operations.

The main reasons that affect the cementing
quality of oil and gas wells include:

a) wellbore geometry and drilling mud
properties;

b) casing positioning relative to the wellbore
axis;

¢) reciprocating of the rock destruction tool;

d) time optimization for drilling and cementing
the well;

e) performance specifications of the cement
injection pump.

The poor well cementing quality can result in
interstratal cross-flows and watercuts. This problem
can be solved through a remedial insulation in the
existing wells and by upgrading the quality of new
well casings. The immediate proximity of water and
oil-bearing horizons, as well as the geological
settings at the well drilling sites, complicated by
various formation pressure intervals, result in the
wellbore displacement from the given direction and
require the use of new technologies and modifying
additives for cementing the oil and gas wells.

The studies on water shut-off classify the
remedial insulation by its complexity, and suggest
feasible technologies to eliminate the watercut
reasons. As a result, the authors have classified
the remedial insulation into four -categories
by complexity [7-10]. The easiest remedial
insulation include:

— fixing the wellbore leaks

— reducing and preventing the interstratal fluid
migration completely

— building a tight cofferdam to isolate the water
horizon from the producing formation

The well insulation and workover are
performed to shut the extraneous waters off the
production zone, to prevent gas migration, and to
strengthen the wellbore. The remedial insulation in
the oil and gas wells employ wellbore cementing
technologies including those under pressure,
installation of a mechanical clad (a profile packer),
and sometimes injection of special polymeric
compositions.

Since the high-quality isolation of pressure
horizons at the construction stage can determine
the durability of wells as permanent structures,
special attention should be paid to their cementing
quality. Insufficient cement strength may result in
a reduced well performance, a damage of
wellbore integrity, a reduced integrity, and a
breach of environmental requirements, safety
rules and regulations. The improved cement
performance, primarily, its compressive and
bending strength properties, are a priority. It is
conventionally addressed by modifying the
cement with various natural and artificial
chemical additives. In addition, to isolate the
formations with saturating fluids of different
properties, it is a good practice to temporary
isolate them at the drilling stage, especially with
regard to the intervals of possible water inflows.

Technology of Temporary
Pressure Horizon Isolation

The development of new compositions and
technologies enabling engineers to shut-off water
inflows are covered in the studies of a number of
scientists both in Russia [11-16] and overseas
[17, 18]. The scientists including V.A. Blazhevich,
V.G. Umetbayev, N.A. Abdrakhimov, V.A. Strizh-
nev, LI Kleshchenko, S.S. Demichev, K.V. Strizhnev
among others paid special attention to the study
and adaptation of synthetic resins [19-30]. There
are several technology trends to address the
problem of trouble-proof aquifers shut-off. For
example, the most frequently applied technology is
a selective water inflow shut-off, which combines
temporary formation isolation during remedial
insulation, and the PBL technology (a circulation
sub). The circulation sub contains a circulation
valve, which enables a fluid flow multiple
switching from the drill string inner space to the
annular space, bypassing all the elements of the
bottom-hole assembly (BHA) below the PBL [31].
However, this technology does not allow for
pressure control in the annular space [32]. For the
operations that increase the efficiency of well
completion in the intervals of uncontrolled inflow,
it is suggested to use a pressure regulating device
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in the drilling with simultaneous injection of a
blocking agent at the aquifer drill-in [33].

Currently, the agents based on oil-well cement
with various polymer additives improving their
adhesion and strength properties, special powder
materials, mixtures containing silicon and/or
organic materials, polymeric and gelling agents,
etc. are used for the water shut-off. Various
combinations of reinforcing compositions are also
used. They have an advantage due to the
possibility to adjust their properties to the
geological and technical conditions of a particular
application. Of all the proposed waterproofing
agents, the viscoelastic compounds are among the
most promising materials for the aquifers in-
drilling shut-off to control water inflow and inter-
casing cross-flows. According to this method, a
gelling agent, which at the initial moment is a
low-viscosity fluid, is pumped into a well. After a
certain period of time the viscosity sharply
increases up to the system thickens. In other
words, the solution loses its fluidity and right in
the formation turns into a gel capable of shutting-
off the water-bearing horizons. However,
the most viscoelastic waterproofing compounds
known to date have a number of drawbacks,
such as low permeability, instability in the
formation settings, toxicity and high cost.
Elimination of such shortcomings may signify-
cantly increase the competitiveness of this water
shut-off method [5, 6, 34, 35].

Increasing the Formation Isolation Quality
during Well Cementing

Providing high sedimentation stability of
cementing solutions is one of the most effective
methods to improve the formation isolation
quality. Otherwise, the permeability of the cement
stone may increase, and heavy water inflow may
result in cracks in the cement stone [36].

The drilled well quality primarily depends on
the integrity of a cemented well. The gas and other
formation fluids flow along the inner diameter of a
cement ring subject to two critical conditions: the
pressure, which is essentially present in the gas
presence, and a channel. The channels are formed

in the cement stone mainly due to the cement
slurry ability to form a vacuum on its surface. Such
a decrease in pressure (contraction effect)
contributes to the fluids inflow from the wellbore
adjacent area, and the dewatering of the static mud
and filter cake. The channel appearance in a
cement stone during the cement hardening is
unavoidable [37].

Reducing the contraction effect is one of the
demanding but solvable problems. It is impossible
to entirely get rid of the contraction effect, as well
as to replace the cement with some other mineral
binder. Such technologies are not yet known to-
date. Due to the discovery of the contraction effect,
scientists were able to comprehend the mechanism
of channel formation in a cement stone, identify
the affecting factors and formulate the ways to
minimize the negative impact of the contraction
effect on a well casing.

Adding various additives into the cement slurry
is one of the generally accepted methods to reduce
the contraction effect. Most often this solution
results in a substantial decrease in the mechanical
properties of a cement stone. Cement modification
with the additives that have a positive influence on
the cement stone properties is popular for the
primary well cementing.

The study by prof. A.l. Bulatov ‘Determining
the Role of the Cement Stone Strength’ shows that
the cement stone strength as per the GOST
standard does not provide any insight into the
potential of the cement application under the
conditions of a specific deposit, but only reflects
the requirements for cement specifications. After
solving the above problems, it is now possible to
use cement slurries modified with various
additives for oil and gas wells. It has been
determined that the cement modification reduces
the contraction effect [36].

The standard additives to cement comprise
silicates (SiO,, nanoSi0,), blast-furnace slag and
metallurgical waste; densifiers (baryte, hematite);
light-weight additives (hollow plastic microspheres
and pellets; air).

At the HPHT (High Pressure High Temperature)
conditions we recommend using silicon-containing
materials such as quartz sand. Being added to the
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cement and spacer fluid, the SiO, contributes to extra
cleaning of the well walls [36, 38].

In case of a well casing insulation, the cement
with various property-improving additives is used:
polymeric materials and other inexpensive and easily
available chemicals of organic and inorganic origin.

Using the cement upgraded with additives for
well casing gives a number of advantages:

1) An extensive upgrade to physical and
mechanical properties of a homogeneously
hardened cement stone, which is characterized by
high compressive and bending strength, corrosion
and pressure-and-temperature resistance.

2) The impermeability properties of the cement
stone prevent the formation fluids from migrating
into the well and the drilling mud — into the
adjacent wellbore area. Thus, the cement stone
prevents a decrease in the bottom-hole zone
permeability upon cementing and also contributes
to the complete formation isolation [39, 40].

The cement slurry prepared from the standard
cement often does not comply with the drilling
settings due to its low ability to penetrate into the
smallest pores, to prevent formation fluids and
gases from migration [39, 40] and to reinforce the
wellbore walls.

Fig. Modern carbon modifications: a — diamond;

b — graphite; ¢ — lonsdaleite; d — C60 (fullerenes);

e — C540; f— C70; g — amorphous carbon; / — single-wall
carbon nanotube

The researchers have a reason to believe that
the destruction of the annulus cement is always
accompanied by caverns and cracks of any size.

In recent years, the carbon-based materials
have been actively used as modifiers. By the
beginning of the 21st century, three-dimensional
(graphite, diamond), one-dimensional (single-wall
and multi-wall carbon nanotubes) and zero-
dimensional (fullerenes) allotropic modifications
of the carbon were known [41]. The figure above
shows all studied carbon modifications.

Carbon is a truly unique chemical element,
capable of forming a wide variety of chemical
structures with improved structural, electrical and
mechanical properties.

After the discovery of graphene in 2004, the
scientific world has been taking interest in carbon
modifications.

The physicists A. Geim and K. Novoselov
from the University of Manchester (UK) have
synthesized graphene by successive separation of
graphite layers using adhesive tape [42]. The
inventors were awarded the Nobel Prize in Physics
in 2010 for the pioneering experiments with
graphene, a two-dimensional form of carbon.

Today, graphene is widely used by not only
chemists and physicists but also by doctors,
builders, miners, process engineers in all
spheres, and even by designers. The new
material is becoming increasingly popular due to
its unusual mechanical, thermal, electrical and
optical properties.

Graphene has quickly found its place in the
oil and gas industry. It is widely used to increase
the lubricating properties of drilling mud, create
corrosion-resistant  coatings, cement wells,
reinforce rock destruction tools, separate water
from oil, clean-up oil spills, complete wells
and in many other operations in the well drilling
and construction processes [43—45]. Graphene
and its derivatives improve cement com-
positions, which makes their application in well
cementing a priority.

Thanks to the graphene boom in the scientific
community, researchers from all over the world
are now paying attention to various modifications
of carbon. Just like grapheme, a three-
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dimensional modification of carbon — graphite —
can be used as nanoscale reinforcement of a
cement stone to improve its mechanical
properties, integrity and durability. Despite the
amazing properties of graphene, the application of
graphite and its derivatives in the oil and gas
industry is more reasonable due to low cost and
high availability of the material.

The analysis of researches conducted abroad
[46-55] allowed concluding that the carbon materials
improve the pore structure of the cementing matrix,
and increase the compressive and bending strength
compared to the neat cement. According to the
studies, the fluidity of the new hydrophobic and
environmentally friendly cement slurry increases, as
does the hardness of the cement stone.

The studies by Russian research institutes on
well cementing quality have shown complete or
partial destruction of the cement stone in the
casing string annulus in 15-30 years [36]. Thus,
the principal task for the scientists is to study why
the cement slurry state changes over time and how
to reverse this process.

Conclusions
and Recommendations

The application of up-to-date technologies to
shut-off water inflows significantly reduces the
well repair and operational costs and increases the
oil production. The production rate of a single well
largely depends on geology, operation modes and
stimulation methods as much as on the technical
condition of the well structure.

At the same time, new, more efficient
insulating materials with low viscosity, higher
filterability and adhesion should remain readily
available and relatively inexpensive. However,
even the most successful waterproofing
technologies provide only a temporary solution.
When comparing the insulation potential, the
insulation ability to restrict the produced water and
the duration of this technological effect are the key
criteria. Consequently, the quality of creating the
additional filtration resistance in the water-
saturated reservoir’s portion and the reduced water
inflow are the basic indicators of the reservoir’s
oil-saturated portion improvement.

Carbon materials will surely have a very strong
impact on the technology in the coming years.
A high-quality well casing requires continuous
upgrading of the construction and modification
materials. The sustainability of introducing the
carbon additives into cement compositions is
evident from their safe extraction, production and
hardening in the cement stone. Using new cement
compositions with the carbon additives enables
engineers to better address the whole range of
global problems, including the drilling mud
overflow and lost circulation, equipment sticking,
flowability of unstable rock intervals, water, oil
and gas showing, formation isolation, etc.

The carbon materials application as additives
for the well cementing slurries has not been fully
studied yet. Thus, there is a pressing need for
further studies in order to successfully apply the
new materials in the production of upgraded
cement compounds.
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