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Abstract

The development of new fields with low-permeability reservoirs required the introduction of new production tech-
nologies, of which the most significant for well killing and underground repair were multi-ton hydraulic fracturing,
the simultaneous operation of two or three development sites by one well grid, and an increase in the rate of fluid
extraction. These global decisions in field development have led to the need to search for new effective materials and
technologies for well killing. The article is devoted to the analysis of problems associated with the process of killing
production wells in fields characterized by increased fracturing, both natural and artificial (due to hydraulic fracturing),
with reduced reservoir pressure and a high gas factor. The relevance of the analysis is due to the increase in the number
of development sites where complications arise when wells are killed. Particular attention is paid to technical solutions
aimed at preserving the filtration and capacity properties of the bottomhole formation zone, preventing the absorption
of process fluid, and blocking the manifestation of gas. The classification of block-packs used in killing is given, based
on the nature of the process fluid. Suspension thickened water-salt solutions are considered, forming a waterproof crust
on the surface of the rock, which prevents the penetration of water and aqueous solutions into the formation. This
approach ensures the safety and efficiency of killing operations, especially when working with formations in which
maintaining water saturation and preventing the ingress of the water phase are of critical importance. Modern trends in
the development of technology are revealed, and promising areas for further improvement of well killing with absorp-
tion control are outlined.
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Introduction

The article is a review of scientific and technical literature devoted to the problem of well killing
with absorption control for the period from the mid-1970’s to the present. The relevance of the work
is the generalization of published materials and the determination of the possibility of using blocking
compositions of different nature as process fluids for well killing in complicated mining and geological
conditions. Particular attention is paid to polymer-based blocking fluids containing suspended parti-
cles with a solid phase, as the most universal and effective.
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The global trend in oil field exploitation is a gradual deterioration in the structure of reser-
ves [1-4]. Well operation is also accompanied by deterioration of the filtration and capacity character-
istics of the bottomhole formation zone [5, 6], gas or water breakthroughs through highly permeable
channels, mechanical wear of underground equipment. In order to effectively overcome these com-
plications and maintain the target level of oil production, it is necessary to carry out routine and major
repairs. One of the important stages of preparation for such work — well killing — includes the intro-
duction of process fluid into the wellbore to create back pressure in order to prevent oil and gas shows.
Analysis of the killing results showed that process fluids have a significant negative impact on the
production potential of wells in formations with low permeability and low formation pressure due to
the absorption of salt solutions into the productive formation [7, 8].

Killing of wells is the most common operation that accompanies a well throughout its entire
period of operation. All underground and major repairs, as well as the treatment of the bottomhole
zone of wells, begin with killing. The main causes of complications during well killing are well
known. The first in importance is associated with a decrease in phase permeability for oil, which
occurs due to an increase in water saturation in the bottomhole zone of the formation. When the water-
based repair and technological fluid is absorbed at low reservoir pressures, an increase in water satu-
ration occurs in the bottomhole zone, which is uncharacteristic for the formation as a whole at the
current stage of development. This problem is especially acute in low-permeability hydrophilic reser-
voirs, and to eliminate it, hydrophobizers from among cationic surfactants are added to the killing
fluid or mutual solvent treatments are carried out [9]. Such measures make it possible to return wells
to their pre-repair operational parameters, but are accompanied by significant additional costs.

The second important reason for the complication is also associated with the penetration of salt
solutions into the bottomhole zone — swelling of clay minerals and the formation of poorly soluble
salts due to a violation of the salt balance [10]. In this case, permeability for liquid decreases and oil
inflow decreases. To prevent these negative phenomena, clay swelling reducers and salt deposit in-
hibitors are added to the killing fluids, which help to remove the complication, but significantly in-
crease the cost of the process.

There is another type of complications during killing, typical for wells with a high gas factor or
development objects in the section of which there are gas interlayers [11]. Gas egress during repair
is unacceptable, and to prevent it, surfactant solutions are injected into the bottomhole zone so that
the escaping gas forms foam, which again means additional costs. The use of fluids with absorption
control essentially eliminates all of the above problems. Absorption control is carried out when repair
and technological fluids have properties that prevent them from escaping into the formation.

The objective of the review is to analyze technological solutions related to well killing with
absorption control in the conditions of development of fields with low-permeability reservoirs, in-
cluding natural and artificial fracturing, with a high gas factor and low reservoir pressure. The mate-
rials presented in the review work will be useful to field workers when performing well killing in
complex mining and geological conditions.

Materials and methods of research

To obtain emulsion blocking compounds for killing, degassed oil, diesel fuel, condensate,
mineralized water, emulsifiers, and microcalcites are used [12, 13]. To obtain thickened composi-
tions, water-soluble polymers of synthetic nature (polyacrylamide, polyacrylic acid, polyvinylpyrroli-
done, polyethylene oxide) and plant origin (carboxymethyl cellulose, hydroxyethyl cellulose, hyd-
roxypropyl guar), biopolymers (xanthan, succinoglucan, scleroglycan), as well as viscoelastic sur-
factants (zwitterionic compounds) are used [13, 14]. Chalk, microcalcites, boiled halite, dolomite,
and siderite are used as colmatants to obtain thickened dispersions [13, 14]. For fractured collectors,
fibrous materials are used: asbestos, peat, water-swelling and degradable synthetic fibers [15-17].
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The following acids are used as breakers after killing during well development: hydrochloric,
formic, acetic, sulfamic; enzymes specific for the decomposition of bio- and plant polymers; perox-
ides (persulfates, peroxocarbonates, urea hydroperoxide); complexones (oxyethylidenediphosphonic,
nitrilotrimethylphosphonic, oxalic acids) [14]. To determine the rheological parameters of blocking
fluids (ultimate shear stress, elastic modulus and viscosity modulus), modern rotational viscometers
are used, including those with an oscillatory rheometry option [18]. Filtration-blocking characteristics
are studied on low- and high-pressure filter presses, as well as using filtration units: imported, for
example FDES-645 (Coretest Systems Corporation), and domestic, for example SMP-PS/FES-2R
(Kortekh LLC) [19, 20].

Industrial implementation of the preparation of blocking liquids is carried out in accordance with
the provisions described in the article [21]. Blocking compounds are prepared at specialized mortar
units [12, 22] or using a mobile mixing and averaging unit. The containers used must be equipped
with paddle mixers that ensure uniform distribution of chemical reagents throughout the volume,
eliminating the occurrence of “dead zones”. The reagent preparation unit or container of the required
volume must be equipped with an external electric centrifugal pump, a paddle mixer, an ejector for
feeding bulk products, piping to the pump, as well as a line for filling and unloading. It is possible to
disperse the powder of the water-soluble reagent-thickener through a dry hydrofunnel of the ejector
into a stream of water-salt base created by an electric centrifugal pump. It is allowed to disperse the
polymer by pouring it into the water-salt solution in the mixing zone of the paddle mixer in the
preparation container.

The piping of the tanks for preparing blocking fluids must have a design that provides for the
possibility of flushing it in the event of the occurrence of “gel defects”. Blocking compositions of
increased viscosity are prepared by dissolving a water-soluble polymer thickener in a water-salt base
and are intended for temporary and reversible reduction of permeability at the boundary of the well
wall — the entrance to the formation, control of the absorption of the killing fluid during underground
repair of production and injection wells without hydraulic fracturing, including those with abnormally
high reservoir pressure (AHRP).

The preparation of a blocking composition with a solid phase includes dissolving a water-soluble
polymer thickener on a water-salt basis with subsequent dispersion of particles with a solid phase,
which is used as microcalcite of different grades, boiled halite, dolomite. Suspension of solid particles
in a polymer solution is intended for temporary and reversible reduction of permeability at the boundary
of the well wall — the entrance to the formation, control of absorption of killing fluids during under-
ground repair of production and injection wells, including those with hydraulic fracturing, wells with
super-collector interlayers in the section, wells with slotted and gravel filters in conditions with ab-
normally low reservoir pressure (ALRP) and AHRP.

The preparation of an emulsion blocking composition for killing requires effective dispersion of
degassed oil in a water-salt base and a chemical reagent-emulsifier. Emulsion blocking compositions
are intended for temporary and reversible reduction of permeability at the boundary of the well wall —
the entrance to the formation of producing wells, control of absorption of killing fluids during repair
of wells without hydraulic fracturing, wells with a high gas factor (more than 400 m3/t), wells
operating water-sensitive reservoirs. The technology for preparing emulsion blocking compositions
includes a set of the calculated amount of degassed oil or hydrocarbon solvent in the reagent prepa-
ration unit. Then the emulsifier is dosed and mixed for at least 30 min with the electric centrifugal
pump of the mixer and stirrer turned on. Then the required amount of water-salt base is added and
mixed again for at least 2 h. The emulsion blocking composition can be stored in the preparation
container before shipment for no more than 2 h. Before shipment after the specified period, this com-
position is mixed in the container using a centrifugal pump.
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Discussion

Absorption control during well killing is ensured by two main mechanisms: an increase in the
viscosity of the process fluid, as well as crust formation on the surface of the rock, when a suspension
of solid particles clogs the pores and filtration channels. In particular, thickened polymer solutions,
hydrogels, and reverse emulsions operate according to the first mechanism, while suspension systems
operate according to the second. There are several essentially similar classifications of blocking com-
positions [23, 24]. The scheme proposed in the article [24], based on the nature of blocking fluids
seems to us more illustrative (Fig.1). Let us dwell in more detail on the main types of blocking com-
positions used in Killing with absorption control. Historically, the mass introduction of reverse emul-
sions in well killing was first carried out at Tatneft PJSC in the 1970°s [12]. Special stationary solution
units were built, where the reverse emulsion of the required density was prepared. This technology is
successfully used at present [25], being a popular tool in capital and underground repair work. Service
contractors use emulsifiers that allow creating reverse emulsions for different temperature ranges.
Reverse emulsions have proven their effectiveness in killing wells in granular reservoirs. In the case
of well killing in fractured reservoirs, as well as in wells with hydraulic fracturing, reverse emulsions
do not always cope with their task, because natural and artificially created cracks are capable of ab-
sorbing viscous liquids.

An illustrative example of the change in the efficiency of the invert dispersion “Disin”, which is
a reverse emulsion stabilized by calcium carbonate and calcium oxide hydrate, was demonstrated at
Yuganskneftegaz PJSC. This reagent was proposed by G.S.Pop for killing wells at facilities in Western
Siberia [26, 27]. At the beginning of its use, when wells with low-volume hydraulic fracturing were
killed, the inverted dispersion “Disin”, which belongs to the class of Pickering emulsion stabilized by
solid particles, coped with its task perfectly [28-30]. As the hydraulic fracturing method developed,
when the mass of pumped proppant increased to 200-300 t, “Disin” as a block pack ceased to exhibit
blocking properties. The fact is that during the operation of the multi-layer object of the Priobskoye
field with a single filter, the highly permeable layer is produced more intensively and the formation
pressure in it decreases more significantly. And, although “Disin” contained solid stabilizers, it was
not possible to create a strong crust on the surface of the proppant packing, because the dispersed
particles were submicron in size and were absorbed by the formation. During repair work, a signifi-
cant amount of repair and technological fluid had to be added to the wells, and subsequently these
wells took a long time to develop and did not reach the pre-repair production level. This problem was
solved by specialists of RN-UfaNIPIneft LLC by using suspension blocking fluids based on xanthan
polymer solutions with a suspended dispersion of microcalcite. Under the leadership of V.N.Gusakov,
together with field engineers (O.V.Akimov and others), suspension Killing fluids were developed,
where xanthan polymer solutions were used as a dispersion medium, and microcalcites of different
grades were used as a dispersed phase [31, 32].

More effective invert dispersions with a solid phase were proposed to be used by D.V.Mardashov
and Sh.R.Islamov [33, 34]. These are reverse emulsions in which dispersions of microcalcite of dif-

Blocking compounds

|
! v y ! }

Thickened Thickened
water-based petroleum-based
solutions solutions

Invert emulsion
solutions (IES)

Suspension Aerated
solutions solutions

Fig.1. Main types of well killing blocking compounds
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ferent sizes are suspended depending on the degree of crack opening (for which an effective emulsi-
fier was selected) for the purpose of killing wells in fractured-porous reservoirs with reduced for-
mation pressure. The fractional composition of microcalcites was calculated purely geometrically
according to the criteria of M.Kaeuffer or S.Vickers.

A significant advantage of the block composition based on inverse emulsions is the fact that their
external phase is hydrocarbon and does not cause additional filtration resistance when inducing oil
inflow after repair. Invert dispersions with granular and fibrous fillers have been successfully used in
killing absorbing wells in carbonate reservoirs [35, 36]. This combined solution allows combining
two important effects from the use of blocking fluids — not increasing the water saturation of the
reservoir and forming a filter cake of solid colmatants. If we compare the effectiveness of invert
dispersions with granular fillers and thickened water-based fluids with the same colmatants, then
preference should be given to invert dispersions, since they do not introduce an additional water
phase into the bottomhole formation zone [37]. The use of invert dispersion is especially relevant in
water-sensitive low-permeability granular reservoirs, where the ingress of the aqueous phase into the
bottomhole formation zone is unacceptable.

An interesting approach to the use of Pickering emulsion is shown in the work [38], in which
emulsions were stabilized by hydrophobic and hydrophilic nanosilicas, which ensured their stability
at high temperatures. In the article [39] the emulsion composition was obtained on the basis of “green
chemistry”. In particular, biodiesel was used as the hydrocarbon phase — methyl esters of fatty acids
obtained by transesterification of rapeseed oil.

The use of thickened water-based solutions for killing wells has also been known for a long time.
B.A.Andreson (1976) proposed using salt solutions thickened with polyacrylamide with the addition
of surfactants for killing wells at Bashneft PJSC. The surfactant-containing polymer solution “Chance”
was successfully used at the fields of YUKOS Oil Company [40] with the introduction of refining
additives.

Unlike polymer solutions, hydrogels used as block packs for well killing are more effective be-
cause, due to their cross-linked structure, they are practically not filtered into the formation. In par-
ticular, in order for a polysaccharide killing fluid based on xanthan or hydroxypropyl guar solutions
cross-linked with a borate cross-linker to begin to filter into the formation, a pressure differential of
more than 6.0 MPa is required [41, 42]. For killing wells in fractured-porous reservoirs with a high
gas factor by D.V.Mardashov and A.V.Bondarenko [20, 43] proposed a hydrogel based on xanthan
gum cross-linked with chromium acetate as a block pack. The advantage of such a hydrogel is that it
successfully blocks cracks, while possessing high gas-retaining capacity.

The use of hydrogels as blocking fluids has been rapidly developing in recent years due to the
possibility of flexible regulation of their properties depending on the conditions of use. Thus, when
killing wells in fractured reservoirs, a viscoelastic gel based on oxyethylated cellulose cross-linked
with copper sulfate was used. A peroxyhydrate-citric acid system was used as a breaker [44]. For the
same purpose in the work [45] a hydrogel based on guar and xanthan gum crosslinked with a borate
crosslinker is proposed. This technology is distinguished by a controlled gel decomposition time,
which is achieved through the use of an encapsulated breaker — the same peroxyhydrate system with
citric acid.

For killing wells in fractured reservoirs with high formation pressure, a sodium bromide-
weighted nanocomposite hydrogel system cross-linked with covalent bonds with a density of
1.2-1.5 g/cm® has been developed [46]. The heat resistance of the blocking composition is determined
up to 160 °C, and the gelation time is regulated from 8 to 12 h.

Foam gel based on a double-crosslinked hydrogel (polyacrylamide + Cr3*+ polyethyleneimine),
foamed due to the release of CO> during the reaction of acid with carbonates, and was used in the
overhaul of wells in reservoirs with low formation pressure and low temperature [47, 48].
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For killing wells containing toxic acid gases in associated gas, such as H2S, CO», SO, a gel
based on plant resin with a crosslinker and pH regulator is proposed. At pH 8, the gel does not break
down for 72 h at 150 °C with a concentration in water of H2S — 300 mg/lI and CO2 — 100 mg/l. After
gelation, the viscosity is 30 Pa-s, and after the introduction of a breaker for 6 hours it decreases to
3 mPa-s [49].

A block composition based on salt-resistant partially hydrolyzed polyacrylamide when killing
highly watered wells in fractured reservoirs allows not only to carry out repair work without problems,
but also to reduce water cut and increase oil production due to the effect of water insulation when gel
leaks into cracks [50]. In the article [51] the use of a high-viscosity gel plug in well repair is described,
which is convenient in that the viscosity of the gelled composition reaches 30,000 mPa-s, and after
exposure to an acid breaker after 4 h it decreases to 5 mPa-s. Viscous gelled blocking compositions with
adjustable gel decomposition time are used for routine and major repairs of wells in order to reduce the
risk of gas manifestations [52].

It should be noted that hydrogels based on partially hydrolyzed polyacrylamide have been in-
creasingly modified with nanoparticles in recent years. The fact is that under severe conditions of
temperature and salt aggression, decomposition of block packs based on cross-linked polymer sys-
tems occurs. The destruction of hydrogels consists of rupture of the main polymer chains, rupture of
cross-links, hydrolysis of the polymer and syneresis [53]. Nanosilica particles interact with their si-
lanol groups with the carboxyl group of partially hydrolyzed polyacrylamide to form a hydrogen bond
(proven by IR spectra) [54], thereby enhancing the interaction with water molecules and preventing
dehydration and syneresis of the gel [55]; in this case, the nanoparticles are evenly distributed
throughout the entire volume of the hydrogel. In the work [56] it has been shown that the introduction
of 9 % nanosilica increases the strength of the hydrogel by 5000 %. From the images obtained using
an electron microscope, it is evident that the nanoparticles reinforce the hydrogel during gelation in
situ, which allows the temporarily blocking material to significantly better withstand temperature,
salt and shear effects compared to the hydrogel without the addition of nanosilica. In fractured car-
bonate formations with low reservoir pressure, it is sufficient to introduce 5 % nanoparticles into the
hydrogel, and at the same time, the increase in the structural and mechanical properties of such a
nanocomposite allows for trouble-free repair work [57]. Data are provided that the addition of 8 %
nanosilica to a gel based on partially hydrolyzed polyacrylamide and an environmentally friendly
crosslinker — polyethyleneimine provides a 14-fold increase in the elastic modulus with a viscosity
modulus of only 71 Pa, which is extremely favorable from the point of view of low damage to the
granular collector [58]. For wells in high-temperature development objects, the nanocomposite gel is
obtained from heat-resistant sulfonated polyacrylamide with the addition of secondary-modified
laponite, thiourea, and a crosslinker — polyethyleneimine [59]. Authors of the article [60] noted that
the linear dimensions of nanosilica significantly affect the properties of nanocomposites. Thus,
a hydrogel based on partially hydrolyzed sulfonated polyacrylamide cross-linked with chromium
acetate has maximum strength characteristics with nanoparticles of 20-30 nm in size compared to
similar gels with the addition of nanosilica of 7-10 nm and 60-70 nm in size.

Specialists from different countries around the world pay much attention to self-destructing hy-
drogels. Thus, in the works [61, 62] self-destructing gels under the influence of temperature based
on pre-formed gel particles are proposed. In the articles [63, 64] gels with an internal breaker with
adjustable decomposition time are described. Safe repair time is determined based on laboratory ex-
periments at reservoir temperature. In order to predict the time of thermal self-destruction of hydrogel
block compositions in the work [65] kinetic experiments were conducted and a mathematical model
was developed that coincided with the results of the study of temperature aging with a correlation
coefficient of 0.988. This approach allows us to predict the time that block compositions will be in
working condition and to estimate the safe period for carrying out repair work on wells.
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Variants of using gel-fiber systems for temporary blocking of the formation are considered.
Cellulose nanofibrils were added to the hydrogel based on heat-resistant sulfonated polyacrylamide
cross-linked with polyethyleneimine [66]. At the same time, such a nanofibrous composite was supe-
rior in its structural-mechanical and heat-resistant properties to a nanocomposite with the addition of an
equal amount of nanosilica. The fibrous synthetic filler was fed into a high-temperature well in a poly-
mer solution, where, over a pre-calculated time, the synthetic fibers were hydrolyzed with the release
of organic acids, which in turn destroyed the polymer [67]. Summarizing the analysis of the use of
block compositions, we can note the review in the article [68], where the properties of gels obtained
in situ, methods for increasing their thermal stability and structural-mechanical properties, regulating
the rate of gelation, methods of destruction and self-destruction are summarized.

Viscoelastic surfactant compositions based on zwitterionic compounds are increasingly used as
hydrogel block packs [69, 70], which have a significant advantage over hydrogels based on water-
soluble polymers — they are destroyed upon contact with oil and water, causing an influx after
repairs.

Thickened petroleum-based solutions (commercial thickened petroleum) [71] are used to Kill
wells with low reservoir pressure. Recently, their use has been very limited in accordance with fire
safety regulations. Although in some production enterprises, for example in Slavneft-Megionneftegaz
PJSC, hydrocarbon-based blocking fluids were once quite widely used [72].

The use of water-based suspension blocking compositions has also been known for a long time.
At first, clay solutions were used in this capacity, which, although they had a slight advantage over
mineral salt solutions, were not effective enough due to the colmatation of the bottomhole formation
zone. In particular, S.Z.Zaripov (1981) showed that killing wells with clay solutions (Bashneft PJSC)
in the 1970s led to a significant decrease in well productivity. Research by the service company M-I
Swako convincingly showed that it is most expedient to suspend the colmatant particles in thickened
solutions of biopolymers. Since biopolymers of microbial origin have a branched structure and fairly
high values of the viscoelastic component of complex viscosity, suspended particles do not settle. In
addition, in the works [73, 74] the calculation of the optimal fractional composition of colmatating
particles depending on the diameter of the pores of the rock is given. Implementation of technologies
using absorption control materials (Liquid Control Materials — LCM), or LCM technologies, involves
the use of such components as a water-salt base,
a water-soluble polymer thickener, a breaker for
breaking down the polymer and restoring per-
meability (Fig.2) [75]. Industrial water is used as
a water-salt base, as well as solutions of mineral Destructor Thickener
salts (water-soluble polymers used as thickeners).

The main technological disadvantages of
polymer thickeners are the risk of obtaining “gel
defects” [76] and a significant loss of viscosity
with increasing temperature. Only systems thi-
ckened with succinoglycan and erucylamidopro-
pyl betaine (belongs to the class of high-viscosity
surfactants) retain their viscosity up to 70 °C [75].

To maintain the production potential of
wells and quickly bring them into operation after
killing when using polymer blocking fluids, it is
necessary to use breakers individually selected
for each class of thickeners. Breakers affect the Fig.2. System of components for the implementation
carbon chains of polymers, chemically modify of LCM technologies

Solid phase

125
This is an open access article under the CC BY 4.0 license



@B Journal of Mining Institute. 2025. Vol. 272. P. 119-135
3’-}{ © Danabek S. Saduakasov, Akshyryn T. Zholbasarova, Ryskol U. Bayamirova, Aliya R. Togasheva,
" Maksat T. Tabylganov, Manshuk D. Sarbopeeva, Aktoty G. Kasanova, Viktor N. Gusakov, Aleksei G. Telin, 2025

the functional groups of macromolecules and destroy the network structure of hydrogels. Peroxides,
enzymes, acids and complexones are used for these purposes. Breakers are used in two variants. In
the first case, the breaker is a component of the process fluid. This variant is possible when the breaker
action begins with a long induction period. By this time, the main operations of the current well repair
should be completed, and after the destruction of polymer molecules when well is stimulated, the
permeability coefficient is restored. According to the second variant, the breaker is pumped in after
the main stages of well repair and also ensures permeability restoration. Polymer-free thickened fluids
do not require the use of a breaker, since the viscosity of such a system is reduced upon contact with
water or oil, causing an influx after repair [77, 78]. Due to the fact that the zwitterionic surfactants
used for these purposes have good surface-active properties, after the destruction of cylindrical mi-
celles with viscoelastic properties, an easier influx triggering is achieved. When using suspension
blocking killing fluids, it is possible to use modifying additives from the glycol class, which reduce
the adhesion of the colmatant crust to the surface of the rock [74].

Another method of forming a filter cake with a small depth of penetration of colmatants into the
formation is carried out by selecting the fractional composition of the colmatant corresponding to the
distribution of pores by size. If the particle size is much smaller than the average diameter of the
pores, then undesirable penetration of these particles into the filtration channels will occur; particles
with a diameter much larger than the pore sizes are not capable of forming a low-permeability cake,
which leads to fluid absorption during repair.

Optimization of the colmatant size comes down to selecting the composition of dispersions of
different sizes [79]. According to the Ideal Packing Theory (IPT, M.Kaeuffer), the selection is carried
out by the method of approximating the dependence “integral fractional composition — square root of
the particle diameter” to an ideal straight line. Another option for optimizing the particle size distri-
bution (according to S.Vickers) is specified by a curve with parameters [79] at diameters: Dmax —
particle fraction 90 %; 2/3Dmax — 75 %; 1/3Dmax — 50 %; 1/7Dmax — 25 %; Dmin — 10 %. To create the
densest filter cake according to the A.Abrams criterion, a colmatant with a particle diameter of 1/7 to
1/3 of the pore diameter is required. The densest low-permeability and thin filter cake can be obtained
by selecting particles by size according to the S.Vickers criterion (Table 1 [79]).

Table 1
Results of tests of filter cakes formed by well killing fluids
Calculation of the fracti_onal compo§itic_>n of the colmatant
Disc pore size, pm Parameter according to the criteria
S.Vickers M.Kaeuffer A.Abrams
5 Filtration efficiency, cm3/30 min 21.0 22.0 30.0
Recovery coefficient, % 93.8 495 61.5
20 Filtration efficiency, cm3/30 min 20.0 420 23.0
Recovery coefficient, % 85.7 69.5 80.9
60 Filtration efficiency, cm3/30 min 20.8 31.0 19.0
Recovery coefficient, % 86.2 78.1 935

It should be noted that the justified composition of the colmatant can be determined with
knowledge of the distribution of pore sizes in the porous medium. For the use of a blocking fluid with
a solid phase in wells after hydraulic fracturing, finding the optimal size of dispersed particles is
simplified, since the proppant size for each well is known (Fig.3). The algorithm of actions intended
for the practical use of the technology of killing with absorption control is indicated in Table 2 [14].
The field experience of RN-Yuganskneftegaz LLC in killing wells with absorption control, carried out
according to the algorithm given in Table 2, confirmed the correctness of the chosen solution [14, 31].
The use of microcalcite as a solid phase for suspension blocking fluids is safe, since this colmatant is
easily soluble in acid when needed [80]. The use of polymer thickeners is characterized by the risk
of the formation of so-called gel defects, which arise due to incomplete polymer dissolution in a
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water-salt base. To prevent this phenomenon, disper-
sion of the polymer in non-aqueous polar solvents is
used. Modern technologies of well killing with absorp-
tion control are developing rapidly, since they reduce
the consumption of aqueous brines and, accordingly,
reduce the number of complications caused by the
intensive development of terrigenous and carbonate res-
ervoirs. Thus, in 2008, RN-UfaNIPIneft LLC, together
with employees of RN-Yuganskneftegaz LLC, deve-
loped and patented an effective solution for killing
multi-layer wells of the Priobskoye field with multi-ton-
nage hydraulic fracturing [32, 81]. In comparative tests
with the technology of M-I Swaco (Seal-N-Peel), the
Russian version using a block-composition of muffling

with microcalcite (BSG-MK) showed comparable

efficiency.

Fig.3. Graphical construction of calculation
of proppant packing transparency

Table 2

Algorithm for selecting a well killing design with absorption control

Required calculation parameter

Source of information

The characteristic being determined

Algorithm of action

Volume of blocking killing
fluid V, m®

Excess volume of blocking killing
fluid Vexc, m3

Reservoir pressure Po
at the start of repairs, Pa

Reservoir pressure Pr
for the duration of the repair, Pa

Density of the killing fluid at

20 °C taking into account thermal
expansion at positive temperature
p(t), kg/m?

Daily forecast of change in density
of kill fluid taking into account the
pressure recovery curve

Proppant grain pore mouth
diameter Dmax — Dmin, pm

Fractional composition of
a mixture of microcalcites for the
formation of a filter cake

Thickener concentration in the
blocking killing fluid

Effective viscosity of blocking
killing fluid

Oil and gas
production workshop
data

Oil and gas
production workshop
data

Oil and gas
production workshop
data

Data from
hydrodynamic studies
of wells

Reference literature

Estimated data

Well passport

Filling theory
(according to
S.Vickers criterion)

Experimental data

Experimental data

Specific volume of the well in the zone
from the current bottomhole to the upper
perforation holes

Position of the upper perforations
and the perforated interval

Excessive wellhead pressure Pexc
by water at the beginning of repairs

Pressure recovery curve for a well

Thermal expansion coefficient
of the kill solution
o~ 0.5838 kg/(m3-°C)

Reservoir temperature and pressure

p(T.t) =P°+h—K‘ﬁ+ a(t-20)

vert

Fractional composition of proppant

Criterion according to S.Vickers:

Dmax— 90 %

2/3Dmax — 75 %

1/3Dmax — 50 %

1/7Dmax — 25 %
Dmin—10 %

Dependence of sedimentation stability
of suspension on thickener concentration

Flow time of 500 cm? of blocking liquid
on the VBR-2 viscometer in laboratory
and field conditions

V= 0.001Vsp [hcrm.btm* hup + 150] +
+ Vexc

Vexc = 0.0007hyp + Khpert
K=0.05u0.01 m¥m
for directional and horizontal wells

Po=pgh + Pexc

Pr = Po + K(T)%

p(t) = p(20) — aft - 20)

Calculation of the density of the
killing fluid with correction for
the pressure recovery curve

Proppant brand

Minimization of deviation of the
model curve of microcalcites from
the curve according to S.Vickers
(software product)

Visual observation of suspension
stability

Determination of the flow time
of 500 cm? of blocking liquid on the
VBR-2 viscometer

Notes: K — permeability, um?; herntbtm — distance from wellhead to current bottomhole, m; hyp — distance from wellhead to upper perfo-
ration holes, m; hpert — perforation interval, m; hverr — vertical depth of upper perforation holes, m; g — acceleration of gravity, m/s?;

T, t— formation temperature, °C.
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In 2009, a number of production companies of Rosneft Oil Company introduced the technology
of a suspension blocking fluid with a self-destructing colmatating solid phase — halite (BSG-halite) [82].
The main technological advantage of such a composition is the ability of solid shunting particles to
completely dissolve when causing an influx of watered products after completion of underground
well repair (UWR). This feature allows eliminating the risk of colmatation of the bottomhole for-
mation zone, installing a block pack with squeezing onto the formation, carrying out flushing and
normalization of the bottomhole in conditions of absorption. Due to the growth of the initial shear
gradient when a free gas phase appears, this material can be successfully used for killing oil wells
with a high gas factor and gas condensate wells [83]. A similar approach to the use of water-soluble
salt dispersions is described in a later publication [84]. The use of a dispersion of polyethylene wax
and oil-soluble phenolic resin with rosin is known as oil-soluble colmatants. The advantage of such
materials is that when well is stimulated they completely dissolve in oil. According to core studies,
they provide a permeability recovery coefficient from 0.90 to 0.95 [85].

Another typical example of the use of block packs is demonstrated during the killing of wells at
Jurassic sites developed by Kharampurneftegaz LLC, where the work is complicated by a number of
negative factors, such as low permeability of the hydrophilic reservoir, high gas factor, and low
reservoir pressure. In order to eliminate the impact of these complications on the success of UWR,
an approach to the killing technology was developed, which consists in combining several types of
process fluid, which, when used together, allow to minimize the risks of reducing the production
potential of wells [19]. Thus, to prevent gas leaks, a blocking liquid based on the polymer “Biopol”
and surfactants (gas blocking composition — GazoBS) has been developed, which acts due to its vis-
coelastic properties (polymer) and foaming ability upon contact with gas (surfactant).

A spacer fluid designed to prevent swelling of clay cement, reduce interfacial tension and restore
phase permeability to oil was developed on the basis of a 6 % HCI solution with the addition of a
surfactant-hydrophobizing agent (spacer hydrochloric acid fluid — BufSK). The blocking killing com-
positions BSG-MK and BSG-halite were used to prevent absorption of the killing fluid at reduced
formation pressure in wells with hydraulic fracturing. Pilot-field work was carried out on 23 wells,
where the GazoBS block-packs were used 21 times, BufSK — 9 times, BSG-halite and BSG-MK —
14 and 9 times, respectively (Table 3). All wells underwent UWR to replace the electric centrifugal
pump without changing its size, as well as to replace/review the tubing. Borehole normalization was
performed on two wells. The observed slight increase in fluid flow rate after UWR is due to cleaning
of perforation holes from calcite deposits due to the action of BufSK and abrasive cleaning of paraffin
deposits — with BSG-halite and BSG-MK compositions.

Table 3
Results of pilot-field work tests of process fluids
Number of tests Total relative flow rate, before UWR / after UWR
(bringing to stable production), %
Blocking liquid
With a decrease in oil flow rate during - .
Total the well's commissioning Liquid oil
BSG-MK 9 2 100/100.6 100/100.5
BSG-halite 14 2 100/102.4 100/104.3
BufSK 9 0 100/100.7 100/105.4
GazoBS 21 3 100/102.7 100/101.6
Total wells 23 3 100/102.5 100/102.8

The use of aerated fluids for well killing is necessary in fields with ALRP to avoid the absorption
of the killing fluid into the formation. Back in the 1970s, A.VV.Amiyan proposed using two- and three-
phase foams for this purpose [86]. Subsequently, this technology was successfully extended to gas
and gas condensate fields, which are very sensitive to the water phase in the bottomhole formation
zone [87]. At the same time, the use of foam systems for well killing is complicated by their instability

128
This is an open access article under the CC BY 4.0 license



© Danabek S. Saduakasov, Akshyryn T. Zholbasarova, Ryskol U. Bayamirova, Aliya R. Togasheva,
Maksat T. Tabylganov, Manshuk D. Sarbopeeva, Aktoty G. Kasanova, Viktor N. Gusakov, Aleksei G. Telin, 2025

over time, as well as destruction upon contact with oil. Rapid restoration of the properties of foam
systems in the wellbore is possible by their repeated circulation.

For the suppression of gas condensate objects with low reservoir pressure and high temperature,
a foam-polymer composition with increased foam stability based on sodium dodecyl sulfonate and
dodecyl methyl betaine, stabilized with xanthan gum [88] and polyurethane thickener [89] is pro-
posed. The composition remains functional at mineralization up to 10,000 mg/l and temperature up
to 150 °C for 24 h. If the well repair lasts longer, it is necessary to restore the foam system in the
wellbore by pumping in new portions [88]. This article provides an example of a well repair to remove
sand from the bottomhole, which lasted 58 h and went without complications. The work described
[88] the technical solution involves the use of complex additional equipment — a tanker-pumper of
liquid nitrogen or a mobile truck-generator of nitrogen, a foam generator. The use of self-generating
foam gel systems as blocking liquids [90] allows for repair work at high temperatures without the
risk of reducing the volume of nitrogen foam. This foam gel system consists of a gel-forming com-
position, a gas-generating mineral composition, and a surfactant. Due to its low density, the foam gel
is easily removed from the wellbore when well is stimulated. The high stability of foam gels over
time and at elevated temperatures is due to the fact that the foam lamellas are a cross-linked polymer
composition with high structural and mechanical properties [91].

Another promising direction for objects with ALRP is the use of aphrons — microbubble sys-
tems stabilized from polymer and surfactant solutions, first proposed by M-I Drilling Fluids. Ini-
tially, these aerated fluids were used in drilling [92, 93].

Based on the materials presented in this review article, recommendations have been made for
the use of various blocking compositions of killing fluids (Table 4). For killing in conditions of mul-
tiple complications, a combination of several types of blocking killing fluids is required, as well as
the development of a selection matrix and application technology in the conditions of a specific re-
search object, fixing the injection order, risks, and limitations of applicability.

Table 4

Selection of well killing fluids

Blocking fluid for well
killing

Basis for selection of blocking killing fluid

IES

IES with dispersed or
fibrous fillers
BSG-halite

BSG-MK

BSG-MK

IES with dispersed or
fibrous fillers

GazoBS

BufSK

Wells in granular and fractured reservoirs without hydraulic fracturing with normal reservoir pressure

Wells in granular reservoirs with hydraulic fracturing. Wells in fractured reservoirs with normal reservoir
pressure and ALRP. Fact of gas shows for the previous UWR

Wells in granular and fractured reservoirs with normal reservoir pressure and ALRP. The fact of excess of the
kill solution consumption is 30 m? higher than according to the technological plan of kill for the previous DPW
(or excess of the kill solution filling rate by more than 1 m%h)

Wells in granular and fractured reservoirs with hydraulic fracturing with normal reservoir pressure, ALRP
and AHRP. The fact of excess of the consumption of the killing solution is 30 m? higher than according to
the technological plan of killing for the previous UWR (or excess of the rate of adding the killing solution
over 1 m¥h)

Wells in multi-layer objects operated by a single filter, granular and fractured reservoirs with hydraulic
fracturing with normal reservoir pressure, ALRP and AHRP. The fact of excess of the consumption of the
killing solution is higher by 30 m3 than according to the technological plan of killing for the previous UWR
(or excess of the rate of adding the killing solution over 1 m3/h)

Wells in multi-layer objects operated by a single filter, granular and fractured reservoirs with hydraulic
fracturing with normal reservoir pressure, ALRP and AHRP. The fact of excess of the consumption of the
killing solution is higher by 30 m® than according to the technological plan of killing for the previous UWR
(or excess of the rate of adding the killing solution over 1 m3/h)

Wells in granular and fractured reservoirs with normal reservoir pressure, ALRP and AHRP. Fact of gas
shows for the previous UWR with a gas flow rate of at least 1000 m3/day

Wells in granular low-permeability water-sensitive reservoirs. Water cut of produced fluid is less than 50 %.
Requires combination with a second block-pack (IES, BSG-halite, BSG-MK)
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Conclusion

Let us note several main trends in the development of the technology of well killing with absorp-
tion control. In the perimeter of the post-soviet countries, the first trend is the implementation of
scientific development of these technologies in oil universities and institutes. Thus, at the St. Petersburg
Mining University, under the leadership of M.K.Rogachev and D.VV.Mardashov, a range of modern well
killing technologies has been developed that respond to almost all production challenges [94-97].
At the Russian Gubkin State University of Oil and Gas, under the supervision of L.A.Magadova and
M.A.Silin, a method of killing using a polysaccharide liquid as a block pack was developed and imple-
mented [98]. At the Ufa State Petroleum Technological University, under the leadership of Yu.V.Zeig-
man and V.Sh.Mukhametshin, this direction is also successfully developing [99].

The second trend is the development, adaptation and optimization of the technology of killing with
absorption control in industry research institutes. Here, the undisputed leader is RN-BashNIPIneft LLC.
This institute supports this direction in the perimeter of Rosneft Oil Company, where development
objects, radically different from each other in their geological and physical characteristics, are geo-
graphically located in almost all regions of Russia. In this regard, universal technical solutions are
impossible, and for each characteristic group of fields it is necessary to optimize the best technologies.
It should be noted that the systematic approach of RN-BashNIPIneft LLC employees allowed them
to first systematize technical solutions for well killing in different mining and geological conditions,
clearly substantiate the criteria for the applicability of block packs of different nature [100], and
then adapt and optimize the technologies of well killing for specific development objects. Thus, for
the carbonate object of the Kuyumbinskoye oil and gas condensate field, suspension and foam gel
block-packs were adapted [101]. For deposits in Eastern Siberia with low-temperature, highly per-
meable terrigenous reservoirs, suspension block packs with instant filtration are recommended,
capable of quickly forming a strong crust and preventing the absorption of process fluid [102].
For killing gas wells exploiting Achimov deposits, RN-BashNIPIneft LLC recommended the use of
suspension block packs, in which a heat-resistant polymer is used as a thickener, as well as a modified
salt composition based on viscoelastic surfactants [103].

The third trend is the wide variety of technical solutions offered by service companies on the ser-
vice market. Each service company has its own range of technical solutions, with which they present
them to tender commissions of oil companies. In this type of business, it is necessary to note such
service companies as Mirrico Group of Companies [104], Zirax Group of Companies [105].

The use of nanocomposite hydrogels is clearly visible in the development trend of absorption-
controlled wellbore killing technologies abroad; moreover, the application options for hydrogel-
based block compositions are quite diverse depending on reservoir conditions and the technical task
of repair [68]. Comparing the technical level of Russian and foreign approaches, it can be noted that
the development of the level of technology and engineering in this direction is proceeding in parallel
courses without any obvious advancement or lag of either side. Publications by Russian specialists
are regularly published in prestigious international journals of the Q1 level, which testifies to the
worldwide recognition of the relevance and novelty of the published materials.

Thus, it is safe to state that today well killing technologies with absorption control in the oil
industry are successfully used all over the world. In Russia, the production needs for adapting tech-
nical solutions to specific geological and physical conditions are met by industry institutes and service
firms. A stable services market has formed, which undoubtedly contributes to progress in this area.
Let us pay attention to aerated fluids for absorption control, in particular aphrons, the discussion of
the structure and properties of which continues to this day [106]. However, they are already being
used stably in drilling, and this direction is developing [107-110]. There is a mention of the use of
aphron-like compounds for waterproofing [111], and there are only a few publications on their use
for well killing, from which the potential of this approach is evident; for example, in the use of aphron-
like foam plastic blocking fluids formed by the interaction of surfactants and polymers with a gas-
liquid system, which are called fuzzy-balls [112, 113].
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