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Abstract

The article presents the results of laboratory studies and pilot tests of compositions developed to eliminate
steam and water breakthroughs from the rock mass into oil mine workings, and to fill voids in the rock mass in
places where steam breakthroughs occur. The effect of individual components is investigated, which allows com-
bining them to achieve the required properties of the composition. Laboratory studies have shown a high effi-
ciency of compositions with two gelling components (polymer and inorganic) with the addition of a dispersed
filler — basalt fibre. The compositions functions well within a wide temperature range (20—200 °C), are non-toxic
and fireproof. Pilot tests of the developed composition for blocking steam breakthroughs into the mine were car-
ried out in early 2024 at an experimental site of the Yaregskoye oil mine, using standard equipment available at
the mine. The tests have shown applicability of the composition under oil mine conditions. The results of control
observations show that the composition successfully plugs cracks and pores in the rock and in the concrete
jacket, blocks steam breakthroughs, and retains its properties for a long time. It is planned to develop this area
of experimental work, including refining the technology of injecting the composition to fill large voids, to deter-
mine the required composition volume, injection rate and location of injection points. In the future, it planned to
test these compositions for surface steam injection wells.
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INTRODUCTION damages, perforations, structural failures can
occur. Then the necessity arises to carry out the

Construction of various underground facilities  repair and insulation operations (RIO) in the ex-

or mining works encounter the problem of water-
proofing. As a rule, the problem is solved at the
stage of building by arranging drainage installa-
tions, using waterproof materials or artificial
water removal using pumps. However, during
maintenance of the facilities and mines, local

isting objects using the injection methods, such as
pumping the plugging or binding compositions
into the leakage sites or into the porous basement
of the structure (ground, porous rock).

A broad range of materials used for injecting
is available [1—6]. These are one- and two-compo-
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nent compositions, self-curing or setting on con-
tact with water, based on polyurethane or epox-
ide resins, or methacrylate gels, silicate systems,
mineral (cement) mixtures. Some of these compo-
sitions are to be pumped in using a two-compo-
nent pump, others are prepared by mixing di-
rectly before pumping and require a definite time
interval for gelling (usually about 1 h). After the
primary leak elimination by injecting these com-
positions, additional structural methods can be
used (for instance, cementing, membrane mount-
ing, etc.). Below, different types of compositions
for injection methods are described.

As a rule, polyurethane resins/foams are two-
component systems in which a polyol (compo-
nent A) reacts with isocyanate (component B).
Contact with water results in foaming. These
compositions are applied first of all to stop water
inflow, in particular at high pressure, to make
permanent waterproofing layer and to glue con-
struction joints and cracks. The time of reaction
in the water-encroached medium is 0.5—60 min.
Polyurethane resins are injected using one-compo-
nent, two-component, manually operated, electric,
and pneumatic pumps, for instance, HansaCryl
(Germany), Universum (Russia), Akvidur (Strim,
Russia) and others.

Acrylate and methacrylate gels are modern
injection materials possessing some more favour-
able advantages in comparison with traditional
epoxide and polyurethane resins, which makes it
possible to solve the problems of waterproofing
for various objects in a more efficient manner.
These gels are applied to achieve elastic water-
proofing, to fill humic microcracks in concrete
and stone structures with high moisture content,
to make sealing curtains behind the structures.
Examples of the waterproofing agents of this
kind are a hydrophilic two-component acrylic gel
INJECT Ac/E/5-20 (Universum), the gels manu-
factured by Minova CarboTech (Germany) or
similar.

In contrast to polyurethane materials, silicate-
based materials produce rigid foams. All these
compositions are two-component, and they are in-
jected only using two-component pumps. Chemi-
cally, they are absolutely inert, that is, they are
close in their properties to quartz sand. For exam-
ple, the material HansaCryl Silikat cannot be de-
composed by any reagents after reaction comple-
tion.

Injection materials on a mineral basis are var-
ious cement compositions with polymer and other
additives, widely used for solving various prob-

lems. There are many manufacturers of these
compositions, in particular in Russia, for example
Proflex-BM, EuroGrout Inject, ASOCRET-BM.

In the present work, development and tests of
the compositions for blocking steam breakthroughs
from a rock mass into mining facilities, the mix-
tures to fill cavities and voids in a rock mass at the
steam breakthrough sites are described. The object
at which the compositions are applied is the Yar-
egskoye oil and titanium deposit (the Republic of
Komi, Russia). Thermal methods of oil recovery
applied at the deposit, such as a steam injection for
thinning highly viscous oil under the action of
temperature, bring the technological risks of steam
and condensed water breakthroughs into mines.
Temperature and humidity increase at the sites of
local breakthroughs, and accelerated destruction
of the facilities occurs. Additional requirements are
imposed on repair technologies with respect to the
possibility to use them inside a mine, in particular
fire safety and low toxicity. There is also the prob-
lem of substituting expensive or currently unavail-
able imported compositions.

Among the above-listed compositions, the most
functionally suitable ones for solving the formu-
lated problems are polyurethane and alkyd gels.
Their advantages include good strength proper-
ties and the possibility of setting on contact with
water, that is, the selective formation of a screen
in water-inflow sites. The compositions of this
group have also some disadvantages: high hazard
category (1—2), which hinders the work with them
directly in a mine; technological complications re-
lated to permanent washing of the equipment to
avoid untimely setting of the compositions; the
necessity to use two-component pumps for two-
component mixtures. Short setting time can be
either an advantage in the case if an acute break-
through is to be eliminated, or a disadvantage
because this prevents the formation of a large-
volume screen or does not allow treating the fa-
cility to be repaired over sufficient depth.

The goal of the present work was to develop
new compositions based on water-soluble poly-
mers and inorganic components of the low hazard
category, with the possibility of regulating the
physical characteristics, temperature and time of
gelling by varying the concentrations of reagents.

EXPERIMENTAL

The work was carried out by the Institute of
Petroleum Chemistry SB RAS (IPC SB RAS,
Tomsk) jointly with Lukoil Engineering company
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(the Ukhta branch) on demand of Yareganeft
LUKOIL-Perm, the company operating the de-
velopment of the Yaregskoye oil and titanium de-
posit (the Republic of Komi). The location of the
deposit is mapped as shown in Fig. 1. The main
object of oilfield development is the central part
of the Yaregskoye area, where commercial pro-
duction proceeds according to the thermal mining
technology. The heat carrying agent (steam) is
injected from the above-reservoir level through
the vertical and inclined injection boreholes,
while oil is taken from the production wells
drilled from the gallery located in the reservoir.
Oil is collected in the mine workings and pumped
to the surface.

The objective of the present work was to de-
velop mixture formulations for preventing steam
breakthroughs from the rock massif into oil mine
seats and for filling the voids in rocks at steam
breakthrough sites. The rock massif is composed of
tuffite, claystone, oil-saturated sandstone, green-
stone. To solve the task, requirements for the func-
tional characteristics of compositions under devel-
opment and the conditions of their application were
formulated:

— nonflammability and nontoxicity, which
makes the compositions suitable for application in
underground oil mining workings;

— ability to function within temperature range
from 10 to 200 °C and humidity from 40 to 100 %j;

— adjustable gelling time;

— regulated rheological characteristics (vis-
cosity, elasticity) of blocking screens to suppress
steam or water breakthroughs;

— usage of the equipment approved for ap-
plication in underground mine workings.

The grounds for the creation of new formula-
tions were approaches used at IPC SB RAS to de-
velop gel-forming compositions for enhancing oil
recovery under trademarks METKA®, GALKA®,
MEGA®, PSB® [7], but the formulations were
modified taking into account the safety require-
ments for works in mines. In particular, urea was
excluded because this compound can undergo
hydrolysis at high temperatures with the evolu-
tion of gaseous products.

The primary selection of compositions was
carried out over the data of laboratory studies of
their physicochemical characteristics. Several hun-
dred various combinations of reagents were inves-
tigated. After primary selection, the compositions
were subjected to filtration studies with packed
models under the conditions simulating the ac-
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Fig. 1. The Yaregskoye deposit on the map of Russia.

tual ones, in particular at the maximal tempera-
ture 200 °C (Fig. 2).

One of the multi-purpose compositions, chosen
according to the results of laboratory tests, passed
the field pilot tests (FPT) under the conditions of
an oil mine in a region with water and steam in-
flows.

RESULTS AND DISCUSSION

To prevent steam inflow and to limit water
ingress in the zones with low temperature, poly-
mer and inorganic gel-forming compositions were
proposed and tested. These compositions are
based on water or glycerol, either solidified with
a cross-linking agent (two-component) or ther-
motropic compositions solidified under tempera-
ture (in this case, the temperature of heat-carry-
ing agent, injected or breaking through). The
compounds used as polymers are water-soluble
cellulose ethers and polyvinyl alcohol, while the
inorganic gelling agent is aluminium polyoxichlo-
ride, which is used as a coagulant for water treat-
ment. Combined systems with two gelling compo-
nents forming stronger spatial structures of gel in
gel type are also possible [8]. The components af-
fecting gelling time and rheological characteris-
tics of gels are various inorganic additives, as well
as polyols (glycerol, pentaerythritol, etc.). In addi-
tion, mineral or organic fillers, such as basalt fi-
bres or carbon black, are used to reinforce the gels.

The compositions under investigation can be
conventionally divided into three groups:

1) thermotropic compositions for high temper-
ature (70 °C and higher), able to form a gel under
the action of temperature;

2) “cold” compositions (for temperatures with-
in 10—70 °C), as a rule, two-component mixtures
forming a gel within a definite time after compo-
nents mixing;
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Fig. 2. Diagram of the filtration set-up: 1 — mini-pump MMS; 2 — separating container; 3 — metering damper;
4 — thermal chamber; 5 — columns with porous medium; 6 — oil and water metering vessels; 7 — air cylinder;

8 — back-pressure cylinder.

3) compositions with two gel-forming agents
combining the components of groups 1 and 2,
which are universal for application within the
studied temperature range.

Laboratory studies at the initial stage revealed
the effect of different components on the proper-
ties of gels and initial solutions. Results of the
selection of thermotropic solutions for high tem-
perature are shown in Fig. 3. Gelling was carried
out at 90 °C. The parameters, namely elastic
modulus and complex viscosity, change with the
similar dynamics, so only elastic modulus will be
considered below. With respect to this parameter,
the compositions can be classified into four groups
numbered in Fig. 3. The compositions with the
lowest elastic modulus are the mixtures without
the polymer (cellulose ether, CE), in which only
inorganic gel former is present (group 1). Group 2
embraces the experiments on the partial replace-
ment of reagents from the basic formulation rep-
resented in Group 4. Replacement of polyol (glyc-
erol) by sorbite causes a decrease in the elastic
properties of the gel. The same effect is caused
by the replacement of aluminium polyoxychlo-
ride, also called polyaluminium chloride (PAC),
with basicity index 30 (PAC 30) by PAC with
basicity index 50 (PAC 50), which can be seem in
comparing experiments 3 and 4 or experiments 8
and 10 with 9, where the gel is completely inor-

ganic (without CE). Group 3 includes the mix-
tures with the polymer and PAC but with a low
polyol content or without polyol at all. These
compositions are distinguished by increased elas-
ticity and lower viscosity in comparison with
groups 1 and 2. The composition with the highest
elasticity and viscosity (see Fig. 3) is a mixture
from group 4 (polymer + PAC + glycerol + hexa-
methylenetetramine) with insignificant variations
of components. It turns out that the viscosity
modulus of compositions is mainly determined by
the presence of glycerol. The addition of polyol
(glycerol) also causes a substantial increase in gel
elasticity, which can be seen from the comparison
of experiments 12 and 13 with experiments 16
and 17. It should be noted that high elasticity of
the gel can be provided by an increase in CE con-
tent with a decrease in polyol content (but not its
absence), which can be seen if we compare ex-
periments 14 and 19. Relying on the analysis per-
formed, the following conclusions can be made:

1) in low-permeable media with low porosity,
where the penetration capability of the composi-
tion before gelling is important, it is reasonable to
use the formulations with inorganic gel-forming
components without polymer or polyol addition;

2) for more permeable media, it is necessary to
use the compositions based on polymers;

3) if it is necessary to block up highly perme-
able channels, cracks, cavities and faults, gels
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Fig. 3. Rheological characteristics of solutions (elastic modulus, complex viscosity, viscosity modulus) depending on for-

mulations of the compositions. Measurement in the oscillation mode. Components of the compositions: cellulose
ether (CE), aluminium polyoxychloride with basic capacity 30 (PAC 30) and 50 (PAC 50), hexamethylenetetramine,

glycerol and sorbite.

with maximal viscosity and elasticity based on
the polymer and inorganic gel formers with the
addition of glycerol are to be used;

4) the use of substituted of the main compo-
nents (for example, sorbite or other polyols and
similar fillers) can be warranted by the consid-
erations related to compatibility with the rock,
the rate of gel formation, economic reasonable-
ness and other factors beyond the rheological
properties of compositions.

Selection of various compositions was also car-
ried out for the gels formed at a low temperature
(4—25 °C). The density of initial compositions var-
ies within the range of 1011-1134 kg/m?, their
viscosity is within 15—255 mPa - s. The viscosity of
resulting gels increases with an increase in tem-
perature and reaches 1630, 1920 and 11 500 mPa - s
at 4=8, 25 and 90 °C, respectively. Low-tempera-
ture gels are generally less viscous and strong
than high-temperature ones, so the most efficient
way is to use complex formulations with two gel-
forming components.

The effect of fillers (0.1—0.5 wt%), namely car-
bon black (soot) and basalt fibres, on the struc-

tural-mechanical and rheological characteristics
of thermotropic gel-forming compositions was
also investigated. It has been determined that the
gel-forming composition with the polymer and
inorganic gel formers and with the basalt fibres
added is a pseudo-plastic liquid before gel forma-
tion, the dependence of its shearing stress on
shear rate is nonlinear, while viscosity decreases
with an increase in shear rate. It should be
stressed that the elastic modulus of gels increases
in phase with an increase in viscosity. For in-
stance, after the addition of basalt fibres into one
of the compositions its viscosity increased from
1518.6 to 4151.5 mPa s, and its elastic modulus
increased from 60.97 to 78.19 kPa. An increase in
viscosity and elastic modulus after the addition of
carbon black is substantially lower.

The results of one of filtration tests with a
reservoir model (oil-saturated sandstone) with
constant liquid flow rate are shown in Fig. 4. Con-
tinuous water filtration through the model with
the introduction of composition margin at a cer-
tain moment was carried out. One can see that
the introduction of the composition creates a sig-
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Fig. 4. Filtration characteristics of the model of reservoir from the Yaregskoye deposit at 20—24 and 200 °C. Gas perme-
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Fig. 5. Steam breakthrough site, marked with the red colour (a), and a scheme of shot-holes (1-7) for injection of the
composition (b) at one of the elements of the field pilot test region. Sizes are indicated in millimetres.

nificant increase in pressure gradient, until it
reaches the gel screen breakthrough pressure.
For different compositions, the breakthrough
pressure was determined to be up to 301 atm/m
at a temperature of 25 °C and up to 324 atm/m
at 200 °C. The compositions exhibited high plug-
ging effect and were recommended as gel-form-
ing compositions for application in eliminating
steam and water breakthroughs.

Based on the results of laboratory studies, the
composition under a conventional name of Bigel-
25 was chosen for FPT under the conditions of an

oil mine. This is a composition with basalt fibres,
and it contains two gel-forming components, or-
ganic and inorganic ones (the gel-in-gel struc-
ture) and some additional reagents. Basalt fibres
are added as the reinforcing structure-forming
substance. The composition Bigel-25 is supplied
as two aqueous solutions, they are mixed before
application, and then injected into the rock site to
be reinforced. There they form a gel, which can
block up water and steam breakthroughs. Gelling
temperature is 20—200 °C, the time of gel for-
mation varies depending on temperature, from
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10 min at high temperature to 12 h and more at
low temperature. The viscosity of initial solutions
is 6—15 and 800—1000 mPa - s, respectively, and
the viscosity of the composition to be injected
after mixing the solutions is 220—290 mPa - s. The
composition withstands pressure difference up to
2.85 MPa, it is stable against temperature up to
200 °C and against the action of reservoir fluids.

Early in 2024, FPT of the developed composition
was carried out at the test site of the oil mine at the
Yaregskoye deposit. The standard mine equipment
was involved, and the operations were carried out
by the personnel of Yareganeft company under su-
pervision of the representatives of developer or-
ganisations, IPC SB RAS and Lukoil Engineering.
Several steps were outlined within FPT:

step 1 — making contour barriers in the bound-
ary zones over the FPT site, insulating the zones
with steam inflows by filling the cracks in rock
massif and in backing space behind wooden sup-
ports, and filling the cracks in cuts and concrete
coatings at extreme contours;

step 2 — making insulating barriers by filling
the cracks in the rock mass, in backing space at
the contours in contact with decommissioned
workings;

step 3 — providing the maximum filling of
cracks and cavities in steam inflow sites and fill-
ing the cracks and pores in the concrete coating.

The composition was injected through dis-
mountable pipes into pre-bored holes. The com-
ponents of the composition (solutions 1 and 2)
were mixed directly before injection using the
pump-tank circulation. One of the elements at
the FPT site is schematically shown in Fig. 5 as a
cross section over the mine workings.

It has been confirmed during FPT that after
mixing the composition forms a dense, uniform
gel-forming substance with the high capacity to
penetrate into cavities, cracks, and voids. After
filling the cavities (cracks, voids) and gelling, the
composition forms a dense uniform mass with low
permeability and high stability against water,
steam, oil, with high adhesion to concrete, rock
and wood. For a long time (during monitoring
from 12.03.2024 to 10.07.2024), the composition
did not worsen in hardness, endurance, and ho-
mogeneity. During FPT, after steam supply into
the injection wells affecting steam permeation
into mine, steam breakthrough was not detected
for 2.5 months in the mine at FPT site at five out
of six previously detected points of steam out-
flow. At the sixth point, the steam outflow was
blocked up by 97 %. The reason for residual insig-
nificant steam outflow at this point can be large

voids behind the concrete coating, which were
not filled completely with the available amount of
the composition.

Further on, it is planned to carry out FPT
using the developed compositions not only as in-
sulating materials directly in a mine but also as
flow-diverting agents for steam injection wells to
provide a redistribution of steam flows and block
up breakthroughs.

CONCLUSION

As a result of the studies, the compositions for
eliminating steam and water breakthroughs into
oil mine workings and for filling the cavities in
rocks in places where steam breakthroughs occur.
Conclusions concerning the effect of certain com-
ponents have been drawn, which allows combin-
ing the components to achieve the required char-
acteristics of the compositions. Laboratory studies
have shown the high efficiency of formulations
with two gel-forming components (polymer and
inorganic) with the addition of a dispersed filler,
basalt fibres. The compositions function within a
broad temperature range (20—200 °C), they are
non-toxic and fireproof.

It may be concluded from the results of FPT
that the composition successfully plugs the cracks
and pores in rocks and in concrete coatings, re-
taining its characteristics for a long time, and
blocks up steam breakthroughs. Filling large
voids with the liquid composition before gelling
brings about the risk of composition migration,
and these voids may remain partially unfilled, so
it is necessary to verify the technology of compo-
sition injection for filling large voids, in particular
determination of the necessary composition vol-
ume, injection rate, and position of injection point.

Further on, it is recommended to perform FPT
for the surface steam injection wells by treating
the affecting injection well with the gel-forming
composition to block up highly permeable chan-
nels in order to eliminate acute breakthroughs,
to redirect steam into previously unheated zones,
which will make it possible to enhance oil re-
covery due to involvement of new, less permeable
oil-saturated zones.
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