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The clayish reservoirs of Western Siberia contain more than 60% of the reserves and about half of all oil resources of
the Russian Federation. Traditionally, oil production from such reservoirs is accompanied by swelling of clay minerals
that are part of the reservoir rock. Such minerals increase in volume when interacting with the waters of the reservoir
pressure maintenance system. And this, in turn, causes the clogging of the pore channels. Kaolinite, which is part of
the reservoir rock, is usually considered low-swellable clay or completely non-swellable. Therefore, when designing
a reservoir pressure maintenance system and choosing a source of water for it, the possible swelling of this clay is
not taken into account. Using non-destructive testing methods, the filtration-capacitance properties of clay rocks were
determined before and after interaction with different types of waters, and mechanisms for reducing swelling, suitable
for optimizing the reservoir pressure maintenance system, were identified.
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INTRODUCTION

The clay reservoirs of Western Siberia (Russia) contain
more than 2/3 of the reserves and about half of all oil
resources of the Russian Federation. But oil production
from such reservoirs is traditionally accompanied by the

fact that clay minerals increase in volume when inter- /
acting with the waters of the reservoir pressure mainte-
nance system (RPMS), which causes the pore channels
to clog.

The volumetric method has traditionally been used to
determine the effect of various salinity of water or chem- E

ical components in its composition on the state of clay
particles of rocks (Figure 1). But this method does not
give a real picture of what is happening in the reservoir
for several reasons. First, when working on this device, it /TN
is necessary to use disintegrated and dried clay powder,
while clay in the formation is in a completely different my
state. And second, clay minerals of different types and
different metamorphization can be in the reservoir, which iy
is impossible to recreate under the conditions of using
clay powder or a single piece of clay of one type. There-

fore, in order to identify the behavior of clay minerals in = E’_—q == —F
reservoir conditions in a deformed and saturated state, =1 N N 4
it is necessary to use non-destructive testing methods. | Nosroeren y

To assess the effect of chemical compositions or for-
mation water mineralization on the size of clay minerals
that are located directly in the formation and constitute T
an integral part of the pore space, it is necessary to use '
methods that control such parameters as porosity and
specific grain surface (Gimatudinov, 1971).

Figure 1: Standard Zhigach-Yarov device for determining
clay swelling

*just.aleksandra.kuznetsova@gmail.com 10



Palyanitsina Alexandra Nikolaevna, et al. - Peculiarities of assessing the reservoir properties of clayish reservoirs
depending on the water of reservoir pressure maintenance system properties

LITERATURE REVIEW
Porosity assessment methods
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There are several standard types of determining the po-
rosity of a sample. The first, most classical method is
the method of saturating a sample with kerosene or hy-
drostatic weighing. Using this method, both pore volume
and sample volume can be determined. The method
consists of determining the volume of kerosene saturat-
ing the pores.

The next method is to inject mercury. This method al-
lows one to judge not only the volume of pore space but
also the size distribution of pores. The pore sizes are
inversely proportional to the pressure that is necessary
for the injection of mercury into the core (Yemelyanov et
al., 2019; Neizvestnaya et al., 2018).

This method uses precisely mercury because it is a
non-wetting phase for any surfaces. This method has
several disadvantages. Firstly, it is not suitable for sam-
ples with low permeability, because it is necessary to
create a very high injection pressure, for the same rea-
son, the method is limited by pore sizes. Secondly, this
method, like the previous and next, shows the sizes of
only open, interconnected pores. And thirdly, this method
does not measure pore size but rather determines the
largest pore connection between each other(l.R. Rau-
pov, 2018), (D.V. Sun, 2018).

The next, more modern method, is a method based on
the application of Boyle-Marriott's law. At a constant tem-
perature, measure the pressure that the gas exerts when
pumping into the volume of an empty core holder, the
maximum filled core and the core holder inside. Thus,
the volume of pore space is calculated taking into ac-
count errors.

An even more modern method is optical. The method is
based on the study of the surface of a polished thin core
sample. This method is the most accurate and allows you
to evaluate and take into account even the smallest and
most closed pores that are not available to other meth-
ods. But in our case, all of the above methods are not
suitable for assessing the effect on the porosity of rock
saturating fluids. The former is not accurate enough, and
in preparation for the latter, the conditions created by the
saturating fluid may be impaired (F. Manalo, 2001).

Methods that are suitable for research are microtomog-
raphy and sorption methods. Using the first method,
you can get a three-dimensional model of the sample
and complete information about the structure of its pore
space and the size of all pores. The disadvantages of
this method can only be attributed to the fact that water
saturating the reservoir rock and absorbed by clay min-
erals will impede the penetration of X-rays (S.C. Motta
Cabrera, 2008),(J. Perret, 1998).
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The final and most appropriate method is the method of
measuring sorption. Since sorption begins in the small-
est pores and continues in larger ones, a change in capil-
lary pressure can be recorded. As a result, the adsorbed
volume is a function of pressure at a constant tempera-
ture. The most commonly used adsorbate for these pur-
poses is nitrogen. When determining the adsorption of
vapors and gases, it is possible to obtain information on
the porosity of solids and its structure and the specific
surface. Depending on the surface area of the body and
its porosity, solids can absorb more or less gas. Also, the
amount of gas that solids can absorb depends on the
properties and nature of the gas and on the material of
the body itself.

Features of the structure and development of
low-permeable clayish reservoirs

The main features that affect the development process
of low-permeability polymictic collectors are their struc-
ture and composition. The structural features are that the
pore space is characterized by a high content of pores of
small diameter: sub capillary and capillary. The composi-
tional features include the fact that both the rock-forming
and cementing parts have an extremely heterogeneous
composition. In particular, a large number of clay miner-
als are present in the composition, which can hydrate,
the degree of which depends on the structure of the min-
erals and their type. Therefore, collectors of this type are
characterized by high water retention capacity, specific
surface area, and adsorption. So, in the process of their
development, the main role will be played by capillary
and intermolecular forces, rather than hydrodynamic
ones.

The interaction of clay minerals with water causes an in-
crease in their volume, and, accordingly, the culmination
of pore channels. In the case of low-permeability poly-
mictic reservoirs, in which most of the pores are repre-
sented by capillaries and sub capillaries, even a slight
increase in the volume of clay minerals leads to a sig-
nificant decrease in oil permeability. Therefore, in such
deposits, it is necessary to pay increased attention to the
quality of water treatment, as well as to take into account
the possibility of using chemical compositions to inhibit
the hydration of clay minerals (Khavkin, 2010).

The influence of the reservoir pressure
maintenance system on the reservoirs' properties

The oil and gas reservoirs are characterized by the es-
tablished balance between their saturating aqueous me-
dium and clay minerals cementing the reservoir. With a
change in ionic balance in the system “water - clay min-
eral”, the main feature of clay minerals is realized - their
ability to ion exchange. The dynamics of this process are
determined by the mineralogical composition of clays,
their specific properties, as well as the chemical compo-
sition of the injected water. That is why the right choice
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of water for the reservoir pressure maintenance system
is one of the most important tasks for the effective devel-
opment of oil fields.

The main promising reservoirs of Western Siberia are
the Upper Jurassic and Middle Jurassic deposits. These
deposits are composed of polymictic sandstones with a
high clay content. Clay is represented mainly by minerals
such as kaolinite, illite, hydromica.

The main promising reservoirs of Western Siberia are
the Upper Jurassic and Middle Jurassic deposits. These
deposits are composed of polymictic sandstones with a
high clay content. Clay is represented mainly by minerals
such as kaolinite, illite, hydromica.

Kaolinite (Al, [Si,O,,] [OH],) is a clay mineral that is
part of the group of aqueous silicates. Consists of small
hexagonal crystals. The crystals consist of tetrahedral
sheets of silicon oxide, which have three common oxy-
gen, and with free vertices are connected with aluminum
and hydroxo groups. The sheets are weakly connected,
which is why kaolinite has very perfect cleavage. As a
whole, it forms earthy masses, but individual scales are
hexagonal, rhombic or trigonal plates. Minerals of the
kaolinite type almost do not swell in water, have low ad-
sorption capacity and low absorption capacity. But during
the flooding of low-permeability formations, even low-
swellable chlorites, hydromica and kaolinites will have a
significant effect.

For the system of maintaining reservoir pressure in West-
ern Siberia, water from aquifers (Cenomanian deposits),
as well as freshwater from open reservoirs are actively
used. Research (A.N. Kuznetsova, 2018) showed that as
a result of interaction with less mineralized waters, such
as Cenomanian or fresh, clay particles swell, even the
kaolin type.

Clay minerals can change pore space, due to their ability
to swell and metamorphize. The increased clay volume
can both remain on the skeleton of the rock and break
away from it, leading to the dispersion of clays. These
processes are possible due to the ion exchange char-
acteristic of clay minerals, as well as the absorption of
water from the pore space — its adsorption. Thus, as a
result of clay swelling, the permeability of the reservoir
can be reduced tenfold (Khanin, 1969), (Khavkin, 2010).

The resource of mineralized formation water is limited,
therefore, it is economically feasible to continue to use
low salinity water — fresh or Cenomanian — in fields
for a system for maintaining reservoir pressure. It should
also be borne in mind that the injection of mineralized
water, even close in composition to the formation, can
lead to the interaction of water with each other and the
formation of poorly soluble sediment in the pore space in
the form of new phases, for example, gypsum, which can
further reduce the filtration-capacitive properties (FES)
developed strata. Thus, for low-permeability clayish res-
ervoirs, improving the existing waterflooding system be-
comes a priority.

12

From this, we can conclude that the water purification
system for injection into low-permeability clayed forma-
tions to maintain reservoir pressure, used in most oll
fields, is not effective enough and should be improved
through the introduction of new, modern equipment that
will allow fresh water to be purified to the required condi-
tions. Also, it is possible to increase the efficiency of the
reservoir pressure maintenance system by changing the
properties of the injected water, namely by adding sur-
factants, because surfactants, in addition to the known
ability to reduce interfacial tension at the oil-water inter-
face, are also able to inhibit clay swelling. And this will
allow the use of fresh and desalinated water for flooding
low-permeable clayish reservoirs without the threat of

clogging.
EXPERIMENT METHODS

The International Union of Pure and Applied Chemistry
(IUPAC) has approved pore size classification, which is
expressed in adsorption isotherms corresponding to the
characteristic adsorption properties for each pore size
range. According to this classification, micropores are
pores whose size is less than 2 nm; macropores - more
than 50 nm; pores with sizes from 2 to 50 nm are called
mesopores (Volkov, 2001).

Adsorption processes occurring in pores of different siz-
es are also different. For example, capillary condensa-
tion occurs in mesopores, this can be seen from the hys-
teresis loop on the isotherms. And in micropores, ceteris
paribus, the adsorption value is greater, because due
to the proximity of the pore walls relative to each other,
the interaction potential with adsorbed molecules is also
higher. For macropores, the accuracy of determining
their diameter is directly related to the accuracy of deter-
mining pressure, because their diameter corresponds to
apressure near P/ P = 1.

As a device for measuring sorption, a Quanta chrome
NOVA 1000e gas sorption analyzer was used. This
model of the device combines both setup for preparing
samples for shooting (degassing station) and a mea-
suring part (shooting station). The degassing station is
equipped with two heating shells, allowing degassing at
temperatures from room temperature to 450° C, as well
as a set of additional devices for activating the surface of
the sample in a gas stream - adsorbate.

When determining the adsorption of vapors and gases, it
is possible to obtain information on the porosity of solids
and its structure and the specific surface. Depending on
the surface area of the body and its porosity, solids can
absorb more or less gas. Also, the amount of gas that
solids can absorb depends on the properties and nature
of the gas and on the material of the body itself(Tadeu,
2019), (Fabricio, 2019), (Ohlin, 2019), (Ferreira, 2019),
(Hora, 2019).

In our case, both porosity and specific surface serve as

a measure of clay swelling. Therefore, only by changing
the pore size can we talk about swelling or non-swell-
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ing of clays in the reservoir. It is important to determine
whether kaolin clay swells in reservoir rocks located at
a depth of 3 km when interacting with the waters of the
reservoir pressure maintenance system and whether this
process can be influenced.

Studies to determine the porosity of low-permeable clay-
ish reservoirs were carried out on several samples. The
first is the core of the extracted sample, the second is
the core pre-saturated with fresh water, and the third is
pre-saturated with weakly mineralized water of the For-
mation Pressure Maintenance system. The fourth core
was saturated with a pre-developed surfactant solu-
tion. The composition of surfactants includes nonionic
surfactants to reduce interfacial tension at the oil-water
interface, and cationic surfactants to reduce clay swell-
ing(Kuznetsova, 2018). All samples were pre-dried in the
NOVA 1000e installation at the preparation station be-
fore the start of the study.

RESULTS

Tables 1 and 2 show the results of measurements of
pore sizes. From table 1 it can be seen that in a sam-
ple saturated with freshwater, the specific surface has
minimal values, which means that it is under these con-
ditions that the rock-forming minerals have the largest
size. The pore size, when saturated with freshwater, is
much smaller than that of dry samples.

The Cenomanian water used for the reservoir pressure
maintenance system has weaker mineralization than
the reservoir water of the Jurassic deposits. But the clay
component of the deposits is represented mainly by ka-
olinite, which is considered a non-swelling clay mineral.
Therefore, clay-swelling, in this case, is not taken into
account. But from table 2 it can be seen that the porosity
of the sample saturated with water from the RPM System
has lower values than dry and slightly more than sam-
ples saturated with fresh water. Consequently, the use of
low-mineralized water from the RPM System leads to the
clogging of the pore channels.

At that time, in a sample saturated with the developed
surfactant composition, the pore size was close to the

Table 1: The results of determining the porosity
and specific surface of the samples

Part name / .

Components Manufacturer Rating values
Sgecmc surface, 9881 7 682
m?/g
Poge volume, 0.01 0008
cm?3/g (m)
Pore radius, 15 13
nm (r)
Permeability
coefficient, 0.006 0.003
Hm? (k)
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Table 2: The results of determining the porosity
and specific surface of the samples

Part name / .

Components Manufacturer Rating values
Sgecmc surface, 9562 8.345
m?/g
Pore volume, 0.01 0.009
cm3/g (m)
Pore radius, 15 14
nm (r)
Permeability
coefficient, 0.006 0.004
pm? (k)

size of a dry sample. This can be explained by the fact
that surfactants adsorbed from an aqueous solution of
surfactants on the surface of clay minerals suppress
their hydration and, as a result, the pore volume increas-
es compared to samples saturated with fresh water.

According to Equation (1)., the obtained values of poros-
ity and radii of the pore channels were converted into the
permeability coefficient. The results of these calculations
are shown in tables 1 and 2.

k=mr/8 (1)

As a result, according to the calculated values, it turned
out that the permeability coefficient when the sample is
saturated with freshwater as a result of clay hydration
decreases by 2 times. But as a result of saturation with
the developed surfactant solution, clay minerals do not
hydrate, which is confirmed by the data on the porosity
and permeability of the studied rock samples.

CONCLUSION

Thus, using non-destructive testing methods for rock
samples, we were able to determine the main filtration
and reservoir characteristics of the rock, such as po-
rosity, permeability, specific surface, and also evaluate
the effect of mineralization of water and surface-active
substances on the state of clay minerals in polymict
rock cores collectors in their natural (undisturbed) state.
Studies have shown that the state of clay minerals in the
reservoir is unstable. Even “non-swellable” minerals in-
crease in volume and worsen the reservoir properties of
the rock in contact with fresh or desalinated waters. It
is necessary to control the porosity of low-permeability
reservoirs in order to correctly select water for the reser-
voir pressure maintenance system, as well as reagents
to prevent a decrease in porosity.

It is also shown that correctly selected surfactant compo-
sitions can block clay swelling and, accordingly increase
the oil displacement coefficient, as well as the oil recov-
ery coefficient.
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