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Summary. For some complex Visean oil-saturated intervals of the fields of the Perm Krai, a
high electrical resistance has been established. This can be explained by the hydrophobicity and
bitumen content of the reservoirs. The assessment of these parameters was carried out analysing a
petrophysical and geophysical data for a number of large oilfields. X-ray tomography was used to
assess the wettability of the core samples, which was compared with lateral log data. Comparison
of core X-ray tomography results with electrical logging data shows that at resistivity over 200
ohm'm the rocks are hydrophobic, and at a resistivity over 600 ohm-'m they practically do not take
water. The bituminisation of the reservoirs was analysed from the core material, taking into ac-
count the porosity according to the nuclear logging data, as well as the electrical resistivity from
the lateral and micro-lateral logs. We demonstrate that log porosity and resistivity data can be used
in developing algorithms, in building wettability and bituminisation maps of the main fields. These
maps can be further utilized in building 3D reservoir models and in optimization of the secondary
recovery operations in the field. The analysis of all the data suggests that open porosity is the key
parameter controlling bituminisation. According to the obtained results, algorithms have been de-
veloped to predict the formation bituminisation using a set of logging methods. The results of the
developed method were applied in digital geological and technological modelling of deposits with
different types of wettability and bitumen content.

© 2025 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

viscosity (1-3 mPa ¢ s) and relatively high reservoir

Pore characteristics are fundamental to under-
standing the subsurface heterogeneity and constituent
fluid flow in reservoir rocks (Johnson et al., 2006).

The north of the Perm region in Russia is a
promising area for oil production development,
where several new oil fields have recently been dis-
covered. In this area, recoverable reserves of a single
field often exceed 40 million barrels of oil. Most of
the production facilities are characterized by a low
degree of reserves recovery. High economic pro-
spects of this region are also associated with low oil
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permeability (100 « 10-3 um?). The Visean complex
is one of the largest in terms of oil reserves and it is
represented by fine-grained and medium-fine-
grained sandstones with porosity of 8-20%.

High porosity intervals are typically light grey
sandstones, while low porosity intervals can be bi-
tuminous and dark in colour. For a significant num-
ber of oil-saturated intervals, a high electrical resis-
tivity of rocks of more than 200 Ohm'm, and in
some cases more than 1000 Ohm'm, has been estab-
lished. According to theoretical concepts, abnormal-
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ly high resistivity can be explained by rocks hydro-
phobicity. This topic was covered in reports Salah
Al-Ofi et al. (2017 and 2018), as well as in paper
(D'jakonova et al., 2021).

Data of reservoirs wettability is extremely im-
portant for efficient planning of oil production and
especially for water flooding. The possibility of us-
ing wettability change as the main recovery mecha-
nism in the process of enhanced oil recovery has
only become an important topic in the research re-
gion in recent years. This is despite the fact that it
was first recognized in 1959 by Wagner, Leach and
tested in the field in 1962 (Wagner and Leach, 1959;
Leach and Wagner, 1962).

Efimov et al. (2016) show that problems with
reservoir injection optimization in the Visean objects
of Perm region are often related to the rocks of in-
creased resistivity. In case of low porosity reser-
voirs, the increased resistivity is typically associated
with their bituminous content (Mukhametshin and
Galeev, 2014), which reduces well productivity.

2. Materials and methods

The tomographic method has been applied to 47
core samples, 30 mm in size from the Perm region.
All core samples were preliminarily extracted, open
porosity (¢), irreducible water saturation (Swi), spe-
cific electrical resistivity of water-saturated sample
(Rws) and the sample with residual water (Rrw) were
determined. Open porosity was determined by the
liquid saturation and hydrostatic weighing method,;
irreducible water saturation was determined by the
capillarimetric method with air displacement pressure
of up to 0.3 MPa through semipermeable membranes
with a breakthrough pressure of 1.5 MPa. Oil-
saturated core samples are characterised by a wide
range of reservoir properties: ¢ of 10.1-22.3% (16.2%
on average), Swi of 3.3-24.2% (9.0% on average).

The experimental tomograms of the cores in their
dry state and saturated with sodium iodide aqueous
solution with Nal concentration of 300 g/l were ac-
quired. Saturation was achieved by gradually filling an
evacuated sample chamber with preliminary evacuated
Nal solution. This step was followed keeping the sam-
ples in the solution. White colour on the tomograms
corresponds to calcification sites characterised by rela-
tively high density; their configuration can be used to
compare the tomograms of dry and saturated samples.

Tomography of dry and saturated samples was
performed using the same parameters of the position
and rotation of the stage, as well as the distance to
the X-ray gun and the detector. The shooting pa-
rameters were as follows: voltage of 155-175 kV,
current of 60-80 pA, copper filter was 0.5 mm thick.
After 3D reconstruction of the tomography results,
the sample volumetric models were compared. For

comparison, both reconstructions were reduced to
the same brightness according to the histogram; the
upper and lower 2.5 mm ends of each sample were
avoided to eliminate artifacts arising during X-ray
shooting (Gurbanov et al., 2019).

For the pore volume calculation, image binarisa-
tion was carried out with the purpose to discriminate
the pore space. Subsequently, the cutoff correspond-
ing to the "rock-air" interface was drawn on the histo-
gram to highlight the pore volume. Tomographic po-
rosity of dry and saturated samples was calculated as
the ratio of the pore volume to the entire sample vol-
ume. The use of the Nal additive to the aqueous solu-
tion does not change its filtration characteristics. The
density of the solution with Nal differs sharply from
the density of the void space in the dry state. Thus,
the sample wettability can be assessed comparing the
dry and Nal solution-saturated tomograms. The dry
pores on the tomograms are displayed as black, while
the saturated ones will change colour to light grey.
This makes it possible to determine the fraction of the
pore volume saturated with fluid (Berg et al., 2014).
The coefficient of impregnation Cl was calculated as
the ratio of the difference in the pore volume between
the dry (V1) and the saturated sample (V2) to the pore
volume in the dry sample (V1):

_ ViV,

CI V.

* 100%. 1)

The impregnation coefficient is used as an indica-
tor of the reservoir wettability. We have established a
conditional division into three classes. Notably, at ClI
values over 90% the sample was classified as hydro-
philic, at 90-50% — as having signs of hydrophobicity,
at 50-10% — as mainly hydrophobic, and, finally, if the
impregnation was below 10% — as hydrophaobic.

Pore-type reservoirs are distinguished by com-
plex interpretation of gamma-ray, neutron-neutron,
sonic, and caliper logs. The formation saturation is
determined from electrical resistivity using induction
(1K), laterolog (BK), and microlaterolog (MBK).

To create an algorithm for forecasting bitumini-
sation, data from 376 wells with lateral logging data,
155 wells with micro-lateral logging data, and 27
wells with coring were analyzed. In addition to BK
and MBK data, all intervals of the well section are
characterized by the values of porosity and residual
water saturation according to logging interpretation
data, as well as in the case of sampling with a core
description, indicating the presence of bituminisa-
tion. All wells belong to the fields of the Solikamsk
depression (Gurbanov, Narimanov, 2019).

The water saturation is most reliably evaluated in
the far field by the laterolog, including formation re-
sistivity greater than 100 ohm'm. Due to the usage of
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the shielding electrodes, the drilling fluid effect is
minimised and the vertical resolution can be as low as
50 cm (20 inches), allowing thin bed evaluation. The
most reliable formation resistivity from BK (RBK) is
obtained in wells filled with water-based mud having
resistivity of 0.03-3 ohm'm and for the intervals with
bed thickness greater than 0.8 m (30 inches).

A subset of 47 core samples was analysed to
compare wettability from X-ray tomography with
the laboratory measurements of resistivity. The re-
sistivity of the core samples was measured using the
two-electrode method at a frequency of 1000 Hz
with complete (100%) and residual saturation of cy-
lindrical samples with formation water marked by
the X-ray contrast agent (Gurbanov et al., 2021).

Oil-saturated intervals of several fields are clas-
sified according to the signs of wettability changes
(hydrophobisation) and bituminisation. The data on
the results of the predictive assessment are entered
into 3D digital geological models. The models were
built for two fields of the Solikamsk depression —
Unvinskoye and Sukharevskoye. As a result, the
fraction of hydrophobised and bituminised sections
in the overall oil-saturated thickness was calculated
for the entire territory.

3. Results

3.1. Hydrophobisation evaluation from core X-

ray tomography

Previous studies have applied a variety of con-
ventional techniques to porous media to qualitatively

Hydrophilic type

dry saturated
a

Major signs of hydrophobicity

dry saturated

and quantitatively characterise the pore size of com-
plex geological materials. Centrifugation, isometric
drying, Amott and adsorption methods are most fre-
quently used for assessing wettability on cores (Dixit
et al., 2000). Comparison of wettability determination
by different methods shows different results (Gurba-
tova et al., 2016), due to indirect characterisation. Ac-
cording to these authors, the X-ray core tomography
method is the most informative for wettability. Using
this direct imaging method, studies have examined
pore systems and the surrounding matrix visually
(Bultreys et al., 2016; Milliken, Curtis, 2016).

This method allows visualizing the rock pore
space including the assessment of the degree of
aqueous solution penetration into the core samples
(Efimov et al., 2015).

Examples of tomograms of sandstones with dif-
ferent types of wettability are shown in Fig. 1. The
Nal solution fills almost the entire pore space of the
hydrophilic sample, changing the general background
colour of the rock skeleton to light grey (Fig. 1a). For
the saturated sample with CI in the 50-90% range, we
observe that some of the larger pores are displayed in
black in the central part of the tomogram, i.e. those
pores were not accessed by the Nal solution (Fig. 1b).
The proportion of such pores increases for the samples
with strong signs of hydrophobicity at CI of 10-50%
(Fig. 1c). For hydrophobic sandstones the images of
the dry and saturated pores volumes in the central part
of the tomograms are practically the same, which indi-
cates absence of Nal impregnation (Fig. 1d).

Signs of hydrophobicity

L

dry saturated

b
Hydrophobic type

e
fors 2

dry saturated

Fig. 1. X-ray tomograms of dry and Nal solution-impregnated sandstone cores with different wettability
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Fig. 2a and 2b are log plots of the Visean inter-
val from two wells in the Unvinskoye Field.

Increased values of resistivity from micro-
laterolog (Rmex) are interpreted as intervals of bitu-
minisation, represented in cores as dark-coloured (al-
most black) sandstones with reduced open porosity.
These intervals are characterised by low value of GR
log and are often included in recoverable oil reserves,
although their real share in oil production is minimal.

Comparison of core X-ray tomography results
with electrical logging data shows that the rocks are
hydrophobic at resistivity over 200 ohm'm, and
they practically do not take water at a resistivity
over 600 ohm'm. At the same time "black sand-
stones™ were encountered in less than 20% of the
Perm region wells, that is why this problem has not
been studied in detail so far. Fig. 2 shows the wells
that penetrated dark grey to black bitumen-filled
sandstones sampled by core.

In well A (Fig. 2a), the formations Bb1 and Bb2
are characterized by relatively low resistivity Rgk
due to their hydrophilic nature. The only exception
is the lowest interval with a thickness of 1 m (2048
m depth), for which resistivity exceeds 200 ohm'm
in both BK and MBK. Thus, drilling mud does not
enter this hydrophobic interval, and it can be inter-
preted as bituminous. Wettability assessment results
from electrical logging is fully consistent with the
core data analysis, including X-ray tomography. Ex-
cept of the lowest interval with dark grey bitumi-
nised core, the rest are light grey sandstones of dif-
ferent grains. The Bb3 and Bb4 formations are inter-
preted as bitumen-saturated according to logs, as
they have increased BK and MBK values. Moreover,
the resistivity exceeds 1400 ohm'm for the Bb3 for-
mation. Cores obtained from both formations are
bituminised, and the entire Bb3 formation is repre-
sented by the classic “black sandstone” and Bb4
formation — by dark grey sandstone.

In well B (Fig.2b), the Bb2 formation reservoirs
(2043 m depth) are characterised by relatively low
BK and MBK readings and light grey core without
signs of bituminisation. These intervals can be iden-
tified by the hydrophilic type of the oil-saturated
sandstone. The upper part of the Bb3 formation
(2049 m depth) is also made up of light core for
which resistivity Rek exceeds 200 ohm'm and Rmex
is greater than 100 ohm'm. Decreased MBK values
show that drilling mud has entered the hydrophobic
reservoir reducing the resistivity in the bottomhole
zone. The bottoms of the Bb3 (2051 m depth) and
the Bb4 formations are represented by dark bitumi-
nised core. These intervals have BK and MBK read-
ings over 200 ohm'm. High MBK values in this
case show that drilling fluid has not filtrated into the
formation due to its bituminisation. Therefore, three

possible cases of reservoirs with different wettability
can be distinguished: (1) hydrophilic with reduced
BK and MBK readings, (2) hydrophobic oil-
saturated with high BK and low MBK readings, and
(3) bituminous with high BK and MBK readings.

As a result of core analysis, it was found that all
samples saturated with formation water have resis-
tivity within the range of 0.6 to 4 ohm'm. The ratio
of the studied samples to the permeable part of the
section confirms the low values of the water-
saturated samples. The low resistivity values in the
water-saturated samples confirms their affinity to the
permeable reservoir sections. The samples with re-
sidual water saturation show a dramatic core resis-
tivity increase to 24 -1200 ohm'm.

Comparison of the core resistivity values with
log resistivity shows positive correlation, as sandstone
hydrophobisation universally reduces their conductiv-
ity. It should be noted that core preparation for labor-
atory experiments (extraction, heating etc.) affects
resistivity measured, whereas shoulder effects, verti-
cal resolution, and washouts can impact log resistivity
data. Further complication results from the sample
size discrepancies: inches in core samples versus me-
ters in logs (Kerimov et al., 2020).

Interval resistivity from logs shows that in several
cases abnormally high values were observed, in 53%
of the cases they were exceeding 200 ohm'm and in
13% of the cases the reading were above 600 ohm'm.
Core samples wettability results (CI) are compared
with interval laterolog resistivity in Table 1.

For the intervals with Rgk< 30 ohm'm all X-ray
tomography-studied core samples were assessed as
hydrophilic (CI > 0.90). Cores with Rgk of up to
120 ohm'm were classified as mainly hydrophilic. At
resistivity readings of 200-600 ohm'm most samples
show some signs of hydrophobic behaviour with
0.5-0.9 CI range, whereas higher log resistivity
mostly corresponds to samples with Cl < 0.5, i.e.,
showing significant signs of hydrophobisity. Finally,
two out of three samples with ClI < 0.1 (hydropho-
bic) come from intervals with log resistivity above
1000 ohm-'m.

Therefore, the following criteria for the wetta-
bility classification of the oil-saturated Visean reser-
voirs can be formulated:

— in the intervals with Rk below 120 ohm'm,
the reservoirs are hydrophilic;

— in the Rek range from 120-200 ohm'm, the
wettability assessment is unclear;

— starting from Rgk over 200 ohm'm, reservoirs
hydrophobisation processes start to manifest, render-
ing mostly hydrophaobic reservoirs;

— at Rek over 600 ohm'm, the reservoirs are to-
tally hydrophobic.
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Fig. 2. Log displays of two wells (a) and (b) from the Unvinskoye Field. Horizontal scales: NKTB — dual spacing thermal decay-time
logging, conventional unit; GK — gamma-ray logging, uR/hour; IK — induction well logging, mS/m; BK — laterolog, Om-m; MBK —
microlaterolog, Om-m
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Table 1

Core wettability evaluation from X-ray tomography
compared with corresponding interval resistivity
from laterolog (BK). Number of cores
in each category is shown.

Electrical Impregnation coefficient (CI), unit fraction
resistivity
from BK
(Rek) <0,10 0,10-0,50 | 0,50-0,90 >0,90
ohm'm
<30 0 0 0 4
30-80 0 0 3 7
80-120 0 1 0 4
120-200 0 0 2 1
200-300 1 1 2 1
300-400 0 1 5 1
400-600 0 1 4 2
600-1000 0 1 1 0
>1000 2 0 2 0
Total 3 5 19 20

3.2. Reservoirs bituminisation evaluation from

petrophysical core and electrical logs

Table 2 shows data on core bituminisation oc-
currence as compared to core open porosity (¢). All
five samples with ¢ <12% show bituminisation,
whereas all 22 samples with ¢ > 16% show none.
Within 12-16% porosity range, bituminisation prob-
ability gradually decreases.

Table 2

Bitumen occurrence in core data set of 47 samples
Versus core porosity

Percentage
Core Without |  With Total of samples
porosity | bitumen | bitumen whith
bitumen
below 12% 0 5 5 100
12% to 14% 3 6 9 66.6
14% to 16% 8 3 11 37,5
16% to 18% 4 0 4 0
18% to 20% 9 0 9 0
over 20% 9 0 9 0
Total 33 14 47 29.8

Petrophysical indicators of sandstone bitumini-
sation obtained on core can only be useful if they
can be also applied in log interpretation. To deter-
mine the error in wireline log-based open porosity
(¢wl) and irreducible water saturation (Swiwl) we
used our core data and compared with the corre-
sponding log interval averages. A combination of
GR and Neutron logs was used to quantify ¢wl. The
¢éwl = f (¢c) dependence can be described by the
positive linear function. In general, the correlation
between them is positive, albeit not strong (r = 0.55).

Nonetheless, it does show that log data on ¢wl can be
feasible in reservoir bituminisation delineation. On
the contrary, the comparison of residual water satura-
tion in core (Swic) and log data (Swiwl) shows no
correlation between them (r = 0.14). Therefore, the
Swiwl indicator is excluded from further analysis.

Analysis of 68 oil-saturated sandstone intervals
shows bituminisation in 21% of cases (14 out of 68).
The complex log interpretation was available for
almost the entire data set with a few exceptions for
microlaterolog (MBK). Based on the joint analysis
of core and wireline log-based petrophysical we es-
tablished that bituminous content is practically ex-
cluded at a porosity ¢wl>16% (30 out of 31 inter-
vals). Reservoirs bituminisation is most probable at
owl<12% (3 out of 4 intervals). In the ¢wl range
from 12-16% reservoir bituminisation probability
naturally decreases (Table 3).

Table 3

Bitumen occurrence in cores as compared to log porosity

Log WithOUt W ith Total z:rrrfsret: %]/\E/}itc;f
porosity bitumen | bitumen bitumen
below 12% 1 3 4 75.0
12% to 14% 4 6 10 60.0
14% to 16% 19 4 23 17.3
16% to 18% 11 1 12 8.3
18% to 20% 12 0 12 0
over 20% I 0 7 0
Total 54 14 68 20.6

Reservoirs bituminisation is not typical for hy-
drophilic reservoirs with Rgk below 60 ohm'm (13
out of 14 intervals) (Table 4).

Table 4

Bitumen occurrence in core and corresponding
BK resistivity values

Percentage

Without | With of samples
BK log ranges bitumen | bitumen Total whitFr)l

bitumen
below 60 ohm'm 13 1 14 7.1

60—120 ohm'm 13 3 16 18.7
120—200 ohm'm 6 4 10 40.0
200—600 ohm'm 15 5 20 25.0
over 600 ohm'm 5 1 6 16.7
Total 52 14 66 21.2

Analysis of the data presented in Table 5 sug-
gests that low MBK values are characteristic of good
mud filtrate penetration into the formation, which is
a consequence of no reservoir bituminisation (at
MBK < 10 ohm'm 18 out of 18 core show none). As
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the MBK values grow, bituminisation probability
gradually increases, and at MBK > 200 ohm'm bi-
tuminised core was found in 3 of 3 cases.

Table 5

Bitumen occurrence in core and corresponding
MBK resistivity values

Percentage
Without | With of samples
MBK log ranges bitumen | bitumen Total Whit?\
bitumen
below10 ohm'm 18 0 18 0
10-30 ohm'm 13 3 16 18.7
30-100 ohm'm 6 3 9 33.3
100-200 ohm'm 2 3 5 40.0
Over 200 ohm'm 0 3 3 100
Total 39 12 51 235

The analysis of all the data suggests that open po-
rosity is the key parameter controlling bituminisation.
In absence of interval porosity data the bituminisation
forecast may be unreliable. With consideration of the
results obtained algorithms have been developed for
reservoir bituminisation forecasting using a complex of
radioactive and electrical logging methods. The bitu-
minous content forecast algorithm of the intervals with
oil-saturated reservoirs can be formulated as follows:

— ¢wl< 12% — pervasive bituminisation, ¢wl >
16% — no bituminisation,

— Rek< 60 ohm'm — no bituminisation,

— Rmek< 15 ohm'm — no bituminisation, Rvex >
200 ohm-m — pervasive bituminisation,

— when Rgk > 60 ohm'm, 15 < Rmek< 200
ohm'm, and at ¢wl =12-14%, the intervals are as-
sessed as bituminous, but for ¢wl = 14-16%, it is
concluded that there is no bituminisation.

_ houndary of the reservoir
substitution zone

—— outer contour of oil-bearing capacity

discontinuous destruction

boundaries of license areas

.527  oil wells

o hydrophobization

bituminization

The forecast error when using this classification
in field studies with the complete log data set is es-
timated as 4% (2 out of 50 intervals analysed). The
error slightly increases when no MBK data is avail-
able (7 out of 65 intervals). In the absence of resis-
tivity logs, the forecast error increases to 15% (7 out
of 65 intervals). This clearly indicates that the most
reliable prediction of reservoir bituminisation can be
achieved when full set of wireline data is available.

3.3. Lateral distribution of wettability and bitu-

minisation of oil-saturated sandstone reservoirs

Based on the formulated criteria and the results
of 3D modelling, the calculation of hydrophobised
and bituminised sections for the entire study area
was carried out. Figs 3 and 4 show maps of the res-
ervoir hydrophobisation and bituminisation built for
two oil fields. Complete absence of hydrophobisa-
tion (bituminisation) in the maps is depicted with
light grey colour, whereas dark color corresponds to
the maximum hydrophobisation (bituminisation).

The Unvinskoye Field section is mainly charac-
terized by high resistivity, allowing pervasive hydro-
phobisation being predicted (Fig. 3a). However, the
western and central parts of the field are mainly char-
acterised by high porosity reservoir sandstones, so
that the bituminisation is limited. Intense bitumini-
sation is forecasted in the eastern flank of the field
(Fig. 3b), where reservoirs with low porosity are lo-
calized. Core data from the Unvinskoye Field con-
firm that oil-saturated reservoir bituminisation is typi-
cal for it. In 9 cases out of 18 analysed intervals bitu-
men was found in the core (Gurbanov et al., 2022).

The wettability zonation in the Sukharevskoye
Field section shows the hydrophobised reservoir ar-
eas localize in the crestal part of the structure,
whereas the hydrophilic section is predicted in the
northern part of the structure (Fig. 4a).

Fig. 3. Reservoir hydrophobisation (a) and bituminisation (b) maps of the Bb Formation, Unvinskoye Field
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Fig. 4. Reservoir hydrophobisation (a) and bituminisation (b) maps of the Bb Formation, Sukharevskoye Field

Nonetheless, the bituminisation prediction of
the crestal zone is unlikely, as it is characterised by
high reservoir porosity. Core data from the Sukha-
revskoye Field reveal no bituminisation, as any signs
of bituminisation were detected in any of the 28
sampled intervals.

4. Discussion

The results of identifying zones of hydrophobic
and bituminous reservoirs can be used when planning
measures to increase oil production. Under such condi-
tions, the implementation of standard water flooding of
reservoirs may be ineffective due to hydrophobisation
of the rocks. According to the experience, proppant
hydraulic fracturing can be proposed for the study area
in areas of highly porous reservoirs with high potential
production rates (Votinov et al., 2018; Zhang et al.,
2019; Galkin et al., 2022)., Hydraulic fracturing can be
economically ineffective for bituminous rocks, due to
high costs; in such conditions, radial drilling technolo-
gy can be recommended (Kochnev et al., 2018; Rein-
sch et al., 2018; Galkin et al., 2019).

Abnormally high resistivity of oil-saturated reser-
voirs of the Perm region is considered to be related to
their wettability alteration (hydrophobisation) and bi-
tuminisation. To predict these processes, both core and
log data must be jointly analysed. High porosity meas-
ured in cores and log data interpretation is indicative of
hydrophilic sandstone reservoir, whereas low porosity
and relatively high resistivity are the most reliable indi-
cators of wettability changes resulting in bituminisa-
tion. We demonstrate that log porosity and resistivity
data can be successfully used in developing algorithms,
when applied to field data, can be instrumental in
building wettability and bituminisation maps of the
main fields. These maps can be further utilized in
building 3D reservoir models and in optimization of
the secondary recovery operations in the field.

5. Conclusions

As a result of the studies, it was found that ac-
cording to the data of combining the methods of lat-
eral and microlateral electric logging, the areas of
development of bituminisation and hydrophobisation
of reservoirs can be identified. The operation of in-
jection wells in such areas is often characterised by
reduced injectivity, which makes standard flooding
ineffective. One of the ways to optimise injection is
to create relatively long highly conductive channels
that allow increasing the degree of reservoir sweep
by the displacement process, which can be solved by
using radial drilling technology. Under the condi-
tions of development of hydrophobic sandstones, the
alkaline flooding technology can also be considered
promising, which can lead to an increase in oil mo-
bility due to the removal of rock of poorly soluble
substances. Thus, for reservoir hydrophobisation
development zones established according to the de-
veloped method, a number of promising reservoir
stimulation technologies can be recommended.
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BO3MOXHOCTHU OBHAPYXXEHUSA CMAYUBAEMOCTHU U BUTYMU3ALIUU KOJIJIEKTOPOB
IO KOMILIEKCHBIM HETPO®U3UYECKHUM JAHHBIM KEPHA/KAPOTAXA
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Pe3ztome. [ HEKOTOPHIX He(TEHACHIICHHBIX NHTEPBAJIOB BU3EHCKHUX OTIOXKEHHH [IepMCKOro Kpast 10 KapoTaxy yCTaHOBIICHO
aHOMAJIFHO BBICOKOE 3JIEKTPHUYECKOE CONPOTUBIICHHE, YTO MOXKHO OOBSICHHTH rmapodobusamueil 1 OMTyMH3anueil KOIEKTOPOB.
OreHKa JaHHBIX apaMeTpoB MPOBEJIEHA ITyTeM COIOCTAaBICHHS MEeTPOYUIMIECKUX U reo(pU3NIECKUX HCCICIOBAaHUM 110 PsIy JKC-
IUTyaTal[MOHHBIX O0BEKTOB. /7SI OIEHKH CMayMBaeMOCTH NPUMEHEHa PEHTTEHOBCKas ToMorpadusi KepHa, pe3yibTaThl KOTOPOM
CPaBHHMBAIMCh C JAHHBIMH OOKOBOTO BJIEKTPHYECKOro KapoTaxka. CpaBHEHHE Pe3yJIbTaTOB PEHTTCHOBCKON ToMOrpaduu KepHa ¢
JAHHBIMH HJIEKTPUYECKOTO KapoTaka MOKa3bIBACT, YTO MPH yAEIbHOM conpoTuBieHun O6osee 200 OM'M MOpPOIBI SBISIOTCA TUAPO-
¢ o6HBIMH, a ipu 3HaUeHHAX Oonee 600 OM'M MPaKTUYECKH HE BIHUTHIBAIOT BOAY. BUTyMH3aIus KOIEKTOPOB OLICHUBANACH MO JaH-
HBIM HCCIICJOBaHMI KEPHA, YTO CONMOCTABIIOCH C PE3yJIbTaTaMM OIPEEICHUs TOPUCTOCTH M0 TaMMa-KapoTaxy, a TAKKe C YAClb-
HBIM JIEKTPUYECKHM COIIPOTUBIICHUEM 110 OOKOBOMY M MUKPOOOKOBOMY KapoTaxy. MBI IEMOHCTPHPYEM, UTO JaHHBIE O IOPUCTOCTH
U yIeTbHOM COIIPOTUBIICHUH MOTYT OBITH HCIIOJIB30BAaHBI IIPH pa3pabOTKe aJrOpPUTMOB, TIOCTPOSHUH KapT CMauyMBaeMOCTH M OUTY-
MH3aLIH OCHOBHBIX MECTOPOXICHUH. DTU KapThl MOTYT OBITH Jajee UCIIOIb30BaHbI IIPU ITOCTPOSHUH TPEXMEPHBIX MOJENe Iuia-
CTOB M ONTHUMH3AIUY OIEpaluii BTOPUYHOTO M3BJICUYCHUS] HA MECTOPOXKACHHH. AHAIN3 BCEX MAHHBIX ITOKA3bIBAET, YTO OTKPHITas
MIOPHCTOCTD SIBIISIETCS KIIOUEBBIM ITapaMeTpoM, KOHTPOIUPYIOMUM OutTymusanuo. C y4eToM IpOBEJCHHOTO aHaAIM3a pa3paboTaHbl
ITOPUTMBI IIPOTHO3UPOBAHUS OUTYMH3AllUK KOJUIEKTOPOB HA OCHOBE KOMILIEKCA IeO(HU3NUECKUX UCCIICIOBAaHHH CKBAKHH. Pe3yiib-
TaThl pa3pabOTaHHOTO METO/Ia IPUMEHEHBI TPU HU(PPOBOM I'€0JIOr0-TEXHOIOTHYECKOM MOACIHPOBAHUH HEPTAHBIX MECTOPOXKACHUH
C Pa3IMYHBIMU TUIAMH CMaYMBAEMOCTH M OMTyMM3anuu. Takxke pe3ysbTaThl BHIIBICHUS 30H THAPO(GOOHBIX U OUTYMHHO3HBIX KOJI-
JIEKTOPOB MOT'YT OBbITh UCIIOJIb30BAHBI IIPU IUIAHUPOBAHUHM MEPONPHATHIL O MOBBILICHUIO HE(TEOTAAYH.

Knroueswie cnosa: cuopodobusayus, cmayusaemocmys, OUMymMu3aylis, nOPUCMOCMy, YOeIbHOe INeKMPULecKoe COnPOMuGIeHIe
20PHBIX NOPOO, PEHMEEHOECKA MOMO2PAPUs KepHa, BOKOBOU INEKMPUUECKUT] KAPOMANHC, MUKPOOOKOBOU Kapomaic

KERN/KAROTAJIN KOMPLEKS PETROFIZIKI MOLUMATLARINA GOR® KOLLEKTORLARIN
BITUMLASMASININ VO iISLANMASININ MUBYY®N EDILMBSI IMKANLARI
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Xiilasa. Quyularin karotaj malumatlarindan istifads etmakls Perm diyarmin Visean yataqlariim bazi neftlo doymus intervallarin-
da anomal yiiksok elektrik miigavimoti askar edilmisdir. Bu, anbarlarin hidrofobizasiyasi ve bitumlagmasi ilo izah edilo bilar. Bu
parametrlor bir sira hasilat hodoflori iigiin petrofiziki vo geofiziki todqiqatlarin miiqayisasi yolu ilo qiymotlondirilmisdir. Nomlonmo
qabiliyyastini qiymotlondirmok ii¢iin osas rentgen tomoqrafiyasi istifado edildi, noticolori yanal elektrik qeydlori ilo miiqayiso edildi.
Osas rentgen tomoqrafiyasinin naticolorinin elektrik qeydiyyatt molumatlar: ilo miiqayisosi gosterir ki, miiqavimeti 200 Ohm-m-don
¢ox olan siixurlar hidrofobikdir, 600 Ohm'm-don ¢ox olduqda iso onlar demok olar ki, he¢ bir su qobul etmirlor. Rezervuarin bi-
tumlasdirilmasi asas malumatlardan istifade edilmakls giymatlondirilmigdir, bu melumatlar gamma siialar1 ilo qeydiyyatdan istifade
etmoklo masamaliliyin tayini ils, eloca ds yanal vo mikroquyularin girisinden istifade etmokls miisyyen edilmis elektrik miiqavimati
ilo miiqayisa edilmisdir. Biz niimayis etdiririk ki, masamalilik vo miigavimat malumatlarindan asas sahalor iigiin alqoritmlar hazirla-
maq va namlonma qabiliyyasti vo bitum xaritolsrini qurmagq iigiin istifads etmak olar. Bu xaritelor daha sonra 3D rezervuar mod-
ellarinin qurulmasi va yataqda ikinci barpa amasliyyatlarmin optimallasdirilmast {igiin istifade oluna biler. Biitiin malumatlarin tohlili
gOstorir ki, agiq mosamolilik bitum omolo golmosino nozarot edon osas parametrdir. Bu tohlil osasinda quyularm karotaj molu-
matlarinin hartorafli toplusu osasinda lay bitumunun omolo golmesinin proqnozlasdirilmast iigiin alqoritmlor hazirlanmisdir. Islonib
hazirlanmis metodun noticolori miixtolif nomlilik vo bitum omalogolmo nodvlorine malik neft yataglarmin roqomsal geoloji vo
texnoloji modellogdirilmasina totbiq edilmisdir. Bundan olavo, hidrofobik vo bitumlu lay zonalarmin mioyyon edilmasi
giiclandirilmis neft¢ixarma tadbirlarinin planlasdirilmasinda istifads edilo bilar.

Agar sozlor: hidrofobizasiya, namlanma qabiliyyati, bitumlasma, masamoalilik, siixurlarin elektrik miigavimati, rentgen niivali
tomografiya, Laterolog, mikrolateroloq
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