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Abstract: The main factors affecting the nature of uneven hydrocarbon saturation of the AC10 formation reservoir
at Priobskoye field located in Western Siberia are considered. The formation is characterized by extreme hetero-
geneity caused by macro- and microstructure, which is determined by the lithofacial and structural-morphological
conditions of sedimentation. The formation is characterized by high variability of lithological-mineralogical com-
position and textural and structural features. To bring to light the nature of the uneven hydrocarbon saturation of the
reservoir, the combined analysis of the findings obtained from the study of the size of capillary channels and pores,
as well as the investigation of the degree of their filling with clay and carbonate material, was performed. The anal-
ysis has shown that the filler composition, its amount in the pore space, and the (core) hydrocarbon saturation col-
lectively evened the AC10 formation electrical resistance in different saturation zones, which led to distortion of the
hydrocarbon saturation of the reservoir as a whole.
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AHaJIN3 XapaKTepa HACHIIEHHOCTH MOPO/I B HEOJHOPOJAHOM KOJLJIEKTOpe
Ha npumepe miacra AC10 Ilpuodckoro MmecroposkaeHust

Patnukos U. b., fIpkosa H. C., Pomanos E. A.
000 «Kopetecrt cepucy», Tromens, Poccust, D<AIBRatnikov@mail.ru

AnnoTtauus: PaccMaTpuBaroTcss oCHOBHBIE (DaKTOPBI, OKa3bIBAIOIIME BIMSHUE HA MPUPOAY HEpaBHOMEpPHOW Ha-
ChIIlIeHHOCTH yrieBogopoaamu (YB) komnekropa mmacta AC10 IIpnoOGckoro MecTopoxIeHus, pacrnoioKeHHOTO
Ha Tepputopun 3amagHoi Cubupu. OTIIOKEHHS 3aJ€KU XapaKTEPH3YIOTCS YpE3BBIYafHONH HEOIHOPOIHOCTHIO,
00YCIIOBJIEHHOII Makpo- M MHUKPOCTPOEHHEM, KOTOPOE OIPEIEICHO JHUTOJO0ro-(halualbHBIMU M CTPYKTYpPHO-
MOp(i)OJ'[OI‘I/IT-IeCKI/IMI/I YCIOBUAMHA OCAJIKOHAKOIIJIICHUA. ﬂaHHaﬂ 3aJICKDb OTIIMYACTCS HIHpOKOﬁ U3MCEHYUBOCTBHIO JIN-
TOJIOTO-MHUHEPATOTUYECKOTO COCTaBa M TEKCTYPHO-CTPYKTYPHBIX ocoOeHHOcTel. C Lenblo BBISBICHHUS MPUPOABI
HEpaBHOMEPHOW HACBIIIEHHOCTH KOJUIEKTOpPa YB BBINOJIHEH COBMECTHBIM aHANW3 pe3yJbTaTOB, MOJYYEHHBIX MO
pasMepaM KalmUJUIAPHBIX KaHAJIOB U IIOP, @ TAKKE CTCIICHU WX 3aIIOJIHCHUSA INIMHUCTBIM U Kap6OHaTHBIM Marepua-
7oM. MccneoBaHus MOKasany, 9TO COCTAaB IIEMEHTA, €ro KOJMYECTBO B IIOPOBOM IIPOCTPAHCTBE M HACHIIIEHHOCTD
KepHa YB B COBOKYNHOCTH HUBEIHPOBAIH JIEKTpUieckoe conporunienue wiacra AC10 B pa3nuuHbIX 30HaX Ha-
CBIIIICHUS, YTO TPHUBEJIO K HCKAKESHUIO HACKHIIIEHHOCTH KOJIEKTOPA B IIEJIOM.

KarodeBble c1oBa: HEOTHOPOJHOCTH, HACBIIIEHHOCTh, Pa3Mephl TIOP U MOPOBBIX KaHAJIOB, MOPUCTOCTH, MPOHH-
AaeMOCTb, TTIMHUCTOCTh, KAPOOHATHOCTD.

Jasa nutupoBanms: PatauxoB U. B., fApkosa H. C., PomanoB E. A. Ananu3 xapaktepa HAaCBIIIEHHOCTU HOPOJ]
B HEOTHOPOAHOM KoiuiekTope Ha mpumepe mmiacta AC10 IlpmoOGckoro mectopoxncHus. [ opuble HAYKU U
mexnonozuu. 2019;4(1):42-56. DOI: 10.17073/2500-0632-2019-1-42-56.
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Introduction

Rock heterogeneity is a fundamental prop-
erty of matter. M.V. Rats noted that heterogenei-
ty is inherent in any rock from the moment of its
origination and disappears only with the disap-
pearance of the rock itself. The problem of hete-
rogeneity of rocks and the variability of their
physical properties at different levels of the ma-
terial structural organization and under various
thermodynamic conditions is fundamental in pe-
trophysics [13]. G. I. Petkevich emphasized that
when describing heterogeneous and different-
scale geological objects, there is an urgent need
for new approaches, improvement of concepts
and terms, the introduction of formal constructs
and quantitative indicators.

The heterogeneity attracts the attention of
geologists of all specializations (including petro-
physicists) since the inception of geological
sciences. Most researchers studying the petro-
graphic, lithological, hydrodynamic and other
features of rocks, in fact, are engaged in nothing
more than the study of heterogeneity of rocks.
Geophysicists are not the exception.

One of the important properties of the geo-
logical environment (GE) is its time-to-time and
spatial variability. Variability determines the he-
terogeneity of an object, which is determined by
the difference in its properties at different points.
Modern modeling in geological sciences imposes
strict requirements on the study and obtaining of
source information. First of all, this is a detailed
description of thin layers and microlayers of a
rock and quantitative assessment of all the re-
quired parameters of these layers. The parame-
ters studied at individual point in the GE do not
always suit specialists. In laboratory practice, the
study of rock properties is carried out precisely
based on a point-to-point discrete principle, al-
though it is far from always possible to select

samples for analysis from a thin layer.

It was repeatedly noted in [14, 15, 18-20]
that, in essence, all petrophysical characters are
of the inherited character of lithofacial variabili-
ty. This is due to the heterogeneity formed dur-
ing the diagenesis of sedimentary rocks that oc-
cur at different points in the GE in different ways
(under different conditions). As a result, the fur-
ther course of epigenesis is “superimposed” on
the diagenesis process. Hence the heredity of the
heterogeneity of rocks arises, which determines
the variability of petrophysical (and not only)
features.

At present, the study of rock heterogeneity
in petroleum geology is becoming increasingly
important, since the main reserves of oil and gas
are accumulated in reservoirs with low permea-
bility (poroperm properties or reservoir quality
(RQ)), complicated by structural heterogeneity.
Along with resolving issues of the methodology,
the influence of heterogeneity of reservoir rocks
on the reservoir properties, the rock permeabili-
ty, hydrocarbon saturation, and displacement ef-
ficiency is studied. The pictures of the movement
of oil-water contact, ways to increase oil recov-
ery are also studied — all these issues are very
important for successful development of a field.
When assessing the mentioned parameters of re-
servoir rocks, description and analysis of hetero-
geneity are of crucial importance. A number of
researchers [1-3, 5, 8] have done a great job of
analysis and assessment of geological hetero-
geneity in the design of oil field development.
However, in theory and practical aspects of hy-
drocarbon reserve estimation, this issue remains
less studied and is only limited to determining
the factors characterizing heterogeneity, and ty-
pifying oil deposits based on them [5, 9]. Atten-
tion should also be paid to the ambiguous inter-
pretation of the concepts of “geological hetero-

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS




MINING SCIENCE
AND VOL. 4,N2 1 (2019)

FOPHbIE HAYKU U TEXHO/IOMMA

geneity" and "confidence of oil and gas reserves"
[1,5,7,9; 21-23].

The influence of heterogeneity on sediment
productivity was noted by many experts [4, 9,
13, 26-28]. It has been established that increas-
ing the degree of heterogeneity of reservoir rocks
leads to decreasing productivity. In petroleum
geology, micro- and macro-heterogeneity is
usually distinguished [6, 7, 10, 21].

Micro-heterogeneity of rocks is studied, as
arule, in laboratory conditions by traditional me-
thods: in thin sections, on images of a scanning
electron  microscope, by capillarimetry,
X-ray phase analysis, and acoustic measure-
ments, as well as using devices designed to de-
termine effective porosity and permeability coef-
ficient. These are the basic methods. There are
also special ones: immersion, thermal, X-ray flu-
orescence, IR spectrometric, and other methods
of analysis.

To study macro-heterogeneity, geophysical
well logging data for all drilled wells and seismic
data are used. Macro-heterogeneity is studied
vertically (along the thickness of a horizon) and
along the strike of the formations (by area).

Geologists (geophysicists) pay special at-
tention to macro-heterogeneity with a detailed
breakdown of reservoir horizons by impermeable
sublayers.

The aim of this work is an attempt to iden-
tify the nature of uneven hydrocarbon saturation
of the AC10 formation reservoir and the impact
of heterogeneity on the rock physical properties.

The findings discussion

Analysis of hydrocarbon saturation nature
the AC10 formation rocks was performed based
on two boreholes of the Priobskoe field.

In the process of the AC10 formation ori-
gination, the sea basin was sharply differentiated
in depth. This was due to its partial shallowing in

the eastern and southeastern parts of the region
due to the accumulation of significant masses of
terrigenous material. The edge of the shelf was
located within the considered territory. The
amount of fragmental product entering the basin
increased. The formation of sand bodies during
this period was connected both with the accumu-
lation of the fragmental product in the shelf area,
especially in its frontal part, and with the activity
of turbidite flows of various hydrodynamic activ-
ity. The sand strata of various genesis may be
spatially separated, connected by "channels” or
represent a single body. The conditions of sedi-
mentation determined the rather intricate spatial
(in plan view and cross-section) nature of the dis-
tribution of the sand bodies.

The area of the sand body occurrence in the
lower part of the AC10 formation belongs to the
shelf zone, which was very flat and apparently
represented an alluvial-delta plain. The inflow of
material occurred from the southeast through two
channels with its redistribution along the frontal
zone. The sea basin in the period under review
retained differentiation in depth. At the stage of
completion of the AC10 formation origination,
the differentiation of the sea basin in depth suc-
cessively decreased that was connected with the
accumulation of terrigenous material in the pre-
vious time. The amount of the fragmental prod-
uct supplied decreased, and basin processes be-
gan to prevail in its redistribution, under the in-
fluence of which bar systems were formed. The
activity of turbidite flows is observed only in the
western part of the area, confined to the slope
and lower part of the terrain.

It becomes clear from the foregoing that
the conditions of the AC10 formation origination
suggest wide variability of its lithological and
mineralogical composition and textural-and-
structural features.
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Fig. 1. Geophysical logging data and core photographs in daylight and ultraviolet light
for the rocks of AC10 formation in borehole 1 at Priobskoe field
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Fig. 2. Geophysical logging data and core photographs in daylight and ultraviolet light for the
rocks of AC10 formation in borehole 2 at Priobskoe field
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Fig. 1 and 2 show the comparison of the
geophysical well logging data with core photo-
graphs in daylight and ultraviolet light for the
rocks of the AC10 formation from two boreholes
at the Priobskoe field. In the given intervals of
depth, the total effective thickness Hesdetermined
by the logging data was 14.9 m, whereas from
the core photographs in ultraviolet (UV) light Hes
of the oil-saturated interlayers is 7.4 m only, i.e.
by 50.0 % less. It can be seen in the photographs
in daylight that the core of the AC10 formation is
predominantly homogeneous. However, the pho-
tographs in ultraviolet light showed island core
saturation with hydrocarbons. In the photograph
in UV light, 2 zones are clearly distinguished:
bright glowing (zone 1) and dark glowing
(zone 2).

Let’s try to comprehend why the core vi-
sually homogenous in photographs in daylight,
shows island core saturation with hydrocarbons
in the photographs in UV light.

Lithologically, the rocks of zone 1 are
represented by sandstone and siltstone with clay
and carbonate-clay cement, and those of zone 2
are siltstone with clay and carbonate cement
(Fig. 3).

For the rocks of zone 1, the sand fraction
amounts to from 40.4 to 59.2% (the average val-
ue is 44.6 %), the silt fraction amounts to from
33.2 t0 49.2 % (45.0 %), and the clay fraction,
from 7.3 up to 12.7 % (10.3 %); the carbonate
content varies within 2.5-9.6% (4.9 %).

For the rocks of zone 2, the sand fraction
amounts to from 23.6 to 47.9 % (the average
value is 35.4 %), the silt fraction amounts to 38.7
to 59.6 % (50.4 %), and the clay fraction, from
10.5 up to 24.1 % (14.2 %), the carbonate con-
tent varies within 4.6-30.9 % (9.3 %) (Fig. 4).

The rocks of zone 1 and zone 2 are of
poor grading (Fig. 5). The grading factor is often
used as an indicator of sedimentation conditions.
However, in most cases, it gives only
comparative characteristics.

Clay grain size (mudstone) 100 %

eZonel
mZone 2

Sand grain size (sandstone) 100 %

Silty grain size (siltstone) 100 %

Fig. 3. Classification graphic chart of sandy-silty-clay rocks according to F. Shepard [12]:
1 — mudstone; 2 — siltstone; 3 — sandstone; 4 — sandy mudstone; 5 — silty mudstone; 6 — clayey sandstone;
7 — clayey siltstone; 8 — silty sandstone; 9 — sandy siltstone; 10 — sandy-silty mudstone
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Fig. 4. Grain-size and carbonate content distribution in rocks of AC10 formation of Priobskoe field
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Fig. 5. Sorting of the AC10 formation rocks according to R.L. Folk and W.C. Ward [24]

The clastic rock grain size distribution has
a certain genetic significance, since it reflects the
nature of transportation and the dynamics of se-
dimentation medium. Paired combinations of
grain size factors are used to compile “genetic
diagrams” that reflect, with varying degree of
confidence, the dynamic conditions of the sedi-
mentation medium. The most famous diagrams
are those of R. Passsega and G.F. Rozhkov.

Dynamic diagram developed by R. Passse-
ga involves such characteristics as median grain
size M and grain size/centile S, um, reflecting the
maximum flow capacity. This takes into account

the way of transporting the fragmental product
by particle rolling, saltation, transfer in the form
of a graded or homogeneous suspension. Dy-
namic genetic diagram by G.F. Rozhkov is based
on the principle of natural mechanical differen-
tiation of particles of sand and silt size (aeolian
processes are also taken into account). The dia-
gram is based on the asymmetry and excess rela-
tionships, which are determined by the statistical
moment formulas [11].

According to the diagrams by R. Passsega
and G.F. Rozhkov, the AC10 formation sedi-
ments mainly correspond to the type of suspen-
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sion sediment type and, to a lesser extent, to the
type of rolling sediment of the littoral facies
complex (Fig. 6, 7).

Based on the analysis of porosity and per-
meability, the rocks of the selected zones belong
to different petrophysical types (Fig. 8). The es-
timation of the pore space in thin sections
showed that the rocks of zone 1 have larger
pores relative to the rocks of zone 2 (Fig. 9).

To bring to light the nature of the uneven
hydrocarbon saturation of the reservoir in the
distinguished zones, the combined analysis of
the findings obtained from the study of the size
of capillary channels and pores, as well as the
investigation of the degree of their filling with
clay and carbonate material, was performed.

The sizes of pores and pore channels and
the nature of their distribution in size are one of
the important indicators in petrophysics. The dis-
tribution of phases in the reservoir largely de-
pends on these indicators. The petrophysical pa-

rameters mainly depend on the size of the pore
channels composing the pore space. It is known
that the more heterogeneous the sizes of the re-
servoir pore channels, the greater the residual
hydrocarbon saturation and the lower the dis-
placement efficiency. This phenomenon in mud-
ded-off reservoirs is primarily due to the Laplace
effect [16].

With the aim of studying the structural
features of the pore space in the distinguished
zones, an analysis of scanning electron
microscope (SEM) images was performed
(Fig. 10). In the rocks of zone 1, predominance
of inter-microaggregate-grain, inter-grain and
intra-grain micropores, as well as cavernous-
expanded leaching pores with average size
of 14 um, very few pores with cross-section of
up to 70 um, anisometric and slot-shaped, con-
necting with each other through ultracapillary
and narrow slot-like pore channels is observed.
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Fig. 7. Dynamic genetic diagram
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In the rocks of zone 2, predominance of inter-
grain and inter-microaggregate-grain micropores,
more rarely intra-grain micropores, with average
size of 8 um, very few pores with cross-section
of up to 20 um, anisometric and sinuous-slot-
shaped, closed and connecting with each other
through ultracapillary pore channels is observed.

The study of the pore space structure
by centrifugation revealed that in the rocks of
zone 1, pore channels from 1.62 to 3.90 pum
in size prevail, and the main role in liquid filtra-
tion is played by pore channels of size from 3.90
to 9.41 um, while in the rocks of zone 2,
pore channels from 0.69 to 1.62 pm in size
predominate, and liquid filtration mainly occurs

Science and Technology

through pore channels of size from 1.62
to 3.90 um (Fig. 11).

The analysis of the pore space structural
features revealed that the rocks of zone 1 have
larger pores and have better filtration channels
(pore throats) relative to the rocks of zone 2.

Based on the data on the distribution of the
pore channels and their participation in the liquid
filtration, the average radii of the pore channels
were calculated by the method of statistical mo-
ments, and their comparison with the absolute
gas permeability was performed (Fig. 12). The
statistical moment method is based on the rigor-
ous probabilistic theory of estimating statistical
characteristics [16].
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Fig. 12 shows that in the rocks of zone 1,
most of the filtration channels connecting the
pores to each other has average radius ranging
from 2.9 to 5.6 microns, whereas in the rocks of
zone 2, from 0.7 to 2.5 microns. The analysis of
the pore channel average radii showed that the
size of the filtration channels of zone 1 is two
times the size of the filtration channels of zone 2.

The pressure at which the liquid displace-
ment begins (shear pressure) for the rocks of
zone 1 ranges from 0.177 to 0.375 kgf/cm? (the
average value is 0.297 kgf/cm?), and that for the
rocks of zone 2, from 0.378 to 1.494 kgf/cm?
(0.641 kgficm?) (Fig. 13, 14). At the pressure
levels below the shear pressure, liquid displace-
ment will not occur, and, as a result, oil will not
displace water.

The analysis of the material composition
showed that the content of clay and carbonate
material in the pore space of the rocks has a fun-
damental effect on the size of the filtration chan-
nels (Fig. 15).

The clay volume K and the carbonate
volume K, values vary within the following
ranges: for the rocks of zone 1, Kgay ranges
from 6.1 to 10.5 % (the average value is 8.5 %)
and Kcarp ranges from 2.0 to 8.9 % (4,1 %); and
for the rocks of zone 2, Ky ranges from 9.1
to 20.5 % (12.1 %) and Kcar,, from 3.3 to 31.1 %
(8.4 %).

For the purpose of determining the degree
of filling the rock pore space with clay and car-
bonate material, we calculated the relative clay
content n and clay-carbonate content ¢ and com-
pared them with the open porosity K, (Fig. 16).
The degree of filling the pore space with clay
and carbonate material for the rocks of zone 1

References

ranges within 35-54 % (42 % on average), and
that for the rocks of zone 2, 45-92 % (57 %).

Fig. 16 shows that in the rocks of zone 1,
the degree of filling of the pore space with clay
and carbonate material is much less than that in
the rocks of zone 2.

Conclusion

Based on the implemented analysis, we
conclude that the uneven hydrocarbon saturation
of the AC10 formation is due to the microhete-
rogeneity of these rocks.

The sediments of the AC10 formation cor-
respond to the littoral facies complex, whose ori-
gination conditions determine wide variability of
the lithological and mineralogical composition
and textural-and-structural features, that led to
the microheterogeneity of these rocks.

The high content of clay and carbonate ma-
terial in the pore space of the rocks of the AC10
formation produced fundamental effect on the
size of the filtration channels and, as a result,
determined the uneven hydrocarbon saturation.

Since the geophysical well logging data are
aimed at studying macroheterogeneity, the filler
composition, its amount in the pore space, and
the (core) hydrocarbon saturation collectively
evened the AC10 formation electrical resistance
in different saturation zones that led to distortion
of the hydrocarbon saturation of the reservoir as
a whole.

To increase the confidence of hydrocarbon
saturation estimation for the AC10 formation
rocks, the lithological-petrophysical and geo-
physical data should be applied in combination.
It is necessary to formulate the systematic ap-
proach to solving such problems.

1. Azamatov V. I. Investigation in estimation of oil reserves of large fields for the design of their develop-
ment: Dr.Sci. geol.-min. thesis, 1975, Moscow, MINKhIGP, 38 p. (In Russ.)
2. Borisov Yu. P. Taking into account the formation heterogeneity in the design of oil reservoir development:

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS




MINING SCIENCE
AND VOL. 4,N2 1 (2019)

FOPHbIE HAYKU U TEXHO/IOMMA

Proceedings of the VNII, vol. XXI, State Technical Publishing House, 1959, pp. 245-260. (In Russ.)

3. Borisov Yu. P., Voinov V. V., Ryabinina Z. K. The effect of formation heterogeneity on oil field devel-
opment : Moscow, Nedra Press, 1970, 288 p. (In Russ.)

4. Borisov Yu. P., Ryabinina Z. K., Voinov V. V. Features of the design of oil field development taking into
account their heterogeneity: Moscow, Nedra Press, 1976, 285 p. (In Russ.)

5. Vlasenko V. V. Improving the method of estimating formation geological heterogeneity for exploration
and development of oil fields (as exemplified in oil fields of the Ural-VVolga and Western Siberia oil fields): 1974,
PhD. geol.-min. thesis, Moscow, VNII, 14 p. (In Russ.)

6. Dementiev L. F. On the concept of "geological heterogeneity" of productive strata and methods of its
study: Proceedings of the Perm branch of Giprovostokneft, vol. 1, Moscow, Nedra Press, 1965, pp. 3-10. (In Russ.)

7. Zheltov Yu. V., Kuznetsov A. V. Heterogeneity of oil-bearing formations and tasks for its study: In the
book: Physical and geological factors in development of oil and gas condensate fields, Moscow, Nedra Press, 1969,
pp. 7-12. (In Russ.)

8. Zhdanov M. A., Ovanesov M. G., Tokarev M. A. Multifaceted consideration of geological heterogeneity
in the analysis of oil recovery: Geology of oil and gas, No. 3, 1974, pp. 19-23. (In Russ.)

9. Melik-Pashayev V. S., Klimushin I. M., Breev V. A, et al. Study of geological heterogeneity of oil fields
for their development: Proceedings of VNII, v. LIX, 1974, pp. 3-12. (In Russ.)

10. Kovalev A. G., Vashurkin A. 1. On heterogeneity of oil-containing reservoirs: Proceedings of VNI,
v. 44-196, pp. 13-22. (In Russ.)

11. Krasheninnikov G. F., Volkova A. N., Ivanova N. V. Doctrine of facies with the basics of lithology:
Moscow State University, 1988, 215 p. (In Russ.)

12. Kuznetsov V. G. Sedimentary rocks and their study: Manual for graduate students, Moscow, Nedra-
Business Center LLC, 2007, 511 p. (In Russ.)

13. Petkevich G. I. Informativeness of acoustic characteristics of heterogeneous geological environments:
Kiev: Naukova Dumka Press, 1976, 213 p. (In Russ.)

14. Ratnikov I. B, Korytov V. S. Determination of lithologic and petrophysical parameters of heterogeneous
rocks by the method of core micro-profiling: Challenges of petrophysics and quantitative interpretation of logging
data (Proceedings of the review competition in memory of Mikhail Mikhailovich Ellansky and memories of him),
Moscow, CJSC Pangea, 2007, pp. 52-59. (In Russ.)

15. Ratnikov 1. B, Shulga R. S., Romanov, E. A., Bastrikov S. N., 2016, Analysis of porosity parameter with
the involvement of elements of regional petrophysics (electrofacies) and clay content type: Mining sciences and
technologies, No. 2, pp. 50-65. (In Russ.)

16. Ratnikov I. B., Shulga R. S., Romanov E. A. Interpretation of capillar study data: Mining sciences and
technologies No. 4, 2016, pp. 24-39. (In Russ.)

17. Rozhkov G. F., Geological interpretation of grain-size parameters based on data of fractional sieve analy-
sis: Grain-size analysis in geology. Moscow, 1978, pp. 5-25. (In Russ.)

18. Semenov V. V., Moreva E. V., Ratnikov I. B. Study of structural and textural heterogeneities in core by
the method of non-destructive testing (micro-profiling) for increasing reliability of borehole logging data interpre-
tation: Ways of realization of the oil and gas potential of the Khanty-Mansi Autonomous Okrug, IX Scientific-
Practical Conference, Khanty-Mansiysk, NaukaServis Publishing House, 2006, v. 2, pp. 235-242. (In Russ.)

19. Semenov V. V., Moreva E. V., Ratnikov I. B. Study of heterogeneous reservoirs based on the core by
micro-profiling method: Geophysics, 2006, No. 2, pp. 48-52. (In Russ.)

20. Semenov V. V., Ratnikov I. B., Sokova K. I. New technologies for experimental study of complex struc-
ture reservoirs: Actual issues of petrophysics of complex structure reservoirs, Edited by Dr. Sci. in Geology and
Mineralogy Shnurman, 1.G., Krasnodar: Prosveshchenie-Yug Press, 2010, pp. 110-170. (In Russ.)

21. Stasenkov V. V., Klimushin I. M., Breev V. A. Methods for studying geological heterogeneity of oil
measures: Moscow, Nedra Press, 1972, 168 p. (In Russ.)

22. Frolov E. F., Bykov N. E., Egorov R. A., Fursov A. Ya. Optimization of oil-field exploration: Moscow,
Nedra Press, 1976, 303 p. (In Russ.)

23. Frolov E. F., Egorov R. A., Fursov A. Ya., 1972, On methods for assessing reliability of parameters of
oil and gas accumulations: Geology of oil and gas, No. 3, pp. 31-36. (in Russ.)

24. Folk R. L., Ward W. C. Brazos River bar: a study in the significance of grain size parameters // J. Sedi-
ment. Petrol, 1957, Vol. 27, No. 1, pp. 3-27. (In Russ.)

25. Passega R., Byramjee R. Grain size image of clastic deposits // Sedimentology, 1969, Vol. 13, N 3/4,
pp. 233-252.

26. Saner S., Kissami M., Al Nufaili S. Estimation of Permeability From Well Logs Using Resistivity and
Saturation Data // SPEFE, March 1997, 27 p.

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS




MINING SCIENCE
AND VOL. 4, N2 1 (2019) MISIS

FOPHbIE HAYKU U TEXHO/IOMMA National University of

Science and Technology

27. Timur A. An Investigation of Permeability, Porosity, and Residual Water Saturation Relationships for
Sandstone Reservoirs // The Log Analyst, 1968, Vol. 9, No. 4, pp. 8-17.

28. Xue G. Optimal Transformations for Multiple Regression: Application to Permeability Estimation from
Well Logs // SPEFE, June 1997, 85 p.

bubauorpadguyeckuii cnmcok

1. AzamaroB B. M. HccrnenoBanne BOMPOCOB OIEHKH 3arlacoB HE(PTH KPYIHBIX MECTOPOXKIEHHH B CBS3U
C MPOEKTUPOBAHUEM UX Pa3paboTKu. ABTOped. Juc. ... A-pa reos.-MuHepai. Hayk. M., MUHXul'Tl, 1975. 38 c.

2. bopucos 0. I1. Yyer HEOOHOPOAHOCTH IIaCTa IPU MPOEKTUPOBAHUM Pa3pabOTKH He(TAHON 3amexu //
Tpynet BHUU, Bein. XX, I'ocniorexuzaar, 1959. C. 245-260.

3. bopucos 1O. I1., Bounos B. B., Ps6ununna 3. K. Binsaue HeoTHOPOIHOCTH IJIACTOB HAa pa3paboTKy Hed-
TAHBIX MecTopoxaeHuii. M.: Henpa, 1970. 288 c.

4. Bopucos 0. I1., Pa6unnna 3. K., Bounos B. B. Oco6eHHOCTH NPOEKTUPOBaHUS pa3pabOTKU HEPTIHBIX
MECTOPOXICHUH ¢ yaeToM WX HeoxHoponHoctd. M.: Henpa, 1976. 285 c.

5. Brnacenko B. B. CoBepiieHCTBOBaHHE METOAMKHU OLICHKH I'€O0JOrHYeCKOM HEOAHOPOAHOCTH ILIACTOB MPHU
pasBesike W pa3paboTKe HEPTSHBIX MECTOPOXKICHUH (Ha mpuMmepe HEe(TSHBIX MECTOPOXKICHHN 3aiexel Ypamo-
[MoBomxbst u 3anagHoit Cubupm). ABToped. muc. ... KaHi. reoi.-MuHepall. Hayk. M., BHUI,1974. 14 c.

6. HementreB JI. @. O NOHATUU «T€OJOTMYECKAS] HEOAHOPOIHOCTEY MPOIYKTUBHBIX IJIACTOB U METOAAX €€
uzyuaenus // Tpynet [lepmckoro ¢unmana ['unmpoBocrokaedTH, B 1. M.: Heapa, 1965. C. 3-10.

7. XKentos 0. B., Ky3uenos A. B. HeonHOponHOCTE HE(PTEHOCHBIX TOPU30HTOB U 33/Ia4H TI0 €€ U3yUESHHIO.
B kn.: ®usnko-reonorunueckue GakTopsl Mpu pa3paboTke HEPTIHBIX U He()TETa30KOHACHCATHBIX MECTOPOXKICHUH.
M.: Henpa, 1969. C. 7-12.

8. KnanoB M. A., OBanecoB M. I'., TokapeB M. A. KoMmIuiekcHbII y4eT reooru4eckoil HEOJHOPOJHOCTH
TIpH aHaM3e BIpaOboTku HedTeoTnayu // I'eonorust HedTn u raza. 1974 . Ne 3. C. 19-23.

9. Menuk-Ilamaes B. C., Knumymun 1. M., Bpees B. A. u ap. M3yueHue reonornyeckoid HEOJHOPOAHOCTH
He()TSHBIX 3aJIeXKel B CBs3H ¢ uX pa3padorkoit // Tpyast BHUU. 1974. Bem. LIX . C. 3-12.

10. Koanes A.T., Bamypkun. A. U. O HeomHOpomHOCTH HedTecoaepkamux KoueKTopoB // Tpymsl
BHUMU. Beim. 44, 196. C. 13-22.

11. Kpamenunnukos I'. @., Bonkora A. H., MBanosa H. B. Yuenue o damnusx ¢ ocHoBamu JuTojoruu. 13-
JIaTeIbCTBO MOCKOBCKOIO YHUBepcuTeTa, 1988. 215 c.

12. Kysuenos B. I'. JIutosnorus. OcaodHbie TOPHBIE TIOPOJIbI U UX U3YYCHHUE: YueO. mocoOue /i By30B. —
M.: OOO «Henpa-buznecuentpy, 2007. 511 c.

13. erkeBuu I'. . UHQOpMATHBHOCTE aKYCTHYECKHX XapAKTEPUCTUK HEOJHOPOIHBIX T€OJIOTHYECKUX CPE.
Kues: HaykoBa mymka, 1976. 213 c.

14. PatauxoB U. b., Koperros B. C. Onpenenenue auronoro-nerpopu3nuecKux napaMmeTpoB HEOIHOPOAHBIX
NOPOJ, METOJOM MHKponpoduinupoBanus kepHa // Bompockl neTpodr3nku W KOJTMYECTBEHHOW HHTEPIPETALH
JAHHBIX KapoTaka (MaTepuaibl CMOTpa-KOHKypca maMatu Muxanna MuxaiinoBuda DJIaHCKOTO M BOCTIOMUHAHHUS
o HeM). M.: BAO «llanres», 2007. C. 52-59.

15. Patauxos U. b., Hlynsra P. C., Pomanos E. A., bactpukos C. H. Ananu3 mapamerpa mOpHCTOCTH C TIPH-
BJICYCHHUEM 3JIEMEHTOB PETMOHAIBHON MeTpodu3ukH (37ekTpodanuii) u THma riuHUcTocTd // ['OpHBIE HAayKH U
texHonorun. 2016. Ne 2. C. 50-65.

16. Patuukos U. b., lllynera P. C., PomanoB E. A. MHTepnpeTanuys JaHHBIX KalWUIIPHBIX UCCIE0BaHUH //
l'opubie Hayku u TexHONOTUU. 2016 . Ne 4. C. 24-39.

17. PoxxkoB I'. @. ['eonorndeckas MHTEpIpeTaLHsl IPaHyIOMETPHUECKUX MApaMETPOB MO JaHHBIM JIPOOHOIO
CUTOBOIO aHaim3a // I'panynomerpuueckuii aHanu3 B reosiorud. M.: 1978. C. 5-25.

18. CemenoB B. B., Mopesa E. B., PatrankoB U. b. M3yuenue cTpyKTypHO-TEKCTYPHBIX HEOJTHOPOJHOCTEN
Ha KepHE METOJIOM Hepa3pylIalomero KOHTPOJsl (MUKPONPOGWINPOBAHHUS) C IENbI0 TIOBBIIICHHUS JIOCTOBEPHOCTH
pesyabratoB unTepnpetauun ['MC // Ilytn peanuzanmm HedreraszoBoro nmoreHuuana XMAO. IX Hayd.-mpakT.
koH(¢. Xautel-Mancuiick: U3n-Bo «M3garHaykaCepeucy, 2006. T. 2. C. 235-242.

19. Cemenos B.B., Mopesa E.B., Pataukos 1.b. 3y4yenne HeoTHOPOIHBIX KOJUIEKTOPOB HAa KEPHE METOZOM
mukponpodumupoBanus // 'eopusnka. 2006. Ne 2. C. 48-52.

20. CemenoB B. B., PataukoB 1. b., CokoBa K. 1. HoBble TE€XHOJOIMH 3KCNIEPUMEHTANIBHOTO W3yYEHUS
CIIOYKHOTIOCTPOCHHBIX KOJUIEKTOPOB // AKTyanbHBIE BOIPOCH NETPO(PU3NKH CI0KHOIOCTPOCHHBIX KOJUIEKTOPOB /
ITox pen. n-pa reon.-munepai. Hayk W.I'. Illnypmana. Kpacuonap: IIpocsemienue-tOr. 2010. C. 110-170.

21. CracenkoB B. B., Kmumymun U. M., bpees B. A. MeTonbl n3ydeHUsT T€OJOTHICCKON HEOTHOPOTHOCTH
He(TsaHBIX iacToB. M.: Henpa, 1972. 168 c.

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS




MINING SCIENCE
AND VOL. 4,N2 1 (2019)

FOPHbIE HAYKU U TEXHO/IOMMA

22. ®ponos E. @., beikoB H. E., Eropos P. A., ®ypcos A. f. Onrumm3arus pa3BeaKd HEPTIHBIX MECTOPO-
xaennii. M.: Heapa, 1976. 303 c.

23. ®ponos E. @., Eropos P. A., ®ypcoB A. . O MeTogaX OLICHKU CTEMEHU JOCTOBEPHOCTH MapaMeTpOB
3anexei HedTH 1 rasa // ['eonorust HedTu u raza. 1972. Ne 3, C. 31-36.

24. Folk R. L., Ward W. C. Brazos River bar: a study in the significance of grain size parameters // J. Sedi-
ment. Petrol, 1957, Vol. 27, N 1, p. 3-27.

25. Passega R., Byramjee R. Grain size image of clastic deposits // Sedimentology, 1969, Vol. 13, N 3/4, pp.
233-252.

26. Saner S., Kissami M., Al Nufaili S. Estimation of Permeability From Well Logs Using Resistivity and
Saturation Data // SPEFE, March 1997, 27 p.

27. Timur A. An Investigation of Permeability, Porosity, and Residual Water Saturation Relationships for
Sandstone Reservoirs // The Log Analyst, 1968, Vol. 9, No. 4, pp. 8-17.

28. Xue G. Optimal Transformations for Multiple Regression: Application to Permeability Estimation from
Well Logs // SPEFE, June 1997, 85 p.

ROCK CHARACTERISTICS. GEOTECHNIC SURVEY AND GEOPHYSICS




