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The influence of lithologic facies zones on the development of the Permian-Carboniferous reservoir of the Usinskoye oil field was
evaluated. To meet the objective, reservoir porosity and permeability of each lithologic facies zone were addressed, the facial zoning
influence on the rate of oil extraction in the Permian-Carboniferous reservoir of the Usinskoye oil field was analyzed, and the
performance was evaluated after cyclic steam injection. The research deals with the Permian-Carboniferous reservoir of the Usinskoye oil
field in the Komi Republic. In accordance with a developed format, a database of core analysis results and a base on cyclic steam
simulation efficiency for the period of 5 years were collected. To determine the belonging of facies, we used the classification system for
carbonate rocks suggested by Robert J. Dunham with the additions proposed by A.F. Embry and J.E. Klovan (based on the prevalence of
structure components in limestone, the grouting agent type, as well as their interrelation in the rock).

Based on the material composition of the rock and on the structural parameter, the following three main facies zones were
identified: shallow-water carbonates (internal ramp zone), organogenic buildup (middle ramp zone), shallow-water
offshore plain (middle ramp zone, external ramp zone in part). In addition, among the facies, it is possible to single out a
moderately deep-water offshore plain (external ramp zone).

In accordance with the research results, curves of the displacement coefficient distribution related to porosity were
obtained and guidelines on determining the priority drilling sites within the area were given. As per the core analysis
results, in the eastern part of the field, a zone of organogenic buildups was clearly determined; such buildups were formed
mainly in the middle and late Carboniferous Period and Early Permian period.

In the north-western part of the field, the existence of an internal ramp with shallow-water carbonate facies was assumed.
The location of the priority drilling wells was chosen with regard to the fact that each cluster of development drilling wells
is to penetrate facies of organogenic buildups having the best reservoir properties and oil displacement efficiency.

OcymiecTBjieHa OlleHKa BJIMAHNA JIMTOJIOro-(halliaIbHbIX 30H Ha IpoLiecchl pa3paboTKK epMOoKapOOHOBO 3aJIeXH Y CUHCKOro
MeCTOpoXIeH!A. [[JIA JOCTIDKEHNA NOCTAaBJIeHHOH IeJI pellalTcsa 33Jadd 10 ONpeesIeHH0 (IUIbTPAIFIOHHO-eMKOCTHBIX
XapaKTepPUCTUK AJIA KKIOW JIMTOJIOro-alyaJbHON 30HbBI, MPOM3BEJIeHB aHAIN3 BIIMAHUA (araJbHON 30HAIBHOCTH Ha
CTelleHb M3BJiedeHns HeTU 71 IepMOKapOOHOBOI 3aJIeXH Y CHHCKOTO MeCTOPOX/IeHH s, OlfeHKa IPOU3BOUTEIBHOCTH TI0cJIe
MPOBEAEHNST NAPOLMKINYECKUX 00paboTOK. B kayecTBe 0ObeKTa MCCJI€[OBAHWA BhIOpaHa epMOKapOOHOBAs 3aJIeXb
YCUHCKOro MeCcTOpOXAeH!s, pacnosioxeHHoro B Pecrry6smku Komu. ITo paspabotanHoMy ¢opmary 6bU1a copmupoBaHa 6asa
JaHHBIX MO pe3yJibTaTaM NeTPOQU3NYeCKOro aHaym3a KepHa, 6a3a mo 3(h(GEKTUBHOCTH MAapOLMKINYECKUX 00paboTOK 3a
NATIWIETHUI neprof. Ilpu onpenenenny ¢aryaabHOIN MPUHAAIEXHOCTH NMPUHATA KlaccuyKanysa KapOOHATHBIX MOPOJ IO
P.X. Manemy c pomosiHeHusMH OMOpu u KioBeHa (1o mpeoGiafaHHI0 B M3BECTHAKE CTPYKTYPHBIX KOMIIOHEHTOB, THUITY
[[EMEHTHPYIOIEero BellecTBa, a Takke MX B3aMMOOTHOIUEHMIO B Topoze). Ha ocHOBe BeIecTBEHHOTO COCTaBa MOPOMbI U
CTPYKTYPHOTO IapameTpa ObLIA BblesieHbl TPU OCHOBHBIE (alliasibHble 30HBL KapOOHATHas OTMesib (30Ha BHYTpPEHHEro
pamma); OpraHoreHHas IOCTpOMKa (30HA CpeJHero pamra); MeJIKOBOJHO-Ieb}oBas paBHUHA (30HA CpPeJHEro pamra,
YaCTUYHO 30HA BHENIHero pamma). J[ONOJHUTEeIbHO MOXHO BBIIEJIUTh Takke Takylo (dalio, Kak yMepeHHO-TJIyOOKOBOJHAs
mresbhoBas paBHUHA (30HA BHELIHErO paMmIia).

B pesysbpTaTe NIpOBEeNEHHBIX HCCIEOBAHUI IIOCTPOeHBl rpaduky pacrnpenesieHus KodddureHTa BHITECHEHUA OT
MOPUCTOCTH TOPOA, AaHbl PeKOMeH/AI1U T10 ONpe/iesIeHHI0 TlepBooYepe/THbIX Y4acTKOB OypeHus 1o iomaau. 1o JaHHBIM
HCCJIEIOBAHNA KepHa B BOCTOYHOH YacTU MeCTOPOXAEHUA XOPOLIO BBIEJIAETCA 30HA OPTraHOTEHHBIX IOCTPOEK,
obpa3oBaHNe KOTOPBIX MPOWCXOJWJIO MPeMMYIeCTBeHHO B Cpe/iHe-No3[HeKaMeHHOYToJIbHOe M PaHHeNepMCcKoe BpeMsl.
B ceBepo-3amajHOIl uYacTU MeCTOPOXJIEHHs TIIpefrosiaraeTcss CyllecTBOBaHMe BHYTpeHHero pamma c¢ anuamu
KapOOHATHOHM OTMesIM. BBIOpaHO pa3MelljeHHe CKBaXUH IIePBOOYEPENHOr0 OYpeHHA C TeM YYeTOM, YTO KaXIblil KyCT
9KCIUTyaTal[IOHHOTrO0 OypeHusi BCKphiBaeT (aly OpraHoreHHBIX MOCTPOoeK, 06/1afalomyX HaWIyduMU QUIbTpalioHHO-
€MKOCTHBIMHU CBOFICTBAMH U K03 UIIIEHTOM BRITeCHEHUA HePTU.
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General Information about the Subject
of the Research

The Permian-Carboniferous reservoir of the
Usinskoye oil field is one of the biggest in the
Timan-Pechora Basin Province and in Russia. The
unique character of geological reserves explains
constant interests to the reservoir. Despite all
materials accumulated throughout years of the field
development, to build a conceptual geological
model, the following issues still remain topical: the
structural and tectonic model update and detailed
understanding of the reservoir structure [1-24].

The Permian-Carboniferous reservoir of the
Usinskoye oil field is located at a depth of 1100-
1400 m; it consists of carbonate rocks and is
characterized by an extensive discontinuity of the
cross section and by anisotropy of reservoir
properties in vertical and horizontal directions. In
the reservoir section with an oil saturated layer of
up to 350 m, ten formation members combined
into the following three development target zones
were singled out: lower, middle, and upper ones.
The main reserves (about 90 %) are contained in
the upper and middle zones. The oil reservoir
contains oil with viscosity ranging from 344 to
2024 mPa:-s, low gas-oil ratio of 22-30 m®/t and a
saturation pressure of 7.6 MPa. The initial
reservoir pressure reaches 14.3 MPa; the initial
reservoir temperature is 20-25°C.

Historical research data focusing on the
reservoir geological structure resulted in conclusions
that within the Usinskoye oil field area, the
productive carbonate sediments of the Permian-
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Carboniferous age are characterized by a very
complex geological structure and variable reservoir
properties [1, 25-45].

Lithologic Facies Analysis

To further build a conceptual geological
model of the reservoir, a lithologic facies analysis
was conducted, which made it possible to describe
lithologic types of sediments under research. The
material composition of the rock was studied;
there was selected the structural and genetic
classification of carbonate rocks by R. J. Dunham
with the modifications by A.F. Embry and J.E.
Klovan (based on the prevalence of structural
components in limestone, the cementing agent
type, as well as their interrelation in the rock).

Following the analysis of the material

composition of the rock and structural
parameters, nine lithologic types of the rock
were identified: mudstone, wackestone,

packstone, grainstone, boundstone, floatstone,
rudstone, crystalline carbonate (dolomite), and
clay-carbonate-siliceous rock.

Based on the obtained lithologic types of
rocks and seismic exploration studies, the
following three main facies zones were singled out
in the section of the Middle Carboniferous and
Lower Permian sediments (Fig. 1):

— shallow-water carbonates (internal ramp
zone),

— organogenic buildup (middle ramp zone),

— shallow-water offshore plain (middle ramp
zone, external ramp zone in part).

37

51 18

3 — packstone
® 6 — floatstone

m 9 —silicified rock

Fig. 1. Most typical distribution (%) of lithologic types in a well for different facies zones: a — the facies zone
of shallow-water carbonates (internal ramp zone); b~ the facies zone of organogenic buildup (middle ramp zone);
c— the facies zone of shallow-water offshore plain (middle ramp zone, external ramp zone in part)
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Fig. 2. Variability of permeability ratio with porosity: a — organogenic buildup facies; 9
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Table 1
Reservoir properties distribution
Permeabilit Residual Residual Displacement
Facies 10-3um? ¥ Porosity, % water saturation, oil saturation, efficiency,
W unit fractions unit fractions unit fractions
. . 155.3 7.53
Organogenic buildups 0.01-12573 0.37-27.83 0.110 0.593 0.406
10.01 4.50
Shallow-water carbonates 0.01-300.5 0.98-21.89 0.165 0.656 0.316
. 12.30 7.17
Shallow-water offshore plains 0.01-48.62 1.25-17.59 0.169 0.636 0.239

In addition, it is possible to single out a
moderately deep-water offshore plain (external
ramp zone).

Based on lithologic and petrophysical studies
and porosity ratio forecast maps, graphs of
permeability variations with porosity were built
for each facies zone (Fig. 2).

According to approximating curves for the
facies zones obtained as a result of the
petrophysical core analysis, it is possible to
determine reservoir properties for each zone
(Table 1).

A comprehensive analysis of permeability
distribution variation with porosity related to

various facies zones made it possible to reveal the
following two main facts:

1. Reservoir  properties of  productive
sediments under study depend on the structural
and textural features of sediments, which are
definetely associated with facial conditions of
sedimentation.

2. Irrespective  of  facies
reservoir properties heavily
sedimentation processes.

Porosity widely varies in zones of assumed
development of sediments in reef shallow-water
facies and shallow-water carbonate facies. These
are characterized by a mosaic distribution of areas

confinement,
rely on post-
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of better and worse reservoir properties, which is
indicative of significant discontinuity of those
sediments and various degrees of influence by
post-sedimentation transformations. As to areas of
sediment developments in shallow-water offshore
plains, normally they are characterized by low
level reservoir properties. This is obviously due to
clay content in these sediments [6]. Therefore, the
conducted analysis showed a high degree of
variations within the area in terms of macro and
micro continuity of rocks penetrated in wells
confined to different facies zones. In their turn,
the latter play an important role in the efficiency
of the development system used for the Permian-
Carboniferous reservoir of the Usinskoye oil field.

Water flood displacement efficiency and
relative permeability to phase represent two main
filtration characteristics of reservoirs and serve as a
basis for hydrodynamic calculations of the
development parameters [12, 28].

The average effect of the displacement
efficiency change was calculated under conditions
of the test temperature increase and a general
dependence was obtained (Fig. 3):

Ky = 0.0419-Log(K,,) + 0.0029-7+
+ 0.0059-Log(k,)* + 0.0006Log(K,) ¢
-9.278E - 6:£ -0.0557;

R? = 0.90; Fp/Ft = 512/1.54;

p < 0.00001.

where K, is the permeability coefficient; ¢ is
the time.

2 Three facies
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Fig. 4. Comparison of a well log record, input profile, and temperature log
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It is known that a formation heating accelerates
all oil recovery processes. Temperature increases
significantly intensify the reservoir depletion as a
result of reduced oil viscosity, expansion of reservoir
fluids and decreased gas solubility factor [10].
Results of wells geophysical surveys focused on the
fluid influx and temperature logs reveal the
influence of macro-pore intervals. As an example,
Fig. 4 shows input profiles and temperature logs for
a producing well, which penetrated formation
members 8 and 9. In the section penetrated by the
well, the following facies were found: shallow-water
offshore plain, shallow-water carbonates, and
organogenic buildups. In March-April 2019, a cyclic
steam simulation (CSS) was completed. Thermal
log data indicated a temperature anomaly at an
interval of 1295.0-1300.0 m (with the maximum
temperature of 327.2°C). The interval was earlier
marked as a not allowing for input on the input
profile. According to the Lithologic, petrographic,
and petrophysical core analysis of the Usinskoye oil
field well, one of the most permeable intervals is
located exactly at that depth.

Well Production Analysis after
Cyclic Steam Simulation Subject
to a Lithologic Facies Zone

Cyclic steam simulation represents one of the
most widely used methods of highly viscous oil
developments within the Permian-Carboniferous
reservoir of the Usinskoye oil field. In the period
from 2017 to 2019, 537 cyclic steam simulations
were completed at the reservoir. The overall
consumption of steam amounted to 4.7 mt; the
incremental oil recovery was assessed as equal to 1.8
mt. The average steam to oil ratio reached 5.4 kt
in 2017, 5.9 kt in 2018 and 8.4 kt in 2019. This
proves the cyclic steam simulation to be one of
the most efficient well interventions performed at
the reservoir. High CSS index was mainly driven
by the worsening of basic characteristics of
developed wells. The main geological and
production factors influencing the efficiency of the
cyclic steam simulation of wells within the
Permian-Carboniferous reservoir include the degree
and mechanism of water intrusion as well as the
productivity of wells. As the water content goes
up and productivity goes down, the CCS efficiency
in wells decreases [14].

Given the water content does not exceed
25%, the cyclic steam simulation proves efficient
in wells, responding to steam injection,
irrespective of their productivity. If the water
content of the wells exceeds 25 %, the cyclic steam
simulation efficiency depends on the water
intrusion mechanism. Hence, normally, the
efficiency is higher in medium and high productivity
wells rather than in low productivity ones.

Fig. 5 shows the wells productivity on
completion of CSS with regard to the wells
location and relation to particular lithologic facies
zones.

0.0 f “ f
1 2 3 4 5 6 7 8 9 10 11 12

Duration of operation, months

simulation, unit fractions

I —
I

0,0 - | ‘
1 2 3 4 5 6 7 8 9 10 11 12

Wells productivity after cyclic steam  Wells productivity after cyclic steam
simulation, unit fractions
(=]
4

Duration of operation, months

b

simulation, unit fractions
(=]
=S

1 2 3 4 5 6 7 8 9 10 11 12
Duration of operation, months

Wells productivity after cyclic steam

Bioherm limestone
Dolomite-bearing limestone
Organogenic detrital limestone

C

Fig. 5. Decline rate by wells working for:
a) target P,a + S; b)target C;k+g; c)target C,m
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Fig. 6. Fluid and oil production influence depending on different development targets and facies
zoning: a ) target P,a+S; b) target C;k+g; ¢)target C,m; d) oil production within target P,a+S;
e) oil production within target C;k +g; £) oil production within target C,m; gJ fluid production
within target P,a+S; A) fluid production within target C;k+g; 7) fluid production within target C,m

Statistical data given with reference to the
wells productivity after the cyclic steam simulation
demonstrate that bioherm limestone is characterized
by high productivity in formations P,a+S and
C;k+ g, and has the highest oil production rate.

In the lower part of the cross section (C,m), oil
production is lower in bioherm facies wvs.
organogenic detritus facies, which is probably due to
increased fracture porosity leading to the high water
content in the wells.

For a further design and development of the
Permian-Carboniferous reservoir, it was proposed to
locate the wells and complete the priority cyclic
steam simulations at the active well stock on the

basis of the information obtained on the reservoir
properties within the facies zones.

Fig. 6 (a, b, ¢) shows the location of the
priority drilling wells for formations P,a+S,
C;k + g and C,m, respectively.

The wells were located subject to the fact that
each production drilling cluster penetrates the facies
of the organogenic buildups with the best reservoir
properties and oil displacement efficiency (Fig. 7).

Conclusion

The completed analysis demonstrated the
high variability of the macro and micro

HEAPOTMOJIb3OBAHUE
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Fig. 7. Identification of lithologic facies zones (illustrated by cluster 7074/2): a) target C,m;
b) target C;k+g; c) target P,a+S; d) section view of wells line 547-516-2259

Target Pia + S \“

L \

Target Csk+ g
’ ; ~"‘../' LA %,

Fig. 8. Location of first-priority wells with regard to the conceptual sedimentation model
of the Usinskoye oil field: a) target P,a+S; b) target C;k+g; ¢) target C,m

discontinuity of the wells within different facies
zones. Sedimentation conditions and post
sedimentation processes determine reservoir
properties and different permeability
mechanisms. The hydrodynamic displacement is
the main mechanism of oil recovery in high
permeability reservoirs, while the reservoir fluid
expansion and capillary imbibition is the main

mechanism of oil recovery in low permeability
reservoirs.

The priority drilling wells were located in
line with the conceptual sedimentation model of
the Usinskoye oil field subject to the fact that each
production drilling cluster penetrates the facies of
the organogenic buildups with the best reservoir
properties and oil displacement efficiency (Fig. 8).
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In order to enhance the efficiency of the
Permian-Carboniferous reservoir and ensure the
achievement of the designed oil recovery level, it is
necessary to consider the lithologic facies zoning
for this reservoir.
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