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KomrogeBrre ciroBa:

abcoJTI0THAsA IPOHUIIAeMOCTb,
CJIOXKHOIOCTPOEHHBIIN KapOOHATHBII
KOJUIEKTOD, N3MEHYHBOCTh
a6COJTIOTHOH NPOHUIIAEMOCTH,
TANU3aLusa KapGoHaTHOrO
KOJUIEKTOPA, Te0JI0ro-
IUAPOJMHAMHIYECKOe
MoJle/IUPOBaHue, neTpodusndeckas
3aBHUCHMOCTb.

The problem of variability of the absolute permeability of a carbonate complex reservoir in the vertical and lateral directions was
analyzed. As part of the work, a detailed analysis of all available core material of the studied carbonate object was carried out. Based on
the results of full-size core studies, it was established that the absolute permeability variability depends on the carbonate rock type, which
could be complicated by secondary changes, such as the presence of fracturing and vugginess. The methodological approach described in
this work made it possible to typify a complex carbonate reservoir, identifying several types of dense, low-porosity, porous, cavernous-
porous, and fractured rocks. It was revealed that each type of carbonate reservoir had a certain correlation with the permeability
parameter and its variability in different directions of the formation. It was established that the proportion of carbonate reservoir types
differed significantly from well to well, therefore, this fact affected filtration processes, the degree and uniformity of production, as well as
the rate of well watering. The next stage of the work took into account the variability of the permeability parameter in the current
geological-hydrodynamic model of the studied object by creating cubes of absolute permeability in the Y and Z directions through a
system of multipliers according to the identified correlation dependencies. The effectiveness of the presented method for typing and
accounting for permeability variability was assessed by comparing modeling results with actual field data. In total, two options for
implementing the geological-hydrodynamic model of a productive carbonate reservoir were considered. The first version of the model
implied a standard method of creation, the second option corresponded to the developed methodological approach. When compared, it
was revealed that the geological and hydrodynamic model, created taking into account typification and the corresponding variability,
reproduced actual production with higher accuracy.

AHaJII/ISI/IpyeTCH IIpOﬁJIEMa M3MEHYMBOCTH  abCOJTFOTHOI TIPOHULIAEMOCTHU KapﬁOHaTHOl"O CJIOXKHOIIOCTPOEHHOI'O  KOJUIEKTOpa B
BEPTUKAJIBHOM M JIaTepaJbHOM HampaBjieHusAX. B pamkax paboThl MpoBefieH AeTAsbHBI aHAIM3 BCEro HMEIOIIErocs KepHOBOTO
MarepHaJia U3y4aeMoro KapGoHaTHOro oobekTa. ITo pesysbTaTaM MCC/IeJOBAHMI MOJTHOPa3MepHBIX 00paslioB KepHa YCTAHOBJIEHO, YTO
M3MEHYMBOCTh abCOJIFOTHOM TNIPOHUIIAEMOCTHU 3aBHCUT OT TUIIA Kap60HaTHOfI Topopl, KOTOpasA MOXET OBITh OCJIOXKHEHA BTOPUYHBIMI
WU3MEHEHVAMY, TaKMMHK KaK Ha/In4ne TPEeIMHOBAaTOCTH W KaBEepPHO3HOCTU. OmnucaHHBI B l[aHHOf[ pa60Te MeTOﬂI/I‘{ECKI/Iﬁ noaxon
TIO3BOJIMJT  TIPOM3BECTH THUMNH3ALUI0 CJIOXKHOIIOCTPOEHHOT'O KapﬁOHaTHDI‘D KOJUIEKTOpa, BbIAEJIAA HECKOJIBKO THUIIOB IUIOTHBIX,
HHBKOMOPHCTHIX, TIOPUCTHIX, KaBEPHO3HO-TIOPUCTHIX, TPEIMHOBATHIX MOPOA. BBIABIEHO, 4TO KaXAblil THN KapGOHATHOrO KOJUIEKTOpa
VMeeT OINpe/ieJIeHHYI0 KOPpPeJIALMIO C TapaMeTpoM IIPOHMIIAEMOCTH M €e W3MEHYMBOCTH B Pa3/IMyHBIX HaNpaBJieHUAX IUIacTa.
‘VcTaHOB/IEHO, YTO J10J1A TUIIOB KAPGOHATHOTO KOJUIEKTOPA 3HAYMTEIbHO OTJIMYAETCSA OT CKBAXKHHBI K CKBaXHHE, CJIeI0BaTesIbHO, JaHHBIN
(I)aKT OKasbIBa€T BJIMAHUE Ha (I)I/U'Lb'['paI_U/IOHH]:Ie TIpOLIECChl, Ha CTENEHb 1 PaBHOMEPHOCTH Bb[paﬁOTK]/I, a TakKXke Ha TeMIIbl 06BOL[HeHI/IH
ckBaXyH. CIIeAyIOMIM 3TarnoM pabOoTHl OCYIIECTBIEH y4eT M3MEHYMBOCTH IapameTpa NPOHMIIAeMOCTH B AEHCTBYIOI[EN TIeoJIoro-
TUAPOAVHAMIYECKO MOJesIi U3y4aeMoro oobeKTa IMyTeM Co3/jaHusA KyOoB abCOTIOTHOI NMPOHMIIAeMOCTH B HalpaBjieHWsAX Y'u Z depes
CHCTeMy MHOXHTeJIel COTJIACHO BhbIABJIEHHBIM KOPPEJIALMOHHBIM 3aBUCHMOCTsAM. OleHKa 3p@deKTHBHOCTH NpeJCTaBIEHHOT0 MeTofia
TUIM3AMU Y y4eTa W3MEHYMBOCTH IIPOHMIIAEMOCTH OCYILECTBJIEHA IyTeM CONOCTaBJIEHMs pe3yJIbTaToB MOJEIMPOBAHUA C
(I)BK'I‘I/['-IGCKI/IM]/I TIPOMBICJIOBBIMU  TAHHBIMH. Bcero PacCMOTpPEHO [Ba BapuaHTa pear3anun I‘eOJIOI‘O-I‘I/IﬂPO,BJ/IHaMI/I'-IeCKOﬁ Moaem
MPOAYKTHBHOIO KapOOHATHOTro Iulacta. IlepBblii BapuaHT MOAeIX INoApasyMeBaeT CTaHJapTHBIN CIoco6 CO3[aHWsA, BTOPON BapyUaHT
COOTBETCTBYET pa3pabOTaHHOMY MeTOMMYECKOMY TOAXoAy. IIpy COMmoCTaBIeHNM BBIABJIEHO, YTO Ie0JIOro-rujpoANHAMUYecKas Mozelb,
CO3/1aHHasA € y4eTOM THIM3ALMK 1 COOTBETCTBYIOLIEH el M3MeHYMBOCTH, ¢ 60J1ee BhICOKOI TOYHOCTBIO BOCIPOM3BOJUT (aKTUIeCKyIo JOObIYY.
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Introduction

Modern ways of designing oil and gas field
development are based on geological and hydrodynamic
modeling. The geological and hydrodynamic model is a
tool which allows you to reproduce the processes of field
development and forecast technological indicators [1].

In the process of constructing models of complex
carbonate reservoirs there are appeared many
uncertainties in the properties of the reservoir, and
especially their distribution in the inter-well space, due to
the change of deposition cycles, the development of
secondary processes, high zonal heterogeneity and
compartmentalization [2, 3]. Underestimation of the
complexity of the geological structure of carbonate
reservoirs can lead to irrational field development design,
selection of geological and technical measures and
production drilling [4-6]. Improving approaches to
modeling complex carbonate reservoirs and reducing the
uncertainty of their structure is an urgent task [7].

Heterogeneity and anisotropy of carbonate reservoir
properties, in particular lateral and vertical permeability
have a strong influence on the processes of their
development [8, 9]. In the carbonate reservoirs modeling
these rock features should be taken into account.

There are different approaches to modeling complex
carbonate reservoirs. The basic approach is to create a dual
environment model [10]. This method is quite common, but
it requires a large amount of input data for Iits
implementation: core surveys, geophysical well surveys,
hydrodynamic well surveys, results of 3D seismic surveys.
The reservoir needs to be studied evenly over its volume [11].
In the early stages of development this technique is ineffective
due to the limited amount of data [12].

To analyze and take into account uncertainties in
reservoir properties, multivariate modeling is used. It makes
possible to estimate a wide range of the main reservoir
parameters (porosity, permeability, out-of-contour influence,
etc.) and to adjust the model to historical data in a more
reasonable way. Based on the results various implementations
of the model are built with different degrees of reliability
assessment and multivariate forecasting is performed. The
technique has proven itself well in estimating uncertainties,
but it has its shortcomings. As a rule, the criteria of geological
realism and parameter consistency are not selected; as a result
a number of model implementations turn out to be physically
unrealistic [13, 14].

It is also necessary to consider the influence of
secondary processes on the transformation of the void
space of the rock. In [15] it is noted that leaching had a
positive effect on the formation of reservoir properties of
carbonate rocks of the Vereian horizon (North-West of
the Republic of Bashkortostan), and the negative impact
includes: calcitization of voids, recrystallization,
rounding and sulfation. The secondary transformations of
carbonate reservoir rocks, which are of fundamental
importance in the formation of their filtration and
capacitive properties has been considered in the article
[16]. A formalized scheme illustrating the regularities of
stage transformations in carbonate reservoirs and their
interrelation with physical and chemical processes is
described. The influence of secondary processes in
conjunction with changes in sedimentation conditions
entails significant variability of properties laterally and
vertically [17-19]. In modeling it is not often paid much
attention to studying the variability of properties in
different directions [20-22]. Part of the research focuses
on the study of anisotropy of properties through the
processing of the results of seismic studies [23-26].
Other studies describe the variability of properties,

in particular, permeability, based on the results of
hydrodynamic studies of wells [27-28]. In [29-32],
methods for assessing the anisotropy of permeability
based on well data and core analysis were proposed.
Approaches to modeling anisotropy of properties have
been proposed in [29, 33-35].

One of the main parameters that determine fluid
filtration in a reservoir is permeability [36-39]. When
modeling carbonate reservoirs, standard approaches to
permeability prediction are not possible, since the
“permeability—porosity”  petrophysical functions are
unstable and have a large dispersion [40-42]. There are
different types of void space — cracks, caverns, pores and
mixed types. Filtration in such rocks is determined mainly
by fractures and caverns [43-46].

In this paper it is proposed an approach to reduce the
uncertainty of the permeability parameter in the process of
creating a geological and hydrodynamic model of a
complex carbonate reservoir by taking into account its
lateral and vertical variability.

Analysis of the results of the standard
and full-size core examination

To study the variability of the permeability parameter
in the lateral and vertical directions one of the most
promising fields "Alpha" which is located in the Timan-
Pechersk region (the name is conventional) was chosen.
The deposit is characterized by a complex geological
structure, the presence of several carbonate layers, which,
in turn, are complicated by secondary transformations of
the pore space and the presence of caverns and fractures.
Core samples were taken at the field from 12 wells; 679
full-size and 3499 standard samples were studied. The
petrophysical function of standard and full-size samples
has a low correlation coefficient, and also there is a high
absolute permeability with a fairly low porosity, which
indirectly indicates the presence of single cracks and
caverns in dense rocks, and, conversely, with a sufficiently
high porosity, low permeability values comparable to the
values of the sub reservoir are observed (Fig. 1).

In order to correctly assess the variability of absolute
permeability in different directions it is necessary to classify
the rocks according to the studied core. Differentiation into
rock types will make it possible to detail the study of
properties and create a refined geological and hydrodynamic
model of the reservoir which includes several types of pore
space, in contrast to a single averaged approach, which, in
turn, will have a significant impact on the process of model
setting and its predictive ability.

Carbonate Reservoir Typing

At the first stage of the work, to assess the type of pore
space, graphs of the accumulated correlation [47, 48]
between open porosity and absolute permeability for standard
and full-length core samples which made it possible to
determine the degree of parameters correlation over the
entire range of porosity and then permeability. Typification
was carried out for two cycles of reef building separately:
D3fm1(ell) u D3fm1(el3) (Fig. 2, 3).

Based on the accumulated correlations, it is possible to
judge the relationship between filtration and capacitance
properties by the range of porosity values of core samples.
The trends of falling, rising, or stabilizing the curves of
accumulated correlations and their alternation on the
chart made it possible to judge the change in the type of
void space. Since full-size samples characterize the void
space more correctly, the division into ranges of porosity
values was carried out on full-size samples.
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For the reservoir D3fm1(el1) three ranges of porosity have
been identified. The first range from a minimum value of up
to 3.8 % characterizes the dense rock, low filtration
characteristics correspond to the values of the sub-reservoir.
The second porosity range from 3.8 to 8 % is characterized by
stabilization of the accumulated correlation curve, i.e., as the
open porosity increases, the absolute permeability cyclically
rises and falls. Several types of rocks are found in this range
of porosity: porous-matrix and rocks complicated by the
presence of caverns and fractures. The third porosity range
from 8% to maximum value is characterized by an increase in
the accumulated correlation curve, that is, as the porosity
increases, the permeability also increases monotonically. This
fact indicates the pore type of the reservoir, which is
practically uncomplicated by the presence of secondary
transformations, that is, the absolute permeability is formed
by the porous-matrix part of the reservoir.

For the reservoir D3fm1(el3) there are four ranges of
porosity. The first range, from a minimum value of up to
3.8%, is characterized by low matrix porosity and
permeability, and these samples often do not have reservoir
properties. The second range, from 3.8 to 6 %, is characterized
by a significant increase in the accumulated correlation
coefficient, which indicates the strengthening of the bond
between porosity and permeability in this range, that is, as
the porosity increases, the permeability also increases on
average, the samples characterize to a greater extent the pore
component of a complex reservoir. The third range, from 6 to
9 %, is characterized by a drop in the correlation coefficient
as a result of a single inclusion of highly permeable caverns
and cracks, but in the majority the samples have low
permeability values. The fourth range of porosity, from 9 %
to the maximum value, is characterized by a gradual increase
in the coefficient of accumulated correlation: as the porosity
increases, the permeability increases also. It should be noted
that the permeability is formed by both porous and
cavernous-fractured components.

Figure 3 shows the curves of accumulated correlations
between the porosity and permeability of standard and full-
size samples in the range of permeability values, which will
also alllow the possibility to identify the ranges of various
trends in the correlation of the porosity and permeability in
terms of increasing permeability values.

For the reservoir D3fml(ell) four ranges of absolute
permeability have been identified. The first range, from the
minimum value to 0.15 mD, is characterized as an
impermeable sub-reservoir; the average porosity value for this
permeability interval is 3.68 %. The second range, from 0.15
to 0.3 mD, is characterized by a significant increase in the
accumulated correlation coefficient, which indicates a
strengthening of absolute permeability and porosity bonds.
The average porosity in this range is 4.77 %. This porosity
range is mainly confined to a low-pore reservoir, but the
presence of a strengthened bond between porosity and
permeability suggests that this range is more related to a
reservoir with low filtration and capacitance properties. Third
permeability range from 0.3 to 70 mD is characterized by a
slight increase in the accumulated correlation, and the
cyclical nature of the coefficient decline and growth is also
visible. This fact suggests that there are samples with high
and low permeability values, that is, the reservoir is
complicated by secondary transformations, such as cracks and
caverns. The process of filtering according to this type of
reservoir occurs both by the matrix component and by the
secondary voids. The average porosity value in this
permeability range is 6.2 %. The fourth range, from 70 to
320 mD, is characterized by a gradual increase in the
coefficient of accumulated correlation practically without
cyclicity. This type corresponds to high filtration and
capacitive properties, to a greater extent, the filtration process
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should be carried out by the high-pore component. The
average porosity value in this range is 11.0 %. The fifth
permeability range, from 320 mD to the maximum value, is
characterized by a drop in the accumulated correlation
coefficient. The average porosity value is 11.8 %, which is
slightly different from the fourth range, so it can be concluded
that a reservoir with high porosity has secondary
transformations such as cracks and caverns.

For the reservoir D3fm1(el3) there are five ranges of
permeability. The first range, from minimum value of
permeability to 0,3 mD, characterizes non-reservoir:
average value of porosity in this range is not more than
previously pointed value equal to 3,8 %. The second
range, from 0.3 to 1.5 mD, is characterized by low
permeability and matrix porosity; there is an increase in
the correlation of values, the average porosity value is
4.9 %. In the third range, from 1.5 to 50 mD, there is a
gradual strengthening of the relationship between
filtration and capacitance characteristics, that is, the
increase in permeability is due to an increase in porosity,
the correlation coefficient increases from 0.3 to 0.4, and
the average porosity value is 6.9 %. In the fourth range,
from 50 to 700 mD, there is a higher growth rate of the
correlation coefficient, pore-type samples with good
reservoir properties (FES), and an average porosity value
of 11.8 %. In the latter range, the correlation coefficient
decreases, i.e. high permeability values are caused not
only by high porosity, but also by the presence of
secondary changes, such as caverns and fractures.

In the course of a comprehensive analysis of the
accumulated correlations, a matrix of pseudo types of pore
space was obtained first in the porosity ranges and then in the
permeability ranges (Table 1).

When studying core material, a photographing procedure
is carried out in daylight and ultraviolet light. Table 2 shows
a visual comparison of the pseudo types of the carbonate
reservoir with a photograph of the corresponding core.

Based on the results of statistical and visual analysis, we
can see that for pseudo type 3 the permeability of 16.04 mD
is caused not by the porosity value of 2.67 %, but by the
presence of single caverns and microfractures. For pseudo
type 10, the permeability of 6203.2 mD is also provided not
by the porosity values of 7.1 %, but the presence of a high
density of caverns and conductive cracks. A similar analysis
was carried out for all identified pseudo types.

Determination of the coefficient of variability
of absolute permeability in different directions

At the next stage of the work, the analysis of the
coefficients of variability of absolute permeability was
carried out. The coefficients of variability are calculated
using the formulas (1), (2).

o
e 10000 100000
[ ]

3= 0,1382300519
R =0.0049

Fig. 4. The total dependence of the permeability variability coefficient
in the Z direction from absolute permeability values

perm (Z)
AR (€Y
perm (X)
where K, — coefficient of variability in the vertical direction,
perm(z2) — value of absolute permeability in vertical direction,
perm(x) — lateral permeability value X.

X =perm(y)

y

(2

perm (x) ’

where K, — lateral variability coefficient, perm(y) — absolute
permeability in the lateral direction ¥, perm(x) — lateral
permeability value X

Fig. 4 shows a cloud of values of the coefficient of
variability in the vertical direction from the values of
permeability. To identify a stable dependence is impossible.

Thus, each selected pseudo type of pore space should
have its own coefficient of permeability variability in the Y
and Z directions.

At the next stage of the work, based on the results of
studies of full-size core samples, the coefficient of
permeability variability in various directions was calculated.

Table 3 shows the average coefficient of variability in the
vertical and lateral directions for each pseudo type of pore
space of the reservoir D3fm1(ell).

For the reservoir D3fm1(ell) it is noted that for low-
pore rock the average coefficient of variability in the Z
direction increases from the minimum porosity value to
3.8 % as the permeability increases; with permeability from
0.15 to 0.3 mD, the average coefficient is 0.640 decimal
quantity, that is, the permeability increases in the X and Z
directions, which indicates the absence of secondary
transformations of the rock and fluid filtration only in the
matrix component. Then, at higher permeability values,
the coefficient decreases significantly, which indicates a
permeability distribution only in the lateral direction, and
in turn is caused by single highly conductive caverns. This
fact also confirms the presence of a high coefficient of
variability in the Y direction.

Table 1
A matrix of pseudo types of pore space for D3fm1(ell) and D3fm1(el3)
Connected porosity D3fm1(ell)
range, decimal Absolute permeability range, mD
quantity; min-0,15 0,15-0,3 0,3-70 70-320 320-max
min - 3,8 1 2 3 4 5
3,8-8,0 6 7 8 9 10
8,0 — max 11 12 13 14 15
Connected porosity D3fm1(el3)
range, decimal Absolute permeability range, mD
quantity; min-0,3 0,3-1,5 1,5-50 50-700 700-max
min - 3,8 16 17 18 19 20
3,8-6,0 21 22 23 24 25
6,0-9,0 26 27 28 29 30
9,0 — max 31 32 33 34 35

HEAPOMNOJIb3OBAHUE u

wn
(&)
|
w
[
wn
<
O
(&)
Pz
<
=
(@)
T
(@)
O
=
l—
(W)
e
o
n
@)
o
o
(&)
=
<
=
)
l—
<
o
9
o
X
(1
>
O
o
|
(@)
e
O




PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

Visual Comparison of Carbonate Reservoir Pseudotypes

Table 2

Reservoir Type Porosity value, % Permeability value, mD
D3fm1(ell) 1 1,17 0,05
D3fm1(ell) 2 2,42 0,17
D3fm1(ell) 3 2,67 16,04
D3fm1(ell) 6 5,3 0,14
D3fm1(ell) 8 7,9 16,9
D3fm1(ell) 10 7,1 6203,2

Photo of undamaged core

i

Photo of core drawdown

cr

D

.

Table 3
Values of the coefficient of variability in the vertical and lateral direction for the reservoir D3fm1(ell)
X D3fm1(ell). Coefficient of variability in direction Z, decimal quantity
Connected porosity range, —
. . Absolute permeability, mD
decimal quantity _
min - 0,15 0,15-0,3 0,3-70 70-320 320 - max
min - 3,8 0,151 0,640 0,206 - 0,002
3,8-8,0 0,071 0,232 0,303 0,429 0,042
8,0 — max - - 0,499 0,707 0,481
X D3fm1(ell). Coefficient of variability in direction ¥, decimal quantity
Connected porosity range, —
. . Absolute permeability, mD
decimal quantity _
min - 0,15 0,15-0,3 0,3-70 70-320 320 - max
min - 3,8 0,632 0,635 0,541 - 0,733
3,8-8,0 0,571 0,728 0,648 0,696 0,001
8,0 — max - - 0,672 0,528 0,534
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Table 4
Values of the coefficient of variability in the vertical and lateral direction for the reservoir D3fm1(el3)
D3fm1(el3). Coefficient of variability in direction Z, decimal quantity.
Connected porosity range, s
. . Absolute permeability, mD
decimal quantity
min - 0,3 0,3-1,5 1,5-50 50-700 700 - max
min - 3,8 0,148 0,144 0,643 0,266 -
3,8-6,0 0,375 0,278 0,327 0,144 0,005
6,0-9,0 0,384 0,482 0,432 0,448 0,016
9,0 — max - - 0,890 1,033 0,516
D3fm1(el3). Coefficient of variability in direction ¥, decimal quantity
Connect.ed porosity range, Absolute permeability, mD
decimal quantity
min -0,3 0,3-1,5 1,5-50 50-700 700 — max
min - 3,8 0,732 0,592 0,676 0,378 -
3,8-6,0 0,938 0,776 0,695 0,627 0,004
6,0-9,0 0,727 0,791 0,701 0,555 0,818
9,0 — max - - 0,760 0,746 0,751
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Fig. 5. Dependencies of the change in the coefficient of variability on the values of absolute permeability:
a - on minimal porosity value up to 3,8 %; b - porosity from 3,8 to 8,0 %; ¢ — porosity from 8,0 % to maximum value
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Fig. 6. Comparison of Estimated and Actual Oil and Liquid
Production Levels for Model 1 and Model 2

Table 5

Comparison of the calculated and the actual
accumulated oil and liquid production

Parameter Value Deviation,%

Accumulated fluid production (actual), ths. m®* 19 446,3 -

Accumulate;i fluid production (model 1), 11 522,2 40,7
thousand m

Accumulated fluid production (model 2), ths. m®> 15 332,0 21,2

Accumulative oil production (actual), ths. m® 17 868,7 -

Accumulative oil production (model 1), ths. m® 8755,1 51,0

Accumulative oil production (model 2), ths. m®> 12 002,4 32,8

For more porous rock, from 3.8 to 8 %, there is a
similar increase in the coefficient of variability up to 0.429
decimal quantity with permeability from 70 to 320 mbD.
Therefore, as permeability increases in the X direction, the
permeability values increase in the Z direction, that is, as
the permeability increases the pore component is involved
to a greater extent. Further, a sharp decrease in the
coefficient of variability to 0.042 decimal quantity is
similarly observed; the permeability is formed by single
caverns and fractures, which is confirmed by actual
photographs of the core material. The coefficient of
variability in the Y direction is also significantly reduced at
maximum permeability values. More highly porous rocks,
from 8% to maximum values, are characterized by a more
uniform distribution of permeability in the X and Z directions,
the rocks contain a large number of small caverns and
fractures in all directions, which is confirmed by high values
of the variability coefficient in the Y direction.

A similar analysis has been carried out for the reservoir
D3fm1(el3). Table 4 shows the coefficients of variability in
the vertical and lateral directions.

A more detailed analysis of the absolute permeability
variability factor in the Z direction showed that there is no
obvious relationship with the absolute permeability values.
This is evidenced by the dependencies presented in Fig. 5.
It was also found that over all ranges of porosity values, as
permeability increases, there is a decrease in the
coefficient of variability, if we consider typing only by
porosity values.

It has been established that at lower values the
dependence of porosity on the minimum values up to
3.8 %, a more stable dependence of the coefficient of
permeability variability in the Z direction is observed. As
porosity increases, the relationship between the coefficient
of variability and permeability weakens significantly.

Since it was not possible to identify the dependence of the
change in the coefficient of variability on the values of
absolute permeability, it was decided to apply a system of
multipliers of the average coefficient of wvariability of
permeability for each previously identified rock pseudotype

during geological-hydrodynamic modeling of the reservoir. A
similar analysis was carried out for the coefficients of
permeability variability in the Y direction.

Consideration of pseudotypes in the process
of creating geological and hydrodynamic model
of the studied reservoir

When creating a geological and hydrodynamic model
of reservoir a single averaged coefficient of variability in
the Z direction is often used, and if the formation is poorly
studied, this coefficient is taken as 0.1, which is an
incorrect modeling method. Also, in the standard modeling
method, the absolute permeability in the Y direction
corresponds to the values in the X direction.

In this paper, the coefficient of variability of absolute
permeability is modeled using a system of multipliers for each
pseudo type, which corresponds to the value of the coefficient
of variability in the directions Yand Z

The first stage was the differentiation into types according
to the selected porosity ranges and absolute permeability over
the entire permeability cube which was previously created
from petrophysical functions for the reservoir D3fm1(ell) and
D3fm1(el3) - (3), (4) correspondingly.

Perm(x) = 0,135¢%'9%r, 3)
Perm(x) = 1,0134¢&"277Po°, )

where Perm(x) — absolute lateral permeability, mD, poro —
connected porosity, %.

Further, for each cell of the permeability cube a different
pseudo-type of rock is determined according to the values of
porosity and absolute permeability. The next step was to
calculate the permeability values in the ¥ and Z directions
according to formulas (1) and (2). So, it has been determined
three cubes of absolute permeability in the X, ¥, Zdirections.

At the next stage of the work the reproduction of field factual
information was carried out for each well.

Figure 6 shows a comparison of actual and estimated
oil and fluid production for two variants of models.

The first reservoir model was created in a standard way
without taking into account the typification of rocks; the
coefficients of variability in the vertical direction correspond
to the average value for each of the productive layers. The
second reservoir model is created taking into account the
typification of rocks and the coefficient of variability in the
lateral and vertical directions for each type. In order to
correctly assess the effectiveness of the developed
methodological approach no additional well-to-well
adjustment of the model was carried out.

Table 5 shows a comparison of the estimated and actual
accumulated oil and liquid production.

Based on the results of geological and hydrodynamic
modeling, it was established that the model created with
consideration the typification of rocks and the coefficient
of variability in the lateral and vertical directions for each
pseudo type showed a smaller percentage of deviation
from the actual values of oil and liquid production relative
to the model created in the standard way.

Conclusion

In this study in order to clarify and improve the
prognostic ability of the geological and hydrodynamic
model of a complex carbonate object a methodological
approach has been developed. It makes it possible to
differentiate all the studied core material into rock types
using the curves of accumulated correlations. This method
showed a good correlation when visually compared with
core photographs and petrophysical description. The
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variability of absolute permeability values in the lateral
and vertical directions has been studied. The analysis
revealed that there is no stable correlation between the
coefficient of variability and the permeability value itself.
The average coefficient of variability for each identified
pseudo type of rock was estimated. Two geological and
hydrodynamic models of the studied reservoir were
created: in a standard way and taking into account vertical

consideration of pseudo types of rocks and further
distribution of permeability variability coefficients in
different directions made it possible to increase the detail
of the model and its predictive ability, which will have a
positive impact on the assessment of the technological and
economic efficiency of geological and technological
measures, the design of the reservoir maintenance system,
the drilling of new wells and, in general, for the

and lateral variability of permeability. Additional development project of the studied complex field.
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