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Within the Perm Krai, most of the hydrocarbon reserves are associated with terrigenous deposits of the Visean stage, which are
characterized by high lithological heterogeneity, variability of reservoir properties, which are associated with different
geological conditions of sedimentation, as a result of which the overall dependence of such petrophysical parameters, as porosity
(K,,,) and permeability (K,,,,), is characterized by a fairly high dispersion. The use of one common dependence K, = f(K,,,) for
the entire area can lead to significant errors in the calculation of permeability.

In foreign literature, the solution to this problem is most often covered through the method of "hydraulic flow units", this
technique was considered by domestic authors for the last decade.

Reconstruction of the conditions for the productive layer formation with the further use of the method of hydraulic flow units
will increase the efficiency in creating hydrodynamic models of deposits, as well as study in more detail changes in the porosity
and reservoir properties of reservoir rocks over the area and predict zones with improved reservoir properties.

The hydraulic flow unit is defined as "a representative unit volume of rock within which the geological and petrophysical
properties that affect fluid flow are mutually consistent and predictably distinct from those of other rocks".

On the example of the Sofinskoye oil field in the Perm Krai, the porosity and permeability properties of reservoir rocks
(Kpor» Kper) were analyzed using core data.

The calculation of the flow zone indicator (FZI) and the allocation of hydraulic units (HU) were carried out within the
productive deposits of the Visean terrigenous complex. To isolate the HU groups, a graph of the accumulated frequencies of the
FZI values was plotted. Within each HU group, mean FZI, porosity and permeability values were determined. A matrix of the
occurrence of the FZI depending on the facies setting was constructed, and an analysis of the FZI was carried out depending on
the granulometric composition of the rock.

Based on the results of the studies, the authors of the works found that the calculation of permeability using the petrophysical
dependences K, = f(K,,,,), based on the release of HU, made it possible to predict zones with the highest reservoir properties,
which further increased the efficiency of drilling production wells.

B npenenax IlepMckoro kpas Gosibllas 4acTh 3alacoB YTJIEBOJOPOJHOTO ChIpbs NPUypOdYeHa K TEePPUreHHbIM OTJIOKEHUAM
BU3EICKOro spyca, KOTOphIe, B CBOI OYepe/ib, XapaKTepU3yIOTCsA BBICOKOH JIMTOJIOTMYECKON HEeOJHOPOJHOCTBHIO, M3MEHYHUBOCTHIO
UIbTPAIIMOHHO-eMKOCTHBIX CBOMCTB, YTO CBA3AHO C Pa3JIMYHBIMU I'e0JIOTMYeCKMMH YCIOBUAMMU OCAJKOHAKOIUIEHUs, B pe3yJibTare
4ero ofIas 3aBUCHMOCTb TaKUX NETPOGU3NYECKUX MapamerTpoB, Kak mopucrocts (K,) u mponnuaemoctsb (K,,), XapakTepusyercs
JOCTaTOYHO BBICOKOI Aucriepcreil. Mcrosp3oBaHue I BCel IUIOMAA OAHON obmeli 3aBucumoctu K, = f(Knp), MOXeT IPUBECTU K
3HAUMTEJIbHBIM NOTPENIHOCTAM B PacyeTe MPOHUIIAEMOCTH.

B 3apyGexHoll nuTeparype HaubGosiee 4acTO OCBELIeHO pelleHHe JJaHHOH NpoGJieMbl Yepe3 MeTOJ| «IMAPaBINYecKUX eIMHUIL
MOTOKa», OT€YECTBEHHBIMU aBTOPaMHU JJaHHasA METO/IMKa CTajla pacCMaTpUBAThCA MOC/Ie/iHee JAecATUIeThe.

PeKOHCTPYKIMA yCJIOBUI (OPMUPOBAHUA MPOAYKTUBHBIX IUIACTOB C JaJIbHEHIINM KCIIOJIb30BAHKEM MeTO/la I'MAPaBIMYecKUX eJUHUL
MOTOKA TIO3BOJIUT MOBBICUTH 3(PEKTUBHOCTD NP CO3[aHMU I'MAPOAMHAMUYECKHMX MoJiesieli MeCTOPOX/IeHUH, a Takke Gosee JleTaabHO
M3YYUTh U3MeHeHUs QUIbTPALIOHHO-eMKOCTHBIX CBOKCTB MOPO/-KOJIJIEKTOPOB MO IIOMAA 1 CIPOrHO3MPOBATh 30HBI € YJTy4IIeHHbIMU
KOJIJIEKTOPCKMMU CBOMCTBAMU.

T'uapaBiuyecKkas eMHHIA TIOTOKA ONpeessAeTcs «KaK IpefCTaBUTEe/IbHbINA 3J1eMeHTapHBII 06beM IOpOJbl, BHYTPU KOTOPOTO
reoJiornyeckre U neTpopusnyeckue CBOWCTBA, BIMAKIIME Ha TeyeHHe XUIKOCTH, B3aUMHO COIJIACOBAHBI U IpefickasyeMo
OTJIMYHBI OT CBOMCTB JPYTHX HOPOJ».

Ha npumepe CodbuHckoro HedTAHOro MecTopoxaeHusa I[lepmckoro kpas HpOaHaJIM3UPOBaHBI (UIIBTPAIIOHHO-eMKOCTHBIE
CBOWCTBA MOPOA-KOJLIEKTOPOB (K, K,,) 10 KEPHOBBIM JaHHBIM.

Pacuer umHaukaTtopa ruppaBimdeckoil emuHuipl (FZI) m BejesieHwe ruppaBimdeckux emuuun (HU) mposomwvck B Tpepesiax
MIPOAYKTUBHBIX OTJIOXKEHUI BU3EHCKOro TeppUreHHoro komiviekca. [ Beigesienus rpymn HU crpowics rpadyk HaKOIUIEHHBIX YacTOT
3HaveHnii FZI. B npenesax xaxmoi rpymmsl HU ompefesisumick cpeaHue 3HaveHmil FZI, mopucrocty 1 npoHMIaeMoctu. IloctpoeHa
MaTpHIiia BcrpedaemocTy napamerpa FZI B 3aBucuMocTy oT anuabHON 06CTaHOBKY, NIPOBeJeH aHaIu3 napameTpa FZI B 3aBucuMocTH
OT IPaHyJIOMETPUYECKOTO COCTaBa MOPOIBL.

Ilo pesynbraTaM MpOBEJICHHBIX HCCJIEIOBAHUE, aBTOpPhl PabOT YCTAHOBWJ/IM, YTO—pacyeT MPOHMIIAEMOCTH C MCIOJIb30BAHUEM
nerpodusiyeckux 3apucumMocteit K, = f(K,,), ocHOBaHHBIX Ha BbinesieHry HU, M0O3BOJIAET CIIPOTHO3UPOBATH 30HBI C HAMOOJIEe BHICOKMMU
GUIBTPaLFIOHHO-eMKOCTHBIMY CBOMCTBAMHU, YTO B AaJIbHENIeM NOBbIIaeT 3G GeKTUBHOCTb OypeHNs SKCIUTyaTalFIOHHBIX CKBKIH.
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Introduction

At the Sof’inskoye field, within the Visean terrigenous oil
and gas complex, four productive layers have been identified:
Tl2-a, T12-b, Bbl and Bb2.

A total of twenty one wells were drilled with core
sampling at the field. The total footage with core sampling
amounted to 2914.1 m, with a core recovery of 1943.5 m, or
66.7 %. In nine wells, the length of cored interval was 891.7 m
with a recovery of 880 m, or 98.7 %.

Based on previously conducted lithological-facial analysis for
terrigenous deposits of the Visean stage [1-19], the following
facies complexes were identified at the Sof’inskoye field:

1. Delta channel (DC).

2. Bay-lagoon coastal zone (BLC).

3. Bars and other coastal cumulative formations (B).

Materials and methods

Table 1 shows the statistical characteristics of porosity and
permeability parameters for each identified facies.

Terrigenous rocks of the delta channel (DC) facies are
predominantly represented by samples with porosity ranging
from 17.5 to 22.5% (91 % of the sample). The permeability
coefficient of this facies in most samples is from 100 to 500 mD
(54 % of the sample).

The facies of the bay-lagoon coastal zone (BLC) is
represented mainly by rocks with a porosity of 10-15 % (63 % of
the sample) and more than 15% (34 %). The permeability
coefficient for reservoir rocks of this facies mainly ranges from
100 to 500 mD (43 % of the sample), while 23 % of samples
show permeability greater than 500 mD). Low-permeability rocks
make up 36 % of the sample (10-100 mD) and in 21 % of
samples the permeability is less than 10 mD.

The coastal cumulative complex facies, bars (B), mainly
include rocks with a porosity of more than 15 % (70 % of the
sample), 15% of samples with a porosity of 10-15 %.
Permeability is mainly from 10 to 100 mD (58 % of the
sample), 12 % are samples with a permeability of 100-500 mD
(Table 1).

Results of calculations and analysis

To determine the statistical significance of the mean
values in the samples, the Student's t-criterion was calculated
with formula (1):

M -M
t =l T2 6))

whereM, - arithmetic mean of the first sample, M, -
arithmetic mean of the second sample, m, — average error of
the first arithmetic mean, m, — average error of the second
arithmetic mean.

The calculations showed that there are statistically
significant differences between the mean values of the
porosity and permeability coefficients of the delta channel
and bar facies. However, there are no statistically significant
differences in parameters between the bar facies and the
bay-lagoon coastal facies, indicating that the deposits within
these facies are similar in filtration and storage properties.

Based on the available core data on porosity (K,,) and
permeability (K,.,), a correlation field was constructed
(Fig. 1); with the correlation coefficient (r) is 0.66. The
diagram also shows that the sequence of facies changes,
however there is an uncertainty zone where the data points
characterizing different facies settings converge into a
single area.

Due to the significant variability in values when
establishing the relationship between porosity and permeability
coefficients, as well as the errors present in permeability

calculations, international practices have proposed the use of
the hydraulic flow units method for predicting permeability
[5-14]. This method correlates petrophysical and geological
parameters, allowing for more accurate forecasts in subsurface
studies.

The method is based on identifying groups of reservoir
rocks (Hydraulic Flow Units) on the accumulated
frequency graph of the flow zone indicator (FZI - Flow
Zone Indicator) parameter by highlighting linear segments
that correspond to groups of hydraulic units (HU) with
similar FZI values [5, 20-22].

The identification of flow hydraulic units is based on the
calculation of the FZI parameter, mm, using porosity and
permeability (2):

K
0,0314v—2
KP

F2l=—— " )

1-K
P

The use of Hydraulic Units (HU) implies that there are a
limited number of reservoir rock types, each characterized by
an individual mean FZI value, while the variation in FZI
values is attributed to random experimental errors [4, 5, 22].

Based on the fact that the FZI parameter links geological
parameters, sedimentation conditions, and reservoir
properties [17, 23-32], the relationship was studied in clay-
rich rocks with grain sizes of less than 0.01 mm in diameter
and their ability to function as reservoirs, as well as their FZI
parameters. It is known that the higher the clay fraction
content in the rock, the greater the specific surface area and
the higher the amount of residual bound water, and therefore
the FZI values should be lower. Conversely, less clayey, well-
sorted sands are characterized by a lower specific surface area
and a higher FZI parameter.

The conducted analysis established that with an increase
in the clay fraction content in the rock, the amount of bound
water increases, which is revealed by a direct linear
correlation between the parameter of relative clay content ()
and the coefficient of residual water saturation (K,,;) (Fig. 2, a),

10 000
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Q ~l
g 100 €
= 10 ‘i{:
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Fig. 1. Correlation field of K, and K, for terrigenous deposits of the
delta channel (DC) facies, the bay-lagoon coastal zone (BLC),
and bars (B)

Table 1

Main statistical characteristics of facies

Para Delta [ tac> treor ~ Bay-lagoon

Leale= Liheor Leale
meter  channel p i Bars p coastal zone
K, 19.3+3.8 4.21 >1.97 16.1+48 044 <1.97 157 + 3.1
% 3.4-25.5 0.05 4.2-22.7 0.05 6.5-21.5

Ky 433223395 6.15 > 1.97 160.4£217.1 1.74 < 1.97 100.2+97.9
%  0.23-1590.7 0.05 0.1-940.4 0.05 0.12-541.4

Note:in the numerator - the mean value and standard
deviation, in the denominator — the minimum and maximum values of
the K, K,...,, parameters; t.,. — the value of the calculated Student's t-
criterion; ty., — the theoretical value of the Student's t-criterion; p —
the level of statistical significance.
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80,0 Table 2
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E 700 Characteristics of hydraulic flow units
£ o
3 FZI
5 0.0 Facies HU e bpeor™
® FZI average, um =ealeZ—theor—
£ 500 p
E 1 1.37 7.22 > 2.22
=] 0.05
3 H0 2 2.70
o 17.29 > 1.99
g 30,0 0.05
5 p=216,8x - 8,394 3 4.76
2 20,0 ! R =?’) 89 Delta channel (DC) 15.81 > 1.98
£ : 0.05
S 4 6.42
O 100 © 9.77 > 2.03
0.05
5 7.41
0,0
0 0.2 04 6.080352.11
Relative clay content, unit fraction 8.80 ’
a 1 0.56 6.75 > 2.10
0.05
£ 2 1.27
£ 6.31 > 2.07
£ 0.05
= 3 2.08
= Bay-lagoon coastal 10.33 > 2.03
% (BLC) 0.05
B 4 3.27
= 9.49 > 2.00
=2 0.05
= 5 4.1
o 0.05
2 0,66 560
8 021 7.05 > 211
2 0.05
G 2 1.54
8 ° 8.060352.08
15 20 Bars (B) 3 3.35 -
7.03 > 2.11
0.05
4 4.48
] ) - ] 6.05 > 2.13
Fig. 2. Graphs of dependencies: a - coefficient of residual water 5 6.04 0.05
saturation (K,) and relative clay content of rocks (n); b — FZI
parameter and coefficient of residual water saturation
Table 3
100,0 : —
o Table of forecast equations K., = f (K,,,),
% 80'0 with and without taking into account the allocated HU
= 5
3 70,0 N
g . Equation taking into account
£ 60,0 Facies  HU FZ (correlation (number of
L 50,0 coefficient) samples)
E 400 1 : : i
g 300
g 20‘0 2 y= 3.1947e0.1669x 0.86 10
© 100 3 y= 1.3574€0.2649x 0.74 74
0,0 HU1 EHUZ ; HU3 : HU4 : HUS HUs Delta 4 y= 11.859e0.1878x 0.96 25
12 3 4 5 6 71 8 9 10 fggnel 5 y= 17.452¢0.1829x 0.95 14
FZI, pm 6 y= 10.535€0.2217x 0.94 8
Fig. 3. FZI cumulative frequency graph y= 1.7657¢0.261x (generalized
for the delta channel facies dependence for 0.61 133
delta channels facies)
1000 1 y= 0.0179e0.2933x 0.81 11
[ 3 2 y= 0.1788e0.2427x 0.77 9
100 ot w.' o 3 Y= 0.1941¢0.3034x 0.80 15
g L ]
g‘ kT Bay-lagoon 4 y= 1.7189€0.2204x 0.89 22
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= . [ 5 y= 3.5957e0.2072x 0.89 33
s 10 L4 ° (BLC)
£ s 8 oe 6 y= 17.15€0.1486x 0.77 16
“ y= 0.0396€0.4387x (generalized
1 LA o dependence for the bay-lagoon 0.64 106
coastal facies)
1 y= 0.0029x0.6871 0.58 4
b 5 10 15 20 23 2 y= 0.06570.3245x 0.64 15
Kpm_ 3 y= 1.8866€0.2182x 0.94 7
HUl ——HU3 ——HUS Bars (B) 4 y= 3.5274e0.2149x 0.94 11
HU2 HU4 HU6 5 y= 18.33¢0.1612x 0.69 6
Fig. 4. Dependency of Ker, 0n K, for y= 0.0015e0.5908x (generalized 0.67 43
facies of the bay-lagoon coastal zone dependence for bar facies) ’
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with a determination coefficient (R?) of 0.89. Accordingly,
there is an inverse nonlinear relationship between the FZI
parameter and the coefficient of residual water saturation,
with a determination coefficient of 0.66 (Fig. 2, b) [33].

Thus, the FZI parameter allows grouping rocks with
similar pore space characteristics, the difference of which is
determined by sedimentation conditions.

To identify HU groups, a graph of accumulated frequencies of
FZI parameters was constructed [12, 15, 17, 34-40] and straight-
line sections were identified on the graph, which corresponded to
the HU reservoirs groups (Fig. 3).

Next, for each HU group, the average parameters of the
formation reservoir properties (FRP) were determined (Table 2).
Table 2 shows that the FZI parameter depends on the facies
environments; in the delta channel facies, it reaches its maximum.
Using Student's t-criterion, a comparison of the obtained samples
within the facies was carried out, which showed the presence of
statistically significant differences between the identified HU
groups.

For each HU group, identified with FZI, the forecast
equations K, = f (K,,), were constructed, presented in
table 3.

The closest relationship was obtained between the porosity
and permeability coefficients when separating the HU groups
within the facies, the correlation coefficients vary in the range
from 0.58 to 0.96 [29, 40].

The ratio of porosity and permeability coefficients in this
case is considered as a set of dependencies for each HU group
with its own petrophysical properties (Fig. 4), which indicates
the possibility of determining a more accurate permeability
coefficient using dependencies obtained with FZI [12, 26, 27].

Conclusion

Concerning the results of the research, it has been
established that there is a relationship between the FZI
parameter and the petrophysical properties of rocks, which
are determined by conditions of sedimentation. Using the FZI
parameter and the division of rocks into hydraulic units
allows for a detailed consideration of the the reservoir
geological heterogeneity.

A single dependence based on core data for 'porosity —
permeability' can lead to significant errors when determining
permeability from geophysical logging data, which is
subsequently used in the hydrodynamic model of the field. The
analysis of the correlation dependencies for 'porosity -
permeability’, with the HU identification in the facies, has
shown a sufficiently close relationship between the coefficients
of porosity and permeability. Therefore, to increase the
reliability in determining the formation reservoir properties, it
is recommended to use the K, = f (K,,) dependencies,
constructed with HU groups.
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