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Separation of well section into permeable and impermeable parts is one of the main problems for further construction of a
geological model, reserves estimation and field development planning. Quality of separation depends on amount of
knowledge about geological section, level of theoretical development of well logging methods and general geophysical
characteristics of the area. The fullest differentiation is obtained by using a complex of geological and geophysical
methods.

The paper is focused on Visean deposits of well of Sofyinskoe field drilled in 2014. A complex of activities was performed
along with well logging. Porosity was calculated by acoustic and neutron logging. Core analysis was performed.

Using well logging and results of core analysis selection was made, used for construction of statistical models. Based on
statistical models all parameters were made-up to a single measurement system. The analysis of degree of influence of
geological and geophysical parameters was made. The geological analysis shows that the greatest influence belongs to
porosity and residual water. The geophysical analysis shows that the greatest influence belongs to hydrogen content and
own radioactivity of rocks.

A complex probabilistic parameter that includes all measurements according to core and geophysical parameters is
calculated. Results of core analysis are considered fully in order to obtain a highest degree of difference. Almost all the
parameters of geophysical data increase the degree of difference, except for lateral logging, microgradient and
micropotential tools and transit time of P-wave for short tool, which reduces the degree of difference.

Based on values of a complex parameter that have maximum differences in geological and geophysical parameters,
relationships of geological and geophysical parameters were built. Scatter charts show that fields of measured points are not
intersected, which confirms a correct separation of a section.

Using a statistical method allows to consider fully available geological and geophysical data to separate a section into
permeable and impermeable parts.

Paznenenne paspe3a Ha NpPOHMIIAGMYIO M HEMPOHMIAEMYIO YacTH — OJIHA M3 OCHOBHBIX 3ajad JUIs JajbHeifmero
MIOCTPOEHHsI I'€0JIOTMYECKON MOJENH, II0JCYeTa 3aracoB M IUIAHMPOBAHHMs pa3paboTku MecTopoxjaeHus. KauecTso
pas/ieNieHusi 3aBUCHT OT CTENEHHM M3YYEHHOCTH TI€OJIOIMYECKOro pas3pes3a, YPOBHS TEOPETUYECKOH pa3paboTku
reopU3NUeCKuX METO/IOB MCCIICIOBAHUS CKBAKHH M OOMIeH reo(pu3nueckoil XapakTepucTHKy paiiona. Hanbosee momHas
JuddepeHIranus NoIy4aeTcs NPy UCIOIb30BaHUU KOMILIEKCA Fe0JIOTHYECKUX U Te0QH3HIECKHX METOIOB.

B pabore paccMaTpuBaroTCs BU3EHCKHE OTIOXKEHUs CKBaXHHbI CO()BUHCKOrO MECTOPOXXICHHUS, MpobypeHHol B 2014 .
B ckBaXHHE C MCIOIB30BaHHEM TIeO()H3MYECKHX HCCIEJOBAaHHIl MPOBEJECH KOMIUIGKC MEPONpPHATHH, PacCUUTaHbI
IapaMeTpsl MOPUCTOCTH MO aKYyCTHIECKOMY U HEHTPOHHOMY METO/iaM, IPOBE/ICHbI HCCIIEI0BAHHS KEepHa.

ITo reou3HuecKOMy KapoTaxky M pe3yJbTaTaM MCCIIEJOBAHMS KEPHA COCTABJICHA BBIOOPKA, MCIOJIB30BAHHAS ISl [IOCTPOCHHUS
CTaTHCTHYECKUX Mojiesiell. Ha ocHOBaHMM CTaTHCTHUECKMX MOJIENeH BCe apaMeTphl MPUBEIEHB] K €JIMHON CUCTEME H3MEPEHHs.
TIpoBeneH aHaIM3 CTENEHM BIMAHMSA TEONOTMYECKMX M Ieo(M3MUYECKHX MapaMeTpoB. YCTAHOBJIEHO, YTO MO PEe3ylIbTaTam
HCCIIENI0BaHUs KEPHA HAUOOIBLIYIO CTENEHb BIMAHUS MMEIOT KO3((OUIMEHT MOPUCTOCTH U OCTATOYHOH BOJOHACBHILLIEHHOCTH, A U3
reo(hU3HUECKUX TapaMETPOB — BOZOPONOCOIEPIKAHUE H COOCTBEHHAs PaJUOAKTHBHOCTB IIOPOJ.

PaccunTaH KOMIUICKCHBIN BEPOSTHOCTHBIH MapameTp, BKIIOYAIOIIMII B ceOs BCe ONpEIENeHUs 10 NaHHBIM KEpPHa U 110
reo®M3MUECKUM TIapaMeTpaM XapakTepUCTHK paspesa. Pe3ynbrarThl MccIen0BaHUs KEPHA IOJHOCTBIO YUMTHIBAINCH IS
JOCTIKEHHSI HauOoyee BBICOKOW CTEHNEHM pasnuuus. M3 reodu3MyYeckux JaHHBIX NPAKTUYECKH BCE IapaMeTpbl
YBEIMYMBAIOT CTENEHb PA3lIMuMs, KpoMe OOKOBOro KapoTaka, MUKPOIPaJMEHTa, MUKPOIOTEHIMANA 30H0B U BPEMEHH
npoGera P-BOJIHBI 110 KOPOTKOMY 30H1y, KOTOPbIE YMEHBUIAIOT CTENEHb Pa3IHyHs.

Hcxozst U3 3HaUYEHHH KOMIUIEKCHOTO IapaMeTpa, MMEIOIMX MAKCHMAJbHbIE PA3IMuMsl MO IEONOTHYECKMM H IeO(pU3HUECKUM
JIAHHBIM, IOCTPOEHbI 3aBUCHMOCTH T€OJOTMYECKHX IIapaMeTpoB OT Treou3nueckuX. IIoaydeHHbIe TOYEUYHbIE aHarpamMMbl
TIOKa3bIBAIOT, YTO OISt TOUEK HE NIEPECEKAF0TCA. DTO MOATBEPAKAAET NPABUILHOCTH IPOBEICHHOTO Pa3eeHHs paspesa.
Hcnonp30BaHue CTaTHCTUYECKOTO METOJA TO3BOJISICT HauOojee IMONHO YYHTHIBATH BCIO MMEIOIIYIOCS T'EOJIOTHYECKYIO
1 reousnIecKyio HHOOPMAIIMIO [T pa3AeNieHHs pa3pesa Ha IIPOHHUIAEMYIO U HEPOHUIIAEMYIO YacTH.
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Introduction

One of the main tasks of oil and gas field
geology is picking permeable and impermeable
interlayers in rock strata. Separation of rock strata
is basis for building a geological model, reserves
evaluation and further planning of field
development.

To separate oil-bearing well section it is
necessary to pick layers of different lithologic
composition, determine sequence of their
occurrence and finally identify reservoirs and
impermeable sections between them. These
challenges are solved with help of a complex
method of studying sections. Well logging
methods, used in mandatory order in wells of all
categories (prospecting, exploration, operation
etc.), are the main in this complex. Geophysical
data are correlated with available geological data
of rock description (core, sludge), with well test
results for inflow and results of hydrodynamic
studies.

The quality of separation depends on degree of
geologic  certainty, level of  theoretical
development of geophysical methods of well
survey and general geophysical characteristics of
an area. Interpretation of geophysical curves is
most reliable in conjunction with geological
studies. Wherein, it should be clear that in some
cases core does not provide complete
understanding of location of layers boundaries. It
is associated with low percentage of its removal
and challenges of correlation of core material with
depth [1].

Research subject

A well for prospection and evaluation is
research subject. It was drilled in 2014 at North
Efremov Dome of Sofyinskoe field.

In administrative terms Sofyinskoe field is
located in territory of Uinsk, Chernushka and
Oktiabrskii country of Perm region. In terms of
tectonic zone it is confined to Tanyp Late
Devonian Atoll located in northeastern part of
Bashkir Arch [2].

A complex of geophysical studies was carried
out in a well 119, including standard logging
(A2MO.5N), lateral logging, micro logging, lateral,
microlateral, induction, acoustic, radioactive
logging and cavernometry.

Also in a well with core gathering 172.4 m of
rocks were passed, core removal was 170.1 m
(98.7 %). Coefficients of porosity, permeability,
oil saturation and bulk density of core are
determined.

Oil-bearing formations are picked in Vereli,
Upper Visean and Upper Devonian-Tournaisian oil
and gas bearing complexes. Results of well logging
interpretation and study of core from Upper Visean
oil and gas complex are used in the study [3, 4].

It is important that definition of rock
characteristics was carried out not only in
reservoirs identified by geophysical data, but also
in NON-reservoirs.

The volume of data obtained and its diversity
made it possible to compile a database with
representative samples.

Analysis of reservoir picking

Separation into permeable and impermeable
parts was carried out according to a complex of
field geophysical studies wusing conventional
methods [5]. Following qualitative features of well
logging curves were also taken into account [6-11]:

— low and medium readings of carrier rocks on
radioactive logs.

— increased resistance values with respect to
carrier dense and clay rocks.

For analysis of average values of classes of
permeable and impermeable rocks obtained from
results of core and geophysical methods (Tables 1,
2) the Student’s coefficient  was used [12-14].

All the parameters from geophysical data are
statistically significant. Except for lateral logging
and values obtained by micropotential tool. Values
of  parameters vary  considerably  from
0.7-0.8 according to a microgradient tool to
781.9-849.2 according to acoustic data.

According to core data, all parameters, except
mineralogical density, are statistically significant.
Values of parameters differ (2.1-2.3 g/cm’)
according to density of a sample to 68.7-904.1 mD
for rock permeability.

Such a spread of mean values of various
parameters does not allow their quantitative
comparison.

To check values that most strongly affect
differentiation of rocks, scattering diagrams for
data obtained as a result of core material and
geophysical parameters are plotted (Fig. 1, a, b).
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The largest comlete separation into  saturation. The regression equation for
permeable and impermeable rocks according to  permeable rocks looks like
core data is observed .durlng comparison of Ky=214.9 - 19.8K, + 0.5K.’,
parameters of  porosity coefficient and
irreducible water saturation (see Fig. 1, a). for impermeable rocks
Hence, it can be seen that rocks related to )

= + _

reservoirs have high porosity and low irreducible Ky=63.2+ 3K, - 03Ky,
water saturation and vice versa. Seal rocks have Analysis of values of coefficients Z and free
low porosity and high irreducible water  terms shows that they differ significantly.

Table 1
Values of Student’s #-criteria from well logging data
Mean Value of | Number Significance of ;\}Ial;:enrzae\:ion c?;jlrila(lit?gi Relative
Method imper- perme- Stu.den.t’s of degrees point imper- perme- imper- | perme- | variance Variance
meable able criteria. | of freedom meable able meable able

BK 7.52 7.57 —-0.04 334 0.97 147 189 15.68 5.35 8.59 0.00
BMK 4.59 11.19 -5.41 334 0.00 147 189 6.85 13.49 3.88 0.00
DTP | 239.99 272.59 | -10.66 334 0.00 147 189 9.43 36.12 14.67 0.00
GK 4.04 13.94 -32.82 334 0.00 147 189 1.63 3.36 4.25 0.00
IK 606.69 194.00 13.40 334 0.00 147 189 385.82 153.80 6.29 0.00
MGZ 0.84 0.71 2.61 334 0.01 147 189 0.16 0.58 12.71 0.00
MPZ 0.81 0.79 0.58 334 0.56 147 189 0.24 0.51 4.64 0.00
NKTB 4.75 2.58 17.22 334 0.00 147 189 0.83 1.33 2.55 0.00
NKTS 1.77 1.16 18.26 334 0.00 147 189 0.16 0.38 5.41 0.00
TP, 662.26 | 712.83 —-9.86 334 0.00 147 189 33.61 54.66 2.65 0.00
TP, 781.98 849.22 | -12.26 334 0.00 147 189 32.30 60.04 3.46 0.00
dGK 0.14 0.74 -32.82 334 0.00 147 189 0.10 0.20 4.26 0.00
W 21.04 32.64 -11.02 334 0.00 147 189 3.02 12.47 17.10 0.00
DS 0.22 0.24 —7.85 334 0.00 147 189 0.00 0.04 1961.62 | 0.00
Kelay 8.88 46.44 -32.82 334 0.00 147 189 6.18 12.76 4.26 0.00
K,AL 20.48 28.34 —10.66 334 0.00 147 189 2.27 8.70 14.67 0.00

Remarks: BK — lateral logging, Om-m; BMK — micro lateral logging tool, Om-m; DTP — interval time of P-wave run on basis
of broadband acoustic logging, us/m; GK — gamma-ray intensity from gamma-ray logging uR/h; IK — induction logging, conductivity,
mS/m; MGZ — gradient micro logging tool, Om-m; MPZ — micro potential logging tool, Om-m; NKTB — neutron-neutron logging by
thermal neutrons (NNLt), big tool, c.u.; NKTS — neutron-neutron logging by thermal neutrons (NNLt), small tool, c.u.; TP, — time of
P-wave travel over a short wave sonic logging tool, ps; TP, — time of P-wave travel over a long wave sonic logging tool, ps; dGK —
gamma-ray index from GR log; W — hydrogen saturation, %; DS — measured well diameter, m; K,y — clay index, % (from logging);
K,AL — porosity coefficient from AL, %. Here and in the Tables 2, 5, 6 red color correspond to values that have level of error
probability less than 5%.

Table 2
Values of Student’s ¢-criteria from core study data
Mean Value of | Number Significance of (I)\lil;?r:)/:ion 3;3?;?2?1 Relative
Method imper- perme- Student’s | of degrees gpoint imper- perme- imper- | perme- | variance Variance
meable able criteria .| of freedom meable able meable able

K, % 10.75 18.68 —-13.08 161 0 71 92 4.6 3.2 2.1 0.0
KI::B“’ 68.71 904.06 -6.75 140 0 50 92 206.0 860.9 17.5 0.0
K., % | 4525 9.68 6.68 54 0 20 36 29.2 10.0 8.5 0.0
Dens” 2.36 2.14 10.84 161 0 71 92 0.2 0.1 3.3 0.0
Dens® 2.47 2.36 7.74 161 0 71 92 0.1 0.1 6.3 0.0
Dens™ 2.64 2.63 0.79 161 0,43 71 92 0.1 0.0 76.6 0.0

Remarks: K, — porosity coefficient, %; K — permeability coefficient, mD; K;,, — irreducible water saturation coefficient, %;
Dens” — volume density of core, g/cm’; Dens® — density of saturated core, g/cm®; Dens™ — mineral density of core, g/cm’.
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Fig. 1. Scatter chart:
a — built on core data for K, u Kp;
b — for parameters GK and W

During analysis of geophysical data it has to be
noted that the largest degree of differentiation is
observed in values of own radioactivity (GK) and
hydrogen saturation (W) (see Fig. 1, b). The figure
shows that permeable rocks have low hydrogen
content and low values of natural radioactivity.

Impenetrable rocks have high hydrogen content

and high radioactivity [15]. The regression
equation for permeable rocks is
W = 229 0,5GK, for impermeable

W = 10,7 + 1,6GK. Values of Z coefficients and
free terms show that they differ significantly.

Probabilistic and statistical check
of separation of a section into permeable
and impermeable parts

To determine quality of rock separation based
on results of interpretation of geophysical studies
and core data a base is built.

Coefficients of porosity, permeability,
irreducible water saturation, bulk density of a
sample, density of saturated core and mineral
density of core were used from core data.

Data obtained using electrical, electromagnetic,
radioactive and acoustic methods of survey and
measured well diameter were considered form
geophysical methods. Parameters obtained as a
result of calculations such as double gamma-ray
difference parameter, clay coefficient and porosity
calculated from acoustic and neutron logs were
also taken into account [16-18].

Comparison of influence of indicators on
section separation into permeable and impermeable
parts is difficult because of different
dimensionality of parameters taken into account in
rock differentiation. To bring indicators to a single
dimension, it is necessary to construct linear
probabilistic models for separation of a section by
individual indicators. Constructed models must
have following properties:

e average values in groups should be as
follows in range from 0.5 to 1 for seals, in a range
from 0 to 0.5 for reservoirs. Boundary value for
separation was 0.5;

e average values should be located
symmetrically with respect to value 0.5 [19-21].

According to core data for all parameters, in
addition to mineral density, it was possible to
construct models separating permeable and
impermeable parts of a section.

A model describing separation of a section into
permeable and impermeable rocks based on data
obtained from core study has an inverse
relationship that represent assignment of samples
with high porosity to the class of reservoirs.
Samples with low porosity belong to the class
of seals.
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Table 3
Models for normalization of data obtained during core study
Linear models of probability Linear models of probability
Parameter . Parameter .
of belonging to seals of belonging to seals
K, P(K,) =0.955794 — 0.0311K, Dens’ P(Dens") =-1.178 + 0.75 Dens"
Koporm P(K pors) = 0.544 — 0.00009K 1, Dens® P(Dens”) =—0.22 + 0.3109 Dens®
K, P(K,)=0.3412 + 0.0062K,, Dens" Impossible to build a model

The same for permeability. Reservoirs have
high values of permeability; seals have low values
of permeability.

A model describing water saturation coefficient
has a direct relationship, which implies that seals
have a higher degree of saturation with water than a
reservoir. That is caused by the fact that seals in
clastic part of a section are mainly dark gray
mudstones with a high volume of closed porosity,
with a high degree of liquid absorption, due to which
high irreducible water saturation is observed.

A direct model for distribution of bulk density of a
sample and density of saturated core indicates that

seals are represented by denser rocks, while the more
expanded ones are reservoirs. Based on coefficients
obtained during construction of statistical models of
sample density it is clear that when the sample is filled
with liquid, difference in density between a reservoir
and seals decreases with respect to a dry sample.

Still, tests of core samples are carried out
point-by-point and mainly in oil-bearing intervals.
So, geophysical data were used to obtain more
complete information.

Similarly to core data,
statistical models
parameters as well.

probabilistic and
are built for geophysical

Table 4

Models for normalization of data obtained during well logging

Linear models of probability Linear models of probability
Parameter . Parameter .
of belonging to seals of belonging to seals
BK P(BK)=10.457 + 0.005BK NKTS P(NKTS) =0.701 — 0.1369NKTS
BMK P(BMK) = 0.465 + 0.004BMK TP, P(TP) =-0.194 + 0.00102TP1
DTP P(DTP) =-0.153 + 0.00259DTP TP, P(TP,) =-0.215 + 0.00089TP2
GK P(GK) =0.194 + 0.0353GK dGK P(dGK) = 0.425 + 0.17774dGK
1K P(IK) = 0.769 — 0.0007IK W P(W) = 0.332 + 0.0069W
MGZ P(MGZ) = 0.65—0.1914MGZ Ds P(Ds) =—0.23 + 3.1646Ds
MPZ P(MPZ) = 0.379 + 0.1467MPZ Koty P(Kgay) = 0.254 + 0.0096 Kpoy
NKTB P(NKTB) = 0.589 — 0.022INKTB KT P(K,") =0.331 +0.0072 K"

Electrical methods. The methods of lateral and
micro lateral logging work identically to detect
permeable and impermeable interlayers. The
higher resistance, the higher probability of an
impermeable interlayer.

Micro gradient and micro potential logging tools
operate in antiphase, i.e. when studying a smaller radius
(radius of investigation of a micro gradient logging tool
is approximately 3.75 cm), high resistance shows
presence of a clay crust and presence of a reservoir in
this interval. When studying a more distant zone (radius
of investigation using micro potential logging tool is
2.0-2.5 times higher), the presence of a clay crust does
not affect readings. At the same time the higher
resistance the higher a probability of predicting of
impermeable interlayers in this interval.

Induction logging has an inverse relationship:
as values increase, probability to find impermeable
rocks in this interval is reduced.

Radioactive methods. The gamma-ray readings
are directly dependent on probability of
determining impermeable rocks. This is due to the
fact that the most impermeable interlayers are
associated with presence of clays in them, which
have a high natural radioactivity. This is also
proved by feedback during determination of
probability of predicting impermeable interlayers
by neutron logging.

Acoustic methods. Presence of direct link in
determination of probability of finding impermeable
interlayers shows that more dense rocks are more
likely to be impermeable than loose ones.

Well diameter decrease in reservoirs due to
presence of a clay crust. At the same time it
increases due to washing of clay intervals, which is
demonstrated by direct relationship of probabilistic
estimation of location of impermeable interlayers
from well diameter.
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Hydrogen  saturation  shows  that in
impermeable interlayers hydrogen content is
higher than in reservoirs. The difference parameter
GR, as well as a gamma-ray logging method itself,

prove that finding impermeable interlayers
depends directly on parameter values.
The coefficient of clayiness confirms

relationship between presence of impermeable
interlayers and clayiness of rock.

During determination of porosity from acoustic
log, an inverse relationship is observed. That is
caused by the fact that the impermeable part of
clastic section consists mainly of mudstones
having high volume of voids that have poor
communication.

Use of probabilistic and statistical models
allowed bringing all the parameters to a single

measurement system. Correctness of chosen
mathematical models and analysis of degree of
influence of each parameter on selection of
permeable and impermeable parts were chosen by
Student's criteria (Table 5).

Table 5 shows that average values of classes that
are in acceptable intervals of reservoir are 0.0-0.5;
seals are in a range of 0.5-1.0. Parameter P (Dens®) on
core data is an exception, which is explained by ability
of clay rocks to absorb saturation liquid. Analysis of
degree of its influence on separation of rocks showed
that out of geophysical methods values of natural
radioactivity of rocks influence most strong and values
of micro potential logging tool influence the less. The
most strong influence among parameters determined
from core belong to porosity coefficient and the less
belong to density of saturated rock.

Table 5
Check of correctness of chosen mathematical models and analysis of degree of
influence of each parameter on selection of permeable and impermeable parts
Mean Value O,f Number of Numberhof Standard deviation Relative
Parameter Student’s |degrees of observation . P
class2 [ class1 | criteria | freedom class2 | class1 | class2 | class1 | oranee
Parameters determined from core
P(K,) 0.63 0.37 13.17 162 0 72 92 0.14 0.10 2.12 0
P(Dens") 0.58 0.43 8.66 162 0 72 92 0.15 0.07 5.04 0
P(Kperm) 0.53 0.46 6.75 140 0 50 92 0.02 0.08 17.46 0
P(K,) 0.62 0.40 6.68 54 0 20 36 0.18 0.06 8.53 0
P(Denss) 0.54 0.51 5.06 162 0 72 92 0.06 0.02 12.22 0
Geophysical parameters

P(GK) 0.66 0.34 26.83 353 0 208 147 0.14 0.06 5.82 0
P(dGK) 0.55 0.45 26.83 353 0 208 147 0.04 0.02 5.82 0
P(K.ay) 0.67 0.34 26.83 353 0 208 147 0.14 0.06 5.82 0
P(IK) 0.64 0.34 13.90 345 0 200 147 0.10 0.27 6.68 0
P(NKTS) 0.53 0.46 11.38 353 0 208 147 0.07 0.02 10.05 0
P(W) 0.55 0.48 8.93 353 0 208 147 0.09 0.02 19.07 0
P(DS) 0.53 0.46 7.38 353 0 208 147 0.12 0.00 1845.21 0
P(DTP) 0.53 0.47 7.18 353 0 208 147 0.11 0.02 19.86 0
P(K,AL) 0.52 0.48 7.18 353 0 208 147 0.07 0.02 19.86 0
P(NKTB) 0.52 0.48 7.17 353 0 208 147 0.06 0.02 9.22 0
P(TP,) 0.52 0.48 6.43 353 0 208 147 0.08 0.03 6.96 0
P(BMK) 0.52 0.48 6.20 353 0 208 147 0.07 0.03 6.51 0
P(TPy) 0.52 0.48 5.32 353 0 208 147 0.07 0.03 4.74 0
PMGZ) 0.51 0.49 2.05 353 0.04 208 147 0.11 0.03 11.96 0
P(BK) 0.50 0.49 1.50 353 0.13 208 147 0.05 0.08 2.31 0
P(MPZ) 0.50 0.50 0.55 353 0.58 208 147 0.08 0.03 4.72 0

Remarks. Class 1 — permeable rocks; class 2 — impermeable rocks.

Using results obtained with help of statistical
models, given in Table 3 and 4, calculation of
relative complex probability is performed by the
following formula:

“® " p.p-..P+(1-R)(1-B)..(1-R)’

1

n

where P; ... P; — individual probabilities.

For complex analysis multidimensional models
are built with different combination of m. First
probability is built with m = 2.

In calculations with different values of m, a special
combination is used. Such combination considers as
big as possible difference between mean values of
classes of reservoirs and seals. Degree of difference
was determined by Student's ¢ test (Table 3). Results
of calculations are given in Table 6.
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Table 6
Student’s criteria ¢ for calculation of complex probability of different parameters

Parameter | m=2|m=3[m=4m=5[m=6|m=7m=8]m=9|m=10{m=11m=12lm=13[m=14|m=15|m=16

Parameters determined from core

P(K,) + + + +
P(Dens") + + + +
P(Kperm) + + +
P(K,) + +
P(Dens®) +
Mean, class 1 | 0.67 | 0.72 | 0.74 | 0.67
Mean, class 2 | 0.29 | 0.25 | 0.26 | 0.29
t 12.07] 8.60 | 8.65 | 12.07
p 0.33 ] 0.01 | 0.03 | 0.33
Geophysical parameters
P(GK) + + + + + + + + + + + + + + +
P(dGK) + + + + + + + + + + + + + + +
P(K ) + + + + + + + + + + + + + +
PIK) + + + + + + + + + + + + +
P(NKTS) + + + + + + + + + + + +
P(W) + + + + + + + + + + +
P(DS) + + + + + + + + + +
P(DTP) + + + + + + + + +
P(K,AL) + + + + + + + +
P(NKTB) + + + + + + +
P(TP,y) + + + + + +
P(BMK) + + + + +
P(TP)) + + + +
PMGZ) + + +
P(BK) + +
P(MPZ) +
Mean, class 1 | 0.69 | 0.77 | 0.82 | 0.82 | 0.82 | 0.81 | 0.80 | 0.79 | 0.79 | 0.79 | 0.80 | 0.79 | 0.78 | 0.78 | 0.79
Mean, class 2 | 0.30 [ 0.19 [ 0.17 [ 0.15 | 0.14 | 0.13 | 0.12 [ 0.11 | 0.10 | 0.10 | 0.10 | 0.10 | 0.09 | 0.10 | 0.11
t 27.75]29.66 | 29.58 | 28.38 | 27.68 | 27.57 [ 25.63 | 24.77 [ 24.43 [ 24.11 | 24.63 | 24.12 | 24.01 | 23.07 | 23.25
p 0.00 | 0.00 | 0.69 ] 0.00 [ 0.00 [ 0.00 [ 0.00 | 0.00 [ 0.00 [ 0.00 [ 0.00 ] 0.00 ] 0.00 [ 0.00 [ 0.00
According to core data, the greatest difference 1.2
is observed at m = 5. Parameters of porosity,
permeability, irreducible water saturation, sample
density and density of saturated sample are Loy P ":
involved in calculation. Thus, all the indicators oo ;
considered in the paper increase degree of 0.8} a o
differentiation of rocks. ©
. . o
. Accordlpg to geophysical data, the greatest _ 06 - L .
difference is observed at m = 12. Almost all 5 .
studied parameters participate in calculation except g 04 L .
[ o
TP;, MGZ, BK and MPZ. In case these parameters é ’ o
are included in calculations, degree of o° W0 o
differentiation decreases (see Table 5). 0.2 § o a
A graph with geological parameters versus g’
geophysical data is built based on obtained values 0.0 °
that provide minimum distribution by geophysical
and geological parameters (Fig. 2). o2 ‘ | J _ |
Analysis of the diagram shows that values -02 00 02 04 06 08 1.0 12
belonging to the class of permeable rocks are Geophysical

mainly in a range from 0 to 0.4 by geophysical
parameters and in a range from 0 to 0.6 by
geological parameters, with exception of single

o Permeable rocks

o Impermeable rocks

Fig. 2. Scatter diagram for geological

and geophysical parameters
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samples. The class of impermeable rocks is within
a range from 0.4 to 1.0 for geological parameters
and from 0.5 to 1.0 for geophysical parameters,
with exception of single samples. Fields of points
associated with different classes are not
overlapped. That allows concluding that the
method is effective for separation of thickness into
permeable and impermeable parts.

Conclusion

All the materials used during the research
belong to a well of Sofyinskoe field. Analysis of
the method for reservoir separation is carried out.
The most significant parameters influencing
differentiation of a well section are determined.
Linear models were built to bring geophysical

methods with various dimensions and cores study
data to a single denominator.

Grading of geophysical methods and
geological data by their influence on separation
of a well section was carried out. A complex
probabilistic =~ parameter ~ with  involvement
of different amount of variables is calculated.
Use of core data increases rock differentiation.
Most of geophysical parameters increase
differentiation of rocks as well. Nevertheless,
some indicators, on contrary, cannot help
with separation of rocks into permeable and
impermeable ones.

Thanks to this method, it is possible to perform
much comprehensive separation of rock strata into
permeable and impermeable parts.
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