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Keywords: Today, 3D seismic surveys carried out in the south of Perm Krai are increasingly focused on identifying and preparing for deep
geological and morphological drilling local geological structures, the amplitude of which is often comparable to the accuracy of structural constructions. Based
characteristics, amplitude of the on this, there is a need to develop a new geological and statistical approach that allows assessing the risks associated with the
structure, geological exploration, problem of unconfirmability of prepared objects by deep drilling. Minimizing such risks would reduce the number of negative
confirmability of structures by deep results of exploration and appraisal drilling, which would directly affect the efficiency of the oil and gas producing enterprise in
drilling, risk assessment, reflecting the field of geological exploration for oil and gas.

horizon, geological and statistical This article proposes one of the options for developing a geological-statistical approach to assessing the accuracy of the structural
approach. constructions of the studied area, which allows drawing conclusions about the degree of exploration of the territory under consideration.

Based on the results obtained, conclusions were drawn about the correspondence of the structural plans of the reflecting horizons of the
southern part of the Perm region with each other. A comparison of the obtained boundary values of discrepancies with the errors of
structural constructions estimated from the results of 3D CDP seismic surveys in the south of Perm Krai.

This geological and statistical approach can be used to clarify the risks associated with the problem of unconfirmation of the
geological and morphological characteristics of structures.

KorrogeBsre ciroBa: Ha ceropgHAmHMiI neHb ceficMopa3Befo4Hble paGoTel 3D, MPOBOAMMEIE Ha TePPUTOpPHHU Iora IlepMckoro kpas, Bce Gosiblne
reoJIoro-Mopdosiornieckue OPHMEHTHPOBaHbl Ha BBIABJIEHHE M IMOATOTOBKY K IJIyDOKOMY OypeHHIO JIOKAJIBHBIX TEO0JIOTMYeCKHX CTPYKTYp, aMILIMTyAa
XapaKTepUCTHKH, aMIUIUTya KOTOPBIX YaCTO COMOCTaBMMa C TOYHOCTBIO CTPYKTYPHBIX MOCTPOEHUIL. McXosa U3 3TOro, BO3HMKAaeT HeOOX0UMOCTb Pa3paboTKH
CTPYKTYPBI, T€0JIOr0-pa3BejoyHbIe HOBOTO T€0JIOr0-CTaTUCTUYECKOr0 MOJX0/1a, IO3BOJIAIOIIEro OLEHUTh PUCKH, CBA3aHHBIE C NMPOOGJIEMOIl HEemoATBepPXKAaeMOCTH
PpaboTHI, TOATBEPXKAAEMOCTh HOATOTOBJIEHHBIX OOBEKTOB TIJIyGOKMM OypeHrMeM. MHHHMU3aLMs TaKUX PHCKOB IO3BOJIMUIA OBl CHU3UTh KOJINYECTBO
CTPYKTYp IJIyGOKUM GypeHueMm, OTPUIATEJIbHBIX Pe3yJIbTaTOB IOVCKOBO-OLICHOYHOro GypeHus, 4TO HANpAMYI INOBJIMAIO Obl Ha 3PPEeKTUBHOCTD AeATeJIbHOCTH
OlIEHKA PUCKOB, OTPaXXalomuit HedTeraso[00bIBaOIEro IPeNpPUATUA B 06J1aCTH Ie0JI0ro-pa3Be/JOUHbBIX paboT Ha HedTh U ras.

TOPHU30HT, I€0JI0r0-CTaTUCTUYECKUI IIpeanaraercsa OfVH M3 BAPUAHTOB Pa3pabOTKU TreoJIOro-CTaTHCTUYECKOro MOJXOJA K OLEHKe TOYHOCTH CTPYKTYPHBIX IOCTPOEHMiA
HOJX0J. M3y4aeMoii BRIOOPKH, MO3BOJISIOMIA CIeJIaTh BHIBOAIBI O CTENEHH M3Y4eHHOCTH paccMaTpUBaeMoil TeppuTopui. Ha ocHOBe MoJTy4eHHBIX

Pe3y/IbTaToB C/ieJIaHbl BHIBOJBI O COOTBETCTBUM CTPYKTYPHBIX IUIAHOB OTPaXKAIOI[IX TOPU30HTOB I0XKHOI YacTy ITepMCKOro Kpas Mexmy
co60i1; Takke MPUBOJUTCA COIOCTABJIeHUE NOJTyYeHHbIX MPAHMYHBIX 3HAYEHUE HeBA30K € MOrPeNIHOCTAMM CTPYKTYPHBIX IIOCTPOEHUI,
OLleHeHHbIMH 110 Pe3yJIbTaTaM BBIIOJIHEHHA cekicMopa3BejouHbx pador MOI'T 3D B 1oxHO¥ yacTy [TepMCcKOro Kpas.

JIaHHBII Ie0JIoro-CTaTUCTHYECKUE TOAX0/] MOXET MPUMEHATHCSA [JI YTOUHEHHA PUCKOB, CBA3AHHBIX C POGJIEMOi! HENOTBEePKAaeMOCTH
reos10ro-MopdoIOrnYecKrX XapakTepUCTHK CTPYKTYP.
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Introduction

One of the ways to assess the accuracy of structural
interpretations of reflecting horizons is considered in
the paper, based on the analysis of the amplitude
discrepancies between structures confirmed by drilling and
structures prepared for deep drilling.

Minimizing the risks associated with the problem of
prepared object unconfirmability by deep drilling would
reduce the number of negative exploration and appraisal
drilling, which would directly affect the efficiency of the oil
and gas producing enterprise in the field of oil and gas
geological exploration [1].

The studied sample comprised structures prepared for
deep drilling by various methods (structural drilling, seismic
exploration by the 2D and 3D common depth point (CDP)
method). The sample size is sufficient to conduct a
full-fledged regression analysis by reflecting horizons
I (19 structures), II’ (99 structures), II¥ (97 structures),
I’ (43 structures), I¥ (21 structures) [2-8].

To analyze the discrepancy nature between the
amplitudes of structures according to drilling data (A,) and
the amplitudes of structures prepared for deep drilling
according to passport data (4,), and to assess the accuracy of
structural constructions according to reflecting horizons III,
I%, %, %, I¥, a stepwise multiple regression was performed
using Statistica software for groups with different numbers of
structures A, already drilled at the time of the study in the
southern region of the Perm Krai [9-24].

Independent variables in this study, in addition to the
amplitude of the structure prepared for deep drilling,
according to the data sheet (A4,) were such geological and
morphological characteristics as the length (D) and width of
the structure (5), the width ratio of the structure to its length
(S/D), the area of the structure along the corresponding
reflecting horizon (S;), the intensity of the structure (I),
the angle of consistency of the structure and the axis
(or boundary) of the nearest tectonic element (y), the distance
from the structure to the center (Z'.) and the nearest edge
(Z'p) of the first-order tectonic element, the distance from the
center of the first-order tectonic element (D';, calculated as
the ratio of L'. to the sum of L!. and L',), as well as the
distance from the structure to the center (L%,) and the nearest
edge (L%) of a second-order tectonic element [25-42].

During the stepwise increase of A, the influence of
statistically significant parameters on A, was analyzed
[43-52].

Bold font is used in tables to highlight statistically
significant parameters, for which the p-criterion value,
that characterizes the probability of a first-order errors
type, is less than or equal to 0.05.

Justification of the boundary values
of the |Ap — Ap| parameter for reflecting horizon lli

Table 1 presents the results of the regression study
Ap = (4, S D, D, S L v, L', L'y, D', L, I%) with
the |A, — A4p| parameter in ascending order for reflecting
horizon III

As can be seen from the data in the table, regression
was performed for N ranging from 9 to 19 structures
inclusive, based on the reflecting horizon III.

The results of this regression study for reflecting horizon
Il allowed combining the obtained geo-statistical models,
similar in the influence nature of significant parameters.
Thus, for the reflecting horizon III, one class of structures was
identified.

Statistically significant parameters controlling the model
in the range of N from 9 to 19 are A, and, fragmentarily
‘9RH’ I; Dl C-

The coefficient of multiple correlation (R?) in this interval
varies from 0.523 to 1.000, gradually decreasing. The value
of the p-criterion in the interval of the formed geo-statistical
model fluctuates around 0.000-0.004.

Correlation field B = f|A, - Ay|) based on the results
of regression analysis for reflecting horizon III is shown
in Fig. 1, a.

When analyzing the data in Table 1 and Fig. 1, a, we see
that there is no fundamental restructuring of the geo-
statistical model in the considered interval |4, — A;| from 4
to 14 m, which suggests the existence of a boundary value of
the | A, — A,| parameter outside the considered range.

Justification of the boundary values of the |Ap — Ap|
parameter for the reflecting horizon Il

Table 2 presents the results of the regression study A, =
= KAP,v ‘S; l)) S/])) ‘S{H} I; Ys Llc’ LIE’ ch’ LZC: LzE) Wlth
the |A, — A,| parameter in ascending order based on the
reflecting horizon II®.

Multiple correlation coefficient (R?) in this interval
varies from 0.401 to 0.614, gradually decreasing. The p-
criterion of the geo-statistical model formed in this
interval fluctuates around 0.000.

Table 1
Results of the regression study A, = f{Ap, S, D, $/D, Spis L v, L' L'y, D' L2 L))
with the |4, — A,| parameter in ascending order by reflecting horizon III
Coefficients for parameters, fractions of units. R, p-cr.,

Ay, Ay, |Ap- A, B fr.of
m m

S

fr. (;f fr.of SE,m

m units Ay Swi I D S S/D Y L' 'y D' 2. Iy nits  units
1 6 6 0
2 14 14 0
3 21 21 0
4 6 7 1
5 7 8 1
6 9 7 2
7 12 14 2
8 9 6 3
9 7 3 4 -2.155 1.818 -3.076 -0.784 -0.616 0.050 -0.065 0.549 -0.463 1.000 0.000
0 7 3 4 0.782 1.566 -2.972 -0.953 0.149 0.063 0.030 0.993 0.002 0.797
1 9 13 4 -0.577 1.243 -0.416 0.030 0.095 0.960 0.000 1.437
12 25 20 5 -0.577 1.243 -0.416 0.030 0.095 0.960 0.000 1.437
13 9 3 6 2.553 0.828 -8.087 0.220 0.842 0.001 2.843
14 21 14 7 5.095 0.701 -7.260 0.237 0.810 0.001 3.014
15 17 9 8 5.174 0.687 -9.374 0.137 0.752 0.001 3.286
16 13 3 10 3.518 0.728 -8.259 0.136 0.638 0.001 3.703
17 14 3 11 5.007 0.651 -5.087 0.623 0.001 3.821
18 19 6 13 6.913 0.543 -9.016 0.529 0.004 4.236
19 22 8 14 7.944 0.505 -10.203 0.523 0.003 4.130
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Table 2
Results of the regression study A, = {A,, S, D, $D, S, L v, L', L'y, D', I, 1)
with the |4, - A,| parameter in ascending order by the reflecting horizon II”
o Ay A, A, - B, fr. of Coefficients for parameters, fractions of units. RZE; ffr. ﬁ-cgg @ m
m m  A,m  units Ap Spr 7 D s 8§D Y I I De I Py ynits  units ’

T 6 6 0
2 12 12 0
3 12 12 0
7 14 14 0
5 16 16 0
6 18 18 0
7 20 20 0
8 20 20 0 0.000 __1.000 T.000 0.000
5 8 7 1 2016 1.047 0.035 _ 0.290 0.014 0.027 _1.000 _0.000 0.126
0 13 12 1 0959  1.018 1.857 _0.010 0059 0.078 0.998 _0.000 0.297
T 13 12 T 3789 1.042 1154 0.007 0,050 _0.040 0.998 _0.000 0.328
1214 13 T 3306 09360525 0.076 0.010 _0.055 _0.038 0017 0.999 _0.000 0.219
13 15 14 1 3380 _0.938 0536 _ 0.080 0.010 0.054 0.037 0012 0.999 0.000 0.199
4 20 19 1 3838 1.064 T121 0013 0.047 0.030 0012 0.997 _0.000 0.327
15 20 19 1 -3.035__ 0.995 0.586 0.050 0.048 0.992 " 0.000 0.451
1621 20 1 7770 _1.077 0553 0044 2505 2.861 _8.078 0.015 0.035 0.004 0,032 0.998 _0.000 0.325
17 17 18 T 7.383 1117 0432 -0.049 1.878 0.000 0.008 0.107 5404 0.996 _0.000 0.416
8 9 7 2 3592 1.083 0704 __-0.010 1.605 0.042 _0.028 0.989 _0.000 _0.600
9 9 7 2 2211  1.166 0586 -0.049 0.684 2140 _0.007 _0.025 0.990 _0.000 0.634
20 12 10 2 2.476  1.167 __0.680 _-0.046 1.044  2.4%6 0.026 0,023 0.080 0.000 0.621
21 1210 2 4621 1211 0.437 _-0.061 3.206  0.008  0.025 0,036 0.985 0.000 0.716
22 13 11 2 3250 1.066 1573 0.022 0.973 _0.000 _0.830
23 15 13 2 5.023 1213 0472 0.05 3.399  0.008 _0.030 0.030 0.980 _0.000 0.786
24 18 16 2 1.584  1.061 0.949 _0.000 1.033
%5 27 25 2 1452 1.048 0.945 0.000 1.056
2% 14 16 2 0.025  1.008 0.953 _0.000 _1.080
27 24 26 2 0.808  1.057 0.377 0.955 0.000 1163
28 34 36 2 0.579 _ 1.085 16410036 0.973 0.000 1144
20 13 10 3 0.545  1.091 1790 _0.045 0.972 0.000 1167
30 14 11 3 0.652  1.094 1,914 0.039 0.968 _0.000 1.218
31 15 12 3 1350 1.093 0,035 0.964 _0.000 1.054
32 18 14 7 0.810 _ 1.067 2.288 0.051 0,049 0.036 0053 0.000 1.494
33 20 16 7 T1.661  1.049 1.734 0,035 0.939 _0.000 1.609
34 7 11 7 0.026 _ 1.033 0.051 0.929 0.000 1.683
35 10 5 5 2032 1.053 2.165 0,039 0.929 0.000 1.743
36 10 5 5 2736 1.064 2.868 0,037 0.930 _0.000 L.761
37 116 5 1.838  1.070 3.169 0.057 _-0.041 0.934 _0.000 1757
38 13 8 5 T1.202  1.083 T.102 0.074 0.040 0.929 _0.000 1.808
39 11 11 5 0.896 _1.076 0.961 0.074 0.041 0.02/ _0.000 1818
30 19 14 5 1202 1.083 1.102 0.074 -0.040 0.929 0.000 1.808
T 22 17 5 0.896  1.076 0.961 0.074 0.041 0.927 _0.000 1.818
32 25 20 5 0.802  1.057 0.790 -0.080 0.915 _0.000 1.902
33 1116 5 2412 1.039 3.366 0,047 0.892 _0.000 2.118
22 1116 5 1.876  1.019 3.371 ~0.050 0.869 0.000 2.306
75 23 28 5 2665 1.013 5.819 0.855 0.000 2.476
76 3136 5 5.479  1.060 6.115 0.874 _0.000 2.554
37 115 6 5757 1.074 6.036 0.869 _0.000 2.628
38 18 12 6 3539 1.074 0,692 4.369 0.860 _0.000 2.723
39 22 16 6 5.097  1.046 5.273 0.841 _0.000 _2.840
50 25 10 5 2271 1.040 1495 6935 0.831 _0.000 2.932
51 12 18 8 2178 1.012 1226 6.863 0.821 _0.000 _2.997
52 20 26 6 2751 1.006 5.660 2614 0.063 _0.817 _0.000 3.110
53 10 3 7 3.015  1.030 4316 0,054 0.815__0.000 3.148
54 12 5 7 2545  1.037 %.268 0,067 0.813 _0.000 3.187
55 14 7 7 3.454  1.047 7.636 0.053 0.802 _0.000 3.287
56 15 8 7 3357  1.044 2.940 2917 0.792 _0.000 3.361
57 24 17 7 1.848  1.015 3.723 3.628 0.777 _0.000 3.447
58 10 17 7 2021 1.006 0.084 0.735 _0.000 3.695
59 15 22 7 2502 1.003 0.071 0.712__0.000 3.855
60 17 24 7 2.497  0.951 0.064 0.076 0.710 _0.000 3.925
61 17 24 7 2.603  0.961 0.056 0.093 0.700 _0.000 4.013
62 19 26 7 3.050 1.019 0.053 0.111 0,690 _0.000 _4.088
63 32 39 7 3764 1.072 0.109 0.723 _0.000 4.157
64 10 2 3 5178 1.089 2.765 0.072 0.723 _0.000 4.258
65 17 9 3 5.041  1.077 2.893 0.079 0.088 0719 _0.000 4.312
66 19 11 3 5350 1.068 3.476 0.084 0.094 0712 0.000 4.335
67 27 19 3 25190  1.075 __0.630 0.088 0,000 _0.704 _0.000 _4.369
68 18 26 3 2760 1.084 _-0.720 0.106 0.073 0699 0.000 4.435
69 18 26 3 3.030 1.086 _ -0.657 0.121 0.074 0601 _0.000 4.513
70 20 28 3 2.686 1.104 _-0.778 0.104 0.079 0684 0.000 4.615
71 26 34 3 2233 1.120 1125 0.115 0.077 0695 0.000 4.664
72 17 8 5 2676 1116 1.043 0.113 0.679 _0.000 4.747
73 20 11 5 2.848  1.105 1.000 0.123 0.669 0.000 4.798
7420 11 9 2463 1.102 1.240 0.126 0.663 _0.000 4.813
75 11 20 9 2086 1.052 0.137 0.629 _0.000 _4.990
76 19 28 9 3818 1.062 0.137 0091 0.625 0.000 5.096
77 23 32 5 4219 1.077 0.152 0.098 0635 0.000 5.121
78 30 390 5 4.846  1.109 0.162 0.093 0650 0.000 5.149
79 13 24 i 4.024  1.094 0.141 0.108 0633 0.000 5.338
80 18 29 11 5.006  1.082 0.922 0.141 0.620 _0.000 5.468
8T 20 8 2 6.123  1.067 1.095 0.140 0.602_0.000 5502
52 28 16 12 17864 0.968 5275 6474 18962 0.094 0255 0338 0596 0000 5711
53 3 15 12 19643 1.004 _ -1.388 6932 5826 19450 0.081 0213 0283 0614 0000 5650
%4 33 45 12 5.803  1.006 2.077 0.097 0228 0321 0601 _0.000 5918
85 15 2 13 6160 1011 2400 0.001 0212 0.308 0590 0.000 6.060
86 15 2 13 17444 1035 7044 4331 18805 0202 0428 0609 0.000 6002
57 19 6 13 15503 1018 1784 7171 13268 0273 04160597 _0.000 6100
38 22 8 17 16188 1.002 1654 7131 14.209 0290 0450 0501 0000 6135
59 28 14 14 13042 0.961 1522 10.600 0.097 0306 0454 05/8 0000 6197
50 38 % 14 10807 0.865 1422 10.403 0.123 0229 0391 0531 _0.000 6510
9l 10 24 14 12504 0927 1.748 10494 0.099 0204 0450 0550 0.000 6.390
92 24 9 15 10451 0.841 1392 10.563 0.107 0233 0373 0504 0.000 6675
93 28 13 15 10598 0.820 1428 10852 0.111 0258 0406 0497 _0.000 6687
94 31 16 15 10330 0.803 132 T1.252 0.100 0267 0425 0492 _0.000 _6.687
%5 7 2 15 9714 0776 1.279 11355 0.101 0.288 0455 0474 0000 6773
9% 16 32 16 7464 0760 2.767 6820 0.097 0315 0462 0473 0.000 6850
97 27 10 17 5447 0780 3268 0.085 0333 0480 0443 0.000 6984
98 23 3 20 5467 0761 3133 0.115 0306 0460 0421 0000 7.162
59 30 10 20 5139 0723 7.727 0.123 0337 0477 0401 0000 7.262
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Fig. 1. Correlation field B = f| A, — A4;|) according to the results of regression analysis by reflecting horizon: a—IIl; 5-II; c- II%; d- I, e~ I*

As can be seen from Table 2, the regression was
performed for N from 8 to 99 structures inclusive along
the II® reflecting horizon.

The results of this regression analysis for reflecting
horizon II’ allowed combining the obtained geo-
statistical models, similar in the nature of the influence
of significant parameters. Thus, two classes of structures
were identified for the reflecting horizon II°.

Class "1" corresponds to the first stable geo-statistical
model, observed for Vfrom 8 to 80.

Statistically significant parameters that control the model
in this interval, are A, and fragmentary, S, D, S/D, S, L v,
Lo I

Multiple correlation coefficient (R?) in this interval
varies from 0.620 to 1.000, gradually decreasing. The p-
criterion in this interval of the formed geo-statistical
model fluctuates around 0.000.

The reconstruction of the geo-statistical model from
the first to the second occurs at N equal to 81.

Class "2" corresponds to the second stable geo-
statistical model, observed at N from 81 to 99.

Statistically significant parameters that control the
model in this interval are A,, $/D, L% and, fragmentarily,
‘S; DJ LlE’ LZC'

The correlation field B = f|A, — Ay|) based on the
results of the regression analysis for the reflecting horizon
II* is presented in figure 1, b.

Having analyzed Table 2 and Fig. 1, b, we can
conclude that the boundary value of the |4, — A
parameter is in the range from 11 to 12 m (11.5 m is
taken as the average value).

Justification of the boundary values of the |Ap — Ap|
parameter for the reflecting horizon IIf

Table 3 presents the results of the regression study
AD = KAP7 ‘S; 1): S/]); SR}I, I: Y5 Llc’ LIE: ch’ LzC) LZE) Wlth
the |A, — Ap| parameter in ascending order for the
reflecting horizon II-.

As can be seen from Table 3, the regression was
performed for N from 8 to 97 structures inclusive for the
reflecting horizon II%.

The results of this regression study for reflecting
horizon II* allowed combining the obtained geo-

statistical models, similar in the nature of the influence
of significant parameters. Thus, for the reflecting horizon
II* two classes of structures were identified.

Class "1" corresponds to the first stable geo-statistical
model, observed at NV from 11 to 80.

Statistically significant parameters that control the model
in this interval are 4, and, in part, S, S/D, v, L'y, D'..

The multiple correlation coefficient (R?) in this interval
varies between 0.667 and 1.000, gradually decreasing.
The value of the p-criterion in this interval of the formed
geo-statistical model fluctuates around 0.000.

The reconstruction of the geo-statistical model from
the first to the second occurs at Vequal to 81.

Class "2" corresponds to the second stable geological-
statistical model, observed at N from 81 to 97.

Statistically significant parameters that control the model
in this interval are 4,, S, and, fragmentarily, I';, D'..

The coefficient of multiple correlation (R?) in this interval
varies from 0.408 to 0.673, gradually decreasing.
The p-criterion in this interval of the formed geo-statistical
model fluctuates around 0.000.

Correlation field B = f|A, — Ap|) based on the results
of the regression analysis for reflecting horizon II* is
shown in Fig. 1, c.

Having analyzed the data in Table 3 and Fig. 1, ¢
we can conclude that the boundary value of the |Ap — A4p|
parameter is in the range from 9 to 10 m (9.5 m is taken
as the average value).

Justification of the boundary values of the |Ap — Ap|
parameter for the reflecting horizon I”

Table 4 presents the results of the regression study
AD = KAP) ‘5; l): S/D; 'SRH’ 1; Ys LIC’ LIE) DlC; LZC) LZE) Wlth
the |A, — A,| parameter in ascending order for the
reflecting horizon I”.

As can be seen from Table 4, the regression was
performed for N from 10 to 43 structures inclusive for the
reflecting horizon I*.

The results of this regression study for reflecting
horizon I* allowed combining the obtained geo-statistical
models, similar in the nature of the significant
parameters influence. Thus, for the reflecting horizon I
two classes of structures were identified.

HEAPOMNOJIb3OBAHUE

GEOLOGY, EXPLORATION AND PROSPECTING OF OIL AND GAS FIELDS




PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

Table 3
Results of the regression study A, = {A,, S, D, $D, S, L, v, L', L, D', L%, L)
with the | A4, - 4,| parameter in ascending order by the reflecting horizon II*
Coefficients for parameters, fractions of units. R fr. p-cr,

A Ap,  |Ap- B fr.of

§

of fr.of SE,m

m m A, m units Ay Swiw I D S S/D Y L' 'y D' I* % units  units

1 7 7 0

2 11 11 0

3 12 12 0

4 15 15 0

5 18 18 0

6 26 26 0

7 6 5 1

8 9 8 1

9 10 9 1

10 8 9 1

11 9 10 1 5.417 1.069 0.716 -0.117 -3.372 -0.017 0.019 0.011 -6.155  0.006 0.098 1.000 0.000
12 11 10 1 3.096 0.969 -4.067  -0.024 0.059 -2.455 0.075 0.029 0.999 0.000 0.317
13 11 10 1 0.463 1.037 -3.233 -0.007 0.053 0.993 0.000 0.577
14 12 11 1 0.291 1.037 -3.139 -0.007 0.057 0.991 0.000 0.594
15 11 12 1 0.217 1.032 -2.966  -0.010 0.067 0.989 0.000 0.619
16 13 12 1 0.061 1.032 -2.916 -0.008 0.068 0.987 0.000 0.643
17 14 13 1 0.058 1.032 -2.881 -0.008 0.067 0.987 0.000 0.616
18 15 14 1 0.850 1.029 -3.610 -0.014 -0.014 0.076 0.988 0.000 0.609
19 25 26 1 0.747 1.010 -2.999 -0.018 -0.015 0.069 0.050 -0.067 0.994 0.000 0.565
20 9 7 2 -0.903 1.050 -1.844 0.056 0.984 0.000 0.758
21 8 10 2 -1.007 1.018 0.032 0.971 0.000 0.978
22 12 10 2 -0.336 1.013 -2.360 0.049 0.037 0.973 0.000 0.980
23 12 10 2 -1.298 1.019 0.042 0.965 0.000 1.025
24 15 13 2 -1.215 1.011 0.038 0.960 0.000 1.076
25 17 19 2 -1.450 1.022 0.048 0.958 0.000 1.109
26 17 19 2 -1.621 1.029 0.055 0.958 0.000 1.119
27 17 19 2 -1.734 1.041 0.057 0.956 0.000 1.160
28 26 28 2 -1.939 1.057 0.058 0.965 0.000 1.150
29 27 29 2 -2.102 1.072 0.058 0.971 0.000 1.144
30 33 35 2 -2.207 1.084 0.056 0.979 0.000 1.129
31 9 6 3 -2.327 1.099 0.045 0.975 0.000 1.242
32 3 6 3 -3.973 1.093 2.889 0.020 0.021 0.972 0.000 1.351
33 10 7 3 -4.124 1.097 3.055 0.017 0.021 0.968 0.000 1.434
34 11 8 3 -2.944 1.080 3.074 0.962 0.000 1.495
35 13 10 3 -3.225 1.071 2.678 0.032 0.961 0.000 1.526
36 7 10 3 -3.361 1.058 3.144 0.039 0.959 0.000 1.551
37 14 11 3 -3.410 1.055 2.863 0.049 0.956 0.000 1.579
38 15 12 3 -3.749 1.052 3.508 0.056 -0.054 0.954 0.000 1.616
39 18 15 3 -3.833 1.046 4.090 0.041 -0.045 0.949 0.000 1.687
40 10 6 4 -6.817 1.156 -0.186 1.910 -5.269 12.408 0.044 0.951 0.000 1.702
41 12 8 4 -4.227 1.087 -0.099 4,707 0.057 -0.052 0.945 0.000 1.759
42 14 10 4 -4.446 1.087 -0.102 5.097 0.059 -0.065 0.943 0.000 1.763
43 16 12 4 -5.686 1.011 0.619 5.129 0.070 -0.070 0.942 0.000 1.755
44 17 13 4 -5.409 0.999 0.638 4,274 0.079 -0.050 0.933 0.000 1.857
45 10 14 4 -5.117 0.986 0.681 4.273 0.076 -0.059 0.921 0.000 2.001
46 10 14 4 -1.271 0.981 1.215 -1.205 0.075 0.899 0.000 2.208
47 19 15 4 -1.508 0.966 1.252 -1.111 0.084 0.895 0.000 2.219
48 13 17 4 -4.277 0.962 0.698 3.310 0.086 -0.067 0.896 0.000 2.218
49 13 17 4 -3.531 0.908 0.993 0.101 0.107 -0.054 0.884 0.000 2.323
50 15 19 4 -1.917 1.000 0.101 -0.060 0.876 0.000 2.348
51 8 3 5 -3.411 1.014 2.551 0.090 -0.068 0.879 0.000 2.371
52 12 7 5 -2.196 1.022 0.078 0.856 0.000 2.529
53 13 8 5 -2.332 1.023 0.081 0.850 0.000 2.570
54 14 9 5 -3.484 1.025 2.495 0.059 0.846 0.000 2.613
55 17 12 5 -3.530 1.016 2.530 0.064 0.840 0.000 2.642
56 11 16 5 -3.378 1.008 2.770 0.059 0.825 0.000 2.738
57 12 17 5 -1.909 1.000 0.077 0.805 0.000 2.845
58 14 19 5 -3.034 1.004 2.664 0.057 0.801 0.000 2.900
59 16 21 5 -3.252 0.998 2.297 0.046 0.070 0.799 0.000 2.951
60 26 31 5 -3.799 1.027 2.784 0.047 0.065 0.817 0.000 2.975
61 13 7 6 -3.884 1.026 2.510 0.051 0.071 0.809 0.000 3.032
62 22 16 6 -2.643 1.001 0.079 0.069 0.794 0.000 3.101
63 11 17 6 -3.106 0.974 0.412 0.080 0.082 0.780 0.000 3.207
64 15 21 6 -4,660 0.976 1.596 -3.590 6.222 0.060 0.091 0.784 0.000 3.243
65 18 24 6 -2.312 1.008 3.352 -0.020 0.059 0.764 0.000 3.364
66 19 25 6 -4.886 1.015 1.445 -3.230 7.691 0.084 0.775 0.000 3.357
67 20 26 6 -3.395 1.028 0.364 4,939 -0.020 0.771 0.000 3.410
68 10 3 7 -3.674 1.038 0.418 4.864 -0.021 0.767 0.000 3.473
69 13 6 7 -4.216 1.045 2.196 0.056 0.749 0.000 3.586
70 14 7 7 -4.376 1.044 2.222 0.059 0.740 0.000 3.649
71 15 8 7 -4.601 1.038 2.332 0.066 0.731 0.000 3.697
72 17 10 7 -4.480 1.029 2.344 0.059 0.718 0.000 3.768
73 21 14 7 -4.784 1.007 2.654 0.072 0.712 0.000 3.778
74 11 3 8 -5.065 1.016 2.746 0.069 0.707 0.000 3.843
75 8 8 8 -4.936 1.012 2.672 0.071 0.709 0.000 3.821
76 20 12 8 -3.618 0.981 2.286 -0.019 0.069 0.695 0.000 3.911
77 22 14 8 -4.841 0.969 2.830 0.082 0.684 0.000 3.926
78 13 21 8 -5.147 0.960 3.107 0.095 0.678 0.000 3.971
79 14 22 8 -5.401 0.955 3.309 0.106 0.672 0.000 4.017
80 10 1 9 -5.680 0.972 3.327 0.101 0.667 0.000 4.108
81 13 3 10 -3.725 0.978 1.753 -1.464 0.669 0.133 0.673 0.000 4.156
82 17 7 10 -3.520 0.970 2.056 -1.532 -0.065 0.145 0.661 0.000 4.224
83 10 20 10 -3.642 0.950 1.986 -1.406 0.164 0.643 0.000 4.302
84 12 22 10 -4.781 0.941 1.221 0.162 0.607 0.000 4.496
85 20 30 10 2.069 0.955 1.366 -7.540 0.631 0.000 4.473
86 29 39 10 1.087 1.025 1.318 -7.199 0.653 0.000 4.610
87 15 4 11 2.800 1.029 2.169 -1.768 -6.492 -0.082 0.651 0.000 4.697
88 17 6 11 7.722 1.033 2.893 -3.371 -5.098 -7.266 0.630 0.000 4.837
89 23 12 11 3.091 0.996 1.869 -1.232 0.097 -11.782 -0.081 0.623 0.000 4.881
90 21 9 12 3.645 0.974 2.083 -1.505 0.093 -11.799 -0.094 0.613 0.000 4.927
91 31 17 14 4.520 0.918 0.802 -0.021  0.088 -11.670 -0.158 0.572 0.000 5.159
92 36 22 14 12.517 0.867 2.400 -3.327 -5.644  -0.021 -8.366 -0.100 0.560 0.000 5.259
93 16 30 14 11.655 0.873 2.435 -3.360 -5.258 -8.176 -0.115 0.541 0.000 5.443
94 27 11 16 6.972 0.804 1.493 -1.373 0.089 -11.704 -0.141 0.510 0.000 5.592
95 26 7 19 -1.890 0.735 1.016 0.186 -0.143 0.456 0.000 5.821
96 25 5 20 5.364 0.726 3.006 -3.860 -5.283 0.187 -0.122  0.451 0.000 5.917
97 31 10 21 3.995 0.692 2.927 -2.558 -3.180 0.175 -0.154 0.408 0.000 6.120
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Table 4
Results of the regression study A, = {A,, S, D, $D, S, L, v, L', L, D', L%, L)
with the | A4, — A4;| parameter in ascending order by the reflecting horizon I’
Ay Ay, |Ay=Al, B fr.of Coefficients for parameters, fractions of units. R, p-cr,
Y m m o m units 4 5 I D s s oo o, D o, o, nof frof SEm
P RED Y C E c 9 E units  units

T 7 7 0
2 7 7 0
3 9 9 0
4 3 2 1
5 3 4 1
6 6 5 1
7 6 7 1
8 7 8 1
9 9 8 1
0 2 4 2 8029 0554 0210 0020 1919 0034 0043 0015 0022 0080 1.000 0.000
1 6 4 2 14,061 10577 -0.030 0205 0175 0935 0001 0729
12 6 4 2 10198 0.861 6.770 -0.021 -0.201 0900 0001 0.862
3 7 5 2 10.352 0282 1500 3265 1207 -0.035 -0.025 -0.073 0943 0008 0.774
4 6 8 2 11119 0400 1305 3667 -0.332 0048 -0.028 0938 0001 0713
5 11 9 2 1904 0727 -0.017 0090 0774 0001 1173
6 10 12 2 5089 0592 5,559 0.033 0782 0000 1.348
17 15 13 2 3930 0695 ~4.647 0.034 0836 0000 1.320
B 7 4 3 3329 0693 4,146 0.044 0785 0000 1.507
9 8 5 3 3757 0.668 ~4.837 0.047 0777 0000 1.4
20 8 5 3 3765 0.645 4,975 0.055 0755 0000 1.532
21 9 6 3 3831 0615 5113 0.064 0742 0000 1526
2 7 3 4 4306 0614 -5.906 0.056 0721 0000 1.59
28 7 3 4 4149 0.608 5,996 0.063 0688 0000 1.69
24 7 3 4 3707 0626 -0.054 5122 0.081 07460000 1.574
2% 8 4 4 4406 0584 6471 0.070 0694 0000 1.660
2% 4 8 7 3018 0.644 0121 1154 3786 -0.001 0.102 0089 0154 0768 0000 1.624
27 7 11 4 6310 0.683 -0.134 2875 2.830 0.087 0122 0208 0679 0001 1912
28 12 7 5 6686 0606  -1024 0112 5,146 0.086 0108 0196 0648 0002 1.955
2 3 8 5 7534 0544 -0.134 3364 3.145 0.108 0118 0166 0615 0002 2009
30 15 20 5 0653 0786 -0.173 -4.282 4340 0116 0248 0685 0000 2343
31 10 3 7 8186 0560 0106 1444 -4.950 5434 0031 0641 0000 2.492
2 2 9 7 934 0.466 0113 1.630  -5.249 6044 0.029 0623 0000 2517
33 11 18 7 6240 0.463 10323 0.026 0124 0.062 0525 0001 3004
34 1 9 8 5.325 2577 0.020 5811 0415 0001  3.266
3% 6 14 8 5504 2577 0.020 5811 0415 0001  3.266
3 10 1 9 4558 2828 0.022 5.309 0407 0001 3422
37 14 5 9 4.430 2.824 0.023 5.331 0405 0001 3.387
38 15 6 9 4520 2817 0.022 5.468 0404 0000 3.344
39 22 9 13 2651 2777 0.022 5.568 0407 0000 3.298
0 3 3 14 2419 2.831 0.023 5.450 0418 0000 3.262
a3 17 14 4154 2510 0.039 ~4.380 0352 0003 3.680
2 8 24 16 3.943 2420 0.047 -3.460 0245 0013 4523
43 18 1 17 3614 2362 0.051 3.182 0240 0013 4574

Class “1” corresponds to the first stable geo-statistical
model, observed for &V from 10 to 33.

Statistically significant parameters that control the model
in this interval are A4, and, fragmentarily, S, S/D, S, £ v, L's
D, I*.

Multiple correlation coefficient (R*) in this interval
varies from 0.525 to 1.000, gradually decreasing. The
value of the p-criterion in this interval of the formed geo-
statistical model fluctuates around 0.000-0.008.

The reconstruction of the geo-statistical model from
the first to the second occurs at N equal to 34.

Class “2” corresponds to the second stable geo-
statistical model, observed at N from 34 to 43.

Statistically significant parameters controlling the
model in this interval are D and fragmentarily y, D'c. The
coefficient of multiple correlation (R?) in this interval
varies from 0.240 to 0.418, gradually decreasing. The
value of the p-criterion in this interval of the formed geol-
statistical model fluctuates around 0.000-0.013.

Correlation field B = f{|A, - Ay|) based on the results
of regression analysis for reflecting horizon I’ is shown in
Fig. 1, d.

Having analyzed the data in Table 4 and Fig. 1, d, we
can conclude that the boundary value of the |4, — A4
parameter is in the range from 7 to 8 m (7.5 m is taken as
the average value).

Justification of the boundary values of the parameter
|Ap — Ap| for the reflecting horizon I

Table 5 presents the results of the regression study
AD = KAP’ ‘S; D; S/DI ‘S;H—i: [: Y l'l(:: l'lE: Dl(:: LZC’ LZE) Wlth
the |A, — A| parameter in ascending order for the
reflecting horizon IF.

As can be seen from Table 5, the regression was
performed for N from 8 to 21 structures inclusive for the
reflecting horizon I~

The results of this regression study for reflecting horizon
I allowed combining the obtained geo-statistical models,
similar in the nature of significant parameters influence.
Thus, for the reflecting horizon IF two classes of structures
were identified.

Class "1" corresponds to the first stable geo-statistical
model, observed at N from 8 to 17.

Statistically significant parameters that control the
model in this interval are A, and fragmentary A4,, S, D,
SD, Sw L v, I'c;, D', I*.. The multiple correlation
coefficient (R?) in this interval varies from 0.799 up to
1,000, gradually decreasing.

The value of the p-criterion in this interval of the formed
geo-statistical model fluctuates around 0.000-0.002.

The geo-statistical model is reconstructed from the first
to the second at NVequal to 18.
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Table 5
; _ 171 2 72
Resul'ts of the regression study A]? = f(A,, .S} D, 5D, S L v, L', L B qu, L, IPp)
with the | A4, — A4;| parameter in ascending order by the reflecting horizon I®
o A Ay, Ay - B fr_. of Coefficients for parameters, fractions olf units. 1 - - RZE; ffr. ﬁ-.cgg sEm
m m  Ap,m  units Ay Swir I D S S/D Y g 'y D' 2. Py nits  units
1 4 4 0
2 6 6 0
38 8 0
4 9 9 0
5 2 3 T
6 2 3 T
7 4 5 1
8 1110 T 0491 0.880 0272 -0.025 0.763 0.116 4.496 1.000 _0.001 _ 0.005
9 11 8 3 2112 0733 0.087 _0.956___0.000 _0.637
10 12 9 3 2.246 0.717 -0.098 0.958 0.000 0.615
1 5 9 4 2103 0517 0.084 0799 0.002__1.307
12 13 17 4 12920 0458 8689 0294  8.126 0.656___0.042 01000988 0.001 _ 0.699
13 7 2 5 15.681 0.535 -0.494 -0.147 -0.315 0.850 0.002 1.903
4 9 7 5 16212 0525 0523 0150 0.329 0.856__ 0.001__ 1.804
15 13 8 5 17072 0.455 0538 0144 0.367 0.836___0.001__1.830
16 13 7 6 18.466 0.343 -0.475 -0.158 -0.409 0.818 0.000 1.836
1714 7 7 23.39% 0452 -0.333 0227 0578 0.144 0818 _ 0.001 _ 1.837
8 4 13 9 12720 0238 0.890 35.457 0511 0.016__2.883
19 20 10 10 13.357 -0.197 0.350 0.008 3.058
20 17 7 13 13.030 0184 0.373___0.004 2988
21 18 2 16 14.384 -0.266 0.037 10.189 0328 0.073__3.344
Table 6
Comparison of structural constructions the error for reflecting horizons III, IT®, II%, I®, I®
based on the results of 3D CDP seismic exploration with boundary |A4, - 4;| parameter values
Accuracy of structural constructions based on the results
. . of 3D CDP seismic exploration works, m The difference between the average value of structural accuracy
Reflecting ~ Limit value A 1 d the bound lue |4 - A
horizon |4, - 4], m verage value and the boundary value |4, - 4,|, m
D% (min/max)
Southern part of Perm Krai Northern part of Perm Krai Southern part of Perm Krai Northern part of Perm Krai
18.9 28.9
III > 14 (10—/32.5) (21—.2/41) < 49 < 149
12.4 23.2
P =7 e
I 115 (6.4/16.8) (12.9/33.9) 0.9 1.7
12.1 24.2
E _—— ==
I o5 (8/17.4) (13.2/34.2) 2.6 14.7
10.1 22.3
P _— L
I 7.5 (6/16.5) (9.1/35) 2.6 14.8
9.8 15.9
E =z =27
! 8 (7/15.1) (15.9/15.9) 18 79

Class “2” corresponds to the second stable geo-
statistical model, observed at N from 18 to 21.

Statistically significant parameters that control the model
in this interval are I'. and, fragmentarily, D'

The coefficient of multiple correlation (R?) in this interval
varies from 0.328 to 0.511, gradually decreasing. The value
of the p-criterion in this interval of the formed geo-statistical
model fluctuates around 0.004-0.073.

Correlation field B = f{|A, — Ap|) based on the results
of regression analysis for reflecting horizon I* is shown
in Fig. 1, e.

Having analyzed Table 5 and Fig. 1, e, we can conclude
that the boundary value of the |A, - 4,| parameter is in the
range from 7 to 9 m (8 m is taken as the average).

Justification for the correspondence
of structural maps of reflecting horizons

To justify the correspondence of structural maps of
reflecting horizons III, I, II%, I, I¥ summary correlation fields
were constructed between each other k(4,) = A|A, - A|)
where 4(A4,) is the coefficient value at A, (Fig. 2).

To justify the correspondence of structural maps of
reflecting horizons, the equations of trend lines and variation
ranges in the coefficient value at A, were analyzed for each
reflecting horizon:

— the trend line equation for reflecting horizon III is
kAy) = 1.7352-0.0997*(| Ap — Ap|), with a range of variation
in 4(A,) from 0.505 to 1.818;

- the trend line equation for reflecting horizon II* is
k(A,) = 1.1194-0.0129%(| A, - Ay|), with a range of variation
in &(Ap) from 0.723 to 1.213;

- the trend line equation for reflecting horizon II* is
kAy) = 1.0822-0.0136*(| Ay — A4p|), with a range of variation
in k(A,) from 0.692 to 1.156;

- the trend line equation for reflecting horizon PP is
kA) = 0.7272-0.0271*(|4, - Ap|), with a range of
variation in 4(A4;) from 0.463 to 0.786;

- the trend line equation for reflecting horizon [F is
kA) = 0.9934-0.1049*(|4, - Ap|), with a range of
variation in 4(A,) from 0.343 to 0.880;

Thus, for the reflecting horizons I and II, the trend lines
k(A,) are practically parallel to each other, and A(A4,) takes
values in the general range from 0.692 to 1.213, whereas for
the reflecting horizons I’ and I¥, a clearly non-zero angle is
observed between the trend lines A(A4,), but 4(A;) also takes
values in the general range from 0.343 to 0.880 (it is
necessary to take into account the unequal size of samples for
different reflecting horizons).

Based on the provided data, it can be concluded that
the structural plans for the pairs of reflecting horizons II” —
IT¥ and I’ - I* correspond to each other, while their plans
do not correspond to the structural plan for reflecting
horizon III. This confirms the geological structure concept
of the southern part of the Perm Krai.

Comparison of the obtained boundary values with
the results of calculating the accuracy of structural
constructions performed within the framework

of the 3D CDP seismic exploration reports

To compare the previously obtained boundary values
of |Ap — Ay| parameter with the accuracy of the structural
constructions reflecting horizons III, I1¥, II%, I?, I* based on
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the results of 3D CDP seismic surveys in the southern part
of the Perm Krai, 27 reports on seismic exploration works
were analyzed from 2007 to 2019 to assess the accuracy of
structural constructions for reflecting horizons [53, 54].

In all the studied reports, the structural constructions
accuracy was assessed according to the requirements set out
in the document "Guidelines for the Evaluation of the Quality
of Structural Constructions and the Reliability of Identified
Objects Based on CDP Seismic Reflection Method, 1984" [55].

As can be seen from Table 6, the structural constructions,
as well as the previously calculated boundary values of the
|Ap — Ap| parameter, have a minimum error at the overlying
horizons and a maximum error at the underlying horizons.

For comparison, Table 6 shows the error values of
structural constructions for the northern part of the Perm Krai
(according to data from nine reports on the results of 3D
seismic exploration works carried out at the same time).

The southern part of the Perm Krai is characterized by
little difference between the average value of structural
constructions accuracy calculated by the results of 3D
seismic exploration work and the boundary value |4, — A,
(for reflecting horizon III — no more than 4.9 m, for II* -
0.9 m, for It — 2.6 m, for I’ — 2.6 m, for I — 1.8 m), while
for the northern part of the Perm Krai it is characterized
by a large one (for reflecting horizon III — no more than
14.9 m, for I’ — 11.7 m, for II¥ — 14.7 m, for I’ — 14.8 m,
for I¥ — 7.9 m).

The small difference between the average value of the
structural constructions accuracy calculated by the results
of 3D CDP seismic surveys for the southern part of the
Perm Krai and the boundary value |A, - A4,| obtained in
this study allows us to conclude that the southern part of
the Perm Krai is more thoroughly studied compared to its
northern part. It also confirms the applicability of the geo-
statistical methods used, which support the conformity of
structural plans of the main reflecting horizons, mainly for
the southern part of the Perm Krai.

Conclusion

This study examined one of the options for developing
a geo-statistical approach to assessing the accuracy of
structural constructions of the studied sample based on the
analysis of structure amplitudes dependencies according to
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Fig. 2.Combined Correlation Field X(4,) = | Ap — Ap|)
according to the results of regression analysis

prospecting and appraisal drilling data on various
geo-morphological parameters. For each model, the nature
and degree of significant parameters influence on the
confirmability of the amplitude by drilling were
determined and described.

This approach allowed us to draw conclusions about the
degree of territory study under consideration. Based on the
results obtained, it was concluded that the structural plans of
reflecting horizons in the southern part of the Perm Krai
correspond to each other. Thus, in the southern part of the
Perm Krai can be observed a correspondence of structural
plans separately for pairs of reflecting horizons IIP - IIE and
IP - IE and a mismatch of their plans with the structural plan
of reflecting horizon III, which confirms the geological
structure concept of the studied territory.

The obtained boundary values of discrepancies were
compared with the errors of structural constructions
assessed by the results of 3D CDP seismic exploration in
the Perm Krai. Based on this, conclusions were drawn that
the southern part of the Perm Krai is more thoroughly studied
compared to its northern part

This geo-statistical approach can be used to clarify the
risks associated with the problem of geo-morphological
characteristics unconfirmability of structures by deep
drilling.
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