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Summary. Improving the efficiency and quality of well drilling largely depends on improving
the quality of information received. The quality of decisions made during drilling also substantially
depends on the quality of information. Widely used in recent years in world practice, mud logging
in the process of drilling allows us to solve a number of problems in the drilling process, when in-
formation about the section of the well being drilled is missing or is available in a limited amount.
The application of the results of the complex of geological, geophysical and technological research
allows us to study more deeply the section and thereby improve the quality of decisions.

The article discusses ways to improve the quality of information and obtain more extensive in-
formation about the drilled rock, which allows us to divide the section into homogeneous intervals.
For this purpose, an approach known from fuzzy logic was applied to find the appropriate criterion
for each of the indicators under consideration, and then their average harmonic value was calculat-
ed. The relationship between the mean harmonic value and the depth serves to define the bounda-
ries between the intervals. The above algorithm was used for calculations for four wells in the Ba-
har field, and the results were clearly demonstrated using figures.

© 2020 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

The efficiency and quality of well drilling large-
ly depends on the quality of the information re-
ceived. The quality of decisions made during the
drilling process also substantially depends on the
quality of information. The low quality of the infor-
mation received is one of the reasons for making
erroneous decisions, which in turn leads to compli-
cations, accidents and in general to a decrease in the
technical and economic indicators of well drilling.
The aforementioned as well as the experience of
drilling wells and numerous studies indicate the need
to use appropriate methods of data processing and
information analysis.

In recent years a large number of studies have
accumulated on the process of interaction of a rock-
cutting tool with a rock, in which methods and tools
for determining the physical-mechanical properties
and abrasiveness of rocks are proposed. These in-
clude experimental studies, studies based on the
analysis of geological and geophysical information,
as well as based on classification methods. In gen-

eral, an analysis of the work performed shows that it
is now possible to increase the level of decisions
made by using complex geological, geophysical and
technological information which forms the basis of
technological decisions. Information of this nature
can be obtained in various ways but to obtain and
use such information it is also necessary to use mod-
ern methods of data processing and information
analysis. In this regard the proposed article is devot-
ed to improving the efficiency of using the infor-
mation obtained in the process of drilling wells in
order to improve the quality of decisions.

2. The value of integrated information in
modeling the properties of rocks and the process
of drilling wells

Gained in recent years in world practice wide-
spread use of mud logging in the drilling process
allows us to solve a number of problems in the drill-
ing process, when information about the section of
the well being drilled is missing or is available in a
limited amount. The application of the results of
mud logging in combination with well logging al-
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lows a deeper study of the section and thereby im-
proves the quality of decisions.

As noted in (Pakutun, 2015), well logging-
drilling (LWD) is the most interesting and rapidly
developing area in the field of logging. When drill-
ing onshore as a rule there are quite a lot of explora-
tory wells, which allow you to build a fairly reliable
geological model. Production drilling at old fields is
mainly of a clarifying nature. When drilling at sea
and developing new fields with horizontal shafts, the
role of LWD and solving geo-navigation problems is
much more complicated. In addition, LWD is in-
creasingly used in exploratory wells. This is due to
the following circumstances:

1) obtaining technological data directly from the
bottom provides an opportunity not only to reduce
accident rate while drilling in new areas but also
suggests the possibility of developing new directions
of LWD;

2) the use of gamma-ray logging (GL) and elec-
trolytic logging (EL) data during drilling allows not
only to determine the most accurate coring intervals
but also to develop a technique for repeated EL
measurements at a higher level;

3) the most reliable data on flow rates can be
obtained during tests from the offshoot with horizon-
tal ending in promising collectors.

The limiting factor in the use of LWD on shelf
exploratory wells is the high cost of using foreign
equipment. LWD is most widely used in the con-
struction of production wells. The article (emus,
Paxurun, 2014) presents prediction of development
tendencies of mud logging and well logging on ex-
perience of well drilling at the example of "LU-
KOIL-Nizhnevolzhskneft" LLC in the north of the
Caspian Sea.

3. Methods of investigation

When analyzing geological and technological
information on well drilling in particular and data
related to measurements in general, one has to deal
with errors, uncertainty and unstable correlations
between the studied parameters. Such difficulties are
inherent in technical, technological, geological and
geophysical studies due to the difficulties associated
with the creation and use of more accurate instru-
ments for measuring drilling performance, formation
characteristics, especially with a complex geological
structure, operational parameters, etc. It becomes
very difficult to conduct a comparative analysis be-
tween values of the same parameter measured in
different ways.

For instance, when analyzing the operation of
the bits it is advisable to divide the section into ho-
mogeneous intervals and consider the patterns of
changes in drilling performance within them. For
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these purposes various classification methods have
been proposed. One of the simple methods that al-
lows this operation to be performed is the method of
D.A. Rodionov, known from geology, which was
applied in drilling (Efendiyev et al., 1991). Accord-
ing to this method the massif over the entire depth is
first assumed to be homogeneous, and then the
Rodionov criterion for each interval is calculated
according to the expression (1) proposed by the au-
thor:
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According to the analysis of (Poauonos, 1968),
the values of the Rodionov criterion are distributed
obeying the law of y* Pearson. Therefore, the pro-
gram provides a comparison of each calculated value
with a table one for a given level of significance
within each interval. The intervals corresponding to
the excess of the calculated value of the criterion
over the tabular value y? of Pearson are the boundary
between two homogeneous packs that are heteroge-
neous with each other.

Many theoretical models have been developed
to predict or correlate specific physical properties of
porous rock. Most theoretical models are built on
simplified physical concepts: what are the properties
of an ideal porous media. However, in comparison
with real rocks, these models are always oversimpli-
fied. Most of these models are capable of "forward
modeling™ or predicting rock properties with one or
more arbitrary parameters. However, as is typical in
earth science, models cannot be inverted from meas-
urements to predict uniquely real rock and pore-fluid
properties. Many efforts have been made and will
continue to be made to build porous rock models but
progress is very limited. Some of the most funda-
mental questions are still unanswered.

(Taylor et al., 2015) modeled reservoir quality
evolution using the forward diagenetic model
Touchstone, which simulates porosity loss due to
compaction and quartz cementation. Quantitative
petrographic analyses and burial history data were
used to calibrate Touchstone model parameters. The
results were applied to deeper prospects for pre-drill
prediction of porosity and permeability. There was
also an attempt to model the dynamic moduli of po-
rous rocks saturated with viscous fluid at seismic
frequencies on core scale based on the strain-stress
method, aiming to provide a complement to real core
measurements in lab (Wang et al., 2016). First the
authors build 2D geometrical models containing the
pore structure information of porous rocks based on
the digital images (such as thin section, SEM, CT,
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etc.) of real rocks. Then they assume that the rock
frames are linearly elastic and use the standard
Maxwell’s spring-dash pot model to describe the
viscoelastic properties of pore fluids. Boundary con-
ditions are set according to the stress-strain method:;
and the displacement field is calculated using the
finite element method (FEM). They numerically test
the effects of pore structure on the viscoelastic prop-
erties of saturated rocks. The preliminary results in-
dicate that the pore structure parameters, such as
porosity, aspect ratio (AR), and pore size affect the
rock frame stiffness and results in different viscoe-
lastic behavior of the saturated rocks.

The paper (Wawrzyniak-Guz, 2019) presents an
application of rock physics templates constructed
with the use of the granular effective medium theory
and the shale model to estimate the elastic properties
of the Silurian and Ordovician shale formations from
the Baltic Basic, Poland. The author uses available
logging data from three nearby wells and their
petrophysical interpretation to distinguish various
lithological types and to determine average matrix
mineral composition of each lithology group, essen-
tial in further rock physics modelling. Anisotropy
estimation and investigation of the relation between
various petrophysical parameters precede the rock
physics modelling. The paper includes also the
proposition of the final rock physics template con-
structed for the Silurian and the Ordovician for-
mation from the Baltic Basin that can contribute to a
better understanding of the elastic properties of the
lower Paleozoic shale plays in Poland.

To date fuzzy logic has also been successfully
applied in the assessment and use of reservoir char-
acteristics. Even in the past researchers in the field
of natural sciences noticed that many, at first glance,
random events are accompanied by certain laws.
Later these regularities, or distributions, were close-
ly approximated by continuous curves called “nor-
mal distribution curves of errors” and assigned to the
laws of probability (Brown et al., 2000; Cuddy,
Glover, 2002). In general analysis shows that the
solution of problems of modeling technological pro-
cesses is significantly hampered by the presence of
uncertainty associated with the use of random and
fuzzy quantities. Random variables convey the fact
that the studied quantities can take different values
with different probabilities. Fuzzy quantities convey
approximation in determining the values of these
guantities themselves. In addition, fuzzy values may
be preferable in case of insufficient statistical data
and related information necessary for more reliable
estimates. Such estimates of the mechanical proper-
ties of rocks can be made according to their physical
properties, estimated using well logging using prob-
abilistic-statistical methods and the theory of fuzzy

sets. The study of the considered dependencies made
it possible to develop a reasonable design scheme
for assessing the characteristics of the geological
section.

4. Information analysis and results

of investigations

The optimal decision-making when drilling wells
requires an analysis of objectively existing, identified
as a result of studies during the drilling process, quali-
tative and quantitative relationships of various geologi-
cal and technological factors affecting the performance
of this process, research and identification of the rela-
tionships between geological, geophysical, mechanical
and technological characteristics of the section. Such
regularities make it possible to further study the geo-
logical section, evaluate those geological characteris-
tics that have not been previously evaluated, and also
improve the accuracy of previously estimated charac-
teristics and thereby ensure the development of a sys-
tem for calculating the characteristics of the geological
section (dxauzakoB u np., 2019; rocenos, 2008;
Efendiyev et al., 2017).

It should be noted that in the practical use of
well drilling results, it is required to take into ac-
count the presence of noise. In this regard it be-
comes necessary to study some random processes
against the background of others (pulsed interfer-
ence). One of the most effective methods is the au-
tomatic selection method, which was used in (Mup-
3ampkansaae u ap., 1973; Araes, 1989) to estimate
the useful signal in the operating parameters. The
program that we used includes noise filtering when
processing the d-exponent, and a change in the sta-
tistics L allows one to judge whether the system un-
der consideration is homogeneous, i.e. from the val-
ue of L calculated for the indicator of drilling, it is
possible to determine homogeneous intervals
(Efendiyev et al., 2019; Ddenaues u ap., 2019).

In (Brown et al., 2000; Cuddy and Glover, 2002)
according to the measured rock characteristics (hard-
ness is taken in our examples) which can be estimated
from core studies, mud logging or well logging, the
fuzzy possibility F(x7) is determined. The process is
repeated for another parameter, for example, porosity,
y. This step allows us to obtain F(ys), a fuzzy possibil-
ity that the measured porosity y belongs to the litho-
type f. This process is repeated for other features
characterizing the given rock, then for each lithotype
of the rocks to get F(z). At this stage we have five
fuzzy probabilities (F(xs), F(ys), F(z;) ....) which are
based on fuzzy possibilities available for different
rock characteristics (X, y, z ...). They indicate that
lithotype f is most likely. The indicated fuzzy possi-
bilities are then harmoniously averaged (2) to obtain
the aggregate fuzzy possibility:
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This process is repeated for each lithotype f.
The lithotype associated with the highest Cs is taken
as the most probable for a given set of features. This
approach was used in our work because it makes the
lithological forecast more reliable.

In this article, the noted theoretical prerequisites
are considered on the example of forecasting the
lithology of the rocks of a section of one of the wells
drilled in Azerbaijan by a set of attributes (hardness

Psh, abrasiveness A, lithology indicator A_, porosity

Kpor, permeability Kperm) oObtained as a result of
geological, geophysical and technological studies
during well drilling. An analysis of the distribution
showed (Fig. 1) that for each of the listed attributes,
with the exception of permeability, it obeys the
normal law (permeability obeys the lognormal law,
therefore their logarithms are taken as its values). In
all homogeneous intervals, the weighted average
values of each of the five parameters are given:
porosity, permeability, lithology index, hardness,
abrasiveness.

« [ —r—
3 § w P are roal) o1
= c E 0 ean Clx2) G028
= @ o — [
oo
§_ o % 0 Wardness P, WP (20,00 ®
a E = Ie Porasity K or (x100] 1610
4 o 023
13 N \ / ! ™~
i gl | tHH }
2 | / \ \ P
Tl \ j BESE f
2 5 AT /-,._:H §
23 5 / 3" =L
2 { b 7 - (_‘f
25 1 J 1] ihY
3 [ i — iy
E { K
2 g R I (SRR
2 =3 1 === mg ===
: J ks
0
3 k
3 | | } \
33 ~0.111 |
" ﬁf,f, 0.035 ! l { \\
4| e 0034
35 | Pu=o976.81 | | \
15 |Am63Ts l ‘ ]
|
f |

intervals

Depth (km)
| Homogeneous

T

P

ol

)
El
°
&
P EANT TN A A AP A A AN AR A AMRIAAA | f S

intervals

Homogeneous

|

Ehod M»._‘»\..J:wé\_iﬁ

intervals

Depth (km)
Homogeneous
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The figure clearly traces the boundaries of litho-
logical differences of rocks, identified using the
harmonic average of five indicators of rock proper-
ties which correlates well with each of the noted
characteristics. The results obtained make it possible
to enlarge homogeneous packs of rocks, to combine
data on the development of bits within these packs,
providing a sufficient amount of information about
the work of the bits and, as one of the results, to
begin to build a model of penetration rate for this
rock. Weighted average values of rock characteris-
tics for individual rock differences are shown in the
figure. It should be noted that, depending on the
problem to be solved, when breaking the section into
homogeneous packs, other rock characteristics can
also be used. In this case we considered indicators of
those rock properties that are necessary for solving
well drilling problems.

5. Conclusions

As studies have shown, the main purpose of
monitoring the drilling process using complex in-
formation is the timely warning of emergency situa-
tions, improving the performance of bits, and, in
general, optimizing the drilling process. During the
implementation of any stage carried out at the drill-
ing site, all parameters are recorded and processed in
real time. The time of each operation is fixed and
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B.H.bakyns HAH Ykpaunnsl, T. 22, 2019, c. 52-62.

PA3JEJIEHUE 'EOJIOT'MYECKOI'O PA3PE3A HA OJHOPOJHBIE 110 BYPUMOCTH UHTEPBAJIBI
HA OCHOBE PE3YJIbTATOB MOJEJUPOBAHUS CBOUCTB I'OPHBIX IOPO/ B TIPOUHECCE BYPEHUS

IMupusepaues U.A.
Hnemumym nepmu u 2aza, Hayuonanvnas Axademus nayx Azepbatiosicana
AZ1000, Azepbatiosncan, 2. Baxy, yr. @. Amuposa, 9: igorbaku@yandex.ru

Pestome. Tlopbienne 3¢ eKTUBHOCTH M KauecTBa OypeHMs] CKBA)KHH BO MHOTOM 3aBHCHUT OT ITOBBIIIEHHS KaU4eCTBA MOTyIaeMOH
nHpopmarmu. KavecTBo pemeHuii, IpuHIMaeMbIX B Tporiecce OypeHusl, TaKXkKe CYIIECTBEHHO 3aBUCHT OT KauecTBa MH(OpMaImu.
[rpoko ucronab3yeMble B MOCIEIHUE TOJBI B MHPOBOH IPAKTHKE I'e0JOTr0-TEXHOJIOTHUECKNE HCCIEOBaHNUs B Ipoliecce OypeHus
CKBQ)KHH I03BOJISIOT PEIIUTH Psi] IPOOIEM B 9TOM IIpoLecce, Koraa HHPOopMaIys o pa3pe3e IpoOypeHHOH CKBaXKUHEI OTCYTCTBYET
WM JOCTYIIHA B OrPaHMYEHHOM KOJM4ecTBe. [IpuMeHeHne pe3ysbTaTOB KOMIUIEKCA I'e0JIOro-reoGU3MYecKuX M TEXHOJIOTHYECKHX
HCCIIEZIOBAaHUH 03BOJISIET OoJiee IIyOOKO M3y4YHWTh JAHHBIA BOIIPOC M TEM CaMbIM ITOBBICUTH Ka4eCTBO IPHHHMAEMBIX PELICHHH.
CTaTbsl OCBAIICHA aHAIM3Y M POJIM MH(POPMALIMH, MOITy4aeMoil Ipu OYPEHUH, OLICHKE ee KauecTBa M METOZO0B, CIIOCOOCTBYIOIIUX
MOBBILICHUIO KauecTBa MH(QOPMALUK NP NPUHATHU PEIICHUH HA pa3iMyuHbIX dTanax OypeHus. PaccMoTpeHsl MeTozabl 00paboTKH
JAaHHBIX U aHAIN3a WHOPMAINH, MOKA3aHO, KaK HCIIONB30BaTh CIOXKHYIO T'€0JOTHUYECKYIO, TeOMH3HIECKYI0 U TEXHOJIOTHUECKYIO
nHpopmarmio, 00BICHEHa IETECO00Pa3HOCTh UCIONB30BAHMS PA3IMIHBIX METOJOB, U3BECTHBIX N3 MAaTEMAaTHUECKOW CTATUCTHUKH U
TEOpUH HEYETKHX MHOXECTB. B cTaThe paccMOTpeHBI ITyTH IOBBINIEHHS KadecTBa MH(OpMAIMy U MONydeHUs Ooiee OOIIMPHBIX
CBEJICHUI 0 MPOOYPEHHOH MOpoJe, YTO MO3BOJISIET Pa3IeNnuTh pa3pe3 Ha OJHOPOAHbIC HHTepBaIbl. C 3TOH HENbI0 IPUMEHSUICS U3-
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BECTHBIM U3 HEUETKOH JIOTMKHU MOIXOJ [0 HAXOXKACHHIO COOTBETCTBYIOLIETO KPUTEPHs AN KaXJOro U3 PacCMaTpUBAEMBbIX IIOKa3a-
TeJei, a 3aTeM ObLIO IOJICYMTAHO UX CPEHEee rapMOHMYECKOe 3HaUeHHe. 3aBUCUMOCTb MEX/Ly CPEJHUM IapMOHHYECKUM 3HaYCHHEM
U TITyOMHOM CITy>KUT IJIs OTIPEACNIECHHs TPaHHI] MEXy HHTEpBaJlaMi. BBIIEOTMEUEHHBIN adropuT™ ObLT HCIIOJIB30BaH IJIsl PACUETOB
T10 YeThIPEM CKBaKMHAM Ha MECTOPOXKJEHHM baxap, a pe3ynbTaTsl ObUIN HArJIAAHO MPOAEMOHCTPUPOBAHBI C TIOMOIIBIO PHCYHKOB.

Knrouesvie cnosa. komniexcnas ungopmayusa, 2eono2uieckuil paspes, nopood, 0010md, OCLOHCHEHUSA, KIACCUDUKAYUS, NPUHA-
mue peuteHuil, HeOnpeoeleHHOCMb, HeuemKas 102UKa

QUYU QAZILMASI ZAMANI SUXURLARIN MODELLOSDIiRILMOSi NOTICOLORINO OSASON
GEOLOJI KOSILiSiN BiRCINS INTERVALLARA BOLUNMOSI

] Piriverdiyev |.A.
Neft va Qaz Institutu, Azarbaycan Milli Elmlor Akademiyast
AZ1000, Bak: sah., F.Omirov kiig., 9: igorbaku@yandex.ru

Xiilasa. Quyu gazilmasinin effektivliyi vo keyfiyyati oldo edilon informasiyanin keyfiyystindon asilidir. Qazma zamani gobul
edilon gorarlarin da keyfiyyasti informasiyanin keyfiyyotindon asilidir. Son zamanlar diinya tacriibasinds genis istifade olunan geoloji-
texnoloji tadgiqgatlar gazma zamani informasiya gatismazlig: soraitinds bir cox problemlarin hallini hoyata ke¢irmayo imkan yaradir.
Bununla olagadar taqdim olunan magale qazma zamani kasilis haqqinda olds edilon informasiyanin keyfiyyatinin artirilmasi, qazilan
siixurlar hagqmda dahagenis molumatin alde edilmasi, bunun asasinda kasilisin bircins intervallara ayrilmasima hasr olunur. ilkin mo-
lumat kimi burada son zamanlar genis totbigini tapmis geoloji-texnoloji todgigat sistemlarinden alinmig informasiyadan istifads olun-
mugdur.Bura kosilisin litologiyasi, siixurlarin mesamoliliyi, borkliyi vo digor xassa gostoricilori hagqinda molumat daxildir. Slda
edilmis molumatin ilkin emali, onun tohlili adston anenavi statistik tisullarin totbigi ile hayata kegirilir. Lakin onu geyd etmok lazim-
dir ki, bir ¢cox hallarda geyd olunmus tsullar kifayst deyil. Burada mévcud geyri-miioyyonlik tiziindon gararlarin gsbulu ¢atinlasir.
Buna goro son zamanlar geyri-solis ¢oxluglar nozariyyasine asaslanan iisullardan genis istifade olunur. Qeyd olunmus masalo qeyri
solis mantiq asasinda hor baxilan amil iizrs miivafig meyarin hesablanmasi, biitiin bunlarin arasinda orta harmonik giymatin toyini
vasitasilo hall olunur. Bels ki, homin orta harmonik giymatin dorinlikden asililiq ayrisindoki sigrayiglara uygun dorinlik bir siixur ilo
digar stixurun sorhadi Kimi gabul olunur. Qeyd olunmus alqoritm tizro Bahar yataginda gazilmis quyularin timsalinda hesablamalar
vo miivafiq siixur bolgiisii aparilmigdir. Toklif olunmus yanagma ilo aparilmig bolgii vasitosi ilo formalagmus bircins intervallar tizro
gazma baltalarinin is gostoricilari tohlil olunaraq onlarin isinin modellogdirilmosi vo gorarlarin gobul edilmasi iizro marhslolori hoyata
kegirmoak olar.

Acar sozlar: kompleks informasiya, geoloji kasilis, sixur, balta, mirakkablogma, tasnifat, gararlar:n gabulu, geyri miayyanlik,
qgeyri salis mantiq
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