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Abstract Due to the low porosity of dedying reservoir rocks, the requirements for the accuracy of determining
reservoir parameters from geophysical materials are significantly increasing.

This paper summarizes the results of experimental and methodological studies conducted over a number of years
in Turkmenistan. It describes methods for determining porosity by lateral logging and taking into account the
influence of clay, as well as metfsoftbr isolating and evaluating reservoirs of complex structure. These techniques
and methods of interpretation are intended for the study of carbonate deposits of the Jurassic and Cretaceous oil and
gas fields of Turkmenistan and are recommended for ¢geistiall geophysical organizations conducting research on
complex carbonate reservoirs.
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Introduction

To study the electrical parameters of well
sections in the geological conditions of Turkmenistan,
the method of threelectrode lateral logging has
received the greatest application. The method for

that the established relationship=¥ (s p) is valid for
any lithological differences of carbonate rocks.
However, a comparison of the porosities
determined byneutrongamma logging(NGL) and
acoustic loggingAL) and relative resistance of water

studying carbonate sections is especially important
when thelayers are opened using highly mineralized
harsh solutions, while the effectiveness of other
electrical methods is sharply reduced.

In most of the known methodological
recommendations for the identification and
assessment of complex reservoirs by field geophysics
methods in sections of deep wells, it is assumed that
block porosity, determined by relative resistance, is
practically ind@endent of lithology, i.e. it is assumed

saturated granular reservoir formations shows that in
most cases the porosity determined by relative
resistance is significantly lower than for NGL and AL.
Especially large discrepancies are observed for
dolomites and thedifferences. This in some cases led
to errors in determining the nature of reservoir
formations [1, 2, 3].

We have carried out works that are the first
attempts to establish a connectiop P f (sp) for
various lithological differences of reservoir rocks

Philadelphia, USA 51

2 Clarivate
AnalytiCS indexed


http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:annagulyderyayew@gmail.com
http://s-o-i.org/1.1/TAS-03-131-7
https://dx.doi.org/10.15863/TAS.2024.03.131.7

ISRA (India) =6317 SIS(USA) =0912 ICV (Poland) = 6.630

. ISl (Dubai, UAE) =1582 t R ARussia=3.939 PIF (India) =1.940

Impact Factor:  Gie (australia) =0564 ESJI(KZ)  =8771 1Bl (India) = 4.260
JIF =1.500 SJIF (Morocco)= 7.184  OAJI (USA) = 0.350

found in sections of Turkmenistan.

A graphical method of joint processing of
acoustic and lateral logging data is used according to
a weltknown technique used to refine the values of
the interval time of the elastic wave path through the
rock skeleton of the section under study.

The results of the determination of lithology by
core, geophysics, reservoir testing and analysis of

reservoir water samples were used in the construction.

The layers were selected, from which tributaries of
reservoir waters were obtained during testimgl the
layers that, according to geophysical data, are
confidently characterized as wataturated [4, 5].

Fig. 1 (a, b) illustrates the results of studies for
dolomites, limestones of watsaturated, slightly
clay. At the same time, the relative resistances of the
layers were assumed that the lateral logging AR
(apparent resistivity)corresponds to the specific

LL
50 P p _Pe
p
;r Pp.d
PP

® dolomites

resistance of the part of the formation unaffected by
penetration+ in this casej "-f/} 4 The side logging

AR was corrected for the influence of the well
diameter, reservoir capacity and the resistance of the
host rocks. The
assumed to be linear, the scale of the ordinate agis (P

obeys the Iaw\/T .
lp

Fig. 1 (a, b) shows graphs of the dependence of
P, = f ( &), corresponding to different values of the
structural coefficient m, characterizing the features of
the structure of the pore space of the rock and included
in the weltknown Archie equation:
o1 (1)
[ =1 =__
p s pLs
(in the accepted coordinate system, such a graph is
straightforward only for the case when m=2).
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Fig. 1 (a, b). Determination of the structural coefficient m of the Archie equation focarbonate rocks of the
Central part of Turkmenistan

As can be seen from the above figures, the

structural coefficientm for dolomites is by ratio

to =£ it is in the range of 2-2.8 (on average 2.6).

M od

For limestones, t varies in the range of-2.8
according to thgp.a.

With an increase in the accuracy of determining
the resistivity of the formation, the range of changes
in the structural coefficient will decrease. For
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dolomites,m will tend to 2.6, and for limestones to
2.4, which corresponds to the structural coefficients of
similar rocks 6,7].

It follows from the above figures that when
determining porosity by the relative resistance of the
formation, it is advisable to use the dependence for
dolomites and limestones (Fig. 2).

Despite the fact that the established structural
coefficients are approximate, they are of great
practical importance in the complex interpretation of
NGL, AL and LL data, since so far there is no
definition of B by core for carbonate deposits in the
Central and Southwestern part of Turkmeni$&8i.

|

al

2 46

810 20 30

K, core, %

Fig. 2. Dependence of the porosity parameter fRBeor) on the porosity (Kcore) for limestones (1), dolomites (2),
sandstones and siltstones (3) of the Mesozoic of Turkmenistan.

According to the obtained dependencies, the
coefficients of open porosity were determined for a
large number of watesaturated (by testing through an
operational column) layers. A comparison of the
results of thex ;- definitions for layers with granular

porosity shows that for a sample of 187 formations,
the mathematical expectations M are 4,499 and 4,205,
respectively (Fig. 3). The high similarity of the results
indicates a high reliability of the coefficients of open
porosity determined by lateral loggj data 10,11.
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Fig. 3. K and Kp distribution curves of rocks with granular porosity

Consideration of the influence of clay on neutron
gammaray logging data. Known methods for
determining the porosity of carbonate rocks by the
NGL method are applicable only in cases where the
bulk clay content of rocks does not exceed units of
percent. Wih a higher clay content, a significant part
of the hydrogen content will be accounted for by clay

material. Therefore, making amendmentskff®-,

taking into account the influence of clay, is of great
practical importance.

The initial data for the quantitative assessment of
porosity can be used diagrams of GL, NGL. Their use
is due to the fact that the first mainly characterizes the
bulk clay content of rocks, the secondheir total
hydrogen contentlp-15].

The proposed method of accounting for the clay
content of carbonate rocks is as follows:

- the curves of GL and NGL are compared in
a semilogarithmic coordinate system. As a result, a
field of points will be obtained (Fig. 4) with
coordinategd 3 GL readings in mcR/h antl n-NGL
readings in conventional units. All points (layers) are
located in a rightangled triangle, the hypotenuse of

which is drawn along the points characterizing the
layers in which the hydrogen content is due only to the
presence of clay material, i.e. inefficient porosity
(noncollector layers). When comparindy -Jny,
layered processing of GL and NGL diagrams is
carried out, i.e. all layers in the study interval are
highlighted. The position of the namllector line is
controlled by the readings of NGand GL in dense
limestones, dolomites and clays;

- the NGL readings are translated<@®- using

the alny= f (K,) dependence (the method of two
support layers);

- using the line characterizing the layers where
the hydrogen content is associated only with the
presence of clay material, transfer the NGL porosity
scaletothdys cal e, thus we
i.e. the porosity attributable to the clay material
[16,17];

- the difference between the total porosity
determined by NGL and the porosity of thg ihich
falls on the share of clay material, will give the
porosity value corrected for the influence of clay. The
sequence of pdseshoerimkigm ng
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Fig. 4. Det e r mcomection forthe iofiuende bfelayaedhtent (well X1- East. Kumbet, interval

42004690m)

TheJy- K, comparison was carried out based on The longterm practice of using GL diagrams for
materials from more than ten wells. Figure 5 shows  quantitative definitions of K, Cy shows the stability
the resulting graph of the dependencelypf ee K and reliability of the SI2 (TEKU) equipment in the
which is recommended to be used for quality control  geological and technical conditions of the Central part
of GL materials [18, 19]. of Turkmenistan.
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Fig. 5. The relationship between the readings@L ( Jy ) ( and ppwhiclofalls dnyhe shaedof space occupied
by clay material (carbonate rocks).Central Karakum Mountains
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Porosity coefficients determined by NGL to a layer of pure clays is determined as follows. The

diagrams, taking into account the influence of clay  point corresponding to 380% of porosity -

content, more reliably reflect the real capacitive depending on the depth of the section under stody

properties of clay reservoirs. t he NGL scal e, using t he
The above graphical constructidy = f (Jny) dependence)y = f (Jny), is transferred to the GL

can also be used to determine the maximum values of scale. It is recommended to take the obtained value as

HA in cases where there are no layers of pure clays in  the maximum [20, 21].

the section. The maximum value of GL corresponding
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