Detection conditions of gas-saturated layers by the result of complex
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Possibilities of using non-electrical methods of well logging to detect gas-saturated objects are
considered. Determination of the gas saturation coefficient is proposed using two different
approaches - traditional according to electro-logging and additional - when estimating the
component composition of rocks according to the methods of acoustic and radioactive logging.
Significant values of gas saturation, which are recorded according to non-electrical methods,
are possible only in the absence of an invaded zone. Leaks of gas-saturated objects in the well
sections can lead not only to the loss of part of the gas production reserves, but also to
unforeseen accidents during drilling and operation of wells.
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Introduction. One of the key points in the geological interpretation of logging data in oil and gas wells is the
correct conclusion on the prospects of productivity of a reservoir rocks in the section interval. Errors of the first
or second kind on this issue can lead to: a) the omission of the reservoir - reducing the profitability of the well,
reducing the estimated production reserves of oil or gas (Rudko and Sobol, 2020), possible emergencies in the
form of degassing of the flushing fluid during drilling; b) erroneous transfer of water saturated, or "dry"
formation in the category of productive - economic costs for perforation and testing of unproductive formation,
etc. Geoecological problems or consequences may arise as incorrect interpretation of geophysical research data
(Tyapkin, 2014). Almost all interpretation technologies for logging data are based on the traditional approach -
the use of electrical resistivity of the reservoir, which is an indicator of the type of the reservoir rock saturation.
That is, - the greater the resistivity, other things being equal, the greater the coefficient of oil and gas saturation
of the rock (Karpenko, 2018). However, there are many factors that complicate the unambiguous conclusion
according to the logging data (Myrontsov, 2019b, 2019c). For example, low electrical resistivity of the section,
the presence of secondary porosity, high clay content, etc. The presence of a gas-saturated formation in
principle can be assessed by comparing the results of acoustic and neutron logging (Solodkiy and Karpenko,
2013, 2014; Fedoryshyn and Fedoriv, 2019). During the complex interpretation of logging data, when
estimating the component composition of rocks (construction of a lithological column), the parameter - gas
content should be entered as a mandatory component in such calculations.

Method and Theory. The essence of interpretative techniques that allow to assess the gas saturation of the
layers is as follows. First, in the reservoir rock in the radial direction from the well increases its gas saturation -
from minimum to maximum, which is denoted as Kg. Second, due to the different radius of research (depth) of
the sonic and neutron methods, the effect of gas saturation of the invaded zone on the readings of the probes
will be different. The presence of residual gas increases the calculated value of porosity according to sonic data
and reduces it - according to neutron methods. New methods are built on this phenomenon, which are
described in the works of Solodkiy, Karpenko and Fedoriv. However, not always in the zone of invasion of the
gas-saturated formation, the residual gas content is noticeable in relation to the impact on the accuracy of the
porosity estimate according to these non-electrical logging methods. Quite often during the quantitative
interpretation of the sonic data using the dependences «AT — Porosity» interpreters do not introduce corrections
for the residual gas. The radius of the study in the sonic method (kinematic characteristics) usually does not
exceed 0.2 - 0.3 m. Within its depth for a significant size of the invaded zone, the residual gas in practice may
not appear in the curves of the method. Another thing with neutron logging methods. The NGR method has a
depth of 0.45 - 0.6 m (depending on the hydrogen content or porosity). Here, the influx of gas in a productive
gas-saturated reservoir is more significant and much more often reflected in the method readings. Moreover,
the greater the porosity, the more "felt" the effect of residual gas invaded zone on the intensity of secondary
gamma radiation (NGR), or neutron radiation (in the NNL method).

The larger the diameter of the invaded zone, the smaller will be the contribution of residual gas to the
integrated readings of the method not only sonic, but also NGR or NNL. Factors of both natural and
technological origin are known to influence the increase in the diameter of the invaded zone of the liquid
filtrate. The depth of penetration of the filtrate depends on the permeability of the clay crust, the porosity of the
formation, the filtration time. The greatest depth of filtrate penetration is characteristic of permeable but low-
porous strata - limestones, dolomites, cemented sand-silt varieties. Rocks with a larger pore volume are
characterized by a smaller depth of the filtrate invasion into the formation (Itenberg, 1987). With modern
drilling technologies, special chemical reagents are added to the drilling fluid, which significantly reduce the
water yield of the flushing fluid, form a thin protective skin on the well surface, which inhibits the free
penetration of filtrate into the formation, even at significant pressure gradients. The distribution of residual oil
or gas saturation in the invaded zone is largely controlled by the degree of hydrophobicity of the formation.
Under different conditions, S. J. Pirson estimates that the residual gas saturation in the downhole invaded zone
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is approximately 30%. At the same time, there are a large number of examples when the value of this
parameter is significantly lower.

The influence of the invaded zone on the reliability of the assessment of the nature of the saturation of the
formation according to logging data. Usually the final assessment of the nature of the reservoir rock saturation
is determined after a quantitative interpretation. The coefficient of oil and gas saturation, or water saturation is
calculated through the parameters of electrical resistivity, taking into account the porosity, resistivity of
formation water, the structure of the porous space, often - the coefficient of clayness and the degree of
hydrophobicity of the rock. However, the accuracy of the assessment of oil and gas saturation primarily
depends on the accuracy of determining the electrical resistivity of the rock according to electrical well logging
(Myrontsov, 2019b). And here the ratio of depth of studies by probes / devices of electrologging and radius of a
filtrate invaded zone (Myrontsov, 2019a) strongly influences. In most cases, the resistivity of the rock is
calculated during interpretation with satisfactory accuracy. In addition to the methods of electrical resistivity, it
is possible to estimate the presence of hydrocarbons in the reservoir rock with the data of non-electrical
methods. This has been said before. If the invaded zone is small, then according to acoustic and neutron
logging, it is possible to identify areas of the well section, where there is a significant amount of gas in the
invaded zone.

Results. Drilling technologies, which are aimed at opening layers with minimal water yield of drilling mud and
the formation of a small invaded zone, promote the use of these non-electrical methods for the detection of gas-
saturated rocks. As for oil saturation, non-electrical methods are usually not effective here.

On the example of a well from a gas field, consider the result of the selection of gas-saturated objects in the
section. It should be noted that the logging data of a wide range of research performed by the Schlumberger
equipment were used (Fig. 1).

Drilling was performed using synthetic components of the solution, which minimized the penetration of
aqueous filtrate into the rocks. Estimation of gas saturation was performed using a modified known Poupon-
Leveaux equation by the electrologging data. In addition, the component composition of the rocks of the
section was calculated using the technology of the automated complex of interpretation "Geopoisk" (developed
by the Glushkov Institute of Cybernetics of NASU). Data from non-electrical methods were used - GR, NGR,
GGR Log, Sonic log. The section is represented by rocks of the terrigenous complex. Therefore, the content of
the main components was calculated - sandstone, siltstone, argillite (clay), water (in the pore space) and free
gas (methane). A fragment of the interpretation results is shown in Fig. 1. In the intervals of distribution of
mainly reservoir rocks (sandstones) the conditional gas bearing capacity is established. In permeable layers, the
value of gas saturation is usually in the range of 0.4 to 0.52. According to non-electrical methods, after
calculations of the component composition of rocks, the gas saturation of productive sandstones varies from
0.15 to 0.38. In contrast to the intervals represented by non-reservoirs here the gas saturation does not exceed
0.05 - 0.08, most likely it is background fluctuations.

Fig. 2 shows the section of the deep well, also represented by terrigenous rocks. The layers were opened using
a clay solution, as a result of which the filtrate involved deeply into the permeable layers. According to the
results of interpretation of electrical methods data in the automated system Geopoisk (Krasnozhon et al., 2007)
confirmed the presence of a large invaded zone with a diameter of 2.21 m. (Fig. 3). In Fig. 3 it shows the
results of interpretation of the sandstone layer from the well interval in Fig. 2. Using the Archie-Dakhnov
model, gas saturation values of 0.86 in the range of 2933-2946 m were obtained according to the data of
electrologging methods. The results of a comprehensive interpretation of these non-electrical methods data in
modeling the component composition of rocks in this well are presented in Fig. 2 (left column). The value of
the gas saturation coefficient within the reservoir averages 0.11. This is a real result of the interpretation of
these methods of sonic and neutron logging, the survey radii of which are smaller than the radius of the
invaded zone of the filtrate.
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Figure 1 Results of logging data interpretation in case of absence the invaded zone
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Figure 3 The result of the electrical logging data interpretation in the system Geopoisk (layer from the section
of the well is shown in Fig.2)

Conclusions. Table 1 summarizes the results of interpretation of productive formations from two wells
obtained using electrical and non-electrical logging methods. The average values of gas saturation in the
reservoirs in the intervals of wells according to electrical methods correspond to this parameter outside the
invaded zone. At the same time, the results of estimating the component composition of rocks (by solving a
system of petrophysical equations) according to non-electrical methods to some extent depend on the size of
the invaded zone. This applies mainly to the value of gas saturation of reservoir rocks. If drilling is carried out
using technologies that prevent significant penetration of the filtrate into the reservoirs, then according to non-
electrical logging methods, it is possible to estimate the gas saturation of rocks. This gas saturation may differ
slightly from the results obtained by the classical method according to electrical models. If invaded zones of
significant size are formed, then significant values of the gas saturation coefficient in front of the reservoir
rocks according to acoustic and neutron logging will not be established. In this case, we should focus only on
classical approaches to estimating gas saturation according to electrical methods.

Table 1 Comparative characteristics of the results of gas saturation calculations by the different well-logging data

Well (Fig.) | Interval, m | Gas saturation | Gas saturation (sonictGR+NGR | Invaded zone
(resistivity) or NN Logging) diameter, m
Fig. 1 427-440 0,42* 0,28 -
Fig. 1 473-482 0,43* 0,31 -
Fig. 2 2933-2946 0,86 0,12 2,2

* —in permeable layers
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