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ASSESSMENT OF RESERVOIR FILTRATION-CAPACITY PROPERTIES 
AND  SATURATION AT THE MORSKOYE FIELD

Purpose. The development of a methodology for interpreting geophysical data for complex terrigenous reservoirs 
based on multidimensional interpretation relationships and consideration of thin layers to improve the accuracy of 
evaluating reservoir filtration-capacity properties and saturation.

Methodology. A comprehensive research approach was employed, which included: generalization of petrophysical 
characteristics of formations based on well logging data (WLD); their analysis using multidimensional interpretation 
models; investigation of filtration-capacity properties (FCP) in thin reservoirs; and the construction of graphical and 
statistical models for visualizing the obtained results.

Findings. A methodology for evaluating filtration-capacity properties based on petrophysical and interpretation mod-
els of WLD has been developed. This methodology is designed for analyzing complex terrigenous reservoirs, including 
thin formations (up to 2 meters), and enhances the accuracy of their interpretation. The effectiveness of the software was 
confirmed through the analysis of such reservoirs, ensuring higher calculation precision and accelerating the decision-
making process. New interpretation approaches have been developed, taking into account formation structure patterns 
and the distribution of their filtration-capacity properties and saturation. A comparison with production data validated 
the methodology, improving the accuracy and efficiency of geophysical studies of oil and gas-bearing sequences.

Originality. For the first time, a methodology for evaluating filtration-capacity properties has been proposed based 
on the application of multidimensional interpretation relationships in petrophysical and interpretation models, which 
has enabled data integration and adaptation for studying various types of terrigenous rocks. This, in turn, has expanded 
the possibilities for analyzing complex reservoirs and improved the accuracy of assessing their filtration-capacity prop-
erties and saturation. For the first time, patterns in the structure of terrigenous reservoirs have been identified, and the 
distribution characteristics of their filtration-capacity parameters and saturation have been quantitatively justified.

Practical value. The application of multidimensional interpretation relationships in the developed methodology 
has significantly enhanced the reliability and efficiency of geophysical analysis of oil and gas-bearing sequences. The 
formation of models within a unified methodological approach has systematized the study process of complex reser-
voirs, allowing for the standardization of their investigation methods at various stages of well analysis. The use of the 
developed models enables a more precise assessment of reservoir oil and gas saturation, helping to minimize risks in 
production planning and increase hydrocarbon recovery rates. The proposed methodology can be implemented in 
geophysical studies of fields with various types of terrigenous rocks, making it a universal and valuable tool for a wide 
range of tasks in the oil and gas industry.

Keywords: reservoir, filtration, saturation, core, logging, terrigenous

Introduction. Extraction of hydrocarbons from com-
plex terrigenous reservoirs remains one of the most 
complex and resource-intensive tasks in the oil and gas 
industry. At the Morskoye field, including the Ogays-
koye block, hydrocarbon deposits are associated with 
sedimentary formations from the Paleogenes to the Cre-
taceous, represented by various sandstones and silt-
stones. These reservoirs are characterized by fine- and 
medium-grained quartz rocks, which have a complex 
pore structure, a high degree of heterogeneity and small 
layer thicknesses, which makes their exploration and de-
velopment especially difficult. Forecasting and calculat-
ing hydrocarbon production requires high accuracy, and 
existing well logging methods face problems of low in-
formation content in such conditions.

One of the key factors complicating work with these 
reservoirs is their low thickness (1.5–2 m), which com-
plicates geophysical surveys and well drilling. Thin for-
mations and variability of reservoir properties (RP) 
across the section and area of the reservoir create serious 
obstacles to accurate interpretation of well logging data. 
The fine-grained structure of rocks, the presence of clay 
material and significant variation in filtration properties 
lead to the need to create more complex interpretation 
models to assess reservoir parameters.

For effective evaluation of reservoir properties and 
saturation of complex geological structures, as at the 
Morskoye field, the key aspect is the implementation of 
modern petrophysical and interpretation models. The 
development of such models requires considering many 
factors that affect the accuracy of geophysical studies. In 
particular, an important element is the optimization of 
drilling technologies aimed at improving the quality of 
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data. One of these aspects is the analysis of the process 
of rock destruction, which is directly related to the im-
provement of well drilling results. Rock destruction 
models proposed in some studies make it possible to in-
crease the efficiency of geophysical studies and assess-
ments of the filtration properties of reservoirs [1].

Of particular importance for the accuracy of geo-
physical data interpretation are also works related to 
modeling of processes occurring during drilling, includ-
ing forecasting methods and uncertainty assessment [2]. 
These studies allow for more informed decisions to be 
made for complex drilling conditions and for effective 
analysis of reservoir properties based on the obtained 
geophysical data. The topic of forecasting in drilling, 
like many others, has great potential for improving the 
quality of work in complex geological conditions, such 
as those observed at the field under consideration [3].

To analyze the reservoir properties and saturation of 
complex reservoirs in the conditions of the Morskoye 
field, it is critical to consider the influence of these pa-
rameters on various aspects of production and optimi-
zation of well operation. For example, when modeling 
the flood cone process and developing water isolation 
technologies in the bottomhole zone, where significant 
hydrocarbon losses are possible, it is important to con-
sider the saturation distribution and the reservoir’s abil-
ity to retain oil [4].

FCP play a decisive role in the selection of technol-
ogy and technical means for influencing productive ho-
rizons to increase the flow of formation fluid into the 
well [5].

The use of emulsions based on natural gasoline and 
nitrite compounds to intensify production also requires 
a detailed analysis of filtration properties, since the con-
centration of emulsions and their effectiveness in the 
conditions of a particular reservoir depend on this [6].

Evaluation of filtration properties is also critical to 
improving rock breaking drilling techniques, as accurate 
information about reservoir characteristics allows for 
optimization of cutting friction and increased drilling 
speed [7, 8]. Evaluation and improvement of hard rock 
breaking tools also requires an accurate understanding 
of the filtration and storage properties of the target res-
ervoir, as these data can indicate which cutting tool de-
signs will be optimal for minimizing wear and increasing 
tool life under high load conditions [8].

As a result, the analysis of reservoir properties also 
helps in developing optimal drilling technology, espe-
cially in typical drilling operations, since knowledge of 
the saturation and porosity of the reservoir determines 
the methods for assessing the flow rate and allows for a 
reduction in production costs [9].

Modeling of drilling processes and decision-making 
under uncertainty also requires careful analysis of filtra-
tion characteristics, as this allows minimizing errors and 
avoiding losses when drilling in complex geological con-
ditions [10].

These data are also necessary to prevent the forma-
tion of asphaltene deposits, since the concentration of 
hydrocarbon saturation and their composition are di-
rectly related to the risks of such accumulations, which 
can negatively affect the flow rate of wells [11].

The results of pilot tests of shock wave well treatment 
technologies confirm that data on saturation and filtration-

capacity characteristics help to optimize the parameters of 
this treatment to increase productivity, while reducing 
costs and improving the final results of the work [12].

Since productive formations have high reservoir 
properties, drilling through them often leads to the ab-
sorption of drilling fluid and other complications. The 
risk of absorption is especially high due to the swabbing 
effect during tripping operations [13]. Technologies for 
isolating absorbing horizons are of great importance for 
increasing the safety and service life of wells. Thermo-
mechanical methods, for example, will help avoid un-
necessary repair costs and extend the service life of fa-
cilities, which is confirmed by using thermoplastic ma-
terials for well insulation [14]. Such approaches in the 
field of drilling and horizon isolation significantly in-
crease the efficiency of work, reducing the likelihood of 
unauthorized leaks and improving control over the de-
velopment of fields [15].

Literature review. Modern research in the field of as-
sessing the filtration-capacitive properties and satura-
tion of complex reservoirs, as well as methods of their 
geophysical analysis, covers a wide range of approaches 
applicable to various types of geological conditions and 
properties of hydrocarbon reserves.

The paper [16] describes the application of cosmo-
geological methods for forecasting mineral resources in 
the territories of Kazakhstan covered by Cenozoic de-
posits. The authors identify ring geosuture zones of the 
Paleozoic basement, characterized by features impor-
tant for the localization of mineralization, which allows 
for the creation of more accurate forecast schemes. The 
use of remote sensing data made it possible to identify 
ore-controlling factors and determine promising areas 
for geological exploration. The practical implementa-
tion of this approach was carried out in the territory of 
Eastern Balkhash, where the effectiveness of the meth-
ods for assessing mineral resources was confirmed.

Geophysical evaluation methods for carbonate res-
ervoirs are of great importance to improve the accuracy 
of saturation interpretation in complex structures. The 
use of porosity data allows a better understanding of the 
internal structure and permeability of reservoirs, as 
shown in [17].

The study [18] is devoted to the prospects for the dis-
covery of unconventional hydrocarbon deposits (shale 
oil and gas) in the Caspian sedimentary basin. The au-
thors identify five known shale hydrocarbon deposits 
related to the Volgian stage of the Upper Jurassic: West-
ern Shagan, Cherny Zaton, Tuksai, Novy Alekseyev and 
Karatobe. These deposits are associated with salt domes 
and are characterized by high technological indicators 
due to the sedimentation conditions at the end of the 
Jurassic period, when a shallow sea existed in the area, 
creating anaerobic conditions that contributed to the 
formation of shale deposits. The authors note that mod-
ern technologies for the extraction of shale hydrocar-
bons require strict conditions for the quality of raw ma-
terials and the depth of occurrence of productive layers.

A method for the integrated interpretation of geo-
physical data for studying deep horizons of the earth’s 
crust in the oil and gas region of the Northern Caspian is 
proposed in [19]. The work is based on the analysis of 
wave fields of regional seismic sections and the interpre-
tation of gravity anomalies using geoinformation sys-
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tems. Geophysical data include density maps and time 
graphs of seismic wave propagation, which made it pos-
sible to construct geological and geophysical sections 
reflecting vertical and lateral heterogeneities in the struc-
ture of the crust and upper mantle. Based on structural-
velocity models, velocity anomalies were identified in 
the lower layers of the crust and upper mantle, and grav-
imetric models made it possible to determine the bound-
aries of deep blocks and their material composition.

The study [20] developed a web database of geologi-
cal and geophysical information on oil and gas fields lo-
cated in the Kazakhstan part of the Caspian Basin. This 
database was created to improve the efficiency of geo-
logical forecasts and assessment/reassessment of field 
reserves. The system is loaded with initial information 
on 60 fields, which allows oil and gas companies to con-
duct a comprehensive interpretation of data for explora-
tion and assessment of complex geological structures. 
The use of this database facilitates the prompt applica-
tion of accumulated resources to create digital reservoir 
models and assess the state of the geological structure of 
the subsoil, which is important for assessing hydrocar-
bon reserves and their occurrence conditions.

Geological and geophysical data on productive stra-
ta of the Prorva group of fields in the southern part of the 
Caspian Basin of Kazakhstan are analyzed in the work 
[21]. Based on seismic exploration data and new wells, a 
refined geological model was created, evaluation objects 
in the Jurassic-Triassic structures were identified, and 
three new oil and gas-bearing horizons were discovered 
in the Lower Cretaceous deposits. Promising locations 
for drilling were proposed, and the remaining hydrocar-
bon reserves were estimated, which could facilitate the 
development of a single project for this region.

No less significant is the study of the nonlinear im-
pact of hydrological drought on reservoirs, focusing on 
the characteristics of aquifers and the stability of collec-
tors [22].

The features of hydrocarbon accumulation in the 
Permian period in the Dzhimunai-Zaisan basin empha-
size the importance of considering the processes of migra-
tion and accumulation when modeling the filtration-ca-
pacity properties of reservoirs [23]. Another study on mul-
tilayer migration and accumulation of hydrocarbons in the 
same area confirms the importance of saturation and mi-
gration processes in the formation of hydrocarbon accu-
mulations in the conditions of multilayer structures [24].

The use of geoinformation systems for the integra-
tion of geological and geophysical data allows for a more 
accurate assessment of the filtration and capacity prop-
erties of complex reservoirs, increasing the accuracy of 
hydrocarbon potential forecasts [25].

The study of the rheological properties of biopoly-
mers and their effectiveness in enhancing oil recovery 
has significant practical value for increasing productivity 
in tight and low-permeability reservoirs [26]. These re-
sults also show how polymers can influence the restora-
tion of rock structure.

The study of the geological structure and mineral-
ization features of polymetallic deposits emphasizes the 
need to take into account detailed data on saturation 
and permeability for an adequate assessment of complex 
geological structures, which can contribute to improv-
ing the characteristics of hydrocarbon reservoirs [27].

Unsolved aspects of the problem. Existing methods 
for evaluating reservoir filtration-capacity properties 
and saturation are designed for formations with well-
defined geophysical characteristics. This approach is 
valid for thick reservoirs with laterally and vertically 
consistent filtration-capacity properties.

However, in recent years, the informativeness of well 
logging has been decreasing. This is primarily due to the 
fact that newly discovered hydrocarbon accumulations 
are increasingly associated with complex-structured ter-
rigenous reservoirs. These reservoirs are characterized 
by a high degree of heterogeneity, small thicknesses 
(1.5–2 m), a complex pore structure, and significant 
variations in filtration-capacity properties.

In this study, complex-structured reservoirs of the 
Morskoye field, including the Ogayskoye block, were 
selected to justify petrophysical and interpretational well 
logging models. The key properties that best describe 
such reservoir types include clay material distribution, 
filtration-capacity properties, facies variability, and 
challenging geological and technical drilling conditions.

Purpose of the article. The development of a meth-
odology for interpreting geophysical data for complex 
terrigenous reservoirs based on multidimensional inter-
pretation relationships and consideration of thin layers 
to improve the accuracy of evaluating reservoir filtra-
tion-capacity properties and saturation.

Objectives of the work.
1.	 Analysis of existing well logging data for a com-

prehensive generalization of the petrophysical charac-
teristics of terrigenous reservoirs and identification of 
patterns in their filtration and capacity properties.

2.	 Development of a methodology using multidi-
mensional interpretation models to assess the filtration-
capacitive properties and saturation of complex reser-
voirs, including thin reservoirs (< 2 m).

3.	 Qualitative and quantitative analysis of the filtra-
tion and capacity properties of terrigenous reservoirs in 
order to optimize drilling methods and increase the co-
efficient extraction of hydrocarbons.

4.	 Visualization of the obtained results to simplify 
the interpretation of data with the identification of pat-
terns and construction graphical and statistical models.

5.	 Evaluation of the practical reliability of the devel-
oped models and technologies for their application in 
various fields, considering geological features.

Research methodology. A comprehensive research 
method was used, which includes generalization of pet-
rophysical characteristics of formations based on well 
logging data; their analysis using multidimensional inter-
pretation models; study of filtration and capacity proper-
ties in thin reservoirs; construction of graphical and sta-
tistical models for visualization of the obtained results.

Presentation of the main material. The object of the 
study in this paper is the Morskoye oil field, including 
the Ogayskoye block with approved geological oil re-
serves in category B + C1 – geological 7,738 thousand, 
including recoverable 2,732 thousand tons. Based on 
the data from old wells and 16 new wells, oil reserves in 
category B + C1 were determined 21,972 thousand tons 
geological, including recoverable – 7,538 thousand 
tons; C2 – 9,302 thousand tons geological, including re-
coverable – 3,305 thousand tons; in the Neogene and 
Cretaceous systems [28].
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The new seismogeological model of the field struc-
ture differs from the previous one in geometry. For anal-
ysis, acceleration of calculations and construction of 
models, the software Interactive Petrophysics v4.4 is 
used (developer – the company “Senergy”).

The structural plan of the roof of the Cretaceous de-
posits of the Morskoye deposit changed mainly in the 
Ogayskoye block. On the structural map of the II OG 
(Fig. 1), which characterizes the roof of the Lower Cre-
taceous deposits, the structural plan is presented as two 
dome-shaped uplifts, limited by faults. On the maps, the 
Ogayskoye block is mapped as a single uplift, extended 
in the northwest direction and complicated in the west-
ern and eastern parts by faults.

The structural plans for the Eastern and Western 
blocks are comparable and have minor changes. The 
structural plans of oil and gas traps in the Lower Creta-
ceous deposits of the Ogayskoye block of the Morskoye 
field, generally inherited and structural maps for reflect-
ing horizons III – the roof of the Jurassic and II – the 
roof of the Lower Cretaceous, as well as a set of struc-
tural maps for productive horizons: K1al 3–3, K1a and 
K1nc5 fully characterize the tectonics of the field.

Within the eastern pericline of the uplift, four en 
echelon faults ( f1, f2, f3, f4) have been identified, oriented 
at approximately 60° to the axial fault. One of these en 
echelon faults terminates against the main fault [29].

The deposits of productive horizons of the Neoco-
mian-Albian deposits, considering the newly studied 
core and changes in the breaks, are represented by 
700.8  m of core, the filtration-capacity properties of 
rocks were studied based on 1,980 samples, of which 
1,082, i. e. 55 % of the samples studied, are representa-
tive of the reservoir rocks.

Gamma logging was performed on the new core, the 
core column was sawn lengthwise, the core section was 
photographed in normal and ultraviolet light, and a 
macro description of the rocks was performed. On cylin-
drical rock samples with a diameter of 1.5”, cleared of 
salts and hydrocarbons, the grain density (ρz) and poros-
ity for helium (Kp), permeability for gas (Kpr), water satu-
ration by the Dean-Stark method (Sw) were determined.

The following special studies determined the com-
position of rocks – the X-ray diffraction (XRD) method 

determined the porosity of rocks under pressure Kp(P), 
capillary pressure curves (CPC), residual water satura-
tion (Svo), porosity parameter (Pp), saturation parameter 
(Pn), the structure of the void space by mercury poro-
simetry. Experiments were performed on oil displace-
ment by water and on determining the coefficient of oil 
displacement by water (Kvyt). Experiments were per-
formed to determine the relative phase permeability 
(RPP) for oil and water, for oil (by centrifugation), in-
cluding the determination of permeability for oil in the 
presence of Svo (Kpr n(Svo)) justification of the lithologi-
cal and petrophysical characteristics of productive de-
posits was performed based on the results of studying 
622 m of core taken from the deposits of productive ho-
rizons K1al, K1a, K1nc. It has been established that pro-
ductive strata are composed of clayey-sandy rock com-
plexes, characterized by similar mineral composition for 
deposits of productive horizons K1al, K1a, K1nc. In de-
posits of horizon K1al, the presence of coal, thin layers 
of limestone is noted, in deposits of horizons K1a, K1nc 
there are layers of gravel-small-pebble conglomerate.

It has been established that the reservoirs in the de-
posits of the Albian, Aptian and Neocomian horizons 
are polymictic fine-grained sandstones and sandy silt-
stones (fine-fine-grained sandstones), less often thin 
layers of fine-clastic gravelstones (Neocomian produc-
tive horizons).

According to the results of laboratory determination, 
the average value of mineral density (ρv) for the K1al, K1a, 
K1nc reservoirs of deposits is 2.66; 2.69 and 2.7 g/cm3, 
respectively, which corresponds to the average value of ρv 
calculated based on the mineral composition. According 
to the results of laboratory determination of Cpel and the 
total content of clay and micaceous minerals (Cgl) on the 
same samples, no unambiguous correspondence was es-
tablished between these values (Figs. 2, a, b). For depos-
its of productive horizons K1al, K1a, K1nc, no determin-
ing effect of the content of the pelitic fraction (Cpel) in the 
rocks on the value of Kp was revealed. A decrease in Kp is 
observed with an increase in the Cpel content. The lowest 
porosity of rocks, as a rule, is characteristic of rocks with 
a carbonate content (Ck) of more than 20–25 %.

The limiting values of clay content of reservoir rocks 
are determined using the relationship Kpr = f (Kgl) for de-
posits K1al and K1a + K1nc, where Kgl = Cpel ⋅ (1 - Kp) 
(Figs. 2, c, d).

The maximum value of Kgl of reservoir rocks is esti-
mated by the ratios Kpr = f (Kgl) with the boundary value 
of Kpr = 2 ⋅ 10-3 μm2 (K1al) and Kpr = 0.5 ⋅ 10-3 μm2 
(K1a + K1nc), and is 34.3 and 33.6 %, respectively, and 
can be taken as equal to 34 % for productive deposits of 
the Lower Cretaceous.

In terms of fractional composition, the reservoirs of 
all productive horizons are represented by fine-grained, 
fine- to very fine-grained, silty sandstones, with a small 
content of medium-grained fraction. Sandstones are 
characterized by a similar mineral composition, but the 
K1a, K1nc reservoirs have an increased content of car-
bonate minerals and a lower content of feldspars, rela-
tive to the K1al reservoirs.

Carbonate minerals are represented by calcite, dolo-
mite, ankerite and siderite. The minimum amount of cal-
cite, dolomite and ankerite and the maximum amount of 
siderite were found in the K1al age reservoir rocks, relative 

Fig. 1. The Morskoe structure. The structural map is con-
structed based on the reflecting horizon K1al (the 
base of the Lower Cretaceous Albian horizon)
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to the K1a and K1nc age reservoir rocks. The intervals of 
the identified reservoirs, their effective thicknesses, poros-
ity and oil and gas saturation coefficients, and geophysical 
characteristics correspond to terrigenous rock complexes.

Compared to the host rocks, the reservoir rocks are 
characterized by a decrease in the values of natural ra-
dioactivity (gamma ray logging – GR) intensity; re-
duced readings on the density (gamma-gamma density 
logging – GGDL) and acoustic logging (AL) curves.

Homogeneous layers of clays and argillites are char-
acterized by high values of GR (8.5–15.5 μR/h), low 
electrical resistivity (ER = 1.2–2.0 Ohm m), while the 
readings on the GGDL diagrams are on average 2.35 g/
cm3, AL – 340 μS/m, W – 0.36. Dense interlayers found 
in the section are usually thin and are characterized by a 
sharp increase in amplitude on the MBK and MKZ 
curves, and have increased values for GGDL (more 
than 2.53 g/cm3); a decrease in readings is observed for 
AL (less than 240 μS/m).

After preliminary lithological dissection of the sec-
tion, the identification of potential intervals of reservoir 
beds was carried out according to qualitative indirect 
and direct signs characteristic of porous reservoirs: a de-
crease in natural radioactivity; the presence of a radial 
resistance gradient according to electrical methods with 
different research radii (lateral micro-logging – LML, 

lateral logging – LL, induction logging – IL); a nominal 
or narrowed wellbore according to caliper curves.

The effective thickness of the reservoir bed was de-
termined by excluding from the total thickness of poten-
tial intervals of reservoir beds impermeable layers of 
clayey and compacted rocks, which are clearly visible 
using micromethods, AL, GR, GOC.

The reservoir rocks of the deposit are characterized 
by the elastic wave travel time (ΔT) according to the AL 
from 238 to 445 μs/m, the rock density according to the 
GGDL from 1.94 to 2.38 g/cm3, the neutron porosity 
(W) from 0.14 to 0.42, and the natural radioactivity 
(NR) from 2.35 to 10.36 μR/hour.

For clean reservoirs, the following characteristics are 
typical: a significant deviation of the spontaneous po-
tential (SP) curve from the shale baseline, minimal 
gamma activity values on the gamma-ray (GR) curve 
(provided there are no anomalously radioactive miner-
als in the formation and potassium feldspars predomi-
nate), the formation of a thick mud cake, and a reduc-
tion in borehole diameter, as recorded by the caliper log.

In clayey reservoirs, the SP anomaly amplitude is sig-
nificantly lower than in clean sandstone formations. If 
the reservoir consists of alternating sand-siltstone and 
clay layers, and the thickness of the sand-siltstone inter-
beds reaches one to two borehole diameters, not only is 

Fig. 2. Comparison of porosity and content of pelitic fraction (a, b) and comparison of permeability and volumetric clay 
content (c, d) for deposits of K1al (a, c) and K1a, K1nc (b, d) horizons

a b

c d
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there a general decrease in SP amplitude, but also a 
smoothing of local extrema. In the case of extremely thin 
sand-siltstone interbeds, only a few centimeters thick, 
their influence on the SP curve may be almost negligible.

In the section of Cretaceous deposits, reservoirs-
layers with increased values of GR are also identified, 
caused not only by clay content, but also by the presence 
of radioactive elements in the rock, which can be esti-
mated using the SGC method (U, Th, K curves). In this 
case, the share of the uranium component is excluded 
from the total gamma activity of the rock.

In case of ambiguous characteristics, along with quali-
tative features, quantitative criteria based on the lower lim-
its of reservoir properties were used to identify layers; sub-
stantiated in the work [30] = 0.14gr

pk  for Aptian-Neoco-
mian horizons; and = 0.16gr

pk  for Albian horizons.
An auxiliary criterion for identifying reservoir layers 

is the upper limit of volumetric clay content, taken to be 
40 %, the value of which is specified based on the geo-
physical characteristics of the tested layers (Fig. 3, a).

Determination of the nature of reservoir saturation of 
layers by the nature of saturation is carried out using re-
sistance methods – by the behavior of the IK, BK curves 
in relation to the enclosing clays and by the quantitative 
parameter Kng_gr = 0.40, obtained in (Fig. 3, b) – com-
parison of Kng – ER for the tested layers (Table 1).

The tested aquifer reservoirs are characterized by re-
sistances from 1.15 to 1.5 Ohm m and Kng ≤ 0.40. The 
range of tested productive layers is 1.43–26.6 Ohm m; 
the sample of layers “o + w” is characterized by a wide 
range of parameter changes.

It was not possible to obtain the limiting value of the 
electrical resistivity due to the limited sample of tested 
water-saturated formations.

Cretaceous gas-saturated reservoir beds, according to 
well logging data, due to increased clay content and in 
later drilled wells, do not have a pronounced characteris-
tic of a gas-bearing reservoir. Only in clean gas-saturated 
reservoirs are increased values of acoustic logging and a 
decrease in density observed according to GGDL data.

The nature of reservoir layers with ambiguous char-
acteristics was clarified based on the results of testing 
and the hypsometric position relative to the accepted 
fluid contacts at the field.

Rock properties and petrophysical dependencies. All 
petrophysical dependencies were considered separately 
for the K1al, K1a and K1nc horizon deposits; their analysis 
allowed us to evaluate the dependencies for the K1al de-
posits and jointly for the K1a and K1nc horizon deposits.

The determination of Kp and Kpr was performed for 
275 samples representing K1al, K1a and K1nc productive 
deposits (wells 79, 170, 177, 182–OG, and 81, 396–
ZM). New data did not affect the type of dependences 
Kpr = f (Kp), adopted for K1al and (K1a and K1nc) depos-
its, and the Kpr ‒ Kp ratios obtained for 40 rock samples 
from deposits ₽2 are also shown. Weakly compacted car-
bonate rocks represented by the core, with high porosity, 
are characterized by low permeability, which signifi-
cantly distinguishes the rocks of ₽2 from the rocks of the 
productive rocks K1al and K1a, K1nc deposits.

By the calculation of reserves in 2020, based on the 
results of a special core study, the following dependencies 
were substantiated: Kp(P) on Kp, the dependencies of Pp 

on Kp and Pn on water saturation (Sw), the dependencies 
of Svo = f (Kpr) and Svo = f (Kp), the dependencies of rock 
permeability for water (Kprv), rock permeability for oil at 
residual water saturation (Kprn(Svo)), rock permeability for 
water at residual oil saturation (Kprv(Sno)) on Kpr and Kp; 
the dependencies of relative permeability for oil (Kotnn), 
Kvyt, residual oil saturation (Sno) on Kpr. The values of the 
obtained dependencies are presented in Table 2.

In this work, a comparison of the established (Fig. 4) 
petrophysical and physical-hydrodynamic dependen-
cies and parameters with the results of special studies 
carried out on the core is made, and new capillary pres-
sure curves and new relative phase permeability curves 
for oil and water are presented.

Based on the results of all experiments on oil dis-
placement by water, the parameters at the points of 
maximum saturation were calculated.

Residual water saturation of rocks and capillary pres-
sure curves. There is complete compliance of the value 
of Svo, determined from the experimental data estab-
lished during the calculation of reserves with the depen-
dencies Svo = f (Kpr) and Svo = f (Kp) for K1al, K1a + K1nc 
deposits (Fig. 5).

Evaluation of porosity coefficients.The modern well 
logging complex carried out in the wells allows us to 
confidently determine the porosity coefficient.

Fig. 3. Comparison of the volume clay content (Kgl) and 
electrical resistivity of the layers tested in the column 
(a); comparison of the oil and gas saturation coeffi-
cient (Kng) and electrical resistivity of the layers tested 
in the column (b)

a

b
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Table 1
Geophysical characteristics of the tested formations

Well Horizon
Perforation interval Layers identified by well logging

Roof, m Bottom, m g/o/w Roof, m Bottom, m ER, Ohm m Kp Kng Kgl g/o/w
54–OG K1ncl-A 1,252.3 1,255.2 o 1,252.2 1,255.3 9.20 0.27 0.85 0.28 o

1,258.3 1,259.1 1,257.7 1,259.3 4.88 0.21 0.75 0.23 o
1,261.5 1,264.0 1,261.6 1,264.5 7.86 0.26 0.76 0.27 o

83–ZM K1al22–1 1,205.0 1,208.0 g+o 1,205.0 1,213.0 2.21 0.27 0.58 0.21 o
81–ZM K1al1 3–3 1,450.0 1,453.0 o+w 1,450.6 1,452.7 4.93 0.19 0.53 0.21 o

K1al1 3–4 1,452.0 1,455.7 2.20 0.22 ‒ 0.27 w-ed
K1al1 3–3 1,455.5 1,457.0 o+w 1,455.7 1,458.4 2.04 0.27 ‒ 0.15 w-ed

396–ZM K1al3 1–1 914.0 917.0 o+w 913.8 919.9 1.97 0.32 0.44 0.11 o
63–ZM K1al3 0–2 1,278.0 1,280.0 o 1,274.0 1,279.7 1.51 0.26 ‒ 0.17 w

K1al3 1–1 958.0 959.0 o 957.0 962.7 1.46 0.28 ‒ 0.16 o
64–ZM K1al3 1–1 922.0 923.5 – no layer ‒ ‒ ‒ ‒ ‒
79–OG K1a 1,374.0 1,380.0 w+o 1,374.0 1,377.6 5.51 0.20 0.57 0.07 o

K1al3 0–2 679.0 681.5 o+w 679.2 685.0 7.28 0.19 0.53 0.10 o
K1al3 1–3 837.0 541.0 w+o 836.9 840.2 2.45 0.22 ‒ 0.27 o
K1al3 0–2 678.8 680.8 o+w 679.2 685.0 7.28 0.27 ‒ 0.10 o

170–OG K1nc 1–A 1,517.0 1,520.0 o+w 1,517.4 1,522.5 14.42 0.35 0.87 0.03 o
K1al 1–1 811.0 814.0 o+w 809.3 817.8 8.25 0.21 0.57 0.38 o

818.0 820.0 818.6 821.9 16.76 0.23 0.72 0.36 o
177–OG K1a 1,504.4 1,512.0 o+w 1,504.5 1,513.9 13.31 0.29 0.88 0.14 o

K1al3 0–3–A 775.0 118.5 o+w 773.9 783.5 3.31 0.31 0.69 0.10 o
182–OG K1al3 0 941.0 943.0 o+w 940.6 944.0 2.99 0.28 0.74 0.19 o

945.0 948.0 944.6 957.5 4.09 0.32 0.76 0.25 o
K1al3 0 885.0 890.0 o+w 884.7 903.3 15.34 0.30 0.89 0.15 o

Table 2
Basic petrophysical and physical-hydrodynamic dependencies
K1al (K1a + K1nc) deposits

Type of dependency R2 Type of dependency R2

Kpr = 0.0029 ⋅ e33.895 ⋅ Kp 0.88 Kpr = 0.0029 ⋅ e37.69 ⋅ Kp 0.88
Kp(P) = 0.95 ⋅ Kp – Kp(P) = 0.95 ⋅ Kp –

Rp = K p-1.82 0.99 Rp = K p-1.82 0.99
Rn = S b-1.8 0.99 Rn = S v-1.86 0.99

Svo = 0.6906 ⋅ K pr
-0.256 0.83 Svo = 0.6906 ⋅ K pr

-0.258 0.83
Svo = 0.6906 ⋅ K pr

-0.256 0.75 Svo = 0.6906 ⋅ K pr
-0.256 0.81

K vpr = 0.8 ⋅ K pr
1.0527 0.99 K vpr = 0.8 ⋅ K pr

1.00353 0.99
K vpr = 0.9 ⋅ 107 ⋅ K p9.7347 0.83 K vpr = 0.9 ⋅ 107 ⋅ K p7.7108 0.7

K npr(Svo) = 0.2252 K pr
1.1098 0.99 K npr(Svo) = 0.2852 K pr

1.0579 0.99
Kprn(Svo) = 1.0 ⋅ 107 ⋅ K pr

10.297 0.84 K npr(Svo) = 985,033 ⋅ K pr
7.9344 0.71

K vpr(Svo) = 0.0149 ⋅ 107 ⋅ K pr
1.267 0.98 K vpr(Svo) = 0.0149 ⋅ 107 ⋅ K pr

1.183 0.99
K vpr(Svo) = 1.0 ⋅ 107 ⋅ K pr

12.085 0.98 K vpr(Svo) = 544,974 ⋅ K pr
12.085 0.72

K notn = 0.2552 ⋅ K pr
0.1098 0.81 K notn = 0.2552 ⋅ K pr

0.0579 0.55
Sno = 0.404 ⋅ K pr

-0.089 ‒ Sno = 0.3517 ⋅ K pr
-0.055 ‒

Kvyt = 0.3794 ⋅ K pr
-0.0907 0.59 Kvyt = 0.4156 ⋅ K pr

-0.0771 0.93
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OWC were determined on the basis of production geo-
physical data and well testing results.

The gas-oil contact in the wells was identified by the 
following characteristic features: a decrease in density 
according to the GGDL and hydrogen content accord-
ing to neutron logging data.

Direct water-oil contact is observed in many wells. In 
most cases, it is fairly reliably reflected by a decrease in 
resistance on the induction logging and BC diagrams and 
a decrease in the saturation curve below the boundary 
value, which is illustrated. Direct contacts according to 
well logging are presented in Table 3. In some cases, mark-
ing the boundary of the OWC causes difficulties. Such fac-
tors include increased clay content of the formation, its 
carbonization or thin interbedding of layers with different 
characteristics, and the impact of field development.

In such cases, the position of the contacts was speci-
fied based on the hypsometric position relative to the 
fluid contact marks adopted at the field and considering 
the results of well testing.

Production testing. As a result of the analysis and con-
struction of models, the fluid contact patterns were pre-
sented based on the results of tests/testing and well log-
ging for all layers and horizons separately for each block.

Layer al3 1–2. The productivity of the formation was 

The calculation of porosity in the bulk of the wells 
was carried out using data from acoustic (AL), neutron 
(W) and density logging.

The calculation of Kp-ggk was carried out using the 
formula

	 -
σ -σ σ -σ

= -
σ -σ σ -σ

,sk r sk cl
p ggk cl

sk l sk l

K K 	 (1)

where σr is the density of the rock according to the 
GGDL method, g/cm3; σsk is the mineral density of the 
rocks that form the skeleton is taken to be 2.68 g/cm3; σcl 
is mineral density of clays, taken as 2.44 g/cm3; σl is the 
density of the liquid filling the pore space in the study 
area of the GGDL method, determined by the density 
of the filtrate of the pore fluid, taken to be 1.04 g/cm3.

The calculation of the hydrogen content Kp-nk was 
carried out using the formula
	 Kp-nk = W - 0.32Kcl.	  (2)

Porosity according to AL was calculated using the 
following formula

	
Δ -Δ Δ -Δ

= -
Δ -Δ Δ -Δ

,r sk cl sk
p cl

g sk g sk

T T T T
K K

T T T T
	  (3)

where Kcl is the volumetric clay content; ΔTr is the cur-
rent value of interval time; ΔTsk is the value of interval 
time in the rock, ΔTsk = 170 μs/m; ΔTg is the value of 
interval time in the filtrate ΔTg = 590 μs/m; ΔTcl is the 
value of interval time in clays ΔTcl = 340 μs/m.

To assess the reliability of the determined porosity 
coefficients (Kp WLD), they were compared with the re-
sults of laboratory determinations of porosity by core 
(Kpkern), the value of which was corrected for formation 
conditions (by introducing a correction of K p*0.95). The 
Kp WLD – Kpkern values associated with clay intervals, in 
which the readings of geophysical methods are distorted 
due to the increased diameters of the wells, were 
excluded.

A point-by-point comparison of depth-related val-
ues of Kp, determined from well logging and core analy-
sis, is shown in (Fig. 6). The layer-by-layer comparison 
(for layers with core recovery of at least 80 % and illumi-
nation of 3 samples/m) is shown for the Ogayskoye and 
Morskoye (western) blocks in Fig. 7, which shows good 
comparability of the results.

Determination of the position of gas-oil (GOC) and 
oil-water contacts (OWC). The positions of gas-oil and 

Fig. 4. Relative permeability curves for oil and water

Fig. 5. Dependence of residual water saturation on per-
meability and porosity for productive deposits

a

b
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established in the Western block of Morskoye. In the 
Western block, a gas and oil deposit was established by 
testing in wells 56-ZM, 57-ZM, 59-ZM. In well 59, an 
interval of 868.0‒869.0 (885.2‒886.2) m was tested, 
from which an oil inflow of 5.9 and water of 4.9 m3/day 
were obtained. According to well geophysical logging 
data, oil-saturated reservoirs have been identified down 
to a depth of 887.0 meters.

In the new wells, the formation has not been tested. 
The oil-water contacts, determined based on well log-
ging interpretation data, was established in wells 19-ZM 
and 82-ZM at 886.6 m, in well 59-ZM at 887 m, in well 
396-ZM at 887.8 m, in well 58-ZM at 895.1 m and in 
well 62-ZM at 893.1 m.

The gas-oil contact (GOC) has been identified at a 
depth of 885.0 m based on the upper oil level in wells 
19-ZM and 56-ZM. The oil-water contact (OWC) is as-
sumed to be inclined, starting at 887.0 m for almost the 
entire reservoir, deepening to 893.1 m near well 62-ZM 
and to 895.1 m near well 58-ZM.

The reservoir is an anticlinal trap with a productive 
area of 2,951 thousand m2. The gas column height is 

8 m, while the oil column height is 10 m. The reservoir 
sizes are 3.8 × 1.2 km.

Middle Albian productive horizon. Within its section, 
one productive unit, al22, has been identified, which in-
cludes three productive layers: al22–1, al22–2, and al22–3.

Layer al22–1. The productivity of this layer has been 
confirmed only within the Western Block of the field.

In wells 19-ZM, 56-ZM, 58-ZM, 59-ZM, and 67-
ZM, the layers were tested within the production casing.

In well 19-ZM, the layer was tested down to 1,034.7 m, 
yielding an oil inflow. According to geophysical well log-
ging (GWL) data, the OWC was recorded at 1,038.3 m.

In well 59-ZM, an oil inflow was obtained from the 
layer within the interval of 1,012.5–1,019.0 m 
(1,029.7–1,036.2 m). According to GWL data, the OWC 
was detected at 1,039.2 m.

In well 67-ZM, an oil-water inflow was obtained 
down to 1,030.3 m. The flow rates were 32.2 of oil and 
5.7 m3/day of water through a 7 mm choke. According 
to GWL data, the OWC was recorded at 1,035.8 m.

In well 56-ZM, an oil-water inflow was obtained 
from layer testing within the intervals of 1,177–1,179 m 

Fig. 6. Comparison of Kp_WLD – Kp_kern for well No. 54–OG

Fig. 7. Comparison graph of Kp_WLD – Kp_kern for the Ogayskoye block (a) and for the Western Sea block (b)
a b
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(1,023.1–1,024.7 m) and 1,183.0–1,193.0 m (1,027.9– 
1,035.9 m). According to GWL data, oil-saturated reser-
voirs were identified down to 1,038.2 m.

In well 59-ZM, an oil-water inflow was obtained 
during testing. Oil reserves within a 500 m radius 
around the well were classified as category C1, while the 
rest of the reservoir was classified as category C2. Gas 
reserves in the vicinity of well 56-ZM were classified as 
category C1.

In well 58-ZM, an oil inflow was obtained from the 
interval 1,011.0–1,013.0 m (1,029.4–1,031.4 m). From 
the interval 1,017.0–1,021.0 m (1,035.4–1,039.4 m), a 
formation water inflow with oil was observed. According 
to GWL data, the OWC was detected at 1,040.8 m.

An oil and gas deposit has been identified in the 
Western Block, the reserves of which were estimated in 
the previous reserve calculation for categories C1 and C2. 
Category C1 included oil reserves in the area of tested 

Table 3
Determination of fluid contacts using well logging

Well
After testing By well logging

Accepted 
GOC

Accepted 
OWCLower gas 

mark
Lower oil 

mark
Upper 

water mark
Lower gas 

mark
Lower oil 

mark
Upper 

water mark
Layer 1-1

19–ZM ‒ ‒ ‒ 861.0 873.2 873.7 862 866–878
67–ZM ‒ ‒ ‒ 861.3 868.8 868.8
59–ZM ‒ 868.2 ‒ 862 871.0 871.0
62–ZM ‒ ‒ ‒ ‒ 871.9 872.9
58–ZM ‒ ‒ ‒ ‒ 874.2 874.2
396–ZM ‒ 868 870.3 863.3 861.9 868.4
56–ZM 865.2 872.7 ‒ 862.4 872.7 875.5
63–ZM ‒ ‒ ‒ ‒ 871.5 873.7
64–ZM ‒ ‒ ‒ ‒ 872.7 873.7

Layer al30–1
54–OG ‒ ‒ ‒ ‒ 675.3 675.3 ‒ 674–683
170–OG ‒ ‒ ‒ ‒ 674.9 674.9 ‒
177–OG ‒ ‒ ‒ ‒ 674.7 676.3 ‒
50–OG ‒ ‒ ‒ ‒ 763.6 763.6 ‒ 755–764
182–OG ‒ 754.8 ‒ ‒ 761.7 761.7 ‒

Fig. 8. Assessment result after correction
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wells 19-ZM, 56-ZM, 59-ZM, 60-ZM, 62-ZM and 81-
ZM.

The results of the assessment after correction for 
wells 59–ZM, 67–ZM and 81–ZM are shown in Fig. 8.

Conclusions.
1.	 The Interactive Petrophysics v4.4 software (de-

veloped by Senergy) is designed to automate calcula-
tions based on well logging data, significantly simplify-
ing the process of data analysis and interpretation. This 
approach enhances the accuracy of calculations for 
complex terrigenous reservoirs and accelerates decision-
making based on the obtained data.

2.	 The development of a methodology for determin-
ing filtration-capacity properties and saturation, based on 
analytical calculations and experimental studies of petro-
physical and well log interpretation models, for the com-
plex terrigenous reservoirs of the Morskoye field, includ-
ing the Ogayskoye block, improves the efficiency of geo-
physical methods for studying oil and gas-bearing sections.

3.	 The methodology for constructing petrophysical 
and interpretation models of well log data for complex 
terrigenous reservoirs, based on multidimensional inter-
pretative correlations and reservoir characteristics, en-
ables data integration and its application to the analysis 
of any terrigenous formations.

4.	 The methodology includes conducting geophysi-
cal surveys in low-thickness reservoirs (up to 2 meters) 
and the subsequent interpretation of the obtained data, 
allowing for the specific characteristics of such forma-
tions to be considered in the analysis.

5.	 The principles for interpreting complex terrige-
nous reservoirs, which have undergone industrial test-
ing, are based on identified structural patterns and the 
specific distribution of filtration-capacity properties and 
saturation, thereby enhancing the efficiency of hydro-
carbon production.
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Мета. Розробка методики інтерпретації геофі-
зичних даних для складнопобудованих теригенних 
колекторів на основі багатовимірних інтерпрета-
ційних зв’язків і врахування малопотужних пластів, 
для підвищення точності оцінки фільтраційно-єм-
нісних властивостей і насиченості колекторів.

Методика. Використовувався комплексний ме-
тод досліджень, що включає: узагальнення петро-
фізичних характеристик пластів на основі даних 
геофізичних досліджень свердловин (ГДС); їх ана-
ліз за допомогою багатовимірних інтерпретаційних 
моделей; дослідження фільтраційно-ємнісних 
властивостей (ФЄВ) у колекторах малої потужнос-
ті; побудову графічних і статистичних моделей для 
візуалізації отриманих результатів.

Результати. Розроблена методика оцінки філь-
траційно-ємнісних властивостей, заснована на пе-
трофізичних і інтерпретаційних моделях даних 
ГДС. Дана методика призначена для аналізу склад-
нопобудованих теригенних колекторів, включаючи 
пласти малої потужності (до 2 метрів), та сприяє 
підвищенню точності інтерпретації таких об’єктів. 
Ефективність програмного забезпечення була під-
тверджена в ході аналізу таких колекторів, забезпе-
чуючи підвищення точності розрахунків і приско-
рення процесу ухвалення рішень. Розроблені нові 
підходи до інтерпретації, що враховують законо-
мірності будови пластів і розподіл їх фільтраційно-
ємнісних властивостей і насиченості. Проведене 
порівняння із виробничими даними підтвердило 
достовірність методики, що дозволило підвищити 
точність і ефективність геофізичних досліджень 
нафтогазових розрізів.

Наукова новизна. Уперше запропонована мето-
дика оцінки фільтраційно-ємнісних властивостей, 
заснована на застосуванні багатовимірних інтер-
претаційних зв’язків у петрофізичних та інтерпре-
таційних моделях, що дозволило інтегрувати дані 
та адаптувати їх до дослідження різних типів тери-
генних порід. Це, у свою чергу, розширило можли-
вості аналізу складнопобудованих колекторів і під-
вищує точність оцінки їх фільтраційно-ємнісних 
властивостей і насиченості. Уперше виявлені зако-
номірності будови теригенних колекторів, а також 
кількісно обґрунтовані особливості розподілу їх 
фільтраційно-ємнісних параметрів і насиченості.

Практична значимість. Застосування багатови-
мірних інтерпретаційних зв’язків у розробленій ме-
тодиці дозволило значно підвищити достовірність 
та ефективність геофізичного аналізу нафтогазо-
носних розрізів. Формування моделей у рамках 
єдиного методологічного підходу забезпечило сис-
тематизацію процесу вивчення складнопобудова-
них колекторів, що дозволило уніфікувати методи 
їх дослідження на різних стадіях аналізу свердло-
вин. Використання розроблених моделей сприяє 
більш точній оцінці насиченості колекторів на-
фтою й газом, що дозволяє мінімізувати ризики 
при плануванні видобутку й підвищити коефіцієнт 
вилучення вуглеводнів. Розроблена методика може 
бути успішно впроваджена у практику геофізичних 
досліджень на родовищах із різними типами тери-
генних порід, що робить її універсальною й придат-
ною для вирішення широкого кола завдань у на-
фтогазовій галузі.

Ключові слова: колектор, фільтрація, насиче-
ність, керн, каротаж, теригенний

The manuscript was submitted 10.11.24.


