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Abstract

The Geological Process Modelling (GPM) module developed for the Petrel software package
enables digital modelling of natural processes of erosion, transportation and deposition of clastic
sediments. Modelling of cones of removal was carried out for Achimov strata of the Western
Siberia field. The results obtained characterize the expected sediment geometry, lithology
distribution due to sea level changes, paleogeography, paleoclimate, tectonics and sediment input
rates. The results allow the evaluation of different options and enable us to predict the
distribution of prospective oil and gas bearing sediments in areas where no wells have been
drilled. As a result, a sedimentation model was obtained, which reflects the formation of the
elements of the sedimentation system of the study area. According to the sedimentation model,
the main facies zones of the turbidite sediments under consideration are identified.

Keywords: Sediment modelling, Achimov sediments, deep-sea cones of export, unsteady
flow algorithms.

I. Introduction

The deep-water cones of Western Siberia have enormous hydrocarbon potential and are a
promising area for exploration and development [1, 3]. Successful development depends on well-
built conceptual models that reflect the processes of oil and gas reservoir formation [14, 22]. The
construction of geological models that realistically reproduce the internal structure of the reservoir
ensures the reduction of risks and uncertainties and contributes to increased hydrocarbon
production [15, 23, 28].

Achimov deposits are of great interest in the West Siberian oil and gas province. They are
widespread throughout the area and have confirmed commercial oil and gas content. This stratum
is represented by lenticular sandy-siltstone bodies of discontinuous distribution lying at the base
of the neocomposition. Three zones are distinguished in the structure of the clinoform: shelf
complex (undaform), slope (orthoform) and bottom formations (fundoform) [12]. The fundoform
parts of the clinoforms are bounded by silt-sand sediments of the Achimov Formation.

Achimov sediments are turbiditic in nature, but differ from classical turbidites by a shallower
sedimentation depth. The depth of the epicontinental West Siberian basin was, according to
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various estimates, from 300 to 600 meters [11]. Sedimentary material flowed through "feeding
channels" to the "conditional shelf" - a shallow plain with relief bends, the last of which is taken as
the "shelf edge". Sediment accumulated on it in the form of bars and was transported down the
slope through distribution channels [6]. Sedimentary material entered the basin mainly from the
east. The source of material for the formation of the Achimov sand bodies was the shelf of the
epicontinental basin, which was an accumulative terrace gently dipping towards the center of the
basin [26]. The displacement occurred under the influence of gravitational flows caused by
eustatic sea level fluctuations, tectonic processes or climatic changes.

II. Methods

An important step in building a conceptual model is the use of seismofacial analysis based on
the calculation of seismic attributes [16, 33, 34]. If the values of seismic attributes change
significantly, one can assume a change in elastic properties and, consequently, in facies settings
[17].

For the formation under consideration, the most informative is the spectral decomposition
algorithm - decomposition of the seismic signal into frequency characteristics [27, 32]. It is based
on the assumption that local study of the wavefield spectrum allows to obtain more information
about the internal structure of geological objects. The color combination algorithm used for
visualization is RGB-mixing [9, 25]. The program input is three amplitude cubes, each of which
corresponds to a different frequency and a certain color - green, blue, red. The result is a map, each
point of which corresponds to three amplitude values.

The obtained map of spectral decomposition results allows us to divide the formation into
undoformed and phondoformed parts (Fig.1).

15 Hz

25 Hz

Fig. 1: RGB-mixing map of the results of spectral decomposition of 15, 25, 35 Hz frequencies for BPs-2 - Ach: formation

The predominance of high frequency (blue shade) is characteristic of longshore drifts.
Sediments from the shelf area accumulate in the western part, where area cones of export are
developed [35]. Also, the material transport paths are clearly distinguished [4].

Not only seismic attributes, but also the wave field itself in the local area, along the seismic
horizon, can be used for area zoning. The shape of the reflected wave directly depends on the
elastic properties of the acoustic boundary, and the change in the seismic record can be used to

442



Yury Nefedov et al. RT&A, Special Issue No 5 (75)
DEVELOPMENT OF ACHIMOV DEPOSITS... Volume 18, November 2023

judge the change in these properties [29]. This algorithm reduces to a classification problem. Initial
cubes of seismic amplitudes are used as input. In a sliding 3D-window, the size of which was
defined as 20 ms, the studied territory is divided into classes - areas characterized by a constant
signal shape; as a result, a map of class distribution over the territory is obtained [8]. This type of
analysis is implemented by various algorithms, among which the most common are Kohonen
neural networks and the K-average method.

Based on the results of the classification task, the main facies zones of the area can be
distinguished. In the shelf area, longshore ramparts are formed. In the western part, Achimov
cones of export are formed.

-— Facies of cones of outcrop

-— Deep-sea facies
-— Slope facies
- shett facies

D— Distribution channels facies

-— Bar body facies
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| B N E— —

1:300 000
Fig. 2: Conceptual model of the BP6-2 - Ach2 reservoir

As a result of facies analysis based on well and seismic data, a conceptual model was
constructed (Fig.2), where the shelf part is clearly distinguished, where longshore ramparts were
formed, which are characterized predominantly by sandstones and have good reservoir
properties. Extended debris transport channels also stand out. Sediments were deposited in the
western part, where outcrop cones were formed.

IT1. Paleosurface reconstruction and identification of demolition sources

The sedimentation model is based on the reconstructed palaeosurface. The paleorelief map
(Figure 3) was constructed by subtracting the structural surface of the roof of the Bazhenov
Formation (OG B) from the structural surface of the studied horizon. The Bazhenov Formation is
assumed to be conventionally flat and horizontal at the time of its formation.

After palaeosurface reconstruction, corrections to the predicted paleobasin depths must be
made. The correction was carried out taking into account regional paleogeographic schemes [10].

At the time of the formation of the Achimov deposits, there was a regression of the inland
West Siberian Sea from southeast to northwest [2]. During the Berriasian age, the study area was
in the deep sea zone. An uncompensated mode of sedimentation prevailed, and clayey-
carbonaceous-siliceous sediments of the Bazhenov Formation were formed [7]. In the late
Berriasian-early Valanginian, active horizon formation took place on the adjacent land, which was
the main cause of avalanche sedimentation and rhythmic filling of the sea basin with sediments
from the east and southeast; sandy-siltstone cones of the Achimov Formation were formed at the
foot of the slope [5].
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Deposits of the Sortym Formation were mainly accumulated in the area of shallow sea. The
clayey regional packs were formed as a result of short-term regressions that complicated the
general regression. As a result of avalanche sedimentation, slope progradation occurred very
rapidly [21]. In the Early Valanginian, the study area occupied a transitional position with
increasing slope dip angle, then, in the Late Valanginian, it was in the shallow sea zone, and the
slope became more gentle.

From the constructed palaeosurface it is possible to determine the sources of drift. In the
GPM module, the drift sources are understood as the areas of matter transport start in the
perimeter of the modelled space.

00 G000 G000 12000 15000
| B = —
1:300000

Fig. 3: Paleo-basis for modelling and diagram of the location of point demolition sources

The shelf edge was analyzed for the presence of elongated negative landforms and inferred
drift sources were identified from the reconstructed palaeosurface.

IV. Construction of sedimentation model

Sedimentation modelling of the Achimov cones was carried out in the Geological Process
Modeling (GPM) module of Schlumberger's Petrel software package.

For correct modelling it is necessary to clearly understand the processes of formation of the
local object [31]. It is possible to build a sedimentation model based on the conceptual model and
prepared input data.

Modelling was carried out using an algorithm for unsteady flow. The mathematics of the
process controls the priority filling of depressions in the paleorelief of the near-slope part [20, 30].
Distribution of lithotypes occurs by initial deposition of the coarser fraction on the slope, the finer
fraction being carried to the most distant areas [18].

The obtained time slides of the sedimentation model (Fig.4) with two drift sources clearly
show the formation of a system of drift cones with debris transported along the slope. Each
subsequent modelled flow takes into account current changes in paleorelief and subsequent
iterations build up the object with flows. The type of feed sources and the particle size distribution
(Fig.5) of the sedimentary mixture determine the morphology of the cones of withdrawal. The
body is 18.5 km wide and 15.6 km long.

Sediment modelling in the GPM module offers a new approach to building a dynamic model
that can be used to validate and improve the conceptual field model [13, 19]. The use of a
geological process simulator allows the creation of a realistic architecture of the turbidite system
[24]. As a result of the simulation, a model is obtained that reflects the formation of deep-water
cone elements of the Achimov Formation and can be used for further geostatistical modelling of
facies and petrophysics. The obtained result is consistent with seismofacies analysis and drilling
data.
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Distribution of sediments
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Fig. 4: Sequential slides of the sedimentation model
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Fig. 5: Fractional distributions of sediments in the sedimentation model
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Fig. 6: Facies model of the Achimov deposits
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According to the constructed sedimentation model and borehole data, it is possible to identify
the main facies zones of the turbidite sediments under consideration (Figure 6).

Deposits of the proximal and medial zone are distinguished, which are characterized by good
reservoir properties. The distal part is also distinguished, which is characterized by deposits with
deteriorated properties.

Conclusion

The resulting sedimentation model reflects the reservoir architecture of the turbidite system.
The performed facies analysis, the developed conceptual model, the reconstructed palaeosurface
and the identified drift sources allow us to construct the sedimentation model. The dynamic
model is consistent with seismic and well data. The results obtained are comparable to the
conceptual model and allow to predict the distribution of drift cones. This method opens up
positive prospects for more reliable geological modeling.
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