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Application of seismic sedimentology to the western slope of
northern Songliao basin
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Abstract. During the sedimentary period of Saertu reservoir on the western slope of the northern Songliao
basin, delta front and shore-shallow lake subfacies are mainly developed, which have the characteristics of
few sandstone layers and thin single layer thickness. The lithology of thin layer or thin interlayer can not be
distinguished clearly by seismic response on conventional seismic section, and it is difficult to identify them.
Geophysical response characteristics of channel sand bodies are defined by well-seismic combination.
Under the guidance of seismic sedimentology, the qualitative and quantitative prediction of channel sand
bodies is carried out by using 90°-phase conversion, stratal slicing and waveform indication inversion
techniques. The results show that the seismic reflection axis is symmetrical with respect to the top and
bottom surface of sandstone, and the channel sand body has obvious characteristics and completely
corresponds to wave peak reflection. The channel bodies of S1 and S23 reservoir formation are separated
respectively into two stages by using the amplitude attributes of stratal slices, and the coincidence rate of
reservoir prediction to wells is 78%~84%, with an average of 79.7%. The waveform indicator inversion
technique is used to predict the channel sand body thickness of the four stages, and the error of sand body
thickness to well is 0~1.6m, with an average of 0.32m.

1 Introduction

The western slope is one of the potential favorable areas 2 Geological survey of the study area

for oil and gas exploration in the north of Songliao
basin!'?l. In recent years, three-dimensional seismic
exploration has been carried out in five blocks with a full
coverage area of more than 1x10°km? on the western
slope. Predecessors used 3d seismic amplitude attribute
to predict the channel sand body on the west slopel*~],
But according to the drilling data, seismic response to
the distinction between the lithology is not clear, the
same seismic reflection amplitude axis reflected the
different lithology®®!, analysis the reason for the
conventional seismic processing results is zero phase of
seismic data, sand body with no direct corresponding
relationship between seismic event, the polarity and
amplitude can neither well lithology, nor lithofacies
credible reference point of the position and form, so the
standard of zero phase seismic data is not suitable for
thin layer lithology interpretation®’l. In recent years,
seismodeology has been widely applied in oil and gas
exploration®!®,  playing an important role in
characterizing thin sand bodies, characterizing reservoirs
and predicting lithologic traps!'?l. Based on the theory of
seismic sedimentology, this paper explores the
correspondence between the synfacies axis of seismic
reflection and the lithology by using the three-
dimensional seismic data processed by the strip, so as to
develop the qualitative and quantitative prediction of
channel sand bodies.

The western slope of the northern Songliao Basin is
structurally composed of three secondary tectonic units,
the western overlap belt, the Taikang uplift belt and the
Fuyu tectonic belt. Since the Cretaceous period, it has
been an easterly inclined monoclinal structure!'’l. The
overall structure is relatively simple and the fault does
not develop!'®. The main target layer of the western
slope is saertu oil formation, namely from the second
and third sections of Yaojia Formation to the first section
of the Nenjiang Formation, which is divided into S23, S1
and SO oil formation from bottom to top, and the main
oil-bearing formations are S23 and S1 oil formation. The
sedimentary microfacies mainly developed in the delta
front subfacies and shore-shallow lake subfaciest!®-2¢],
and the sedimentary microfacies include subaqueous
distributary channel, estuarine bar, sheet sand,
distributary bay, shore-shallow lake sand bar and shore-
shallow lake mud in the delta front. The sedimentary
microfacies of oil-bearing sandstone are mainly
subaqueous distributary channel, followed by sheet sand.
Under the influence of the northern provenance, the sand
body thickness of the Saertu oil formation gradually
thinned from the S23 oil formation to the SO oil
formation during the deposition period. The sand body
thickness of the S23 oil formation is generally 5~8m,
and the sand body thickness of the SO and Sl oil
formation is generally 2~5m[®7. The sandstone to
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formation thickness ratio of the S23 oil formation is
generally 40%~60%, that of the S1 oil formation is
generally 10%~20%, and that of the SO oil formation is
generally less than 10%. The single sand layer thickness
of Saertu oil formation is generally between Im and 2m.
It is characterized by fewer sandstone layers and thinner
single layer thickness, which is a typical "mud-coated
sand" feature.

3 geophysical response characteristics

3.1 Geophysical response characteristics of the
S0 oil formation

There are differences in the geophysical response
characteristics of channel sand bodies in different areas
of the SO oil formation on the western slope. The log
response of channel sand body is characterized by low
speed and low density, and the seismic response is
characterized by weak amplitude reflection. The channel
sand body shows the characteristics of "upper arch" in
the same phase axis in the seismic profile. In the middle
region, the channel sand body is mainly developed in the
middle and upper part, and large sheet sandstone is
developed all around. The logging response of the
channel sand body is characterized by low speed and low
density, the seismic response is characterized by weak
amplitude reflection, and the channel sand body shows
the "pull-down" feature of the same phase axis in the
seismic profile. In the southern region, the channel sand
body is mainly developed in the middle and mudstone is
developed all around. The logging response of the
channel sand body is characterized by high speed and
high density. The seismic response is characterized by
strong amplitude reflection. At the same time, the
channel sand body of The SO oil formation shows
opposite geophysical characteristics to the surrounding
sheet sand (or mudstone).

3.2 Geophysical response characteristics of S1
and S23 oil formation

The density of sandstones in the channel of S1 oil
formation on the western slope is less than 2.1g/cm?, and
the acoustic time difference is greater than 380us/m8l,
The logging response is characterized by low density and
low speed, and the seismic response is characterized by
weak amplitude reflection. The density of channel
sandstone in the S23 oil formation is less than 2.15g/cm3,
the acoustic time difference is greater than 360us/m, the
logging response is characterized by low density and low
velocity, and the seismic response is characterized by
weak amplitude reflection. At the same time, the channel
sand bodies of the S1 and S23 oil formations have
opposite geophysical response characteristics with the
surrounding mat sand, the log response of the mat sand
is characterized by high density and high speed, and the
seismic response is characterized by strong amplitude
reflection.

4 Prediction of channel sand body
based on seismic sedimentology

Seismic sedimentology is a geological discipline based
on modern sedimentology, sequence stratigraphy and
geophysics, which uses 3d seismic data and geological
data to determine the macroscopic characteristics of
stratigraphic rocks, the origin of sand bodies, the
development and evolution of sedimentary systems, the
quality of reservoirs and the distribution of oil and gas
through the study of sequence stratigraphy, stratigraphic
slices, seismic attribute analysis, core lithology and
sedimentary facies®). The main research methods and
technologies include 90-degree phase conversion
technology, formation slicing and geophysical inversion,
etc.’), among which 90-degree phase conversion,
formation slicing and frequency division interpretation
are the key technologies of seismodeology™. In this
paper, based on the 90 degree phase transformation, the
stratigraphic  slicing technology is applied to the
qualitative prediction of the channel sand body on the
west slope, and then the waveform indication inversion
(phase control) technology is applied to the quantitative
prediction of the channel sand body.

4.1 90 degree phase conversion

The results of conventional seismic processing are
usually zero-phase seismic data, and the peaks and
troughs correspond to the stratigraphic interface rather
than the lithologic interface, which makes it difficult to
identify sand body types. By rotating the seismic phase
by 90 degrees, the main valve of the reflected wave is
brought to the center of the thin layer, and the seismic
reflection is symmetrical to the sandstone layer rather
than to the top-to-bottom interface of the stratum, so that
the seismic response has a unique corresponding relation
with lithology, and the seismic phase has lithologic and
stratigraphic significance!®’3%. From the zero-phase
seismic profile which obtained from conventional
seismic processing of the western slope, the seismic
reflection characteristics of the sand body are shown as
partial trough and peak reflection (Figure 1a), and the
seismic response is not the only corresponding relation
with lithology. After converting the original seismic
record into 90 degree phase using 90 degree phase
conversion technology, the seismic reflection axis is
symmetric with respect to the sandstone layer, rather
than with respect to the top and bottom interface of the
stratum (Figure 1b). The channel sand body has obvious
characteristics, which completely correspond to the crest
reflection.

4.2 Formation section

Common seismic attribute slicing methods include time
slicing, slices along the layer and stratigraphic
slicing®®!*%, Time slice is to slice and display the seismic
data when traveling along a fixed earthquake, and the
direction of the slice is perpendicular to the time axis.
Slices along the layer is sliced along or parallel to the
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(b)seismic profiles after phase conversion
Figure 1. Comparison of seismic profiles before and after 90
degree phase conversion(Well J93)

seismic layer**] However, stratigraphic slicing take
the isochronous sedimentary interface as the top and
bottom to interpolate a series of layers in an equal
proportion, and sections are generated one by one along
these interpolated layers®”. The S1 and S23 oil
formation of West slope have the characteristics of sand
bodies superimposed with each other. In order to
separate the channel sand body, on the basis of 90-
degree phase conversion, six linear layers were inserted
into the top and bottom of the S1 and S23 oil formation
on the basis of stratigraphic slices to refine the channel
period, and the amplitude properties along the layer were
extracted (Figure 2). From the amplitude property
diagram of the strata sections, the northwest is the
lacustrine facies, and the lithology is the large set of
mudstone and siltstone mudstone. The seismic property
corresponds to the contiguous blue low value region. In
the east is the delta facies, whose lithology is mainly
siltstone, fine sandstone and argillaceous siltstone, and
the seismic property corresponds to the high value region
dominated by red, yellow and green. According to the
distribution characteristics of stratigraphic section
channel, sand bodies in two stages of each channel were
identified for The S1 and S23 oil formations (Table 1). It
is relatively simple to predict two-stage channel by using
amplitude attribute without superposition of channel
sand body in SO oil formation.
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(b) Seismic profile of well J67

4.3 Waveform indication inversion

Waveform indication inversion is a process of
optimizing the combination of reflection coefficients

. R (c) Slice 2 amplitude attribute of S1 Formation
under .th.e guidance ~ of  seismic ) Waveform Figure 2. Stratal slicing at the top of S1 oil formation in
characteristics(phase control). The theoretical basis of Jianggiao area, western slop

the algorithm is the structural data body distributed
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Table 1. Prediction results of channel sand bodies in Saertu
reservoir on western slope

Oil Distribution Channel Channel coilgifll;nce
formation area/km’ width/km direction
rate/%
S0 133.7-202.8 | 0.05-1.5 | Northeast 84
~Southwest
S1 129.3~131.9 | 0.08~1.6 North 84
~South
S23 232528755 | 0.50-3.0 | horthwest 78
~Southeast

curve to establish the initial model, spatial variability
structure instead of variation function analysis, unbiased
optimal estimation on the high frequency components.
The results of seismic inversion are not only constrained
by seismic facies in space, but also accord with
sedimentary law in plane, and finally the accuracy and
reliability of reservoir prediction are improved
effectively. Waveform indication inversion changes the
traditional spatial geostatistics method based on
variational function and adopts the "seismic wave-driven
structured inversion" algorithm. The flow chart of the
algorithm is as follows :(1) select a sample well by
comparing the seismic waveform; (2) Statistical sample

well curve structure; (3) Simulate the high frequency
components of the initial model according to the selected
samples and the determined structure, meet the
conditional distribution probability calculated by the
sample well statistics, and make the simulation results
conform to the seismic intermediate frequency
impedance and well curve structure characteristics.
Finally, the simulation realizes the idea of "phase-
controlled inversion" and improves the certainty of high-
frequency components.

Based on the prediction of sand body distribution by
stratigraphic slicing, the seismic waveform indication
inversion function in SMI software is used to
quantitatively predict the fourth stage of the river in The
S1 and S23 oil formation in the west slope. From the
profile (Figure 3), two-stage channel sand bodies can be
identified, and the thickness of four-stage channel
sandstone can be predicted quantitatively by inversion
finally (Figure 4). The absolute error of sandstone
thickness prediction is 0~1.6m with an average of 0.32m.
The error meets the requirements of reservoir prediction.

=== S1Top --- 823Top

(a)Seismic Profile

- —- StTop

—— S23Top

(b)Inversion Profile
Figure 3. Waveform Indicating Inversion of Connected Well Seismic Profile

5 Conclusion

(1) There are differences in the geophysical response
characteristics in different areas of the SO oil formation
on the western slope, in northern and central regions
channel sand cervix well response in low speed, low
density characteristics and seismic response of weak
amplitude,but the reflection characteristics of logging
response of the channel sand body in southern area is
high-speed,  high-density  characteristics,  seismic
response is a strong amplitude reflection characteristics.
The geophysical response characteristics of S1 and S23

oil formation are basically the same. The logging
response is characterized by low density and low
velocity, while the seismic response is characterized by
weak amplitude reflection.

(2) After 90 degree phase transformation, the seismic
reflection axis is symmetric with respect to the sandstone
layer, and the channel sand body has obvious
characteristics, completely corresponding to the crest
reflection. The two-stage channel is predicted by using
the amplitude property in the SO oil formation. By using
the amplitude property of formation slice, two-stage



E3S Web of Conferences 236, 03014 (2021)
ICERSD 2020

https://doi.org/10.1051/e3sconf/202123603014

(b) Upper part of S23 reservoir
Figure 4. Prediction plan of channel sandstone thickness of
S23 reservoir formation on western slope
channel can be predicted respectively in the S1 and
S23 oil formations. Among them, the distribution area of
the channel sand body of The SO formation is
133.7~202.8km?, the width of the channel is 0.05~1.5km,
and the well coincidence rate is 84%. The distribution

area of channel sand body in S1 oil formation is
129.3~131.9km?, the width of channel is 0.08~1.6km,
and the well coincidence rate is 84%. The distribution
area of channel sand body of S23 oil formation is
232.5~287.5km?, the width of channel is 0.50~3.0km,
and the well coincidence rate is 78%.

(3) Waveform indication inversion technique is used
to quantitatively predict the channel sand body thickness
in the fourth stage of the S1 and S23 oil formation. The
absolute error of sandstone thickness prediction is
0~1.6m, with an average of 0.32m.
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