Open Journal of Earthquake Research, 2020, 9, 273-288
https://www.scirp.org/journal/ojer

ISSN Online: 2169-9631

ISSN Print: 2169-9623

/
o2o Resmits
0.00 Publishing

The Integrated Approach to Seismic Attributes
of Lithological Characterization of Reservoirs:
Case of the F3 Block, North Sea-Dutch Sector

Oumarou Sanda'?*, Djeddi Mabrouk3, Tabod C. Tabod+*5,
Jean Marcel!4, Jean M. Abate Essi5, Simon Ngos III7

'"National Institute of Cartography, Yaoundé, Cameroon

2Department of Physics, Faculty of Science, University of Maroua, Maroua, Cameroon

*Department of Geophysics, Faculty of Hydrocarbons and Chimistry, M’Hamed Bougara University of Boumerdés, Boumerdés,
Algeria

4Department of Physics, Faculty of Science, University of Yaoundé 1, Yaoundé, Cameroon
*Department of Physics, Faculty of Science, University of Bamenda, Bamenda, Cameroon
%Ore Processing Laboratory, Institute for Geological and Mining Research, Nlongkak Yaoundé, Yaoundé, Cameroon
7Department of Exploration, Faculty of Mining and Petroleum Industries, University of Maroua, Kaélé, Cameroon

Email: *oumarousanda22@gmail.com, djeddimabrouk@yahoo.com, ctabod@gmail.com,

jmarcel02@yahoo.fr, abatemarcel@yahoo.fr, sngos@yahoo.com

How to cite this paper: Sanda, O., Ma-
brouk, D., Tabod, T.C., Marcel, J., Essi,
J.M.A. and Ngos III, S. (2020) The Inte-
grated Approach to Seismic Attributes of
Lithological Characterization of Reservoirs:
Case of the F3 Block, North Sea-Dutch
Sector. Open Journal of Earthquake Re-
search, 9, 273-288.
https://doi.org/10.4236/0jer.2020.93016

Abstract

Technological development, particularly the development of signal processing,
has contributed to the improvement of the quality of results in the analysis of
the characteristics of hydrocarbon reservoirs. This scientific advance is espe-
cially marked by the introduction of seismic attributes in the characterization
of reservoirs. This paper is aimed at evaluating the contribution of seismic

attributes in the lithological characterization of hydrocarbon accumulation

zones. Thus, it has been found that instantaneous attributes make it possible
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to highlight the different properties of reservoir rocks. Techniques for ex-
tracting three-dimensional volume attributes have been applied to a 3D seis-
mic data volume of the F3 block in the Dutch sector of the North Sea. The
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bon detection, and reservoir lithological prediction. The instantaneous am-
plitude, the derivative of amplitude 1, the factor Q, the energy and the Hilbert
transform are attributes which highlight the presence of hydrocarbons through
the bright spots. Thus, curvature, similarity, dip, and coherence are useful in
the determination of traps such as faults and anticlines. The crossing of the
instantaneous amplitude and the instantaneous frequency makes it possible
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to analyze the lithofacies. In the same way, the analysis of the crossed dia-
grams between the porosity and the instantaneous amplitude made it possible
to define the different layers of the reservoir.
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1. Introduction

A seismic attribute is a quantitative measure of a seismic characteristic of inter-
est [1]. Seismic attributes are data or information obtained from seismic data,
either by direct measurements, or by logical or experience-based reasoning [2].
Effective seismic attributes can lead to better geological or geophysical interpre-
tation of the data and provide a better understanding of the geometry and phys-
ical properties of the subsoil. Today, there are hundreds of analytical attributes
used to analyze the subsoil. Thus, [3] listed more than three hundred attributes.
But, according to their method of calculation and their physical properties, [4]
proposed two major types of attributes namely geometric attributes and physical
attributes. For physical attributes, we distinguish between wavelet attributes and
instantaneous attributes. In his works, [5] evoked the existence of sixteen (16)
instantaneous attributes. These attributes each have a particularity in the analy-
sis of the properties of the subsoil.

This article aims to build an approach for the lithological characterization of
reservoirs using seismic attributes. To do this, the 3D seismic data from block F3
was used for an application and the results obtained were developed while mak-

ing a comparison with other reservoir characterization methods.

2. Materials and Methods

The use of seismic attributes [6] in oil exploitation has become common since
the publication of [7] and today there is a growing use of attributes in reservoir
analysis. Despite the existence of a multitude of seismic attributes, the construc-
tion of an integrated approach to reservoir analysis remains a major challenge
for understanding the characteristics of the accumulation zones (Figure 1). To
do this, it is therefore important to test and select the attributes based on their
effectiveness in a specific area. In this work, it is therefore a question of first
identifying the hydrocarbon zones using attributes such as instantaneous ampli-
tude, energy, quality factor and instantaneous frequency. Then, the localization
of the traps which make it possible to delimit the reservoirs with attributes such
as curvature, coherence, dip and similarity. Finally, the analysis of the seismic
facies is an important step which makes it possible to make a lithological predic-
tion by well-selected attributes namely the acoustic impedance, lambda, mhu and

the Vp/Vs ratio. Thus, an analysis based on the combination of attributes and
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crossplotting of data is used to deepen the lithological study of the reservoirs.

The data used in this work was derived from block F3 covering an area of
about 16 x 23 km® in the Dutch sector of the North Sea (Figure 2). The block is

covered by 3D seismic acquired to explore the oil and gas deposits in Upper Ju-

rassic-Lower Cretaceous strata, which lie below the range selected for this demon-

stration. The data volume consists of 646 in-lines and 947 cross-lines. The line

spacing is 25 m for line and cross lines, and the sampling rate is 1 ms. A standard
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Figure 1. Methodology diagram.
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Figure 2. Location of the F3-Block in the North Sea (Dutch sector) with its wells (F02-1, F03-1, F03-4 and F06-1)

presented on Google Earth.
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seismic data processing sequence has been applied to the data. Data from four
wells in the region were available, in particular the actual depth logs, including
sonic and gamma logs. Density logs were reconstructed from sonic logs using
neural network techniques. Sonic logs were also used to calculate porosity logs
for all wells. In the survey, four vertical wells are present (F02-1, F03-2, F03-4
and F06-1) with sonic and gamma logs but only two wells (F02-1 and F03-2)
have density logs.

3. Results

The attributes are very numerous today, counting them is an arduous activity
and their use is varied and depends on the objectives set for a given study. The
selection of attributes made it possible to make a lithological analysis of the hy-
drocarbon reservoirs. Thus, the results obtained are divided into three groups
which are the identification of the hydrocarbon accumulation zones, the delimi-
tation of the reservoirs through the hydrocarbon traps and the lithological anal-

ysis of the layers constituting the reservoirs.

3.1. Identification of Hydrocarbon Accumulation Zones

The detection of the hydrocarbon accumulation zones was carried out thanks to
the attributes which presented results of superior quality. Thus, attributes such
as instantaneous amplitude, Q factor, energy, average amplitude allowed eve-
ryone to highlight the light points that reflect the presence of hydrocarbons on
the seismic section. While there is a difference between these attributes, they all
highlight the same bright spots. This presence is proven by calculating the in-
stantaneous amplitude through light points (Figure 3). In the same order, the
quality factor and the energy also present bright spots which highlight the pres-
ence of hydrocarbons (Figure 4), which probably reflects the implication of this
attribute in the detection of hydrocarbons. Thus, seismic attributes are used as
predictive variables in lithological prediction and the characterization of reser-
voirs [8]. The amplitude maps (Figure 3) show the spatial extent of the light
points (black color) by associating the three components of the data, namely the
line in line, the line crossed and the slice z. The identification of the light points
was done using the online section but it is also possible to do it with cross sec-
tions. The z-section is necessary in this analysis because it confirms the existence
of a reservoir by giving an overview of the hydrocarbon zone (Figure 3) through

a black layer.

3.2. Delimitation of Reservoirs through Hydrocarbon Traps

The determination of the structures which delimit the zones of hydrocarbons
can be done by instantaneous attributes. It is in this sense that [5] states that
these amplitude maps are very useful to delimit possible zones of hydrocarbon
accumulations. Attributes such as cosine phase, instantaneous frequency, in-

stantaneous phase and instantaneous weighted phase can be used to detect the
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faults which constitute the traps of the identified reservoirs. As these attributes
do not provide good results for identifying traps, the use of attributes such as
curvature, coherence, similarity and dips have helped to highlight the traps
which delimit the hydrocarbon accumulation zones. Thus, by observing the
seismic horizons well, we note that there are offset of the reflectors over a good
part of the seismic section (Figure 3). This offset of the reflectors indicates the
presence of normal faults which are better-visualized reservoirs to the attributes.

The network of faults that is so apparent in the attribute map shown in Figure 5

~TH el

drocarbon reservoir

Figure 3. (a) Instantaneous amplitude of in-line 230, (b) the three components of 3D
seismic data which are in-line, cross-line and z-slice to show the extent of the reservoir in
space, (c) the hydrocarbon reservoir seen by z-slice 524.
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Figure 4. Detection of reservoir by (a) Instantaneous quality factor (in-line 230) and (b)
Energy attribute showing bright spots.

aﬂf‘m*%‘:_ 2

AL R S

Figure 5. Illustration of faults, (a) most positive curvature, (b) most negative curvature, (c) dip steering, (d) cube similarity.
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shows the implication of attributes such as most positive curvature, most nega-
tive curvature, dip steering and cube similarity in the determination of faults.
After the location of the reservoirs, the attributes are very useful in the lithologi-
cal analysis of the reservoirs by crossing the attributes first. Then, the crossing of
the well data with the instantaneous attributes and finally a combination of the

real data only to confirm the results obtained with the attributes.

3.3. Lithological Analysis of the Reservoir Layers

This part includes three stages namely the lithological analysis by seismic
attributes, the lithological analysis by attributes with well data and the lithologi-

cal analysis using only Well data.

3.3.1. Lithological Analysis by Seismic Attributes

The combination of instantaneous attributes is an approach that makes it possi-
ble to predict the nature of the layers constituting the reservoirs. Thus, it is a
question here of crossing the attributes which have a strong correlation and in-
volved in the estimation of the lithology. Figure 6(a) illustrates a cloud of dense
points for small values of the instantaneous amplitude and values between 12
and 80 Hz of dominant frequency. This explains the existence of a facies (blue
color) well distributed in the seismic section. Despite, the domination of the blue
color among the facies, we note the existence of three other facies represented
here by the colors green, yellow and red. The intersection of the instantaneous
amplitude and the dominant frequency appears as a tool with a strong correla-
tion (r = 0.8) which makes it possible to discriminate the different facies. Like-
wise, the intersection of the instantaneous amplitude attributes and the Q factor
presents the dense point cloud for very low values and the higher the values the
more points are scattered. This implies a strong resemblance between the in-
stantaneous amplitude and the Q factor for low values (Figure 6(b)). This simi-
larity is justified by the correlation (r = 0.62) between these two attributes. Re-
garding the discrimination of lithofacies, we find the same facies in both crosses
(Figure 6 and Figure 7) but it is in their distribution that there is a difference
that is probably due to the characteristics of each attribute.

The work of [9] marks the beginning of the use of instantaneous frequency in
the characterization of reservoirs, but [10] has shown the implication of this
attribute in the analysis of lithofacies by crossing the instantaneous frequency
with the amplitude first and then with the thin bed indicator. The use of
attributes in lithological forecasting appears to be an interesting approach to
other methods based on direct measurements from rock samples from the study
area and real data. The contribution of instantaneous attributes to the lithologi-
cal characterization of reservoirs is important because it is possible to obtain li-
thofacies by combining several attributes in order to have multi-attributes. Thus,
the amplitude, the amplitude 1* derivative, the dominant frequency, the Q fac-
tor, the amplitude average and Hilbert transform were combined to predict the

nature of the rocks. Thus, this multi-attribute obtained illustrates the different
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Figure 6. Diagrams of crossplotting, (a) Instantaneous amplitude and dominant fre-
quency, (b) Instantaneous amplitude and quality factor, (c) Instantaneous amplitude and
Instantaneous frequency.
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Figure 7. Multi attribute composed of seven attributes which are amplitude, Q factor,
Hibert transform, amplitude average, dominant frequency, energy and the amplitude 1*
derivative

facies of the reservoir on the section of section Z 524 (Figure 7). The facies cor-
responding to each color shows the lithological changes in the seismic section and
more precisely on the reservoir. From yellow to green through gray, blue and red,

we are focused on the number of possible layers to identify in this section.

3.3.2. Lithological Analysis by Attributes with Well Data
Porosity is one of the most important properties of the reservoir because it per-
mits to describe the layers that constitute the hydrocarbon accumulation zone.
This involves crossing the well data with instantaneous attributes to analyze the
lithological changes. To do this, some attributes were selected taking into ac-
count their contribution to the lithological discrimination analysis. Thus, the in-
stantaneous amplitude and quality factor were chosen to cross with porosity us-
ing the well porosity log F02-1 (with values between 20% and 60%). Two crossed
diagrams were obtained namely the diagram of the porosity and the instantane-
ous amplitude and that of the porosity and the quality factor (Figure 8(a) and
Figure 8(b)). In Figure 8(a), there is a difference in colors that reflect a litho-
logical discrimination through the cross diagram between the instantaneous
amplitude attribute and porosity. A good positive correlation is observed and a
variation of the porosity on section z-slices 524. Thus, the blue color has porosity
between 22% and 30%, the light blue with values between 30% and 35%, the
green of 35% to 40%, yellow with a porosity of 40% to 48% and red from 48% to
58%. Taking into account the regional geology and previous work on porosity,
the different colors represent the following lithologies: the blue color for sand-
stones of the reservoir, the green color for the clays, the yellow color for the un-
consolidated sands and the color red for limestones.

In the same order of ideas, the attributes deduced from the impedance such as
Ap, up, Vp/Vs ratio make it possible to predict the different layers of the reser-
voir. It is in this sense that we observe a good correlation (r = 0.7) between up
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Figure 8. Diagrams of crossplotting (a) well data (F02-1) porosity and instantaneous am-
plitude, (b) well data (F02-1) porosity and quality factor.

and A and that the crossing of these two attributes (Figure 9) presents the same

facies obtained in Figure 8.

3.3.3. Lithological Analysis Using Only Well Data
Well data provides real values of several properties such as porosity, acoustic

impedance, gamma rays, density, and sometimes permeability. After identifying
the accumulation zone and analyzing the lithofacies, crossing the well data con-
firms the results obtained at the crossing of the instantaneous attributes in order
to predict the lithology. To do this, the impedance porosity was crossed at first

and later on the porosity to gamma rays.
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Figure 9. Crossplotting Mhu-rho (yp) and lambda (4).

Several studies [10] [11] [12] [13] [14] have made it possible to analyze
cross-plots between porosity and acoustic impedance to define the different lay-
ers. Similarly, some authors [15] [16] [17] [18] have shown that the crossover
between the impedance P and the ratio Vp/Vs allows to define a zone of accu-
mulation or not. It is important to note that the bivariate cross-plots from the
wells showed the lithofacies. Figure 9 and Figure 10 show two crossplottings
which are the porosity-gamma ray diagram and the porosity-impedance P dia-
gram in order to present the different layers. Thus, Figure 10 shows the different
facies observed in the calculated seismic attributes (Figure 3). By taking values
of these two variables, from blue to green we have clays or shale’s, yellow represents
sandstones and red alternate’s sand and sandstone. [19] demonstrated the litho-
logical variation depends on the values of the impedance. For them, the weak
impedances correspond to the shale’s, the moderate impedances to the clayey
sandstones and the impedances raised to the exposed sandstones. As for Figure
11, the correlation between the porosity and the gamma rays is very strong and
red densification is observed in the range 25% to 44% porosity and from 0 to 125
API gamma rays. This red color represents the layer.

It is also possible to make a three-dimensional cross-section of the porosity,
impedance and gamma rays where the different lithologies appear as a function
of the porosity and impedance values, in which the low values indicate the zones

with shale’s and high values refer to sandstone.
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Figure 11. Crossplotting porosity-gamma ray F03-2, F03-4, F06-1.

4. Discussion

The approach used in this paper, which incorporates the use of instantaneous
attributes in the analysis of lithological changes, proves to be an appropriate
method for lithological characterization of hydrocarbon reservoirs. This charac-
terization can be confirmed using other methods such as neuron analysis,
co-kriging, and AVO method and meta-attribute approach.

The identification of accumulation zones made by attributes such as instanta-
neous amplitude, energy attribute and Q factor through bright spots is efficient
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but geostatic methods such as neural networks, kriging and meta-attributes are
techniques based on the conjugation or combination of several attributes chosen
according to their convergence in the analysis. So these methods appear as an
approach that confirms the results obtained with single attributes. It is in this
sense that the authors [20]-[25] analyzed hydrocarbon accumulation zones using
the neural network method with a multitude of attributes. This technique appears
as a confirmation of methods using one or two seismic attributes in reservoir cha-
racterization. It is for this reason that it is widely used to analyze lithofacies.

Similarly, the AVO technique [26] is very much in demand in the lithological
analysis of reservoirs because of the quality of the results it presents in the litho-
logical discrimination [27] [28] [29] [30].

The lithological estimation [31] [32] made by seismic attributes is necessary
since it permits the orientation of the studies to use the actual data (well log) for
confirmation. Since logs provide point information, it is important to note that
only seismic attributes allow not only lithological prediction but also interpola-
tion of well data to estimate the distribution of values of porosity, permeability,

the saturation, the thickness of the layers on a given area.

5. Conclusions

The results show a remarkable contribution of the use of seismic attributes in the
lithological characterization of hydrocarbon reservoirs which begins by first de-
tecting the hydrocarbon zones on a seismic section through bright spots, then
delimitation of reservoirs through hydrocarbon traps and finally the lithological
analysis using seismic and well log. Thus, attributes such as instantaneous am-
plitude, energy, and Q-factor are best suited to highlight bright spots that are
major features of hydrocarbon zones. For the detection of hydrocarbon zones,
those attributes also provide a good visualization of the bright spots that most
often reflect the presence of hydrocarbons.

Curvature, similarity, dip, and coherence are the most appropriate attributes
in identifying traps. As for the lithological analysis, creating a multi attribute
from attributes such as amplitude, Q factor, Hibert transform, amplitude aver-
age, dominant frequency, energy and the amplitude 1* derivative allows to high-
light the facies of the reservoir. The different colors that appear in the accumula-
tion zone represented the different layers of the reservoir. Thus, the crossplot-
ting of attributes between them and attributes with the well log makes it possible
to make a prediction of the nature of the layers. Crossplotting well data confirms
results obtained with the attributes.

This approach can be adapted to the characterization of the focus in order to
predict the earthquake. The detection of the earthquake is based on the maxi-
mum amplitude of the P wave. By definition, the magnitude is a logarithmic of a
Wood-Anderson type seismometer on the maximum amplitude of the P wave.
Thus, we note that the first stage of characterization of the earthquake and of the

hydrocarbon accumulation zones is essentially based on the measurement of the
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maximum amplitude. We note in both cases that the detection of faults is very

important.
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