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1. Post-stack
2. Hampson-russell
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1. Check-shot
2. Convolution
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Introduction

There are various methods for inverting seismic data
to porosity, which are used according to the available
data and field conditions. In this study, four models
including (1) Model-based, (2) Band-limited, (3)
Sparse Spike (Linear Programming) and (4) Sparse
Spike (Maximum Likelihood) are discussed. In the
model based inversion method, for every seismic trace
that requires inversion, there must be a hypothetical
initial model. This trace of the initial model is achieved
by linking the well or velocity-time pairs of wells to
different points, and the interpretation of these points
produces impedance for each seismic trace [1]. The
band-limited method was proposed by Ferguson and
Margrave (1996) to estimate the frequency of band-
limited, which is the result of the relationship between
seismic trace and impedance [2]. In the sparse spike
method, the wave is determined based on the assumed
reflection coefficient model [3].

Geological Setting

The Perth sedimentary basin stretches approximately
100,000 square kilometers in the North-South
direction of the Western Australia margin. About half
of this sedimentary basin is 1Km deep in the sea. This
basin in southwest Australia is characterized by large
amounts of hydrocarbon reserves that hold a large
part of the unconventional gas reservoirs. Researches
on Petroleum system of this basin indicates extensive
source rocks and abundance of reservoir rocks and

Accepted: September/12/2020

structures with suitable time range for oil traps.
Continental sediments and clastic rocks from the
Permian to present constitute the most important part
of the basin [4]. Whicher-Range gas field is located 22
Km south of Busselton and 200 Km south of the Perth
city (Figure 1). The field was discovered by Union Oil
Development in 1968 [4, 5]. The first well (Whicher-
Range 1) was discovered by Union Oil Development in
the Willespie Formation gas sandstones in the central
part of the field structure due to the low flow of gas
in this well which caused a hydraulic failure that did
not improve the gas flow. The second well (Whicher-
Range 2) was drilled in 1980 by Mesa Australia
Limited, 1 Km south-east of the first well. From the
structural point of view, the Willespie Formation is
about 23 m above the first well. According to tests
and studies, the flow rate and permeability of this well
was lower than the first well. Based on the results of
drilling in two other wells, the presence of gas in the
reservoir was confirmed. Investigation of the reservoir
rock in the field indicates that a part of low production
rate in these wells could be caused by drilling fluids.

Materials and Methods

Acoustic Impedance

Acoustic impedance can be defined as the strength of
rocks to the propagation of waves, which is the result
of the density and velocity of the rock’s compressional
wave [7].
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Fig. 1 Location map of Perth Basin and Whicher-Range in
Western Australia [6].

Acoustic impedance is the property of the rock itself.
Interpretation of acoustic impedance data provides
more accurate and detailed concepts of the stratigraphic
and structural concepts that can be obtained from the
interpretation of seismic data. In general, acoustic
impedance is strongly related to petrophysical
properties such as lithology and porosity [8].

Model-based Inversion

In the model-based inversion method, seismic
information is compared with the initial model. Then
the difference in the model is repeated so that the
resulting model is consistent with seismic data. On
the other hand, in this method, a model may have a
high correlation with seismic data, but it is not a real
model, because there are different modes of acoustic
impedance that can create a number of reflection
coefficients. The model, which is a combination of
a geological model with well logs and other data, is
proposed as the most important process for combining
information [7].

Band-limited Inversion

The most common method of seismic inversion is
the Band-limited method. This method is based on
the relationship between reflection coefficient and
acoustic impedance of the two environments. This
method is relatively simple and fast to detect relative
changes in acoustic impedance, because it is not easily
possible to determine and remove the wavelet from

seismogram [7].

Sparse Spike Inversion

In the sparse spike inversion method, the aim is to
obtain reflection coefficient series from seismogram
and full reconstruction frequency band of earth model,
so that include high and low frequencies [3].

Seismic Inversion

Seismic inversion is a process in which geophysicists
attempt to obtain acoustic impedance data from rock
layers on Earth using reflection seismic data. The
starting point of the inversion process is to have fully
post-stack seismic data, distance velocity models, and
seismic horizons. First, the seismic data were matched
with well logs. Then, synthetic seismic was created for
two wells (WR1 and WR2) of the field. The product
of density log and DT obtained from sonic log is
equal to the impedance. In the next step, the current
impedance was transformed from depth to time using
the appropriate relation. As a result, the convolution of
a suitable wavelet and reflectivity over time caused the
synthetic seismic. The model-based method was used
to perform the final process of seismic inversion. The
inverted section resulting from seismic section 80a-15
is shown along the studied wells in Figure 2.

Fig. 2 The result of model-based inversion on seismic section
80a-15 along two wells (WR1 and WR2) of the studied field.

Results and Discussion

In this study, using sonic and density logs, acoustic
impedance is calculated and with the help of horizon,
the initial model is constructed. After extracting the
final wavelet and creating the initial model of acoustic
impedance, it is time to choose the best method to
perform the inversion process. The correlation values
between the main acoustic impedance and the predicted
using different inversion methods in WR1 and WR2
wells are acceptable. The correlation coefficient in all
methods shows an acceptable amount. Initial modeling
using extracted wavelet and geological model wad
build. The model-based inversion algorithm was
chosen as the best method with the highest correlation
coefficient and lowest error, among the other
algorithms used.
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Conclusion

The low impedance zone is in the interval of 2050 to
2250 ms, (indicating the Willespie sandstone reser-
voir of the Sue Group). Acoustic impedance decreases
from 37000 (ft/s)*(g/cc) to 42000 (ft/s)*(g/cc) in cap
rock, to 29000 (ft/s)*(g/cc) to 35000 (ft/s)*(g/cc) in
the reservoir interval with high porosity.
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