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A Non-linear Spatial Sampling and Reconstruction for Seismic Exploration

Ali Gholami !

! Institute of Geophysics, University of Tehran, Tehran, Iran, e-mail: agholami@ut.ac.ir

ABSTRACT

Seismic data are band-limited, therefore one can use only a partial set of frequency coefficients in the
range of reflections band, where the signal-to-noise ratio is high and spatial aliasing is low, to reconstruct
the original wavefield. Furthermore, low-frequency characteristics of the coherent ground rolls allows
direct elimination of them during reconstruction by disregarding the corresponding frequency coefficients
(usually bellow 10 Hz) via a frequency mask. In this paper, a non-linear algorithm is proposed which
addresses some challenges of spatial sampling, reconstruction, and denoising in seismic exploration.
Numerical experiments from both simulated and real field data are included to illustrate the effectiveness
of the presented method.

Key words: Ground roll, Interpolation, Seismic signal processing

INTRODUCTION

Seismic data sets are generally irregularly sampled in spatial direction due to variable operating
conditions during seismic surveys. This irregular sampling can limit the effectiveness of data processing
and imaging algorithms. To overcome these problems, acquired traces need to be interpolated before
being processed. Trace interpolation based on compressed sensing (CS) can be considered as a non-linear
denoising procedure, furthermore, noise attenuation is an important step in seismic processing because
seismic data are usually contaminated by some random and coherent (e.g. ground roll) noises. Obviously,
there is a close relationship between CS and sparsity based denoising. It is common to perform trace
interpolation and noise attenuation at separate processing steps; however, bringing them under a single
formula which allows tackling them simultaneously in a single run is favorable.

There are several main observations that play a fundamental role in developing the proposed
algorithm for simultaneous interpolation and ground roll attenuation. 1) In seismic exploration, the
sampling strategy used for CS is different from that used in image processing. In the former, each sample
is a trace (an N-dimensional vector) whereas in the latter each sample is a scalar or pixel (Donoho, 2006).
2) Seismic data are bandlimited and the information contained in each trace can be recovered with high-
quality from an incomplete set (20-25 percent) of its Fourier spectrum in the range of wavelet bandwidth
(Levy and Fullager 1981). 3) Ground roll noise is the main type of noise in land seismic surveys which is
characterized by low frequency (0-10 Hz) (Askari and Siahkoohi 2008).

Based on the above observations, in this paper, a CS algorithm is developed for seismic exploration
which addresses some challenges of acquisition and processing, simultaneously. The contributions of this
paper are as follows: 1) Using non-convex regularizers instead of the conventional one-norm
minimization for sparsity promotion in CS algorithm. 2) Using a frequency mask to additionally
subsample the acquired traces in the f—x domain. This brings useful advantages as 3) allowing better
interpolation of spatially aliased seismic data compared to the case using full frequency samples or
working in the #—x domain. and 4) some processing steps such as seismic wavefield reconstruction and
denoising can be replaced with a single non-linear reconstruction.

A NON-LINEAR SAMPLING FOR SEISMIC EXPLORATION

Let d =s+n be the noise contaminated seismic wavefield with s e R"*"2 the desired wavefield (signal)

and neR™" the noise. The spectrum of a noise-free seismogram (a column of s) falls off rapidly at
high frequency because of the band-limited nature of the source function. It was shown by Levy and
Fullager (1981) that only a partial set of the Fourier spectrum of a seismogram in the range of wavelet
bandwidth, where the wavelet carries significant power, is sufficient for an accurate reconstruction of the
seismogram. Generally, » includes both white random and coherent (e.g. ground roll) noise. The power
of the random noise distributes among all frequencies while the ground roll noise is characterized by its
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low frequency (0-10 Hz).

Such information about the spectrum of seismograms can be used as a priori information to just
invert the desired frequencies during interpolation. Let L£c<{0,...,N,-1} be the set of indices
corresponding to the spatial coordinate where the wavefield is to be sampled. Similarly, let
K <{0,...,N, -1} be the set of indices corresponding to the desired frequencies which are to be inverted.
Then the wavefield is subsampled in the f —x domain via

ye={d.g), keK,(leL (1)

where y! isthe k th frequency sample at / th coordinate and ¢/ € C"*"2 , forming the sampling basis, is
defined as
—j2mkn, L o
Bl exp( N, ), i m=1 2)

0, otherwise,
for n,=0,..,N, -1 and n,=0,..,N, -1, and j>=-1. Since s and n span distinct frequency bandwidths,
for a properly defined index set K , the frequency samples acquired via equation (1) correspond to s
having very high SNR. Therefore equation (1) can be written in matrix form as y = @vec(s) to be solved
for s. Where the vec operator vectorizes a matrix by stacking its columns. Needless to say,
reconstruction of the desired wavefield s in this way will not be possible unless some a priori
information about it is incorporated into the reconstruction. In this paper, the sparsity characteristics of s
in the curvelet domain (Candes et al. 2006) is used as the priori information and the desired seismic
wavefield is recovered via vec(s) = Pa , where

1 )
a= argmin{g |y -@¥Pal|, +TReg(a)}, 3)
with
Reg(x) = Y? (x{n]). )
and
1
—[1=(ul” +1)], if q=#0;
orw)=19q %)
In(ul” +1), if g=0,

where 7>0, 0<p<2, and ¢g>-1. In problem (3), y contains the desired frequency samples of the
acquired traces, ¥ is inverse curvelet transform, and @ is the sampling matrix. This problem can be
solved via the algorithm presented in [and Hosseini 2011]. We use p=¢=1 for generating our results.
The main properties of formulation (3) are: (1) It allows masking unwanted frequencies of the acquired
data during processing. (2) Unmasked frequencies have very high SNR allowing a high quality
reconstruction. (3) Since unnecessary high-frequency components are not allowed to incorporate into
reconstruction the algorithm is more suitable for interpolation of spatially aliased seismic data comparing
to the case working in r—x domain. (4) Ground roll noise can simply by suppressed at field during data
acquisition. (5) It performs interpolation and denoising processing steps, simultaneously.

APPLICATIONS TO SEISMIC DATA

In this section, to demonstrate the efficacy of the proposed method, numerical examples from seismic
data processing are tested. A synthetic shot gather has been contaminated by both simulated dispersive
ground roll and random noise to be used for evaluating the performance of the proposed method in
simultaneous interpolation and denoising. The noisy wavefield has been 2-fold and 4-fold undersampled
along spatial axis by uniformly and randomly removing its traces. The resulting incomplete wavefields
are shown in different domains in Figures 1(a) and (b), respectively. Figures 1(c) and (d) shows the
reconstructed sections for different undersampling patterns. The results demonstrated in Figure 1 show
that the proposed algorithm has the capability of performing simultaneous seismic data interpolation and
denoising, which is not possible when the formulation is performed in the #—x domain.

The proposed algorithm has been used for testing its applicability on real world seismic signals. The
used seismic record is shown in Figure 2(a). The original section has been undersampled by randomly
removing 40% of its traces in spatial direction [Figure 2(b)]. The method has been used for simultaneous
reconstruction and denoising. Figure 2(c) shows the recovered gather whose difference with the original
data [Figure 2(a)] is shown in Figure 3(d). Again the method was able to reconstruct the noise free data as
well as missing traces with high accuracy using only the noise-free coefficients of the partially known
traces.
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Figure 1. (a) Shot gathers obtained from different (both random and uniform) undersamplings of a synthetic
gather (a) and the corresponding f-k domain representations (b). (c¢) Reconstructed gathers via the proposed
algorithm using frequency samples 20-75 Hz and the corresponding f-k domain representations (f).

CONCLUSION

The results obtained from numerical tests showed that the desired seismic signals can accurately be
reconstructed from a small number of frequency coefficients in the range of dominant frequency where
the SNR is high. Comparing to the conventional 7—x domain formulation where all frequency samples
are inverted, the proposed can generate much better reconstructions specifically when the acquired data
are spatially aliased. Furthermore, applications on both synthetic and field data confirmed that the
proposed method performs satisfactorily for simultaneous reconstruction and denoising.
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Figure 2. Simultaneous interpolation and denoising of field seismic data. (a) original shot gather with
coherent ground roll and some random noise. (b) the gather after randomly removing 40% of its traces. (c)
reconstruction obtained via the proposed algorithm by inverting only the frequency samples 10-100 Hz of the
incomplete record shown in (b). (d) difference between (c) and the original record shown in (a). The results are
shown after applying automatic gain control.
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Role of Azimuth in Quality of Seismic Imaging

Iraj Abdollahie Fard', Ebrahim Zare', Mohhamad Reza Bakhtiari', Alireza Javaheri Niestanak',
Mehdi Khosrojerdi 2

!Exploration Directorate of National Iranian Oil Company, Geophysics Dept.
20il Operation Service Company, Processing Center

Abstract

Conventional narrow-azimuth acquisition is known to have difficulties in illuminating sub-
surface targets in the presence of complex overburdens such as salt and faults. The ray-bending
effect resulting from these velocity overburdens may cause the target illumination to vary
significantly with shooting direction. In this research 3D seismic data of 2 areas in the Zagros
Folded Belt has been chosen for investigation of azimuth role in seismic quality. The results are
different due to dissimilarity in geometry and velocity structure of layers in two selected areas
despite their vicinity. This study reveals importance of azimuth in enhancing quality of seismic
image. Therefore, full-azimuth acquisition would enable us to select an optimum azimuth for
partial stack with higher seismic image quality.

Key words: 3D Seismic, Seismic Imaging, Azimuth, Azimuthal Stack
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ABSTRACT

The method of amplitude variation with angle (AVA) inversion was applied to estimate
hydrate and gas saturations along a bottom simulating reflector (BSR) at the Makran
Accretionary Prism, Iran. Three AVA approximations were used and their corresponding AVA
attributes were compared to each other. vs/vp values are usually unknown for unexplored
regions and here a simulated annealing approach was taken to derive the vs/vp in a number of
locations. These values were then interpolated to get an estimation of vs/vp for other locations.

Quantification of hydrate and gas saturations was based on a correlation between the AVA
inverted attributes and the rock physics derived attributes (RPDA). Corresponding saturations of
the nearest RPDA to a pair of AVA inverted attributes were considered as the hydrate and gas
saturation for that specific location. The quantification assessment indicated 11%, 14% and 15%
hydrate saturations in the vicinity of the BSR for locations with low, intermediate and high post-
stacked amplitude, respectively. The saturation of the free gas was also estimated as < 1%, 2%
and 3% with the same order as above, respectively.

Key words: gas hydrate, AVA inversion, BSR, Makran Accretionary Prism

INTRODUCTION

Gas hydrate resources are considered as a promising source of energy due to their widespread
occurrence and also their vast quantities of gas content (mainly methane). Exploration of these
resources has been highly motivated by recent advances in the exploitation of hydrates from
deep-sea reserves. A concentration of gas hydrate that is thought to occur at a specific location
and its main characteristics and quantity are estimated from indirect methods is categorized as
an inferred gas hydrate resource (Milkov and Sassen, 2002). Also, accumulations that have been
directly sampled at least in one location are categorized as indicated resources. Inferred and
indicated hydrate accumulations occur at about 70 continental margin regions worldwide.
Seismic analyses have an important role in the assessment of hydrate resources in these regions,
whereas direct measurements (e.g. well information) are rare or absent.

METHODOLOGY

AVA INVERSION

The AVA scope of application has grown to include hydrate resource characterization and some
authors have represented AVA hydrate resource assessments (e.g. Andreassen et al., 1997). In
the current study, the AVA inversion based on approximations by Shuey (1985), Smith and
Gidlow (1987) and Fatti et al., (1994) were applied to the seismic data from the Makran
Accretionary Prism, Iran. All of three equations are the modifications of Aki and Richards
approximation (1980, P. 153) as follow:

Shuey’s approximation (1985): their equation was arranged in such way that each term
contributes in a different angular (making a limited angle assumption in which the third term
was dropped):

R = I+Gsin’0), (1)
where,
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1="%[AvplvptAplp], G = Ya[Avelve]-4y[Avs/vs]-2y[Ap/p].

The first term is the intercept which measures the reflection amplitudes at normal incidence.
The second is the gradient and predominate at the intermediate which measures the variation
rate of P-wave reflection with increasing of the incident angle.

Smith and Gidlow (1987) approximation: they used Gardner’s relation to eliminate the
density term from Aki and Richards approximation and introduced:

R = VRp Avplvp+ VRs Avglvs, (2)
where,

VRp =5/8 — 1/2(ysin®6) + Ya(tan0), VRs = — 4ysin’6, y= vg/vp.

VRp and VR are functions only of the vp and the vs/vp models. This weighted stacking scheme
was called geo-stack.

Fatti et al., (1994) approximation: they rewrote the geo-stack equation in terms of
compressional and shear impedances in case the Gardner’s relationship did not hold (making a
limited angle assumption in which the third term was dropped):

R = (1 + tan’@)Alp/Ip - 4(ysin’O)Al/Is, (3)
where /p and I are the P- and S-impedances, respectively.

The presence of outliers in amplitudes of a normal move out (NMO) corrected gather would
causes an error in the least-squares regression within the AVA inversion. In this case, the
inversion is considered to be non-robust and to cope with, some robust norms base on an
iteratively reweighted least square process (Myers, 1990, p. 351) have been introduced into the
seismic inverse problems. In this study, the processes of the AVA inversion were based on the
robust regression.

Vs/Vp DETERMINATION

One of the critical input parameters to the approximations of Smith and Gidlow (1987) and Fatti
et al. (1994) is the ratio of vs/vp. In an unexplored region the impedance ratio is usually
unknown or at least inaccurate. This causes a scaled estimation of corresponding AVA
attributed which also cause erroneous hydrate/gas saturations. In current study a simulated
annealing (SA) global optimization approach (Kirkpatrick et al., 1983) was taken to overcome
the problem of uncertain impedance ratio. The acceptance criterion for a realization is
minimization of the difference between the observed AVA characteristics and the forward
modeled AVA response.

HYDRATE/GAS SATURATIONS

The AVA attributes were used to estimate BSR-vicinity hydrate and gas saturations via a set of
(hydrates related) rock physics derived AVA attributes (RPDA). To achieve this, the AVA
attributes were calculated for some pre-assumed hydrate and gas saturations values using
effective medium theory (EMT) of Helgeraud et al. (1999). Then these calculated AVA
attributes were compared with their corresponding field data AVA inverted attributes. The best
match of field data attributes with models would suggest the hydrate and gas saturations in
vicinity of the BSR. This made a straightforward approach to estimate the hydrate/gas
saturations, considering different lithology, porosity and hydrate/gas distribution types.

AVA INVERSION RESULTS

To measure the error of estimation for each attribute, the AVA inversion was applied on 30
synthetic gather. This measurement made a criterion for selection of the appropriate attributes.
Generation of a synthetic seismogram’s package was based on considering a series of plausible
hydrate/gas saturations. The EMT rock physics model was used for the elastic property
calculation. The synthetic common mid-point (CMP) gathers were then generated based on
these elastic properties while the wave-equation-based approach of Kennett (1985) was used as
a forward algorithm. These gathers then inverted using equations (1) to (3). The actual and
inverted attributes were quantitatively compared. For this comparison, two goodness-of-fit
statistics were measured for each estimated attribute. These statistics were root mean square
error (RMSE) and R-square. Table 2 shows the GOF for each attributes.
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Figure 1 shows an East-West oriented seismic section in the Iranian sector of the Makran
Accretionary Prism. No well has been drilled within the area and 2D seismic lines comprise all
available dataset. AVA attributes were computed and analyzed for this section to characterize

Table 2. Goodness-of-fit statistics for the computed AVA attributes of synthetic modeling.

Reflectivity equation AVA attribute RMSE NRMSE R-square
Shuey approximation Intergept 0.036 0.096 0.87
(1985) Gradient 0.043 0.093 0.85
Smith and Gidlow VRp 0.014 0.039 0.97
approximation (1987) VR 0.032 0.118 0.86
Fatti et al. Ir 0.039 0.104 0.81
approximation (1994) Is 0.017 0.0643 0.96

hydrate bearing sediments and to estimate the hydrate/gas saturations. Amplitude recovery
process was included: geometrical spreading compensation, attenuation compensation, array
directivity correction, equalization and trim statics, amplitude to reflection conversion.
Corresponding AV A attributes of equation (1) to equation (3) for BSR at every five common
reflection points (CRP) are plotted in Figures 2 to 4, respectively. Figure 2a is the seafloor two
way travel time. Except for some anomalous values at some CRP locations, curve of intercept

1 T T T T T T T
CRP 2890 CRP 3035 CRP 3265

Time (s)

3 | ! 0 km 1 [

I | 1 | | l |
2900 3000 3,100 3200 3300 3400 3500 3600 3700
CRP number

Figure 1. East-West oriented seismic stacked section in the Makran Accretionary Prism. Angle
gathers of the indicated wiggle traces were used for quantification which are shown in Figure 5.

has gradually increasing trend (of magnitude) beneath local highs. The anomalous feature of
intercept and gradient mostly can be attributed to the interfering of reflected events. vs/vp values
in Figure 3a were determined from SA optimization at 9 CRPs (black asterisks) and linearly
interpolated for intermediate CRPs. Blue symbols in 3b and 3c are the VRp and VRg attributes,
respectively. In a similar way, the Ip and Ig are depicted in 4b and 4c. There is a clear analogy
between corresponding P- and S-wave related attributes on Figures 3 and 4. The higher Ip values
were interpreted as the depletion of vp due to higher gas saturation. It could also be related to the
free gas movement toward the crest of highs. The anomalous zones (A to C) were related to the
interfering effects, so were flagged as erroneous and excluded from further analysis. Therefore,
to prevent the interfering-induced errors in the quantification assessment, it was recommended
that the estimation of saturations be limited to intervals with a steady AVA characteristic.

Figure 5 shows the three nominated CRPs from locations with low, intermediate and high
stacked amplitudes, respectively. These CRPs were picked from intervals with minimum lateral
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variation of the Ip values. At each CRP, the AVA attributes were compared to the RPDAs to
find the nearest corresponding hydrate/gas saturations. The BSR-vicinity hydrate saturations at
CRP 2890, 3265 and 3035 were predicted 11%, 14% and 15% and gas saturations were
predicted <1%, 2% and 3%, respectively. Blue line in 3 panels of Figure 5 is the inversion-
derived linear approximation whereas red line is the linear approximations were calculated from
RPDAs. The good match between two fitted lines indicated that estimated saturations
completely define the actual AVA characteristic if the assumed input parameters were
approximately correct.
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Figure 2. (a) Two way travel-time of sea floor reflector. (b) and (c) are AVA attributes of intercept
and gradient, respectively. Blue circles are inverted values and the red lines indicate the confidence
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Figure 3. (a) Computed vs/vp values using (SA) optimization for nine CRPs (black asterisks) and
interpolated for other intermediate CRPs. (b) and (c) are AVA attributes of VRp and VRg, respectively.
Blue circles are inverted values of every five CRPs and the red lines indicate the confidence interval.
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CONCLUSIONS

The results of an AVA inversion for synthetic models showed that inaccuracy in
density/velocity relation and vs/vp resulted in a deviation of estimated attributes from a perfect
correlation. However, the intercept/gradient and Ip/Is were preferred due to lower error of
estimation and because no density/velocity assumption is required for their derivation.

Applying the SA optimization to derive vs/vp compensated for the lack of knowledge on S-
wave characteristics and provided more accurate calculation of AVA attributes. Using EMT
rock physics models and Ip/Is attributes, the hydrate saturations in vicinity of the BSR were
predicted to be 11%, 14% and 15% for nominated locations with low, intermediate and high
stacked amplitudes, respectively. The gas saturations for these locations were < 1%, 2% and
3%, respectively. This approach provided a straightforward seismic quantification method for
the assessment of inferred and indicated hydrate resources.
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Figure 5. Linear approximations of reflection coefficient variations for three representative CRPs. In
each part, the solid blue line is the linear approximation of reflectivity and derived from an AVA

inversion with a robust linear LSR. Attributes of this fitting (here the Ip and Ig) are then compared to their

RPDA equivalents to find the nearest values. The dashed red line is the linear approximation which is
calculated with these nearest RPDA equivalents. (a), (b) and (c) are the CRPs with low, intermediate and
high post-stack BSR amplitudes, respectively. The locations of CRP are indicated in Figure 1.
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Abstract

In marine seismic operations due to several environmental phenomena like water waves and
movement of mud in the basement of the sea, changes may happen to the location of the
receivers and these changes would cause many miscalculations and errors in data acquisition. So
determining the exact position of the receivers is an important and critical subject for the
seismic team. Determining the Position of the receivers is a beginning for further upcoming
stages; Processing and Interpreting. Therefore any error in determining the position of the
receivers can lead to more errors in processing and interpreting stages. This research develops a
model which uses computer programming languages and lateration method with first break
seismic data to calculate the real position of receivers. To validate the model, a comparison
between a processed seismic section with position values from SPSPro and this article has been
made. Results indicate better accuracy with the model developed in this paper.

Key words: TZ seismic operation, Marine seismic operation, OBC seismic operation, Acoustic
Positioning method, first breaks positioning method, Receiver positioning method
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Abstract
Velocities of seismic waves are controlled by various factors such as pore fluid type,
porosity and pore shapes. Study of variation of seismic wave velocity in rocks with
respect to these parameters through time and hydrocarbon production can be obtained
by seismic analysis. In this study, shapes and percentage of pores where first inversely
estimated using Kuster & Tuksuz formulation and amount and percentage of seismic
velocity variations and two way travel time of seismic waves were calculated
accordingly for base reflector of hydrocarbon reservoir. Comparison of synthetic
seismic section before and after fluid substitution of gas for oil shows a 27 millisecond
shift for base reflector.
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Modeling of Bayesian facies prediction in the carbonate reservoirs
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Abstract

In this study, Bayesian facies inversion of seismic data were used for 2D and 3D modeling of
facies distribution along reservoir zone of a small part of the South-Pars field. According to this
study, porosity, frame flexibility factor which is more related to pore type structure than
porosity and bulk modulus of fluid were introduced as the most proper petrophysical parameters
for facies prediction in carbonate type reservoirs. In this reservoir, fitting a three component
Gaussian mixture distribution on well data in three variable space of petrophysical parameters
allowed us to define favorable, unfavorable and transition facies. Inversion results showed the
accuracy of 67% to predict of favorable facies. Moreover, 3D results revealed that K2 and K4
are high quality reservoir levels which are confirmed by previous studies.

Key words: Carbonate reservoirs, facies distribution, Bayesian inversion, South-Pars gas field
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ABSTRACT

Attribute analysis is considered to be an important step in any seismic reservoir characterization
study. Diverse attributes can be investigated in order to obtain a thorough view over the
characteristics of different reservoir lithofacies. The choice of drilling new locations or
development planning of the existing wells relies critically on the results acquired in this stage.
In this study, Lame parameters of incompressibility and rigidity, Poisson Impedance and
Poisson Dampening Factor are analyzed to compare their effectiveness in discriminating
lithofacies at the only well available in the study area. The result of Poisson Impedance and
lame parameters crossplot analysis were consistent. Moreover, crossplot of Poisson Dampening
Factor respect to Poisson Impedance can be used to determine the quality of the reservoir.

Key words: Poisson Impedance, Poisson Dampening Factor, Lame Parameters, Attribute
analysis.

INTRODUCTION
Goodway et al. proposed lame parameters as an effective tool for identifying different

lithofacies. Zhou and Hilterman (2010) deduced that clusters of different lithofacies have larger
separation in Ap-pup crossplot than in AI-SI space . These attributes are defined as:

hp= A7 — 2 5T (2)

up = SI¢ 3)

Where A, u, A1 and S/ are incompressibility, rigidity, Acoustic Impedance and Shear Impedance,
respectively.

Poisson Impedance, PI, is comparatively a modern attribute which unite the benefits of Poisson
Ratio ([J ) and density into a unique attribute (Quakenbush et al., 2006). Crossplot of Acoustic
Impedance versus Shear Impedance fails to delineate different lithofacies; however, by an
efficient rotation of the crossplot this goal is achieved. The constant C determines the amount of
rotation (Prakash et al., 2012). The following formula defines Poisson Impedance:

Pl = Al — C =51 4)

Poisson Dampening Factor (PDF) was the offspring of Poisson Impedance introduced by
Mazumdar (2007). It was shown that PDF has higher sensitivity to hydrocarbon pore volume as
compared to PI and that the distribution of gas sands in PDF space is much broader than in PI
space (Mazumdar, 2007). PDF is defined according to the following equation:

o =Pl = PDF (5)

The focus of this paper is on the application of Poisson Impedance, Poisson Dampening Factor
(PDF) and lame parameters of incompressibility and rigidity to discriminate productive zone of
the reservoir with a petrophysics perspective with the only well data available. However, the
rock and fluid properties obtained at the well location can be generalized deterministically or
statistically to the whole seismic volume of study in case of appropriate well to seismic tie
(Pelletier and Gunderson, 2004).

METHODOLOGY
After the well logs are environmentally corrected, Elastic Impedance, Poisson Impedance, PDF,
Ap and pup logs are generated at the well location. The constant C used in the Poisson Impedance
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formula is determined as the reciprocal of the slope of the crossplot of SI versus Al. As it is
clear from Figure 1, the slope of the regression line is 0.67 hence the C value will be 1.49. In the
next step, different attribute crossplots are analyzed to determine the most prominent attribute
for detailed lithofacies characterization.
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Figure 1. The crossplot of P-Impedance versus S-Impedance at the well location. The slope of the
regression line is 0.67 so the C value is 1.49.

RESULTS

The crossplot of Lambda-Rho versus Mu-Rho at the well location is depicted in Figure 2. The
color key is volume of clay. The blue color depicts Hydrocarbon bearing sandstones, the green
shows tight sandstones and pink is shale. Figure 3 shows the selected zones as a function of
depth.
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Figure 2. The. crossplot of Lambda-Rho versus Mu-Rho at the well location.
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Figure 3. Different zones depicted as a function of depth at the well location.
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Crossplot of Poisson Impedance versus depth is displyed in Figure 4. The color key is
volume of clay. The blue color is hydrocarbon sandstone, the pink is shale and the green

is tight sandstone. Figre 5 illustrates the separated zones of the crossplot as a function of
depth.
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Figure 4. The crossplot of Poisson Impedance versus depth at the well location.
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Figure 5. The selected zones as a function of depth at the well location. .

The crossplot of PDF versus Poisson Impedance at the well location is shown in Figure 6. The
color key is water saturation. Note the decrease in Poisson Impedance is attributed to the
decrease in density which in turn the existence of reservoir. The higher the PDF value the
cleaner the reservoir, i.e., the higher the reservoir quality.

PDF VS. Poisson Impedance »;vc:brst:y ——
ater iration(0.Sw
Poisson Impedance((ft/s)*(g/cc))
0.9423
15000
0.8847
12500 7 0.8270
|{ Density D 0.7693
10000 - -
y HH ] ] 0.7116
7500 — I - Io.sw
[ I
{ Ean T 0.5963
5000 Sand Quality Imp: ety
T S, 0.5386
-k P
2500 —+- 81 1 0.4809
L HH | {HCSS
| L= |
NN JL 1T I ALY 0.4233
LT T e e
r T T
0 0.00010 0.00030 0.00050 0.00070 0.3656
PDF((s/ft)*(cc/g))

Figure 6. The crossplot of PDF versus Poisson Impedance at the well location.
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CONCLUSION

The result of Ap-up crossplot analysis was consistent with the crossplot of Poisson Impedance
with depth. The major conclusion that can be drawn here is that Poisson Impedance is inherently
a perfect attribute for lithofacies discrimination which does not need to be crossplotted against a
second attribute to give results. However, famous Ap and pp attributes needed to be used
simultaneously in order to get desirable results. Moreover, the crossplot of PDF versus Poisson
Impedance was revealed to be an outstanding tool for reservoir quality determination. In other
words, PDF is a more robust attribute than Poisson Impedance in delineating clean reservoir
zones. Litho-fluid properties obtained at the well location can be generalized deterministically
or statistically through the whole volume of study providing optimum well to seismic tie.
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ABSTRACT

The occurrence of a bottom simulating reflector (BSR) in 2-D seismic data of Makran
accretionary prism reveals the presence of hydrate resources on offshore Iran. According to the
global distribution of marine hydrates, they are widely present in deep sea sediments where high
operational costs and hazards cause a lack of well log information. Therefore, developing a tool
to quantify the hydrate resources with seismic data would be an ultimate goal for unexplored
regions. Reflectivity templates (RT) were introduced in this study for quantification of the
hydrate and free gas near the BSR. These RTs are intuitive crossplots of P- and S-impedance
contrasts across the BSR. They are theoretically calculated based on the effective medium
theory (EMT) for different hydrate distribution modes with some assumptions about porosity
and mineralogical composition of unconsolidated sediments. This technique will suggest the
possibility of using the AVO analysis of the BSR for a quantitative interpretation when well log
data is not available. By superimposing the AVO-derived P- and S-impedance contrasts on these
RTs, the saturations of the hydrate and free gas could be estimated. The results of using this
approach for a 2-D marine PSTM data showed that 4 to 28% of the gas hydrate and 1 to 2% of
the free gas are accumulated near the thrusted-ridge and thrusted-footwall types of BSRs in Iran
deep sea sediments.

Key words: gas hydrate, BSR, rock physics, effective medium theory (EMT), AVO analysis,
reflectivity template (RT)

INTRODUCTION
There are two main issues that concern the exploration scientists about hydrate resources. First,
where is a high concentrated accumulation of gas hydrates and free gases located? Second, how
much are they? Marine gas hydrates are mainly studied through a seismic indicator, bottom
simulating reflector (BSR). Carefully analyzed seismic indicators, such as amplitude blanking
and bright spot along with BSR could be useful and serve preliminary information for selecting
prospective resources. Also, the AVO analysis of the BSR could be regarded as a hydrate and
free gas indicator and was used for a qualitative study (Fohrmann and Pecher, 2012). To answer
the second question, several indirect approaches have been developed to appraise hydrate and
free gas saturations using seismic data. Most of them involve translating the seismic velocities
to the saturations using rock physics theories (Lu and McMechan, 2004). They are applicable
where layer’s seismic properties are provided. Others use the AVO analysis, independently
(Muller et al., 2007) or along with other methods (Ojha and Sain, 2008) to quantify the hydrate
and free gas saturations. These methods can render the AVO analysis to become quantitative.
The present study introduces an intuitive crossplot of BSR’s P- and S-impedance
reflectivities, which is called a reflectivity template (RT), as a quantifying approach in
unexplored area. This approach compares estimated P- and S-impedance reflectivities from
AVO inversion of BSR with those values theoretically calculated from the effective medium
theory (EMT) to quantify the gas hydrate and free gas near the BSR. For a more reliable
quantification by solving an S- to P-wave velocity ratio problem, the model parameter definition
in the AVO inversion was modified. The provided templates were used to appraise a hydrate
resource in Iranian unexplored deep sea.
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Reflectivity template (RT)

For the low incidence angle (6 < 35°), Fatti et al. (1994) have rewritten the offset dependent
reflection coefficient in terms of P-impedance reflectivity (R; = Al/I) and S-impedance
reflectivity (R; = AJ/J) as follows:

R, = % R,(1+tan”0)—4R, (%)’ sin> 6, O

where o is the average of P-wave velocities and B is the average of S-wave velocities across the
interface. The reflectivity templates are intuitive crossplots of the linearized approximation
reflectivities. First step in modeling RT for the BSR is to calculate the elastic properties of the
hydrate and free-gas bearing layers for several saturation values, using EMT constrained by a
reasonable assumption about the geology and compactional trend. The key assumptions are
mineralogical constituents, porosity and burial depth. EMT considers that the gas hydrate can
grow within the porous media in four identifiable micro modes, here called modes 1 to 4. The
next step is to calculate the relative contrasts in Equation (1). For each RT, the gas saturation,
the hydrate saturation and the distribution mode of the hydrate are the only parameters that can
be changed. Other parameters that are site specific and depend on the local geological situation
are kept constant.

An estimation of R; and R; using the AVO inversion of Fatti et al. (1994) relation requires
an S- to P-wave velocity ratio. Therefore, the deviation of the assumed ratio from the actual one
affects the R; estimation. In an unexplored area, with no accurate S- to P-wave velocity ratio,
modifying the model parameter definition in Equation (1) in the AVO inversion could be an
alternative way to overcome the problem. In this regard, a new model parameter or scaled R,
denoted by R;"*, is defined. Therefore, Equation (1) can be rewritten as
Ry = Y4 R;(1+ tan? 0) — Ry 5in* 9. @
Real data examples
The study area is the Iranian part of Makran accretionary prism, which is an unexplored region,
with no wells in offshore. A qualitative study by Hosseini Shoar et al. (2009) verified the
occurrence of the hydrate in the area due to the presence of BSRs and other indicators. Figure 1
shows the PSTM section along the West-East line between CRPs 11150 to 15900. There are
clear thrusted-ridge and thrusted-footwall types of BSR at about 2450 to 2700 ms TWT.

s500 CRP 11454 CRP 12600 CRP 13084 CRIPP 13712 CRP 15029

Thrusted-footwall type BSR | Thrusted-ridge type BSR

Time (ms)

13000 14000 15000 15900
CRP number

Figure 1. A seismic section along the East-West seismic line in the Makran accretionary prism showing
the BSR on thrusted-ridge and thrusted-footwall type structures. Individual wiggle traces illustrate the
positions of the representative CRP gathers for the RT analysis.

Figure 2 displays five representative CRP gathers (11454, 12600, 13084, 13712 and
15029), estimated incidence angles and their amplitude variation versus angle (AVA) for the
BSR. It is observed that all CRP gathers in this figure show an AVO class IV except for CRP
15029 which shows an AVO class III for the BSR. These AVO behaviors could be attributed to
the effect of the hydrate on the sediment S-wave velocity (Castagna et al. 1998). For cementing
modes, the hydrates cement the grains and increase the S-wave velocity above the BSR, thus
producing an AVO class IV, whereas non-cementing hydrates do not alter the S-wave velocity
significantly and produce an AVO class III (or II). These AVO responses are used for selection
of a proper RT based on different hydrate distribution modes.
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Figure 2. Five representative CRP gathers and their AVA for the BSR. The colored background shows

the incidence angles for each offset and time. Their AVO classes are applicable for selection of the proper RT
based on the hydrate distribution modes. The positions of the CRPs are shown in Figure 1.
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For the AVO inversion, the amplitude data up to a maximum angle of 35° were used to
estimate the model parameters, R; and R;***, using Equation (2). In addition to applying a trim
static, a tracker was used to follow events in gathers. Because of the interfering nature of the
BSR, the robust estimation method was used for an AVO inversion which greatly limits the
outlying amplitudes. For a quantitative analysis, R; and R, values of the BSR for five CRPs
were picked and superimposed on suitable RTs provided based on the properties in Table 1. The
cementing RT of mode 4 was considered for CRPs 11454, 12600, 13084 and 13712 that showed
an AVO class IV for the BSR. Figure 3(a) shows the results of superimposing the estimated
values on the considered RT and indicates hydrate saturation about 4, 10, 15 and 18% at CRPs
13712, 13084, 11454 and 12600, respectively. The gas saturations at all CRPs were about 1 to
2%. For the CRP 15029, which indicated an AVO class III, the non-cementing RT of mode 2
was considered. Figure 3(b) shows the results of mapping the estimated values to RT. The result
showed the hydrate and gas saturations of about 28% and 2%, respectively around this CRP.
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Figure 3. (a) Quantification of the hydrate and free gas in CRPs 11454, 12600, 13084 and 13712 using the
RT of mode 4 close to the BSR. (b) Quantification of the hydrate and free gas close to the BSR in CRP 15029

using the RT of mode 2.

Table 1. Parameters for the rock physics modeling of the unconsolidated sediments in the Makran area.

Parameters Value or relation references

Quartz percent 80 Sain et al., 2000

Clay percent 20 Sain et al., 2000

Sediment depth, Z 430 m Observed BSR on the seismic
Seafloor porosity, ¢ 60 Fowler et al., 1985

Sediment porosity ¢= g V=41 Athy 1930

Compaction constant, A 1.17 Minshull and White 1989
Critical porosity, ¢ 36 Dai et al., 2004

Number of contacts per grain n=20-34¢+144 ~ 8.5 Murphy 1982
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CONCLUSION

The detailed gas hydrate rock physics modeling based on the EMT coupled with the AVO
inversion based on Equation (2), proposed the RT based on R;-R;**¢ as a quantitative tool for
the gas hydrate and free gas saturation estimation. Several sources of uncertainties may
contaminate the RT approach; (1) an improper assumption about the parameters (especially
porosity) in designing RTs. (2) An incorrect selection of the RTs based on the hydrate
distribution modes. (3) The ambiguities associated with an AVO inversion. (4) The tuning of the
BSR with other reflections and the noise in the seismic data. Beside all concerned uncertainties,
in unexplored areas covered with 2-D seismic data with no existing well information, using the
RT approach to estimate hydrate and free gas saturations provides valuable information which
can be used in selecting a potential prospect for further study. This study also indicated that the
AVO analysis of the BSR could be used to determine the hydrate distribution mode to some
extent. At the BSR, cementing and non-cementing hydrates showed the AVO class IV and II1
(or II depending on the hydrate and free gas saturations just near the BSR), respectively. This
approach was also used for the R-R,;*® values of the BSR, derived in five CRPs in different
locations of thrusted-ridge and thrusted-footwall types of BSR in the Iranian part of Makran
accretionary prism. The results of the RT approach proved that not only the saturation of the
hydrate (about 4 to 28%) and gas (about 1 to 2%), but also the distribution modes of the hydrate
varied along BSR.
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Seismic Random Noise Attenuation by combining of Time Frequency

Transform and Non-local Mean Filtering
Farid karimi 1, Amin roshandel kaho', Hamid reza siahkoohi’

! Faculty of Mining, Petroleum and Geophysics Engineering, University of Shahrood
? Institude of Geophysic University of Tehran, Tehran University

Abstract

One of the methods of geophysical exploration is seismology for hydrocarbon resources
particularly. The presence of noise in seismic reflection data that makes their interpretation for
hydrocarbon exploration is experiencing problems. The attenuation of noise, one important
problem is to the seismic data processing. So far several methods introduced for random noise
attenuation. In this paper we have utilized a new method that combination generalized S
transform and non-local mean(NLM) filtering for the attenuation of random noises. In this paper
using generalized S transform, seismic signal transmitted as two-dimensional image in the time-
frequency domain of the transmitted and then by using (NLM) image denoised. Results indicate
better performance of techniques on seismic data presented in attenuation of noise.

Key words: random noise, generalized S transform, time- frequency domain, Non-local mean
filtering, seismic signal, denoising.
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Estimation of Depth from Magnetic Anomalies using Tilt-Depth Automatic
Method
(Case Study: Ajichai Area, East Azerbaijan, Iran)

Rasoul Hoseini Asil 1, Faramarz Doulati Ardejani1

! Islamic Azad University, Hamedan Branch, Hamedan, Iran
Faculty of Mining Engineering, University of Tehran

Abstract

We used a method for determination of depth using magnetic data. Our methodology is based on the Tilt-
depth method using only first-order derivatives of the reduced to pole (RTP) or reduced to equator (RTE)
magnetic field. This method is applied to syntheticdata with random error. Finally, the validity of the
method is tested on a field example from Ajichai area.

Key words:Magnetic Anomaly, Depth, Tilt Angle, Ajichai Area
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Estimation of elastic modulus for Kangan Formation in South Pars field

H. Najjarzadeh', M.S. Kazemi > and M.K. Ghassem Alaskari *
"MSc student Oil Exploration, Science and Research Branch, Islamic Azad University, Tehran, Iran
Technical and Professional University, Tehran, Iran and

3 Petroleum University of Technology, Department of Petroleum Engineering, Ahwaz, Iran.

Abstract

Compressional wave and shear wave velocities are directely related to the elastic modulus.
To determine the elastic modulus, measurements of compressional wave velocity, shear wave
velocities and density are necessary. The ratio of Vp/Vs can be considered as an indicator for
the detection of hydrocarbons. The presence of gas in porous rock significantly effects on
acoustic wave velocities and Poisson's ratio. Shear wave travel time is very useful in
determining the mechanical properties of rock and compressional wave is sensitive to fluid
types. The Vp/Vs can be determined using the DSI logs. In this study, by using the Vp/Vs ratio,
and parameter of gas volume (which indicates the presence of gas in reservoir), the amount of
gas has been varified in Kanga Formation. Also, all elastic modulus in the South Pars field
around one well was determined. Bulk modulus, Young's modulus, Shear modulus and A were
calculated based on DSI data in the South Pars gas field.

Key words: Elastic modulus, Vp/Vs ratio, Dipole shear sonic imager, Kangan Formation, South Pars
field
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A Study of Multiple Elimination through SRME method on Marine Seismic

Data
Zahra Sadat Jalili'
Naser Keshavarz Faraj Khah®

'MSc student ,Islamic Azad university North Tehran Branch
? Faculty member at the Geoscience Research Division, Research Institute of Petroleum Industry

Abstract

Main target of reflection seismic acquisition is to record primary reflections from
underground layer boundaries; however random and coherent noises are recorded while
seismic data recording. Multiples are of the main disturbing coherent noises which
could mask seismic signals and cause an improper interpretation of seismic data;
especially in areas consist of smooth and gentle characteristics of the underground
sediments. Surface Related Multiples, are kind of multiple raised by strong interface of
sea bed and water column, in marine seismic data .In this study, using Promax software,
SRME method applied on 2-D deep marine seismic data offshore Iran to eliminate the
surface related multiples. Despite other surface related multiple elimination methods,
SRME does not need any prior information about velocity field, underground structure,
or reflectivity. SMRE is a data derived method which is benefit the sea bed geometry
for predicting the sea bed multiples which could be subtracted adaptively from real data.
Comparing quality of SRME in two seismic lines, one with smooth and other rough sea
bed showed that SRME method was successful to eliminate the multiples even in
complex geometry of the sea bed. Eliminating a series of inter-bed multiples related to
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sea bed multiple, is another benefit of SRME compared to other multiple elimination
methods.

Key words: Primary reflection , noise , multiples ,Modeling multiple, Prediction
multiple, Adaptive Subtraction
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Effect of The Quality-factor change on the random noise attenuation
using wavelet transform

Mohammad Irani mehr', Mohammad Ali Riahi’,Ali Reza Goudarzi’, Mehdi Chakeri’
1 M.Sc. student Institute of Geophysics, University of Tehran, Iran. E-mail: mohamad_shamon@ut.ac.ir,

2 Phd, master of Institute of Geophysics, University of Tehran, Iran. E-mail:  mariahi@ut.ac.ir,
3 Phdh student Institute of Geophysics, University of Tehran, Iran. E-mail: aligoudarzi@ut.ac.ir
4M.Sc. Geological survey of Iran E-mail: chakeri.mahdi@gmail.com

abstract

Presence of random noise, the result oscillatory and disordered motion of the particles during
the operation, reduces the quality of the seismic section. In recent years wavelet transform as an
efficient option was introduced in signal processing. The dyadic discrete wavelet transform due
to the low quality factor in cases where the signal has high oscillatory nature can't give the
desired resolution.

In this paper, a new type of wavelet transform called Rational Dilation Wavelet Transform
(RDWT) had been applied. This transform can improve resolution in time - frequency , we
try to find proper Q-factor and other related parameters, in purpose of random noise
attenuation. In the next stage by using the soft and Garrote thresholding, the suitability of
parameters for random noise attenuation was investigated. Proper parameters were applied on

synthetic and real data and then results of the research are presented in table and figures .
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Key words: Discrete Wavelet transform. Rational Sampling , RDWT, The soft threshold, Non-
Negative Garrote threshold.
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"Generalized power spectrum'' New tool for interpretation of gravity
data

Ardalan khazaie Far', Ali Nejati Kalateh?,Amin Roshandel kahoo®
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? Assistant Professor, Shahrood University of Technology;
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Abstract

The estimation of the depth of anomalous sources is usually carried out by Spector and Grant
method. In this method geophysical source parameters have been assumed as uncorrelated and
randomly distributed. Assumption of the uncorrelated random sources is not true as revealed
from many borehole data in the German continental deep drilling project (KTB) around the
globe. The Generalized power spectrum method for gravity and magnetic fields data is found
useful for finding the depth values of the source. The gravity survey has been carried out in
Babolsar area in order to detect the likely subsurface hydrocarbon traps. In this study a profile
of residual gravity map of this area is analyzed by generalized power spectrum method.

Key words: Babolsar, depth estimation, generalized power spectrum method, gravity and
magnetic fields, hydrocarbon traps, Spector and Grant method.
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One-dimensional Magnetotelluric inversion and its application in an
oil field

Mohammad Hossein Ghalehnoee !

"PhD student of facualty of mine and metallurgy, Yazd University, Iran, mhghalehnoee@gmail.com

Abstract

A simple one-dimensional inversion scheme for continuous interpretation of Magnetotelluric
(MT) data was presented here based on Larsen (1981), that the layers are more than 50-150. It
involves transforming the response function into a non-dimensional complex logarithm response
with computing the partial derivatives from an algorithm for the logarithm response. In this
algorithm computing Kernel functions is abolished in spite of Larsen method, and the problem
of choosing model parameters like scaled layer thickness is solved. Finally application of the
method is illustrated using artificial and real data of Minami-Noshiro oil field and its
comparison with well log data indicates the suitable application of this method for investigating
of subsurface resistivity.

Key words: response function, Magnetotelluric, kernel function, scaled-layer thickness,
Minami-Noshiro, misfit
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Finite Element Modeling of 2D Marine CSEM for Hydrocarbon
Exploration

Enayati, E.! ,Oskooi, B.?, Shahmirzae, M.’

" M.Sc. in Geophysics, Earth Physic Department, Institute of Geophysics, University of Tehran
? Assistant Professor, Earth Physics Department, Institute of Geophysics, University of Tehran
*M.Sc. in Geophysics, Earth Physics Department, Institute of Geophysics, University of Tehran

Abstract

In this paper we present an adaptive finite-element algorithm for forward modeling of the
frequency-domain, marine controlled-source electromagnetic (CSEM) response of a 2D
structure. After transforming the governing equations for the secondary electromagnetic fields
into the wavenumber domain partial differential equations for the strike-parallel electric and
magnetic fields is approximated using the finite-element method. The model domain is
discretized using an unstructured triangular element grid that readily accommodates arbitrarily
complex structures. Finally numerical solution of the system of linear equations is obtained
using the BiCGStab method that powerful method for solution large linear system with sparse
coefficient matrix.

Key words: Finite Element, Forward Modeling, Sparse Coefficient Matrix, Wavenumber
Domain
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Differential effective medium model for predicting hydrocarbon
saturation using geoelectrical data

S. Tabasi ', A. Kamkar Rohani 2, M. Mohammado Khorasani’

"Phd Student, Mining E)Zcploration, shahrood university of Technology, somayehtabasi@yahoo.com
Assistant Prof, shahrood university of Technology
? Iranian oil exploration company

Abstract

Hydrocarbon saturation is of the most important petrophysical parameters in evaluating
reservoirs. Using geoelectrical data for predicting hydrocarbon saturation decrease the
exploration costs. Considering a proper rock physics model for the reservoir rocks can relate the
reservoir parameters with electrical properties of it. The differential effective medium scheme
can handle the physical properties of the partially saturated rocks assuming an initial reservoir
condition in the shaly and non- clean rocks over the production time.

Key words: saturation, hydrocarbon, rock physics model, differential effective medium.
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Study of different methods for Interpolation velocity model in seismic data

Ali Reza Golalzade?,Ahmad Gaimadil’

Abstract

One of the most important step of 2D and 3D seismic interpretation is making velocity model.
Since seismic data are in time domain and a geologist needs data which are in depth domain for
reservoir characterization, so it is vital to convert seismic data from time domain to depth
domain. This process can be done by making velocity model. There are several methods for
making velocity model. In this research 15 methods are used for making velocity model. In
result, average of these 15 methods has been used to making velocity model, which cause
minimum depth error. In this project we use 4 wells which didn't involve in project for quality
control step.

Key words: velocity model- structural interpretation — interpolation- stacking velocity- VSP
velocity- Up scaling
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ABSTRACT

Fourier transform plays a key role in interpolation of seismic sections. Fourier transform
enables the interpreter to extract the frequency data which is needed for realizing various
structures. Non-stationary signals behave extremely different though. When we are facing a
non-stationary signal, finding the time-frequency map becomes a bit complicated. That is when
the Short Time Fourier Transform (STFT) comes in handy. We will distinguish this different
behavior of non-stationary signals through this text, and will examine STFT in practice.

Key words: Fourier Transform, STFT, Time-Frequency map, Matlab, Interpretation

INTRODUCTION

Time-frequency decomposition maps a 1D signal into a 2D signal of time and frequency, and
describes how the spectral content of the signal changes with time. Time-frequency analysis has
been used extensively in seismic data processing and interpretation, including attenuation
measurement, direct hydro-carbon detection, and stratigraphic mapping. The widely used short-
time Fourier transform (STFT) method produces a time-frequency spectrum by taking the
Fourier transform of data windows, which leads to a tradeoff between temporal and spectral
resolution.

The seismic traces are nothing but some signals. There are two types of signals; Stationary,
whose frequencies is constant over time, and Non-Stationary, whose frequencies varies with
time. For non-stationary signals, Fourier transform shows nothing applicable for interpretation,
so for these types of signals we use short time Fourier transform (STFT) which is in fact a
Fourier transform on a moving window over the signal. If we plot the time corresponding to
center of the window on the trace versus the frequency calculated through the window, we will
have the Time-Frequency Map of the trace. As it can be understood, for a single signal STFT
will give us a 2D image for time versus frequency, hence for a set of signals we will have a cube
of data in which one axis shows the number of signal or trace and the other two indicates time
versus frequency.
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Figure 1. seismic section
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Figure 1 shows a regular seismic section which includes 51 non-stationary traces each consisting of 751
time samples.

Getting a quick two dimensional Fourier transform using Matlab leads us to figure 2. As it can be seen,
there is not that much of data we needed. So we now go for short time Fourier transform. We have a 2D
section so it is expected to have a cube of data after applying STFT on the section in figure 1. The output
cube will have two axes of 751 samples for time and frequency and one axis for the trace numbers.

5 10 18 20 % Ell E3 a0 I3 0

Figure 2. Two dimensional Fourier transform of the section in figure 1

To get the STFT, we need a window of the samples to isolate them for Fourier transform.
Having the window constructed, we move it over each trace sample by sample, applying Fourier
transform over the window; we will store the result for each window’s movement in the cube.
The result will be a cube of data which consists of time-frequency map of each trace.

Once the cube filled with the desired data, we can easily cut out various sections of the cube
which include useful information could not been obtained from regular Fourier transform.
Figure 3 shows a single-frequency section for window length of 10 samples and frequency of
40Hz. The existence of 40Hz frequency through time over the section of figure 1 is barely
visible in this single-frequency section.
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Z 10 15 20 2 a0 3 40 45 50

Figure 3. Single-Frequency map of the section in figure 1 for the frequency of 40Hz

CONCLUSION

The word “CONCLUSION” must be in Times New Roman font, bold and letter size 12 point. It
must be left justified. The CONCLUSION section must be written in Times font, regular, and
letter size 11. It must also be aligned “justified”.
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Application of Instantaneous Frequency Attribute in Detecting Gas
Potentials

Abstract

Seismic data can be used in ideal conditions to provide all sorts of data; such as structural
geology of oil traps and properties of reservoir rocks. One way to interpret seismic data is by
studying seismic attributes. Here, we want to introduce instantaneous frequency attribute as one
of the tools to identify gas potentials. Instantaneous frequency attribute is obtained by
calculating instantaneous phase derivative. It is shown that instantaneous frequency is related to
center of seismic wavelet’s power spectrum. Since seismic wavelet loses its high frequency
contents when passing through a gas reservoir, hence most of the energy is accumulated in the
lower frequencies and by taking instantaneous frequency and comparing it with sections with
different frequencies, we can predict the presence of gas in the regions under study.

Key words: Seismic Attribute, Instantaneous Frequency, Gas Reservoir, Frequency Absorption,
Oil Trap, Attenuation
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ABSTRACT

Processing of seismic data is an indispensable step in exploration seismology. The purpose
of seismic processing is to manipulate acquired data into an image or set of images of the
subsurface geology. Processing consists of applying a sequence of routines on a computer
guided by a geophysical processing specialist. Obtaining a precise image of subsurface is
necessary for accurate interpretation of subsurface sections and leads to exploring the oil traps
such as synclines, salt domes, faults and stratigraphic features. In this article we have fulfilled
the principle steps of seismic data processing such as denoising, NMO correction, Velocity
Analysis, Stacking and Migration respectively on a synthetic 3D seismic data and finally
obtained an syncline that can be the potential of hydrocarbon accumulation.

Key words: Seismic processing, Oil Exploration, Velocity analysis, NMO correction,
Stacking, Migration.

INTRODUCTION

Hydrocarbon reserves play a crucial role in economics and life of people in the world. There are
plentiful hydrocarbon resources in the world which are not explored. In recent decades a serious
competition has been emerged among the countries that have high potential reserves of
hydrocarbon to explore and exploit these reserves as much as possible. The seismic method
plays a prominent role in the search of hydrocarbons. Seismic exploration consists of three
steps; data acquisition, processing and interpretation. Among these steps, processing of seismic
data is an indispensable step that plays a vital role in exploration seismology. After data
acquisition, data should be processed. The goal of seismic processing is to obtaining an explicit
image of subsurface section. Oil and gas corporations are in rigorous competition to achieve
better images of subsurface structures because with a good processed seismic section, the
interpretation of them will be easier and the contingency of presence of hydrocarbon in the
region will be improved so the interpreter announces the accumulation of hydrocarbon with less
error and the expenses of hydrocarbon exploration will be decrease considerably. Processing
geophysicists use computer programs to test and revise the data continuously. There are
various softwares which provide the ability of processing the seismic data in the most user
friendly possible state. But it can be said that the basis of all of these softwares are
some complicated mathematics that are applied on the data in different ways to achieve
the sharpest and the closest image of the subsurface structure. MATLAB is a powerful tool
to examine that mathematical basis in order to understand the concept of making a clear and
applicable image from a raw data that is nothing but some ambiguous signals. A processing
flow includes major or optional steps that can be done based on the required quality and
resolution on the output. In this article we applied some processing steps on a 3D seismic data
and finally obtained a syncline that is ready to interpretation. It can be prone to have
hydrocarbon.
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Implementation of Processing Steps on 3D Seismic Data

A synthetic data set including 200 sources and 200 receivers which have recorded 481 time
samples with sampling interval of 0.0063s is used for our processing flow. The separation
interval of sources and receivers is 12m. It has been considered that all the corrections and noise
reductions have been already done on the data set so we have these steps to achieve the
desirable output:

1-CMP sorting

2-Velocity Analysis

3-NMO correction

4-Stacking

5-Migratin

CMP sorting is probably the most important gathering order which includes all of the traces
received from one Common Mid-Point (CMP). These traces contain information from the same
sub-surface point for horizontal reflectors. The number of CMPs for our data set is 400, and the
maximum possible fold is 200. Figure 1 shows CMP gather number100.
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Figurel. CMP gather number 100

The next step is velocity analysis to obtaining appropriate velocity for NMO correction. The
aim of the velocity analysis is to find the velocity that flattens a reflection hyperbola, which
returns the best result when stacking is applied. We should find appropriate velocities and
intercept times for hyperbolas fitting our reflector ones in CMP gather to flatten them. For this,
we use the method of analysis of velocity spectra using semblance formula. We need to pick the
peaks of energy in the velocity spectrum to obtain both the intercept time and velocity
corresponding to each reflector. For more reliable picks we have done one additional step, in
which we plot a hyperbola with the picked intercept time and velocity on the CMP gather just
beside the velocity spectra (figure 2, the white hyperbola with intercept time of nearly 1s) to see
whether it fits the reflector hyperbola or not.
0

— =—
L E mu =
3000 4000 - 500

Figure 2. Velocity Spectrum and Hyperbola fitting for picking desired time and velocity for NMO
correction
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Next step is NMO correction. The principle of NMO correction is aligning the reflections
using the correct velocities and travel times achieved by velocity analysis, such that the events
are horizontal.

Figure 3 shows the CMP gather number 100 after NMO correction.
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Figure 4. CMP gather number 100 after NMO correction

Next step that is one of the simplest but most important stages of the seismic processing
sequence and improving data quality is stacking. Stacking is a processed seismic record that
contains traces that have been added together from different records to reduce noise and
improve overall data quality. The basis for reduction of noise using stacking is that the random
noise which is distributed over traces will cancel out each other by summing all traces together,
but coherent events will improve each other.

A CMP stacked section is often regarded as a zero offset section, especially during data be
migrated. The final stacked section for all 400 CMPs is shown in figure 4. This section needs to
be migrated. As it is clear, there is a butterfly shape in this section. After applying migration we
can see a syncline that can be interpreted as a trap for oil accumulation.

Figure 4. Final Section for all 400 CMPs
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Figure5. Final Section after Migration

CONCLUSION

Exploration seismology plays a vital role in exploring hydrocarbon resources. Nowadays all of
oil and gas corporations compete to obtain much clear and obvious picture of subsurface
structures. Processing steps should be applied on seismic data to obtain an interpretable image
of subsurface structures. The better processed seismic section, the most accurate section for
interpretation and consequently more probability in detecting hydrocarbon resources. In this
paper we applied different steps of processing on a 3D seismic data and finally obtained a
Syncline that can be interpreted as a hydrocarbon trap.
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3d geo cellular modeling of sarvak reservoir in jufeyr field to
original oil in the place determination.

Pegah Moshiri,V.A.Sajjadian,H.Tabatabaee

Abstract

There are various methods for 3d modeling reservoir. In this study, reservoir geology

modeling were made using Petrel Workflow Tools.

The data collected from 6 wells drilled in this field entered into PETREL (software) after
preparation. 3d geo cellular modeling prepared in order to simulate Sarvak field by using UGC
(interpreted horizons using seismic data) and wells information, distribution of petrophysical
properties (porosity, water saturation) and calculation of original oil in the place.

Results from this study indicate that Sarvak reservoir zones 1, 2 and 3 , in terms of
productivity, are in very good too good conditions and other zones are in poor conditions . And
based on recent calculation oil in place of this reservoir is estimated to be equivalent to 250
million barrels., And the unit Sarvak-L2b is estimated 90 million barrels.

Keywords: petrophysical parameters, Petrel, oil in the place , 3d modeling.
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