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ABSTRACT

A robust technique for determining attenuation (1/Q) in
field seismogram is presented. The technique involves
two key stages: (1) computation of centroid frequency
for the individual signal using variable window length

and fast Fourier transform, and (ii) estimation of the

difference in the centroid frequency and travel time for
the incident and transmitted signals. The robust features
of the new method include the use of spectral shape
factor and variable window length. The shape factor
allows the user to represent the real seismic wavelet with
several shapes without altering the mathematical
formula. Variable window length helps to reduce noise
interference during spectral computation. The new
techniques is tested on synthetic datn sets and compared
with other methods, Further to this, the method is tested
on & seismic data set from an oilficld. The traces were
subdivided into four intervals: AB, BC, CD, and DE,
using prominent reflectors and well logs signatures, The
estimated mean attenuation, 1/Q_m over 500 traces vre
00196, 0.0573, 0.0389, and 0.0220, for interval AB,
BC, CD, and DE, respectively.  To show an important
application of accurate 1/Q estimate, the estimated
1/Q m s used to perform image enhancement on the
seismic traces, The comperisation scheme is applied to
the traces one afler the other using a MATLAR
programme specifically designed for the study.

The results show that accurate estimate of 1/Q can be
used to improve scismic images of subsurface
structures.
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INTRODUCTION

Attenuation analysis of subsurface geophysical data can
provide crucial additional dimensions to the existing
exploration techmigues (Parra et al., 2006; Raji, 2012).
Lack of rehable methods for estimating scismic
attenuation in field data is the major limitation to the
further development of attenuation (Q*(-1)) technology
for hydrocarbon exploration (SEG DPE, 2005).
Methods for determining Q in seismic records include
(SRM) spectral ratio method (Bath, 1974; Spencerct al.,
1982), centroid frequency-shift method (Quan and
Harris, 1997), and peak frequency-shift method (Zhang
and Ulrych, 2002), While SRM provides robust Q
estimates in VSP data, they are less successiul for
estmating Q in reflection seismic data becanse of the
strong influence of reflections from closely spaced rock
lnyers (Parra et al., 2006), Improvements to the classic
spectral ratio method include the works of Dasgupta and
Clerk (1998) and Rein et al. (2012a & b). Aside the
sensitivity of the SRM to noise, the choice of a
frequency bandwidth 1s still an 1ssue.

To achieve reliable (Q) estimates in seismic data, we
present a new mathematical model. The model is based
on the concept of frequency down-shift. The inversion
process consist of two key stages: computation of the
centroid  frequency  for the individual signal using
variable window length and fast Fourier transform; and
estimation of the difference in the centroid frequency
and travel time for a puired incident and transmitted
signals, The imnclusion of a shape factor in the
mathematical model allows the users to represent the
real seismic signal with any spectral shape that satisfies
the basic characteristics of a seismic signal without
altering the mathematical model. The spectral shapes
considered i the new model iclude Gaussian, Ormshy
(orboxcar), Ricker, and triangle wavelets,
THEORYANDMETHOD

If & real seismic signal is represented by a Ricker
wavelet, the source spectrum at initind time 0 in an Earth
medium can be defined (Zang and Ulrych, 2002) as:
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* absorbing medium, the frequency
defined (Varclaetal., 1993) us:

DU = by (OME) oo £2)

where hift) s the earth absorption filter whose
frequency response is:
H(‘)‘ expll'-lllu

The anenvation coefficient (@) is related 10 quality
fuctor (Q) as:

Qiw) viw)
where f, is the frequency of the wave, und v is the
velocity. Therefore, the spectrum of the seismic signal
aﬁentimel.unbcgivc’nu:

ik 3)

The observed difference in the frequency spectrum of
the sewsmic pulse at time 0 and time { s shown in Figure
1. Taking the natural loganthm of (3) and rearranging
the terms, we have;

Infb(f.t) J-infb, (£0)) = iiAt
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Equation 4 is the basis of the spectra ratio method (Bath,
1974; Spencer ct al,, 1982), If the amplitude spectral
b(Lt) and b, (1,0) are defined n terms of the spectral
centroid framency.cf,mdcf,.uulwcmmvcdlhc
loganthm, the elements in equation 4 can be rearranged
as;
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Equation 5 is the basis of the ~shift method for
Q where Qﬁoi:;umcy estimated from the
difference in ﬁuqumcymdmvcmmeﬂx-cf.andm)
between the incident and the transmitted signaly (see,
Quan und Harris, 1997; Zhang and Ulrych, 2002), The
specmlpnnmetcr.cf,isknownu_lhcccmmid
frequency, and can be defined (Barnes, 1993) us:
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For attenuation measurement in the exploration
ﬁulucncybund.hiseomumlouscempiricalequuion
to model attenustion (Giladwin und Stacy, 1974,
Toverud and Ussin, 2005). Based on the physicul
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Muias-::vaiaﬁm 1: the definition given in
cquation several  synthetic experiments, a
statistics-based empirical model for Q measurement is
proposed as:
Q= 12 of,
PO, (6f, - ¢f) el T)

Where pis the shape factor, a constant used o obtain the
bmmtothcdmuthev-riouupecml;!mm/\s
poimcdou(byequaﬁm(u).(l3)md(l4)of0uannnd
Harris (1997), the constant M depends on the actual
spectral content of the wavelet, and M varies with the
spectral shapes. The average standard deviation of the
incidcmandtmnsnﬂnedspewnlls O, und t is the travel
time different. The average standard deviation,

O.is: O, = Qg + 0,
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Fig. I: The frequency spectrum of » Ricker wayelet
at Is (black) and 2.2 (blue) in an attenuating
medium with Q value equuls 30

For a source-receiver offset X, the avel time, 1, can be
expressed (Sherifl and Geldart, 1985; Burger et al.
1992) as:
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where t, 1s zero offset travel time and vims is the root
mean squared velocity. The time, t requited for equation
¥ can be approximated as:

eyl E
zv-mml"‘ svm(‘ ....................... (10)

If the spectral of & real seismic pulse is represented by a
Ricker wavelet, the shupe factor, pis equal to 211/3. The
spectrum of 4 real seismic signal is not exactly the same
as that of' a Ricker or a Gaussian wavelet (Ricker, 1953;
Ryan, 1994), However, the shape can be approximated
by uny shape that satisfies the basic charncteristics of the
real seismic signal (i.e. that rises from zero 10 a peak and
reduces 1o zero symmetrically). Approximating the
spectrum of a real scismic signal to that of an Ormsby
wavelet, s Gaussian wavelet, or a triangle wavelet, and
following the procedures and definitions given in
cquations (7-10), the shape factor in equation 7 is
modified to sccommodate other spectral shupes without
altering the mathematical model. The shape factor, s
5__3,7 : 3_3_" and _T__.T_ for Ormsby, Gaussian, and

triangular spectra, respectively. The use of shape fuctor
in the mathematical model allows several wavelets 1o be
used to represent the real seismic signal.

Application to Synthetic Seismograms

Seismic traces consisting of primary reflections,
multiples, and noise are generated in a three-luyer
attenusting Earth model. The mechanism of attenuation
in this model is fluid induced. The Earth model
comprises shule-sandstone-shale layers, The sandstone
layer represents reservoir interval, and therefore is
assigned higher attenuation (due to the reservoir fluid),
compared to the underlying and overlying shale layers,
 models in the sandstone luyer are represented by 10,
20, 30, 40, 50, and 100. Q is measured in the sesmic
traces at the interval that corresponds to the sandstone
luyer using the proposed method with the various
spectral shapes. The proposed method is here known a8
SFVOM. The Q estimates for the various input Q
models are shown in figure 2. Further to this, SFVOM is
compared with two published methods of attenuation
measurement:
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Fig. 2: Input Q model versus Q estimates. For Ormsby, Gaussiun and Triangular spectral shapes, the
frequency bundwidth is 10-40Hz For the Ricker spectrum, the dominant frequency is 20Hz. See legend
for the colour codes



i) The SFVOM (with Ricker shape spectrum) is i) The Q model of Quan and Harris (1997) designed
compured with the spectral ratio method (SRM for for & gaussian-shaped spectrum is compared with the
short) for measuring Q in noisy seismograms, For cach SEVOM (using & gaussian shape spectrum). For each Q
€ model, the noise level varies from 5%, 10%, 15%, o model, the frequency band of the source wavelet is
20%. The mean Q estimutes are plotted against the Q varied as 10-40Hz, 10-50Hz, 20-50Hz and 20-60Hz

model in Fig 3.

The mean Q estimates is again plotted with error bar in

Fig4.
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Fig. 3: Comparing the SFYQM with the Spectra Ratio Method -
testing the effects of noise
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Fig, 4: Comparing the SEVQM with the method of Quan und Hurris (1997) -
testing the effects of the change in frequency bandwidth on the two methods
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GEOLOGY OFSTUDY AREA AND

APPLICATION TOSEISMIC DATA

Guillfaks field is locuted in the Norwegian sector of the
North Sea, Norway. It was formed during the Upper
Jurassic to Lower Cretaceous us a sloping high, with &
westerly structural dip, gradually decreasing towards
e east (Peterson et ul, 1990). The reservoir sunds
comprised: Middle Jurassic deltu-deposited  Brent
Group; the Lower Jurassic shallow marine sundstones of
the Cook Formation; and the Lower Jurassic fluvial
chunnel and delta-plain deposits of the Statfjord
Formation. Structurally, the field can be divided into
three regions: Domino area with rotated fault blocks in
the west, and s Horst srea in the cast; in between is a
zone, characterized by folding structures. The north-

south faults that divide the field, have a throw up to 300
meters. In the western part, the faults stopes downward
1o the east (Fossen and Hesthammer, 1998). The
distribution of vilfields and structural cross-section of
the field is shown in Fig. 5.

The ditta set used for the study is ¥ marine 3D seismic
sequired m 1985 by an unknown company for Statoil,
Details of sequisition is not available to the author. The
dutn was pre-processed by Statoil,

Following the synthetic data test, a set of 3D data from
the Gullfaks Field, North Ses, Norway was used to test
the suitability of the SFVOM method for Q
measurement in field data. The seismic records
represent a travel time interval of 905 ms, starting from
1397ms to 2302ms. A total of 500 traces were selected

Figure 3: (#) Reglonal map of the northern North Sea showing Gullfaks ares (inset map), the Gullfaks-
Statfjord area showing oilfields (b), and & structural profile across the Gullfaks Field (c).
Oil fields are shown in green in figure b, (Hesthammer et al., 2002)




for the test. For the purpose of Q estimation, the total
travel time represented by the traces was subdivided into
four intervals; AB, BC, CD, and DE, as shown in Figure
6. For Q measurement in the Gullfaks data, the SFVQM
with a Ricker spectrum was used to munimise
interference from noise, variable window length was
used, The minimum and maximum window lengths
used are 76ms and 98ms, respectively. Whenever
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possible, the same window length was used to comy
the two signals being compared in the measurem
Fourier transform was computed within the wing
containing each desired signal and the spec
parameters required for Q measurement was compi
as defined in equations (7) - (10). The distributions ¢
estimates ot the four intervals are shown in
histograms in figure 7.

Fig. 6: A section of the seismic traces used for Q measurement showing the
subdivision of trace length into four intervals: AB, BC, CD, and DE
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Fig. 7: Histograms showing the distribution of the  estimates at the four intervals. The
negative values of Q are not considered in the computation of the mean attenuation (1/Qm)
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Application to Seismic Image Improyement

The amplitude and waveform of seismic wiaves are
strongly impacted by wave attenuation. This usually
results in loss, in parts of the desired information in the
recorded seismic records. The loss is often expressed in
the form of amplitude diminution, wavelet distortion
and delayed sign signal arrivals, which in tum degrade
the quality of seismic data. Attenuation causes poor
seismic terpretability and contributes 1o seismic-well
dats mis-tie .In order W enhance the interpretability of
seismic records, seismic dati processing  usually
involves # stage where the effects of attenuation on
seismic records are corrected. In this section, we show
the application of atienuation estimate (1/Q) to seismic
jmage processing, Using inverse Q filtering.

Detailed processes of seismic image improvement using
Q can be found in Wang, (2006) and Raji and Rictbrock,
{2042). -

Abasic equation describing inverse Q filtering is:

(z+Azw) = A, (W) exp (jwidw)dz) exp
a sl )

(W2UWIQAZ) ivsiiismmisisireress
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The two exponential operators in equation 10 correct the
effects of velocity dispersion and amplitude diminution,
respectively. Figures 8 and 9 show the improvement in
seismic image by the use of attenvation factor (Q) in
seismic image processing.

Attenuation 1s estimated in the stacked trace (Figure 6,
left) using the method described in the previous section,
The measured attenuation is used 10 build & seismic
imuge enhancement scheme, 4s summarised in cquation
10, The scheme is then applied to the dataset to show that
attenuation estimates can be used for seismic image
improvement. Figure 8 shows the original seismic trace
(bluck) and the improved seismic trace (bluc). Figure 9
shows Time amplitude data plotted in wiggle format: the
top plot is the on ginal field data, while the bottom plotis
the improved image. Figure 9 is the difference-plot
between the improved and the original data

DISCUSSIONS AND CONCLUSIONS

A new method for measuring attenuation in reflection
seismic records is discussed. The appropriatencss of the
method for measuring attenuation is tested using

Fig. 8: Attenuated and compensated seismic traces-showing the effects of seismic Q

compensation, Black is orlginul (attenuated) traces, blue is after Q compensation
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Flg. 9: Time-umplitude data plotted in pixel format. (Top) the original traces
before Q-compensation, (bottom) traces after Q-compensation,

synthetic and field dats, Results show that the new
method (SFVQM) can give robust estimates of
attenuation in synthetic and real data using uny of the
four wavelet shapes. The new method is less sensitive to
interference from noise and the change of frequency
bandwidth.

Compared to the spectral ratio method (SRM), SFVQM
is less sensitive to noise interference. Error in Q
estimates due to the effects of noise interference is 9,5%
for the SFVQM and 13.4% for the SRM. When tested
for the effects of the change of frequency bandwidth,
SFVQM shows less sensitivity compared to the method
proposed by Quan and Harris (1997). The errors are
9.8% and 14.7%, for SFVQM and the method of Quan
and Harris (1997), respectively.

The mean attenuation (1Qm ) computed for interval A
BC, CD, and DE are 0.0196, 0.0573, 0.0389, 0.02
respectively; while the standard deviation (o) ¢
0.0045, 0.0338, 0.0180, 0.0075, respectively. Intery
BC which recorded the highest attenuation val
approximately coincides with the shale break (F
separates the top and base sandstones. The fact
responsible for high attenuation in interval E
compared to the overlying and underlying sandsto
cannot be ascertained from this study. Further to this, v
show that attenuation estimates can be used to impro-
the quality of seismic image. The improved ima;
showed amplitude restoration and higher scismic ima)
resolution.



Fig. 10: The difference plot between the compensated and original data- showing the
improvement in the seismic image achieved by the Q compensation process
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