Seismic Spectral Attributes of Apparent Attenuation

1% ilai 2 : '3 1 The UNIVERSITY of OKLAHOMA
Fangyu Li**, Huailal Zhou#, Lanbin Li°, and Kurt J. Marfurt Sk i o? Nasth sl Juss

1, AASPI, The University of Oklahoma; 2, Chengdu University of Technology; 3, China University of Geosciences (Wuhan) . ConocoPhillips School of Geology and Geophysics
ConocoPhillips

Summary

. : : : : . | o f _ é e st Fig 1: Sketch of proposed attributes: F|e|d App“Cat|On Fig 5a shows the time structure map of the base of the channels in the
0 Sttt 9 The sty area s i the easten partof the Anacarko Basin, Okahoma (Fig 4). Pennsyhanian | | Red Fork, et e channel are laryvsile. Fig b shows a horzr
compensation. i—lowever seismic attenuation effect not’ only distorts their E 8)) 35332: g%r;ivsvfdth; rocks throughout most of the Anadarko B?"S'” are dommatgd by shallow-shelf marine _clast|ps. sandgstone deposited in tr?e channels exhibits irpn edanc’e and the
amplitudes but also disp,erses seismic waves, which gives rise to a number % (e) Energy reduction. The tqrget_ s the Red Fc_)rk Sand Of. the middle Pennsylvan_lan agde, composgd of clastic facies surroundin mpatrix shows hiogh impedance. Fig 6 Ehows tr’me vertical
of issues and renders the accurate attenuati’on estimation challenging. As 0 S‘JFrequemy(HZ;"o 150 deposited in a de_ep-marln_e (shale/silt) to shallqw-water quwal-dommated e_nwro_nment. The Red i segtion of the dashedgline AF,)A g .5agThe Seismic fraces are
the measurement of attenuation, the relative value of quality factor Q is more CRENG Reerence 21 @ Fork Sandstone 1S sanawiched between two limestone Iaye_rs, with the P'n.k Limestone on t_op drawn in wiaales overlain bv seismic insta?wtan.eous envelope in color
important in seismic interpretati,on. Instead of struggling to characterize the g = ;E H ! d the Inola leestone_ on the bottom. The Oswego le_e stone that lies apove the Pink We extract Segismic trace at éDP 170 denoted by red trian |2 alon thé
accurate seismic attenuation value, we propose a package of seismic : 2. e Limestone and the Novi Limestone that lies below the Inola Limestone are prominent reflectors arbitrary line A in Fig 5a and analvee its S ectrﬁm oo sli?:lin WinngW
spectrum characterization based atte’nuation attributes to evaluate apparent E E m that can be mapped easily on sels_mlq-amphtude data, prowd_lng an approxmatlon to a 1_‘|>§ed Fig 8 sxllwows the seisgmic attenuatic))/n attribﬁte values betweegn the tol
attenuation effects. The proposed attributes assume the seismic wave is 2 2 geolqglc tlme_. The Upper_ Red I_:ork |nC|sed-quIey system _con5|sts of multiple stages of incision g o = -2 MR P

S, 0 50 100 750 and fill, resulting in a stratigraphically complex internal architecture. Pink Lime and bottom of the incised Red Fork formation in Fig 6.

Frequency (Hz)

propagating through the earth as a Ricker wavelet. Based on this, the
attributes’ validities are proved analytically in this paper (Part 1.
Methodology). Using field data results (presented in the following paper, see
Part 2), it is shown that the proposed seismic attenuation attributes are
effective and robust for seismic interpretation compared to previous seismic ;
attenuation estimation results. o 750 %
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Fig 4. Location map of the Anadarko Basin area on a
map of Oklahoma. The study area lies inside the red
boundary. (After Del Moro et al., 2013).
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'\ Fig 5: (a) Time structure map of the base of the incised
\ channels in the Red Fork channels showing dip to the
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the interaction among multiple receivers, geometric spreading, scattering,
frequency-independent transmission loss or gain, and frequency-dependent
thin layer interfaces. For the reflection seismic data, geometric spreading
can be compensated during migration; Thin layer interferences can be
corrected based on well logs (Li et al., 2015a). The intrinsic losses due to
conversion from mechanical to heat energy, and scattering attenuation due
to fractures heterogeneities and rugose surfaces are the two important 0 (H_;oo
requency (Hz

factors related to conventional and unconventional reservoirs, respectively, Experiment Number

so the characterization of apparent attenuation can be beneficial for both Fig 2: Ricker wavelet spectra with different attenuation, and normalized values of seismic attenuation attributes.
kinds of reservoirs. Figure 2 shows the normalized spectra of reference and attenuated signal.

Aort = Antrinsic T Ascattering T Ppreading + Puning Note that when attenuation is stronger, the peak frequency is smaller, and
more high frequency energy attenuated. Results of attenuation attributes
associated with different Q values are also displayed. Because we want to

Assumptions & Motivations know the relative attenuation relationship, all values are shown in the

normalized way. It is clear that every attributes has a good correspondence
Geometric spreading attenuation can be compensated by surface with the attenuation factor.

consistent amplitude processing and migration.

positions of 19 productive wells. CDP
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Fig 8: Seismic attenuation attributes between the pink and yellow horizon shown in Fig 6. Attenuation
estimation using the central frequency shift (CFS) method, spectral bandwidth, energy reduction in full
bands and high frequency bands, spectral slopes of low and high frequencies, skewness and kurtosis.
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o We propose a package of seismic attenuation attributes based on
spectral shape changes to characterize apparent seismic attenuation. All
these changes are associated with seismic attenuation non-linearly, but
they are promising indicators for relative attenuation changes which are
useful for seismic interpreters.
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Spectral response to layering can be compensated by computing [ A\
reflectivity spectra from impedance inversion. == -
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Reflectivity is white within certain analysis window across the entire
survey, while can also be blue with well control.
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Fig 3: Ormsby spectra with different attenuation, and normalized values of seismic attenuation attributes. 1900 )
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Ricker wavelet spectrum assumption may not be the case in the field
application, then Ormsby wavelet spectrum assumption is used.

In the field. the wavelet may not always be the Ricker wavelet. After Fig 6: Vertical slice along line AA’shown in Fig 5a through amplitude wiggles overlain by
’ ' instantaneous envelope. The Oswego Lime (blue pick) and Pink Lime (red pick) form

spectral balancing (bluing), the flat spectrum is usually expected. Fig 3 regional markers.
Measuring the apparent attenuation can highlight the conventional and shows a synthetic example using Ormbsy wavelet with corner frequency Fig 7: Single trace example (extracted from CDP 170, denoted as a red triangle in Fig 6)
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