PS

Seismic Attenuation Workflow for Lithology and Fluid Interpretation*

Raúl Del Valle1, Tatiana Kerdan1, Alejandra León1, Josué Rentería1, and Martín Díaz1
Search and Discovery Article #42035 (2017)**
Posted March 13, 2017
*Adapted from poster presentation at AAPG International Conference & Exhibition, with SEG, Cancun, Mexico, September 6-9, 2016
**Datapages © 2017 Serial rights given by author. For all other rights contact author directly.
1

Instituto Mexicano del Petróleo, Mexico, D.F., Mexico (rvalleg@imp.mx)

Abstract
A seismic interpretation workflow was developed by using well log information, rock physics modeling and seismic attenuation analysis. From
the well log information, rock physics modeling was performed to calculate the seismic attenuation within the lithological facies of interest.
The workflow starts by using rock physics diagnostic and template tools in order to establish the theoretical model that best represents the
lithological facies. Moreover, the Dutta-Odé (1979) patchy saturation model is used to determine the attenuation values by changing the gas
saturation. From this, with an equivalent viscoelastic standard model (Zener, 1965) and by the knowledge of the high and low frequency limits
of the complex modulus, a constant Q (quality factor) can be obtained (Dvorkin-Mavko, 2006). The rock physics templates address the seismic
relations of velocities, acoustic impedance and attenuation with respect to diagenesis, compaction and saturation trends. These elements
constrain the seismic properties to guide for prospective hydrocarbon areas.
The attenuation estimations from rock physics modeling were used to generate synthetic seismograms to assess the attenuation impact in the
seismic response for interpreting the field seismic information. Few methods for calculating attenuation were tested in the controlled synthetic
seismograms to find out which method could be the most stable in the real seismic data. For instance, in the seismic modeling, the bandwidth
was varied to see the impact that high and low frequencies might generate on the seismogram and understand how that could affect the method
for calculating attenuation in real seismic information. Seismic models with different scenarios were created to analyze what to expect when
calculating attenuation, e.g., ranging below 1 Hz. The results of the estimated attenuation in real seismic traces around the well were compared
to those modeled by rock physics and seismic modeling.
Application of the workflow for a gas reservoir in the Gulf of Mexico is discussed.
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 )DFLHVFKDUDFWHUL]DWLRQIURPORJV
7KH FODVWLF UHVHUYRLU VKRZQ KHUH LV FRPSRVHG RI OLWKLF VDQGVWRQHV RI WKH ORZHU 0LRFHQH ZLWK D ILQH WR
PHGLXP JUDLQ WH[WXUH ZLWK YDULDEOH GLVWULEXWLRQ RI FOD\ FRQWHQW 7KH SRURVLW\ UDQJHV IURP  WR  ZLWK
VRPH JDV VDWXUDWLRQ XS WR  &RUHV DQG ZHOO ORJ DQDO\VLV SURYLGH TXDQWLILFDWLRQ RI WKH PLQHUDO
IUDFWLRQV SRURVLW\ VDWXUDWLRQ HIIHFWLYH SUHVVXUH HODVWLF SURSHUWLHV HWF IRU HDFK IDFLHV ZLWKLQ D GHSWK
LQWHUYDO RI LQWHUHVW ,Q RUGHU WR DSSO\ D GHWHUPLQLVWLF URFN SK\VLFV PRGHO DW UHVHUYRLU FRQGLWLRQV LW LV DOVR
LPSRUWDQW WR FRQVLGHU WKH FRUUHVSRQGLQJ IOXLG SURSHUWLHV

)LJ  'HWHUPLQDWLRQ RI WKH OLWKRORJLFDO SHWURSK\VLFDO DQG HODVWLF
SURSHUWLHV IURP WKH ZHOO ORJV DQG FRUHV DYDLODEOH LQ WKH GHSWK
LQWHUYDO RI WKH UHVHUYRLU

)LJ  'HSWK LQWHUYDO  WR
 P  5HG EURZQ FRORU
VKRZV WKH JDVVDWXUDWHG
IDFLHV

 5RFNSK\VLFVPRGHOOLQJRIWKHUHVHUYRLU
%\ WDNLQJ LQWR DFFRXQW WKH VHGLPHQWRORJ\ ZHOO ORJ DQDO\VLV DQG URFN SK\VLFV GLDJQRVWLFV HJ $YVHWK HW
DO  'YRUNLQ HW DO   WKH WKHRUHWLFDO PRGHO WKDW EHVW UHSUHVHQW WKH UHVHUYRLU LQ WKLV FDVHLV
WKHVRIWVDQG PRGHO 'YRUNLQ 1XU  

)LJ  7KH URFN SK\VLFV
WHPSODWH IRU WKLV FODVWLF
UHVHUYRLU 7KH GDWD LQ
EODFN LV VKDO\ VDQG EOXH
LV ZHW VDQG DQG UHG LV
JDVVDWXUDWHG VDQG

3) Calculating the inverse quality factors
The patchy saturation model by Dutta & Ode (1979) was used to determine the seismic attenuation
effects by changing the gas saturation. One starts using the parameters of the soft-sand model that best
represents the reservoir with additional information needed in the poroelastic model , such as
permeability, fluid viscosity and a "critical size" parameter, below which the patch is relaxed from the wave
excitation. In practice, this characteristic scale of heterogeneity is difficult to establish.
saturation

Fig. 4 Example of the patchy saturation
model.
Attenuation
is
frequency
dependent. By changing the gas
saturation, the maximum attenuation
deviates to a higher frequency and
reduces to a smaller value. In fact, the
maximum attenuation value in each
case is associated to about 87% of
water saturation (see Fig. 5). So areas
of larger gas will
have lower
attenuation (but yet observable) than
areas of almost fully water saturation.
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Fig. 5 Attenuation vs Saturation. Red line is
water saturation against gas saturation .
Maximum value around 87%. Blue line is water
substituted by itself. Green is by substituting to
oil. How can we relate frequency dependent
attenuation to gas saturation?
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Water saturation

The frequency dependent modulus dispersion is characterized by a relaxed low frequency limit, by an
unrelaxed high frequency limit and by a characteristic frequency at maximum inflection where attenuation
is at maximum. So according to the standard linear solid (SLS; Zener, 1965), the maximum inverse
quality factor is at the critical frequency, taking the corresponding relaxation limits into account. In order to
obtain the attenuation logs, the Dvorkin & Mavko (2006) theory was used for calculating the P and S
inverse quality factors at partial and full saturation that is based on the SLS model.
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Seismic Attenuation Logs using the Theory by Dvor!<.in & Mavko (2006)
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Fig. 6 Attenuation results for the 28003220 m depth interval. Notice in the gas
saturated that for higher gas saturation
smaller the attenuation IS, however
perceptible.
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Fig. 7 Crossplot of the quality factor ratio vs. the squared
velocity ratio. Light color represents small amount of gas
saturation (linear brine trend) whereas darker color is higher
gas saturation showing an "hydrocarbon trend" where the
higher the gas saturation, larger is the value of the quality
factor ratio. Could this trend be observed in the seismic
information?

4) Obtaining attenuation from the seismic data
,W LV LPSRUWDQW WR SHUIRUP DQ DWWHQXDWLRQ DQDO\VLV LQ WKH VHLVPLF GDWD WR DVVHVV LWV IHDVLELOLW\ 7KLV FDQ EH
DFFRPSOLVKHG E\ WDNLQJ VSHFWUDO PHDVXUHPHQWV DERYH DQG EHORZ WKH VHLVPLF KRUL]RQ %\ DQ DSSURSULDWH
QRUPDOL]DWLRQ RQH PD\ FRPSDUH WKH IUHTXHQF\ GLIIHUHQFHV EHWZHHQ HDFK VSHFWUXP ZKLFK KHOSV LQ
GHWHUPLQLQJ ZKLFK IUHTXHQF\ EDQG LV PRUH DWWHQXDWHG 2QH FDQ DOVR WDNH WKH GLIIHUHQFH RU WKH UDWLR
EHWZHHQ WKH VSHFWUD 7KDW SURYLGHV D UHODWLYH TXLFN LGHD RI WKH DWWHQXDWLRQ SUHVHQW DQG KHOSV LQ GHFLGLQJ
ZKLFK VHLVPLF DWWULEXWHV DUH XVHIXO
Attenuation in the chosen horizon

)LJ([DPSOHRIWKH
VSHFWUDODQDO\VLVLQWKH
WRSDQGERWWRPRIWKH
VHLVPLFKRUL]RQ

6HYHUDO PHWKRGV IRU DWWHQXDWLRQ HVWLPDWLRQ RI WKH VHLVPLF GDWD ZHUH DQDO\]HG HJ 'HO 9DOOH HW DO 
5DPLUH] HW DO  &KHQJ   6\QWKHWLF VHLVPRJUDPV ZHUH JHQHUDWHG .HQQHWW  XVLQJ WKH
%DFNXV  DYHUDJHG HODVWLF DQG DWWHQXDWLRQ ORJV 7KH VHLVPLF PRGHOV LQFOXGH QRLVH DQG GLIIHUHQW
IUHTXHQF\ EDQGV ,W ZDV REVHUYHG WKDW LQFOXGLQJ WKH ORZ IUHTXHQF\ EHORZ  +] LPSURYHV WKH VWDELOLW\ RI
WKH DWWHQXDWLRQ HVWLPDWLRQ 7KH UHVXOWV RI WKH HVWLPDWHG DWWHQXDWLRQ LQ UHDO VHLVPLF WUDFHV DURXQG WKH ZHOO
ZHUH FRPSDUHG WR WKRVH PRGHOHG E\ URFN SK\VLFV DQG WKH VHLVPLF PRGHOLQJ
$ VHLVPLF IDFLHV FODVVLILFDWLRQ ZDV SHUIRUPHG XVLQJ WKH IROORZLQJ DWWULEXWHV DWWHQXDWLRQ UHODWLYH DFRXVWLF
LPSHGDQFH DQG VSHFWUDO GHFRPSRVLWLRQ DURXQG  +]

)LJ$FRXVWLF,PSHGDQFHRIWKHVHLVPLFKRUL]RQ

Well 2dl

Well 3

Well 1

)LJ6HLVPLFIDFLHVFODVVLILFDWLRQ5HGLV
WKHJDVVDWXUDWHGVDQG

)LJ6HLVPLFIDFLHVLQWKHKRUL]RQ)LYHIDFLHVZHUH
FKRVHQIRUWKHFODVVLILFDWLRQ5HGLVJDVVDWXUDWHGVDQG
Discussion
7KH ZRUNIORZ ZDV SUHWHQGHG ILUVW IRU WKH IHDVLELOLW\ RI WKH VHLVPLF DWWHQXDWLRQ E\
SHUIRUPLQJ DW WKH ZHOO OHYHO ZLWKLQ DQ LQWHUYDO RI LQWHUHVW WKH IDFLHV
FKDUDFWHUL]DWLRQ DQG WKH URFN SK\VLFV PRGHOLQJ 6HFRQG WKH URFN SK\VLFV PRGHO LV
WKHQ WUHDWHG DV D SRURHODVWLF PHGLD HLWKHU E\ XVLQJ D UDWKHU H[SHQVLYH SDWFK\
VDWXUDWHG RU D IDVWHU EXW JHQHUDOO\ UHOLDEOH YLVFRHODVWLF PRGHO LQ RUGHU WR FDOFXODWH
WKH DWWHQXDWLRQ %\ LQFUHDVLQJ WKH JDV VDWXUDWLRQ WKH DWWHQXDWLRQ SLFN LV VKLIWHG WR
D KLJKHU IUHTXHQF\ DQG UHGXFHV LWV YDOXH )LQDOO\ WKH IHDVLELOLW\ DQDO\VLV RI WKH
DWWHQXDWLRQ RI WKH VHLVPLF GDWD ZDV XVHIXO LQ SURYLGLQJ VRPH LQVLJKW DERXW ZKDW
VHLVPLF DWWULEXWHV FRXOG EHWWHU FRQWULEXWH LQ GHWHUPLQLQJ D JXLGHG VHLVPLF IDFLHV
FODVVLILFDWLRQ
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