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A workflow to quantify the relationship between structural seismic attributes

oo and waste water injection parameters in Payne County, Oklahoma
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1. Geologic background

Johnson, 2008

- Blakey map

-

Figure 1. Paleo-topographic map of North America
during Paleozoic times. Red square denotes approxi-
mate location of survey during these times. Red star
denotes location of survey within Oklahoma, in the
Anadarko Shelf, as can be observed from the map of
geological provinces of Oklahoma (Johnson, 2008).

2. Data available

eA modern, pre-stack time-migrated wide-azimuth
seismic survey shot in 2014, covering 240 mi’
(Figure 2)

eFor investment purposes, we cannot show data in

the overlying Woodford, Mississippi Lime, and Red
Fork reservoirs

11 wastewater disposal well with injection volumes

and rates

ePressures at the surface.

3. Methodology

Seismic attributes

¢24 seismic attributes were computed to both per-
form a basic seismic interpretation of basement
faults and to quantify relationship with waste water
injection parameters. (Figure 3).

3 Fault recognized that penetrate both the base-
ment and Arbuckle Group tops.

s Arbuckle top
== Basementtop
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Figure 2. Chair display of seismic amplitude of da-
taset. Both the Arbuckle Group and Basement top are
displayed on the top. Red arrows point at amplitude
anomalies recognized in the basement thought to be
caused by magmatic intrusions. Colored polygons

represent interpreted faults in basement.

Figure 3. a) Depth map of Basement top b) most nega-
tive curvature. Three faults that cut across through
basement and Arbuckle top were recognized. Wells
highlighted in colors with corresponding letters for
identification.

eComputed azimuthally limited fault density vol-

umes using AASPI program azimuthal-fault density.

eDetermined a statistically representative seismic
attribute value for each well using AASPI program
cigar-probe. (Figure 4).

eGenerated pseudo seismic attribute well logs for

each seismic attribute, where depth values corre-

Verma et al, 2016
Forestburg Lime
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Cigar probe radius = 1000 ft

Figure 4. lllustration of cigar probe workflow. The flow
(production) at each perforation can be approximated
by the impulse response of Green’s function 1/R*. We
assume all the sections are perforated, and each point
on the well is producing equally. Integration of all the
points along the wellbore path to obtain the weighted
average property is needed to correlate attribute val-
ues with the production (After Verma et al, 2016).

ePerformed multi linear attribute regression using
“Emerge” tool of the Geoview software to generate
an equation capable of predicting the initial reser-

voir pressure at any location of the survey.

ePerformed blind tests for each well to validate re-
sults.

4. Results and key

observations

Table 1 summarizes the results of the multi linear
attribute regression. Some of the key observations
that can be drawn from this:

Leave-one N of
-out cross Error attrib-

validation Predicted value Actual value (%) utes Correlation

I
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Gabriel Machado, Thang Ha, David Lubo and Kurt Marfurt University of Oklahoma

eNumber of samples: Too small to be statistically sig-

nificant. However, large enough to present a work-

flow applicable in other regions.
eExamining tests with the smallest error shows

excluding well G the seismic attributes used for
prediction: seismic amplitude, k1 curvature and fault
probability

excluding well B the seismic attributes used for
prediction: GLCM energy, k1 curvature and -60° azi-
muthal fault density.

Because of the predominance of structural seismic
attributes, there seems to be some structure control

on the initial reservoir pressure

High correlations: both single and multi attribute re-
gressions indicate a proportionality between some
seismic attributes and initial reservoir pressure.

However, single attribute regression yielded unac-

ceptably low R”values.

5. Acknowledgements

We would like to thank Schlumberger for the Petrel
licenses used for displaying purposes. CGG Veritas
for the Geoview licenses to perform the multi linear
regression and the company owner of the dataset
for allowing us to use it for research purposes.

6. References

Evans, D. M., 1966, The Denver area earthquakes
and the Rocky Mountain Arsenal disposal well: Mtn.
Geologist, v. 3. no. 1, 23-26.

van der Baan, M., and F. J. Calixto, 2017, Human-
induced seismicity and large-scale hydrocarbon pro-

duction in the USA and Canada: Geochem. Geophys.
Geosyst., 18, 2467-2485.

Johnson, K.S, 1989, Late Cambrian — Ordovician ge-
ology of the southern midcontinent. Oklahoma Geo-
logical Survey Report, p. 3-14.




