A new earthguake monitoring method?
Change In shear-wave anisotropy as a tool
to monitor induced seismicity in Kansas
and Oklahoma

Keith A. Nolte!, George P. Tsoflias!, Tandis S. Bidgoli?, W. Lynn Watney?

! The University of Kansas, Department of Geology

2 The University of Kansas, Kansas Geological Survey



Overview

e Earthquakes in Oklahoma and Kansas
e Shear-wave anisotropy
* Shear-wave anisotropy observations in Sumner County, south-central KS

e Conclusions
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Earthqguakes near Wellington Network, Sumner
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Shear-Wave Anisotropy
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Sources of Anisotropy

Stress-induced Structure-controlled

e Fast S-wave aligns with S e Fast S-wave aligns with structure

Hmax

e Slow S-wave perpendicular to
structure

e Slow S-wave perpendicularto S
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Anisotropy sources in Kansas

Stress-induced
Shmax NSOO

3 Duia Guainy
—
—

—

1 e
Alt Il and Zoback, 2017

Structure-controlled

Major structure orientations at

~310° and ~30°

50 100 kilormehers

Baars, 1995



1.5

0.5

-0.5

1.5

0.5

-0.5

Calculating shear-wave parameters

Example from station WKO1

w104 East Channel
o f i o
E— | i . — 14
B . B
e i I‘ | i . 12
A I 1 Atk R I LAY
‘H. [t i \‘“ I | i ! Il L |.!I il ¥ I i n I |
1 | /" 1
E i " i ‘ i ]
2 4 6 8 10 12 14
w104 North Channel
| ? | — = ?
L 1 _
| I |
T i T
[ I 1 I -
| I -Hh I | LA 15“ fat At
"T‘\ i "' i 'I‘I 1L il "IiI f e ”H!' I| ik i“\vi!n“ il I il i il I'i”h'l“‘ Il B
e I N il il
I i i . Ll
" ! ! Ik ! !
I I 1 I I
g : | : : E
1 il I 1 1
2 4 6 8 10 12 14
1 2 3 4 5 B 7 8 9 10
© © © © © © © © © ©
c c c - - - o o o o
G G G G G G G G G G
- - - c c c £ £ t___\ﬁ - - Cl‘;»ﬁ'
&) ¢ &) % &) < 3] e 3] < 3] 3] 3] ) 4\_, )
e e e e e e = = = =
T T T T T h- h h T T
] ] ] ] ] ] o] o] o] o]
= = = = = = = = = =
East channel East channel East channel East channel East channel East channel East channel East channel East channel East channel



330 30
80

300

. July-August 2015

.'.ﬂ. Y. o, « 2015 Earthquakes
Shmax . o
o * * stations
3736 - ".,::&:.-
270 90 at A PR
a73ap- . s . . id -
srs2 -, £ .5_. . _' -'.-
% amﬁ" W ._:-.. St
240 120 vt gn -ﬁi _ﬁ%u s
. : . tI.: .". : .. ::l .ﬁﬁ: . ) o
3726 . . ¢ " . Dl "
* o ™
210 o 150 3?24—":' #. ™ . '1.':::
.J.- . L L]
3722 |~ ‘.. u. ' .
Ir33 ar2 - ! .ot ! | ! \ ! - |
‘976 -97.55 975 -97.45 974 97.35 973 9725
Longitude
37.325 |- e T " - S . L 4
. @ * % & SEe
1) TIIIIIL] ¥
e T v
3732 - . cesse | sos o S esese o v
T * T TTIL L 4 k
see * - *
@ L . "R e v
'g 37.315 . * * . * * et o o * v
= T ™
£ I v v
- 3731 . * e e e be ¥
™ . .
T L
. . . .- .
37305 - .
* ™ v ¥
.
- . .
T3 stations * *
= earthquakes
37295 : ! ! :
-97.54 97 .52 -97.5 -97.48 -97.44

Longitude



WKO06
0
330 30
300 B0
270 %0
240 120
210 150
180
WK03
0
330 1% 30
10
300 60

5 2 240 120
=10 2 210 150

240 120

210 150

37328 -

37.326

37.324

37322

July-August 2015 - . - - -

120
150
180
WKo1
— WKO5 2 0 30
330 : 20 a0 20
15 A 60
B 300 80 10
10
5
- 270 a0
120
L 240 120
150
210 150 b
180
WKo08
0
200 15 30
10 50
270 5
500 m “
120
180
L L | | 150
-97.45 -97.445 -97 .44 -97 435 -97.43 -97.425 m
Longitude



330

300

270

240

210

180

3736

3735

3734 r

3733

3732

= 3731

Latitude

T3 r

3729

3728

3T2T7

37.26

i

« June-September 2016

¥ stations

s earthquakes

-97.52

-97.5

-97.48

-97 .46 -97.44
Longitude

-97.42

-97 .4

-97.38



300

270

240

330

210

180

30

150

60

90

120

Shmax

Latitude

April-June 2017

3736
3735
3734
3733 F
3732 g v
3731 v'?Y
373 - *
3729F e .

3728 -

3T27

¥ stations
*  earthquakes

3?.26 ] 1 1 T 1
-97.52 -97.5 -97.48 -97 .46 -97 .44 -97 .42

Longitude

-97.4 -97.38



Year to year comparison
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What can’t be causing the anisotropy change

e Tectonics

 Midcontinent is not undergoing
any tectonic change of this
magnitude over this time period

e Structure

e Some 2016 anisotropy lines up
with structural trends but does
not explain the change temporally

* \Volcanism

* There is currently no volcanism in
Oklahoma and Kansas
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downhole pressure (kPa)

What is changing?

Bottom-hole pressure in KGS 1-28

~200 kPa change (~30 psi) from 2011 to 2016
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What could be causing the anisotropy change

e Changing pore

fluid pressure

e Evidence of change over the study period
e Can force pre-existing fracture sets to open causing anisotropy
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Year to year comparison
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Conclusions

e Shear-wave anisotropy exhibits a temporal change

e Shear-wave anisotropy change is observed over the same time period
of changing Arbuckle (injection interval) pore pressure

* No change in stresses or structure to cause temporal change in shear-
wave anisotropy



Future Work

e Expansion of shear-wave splitting catalog
» Shear-wave splitting tomography

» Test for spatial and temporal correlation between shear-wave
anisotropy and downhole pressure data from regional injection wells

e Test methodology in other regions of injection-induced seismicity
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What could be causing the anisotropy change

e Changing pore fluid pressure
e Evidence of change over the study period

e Can force pre-existing fracture sets to open causing anisotropy

Increased pore
pressure

Fast direction

/ Stimax direction

Zatsepin and Crampin, 1997; Angerer et al., 2000,
2002; Crampin et al., 2002;
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