Importance and Limitations of using
Seismic Reflection Data to
Understand the Risk of Induced
Seismicity and Reservoir Capacity In
a CCS Project

Hannes E. Leetaru’, Sherilyn Williams-
Stroud’, Robert A. Bauer’, John McBride 2

! [llinois State Geological Survey
2 Brigham Young University



Acknowledgments

We thank Mitchel Barklage and Wade Zaluski for their
significant contributions.

Landmark Graphics software via their University Donation
Program and cost share for Petrel* E&P software platform
donation from Schlumberger Carbon Services. IHS for their
use of Petra and Kingdom via their University Grant Program.

IBDP DE-FC26-05NT42588

Wabash CarbonSAFE DE-FE0031626
CarbonSAFE lllinois East Basin DE-FE0029445
CarbonSAFE lllinois Macon DE-FE0029381



Overview

+

Primary Interest [
Region of

Secondary Interest

Oil/Gas

Production Field

Gas Storage Field

St. Peter / Knox

Assessed Area

Well through A
Lower Mt. Simon Ss

£

( I BCNON NONON N NON®

|
¥ MGSC CO:2 sources {

Primary Aluminum

Cement - ‘
Chemical a8
Agricultural Processing

Ethanol

Nat. Gas Processing/Distribution

Petroleum Refineries

1 \ O “Macon‘jeomqte
Region of 7 __J. [ ]

Iron and Steel
Industrial/Manufacturing
Electricity Generation
Other

US EPA GHGRP 2017

East sub-Basin Pre-Feasibility
Project Number: DE-FE0029445

Wabash CarbonSAFE
Project Number: DE-FE0031626

Regional assessment of
CO, sources and
storage reservoirs/seals

Building on regional
partnership work...

— Stacked saline options
— EOR potential

Primary/secondary
areas of geological
interest



CO, Storage

MICHIGAN
BASIN

New Madrid
Rift System

cugoof Missksippl 7 "oy
Embayment of Guil
Coastal Plain

7

~
margin of
orogenic belt

ILLINOIS STATE

GEOLOGICAL SURVEY
PRAIRIE RESEARCH INSTITUTE

Complexes

SYSTEM

GROUP

Storage

FORMATION
Elements

Ordovician

Maquoketa

Brainard

Ft. Atkinson

Scales

Galena

Kimmswick

Decorah

Plateville

Ancell

Joachim

St. Peter Potential target

Cambrian

Knox

Shakoppee

New Richmond

Oneota

Gunter

Eminence

Potosi Potential target

Franconia

Ironton-Galesville

Eau Claire

Target reservoir

Precambrian

St. Peter-Knox Storage Complex

Mt. Simon Storage

Complex

Storage Complex

-

IClan

Cambro-Ordov




Thickness (ft) ) . N
l:l Less than 400 S Michigan (Uppe,rj. / ~ S RO ~, -
[ ]400-800 ~ Y ST T~
[ ]800-1200 £ - N —
l:l 1,200 - 1,600 P Aﬁ’@v ‘ \ Lake Huron N
[ ] 1,600 - 2,000 Vg

~ [ 2,000 - 2,400 -
- Greater than 2,400

Well locations

*

—— Pre-Cambrian

Michigan ~
Basin '

Michigan

Wisconsin

& - s

g

h

{ 4!‘0

{
€

Rough Creek

A

Graben / _
‘ ) e \iles
Area not mapped for this study 0 25-50 100

Lake Erie

MtSimon Sandstone

Modified from Freiburg et al., 2016



depth (feet)

Mt. Simon Porosity and its
Relatlonshlp Wlth Depth

2000 » “ # -
0‘*‘* 4 :30 ’
* *
4000 -':d 72
6000 feet
23% porosity
6000 A
7900 feet )
17% porosity 7040 feet
AL and 28%
orosit
S 8100 feet S
20% porosity
10000 - 8900 feet
4% porosity
+ $ ¢ ¢ o+ % 4 /
12000 .

T T
0 5 10 15 20 25
porosity (percent)
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Limitations of the data
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Regional Geology
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Death Valley Analog
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Understanding Precambrian Topography
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Microseismicity and Precambrian

Why are we studying the Precambrian?

— There were 5512 microseismic events with location information
(by 1/1/20)

— 3199 had a magnitude greater than -1.00

 About 80% of these are in the Precambrian & all 5 events
>1.0 are in Precambrian

There is a time lag before Precambrian microseismic events started
to occur

— First injection occurred on November 17, 2011
— First event 1 month after start of injection

— Less than 2 months before events in Precambrian became active
(7th event & may even be the 4t" event)

CCS2 injection has only increased the lower reservoir (below baffle
near VW1) to 'z of the pressures achieved during CCS1 injection
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Seismic Profile
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Seismic Profile
with Microseismic
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Understanding CO, Movements
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Why does the CO, not enter the equivalent
stratigraphic interval in the monitoring well
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Injection Interval
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Possible Fault

Precambrian topography?



Qualitative Time-Lapse Attributes: Inferring Seismic
Detection Limit with Saturated Thickness

NR Attribute NRMS Attrlbute

The CO, plume limits may have been caused by either a fault and/or Precambrian topography

Will et al 2017
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