o

P R Plains CO, Reduction (PCOR) Partnership

Partnership Energy & Environmental Research Center (EERC)

BELL CREEK TEST SITE — EXPANDED
BASEL INE AND TIME-LAPSE 3-D SURFACE
SEISMIC SURVEY COMPLETED

Plains CO. Reduction (PCOR) Partnership Phase Il
Task 9 — Milestone M53

Prepared for:
Andrea M. Dunn

National Energy Technology Laboratory
U.S. Department of Energy

626 Cochrans Mill Road

PO Box 10940

Pittsburgh, PA 15236-0940

DOE Cooperative Agreement No. DE-FC26-05NT42592

Prepared by:

Shaughn A. Burnison
John A. Hamling
Charles D. Gorecki
Edward N. Steadman
John A. Harju

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, ND 58202-9018

December 2015
2015-EERC-12-19 Approved



EERC DISCLAIMER

LEGAL NOTICE This research report was prepared by the Energy & Environmental
Research Center (EERC), an agency of the University of North Dakota, as an account of work
sponsored by the U.S. Department of Energy (DOE) National Energy Technology Laboratory
(NETL). Because of the research nature of the work performed, neither the EERC nor any of its
employees makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement or recommendation by the
EERC.
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DOE DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government, nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof.

NDIC DISCLAIMER

This report was prepared by the EERC pursuant to an agreement partially funded by the
Industrial Commission of North Dakota, and neither the EERC nor any of its subcontractors nor
the North Dakota Industrial Commission (NDIC) nor any person acting on behalf of either:

(A) Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report or
that the use of any information, apparatus, method, or process disclosed in this report
may not infringe privately owned rights; or



(B) Assumes any liabilities with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the NDIC. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the North Dakota Industrial Commission.
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BACKGROUND

The Plains CO2 Reduction Partnership (PCOR) Partnership, led by the Energy &
Environmental Research Center (EERC), is working with Denbury Onshore LLC (Denbury) to
study associated carbon dioxide (COy) storage with regard to a commercial enhanced oil recovery
(EOR) project at the Denbury-operated Bell Creek oil field located in southeastern Montana.
Denbury is managing all injection, production, and recycle activities as part of its commercial CO>
EOR operation. The EERC, through the PCOR Partnership, is studying the behavior of reservoir
fluids and injected CO, to demonstrate safe and effective associated CO. storage with a
commercial EOR project. The PCOR Partnership is developing practices and technologies that
will allow future commercial-scale CO- storage projects to make informed decisions regarding site
selection, injection programs, operations, and monitoring strategies that improve storage
efficiency and effective storage capacity in clastic geologic formations.

A campaign of 3-D surface seismic surveys was conducted at the Bell Creek oil field,
consisting to date of three overlapping surveys. The initial 40-square-mile preinjection baseline
survey was acquired in late 2012 and covered a large part of the oil field, including a significant
buffer area outside the field boundary and was used to enhance the geologic characterization of
the field (Figure 1). Two subsequent surveys have been acquired. The first was a 10.4-square-mile
time-lapse survey shot in October 2014 and was primarily focused on obtaining a visualization of
the CO> that had been injected in Phase 1 and the western part of Phase 2. The result proved that
CO2 could be clearly seen in the relatively thin Muddy Formation reservoir using surface seismic
and established that surface seismic at Bell Creek would serve a useful role as part of an overall
MVA (monitoring, verification, and accounting) strategy to better understand CO. sweep
efficiency, effective storage capacity, and vertical and lateral flow boundaries in the field. With
this successful result, a subsequent survey was designed to expand the preinjection baseline to
include the entirety of Phases 4-6 and provide time-lapse coverage of Phase 3 and all of Phase 2.
This milestone report marks the completion of the expanded baseline and time-lapse 3-D surface
seismic survey.
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Figure 1. 3-D surface seismic surveys acquired at the Bell Creek oil field as of September 2015.
The shaded area indicates the coverage of the expanded baseline survey. Time-lapse coverage in
this survey includes part of Phase 1, most of Phase 2, and all of Phase 3.

EXPANDED BASELINE AND TIME-LAPSE 3-D SURFACE SEISMIC SURVEY
COMPLETED

The expanded baseline and time-lapse 3-D survey was acquired by Geokinetics on
August 20, 2015, and completed September 6, 2015. The survey consisted of 6622 receiver
locations and 7512 source locations. Source energy was from two AHV-IV 60,000-pound
Vibroseis units (Figure 2). Receivers were Sercel Unite nodes using three-component, 10-hertz
geophones (Figure 3). Sweep and recording parameters matched previous surveys. The survey was
acquired without incident. The field data have been delivered. Interpretable data volumes are
expected to be available early in 2016.
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Figure 3. Nodal geophone assembly on station. From the top, a pin flag marking the surveyed
receiver location, three-component geophone with leveling bubble, field battery, and Sercel
Unite digital acquisition unit with GPS (global positioning system) antenna dome.
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