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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 North Dakota Industrial Commission. 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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characterization and MVA activities are critical components of geological CCS projects for three 
key reasons: 1) to assure the safety and security of the CO2 storage; 2) to facilitate accurate 
accounting of CO2 injected and stored; and 3) to provide key data to optimize the site-specific 
injection program, assess effective storage capacity, and understand the ultimate fate of injected 
CO2.  
 
 At the Bell Creek Field, the PCOR Partnership will establish baseline conditions through 
the use of integrated programs that combine robust geological, hydrogeological, geochemical, 
and geomechanical characterization and baseline MVA activities. A cost-effective MVA plan 
will then be developed and executed based upon the detailed data derived from these activities 
(Hamling and others, 2013). The baseline conditions will also provide a point of comparison to 
document the movement and fate of the injected gas stream and detect potential vertical and 
lateral migration from the storage unit. 
 
 Demonstrating the technical and economic viability of implementing cost-effective, risk-
based MVA strategies at a large-scale (>1 million tons of CO2 per year) commercial CO2 EOR 
project will provide CCS stakeholders with the real-world data necessary to move CCS 
technology deployment forward. The results generated by the Bell Creek project will provide 
stakeholders, including policy makers, regulators, industry, financiers, and the public, with the 
knowledge necessary to make informed decisions regarding the real cost and effectiveness of 
CCS (through CO2 EOR) as a carbon management strategy. 
 
 
MONITORING SCHEME 
 
 The goal of the MVA program is to provide critical data to verify site security; evaluate 
reservoir behavior during the injection program; determine interactions between oil, water, and 
CO2 within the reservoir; determine the ultimate fate of injected CO2; and investigate 
mechanisms that affect CO2 storage efficiency within the EOR process. The MVA program 
utilizes targeted time-lapse data acquisitions as part of a surface-, near-surface-, and deep 
subsurface-monitoring program guided by key subsurface technical risk, geologic 
characterization, and predictive simulation results. If the MVA program identifies a significant 
variance from anticipated performance, a targeted characterization effort could then be deployed 
to evaluate the impact and source of the event.  
 
 The PCOR Partnership strives for the development of sustainable MVA strategies that are 
compatible with commercial operations and practices (i.e., demonstrate value to commercial 
operations while integrating EOR operational data into the MVA program with minimal impact 
for commercial EOR operators) while also being site-specific, cost-effective, and technically 
viable. No single technology exists that is capable of effectively monitoring the lateral and 
vertical extent of CO2 throughout the stratigraphic column in both the near-wellbore and 
interwellbore environment for all storage sites. For this reason, the PCOR Partnership has 
designed a monitoring program specific to the needs of the Bell Creek Field which monitors a 
variety of physical phenomena within the field utilizing a variety of commercially viable 
technologies and techniques (Figure 1). 
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MVA EQUIPMENT INSTALLATION AND MVA BASELINE ACTIVITIES 
COMPLETE INTEGRITY DATA COLLECTION COMPLETED 
 
 Collection of relevant baseline MVA data to aid in evaluating site security, accounting, and 
location of the lateral and vertical extent of CO2 in the Bell Creek oil field and surrounding area 
was completed in May 2013.  
 
 These activities included the following: 
 

 Baseline soil gas monitoring 
– Fieldwide soil gas concentrations measured over six baseline sampling events 

(November 2011, April 2012, June 2012, August 2012, November 2012, and  
April 2013) 
 124 active wells 
 52 plugged and abandoned wells 
 Ten interspaced wells 

– Near-monthly monitoring of ten soil gas profile stations (SGPSs) sampled at depths 
of 3.5, 9.0, and 14 feet beginning in October 2012 
 

 Groundwater monitoring 
– Fieldwide water chemistry analysis measured over six baseline sampling events 

(November 2011, April 2012, June 2012, August 2012, November 2012, and  
April 2013) 
 Seven stock wells 
 Seven residential wells 
 Nine surface waters 

– Near-monthly monitoring of two Fox Hills groundwater-monitoring wells (deepest 
regional underground source of drinking water) beginning in April 2013 
 05-04 FH 
 33-12 FH 

 
 Reservoir and subsurface monitoring 

– Pulsed-neutron well logs (27 wells) 
 Liquid–gas saturation from reservoir depth up to 200 ft of surface 
 Water, oil, and CO2 saturation over the Muddy Formation (storage reservoir) 
 Baseline pulsed-neutron logs may be run on an additional three to six wells if they 

become available prior to injection. 
 

 Three casing-conveyed downhole pressure and temperature gauges (05-06 OW)  
– Near-continuous since April 2012 (5-minute intervals) 
 Lower facies of the Muddy Sandstone 
 Upper facies of the Muddy Sandstone 
 Niobrara (thin sand lense within the primary seal) 

 
 Fiber optic distributed-temperature system (05-06 OW) 

– Near-continuous since April 2012 (4-hour intervals) 
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 1-meter intervals from ~4700 ft to surface 
 

 40-square-mile baseline 3-D surface seismic survey centered on the Phase 1 area 
 

 Two 50-level 3-D vertical seismic profiling seismic surveys 
– 05-06 OW  
– 04-03 OW  

 
 Bottomhole pressure surveys supplied by the commercial EOR project 

– 156 total 
 

 Injection and production data for all wells supplied by the commercial EOR project. 
 
 While the primary baseline MVA activities are completed, the evolving and iterative 
approach to site characterization, modeling, predictive simulation, MVA, and risk assessment 
allow for continued integration of data throughout the lifespan of the project to better guide 
future monitoring efforts and increase the accuracy of CO2 accounting practices.  
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