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Background  
 

In geologic storage, carbon dioxide is captured from industrial facilities, then compressed and 

injected through a deep well into rock layers.  Once injected, the carbon dioxide permeates the pore 

spaces in the rock layer and is safely stored thousands of feet below the surface.  Carbon storage is 

similar to the natural processes through which oil and gas deposits have been trapped in the 

subsurface for millions of years.  It draws on this understanding of these processes and the well-

established techniques used by the oil and gas industry to ensure storage integrity.  This fact sheet 

summarizes key aspects of a carbon storage project: geologic characterization, carbon dioxide 

trapping, well construction, operations, monitoring, and closure.  The fact sheet highlights how this 

combination works to ensure project safety. 

 

Drawing on Existing Experience 
 

The experience necessary to conduct carbon storage draws on three primary industrial activities: oil 

and gas production, enhanced recovery of oil from mature fields, and natural gas storage.  In 

addition, significant experience has been gained from carbon dioxide injection projects conducted to 

date.  

 

The oil and gas industry has pioneered techniques for exploring the subsurface, drilling and 

maintaining wells, and managing injection processes.  Carbon dioxide is being captured in large 

volumes from several natural gas refining projects around the world.  Each year, more than 35 

million tons of carbon dioxide is transported via pipeline and injected into mature oil fields in the 

U.S. for enhanced oil recovery.  As oil production draws down the supply of oil in a field over time, 

the pressure drops and it becomes increasingly difficult to continue production.  Through enhanced 

oil recovery, field operators inject water, carbon dioxide and sometimes other gases to both re-

pressurize the field and mobilize the oil.  This practice has been occurring for more than 50 years. 

 

Another common practice, natural gas storage, injects natural gas into the subsurface.   As of 2000, 

the International Energy Information Administration estimates that there is 3.899 trillion cubic feet 

(Tcf) (roughly 71.5 million short tons) of working gas storage capacity in the U.S.  Natural gas 

storage is designed so that the gas can be injected into a confined reservoir during periods of low 

demand and then accessed quickly during periods of high demand, such as during winter.   
 

MMAANNAAGGIINNGG  CCLLIIMMAATTEE  CCHHAANNGGEE  AANNDD  SSEECCUURRIINNGG  AA  FFUUTTUURREE  FFOORR  TTHHEE  MMIIDDWWEESSTT''SS  IINNDDUUSSTTRRIIAALL  BBAASSEE  

HHooww  DDooeess  GGeeoollooggiicc  SSttoorraaggee  

ooff  CCaarrbboonn  DDiiooxxiiddee  WWoorrkk??  
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Finally, demonstrations of small-scale projects and a handful of commercial-scale projects are 

leading the way in developing the experience.1  The Regional Carbon Sequestration Partnership 

Initiative sponsored by the U.S. Department of Energy (DOE) has completed more than 16 small-

scale projects in various geologic formations throughout the U.S.  Drawing on this experience, DOE 

is now sponsoring seven to nine large-scale projects, each of which will inject at least one million 

tons of carbon dioxide during a three- to four-year period. 

 

Geologic Characterization: An Important Step in Site Selection 
 
The characterization process for a carbon storage project is rigorous and involves a complex series of 

activities. Identifying a suitable site is one of the most important steps. In geologic characterization, 

scientists (e.g., geologists) and technical experts (e.g., engineers) complete a detailed evaluation of 

the area being considered.  This provides the basis for design of the system. Some key geological 

factors to be assessed in this process are: (1) the properties of the rocks into which the carbon dioxide 

is injected and contained; (2) 

natural processes or trapping 

mechanisms that work to keep 

the carbon dioxide 

underground after injection; 

and (3) lack of significant 

faulting.   

 

In order for a site to be 

suitable, it must contain a rock 

layer that can be used for 

injection, or a storage 

reservoir, as well as a very 

dense, barrier rock layer that 

fully covers the injection area 

and serves as a “cap rock” to 

seal the carbon dioxide in 

place.  Both of these rock 

layers must be free of major 

faults and be composed of 

suitable porosity and 

permeability.  Figure 2 

provides a brief explanation of 

these concepts of porosity, 

permeability, storage reservoir 

and cap rock. 

 
 

 

 

                                                           

1 The DOE carbon capture and storage project database includes nearly 200 proposed and active projects in 20 

countries across five continents. More information can be found at: 

http://www.netl.doe.gov/technologies/carbon_seq/database/ 

Figure 1. 
This map shows locations of carbon storage field tests under 

the DOE Partnership Program.  Field tests are an essential 

step towards commercial deployment of a technology. 
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Figure 2.  Important Geologic Concepts 

How Carbon Dioxide is trapped in the Storage Reservoir  
 
The cap rock is an impenetrable barrier that traps carbon dioxide in the storage reservoir. In addition 

to the cap rock, at least four other natural trapping mechanisms can take place within a storage 

reservoir.  These include: 

 Residual tapping: small droplets of carbon dioxide can get trapped in the pore spaces of the 

storage formation  

 Dissolution: some carbon dioxide can dissolve in the brine that already exists in the deep 

rock layers 

 Adsorption: some carbon dioxide bonds to the organic matter in coal and shale   

 Mineralization: some carbon dioxide can react with the minerals in the storage formation and 

cap rock to form a solid rock 

Well Construction 
 

Injection and monitoring wells are constructed to strict standards that are federally mandated by the 

U.S. Environmental Protection Agency (EPA).  These wells are designed to isolate the carbon 

dioxide from the surrounding layers of rock during the injection. They use multiple steel casings, one 

within another, cemented together. In addition, specialized materials such as noncorrosive steel and 

cement may be used, if warranted by specific conditions.   

 

As an example, Figure 3 shows the specifications of the injection well that was constructed for the 

small-scale validation test conducted during 2008 and 2009 at the MRCSP site in Otsego County, 

Michigan.  Injection for these tests occurred at a depth of 3,000 to 4,000 feet below the surface into a 

formation called the Bass Islands Dolomite, which lies far below formations containing natural gas 

and above formations containing oil in the area.  All of these zones, including the Bass Islands, lie 

thousands of feet below formations that supply drinking water for this area.  The wells used for the 

MRCSP injection test, like the many oil and gas wells in the area, have multiple steel casings sealed 

Conversely, low injectivity means the rock has low porosity and/or 

permeability. The diagram to the right shows a magnified image of a slice of 

shale. It has Low Porosity, meaning the pore spaces are very small (they 
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with cement that extend far below the 

formations containing drinking water.  

Well integrity is checked on a regular 

basis as specified in the injection 

permit issued by the EPA.  

 

Operational Procedures 
CO2 injection is conducted in 

compliance with approved 

operational procedures as per the 

terms of a permit.  The specific 

protocols and procedures are 

determined during geologic 

characterization and submitted to the 

regulators as a condition of a permit 

for injection.  

 

For example, analysis of the properties of the rock in the storage reservoir is used to determine safe, 

allowable injection rates: limits on the pressure, amount and rate of injection are accordingly 

incorporated into the permit to prevent fracturing of the rocks through over-pressurization in the 

reservoir.  Careful geologic characterization in combination with proper operational procedures 

mitigate undesirable change in the natural state of stress in the earth.   

 

Monitoring  
Over time, the oil and gas industry has developed monitoring tools to monitor for leaks in order to 

prevent the loss of their oil and gas.  This same technology can be used to check on the integrity of 

the well and containment of the stored carbon dioxide.   

 

Each injection site develops and implements a monitoring program based on the geologic 

characterization of the formation. This monitoring program addresses the appropriate techniques for 

monitoring at the subsurface, near surface and atmospheric levels as warranted for a site. The flow, 

pressure and fluid composition of the injected carbon dioxide and the integrity of the well are 

monitored at the injection site.  Monitoring may also be done at various locations, such as at the 

surface, in observation wells and within the well bore.  Methods to monitor below the surface are 

also being evaluated as part of the carbon storage process.  Some of these techniques provide 

continuous monitoring and others are used periodically.   

 

These sophisticated monitoring techniques, many of which have been routinely used for decades in 

the oil and gas industries, can be used to detect the remote possibility of leakage and other abnormal 

events at the storage site.  If these unlikely abnormal events pose a potential problem, various actions 

can be taken to mitigate it.  

 

Well Closure 
 

After injection is completed, the results of the study will be reviewed and evaluated. During this 

time, the injection well is maintained and monitored. If a decision is made to close the well 

permanently, it must be closed according to requirements specified in the injection permit.  

Figure 3. 

Injection well design and protective mechanisms 


