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Chairman George and members of the Committee, thank you for the opportunity to present 
written testimony on geologic carbon dioxide (CO?) sequestration and its role in reducing 
atmospheric carbon. My remarks will focus on industrial and natural analogues that provide 
useful insights for the potential for long-term sequestration of fossil fuel derived COz. 

I am a Research Fellow in the Department of Engineering and Public Policy at Camegie Mellon 
University. The opinions here are mine and do not necessarily reflect the views of Carnegie 
Mellon University. 



Engineering and Public Policy is a unique department in the College of Engineering at Carnegie 
Mellon University that addresses challenging issues in technology and policy. 

Research in the department focuses on: 

energy and environmental systems; 
information and communication technology policy; 
risk analysis and communication; and, 
technology policy and management (including technological innovation and R&D 
policy). 

The availability of affordable energy is a central driver of economic growth and a mainstay of 
Pennsylvania's economy. Within Pennsylvania, bituminous coal dominates the Commonwealth's 
power generation market, typically accounting for more than half of net electricity production 
and accounting for over 6% of US net electricity generation.' However, the use of fossil fuels, 
particularly coal for electricity generation, results in significant emissions of C0-which is the 
most important anthropogenic greenhouse gas ( ~ ~ ~ ) . ~ a l a n c i n ~  the economic value of fossil 
fuels with the environmental concerns associated with their use is a particularly difficult 
challenge. Geologic sequestration (GS) of captured C02, particularly in deep saline formations is 
a primary pathway to reconcile these energy demands and environmental concerns. 

Currently, the atmospheric C02 concentration is approximately 390 parts per million and is 
rising at an annual rate of approximately 2 parts per million. Globally, the carbon emissions from 
all sources that must be eliminated, or sequestered, to stabilize greenhouse gas emissions is on an 
enormous scale-for illustration, the annual fluid volume of C02 that will ultimately be 
produced, transported and stored will likely be similar in magnitude to the current annual volume 
produced and transported in the global petroleum sector. Scientific consensus is that emissions 
must be reduced by 50% to 85% by 2050 if global warming is to be confined to between 2'C and 
2.4"C. Reductions of this magnitude will require a portfolio of mitigation strategies, including 
carbon capture and sequestration; fuel switching from coal to natural gas and biomass; increased 
electricity generation from solar, wind and nuclear power; and increased efficiency of power 
generation, transmission, and end use. A recent International Energy Agency (IEA) analysisz 
makes a compelling argument that carbon sequestration will need to contribute almost 20% of 
the total GHG emissions reductions to cost-effectively reach atmospheric GHG concentration 
targets by 2050. 

' EIA, 2009 
IEA. 2008 
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The IEA's Energy Technology Perspectives BLUE Map Scenario (above) highlights that 
emissions from the power sector will need to be largely decarbonized by 2050. In IEA scenarios 
without CCS, the costs for achieving climate stabilization in 2050 are at least 70% higher than 
scenarios that include C C S . ~  

Carbon dioxide is generally a safe and non-toxic inert gas. It is an essential part of the 
fundamental biological processes of all living things. It does not cause cancer, affect 
development, or suppress the immune system in humans. However, exposure to elevated 
concentrations can lead to adverse consequences, including death. The effects of elevated C02  
depend on the concentration and duration of exposure.' 

CO2 is widely used, transported, and stored in industrial settings, and regulations, engineering, 
and procedural protocols regulating that use are well-developed. Associated risks are well-known 
and routinely managed. Local health, safety, and environmental risks of geological storage 
would in fact be less than the risks of current activities such as natural gas storage, as C02 is not 
toxic, flammable, or explosive. Still, risks associated with C02 geologic storage exist and would 
require substantive regulatory oversight. 

Geologic CO2 sequestration will involve the capture of CO? gas from fossil fuel combustion 
sources, followed by compression to a supercritical fluid, transportation and injection into deep 
oil and gas reservoirs, deep unmineable coal seams or deep saline reservoirs. Within 
Pennsylvania, it is likely that there is abundant geologic storage capability in deep saline 
formations alone. At current CO2 emission rates from Pennsylvania stationary sources, the U.S. 
Department of Energy's National Energy Technology Laboratory estimates that the 

' Ibid 
' Ibid 
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Commonwealth holds on the order of several hundred years' worth of storage capacity in deep 
saline formations. 

Geologic sequestration of COz to offset emissions has been contemplated for several decades. 
While CCS has not, to date, been deployed on a commercial scale at electricity generatine olants. . - -. 
a wealth of knowledge from both natural and industrial analogues suggests that GS is a viable 

' 

technology that can be conducted in a manner which ensures the protection of human health and 
the environment. Pertinent industrial experience includes subsurface liquid waste injection; 
natural gas storage; COZ injection for enhanced oil recovery (EOR); and extant CO2 pipeline 
networks. The most relevant natural analogues for long-term subsurface C02 containment are 
naturally occurring COz reservoirs and CO2-rich natural gas fields. While none of these activities 
is wholly analogous to potential GS operations, they share aspects that serve to clarify the risks 
and opportunities and, taken as a whole, illustrate the plausibility of sequestering C02. 

Industrial liquid waste disposal by deep-well injection has been occurring in the U.S. since 1939. 
As of 2002, nine billion gallons of hazardous industrial and municipal wastes were being 
injected into 485 wells per year.6 Contamination of potable aquifers did occur in the largely 
unregulated early deployment of these practices, but there have been no incidents where drinking 
water contamination has been reported from hazardous waste operations that post-date 1988, 
when the current set of more stringent EPA regulations were put in place. The sole post-1988 
nonhazardous case has been the contamination of potable aquifers from the injection of 
municipal sewage waste in Florida. It should be noted, however, that the loss of containment 
from the operation of these municipal waste wells could have been avoided had these wells been 
subject to the more stringent hazardous waste injection regulations. 

Underground natural gas storage provides useful insights related to risk assessment, management 
and mitigation for geologic storage of COz. These operations are particularly relevant to geologic 
C02 storage, as both natural gas and COz are more buoyant than the fluid that is being displaced 
in the target formation and will consequently tend to rise to the top of the storage structure. 
Underground natural gas storage facilities have been operated in the U.S. since 1916. Currently 
in the U.S., there are approximately 450 projects storing 139 million metric tonnes (MMT) of - 
natural gas in 30 states.~t is of paGicu~a;noie that some 65 of these projects are in dperatibn in 
Pennsylvania. The maiority of storage facilities are in depleted oil and gas reservoirs. but 5 1 are - 
in saline formations and 40 in salt c~verns.' While there 'have been documented cases of leakage, 
in the vast majority of cases, defective wells (poorly constructed or improperly plugged 
abandoned wells) were implicated. A small number of leakage incidents have occurred because 
the geology of the site was not adequately characterized or the injection pressure in the storage 
reservoir was too great, fracturing the caprock and allowing the stored gas to migrate. However, 
a properly designed monitoring program would detect these leaks at an early stage, before a large 
volume of gas is lost from storage, limiting the risks to human health and the environment. Over 
time, as engineering practices have improved and regulatory oversight has became more 
stringent, fewer accidents have occurred, making underground natural gas storage a safe and 
effective practice. 

6 Benson, 2002 
' Ibid 



Referred to as Enhanced Oil Recovery (EOR), C02 injection has been used in the oil industry for 
upwards of forty years to boost production from mature reservoirs. While not primarily designed 
for the long-term storage of C02, EOR projects nevertheless provide substantial insights into the 
design of C02 injection wells and technologies for handling, injecting, and monitoring injected 
C02. In the U.S. about 33 million tonnes per year of C02 are being used at more than 74 EOR 
projects. The most well studied project in North America is in Weyburn, Saskatchewan. COz is 
produced at the Great Plains synthetic fuels plant in Beulah, North Dakota and delivered through 
a dedicated 325-krn pipeline. Mathematical simulations of the Weybum project have indicated 
the likelihood that over the next 5,000 years, only 0.14% of the injected volume is projected to 
leak from the format i~n .~  

Eight accidents are on record for C02 pipelines from 1968 to 2000: three in 1994, one in 1995, 
three in 1996, and one in 1997.9 There were no injuries and no fatalities. Currently, there are 
almost 3,000 miles of COz pipelines in North America, carrying over 30 million tonnes of CO2 
annually. Catastrophic pipeline failures are considered unlikely, and the human health and 
environmental consequences of C02 pipelines are considered likely to be similar to analogous 
facilities used for other industrial purposes. 

Natural analogues for the geologic storage of C02 provide meaningful insights for demonstrating 
the potential for long-term containment and for characterizing potential risks from surface 
leakage, should it occur. Naturally occurring concentrated CO2 reservoirs exist in many parts of 
the world and have acted as C02 traps over geologic time. For example, 200 million metric tons 
of naturally occurring C 0 2  have remained trapped in the Pisgah Anticline in central Mississippi 
for more than 65 million years with no evidence of unanticipated migration or leakage.'' 
Additionally, hydrocarbon reservoirs commonly include a substantial component of C02. 
Trapping mechanisms for hydrocarbons have been studied extensively by the oil industry and 
naturally occurring CO2 traps appear to be geophysically similar to traps for natural gas. 
Catastrophic failures of these natural containment systems are considered unlikely because of the 
broad diffusion of CO2 migration to the surface and the relative scarcity of analogous disasters. 

While rare, natural disasters involving CO2 do occur, with significant associated risks. COz 
accumulation in low lying or confined spaces near natural releases are possible, although most 
disperses harmlessly. The twin C02 events at lakes Nyos and Monoun, Cameroon which killed 
1,746 and 37 people respectively were not caused by a failure of a natural geologic containment 
system, and would be highly unlikely to occur in association with GS. Both the Lake Nyos 
tragedy, in which 0.24 million metric tons of CO2 were suddenly released, and the Lake Monoun 
tragedy were the result of a set of extremely rare conditions associated with the accumulation of 
C02 at the bottom of a deep stratified lake. It is worth noting that all of the significant natural 
CO2 releases have been associated with volcanism and not with any known C02 reservoirs or 
geologic settings that would be considered for sequestration. 

The technical understanding, scientific knowledge and experience to implement geologic C02  
sequestration on a large scale are substantially well categorized to ensure the protection of 

8 Espie, 2004 
Benson. 2002 
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human health and the environment while contributing to the economic wellbeing of the 
Commonwealth. Pennsylvania is well served by the House's commitment to leadership in the 
deployment of CCS within the state. 
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