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	BACKGROUND
	This report is intended to serve as a reference resource for those living near existing or proposed carbon capture, utilization, and storage (CCUS) infrastructure. In particular, this document should provide additional information to those approached by CCUS developers for access to their land or the space beneath their property for use in CCUS projects. Developed through the Environmental Health Project’s (EHP) 2025 Environmental Health Fellowship, thanks to funding from Nonprofit Partners with support from The Heinz Endowments, this resource contains a comprehensive account of research and relevant reporting on the CCUS industry in the United States and abroad. However, as this industry only recently began serious expansion, the information available reflects the limited examples of existing CCUS projects at the same scale of those now proposed across the country. While research continues, EHP expects this resource to provide a firm understanding of the risks seen to date around CCUS infrastructure.

	INTRODUCTION TO CARBON CAPTURE, UTILIZATION, AND STORAGE (CCUS)
	As governments, industries, and academics grapple with how to mitigate carbon dioxide (CO2) emissions, one proposed strategy is carbon capture, utilization, and storage (CCUS). CCUS involves capturing CO2 directly at the source of emission, such as power plants, factories, and oil refineries, preventing CO2 from entering the atmosphere.¹ Subsequently, the CO2 is transported; then, it is either utilized for other purposes, or it is stored deep underground.²
	The language used to discuss CCUS can vary between sources. Some identify the process of removing existing CO2 from the atmosphere, known as carbon dioxide removal (CDR), as part of CCUS, while others do not.³ For the purposes of this review, CDR is distinguished as a separate process from CCUS. Consequently, what this report describes as the CO2 captured during CCUS will only refer to the on-site emissions generated by industrial processes and facilities.⁴ Furthermore, CCS, as opposed to CCUS, stands for carbon capture and storage, and it specifically references processes resulting in underground storage of CO2, not repurposing it for other uses.

	CCUS is a practice with growing interest in the United States. Both federal and state governments are expanding the regulatory framework for CCUS infrastructure. For example, President Donald Trump’s One Big Beautiful Bill offers tax credits that incentivize CCUS.⁵,6 Although some proponents cite CCUS as a process that will mitigate climate change by reducing CO2 emissions, evidence suggests that implementing CCUS could have the opposite effect. Moreover, CCUS may increase the U.S. energy system’s reliance on fossil fuels. Because CCUS is implemented with the intention of reducing the CO2 emissions associated with power generation, CCUS may be perceived as a solution that excuses the continued burning of fossil fuels, as opposed to implementing clean energy alternatives. Furthermore, as described in more detail below, captured carbon is oftentimes used to extract even more fossil fuels, thereby adding to the use of fossil fuels. The connection between CCUS and the fossil fuel industry is strong; key figures in the industry have supported the expansion of CCUS technologies.⁷ In fact, oil and gas companies, such as BP, Chevron, Talos Energy, and ExxonMobil, have all announced CCUS initiatives.⁸ Given the tax credits for and the growing interest in CCUS, an increase in the deployment of these technologies is likely to affect more people over time.⁹
	To date, the wide-scale success of carbon capture and storage technology remains uncertain. The health and safety risks associated with CCUS have not been formally assessed. And yet, some communities with CCUS projects are experiencing negative health and safety impacts, suggesting there may be serious health risks linked to CCUS development.
	Furthermore, in order for CO2 to be stored underground, CCUS operators need to obtain permission to do so from whomever holds the rights to the subsurface spaces where the CO2 would be stored, otherwise known as pore space.¹⁰ If you live in a state that has codified the
	surface owner’s rights over their property’s pore space, such as Pennsylvania, West Virginia, and potentially Ohio (a bill supporting these rights has been introduced as of this report’s publication), you might come face-to-face with a company asking to store CO2 under your land.¹¹,¹² Given the health and safety risks demonstrated in this research, it is important that residents be informed about the CO2 storage process, including potential health effects.
	This review will emphasize carbon storage and the utilization practice of CO2-enhanced oil recovery (EOR).¹³ EOR is one of the most prominent applications of CCUS, with an estimated 80-90% of captured carbon used for the process. CCUS relies on various injection wells to extract oil and gas, as well as dispose of oil and gas byproducts. Injection wells are used to deposit fluids into underground geologic formations. There are six types of injection wells used in the U.S.¹⁴ Their uses are as follows:
	Class I: industrial and municipal waste disposal wells
	Class II: oil and gas injection wells
	Class III: solution mining wells
	Class IV: shallow hazardous and radioactive waste injuection wells (banned)
	Class V:  non-hazardous fluids
	Class VI: geologic storage wells for CO2¹⁵
	This process entails using a Class II injection well to push CO2 into oil fields, which increases the amount of oil that is extracted.¹⁶,¹⁷ Although some of the injected CO2 remains trapped in the oil field, lifecycle assessments of CO2 used in EOR show that some EOR projects result in overall positive CO2 emissions.¹⁸ This is
	incompatible with the idea that EOR is a viable large-scale emissions mitigation strategy that will ultimately prevent the amount of carbon dioxide in the atmosphere from increasing.¹⁹ Furthermore, only a few states require groups performing EOR to report CO2 usage data, which makes understanding the true impact of EOR even more difficult.²⁰ Based on some of the available data, 11 out of the 12 of the commercial carbon capture operations that were active in the U.S. in 2021 were dedicated to EOR. Comparatively, there were 139 CO2-EOR projects in the U.S. at the end of 2022.²¹,²² Most of these projects were based in the Permian Basin (New Mexico and Western Texas). Collectively, CO2-EOR projects engaged 8,853 CO2-EOR injection wells.²³ As an alternative to utilizing CO2, some companies have opted to store CO2 underground using similar methods. Storing CO2 in underground geologic formations is typically performed by injecting CO2 deep into the ground using a Class VI well.
	Under the Safe Drinking Water Act’s Underground Injection Control (UIC) program, the United States Environmental Protection Agency (EPA) is in charge of permitting Class VI wells; the EPA has recently delegated this same authority, known as primacy, to Arizona and Texas.24,25,26 As of this review, the EPA has issued permits for 11 Class VI wells in Illinois, Indiana, California, Texas, North Dakota, and Wyoming. There are another 235 Class VI well permits being reviewed or prepared by the EPA in Alabama, Arkansas, California, Colorado, Florida, Illinois, Indiana, Kansas, Michigan, Nebraska, New Mexico, Ohio, and Texas.27,28,29,30 As of publication of this report, the EPA is also reviewing a permit submitted by NextGen Carbon Oklahoma, LLC for a Class VI well located in the Osage Nation.31 As for states with primacy, all are reviewing active Class VI permit applications.32 The rapid growth of this technology represents an urgent public health issue, and it is imperative that the potential health effects of these technologies are thoroughly examined.
	As CCUS evolves, specific data on the technology, health and environmental effects, economic scalability, and the permanence of carbon sequestration remain unknown.33 Despite the scarcity of information regarding the health effects of CCUS, many individuals, communities, organizations, and law firms have documented serious health concerns related to CCUS processes, including contaminated drinking water, earthquakes, and CO2 leaks.34 This review condenses some of these topics into a comprehensive database of potential health effects associated with the process of CCUS.
	CARBON CAPTURE
	Carbon capture refers to the process of separating CO2 from the mixture of gases being produced at an industrial emission source.35 For example, carbon capture has been implemented in a variety of contexts: processing shale gas, power generation through coal-firing, production of fertilizer and ethanol, gasifying coal, and more.36
	Generally, there are three approaches to carbon capture:
	Separating out the carbon dioxide after burning fossil fuels (post-combustion capture)
	Before burning fossil fuels, converting them to a gas and filtering the carbon dioxide out (pre-combustion capture)
	Trapping the carbon dioxide by burning fossil fuels in an environment that is about 95% oxygen, which is much purer than regular air (oxy-fuel combustion)37
	The most common method is post-combustion capture, and this process is generally structured as seen in the graphic below.38
	Post-combustion capture is also generally more energy-intensive than other approaches to carbon capture. Pre-combustion, comparatively, is a newer practice that is more energy efficient and applicable to plants that burn fossil gas (a.k.a. natural gas).39 Similarly, oxy-fuel combustion offers the advantages of capture being easier and less expensive than post-combustion capture. However, while oxy-fuel combustion itself can be less expensive, obtaining oxygen for the combustion step can be cost-prohibitive.40


	The health hazards of carbon capture
	General Contamination
	Adding carbon capture to power plant operations can further increase the facility’s emissions of multiple harmful pollutants. Incorporating carbon capture into fossil-fuel plants’ operations often prolongs the facility’s use, which also prolongs the health hazards, because fossil fuel facilities, such as power plants, compressor stations, and petrochemical facilities, are known polluters.41
	Examples of such pollutants include nitrogen oxides (NOx), arsenic, sulfur oxides (SOx), lead, cadmium, volatile organic compounds (VOCs), fine particulate matter (PM2.5), and mercury.
	Possible health effects associated with emissions of these pollutants include heart attack, low birth weight, birth effects, asthma, cancer, chronic obstructive pulmonary disease (COPD), and more.
	Note that different types of industrial facilities can be associated with emitting different types of pollutants. Given this fact, it is important to know which kinds of facilities might be near you in order to stay informed about which pollutants you might be exposed to. The following table describes different facilities and pollutants that are commonly associated with them.
	Table of Fossil Fuel Combustion Facilities and Known Resultant Pollutants42


	NOx – Nitrogen oxides are a family of heat-trapping (greenhouse) gases that can cause respiratory symptoms, including respiratory disease and worsening asthma, and increased severity of heart disease.⁴³,⁴⁴ NOx can also increase the levels of PM and ozone on the ground.⁴⁵
	Ground-level ozone, a major component of smog, is associated with several health effects, including airway damage and inflammation, increased asthma attacks, coughing, sore throat, and difficulty breathing deeply.⁴⁶ Long-term exposure can also contribute to the onset of chronic lung disease.⁴⁷
	SO2 – Like NOx, sulfur dioxide can cause the respiratory symptoms listed above. Additionally, when SO2 reacts with water, it can cause acid rain.⁴⁸
	PM – Particulate matter is a category of particle pollutants that is subdivided by size. PM10 refers to particles with a diameter under 10 microns (µm), PM2.5 refers to particles with a diameter under 2.5 µm, and ultrafine particles refers to particles with a diameter under 0.1 µm.⁴⁹ PM exposure is a factor in early death, cardiovascular disease, bronchitis, more hospitalizations, congenital disabilities, preterm birth, low birth weight, and cognitive effects.⁵⁰
	CH4 – Methane is a greenhouse gas that increases levels of ground-level ozone and pollution. By adding to air pollutants, methane can contribute to health effects, such as stroke, heart disease, respiratory issues, and cancer.⁵¹
	CO – Carbon monoxide can replace oxygen in the bloodstream if concentrations of CO in the air are high enough, which can lead to death and tissue damage. Carbon monoxide poisoning can also lead to health effects including headache, shortness of breath, nausea, vomiting, and confusion.⁵²
	C6H6 – Benzene, a VOC that is liquid at room temperature but quickly evaporates when exposed to air, is a cancer-causing chemical.⁵³ Health effects associated with short-term exposure to benzene can include dizziness, confusion, headache, loss of consciousness, rapid heart rate, and tremors. Long-term exposure can lead to reproductive impacts, increased susceptibility to infections, leukemia, and anemia.⁵⁴
	Hg – Mercury demonstrates neurotoxicity; it is particularly harmful to children and fetuses. Each form that mercury takes can be dangerous, but methylmercury has the capacity to cross into the brain and the placenta. Once mercury has been emitted into the environment, it can be converted to methylmercury, especially in water-based ecosystems.⁵⁵
	Health effects associated with carbon capture can stem not only from the above-mentioned emissions, but also potentially from the materials and chemicals used in the capture process itself, such as solvents and corrosion inhibitors.⁵⁶ In CCUS, certain solvents can be used to absorb CO2 as a way to separate it from gas mixtures.⁵⁷
	Usage of amine solvents, such as monoethanolamine (MEA), is typical in post-combustion capture. During this process, formation of nitrosamines from MEA has been observed. Nitrosamines are established as carcinogens, and during the process of post-carbon capture, nitrosamines form in varying amounts, both within the equipment used to separate CO2 from exhaust and in the surrounding industrial atmosphere. Even when tactics to control the behavior of nitrosamines, such as washing with acid and water, are employed, doing so could also result in nitrosamine accumulating within the capture system, threatening the safety of process operators in the case of leaks, emissions, or spills.⁵⁸
	Aerosol formation has also been observed during post-combustion capture, especially when the post-combustion mixture of gases is of lower quality (i.e. contaminated with soot and sulfur oxide compounds). The presence of aerosols in the capture process increases depending on the solvent used. Various byproducts of the capture process can lead to chronic toxicity, noting that how someone is exposed also affects potential health outcomes. Such harmful chemicals include allylamine, ammonia, and cancer-causing agents, such as nitrosamines and sulfuric acid.⁵⁹ Each of these byproducts may affect health, as exemplified below.
	Allyl amine: may cause skin and eye irritation, shortness of breath, coughing, and damage to the lungs, kidneys, and liver.⁶⁰
	Ammonia: may cause sleepiness, tremoring hands, confusion, coma, and more when found in high quantities in the blood.⁶¹
	Nitrosamines: cancer-causing agents that may affect the brain, liver, kidney, lungs, and more.⁶²
	Sulfuric acid: may cause skin, eye, lung, nose, and throat irritation, as well as cancer and fluid filling the lungs.⁶³
	A case study of a Canadian lignite coal-fired electricity generation facility modeled the total environmental impact of pre-combustion, post-combustion, and oxy-combustion capture in comparison to the facility’s operation without carbon capture.⁶⁴ Note that the assessments of each technology account for impacts including coal mining (to power the facility) and operation of the facility.
	Compared to the baseline case of no carbon capture, each of the carbon capture scenarios performed as follows across sectors:
	Post-combustion capture:
	Decreased impact: global warming, acidification, ecological air toxicity, human carcinogenic air toxicity, human non-carcinogenic air toxicity, human health criteria air-point source.
	Increased impact: eutrophication, ozone depletion, soil ecotoxicity, human carcinogenic soil toxicity, human non-carcinogenic soil toxicity, smog air.
	Pre-combustion capture:
	Decreased impact: global warming, acidification, air ecotoxicity, human carcinogenic air toxicity, human non-carcinogenic air toxicity, human health criteria air-point source.
	Increased impact: eutrophication, ozone depletion, soil ecotoxicity, water ecotoxicity, soil human carcinogenic toxicity, water human carcinogenic toxicity, human non-carcinogenic soil toxicity, human non-carcinogenic water toxicity, smog air.
	Oxy-fuel combustion:
	Decreased impact: global warming, eutrophication, acidification, air ecotoxicity, human carcinogenic air toxicity, human non-carcinogenic air toxicity, human health criteria air-point source, smog air.
	Increased impact: ozone depletion, soil ecotoxicity, water ecotoxicity, soil human carcinogenic toxicity, water human carcinogenic toxicity, human non-carcinogenic soil toxicity, human non-carcinogenic water toxicity.
	General trends:
	All three approaches to carbon capture showed decreased impacts on air throughout the assessed metrics, but they showed increased impacts on water and soil.
	All three approaches showed decreased impacts on global warming, acidification, and air-point source, but increased impacts on ozone depletion.

	Water
	Carbon capture processes can lead to increased water use and pollution. Potential outcomes of this dynamic include altering access to water resources and differences in water quality.⁶⁵
	Implementing carbon capture in the case of coal-fired power plants can decrease the facility’s potential to contribute to acidification of water and soil. However, carbon capture can increase the facility’s potential to cause eutrophication (plant and algal growth in water that can lead to dead zones and fish kills).⁶⁶ These comparisons consider the entire life cycle of the power plants, from fueling the facilities to generating power.67

	Air
	The use of carbon capture has been noted to increase air pollution. For example, looking at Texas’ Petra Nova project at the W.A. Parish coal power plant, implementing carbon capture was associated with a 25% increase in health-harming air pollution compared to producing power without the use of carbon capture.⁶⁸ Air pollution is often associated with a range of health effects, dependent on the particular pollutants. See below for specific pollutants associated with power plants.
	A 2010 study modeled the impact that the power and heat sectors would have on air pollution in the European Union in 2030. The study evaluated four different carbon capture scenarios: no carbon capture, post-combustion capture, pre-combustion capture, and oxy-fuel combustion.⁶⁹ The results are as follows:
	Use of post-combustion capture was predicted to cause an increase in emissions of nitrogen oxides, while pre-combustion capture and oxy-fuel combustion were expected to cause decreases.
	The oxy-fuel combustion and pre-combustion were expected to lead to decreases in particulate matter compared to the non-carbon capture facility. Post-combustion capture had the potential to reduce or increase particulate matter emissions.
	Robust data on oxy-fuel combustion’s effect on air pollution is somewhat limited, but there is some indication that oxy-fuel combustion could result in decreased emissions of air pollutants, such as particulate matter, nitrogen oxides, and sulfur dioxide.⁷⁰

	Geology
	Construction of carbon capture facilities can contribute to depletion of mineral resources, and it was determined (through modeling) that carbon capture facilities overall (including fueling them) can consume more mineral resources than coal-fired power plants without carbon capture.⁷¹
	See acidification potential above, listed in the Water section.

	Social Costs
	In an analysis of CCUS facilities near the Gulf Coasts in Texas and Louisiana, it was found that mortality due to changes in local air pollution (specifically in terms of secondary PM2.5) associated with implementing CCUS at industrial facilities was likely 57-73% higher for Black and Hispanic households compared to white households. Similar results were found for gas-fired power plants.⁷²
	Takeaways
	While evidence regarding the health impacts of carbon capture is developing, communities near carbon capture facilities would benefit from transparent and accessible information about:
	the purpose of the facility (e.g. coal-fired power plant, etc.),
	the type of carbon capture implemented, and
	the solvents used in the capture process.
	Knowledge about carbon capture facilities helps nearby communities to better understand impacts to their health and wellness.


	CARBON TRANSPORT
	After carbon dioxide is captured from an emission source, the next step in the CCUS process is transporting the CO2 to its storage destination. There are several possible methods for transporting carbon dioxide, including pipelines, railways, trucks, and boats.⁷³ Pipelines have the capacity to transport over 100 million tons of carbon dioxide annually. Moving CO2 by ship, rail, or truck, on the other hand, necessitates transporting smaller volumes, ranging from one to two million tons of CO2 annually. Pipelines are the most widely used type of transport infrastructure because they are considered the least expensive way to execute high-volume CO2 transportation; however, alternative methods may be favored in special cases. Rail- and ship-based transport can be more effective for transporting carbon dioxide over long distances, and truck transport is better suited for moving small batches of CO2 (between two and 30 tons).⁷⁴
	When CO2 is transported, for efficiency, it is compressed into a high-pressure supercritical fluid that remains a liquid but exhibits the properties of a gas.⁷⁵ These properties are consequential for both the means by which CO2 is often transported in pipelines (as is done with fossil gas), and the ways in which CO2 may affect health, given any disruptions to the transport or storage stages of CCUS.
	The U.S.’s approximately 5,000 miles of CO2 pipelines are typically used to transport CO2 for CO2-enhanced oil recovery (EOR). A substantial portion of CO2 pipelines in the United States are located along the Gulf Coast, transporting CO2 through Texas, Louisiana, and Mississippi, as well as neighboring New Mexico and Oklahoma.⁷⁶ However, CO2 pipeline infrastructure
	also crosses through Colorado, Utah, Montana, North Dakota, and Kansas.⁷⁷ If CCUS is to be used to achieve net-zero emissions (assuming the technology works), experts at Princeton University predict that, compared to 2020 infrastructure, over 68,000 miles of new CO2 pipelines will need to be operating by 2050. Such an expansion would necessitate an estimated investment of between $170 billion and $230 billion.⁷⁸
	As the CO2 pipeline industry grows, some stakeholders are considering and pursuing the conversion of existing oil and gas pipelines to CO2 pipelines as a way to speed up the pipeline permitting and construction processes. The jurisdiction of multiple laws and authorities complicates development of CO2 pipelines, pushing developers towards conversion projects.⁷⁹ Moreover, converting oil and gas pipelines to CO2 pipelines for transportation is a complicated process that may have significant consequences, which are enumerated below.

	The health hazards of carbon dioxide transportation
	General Concerns
	While CO2 pipelines have been in use for over 35 years, there is still limited safety data because of the relatively small size of the CO2 pipeline network compared to other types of pipelines. Nevertheless, there have been on average three onshore pipeline accidents per year between 1986 and 2021. Of these accidents, small leaks have been more common than large ruptures. Between 1994 and 2021, ruptures represented 3% of CO2 pipeline accidents, while leaks represented 48%.⁸⁰
	Between 1994 and 2006, there were 31 recorded CO2 pipeline accidents; no associated injuries or deaths were reported.⁸¹
	Between 1986 and 2008, the greatest driver of CO2 pipeline incidents was corrosion, which can be caused by a number of impurities in the CO2 stream. Contaminants that are known to have corrosive effects include water, hydrogen sulfide, sulfur dioxide, nitrogen oxides, and oxygen.⁸²


	The International Energy Agency has called for investments into new fossil fuel pipelines to stop, based on growing evidence that pipelines in general raise concerns over safety. U.S. regulations for CO2 pipelines lack safeguards for private property, wildlife habitats, and clean water resources, in addition to posing a potential risk to human health and wellbeing.⁸³
	In addition to lackluster safety regulations, poor management of CO2 pipelines, including substandard monitoring practices and insufficient emergency responses, also pose dangers to health and the environment. The CO2 pipeline running through Sulphur, Louisiana serves as a key example of this dynamic.⁸⁴
	External factors, such as natural disasters, may increase the risk of ruptures by damaging the structural integrity of pipelines. This dynamic could result from earthquakes or floods and was evidenced by a post-landslide CO2 pipeline rupture in Satartia, Mississippi.⁸⁵ Climate change is already contributing to more frequent extreme weather events and, by association, more risks to pipelines.⁸⁶
	Observations indicate that CO2 pipelines are more likely to spring small leaks than violently rupture when compared to gas pipelines, making it more difficult to identify when and where CO2 is escaping pipelines. Furthermore, when small leaks are not repaired in a timely fashion, they can grow in size and become deadly.⁸⁷
	CO2 pipelines are governed by inconsistent regulations that put communities in danger:
	When CO2 is in a supercritical state, its transportation through pipelines is federally regulated. However, transportation of liquid and gaseous CO2 is not regulated at the federal level, which means that CCUS companies may have a lot of leeway when it comes to working with these other phases of CO2 (depending on state regulations).⁸⁸,⁸⁹
	Additionally, only supercritical fluid composed of over 90% CO2 is regulated at the federal level. This leaves many loopholes for companies transporting CO2 in a supercritical state that is less than 90% CO2.⁹⁰
	CO2 is odorless, much like fossil gas, but companies are not required to add an odorant to CO2 to make its presence identifiable in the event of a pipeline leak despite the fact that a minutes-long exposure to CO2 is enough to trigger serious health effects.⁹¹
	Converting existing fossil gas pipelines to CO2 pipelines is one proposed strategy for increasing CO2 transport infrastructure. However, there are a number of technical concerns associated with this process that could compromise the structural integrity of the pipeline, and thus affect surrounding communities.
	Supercritical CO2 must be transported at a pressure of at least 1,200 psi to counteract temperature fluctuations, otherwise it will not remain in the supercritical state. However, standard operating pressure for fossil gas pipelines is far below 1,200 psi. In other words, CO2 would enter the converted pipelines in a gaseous state, but an infrastructure that is not equipped to handle such pressure may lead to a rupture in the pipeline.92,93
	In order to prevent ruptures that run along the length of the pipeline, CO2 pipelines must be built from steel that has a particularly high durability. Not all fossil gas pipelines are made from steel that meets this standard. CO2 and impurities in the CO2 stream, including water, have the capacity to corrode pipeline components that are not made of metal. As such, if a fossil gas pipeline that contains such components is converted to a CO2 pipeline, these components could be corroded by the CO2, leading to a rupture.94
	CO2 can spread farther than fossil gas in the event of a pipeline rupture. Therefore, people who live a reasonably safe distance from fossil gas pipelines, may be at a greater risk if the same pipeline is used for CO2, and it ruptures. These differences in chemical spreading are essential to understanding how converting fossil gas pipelines to CO2 pipelines has the potential to put many more people at risk in the event of a rupture.⁹⁵
	While pipeline transportation is seen as the most favorable option for transporting CO2 in large volumes due to lower costs, there is a growing contingent of industry proponents favoring the use of rail transportation.96 Arguments focus on how rail transportation is comparable in cost for smaller quantities of CO2 and how railways can more easily connect capture and storage destinations.97 However, there are inherent safety and health risks that accompany transporting hazardous substances by train (see example of Star, MS below).
	Air
	Ruptures in CO2 pipelines have a greater likelihood of expanding along the length of the pipelines, a phenomenon known as a ductile facture, and are the result of CO2’s specific physical properties.98 This dynamic means that, in the event of a CO2 pipeline rupture, higher volumes of gas can be quickly released into the air, and pipe shrapnel from the rupture may cause damage to people and property nearby.99 The release of CO2 into the ambient environment is cause for serious concern because of the health effects and hazards that may potentially disrupt emergency responses.
	CO2 is difficult to detect because it is colorless and odorless. CO2 is also denser than oxygen, meaning that it displaces oxygen at ground level. It also disperses across large areas at high concentrations.100 Consequently, CO2 poses a significant, yet difficult to detect, health hazard.101
	Breathing in small amounts of CO2 can lead to headaches and feeling sleepy. Higher concentrations of CO2 may increase breathing rate and blood pressure, and it may cause irregular heartbeats and confusion. In the case of exposure to asphyxiation-levels, death may result from CO2-induced suffocation.102,103 The following table outlines possible outcomes associated with CO2.104

	Health effects can result from prolonged exposure to concentrations of 1% CO2 or greater and from shorter exposure to 3% CO2 or greater.106 Additionally, certain populations may be more susceptible to experiencing health effects as a result of inhaling CO2. Such groups include people with head injuries, heart or lung disease, increased pressure or bleeding around the brain, or a growing lesion (such as a tumor, hemorrhage, or abscess). Individuals who take nervous system depressants, are in a coma, engage in intense physical activity or tasks that require sensory and psychomotor responses, have panic disorder, children, and pregnant persons are also potentially at greater risk.107
	In high enough amounts, CO2 may also render internal combustion engine cars non-functional, hindering evacuation efforts and emergency responses to ruptures.108 Other contaminants often contained within the CO2 pipeline gas also cause health impacts. For example, hydrogen sulfide can lead to coma, convulsions, and death.109 Another concern is that contaminants in the CO2 stream, water in particular, can cause corrosion within steel pipelines, which could increase the likelihood of rupture.110
	Other potential impurities include nitrogen oxides and sulfur oxides, which, alongside hydrogen sulfide and water, can lead to corrosion in transport pipelines.111
	Exposure to NOx may lead to health effects, such as cancer, cardiovascular issues, and respiratory problems.
	Sulfur dioxide may cause irritation to the lungs, throat, eyes, and nose.112,113
	Furthermore, when NOx and sulfur dioxide interact with one another, they may exacerbate associated health effects.114
	Although leaking CO2 can travel for miles, CO2 pipelines located directly beside residential areas place those in proximity at greater risk of harm.115 For example, in Glenarm, Iowa, Summit Carbon Solutions’ proposed pipeline is within 100 feet of homes. One resident facing the prospect of the CO2 pipeline running by her property compared it to a “1,300-mile-long colorless, odorless bomb alongside our houses and underneath our communities.”116
	Leaked CO2 does not simply dissipate; it travels across the ground, forming CO2 pockets in areas of low elevation, including nearby valleys and basements.117
	A 2024 study simulated an extensive rupture of a CO2 pipeline and found that both pipeline dimensions and local wind conditions affect the extent of the leaked CO2’s reach. The study authors found that ruptures in pipelines with wider diameters generally resulted in a farther spread of CO2, resulting from higher quantities of CO2 being released. Furthermore, the research team found that once a wind speed of 4 meters per second (m/s) was reached, escaped CO2 spread farther.118 For context, a wind speed of 4 m/s is likely to disturb leaves and twigs, and flags are fully extended under these conditions.119
	Water
	A prominent concern among landowners who have been approached about CO2 pipelines being built on their land is the possibility of damage to underground drainage systems.120 The exact mechanism through which CO2 damages these systems is not fully understood, but carbonic acid produced when CO2 dissolves in water is corrosive to valves, pipelines, and other types of industrial equipment.121

	Geology
	CO2 pipelines endanger farmlands.122 Iowa State University (ISU) published a 2021 study showing that pipeline construction had significant impacts on soil properties resulting from high levels of soil disturbance, construction machinery compacting soil, and topsoil and backfill getting mixed together in the process of filling in pipeline trenches. ISU researchers looked at crop yields in areas with pipeline construction. They found that the pipeline-affected areas had a 15% lower corn yield and 25% lower soybean yield on average than farmland unimpacted by pipeline construction.123
	This study is further supported by personal accounts from residents who have farmed in the area for generations. One Knox County resident whose land was sited to host a CO2 pipeline shared concerns about the permanent changes to the soil that pipeline construction would inevitably bring.124
	Furthermore, while CCUS companies would pay for the initial construction of pipelines, landowners would be the ones to bear the consequences of any long-term financial damages stemming from the presence of CO2 pipelines, including decreased property values.125
	In the event of a rupture in an underground CO2 pipeline, soil displacement due to the plume may cause a crater to form, potentially damaging other nearby pipelines.126
	A battle between landowners and Summit Carbon Solutions over a Midwestern pipeline that would traverse Iowa, Nebraska, South Dakota, North Dakota, and Minnesota is a prime example of how CO2 pipeline construction can truly be in direct contradiction with community priorities. When Iowan landowners were faced with potential pipeline construction on their properties, many expressed concern that the pipeline would cause damage to the land. Furthermore, of the public comments submitted to the Iowa Utilities Board (which permits pipelines), 98.9% opposed the pipeline.127


	Case Studies: CO2 Pipeline Hazards
	Satartia, MS – 2020
	On February 22, 2020, Denbury Inc.’s CO2 pipeline running through Satartia, Mississippi ruptured. Despite company claims that emergency response protocols were initiated, investigations show that no emergency responders were made aware of the pipeline rupture by Denbury. In fact, sources indicate that the rupture was only confirmed when an emergency responder reached out to Denbury to inquire about the situation. Confirmation came
	more than 40 minutes after the pipeline had ruptured, and the rupture was not suppressed for approximately four hours. Both the rupture itself, which leaked 31,000 barrels of CO2, and the delayed public health response resulted in significant health impacts among Satartia’s residents.128
	As a result of exposure to high levels of CO2, multiple individuals lost consciousness. Some people reported experiencing shaking, shortness of breath, and drooling. Children were affected, as documented by a mother’s urgent 911 call when her daughter was unable to breathe. Furthermore, combustion engines in personal cars and emergency vehicles alike couldn’t function because of a lack of oxygen. Emergency responses were delayed, and people who had been driving were forced to continue on foot after their cars stopped working. Overall, at least 45 people were hospitalized and 200 more evacuated.

	However, the health effects of the pipeline rupture did not dissipate with the CO2 plume. Some affected residents used oxygen tanks for months after the rupture, and several patients have reported worsening lung problems and asthma exacerbations. In one case, Deemmeris Debra’e Burns, who was half a mile from the rupture, was rescued after spending over an hour unconscious in his car and has reported ongoing health impacts since the incident. His symptoms include muscle tremors, anxiety attacks, headaches, and trouble focusing. Burns was unable to continue his jobs in construction and at a lumber mill.
	After the rupture and ensuing federal investigation, Denbury paid a $2.8 million fine to the government, although the company did not admit to the risks and violations for which it was being censured.129 Furthermore, Denbury and its contractor were found to have intimidated investigators and interfered with inspections of the replacement pipeline. An additional $2.4 million fine was proposed.130 With respect to Satartia, several community members, including Burns, initiated an additional lawsuit against Denbury.131

	Sulphur, LA – 2024
	Another Denbury CO2 pipeline ruptured on April 3, 2024, in Sulphur, Louisiana. While no one reported significant health impacts related to the rupture, some residents considered this outcome to be pure luck, rather than the result of mitigating safety standards. This pipeline rupture is emblematic of a concerning pattern in safety lapses across CO2 transportation infrastructure: this same
	pipeline had sprung a leak in the same place in 2011 and again in 2020.132 An estimated 2,548 barrels of CO2 escaped the pipeline during the two hours it took for the assigned personnel from parent company ExxonMobil to travel 50 miles to Sulphur and fix the leak. An investigation demonstrated that there was no pipeline operator nor functioning monitoring camera at the pump site; rather, a concerned resident noticed the leak. She described contacting the sheriff’s office after the company did not answer her phone calls. It appears that ExxonMobil learned of the rupture after this initial chain of communications.
	While the local response consisted of road closures and a shelter-in-place order for residents within ¼ mile of the pump station, lapses in communication could have put residents of Sulphur in danger, as some did not even find out about the hazardous leak until after the
	expiration of the shelter-in-place order.133 The outreach strategy  relied on disseminating information over social media and reaching out via telephone to the eight addresses listed in the area under shelter-in-place orders, four of which officials suspected to be vacant. A subsequent investigation shows that Facebook became a prominent way in which news, and misinformation, about the rupture spread, but that not all residents were alerted. Furthermore, it has been demonstrated that the decisions related to the shelter-in-place order did not truly protect residents, as people living outside of the ¼ mile radius around the pump also reported experiencing symptoms of CO2 exposure, such as fatigue and headaches. From pipeline operation to deployment of emergency responses, the CO2 pipeline rupture in Sulphur left community health at risk.134

	Star, Mississippi – 2009
	In 2009, a truck carrying CO2 collided with a train in Star, Mississippi. The crash led to three hospitalizations: the truck driver, left in critical condition with injuries to his pelvis, legs, spine, and head; and two train operators. Additionally, witnesses described how the collision caused an explosion that made buildings shake and launched debris approximately half a mile. Finally, the explosion caused a power outage affecting 1,240 Entergy customers.135

	CARBON UTILIZATION
	After CO2 has been captured and transported, the question of what to do with it remains. Under the premise of CCUS, there are two options: utilization or storage.
	Carbon utilization refers to the practice of repurposing captured CO2 for other uses, either directly as CO2 or in a transformed state that is incorporated into a different product. Currently, the most common uses of captured CO2 include enhanced oil recovery (EOR), fertilizer production, and refrigerating food and beverages.136 For these uses, CO2 is not chemically transformed before being repurposed. Processes that chemically or biologically transform the CO2 before utilizing it, such as making building materials and plastic from the trapped gas, are not as developed, so the direct usage previously described is more common among the commercial applications of CO2 utilization.137
	Carbon utilization sits at the intersection of economics, climate science, and technological innovation. The impact that this technology will actually have on greenhouse gas emissions and atmospheric concentrations of CO2 is debatable, especially when considering both the source and final destination of the captured CO2. For example, CO2-EOR is the practice of pumping CO2 into oil fields to generate a greater yield of the desired fuel product. When considering that CO2-EOR produces more fossil fuels, which will then go on to be consumed and subsequently emit CO2, its impact on reducing atmospheric greenhouse gas levels is diminished. Another question pertains to the source of the trapped CO2 and whether the CO2 was extracted from the atmosphere itself or from power generating processes (like burning coal).138
	In 2019, CO2-EOR represented 20% of global EOR operations and was responsible for producing 500,000 barrels of oil each day. In addition to increasing output from depleted oil fields, CO2-EOR causes some of the injected CO2 to remain trapped in the oil field. However, as of that report, 70% of the CO2 used in the U.S. for CO2-EOR came from natural underground sources of CO2, indicating that EOR operation was not usually connected to a carbon capture source and did not recycle CO2 that was produced from other industrial activities.139
	Some proponents of CO2-EOR as part of CCUS have expressed enthusiasm about the idea that the process could produce “carbon-negative” oil, or oil that results in a net reduction in the amount of CO2 in the atmosphere. While it is true that CO2-EOR as part of CCUS can in certain circumstances generate oil that produces less overall CO2 than oil not produced through CO2-EOR, CO2-EOR powered by CO2 captured from fossil fuel plants cannot result in carbon-negative oil. The calculated CO2 emissions associated with oil produced by CO2-EOR are highly variable and depend on both the approaches used to perform the CCUS and the methods used to perform the emissions analysis. An analysis of several studies estimating the total CO2 emissions associated with CO2-EOR reported that CO2-EOR powered by industrial CO2 sources results in a 4% to 11% increase in CO2 emissions per oilfield barrel compared to crude oil.140 CCUS is meant to reduce CO2 emissions, but current CO2-EOR technology that relies on CO2 captured from burning fossil fuels does not achieve this goal. However, CO2 utilization can often be associated with increases in the selling price of the generated products.


	The health hazards of carbon utilization
	General Concerns
	CO2-EOR as it is most often performed today cannot be considered carbon negative: More CO2 enters the atmosphere than remains in the oil field during the EOR process. Furthermore, CO2-EOR supports continued dependence on fossil fuels, which also means extending the lifetime of fossil fuel extraction operations and associated health and environmental hazards.141
	In terms of incorporating CO2 into chemical products, urea production—a key part of fertilizer manufacturing—is the most widespread practice, utilizing about 140 million metric tons of CO2 per year. However, the process of generating urea consumes significant amounts of energy, and fossil fuels are often used as the power source for synthesis. Additionally, for urea used on crops, the CO2 contained in it is released back into the atmosphere. As such, it is not clear whether the process of using CO2 for chemical production is actually effective at reducing CO2 levels in the long run.142


	Another approach to CO2 utilization is storing it in concrete, a process that can generally be performed during concrete production or after solid concrete blocks have been made.143 Concrete production with CO2 as an input allows the CO2 to remain trapped even once the structure built from the concrete no longer exists. However, an important component in concrete is lime, whose processing is a significant driver of greenhouse gas emissions. As such, if lime production does not rely on renewable energy or if lime is not substituted for new low-carbon binding agents, then concrete production with CO2 as an input is unlikely to result in net-zero CO2 emissions.144
	Many carbon utilization processes require major energy inputs; hydrogen is one power source currently in use. Notable approaches to hydrogen production include:
	Grey hydrogen: produced from fossil gas via steam methane reforming and does not involve carbon capture.145
	Currently, grey hydrogen, which contributes to CO2 emissions, is the most common method of production. Therefore, if this hydrogen is used to power carbon utilization, additional emissions become associated with the carbon utilization process.
	Black or brown hydrogen: produced from black or brown coal (i.e. lignite) and does not involve carbon capture.146
	Blue hydrogen: produced from fossil gas via steam reforming and does involve capturing associated CO2 emissions for CCUS (including CO2-EOR).147
	Even if blue hydrogen is used, this process could result in further emissions as a function of CO2-EOR and would bring with it all of the risks and uncertainties associated with carbon storage (see next section).
	Green hydrogen: produced from water electrolysis via electricity generated by renewable energy sources. Green hydrogen does not produce or emit any CO2.148
	Hydrogen produced from renewable energy sources (green hydrogen) could be a potential pathway to powering carbon utilization without generating further CO2 emissions at this phase of the process.
	Air
	Once oil is extracted using CO2-EOR, the oil and CO2 must subsequently be separated. Part of this process entails isolating volatile organic compounds (VOCs), which can then be recaptured, burned, or emitted into the atmosphere depending on the equipment used by the operators. VOCs represent a class of chemicals that can include a variety of compounds with harmful effects, such as causing cancer or increasing the formation of ozone.149

	Water
	Leakage from CO2-EOR fields can occur because of the buoyant form that CO2 takes in depleted hydrocarbon reservoirs,  causing the gas to rise and allowing it to travel to both groundwater sources and the surface.150 When CO2 contaminates water, it can make the water more acidic and release other pollutants, including trace substances, such as arsenic and lead, into the water.151 However, these releases are dependent on several factors, such as the amount of CO2 contaminating the aquifer and the other compounds present in the water.152
	The most common approach to CO2-EOR, known as Water Alternating Gas (WAG) injection, consumes significant amounts of water. For every one barrel of oil recovered, an average of 13 barrels of water are injected.153
	When CO2 comes into contact with water, a corrosive mixture with the potential to corrode well plugs may be produced.154 This result makes for a prominent concern in terms of preventing CO2 and other injection components from leaking out of wells that have theoretically been “permanently” sealed.
	Water that is produced during the CO2-EOR process may contain a host of chemicals, some of which are undisclosed additives incorporated during the EOR process. These contaminants usually include biocides, surfactants, and other substances that are highly toxic or used in large amounts, each of which could pollute drinking water sources. Furthermore, policy regulating storage of this produced water can vary from state to state; for example, some states allow this contaminated water to be stored in unlined ponds or seepage pits. As a result of such storage practices, contaminants from the stored water could reach drinking water in aquifers that are closer to the surface.155
	If the approach to injecting CO2 into an EOR field causes the pressure to become too high, brine can also be pushed from the oil field and potentially contaminate groundwater.156

	Geology
	Several CO2-EOR sites have recorded numerous seismic events, which can stem from the pressure buildup of the CO2 injected underground or other changes in the subsurface environment. Although not all of these earthquakes are detectable by humans, seismic events can number in the thousands at just one CO2-EOR injection site.
	Furthermore, seismic events are a point of serious concern, as they could still affect the geology surrounding the injection site and result in unforeseen CO2 movement. Leakage pathways can be created or reactivated by seismic activity, and CO2, brine, or other substances present in the storage reservoir could subsequently contaminate drinking water resources.157

	Case Studies of CO2–EOR Threatening Health
	Wyoming’s salt creek oil field, where operators conduct CO2-EOR projects, is the site of the Midwest School. In 2016, the county’s health department conducted air quality testing, which revealed CO2 levels that were 26 times as high as the recommended limit, and levels of benzene, a dangerous chemical that can cause cancer, were 200 times as high as the level of benzene deemed safe.158,159 As a result, the school was closed. Investigations uncovered an abandoned well on the school’s property that was leaking these harmful gases from Salt Creek oil field into the school. Because of the school’s closure, students were taken by bus to attend a school 45 minutes away, a hardship that significantly affected many students. Furthermore, while this one well on school property appeared to be responsible for this particular leak, analysis showed that the Midwest School was located within one mile of 550 wells, a number that does not include the wells with undetermined locations.160 Overall, the case of the Midwest School is an unsettling demonstration of the threat that CO2-EOR can pose to nearby communities.
	In 2011, an abandoned oil well located in Yazoo County, Mississippi was leaking a combination of CO2, drilling mud, and oil. The leak actively persisted for 37 days, and Denbury Resources, the CO2-EOR operating company, was charged a $662,500 fine by the Mississippi Department of Environmental Quality. Denbury cleared out 32,000 barrels of liquid and 27,000 tons of drilling mud and contaminated soil.161
	The CO2-EOR practices conducted at Weyburn oil field in Canada are suspected of causing CO2 and methane to pollute a nearby farm. The farm owners noted several animal deaths, as well as the contamination of their water. Both the farm owners and the
	CO2-EOR operators hired investigators to determine if the oil field was the source of the leak. The source of the leak is considered unknown because the investigators produced opposite results, potentially because of differences in methodologies: investigators hired by the operator studied samples that were considered to be less contaminated than others, according to investigators hired by the farmers.  A professor of Earth Sciences and Geochemistry at Utrecht University wrote that it was highly implausible that the Weyburn oil field was unrelated to the CO2 contaminating the farmland.162

	Cogdell oil field, located near Snyder, Texas, has a long history of being an EOR site, and CO2 injection began in earnest in 2001. Between 2003 and 2008, the injection rate of CO2 was drastically increased; during this same time period, several seismic events occurred. When the injection rate reached its highest flow in 2009 and 2010, Cogdell oil field continued to experience earthquakes.163 However, the relationship between seismic activity and injection rate is not necessarily the same across different sites;
	some consequences are unique to particular sites. While it may seem like injection rate increases correspond to seismic activity at Cogdell oil field, this is not necessarily an observable pattern at other injection sites.
	Injection of CO2 at In Salah, a CO2-EOR project in Algeria, was identified to have activated fracture zones. Even though the injected CO2 remained in the fracture zone within the reservoir, the changes seen at In Salah demonstrate the potential ramifications that CO2-EOR can have on geology.164
	Additionally, when CO2 is stored underground, there are multiple forces contributing to CO2 storage, also known as trapping mechanisms, at play.171 These mechanisms are as follows:
	In an attempt to protect USDWs, from which over 100 million people get their drinking water, Class VI wells are required to include steel casing and cement to prevent fluid migration (see above).172,173 Class VI well provisions aimed at protecting USDWs are intended to prevent CO2 leaks and detect unexpected migration of the CO2 plume.174 Generally, these provisions include:
	Studying the proposed storage formation to make sure that it can safely store the CO2 without allowing it to migrate out of the formation and its intended destination area.
	Evaluating how far the CO2 plume is expected to spread, assessing other nearby wells for structural weaknesses, and making any necessary repairs to potentially problematic wells.
	Using construction materials that are resistant to corrosion and any other pressures that the formation’s conditions could impose. The construction materials should be specifically tailored to the composition of the injection site. Also, operators should use any necessary testing to identify viable methods of well construction.
	Assessing the quality of groundwater, the integrity of both injection and monitoring wells, and the movement of the CO2 reservoir. These checks should be performed throughout the facility’s operation and after injection has ceased, only ending when a permitting authority has deemed the site does not pose a threat to USDWs. Operators or owners are also required to share the results of monitoring and testing with the entity that oversees the Class VI well’s permit.
	Ensuring that the well’s injection operations are compatible with the thresholds dictated by the well’s construction and the formation’s composition, prioritizing the protection of human health and quality of USDWs.
	Implementing several components of post-injection and emergency response plans, including:
	Performing well plugging after the injection phase is completed so that fluids associated with the operation are unable to migrate in such a way that threatens USDWs.
	Developing an action plan for responding to emergencies that occur at the site.
	Specifying effective financial mechanisms that would be able to pay for post-injection site management, well plugging, and responses to emergencies related to the site.
	Well plugging is the process of sealing off oil and gas wells to prevent fluids from traveling into aquifers. Plugs, which are typically made of cement by today’s standards, are set at specific depths within the well’s opening for the purpose of isolating producing zones.175 Plugging practices have evolved over time, and so a well’s plug date can reveal important information about the likely quality of the plug. The American Petroleum Institute established guidelines and best practices for well plugging in 1952; therefore, wells that were plugged before this declaration are often considered to have plugs of questionable quality. While state and federal regulations continued to evolve after this point, 1953 is generally considered a watershed year, during and after which the quality of well plugs saw important improvements in plug quality. Furthermore, the passage of the Safe Drinking Water Act in 1974 marks another important era in well plugging history that saw the introduction of the modern nationwide regulatory framework.176
	While these milestones represent general process improvements, these Class VI and well plugging regulations are not necessarily health protective and not always followed in a way that actually protects human health and quality of drinking water. There have been several examples demonstrating how these regulations are repeatedly violated and fail to protect communities.
	While the EPA can transfer regulatory oversight of Class VI wells to states, a process called primacy, one of the stipulations for doing so is that the state’s regulatory plan is as strict or more strict than the EPA’s program requirements.177 However, in the primacy state of Louisiana, the state’s initial application described lack of expertise in risk assessment of Class VI wells. Louisiana has been recognized for its lack of control over the state’s oil and gas wells.178 While its management of environmental hazards and primacy application do not inspire confidence, the EPA granted Louisiana primacy, nevertheless. Given this fact, it is important to keep in mind that, while the EPA alleges that primacy states will maintain the same safety standards outlined in the UIC program, some case studies indicate otherwise in practice.
	Although the CCUS definition of carbon storage does explicitly refer to underground injection of CO2, it is worth noting that there are other approaches to storing CO2 that do not rely on geologic sequestration. However, several of these alternative methods are controversial, under development, or threatened by climate change.179,180 While this report focuses on geologic sequestration, other approaches to carbon storage are as follows:

	The health hazards of geologic carbon storage
	General Concerns
	An essential part of implementing a geologic carbon storage project is a comprehensive understanding of subsurface geology. Two landmark CCS projects were the offshore Norwegian operations of Sleipner and Snøhvit, operating since 1996 and 2008 respectively. Sleipner and Snøhvit’s injection areas are some of the most well-studied, particularly in terms of seismic activity and other subsurface features. However, across the projects, issues like CO2 rejection from the target formation, unexpected migration, and discovery of new subsurface layers emerged within a few years of operation. As such, these projects offer an important lesson: even operations in extremely well-studied geologic areas can be very difficult to predict.183
	There are several proposed leakage pathways when it comes to CO2 that is stored underground. The following three pathways can be used as a framework to understand different scenarios: leakage facilitated by the opening of an abandoned well or a well used for injection, leakage through a fault (whether its inception was before or after the construction of the injection well project), and pressure differences pushing the CO2 to leak through the caprock.184

	Abandoned wells, here taken to mean wells that are not in use anymore, are of particular concern when it comes to identifying potential leakage pathways for CO2. A prominent potential leakage mechanism is improper plugging that allows CO2 to migrate upwards. This leakage may occur because of the well’s plug being of poor quality; mechanical issues with the plug that allow CO2 to escape; or from the mixture of CO2 and water, which forms carbonic acid that can  corrode the cement used in the well plug. Furthermore, if a well has been plugged and abandoned, according to state regulations, the state is no longer under obligation to monitor the well. Consequently, these unmonitored wells are particularly vulnerable should an unexpected leak occur. However, it is important to note that, while corrosion is a possible leakage pathway, it has not been documented that cement corrosion is a significant issue in the past 30 years, as it pertains to the field of CO2-EOR.185

	Air
	Regarding the potential leakage of CO2 from underground storage reservoirs, a possible destination for escaping CO2 is the atmosphere.186 Not only is CO2 a gas that causes health effects, but its release into the atmosphere brings into question the effectiveness of CCS technology as a tool for permanently storing CO2.187

	Soil
	CO2 injection at Class VI wells may cause low-magnitude earthquakes, a phenomenon known as induced seismicity. Not only are earthquakes a concern in and of themselves, but they also have the potential to compromise well infrastructure, opening the door to increased risk of leakage and complications in the effective storage of CO2.188 Seismic events numbering in the hundreds to thousands have been recorded at CCS sites injecting into oil and gas fields and saline reservoirs.189,190
	Water
	A common concern when it comes to CO2 leaks is the potential that CO2 or CO2-rich brine from the storage reservoir will reach and contaminate drinking water, either by acidifying the water, bringing non-potable compounds into the aquifers, or mobilizing and transporting trace metals into the subsurface.191


	Case Studies of Carbon Storage Threatening Health
	Archer Daniels Midland’s (ADM) CCS project in Decatur, Illinois was the first large-scale CCS project in the U.S. Despite the praise this project received from its proponents, in 2024 ADM reported that brine was moving between different formations. While this report became public information in September of that year, ADM had actually identified the leak in March. Moreover, ADM had also identified corrosion in the CCS well five months before discovering this leak. All of these findings remained unreported while ADM was requesting Decatur to allow an expansion of ADM’s operations, a proposal that became law upon approval by Illinois Governor J.B. Pritzker. Only after gaining this approval for expansion did ADM report the leak to the EPA. Along with citing ADM for violating regulations pertaining to emergency responses, remediation plans, and unauthorized fluid migration, the EPA also ordered ADM to perform more testing. This order led to ADM finding a second leak and temporarily pausing CO2 injections in Decatur. The leakages at ADM’s wells stoked concerns over drinking water contamination because the Decatur well is located directly above the Mahomet aquifer, which is the sole source of drinking water for almost one million people.192 This case involving ADM indicates several gaps in the CCS regulatory framework, including ambiguities in both the leak notification timeline and protections for drinking water.
	In 2009, amid formidable opposition from the surrounding community and financial concerns (that were not described in detail), Battelle made the decision to cancel its CCS project in Darke County, Ohio. The proposal was valued at $92.8 million, and captured CO2 from an ethanol plant would have been stored over 5,000 feet below the surface. Prominent arguments against the project included worries that the injection would induce seismic activity and that the project would harm property values.193
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