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Carbon Capture and Sequestration: The Pressures of
Selecting the Perfect Site

Decades of experience injecting fluids into the ground has revealed
a fundamental truth: No two injection sites are the same. A
thorough understanding of site-specific conditions is essential to
ensure safe and secure long-term subsurface disposal of carbon
dioxide.
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Geologic sequestration (GS) of carbon dioxide (i.e., the “S” in CCS [carbon capture and sequestration]) is an
immediately available technology with considerable potential to reduce anthropogenic carbon dioxide
emissions. But, to loosely quote Shakespeare, there's a rub. Decades of experience injecting fluids into the
ground has revealed a fundamental truth: No two injection sites are the same. Variability in fluid and rock
properties (often across distances that can be measured by the throw of a stone), differences in injection
well construction, and contrasting operational practices can lead to profound differences in how injected
fluid moves through subsurface formations, how that fluid is retained in the rock pore space, and what
inadvertent effects may result from injecting fluid into this pore space that is already occupied by
groundwater. Every location, every project, and every well has idiosyncrasies. A thorough understanding of
site-specific conditions is essential—from planning to construction to injection to site closure—in order to
ensure safe and secure long-term subsurface disposal of carbon dioxide. Luckily, in many areas of GS
interest, there is a data-rich source of subsurface and operational insight: Underground Injection Control
(UIC) Class Il wells.

This is Big
In 2021, 2.7 billion tonnes carbon dioxide equivalent (CO,e) of greenhouse gases (GHGs) were released into

the atmosphere from large direct-emitting facilities (i.e., facilities emitting more than 25,000 tonnes of CO5e

per year) in the United States, approximately half of all US GHG atmospheric emissions. Seven states—
Texas, Louisiana, Indiana, Pennsylvania, Florida, Ohio, and California—each emitted greater than 100

million tonnes of CO,e, accounting for 43% of the US's large direct-emitting facilities total. Add lllinois and

Alabama to the list, and these nine states accounted for 50% of total large facility emissions (Fig. 1).
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Fig. 1—2021 CO,e emissions of GHG from large direct-emitting facilities (more than 25,000 tonnes of CO,e per year).
MtCO,e = million tonnes of CO, equivalent. Source: US EPA

Texas, the biggest state GHG emitter, accounted for approximately one-sixth (466 million tonnes of CO»e)

of the 2021 total from these large direct-emitting facilities. If the entirety of Texas GHG emissions (of which
approximately 90% is carbon dioxide) were captured, injected, and stored as a supercritical fluid (i.e., a fluid
at a temperature above its critical temperature (88°F for CO,) and at a pressure above its critical pressure
(1,070 psi for CO,), with liquid-like density and gas-like viscosity, that would equate to roughly 5 billion bbl
(or approximately 200 billion gal) sequestered underground. While that may seem like a staggeringly large
number (and it is), consider that, in 2021, 9.3 billion bbl of water associated with oil and gas operations
were injected in Texas. Taken as a whole, the current scale of yearly nationwide oil and gas water injection
is roughly equivalent to the volume needed for permanent geologic storage of GHGs from large direct-
emitting sources. From this volumetric perspective, GS is a meaningful and realistic tool for abatement of
atmospheric carbon emissions.

A Class Act

In the early 1980s, the US Environmental Protection Agency (EPA) established initial requirements for the
Underground Injection Control (UIC) Program, promulgated under the Safe Drinking Water Act and the
Resource Conservation and Recovery Act, to regulate underground injection of fluids. Since the program'’s
inception, six well classes have been established to manage injection of a variety of hazardous and
nonhazardous wastes, with the purpose of protecting underground sources of drinking water (USDWSs) and
preventing adverse human health effects. Currently, there are more than 750,000 UIC wells nationwide.
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USDWs because of increased pressure from injection. AoR boundaries are based on predictions from highly
complex computational models of fluid flow and pressure propagation in the subsurface, incorporating
detailed descriptions of physical and chemical properties of the in-place and injected fluids, the injection
formation, and the surrounding confining zones. Within the AoR, potential conduits for fluid movement out
of the injection formation must be identified and corrective action taken as needed to prevent both injected
fluid and displaced pore water from affecting USDWs. And, while there currently is only one actively
injecting UIC Class VI well, there are more than a hundred permits under technical review, with this number
growing rapidly since passage of the Inflation Reduction Act and its expanded financial incentives for GS

(Fig. 2).
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Fig. 2—Number of submitted UIC Class VI applications, grouped by state, over the last 2 years. Source: US EPA/B3 Insight
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the waste will stay within the injection zone for as long as it remains hazardous (currently defined as a
period of 10,000 years). To do so requires identification, collection, and aggregation of fluid properties, rock
properties, and operational activity (as similarly required for UIC Class VI permitting) to support modeling of
injected fluid movement over millennia. As many of these UIC Class | hazardous waste injection wells are
close to areas of GS interest (nearly three-quarters of all hazardous waste injection wells are in the Gulf
Coast region of Texas and Louisiana), undoubtedly, some of this previous assessment can and should be
leveraged for UIC Class VI site characterization. However, because there are fewer than 1,000 UIC Class |
injection wells throughout 19 states, only approximately 15% of which are UIC Class | hazardous waste

injection wells, both geographic coverage and areas of high well density are limited.

Class Il Periscopes

On the other hand, there are more than 150,000 UIC Class Il injection wells used to inject fluids associated
with oil and gas production, located within 33 states including Alaska and Hawaii. UIC Class Il injection wells
include wells for disposal of fluids brought to the surface during conventional petroleum extraction and
underground natural gas storage (22% of UIC Class Il wells), wells used for injection of fluids for enhanced
oil and gas recovery (76% of UIC Class Il wells), and wells used for injection of liquid hydrocarbons for
underground storage (2% of UIC Class Il wells). Fig. 3 shows the distribution of wells by state. Four states
(Texas, California, Kansas, and Oklahoma) have more than 10,000 UIC Class Il injection wells, accounting for
roughly 75% of the total inventory. Fourteen states account for nearly 95% of the total number of UIC Class
[l'injection wells.
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Fig. 3—Distribution of Class Il injection wells by state. Source: US EPA/B3 Insight
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of site characterization and subsequent long-term site monitoring), operators or owners of UIC Class Il
injection wells must regularly measure and report the operational characteristics of their wells, including
monthly injected volume, monthly average wellhead pressure, and monthly maximum wellhead pressure.
Conventionally, the purpose of these measurements is to monitor regulatory adherence to permitted
injection rate and pressure limits while providing a cursory assessment of well performance. But far greater
value can be realized when this expansive data set, providing an operational record that can span decades,
is combined with other injection well and subsurface properties—a high-resolution spatial and temporal

characterization of geologic formation pressure response to fluid injection over a broad geographic area.

But this is where it gets murky—again. Despite general consistency in reporting rules, how, where, and
when this data gets reported varies widely between states. Additionally, data usability can range from
excellent to challenging, depending on measurement and reporting quality. Therefore, rigorous and
laborious collection, quality assurance and control, integration, and standardization processes are required
to provide a clarifying view. Furthermore, translating measurements made at the wellhead to a description
of subsurface conditions requires a painstaking effort to match well construction and completion history
with well operation status while further conditioning the results with other measures of fluid, rock, and well

properties.

But the effort pays an enormous dividend: a multidimensional view of the subsurface showing when,
where, and how fluid injection affects the formation pressure, observed through aggregation of thousands
of individual subsurface periscopes (Fig. 4). And the implications are significant. Know the past and present,
and you have a much greater chance of reasonably describing the future.
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Fig. 4—3D distribution of water injected in the Permian Basin during the past 5 years, shown at the point of subsurface
injection. Symbol sizes represent cumulative injected volume, with injection into shallower formations shaded blue and
deeper formations shaded red. Source: B3 Insight

Truth Be Told

There is much legitimacy to statistician George Box's statement “All models are wrong, but some are
useful.” But usefulness is undoubtedly tied to the availability, accessibility, and quality of data used to
construct, constrain, and validate models. The better the input data, generally, the better the predictions—
and, ultimately, the better ability to plan projects and avoid costly modifications and mistakes. To seed and
verify the computational models used to predict pressure propagation and fluid movement, particularly for
UIC Class VI AoR delineation, requires static (i.e., the rocks, the wells) and dynamic (i.e., the fluid injection
rate, the pressure) characterization of the injection site. And, arguably, the most valuable measured data is
that which captures the dynamic relationship between injection rate and pressure, particularly as the
relationship can change over time. Individually, UIC Class Il injection wells provide local understanding of
well operation and injection formation conditions and how those conditions change over the life of the
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Fortunately, in numerous areas of GS interest, many of the 150,000 UIC Class Il injection wells penetrate
potential target formations considered for carbon injection, providing invaluable truth about formation
pressure response to fluid injection. For example, large direct-emitting facilities within 50 miles of the
shoreline in Texas and Louisiana account for more than 10% of the United States'’ total, making this one of
the more highly concentrated areas of point-source GHG emissions in the country (Fig. 5). And underneath
lies thousands of feet of Miocene and Oligocene sedimentary rock potentially capable of sequestering vast
amounts of CO,. Serendipitously, nearly 10,000 UIC Class Il injection wells have been drilled in this area,

with the majority constructed to inject into these Miocene and Oligocene formations. Both individually and
in the aggregate, these wells provide a precious source of site-specific information about injection
formation characteristics and the ability of these formations to accommodate large fluid volumes injected
over decades. And, as GS moves from nascent to broad execution, with a permitting process that can take
years and millions of dollars to complete, the more insight that can be immediately accessed and
leveraged, the more economically, expeditiously, and responsibly will consequential (and essential)

emissions abatement be achieved.
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Fig. 5—Gulf Coast region UIC Class Il wells. Texas well locations are shaded blue, and Louisiana well locations are
shaded green. The inset chart shows the distribution of wells within 50 miles of the shoreline relative to the top depth of
the injection interval. Source: B3 Insight
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