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Finding Fault: Induced Earthquake Liability
and Regulation

Ist April 2015 By: Emery Gullickson Richards
Overview

Man-made earthquakes have followed the hydraulic fracturing boom into the twenty-first century. In
recent years, operators have hydraulically fractured more than 100,000 wells in the U.S. In tandem
with the current increase in unconventional oil and gas production in the U.S., the number of
earthquakes in the central and eastern parts of the country has increased dramatically: more than 300
earthquakes above a magnitude 3.0 occurred in the three years from 2010 to 2012, compared with an
average rate of 21 events per year from 1967 to 2000.[1] Although hydraulic fracturing stimulation
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operations routinely produce earthquakes below magnitude 2, so-called "microearthquakes"[2] that
are too small to be felt, these operations pose a very low risk of inducing larger, destructive
earthquakes.[3] To date, earthquakes induced by hydraulic fracturing in Oklahoma,[4] Texas,[5]
Canada,[6] and the United Kingdom,[7] though large enough to be felt at the surface, have not posed
serious risk.[8]

On the other hand, disposal of hydraulic fracturing wastewater by injection into deep wells poses a
greater risk because the practice can induce larger earthquakes by elevating fluid pressure and
weakening preexisting faults.[9] Of the more than 30,000 wastewater disposal wells in the U.S., only
a small fraction are associated with the risk of inducing seismicity, typically due to disposal of very
large volumes of water or pressure perturbations of basement faults.[10] To date, hydraulic fracturing
wastewater disposal has caused damaging earthquakes in Arkansas,[11] Ohio,[12] Oklahoma,[13] and
Texas.[14] These earthquakes have been caused by commercial injection well disposal operators-
entities that charge hydraulic fracturing operators a fee for disposing of their wastewater-and so-called
"non-commercial" injection well disposal operators-oil and gas exploration and production companies
that dispose of their own wastewater. Yet despite the risk of induced seismicity, underground
injection of wastewater remains the safest, most cost-efficient method of disposal favored by industry
and environmental regulators alike.[15]

Questions arise regarding the ideal framework for confronting the risk of induced seismicity from
hydraulic fracturing wastewater disposal.[16] The hydraulic fracturing industry is developing a set of
best practices to address the issue of induced seismicity, and many major operators already employ
seismicity mitigation policies.[17] The Environmental Protection Agency's ("EPA") jurisdiction to
regulate induced seismicity risk remains unclear[18] and the agency has not yet attempted to regulate
this risk.[19] The EPA is nevertheless investigating the matter[20] and has adopted a series of
questions for determining whether a particular seismic event was induced.[21]

Induced earthquakes have resulted in a variety of responses in the states where they have been
experienced, from moratoria to regulation to litigation. Arkansas and Ohio have imposed moratoria
on wastewater injection in areas where the practice has induced earthquakes. Ohio and Colorado have
enacted regulations to prevent the risk of induced seismicity from wastewater disposal injection.
Plaintiffs have sued injection well operators in Arkansas and Texas for damage allegedly caused by
earthquakes.[22]

This Report will survey ways in which state regulation and various doctrines of common law
liability[23] address the risk of induced seismicity in five jurisdictions: Arkansas, Colorado, Ohio,
Oklahoma, and Texas. Ohio's regime merits special emphasis for having both the most robust
regulatory scheme for preventing induced earthquakes and a well-developed and nuanced body of law
regarding strict liability for concussion damage. In addition, this Report will discuss possible trends
regarding the interplay of regulation and liability, and their effects. This Report does not seek to make
conclusions about which regulatory framework or liability doctrine is best, but merely to point out the
advantages and disadvantages of their various features.

In the States

Throughout the United States, the Underground Injection Control ("UIC") program regulates the
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construction, operation, permitting, and final plugging and abandonment of approximately 50,000
Class II wastewater disposal wells.[24] Passed in 1974 ,[25] the Safe Drinking Water Act ("SDWA")
authorized the EPA to delegate primary enforcement responsibility ("primacy") over underground
injection control to the states to ensure safe drinking water for the public by protecting underground
sources of drinking water from contamination by injected fluids.[26] States receive primacy over
regulating Class II wells in one of two ways. Pursuant to SDWA Section 1422, a state may gain
primacy over any or all classes of wells by developing a state UIC program that is at least as stringent
as the federal program and promulgates regulations meeting minimum requirements including
inspection, monitoring, and recordkeeping requirements for operators. SDWA Section 1425 provides
an alternative route for states to obtain primacy over Class II wells[27]: states with existing
regulatory bodies overseeing oil and gas production may make an optional demonstration that their
program is effective in protecting underground sources of drinking water pursuant to approval criteria
outlined in EPA guidance.[28] Most oil and gas producing states[29] exercise primary enforcement
authority for Class II wells. To date, twenty-three states[30] have obtained primacy over Class 11
wells pursuant to Section 1425.[31] If a state chooses not to assume program responsibility or if its
UIC program plan is not approved, the EPA must implement the UIC program in that state. In eleven
states[32] and the District of Columbia, the EPA implements the UIC Class II program.

In states that have assumed UIC program primacy, state-level injection well regulation regimes vary
considerably. States with primacy can assign regulatory authority to different state agencies. Some
states regulate injection wells through a single agency, such as an oil and gas commission, and other
states divide the regulatory authority between several agencies, such as those with oversight over
protecting the environment and public health. Primacy allows states to permit facilities, inspect wells,
enforce against violations, and otherwise regulate underground injection activity within the state.[33]
In addition, there are ten EPA UIC regions in the country that facilitate coordination between the EPA
and the states, as well as among the states themselves, in each UIC region. As a result, there is often a
high degree of similarity in permitting regulations among states in the same UIC region. Injection
well regulations govern technical issues such as wellbore construction, allowable sources of injected
fluid, and operational requirements such as maximum injection pressure and periodic testing. As part
of the Class II well permitting process, reports on faults and geological features may be required for
the purpose of evaluating whether the injected fluid will be contained and not contaminate
underground sources of drinking water. In sum, there is a wide range of variability among
jurisdictions regarding how induced seismicity may be addressed as part of the injection well
regulatory regime.

EPA regulations[34] govern well permitting procedures in states in which the Class IT Well UIC
Program is either administered by the EPA or in which primacy was obtained pursuant to SDWA
Section 1422. These EPA regulations only apply in a minority of states, since in most cases, state
regulatory bodies derive primacy under SDWA Section 1425.[35] These EPA regulations include
well permitting requirements for siting, casing, injection pressure, and reporting on surrounding
geology of wells, as well as providing for permit revocation.[36] At present, these regulations
provide limited avenues for deterring induced earthquakes.[37] The EPA regulations also include
well casing and cementing requirements,[38] although casing and cementing methods are not believed
to play any role in inducing earthquakes. The most important EPA regulations are those requiring
disclosure of factors that induce seismicity: fluid injection pressure and the presence of nearby
faults.[39] Although both fluid injection pressure and volume are believed to be independently and
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conjunctively responsible for induced seismicity, EPA regulations only address injection pressure,
likely because only injection pressure is thought to affect the integrity of the well and, subsequently,
contamination risk. There is some question, however, as to how jurisdiction to regulate the risks
posed by induced seismicity could be derived under the SDWA and enforced under the UIC

program.[40]

By contrast, state-level regulation rests on a strong legal foundation because it has been passed under
state enabling statutes. It also uniquely accounts for various state-specific factors, including local
geology, environmental concerns, and economic priorities. States[41] have varying requirements for
Class I wells. Some states treat commercial disposal wells differently from non-commercial wells,
whose operators generated the wastewater through their own hydraulic fracturing operations. States
have responded to the risk of induced seismicity in a variety of ways. Seismicity risk reporting is
becoming a requirement of the well permitting process in some states; in some areas, local and
state-wide moratoriums on hydraulic fracturing have been imposed due to induced seismicity, and
states are also considering legislation affecting the disposal of hydraulic fracturing wastewater which
would have consequences for underground injection wells. This report will survey liability and
regulation for induced seismicity in the five states that have experienced induced earthquakes related
to hydraulic fracturing industry operations.[42]

A. Ohio

Ohio has 2,455 Class II wells,[43] over 240 of which are active wells capable of accepting hydraulic
fracturing wastewater for disposal.[44] To date, operators have injected more than 202 million barrels
of oilfield fluids underground.[45] More than half of hydraulic fracturing wastewater disposed of in
Ohio each year comes from out of state, much of it from Pennsylvania, which lacks appropriate
geology for disposal wells.[46] Before 2011, there were no documented instances of earthquakes
induced by underground injection through Class II wells in the state, yet in 2011, injection of
hydraulic fracturing wastewater induced a series of earthquakes near Youngstown, Ohio.[47]

1. Regulation

In 1983, Ohio assumed primacy[48] from the EPA for regulating Class II injection wells in the state.
Since then, the Ohio Department of Natural Resources ("ODNR") has operated the program. The
Department's response to the emerging risk of earthquakes induced by wastewater injection disposal
provides an interesting case study.

Months after extensive inspection revealed no cause for concern, doubt arose that a properly permitted
well, Northstar 1, might pose an induced seismicity risk.[49] Because ODNR regulators lacked
sufficient seismic data, ODNR hired an outside research partner to monitor seismic activity in the
area.[50] A few weeks later, residents nearby felt a small earthquake, and a few days later, Ohio
regulators shut down the likely culprit-the Northstar 1 well-on the basis of the researchers' preliminary
findings.[51] The next day, the area around Youngstown, Ohio experienced a 4.0 magnitude
earthquake, and the governor imposed an emergency moratorium on additional wells in the

area.[52]

On March 9, 2012, ODNR adopted new standards for Class II well injection permits.[5S3] On July 10,
2012, the governor of Ohio issued an executive order for the Ohio Division of Oil and Gas Resource
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Management to incorporate these standards into strengthened injection well permitting and
monitoring requirements by administrative rule.[54]

A key change is that now operators applying for a Class II well injection permit must provide
regulators with geophysical logs regarding permeability zones and other available data germane to
preventing the risk of induced earthquakes. Previously, operators were merely required to submit
basic data regarding the siting of the well within the region's geological formations. The new
regulations require that operators must submit a review of existing geologic data for known faulted
areas so that wells will not be located in them and a plan for monitoring seismic activity.[55] In
addition, the new regulations use a variety of mechanisms to ensure that well injection pressure is kept
at a safe level[56]-a level which will likely not induce earthquakes.[57] In addition, operators must
report the results of any mechanical integrity tests, mechanical failures, downhole failures, and
corrective actions taken and their results. These reforms make Ohio's regulation of induced seismicity
risk the most robust of any state.

Furthermore, Ohio's permit application requires operators to comply with surety and insurance
requirements.[58] These requirements apply to both commercial and non-commercial injection wells,
as Ohio regulations do not distinguish between injection well operators who profit from disposing of
wastewater generated by hydraulic fracturing operators, and hydraulic fracturing operators who
dispose of their own wastewater. There is no evidence as to whether surety and insurance
requirements deter damage caused by injection well operators, or deter the practice of outsourcing
liability for such damage to thinly capitalized entities. This can be problematic because the degree of
financial assurance maintained by an injection well operator affects the degree to which those injured
by an induced earthquake may potentially recover damages. For instance, the operator of the
Northstar 1 well, D&L Energy, transferred ownership of the well permit to a subsidiary of which it
was a principal. After the transfer, the subsidiary petitioned regulators for permission to inject greater
volumes into the well, which ultimately caused the earthquake. Yet after their operations induced
earthquakes, D&L Energy could not be held accountable for the damage caused-the company filed for
bankruptcy sixteen months after the earthquakes.[S9] At present, no regulations addressing induced
earthquakes in Ohio appear poised to tackle the problem of injection well operators becoming
judgment-proof.

However, there are a variety of potential regulations through which Ohio could discourage hydraulic
fracturing operators from outsourcing wastewater disposal to injection well operators and in turn
reduce the risk of induced seismicity. For instance, the surety and insurance requirements could be
increased to such a degree that only hydraulic fracturing operators could pay them, driving out smaller
wastewater disposal companies unlikely to be able to sufficiently compensate parties injured by an
induced earthquake. In tandem with such a measure, Ohio could provide that the surety and bonding
requirement for injection well operations would be waived for hydraulic fracturing operators capable
of demonstrating a high level of financial assurance. Such a policy already exists for plugging and
abandonment risk associated with offshore wells in the outer continental shelf.[60] Presumably, such
a policy would deter operation of injection wells by operators incapable of maintaining a sufficient
level of financial assurance and would incentivize hydraulic fracturing operators to operate their own
wells and therefore be accountable for the risks associated with disposal of the wastewater they
generate. Companies that undertake hydraulic fracturing operations generally have resources as well
as experience and knowledge of geophysics far exceeding that required in the commercial wastewater
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injection disposal industry. Accordingly, incentivizing hydraulic fracturing operators to dispose of
their own wastewater would shift these responsibilities to companies best technically able to reduce
the likelihood of an induced earthquake, and would ensure that in the event of an earthquake, affected
parties would be able to recover from the company that benefited financially from the production of
the injected wastewater in the first place.

In the alternative, Ohio could discourage outsourcing of seismicity risk to injection well operators by
imposing separate well permit requirements for commercial and non-commercial well operators, and
imposing more stringent conditions on permit applications-such as extensive seismicity risk surveying
and testing-from commercial well operators. For the distinction between commercial and
non-commercial permitting requirements to have a significant impact on deterring risk outsourcing,
however, an applicant for a non-commercial well permit would need to demonstrate that they
conducted the hydraulic fracturing operations that generated the wastewater to be injected in order to
qualify for the less stringent requirements. Although such regulations cannot be guaranteed to prevent
entirely the risk of induced earthquakes, they could add another layer of deterrence to the already
robust regulatory framework for induced seismicity risk in Ohio.

2. Liability

Regulation directly impacts the operation of hydraulic fracturing wastewater disposal wells, yet
the conduct of operators is also affected by the shadow of liability cast by Ohio common law. Various
doctrines under Ohio law impose liability for damage caused by concussion.[61] Developed
primarily in the context of blasting cases, theories of concussion liability apply to damage caused by
induced earthquakes as well. Ohio law imposes liability for concussion damage under a variety of
strict liability theories, holding operators liable regardless of the care exercised in the conduct that
caused the damage. Negligence law also holds operators liable for concussion damage in Ohio.
Together, these two theories present injured parties with a means of securing redress for damage
incurred as a result of shockwaves permeating from induced earthquakes, and presumably deter
operators from inducing earthquakes.

Strict liability reflects the view that a party should not be made to bear an injury that he played no
part in causing, regardless of whether the party responsible for the harm exercised an adequate level
of care. Such a standard of liability presents a stronger deterrent to operators than does the standard
of negligence. Under Ohio law, strict liability for concussion damage may be imposed as a trespass;
the doctrine of Rylands v. Fletcher; an ultrahazardous activity under the First Restatement of Torts; or
an abnormally dangerous activity under the Second Restatement of Torts. Each of these doctrines has
advantages and limitations in its applicability to induced earthquake concussion damage.

The old common-law doctrine of trespass makes operators strictly liable for property damage caused
by concussion or vibration under Ohio law.J62] Such claims have generally arisen in cases involving
damage caused by blasting, quarrying, or sonic booms from aircraft. Under the doctrine of trespass
by concussion, Ohio courts have awarded damages and injunctive relief.[63] Injunctive relief appears
to be a problematic remedy for induced earthquakes. Regulators, and not courts, presumably have
greater institutional competence to impose a moratorium on wastewater injection, and in Ohio,
regulators have executed this responsibility quite competently. Accordingly, damages awards under a
trespass theory appear to be the most appropriate strict liability remedy for induced earthquakes
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because concussion shocks trespass upon the land, thereby causing damage to person or property.

The doctrine of Rylands v. Fletcher holds a party liable for failing to retain on his property something
that causes damage to the property of another, including concussion damage. Precedent in Ohio has
relied upon Rylands v. Fletcher to apply strict liability in awarding damages for injury to property
caused directly and foreseeably by concussion.[64] In the context of an earthquake induced by
underground wastewater injection, it would not need to be demonstrated that the wastewater itself
came onto an underground portion of the land, but merely that the concussion from the earthquake
reached the injured party's property. As with trespass, because Ohio courts have applied Rylands v.
Fletcher purely on a finding that damage was caused by concussion, as is inevitably the case with
earthquakes, the doctrine is also well suited to address induced earthquake liability.

In addition, Ohio courts have utilized the similar but distinct doctrines of ultrahazardous activities[65]
and abnormally dangerous activities[66] to establish strict liability for concussion damage. However,
there are barriers to applying these doctrines to earthquakes induced by wastewater injection. Unlike
blasting, wastewater injection is neither abnormally dangerous nor ultrahazardous. Likewise, induced
seismicity is not inherently dangerous or ultrahazardous in Ohio, as low seismicity levels associated
with hydraulic fracturing operations and unfelt earthquakes typically cause no damage. Another
limitation is that under Ohio law, a past landowner cannot be held strictly liable for ultrahazardous
activities after ownership passes to another.[67] Applying such a theory of strict liability could,
therefore, excuse an operator responsible for inducing an earthquake in instances where operation
changed hands over time, since while cumulative injection can cause induced earthquakes, a time
frame for causation can be difficult to establish. For these reasons, theories of ultrahazardous or
abnormally dangerous activities are problematic and less apropos to a finding of strict liability than
are trespass and the doctrine of Rylands v. Fletcher.

Under Ohio law, liability for concussion damage may also be established under a negligence
theory.[68] Unlike strict liability, negligence forces the plaintiff to bear an injury without recourse if
the operator responsible for such injury has acted pursuant to a standard of due care. Accordingly,
although negligence may not be as equitable to parties suffering concussion damage from an induced
earthquake, if Ohio courts are unwilling to apply strict liability to address a new phenomenon,
negligence may nevertheless provide some potential recovery for affected parties.

In sum, Ohio's induced seismicity regulations and concussion damage law provide various avenues
through which to address the risk of induced earthquakes. Ohio's robust regulatory framework should
make induced earthquakes far less common by avoiding problematic injection locations and well
pressures and volumes. Surety requirements help to ensure that wastewater disposal operators will
not be entirely judgment-proof, although the lack of more stringent regulations for commercial
injection well operators may do little to incentivize hydraulic fracturing operators to internalize the
seismicity risk associated with wastewater injection instead of outsourcing it. In addition, concussion
law in Ohio provides a plethora of theories for holding injection well operators liable for induced
seismicity damage under strict liability or negligence. Ohio's well-developed body of concussion law
and its detailed regulations for preventing induced earthquakes demonstrate the array of various
options available to courts and regulators in other jurisdictions as well.

B. Colorado
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There are over 885 active Class II wells in Colorado, including over 297 wastewater injection
wells, which collectively inject approximately 355,000 barrels of wastewater per day.[69] To date,
none of these wells has been implicated in induced earthquakes, nor have oil and gas operations
induced earthquakes in the state before 2011. However, Colorado's history is not devoid of induced
earthquakes: wastewater injected by the military at the Rocky Mountain Arsenal induced a series of
very damaging earthquakes in the 1960s and 1970s.[70] Yet only recently has Colorado expanded
Class II well permit regulations specifically to target the risk of induced earthquakes.

1. Regulation

Since Colorado received primacy over Class II injection wells in 1984, the Colorado Oil and Gas
Conservation Commission ("COGCC") has permitted and monitored these wells.[71] As part of the
permit approval process, regulators have historically fixed a maximum fluid injection volume and a
maximum injection pressure. The maximum allowable surface injection pressure is determined by a
calculation based on either a default fracture pressure gradient[72] or a higher injection zone fracture
gradient, if one is found to exist through step rate injection testing conducted by the operator. For
wells requiring injection under pressure,[73] COGCC sets maximum injection pressures below the
fracture gradient uniquely defined for each injection well in order to minimize the potential for
injection's inducing seismicity. These regulations have not changed significantly as COGCC
regulations have evolved to address induced seismicity risk.

On August 23,2011, injection of wastewater produced from coalbed methane operations in the
Raton Basin induced a magnitude 5.3 earthquake[74] near Trinidad, Colorado. In response, the
COGCC expanded the UIC permit review process in September 2011[75] to include a seismicity
review by the Colorado Geological Service ("CGS"). Relying on CGS geologic maps, the U.S.
Geological Survey ("USGS") earthquake database, and area-specific knowledge, CGS, in conjunction
with the Colorado Division of Water Resources,[76] now provides an opinion on seismic potential for
pending wells under these new regulations.[77] Since January 19, 2012, if historic seismicity has
been identified in the vicinity of a proposed well, COGCC requires an operator to define the
seismicity potential and the proximity to faults through geologic and geophysical data before
approving the permit. The regulations also provide for communication between regulators and the
permit holder after operations have begun, and immediate notification if seismicity that could be
problematic appears. Since these regulations have been imposed, Colorado has experienced no
subsequent induced earthquakes.

COGCC regulations[78] also impose financial assurance requirements for Class II well
operators. These rules may ensure that injection well operators will not be entirely judgment-proof in
the event of an induced earthquake, although they are likely insufficient to fully compensate for
damage that would be caused by an induced earthquake, as the financial assurance requirements were
intended to guard against more garden-variety forms of environmental damage, such as water
contamination. In addition to the financial assurance regulations, the permit rules also implicate
accountability for induced earthquakes by allowing an operator to inject at a higher surface injection
pressure if testing is conducted beforehand to demonstrate its safety. Such regulation may create a
mild competitive advantage for more sophisticated operators over those incapable of conducting the
testing. In sum, unlike Ohio, Colorado appears to mildly incentivize sophisticated operators to
conduct injection well operations over less sophisticated players; presumably, this may result in safer
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operations. However, as in Ohio, the law does not fully ensure that parties affected by an earthquake
will be able to recover from an injection well operator capable of compensating their claims.

2. Liability

Colorado courts impose strict liability for concussion damage.[79] Colorado courts have also upheld
damages awards stemming from concussion based on a negligence theory.[80] In concussion liability
cases, the appropriate remedy is damages, not injunctive relief.[81] In addition, under Colorado law,
an operator cannot evade liability for concussion damage by engaging an independent contractor to
perform work of an inherently dangerous nature unless proper precautions are taken.[82] Because
wastewater injection involves the inherent danger of inducing an earthquake in many parts of
Colorado due to the state's susceptible geology, particularly in the Rocky Mountains, it is especially
important that producers of unconventional oil and gas be unable to evade liability by outsourcing
wastewater injection to independent disposal companies. Accordingly, because Colorado concussion
regulation provides for strict liability, damages only, and proscribes outsourcing liability, it is
particularly well suited to deterring induced earthquakes caused by wastewater injection.

C. Oklahoma

Oklahoma has over 10,500 active disposal injection wells.[83] In January 2011, small earthquakes of
magnitude 2.9 and lower were induced by hydraulic fracturing activities,[84] and in November 2011,
wastewater disposal injection induced a magnitude 5.7 earthquake-the largest ever recorded in the
state-destroying fourteen homes and injuring two people.[85]

1. Regulation

Oklahoma has primacy for the underground injection control program for Class II wells in the state,
which is administered by the Oklahoma Corporation Commission.[86] Oklahoma has no Class II
permit regulations relating to induced seismicity risk, although the Oklahoma Geological Survey is
examining the possibility of induced seismicity from hydraulic fracturing.[87]

Oklahoma imposes a variety of permitting requirements for Class II wells. Operators must publish
notice of proposed injection well projects in local newspapers as part of the permit application. In at
least one instance, this requirement has led to protest by area residents concerned about contamination
of underground water sources and environmental damage.[88] The operator subsequently withdrew
its permit application after residents contested it before an administrative law judge of the Oklahoma
Corporation Commission, the body responsible for issuing such permits.[89] To date, however,
residents in Oklahoma (nor apparently in other states) have not yet contested injection well permit
applications on the basis of induced earthquake risk.

In addition, Oklahoma regulates commercial and non-commercial Class II disposal wells differently,
requiring more information in an application for a commercial Class II disposal well permit than for a
non-commercial permit. Although such a distinction carries the potential to enable the Corporation
Commission to discourage outsourcing the disposal of wastewater to commercial wastewater injection
well operators, these commercial operators continue to exist in the state.[90]

2. Liability
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Oklahoma courts have applied strict liability and rejected negligence in cases involving concussion
damage, but the law is not fully developed in this area and at least one case holds open the question of
which standard should apply.[91] Accordingly, in the absence of both a clear standard of strict
liability and regulation, little law appears to deter operators from inducing earthquakes in Oklahoma.

D. Texas

In 1982, Texas became the first state to assume primacy for regulating Class II wells. Texas contains
over 52,000 Class II wells, more than any other state. Each month, 290 million barrels of hydraulic
fracturing wastewater are disposed of in Texas.[92] Texas has experienced earthquakes induced by
extraction of oil and produced water during hydraulic fracturing in South Texas overlying the Eagle
Ford Shale, as well as swarms of many small earthquakes in short succession due to wastewater
injection in North Texas in areas overlying the Barnett Shale.[93]

1. Regulation

New regulations promulgated by the Texas Railroad Commission to prevent induced seismicity risks
came into effect on November 17, 2014: the new rules require applicants for a permit to operate an
oil and gas disposal well to provide U.S. Geologic Survey data regarding seismic events in the area
surrounding the well, and the Commission may also require monitoring of wells and reporting of
additional information, including seismic activity logs, geologic cross-sections, pressure front
boundary calculations, and structure maps.[94] If a disposal well is determined, after notice and
opportunity for a hearing, to be a cause of problematic seismic activity, the Commission may set
injection pressure and rate limits, ban injection temporarily, or revoke the disposal well permit.[95] In
addition, the Railroad Commission hired a seismologist to enable the agency "to further examine any
possible correlation between seismic events and oil and gas activity."[96]

2. Liability

Texas has expressly rejected strict liability for concussion damage, and instead requires that such
claims be evaluated under a negligence standard.[97] The fact that Texas common law only mildly
deters operators from inducing earthquakes through the diminished threat of liability under a mere
negligence standard may account for the fact that Texas has experienced more induced earthquakes
than any other state.

E. Arkansas

In February 2011, an earthquake swarm including a magnitude 4.7 earthquake struck central Arkansas
near the towns of Guy and Greenbrier.[98] Wastewater injection is believed to have caused the
earthquakes. A class action lawsuit against the operators of the wells settled and two initial
defendants went bankrupt.[99]

1. Regulation

In Arkansas, the Arkansas Oil and Gas Commission ("AOGC") has primacy for administering the
Class II underground injection control program. After earthquakes rocked parts of central Arkansas,
the AOGC instituted a permanent moratorium on hydraulic fracturing in the affected area. The
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boundaries of the moratorium area were developed after collaboration between regulators and
industry players to identify faults to be avoided by injection activities. Arkansas also has a variety of
regulations affecting well permitting, operations, and financial assurance requirements.

Arkansas has detailed regulations affecting the permitting and operating requirements for Class II
injection wells, including regulations setting maximum injection pressure[100] using a calculation
method similar to that employed in Colorado. Although the state has fairly well-developed rules for
regulating Class II wells, no regulations are specifically aimed at induced seismicity risks, save for the
moratorium.[101] Nevertheless, the AOGC retains authority to determine appropriate zones for
injection disposal in order to protect drinking water sources and to ensure conservation of oil and gas
resources in the state.[102] This rule would suggest that AOGC lacks jurisdiction to regulate induced
earthquake risk prophylactically unless water contamination or hydrocarbon waste is an issue.

Arkansas distinguishes between commercial and non-commercial wells, and has the most specific and
useful definition of any of the states surveyed for what constitutes a commercial well.[103] However,
more stringent regulations are not imposed on commercial well operators, save for a nominally stricter
regulation requiring notice before a well is established. As in Oklahoma, both commercial and
non-commercial operators must issue a notice in a newspaper in the county of the well as part of the
permit process; in the case of commercial disposal wells in Arkansas, notice must also be mailed to
the county judge. In addition, although Arkansas imposes a financial assurance requirement for
injection well operators, the requirement does not have heightened requirements for commercial well
disposal operators, nor does the existing level of financial assurance appear to be sufficient for
ensuring that operators who induce earthquakes will not be judgment-proof. Indeed, shortly after the
Guy-Greenbrier earthquakes, commercial injection well operators believed responsible for the quakes
went out of business. Nevertheless, the AOGC Director retains the authority to propose additional
requirements for any new disposal wells, and exercise of that authority to ensure that only hydraulic
fracturing operators with a high degree of financial assurance are able to operate injection disposal
wells might help prevent future earthquakes.[104]

2. Liability

Although there is not much authority on the issue, Arkansas law seems to impose liability for
concussion damage only under a negligence standard, and not under strict liability.[105] In the
litigation against well operators implicated in the Guy-Greenbrier earthquakes, plaintiffs alleged a
variety of liability theories, including trespass, nuisance, and negligence before settling.[106] In the
absence of deterrence from a strict liability rule and regulation regarding induced earthquake risk, the
threat of a moratorium functions as the law's primary deterrent of further induced earthquakes.

Trends
A. Regulation
1. Themes and Policy Concerns

Recent earthquake events indicate that the damage induced by industrial activities can be substantial.
In the context of achieving deterrence and compensation, the risk that an operator will become
insolvent or will be insufficiently capitalized is real. Bonding and insurance requirements,
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geophysical reporting and monitoring requirements which present high barriers to entry, and judicial
veil-piercing all may prove effective safeguards against this risk. More stringent requirements for
commercial injection well operators as opposed to operators responsible for their own injection
activity may also help accomplish this goal. Bonding waivers for operators able to demonstrate
sufficient financial assets and revenues, such as those associated with offshore drilling leases, may
incentivize companies to disclose what entity is benefiting from the injection activity.

2. Effects

Various aspects of regulation impact induced earthquake risk associated with wastewater injection and
hydraulic fracturing operations to different effect. Both Arkansas and Ohio imposed moratoria. This
appears to be an effective deterrent, as subsequent operations have not induced earthquakes in either
state. Colorado, Ohio, and Texas preventatively regulate seismicity risk, yet additional earthquakes
have only ceased in Colorado and Ohio since regulations were imposed. By contrast, although
Oklahoma and Texas are the only two states that have experienced earthquakes induced both by
wastewater disposal injection and hydraulic fracturing, anti-earthquake regulations were only recently
enacted in Texas and remain lacking in Oklahoma. The fact that operators continue to induce
earthquakes suggests that the degree of regulation, coupled with the absence of responsive moratoria,
may embolden some operators to ignore the risk of induced seismicity in these states. Exactly why
some states have chosen to regulate induced earthquake risk more rigorously than others, despite the
fact that all of these states have experienced earthquakes of similar magnitudes, remains unclear,
although the explanation may be political. In Oklahoma and Texas, oil and gas industry comprises a
substantial portion of the economy, which may in part account for inertia against regulation.
Accordingly, the existence or absence of seismicity-specific state regulation after induced earthquakes
are observed appears to have an impact on the continuing prevalence of induced earthquakes.

Another interesting issue is the effect of distinctions between commercial and non-commercial
disposal wells, in different state's regulatory regimes, since commercial operators tend to have fewer
resources to compensate for earthquake damage whereas non-commercial operators disposing of their
own waste tend to have greater financial assurance. Only two states treat commercial and
non-commercial wells differently: Arkansas and Oklahoma. Yet the potential this presents for
imposing requirements on commercial wells so stringent as to discourage hydraulic fracturing
operators from outsourcing wastewater disposal has not been fulfilled. Wastewater disposal wells
continue to be operated in these states-among others-by small operators who lack resources for
comprehensive geophysical site-characterization studies that could mitigate the risk of an induced
earthquake. In sum, although differential regulations for commercial and non-commercial disposal
well operators have the potential to affect the prevalence of induced earthquakes, this potential has not
yet been realized.

B. Liability
1. Options

In responding to novel risks posed by new industrial activities, different liability frameworks can
promote different values[107] and involve different administration costs.[108] Imposing strict
liability[109] for a particular risk incentivizes the operator of the industrial activity to better
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understand and avoid the risk. Furthermore, a strict liability backstop protects the public fully from
partially-understood harms, giving regulation breathing room to develop deliberately by anesthetizing
public opposition. On the other hand, after regulations and standard practices develop within an
industry to reduce risk from the industrial activity, a negligence rule encourages adoption of those
standards.[110]

2. Deterrence

Liability for induced earthquake damage, just like liability for concussion damage caused by
blasting explosions, can take many forms. In all the jurisdictions surveyed, negligence claims for
concussion damage are allowed to proceed, but plaintiffs may recover under a strict liability theory
only in Ohio and Colorado. It is difficult to ascertain whether concussion liability theories have much
impact on the thinking of operators whose activities carry the risk of inducing earthquakes. It would
seem unlikely that concussion liability, which has remained a fairly dormant area of the law for the
last half century, would have substantially affected the conduct of operators before or after the link
between wastewater injection and earthquakes was established over the last few years. Yet although
regulation may be presumed to have a greater direct effect on potentially earthquake-inducing
operations than liability, the importance of the common law in this area should not be overlooked.
There may be a correlative relationship, if not a causative one, between strict liability regimes and
deterrence of earthquakes. For instance, of the jurisdictions surveyed, Ohio and Colorado are the only
two jurisdictions with strict liability for concussion damage and also the only two to have adopted
strong regulatory frameworks specifically targeting the risk of induced earthquakes. Oklahoma and
Texas have neither strict liability for concussion damage nor robust regulation to prevent induced
earthquakes, and the two states have not only experienced damaging earthquakes, but have
experienced successive swarms of earthquakes, suggesting that operators feel no need to mitigate
these risks. Earthquakes in Texas have continued, even after a lawsuit was filed to recover for
earthquake damage in Johnson City, perhaps indicating that the mere filing of a lawsuit, without more,
possesses little deterrence value. And yet, what role liability theories and regulation may have on
deterrence is muddled in Arkansas, a jurisdiction which, like Ohio and Colorado, has experienced no
further earthquakes after the initial swarms: in Arkansas regulators imposed a moratorium, but no
regulation; a lawsuit to recover for earthquake damage settled; and though not entirely clear, Arkansas
law may favor negligence for concussion damage. Accordingly, although existing concussion law
may not have much of an effect in the jurisdictions surveyed on the conduct of injection well
operators and the companies who generate the wastewater they dispose of, the judicial creation of a
liability rule for induced earthquake damage would likely have a powerful deterrent effect in the
future. It remains to be seen whether, if any cases are ultimately resolved on the merits, the courts
will apply strict liability, which imposes liability on the lowest-cost-avoider and the party responsible
for causing the injury, or negligence, which incentivizes operators to abide by industry best practices.
As of yet, it is uncertain which is the ideal liability framework, and the role that state regulation will
play in such a determination.

Development of a liability framework or additional state regulation may provide stability beneficial to
the public and industry alike by ensuring accountability for damage caused by induced earthquakes
while minimizing the risk of reactionary regulation. Exactly what the ideal framework would look
like is unclear, but existing regimes such as those discussed above should provide valuable guidance
in moving forward.
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