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CARBON CAPTURE AND SEQUESTRATION PROTOCOL UNDER THE LCFS
A. DEFINITIONS AND APPLICABILITY
1. Purpose

The California Air Resources Board's (CARB’s) Carbon Capture and Sequestration
(CCS) Protocol includes two parts: Accounting Requirements and Permanence
Requirements. The purpose of the Accounting and Permanence Requirements are to
establish a methodology to determine if a CCS project will result in the permanent
sequestration of carbon dioxide (CO2) and, if so, to calculate the greenhouse gas
(GHG) benefits under the Low Carbon Fuel Standard (LCFS). The CCS Protocol is
designed to meet the requirements in Assembly Bill 32* that GHG emissions reductions
achieved from voluntary action, such as CCS projects, must be real, permanent,
additional, quantifiable, verifiable, and enforceable.

The Accounting Requirements outline the methodology for estimating emissions
associated with CCS projects, including emissions from CCS operations, CO2 surface
leakage, above ground fugitive emissions, and post-well closure emissions. Applicants
must use the Accounting Requirements to calculate credits or carbon intensity
reductions for CCS projects under the LCFS.

The Permanence Requirements establish criteria for the permanent geologic
sequestration of CO2 for CCS projects to qualify for GHG reductions under CARB'’s
existing climate programs in compliance with AB 32. The Permanence Requirements
set forth criteria and standards that CCS projects must implement in order to acquire
Permanence Certification.

2. Applicability

The CCS Protocol applies to CCS projects that capture CO2 and sequester it onshore,
in either saline or depleted oil and gas reservoirs, or oil and gas reservoirs used for
CO2-EOR. The CCS Protocol applies to both existing and hew CCS projects and CCS
CO: injection wells if the project and associated wells can meet the requirements for
permanence pursuant to section C of this protocol.

3. Definitions and Acronyms
(@) Definitions: For purposes of this document, the definitions in title 13, California

Code of Regulations, section 95481 apply, except as otherwise specified in the
document. The following definitions also apply to this document:

* Assembly Bill 32, the Global Warming Solutions Act of 2006, AB 32, Statutes of 2006, Chapter 488.
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@)

4)

®)

(6)
)

®)

©)

(10)

11)

(12)

“Active life” or “operational life” means the operational phase of a CCS project
in which injection and, if applicable, production occurs. The term omits the
monitoring and site care phase of the CCS project following injection
completion.

“Area of review” means the area encompassing the lateral extent of the-
elevated pressure front-at depth and the surface footprint of the storage

complex.

“Aqueous diffusion coefficient” is the magnitude of the molar flux through a
surface per unit concentration gradient. Typical diffusion coefficients for
organic compounds in aqueous solution range between 101°to 10° m?/s.

“Artificial penetration” means any man-made structures, such as wells or
mines, which provide a flow path out of the sequestration zone or storage
complex.

“Assets” means all existing and all probable future economic benefits
obtained or controlled by a particular entity.

“Biogenic CO2" refers to CO2 produced from biomass.

“Borehole” means a cylindrical hole cut into rock or soil by drilling. Also refers
to the inside diameter of the wellbore wall (i.e., the rock face that bounds the
drilled hole).

“Bottom-hole pressure” means the pressure at the bottom of the wellbore
within the sequestration zone. It may be measured directly with a downhole
pressure transducer, or in some cases estimated from the surface pressure
and the height and density of the fluid column.

“Brine” is water containing dissolved minerals and inorganic salts in solution,
including sodium, calcium, or bromides. Water containing dissolved solids in
excess of 100 g/L is classified as brine. Large quantities of brine are often
produced along with oil and gas.

“Brittleness” is a property of a rock in which failure under a load occurs by
fracturing, rather than by plastic deformation.

“Capillary pressure” means the pressure difference across the interface oftwo
immiscible fluids (e.g., CO2 and water).

“Capillary entry-pressure” means the pressure that a non-wetting fluid (e.g.
CO2) must overcome to displace water held tightly by capillary forces in the
pores of a rock or sediment.
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(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

“Capture Facility Operator” means the operator responsible for the CCS
capture facility.

“Carbon capture and sequestration (CCS)” means the process of
concentrating CO2 present in flue and/or exhaust gases, or air, via chemical
and/or physical separation methods, transporting the COz2 to an injection
site, and injecting and permanently sequestering the captured COz.

“Carbon dioxide equivalent” or “CO2 equivalent” or “COze” means the
number of metric tons of CO2 emissions with the same global warming
potential as one metric ton of another greenhouse gas. For the purposes of
the LCFS CCS Protocol, global warming potential values listed in the CA-
GREET model are used to determine the CO2 equivalent of GHG emissions.

“Carbon intensity” has the same meaning as in 13, CCR, section 95481.

“Casing” or “casing string” means a pipe or tubing of appropriate material
(typically made of steel as used in oil and gas wells), of varying diameter and
weight, lowered into a borehole during or after drilling in order to support the
sides of the hole and thus prevent the walls from caving, to prevent the loss of
drilling mud into porous ground, to prevent water, gas, or other fluid from
entering or leaving the hole, or to allow conveyance of fluids to/from the
surface from/to a specific location in the subsurface. “Long string casing”
refers to the last, or longest, casing set in a well, set through the
sequestration or production reservoir. “Surface casing” refers to the first
string of casing that is set in a well, and varies in length from a few hundred to
a few thousand feet.

“Casing inspection logs (CIL)" are used to determine the presence or absence
of corrosion in the long-string casing.

“Casing shoe” means the bottom of the casing string or the equipment run at
the bottom of the casing string.

“CCS capture facility” means any plant, building, structure, or stationary
equipment that captures CO2 generated from industrial processes, or
the atmosphere.

“CCS project” means the overall CCS project operations, including those of
the CCS capture facility and geologic sequestration site and activities.

“CCS Project Operator” means the operator responsible for the CCS project.

“COz2-enhanced oil recovery (CO2-EOR)” means the injection into and
storage of CO: in oil reservoirs contributing to the extraction of crudeoil.
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(24)

(25)

(26)

@7)

(28)

(29)

(30)

(31)

(32)

“COz injection” means the process of injecting CO:2 into geologic reservoirs.

“CO2 leakage” means any movement of stored CO2 out of the intended
sequestration zone and abeve- out of the storage complex. “Atmospheric

leakage” means the intended or unintended release of stored CO2 outside
the storage complex to the surface and atmosphere. “Subsurface leakage”
means the vertical movement of stored CO:2 out of the storage complex
andier-AOR-that does not reach the atmosphere.

“CO:2 plume” means the physical extent underground, in three dimensions,
of the free-phase and dissolved CO:2 stream.

“CO:2 stream” means CO: that has been captured from an emission source
(e.g., a power plant), plus incidental associated substances derived from the
source materials and the capture process, and any substances added to the
stream to enable or improve the injection process.

“CO2-recyeling separation” means the process that separates CO> from

Commented [SH2]: Lateral migration out of the
storage complex also can result in significant losses.
Or specify lateral or vertical migration

produced oil, water, and natural gases for re-injection in the subsurface or
transfer off site.

“Computational model” means a mathematical representation of the injection
project and relevant features, including injection wells, site geology, and fluids
present. For a CCS project, site-specific geological information is used as an
input to a computational code, creating a computational model that provides
predictions of subsurface conditions, fluid flow, and CO2 plume and pressure
front movement at that site. The computational model includes all model
input and predictions (i.e., outputs).

“Confining pressure” means the combined hydrostatic and lithostatic stresses,
or the total weight of the interstitial pore water and rock above a specified
depth.

“Confining layersystem” means a multi-layered |laterally extensive geologic

Commented [SH3]:

R
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formation, group of formations, or part of a formation, stratigraphically
overlying the sequestration zone that exhibits low permeability and/or high
capillary entry-pressure (e.g. a clay-rich shale or mudstone) such that it
impedes the upward migration of fluid(s). The “primary confining layer” refers
to the confining layer directly above the sequestration zone. “Secondary
confining layer” refers to a confining layer directly above a dissipation zone
and above the storage complex.

“Constitutive relationships” represent empirically based approximations used
to simplify the real-world system and estimate unknowns. Examples include
saturation-relative permeability relationships, interphase mass transfer
relations, and solution reaction relations.
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(33)

(34)

(35)

(36)

37)

(38)

(39)

(40)

(41)

(42)

“Corporate parent” means a corporation that directly owns at least 50 percent
of the voting stock of the corporation that is the CCS Project Operator; the
latter corporation is deemed a subsidiary of the parent corporation.

“Corrective action” means the use of California Air Resources Board-
approved well remediation methods to ensure that any artificial penetrations
within an/AORa storage complex [do not serve as conduits for the movement

of fluids out of the intended storage complex.

“Corrosion” means the loss of metal due to chemical or electrochemical
reactions that may cause loss of mass or thickness, cracking, or pitting of well
components (casing, tubing, or packer).

“Corrosion coupons” are small, pre-weighed, and measured pieces of metal
made of the construction materials that are exposed to well fluids for a
defined period, then removed, cleaned, and weighed to determine the
corrosion rate. The coupon is made from the same material as the well's
casing or tubing. The average corrosion rate in the well is calculated from the
weight loss of the coupon.

“Corrosion loops” are sections of tubing that are valved so that some of the
injection stream is passed through a small pipe running parallel to the
injection pipe at the surface of the well. These loops allow for monitoring and
analysis of corrosion.

“Current assets” means cash or other assets or resources commonly
identified as those that are reasonably expected to be realized in cash, sold,
or consumed during the normal operating cycle of the business.

“Current liabilities” means the obligations whose liquidation is reasonably
expected to require the use of existing resources properly classifiable as
current assets or the creation of other current liabilities.

“Darcy’s law” is an equation that defines the ability of a fluid to flow through a
porous medium such as rock. It relies on the fact that the amount of flow
between two points is directly related to the difference in pressure between
the points, the distance between the points, and the interconnectivity of flow
pathways in the rock between the points.

“Depleted oil and gas reservoirs” means reservoirs that do not currently
produce oil or gas, and are considered to have no economically recoverable
oil or gas with current technology.

“Depositional environment” is a specific type of place on the surface of the
earth in which certain chemical, biological, and physical characteristics affect
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(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

the deposition of sediments. The three overarching types of depositional
environment include continental, marginal marine, and deep marine.

“Deviated well” means a well that is not drilled vertically for its whole length,
or a well with an inclination designed to be other than zero degrees from
vertical.

“Dissipation interval” is a stratigraphic interval with hydrogeologic properties
sufficient to attenuate pressure created by CO2 or formation fluid migration
along an unidentified leakage pathway through the confining layersystem._
Can be used for monitoring

“Downhole measurements” are measurements collected from within the
wellbore or borehole, either while drilling or during well maintenance or
operation. Downhole measurements are used to determine physical,
chemical, and structural properties of formations penetrated by a drill hole.
Using a variety of instruments, these measurements are collected to make
continuous in-situ records as a function of depth.

“Ductility” means the property of a rock by which the rock plastically deforms
under a load, rather than breaking by fracturing.

“Embodied GHG” means lifecycle greenhouse gas emissions associated with
production and transport of process fuels and chemicals to the point of use
(e.g., GHG from the production and transport of natural gas as process fuel to
a refinery).

“Entrained CO2” means CO: that remains in water, oil, or natural gas after
the (oil, water, and natural gas) separation has taken place.

“Equation of state” refers to an equation that expresses the equilibrium phase
relationship between pressure, volume, and temperature for a particular
chemical species.

“Fluid” means liquid or gas.

“Fluid pressure” means the measure of the potential energy per volume of
fluid, based on force acting per unit area (psi or kPa).

“Formation compressibility” is the relative volume change of a formation per
unit pressure change.

“Fracture pressure” or “parting pressure” is the pressure in the wellbore above
which the injection of fluids will cause the rock formation to fracture
hydraulically.
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(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

“Fracture gradient” is the factor used to determine formation-fracturing
pressure as a function of well depth in units of psi/ft.

“Free-phase CO:z plume” means the portion of CO: in supercritical,
gaseous, or liquid phase, rather than as a dissolved component in native
fluid (e.qg., dissolved in brine), that occupies pore space within the
sequestration zone.

“Freshwater aquifer” means an aquifer that contains fewer than 10,000mg/L
total dissolved solids per the U.S. EPA Safe Drinking Water Act.

“Fugitive emissions” means unintentional leakage of greenhouse gasesfrom
such as connectors, block valves, control valves, pressure relief valves,
orifice meters, and regulators.

“Geographic location” means the location of a well or monitoring site as
referenced to a geographic coordinate system (e.g. latitude and
longitude).-ust Henl .

“Geologic carbon sequestration (GCS)” means the permanent (= 100 years)
containment of CO2 within deep subsurface rock formations. This term does
not include the capture or transport of CO2.

“Geologic formation” means a body of rock characterized by a degree of
lithologic homogeneity that is prevailingly, but not necessarily, tabular and is
mappable on the earth’s surface or traceable in the subsurface.

“Geomechanical analysis” means to study rock mechanical characteristics
and properties, such as fault and reservoir rock stability and confining layer
system integrity.

“GHG emissions reductions” means the amount of greenhouse gas emissions
(MT CO3) avoided by limiting the carbon intensity of fuels under LCFS.

“Governing equation” means the mathematical formulae that form the basis of
a computational code. For computational modeling, they govern the
predicted behavior of fluids in the subsurface provided by the code.
Governing equations are mathematical approximations for describing flow
and transport of fluids and their components in the environment.

“Hydraulic conductivity” is a measure of a material's capacity to transmit a
fluid. It is defined as a constant of proportionality relating the specificmedium
under a unit hydraulic gradient.

“Hydraulic head” is the force per unit area exerted by a column of liquid at a
height above a depth and pressure of interest. If connected by permeable

1U.S. EPA Underground Injection Control Program, 40 C.F.R. §144 (2014).
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(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

flow paths, fluids flow down a hydraulic gradient, from points of higher
hydraulic head to points of lower hydraulic head.

“Injectivity” means the pressure differential over existing reservoir pressure
required to inject a unit volume of fluid in a given unit of time. It is typically
expressed as psi/bbl/day (psi per barrel per day), but can be expressed in any
combination of pressure, volume, and time units.

“Isopach map” means a contour map showing equal values of true
stratigraphic thickness of a formation.

“Leak-off test” is a test to determine the strength or fracture pressure of the
formation, usually conducted immediately after drilling below a new casing

shoe. The results of the leak-off test dictate-in interpreted to set the _—{ commented [SH9: Interpretation is required

maximum pressure or mud weight that may be applied to the well during
drilling operations. To maintain a small safety factor to permit safe well
control operations, the maximum operating pressure is usually slightly below
the leak-off test result.

“Liner” means a casing string that does not extend to the top of the wellbore
(i.e., the ground surface), but instead is anchored or suspended from inside
the bottom of the previous casing string. The liner can be fitted with special
components so that it can be connected to the surface at a later time, ifneed
be.

“Lithofacies” means a mappable subdivision of a rock unit with distinctive and
characteristic lithologic features.

“Lithology” means the general description and classification of a rock or rock
sequence in terms of their color, texture, and composition.

“Lithostatic stress” means component of confining pressure derived from the

weight of the column of rock and fluid labove a specified level. _—{ commented [sH10]: Total mass

“Mechanical integrity” means that all well barrier envelopes, including but not
limited to, the tubing, packer, wellhead, and casing, reliably perform their
primary functions of containing pressure and are free from leakage.

“Mechanical integrity test” means a test that consists of two parts conducted
on a well to ensure that there are no leaks and that the mechanical
components of the well function in a way that is protective of public health and
the environment. The injection well has two parts: internal and external. The
internal part has mechanical integrity if no leakage is noted in the packer,
casing, or tubing. The external part has mechanical integrity if no movement
of fluid is noted through the vertical channels that are adjacent to the well.
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(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

“Microannuli” means small gaps that may form between the casing or liner
and the surrounding cement sheath within a well. Microannuli most
commonly form due to temperature and/or pressure fluctuations during or
after the cementing process. Such fluctuations cause small movement of the
steel casing, breaking the cement bond and creating a microannulus. If it is
severe and connected, a microannulus can jeopardize the hydraulic efficiency
of a primary cementing operation, allowing communication between
formations and the possibility of fluid migration out of storage complex.

“Model domain” means the lateral extent of the model in all directions.

“Model parameter” means a variable in the governing equations of a
computational model that may vary throughout the domain, or may vary in
space and time. Various system aspects are sometimes lumped together in
simulation models and described by effective parameters that are estimated
or averaged. Parameters describe properties of the fluids present, porous
media, and fluid sources and sinks (e.g., injection well). Examples of model
parameters include intrinsic permeability, fluid viscosity, and fluid injection
rate.

“Multiphase flow” means the flow of two immiscible phases. For the purposes
of the CCS Protocol, the pertinent phases are CO:z (as a gas, liquid, or
supercritical fluid), and brine or oil.

“Net worth” means total assets minus total liabilities and is equivalent to
owner’s equity.

“Net working capitol” means current assets minus current liabilities.

“Permanent sequestration” or “permanence” means sequestered CO2
will remain within the storage complex for at least 100 years.

“Perforation-Completion finterval” means the section of wellbore that has

been prepared for production by creating channels between the reservoir
formation and the wellbore.

“Permeability” means the measure of a rock’s ability to transmit fluids.

(84)  “Petrophysical analysis” means the study of the fundamental chemical and

physical properties of reservoir rocks and their contained fluids. The term,
“petrophysics,” encompasses multiple types of rock studies, including core
analysis, sample descriptions, petrography, scanning electron microscopy,
well log analysis, and other forms of detailed laboratory data.

{84)(85) FPlume Stabilityzation” means that plume migration and pressure

changes are small and predictable and the risk of migration outside of the
area of review is reduced

—

Commented [SH11]: Various types of completion can
be used

ATTACHMENT 1: CCS Protocol — A: Definitions and Applicability Page 17/175

/{

Commented [SH12]: Definition needed for storage
complex definition and for closure discussions.




{85)(86) "Pore pressure” means the pressure of a fluid held within spaces
between particles (i.e. pore space) in a rock.
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(86)(87) “Ppre space” means the volume efbetween crystals or grains in a rock

8H—"Porosity”

(88)
(89)

(90)

(91)

(92)

(93)

(94)

(95)

rock or soil veids-that can be filled by a fluid, such as water, air, or COz2.

means the relative volume perce

ntage of-the-veid-pore space in-the

“Post-injection site care” means appropriate monitoring and other actions
(including corrective action) needed following the completion of injection to
ensure permanence of sequestered COx.

“Precipitation kinetics” means the rates of mineral precipitation froma
solution. Mineralization reactions are very sensitive to kinetic rate
parameters.

“Elevated Ppressure-frent” means the-region-surreundingfluid response to
CO: injection wells-in-whichsuch that -the pressure rise is-creates leakage

risk. } :

“Pressure fall-off test” means a field test conducted by ceasing injection for a
period (i.e., shutting-in the well) and monitoring pressure decay at the well.
The pressure change is analyzed using pressure transient analysis, a
technique based on the mathematical relationships between flow rate,
pressure, and time. The information from these analyses helps determine
injection potential. It can also derive permeability, reservoir boundary shape,
and reservoir pressures.

“Project GHG emissions” means the GHG emissions from various activities
associated with a CCS project.

“Pump test” means a field experiment in which a well is pumped at a
controlled rate and water-level response (drawdown) is measured in one or
more surrounding observation wells and optionally in the pumped well itself.
Response data from pumping tests are used to estimate the hydraulic
properties of aquifers, evaluate well performance, and identify aquifer
boundaries.

“Reactive transport model” means a model of the chemical reactions between
constituents (e.g., injected COz2, formation fluids, and the reservoir rock).
These models incorporate rate-limited intra-aqueous reactions, mineral
dissolution and precipitation, changes in porosity and permeability due to
these reactions, and multi-component gas mixtures to model and predict the
impact of CO2 and its co-injectates (e.g., hydrogen sulfide, sulfur dioxide) on
aquifer acidification, the concomitant mobilization of metals, and any mineral
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(96)

(97)

(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

trapping of CO2. These models can also be used to assess corrosion of well
construction materials.

“Recycled CO2" means CO: that is separated from oil, water, and
natural gases, and reinjected back into the reservoir.

“Relative permeability” means the ratio of the effective permeability of a
particular fluid at a particular saturation to the absolute permeability of that
fluid at total saturation (dimensionless). If a single fluid is present in a rock,
its relative permeability is 1.0.

“Rock compressibility” means the relative volume change of matter per unit
pressure change under conditions of constant temperature. Rock
compressibilities are typically displayed in psi.

“Sequestration and storage site” means the surface site and corresponding
infrastructure where CO2 injection occurs, and includes the storage
complex at depth, where COz2 is stored.

“Site closure” means the point or date, after at least 100 years and—(m
otherwise as-determined by the Executive Officer following the

requirements under subsection C.5.2, at which point the CCS Project
Operator is released from post-injection site care responsibilities.

“Sequestration zone” means the reservoir into which CO: is injected
for geologic sequestration.

“Skin factor” means a dimensionless pressure drop caused by a flow
restriction in the near-wellbore region, typically associated with damage
during drilling and well operations.

“Specific storage” means the volume of water released from storage from a
unit volume of aquifer per unit decline in hydraulic head (displayed inL™).

“Step rate test” means test in which a fluid is injected for a defined period in a
series of increasing pump rates. The resulting data are used to determine the
maximum safe injection rate possible without fracturing the reservoir rock.

“Stratigraphic test well” means a hole drilled for the sole purpose of gaining
structural or stratigraphic information to aid in subsurface exploration.

“Storage coefficient” means the volume of water released from storage by a
confined aquifer per unit surface area of aquifer per unit decline in hydraulic
head normal to the surface and equal to the product of specific storage and
the saturated thickness (dimensionless).
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(107) “Storage complex” means the three-dimensional subsurface volume that is
characterized, modified by corrective actions, and monitored so that the CCS
Project is able to meet the requirements for carbon sequestration under the
Permanence Requirements (section C).

A) For saline and depleted oil and gas reservoirs, the storage complex
includes the injection zone (in which the CO2 is emplaced), a
sequestration volume, which is expected to contain the CO2, and
overlying and possibly underlying geologic formations that are required to
provide assurance of storage. The storage complex must include a

The storage complex Commented [SH16]: A performance-based definition
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(B)  For CCS projects utilizing CO2 injection for EOR purposes, the storage Is important.

complex is the three-dimensional extent of the reservoir used for oil

production and CO: storage. The storage complex for a CO2-EOR CCS

project is delineated by the geologic extent of the reservoir sueh-as

defined by impervious rock, structural closure, decrease or loss of

porosity and permeability, or hydrodynamic forces in a three

dimensional imagevolume | /[Commented [SH18]: Edits for clarity

(108) “stratigraphy” means the classification of sedimentary rocks based on their
lithologic properties and geometric relations, such as spatial distribution,
depositional environment, composition, and age.

(109) “Supercritical CO2" means the physical state where CO2 exhibits properties
of both a gas and a liquid when its temperature and pressure exceeds the
critical temperature (87.98 °F) and pressure (1,071 psi).

(110) “System boundary” means a delineation of activities/processes that are
considered part of the project when analyzing emissions from CCS projects.

(111) “Tangible net worth” means the tangible assets that remain after deducting
liabilities; such assets would not include intangibles such as goodwill and
rights to patents or royalties.

(112) “Total dissolved solids (TDS)” means milligrams per liter of total dissolved
solids content. Solids content includes inorganic salts (principally calcium,
magnesium, potassium, sodium, bicarbonates, chlorides, and sulfates) and
some small amounts of organic matter that are dissolved in water.
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(116)

(117)

(118)

(119)

(120)

(121)

122)

“Transmissibility” means a measure of the conductivity of the formation
corrected for the viscosity of the flowing fluid. It is a coefficient associated
with Darcy’s law, which characterizes flow through porous media. It is equal
to the coefficient of permeability (hydraulic conductivity) multiplied by the
thickness of the formation.

“Transmissive fault or fracture” means a fault or fracture that has sufficient
permeability and vertical extent to allow fluids to move laterally or vertically
along the fault or fracture, or within an associated damaged zone.

“True stratigraphic thickness” means the thickness of rock layer after
correcting for the dip (inclination) of the layer and the deviation of the well that
penetrates it. Values of true stratigraphic thickness in an area can be plotted
to create an isopach map.

“True vertical depth” means the vertical distance from a point in the well
(usually the current or final depth) to a point at the surface. If the well is
deviated, the measurement may be different from the “measured depth.”

“True vertical thickness” means the thickness of a layer of rock measured
vertically from a reference point at the surface. Values of true vertical
thickness in an area can be plotted to create an isopach map.

“Tubing” or “production tubing” means any tubing used to inject or produce
fluids, respectively.

“Unconfined compressive stress” is a measure of a material’s strength. The
unconfined compressive strength (UCS) is the maximum axial compressive
stress that a right-cylindrical sample of material can withstand under
unconfined conditions. It is also known as the “uniaxial compressive strength”
of a material because the application of compressive stress is only along one
axis-the longitudinal axis-of the sample.

“Vadose zone” means the unsaturated zone of the subsurface above the
groundwater table. The soil and rock within this zone typically contains air
and water within its pore space.

“Vented emissions” means intentional or designed releases of CH4 or COz2
including process designed flow to the atmosphere through seals or vent
pipes, equipment blowdown for maintenance, and direct venting of gas used
to power equipment (such as pneumatic devices).

“Vertical stress” means the force per unit area imposed on a layer of rock.
Vertical stress is the combined stress due to the total weight of rock and
interstitial fluids above a specified depth.
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(123) *“Viscosity” means the measure of a liquid’s resistance to flow.

(124) “Well” or “wellbore” means a hole that is drilled into the Earth’s subsurface. A
wellbore can be encased by materials such as steel and cement, or it may be
uncased.

(125) “Wireline” means a wire or cable that is used to deploy tools and instruments
downhole and transmits data to the surface.

(126) “Workover” means the process of performing major maintenance or remedial
treatments on an injection or production well. In many cases, workover
implies the removal and replacement of the production tubing string after the
well has been killed and a workover rig has been placed on location.

(b) Acronyms:

“AP1” means American Petroleum Institute.

“AOR” means Area of Review.

“APCD” means Air Pollution Control District.

“AQMD” means Air Quality Management District.

“ASTM” means ASTM International, formerly known as the American Society for
Testing and Materials.

“CARB” means California Air Resources Board.

“CA-GREET” means the Greenhouse gases, Regulated Emissions, and Energy
use in Transportation Model, as referred to in the LCFS regulation.

“CERCLA” means Comprehensive Environmental Response, Compensation, and
Liability Act.

“CAA” means Clean Air Act.

“CWA” means Clean Water Act

“CCS” means Carbon Capture and Sequestration.

“CH4"” means methane.

“CIL” means casing inspection log.

“CO” means carbon monoxide.

“CO2"” means carbon dioxide.

“CO2e" means CO:2 equivalent.

“CO2(ag)” means carbon dioxide dissolved in an aqueous solution.

“COz2()" means carbon dioxide as a free gas phase.

“CO2-EOR” means COz-enhanced oil recovery.

“GCS” means geologic carbon sequestration.

“DOGGR” means the California Division of Oil, Gas, and Geothermal Resources.

“GHG” means greenhouse gas.

“GPS” means global positioning system.

“LCFS” means the Low Carbon Fuel Standard (title 17, California Code of
Regulations, section 95480 et seq.)

“MRR” means the Regulation for the Mandatory Reporting of Greenhouse Gas
Emissions (title 17, California Code of Regulations, sections 95100 et seq.)
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“MT” means metric ton.

“N20" means nitrous oxide.

“NESHAPS” means the National Emission Standards for Hazardous Pollutants
preconstruction approval under the Clean Air Act.

“NPDES” means the National Pollution Discharge Elimination System under the
Clean Water Act.

“PSD” means the Prevention of Significant Deterioration program under the
Clean Air Act.

“PSI” means pounds per square inch.

“RCRA” means the Resource Conservation and Recovery Act.

“SDWA” means Safe Drinking Water Act.

“SIC” means Standard Industrial Classification codes for classifying industries by
a four-digit code.

“SSR” means sources, sinks, and reservoirs.

“TDS” means total dissolved solids.

“TOC” means total organic carbon.

“US EPA UIC” or “UIC” means the United States Environmental Protection
Agency Underground Injection Control program.?

“VOC” means volatile organic compound.

2EPA Underground Injection Control Program, 40 C.F.R. §144, §145, and §146 (2014).
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B. ACCOUNTING REQUIREMENTS FOR CCS PROJECTS UNDER THE LCFS
1. System Boundary

The Accounting Requirements for CCS delineate a system boundary that covers all
CO:2 sources, sinks, and reservoirs (SSRs) from a CCS project. All SSRs within the
system boundary must be accounted for when quantifying emissions reductions from
CO:2 sequestration. Typically, SSRs included in the system boundary are carbon
capture and compression, CO:2 transport, and CO: injection. Note that the injection
and storage (or sequestration) site may be geographically separate from the capture
site as shown in Figure 1.

i CO, source
(eg. power plant)

Figure 1. An example of geologic sequestration project indicating SSRs.2

The specific types of equipment and sources covered by the system boundary can vary
by CCS project types. Figure 2 shows the system boundary for capturing CO2 and
sequestering it in oil and gas reservoirs used for CO2-EOR indicating which SSRs are
included. Likewise, Figure 3 shows the system boundary for capturing CO2 and
sequestering it in depleted oil and gas reservoirs and saline formations.

In either case, the system boundary begins with carbon capture and ends with injection
operations including CO:2 leakage. Any emissions downstream of the sequestration site
(except entrained CO: in the case of CO2-EOR) are excluded since they are associated
with the downstream products rather than the CCS project. For example, GHG
emissions associated with crude oil transport from the CO2-EOR facility and subsequent
refining are not accounted for within the project boundary.

3Source: Energy and Earth Resources, Department of State Development, Business and Innovation
within the Victorian State Government (Australia) https://breakingenergy.com/2014/06/13/infographic-
carbon-capture-and-storage-ccs/
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Figure 2. System boundary for CO2 capture and sequestration in oil and gas reservoirs used for CO2-EOR.
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Figure 3. System boundary for CO2 capture and sequestration in depleted oil and gas reservoirs and saline formations.
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2. Quantification of Geologic Sequestration CO2 Emission Reductions

This section describes the methodology for estimating GHG emissions reductions by
sequestering CO:z in oil and gas or saline reservoirs.

21. Covered Greenhouse Gas Emissions for the LCFS

Under the LCFS, GHG accounting relies on CA-GREET. In addition to COz2, CH4, and
N20, CA-GREET treats volatile organic compounds (VOC) and carbon monoxide (CO)
as GHGs because they are eventually oxidized to CO:. In the context of CCS projects
in the LCFS, emissions covered in this document under the LCFS are COz, N20, CHa,
CO and VOC. The global warming potential values listed in the CA-GREET model are
used to determine the CO:2 equivalent of emissions. If N2O, CH4, CO and VOC
present in the CO2 stream are sequestered during COz2 injection, they are not included
in the quantification and will not be credited.

22. Greenhouse Emissions Reductions Calculation\

(€)] Net annual GHG emissions reductions from CCS projects must be quantified
using Equation 1.

GGGGGGrmrrmnwrrrr = CCCCZHHWWW - GGGGGGpprmyyrrmv (1)
Where:
GGGGGG v = Net GHG reductions (MT COzelyear).
N F— = Amount of injected CO2 (MT CO2/year). Excludes recycled

CO: in the case of CO2-EOR (equal to purchased CO2 per
year measured atbefore| the point of injection).

=

GCCGCGyprrmpprrrn = Project GHG emissions (MT COzelyear).

If the injected CO2 consists of CO2 derived from various sources/facilities, a
mass-balance approach must be used to assign the injected amount to the
various sources of carbon capture based on metered data and contractual
agreements between the CO2 supplier and CCS project operator. CO2 from
natural underground COz2 reservoirs must be omitted from ((((z, . in

Equation 1.

(b) Annual project GHG emissions must be calculated using Equation 2. Each
variable in Equation 2 must include both direct emissions as well as upstream
(indirect) emissions associated with the corresponding specific activity, and must
be determined pursuant to subsections B.2.2(c) through B.2.2(e) below.

GGGGGGpprrrrpprrrrrr = GGGGGGrrccpprrrrrrrr u GGGGGGrrmmttpprrrrrr t GGGGGGmrpprrrrrrrrrrrr + GGGGGGrrdddddd (2)

Where:
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CCGGCGyrrmpprrr = Project GHG emissions (MT COzelyear).

GGGGGG ecpprrrrmmr GHG emissions associated with carbon capture,
dehydration, and compression (MT COzelyear).

GGGGGG rrrrecmtpprrrm = GHG from CO: transport (MT COzelyear). Transport can be

by pipeline, ships, rail, or trucks.

GHG emissions from injection operations (MT COzelyear).

GHG emissions from direct land use change (MT

COzelyear).

GGGG GG TIITPPITITTIITITT
GGGCCGmddddda

Annual GHG emissions from carbon capture, dehydration, and compression
must be calculated according to Equation 3. GHG emissions from fuel
combustion and electricity use must be determined using emission factors
available in CA-GREET. If an emission factor for a particular fuel is not available
in CA-GREET, applicants must refer to Tables E1-E3 in Appendix E.*

G666,y = EEEEEEEEEEEECEEGGOG6G reccrntmrrey + EEEEEEEEBEEEEECOCE,mrmrmrmee-armrccee 3)
+ GGGG(E”Y‘(WE + EEEEEEEEEEEEEEEEGGGGOGr hrrecrmmecs

Where:

CC6GCEreprrmr = GHG emissions from capture, dehydration, and compression
(MT COze lyear).

(GG6CGrmreccerrtrmmm = GHG emissions from fuel combustion in stationary
equipment including emissions from parasitic load
(MT COzelyear).

B A —————
= Embodied (upstream) GHG emissions from electricity and
steam use (MT/CO:ze year).
EEEEEEEEEEEEEEEEGGGOGffrrm:
= Embodied (upstream) GHG emissions of fuel used in
stationary equipment including emissions from parasitic load
(MT/COze year).
EEEEEEREEEREEEEEGGGGCGAmcormece
= Embodied (upstream) GHG emissions from chemicals used
in carbon capture, including replacements from
loss/deterioration (MT COzelyear). Depending on the
technology used, carbon capture may involve the use of
chemicals such as monoethanolamine (MEA), NaOH, and
activated carbon.

GHG emissions from fuel combustion (66666Grmeccermmr) must be calculated using
the amounts of fuels and purchased steam used, and their corresponding
emission factors provided in the CA-GREET model. If specific emission factors

4 Combustion emission factors provided in the CA-GREET and Table A1 may differ from the emission
factors mentioned in the Regulation for the Mandatory Reporting of Greenhouse Gas Emissions (CARB).
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are not available in CA-GREET, refer to emission factors provided in Tables E1-
E3.

Embodied GHG emissions of electricity must be calculated using electricity
emission factors in the CA-GREET model. Embodied GHG emissions of steam
can be calculated based on the enthalpy of steam as well as the fuel source and
efficiency of the boiler.

Embodied GHG emissions of chemicals (EEEEFEEEEFEEEEEGGGGGG mnmecrnree:) MUSE bE
calculated using the CA-GREET model or an equivalent method if the chemical
in question is not modelled in CA-GREET.

Embodied (upstream) GHG emissions of fuel (EEEEEEEEEFHEEEEGGCGGG fmm ) MuSE b
calculated using the CA-GREET model or an equivalent method if the fuel in
question is not modelled in CA-GREET.

Annual GHG emissions from CO: transport must be calculated using Equation4.
(e, and CCCCz,,. ... in Equation 4 are zero if the COz is of biogenic origin,
such as from sugar fermentation, or derived from direct air capture.

wiiii

GGGGGGmrccrrttpprrrrn = GGGGGGnrrccccrrnmrrrrr + EEEEEEEEEEEEEEEEGGGGGGrrzermrrmrrmrree (4)
+ EEEEEEEEREEEEEEEGGGOCTtfrrme
Where:
GGGGGGrrrecmttpprorrmr = GHG emissions from CO:2 transport (MT COzelyear).
(6G6CGrmreccerrtrmmm = GHG emissions from fuel combustion at stationary

equipment (MT CO:zelyear) used in COz transport.
EEEEEEEEEEEEEEEEGGGGGG germmyrrrrrrrrrrrree
= Embodied (upstream) GHG emissions from electricity use
(MT COzelyear) in CO2 transport.
EEEEEEEEEEEREEEEGG GO frrm:
= Embodied (upstream) GHG emissions of fuels used in CO2
transport (MT COzelyear).

If a pipeline carries CO2 to multiple geological sites or serves multiple uses, CO2
transport emissions must be prorated using the mass-based allocation method
and assigned to the CCS project under consideration.

If the injected CO2 comes via two or more different transport modes,
GGGGGGrrrrearrepprrerr in EQuation 4 must be calculated and summed together for each

transport mode.

Annual GHG emissions from CO: injection operations must be calculated using
Equation 5 for CO2-EOR and Equation 6 for depleted oil and gas reservoirs and
saline formations.
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Entrained CO2 emissions in Equation 5 are calculated using the formula provided
in Equation F.1 in Appendix F.

GHG Emissions from fuel combustion, electricity use and embodied (upstream)
emissions of fuels must be restricted to COz2 injection and recycling operations
only. GHG emissions associated with fuel combustion, electricity use and
embodied (upstream) emissions of fuels used for other activities at the CO2-EOR
site are excluded from the credit calculation because they are assigned to the
crude production pathway.

GGGGGGrrrrpprrmﬂrrrrr = GGGGGGﬂrrccccrmmmrr + EEEEEEEEEEEEEEEEGGGGGGrrmmmmmnee+ttm‘rcccc (5)
+ EEEEEEEEEEEEEEEEGGGGGGHWW + (000 5 + CCCCZ[/ffffiiiinvvii + CCCCZiiii[[eeeeuiiiili
+ CCCCZl(ueellee/fii + CCCCZiieeeeiittﬁiiee
Where:
GGGGGGrrrrprrrrrrrrrre = GHG emissions in COze associated with injection

operations in CO2-EOR (MT COzelyear).
GGGGGGWCCCCYMYTTWTT
= GHG emissions from fuel combustion at stationary
equipment used in CO: injection and recycling
(MT COzelyear).
EEEEBEBEEERBEREEGG 000, ommrmmec-t tmrccce
= Embodied (upstream) GHG emissions from electricity and
steam use in CO: injection and recycling (MT COzelyear).
EEEEEEEEEEEEEEEEGGGOGhsfrrme:
= Embodied (upstream) GHG emissions of fuels used
(excluding electricity) in CO: injection and recycling
(MT COzelyear).

(CCC2 05 = CO:2 emissions from venting (MT COz/year) including
biogenic CO2 and CO:2 from direct aircapture.

AL PR— Fugitive CO2 emissions from surface equipment
(MT CO:zlyear) including biogenic CO2 and CO2 from direct
air capture.

AN S = Entrained CO: in produced water, natural gas, and crude oil

iiiiiiceeeiiiiiiii

downstream of separator units (MT COz/year).Excludes
entrained CO:g if it is reinjected into reservoirs.
Atmospheric CO:2 leakage from the storage

complex (MT COz/year).

Intentional transfer of stored CO2 outside of the project

boundary (MT CO2/year).

CCCCleileelleeffo

(CCC2

iieceeiittffiiee

And:
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GGGGGGrrrrmrrrmmm = GGGGGGmrccccrrttmmrr + EEEEFWFFFWFFWGNN;mmmu‘ymcchurmcccc (6)
+ EEEEEEEEEEEEEEEEGGGGGG/fmm + GGGGGGWIT{W + CCCCZ + CCCCZ{!ueelleer/ii

fFffffiiiiiimii
Where:
GGGGGGrrrrprrrrrrrrrre = GHG emissions associated with COz2 injection
operations (MT COzelyear).
GGGGGGWTCCCCTT[fWWTTT
= GHG emissions from stationary combustion equipment
(MT COzelyear).
rrermrrrrTTITeeHttrecce
= Embodied (upstream) GHG emissions from electricity and
steam use (MT COzelyear).

EEEEEEEEEREEEEEEGGGGGE

EEEEEEEEEEEEEEEGG GO frrme:
= Embodied (upstream) GHG emissions of fuels excluding

electricity (MT COzelyear).

GGGGCGwrrmr = CO2 and CH4 vented from equipment located between
the injection flow meter and the injection wellhead
(MT COzelyear).

GGGGGGyprrrmtttrronr = CO:2 and CH4 emissions from pressure
management activities including brine production
(MT COzelyear).

AN —— Fugitive CO2 emissions from surface equipment peryear
(MT COzlyear).

CCCC s = Atmospheric CO2 leakage from the storage
complex (MT COzelyear).

Added term = CO2 that has migrated outside the storage complex and
cannot be qualified as permanently stored. (see
section on options to increase the storage complex

in 4.2.2) | Commented [SH22]: CO> that migrated outside the
storage complex, e.g. where no confining system is
i ; i i i present cannot be considered permanently stored.
There are planned and unp.lanned venting events in COz injection operations. Such lost CO must be subtracted from cradits. This
For CO2-EOR, these must include any CO2 taken out of the ground but not includes off lease migration for EOR, where CO» may
reinjected into wells towards the end of EOR project completion, and any be produced by adjacent conventional operator

CO2 blowdown.

Vented CO2 emissions from CO2-EOR must be determined for each applicable
venting source using the methods described in Appendix B. In the case of CO2
injection operations in depleted oil and gas or saline reservoirs, vented COz2
emissions from surface facilities must be calculated using the event-based
approach described in Appendix A(b) and Equation A.2. This must include
CO2/CHa releases from pressure management including brine production.

In the case of CO2-EOR operations, fugitive CO2 emissions must be calculated
using either leak detection and leaker emission factors, or using population count
and emission factors as described in Appendix B. Fugitive CO2 emissions occur
from fittings, flanges, valves, connectors, meters, and headers associated with
CO2-EOR operations. In the case of COz2 injection operations in depleted oil and
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gas reservoirs/saline formations, fugitive CO2 and CH4 emissions from
equipment must be calculated using the equipment count method described in
Appendix A(a) and Equation A.1.
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In the case of CO2-EOR operations, CO2 can remain in water, natural gas and
crude oil after they are separated from produced CO: in separators for either
sales or disposal/injection of water. CO2 from these product streams will
eventually be released and must be calculated using Equation F.1 in Appendix F.

To be conservative, CCCCz,,,.. MUSt be considered to be equal to half the
detection limit of the kequipmem—method used to detect leaks deployed in the

project’'s monitoring_and testing plan, or the volume of leakage detected,
whichever is larger.

In cases where atmospheric or subsurface leakage has occurred, CCCC2 ;. MUSE

be Cf‘:\lculated using a method identified in the project's monitoring and testing
plan,

In the event the stored COz is intentionally released via decompression and
transferred to other EOR locations it must be counted as emissions and included
in €002, THE New location can apply under this Protocol.

Installation of new pipelines and construction of new CO: injection sites can
cause changes in above and belowground carbon stock depending on the type of
land use where these facilities are going to be located. In such a case, direct
land use change GHG emissions must be calculated using land use change
emission factors utilized in the Global Trade Assessment Project model or using
similar CARB-approved land use change emission factors. Direct land use
change emissions must be amortized over a period of 30 years. If CCS projects
utilize existing pipeline and CO: injection infrastructure where land use change
have already occurred, direct land use change emissions are considered part of
the baseline and are not considered. Indirect land use change GHG emissions
are omitted from the Accounting Requirements since they are considered
negligible.

For the purpose of estimating CCS credits, data measurement/generation and
reporting requirements for energy and chemical inputs are described in
Appendix D.

Invalidation and Buffer Account

Verified GHG emission reductions associated with CCS projects will be
invalidated if the sequestered CO2 associated with them_migrates outside
the storage complex or is released to the atmosphere-er-ether-

The amount of verified GHG emission reduction to be invalidated for CCS
projectsis equaltothe COz leakage fromthe storage complex (CCCC2 .11

which must be determined in accordance with subsection C.4.3.2 of the CCS
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© A Buffer Account maintained by CARB pursuant to the LCFS provides insurance
against invalidation of GHG emission reduction credit due to CO2 leakage.

d Provisions for invalidation of GHG emission reduction credit are set forth in the
LCFS.

@ All CCS projects must contribute a percentage of LCFS credits to the Buffer
Account at the time of LCFS credit issuance by CARB. The CCS project’s
contribution to the Buffer Account is determined by a project-specific risk
rating method, outlined in Appendix G. If CO2 leakage unintentionally occurs
at a CCS project, LCFS credits from the Buffer Account will be retired
according to the provisions for invalidation in the LCFS.
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C. PERMANENCE REQUIREMENTS FOR GEOLOGIC SEQUESTRATION
1. Permanence Certification of Geologic Carbon Sequestration Projects
11 Application and Certification

(@ A CCS Project Operator may apply for Sequestration Site Certification pursuant
to subsection C.1.1.2(b) and CCS Project Certification following subsection
C.1.1.2(d), which are collectively called Permanence Certification. The
Permanence Certification is given to CCS Project Operators when they show, via
for aforementioned Site and CCS Project Certifications, that their CCS project is
capable of permanent carbon sequestration pursuant to the Permanence
Requirements of this Protocol. The application must include the third-party
review, data, and plans specified in subsections C.1.1.1 and C.1.1.2. A flow
diagram depicting the application process for a typical CCS project is shown in
Figure 4, below.

Application for Sequestration Site Geologic
Sequestration Site —=| Certificationby |—=| Evaluationand
Certification CARB Well Construction
|
W
Application for CCS Project Injection
CCS Project —=| Certificationby |—=| Operation and
Certification CARB Crediting
|
W
Injection Cessation Post—lrlue:ftlon CA.RB Approved
Monitoring Site Closure

Figure 4. Application process flow diagram.

(b) If after reviewing the submitted material, the Executive Officer determines that
the CCS project meets the specifications for sequestering carbon pursuant to the
Permanence Requirements, the Executive Officer will post an initial
determination along with the application package for public comment for 15 days,
address those comments if considered valid, and then issue a Permanence
Certification for the project by executive order.
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111.

@

(b)

©

(d)

112

Third Party Review

Prior to submittal of a CCS project application to the Executive Officer for
Permanence Certification, the CCS Project Operator must have their application
reviewed by a third party or parties that are mutually agreed upon by the
Executive Officer and the applicant. The applicant is responsible for all costs of
the application review.

The third-party reviewer must certify that the data submitted as part of the
application in subsection C.1.1.2 are true, accurate, and complete.

The third-party reviewer must certify that the plans submitted as part of the
application in subsection C.1.1.2 are sufficiently robust that, in their professional
judgment, the CCS project is able to meet the permanence requirements for
carbon sequestration.

The third-party reviewer must certify that the Site-Based Risk Assessment
submitted as part of the application in subsection C.1.1.2 is accurate and
complete, and that the risks identified are either sufficiently monitored or
sufficiently remediated in the Emergency and Remedial Response Plan
submitted in the application.

Certification Application Materials

All applications for Permanence Certification, pursuant to the Permanence
Requirements, must include the following materials:

@
)
@
©)

(4)

(5)

(6)

General Information Requirements:
Statement of the primary purpose of the project;
A brief description of the nature of the business;

The name, mailing address, and latitude and longitude of the CCS project or
well for which the Permanence Certification is submitted;

The operator’'s name, address, telephone number, ownership status, and
status as a federal, state, private, public, or other entity;

The activities conducted by the operator which would require it to obtain
permits under RCRA, the U.S. EPA UIC program, the NPDES program under
CWA, or the PSD program under CAA; and

The activities conducted by the operator that would require it to obtain any
drilling permits, valid access agreements, or any encroachment permits under
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county or city guidelines, or any federal, state, or local air, water, or restricted
land use operating permits.

(7)  Alisting of all permits or construction approvals received or applied for and
their status under any of the following programs:

(A) Hazardous Waste Management program under RCRA;

(B) U.S. EPA UIC program under SDWA;

(C) NPDES program under CWA,

(D)  PSD program under CAA;

(E)  Nonattainment program under CAA;

(3] NESHAPS preconstruction approval under CAA;

(G) Dredge and fill permits under section 404 of Clean Water Act; and

(H)  Other relevant environmental permits such as federal, state, county, or city
permits.

(b)  Application for Sequestration Site Certification:

Q) Site-Based Risk Assessment pursuant to subsection C.2.2, including a Risk
Management Plan following subsection C.2.2(c);

(2)  The following plans:

(A) A Geologic Evaluation report pursuant to subsection C.2.3, including a /{ Commented [SH26]: These data should be reported. }
Formation Testing and Well Logging Plan following subsections C.2.3.1
and C.2.3.1(a);

(B) An—A%ea—ef—Review—(AQRé—JStoraqe Complex Delineation and Corrective __—| Commented [SH27]: “storage complex” reflects the 3
Action Plan pursuant to subsection C.2.4, including a description of the ?'meﬁzlogfl volume” rather than the surface area in the
computational model used following subsection C.2.4.1 and the feport on erm AR
the results \of the AOR-plume evolutiondelineation modeling following j Commented [SH28]: ARB should require a report
subsection C.2.4.2; detailing the decisions made in the model

development. The report should be available at the

(C) Baseline Surface and Near-Surface Testing Plan pursuant to subsection time of application because the AOR and storage
c.2 5(8.)' complex should be fully defined in the application.

(D)  Well Construction Plan pursuant to subsection C.3.1(b), Pre-Injection
Testing Plan (subsection C.3.2(b)), and a plan describing the proposed
operating requirements and restrictions (subsection C.3.3(a));
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©)

©

(d)
)
2
3)
(4)

)

(6)

(€

(E)

(F)
©)

(H)

(A)

(B)
©)

A Testing and Monitoring Plan pursuant to subsection C.4.1, including
plans for mechanical integrity testing (subsection C.4.2), emissions
monitoring (subsection C.4.3.1), and monitoring, measurement, and
verification of containment (subsection C.4.3.2);

A Well Plugging and Abandonment Plan pursuant to subsection C.5.1;

A Post-Injection Site Care and Site Closure Plan pursuant to subsection
C.5.2; and

An Emergency and Remedial Response Plan pursuant to subsection C.6;
The following demonstrations:

A Financial responsibility demonstration pursuant to subsection C.7;

A Legal understanding demonstration pursuant to subsection C.9; and

Any other plans or information required by the Executive Officer in order to
evaluate the application for Sequestration Site Certification.

Sequestration Site Certification will be implemented by an executive order from
CARB.

Application for CCS Project Certification:

Any updates to information or plans from subsection C.1.1.2(b);
Formation testing and well logging report pursuant to subsection C.2.3.1(l);
Corrective action report pursuant to subsection C.2.4.3(c);

Baseline surface and near-surface testing report pursuant to
subsection C.2.5(f);

Well construction and pre-injection testing report pursuant to
subsections C.3.1(b) and C.3.2(c); and

Any other information required by the Executive Officer that is necessary to
evaluate the application for CCS Project Certification.

CCS Project Certification will be implemented by an executive order from CARB.

113. Reporting

1.1.3.1. Electronic Reporting

ATTACHMENT 1: CCS Protocol — C: Permanence Page 38/175



@) The CCS Project Operator must submit to the Executive Officer any reports,
submittals, notifications, and records made and maintained by the operator under
this Permanence Certification in an electronic format. The accuracy of all
electronic submissions must be attested to at the time of submission.

(b) The CCS Project Operator is solely responsible for ensuring that the Executive
Officer receives its reports, submittals, notifications, and records as required in
this section. For the Executive Officer to be able to deem an electronically
submitted report to be valid, the report must be accompanied by a digital
signature that meets the requirements of California Code of Regulations, title 2,
sections 22000 et seq.

1.1.3.2. Quarterly or Annual Reporting

@ For crediting purposes, CCS Project Operators are required to submit quarterly
or annual (depending on how often the project elects to undergo verification)
reports of GHG emissions reductions and ongoing monitoring results. Reports
must include measurements of relevant parameters sufficient to ensure that the
guantification and documentation of CO2 sequestered is replicable and
verifiable pursuant to the Accounting Requirements in section B. Data quality
management must be sufficient to support quantification and verification of CO2
sequestered.

(b) CCS Project Operators must submit quarterly or annual reports that include:

1) All metered measurements of inputs to GHG emissions reductions as
calculated in subsection B.2.2;

) Analysis of the CO2 stream following subsection C.4.3.1.1(b); and
(3) Injection rate and volume pursuant to subsection C.4.3.1.2(e).
© Quarterly and annual reports must be submitted by the deadlines in Table 1.

Table 1. Quarterly and Annual Reporting Calendar

Deadline Report

January 31 Annual report for the prior year
March 31 Submit final Q4 report

June 30 Submit final Q1 report
September 30 Submit final Q2 report

1.1.3.3. Annual Reporting
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@ For crediting purposes, CCS Project Operators are required to submit annual
reports of GHG emissions reductions, project operations, and ongoing monitoring
results. Reports must include measurements of relevant parameters sufficient to
ensure that the quantification and documentation of CO2 sequestered is
replicable and verifiable pursuant to the Accounting Requirements in section B
and the Permanence Requirements in section C. Data quality management must
be sufficient to support quantification and verification of CO2 sequestered. If
there are no changes to the plans, pursuant to subsection C.1.1.3, and if
acceptable to the Executive Officer, the CCS Project Operator may submit a
report demonstrating how they are following the plans.

@)
(A)

(B)

©)

(D)

(E)

(F)

©)

(H)

o
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CCS Project Operators must submit annual reports that include:

Metered measurements of all annual GHG emissions reductions as
calculated in subsection B.2.2;

The results of operational parameters and emissions and containment
monitoring pursuant to subsections C.3.4, C.4.3.1, and C.4.3.2;

A summary of any incidents or changes in operational parameters that
triggered an-AORstorage complex reevaluation following subsections
C.2.44,C.2.4.4.1,and C.3.4;

A summary of any incidents that required implementation of emergency
and remedial response pursuant to subsection C.6;

Mechanical integrity testing results of project wells pursuant to
subsection C.4.2.1, as well as reports documenting any incidents where
the loss of mechanical integrity occurred and a demonstration of the
actions taken by the CCS Project Operator to mitigate or repair the well;

Results of pressure fall-off testing of injection wells at least once everyfive
years pursuant to subsection C.4.3.1.5(a). Pressure fall-off testing results
must be submitted to the Executive Officer in writing within 30 days
following the test, and the results of these tests must be amended to the
annual report pursuant to subsection C.4.3.1.5(e);

A report of any corrective action taken by the CCS Project Operator and a
justification for why and how the corrective action was implemented,
pursuant to subsection C.2.4.3;

The results of each plume location A©OR-reevaluation_and actions resulting
from this finding, to be performed no less than once every five years,

pursuant to subsections C.2.4.4(a)(5), C.2.4.4(c)(2),and C.2.4.4(c)(5); and

Any other information required by the Executive Officer.
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1) Plume is within storage complex at time of report;
2) Updated model (adding in last 5 years of
monitoring data) is predicted to remain inside storage
complex at stabilization;

3) If part of the Plume is has migrated out of storage
complex at time of report, and effective permanence
can no longer be demonstrated. a reversal of storage
credits is made;

4) If part of the Plume is has migrated out of storage
complex at time of report, however, additional
documentation has been provided to show that the
plume will be effectively stored in a new/revised
storage volume, an extension of the storage complex
will be requested;

5) If the updated model is predicted to leave the
storage complex before stabilization, options #3 and
# 6 (above) an be actions or:

6) The injection operations can be modified and the
updated model rerun, showing that under updated
conditions the plume is predicted to remain inside
storage complex at stabilization.




®)

Annual reports must be submitted by the January 31 for the preceding year
(Table 1).

1.1.3.4. Advanced Notice Reporting

@)

(b)

Well tests: The CCS Project Operator must give at least 30 days advance written
notice to the Executive Officer of any planned mechanical integrity test or
workover.

Planned Changes: The CCS Project Operator must give written notice to the
Executive Officer, as soon as possible, of any planned physical alterations or
additions to the injection project other than minor repair/replacement or
maintenance activities. An analysis of any changes to the composition of the
injection fluid must be submitted to the Executive Officer for review and written
approval at least 30 days prior to injection; this approval may result in a CCS
project certification modification.

1.1.3.5. Noncompliance and Event Reporting

@)

@

@

©)

@

In the event of an emergency that falls into the “major” or “serious” emergency
category pursuant to subsection C.6.1(b) and requires implementation of
response actions pursuant to the Emergency and Remedial Response Plan,
subsection C.6, the CCS Project Operator must report to the Executive Officer
and any relevant local or state agency (including DOGGR and the California
Governor's Office of Emergency Management, if the CCS project is in California),
or equivalent. Any information must be provided orally and in an electronic
format within 24 hours from the time the CCS Project Operator becomes aware
of the circumstances. Such reports must include, but not be limited to the
following information:

Any evidence of whether the injected CO2 stream or associated elevated
pressure frent-may endanger public health, or any monitoring or other
information which indicates that any contaminant may endanger public
health;

Any evidence of noncompliance with a Permanence Certification condition, or
malfunction of the injection system, which may cause an uncontrolled release
of fluid or gas out of the storage complex that is likely to reach the
atmosphere;

Any triggering of the shut-off system required in subsection C.3.3(g) (e.qg.,
downhole or at the surface) or incident specified in subsection C.3.4;

Any failure to maintain mechanical integrity;
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(b)

©

©)

Pursuant to compliance with the testing and monitoring requirements in
subsection C.4.3.2, any uncontrolled release of CO2 outside of the
storage complex that may reach the atmosphere; and

Actions taken to implement appropriate protocols outlined in the Emergency
Remedial Response Plan (subsection C.6).

A written submission must be provided to the Executive Officer within five
business days of the time the CCS Project Operator becomes aware of the
circumstances described in subsection C.7.1.3.5(a). The submission must
contain a description of any noncompliance and its cause, the period of
noncompliance, including exact dates and times, and, if the noncompliance has
not been corrected, the anticipated time it is expected to continue as well as
actions taken to implement appropriate protocols outlined in the Emergency and
Remedial Response Plan, and steps taken or planned to reduce, eliminate, and
prevent recurrence of the noncompliance.

1.1.3.6. Additional Reporting

@

(b)

©

Noncompliance: The CCS Project Operator must report all instances of
noncompliance not otherwise reported in subsection C.7.7.3.5 with the next
quarterly monitoring report. The reports must contain the information listed in
subsection C.1.1.3.5(b).

Well plugging and abandonment: CCS Project Operators must submit, in writing,
a Notice of Intent to Plug 30 days before plugging any well that is part of the CCS
project pursuant to subsection C.5.1(h). If amendments to the Well Plugging and
Abandonment Plan are necessary, a revised plan must be submitted with the
notice of intent, following subsection C.5.1(i). Within 60 days of plugging, the
CCS Project Operator must submit a plugging report pursuant to

subsection C.5.1(k).

Other information: When the CCS Project Operator becomes aware of failure to
submit any relevant facts in the Permanence Certification or that incorrect
information was submitted in a Permanence Certification or in any report to the
Executive Officer, the CCS Project Operator must submit such facts or corrected
information within 10 days.

1.1.4. Recordkeeping

@)

The CCS Project Operator must retain records and all monitoring information,
including all calibration and maintenance records and all original chart recordings
for continuous monitoring instrumentation and copies of all reports required by
the Permanence Certification (including records from pre-injection, active
injection, and post-injection phases) for a period of 10 years after site closure.
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(b) The CCS Project Operator must maintain records of all data required to complete
the Permanence Certification and any supplemental information (e.g. modeling

inputs for AORIstorage complex|delineations and reevaluations, plan /{ Commented [SH30]: Need the three dimensional
modifications, etc.) submitted under subsection C.1.1.2 and reports submitted volume, not the surface outline.
under

subsection C.1.1.3, for a period of at least 10 years after site closure.

(c) The CCS Project Operator must retain records concerning the nature and
composition of all injected fluids until 10 years after site closure.

(d) The retention periods specified in subsections C.1.1.4(a) and C.1.1.4(b) may be
extended by request of the Executive Officer at any time. The CCS Project
Operator must continue to retain records after the retention period specified in
subsections 1.1.4(a) and 1.1.4(b) or any requested extension thereof expires
unless the operator delivers the records to, or obtains written approval from, the
Executive Officer to discard the records.

1.2. Terms and Conditions

(@  Any changes to the operational parameters of a Permanence Certification are
subject to approval by the Executive Officer and must be noted in either an
addendum to the a Permanence Certification or a revised Permanence
Certification.

(b) The Permanence Certification is non-transferable.

(c) Permanence Certification must expire, and be deemed null and void, upon the
first day following 24 consecutive months of no injection at the GSC project, and
a new approval process and re-certification would be required prior to restarting
injection.

2.  Site Characterization

21 Minimum Site Selection Criteria

(@) As part of the application for Sequestration Site Certification, the CCS Project
Operator must demonstrate that the geologic system comprises:

@ A sequestration zone of sufficient volume, porosity, permeability, and
injectivity to receive the total anticipated volume of the CO2 stream;
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@

®

@

©

A minimum injection depth of 800 m (2,600 ft), or the depth corresponding to
pressure and temperature conditions where CO2 exists in a supercritical
state_(underpressured depleted gas reservoirs are exempt from the
supercritical phase requirement \(>31°C and >7 MPa);>{

A confining layer-system free of transmissive faults or fractures and of
sufficient areal extent, integrity, thickness, and ductility to contain the injected
CO: stream and displaced formation fluids and allow injection at proposed
maximum pressures and volumes without initiating or propagating fractures
in the confining layers; and

Commented [SH31]: This requirement unnecessarily
eliminates under pressured depleted gas reservoirs.
These sites can accept CO2 but at low pressure.

conflnlnq svstem is composed ofa Iavered interval

of low and moderate permeability rocks that will purpese-efthe-dissipation-
intervalisto-(1) dissipate any excess pressure caused by CO:2 injection, (2)

impede vertical migration of CO2 and/or brine above the storage complex,
potentially to the surface and atmosphere via possible leakage paths, and (3)
provide additional-opportunities for monitoring, measurement, and verification
of containment.

Depending on the distance between the sequestration zone and basement
rock, the Executive Officer may require the CCS Project Operator to identify
and characterize additional dissipation interval(s) below the storage complex
to limit the extent of downward overpressure propagation and lower the
potential for induced seismicity within formations beneath the injection zone.

22. Risk Assessment

@

o)

As part of the application for Sequestration Site Certification, the CCS Project
Operator must complete a Site-Based Risk Assessment that describes the
potential pathways for leaks or migration of CO2 out of the storage project
from the CCS project and the potential scenarios that could occur as aresult._
Risk assessment must be used to inform and design the monitoring.

At a minimum the risk assessment must examine [1) leakage risk lor 2) the

Commented [SH32]: Two layers is geologically
simplistic and not likely to match most subsurface
conditions. We recommend that the operator be
required to make a demonstration to the satisfaction of
the director of a robust confining system that has
demonstrated geologic features and capacity to contain
CO2 permanently.

scenarios in the Emergency and Remedial Response Plan under
subsection C.6.1(a). Any other risks that could be reasonably anticipated
must be included.

5Lin, H., Takashi, F., Reisuke, T., Takahashi, T., and Hashida, T., Experimental evaluation of interactions
in supercritical COz/water/rock minerals system under geologic CO2 sequestration conditions (2008)
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6C., Oldenburg, P.D., Jordan, and E., Burton, 2017, Recommendations for Geologic Carbon
Sequestration in California: I. Siting Criteria and Monitoring Approaches, Il. Example Application Case
Study, Energy Geosciences Division, Lawrence Berkeley National Laboratory.
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© The CCS Project Operator must develop and submit Risk Management Plan
(RMP) with the Site-Based Risk Assessment that documents the results of
the risk analysis. The RMP must summarize the activities evaluated for risk,
what those risks are, how they are ranked, and the steps the CCS Project
Operator will take to manage, monitor, avoid, or minimize those risks. Any
risk scenarios identified as important but not included in the Emergency and
Remedial Response Plan must be included in the RMP.

d) The operator must use appropriate tools to characterize risks by combining
the assessment of the probability of occurrence and the magnitude of the
adverse impacts of identified project risk scenarios. Risk scenarios identified
as part of this assessment must be classified according to probability of
occurrence during a 100-year period (see Table 1, below). The magnitude of
the adverse impacts of the risk scenarios identified as part of this assessment
must be classified as having a consequence that is insubstantial, substantial,
or catastrophic. Any classification of risk probability or consequence must be
accompanied by a sufficient explanation.

(e) Any risk scenarios of possible probability of occurrence and substantial or
catastrophic magnitude of adverse impacts on environment, health, and
safety, or of possible or unlikely probability and catastrophic magnitude of
adverse impacts on environment, health, and safety, must be mitigated. For
example, using the scales in subsection C.2.2(d), any risks assessed must be
mitigated if their consequence is catastrophic and their likelihood is more than
remote, or if their consequence is substantial and their likelihood is possible.
They must be mitigated from red to yellow as in Table 2, below. Any CCS
project with risks in red that cannot be mitigated to yellow must not be granted
Permanence Certification.

(e)(f) _Risks of loss of CO from storage must be evaluated based on the model of
plume evolution and stabilization assessing permanence of storage.
Uncertainties identified during characterization and well preparation must be
inventoried and the impact on these uncertainties on storage permanence
evaluated. Uncertainties that have a material impact on storage permanence
must be managed via monitoring. Examples of possible material uncertainties
include 1) high permeabilitty zones that might lead to horizontal migration of
the plume outside of the storage complex prior to stabilization, 2) natural or
well-related flaws in the confining system that might allow vertical migration
of CO2 out of the storage complex , 3) compartmentalization of the injection
zone that might lead to elevated pressure; 4) geomechanically sensitive
features that may be active by pressure change and increase risk of
unacceptable seismicity. Risk assessment should inventory such material

uncertainties and be used to design monitoring that will reduce leakage risk/ Cc ted [SH34]: The QM should be focused on
assuring permanence and risk assessment is a key tool
in this assurance. A call out of this best practice should
be made.

Table 2. Risk classification and response

Risk Insubstantial | Substantial Catastrophic
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Possible
(>5%)*

No mitigation,  YIeEule]gH Mitigation,
Plan required Plan required Plan required

No mitigation, RY/iilsElileJgk
Plan required  [WEETREE[ITETs)

No mitigation, | No mitigation,
Plan required Plan required

Unlikely
(1-5%)

(<1%)
* (Risk) = probability of occurrence over 100 years

23. Geologic and Hydrologic Evaluation Requirements

(@  As part of the application for Sequestration Site Certification, the CCS Project
Operator must demonstrate that the selected sequestration reservoir possesses
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(b)

©

sufficient volume and injectivity to contain the proposed storage volume of
CO:2 and that the injected fluid will not migrate out of the approved storage
complex through geologic structures, including faults, fractures, and other high
permeability zones, such as breccia zones.

The geologic characterization requires information on the lithology, structure,
hydrogeologic, and geomechanical properties of the proposed sequestration
reservoir, as well as the over- and underlying formations where potential gas or
fluid migration could occur, following subsection C.2.3(c).

CCS Project Operators are required to submit, with the application for
Sequestration Site Certification, an evaluation of the geological and hydrological
characteristics of the sequestration zone and confining fayersystem derived
from academic journals, historical records, laboratory and field data such as
geologic core samples, outcrop data, well logs, two- and three-dimensional
seismic surveys, and names and lithologic descriptions. The CCS Project
Operator must submit the following information:

Regional geologic information:
(A) A brief synopsis of the geologic history of the CCS project site;

(B) Porosity, permeability, lithofacies, depositional environment, and the
geologic names and ages of formations;

(C) Regional hydrogeology of the sequestration zone, including all available
data pertaining to groundwater flow direction, flux, and flow patterns;and

(D)  Structural geology of the regional area, including faults and fault
orientations, the presence and trends of folds, and whether these
structures penetrate into the storage complex.

Site-specific geologic and hydrogeologic information:

(A)  Depth interval of confining layer and sequestration zone below ground
surface and depth interval of planned jperferation-completion interval;

(B) Lithologic description from core or hand samples, including petrology,
mineralogy, grain size, sorting or grading, cementation and dissolution
features, and lithofacies or geologic rock name for both the confining layer
and sequestration zone;

(C)  Structural geology of the local area including faults and fault orientations,
the presence and trends of folds, and whether these structures penetrate
into the storage complex;
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(D)

(E)

2.

3.

Confining layer-system and sequestration zone thickness, as well as
total thicknesses of beth-the confining layer(s) and the sequestration
reservoir, thicknesses of any high permeability or porosity intervals in the
sequestration zone (if applicable), and thicknesses of planned perforated
interval(s); and

Porosity, permeability, and capillary pressure of the sequestration zone
and confining layer and perforation-location of the completion interval.
These data must be used in the calculation of the following properties of
the sequestration zone and confining layer:

Hydraulic conductivity;
Specific storage; and

Storage coefficient.

(3) Site-specific geomechanical and petrophysical information:

A)

(B)

©)

Fracture/parting pressure of the sequestration zone and confining layer,
and the corresponding fracture gradients determined via step rate or leak-
off tests performed in the wellbore. For new CCS projects, these testing
and logging activities may be undertaken during the drilling of a
stratigraphic test well, or during the drilling and construction of any new
injection, production, observation, or monitoring well;

Rock compressibility, or a similar estimation of the measure of rock
strength, for the confining layer and sequestration zone;

Rock strength and the ductility of the confining layer. Rock strength is
usually determined by performing a triaxial load test of the uniaxial
compressive strength (UCS) on a core sample. Ductility and rock strength
must be assessed via the following equations:

Ductility of the confining layer must be calculated using the following
brittleness index (BRI):

vuccuu
BBBBBB =

UUCCUUwwaa

(@)

Where UCS is the unconfined compressive strength of the confining
layer as measured from intact samples, and the UCSnc is the confining
layer's compressive strength if it was normally consolidated, as
measured from remolded samples that are normally reconsolidated;
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(E)

(4)

()

(6)

(A)
(B)
©)

2. UCS can also be estimated from the pressure wave velocity (V)
through intact samples or measured in situ within the wellbore viathe

equation:
log(UlcCll) = —6.36 + log¢p.86k, — 1172¢ (8)
3. The UCSnc can also be estimated from the effective vertical stress
(0", where:
UUCCUU N = 0.500" 9)

If BRI < 2, the confining layer is sufficiently ductile to anneal any
discontinuities. If BRI > 2, discontinuities may be open.

Pore pressure, or the measure of in situ fluid pressure, formation
temperature; and

Estimation of the injection volume and the maximum allowable injection
rate and pressure, such that neither the confining layer nor the
sequestration zone hydraulically fracture during injection, must be based
on step rate test results as in subsection C.2.3.1(h).

Injectivity or pump tests of the sequestration zone based on CO2
reservoir flow modeling using information determined from subsection
C.2.3.1(i).

Geologic characteristics of any secondary confining layers above the primary
confining layer and below the sequestration zone, as well as characteristics of
any dissipation intervals above and below the target sequestration zone and
confining layer.

A full description of husiqnificant {geologic structures, including faults and

fractures, which intersect the storage complex and all data relevant to
assessing the transmissivity of these features. The CCS Project Operator
should include a determination that these features will not interfere with
containment, supported by information including, but not limited to:

The location, depth, displacement, and geometry of the fault or fracture;

Data on aperture, cement, and fault g{augeqouqe;

The orientation of the local state of stress and a full geometric description
in support of modeling the response to changes in the state of stress
during injection; and
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(D)

()

(®)

(A)

(B)

©)
(D)

(E)

)

(A)

(B)

©)

Any additional methods and results of fault stability analyses and
comparison to anticipated or modeled pressures duringinjection.

An evaluation of the seismic history of the proposed sequestration site,
including the date, magnitude, depth, and location of the epicenter of seismic
sources and a determination that the seismicity would not cause a
catastrophic loss of containment, either by breaching the integrity of the well
or the sequestration formation, following a risk assessment pursuant to
subsection C.2.2(e);

A tabulation of readily available information on freshwater aquifers and
springs in the /AOR. This information should include:

The numbers, thicknesses, and lithologies of freshwater aquifers,
including interbedded and low permeability zones;

Water quality such as TDS, alkalinity, pH, dissolved trace metals, and
TOC,;

The deepest depth of freshwater aquifers;

Whether any freshwater aquifers in the AOR are currently accessed for
human use; and

The location and distance to nearest water supply well and nearest
downgradient water supply well, as well as any water wells and springsin
the AOR.

A tabulation of readily available geochemical data on subsurface formations
and formation fluids in and around the storage complex, including:

Reservoir fluid data for the sequestration zone, such as TDS, dynamic
viscosity, density, temperature, pH, and information on the potentiometric
surface, if available;

Characteristics of any aquifers directly above or below the sequestration
zone, if applicable, including TDS, temperature, and information on the
potentiometric surface, if available; and

For CO2-EOR and depleted oil and gas reservoir sites, data such as
oil gravity and viscosity, presence, concentrations, and specific gravity
of non-hydrocarbon components in the associated gas (e.g. hydrogen
sulfide), and any other compositional data as needed for modeling fluid
interactions.
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(10) The location and description of ary-known |mineral deposits or other natural /{ Commented [SH39]: Should not require prospecting }

resources_above, beneath or near the AORstorage complex, including but L e ted [SH40]: The 3-D volume should be
not limited to stone, sand, clay, gravel, coal, oil, and natural gas. evaluated for mineral deposits (e.g. mines or resource

extraction at depth)

(d) Characterization of other injection or production fluids in or near the AOR:

Q) CCS Project Operator must describe and quantify any fluids injected or
produced related to the CCS project, in addition to the injection fluid.

) The CCS Project Operator must provide a management strategy for all of the

following:
(A)  The potential unintentional release of production fluid must be mitigated | Commented [SH41]: Presumable intentional venting
pursuant tothe Emergency and Remedial Response Plan from will be done in an approved manner and not trigger

subsection C.6.1; emergency response

(B)  Other injection, such as waste water disposal, must be considered in
regards to pressure changes and the geomechanical response to such
injection; and

(C) Distant parameters, such as production or disposal, should be considered
in the boundary conditions of the computational model parameters
pursuant to subsection C.2.4.1.

(e) Site-specific maps and cross-sections, including:

1) Geologic and topographic maps and cross-sections illustrating regional
geology, hydrogeology, and geologic structure of the local area;

(2) Maps and stratigraphic cross-sections indicating the general vertical and
lateral limits of all freshwater aquifers, water wells, and springs within the
AOR, their positions relative to the storage complex, and the direction of
shallow groundwater movement, where known;

(3)  Structural contour and isopach maps of the storage complex ja-the ASR{ —{ commented [SH42]: redundant )
including all faults and fractures, as well as any lateral containmentfeatures;

4) Stratigraphic columns or cross-sections of the regional basin showing lateral
continuity of storage complex, as well as the lack of any significant
compartmentalization or heterogeneity in the sequestration zone that could
inhibit proposed injection volumes;

(5) Representative electric log to a depth below the sequestration zone and lower
confining layer or dissipation interval(s) identifying all geologic units,
formations, freshwater aquifers, and oil or gas zones. If CO:2 injection is for
CO2-EOR, the electric log must extend to a depth below the deepest
producing zone;
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®

@)

At least one cross-section in-of the AOR-Storage complex to surface through
the injection well(s);

Maps showing the locations of any seismic lines and cross-sections; and

Maps showing any known mineral deposits or natural resources within the
AOR.

Description of any accumulation of gas above, below or within the-AOR,
storage complex including but not limited to, the type of gas, location, depth,
and areal extent on the surface.

Any additional information requested by the Executive Officer that is hecessary to
complete the geological and hydrogeological site evaluation.

2.3.1. Formation Testing and Well Logging Program

@

(b)

©

(d)

©)
1)

As part of the application for Sequestration Site Certification, the CCS Project
Operator must submit a Formation Testing and Well Logging Plan. The plan
must demonstrate to the Executive Officer how the CCS Project Operator will
collect the geologic and hydrogeologic data required to show that the selected
storage complex is suitable for receiving and containing injected COx2.

This section provides guidance on the formation testing and well logging
activities that the CCS Project Operator must conduct to generate the information
and data required to confirm that the storage complex is able to meet the
permanence requirements for carbon sequestration, as required in

subsection C.1.1.2.

For new CCS projects, the testing and logging activities described in subsections
C.2.3.1(e) through C.2.3.1(j) may be undertaken during and after drilling of a
stratigraphic test well, or during and after the drilling and construction of any new
injection, production, observation, or monitoring well.

For a CO: injection well to be transitioned from a pre-existing injection,
monitoring, stratigraphic test, or production well, the testing and logging
information required by subsections C.2.3.1(e) through C.2.3.1(j) can be provided
from previous and ongoing testing and monitoring of the formation and from well
tests and logs conducted during the previous use of the well.

Well logging requirements:

During the drilling and construction of a CCS project injection well, the CCS
Project Operator must run appropriate logs, conduct surveys, and perform
tests to determine or verify the depth, thickness, porosity, permeability,
lithology, and salinity of all relevant geologic formations.
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(4)

®
@

)

©)

(4)

(5)

Well logging activities must be used to supplement data on the geologic and
hydrogeologic properties of relevant subsurface formations collected during
initial site characterization and to support building a conceptual understanding
of the site, conducting the AOR-Storage complex determination, and
designing the CCS project.

Well logging results must also be used to establish baseline data against
which to compare to future measurements under subsection C.2.5, and to
ensure conformance with the injection well construction requirements under
subsection C.3.1.

CCS Project Operators must use well logging results to create a temperature
vs. depth and hydrostatic pressure profile, which should be used to inform the
risk evaluation (subsection C.2.2) and monitoring (subsection C.4.3).

Core analyses:

The CCS Project Operator must take whole cores or sidewall cores of the
sequestration zone and confining layer, and formation fluid samples from the
sequestration zone, during drilling and prior to well construction. The cores of
the sequestration zone and confining layer must be collected during the initial
stages of project development, from a stratigraphic well or from the injection
well itself, pursuant to the needs of the operator. The CCS Project Operator
must submit to the Executive Officer a detailed report prepared by an
experienced log analyst that includes: well log data and analyses (including
the logs themselves), core analyses, and formation fluid sample information.

Information from cores must be used to refine site characterization data
submitted pursuant to subsection C.1.1.2.

The Executive Officer may accept information on cores from nearby wells that
were previously collected if the CCS Project Operator can demonstrate that
core retrieval is not possible and that such cores are representative of
conditions at the well site.

Core logs must include descriptions or indications of the following
characteristics: lithology, thickness, grain size, sedimentary structures,
diagenetic features, geologic contacts, textural maturity, oil staining,
fracturing, and porosity.

Laboratory analysis of cores must include petrology and mineralogy,
petrophysical properties, and geomechanical properties, including but not
limited to, relative permeability, capillary pressure, fluid compatibility,
wettability, and pore volume compressibility.

ATTACHMENT 1: CCS Protocol — C: Permanence Page 54/175



(6)

()

(h)
@)

The Executive Officer may require the CCS Project Operator to take core
samples of other formations in the wellbore, such as dissipation intervals or
secondary confining layers in the stratigraphic column, in order to
characterize the mitigation potential of over- and underlying geologic
formations.

Characterization of the chemical and physical properties and downhole
conditions of fluids in the sequestration zone:

@

@)

@)

Upon completion of the injection well and prior to operation, the CCS
Project Operator must collect data on downhole conditions needed to
support monitoring and modeling design. The CCS Project Operator must
justify the sufficiency of the data collected, and that the method by which it
was collected and analyzed is suitable for the purposes to which it is
applied. The following data are required:

Fluid temperature, pH, conductivity, reservoir pressure, fluid density,
and static fluid level of the sequestration zone.

If geochemical data are to be used for monitoring, a site-specific
procedure to separate leakage signal from background must be
developed. For example, dissolved gases must be assessed with
correction for pressure and temperature effects; and

The CCS Project Operator must submit the results of all downhole
analyses and any laboratory results on samples, including quality
assurance samples (e.g., blanks, duplicates, matrix spikes).

Fracture/parting pressure of the sequestration zone and confining layer:

(A)

(B)

The CCS Project Operator must perform step rate tests for each CO:2
injection well that is part of the CCS project, and use the results of each test
to determine the fracture pressure of the sequestration zone and confining
layer.

The CCS Project Operator must report the results of all step rate tests for
each COz: injection well. Such data must be used to determine the
maximum allowable injection pressure for the CCS project such that
injection will not initiate or propagate faults of fractures in the
sequestration zone or confining layer; and

Step rate tests must meet the following requirements: (1) real time
downhole pressure recording must be employed, (2) bottom-hole pressure
must be recorded at a zero injection rate for at least one full time step
before the first step of the step rate test, and before one full time step after
the last step of the step rate test, and (3) step rate test data reported
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under subsection C.1.1.2 must be raw and unaltered, and include the
injection rate, bottom-hole pressure, surface pressure, pump rate volume,
and time recorded continuously at a rate of every one second during the
step rate test.

(2)  The CCS Project Operator must also discuss how the calculated fracture
pressure compares with data from core tests or other wells in the area, if
available.

(@) Hydrogeologic testing:

Q) Upon completion of the injection well, prior to operation, the CCS Project
Operator must conduct kh&at least one of the following transient

zone: of quality of test results would be preferred to multiple

analysis ftests to verify hydrogeologic characteristics of the sequestration j Commented [SH43]: If rigor is required, a specification
tests.

(A) A pressure fall-off test; andor
(B) A pump test; or
(C) Injectivity tests.

2 These tests must be designed to determine the injectivity of the sequestration
zone to set operating limits for CO: injection rates and volumes;and

(3) Pressure fall-off tests must be conducted to verify hydrogeologic parameters,
including but not limited to, the transmissibility of the sequestration zone, the
static sequestration zone pressure, the skin factor, and to identify faults or
fractures adjacent to the wellbore.

()] The CCS Project Operator must determine or calculate any additional physical
and chemical characteristics of the sequestration zone and confining tayer
system needed o augment other information gathered during the site /{ Commented [SH44]: Is this the “catch all” that is
characterization process, support the development of the AOR-Storage meant?

Complex delineation-model, or support setting of permit conditions (e.g.,
operational limits).

(k) The CCS Project Operator must provide the Executive Officer with the
opportunity to witness all logging and testing in this subsection. A state licensed
engineer, or equivalent, may be allowed to withess logging and testing, if
approved by the Executive Officer.

(0] The CCS Project Operator must submit a descriptive report that includes an
interpretation of the results of the formation testing and well logging program with
the application for CCS Project Certification. At a minimum, the report must
include:

Q) The results of each test, log, and any supplemental data;
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An interpretation of the tests and logs, including any assumptions, and the
determination of the sequestration zone and confining layer characteristics,
including porosity, permeability, lithology, thickness, depth, and formation fluid
salinity of relevant geologic formations;

Any changes in interpretation of site stratigraphy based on formation testing
and well logs; and

A description of any alternative methods used that provide equivalent or
better information, and that are required and approved by the Executive
Officer.

The CCS Project Operator must demonstrate that the information collected is
consistent with other available site characterization data submitted with the
Permanence Certification and that the data support other assessments of
stratigraphy and formation properties. The Executive Officer may compare
the results of formation testing logs from different wells in the vicinity to
interpret local stratigraphy, and verify the depths and properties of the
proposed sequestration zone and confining layer.

2.4. Areaof ReviewStorage Complex Delineation and Corrective Action

@)

The AORIStorage Complex delineation [and corrective action requirements are

to ensure that the sruface areas and subsurface volumes potentially impacted
by a proposed GSC project are delineated, all wells that need corrective action
receive it, and that this process is updated throughout the active life of the CCS
project. The general relationship between site characterization), risk_
assessment, modeling, and monitoring, risk management, quantification, and
reporting activities at a CCS project is shown on Figure 5.
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Site Proposed
Characterization Operating Data

Computational
Modeling/AOR Delineation

Monitoring System
Design

[Model Calibration ]

Monitoring Data Collection
and Interpretation

Figure 5. Flow chart of monitoring and modeling for a CCS project design.

(b) The basic requirements of the AOR-Storage Complex delineation effort
and corrective action requirements are as follows:

Q) The CCS Project Operator must prepare, maintain, and comply with a plan to
delineate the AOR-Storage Complex for a proposed CCS project,
periodically reevaluate the delineation, and perform corrective action that
meets the requirements of this section and is acceptable to CARB, which

includes the following:
(A)  Delineate the AOR-Storage Complex using computational modeling as
discussed in subsection C.2.4.1, based on available site
characterization, monitoring, and operational data;

|

Commented [SH47]: This flow chart does not

|| represent the process required in the QM. It should

|| require risk management and accounting for CO. that
has migrated out of storage complex. See suggested

revision, attached in separate PPT file.

| Commented [SH48]: Require even deviated wells that
are spudded outside the AOR but enter the Storage

(B) Identify all wells within-the AORthat penetrate the storage complex and
that require corrective action pursuant to subsections C.2.4 andC.2.4.3.7;

(C) Perform corrective action on wells in-that penetrate the Storage Complex
AOR-that are deemed torequire corrective action following subsections

C.2.4(b)(2) and C.2.4.3;
Reevaluate the-AORthe retention of the CO2 plume within the

complex

(D)
Storage Complex throughout the life of the CCS project following
Page 58/175

subsection C.2.4.4;
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(E)  Ensure that the Emergency and Remedial Response Plan and financial
responsibility demonstration account for the most recently approved AOR;
and

(F) Retain all modeling inputs and data used to support initial Storage
Complex AOR-delineations and AOR-reevaluations _of the retention of
the plume for the life of the CCS project and 10 years following site
closure.

) Storage Complex AGR-and Corrective Action Plan:

(A)  As a part of the application for Sequestration Site Certification, the CCS
Project Operator must submit an Storage Complex deliniationAGR-and
Corrective Action Plan that includes the following information:

(B)  The method for delineating the Storage Complex AGR-that meets the
requirements of subsection C.2.4, including the _a detailed report on the
model used, assumptions made, and site characterization data on which
the model will be based; and

(C) A description of:

1 The minimum fixed frequency, not to exceed five years, at which the
CCS Project Operator will reevaluate the AOR-location of the plume
within the Storage Complex and a justification for the proposed
reevaluation frequency;

2. How monitoring and operational data (e.g., injection rate and pressure)
will be used to inform an LB«GR—pIume location eevaluation; and

3. How corrective action will be conducted to meet the requirements of
subsection C.2.4, including what corrective action will be performed
prior to injection, how corrective action will be adjusted if there are any
changes in the AORstorage complex delineation or injection
operation, and how site access will be guaranteed for future corrective
action.

24.1. Computational Modeling Requirements

@ The CCS Project Operator must delineate the Storage Complex|and document
via a risk assessment everthe lifeto-the prejectthat it will contain the CO2
plume over the life to the project. The risk assessment must be via-a-risk-
assessmentbased on en-the-model AOR using-a computational model that

Commented [SH49]: To preserve integrity of the
permanence documentation, if leakage outside the
storage complex occurs, the QM SHOULD NOT let the
operator just make a bigger AOR! In some cases, the
loss is real loss that will sooner or later reach the
atmosphere. A reversal of credits has to be made.

In other cases, the loss can be shown to not reach the
atmosphere, but be effectively trapped in another rock
volume. In this case, it would OK to justify an extension
of the storage complex, after the justification is made
and defended.

In many cases, good modeling and monitoring can be
used to determine that the risk of out-of-complex
migration is large before such loss occurs , and the
injection operation adjusted. This outcome should be
considered and favored.

accounts for the physical properties and site characteristics of the sequestration
zone and injected CO:2 stream over the proposed life of the CCS project jand
prepare a report of outcomes lvia the following actions:

Commented [SH50]: Specify that the model must be
used to track the plume and support risk assessment
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) The computational model of the [Storage Complex |AGR-must incorporate /{ Commented [SH52]: Must be a 3-D model
various parameters including site characterization, monitoring, operational
data, and:

A Predict the lateral and vertical migration of the free-phase CO2 plume and
elevated pressure-front, as well as the dissolved CO2 plume and-fermation
fluids-in the subsurface, from-either+{1) the commencement of injection
activities
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until the plume stabilizes, er{(2)-until-pressure-differentials-are-ne-longer

sufficient to-lifteither CO2-or brine-into-the-subsurface abeve the storage-
eempleaq _—| Commented [SH53]: (2) is not strict enough. In a
transmissive reservoir with good water drive (that is an

ideal storage site from high injectivity/low seismic risk
perspective), the pressure will equilibrate much faster

(B) Be designed to simulate multiphase flow of several fluids (groundwater,

CO2, and hydrocarbons, if present), phase changes of COz2, significant than the plume migration. Running the model to show
pressure changes, and any other pertinent processes in geologic media the volume occupied at Asltablllztatlon is essential to ]
based on scientific principles and accepted mathematical and governing L e L A S

for running a calibrated model to stabilization.

equations;

© Be based on detailed geologic, hydrogeologic, and geomechanical data
collected for the characterization of the sequestration zone and confining
layer(s). The CCS Project Operator must consider and report on the

must conduct and report on sensitivity analysis-analyses and provide report on model design and sensitivity study. Otherwise

justification for the following list of inputs when designing the model and /w Commented [SH54]: QM should require a detailed
justification for any-all simplifications selected, based on site-specific model s not repeatable, has uncertain merit

conditions:

1. Regional and site-specific geology, such as stratigraphy, formation
lithology, elevation, thickness, and structural geology (including faults,
folding, fractures). This data must be used to justify boundary
conditions selected for the model relevant to pressure management

during injection;

_—| Commented [SH55]: Boundary conditions is a basic
model element, not anon option. Because of

2 L . itlReservoir conditions including (1) zﬁ;y:;g:n(ce of model boundary conditions to capacity
hydrogeologic conditions such as intrinsic and relative \

permeabilities, porosity, capillary pressure, formation
compressibility, water saturation, CO2 saturation, and storativity,
and (2) reservoir fluid properties such as brine or hydrocarbon itis critical that the QM specify defining how they are
viscosity, density, composition or salinity, and compressibility; selected

Commented [SH56]: In some sites, previous injection

3. Pre-injection-geomechanical-Geomechanical information on fracture may have occurred

pressure and gradient in the sequestration zone and confining layer,
as well as any geomechanical processes or models that are
incorporated into the AOR-Storage complex delineation effort based
on initial site characterization efforts;

4. Accept Eexisting erland proposed operational and monitoring data, _—| Commented [SH57]: must be “and.. The model must
including the location of injection and/or extraction wells, fluid injection be set up to accept input from the monitoring program

and repeat the assessment that the plume is contained

and withdrawal rates, injection-bottom-hole pressure_measurements, ) T TTE S BT T T

fluid characterization, ard-inputs from monitoring
systems (as recorded in, for example, verification wells), CO2

Commented [SH58]: The storage complex model will
not include fresh water, is important here to include all

saturations and expected-totak-injected volumes, the location and fluids in injection zone which may change (e.g. during
number of injection, production, and monitoring wells, and well production)

construction details (tetal-depth;-perforated intervals, etc.);

5—Initialmedel-Model parameters such as: (4}-initial conditions (e.g.,

ATTACHMENT 1: CCS Protocol — C: Permanence Page 61/175


https://doi.org/10.1016/j.egypro.2017.03.1601

fluid pressures-and-flowratescomposition and distribution, etc.) within
the domain at the beginning of the model run, and (2) time steps and
justification for selection, (3) vertical and horizontal gridding design
and justification that they are fit-to-purpose, and (4) and other model

design parameters. e
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)

®

)

©

H)

(0

6:5.

Any other models, model parameters, and/or general assumptions that
are incorporated or considered for the CCS project and AOR-Storage
complex delineation based on site-specific conditions. For example,
mineral precipitation kinematic parameters may be introduced into a
reactive transport model of the reservoir if the planned injectate and
composition of water at depth are predicted, based on sampling and
monitoring data, to react such that mineral precipitation may modify the
permeability of the reservoir. [For injection into depleted reservoirs or
CO2 EOR operations, the measurements and computational
assumptions (e.g. “black oil” or compositional model) made about the
CO.-fluid interactions must be specified, sensitivity analysis

Parameter values must be based on site data to the best extent possible.
In cases where certain detailed site geologic characterization data are
unavailable, parameter values may be estimated from standard values or
relationships in the scientific literature. CCS Project Operators must
indicate the range of values possible for their site and conditions, and
must provide a justification for using each particular parameter value not
directly measured in the field or the laboratory. Probabilistic and
statistical methods of distributing attributes should be documented and
sensitivity analysis performed;

All data collected to comply with site characterization requirements must
be considered in the Storage Complex AGR-delineation. Any additional
data available in the vicinity of the site that may affect the Storage
Complex AOR-delineation, e.g., from the U.S. Geological Survey or other
WeIIs drilled within the vicinity of the Storage Complex AGR-must also be
considered jin model development. Simplifications should be

Commented [SH61]: CO: interactions with
hydrocarbons are complex and require well-known
computational assumptions. These should be specified
and reported

Commented [SH62]: Probabilistic and statistical
methods of distributing attributes (e.g. facies model-
based variograms) are available in most Earth model
software and is a current best practice that should be
encouraged.

Cc ted [SH63]: A good model will only include

documented and justified;

Utilize_and document appropriate equations of state and constitutive
relationships derived from equilibrium phase relationships and empirically
based approximations, respectively;

Explicitly state model orientation and gridding parameters, including the
spatial temporal domains, grid spacing and gridding routine, coordinate
system, horizontal datum, and the physical properties and assumptions
used to define the domain boundaries;

Describe and justify the method and assumptions used to| estimate-the
value of thehistory match pressure frontdistribution;

4

Take into account any geologic heterogeneities, other discontinuities, data
quality, and their possible impact on model predictions;
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the data that are needed to create a valid model

|

Commented [SH64]: Require use of all the pressure
measurements. Document the quality of the match that
it acceptable (it is never perfect)




V)] Modeling should Sensider-consider potential migration through
faults, fractures, and artificial penetrations_and determine the
detectable response to such leakage, this outcome must be
included in the risk assessment and monitoring plans and
operations; and

{K——Perform sensitivity analysis on [model input parameters land qualify the

model by assessing the implications of uncertainties in input data to the
model predictions._Any material uncertainties (those that could result in
loss of storage permanence) must be considered in the modeling.
Models showing the impact of uncertainties must be considered in the
risk analysis to determine how the material uncertainties can be
detected by monitoring.
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Commented [SH65]: Any uncertainties in model inputs
that have a potential for major modeling prediction
errors (leading to failure of storage) at the site must
have follow-up assessment in risk assessment and
then systematic testing by monitoring.

QM should not allow operators to provide only one
simple “perfect” model. Modeling is the tool that is used
in risk assessment and to design monitoring, such that
permanence can be effectively demonstrated during
operation.




(2)  The computer code(s) utilized in an Storage ComplexAOR delineation
moedeland plume tracking must be validated for the uses in peer-
reviewed literature. eper-Open source code and publically available to
CARB and CCS Project Operators andTigl preferablypreferred;,——be-

) ! : :

Commented [SH66]: Requiring open source code
creates major flaws in advanced problems such as 1)
hydrocarbons in the reservoir and 2) geomechanics

A The| code(s) lused for modeling the Sto_rage Complex AQR—_ must_ be_ OIS, CETE CeEE Gosls AEVATER MEe
ldemonstrated to be capable of 1) predicting the evolution of the 3- quickly. If CARB itself wants to repeat the modeling a
D geometry of the CO2 plume under reservoir conditions at the site better method is to require 1) the gridded and

parameters in a common XYZ format, and 2) the input

during injection and after injection during stabilization; 2) support files.

risk assessment by allowing evaluation of the response of key
intervals to leakage response; 3) support assessment of
geomechanical response to pressure and fluid change during
injection, especially with regard to risk of induced seismicity; 4)
provide a reliable timeline showing plume and pressure
stabilization , and 5) support comparision of the modeled response
to the reservoir response during monitoring; Technigues to
demonstrate that the code is appropriate include 1) successful
application in a similar setting leading to successful history
matching; 2) comparison of a new code against a_proven code to
show reasonable match, or 3) sensitivity studies showing that the

Commented [SH67]: It is likely that more than one
code will be needed

code reproduces the relevant physics properly. -at-a-inimum;- Commented [SH68]: Substitute a performance-based
consider-multiphase-flow-of CO2-in-supercriticalliguid—and- requirement. For prescriptive. The best code is one that
: . i f i - requires the minimum data and the fastest run-time to
get a reasonable approximation of the reservoir
response.
Cc ted [SH69]: This list is not at this time
practical, no single existent code can do all this. Most
(B)  [Codes may-also-be-further modified-to-allow-forcomplexmust properly @i {2 e e 1 Wl [ESENL 0 el Sitkge
. . . . P . roblems. Typically non-isothermal problems involvin
manage key properties of the reservoir fluid system inlcudingincluding - st changas are solved in one come set. gravity.
three- dimensionally heterogeneous formations; and residual-phase- dominated dissolution in another core set, and

problems involving miscibility in a different code
(usually commercial)

Commented [SH70]: These are basics of CO2 —brine
porous media systems.

trapping:-characteristic-curve hysteresis_and residual phase trapping:.
important mineral precipitation/dissolution reactions and subsequent
mineral phase trapping or leaching of heavy metals;- may be considered.
and-The system response to leakage through faults, fractures, and
}atbandenedkwellbore must be modeled s:-andand results used for risk /[r- ted [SH71]: Any leaking wells are of concern. J
assessment and monitoring design.

(©)  |Iif using a non-peer-reviewed independently developed or untested code,
the developer must verify-validate the model's aceuracy-appropriateness
by modeling validated test cases of probplems with similar physics
found in the literature before submitting the application for Sequestration

Site Certification. /{ Commented [SH72]: Make sure the model is fit-to-
purpose

242. Storage Complex AOR-Delineation using Computational Modeling Results

(@) The initial site Storage Complex AGR-delineation model must be submitted with
the proposed Storage Complex AOR-and Corrective Action Plan in the
application for Sequestration Site Certification pursuant to subsection C.1.1.2.
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The medeled-model must be updated with all additional sitecharaterzation -and
pre-injection testing and AOR-will be finalized after all-site-data-are-collected-

and-pre-injectiontesting-isthis update is complete. Versions of the model must be

given unique identifiers. Commented [SH73]: CARB should expect multiple
updates will be run.

(b) The Storage Complex A©OR-boundaries must be based on simulated
predictions of the lateral extent of the separate-free-phase plume_-and
elevated pressure Juntil theyit stabilizes lafter the end of injection frentfor the /{Commented [SH74]: include any post closure CO2 J
cumulative CCS project model and must account for the anticipated injection migration in the storage complex definition
rates from all planned injection wells_and any production.

(c) A single AGR-modeling exercise }mas,Lmust be conducted for all wells within a Commented [SH75]: All the wells must be included;
single CCS project. they will interfere and change the plume shape and
pressure evolution. Idealized one-well cases are easier
i . . . . . . . to build and run but must be avoided if the project has
(d) The application for Sequestration Site Certification submittal must include the multiple wells

following in support of the storage complex AGR-delineation:

@) Attributes of the code(s) used to create the computational model(s),
including the code name, version, name of the developing organization,
and full accounting of or reference to the model governing equations,
scientific basis, and any-simplifying assumptions;
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)

©)

(4)

(5)

A description of the model domain, such as the model’s lateral and vertical
extents, geologic layer thickness, and grid cell sizes, as presented on maps
and cross-sections;

An accounting of all equations of state used for all modeled fluids
(groundwater, CO2);

Any constitutive relationships, such as relative-permeability saturation
relationships, and how they were determined; and

Model results, including predictions of the CO:2 free-phase plume and
pressure-front-migration elevation over the lifetime of the CCS project.
Model results must be presented in contour maps, cross sections, and/or
graphs showing plume and pressure front-migrationelevation as a function
of time, and that the application for Sequestration Site Certification
submittal must include the outcome of parameter sensitivity analysis and
model calibration.

243. Corrective Action Requirements

@)
@)

(b)

@

2

Corrective Action Plan:

(A)

(B)

©)

The CCS Project Operator is required to submit a Corrective Action Planwith
the initial application for Sequestration Site Certification pursuant to
subsections C.1.1.2 and C.2.4.3(a). Storage Complex Fhe-AOR and
Corrective Action Plan must describe:

Methods for the identification of all artificial penetrations within the Storage
ComplexAOR]

Proposed corrective action for unplugged or improperly or insufficiently
plugged wells penetrating the storage complex within the Storage
ComplexA©OR; and

The schedule of corrective action activities that minimizes risk to public
health and the environment.

Following Executive Officer approval and pursuant to the Storage Complex
AOR-and Corrective Action Plan, CCS Project Operators of CO:2 injection
wells must perform the following actions:

Identify all artificial penetrations, including all wells within the Storage
ComplexAOR, and provide a tabulation of each well's type, construction,
date drilled, location, depth, record of plugging and/or completion, and any
additional information the Executive Officer may require;

Identify all wells within-the-AOR-that penetrate the storage complex within-the
AOR-and provide casing diagrams for those wells pursuant to
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—| Commented [SH76]: This needs to be relevant to the

3-D volume, For example, it should include deviated
wells that enter the storage complex underground. It
does not need to include wells that produce from or
inject into zones that are above the storage complex




subsection C.2.4.3.7; and
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(3) Use a variety of methods to identify all wells that penetrate the storage
complex within-the- AOR-that require corrective action, such as those that are
improperly plugged or abandoned such that they may leak gas or fluid, or
those that are currently leaking gas or fluids, including, but not limited to:

(A)  Historical research of state and local databases, county records, and
private data;

(B)  Site reconnaissance, including interviewing local residents and property
owners, as well as conducting a physical search for features indicative of
abandoned wells;

© LAeriaI photography land satellite imagery review;

(D)  Geophysical methods including magnetic, ground penetrating radar, and
electromagnetic surveys;

(E)  Abandoned well plugging records; and

(F)  Well field testing, such as the analysis of each well using CH4
detection equipment.

(c) CCS Project Operators must perform corrective action on all wells that penetrate
the 'storage complexwithin-the-AOR that are determined to need corrective

/{ Commented [SH77]:

action, including all wells that penetrate the storage complex and are determined
to have been plugged and abandoned in a manner such that they could serve as
a conduit for fluid movement into the shallower subsurface, prior to the
commencement of injection. Figure 5-6 presents a flow chart that illustrates how
the various evaluation tools must be used together to evaluate abandoned wells.
CCS Project Operators must submit a descriptive report with the application for
CCS Project Certification that demonstrates how corrective action was applied to
deficient wells.
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Commented [SH78]: AoR replaced throughout
document because, three-D geometry is critical.
Operator does not need to remediate water wells or
injectors or producer into shallower zones.




Do state records or
geophysical surveys No .J
indicate the presence of £l
abandoned wells?

Yes I

Do records indicate the wells are plugged

in a manner that will prevent carbon Yes

dioxide plume of formation fluid migration
and that is compatible with the carbon

dioxide plume and formation fluids? o
| r

Plug questionable
wells.

Evaluation complete.

No

Drill out surface plugs
and other plugs above
the injection zone.

Perform caliper
log on well.

Does the caliper log indicate holes in the

Perform remedial
cementing or plug

casing? faulty section and re-
No ] AL,
Run cement
gvaluation logs.
Do the cement evaluation logs indicate Yes

channels or missing cement that could
allow migration of fluids?

No
Run cased hole dynamic
tester or sidewall core.

Does cement testing indicate cement Yes
degradation that will allow fluid movement?

No
Re-plug well. /| Commented [BH79]: Comment to ARB: Operator

) should evaluate and describe the completeness of the
[Figure 6. Well evaluation flow chart,‘ well database. Some states better than others. Some
may not be adequately complete to do this. So there
should be an added box for this determination, box #2
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(d) Prior to CCS Project Certification, CCS Project Operators must pedfermplan|

corrective action on all wells within-the-delineated-that penetrate the storage

complex AOR-that require corrective action. In performing corrective action,
CCS Project Operators must use methods designed to prevent the movement of
fluid out of the storage complex into a shallower zone, including use of materials
compatible with the CO2 stream, where appropriate.

@)
(A)

(B)

©)
)

©)

A well requires plugging if:

Records indicate that a well plug sufficient to prevent upward movement of
fluids does not exist at a depth corresponding to the primary confining
layer, or there are no well plugs below permeable formations that may
exhibit cross flow of mobilized fluids along the wellbore or casing; or

Field evaluations reveal cracks, channels, or annuli in the plug that would
allow fluid migration or suggest the plug material may corrode in response
to reactions with CO2; or

Field tests indicate the well is leaking gas or fluids.

A well requires remedial cementing if records or field evaluations indicate that
the cement surrounding the wellbore has failed or has cracks, channels, or
annuli that could allow migration of CO2, or if the well has not beencemented.

Materials used for cementing of abandoned wells must be supplemented with
or replaced by materials such as polymer gels and acrylic grouts, if required
by the Executive Officer.

(e) If corrective action is warranted during the injection or post-injection period based
on AOR reevaluation subsection C.2.4.4, the CCS Project Operator is required to
take the following actions:

1) Identify all wells or features that penetrate the storage complex within-the AOR-
that require corrective action;
(2) Identify the appropriate corrective action the well or feature requires pursuant
to subsection C.2.4.3;
(3) Prioritize corrective actions to be performed; and
4) Conduct corrective actions under a schedule that minimizes risk to public
health and the environment.
2.4.3.1.  Casing Diagrams of Wells Penetrating the Primary-Confining tayerSystem /{
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|

Commented [SH80]: Normally, corrective action is
staged, such that wells near the injection will be
worked over first. Far away wells can be re-entered at
later stages of the project.

Commented [BH81]: Include deviated wells that are
not in AoR that come into storage complex

Commented [SH82]: The whole confining system is
part of the Storage complex




(@) Casing diagrams submitted under subsection C.2.4.3.1 must demonstrate that
the wells will not be potential conduits for fluid migration outside of the storage
complex or otherwise have any adverse effects on the CCS project or cause
damage to public health or the environment, and must meet the following
requirements:

Q) Casing diagrams must include the following data to the extent known:
(A)  Operator name, lease name, well number and APl number of the well;
(B)  Ground elevation from sea level,
(C) Reference elevation (i.e. rig floor or Kelly bushing);
(D) Base of freshwater;
(E) Sizes, grades, connection type, and weights of casing and tubing;
(P Depths of casing shoes, stubs, and liner tops;
(G) Depths of perforation_or other completion intervals, water shutoff holes,
cement port, cavity shots, cuts, casing damage, and type and extent of

any debris left inwell, and any other feature that influences flow in the
well or may compromise the mechanical integrity of the well;

(H) Information regarding associated equipment such as subsurface safety
valves, packers, and gas lift mandrels;

0] Diameter and measured and true vertical depth of wellbore;

J) Wellbore path that includes inclination and azimuth measurements;

(K)  Cement plugs inside casings, including top and bottom of cement plug,
with measuring method indicated;

(L) Cement fill behind casings, including top and bottom of cement fill, with
measuring method indicated,;

(M)  Type and density of fluid between cement plugs;
(N)  Depths and names of the formations, zones, and sand markers penetrated
by the well, including the top and bottom of the zone where injection will

occur,

(O) All steps of cement yield and cement calculations performed;
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(P)  Allinformation used to calculate the cement slurry (volume, density, yield),
including but not limited to, cement type and additives, for each cement
job completed in each well; and

(Q)  When multiple boreholes are drilled, all of the information listed in this
section for the original hole and for any subsequent redrilled or
sidetracked wellbores.

) Casing diagrams must be submitted as both a graphical diagram and as a flat
file data set.

?3) Any additional information that the Executive Officer may require.

2.4.4. AOR-Plume Reevaluation

(@) Every five years, or when monitoring and operational conditions warrant pursuant
to subsection C.2.4.4.1, CCS Project Operators must:

(1) Reevaluate the-AORIocation of the CO2 plume in the manner specified in
subsections C.2.4, C.2.4.1, and C.2.4.2 and determine if it is within the
storage complex|

Commented [SH83]: This must be a full 3-D
evaluation, not a map view. Many known leakages are
vertical, e.g. subsurface blowouts.

2) Modify model input parameters and calibrate the model by comparing historic
data to recent observations of plume size based on operational and
monitoring data collected in subsections C.3.2, C.3.3, and C.4.3 and rerun
the model to predict if the model calibrated with updated observations is predicted
to stay within the Storage Complex until plume stabilization;|

Commented [SH84]: The first key question is if the
model calibrated with observations is still within the
Storage complex

(3) If the plume has already left the storage two options can be considered:

Commented [SH85]: The second key question is if the
model calibrated with observations is still predicted to
stay within the Storage Complex after closure

(1) Quantify a reversal of credits for the mass of CO2 that migrated out of the
Storage Complex

Commented [SH86]: Loss of CO2 from the storage
complex is a serious problem for permanence and
generally should trigger reversals.

(2) Rualify additional rock volumes to be added to the Storage Complex for
permanent storage -by modifying the definition of the storage complex
and repeat the activities: |

. A) Identify all wells in the reevaluated-AORModified storage
complex that require corrective action in the same manner
specified in subsections C.2.4.2 and C.2.4.3;

. B) Perform corrective action on wells requiring corrective
action in the reevaluated AOR in the same manner specified
in subsections C.2.4.3 and C.2.4.3(d); and

(4) If the updated model of the plume predicts that CO2 will leave the storage
complex before stabilization but no leakage has occurred:
(5) Same option (1) and (2) above
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| Commented [SH87]: In some cases, CO2 that has

migrated in an unplanned way will eventually escape to
atmosphere, or there is uncertainty that it will be
permanently stored. E.g. CO2 that migrated above
upper-most confining layer .

Commented [SH88]: In other cases, COz2 that has
migrated in an unplanned way is unlikely to escape to
the atmosphere, and the operator can make a
demonstration that this is true by expanding the
storage complex delineation to include the extension
(lateral or vertical) areas.




3)(6) or (3) modify the injection plan |so that the modeled plume remains inside Cc ted [SH89]: Pragmatically this is a very
important option used in commercial injection projects.

the Storage Complex until stabilization mmer( proje
Operators may change the injection amount, injection
rate, modify well completions, or drill additional well(s).

M%Q)JSubmit either,(1) an updated model output showing that CO2 will be retained
inside the Storage Complex until stabilization. (2) a quantification of CO2 that
was lost from the Storage Complex, or (3) an amended AOR-Storage
Complex delineation or operational plan showing that changes made will

result in CO2 being retained inside the Storage complex until stabilization lane

A o N Q

Commented [SH90]: It is unacceptable to update the
model without doing a re-evaluation of permanence,
and if needed a modification of the Operation

Commented [SH91]: If the injection operation or
Storage complex is redefined, the monitoring plan must
be updated.

(b) The Emergency and Remedial Response Plan, [Monitoring plan [Post-Injection
Site Care and Closure Plan, and the demonstration of financial responsibility in

subsection C.7 must account for the AOR-Storage complex delineated as
specified in subsection C.2.4.2, or most recently evaluated Storage complex
AOR-delineated under subsection C.2.4.4(a);
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©
@)

@

@

©)

@

©)

(4)

Plume extent AOR Reevaluation Requirements:|

Using newly collected monitoring data and existing data, the CCS Project
Operators must update and verify the site model and reevaluate the size
and shape of the CO2 plume though the project life until plume
stabilization AOR-as specified in the Storage complex AGR-and
Corrective Action Plan. CCS Project Operators are required to take the
following steps to evaluate CCS project data and, if necessary, reevaluate
the injection plan, the project accounting, or the Storage complex
delineation, risk assessment and monitoring plan AOR):

/{

Commented [SH92]: Much of this seems redundant to
above.

Review monitoring data and compare it to the computational model
predictions to assess whether the predicted CO2 plume migration
and pressure elevation is consistent with actual data;

Commented [SH93]: If a material error is found, such
a plume that has or will extent out of the storage
complex, corrective actions must be taken

Review operating data to verify that it is consistent with the inputs used in
the mestrecent-reevaluation of the modeling effort; and

Review any new geologic data acquired since the last modeling effort and
identify if any new data materially differ from -that input into the modelirg-

If the information reviewed is consistent with, or unchanged from, the most
recent modeling assumptions or confirms modeled predictions about the
maximum extent of free-phase plume and pressure_elevation frent
movement, the CCS Project Operator must prepare a report demonstrating
that, based on the monitoring and operating data, no reevaluation-of the-
corrective actionAGR-is needed. The report must include the data and results
demonstrating that no changes are necessary;

If material changes have occurred such that the actual CO:2 free-phase
plume er-pressure-front- or predicted plume at stabilization may extend
beyond the-area-originally-modeled;-the-the Storage Complex €ES-Project-
Operator-mustreevaluate-the- AOR-and-the following steps must be taken:

If the plume has already left the storage two options can be considered;

/{

Commented [SH94]: Pressure is usually a key model
matching parameter

|

(1) Quantify a reversal of credits for the amount of CO> that migrated out of

the Storage Complex

Commented [SH95]: Loss of COz from the storage
complex is a serious problem for permanence and
generally should trigger reversals.

(2) Rualify additional rock volumes for permanent storage by modifying the

ATTACHMENT 1: CCS Protocol

definition of the storage complex and repeat the activities: |

. A) Identify all wells in the Modified storage complex that
require corrective action in the same manner specified in
subsections C.2.4.2 and C.2.4.3;

. B) Perform corrective action on wells requiring corrective
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Commented [SH96]: In some cases, CO: that has
migrated in an unplanned way will eventually escape to
atmosphere, or there is uncertainty that it will be
permanently stored. E.g. CO2 that migrated above
upper-most confining layer in system

Commented [SH97]: In other cases, COz2 that has
migrated in an unplanned way is unlikely to escape to
the atmosphere, and the operator can make a
demonstration that this is true by expanding the
storage complex delineation to include the extension
(lateral or vertical) areas.




action in the reevaluated AOR in the same manner specified
in subsections C.2.4.3 and C.2.4.3(d); and

(5) If the updated model of the plume predicts that CO2 |eave the storage
complex before stabilization but no leakage has occurred:
(6) Same option (1) and (2) above

(7) or (3) Imodify the injection plan lso that the modeled plume remains inside Cc ted [SH98]: Pragmatically this is a very

the Storage Complex until stabilization important option used in commercial injection projects.
Operators may change the injection amount, injection

rate, modify well completions, or drill additional well(s).

@)——ISubmit either,(1) an updated model output showing that CO2 will be
retained inside the Storage Complex until stabilization. (2) a
quantification of CO2 that was lost from the Storage Complex, or (3) an
amended Storage Complex delineation or operational plan showing that

changes made will result in CO2 being retained inside the Storage
complex until stabilization Revision-of the site-conceptual modelbased- Commented [SH99]: It is unacceptable to update the

i i i i itori . model without doing a re-evaluation of permanence,
and if needed a modification of the Operation

{4)(1) Review wells in any newly identified areas of the AOR and apply corrective
action to deficient wells pursuant to subsection C.2.4.3;

{5)(2) _Following each evaluation, the CCS Project Operator must prepare and

submit a report documenting the reevaluation process, including a description
of the updated modeling effort, the data used for the reevaluation, any
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corrective actions needed, and the schedule for any corrective actions to be
performed; and

{6)(3) Update the AGR-Storage complex delineation and Corrective Action Plan to

(d)
@)

@)

©)

2.4.4.1.

reflect the revised AGR observations and model, along with other related
CCS project plans, as needed, and submit for approval by the Executive
Officer.

AOR-Plume evolution Reevaluation Cycle:

The CCS Project Operator must reevaluate the AGR-plume evolution at the
minimum fixed frequency, not to exceed five years, as specified in the AOR-
Storage complex delineation and Corrective Action Plan, or when monitoring
and operational conditions warrant, following subsection C.2.4.4(a);

AOR-Plume reevaluations must be performed periodically during the post-
injection phase following the Post-Injection Site Care and Site Closure Plan at
subsection C.2. Post-injection pressure monitoring data must be compared to
model pressure conditions predicted for the post-injection site care timeframe;
and

If monitoring or operational data suggest that a significant change in the size
or shape of the actual CO2 plume as compared to the predicted CO2 plume
and/or pressure front is occurring, or there are deviations from modeled
predictions such that the actual plume or pressure front may extend vertically
or horizontally beyond that modeled, the CCS Project Operator must initiate
an AOR-plume extent reevaluation prior to the next scheduled reevaluation

pursuant to subsection C.2.4.4(a).

Triggers for AOR plume extent Reevaluations Prior to the Next Scheduled

Reevaluation

@)

(b)

©
@)

)

Unscheduled reevaluations of the AOR-plume extent must be based on
observational or quantitative changes of the monitoring parameters of the
CCS project.

Triggers for plume extent AGR-reevaluations must be developed and quantified
as part of the AOR evaluation pursuant to subsection C.2.4.2, based on site-
specific risks identified in the Risk Assessment pursuant to subsection C.2.2.

Observations that will trigger an plume extent AOR-reevaluation include:

Observed migration of the plume in any direction that is faster than that
predicted by the model;

Observed thickness of the CO2 plume that is much thinner than that
predicted by the model;
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—| Commented [SH100]: The QM must not automatically

allow the storage complex to be made larger. Some
rock volumes are not suitable for permanent storage. If
CO2 migrates into these volumes credits must be
reversed. Note that such migration may not present
HS&E risk.

Commented [SH101]: The focus needs to be on the
storage permanence performance. Changing the AOR
should only be allowed if permanence in the new
volumes can be demonstrated.




©)

4)
(@)

@

@

(€)

A trend in pressure increase at the injection well(s) or other monitoring points
that deviates systematically from the predicted trend; and/or

CO: leakage charging a zone above the storage complex;

An unscheduled plume extent AOR-reevaluation may also be needed if it is
likely that the actual free-phase CO2 plume or elevated pressure frentextend
beyond that modeled because any of the following has occurred:

An earthguake of magnitude 2.77 or greater within a one mile radius of the
CCS project; or

New site characterization data change the computational model to such an
extent that the predicted free-phase CO2 plume or pressure front-elevation
extends vertically or horizontally beyond the-that predicted AOR.

Any site-specific criteria that will trigger an AOR-plume extent reevaluation for a
particular CCS project must be included in the AOR-Storage complex delineation
and Corrective Action Plan.

2.5. Baseline Monitoring

@

®)

©

@

As part of the testing required to meet certification as described in subsection
C.4.1, CCS Project Operators must monitor the surface, near-surface, and deep
subsurface for CO2 leakage that (1) may endanger public health or the
environment_or|(2) require reversals of the storage credits because of failure to
attain permanence. The CCS Project Operator must submit a Baseline Testing

Plan with the application for Sequestration Site Certification.

The monitoring frequency and spatial distribution of surface, near-surface, and
subsurface monitoring must be designed to detect leakage from the storage
complex and to the atmosphere using site-specific criteria and according to a

timeline and schedule set forth in the application for Sequestration Site
Certification of no less than one year prior to the initiation of injection, or as
required by the Executive Officer.

Natural background variability in physical and geechemical |

parameters should be characterized to define statistics for
identifying CO2 leakagesignals.

\Baseline data \on COq-concentrationsand-fluxesphysical and chemical

conditions collected prior to operation must be used_to design a monitoring
program that is capable of detecting leakages. -fer- Baseline data may be used
for history matching and comparison to levels during and after the operational
phase of the CCS project to detect any CO: leakage to the deep subsurface,
shallow subsurface, and surface or atmosphere._Variability at daily, seasonal or
created by long duration trends (e.qg. climate change, sea level rise, urbanization
or other landscape evolution) must be considered and may require advanced
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J

Commented [SH104]: Pressure and geophysical tools
should be considered also; they have often been
shown to detect smaller leakage at earlier times.

_—| Commented [SH105]: The key role of preinjection
data is to model effective detection. If there is too much
noise and variability, an alternate method must be
required.




approaches to separate leakage signal from other changes.

e Any properties of the storage complex, groundwater, overburden, or AOR
that _is shown by Risk Assessment to potentially be impacted by

injectionmay-affect-baseline-data must be evaluated, including but not
limited to: downhole pressure, sequestration zone fluid

7Cal. Code Regs., tit. 14, § 1724.14, “Pre-Rulemaking Discussion Draft 04-26-17 Updated Underground
Injection Control Regulations,” (2017).
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chemistry, surface-soil -gas composition type, seilorganic-carbon-content,-
vegetation type and density, tepegraphy;-and surface-fresh and overburden
water hyerelogychemistry and pressure.

Data collection and analyses:

@) The determination-of-the-baseline monitoring strategy must be determined-
sufficient to detect, verify, quantify, mitigate, and validate mitigation of CO2
leakage out of the storage complex on a site-specific basis following the risk
assessment pursuant to subsection
C.2.2 and computational modeling results pursuant to subsection C.2.4.1.

Baseline data collection in the injection zone and confining system may be needed
to track the evolution of the CO2 plume. Geophysical tools such as seismic,
electrical, gravity, pulsed neutron and other tools in particular are much more
guanititative used in time-lapse mode (surveys collected prior to injection compared

to those collected during and after injection). Pressure and chemical -tools also may

benefit from baseline data. |

in all cases attention (subsurface and surface), the process by which the survey can

Commented [SH106]: For correct accounting, as
much or more care should be put into baseline
environmental monitoring.

be accurately repeated in terms of location and instrumentation must be provided

2) For soil gas and air sampling, the paseline monitoring must be shown to
allow CO2 leakage to be detected, verified, and quantified. spatial-Spatial
dlstrlbutlon of %&L@Qgﬂuxe&an&emeen#aﬂens—mast—bedetermmed-

~repeat measurements at
several-fixed sﬂes—and over a perlod of one year_or more;- are required to
capture any seasonal or diurnal variations. CCS Project Operators must plan
the location and frequency of soil gas and surface air sampling peints-based
on the following considerations:

Commented [SH107]: The concept of baseline only
works if the survey can be repeated without error.
Serious limitations should be considered.

(A) ISoil gas and air monitoring locations should be selected at the points at

which should leakage occur, detection would be likely, based on risk
assessment. A strategy to separate leakage signal from noise must be
provided. A method for separating leakage signal from long-term treand
(e.g climate change) must be provided. Features that may lead to
anomalies in gas composition should be assessed (for example past
land use, shallow methane accumulations, increased wetlands resulting
from sea level rise) |

Commented [SH108]: Known leakage from
subsurface blowouts escapes to the surface at
discharge points, these may be boggy and highly
variable.

(B) Target potential point sources_of leakage, including wellheads, artificial
penetrations, and fault or fracture zones. A transect-profiling approach
may be used for linear features, such as faults;® and

(C) |AgrdmethodologymustbeusedwhenSufficient coverage must be

obtained for monitoring soil gas and atmosphere for non-point source

ATTACHMENT 1: CCS Protocol — C: Permanence Page 70/175

Commented [SH109]: Techniques such as process-
based (Romanak, K. D., Bennett, P. C., Yang, C., and
Hovorka, S. D., 2012, Process-based approach to CO,
leakage detection by vadose zone gas monitoring at
geologic CO, storage sites: Geophysical Research Letters,
v. 39, L15405, doi:10.1029/2012GL052426.)

or natural tracer methods should be used to manage

noise.




leakage throughout the AOR.

v i Hi ‘ _—| Commented [SH110]: New technologies such as
buried fiber or laser detection in air have been tested

. L . and will likely provide better and lower cost options
(0)] Baseline monitoring report: than LICOR stations.

(1)  The CCS Project Operator must submit a descriptive report of baseline
monitoring data and interpretations with the application for CCS Project
Certification. The report must include geophysical, pressure and chemical
data from the subsurface, surface air or soil gas analyses, and CCS
Project Operators must submit, at a minimum, the following:

(A)  Site characteristics (e.g. soil type, soil organic carbon content, vegetation
type and density, topography, surface water hydrology);

(B)  Sampling locations (in map form) and dates sampled;
(C)  Atmospheric conditions;

(D)  Sampling and analytical methods, including detection limits;

8 ASTM International (ASTM), “Standard Guide for Soil and Gas Monitoring in the Vadose Zone,” ASTM
D5314 - 092 (2001), DOI: 10.1520/D5314-92R06. http://www.astm.org.
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(E) Results presented as concentrations and fluxes in tabular and graphic
form, including quality assurance (QA) samples and analyses;

(F) Methods and results of regression analyses; and

(G)  Methods and results of any ecological modeling or sensitivity analysis
performed, including input data and outputs.

S)—

(H)  The CCS Project Operator must alssess of the impact of baseline site
characteristics on operational and long term monitoring and

demonstrate that the locations sampled represent a reasonable grid
size and that-determine if potential point sources are represented and
if locations will serve as a good baseline to compare to future

Commented [SH111]: CARB should require the
operator to do this otherwise it is a large burden on the
agency to do the whole analysis of significance of
findings in-house

monitoring data. The CCS Project Operator must also demonstrate
that seasonal and diurnal variations in CO:2 levels have been
captured and describe the variability in the data for future reference.
If an inadequate time series of analyses was performed or if there are
concerns regarding the quality of analytical data, the CCS Project
Operator may |need to collect and submit additional data.)

| Commented [SH112]: It is likely that the locations will

not serve as a simple “baseline” as landscape evolution
e.g. driven by climate changes, land use changes, sea
level change will occur over 100 years. If CARB
requires ecosystem monitoring, methods to deal with
these changes should be proposed.

3. Well Construction and Operating Requirements
31 Well Construction
(@) General Requirements:

Q) The CCS Project Operator must ensure that all injection, observation or
monitoring, and production wells associated with the CCS project are
constructed and completed to:

(A)  Prevent the movement of fluids into or between any unauthorized zones;

(B) Permit the use of appropriate testing devices and workover tools; and

(C)  Permit continuous monitoring of the pressure in the annulus space
between the injection tubing and long string casing.

(b) The CCS Project Operator is required to submit a Well Construction Plan with the
application for Sequestration Site Certification, pursuant to subsection C.1.1.2.

(c) Casing and cementing of CCS project wells:

Q) Casing and cement or other materials used in the construction of each well
associated with a certified CCS project must have sufficient structural
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strength and be designed for the life of the CCS project. All well materials
must be compatible with fluids with which the materials may be expected to
come into contact and must meet or exceed standards developed for such
materials by API, ASTM International, or comparable standards acceptable to
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(A)
(B)
©)

(D)

(E)

(F)

©)

(H)

o
)

©)

A)

(B)

©)

the Executive Officer. The casing and cementing program must be designed
to prevent the movement of fluids out of the sequestration zone and above
the storage complex. In determining and specifying the casing and
cementing requirements, the CCS Project Operator must consider the
following factors:

Depth to the sequestration zone;
Injection pressure, external pressure, internal pressure, and axial loading;
Hole size;

Size and grade of all casing strings (wall thickness, external diameter,
nominal weight, length, joint specification, and construction material);

Corrosiveness of the CO2 stream and formation fluids;

Downhole temperatures;

Lithology of sequestration and confining layer;

Type or grade of cement and cement additives; and

Quantity, chemical composition, and temperature of the CO2 stream.
Surface casing must extend through the base of the lowermost freshwater
aquifer and be cemented to the surface through the use of a single or multiple
strings of casing and cement.
At least one long string casing, using a sufficient number of centralizers, must
extend to the sequestration zone and must be cemented by circulating
cement to the surface in one or more stages. The CCS Project Operator may
use an alternate method of cementing if cementing to surface will
compromise the integrity of the well or confining layer, provided the operator:

Submits a demonstration as part of the Well Construction Plan describing

the proposed method of cementing and an explanation for why the

particular method was chosen;

Follows best practices that meet or exceed standards developed for such

methods and materials by API, ASTM International, or comparable

standards acceptable to the Executive Officer; and

Receives Executive Officer approval prior to well construction.

ATTACHMENT 1: CCS Protocol — C: Permanence Page 74/175



(4)

(5)

(6)

Cement and cement additives must be of sufficient quality and quantity to
maintain integrity over the design-life of the CCS project. The integrity and
location of the cement must be verified using technology capable of (1)
evaluating cement quality radially and (2) identifying the location of channels
to ensure the likelihood of an unintended release of CO2 from the
sequestration zone above the storage complex is not likely.

Cement and cement additives must be compatible with the CO2 stream
and formation fluids within the sequestration zone.

Any changes to casing and/or cement materials or designs that deviate from
the casing and cementing program in the initial Sequestration Site
Certification application must be submitted and approved by the Executive
Officer before CCS Project Certification is granted.

(d) Tubing and packer:

@)

)

©)

(A)
(B)

©)
(D)
(E)

(F)
©)

Tubing and packer materials used in the construction of each well associated
with the CCS project must be compatible with fluids with which the materials
may be expected to come into contact and must meet or exceed standards
developed for such materials by API, ASTM International, or comparable
standards acceptable to the Executive Officer.

CCS Project Operators of must inject fluids through tubing with a packer set
within the long string casing at a point within or below the primary confining
layer, or at an interval at a location approved by the Executive Officer.

In determining and specifying the tubing and packer requirements, the CCS
Project Operator must consider the following factors:

Depth of setting;

Characteristics of the CO2 stream (chemical content,
corrosiveness, temperature, and density) and formation fluids;

Maximum proposed injection pressure;
Maximum proposed annular pressure;

Proposed injection rate (intermittent or continuous) and volume and/or
mass of the CO2 stream;

Size of tubing and casing; and

Tubing tensile strength, burst, and collapse pressures.
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(4)

®
@

Any change to the tubing and packer used in the well that deviates from those
proposed in initial CCS project application for CCS Project Certification must
be submitted and approved by the Executive Officer before CCS Project
Certification is granted.

Wellheads and Valves:

The CCS Project Operator must equip all wells associated with the CCS
project with wellheads, valves, piping, and surface facilities that meet or
exceed design standards developed for such materials by API, ASTM
International, or comparable standards acceptable to the Executive Officer.

All piping, valves, and facilities must meet or exceed design standards for the
maximum anticipated allowable injection pressure, and must be maintained in
a safe and leak-free condition.

The CCS Project Operator must equip all ports on the wellhead assembly
above the casing bowl of injection wells with valves, blind flanges, or similar
equipment.

The CCS Project Operator must equip wells with valves to provide isolation of
the wells from the pipeline system and to allow for entry into the wells.

Routine well maintenance:

Routine well maintenance must be conducted at a minimum of every six
months. Routine maintenance consists of wellhead valve maintenance and
measurement of casing annular pressures. If a significant deviation such that
the mechanical integrity of the well is compromised or may become
compromised, the appropriate remediation plan must be triggered.

32. Pre-Injection Testing

@)

(b)

During the drilling and construction of wells for the CCS project, the CCS Project
Operator must run appropriate logs, surveys, and tests to: (1) determine or verify
the depth, thickness, porosity, permeability, and lithology of the sequestration
zone, (2) measure the salinity and TDS of any formation fluids in all relevant
geologic formations, (3) ensure conformance with the well construction
requirements under subsection C.3.1, and (4) establish accurate baseline data
against which future measurements will be compared.

The CCS Project Operator is required to submit a Pre-Injection Testing Planwith
the application for Sequestration Site Certification, pursuant to subsection
c.l.1.2.
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(c) The CCS Project Operator must submit, with the application for CCS Project
Certification, a descriptive report that includes an interpretation of the results of
such logs and tests. At a minimum, such logs and tests must include:

Q) Deviation checks during drilling on all holes constructed by drilling a pilot hole
that is enlarged by reaming or another method. Such checks must be at
sufficiently frequent intervals to determine the location of the borehole and to
ensure that vertical avenues for fluid movement in the form of diverging holes
are not created during drilling; and

2 A series of tests before and upon installation of the surface casing, and
before and upon installation of the long string casing:

(A) A series of tests to evaluate the geological and hydrological characteristics
of the wellbore following procedures outlined in subsection C.2.3.1; and

(B) Casing inspection logs to evaluate the integrity of the cement bond, such
as variable density, temperature, and acoustic logs, or an alternative
method approved by the Executive Officer, after the casing is set and
cemented.

(3) A series of tests designed to demonstrate the internal and external
mechanical integrity of injection wells, which must include:

(A)  Anannulus pressure test or a radioactive tracer survey, pursuant to
subsection C.4.2(b)(1) and C.4.2(b)(3);

(B) A temperature, noise, or oxygen activation log, or a radioactive tracer
survey; and

(C) Acasing inspection log pursuant to subsection C.4.3.71.4.

4 Any alternative methods that provide equivalent or better information and that
are required or approved by the Executive Officer.

(d) The CCS Project Operator must record the fluid temperature, pH, conductivity,
reservoir pressure,«@nd—s&a%ieﬂuéd—level of the sequestration zone.

(e)  Ataminimum, the CCS Project Operator must determine or calculate the
following information concerning the sequestration zone and confininglayer
pursuant to subsection C.2.3(c):

Q) Fracture pressure;

2 Other physical and chemical characteristics of the sequestration zone and
confining layer; and
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3) Physical and chemical characteristics of the formation fluids in the
sequestration zone.

® Upon completion, but prior to operation, the CCS Project Operator must conduct
tests to verify hydrogeologic characteristics of the sequestration zone pursuant to
subsection C.2.3(c), including a pressure fall-off test and a pump test or injectivity
tests.

(9) The CCS Project Operator must provide the Executive Officer with the
opportunity to witness all logging and testing conducted in accordance with this
section. A state licensed engineer, or equivalent, may be allowed to witness
logging and testing, if approved by the Executive Officer.

33 Injection Well Operating Requirements

@) The CCS Project Operator is required to submit a Well Operating Plan with the
application for Sequestration Site Certification, pursuant to subsection C.1.1.2.
This operating plan must include:

1) A map showing the injection facilities;

2 Maximum anticipated surface injection pressure (pump pressure) and
daily rate of injection, by well;

(3) Monitoring schedule and system or method to be utilized to ensure that no
damage is occurring to the well or associated surface facilities and that all
injection fluid is confined to the sequestration zone;

(4) Method of injection; and

(5) Treatment of water injected during water alternating gas (WAG) methods
are used for CO2-EOR purposes;

(b) The CCS PrOJect Operator must ensure that |nJect|on pressure does not exceed

___—| Commented [SH115]: Extensive consideration of

ensurethat—m}eetreneee&net |n|t|ate or propagate exrstlng fractures in the geomsmamca' risbk is underway. Sl_'glgeSt that this rate
sequestration zone. In no case may injection pressure initiate fractures in the @ tied o current best practices in risk management,

e - . . - which should be site dependent
confining layer, or cause movement of the injection or formation fluids out of
authorized zones-, or unacceptably increase risk of significant induced

seismicity.

(©) Injection between the outermost casing and the wellbore is prohibited. The
space between the casing and the formation is to be cemented following
subsection C.3.1(c)(3).
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(4)
(5)

The CCS Project Operator must fill the annulus between the tubing and the long
string casing with a non-corrosive fluid (e.g., a brine containing a corrosion
inhibitor).

Other than during periods of well workover approved by the Executive Officer in
which the annulus between the tubing and long string casing is disassembled for
maintenance or corrective procedures, the CCS Project Operator must monitor
and maintain mechanical integrity in all wells associated with the CCS project at
all times.

If a shutdown (either downhole or at the surface) is triggered or a loss of
mechanical integrity is discovered, the CCS Project Operator must immediately
investigate and identify as expeditiously as possible the cause of the shutdown.
If, upon such investigation, the well appears to be lacking mechanical integrity, or
if monitoring required under subsection C.3.3(f) of this section otherwise
indicates that the well may be lacking mechanical integrity, the CCS Project
Operator must:

Immediately cease injection_into the affected well(s), jotherwise, all credits

generated are subject to invalidation;

Take all steps reasonably necessary to determine whether there may have
been a release of the injected CO2 stream or formation fluids into any
unauthorized zone;

Notify the Executive Officer in writing within 24 hours;

Restore and demonstrate mechanical integrity prior to resuming injection; and

Notify the Executive Officer when injection can be expected to resume.

34. Operating Restrictions and Incident Response

@)

@

)

In order to receive credit, the CCS Project Operator must cease injection into the
affected injection well and must not resume injection into the well without
subsequent approval from the Executive Officer if any of the following occurs:

The CCS Project Operator has not performed mechanical integrity testing on
the well as required by subsection C.4.2 or the notification and results
required under subsection C.4.2.1 have not been provided to the Executive
Officer;

The well failed a mechanical integrity test required by subsection C.4.2, or
there is any other indication that the well lacks mechanical integrity or is
otherwise incapable of performing as approved by the Executive Officer;
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©)
(4)

()

(6)

()

©)

(b)

©

An automatic alarm or automatic shut-off system is triggered;

The well experiences a significant, unexpected change in pressure in the
annulus between the tubing and the long string casing, or injection pressure;

There is any indication of a failure, breach, or hole in the well tubing, packer
or well casing, including failures above or below a packer;

There is any indication that fluids being injected into the well are not confined
to the intended zone of sequestration;

There is any indication that damage to public health, the environment, natural
resources, or loss of hydrocarbons is occurring by reason of the injection; or

Any non-compliance with any certification condition or local regulatory
requirement is discovered and the Executive Officer determines that the
injection must cease.

The CCS Project Operator must immediately notify the Executive Officer upon
ceasing injection operations by reason of subsection C.3.4(a), indicating the
affected well and the specific reason for ceasing injection.

The CCS Project Operator must comply with all operational and remedial
directives of the Executive Officer related to the reason for ceasinginjection.

4. Injection Monitoring Requirements

41. Testing and Monitoring

@

Testing and Monitoring Plan. The CCS Project Operator must prepare, maintain,
and comply with a testing and monitoring plan to ensure that the CCS project is
operating as certified and that the CO2 injected is permanently sequestered. The
Testing and Monitoring Plan must be submitted with the application for
Sequestration Site Certification, and must include a description of how the CCS
Project Operator will meet the testing and monitoring requirements, including
accessing sites for all necessary monitoring and testing during the active life of
the CCS project and the post-injection site care period. Testing and monitoring
associated with CCS projects must include:

@ Analysis of the CO2 stream with sufficient frequency to yield
data representative of its chemical and physical characteristics
pursuant to subsection C.4.3.1.7;

@ Installation and use, except during well workovers, of continuous
recording devices to monitor: (1) injection rate and volume pursuant
to
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subsection C.4.3.1.2, (2) injection pressure and the pressure on the annulus
between the tubing and the long string casing pursuant to
subsection C.4.3.1.3, and (3) the annulus fluid volume added;

®

QY

®

©
)
(O]

©)

©)

U]

®

©)

Corrosion monitoring of well materials, upon well completion and a
minimum of once per every five years thereafter, for loss of mass,
thickness, cracking, pitting, and other signs of corrosion, to ensure that
well components meet the minimum standards for material strength and
performance set by API, ASTM International, or equivalent, by:

Analyzing corrosion coupons of the well construction materials placed in
contact with the CO2 stream; or

Routing the CO2 stream through a loop constructed with the material
used in the well and inspecting materials in the loop;

Performing casing inspection logs; or
Using an alternative method approved by the Executive Officer.

Periodic monitoring of pressure and/or composition above the
storage complex. In sites where it is feasible and useful,
groundwater quality and geochemistry must be considered. The
rationale and leakage detection threshold of the selected monitoring
method must be demonstrated;

The location and number of monitoring wells based on specific
information about the CCS project, including injection rate and
volume, geology, the presence of artificial penetrations and other
factors;

The monitoring frequency and spatial distribution of monitoring wells
based on any modeling results required by subsection C.2.4.1;

A demonstration of external mechanical integrity pursuant to subsection
C.4.2 at least once per year until the injection well is plugged, and, if
required by the Executive Officer, a casing inspection log pursuant to
requirements at subsection C.4.2(c) at a frequency established in the
Testing and Monitoring Plan;

A pressure fall-off test at least once every five years, pursuant
to subsection C.4.3.1.5, unless more frequent testing is
required by the Executive Officer based on site-specific
information;

Testing and monitoring to track the extent of the CO2 plume,
and the presence or absence of elevated pressure;
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(10) __Surface air monitoring and soil gas monitoring to detect potential

(11)

mevement-migration of CO:2 ir-into the shallow subsurface or
atmosphere;

IMonitoring will provide data to assess the horizontal and vertical

(12)

location of the plume in 2.4.2 and determine if it is within the storage
complex. In addition, monitoring data will be used to test if the
modeled migration of the plume atprior to stabilization remains within
the storage complex.

Monitoring will be used to detect and quantify leakage. The process and

detection threshold at which leakage from any possible pathway from
reservoir to surface will be detected and quantified should be specified.
Maps and modeling should be used to show how measurement and
modeling will be used to trigger a finding of leakage-. Monitoring will be used
to verify and guantify the loss. Monitoring will be used to show that any
mitigation is effective. |

{10)(13)At a minimum, the monitoring plan must stipulate and include:

Q)
®
©
)

®
)

The frequency of data acquisition;
A record keeping plan;
The frequency of instrument calibration activities;

The QA/QC provisions on data acquisition, management, and record
keeping that ensures it is carried out consistently and with precision;

The role of individuals performing each specific monitoring activity; and
Methods to measure and quantify the following data:
Quantity of CO2 emitted from the capture site;

Quantity of CO:2 sold to third parties (e.g., for enhanced olil
recovery) including sufficient measurements to support data
required; and

Quantity of CO: injected into each well in the CCS project. The
method that assures as accurate as feasible quantification must be
shown. Issues such as variable pressure and temperature and the
impact of impurities on volume to mass conversion must be
considered. In cases such as CO2 EOR where CO2 handling is
complex, an inventory of the flows must be provided that avoids any
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error such as double counting recycled CO2. |-metered-at-the-

wellhead-

(14)  The CCS project operator must inventory and show the suitability using
site-specific and risk assessment based data of the methods that will
be used to provide data required inin 2.4 for updating the plume
location, predicting the location at stabilization, updating the computer
modeling, and assessing the permanence of storage within the Storage
Complex

(15)  Quantify and provide estimation methods, precision and accuracy of
measurement of any CO2 that migrates outside the storage complex
and cannot be qualified as permanently stored- as required in_section
2.2 (e) equation 6. See section 2.4 for corrective actions that can be
used to avoid reversals.

(16)  Quantify and provide estimation methods, precision and accuracy of
measurement of atmospheric CO2 leakage from the storage complex
(MT COg2/year) as required by 2.2.(e) eq 6.

AH(17)Any additional monitoring, as required by the Executive Officer,
necessary to support, upgrade, and improve computational modeling of
the AOR-plume and stabilization evaluation required under subsection
C.24.1;

2)(18)The CCS Project Operator must periodically review the Testing and
Monitoring Plan to incorporate monitoring data collected under this
subsection, operational data collected under subsection C.3, and the
most recent AOR reevaluation performed under subsection C.2.4.4;
and

{3)(19)The CCS Project Operator must review the Testing and Monitoring
Plan no less than once every five years. Based on this review, the
CCS Project Operator must submit an amended Testing and
Monitoring Plan or demonstrate to the Executive Officer that no
amendment to the Testing and Monitoring Plan is needed. Any
amendments to the Testing and Monitoring Plan must be approved by
the Executive Officer. Amended plans or demonstrations must be
submitted to the Executive Officer as follows:

A Within one year of an-a Storage Complex or AOR reevaluation; or

B) When required by the Executive Officer.
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42. Mechanical Integrity Testing

(@  Anywell that is part of a CCS project must have and maintain mechanical
integrity at all times during operation, other than during periods of well workover
for maintenance or corrective action. A well has mechanical integrity if:

(1) Thereis no internal leak in the casing, tubing, or packer;

(2)  There is no significant external fluid movement out of the sequestration zone
through channels adjacent to the wellbore; and

(3) Corrosion monitoring, pursuant to subsection C.4.3.7.4, reveals no loss of
mass or thickness that may indicate the deterioration of well components
(casing, tubing, or packer).

(b) The CCS Project Operator must conduct mechanical integrity testing as follows:

1) Internal mechanical integrity must be demonstrated prior to commencing
injection operations. Thereafter, the internal mechanical integrity of each well
must be tested at least once every five years, after every workover (see
subsection C.4.2(c)(6), below), or at the request of the Executive Officer.
CCS Project Operator must submit a descriptive report of the internal
mechanical integrity test results with the application for CCS Project
Certification.

2 External mechanical integrity must be demonstrated within three months after
injection has commenced. Thereafter, wells must be tested at least once
each year, or on a testing schedule approved by the Executive Officer.

(3) The CCS Project Operator must demonstrate internal mechanical integrity
and test for possible leaks in the casing, tubing, or packer, under subsection
C.4.2(b)(2), via:

(A)  Anannulus pressure test;
(B) A radioactive tracer survey; or
(C) An alternative test approved by the Executive Officer.

(4)  The CCS Project Operator must demonstrate external mechanical integrity

and test for possible leaks from channels adjacent to the wellbore under

subsection C.4.2(b)(2), via:

(A)  Atemperature log;
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(B)  Anoise log;

(C)  An oxygen activation log;

(D) A radioactive tracer survey; or

(E)  An alternative test approved by the Executive Officer.

(5)  The well must pass a suitable annulus pressure test to demonstrate
mechanical integrity after any workover that has the potential to compromise
the internal mechanical integrity of the well, including but not limited to the
downhole replacement of tubing, safety valves, and/or electrical submersible
pumps.

(6) The CCS Project Operator must demonstrate external mechanical integrity
prior to plugging the well following the requirements of this subsection and
subsection C.5.1.

(c) Following the initial annulus pressure test, the CCS Project Operator must
continuously monitor pressure on the annulus between the tubing and long string
casing, except during well workovers. Continuous monitoring of the pressure on
the annulus must be used to verify internal mechanical integrity during the
injection phase of the project, and must be performed in concert with continuous
monitoring of injection pressure, rate, and annulus fluid volume pursuant to
subsections C.4.3.1.1, C.4.3.1.2, and C.4.3.1.3.

(d) In conducting and evaluating the tests listed in this section or others to be
allowed by the Executive Officer, the CCS Project Operator must apply methods
and standards generally accepted in the industry. When the CCS Project
Operator reports the results of mechanical integrity tests to the Executive Officer,
he/she must include a description of the tests and a justification for the methods
used.

(e) Prior notice and reporting.

(1) The CCS Project Operator must notify the Executive Officer of his or her
intent to demonstrate mechanical integrity at least 30 days prior to such
demonstration. At the discretion of the Executive Officer, a shorter time
period may be allowed.

)] Reports of mechanical integrity demonstrations that include logs must include
an interpretation of results by an experienced log analyst. The CCS Project
Operator must report the results of a mechanical integrity demonstration
within the time period specified in subsection C.1.1.3.
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Gauge and meter calibration: The CCS Project Operator must calibrate all
gauges used in mechanical integrity demonstrations and other required
monitoring to an accuracy of not less than five percent of full scale, Mithin one
year prior to each required test. The date of the most recent calibration must be

noted on or near the gauge or meter. A copy of the calibration certificate must be
submitted to the Executive Officer with the report of the test. Pressure gauge
resolution must be no greater than five psi. Certain mechanical integrity and
other testing may require greater accuracy and must be identified in the
procedure submitted to the Executive Officer prior to the test.

Reporting of Mechanical Integrity Tests
The CCS Project Operator must submit a descriptive report prepared by an
experienced log analyst that includes the results of any mechanical integrity test
with the application for CCS Project Certification, and annually, thereafter
through the active life of the CCS Project. At a minimum, the report must
include:

Chart and tabular results of each log or test;

The interpretation of log results provided by the log analyst;

A description of all tests and methods used;

The records and schematics of all instrumentation used for the tests and the
most recent calibration of any instrumentation;

The identification of any loss of mechanical integrity, evidence of fluid
leakage, and remedial action taken;

The date and time of each test;

The name of the logging company and log analyst;

For any tests conducted during injection, operating conditions during
measurement, including injection rate, pressure, and temperature (for tests
run during well shut-in, this information must be provided relevant to the

period prior to shut-in); and

For any tests conducted during shut-in, the date and time of the completion of
injection and records of well stabilization.

Loss of Mechanical Integrity

If the CCS Project Operator or the Executive Officer finds that a well (1) fails to
demonstrate mechanical integrity during a test, (2) fails to maintain mechanical
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integrity during operation, or (3) that a loss of mechanical integrity is suspected
during operation, the CCS Project Operator must:

Take all steps reasonably necessary to determine whether there may have
been a release of the injected CO2 stream or formation fluids into any
unauthorized zone. If there is evidence of substantial endangerment to public
health or the environment from any fluid movement out of the intended
storage complex, implement the Emergency and Remedial Response Plan,
as described in subsection C.6;

Follow the reporting requirements as directed in subsection C.1.1.3; and

Restore and demonstrate mechanical integrity prior to resuming injection or
plugging the well.

If the well loses mechanical integrity prior to the next scheduled test date, then
the well must be repaired and retested within 30 days of losing mechanical
integrity.

If the well lost mechanical integrity prior to the next scheduled test date, and it
was repaired, the CCS Project Operator must submit a descriptive report
documenting the type of failure, the cause, the required repairs, and a new test of
mechanical integrity following the requirements of subsection C.4.2 in the next
quarterly report.

4.3. CCS Project Monitoring

@

®)
@

@

Monitoring requirements for CCS projects are addressed in two separate
categories: CCS project emissions monitoring, and the monitoring,
measurement, and verification of containment. The first includes quantification
and measurement activities required to quantify the net GHG reductions from the
CCS project. The second category is for monitoring, measurement, and
verification activities that are required to ensure that the CO: injected is
permanently contained with the storage complex.

The CCS Project Operator must install and use:

Continuous recording devices to monitor: the injection pressure, the rate,
volume and/or mass, and temperature of the CO2 stream, and the
pressure on the annulus between the tubing and the long string casing and
annulus fluid volume, including calibration and accuracy data; and

Alarms and automatic surface shut-off systems (e.g., automatic shut-off,
check valves) for wells, or other mechanical devices that provide equivalent
protection.
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© The CCS Project Operator must retain all records and all monitoring information,
including all calibration and maintenance records and all original chart recordings
for continuous monitoring instrumentation and copies of all reports, for emissions
and containment monitoring for a period of 10 years after site closure.

4.3.1. CCS Project Emissions Monitoring

(@) Emissions monitoring requirements include measurements of relevant
parameters to account for all supplemental energy inputs (e.g., fossil fuels and
electricity) required for the operation of the CCS project. Data capture must be
sufficient to ensure that the quantification and documentation of CO2
sequestered is replicable and verifiable pursuant to the Accounting Requirements
in section B.

(b) CCS project monitoring techniques must use calibrated metering equipment
such asJ gasHuid flow meters, utility meters (gas and electricity) and gas-fluid

Cc ted [SH120]: Normally should not be fluids in

chemistry analyzers. Meters must be maintained to operate consistent with
design specifications and must be calibrated on a regular basis.

(c) Data quality management must include sufficient data capture to support
quantification and verification of CO2 sequestered. Any assumptions and
contingency procedures must be documented. Any monitoring plan and
implementation must take into account the location, type of equipment, and
frequency by which each variable is measured.

43.1.1. Analysis of the CO2 Stream

@ The CCS Project Operator must sample and analyze the CO2 stream at a
frequency sulfficient to yield data representative of the chemical and physical
characteristics of the injectate (i.e., at least once every quarter), whenever the
result may deviate from the original certified specifications, and as requested by
the Executive Officer.

(b) Analysis of the CO2 stream must be reported quarterly, pursuant to subsection
C.1.1.3. The report must include characteristics such as fluid composition (i.e.,
fraction of CO2 and other constituents measured on a volumetric or mass basis
at a known temperature and pressure), temperature, pressure, and any other
parameters needed to identify potential interactions between the injectate and
the formation or well materials. The CCS Project Operator must justify that the
samples are representative of the fluid streams and suitable for use in accounting
and fluid-flow modeling. The CCS Project Operator must submit, at a minimum,
the following:

@ A list of chemicals analyzed, including CO2 and other constituents (e.g., sulfur
dioxide, hydrogen sulfide, nitrogen oxides);
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A description of the sampling methodology, noting any differences from those
listed in the Testing and Monitoring Plan and an explanation of why a different
method was used;

Any laboratory analytical methods used, the name of the laboratory
performing the analysis, and official laboratory analytical reports including
sample chain-of-custody forms;

All sample dates and times;

A tabulation of all available carbon dioxide stream analyses, including QA/QC
samples;

Interpretation of the results with respect to regulatory requirements and past
results;

Identification and explanation of data gaps, if any; and

Any identified necessary changes to the CCS project Testing and Monitoring
Plan.

The report must include a determination that any potential chemical reactions
between the injectate and the formation or well materials are minimal and will not
sighicomficantly affect the integrity of the well or the injectivity of the formation.

The report must include a determination that the-ho component of the |

injectate dees-not-meet the qualifications of hazardous waste under the
RCRA, 42 U.S.C. 6901 et seq. (1976), and/or CERCLA, 42 U.S.C. 9601 et
seq. (1980).

Injectate fluid samples must be collected from a point irmediately-upstream-or

dewnstream-of-the flow-meterthat must be shown to be representative of the
composition of the injectate. In complex systems this may require showing
calculations. .

=

Continuous Monitoring of Injection Rate and Volume

The CCS Project Operator must continuously monitor the injection rate and
volume for each CCS injection well.

Flow rate data must be used (1) to determine the cumulative volume of
CO:z2 injected, and (2) to verify compliance with the operational conditions of
the Permanence Certification.

Monitoring requirements must include measurements of relevant parameters to
account for the flow rate of injected fluids, the concentration of the fluid stream,
and the energy inputs required for operation.
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(d) CCS Project Operators are required to perform the following measurements and
monitoring for injected fluids:

Q) Flow rate of injection stream:

(A)  Continuous measurement of the gas flow rate, lgasfluid composition, and /{ Commented [SH123]: Most CO2 will be dense phase }
gas-density, where continuous measurement is defined as a minimum of
one measurement every 15 minutes;

(B) Meter readings need to be temperature and pressure compensated such
that the meter output is set to standard reference temperatures and
pressures;

(C) Estimates of composition and density are not permissible;

(D)  Flow meters must be located Where the can make an accurate
measurement for accounting purposes and the meter placement must

be |ust|f|ed\ mqmedia{ely—apstream—ﬂq&gas—ween%—pmeess,—sueh—that— | Commented [SH124]: In complex systems such as

v e-dow o ompre 5orto EOR or mixed capture steams, the QM should place

the burden of justifying that the measurement at a
acceuntiorany IHg tiveJosseso "e i & FlOW mEterS mUSt be placed location is representative and supports the accounting
based on manufacturer recommendations; on the operator.

(E)  Flow meters must be calibrated according to manufacturer specifications.
Meters must be checked/calibrated at regular intervals according to these
specifications and industry standards; and

(F)  Ownership transfer must be clearly documented for CO2 transferred
(third- party injection activity).

2 Concentration of injection stream:

(A)  Continuous measurement of the fluid composition and density where
continuous measurement is defined as a minimum of one measurement
every 15 minutes; and

(B)  The fluid composition must be metered downstream of the capture and
processing equipment while the volume is measured immediately- { commented [SH125]: The location should be justified

upstream the point where CO: is injected into the well. for complex streams and EOR. In EOR just upstream
of the injection well the injected is contaminated by
X . X i recycled CO2. Metering at EOR must take place prior
(e) Injection rate and volume data must be submitted in the quarterly reports to mixing new and recycled CO2, and accounting must

pursuant to subsection C.1.1.3. The report must include, at a minimum: deal with commingled and separate flows correctly.

Q) Tabular data of all flow rate measurements and a description of interpretation
of the data aided with charts or graphs;

2 A description of the measuring methodology and technology, noting any
differences from those given in the Testing and Monitoring Plan and an

explanation of why a different methodology was used;
ATTACHMENT 1: CCS Protocol — C: Permanence Page 90/175



4.3.1.3.

@)

(b)

©

(d)

©)

®

©)
(4)
()
(6)
()

(®)
)

The monthly average flow rate;

The monthly maximum and minimum values;

The total volume (mass) injected each month;

The cumulative volume (mass) calculated for the CCS project;

If flow rate exceeded certified operational limits during the reporting period, an
explanation of the event(s), including the cause of the excursion, the length of
the excursion, and response to the excursion;

Identification and explanation of data gaps, if any; and

Any identified necessary changes to the CCS project Testing and Monitoring
Plan and the justification for those changes.

Continuous Monitoring of Injection Pressure

During operation, the CCS Project Operator must continuously monitor injection
pressure, at the wellhead (i.e., wellhead pressure) and downhole (i.e., bottom-
hole pressure).

Injection pressure is monitored to ensure that the fracture pressure of the
sequestration zone and the burst pressure of the well tubing are not exceeded
and that the owner or CCS Project Operator is in compliance with certified
operating conditions.

The CCS Project Operator must insure that the injection pressure remains at or
below 80 percent of the fracture pressure of the sequestration zone.

During injection, pressure in the annular space directly above the packer mustbe
maintained at least 100 to 200 psi® higher than the tubing pressure.

Maximum allowable surface pressure must equal top perforation or completion
depth, in true vertical depth, multiplied by the difference between the injection
gradient and the injectate fluid gradient.

Significant changes of the pressure in the annulus between the tubing and the
long string casing during injection may indicate a loss of internal mechanical
integrity. If pressure monitoring indicates that the well is experiencing a loss of
mechanical integrity, the CCS Project Operator must follow the procedures
outlined in subsection C.4.2.2.

9U.S. EPA Region 8, Groundwater Section Guidance Number 39, (1995; updated 2006), Denver, CO.
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Pressure data must be reported in the annual reports following
subsection C.1.1.3. The CCS Project Operator must submit, at a minimum, the
following:

Tabular data of all pressure measurements, a description and interpretation of
the data aided with charts or graphs, and gauge calibration records;

A description of the measurement methodology, noting any differences from
what was established in the Testing and Monitoring Plan, and a justification of
why a different methodology was used;

Corrections made due to the impacts of fluctuating injectate temperature;
The monthly average value for injection pressure;

The monthly maximum and minimum values for injection pressure;

If pressure exceeded permit limits during the reporting period, anexplanation
of the event(s), including the cause of the exceedance, the length of the
excursion, and response to the excursion;

Identification and explanation of data gaps, if any; and

Any identified necessary changes to the CCS project Testing and Monitoring
Plan to ensure continued protection of public health and the environment,

including any changes in the data measurement or averaging methods.

Corrosion Monitoring and Casing Inspection

CCS Project Operators must monitor well materials for corrosion at a frequency
specified in the Testing and Monitoring Plan following subsection C.4.1, not to
exceed once every five years.

Well components must be monitored for corrosion using at least one of the
following methods:

Corrosion coupons or loops;

Casing inspection logs (CILs), such as caliper, electromagnetic phase-shift,
electromagnetic flux test log, or ultrasonic test logs; or

An alternative method approved by the Executive Officer.

Well corrosion monitoring data must be reported annually to CARB including, at a
minimum, the following:
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A description of the techniques used for corrosion monitoring;

Measurement of (mass and thickness/weight) loss from any corrosion
coupons or loops used;

Assessment of additional corrosion, including pitting, in any corrosion
coupons or loops;

Measurement of thickness loss or corrosion detected in any CILs;
All measured CILs and comparison to previous logs;
Identification and explanation of data gaps, if any; and

Any identified necessary changes to the CCS project Testing and Monitoring
Plan.

Pressure Fall-Off Testing

CCS Project Operators must perform a pressure fall-off test of each well at least
once every five years pursuant to subsection C.4.1;

The objective of periodic testing is to monitor for any changes in the near-
wellbore environment that may impact injectivity and pressure increase, as
anomalous pressure drops during testing may indicate fluid leakage through the
wellbore;

Upon shutting-in the well, pressure measurements must be taken continuously
for a period of time, and pressure decay at the well must be monitored;

The CCS Project Operator must use temperature and bottom-hole pressure
measurements, although surface pressure at the wellbore may suffice, if positive
pressure is maintained throughout the test; and
The results of pressure fall-off tests must be reported to the Executive Officer
within 30 days following the test and summarized with the annual reporting
requirements pursuant to subsection C.1.1.3. Reports must include, at a
minimum:
The location and name of the test well and the date/time of the shut-in period;
Depths of recorded bottom-hole pressure and temperature;

Records of gauges;
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Raw data collected during the fall-off test in a tabular format, if required by the
Executive Officer;

Measured injection rates and pressure from the test well and any off-set wells
in the same zone, including data from before shut-in;

Information on pressure gauges used (e.g., manufacturer, accuracy, depth
deployed) and demonstration of gauge calibration according to manufacturer
specifications;

Diagnostic curves of test results, noting any flow regimes;

Description of quantitative analysis of pressure-test results, including use of
any commercial software, and any considerations of multi-phase effects;

Calculated parameter values from analysis, including transmissivity,
permeability, and skin factor;

Analysis and comparison of calculated parameter values to previously
measured values (using any previous methods) and to values used in
computational modeling and AOR delineation;

Identification of data gaps, if any; and

Any identified necessary changes to the CCS project Testing and Monitoring
Plan.

Monitoring of Wellheads and Valves

(@) The CCS Project Operator must prepare, maintain, and comply with an
Inspection and Leak Detection Plan for all surface equipment, including
wellheads, valves, and pipelines. This Inspection and Leak Detection Plan must
be approved by the Executive Officer;

(b) The Inspection and Leak Detection Plan must include, at a minimum, procedures
that the CCS Project Operator will follow that include:

1)

)

©)

Quarterly inspection of all wellheads, valves, and piping, employing effective
gas leak detection technology;

Bi-annual testing of all surface and subsurface safety valve systems to ensure
ability to hold anticipated pressure; and

Annual testing of the master valve and wellhead pipeline isolation valve for
proper function and verification of the valve’s ability to isolate the well.
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The plan must include inspection of the wellhead assembly and attached
pipelines for each of the injection wells used in association with the CCS project,
as well as the surrounding area within a 100-foot radius of the wellhead of each
of the wells;

The CCS Project Operator must select and use gas leak detection technology
that takes into account detection limits, remote detection of difficult to access
locations, response time, reproducibility, accuracy, data transfer capabilities,
distance from source, background lighting conditions, local ecology, geography,
and meteorology;

Upon finding that a surface or subsurface safety valve is inoperable, the CCS
Project Operator must immediately shut-in the well and repair the valve within 90
days. An appropriate alternative timeframe for testing a valve or addressing an
inoperable surface or subsurface safety valve may be approved by the Executive
Officer;

Documentation of all inspections, tests, and results must be maintained by the
CCS Project Operator and available for CARB review; and

Testing of surface equipment operational integrity must be conducted in
accordance with APl Recommended Practice 14B2°, or equivalent.

Monitoring, Measurement, and Verification of Containment

Every CCS project must undertake monitoring activities to ensure safe and
permanent storage of COzin accordance with the Permanence Certification.

The Measurement, Monitoring, and Verification Plan must be specific to the
storage complex that COz2 is being injected into, including a demonstration
that the methods selected are sensitive to the CO2 plume in the geologic
environment of the storage reservoir, to [1) validate the fluid flow model that
shows that the plume will remain within the storage complex until stabilization
and 2) lensure _measurements-of-emissions- that if migration out of the storage

Cc ted [SH126]: See CCS monitoring goals

complex or to the surface occur, that they are detected andwith a detection

The Monitoring, Measurement, and Verification Plan must be submitted as part of
the Testing and Monitoring Plan with the application for Sequestration Site
Certification. The plan must include the methods the CCS Project Operator will
perform to monitor the extent of the CO2 plume and elevated pressure-frent, @L
emissions of injected CO>€O2 that migrate to| the surface, and natural and

Jenkins, C., Chadwick, A. and Hovorka, S.D. 2015. The state
of the art in monitoring and verification--ten years on.
International Journal of Greenhouse Gas Control, Vol. 40.
Pp. 312-349. doi:10.1016/j.ijggc.2015.05.009

/{Commented [SH127]: To make the intent clear

induced seismic activity.

The Monitoring, Measurement, and Verification Plan must include methods and
plans for the quantification of CO2 leakage_or losses from the storage complex
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if it occurs, including an estimate of the accuracy and precision of those
methods, which will be used to inform GHG emission reduction credit
invalidation.

10 API Recommended Practice 14B, “Design, Installation, Operation, Test, and Redress of Subsurface
Safety Valve Systems,” 6 (2005): 37 p.
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The Executive Officer may require the CCS Project Operator to perform
additional monitoring, as necessary, to support, upgrade, and improve
computational modeling of the AOR and to determine compliance with
Permanence Certification.

4.3.2.1.  Plume_and Pressure-Frent Elevation Tracking

@

CCS Project Operators are required to track the extent of the free-phase CO:2
plume, and the pressure development within the storage complex {e-g+-the-
by using:

(1) DirectWell-based methods -in the sequestration-zonestorage complex; and

2) Indirect methods such as seismic, [electrical-gravity, or electromagnetic

Commented [SH128]: A “front” is insufficient. Pressure
must be measured and modeled to determine if
pressure increases within acceptable ranges over the
whole storage complex. Sensitive points such as faults
may be of special interest.

Cc ted [SH129]: Should include the confining

surveys ane-dewnhele/CO2 detection tools.

(b) CCS Project Operators must select the monitoring schedule and methods as

required to confirm that monitoring observations of plume location,
thickness, and saturation agree-withvalidate the AOR-model results, and-to
confirm that the plume and pressure development within the seguestration-
zonestorage complex, update the model to determine if the plume will
remain in the storage complex untill stablizationstabilization, and that
operations are not leading to elevated leakage or seiiesmsic risks,:The
monitoring plan should be linked to the risk assessment and an effective
part of the risk management for the project. Prior to project approval and
during operations, -slecting-a-monitering-method-the operator must assess-
Hdemonstrate that the monitoring methods will be, and are sensitive at the
site to detect- the change that itisthey are intended to measure.

HB)c)

{e)(d) Monitoring free-phase CO2 plume development: CCS Project Operators must

monitor the free-phase CO2 plume, and must consider the following methods to
detect the shape of CO2zsaturation of the pore space in the sequestration zone:

(1)  Time-lapse three-dimensional surface seismic surveys;

) Downhole, time-lapse three-dimensional vertical seismic profiling surveys;
?3) Wireline-based saturation, sonic, and gravity logging;

4) Electrical resistivity tomography (surface or downhole); and

(5)  An alternative test approved by the Executive Officer.

Site-specific modeling and field testing isreguired-tomust demonstrate thattermine
the monitoring approach will be effective in detecting the monitored parameter and

systems, especially the dissipation zone if present

electromagnetic

Commented [SH131]: Downhole methods are same

Commented [SH130]: Electrical included in }
as direct methods. }

will be effectlve in detectlnq leaked CO2 or conflrmlnq no Ioss of COz to the
atmosphere ]

ATTACHMENT 1: CCS Protocol — C: Permanence Page 97/175



{eh(e) Monitoring pressure development: CCS Project Operators must monitor the
pressure frent-elevation of the CO2 plume. The CCS Project Operator must
consider the following methods and provide an estimate of the site-specific
quality of detection for each chosen method:

) Satellite based synthetic aperture radar (INSAR) monitoring (satellite-based);

()] Pressure gauges (downhole);

?3) Tilt meters or inclinometers (surface and well-based); and

(4)  An-zalternative methods astest approved by the Executive Officer.
Site-specific modeling and field testing must demonstrate that the monitoring

approach will be effective in detecting the monitored parameter and will be
effective in detecting leaked CO2 or confirming no loss of CO2 to the atmosphere.
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(subsection C.1.1.3) for methods in which data are collected continuously or
monthly, and annually for methods in which data are collected yearly (or longer),
based on the monitoring timeline pursuant to subsection C.4.3.2.1(b). Reports
must include, at a minimum:

{e)(f) _Plume and pressure ~frentelevation tracking data must be [reported quarterly ﬂ

Q) Tabular data of all measurements and a description and interpretation of the
data aided with charts, graphs, and maps of the subsurface plume-shape;

2) A description of the measurement methodology, noting any differences from
what was established in the Testing and Monitoring Plan, and a justification of
why a different methodology was used;

?3) An assessment of any deviations from the modeled AGRplume geometry, if
observed, and the determination of whether or not the results trigger an-a_
reversal of credits or AOR-storage complex -reevaluation; and

(4) The monitoring approach and equipment should periodically be—be
reevaluated to determine if: 1) useful and accurate data are collected by the
methods and, 2) if improved methods are available.-and-cost-effective—

{4(5) Any identified necessary changes to the CCS project Testing and Monitoring
Plan and the justification for those changes.

4.3.2.2.  Surface and Near-Surface Monitoring

@ The CCS Project Operator must monitor the surface and near-surface of a CCS
project to detect potential leakage of CO:2 out of the storage complex.

(b) The CCS Project Operator must design surface and near-surface monitoring
based on potential risks to atmospheric CO2 leakage within the AOR.

{e)——The monitoring frequency and spatial distribution of surface and near-surface
monitoring must be decided kasmgtby analysis of \basellne data pursuant to

Commented [SH132]: This is very high frequency, as
data are usually not meaningful until compared to a
model.

subsectlon C 2. 5 a

moni A iald e nfo iop-onthe AOR delineation-o

Feevamatlen#Methods must be able to distinquish leakage S|qnals from other

changes, such as land use, climate, and ecosystems-. Methods must be able -
attribute the source of leakage, potentially manage or reduce future leakage,
and quantifty the losses, including any CO2 which has escaped from the
storage complexs and is migrating toward the surface.

&)

{e)(d) Surface air monitoring of point sources: CCS Project Operators must monitor and
guantify CO2 or other gases associated with storage complex (e.g. CHa, in the
case of injection into a hydrocarbon reservoir) in the atmosphere in order to
detect potential releases from wellbores, faults, and other migration pathways.

Broad aerial monitoring must focus on the footprint of the free-phase CO2 plume,
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Commented [SH133]: Baseline data itself is unlikely to
provide much guidance. Analysis will be required. See
example in Etheridge, D., Luhar, A., Loh, Z., Leuning,
R., Spencer, D., Steele, P., Zegelin, S.,Allison, C.,
Krummel, P., Leist, M., van der Schoot, M., 2011.
Atmosphericmonitoring of the CO2CRC Otway Project
and lessons for large scale CO2storage projects. 10th
Int. Conf. Greenh. Gas Control Technol. 4,3666-3675.

Commented [SH134]: If leakage is occurring, the AOR
should not be changed, a reversal should be made
instead. Leakage to surface is an unexpected and
potential consequential error, and preparation for this
low likelihood high consequence event should be
serious.




while more targeted monitoring can occur at wells and pipelines. CCS Project
Operators must use both intermittent and continuous monitoring methods,-ust-

eens@e#the—feﬂemng—teels%e—tnaek—egzm—theﬁmesphere:] /ﬂ Commented [SH135]: Not realistic because of high

CO2 concentrations in the atmosphere.

1) Optical sensors;

2) Infrared (IR) open-path detectors;
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?3) Forward looking infrared (FLIR) cameras;
4) Multi-spectral imaging;
(5)  Atmospheric tracers, including natural and injected chemical compounds;
(6) Eddy covariance flux measurement techniques; and
(7)  Alternative methods approved by the Executive Officer.
{H(e) _Soil gas monitoring of point sources: The CCS Project Operator must perform
contin_uous and intermittent geochemical monitoring of the soil and vadose

, ratios of CO2 to other gasses (the process-
based method), jnatural chemical tracers, and introduced tracers, in order to

detect potential releases from wellbores, faults, and other migration
pathways jand separate ecosystem variability from leakage signaljand must

consider the following methods:
1) Flux accumulation chamber methods;

(2)  Active sample collection methods including_shallow monitoring wells,

Commented [SH136]: See Etheridge, D., Luhar, A.,
Loh, Z., Leuning, R., Spencer, D., Steele, P., Zegelin,
S.Allison, C., Krummel, P., Leist, M., van der Schoot,
M., 2011. Atmosphericmonitoring of the CO2CRC
Otway Project and lessons for large scale CO2storage
projects. 10th Int. Conf. Greenh. Gas Control Technol.
4,3666-3675.

ground probes and permanent soil gas probes;

(3) |Passive sample collection methods including sorbents; and

(4)  Alternative methods approved by the Executive Officer.

{g)(f)_Monltorlng of Legaey—weﬂsand—all weIIbores The CCS Operator must monitor all
red-wells that intersect the
storage complex at depth Monltorlng should include direct observation of the
wells if possible, soil gas and surface air monitoring around the wellbore, and
should focus on identifying CO:2 flux areunéd-in the vicinity of the wellbore that
may indicate a catastrophic leak.

{r)(q) CCS Project Operators may also consider near-surface electrical conductivity
surveys to measure variations in soil salinity to determine the presence or
absence of brine tracers-from potential brine leakage from the sequestration
zone.

{)(h)  Ecosystem stress monitoring: CCS Project Operators must conduct annual
vegetation surveys to measure potential vegetative stress resulting from
elevated CO:2 in soil-er-aif. CCS Project Operators must consider methods such

Commented [SH137]: This is critical, see example
from problem at Weyburn, see Romanak, K. D., Wolaver,
B. D., Yang, C., Sherk, G. W., Dale, J., Dobeck, L. M., and
Spangler, L. H., 2014, Process-based soil gas leakage
assessment at the Kerr Farm: comparison of results to
leakage proxies at ZERT and Mt. Etna: International Journal
of Greenhouse Gas Control, v. 30, p. 42-57,
http://doi.org/doi:10.1016/j.ijggc.2014.08.008

Commented [SH138]: Wells are preferred because of
the need reproducibly repeat monitoring over time.

Commented [SH139]: Sorbants are only valuable if
PFT’s have been introduced, a high GHG impact that
should be avoided except for R&D.

Commented [SH140]: All wells should be surveilled.
Note that the known leakage has been from wells in
operation, e.g. Aliso Canyon well in gas storage, See
also http://www.rrc.state.tx.us/oil-gas/compliance-
enforcement/blowouts-and-well-control-problems/

as satellite imagery, aerial photography, and spectral imagery. Any indications of

anomalous change from remote sensing must be subject to ground-based
verification and, if necessary, soil samples-gasses must be analyzed to
determine the presence or absence of sequestratlon zone brine or-_
characteristics of
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Commented [SH141]: Dilution is fast, no ecosystem
stress results from release to air.

injected with-the-CO2, including

Commented [SH142]: Process-based method should
be next required step to determine if CO2 has
displaced other soil gases. See Romanak papers cited
above.




introduced tracers.
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memte.tmg—&mehneqeu#su&nt—te—subseettewc 4. 3 2 2(c) Reports must include,

at a minimum:

(1)  Tabular data of all measurements and a description and interpretation of the
data aided with charts, graphs, and maps of sample collection locations;

(2) A description of the measurement methodology, noting any differences from
what was established in the Testing and Monitoring Plan, and a justification of
why a different methodology was used;

leakage is detected it should be attributed, quantified and an assessment of credlt
reversal, as well as consideration given if leakage can be stopped or mitigated;

{43(3) _Any identified necessary changes to the CCS project Testing and Monitoring
Plan and the justification for those changes; and

{5)(4) If data indicate a surface leak of CO2 from the storage complex, the CCS
Project Operator must perform all actions necessary to identify and remediate
the leak following the Emergency and Remedial Action Plan in
subsection C.6.

4.3.2.3.  Seismicity Monitoring

(a) The CCS Project Operator must deploy and maintain a permanent, downhole
seismic monitoring system in order to verify the presence or absence of any
induced micro-seismic activity within the vicinity of each injection well jor near
any discontinuities, faults, or fractures in the subsurface

Commented [SH143]: In almost all cases the quarterly
analysis will need significant interpretation; reports are
not likely to be high quality on a quarterly basis.

Commented [SH144]: Soil gas and atmospheric
methods will not be useful in modifying the storage
complex and AOR, which are based on plume tracking
in the subsurface. If leakage is detected, it should be
attributed, quantified and an assessment of credit
reversal, as well as consideration if leakage can be
stopped or mitigated

(1)  The design of the array should consider the seismic risk. Location of small
events can be helpful in risk reduction, but sufficient planning is needed to
collected and analyze the data. Analysis of the microseismicity must
consider if the risk of triggering an earthquake of Richter magnitude 2.7, or
greater, -is significantly increased by injection. If an increase is risk is
detected and determined, mitigation of risk should be required. The array

Commented [SH145]: Microseismicity will be focused
at geologic features. See Surface Monitoring of
Microseismicity at the Decatur, lllinois, CO2.
Sequestration. Demonstration Site by J. O. Kaven, S.
H. Hickman, A. F. McGarr, and W. L. Ellsworth.

should be calibrated with check-shots, preferably at depth.
(b) From commencement of injection activity to its completion, the CCS Project
Operator must continuously monitor for indication of an earthquake of magnitude
2.7 or greater occurring within a radius of one mile of injection operations.

(1) A CCSsS Project Operator in California must continuously monitor the California
Integrated Seismic Network; or
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Commented [SH146]: Downhole observation of
microseismicity is a currently increasing best practice
for injection projects. However, it is not valuable unless
significant analysis is conducted and reported, and
unless a response to increased risk is required.




2 For CCS projects located out of California, the CCS Project Operator must
continuously monitor the U.S. Geological Survey’s National Earthquake
Information Center and Advanced National Seismic System, orequivalent.
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(4)
()

(6)

If an earthquake of magnitude 2.7 or greater is identified under
subsection C.4.3.2.3(b), the following requirements apply:

(A)

(B)

©)

The CCS Project Operator must immediately notify the Executive Officer
when and where (i.e., the epicenter and hypocenter) the earthquake
occurred;

CARSB, in consultation with the CCS Project Operator and the California
Geological Survey, or local geological survey or equivalent, will conduct an
evaluation of the following:

Whether there is indication of a causal connection between the injection
activity and the earthquake;

Whether there is a pattern of seismic activity in the area that correlates
with nearby injection activity; and

Whether the mechanical integrity of any well, facility, or pipeline within the
radius specified in subsection C.4.3.2.3(b) has been compromised.

If the CCS Project Operator obtains evidence that an earthquake has caused a
failure of the mechanical integrity of wells, facilities, or pipelines, which may
cause potential CO2 emissions to the atmosphere, the CCS Project Operator
must implement the Emergency Remedial Response Plan pursuant to subsection
C.6.

The preliminary results of the seismic evaluation must be reported to the
Executive Officer within 30 days following the earthquake with final report within
120 days. [The report must include, at aminimum:

The date, time, and magnitude of the earthquake;
The location and distance of the epicenter from the CCS project;

The results of the investigation into the link between the injection activity and
the earthquake or pattern of seismicity;

Any emergency and remedial actions taken pursuant to subsection C.6;

A description of any investigations and tests conducted to assess the
mechanical integrity of wells and other surface equipment, and a
demonstration that the well and equipment were either not damaged by the
earthquake or that mechanical integrity was restored prior to the re-initiation
of injection; and

Any identified changes necessary to the CCS project Testing and Monitoring
Plan.
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51

@)

(b)

©

(@)

(€)

Well Plugging and Abandonment and Post-Injection Site Care and Site
Closure

Well Plugging and Abandonment

@

2

©)
(4)

(5)

(6)

@)

Well Plugging and Abandonment Plan: The CCS Project Operator must prepare,
maintain, and comply with a plan to plug all injection, production, and monitoring
wells associated with the CCS project that is acceptable to the Executive Officer.

The CCS Project Operator must demonstrate in the plan that each well will be
plugged in a manner that prevents the well from serving as a conduit for fluid or
gas migration out of the storage complex.

The Well Plugging and Abandonment Plan must be submitted as part of the
application for Sequestration Site Certification, and the plan must be updated as
needed throughout the life of the CCS project.

The Well Plugging and Abandonment Plan must include the following
information:

Appropriate tests or measures for determining bottom-hole pressure. Bottom-
hole pressure must be used to determine the appropriate density of plugging
fluids to achieve static equilibrium prior to plug placement;

Appropriate testing methods to ensure external mechanical integrity as
specified in subsection C.4.2. External mechanical integrity testing is
required to ensure that the long-string casing and cement left in the ground
after the well is plugged will maintain their integrity over time;

The type and number of plugs to be used,;

A description and depiction of the placement of each plug, including the
elevation of the top and bottom of each plug;

The type, grade, and quantity of material to be used in plugging. The material
must be compatible with the CO2 stream; and

The method of plug placement.

The CCS Project Operator must consider the following when developing the Well
Plugging and Abandonment Plan:

The location and thickness of the lowermost sequestration zone and
freshwater aquifer-containing strata, which dictate the location of all plugs;
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(4)
(h)

0

0

Well construction details, particularly the depth of the bottom of the
intermediate and surface casings, which would affect the number of plugs and
the types and amount of cement needed;

Types of subsurface formations penetrated by the well and their
geochemistry, which may influence both plugging methods and the types of
cement needed (for open-hole plugging); and

The composition of the CO2 stream and formation fluid geochemistry,
including any geochemical changes anticipated during the post-injection
period, which can affect appropriate plugging and cementing materials.

Prior to the well plugging, the CCS Project Operator must flush each CCS
injection well with a buffer fluid, determine bottom-hole pressure, and perform a
final external mechanical integrity test.

Prior to plugging each well, the CCS Project Operator must consider the
operational and monitoring history of the CCS project and identify whether any
information or events warrant amendment of the original Well Plugging and
Abandonment Plan. Data that must be considered include:

Monitoring data related to chemistry of the CO2 plume and formation fluids;

Mechanical integrity testing, including any mechanical integrity problems that
may have occurred during the injection phase of the CCS project;

Operational data, such as injection rates or volumes; and

Any significant changes to the CCS project that may affect plugging of awell.

Notice of intent to plug: The CCS Project Operator must notify the Executive
Officer in writing pursuant to subsection C.1.1.2, at least 30 days before
plugging, conversion, or abandonment of a well. At the discretion of the
Executive Officer, a shorter notice period may be allowed.

Amending the Well Plugging and Abandonment Plan: If the CCS Project
Operator finds it necessary to change the Well Plugging and Abandonment Plan,
a revised plan must be submitted at the same time as providing the notice of
intent, pursuant to subsection C.1.1.2, to the Executive Officer for written
approval.

The CCS Project Operator must receive written approval from the Executive
Officer before plugging the well, and must plug and abandon the well in
accordance with subsections C.5.1(d) through C.5.1(g) in this section, as
provided in the Well Plugging and Abandonment Plan.
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Plugging report: Within 60 days after plugging, the CCS Project Operator must
submit, pursuant to subsection C.1.1.2, a plugging report to the Executive
Officer. The report must be certified as accurate by the CCS Project Operator
and by the person who performed the plugging operation (if other than the CCS
Project Operator). The CCS Project Operator must retain the well plugging and
abandonment report for 10 years following site closure. The report mustinclude:

A statement that the well was plugged in accordance with the Well Plugging
and Abandonment Plan previously approved by the Executive Officer; or

If the actual plugging differed from the approved plan, a statement describing
the actual plugging and an updated plan specifying the differences from the
plan previously submitted; and

A statement that the well was inspected using approved detection methods
and found to have no leaks.

Temporary Abandonment: The CCS Project Operator must continue to comply
with the conditions of the Permanence Certification, including all monitoring and
reporting requirements according to the frequencies outlined in the Permanence
Requirements and documentation. The well must also be tested to ensure that it
maintains mechanical integrity, according to the requirements and frequency
specified in subsection C.4.2.

After a cessation of operations of 24 months, the CCS Project Operator must
plug and abandon the well, or group of wells, in accordance with the
Executive Officer-approved Well Plugging and Abandonment Plan unless he
or she:

(A)  Provides notice to CARB; and

(B) Describes actions or procedures, satisfactory to CARB, which the CCS
Project Operator will take to ensure that the well will not endanger public
health and/or the environment during the period of temporary
abandonment. These actions and procedures must include compliance
with the technical requirements applicable to active wells unless waived by
CARB.

52. Post-Injection Site Care and Site Closure

@)

The CCS Project Operator must prepare, maintain, and comply with a plan for
post-injection site care and site closure that meets the requirements of
subsection C.5.2(a)(2).
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1) The CCS Project Operator must submit the Post-Injection Site Care and Site
Closure Plan as a part of the application for Sequestration Site Certification.

2 Post-Injection Site Care and Site Closure Plan. The plan for site care and
closure must include the following information:

(A) The pressure differential between pre-injection and predicted post-
injection pressures in the sequestration zone, and the predicted timeframe

in which pressure is expected to decrease-to-pre-—or-close-to-pre-injection-

water drive (e.g depleted gas fields) may stabilize at

levels:stabilize! _—{ commented [SH148]: Some excellent sites without
elevated pressure.

(B) A depiction of the predicted position of the CO2 free-phase plume and

associated pressure front-elevation at site closure as demonstrated in the
AOR- final validated evaluation-and-computational modeling required at
subsections C.2.4 and C.2.4.1;

© A description of post-injection monitoring location, methods, and proposed
frequency; and

(D) A proposed schedule for submitting post-injection site care monitoring
results to the Executive Officer.

(3) Upon injection completion, the CCS Project Operator must either submit an
amended Post-Injection Site Care and Site Closure Plan or demonstrate to
the Executive Officer through monitoring data and modeling results that no
amendment to the plan is needed. Any amendments to the Post-Injection
Site Care and Site Closure Plan must be approved by the Executive Officer
and incorporated into the Permanence Certification.

4) At any time during the life of the CCS project, the CCS Project Operator may
modify and resubmit the Post-Injection Site Care and Site Closure Plan for
the Executive Officer's approval within 30 days of such change.

(b) Post-injection site care and monitoring:

1) The CCS Project Operator must monitor the site following injection
completion to determine the position of the free-phase CO2 plume and

elevated pressure-frent, \and demonstrate that no credited fluids are leaking ___—| Commented [SH149]: Elevated pressure should be
out of the storage complex, as specified in the Testing and Monitoring Plan reported over storage complex, not just a “front”.

During closure, the pressure should decline, this

and the Post-Injection Site Care and Site Closure Plan. decline should be documented.

2 After injection is complete, the CCS Project Operator must continue to
conduct monitoring as specified in this section and the Executive Officer-
approved Post-Injection Site Care and Site Closure Plan for a minimum of

100 years lr a modified period approved by the Executive Officer.\ ) Commented [SH150]: Based on field experience and
models, CARB may find that no additional work is
needed to provided assurance of permanence of
geologically-stored CO2.
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ATTACHMENT 1: CCS Protocol — C: Permanence

Post-injection site care and monitoring requirements are as follows:

Within 24 months after injection is complete, all injection (and production,
if applicable) wells associated with the CCS project must be plugged and
abandoned pursuant subsection C.5.1(d), with the exception of any wells
that the CCS Project Operator plans to transition into observation or
monitoring wells.

Monitoring and observation wells must remain open, and in active

monitoring mode, until the CO2 plume can be seen to be reachesa-
{eris-decreasing)-and-conforms-conforming to model predictions
pursuant to subsection C.2.4.1, and until CARB agrees plume stability
has-oceurredtrend has been established and leakage risk decreased._
Risk reduction including sequentially plugging wells that penetrate the
CO2 plume in favor of remote methods and surveillance outside and
above the plume should be adopted.

If a monitoring well is discovered to be leaking at any time during the post-
injection monitoring period, the CCS Project Operator must take all
necessary measures to identify the cause of the leak and remediate it. If
the leak cannot be remediated, the well must immediately be plugged and
abandoned pursuant to subsection C.5.1(d) [a new well must be drilled to
fill the plugged well's role]

Commented [SH151]: Pressure in all settings will
begin to decrease as soon as injection stops (see
Freeze and Cherry, Groundwater, SBN-13: 978-
0133653120, on hydrologic testing) .CO2 plume
movement will also begin to abruptly decrease. These
results can be matched to the model predictions and
established a reliable trend toward stabilization (which
is much simpler than during the expansion phase).
CARB should balance the relatively high leakage risk of
open wells against the rapidly decreasing risk of plume
migration. If possible, monitoring methods that close
wells that penetrate the injection zone should be
favored over open wells.

As part of post-injection monitoring, and pursuant to the monitoring
timeline as specified in the Post-Injection Site Care and Site Closure Plan,
the CCS Project Operator must:

Conduct guarterly-bottom-hole pressure tests-measurmentss in the

Commented [SH152]: If wells are essential enough to
keep open and accruing that small but known risk, then
they must be replaced if damaged.

monitoring wells in order to track the pesition-ef-the-pressure- changes-
. Frequency of measurement can be based on the previously measured

rate of changefrent;

Use appropriate best-practice methods to map the position of the free-
phase CO:2 plume and pressure_-elevationfrent; and

Periodically update the AGR-delineationplume mapping pursuant to
subsection C.2.4 to determine if any corrective action is necessary and
to establish if the CO2 plume has stabilized.

Once the-a frend toward (CO2 plume stability has been

Commented [SH153]: Quarterly is very high frequency
and if conducted in areas of CO2 charge introduces
significant and unneeded risk. Note frequency of
blowout during well work overs,
http://www.rrc.state.tx.us/oil-gas/compliance-
enforcement/blowouts-and-well-control-problems/

demonstrated, all CCS project wells may be abandoned following
subsection C.5.1(d).

The CCS Project Operator must conduct leak detection checks at each
well that is part of the CCS project, and in the near surface close to each
plugged and abandoned well, every five years for 100 years after injection

Commented [SH154]: To reduce HS&E risk, CARB
should accelerate P&A of wells as soon as confidence
that risk is well managed.
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is complete, minus the time it takes for the CO2 plume to reach stability.
Monitoring must include:

1. Soil-gas and surface-air monitoring at, and within 10 ft of, the fformer

should be removed and casing cut off.and welded shut

wellhead ‘OI’ well pad; and | Commented [SH155]: During P&A the wellhead
below grade.
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2. Visual inspection of the welthead-and-the land surface within a 100 ft

radius of the cut off wellhead or jwell pad. | Commented [SH156]: At P&A wellhead will be
removed and casing cut off below ground surface.

2.3. |Areas that risk assessment shows should any leakage occur, would
be preferential pathways for CO2 or brine migration should be

inspected and if needed tested. | Commented [SH157]: Note that leakage is rare but in
known cases, fluid migration is not usually vertical but
has lateral components, moving to land surface at
discharge points.

(©)) The CCS Project Operator must submit the results of all monitoring

performed according to the schedule identified in the Post-Injection Site
Care and Site Closure Plan.

(c) Notice of intent for site closure. The CCS Project Operator must notify the
Executive Officer at least 120 days before site closure. At this time, if any
changes have been made to the original Post-Injection Site Care and Site
Closure Plan, the CCS Project Operator must also provide the revised plan.

(d) After the Executive Officer has authorized site closure, the CCS Project Operator
must plug all monitoring wells as specified in the Post-Injection Site Care and
Site Closure Plan, in a manner in which will not allow movement of injection or
formation fluids out of the storage complex. At the direction of the Executive
Officer, the CCS Project Operator must also restore the site to_a condition agreed

happen to the site are outside of the operators control.

with Executive Officer. ES—pFe—m]teeHen—eenmﬁen\ /{ Commented [SH158]: A lot of changes that will

(e) The CCS Project Operator must submit a site closure report to the Executive
Officer within 90 days of site closure, which must thereafter be retained at a
location designated by the Executive Officer for 10 years. The report must
include:

Q) Documentation of appropriate injection and monitoring well plugging and
abandonment as specified in subsections C.5.1, C.5.2(b)(3)(A), and
C.5.2(b)(3)(G). The CCS Project Operator must provide a copy of a survey
plat, which has been submitted to the local zoning authority designated by the
Executive Officer. The plat must indicate the location of the injection well
relative to permanently surveyed benchmarks;

2 Documentation of appropriate notification and information to such state,
federal, local, and tribal authorities that have authority over drilling activitiesto
enable such state, federal, local, and tribal authorities to impose appropriate
conditions on subsequent drilling activities that may penetrate the storage
complex; and

(3) Records reflecting the nature, composition, and volume of the CO2 stream.

® Within 30 days each CCS Project Operator must record a notation on the deed to
the CCS project property or any other document that is normally examined during
title search that will in perpetuity provide any potential purchaser of the property
the following information:
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(1)  The fact that land has been used to sequester COz;
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The name of the state agency and local authority with which the survey plat
was filed; and

The volume of fluid injected, the sequestration zone into which it was injected,
and the period over which injection occurred.

The CCS Project Operator must retain for 10 years following site closure, records
collected during the post-injection site care period.

6. Emergency and Remedial Response

@)

(b)

@
)

©)

(4)

©

(@)

@)

As part of the application for Sequestration Site Certification, the CCS Project
Operator must provide the Executive Officer with an Emergency and Remedial
Response Plan that describes actions the CCS Project Operator must take in the
event of an emergency at the site that has the potential to endanger public health
or the environment during construction, operation, and post-injection site care
periods.

If the CCS Project Operator obtains evidence any CCS project operations have
the potential to endanger public health or the environment, either by surface
injection facility operations or CO:z or formation fluid leakage outside of the
storage complex, the CCS Project Operator must:

Immediately cease injection in affected well(s);

Take all steps reasonably necessary to identify, characterize, and quantify
any CO: leakage;

Notify the Executive Officer in writing within 24 hours; and
Implement the Emergency and Remedial Response Plan.

The Executive Officer may allow the CCS Project Operator to resume injection
prior to remediation if the CCS Project Operator demonstrates that the injection
operation will not endanger public health and the environment.

The CCS Project Operator must periodically review the Emergency and
Remedial Response Plan developed under subsection C.6(a), which must
include:

At a frequency specified in the AOR and Corrective Action Plan, or more
frequently when monitoring, operational, or other relevant conditions warrant,
the CCS Project Operator must review and update the Emergency and
Remedial Response Plan or demonstrate to the Executive officer that no
update is needed. The CCS Project Operator must also incorporate
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(€)

monitoring, operational data, or other relevant data and in response to AOR
reevaluations required under subsection C.2.4.4 or demonstrate to the
Executive Officer that no update is needed. The amended Emergency and
Remedial Response Plan or demonstration must be submitted to the
Executive Officer as follows:

(A) Within one year of an AOR-Storage complex reevaluation;

(B) Following any significant changes to the CCS project, such as addition of
injection or monitoring wells, on a schedule determined by the Executive
Officer; or

© When required by the Executive Officer.

Following each update of the Emergency and Remedial Response Plan or a
demonstration that no update is needed, the CCS Project Operator must submit
the resultant information to the Executive Officer for review and confirmation of
the results.

6.1. Emergency and Remedial Response Requirements

@)

(b)

The Emergency and Remedial Response Plan must describe the response
actions that would be necessary in the event of an emergency at the site. The
plan must ensure that site operators know which entities and individuals are to be
notified and what actions need to be taken to mitigate an emergency situation
and protect public health and safety and the environment. The Emergency and
Remedial Response Plan must be based on the site risk assessment pursuant to
subsection C.2.2.

Response actions should depend on the severity of the event(s) that triggered an
emergency response. Emergency events are characterized in Table 3.

Table 3. Degrees of risk for emergency events

Emergency Condition | Description

Major Emergency Event poses immediate substantial risk to human health,

resources, or infrastructure. Emergency actions involving local
authorities (evacuation or isolation of areas) should be initiated.

Serious Emergency Event poses potential serious (or significant) near term risk to

human health, resources, or infrastructure if conditions worsen
or no response actions are taken.

Minor Emergency Event poses no immediate risk to human health, resources, or
infrastructure.
(c) The Emergency and Remedial Response Plan must include the following:
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1) A list and description of possible risk scenarios that could potentially call for
emergency response at the site, including but not limited to:

(A) Injection, production, or monitoring well integrity failure;
(B) Well injection or monitoring equipment failure;

© Fluid (e.g., CO2 or formation fluid) leakage to the land surface
and atmosphere;

(D) A natural disaster with effects that could impact site operations (e.qg.
earthquake or lightning strike); or

(E) Induced seismic event.
(2)  Alist and description of the potential consequences of the risk scenarios.
(3) A list and description of local resources and infrastructure that may be
impacted as a result of an emergency at the CCS project site, including but

not limited to:

(A) Freshwater aquifers, potable water wells, surface water such as rivers or
lakes, farmland, and public land or nature preserves; and

(B) Residential areas, commercial properties, recreational facilities,
topographic depressions, and basements.

4) A list and description of any steps needed to identify, characterize, and
respond to each potential risk scenario listed pursuant to
subsection C.6.1(a)(1) in this section, including:
(A) Emergency identification, for example:
1. Activation of automatic shutdown devices due to well integrity failure;
2. Malfunction of monitoring equipment for pressure or temperature that
may indicate a problem with the injection well and possible

endangerment of public health and the environment;

3. Detections of elevated concentrations of CO2 or other evidence of CO2
leakage to the land surface;

4. Detections of elevated values of indicator parameters ingroundwater

samples or other evidence of brine or CO:2 leakage into freshwater
aquifers or surface water; or
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(5)

(6)

()

©)

(B)

5. A natural disaster such as a weather-related disaster that mayimpact
surface facilities or an earthquake that may disturb subsurface
facilities.

Response actions planned, including but not limited to:
1. Notification to the site supervisor or designee;

2. Notification to the Executive Officer in writing within 24 hours of the
emergency event, per subsection C.6(b)(3);

3. Initial assessment of the situation by the site supervisor or designee
and the determination of which other CCS project personnel to notify;

4, The determination of the severity of the event, based on the
information available by the site supervisor or designee, within 24
hours of the event; and

5. Emergency and remedial actions to be taken to stop or limit the risk of
endangerment to public health and the environment due to the type
and severity of the event.

A list of site personnel, CCS project personnel, and local authorities, and their
contact information.

A list of any special equipment needed in the event of an emergency. The
type of equipment needed in the event of an emergency, as remedial
response varies depending on the triggering event. Response actions (e.g.,
injection completion or hiatus, well shut-in, or evacuation) will generally not
require specialized equipment to implement. Where specialized equipment
(such as a drilling rig) is required, the designated Project Manager must be
responsible for its procurement.

A site-specific emergency communications plan, including the designation of
a public and media communications liaison, which must be developed and
maintained throughout the life of the CCS project.

The timeline for review of the Emergency and Remedial Response Plan, no
less than once every five years following its approval by the permitting
agency, within one year following and AOR reevaluation, and within a
prescribed period to be determined by CARB following any significant
changes to the injection process or CCS project. If the review indicates that
no amendments to the Emergency and Remedial Response Plan are
necessary, the CCS Project Operator must provide the Executive Officer with
documentation supporting such a determination. If the review indicates that
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amendments to the Emergency and Remedial Response Plan are necessary,
amendments must be made and submitted to the CARB within one year
following an event that initiates the Emergency and Remedial Response Plan
review procedure.
7. Financial Responsibility
@) The CCS Project Operator of a certified CCS project must demonstrate and
maintain financial responsibility and resources as determined by the Executive
Officer that meets the following conditions:

Q) The financial responsibility instrument(s) used must be from the following list
of qualifying instruments:

(A)  Trust Funds;
(B)  Surety Bonds;
(C)  Letter of Credit;
(D) Insurance;
(E)  Self-Insurance (i.e., Financial Test and Corporate Guarantee);
(F Escrow Account; and
(G) Any other instrument(s) satisfactory to the Executive Officer.
2 The qualifying instrument(s) must be sufficient to cover the cost of:
(A)  Corrective action (that meets the requirements of subsection C.2.4.3);

(B)  Well plugging and abandonment (that meets the requirements of
subsection C.5.1);

(C) Post-injection site care and site closure (that meets the requirements of
subsection C.5.2); and

(D) Emergency and remedial response (that meets the requirements of
subsection C.6).

(3) The financial responsibility instrument(s) must be sufficient to address the

potential endangerment of public health and the environment via atmospheric
leakage.
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4) The qualifying financial responsibility instrument(s) must comprise protective
conditions of coverage.

(A)  Protective conditions of coverage must include at a minimum:
cancellation, renewal, and continuation provisions, specifications on when
the provider becomes liable following a notice of cancellation if there is a
failure to renew (with a new qualifying financial instrument), as well as
requirements for the provider to meet a minimum rating, minimum
capitalization, and ability to pass the bond rating when applicable.

1. For purposes of this part, a CCS Project Operator must provide that
their financial mechanism may not cancel, terminate or fail to renew
except for failure to pay such financial instrument. If there is a failure
to pay the financial instrument, the financial institution may elect to
cancel, terminate, or fail to renew the instrument by sending notice by
certified mail and an electronic format to the CCS Project Operator and
the Executive Officer. The cancellation must not be final for 120 days
after receipt of cancellation notice. The CCS Project Operator must
provide an alternate financial responsibility demonstration within 60
days of notice of cancellation, and if an alternate financial responsibility
demonstration is not acceptable (or possible), any funds from the
instrument being cancelled must be released within 60 days of
notification by the Executive Officer to complete required activities that
the financial responsibility instrument are expected to cover, as
described in subsection C.7(a)(2).

2. For purposes of this part, the CCS Project Operator must renew all
financial instruments, if an instrument expires, for the entire term of the
CCS project. The instrument may be automatically renewed as long
as the CCS Project Operator has the option of renewal at the face
amount of the expiring instrument. The automatic renewal of the
instrument must, at a minimum, provide the holder with the option of
renewal at the face amount of the expiring financial instrument.

3. Cancellation, termination, or failure to renew may not occur and the
financial instrument will remain in full force and effect in the event that
on or before the date of expiration: (1) the Executive Officer deems
the CCS project abandoned, (2) the permit is terminated or revoked or
a new permit is denied, (3) closure is ordered by the Executive Officer
or a U.S. district court or other court of competent jurisdiction, (4) the
CCS Project Operator is named as debtor in a voluntary or involuntary
proceeding under Title 11 (Bankruptcy), U.S. Code, or (5) the amount
due is paid.

(5) The qualifying financial responsibility instrument(s) must be approved by the
Executive Officer.
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(A)  The financial responsibility demonstration must be considered and
approved by the Executive Officer for all phases of the CCS project prior
to Permanence Certification following subsection C.1.1.

(B) The CCS Project Operator must provide updated information related to
their financial responsibility instrument(s) when/if there are any changes.
This information must be provided to the Executive Officer within 30 days
of such a change. The Executive Officer will evaluate, within a reasonable
time, the financial responsibility demonstration to confirm that the
instrument(s) used remain adequate for use. The CCS Project Operator
must maintain financial responsibility requirements regardless of the
status of the Executive Officer’s review of the financial responsibility
demonstration.

(C) The Executive Officer may disapprove the use of a financial instrument if
he/she determines that it is not sufficient to meet the requirements of
this section.

(6) The CCS Project Operator must demonstrate financial responsibility by using
one or multiple qualifying financial instruments for specific phases of the CCS
project.

(A)  Inthe event that the CCS Project Operator combines more than one
instrument for a specific CCS phase (e.g., well plugging), such
combination must be limited to instruments that are not based on financial
strength or performance (i.e., self-insurance or performance bond), for
example trust funds, surety bonds guaranteeing payment into a trust fund,
letters of credit, escrow account, and insurance. In this case, it is the
combination of mechanisms, rather than the single mechanism, which
must provide financial responsibility for an amount at least equal to the
current cost estimate.

(B)  When using a third-party instrument to demonstrate financial
responsibility, the CCS Project Operator must provide a proof that the
third-party providers either have passed financial strength requirements
based on credit ratings, or has met a minimum rating, minimum
capitalization, and ability to pass the bond rating when applicable.

(C) A CCsS Project Operator using certain types of third-party instruments
must establish a standby trust to enable CARB to be party to the financial
responsibility agreement without CARB being the beneficiary of any funds.
The standby trust fund must be used along with other financial
responsibility instruments (e.g., surety bonds, letters of credit, or escrow
accounts) to provide a location to place funds if needed.
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(D) A CCS Project Operator may deposit money to an escrow account to
cover financial responsibility requirements, and this account must
segregate funds sufficient to cover estimated costs for CCS project
financial responsibility from other accounts and uses.

(E) A CCS Project Operator or its guarantor may use self-insurance to
demonstrate financial responsibility for CCS projects. In order to satisfy
this requirement the CCS Project Operator must meet a tangible net worth
of an amount approved by the Executive Officer, have a Net working
capital and tangible net worth each at least six times the sum of the
current well plugging, post injection site care and site closure cost, have
assets located in the United States amounting to at least 90 percent of
total assets or at least six times the sum of the current well plugging, post
injection site care and site closure cost, and must submit a report of its
bond rating and financial information annually. In addition the CCS
Project Operator must either: Have a bond rating test of AAA, AA, A, or
BBB as issued by Standard & Poor's, Aaa, Aa, A, or Baa as issued by
Moody's, or meet all of the following five financial ratio thresholds: (1) A
ratio of total liabilities to net worth less than 2.0, (2) a ratio of current
assets to current liabilities greater than 1.5, (3) a ratio of the sum of net
income plus depreciation, depletion, and amortization to total liabilities
greater than 0.1, (4) A ratio of current assets minus current liabilities to
total assets greater than —0.1, and (5) a net profit (revenues minus
expenses) greater than 0.

(F) A CCS Project Operator who is not able to meet corporate financial test
criteria may arrange a corporate guarantee by demonstrating that its
corporate parent meets the financial test requirements on its behalf. The
parent’s demonstration that it meets the financial test requirement is
insufficient if it has not also guaranteed to fulfill the obligation for the CCS
Project Operator.

(G) A CCS Project Operator may obtain an insurance policy to cover the
estimated costs of CCS activities requiring financial responsibility. This
insurance policy must be obtained from a third-party provider.

(b) The CCS Project Operator must maintain financial responsibility and resources
until:

) The Executive Officer receives and approves the completed Post-Injection
Site Care and Site Closure Plan; and

2 The Executive Officer approves site closure.

(c) The CCS Project Operator may be released from financial instrument in the
following circumstances:
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1) The CCS Project Operator has completed the phase of the CCS project for
which the financial instrument was required and has fulfilled all its financial
obligations as determined by the Executive Officer, including obtaining
financial responsibility for the next phase of the CCS project, if required; or

(2)  The CCS Project Operator has submitted a replacement financial instrument
and received written approval from the Executive Officer accepting the new
financial instrument and releasing the CCS Project Operator from the
previous financial instrument.

(d) The CCS Project Operator must have a detailed written estimate, in current
dollars, of the cost of performing corrective action on wells in the AOR, plugging
the well(s), post-injection site care and site closure, and emergency and remedial
response.

1) The cost estimate must be performed for each phase separately and must be
based on the costs to the regulatory agency of hiring a third party to perform
the required activities. A third party is a party who is not within the corporate
structure of the CCS Project Operator.

2 During the active life of the CCS project, the CCS Project Operator must
adjust the cost estimate for inflation within 60 days prior to the anniversary
date of the establishment of the financial instrument(s) used to comply with
subsection C.7(a) and provide this adjustment to the Executive Officer. The
CCS Project Operator must also provide the Executive Officer written updates
of adjustments to the cost estimate within 60 days of any amendments to the
AOR and Corrective Action Plan, the Well Plugging and Abandonment Plan,
the Post-Injection Site Care and Site Closure Plan, and the Emergency and
Remedial Response Plan.

(3) Any decrease or increase to the initial cost estimate must be approved by the
Executive Officer. During the active life of the CCS project, the CCS Project
Operator must revise the cost estimate no later than 60 days after the
Executive Officer has approved the request to modify the AOR and Corrective
Action Plan, the Injection Well Plugging and Abandonment Plan, the Post-
Injection Site Care and Site Closure Plan, and the Emergency and Remedial
Response Plan, if the changes in the plan increases the cost. If the change
to the plans decreases the cost, any withdrawal of funds must be approved by
the Executive Officer. Any decrease to the value of the financial assurance
instrument must first be approved by the Executive officer. The revised cost
estimate must be adjusted for inflation as specified at subsection C.7(c)(2).

4) Whenever the current cost estimate increases to an amount greater than the

face amount of a financial instrument currently in use, the CCS Project
Operator, within 60 days after the increase, must either cause the face
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)

©)

1)

)

©)

amount to be increased to an amount at least equal to the current cost
estimate and submit evidence of such increase to the Executive Officer, or
obtain other financial responsibility instruments to cover the increase.
Whenever the current cost estimate decreases, the face amount of the
financial assurance instrument may be reduced to the amount of the current
cost estimate only after the CCS Project Operator has received written
approval from the Executive Officer.

The CCS Project Operator must notify the Executive Officer by an electronic
format and certified mail of adverse financial conditions such as bankruptcy that
may affect the ability to carry our injection well plugging and post-injection site
care and site closure.

In the event that the CCS Project Operator or the third-party provider of a
financial responsibility instrument is going through a bankruptcy, the CCS
Project Operator must notify the Executive Officer by certified mail and an
electronic format of the commencement of a voluntary or involuntary
proceeding under Title 11 (Bankruptcy), U.S. Code, naming the CCS Project
Operator as debtor, within 10 days after commencement of the proceeding.

A guarantor of a corporate guarantee must make such a notification to the
Executive Officer if he/she is named as debtor, as required under the terms of
the corporate guarantee.

A CCS Project Operator who fulfills the requirements of subsection C.7(a) by
obtaining a trust fund, surety bond, letter of credit, escrow account, or
insurance policy will be deemed to be without the required financial
assurance in the event of bankruptcy of the trustee or issuing institution, or a
suspension or revocation of the authority of the trustee institution to act as
trustee of the institution issuing the trust fund, surety bond, letter of credit,
escrow account, or insurance policy. The CCS Project Operator must
establish other financial assurance within 60 days after such an event.

The CCS Project Operator must provide an adjustment of the cost estimate to
the Executive Officer within 60 days of notification by the Executive Officer, if the
Executive Officer determines during the annual evaluation of the qualifying
financial responsibility instrument(s) that the most recent demonstration is no
longer adequate to cover the cost of corrective action (as required by subsection
C.2.4.3), well plugging and abandonment (as required by subsection C.5.1),
post-injection site care and site closure (as required by subsection C.5.2), and
emergency and remedial response (as required by subsection C.6).

The use and length of pay-in-periods for trust funds or escrow accounts must be
approved by the Executive Officer.
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8. Modification or Revocation and Reissuance of Permanence Certification

(@ When the Executive Officer receives any information, including but not limited to,
(1) information submitted by the CCS Project Operator as required by the
Permanence Certification, (2) receives a request for modification or evocation
and reissuance of the Permanence Certification, or (3) inspects the facility or
conducts a review of the Permanence Certification, he or she may determine
whether or not one or more of the causes listed in subsections C.8(b) and C.8(c)
of this section exist requiring a modification or revocation and reissuance of the
Permanence Certification, or both. If cause exists, the Executive Officer may
modify or revoke and reissue the Permanence Certification accordingly, and may
request an updated Permanence Certification if necessary. When a Permanence
Certification is modified, only the conditions subject to modification are reopened.
If a Permanence Certification is revoked and reissued, the entire Permanence
Certification is reopened and subject to revision and the permit is reissued for a
new term. If a Permanence Certification modification satisfies the criteria in
subsection C.8.2 for “minor modifications,” the Permanence Certification may be
modified without a draft Permanence Certification and public review. Otherwise,
the Executive Officer will post the draft Permanence Certification for public
comment for at least 15 days, address those comments if considered valid, and
then issue an executive order endorsing the permanence of the CCS project, if
appropriate.

(b) Causes for modification or revocation and reissuance.

(1) Alterations. There are material and substantial alterations or additions to the
certified CCS project or activity which occurred after issuance of the
Permanence Certification, and which justify the application of conditions that
are different or absent in the existing Permanence Certification.

2) Information. Permanence Certifications may be modified during their terms
for this cause only if the information was not available at the time of issuance
of the Permanence Certification (other than revised regulations, guidance, or
test methods) and would have justified the application of different conditions
of Permanence Certification at the time of issuance.

(3) New regulations. The standards or regulations on which the Permanence
Certification was based have been changed by promulgation of new or
amended standards or regulations or by judicial decision after the
Permanence Certification was issued.

4 Compliance schedules. The Executive Officer determines good cause exists
for modification of a compliance schedule, such as a strike, flood, or materials
shortage or other events over which the certified CCS Project Operator has
little or no control and for which there is no reasonably available remedy.
(See also subsection C.8.2(a)(3)).
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(A)

(B)
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(D)

(E)

(F)

Basis for modification of Permanence Certifications. Additionally, whenever
the Executive Officer determines that changes to the Permanence
Certification are necessary, based on:

AOR reevaluations under subsection C.2.4.4;

Any amendments to the Testing and Monitoring Plan under subsection
C.4.1;

Any amendments to the Well Plugging and Abandonment Plan under
subsection C.5.1;

Any amendments to the Post-Injection Site Care and Site Closure Plan
under subsection C.5.2;

Any amendments to the Emergency and Remedial Response Plan under
subsection C.6;

A review of monitoring and/or testing results conducted in accordance with
Permanence Certification requirements.

(c) Causes for modification or revocation and reissuance of Permanence
Certification. Cause exists to modify or, alternatively, revoke and reissue
Permanence Certification if the Executive Officer determines cause exists for
termination under subsection C.8.1(a), and the Executive Officer determines that
modification or revocation and reissuance is appropriate.

81 Termination of Permanence Certifications

@) The Executive Officer may terminate a Permanence Certification during its term,
or deny a Permanence Certification renewal application for the following causes:

@

)

©)

Noncompliance by the CCS Project Operator with any condition ofthe
Permanence Certification;

The CCS Project Operator’s failure in the application or during the
Permanence Certification issuance process to disclose fully all relevant facts,
or the CCS Project Operator's misrepresentation of any relevant facts at any
time; or

A determination that any CCS injection activity endangers public health or the
environment via a leak of CO2 or formation fluid outside of the storage zone,

and can only be regulated to acceptable levels by modification or termination
of Permanence Certification.
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82. Minor Modification of Permanence Certifications

@

@)
)
©)

(4)

Q)

(6)

()

©)

Upon the consent of the CCS Project Operator, the Executive Officer may modify
a Permanence Certification to make the corrections or allowances for changes in
the certified CCS project activity listed in this section, without following the
procedures of subsection C.8(a). Any modification to the Permanence
Certification not processed as a minor modification under this section must be
made for cause and pursuant to draft Permanence Certification and public notice
as required in subsection C.8(a). Minor modifications may only:

Correct typographical errors;
Require more frequent monitoring or reporting by the CCS Project Operator;

Change an interim compliance date in a schedule of compliance, provided the
new date is not more than 120 days after the date specified in the existing
Permanence Certification and does not interfere with attainment of the final
compliance date requirement; or

Allow for a change in ownership or operational control of a CCS project where
the Executive Officer determines that no other change in Permanence
Certification is necessary, provided that a written agreement containing a
specific date for transfer of responsibility, coverage, and liability between the
current and new CCS Project Operator has been submitted to the Executive
Officer.

Change quantities or types of fluids injected which are within the capacity of
the facility as certified and, in the judgment of the Executive Officer, would not
interfere with the operation of the CCS project or its ability to meet conditions
described in the Permanence Certification.

Change in construction requirements approved by the Executive Officer,
provided that any such alteration must comply with the requirements of this
section and subsection C.3.1.

Amend a plugging and abandonment plan which has been updated under
subsection C.5.

Amend a CCS Well Testing and Monitoring Plan, Plugging Plan, Post-
Injection Site Care and Site Closure Plan, or Emergency and Remedial
Response Plan where the modifications merely clarify or correct the plan, as
determined by the Executive Officer.

9. Legal Understanding, Contracts, and Post-Closure Care
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@ The CCS Project Operator must show proof of exclusive right to use the pore
space in the sequestration zone for storing CO2 permanently;

(b) Full disclosure must be made to inform future land management or development
within AOR. For example, the restrictions and disclosure must be recorded on
the deeds of the land when no regulations are in place to address this issue;and

© The CCS Project Operator must show proof that there is binding agreement
among relevant parties that drilling or extraction that penetrate the confining layer
above the sequestration zone are prohibited within the AOR to ensure public
safety and the permanence of stored COz.
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Appendix A. Fugitive and Vented GHG Emissions: Injection into Depleted Oil and
Gas and Saline Formations

@) Fugitive CO2 Emissions: Equipment Count Method

Count each component (e.g., valves, connectors, open-ended lines) individually
for the facility and multiply with default emission factors specific to component
type. Alternatively, count the number of major pieces of equipment and multiply
by the average number of components per major piece of equipment to arrive at
the total number of each component for a facility. Calculate fugitive CO2
emissions using Equation A.1.

BBy = <«GRRECCOCCC, X BB X (Cuncz X The (A1)

Where:

EE:, = Annual volumetric fugitive CO2 emissions at standard conditions
from " component in cubic feet.

CCEECCCCCC = Total number of i component at the facility.

EEEEn =  Emission factor for /" component (scf/hour). Use a default CO2
emission factor if available. Methane emission factors can be used
as proxy for CO2 emission factors.

CCucz =  COz2 concentration (%).

Ty =  Total time that each component type associated with the equipment
leak emission was operational in the calendar year, in hours, using
engineering estimate based on best available data.

EEx, must be converted to MT COz/year using the method described in

Appendix C to obtain estimate CCCC2, . .,iNCluded in previous equations.

(b) Vented Emissions: Event-Based Approach

Calculate vented CO2 emissions by measuring/estimating CO2 emissions per
venting event, and account for CH4 emissions for all venting events at storage
site per year using Equation A.2.

m

=1
Where:
6GGGGGwmm = Annual vented CO2 and CH4 emissions (MT COzelyear).
VVEE =  Vented CO2 and CH4 emissions for i vented event (MT
COzelevent).
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Appendix B. CO2 Venting and Fugitive Emissions from CO2-EOR Operations
@ Metered natural gas pneumatic device and pump vented CO2 emissions.

@ Calculate CO2 emissions from a natural gas-powered continuous high bleed
control device and pneumatic pump vented using the method specified in
paragraph (a)(1) of section 95153 in the Regulation for the Mandatory
Reporting of Greenhouse Gas Emissions (MRR)! when the natural gas flow
to the device is metered.

(b) Non-metered natural gas pneumatic device vented emissions.

@ Calculate CO2 emissions from all non-metered natural gas-powered
pneumatic intermittent bleed and continuous low and high bleed devices
using the equation in paragraph 95153(a)(2) of MRR.

© Acid gas removal vents.

@ For AGR vents (including processes such as amine, membrane, molecular
sieve or other absorbents and adsorbents), calculate emissions for CO2 only
(not CH4) vented directly to the atmosphere or emitted through a flare,
engine (e.g., permeate from a membrane or de-adsorbed gas from a
pressure swing adsorber used as fuel supplement), or sulfur recovery plant
using the applicable calculation methodologies described in paragraphs
95153(c)(1)- (c)(10) of MRR.

d) Dehydrator vents.

@ Calculate annual CO2 emissions using any of the calculation methodologies
described in paragraph 95153(d) of MRR.

e Gas well vented CO2 emissions during well completions and workovers.

@ Use either the Methodology 1 or 2 described in paragraphs 95153(f)(1)—(f)(5)
of MRR.

® Equipment and pipeline blowdowns.

@ Calculate CO2 blowdown emissions from depressurizing equipment and
natural gas pipelines to reduce system pressure for shutdowns resulting from
human intervention or to take equipment out of service for maintenance
(excluding depressurizing to a flare, over-pressure relief, operating pressure
control vented and blowdown of non-GHG gases; desiccant dehydrator

11 CARB, 2014. Regulation for the Mandatory Reporting of Greenhouse Gas Emissions. Unofficial
electronic version available at https://ww2.arb.ca.gov/mrr-requlation
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blowdown vented before reloading is covered in paragraphs 95153 (d)(4) of
MRR.

()] Dump valves.

@ Calculate CO2 emissions from gas-liquid separator liquid dump valves
not closing by using the method found in 95153(i) of MRR.

() Well testing vented emissions.

@ Calculate CO2 vented from oil well testing using the methods found in
paragraphs of 95153(j)(1)—-(j)(6) of MRR.

(0] Associated gas.

@ Calculate COzin associated gas vented not in conjunction with well testing
using the methods found in paragraphs of 95153(k)(1)—(k)(6) of MRR.

0] Centrifugal compressor vented emissions.

@ Calculate CO2 emissions from both wet seal and dry seal centrifugal
compressor using the methods described in paragraphs of 95153(m)(1)—
(m)(8) of MRR.

K Reciprocating compressor vented emissions.

@ Calculate CO2 emissions from all reciprocating compressor vents using
the methods described in paragraphs of 95153(n)(1)—(n)(7) of MRR.

0] EOR injection pump blowdown emissions.

(0] Calculate CO2 pump blowdown emissions from EOR operations using
critical CO: injection using Equation 33 as described in section 95153(u) of
MRR.

(m)  Fugitive CO2 emissions from valves, connectors, open ended lines, pressure
relief valves, pumps, flanges, and other equipment leak sources (such as
instruments, loading arms, stuffing boxes, compressor seals, dump lever arms,
and breather caps).

(@) Perform leak detection tests in accordance with procedures as described in
the MRR. If leakage is detected from the equipment listed above during
annual leak detection tests, calculate fugitive emissions (COz2) per
component type in which leak is detected using Equation 25 in section
95153(0) of MRR for each component type. Default fugitive emission factors
for Equation 25 are reported in Tables E4 to E6; or
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(] Calculate fugitive emissions from all equipment using the population count
and emission factors as described in section 95153(p) of MRR.
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Appendix C. Converting Volume of CO2 to Mass

@ When volumetric emissions of CO2 are measured at actual temperatures and
pressures, convert them to volumetric emissions at standard conditions (25°C
and 1 atm) using Equations 29 and 30 in MRR.

(b) Calculate GHG mass emissions by converting the GHG volumetric emissions at
standard conditions into mass emissions using Equation 32 described in section
95153(t) of MRR.

{b)(c) Corrections should be applied if CO2 is impure
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Appendix D. Data Measurement/Generation and Reporting for Energy and

@)

@)

@)

©)

(4)

()

(b)
@)

@)

©)

(©
@

Chemical Inputs

Amounts of fuels used:

Fuel receipts/invoices or flow meter readings whichever applicable;

The flow meter readings must be corrected for temperature and pressure.
Density estimates used for emission quantification purposes must be adjusted
to corrected standardized temperatures and pressures;

Flow meters must be placed based on manufacturer recommendations and
must operate within manufacturers specified operating conditions at all times;
and

Flow meters must be calibrated according to manufacturer specifications and
must be checked and calibrated at regular intervals according to these
specifications.

In cases where the same fuel is used for CCS and other unrelated activities
and share the same meter or receipts/invoices, or when fuel receipts/invoices
or metered data are not available, estimates with justification for the chosen
methodology can be used with approval from the Executive Officer.

Electricity consumption:

Utility receipts/invoices or metered data for off-grid electricity use. In the
absence of these data, maximum power rating for each type of equipment
and operating hours can be used to estimate electricity use with approval
from the Executive Officer.

In certain cases other loads may be tied into the same electricity meter. In
such instances, estimates with justification for the chosen methodology can
be used with approval from the Executive Officer.

Electricity meters must be calibrated in accordance with manufacturer
specifications and must be checked and calibrated at regular intervals
according to these specifications.

Steam consumption:

Utility receipts/invoices or metered data for on-site steam production
whichever applicable.
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) In the absence of utility receipts/invoices or metered data, estimates with
justification for the chosen methodology can be used with approval from the
Executive Officer.

(3) If metered data are used, meters must be calibrated in accordance with
manufacturer specifications and must be checked and calibrated at regular
intervals according to these specifications.

(d) Cogeneration:

If any part of the CCS project uses electricity and thermal energy supplied
directly by co-generation, the amount of fuel use associated with the electricity
and thermal energy must be estimated using Equation D.1.

GGEETTCCadaace + EEFFEEEECCEEEEEEEECCEE aaaace

GGERTTLS T EETERTHIIAEREETICER (D.1)
Trrreerrm Trrrecrrr

gty = TTEELTTH BECCEE, 1y X

Where:

FECCEEFFy = Proportionate volume or mass of each type of fuel, by fuel type i,
combusted by cogeneration unit to supply electricity or thermal
energy to the CCS project (e.g., gallons/year or metric tons/year).

TTEECCTTH EECCEErrrecrre

=  Total volume or mass of each type of fuel, by fuel type i, combusted
by the cogeneration unit supplying electricity or thermal energy to
the CCS project (e.g., gallons/year or metric tons/year).

GGEETTCCuucc=  Quantity of thermal energy supplied to the CCS project by the
cogeneration unit (MJ/year).

EEFFEEEECCEEEEEEEECCEE doaacc

=  Quantity of electricity supplied to the CCS project by the
cogeneration unit (MWh/year).

[ ——

=  Total quantity of thermal energy generated by the cogeneration unit
(MJ/year).
EEEREECCEEEERERCCErmrecrrr
=  Total quantity of electricity generated by the third party
cogeneration unit (MWh/year).

(e) Chemical inputs:

1) Purchase receipts/invoices or flow meter readings whichever applicable.
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Appendix E. Emission Factors and Component Counts

Note: Stationary emissions factors in Tables E1 to E3 may be used only if they are not
available in CA-GREET.

Table E1. Stationary Emission Factors for Fossil Fuel Combustion??

Coal and Coke kg COz/ton g CHal/ton g N20/ton
Anthracite (coal) 2602 276 40
Bituminous (coal) 2325 274 40
Sub-bituminous (coal) 1676 190 28
Lignite 1389 156 23
Mixed (commercial) 2016 235 34
Mixed (electric power sector) 1885 217 32
Mixed (industrial sector) 2468 289 42
Mixed (commercial) 2116 246 36
Coal Coke 2819 273 40

Fossil-derived Fuels (solid) kg COz/ton g CHa/ton g N20/ton
Municipal Solid Waste 902 318 42
Petroleum Coke (Solid) 3072 960 126
Plastics 2850 1216 160
Tires 2407 896 118

Fossil-derived Fuels

(gaseous) kg COq/scf g CHyscf g N2O/scf

Blast Furnace Gas 0.02524 0.000002 0.000009

Coke Oven Gas 0.02806 0.000288 0.00006

Fuel Gas 0.08189 0.004164 0.000833

Propane Gas 0.15463 0.000055 0.000252

Note: Ton refers to short ton. While using Tables E1 to E3, CO and VOC emissions may
need to be estimated if possible.

12US EPA. Direct Emissions from Stationary Combustion Sources. (2016). Available at
https://www.epa.gov/sites/production/files/2016-03/documents/stationaryemissions 3 2016.pdf
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Table E2. Stationary Emission Factors for Petroleum Fuel Combustion!?

Petroleum Products kg CO2/gal g CHu/gal g N2O/gal
Asphalt and Road Oil 11.91 0.47 0.09
Aviation Gasoline 8.31 0.36 0.07
Butane 6.67 0.31 0.06
Butylene 7.22 0.32 0.06
Crude Qil 10.29 0.41 0.08
Distillate Fuel Oil No .1 10.18 0.42 0.08
Distillate Fuel Oil No .2 10.21 0.41 0.08
Distillate Fuel Oil No. 4 10.96 0.44 0.09
Ethane 4.05 0.2 0.04
Ethylene 3.83 0.17 0.03
Heavy Gas Oils 11.09 0.44 0.09
Isobutane 6.43 0.3 0.06
Isobutylene 7.09 0.31 0.06
Kerosene 10.15 0.41 0.08
Kerosene-Type Jet Fuel 9.75 0.41 0.08

Liguefied Petroleum Gases

(LPG) 5.68 0.28 0.06
Lubricants 10.69 0.43 0.09
Motor Gasoline 8.78 0.38 0.08
Naphtha (<401 deg F) 8.5 0.38 0.08
Natural Gasoline 7.36 0.33 0.07
Other QOil (>401 deg F) 10.59 0.42 0.08
Pentanes Plus 7.7 0.33 0.07
Petrochemical Feedstocks 8.88 0.38 0.08
Petroleum Coke 14.64 0.43 0.09
Propane 5.72 0.27 0.05
Propylene 6.17 0.27 0.05
Residual Fuel Oil No. 5 10.21 0.42 0.08
Residual Fuel Oil No. 6 11.27 0.45 0.09
Special Naphtha 9.04 0.38 0.08
Unfinished Qils 10.36 0.42 0.08
Used Oil 10.21 0.41 0.08

ATTACHMENT 1:
CCS Protocol — Appendix E: Emission Factors Page 140/175



Table E3. Stationary Emission Factors for Petroleum Fuel Combustion!?

Biomass-Derived Fuels
(Solid) kg COz/ton g CHal/ton g N20/ton
Agricultural Byproducts 975 264 35
Peat 895 256 34
Solid Byproducts 1096 332 44
Wood and Wood Residuals 1640 126 63
Biomass -Derived Fuels
(gaseous) kg CO2/scf g CHa/scf g N20O/scf
Landfill Gas | 0.025254 0.001552 0.000306
Other Biomass Gases | 0.034106 0.002096 0.000413
Biomass Fuels (liquid) kg CO2/gal g CHalgal g N20O/gal
Biodiesel (100%) 9.45 0.14 0.01
Ethanol (100%) 5.75 0.09 0.01
Rendered Animal Fat 8.88 0.14 0.01
Vegetable Oil 9.79 0.13 0.01
Biomass Fuels (Kraft
Pulping Liquor by Wood kg g
Furnish) CO>/MMbtu | CH4/MMbtu | g N2O/MMbtu
North American Softwood 94.4 1.9 0.42
North American Hardwood 93.7 1.9 0.42
Bagasse 95.5 1.9 0.42
Bamboo 93.7 1.9 0.42
Straw 95.1 1.9 0.42
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Table E4. Default Emission Factors for Onshore Petroleum and Natural Gas

Production!t

Onshore Petroleum and Natural Gas Production

Emission Factor

(scf/lhour/component)

Western US Population Emission Factors for all
Components, Gas Service?
Valve 0.121
Connector 0.017
Open-ended Line 0.031
Pressure Relief Valve 0.193
Low Continuous Bleed Pneumatic Device VentsP 1.39
High Continuous Bleed Pneumatic Device VentsP 37.3
Intermittent Bleed Pneumatic Device VentsP 13.5
Pneumatic pumps® 13.3

Population Emission Factors — All Components, Light

Crude Service
Valve 0.05
Flange 0.003
Connector 0.007
Open-Ended Line 0.05
Pump 0.01
Other® 0.30
Population Emission Factors — All Components, Heavy
Crude Servicef
Valve 0.0005
Flange 0.0009
Connector (Other) 0.0003
Open-Ended Line 0.006
Other® 0.003

aFor multi-phase flow that includes gas, use the gas service emission factors.

b Emission factor is in units of “scf/hour/device.”
¢ Emission Factor is in units of “scf/hour/pump.”

dHydrocarbon liquids greater than or equal to 20°API are considered “light crude.”
€“Other” category includes instruments, loading arms, pressure relief valves, stuffing boxes, compressor

seals, dump lever arms, and vents.
fHydrocarbon liquids less than 20°API are considered “heavy crude.”
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Table E5. Default Average Component Counts for Major Crude Oil Production
Equipment!!

Major Valves Flanges | Connectors | Open-Ended Other
Equipment Lines Components
Wellhead 5 10 4 0 1
Separator 6 12 10 0 0
Heater-Treater 8 12 20 0 0
Header 5 10 4 0 0

Table E6. Default Average Component Counts for Major Onshore Natural Gas
Production Equipment!*

Major Valves Connectors | Open-Ended Pressure
Equipment Lines Relief Valves
Wellheads 11 36 1 0
Separators 34 106 6 2
Meters/Piping 14 51 1 1
Compressors 73 179 3 4
In-Line Heaters 14 65 2 1
Dehydrators 24 920 2 2
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Appendix F. Emissions from CO: Entrained in Produced Oil and Gas

(@  Annual CO2 Fugitive Emissions Entrained in Produced Oil and Gas*®

CCCCZiiiiiieeeeuiiiiii = (chctt X %CCCCfoemX [JPCCCCZ X 0-001) + (MMwwcmmr X H‘;idCCZ—wwcmvm) (Fl)
+ (MMrmee X EidCCZ—rrnee)
Where
cecez,,. = Emissions or other losses of CO2 entrained or dissolved in crude

itiiiiceeeiiiiii

oil/other hydrocarbons, produced water and natural gas that have been
separated from the produced COz: for sale or disposal. Calculated
based on quantities of crude oil, water and gas produced and the CO:
content of each product (MT COz/year).

VV cocctt = Volume of natural gas or fuel gas, produced from the formation that
CO: is being injected into, that is sold to third parties or input into a
natural gas pipeline in year y (m3/year), measured at standard

conditions.
ppCCCC2 = Density of COzat standard conditions (1.899 kg/m? or 0.0538 kg/ft3).
%CCCCyy,, = % COz inthe natural gas or fuel gas that is sold to third parties or input
into a natural gas pipeline, in year y (% volume).
/L — = Mass of water produced from the formation that CO: is being injected

into, that is disposed of or otherwise not re-injected back into the
formation (MT/year).

Bicco—were = Mass fraction of CO2 in the water produced from the formation.

MM = Mass of crude oil and other hydrocarbons produced from the formation
that CO: is being injected into (MT/year).

Byicco—rmme = Mass fraction of CO:in the crude oil and other hydrocarbons produced

from the formation (MT/year).

13The American Carbon Registry “Methodology for Greenhouse Gas Emission Reductions from Carbon
Capture and Storage Projects,” Version 1 (2015). Available at http://americancarbonregistry.org/carbon-
accounting/standards-methodologies/carbon-capture-and-storage-in-oil-and-gas-reservoirs/acr-ccs-
methodology-v1-0-final.pdf.
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Appendix G. Determination of a CCS Project’s Risk Rating for Determining its
Contribution to the LCFS Buffer Account

CARB maintains an LCFS Buffer Account to insure against the risk of CO2 leakage
credited for sequestration and credit invalidation. A percentage of a CCS project’s
LCFS credits must be contributed to the LCFS Buffer Account pursuant to the
Regulation. The specific percentage of the contribution is determined by a CCS
project’s risk rating, based on the potential for CO2 leakage associated with different
types of risks and project-specific circumstances.

(@) The CCS Project Operator or Authorized Project Designee is required to
determine the project’s invalidation risk rating prior to submitting their application
for CCS project certification, and to recalculate it every time the CCS project
undergoes verification.

(b)  When estimated risk values and associated mitigation measures are updated,
any adjustments to the invalidation risk ratings will affect only the current and
future year contributions to the Buffer Account.

(c) Factors that contribute to CCS project risk rating are classified into the categories
identified in Table G1.

(d) The CCS project risk rating must be determined using the tables and methods in
this appendix, which are designed to identify and quantify the specific types of
risks that may lead to CO:2 leakage and subsequent credit invalidation, based
on project-specific factors. The CCS Project Operator or Authorized Project
Designee must determine the contribution to the invalidation risk rating for each
risk type in Table G1.

@ Financial risk: Financial failure of an organization resulting in bankruptcy can
lead to dissolution of agreements and management activities to recover
losses, which may increase the potential for CO2 leakage and credit
invalidation. CCS projects that demonstrate high financial strength are
expected to have lower financial risk. A financial rating for the CCS Project
Operator from Moody’s, Standard & Poor's, and Fitch, can be used to
demonstrate the project operator’s financial strength. Projects that
demonstrate high financial strength are expected to have lower risk for
leakage and credit invalidation and can contribute less to the Buffer Account.

() Social risk: Social risks exist due to changing government policies,
regulations, rule of law, order and security, and general economic conditions.
The risks of social or political actions leading to leakage and credit
invalidation could be significant and differ across countries or regions. The
performance indicator from the World Justice Project Rule of Law Index can
be used to demonstrate the social risk status of the country or region where a
CCS project is located. Projects that demonstrate low social risks are
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expected to have lower risk for leakage and credit invalidation and will
contribute less to the Buffer Account. The World Justice Project Rule of Law
Index uses household and expert surveys to measure how the rule of law is
experienced and perceived by the general public worldwide. The rule of law
performance is measured using 44 indicators across eight primary rule of law
factors: Constraints on Government Powers, Absence of Corruption, Open
Government, Fundamental Rights, Order and Security, Regulatory
Enforcement, Civil Justice, and Criminal Justice. Each of the primary rule of
law factors is scored and ranked globally and against regional and income
peers.

) Management risk: Management risk is the risk of management activities or
failure to follow best project management practices (such as restricting site
access) that directly or indirectly could lead to leakage and credit invalidation.
For a typical CCS project, illegal removals of the components of surface
injection facilities such as an injection well head during the injection operation
or any time before well plugging can potentially lead to a CO2 leakage and
credit invalidation. lllegal removals of the components of surface injection
facilities can occur either by trespass or outside of a planned set of
management activities that are controlled by regulation. lllegal removals of
the components of surface injection facilities are more likely to occur when
there is a lack of controls and enforcement activities. Projects that
demonstrate quality management of access controls and enforcement are
expected to have less management risk and thus lower risk for leakage and
credit invalidation and can contribute less to the Buffer Account.

4 Site risk: Proper site selection is key to minimize the risk of leakage and credit
invalidation. Section C.2.1 sets forth a set of minimum site selection criteria
to minimize the risk of CO2 leakage. Project operators have the option to go
beyond the minimum criteria and contribute less to the Buffer Account.

®) Well integrity risk: If wells are not constructed to the proper requirements, or if
well maintenance, operations, and plugs do not follow appropriately
prescribed plans, wells may become potential conduits for leakage and cause
credit invalidation. It is essential to follow appropriate construction
requirements and prescribed operating plans to ensure that injection does not
compromise the well or fracture the injection formation or confining zone. The
U.S. EPA (U.S. Environmental Protection Agency) class VI well standards
under the UIC (Underground Injection Control) program are designed for safe
CO: injection and protection of underground drinking water resources. The
U.S. EPA class VI well standards are designed to avoid the movement of
COz2 and other fluid from the storage complex to unauthorized zones, which
in most cases will prevent the release of CO: to the atmosphere.
Conformance to the U.S. EPA class VI well regulations is an indicator of
minimizing the risk of CO2 leakage using wells a conduit. Since wells are the
primary remaining risk factor if a quality sequestration site has been chosen,
projects that
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demonstrate that all of their wells meet USEPA class VI well or equivalent
requirements can contribute less to the Buffer Account.

Table G.1. CCS project contribution to CCS project risk rating based on risk types

Risk type Risk category Risk Rating
Contribution
Financial Low Financial Risk: 0%
CCS project operators that demonstrate their company
has:

e a Moody's rating of A or better; or
e an equivalent rating from Standard & Poor's, and
Fitch

Medium Financial Risk: 1%
CCS project operators that demonstrate their company
has:

e a Moody’s rating of B or better meets; or

e an equivalent rating from Standard & Poor's, and

Fitch

High Financial Risk: 2%
CCS project operators that cannot make one of the two
demonstrations above

Social Low Social Risk: 0%
CCS projects located in countries or regions ranked
among the top 20" percentile based on the World Justice
Project Rule of Law Index

Medium Social Risk: 1%
CCS projects located in countries or regions ranked
between the 20" and 50" percentile based on the World
Justice Project Rule of Law Index

High Social Risk: 3%
CCS projects located in countries or regions that are not
ranked, or are ranked below the 50" percentile based on
the World Justice Project Rule of Law Index

Management Low Management Risk: 1%
Demonstrated surface facility access control, e.g., injection
site is fenced and well protected

Higher Management Risk: 2%
Poor or no surface facility access control, e.g., injection
site is open, or not fenced or protected

Site Low Site Risk: 1%
Selected site has more than two good quality confining
layers above the sequestration zone and a dissipation
interval below the sequestration zone
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Higher Site Risk:
Selected site meets the minimum site selection criteria but
does not meet the above site criteria

2%

Well integrity

Low Well Integrity Risk:
All wells for the CCS project meet USEPA class VI well or
equivalent requirements

1%

Higher Well Integrity Risk:
The CCS project has wells that do not meet USEPA class
VI well or equivalent requirements

3%

(e) A Project Operator must use Table G2 to summarize and report to CARB the
CCS project’s risk rating and contribution to the Buffer Account for each risktype.

Table G2. CCS Project Contribution to the Buffer Account for Each Risk Type

o Higher Well integrity Risk

Risk type Risk category Risk Rating
Contribution
Financial o Low Financial Risk
o Medium Financial Risk
o High Financial Risk
Social o Low Social Risk
o Medium Social Risk
o High Social Risk
Management o Low Management Risk
o Higher Management Risk
Site o Low Site Risk
o Higher Site Risk
Well integrity o Low Well integrity Risk

® The CCS project’s overall risk rating and contribution to the Buffer Account is
calculated using Equation G.1, below:

CCCCUU PPEEEEPPEEEECC BREERRRR BBTTCCEECCRR
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CCS PROTOCOL SPECIFIC PURPOSE AND RATIONALE
A. DEFINITIONS AND APPLICABILITY
Section A.1. Purpose

Description of the Problem

The Low Carbon Fuel Standard (LCFS) requires CCS projects to use a Board approved
quantification methodology (QM) in order to generate credits. The LCFS requires that
the QM include monitoring, reporting, verification, and provisions for ensuring that CCS
projects achieve permanent sequestration of CO2. Additionally, all GHG emissions
reductions credited under LCFS from CCS projects must be real, permanent, additional,
quantifiable, verifiable, and enforceable.

Proposed Solution

Staff proposes to adopt and incorporate the CCS Protocol into the LCFS regulation by
reference. The CCS Protocol includes requirements for both accounting and
permanence and, if adopted, would satisfy the need for a CCS QM in the LCFS. The
Accounting Requirements specify how to calculate net GHG emission reductions
associated with CCS projects, including emissions from CCS operations, CO2 surface
leakage, above ground fugitive emissions, and post closure emissions. Applicants must
use the Accounting Requirements to calculate credit amounts or carbon intensity
reductions for CCS projects under LCFS. The Permanence Requirements include
provisions to ensure that GHG emission reductions from CCS are permanent by
remaining sequestered for at least 100 years in order for CCS projects to qualify for
GHG reductions (or non-emissions) under LCFS. CCS projects must comply with the
totality of the CCS Protocol in order to obtain Permanence Certification.

Rationale Supporting the Proposed Solution

The proposed CCS Protocol will allow CCS projects to participate in the LCFS, account
for emission reduction credits via a quantification methodology outlined in the
Accounting Requirements, ensure the safe and permanent storage of COz2 following the
Permanence Requirements, and ensure that all GHG emissions reductions are real,
permanent, additional, quantifiable, verifiable, and enforceable.

Section A.2. Definitions and Acronyms

Description of the Problem
The CCS Protocol needs a uniform set of definitions and acronyms for clarity.

Proposed Solution
Staff proposes to include a section of definitions and acronyms.

Rationale Supporting the Proposed Solution
This section ensures clarity and consistency for terminology used in the CCS Protocol.
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B. ACCOUNTING REQUIREMENTS FOR CCS PROJECTS UNDER LCFS

Description of the Problem

The LCFS requires CCS projects to use a Board approved QM that includes clear GHG
emissions accounting requirements in order to generate credits. Under the LCFS, CCS
projects need to properly account for lifecycle emissions of GHGs.

Proposed Solution

In order to fulfill CARB’s commitment to adopt a quantification methodology for CCS
projects, staff proposes to adopt a CCS QM in the form of Accounting Requirements
within the CCS Protocol. The Accounting Requirements provide a framework to
calculate net emission reductions for CCS projects.

Consistent with LCFS regulation, the proposed Accounting Requirements use a lifecycle
approach, incorporating direct and indirect GHG emissions from CO2 capture, transport,
injection, and sequestration. Likewise, consistent with the LCFS GHG accounting
approach, COz2, CO, CH4, N20, and volatile organic compounds (VOCs) emissions are
considered; However, CO, CH4, N20, and VOCs present in the injected CO2 stream are
not counted toward the sequestered amount for the purpose of calculating emission
reductions that would qualify for crediting.

The Accounting Requirements include two separate system boundaries for (1) CO2-
EOR and (2) CO:2 storage in saline formations/depleted oil and gas reservoirs. The
system boundaries show the sources of GHG emissions from various stages of CCS
that must be included when calculating CCS emission reductions. In either case (1) or
case (2), above, the system is bounded by CO2 capture in the beginning, and CO:
injection into an underground geologic formation and storage at the end. The
Accounting Requirements calculate CCS credits based on the difference between the
amounts of CO: injected and lifecycle CCS project emissions.

In CO2-EOR, GHG emissions occur both at the oilfield, due to COz2 injection, and at
the recycling facility, due to activity associated with crude oil and gas production.
Because of the overlap in CCS activities between the capture and sequestration site,
these emissions could be allocated in some proportion to either the CCS project or the
produced oil. Staff proposes to use a mass balance approach and assign GHG
emissions that are associated with the fuel and electricity used for the separation,
recycling, and injection of CO2 to CCS projects. The remainder of the fuel and
electricity use emissions are assigned to crude oil and gas production. Likewise,
fugitive and vented CO2 emissions at the CO2-EOR site are assigned to CCS projects
while fugitive and vented CH4 emissions are assigned to crude oil and gas production.

To ensure that CCS emissions reductions are accurately quantified, the Accounting
Requirements include accounting for atmospheric CO:2 leakage. Because the CO: is
sequestered underground in deep geologic formations, indirect monitoring techniques
must be used to identify and quantify CO2 leakage out of the sequestration zone. Due
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to the detection limitations of indirect monitoring, staff proposes to deduct half the
detection limit of the monitoring methods from the calculated emissions reductions to
account for potential undetected leaks. Staff chose to deduct half the detection limit
based on stakeholder recommendation, and to acknowledge that properly sited,
constructed, and monitored projects are not expected to leak CO2, while also being
conservative to account for the fact that there are limitations to all monitoring
techniques. Additionally, staff proposes that any deliberate CO2 release (of intentionally
sequestered CO:2) from active oil and gas reservoirs and transfer of the CO:2 for use at
other sites must be counted as emissions under the CCS Protocol. If the COz2 is
transferred to another CO2-EOR injection site, that site could apply separately for
crediting under the CCS Protocol.

Staff also proposes to include direct land use GHG emissions in the Accounting
Protocol if a CCS project results in land use change GHG emissions. A study by
Cooney et al.'* shows that direct land use emissions from CO2-EOR related activities
can be appreciable.

Finally, staff proposes to include provisions for a buffer account in order to pool risk in
case of potential leaks of CO:2 to the atmosphere. Subsection B.3 specifies the
methods to determine the amount of atmospheric leakage.

Rationale Supporting the Proposed Solution

The Accounting Requirements allow credit generation for CCS projects under the LCFS.
A preliminary staff analysis indicates that the incorporation of CCS in the LCFS can
incentivize a number of new CCS projects, which has the potential to result in annual
CO:2 sequestration of 1.4 -7.2 million metric tons (MMT) in California, and elsewhere, by
2030. CCS projects require significant capital investment and operational costs. CCS
credits can provide a source of revenue to offset some of these costs, and thereby
encourage the deployment of more CCS projects. Thus, CCS projects offer an
additional tool for fuel providers to meet LCFS targets.

Although the risk of atmospheric leakage for a properly managed CCS project is very
low, the risk will not be zero. Staff set forth requirements on how to determine a CCS
project’s invalidation risk rating, which covers the amount of credits that must be
contributed to the buffer pool. For more information, see Chapter Il section
95486(a)(3).

C. PERMANENCE REQUIREMENTS FOR GEOLOGIC SEQUESTRATION
Purpose of the Permanence Requirements
Description of the Problem

The LCFS requires CCS projects to use a Board approved QM in order to generate
credits. The LCFS requires that the QM include monitoring, reporting, verification, and

14 Cooney, Gregory, et al. "Evaluating the climate benefits of CO2-enhanced oil recovery using life cycle
analysis." Environmental science & technology 49.12 (2015): 7491-7500.

ATTACHMENT 2: CCS Protocol Specific Purpose and Rational Page 159/175



permanence requirements. If adopted, the CCS Protocol will satisfy the requirement for
a QM for CCS.

Proposed Solution

Staff proposes to adopt permanence requirements as part of the CCS Protocol. The
permanence requirements would ensure that CCS projects demonstrate that
sequestered CO2 remains underground permanently, by staying within the
sequestration zone for at least 100 years. Figure 7 illustrates the process for a typical
project to comply with the Permanence Requirements.

The Permanence Requirements involve two CARB certifications. The first certification
required is the Sequestration Site Certification. This certification includes third-party
review of the site characterization study and site certification-required plans by a
registered Professional Geologist. Sequestration Site Certification must demonstrate
that the geology of the site, as well as all plans for well construction, remediation,
monitoring, emergency response, etc., are sound, and that the sequestration site is
capable of permanent carbon sequestration. Sequestration Site Certification is required
prior to CCS Project Certification, and ideally would be completed prior to well
construction. CCS projects with developed sequestration sites may undergo
Sequestration Site Certification after well construction has been completed, but they
may be rejected due to poor geology, or they may require significant well reworking to
meet the site requirements.

The second certification required is CCS Project Certification. CCS Project Certification
indicates that the CCS project has completed all prerequisite requirements for
permanence under the CCS Protocol, including proper well construction and site
preparation (e.g. installation of monitoring equipment). Once the CCS Project Operator
has completed well construction and site preparation activities, the CCS Project
Operator can submit an application for CCS Project Certification. CCS Project
Certification requires third-party review by a Professional Petroleum Engineer. The
CCS project would be eligible to generate credits after obtaining both sequestration and
project certification, and by following all operating requirements as specified in the
plans.

For CCS projects in which the site characterization study has been completed, and the
wells have already been constructed, CCS Project Operators can submit both their
application for site and project certification, simultaneously, for CARB review. If CARB
review shows that all site and construction requirements have been met, the CCS
project can begin to generate credits.

It is worth noting that CCS can occur today, and these two certifications are only
required in order for a CCS project to generate credits under the LCFS. CARB has
designed this certification process to outline requirements for permanence and
site/operational conditions in order for CCS projects to qualify for crediting.
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Once a CCS project applies for, and receives, certification from CARB, the project must
fully comply with the requirements in the CCS Protocol in order to receive credits under
the LCFS.

After injection completion, the project enters post-injection monitoring phase; after all
post-injection requirements are met, and with CARB approval, the site can be closed.

Application for Sequestration Site Geologic
Sequestration Site —=| Certificationby —> Evaluation and
Certification CARB Well Construction
]
W
Application for CCS Project Injection
CCS Project —=| Certificationby |—= Operation and
Certification CARB Crediting
|
N4
Injection Cessation Post-lr:uec.tlon CA.RB Approved
Monitoring Site Closure

Figure 7. The process of a typical project under the Permanence Protocol.

Rationale Supporting the Proposed Solution

The purpose of the Permanence Requirements is to establish requirements that CCS
projects must follow to ensure the permanent geologic sequestration of CO2, and thus
qualify for credits under the LCFS. The prerequisite requirements for permanence set
forth criteria and standards that CCS projects must implement in order to acquire
Permanence Certification for any sequestration site and associated wells used to inject
CO: for the purpose of geologic sequestration. These criteria and standards ensure
that any credited GHG emission reductions under the LCFS are real, permanent,
additional, quantifiable, verifiable, and enforceable.

Section C1. Permanence Certification of Geologic Carbon Sequestration

Description of the Problem

The LCFS requires CCS projects use a Board approved QM in order to generate
credits. The QM must include monitoring, reporting, verification, and provisions for
ensuring that CCS projects achieve permanent sequestration of CO:. If adopted, the
CCS Protocol will satisfy the requirement for the QM in the LCFS. In order to ensure
the validity of GHG emission reductions, there must be provisions that outline the data
and information requirements that each CCS project must submit in order for CARB to
determine whether the project is capable of permanent carbon sequestration.

Proposed Solution
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Staff proposes to adopt a section of the permanence protocol covering data and
information requirements. This section sets forth the information that must be submitted
to CARB as part of application for Sequestration Site Certification and CCS Project
Certification. CCS projects must be supported by data that demonstrate to CARB’s
satisfaction that sequestered CO2 will be confined to the approved sequestration zone,
and that the CCS project will not pose a threat to public health or the environment.

Key requirements for CCS project applications for Permanence Certification include:

e Project data, reporting, and recordkeeping requirements (section C1.1);
e Third-party review of each application (section C1.1.1); and
e Terms and conditions of the project (section C1.2);

Rationale Supporting the Proposed Solution

Clear and consistent requirements are necessary for ensuring safe and permanent
sequestration. Any CCS project and associated wells will have to comply with multiple
local, state, and federal permits, land use restrictions, water quality laws and
regulations, and valid access agreements; however, many of these other requirements
are outside the scope of CARB oversight. Therefore, it is important that CARB provide
clear requirements for a CCS project’s Permanence Certification. Listing each
requirement that an operator or applicant must submit to CARB will help provide clarity
and streamline the application process for applying for Permanence Certification under
CARB requirements. For example, the U.S. EPA also has permanence requirements
for CCS projects. However, in many cases the U.S. EPA requirements are either not
specific enough in regulation and defer largely to director approval, or in specific cases,
such as approval of CO2-EOR, are not as strict in requirement as staff believes is
necessary to ensure permanent carbon sequestration.

Section C2. Site Characterization
Section C2.1. Minimum Site Selection Criteria

Description of the Problem

The process of identifying and fully characterizing potential storage sites is fundamental
to ensuring the safety and integrity of a geologic storage project.®> The operator
responsible for CO2 injection must demonstrate to CARB’s satisfaction that the wells
will be sited in areas with a suitable geologic system capable of permanently
sequestering carbon. Therefore, any storage site must demonstrate that it satisfies
three fundamental requirements:

e Capacity to store the intended volume of CO:2 over the lifetime of the operation;

15T, Rodosta, J. Litynski, S. Plasynski, S. Hickman, S. Frailey, and L. Myer, 2011, U.S. Department of
Energy’s Site Screening, Site Selection, and Initial Characterization for Storage of COz in Deep
Geological Formations, Energy Procedia, v. 4, p. 4664-4671.
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o Sufficient injectivity to accept CO: at the rate that it is supplied from the
emitter(s); and

o Sufficient containment to ensure that CO2 will not migrate and/or leak out of the
storage complex.t®

Proposed Solution
Staff proposes to require that the CCS Project Operator demonstrate that the geologic
system comprises:

e A sequestration zone of sufficient volume, porosity, permeability, and injectivity to
receive the total anticipated volume of the COz2 stream;

e A minimum injection depth of 800 m (2,600 ft),17181° or the depth corresponding
to pressure and temperature conditions where CO: exists in a supercritical state
(> 31°C and > 7 MPa);®

¢ A laterally extensive seal (confining fayersystem) above the sequestration
zone that is free of transmissive faults or fractures to prevent flow upward and
out of the storage complex, and sufficiently ductile?! to allow injection without
fracturing; and

« A dissipation interval directly above the storage complex with at least one

secondary confining layer between the surface and the dissipationinterval. -

Rationale Supporting the Proposed Solution

The purpose of section C2.1 is to provide a common set of minimum requirements such
that each CCS project is sited in a suitable geologic system, sufficient for the permanent
storage of CO2. Each requirement has its own rationale, below:

The storage capacity of the sequestration zone is one of the most important aspects of
careful site selection. CO2 storage capacity is an estimate of the amount of CO2 that
can be stored in subsurface geologic formations. Factors affecting CO2 storage
capacity include the density of the CO:2 at subsurface reservoir conditions, and the areal

16 International Energy Agency Greenhouse Gas R&D Programme (IEA GHG), CCS Site Characterisation
Criteria, 2009/10, July 2009, 112 pp.

17 National Energy Technology Laboratory (DOE/NETL), 2017, BEST PRACTICES: Site Screening,
Selection, and Initial Characterization for Storage of CO2 in Deep Geologic Formations, DOE/NETL-
2017/1844.

18 CO2CRC, 2008, Storage Capacity Estimation, Site Selection and Characterisation for CO2 Storage
Projects, Cooperative Research Centre for Greenhouse Gas Technologies, Canberra, CO2CRC Report
No. RPT08-1001, 52pp.

19D. Holliday, G. Williams, S. Holloway, D. Savage, and M. Bannon, 1991, A preliminary feasibility study
for the underground disposal of Carbon Dioxide in UK, British Geological Survey, National Environmental
Research Council, Fluid Processes Research Group Technical Report WE/91/20/C, 28 pp.

20Lin, H., Takashi, F., Reisuke, T., Takahashi, T., and Hashida, T., Experimental evaluation of
interactions in supercritical COz/water/rock minerals system under geologic CO2 sequestration
conditions (2008) Journal of Materials Science, v. 43, n. 7, p. 2307-2315.

21 C. Oldenburg, P. Jordan, and E. Burton, 2017, Recommendations for Geologic Carbon Sequestration
in California: | Siting Criteria and Monitoring Approaches, Il. Example Application Case Study, Report
LBNL-1007267, June 2017, 154 pp.
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extent, thickness, porosity, and permeability of the formation. Therefore, the storage
capacity of the sequestration zone must be assessed in terms of those factors.

Additionally, the injectivity (an estimate of the rate and pressure at which fluids can be
pumped into a reservoir without fracturing the formation) of the sequestration zone is
necessary to evaluate the potential for CO2 sequestration. If the sequestration zone
lacks sufficient storage capacity and injectivity to store the total anticipated volume of
COz, the site is not suitable for sequestration for that project.

For the purposes of a CCS project under the LCFS, CO:2 storage must take place at a
sufficient depth to achieve CO2 dense phase conditions (> 300 kg/m? at reservoir
conditions) such that once CO:z is injected, it will exist as a superecritical phase]. The
critical point where CO:2 enters the supercritical phase is defined as 31.1°C and 7.38
MPa.?223 Based on worldwide average geothermal and hydrostatic pressure
conditions, this equates to an approximate minimum subsurface depth of about 800
m.24 In its supercritical form COz2 is much denser than gaseous CO2 and thus, a
greater volume of CO2 can be stored in the available pore space. Therefore, staff
proposes to require a minimum sequestration depth of 800 m, or the depth at which
injected CO2 will reach a supercritical phase.

Adequate containment of stored CO: for sufficiently long periods of time (enough that it
can be considered permanent — 100 years) is a critical part of any assessment of
potential for CO2 storage in the subsurface. Therefore, it is necessary that the storage
complex includes a confining layer free of transmissive faults and fractures and of
sufficient areal extent, integrity, thickness, and ductility to contain the injected CO2
stream and displaced formation fluids and allow injection at proposed maximum
pressures and volumes without initiating or propagating fractures in the confining layer.

The purpose of the dissipation interval is to (1) dissipate any excess pressure caused
by COz: injection, (2) impede vertical migration of CO2 and/or brine to the surface and
atmosphere via potential leakage paths, and (3) provide additional opportunities for
monitoring, measurement, and verification of containment.

Section C2.2. Risk Assessment

Description of the Problem

A CCS project must be sited in areas capable of permanently sequestering carbon.
Since each CCS injection site is unique and subject to its own considerations in siting
and remediation, each site must be extensively characterized using multiple methods of
data collection and a risk-based assessment.

22“MPa” means Megapascal = 10° Pa; “Pa” means Pascal (1 bar = 10° Pa).

2 S. Bachu, 2002, Sequestration of CO:2 in geological media: roadmap for site selection using the
transform or the geological space into the CO2 phase space, Energy Conversion and Management, v. 41,
p. 53-70.

24 C. Otto, 1998, Aquifer Disposal of Carbon Dioxide: An Examination, Center for Groundwater Studies,
CSIRO Land and Water, Parliamentary Inquiry into the Regulatory Arrangements for Trading in
Greenhouse Gas Emissions, Technical Report 36/98, 17 pp.
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Proposed Solution

Staff proposes to require a site-specific, risk-based analysis of each CCS project. Each
operator must complete a risk assessment for their site, and include an examination of
risk scenarios associated with the site. The operator must then develop a risk
management plan that summarizes the activities that were evaluated for risk, what
those risks are, how they are ranked, and the steps the project will take to manage,
monitor, avoid, or minimize those risks.

Rationale Supporting the Proposed Solution

Because of the inherent uniqueness of each potential CCS site, each site will have its
own geologic characteristics and, thus, its own unique risks. Therefore, each site must
be characterized individually, and any associated risk must be taken into account on a
site-by-site basis. The requirements for the geologic and hydrologic characterization,
risk assessment, and area of review?® (AOR) evaluation will ensure rigorous site
selection for each CCS project.

Section C2.3. Geologic and Hydrogeologic Evaluation Requirement

Description of the Problem
Wells within a sequestration site must be located in areas with a suitable geologic
system capable of permanently sequestering carbon.

Proposed Solution

Staff proposes to require each CCS Project Operator to perform a thorough geologic
and hydrogeologic evaluation of their site prior to obtaining Sequestration Site
Certification. The purpose of the geologic and hydrogeologic evaluation is to
demonstrate that the CCS project is sited in an area with suitable geology, capable of
permanently sequestering carbon.

The site characterization evaluation must include information on the regional and local
geology, followed by the detailed lithologic, structural, geomechanical, petrophysical,
and hydrogeological characteristics of the target sequestration zone and confining layer.
The regional geology and hydrogeology of the site is supported by data such as
geologic maps, cross sections, and other available data. The more detailed information
focuses on the proposed project site and involves submission of data on structural
geology, stratigraphy, hydrogeology, geomechanical properties, and geochemistry. The
initial stage of site characterization includes compiling pre-existing and/or new
information, maps, cross-sections, geochemical and petrophysical data, and
geophysical or remote sensing information. Final site characterization data will be
collected as the injection well is drilled, core samples are taken and analyzed, andlogs

25 AOR encompasses the region, in three dimensions, overlying and surrounding all CO:2 injection
wells, in which the extent of fluid-pressure rise due to injection is sufficient to drive CO2 or formation
fluids upward and outward from the sequestration zone into the subsurface, assuming either
hypothetical or real flow pathways, such as wells or fractures, are present. The area of review also
encompasses the region overlying the free-phase (e.g., supercritical, liquid, or gaseous) CO2 plume.
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and tests are performed. It is important that this evaluation be comprehensive enough
for CARB to determine whether the site is suitable for permanent CO2 sequestration.

Rationale Supporting the Proposed Solution

Thorough site characterization is a necessary element of selecting viable CCS project
sites. Site selection and characterization is analogous to the process by which oil and
gas recovery projects are sited, from a large-scale, regional evaluation of the
prospective resources that relies primarily on existing data, to more detailed evaluations
of prospects that appear, based on preliminary data, to be promising sites for continued
evaluation. These detailed evaluations involve the use of the same logging, testing, and
modeling techniques needed to perform site characterizations that can meet the
permanence requirements in the CCS Protocol.

The selected sequestration reservoir must possess sufficient volume and injectivity to
contain the proposed storage volume of CO2. A well-chosen site will have a suitable
confining layer such that the injected fluid will not migrate out of the approved
sequestration zone through geologic structures, including faults, fractures, or other
zones of high permeability. A site with good spatial location can significantly decrease
risks associated with a CCS project, such that any risks to human health and the
environment are either reduced or mitigated.

Section C2.4. Area of Review Delineation and Corrective Action

Description of the Problem

The CCS project operator must determine the AOR for each site. The AOR
encompasses the region overlying the free-phase (e.g., supercritical, liquid, or gaseous)
CO2 plume and the region overlying the pressure front where fluid pressures are
sufficient to cause CO:2 or brine leakage out of the injection zone into the dissipation
interval or above.

Proposed Solution

Staff proposes to require each CCS project operator to identify an AOR for each
sequestration site based on computational modeling using the data and results of the
geologic and hydrogeologic evaluation. The CCS project operator would also be
required to identify any wells within the AOR that may require corrective action, and
may have to remediate or rework each of these wells. The AOR and corrective action
plan must include the following information:

e The method for delineating the AOR, including the computational model to be
used, assumptions that will be made, and the site characterization data on which
the model will be based;

e The minimum fixed frequency that the owner or operator proposes to reevaluate
the AOR;

e The monitoring and operational conditions that would warrant a reevaluation of
the AOR prior to the next routinely scheduled reevaluation;
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e How monitoring and operational data (e.g., injection rate and pressure) will be
used to inform an AOR reevaluation;

e How corrective action will be conducted, including what corrective action will be
performed prior to injection; and

e How corrective action will be adjusted if there are changes in the AOR.

Additionally, staff is proposing that only open-source, publically available, computational
models may be used in the AOR determination.

Rationale Supporting the Proposed Solution

The purpose of the AOR evaluation is to determine the region surrounding the
sequestration project that will likely be affected by injection activity, and what, if any,
types of corrective action is needed prior to injection. Operators of any CCS project
must perform corrective action on all improperly plugged artificial penetrations identified
within the delineated AOR that intersect the sequestration zone, primary confining layer,
or dissipation interval, in order to ensure that they will not serve as conduits for fluid
movement out of the intended sequestration zone. Because determination of the AOR
is integral to the robustness of corrective action and determining permanence of carbon
sequestration, it is essential that whatever computational models are used in the AOR
determination are transparent and repeatable. Transparency and repeatability can be
achieved if the models for AOR determination are open source and publically available.
For example, the Lawrence Berkeley National Laboratory supports the TOUGH
(Transport of Unsaturated Groundwater and Heat) suite of software codes for the multi-
dimensional numerical modeling of the coupled transport of water, vapor, non-
condensible gas, and heat in porous and fractured media.? TOUGH is an open source
program.

Section C2.5. Baseline Monitoring

Description of the Problem

The overall objective of CCS projects is to store CO2 permanently within subsurface
geologic formations. However, there needs to be some evaluation of the site prior to
injection initiation for comparison in the event of a leak. Therefore, data about site
conditions, including CO2 concentrations in shallow and deep groundwater, near-
surface soil gas, and the atmosphere near potential well sites, need to be collected.

Proposed Solution
Staff proposes to require CCS project operators to perform the following actions as part
of the testing required to obtain Sequestration Site Certification:

e Monitor the surface and near-surface for CO2 leakage that may endanger public
health and the environment, or show that significant amounts of CO2 have
leaked from the sequestration zone;

26 The TOUGH model can be accessed at the website:
http://esd1.lbl.gov/research/projects/tough/documentation/manuals.html.
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e Determine the baseline spatial distribution of soil CO2 fluxes and concentrations
on a site-specific basis;

e Collect repeat measurements at several fixed sites over a period of at least one
year to capture seasonal and diurnal variations;

o Evaluate properties of the AOR that may affect baseline data, including but not
limited to: soil type, soil organic carbon content, vegetation type and density,
topography, and surface water hydrology; and

e Submit a baseline surface and near-surface monitoring report prior to initiating
injection.

Rationale Supporting the Proposed Solution

The overall purpose of baseline monitoring is to measure CO2 conditions in the
groundwater, near surface, and atmosphere, before a project begins. Baseline data can
then be compared to ongoing monitoring data to evaluate whether COz: is leaking out of
the sequestration zone, and if so, help to quantify the amount of CO: that has leaked,
as well as potentially triggering emergency and remedial responses.

Section C3. Injection Well Construction and Operating Requirements

Description of the Problem

If wells are not constructed to the proper requirements, they may become potential
conduits for fluid movement out of the sequestration zone and as such may endanger
public health or the environment, and release sequestered CO-.

Proposed Solution

Staff proposes to require CCS projects to follow specifications for well construction that
would meet CARB's prerequisite requirements for Permanence Certification. Operators
must submit a well construction plan that will ensure that operators prepare, maintain,
and comply with a plan that demonstrates all wells are constructed to prevent
movement of fluids into or between unauthorized zones, permit the use of appropriate
testing devices and workover tools, and permit continuous monitoring for leaks.
Following well installation, operators are also required to prepare and submit a well
construction report that details the construction of each well, including design,
construction materials, schematics, well logs, and any changes to the casing and/or
cementing program from the initial CCS project application. Operators must follow a
pre-injection testing program that they submitted with the initial application. Operators
must also follow a prescribed operating program and follow operating restrictions and
an incident response plan, all submitted with the initial application and subject to
approval by CARB.

Rationale Supporting the Proposed Solution

Documenting the construction and operation of each well will enable CARB to
determine if the well is suitable for the safe and permanent sequestration of CO2. If
there is a problem with a well during operation, well construction logs and
documentation are essential for the identification and mitigation of the problem.
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Furthermore, following prescribed operating plans ensures that injection does not
compromise the well or fracture the sequestration zone or confining layer.

Section C4. Injection Monitoring Requirements

Description of the Problem

Although leaks are not expected to occur in properly selected sites with properly
constructed wells, atmospheric leaks are still possible and monitoring must occur to
detect any potential leaks. Additionally, monitoring is necessary to ensure that reservoir
conditions during injection remain within operating parameters. Monitoring during
injection is also important to verify well integrity and well maintenance, verify volumes of
CO: injected, and confirm that the injected CO2 is permanently sequestered.

Proposed Solution

Staff proposes to require CCS project operators to prepare, maintain, and comply with a
testing and monitoring plan for the operational life of the CCS project. The testing and
monitoring plan and reporting requirements are used to ensure that the wells are
operating properly, CO:2 injection is occurring as specified in the initial application for
Permanence Certification, and that the CO2 that is injected is permanently sequestered.
The testing and monitoring plan is subject to approval by CARB and must include a
description of how the operator will meet the testing and monitoring requirements,
including accessing sites for all necessary monitoring and testing during the life of the
project. Examples of testing and monitoring plan requirements are as follows:

Chemical analysis of the CO2 stream;

Continuous monitoring of injection pressure, rate, and volume of COz;
Corrosion monitoring of the well materials;

Periodic monitoring of the groundwater quality and geochemical changes above
the confining zone;

A demonstration of the mechanical integrity of the well;

Testing and monitoring to track the extent of the dissolved and free-phase CO:2
plume and pressure front; and

e Surface air and soil gas monitoring around the wellhead.

This section also requires that operators prepare reports detailing the results of testing
and monitoring during the operation of the well.

Rationale Supporting the Proposed Solution

Monitoring is essential to verify the volume of CO:2 injected, which is used to calculate
Cl values and credits under the LCFS. Monitoring the dissolved and free-phase CO2
plume and pressure front helps to verify the AOR boundaries and computer simulations.
Also, monitoring groundwater quality and surface air and soil gas helps to detect
potential movement of CO: in the shallow subsurface or atmosphere, which may
indicate a leak that requires remedial action.

Section C5. Well Plugging, Post-Injection Site Care, and Site Closure
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Description of the Problem

Wells that are not properly plugged could potentially serve as a conduit for fluid
movement, and any CO2 not immobilized in the subsurface pore space could potentially
leak through such wells.?” After the cessation of CO2 injection, the site needs to be
monitored to confirm that the injected CO2 behaves as predicted by the computational
modeling and monitoring results.?® Because the injected COz is required to stay
permanently within the sequestration zone, provisions for post-injection site care and
site closure are required.?®

Additionally, AB 32 requires that resulting regulations must ensure that GHG emission
reductions are permanent. GHG emission benefits from carbon sequestration projects,
such as forestry and CCS projects, are potentially reversible due to the fact that carbon
sequestered in terrestrial ecosystems, or geologic formations, are vulnerable to
disturbances such as wildfires, pest outbreaks, or leakage through wells. Therefore,
permanence requirements must be defined for carbon sequestration projects to be able
to participate in CARB'’s market-based climate programs.

Based on IPCC guidance,®° CARB has chosen 100 years?3! as the standard for the
permanent reduction of CO2 from sequestration projects under CARB’s existing Cap-
and-Trade program. This means that any GHG emission reductions achieved from
sequestration must be monitored and verified as sequestered for at least 100 years in
order to be considered permanent emission avoidance and to be evaluated
appropriately relative to avoiding emissions that will have a climate forcing impact
calculated on a 100 year timescale. This time frame is based on the carbon cycle
model used to determine global warming potentials.

To ensure consistent and robust standards for permanence across programs, staff
proposes CCS projects under the LCFS require sequestered CO2 to remain within the
sequestration zone for at least 100 years. In order to demonstrate permanence as
defined, the Permanence Requirements stipulate that CCS Project Operators must
monitor the site for a minimum of 100 years after CO2 injection has ceased.

Proposed Solution

Staff proposes to require CCS projects to follow certain procedures regarding well
plugging, and post-injection site care and closure. In order to ensure CCS injection
sites are properly cared for and monitored after the cessation of injection activities, a
well plugging plan and a post-injection site care and site closure plan are required and
subject to CARB’s approval. The well plugging plan must show that wells within the

27 National Energy Technology Laboratory (DOE/NETL), 2017, BEST PRACTICES: Risk Management
and Simulation for Geologic Storage Projects, DOE/NETL-2017/1846.

28 National Energy Technology Laboratory (DOE/NETL), 2017, BEST PRACTICES: Monitoring,
Verification, and Accounting (MVA) for Geologic Storage Projects, DOE/NETL-2017/1847.

29 National Energy Technology Laboratory (DOE/NETL), 2013, Best Practices for Carbon Storage
Systems and Well Management Activities, DOE/NETL-2013/1604.

30 hitp://www.ipcc.chl/ipccreports/sres/land _use/index.php?idp=74

31 CARB also successfully defended this standard in court.
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AOR will be properly plugged and remediated such that they will not serve as conduits
for fluid movement at any time after the cessation of injection, including the following
information:

Appropriate testing methods to ensure internal and external mechanical integrity;
The type and number of plugs to be used;

A description and depiction of the placement location of each plug;

The type, grade, and quantity of material to be used in plugging; and

The method of plug placement.

The post-injection site care and site closure plan sets requirements for monitoring and
tracking the subsurface CO2 plume. The post-injection site care and site closure plan
specifies the methods, technologies, locations, and durations, etc., for short-term, and
long-term (to a minimum of 100 years following the cessation of injection) post-injection
monitoring. This section also sets forth the requirements on implementing and
amending the plans, and reporting and record keeping. The post-injection site care and
site closure plan will include the following:

e Monitoring pressure change and water chemistry via monitoring wells until the
CO2 plume and pressure front has stabilized,;

e AOR reevaluation if warranted by monitoring results; and
Leak detection checks in the near surface around wellheads.

Rationale Supporting the Proposed Solution

Improperly plugged wells are likely to be the primary risk of long-term subsurface and
atmospheric leakage, regardless of whether or not an appropriate injection site has
been selected and safe operation was performed. Therefore, a well-designed well
plugging plan is necessary to ensure the wells will not serve as conduits for fluid
movement and, therefore, leaks to the surface. The post-injection site care and site
closure plan and other necessary requirements are essential to ensure the permanence
of the sequestered CO2. Besides providing confidence that the CO: is permanently
sequestered, the purpose of long-term monitoring is to identify movement of CO: that
may lead to releases that could impact long-term storage security and safety, as well as
trigger the need for remedial action.

CARSB first applied the 100 year permanence requirement in its forestry offset protocol
under the Cap-and-Trade program. Staff believes the same 100 year standard for
permanence should apply to any type of sequestration project participating in any of
CARB’s market-based climate programs. Both terrestrial and geological sequestration
have the same fundamental issue of the potential risk for some, if not all, of the
sequestered carbon to be released back into the atmosphere, thus just delaying CO2
emissions and the resulting climate forcing.
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As acknowledged by IPCC32, sequestration in geologic reservoirs has a fundamentally
different set of management risks®3 than biologic sequestration, and therefore CARB is
putting more emphasis on the initial site selection and early post-closure monitoring
(until CO2 plume stabilizes), and less frequency and stringency for monitoring
requirements in later years (i.e., less monitoring is required for the years between when
the CO:2 plume stabilizes up to 100 years after injection is complete). The different risks
for different types of sequestration projects allow for consideration of different types and
intensity of monitoring strategies, however, on the ground verification of permanency for
the entire time period must be established to retain credits for GHG emission
reductions®.

Section C6. Emergency and Remedial Response

Description of the Problem

If a CCS project properly implements their siting, construction, operating, and
monitoring plans, the risk of emergency events or the need for remedial response can
be very low. However, there will always be unknowns in the deep subsurface,® and
proper risk management and environmental conservativeness involves development of
emergency and remedial responses.

CCS project operators need to prepare for possible emergency events that have the
potential to occur if multiple key natural phenomena, siting issues, or construction or
operational parameters fail, either individually or simultaneously. Operators must
prepare for scenarios that may cause endangerment to public health or the
environment, either by brine or by CO2 leakage to land surface or the atmosphere.
When an unexpected emergency occurs, appropriate operational changes and
emergency plans need to be implemented. If there is damage to the environment,
remedial actions must also to be taken to restore the environment to its previous status.

Proposed Solution

Staff proposes to require CCS project operators to submit an emergency and remedial
response plan to CARB for approval. This plan would describe the actions an operator
would take to handle unexpected emergency events, such as the movement of injection
or formation fluids within the subsurface. The plan must also account for any risk

32 https://www.ipcc.ch/pdf/special-reports/srces/srcecs _chapter9.pdf

33 For example, forest managers must continually decide to keep managing the forest, CO2 in the
subsurface will remain sequestered there unless physical changes occur such as drilling of new wells.
34 Similarly, the forestry offset protocol has a provision for deferred verification in the post-crediting period.
For offset projects that do not renew their crediting period, verification must still be conducted at least
once every six years for the remainder of the project life. After a successful full offset verification of an
Offset Project Data Report indicate that Actual Onsite Carbon Stocks (in MTCOze) are at least 10%
greater than the Actual Onsite Carbon Stocks reported in the final Offset Project Data Report of the final
crediting period that received a positive Offset Verification Statement, the next full offset verification
service may be deferred for twelve years

35 National Energy Technology Laboratory (DOE/NETL), 2017, BEST PRACTICES: Risk Management
and Simulation for Geologic Storage Projects, DOE/NETL-2017/1846.
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scenario that may occur during the construction, operation, and post-injection site care
periods.

This section also sets forth the requirements for when stopping injection would be
required and when resuming injection would be allowed, as well as timelines for
emergency and remedial response plan reviews and updates.

Rationale Supporting the Proposed Solution

Risk minimization should be the central part of CCS projects planning and operation.
The emergency and remedial response plan and other related requirements are
important parts of the risk management of CCS projects. Proper risk management is
also key to ensure the permanence of the sequestration of injected CO2, and thus for
projects compliance with AB32.

Section C7. Financial Responsibility

Description of the Problem

CCS projects have the potential for environmental damage in the case of wellbore or
other leaks, including reductions in GHG benefits. Additionally, if leaks develop they
may continue to leak until repairs are made.

Proposed Solution

Staff proposes that CCS project operators demonstrate and maintain sufficient financial
responsibility instruments to cover corrective actions, injection well plugging, emergency
and remedial response, post injection site care, and site closure activities.3® Approval of
the financial responsibility instruments from CARB would be required. The qualifying
financial responsibility instruments and general requirements on these financial
responsibility instruments are also set forth in this section. Additionally, the timeline and
conditions for the operator to maintain financial responsibility are specified in this
section.

Rationale Supporting the Proposed Solution

The requirements on financial responsibility are a necessary element for the success of
a CCS project. Post-closure financial responsibility requirements are necessary to
ensure that sufficient resources will be available to cover corrective actions, injection
well plugging, emergency and remedial response, and post injection site care and site
closure activities. All of these actions are essential to ensure the permanence of the
sequestration of COz2.

Section C8. Modification or Revocation and Reissuance of Permanence
Certification

Description of the Problem

36 United States Environmental Protection Agency (USEPA), 2011, Geologic Sequestration of Carbon
Dioxide: Underground Injection Control (UIC) Program Class VI Financial Responsibility Guidance.
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CCS projects can be capital intensive and complex, and can last for decades.3” Many
factors, such as alterations to the projects or changes in regulations, may make it
necessary for a Permanence Certification to be modified. In addition, a Permanence
Certification may expire due to delayed implementation of the project.

Proposed Solution

Staff proposes to include a provision that specifies cause for modification, or revocation
and reissuance of a certification. The criteria for “minor modifications” is set forth in this
section, and a certification with minor modifications may be modified without a draft
certification or public review. Additionally, this section provides the basis for
modification and criteria for termination of permanence certifications.

Rationale Supporting the Proposed Solution

Because of the complexity and long-term nature of a CCS project, the need for
modification or revocation and reissuance of a Permanence Certification may be
needed in order to remain flexible in the face of changing conditions onsite as well as
additional knowledge gained during operation. This section specifies procedures for
modification, or revocation and reissuance of a permanence certification.

Section C9. Legal Understanding/Contracts, Post-Closure Care

Description of the Problem

A well-selected sequestration site will have a thick impermeable layer above the
reservoir, usually shale, such that the CO2 cannot migrate to the surface due to
buoyancy.®8 In order to ensure that CO: is sequestered permanently, the confining
layer above the sequestration zone must be kept intact and, at a minimum, drilling that
penetrates the confining layer should be prohibited. Such restrictions in the vicinity of
the sequestration zone requires legal understanding and agreements on the right to use
the underground pore space, mineral access right, and other legal arrangements such
as restrictions or required disclosure for future land uses and management. These legal
agreements should be in place from the start of the project and be effective beyond site
closure.

Proposed Solution
Staff proposes that this section would require the following:

o Demonstration of exclusive right to use the pore space in the sequestration zone
for permanent CO: storage;

e Full disclosure must be made to inform future land management or development
in the vicinity of AORs. For example, the restrictions and disclosure must be

37 Rubin, E. S., J. E. Davison, et al. (2015). "The cost of CO2 capture and storage." International Journal
of Greenhouse Gas Control 40: 378-400.

38 |pCC, 2005, Special Report on Carbon Dioxide Capture and Storage [B. Metz, O. Davidson, H.de
Coninck, M. Loos, and L. Mayer (eds.)]. IPCC, Cambridge University Press, New York, 442 pp.
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recorded on the land deeds when no regulations are in place to address these
issues.

Rationale Supporting the Proposed Solution

In order to ensure that the sequestered CO: stays in the underground pore space
permanently, the integrity of the confining tayer system above the sequestration zone
needs to be protected, and thus drilling activities in the vicinity of the injection area
must be restricted. This section puts in place such a mechanism to ensure the confining
layer will remain intact. The requirements on disclosure for future land development
and management are necessary to protect public and environmental health, and to
ensure permanence. Staff plan to make some non-confidential information on the site
characteristics, such as location, public in order to support transparency and disclosure.
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CLEAN@

TASK FORCE

April 13,2018

Submitted via LCFS rulemaking portal

Chairperson Mary D. Nichols
California Air Resources Board
1001 I Street

Sacramento, CA 95814

Re: Clean Air Task Force Initial Comments on Appendix B, Attachment 1: Carbon
Capture and Sequestration Protocol under the Low Carbon Fuel Standard (Mar. 6, 2018)

Dear Chair Nichols:

We appreciate the effort and resources that the California Air Resources Board (CARB) has
invested in the development of the carbon capture and storage (CCS) component of the Low
Carbon Fuels Standard (LCFS) including a proposed CCS protocol (CARB Proposed Protocol).
Clean Air Task Force (CATF) strongly supports CCS as an integral part of the LCFS and
believes CCS must necessarily play an important role in the reduction of fossil carbon emissions
in California to enable achievement of California’s climate policy goals.

Accompanying this letter is a markup of the proposed CARB Proposed Protocol under the LCFS,
undertaken by Dr. Susan Hovorka of the University of Texas Gulf Coast Carbon Center. Dr.
Hovorka is a leading expert in this field, recognized globally for her research on geologic carbon
storage. I have reviewed these line edits and accompanying comments, provided suggestions,
and it is my expert opinion that the revisions proposed by Dr. Hovorka strengthen and improve
the CARB Proposed Protocol by application of advanced scientific research knowledge to
optimize storage facility project design, enable effective CARB oversight, and thereby maximize
the security and permanence of sequestered CO2. CATF therefore joins Dr. Hovorka in the
submission of these comments and strongly endorses the integration of the line edits into the
CARB Proposed Protocol.

Please note that CATF will also be submitting comments and proposed language to the Board
regarding other opportunities to enhance the effectiveness of the 100-year requirements in the
CARB Proposed Protocol and to tailor these requirements to enable sound CCS project
development. These issues are not reflected in the attached redline.

Dr. Hovorka has agreed to make herself available to staff via webinar, to review her proposed
changes and rationales. I will be pleased to help make arrangements if requested. California Air
Resources Board staff may also contact me at their convenience with any questions or
clarifications.

114 State Street, 6" Floor | Boston, MA 02109 | www.catf.us | 617.624.0234



We appreciate the opportunity to comment on this important rule.

Sincerely, :

2 e

L. Bruce Hill, Ph.D.
Chief Geologist
(603) 466 2448

bruce(@catf.us



BUREAU OF ECONOMIC GEOLOGY
THE UNIVERSITY OF TEXAS AT AUSTIN

John A. & Katherine G. Jackson School of Geosciences « PO Box X * Austin, Texas 78713-8924
10100 Burnet Rd, Bldg. 130 * Austin, Texas 78758-4445 + 512-471-1534 + FAX 512-471-0140

California Air Resource Board
P.0O. Box 2815,

Sacramento, CA 95812

Via email

| appreciate the chance to make technical comments on CARB’s Technical Appendixes to the Carbon
Capture and Sequestration Protocol under the Low Carbon Fuel Standard. This mechanism of emissions
reduction is of high value in reducing risks from release of CO; to the atmosphere and | hope that the
impact of this work is large and extends far beyond California.

My review of the Appendixes is motivated by an obligation as part of my research funded by DOE’s
Regional Carbon Sequestration Partnerships to transfer the learnings | and my research collaborators
have accrued under this and associated programs to aide in deployment of CCS. | believe that my time
spent reviewing CARB’s documents can have a larger benefit to deployment of CCS than time | might
spend organizing another workshop or writing a paper, as CARB’s work is moving toward
commercialization. | hope that these comments are received as supportive of CARB’s work in developing
this mechanism of carbon management.

The basis of my technical comments is primarily practical field work we have competed in eight storage
projects funded under DOE’s RCSP, Industrial Capture and Clean Coal programs with collaboration by
industry partners, NGO’s, Texas and other state governments. | also am influenced by drafts of
standards for CCS under the leaderships of the International Standards Organization; in preparation of
these drafts many stakeholders have discussed accounting protocols over the last few years. My
technical comments are also based on global collaboration with research in geologic storage gained
though meetings, workshops, publications, technical reviews, and joint research; | believe that most of
my comments are aligned with best current knowledge of practitioners and technical experts. | hope
that CARB will consider them in this light. Bruce Hill of CATF provided peer review of my comments, you
will see some of his edits in the “track changes” and a documentation of our collaboration in the
attached letter.

| have not considered policy aspects of the protocol but focused on technical recommendations to meet
the goals already set forth. If | was to undertake a review of goals | would recommend streamlining the
requirements to focus on activities that lead to the new elements of rigorous and transparent
accounting for storage. Other issues that are addressed by federal or state UIC rules might be linked
more cleanly to these rules by citation. However such major revisions may not be practical at this point
in decision-making or meet CARB's goals.

I did not consider cost of activities or value of information; such consideration might be useful in CARB's
planned future revisions.

I made two global comments:



1) Modify the “Storage Complex” definition to include the predicted volume needed to contain the
plume until stabilization. This is needed to achieve the permanence required. Substitute
“Storage Complex” for “Area of Review (AOR)” in places where a three-dimensional volume is
needed throughout. A two-dimensional area at the land surface may lead to inclusion of shallow
features not relevant to achieving permanence and not include all deep features, e.g. deviated
wells.

2) Change “pressure front” to “elevated pressure” throughout. The distribution and magnitude of
pressure change resulting from injection should be measured assessed, and reported, and not
be reduced to a linear feature. The details of pressure evolution of the whole plume is needed
to validate models and manage injection. Mapping a “front” may miss highest pressure
elevations and greatest risk, and a front will be undefined in many cases, for example in artesian
saline formations and in cases where production creates a pressure sink at the project.

In addition, | made a number of other technical comments to make the permanence certification more
technically robust. Please see the attached “markup” of a MS Word document from CARB’s most recent
draft, please turn on edit mode to see track changes and comments. | hope that this mechanism will be
effective in transmitting my suggested clarifications. If needed | could attempt to produce line-by-line
comments instead of track changes.

The equations did not transfer cross-platform properly. Please disregard the damaged equations text, it
is a digital mishap not an intended comment.

Please let me know if | can clarify, provide additional information, or assist further in your efforts.

Aurom Hovrbn

Susan Hovorka

Senior Research Scientist

Gulf Coast Carbon Center
Bureau of Economic Geology
Jackson School of Geosciences
The University of Texas at Austin



revised figure 5. Flowchart of CCS project design
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