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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

Across the globe, interest in and development of projects for the geological storage of captured
anthropogenic CO, continues to increase. One subset of these projects consists of those that would find some
way to increase CO, storage through the use of existing hydrocarbon fields and infrastructure. There is a
continuum of projects from hydrocarbon fields near the end of their lives that start CO, injection before
the end of production, thereby accelerating transition to storage and potentially reducing costs, to full-
fledged carbon dioxide enhanced oil recovery (CO,-EOR) projects that can be optimized to maximize CO,
storage while still producing oil. Alternatively, operators of a producing field can decide to begin storage
operations in that field before ceasing production. Such operations would instead be designed to achieve
storage simultaneously with production.

Due to the availability of existing infrastructure for CO, transport, handling, injection and storage,n
CO,-EOR|projects nearing maturity to increase CO, storage can be a particularly cost-effective'way {

atmosp

helping o expand commercial carbon capture and sequestration (CCS) as an emissions-reductio
CO, transport and injection infrastructure, as well as the generally well-characterizéd geologic fo
where C(,-EOR operation are already undertaken or where operations at CO,-bearing’geological fo

occur, C

Similarly
overlapp
have cer

productipn”. There is also no gap between production and storage ledding to no challenging questi

who pay

There i
hydrocai
many of]
disadvar
tend to i
storage
documer

Similarly
operatio
some op

This doc
dioxide
verifying
documer

odifying
oreduce

ric emissions of CO,. Some such modified projects can also defer project decommissionipg, again

be modified too for CO, storage.

ing storage and production licenses) can have significant economic benefits. The CCS pr
fainty in timing and can potentially avoid having to compensatéthe hydrocarbon operator]

5 for mothballed infrastructure.

'bon recovery processes and dedicated geological, storage of CO,. Each of the process
the operational variations discussed in this*document - can present different advan
tages. For example, a number of the operational techniques for maximizing CO, storag
crease reservoir pressures affecting the coptainment risk assessment, CO, movement thr
fomplex or certain subsurface-engineered facilities. The technical and operational portid
|t examines these issues.

, the legal, regulatory and even consensus standards framework developed for typical
hs can no longer be applicable‘to a modified operation. A given framework can be approy
brational changes, but not fer'others. Clause 10 provides an overview of these issues.

torage projects. CCS_projects can address quantifying, monitoring, reporting, and valig
I other GHG emjssiens reductions or removals through the application of ISO 14064-2
Its in the ISO 14064 series.

h option.

"mations
‘mations
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Carbon dioxide capture, transportation and geological
storage — Carbon dioxide enhanced oil recovery (CO,-EOR)
— Transitioning from EOR to storage

1 Scope

This doqument examines various CO, injection operations that involve modifications to CO,-EOR
complenjentary hydrocarbon recovery operations that can be conducted in conjunction with-CO,
The document also examines potential policy, regulatory or standards development issu€sthat can arise in

evaluati

2 Norf

g such operational changes.

mative references

There arf no normative references in this document.

3 Terms and definitions

For the g
ISO and

urposes of this document, the following terms and definitions apply.

EC maintain terminology databases for use in standardization at the following addresses:

— ISO Pnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.elegtropedia.org/

3.1
anthro
anthroﬂ
carbon d
(includin

ogenic CO,

ogenic carbon dioxide

ioxide that is initially produced as a by-product of a combustion, chemical or separatior
g separation of hydrocarben:bearing fluids or gases) where it would otherwise be emitt

atmosphlere (excluding the recyeling of non-anthropogenic CO,)

[SOURCH

3.2
area of 1
AOR

:1S0 27916:2019, 3:1;modified — Notes 1 and 2 to entry have been deleted.]

eview

geographical area(s) of a carbon capture and sequestration (CCS) project, or part of it, desigy
the assepsmefit-of the extent to which a CCS project, or part of it, can affect life and human he
environrpent, competitive development of other resources, or infrastructure

or other
storage.

process
bd to the

ated for
alth, the

Note 1 to entry: The delineation of an area of review defines the outer perimeters on the land surface or seabed and

water sur

face within which assessments will be conducted.

[SOURCE: ISO 27917:2017, 3.3.10, modified — "may be required by regulatory authorities" has been deleted
from Note 1 to entry.]
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enhanced oil recovery complex
EOR complex

project reservoir, trap and such additional surrounding volume in the subsurface as defined by the operator
within which injected CO, will remain in safe, long-term containment

[SOURCE: ISO 27916:2019, 3.10]

3.4

injection/withdrawal ratio

IWR

relationship, during a defined period, of the volume of all fluids and gases injected into the project reservoir

to the vq
tempera

[SOURCH

3.5
natural;
gaseous
regions,

3.6

plug ang
P&A
permane
freshwat

Note 1 to
each stag

[SOURCH

3.7
produce
naturally

3.8

T i T ] Vol T st
fure and pressure conditions

:1S0O 27916:2019, 3.11]

sourced CO,
pccumulations of CO, found in geological settings, such as sedimentary basins, intra-plate
faulted areas or quiescent volcanic structures

| abandon

ntly close a well or wellbore to prevent inter-formational ‘movement of fluids into sty
er aquifers, and out of the well

entry: In most cases, a series of cement plugs is set in theswellbore, with an inflow or integrity tes
e to confirm hydraulic isolation.

:1S0O 27916:2019, 3.17]

d water
f occurring water in the reservoir.that is extracted as part of oil and gas production operat]

produced water cut

ratio of

39

vater to total fluids thatake/produced at the well during oil and gas production operations

purchased CO,

COZ inje
regardle

Note 1 tg
preclude

cted in a formatien that is not attributable to recycling of CO, previously injected at
5s of whethefthe supply is acquired through a purchase and sale transaction

»n o«

entry: Other terms include “incremental”, “new”, “off-site” and “acquired” CO,. Accounting pr
Houble-counting of CO, storage are presented in ISO 27916:2019, 8.2, 8.7 and Clause A.14 b).

3.10

nsistent

volcanic

ata, into

t made at

ions

hat site,

tocols to

spill poi

nt

structurally lowest part of a reservoir that can contain buoyant fluids within the trap

3.11

thief zone
geological formation to which fluids used or produced during CO, enhanced oil recovery drilling or

producti

on operations are lost
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3.12

water-alternating gas

WAG

enhanced oil recovery production technique in which injections of water are alternated with injections of
CO, (as opposed to continuous injections of CO,)

3.13

water out

point in time beyond which the proportion of water in a production stream is so great that recovery of the
remaining hydrocarbons in the stream is no longer economically justified

4 Abbreviatedtermsamd symbots

4.1 Abhbreviated terms

AOR area of review
API American Petroleum Institute

BIO LLC Brilliant Idea Oil LLC

CCI continuous CO, injection (i.e. not alternating with water injéctions)
CCS carbon capture and sequestration
CCUS carbon capture utilization and storage

CO,-EOR|  carbon dioxide enhanced oil and gas recovery.

FPSO floating production storage and offloadingvessel
GOR gas/oil ratio

HC hydrocarbon

HCPV hydrocarbon pore volume

[PL injection profile logging

IWR injection/withdrawal ratio

LACT lease automatic custody transfer
LNG liquid natural gas

M one-thousand

MDF mature and depleted field

MIT mechanical integrity testing

MM one million

MMRb one million reservoir barrels

00IP original oil in place

PDO plan for development and operation
P&A plug and abandon

© IS0 2024 - All rights reserved
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psi
Rm3
ROZ
STB
Tcf
USDW
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pounds per square inch

reservoir cubic meter (i.e. cubic meter at reservoir temperature and pressure)
residual oil zone

standard barrel (i.e. barrel of liquid at standard temperature and pressure)
trillion cubic feet

underground source of drinking water

WAG

5 Ove

During (
bearing
spaces o

"Ong
cond
is m
prod
droq
and

wateratter udtiug gas
mbols

initial temperature

oil formation volume factor at initial reservoir pressure
bubble point pressure

initial reservoir pressure

solution gas/oil ratio

reservoir barrel

rview

0,-based enhanced oil or gas recovery operations (CO,-EOR), CO, is injected into a hydr
beological formation to restore reservoir pressure and to mobilize oil that is trapped in
Fthe rock. As explained in ISO 27916:2019, Clause A.3:

e injected, the CO, contacts and swells the oil in the reservoir. At certain pressure and tem
itions, the CO, becomes miscible-{mixing in all phases) with the oil, creating a more mobil
pre easily displaced through'the reservoir. Oil, CO,, and brine are then produced to the s

ped, and oil, water, and ‘CO, and other gases are separated from one another. [...] Oil is sent t

ISO 2791
in the s

6:2019, Clause.A? 'states that, as a natural part of CO,-EOR operations, CO, is “effective

bcarbon-
the pore

perature
e oil that
urface at

uction wells. This mixture of produced fluids is delivered to a separation plant in which pressure is

D market

brine is reinjected fot flooding as part of the operation or injected in permitted disposal wglls."

y stored

bsurface andjsecurely isolated from the atmosphere, underground sources of drinking wpter, and
other subsurface resoeurces.” Furthermore, [SO 27916:2019, Clause A.4 explains that:

"a s]gnificant fraction of injected CO, becomes trapped in place and is physically unrec
Modellingand core plug studies illuminate the trapping that occurs; it includes CO, trapped by
prodesses and in dead end pores, dissolved in immobile oil, dissolved in brine, or moved into 'at

bverable.
capillary
Fic' areas

and outside of the active flow paths. Some discussions of CO,-EOR operations characterize only this
non-recyclable CO, as 'stored' (e.g. Whittaker and Perkins, 2013).1] However, others follow the same
approach as is used in accounting for saline formation storage projects, where all forms of effective
trapping in the reservoir are counted as stored (including CO, trapped as a mobile phase beneath the

conf

ining system)."

Adsorption counts as another trapping mechanism. A dense layer of CO, forms at the solid surface increasing
the storage capacity of a reservoir on one hand and reducing the possibility of CO, leakage through
overpressure on the other. However, residual water or oil films adhering to the surface can prevent the

formatio

n of closed adsorption layers.

© IS0 2024 - All rights reserved
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The first commercial CO,-EOR projects began over 50 years ago. The vast majority of the 140 or more
projects worldwide are still operational today. Until recently, there has generally been no economic value
to be derived from the associated storage of CO, that occurs in a CO,-EOR operation. As a result, in seeking
to maximize the ultimate recovery of the hydrocarbon mineral resource (as typically required by the
applicable law, permit or commercial agreement), operators have generally sought to economically optimize
(i.e. minimize) the quantity of CO, injected and stored during the operation. The economic incentives change;
however, when a legal or regulatory framework or a commercial agreement creates an economic value for
the long-term secure containment of the stored CO,, in effect, creating a dual revenue stream for a project:
revenue from hydrocarbon sales plus revenue from CO, emission reduction or avoidance incentives.

In these circumstances, the operator can explore various operational changes to maximize the total
economic recovery of the project. While some operational changes can alter spatial distribution and spread
of the injected CO,, others cannot. Increasing the amount of CO, that is stored can also affect gperating
pressurds, particularly in the subsurface. These, and related changes, can affect the area of fevigw (AOR)
for assegsing potential leakage pathways and other aspects of the containment assurance. Imadditipn, legal,
regulatofy, contractual or mineral property leases or permits can need revising as well-Clauses|6, 7 and
8 examine various potential operational modifications that can be pursued to achieveshigher levels of CO,
storage Wwhile Clause 10 addresses related legal, regulatory and property managementi\issues.

6 CO, operational scenarios addressed

Operatiogns and facility prerequisites for each field operation, whether oil*and gas recovery or COj storage
are site gpecific, depending upon the circumstances for that project. Opérations are designed, condycted and
modified in accordance with multiple factors, including, for example, geology, infrastructure availability,
input costs and availability, projected market prices and costs oyer'time, potential changes in goyernment
regulatign and public perceptions, and a host of other factors. Accordingly, the operational qcenarios
discussefd in this document are intended to illustrate the range of scenarios that can be consiflered by
different operators; they are not real-world projects.

Transitigning from hydrocarbon recovery to storage ¢an necessitate additional or upgraded infrasfructure,
dependimg upon the nature of the project and the regulatory regime in which the project resides.

There are three broad categories of operationalchanges discussed, together with potential variations. The
categori¢s define the facility considerations@nd operational considerations for the project. The thriee broad

categorig¢s (see Figure 1) are:

— Scerfario category 1: Maximizing.0r optimizing CO, storage quantities in an actively producing|CO,-EOR
project. This set of operationalchanges consists of actions aimed at increasing the amount of CO/ injected
and ptored in CO,-EOR operation either by increasing the amount of pore space in a defined confainment
thatlis filled with CO, or by extending the previously defined containment either laterally or vertically.
Thege project variations“will generally have existing facilities that can be sufficient for the immediate
needs of CO, storage,-but over time can necessitate upgrades for injection system operating pressures,
recycle rates and/field distribution and gathering. These projects can be termed “CO, maxinmization/
optimization’projects.

— Scenlario category 2: Projects that do not envision continued hydrocarbon recovery, meaning that no

addji 1onal production fac111t1es be requ1red However, if additional sallne water productlon is necessary
ssary. In
addition, the prerequlsltes for CO, injection can necessitate additional 1n]ect10n pressure capability and
possibly rate capacity as well. These variations are sometimes referred to as “top off the tank” operations
where CO, injections continue after hydrocarbon production is terminated.

— Scenario category 3: Projects that are hydrocarbon-recovery related projects that have not previously
undergone CO, flooding. These projects have hydrocarbon production related facilities, but no existing
CO, injection capability at all. Such projects need CO, injection and compression facilities. In addition,
the continued production capability can need adapting to capture CO, extracted from the hydrocarbon
production stream as well as the capability for handling increased CO, concentrations. Field injection
infrastructure are needed and upgrades to gathering infrastructure is likely to be necessary.

© IS0 2024 - All rights reserved
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Category no. 1 g j

0 0

g \ E Category no. 2
“No hydrocarbons€covery”:
CO,
— cease hydroéarbon extract
— continue €03 injection

i\ Category no. 3 f\
[> C

. ] “First CO, flood”: begin CO,-H
oil/gas 0 oil/gas 2 g 2
d <2 AI /g> e

Figure 1 — Operationial scenario categories

Althoug

implementation are projects in the mature stage of hydrocarbon operations when operators will b
to eitherfabandon their operations or extend the economic life of the asset. The economic life can be ¢
through [continued or new enhanced recovery processes or in combination with storage ince
applicable. However, extending operations in this manner can present questions as to the use of the
equipment. Wellbores and surface fdacilities that are no longer new can be reviewed vis-a-vis their r¢
operating life. Certain equipment will have been maintained but other equipment can be nearing

of its us
and plan
mechani
rates or
storage

7 Tec

an operator can pursue these operational strategies at any stage, the most likely cases

pful life. Operatorstwill forecast end-of-life relative to expenditure outlays many years in
and conduct maintenance operations accordingly. Maintenance can well be reduced, allo
ral integrity of wellbores and surface facilities to decline from optimum manufacturer-
bressures. Replacements or remediation costs most likely will need to be figured for the go
ption.

hirical and operational aspects of transition

CO, A oil/gas “C0O, maximization/optimization”:
— increase the stored CO,
— extend the containment

4

ions

OR

for their
e looking
extended
htives, if
original
bmaining
the end
advance
wing the
bpecified
forward

7.1 General considerations

7.1.1 Storage volume assessment and estimation of pore volume

One of the key parameters for determining the maximum amount of CO, that can be stored in a defined
formation is the pore volume available for CO, storage within that interval. That pore volume is a function of
area, thickness and porosity of the formation. Hence, to calculate the pore volume (Vp,-) within the CO,-EOR’s
producing intervals (i) of the petroleum reservoir, some form of the following volumetric formula is needed:

V=Axhx¢q

© IS0 2024 - All rights reserved
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where

V  isthe pore volume;

A  isthearea;

h is the thickness;

¢ isthe average porosity of the producing intervals.

The inputs for these estimates will come from well and petrophysical data. The locations of the production
and injection wells can be used to define the A;. The thickness from which fluid flows into or out from wells
can be cglcutated-by dentifymg origimatdepthof oiFwater comtact,as defimed-by wetHtog measarements,
minus the depth to the top of the reservoir. These thickness values calculated for all of the predugtion and
injectionf wells within the CO, project area can then be used to estimate the h;. Porosity valueS dériyed from
well log ¢stimates or physical measurements can be used to estimate the average ¢, acrossthe'h; of gach well.

To estimpte the pore volume of an entire geological trap that contains the producing intervals, the vdlumetric
formula can be used with different input values. The area and the thickness of thé trap can be dg¢fined by
locating [the spill point of the reservoir, which is defined as the structurally lowest part of a reserfvoir that
can contpin buoyant fluids within the trap. As CO, is generally less dense than other in situ formation fluids
(except JH, or light hydrocarbons), itis buoyant relative to those fluids and therefore tends to move ppwards
in the supsurface. Once the cumulative CO, injected “fills” the trap, any additional CO, injected intd the trap
can then|“spill” outside of the trap and buoyantly move upwards into th&adjacent strata. The spill point can
be identiffied using seismic data if available, or cross-sections based.onwell log interpretations, or sfructural
maps of fhe reservoir. The trap as defined by the spill point gives)yaunaximum CO, column thickness, and a
maximum area of the trap. The bulk volume (4; x h;) can be estimated from the spill point, typically using
stratigrgphic software. If the spill points are not known, the'area defined by the location of adtive and
previoudly active production wells can serve as a proxy fot’4, but the potential CO, column thickpess will
need to be estimated. The well logs, core and well-based‘'measurements used in the volumetric forrula, can
also be used to calculate the ¢; and the maximum CO5-¢olumn thickness for the h; within the defineld area of
the trap.

Due to the density difference between CO, and-other in situ fluids, the CO, column thickness usg¢d in the
volumetyic method is subject to limitations{If CO, immediately underlies the seal to the trap, the pressure
of the C(}, can be excessive, depending ofi the thickness of the vertically continuous CO, column. A} the CO,
column thickness increases, there is a corresponding increase in the pressure at the top of the colimn and
hence thg vertically continuous CO5column must be compared to the thickness of the trap. The njaximum
CO, column thickness is determined by using the minimum of the seal’s fracture pressure and fapillary
entrancg pressure and the ayerage CO, density in the column. If the calculated maximum CO, cplumn is
greater fhan the thickness ofthe trap, the entire trap can be used to store CO,. If the calculated njaximum
CO, column is lesser thab~the thickness of the trap, the entire trap cannot be used to store CO,} and the
thicknesp used in the yeliimetric formula equals the maximum CO, column thickness.

7.1.2 urrent fluid saturations, including CO,, in the reservoir/storage zone at the time of
transition

To facilifate)the transition from CO,-EOR to CO, storage, the distribution of fluids within the por¢ volume
of the intervals defined by the CO,-EOR well patterns at the time the transition begins is important in
determining the predominant storage mechanisms and thereby quantify CO, storage for each mechanism.
The challenge is to determine which of the remaining fluids will be displaced from the CO,-EOR patterns to
accommodate storage of the injected CO,, and hence identify the storage mechanisms.

The possible fluids present are hydrocarbon gas, non-hydrocarbon gases such as nitrogen or H,S,
hydrocarbon liquid (oil), formation fluid or injected water (brine), and CO,. If the CO,-EOR project was a
miscible flood, it is less likely that hydrocarbon gas is present. Furthermore, due to the vaporization/
condensation process of CO,-EOR, the oil will be enriched with CO,, and the CO, will be enriched with
hydrocarbons; therefore, there can be minimal native oil or pure CO, in the subsurface. The distribution
of the fluids at the end of CO,-EOR operations can be assumed using material balance calculations, which
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provides average estimates for the system and numerical flow modelling methods, which can provide more
granular insight into the fluid distribution.

7.2 Mechanisms for additional storage

When evaluating the storage available within the volume of the intervals defined by the CO,-EOR well
patterns, using the operating practices at the time of the transition to storage, additional storage can be
available via:

— anincrease in CO, saturation within the CO,-EOR patterns;

— anincrease in storage pressure above CO,-EOR operating pressure;

— an egpansion of the storage area beyond the volume defined by the CO,-EOR patterns oryin‘different
geolpgical formations; or

— achange in operating practices to improve CO, sweep efficiency (e.g. change in pattenn-shape or size) or
to opptimize CO, storage (e.g. horizontal to vertical flooding).

To incregse CO, saturation, hydrocarbon gas, hydrocarbon oil or water must be displaced or prodyced. The
removal|of water used during a water-alternating- gas (WAG) CO,-EOR projeet, for example, cqn create
significapt additional CO, storage volume. Furthermore, displacement of hydrocarbons can be difficult to
achieve, because a primary reason to transition from a CO,-EOR to storage’is that the CO,-EOR project is
producirjg high volumes of CO, relative to oil, which would be a consequence of high CO, saturation

Dependipg on the operating pressure of the CO,-EOR project, it is)possible to increase storage pressure.
Howevey, if the CO, was injected near the regulated injection pfessure, which is common with |CO,-EOR
projects)then it is not possible to increase reservoir pressure, \Nevertheless, the additional pressuige within
the samgq pore space would increase the density of CO, and therefore increase CO, storage.

Within the CO,-EOR patterns, storage can be increased-by increasing CO, sweep efficiency. This can be
achieved by changing the injection well locations bygincreasing or decreasing the pattern size and thereby
changing CO, flow paths from those developed fromithe previous injectors (during CO,-EOR) to thoge during
storage.

7.3 Assessing containment assurance in modified operations

The operator of a hydrocarbon recevery operation can use one or more operational changes to|increase
the quantity of CO, safely contained long-term in the EOR complex. Many of these changes can utilize
elementg of the existing physical infrastructure, the geological and geophysical data acquired from the
prior op¢rations, and general\practical operational experience. Regardless of whether the particular action
is viewefl as coming within-the scope of ISO 27916 or ISO 27914, the key operational concern wfill be on
continuing to evaluate/he/containment assurance and, in particular, the impact that pressure changes can
have on pxisting engineéred systems and the EOR complex itself. As such operations are intensely] site and
project gpecific, the(various scenarios discussed in this subclause are given for illustrative purpdses only.
Actual pfojects.can’ resemble one or more of the scenarios discussed in this subclause or can follow different
approacles oricombinations of approaches over time or can apply different techniques for different sectors
of an ovdrall operation.

In each case, however, the containment assurance can be impacted by the proposed operational
modification. In many instances, the key parameter will be potential changes in operational pressures,
whether on the engineered systems (including surface facilities, wells and well components), the subsurface
movement of the injected CO,, or the geological formations themselves. Hence, the review and revision
of the operational containment assurance and the EOR operations management plan as required by
[SO 27916:2019, 6.1.3 would play an integral role in reviewing whether the proposed changes “have the
potential to adversely affect containment”, considering the factors enumerated in ISO 27916:2019, 6.1.3 a)
through g), i.e.: "a) unexpected changes in project performance that have potential to influence associated
storage of CO,; b) addition or abandonment of injection zones; c) change to the areal extent of the project
reservoir; d) addition or abandonment of wells; €) anomalous change of injection-withdrawal ratio (IWR);
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f) development of reservoirs which are located above or below the project reservoir; or g) discovery of CO,
beyond the boundary of the CO,-EOR complex."

Within the context of this review of containment assurance, 7.4 to 7.7 explore a number of operational
modifications that can be undertaken.

7.4 Reservoir management

7.4.1 General

A critical component of any successful and secure CO,-EOR project is a reservoir management plan that
coordingtes-the-injectionfor CO—and productionof fluids{wateroil-and-gasincluding COJ}tomaintain
reservoif pressure and balance, and to progress the flood front. In a transition from EOR to incredsing CO,
storage, [the reservoir management strategy would transition on a continuum towards increased storage

7.4.2 ew CO, volumes — Increase of supply

In a typigal EOR operation, the CO, purchase volumes decrease over time as quantities of CO, recydled from
the prodpction stream increase. Eventually, the need for incremental CO, decreases to a minimal volume that
allows fqr pressure maintenance or even to zero if water chase is used. To transition a field to an dperation
that incrases CO, storage, the CO, purchase volumes likely will be increased and managed throughout the
reservoir to replace remaining free water.

7.4.3 anagement of displaced water

Although displacing and producing oil allows for some ‘associated storage in an EOR project, most
opportuhities for increasing CO, storage space are through displacement of water in the formation. In a
typical 1feservoir management plan, the patterns or areas of the flood are managed by allocating CO,
injection to the most efficient patterns that produce-the most oil. As patterns become less efficient and oil
productipn declines, the injectors in those patterns'generally spend more time on water injection|and less
on CO,. The patterns maintain pressure and continue producing, but eventually water out.

In a tranfsition scenario, the oil production:efficiency of a pattern would not play nearly as large ofa role on
CO, inje¢tion distribution as in a typical EOR project. Additional purchase CO, would be distributed to all
patterns| effectively drying them up andfilling some portion of the space from which the water is groduced
or displaced. This would allow the final state of the project to include mainly CO, in the pore space.

To dry up the system, an additional zone must be located, if disposal wells do not already exist, to inject the
producedl water to make reom’ for the CO,. This need for disposal capacity would be the highes{ initially
as the wells are dewaterningand would decrease with time as the CO, gets closer to production wells and
decreasqs their produced water cut.

The resqrvoir management strategy for a transition project likely will include the reduction of [recycled
CO, whefe possible. This would include shutting in higher gas/oil ratio (GOR) wells while still balapcing the
overall ipjection/withdrawal ratio. Effectively this would mean tapering down the flood as the CQ, gets to

and donfinates the production wells until eventually the project ceases and the CO, is safely and|securely
stored witin-the-EOR-complex

VWt crrC o T COTIIpTIeAS

7.4.4 Redesign of patterns

Pattern development for an EOR operation is designed to maximize the value of the flood given defined
operating and capital costs as well as oil price. This optimization will generally lead to patterns that minimize
capital spending while accelerating oil response as quickly as possible to offset large initial capital costs.
This pattern development would not be the same optimization in a transition to storage where additional
revenue streams other than oil sales are available.

As with the base design in any EOR flood, pattern redevelopment would involve updates to reservoir
characterization including geological and simulation modelling. An updated history match of the flood
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performance would be critical to understanding where the current CO, is stored and predict what
opportunities there are to increase the storage efficiency of the project. All these mechanisms would be
modelled together and then, alternate pattern designs can be investigated and economics can be calculated
to drive to the ultimate pattern reconfiguration. At a high level, the pattern reconfiguration is likely to
involve an increase in well spacing that allows for a greater retention time of CO, injection between the
injection well and the producers.

A critical component of any reservoir management plan, whether in EOR or through the transition, is to
maintain reservoir pressure at the target levels. Elevating the pressure would cause a decrease in injectivity,
distribution of gas beyond the pattern boundaries and decreased storage efficiency, all of which run counter
to maximizing the efficiency of the project. In most cases, reservoir pressure balance is monitored and
maintained through balancing the IWR at a pattern, area and full field level.

7.5 Well operations

resence of existing wellbores, transitioning existing hydrocarbon fields, particularly [CO,-EOR
fields, pfovides an opportunity to access a high-quality reservoir for use as,€0» storage. Howpver, the
ellbores can also be a risk for containment assurance due to the potertially large numbgr of well
penetratjions and vintage completions of those wellbores. Clause 7 will exploreé the issues involved| to allow

7.5.2

Regardlgss of the age of the existing hydrocarbon field thereican be wells that are no longer adtive and
have begdn previously plugged and abandoned or are penetrdtions to deeper producing horizons. [Creating
h well inventory is the first step to containmentssurance and is one that has likely b¢en done
in prepafation for CO,-EOR. Depending upon the storage approach and the wellbores required, |t can be
necessatly to deactivate or secure many wells. Other-wellbores can be useful for their location, put their

can be unknown. With a complete well inventory, a systematic review of the Welzf)ores in
comparison to the future needs, can be conduoted. Potential future use of wells for injection, m¢nitoring
or production can be identified for further evaluation and integrity testing based on the known cpndition.
Screening of wellbores for casing size, landing depth and known integrity issues can provide plarners the
ability td design the injection scheme and-.conduct additional reservoir performance modelling. Othdr factors
such as qurface casing setting depth and top of cement can provide insight to other storage considerations
such as groundwater protection.

7.5.3 Repurposing wellbores for storage injection

Existing[CO, injection wellbores can provide continued use as injectors for CO, storage. Operg&ors and
regulatofy authorities) tan require additional assurance of integrity prior to commencement of conversion
from injpction for \€0,-EOR to CO, storage operations. While the type of well permitting required, if
applicable, will vary by jurisdiction, the basic engineering and well construction issues involved ard likely to
be simildr regardless of how a particular well permitting regime addresses them.

For exarpple, in the United States, CO, injection wells used in EOR operations are permitted aq Class II
injection wells, while CO, injection wells for storage are normally permitted as Class VI wells [although
continued permitting under Class Il is possible where there is no increased risk to underground sources of
drinking water (USDWs)]. Both well permitting processes serve to protect the USDWs and to ensure that
there are no conduits for CO, to adversely impact usable drinking water.

When transitioning an EOR field to a non-EOR, dedicated CO, storage operation, several technical
considerations will be reviewed to determine whether the wells can qualify for conversion to Class
VI injectors. These considerations will be site-specific and weighed under the prevailing rules for the
jurisdiction, as appropriate, including for example:

— Is the AOR sufficient for the updated development and reservoir management plan?
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— Does changing the source of CO, from natural to anthropogenic impact the well permit or operations?

— Does the well construction provide sufficient protection to the USDW considering proposed changes to
the reservoir management plan?

— Will
— Isth

there be adjustments to the operational monitoring plan to ensure containment?

ere a post-injection monitoring plan in place?

— How do the changes to the reservoir management plan impact field abandonment plans?

7.6 Application of operational modifications — Illustrative analysis
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ontainment assurance assessment in base case — Typical EOR

6:2019, 3.9 defines the term “containment assurance” as a demonstration that-the featjires and
]l structure of a CO,-EOR project are adequate to provide safe, long-term contaiiment off injected
that the CO, flood is operated in a way to assure containment of the CO5\in the EOR fomplex.
6:2019, 6.1.3 specifies that the containment assurance and the EOR operation managenjent plan
revised as necessary if changes occur that have the potential to adwetsely affect contginment.”
6:2019, 6.1.3 a) through g) provides a non-exclusive enumeration of-some of the changes|that can
ich revisions. Hence, containment assurance is an active process applied by the operator tq create a
hat provides safe, long-term containment of the injected CO,.

ypical EOR, the CO, plume is managed by fluid injection-and fluid withdrawal by wells|that are
ically arranged in patterns to achieve control. (See ISQ) 27916:2019, Clauses A.3 and A|13). The
finjected fluids is motivated by hydrocarbon productien. The main factor that limits the prpduction
ne need to maintain pressure that creates miscibility with CO, in the hydrocarbon phdse while
viscous fingering or channelling of the CO, in diréct paths from injection to production wglls. This
bmplicated by reservoir heterogeneity where preferential flow paths can be established|via high
ility streaks within the formation.

ain the pressure sufficient to maintain miscibility, while maximizing the extraction of hydrjocarbon,
htor will “balance” the flood project by~assuring the sum of all injection (I) equates to the sum of
rawals (W) at reservoir conditions.This leads to an IWR of 1, which is to say a balanced system.

The resullt of maintaining a balance between injections and withdrawal (i.e. where IWR = 1) is that|both the

magnitu
limited.

This means that the appropriate AOR closely overlies the project area.

e and the area of elevated pressure reaches a quasi-equilibrium, and the project impact i$ aerially

The imp
producti
sink pro
context,
withdra
effective

In addit

act of the pattern of injection and withdrawal wells is that hydrocarbons and CO, are drawn to
on wells. Although-cases of CO, by-passing the nearest production well are known, the pressure
ided by productionis reasonably effective at controlling the CO, migration. In a risk management
he effect of the pattern flood is therefore to limit the area of the CO, flood. If the injedtion and
al patterns‘are well designed and the reservoir properties cooperative, the area occupied py CO, is
y limitedtd the project area.

on, EOR conducted in a hydrocarbon trap also has an important impact on CO, migrafion risk
The lateral mlgratlon of COZ down d1p from 1n]ectors can be calculated from a revliew of a
c . the drop

off in viscous forces Wlll cause grav1tat10nal forces to domlnate and CO2 downdlp mlgratlon will reach a
geographic limit.

Addition

al CO, and pressure management strategies have been used in EOR operations to manage the pressure

distribution and extent and thickness of the CO, plumes. In many projects, CO, injection is augmented by
water injection. This can take the form of alternating water injections with CO, gas injections, a technique
known as WAG in the same injection wells to reduce preferential flow in high permeability thief zones or
dedicated water injection wells that form curtains that limit CO, migration, for example into areas of the
field that are not in part of the CO,-EOR project. These strategies add control and reduce risks of unexpected
CO, migration. Other combinations of strategies to optimize the CO,-oil contact are available, including for

example

strategic perforations or additives to control relative permeability with additives of CO,.
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Another type of control is production management. Production is an essential part of pressure balancing the
system. The ratio of hydrocarbon, CO,, and water components in the production stream can vary considerably
since it is not the composition of the production stream but the overall quantity of production withdrawal
that is used to balance the pressure of CO, injections. One main limit on the amount of production is CO,
breakthrough. When a production well produces more CO, or water than the operator wants to handle, the
operator can choose to stop or reduce production in addition to changing injection strategies.

7.6.2 Assessing containment assurance in modified operations

7.6.2.1 General

red-nthe—treservoir—the—operator—eanrrhoose a
such modifications affect the assurance:pf secure

7.6.2.2 | No change to operations (base case)

In some ¢ases, the operator can continue to inject CO,, recycle and produce decreasinghydrocarbong without
changing the operational strategy. In this case, the risk profile of the project would hot change and the same
process ¢an be used to ensure containment.

7.6.2.3 | Changes in injection strategy

There afe a number of changes that can be made to the injectionystrategy that can impact the project,
including:
a) Subdtituting the CO, for water injection in a WAG (casé<}A): This likely will cause minimal change in
the fisk profile but benefits the overall storage efficiehcy of CO,. However, after a short time, it will
likely result in faster CO, cycling and perhaps decredsing CO, storage amounts over time as the benefits
of WAG injection will be lost. The storage assuratce assessment will therefore be similar tg the “no
charge” case.

b) Increasing fluid extraction to offset injection (case 1B): If the CO, injection rate is increased guch that
the gverall injection volumes increase;.fluid production will need to rise to maintain an IWR ¢f 1. This
additional fluid handling will have alcgst. In some cases, well locations and completions can be|changed
to preferentially extract water, which would then be disposed of in a different zone.

7.6.3 Project IWR exceeds 1 (case 2)

7.6.3.1 | General

This casp arises when wore CO, is added and is not completely offset by production volumes. Ejther the
magnitufle of pressure or the area of elevated pressure will therefore increase, thereby increasing the risk
of the project. Issues such as exceeding the regulatory pressure limits, induced seismicity or hydifaulically
fracturing thereservoir or seal can arise. Wells at the periphery of the project will likely continge longer
than wel|ls itncentral patterns.

7.6.3.2 Project start is strongly pressure depleted (case 2A)

If a reservoir is strongly pressure depleted prior to start of the conversion operations, the “pressure space”
available before the maximum safe operating pressure can be large. Hence, injection volumes can be much
larger than production volumes as the reservoir system builds pressure. In some cases, production can
become negligible as the operator “shuts-in” production wells to build reservoir pressure more quickly
and allow for miscible operations. However, such an approach can prompt a desire for re-evaluating any
geomechanical risk associated with this depleted to overpressure condition (e.g. on wells, thermal effects or
induced seismicity).
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7.6.3.3 Storage assurance assessment of CO, migration outside of the previously qualified EOR
complex (case 2B)

Once the IWR exceeds 1, the risk of CO, migration outside of the CO,-EOR project increases. The risks
associated with this fugitive movement are dependent on the makeup of the neighbouring wellfield. Wells
outside of the project can belong to another operator and not be prepared to receive CO, service. Thus,
the risks for loss of containment due to zonal isolation, including corrosion-induced failures, can increase.
Anomalous increases in oil and water production outside of the project can be indicative of a loss of areal
integrity.

Movement outside the project also provides CO, access to geology that can contain transmissive features.
These can be a vertical or horizonal transmissive section of a fault or fracture system that defined the
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LOR, active control of CO, is an important aspect, ofimaximizing hydrocarbon recovery
" management plan changes, the value lies in assuring storage. In most cases, after EOR co}
nent assurance is high because there is a proventrap and the solubility of CO, into oil i
However, the long-term containment assurance of storage can be assessed to identify
nere long term migration of CO, cannot be-efisured. For example, if the project does not in

nt of the CO, and its ultimate position will become important. In addition, some hydrocarh
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— the coverage of cement meets regulatory guidelines (e.g. some jurisdictions require cementing back to
surface) and provides adequate coverage to provide storage complex integrity,

— thei

nstalled casing is compatible with the injectant, and

— the installed casing is free of pitting, wall thinning or other defects that can necessitate remediation.

In addition, the well service history can be reviewed as the past history of intervention can be predictive of
possible future issues with the well. Also, it can be necessary to run new wireline logs (i.e. casing integrity
or cement bond logs) and pressure testing to provide a current snapshot of the well’s condition and integrity.
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In most cases, if intervention is necessary to place additional cement to ensure a well is suitable for further
use, this can be accomplished through cement squeeze operations. This is a process whereby the casing
is perforated, and cement is “squeezed” through the perforations until the desired coverage is obtained. A
casing pressure test then follows to ensure integrity has been re-established.

In some cases, existing wells are not suitable for operational use (e.g. injection or production). If completion
is appropriate within the jurisdiction, these wells can be converted to deep monitoring wells for pressure,
fluid sampling or time-lapse logging.

7.7.2 Abandonment

If the well is in such a state that it is no longer useful to the project due to integrity concerns, the well is
plugged |and abandoned commensurate with the field development plan. This process can indlude the
following steps:

— remgval of all non-permanent tubulars and downhole equipment,
— squdeze cementing the perforations,
— placing cement across the perforations and over the confining unit,

— cement plugs at key positions throughout the wellbore, including abovethe primary confining unit, at
casing shoe locations, above any notable hydrocarbon producing zongs (if applicable), just below any
undérground sources of drinking water, and at surface,

— cutt]ng off the casing and welding a plate cap with the well details inscribed.

This profess is designed to meet or exceed the minimum requitements of the regulatory authority and can
require ddvanced approval of field abandonment executions by’the jurisdiction.

7.8 Faility operations

7.8.1 esign assessment

Facilitieq designs for CO, storage projects ane,approached in the same manner as any oil and gas prpduction
project, with a needs assessment based ,upon the reservoir and production (injection) circunmstances.
Facility dlesign will be dependent upon operating pressures, fluid compositions, rate projections and fluid
dynamics. Therefore, a project asséssment is necessary to identify the gaps between the existing facility
compongnts and design to thoseneeded for the storage project. This gap assessment also needs to|consider
the remdining lifespan of the existing facilities within the context of an extended storage project tq identify
those mqdifications that would’reasonably be expected in the future.

7.8.2 acility integrity testing

The existing infrastfucture for the current project can be assessed to identify whether it meets the requisites
for the (O, storagé project. Based upon the design assessment for the project, the existing infragtructure
can be domplementary and useful, need upgrades or need to be replaced entirely. Inspection off original
design apd-as-built documents (design basis memoranda, process flow diagrams, regulatory applications,
e stated

but will inform potentlal design change or upgrades as well.

A second step can include a review of recent inspection documents like pipeline smart pig log data and
interpretations, corrosion tests, and vessel internal inspections. These inspections can be done at periodic
facility turnarounds where vessels are depressured, drained and internally inspected to identify corrosion
or defects in internal coatings.

Lastly, if there are areas of specific interest or concern, further inspections can be designed and carried out
to assess the viability of the infrastructure for ongoing storage operations. Conducting these inspections
prior to finalization of design basis documents would allow any necessary upgrades or replacements to be
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included in the cost estimate for the storage project instead of revising documents and cost estimates during
the construction phase.

7.8.3 Measurement

For existing oil and gas production projects, lease custody transfer metering is the most rigorously
maintained and calibrated method as it is the basis on which the operator is compensated for sales (i.e.
oil and gas sales) or expensed for supply (i.e. CO, purchases). Field measurement at a well level is more
often done for regulatory and reservoir management purposes and can be less frequently maintained. In
the situation where CO, storage becomes a part of the project, additional scrutiny will be necessary for the
recycle stream volume and mass estimates and compositions. In CO, storage projects, the compositional
data becpmes important for hoth reservoir management and storage quantification purposes, making meter
calibratipn and accuracy particularly important. This can necessitate upgraded field measuremehtffacilities
on both [the injection and production streams. At a field level, if a second CO, source is deliver¢d to the
project, then additional lease custody transfer meters will be necessary.

The ultinate goals for measurement is financial (CO, supply, oil and gas sales, water, disposal), reggulatory
(quantification of storage, facility permits and well reporting) and reservoir management. Each|of those
goals will prompt their own individual and overlapping design and operational requiSites.

7.8.4 rojects that are not currently CO,-EOR projects

0Oil and das fields with no prior CO, will need new CO, injection facilities,\This will primarily be th¢se fields
that have previously produced oil or gas but where no hydrocarbons@are expected to be produced (hinless as
part of al dewatering scheme necessary for pore space voidage) or\where ongoing hydrocarbon prpduction
concurrently with CO, storage injection (see case studyno. 3).

For thosg fields where water removal is requisite, the facility-infrastructure can make use of hydfrocarbon
productipn pipelines and facilities, although upgrades will be necessary for corrosion control when CO,
breakthifough occurs. It can be reasonably assumed.that if water production is conducted dufing CO,
injection| operations, CO, breakthrough will occur. The operator can simply mitigate breakthrough and the
impact o facilities by shutting in those wells whenCO, breakthrough occurs.

Methane and other components dissolved in produced water can also necessitate management. If thee project
is a gas flield, the existing inlet separation-will likely be for higher operating pressures and liquids handling
capacityf which can become the concern.'On the injection side, the CO, injection infrastructure will need to
be installed, much in the same mannér. as for a new CO,-EOR system, except for CO, recycle comprpssion. If
CO, bredkthrough is expected as part of the reservoir management plan, then some small CO, compression
will be npcessary to conserve arid re-inject the produced CO,.

fields where futupe production is not necessary for reservoir management and therefore no
productipn capability is ecessary, minimal additional infrastructure will be needed; only those finjection
distributlion pipelinessinjection well metering satellites/manifolds and injection well flowlines will b¢ needed.

7.8.5 ecycle‘compression capacity

For storage“projects that would be extensions of existing CO,-EOR projects one of the significant| benefits
is the pre-€xistence of recycle compression. If the current CO,-EOR utilizes a WAG recovery apprfach, the
existing infrastructure will be undersized if the WAG cycles become drier (less water injected and more
CO, per cycle) or if the recovery process changes to continuous CO, injection. Additional trains of CO,
compression can be installed, but a site and design reassessment will be necessary to ensure the necessary
plant site footprint can accommodate the additional equipment. Furthermore, if electrically driven, electrical
power supply through wired connections and substations will be needed as compression power demand
will be significant. If powered by natural gas, then alternatively an adequate fuel supply will be needed for
the increased compression demand.

Furthermore, inlet separation and cooling facilities are also associated with additional recycle compression.
WAG operations use larger free water knockout vessels for inlet separation and often have lower pressure
ratings. If the CO, storage approach is targeting increased CO, pore saturation in the reservoir, then over
time, the produced fluid stream will consist less of water and more of CO,. The pressure of the inlet stream to
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the facility will also increase which together will necessitate the replacement of free water knockout vessels
with higher pressure rated inlet separators. Naturally, if the inlet separation vessel operating pressure
increases, the capacity of the existing compression can benefit in terms of rate capacity. However, the field
gathering infrastructure can be challenged as the requisite higher operating pressures can exceed its design
and licensed operating pressure.

In the case of increasing the operational reservoir pressure, modifications to the existing compression
will likely be necessary to accommodate the higher compression discharge pressure. While often the
compression units themselves can be able to operate at higher discharge pressures, the discharge piping
and any associated vessels (like interstage cooling or dehydration) can necessitate recertification or
replacement. This would also be necessary for the injection pipelines and well flowlines.

7.9 Mpenitoring

7.9.1

onitoring design

Monitoring is designed to provide assurance that the containment of CO, based)on the g

charact
project
needed.
risks. T

istics and operational processes is attained and that no damaging events 6¢cur. During tr
onitoring needs can remain the same or change gradually or sharplyfrem what was pi
isk changes during transition and the monitoring design will be altered to help amelior
number of possible adjustments is large, and can include:

— the dlevelopment of a new monitoring plan (e.g. in response to accepting CO, for storage when
injedtion had not involved CO, or did not necessitate a monitoringplan);

— the

ndaptation of an existing monitoring plan to produce{the data that are needed to d

confinement for accounting of the final project, if this was net done previously;

— the ddaptation of an existing monitoring plan to produce’data that are needed to meet public acc

envi

ronmental assurance or regulatory goals, if the change in conditions necessitates such ada

— the gstablishment and re-establishment of baseline data can be required as the project develops g

It is also

possible that maintaining the status gquo is acceptable if the monitoring plan sufficiently n

monitoring needs during the transition.

Transitigning a project from EOR to storage can result in a change in the regulatory authority or a ¢
governirg protocols (see Clauses 9 and 10), necessitating review of the monitoring program to en

desired

thanges and schedules remain consistent with those required by the oversight authority.

monitoring plan alterations can include:

— mor
reco

— the
pres

e formal accountingfor fluids injected and removed (e.g. increasing accuracy, frequency, ca
rding or summation activities);

hddition ofisubsurface measurement in the reservoir zone or in the overburden, for ex
sure or<temperature, fluid composition(s), chemistry or tracers, wireline logging for satuf

statg¢ of stress;

ological
ansition,
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nte those

previous
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eptance,
btation;

ver time.
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ibration,
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ation, or

— geophysical monitoring techniques such as time-lapse seismic, gravity, electrical methods,
geophysical methods to track CO, dispersal and document conformance in the injection zone;

or other

— additional testing or reporting to demonstrate well integrity, for example downhole or surface-based
surveillance of active, temporarily abandoned or plugged and abandoned (P&A) wells involving tools
such as pressure, temperature, wireline-based inspection, groundwater or soil gas testing; and

— focused or regional monitoring of groundwater, soil gas, ecosystem to document no damage caused by
project.

The selection of monitoring protocols is based on

a) the identification of the need that the monitoring will fill,
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b) evidence that the monitoring is cost-effective and appropriate to that need, and

c) a process for interpreting monitoring results, including finding success as planned or creating a
corrective action if needed.

7.9.2 Role of baseline

The role of baseline in a project in transition is very different from its role in a greenfield project and will
likely necessitate a monitoring design adapted to this different role. The establishment of a transition
baseline will be essential in evaluating the project, from both commercial and regulatory points of view,
over its life. The issues to be considered include the following.

— Anojfnalies relate ydrocarbon accumulation dominate in the reservoir and can impact rpcks and
fluids that are brought to the surface in ways that affect the options for monitoring. For example, the
presence of hydrocarbons can limit physical and chemical techniques for detection of CO,The injpedance
contrast between pre- and post-CO, injections is reduced by the presence of gas and,t0 & lessqr extent,
the presence of oil. The conversion of hydrocarbons to CO, by biogenic processes abeyve the resefvoir can
creafe CO, concentration anomalies in overburden, water or soil.

— Pregdeding extraction operations will have created a strongly perturbed ‘setting. While susurface
pressures are typically reduced by extraction, CO, injections can elevate these pressures and cqn create
a complex pressure field. Fluid distribution likely has changed because-of extraction and natural or
engipeered replacement by allochthonous fluid. Zones besides the intended injection zone can bg affected
and fhe equilibration period can be lengthy:.

— Surfhce and ecosystems likely have been perturbed and canbe.inh non-equilibrium states. Pertjurbation
inclydesroad, pad and drainage construction, brine and hydtocarbon spills and mud pits, and renjediation
and flean-up operations (if legacy issues prompt them).

7.9.3 Development of model(s) prior to storage

geologicql systems that aid in predicting the evelution of the system under CO, injection. Well-fesigned
monitoring allows for calibration of modelsiand the demonstration and improvement of the predictive
capabilitiies. The accuracy of a model depends’in great part on its design.

Modellir}g is a very powerful tool that interlocks Wwith monitoring. Models serve as proxies for [dynamic

If the mq@del is used to determine the response of the storage complex to an unexpected but unadceptable
event, then the distinctive indicators' of such an unacceptable event are identified. The indicators that
precede [the event can also be identified. Monitoring targeted to detect distinctive indicators then can be
used to |[demonstrate that the\project is avoiding unexpected but unacceptable events. If the npodelling
does notjreflect the resultsof-the monitoring and is simply used as a history match without subdtantially
changing the model, the medelling can become less valuable because many “matches” can be possible, not all
of which|uniquely eliminate uncertainties.

Modellinlg is also used to design an effective monitoring design that is sensitive to the expected or Indicator
signals, that is«deployed at the relevant times, focused on the appropriate locations, and that hag suitable
sensitivity.

7.10 Quantification

7.10.1 Existing quantification practices

0Oil and gas operators have for decades monitored and measured (e.g. quantified) the volumes of CO,
utilized in their operations for operational and commercial purposes, due to the cost of the CO, injectant.
Quantification is critical for CO,-EOR as it relates to contractual obligations as well as evaluating the
efficiency of CO, use within a project. Even if an oil and gas operator has broadly recognized any losses on a
field-wide basis, there has been no need or regulatory requirement until recent years to account for or report
sub-surface or the de minimis surface losses (fugitive emissions) associated with normal operations. More
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recently, because of the value potentially available through various carbon dioxide accrediting schemes,
quantification practices have now become better defined.

ISO 27916 includes detailed quantification practices and protocols for projects for new or expanded CO,-
EOR projects used for CO, storage purposes. Typical data collected from monitoring CO,-EOR projects for
EOR operational purposes can be used in the quantification of the associated CO, storage. ISO 27916 has
adopted the following quantification principles:

— the determination of the CO, mass stored in association with CO,-EOR by subtracting surface and
subsurface losses from inputs;

— the quantification of associated storage to ensure completeness and precludes double counting; the CO,
nnnnnn L na
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— the fuantification and documentation of native or in situ CO, produced and capturedcin.a [CO,-EOR
projgct as an input, where existing; in situ CO, exists in many locations worldwide (e.g. Pérmian Basin
4 % ko 20 %, West Texas Trans-Pecos region 30 % to 70 %, South China Sea 70 %); and

— the quantification of the loss of any CO, that has previously been quantified and-subsequently produced
from the EOR complex and transferred offsite.

For expanding projects which can previously have included inputs of in situ graative CO,, naturally sourced
CO,, prgviously non-accredited or accredited anthropogenic CO,, or afy)combinations of which, such
volumes|must be documented or quantified, and ratioed or tracked.

7.10.2 Application to transitioning CO, storage scenarios

The illustrated scenarios can be broadly described as either existing CO,-EOR projects transitioning to CO,
storage ¢r expanded CO, storage (scenario categories 1 and*2 in Clause 6), or as non-CO, proje¢ts being
convertdd to CO,-EOR with a specific storage focus (scenatio category 3 in Clause 6). As such, the| existing
quantifidation standards of ISO 27916:2019, Clause 8 and Annex D would be applicable to associated storage
in the C{, storage complex if hydrocarbon productiof;occurs. In the second case, if hydrocarbon prpduction
ceases before CO, injection occurs, ISO 27916 is notapplicable but a similar quantification can be uged.

The scenjario category 1 of an existing CO,-EOR project with incidental CO, storage transitioning to CO,
storage With ongoing hydrocarbon (HC) princidental HC production under status quo operational practices
does not change the quantification calculation. Hence, the quantification protocols of ISO 279[6 or an
approved equivalent can be applied,

The scerjario category 2 presunies-that the transition to storage eliminates production in the project and
will resylt in a relatively shortylived, low volume storage project. If CO, injection occurs with prIduction,
ISO 27916 or an approvedfequivalent can be practiced, and if not, can simply be initiated. This [scenario
can involve H,0-extraction wells downdip/off structure (on-structure H,0-production will carry entrained
CO,) to make room feradditional desired storage in the project. However, such practice does nqt impact
the quarftification approach within the CO, storage complex. If the project does not include hydfocarbon
productipn with.€0, injection, ISO 27914 is appropriate. See Clause 9.

The scenfarig category 3 is simply the initiation of a new CO,-EOR project with either a primary or s¢condary
purpose|of-storage. ISO 27916 or an approved equivalent can be used to quantify the associated storage
resulting Trom the project.

8 Case studies

8.1 General

To better illustrate how the technical analysis in Clause 7 can apply in particular cases, Clause 8 reviews
three hypothetical case studies. While actual commercial projects can include a variety of variations on
these general themes, the cases that are reviewed are hypothetical only and are intended to highlight key
technical characteristics presented by the proposed operations. How a particular operation can be viewed
under ISO 27914 or ISO 27916, and under some selected legal and regulatory frameworks is addressed in
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Clause 9 (which provides a comparative review of ISO 27914 and I1SO 27916) and Clause 10 (which examines
legal and regulatory frameworks).

8.2 Case study no. 1: Optimization of CO, storage in an actively producing CO,-EOR project

8.2.1 General

This set of operational changes consists of actions aimed at increasing the amount of CO, injected and stored
in CO,-EOR operation either by increasing the amount of pore space in a defined containment that is filled
with CO, or by extending the previously defined containment either laterally or vertically. These project
variations generally have existing facilities that can be sufficient for the immediate needs of CO, storage,
but overrtime tamr metessItate upgrades for Mjectiom SyStenT Operating pressures, Tecycte Tates;, pnd field
distribution and gathering. These projects can be termed “CO, maximization or optimization” projgcts.

This casp study is a hypothetical oil field (the “Soda Field”) where CO, enhanced oil recovery has been
underwdy for several years. This case study explores the additional storage potential, whieh can re¢sult in a
change in risk profile, for the field using:

— an irjcrease of the pore saturation with CO,.
— anircrease of the reservoir pressure; and
— the ipjection into downdip areas to increase accessible pore volume to €O,.

This hypothetical field was discovered in 1963 when the well Soda-o. 1 was drilled to a depth of{ 1,550 m
and encduntered an oil-bearing zone at a depth of 1,500 m. To facilitate this example, the oil qualit]es of the
Joffre Viking oilfield (an actual field) are used[3l. Some of the key.reservoir characteristics are:

— P;=},75 MPa (1,124 psiV);

— T,=%6°C (133 °F);

— 40° API paraffinic crude;

— Pgp ¥ 7,8 MPa (1,130 psi);

— B,; 941,24 Rm3/m3 (1,24 Rb/STB);

— R,=[73m3/m3 (410 scf?)/STB);

— original oil in place (OOIP) is.equal to 84 million stock tank barrels (MMSTB).
— The formation fracturepressure is equal to 24,7 MPa (3,575 psi).

The resg¢rvoir is a strapigraphic trap of sands deposited in a near-shore, shallow marine depjositional
environment. The sanid is overlain and underlain by a thick section of marine shale. Deep burial of the sands
and shalg with erosion of overlying strata has resulted in the reservoir being underpressured conipared to
a typical hydrological gradient. The field was developed on a 32,4 ha (80,0 acre?)) well spacing for|primary

productipnprior to waterflood on 64,7 ha (160 acre) pattern spacing.

In 1994, Wmmmm eservoir
and hydrocarbons are suitable for CO,-EOR with a slimtube analysis indicating the miscibility pressure
is 12 MPa (1,740 psi). The patterns and water injection wells used for waterflood were converted to CO,
injection. Due to limited CO, source availability, cost and reservoir sweep management, WAG was applied
as part of the flood. The general design of the flood was to inject approximately 0,3 HCPV of CO, at a design

reservoir operating pressure of 14 MPa (2,030 psi) prior to initiating the first water injection cycle. A WAG
ratio of 1:1 was used for the entire life of the flood. Produced CO,, including hydrocarbon gases absorbed

1) pounds per square inch.
2) standard cubic foot (i.e. cubic foot of a gas at standard temperature and pressure).
3) 1acre=0,405 ha.

© IS0 2024 - All rights reserved
19


https://standardsiso.com/api/?name=121554c2e1d4eb64ce9b05084221a713

ISO/TR 27926:2024(en)

from the in situ oil, was recycled and mixed with purchased CO, prior to re-injection. Purchased CO,
volumes decreased with time as increased recycled CO, accumulated and over the project life approximately
5,0 million tonnes (Mt) of purchased CO, was injected, which is approximately 46 % of the HCPV of the
flooded patterns.

CO,-EOR has continued at the Soda Field, and the project is nearing its economic end. The operator of the
field has been approached to receive additional CO, volumes for a fee which would provide the operator with
additional cash flow to continue operations. To accommodate the additional CO, to be stored, the operator
needs to:

— discontinue WAG and implement continuous CO, injection or modify injections to reduce water cycle to

shor
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Figure 2 — Comparnson@howmg additional pore volume for CO, storage
As showh in Figure 2, 16 new inz'ﬁbon patterns have been created to access additional pore voluihe in the
reservoil. During the prior hy rbon recovery schemes, the development targeted the economic|portions
of 23,4 1p® Rm3 (147,5 MM f hydrocarbon pore volume. This included the original waterflood [patterns
have a spacing of 64,7 ha{i:e-160 acre), which were later converted to CO,-EOR patterns. With the pew goal
of maxinizing total va om the combined revenue streams of hydrocarbon sales and CO, storage|revenue,
accessing total pore me (as opposed to hydrocarbon pore volume) can now become an economljic driver.
In this cdse stud patterns will use continuous CO, injection and will continue to operate at a feservoir
pressurd of 14 to facilitate dewatering while continuing to assess reservoir integrity for the ngw area.
For incr¢ '&YJ CO, storage, adding these injection patterns to the storage project can providel another
8,2 106 Rm ("1'1 3 MMRh) or approximately 37 % nfpnrp volume to flood

8.2.4 Storage phase 3: Reservoir operating pressure

8.2.4.1

General

Increasing the field’s operating reservoir pressure will be achieved through continued CO, purchase,
continued recycling of produced CO,/HC gases but with reduced liquids production. As the higher quality
(permeability and porosity) patterns will have reached high recycle rates during the prior two phases of
storage, the interior production wells can be shut-in which will effectively increase the storage project’s
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IWR, thereby increasing reservoir pressure. Increasing the reservoir operating pressure will provide
additional storage potential by (in the order of impact):

a) compressing the existing dense phase CO, (and associated hydrocarbon gases);

b) compressing the remaining oil in place;

c) compressing the remaining water in place (generally negligible for practical purposes); and
d) compressing rock formation (negligible).

For this case study, the additional pore space available due to the compression of the remaining oil and
water in place and of the reservoir rock is assumed to be minimal compared to the compression of CO,.
A maxinjum reservoir storage pressure of 22 MPa is targeted, based on 95 % of the estimated hydraulic
fracturelpressure.

For incr¢mental CO, storage, the resulting additional storage attributable to increasing-the prgssure of
the CO, and associated HC gases is 7,1 106 Rm3 (44,6 MMRb) from the injection of an-additional p,2 Mt of
purchas¢d CO,, an increase of 56 % compared to CO, purchased for CO,-EOR and the previous two phases of
CO, storage.

8.2.4.2 | Operational approach

The opefational approach for storage will continue the approach used"for CO,-EOR. CO, recg¢ived for
storage will enter the injection stream downstream of the recycle, compression and will be effectively
commingled prior to the injection manifolds. As the proportion _gfrecycled CO, (containing HC gases) to
new CO,f can fluctuate, it is important to monitor the stream _cemposition at the injection manifold on a
regular basis. Operationally, this would be done monthly such:that the metered volumes can be calibrated
to the stfeam composition. As little remaining oil will be liberated during the storage phases, it is ¢xpected
that the fomposition of the recycle CO, will have a decreasing HC concentration. This will assist th¢ storage
operatiops by increasing the CO, density and thereby improving the efficiency of the existing compfession.

During sforage phase 1, with water no longer beinginjected into the patterns, recycled CO, will breakthrough
quickly fo the producing wells. Although injecfion processing rates initially will be similar to €0O,-EOR,
once brepkthrough occurs, the processing rates can be increased significantly. However, this depends upon
the econpmics of the storage operation and-how much investment can be tolerated for additiondl recycle
compresfion. During storage phase 1, new CO, volumes will be reduced significantly as recycle|volumes
increase| Therefore, it will be important to stage phase 2 pattern expansions to allow the storagg project
to contirjue to receive the new CO4 rdtes. During phase 1, water disposal needs will be high as CO, [njection
displace$ water in the reservoif, After CO, breakthrough, water production will begin to decling, but the
existing water processing capacity will still be necessary for storage phase 2.

During sforage phase 2, the injection stream will continue to be a mixture of new CO, and recycled £0, from
the CO,-EOR patternssand can often include other produced gases that are recompressed and addgd to the
new injeftion stream.>This will allow flexibility to use a common CO, injection source as CO, breakthrough
occurs ifi the new)patterns. With only CO, injection into the new patterns, dewatering from |the new
product}n wells'will provide the voidage necessary to maintain an IWR of 1,0, necessary to maintain the

existing fesérvoir pressure of 14 MPa. During this time, oil production will be expected to be signjficant as
this area ofthe reservoir has not previously been processed. This is despite oil saturations being loy enough
that primary oil production would not have been economical but can be mobilized with CO,. Therefore,
the expense of drilling new wells and installing the necessary injection and production infrastructure will
receive some revenue from oil sales. As in storage phase 1, once CO, breakthrough occurs, additional recycle
capacity will be needed. Again, this will be an economic decision and will depend upon the oil revenue and
timing of the commencement of storage phase 3. During phase 2, it is expected that the existing CO,-EOR
liquids handling facilities will be sufficient for continued storage operations and no further investment will
be necessary.

During storage phase 3, production wells on the interior patterns of the project will be shut-in as the recycle
ratio for those patterns will simply be too high to support ongoing operations. As a result, continued CO,
injection into those patterns will result in an increasing reservoir pressure for those patterns. Out of pattern
CO, movement will occur and recycle rates in adjacent patterns will increase unless those producing wells
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are choked back or shut-in all together. It is expected that as the project matures and new CO, deliveries
are received, more and more producing wells will be shut-in, and production will move to the extreme
periphery of the field. Ultimately, all producing wells will be shut and the recycle compression will no longer
be necessary. The timing of the shut-down of recycle compression will be an economic one.

8.2.5 Wells during the additional storage phases

During storage phases 1 and 2, well operations will continue similarly to CO,-EOR. Initially, artificial lift can
still be requisite for producing wells to facilitate dewatering. As CO, breakthrough occurs and gas-liquid
ratios increase, producing wells can be converted to a flowing well configuration which can include the use
of bottom hole packers to minimize surface casing pressures. As part of stage 2 development, all wells will
be constructed to he CO, compliant (e.g. using coated tubulars, internally coated wellheads and valves with
stainlesq steel trim) as per CO,-EOR specifications. Similarly, injection flowlines and production.{lowlines
will be ipternally coated for corrosion resistance. Dependent upon the water content of the~C0O, finjection
stream, injection flowlines and well tubulars would not need coating.

During gtorage phase 3, additional downhole inspection of existing wells can be, necéssary tp ensure
integrity) at higher reservoir and well operating pressures. This can involve well interyventions for cdsing and
cement integrity testing. It can also involve replacing tubing and packer assemblies that can be ¢orroded
during pfior operational periods.

As the project matures and producing wells, and injection wells are shutéin, they will need to be| plugged
and abandoned to ensure reservoir integrity. As reservoir pressures will' continue to rise during the life
of the project, the timely plugging and abandonment of wells will be important as plugged wells will be
impacted by higher downhole pressures. The higher the reservoif'pressure, the more extensive|the well
control measures will be during plugging and abandonment operations (well kill fluid density, $nubbing
operatiops, etc.). Timely plugging and abandonment of wells will*also allow continued monitoring tjo ensure
storage integrity during ongoing storage operations.

8.2.6 Other facilities during the additional storage\phases

The facilfties installed for CO,-EOR include:

— CO, metering receipt station for CO, purthase custody transfer;

— injedtion satellites/manifolds for water and CO, to facilitate measurement and WAG cycles;
— mulliphase flowlines from well§ito test satellites;

— test patellites including pig retrieval manifolds;

— separate liquid and gas_group lines from satellites to central facilities;

— centfal facility with.a free water knockout vessel, oil treater and fluid tankage;

— CO, recycle gompression and field distribution pipelines;

— watdr treating and injection/disposal pumps; and

—  0il sdleslease automatic r‘ncfnr]y transfer (T A("T‘) unit

During CO,-EOR operations, the recycle compression included a low-pressure booster and a higher-pressure
injection unit. Both units were reciprocating compression units due to the relatively low volumes of CO,
recycle.

During storage phase 1 the existing field infrastructure will be sufficient for the early dewatering period. As
CO, breakthrough occurs, additional capacity will be needed to manage the increased CO, recycle rates and
higher inlet pressures. As CO, recycle rates increase and liquid rates decrease, the low-pressure free water
knockouts will be replaced with high pressure inlet separation vessels. Field gathering flowlines would need
recertification for higher operating pressures or replaced depending upon their condition. Additional CO,
recycle compression will be needed although inlet booster compression will no longer be needed. Based on
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the expected recycle rates, reciprocating compression will still be used, and additional units will be installed
as incremental ‘trains’ as recycle rates increase.

During storage phase 2, the liquids capacity of the central facility will be sufficient to handle the expected
oil and water production from the new patterns. As with the original CO,-EOR area, as CO, breakthrough
occurs, additional CO, compression capacity and likely inlet separation capacity will be needed to support
the higher recycle rates.

As mentioned above, economics will drive all facility investment to ensure that the capacity to manage
increased CO, recycle is balanced with the expected project life and income streams.

During storage phase 3 the productlon mfrastructure would be scaled back as producmg wells and their
assoc1at ; ety heringtnreswilbenreeded il the late
central
productipn facility size will be scaled back as production and recycle volumes dlmlmsh Dedoprm|ssioning
of facilitjes will be an ongoing effort during continued operations to ensure the costs are.offset byl ongoing
storage ffevenues.

8.3 Cafse study no. 2: Engineered CO, storage following termination ofC0O,-EOR
hydrocarbon recovery operations

8.3.1 General

This cas¢ study explores the scenario of transitioning the oil field fronmia CO,-EOR operation to an engineered
geological storage operation “without” any incidental hydrocarbon production. Issues include [avoiding
i fracturing, activation of any faults present, pressure maintenance, and utilization or abandonment
of existipg EOR infrastructure. In some jurisdictions it canclso be possible to further store CO, |in water
disposal|wells. In this hypothetical case study, the operator-is Brilliant Idea Oil LLC (BIO LLC), a we]l-known
i hny. CO,-EOR has been underway for several decades in its largest oil field, mature and depl¢ted field
llowing a few initial years of primary production and several decades of secondary water flooding.
Producefl water cut is currently disposed in waterinjection wells in local saline formations. BIO[ LLC has
ined that the CO,-EOR operations at MDF ,are becoming uneconomical, given lift costs and forecasted
oil prices. Given its favourable location near_comipanies that are highly motivated to decarbonize,BIO LLC
has detefmined that repurposing the oil field to accept CO, for engineered geological storage only can be
more profitable than continuing ongoing CO,-EOR operations. A key benefit of the transition to engineered
geological storage is the potential to ytilize existing infrastructure at the oil field and a regional CO{ pipeline
that is cyrrently used to deliver nataral-sourced CO, for EOR operations.

Case stydy no. 2 provides some generic considerations to be considered for transition from{ EOR to
engineerled storage without.additional oil recovery, the areas of the EOR field that can be considered for
transition to engineered storage and a simplified issue analysis for this scenario.

Items that encouragetechnical feasibility in this case study no. 2 are:
a) the gbility tocutilize existing infrastructure such as pipelines, field lines, wells and pumps;

b) extephsive‘understanding of the geology and reservoir characteristics;

C) avoidanee-efneartermrdecommissioninseostsand brewntieldsredevelopment:
d) supply chain and key personnel with institutional knowledge in place;
e) higher incentives with storage versus CO,-EOR; and

f) value proposition and life cycle analysis of storing CO, without oil production.

© IS0 2024 - All rights reserved
24


https://standardsiso.com/api/?name=121554c2e1d4eb64ce9b05084221a713

ISO/TR 27926:2024(en)

8.3.2 Points to consider in using existing CO,-EOR infrastructure

8.3.2.1

Repurposing existing CO,-EOR injection well infrastructure for geological storage

With regards to planned re-use of well infrastructure, likely questions include:

— Are
— Are
— Are
— Are
— Are
— Are

— Are

— Is the remaining longevity of the wells realistic compared to the cost of drillihg-new wells?

— Any
— Are

diffgrent bottom-hole location or deeper well section?

— Is thlere a potential for reuse of associated infrastructure: roads; well pads, drainage?

8.3.2.2

With regards to re-purposing wells for water extraction or disposal, points to consider include:

— Are

— Are

— Are

— Are
stor

— Is there potential for reuse of water handing equipment: pumps, flowlines, tanks?

— Are

8.3.2.3

Points tq consider when evaluating the use of existing CO, pipelines and field distribution and g
lines incjude:

the well construction and cement integrity acceptable?
well casing materials compatible?

surface casing depths suitable?

recentmechanical infngrify test results nrrnpfah]n?

rasing size and tubing sufficient to accept injection rates at new design pressures?

bxisting well locations and depths suitable?

risks of damage to well(s) with modification or conversion from CQ,<EOR to geological stoj

Fhere any considerations for partial reuse, for example, the reuse surface casing and devig

Re-purposing wells for water extraction or disposal (if needed for pressure mainten

vell locations and depth suitable?

vell materials and construction,acceptable for transition?

there any risks of damage to well(s) with modification or conversion from CO,-EOR to g
hge?

rhere methodsfor handling incidental oil from former reservoir sands?

Use of-existing CO, pipelines and field distribution and gathering lines

perforation locations and design sufficient to accept desired flow rates at new designpresgure?

age?

tion to a

ance)

berforation locations and design sufficient to extract or accept the planned water injection rates at
planjned pressure?

ological

athering

— Is the capacity at pressure rating sufficient to support reuse?

— Is the remaining longevity of the pipelines realistic compared to the cost of new field lines?

— Any

8.3.2.4

potential for reuse of non-CO, pipelines?

Use of compression equipment and pumps

For compression equipment and pumps, relevant considerations include:

— Is the throughput sufficient for the injection rates and pressures of the new operation?
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— Istheremaininglongevity of the compressors and pumps realistic compared to the cost of new equipment
and are the compressors and pumps fit to task?

8.3.2.5 Repurposing existing injection, production, or water injection wells as monitoring wells

With regard to re-purposing existing wells (whether CO, injection wells, production wells or water injection
wells) for monitoring, points to consider include:

— Is well construction suitable for modification for monitoring purposes including, well casing size, casing
cement placement and perforations?

— Is well integrity acceptable?

— Are ell locations and depths suitable? ™
Qv

— Are well materials and construction acceptable? ‘],

— Ist

to drill new wells?

— Ist

— Is there a risk of damage to well(s) with conversion? \c‘oo

X
8.3.3 Areas of the oil field considered for transition to engineegg&oz storage
8.3.3.1 | General Q
This subclause gives a brief overview of the areas of the S(lﬁeld that are being considered for en
geologicql storage following CO,-EOR operations. Note t e field can range from a simple, well-c
geological feature to one thatis highly compartmentah If the field is compartmentalized, activiti
compartment will have little or no impact on press or fluld composition changes in other compa

Figure 3shows the five separate areas of an oil fl% hat can be considered for engineered geologica

\\cki‘

hle remaining longevity of the wells viable or would it be more cost-effective ;y{dgqe'chnlcall)

:[re potential for reuse of existing water handing equipment: pumps, f oﬁgﬁes tanks?

r feasible

pineered
nnected
es in one
rtments.
storage.

Key

1 ROZs, were or were not flooded 4 seal

2 former EOR flood 5  former gas cap
3 area of conventional production in reservoir not selected for EOR 6  water leg

Figure 3 — Potential areas of an oil field for CO, geological storage
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8.3.3.2 Area of former CO,-EOR flood

The area of former CO,-EOR flood includes the area of the oil reservoir where CO, has been injected to
produce oil. This can be a continuous CO, injection or a WAG operation where both CO, and water have been
injected for oil recovery. A WAG process entails injecting a slug of gas into the reservoir followed by water,
which serves as the chasing fluid. During the operational part of EOR, pressure is usually maintained to keep
CO, miscible with oil. Under such conditions, there would not be a lot of pressure headroom to store CO,.
However, in cases where the final stage of EOR included pressure blowdown to strip out CO, and producing
the last possible fluids; such areas can be pressure depleted.

Since EOR operations were performed in this area, existing infrastructure can be used to inject CO, for
engineered geological storage, as discussed previously. Several options exist:

a) “top|up” pressure - if the pressure in the field was decreased at the end of the EOR phase, somé|finjection
can be used to elevate pressure to the regulatory limit;

b) watdr extraction rather than extracting oil, water and CO, to manage pressure andssWweep as yas done
duripg EOR, selected wells can be deepened, reperforated, deviated, or new wells'drilled, in|order to
continue to balance the injection/withdrawal ratio by extracting water ever though there [is no oil
production.

c) in fiplds with a strong water drive, CO, injection pressure can be balanded by displacement| of brine
into[the water leg; in such a case, the injection rate would have to be equilibrated with the rat¢ of brine
displacement.

All these| operations are in a non-steady-state and likely to decline Over time with the field's ability fo accept
CO,. At spme point in injection, the amount of CO, injected can eXCeed the storage capacity of the reservoir.
The ratelat which this transition occurs can be managed because'the limiting factors include pressyre build-
up and dfficiency of pore volume occupancy (e.g. reduced by preferred flow in “thief zones” and gravity
override).

8.3.3.3 | Former gas cap

Under sqdme conditions, hydrocarbon gas accumitates in the upper portions of a reservoir. The gas cap can
be present at the discovery of the field or.it'€an build as gases come out of solution during prodjiction in
which cqse the energy provided by the expansion of the gas cap can provide the primary drive mgchanism
for oil relcovery. The gas cap is managed in different ways during primary, secondary and tertiary fecovery,
depending on the reservoir and fluid properties and the operator’s strategy. The gas cap can have been
producegl, depressurizing the resepvoir, or managed during production to maintain pressure. Managing
hydrocarbon gases during CO,-EOR is important because they impact miscibility and, therefore, the
effectivejness of the CO,-EOR operation.

Dependihg on productien history, the gas cap volume can provide additional storage or pressure management
capacityf which can be.accessed by shallower reperforation of existing wells. Mixing of CO, with methane
results in slightly decreased density, potentially altering CO, storage capacity.

8.3.3.4 | Residual oil zone

A ROZ islapdrreducible gil saturation below the traditional gil-water contact of a reservoir that necessitates

an EOR technique to mobilize the oil. ROZs are like reservoirs in the mature stage of waterflooding, in which
water has been injected into a formation to sweep oil toward a production well. The ROZ can be produced
during the EOR phase, but with current technology, it is more likely that it has not had active EOR operations.

If present, the ROZ is available for use with an engineered CO, storage operation, but its use can necessitate
re-placement of wells, deepening of wells or a change in perforations. An issue with ROZ engineered storage
is that if there are any water production wells to relieve pressure for more CO, accommodation space, oil can
be potentially liberated that can move to the water wells. Connectivity between the ROZ and the main pay
zone also needs to be considered in the new balancing of the field, as the pressure and fluid flow connectivity
vary field-to-field. Under some conditions, it is possible to operate the ROZ differently than the main pay, for
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example, to stop oil production and use the ROZ for CO, injection. The pressure would have to be balanced,
in this case, by sufficient water drive or water extraction.

8.3.3.5 Saline water leg

The water leg of an oil field is the area of saline water that does not contain oil. The oil is buoyant, in
effect floating on top of water-filled pore space. The connectivity and permeability of the water leg have
an important effect on the primary, secondary and tertiary recovery strategy of the field and continue to
influence the field during storage life. To some degree, the water leg can accept fluid displaced from the
former EOR flood area; this can be water, which will reduce pressure increase in the reservoir, or CO,, which
migrates out of the reserv01r As the CO, accumulates and is not stopped by productlon wells the CO, can
be either
or a benefit. It can be a problem if the CO, migrates out of the lease and area of confinpment. It
can be a|benefit where some fields are not filled to the spill point such that some parts of the.watler leg lie
within the trap. Another benefit can be that downbuilt CO, can be effectively trapped. Over time, gravity can
pull mobjile water down below the CO, (since the water is less buoyant than CO,), resultinglin the increasing
CO, satufration in the water. Additionally, it is possible to inject into the water leg nea¥’of distant from the
original pil accumulation, and have the CO, migrate toward the trap, thus adding té)capacity. The downdip
water leg can have existing wells suitable for reuse if they were installed for water management, e.g. for
water pilessure support. It is possible that such wells can be reused for watér‘extraction or for pressure
monitoring. The water leg can also be accessed passively from inside the former EOR field by downbuilding.

8.3.3.6 | Areas with primary and secondary recovery but not CO,-EOR

These arp areas of an oil field where CO,-EOR operations have notbeen implemented that do not fal| into the
areas of the field discussed above. It is common for some parts:of*fields to have not been of suffici¢nt value
or otherpvise unsuitable for development for CO,-EOR. This €an also include areas that underweng various
types of secondary recovery or chemical floods. Such areas’can have a benefit of strong pressure depletion,
as pressiire would not have been maintained to ensure miscibility.

While C{,-EOR operations have not been performe@din this area of the field, it can be used as a |depleted
reservoil for storage, making use of retrofit wells Where possible. In addition, water injection wells and oil
productipn wells can be present that can be usedas monitoring wells for CO, storage operations.

8.3.4 Analysis of case study no. 2

As noted above in this hypotheticdkcase of the MDF field, located in southeast Texas, USA, CO,{EOR has
been unﬁerway for several decades, following a few initial years of primary production and sevefal years
of seconglary water flooding. Fheproduced water cut is currently disposed in water injection well in local
saline formations.

An issue| with any of thieyareas of an oil field to be considered for engineered geological storage ywould be
volumetyic analysis and pressure maintenance because CO, injection would occur without subsefuent oil
or watei| productien as in previous operations. With the extensive historical production history] of MDF,
hypothetically «ascomplete geological model and associated history matched dynamic model has been
created. |These"models have identified the various aspects of potential storage and allows the pperator
to provigle predlctlve estlmates of the storage potentlal They have also helped 1dent1fy the 11m1t tions of
using thefte oTag S : e g he field
is a classic sandstone reservoir with Wldespread high permeablhty sands with hlgh por051ty w1th internal
fluvial channel fills containing both higher and lower porosity zones. The reservoir caprock is shale. The
reservoir is in a salt-cored domal closure that is not fault bounded.

Through a risk assessment, the static model has identified as negligible seal integrity risks such as a fault
at the top of structure as the risk for leakage is low because the fault does not juxtapose the reservoir with
shallower permeable strata. Due to the high quality (permeability and porosity) of the reservoir sand and
the sands being semi-consolidated, prior injection testing has determined the fracture pressure, and hence
the maximum injection pressure. Since the integrity of faults is not known at higher pressures, operational
experience along with historical 4D seismic surveys can be used to show that under CO,-EOR operations
any faults maintain integrity. The concern for storage capability will not only be the bottom hole injection
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pressure, but also the height of the buoyant CO, column at the top of structure and the density profile in that
column which can result in a reservoir pressure at the sealing fault exceeding the fracture pressure.

There can be an increase in pressure on the sealing fault due to a compounding effect of the CO, column
where, in addition to storing CO, into the original gas cap, CO, is stored in swept oil zones, residual oil
zones or in the water leg. The issue can be illustrated in a simple hydrodynamic pressure plot showing the
reservoir pressures at discovery and the potential pressure on the sealing fault if a continuous CO, column
is formed during storage operations. This illustrates that, to maintain a given pressure at the top of the
reservoir, the CO, column cannot exceed a certain height. Therefore, not all the gas caps, previous CO,-EOR
zone residual oil zone and aquifer are available for CO, storage.

In this hypothetical case, previous well data and dynamic modelling can be used to show that the reservoir
sands ar] very ni Tatity Ui, v/ iSSibitity > Witht nd is an
order of[magnitude higher than the vertical transmissibility. This behaviour, as observed during|CO,-EOR
operatiops, has resulted in CO, tongues travelling in high permeability sands downdip into th¢ aquifer
faster thpn it can migrate into the lower quality portion of the reservoir. To maintain CO,placement within
the resefvoir, the CO, injection rates have been kept lower than the available capacity, and flood [patterns
have begn maintained instead of converted to fewer wells employing a top-down flood approach| For CO,
storage, fhis implies that several injection wells will be needed rather than relying on a few larger|capacity
wells. Rqther than drill new wells that meet the Class VI requirements, the operator has requested|a waiver
to use thee existing Class Il wells based on historical integrity data and analysis,\Existing oil producjng wells
will be plugged and abandoned or redeployed as monitoring wells.

The exisfing injection well flowlines can continue to be used for the stotage operation without modification
since thg¢ir historical use has been subject to ongoing inspection~and maintenance. Existing prpduction
flowline$ won'’t be needed and can be abandoned.

The number of active well patterns has decreased to three over the past few years because of dec|ining oil
cut. In agldition, compressors that recycle CO, are nearingcthe end of their useful life and have befn taken
out of service rather than being replaced. Wells in idle patterns have been temporarily abandoned by placing
a removable bridge plug at depth. However, some well§‘are in poor condition with casing damage and fines
accumulftion. During the six-month period of final ptoduction prior to accepting new captured CO,| BIO LLC
will “blow down” the remining three patterns, decreasing purchased CO, and producing as much oil and
water as|can be handled by the system. This will reduce the load on compressors, strip oil and pqtentially
create void space by removing water. If there is significant solution gas, it can exsolve from the regidual oil
to help f;ﬁl the space. The pressure gradiént made by blowdown will also promote the migration of formation
fluid intg the low-pressure area.

During this preparation period, BIO' LLC will evaluate and remediate existing wells, and select w¢lls to be
retrofitted, and those to be plugged and abandoned. The condition of flow lines will also be evalfiated, as
well as the risk of any wellsin'poor condition. A new model will run to optimize injection well placement and
determine the amount of water withdrawal needed.

The evaluation of reuse” of existing infrastructure to increase the depleted pressure by injecting CO, is
possible] however.the period of this operation will be short because the reservoir will approach|fracture
pressurq in less than two years. This was not satisfactory for the offtake facilities, so a plan was developed
to investimoréin a field redevelopment that is projected to allow a 12-year operation period before|the field
reaches pressure and volumetric capacity.

After evaluation, all but 10 temporarily abandoned wells in the field were P&A. Two wells were found to
be high risk even after P&A. To keep pressure low, a decision was made not to inject at the corner of the
field where these difficult wells are found. Instead, the wells will be used for pressure surveillance. Roads,
bridges, drainage infrastructure and well pads will be reused, although some repairs will be made.

Three wells will be retrofit as injectors. The spacing between the injectors selected is much greater than
pattern spacing so that the wells do not interfere with each other in later stages of the project. One injection
well is relatively new, has good cement as shown by a cement bond log, has new tubing, has, passed a
mechanical integrity test for tubing and casing, has a CO,-compatible well head and suitable perforations,
and can be put into service without significant modification. However, the cement job is oilfield standard,
with cemented lifted only to the top of the reservoir seal, so a case will have to be made to the regulator

© IS0 2024 - All rights reserved
29


https://standardsiso.com/api/?name=121554c2e1d4eb64ce9b05084221a713

ISO/TR 27926:2024(en)

that this cement is acceptable for an injection-only project. As the two existing wells are older, the cement
integrity is less ensured, and the casing and perforations can be somewhat damaged. These wells will be
retrofit to reuse surface casing but sidetracked in the long string casing; this will allow cementation of the
entire long string and perforated to meet project specification. The uncemented casing segments will be
cemented. Sidetracked injection wells will have new tubing and CO,-compatible wellheads. Several flow
lines will be salvaged and used for the updated project. However, the amount of CO, injected per day will be
larger (no water) so that new flowlines were added in places, following existing infrastructure.

The field has moderately good water drive, so some pressure will be attenuated naturally, except in the
case where fluids were driven back into the former reservoir which would increase rather than attenuate
pressure. Modelling shows that the field can accept more CO, if water is extracted so three downdip injectors
will be sidetracked and extended as horizontal wells 1,000 feet downdip to the lease edge and below the
original pil-water contact. These will be used as water extractors and will help attenuate pressur¢. Models
show thdt completion of horizonal well segments will keep flow velocity low (although volume Will be high);
this is infended to reduce the risk of CO, being drawn toward water producers. Water will bereinjerted into
the samg¢ shallower zone that was used for EOR, such that using the same water injectorsflow lings, water
clean-up|and storage tanks can be partly reused. Surveillance for CO, breakthrough willbe added|and will
trigger water-producer shutdown.

The four|existing wells will be retrofitted as monitoring wells. The key risks idefitified are:
a) failed production cement allows CO, to migrate behind casing toward shallower zones;
b) rapid filling of the reservoir drives CO, off structure into the water leg@and out of the known contaijpment, or
c) prespure in the reservoir exceeds fracture pressure or engineéred cement strength.

Three of|the wells will be plugged back, reperforated and fitted\with tubing, packer and downhole pressure
gauges tp survey pressure in a thin, non-productive permeablée sand above the injection zone, with a focus
on the afea of problem wells. Pulsed pressure testing will'be used to determine if CO, is migrafing into
this zon¢ because it will detect changes in compressibility. Water leakage is not a problem as this zone is
well belgw the USDWs and isolated from them by-secondary and tertiary seals. One monitoring well will
be comp|eted near the oil-water contact in an area‘not covered by brine extraction wells. Brine extraction
wells can be used as monitoring points for offsstructure migration via fluid testing and pulsed operation.
In additipn, BIO LLC will work with regulators-to develop any needed additional groundwater or near-well
surveillance to assure conformance with-regulatory guidelines.

The end| of injection for storage will, occur when either pressure in the reservoir approaches|fracture
pressurd or CO, begins to build downiward well beyond the original oil-water contact. Some downb#ilding is
acceptablle; however, the risks associated with migration past the spill point (such as off lease migfation or
risk to production in nearby feservoirs) will be considered and used as a cut-off. The injection wel|s can be
plugged pnd abandoned. In=zone wells, including water extraction wells and monitoring wells car] be used
to obserye pressure equilibration, and then be plugged and abandoned. Above zone, pressure surpeillance
can cont]nue to observe'geomechanical relaxation post-injection and then provide assurance that there is no
vertical put-of-zone\leakage.

8.4 Case study no. 3: Conversion of an off-shore gas field to CO, storage with associated
hydrocarbon recovery

8.4.1 General

Case study no. 3 addresses the mid-ocean field, a hypothetical offshore natural gas reservoir that was
discovered in 1998. During the initial testing period it was estimated to be of sufficiently large size to
warrant its development with a jack-up platform and six wells. Several of the wells tested with an absolute
open flow of 100 million standard cubic feet per day (MMscf/d) (2 832 103 m3/d), but the platform topsides
and sales pipeline were designed and constructed with a sales capacity of 250 MMscf/d (7 080 103 m3/d).
A subsea pipeline transports the sale gas to an onshore liquid natural gas (LNG) facility supplied by several
other onshore and offshore natural gas projects.
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The natural gas production stream contains approximately 15 % of CO, which is removed onsite to increase
the sales gas capacity from the platform. The separated CO, is vented to atmosphere. From material balance
estimates derived from initial and subsequent reservoir pressures, the mid-ocean field was estimated to
contain about 2,0 trillion cubic feet (Tcf) (56 640 10 m3) of raw gas. Approximately 1,07 Tcf (30 302 10° m3)
has been produced to date. The field is now in decline at the design operating pressure of the platform, with
current raw gas production at 200 MMscf/d (5 664 103 m3/d). With the installation of booster compression,
the production can be increased back to 250 MMscf/d (7 080 103 m3/d) and the abandonment pressure can
be lowered in order to increase the ultimate recoverable gas reserves.

As part of the corporate and national goals to reduce carbon emissions, two projects have been identified for
the mid-ocean field:

— CO, papture and Injection,

— conyerting the field to CO, storage at the cessation of natural gas production.

8.4.2 Initial phase: CO, capture and injection

With chgnges to the regulatory policy regarding CO, emissions, the gas field will nho-longer be aythorized
to vent produced CO, if material changes are made to the field and associated infrastructure. Furthermore,
the govefnment has instituted a carbon tax of US$25 per tonne CO,, which escalates to US$100 per tonne
CO,, by 2050. Operators can offset taxes on CO, emissions with qualifying €05Capture and storage [projects.
The midjocean (MO) gas field can qualify as an offset CO, project if its emisSions are captured and| injected
back intp the producing reservoir, provided the site is reasonably monitored to ensure storage integrity.
Since thg booster compression project will need a satellite platform;a CO, re-injection compressiop project
is includgd in the project to reduce the operator’s CO, emission intenhsity and carbon taxes payable.

The project will utilize one of the existing producing wellsMO5, which is a downdip producer. That well
will be cpnverted to a CO, injector. With the anticipated maximum raw gas production rate of 295 MMscf/d
(8 354 1p3 m3/d), it is expected that initial CO, injectioh:will average approximately 30,0 MMscf/d (1 587
t/d). Sin¢e the booster compression will use fuel gas from sales spec gas, the CO, from flue gases from the
comprespion driver will also be captured and included'in the injection stream. Although this volumelis trivial
in compdrison to CO, captured from the raw gasstream, it is still economical at the current carbon fax level.

Reservoir modelling predicts CO, breakthrongh to the nearest producer will not occur for four|years at
which tifne that producer will be shut-in{once the capacity of the CO, capture train is reached) and secured
downhole with a bridge plug. It is necessary to identify the breakthrough CO, being produced anf clearly
differentjiate this from native CO,. Since the initial component ratio of CO, in the field was determiped to be
15 %, anly CO, component over and-above 15 % will be considered as breakthrough CO, attributable to the
projectipjections. To avoid doublecounting, such breakthrough CO, must not be accounted as newly pcquired
anthropggenic CO,. Both material balance behaviour and reservoir history match suggest a very smpll, finite
aquifer gnd as such thereisTittle interference or losses of CO, downdip during injection. As breakthrough
occurs af subsequent pfoducers, they too will be shut-in and secured downhole. Reservoir modelling predicts
sufficienf productien<will continue to meet the anticipated reservoir abandonment pressure before CO,
breakthfough to thriee highest up-structured wells. The quantification of any native or in situ CO, produced
in this cdse is cenducted under ISO 27916 to preclude any double counting of injected CO,.

9 Co

9.1 Purpose

Two International Standards have been published that examine the potential relevance to the transition of
storage associated with CO,-EOR to geological storage of CO,:

— SO 27916, which is directly applicable and addresses aspects of the storage of CO, in association with
CO,-EOR that are not otherwise addressed in applicable standards and recommended practices for
enhanced oil and gas production - namely assurance of CO, containment within the EOR complex and
the quantification of the stored CO,; and

© IS0 2024 - All rights reserved
31


https://standardsiso.com/api/?name=121554c2e1d4eb64ce9b05084221a713

ISO/TR 27926:2024(en)

— SO 27914, which addresses the geological storage of CO, onshore and offshore “within permeable and
porous geological strata including hydrocarbon reservoirs where a CO, stream is not being injected for
the purpose of hydrocarbon recovery or for storage in association with CO,-EOR”.

This clause provides a high-level review of ISO 27914 and ISO 27916 to identify issues, questions or gaps
for consideration in this document and for further consideration in the development and revision of other
documents relating to geological storage and storage of CO, in association with CO,-EOR. The first step will
be to examine the scope and coverage of ISO 27914 and ISO 27916 as applied to any geological storage of
CO, within hydrocarbon-containing reservoirs before, after, or during hydrocarbon production. The second
step will consider the extent to which either document would apply to the scenarios specifically identified
for discussion in this document that relate to the transition from storage of CO, in association with CO,-EOR
to geological storage. Finally, the third step will compare the requirements of ISO 27914 and ISO 27916 to
provide p greater understanding of the comparability of those requirements, focusing on similarjfities and
dissimilgrities (further detailed in Clause A.2).

When arfalysing ISO 27914 and ISO 27916, it is important to distinguish between the interplay of I$0 27914
and ISO [27916 discussed in this clause and the interplay of the legal, regulatory and-permitting|regimes
for CO, ipjection activities addressed in Clause 10. ISO 27914 and ISO 27916 do not iiecessarily parallel the
applicable regulatory or permitting framework (e.g. US Underground Injection-Control (UIC) rdgulatory
framewqrk for Class II and Class VI wellsl42]) where operational transitions to maximize CO, storage
can necqssitate additional regulatory or permitting approval, as discussed-in Clause 10. This analysis is
limited tp ISO 27914 and ISO 27916, not well classified and permitting issues. Notably, neither ISO 27914 or
ISO 27916 include information about transferring a project from one to the'other.

9.2 Scppe and coverage of ISO 27914 and ISO 27916

[SO 27914:2017, Clause 1 b) states that it applies to both onshore and offshore operations and establishes
i ents and recommendations for geological storage of €0, in permeable and porous geologicpl strata,
“including hydrocarbon reservoirs”. The applicability to hydrocarbon reservoirs does not include ogerations
that injert CO,, either for the purpose of hydrocarbomrecovery or for storage of CO, in associaion with
. ISO 27914:2017, Clause 1 NOTE 1 reiteratés that “[t]his document does not apply to [...] injection
of CO, fdr the purpose of enhancing production of-hydrocarbons or for storage associated with O,-EOR”.
ISO 27914:2017, 3.17 Note 3 to entry for the term:-“geological storage” states that the definition “is applicable
to nonpioducing hydrocarbon reservoirs” but - “does not apply to [...] CO, injection and storage in any

By comgarison, ISO 27916:2019, 1.2\states that the “document does not apply to quantificatiop of CO,
injected finto reservoirs where no hydrocarbon production is anticipated or occurring”. ISO 27916:2019, 1.2
further dJtates that the “[s]toragé.of CO, in geologic formations that do not contain hydrocarbons iy covered
by ISO 2[/914 even if located(above or below hydrocarbon producing reservoirs”. Finally, ISO 27916:2019,
1.2 statgs that “[i]f storage of CO, is conducted in a reservoir from which hydrocarbons were previously
producedl but will no lenger be produced in paying or commercial quantities, or where the intept of CO,
injection is not to enhance hydrocarbon recovery, such storage would also be subject to the requirgments of
ISO 27914”.

Howevel, there are apparent discrepancies between the scope discussions of ISO 27914 and ISP 27916.
For examplé;,JSO 27914:2017, 3.17 Note 3 to entry indicates that ISO 27914 does not apply to CO, njection
and storpge’in any formations containing producible hydrocarbons, whereas ISO 27914:2017, Clguse 1 b)
indicates that it does apply to geological storage in any hydrocarbon reservoir if the CO, injection is not for
the purpose of either enhanced production or storage in association with CO,-EOR.

Furthermore, 1SO 27914:2017, 3.17 Note 3 to entry indicates the pertinent questions for hydrocarbon
reservoirs are:

a) Are hydrocarbons currently being produced?
b) Are producible hydrocarbons present in the reservoir?

However, ISO 27914 indicates that the only relevant question is whether the injection of CO, is for the
purpose of either enhanced hydrocarbon production or storage in association with CO,-EOR. If not, then
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ISO 27914 would apply to any CO, injection for storage into a hydrocarbon reservoir that is not part
EOR project, regardless of the presence of producible hydrocarbons.

of a CO,-

In short, there is an apparent disconnect between the coverage discussions that would benefit from
clarification in future editions of ISO 27914 and ISO 27916. The textual inconsistencies also appear to allow
for the application of both standards in some scenarios, such as those addressed in this document where

projects can be transitioning from CO,-EOR to storage in the same reservoir.

9.3 Application of ISO 27916

If a project chooses to apply ISO 27916, ISO 27916 will by its terms continue to be applicable to the
operations of that project until all CO, injection and hydrocarbon production ceases and all of the injection

and progluction wells are plugged and secured - i.e. until the project itself is terminated. Furt
[SO 27916:2019, 10.4 b) states that part of the termination process involves “compliance~with
decommjssioning and plugging requirements for all CO,-EOR project wells [see 7.2 (g)], that-wel
allow fluid movement out of the EOR complex, and that the CO,-EOR project wells do not pose-a leak
which lefves the possibility open that “decommissioning and plugging” is not required_fof some wj
those wells cease to operate for the purpose of injecting CO, for storage.

Hence, fgr any scenario regarding a movement away from a business-as-usuat’CO,-EOR (such as
to maxirize CO, storage), any continuation of hydrocarbon production, regardless of how diminis
would cdntinue to be subject to the terms of ISO 27916. This includes the rfequirements to demonst
document continued assurance of containment of the injected CO, and to:quantify the mass of CO,
securely|contained. In short, following cessation of hydrocarbon production, ISO 27916 contempl
an operdtor can continue to inject CO, and to demonstrate, docume€nt'and quantify its safe and sec
term corjtainment in conformance with ISO 27916 until the CQ,\injection ceases and all wells arg
and secyred. Legal, regulatory and permitting aspects of suchvoperational scenarios are entirely
from the|continued applicability of ISO 27916 itself.

Alternatjvely, an operator would appear to have the option of transitioning from ISO 27916 to IS
after production of hydrocarbons ceases. ISO 27916:2019, 10.4 e) includes the possibility that
and equipment can be “left in place” and operated\for storage “with the approval of the authority
provisions appear to provide an operator with the options either to complete the termination proce
[SO 27916:2019, Clause 10 or to complete closure under of ISO 27914:2017, Clause 10 instead, for
that confinues operating CO, injection well§-after ceasing hydrocarbon production.

9.4 Application of ISO 27914

In the coptext of transitioning frem production to CO, storage, almost no set of circumstances woul
with 1S0|27914 rather than 1S0'27916. If all production and CO, injection ceases, with all wells plu
abandongd and then CO,-injection begins into the same reservoir with new wells, ISO 27914 woy

That is the sole exampleyoef a CO,-EOR to straight geological storage transition scenario in which
would necessarily apply’ ISO 27914 rather than ISO 27916. As noted above, ISO 27914 can be o
applicable wherethére is true transition from CO,-EOR to storage with the approval of the rg
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— stacked reservoirs used for CO, injection with a disposal well expanding into CO, storage;

— disposal wells (acid gas-C0O, mix) used for CO, storage with no production from the same reservoirs; and

— (O, injection is initiated into a hydrocarbon reservoir with fluid production to maximize CO, storage but

with no hydrocarbon production (ISO 27914 applies unless hydrocarbon production resumes
becomes a CO,-EOR project, in which case ISO 27916 can be used).

In general, however, for storage in a hydrocarbon reservoir still in production, a shift to ISO 27914 (as

and this

opposed

to a change in regulatory or well-permitting category) will occur only if the project ends production and
plugs all wells before initiating a new project for storage of CO, in the same reservoir without hydrocarbon
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production. Under the terms of ISO 27914 and ISO 27916, the new geological storage project will fall within
ISO 27914.

9.5 Conclusion

The analysis and comparison of ISO 27914 and ISO 27916 yield the conclusion that ISO 27916 - including the
containment assurance requirement and the associated storage calculation in Clause 8 - would continue to
apply to a project where CO, injection occurs into a reservoir previously used for CO,-EOR until the project
plugs all injection and production wells.

There is a gap, however, in the comprehension of the application of ISO 27914 and ISO 27916 to CO, storage
in a still producing depleted gas (condensate) field (concurrent production and storage), either to take
advantage of early access to storage resources while still aiming for optimal hydrocarbon recoygry or to
maintair pressure to optimize condensate yield. For example, it is unclear which standard would|apply to
CO, storpge in an up-dip gas cap with potential continued production in the oil rim. Thistype df project
would appear to be more closely aligned with the approach in ISO 27916 than with tliat of ISP 27914,
especially where the CO, injection is limited to the proven past operating envelope for@as containment and
avoids rgpressurizing the reservoir above original reservoir pressure.

It would be particularly useful to have applicability of the standards to<such projects clarified in
forthcoming revisions of the respective standards when applicability to hydrogarbon reservoirs is|clarified
more generally. For reservoirs with concurrent production and storage, it-is essential that the goyernance
of reservyoir integrity, risk management, financial and tax status be clearly defined to avoid ambjiguity in
its treatment, especially if ownership of production operations is not fully aligned with ownership of the
storage project.

10 Legpl, regulatory and permitting issues

10.1 Gdneral

This clayse addresses some of the legal, regulatory and permitting issues to be considered in the dev¢lopment
of storage or utilization projects similar to thoseTepresented by the operational scenarios and casp studies
describefd in Clause 8. The focus is on the steps to be taken or the potential barriers that can arise under
existing Jegal and regulatory frameworks-when pursuing those operational scenarios.

A caveat| that must be kept in mind_is.that evaluating legal or regulatory issues presented by a project is
essentially project specific.

Legal aspects, in particular ofeal property, are subject to the law of the particular jurisdiction. For purposes
of the digcussion, this generally means individual states in the United States, individual provinces inj Canada,
individual Member Statés)of the European Union, Norway, Japan, Brazil, the constituent jurisdigtions of
the Unit¢d Kingdom, the’states and territories of the Commonwealth of Australia and similar or ahalogous
jurisdictjons around;the world - a very large and extremely diverse set of legal systems.

In additijon, with*regard to offshore projects, legal regimes are at present being significantly rgvised or
created In a<number of jurisdictions. As a result, Clause 10 only provides a high-level overview of some of
legal issyésfo be considered and can in no way be considered an opinion or legal conclusion regarding any
specific project.

10.2 Pre-existing legal and regulatory paradigm

10.2.1 General

As the initial operation is an oil and gas recovery operation, the basic legal framework governing oil and gas
operations in the relevant jurisdiction governs the operator’s legal authorization to engage in the basic steps
of the project, including:

— accessing and using the surface (including the seabed) and the subsurface;
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— drilling wells and injecting CO, and other substances;
— accessing and using infrastructure; and

— leaving the injected CO, in place along with various other substances that can be injected as part of the
operation, following the completion of hydrocarbon recovery.

This framework typically comprises both a public law component that governs operations authorized by a
governmental entity and a private law component that defines the rights, duties and remedies for the private
parties to structure, consummate and operate the various governmentally authorized activities.

10.2.2 Comparison of legal and regulatory frameworks for mineral recovery versus frameworks for
managifg geological tnjections for storage

10.2.2.1| Comparing the two activities

The pre-existing legal and regulatory framework for oil and gas operations consists-among othé¢r things
of statufles, regulations, judge-made case law, well permits, health, safety and enyironmental approvals
and pradtices, mineral property leases, and unitization or pooling agreements. This framework has been
developdd in jurisdictions across the world over 160 years since the first modefn‘oil well was completed in
1859. In pome respects, it is built on mining and property law that was develgped long before that.

When proposals began to be made in the past 20 years or so to inject €0, in operations that were not
associat¢d with hydrocarbon recovery, it was quickly recognized. that much of this oil and gas legal
framewdrk would not apply by its own terms. From a textual standpoint, the various legal insfruments
spoke only of hydrocarbon or other mineral recovery operations<{From an operational and risk marflagement
standpoint, there were material differences in pressure management regimes, appropriate geographic areas
of review and other factors. This is shown in ISO 27916:2019, €lause A.4, Clause A.5, Table A.2 and Figure A .4.

In short) the pre-existing laws, regulations and industty practices typically presupposed that the entire
purpose|of the project was the recovery of an econpgmiically valuable mineral resource: oil and gas (other
mineralq such as salt, helium, sulfur). Thus, the legalframework is generally aimed at maximizing|the total
ultimate|recovery of the valuable hydrocarbon nesource while restricting or prohibiting outright yse of the
subsurface for injecting substances for any other purpose. In contrast, the legal and regulatory frgmework
for geolqgical storage of CO, that is not asséciated with hydrocarbon recovery (i.e. “dedicated” |or “non-
associat¢d” storage of CO,) is focused on’the deliberate storage of non-commercial CO, for purposes of
reducing atmospheric CO, emissionsyIn-addition, between these two “poles”, a hybrid approach gan apply
in some Jnstances where one or mereinfrastructure or operational elements of a project are constfucted or
permittdd under a petroleum law,framework even though they begin to be used for injecting CO,| for non-
hydrocatrbon storage.

These differences are greatenough that significantly differing legal and regulatory regimes are usqd for the
two actiyities, despite the commonalities that also exist.

Evaluating projects'\that would transition an existing site from hydrocarbon recovery to dedicated storage
of CO,, 4s deseribéd in the operational scenarios discussed above, thus calls for an examinatign of the
boundarfes between the two legal and regulatory paradigms to identify potential steps to take under both
private law.(e. 8- property rlghts mineral leases umt operatlon agreements) and pubhc law (e.g. permitting,
licensin —eTvit onmentat 1c5u1au,u_y \,uxuyuau\,CJ Yartous—amendmentsor-revistons—to Pt trate agt eements
or regulatory permissions can be necessary. The inability to obtain a necessary amendment or revision,
absent some alternative solution, can pose an insurmountable barrier to a particular project. Nevertheless,
the existence of a production license does not exclude the co-existence of a storage license. However, storage
does trigger additional risks that can be managed and incorporated in regulatory guidance. Continuing
production would prompt updated storage calculations, additional risk management and long-term
containment assurance.

The differing paradigms are also reflected in ISO 27914 and ISO 27916, which have been developed for
demonstrating, documenting and quantifying the secure long-term containment of CO, injected in the CO,-
EOR and non-CO,-EOR operations. See Clause 9 and the comparative analysis in Annex A.
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10.2.2.2 Illustrative environmental and related permitting regimes

10.2.2.2.1 Australia

Australia is a federal system under which each of the Australian state, territory and federal governments
have their own set of Acts and Regulations that make up the legal and regulatory framework for hydrocarbon
extraction or greenhouse gas storage in their jurisdiction. To date, the Australian jurisdictions that have
specifically covered greenhouse gas storage in new or existing legislation include Queensland, South
Australia, Victoria, Western Australia and the Federal Government for offshore waters.

In terms of permitting, these Australian jurisdictions have two separate license categories that cover
hydrocarbon extraction and greenhouse gas storage. As a result, a hydrocarbon extraction licensee in
Australig is not permitted to also store carbon dioxide gas in the geological units underlying their license,
unless they also have rights to a greenhouse gas storage license for the same area.

With thq introduction of greenhouse gas storage licenses under Australian legal frameworks over the last
20 years] each jurisdiction has generally ensured that pre-existing hydrocarbon extraction licens¢ holders
are given first rights to an equivalent license for greenhouse gas storage.

Australign legislation that covers greenhouse gas storage defines greenhouse gas€6 include CO, (in gaseous
or liquid|state), prescribed substances or mixtures of the samel2l.

For a prdject authorized by a greenhouse gas storage license or hydrocarboen’extraction license in Australia,
all liabilities associated with the operation of the project will rest with the license holder.

Once a greenhouse gas storage license or hydrocarbon extraction license is surrendered, the |relevant
Australign jurisdiction becomes the owner of sequestered greenliouse gas and remaining infrastrycture (if
any) that can be used in long-term monitoring. For this case,an Australian jurisdiction will only allow a
license tp be surrendered once the relevant Minister is satisfied that the risk of adverse impacts fesulting
from thd license are acceptably low. For example, risks\associated with greenhouse gas leakagp from a
storage reservoir must be addressed through a monitering and verification plan that demonstrafes long-
term corftainment to the Minister’s satisfaction.

The Federal Government offshore legislation and South Australian Government onshore legislation both
provide & mechanism whereby ongoing liabilities can be transferred from a greenhouse gas license holder to
the govefnment, subject to approval by the-relevant Minister. For this mechanism, the Federal Government
requires| post-closure monitoring for at l€ast 15 years, while the South Australian Government lgaves the
period of post-closure monitoring to,'be determined in an independently verified monitoring plan. This
provision is only available to alicensee (not a former licensee) and therefore must be exercised prior to license
surrendgr. No other Australian greenhouse gas storage legislation provides for the relevant goverpment to
indemnify the former authority’holder after surrender of the injection and storage authority[2l.

10.2.2.2|2 Canada: Alberta

Canada is a federalfunion of its provinces and territories evolving from a union originally organized by
the United Kingdom in 1867. Additional provinces were admitted to the union over the ensuing|decades.
One congequence of that history is that the legal framework governing real property can vary significantly
among theZprovinces (and territories). In addition, there is generally no federal regulator for CO, sforage in
Canada. TOTT1 i i -

Currently, this subclause applies principally to Alberta, where conservation of hydrocarbon resources is a
priority. An application for carbon sequestration tenure must include an analysis of the likelihood that the
operations will interfere with mineral recovery. A proponent must also satisfy the Alberta Energy Regulator
(AER) that the injection of the captured carbon dioxide will not interfere with the recovery or conservation
of oil or gas, or existing use of the underground formation for the storage of oil or gas.[2l

NOTE1 The frequently referenced Sask Power project and the Weyburn CO,-EOR operation are located in the
neighbouring province of Saskatchewan, not in Alberta.

4) For amore general overview of Canadian regulation, see “Bridging the Gap: an Analysis and Comparison of Legal and
Regulatory Frameworks for CO,-EOR and C0O,-CCS” (Report to the Global CCS Institute) (2013), pp. 98-103.
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NOTE 2  The terms “sequestration” and “storage” are used synonymously in this document.

Atahighlevel, the tenure and regulatory framework in Alberta for CO,-EOR and carbon sequestration do have
some key differences. With respect to land tenure, in Alberta proponents seeking to undertake enhanced oil
recovery using carbon dioxide must acquire the rights to the minerals, either through the Crown in Right
of Alberta (obtained from the Alberta Department of Energy), or through the freehold mineral owner(s). In
Alberta, the Crown owns 81 % of the province’s mineral rights (approximately 537 billion square metres).
The remaining 19 % are ‘freehold’ mineral rights owned by the federal government on behalf of First Nations
or in National Parks, and by individuals and companies.®

With a petroleum and natural gas (PNG) tenure agreement from the Government of Alberta or agreements
with freehold mineral owners, proponents can approach the AER for approval of the CO,-EOR scheme The
AER enspire in a safe
and envi onmentally respon51ble fashion. CO2 EOR operators must adhere to any monitoring and feservoir
managetphent activities and conditions put forward under an AER approval. The injected COy.is considered
an integral part of the approved hydrocarbon recovery operation and no separate land tenhute is fequired
apart frdm the mineral.

Under lggislation adopted in 2010 (“Bill 24”)[46], proponents seeking to undértake sequestfation of
captured carbon dioxide from large industrial facilities, with no related oil preduetion, can do sd under a
carbon sequestration tenure agreement from the Alberta Department of Energy.*The 2010 statute declared
the subsprface pore space to be the property of the Crownlél. An evaluation-permit allows for eyaluation
and test|ng for the purposes of determining a formation’s suitability for\carbon sequestration. A carbon
sequestration lease provides for the injection and sequestration, of)carbon dioxide into pore space.
Leases ificlude requirements for establishing plans for monitoring, theasurement and verification (MMV)
activities (i.e. to confirm containment), as well as closure plans)te be updated regularly. MMV plans set
out the monitoring, measurement and verification activities that the permittee will undertake and|contains
an analypis of the likelihood that the operations or activities'that can be conducted under the pefmit will
interferd with mineral recovery.

Carbon dequestration lessees must also pay into the Rast-closure Stewardship Fund at a rate established by
the Minigter. This fund is used to offset the costs oflgrig-term monitoring and maintenance when the Crown
in Right pf Alberta assumes liability for the injeected carbon dioxide. This liability transfer occurs following
the issugnce of a closure certificate when the Minister is satisfied that, among other things, the lgssee has
abandonkd all wells and facilities and the captured carbon dioxide is behaving in a stable and pre¢dictable
manner, [with no significant risk of futuré leakage.

The trarfsition of a CO,-EOR operation into a carbon sequestration operation presents some rggulatory
considerptions, particularly if thé.objective would be to ensure CO,-EOR meet the same conditjons as a
carbon sequestration operation‘discussed above and given that the CO,-EOR operation is likely gperating
for some|time by that pointOther considerations include scenarios with mixed hydrocarbon owneyship (i.e.
both Crdwn and freeholder-owners) and the potential for some hydrocarbons to remain in the reservoir.
Carbon sequestration léagses are still fairly non-routine, and to date, such a lease has not been grantgd within
a deplet¢d hydrocarbon field. Furthermore, CO,-EOR projects do not transfer liability or make payments
into the Post-closurg Stewardship Fund for the carbon dioxide that will have been injected up to th¢ point of
transition.

10.2.2.2|3-€anada: Saskatchewan

The Saskatchewan Ministry of Energy and Resources (ER) has jurisdiction over the CO,-EOR and CO,
storage activities in the province. Injection activities are governed by laws, orders and guidelines relating to
enhanced oil recovery production. The provincial legislation recognizes the right to inject CO, to enhance oil
recovery as part of the rights to extract sub-surface minerals.

The 0il and Gas Conservation Act (OGCA) of Saskatchewan[26] is the primary piece of legislation governing
EOR and the injection and storage of CO, in the oil fields. The OGCA is supplemented by The 0Oil and Gas
Conservation Regulations'>4], and orders and guidelines made under the authority of the Act. Provisions in
the statute and its regulations govern development, operation and decommissioning of CO,-EOR operations.
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Where the Crown holds 100 % ownership of the mineral title, a project proponent needs a Crown disposition
to proceed. In general, any access to the subsurface necessitates the consent of the owner(s) as well as all
relevant regulatory permit and license approvals. Surface access also needs to be obtained from the owner
(which can be freehold) and other municipal and utility approvals can be necessary.

The well licensing process in particular requires consent(s) to be obtained from the owner(s) within the
drainage unit or area of the well within the storage formation(s) (not the formations(s) above the storage
pool). In addition, the offsetting parties to the storage pool, who will be impacted by the storage operation,
must be notified through the public notice process or provide consent-in-lieu of public notice proceedings.

As per above, the same well licensing processes for consent and public notice apply. Where freehold mineral
rights owners fall within the public notice area their notice or consent-in-lieu of notice will be required.

The Reclllimed Industrial Sites Actl48] includes most of the provisions that can be used for transferef liability
for a CO,fstorage site to the Crown.

10.2.2.2{4 European Union and related jurisdictions

The Eurgpean Union (EU) consists of 27 member states (after the exit of the United Kingdom).lZl Three other
states (Ifeland, Liechtenstein and Norway) collaborate with the EU through thé®uropean Economic Area
Agreemgnt (the EEA Agreement). The member states of the EU and to a large ‘extent the EEA states are
obliged to implement legally binding EU framework (the most important categery of acts contains djirectives
and regulations) and adopt measures of national law necessary to do so. Eorboth regulations and djrectives,
the EU can pass legislation that sets minimum standards, which do not preclude member states froin setting
more stifingent standards and enables member states to maintajn\inore stringent regulatory provisions
than thope prescribed if these are otherwise compatible with EUdaw{4],

The EU jmplemented a regulatory framework for CO, storage in 2009 through the CCS Directivgl8l. This
instrumg¢nt has been transposed into binding national lawzin all the EU member states and the three EEA
members$. Furthermore, the United Kingdom transposed.it into national law prior to exiting the HU and to
date, the[United Kingdom has not replaced the national¥egulatory framework for CO, storage. It thuis follows
the EU Djrective as originally transposed. The CCS Directive applies to CCS operations, while CO,-EPR is not
explicitly included. However, the Directive provides in Recital 20 that if CO,-EOR is combined with agsociated
storage ¢f CO,, the provisions of the CCS Directive apply accordingly.[8] Therefore, the following applies to
both gedlogical storage of CO, and associatéd storage during CO,-EOR (at least where the project’s|purpose
includesmaximizing CO, storage or whete the operator seeks to document and quantify the amoupt of CO,
that is stpred for purposes of the ETSDirectivellZ] or other qualifying regime).

The CCY Directive harmonizes-‘administrative procedures, and to a certain extent the substantive
requirements, for geological storage, across member states, however leaving each member stpte with
considerpble freedom to decide’ how site operators are to prove their ability to safely operate and monitor a
storage dite up to the pointef closure of the storage site and later transfer of responsibility to the cqmpetent
authority. The main requifements for capture and transport are found in other documents,®) as the|primary
focus of the CCS Dirgctive is storage.

Any Eurppean.geological storage activity with the intended amount of CO, stored of 100 kilotpnnes or
more has to bezecommissioned pursuant to a national storage permit according to the Directive 200p/31/EC,
Article § and also see Artlcle 2(2) (8] Important attachments to the storage permlt are descrlptlo of the
storage ¢ g : : ing plan
and a provisional post—closure plan according to Directive 2009/31/EC Artlcle 9l8l, ThlS approach ensures
that the operational framework is to a degree tailored to each individual project and built on technical
considerations and operator experience and capabilities pursuant to the minimum criteria of the CCS
Directive. Also included in the permit is “the requirement to establish and maintain the financial security or
other equivalent pursuant to Article 19”, to ensure the operator will be able to cover the financial burdens of
the permit requirements, including closure and post-closure obligations and liabilities.

5) Such as the Environmental Impact Assessment Directive (2011/92/EU) and the Industrial Emissions Directive
(2010/75/EU).
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Generally, the permits stipulate detailed requirements supplementing the provisions in Directive 2009/31/
EC, Article 4[8], covering aspects such as monitoring, reporting and an obligation to implement measures in
case of leakage or significant irregularities (see Directive 2009/31/EC, Article 9[8l).

National draft permits have to be reviewed by the European Commission before being finalized. A number
of project applications have been filed with Dutch authorities for permits or licenses to store CO, offshore.
The EU Commission has so far reviewed three such applications with non-binding opinions to guide the
Dutch regulators. The Porthos CCS project currently holds two such licenses. Porthos has received storage
permits for the P18-2 and P18-4 fields.[2] On 16 August 2023, the Administrative Law Division of the Council
of State ruled positively on the ecological assessment of the Porthos project?], which enabled the completion
of its FID[2],

The critdria for monitoring are based on the proposed monitoring pian stiputated in the permit application
pursuant to the requirements provided in Annex II of the CCS Directivel8]. The monitoring plan’is subject
to updatps and changes based on both a five years’ time interval and otherwise as required,by"Annex II of
the CCS Directive. A similar approach applies to the obligation to implement measures incas€ of ledakage or
significapt irregularities, according to Directive 2009/31/EC Article 16(2), sections Z{7) and 9(¢)&l. The
operator|is required to provide both a description of measures to prevent significantirregularitie$ and the
corrective measures plan in the permit application and the permit will.contain the requjrements

A CO, stjorage project is operated under the assumption of strict liability_fer the operator, which can be
, for example, the obligation to implement corrective measures i1 case of leakages or significant
irregularities and to surrender allowances in case of such leakage. Theobligation to surrender emissions
allowandes lies upon the emission source (e.g. according to the emissions trading system (ETS) Direftivel49])
until thq CO, is stored and thereafter on the storage operator)until a transfer of responsibilify to the
competent authority post-closure. Consequently, the operator:must notify competent authorities pursuant
to the difective governing the EU’s ETS in case of any “leakages’or significant irregularities which imply the
risk of lepkage” and surrender allowances accordingly.

The CCS Pirectivel8] does not provide for exceptions tothis responsibility and liability in case of earthquakes
or other|externally inflicted irregularities to the storage site. Additionally, the operator is subjefct to the
same obligations post-closure, for a minimum period of 20 years after injection ceases and th¢ storage
site is clpsed. After the lapse of this minimum“period, the operator is eligible to transfer the ligbility to
the competent authorities, provided it demonstrates that the stored CO, is “completely and permanently
”, the injection site has been “sealed and the injection facilities have been removed”, and that the
operator| has made a financial contribution available to the competent authorities, which is to replace the
operatoifs financial security.

The finapcial contribution (named financial mechanism in the CCS Directivel8]) covers as a minijum the
anticipaed monitoring costfor the competent authorities for a period of 30 years after transfer and takes
elementg such as site history into consideration. Articles 19 and 20 of the CCS Directivel8l contajns more
detailed|criteria for financial security and financial contribution. The European Commission ha$ further
issued a jpon-binding‘guidance document on the financial security and financial mechanism for thelmember
states arld some nrefnber states and EEA states have set their own additional criteria based on these| The CCS
Directive opens:for'the possibility of a shorter period than 20 years of post-closure obligations, proyided the
competeht authority is “convinced that all available evidence indicates that the CO, stored will be completely
and permangntly contained”.

The CCS Directivel8! currently holds no explicit provisions on transitioning a CO, storage project form CO,-
EOR to CCS or from CCS to CO,-EOR (see 10.3.2.3.2). There is, however, a provision on changes to the storage
permit, which states that “[t]he operator shall inform the competent authority of any changes planned in
the operation of the storage site [...]” Furthermore, the provision endorses updates to the permit or permit
conditions “[w]here appropriate”.

Transitioning from CCS to CO,-EOR would indeed imply a change in the operation of the storage site, given
that there are, for example, other operational elements, monitoring requirements and infrastructure
utilization to consider. Storage of CO, would no longer be the main purpose of the storage site. Conversely,
transitioning from CO,-EOR to CCS, would imply a change from focusing on petroleum extraction to CO,
storage, with the consequential changes in infrastructure, monitoring and other operational elements.
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The CCS Directive does not explicitly state what changes in an operation make it “appropriate” to update the
permit or permit conditions. However, it is stated that the member states after a review, “where necessary,
[shall] update or, as a last resort, withdraw the storage permit” under certain pre-defined conditions, none
of which includes transition to a completely different operation. The nearest condition is “if it appears
necessary on the basis of the latest scientific finding and technological process”. A mere update to the permit
can thus not be considered “appropriate” for transitioning, as referred to in the paragraph above, from a
structural interpretation of the CCS Directivel8l.

Though a transition is not necessarily eligible for an updated permit the CCS Directivel®] does state that
“Member States shall ensure that no substantial change is implemented without a new or updated storage
permit issued in accordance with [the CCS Directive]”. As such, a transition can most certainly qualify as a
“substantial change”. The statutory language seems to leave it up to the Member States to decide whether to
update of issue a new permit in a situation of transition, depending on how the CCS Directivel®! is tr%nsposed

and the dontents and criteria of the original permit. However, the abovementioned interpretatiof|can restrict

the memper states’ ability to transition without going through the motions and issuing a new)permijt.

Regardlgss of the national transposition, if the original project was not operated pursuant to[the CCS
Directiv¢[8], the original project permit would have to be terminated and decommiss$ionied accord|ng to its
license gr permit requirements, and a new permit issued. Consequently, the storage/site would have to be
characterized and assessed again to document whether the storage site and storage complex ar¢ capable
of safe, lpng-term storage of CO,. Additionally, the updated site characterizatign would include infgrmation
regardinlg the CO, in place already because of the preceding CO,-EOR operations, as this would mest likely
be considlered “in situ” for the new project. Such categorization of the CO4in'place has consequenceg for such
issues agliability and ETS allowances in the event of potential future leakages.

10.2.2.2{5 Norway

The starft of CCS in Norway, at the natural gas field of Sleipner in 1996, was the result of the fact] that the
natural gas was bought and sold in Europe, requiring the.operators to strip CO, from the natural gas stream
to meet fhe relevant technical specification for the delivered natural gas stream. Furthermore, 4 CO, tax
was intrpduced in Norway in 199110 as a mitigating measure against CO, emissions from the|offshore
industry[1ll. Thus, instead of venting the CO, stripped during production to meet the technical spegification
for the nptural gas stream and paying the CO, tax, the operators of the Sleipner project decided to store the
CO, in adjacent geological formations.

In 2005, the tax was followed up by the implementation of the European Trading Scheme pursuant to the EU
ETS Dirgctive.[l2] This trading reginie-imposed allowances within a cap-and-trade scheme for efnissions,
applicable to both onshore and ¢ffshore industries.®) This framework is applicable in parallel with the
offshore[CO, tax, implying that thejtotal cost of emitting CO, from for petroleum operations offshorg Norway
became $ubstantial.”)

None of these frameworKs-were implemented solely as tools to enforce implementation of CCS but o reduce
emissiorls in general, They have, however, worked as enablers for CCS offshore in Norway, first for|Sleipner
and later for Snghviti When issuing a license and emissions permit for the offshore natural ga project
Snghvit, jmplementation of CCS to deal with excess CO, was made mandatory.

A frameyvork specific to CCS, to ensure safe long-term storage for CO,, was implemented in Norway 2014,
through [the)transposition of the EU CCS Directivel€l. In the period between 1996 and the transpgsition of
the CCS DiTective, the CO, storage operations at sleipner and sngnvit were both regulated and operated
pursuant to the legal framework for petroleum operations and were included in the plan for development

6) The EU Emissions Trading System was implemented through the Act relating to greenhouse gas emission allowance
trading and the duty to surrender emission allowances, LOV-2004-12-17-99. The cost of EU Emission allowances per

ton of CO, is approximately 22,3 euros, per 14. January 2019. https://www.eex.com/en/market-data/environmental
-markets/spot-market/european-emission-allowances#!/2019/01/14.

7) For 2022, the tax rate is at NOK 1,65 per standard cubic meter of gas or per liter of oil or condensate. For combustion
of natural gas, this is equivalent to NOK 705 per tonne of CO,. For emissions of natural gas, the tax rate is NOK 10,66 per
standard cubic meter. For 2023, the carbon tax is NOK 1,78 per standard cubic meter of gas and NOK 2,03 per liter of oil
or condensate. For combustion of natural gas, this corresponds to NOK 761 per tonne of CO,. For emissions of natural gas
to air, the rate is NOK 13,67 per standard cubic meter.
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and operation (PDO) for petroleum operations, as these CO, storage activities were considered to be an
integrated part of the petroleum operations.

The objective and approach of the CCS Directivel8] gave Norway some leeway regarding how and by which
instruments the Directive’s provisions were to be implemented. Consequently, when Norway transposed
the Directive, the regulatory authorities honoured the ongoing activities in Norway and implemented a
two-track regulatory system for CCS CO, storage associated with the petroleum industry, as, for example,
Sleipner and Snghvit or future CO,-EOR projects would continue to be regulated according to the petroleum
framework, with permits and projects to be in compliance from 2016 onwards.[23] The other track is for CO,
storage not associated with the petroleum industry, as, for example, the Longship project which intends
to store CO, offshore from onshore industrial sources such as cement.l14] For both tracks, the Norwegian
Pollution Control Act and Regulation[23], as well as the Emissions Trading Act and Regulation[26] apply.

To a largp extent many of the provisions provided for in the Directive are translated and transposed directly
into the|Norwegian instruments. Also, even if the framework is split in two tracks, theprovisjons and
requirenpents related to geological storage of CO, are to a large extent identical.

10.2.2.2]6 United States

In the Unjited States the environmental permitting frameworks for the two activities differ significantly. The
Environiental Protection Agency (EPA) has defined two permitting frameworks under the Und¢rground
Injection| Control program for fluid injection wells. Class II well permitting)applies among other things to
wells injpcting CO, for the purpose of enhancing recovery of oil or natural gas. 40 CFR §146.5(b)(2). Class
II permitting is generally administered by state regulators that have b€en granted “primacy” by [the EPA.
Under a foordinated federal and state statutory and regulatory seheme, individual state regulatory bodies
can qualify to implement the federal regulatory program, but tinder their own state law (i.e. bef granted
“primacy”) by meeting certain federally prescribed requiremeiits.

Class VI|geological sequestration permitting applies to.wells injecting CO, for the “primary pugpose” of
long-terin storage. At present, only a very small number'of states have qualified for primacy for|Class VI
permittipg. Accordingly, the federal EPA itself directly-administers most of the Class VI permitting.

The regylations require that operators of Class I=permitted wells that inject CO, for the primary pyrpose of
long-terin storage into an oil and gas reservoir must apply for and obtain a Class VI permit when tHere is an
increasef risk to USDWs as compared to Glass II operations. 40 CFR §144.19(a). The regulation enymerates
various ¢riteria to be considered in making that determination, such as increased reservoir pressure within
the injection zone (see 10.3.2.3.1).

In 2015, |the EPA discussed the eriteria for reviewing potential transitions from the hydrocarbor-focused
permittipg framework to the-storage-focused framework and provided high level guidance in th¢ form of
six “key principles” relatedito-transitioning wells from Class II to Class VI permitting.8) The mem¢randum
explaine that:

"[Enlhanced Receoyery (“ER”)] operations that are focused on oil or gas production will be jnanaged
und¢r the Class\{I'program. If oil or gas recovery is no longer a significant aspect of a Class Il permitted
ER dperatioh,‘the key factor in determining the potential need to transition a CO, ER operatjon from
Clasp II to€lass VI is the increased risk to USDWs related to significant storage of CO, in the reservoir,
wherethe regulatory tools of the Class Il program cannot successfully manage the risk.

The most direct indicator of increased risk to USDWs is increased pressure in the injection zone related
to the significant storage of CO,. Increases in pressure with the potential to impact USDWs should first
be addressed using tools within the Class Il program. Transition to Class VI should only be considered if
the Class II tools are insufficient to manage the increased risk."

8) The Office of Ground Water and Drinking Water, in consultation with the Office of General Counsel, interprets these
key principles as applicable to Class II-D acid gas wells. EPA, Key Principles in EPA’'s Underground Injection Control
Program Class VI Rule Related to Transition of Class Il Enhanced 0Oil or Gas Recovery Wells to Class VI (April 23, 2015)
(https://www.epa.gov/sites/default/files /2020-08 /documents/class2eorclassémemo_0.pdf).
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10.2.3 Pore space ownership and access

10.2.3.1 General

In a successful CO, EOR operation, the injected CO, diffuses through the pores of the relevant formation,
contacting the hydrocarbons and other formation fluids. A portion of the injected CO, is brought to the
surface in the raw production stream, separated from the other production fluids, and then either recycled
to the operation or, where allowed, can be vented to the atmosphere. As the operation progresses however,
the injected and re-injected CO, gradually replaces the pre-existing formation fluids (e.g. the hydrocarbons
and brine) in the pores of the rock.

A threshold issue that distinguishes hydrocarbon recovery-focused operations from CO, storage-focused
operatiops is the nature of the land tenure, mineral lease or similar legal instrument providing ‘%ccess to

the real property where the operation will be conducted, whether surface, seabed or subsurface. Different
countriep have different legal systems applicable to subsurface property ownership or actess. A project
developdr or proponent of a project planning a transition from a hydrocarbon recovery-focused dperation
to one that is focused on CO,-storage needs to review the applicable underlying propeftyinterest pr access
instrumgnts to ensure that they are adequate for the revised operation.

Legal syftems governing mineral interests or other use or exploitation of the‘subsurface can digtinguish
between| use of commercial hydrocarbon recovery and other uses. In some jurisdictions, the legal right to
access the subsurface for CO, injection can be explicitly tied in some fashion to hydrocarbon recpvery. In
additionfthe legal right to access the subsurface for CO, storage can be held by a party other than the owner
of the minerals.

A threshpld legal issue for CO, storage, both associated storage during CO,-EOR and non-associated storage
in a dedifated CO, storage operation, is thus determining the terms and conditions of access to the|relevant
real property. The real property in question can comprise of d¥variety of property interests. Princippal among
these arg:

a) the qurface;
b) the qubsurface rock formations (which can he particularly defined formations or depth horizons); and
c) the microscopic space inside the rock that‘contains various formation fluids and the injected CO,.

The pre-existing formation fluids typically include water (i.e. brine) and can include various otHer gases
and mingrals.?) These can include hydrocarbons as well as non-hydrocarbon minerals or gases, which can
include quch components as nitrogen (N,), helium (He), salt or hydrogen sulfide (H,S). It is not unpsual for
geological formations around the)world to contain natural carbon dioxide (CO,), sometimes in significant
percentages(15]-[19],

From a legal standpoint~€CO, injections for EOR are in general the same as injecting H,O in a waterflood
operatioh: the mineral\lease (or other legal instrument granting access) that contemplates or allows for
the injecfion of substances needed to maximize the total ultimate recovery of the resource would pormally
include the concomitant right to leave the injected substances in the formation. The injection of agditional
CO, beypnd that which is necessary for maximizing recovery can be viewed as more equivalent to the
injection of‘produced water and can be subject to different legal rules regarding surface and supsurface
access andindirect migration. UI

The ownership of these various real property interests is defined quite differently in different legal systems.
The legal right to access, mine, extract or make use of a particular real property interest is thus defined
by the relevant real property legal regime. The geographical location of a project within a single country’s
jurisdiction or across a national border can also implicate differing framework and ownership issues.
Whether the project is onshore or offshore, and as such how far offshore, can heavily influence this.

In Norway, for example, all the CO, storage projects are planned for offshore, in areas that are owned and
governed by the Norwegian state. This is also the case for several other European countries planning CO,
storage or EOR operations. In contrast, most CO, storage and EOR projects in the US to date have been

9) The reference is to substances that are gases at standard temperature and pressure conditions (i.e. at the surface).
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operated onshore, often on exclusively or primarily privately-owned lands. More recently projects have
been publicly discussed for CO, storage offshore, particularly in waters offshore Texas and Louisiana. The
sub-seabed storage formations can be either state- or federally owned, depending on the jurisdiction and
the distance offshore (i.e. the dividing line between federal and state waters is different offshore Texas as
opposed to offshore Louisiana because of the unique circumstances governing the two states accession to
statehood under applicable law).

10.2.3.2 Observations regarding select jurisdictions

10.2.3.2.1 Australia

In Aust aha, the lcsq} frameworks—that pet mit—aceess—for ]u_y(,]u ocarbonr—extraction—and gt eentlrpuse gas
storage are based on public ownership of the underground resources and pore space. For onshpre land,
these frgmeworks are administered by the relevant Australian state or territory governmeht juriisdiction
to whicH the resource or pore space is geographically located. For offshore waters (i.e..beyond the three
nautical mile limit of coastal waters), the Australian Federal Government has jurisdiction (for morg details,
see chapters 11 and 12 of Reference [4]).

10.2.3.2]2 Canada: Alberta

As noted above, under section 15.1(1) of the Bill 24 in 2010[43], pore space,in Alberta was declared to be
generally vested in and owned by the Crown in Right of Alberta. Regulations implemented this grovision
and estaplished a process for project proponents to lease pore space for'CO, storage purposes. As|a result,
project proponents approach the Government of Alberta for thenécessary property rights. Thik is thus
differenf from CO,-EOR operations which occur under the mineral rights, which can have mixed oynership
(e.g. the Crown, freehold estates).

The legdl and regulatory situation for CO,-EOR and storage in Alberta is dynamic at this writing. For
example| recently, there have been some enhancements‘in how pore space rights for carbon sequéstration
are being granted, with the government moving to a more competitive process (as opposed to application of
“first cone, first served” principles). Following muchinterest in pore space, the government is undertaking
a competlitive process with the intent of working toward efficient pore space management and [avoiding
challenggs associated with numerous, and poténtially overlapping, sequestration proposals/applications.
Under thlis approach, a carbon sequestration*hub manager” would service a number of different emissions
sources in a region.

While thle new process will build oftexisting legislation, it likely will lead to some additional requjrements
related tp ensuring open access tothe hub and fair service rates. Thus, there will continue to be differences
between| CO,-EOR operations- (with associated storage) and CO, storage regimes, including different
tenure regimes and mixedcownership of the oil. In addition, questions remain as to when a reservoir is
“depleted” enouglrto transition to dedicated carbon sequestration. In short, challenges related to
ing from CO4<EOR to sequestration remain.

10.2.3.2|3 Canada:'Saskatchewan

In Saskatchewan, The Crown Minerals Act!4?] confirms the ownership by the Crown of spaces occupjied by or
formerly] 6egupied by Crown minerals (ownership on pore spaces on Crown mineral lands has bedn vested
with the Crown as per section 27.2 of The Crown Minerals Acti®2T). The Crown Minerals Act®2] also authorizes
the Crown to enter into agreements to lease pore space.

Legislation is not equally as specific on the ownership of pore space where mineral rights are held freehold.
The ownership of pore spaces on freehold lands has not yet been clarified through the courts or legislation.

10.2.3.2.4 European Union

Pore space ownership, mineral leasing or other land tenure and potential commercial contracts for land
lease or similar instruments are not dealt with under the EU CCS Directive framework. Those matters are
the province of the national law within each of the 27 member states, a few of which are themselves federal
systems (such as Germany). As a result, property law questions affecting access to injection locations,
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subsurface storage formations and pore space are likely to be addressed in various ways in different legal
systems.

With regards to project permitting, according to the abovementioned approach of setting minimum
standards and the general principles of sovereignty, member states can freely choose the areas in which to
allow CO, storage (and whether to open up for CO, storage either onshore or offshore, or both) and restrict
CO, within their jurisdictions. However, if they decide to permit such activities, the minimum requirements
of the CCS Directivel8l are mandatory.

10.2.3.2.5 Norway

In Norway, all CO, storage is planned for offshore on the Norwegian Continental Shelf. The ownership and
permittihg authority belong exclusively to the Norwegian Statel20]; there is no question related tosgparating
ownershlip to the seabed, pore space and other formations below the seabed, implying that there'isnp need to
obtain sife access agreements or similar with private parties to construct a platform, fix a floating prpduction
storage and offloading vessel (FPSO) or start drilling and injecting. It can be necessary,however, o obtain
land leade agreements or other types of access agreements from either private or publioparties to pstablish
the necepsary land-based facilities (e.g. intermediate storage, loading docks, onshore ‘processing fhacilities).
Furtherrore, the municipality will be involved in permitting of such onshore facilities’and land use, jmplying
there cam be some different practice or conditions relating to how such facilities’are permitted and gperated.
The offshore geological storage sites, however, are permitted and operated urider a national regime,[in which
the objedtives and criteria described in the presentation of the EU CCS Directivel8] above apply.

10.2.3.2|6 United States

In the United States, the question of pore space ownership or coritrol is largely a question of the idividual
states ar]d has been much debated in recent years. A number.efistates, through legislation or court decision,
have now determined that the property interest of the surface owner includes ownership of the pqre space
itself, even where ownership of the minerals contained'in that space (i.e. the “mineral estate”) has been
severed aind passed to another party. The surface owner’s rights remain generally subject to the repsonable
and non-exclusive rights of the mineral owner.[22] HéWever, considerable uncertainty remains in states that
have not|clearly defined the respective rights of the surface owner and the mineral interest owner ds well as
in more ¢omplex scenarios involving competing'er conflicting uses of the subsurface.

The “Mddel Statute and Regulation” developed and published by the Interstate Oil and Gas [Compact
Commisgion[21l recognized pore space uncertainty as an issue to be addressed in the development of policies
to encoufage expanded CO, storage{oremission reduction purposes:

"Bedause the law recognizes$.an ownership interest in subsurface pore space, a regulatory program that
manpges storage (as oppésed to water protection) should include clear rules about how these rights will
be r¢cognized and protected, as well as a process for assuring that the storer secures the legal property
right to store CO,.[22}

An additjonal aspect0f US oil and gas law is that a mineral lease is typically maintained in effect (gr “held”)
by contihued commercial production of the relevant minerals as determined by the “habendum clause”
of the lepse. Such'a clause generally provides for the lease to continue in effect for as long as a term as a
certain quantity of hydrocarbons is being produced, typically defined as production “in paying quantities”
or “in coprmercial quantities” or various similar terms.19 The legal consequence of the complete ¢essation
of hydrocarbon production is normally that it “automatically terminates the lease”.[23] Conversely, the
deliberate, premature cessation of hydrocarbon production can potentially give rise to civil claims under
private law of breach of implied covenants to reasonably develop the premises or the like.

10) “Habendum” comes from the Latin phrase “habendum et tenendum” meaning “to have and to hold”. A legal scholar
a century ago stated that the change from a fixed lease term began around 1880 after which leases included a habendum
clause allowing for indefinite extension of the lease as long as such production continued. Veasey, The Law of Oil and Gas,
IV (4): The Habendum Clause, 19 Mich. L. Rev. 161, 162 (1920). Veasey states that by around 1900, it had become the
“almost universal custom” in the industry to include a provision extending the term of the lease on the condition that oil
or as is continued to be produced in “paying” or “commercial” quantities.
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In sum, the lease is “held” in existence by continuing production operations and when oil recovery operations
cease, the wells must be plugged and abandoned. At that point, the remaining mineral property - which can
amount to perhaps half of the original hydrocarbon resource originally in place - reverts to the mineral
owner who can then grant future leases to develop the remaining hydrocarbon resource or otherwise can
contract the subsurface for other uses as the mineral owner sees fit. Thus, the oil or gas operator no longer
has a legal right to access either the surface or the subsurface of the property in question. There is a vast
body of state case law and statutory law defining these concepts.11)

Recognizing these and related legal issues, the United States’ National Petroleum Council has termed
uncertainty regarding ownership of subsurface pore space a “primary challenge” for geological storage:

Legal issues also pose a challenge to storage in depleted oil and natural gas f1elds because hydrocarbon

arrapgement, and a primary challenge with CCUS is the ownership of subsufface pore space. Law
revigws suggest it is likely that landowners will retain ownership of the pore space. Therefore,(any new
franjework may require a suite of new criteria to resolve the challenges facing CO, storage in|depleted
hydrfocarbon reservoirs.[24]

Over theg last decade or more, various states have undertaken to adopt statutes intended to clarify pore
space ownership, control, and related issues. While review of those legislative changes is outside the scope
of this dpcument, project developers need to review the law applicable in the jurisdiction being copnsidered
for a project.

Outside pf a hydrocarbon recovery operation, however, access to the pore space can be more difficult to
ascertain or acquire. In a non-associated CO, storage operation, there is normally no pre-existing mineral
lease or Jand tenure that conveys the right to inject the CO; into the subsurface and to leave it in plgce at the
end of thie operation. Instead, the right to access the real property has to be separately acquired.

10.3 Legal and regulatory aspects of reusé of existing infrastructure

10.3.1 Review of property instruments and contractual agreements

All of thd operational scenarios discussed in this document contemplate the re-use of existing infragtructure
to varyipg degrees. That infrastfucture can include both surface facilities (e.g. CO, pipelines and field
distribufion lines, ships for transport, CO, handling facilities, compressors, pumps, wellheads, platforms,
subsea templates and FPSO(vessels) as well as subsurface facilities (e.g. wellbores and all downhole
equipment, packers, cementing, completion locations).

Any meapingful review of legal or regulatory authorization or compliance issues that can be associgted with
such operational changes is likely to be highly project specific. For example, in the case of a US mingral lease
under which a CQ,-EOR operator has been injecting CO, and producing oil, assuming that there are|no other
relevant|provisions of the lease and if the lease provides that it has been granted “for the sole purpose” of
recovery| of a hydrocarbon, a question immediately arises whether the lease would allow the opgrator to
“transitipnfrom CO, injections for hydrocarbon recovery to any other use at all, such as injecting|CO, as a
dedicated storage activity.

11) For discussion of case law addressing how much production is sufficient to maintain a lease under a habendum clause,
see McDonald and Wallen, “Defining “Production In Paying Quantities”: A Survey Of Habendum Clause Cases Throughout the
United States, 90 N.D. Law Rev. 383 (2014). See also Kramer, The Temporary Cessation Doctrine: A Practical Response to an
Ideological Dilemma, 43 Baylor L. Rev. 536 (1991).
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10.3.2 Regulatory compliance review

10.3.2.1 General

An analogous review can be appropriate for regulatory compliance for relevant elements of infrastructure
or operation that were originally approved by a governmental or regulatory scheme. Such a regulatory
compliance review can be appropriate for various aspects of the operational changes discussed in 10.4. It
is likely to be very case-specific and, in many cases, differing components of the operation can receive a
particular governmental authorization or can be subject to contractual or licensing conditions.

10.3.2.2 Facilitating use of existing infrastructure
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particularly important to facilitate the continued use of as much of the existing infrastrt
as appropriate for the modified operations as possible. Specifically engineered solutions ¢
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d to CO, transportation to support CO,-EOR operations.[26] Similarly, as néted in 10.3.2.3
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d risk to drinking water sources. The inability to make use of existing.ihfrastructure will
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the suitability of the Class II AOR delineation;

the quality of abandoned well plugs within the AOR;

the owner’s or operator’s plan for recovery of CO, at the cessation of injection;

the source and properties of injected CO,; and

any additional site-specific factors as determined by the Director. 40 CFR § 144.19(b).

In addition, for wells that are in fact required to obtain a Class VI permit (due to the increased risk to
USDWs), the regulation provides for “grandfathering” of previously constructed Class II-permitted wells
under certain circumstances. Subpart H of the relevant regulation sets out well construction requirements
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for Class VI wells. 40 CFR § 146.81(c) provides for performance standards (prevention of fluid movements,
ability to use certain testing and workover tools and continuous monitoring of the annulus space) that can
be met in lieu of the requirements applicable to newly constructed wells. Under this alternative approach,
the operator must demonstrate that the wells “were engineered and constructed” to satisfy the performance
standards of § 146.86(a) in lieu of the otherwise applicable requirements of §§ 146.86(b) (regarding casing
and cementing during well construction) and 146.87(a) (regarding logging, sampling and testing prior to
injection well operation). EPA explained its action (75 Fed. Reg. at 77245):

"EPA believes that transition to Class VI is necessary to ensure USDW protection but is allowing the
constructed components of Class Il [EOR] wells to be grandfathered into the Class VI permitting regime
at the discretion of the Director and pursuant to requirements at § 146.81(c), in order to facilitate the
transition from Class II to Class VI without undue regulatory burden."

Followinlg adoption of the new regulations, EPA issued extensive guidance documents that funthey address
convertifg CO,-EOR well infrastructure to use in a geological storage operation:

— Geologic Sequestration of Carbon Dioxide: Draft Underground Injection Control (UICy Program uidance
on Transitioning Class II Wells to Class VI Wells (December 2013); and

— Geologic Sequestration of Carbon Dioxide Underground Injection Control (UIE) Program Clas§ VI Well
Congtruction Guidance (May 2012) (Clause 3, “Considerations for Conversion of Other Well [Types to
Clasg V1”).

10.3.2.3{2 Illustration of the regulatory framework for transitioningyexisting wells from EOR to
storage:|Norway

Although not tested, transition from CO,-EOR to CCS or from CGS to CO,-EOR, can be challenging ir] Norway
due to the two-track system. Examples of changes within oné:tvack and between two tracks are anglysed.

Hypothetically, having a CO,-EOR project transitioning<to-a CCS project, can be possible pursuapt to the
original [permit, provided the CO, comes from petroleum industry. The activities would stil] qualify
as “petr¢leum activities”. As part of the original pérmit, the PDO defines the work obligations gnd work
programl. If there are significant deviations to the preconditions related to the approved work plan and
significapt changes to the facilities, the operater needs the notify the Ministry of Petroleum and Energy,
which can in turn demand a new or updated@nd approved PDO for approval.

One can [imagine, for example a license-area with several wells, in which a few of them have been pperated
as CO,-HOR wells and the others have been pure production wells, potentially even delivering Cp, to the
aforementioned wells. If the EOR(wells no longer produce sufficient petroleum to be economically viable,
there is p theoretical potential te/transition the wells to pure storage wells and continue operating under
the samg¢ permit, pursuant to.an updated PDO. However, there is also a chance the part of the licdnse area
no longef producing petreleum will be relinquished or separated into an independent permit if the area in
which thie wells are located is easily separated from the remaining license area, as the operator hag to pay a
license f¢e per km?2.

If the entire license’is potentially considered to change from CO,-EOR to storage, there are additiorjal issues
to be considered. Even if the CO, comes from petroleum sources, and thus continues to be associgted with
petroleufn-industry and regulated accordlng to the Petroleum Act[52] and Regulatlons[57] the pyrpose of
i i not just
necessitate a change of work plan, an updated monitoring plan or 1nfrastructural changes The transition
would change the whole foundation of the permit, which can ultimately result in the need to decommission
the project, terminate the license and the issuance of a new permit, pursuant to chapter 4a of the Petroleum
Regulations[>7l. If the CO, is planned to be brought in from other industrial sources than petroleum, the
operator has to apply for a new permit according to the CO, Storage Regulations[20].

To prepare for the transition, the operator can consider reusing infrastructure. As part of decommissioning a
petroleum project, the operator is required to present a decommissioning plan, which includes a requirement
to include proposals for continued production or closure of production and re-use of the facilities, either for
petroleum operations or something else. This proposal can ultimately be approved by the ministry and thus
form the foundation of a new permit and PDO.
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Beyond the technical aspects and challenges of transitioning from dedicated CCS to CO,-EOR or vice versa,
the permitting framework for the two activities is not the same. The correct and most likely approach is
to decommission the existing facilities before applying for a new permit for the new activity. The license
area has to be characterized again to establish the applicable baseline in accordance with the framework’s
purpose (i.e. either petroleum production or CO, storage). Like the Petroleum Act[>2] and Regulations[>7],
the CO, Storage Regulations[20] contain provisions on closure plan and proposals for continued or re-use of
the facilities. These proposals can include using some of the facilities for activities regulated according to
the other track, which can allow an easier permitting process for portions of the project.

10.4 Review of case study scenarios

10.4.1 (asestudy variations in 8.1: Maximization or optimization of CO, storage In an actively
producipg CO,-EOR project

10.4.1.1| General

This set pf operational changes consists of actions aimed at increasing the amount of-CQ, injected and stored
in CO,-EPR operation, either

— Dby ifcreasing the amount of pore space in a defined containment that isfilled with CO, (i.e. infcreasing
the Iore saturation);

— by increasing the reservoir pressure; or
— Dby injcreasing the pore volume access to CO, by injecting into,dewndip areas.

These project variations will generally have existing facilities.that can be sufficient for the immedidte needs
of CO, sforage, but over time can necessitate upgrades for Injection system operating pressureg, recycle
rates anfd field distribution and gathering. Hence, these“Scenarios all involve currently (or previously)
operated CO,-EOR operations that had met the applicable legal, regulatory and permitting requirerpents for
CO,-EORjoperations and the question is whether addifional or different legal or regulatory issues arise from
altering pperations to maximize or optimize CO, storage rather than hydrocarbon extraction. See|Clause 9
for information on the scope and applicability ofISO 27914 and ISO 27916 to the modified operatiofs.

10.4.1.2| Access to the project site

In many]jurisdictions, the underlying mineral lease or land tenure needs to be modified. If the[lease or
land tenpire was granted “solely”or “exclusively” for the purpose of hydrocarbon extraction (of similar
terms), the injection of additipnal*CO, for the purpose of optimizing or prioritizing CO, storage can|take the
operatiops outside the scope ofthe original grant. In addition, if the lease term is maintained in exi§tence by
the continued production-ofidentified hydrocarbons in “commercial” or “paying quantities”, the dijninution
or cessafion of such hyydrocarbon production can lead to lease termination. Renegotiated arrarjgements
would bg¢ necessary fer-a new or extended lease.

More fupdamentally, to the extent that reinjection of incremental CO, increases the reservoir pressure,

tenure boundarles

If there are multiple underlying agreements (such as mineral property leases common in the US), the sheer
number of legal agreements involved can be substantial and the practical difficulties of renegotiating such a
large number of leases with separate parties can be insurmountable. In other cases, the land can be owned
completely in fee simply by the operator such that no renegotiation is necessary.

In addition, the operational changes would presumably increase operational costs over the level of costs
previously necessary strictly for hydrocarbon recovery and can result in additional value through the
operation of incentives, credits or other financial inducements. Where the EOR project is operated through
a unit agreement or similar arrangement, changes in the economics of the operation can be addressed in
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the various operating agreements and other private agreements among the parties involved or affected. For
example, where there are multiple interest owners, there will typically be agreements that limit the costs
and operations undertaken by the operator on behalf of all the interest owners and determine how allowed
costs are allocated. Those agreements are likely to limit operational changes to those dictated by prudent
operation intended to maximize the economic return consistent with aiming at maximizing the total
ultimate recovery of the hydrocarbon resource. Undertaking actions that exceed those boundaries is likely
to necessitate amending the relevant agreements. Given the multiplicity and complexity of such agreements,
the needs for such contractual revisions can pose a significant hurdle.

10.4.1.3 Permitting and other regulatory authorizations

If the modified operations would affect the integrity of the EOR storage complex, the containment assurance
and the ¢perations management plan would need to be examined to determine if revisions are appjropriate.
In jurisdictions where such documents are on file with or require approval by regulatory lauthorities,
appropriate regulatory approvals can be necessary. In essence, the operator can need revisions or additions
to existing well permits or other regulatory authorizations if the planned operational changes are ¢xpected
to incregse the risk of CO, migration into drinking water sources or releases to the atniosphere.

The responsibility and potential civil liability for injury or damage resulting fromvtherevised opergtion will
also neegl to be reviewed. The pre-existing instruments can address CO, injecfiohs solely in the cpntext of
enhancing or optimizing hydrocarbon recovery. Modified operations to prioritize CO, storage can exceed the
coveraggd of existing insurance arrangements. The scope of legislative provisions addressing waste|disposal
can be examined to determine the potential applicability of anti-dumping or waste disposal regimles to the
injection| of any CO, that is not necessary for hydrocarbon production. The operator would be wise not to
assume that prior legislative or regulatory assurances devised for‘hydrocarbon recovery necessatifily apply
equally o what can be deemed injections of CO, for waste dispesal purposes.

Similarly, regulatory rules governing plugging and abandonment at project termination that apply to CO,
injectionfs during CO,-EOR operations would not be wholly-applicable if the operation has been changed to
inject C{, that was not necessary for the previously permitted CO,-EOR operation. Therefore, the pperator
needs to| ensure that the operation is not in an intetimediate state, where a recently developed regulatory
framewdrk for CO, storage does not clearly apply to‘the modified operation but the operation can exceed one
or more [parameters or assumptions of existing'regulatory approvals developed for hydrocarbon fecovery
operatiops.

10.4.1.4| Project termination and post-termination liability

As with |the review of the modified operations themselves, the operator needs to review the applicable
permit donditions or regulatory-rules governing individual well plugging and abandonment ang project
terminatlion. Pre-existing mineral leases or other land tenures can be worded in such a way as to mandate
well plugging and abandonment and perhaps site remediation and other steps as soon as corpmercial
hydrocarbon recoverycoperations come to an end. If the modified operations result in a termipation of
hydrocarbon recovefy-as described by the underlying land tenure instruments, those documgnts can
need amending. la.addition, if the termination of the project itself involves the disposal of CO, that is not
associat¢d with-hydrocarbon recovery, there can be changes in the liability regime governing respgnsibility
and potential ‘¢ivil liability for post-termination events. For example, regulatory or permitting regimes that
provide for.a transfer of liability to a governmental entity or payment into or qualification for acces$ to trust
funds for-dedieated-sterage-worldnet—syrehintuitively-with“toptp-the tankeperationsithel dividing
line between hydrocarbon recovery and CO, waste disposal is not clearly drawn and understood.

10.4.2 Case study variations in 8.2

10.4.2.1 General

The various options addressed in 8.2 have in common the complete cessation of CO,-EOR production
(although in some cases, there can be some incidental hydrocarbon production, as discussed in 8.3.3.3 or
8.3.3.4). The projects in this group can be at sites that previously underwent CO, flooding, or in some cases
in locations that have (or have had) primary and secondary recovery operations, but not CO,-EOR operations
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(e.g. see 8.3.3.6). In many cases, the operator will re-use or re-purpose various elements of the pre-existing
infrastructure.

10.4.2.2 Access to the project site

Similar issues arise as in the scenarios addressed in 8.1 that are discussed in 10.4.1.1. If the purpose of the
pre-existing mineral lease or land tenure was for hydrocarbon extraction, the operational modifications in
the current case studies can take the operations outside the scope of the original grant. Hence, all the same
considerations addressed in 10.4.1.1 can be addressed when planning the operational changes in the 8.2
scenarios as in the 8.1 scenarios.

As with scenarios discussed in 8.1, any extension of the subsurface area of CO, saturation beyond the
existing |pre-defined lease or land tenure bounds or regulatorily defined area of review can necdssitate a
correspdnding extension of the mineral lease or land tenure boundaries.

10.4.2.3| Permitting and other regulatory authorizations

Since th¢ activities in the 8.2 scenarios are no longer the extraction of hydrocarbens, the bulk of|the pre-
existing [regulatory and permitting authorizations are likely to need modificationn in many if hot most
instancep. Many of the operations can technically make use of pre-existing oil"and gas infrastructure (e.g.
as detailed in 8.3.4) and can also remain within the bounds of ISO 27916 (see Clause 9). Neverthg¢less, the
regulatofy authorizations for the new use of the pre-existing infrastructuretan fall into different pgrmitting
categori¢s.

While the precise legal questions differ in different jurisdictions, theywill generally fall into two categories:
a) the ¢xtent to which the modified operations can be conducted under pre-existing authorizations; and
b) the gase or difficulty of obtaining new or revised authgrization for the revised operation.

As the 8.2 scenarios generally presume the full termination of hydrocarbon recovery operations at the
project (pr the defined portion of the project being:¢onverted to non-associated CO, storage), the joperator
can detdrmine that the new operations need amending or even new well permits or other regulatory
authorizptions that are based on the new operations and the proposed re-use of existing infrastrucfure.

In short|while the operations can be technically possible and economically justified and come wijithin the
bounds ¢f ISO 27916, there can be significant legal, regulatory or permitting issues to resolve be¢fore the
modified operations can go forwardks

10.4.2.4| Project termination.and post-termination liability

As the ¢ase study variatiens discussed in 8.2 assume full termination of hydrocarbon recoyery, the
regulatofy and permit conditions for hydrocarbon recovery will generally require the plugging and
abandonjment of all Wwells, but injectors and producers. There can also be site remediation steps fequired.
These adtions would be generally inconsistent with the continued operation of the facilities for handling
and with the continued injection of CO, for storage purposes. As such continued operations would rjeed new
or revisgd regulatory authorizations, the requirements for termination of the modified operations would
presum bly be spec1f1ed in the new approvals These can be according to a straightforward appll ation of
adapted

toa spec1f1c prOJect.

If the modified operations are viewed as a direct follow-on to the preceding hydrocarbon recovery
operations, the regulatory rules for the transfer of liability for the CO, to a government entity would not
necessarily apply. If, however, new or revised authorizations are obtained under the geological storage
framework, then those provisions would apply by their own terms.

Given the uncertainty as to how the follow-on CO, injection and storage operations can be viewed by a
regulator, it would appear advisable for an operator to obtain regulatory clarity for any specific project
before commencing these types of modified operations.
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10.4.3 Case study variations in 8.3

10.4.3.1 General

In 8.3, the status quo is a non-CO, related hydrocarbon recovery operation that produces native CO, with
natural gas and that currently vents the produced CO, to the atmosphere while transporting the natural
gas to a central LNG liquefaction and shipping facility that receives natural gas from multiple fields both
onshore and offshore.

The particular field evaluated for CO, storage is at or approaching a point of economic depletion of the
hydrocarbon production. The suggested change is a multi-year and multi-facility project to install facilities to
capture CO, produced from combustion emissions at the central LNG facility onshore, reverse the direction
of flow of the subsea natural gas pipeline and repurpose it for transporting the CO, captured onshgre to the
offshore|site.

In additipn, facilities can be installed at the offshore site to capture the native CO, produced-with the natural
gas fron the offshore field. Thus, over a period of years the combined CO, stream of native CO, captured at
the offshjore site would be combined with the anthropogenic CO, captured at the central LNG facilitfy.

Initially, [the injectate would aid in producing natural gas. As the natural gas producing wells get gradually
depleted| and plugged, the project would progressively become a site for dedicated storage off CO, not
associat¢d with hydrocarbon recovery. When the economic or technical-limit to CO, storage [njection
is reachg¢d, the project would be secured for long-term secure containment of the stored CO,.[Such an
operatioh combines the environmental benefit of geologically storing‘significant quantities of ngtive CO,
that is cyrrently being vented into the atmosphere and CO, produced‘onshore from natural gas combustion,
with theleconomic benefit of efficiently extracting the remaininghydrocarbons from the offshore feservoir
to be prpgressively converted to dedicated storage. It wouldiinvolve significant changes to faciljties and
operatiops that presumably have been licensed or permitted-for the original hydrocarbon operation. For
example| the flow direction of the natural gas pipeline weuld be reversed, and it would be re-purjposed to
transpoift CO, rather than CH,. The regulatory procedurefor such a conversion is likely to vary in different
jurisdictjons around the world. While such a conversjon is unusual, it has already been effected guch that
there is glready real-world industrial experience with such a conversion.12)

10.4.3.2| Access to the project site

The project access questions presented‘in this subclause are more complex than with the earlier cases.
In this stibclause, the proposed project involves changes both onshore (installation of capture fagilities at
the onshpre central LNG liquefaction'facility), along the seabed (repurposing and reversing the flgw of the
existing patural gas pipeline for\CO, carried from the onshore facility to the offshore injection site), as well
as modiffed operations at theloffshore facility itself (installing capture facility at or adjacent to the platform,
facilities|for combining the Cdptured native CO, at the platform with the CO, captured at the onshore LNG
facilities|delivered via the-repurposed and redirected pipeline). Perhaps, additional wells can be necessary
for injecting into theformations targeted for long-term storage.

Neverth¢less, thé basic site access questions are similar to those in the other case studies. For each
compongnt, the'operator will need authorization under the existing leases or other land tenure insfruments
to contirfue‘te make use of underlying real estate for the modified operations. Depending on the scdpe of the
existing [nStruments, revision or expansion of the prior rights can be necessary.

The revenue stream from the offshore operation can change significantly if the economic value derived from
the CO, storage becomes a material element of project revenues. The existing lease provisions governing
royalty payments or cost-sharing can be affected in ways that had not been clearly anticipated when the
underlying agreements were originally reached. Early recognition and management of such potential
changes in the amount and character of project costs and revenues can help facilitate smoothing the
proposed operational changes.

12) A similar conversion from natural gas to CO, transportation was approved by the US natural gas pipeline regulator
(Federal Energy Regulatory Commission) in 2006.
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