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SPEE Denver Chapter announces its October Meeting
It will be a Virtual Chapter Meeting
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Wednesday, October 12, 2022
Richard Hares, M.Sc, P.Eng.

Principal Carbon Management, Sproule
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Will be speaking on:
“The Application of Storage Resource Management System (SRMS) Guidelines”

Abstract: Richard will discuss:
« Key concepts and principles in CO2 storage.
« Storage Resource Management System (SRMS) Introduction and Purpose
« Comparison to Petroleum Resource Management System (PRMS)
« Methods for estimating storable quantities of CO2
« Case Studies (Sproule and others)

Speaker Bio.: Richard Hares is Principal, Carbon Management for a global energy advisory firm
called Sproule. Sproule is a leading global energy consulting and advisory firm based in Calgary,
Canada, with offices in Denver, Mexico City, and The Hague. Sproule has expertise in Reservoir
Characterization, Reserves Certification, Transaction Advisory, and Carbon Management. Richard
leads the development of a global consulting and advisory practice in Carbon Management,
identifies commercial Carbon Management and Carbon Capture, Utilization and Storage (CCUS)
opportunities for new and existing clients and advises clients on Carbon Management and CCUS
market positioning, providing tools and solutions to help navigate the Energy Transition. Richard
has MSc. in Sustainable Energy Development and is a registered Professional Engineer (P.Eng) in
the province of Alberta, Canada.
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Sproule

A global energy consulting firm which provides commercial and in-
depth geoscience and engineering expertise and insights to help
clients discover value from energy resources around the world.
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Agenda Sproule

- Key Concepts and Principles in CO, Storage
- SRMS Introduction and Purpose

- Comparison to Petroleum Resource Management System
(PRMS)

- Methods for Estimating Storable Quantities of CO,

- Case Studies



Key Concepts and Principles in CO, Storage

Sproule

CO, Capture

e
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(Peck et al., 2017)
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Types of CO,, Storage and Geological Considerations Sproule

There are many ways to store CO, in geological media, most
notably:

- Injection into deep saline aquifers,
- Usein CO,-Enhanced Oil Recovery (CO,-EOR), or
- Injection into depleted oil and gas reservoirs.

Freshwater Zone I

There are several important criteria to consider when analyzing
the suitability of a geological media for CO, storage. Geology
Geologicsorage i the process suitable for CO, storage must have:

of capturing anthropogenic CO,
before it is released into the
atmosphere and storing it deep
underground.

1) Capacity: capacity to store volume of CO, securely;

2) Injectivity: the formation has sufficient injectivity to accept
the CO, at the rate that is delivered from the source; and

3) Containment: the formation must be able to indefinitely
confine the injected CO, safely underground to ensure
storage and integrity

~___ Seals Prevent Migration I

Deep Saline Formations

Finding the right reservoir to store CO, requires detailed

e = subsurface including the identification of: reservoir pressure and

. temperature, porosity, permeability, seal thickness and continuity,

geomechanical properties of pressurization and faulting, wellbore

leakage pathways — all key factors for CO, sequestration
suitability.
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Trapping CO, in Rocks

Sproule

Geologic (structural and stratigraphic)

Trapping causes CO,, as a buoyant fluid (in the presence of brine), to
accumulate below a caprock

Large potential if suitable structures can be found
Residual trapping
Occurs when CO, migrates over long distances, displacing brine

The brine imbibes into the CO, plume until the free-phase CO, is
immobile at its residual saturation

Low risk in terms of caprock integrity

Solubility trapping
Occurs when CO, progressively dissolves in brine
CO, dissolves best at low formation salinity

Occurs on time scales that are longer than the life of a project so
convection may be deemed negligible in -most resource assessments

Mineral trapping

- CO, dissolves in brine, altering the chemistry of the brine, leading to
dissolution of some minerals and precipitation of new minerals

- CO, will contribute to the formation of carbonate minerals and will be
trapped as mineral, a solid phase

- Very slow and may be negligible for most resource assessments, but
very secure

100

Trapping Contribution, %

Increasing Storage Security

Dissolution
Trapping

Mineral
Trapping

10 100 1000 10,000
Years Since Injection Stopped

(Peck et al., 2017)
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What is a Storage Resource? Sproule

- “A CO, storage resource is defined as the quantity
(mass or volume) of CO, that can be stored in a
geologic formation” (SRMS, 2017)

- "can be stored" implies a future action, quantification,
and containment

- Demonstrating that injected CO, can be contained in a
geologic formation is key difference exploring for CO,
storage resource and exploring for petroleum
accumulations



Rationale for SPE Storage Resource Management System (SRMS)  Sproule

- Need for universal framework to assess carbon
storage projects

- Provides common terminology and clear definitions
needed to classify storage quantities - the commodity
for storage

- Quantifying storage is an essential part of all projects
- SRMS provides context for investment and tracking the

performance of the investment

- Modelled on PRMS — well known and understood
process of maturing petroleum resources

- Independent of implementation — SRMS does not
provide advice

“A CO, storage resources management system (SRMS) provides a consistent approach to estimate

storable quantities, evaluate development projects, and present results within a comprehensive
classification framework” (SRMS, 2017)




SRMS Structure

Sproule

Classification

TOTAL STORAGE RESOURCES

DISCOVERED STORAGE RESOURCES
COMMERCIAL

SUB-COMMERCIAL

CONTINGENT STORAGE RESOURCES

1c

STORED

2

UNDISCOVERED
STORAGE
RESOURCES

INACCESSIBLE STORAGE RESOURCES

INACCESSIBLE STORAGE RESOURCES
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Based on maturation of a project

Resources Classification Framework

RANGE OF UNCERTAINTY

Major classifications

Low

Most-likely (Best)

High

INCREASING CHANCE OF COMMERCIALITY

Categorization

DISCOVERED STORAGE RESOURCES

COMMERCIAL

SUB-COMMERCIAL

STORED Project Maturity Sub-classes

On Injection

Approved for Development

Justified for Development

Development Pending
CONTINGENT e T
STORAGE velopment
RESOURCES Development Unclarified

Development Not Viable

TOTAL STORAGE RESOURCES

UNDISCOVERED

STORAGE
RESOURCES

INACCESSIBLE

INACCESSIBLE

Storage Resources Classes and Subclasses based on Project Maturity

RANGE OF UNCERTAINTY

Based on certainty in an estimate
Major classifications

Discovered vs. Undiscovered
Commercial vs. Sub-commercial

INCREASING CHANCE OF COMMERCIALITY
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Prospective Storage Resources (Undiscovered) Sproule

Prospective Storage Resources have both an associated chance of discovery and a chance of

development

Play

. A prOJeCt aSSOCIated Wlth a prospeCtlve trend Project Maturity Sub-classes
of potential prospects, but that requires more i
data acquisition and/or evaluation to define On Injection
specific leads or prospects. :

Lead
- Aproject associated with undiscovered storable
quantities that is currently poorly defined and

requires more data acquisition and/or
evaluation to be classified as a prospect.

Prospect

- A project associated w/ undiscovered storable
quantities sufficiently defined to represent a
viable drilling target

Approved for Development

COMMERCIAL

Justified for Development

Development Pending

CONTINGENT

STORAGE
RESOURCES Development Unclarified

Development On Hold

DISCOVERED STORAGE RESOURCES

SUB-COMMERCIAL

Development Not Viable

TOTAL STORAGE RESOURCES

INACCESSIBLE

e NEREASING-GHANCE OF COMMERCIALITY

UNDISCOVERED
STORAGE
RESOURCES

Prospective Storage Resource matures with
the availability of a well with adequate data for
estimating storable quantities

INACCESSIBLE

RANGE OF UNCERTAINTY




Contingent Storage Resources (Discovered — Sub-Commercial) Sproule

Discovery is a geologic formation(s) where one or more wells have established the presence of a

significant quantity of potential CO2 storage for the proposed project

Examples of contingencies that may preclude a STORED i e
commercial project:

- There are currently no viable CO, sources
Project value is insufficient to support development
Permitting is still incomplete

- Commercial storage is dependent on technology
under development

Evaluation of the geologic formation is insufficient to
clearly assess commerciality

Insufficient capacity / capability to carry out the
project
Insufficient funds

Project is not economic in current price/cost
environment

On Injection

Approved for Development

COMMERCIAL

Justified for Development

Deve|0pment Fenamg

CONTINGENT

STORAGE
RESOURCES Development Unclarified

Development On Hold

DISCOVERED STORAGE RESOURCES

Development Not Viable

TAL STORAGE RESOURCES

SUB-COMMERCIAL

INACCESSIBLE

INCREASING £HANCE OF COMM ER([IALITY

UNDISCOVERED
STORAGE
RESOURCES

INACCESSIBLE

RANGE OF UNCERTAINTY

Contingencies may preclude Contingent Storage Resource from maturing to Capacity




Capacity (Discovered — Commercial) Sproule

On Injection

- Development project is currently injecting SToReD EYOGE AN SOl e
and storing CO, )

Approved for Development

- All necessary approvals have been
obtained, capital funds have been
committed, and implementation of the
development project is underway

Justified for Development

- Implementation of the development project
Is justified based on reasonable forecast
commercial conditions at the time of
reporting, and there are reasonable
expectations that all necessary
approvals/contracts will be obtained

On Injection

Approved for Development

COMMERCIAL

Justified for Development

Development Pending

CONTINGENT

STORAGE
RESOURCES Development Unclarified

Development On Hold

DISCOVERED STPDRAGE RESOURCES

SUB-COMMERCIAL

Development Not Viable

INACCESSIBLE

TOTAL STORAGE RESOURCES

INCREASING CHANCE OF COMMERCJALITY

UNDISCOVERED
STORAGE
RESOURCES

INACCESSIBLE

RANGE OF UNCERTAINTY

Capacity classification requires a development plan (reasonable timeframe) and no known

contingencies to pass the commerciality threshold



Flowchart for the classification of storage resource

Sproule

TOTAL STORAGE RESOURCES

INJECTED

Is the project actively

Have the injecting?

storable
quantities been
injected into the
formation?
for developm

Can a commercial development

be progressed without
significant delay?

ECONOMIC
VIABILITY

Are the
storable
quantities
considered
ETL Tl Can the resource be accessed
a firm intention with existing physical or
to proceed? regulatory constraints?

Is there an active appraisal
or evaluation plan?

DISCOVERY

Are the “storable quantities'
the subject of a viable
drilling target?

Has a nominal storage
site been identified?

Has the evalus

geological sequence by name?

Have the

§ sttt_ar_ablse Can the resource be accessed
quan ities been with existing physical or re
discoverad? or commercial constrain

—— WO
— YES

(Oil and Gas Climate Initiative (OGCI), 2022)

INCREASING CHANCE OF COMMERCIALITY
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Global Estimate of CO, Storage Resource —

Massive! Sproule

Classification CO, Storage CO, Storage
Resource (Gt) Project | Resource (Gt) Project

specified and no project

Stored 0.043 0.043

Project and Non-Project Storage Resource (Gt)

STORED Project Maturity Sub-classes

On Injection

Approved for Development

COMMBRCIAL

Justified for Development

Development Pending

Development Not Viable

g CONTINGENT s T
g STORAGE velopmen

?, RESOURCES Development Unclarified
2

2

/IS COVERE DfRAGE R EOfCES

INACCESSIBLE

TOTAL SF/GE RES%ES I

INCREASING CHANCE OF COMMERCIALITY

UNDISCOVERED
STORAGE
RESOURCES

INACCESSIBLE

RANGE OF UNCERTAINTY

X

= Stored = Capacity
= Sub-Commercial (inc. Contingent) = Undiscovered (inc. Prospective)

(Oil and Gas Climate Initiative (OGCI), 2022)

Storage resources classes and subclasses based on project maturity
(SRMS, 2017)



Comparison to Petroleum Resource Management System (PRMS) Sproule

1. The PRMS is “project—based” — so is SRMS

2. Classification is based on project’s chance of commerciality
Categorization is based on recoverable/storage uncertainty
Uses evaluator’s forecast of future conditions

Provides granularity for project management

Estimates based on deterministic and/or probabilistic methods
Applies to both conventional and unconventional resources
Reserves/resources are estimated in terms of the sales products
Net resources in terms of entitlement and recognition

©® N o o o~ w

Major Principles of PRMS and SRMS are identical
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PRMS and SRMS Resource Classification Comparison Sproule
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Approaches to Estimating Storable Quantities

Sproule

- Analog-based

- Volumetric method-based

- Traditional and enhanced material balance method
- Reservoir (Numerical) simulation
- Performance-based estimates

Copyright © 2022 Sproule

State of project development, maturity, and available assessment of methods

Assessment Methods

Case

Maturity

Basin Assessment
Characterization Well
Well with Injection Test
Development Well
Ongoing Injection

Prospective
Contingent
Contingent
Probable/Possible
Proved

Analog Volumetric Reservoir Material Injection
Methods Simulation Balance Performance
X X
X X
X X
X X
X X X

>x X X X X

(Frailey et al., 2018)
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Not all storable quantities are created equal Sproule

3730 km? (~40 townships), h — 43m, ¢ - 9%, 0.2x-0.5x

p — 814 kg/m3, E — 3.1% (0.8-8.4%) Reservoir Simulation

(Most accurate)

253 Mt CO, 3 Injection Wells, 5.2 Mtpa. P, — 28 MPa,

25 year life, mid property and low

: e connectivity scenario
Material Balance/Compressibility Method

56 Mt CO, or 5.2 Mtpa (130 Mt
- without bottom hole pressure
3730 km2 (~40 townships), h —43m, ¢ - 9%, p constral nt)

— 814 kg/m3, P,,. — 28 MPa, P, — 20 MPa, Ct
—0.406 E-6 1/kPa, 70% Storage Efficiency

Mco, = AX h X @ X pco, X € X AP,

Shell Quest Example
adapted from Winkler et
al. (2011)

27 Mt CO,

Numerical simulation-based methods provide greater certainty to advance CO, storage opportunities

Copyright © 2022 Sproule
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Maturation of Project - Case Study (Alberta, Canada) Sproule

Storage Resource Classification CO, Storage Resource Development
27 Mt On Injection Capacity - o

[}
(Shell Quest) g
o
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STORED \ Project Maturity Sub-classes 5
@ . x On Injection -E‘ ®
(=} < 3 O
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N
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Q 1 - c
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3 |58 E: 3
b & Development Pending E s
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o @ = . . . .
5 INACCESSIBLE £ Cost of Investigation or Level of Detail and Resolution
(&)
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g5 g = Gatherin Proved
g {NACCESSIBIE Analogs and Reservoir Ei 9
. . ; ield Developed
Volumetric Simulation Data/Iniecti Iniecti
Methods Methods el B njecting
(SPE SRMS, 2017) RANGE OF UNCERTAINTY Well test Capacity

78 Gt — Prospective
o Storage Resource (Bachu
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Maturation of Project - Case Study (lllinois, US)

Sproule

+ Basal sandstone (Mt. Simon Formation) and caprock,
across crosses two countries and eight States, has been

o

§ identified as a good CO, storage candidate

o No known hydrocarbons of commercial interest in the 1 1995

2 sandstone or deeper formations and very few wellbore

penetrations

2 2000

3]

D

o 3 2005

o

©

c

i)

s

=

©

p 4 2010
5 2015

Comments and costs are for illustrative purposes and not intended to be specific to
this study. Modified from Frailey et al., 2018.

Storage
Quantity

800 Gt
@3V)

6.0 Gt
(V)

25 Mt (1U)
50 Mt (2U)
100Mt
(3V)

70 Mt (2C)

1.0 Mt
(1P)

Prospective

Prospective

Prospective

Contingent

Capacity

Category

Play

Prospect

Prospect

Development
Pending

On Injection

Method Comment
(NMustrative

Cost)

Volumetric — $250,000
Regional

Volumetric — $1,000,000
Defined
Structure
and applied
analogous
displacement
process

Volumetric — $1,000,000
Monte Carlo (No Well)
simulation
providing
high, mid,
low

Numerical $10,000,000
Simulation,

Well and

Well Test

Injection $50,000,000
performance

Defined period of operation and size of the facility for this project defines the storage estimate to be classified as Capacity



Final Thoughts Sproule

- SRMS provides a standardized framework that can be used to
classify and categorize CO, storage estimates based on project
certainty and maturity

- Storage classification depends on data availability, field
development plans, commercial terms, professional expertise
and judgement

- Use SRMS to advance and mature CO, storage projects — helps
consider all possible technical feasible projects to maximize storage

- Greater project de-risking is required to mature prospective
storage resource to capacity — future stored quantities from
commercially mature projects

- Project proponents and evaluators have a methodology to
normalize and effectively compare CO, storage project

- SRMS will evolve as more experience is gained in how commercial
project frameworks are developed

Deepen Client’s understanding and advance CO, sequestration opportunities through our data-driven analysis and solutions.



Sproule

Questions and Thanks
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