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DEFINING STORAGE READY




Purpose of session
o322 H 1

= Engage and elicit comments

= Consider issues raised in other presentations
" |dentify what is reality now

o Technically & commercially
o Policy & regulatory & legal

What is required for future

Stimulate thoughts for Panel Session (afternoon)
= “Are China and Australia Storage Ready?”




Who are CGSS ?

CGSS = CO, Geological Storage Solutions
CO, geological storage services firm

Provide geoscience advice for geological storage of CO,:
Technical, Legal, Regulatory, Strategic

Assist in deployment of geological storage at industrial scale:
Regional Assessment, Prospect Exploration, Site Injection

Combined 60 years experience in CO, storage

Main Office in Canberra- with Associates and Alliances
nationally (Perth, Melbourne, Adelaide, Brisbane) and
Internationally




Storage Ready questions ?

i [ B 5E )

How do we define Storage Ready?

o And implement Storage Ready?

When is a geological storage site Storage Ready?

o How much drilling and modelling required?

Are there other technical issues to consider?

o Monitoring, long term sustainability

Are there stages of Storage Ready?
o Milestones, levels of proof and certainty

Are there advanced technologies that may affect
Storage Ready?

Or is it just a policy matter — not technical?




Is “Storage Ready” simply knowing / believing you
have a viable and nearby sedimentary basin
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What data sets do you need to have?




How much money will it cost to qualify?
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Organic rich mud & silt
in coastal swamps

= coal & seal & poor
reservoir




lot better, more manageable, than others
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-and how do we predict in advance -
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How big is the challenge ?
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Reservoir Pressure Build up:
considerations
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o Technically

o Legally
o Regulatory
o Commercially




Depositional Environments
IR B

* Understanding reservoir and seal
heterogeneity will influence numerous

outcomes
o Technical
o Commercial

this is just doing our homework properly
— normal business practices
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How do we make the technology transfer happen
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World Map of CO, Storage Prospectivity
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*From Bradshaw & Dance 2004



All Basins & Storage Sites examined

® roential Storage sites _ I Basins Studied

Unproduced high CO,
gas field

s  GEODISC
1999 t0 2003

48 basins were considered viabls "':s_ies -
for study (out of > 300)

102 sites analysed
65 proved viable Storage Sites
22 sites not viable; 15 regional basin overviews e*From Bradshaw et al 2003
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What is geological storage
prospectivity?

n /TTJ&QB;)eEﬁ\%ﬂ%?%ﬁ@s%Bment of the likelihood that a
sLitsDI ST aRe ot | séntin a given area based on the

available information.

= By nature, it will change over time and with new information.

= Estimates of prospectivity are developed by examining data (if
possible), examining existing knowledge, applying established

conceptual models and, ideally, generating new conceptual models
or applying an analogue from a neighbouring basin or some other

geologically similar setting.

The concept of prospectivity is often used when it is too complex
or technically impossible to assign numerical estimates to the
extent of a resource.”




World Map of CO, Storage Prospectivity
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Remember : (“thisis a geologists map”)

Like any Prospectivity map,
this is a map of where to begin to look for
CO, storage space

Not a map of where it actually is?

Now need real data with appropriate testing
(Dedicated CO2 wells, focussed seismic, aquifer tests)

Do we need these in place to be “"Storage Ready”

*From Bradshaw & Dance 2004




TIME & COSTS — SCREENING WORK
o ) & e AR —fii i T 12

PROVINCE EXPLORATION
WORLD COUNTRY ] BASIN SITE FEED
WORK YEARS | 0.5 (200) 6 (120) 8 2 4 100s
COST $50K $1 Mmill $2 Mmill $1 Mill $0.75 Mill | $50 - $100 Mill
LEVEL BASIN BASIN BASIN/PLAY PLAY / SITE PLAY/SITE | ¢\ p (RES/SEAL)
(SCREENING)
ORIGINATOR GOV'T GOV'T GOV'T GOV'T, IND INDUSTRY INDUSTRY
DURATION
(YRS) 0.25 2 1 0.5 1 5

$100,000,000 / 250
L 200
$10,000,000 O » /
/ / L 150
—
L ———— —
$1,000,000 » —
/) / - 100

$100,000 _—

Cost

Workyears

\
il

$10,000 0
WORLD COUNTRY PROVINCE {STATE) BASIN SITE EXPLORATION FEED

—COST

WORK YEARS Geological Province Scale

At what level are

we storage ready




Data & knowledge ?

How much % /b
At what level of detail 42 2|1 A%azf

What will regulators require /HJL%IJE%A wEMa

What levels of proof and certamtyﬁﬁﬂﬁk—
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Permeability Distribution by Sand Percent

100 | |m Sand % <25
@ Sand % 25 - 50
® Sand % 50 - 75
75 Sand % > 75

GEODISC Project 2

Site Specific Studies for Geological Storage of Carbon Dioxide
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Source Sink MatchingyJ& I VL il

NWS:

386 Mt;

7.2 Tcf;, —™
986 MMcf/d.

Very good
reservoirs?

Reservoir/Seal relationship.
Proximal to sources?

Viable -

but not

optimal
reservoirs?

Poor reservoirs.
Source distance?

3.4 Tcf

el Large emissions —

require
offshore
development?

Note: map excludes industrial point sources




Source Sink Matching — Queensland
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D Potential Storage Areas
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Does the scale of the CH\aIIenge affect the
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Should we just get on and do it:
BATREAT M AT 25+

Less talk, more action
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CO, Emissions CH, Production
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Subsurface Certainty i | Hb 5[k i

14 52 T Merrow (2003a, 2003b)

= Over 1000 exploration & production projects
from the oil and gas industry

= Projects from S1 million to $3 billion were
assessed

o 1in 8 were disasters

= For the megaprojects (>5S1 billion)

o Only 3 of the 14 assessed were described as
successful in delivering as promised,




Subsurface Certainty i | Hb 5[k i

14 52 T Merrow (2003a, 2003b)

= Half described as failures

o delivering as promised on project management
and business perspectives.

= Difficulties associated with
the facilities and

subsurface reservoir, and

working to deadlines rather than making decisions
based on the timing of arrival of accurate
information.




Subsurface Certaintyh |~ Hb 5k
E]/]E% /\3% Bickel et al (2008)

= Whilst uncertainty quantification has
improved over a 10 year period

o this has not improved decision making in the oil
and gas industry,

* The highest ranking of uncertainty in the
investment decisions were

o with subsurface considerations,

o above other matters such as a volatile oil price
o (82% of 494 respondents).




Time & Cost: StorageB[B] & X A: i 1+

How much is required to find & develop s’ﬁ\ rage sites




Work Plan TAEAE

Desk Top Compilation

Exploration Assessment

Development

Injection and Storage

Abandon Storage site

|dentifying potential reservoir seal pairs,
drainage cells, migration pathways and
trapping mechanisms

Finding injectivity and containment

Validating and proving the extent and
sustainability of injectivity, storage capacity
and commerciality

Operation of the site, with ongoing monitoring,
data acquisition and assessment

Meet regulatory requirements to allow release
from site




Work Plan

Generic Work Plan For Geological Storage

Phases Tasks
Screening Study For Selected Area High level assessment of potential areas to examine
Compile & load data from existing sources Publications, Well and seismic, field data, etc
Desk Top Compilation Map well (stratigraphy) and seismic surfaces,

Prelimnary Assessment, Examine Prospects, Rock data (core & cuttings)

Build Static Geological and Dynamic Reservoir model; iterative process

Select sites for detailed assessment

Exploration Assessment Public outreach (community engagement)

Obtain new data, revisit desk top and compilation phases

Select Storage Site

Development Acquire New Data (Wells & Seismic)

Develop Draft Injection and Storage Plan (with Regulator)

Sub-surface Stakeholder Agreement & Collaboration

Obtain Final Draft Plan Approval

Acquire New Data - Wells & Seismic

Injection and Storage Activities Maintain Monitoring, Measurement & Verification for Life of Project

Maintain Entire Desk Top Compilation and Exploration Activities for Life of Project
Seek Regulator Permission to be Released from Storage Site

Abandon Storage Site




Time & Cost : StorageBJ 8] & A fiF

ﬁ TASK Time Cost ‘ Cost

Sulil Sulil

Plus add $2 — 3 + billion for

Power Plant with Capture
FEED 1-2

Development 1-3 5-200 [ 50-—1500

TOTALS 4-11 20 — 30095 ="1830

S Note: Estimate are for Australian conditions and in $AUS




Significant upfront investment required
until CCS is commercially viable

Cost of

Public and
Cost of private investments

Costs under CO, emissions regimes

Installed CCS capacity / Time
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What is Storage Ready?fT 4 & “fifi 17
The processes and outcomes from identifying, proving
and securing a geological storage site that is capable
of having commercial quantities of CO, injected and

stored in the deep subsurface on a sustainable basis,
whilst maintaining high geological integrity in the

geological structures and formations both during and
after the injection and storage period.

BUT :
does not describe the processes involved proving a storage site,
does not elaborate on levels of proof and certainty that may be required,

does not express the conceptual nature of the understanding of the
geological attributes of the deep subsurface, and

does not document the actual impacts that the geological characteristics of

the deep subsurface may have on a site being proven to be storage ready.
40
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What if not storage ready 2l 5158 A
EIF R

Delay the whole CCS Chain#E = 4&-/NCCSIH H 1) 5L i
Wrongly locate power stationsfy 1] BE= S ie Al R e FL )

Build pipelines to sites that aren’t sustainable 5 3 ft &t & i 2

Would you build an LNG plant first ?/5 2 48 KIS H 2 /Y
FELLNGA#%:) M ?

= Then explore for a gas field!! {28 V1% 1 JG ) BRI IR A H |

Without Storage Ready, does CCS exist at all Ul 5 ¥ A it 475t
2%, CCSEAFAENG? |




