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Outline

- Assurance

- Emissions

. Storage Options

. Oil & Gas vs Saline Reservoirs?
- Petroleum Systems knowledge

- Data — how much and how use it
- Depositional Environments

- Reservoir Engineers



Geological Storage Assurance(s)

- Technical validity

- Technical assurance, verifiable and credible —
Scientists and engineers

- Regional, basin and prospect (field) scale
- Policy and legal validity

- Policy & Regulation planning - Government
- Commercial validity

- Investment decisions — Business

- Environmental validity

- ldentify & establish “sustainability” of
geological storage — Community




What about CO, emissions ?



What is the magnitude of the

problem
Australia’s total CO, ., emissions > 500 Mt/yr ~10 TCFlyr
per annum
RSP asHsidSa B8 Gas fEM
Emissions for USA {LSPS} 2000Mt/yr ~40 TCF
World total CO, ., emissions ~>24 Gt ~450 TCF /yr

That’s a lot of pore space to find ...........

and keep finding .............. per year
Australian gas production — 1.3 TCF / yr
USA Gas production — 22.3 TCF | yr
World gas production — 100 TCF / yr

World reserves & produced gas (total) 6349 TCF



The volume of emissions is
massive ...

but natural accumulations
also are very large



Total Producible CO, Volume : Basin
e i /

15% |
23 % |

{ Carnarvon

, 80 MA

% &

~~Amadeus
Adavale
Surat
Eromanga

Perth
Bowen
Bass

Otway
TOTAL

ALL BASINS

1

3

A

(128 Mt : 7.15% CO,)
40 MA

Wi (100 Mt . 4.15% CO,)

Other-Basins—TCF

0
0.0006
0.0027
0.0068

0.0083
0.0214
0.0220
0.0253
0.087
~9

£
0

'\ Bo
“"(152 Mt : 12.5% CO,)
40 MA

N '” Browse

% CO,

0.00
2.80
1.05
8.01

1.25
4.97
6.42
4.83

caoper
(75 Mt : 16.96% CO,)
65 MA

27 %
naparte

10 MA

CONVERSIONS -

100 BCM =3.5TCF =188 MF.._ _ *
28.3BCM =1TCF =53.65MT '

003 NOTE : Aust.’s net Total 1998 CO2 EmjiSsions

from all sources ~ 475 MT / 9 TCF

(20 Mt : 3.34 % CO,)



Geological Storage Options (+ some Issues

Geological Storage Options for CO, Produced oil or gas

Depleted oil and gas reservoirs ~  eeeescesssesssses Injected CO,
Use of CO, in enhanced oil recovery

Deep unused saline water-saturated reservoir rocks
Deep unmineable coal seams

Use of CO, in enhanced coal bed methane recovery
Other suggested options (basalts, oil shales, cavities)

ot A WK =

| ;z__;a@covery e. g Weyburn; -
| E&M_‘H—v
| 2km I’y I|m|ted total capacity ? Source IPCC




Conceptual CO, Storage Scenario
depleted field / structural trap

injection stops

homogeneo
reservoir

€ ~1-10 km >

Dapypendidssaldsap / A Trap-Structure

I%%ﬁ'l'ﬁ'tfrﬁglz-'se;lugl points u

(EIQ8D g potential

pkiitérapnostunity in
Asiralia eensihie.s
(som regions an
pressurg depleted,
sRelativebhnsosali ttotal

8aPnaCit 4% - pore volume
omprontising resource

(Slide courtesy Known data set
of Robert Root)




World Map of Major Petroleum Provinces

@ Major petroleum provinces or
significant petroleum / storage potential




When will Oil & Gas fields be
available (“fully depleted™) ?

Oil fields
can be EOR candidates

Gas fields
Probably not many EGR options

- They need to be depleted (>95%) ?
Risk contamination?
Economics will determine “depleted” status

Scarce resource will push up value, $55/ $80 US / barrel
Increase likelihood of secondary and tertiary recovery
Delay availability

Few (if any) giant Oil & Gas fields currently depleted
Infrastructure and decommissioning constraints



Australia’'s Oil & Gas status

Actual depleted oil

et"to fi'?d ) | &gas fields
undiscovered (2005)

Produced,
producing and
discovered

Hydrocarbons vs
CO, Space

. 0ol | 6.95Bilbls 6 ? Bill bls 0.263 Bill bls

160 TCF 200 TCF 0.204 TCF
CO:2 Space
equivalent (not 13.7 GT 0.04(;33(3-2'(I)'/CO2
incl. yet to find) (0.32%)

Some infield storage opportunities may exist

‘Most volume not available till well after 2040 !!



Cumulative Volume from Depleted Oil
Fields Potentially Available for CO,

" Offshore

Millions tonnes C

1990 2000 2010 2020 2030 2040 2050

Year Note : Current Producing Fields

NOTE : Aust.’s 1998 CO2 CONVERS'PNS _ Data Source: AGSO/BRS
L 100 BCM = 3.5TCF =188 MT
Emissions ~ 455 MIT CO2

28.3BCM = 1TCF =53.65MT




Cumulative Volume Depleted Gas Fields
Potentially Available for CO,

Offshore

Billion tonne CO,

1990 2000 2010 2020 2030 2040 2050

Year Note : Current Producing Fields

NOTE : Aust.’s 1998 CO2 CONVERS'PNS _ Data Source: AGSO/BRS
L 100 BCM = 3.5TCF =188 MT
Emissions ~ 455 MIT CO2

28.3BCM = 1TCF =53.65MT




What does this mean for O & G
fields of the World (920 6t co.)

1. Many O & G “depleted” field numbers
include

a.
b.
C.

d.

Depleted fields, as well as

Producing fields, as well as

Discovered — not producing
Undiscovered fields — “yet to be found”



What does this mean for O & G
fields of the World (920 6t co,)

Some quote as “Low Hanging Fruit” or early
opportunities

Most of it “not yet ripe”

USA: 1.4 years & 2 Gt CO, space (1993 - IEA)
World : 10 - 15 Gt CO,, - space (1993 - IEA)

Availability breakdown by date of depletion
and price of Oil & Gas

Probably not changed much last 10 years —
reserve growth
Uncertainty

Large volumes timing issues

Available soon enough

Decommissioning issue



Conceptual CO, Storage Scenario
hydrodynamic / residual gas / solution trap

injection stops

homogeneous
reservoir

€¢*<~— ~10- 1005 kms ——m>
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World Map of Sedimentary Basins

@P Sedimentary basins

<@ Igneous and metamorphic provinces




World Map of CO, Storage Prospectivity
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Remember :

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

Not a map of where it actually is?

@ Highly Prospective
@ Prospective — High to Low
<@ Non-Prospective

*From Bradshaw & Dance 2004



Can we learn from the
Oil & Gas Industry to help Saline
Reservoir assessment?



Oil & Gas Accumulations

- 1000’s of billions of barrels of

hydrocarbons have been stored in the
deep geological subsurface along with
co-produced and inorganically derived
CoO,

- Storage times generally up to 10s to
100s of millions of years and longer

- Where is the “proof”?

- Answer : Petroleum Systems



Storage Times & In Place Volumes of some petroleum
systems within Major Petroleum Provinces
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Issues, Petroleum Significance, Storage
Times & CO, Content of Australian Petroliferous Basins
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Event Chart

400 K{0[0) 200 100 Geologic Time
| | | | | | | | Scale

Paleozoic Mesozoic Cenozoic (my) Petroleum
System

D|M|P|P|T| J K |P|N Events

Rock Units

Source Rock

Reservoir Rock

«— Elements

Processes

Seal Rock

Overburden Rock

Trap Formation

Gen/Migration/Accum

Preservation

Critical Moment

‘Critical Moment

Time of Expulsion and Migration.
(Trap must already exist) 2

AAPG: Magoon, L.B, and Dow, W.G: The Petroleum System-from source to Trap: AAPG Memoir 69.



Geological Cross Section - 250 Ma

GEOGRAPHIC EXTENT OF PETROLEUM SYSTEM

250 Ma

i

STRATIGRAPHIC
EXTENT OF
PETROLEUM SYSTEM

Essential
elements of

petroleum
POD OF ACTIVE system

+ SOURCE ROCK

Top of oil window

® ® ® Bottom of oil window
EA Location for burial history chart

Overburden
Seal
Reservoir
Source

Underlying
sequences

AAPG: Magoon, L.B, and Dow, W.G: The Petroleum System-from source to Trap: AAPG Memoir 69.

Sedimentary

basin-fill




Geological Cross Section - Present Day

GEOGRAPHIC EXTENT OF PETROLEUM SYSTEM
Present-Day

STRATIGRAPHIC
EXTENT OF
PETROLEUM SYSTEM

Overburden

Seal

- Petroleum accumulation Reservoir

Top of oil window
P Source

® ® ® Bottom of oil window

Underlying
sequences

AAPG: Magoon, L.B, and Dow, W.G: The Petroleum System-from source to Trap: AAPG Memoir 69.



Event Chart
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Are Saline Reservoirs the
answer ?

Large range uncertainty



What are “some” of the
capacities quoted

Storage Options

Global Capacity Gt CO,
(Years of emissions)

Depleted Oil & Gas
Fields

920
(~40 yrs)

Deep saline aquifers

400 - 10,000
(~15 — 400 yrs)

Unmineable Coal
Seams

Source : IEA

40
(<2 yrs)




ocation

World and Regional Storage Capacity Estimates

(Most estimates based on using surface area calculation)

World - Koide 92

World - van der Meer 92
World - IEA 92

World - Hendriks and Blok 93
World - Hendriks and Blok 94
World - IEA 94

World - Hendriks 94

World - Hendriks & Blok 95
World - Turkenburg 97

World - IPCC 01/Arc 00

World - ECOFYS & TNO-NITG 2002
World - Bruant 02

World 1- GEOSEQ

World 2 - Beecy & Kuuskra 01
World 3 - IEA

World - Dooley and Friedman
World - ECOFYS

Europe - van der Straaten

Europe - Boe et al

NW Europe - Joule Report

Western Europe - Dooley amd Friedman
Eastern Europe - Dooley and Friedman
Former Soviet Union - Dooley and

I Combined Europe - Dooley and Friedman

Study

Western Europe - ECOFYS
Eastern Europe - ECOFYS
Total Europe - ECOFYS

USA - Bergman & Winter

)Mt Simon Sandstone (Ohio

)Mt Simon Sandstone (MidWest USA
Mt Simon Sandstone

USA - Dooley and Friedman

USA - ECOFYS

Alberta Basin (Canada) - Total
Alberta Basin (Canada) - Viking Fmn
Canada - Dooley and Friedman
Canada - ECOFYS

Australia - Bradshawet al 2002
Australia/NZ - Dooley and Friedman
Oceania - ECOFYS

Japan - ECOFYS

Japan - Dooley and Friedman
NETEL

N

World : 100 —
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USA: 2 -3747 GT

. } Canada: 2- 4000+ GT
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CO, Storage Potential Pyramid
Better quality
ipj:action site

Increasing
cost of storage

Matched capacity:
Detailed matching of sour
including supply and rese

Matched and Practical
estimates need to be

Almost ,
done to determine the

In thep

assessment _
JEVHEIRETIDES pacity] «Theord real potential for CO,
Applies economic and re JlEi{e]gY storage
barriers to realistic capaCiy

Few estimates have

Effective (Realistic) : pacity done at higher levels of
certainty and reliability

Theoretical capacity:
includes large volumes of
“uneconomic” opportunitieH
Approaches physical limit
of storage volume ;
unrealistic number

Bradshaw et al 2006: Bachu et al 2007



