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Techno-Economic Resource-Reserve

Increasing
Data and Effort

Decreasing
Uncertainty and
Storage Volume

7 - O CO2CRC, 2008
' o Modified from Bachu

’Tefb
v etal., CSLF, 2005

Contingent Capaciw\,s

*Subset of prospective capacity obtained by considering technical, legal and regulatory,
infrastructure and general economic barriers.

*Value prone to changes as technology, policy, regulations and/or ec%régzgg‘i:cs change.
Corresponds to “Reserves” as used in energy and mining industries
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Criteria for Site Selection
(In All Geological Storage Systems):

Capacity (what volume of CO, can the rock hold?)

Containment (can we keep the CO, in the rock?)

Injectivity (can we put the CO, into the rock?)

Other (Economic, Regulatory, Risk, Legal, Community...)
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Geological storage of CO,

What do we need?

SEAL ROCK - variable
porosity, low permeability,
e.g. claystone

RESERVOIR ROCK -
porous, permeable, e.q.
sandstone




How do we know what’s down there?
(Sources of geological data)

o Geophysics
— Seismic
o Drilled wells
— Rock (core; drill cuttings)
— Wireline logs
* Analogs
— Qutcrops
— Modern depositional environments
* Integrated models
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What Is seismic?

IIIIII MM Animation courtesy US Department of Energy
Collecting seismic data on land

Ultrasound examination during pregnancy

Seismic imaging uses reflected sound waves to create a picture of underground rock
formations. 7
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Geological model
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3D _Ia_yered Earth model
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CRC-1 Well (Mar 07)

Well data

Core is very important
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Wireline well
logging

« Gamma ray, neutron, density,
resistivity and caliper log

* NMR

* ECS (elemental capture
spectroscopy)

* FMI (image log)
e Sonic Scanner

e Formation tester
« 3D VSP

CO2\CRC
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Wireline well log data

Gamma Ray Gamma Ray
Depth 0 (API) 200, Depth 0 (API) 200
(m MD) (m MD)
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Studying the rocks




ldentifying the likeliest depositional system

Transgressive Shoreface Model:~ from
Buffin (1989)
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Figure 17. Facies distribution and depositional
Waarre Formation.

Possible but unlikely
*Flaxmans A shale is now interpreted to never be
time equivalent of Waarre C.

cags

environments throughout the Port Campbell Embayment: during the Upper

I e A A A

Regressive Braided Fluvial
(Faulkner 2001)

Most likely model imposes modeling constraints:
schannel orientation is grossly N-S.
*but ranges from SE-NW.
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Qualitative basin ranking

CO: Storage Potential
—=Wentworth v ]
Trough — b
? |:’ Intermediate
P
Murray Numurkah B Poor
Basin Trough - Very poor

Netherby

Basin

Port Phillip Victoria

Onshore Otway Basin,

Offshore Otway
Basin

Sub-Basin

Gibson-Poole et al., 2008
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Gippsland Basin, Southeast Australia

T T P T

1 ) 0E w5 148’
N | The Problem: s 0000 T
J — New brown coal developments : |

in Latrobe Valley, Victoria
,\f - CO, emissions up to 50 Million

tonnes/year
B ROSEDALE ] LONGFOR%

‘ Patricia/Baleen
. 38°S

~N Longtom
Moonfish sy - Su nfish

Klpper
A " una

- Sweetlips

hMOE
TRARALGON

Wirrah
&
MORWELL / Seahorse @

a
; \
iting Snapper Angelfish Grunter _Manta
North Seaspray - // Golden Beach Whiting A ngellish g N
Australia arlin/Turrum
GEpEa é/ Whlpta" BalfAcauld ‘?Flounder Basker
NT QLD\\‘ m/ @ Tarwhine Fortesa? Eralibut
WA / » Torsk
SA i Cobia
NSW / Rolphinyg g ﬁﬂackerel
s 4 AN 38°30'S
VIC = Perch Bream Kipgfist, Yellowtail
N = = > Blackback
. =y )
Victoria 2 ] : . / ~ U4 Angler
Potential Solution: -
— Offshore Gippsland Basin
Sheppartone Wodong . . . . R
. — Existing oil and gas fields | som
MELBOURNE Dp,-o*l\ “~o [— Legend
g Sl oy o> | (once depleted) @ Cosl Mine
\J\,\\/é . #Longford OfG/‘q . Oil Field
Gippsland Basin —=— 147°E — Deeper saline formations 1UB0E @ Gas Fild

C. Gibson-Poole

)
COZ@S



Map of the Kingfish field, Gippsland Basin
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Seismic cross-section and geological
interpretation:Kingfish field, Gippsland Basin

Seismic Cross-Section (line G92A-3074A) between Kingfish-3 and Roundhead-1
KINGFISH-3 KINGFISH-2 ROUNDHEAD-1

50 1430 1804 q q 1119 Al 5 1624 q 156Q 15% 1500 1479 q 4 1350 1350 1324 1294 128G 123q 1204 5 4 1100 1074 104 1010990 970 850,930 910 890 70 A% B30 810 750,730 710,680 670 & 0 570 550 530 5
Fis AP A AR AR AR AR A A AR MR 5 G557 2 AR A AP AR RO NS RN NN AN AR AN AN

69 650,630 60,59 5505 0 4‘ 50,230 v|‘,‘
=~ : i e LT e ,
- . - - e — - - * - -l
- ;. v . ::‘J-. -.,.:-q—..._- ’-"‘..'e TR :_ - ' '!‘E — -
e T
M et -~




Modelling CO, migration pathways:
offshore Gippsland Bas
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Modelling CO, migration pathways: Kingfish
-, field, Gippsland Basin

NW injection 2km below

well sea bed
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Modelling storage potential: onshore
Gippsland Basin
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Comparison of storage litho-facies

Wellington Park-1
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Skeleton of the numerical geo-model
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Storage litho-facies populated across model

_ China,Australia Geologlcal Storage,of CO2 C(.)2 CRC “
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Permeability

(measure of fluid connectivity)

Qu L

viscosity u

Measured in Darcies (D) or millidarcies (mD)




Po rOSity and perm eabil Ity Porosity is the storage space shown

by the blue spaces in this thin slice
through areservoir sandstone.

Permeability is the ability of the rock
to allow fluid flow from pore to pore.
Permeability is strongly affected by
the geometry of the pore throats (red
circles).

Permeability is main control on
injectivity



Injectivity

|, depends on A =P, =k

l = Injection rate
A = Area (of wellbore in contact with formation)
P, =injection pressure (below frac

K = permeability

(1, IS proportional
to number of wells)
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Injectivity / Pressure Considerations:

eInjection of fluids (eg CO,) causes reservoir pressure build up
In depleted fields, pressure build-up may be neutral or beneficial

In both depleted fields and saline aquifers, pressure must remain below
fracture pressure

In low permeabllity reservoirs this may limit economic storage capacity
due to decreased injection rate, requiring more wells

eInjection in saline formations may displace saline fluids & increase risk
of possible mixing with a freshwater system

Drilling pressure relief (water production) wells is a possible solution

© CO2CRC
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Depleted Field (Pressure v. Time)

Initial P,

Pressure

ﬁ
Water production
(pressure relief)

o/g production CO, injection
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Initial P,

Pressure

Saline Aquifer (Pressure v. Time)

M

CO, injection

CO, injection
— ﬁ

Water production (pressure relief)




Maximum injection rate (Mtpa)
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Modelling CO, storage capacity
—the effect of injectivity on economics
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Containment
Buoyancy vs. capillary pressure
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Mercury porosimeter
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Mercury Capillary Pressure Experiment

Pressure (psia)
Rock pore volume ‘

saturated (%)

02\CR
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Mercury Capillary Pressure Experiment

Pressure (psia)
Rock pore volume .

saturated (%)
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Mercury Capillary Pressure Experiment

Pressure (psia)
Rock pore volume .

saturated (%)
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Mercury Capillary Pressure Experiment

ke ll
saturated (%)
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Mercury injection capillary pressure

0 1000
T 900 B
% =2
= 800 a
L 3
g 700 E
o . 600 0.2 =
S 2

4 500 c
_E 2 0.3 =
5 400 0.4 g
q_)‘ 0.5 o
= 300 o
> 1.0 =
= 200 o
o 10.0 2
g 100 L i

0
100 80 60 40 20 0
Mercury (Nonwetting-phase) Saturation "= m
o) ‘

PSS

All rights reserved



Site characterisation process

e Build detalled R
reservoir model
using current
state of the art
modelling
packages
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ASSURANCE MONITORING

INTEGRITY MOJITONNG

ATMOSPHERIC MONITORING

SOIL GAS SAMPLING

Monitoring the injected CO,

( ATMOSPHERE )

(

HYDROLOGICAL
& GROUNDWATER
MONITORING

GEOCHEMICAL SAMPLING
& SEISMIC MONITORING

Y
\ SURFACE

( AQuiFErs )

Measuring the temperature
and pressure, recording
sound waves and detecting
chemical and electrical
changes



Seismic monitoring

Image COZCRC
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The Sleipner 4D seismics until 2006

StatoilHydro



Vertical seismic profile monitoring

Zero offset VSP Offset VSP
........ Source Source
Well 1 Well - I
i - | e VSP tomography
1 o | « High Resolution
Geophone  Hy | Boundary 1 Geophone O~ ———__ ___ _ _ | Boundary 1 .
Xl Boundary 2 -~ ~————___Boundary2 Travel tlme
The source is close to the well. The source is some distance from ° M|Crose|sm|c
the well.
surveys (measures
creaks in the
Deviated Well VSP (ZVSP) Walkaway VSP (WVSP) subsu rface)

Sources

Well %%

|

| Boundary 1
! Boundary 2

I s _soundary 2

The source is moved away from the well and

Multiple geophones are located in the well, . '
signals are generated at regular spacings.

with multiple source positions.
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Downhole geochemical monitoring

CRC-1 Naylor-1

Injection well Monitoring well

| |

U-Tube-1
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Model predictions
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Cross-well electromagnetic tomography

After CO, injection Before CO, injection Difference
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Crosswell electromagnetic (EM) imaging of CO, sequestration at the Lost Hills field in central California—an
enhanced oil recovery site operated by Chevron USA ._\ ﬂ“ﬂ

cags *' @%@f@@ﬁ}% © CO2CRC

All rights reserved *



Model validation through new data

Current GWC, 1990 m S.S.
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Other monitoring options...

e Microseismic activity, deep and shallow
e Pressure sensors in monitoring well

e INSAR to measure mm-to-cm scale surface
deformation

© CO2CRC €
All rights reserved



Acknowledgement

The authors would like to acknowledge the funding provided by the
Australian Commonwealth through the CRC Program, and by both industry

and state government partners to support CO2CRC research.

CO2\CRC ssionamemovss '@‘
CRC
Thank you

www.co2crc.com.au i

© CO2CRC
All rights reserved *§




CO2CRC Participants

l - THE UNIVERSITY
| |I ) Curtin™ 78 MONASH University ’%’wﬂw

University of Technology
i THE UNIVERSITY OF
WESTERN AUSTRALIA ANGLO
o) E{A‘ AMERICAN

Australian Government
Geoscience Australia

CSIRO

=7 THE UNIVERSITY OF
% MELBOURNE

THE UNIVIESITY OF NOW SOUTH WALLS
sruNlr- AUSTRALIA

2 UNSW

e B sdl s Do) ﬂ g

anlecrad BG GROUF bhpbilliton INNOVATION

Wik

NSW

GOVERNMENT

RESEARCH | 20

TECHNOLOGY

Industry & g @
Investment e/F% Queensland Government

i i SasoL ;8 >, SOLID ENERGY
RIOTlntO reaching new frontiers /" Coals of New Zealand csclém%&
f@é{Govemment of Western Australia X
Department of B

sshl“mhal‘lgep @ V|ctdr|a e ntie l'.;_h VDepartment of Mines and Petroleum XStra[a

ToTAL coal

_@_ Supporting Partners: The Global CCS Institute | The University of Queensland | Process Group | Lawrence Berkeley National Laboratory

A
CRC Established & supported under the Australian Government’s Cooperative Research Centres Program

o
CRC FOR GREENHOUSE
GAS TECHNOLOGIES



	Slide Number 1
	Techno-Economic Resource-Reserve Pyramid for CO2 Storage Capacity
	Criteria for Site Selection �(In All Geological Storage Systems): � 
	Geological storage of CO2
	Slide Number 5
	Onshore seismic
	What is seismic?
	Seismic section
	Geological model
	3D layered Earth model
	Slide Number 11
	Wireline well logging
	Wireline well log data
	Studying the rocks
	Transgressive Shoreface Model:~ from Buffin (1989)��
	Integrated data sources
	Qualitative basin ranking
	Gippsland Basin, Southeast Australia
	Map of the Kingfish field, Gippsland Basin
	Seismic cross-section and geological interpretation:Kingfish field, Gippsland Basin
	Modelling CO2 migration pathways: offshore Gippsland Basin
	Modelling CO2 migration pathways: Kingfish field, Gippsland Basin
	Modelling storage potential: onshore Gippsland Basin
	Comparison of storage litho-facies
	Skeleton of the numerical geo-model
	Storage litho-facies populated across model
	Slide Number 27
	Porosity and permeability
	Injectivity 
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Mercury porosimeter
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Site characterisation process
	Monitoring the injected CO2
	Seismic monitoring
	Slide Number 44
	Vertical seismic profile monitoring
	Injection phase - prediction 
	Model predictions
	Cross-well electromagnetic tomography
	Slide Number 49
	Other monitoring options…
	Thank you
	CO2CRC Participants

