The CO2CRC Otway Project

Dr Matthias Raab
Program Manager Storage

Cooperative Research Centre CCOP Workshop
for Greenhouse Gas : 12 September 2012 © CO2CRC
Technologies (CO2CRC) All ights reserved

0000000000000 000O0O0OO0O

0000000000000000000O0 °
0000000000000000000O0
000000000000 00000000 C02 CRC
0000000000000000000O0

0000000000 )

0000000000

0000



Key aspects for geological storage of CO,

* Where can we store? (Site Selection / Characterisation)
 How much can we store? (Storage Capacity)

« How can we best get it in there? (Injectivity)

« How do we know it will stay there? (Containment)
 How can we tell? (Measuring, monitoring, verification)
 How much will it cost? (Economics)

* Whatis the Risk? (Risk Assessment / Management)

« Making it happen (Regulatory, Liability, Public Perception)
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CO2CRC Storage Program

Conducting leading edge research into Geological Carbon Storage

« Stage 1. 65kt CO2 injected in depleted Gas Field
« Stage 2: Researching CO2 storage in saline aquifers
« 15research projects

 Two large field experiments (Otway Stage 2b &2c)

e 79researchers across 11 Institutions, 15 current PhD students

« 2011-12 FY budget of $11,900,000

« CO2 Sequestration facility in SW Victoria (Otway Project)
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Our Field Experiments
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The CO2CRC Otway Project

* Australia’s only Sequestration Facility
* One of few operational sequestration sites in the world

» Operating since 2008

* Research and injection into depleted hydrocarbon reservoir (Stage 1)

* Research and injection into saline aquifer (Stage 2)

* Unique research facility with global collaboration

« Concept, research and facilities provide blueprints to other CCS projects

«  Will remain Australia’s only CO2 injection site at least until 2015.
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Location of CO2CRC Otway Project
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Stage 1 demonstrated safe storage

in a depleted gas reservoir
— PNAS Jenkins et al. 2011

Stage 2 to demonstrate safe storage
in deep saline formations.
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The CO2CRC Otway Project - Stage 1 & 2

Air G ate
monitoring

- Stage 1: 2004 to 2009 maire G Ussimni

production
3 —rroo B 4

Buttress-18%

— Demonstrate safe e B T e s
transport, injection and '
storage of CO, ina
structural trap

- Stage 2: 2009 to 2015
— 2a: Drill CRC-2

— 2b: Measure parameters
affecting residual and
dissolution trapping in an
unconfined aquifer

Massacre Shale
Timboon Sandstone.
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CO2CRC Otway Project Aerial View
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RIS

K Example — Pre Implementation

Reservoir trapping mechanisms

Reservoir model built. Residual gas saturation test will

Technical reports.

Reservoir adequate to contain injected gas in . " . . . - - ) : Adapted November
7 N 9 R ; 2 Rare Major Medium provide residual gas trapping potential, in addition to Rare Minor Peer Review B
Integrity the absence of regional seal above SRR d ; 2009
the injection interval at 1430 m. SSo o Ionpmg. Sonens
Technical risk assessment undertaken by CO2CRC
: . team. R ir leak isk is low. Wells h. d Techncial risk
Reservoir Leakage from reservoinplugged well, : 2 S Reevol Soame e : ik 3 avg oo SETRISR Adapted November
8 £ Possible Major cement bond so leakage from behind casingis low. Rare Moderate assessment. Bond
Integrity Stage 1and 2. . 5 5 2010
Use abandonment and risk mitigation strategies Logs
consist with O&G Industry.
18 months of track record. Knowledge of operations.
Appropriate de-mothball and pre-start up procedures. o
. o g KR . Documnentation of
F Compressor failurefincident : 2 Plant is used only for gaslifting - so relatively modest 5 : Adapted Novemnber
9 Plant Operation z G s dad Possible Moderate Medium i ey Possible Moderate pre start audit
impacting timeline of Stage 2B. operation times. For incidents OHS and emergency 2010
4 4 : procdure.
response plans in place. Wellheads installed with
industry standard valves and alarm systermns.
Cornpromise scientific objective of
Stage 2C. Inability to effectively Seismic forward modeling predicts good results to
0 Plurne Imaging detect the CO2 plume in the F’aaratle Possible Mcclrate Medium |mag_e_|n|e_c!xon amour?ls t_ve!ween 5and 7 k tons of Rare (— Technlca! rePorls Adapted Novernber
frn because of challenging CO2 injection. Land seismic survey methods tested and publications 201m
subsurface conditions, malfunction during Stage 1, robust image processing developed.
of seismic equipment.
Technical risk analysis on possible leakage paths
considered when formulating KPI's. Monitoring to be
1 EPA regulation Unable to fulfillFF'A regulatory Bare Modarate Medium perlfon.ﬂed as per plan. EF'.“-‘f. to be brieferTi on r'esearch Rare o Regul ar.EF'A Adapted Novernber
conditions. findings on a regular basis and potential ability to reporting 2010
review KPI's based on new findings if justifiable.
Received exermption from Yic CCS legislation.
f relationshi .
Landowner ‘Break dowrof rel sionship and' y . Agreements inplace and landowner regular = Landlowner Adapted Novernber
12 failure to adhere of agreements with Possible Major Rare Minaor Agreements and
agreernent engagernents. ¥ 2010
all landowners. DOl license
Cost of rehabiliiation and relinguishment allowed for in
T i project budget following standard gas oil well T s, legal | Adapted N b
13 3 ene.rnen Reliquishment budget inadequte. Possible Minor abandonment process and reviewed in 2007, Review Possible Minor enerner? - oG vermoer
Relinguishment advice 2010

every two years and seek additional funds from Board
if necessary.
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Core Enabling Legislation

Impact Assessment and Planning Approvals

«  Environment Protection and Biodiversity Act 1999 - not a controlled action
* Environmental Effects Act 1978 - no environment effects statement

* Planning and Environment Act 1987 - planning scheme amended

Environmental Portfolio Approvals
*  Environment Protection Act 1970 - Research Demonstration & Development

Petroleum Portfolio Approvals
* Petroleum Act 1998 - various petroleum related activities approved

Water Portfolio Approvals
«  Water Act 1989 - various drilling and injection activities approved

Land Access
* Planning and Environment Act 1987
« Land Acquisition and Compensation Act 1986
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Regulatory Approvals

CO,:

1) Plant (compressor)

2) Gathering line

3) Other facilities (centre,
etc...)

Gathering Line
Approval

Moyne ShireI
DROL

Activity Approvals/Permits Regulator Application Process
Production of CO, Production Plan DPI - Petroleum Act 2000 (DPI).
Compression & Transport of | Planning Approval, DSE, DPI, - Petroleum Act 2000 (DPI)

- Ministerial Amendment request of the Planning & Environment Act
1987 (Moyne Shire/DSE)

- Exemption of Pipeline Act 2005 (DPI)

- Cultural Heritage Act (DPI)

- Compensation agreement: consent to land access

- Project of Significance and Compulsory Acquisition (DOI)

- Exemption of Rural Fire Service (CFA)

2) SOBN Water wells
3) Down-hole (Naylor-1)
Monitoring

Agreement, DSE
access rights

Drilling of New well Drilling License SRW, DPI - Submit EMP, SPM and Drilling plan. Well drilled under water
license.

Injection of CO, Disposal Approval SRW, EPA - Water Act 1989 Section 76 & 67: Application for approval to

(CRC-2) dispose of matter by means of a bore
- Compensation agreement: consent to land access

Storage of CO, Storage Approvals EPA - Environment Protection Act 1970: Research Development and
Demonstration (RDD) Approval (EPA)

Monitoring & Verification Planning Approval, EPA,DSE, - Ministerial Amendment request of the Planning & Environment Act

1) Atmospheric Compensation Moyne Shire 1987 (Moyne Shire/DSE)

- Consent to use (SOBN) bores (DSE)
- Compensation agreement: consent to land access
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Community & Assurance
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Questions raised about CCS

* Is it safe?

- Will it affect groundwater?

- What will happen if there is a leak?

»  Will my land/crops/livestock/house be affected?
«  Will | get compensation?

«  Will my electricity bill go up?

»  Will jobs be created?

- Will I get royalty payments?
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Assuring the community — a
monitoring plan

ATMOSPHERIC MONITORING ATMOSPHERIC MONITORING

« Measuring the atmospheric
(LaTmospHere ) concentration of CO,

« Measuring the concentration of
CO, in the soil

« Analysing the groundwater

SOIL GAS SAMPLING 'd

3
 SURFACE ]

ASSURANCE MONITORING

HYDROLOGICAL

& GROUNDWATER ( AQUIFERS )

MONITORING

 Measuring the temperature and
pressure, recording sound
waves and detecting chemical
“yCacrep co, Yo changes

GEOCHEMICAL SAMPLING
& SEISMIC MONITORING

+
.
L
.
*
-
.
*
~
-
-

.
. *
.

.

INTEGRITY MONITORING
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Atmospheric monitoring

D. Etheridge et al.,
CSIRO

p——— | A e
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v Wil

Atmospheric monitoring equipment

Existing CO, sources
characterised before
Injection

Look for evidence of
emissions from CO,
storage — distinguish
from large scale diurnal
and seasonal

R} fluctuations.
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Soil gas monitoring

- Baseline surveys of soll
gas before injection

* Determine likely source
of CO, in soil gas by
Isotopic composition,
presence of other gases
and tracers

* Repeat surveys and
look for anomalies

— DanCeS Rna~ |
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Groundwater Monitoring

700

f Station D

Concentration (mg/l)

T | T
2006 2007

T
2009

Establish baseline groundwater
levels and chemistry of freshwater
aquifers

Sample before injection and
regularly during and after
injection

Samples analysed for pH, redox,
electrical conductivity,
temperature, alkalinity, Ca?*,
Mg?*, isotopes (62H, &13C, 6180,
534S), etc.
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d sampling

Downhole flu

~31595358°
coates

wiiiss2 (&)
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Seismic monitoring

Range of seismic techniques

Vertical Seismic Profiling
(VSP) (source surface, receiver
downhole)

High Resolution 3D surveys

Microseismic surveys
(measures creaks in the
subsurface)

0000000000000000
0000000000000000
0000000000000000

CO2CRC



‘l

[e)¢)

00388000000000

0000 00000000
0000000008

e storage an

Saf
Caritat®

chartes B Jenk
patrice de ¥
goman Pevd

itat™s
ner®, Wirike schadht™, sandee

e, Petel 1. Cook™s Jonathat
» pavid M. E\heng“‘ garry M

P Sharn'\.a“, Linda 58

T o nhouse e (O natioral Farmes federation 1
ineerind. senific and industrial fessarch Urgam'zatiun, Black Mountain. canbesra 241,
Bgmouree gnginesrind. e th Saentifi and industrial fesear Un;anizat'm, fan Wark Laitvratach Bayview
- agarth Sdene & i BpsoArce Lngneuxing,mmmnvu\tn soentific and Industrial uuu:mnurgarisfm, %
Gepsien® A i, GPO B 378, Canbend 2609, pastrait yharine and »
- Geroria 3195, ia:

Conter $07
posztralis wgarth Gciencs and ResreR Engineentd mmamahn ks
pasmratis; 70 Laence and et th
pwenwt. Wt pustralia; £t i
Dick Pery BueTIE, echmalagy Park FET% 6151, Austo i
Comm

i Researdh
e Berkeley pamanal LB LY.
k Ament o Eapbation ﬁeﬂmvysu,(.umn Unive
e e, S 5005,

canada VS 15k
Igustrafian acnodd
R Australia

gaited by E-AOT

Carbon capure nd

sarhon SERE
dimate Crange

‘b:ncm'mg al

1118, One L

o Bepolel . University of Adelat

38 Caburgh. U niversty o Cambridas

storage {ccs) javitel @ reduce €02

a
e, pa\tm\a\ly prent\ﬂ\ngm% of the e
and dend

can be
e could ston ghobally ggnificant amK
gwqxstrathn ko e
oy iy
_and the resuiting o
v

pmosphenic CO:
i1l contine 1o be bt

critical BsuE- Fosil fucls ®
: e are Vi

{1y, thos caphice and g:ak:p_:;al SAOTRE

(23 My aspes 5 of
m:\\-mdcrﬁ\md in o

projets i

the donilar

spnaction (1
projects Taav

net) doe g

prand L Qubsirface storage of
TsAnTY {16}

parvent apprmumau\:: 30 Gy~ Ty emitied
carhan capture and s
Yemical engineering
1o e sufficied
il and g3

Y 3 T3 Jl
3k Cranfield (6}, awd Ry 0 @

(OFESIn pm]act‘\n o ihres

1. Smatler research and develo?
e been -:omplch:d o are i ooy
witc.:hnﬂk\‘r.k:ﬁ-'ca«r\'mn seqpartt

gzardms .
My W fhe United States) s injected 1

fersi17h8

in Casada apprremats 1y 3 M

H,5) has been safely spored, 0 several €8

FEBETVOITS
Drespite

nicl comoerns

ing feasib
focuses O

{18}

a successiul rooned, OCS T8 mai

are Tong-term leakage, B
geate of deployn

ility, & 3
m ptrc-‘.'l\'(d cigks from leakag.

oshsbe @

cnshore sies Sior COMMETTED. =
projects i the Nﬂhcr\and‘» {Shel, Rari

e YALATER

5 1TSS

ingtan, Pt
asnerzalth scipntific and Industrial Resea
W 30 Cetitron 8298 Bnrkehey, O ‘aay 20 "Earth 45 ences, 3

s

Bo
4, Dirk Wirste™s Linenin paterson s

of CO, in depleted 9as fields P r O C e -
gnnisKing”, James Und;shulu‘“(_hris cenant”, 55 pance™ ed I n g S N .
ational

whan® A:fcnuc,umcrra 2600,

iy, 25 Dk PRI prenue, Tecroao ark, ¥emEn gt
Austrafia and b erg et Carbon gordcs, 298 Gt Georges Terracr,

R Jenkins et al Dec 2011

y
y

Confirming th

at C :

and ef : O2 storage in depleted :

effective, and ed gas fields can be saf
e

Depleted
reservoir
s could store globally signifi
icant amoun
ts

of CO2.

[e)e)
00
oo
o )¢}
(o Xe)
o Xe)
(o No)

0000000

(®)

CO2\CRC



adp THE AUSTRALIAN* @@@
ABC

. : e ! :
brisbanetimes W oBS ninemMsn' 5&2&%&2%

.COmM.au

WAtOda @ :‘E‘wgmln"n I \/ nz THE STANDARD

.com. au ‘._,
T TE REO IRIRANGI 0 AOTEARDA

S  mNEWS NP

wwwkinhuanet.com

THE VANCOUVER SUN VQA ‘mm’ NewScientist c@ pon,

CSIRO
« ABC Ballarat » Electric Light and Power « Canada.com (Canada)
« ABC Science Online * Industry Search * UPl.com (USA)
« ABC Radio National AM « Utility Products » Energetic City (Canada)
 ABC Radio News » Scinexx (Germany) « Calgary Herald (Canada)
* The Weekly Times » Sina English (China) « Ottawa Citizen (Canada)
+ Radio NZ Wellington * PhysOrg.com (Canada) « MENAFN (Middle East
* Nelson Mail » E! Science news (Canada) North Africa)
« Sunday Star Times » Australasian Science * Energy Daily (USA)
» Marlborough Express » Eco-business.comDalje.com » Capture Ready (China)
* Timaru Herald (Croatia)  Liberal Victoria
« Manawatu Standard  Financial Post (Canada) » Clear The Air News Blog

WA Business News « Edmonton Journal (Canada)  R&D Magazine



Otway Stage 2 — storage in saline aquifers
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Trapping in a saline formation

Residual trapping is where small amounts of CO, are
disconnected from each other, trapped in the pore space.

Residually trapped CO, Flow of CO
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Capillary Trapping

000000000000 0000O000OC
000000000000 00000O0OO0O

000000000000 000O0OOOOO -

000000000000000000000 C02 CRC
00000000000000000000O0
0000000000000000000O
00000000000000000000C



Volumetric equation for capacity calculation

Ggo, = Volumetric storage capacity
A

= Area (Basin, Region, Site) being assessed

Geo, = A h, 9 E

= @Gross thickness of target saline formation defined by A

h
¢ = Avg. porosity over thickness h,in area A
P

= Density of CO, at Pressure & Temperature of target saline formation

= Storage “efficiency factor” (fraction of total pore volume filled by CO,)

The $15M question: how to determine Sgr?

NETL DOE, 2006

000000000000 00O00 C
000000000000 0000C
000000000000 000OC
00000000

00O
00O
0000
0000

CO2\CRC



Stage 2b — Residual Saturation Tests

* Objective: Determine the residual CO2 saturation, Sgr

« Five (5) independent measurement approaches to determining
residual trapping:

— Saturation logging using Residual Saturation Tool <1lm
— Thermal test ~1-2m
— Tracer tests ~4-10 m
— Pressure test <20m
— Dissolution Test <1m
‘OOOOOOOOOOOOOOOO(;
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Hydraulic pressure test

Upper packer

Casing

e Pressure data are sensitive to residual
gas saturation

Real time
pressure gauges

« Pressure sensors are installed above
and below the perforation

Lower packer

* Pressure transients are recorded to T —
. . sensor and heating wires
infer the amount of gas trapped in the
formation

—Pressure change depends on relative permeability

—Relative permeability depends on residual gas saturation
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Noble Gas Tracer Test (Kr-Xe)

 Tracers are injected into the formation with water and then back
produced (U-Tube sampling)

* Noble Gas Tracers partition between aqueous and CO2-rich
phase

- Portions will partition into the gas and become immobile
(hence not produced back)

- Tracers in water remain mobile and are being back produced

—Measured with GC’s and MS’s in Mobile Geochem Lab

—Residual saturation can be inferred by comparing Break Through curves
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Kr-Xe Partitioning

Baseline Test (100% Pore Water)
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The impact of Otway Stage 2B

(Residual Gas Saturation & Dissolution Test)

1. Developing a single-well test for reservoir characterisation (porosity,

permeability, capillary pressure, and heterogeneity).
2. Determination of Sgr through different techniques.

3. Different techniques provide different depth of investigation into the
reservoir, from cm to several 100m (time dependent).

4. Sgr is required for calculation of CO2 quantity stored in the pore space by

residual trapping.

5. CO2 residually trapped (permanently stored) is key for immediate safe and

long-term storage.
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Next research phase: Otway Stage 2C

Research Aim

Success Criterion

Safely demonstrate

unconfined aquifer:

Demonstrate the detection of gas using
4D seismic monitoring.

Monitor plume evolution and match
refine plume migration forecast via
iterative dynamic modelling.

stabilisation of CO; in a deep

Evaluate characteristics of different
seismic techniques to optimally monitor
CO..

Confirm ‘point of stabilisation’ through
monitoring validation of dynamic model
predictions.
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Seismic modelling for 30kt injection of CO2
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Roman Pevzner
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Thank you
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CO2CRC Participants

Australian Government

Geoscience Australia

THE UNIVERSITY OF
- MELBOURNE

B

BG GROUP

5 ministry of
science +innovation

TE PUNAHA HIRINGA WHAKAEA

‘d

stanwell

bhpbilliton

RioTinto

Curtin University

UNSW

THE UNIVERSITY OF NEW SOUTH WALES
SYDNEY © AUSTRALIA

®
&l

State Government Department of

VlCtorla Primary Industries

2

ToTAL

Ki

% MONASH University

THE UNIVERSITY OF
WESTERN AUSTRALIA

BROWN COAL @

INNOVATION

AUSTRALIA

N

GA

@ Queensland Government

ANGLO
AMERICAN

bp

Korea Institute of Geoscience
and Mineral Resources

SasoL

reaching new frontiers

Government of Western Australia
Department of Mines and Petroleum

THE UNIVERSITY
QF ADELAIDE
AIETRALIA

%

anlecrad

(4

Wik

GOVERNMENT

= O
X

Trade &
Investment

xstrata

coal

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

CANSYD Australia | Government of South Australia | Charles Darwin University | Simon Fraser University
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