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The vision

Market introduction

o Slowing down the global warming
doptoyment Ll scele by preparing for a pilot
Systemincorporatedin ® of a large scale CO, storage in

commercial design

Pilot demonstration Vi e n n a b a S | n

integrated pilot system
demonstrated

Prototype demonstration
prototype system verified

Broad demonstration
laboratory testing of integrated
system

Proof of concept validation
laboratory testing of prototype
component or process

Proof of concept research:
critical function, proof of
concept established

Academic research
technology concept and/or
application formulated

Basic research
basic principles are observed and
reported
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* Field under production in 60’s and 70’s
— Scarce and often uncertain data...

e Yet its still more than what we know about “common”
aquifer

— Small field, yet representative of Vienna basin

— Recent re-abandonement

— Recent re-view of restarting gas production

— Old abandoned fields are likely storage candidates
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Complexity, data required

Reservoir model

Material balance PTA

History matching/reservoir characterization

CO2 inj. forecast

Optimization

Foregast

L

! CO2 injection
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Pressure and Derivative [bar]

Derivative
o Fall-off
o Injection

Elapsed Time [hr]

CO2 inj. forecast

Optimization

10000

Complexity, data required

Material balance

History matching/reservoir characterization

e | : CO2 injection
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Pressure and Derivative [bar]

Pressure
*  Fall-off
= Injection

CO2 inj. forecast

Optimization

1000
Elapsed Time [hr]

Complexity, data required

Material balance

History matching/reservoir characterization

, : CO2 injection
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Complexity, data required

Material balance

History matching/reservoir characterization

CO2 inj. forecast

Optimization
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| Utilizing all
production available
data pressure data

« Screening uncertainty in

| Matching aquifer
behavior using

* Injection prediction capability | the same model
as in full field

runs

scenarios m IRIS

reservoir properties

» Fast screening of various risk
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Two model realisations:

 Two component “black oil
like” to speed up history
matching process

« 8-component
compositional for CO,
injection
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Vital steps:

* Establish S,
e Wettability restoration at reservoir conditions

After flooding relative permeability and capillary
pressure are back-calculated using in-house
algorythms.
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Geomechanics

* Links between geomechanical experimental studies, simulation

and risk studies

e |n-field stresses and direction

Rock core sample after flooding
Implementation of current data to reservoir simulation
Reducing operational envelope
Designing future activities required during pilot project

PQ-curve and failure envelope
20

Fault stability evaluation v

Q, MPa

-10

IS
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Geochemistry
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1. CO, dissolution in brine

2. Interaction of CO, with reservoir rock
3. Interaction of CO, with reservoir seal
4. Fault reactivation?

5. Interaction CO, with cement in old wells (aimed at
assessing the integrity of the cement).

il IRIS
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Storage
Pressure relief

EOR

Scenarios

Scenario Weights
Pure storage Weoz > 0; woy =05 Wwyae =0, Wygeer =0
Storage in aquifer with pressure relief Weoz > 0; Woy = 0; Weae =05 Wygrer >0
Storage in abandoned field without EOR
) ) Wcoz > 0; Woiur < 0; Wyas <0; Wwater > 0
but with pressure relief
Storage and EOR Weoz > 05 Woy >0, Wyas >0 Wygrer >0
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Initialisation
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Z7 South

i1 owc-1002m

azaon

Porosity
Zone Qil zones Gas cap Oil segment split (STOOIP)
HCPV STOOIP HCPV GOIP* North (All) South (L1&L2)
L1 58.0 53 250.0 26.7 53.0 N/A

L2 309.0 284.0 372.0 39.8 84.0 200.0
L3 67.0 61.2 302.0 32.2 61.2 N/A
L4 70.0 64.2 172.0 18.3 64.2 N/A

Total 504.0 462.4 1096.0 117.0 262.4 200.0

* Gas-in-place is noted in M m3 — other volumes are in K m3
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History match
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REPP@ Injection and monitoring wells ~

JBR75 €— shallow monitoring well
+BR85E monitoring well in Lab Horizon
BR76
_BR73 ", €&——— shallow monitoring well
sBR72€ monitoring well in Lab Horizon
BR74 € injection well (provided that old wells could be re-used)
JBR77
BRre8 € injection well (provided that old wells could be re-used), .
.BR80 monitoring well in Basal Upper Badenian Horizon

JBR79  ppei o with geophone
< shallow monitoring well
BR88

Ty BR70 H H i i
BR69 ea monitoring well in Lab Horizon
BR71 ,BR81

BR’.82§R45<7

.BR65

s injection well (provided that old wells could be re-used)
<<€ shallow monitoring well

/

BR78 monitoring well in Basal Upper Badenian Horizon
’ ' o with geophone
orta B3B8 K shallow monitoring well

monitoring well in Lab Horizon

BR89,

BR61 € injection well (provided that old wells could be re-used)
BR83 \
BR90 S
’ BRSE . . .
monitoring well in Lab Horizon
.BR84
_BR60 SK

\

BR®  Abandoned well .., cz .Br75s  Re-abandoned well 5264 Blow-out well m IRIS



@ Leakage paths? °/

* Old wells, faults, cap rock integrity failure
— Reservoir simulation model to evaluate risks and rates

— Chemical models to evaluate CO, reactivity and elements
on its path (rock? Cement? Salts in water?)

— Detalled surface model to analyze mlgrahon of pollutants
‘ = ’/l“y,f - N T T i R T




Next

Prevention: pro-active

Barriers 1o prevent hazardous event

PRESSURE CONTAIN-
MENT AND PRIMARY
PROTECTION

Design Basis

QA and documentation of
Design, Fabrication,

eif 7 Other
ure containing
components

Pipeline ¢

Protection and
structures

Iinformation system 1o
3rd party

Restriction and safety
rone systerm

ssure protection
systom

External corrc
controlpro
system

Internal corrosion

rontrol/protec
system

OPERATIONAL/
PROCESS
CONTROL

Process
contral

PIPELINE
INTEGRITY

Operational
IMPROVEMENT

Procedures

egies and
PIPELINE plans f
INTEGRITY pipeline
CONTROL 3

provement

Systems and
processes for
Mitigation
Intervention
and Repairs
Systemns and
processes for

nitoring and
ting

assessment

Reliability

stage: risk
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Mitigation: re-active

Barriers to control consequences and effects

EMERGENCY
SHUTDOWN

OPERATIONAL/
PROCESS
CONTROL

COMMUNI PIPELINE
CATION, COMBAT, REPAIR
DIVERSION AND SYSTEMS
RESCUE

Vulnerability



