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Core Logging DeviceCore Logging Device
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Core ControlCore Control
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Coring Coring –– Geological ProfileGeological Profile
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Characterized Rock TypesCharacterized Rock Types

•• Caprock (Weser and Arnstadt Fm.):Caprock (Weser and Arnstadt Fm.):
Pl t d t (210 thi k)– Playa-type mudstones (210 m thick)

– Couplets of mudstone (0.05–1.5 m thick) and 
dolomite beds (0.01 and 0.5 m thick)

– Couplets stacked in groups of two to seveng
– Basin wide uniformity

•• Reservoir rock (Stuttgart Fm ):Reservoir rock (Stuttgart Fm ):•• Reservoir rock (Stuttgart Fm.):Reservoir rock (Stuttgart Fm.):
– Sandstones consist of varying amounts of 

t f ld d k f t ( k )quartz, feldspar, and rock fragments (graywacke)
– Fine to medium-grained, well sorted, and weakly 
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cemented by silicates / clay / anhydrite
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MonitoringMonitoring

Smart CasingSmart CasingSmart CasingSmart Casing
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Smart Casing ConceptSmart Casing Concept

•• Sensors placed behind the well casingSensors placed behind the well casing
•• Fully cemented in the annular space between casing andFully cemented in the annular space between casing andFully cemented in the annular space between casing and Fully cemented in the annular space between casing and 

rock formationrock formation
•• Special protector systems help to avoid damaging the fiber Special protector systems help to avoid damaging the fiber p p y p g gp p y p g g

optic cables and sensors optic cables and sensors 

•• This concept has a number of advantages:This concept has a number of advantages:
1. High data quality due to small distance between the 

sensors and the target (injected CO2)
2. Same coupling conditions in all repeat measurements 

(time-lapse measurements)
3. High repetition rate
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Permanent Downhole MonitoringPermanent Downhole Monitoring

•• TemperatureTemperatureTemperatureTemperature
– Distributed Temperature 

Sensing (DTS)

•• Pressure (+ Temperature)Pressure (+ Temperature)
– Fibre optic sensor

R i ti itR i ti it•• ResistivityResistivity
– Vertical Electrical Resistivity 

Array (VERA)Array (VERA)

•• Micro seismicityMicro seismicity
– Triple Axis Accelerometer p

(TAA)
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Smart Casing InstallationSmart Casing Installation
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Fibre Optic Pressure SensorFibre Optic Pressure Sensor

Slug test  in Ktzi 201 (550 m depth )Slug test  in Ktzi 201 (550 m depth )Slug test  in Ktzi 201 (550 m depth )Slug test  in Ktzi 201 (550 m depth )

Sensor limits: p = 137 MPa T = 150Sensor limits: p = 137 MPa T = 150 °°CCSensor limits: p = 137 MPa T = 150Sensor limits: p = 137 MPa T = 150 °°CCSensor limits:  p = 137 MPa, T = 150 Sensor limits:  p = 137 MPa, T = 150 CCSensor limits:  p = 137 MPa, T = 150 Sensor limits:  p = 137 MPa, T = 150 CC

•• Remote operation (distance > 10 km)Remote operation (distance > 10 km)
•• No down hole electronics requiredNo down hole electronics required
•• High structural integrationHigh structural integration
•• Reliability in hostile (HT/HP) environmentsReliability in hostile (HT/HP) environments
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•• Point wise or distributed monitoringPoint wise or distributed monitoring
Schmidt-Hattenberger et al. 2007
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DTS and Heater CablesDTS and Heater Cables
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Gas Membrane SensorGas Membrane Sensor
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NonNon--Permanent MonitoringPermanent Monitoring

•• 3D 3D seismicsseismics::
– sources and receivers placed at surfacesources and receivers placed at surface
– low resolution but reservoir coverage
– sensitive to low CO2 (up to 10 %)sensitive to low CO2 (up to 10 %)
– low repetition rate due to costs (maximum once per year)

•• Cross holeCross hole seismicsseismics and surface to boreholeand surface to borehole seismicsseismics::Cross hole Cross hole seismicsseismics and surface to borehole and surface to borehole seismicsseismics::
– sources and receivers placed in boreholes (x-hole)
– source at surface receivers moving in boreholes (VSP)source at surface, receivers moving in boreholes (VSP)
– source at surface (moving), receivers in boreholes (MSP) 
– higher resolution than 3D seismics– higher resolution than 3D seismics
– may interfere with other measurements in well

cross hole tomography and caprock integrity
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– cross-hole tomography and caprock integrity
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GeochemistryGeochemistry
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Baseline Baseline -- GeochemistryGeochemistry
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Mud Gas Monitoring while DrillingMud Gas Monitoring while Drilling
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Mud Gas Monitoring while DrillingMud Gas Monitoring while Drilling

•• With this method complete depth profiles of With this method complete depth profiles of 
relevant gases gainedrelevant gases gainedrelevant gases gainedrelevant gases gained

•• Gas rich zones and fluid bearing inflow Gas rich zones and fluid bearing inflow 
horizons are indicated by higher gas horizons are indicated by higher gas 
concentrations in the mud gasconcentrations in the mud gasconcentrations in the mud gasconcentrations in the mud gas

!!Boreholes in Boreholes in KetzinKetzin::
– No zone with higher gas concentration detectedg g
– Drilled formations generally poor in gas
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Gas Discharged from CoresGas Discharged from Cores
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Fluid Monitoring Set UpFluid Monitoring Set Up
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Fluid Sampling SetFluid Sampling Set--up at up at KetzinKetzin
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StimulationStimulation

NN22--LiftLiftNN22 LiftLift
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Removing Safety ValveRemoving Safety Valve
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Particle SamplingParticle Sampling

! Fluid looks 
already clean 

Specialist for on site analytic

y
after 1 h lifting 
(5m3)

Specialist for on site analytic 
(Dargel, RWE Dea) 

! Stop of lifting p g
after production 
of 50m3 ???
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Microfiltration (1.2 "m)
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Successful MeasureSuccessful Measure

16 3 /L16.3 g/L
REM, XRD: Fe + S

2.7 g/L0.2 g/L g

Fi < 1 /L t f lifti ft d ti f 100 3 t
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Fines < 1 mg/L # stop of lifting after production of 100 m3 water
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ModellingModelling
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Geological (Static) ModelGeological (Static) Model

11 PP d illi i d l f ld illi i d l f l1.1. PrePre--drilling reservoir model for general drilling reservoir model for general 
simulation of injection and distributionsimulation of injection and distribution
– Nearest well information 5 km away
– Old core material crumbled little petrophysicsOld core material crumbled, little petrophysics
– Fluvial sequence, general channel direction 

assumed to be knownassumed to be known
2.2. Updated and refined model after information Updated and refined model after information 

from 3 new wells has been includedfrom 3 new wells has been included

Frontiers in Geosciences 2007-2008, IPGP Paris, 19.03.2008Frykman et al. 2007
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HeterogeneityHeterogeneity

HORIZONTAL HETEROGENEITY
LOW MODERATE HIGHMODERATE HIGH

LO
W Layercake

O
G

EN
EI

TY

L

t

CA
L 

HE
TE

RO

M
ED

IU
M

Fl
ow

 u
ni

t

J igsaw

VE
RT

IC

G
H

L b i th !HI
G Labyrinth !

Frontiers in Geosciences 2007-2008, IPGP Paris, 19.03.2008

W ell spacing

Tyler and Finley RJ 1991



a Helmholtz Centre
Probabilistic Reservoir SimulationProbabilistic Reservoir Simulation

Area of channel/sting facies

CO2SINK drill site

FLUVSIM area

(10km x 9km x 80m)

•• Bore hole data with channel and nonBore hole data with channel and non--channel channel faciesfacies
Vertical proportion curve account for vertical trendsVertical proportion curve account for vertical trends•• Vertical proportion curve, account for vertical trendsVertical proportion curve, account for vertical trends

•• Channel parameters (orientation, number, thickness, width)Channel parameters (orientation, number, thickness, width)
A l i ti i l tiA l i ti i l ti
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•• Areal variations given as areal proportion mapAreal variations given as areal proportion map
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Permeability to Numerical ModelPermeability to Numerical Model
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Flow of COFlow of CO22 in the Reservoirin the Reservoir
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Modelling of COModelling of CO22 InjectionInjection

One example of a scenario of gas

A ti 3 h l 500 D M d fl f i 0 1 D
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Assumptions: 3 channels ~ 500 m Darcy, Mud flow facies ~ 0,1 m Darcy

The CO2-Storage Team – 2006
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COCO22 migration / temperature effectsmigration / temperature effects

Results of simplified numerical model:

Frontiers in Geosciences 2007-2008, IPGP Paris, 19.03.2008Bielinski et al. 2008
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Media CoverageMedia Coverage

> 1000 articles and around 40 TV stories
Frontiers in Geosciences 2007-2008, IPGP Paris, 19.03.2008

> 1000 articles and around 40 TV-stories



a Helmholtz Centre
ConclusionsConclusions

•• Project start: 1Project start: 1stst April 2004April 2004
•• Permissions (> 20) applied Permissions (> 20) applied 

for and collected  for and collected  
•• Successful completion of 3 Successful completion of 3 

wells (1 IW, 2 OW)wells (1 IW, 2 OW)( , )( , )
•• Delay around 1 year (only)Delay around 1 year (only)
•• Injector stimulatedInjector stimulated•• Injector stimulatedInjector stimulated
•• Baseline measurements Baseline measurements 

l t dl t dcompletedcompleted
•• ……
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OutlookOutlook

CO Injection in Spring 2008CO2 Injection in Spring 2008
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Wissenschaftspark (Wissenschaftspark (scientificscientific park) park) 
AlbertAlbert--Einstein Einstein -- TelegrafenbergTelegrafenberg

Thank you for your Thank you for your 
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