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3DEX™ example data
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Advances in Reservoir Characterization

e The trend

¢ Past 10 years

X>Array resistivity
>3D induction
> Through Casing Resistivity

¢ Now and beyond
X>Modern LWD
X>Mud logging NMR

e Outlook
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TCRL™: Benefits

e Bypassed hydrocarbons

e Monitor reservoir changes with time

X>water/gas flood control

e Better reservoir estimates
> larger depth of investigation

> optimized vertical resolution

Strack, 1999
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Basic history

e Three electrode scheme - Alpin (1939)
¢ Modern design - Kaufman (1990)
Vail (1991)
e WA feasibility study - May-Nov. 1993
e Colorado test - Dec. 1993-Mar. 1994
e PML acquisition by BA - Q4 1997
e First digital log, BA Texas - 5/98
e SLB commercial service - 1999
e BHI cancel project - 2000

Strack, 1999
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TCRL principle of operation
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Strack, 1999
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Operational modes

Reference Calibration Measurement
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TCR 1'ools a1' Baker Atlas test well
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Casing shoe & reservoir depletion
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Casing collar effect (resistive)

Feasibility Study
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Colorado test: Blind test zone
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TCR™ versus CHFR™

CCL

After Qiang et al., SPWLA 2002
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Summary: TCR™

® TCR works: Schlumberger have working tools
* Numerical modeling predicted results
® Tt took 60 years from idea to tool

e Better commercial tools are still needed

After Strack 1998
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Advances in Reservoir Characterization

e The trend

¢ Past 10 years

X>Array resistivity
>3D induction
X>Through Casing Resistivity

¢ Now and beyond
X>Modern LWD
X>Mud logging NMR

e Outlook
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MWD/LWD pros & cons

Pro Con

e Operated by driller, e Shallow depth of
minimum surface support investigation

e Measurement when invasion e Information may be
very low contaminated by drilling

¢ Real time information e Simple measurements only
(geosteering) e High risk (loss of tool)

* Near real time e Limited parameters available
interpretation

e Simple interpretation = croouse o Bypsssvaive  LogaingToos

Mud flows through
inner and outer vents
without restriction. Vents
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LWD & wireline methods
definitions:

e MWD/LWD - measurement/logging
while drilling

X>sensor is part of the drill string;
hostile sensor environment; basic
sensors exist; making fast progress,
data transmission via mud pulse (few 10
Hz) & memory packages

e Wireline - sensor attached to armored
long cable

X>delicate instruments with real time
surface acquisition; formation samplers
to high data rate imaging tools (video).

© Copyright KJT Enterprises Inc. 2001-2004
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LWD/MWD geosteering examples

Base of Marker on
Seismic Map

Base of Marker
on LWD Curves

Target Formation
on Seismic Map

Target Formation
on LWD Curves

After Marshall et al., 2000
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Resistivity
at the bit

After Rasmus et al., 1999
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Advances in Reservoir Characterization

e The trend

¢ Past 10 years

X>Array resistivity
>3D induction
X>Through Casing Resistivity

¢ Now and beyond
X>Modern LWD
[X>Mud logging NMR

e Outlook
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Mud logging
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for new technologies)
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Spin relaxation
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Spins are either up or down

Single Spin

(after Coates et al., 1999)
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CPMG timing diagram
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(after Coates et al., 1999)
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Getting a spin echo: CPMG sequence

0

(after Coates et al., 1999)
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Multiple-Frequency High Resolution MRIL

Borehole MRIL Probe
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(after Coates et al., 1999)
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Hardware summary
MR-ML™ tool

New generation compact
magnetic resonance
relaxometer.
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Simulation generated data

NMR BELAXOMETER =] B3

File  Mode Help

MME Eelaxation

Frocessing

1 -?_ __________ :____________' ___________ '___________:_ ___________ : 1 —  MMR Experiment
! E CPMG Train Farameters E E
E Time to echo [mz) 04 E E e |
i Murnber of B pulzes 2800 i :
| : Time to next train [ms] 2000 : )
i i ; i i Start Stop
I | Humber of trainz 10 1 i
o I ! i ;
- 1 1 1 1
=a5|- L ] ! Graph
=4u :
= 1
[ : -
= : iz Contral Clear Flat |
E [ Cursor

To Proceszing "Window

Time {ms)

© Copyright KJIT Enterprises Inc. 2001-2004



Simulator analysis results (T2 distribution)
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Advances in Reservoir Characterization

e The trend

® Past 10 years

> Array resistivity
X>3D induction
X>Through Casing Resistivity

¢ Now and beyond
X>Modern LWD

X>Deep reading tools
X>Mud logging NMR

e QOutlook
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The paradigm shift
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After Strack et al., 1998
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it inversi
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Optimum tool
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Conclusions

® Array tool allow easier integration of
multiple data sources

e MWD will be more dominant

¢ Deep reading tools linking to VSP will become
available
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