








The fun of ancient logging

After SPWLA, 1979
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The Phases

e 1921 - 1927 Conceptual Phase
e 1927 - 1949 Acceptance Phase
e 1949 - 1985 Maturity Phase

¢ Since 1985 - Reinvention Phase

After Luthi 2001
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General formation evaluation trend

e Optimum use of MWD & wireline
X>MWD: routine and steering
X>wireline: imaging and deep (1-10 years then MWD)

¢ Advanced logs: mineralogy, downhole analysis..
e Downhole laboratories & factories
¢ Integrated optimized solutions

X>tie with SWD to seismic cube
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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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Oil - Resistivity relationship
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Resistivity tools underlying principle

(after van Ditzhuijzen, 1994)

T = Uninvaded reservoir
© Copyright KIT Enterprises Inc. 2001-2004

| = Invaded reservoir



From meters to acquisition systems
Limits Possibilities
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After Strack, 1999




From meters to acquisition systems

After Strack et al., 1998
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Array industion requirements

e Multiple depths of investigation

e Multiple vertical resolution (improved!)
¢ Increased depth of investigation

® More reliable measurements

¢ Streamlined interpretation
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Resolution matched example
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Array Induction: Dip Effect & Correction
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HDIL: vertical resolution-matched curves

Method = Comn., Resolution = 2ft, Dip = 70 degrees
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After Xiao & Geldmacher, 1999
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HDIL: inhomogeneous model based

Method = IBF_dip, Resolution = 2ft, Dip = 70 degrees
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OTIIP = (A*h)*Por*(1-Sw)

A= 160 acre
Assume 7,758 API Bbl/acre-foot
1Bbl=$22

AAS6

5’ ' y *EEEE OTIP 14,912 427 Bbl 16,173,193 Bbl
i : gl Value 328 M$ 356 M$

2D inversion

{'- : F 2 ft VRM Curves

2D Inversion

: h 67.00 ft 7475 ft
Por 25.8% 25 9%
HDIL VRM | 7] (1-Sw) 69.5% 67.3%
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Array laterolog objectives

* Next generation lateral
Instrument

® Resolve
3> thin beds (< laterolog- 2ft)
> deep invaded formations

e —

(O (L (

e Provide accurate radial
profile of R; & R,,
%> invasion & flushed zone
evaluation
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® Provide risk analysis input
>error bounds, parameter
importance
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HRLA Principle and Modes

24 ft

Mode 4 Mode 5

Courtesy of Barber, Schlumberger, 2001
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Advances in Reservoir Characterization

e The trend

¢ Past 10 years

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

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

e Outlook
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Transverse Induction - history

e Problem Iong known (Gianzero, Anderson, Klein & Allen etc)

e Commercial values recognized by Shell (1991)
x>20 - 30% missed reserves

® Project concept developed Shell/WALS 1992/93
e Shell funded development by Baker Atlas

e Shell patents: Beard et al., 1998 - WO 98/00733; Strack
et al., 2000 - # 6147496

e First TILT tool runs GOM, Oman 1999, name
changed to 3DEX™

e SLB's equivalent tool 2003
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Crossbeds & sand/shale & siltstones
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Resistivity: example
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After Strack & Kriegshaeuser, 1999 GOR 3250
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Turbidite example

After Blackbourn & Thomson, 2000
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Transverse Induction logging principle
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Resistivities in laminar Sand/Shale sequences
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Anisotropy influence on resistivity
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Anisotropic vs. Isotropic data match

Hxx - component Hyy - component Hzz - component
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3DEX™ example da1'a

Resistivity Image

After Yu et al., 2001
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3DEX™ example data
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After Yu et al., 2001
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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

© Copyright KIT Enterprises Inc. 2001-2004



TCRL principle of operation

Injected current
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Strack, 1999
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Operational modes

Reference Calibration Measurement
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Strack, 1999
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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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After Peeters, 1995

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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Polarization
Echo Train
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CPMG sequence

(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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180® Pulse

2001-2004

Generate 90° pulse
De-phasing starts
Re-phase with 180° pulse

Re-phasing proceeds
Spin echo occurs at 21

Time {ms)




Multiple-Frequency High Resolution MRIL

Borehole MRIL Probe

24

Sensitive
Volume
Cylinders

(each 1 mm thick
at 1 mm spacing)

(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
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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

Past
Field Logs

Present

Field Log

Processing

Imaging
T Modeling
Interpretation

Evaluation

Integration

Evaluation

Future
Modeling

Field Logs

Imaging
T Modeling
Interpretation

Evaluation

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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KMS Technologies — KJT Enterprises Inc.
6420 Richmond Ave., Suite 610
Houston, Texas, 77057, USA
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