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The fun of ancient loggingThe fun of ancient logging

After SPWLA, 1979
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The PhasesThe Phases

• 1921 - 1927 Conceptual Phase
• 1927 – 1949 Acceptance Phase
• 1949 – 1985 Maturity Phase
• Since 1985 – Reinvention Phase

After Luthi 2001
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General formation evaluation trendGeneral formation evaluation trend

• Optimum use of MWD & wireline
⌦MWD: routine and steering
⌦wireline: imaging and deep (1-10 years then MWD)

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

⌦tie with SWD to seismic cube
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Advances in Reservoir CharacterizationAdvances in Reservoir Characterization

• The trend
• Past 10 years
⌦Array resistivity
⌦3D induction
⌦Through Casing Resistivity

• Now and beyond
⌦Modern LWD
⌦Mud logging NMR

• Outlook
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Oil Oil -- Resistivity  relationshipResistivity  relationship
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Resistivity tools underlying principleResistivity tools underlying principle

(after van Ditzhuijzen, 1994)
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HDLL

V ′′

Data Inversion RtApparent Rt

LimitsLimits PossibilitiesPossibilities

DLL
Galvanic

After Strack, 1999

From meters to acquisition systemsFrom meters to acquisition systems

V’
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Raw Array → Data  Inversion  → RtRaw Array → Data  Inversion  → RtApparent RtApparent Rt

DPIL

HDIL

From meters to acquisition systemsFrom meters to acquisition systems

After Strack et al., 1998
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Array Array industionindustion requirementsrequirements

• Multiple depths of investigation
• Multiple vertical resolution (improved!)
• Increased depth of investigation
• More reliable measurements
• Streamlined interpretation
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Resolution matched exampleResolution matched example

After Beard et al., 1996
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HDIL Resolution 
Matched

After Dip 
Correction

Array Induction: Dip Effect & CorrectionArray Induction: Dip Effect & Correction

After Beard and Evans, 1996



© Copyright KJT Enterprises Inc. 2001-2004

HDIL: vertical resolutionHDIL: vertical resolution--matched curvesmatched curves

Old filtering techniques
After Xiao & Geldmacher, 1999
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HDIL: inhomogeneous model basedHDIL: inhomogeneous model based

IBF method (in 70 degree dip)
After Xiao & Geldmacher, 1999
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Net Pay and Saturation Analysis

DPIL HDIL

Reservoir Thickness: 270 ft

Net Pay (ft) 103.6 130.1

Net Pay 38.4% 48.2%

Por . Feet 15.4 ft 18.9 ft

Hyd. Feet 7.4 ft 9.2 ft

HDIL data allowed 24%

more OIIP be booked.

HDILHDIL

DPILDPIL
HDILHDILDPILDPIL

Step change through hardwareStep change through hardware

Reserves estimate Reserves estimate 
DPIL vs. HDILDPIL vs. HDIL

After Strack et al., 1998
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OIIP = (A*h)*Por*(1-Sw)

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

2 ft VRM Curves 2D Inversion

h 67.00 ft 74.75 ft
Por 25.8% 25.9%
(1-Sw) 69.5% 67.3%

OIIP 14,912,427 Bbl 16,173,193 Bbl
Value 328 M$ 356 M$

HDIL VRMHDIL VRM

2D inversion2D inversion

volumetricsvolumetrics

porositiesporosities

SwSw

2 ft VRM 2 ft VRM vsvs 2D inversion2D inversion

After Strack et al., 1998
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Array Array laterologlaterolog objectivesobjectives

• Next generation lateral 
instrument

• Resolve
⌦thin beds (< laterolog- 2ft)
⌦deep invaded formations

• Provide accurate radial 
profile of Rt & Rxo
⌦ invasion & flushed zone 

evaluation

• Provide risk analysis input 
⌦error bounds, parameter 

importance
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Improved 
vertical
Resolution

RtRt
Gamma rayGamma ray

calipercaliper

SPSP

RxoRxo

MLLMLL

DLL DLL HDLL HDLL 

After Itskovich et al., 1998

HDLL  versus DLLHDLL  versus DLL
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HRLA Principle and ModesHRLA Principle and Modes

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

24 ft

Courtesy of Barber, Schlumberger, 2001
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Advances in Reservoir CharacterizationAdvances in Reservoir Characterization

• The trend
• Past 10 years
⌦Array resistivity
⌦3D induction
⌦Through Casing Resistivity

• Now and beyond
⌦Modern LWD
⌦Mud logging NMR

• Outlook
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Transverse Induction Transverse Induction -- historyhistory

• Problem long known (Gianzero, Anderson, Klein & Allen etc)

• Commercial values recognized by Shell (1991)
⌦20 – 30% missed reserves

• Project concept developed Shell/WALS 1992/93
• Shell funded development by Baker Atlas
• Shell patents: Beard et al., 1998 – WO 98/00733; Strack 

et al., 2000 - # 6147496
• First TILT tool runs GOM, Oman 1999, name 

changed to 3DEX™
• SLB’s equivalent tool 2003
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CrossbedsCrossbeds & sand/shale & siltstones& sand/shale & siltstones

After Strack & Kriegshaeuser, 1999
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After Strack & Kriegshaeuser, 1999
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TurbiditeTurbidite exampleexample

After Blackbourn & Thomson, 2000
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Transverse Induction logging principleTransverse Induction logging principle

Sand: high Sand: high RRtt

Shale: low Rt

Rh

Rv

After Kriegshaeuser et al, 2000
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Vertical resistivity

Horizontal resistivityHorizontal resistivityHorizontal resistivity

AnisotropyAnisotropyAnisotropy

ResistivitiesResistivities in laminar Sand/Shale sequencesin laminar Sand/Shale sequences

After Kriegshaeuser et al, 2000
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Anisotropy influence on resistivityAnisotropy influence on resistivity

After Yu et al., 2001
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Anisotropic vs. Isotropic data matchAnisotropic vs. Isotropic data match

Magnetic Field (mA/m) Magnetic Field (mA/m) Magnetic Field (mA/m)
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After Kriegshaeuser et al, 2000
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3DEX3DEX™™ example dataexample data After Yu et al., 2001
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3DEX3DEX™™ example dataexample data

After Yu et al., 2001
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Advances in Reservoir CharacterizationAdvances in Reservoir Characterization

• The trend
• Past 10 years
⌦Array resistivity
⌦3D induction
⌦Through Casing Resistivity

• Now and beyond
⌦Modern LWD
⌦Mud logging NMR

• Outlook
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TCRLTCRL™™: Benefits: Benefits

• Bypassed hydrocarbons

• Monitor reservoir changes with time 

⌦water/gas flood control

• Better reservoir estimates 

⌦larger depth of investigation

⌦optimized vertical resolution

Strack, 1999
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Basic historyBasic history

• Three electrode scheme - Alpin (1939)

• Modern design - Kaufman (1990)
Vail (1991)

• WA feasibility study - May-Nov. 1993

• Colorado  test - Dec. 1993-Mar. 1994

• PML acquisition by BA - Q4 1997

• First digital log, BA Texas - 5/98

• SLB commercial service - 1999

• BHI cancel project - 2000

Strack, 1999
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Casing

Injected current

Current leaking into
the current tube

I ( Z + d Z )
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TCRL principle of operationTCRL principle of operation

Strack, 1999
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TCR tools at Baker Atlas test wellTCR tools at Baker Atlas test well

Strack, 1999
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Strack, 1999
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After Qiang et al., SPWLA 2002

TCRTCR™™ versus CHFRversus CHFR™™
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Summary: TCRSummary: TCR™™

• TCR works: Schlumberger have working tools

• Numerical modeling predicted results

• It took 60 years from idea to tool

• Better commercial tools are still needed

After Strack 1998
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Advances in Reservoir CharacterizationAdvances in Reservoir Characterization

• The trend
• Past 10 years
⌦Array resistivity
⌦3D induction
⌦Through Casing Resistivity

• Now and beyond
⌦Modern LWD
⌦Mud logging NMR

• Outlook
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MWD/LWD pros & consMWD/LWD pros & cons

Pro
• Operated by driller, 

minimum surface support 
• Measurement when invasion 

very low
• Real time information 

(geosteering)
• Near real time 

interpretation
• Simple interpretation

Con
• Shallow depth of 

investigation 
• Information may be 

contaminated by drilling
• Simple measurements only
• High risk (loss of tool)
• Limited parameters available
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LWD & wireline methods LWD & wireline methods 
definitions:definitions:

•• MWD/LWD MWD/LWD -- measurement/logging measurement/logging 
while drillingwhile drilling
⌦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

•• Wireline Wireline -- sensor attached to armored sensor attached to armored 
long cablelong cable
⌦delicate instruments with real time 

surface acquisition; formation samplers 
to high data rate imaging tools (video).
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LWD/MWD geosteering examplesLWD/MWD geosteering examples

After Marshall et al., 2000
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Resistivity Resistivity 
at the bitat the bit

After Rasmus et al., 1999
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Advances in Reservoir CharacterizationAdvances in Reservoir Characterization

• The trend
• Past 10 years
⌦Array resistivity
⌦3D induction
⌦Through Casing Resistivity

• Now and beyond
⌦Modern LWD
⌦Mud logging NMR

• Outlook
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Mud loggingMud logging

• Lithology

• Gas content

• Penetration rate

• Lower cost (push 

for new technologies)
After Peeters, 1995
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Spin relaxationSpin relaxation

After Hornak, 1999
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Spins are either up or downSpins are either up or down

(after  Coates et al., 1999)
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CPMG sequence

CPMG timing diagramCPMG timing diagram

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

1. Generate 90° pulse
2. De-phasing starts
3. Re-phase with 180° pulse
4. Re-phasing proceeds
5. Spin echo occurs at 2τ

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

MRIL ProbeMRIL ProbeBoreholeBorehole

SensitiveSensitive
VolumeVolume
CylindersCylinders
(each 1 mm thick
at 1 mm spacing)

24
 

24
 ““

16”(after  Coates et al., 1999)
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Hardware summaryHardware summary
MRMR--MLML™™ tool tool 

New generation compact 
magnetic resonance 
relaxometer.



© Copyright KJT Enterprises Inc. 2001-2004

Simulation generated dataSimulation generated data
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Simulator analysis results (T2 distribution)Simulator analysis results (T2 distribution)
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Advances in Reservoir CharacterizationAdvances in Reservoir Characterization

• The trend
• Past 10 years

⌦Array resistivity
⌦3D induction
⌦Through Casing Resistivity

• Now and beyond
⌦Modern LWD
⌦Deep reading tools
⌦Mud logging NMR

• Outlook
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PastPast PresentPresent FutureFuture
Field Logs

Interpretation

Integration

Evaluation

Logs

Processing

Imaging
Modeling

Interpretation

ModelingField Log

Imaging
Modeling

Interpretation

Field Logs

EvaluationEvaluation

The paradigm shiftThe paradigm shift

After Strack et al., 1998
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Optimum use: MWD &  WirelineOptimum use: MWD &  Wireline

• Ability to 
enhance both 
LWD & Wireline 
resistivity data

• More resistive 
zones translate 
into more OIP

Joint inversion of MPR & HDIL dataJoint inversion of MPR & HDIL data

Joint
MPR
HDIL

After Strack et al., 1998
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Optimum toolOptimum tool

V”
∆V

V
V1

V
V2

Measure

• galvanic & inductive

• horizontal & vertical
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ConclusionsConclusions

• Array tool allow easier integration of 
multiple data sources

• MWD will be more dominant
• Deep reading tools linking to VSP will become 

available
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