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OutlineOutline

• Prof. Neubauer’s contribution to logging 
technologies

• Designed the initial IWL.. Today known as 
array induction

• Spawned 3D borehole gravity
• Nurtured borehole TEM 
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Results from Cologne conceptsResults from Cologne concepts

Commercial tools:
• Array induction
• Array laterolog
• Multi-component induction
• Resistivity log inversion
• Through Casing Resistivity
• Many byproducts: imaging, acoustic, VSP

In progress:
• Full Field Density Modeling
• Deep Geosteering
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IWL specsIWL specs
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Possible Possible 
developmentsdevelopments
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Status 3/84Status 3/84
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Design notes 3 Dewar designDesign notes 3 Dewar design
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IWL block diagramIWL block diagram
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Design notes 1Design notes 1
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Design notes 2Design notes 2
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Design notes 4Design notes 4
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Array induction  requirementsArray induction  requirements

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



© Copyright KJT Enterprises Inc.

High Definition Induction Log (HDIL)High Definition Induction Log (HDIL)
Receiver coils Transmitter

Telemetry

Aquisition
and stacking
(8 channels)

Pre-amp
(7 channels)

Micro
processor
controlled

transmitter
Synchronization

Reference

After Strack et al., 1998
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High Definition Induction LogHigh Definition Induction Log

Courtesy Baker Atlas
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HDIL processingHDIL processing

After Beard and Evans, 1996
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Resolution matched exampleResolution matched example

After Beard et al., 1996
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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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Gamma ray Laterologs

Production
test

1750 BOPD
GOR 3250

Clean
sand

Core

Thin beds

Resistivity: exampleResistivity: example

After Strack & Kriegshaeuser, 1999
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Transverse Induction logging principleTransverse Induction logging principle

Sand: high Sand: high RRtt

Shale: low Rt

Rh

Rv

Additional applicationsAdditional applications

zz Fracture Fracture detetiondetetion
zz Horizontal well Horizontal well interpreationinterpreation
zz GeoGeo--steeringsteering

After Kriegshaeuser et al, 2000
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3DEX3DEX™™ example dataexample data After Yu et al., 2001
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Full Field Density MonitoringFull Field Density Monitoring



© Copyright KJT Enterprises Inc.

The Challenge The Challenge 

Vision
2010Now

Bypassed production

Low well productivity
Expensive testing

Mis-positioned wells

Aquifer drive ??
Reserves uncertainty

70%+ recovery
Optimal well

targeting

Right facilities
Minimum water

production

Breakthrough 
needed 

70%<35%

Integration

Reservoir Modeling

Services - delivery vehicle

Subsurface Sensors

Surface sensors

Various
Geoscience tools

DeepLook

(after www.DeepLook.com)
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Sensors, methods & applicationsSensors, methods & applications

After Hottman & Curtis, 
2001

Application

Compartment-
lization
Oil-water front; 
water saturation

Gravity density           porosity, saturation Gas-liquid front; 
gas saturation
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PrudoePrudoe Bay AlaskaBay Alaska

After Hare et al., 1999
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gS = 0.2

Sg = 0.4

Sg = 0.6

Residual water saturation = 0.32;
φ = 0.22, ρma = 2.65 g/cm3, ρo = 0.762 g/cm3,
ρw = 0.986 g/cm3, ρg = 0.198 g/cm3. 
Dots correspond to gas saturations of 20%, 40% & 60%

Alaska: Change in bulk densityAlaska: Change in bulk density

Fraction of oil replaced 

by water or gas

After Brady, 1998
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BP Alaska reservoir: summaryBP Alaska reservoir: summary
• Modeled 3 time steps: 2005, 2009, 2022, 
• Displayed only difference data for time steps
• Horizontal section shows GAW movement
• 3 wells give time lapse differences apparent 

density differences
• Calculated gravity reading in mgal
• Assume worst error of ±5 microgal
• Gravity differences yield strong signals, 
well above noise !
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Horizontal time slices at 2730 mHorizontal time slices at 2730 m

20092009--20052005

20222022--20092009
(in g/cc)(in g/cc)
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Gravity Gravity 
readingreading
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Advanced Advanced 
GeosteeringGeosteering
TechnologiesTechnologies
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Example: Example: 
Single Well EM/Seismic (SWEMS)Single Well EM/Seismic (SWEMS)

• Fluid characterization in commercial quantities up to 
200 m away from wellbore
⌦Start with 10-50 m, extend later

• Commercial solution
⌦Easy to use and deploy
⌦Global accessibility

• Status: 
⌦Pre-feasibility finished (funded by: DeepLook: bp, Chevron, 

Conoco, Shell, Texaco)
⌦Feasibility finished (Eni-Agip & Shell funded)
⌦Prototype build phase starting
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TxTx RxRx

Noise results in extended dynamic rangeNoise results in extended dynamic range

Water coning in a 
horizontal well

Water coning in a 
horizontal well

13 decades dynamic range

• Increase receiver moment:
•Sensor design
•Filtering
•Stacking etc

•Increase transmitter moment
Lower threshold



© Copyright KJT Enterprises Inc.

Integrated single well systemIntegrated single well system

WESTERN
ATLAS

WESTERNATLAS

Orientation

EM/DC source

Electrical shuttle…1

Electrical shuttle…N
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SummarySummary

• Prof. Neubauer’s contribution went further 
than meets the eye.

• In Logging he spawn many new ideas that 
are:
⌦Some are fully commercial
⌦Some R&D is still ongoing

• Many students found jobs in logging industry

• Other favorites of him are..
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Beer and..Beer and..
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……womanwoman
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