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Laminated Formations

RvRhRh
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Laminated Reservoirs
Layers with different petrophysical properties such as interbedded sandstoneLayers with different petrophysical properties such as interbedded sandstone
and shale with thicknesses below the vertical resolution of the logging tool
measurement

© 2009 Halliburton. All Rights Reserved. 3



Methods for Reservoir Fluid Typing

M d L i / G Ch h- Mud Logging / Gas Chromatography

- Logs (WL & LWD)

- Pressure Gradient

Rock Sample- Rock Sample

- Fluid Sample

Gas-Liquid 
Contact Depth
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Fluid Typing In Thinly Bedded Reservoir

1 “Visible Laminations”1. Visible Laminations
 Imaging
 Deconvolutions Methods

2. “Very Thin Laminations”
 Electrical Anisotropy Electrical Anisotropy
 Thomas Steibert

3 h d f b h “ bl ” d “ h ”3. Methods for both “Visible” and “Very Thin” Laminations
 Magnetic Resonance
 Sampling
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Standard vs. High Resolution Tool Response in 
Laminated Shaly Sand Reservoirs

© 2009 Halliburton. All Rights Reserved. 6

SPE 30608



Standard vs. High Resolution Interpretation in Laminated 
Shaly Sand  Reservoirs

3’ Net Pay3’ Net Pay9’ Net Pay9’ Net Pay
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Standard ResolutionHigh Resolution
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Anisotropy in Turbidites and Laminations
Rv = “Vertical” Resistivity
Rh = “Horizontal” Resistivity Anisotropy Ratio = Rv/Rh

RvRRh
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Anisotropy in Sand Shale Sequences
The Difference Between Micro-Anisotropy and Macro-Anisotropy

is Subjective and Depends On Measuring Instrument

Rsand= 20 Ohm-m
Rh ≈ 2 Ohm-m

Rshale=1 Ohm-m

Rh ≈ 2 Ohm-m

Rv ≈ 10 Ohm m

Rh ≈ 2 Ohm-m

Rv ≈ 10 Ohm-m Rv ≈ 10 Ohm-m

Anisotropy Ratio = ? On right hand side
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Anisotropy in Sand Shale Sequences
The Difference Between Micro-Anisotropy and Macro-Anisotropy
is Subjective and Depends On Measuring Instrument

Rsand= 20 Ohm-m
Rh ≈ 2 Ohm-m

Rshale=1 Ohm-m

Rh ≈ 2 Ohm-m

Rv ≈ 10 Ohm m

Rh ≈ 2 Ohm-m

Rv ≈ 10 Ohm-m Rv ≈ 10 Ohm-m

Th V i l C il A
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The Vertical Coil Array
Measures Only Rh i.e. 2 Ohm-m  i.e. “”Wet”



Anisotropy: Historic Perspective
Anisotropy in the 70’sAnisotropy in the 70 s

Paper/Patent for Oil Base Dipmeter
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Anisotropy: Historic Perspective

Anisotropy in the 80’s
Explains Separation Between Induction and Laterolog

A Nuisance to Contend WithA Nuisance to Contend With
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Anisotropy: Historic Perspective
Anisotropy in the 90’sAnisotropy in the 90 s

Klein and Mollison Increase Reserves in Kuparuk and 
Other Reservoirs
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From Anisotropy to Saturation in Laminated Reservoirs
1. Measure Rv and Rh

2 I t R h l2. Input Rshale
3. Get Rsand and Vshale

Rv
Rh

Rsand
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Rshale Vshale



Azimuthal Deep Resistivity
Uncompensated Upper Transmitter Measurement

TL-16 TL-32 TL-48
R1 R2 R3

TU-48 TU-32 TU-16

3 x 
Receivers

Uncompensated Upper Transmitter Measurement

Measuring Electrical Anisotropy with ADR
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Azimuthal Deep Resistivity
Uncompensated Lower Transmitter Measurement

TU-48 TU-32 TU-16 TL-16 TL-32 TL-48
R1 R2 R3

TU-48 TU-32 TU-16

Uncompensated Lower Transmitter Measurement

Measuring Electrical Anisotropy with ADR
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Azimuthal Deep Resistivity
Compensated Measurement

TU-48 TU-32 TU-16 TL-16 TL-32 TL-48
R1 R2 R3

Uncompensated Upper Transmitter Measurement

Uncompensated Lower Transmitter Measurement+Uncompensated Lower Transmitter Measurement+
Compensated Measurement
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Measuring Electrical Anisotropy with ADR



Anisotropic Formation
Rh = 1 Ohm-m 
Rv = 2 Ohm-m 

Relative Dip = 0 deg

Relative Dip = 90 deg

Compensated Azimuthal Resistivity
ADR 16 in; 2 MHz Up Down and AverageO

hm
-m

-ADR 16 in; 2 MHz, Up, Down and Average
-ADR 48 in; 500 KHz, Up, Down and Average

O

Uncompensated Geosignal
10

eg GeosignalUncompensated Geosignal
Upper Transmitter

Compensated Geosignal

5

0

de Geosignal
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Uncompensated Geosignal
Lower Transmitter
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Anisotropic Formation
Rh = 1 Ohm-m 
Rv = 3 Ohm-m 

Relative Dip = 0 deg

Relative Dip = 90 deg

Compensated Azimuthal Resistivity
ADR 16 in; 2 MHz Up Down and AverageO

hm
-m

-ADR 16 in; 2 MHz, Up, Down and Average
-ADR 48 in; 500 KHz, Up, Down and Average

O

Uncompensated Geosignal
U T itt

10

eg GeosignalUpper Transmitter

Compensated Geosignal

5

0

de Geosignal
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Uncompensated Geosignal
Lower Transmitter
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Isotropic Formation
Rh = 1 Ohm-m 
Rv = 1 Ohm-m 

Relative Dip = 0 deg

Relative Dip = 90 deg

Compensated Azimuthal ResistivityO
hm

-m

Compensated Azimuthal Resistivity
-ADR 16 in; 2 MHz, Up, Down and Average
-ADR 48 in; 500 KHz, Up, Down and Average

O

10

eg Geosignal
Uncompensated Geosignal

Upper Transmitter
Uncompensated Geosignal

Lower TransmitterCompensated Geosignal

5

0

de Geosignal
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Fluid Typing In Thinly Bedded Reservoir

1 “Visible Laminations”1. Visible Laminations
 Imaging
 Deconvolutions Methods

2. “Very Thin Laminations”
 Electrical Anisotropy Electrical Anisotropy
 Thomas Steibert

3 h d f b h “ bl ” d “ h ”3. Methods for both “Visible” and “Very Thin” Laminations
 Magnetic Resonance
 Sampling
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MRIL T1 & T2 Response to Fluids & Reservoir Conditions
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EMI & MRIL Data Integration
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EMI & MRIL Interpretation

n
Se

ct
io

n
in

at
ed

 S
La

m
i

© 2009 Halliburton. All Rights Reserved. 26 MRIL  InterpretationEMI DIP   Enhanced Image



Fluid Typing & Sampling in Laminated Reservoirs

RDT
Dual Probe 1”

RDT
Dual Probe 1”

RDT
Oval Pad 7.25”

RDT
Oval Pad 7.25”

7.25 ”
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Fluid Typing & Sampling in Laminated Reservoirs

LWD G T IDS O l P d O tiLWD G T IDS O l P d O tiLWD GeoTap IDS Oval Pad OptionLWD GeoTap IDS Oval Pad Option

3”
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Fluid Typing & Sampling in Laminated Reservoirs

RDT - Dual Packer / Straddle Packer OptionRDT - Dual Packer / Straddle Packer OptionRDT Dual Packer / Straddle Packer OptionRDT Dual Packer / Straddle Packer Option

~ 40”
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