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Standard vs. High Resolution Tool Response in

Laminated Shaly Sand Reservoirs
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Standard vs. High Resolution Interpretation in Laminated

Shaly Sand Reservoirs
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Electrical Imager Wireline
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Anisotropy in Turbidites and Laminations
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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
¥

ra
Rshale=1 Ohm-m RV & 10 Ohm-m

Rh & 2 Ohm-m

The Vertical Coil Array
Measures Only Rhi.e. 2 Ohm -m | .e.| 0OO0Wet O
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Anisotropy: Historic Perspective
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Anisotropy: Historic Perspective

Ani sotropy I n the ¢
Explains Separation Between Induction and Laterolog
A Nuisance to Contend With
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In Kuparuk in Alaska, ARCO measured the same

turhidita racan/nir at diffarant ralatiya d|p ang|es
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The Vertical Coil Array
Measures OnlyRh i.e. 2 Ohm-m
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Sovic, Klein et Al Increase Reservesin Kuparuk and
Other Reservoirs

SPWLA 37th Annual Logging Symposium, June 16-19, 1996
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Multi-Component Induction Hardware Description

Electronics Electronics
A 1 Co-located Transmitter triad i
. : . T i I
A 2 standard z short spacing coils T 8o
i Same as ACRt I
A6o, 100
) . . 170 —— 50
A 4 Co-located Receiver triads
I Receiver Triad Main and bucking 290 |
coils w2 9 0
I Same spacings as ACRt .
R . . R 50 o . \
A176, 2906, 5006, 800 170
I Multi-frequency operation =19 0
A Mcl: 12, 36, 60, 84 kHz 80 O —— T

A ACRt: 12, 36, 72 kHz
MCI ACRt
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Test well: Comparison Between Multi-Component Induction and
Single Component Induction Responses
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Additional Components in Test Well: XZ and YZ
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Inverted Results From Multi-Component Induction
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Measuring Electrical Anisotropy with LWD

United States Patent |19

Bittar

6,163,155
Dec. 19, 2000

[11] Patent Number:
[45] Date of Patent:

[54] ELECTROMAGNETIC WAVE RESISTIVITY
TOOL HAVING A TILTED ANTENNA FOR
DETERMINING THE HORIZONTAL ANID
VERTICAL RESISTIVITIES AND RELATIVE
DIP ANGLE IN ANISOTROPIC EARTH
FORMATIONS

[75] Iaventor: Michael S. Bittar, Housion, Tex.

[73] Assignee: Dresser Industries, Inc., Dallas, Tex.

Q7118854 1071997 Furopean Pat. Off, ... GOIV 330

OTHER PUBLICATTONS

Zhu, T, and L. Brown, “ Two—dimensional Velocity Inversion
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52, Mo, 1, Jan, 1987 p. 3744,

Bittar, M. and P. Rodney, “The Effects of Rock Anisotropy
on MWD Electromagnetic Wave Resistivitiy Sensors,” The
Log Analvst, Jan—Feb. 1996, p. 20-30.

Hagiwara, T, “A New Method to Determine Horizontal-

TU-48 TU-32 TU-16

22




Determination of Electrical Anisotropy With Wave Resistivity LWD

1- D Wave Resistivity Tilted Receiver Wave R¢ Tilted Receiver & 1

0

smitter




Azimuthal Deep Resistivity LWD for Anisotropy

R
TU-48 TU-32 TU-16 TL-16 TL-32  TL-48

Uncompensated Upper Transmitter Measurement
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Azimuthal Deep Resistivity LWD For Anisotropy

T mRr 1t b R

TU-48 TU-32 TU-16 TL-16 TL-32  TL-48

Uncompensated Lower Transmitter Measurement
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Anisotropy Determination with LWD ADR
At Moderate Relative Dip ( conté )
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Anisotropy Determination with LWD ADR
At Very High Relative Dip
Rh= 3 Ohm-m, Rv=20 Ohm-m

100
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1 1
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Rv, Rh, From LWD ADR
Raw Data

LWD
0.z RH16F 2000.0 0.
02 RH3ZP 2000.0 || 0,
0.2 RH48P 20000 | 0.

LWD ADR Raw Logs

=

SPE'123890 28




Rv, Rh, From LWD ADR

Processed Results

LWD
Eh

0.2
0.2

R

LWD ADR Results

SPE-123890
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In a Field In Alaska We Measure the Same Formation
At Different Relative Dip Angles

The Vertical Coil Array
Measures OnlyRh i.e. 2 Ohm-m

30




N MENs
NI ey
N1 NN
i__ ;.: 1 U

w,._._._ i 8
__Q ;_m u

31

Estimating Vsh-lam, and Rsand
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Vertical Well
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1] 1
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of interest
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ohm - m and
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Comparative Performance of Azimuthal and
Non-Azimuthal LWD Resistivity Sensors
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From Rv, Rh, and Rshale
Get Rsand & Vshale

For a laminated sand/shale sequence, the vertical resistivity,

Rv, can bo exprossod as
Rv = (1—-Vsh)~Rsand + Vsh -~ Rshale (1)

Simularly, the honzontal resistivity, Rh, can be expressoed
s
poy Rsand ~Rshale

(1—-Vsh)-Rshale + Vsh - Rsand

(2)

Solving equations (1) and (2) for Rsand, in terms of Ry
Rh, and Rshale, reduces to

Rsand = Rhe (BY. - Rshale i
Rh - Rshale

Assume water saturation can be expressed as
1 \ [
Sws - - W (4)
< Rt

Example:

Assume Rw = Q.05 (r-m and O «» 30%. Also, sssumo shale
lamina’s resistivity, Rshale, = 1.0 £2-m

If the deep phase shiflt resistivity of 3 8 (3-m is used as Rt
In equaton (4), then
Sw = 38%

I anisotropy procassing s used, then

Rv=50%-m
Rh=1.8€2-m

and substituting in Equation (3) along with Rahale

produceos
Rsand = 9.0 £2-m

Using Rsand as Rt in Equation (4), then
Sw = 25%

RV | Rsand

Rh
Rshale

Vshale

Algorithms Available from:
«Halliburton (LASSI)
-Paradigm Geolog

-Powerlog (Petcom)



Comparison of Computed Results in TVD
Assuming Rshale ( horiz ) =2.2 Ohm -m
Shale Anisotropy Ratio = 2.5

ADR vs. EWR
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Comparison of Computed Results in TVD

Assuming Rshale ( horiz ) =2.2 Ohm -m

Shale Anisotropy Ratio = 2.5
ADR vs. Core

Dens—|—Sand Pot

—Rsand—I—HC \Volu
20 Q

00

30

Comparison HC Volume from ADR
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{ | Comparison HC Volume from ADR
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2DFC-T,D
(Two Dimensional Fluid Characterization - T,D)

03

2D Map

This process assumes 1.00E-02

formation is water wet — 0.25

and the gdsekibbihikk D

properties with no »n 1.00E03

surface relaxation effect o 102
%, 1.00E-04 :
c

V\_/ater _ S 100E05 | los
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. . O

nght Oll = 1.00E-06

Gas @ "
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=

1.00E-08 0.05

1 10 100 1000 10000
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0

R NAR Ktimib sclwpe Bciit bt ey Ry bt e ssopnaloeiNemsaehip O sbiiiks o hee o e s it o Sfaixbityy iz tapogit B AR h
pelebraibet axdfiorsstem EElyapRaoTpibs @j@@mmmﬂ@ﬂhmmlbes The position of this line is
primarily a function of temperature.

41




2DFC-T,D
(Two Dimensional Fluid Characterization - T,D)

Near Wellbore;:

A Fluid ID and Volumes
L 015

A Viscosity estimation
| - 401

D [em2 /s]

A Combines all T, & T,
methodologies

A ldentification of effects

T2 Intrinsic [ms]

Water & 6 cp Qil
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Fluid Sampling For Laminated Reservoirs




Wireline Tester Intake Configurations

ProbesO0 . 50 Pad 100 Straddl e Pac
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Oval Pad & Straddle PackerTesting & Sampling
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