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Facts:

Resistivity logs are commonly used for
reserve calculations

Resistivities are often underestimated
(=reserves too low)

Different logs have
different vertical resolution
different depth of penetration
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Oil - Resistivity relationship: borehole
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LWD and wireline metho
definitions:

MWD/LWD - measurement/logging
while 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 - sensor attached to
armored long cable

delicate instruments with real time
surface acquisition; formation samplers
to high data rate imaging tools (video).

KMS99002e



100

10

Apparent Resistivity

1

0.1
60

KMS99002|

MWD and wireline induction logs
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Joint: Induction & Galvanic
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BN HALLIBURTON

HRAI (High Resolution Array Induction)

HRI-type 3-receiver colil arrays
to achieve deep high resolution logs
iIndependent of shallow measurements

* 10 receiver arrays
* one transmitter at dual frequencies
* symmetric tool

* independent vertical deconvolution for each
receiver array

» radial focusing for each matched resolution
» 1-, 2-, 4-ft and dynamical resolution displays
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Induction Log Example - DJ Basin
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Russian BKZ Example - water vs pay

Rt-Mod™ Rt Rt-Mod™ ERROR
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Russian Resistivity Log Example
The recorded deep (R4) and shallow (R045) logs show a "wet”™ profile over the entire section. Rit-
Mod ™ processing reveals higher resistivity in the upper two zones which produced wa ter-free oil.




Outline

Basics

Highlight LWD
Array tools why?
Modeling why?
New applications




TCR Colorado test

4800

— Log run 1 01.22.94
— Logrun2  01.26.94
— Induction log02.27.82
* Casing collars

4850 ........
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Real data;: HDIL VRM curves

(Estimated dip = 75 degrees)
Processed as 0 degree Processed after dip correction
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