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THE LOGGING
ENVIRONMENT

2.1 Introduction

Treated simply as an instrument of measurement. a
Jogging tool is required to do two things: to give a true,
repeatable reading, and to make the reading of a
representative, undisturbed sample of the subsurface
formation. For the following reasons, ncither of these
ideals can be realized.

The first is that the undisturbed formation environment
is irrevocably disturbed by drilling a well. The new drill-
created conditions are those in which the logging tools
work. A tool can only ‘guess’ at the original states. This
chapter examines what is involved in this guess, in terms
of drilling pressure, drilling temperature and invasion.

The second reason is that the ideal condidons for a
perfect geophysical measurement cannot be met.in bore-
bole logging methods. Ideal conditions would require
a logging tool to be motionless for each individual

" measurement, and 10 have a sensor of zero dimensions
measuring a point sample. Sensors have dimensions
and tools move. Tool design acknowledges this, and a’
compromise is made between a practical and practicable
measurement and one that is perfect. This chapter will
also examine, in general terms, the effects of the logging
method on the measurements made. The notions of
depths of investigation, minimum bed resolution and
bed-boundary definition will be discussed.

2.2 The pressure environments of
borehole logging and invasion

The pressure environment during drilling and, inevitably,
during logging. is made up of an interplay berween two
elements; formation pressure and drilling-mud column
pressure.

The formation pressure is the pressure under which the
subsurface formation fuids, and gases are confined. The
pressure of the drilling mud is hydrostatic and depends
only on the depth of a well, that is the height of the mud
column, and the mud density. Maintaining the pressure
exerted by the column of drilling mud at just a little above
the pressure of the subsurface formations encounterzad
is one- of the necessities for equilibrium drilling: it is a
delicate balance. The two pressure environments are
examined below.

Hydrostatic pressure
Fluids transmit pressure perfectly so that the pressure
exerted by the column of fluid is dependent simply on the

-

height of the fluid column and the density of the fluid.

The pressure in kg in a column of water can be calculated
thus:

height of water column (m) x density (g/cm’)
10
= pressure (kg) per sq. cm (n

For a column of pure water of 2500 m (density of pure
water = | .00 g/cm’)

2500x1 _ 250kg/ cm?®

In oilfield terms, the pressure of a column of fluid may be
expressed by its pressure gradient. Thus pure water bas a
gradient of 1.00 g/cm’. That is, a column of pure water
will show a pressure increase of | kg/cm® per 10 m of
column (or | g/em® per cm of column) (Figure 2.1). The
term ‘column of water’ is used as applicable to wells:
‘depth’ is equally applicable and more understandable
when talking about water masses, such as the oceans.

As water becomes more saline. its density increases
(Figure 2.2). Water which has a salinity of 140,000 ppm
(parts per million) of solids (mainly NaCl), has a density
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Figure 2.1 Fluid pressure gradients related to depth, or height

_ of fluid column. il




calibration. Fy logging tools are automat-

ally tquip.::u Wwith a caliper, such as the micrologs
t and the tools (Chapters 9, 10)
here the cali .

ad of the tool 1o the borehole wall, Sophisticated, dual
“?!r tools, such as the Borehole Geometry Tool of

h Ber. also exist specifically for g hole
Size and volume. However, today, such information is
generally taken from dipmeter tools, which acquire
;dihinwdermdeﬂvedip(@npur 12). These

ools have four pads fixed at right angles,. opposi
trek 8

per arm is used to apply the measuring .

Figure 4.2 Schematic caliper twol showing the conversior

pairs being linked but indep

set. This, in terms of Y. gives two independ:
<

alipers at 90°. The tool also contains gYTOSCOpC orienta-
tion i

50 that the azimuth (bearing) of the two'

calipers is permanently defined.
HOLE DIAMETER

7

mud cake thickness
= caliper/2

‘bad hole' or
“tight spot’

10 an electrical signal using a-
(Adapted from Serra. 1979). 3

4.2. Log presentatlions

The caliper log is printed out simply as a continuous
value of hole diameter with depth (Figure 4.3). The curve
is traditionally a dashed line and usually plotted in track
1. The horizontal scale may be inches of diameter or,
the differential caliper, expressed as increase or decrease
in hole diameter about a zero defined by the bit size
(Figure 4.3). The ordinary caliper log is accompanied by
a reference line indicating bit size.

The geometrical daw from four-arm, dual-caliper tools
such as the dipmeter are presented in various formats,
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preted. Data from a four arm caliper however,

bles the shape of a hole to be much better defined. A~ |
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3 seat’ (Figure 4.9b). When oval, the direction of i

 enlargement can be given. However, much more can be
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against the drill- string ulza L
inclination changes (doglegs igure ‘Botl
washouts and keyseats are general drilling phenomena:
breakouts, however, have a specific cause. o3

k are gnised using the ing strict
criteria (Figure 4.11) (i.e. Bell, 1990): &
. The tool must stop rotating (ideally the tool should

rotate before and after a breakout zone).

2. The calipers must separate to indicate an oval hole.
The larger caliper should exceed hole gauge: the
smaller caliper should not be less than hole gauge
and its trace should be straight (the caliper difference
should be larger than 6 mm and the zone of

ion greater than 1.5 m). The limits of the
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3. The larger diameter of hole elongation and its

breakout should normally be well marked.

should not it with the
azimuth of hole deviation.

Breakouts are considered to form as a the result of the
ion of stresses induced by drilling and the existing
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Flgure 4,12 Horizonual stress field relationship to borehole shape. a. Breakout formation due to
spalling during drilling, in the direction of minimum horizontal swress (S, ). b. Hole enlargement
along drilling induced exiensional fractures oriented in the ditecu?u of maximum horizontal stress
(Sh_ ) (modified from Dart and Zoback, 1989 and Hillis and Williams, 1992).
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Figure 4,13 Consistently oriented breakouts, identified from
dipmeter caliper dam in an offshore field. indicating the
present day, horizontal stress field. Depth of analysed interval
from 2.5 to 3.5 kilometres, Sh__ = minimum horizontal stress,
Sh_, = maximum horizonial stress.




