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SELF-POTENTIAL
OR SP LOGS

5.1 Generalltles

The log
{ The SP log is a measurement of the natural potential

differences or self-potentials between an electrode in the
borehole and a reference electrode at the surface: no
artificial currents are upplicd'_t}-lgure 5.2). (The currents
were actually called ‘potentiels spontanés’, or ‘sponta-
neous poxcnu'a]s', by Conrad Schlumberger and H.G. Doll
who discovered them.) They originate from the electrical
disequilibrium created by connecting formations verucally
(in the electrical sense) when in nature they are isolated.

Principal uses

The principal uses of the SP log are to calculate forma-
tion-water resistivity and to indicate permeability. It can
also be used to estimate shale volume, to indicate facies
and, in some cases, for correlation (Table 5.1, Figure 5.1).

5.2 Principles of measurement

{Three factors are necessary to provoke an SP current: a
conductive. fluid in the borchole; a porous and permeable
bed surrounded by an impermeable formation: and a
difference in salinity (or pressure) between the borehole
fluid and the formadon fluid.) In oilfield wells. the two
fluids concerned are the mud filtrate and (usually).
formation water.

/SP currents are created, when two solutions of differ-
ent salinity concentrations are in contact, by two principal
elecrochemical effects; diffusion or liquid junction
porential and shale potential (Figure 5.3). The diffusion
potential (or liquid junction potential) arises when

Table 5.1 The principal uses of the SP log.
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Figure 5.1 The SP log: some typical responses. The SP log
shows variations in patural potentials. R = formation-water
resistivity; R_, = mud filtrate resistiviry. :

solutions of differing salinity are in contact through a
porous medium. Sodium chloride, NaCl, is the most
common cause of oilfield salinity, so that it is effectively
rwo solutions of sodium chloride of different salinities
that come into contact. Through the porous medium,
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Figure 9.12 Shale compaction with depth seen on a bulk
density log plotted at 3 compressed (small) vertical scale.
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‘changes due to compaction are gradual,
local variations are more likely due (o
content is generally accompanied by an
density (Figure 9.14). The increase in
more marked when iron carbonate
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Figure 9.13 Terdary shales unconformably overlying dipping, !
eroded, Cretaceous shales. The abrupt change in density b
marks the unconformity.

(siderite) is involved (density whea pure, 389gkem). '_ iE

When organic matter is present, the reverse occurs and the 3
density diminishes, organic matter having a very low den- ]
sity (of around 1.2g/cm’; Figure 9.22). This relationship
may be quantified (see ‘Source rock evaluation® below).

The density log in sandstones — composition
and diagenesis
Bulk density variations in sandstone generally indicate
porosity changes. However, as explained above, this is
not true when there are changes in grain density. Pure |
quanz sands are considered to have a grain deasity of 3
2.65g/cm’, but in reality such sands are rare. Overall §
grain density will change depending on the non-quarz 3
i Sands are ly mixed with feldspars
(density 2.52-2.63g/cny’), micas (2.65-3.1 g/em?’) lignite |
fragments (0.5-1.8g/cm’) and rock fragments (variable
density). Heavy minerals may also be a constituent .
(2.7-5.0g/cm’). The well-known mica sands of the North  §
Sea Jurassic reservoirs (as already discussed) contain up ~
to 30% muscovite (Figure 9.9). The density of muscovite |
(2.76-3.10g/cm’) increases the average grain density from
2.65g/cm’ 1o c. 2.82g/cm’ and it varies with the mica -
content (Figure 9.15). In sands without shale, therefore, 4
grain density can give some idea of sand composition. . -
Changes in grain density in sands are generally gradual
and of a moderate order. Abrupt changes. especially n
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Mineral idenrification 2 A e e
Density b a criterion for lithological identification b
when it is either abnormally high or abnormally low (the
average for sedimentary rocks in oil wells being about

" ‘analysis of core material.
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Flgure 9.14 Thin, carbonate/siderite cemented horizons in shale. The intervals may

continuous bands or irregular, nodular horizons.
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Flgure 9.15 The effect of muscovite (grain density 2.76 - 3.1
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increase in density below 15m is due to the mica content.
The percentage of mica indicated is based on thin-section

5.17g/cm’. The extreme values

be thin

“The density log
little or no p
35% porosity.
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