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A Study on Spine and Rib Properties for Standoff Compensation, Density Log
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Abstract: A series of density log data were obtained from the standoff experiments made in the four physical model
boreholes of different densities, and the properties of spine and rib curves have been derived by the analysis of the
gamma-gamma data. Particularly, the shape of gamma ray propagation path between source and detector, the geometrical
property of spine and rib curves, the influence of borehole density and the detector combination on the properties of
the curves, and the adequate detector combination for standoff compensation could be discussed. It was also confirmed
that spine and rib slopes can be expressed as proportional to source-to-detector distance ratio between far and near
detectors. The result of this experiment was also effectively applied for understanding the basic concept of spine and

rib slopes.
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Table 1. Information of borehole models used for this study.

Hole Name Model Type Density (g/ecm’)
KLW-1 Low Density Model 1.90 g/ecm®
KLW-2 Medium Density Model 2.18 g/em®
KLW-3 High Density Model 2.59 g/em’
KLW-4 Very High Density Model 2.84 g/em®

PVC casing §

|- =3
D s Gamma source

Fig. 1. Schematic figure for standoff compensation experiment.
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Fig. 2. Spine and ribs plots constructed from SSD, MSD, and LSD
data obtained in 2009. Solid and dotted lines represent spine and
rib, respectively. Gamma-gamma responses obtained from the long
(LSD or MSD) and the short spacing (MSD or SSD) detectors are
plotted on y-axis and x-axis, respectively.
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Fig. 3. Time lapse spine curves constructed from LSD data obtained
during three years between April 2007 and September 2009.
Borehole KLW-1 was used for this plot.
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Fig. 4. Spines constructed from 2009 sidewall gamma gamma data.
Straightness of spine can be compared between LSD-SSD plot (a)
and LSD-MSD plot (b), and between different ranges of formation
density.
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Table 2. Summary of spine slope variations occurred with the
change of detector combination as well as density range.

Detector Combination Spine Slope

Source-to-detector
Distance Ratio
3.52
2.04
1.73

density range density range
2.59 ~ 1.90 g/em® 2.18 ~ 1.90 g/em?
4418 5.660
2.152 2.802
1.941 2.020

Name

LSD-SSD
MSD-SSD
LSD-MSD
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Fig. 5. Gamma gamma response showing constant decrease with
the increase of density difference between borehole wall and fluid.
Data obtained from KLW-1 (Ap=0.90 g/cm®), KLW-2 (Ap=1.18
g/em®), and KLW-3 (Ap=1.54 g/em®) were used for this plot.
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Fig. 6. Gamma-gamma responses showing constant increase with
the standoff between borehole wall and sonde. Data obtained from
the KLW-1 in 2009 were used for this plot.
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Fig. 7. Variation of the slope of gamma-gamma response versus
standoff as a function of density difference showing constant
increase of the slope with the increase of density difference
observed from three types of detectors. The slope of gamma
variation was determined by plotting with logarithmic scale on the
y-axis and linear scale on the x-axis as shown in Fig. 6.
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Fig. 9. Gamma-gamma responses showing constant increase with
the increase of source-to-detector distance.
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Fig. 10. Variation of the slope of gamma-gamma response versus
source-to-detector distance showing constant decrease of the slope
with the increase of density difference between borehole wall and
fluid. The slope of gamma-gamma response versus source-to-
detector distance was determined by plotting with log-log scale as
shown in Fig. 9.
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Fig. 11. Constant increase in spine slope (a) and rib slope (b) with
the change of source-to-detector distance ratio.
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Table 3. Comparison of rib slopes constructed from the standoff correction experiment 2009 using four model boreholes of different densities.

Detector Combination Source-to-Dﬁte.ctor Distance Slope of Rib
atio 1.90 g/em® 2.18 glem® 2.59 glem’ 2.84 g/em’
LSD-SSD 3.52 2.139 2.190 2425 2.535
MSD-SSD 2.04 1.687 1.750 1.724 1.795
LSD-MSD 1.73 1.272 1.251 1.406 1.415
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