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ABSTRACT: Logging speed has an influence on data quality of logging result because each rock has its own
characteristics. Sedimentary rocks with low mechanical properties have specific geophysical characteristics,
therefore in logging activity, it is necessary to determine the optimum speed to obtain the best data quality.
This research aims to evaluate optimum logging speed for sedimentary rocks to determine the logging speed
that is suitable for the characteristics of sedimentary rocks. The research was conducted by logging one of the
drilling holes using GDDC probe. The logging speeds used in the measurement were 3, 4 and 5 m/min. For
each measurement, data values of long spaced density (LSD) and short spaced density (SSD) were obtained.
The data was evaluated by statistical analysis using Friedman test. The result shows that LSD data result at
logging speed of 3 m/min is different from the data at the speed of 4 and 5 m/min; while the SSD data result at
logging speed of 3, 4, and 5 m/min are different from each other. A logging speed of4-5 m/min is recommended
for logging activity on clastic sedimentary rocks that have low mechanical properties.

Keywords: Long spaced density, Short spaced density, Geophysical log, Logging speed

1. INTRODUCTION

Rock density in general is the ratio between the
mass and the total volume of the rock. There are five
density measurements, namely: true density,
apparent density, bulk density, in-place density, and
particle density. True density is the mass divided by
the volume not including the pores present. Precise
determination of true density requires complete
filling of the pore structure by a fluid of known
density that does not interact with the solid.
Apparent density is determined by immersing the
sample in a liquid followed by measuring the
volume of the liquid being displaced (pycnometer
method). Bulk density is the mass of a sample
divided by the volume of the sample. The in-situ
density value depends on true density, particle size,
size distribution, particle shape, surface water
content, and degree of compactness. In-situ density
should include an estimate based on a saturated
sample to allow adjustment for the field water
content.

Particle density is a weight of unit volume of a
solid, including pores and cracks [1]. Downhole
geophysicaldensity logs can be used to accurately
identify  various geological formations [2].
Comparison of density logs and laboratory tests of
rock density in oil fields shows a strong correlation
[3]. Temperature has been shown to be a significant
factor in the changes of mechanical properties of
fine soil [4]. Optimum porosity for cavity and
groove obstacle in sedimentary rock is 22% and
19%, respectively [5]. Geotechnical
characterization can identified by using

be

geophysical logs with the Prompt Gamma Neutron
Activation  Analysis (PGNAA) method [6].
Increasing logging speed will affect the quality of
generated data, thus logging speed must be
determined based on the characteristics of existing
rocks [7]. High accuracy based on geophysical data
depends on the speed used in each tool and the
geophysical log with high accuracy must read up to
a thin layer of the formation [8]. The optimum speed
must take a mathematical approach in line with the
data acquisition process so that there is no delay that
can affect the quality of the data [9]. Density log
with good condition of borehole can accurately
measure bulk density and also predict porosity
estimates [ 10].

Geophysical well-logging is a process of
recording subsurface data using a measuring
instrument inserted into a borehole, which detects
radioactive signals present in each rock. According
to [11], geophysical well logging is a method of
measuring and recording physical properties of rock
or lithology of a formation at each depth. A wireline
log is a continuous recording of data from
measurement in one borehole to investigate the
response to variation in physical properties of rock
originating from borehole drilling. Radioactivity is
a process of is a process of spontaneous
decomposition of certain atomic nuclei followed by
the emission of alpha particles, beta particles, or
gamma radiation. The rays emitted are called
radioactive rays, while the substances that emit
radioactive rays are called radioactive substances.

Density log is a tool that utilizes radioactive ray
source to measure density of rock. According to
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[12], the working principle of density log is that a
radioactive source from a measuring device emits
gamma rays with a certain intensity of energy
through rock formation. Rocks are formed from
mineral grains, and minerals are composed of atoms
consisting of protons and electrons. Gamma ray
particles hit the electrons in rocks. As aresult of this
collision, gamma ray will experience a reduction in
energy (loose energy). The energy that returns after
experiencing the collision will be received by a
detector that is in a certain distance from the source.
The intensity of reflected gamma ray depends on the
density of rock formation [13]. The weaker the
energy returned shows the more electrons in the
rock, which means thatthe more dense the grains or
rock-forming minerals per volume. The quantity of
the energy received by the detector depends on:

1. The density of rock matrix

2. The amount of rock porosity

3. The amount of density contained in the rock

pores

4. The size of borehole (borehole diameter)
5. Mud cake (mud crust)
6. The spacing of source detector (long or

short)

The volume of rock investigated by density log
depends on the distance between the radioactive
source and the detector. For rocks that do not
require high resolution, it is better to use the
detector that 1s relatively far from the source, which
is long spaced density tool (BPB manual in [11]).
There are two types of density log, namely long
spaced density (LSD) and short spaced density
(SSD). The uses of long spaced density log and
short spaced density log are as follows (Fig.1):

1. Long spaced density log is used for
subsurface evaluation because it shows a
density value that is close to the actual due
to the small influence of the borehole wall.
The source distance is + 16 inches.

2. Short spaced density log has a vertical
resolution that is high enough than long
spaced density log, so this log is very
suitable for measuring the thickness of
subsurface layers. The source distance is +
7 inches.

The research conducted at Warukin
Formation in South Kalimantan, which consists of
sandstone, claystone, mudstone, and coal with low
mechanical properties. Sandstone and claystone
will experience degradation of physical and
mechanical properties when they are exposed. The
hardness is approximately 700 kPa with cohesion
value of about 40 kPa and internal friction angle of
350°. The sandstone is composed of more than 80%
of quartz minerals in fine and medium size [14]. The
claystone is composed of clay-sized quartz minerals
with mineral content of illite <10% and kaolinite
=20%:; no other clay minerals were found [15]. The

was
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groundwater level is relatively low with a depth of
about 15 m from the surface.
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Fig.l Short spaced density (SSD) and long spaced
density (LSD) with dimension in millimeter [16].

2. MATERIA AND METHOD

Geophysical logs were obtained from drilling
activity carried out on sedimentary rock with low
mechanical properties. Logging activities were
carried out after the drilling activity had reached the
end of hole and the drilling hole had been flushed.
Log measurement used the GDDC (Gamma Dual
Density Caliper) type probe.
conditions were temperature of less than 85°C, a
pressure of less than 5000 psi, hole diameter of 200

The operating

mm, and logging speed of 2-6 m/min. In general,
the data collection procedure was as follows:
1. Assembling logging tools
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2. Recording data, began by inserting a
detector into a borehole, which 1s a vertical
sonde, and was continued by recording data
using a density logging tool with

predetermined depths

3. Interpreting geophysical logging data based

on the results of speed variations of the
recorded data

4. Analyzing the data

This research used various logging speed to
evaluate the best consistency of the data according
to the lithological characteristic in the research
location. By using different logging speeds, it is
possible to obtain variations in numbers from both
long spaced density (LSD) log and short spaced
density (SSD) log. The research location was in the
Warukin formation which is composed of sandstone,
claystone, and coal with low hardness [14-15,17-
18].

Data measurement were carried out using the
same tool in the same borehole with different depths.
The logging speeds used were 3 m/min, 4 m/min,
and 5 m/min. The effect of logging speed on the
data obtained from SSD log and LSD log was
statistically tested by finding out whether there is
difference in both SSD and LSD data at different
logging speeds. If there is difference, it means that
logging speed has an effect on the data result. The
test method used Friedman test with the following
hypothesis:

Hoity3 =14 =15 (There is no difference in
the data result at logging
speed of 3 m/min, 4 m/min,
and 5 m/min)

Hiit #71 (There is at least one pair

of logging speeds that has

different data result)

The Friedman method, in this case, worked by

ranking the SSD and LSD data resulting from the

three logging speeds for each depth. Through this
procedure, it can be known which logging speed
produces the highest (or the lowest) SSD and LSD
data. Rank of the data for each logging speed were

then summed and the following test statistic [19]

was calculated to test the hypothesis:

2 _ 12 k .2 _
X _[nk(k+1) I=1RI] 3n(k+1) (1)
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where:

n = number of rows

ke = number of columns

Rj = sum ofranks in jth column

t;; = size of the jth tied group in the ith block
gi = number of tied groups in the ith block

If there are no ties among logging speed in a given
depth, use Eq. (1); but if there are ties among
logging speed in a given depth, use Eq. (2).

The hypothesis Ho rejected when 2 > xZ,¢
with df = k — 1. Since the significance level (a)
used i 5% and k equals to 3, which is logging
speed of 3 m/min, 4 m/min, and 5 m/min, then
Xéos2 =599  (obtained from  Chi-square
distribution table); so Hy will be rejected when
¥2>599 . Rejected Hy means that there is
difference in the data result at different logging
speed.

When Hy is rejected, a pairwise comparison,
also known as post hoc test, is required to know the
detail of the difference. There are several pairwise
comparison methods, one of them is Dunn’s test
[20]. Dunn’s test works by comparing mean rank of
a pair of groups.

3. RESULT AND DISCUSSION

Data of SSD log and LSD log data were
recorded in CPS (counts per second) unit. The
measurement results for the three logging speed
groups, which are 3 m/min, 4 m/min, and 5 m/min,
showed that the SSD log data was read by the
measuring device from a depth of 2.3 mto 52.95 m,
while the LSD log data was read at a depth of 2.2 m
to 52.85 m. The data values generated from the LSD
log range from 1,600 CPS to 8,700 CPS, while from
the SSD log range from 9,800 CPS to 19,000 CPS
(Fig2).

S5D log and LSD log data were analyzed
separately. Each of the data was ranked, then the
test statistic was calculated. Mean rank of SSD log
data for logging speeds of 3 m/min, 4 m/min, and 5
m/min are 2.33, 1.98, and 1.69, respectively; while
for LSD log data, respectively, are 2.19, 1.93, and
1.88 (Fig.3). Rank distribution of SSD log data for
logging speed of 3 m/min is relatively clustered at
high ranks (the highest data values among the three
logging speed groups per depth); and for logging
speed of 5 m/min, the data is relatively clustered at
low ranks (the lowest data values among the three
logging speed groups per depth). The rank
distribution of LSD log data for logging speed of 4
m/min is similar to the rank distribution for logging
speed of 5 m/min.
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Fig.2 SSD and LSD data generated at logging speed of 3, 4, and 5 m'min
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Fig.3 Rank data of SSD and LSD at logging speed of 3, 4, and 5 m/min

The Friedman test statistic (x°) was calculated Table I Dunn’s test result
to determine whether there is difference in each of
SSD log data and LSD log data at the three logging Pair Mean rank difference
speed groups. For SSD log data, calculated y* SSD LSD
equals to 205.74; while for LSD log data, it equals 3 vs. 4 m/min 0.35 (0.00) 0.26 (0.00)
to 58.67. Both calculated Xz are greater than 5.99 3 vs.5 m/min 0.64 (0.00) 0.31 (0.00)
(x* from table) and thus H, is rejected. This means 4 vs. 5 m/min 0.29 (0.00) 0.05 (0.27)
that, with a significance level of 5%, for either SSD Note: the value inside parenthesis is p-value. p-
or LSD log data, there is at least one pair of logging value > 0.05 means no significant difference.
speeds that has different data result. To see which
logging speed gives the difference, Dunn’s test was 4. CONCLUSION
performed. The test result is presented in Table 1.
By seeing the mean rank difference of a pair of Logging speed may affect data values resulted
logging speed groups and the p-values in Table 1, by log. Based on the analysis result, there is
we can conclude that all the logging speed groups difference in the data result for either SSD or LSD
are different from one another, except for logging log at different logging speed. The analysis result of
speed of 4 and 5 m/min in LSD log data. It is SSD log data shows that the data values at logging
equivalent to what the rank distribution has shown speed of 3 m/min is greater than the data values at
in Fig.3. This Dunn’s test result is also shown in logging speed of 4 m/min, and the data values at
Fig.3 by lines along with the resulting p-value. The logging speed of 4 m/min is greater than the data
dashed line in Fig.3 shows statistically significant values at logging speed of 5 m/min. The analysis
difference, while the thick line shows no significant result of LSD log data shows that the data values at
difference and thus the group are the same. logging speed of 3 m/min is greater than the data

values at logging speed of 4 m/min and 5 m/min,

129




International Journal of GEOMATE, March., 2021, Vol .20, Issue 79, pp. 125-131

while the data values at logging speed of 4 m/min
and 5 m/min are not significantly different. The
results of this analysis is relevant to clastic
sedimentary rocks consisting of sandstones and
claystones with low mechanical properties.
Previous researchers have not discussed in detail the
effect of logging speed for specific sedimentary
rocks with low mechanical properties. This is the
novelty of this research.
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