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ABSTRACT

It is often found the identical logs in soil drilling log database. In this paper, we
propose a method to detect the identical logs in a large drilling log database to compile
reliable database.
The detections are performed by the method as mentioned below.

The soil names in soil log are converted to number.1)
The numerized drilling-log are converted to the spectra of Walsh-Hadamard function.2)
Sort a few 4 or 5 spectra using a spreadsheet program software such as Lotus 123 or3) ( )

MS Excel.
Identical drilling logs are found in the table side by side .4)

1 INTRODUCTION

A considerable amount of time and effort is spent accumulating drilling logs in order
for geological consultant companies, public research institutes and universities to construct
drilling log databases. These organizations spend a considerable amount of time and effort
obtaining drilling logs and constructing databases for the reuse of log information.

The problem is that identical logs are found in most drilling log databases. In some
cases more than 10% of identical logs may be found in the database. This problem is
difficult to avoid even if a lot of work is spent on the detection and exclusion of identical
logs when the editor constructs a drilling log database. This is because it is difficult to
compare identical logs from different locations by visual inspection.

In the past, small databases were rationalized using cluster analysis. But this
technique requires large amounts of computer memory and high speed processors. The
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comparison of about 3000 logs is probably the limit on a PC. Furthermore, complex
visual inspection is still needed after cluster analysis in order to completely eradicate the
duplicates.

In this paper we discuss an alternative solution to the problem using Fourier-type
spectra of rectangular waveform functions.

2 IDEA

2.1 Numerical treatments

We substitute numerical values for the drilling log soil names, then sample the
numerical value at equal intervals by depth. Then we perform Fourier-type transformation
on the sampled sequences using the orthogonal rectangular waveform function system. The
sorting and comparison of these spectra assist the discovery of identical logs in the
database. Drilling log databases of Noboribetsu City and the central Hokkaido area of
Japan were used in the analysis Figure 4 . These databases contain 850 and 13,000 logs( )

respectively including duplicates .( )

2.2 Numerization of soil names in the drilling log database
In order to conveniently process the logs, the soil names are grouped into 13

categories for the Noboribetsu City database. But, as described later, no categorization
occurs in the central Hokkaido database and all 119 soil names are numerized individually.
Then we sample the numerical value sequence = f f f f f at equal intervalf ( ･･･ ･･･ )0 1 2 -1l n

points x x x x x in the depth direction of n finite numbers as in Figure 1. We( ･･･ ･･･ )0 1 2 -1l n

perform discrete Fourier-type transformation on the data sequence f using the completel

( ･･･ ･･･ )( )：system of orthogonal and normal functions = h h h h h Figure 3hi i i i2 il i n0 1 -1( )

-1n

∑ ･ ( )c = h f 1i il l
= 0l

As we know, the relationship between f x and the spectrum c can be expressed byi l i( )
following Perseval's theorem:

-1 -1n n

∑ ∑ ( ) ( )c = f =T 2i l
2 2

= 0 = 0i l

Total T is a constant value for each drilling log. It is equal to all the information on
the drilling log. The information ratio that spectrum value c shares is as follows:i

( ･･･ ) ( )p = c / T : 0, 1, 2, , -1 3i i
2 i n

As for the magnitude of each spectrum c is the square root of the information ratioi

in data sequence f. Furthermore, the cumulative information ratio H is calculated by thei



Figure 1. Schematic diagram of Numerization of drilling log
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Figure 2. Continuous Walsh-Hadamard Figure 3. Discrete Walsh-Hadamard
Function system, = 8 Function system, = 8n n

following equation Asahi, 1995 :( )

i

Σ ( )H = p 4i j
=0j

These values are shown as a percentage.
Incidentally, in this paper we use spectra from the Walsh-Hadamerd function system

as in Figure 2 and Figure 3.
Each spectrum encapsulates information throughout the data sequence. The direct

current component especially contains a useful and important piece of information about
the drilling log data sequences. So, the comparison of the DC component spectra and the
other few spectra make it possible to distinguish different logs and detect identical ones.
These values are shown as a percentage.
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3 Application
3.1 Cumulative information ratio

The soil names in the Noboribetsu drilling log database were grouped into 13
categories. They are surface soil, high organic soil, volcanic ash soil, organic soil, clay, silt,
sandy soil, sand, gravely soil, gravel, tuffs the Quaternary formation , hard soil the( ) (

Tertiary formation and rock. Numerical values of 1 to 13 were applied to each category.)

In the central Hokkaido database, however, unexpected results were produced as a
result of this grouping. One third of the logs became identical when only 13 soil categories
were used. We therefore applied numerical values of 1 to 119 to these soil names.

Figure 5 shows the distribution of cumulative information ratios with sequence order
in the Noboribetsu database. These cumulative information ratios are calculated using the
1244 logs of more than 10m depth.

As shown in Figure 5, the direct current components account for almost 97% of the
entire numerized drilling log information. This same tendency has been found before

Asahi et al., 1995 . The direct current component ratio greatly depends on the numerical( )

values of the soil categories. However, we do not exclude the direct current components on
the grounds that they are statistically equivalent to the mean.
The detection process of identical logs is as follows:
1 Calculate the spectra using numerical formula 1 .) ( )

2 Import the spectra into spreadsheet software such as MS Excel or Lotus 123.)

3 Sort the sets of spectrum sequences in order of the direct current components.)

4 Subtract each direct current component from the adjoining one.)

5 A result of 0 indicates that the spectrum log is probably a duplicate, so move it to) ( )

the top of the spreadsheet.
6 Repeat steps 3 to 5 for the spectra of the following sequences.) ) )

7 Examine the original drilling logs for the suspected duplicates to confirm that they are)

in fact duplicates.

Figure 4 Location of the central Hokkaido and Noboribetu City．
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Figure 5. Cumulative information ratio

Figure 6 Sorted spreadsheet for the Noboribetsu database．
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Figure 7 Sorted spreadsheet for the central Hokkaido database．

3.2 An example of the detection of identical logs by spectra comparison
Figure 6 shows the sorted spreadsheet for the top 10m of log depth in the

Noboribetsu database. 228 out of 1244 logs are detected as identical ones.
Figure 7 shows the sorted spreadsheet for the top 15m of log depth in the central Hokkaido
database. In this case, 462 out of 5058 logs are detected as identical ones.

4 Summary
The numerization of soil names in drilling logs and the use of spreadsheet software

make it easy to compare a large number of logs. Software such as Lotus 123 and Microsoft
Excel allow us to detect identical logs from a maximum of about 65,000 logs at a time.
In the case of more over 65,000 logs, we split the data into groups and apply the sorting
process to each group.
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