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Abstract

National Research Institute for Earth Science and Disaster Prevention (NIED) drilled deep boreholes in Kanto-Tokai

region, Japan for hydraulic fracturing experiments and geohydrological observations. In the boreholes, cuttings and

spot cores were recovered, and geological columns were constructed. In addition, downhole loggings were conducted

to investigate physical properties of geological formations around the boreholes. In this note, the geologic columns and

geophysical logging data of 11 boreholes have been compiled into figures. Their depths are from 201.0 to 903.5 m. The

geophysical logging items are spontaneous potential, resistivity, sonic velocity, bulk density, porosity, total gamma ray,

caliper and temperature. These data are illustrated with the geologic columns on a scale of 1/2,900. We hope that these

data contribute to the analysis of the ground and rock mass structures in those regions.

Key words: Borehole, Geophysical logging, Geologic column, Kanto-Tokai region, Hydraulic fracturing

1. Introduction

In a past few decades, more than ten deep boreholes were
drilled in Kanto-Tokai region, Japan by National Research
Institute for Earth Science and Disaster Prevention (NIED)
for in-situ crustal stress measurements by hydraulic fracturing
method and installations of instruments for geohydrological
observation (Ikeda and Tsukahara, 1987a; Ikeda and Tsukahara,
1987b; Ikeda and Tsukahara, 1990; Tsukahara and Ikeda,
1987). In the boreholes, cuttings and spot cores were recovered
and downhole loggings were performed. The collected samples
and logging data directly provide fundamental information on
the geological, physical structure in the crust.

In this note, we have compiled the geological and physical
data into a figure for each borehole. In the figure, the geologic
column and physical logging data are drawn up in order.
NIED has already published such compiled data as NIED
Technical Notes (Suzuki et al., 1981; Suzuki and Omura,

1999; Matsuda et al., 2008). Present data are expected to
contribute to research on the precise structures and properties
of ground and rock mass, and its applications to disaster

mitigation.

2. Locations of the boreholes

Fig.1 shows the locations of drilling sites in the study
area. Table 1 shows the latitude, longitude (International
Terrestrial Reference Frame), the elevation and the depth of
each borehole. Figs.2-13 show the locations of boreholes
plotted on topographic maps published by the Geographical
Survey Institute of Japan.

3. Geophysical logging items and methods
3.1 List of the geophysical logging items

Table 2 lists the geophysical logging items measured in the
boreholes.

* 3-1 Tennodai, Tsukuba, Ibaraki, 305-0006, Japan
** 11-3 Shinano-machi, Shinjuku-ku, Tokyo, 160-0016, Japan

% Kita 10, Nishi 8, Kita-ku, Sapporo, Hokkaido, 060-0810, Japan
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3.2 Methods employed in measuring the geophysical
logging items (SPWLA, 1984; Chapellier, 1992;
Hearst, 2000)

Table 2 lists the geophysical logging items measured in the
boreholes.

3.2.1 Spontaneous potential log: SP (spontaneous
potential, mV)

An SP log measures the difference in electrical potential
between an electrode moving along the borehole and a
reference electrode fixed at the surface. SP arises mainly from
electrochemical effects when fluids of contrasting salinities
are encountered, such as drilling mud and water within the
rock around the borehole through which the log is passing.
An SP log is useful in examining the distribution of porous
and permeable/impermeable zones in the drilled rock.

3.2.2 Electrical log: SN (short normal, ohm-m); LN
(long normal, ohm-m); Microl (micro log 1 inch,
ohm-m); Micro2 (micro log 2 inch, ohm-m)

An electrical log measures the resistivity of the rocks
around the borehole. Various types of tools can be used, each
with different configurations of electrodes. For a normal log,
a current electrode and potential electrode are configured
on the tool. Potential difference is measured between the
potential electrode and a reference electrode at the surface
while a constant current passes between the current electrode
and the surface electrode. Because the electrodes on the
surface are situated in an ‘infinite’ space, the measured
potential difference depends on the characteristics of the
rock around the current and potential electrodes on the tool.
The distances between the two electrodes are 25 cm (short
normal) or 100 cm (long normal).

For a micro log, the resistivity is measured by a simple
array of three button electrodes at 1-inch spacings on a pad
pressed against the borehole wall. The current electrode
occupies the lowermost position. The potential of the
uppermost electrode with respect to a remote reference
electrode yields 2-inch normal resistivity. At the same time,
the potential difference between the upper two electrodes
gives 1-inch lateral resistivity. The micro log consists of two
resistivity curves that are expected to coincide with each
other in the absence of mud cake on the borehole wall.

3.2.3 Sonic log: Vp (P wave velocity, km/sec); Vs (S wave
velocity, km/sec)

A sonic log is an acoustic log that measures the interval
transit time of compressive and shear waves in the rock
around the borehole. There are one transmitter and two
receivers on the tool. The tool measures directly the travel
time from transmitter to receiver, comprising the travel time
through mud located between the transmitter and the borehole
wall, between the borehole wall and the receiver, and through
the wall rock along the same distance as that between the
transmitter and receiver. The difference between the two

travel times represents the travel time through the wall rock

along the fixed distance between the two receivers, generally

a distance of 1 foot. The difference in travel time represents

the interval transit time, which is converted to the acoustic

velocity of the rock around the borehole.

3.2.4 Formation density log (sometimes called a gamma-
gamma log): Density (density, g/cm®)

A formation density log measures the intensity of
backscattered gamma rays from the rock around the borehole
using a detector mounted in the tool and shielded from a
gamma ray source (e.g., '>’Cs). The intensity of backscattered
gamma rays depends on the electron density, which is closely
related to the bulk density of the rock around the borehole.
The intensity of the backscattered gamma rays is converted to
rock density using a calibration curve.

3.2.5 Neutron (Porosity) log: Porosity (porosity, %)

A neutron log counts the neutrons emitted from a neutron
source installed within the tool and scattered by the rock
around the borehole. Fast neutrons continuously emitted
from the source (a radioisotope of Am. Be) are slowed by
collisions with atomic nuclei within the rock around the
borehole, thereby becoming low-energy thermal neutrons that
are captured by the neutron detector. Because collisions with
hydrogen atoms, which have similar masses to the neutrons,
are by far the most effective in terms of slowing the neutrons,
the number of neutrons recorded by the detector is inversely
proportional to the concentration of hydrogen in the rock
around the borehole. In water-saturated rock, the hydrogen
content is equivalent to the pore water content, i.e., porosity.
The porosity is derived from the number of detected neutrons
via an empirically determined relationship.

3.2.6 Gamma-ray log: Gamma Ray (gamma- ray, API)

A gamma-ray log counts all of the gamma rays, without
energy discrimination, radiated from natural radioactive
isotopes in the rock around the borehole, being mainly
uranium (***U), thorium (***Th), and potassium (*°K). The
API (American Petroleum Institute) unit for radioactivity is
employed, based on an artificial radioactive concrete block
housed in the API calibration facility at the University of
Houston, Texas, USA.

3.2.7 Caliper log: Caliper-X (caliper x-axis, mm);
Caliper-Y (caliper y-axis, mm)

A caliper log measures the borehole diameter. The tool has
one or more arms that are extended mechanically and placed
in contact with the borehole wall. The degree of extension of
the arm(s) is converted to the length from the center of the
tool to the borehole wall.

3.2.8 Temperature log: Temperature (temperature,
degree C)

A temperature log measures temperature within the borehole
using a thermistor sensor installed within the tool such that fluid
passes over the sensor as the tool travels down the borehole.



Geological and Logging Data of the NIED Hydraulic Fracturing Boreholes in the Kanto-Tokai Region, Japan — K. Omura et al.

4. Geologic columns and geophysical logs of the boreholes

Geophysical logs for the boreholes are shown in Figs.13-23

alongside geologic columns. Logs were compiled for various

rock types. Broadly speaking, we found correlations among

electrical, sonic, density, and neutron logs, while gamma-ray

logs discriminate different rock types. These findings suggest

that the logging data presented in this note will contribute to

studies of crustal structure and petrophysics.
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Fig. 1 Locations of the drilling sites.

Table 1 Location data of the boreholes (International Terrestrial Reference Frame).

37°N

34°N

Site Latitude, ° Longitude ° Elevation, m | Depth, m Address Reference

Ashigawa 35 33| 96 138 42| 23.7 1050 203.0 |1694-1-6, Kamiashigawa, Ashigawa |lkeda and Tsukahara, 1987b
35.55267 138.70658 town, Fuefuki city, Yamanashi pref.

Awano 36 28| 56.9 139 37| 3.2 151 803.0 |1325-3, Shimonagano,
36.48247 139.61756 Kanuma city, Tochigi pref.

Chikura 34 58| 14.2 139 56| 44.6 74 803.0 [544-34, Kawato, Chikura town, Tsukahara and lkeda, 1987
34.97061 139.94572 Minamibousou city, Chiba pref.

Enzan 35 44| 31.1 138 43| 15.8 467 201.0 11286, Enzanfuijiki, lkeda and Tsukahara, 1990
35.74197 138.72106 Koushu city, Yamanashi pref.

Hamaoka 34 37| 43.5 138 9| 49.8 21 253.0 (1831, Sakura, lkeda and Tsukahara, 1987a
34.62875 138.16383 Omaezaki city, Shizuoka pref.

Hanno 35| 50] 38.0 139]  17] 464 177]  801.0 [768-1, Shimohata,
35.84389 139.29622 Hanno city, Saitama pref.

Hasaki 35 49| 42,5 140 43| 55.5 4 805.1 |1402-103, Ohta, Tsukahara and lkeda, 1987
35.82847 140.73208 Kamisu city, Ibaraki pref.

Ishige | 6] 401 139]  59] 197 14 903.5 [1580, Hontoyoda,
36.11114 139.98722 Jousou city, Ibaraki pref.

Iwai 36 3| 48.5 139 53[ 57.2 17 166.0 1027, Matate,
36.06347 139.89922 Bandou city, Ibaraki pref.

Kakegawa 34 44| 48.8 138 2| 33.0 34 203.0 3325, Kamiuchida, lkeda and Tsukahara, 1987a
34.74689 138.04250 Kakegawa city, Shizuoka pref.

Tsukuba 36 7| 32.6 140 5| 24.9 33 603.0 [3-1, Tennodai, Tsukahara and lkeda, 1987
36.12572 140.09025 Tsukuba city, Ibaraki pref.
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Table 2 List of the geophysical logging items in the boreholes.

Site SP(mV) | SN(ohm-m) | LN(ohm-m) | MIC-1(ohm-m) | MIC-2(chm-m) | Vp(km/sec) | Vs(km/sec) | Density(g/cm3) | Porosity(%) GR(API) | CAL-X(mm) | CAL-Y(mm) | Temp(C)
Ashigawa O O O @) O O

Awano @) @) O @) @) O O O

Chikura O O ©) O O O

Enzan O O O O O O O O O O O
Hamaoka @) @) @) O @) O

Hanno @) @) O O O O @) O

Hasaki @) O O

Ishige @) @) O O O O

Iwai O O
Kakegawa O O O O

Tsukuba O O O O

Fig. 2 Location of the Ashigawa borehole on a topographic map  Fig. 3 Location of the Awano borehole on a topographic map

published by the Geographical Survey Institute of Japan published by the Geographical Survey Institute of Japan
(http://portal.cyberjapan.jp/denshi/index3.html). (http://portal.cyberjapan.jp/denshi/index3.html).

Fig. 4 Location of the Chikura borehole on a topographic map  Fig.5 Location of the Enzan borehole on a topographic map
published by the Geographical Survey Institute of Japan published by the Geographical Survey Institute of Japan
(http://portal.cyberjapan.jp/denshi/index3.html). (http://portal.cyberjapan.jp/denshi/index3.html).
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(NS S SR i s s v
Fig. 6 Location of the Hamaoka borehole on a topographic Fig. 7 Location of the Hanno borehole on a topographic map
map published by the Geographical Survey Institute of published by the Geographical Survey Institute of Japan
Japan (http://portal.cyberjapan.jp/denshi/index3.html). (http://portal.cyberjapan.jp/denshi/index3.html).

AU RAN N A ZavANELE - S SR (AN R Pt e

Fig. 8 Location of the Hasaki borehole on a topographic map Fig. 9 Location of the Ishige borehole on a topographic map
published by the Geographical Survey Institute of Japan published by the Geographical Survey Institute of Japan
(http://portal.cyberjapan.jp/denshi/index3.html). (http://portal.cyberjapan.jp/denshi/index3.html).

il £ -\ = ) P L -

Fig. 10 Location of the Iwai borehole on a topographic map Fig. 11 Location of the Kakegawa borehole on a topographic
published by the Geographical Survey Institute of Japan map published by the Geographical Survey Institute of
(http://portal.cyberjapan.jp/denshi/index3.html). Japan (http://portal.cyberjapan.jp/denshi/index3.html).
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Fig. 12 Location of the Tsukuba borehole on a topographic map
published by the Geographical Survey Institute of Japan
(http://portal.cyberjapan.jp/denshi/index3.html).
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