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BIFFREDES,  Steam plumes from wells in Beppu



Outline of Beppu Geothermal Field and Beppu Geophysical Research Laboratory

Bathing in hot springs has always been a pleasure in Japan. There are over 2,000 spas in Japan, which are
visited every year by over 100 million people. That is to say, nearly everyone in Japan enjoys hot spring bathing
at least once a year. In spite of the intimate relationship between the Japanese people and hot springs, there are
very few institutes dedicated to research in hot spring sciences. In this regard, the Beppu Geophysical Research
Laboratory of Kyoto University, established at its present site in Beppu City in October 1926, is unique because
of its broad scope of scientific studies of geothermal phenomena. These studies include geophysical, geochemical,
geological and hydrological research on geothermal systems in their natural and modified states. The Beppu
Geophysical Research Laboratory has an ideal location at the Beppu geothermal system, which is one of the
largest geothermal systems in Japan on the island of Kyushu, which is the southernmost of the four main islands
of Japan. The surface thermal activity in Beppu varies from hot springs to superheated fumaroles and steaming
ground on the volcanoes behind Beppu City. Beppu has a long history as a resort area for its onsen (hot spring
baths) and its jigoku (literally “hells”; fumaroles and steaming ground). In order to enhance the flow of hot

water, wells were drilled as early as 1880 using a flexible bamboo technique known as “Kazusabori”. These may

be some of the earliest geothermal
wells drilled anywhere in the world.
Today there are over 3,000 wells in
an area of 5 km (E-W) X 8 km (N-S),
and the total flow of hot water and
steam amounts to around 600 kg/s.
The wells range down to 700 m in
depth, and a temperature of 200 ‘C
has been measured.

Kyoto University is presently

expanding the scope of the Beppu

BEPPU BAY

Geophysical Research Laboratory to
include research on geodynamic and
tectonothermal processes in the earth’s
crust. Beppu City is situated in a zone
of high seismicity at the northeast
end of the Philippine-Kyushu volcanic
arc. The City has been built on a
large fan deposit on the lower flanks
of the Tsurumi Volcanic Center. It is
intended that future studies take
advantage of this unique tectonic

setting.
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Distribution of wells drilled in Beppu Geothermal Field
BGRL:Beppu Geophysical Research Laboratory
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Observation wells for
Thermal groundwater (¢ 50 mm, 300m deep : Beppu)
Shallow groundwater (¢ 38mm, 40m deep : Beppu)
Shallow groundwater (100 mm, 50m deep : Beppu)
Steam (200 mm, 100m deep : Handa)
Observations of infiltration (Beppu)
(

Meteorological observations Beppu and Handa)

Equipment
Liquid scintillation system, X-ray fluorescence spectrometer, Atomic absorption spectrometer,
Ion chromatograph, Induced coupled plasma quantometer, X-ray diffractometer, Digital density

meter for fluid, Grain size analyzer, Scanning electron microscope, Photographic microscope,
Seismic observation system, etc.
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X-ray Fluorescence Induced Coupled Plasma Liquid Scintillation
Spectrometer(3030) Quantometer (ICPQ-100) System(LSC-LBIII)
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Field surveys at an active volcano in Kuju mountains
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Geothermal Fluid Research Section
Physical, chemical and hydrological processes of geothermal
fluid flow :
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Geothermal Structure Research Section

Characteristics and development of geothermal structure based

T 5 HMUERIEESERY, WEFL L SICE
A H R 7S

o MU HEE - MIHFROBITBL U ZD
FEE iR

AR S & U OB

o HA—BOKDIEER

o HIER LN ) A LTEEN R B L U

2T

on geophysical, geological and petrological methods

» Geophysical prospecting
* Deep drilling
e Chronology

o Water-rock interaction
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Geothermal Interdisciplinary Research Section

Open to foreign scientists in any disciplines related to geo-
thermal phenomena
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Geothermal Structure in Beppu Geothermal Field
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High temperature zones exist along
two main faults, indicating that geother-
mal fluids of chloride water and steam
ascend from the depths. Several kinds

of hot waters can be formed through

different processes of mixing between
BEPPU BAY groundwater and deep geothermal fluids,
(1) High temperature chloride water from
the depths can flow out to the fan region
while being subjected to dilution by shallow
waters, (2) Shallow groundwater entering
the active geothermal zone from higher
elevations can be supplied with heat and
gas constituents through mixing with

steam derived from deep chloride water.
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Subsurface temperature at a depth of 200 m (Numbers in the circle are
listed in the examples of chemical composition)
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Geothermal fluid flow system inferred from the chemical composition of hot spring water,
the surface manifestation and the distribution of alteration zones: A schematic E-W cross
section of the northern part of Beppu Geothermal Field
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Temperature and chemical components of Sample.?yroxeme andesite from the geothermal
fluids from the geothermal observation observation well of the, Beppu Qeophysmal
well at the Beppu Geophysical Research Research Laboratory (Calcite and zeolite minerals
Laboratory can be observed at the depth of 200 m)
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Subsurface Structure beneath the Beppu Area
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Seismic reflection and gravity measurements conducted in Beppu Bay have revealed the graben and basin
structures associated with low gravity anomalies, faulting and folding.
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An example of a seismic reflection profile from Beppu Bay
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Subsurface structural regions beneath the Beppu Bay clarified by seismic prospecting
(A): Listric faulting region, (B):Deep basin region, (C):Deep graben region, BB:Beppu Bay
Crossing Tectonic Line, MTL:Median Tectonic Line, RS:Margin of Ryoke Belt basement.

Contours show depths (m) to Pre-Tertiary basement.
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Monitoring of Geothermal Phenomena in the Beppu Geothermal System

BB LU IR RIS o T, BRBOM/  KRA - REOBILE NS Z T RREHEL T2
MR AT AR T, EMOCABEERL T, AFRROBEME=2 Y > V2174 - TV 5.

(ppm)
1000

800}
600}

400F

CONCENTRATION

200F

O ! ! 1 1 1 ! 1 1 ] | A | 1 ! 1 L 1 ] 1 ] 1 1

1970

1975

1980

EHERHERDEER A 4> (CT

1985

,HCO:™) BEZEIL

L L
1990

An example of time variations in the major anion concentrations

MR EL

ULl - (R RAFZEERPT (HBRARRTIEERFT) T
BERA b T & L HBAFTIRD R - BFE - I
O & LICED S, - LIS, BB LU
FERMARE b L —H— & L2 HBREDRETE
BRBEROREIEERETH S,

BOKBIEFFZRERFT Tld, BIFF R 2 &4 L
INDH TSRS 2 & D FEL SN B2z, HER
WERE), WHEFL L ISR SRR &
TS, YEHOEEREIL, HEMERZLEDOE
BHTH 5.

CHLDIENEEE LT, T7 =7 AICH
TLERNEEIATRTHSE, ZleHlz, F
B4 EELY, WIS LT, BIFHEE P
Ltttﬁﬁﬁm%ﬁﬂméﬁﬁtfw

Seismic Observations
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