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Thermal Water Flow Systems in the Tendo Hot Spring Area,

Yamagata Prefecture, Japan

Koichi URAKAMI

Division of Earth and Planetary Sciences,
Graduate School of Science, Hokkaido University

Abstract

During 1993 and 1994 geophysical and geochemical investigations were carried out in the
Tendo Hot Spring Area in the Yamagata basin in the northern Honsyu. There are three produc-
tion wells drilled to depths of 180 to 220 m in the alluvial plane along the Kuratu river, from
which about 800 1/min of thermal water with temperatures of 60.5 to 69.0°C are pumped and
used for bathing at hotels. Thermal waters in the area are slightly alkaline sodium-calcium sulfate
type water with relatively low TDS (up to 1,880 mg/1), and are isotopically lighter than shallow
groundwaters plotted close to the local meteoric line. The Tendo hot spring area comprises four
thermal water aquifer, and impermeable bed rock. The thermal waer quifer is enocountered at
a depth of 80m and extends to a depth of 130 to 180m . The aquifer consists of sandy gravel in
the lower portion of alluvium and conglomerate and tuff beccia in the upper of Neogene volcan-
ic rocks, and are underlain by the impermeable bed rock composed of andesite, propylite, and
rhyolite. Thermal water arises from the deep through fractures formed in fault zone and spreads
into the thermal water aquifer. The impermeable layer, mainly composed of muddy deposits
in the alluvium, separates thermal water system from surface groundwater system .
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Fig.1 Location map showing hot spring areas in the eastern part of the
Yamagata basin
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Fig.2 Location of wells in the Tendo Hot Spring Area and its surrounding areas
@ : puroduction wells discharging thermal waters with temperatures of 47
to 69°C and non-productive well (No.2). A : wells discharging groundwaters
with temperatures of 14 to 24C .

Fig.3 Location of wells in the Tendo Hot
Spring Area in 1966
Figures in parenthensis indicate
number of wells shown in Fig.1.
Wells 5 and 20 are still used as produc-
tion wells, but the other wells have
been abandoned .
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Fig.4 Driller’s logs estimated from cutting samples
Location of the wells are shown in Fig.2.
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Fig.5 Driller’s logs estimated from cutting samples
Location of Sogo-undokoen (UN) and Urushiyama
(UR) are shown in Figs.2 and 1, respectively.
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Fig.6 Hexa-diagram of major constituents in thermal
waters sampled from the Tendo Hot Spring Area
and its surrounding areas
The figures are based on data obtained from 1969 to
1992.
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Fig.7 Tri-linear diagram of major anions in thermal waters
@ : Tendo(1~5) and Sogo-undokoen (UN), M : Urushiyama,
O : Higashine, []: Higashisawa, /\ :Kaminoyama, YV :Yamagata.
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Fig.8 Relation between temperature and chloride content of thermal waters
in the Tendo Hot Spring Area.
O : sampled at flowing wells in 1949, @ : sampled at pumping wells during
1969 and 1992 4 : groungwater sampled in 1994. The upper limit of chloride
content (156 mg/1) emarges. Two parent waters, A(74C, 156 mg/1) and
B(417TC,15 mg/1), are recognized from a mixing line for thermal waters.
The values below themixing line suggests cooling of thermal water moving
down in aquifer.
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Fig.9 Isotopic composition of selected thermal waters and groundwaters
from the Tendo and Higashine Hot Spring Areas
@ : Tendo, O : Higashine. The shallow groundwaters in the Tendo area
fall closed to the local meteolic (6D=5.85180+7.2), but the thermal waters
lie below the line. These data suggest that two distinct water circulations
occur in the Tendo area. Two pararell local meteoric lines of the Tendo and
Higashine areas indicate altitude effect.
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Fig.10 Relation between sulfate and chloride contents of thermalwaters in
the Tendo Hot Spring Area

QO : thermal waters sampled at flowing wells 1949,
sampled at pumping wells during 1969 and 1992,

in 1994.
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The aquifers are estimated from the temperature-depth profiles
measured by Fukutomo ef. a/? . Location of the wells are shown in
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Depth to water level below land surface, m
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Fig.18 Change in water level at well 2
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Fig.19 Changes in water level and its time-rate at well 2 caused by stop of
pumping at well 4
Time-rate, dy/dt,is calculated from water level, y, measured in the time
interval of one minuite.
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Fig.20 Time-recovery graph at well 4
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Fig.21 Time-recovery graph at well 3
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Fig.22 Time-recovery graph at well 3

Solid lines indicate time-recovery curve calculated from eq. (7) with various
distances to fracture zone. The curve for the distance of 140m fits to the

observed recovery curve.

Table 1 Results of pumping test
Well | Depth Temperature Pumping rate | Transmissivity
No. (m) ) (1/min) (cm?/s)
1 220 61.4 250
3 180 69.2 310 50.0
202 60.9 124 18.0
52.82)
5 (100) 47.4
13 24.1 8401

D flowing rate

2 transmissvity determined by means of the image-well theory described

by Fukutomi ef. al.

AfEcikd —BLTHED,

DR, No.3»b#ElEH E TOHEMN140m L HEETE 5.

BRRY

ZD

HETIE, BABRET LIRS I(E50.0cm?/sw HV, HFYHEHICIIEES D AR I-EDF

WIEA.8T X104 HVTH 5.

Table1ic, HARRBOKREARBEOBHRIZ £ LD, BXEBRBIL2 T TLLKRD
bhigh stehl, WIERBEE LD AR MEOREMNITSHS. La L, No. 4% AWKk
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AR D B .

8. BINEDRE

BEL2L, BARBRCILBIHFLSENE T TOREELRD, Elh B A YKL KER T
SFATHAERELT, AhBEOMBA2RDTA. Fig.231c, FOMEBERR L. (DiZEK

Fig.23 Location of fracture zone estimated from pumping test
@ : production wells(1,3,4) and non-productive well(2),
A : measurement sites of electoric sounding where impermeable
bedrock with high resistivty and thermal water aquifer with
low resistivity are found. Solid lines indicate location of
fracture zone through which thermal water arises from the deep.
Line (A) is the location of the fracture zone determined by the
pumping test at well 3. Lines (1) and (2) are the lowermost
and uppermost locations of the fracture zone estimated by
Fukutomi ef. al.
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