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Technological Countermeasure for Flammable Gas

in Hot Spring Water
—Experiments at Kamisu-Wakamatsu Hot Spring
Source in Ibaraki Prefecture—

Yuu Horikawa, Tadashi Tosira” and Atsushi MivaTa?

Abstract

Although flammable gases are not always contained in hot spring waters, their con-
centrations and output are depending on various factors, such as locality, depth and
geological settings of hot spring sources. Here, we studied flammable gas (methane) in
Kamisu-Wakamatsu hot spring source in Kamisu City of Ibaraki Prefecture in relation to
its concentrations and gas-water ratios during stepwise hot spring water lifting tests.
Also, we investigated changes in gas concentrations in hot spring waters on the way
through hot spring facilities such as a gas separator and so on. This report summarizes
those data obtained in the experiments in order to apply to flammable gas treatment in
hot springs hereafter.

Key words : Kamisu-Wakamatsu hot spring source, methane gas, flammable natural gas,
gas-water ratio, gas composition.
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Table 1 Gasses in hot spring water
K1 BRKICEEFNZHR

WRERE et a1l HRRPE (RTHAE)
3% O, X [F5  1.105 —
EHZN, X [F%5 0.97 AR
—&{bixk3% CO X A% 0.967 12.5~74vol.% TEFMH D
Zg{birR CO, O Ew o 1.529 AR
i b7k HeS O EwO 1,199 AR
24 v H A CH, X W\ 0.555 5~15vol.% TIEFMD D
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Fig. 1 Submersible pump set upped in a depth (A) and gas separator (reverse flow method, B).
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Fig. 2 Kamisu-Wakamatsu hot spring source used in the experiment.
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Fig. 3 Facillities of Kamisu-Wakamatsu hot spring source.

X 3 hATERIRRORREMR

297



s A, MO EE R R

2.3 /A &

RIEHIFE T, KR > 7% —200m ICHE L, HEaRoRIcmfkas 72 (GEERN
) mZA2[ERRCHE U, BA B 7@ Rk &S 7 A 2 r — 5 — (Fig. 4) i@ LU ToBEL, A
)7 4 AR AEBS A RBENE L (Fig. 5). /K&, BEF 2t/ L —% —DFFcE
W BT A %E LHIE Lz, BUREMOTEREZ I, BEENIET TR r— v v I NOBEENAD
W CITr—v v 7 70— OFREY b~y RTERSE (BB R), /5L —F —~
BALTHZAEZAEL 2.

Fig. 4 Simple gas separator of Kamisu-Wakamatsu hot spring source.
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Fig. 5 Orifice flow meter of Kamisu-Wakamatsu hot spring source.
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Fig. 6 Gas composition of Kamisu-Wakamatsu hot spring source.
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Table 2 Gas-water ratio at stepwise pumping tests of Kamisu-
Wakamatsu hot spring source.

R 2 HNATERERDOERESHBRROESERNHT KL

La i 2B H 2k EVISIA

Oz (m®/ H) (m®/kl) (m)
551 B 50 19.9 0.277 —21.3
55 2 B 85 32.1 0.262 —28.8
55 3 B 120 60.3 0.349 —40
55 4 B 155 90.8 0.407 —52.8
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Fig. 7 Gas-water ratio during pumping of Kamisu-Wakamatsu hot spring source.
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Fig. 8 Methane gas concentrations in Kamisu-Wakamatsu hot spring facilities.
Methane gas concentrations were measured by headspace analysis.
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