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Neutralization of Tamagawa Hot Spring Acid Water

and Improvement of Water Quality of the Tamagawa River
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Faculty of Engineering Iwate University, Ueda, Morioka, Japan

Abstract

The Tamagawa Hot Spring, Akita Prefecture, Japan, which has a pH of 1.1~1.4 a water
temperature 98°C and an artesian flow rate 9m3/min, is well-known for much of the free hydro-
chloric acid it contains. The optimums for neutralizing the acid water have been found as follows:

1) A clylinder-cone type reactor with the angle of repose 60° , reinforced with glass-fiber, should
be used, into which the acid water will be introduced from its bottom and be let out of the
top of the reactor:

2 ) Neutralizer limestones should be crushed ones with grain sizes 5~25 mm:

3) Keeping the acid water concentration of the pH 8.4 acidity at about 4000 mg/1 (as CaCOs) ,
and letting the water run with the flow rate 1.6 m3/min, we gained a neutralization percentage
of 75% (decrease in pH 8.4 acidity) .

An industrial operation, using a reactor of 18.6 m?®, done on the basis of the above test results,
showed 79 % in neutralization percentage.

The acid water neutralization operation now being conducted improves water quality up
to pH 5.31, downstream at the point of the Tamagawa dam, and enables some fish to live there.
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Fig. 2 Seasonal variation of chloride ion concentra-
tion and sulfate ion concentration in the Ohbuke
vent thermal acid water at the Tamagawa hot
spring head, 1951-1992

Seasonal variation of Tamagawa hot spring water chemical composition

Soar Wt pE 8.4Ax ClI= S04 K+t Nat Ca? Mg? T-Fe Al¥* SiO2 T-As
(C) (mg/1) (mg/1) (mg/l) (mg/D) (mg/l) (mg/l) (mg/l) (mg/D) (mg/l) (mg/l) (mg/l)

1978 98.0 1.11 7500 3361 2590 175 61 177 148

1979 97.4 1.13 7041 3170 2445 116 40 169 168

1980 97.5 1.12 6672 3095 2361 108 50 153 206

1981 97.3 1.21 6737 3047 2321 103 42 133 183

1982 97.4 1.17 6232 2985 2133 101 34 111 155

1983 98.1 1.16 5953 2945 2102 31 55 92 32 131 154 245 3.2

1984 97.7 1.16 5676 2916 1916 33 54 99 36 106 116 256 2.9

1985 97.9 1.17 5421 2780 1655 33 52 98 33 93 123 267 2.9

1986 97.4 1.13 5323 2763 1570 32 47 99 34 86 105 268 3.1

1987 97.8 1.21 5025 2635 1416 31 48 91 32 7 107 246 3.1

1988 98.1 1.24 4656 2568 1204 32 50 92 35 66 115 253 31

1989 97.3 1.24 4507 2526 1043 30 48 90 33 63 104 269 30

1990 95.3 1.37 4061 2227 839 28 45 87 30 52 95 271 2.8

1991 98.2 1.39 3933 2157 804 26 41 86 35 51 50 271 2.7

1992 97.9 1.35 4178 2197 874 28 46 93 37 60 65 285 3.0

T-Fe: Fed+ Fe?t, T-As: As ¥ +As'l, 8.4Ax: pH8.4 acidity (as CaCOsmg/1)
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Fig. 3 Effect of reactor form, limestone size, flow rate, temperature
and the composition ratio of chloride ion to sulfate ion on neutral-
ization percentage
(A): (@) cone type reactor; (O) rectangular type reactor; grain
size of limestone 5-25 mm; water temperature 36-66C ; retention time
of water 5 min. (B): cone type reactor 8 m?; retention time 5 min;
8.4 Ax of acid water, (®) 3884-4781 mg/1; (0O) 5602-5765 mg/1;
(/) 5825-6530 mg/1 as CaCOs3; water temperature 50-58C . (C):
cone type reactor 8 m3; limestone size 5-25 mm; 8.4Ax 4201-4425 mg/1;
water temperature 47-51°C . (D) : cone type reactor 0.42 m?3; limestone
size 5-25 mm; 8.4Ax 4500 mg/1; retention time, (O) 5-7 min; (@)
3-4min. (E): cone type reactor 0.01 m?3; limestone size 5-25 mm;
retention time 5 min; water temperature 50-52C .
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Table 2 Water quality of Tamagawa hot spring and Tamagawa dam site

Tw . 8.4Ax CI- 804+ Ca** Mg¥* T-Fe Al% Sp.Cond.
(R (mg/1) (mg/l) (mg/l) (mg/l) (mg/l) (mg/D) (mg/l) (xS/cm)
Hot spring 98.0 1.20 4240 2217 888 100 34 68 58 26400
s 57.5 1.44 3575 1985 860 9% 29 60 59 22600
neutralization
After 55.8 3.85 784 1935 846 1248 43 41 46 5990
neutralization
Dam site 11.3 5.31 20 25 19 21 2.5 0.1 0.5 138

T-Fe: Fe3t+4Fe?+, Sp.Cond. : Specific conductivity
Flow down: Tamagawa hot spring— The Neutralization work—Tamagawa dam
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