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Saturation Index and Stability Index of Thermal Springs

I. Thermal Springs of Izu-Hakone District

Yasuo KANROJI
(Hot Spring Research Center)

Saturation index can be used to predict the formation of scale as well as the corrosive
actions of various types of water, but few papers have been published on the saturation
indices of thermal water. Some thermal waters precipitate calcareous sinter after flowing
out on the ground surface. The sinter often plugs the conduit pipe of thermal waters.

In this report, Langelier’s saturation index (Sat. Ind.) and Ryznar’s stability index
(Stab. Ind.) were calculated for many thermal waters in Izu-Hakone district and the
relationship among these indices, the formation of calcareous sinter, and the S/Cl ratio
were discussed.
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Calculation:
Sat. Ind.=pH—pHs, Stab. Ind.=2pHs—pH
pHs=p(Cal+plAIK]+C
where [Ca] is the calcium ion concentration calculated as mole/l, [Alk] is the total
alkalinity calculated as equivalent per liter, which was determined by titration
with acid, using methyl orange as an indicator, and C is a constant depending on
the content of evaporated residue and temperature.
Relationship between these indices and the formation of calcareous sinter.
Hot spring waters in Izu district:
Sat. Ind.<+1.4, Stab. Ind.>5.22; no precipitation of sinter occured.
Sat. Ind.>+1.4, Stab. Ind.<4.84; precipitation of sinter occurred.
Those 1n Hakone district:

Sat. Ind.<+1.7, Stab. Ind.>4.56; no precipitation of sinter occurred.

Sat. Ind.>+2.0, Stab. Ind.<4.25; precipitation of sinter occurred.
Relationship among the indices, the formation of calcareous sinter and the S/CI ratio.
According to Sato’s report, thermal springs of the Izu district were divided into
three groups by the S/Cl ratio which might be closely related with the chemical
properties of volcanisms. The relationships between the indices and the S/Cl are
shown in the following Table.

S/Cl ratio Sat. Ind. Stab. Ind.

(1) Central Izu, southern group 0.845~89.6 +0.41~40.08 5.06~8.46
(2) Central Izu, northern group 0.141~ 1.07 | 4+0.41~+42.16 3.08~6.94

(3) Eastern Izu group 0.047~ 0.65 | +0.80~+0.8 2.7 ~5.54
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Thermal springs of the group (1) do not precipitate the calcareous sinter, but a few
springs of the group (2) and a large number of thermal springs of the group (3)
precipitate the sinter.
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Fig. 1. Langelier saturation—index chart.
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Table 1. Sat. Ind. and Stab. Ind. of the Thermal Springs in Izu District

No. Name of Spring Sat. Ind. Stab. Ind. N.S.* Ref.

T Izusan —4.09~-+0.8 5.54~12.8 9 8) 9

2 Atami —1.19~+2.16 3.08~ 8.6 23 8 9

3 Minami-atami +1.51~+2.5 3.3 ~ 5.58 2 8)

4 Ito —3.04~+0.88 5.28~13.0 35 8)

5 Akazawa —0.44~+0.25 8.3 ~ 9.08 4 8) 10)

6 Okawa +0.61~+1.55 4.6 ~ 6.38 2 10)

7 Hokkawa +1.55 4.60 1 11)

8 Atakawa 0 ~+2.1 4.3 ~ 6.4 12 1) 9

9 Katase +0.2 ~+1.9 4.4 ~ 6.9 4 1) 8
10 Shirata +1.3 ~+1.7 4.2 ~ 4.9 2 1) 8
11 Yatsu —0.7 ~+1.4 4.6 ~ 8.6 9 11)
12 Mine +0.31~+1.88 4.84~ 6.78 5 11)

13 Yugano +1.47 5.06 1 9)

14 Konabe —1.26 10.9 1 11)

15 Odaru +0.59~40.73 6.94~ 7.22 2 11) 12)
16 Yokokawa 0 ~+0.2 9.0 ~ 9.5 2 8)
17 Kita-yugano —0.34 9.98 1 8)

18 Rendaiji —0.05~+0.41 5.89~ 7.22 2 9)
19 Kochi —0.67~+0.82 6.36~ 8.44 4 11) 12)
20 Shimokamo +1.4 ~+4+2.8 2.7 ~5.1 7 1)

21 Hatake —0.15~+0.63 7.44~ 8.85 5 8)
22 Nakoya +0.07 8.26 1 8)
23 Nirayama —0.26~+1.42 6.16~ 8.72 8 13)
24 Kona +0.33~+1.02 6.76~ 8.84 14 13)
25 Nagaoka —0.53~+1.0 6.94~ 9.66 24 13)
26 Ohito —0.74~41.04 5.22~ 8.18 3 10)
27 Syuzenji —0.78~+2.03 4.54~ 8.86 21 14)
28 Funabara —1.66~—0.17 7.16~12.8 5 9 11)
29 Yoshina —0.41 8.42 1 15)
30 Yaguma —0.06~-+0.36 8.38~ 9.12 3 15)
31 Tsukigase —0.58~—-0.11 8.46~ 9.08 3 15)
32 Sagasawa —0.23 7.86 1 15)

33 Yugashima —0.64~+0.80 6.6 ~ 8.42 15 15)
34 Toi +0.16~41.0 6.5 ~ 7.18 2 11)
35 Ugusu +0.82 6.36 1 11)
36 Nishina +0.85 75 1 11)

37 Osawa —0.2 ~+0.77 6.49~ 7.25 4 10) 11)
38 Matsuzaki +1.15 5.9 1 10) 11)

* N.S.: Number of Samples

Gothic: Thermal Springs forming Calcareous Sinter
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x Thermal Springs forming Calcareous Sinter

1 Izusan 20 Shimokamo
2 Atami 21 Hatake
3 Minami-atami 22 Nakoya
4 Itd 23 Nirayama '
5 Akazawa 24 Kona
6 Okawa 25 Nagaoka
7 Hokkawa 26 Ohito
8 Atakawa 27 Syuzenji
9 Katase 28 Funabara
10 Shirata 29 Yoshina
11 Yatsu 30 Yaguma
12 Mine 31 Tsukigase
13 Yugano 32 Sagasawa
14 Konabe 33 Yugashima
15 Odaru 34 Toi
16 Yokokawa 35 Ugusu
17 Kita-yugano 36 Nishina
18 Rendaiji 37 Osawa
19 Kochi 38 Matsuzaki

Fig. 2. Distribution of Thermal Springs in Izu District
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Fig. 3. Relationship between Sat. Ind. and Stab. Ind. of Thermal
Springs in Izu District (see Table 1.)
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(1)

R RIS IRREE (S/CL I : 0.845~89.6)

KR, K, LI, B, B A7 &% BER, 578, R 0

(2)
EES, N, K,

T ALEREREEE (S/CL b @ 0.141~1.07)
EES, FEEM, FEL, FEL O, B4E 0

Iho ol

Table 2. Sat. Ind. and Stab. Ind. of the Thermal Springs in Hakone District

No. Name of Spring Sat. Ind. Stab. Ind. N.S.* Ref.
1 Yumoto —0.58~+1.55 5.6 ~ 9.84 39 8)
2 Tonosawa +0.35~+1.5 6.04~ 7.78 8 8)
3 Ohiradai +0.42 6.66 1 8)
4 Miyanoshita —1.13~+41.23 5.74~ 9.26 9 8)
5 Sokokura —1.15~+1.19 5.82~ 9.1 18 8)
6 Dogashima —1.19~+1.12 5.96~ 9.38 5 38)
i Ninotaira 0 ~+4+1.37 5.46~ 6.8 6 8)
8 Gora —2.14~+42.0 4.25~10.6 13 8)
9 Kiga —1.15~+1.3 6.0 ~ 9.1 7 8)
10 Kowakidani —0.87~+42.31 3.58~ 8.8 14 9)
11 Ashinoyu —1.06~-+1.60 4.8 ~ 8.72 5 8)
12 Yunohanasawa —6.48~—7.8 15.2 ~17.2 3 9)
13 Ubako —6.35 16 1 9)
14 Sengokubara —6.8 ~—2.3 6.17~16.0 3 8)
15 Monkawa +0.3 ~+1.72 4.56~ 6.6 4 16)
16 Yugawara +0.2 ~42.5 3.4 ~7.8 76 16)
17 Hirogawara +0.4 ~+4+2.1 4.2 ~ 6.64 12 16)

* N.S.: Number of Samples
Gothic: Thermal Springs forming Calcareous Sinter

* G OIERPKIFFED X 5 ISEE fA RSN 72
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x  Thermal Springs {orming_ Calcareous Sinter

Yumoto
Tonosawa
Ohiradai
Miyanoshita
Sokokura
Dogashima
Ninotaira
Gora

9 Kiga
10 Kowakidani
11 Ashinoyu
12 Yunohanasawa
13 Ubako
14 Sengokubara
15 Monkawa
16 Yugawara
17 Hirogawara
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Fig. 4. Distribution of Thermal Springs in Hakone District
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Fig. 5. Relationship between Sat. Ind. and Stab. Ind. of Thermal
Springs in Hakone District (see Table 2)
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3. S/C1 Ratio and Indices of the Thermal

1

Springs in Izu District

| D Control Izu ® Central Izu ® Eastern Izu
~ southern group nouthern group group

S/CI ratio 0.845~-89.6 0.141~1.70 0.047~0.65
Max. Value of ~

Sat. Ind. —0.41~+0.88 +0.41~+2.16 +0.8~+2.8
Min Value of .

Stab. Ind. 5.06~8.46 3.08~6.94 2.7~5.54
Spring Number 4, 13, 15, 28 1, 2,18, 19 , @, 3, (4
<See Table l) 29, 31, 32,.33 23, 25, 26, 27 7, 8, 9,11

fig. 2 34, 37 12, 20

(3) JRFEIRREE (S/C1 H : 0.047~0.65)
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