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Spouting Mechanism of Suisho Well, Shirahama Spa, Kii Peninsula

Koji SATO
Hot Spring Research Center

Formerly the author discussed necessary factors for spouting springs are not only the
boiling, but enough proportion of gaseous components and satisfactory factors for gas in
water being separated. It is determined that spouting of some Japanese springs are
.caused by bubbling and expansion of dissolved carbon dioxide.

Spouting of Suisho Well was started by lifting water with air. Thermal water of
57°C was emitted as high as 5m above the orifice at the rate of 233 1/min. The spouting
was stopped by pouring cold water into the orifice or plugging it. During the time the
well was dormant, water level was found 18 m below the orifice. The spouting mechanism
of the well was studied based on the spouting height of thermal water, relationship
between an amount of air used in lifting water and spouting height, temperature and
.chemical nature of water in the well during dormancy, and solubility of carbon dioxide
in water under various temperatures and pressures.

It is supposed that:

1) During the time the well was dormant, carbon dioxide in water did not bubble at
any depth in the well.

2) Thermal water containing about 3g/l1 CO, rose and bubbling occurred in the water
at 30m in depth.

3) Spouting continued until the bubbling was stopped artificially and when the spouting
stopped, it did not recovered until the bubbling started.

On the other spouting wells or springs, the depth at which gas in water bubbled and
.an amount of carbon dioxide in water were also examined.
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Fig. 1. Map of Suisho Spouting Well in Shirahama Spa.
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Fig. 2. Diagram of Suisho Well.
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Table 1. Variation of chemical composition of thermal water with depth in
Suisho Well during dormancy
(ions, CO, and H,S are expressed in mg/l)

Eﬁgtgriffgglen i Dissolved Dissolved

(m | pH K+ Na+ Caz+ Mgt Cl- SOz2- HCO;— CO, H,S

45 ; 6.3 30 210 i +57236% 52514 1y 71099 55 tr. 725.5 212:9 1.19

90 | 6.2 30 280 45.84 16.95 193.6 tr. 634 277 -7 1..53,
120 6.1 30 350 37.08 17.03 240.4 tr. 776.1 2.04
129 i 6.35 35.28 17.13 618.4 tr. 1388 555.4 1.70
150 | 6.2 45 810 43.12 17.49 655.2 tr. 1451 559.2 1.70
210 l 6.4 52.5 970 52.48 17.51 760.9 tr. 1640 548.6 1.70




40 TRk (=

C mg/L
10d— = ! L 00i1h0 { ——
_——na"x Yo
]
=T w ey
80 o _ -—HCO3x 720
il -
A | _—cixYo
e —T" */
| | / 5 \/}*T.
I | /
60 :
f | [P | Iy
| CO:x 710
Y ’
3 ¥
©40-3 . !
3 |
) ‘
20— 12X '
i
%
o !
= 200 m

" Depth

Fig. 3. Variation of temperature and ion contents in water with depth
of Suisho Well during dormancy.
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Fig. 4. Solubility of CO, in water under various pressures and temperatures
(WiEBE and GADDY (1939, 1940), NovAk, FRIED and Pick (1961)).
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Fig. 5. Variation of the solubility of CO, in water with depth and temperature.
Curves and numbers show the amount of soluble CO; gas in g/! (in STP)
(WieBE and GADDY (1939, 1940), NovAk, FRrIED and PIck (1961)).



42 = R (o

Table 2. Variation of CO, gas content with depth of Suisho Well

Depth from the | Depth from | Temperature CO; gas (g/l)
Calculated from | Calculated from
orifice (m) SW.L. (m) (°C) Analyzed | the solubility in | temp. and sodium
water (at 1 atm.) | chloride content
45 l 27 28 0.213 1.33
90 {2 33 0.278 1.17
120 102 34 1.14 0.325~0.35
129 111 54 0.555 0.67 0.55 ~0.61
150 132 63 0.559 0.52 0.65 ~0.78
210 192 67 0.549 0.46 0.72 ~0.94

| _—

Depth |

150 200 m
15 20atm

Hydrostatic pressure
Fig. 6. Solubility of CO, gas in water and temperature distribution (T-T) in Suisho Well
during dormancy.
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Fig. 7. Relationship between accompanying CO; gas at the orifice and the bubbling depth:
in Suisho Well (temp: 57°C, spouting height from S.W.L.: 23 m, amount of
spouting water: 233 //m (3.881/s)).
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Fig. 8. Solubility of CO; in water and the amount of CO, in
water emitted from Suisho Well.
A-A: Solubility of CO; in water at 57°C
B-B: Amount of CO; in water emitted from Suisho
Well. (height 23 m, flow 2337/m, temp. 57°C).
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Fig. 9. Temperature distribution in Suisho Well.
A-A: During dormancy
B-B: Spouting period (supposed)
C-C: Bottom temperature during drilling.
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Table 3. Chemical composition of the water emitted from Suisho Well

Temp. 57.0°C pH 6.8 Rate of flow 233//m
E.R. 5990mg/! Date June, 1959

mg/l mval % mg/l mval %
NH,+ 5.50 0.32 Cl- 2126 65.71
K+ 114.0 3.06 Br- 8.43 0.12
Na+ 1915.0 87.43 SOz~ 145.7 3132
Caz+ 101.1 5.30 HCO;— 1715 30.81
Mg2+ 44.94 3.88 SH* 0.78 0.03
Mn2+ 0.25 0.01 BO,~ 0.22 0.01
Fezt tr. HSiO;— 0.01 0.00

mg/!

H,Si0, 105.4
HBO, 1.36
CO, 265.8
.S 1.41 Total 6300 mg/!

%, WEREE B OR EESTED D AIUE, T AR ERE R 130m IR DA
KThDL>EReb, WEDLERS (Table 3) ZR/L-»T5, &0 X5 IeBRRUIMK
B RN THBED bR LY, BT L - T, BBEEBRRNCS - eREK & O R
KD, EEENCEZAThBRLTWS EELDNRS, BEELR, 113~129m DOFERI
SEHET K (EEIRFK) DEAND - T, #HE CO #¥ AIMRINT, FE—HEIEC
B3, HOX D 18m OFIEKERL TV S,

=27 Y7 ML o T, FEBORFKINEBALEE BT BR, CO, #AN 3g/l BERFL
T\ % B57°C BEEDEFAD, EE 48m pigrEL ek, CO, #AOREN R, TE
=7 9) 7 FOR=TEEYHT 48m L LBs LARLRASRTRE—ERIHBED, CO. #

A E TR DR SRR LB E BT bR, EEEMORDD=7 Y 7 pAMEERELT
LIEFHIRE S OTHAH .

7 A iR BB D CEr D BRI, M ANGBRET &7 o TRENEC b
W kdEZLNSL, Lhl, ABERETIE=7V7 FC Lo TWHDT, @BMEMLEIELTR
W, C OBEIRNE, BRATERE LTI » TW5 L5 T, MERFANRD, AT A
FARD, KEX ML DTANRELEHESES EEbN 51 OORICITBLEMD A A
R—F Ll cRE—ERT 00 H EBbhs, =7V 7 M, o 2 oDfER,
Thebb, EHO COp, # AREEFKLERCH & BT 5EAL, REZRL T CO: 13
BRI e bz LR SIEARD B EEL DN S,

WK DAL O OEE, BT CO, #ADKBNDERY RS, CO, #ADHEE
BMET S, FEANTHSRIUEET Y 7 FERNETRD, COp HABFEROE WRRKD
R BN, BERSASEACE EATRE D b RD, SHRERTOmMITK
UEEE 5K) BA S 3T, HOOHEE, WADOEANL R, Th, CO ¥ ADRMLE
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Table 4. Data of spouting wells at Shirahama Spa (MITSUDA, 1965) :
Bubbling depths and amount of accompanied CO, gas at
the bubbling depths

Temp. R%g(ivof Sf‘r}Zn% Spouting height || Bubbling depth CO, at the bub-
Name of well . ground from | from from | from ‘bling depth
C Ijm i grounrc‘}1 S.W.Lr;l SWLrn surfa.crf1 (in S.T.P.) g/l
A Mabuyu 73 545 10 5.5 15.5 24 34 1.8
B |Suzushi 60 250 10 3 13 23 33 2.3
C |Kamiyama 76 180 13.5 6.5 20 23.5 37 1.75
D |Hashiri 72 165 16 3 19 29 45 252
‘E Miyuki 84 300 5 5 10 17.5 22.5 1.13
‘G |Suisho 60 200 18 5 23 33 51 3.05
H |Kakitani 51 440 11 3.5 14.5 24 35 2.8
150Eashl Shita) 540 - com0r il a8 55 | 235 | 34 52 3.35
J [Wakaba " 63 75 20 2 22 32 52 2.8
M |Chosei 79 150 31 3 34 41 72 2.55
N |Tsukumoto 71 350 8 3.5 11.5 22 30 1.8
P |Yoake 83 400 21 5.5 26.5 33 54 2
Q (PlEesttl Shiea-| g3 L 78050106 55 | 21.5 | 34 50 2.85

‘Table 4 @/R$ED T, AEBRTEHELD 22.5m~72m (Er LKA T 17.5~41m) T
AR Y, TokD CO;p 1k 1.13~3.35 g/l (BEERRET) BNE TN TWB L L s,

SN HBEPFRA L, MOBERE L0 LS LBIRCH 55, 4BRHEEDL
s,
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RO G 18 m ORF KRR R T ERE RO IRERE - EERIRADRE L, WAL
HISREE « AT D COy HADEREL 2D, MRS ILRNCIE, WHITK (ERESK) DR
Abd > THHNOUA e 5 ERETHREIEC DFERAELE LT 52 ENERIR D,
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FOXbh 5m OBEER RTEERENDS, =717 boRXEFALC, FEET2 CO, &
AR LR HUEE L OBENHL N E N, BID CO, ¥ ADHEMEDOBIR LMD, KFEH
CRWTIE, EEEEORDD=7Y 7 Mok » T 3g/l FBED CO, ¥ A% EFET 5 57°C Hij
O FAKIKAT 30m FIRE ERLTRENMEC D, =7V 7 PEREEL T ERE <
LEzZbNIS,

BADEA, HOOEKRE, BT CO, ¥ ADKhANDOEREHAL, CO, #¥ADRMY
MEIL, WA EIE UL 2IREBIR T,

BRI S O ORISR IC O\ CRBE DA T8 » 7o iR, BT 17.5~41m THHE
Nz b, Foo CO, 1k 1.13~3.35g/l WEFhTWwhH & bind,

Lal, AERIRESSDREXEATEYD, REFTHS., SOTBMRELRLEDD
KRERD S,

WE S5b D ICKTIRORHY 52 bR D, £< ORIE - MR
B - 72 UTFSERT IR AL, HTREL, SRR B T 7 ST SR Ol
B R HBSRE - SEAT - B BOBRCEHERET S,
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