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The writer recently had an opportunity of observing the orifice
temperatures besides analysing some of the chief chemical constituents
of the water of a number of springs in the Simogamo, Rendaizi, and
Simokawazu thermal regions in southern Idu peninsula. The results,
in conjunction with the known physical properties of these springs,
give some clue to constructions of the springs in the respective locality.

The results of this investigation are briefly described as follows:

I. Relation between the orifice temperature of a
hot spring and the air temperature.

In a previous communication” the writer pointed out the close
relation apparently existing between the orifice temperature of a certain
hot spring at Rendaizi, records of which were taken continuously at
about 2 metres below the ground, and those of the air temperature
in the place as shown in Fig. 1.

For an explanation of the phenomena, the writer considered first
the effect of loss of heat on the air and on the surrounding earth near
the surface, and obtained as a relational formulae between the orifice
temperature  and air temperature 0, the following equation as first
approximation :— o

0, 2
_+-——40,,
1+4 1+2°
Vep
where 0, is the underground temperature of the hot spring, V the

volume output, p the density of water, ¢ the specific heat, S the effec-
tive area for heat loss, and K the proportional constant.

(1)

1) T. FuxuTtoM! and M. NAKADA, Bull. Earthq. Res. Inst., 13 (1935), 616.
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Buf, the fact that the amplitude of the diurnal change of the orifice
temperature 2 metres below the surface was one half of that of the
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Fig. 1. Relation between the daily mean of orifice temperature
in a Rendaizi hot spring and that of air temperature.

air temperature contradicts our common knowledge that the range of
the diurnal change of underground temperature is very small in depth
of 1 metre in general. This apparent contradiction suggests there is
another effect to explain this phenomenon.

It is well next to consider the effect of mixing underground water
that has nearly the temperature of air with the original hot spring
in underground passages. The writer here uses “underground water”
to mean, not the so-called underground water that flows at the slow
speed of 1~10 m/day, but streams that flow in the underground fissures
of rocks at moderately speed. According to the results” of recent
observations of the water-heads of hot spring that flowed from the
fissure of rock in the underground gallery of the Kawazu mine at
Rendaizi, mixing of such uunderground water was distinetly traced in
the shallow layer of the ground. v '

We shall consider a hot spring of temperature 8, mixed in a shallow
layer of the ground with cold underground water of temperature 6, in
volume proportion of p:v=1/R, and flows out at the orifice in tempe-
rature 0.

2) T. Fukuromri, Read. Sept. 17th, 1935, at the meetmg of the Earthquake
Reserch Institute, Tokyo Imperial University. )
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We then get,
Cu P R :
0
0———‘ ! + ('IL p" 02 y (2)
1+ &elup  148% 0
Cr Pr Crn Pr

where ¢,, ¢, is the specific heat of the original hot spring and the
underground water, p,, e, the density of these waters. Appoximately
we can assume C€,=¢,, g,=/p. 0,=k0, and therefore obtain

0 R
R 0= 1 +—k0,
1+R "1+R "
3)
R=2.
b

If volume proportion R between the underground water and the
original hot spring is constant, and /& is nearly equal to 1, formulae (3)
for the relation between orifice temperature and air temperature is
exactly the same form as that of (1).

If the assumption® that the original hot spring, which was sub-
jected first to the effect of mixing with the cold underground water as
shown in equation (3), suffered through heat loss as shown in equation
(1) is taken into consideration, then we get

0 k E—1
=_——— - 0'
0 (1+2)(11+R)+[1 (1+A)(1+R)+1+).]° )

If 6,, R be constant, and also the output of spring V is constant
or moderately large, we can express 6 as a simple linear function of
0, as shown in equation (4). The linear relation between ¢ and 4, shown
in Fig. 1 may represent this relation.

II. Relation between orifice temperature and the’
amount of chemical substances of a number
of spring in a locality.

The simple relation between orifice temperatures of springs and the
amounts of mineral substances dissolved in the water of springs was
not known with for springs scattered over a very wide region, though
it was frequently noticed in the case of springs within a narrow range

3) In another combination of these two effects, we obtained a different equation
o= ppfh- L dF
A+DHA+R) 1+A)@+R) 1+R-

- to equation (4).
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of locality. According to Mr. Yoshimura’s investigation® with respect
to the Kamisuwa thermal springs in Nagano Prefecture, a linear rela-
tion exists between the amount of Cl-compounds in water of many
springs and the corresponding orifice temperatures.

Similar relations were ascertained in the cases of Simogamo, Ren-
daizi, and Simokawazu ther-
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though there are some exceptions, as CaSO,, Na,S0, etc., the solubility

4) 8. YOSHIMURA, Geograph. Rev., Jap., 8 (1932), 482.
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of many materials in water, generally, was large in the case where
the temperature of water was high in the extent of temperature in
question, so that the amounts of the mineral constituents contained in
springs of high temperature may be larger than those contained in
springs of low temperature, so far as springs of equal output and non-
saturated materials are concerned. Although this theory may be rea-
sonable to a certain extent, we can not accept it in this case as a
suitable explanation of the phenomena, first, because in above thermal
and mineral springs regions, the temperatures and the amounts of the
chemical constituent differed markedly, notwithstanding the short dis-
tance of only 20~30 m -between their sites, an example being the Simo-
gamo springs the temperatures and Cl-contents of which change over
the range 30~100°C and 4~12 5 g/l. If the above mentioned idea were
justified in this case, we should unreasonably recognize the existence of
many springs of different temperatures and of different chemical con-
stituents that flow out independently from the deep in a narrow area.

Second the relations between the amounts of these chemical con-
stituents and the corresponding orifice temperature in the Simogamo
springs in which NaCl, CaCl, were its chief chemical constituents, with
Mg(HCO,),, etc., also in small amount, show positive linear relations
with respect to the Cl- and Ca-compounds, but show negative linear
relation with respect to the CO,-compound, notwithstanding that
Mg(HCO,), is similar to NaCl and CaCl,, both of which are unsatura-
ted in the temperature in question, and is more soluble in water of
high temperature than in that of low. This facts can not be explained
by the foregoing theory.

To explain these phenomena, the above quoted theory that the
cold underground water mixies with the original hot spring in the
superficial crust layer is most acceptable—(assuming that the chemical
change or deposition of the materials do not taken place accompanied
mixing).

If we now put N g/l (gram per litre) as the amount of a chemical
constituent dissolved in the original hot spring, n g/l as that in the
underground water, g/l as that in the hot spring after mixing, and
R‘=-;i as the volume ratio of mixture of the underground water to
the original hot spring, we then get

N R
SI+R 1R ®)

Eliminating R between (4) and (5), we obtain,
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_(N—=n)(@+2) _(N;11)(1+2)0 (i, k—=1)
=0, 10, 0+[" (0,— k0, °l1+1+/‘.1] )

This is relational equation between the amount of the chemical
constituents of the spring 2 and orifice temperature 0. If we take N,
n, 0,, I0,, 0, as constant, and V also as constants, or so large, so that
4 is so small in comparison with 1, as to be neglected, we can see that
the relation between « and @ is linear, as shown in equation (6), and
also recognize that whether the linear relation be positive or not is
determined by the sigh of (N-n). Since the relations between the Cl-
contents and orifice temperatures in the above-mentioned three sprin'gs
are all positive, as shown in Figs. 2~4, we concluded that Cl-compounds
are largely contained in the original hot springs in this case.

III. A note on the relation between the Cl-contents and
the orifice temperatures of the Simokawazu springs.

The relation between the Cl-contents and the orifice temperatures of
a number of springs in Simokawazu is shown in Fig. 4. As to springs,
the Cl-contents of which are less than 0:50 g/l, a positive linear rela-
tion exists between the Cl-contents and the orifice temperatures as just
mentioned. As to springs, the Cl-contents of which are more than
0'50 g/l, the orifice temperatures are always constant at about 100°C
displaying the phenomenon of a “Boiling spring”.

This may be attributed to the loss of the excess heat of water of
high temperature, which is less than that of boiling point under high
pressure at depth as latent heat of evaporation due to lowering of
pressure at the earth’s surface. Before the phenomena of boiling occurs
at depth, we may assume that the linear relation x=A460+B, as shown
in Fig. 4, must be satisfied between the Cl-contents and the tempera-
tures. Let 0’ be the temperature of a spring before boiling, = g/l the
amount of a chemical constituent in the spring before boiling, m g/l
the amount of the same material in water at the orifice, V the volume
output at the orifice, ¥ the volume of the water that is evaporated,
and [ the latent heat of evaporation. We then get approximately

(V+y)petd' =V pe-100+Lyp, } o
V+y)z=Vm. |
Eliminating y from these equations, we obtain
. } .
e =100y ®)

by %100
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Now put a=A0+B - - - (6)’, (A=00059 g/l degree B=—0-13 g/l),
then we get C

m—B(1--2100)
0 = ! . 9)
m%+A(1-%100) : ,

Assuming for example that ¢=1-007, [=539-1 cal.,, we then have
0'=120°C or 185°C for m=0-60 g/l or 1.20 g/l respectively. Thus we
can estimate the approximate temperature of the original hot spring
of Simokawazu at depth as more than 185°C. ‘

IV. Relation between two chemical constituents
of a number of springs in a locality.

If the questions discussed in II are generally applicable, we can
deduce a relational equation between two chemical constituents contain-
ed in water of one or more springs in a locality. Let N, N, be the
amounts of chemical constituents A, B in the original hot spring, n,,
1, of those in the cold underground water, and r, x, of those in the
thermal spring after mixing. Then eliminating R from the two equa-
tions of (5) with respect to A and B, we have

NI—TI( N ﬂb—Nl,n ‘
r=" "ty +—-2 <. (10
! N,—n, Na—n,,’ (10)

If we take 2, in the ordinate and x, in the abscissa, equation (10)
is an equation of a straight line joining the two points (N, N,), (1,
n,). We can also see that the relation between the amounts of two
chemical constituents is linear and that whether the relation is positive
or not depends on the sign of Ny—m, .

a— Ny *
According to the result of analysis® of a.certain hot spring in Si-
mogamo, NaCl and CaCl, were its chief chemical constituents, the
amounts of other chemical constituents being negligible compared with
those of NaCl and CaCl,. From the total amounts of Cl and Ca that
were obtained by our chemical analysis®, we calculated, therefore, the
residual amounts of Cl in every spring of Simogamo subtracting the
the amounts of Cl that combine with Ca to form CaCl,. The relation
between the residual amounts of Cl that correspond to the amounts of

NaCl, and the amounts of Ca that correspond to the amounts of CaCl,

5) Pan-Siduoka thermal spring association, ‘“Onsen no Idu.”
6) See Table I in the second report.
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are shown in Fig. 5, from which it is well be séen that a simple linear
relation exists between the
amounts of NaCl and those g/l o /
of CaCl,. Other example 7
of such a relation are also
shown in Fig. 6 with regard
to CO,-compounds and Cl-
compounds. These results
are in fair agreement with
the expectation from the

o

— Residual Cl-content.
'Y

equation (10). Thus, we 3

come to the conclusion that . 9
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original hot spring, where //
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the contrary, are those of —— Ca-content

the cold underground water. Fig. 5. Relation between residual amounts of Cl
which correspound to the amounts of NaCl and
amounts of Ca which correspond to the amounts

V. Relation between ori- of CaCl; in Simogamo thermal spring.
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ever, not yet sufficientl '

’ Y . y Tig. 6. Relation between amounts of COg-com-
understood.  According to pounds and amounts of Cl-compounds contained

recent observations made is Simogamo thermal springs.
by Mr. K. Maeda® in an Asamusi hot spring, the relation between
change of orifice temperature and volume output of a spring is well

7) TFor example, see N. MIVABE, Disin, 5 (1933), 21.
8). K. MAEDA, Disin, 8 (1936), 1.
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indicated by the following equation
00, X =00
Va !
V= KS
cp
which is another expression of equation (1).

Considering now the effect of mixing of the underground water,
we change the form of equation (4), and get

(11)

’

' 0,—0 14
0=0 +( 1772 4 0y —0y)——— . 12
“"\1+R " * °)KS - (2

-CO

When the temperature of the underground water is equal to air
temperature, it takes the form

0,—40 14
O=0,+ 12 , (13)
1+R KS
cp
KS
or 0=0,+ 011—10{0 _ 01—1030 KSCP , (13)’
+ 1+ LT
cp
and relation between orifice I, -
temperature ¢ and output V. o ocf | e //O——R;—’—“‘T‘%
is esteris paribus hyperbolic § 50t e " @ Ry €L
. . = q/;
relation, and the asymptotic gt / *¢ o R=%
value of temperature was ;;i a! ég/ P
0, —6 0,—6 [ L]
O,+-L1—2 or O+ -2+—0 for = -
*"14R " 1+R s sl IV 1] Re2
(12) or (13) on the other § ] Re5
hand that was 6, for the % N Rmoo
case of (11). [ o= 20ty B2 T
The points plotted in m‘ e
Fig. 7 give the relation bet- 0 9 4 p s 10,7
ween the orifice tempera- 1 10 40 100//min.V.
tures of several springs at — Volume output
. . Tig. 7. Relation between orifice temperature
Rendaizi and the correspond- of many springs in Rendaizi and the corres-

i : ponding output. (Points are plotted by the
ing outputs, the full lines normal scale § in the oridinate, but by the

being the graphic expression  functional scale ,/V in the abscissa.)
of equation (13) for 6,=56°C, 0,=20°C, KS/pc=0-66. The relation is



268 T. FUKUTOMI, [Vol. X1V,

not so simple as that in a spring. This may be attributed to the fact
that the values of R were moderately different for respective springs
in a locality, on the contrary that was fairly constant in regard to a
spring. It seems, therefore, that the distinguishing phenomena with
respect to the positive relation between change in the orifice tempera-
ture of a spring and that of volume output may be attributed to the
constancy of R,

There are however some exceptions to this phenomena, examples
of which are the Kageyu spring® in Nagano Prefecture, Unzen-digoku
spring'” in Nagasaki Prefecture, Sakurazima spring'® in Kagosima
Prefecture, the orifice temperatures of which sink after rain-fall.
There are also cases in which fall of orifice temperature and increase
in the output of hot springs are accompanied by earthquakes as in the
Tazawa and Kutukake springs™ in Nagano Prefecture at the time
of the Kwant6 earthquake of 1923. - ,

It seems that in such a case the mixing ratio R between the un-
derground water and the original hot spring is moderately variable and
becomes temporarily large after rain-fall, or becomes temporarily or
permanently large as the result of earthquake motion or crustal de-
formation accompanied by earthquakes.

VI. Conclusive remarks.

From the above results, the existence of the effect of heat loss of
the hot spring to air and to the surrounding earth near the surface
and that of the effect of mixing of the underground water with the
original hot spring in the superficial crust layer is scarcely to be doubt-
ed, although the relation is not so simple as cited above.

It seems, therefore, that the line of investigation here taken up
promises to throw some light on the studies of thermal springs in a
locality if duly pursued with more sufficient data and more elaborate
methods. At the present stage, we may conclude that if the above-
mentioned two effects are taken into consideration, the apparent diffe-
rences in the orifice temperatures and amounts of the chemical
constituents between many thermal springs in a locality may be eli-
minated, leaving only a original hot spring of which temperature and
chemical constituents be able to be estimated approximately as following

9) S. KATAOKA, Glove, 10 (1923), 179.

10) T. S1GA, “Umi to Sora”, 5 (1925), 51.

11) S. Ara, Journal of Geography, 43 (1931), 504.
12) S. KATAOKA, Icc. cit.
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for Simogamo; 130°C(2)>0,>100°C, 16 g/1>Cl-content>>12.5g/1,
3.5 g/I>Ca-content>3-0g/],

for Rendaizi; 0,=58°C, Cl-content=0 18 g/l,

for Simokawazu; ¢,>185°C, Cl-content>1-20 g/l.

It seems also highly desirable to investigate in future the diffe-
rences in temperature and chemical properties between these three ori-
ginal hot springs in southern Idu peninsula, distance the distance
separating them being only about 10 km. ’
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