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I. Introduction.

© At the time of the strong Idu Earthquake of March 21, 1934,
changes occurred in temperature and rate of flow of water in thermal
springs distributed in the strongly shaken area, for example, in Ren-
daizi, Toi, Yugasima etc®.

Although such changes accompanying great earthquakes have
been frequently noticed by many authors®, the mechanism of occur-

Fig. 1.

1) T. FukuroMmi, Bull. Earthq. Res. Inst., 12 (1934), 527.
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rence of such changes have not been sufficiently elucidated owing to
lack of knowledges regarding the physical nature of thermal springs.

The present paper discusses some properties of the Rendaizi ther-
mal spring in southern Idu Peninsula in its normal condifion.

The village of Rendaizi is situated at the northern side of a tribu-
tary of the River Inézawa on the small Alluvial plain; a long valley
running from W to E and practically surrounded by mountains which
are composed of propylite and its tuff and breccia of the lower Tertiary
age. There are about 40 thermal springs at present, mostly in the
Alluvial plain as shown in Fig. 1.

The writers made observation of temperature and rate of flow of
a hot spring (No. 38 in Fig. 1) which belongs to Mr. A. Sawazi to
whom our best thanks are due for his courtesy. '

II1. Temperature of the Rendaizi Thermal Spring.

There are two quite different systems of cold water in Rendaizi,
one is underground water which is obtained by normal well, the other
is mineral spring which is obtained by artesian well. The latter
contains nearly 10 times of Cl amount compared with that of the
former and has weak basicity while the former has weak acidity
though these two types of water have nearly equal temperature. In the
following paragraphs, therefore, “thermal spring” means hot springs
as well as tepid ones including the mineral spring in ordinary tem-
perature. _ :

Fig. 9. Distribution of orifice temperature of thermal springs.

2) For example, see N. MIYABE, Distn, 5 (1933), 21.
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From the result of observation made by the Rendaizi Thermal
Spring Association in July, 1929, map of temperature distribution was
drawn as shown in Fig. 2. (See Table I.) The temperature ranges
between 57°C in maximum and 25°C in minimum, and it is high at
the northern hill-side, decreasing gradually towards the southern plain.

In general, orifice temperature depends on the depth of artesian
well; it is high in deep well as shown in Fig. 3.

. We examined the relation between orifice temperature and the rate
of flow of hot water, and get the result as shown in Fig. 4, that the
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Fig. 3. Relation between orifiice Fig. 4. Relation between orifice
temperature and depth of the temperature and the rate of flow
arte ian well. of hot water.

temperature tends to a constant value for large flow speed. This fact

may be due to the escape of heat to the surrounding medium through

the conduction in the course

of ascent of the hot water.

We may assume that the Reconter of Height

temperature of the Rend- o titer et

aizi thermal spring tends

in the deep to nearly 60°C.
Next, we may mention

the result of observations

at the Sawazi’s thermal

spring. The well is sit- e L em.

uated 8.4 m higher than

the level of the sea, and

30 km distant from the

nearest sea coast. It is

about 110 m deep, and its Fig. 5'  The"elevationzfl sketch map of

water level is 49 em below the Sawazl’s hot spring.

the surface of the ground. Fig. 5 is the elevational sketch map. A
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is the artesian well, the wall of which consists of stout iron tube 7-1
em in diameter, and hot water which flows out from A is lead to
the tank C by aid of the pipe B, ccoled here appropriately and then
lead to the bath E by means of the pipe D. ~Superabundant water
overflows from the brim of the bath.

Temperature was recorded automatically inserting the cylindrical
part of the recording thermometer
made by Nippon Keiki Seisakusyo 45“}

! \ 44 Temperature of ety
in the artesian well about 1 m below 45 ""”s/’Am\
. __,//

the junction of pipe B. The water 42

. . 4128
head in tank C was also recorded in o7
magnification of 2 times by aid of 2 o Tmpersture

(mean)

25

o

a float. Record of temperature and
height of water head were continu-
ously taken from April 15 to Aug.
27 and from June 26 to Aug. 27
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~ An examination of the records ]

of temperature leads us to the follow- - Nt s

ing conclusions:— -t
1. Orifice temperature shows Fig. 6. Relation between the

the obvious daily change reaching daily change of orifice tempe-

rature and that of air tempe-

maximum at about 4 p.m. and mini- rature.

mum at about 1 a.m., the change
being correlated with slight lag of phase to the air temperature as
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Fig. 7. Relation between the daily mean of orifice temperature
and that of air temperature.

shown in Fig. 6, and its double amplitude varies from 1~3°C. Daily
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mean or monthly mean of temperature of the hot spring has also close
relation with the daily mean or
monthly mean of air tempera-

ture as shown in Fig. 7 .
i 4581 g
2. Relation between change  ,_|i? °(;° &_L L

o . .« pep———t g P
~in water level in the tank C 45'-;'0}3 .,,‘épo o %

and orifice temperature is shown 29F T e

. . . Ar

in Fig. 8. There exists the . ]I

tendency that the temperature » e g e T
approaches to a constant value c 7 2 3o
with the increase of height of Fig. 8. Relation between orifice tem-
water level, though dots were perature and change of water level
more or less scattered owing to in tank C.

the effects of air temperature.

3. For the sake of simplicity, we assume that orifice temperature
A is the function of cooling of the underground hot water due to loss
of heat to air and to the surrounding earth near the surface, and let
0, be the underground temperature of the hot spring, o the density of
water, V the flow speed, ¢ the specific heat, 6, the air temperature,
S the effective area for heat loss, A the sectional area of the vertical
pipe, and K the proportional constant, then we get:—

01 A KS
=T 17 f,, where 1= AVer (1)

If we assume that Fig., 7 shows just this relation, we can calcu-
late 6, as 51°C. This is nearly equal to the above-mentioned value
of underground temperature of hot spring at Rendaizi. We can
recognize, therefore, that usual temperature, 40~43°C, of the hot
spring is produced as the result of cooling of underground water
owing to the loss of heat to air and surrounding earth.

III. Change of vWater Level in Tank C.

The Rendaizi thermal spring in general has not so great power
to project the hot water with great velocity, but its water level ranges
40~200 cm in the vertical well below the surface of the ground.

Between water head 4k in the tank C and 4H, in the vertical
well A in steady state, the following relation exists:—

@
1+(

+ 4H, or 4h =059 4H,. 2)
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As the difference between the height of pipe B and the water
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Fig. 9. Relation between the level changé in tank C
and change in barometric pressure.
head in the vertical well A has much effect to the rate of flow of hot
water, the quantity of hot water
derived per unit time is irregular
- [+ 2
for every spring. 3
The following is the result 32
of observations of the change in e
8T
water level in the tank C:-— 3 \ »
1. Though it is not so defi- @
nite, there exists some relation
between the change in water level o
in the tank C and change in at- e Dy
mospheric pressure recorded there s 2 - 0 - 2 .
as shown in Fig. 9. Then, the ig. 10. Correlation factors between
. 9. N .
i 5 the daily mean of level change and
correlation factor #* between that of barometric change.
daily mean of water level x and »

daily mean of atmospheric pressure ¥ is calculated as shown in the
following (Fig. 10).

r= —E(Ey)_—_ ©
VE@) LW

3)
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Level change—Baro. change, 2 days after;
”

” —_ ” 1 day
” -— 174
” — 1"
” — ”

2 days
” — ” 3

the day;
1 day before;
”
”

623

1=0-322:0-094.9

y r=0-535::0-074.

1=0454=0-076.
r=0-381-0-086.

3 r=0:276-:0-093.
3 7=0-108-:0-102.

We can see that daily mean of level change occurs nearly in the
same phase as barometric change, and the high barometer causes the

rising of the level, and the low one the
descent of the level. Fig. 11 is the
correlation diagram between the daily
mean of height of water level in the tank
C and the barometric pressure of the
day. It may be, then, safely concluded
that a certain amount of barometric
change in mercury column produces
corresponding level change in the verti-
cal well A magnified about 56 times.
This is interesting compared with
the facts that the level change in the
deep artesian well® at Tokyo Imperial
University and the rate of flow in a

8

———3 Height of Water Level in Tank ¢

(K 1)

&)
> Atomospherrc Pressurs

o 750 750 ™R mig

Fig. 11. Correlation diagram

between level change in tank
C and barometric change on
the day.

Kamisuwa thermal spring® have negative correlation factors with the

change in barometric pressure.

2. To examine the effect of
rain fall to the change of water
level, correlation factor + between
the daily mean of the residual
change in which the effect of baro-
metric change is taken away and
total rain fall during 24 hours
from 6 am. of the day is also o
calculated as shown in Fig. 12.
We can see that the water level

rises abruptly about 3 days after
rainfall.
Effect of the ocean-tide is not

o4
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[

Correlation Coefficient

(A8 R 8%

——= Daytm}

' -2 5 " 3

Fig. 12. Correlation factors bet-

ween the daily mean of level
change and daily rain fall.

noticed, as far as this observation is concerned.

4) Probable error.

5) K. HoNDA, Publ. Earthq. Inv. Comm., 18 (1904), 73.

K. MAEDA, Disin, 6 (1934), 275.

6) S. YosHIMURA and K. MisawaA, Geograph. Rev., Jap., 7 (1931), 239.
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IV. Geographical Distribution of Height of
Water Level in Artesian Well.

Next, the geographical distribution of the height of water head
in artesian wells above mean sea level in the Rendaizi thermal springs
is examined as shown in Fig. 18. It is high in the north and low in
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Fig. 13. Distribution of the height of water head in artesian well

the south. We can assume that the thermal spring in underground

passage fulfill approximately the Bernoulli’s equation, which may be
written

P cCz
Z+ — + g =H, (3)
where Z is the height of the passage above a constant plane, P the
pressure, y=pg, p the density of water, C the velocity of stream
g the acceleration of gravity at the earth-surface, H the constant

In general, if energy loss due to hydraulic resistance exists in the
course of ascent of hot water in vein, we get

P C?
Z+—+_—+h=H, 4
; Tag 4)

where h is the function of energy loss which will become large with
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the length of path. Now if we take A=Z +€- as the height of

water level in the artesian well, then

P Cc?
A=Z+—=H —— —h. : 5
7 29 ()

Thus we can recognize that the contour line in Fig. 13 as the line

2
of equal (H' “2%"—7”’ and the orthogonal curve to the contour line

will give the horizontal direction of underground stream in the ther-
mal spring, for H’ is a constant, k being the increasing function of the

2
path, and % the quantity concerned with velocity of underground

stream, though the sense of the flow is not definite.

If we take the facts into consideration that the distribution of
orifice temperature of the thermal spring which is high in the north-
ward and low in the southward resembles to that of height of the
water level, and that in the southern galleries of the Kawazu Mine,
which has its galleries under the whole region of the vicinity of
Rendaizi, the underground temperature is 13°C, and hot water is not
found at all, but in the northern galleries there are 3 or 4 hot springs
flowing out and there are also some places where the underground
temperature was 41°C at the time of the writers’ measurement on

March 14, 1935, we can recognize that the heat source of Rendaizi
thermal springs is in the northward.

If it is permitted to assume that in the underground of Rendaizi
thermal spring there
is no change in speed - i
of stream, that is, no
change in size of the
passage and distribu- "
tion of the height of
water level of hot
springs depends on the s
energy loss in the cou-

rse of stream, and the
path is linearly inclin-
ed from north upward
to south by angle ¢ to
the surface of the gro-

o BCgvvp Fys
© AD

—_

2 40 4 80 100 20 140 1€0 %0

Fig. 14. Hydraulic gradient in the
Rendaizi Thermal Spring.

0™

und, then the height of water level of hot spring 4 from the mean
sea level may be given in the form
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‘A =const. — _K x, (6)
cos ¢

where z is length measured along the line orthogonal to the contour
line of the height of water level from an origin, and K is the head of
energy loss in the unit length of path.

From the A B line which is taken tentatively in Fig. 13, perpendi-
cular distance to the orifice of hot springs z is measured and the rela-
tion between A and x is plotted in Fig. 14. We can see that the
relation is approximately linear as shown in equation (6). If we put
¢=11°, we obtain for the value of K

K=57Tx10"*%C.G.S.
V. Some Chemical Properties.

As already ménfioned, water taken from the normal well indicates
6:7~6'8 in PH (weak acidic) and

0:0015% in CI, while mineral | g
springs show 7:0~84 in PH gj; 4
(weak basic) and 0010~0:0179; * 38 J/

in Cl. These mineral constituents “ é B /:, .

of the Rendaizi thermal spring * ° ,¢/°
measured in Oct. 1934, are shown ? /

in Table I. There is a tendency » //°

that Cl content increases with “ : /

the ascent of temperature just /

like the case of the Simosuwa » v o F € gyam
thermal spring® (Fig. 15). Dis- 0 we o
tribution of PH is shown in Fig. Fig. 15. Rela}tion between Cl con-
16. tent and orifice temperature.

These mineral consti-
tuents change to some ex-
tent with the rate of flow
of hot water. Fig. 17
shows change of Cl con-
tent or value of PH in a
few days after rain-fall
of Dec. 17, and of Dec.
4, 1934. We can see that
there is a tendency that
Cl content decreases and
)value of PH increases 3 or 4 days after rainfall, though it is not so

Fig. 16. Distribution of PH.

7) S. YOoSHIMURA, Geograph. Rev., Jap., 8 (1932), 482.
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Fig. 17. Change of Cl and value of PH several days after rainfall.

distinct. .

If we take into consideration that the rate of flow increases abrupt-
ly 8 or 4 days after rain fall, we come to conclusion that CI content
decreases and value of PH increases as the effect of increase in quan-
tity of hot water after rainfall.

This fact suggests us a mechanism in regard to the mixing of
the Juvenile water and the Vadose water, that is, the increase of
quantity of the Vadose water after rainfall causes the decrease of
Cl in amount and the increase of value of PH as the effect of dilu-
- tion and as the effect of instability of non-buffered solution accompani-
ed by dilution of the buffered solution, CaCO, ete. But, we may
reserve this problem to the more particular study in future.

In conclusion, the writers express their cordial thanks to Professor
Takeo Matuzawa and Dr. Ch@ji Tsuboi for their kind advices.
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