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USE AGASHIMA

Fuse Clinic, , Kusatsu-machi, Gunma Pre-.

fecture , Japan.

. Faculty of Science, Tokyo University

of Science, Kagurazaka, Shinjuku-ku, Tokyo , Japan.

J. Hot Spring Sci.

We studied changes in temperature, pH and flow of Yubatake and Bandaiko sources,

and the changes in pH and flow of Yukawa River, Kusatsu Spa, Gunma Prefecture during

the past years. The temperature of Yubatake source has decreased from . to . ,

and the pH has increased from . to . . On the other hand, the temperature and pH of

Bandaiko source have maintained constantly about and . , respectively. Total

amount of flow of these hot spring sources including others were calculated by using the

flow and the amount of hydrogen ion of Yukawa River, where most of hot spring waters

are flowed in. Flow of the Yubatake sources group including Yubatake, Sainokawara and

other sources have changed between , and , /min, and flow of Bandaiko source

has changed between , and , /min during years. Total amount of flow of these

sources in Kusatsu Spa can be calculated as , to , /min during the past years,

and was , /min in . Other data of the total amount of flow in Kusatsu Spa re-

ported by using the di erent method show less than , /min in . Therefore, we

presume that total amount of flow of sources in Kusatsu Spa is between , and ,

/min in .

Key words : Kusatsu Spa, Yubatake source, Bandaiko source, Yukawa River, flow of

source

Masayoshi F and Hideyuki N

Changes in Temperature, pH and Flow of

Yubatake-group and Bandaiko Hot Spring

Sources in Kusatsu Spa, Gunma Prefecture

l
l

l
l

l

l

pH

+ +

, ,

+ ,

+ ,

.0, /2-11 +1++ .0, /2

,* 2 3 ,* 3 .

-11 +1++
+0, 20*+ + -

+ - +0, 20*+

/2 33 ++* ,**2

./ 00 3 /* +
+ / , +

3/ + 1

+* *** +2 ***
/ -** 2 +** +0

+2 *** ,0 *** +0
,/ 1** ,**/

# -, -** ,**/
,0 *** -, ***

,**/



��� �� ��	


�
� � �

� � � �
� � � �

�
� � �  �

�
� �

�
� � �

� �  �
�

� � �
�

� � � �

�  �  �
�

� �  �� 
�  �� �  �� � �
 �  �� �

� � � � � �
� � � �

 �
�  � � �

� �  � �� �
�

� � �
 � ��

� �  �  �
�

� � � � �
�  � � � � �

� � � � �
�

�  �
��

� � �
� � �

� �
 � �

� �� ������������� � ��� � �� !�"
� �� � #�$%�& '() �*+,-. /% 01����
���"�2 34 � 5/ 2 34 �67/%8 ���2

9 "�2 :; 2 � <� '2�3=% 0� ���>?@%
� ���A � 2 ���"8 /-,� !� �?B1�"CDEF 3
4G�/% 01���� HI #���� JKLM�NO ��� P��
�A � 2 34 � 8 <,8 ���� � 2��
0 34 �01 <� 2�,8 QQRSTU(V/% /%
8=- HI #����� ��W �A � 2 34 �
X� O � P��� � 8� ��W �A � (YZ/-,��,[�\ B%

�A � 2 ] ��=% ^ _ `��abc��� �
��� !� � d���"� � e�2 � ���A � 2 �
/-,� .�8f �L!"Q" " ��"�N�gh(i d�� �����
���A � 2 34 � X����j k1�
lmnmo � �� � ! �

� �� J pq � pq �r �s d�� �
�2 ( d��� �^t� u,vw����x�34 ��/-> 96�
, y8�� � �������2 z�z, 34 ��� JKLM k,�
3$4 �� ��{��� |�� � }t�~ �� �� �!
� 8�� � ���2 0� 8Vd�\� ����%@��/-,%
� 34 � ��8 �/%>�� 0�; ���(�@ � 8 ,�

� 34 � ����/- (��/%�,\&�8�� 0x� � ��2
JKLM�� ( ��d�O � ���� P�� ��/, ���� <�
��x�8�<�\ � ����) ���� x14�������
� "� 2 � ���� 01���� ���� �
2 P��� � � d� � �2��� ��,-> <��,8��x�8
$3=% � ���A � 2 � � ��,-� ��/-2W�^
� (?@%A � ��,-> s(�=-,� ����
k4� ���2��� ��,->��=-,� z �� ��
2 ���� 8 P��� �- ' DEF vDEF? 8z,x�( ¡/-,
� B% ��� ¢#� '34 vDEF £¤¥¦§¨ �N� �©ª8 /
,x�( ¡/-,� 2 34 �3�- �'
�
� vDEF  ' DEF� ( � k4� �67 ��� 5TU34 ��«
8¬3�6 5/-,���-,� ���� �� \ P���"® '�t,-
2 ª���> ����^ 2 P���¯°( [-,�x�8V±k1-,� ��4

� ����,-2 x14���(?@ ���2 ���/- �33$4
² � ��� � ( 1� !� k1-,�8 �®2uvw����%@ 0�BB5
�L!� d��³ �´ "Q µ ¶µ "� d�·¯°8� k1-<% 0x�
���8 �d�9:�¸ ��� �¹µº���� ¶»8¼½k1

� � ��

� � �	 
� �  � �
�� � �� � � �

	 � 
�
� � � � � �

�  � ��� �� � �� �
� �	 � �	

 � ��� � 
�  �
�� ��

� � �  �  
� �	  � � �  �

�  � ! " # �
� �� �� �� $ �  �

% & ' �
�  �  (

� �	 
� �  �

� ) � *+ + ,- . / �
0* �1 2 34 � �
5 � 6 " 
�

+ 7 � �	 2 �
� 8 
� 9 :

� ; � < = : �> ?

� * @ AB � �	
8 # � CD@ �	 
� � �

�> � � � 
� 1 E �� 
�  �
�	  � FG ��� H �

�  � � I = �
J �  � K 0*

H � L. M

� " �	 N O : � P

�	 � � : Q R� S
P L. � � �	 �

T : O �� $ � �
� 
�  U �	 �

� � �	 V

� ��� AB WAB
� # � � � X�

� �� Y � Z B [ \

�  ] � � �#]

� �

� � � � �

�

�

100

pH,

pH

. . pH . .

pH .

, min , min

, min , min

, min , min

, min

, min

, min , min

:

, m , m , m

,

, m

, m

, m

pH , min

pH

, min

pH

l l
l l

l l

l
l

l l

l

l

./
00 3 /* + + / , +

+31* 3/ + 1

+0
+* *** +2 ***

/ -** 2 +**
+0 +2 *** ,0 ***

,**/ ,/ 1** ,**/
-, -**

,**/
,0 *** -, ***

, +10 , +0, + ,**

+ ***

+ -/*

+ ,**

+ +/* +

+300

+31.

+33/ ,**/

+ ,**2 0 ,**

-, -** ,**-

. ,**/

+31. +32.

+323 +331 +333 +3/2 +33/

+332

-3 +30.

+

� �
� �

� �

�
�

� �

�

�



�

� � � �

�� � � ��	
�

���������������������� � ��!"#$�%&
'(� �

( � � (
�

( � �
� � � (

� � (

) *

+,��-./+01234���567�89:;<=> ?6 &@ABCDE F
GBHIJKELMNOPQR�STU4 VWXY���Z�89:[\=>]^� Z�56
_`�����-�a$� bcdefg�hijk@A lm B����
�"#$�n$Bop &��^]Bq rstu�viw]^� xu lm

B"#$y���Lzw]^��{|>���N}�~��� ��~�y�$�����

� ������	
���������� ��� � � ����

� ����������� 
�

�
�

�

Fig. Map of main hot spring sources in Kusatsu Spa (revised from Kikawada, ).

Table Flow and some properties of main sources in Kusatsu Spa
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Hot Spring Temperature Flow
pH

Source ( /min)

(Year) ( ) ( ) ( ) ( ) ( ) ( )

Yubatake

Shirahata

Netsunoyu

Jizo

Sainokawara

Nikawa

Bandaiko

(Subtotal)

Others

Total

Revised from Nagashima ( )

pH

, a, b

, min
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Table Long term changes in flow, temperature and pH of Bandaiko source

Fig. Long term changes in temperature and flow in Bandaiko source.
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Flow Temperature
Year pH Note

/min

Watanuki and Takano

( )

. pH .

(Ossaka, )

Ossaka ( )

* Hot Spring Research
*

Center ( )

* Hot Spring Research
*

Center ( )

* * * Yamamoto ( )

, /min,

(Kusatsu-machi)

, /min,

(Kusatsu-machi)

Data cited from Gunma-ken and Kusatsu-machi o ces
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pH

. .

, min

, min

l

et al.

et al
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Photo Yubatake source on September , .

Table Long term changes in flow, temperature and pH of Yubatake sources
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Flow Temperature
Year pH Note

/min

Ossaka ( )

* * * * Miura ( ), * Watanuki ( )

* * * Ossaka ( )

* Watanuki ( ), Osaka
* *

( )

* * * Ossaka ( )

Hot Spring Research Center ( )

Hot Spring Research Center ( )

* * * Yamamoto ( )

. (Kusatsu-machi)

. (Kusatsu-machi)

Data cited from Gunma-ken and Kusatsu-machi O ces

pH

m

l

et al.

et al.
et al.

et al.

et al.

pH

, ++ ,**1

-

+ , , + ,

- - -

.
. .

/ / /

0 0 0

+3., 0-4/ +4.1 +32.

+3/2 .5,32 00 +4/ +32. +30+

+30* /5-2* 0/41

+30/ .513- 0043 +402 +332

+31.
+31* .5+*1 004/ +42

+332

+31/ 0.42 , +332

+32* .5-+0 0*4. , +322

+32/ -5.+0 /340 , +322

+33* -5,33 /041 ,4+ +331

+33/ .5.-1 /.42 ,4+ // 1

,*** -5.** /,4- ,4+

,**/ .5*.* /+40 ,4+ /, 1

$

+331 +333 +332 +33/

+332 +30/ +33/

+32/

,**

+323 +331 +3/2 +321

-

+

, ,**1 3 ++

-

.
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Fig. Long term changes of temperature and flow in Yubatake source.

Fig. Recent changes in temperature in Yubatake source*.

* to (Kusatsu-machi O ce), to (Nagashima).

105

*

pH

*

-

.
,**+ ,**/ $ ,**0 ,**1

,**+ ,**/ ,**0
,**1 ,**0 3 ,**1 1

/2 ,**2

-

.



�

�

�

�����	
��

����� ���� ����

� � �� �
� �

� � �
� � �

� � � � � � �
� �

� � � �

� � � � �
�  � � �

� �

� �
�

� �
� �

�
� � � �

� � � � �  
�  � �

!"#$%& �'��()* #+,-$ ./,���	0��12&345!678
9:;<&=>?� ����5@AB6:CDE&=>,FG0HIJ K L�MN O�
����	PQRQ2+ST5UVWPQ XPQ X?PY$5./5!6 8�
5ZX[\:X]^0_>` XS?a#+b50H& c2?�&> O de0fgh[
iOh%, 8�O PQ jk ?lm#$%& _+ !6?n%$o&> p`O[i
q,fgP-+, Xr� st0uvwxD#$%&=>,yP& !6?
O z{ |}5[\ ~?�65��:�Y$%&0HIJ

�� O���	��?LY&./5!6 > PQ ��z+58���
�!6 :�B# ��5
�/ ?LY&8����!6>5
u�PQCDAB6:�`&��:��#
+ c5��O ����OE<$���5
��0H&50 ./?�_2&8����
6O����5@AB6:��#$%&>%
J��?� %$%& c2?�&> ¡¢

X?LY&����£¤5CD@A
B6O¥ >h-+
¡¢ XPQ¡¢ X?

LY&����5CD@AB6O�����
	5ST5UVWPQ¦m5�J?#$�`
+ ==0 !6 AB6 >8
����§t PQ¨� :�� �����	 
��������� 
 �

� ��

� ������ �� !"�#�$%

& ���'�()*"

�

�
�

�

Kusatsu Neutralization Plant (Shinaki Dam Wa-Photo

ter Quality Control O ce, December , ).

Table Long term changes in flow, temperature and pH of

Yukawa River
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Flow Temperature
Year pH

/min

Data cited from Kusatsu Nutralization Plant

pH

pH

, min

min pH

H mol min

pH .

, min

Y min

H mol pH

l

l

l

l

l

l

pH

-
$ ,- ,**1

.

+30* .25*** ., ,4*/

+30/ -05*** -3 +42/

+31* -15*** -2 ,
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Fig. Long term changes in temperature and flow of Yukawa River.
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