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J. Hot Spring Sci.

During drilling a new bore-hole nearby an existing hot spring, Yunokuchi spa in

Kumano city, Mie Prefecture, the existing hot spring water was analyzed continuously

for investigation of geochemical influence by the drilling. The concentrations of chloride

and copper ions increased obviously accompanying the progress of drilling. It is esti-

mated that the anomalous increases of these ions are derived from the mixing of natural

groundwater containing higher concentration of chloride and copper ions. It is demon-

strated by natural field observation that an existing hot spring is obviously influenced by

a new drilling bore-hole close by. In the enforcement of The Hot spring law, it is thought

that the distance extent of geochemical influence observed in this study seems to be a

significant reference.
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Geochemical Influence of Drilling a New Hole
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Fig. Geologic map of the area around the hot spring observed (Agency for Natural Resources

and Energy, Ministry of International Trade and Industry, ; Suzuki ).et al.,
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Concentration (mg/kg)

Cation Anion
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Na Cl

K Br

Mg HCO
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plus

Sr, Mn, Cu, Fe, Li : ICP

: YOKOGAWA HP-

: HNO

HBO : ICP

: SHIMADZU ICPS-

:

H SiO :

: SHIMADZU UV- A

:

:

: Thermo Fisher Scientificmodel DELTA XL

: . m

: SMOW Standard Mean Oceanic Water

. m

ICP

Cl :

: DIONEX DX-

: AS- mm AG- mm

: ASRS mm

: . mmol L Na CO . mmol L NaHCO

: . m
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Fig. Temporal variation in ion concentrations in the hot spring-water from an existing

Yunokuchi spa (Observation period ). Data Obtained before drilling a new bore-hole.
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Fig. Drilling depth of a new bore-hole and temporal variation in ion concentrations in

the hot spring-water from an existing Yunokuchi spa (Observation period ). Drilling

depth is shown by a white bar graph.

29

Fig.

,

Meteoric Water Line MWL

Craig.

SMOW

SMOW

R R
R

R D H

R O O

.

0* ,*+*

0

+ ***

+30+

+2 +0

d d

d

d

�
�



�

� � � � � �
� � �

� �� ��	
 �� 
 ���� ���� ���� ����
�� �  !"# $%&' ()*+,

- . ////////////////////////////////
� �

� 0 �
�

0

�
1 � 20 �
� 0

0

34567 89��5:; <;=4>?@AB CDEF�G5HIJ5KLMNHOPQ
RSM=4TONU VW XMYZ[\]J^ _5_`ab cdefghLij589
��MNHO klmn5oho<pq<5rst`Hu^:; <;=4>?@A5vwxyz
]{|kl<5}~B�au^`�3]J|

���$���J^��EFM�|��`TOB <?�lpkl<5�Ut5F������
�]JO�^ ����� � ����B CDEF5��M��89��5��S��
 v~M¡¢T £l���¤|r@5}~M¥HO¦§x¨©|
CDEF�GM89��abª<T^��<j5«w¬­®g5K¯°v~x M±¤ C

�
� �
������	
��
������������
�������
���������

� �

�
�

�

�

Fig. Observed Zn concentrations at Yunokuchi spa. Dotted lines indicate the time

of exchange of air pipe containing Zn (Observation period ).

Fig. O- D-diagram of hot spring water from Yunokuchi spa.
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Fig. Observed Cl concentrations at Yunokuchi spa during drilling at adjacent site (Observation period ).
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the drilling mud in this study

Table

32

Concentration (mg/kg)

Cl

Cu

pH .

Table

Fig.

. . mg kg

m m

. mg kg

. mg kg

. . mg kg

Table . mg kg

m

Fig.

,

,*42

*4*++

3 1

,

,

2

* **0 * **1

1** 20*

, * *+-

* *+*

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

, * *++

+**

+32,

3

- .

- /

�

�
�
�

�



�������	
��
�������������� �

�
� � � �

� �
�

� � �
� �

�
�

� �
� � �
� �

� �
� � �

� � � � �
� � �

�
� �

� �

��	
 �	
!"�#$%&�'(�)*+�,�!"-�./0 �1�2"34�5�
6� 789�:;�<= >?@ABCD�'( EFGHC�I�JK�LMN&�'(ON
PQ�>RST�R�UVWXYIZ[\ST�]VWX�^_B�
`6�abc�d�N&
� 	
!"�e f�)g R�UVWXY]VWX�h^i�^_6�j2"B��1"��

���klmno�pq0 �
���R�UVWX ]VWX^i�rs./�tuS'%&
vw�(xy%&� zv'&N��������= ��	
{|} ~wtu�u��%&v
'�'(ON 	
{|��=�N&�O*v2"B���1"� ����0 � 34(�*
v'(���%&�
'���	
�����?�� � 5�ON ��	
{|���������GH��F+
d�6� �����	
�i�R�UVWX= ]VWX= ���v�ON rs.
/�LMN&v �
����"�i= CD�'(ON 	
��ONklmnoz
C���� � R�UVWX=� ]VWX=� CD�(u� �
������
�����LMN&v'(��0+F� '&N�����ON ����	
{|��
�� 
0+Fv���:0+ 	
���¡¢�,£(0v�����������GH= �
(xy%&v v¤0 �1"� �¥¦§n¨="©ª« ¬�ª«Cr�g zv �B�

­« ®¯ °Bf�± �²f�)*+wr��(d�N&�vM ��GH=D³zC´(�
�µd| ON¶N&v·CD�'(� ¸6�¹º�D�
789�)*+¶N&v��= �
�������»�¼F+��	
{|���½� ��

�

�
� �

�

�

�
�

� 	

�

�

Fig. Observed Cu concentrations at Yunokuchi spa during drilling at adjacent site (Observation period ).
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Fig. The model of geochemical influence of existing hot spring by the drilling.
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