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An investigation of the influence of lift pump installation on water quality by the

“Methods of influence investigation of lift pump installation” provided in the “Guideline

for the protection of hot spring resources” was conducted in the Yunoyama area, Mie

Prefecture. Since few such investigations have been reported nationwide, we compiled a

survey of the available results of such investigations, and also presumed the behavior of

the hot spring water under the ground in the Yunoyama area. Although it is assumed

that variation of water quality is stable under both incremental and continuous pumping

up in the observation wells, it is recognized that incremental pumping up causes a geo-

chemical anomaly such as decreasing of pH and concentration of fluoride and chloride

ions in the target well. Concentration of fluoride ion strongly correlates with that of

chloride ion in the Yunoyama area. It is assumed, therefore, that the aquifer has a func-

tion of major source of both fluoride and chloride ions to the hot springs. The di erence

of the ratio of concentration of fluoride and chloride ions in the target and the observa-

tion wells suggests strongly, however, that the sources of aquifers of these wells are

di erent. Accordingly, it is thought that the hot spring sources may not compete with

each other. Because the water quality of hot springs can be significantly a ected by con-

ditions of pumping up, it is recommended that such geochemical consideration should be

incorporated into the evaluation method based on the guideline.

Yasunori M , Hideki Y , Akira M , Kyoko S ,

Kazuyuki O , Masaaki K and Takamitsu K

Investigation of the Influence of Lift Pump

Installation Based on the “Guideline for

the Protection of Hot Spring Resources”
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Fig. Location of the observation and target wells on the schematic geologic map (after Hot Spring

Research Center, ).

Table Water quality of the observation and target wells
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Observation well
Monitoring items Target well

Date of analysis /Nov/ /Dec/ /Dec/

Water
temperature ( )

pH

Quantity of water
discharge (L/min)

Na (mg/kg)

K (mg/kg)

Ca (mg/kg)

F (mg/kg)

Cl (mg/kg)

SO (mg/kg)

H SiO (mg/kg)

HBO (mg/kg)

Rn (Bq/kg)

The observation wells : Composite samples were analyzed

because their springs are located very close each other
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Fig. Observed data of water temperature, pH and

quantity of water discharge from July, to July,

at the observation wells (data from Mori

). Symbols : , Observation well ; ,

Observation well ; , Observation well .
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Fig. Observed data of Na , F , Cl , SO and Rn

concentrations from July, to July, at ob-

servation wells (data from Mori ).

well ; , Observation well .
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Date of
Investigation Well Monitoring items

investigation

Target well /Aug/ Water level
Preliminary

/Aug /
investigation Observation Quantity of water discharge Water temperature pH

well /Aug / F Cl SO Na Rn

Water level Quantity of water discharge Water tem-
perature pHTarget well

Influence F Cl SO Na Rn
/Sep/

investigation
Observation Quantity of water discharge Water temperature pH
well F Cl SO Na Rn

Target well /Sep/ Water level
Follow-up

/Sep/
investigation Observation Quantity of water discharge Water temperature pH

well /Sep/ F Cl SO Na Rn
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quantity of water discharge, respectively, observed in

, Observation well ; , Observation well ; ,

Fig. Temporal variation of water temperature, pH and

preliminary and follow-up investigations. Symbols :

Observation well . Dotted line indicates the date

of influence investigation ( /Sep/ ).
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served in the influence investigation ( /Sep/ ).

discharge in the examination of incremental pump-

, Ob-

Rn concentrations, respectively, observed in prelim-

of influence investigation ( /Sep/ ). Rn data on ing up. Symbols : , Observation well ;

servation well ; , Observation well ; , tar-

Observation well . Dotted line indicates the date

Fig. Temporal variation of Na , F , Cl , SO and Fig. Temporal variation of water temperature, pH

and quantity of water discharge respectively, ob-

inary and follow-up investigations. Symbols : ,

Observation well ; , Observation well ; , Q Q represent the stage of quantity of water

/Sep/ were not shown because of trouble

of liquid scintillation counter. get well.
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Temporal variation of Na , F , Cl , SO and

Rn concentrations, respectively, observed in a in-

Fig. caption. Symbols : , Observation well ;

, Observation well ; , Observation well ;

Fig.

fluence investigation ( /Sep/ ). Q Q : See

, target well.
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Fig. Temporal variation of drawdown in the examination of incremental pumping up.

Q Q : See Fig. caption.

Fig. Relationship between volume of pumping up and drawdown in the examination

of incremental pumping up. Q Q : See Fig. caption.

171

. L min L min

Fig.

Table

inf tar

inf tar

inf tar

CV CV

CV CV

CV CV

2
+ / 0

3
+ / 0

0* ,*+*

,0 . ,/

+*

-

. +

.

� �



�

�

�

�

�

�

� � � �

� �

� �

� �

� �

� �

� �

�

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

! �
�

"
�

" �

!
�

�
�

�
� � � � �

!

# $ � � �
� # %

&$ ! �
# $ � #
$! � � �

� � !
� � !

' ( " )' ( � **************************
� �

!
� � !

+,-�. /0123�456708
9:; <= ��>?. @A =B
53C.DEFGHI . .
JK0 LMN.=+H3

. . JK0 LM
N.=+H3 OP QR
ST�U67=VNWXY Z[\F1
23�45670 ]97O:;
^; =_H;` ab
.cd /.efg9] QR S
hi=j53 QR0klm7=k�H
;WXY Z Y7H3 .n

o .pqno pq.r� pq.stDE.uvw /=x
yN670L4N

�] F z{.|}-� . ~�����e��T��H;��9] ��Wo
>?. pq7 pq.�=�5��0M� 6�]. A 0�^�N�>� �o �
>� T� O��A .��-7H3��H35N���0�567T_�H; C6L �]

.���= z{=V:3�]�;���T��3 7 . ¡¢T£AH;
C.�� z{=V:3�]�;���T��3¤Oj |}-� .¥¦§¨F©ª

«¬®s=¥¦§¨¯� ��°±0 7 �5���°0²2]�N67089:;
|}-� =j³N pq7 pq.´µ®F ¶ .7j�·¯�N

¬ [\��c=j53+,-�9] ¸H;��>?. pq7 pqF 5¹�.Q
R=j53¤|}-�.¥¦§¨º»7F¼¼ �;º»=¥¦§¨¯�; [\��c.+,-
�=j³N 7 .½ QR.��=VN´µ®F ¶ .7j�·¯�N

� � �

�
� �

�
�

	

�
�


 �� 	

�
� �

 �
�

� �




� �
�

� ������	
������	
�������

� �

�
� � �

� �

� �

� � �
�

	

Fig. Temporal recovery of water level after stopping of continuous pumping up for

, min at L/min.

Table Comparison of the coe cients of variation of

the observed results between the observation wells

and the target one
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Fig. Correlation between concentration of fluoride ion and that of chloride ion observed

in this study and previous study (data from Mori ).et al.,
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