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āˈʝȋͭʉ,��	E�ľ,)$'ϩäʮę̘+̛ʛNm�T�(Ńʜϩɞ÷ϩŚξÜϩ

Ϛ÷ϩpKP}^˦).ʷωïʰ/�E;'Τ͂(�B�8!ϩ̛ʛNm�T�.ïʰ/ȧ

ųʟͯ.ǯéΦ�ƀ+�ϩʬŐÉß.ʘ(<ȧþ(�B� 

̛ʛNm�T�.+
(Ńʜ/ϩřÍ�Ũ˫,Ƒě�CB�)+�țŗΌ̃�!ïʰ�

ę̘(�B��.ʠǂ/Ńʜʷωǘ.ϡ	˚Öʥ)ïʰʥ,Ĕș�CϩÂ�0E�ľ.ō

ğϩ̊ Öʥ)ïʰʥ.ƝŅ/�C C˳ 90%�?2˳ 70%(�B(2006ƞƦϩʔ÷ĐŤ÷ʷ

ωǜ̶Ĉ¶, 2013, pp. 15-18)��!�$'ϩŃʜʷω/x�^ωʉ)�'ωɝ.ŬůÃ˿,

ȧþ(�B� 

E�ľ/ 100FͲ�BɱʔƅFȧ�ϩ�C,°π�'Ńʜͭʉ�ͦŸ(�B�ʷω,ï

ʰę̘+ʜɞ˱ͭʉΦ/ɱʔƅ.Ȇ
@˭Șʹ,˩é�C(Stefansson, 2005)ϩȥ΃.ľ�)

.ͭʉΦ�ȰƇ (2009, pp. 67-68),?$'8);@C'	B��C,?B)ϩE�ľ.ʜɞ

˱ͭʉΦ/ϩI��Qğ̴ľ�?2K�jm\I,ɐ	(�ʴ˥ 3º)Ř�	��.ͭʉ

Φ(150°C²�)/ 2347� kW)Ǵů�C'	B(ȰƇ6
, 2008)��.?
+ͦŸ+Ńʜͭ

ʉFïʰ�'ϩʩŁϩE�ľ(/ 17Ńʘ( 20�lfi.Ńʜʷωǘ�Β͹F̵$'�Aϩ

͖ęé÷ğ͌/˳ 54� kW(�B(ʔ÷ĐŤ÷ʷωǜ̶Ĉ¶, 2013, p. 1)��.é÷ğ͌/�

͎.ǴůͭʉΦ.˳ 2.3%,Γ��ϩ­ƻ.γʷ)ŃʜʷωΦ.őù�Ȫƹ�C'	B� 

ŃʜͭʉγʷF̵
ʜɞŻɲ˱.ɈǈFļ 1.1,˓��ʜɞŻɲ˱/ϩʜϩɲ½ϩΈɞǊ

t�Ue�.�%.͂˷
@+B�Ńʜʷω,ʾǳïʰ�CB./Ńʜɲ½(�,̬ɝ)(�

B��.Ńʜɲ½/ϩɈ-ɺƦȆʸ m
@ 4000 m.Ń�ɺΞ,º̏�BŃʜͪʵƃ(Έɞ

Ǌt�Ue�.mfi��U)Fɲÿ�B���
@ϩŃʜɲ½Fʮʯ�ϩ8!ϩïʰƻ,

ΜØ�B�)Fʽʹ)�'Ńʜņ¨(ʮʯ¨�?2ɭɞ¨�ΜØ¨)�ǰô�CB��!�$

'ϩŃʜņ¨/ΈɞǊt�Ue�,ΘΑ�B�)Fʽʹ)�B�Ńʜ¨)ΈɞǊt�Ue

��ªEBʘFɲ½.ɲÞʘ(ʮʯ¨.ōğ)<��/ɲéʘ(ΜØ¨�ɭɞ¨.ōğ))Ī3� 

řʛ.ʜɞŻɲ˱,?$'Ʊǖ�CBŃʜͪʵƃ,/¥˙ϙ��Aϩ�%/̬ɝćͳň

Ńʜͪʵƃϩ	8�%/ʜɞćͳňŃʜͪʵƃ(�B�õ̒/ϩǰô�C!ņ¨
@¡�

ϛī̬ɝ�?2Γʜ̬ɝFʮʯ�Bͪʵƃ(�Aϩƻ̒/ʇA̬ɝFʮʯ�Bͪʵƃ(�

B�̬ɝc�r�Ʃʷω,/ϩŃʜɲ½.
#̬ɝ"��ïʰ�Cϩʜɞ/êχ�Cä2

ͪʵƃ,ΜØ�CB��!�$'ϩʜɞèʫ,

EB͏Ó��͂+̬ɝćͳňŃʜͪʵ

ƃ.Ȏ�ʷωǘΒ͹.˽ʀǊ/ϡ	��
�ϩ̬ɝćͳňŃʜͪʵƃ.ōğϩʷω̈́Ɍ.
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ǦŘ,¸
ΓƦ+̬ɝʮʯ,?$'ϩ̬ɝʮʯɲΦ)ʷωΦ�Ř��ʂ̹�B�)�̀Ȇ

.ŃʜŃŊ(ͱ�'	B��.±̸Â/ϩKc�I.��h��ŃʜŃŊ)I��Q.[�

RK[�_ŃʜŃŊ(�B��ŃŊ)<ϩ̬ɝʮʯ.őù,¸	ϩͪʵƃŀ÷.»�ϩ̬

ɝʮʯΦ.ʂƀ�?2ʮʯ̬ɝ.ΓʜƦ.�Ȗ�ʷʮ�!(��h��ŃŊ.Â: Ferrara et 

al., 1970; [�RK[�_.Â: Barker et al., 1992; Goyal and Box, 1990; Mock, 1990) ��C@

.ʩͧ/ϩͪʵƃ4.řʛ.ɲ½ɹϜΦFͲ�'̬ɝFʮʯ�B�),?Aϩͪʵƃã.

ɲ½�ȹɿ(j�K�ILi)�B�)FǏĩ�'	B��C4.Żè)�'ϩ�ŃʜŃŊ(

/ϩɹϜΦF«ʙʹ,̾Ú�B�)Fʽʹ)�'ϩʷωǘ(ʷʮ�B̬ɝç̋ɞ˦Fͪʵ

ƃ,ɭÞ�BͪʵƃɹϜ�Űȏ�C'	B(��h��ŃŊ.Â: Bertrami et al., 1985; 

Cappetti et al., 1995; Giovannoni et al., 1981; [�RK[�_.Â: Barker et al., 1995; Chasteen, 

1975; Enedy et al., 1991; Gambill, 1990; Goyal, 1999; Goyal and Box, 1992; Stark et al., 2005)��

.Ȏɫ(/ϩɭɞɲ½�ͪʵƃã(ϡʄ.ƈˈ)ǳ͊�B�)(ùʜ�C(ɭɞɲ½)ƈˈ

.δ.ʜªǷ)ϩ«Ɛ.¥ɐ̬ɝ(²�ϩɭɞͱʉ̬ɝ)�ʷʮ�B�),?Aϩ̬ɝʮʯɲ

Φ)ͪʵƃŀ÷F̄Ǩ<��/ķǀ��B�1)%.Â)�'ϩ[�RK[�_. Calpine

̬ɝʮʯtJ��j,�	'/ϩ2003ƞ²ιϩZ�c��[Ɣ
@ė�ÞC!�ɐèʫɞ

(482 L/s)F�͂+ɭɞɲ½)�'ͪʵƃ,ɭÞ�ϩ105 MWnet.é÷FΆù�'ʤƾ�'	

B(Goyal and Conant, 2010)� 

ͪʵƃ4.ɭɞ/ϩ̬ɝćͳňŃʜͪʵƃ.ʮʯ̘÷FίȪδ̄Ǩ�ϩŃʜʷωǘ.ï

ʰʥFϡ;BïʘFȧ�B�ȎϩΓƦ+ɭɞ/ͪʵƃFåĎ�ϩȮȳ.ʽʹ,Ĕ�'̬ɝ

ʮʯΦFʂƀ��ϩ�@,ʜɞ.ʮʯFƪ�ͱ��ę̘Ǌ��B��!�$'ϩɭɞF̵


ς,/ϩͪʵƃ.ΓƦ+åĎFķΛ�+�@ϩ̬ɝʮʯɲΦ.̄Ǩ)ķǀFΕǖ�B!

;.ȥΗā�͂̕(�B� 

ͪʵƃɹϜ.ȥΗā.͂˷/ϩͪʵƃã.ΈɞǊt�Ue�êƕ)ʄƦêƕ,Η�!ɭ

ɞ.º̏(ɭɞ¨�?2ɭɞɺƦ.Κǡ)ϩɲΦϩȪδ.͏͌�͛ȇFĤ:��.ȥΗā.!

;,/ϩɭɞ,Ż�Bʮʯ¨(.ʟʫΦ.Ŕā(²�ϩɭɞǆ˧)Fǣé�ϩ�.˘ƦFʼͅ

�BǄ͂��B�<�ɭɞǆ˧FɅˆ�ϩ�C�ͪʵƃ4.ΓƦ+ɭɞFĔș�Bōğϩ

ɭɞɲΦ.͛ȇ=ϩɭɞ.�ȜÏɑ+*.ŻèF̵
Ǆ͂��B�ɭɞǆ˧.ʼͅϑʽ)

�'/ϩʮʯ¨.ņĘ,��BʮʯɲΦϩ̬ɝʄƦϩņĘŀ÷�Ǫ�@CB� 

ʮʯ¨.ʟʫΦ.ȜδŔā/ϩͪʵƃɹϜ)εÇ.+	Ľȧ.pfUV�L�jŔāF

Ĥ:�)
@ϩɭɞ¨)ʮʯ¨.ɞʫʹ+̍�A��B˘Ʀ²�Ư	ōğ,.9ϩɭɞǆ
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˧/ȧǏ,Ʌé(�B)̑�@CB��.?
+Â)�'ϩ[�RK[�_(/ϩɭɞγ

šƻ,ɭɞ¨΃Ò.ʮʯ¨.̬ɝɲΦ�őù�'	B��.ōğϩ̬ɝΦ.őùêFɭɞ

ͱʉ̬ɝ)̓+�ϩ�CFɭɞΦ(ö$!ÎF�Qp��tHUc�)ů̐�ϩ�CFǩ

ɋ)�'ɹϜþȷ.ůΦʹ+͒ÅF̵$'	B(Goyal and Box, 1992)��
�ϩȗ˄+̬ɝ

ʮʯɲΦ.őù�ʅů�C+	ōğ<ǎů(�B��C/ϩɭɞɲ½�ƢˬĻ,êȄ�ϩ

ʮʯ¨4.ķƘΦ�ƀ+	ōğ(�B�8!ϩɭɞɲ½�ɥϠ�ɝɸ¥ʿʡǒ,+Bōğϩ

̬ɝ)ʜɞ.ɲC=��/¥ʿɲ½.̬ɝϛīʥ,Ř��ÄŦ�B (Grant and Bixley, 2011, 

p.42)�Â�0ϩ̬ɝϛīʥ�ϡ	)ʜɞ/�ÿ)+AϩĔŻ,̬ɝϛīʥ�ſ�	)̬ɝ

��ÿ)+B��.̬ɝϛīʥ/ϩ»ʄ.ɭɞɲ½.ɭÞ,?A»��ϩĔŻ,ͪʵƃã

.ɥϠ,?$'�Ȗ�B��!�$'ϩͪʵƃã.̬ɝϛīʥ.êƕ/�Ɋ(/+�ϩϋ

ƙ,̀φ(�B��.?
+Ȳ´�(/ϩɭɞɲ½.ɲÿǪÿ)ɥϠΓ˘FϩņĘ(.ʟ

ʫΦ"�(Ǵů�B�)/ĺψ(�Aϩ?Aʾǳʹ+î.ǍŌ�Ǆ͂(�B� 

ͪʵƃã.ɭɞɲ½.ɲÿFʾǳʹ
%ůΦʹ,͒Å�B͓ϟȎɫ)�'i��Z�͓

ϟ��B�i��Z�͓ϟ/ϩļ 1.2,˓�?
,ϩřʛ8!/«Ɛ.i��Z�ʟͯFɭ

ɞɲ½)â,ɭɞ¨(ΜØ¨)FΉ�'ͪʵƃ,ɭÞ�ϩi��Z��ͪʵƃãFɲÿ�ϩʮ

ʯ¨
@ķƘ�BΓ˘Fʮʯɲ½͓ȋ.ůȪʹ+ǱĖ)i��Z�.Ʌé�?2ůΦ,?

Aˎ͖�B͓ϟ(�B�i��Z�.Ʌé/ɭɞ¨
@ʠů.ʮʯ¨4.ɭɞɲ½.ɲÿ

Ƹͷ(ΈɞǊt�Ue�).ŦŁF̸�ϩi��Z�ʓƦ.ȜδŔā(ļ 1.2.i��Z�ķƘ

Ȣ̈)/ɭɞɲ½.ɲÿǪÿ(ɲΊϩķƘʥ)FĔș�B� 

Ŗ�.ʜɞćͳňŃʜŃŊ(/ϩi��Z�͓ϟ/ΜØɲ½.ʮʯ¨4.ΜɲF͒Å�

B͓ϟȎɫ)�'�̟,Ƣ�Űȏ�C'	B��.ςϩΜØʜɞ(ɸʿ),ʋ͉�B�ǹʷǊ

.āŪ͓̱�i��Z�)�'ʰ	@CB(Â�0ϩAdams, 1985; Adams et al., 1992; Horne, 

1985)��Ȏϩ̬ɝćͳňŃʜͪʵƃ,Ż�Bi��Z�͓ϟ(/ϩ̬ɝ(ɝʿ),êΠ�C

BǹʷǊ.i��Z�ʟͯFÁʰ�+�C0+@+	�̬ɝćͳňŃʜŃŊ(.i��Z

�͓ϟ.ìȪ,�	'ϩ��h��ŃŊ(/ϩɭɞɲ½(�B̬ɝç̋ɞ.ŬůĠº½(2H

�?2 18O)�řʛ.i��Z�)�'ïʰ�C!(Nuti et al., 1981)�[�RK[�_(/ϩ

ȂŽǊØ˷.i�eL�(�Τɞ˷)FĤ:ɞ�i��Z�)�'ÁEC(Gulati et al., 1978)ϩ

ɐ	(ŬůĠº½<ïʰ�C'	B(Beall et al., 1989; Gambill, 1990)��C@i��Z�ʟ

ͯ/ɞ�.<.(�Aϩɭɞɲ½(ɞ).ǪÿFΆͶ�B.,ʫǎʹ+ʟͯ(�B��
�ϩ

[�RK[�_(/ɭɞɲ½)�'̬ɝç̋ɞ.¯,˱ŕ.ɞ�ù�@CB?
,+Aϩ
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řʛ.i��Z�Fïʰ�Bïʘ�ŝEC!(Adams et al., 2001)��.ıϗFÝȨ�B!;

,ϩ1990ƞ²ι.[�RK[�_(/«ƐR^�ɝʿi��Z�)�'Áʰ�Cϩ̀Ȇ.

ǖøÂ�Ōħ�C'	B�i��Z�͓̱)�'ʰ	@C!./åţR^(�BU��t

�P�Q�{�(R-12, R-13, Adams et al., 1991; Beall et al., 1994)ϩoKj�t�P�Q�{�

(R-23, R-134a, Beall et al., 1998; Adams et al., 1999)ϩ�?2́̉R^.átfāˍϤ(SF6ϩ

Voge et al., 1994)(�B��C@.«ƐR^/ƙʄ(ɝ½(�AϩǹʷǊ�ϋƙ,ϡ	!;

ɝʿi��Z�)Ī0CB� 

ɝʿi��Z�/ϩɭɞ¨4ǟÞ�CBȜ,/ɭɞɲ½,ʋ͉�'	B�ϩǹʷǊ��

E;'ϡ	!;ϩɭɞɲ½.ͪʵƃã(.ɥϠγšʾƻ,ʷʮ�B��ƀΦ.̬ɝ,ϩǟ

Þ�!i��Z�.ŘΞê�˗AϩɕA.ɭɞɲ½(ɸʿ),/i��Z�/6)G*ɕ@+

	(Adams et al., 2001)��.�)
@ϩɝʿi��Z��ΆͶ(�B./ϩɭɞɲ½.ɥϠ

Γ˘.��ìȪ,ʷʮ�Bɭɞͱʉ̬ɝ,κ@Cϩɭɞɲ½�ɲÿ�+�@ȜδF
�'

Ό̃ʹ,ɥϠ�Bōğϩɭɞɲ½.ɲÿ�ɥϠǪÿFĄê,ΆͶ(�+	�)�ǩǼ�C

'	B(Adams, 1995)� 

[�RK[�_.?
,ϩͪʵƃɹϜȜ,<ʮʯ̬ɝ�Γʜʡǒ(�C0ϩʮʯ¨
@

ķƘ�Bɭɞɲ½/�.ßΦ�ͪʵƃã(ŭß,̬ɝā�'	B)̑�@Cϩɝʿi��

Z�͓ϟ,?$'ɭɞɲ½.ɲÿ�ɥϠǪÿ�ǝǸ(�B)̑�@CB��
�ϩ̬ɝć

ͳňŃʜŃŊ.�,/ϩʮʯ¨�ƀΦ.ʜɞF¸
ʇA̬ɝFʮʯ�B<.��B��.

ōğϩͪʵƃ.�Ξ.ϔŊ/ɝɸ¥ʿʡǒ(�Aϩɭɞɲ½/ͪʵƃãFɲÿ�Bδ,ϩ

Ό̃ʹ,ɥϠ�B�)�ǎů(�B��.ɝɸ¥ʿȲ´,Ż�'/ϩ�,΅5!ʫʲ,?

Aϩɝʿi��Z�(/ɭɞɲ½.ɲÿ�ɥϠΓ˘FΗë,ǝǸ�B�)/ĺψ)	�B�

��( Adams (1995)/ϩɝʿi��Z�.ƭʘFÝȨ�B!;,ϩǹʷǊ�ɝʿi��Z

�?A<»�ϩɞ.�C,΃	ʟͯFi��Z�)�'ʰ	BȎɫFǶİ�ϩ�.?
+

i��Z�F¥ʿi��Z�)ĪG"(Adams, 1995)�8!ϩ¥ʿi��Z�/ϩɭɞɲ½

�ŭß,̬ɝā�Bōğ,<ïʰ(�B!;ϩ¥ʿi��Z�Fʰ	!i��Z�͓ϟȎ

ɫ.γʷ/ϩͪʵƃɲ½.ʿʡǒ,ƴώFė�+	ɠʰǊ.ϡ	i��Z�͓ϟȎɫFγ

ʷ�B�),6
+@+	� 

¥ʿi��Z�͓̱.Í̾)�' Adams (1995)/»˶I�X��ϙFǶİ�ϩ�.̓ʜ

ǊFŲãŰϟ,?$'ˎ͖�!(Adams, 1995; Adams et al., 2000, 2004; ȍNm�T��ʯɆ

ǜ̶̅ğγʷɏɉ, 1998)��.˾ȷϩ»˶I�X��ϙ(�cn��ϩNcn��ϩ1-v�

6―    ―



 

qn��ϩ1-ucn��)/Ńʜʰ.i��Z�)�'Ąê+̓ʜǊFǨ%�)F˓�!�

�
�ϩŲãŰϟ/ŰŁ.Ńʜͪʵƃ.Ȳ´Fß'äʩ�B�)/ĺψ(�B�Â�0ϩ

Űς.Ńʜͪʵƃɲ½,/R^(�,¥΢āʗ˷ϩ̱ āɞ˷)ϩʜɞʋŦǖê(ŎāʟKP�ϩ

ˍ΢KP�+*)�Ĥ8Cϩ8!ϩɲ½.ɲͷ.ƈˈ/Ğ˙Ϊʟ(ʨ΢ŎΪʟϩʗ΢ŎΪʟϩ

ˍāΪʟϩˍ΢ŎΪʟ+*)(ɉǖ�C'	B��
	$!ʬŐ�(.i��Z�͓̱.̓

ʜǊ/ŰŁ.ͪʵƃFÁ$!͓ϟFΉ�'͒Å�B6
+	� 

��(ϩE�ľ,��B̬ɝćͳňŃʜͪʵƃ,Ż�BͪʵƃɹϜ.Â,ʽFĢ�B)ϩ

ȵƎŃʜŃŊ.¤Â�į�Ǫ�@CB�ȵƎŃʜŃŊ(/ 1988ƞ
@ 1989ƞ,
�'ͪ

ʵƃɹϜFʽʹ)�!ȥì.ɭɞŰϟ�̵EC(Hanano et al., 1991)ϩ�.ƻ 2003ƞ,̜B

8(ίȪδ.ɭɞ)ϩ10�ȦȬʈ.ˇȪ.ɭɞ͓ϟ�Űȏ�C'	B(˕ʱ6
, 2013)�

1988ƞ
@ 1989ƞ,
�'.ɭɞŰϟ(/ϩŬůĠº½<��/i�eL�ɞFʰ	!i

��Z�͓ϟ�Ʌ͍�C!�Űȏ,/̜$'	+	��.ɭɞŰϟ,Áʰ�C!ɭɞɲ½

/̬ɝç̋ɞ)ɤƎɞ.ɼğɲ½(�Aϩ�.ŬůĠº½ɛ/ɭɞȪδFΉ�'�ů(+

�i��Z�,Ģ
+	�)ϩ8!ϩi�eL�/ȂŽǊØ˷(�B!;,Áʰ�͐ę�

C+	�)��.ʫʲ(�B(Hanano et al., 1991)��!�$'ϩȵƎŃʜŃŊ,Η�!i�

�Z�͓ϟȎɫ.γʷ)Ηʰ/ίƞ.ǕɁ(�$!�ȵƎŃʜŃŊ(/Γʜ̬ɝFʮʯ�

Bʮʯ¨))<,ϩϛī̬ɝFʮʯ�Bʮʯ¨)ϩϛī̬ɝ)ʜɞ.�ȎFʮʯ�Bʮʯ

¨�ɼŁ�B�)
@ϩɭɞɲ½/ɲÿΓ˘,�	'Ό̃ʹ,ɥϠ�B�)�£ǎ�Cϩ

Â�0�΅.»˶I�X��ϙFʰ	!¥ʿi��Z�͓ϟ.Ηʰ�ȩ8�	��
�ϩ

i��Z�͓ϟFŰȏ�B,ư!AϩŰŁ.Ńʜͪʵƃ,��B»˶I�X��ϙFʰ	

!͓ϟ.ŰȏÂ/+�ϩ͓ϟȎɫ/ˎˠ�C'	+	��.!;ϩ̬ɝćͳňŃʜͪʵƃ

,��BͪʵƃɹϜ.͒ÅF¥ʿi��Z�͓ϟ,?A̵
,/ϩ8�ϩi��Z�͓ϟ

Ȏɫ.γʷF̵	ϩɐ	(ŰŁ.Ńʜͪʵƃ,Ż�͓ϟFŰȏ�ϩi��Z�͓̱.Ńʜ

ʬŐ�,��B̓ʜǊF͒Å�B�)
@š;+�C0+@+	� 

²�.ʩʡFή9ϩļ 1.3,˓�ɲC(Ȯˊ˝F̵
�ì;,»˶I�X��ϙFʰ	B

¥ʿi��Z�͓ϟȎɫFγʷ�ϩŰŁ.̬ɝćͳňŃʜͪʵƃ,Ηʰ�B��.Ȝϩ¥

ʿi��Z�͓ϟFŰȏ�BŃʜŃŊ)�'ϩɭɞɲ½�ͪʵƃã,�	'Ό̃ʹ,ɥϠ

�B)̑�@CBȵƎŃʜŃŊFΚǡ�B���'ϩɊ�+Ȳ´,Ż�B͓ϟ˾ȷFƾB

!;,ϩ4˙ϙ.»˶I�X��Fʰ	ϩ4Ȯ.ɭɞ¨,Ż�͌ 6ķ.͓ϟFŰȏ�B��

C@.͓ϟ˾ȷFʰ	ϩ»˶I�X��ϙ.ŃʜʬŐ�,��B̓ʜǊ)ϩȮˊ˝(γʷ
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 図1.3 本研究の流れと各章の関係

二相トレーサー試験方法の開発(第2章)
・トレーサー試薬の選択
・トレーサー投入方法
・モニタリング試料採取方法
・トレーサー分析方法

二相トレーサー試験の適用(第2章)
・松川蒸気卓越型地熱地域に対する試験の実施
・4種類の低級アルコールのトレサーとしての使用
・4坑井を用いた計6回の試験の実施
・本トレーサー試験方法の蒸気卓越型地熱貯留層への適合性の評価

松川地域での二相トレーサー試験結果を用いた，貯留層涵養に係る要素の評価(第3－5章)
・二相トレーサー試験結果による注水流動および沸騰挙動の解明

生産井の注水応答の判別と定量
的な解釈(第3章)

注水流体の沸騰過程の定量的な
解析(第4章)

地熱貯留層の透水性フラクチャ
分布と貯留層構造の関係の考察
(第5章)

トレーサー試験に基づく蒸気卓越型地熱地域における貯留層涵養の評価に関する研究

トレーサー試験を用いた貯留層涵養の評価手法に関する現状の把握と問題点の抽出(第1章)
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蒸気卓越型貯留層に対する注水を用いた貯留層涵養F̵
ς,/ϩ̬ɝʮʯɲΦF̄Ǩ
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�Ç���� �ÈJ¦,;0>;Æ� 1.4 kPa�' 9.8 ÉPa � 3–4->4>J
È\�

�p����©�a(1.71 kPa)�!"\���)�#�È¶�l+vh�� 200°C���)

©�a+¯�%ÈJ¦,;0>;Æ���\�->4>��)�
���¹�} t�&

��ÈJ¦,;0>;Æ+C£5<>1>���L�Z§�U��	)� 

 

(2) ����°p�o���£�x 

J¦,;0>;Æ��£5<>1>´«�����°p��f	�m��(ÈJ¦,;

0>;Æ�Hw�V[�����(���È�£5<>1>´«��f�% 0.15 wt%��

������(R-134a, ­ 2.1)�
�����°p�m�5<>1>�¶�l���P�9

63:=/´�|X����f	
qÄ�)�FA����+º )� 

5<>1>�²±yP¿�Q¿+¶�l��P�)
��s®��)��%��*�È

5<>1>�_n�(_n�)5<>1>·¿+yP��5<>1>·¿�V��O)+�

¤�³N�)
���	���5<>1>�?¨���D�cY����K��%�yP

�*ÈcR+�A�ÈcD�¾��S��'blB��*S)�
�¼¥�5<>1>�

~g���
��È5<>1>�¶�l���P�k�)sÅ��G��)��#(È5

<>1>�cR�A�À�È5<>1>����K�'TÁ�ÈcR�������'�

�� 

J¦,;0>;Æ�������K(cR� 30°C�' 50°C¥p)&(%Ç
ÈyP��

�K��(È#�È���K�Hw�V[���([��$�ÈyP�)5<>1>Q¿

+~g�
¶�l�»)
��j���)�?�È���J
Èo���K��£5<>

1>+¶�l��P�)���`Â+I��
*�ÈM��È�£5<>1>+¶ªj^(.

28=7)�'cY��P�È�*+���K�rz��)����ÈyP���£5<>

1>�f¾T��K������K�TÁ��##��(È���W�&��cR+@�

�ÈcYE¹����)Z§t��)������È�£5<>1>%���K��°�

��x��P+¬�(Hirtz et al., 2010)����È@º��&��È�£5<>1>����

�°p�Ão�J
(­ 2.1)È?h¿�5<>1>+��D�yP�)��Èe¿�J�p

�5<>1>���+�À+�����D�yP�)
���)�#�È��D�cYa

W�����µa+]�È
��È�£5<>1>�?¾����K�'TÁ�(Hirtz et al., 

2010)È¶�l�½���u*��)��£5<>1>yP�iM+{�)�È�£5<>

1>´«�B���¸¢�°p�Ç� R-134a�d[�%È�¡ kg�5<>1>+yP�
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B., 2–3Ȝδ�Ǆ͂(�B(Hirtz et al., 2010)�i��Z�͓ϟ˾ȷ.ůΦʹ+͒Å,�	

'ϩ͏͌Φ.i��Z�͓̱FˇȜδ,q�^ʡ,ͪʵƃ,ɭÞ�B�)�ʫǎ(�B�

)
@ϩɝʿi��Z�.ōğ/ϩʫǎʹ+͓ϟȲ´�Εǖ(�+	��Ȏϩƙʄ(ɸ½

.»˶I�X��ϙ/ϩŖΦ.i��Z�͓̱FˇȜδ(ͪʵƃ,ɭÞ�B�)�ŵȘ(

�B� 

ɝʿ8!/¥ʿi��Z�͓ϟ(/̬ɝʿ,ʋ͉�Bi��Z�FǱĖ�ϩ�.ʓƦF

ůΦ�B��!�$'i��Z�ʓƦ.�lc��V͓ȋ)�'/ʮʯ¨
@̬ɝFǱĖ

�B�),+B�»˶I�X��ϙ.ōğϩ̬ɝFǱĖ�åĎ�'ƾ@CB̬ɝç̋ɞ(Ǳ

ĖȜ˳ 30°C²�),ŭß,ʋ͉�B!;ϩ�lc��V͓ȋ)�'/̬ɝç̋ɞFǱĖ�

C0Ąê(�B��.ǱĖȎɫ/åĎXK�,̬ɝFžÞ�ϩXK�ß½Fɞå�B)	


��˭Ċ+<.(�B�8!ϩǱĖŵĴ<�̟ʹ+ŷȻę̘+|�Ne��̿ŵĴ(?

	��.̬ɝç̋ɞ.ǱĖ/ˇȜδ(ʀ:!;ϩŖ�.ʮʯ¨
@ϡϕƦ(͓ȋFǱĖ�

B�)�ę̘(�Aϩ�.�)/i��Z�ķƘF͔˺,͆ʅ�B.,Ƶˠ%��Ȏϩɝ

ʿi��Z�.êȶ.!;,/ϩ̬ɝ�.ϋç̋ǊR^FǱĖ�+�C0+@+	(ɝʿi

��Z�/ϋç̋ǊR^(�B)��.!;I�Q�ʋɸFù�!˂˞ǱɝʭFʰ	BǱĖ

Ȏɫ(Giggenbach and Goguel,1986)�Ǆ͂(�Aϩ̬ ɝç̋ɞ.ǱĖ?A<Ǿ¿�̀φ)+Aϩ

ǱĖȜδ�ί�+B�8!ϩ˂˞Ǳɝʭ�.<.�͓ȋ.ÉŦ,ÁECB!;ϩŖȆ.͓

ȋFǱĖ�B,/˂˞ǱɝʭFŖ�ʊÓ�BǄ͂��B��!�$'ϩϡϕƦ.�lc�

�V͓ȋǱĖ.͆ʘ
@ϩ»˶I�X��ϙ/ɝʿi��Z�͓̱?A<ïÆǊ�ϡ	)

	�B� 

 

(3) i��Z�͓̱.̓ʜǊ 

ŃʜŃŊ,Áʰ�CBi��Z�͓̱/Ąê+̓ʜǊFȧ�BǄ͂��B�ɝʿi��

Z�Ē2¥ʿi��Z�.̓ʜǊ/ Adams (1995), Adams et al. (2000, 2004)�?2ȍNm�

T��ʯɆǜ̶̅ğγʷɏɉ (1998),?BŲãŰϟ,?$'Ʌ͍�C'	B��.Űϟ(

/ɝʿi��Z�. R-134aĒ2 SF6)»˶I�X��ϙ.�cn��ϩNcn���?2

1-v�qn��.̓ʜǊ�͓ϟ�Cϩļ 2.1.?
+˾ȷF˓��Űϟ(/ϩi��Z�͓

̱FR�^I�v�,żÞ�ϩP�iU��uã( 250°C
@ 330°C.Ȳ´(ϩȥί 15Ȓ

δùʜ�!�Űϟƻϩʜê͉��ɕʵ�!i��Z�͓̱.ɕŦʥ�ɟ;@Cϩ�.ɕŦ

ʥ�Ř�	6*̓ʜǊ�ϡ	)͒Å�C'	B�͓ϟ,Ã�C!͓̱.�( SF6)�cn
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図2.1 低級アルコール類および気相トレーサーの耐熱性室内実験結果
(Adams, 1995, Adams et al., 2000, 2001および 新エネルギー・産業技術総合開発機構 ,
1998のデータから作成)
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��.̓ʜǊ/ϋƙ,ϡ�ϩpH� 4²�.ʋɸ).âŦȲ´,��B 300°C8(.ùʜ,

?Aϩ95%²��ɕŦ�B�Ncn��) 1-v�qn��.̓ʜǊ/�C?AơêúB<

..ϩɕŦʥ/ 300°C8(.Űϟ( 80%õƻ)ϩi��Z�)�'/Ąê+̓ʜǊFÓ�

B�!"�ϩNcn��,Ż�B 300°C
% pH 4.Ȳ´�?2ϩ1-v�qn��,Ż�B

280°C
% pH 3.3.Ȳ´(/ϩʜê͉.˘Ʀ�Ř��+BÕĢ��B(ļ 2.1)�ȑ,Űʰā

�C'	Bɝʿi��Z�. R-134a.̓ʜǊ/Ncn��) 1-v�qn��)67Ġ˦


�C?AE�
,úAϩ270°C) 290°C(.Űϟ(.ɕŦʥ/�C C˳ 80%)˳ 60%(

�B��!�$'ϩ280°C²�
%» pH.Ȳ´Fμ�ϩ»˶I�X��ϙ/ȑŦ.ɝʿi

��Z�͓̱)Ġ˦²�.̓ʜǊFǨ%)͒Å(�B� 

ȵƎŃŊ.ìȪ.ͪʵƃʄƦ/ 250°C
@ 277°C)Ǵů�C(Hanano and Matsuo, 1990)ϩ

�@,ϩņĘ,��B̬ɝʄƦ
@ɭɞɲ½/ 220°C˘Ʀ8(ùʜ�CB)Ǵů(�B�

�!�$'ϩ�΅.Űϟ˾ȷ?Aϩ»˶I�X��ϙ/ȵƎŃʜͪʵƃ.ʄƦȲ´�(ϩ

i��Z�͓̱)�'Ąê+̓ʜǊFȧ�B)íȌ(�B� 

 

(4) i��Z�.êȶůΦ�κ 

i��Z�͓ϟ(/ϩi��Z�.ķƘ.ȧʚ)ķƘΦ.ȜδŔāF͛5B!;,ϩ�

lc��V͓ȋ�.i��Z�ʓƦFāŪêȶ,?$'ůΦ�B��.ȜϩůΦ�κÎ�

»	6*i��Z�Ʌé.ę̘Ǌ�ϡ8Aϩi��Z�.ǟÞΦ�ƀ+�'�:�8!ϩ

i��Z�ķƘì;.ǁƭ+i��Z�ʓƦ.�ȖFɅˆ�B!;,<ϩůΦ�κÎ/(

�B"�»	Ȏ�?	�ɝʿi��Z�.êȶ/ωŤǭʤɅéĴ(ECD)FÓ�!R^U�}

iV�tFʰ	'̵ECϩ�.ůΦ�κÎ/ϋƙ,»�ϩ1 ppt
@ 100 ppt)Ōħ�C'

	B(Adams, 1995; Adams et al., 1999)��C,Ż�ϩ»˶I�X��ϙ/�̟,wfj^y

�^ɫ,?BI�X��ǣéɫ)ɞ˷ʖKP�ɅéĴ(FID)FÓ�!R^U�}iV�tF

ʰ	'êȶ�Cϩ�.ůΦ�κÎ(0.1–0.5 ppm; Hirtz et al., 2010)/ɝʿi��Z�?A<ϡ

	��C/I�X��Fʰ	Bi��Z�͓ϟ.ƭʘ)	�B�ϩ²�.Ɛś,?Aȁĳ

F/
$!� 

wfj^y�^ɫ(/ϩY�̿.`vc�(ã̮)FÓ�!pKI�,ǹʷǊ.êȶǖêF

Ĥ:͓ȋʋɸFêĖ�ϩpKI��Ξ,ɝʿ˞δ(wfj^y�^)�(�B?
,żÞ�B�

�.pKI�F�ůʄƦ(ÉǨ�ϩǹʷǖê.ɝʿϪɸʿêΠ�Ɲ̷,Ε�!ƻ,ϩwf

j^y�^.�ΞFR^cKi\��](Ǡ�ĖAϩR^U�}iV�t,ɭÞ�B�%
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8AϩR^U�}iV�t,ɭÞ�CBêȶǖê.ͯΦ/ϩ͓ȋʋɸ
@ɝʿ,êΠ�C

BͯΦ.�Ξ,ñκ�CB�»˶I�X��ϙ/̬ɝŀ�ɛͼʹ»	!;(̸ 2.1)ϩwfj

^y�^,êΠ�CBͯΦ<ʿǆ,ƀ+�ϩ˾ȷ)�'ϩR^U�}iV�t,ɭÞ(�

BͯΦ<ſ��+B�R^U�}iV�têȶɫ(/ϩR^U�}iV�t,ɭÞ�CB

êȶǖê.ͯΦ�Ř�	6*ɅéĴ
@.é÷Î�Ř��+B.(ϩ»˶I�X��ϙ.

ǹʷǊ.ʠǂ/��(/ƭʘ)+B��.ȁĳ)�'ϩêȶǑƦFĢ���B!;,ϩê

ȶǖê.ɭÞͯΦFő=��)�̑�@CB��.!;ϩwfj^y�^ɫFʰ	+	(ϩ

͓ȋʋɸFR^U�}iV�t.ɝāŲ,ʾǳɭÞ�BȎɫF͓9!��.Ȏɫ,?Aϩ

Ncn��ϩ1-v�qn���?2 2-v�qn��.ůΦ�κÎ/ 0.03 ppm)+Aϩƽȳ

.wfj^y�^ɫ.ůΦ�κÎ?A<�ȿſ��(�!��
�ϩ�cn��,%	'

/ĠȜ,ɭÞ�CBɞ.Ɯʁ,?Aϩ�.ůΦ�κ/ 0.1 ppm )ƽȳ)ŔE@+	��.

?
, 3˙ϙ.»˶I�X��ϙ(ůΦ�κ.ȁĳ�̓@C!<..ϩÄʛ)�'ɝʿi

��Z�.ůΦ�κ?Aϡ	��
�ϩ�.ʘ/ϩŖΦ.¥ʿi��Z�͓̱FˇȜδ,

ɭɞ¨,ǟÞ�ϩ�lc��V͓ȋ�.i��Z�ʓƦFϡ�É%�)(ʿɗę̘(�B�

8!ϩ͓ȋFʾǳɭÞ�Bêȶɫ/ϩwfj^y�^ɫ)ɛ5'êȶȜδ�ˇ�'�9ϩ

�.êϩŖȆ.͓ȋêȶ�ę̘)+AϩϡϕƦ.i��Z�ķƘ�lc��V,ȧþ(�

B� 

 

(5) i��Z�͓̱.ʬŐ̦ͨ)ÞǙ,Ż�Bñκ 

ɝʿi��Z�)�'ʰ	@C!R^͓̱/U��t�P�Q�{�(CFCs)ϩoKj�

t�P�Q�{�(HFCs))	$!åţR^�?2́̉R^(SF6)(�B��.ãϩU��t

�P�Q�{�/Pb�ƃˌŒʟͯ)�'�.̿΋)ǯé�̈́ñ�C'�Aϩi��Z�

͓ϟ,Áʰ�B¤/(�+	(ʠůʟͯ.̈́ñ˦,?BPb�ƃ.Éͤ,ε�Bɫƺ: Țī

áĄ�ƞ§Ȧ¥ĄȒɫƺ˥§Ą�Ĝ; UNEP, 2009)��.!;ϩʩŁi��Z�͓ϟ,Áʰ

(�B./ HFC. R-134a(�B(Sugandhi et al., 2009)�HFC. R-23<i��Z�͓̱)�

'ʰ	@C'�!�(Adams et al., 2001)ϩ�.̿΋Φ/΃ƞʂƀ�'�AϩÞǙ�ĺψ)+

$'	B(Sugandhi et al., 2009)�ɝʿi��Z�͓̱.˙ϙ�ʂƀ�B)ϩ̀Ȇ.ɭɞ¨F

ʰ	!ĠȜ.i��Z�͓ϟ(}�ei��Z�͓ϟ)�Űȏ(�+�+B!;ϩȍ!+ɝʿ

i��Z�.γʷ�̵EC'	B�Â�0ϩSugandhi et al. (2009)/q�t�P�Q�{�

(PFCs)FK�jm\I DarajatŃʜŃŊ(Áʰ�!��
�ϩPFCs�?2 SF6/ŃʪʄȠā
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ÇȆ.ϡ	R^)͖ů�Cǯé.ôʂ�Ƕİ�C'	B(United Nations, 1998)�ɝʿi��

Z�/ʷωZKU�.�(Řɝ�,ǯé�CB!;ϩPFCs�?2 SF6.i��Z�)�'

.Áʰ,/­ƻ�@+Bñκ�͚�@CBę̘Ǌ��B� 

ɝʿi��Z�͓̱)ʶ+Aϩ»˶I�X��ϙ/�̟ʹ+ƐɆ̿Ĭ(�Aϩ	�C.

˙ϙ<ÞǙ�ŵȘ(�B�i��Z�)�'Áʰ�CB»˶I�X��ϙ<ŘΞê/Řɝ

,Ȃé�CB�ϩʬŐ4.̦ͨ/ʚͅ(�B)̑�@Cϩ­ƻ<̂̃�'Áʰ(�B)í

Ȍ(�B�i��Z�͓ϟ,/ɛͼʹŖΦ.i��Z�͓̱FǄ͂)�B!;ϩ͓̱.Þ

Ǚ.ŵȘ�<»˶I�X��ϙ�Ǩ%ïʘ)	�B� 

 

²�΅5!�)
@ϩ»˶I�X��ϙ.ʠǊ/ϩi��Z�͓ϟȎɫ.͂˷(�B 1) 

i��Z�.ɭɞ¨4.ǟÞϩ2) i��Z�ķƘFˎ͖�B�lc��V͓ȋ.ǱĖϩ3) 

�lc��V͓ȋ�.i��Z�.êȶ�ůΦ.	�C,�	'<ȧþ)íȌ(�B� 

 

2.3 »˶I�X��ϙFʰ	!¥ʿi��Z�͓ϟȎɫ  

i��Z�͓ϟ.Ǚϒ/ϩ1) i��Z�.ɭɞ¨4.ǟÞϩ2) i��Z�ķƘFˎ͖�

B�lc��V͓ȋ.ǱĖϩ3) �lc��V͓ȋ�.i��Z�.êȶ�ůΦϩ4) i��

Z�ķƘFĔș�BůΦÎ.Ėƾ. 4%.ɖο,ê
CB�²�ϩ»˶I�X��ϙ.ʟ

ǊFŋ,�'γʷ�ϩŰς,ȵƎŃʜŃŊ,Ηʰ�!¥ʿi��Z�͓ϟȎɫF͎΅�B� 

 

2.3.1 I�X��.ɭɞ¨4.ǟÞ  

Ȯˊ˝(/ 4Ȯ.ɭɞ¨FÁʰ�' 6ķ.¥ʿi��Z�͓ϟF 2000ƞ
@ 2007ƞ,


�'Űȏ�!�i��Z�.ɭÞ,ʰ	!ɭɞ¨/ MR-1ϩM-6ϩM-13�?2 M-14(�

Aϩ�C@.Π̏Fļ 2.2,˓���.ãϩMR-1/ίȪ.ɭɞ(1988ƞ
@ 2003ƞ8(.

˳ 15ƞδ)F̵$'	B��.¯.ɭɞ¨/Ȯȳʮʯ¨(�Aϩ̌ Ȫδ(10�ȦȬʈ).ɭɞ

͓ϟȜ,κAɭɞ¨)�'ïʰ�C!�MR-1) M-13,Ż�'/�C CŰȏƞFŔ�'

2ķ.i��Z�͓ϟF̵$!�²ƻϩ6ķ.i��Z�͓ϟF͢î�B!;,ϩi��Z

�FǟÞ�!ņ¨ġ,ŰȏƞFǧƬã,°�!<.F͓ϟġ)�'Áʰ�B�͓ϟġ/²

�.)�A(�B� 

MR-1͓ϟ(2000)ϩMR-1͓ϟ(2003)ϩM-6͓ϟ(2000)ϩ 

M-13͓ϟ(2002)ϩM-13͓ϟ(2007)ϩM-14͓ϟ(2001) 
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i��Z�͓̱)�'»˶I�X��ϙ(�B�cn��ϩNcn��ϩ1-v�qn�

��?2 2-v�qn��Fʰ	!�i��Z�͓ϟ,Áʰ�!»˶I�X��.˙ϙϩΤ

Φ�?2ǟÞȜ.i��Z�ʋɸ.̅i��Z�ʓƦF̸ 2.2,˓��i��Z�/ϩ�˙

ϙ.I�X��ʋɸ�?2¥˙ϙ.I�X��ɼğʋɸF�@
�;ɞ(ƖΣ�!ɞʋɸ

)�'ϩ�B	/�˙ϙ.I�X��F˳ 100%.Đɸ)�'Áʰ�!�ʮʯ¨,��Bi

��Z�ķƘFȧǏ+ʓƦ(Ʌé�B!;,ϩ100 kg 
@ 3000 kg .ˬĻ(i��Z�F

Áʰ�!� 

Û,΅5!?
,ϩ»˶I�X��ϙ/ƙʄ(ɸ½(�Aϩ
%ɞ)µǏ.öğ(ɼ�

Ağ
ǊͯFǨ%!;ϩɸ½)�'ɭɞ¨,ǟÞ�B�)�ę̘(�B�ļ 2.3,i��Z

�ǟÞȎɫF˓��ɭɞȜ,�	'ϩɭɞ¨�ͨ.ņĘŀ÷F˓�ņĘ(ĥƪ÷�ʮ�B

ōğ/ϩi��Z�.ΒǻŵĴ)ɭɞ¨.ņĘF̓ŀz�^(ǳ̃�ϩi��Z�Fʾǳ

ǟÞ�!�ɭɞ¨�ɒ.ņĘŀ÷F˓�ōğ,/ϩ·ɸ|�vFʰ	'i��Z�Fɭɞ

¨,ǟÞ�!�i��Z�ǟÞ�/ 10 t/h 
@ 40 t/h .ɲΦ(ɭɞF̂̃�!�̸ 2.2,

˓�?
,ϩi��Z�ʋɸ.ŵΦ/ 1.6 kl
@ 4.0 kl(�Aϩ�C@F 5ê
@ 45ê


�'ɭɞ¨,ǟÞ�!� 
 

2.3.2 I�X��êȶ.!;.�lc��V͓ȋǱĖ  

õ΅.?
,ϩi��Z�͓̱)�'ʰ	B»˶I�X��ϙ/ʮʯ̬ɝFåĎ�B�

)(ǱĖę̘+̬ɝç̋ɞ,ŵȘ,ʋ͉�B��!�$'ϩ�lc��V͓ȋ)�'̬ɝ

ç̋ɞFļ 2.4,˓�Ȏɫ(²�.Ǚϒ,?AǱĖ�!� 

ȵƎŃŊ(/ʮʯ¨�),ɝɞêχĴ�Ó�@C'�Aϩ�.̬ɝΠ˪,ĖA°�@C

!Z�v��Vp�u,åĎXK�FĖA°�'̬ɝç̋ɞF|�Ne��̿ŵĴ(100 

ml),ǱĖ�!�̬ɝç̋ɞ,/ˍāɞ˷�Ĥ8C'�AϩI�X��êȶ.ς,êȶ̻̏

(R^U�}iV�t),ǺÔF��B��CFθ�!;,ϩǱĖ�!̬ɝç̋ɞ, 5%.Ρ

΢©Ωʋɸ(�B	/Ρ΢Qj~L�ʋɸ)F 0.1 ml ɽù�ϩˍāɞ˷Fˍā©Ω(�B	/

ˍāQj~L�))�'ɢɘ��êχ�!��͓ȋ.ǱĖ,/˳ 10êF͂�!�i��Z

�ʓƦ�pfUV�L�jÎ8(»��B�)Fˎ͖�B!;ϩ͓ȋ.ǱĖ/ 1�Ȧ²�

̂̃�!��.ςϩ̬ɝʮʯF̵$'	!ßʮʯ¨(��:- 10ņ¨)FŻͧ)�'͓ȋF

ǱĖ�êȶ�!�+�ϩ±̸ʹ+͓ȋǱĖ.ϕƦ/ϩi��Z�ǟÞƻ. 2Ȓδ/ 1Ȝδ


@ 4Ȝδ, 1ķ)�ϩ3Ȓ²ι/ 1Ȓ 2ķϩ1΍²ι/ 1Ȓ 1ķϩȆ΍δ˽Γ²ι/ȆȒ

, 1ķ)�!� 
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PG

P

Injection well

Water 
injection

Container of tracer (200 l drum)

Tracer tank (2 kl)

Tracer

Valve

P High-pressure 
pump

PG Pressure gauge

Pressure-proof 
hose

<Injection method 2>
Where wellhead pressure was positive, tracer 
solution was once moved into a tracer tank, then 
injected using a high-pressure pump.

図2.3 トレーサー投入方法

Tracer penetration from wellbore into a reservoir

Ground

Measurement of 
wellhead pressure, 
checking if it was 
positive or negative

<Injection method 1>
Where wellhead pressure was negative, 
containers of tracer were connected to valves 
attached on wellhead with pressure-proof hose, 
then tracer solution was injected by suction of the 
injection well.
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Steam line
(cross section)

Steam sampling valve

Pressure-proof flexible tubing

Cooling coil (stainless steel tubing)

Polyethylene screw 
cap bottle (100 ml)

Cooling water

図2.4 モニタリング試料採取方法

Samples were treated with 
0.1 ml of 5% zinc acetate 
(cadmium acetate) solution 
to precipitate H2S to protect 
the GC column and detector.
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2.3.3 I�X��.êȶȎɫ  

I�X��êȶ.Ɉ͂Fļ 2.5,˓��̬ ɝç̋ɞ.I�X��ʓƦ/R^U�}iV�

t((Ƚ)ƌɰ̿¿ǘ GC-14B)Fʰ	'êȶůΦ�!�ɅéĴ/ɞ˷ʖKP�ɅéĴ(FID)(�

B�I�X��.êχ,/ Carbopack 80/120�f\�(SPELCO̿)FÚŏ�!^g��^̿

êȶQ��(ãƸ 3mmϩί� 3m))ϩϡ˵Ʀ˟˷.S��I�R^Fʰ	!�êȶ͓ȋ�?

2ɅΦʰɋʊ͓ȋ/ɸ½.88R^U�}iV�t.ɝāŲ,ɭÞ�!�ɭÞ,/ůΦ\

��]FÓ�!P�iK�]MUc�Fʰ	ϩ�ķ.ʅů,%� 1�l
@ 5�l.êȶ͓ȋ

FɭÞ�!�ʓƦ/ŕΞɋʊɫFʰ	'ɅΦ�ϩêȶůΦ�κ/ϩNcn��ϩ1-v�q

n��ϩ2-v�qn��/ 0.03 ppmϩ�cn��/ 0.1 ppm (�B��͓ȋ.êȶ,/˳

15ê
@ 20êF͂�!� 
 

2.3.4 i��Z�ķƘh�c.ĖƾȎɫ  

i��Z�͓ϟ,?$'ƾ@CBŋȮh�c/ϩ�lc��V͓ȋ.i��Z�ʓƦ.

ȜδŔā(�B��.ŋȮh�c,ϩʮʯ¨.̬ɝʮʯɲΦ�?2i��Z�.ɲÿ͵χ

F˼9ğE�'ϩi��Z�ķƘʥ)i��Z�ΊƦF͌˩�B�²�ϩ�C@.˩éȎ

ɫF͘ȗ�B� 

 

(1) ɒ̈́āi��Z�ʮʯɲΦ�?2i��Z�ķƘʥ 

i��Z�.ǟÞΦ�͓ϟ�),ʶ+B!;(̸ 2.2)ϩ̀Ȇ.͓ϟ˾ȷFůΦʹ,ɛͼ�

B,/ϩi��Z�ʓƦFɒ̈́ā�BǄ͂��B���(ϩ²�.ɒ̈́āi��Z�ʮʯ

ɲΦ(Normalized Tracer-Production Rate: NTPR )Fů̐�'ʰ	B�ʮʯ̬ɝ(̬ɝç̋ɞ),

Ĥ8CBi��Z�.ʓƦF C (mg/kg)ϩ̬ ɝɲΦF Gs (t/h))�B)i��Z�.ʮʯɲΦ 

Pt (g/h)/ɐ.?
,̸�B� 

 Pt =CGs  (2.1) 

�. PtFϩǟÞ�!i��Z�.ͯΦ M (g)(ö$!ÎFɒ̈́āi��Z�ʮʯɲΦ

NTPR (h-1))ů̐�B� 

 NTPR =CGs /M  (2.2) 

i��Z�ķƘ.̸ʩȎɫ)�'i��Z�ķƘȢ̈��B��C/ʮʯɲ½,Ĥ8C

Bi��Z�ʓƦ.ȜδŔāFǵ	!V�t(�B��.i��Z�ʓƦF NTPR,̏�

Ƿ�B)ϩ�.Ȣ̈)ɍͺ(ǫ8CBΞê.ό˜(NTPR.Ȝδ˜ê)/i��Z�.ķƘʥ

F̸��Ȯˢ,��Bi��Z�ķƘȢ̈/ß' NTPRFʰ	'˓�!� 
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Combustion gas
(hydrogen, air)

Column oven
(100°C)

Analytical column
(3 m x 3 mm)

Carrier gas
(high-purity 

nitrogen gas)

Vaporizing 
chamber(200°C)

Flame ionization detector
(FID; 250°C)

PC 
(recording and integration of chromatograms)

D/A converter

図2.5 ガスクロマトグラフによるアルコールの分析方法

Gas chromatograph
Shimadzu GC-14B

Auto injector
(maximum volume 10 μL)
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(2) i��Z�ΊƦ 

i��Z�.ɲÿΊƦFɛͼ�B!;,i��Z�ΊƦF²�.?
,ů̐�'ʰ	B�

i��Z�.ɲÿ͵χF L (ϭ)ϩi��Z��ʮʯ¨,ì;'ðΕ�B8(.ȜδF t (h)

)�B���( L/ɭɞ¨.ɲéʘ)ʮʯ¨.ɲÞʘδ.ʾ̈͵χ(΃¹�B�8!ϩt

/i��Z�ǟÞȜ
@�lc��V͓ȋ,ì;'i��Z�FɅˆ�B8(.˽ΓȜδ

(i��Z�.ķƘγšȜδ)(΃¹�B�LF t(ö$!ÎFϩi��Z�ΊƦ v (m/h))�

'ů̐�B� 

 v = L / t  (2.3) 

 

2.4 ȵƎŃʜŃŊ.¥ʿi��Z�͓ϟ˾ȷ  

��(/ϩȵƎŃʜŃŊ(Űȏ�!¥ʿi��Z�͓ϟ.˾ȷF͎΅�B�ļ 2.6,ϩĞ

͓ϟ(ƾ@C!i��Z�.ɲÿ˽ͷ)ɲÿȎĢFϩɭɞ¨.ɲéʘ)ʮʯ¨.ɲÞʘF

̍	"ʾ̈.˅č(˓��8!ϩi��Z�.ķƘγšȜδ(h)ϩɲÿ͵χ(m)ϩΊƦ(m/h)ϩ

ķƘʥ(wt%)F̸ 2.3,8);'˓�� 

 

2.4.1 MR-1 ͓ϟ (2000) 

2000ƞ 8Ȧ 6Ȓ,Ncn��) 2-v�qn��.ɼğɞʋɸϧ̅i��Z�ʓƦ 48 wt%Ϩ

F 8ê
�'ɭɞ¨ MR-1,ǟÞ�!�i��Z�/ʮʯ¨ M-1ϩM-5ϩM-12
@ķƘ�

!��.»˶I�X��ϙ.¥ʿi��Z�)�'.Ʌé/�ʴì.˾ȷ(�B�i��

Z�/�.ǟÞƻ˳ 30Ȝδ( M-1,ðΕ�ϩɐ	( 120Ȝδ²�
�' M-5) M-12,Ε

�!�i��Z�ΊƦFɛͼ�B)ϩM-14.i��Z�ΊƦ�ȥ<Ř��ϩM-5) M-12

,Ģ

ΊƦ/�C?A<ſ�	�)�E
B��C C.ʮʯ¨,��Bi��Z�.

ķƘȢ̈(NTPR.ȜδŔā)Fļ 2.7,˓��ļ
@E
B?
,ϩĞʮʯ¨.i��Z�

. NTPR/˳ 81Ȓδ(67pfUV�L�jÎ
ϩ<��/ϩ�C?Aơêϡ	Î,ĕȱ

�!� 

i��Z�ķƘȢ̈.Ʊʡ/ʮʯ¨ɚ,ʶ+B��.Ʊʡ.Ζ	/ϩ�C C.ʮʯ¨

4.i��Z�ķƘʥ.ƒ)+$'ʩCB��+E#ϩi��Z�ķƘʥ/ M-12�ȥ<Ř

��ϩM-5��C,̃�ϩM-1/ȥſ(�B(̸ 2.3)�8!ϩM-5) M-12,%	'ϩNc

n��) 2-v�qn��.ķƘȢ̈/¹!Ʊ(�B�ϩNTPR(Ȣ̈.ϡ�)/E�
,ʶ+

B�³,ϩɭÞ�!¥˙ϙ.i��Z��ß�Ġ�?
,Ǫÿ�B.(�C0¥˙ϙ.i
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図2.7 MR-1試験(2000)で得られたトレーサー回帰曲線 (M-1, M-5, M-12)
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��Z�. NTPR/êȶ͗ƒ.ˬĻã(Ġ�,+B��!�$'ϩȮ͓ϟ(/¥˙ϙ.i

��Z�.Ǫÿ,ƒ�ʮ�'	B��.Đĸ)�'ϩ¥˙ϙ.i��Z�.ǹʷǊ.ƒ,

?BɥϠȜ.êîΓ˘FǴů�'�Aϩ˥ 4ˢ,'ͣ͜�B� 
 

2.4.2 MR-1 ͓ϟ (2003) 

ɭɞ¨ MR-1,Ż�B¥ķʽ.i��Z�͓ϟ(/ϩ2003ƞ 5Ȧ 13Ȓ, 2-v�qn��

ϧʓƦ˳ 100 wt%ϨF 25ê
�' MR-1,ǟÞ�!�Ȯ͓ϟ/ϩMR-1͓ϟ(2000)?A<Ŗ

Φ.i��Z�Fʰ	B�)((̸ 2.2)ϩͪʵƃã(.ƖΣþȷ,?Bi��Z�ʓƦ.»

�F̾	ϩɭɞɲ½.ɲÿF?AƢ	ˬĻ(ˎ͖�B�)Fʽʹ)�'	B� 

¥ʿi��Z�/ϩMR-1͓ϟ(2000)˾ȷ)Ġ��ʮʯ¨ M-5) M-12
@ķƘ�!��

@,ϩʮʯ¨ M-8) M-15,<i��Z�.ķƘ�͖;@CϩMR-1͓ϟ(2000)?A<Ƣ	

ˬĻ(ɭɞɲ½�ɲÿ�!�)�ˎ͖�C!�MR-1͓ϟ(2000),�	'i��Z��ķƘ

�! M-1/Ȯ͓ϟȜ,/ʮʯFÏɑ�'	!� 

¥ʿi��Z�/ǟÞƻ 96Ȝδ
@ 192Ȝδ
�' M-5) M-12,ðΕ�ϩM-8) M-15

,/ 1510Ȝδ
@ 1850Ȝδ.
+Aί	ȜδF
�'ðΕ�!�ļ 2.8.i��Z�ķƘ

Ȣ̈(˓�?
,ϩM-5) M-12,%	'/ϩMR-1͓ϟ(2000)˾ȷ)ĠɊ,ϩi��Z�

.ķƘFΌ̃�'Ʌé�B�)�(�!�ϩM-8) M-15,%	'/Ȇķê.�lc��V

͓ȋ,.9i��Z�FɅé�!��.!;ϩļ 2.8, M-8) M-15/Ĥ;'	+	��C

@.͓ϟ˾ȷ/ϩM-5) M-124.ɭɞɲÿ)ϩM-8) M-154.ɭɞɲÿ.̈́Ɍ.Ζ	F

̸�'�AϩM-8) M-15,Ģ

ɭɞɲÿ/ſ̈́Ɍ(�Aϩi��Z�ΊƦ)i��Z�

ķƘʥ/�E;'ſ��̓˜<@CB(0.2 m/hϩ0.1 wt%Ȭʈ, ̸ 2.3)�8!ϩi��Z�͓

ϟȜ. M-5.̬ɝɲΦ/˳ 5 t/h )ƀ+�ϩ M-5. NTPR/ M-12)ɛ5'ϋƙ,ſ�	

<.)+$'	B(ļ 2.8)� 

M-5) M-12
@.i��Z�ķƘ.ʼͅ/i��Z�ǟÞƻ˳ 29Ȓδ(˻¢�!��

C/ϩʷωǘ.ůȪʘɅ.!;, M-5) M-12.̬ɝʮʯ�Ïɑ�!!;(�B��.ʼ

ͅȪδ,ϩNTPR.s�U/͖;@C!<..ϩi��Z�ķƘ/ĕȱ,̜$'	+	� 

Ȯi��Z�͓ϟȜ,/ϩ¥ʿi��Z�.ǟÞ.ʾƻ,ɸʿi��Z�FǟÞ�ϩɭ

ɞɲ½.ʜɞ(ɸ½))�'.ɲÿFΆͶ�!�ɸʿi��Z�,/i�N�^�z�΢ki

�L�FÁʰ�ϩʓƦ 33 wt%.ʋɸF 5ê
�' MR-1,ǟÞ�!)�D(̸ 2.2)ϩɸʿi

��Z�/ M-12"�
@ķƘ�!(̸ 2.3)��.ɸʿi��Z�.ķƘ,%	'/˥ 3ˢ

,'̑Ź�B� 
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図2.8 MR-1試験(2003)で得られたトレーサー回帰曲線 (M-5, M-12)
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2.4.3 M-6 ͓ϟ (2000) 

2000ƞ 2Ȧ 7Ȓ
@ 10Ȧ 23Ȓ,
�'˳ 9�Ȧδ.ɭɞ͓ϟFϩʮʯ¨ M-6F̚Ȝ.

ɭɞ¨,͹ʰ�'Űȏ�!(ɭɞɲΦ/ƝŅ 20 t/h (�B)��.ɭɞȪδ.ȭȪ,�!B 9

Ȧ 12Ȓ,ϩ1-v�qn��ɞʋɸ(ʓƦ 60 wt%)F 20ê
�' M-6,ǟÞ�!�i��Z

�/ʮʯ¨ M-8) M-13
@ķƘ�!��C C.i��Z�ķƘȢ̈Fļ 2.9,˓�� 

i��Z�ķƘȢ̈F̓B)ϩi��Z�/ǟÞƻE�
 10Ȝδ( M-8
@ķƘ�ϩ˳

44Ȓ(�.ķƘ/67ĕȱ�!�i��Z�ΊƦ/ 39 m/h(�AϩķƘȢ̈
@ɟ;!

M-8,��Bi��Z�ķƘʥ/ 73 wt% ,Ε�!��C@.ȆÎ/¯.͓ϟ˾ȷ)ɛ5

'Ř��ϩɭɞɲ½�Ř�+ɲΦ)ΊƦ( M-8,ɲÿ�!�)�ê
B��.i��Z�

ɲÿ.ʠǂ/ϩi��Z�ǟÞƻ 2Ȓ(éʩ�!i��Z�ķƘȢ̈.ϋƙ,Ϋ	 NTPR

.s�U(<ˎ͖(�B� 

8!ϩM-13,/i��Z�ǟÞ 49Ȝδƻ,i��Z��ķƘ�ϩ˳ 44Ȓ(�.ķƘ/

67ĕȱ�!�NTPR.s�U/i��Z�ǟÞƻ˳ 6Ȓ(éʩ� M-8.ōğ?Aΐ	�

i��Z�ΊƦ)i��Z�ķƘʥ/�C C 5 m/h) 10 wt%(�Aϩâ, M-8,Ż�B

ȆÎ?A<ſ��ϩi��Z�ķƘȢ̈/ M-8?A<»�+"@
(�B� 
 

2.4.4 M-13 ͓ϟ (2002) 

2002ƞ 10Ȧ 7Ȓ
@ 11Ȧ 4Ȓ,
�'˳ 1�Ȧδ.ɭɞ͓ϟFϩʮʯ¨ M-13Fɭɞ

¨,͹ʰ�'Űȏ�!(ɭɞɲΦ/ƝŅ 36 t/h (�B)��.ɭɞȪδ.�6*,�!B 10

Ȧ 24Ȓ,�cn��)Ncn��.ɼğɞʋɸϧ̅i��Z�ʓƦ 57 wt%ϨF 45ê
�

' M-13,ǟÞ�!�i��Z�/ʮʯ¨ M-6
@ķƘ�ϩ�.¯.ʮʯ¨
@.ķƘ/

͖;@C+
$!�M-13
@ M-64.i��Z�ɲÿ�ˎ
;@C!�)(ϩÛ. M-6

͓ϟ(2000)(̓é�C!M-6
@M-134Ģ

ɲÿȎĢ)ĔŻȎĢ.ɲÿ�ʮ�'	B�

))+Aϩ�ņ¨δ.ΈɞǊt�Ue�.ŦŁ�¥Ʀ.͓ϟ,?$'ˎ
;@C!(ļ 2.6)� 

M-6.i��Z�ķƘȢ̈Fļ 2.10,˓��ļ,?B)ϩi��Z�/ǟÞƻ˳ 70Ȝδ

(ķƘ�š;ϩ�.ķƘ/˳ 75Ȓ(67ĕȱ�!�)�ê
B�8!ϩi��Z�ķƘȢ

̈,/ NTPR.Ϋ	s�U�ʩC'	B�M-64.i��Z�ΊƦ/ 4 – 6 m/h (�Aϩ

M-6
@.i��Z�ķƘʥ/ 8 – 14 wt%(�B(̸ 2.3)�8!ϩMR-1͓ϟ(2000).˾ȷ)

ĠɊ,¥˙ϙ.i��Z�.ķƘȢ̈/ʿ¹Ʊ(�B�ϩNTPR,ƒ�ʮ�'	B��.Đ

ĸ)�'ϩ¥˙ϙ.i��Z�.ǹʷǊ.ƒ,?BɥϠȜ.êîΓ˘FǴů�'�Aϩ˥ 4

ˢ,'ͣ͜�B� 

35―      ―



0 10 20 30 40
0.0

1.0

2.0

3.0

4.0

5.0

6.0

M-13
M-8

N
TP
R

 (1
0-3

 h
-1

 )

Elapsed time (day)

1-Propanol

図2.9 M-6試験(2000)で得られたトレーサー回帰曲線 (M-8, M-13)
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図2.10 M-13試験(2002)で得られたトレーサー回帰曲線 (M-6)
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2.4.5 M-13 ͓ϟ (2007) 

ʮʯ¨M-13Fɭɞ¨)�B¥ķʽ.ɭɞ͓ϟ/ 10Ȧ 5Ȓ
@ 10Ȧ 23Ȓ. 18Ȓδ.9

Űȏ�C!�ɭɞȪδ�,ʮʯ¨ M-7.̬ɝʄƦ�»��!�)
@ϩʷωǘΒ͹�.ʫ

ʲ(�Ʀɭɞ�Ïɑ�Cϩ�ůɲΦ(.ɭɞ/Űȏ�C'	+	�ļ 2.11,˓�! M-13

4.ɭɞɲΦ.ȜδŔāF̓B)ϩɭɞȜ.ɭɞɲΦ/ 48 t/h 
@ 20 t/h .δ(Ŕÿ�'

	B�ɭɞȪδ.ìȪ,�!B 10Ȧ 9Ȓ, 2-v�qn��(ʓƦ˳ 100 wt%)F 12ê
�'

M-13,ǟÞ�!�õķ. M-13͓ϟ(i��Z��ķƘ�! M-6/ϩȮ͓ϟȜ,/ʮʯF

Ïɑ�'	!� 

i��Z�/ M-7,.9ķƘ�ϩ�.ķƘȢ̈F M-134.ɭɞɲΦ.ȜδŔā))<

,ļ 2.11,˓��i��Z�ķƘȢ̈,?B)ϩi��Z�/�.ǟÞƻ 18Ȝδ( M-7


@ķƘ�š;ϩ˳ 58Ȓ˽Γƻ,�.ʼͅF˻¢�!�Û,΅5!?
, M-134.ɭɞ

��ů(+
$!�)
@ķƘȢ̈/¯.͓ϟ˾ȷ.?
+ʌ@
+ŔāF˓��ϩɭɞ

.Ïɑ)äγ,ǆ˧�B?
,Ř��Ŕā�!��.!;͉ȶ�Ǐĩ.�Bi��Z�ķ

Ƙʥ/ƾ@C+	)íȌ�!(�.!;̸ 2.3,/ȆÎF͎ͽ�'	+	)� 

 

2.4.6 M-14 ͓ϟ (2001) 

͓ϟȜ,ȍ̈́ʮʯ¨(�$! M-144.i��Z�ǟÞ/ϩM-14.ǰô�͌ʳɺƦ,ð

Ε�!ƻ,Ί=
,Űȏ�!�͓ϟȜ,/ǰô�VFÁʰ�ϩj���VqKv.�ˣF

M-14.�͂+t�Ue�ɺƦ,͏̏�ϩ�.qKvFΉ�'i��Z�FǟÞ�!�2001

ƞ 5Ȧ 18Ȓ,Ncn��) 2-v�qn��.ɼğɞʋɸ(̅i��Z�ʓƦ 60 wt%)F 5ê


�'ǟÞ�!�M-144.ɭɞ/i��Z�ǟÞȒFĤ: 5Ȧ 9Ȓ
@ 6Ȧ 5Ȓ8(.˳

��ȦδŰȏ�ϩ̅ ɭɞΦ/˳ 23600 t (�B��C,/ǰô�.Ώɞ)ǰôƻ.̛ĵǞñ

.!;.ɭɞ�Ĥ8CB� 

¥˙ϙ.i��Z�.
# 2-v�qn��/M-7)M-11
@ķƘ�ϩNcn��/M-11

.9
@ķƘ�!��C@.i��Z�ķƘȢ̈Fļ 2.12,˓�(ļ.ɍͺ.Ċº/Ȝδ(

�B)�i��Z�ķƘȢ̈,?B)ϩi��Z�.ǟÞ 4Ȝδƻ,ϩM-14,ȥ<΃	ʮ

ʯ¨ M-11(ļ 2.6)
@i��Z�/ķƘ�š;!�M-11.ɐ, M-14,΃	 M-7(/ϩ17

Ȝδƻ,i��Z�.ķƘ�š8$!��ʮʯ¨)<,ϩi��Z�FǟÞ�'
@˳ 40

Ȝδƻ,/i��Z�.ķƘ/67ĕȱ�!� 

M-11) M-7,Ż�Bi��Z�ΊƦ/�C C 85 m/h ) 31 m/h )¯.͓ϟ˾ȷ)ɛ
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図2.11 M-13試験(2007)で得られたトレーサー回帰曲線 (M-7)
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図2.12 M-14試験(2001)で得られたトレーサー回帰曲線 (M-7, M-11)
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5'Ř��ϩʠ, M-114.i��Z�ΊƦ/ȮŃŊ.ß'.͓ϟ˾ȷ.�(ȥ<Ř�	�

�.Ĕόϩi��Z�ķƘ.ĕȱ,͂�BȜδ/˳ 40Ȝδ)�E;'ˇ	(ļ 2.12)��Ȏϩ

¯.͓ϟ(/i��Z�.ĕȱ,/�?� 30Ȓδ
@ 80ȒδF͂�'	B��@,ϩȮ

͓ϟ(.i��Z�ķƘʥ/	�C< 0.3 wt% Ȭʈ)ſ�	(̸ 2.3)��C@.ʠǂ
@ϩ

M-14,ǟÞ�C!ɭɞɲ½/ϩ�.���Ξ.9�΃σ.ʮʯ¨,Ģ
$'ϩŘ�+ΊƦ

(ɲÿ�!)	�B�8!ϩļ 2.12F̓B)ϩNcn��) 2-v�qn��.ķƘȢ̈/

ʿ¹Ʊ(+�ϩ�.s�U.º̏) NTPR,Ř�+ƒ�ʮ�'	B��.Đĸ)�'ϩ¥

˙ϙ.i��Z�.ǹʷǊ.ƒ,?BɥϠȜ.êîΓ˘FǴů�'�Aϩ˥ 4ˢ,'ͣ͜

�B� 

 

2.5 »˶I�X��ϙFʰ	!¥ʿi��Z�͓ϟɫ.͒Å  

ȵƎŃʜŃŊ(Űȏ�!i��Z�͓ϟ˾ȷFŋ,�'ϩȮˊ˝(γʷ�!¥ʿi��

Z�͓ϟȎɫ.Ǌ̘F͒Å�B� 

 

(1) i��Z�ǟÞȎɫ.͒Å 

ɭɞ¨,ǟÞ�!i��Z�ʋɸ.ŵ˜/ 1.6 kl
@ 4.0 kl)Ř��(̸ 2.2)ϩ�C@F 5

ê
@ 45ê.Ȝδ(ɭɞ¨,ɭÞ�B�)�(�!�Û,΅5!i��Z�ķƘ.̂̃Ȫ

δ(˳ 44Ȓ
@˳ 84Ȓ))ɛͼ�'�C@.ɭÞȜδ/ϋƙ,ˇ�ϩi��Z�/q�^ʡ

,ͪʵƃ,ɭÞ�C!)9+��)�(�B��!�$'ϩȮi��Z�͓ϟȎɫ,��

Bi��Z�ǟÞȎɫ/͓ϟʽʹ,Ż�ʫǎʹ)͒Å(�B� 

 

(2) �lc��V͓ȋǱĖȎɫ.͒Å 

Ğ͓ϟ(/ϩ�lc��V͓ȋǱĖ.ϕƦFϡ��B�)(ϩʌ@
(͔˺+i��Z

�ķƘȢ̈FƾB�)�(�!��.�)/ϩi��Z�.ķƘγšȜòϩΊƦ�?2ķ

Ƙʥ)	$!i��Z�ķƘFʠǂ&�BůΦÎ.˯ƦFˎÉ�B.,ȧþ(�B��@

, M-14(2001)͓ϟ˾ȷ.?
,ϩi��Z�.ķƘγš)ĕȱ�ϋƙ,ȕ	ōğ(<ϩȆ

Ȝδ�),�lc��V͓ȋFǱĖ�B�)(ϩ͔˺+ķƘȢ̈FƾB�)�(�!�²

�.�)
@ϩȮi��Z�͓ϟȎɫ,��B�lc��V͓ȋǱĖȎɫ/͓ϟʽʹ,Ż

�ȧþ)͒Å(�B� 
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(3) i��Z�êȶȎɫ.͒Å 

�lc��V͓ȋ(ɸ½)FR^U�}iV�t,ʾǳɭÞ�BȎɫ,?Aϩ4˙ϙ.»˶

I�X��(�cn��ϩNcn��ϩ1-v�qn��ϩ2-v�qn��)Fêȶ(�B�)

Fˎ͖�!��C,?A 4˙ϙ.»˶I�X��Fi��Z�͓̱)�'Űʰā(�!�

»˶I�X��êȶ.ůΦ�κÎ/ϩɝʿi��Z�͓̱.�C?A<ϡ	�ϩʩŁ.ů

Φ�κÎ(Ąê+˯Ʀ.͓ϟ˾ȷ�ƾ@CB�)�ê
$!�8!ϩȮêȶȎɫ,��B

êȶȜδ/ˇ�ϩ�.êi��Z�ķƘ.ϡϕƦ.�lc��V�ę̘(�B��.�)

/ϩi��Z�ķƘȢ̈�?2ĞůΦÎ.˯ƦĢ�,ͭ�B�8!ϩ¥˙ϙ.»˶I�X

��Fɼğ�'Áʰ�!͓ϟ,Ż�ϩȮêȶȎɫ(ȗ˄+ NTPR.ƒFž��)�(�!�

²�.�)
@ϩȮi��Z�͓ϟȎɫ,��Bi��Z�êȶȎɫ/͓ϟʽʹ,Ż�þ

ȷ�ϡ	)͒Å(�B� 

 

(4) i��Z�͓̱)�'.»˶I�X��ϙ.ΗǊ 

�Ό.i��Z�͓ϟFΉ�'ϩ4˙ϙ.»˶I�X��(�cn��ϩNcn��ϩ1-

v�qn��ϩ2-v�qn��)FÁʰ�ϩß'.˙ϙ.I�X��.ķƘFΌ̃�'Ʌé

�ϩʌ@
+i��Z�ķƘȢ̈FƾB�)�(�!�i��Z�ǟÞ
@i��Z�ķ

ƘɅé8(.ȥί.Ȝδ/ϩ�cn��)Ncn��(˳ 81Ȓϩ1-v�qn��(˳ 44

Ȓϩ2-v�qn��(˳ 84Ȓ)ϩɭɞɲ½.ɲÿFΆͶ�Bʽʹ,�	'�C CĄê+

Ȝδ)	�B��!�$'ϩ�C@.»˶I�X��ϙ/ϩŃʜʬŐ,Ż�'Ąê+̓ʜ

ǊFǨ#ϩŃʜʰ.¥ʿi��Z�)�'×C!ΗǊFȧ�B)͒Å(�B� 

 

²�.Ğ͒ÅF̅ğ�'ϩȮˊ˝(γʷ�!¥ʿi��Z�͓ϟȎɫ/ϩ	�C.͂˷

(i��Z�.ǟÞϩ�lc��V͓ȋǱĖϩi��Z�.êȶůΦϩi��Z�.̓ʜǊ)

,Ż�'<ȧþ(�Aϩ͓ϟ˾ȷ/͓ϟʽʹ,Ż�'Ąê+˯Ʀ)ÊϖǊFǨ%)íȌ(

�B� 

 

2.6 ˾͋  

Ȯˢ(/ϩ»˶I�X��ϙFi��Z�)�B¥ʿi��Z�͓ϟȎɫFγʷ�ϩȵ

ƎŃʜŃŊ,Ηʰ�!��.͓ϟ˾ȷ
@ϩȮ͓ϟȎɫ.Ǌ̘F͒Å�ϩ²�.˾͜Fƾ

!� 
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1) »˶I�X��ϙF¥ʿi��Z�)�B�)(ϩŖΦ.i��Z�ʋɸFˇȜδ(

ɭɞ¨,ǟÞ�B�)�(�B� 

2) »˶I�X��ϙF¥ʿi��Z�)�B�)(ϩ�lc��V͓ȋ.ǱĖȎɫ�˭

Æ(�9ϩϡϕƦ.͓ȋǱĖ�ę̘)+B��.˾ȷϩ˯Ʀ.ϡ	͓ϟ˾ȷFƾB�)�

(�B� 

3) i��Z�êȶ,�	'ϩɸ½͓ȋFR^U�}iV�t,ʾǳɭÞ�BȎɫFʰ	

B�)(ϩ4˙ϙ.i��Z�͓̱(�cn��ϩNcn��ϩ1-v�qn��ϩ2-v�qn

��)FÁ$!ϡϕƦ.i��Z�ķƘ�lc��V�ę̘(�B� 

4) ¥ʿi��Z�ķƘ.ί	ɅéȜδ(˳ 40–80Ȓ)
@ϩ»˶I�X��ϙ/ŃʜʬŐ

�(Ąê+̓ʜǊFȧ�B� 

5) »˶I�X��ϙ.¥ʿi��Z�)�'.ΗǊ
@ϩȵƎŃʜŃŊ(ƾ@C!͓ϟ

˾ȷ/͓ϟʽʹ,Ż�'Ąê+˯Ʀ)ÊϖǊFǨ%)íȌ(�B� 

 

43―      ―



 

ƪʰȈʣ  

Adams, M. C. (1995) Vapor, liquid and two-phase tracers for geothermal systems. Proceedings of 

the 1995 World Geothermal Congress, Florence, Italy, May 18-31, 1875-1880. 

Adams, M. C., Beall, J. J., Hirtz, P., Koenig, B. A., and Smith, J. L. B. (1999) Tracing effluent 

injection into The SE Geysers - a progress report. Geothermal Resources Council Transactions, 

23, 341-345. 

Adams, M. C., Yamada, Y., Yagi, M., Kondo, T., and Wada, T. (2000) Stability of methanol, 

propanol, and SF6 as high-temperature tracers. Proceedings of the 2000 World Geothermal 

Congress, Kyushu-Tohoku, Japan, May 28-June 10, 3015-3019. 

Adams, M. C., Beall, J. J., Enedy, S. L., Hirtz, P. N., Kilbourn, P., Koenig, B. A., Kunzman, R., and 

Smith, J. L. B. (2001) Hydrofluorocarbons as geothermal vapor-phase tracers. Geothermics, 30, 

747-775. 

Adams, M. C., Yamada, Y., Yagi, M., Kasteler, C., Kilbourn, P., and Dahdah, N. (2004) Alcohols 

as two-phase tracers. Proceedings of 29th Workshop on Geothermal Reservoir Engineering, 

Stanford University, Stanford, CA, USA, January 26-28, 2004, SGP-TR-175, 8p. 

Giggenbach, W. F. and Goguel, R. L. (1986) Methods for the collection and analysis of geothermal 

and volcanic water and gas samples. Department of Scientific and Industrial Research, Chemistry 

Division, New Zealand, 51p. 

Hanano, M. and Matsuo, G. (1990) Initial state of the Matsukawa geothermal reservoir: 

reconstruction of a reservoir pressure profile and its implications. Geothermics, 19, 541-560. 

Hirtz, P. N., Kunzman, R. J., Adams, M. C., Roberts, J. W., Sugandhi, A., Martiady, K., Mahagyo, 

P., and Iman, A. S. (2010) First multi-well vapor and two-phase tracer test in a geothermal 

reservoir, using perfluorocarbons and alcohols. Proceedings of the 2010 World Geothermal 

Congress, Bali, Indonesia, April 25-29, 12p. 

McLinden, M. O., Klein, S. A., Lemmon, E. W., and Peskin, A. P. (1998) Thermodynamic and 

transport properties of refrigerants and refrigerant mixtures database (REFPROP). Standard 

Reference Database 23 version 6.01, National Institute of Standards and Technology (NIST), 

Gaithersburg, MD. 41p. 

ȒȮɏ¶Ū¶ (1983) ǜ̶ͭȋ ɲ½.ʜʟǊÎυ. 547p. 

Poling, B. E., Prausnitz, J. M., and O'Connell, J. P. (2001) Fluid Phase Equilibria in 

44―      ―



 

Multicomponent Systems. The properties of gases and liquids, 5th ed., McGraw Hill, 8.1-8.204. 

Poling, B. E., Thomson, G. H., Friend, D. G., Rowley, R. L., and Wilding, W. V. (2008) Physical 

and Chemical Data. In Green, D. W. and Perry, R. H. (Eds.), Perry's Chemical Engineers' 

Handbook, 8th ed, McGraw-Hill, 2–1-2–517. 

ȍNm�T��ʯɆǜ̶̅ğγʷɏɉ Ńʜǜ̶γʷŲ (1998) Ɲǖ 9ƞƦl��Z�\�

K�͌ʳ̾û¤ɆǖȷŌħȤ ʜɞïʰʷωv��i˦γʷ/ɺΞŃʜͭʉǱĖǜ̶.γ

ʷ/ɺΞŃʜͭʉʮʯǜ̶.γʷ. 200p. 

Sugandhi, A., Hirtz, P. N., Mahagyo, P., Nordquist, G. A., Martiady, K., Roberts, J. W., Kunzman, 

R. J., and Adams, M. C. (2009) Results of the first application of perfluorocarbons and alcohols 

in a multi-well vapor and two-phase tracer test at the Darajat geothermal field, Indonesia, and 

implications for injection management. Geothermal Resources Council Transactions, 33, 

871-878. 

United Nations (1998) Kyoto protocol to the United Nations framework convention on climate 

change. 20p. 

UNEP (2009) Handbook for the Montreal Protocol on substances that deplete the ozone layer. 

Ozone Secretariat United Nations Environment Programme, Nairobi, Kenya, 572p. 

45―      ―



 

˥ 3 ˢ  ɭɞ,?B̬ɝćͳňŃʜͪʵƃɹϜ4.ʮʯ¨.ǆ˧.ůΦʹ͒Å  

3.1 ̇͋  

̬ɝćͳňŃʜͪʵƃ,ɭɞF̵
ͪʵƃɹϜFŰȏ�Bς,/ϩɭɞ,?Bͪʵƃ.

ΓƦ+åĎFΛ�Bɭɞ͏͌(ɭɞ.º̏ϩɲΦϩȪδ)�Τ͂(�B��.!;,/ɭɞ,

Ż�Bʮʯ¨.ǆ˧Fƙ,ʼͅ�ϩɭɞɲ½.ͪʵƃã,��BɲÿˬĻ)ɲÿǪÿFů

Φʹ,ǝǸ�B�)�Ǆ͂(�B�ȵƎŃʜŃŊ(/ʮʯ¨.ņĘŀ÷ϩʮʯɲΦϩ̬ɝ

ʄƦ�Ό̃͆ʅ�Cϩ8!ʮʯŃʜɲ½.āŪ˼ǖ�ůȪʹ,êȶ�C'�Aϩ�.˾ȷ

,ŋ&	'ʮʯ¨.ɭɞǆ˧)ɹϜþȷF͒Å�'	B�ɭɞǆ˧,/ʮʯɲΦ.őùϩ

̬ɝʄƦ.»�ϩ̬ɝ�.ϋç̋ǊR^ʓƦ.»��Ǫ�@CB��
�ϩɭɞ�ͪʵƃ

,Ē7�ƴώ.˘Ʀ)ϩʮʯ¨�Ǩ%Ľȧ.Ŕÿ.Ř��,?$'/ϩȗ˄+ɭɞǆ˧�

Ʌé(�+	ę̘Ǌ��B��.ōğϩɭɞǆ˧.ůΦʹ+͉Σ+@2,ͪʵƃɹϜ.͒

Å�ĺψ)+B��C@.ıϗF͉ɡ�B!;,/ϩɭɞ¨)ʮʯ¨.ɞʫʹ+̍�AF

ʾǳɅé�ϩɭɞɲ½.ɲÿǪÿFůΦʹ,͒Å(�Bi��Z�͓ϟFŰȏ�BǄ͂�

�B� 

ͪʵƃ4.ɭɞ/ͪʵƃɹϜ.ʽʹ.¯,ϩΆù¨Fȍ̈́,ǰô�BǰôƐ¤.ς,<

̵ECB��.ǰôƐ¤.ɭɞ,À�'i��Z�͓ϟFŰȏ�B�)(ϩȍ̈́ʮʯ¨)

ȑŦʮʯ¨.ɞʫʹ+̍�A.ȧʚFȍ̈́ʮʯ¨.̬ɝʮʯγš,Ûϝ�'ǣé�B�)

�(�B��@,ϩȍ̈́ʮʯ¨�̬ɝʮʯFγš�!ƻ,/ϩ�.ɞʫʹ+̍�AF®�

'ϩĨ΂.ȑŦʮʯ¨).δ,ʮʯƜʁ�ʷʮ�Bę̘Ǌ��B� 

Ȯˢ(/ȵƎŃʜŃŊ(Űȏ�!¥ʿi��Z�͓ϟ˾ȷ(˥ 2ˢ)Fϩʮʯ¨.ʟʫʹ�

?2ŃʪāŪʹŔā)ɛͼ�B�)(ϩʮʯ¨,ʩCBɭɞǆ˧.ƱǒFíî�ϩ�.ǆ

˧,%	'ůΦʹ+͉ΣF͓9B��@,ϩi��Z�͓ϟ˾ȷFʰ	!ņ¨δ.ʮʯƜ

ʁ.£ʅ)�.Ʌ͑F̵
� 

 

3.2 ̬ɝćͳňŃʜͪʵƃ(ʷʮ�Bɭɞǆ˧)ʮʯƜʁ.Ʊǒ  

3.2.1 ɭɞǆ˧.Ʊǒ  

̬ɝćͳňŃʜͪʵƃ4.ɭɞ�ƪ�ͱ��ʮʯ¨.ʮʯʡɩ.ŔāFɭɞǆ˧)Ī3

�))�ϩ�.ƱǒF²�,8);B� 

 

 

46―      ―



 

(1) ʮʯ¨,��B̬ɝ�?2ʜɞɲΦ.őù 

ɭɞɲ½�ʮʯ¨.Ȯȳ.ʮʯɲ½,ùEB�)(ϩʮʯɲΦ�őù�B�)Fɭɞǆ

˧.�%.Ʊǒ)Ǭ�B�ͪʵƃã(.ɭɞɲ½,?Bƈ½
@.ʜķĕΦ�ĄêŘ�	

ōğ/ϩɭɞɲ½�ͪʵƃã(ɥϠ�B�)(ɭɞͱʉ̬ɝ�ʷʮ�ϩ�C�Ȯȳ.ʮʯ

̬ɝ,ùEB�)(ϩʮʯ¨.̬ɝɲΦ�őù�B��C/ͪʵƃɹϜ.Ȯȳ.ʽʹ(�

Aϩ�.ÂFļ 3.1,˓�(Goyal, 1995)�8!ϩɭɞ,?Bʜķĕ��Ąê(ϩɭɞɲ½.

ßΦ�ɥϠ�+	ōğ/ϩɭɞɲ½.�Ξ/ɥϠ��ɸ½.88ʮʯ¨4ðΕ�ϩ�.˾

ȷϩʜɞF¸$'̬ɝ�ʮʯ�CB�8!ϩɭɞ,?$'ͪʵƃƈ½�ΓƦ,åĎ�CB

ōğ/ϩ̬ɝʮʯɲΦ�»��ϩ�C<ɭɞǆ˧)Ǭ�B� 

 

(2) ̬ɝʄƦ.»� 

ȵƎŃŊFĤ:̬ɝćͳňŃʜŃŊ(/ϩʮʯ¨
@Γʜ̬ɝ�ʮʯ�CB�)
@ê


B?
,ϩͪʵƃã,/Γʜ̬ɝ�ŦŁ�BϡʄϔŊ(²�ϩΓʜϔŊ)�ŦŁ�B��.

ΓʜϔŊ(/ϩĊʿ.ϛī̬ɝ�ɲÿ�Bς,ϡʄ.ƈ½
@ʜFė�ĖB�)(Γʜ̬

ɝ�ʷʮ�B��.ΓʜϔŊ,»ʄ.ɭɞɲ½�ɲÿ�B)ϩɭɞɲ½.ùʜ)ɥϠ.!

;,ƈ½.ʜ�ɷͬ�Cϩƈ½.ʄƦ�Ƽ�,»��B))<,ϩƈ½)ɭɞɲ½.δ.

ʜªǷþʥ�»��ϩ˾ȷ)�'�.ϔŊ
@ʮʯ�CB̬ɝ.ʄƦ/»��B(Goyal, 

1999)��!�$'ϩʮʯ¨.ņĘ,'Γʜ̬ɝ.ʄƦ(8!/ΓʜƦ)Fʼͅ�ϩ�C�»

��Bōğϩ�CFɭɞǆ˧.�Ʊǒ)Ǭ�ϩ�.ŰÂFļ 3.2,˓�(Goyal, 1999)��@

,ϩƈ½.åĎ�ɇƦ,Ύ:
ϩ<��/ɭɞɲ½.ɲΦ�Ŗ��Bōğϩ̬ɝʄƦ/Γ

ʜʄƦ
@ϛīʄƦ8(»��ϩ�.ƻʄƦ/ϛīʄƦ(�ů)+Aϩʮʯɲ½/ʜɞF

¸
�)�£ǎ�CB� 

 

(3) ϋç̋ǊR^ʓƦ.»� 

�̟,ϩŃʜ̬ɝ,ɛ5'ϩɭɞɲ½,Ĥ8CBϋç̋ǊR^/»ʓƦ(�B!;ϩŃ

ʜ̬ɝ,ɭɞͱʉ̬ɝ�ɼ�B)ϩŃʜ̬ɝ,Ĥ8CBϋç̋ǊR^/ƖΣ�CB��.

˾ȷϩņĘ(ƾ@CBʮʯ̬ɝ.ϋç̋ǊR^ʓƦ/»��ϩ�.ϋç̋ǊR^ʓƦ.»

�Fɭɞǆ˧.�Ʊǒ)Ǭ�B�ɭɞ,¸$'ʮ�!ϋç̋ǊR^ʓƦ.»�.ÂFļ 3.3

,˓�(Giovannoni et al., 1981)� 

 

47―      ―



Injection Recovery Factors in Southeast Geysers, California 173 

Recovery factors (RI O due to injection into CA 956A-1 

In this study, a total of 13 production wells are considered: eight wells located within the 

dashed outline showing maximum injection benefit, and the five nearby wells located outside 

this area exhibiting some injection benefit (Fig. 2). The combined normalized flow rate of all 13 

wells at 110 psig (758.4 kPag) wellhead pressure (WHP) is presented in Fig. 5 from January 1988 

to May 1993. Due to conversion of production well CA 956A-1 into an injection well, the flow 

rate of only 12 wells is plotted after October 1989. 

Decline rates, shown in Fig. 5, are estimated by excluding the data points affected by plant 

outages and testing. The 13 production wells, including CA 956A-1, exhibit an annual 

exponential decline of 26% in 1988 and 20% in 1989 before the start of injection into CA 956A-1 

in October 1989. During the next four months, the flow rate increased by 110 klbm/hr (49.9 t/h). 

This increase was experienced by the 12 wells (13 wells minus CA 956A-1) and was over and 

above the flow rate of the original 13 wells. Subsequently, the flow rate of these wells declined 

but at a moderate rate of 10.5%, as shown in Fig. 5. Injection into CA 956A-1 has helped in two 

ways: in reducing decline rates by 9.5%, and in providing an increase in the flow rate. The 

injection rate averaged over a month since start-up in October 1989 is also shown in this figure, 

and ranges from 300 to 800 gpm (18.9 to 50.5 l/s). 

The hatched area in Fig. 5 is used to calculate the recovery of the injected water. In these 

calculations, it is assumed that the original 13 wells would have declined at a 20% harmonic rate, 

starting in October 1989. This assumption is consistent with the behavior of these wells in 1988 

and 1989 (Fig. 5), where a moderation in decline rate from 26 to 20% is seen as a result of a 

decrease in flow rate. This assumption is also supported by the modeling effort of the Technical 

Advisory Committee appointed by the California Energy Commission (GeothermEx, 1992), in 

which an output projection of The Geysers field matched a harmonic decline trend. Addition- 

ally, recovery factors calculated by using harmonic decline assumption will be conservative 

compared to those using exponential or hyperbolic trends. 

Cumulative steam recovery, as well as recovery factors (RF) for three years, are shown in 

FLOW RATE OF WELLS SURROUNDING CA 956A-1 
FLOW RATE NoRMAu Jl'L~n AT llO PSIG w l l F  
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Fig. 5. Effect  of  in ject ion into C A  956A-1 on some  su r round ing  p roduc t ion  wells.  
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図3.1 注水による蒸気生産流量増量の例 (Goyal, 1995に加筆)

The recovery of the injected 
water as steam
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K[P[ Goyal:Geothermics 17 "0888# 2�08 04

Fig[ 7[ Temporal variation in wellhead temperature and enthalpy for CA 847!03 well[

front "Figs[ 00 and 01#[ A further increase in steam decline rate can be observed in
0885 and 0886[ Some of these decreases in steam ~ow rate can also be attributed to
scale deposits in fractures and changes in NCPA operations starting in early 0885[

7[ Heat transfer in a homogenous porous reservoir

By the time of the arrival of the thermal front in September 0883\ injection wells
CA 845A!0 and CA 845A!1 had accepted a combined water volume of 33[3 million
barrels "6 billion liters# at a wellhead temperature of 54�004>F "07�35>C#[ This
amount a}ected producers located within the dashed outline that surrounds an area
of approximately 095 acres "9[32 km1# on Fig[ 0[ At that time\ steam had a wellhead
enthalpy of approximately 0122Btu:lbm "1757 kJ:kg#\ as shown in Fig[ 2[ A downhole
enthalpy of 0150Btu:lbm "1822 kJ:kg# can be estimated\ allowing for a wellbore heat
loss of 17Btu:lbm "54 kJ:kg# as observed in the downhole P:T:S survey of CA 845A!
5 in December 0882[

For an average 49) recovery\ the injected water needs to extract 8[2 trillion Btu
"8[7 trillion kJ# of heat from rocks to convert from 89>F "21>C# water to a superheated

図3.2 注水による生産蒸気の温度低下の例 (Goyal, 1999に加筆)

(171°C)

(204°C)

(260°C) (2884 kJ/kg)

(2791 kJ/kg)

(2698 kJ/kg)
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Figure 4 Injection rate in well w 0  and total production increase in wells wl 
to w14. Wellhead temperature and pressure in the seven most produc- 
tive wells of the area. Average g a s  content in wells wl to w14. 

-80- 

図3.3 注水による蒸気中の非凝縮性ガス濃度低下の例 (Giovannoni et al., 1981に加筆)

Non-condensable gas concentration without water injection
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reinjection, the steam temperature of  M l b  decreased significantly. However ,  M l b  showed only 

this decrease in steam temperature and did not show any other change. 

As  seen in Fig. 7, the steam production rate of  M5 increased suddenly on 6 October 1989, 

from approximately 15 t/h to 25 t/h on average. At  the same time, though it is not shown in Fig. 

7, production of  hot water also increased from nearly zero to approximately 10 t/h. This increase 

occurred at the total cumulative reinjection of 36,000 tons. Because of  the difficulties of  tracer 

testing in this area as described above,  the precise evaluation of the recovery rate of  reinjected 

Po 
(barG) 

(barG) 

:l (barG) 

~barG) 

M R - 1  
40 : 

30 ¢/  - l "  

( t / h )  

C R  
+ . .  . . . . . . .  

No.5 

I{Jfl9 

1!t 
( t 'h ) 20 

1 0 f  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --" 

8 0 . 0 0 0  

70~X)0 

6 0 0 0 0  

~ , 0 0 0  

4o, o0o c~) 

30OO0 

2°.000 

~q000 

0 

Fig. 6. Record of the first reinjection experiment. (CL), the well closed; CR, cumulative reinjection; (EM), the well 
emitted; GR, reinjection rate; Gs, steam production rate; OH, power plant overhaul; T, steam temperature; Po, well 

head pressure in bar-gauge. 
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図3.4 注水井MR-1を用いた注水試験結果 1回目 (Hanano et al., 1991)
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図3.5 注水井MR-1を用いた注水試験結果 2回目 (Hanano et al., 1991に加筆)
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図3.6 注水井MR-1への注水流量と生産井M-12の蒸気・熱水流量の履歴
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ɭɞǆ˧.ǣéF͓9!�i��Z��ķƘ�!ʮʯ¨ M-8) M-13.̬ɝʄƦϩʮʯɲ

Φϩϋç̋ǊR^ʓƦ.ȜδŔāFļ 3.8,˓��ɭɞ͓ϟȪδ�. M-8) M-13.ņĘŀ

÷/˳ 0.45 MPa(Ǵ˗�'�Aϩ�.ŀ÷,Żǆ�BϛīʄƦ/˳ 145°C(�B� 

M-64.ɭɞγšõ,/ϩM-8/Γʜ̬ɝ(ΓʜƦ˳ 30°C)Fʮʯ�'�Aϩʜɞ/+	(ļ

3.8)�M-64.ɭɞ� 20 t/h .ɲΦ(γš�C! 5�Ȧ
@ 6�Ȧƻ,ϩM-8.̬ɝʄƦ�

»��š;ϩʮʯ̬ɝ/Γʜ̬ɝ
@ϛī̬ɝ4Ŕā�!�ĠȜ,ϩM-8.̬ɝɲΦ/˳

10 t/h őù�ϩʜɞ�π¸�B?
,+$!��@,ϩϋç̋ǊR^ʓƦ�ɭɞõ.±̸

Î
@ȥŘ( 0.7 wt%»��!(ļ 3.8)�M-8,/i��Z�.ķƘ��$!�)
@ϩ�C

@.ʟʫʹ�?2āŪʹŔā/ɭɞ4.ǆ˧)	�B��+E#ϩΓʜϔŊ,'ɭɞɲ½

�ɥϠ�'̬ɝ�ʷʮ�ϩ̬ɝ.ΓʜƦ.»�))<,ɲÿ˽ͷã.ɲ½�ϛīʡǒ,Ε

�B�),?Aϩ̬ɝɲΦ�őù�ϩʜɞ�π¸�B?
,+$!)̑�@CB�8!ϩ

ɭɞ
@ʷʮ�!̬ɝ,?$'ϩM-8,Ã˿�CBȮȳ.̬ɝ�ƖΣ�CB�)(ϩ̬ɝ

56―      ―



0 5 10 15 20 25 30 35
0.00

0.05

0.10

0.15

0.20

N
TP
R

 (1
0-3

 h
-1

 )

Elapsed time (day)

Sodium 
toluenesulfonate
2-Propanol

M-12

図3.7 MR-1試験(2003)における二相および液相トレーサーの回帰曲線

2-Propanol as a two-phase tracer
Sodium toluenesulfonate as a liquid phase tracer

57―      ―



図3.8 注水井M-6の注水流量と生産井M-8およびM-13の蒸気温度，生産流量，
非凝縮性ガス濃度の履歴
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図3.9 生産井M-14，M-7およびM-11の蒸気流量の履歴
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.ʮʯƜʁ.ę̘Ǌ)ˬĻF£ʅ�!�8!ϩȍ̈́ʮʯ¨
@ĨĻ.ȑŦʮʯ¨4.ɭɞ

ɲ½.ķƘ���ſ̈́Ɍ(�$'<ϩĠȜ,ʮʯF̵
ς,Ř�+ʮʯƜʁ�ʮ�Bōğ

��B�)Fȗ@
,�!� 
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˥ 4 ˢ  ͪʵƃã,��Bɭɞɲ½.ɥϠΓ˘)̬ɝêʥ.͉ȶȎɫ.γʷ  

4.1 ̇͋  

̬ɝćͳňŃʜŃŊ(/ϩͪʵƃ,«ʙʹ,ɭɞF̵
ͪʵƃɹϜ�ʮʯ¨.̬ɝʮʯ

Φ.̄Ǩ�?2ķǀ.ȧþ+Ǚɫ)+$'	B�ͪʵƃɹϜ,?B̬ɝʮʯ̘÷.ķǀ.

ǖøÂ/Kc�I.��h��ŃʜŃŊ)I��Q.[�RK[�_ŃʜŃŊ,ɟ;B�

)�(�B(��h��ŃŊ.Â: Bertrami et al., 1985; Cappetti et al., 1995; Giovannoni et al., 

1981; [�RK[�_.Â: Barker et al., 1995; Chasteen, 1975; Enedy et al., 1991; Gambill, 

1990; Goyal, 1999; Goyal and Box, 1992; Stark et al., 2005)� 

�Ȏϩɭɞ/ɭɞ¨)ʮʯ¨.δ.ɲÿ˽ͷFåĎ�ϩ�.˾ȷϩʮʯ¨.̬ɝʮʯ̘

÷Fʂ̹��BǋC��B��.åĎ/ϩɲÿ˽ͷĨ΂.ƈ½
@.ʜķĕΦ,Ż�'ϩ

ɭɞɲΦ�ΓŘ+Ȝ,ʷʮ�B��.!;ϩɭɞ͌ʳ(ɭɞɲΦϩº̏ϩȪδ).͏͌)�.

ȥΗā�ͪʵƃɹϜ,)$'Τ͂(�B��.ɭɞȎɫ.ȥΗā,�	'ϩɭɞɲ½�ͪ

ʵƃã(ɥϠ�B�)(ʷʮ�Bɭɞͱʉ̬ɝ.̬ɝêʥ(ͯΦêʥ)FůΦʹ,̓˜<B

�)��E;'Τ͂(�B�+�+@ϩ̬ɝêʥ/ɭɞɲ½.ɥϠ.˘ƦF̸�ϩ1	'

/ɭɞɲ½,?Bƈ½
@.ʜķĕΦFĔș�B)̑�@CB
@(�B� 

̬ɝêʥFǴů�BȎɫ)�'ϩɭɞɲ½,ǹʷǊʟͯF«ʙʹ,ɼğ�Bi��Z�

͓ϟ.Űȏ)ϩ�.˾ȷ.͉ȶ�Ǫ�@CB��+E#ϩǹʷǊʟͯ.�Ξ/ɭɞɲ½.

ͪʵƃã(.ɥϠȜ,ϩ�.ʟͯ,Ľȧ.ɝʿϪɸʿêΠÇȆ,�!�$'ɭɞͱʉ̬ɝ

,êΠ�CB�)Fïʰ�B��.ōğϩ̬ɝʿ.ǹʷǊʟͯ.ʓƦ/ϩɥϠõ.ìȪʓ

ƦϩɝʿϪɸʿêΠÇȆ�?2̬ɝêʥ(ɡů�CB� 

Adams et al. (2001) /[�RK[�_(Űȏ�!ɝʿi��Z�͓ϟ˾ȷ,Ż�'ϩ̬ɝ

êʥ.�h�͌˩F͓9'	B�ƶ@/�˙ϙ.ɥϠ�h�ϩ�+E#�ɖɥϠ(single-stage 

boiling)ϩŖɖɥϠ(multiple-stage boiling)�?2Ό̃ɥϠ(continuous boiling),Ż�'ϩi�

�Z�.ʓƦFi��Z�.ɝʿϪɸʿêΠÇȆ)̬ɝêʥ.εȆ)�'̸�'	B��

.˾ȷF̓B)ϩŖɖɥϠ�?2Ό̃ɥϠ�h�(/ϩɝʿi��Z�/ɥϠìȪ,ʮ�

B��E�
+̬ɝʿ(Â�0̬ɝêʥ� 0.03Ȭʈ),�.6)G*�êΠ�Cϩ�.ƻʷ

ʮ�B̬ɝʿ,/6)G*Ĥ8C+	��.�)/ϩɝʿi��Z��ΆͶ(�B./ϩ

ɭɞɲ½.ɥϠγšʾƻ,ʮ�B��ƀΦ.ɭɞͱʉ̬ɝ.9(�Aϩ̬ɝêʥ�Ƽ�,

őù�B?
+ϩΌ̃�!ɥϠΓ˘.ΆͶ/(�+	�)FǏĩ�B��.ʫʲ/ϩɝʿ

i��Z�.ɝʿϪɸʿêΠÇȆ�ɞ.ɥϠF͛5B,/�E;'Ř�	�),�B��
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!�$'ϩȵƎŃʜŃŊ.?
,ɭɞɲ½�Ό̃ʹ,ɥϠ�B)ǎů(�Bōğ,/ϩǹ

ʷǊ�ɝʿi��Z�?A»�ϩ?Aɞ,΃	ʟǊFǨ%¥ʿi��Z�Fʰ	B�),

?A̬ɝêʥ.?Aɒˎ+Ǵů�ę̘)+B� 

Û,΅5!?
,ϩAdams et al. (2001),?B̬ɝêʥ.�h�͌˩(/ϩ̬ɝ�.i�

�Z�ʓƦ/i��Z�.ìȪʓƦ�?2ɝʿϪɸʿêΠÇȆ)̬ɝêʥ(͎΅�CB�

�
�ϩɭɞɲ½�ɥϠ�Bõ,ϩi��Z��ͪʵƃ.ɲ½,?$'ƖΣ�CBōğϩ

i��Z�ʓƦ/ɥϠΓ˘,ù�'ƖΣΓ˘,?$'<ñƿ�CB��!�$'ϩ?A�

̟ʹ+Ȳ´Fǚ
ōğ/ϩ�.ƖΣΓ˘F̑Ǔ�+�C0+@+	��.ςϩ̬ɝêʥ.

˩é,/ƖΣʥ.Î�Ǆ͂(�B�ϩ�CFͪʵƃã,�	'˯Ʀ?�ɟ;B�)/ψ�

	��.!;ϩ̬ɝêʥ.˩éΓ˘
@ƖΣʥFĖAμ��)�(�C0ϩɥϠΓ˘.9

FĖAǚ
�),?Aϩ̬ɝêʥ.Ǵů�ę̘)+B�8!ϩ�.Ȏɫ/ͪʵƃã(ƖΣ

�ͱ�+	ōğ,<�.88Áʰ(�B� 

²�Fή9ϩȮˢ(/ϩĠȜ,ǟÞ�B¥˙ϙ.¥ʿi��Z�.ʓƦɛ
@ɭɞɲ½

.ɥϠΓ˘.˙ϙFíî�ϩ
%ϩɭɞͱʉ̬ɝ.̬ɝêʥF͌˩�BȎɫFȍ!,γʷ

�B��.ȎɫFϩȵƎŃʜŃŊ,��B MR-1͓ϟ(2000)ϩM-13͓ϟ(2002)ϩM-14͓ϟ

(2001).�ķ.͓ϟ˾ȷ,Ηʰ�B�)(�.ŰʰǊFˎ͖�B�8!ϩΗʰ�!˾ȷF<

),ϩͪʵƃɹϜ,?Bƈ½
@.ʜķĕ,%	'̑Ź�B� 

 

Ȯˢ(ĖAǚ
͎Ĝ.͘ȗF²�,˓�� 

B ɝʿϪɸʿêΠÇȆ (–) 

C i��Z�ʓƦ (��êʥ) 

R ɝ½ůȆ (J/K mol) 

C* i��Z�ʓƦɛ (–) 

T ́ŻʄƦ (K) 

V ˵ʟͯ.��½˜ (dm3/mol) 

x ɸʿ.��êʥ (–) 

y ̬ɝêʥ (ͯΦêʥ) 

∆y �ů.̬ɝêʥ (ͯΦêʥ) 
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T�\IȈť 

� ɱΦÇȆ (–) 

� ¥ǖê˱.¥ǖêq���c (–) 

� ¥êŤδ.ʿ¦¿ʰF̸�Nm�T�q���c (J/mol) 

 

�°�Ȉť 

i ǖê i (i��Z�<��/ɞ).ʓƦ<��/ʠǊ 

j ǖê j (i��Z�<��/ɞ).ʓƦ<��/ʠǊ 

 

�°�Ȉť 

O ɸʿ.ìȪʓƦ 

L ɥϠƻ.ɸʿ.ʓƦ<��/˵ɞ+ɸ½.��½˜ 

V ɥϠƻ.ɝʿ.ʓƦ<��/ɥϠƻ.ɝʿ.i��Z�ʓƦɛ 

 

4.2 ɭɞɲ½.ɥϠ.�h�  

ɭɞͱʉ̬ɝ.̬ɝêʥ.ǴůF̵
,/ϩŃʜͪʵƃã,��Bɭɞɲ½.ɥϠF�

h�ā�BǄ͂��B��.?
+�h�)�' Adams et al. (2001)/ϩ�ɖɥϠ(single-stage 

boiling)ϩŖɖɥϠ(multiple-stage boiling)ϩ�?2Ό̃ɥϠ(continuous boiling).�%.�h

�Fʰ	'	B� 

�ɖɥϠ�h�(Henley, 1984)/βέ˱(.ɥϠF̸��h�(�B�ļ 4.1,ϩ�.�

ɖɥϠ�h�.ɌƩļF˓��ļ/ϩɭɞ¨
@ʮʯ¨,Ģ�'ϩɭɞɲ½�ͪʵƃãF

ɲÿ�+�@ɥϠ�ϩɭɞͱʉ̬ɝ�ʷʮ�BΓ˘F̸�'	B��.�h�(/ϩɭɞ

ͱʉ̬ɝ/ƙ,ɭɞɲ½(ɸ½)))<,˗ÿ�ϩ̬ɝʿ.êχ�ͱ�+	ʘ�ʠǂ(�B� 

�ȎϩŖɖɥϠ�h�(Henley, 1984)�?2Ό̃ɥϠ�h�(Drummond, 1981)/γȂ˱,

��BɥϠFĖAǚ
�ļ 4.2/ŖɖɥϠ�h�FɌƩʹ,̸�'�Aϩļ 4.1)ĠɊ,ϩ

ɭɞɲ½�ͪʵƃãFɲÿ�+�@ɥϠ�ϩɭɞͱʉ̬ɝ�ʷʮ�BΓ˘F̸�'	B�

�ɖɥϠ�h�)ʶ+B./ϩĞɥϠ^g�],�	'�ů.öğ(�y)(̬ɝ�ɭɞɲ½

(ɸ½)
@êχ�Bʘ(�B�Ό̃ɥϠ�h�/ϩêχ�B̬ɝ.öğ(�y)Fʚκſ)�

!<.(�AϩāŪƐŪ.êΥ,�	'ϩĊ̬ʵ8!/�K��̬ʵ)?0CB(Doherty et 

al., 2008, p.13–109)�Ȯˊ˝�Żͧ)�B̬ɝćͳňŃʜͪʵƃ(/ϩ̬ɝϛīʥ�ϋƙ,
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図4.1 一段沸騰モデルの模式図
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図4.2 連続沸騰モデルの模式図
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ϡ	ϔŊ�Ʊǖ�Cϩ��(/ɸʿ.ʿŻɶΈʥ/a�,΃&�!;ϩɸʿ/�ÿ)+Aϩ

ɝʿ.9�ɲÿę̘)+B(Grant and Bixley, 2011, p.42)��.Ȳ´(/ϩɭɞͱʉ̬ɝ�ɭ

ɞɲ½(ɸʿ)
@êχ�B!;ϩ̬ ɝćͳňŃʜͪʵƃ.͉ȶ,/ϩŖɖɥϠ�B	/Ό̃

ɥϠ�h��Η�B)íȌ(�B� 

 

4.3 ǹʷǊi��Z�.ɝʿϪɸʿêΠÇȆ.Ǵů  

ǹʷǊi��Z�.ɝʿϪɸʿêΠFɅ͍�B!;,ϩɝʿϪɸʿêΠÇȆF²�.?


,ů̐�B� 

 Bi =
Ci

V

Ci
L  (4.1) 

��(ϩBi/i��Z�ʟͯ(i).ɝʿϪɸʿêΠÇȆ(Ϫ)ϩCi
V) Ci

L/i��Z�ʟͯ(i)

.ɝʿ�?2ɸʿ,��BʓƦ(��êʥ)(�B� 

ɞ,ʋ͉�BI�X��,%	'/ϩBi/ʋɸ.ʄƦ)I�X��ʓƦ.�Ȏ,ÄŦ�

B�Adams et al. (2004)/ϩI�X��. BiFɟ;B., WilsonƩ(Wilson, 1964)Fʰ	'	

B��C/ϩĠƩ,?AϩI�X��FĤ:w���.ɫó�Ηʰ(�+	ϋʫǎʋɸF

ĖAǚ
�)�(�B
@(�B�WilsonƩ/ϩ»˶I�X��Ϫɞ¥ǖê˱,��Bɱ

ΦÇȆFϩ»˶I�X��.̚ʴʄƦȬʈ.ʄƦȲ´�(�?� 200°CϪ250°C)(ž��)

�(�ϩ�.ɱΦÇȆFʰ	' BiFɟ;B��.?
+¥ǖê˱,Ż�B WilsonƩ/²�

.?
,��@CB(Poling et al., 2001)� 

 lnγ1 = − ln x1 + x2Λ12( )+ x2
Λ12

x1 + x2Λ12
−

Λ21
x2 + x1Λ21

"

#
$

%

&
'  (4.2) 

 lnγ2 = − ln x2 + x1Λ21( )− x1
Λ12

x1 + x2Λ12
−

Λ21
x2 + x1Λ21

"

#
$

%

&
'  (4.3) 

��(�/ɱΦÇȆ(Ϫ)ϩx/ǖê.��êʥ(Ϫ)F̸��8!ϩ�°�. 1�?2 2/

¥ǖê˱.ǖêF̸�(Â�0 1/I�X��,ϩ2/ɞ,ʿư�B)��12)�21/˽ϟʹ

+¥ǖêq���c(�AϩɐƩ
@ɟ;@CB� 

! Λij =
Vj

L

Vi
L exp −

λij −λii
RT

"

#
$

%

&
'  (4.4) 

��( Vi
L/˵ʟͯ(i).��½˜(dm3/mol)(�B��ij (i, j =1<��/ 2)/ʟͯ i�?2 j

.êŤδ.ʿ¦¿ʰFĔș�B˽ϟʹ+Nm�T�q���c(J/mon)(�B�8!ϩR/
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ɝ½ůȆ(J/K mol)ϩT/́ŻʄƦ(K)(�B� 

»˶I�X��.ɝʿϪɸʿêΠÇȆ�WilsonƩ(̸�CB�).ŠưǊF²�,ˎ͖

�!��+E#ϩ�cn��ϩNcn��ϩ�?2 2-v�qn��.Ƣ	ʓƦˬĻ,Ż�

B BiF 150°Cϩ200°Cϩ�?2 230°C.ʄƦȲ´,%	'͌˩�!��.ςÁʰ�!¥ǖê

˱Nm�T�q���c/ Poling et al. (2008)
@ƪʰ�!�ļ 4.3/ WilsonƩFʰ	'͌

˩�! Bi)ϩ»˶I�X��.ɝʿϪɸʿêΠ.ŰϟÎ(150°C�?2 200°C)
@ɟ;!

BiFɛͼ�!<.(�B��cn��Ϫɞ¥ǖê˱.ŰϟÎ/ Griswold and Wong (1952)


@ϩNcn��Ϫɞ¥ǖê˱�?2 2-v�qn��Ϫɞ¥ǖê˱.ŰϟÎ/ Barr-David and 

Dodge (1959)
@ƪʰ�!�ļ 4.3,�	'͌˩Î)ŰϟÎ/ϩ»	I�X��ʓƦ,Ż�

'ơêƒ��B<.. (ʠ,�cn��Ϫɞ¥ǖê˱) ϩƢ	ʓƦˬĻ(Ɉ-�̝�'	B�

�.�)
@ϩWilsonƩ/ŖɊ+ʄƦ)˼ǖȲ´,��B»˶I�X��ϙϪɞ¥ǖê˱

. Bi.͌˩,Ηʰę̘)íȌ�B� 

ȵƎŃʜŃŊ(/ϩʮʯ̬ɝ�.i��Z�/Ř��ƖΣ�C'�Aϩ�.ʓƦ/��

êʥ( 10-5
@ 10-8.ˬĻ(�B(ȆĄ ppb
@Ȇʸ ppm,ʿư�B)�ļ 4.3,˓�»˶I

�X��ϙ.ɝʿϪɸʿêΠÇȆ)I�X��ʓƦ.εÇ,�	'ϩ�C@.ʓƦ/ʚκ

ƖΣʋɸ.ʓƦ)Ǭ@�'?	���(ϩi��Z�FĤG"ɭɞɲ½/ϩɥϠFγš�

Bõ.ͪʵƃã(.êȄΓ˘,�	'ϩʚκƖΣ.˘Ʀ8(ƖΣ�CB)³ů�ϩWilson

Ʃ
@͌˩�CBɝʿϪɸʿêΠÇȆF�h�͌˩.�(Áʰ�B� 

Űς.i��Z�͓ϟ(/ϩɭɞɲ½�ͪʵƃã(ɥϠ�BȜ.ʄƦ/Ȭˆ(�Aϩ�

.!;ɥϠʄƦ/ņĘ(.̬ɝʄƦFŋ, 150°C
@ 200°C.ˬĻ,³ů�!� 

̸ 4.1,¥ʿi��Z�)�'ʰ	!�cn��ϩNcn��ϩ2-v�qn��.ʚκƖ

Σʋɸ. 100°Cϩ150°Cϩ200°C�?2 230°C,��B Bi.͌˩ÎF˓��8!ϩɝʿi�

�Z�(�BoKj�t�P�Q�{� R-134a) R-23. BiF Adams et al. (2001)F<),

͌˩�ϩ�.˾ȷFÀ�'˓��̸?Aϩ¥ʿi��Z�. Bi/ 3
@ 25.ˬĻF˓��

�Ȏϩɝʿi��Z�/ 450
@ 31000.ˬĻ.�E;'Ř�+ÎFǨ%��.Ζ	/ϩ

¥ʿi��Z��ɝʿi��Z�,ɛ5'ɞ,΃	ǹʷǊF<%�)FǏĩ�ϩ�.�)

,?$'¥ʿi��Z�/Ό̃ʹ+ɭɞɲ½.ɥϠΓ˘FΆͶ(�B)̑�@CB�²�

.�h�͌˩(/ϩ150°C<��/ 200°C,��BʚκƖΣi��Z�ʋɸ. BiFʰ	ϩ

Bi/ɥϠΓ˘FΉ�'�ů)³ů�B� 
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図4.3 低級アルコール類の気相－液相分配係数と濃度の関係
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表 4.1 揮発性トレーサーの気相－液相分配係数 
Temperature Methanol Ethanol 2-Propanol R-134a R-23 

100°C 7.7 12 25 14000 31000 

150°C 5.7 9.3 17 3800 12000 

200°C 4.3 6.9 11 1000 4500 

230°C 3.4 5.4 7.8 460 2500 

Vapor-liquid distribution coefficients were calculated using the Wilson equation for an infinitely dilute 

solution of methanol, ethanol, and 2-propanol, respectively.  

Vapor-liquid distribution coefficients of vapor-phase tracers (R-134a and R-23) were calculated based 

on Adams et al. (2001). 
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4.5.1 MR-1(2000)͓ϟ  
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図4.4 一段沸騰モデルおよび連続沸騰モデルのトレーサー濃度比と
蒸気分率の関係
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4.5.2 M-13(2002)͓ϟ  
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図4.5 M-1におけるトレーサー濃度，トレーサー濃度比および蒸気分率の時間変化
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図4.6 M-12におけるトレーサー濃度，トレーサー濃度比および蒸気分率の時間変化
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図4.7 M-6におけるトレーサー濃度，トレーサー濃度比および蒸気分率の時間変化
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図4.8 M-11におけるトレーサー濃度，トレーサー濃度比および蒸気分率の時間変化
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@(�B��.ʘ,%	'/ɐ˫(ͣ͜�B� 

 

4.6 ̬ɝêʥ,?Bʜķĕ)ͪʵƃɹϜ.͒Å  

¥ǖê¥ʿi��Z�Fʰ	!i��Z�͓ϟFŰȏ�! 3Ȯ.ņ¨(MR-1ϩM-13ϩM-14)

/ȮŃŊ.�͂+̬ɝʮʯŊ.ĂΞϩ�ŜΞϩĉ́Ξ,êȄ�B!;(ļ 2.2)ϩɭɞͱʉ̬

ɝ.̬ɝêʥ(y).êƕFƢˬĻ,E!$'ǝǸ�B�)�(�ϩɭɞ,?Bʜķĕ)ͪʵ

ƃʄƦêƕ.εÇ,%	'.ͣ͜�ę̘(�B� 

i��Z�͓ϟ˾ȷ
@ɟ;! y.ƝόêƕFļ 4.9,˓��ļ
@ϩy/ M-14) M-11

�º̏�Bĉ́Ξ(ȥ<Ř��ϩ��
@ M-13) M-12�º̏�B�ŜΞϩ�@, MR-1

) M-1�º̏�BĂΞ,Ģ
$'Ƽ�,ſ��+BÕĢ�ˎ͖(�B� 

ɭɞɲ½.ɥϠ,?Bʜķĕ.þʥ/ϩɭɞɲ½�ΉΓ�Bͪʵƃ.ʄƦ,Ư�ÄŦ�

B���(ϩy)ȵƎŃʜŃŊ.ͪʵƃʄƦ).ɛͼF͓9B��
�ϩȵƎŃʜŃŊ(/

ʄƦɅƃ,?BͪʵƃʄƦ.ŰʅÎ��E;'ƀ+�ϩi��Z�͓ϟF̵$! 2000ƞ


@ 2007ƞ.δ.͔˺+ͪʵƃʄƦêƕ/�ȗ(�B��!�$'ϩȮŃŊ.ͪʵƃʄƦê

ƕ/ϩʄƦ,εÇ�B¾@
.Ⱦǥ,ŋ&	'ůǊʹ,³ů�+�C0+@+	�ȮŃŊ

(/ϩ�͂+̬ɝÃ˿ʉ.º̏)�'γʷŃŊ.ĉ́Ñ(M-14.ĉ́Ñ)�ǎů�C'	B

(Hanano and Matsuo, 1990)�Â�0ϩͪʵƃŀ÷/ĉ́Ξ(ȥ<ϡ�ϩ�.ĉ́Ξ
@/ϡ

ʄ.Γʜ̬ɝ�̂̃�'ʮʯ�C'	B��ȎϩŃŊĂΞ(/ MR-1FÁ$' 10ƞFͲ�

BίȪ.ɭɞF̵$'�AϩŃŊĂΞ.ͪʵƃʄƦ/̛ʛʡǒ?A<�@,»�+$'	

B)̑�@CB��C@FȾǥ)�'ϩȵƎŃʜŃŊ.ͪʵƃʄƦ/ĉ́Ξ(ȥ<ϡ�ϩ

ĂΞ,̵�,%C'Ƽ�,»�+BêƕF˓�)³ů�B�+�ϩŃŊ�ŜΞ)ĉ́Ξ,

�	'<�C C M-13) M-14,ɭɞ�̵EC!�ϩ	�C< 10�ȦȬʈ.ɭɞ(�Aϩ

�C,?$'ͪʵƃʄƦ�Řƚ,»��B)/̑�+	�ļ 4.9Fʰ	'ϩͪ ʵƃʄƦêƕ

.ÕĢ) y.êƕFɛͼ�B)ϩͪʵƃʄƦ�ϡ	ōǘ6* y�Ř�	�)�ê
B�%

8Aϩɭɞɲ½,?Bʜķĕ/ͪʵƃʄƦ�ϡ	ϔŊ(þʥ�ϡ�ϩͪʵƃɹϜ.þȷ�
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ϡ	)͒Å(�B� 

ͪʵƃʄƦ�ȥ<ϡ	)̑�@CBĉ́Ξ.ʮʯ¨ M-11(/ϩΌ̃ɥϠ�h�Fʰ	'

ž	! y.ȥŘÎ/ 0.4)ȮŃŊ(ȥ<Ř�	��
�ϩ�. y/Ȝδ.˽Γ,¸$'ʂƀ

�ϩȥ˻ʹ, 0.1Ȭʈ(67�ů)+$!(ļ 4.8)��.Ȝ. y/ϩ»	ͪʵƃʄƦFĔș

�B)̑�@CB M-1. y,΃	��!�$'ϩM-11. yの低下は注水による貯留層の冷

却を反映しているとǴŹ(�B��
�ϩ�.�)/²�. 4%.Ȳ´
@̖ů(�+	� 

1) ʮʯ¨ M-11) M-14�º̏�Bĉ́Ξ/̬ɝÃ˿ʉ,ȥ<΃�ϩ�.ͪʵƃʄƦ/

ŃŊã(ȥ<ϡ	)Ǵů(�B�)
@ϩ��.ƈ½�̭�BʜΦ/Ř�	)̑�

@CB� 

2) i��Z�͓ϟFŰȏ�! 2001ƞ,ϩM-11) M-14/ΓʜƦ� 50�
@ 70�.Γ

ʜ̬ɝF̂̃�'ʮʯ�'�AϩͪʵƃʄƦ.»�F˓Į�B̬ɝʄƦ.Ŕā/͖

;@C+	� 

3) M-11.̬ɝêʥ(y).»�/ 14Ȝδ)	
��ˇ	δ,ʷʮ�'�Aϩ�.ˇ	Ȝ

δ,ͪʵƃʄƦ�Řƚ,»��B�)/̑�ψ	� 

4) i��Z�ķƘʥ(0.3%Ȭʈϩ̸ 2.3)�˓�?
,ϩM-114Ģ

ɭɞɲ½/��ƀ

Φ(�Aϩ�.ƀΦ.ɲ½,?Bͪʵƃ.ΓƦ+åĎ/̑�,�	� 

�C@.Ȳ´/ϩͪ ʵƃ.åĎ(/+�ϩ:�D M-11Ĩ΂,��Bɭɞͱʉ̬ɝ.ɱʷ

+ʷʮF˓Į�B���(ļ 4.8(b)F̓B)ϩC*/i��Z�ǟÞ 14Ȝδ²ι,/˳ 1.0

,΃&	'	B�M-114ɲÿ�Bɭɞɲ½.ßΦ�˃Ȝ,ɥϠ�Bōğϩ�C/�ɖɥϠ

�h�,ʿư�ϩC*) y/ 1.0,+B(ļ 4.4(a))�i��Z�ǟÞ 14Ȝδ²ι. C*�êȶ͗

ƒFĤG(Űͯ 1.0FǏĩ�B+@0ϩ�.Ȫδ,ðΕ�!ɭɞͱʉ̬ɝ/�ɖɥϠΓ˘,

?Bɲ½ßΦ.ɥϠ,?Aʮ�!)	�B�8!ϩ�.³͘�ɒ�	)�B)ϩM-14)

M-11.δ,/ɭɞɲ½.ɲÿ˽ͷ�¥%�Aϩ�C C.˽ͷ(/ɭɞͱʉ̬ɝ. y�ʶ

+B�))ϩ�C@¥˙ϙ.ɭɞͱʉ̬ɝ/ȜδƒF<$' M-11,ðΕ�B�)�̑�@

CB��+E#ϩ/�;,ðΕ�B./Ό̃ɥϠ,?$'ʮǖ�! y = 0.4.̬ɝ(�Aϩ

ΐC'ðΕ�B./�ɖɥϠ,?$'ʮǖ�! y = 1.0.̬ɝ(�B��!�$'ϩΌ̃ɥ

ϠΓ˘F³ů�'ɟ;! y.ʂƀ/̓
��.ʩͧ(�B���( y(/+� C*Fʰ	B

)ϩC*.ʂƀ(ļ 4.8(b))/ϩΌ̃ɥϠ(ʮ�!ɭɞͱʉ̬ɝ,�ɖɥϠ(ʮ�!ɭɞͱʉ̬

ɝ�ɼğ�ϩƻ̒.ɼğöğ�Ƽ�,ő�B!;)͉Σ(�B� 

以上の議論から，¥ǖê¥ʿi��Z�.Áʰ,?$'ϩɭɞɲ½.ɥϠΓ˘.˙ϙ)ϩ
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0.02
@ 0.4ϩ�B	/³͘�ɒ��C0 1.08(.ƢˬĻ,E!Bɭɞͱʉ̬ɝ.̬ɝê

ʥ(y)Fɟ;B�)�(�!��@,ϩ̬ ɝêʥ)ͪʵƃʄƦ.êƕÕĢFɛͼ�B�)(ϩ

ɭɞɲ½.ɥϠ,?Bƈ½
@.ʜķĕ,%	'ůǊʹ+Ʌ͍�ę̘(�B��@,ϩʄ

ƦɅƃ,?BͪʵƃʄƦ.ŰʅÎ�ïʰę̘(�C0ϩɭɞ,?Bʜķĕ.ůΦʹ+Ʌ͍

<ę̘(�B�²�.�)
@ϩ¥ǖê¥ʿi��Z�Fʰ	!i��Z�͓ϟ˾ȷ.͉

ȶȎɫ/ϩ̬ɝćͳňŃʜͪʵƃ,��BͪʵƃɹϜ.ůΦʹ+͒Å,有効な方法といえ

る。 

 

4.7 ˾͋  

Ȯˢ(/ϩ¥ǖê¥ʿi��Z�Fʰ	'Űȏ�!i��Z�͓ϟ.˾ȷFʰ	'ɭɞ

ɲ½.ɥϠΓ˘)ɭɞͱʉ̬ɝ.̬ɝêʥ(y).ǴůFϩ�ɖɥϠ�h�(βέ˱))Ό̃ɥ

Ϡ(γȂ˱)�h�Fʰ	'̵$!�͉ȶȎɫ)�'ϩ¥˙ϙ.i��Z�.ʓƦɛ(C*)Fi

��Z�.ɝʿϪɸʿêΠÇȆ(Bi)�?2̬ɝêʥ(y).εȆ(̸�!�˾ ȷF8);B)²

�.)�A(�B� 

1) i��Z�ʓƦɛ(C*)� 1.0FͲ�B�)
@ϩ3Ȯ.ʮʯ¨ M-12ϩM-6ϩM-11,ɲ

ÿ�Bɭɞɲ½.ɥϠΓ˘/Ό̃ɥϠ)íȌ(�B� 

2) Ό̃ɥϠ�h�Fʰ	!͉ȶ,?Aϩ0.02
@ 0.4.ƚƢ	ɭɞͱʉ̬ɝ.̬ɝêʥ

(y)Fž	!� 

3) ɭɞ¨ M-14
@ʮʯ¨ M-11,ɲÿ�B¥˙ϙ.i��Z�.ʓƦɛ(C*)/Űͯ 1.0

F˓�Ȫδ��Aϩ�.ȜϩM-11,ɲÿ�Bɭɞɲ½/�ɖɥϠΓ˘,?A�.ßΦ�ɥ

Ϡ�B)͉Σ(�B� 

4) y.êƕ)ͪʵƃʄƦêƕ.ɛͼ
@ϩͪ ʵƃʄƦ�ϡ	ϔŊ6* y�Ř��ϩɭɞ,

?Bʜķĕ.þʥ�ϡ	� 

5) ¥ǖê¥ʿi��Z�Fʰ	!i��Z�͓ϟ,?$'ϩɭɞɲ½.ɲÿ˽ͷɚ,ɥ

ϠΓ˘.˙ϙ)̬ɝêʥFǴů(�B�)
@ϩȮ͉ȶȎɫ/̬ɝćͳňŃʜͪʵƃ,�

�BͪʵƃɹϜ.͒ÅȎɫ)�'ȧþ(�B� 
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˥ 5 ˢi��Z�͓ϟ,?B̬ɝćͳňŃʜŃŊ.ͪʵƃɉ΋.͉ȗ  

5.1 ̇͋  

̬ɝćͳňŃʜͪʵƃ,ɭɞF̵
ͪʵƃɹϜ.ȥΗā(/ϩɭɞɲ½�ķƘ�Bʮʯ

¨Fʠů�ϩ�C,?Aɭɞ¨)ʮʯ¨.ɞʫʹ+̍�A)ɭɞɲ½.ɲÿˬĻFȗ@


,�B�)�Τ͂(�B�Ńʜͪʵƃ,�	'ϩŃʜɲ½�ɲÿ�B�+ōǘ/ƈ½�.

ΈɞǊt�Ue�)̑�@C(Â�0ϩɄ�νƅ, 1980, p.31)ϩȵƎŃʜŃŊ,%	'<ĠɊ

,ʫ͉�C'	B(ȕƎ, 1967; �Ȱ, 1967; ¨é, 1985)��.ΈɞǊt�Ue�/ϩͪ ʵƃ,

ɭÞ�CBɭɞɲ½.ɲÿ˽ͷ.Ƶö<Ǥ
� 

Ì�.ņ¨,��BΈɞǊt�Ue�.º̏,%	'/ϩņ¨ǰôȜ.ŃͯŪʹ͛Ⱥ,

?$'ȗ@
,�CB��+E#ϩņ¨ǰôȜ,ΘΑ�BΏɬ�Ώɞ)ʚ̦ΤǰΎ.6
ϩ

ņ¨
@ķĕ�CBƈˈ͓ȋ.XI�?2QfgJ�V^,̓@CBγĘǊȌ̺ϩȟɯϩ

Ϊʟ̙.ŦŁFΈɞǊt�Ue�.ǂÍ)̓+�ϩ�.º̏(ɺƦ)Fʠů�͎ά�B��.

º̏Fʮʯ¨.ōğ/ɲ½.ɲÞʘϩɭɞ¨.ōğ/ɲéʘ)Ī3�!"�ϩ�C@.t

�Ue�ǂÍ/��8(<ņͶ�.ʘ)�'.ǍŌ(�Aϩņ¨δF8!	(êƕ�B?


+ΈɞǊt�Ue�.�ɐØ˞δ,��BΌ̃Ǌ,%	'/ϩÂ�0Ȍƃ.ŦŁF³ů

�B+*ϩ˽ϟʹ,Ǵʅ�B6
+	� 

ɭɞ.ƴώ�ʮʯ¨.ʮʯʡɩ,ȗ˄,̸CBōğ/ϩɭɞ¨)ʮʯ¨.δ.ɞʫʹ+

̍�AFʠů(�B��.ɭɞ,Ż�Bʮʯ¨ʡɩ.ŔāFɭɞǆ˧)Ī2ϩʮʯɲΦϩ

̬ɝʄƦϩ̬ɝŀ÷ϩ̬ɝāŪ˼ǖ.Ŕā��C,Ĥ8CB��.ɭɞǆ˧)ϩ�(΅5

!ņ¨.ΈɞǊt�Ue�.ǂÍF˼9ğE�B�)(ϩΈɞǊt�Ue�.˞δêƕF

Ǵů�B�)�(�B�!"�ϩ�.Ȏɫ�ę̘+./ϩɭɞǆ˧�ȗ˄,ʩCBōğ,

κ@Cϩ³,ɭɞǆ˧�ȗ˄(+	ōğ,/Ηʰ(�+	� 

�.¯,<ͪʵƃ.ͪʵƃŀ÷�ʄƦêƕ,?$'ΈɞǊt�Ue�êƕ.Ǵů,ñ˳

Ȳ´F��!Aϩʮʯ̬ɝ.ŃʪāŪʹʠǂ
@ϩΈɞǊt�Ue�.Ό̃ǊFǴů(�

Bōğ<�B�ϩ	�C<δǳʹ+͑ǥ(�AϩǴůFɅ͑�B!;.î.ʾǳʹ+͑ǥ

�Ǆ͂(�B� 

²�.ıϗF͉ɡ�B,/ϩɭɞɲ½.ɲÿFǑƦ?�ʾǳʹ,͛5BȎɫ�Ǆ͂(�

B��.ȥΗ+Ȏɫ�i��Z�͓ϟ(�Aϩ˥ 2ˢ(/ϩ̬ɝćͳňŃʜͪʵƃ,Η�

!¥ʿi��Z�͓ϟȎɫFγʷ�ϩȵƎŃʜŃŊ,Ηʰ�!� 

Ȯˢ(/ϩ�.i��Z�͓ϟ˾ȷ)ņ¨.ΈɞǊt�Ue�.ǂÍ)F˼9ğE�B
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�)(ȵƎŃʜŃŊ.ΈɞǊt�Ue�.êƕFȗ@
,�B�)Fʽʹ)�B�8!ϩ

�.êƕ)ͪʵƃ.Ńͯɉ΋�?2ʟʫʹ�ŃʪāŪʹʠǂFɛͼ�'ϩͪʵƃɉ΋.ʠ

ǂF̑Ź�B� 

 

5.2 ȑƷˊ˝
@̓BȵƎ̬ɝćͳňͪʵƃ.ʠǂ  

ȵƎŃŊ/̬ɝćͳň.ŃʜŃŊ(�Aϩ��
@ʮʯ�CBŃʜ̬ɝFʰ	'ȵƎŃ

ʜʷωǘ�˚Ö�'	B(̢Υ6
, 1989)�ȵƎŃʜʷωǘ/ 1966ƞ 10Ȧ,͖ęé÷ 9.5 

MW(Β͹Fγš�!ȒȮ(ì;'.Ńʜʷωǘ(�B��.ƻϩΆù¨.ǰô,?Aϩ

͖ęé÷F 1967ƞ, 12.5 MW,ϩ%	( 1968ƞ, 20.0 MW,ϩ��' 1973ƞ, 22.0 MW

,ϩ�@, 1993ƞ, 23.5 MW)Ŕȣ�ʩŁ,̜B(Řε6
, 2001)��.ŃʜŃŊ,�	

'ϩŃʜɲ½.ͪʵƃɉ΋F̈́ñ�Bϩ8!/Ĕș�B)̑�@CB͞Ȳ´,%	'ȑƷ

.ˊ˝˾ȷF²�,8);B� 

 

5.2.1 ȵƎŃʜŃŊ.ŃͯŪʹʠǂ  

ȵƎŃʜŃŊ.º̏Fļ 5.1,˓��ȵƎŃʜŃŊ/ƈǙˁʻƇƔ.Ắ˳ 26 km,º̏

�ϩƈǙƅϩ˖ʱϞ�ƉϩŘɺƉϩ�Ëƅϩ�fˈƅϩŢËƅ+*.˥Ķ˲ʔƅ�ŷυ�

BàƛƝŃʜŃŊ,Ƃ�'	B(Ͱʑ�Ȱȵ, 1988; ͳͥ6
, 1996)� 

ȵƎŃŊ.Ńͯɉ΋,%	'/Ŗ�.ˊ˝˾ȷ�Ōħ�C'	B�Â�0ϩͰʑ�Ȱȵ 

(1988)ϩΧĐ (1983)ϩ�Ȱ (1967)ϩNakamura and Sumi (1967)ϩNakamura et al. (1970)ϩ¼̲

6
(1981)ϩ͇ (1968)+*(�B�΃ƞ,�	'/ϩ�C@.ˊ˝˾ȷF8);!Ōħ�

ͳͥ6
 (1996)ϩOzeki et al. (2000)ϩŘε6
 (2001),?$'+�C'	B��C@.Ō

ħFŋ,ȵƎŃŊ.ŃͯŪʹʠǂ/ɐ.?
,8);@CB� 

ļ 5.2,˓�!ȵƎŃʜŃŊ.ƝόļF̓B)ϩȮŃŊ/ĉ́�ĂȴȎĢ,ɲ��BȵƎ

)�.Ȁɲ(�BͰƎ)ʐƎ,?$'Ʊǖ�CBͥƥ,�AϩŃʜņ¨/ͰƎ�?2ʐƎ

,ɨ$'êƕ�B�Ȯˊ˝FŰȏ�!Ȫδ(/ʮʯ¨/˳ 13Ȯϩɭɞ¨/ 1Ȯ�Áʰ�C

'	B� 

Ɲόļ(ļ 5.2),˓�Ȍό̈(A�A'),ɨ
ŃͯȌόļFļ 5.3,˓���.Ȍόļ,/ϩȮ

ŃŊ.ŃͯƃƤăêϩͩÞƈ�?2Ȍƃ.êƕF˓�ϩ�@,ϩņ¨.ņͶ)�͂+ɲÞ

ʘ(ɲéʘ)Fǟƴ�'˓��ļ 5.3,˓�Ńƃġ�?2ƈʿġ/̤ġ(˓�ϩ�.īġ).

ŻǆF²�,͎�� 
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図5.1 松川地熱地域の位置
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Yuzaka formation ʆńƃ 

Matsukawa andesite ȵƎŬƅƈϙ 

Tamagawa welded tuffs ʦƎʋ˾çʕƈϙ 

Takinoue-onsen formation ʍ.�ʄɪƃ 

Kunimitoge formation ľ̓Ɗƃ 

Dioritic intrusive rock ᾰȊƈͩÞƈ 

Andesitic dikes Ŭƅƈƈ̙ 

ȵƎŃŊ.Ńʜͪʵƃ/ϩ�Ξ?AϩȵƎŬƅƈϙ (˥Ķ˱)ϩʦƎʋ˾çʕƈϙ�Ξ�

?2�Ξ (Ϣȍ̀
@ȣȍ̀)ϩʍn�ʄɪƃ (�ȍ̀)ϩľ̓Ɗƃ (�ȍ̀)
@+B(ļ 5.3)�

ȵƎŬƅƈϙ/ϩ˥Ķ˲ʔƅ.�ΞFČ;BŬƅƈʋƈF�½)�B˹ƃ(�Aϩçʕ͇

ˑƈ�çʕƈF¸
�)��B�ƈˈ/6)G*ȝΉͿˈ˸̳ͿˈŬƅƈ(ϩˈ̤ȊȟF

Ĥ:�)��B�ʦƎʋ˾çʕƈϙ/ϩͻˈͯçʕƈϩçʕͯˉƈϩhKZKiͯͻˈͯ

ʋ˾çʕƈϩŬƅƈͯçʕƈϩŬƅƈʋƈ)hKZKiͯͻˈͯ.ʋ˾çʕƈ
@+B�

ȵƎŬƅƈϙ)ʦƎʋ˾çʕƈϙ�Ξ/ϩȵƎŃŊ.S�fv�fU.ƵöFȷ!�)̑

�@C'	B�ʍn�ʄɪƃ/ϩhKZKiͯ.ͻˈçʕƈϩʔƅˑçʕƈϩˉͯçʕƈ

F�)�ϩϥ̡Ϗƈ�?2ˑͯçʕƈFǫ:�ľ̓Ɗƃ/ϩŬƅƈʋƈFǫ:Ŭƅƈͯç

ʕ͇ˑƈϩʔƅˑçʕƈ�?2ϥ̡Ϗƈ
@+B� 

ȮŃŊ.́Ñ,/ϩŘ̈́Ɍ (ƚ 300 m 
@ 700 mϩί� 1.1 km²�) +ᾰȊƈͩÞƈ

�ϩ�?�Ăȴ�ĉ́ȎĢ,ϩľ̓Ɗƃϩʍn�ʄɪƃ�?2ʦƎʋ˾çʕƈϙ(�Ξ),ͩ

Þ�B(ļ 5.2�?2ļ 5.3)��.ͩÞƈ.Ĩ̉.Ʊʡ/�̈́ó(ϩſƈ̙FŖȆ)<+


�)�ˎ͖�C'	B�ŃŊȴÑ(/ϩŬƅƈƈ̙�ľ̓Ɗƃϩʍn�ʄɪƃ�?2ʦƎ

ʋ˾çʕƈϙ,ſ̈́Ɍ,ͩÞ�B� 

ȮŃŊ.Ȍƃ)�'ŃŊȴΞ,ʐƎȌƃ�Ǵů�C'	B(ļ 5.2�?2ļ 5.3)�ȮȌƃ

/ϩʦƎʋ˾çʕƈϙ�Ξ��ΞŐʴ.ɉ΋˦ϡ̈.ɓ9
@Ǵů�CϩȌƃ.ĉ́Ñ�

ĂȴÑ,Ż�'̓
� 40 m 
@ 60 m ̨#BɒȌƃ)Ǵů�C'	B(Ͱʑ�Ȱȵ, 1988)�

�.Ȍƃ.êƕ)ϩÛ,΅5!Ŭƅƈƈ̙.êƕ/Τ+B(ļ 5.2�?2ļ 5.3)� 

 

5.2.2 ȵƎŃʜŃŊ.ìȪʡǒ  

ȵƎŃŊ/Γʜ̬ɝFʮʯ�B�)
@ê
B?
,ϩ̬ɝćͳň.ŃʜŃŊ(�B�

�
�ϩ�.ìȪʡǒ(/ϩS�fv�fU)ͪʵƃ.δ,ϩ̰	̬ɝćͳŊ�ŦŁ�B
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.9(�AϩʩŁ.̬ɝʮʯŊ/̬ɝ(/+�ϩɸ½.ʜɞ(ʈ!�C'	!)Ǵʅ�C

'	B(Hanano and Matsuo, 1990)�Űς.ĵɝʡɩ,�	'<ϩʮʯ¨/ưì/̬ɝ)ʜɞ

.ɼğɲ½Fʮʯ�'�AϩʮʯȜδ))<,ʜɞ.öğ�ʂƀ�ϩ3�Ȧ
@ 6�Ȧ.ƻ

,/¡�̬ɝ.9Fʮʯ�B,̜$!)Ōħ�C'	B(Hanano and Matsuo, 1990)�ʩŁ(

/ϩ̬ɝʮʯ.̂̃,?$'ʮ�!ͪʵƃŀ÷.ʂ̹,?$'ϩ̬ɝćͳŊ/ìȪʡǒ?

A<ɺΞ8(ǦŘ�'	B)̑�@C'	B(Hanano and Matsuo, 1990)� 

 

5.2.3 ȵƎŃŊ.̬ɝʮʯɲΦêƕ  

Ȯˊ˝F̵$!ȪδF±̸�B 2001ƞ 11Ȧ
@ 2002ƞ 1Ȧ.ȵƎŃŊ.̬ɝʮʯɲΦ

êƕFļ 5.4,˓���.Ȝ.̬̅ɝɲΦ/˳ 230 t/h (�B�ȵƎŃŊ(/ĉ́Ξ,º̏

�Bʮʯ¨.̬ɝɲΦ�Ř��ϩʮʯ¨ M-14ϩM-11�?2 M-7.̬ɝɲΦ.ğ͌/ 116 t/h 

(�Aϩ̬̅ɝɲΦ.˳ 50%FČ;B��@,ϩ�.ĉ́Ξ/ϩ̬ɝɲΦ.˽Ȝʹ+ʂ̹

ʥ�ſ�	ʠǂFǨ%(Hanano and Matsuo, 1990)��ŜΞ(/ϩʮʯ¨ M-13ϩM-6ϩM-5ϩ

M-8�?2 M-12.̬ɝɲΦ.ğ͌/ 59 t/h (�Aϩ̬̅ɝɲΦ.˳ 26%FČ;B�ŃŊ

ȴΞ(/ϩʮʯ¨ M-2ϩM-9�?2 M-15.̬ɝɲΦ.ğ͌/ 55 t/h (�Aϩ̬̅ɝɲΦ.

˳ 24%FČ;B� 

 

5.2.4 ͪʵƃʄƦ.ʠǂ  

ȵƎŃŊ,��BϩɅƃ,?BͪʵƃʄƦ.ʅů˾ȷ/�E;'ƀ+	���(ϩHanano 

and Matsuo (1990)/ϩγʷìȪ(1964ƞ
@ 1965ƞ),�	'Űȏ�C!ʄƦķǀ͓ϟ.˾

ȷ,z�k�ɫFΗʰ�'ϩŃŊ.�ŜΞ(ʮʯ¨ M-1))ȴΞ(ʮʯ¨ M-1) M-3).ͪʵƃ

ʄƦFǴů�!��.ǴůʄƦ/ϩʮʯ¨ M-1ϩM-2�?2 M-3,%	'ϩ257°Cϩ258°C

�?2 250°C)̓˜<@C!��@,ϩŃŊĉ́Ξ. M-7,%	'/ņƥ°΃.ͪʵƃʄ

Ʀ� 1970ƞ,ʅů�C'�Aϩ�.ʄƦ/ 277°C(�B(Hanano and Matsuo, 1990)��.

Ɋ, M-7.ͪʵƃʄƦ/ʿŻʹ,ϡ�ϩ�
< M-7.̬ɝɲΦ/ʂ̹�ſ�	�)
@ϩ

M-7/Ńʜ̬ɝ.Ã˿ʉ,ȥ<΃	)ǴŹ�C'	B(Hanano and Matsuo, 1990)� 

 

5.2.5 ͪʵƃŀ÷.ʠǂ  

ȵƎŃŊ,��Bͪʵƃŀ÷/ϩv�f\��r�jIfvg^i,?Bʮʯ¨.ŷβ

ŀ÷.�Ȗ,?$'Ǵů�C'	B(̢Υ6
, 1989)�1988ƞ) 2005ƞ,��BȥŘŷβ
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図5.4 松川地熱地域の蒸気生産流量分布
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ŀ÷êƕFļ 5.5,˓��ļ?AϩȮŃŊ.ͪʵƃŀ÷/ŃŊ.ĉ́Ξ(ϡ�ϩĂȴ,Ģ


$'»�+B��.ŀ÷êƕ
@ϩȮŃŊ(ʮʯ�CB̬ɝ.6)G*/ϩŃŊ.ĉ́


@Ã˿�Cϩͪʵƃã(/ĉ́
@Ăȴ,Ģ
$'ɲÿ�B)̑�@C'	B(̢Υ6
, 

1989)�Û,΅5!?
,ϩŃŊ.ĉ́Ξ(/ʮʯɲΦ�Ř��ϩ�.ʂ̹�ſ�	�))ϩ

ͪʵƃʄƦ�ʿŻʹ,ϡ	�)<ϩĉ́Ξ�ȮŃŊ.̬ɝ.Ã˿ʉ,ȥ<΃	�)FȀǨ

�B� 

 

5.2.6 ̬ɝāŪ˼ǖ.ʠǂ  

ȵƎŃŊ(/ʜɞF¸E+	ʮʯ¨�ŘĆ(�$!�)
@ϩ	�C.ʮʯ¨
@<Ǳ

Ėę̘+̬ɝ.āŪ˼ǖFØ,Ńʜɲ½.êƕ)ͱʉ,%	'̑Ź�+�C'	B�ȵƎ

ŃŊ,�	'êȶ�C'	B̬ɝ.āŪǖê/ϩϋç̋ǊR^.¥΢āʗ˷ (CO2)ϩˍā

ɞ˷ (H2S)ϩɞ˷ (H2)ϩ˟˷ (N2)ϩ�c� (CH4)ϩw�L� (He)ϩI�Y� (Ar)(�Aϩ

ϋç̋ǊR^ʓƦ/�C@.R^.̅ʓƦ(�B� 

ļ 5.6,˓�?
,ϩˈƍ�Χ̲ (1992) /ʮʯ̬ɝ.ϋç̋ǊR^ʓƦ.ƝόêƕF

1971ƞ) 1987ƞ,%	'8);'	B�ļF̓B)ϩȵƎŃʜʷωǘΒ͹γš(1966ƞ)


@ 5ƞƻ. 1971ƞ(/ϩʮʯ¨δ.ϋç̋ǊR^ʓƦ.ƒ/ɛͼʹſ�	�ϩ21ƞƻ.

1987ƞ,�	'/ϩ�.ƒ�Ř��+$'�Aϩϋç̋ǊR^ʓƦ�Ϙ̪,�Ȗ�!N�

I)ϩŔā,��	N�I�éʩ�!��+E#ϩŃŊĉ́Ξ,�	'/ϋç̋ǊR^ʓ

Ʀ�»�ϩ��
@Ăȴ,Ģ$'ʓƦ�ɐ˥,ϡ�+B�!"�ϩM-2(/ʠʶʹ,ϋç

̋ǊR^ʓƦ�»	� 

̬ɝćͳňͪʵƃ,�	'ϩϋç̋ǊR^ʓƦ�ÑȎ,Ģ
$'Ό̃ʹ,ϡ�+BÕĢ

FϩD’Amore and Truesdell (1979)/ϛī̬ɝ.ÑȎɲÿ)�.Γ˘,��B̬ɝ.Ό̃�B

ç̋Γ˘Fʰ	'͘ȗ�'	B�ļ 5.7,˓�?
,ϩ�.�h�(/ϩϋç̋ǊR^ʓƦ

/Ńʜ̬ɝ.Ã˿ʉ(ȥ<»�ϩ��
@χCB,%C'ϡ�+B�Hanano and Sakagawa 

(1990)/ M-7) M-8.ŀ÷r�jIfv͓ϟ˾ȷ,ç̋þȷF͖;ϩ�.�),?Aϩņ

¨΃ÒFμ�)ȵƎͪʵƃã/ϛī̬ɝ�ɲÿ�'	B)Ǵů�ϩȵƎŃŊ, D’Amore and 

Truesdell (1979).�h�FΗʰ�!��.˾ȷϩȵƎŃʜŃŊ(/ϩŃʜ̬ɝ/ĉ́
@Ă

ȴ4Ģ$'ÑȎɲÿ�B)͉Σ(�B��.ϋç̋ǊR^ʓƦêƕ)Û,΅5!ͪʵƃʄ

Ʀϩͪʵƃŀ÷ϩN�Iɚ.̬ɝʮʯɲΦF̅ğ�'̑�B)ϩȵƎŃŊ.γʷˬĻ.�

@,ĉ́ȎĢ,�͂+Ńʜ̬ɝ.Ã˿ʉ��AϩŃʜɲ½/��
@Ăȴ4Ģ$'ÑȎɲ
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図5.5 松川地熱地域の最大密閉圧力分布

Results of build-up tests conducted in Octber 1988 showing maximum shut-in pressure in bar 
from Hanano et al., 1989)

Results of build-up tests conducted in June 2005 showing maximum shut-in pressure in bar 
based on internal data of Tohoku Hydropower & Geothermal Energy Co., Inc.)

98―      ―



M
-2

図
5.
6 
松
川
地
熱
地
域
の
非
凝
縮
性
ガ
ス
濃
度
分
布
 (石
崎
・
金
藤
, 1
99
2)

D
is

tri
bu

tio
n 

of
 n

on
-c

on
de

ns
ab

le
 g

as
 in

 1
97

1 
D

is
tri

bu
tio

n 
of

 n
on

-c
on

de
ns

ab
le

 g
as

 in
 1

98
7

99―      ―



-291- 

t 

t 
, k  , 

HEAT LOST BY CONDUCTION 
A A 

6 MAIN HEAT SOURCE 

E3 S t e a m  

Liquid water 

Figure 4. Lateral steam movement and condensation in vapor-dominated geothermal systems. 
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Figure 5. Results obtained frm the Raleigh condensation equation for K = 0.05 to 1000. 

図5.7 D’Amore and Truesdell (1979)による地熱蒸気の側方流動モデル
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ÿ�B)͉Σ(�B� 

�ʘϩD’Amore and Truesdell (1979).�h�,ɨE+	�))�'ϩϋç̋ǊR^ʓƦ�

ϡ	ŃŊȴΞ,�	'ϩʮʯ¨ M-2.ϋç̋ǊR^ʓƦ/Ɓǘʹ,»	�)�Ǫ�@CB�

�.ʫʲ)�'ϩĉ́ȎĢ
@Ã˿�CB̬ɝ)/āŪ˼ǖ.ʶ+Bϩî.Ńʜ̬ɝ.ſ

̈́Ɍ+Ã˿�ŃŊȴΞ,ŦŁ�B)̑�@C'	B(Hanano and Sakagawa, 1990)� 

 

5.3 i��Z�ɲÿ˽ͷ
@Ǵů�BΈɞǊt�Ue�êƕ  

i��Z�.ķƘ/ņ¨δ.ɞʫʹ+̍�AFĔș�ϩi��Z�.ɲÿ˽ͷ/ͪʵƃ

ã.ΈɞǊt�Ue�.êƕFĔș�B)̑�@CB�ȵƎŃʜŃŊ,��BΈɞǊt�

Ue�.êƕFȗ@
,�B!;,ϩi��Z�ɲÿ˽ͷFŃͯɉ΋))<,ļ 5.8.Ɲό

ļ)ļ 5.9.Ȍόļ,˓���C C.ļ,�	'ϩi��Z�ɲÿ˽ͷ/ϩņͶ�.�+

ΈɞǊt�Ue�(�Bɲ½.ɲéʘ(ɭɞ¨))ɲÞʘ(ʮʯ¨)Fʾ̈.˅č(˾G(˓

����(ɲéʘ�?2ɲÞʘ/ϩņ¨ǰôȜ.ŃͯǍŌϩ^s�k�Ʌƃ�ʄƦɅƃ˾

ȷ�?2̬ɝ.ŃʪāŪʹʠǂFùĩ�'ɡů�!�ΈɞǊt�Ue��̀ȆŦŁ�Bō

ğϩW�\�V.úā=ņã.ŉɣ,?Aϩ�͂+ɲÞʘ.º̏�ŔEB�)<�B�Â

�0 MR-1,%	'/ϩMR-1͓ϟ(2003).Ȝ.ɲéʘ/ MR-1͓ϟ(2000).Ȝ?A<ɳ	º

̏,͏ů�!(ļ 5.9)� 

ļ 5.8�?2ļ 5.9
@i��Z�͓ϟ˾ȷ�ȗ@
,�!ΈɞǊt�Ue�.êƕŊ/

²�. 4%.ˬĻ,8);@CB (ǧƬã/Ⱦǥ)+Bi��Z�ķƘ˽ͷF˓�)� 

1) ᾰȊƈͩÞƈ.ĉȴ̉΂Ξ (MR-1�M-5ϩM-12) 

2) ᾰȊƈͩÞƈ.ƈ½ãΞ (M-6�M-13ϩM-13�M-6ϩM-7) 

3) ʍ.�ʄɪƃ(ͩÞəƈ)ãΞ (MR-1�M-8ϩM-6�M-8) 

4) ʐƎȌƃ8!/Ŭƅƈƈ̙Ĩ΂ (MR-1�M-1ϩM-15) 

�C@.ΈɞǊt�Ue�êƕŊ/ϩȵƎŃʜŃŊ.ŋȮʹ+ͪʵƃɉ΋FĔș�B)

̑�@CB�²�ϩĞΈɞǊt�Ue�êƕŊ.ŃͯŪʹ+ʠǂF̑Ź�B� 

 

5.3.1 ᾰȊƈͩÞƈĉȴ̉΂Ξ  

ļ 5.8,�	'ϩɭɞ¨ MR-1
@ʮʯ¨ M-5�?2 M-124.i��Z�ɲÿ˽ͷ)ɭ

ɞ¨M-14
@ʮʯ¨M-7�?2M-114.i��Z�ɲÿ˽ͷ/ΈɞǊt�Ue��ᾰ

ȊƈͩÞƈ.ĉȴ̉΂Ξ,ɨ$'êƕ�B�)F˓���.ΈɞǊt�Ue�êƕß½/
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γʷˬĻ.Ăˣ
@ĉˣ8(Ε�BŘ̈́Ɍ+<.(�AϩȮŃŊ.�͂+̬ɝʮʯŊ)Τ

+$'	B�Â�0ϩ2001ƞ 11Ȧ
@ 2002ƞ 1Ȧ.̬ɝʮʯɲΦ(ļ 5.4)F̓B)ϩᾰ

ȊƈͩÞƈ.ĉȴ̉΂Ξ,ǰô�C'	Bʮʯ¨ M-5ϩM-6ϩM-12ϩM-7ϩM-11ϩM-14F

ğE�!̬ɝʮʯɲΦ/ϩŃŊß½.̬ɝʮʯɲΦ.˳ 66%FČ;B�¨é (1985)�?2

Ͱʑ�Ȱȵ (1988),�	'<ϩᾰȊƈͩÞƈ.ŐʴΞ(/ņ¨ǰôȜ.ΏɬϕƦ�ϡ	

�)
@ϩ�.ͩÞƈ.ŐʴΞ/ϩȮŃŊ,��B̬ɝʮʯŊ(t�Ue�êƕŊ).�%)

�'͖͢�C'	B�Ͱʑ�Ȱȵ (1988)/�.ϔŊ.ΈɞǊt�Ue�.ǖĸ)�'}V

}�t�Ue���V�?2}V}.åĎȜ.ĕ̋Ǌ˫ʫ.ƱǖFǴʅ�'	B�}V}�

t�Ue���V)/ϩſé(1984),?B)ϩəƈ4.}V}ͩÞ,?Bɲ½��2þȷ,

¸$'ʮ�BƪƮAöCʽ.ƱǖFǏĩ�B�­ķϩi��Z�͓ϟ,?$'ȗ@
)+

$!ΈɞǊt�Ue�.êƕ/ϩ¨é (1985)�?2Ͱʑ�Ȱȵ (1988),?$'͉Σ�C!

ΈɞǊt�Ue�.êƕF̼°�B�8!ϩ�.t�Ue�êƕ/ϩưȜˆAƾ!ʮʯ¨

M-11.º̏Fĉ́ȎĢ,Ͳ�'ϩʮʯ¨ M-14�º̏�BˬĻ(ļ 5.8),8(̜B� 

 

5.3.2 ᾰȊƈͩÞƈãΞ  

ļ 5.8,�	'ϩi��Z�͓ϟȜ,ɭɞ¨<��/ʮʯ¨(�$! M-6) M-13.δ.

ēȎĢ.i��Z�ɲÿ)ϩɭɞ¨ M-13
@ʮʯ¨ M-74.i��Z�ɲÿ/ϩΈɞǊ

t�Ue��ᾰȊƈͩÞƈ.ƈ½ãΞ,ʷΕ�B�)F˓Į�'	B�8!ϩʮʯ¨ M-6

�?2 M-7/ᾰȊƈͩÞƈ.ŐʴΞ,ɲÞʘFǨ%ņ¨(�B�)
@ϩ��(ȗ@


)+$!ΈɞǊt�Ue�/ͩÞƈ.Őʴ)ãΞF˾G(	B�),+B�ͩÞƈ.ãΞ

/ƈʿ(ʧƈ�ᾰʧƈ�ˈ̤ᾰƈ+*).Ŕā,Ÿ:�)
@(Ͱʑ�Ȱȵ, 1988)ϩƈʿ

Őʴ,ΈɞǊt�Ue��ʷΕ�B)̑�@CB� 

 

5.3.3 ʍ.�ʄɪƃ (ͩÞəƈ )ãΞ  

ļ 5.8�?2ļ 5.9,�	'ϩɭɞ¨(͓ϟȜ)M-6
@ʮʯ¨M-84.i��Z�ɲÿ)ϩ

ɭɞ¨ MR-1
@ʮʯ¨ M-84.i��Z�ɲÿ/ϩᾰȊƈ�ͩÞ�BʦƎʋ˾çʕƈ

ϙ(�Ξ)�?2ʍ.�ʄɪƃ.ãΞ,<ΈɞǊt�Ue��ʷΕ�B�)F˓���.ãϩ

M-6/ᾰȊƈͩÞƈĉȴ̉΂Ξ,ɲÞʘFǨ%ņ¨(�B�)
@ϩM-6) M-8.ɞʫ

ʹ+̍�A/ϩͩÞƈŐʴ
@əƈ.ãΞ,Ģ
$'ΈɞǊt�Ue��ʷΕ�B�)F

Ǐĩ�B��@,ϩ�΅(5.3.2˫)�! M-6) M-13.δ.ΈɞǊt�Ue�.ŦŁFùĩ
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�B)ϩΈɞǊt�Ue�/ͩÞƈ.ãΞ
@�.Őʴϩ�@,ͩÞƈ.əƈãΞ,ʃ$

'ϩ67ȴ́ȎĢ,ϩ
%ɞƝ,êƕ�B� 

ʍ.�ʄɪƃãΞ.ΈɞǊt�Ue�.Ɋ,ϩͩÞƈ,ǳ�'ɞƝ,ʷΕ�BΈɞǊt

�Ue�.Ʊǖ,/ϙ¹Â��B�Heiken et al. (1988),?B) Inyo Domes (I��Qğ̴

ľϩQ�tO�lIƏ,�Bϥȡƈj��) (/ϩʔΔ8!/ƈ̙.ͩÞΓ˘F͛Ⱥ�B

!;,ϩObsidian Dome.ʔΔ�?2ɲ˴ƈƈ̙Fͩ�¥˨ǘ.XIǰô�̵EC!

(Eichelberger et al., 1985)�ļ 5.10/XIǰô,?AǴů�C!ưŃŊ.ŃͯȌόļ(�B�

ļ,˓�?
,ϩ}V}ͱʉƈʞ(ʔˋʟ)FĤ:t�Ue��ʔΔ8!/ƈ̙,ǳ�'ɞƝ

,ʷΕ�B�Heiken et al. (1988)/ϩ�.t�Ue�/ϩ}V}.ͩÞȜ,Ń�ɞ�ǉΊ,

ùʜ�CB�)(ͱ�Bɞŀˌˋ,?$'Ʊǖ�C!)͘ȗ�ϩt�Ue�.ɞƝȎĢ4

.ʷΕ/ϩ}V}.ͩÞ,?BȥŘ�ǆ÷êƕ.ǿ ,?B�)Fʫʲ.�%,Ǫ�'	

B�ƈ̙.ͩÞȜ.ǆ÷͉ȶ,ŋ&�ȥŘ�ǆ÷êƕFļ 5.11(Heiken et al., 1988),˓��

�C,?B)ϩŇʾ,ͩÞ�Bƈ̙.΃Ò(/ȥŘ�ǆ÷.êƕ/Ňʾ,΃�+Aϩɞŀ

ˌˋ/ɞƝȎĢ,ʷΕ�=��+B�ȵƎŃʜŃŊ,�	'<ĠɊ.ɏɉ,?$'}V}

ͩÞ,¸
ɞŀˌˋ�ʷʮ�ϩͩÞəƈ(�Bʍ.�ʄɪƃã,ɞƝ,ƨ2BΈɞǊt�

Ue��Ʊǖ�C!).͉Σ�ę̘(�B� 

ȵƎŃʜŃŊ,�	'ϩʍ.�ʄɪƃã.t�Ue��ϩ}V}ͩÞ,?$'Ʊǖ�C

!)̑�@CB͑ǥ/ŔͯΪʟ.êƕ,<̓é��)�(�B�ļ 5.12,˓�?
,ϩͰ

ʑ�Ȱȵ(1988)/ȵƎŃʜŃŊ,��BŔͯΪʟ.�˙(�BqK�tJ�Ki.êƕFȗ

@
,�ϩ�C�ņ¨ǰôȜ.Ώɬ˨ǘ)ŷǳ,εÇ�B)͉Σ�'	B��.qK�t

J�KiƗ/ͩÞƈ΃Ò"�(+�ϩəƈ�,<͖;@C'	B�8!ϩqK�tJ�K

iƗ/dKI^|IϩhJfQKiϩQP�kKiϩ_lˈϩȗ˒ˈF¸
�)�Ōħ�

C'�A(Sumi, 1968)ϩ�C@/ϩqK�tJ�KiFĤ;ϩϡʄ.΢Ǌɲ½,?$'ʮǖ

�CB΢ǊŔͯΪʟ(�B(Â�0qK�tJ�Ki)dKI^|I.âŦ/ 280°C²�(

�B; Hemley et al., 1980)��.Ϊʟ.˼9ğE�/ϩ΢āˍϤ˱(high sulfidation)ΧƂΪƣ.

əƈ,͖;@CB�)�ˆ@C'�Aϩ�.ʮǖ,/}V}ͱʉ.¥΢āˍϤ(SO2)FĤ:

΢ǊR^�Ŷ��B)̑�@C'	B(Hedenquist, 1987)� 

²�΅5! Inyo Domes.ˊ˝˾ȷ)ȵƎŃʜŃŊ.ŔͯΪʟ.ʠǂFÀ�B)ϩȵƎŃ

ʜŃŊ(/ϩ}V}.ͩÞ,?BĨĻ.ȥŘ�ǆ÷êƕ.ǿ )ɞŀˌˋ�ʷʮ�B�)

(ͩÞəƈ�,ɞƝt�Ue��ʮ�ϩ��,}V}�Ã˿�B΢ǊR^�ɲÞ�B�)
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Fig. 10. A model of volcanic hydraulic fracturing ・(α) Idealized sketch of the fracture geometry abo Y < :and adjacent to a
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図5.11 岩脈貫入時の最大主応力分布と水平フラクチャ生成の関係 (Heiken et al., 1988)
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368

Fig. 7 Distribution of mineral zones at 200m below sea level in the 

Matsukawa geothermal field.

4.1.3　 貯 留層 物理解析結果 との関係

　平子(1982)に よる松川貯留層の物理特性に関する研究結果によれば,地 熱貯留層内の初期水飽

和率の分布は,開 発地の南東を中心に, NW-SE性 フラクチャーを軸 としてその東側で狭 く,そ

の西側で広がる半楕円形を呈 し,内 側ほど水飽和率は小さい。このことも, NW-SE性 の澄川断

層の存在を支持している。

4.2　 推定 フラクチ ャーの地 熱貯留層 としての意義

　本研 究か ら,当 地熱地帯 には3本 の断層 が推定 され,蒸 気 はこれ らの断層沿 いに発達 した貯留

層か ら生産 してい ると判断され る。 このよ うに,地 熱流体が断層 に規制 されて流動 して いると考

え られてい る地熱地域 と して,八 丁原やザ ・ガ イザ ースなどが挙 げ られる(真 鍋 ・江 島,1986:

 Stockton et al.,1984)。

 Yoshida(1984)は 蒸 気中 のCO2・H2S・Rガ ス の組 成比 か ら,北 東部 に位 置す るMlb・MN3・

M9に 比 して,南 西部 に位置す るM2・M5・M6・M7お よ びM8に お けるH2Sの 割 合が高 くCO2の

割 合が低い ことを明 らか に してい る。Fig.8に,生 産井M10とM11の デ ー タを加 えた これ ら3成

分 の三角 ダイヤ グラムを示 した。M10お よ びM11の ガ ス組成 比 は南西 部 の グル ープ に属す る。

推定断層 と対応 させれば,北 東部 のグループ のMlb・M9は 澄 川 断層 に沿 って流動 し,南 西部 の

グループのM7・M8・M11お よ びT24は 湯 ノ森断層,同 じく南西部の グループのM5・M6・M10

図5.12 松川地域のパイロフィライト分布(赤澤・村松 1988)
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(qK�tJ�KiƗ�Ʊǖ�C!)͉Σ(�B� 

�΅(3.2.5˫)�!?
,ϩȵƎŃʜŃŊ.ͪʵƃŀ÷/ϩŃŊ.ĉ́
@Ăȴ,Ģ
$

'»�+B(̢Υ6
, 1989)��.ŀ÷êƕ�Ʊǖ�CB,/ϩŀ÷F·�Bɲ½.ɞƝȎ

Ģ.Ό̃�!êƕ�Ǆ͂(�B�ʍ.�ʄɪƃã,�	'/ϩ�(˓�!ɞƝȎĢ.Έɞ

Ǌt�Ue�ã.Ńʜɲ½.êƕ�ϩ�.ƵöFȷ!�'	B)̑�@CB� 

 

5.3.4 ʐƎȌƃ8!/Ŭƅƈƈ̙Ĩ΂  

ļ 5.8,�	'ϩɭɞ¨ MR-1
@ʮʯ¨ M-1�?2 M-154.i��Z�ɲÿ/ϩΈɞ

Ǌt�Ue��ŃŊȴΞ.ʐƎȌƃ8!/Ŭƅƈƈ̙Ĩ΂,êƕ�B�)F˓�� 

 

5.4 ΈɞǊt�Ue�êƕ)̬ɝāŪ˼ǖ.εÇ  

�΅(3.2.6˫)�!?
,ϩʮʯ̬ɝ.ϋç̋ǊR^ʓƦ/ϩͪʵƃã.Ńʜ̬ɝ.ÑȎ

ɲÿFĔș�B)͉Σ�CB��
�ϩ�.ɲÿȎĢFǴů�B!;,ʰ	! D’Amore and 

Truesdell (1979).�h�/«ʙʹ+ɭɞ.ƴώ�Ē3ōğ,/Ηʰ(�+	�Â�0ϩɭɞ

,?BåĎ,?$'̬ɝ.�Ξ�ç̋�B)ϩɕA.̬ɝ.ϋç̋ǊR^ʓƦ/ϡ�+Aϩ

�.Ȝʘ(ͪʵƃ.Ȯȳ.ǍŌ/ŝECB�Űς,ϩļ 5.6,˓�!ϋç̋ǊR^ʓƦêƕ

.ÕĢ/ϩɭɞγšƻ,Ř�� Cϩ̬ ɝ.ÑȎɲÿFĔș�Bêƕ/ƾ@C+�+$!�

8!ϩD’Amore and Truesdell (1979).�h�Fʰ	BκAϩ�ɐØ.ʾ̈ɲC˱)�'.̬

ɝɲÿ�
Ǵů(��ϩ?AʩŰ,΃	̀φ+ͪʵƃɉ΋.Ʌ͍,/ȯȋ��ʹ�B��

�(ϩϋç̋ǊR^.
#ϩCO2ϩH2S�?2 H2.ʓƦ<��/ʓƦɛFʰ	'ʮʯ̬ɝ

.ŃʪāŪʹʠǂFȗ@
,�ϩ�.ʠǂ)i��Z�͓ϟ˾ȷ,ŋ&�ΈɞǊt�Ue

�êƕ)Fɛͼ�B�)(ϩŃʜ̬ɝ.êƕʡǒF̑Ź�B� 

ŃʜR^.āŪ˼ǖ)ʄƦ.εÇFˊ˝�!Â, Giggenbach (1980)��B�Giggenbach 

(1980)/ϩļ 5.13,˓�?
,ϩl��]���j.ŃʜŃŊ(Wairakei, Kawerau, Broadlands)

.Ńʜɲ½. H2/H2Sɛ�ͪʵƃʄƦ(ˈ̤ʄƦ�?2 Na–KʄƦ))ɒ.ʿεFǨ%�)F

̓	"�!��.ʿε.͂ĸ)�'ϩGiggenbach (1980)/ϩϤΨΪ(FeS2)ϩΨFĤ:I�~

nʨ΢ŎΪʟϩH2�?2 H2S.δ.²�.ĔǆFǎů�'	B� 

 

 FeS2 +H2 + H2O( )↔ FeO( )+ 2H2S  (5.1) 
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Values of S for Wairakei, Broadlands and Kawerau well 
discharges were calculated by use of eqn (20). Data points 
for discharges with values for y < /0.0#2/, indicating less 
than 0.27: gain or loss of equilibrium vapor from the equi- 
librium liquid phase reaching the surface, follow a trend 
suggesting a decrease in the ratio H2/H2S with tempera- 
ture, contrary to the trends indicated by the pyrite-pyrrho- 
tite or pyrite-magnetite coexistence lines. Control of Hz 
and H2S concentrations by pyrite-pyrrhotite would 
require a rapid increase in S with decreasing temperature, 
while control by a pyrite-magnetite assemblage would 
cause S to remain largely constant. The observed trend, 
therefore, would suggest that relative hydrogen and hydro- 
gen sulfide concentrations are controlled by a third system 
involving ubiquitous pyrite and probably the iron contain- 
ing aluminium-silicate (Fig. 6). 

The most likely type of mineral complementing 
pyrite in a hydrogen-hydrogen sulfide controlling 
geothermal reaction is an iron containing aluminium 
silicate similar to chlorite or epidote (BARTON et al., 
1977; GOGLIEL, 1976). No thermodynamic data for 
these minerals of highly variable and often uncertain 
compositions are available. The best approach 
appears to be to simply ascribe the observed trends in 
S with temperature to a reaction symbolised by eqn 
(40) and represented by the equilibrium expression of 
eqn (43). By assuming H,/H,S ratios for the low tem- 
perature system at Manikaran to be controlled t ‘Y 

Fig. 6. Variations in the ratio H,/H,S as a function of 
temperature and CH,/CO,-ratios in the liquid phase for 
pyritepyrrhotite, pyrite-magnetite, pyrite-.-Fe-Al~sili~te 

coexistence. 

similar reactions, the data points can be fitted to eqn 
(17)from which, by use of eqn (46). empirical values 
for Kh may be obtained corresponding to 

log I(, = -0.16 - 504.X,(r + 273.2). (56) 

Without defining the actual minerais involved in 
reaction 40, the data obtained allou a mineral phase 
stability diagram to be constructed as shown in Fig. 7 
for 220’. 260” and 300°C. kll the data Faints. c&u- 
lated for discharges close to these ~emp~r~ltures and 
least affected by vapor gain or loss (Y < j O.o@i 1, for 
Broadlands and Kawerau wells occupy positions with 
hydrogen and hydrogen sulfide partial pressures of 
around 0. I bar. These partial pressures closely corre- 
spond to those of the pyrite-pyrrhotite magnetite tri- 
around 0.1 bar. These partial pressures closely corre- 
spond to those of the pyrite-pyrrhotire magnetite 
triple point at temperature above 300 suggesting that 
Hz and H2S pressures are, at these high temperatures, 
indeed controlled by this iron oxide sulfide assem- 
blage. With decreasing temperature. however, the 
iron-aluminium-silicate stability tield expands 
rapidly leading to the complete disappearance of the 
magnetite stability field at temperatures below 240 

It should be realised, that the nature of the mineral 
component symbolised by (FeO) may change with de- 
creasing temperature from that resembling chlorite to 
a mineral phase replacing chlorite at lower tempera- 
tures. These changes in the therm(~~iynanli~ cnviron- 
ment of (FeO), however, are likely to be gradual. and 
as outlined above, eqns (40) and (56) should be under- 
stood to describe a reaction including pyrite and two- 
valent iron in a possibly variable Al silicate enciron- 
ment and not in a specific mineral. 

Another mineral system posstbly in ~quilibr~unl with 
geothermal gases may be symbohsed by the rcdction 

CaCO, + H2S -t 3Hz0 r? CaSO, + COz -t 411~. (57) 

calcite anhydrlte 

Calcite-anhydrite coexistence lines for I’, (); of IO bar are 
shown in Fig. 7. They bypass analyt~~ai data points at 
considerably lower hydrogen partial pressures. especially at 
lower temperatures, suggesting that the presence of anhy- 
drite, frequently found in geothermal systems ( BROM.NE. 
1978), is likely to reflect the more osidising conditions in a 
transition zone at the periphery of the geothermal system 
where the rising column of thermal fluids comes into con- 
tact with aerated, non-thermal grounduater 

A simple check as to the att~~inment s>f calcrte ~~llhy~irite 
equilibrium within a geothermal system is obtamed by 
employing the pressure independent reaction 

CaCO, + HzS + H,O(l) et C‘aSO, + CHA (58) 

whose equilibrium constant is adequately rcprexented by 

log K,, = Iog(Sc,fHa;.%,,ti\ f = -4.74 - (~,~)(~8~. (59) 

Because of the small temperature term, lc,p 6 \h and, there- 
fore, log PCn41PHB are almost temperature Inllependent at 
around -4.9. By assuming the two gases as sampled to 
have been completely dissolved at equilibration according 
to X,j = X, i Ei, the theoretical \,a1 ues for 
x~.~~,/x,.)+~ =‘K,,&~i&,, drop to IO ‘. far from the 
value of close to unity observed for the ratio (.‘H,‘H,S for 
New Zealand and other thermal dlschargcs ( LYAMOKE and 

図5.13 H₂/H₂S比の温度依存性 (Giggenbach, 1980)
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Ʃ(5.1),��B(FeO)/I�~nʨ΢Ŏ,Ĥ8CB¥Å.ΨFϩ(H2O)/ΨFĤ8+	I�

~nʨ΢ŎF�C C±̸�B���(ΨFĤ:I�~nʨ΢Ŏ.Ϊʟ˙/ʠů�C'	

+	�ϩ�.Í̾)�'̆ɬˈ)̆ˮˈ�Ǫ�@C'	B� 

8!ϩGiggenbach (1980)/ H2/H2Sɛ)ͪʵƃʄƦ.εÇF̑Ź�B.,ϩƩ(5.1).Ĕǆ

.6
,ϩϤΨΪ(FeS2))ˏˍΨΪ(FeS)FĤ:Ĕǆ)ϩϤΨΪ)ˏΨΪ(Fe3O4)FĤ:ĔǆF

ɛͼ�'	B��C@.ĔǆF̸�Ʃ/²�.)�A(�B� 

 

 FeS2 +H2↔ FeS+H2S  (5.2) 

 3FeS2 + 2H2 + 4H2O↔ Fe3O4 + 6H2S  (5.3) 

 

ļ 5.13,/ϩʜ÷Ūh�c,ŋ&��.¥%.Ĕǆ,?B H2/H2Sɛ)ͪʵƃʄƦ.ʿε

Ȣ̈�˓�C'	B��C@.Ȣ̈)Űς.h�c.ɛͼ
@ϩl��]���j.Ńʜ

ŃƗ(Wairakei, Kawerau, Broadlands). H2/H2Sɛ)ͪʵƃʄƦ.εÇ/ϩĔǆ(5.2)�?2(5.3)

(/͘ȗ(�+	�)�ê
B� 

Giggenbach (1980)Fŋ,�'ϩȵƎŃʜŃŊ,Ż�'<ϩʄƦ4.ÄŦǊ�Ȫƹ(�B

H2/H2SɛFïʰ�ϩ�@,ϩCO2ʓƦFÀ�'ʰ	B��C/ϩYoshida and Ishizaki (1988)

�˓�?
,ϩȵƎŃʜŃŊ(/ŃŊ.ȴ́( CO2ʓƦ,ƒ��Aϩ�C,?A¥%.̬

ɝÃ˿ʉ.ŦŁ�Ǵů�CB
@(�B��C@¥%.q���cFĠȜ,Ʌ͍�B!;

,ϩH2/H2Sɛ) CO2ʓƦ.εÇFļ 5.14,˓�� 

ļ 5.14(a)/ 1993ƞ
@ 2005ƞ,
�'.ʮʯ̬ɝ.āŪ˼ǖFv�fi�!<.(�

B�ļ.�(ϩĞv�fi/	�%
.V��vFƱǖ�ϩ�.�)/ϩ̀Ȇ.ʮʯ¨


@ƾ@CBŃʜ̬ɝ�âΉ�BāŪ˼ǖFǨ%�)F˓���ΞϩÂŕ)�'ϩĊʢ.ʮ

ʯ¨��%.Ľȧ.˼ǖF˓�ōğ<�B��.āŪ˼ǖ,ŋ&�V��v.͢îFŵȘ

,�B!;ϩļ 5.14(a).ϙ¹�BāŪ˼ǖ.êƕˬĻFȸ(Ļ$'ļ 5.14(b),˓����

(ϩĞʮʯ¨.ɲÞʘ.˞δêƕF̑Ǔ�B)ϩ�B�%.V��v,Ƃ�B̀Ȇ.ʮʯ

¨/ϩɲÞʘ.º̏�͵χʹ,¦	,΃	�)�ê
B(ļ 5.2�?2ļ 5.3)�ļ 5.14(b)(

/ϩʮʯ¨.ɲÞʘ.Ř8
+º̏FϩɞƝ(ȴ́)ȎĢ)ɺƦȎĢF̸�˅č(˓�!�ļ

?AϩŃŊȴÑ,êƕ�B̬ɝ/ CO2ʓƦ�ʿŻʹ,ϡ	�))ϩŃŊ.ȴ́FıE�ɲ

Þʘ.º̏�ɺ	6* H2/H2Sɛ�Ř�	�)�̓'ĖCB�ȵƎŃʜŃŊ(/ʄƦɅƃ.

ŰȏÂ�ƀ+�ϩļ,˓�! 1993ƞ
@ 2005ƞ.δ,ϩßʮʯ¨FŻͧ)�!ͪʵƃʄ
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図5.14 松川地域生産蒸気のH₂/H₂SとCO₂濃度の関係

M-7, M-11, M-14

M-6, M-8, M-13
MT-24
M-2, M-15
M-9

M-5, M-12

[1] Central-deep group: M-5, M-12, M-6
[2] Central-mid-depth group: M-6, M-8, M-13
[3] Central-shallow group: MT-24

[4] East-deep group: M-2, M-15
[5] Southeast-deep group: M-9
[6] Southwest-deep group: M-7, M-11, M-14

Grouping of production wells by steam chemical composition
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Ʀ.ŰʅÎ/+	�ϩŃʜͪʵƃ.�̟ʹ+ʠǂ)�'ϩɺƦ�Ř�	6*ͪʵƃʄƦ�

ϡ	)³ů(�B+@0ϩH2/H2Sɛ/ͪʵƃʄƦ)ɒ.ʿεFǨ%)	�B��.ʠǂ/ϩ

Giggenbach (1980)�˓�!l��]���j.ŃʜŃŊ.Â)Ġ�(�B�²�΅5!�)


@ϩŃʜ̬ɝ.āŪ˼ǖ.ʠǂ/Ńʜ̬ɝ.˞δêƕFĔș�B)̑�@CB� 

�.Ńʜ̬ɝ.ŃʪāŪʹʠǂFŋ,�'ϩʮʯ¨F²�.V��v,êϙ�B� 

1) �ŜΞɺΞV��v (Central–deep group)ϫM-5ϩM-12ϩM-6 

2) �ŜΞ�ɺƦV��v(Central–mid–depth group)ϫM-6ϩM-8ϩM-13 

3) �ŜΞɳΞV��v(Central–shallow group)ϫMT-24 

4) ȴΞɺΞV��v(East–deep group)ϫM-2ϩM-15 

5) ĉȴΞɺΞV��v(Southeast–deep group)ϫM-9 

6) ĉ́ΞɺΞV��v(Southwest–deep group)ϫM-7ϩM-11ϩM-14 

+�ϩM-6/ȜȪ,?$'�ŜΞɺΞV��v<��/�ŜΞ�ɺƦV��v.	�C


.āŪ˼ǖF˓�!;ϩM-6/�C@¥%.V��v,Ĥ;!�8!ϩʮʯ¨ M-1/ļ 5.14

.¿ļ,ʰ	!h�cĖƾȪδ,�	'ϩʮʯɲΦ�ɇˣ,ƀ+�ϩ̬ɝāŪ˼ǖ/Ř�

�0@%	!��!�$'ϩ�.Ȝ. M-1.̬ɝāŪ˼ǖ/ͪʵƃ.ʡǒFɒ��Ĕș�

+	)̑�ϩ��(.̑Ź
@μŕ�B� 

ĞV��v.êƕˬĻFi��Z�.ɲÿ˽ͷ))<,ļ 5.15.Ɲόļ)ļ 5.16.Ȍό

ļ,˓��+�ϩļ 5.16(/ņͶ)�͂+ɲÞʘF�%.Ȍό,ǟƴ�!Οğ�ϩȴΞɺ

Ξ)ĉȴΞɺΞ.V��v/Τ+$'̸˓�CB��C@.ļ
@ê
B?
,ϩĉ́Ξ

ɺΞV��v(M-14ϩM-11ϩM-7)�?2�ŜΞ�ɺƦV��v(M-6ϩM-13ϩM-8).êƕ/ϩ

M-14͓ϟ(2001)�?2 M-6͓ϟ(2000),?$'ˎ
;@C!i��Z�ɲÿ˽ͷ.êƕ)

�C C�̝�B��!�$'ϩŃʜ̬ɝ.ɲÿˬĻ/ΈɞǊt�Ue�êƕ,?$'̈́

ñ�Cϩ8!ϩŃʜ̬ɝ.āŪ˼ǖ/ϩÃ˿�CBŃʜ̬ɝ.˙ϙ)ɲÿˬĻ.ͪʵƃʄ

Ʀ(ɡů�CB)͉Σ(�B� 

 

5.5 ȵƎŃʜŃŊ,��BΈɞǊt�Ue�êƕ)Ńʜɲ½.ͪʵƃɉ΋  

ȵƎŃʜŃŊ(/ 4Ȯ.ɭɞ¨Fʰ	!i��Z�͓ϟ,?$'ϩγʷŃŊã.Ƣ	ˬ

Ļ,ʃ$'ΈɞǊt�Ue�.êƕFˎ͖�B�)�(�!��.˾ȷϩļ 5.17,˓�?


,ϩΈɞǊt�Ue�/²�. 4%.ˬĻ,êƕ�B�)�ȗ@
)+$!� 
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@ʮʯ¨ M-11,ɲÿ�B¥˙ϙ.i��Z�.ʓƦɛ(C*)/Űͯ 1.0

F˓�Ȫδ��Aϩ�.ȜϩM-11,ɲÿ�Bɭɞɲ½/�ɖɥϠΓ˘,?A�.ßΦ�ɥ
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Ϡ�B)͉Σ(�B� 

4) y.êƕ)ͪʵƃʄƦêƕ.ɛͼ
@ϩͪ ʵƃʄƦ�ϡ	ϔŊ6* y�Ř��ϩɭɞ,

?Bʜķĕ.þʥ�ϡ	� 

5) ¥ǖê¥ʿi��Z�Fʰ	!i��Z�͓ϟ,?$'ϩɭɞɲ½.ɲÿ˽ͷɚ,ɥ

ϠΓ˘.˙ϙ)̬ɝêʥFǴů(�B�)
@ϩȮ͉ȶȎɫ/̬ɝćͳňŃʜͪʵƃ,�

�BͪʵƃɹϜ.͒ÅȎɫ)�'ȧþ(�B� 

˥ 5ˢ(/ϩi��Z�͓ϟ˾ȷ)ͪʵƃ.Ńͯʹϩʟʫʹ�?2ŃʪāŪʹʠǂF̅

ğʹ,̑Ź�ϩɭɞɲ½�?2Ńʜɲ½�ɲÿ�BȵƎŃʜŃŊ.ͪʵƃɉ΋.ʠǂFȗ

@
,�!�˾ȷF8);B)²�.)�A(�B� 

1) ȵƎŃʜŃŊ.ΈɞǊt�Ue�/�,ϩ(i) ᾰȊƈͩÞƈ.ĉȴ̉΂Ξϩ(ii) ᾰ

ȊƈͩÞƈ.ƈ½ãΞϩ(iii) ʍ.�ʄɪƃ(ͩÞəƈ)ãΞ�?2 (iv) ʐƎȌƃ8!/Ŭƅ

ƈƈ̙Ĩ΂. 4%.ˬĻ,êƕ�B� 

2) ᾰȊƈͩÞƈ.ĉȴ̉΂Ξ.ΈɞǊt�Ue�êƕ/ϩγʷˬĻ.Ăˣ
@ĉˣ8

(Ε�BŘ̈́Ɍ+<.(�Aϩ�.ˬĻ/ȮŃŊã(ȥ<̬ɝʮʯ̘÷�ϡ	���.Έ

ɞǊt�Ue�.Ʊǖ/ϩͩÞ�B}V},?B}V}�t�Ue���V�?2}V}

åĎȜ.ĕ̋Ǌ˫ʫ.Ʊǖ,?B)̑�@CB��@,ϩΈɞǊt�Ue�/ᾰȊƈͩ

Þƈ.ãΞ,<êƕ�ϩ�.êƕ/ũˠ�!<.(/+�ϩƈ½ŐʴΞ)̍�AFǨ%� 

3) ʍ.�ʄɪƃ/ᾰȊƈͩÞƈ.əƈ(�Aϩ��(/ΈɞǊt�Ue��ɞƝȎĢ

,êƕ�B��C/}V}�ͩÞ�!ς.ɞŀˌˋ,?$'Ʊǖ�C!)͉Σ(�B� 

4) ŃŊ.́Ñ(/ϩᾰȊƈ}V}.Ř̈́Ɍ+ͩÞ,?AͩÞƈ.ãŕ�?2ŐʴΞ,

̠ş+ͪʵƃ�Ʊǖ�C!)̑�@CB� 

5) ŃŊȴÑ,�	'ϩΈɞǊt�Ue�/ʐƎȌƃ8!/Ŭƅƈƈ̙Ĩ΂,êƕ�B)

͉Σ(�ϩ�.Ʊǖ,/Ŭƅƈ.ͩÞɱÿ8!/ʐƎȌƃ.Ȍƃɱÿϩ<��/�.�Ȏ

�ε��!)Ǵů(�B� 

6) Ńʜ̬ɝ.āŪ˼ǖ/ϩÃ˿�CBŃʜ̬ɝ.˙ϙ)ϩΈɞǊt�Ue�êƕ,?$

'̈́ñ�CBŃʜ̬ɝ.ɲÿˬĻ.ͪʵƃʄƦ(ɡů�CB)͉Σ(�B� 
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Ȯˊ˝FΎ;B,�!Aϩ˻šǔë�ź+�ǩž)�ύǽFͮA8�!�ƏŘŪŘŪλ

ƐŪˊ˝λŃʪͭʉ\^g�ƐŪΞΰ˰¨Ϧ�ȃǮ,ď�Ǒ͡.ǏF̸�8�� 

8!ϩȮ͜ȈF8);B,�!A�ǩž)�û͋FͮA8�!�ƏŘŪŘŪλƐŪˊ˝

λāŪƐŪΞΰƈ¨̣śæȃǮ+@2,ĠŃʪͭʉ\^g�ƐŪΞΰ̲ÜƧŮæȃǮ,ɺ

�Ǒ͡.ǏF̸�8�� 

Ȯˊ˝,ʰ	!h�c.Ŗ�/ϩȒȮΤāŪƐɆ(Ƚ)+@2,ȴĂɞ÷Ńʜ(Ƚ).Äϖ,

?BŃʜN�]lI��V(Ƚ).͛ȺɆĀ(ƾ@C!<.(�B���,͎�'εÇĞº.

ʠî+�ΠǓ,Ǒ͡.ǏF̸�8��ʠ,ϩh�c.ÁʰFǛ͟ϐ	!ȴĂɞ÷Ńʜ(Ƚ)

.�ďǏ)�Ĉ÷,ɺ�Ǒ͡.ǏF̸�8�� 

Ȯˊ˝.ŋː.ŘΞê/i��Z�͓ϟˊ˝.ŘŴ(�B The University of Utah, Earth & 

Geoscience Institute (ưȜ). Michael Adamsɜ.ίƞ.Û̵ˊ˝,Ä$'	B�ɜ,/Ȯˊ

˝FΎ;B,�!$'<�͍͜FͮAϩʠ,˥ 4ˢ,%	'�ź+�ǩžFϐ	!���

,͎�'Ǒ͡.ǏF̸�8��8!ϩĠˊ˝ǘ. Peter Roseċœ
@<ϩȮˊ˝,ε�B

�û͋.6
ϩǃƯ	ý8�Fϐ�))<,ϩ͜Ȉǟ˛.ς,/̤Ȉ.ȼζFƪ�ė�'

ϐ	!���,ɺ�Ǒ͡.ǏF̸�8�� 

l��]���j Sinclair Night Merz. Brian Lovelockɜ).ȓȳ.ǍŌªǷ/ϩȮˊ˝

,�	'Ŗ	,Ƶˠ$!�8!ϩɜ,/ϩ͜Ȉǟ˛.ς,̤ȈFȼζ�'ϐ	!���,

͎�'Ǒ͡.ǏF̸�8�� 

ŃʜN�]lI��V(Ƚ)˔ίſεɒƫɜ+@2,ǲȺΞίɃĐˡĭċœ,/ϩŁ̔�.

ˊ˝,Ż�'�ʫ͉Fϐ�))<,ʠî.�ΠǓFͮA8�!�)ɺ�Ǒ͡	!�8�� 

Ȯˊ˝,ʰ	!˙�.h�c/ϩί�,E!BȵƎŃʜʷωǘΒ͹.<)ϩŖ�.Û΀

͞Ù.�Ȍ.ü÷,?$'̭˜�C!ͫΤ+<.(�B���,͎�'εÇ͞ɜ,ɺ�ȅ

ǏF̸�8��8!ϩȮˊ˝,ε�ϩȒ�Ĉ÷Fϐ	!ŃʜN�]lI��V(Ƚ)��¨Ξ

ί̧ϊ�ɜϩǲȺΞʟʫV��v}m]��ɳɧƠƫɜϩǲȺΞŃāŪV��v̥¨ƳŤ

ɜFì;)�BεÇ͞ɜ,ɺ�Ǒ͡.ǏF̸�8�� 
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