
ἾἾⅆᒣᄇฟ≀ὶධక࣏࣭ࣥࣟࢩࢿࢻࣥ࠺ᕝࡢἙᗋኚື㸨�

�

ᮾᏛ� ᕤᏛ㒊� ᳃� ᩥ❶�

ᮾᏛ� Ꮫ㝔ᕤᏛ◊✲⛉� ୕ᡞ㒊� భኴ�

ᮾᏛ� ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ࿋� ಟ୍�

Institut Teknologi Sepuluh Nopember� Suntoyo 
ᮾᏛ� Ꮫ㝔ᕤᏛ◊✲⛉� ᱵ⏣� ಙ�

ᮾᏛ� Ꮫ㝔ᕤᏛ◊✲⛉� ⏣୰� ோ�

ᮾᏛ� ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ᭷ാ� ᜨᏊ�

ᮾᏛ� ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ┿㔝� ᫂�

�

�㸬 ࡵࡌࡣ�
2006ᖺ 5᭶ࣙࢪࣝࢻࢩ࣭ࢩࢿࢻࣥᕷ࡛ἾⅆᒣࡀⓎ⏕ࡋ㸪㔞ࡢởἾࡀᄇฟࡓࡋ㸬Ἶⅆ

ᒣࡣỈࢆከ㔞ࡴྵ⢓ᅵࡀᆅୗ࡚ࡗࡼࢫ࢞ࡢࡽᢲࢫ࢞ࢀࡽࡆୖࡋᄇฟᏍࡁ࡛ࡾࢃࡲࡢ

㸪Ἶⅆᒣࡾ࠶ᆅẆኚືᖏ࡛ࡢୡ⏺᭷ᩘࡣᓥ࣡ࣕࢪࡢࢩࢿࢻࣥ㸬ࡿ࠶࡛ࡇࡢୣࡢ㗹ᙧࡿ

άື㛫㝸࡛⇿Ⓨⓗࡢᅇ⛬ᗘ୍ᖺ㹼ᩘ༑ᖺᩘࡣ㸬Ἶⅆᒣࡿ࠸࡚ࡗࡇሙᡤ࡛㉳ࡢࡃከࡣ⏕Ⓨࡢ

ᩘ༑᭱ࡣởἾᄇฟ㔞ࡢࡽάື࡛Ἶⅆᒣࡢ㸪୍ᅇࡋ m3ྍࡿ࡞⬟ᛶࡿ࠶ࡀ(㧗ᶫࡽ㸪2006
ᖺ)㸬ࣙࢪࣝࢻࢩᕷ࡛Ⓨ⏕ࡓࡋἾⅆᒣࡢởἾศᯒ(US Geological Survey, 2013)ࡸἾⅆᒣࡢάື

⥅⥆ᮇ㛫ࡢゎᯒ(Davies et al, 2011)ࡀࡿ࠸࡚ࢀࢃ⾜ࡣ㸪Ἶⅆᒣᄇฟ≀ὶධక࠺Ἑᕝࡢᙳ㡪
≦✚ሁࡢởἾࡿࡍὶධᕝ࣏ࣥࣟࡣ࡛✲◊㸪ᮏ࡚ࡗࡼ㸬࠸࡞࠸࡚ࢀࢃ⾜ࡀウ᳨࡞༑ศࡣ࡚࠸ࡘ

ἣࡢホ౯ࢆ┠ⓗࡋ㸪࣏ࣥࣟᕝࡢἙᗋࡢ 㔞⤖ᯝࢆᇶࡢࡑኚືởἾሁ✚ࡢ㛵ಀ᳨࡚࠸ࡘ

ウࡓࡗ⾜ࢆ㸬�

  

�㸬 ◊✲ᑐ㇟⿕ᐖ≧ἣࡢᴫせ�
㛗 320km㸪ὶᇦ㠃✚ 12, 000m2/km࣡ࣕࢪࡢᓥ➨ ࢫୗὶᇦ࡛ࡣᕝࢫࢱࣥࣛࣈࡿ࠶Ἑᕝ࡛ࡢ2

㛗⣙ࡣᕝ࣏ࣥࣟ㸦ᅗ㸫1ཧ↷㸧㸬ࡿ࠸࡚ࡋศὶᕝ࣏ࣥࣟᕝࣖࣂࣛ 60kmࡢἙᕝ࡛ࡾ࠶㸪
⣙ࡽࣖࣂࣛࢫࡢᓥᮾ㒊࣡ࣕࢪ࣭ࢩࢿࢻࣥ 30km༡⨨ࡿ࠸࡚ࡋ㸬Ἑᕝᖜࡣ 150m㹼300m㸪
Ἑᕝ໙㓄ࡣ 1/3500㹼1/8000࡛ࡾ࠶㸪ኳᕝ༊㛫ࡀከࡃᏑᅾࡿ࠸࡚ࡋ㸬ὶᇦࡢᖺ㛫㞵㔞ࡣ 1500
㹼2000mm⛬ᗘ࡛ࡾ࠶㸪᫂░࡞㞵ᮇ㸦ᴫࡡ 10᭶㹼4᭶㸧ᮇ㸦ᴫࡡ 5᭶㹼9᭶㸧ࡀᏑᅾࡿࡍ�ᅗ
㸫2ཧ↷�㸬��

㸬ࡓࡋ㛤๐࡚ࡋὥỈỈ㊰ࢆᕝ࣏ࣥࣟ㸪19ୡ⣖ᮎࡀࡓࡗ࠶ᮏᕝ࡛ࡀᕝࣖࣂࣛࢫࡣࡶࡶ
㞵ᮇࣖࣂࣛࢫࡣᕝୗὶ⨨ࢆࣖࣂࣛࢫࡿࡍὥỈࡽᏲࡵࡓࡿ㸪ὥỈὶ࣏ࣥࣟࢆ࡚ࡍࡢᕝ

₅Ỉ㊰℺ࢱࣝࢹ࣭ࢫࢱࣥࣛࣈᕝࣖࣂࣛࢫࡾࡼ࣒ࢲࣥࢥ᪂ࣞࣥࡣ㸬୍᪉࡛ᮇࡿ࠸࡚ࡋὶ

�㸬࠸࡞ࢀࡉ⤥౪ࢇࡣᕝ࣏ࣥࣟ㸪ࢀࡉỈྲྀ

࡛⣙᭱ࡀᄇฟ㔞ࡢἾࡣἾⅆᒣ࡛ࡢᕷࣙࢪࣝࢻࢩ 18 m3/dayࡶ㐩ࡋ㸪ࡢࡑᚋ㝖ࠎᄇ

*River bed variation in Prong River in Indonesia due to sediment inflow from mud volcano by Fumiaki Mori, Yuta 

Mitobe, Shuichi Kure, Suntoyo, Makoto Umeda, Hitoshi Tanaka, Keiko Udo, and Akira Mano �
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ฟ㔞ࡀῶᑡࡀࡿ࠸࡚ࡋ㸪Ⓨ⏕ࡽ 7ᖺ௨ୖ⤒㐣ࡓࡋ⌧ᅾࡶᄇฟࡿ࠸࡚࠸⥆ࡀ㸦⾲㸫1ཧ↷㸧㸬ࡇ

ࡀ㑊㞴ఫẸࡾࡼ⅏ᐖࡢ 4ே㐩ࡓࡋ 2006ᖺ 7᭶ἾࡁࡏࢆṆࡢࡵࡓࡿࡵሐ㜵ࢆタ⨨ࡀࡓࡋ㸪
୍㒊ࡢሐ㜵࡛ࡣỴቯࡸἾࡢ㉺ὶࡌ⏕ࡀ㸪ࡾࡼࢀࡇබඹᶵ㛵ࡢᙳ㡪ࡿ࠸࡚ࡌ⏕ࡶ㸬ሁ✚࣭㈓

ⶶ㝈⏺㐩ࡓࡋἾࡣ 2006ᖺ 11᭶ 22᪥௨㝆࣏ࣥࣟᕝฟࡾ࠾࡚ࢀࡉ㸪⌧ᅾ࡛ࡶ㔞ࡢởἾࡀ�
�ࡑࡼ࠾ࡽἙཱྀࡶࡽࡕ㸪ࡾ࠶⟠ᡤࡣởἾὶධཱྀࡢᕝ࣏ࣥࣟ㸬ࡿ࠸࡚ࢀࡉฟᕝ࣏ࣥࣟ
28kmᆅⅬᏑᅾࡿ࠸࡚ࡋ㸬�

 

��㸬 ◊✲᪉ἲ�
ࡢᨻᗓࢩࢿࢻࣥ Lumpur Sidoarjo(LUSI)Ἶⅆᒣ⅏ᐖࡢᢸᙜ㒊ᒁ࡛ࡿ࠶BPLS� (Badan 

Penanggulangan Lumpur Sidoarjo - Sidoarjo Disaster Recovery Agency)ࡀ�ởἾᄇฟᚋ 㔞1ࡓࡋk
㹫ẖࡢἙᗋ᩿㠃ࢱ࣮ࢹ�ᅗ㸫3ཧ↷࡚࠸⏝ࢆ�㸪Ἑ㐨㒊ࡢᆅᙧኚ㐣⛬ࢆㄪࡓ㸬ࡋࡔࡓ㸪Ἑᗋ᩿
㠃ࡢࢱ࣮ࢹᇶ‽Ⅼࡣ 㔞᪥ẖࡾ࡞␗�ᅗ㸫3��ཧ↷�㸪ࡓࡲᶓ᩿㠃ࡢ 㔞㛫㝸୍ࡀᐃ࡛࠸࡞ࡣ㸬
࡚࠸ࡘࢱ࣮ࢹࡢ�ᅗ㸫3���ཧ↷�㸪⿵ṇᚋ࠸⾜ࢆṇ⿵‽ᇶࢆ⨨ሐ㜵࠸࡞ࡢ㛫ኚື࡛ࡇࡑ
⥺ᙧ⿵㛫࡛ࡇ࠺⾜ࢆᶓ᩿㠃᪉ྥ1㹫㛫㝸ྲྀࢆࢱ࣮ࢹࡢᚓࡓࡋ㸬ࢆࢀࡇởἾᄇฟ㔞ࡸὶ㔞㸪ཬࡧ

ࢆᙳ㡪ࡓ࠼Ἑᗋኚືࡀ㸪ởἾὶධࡋẚ㍑ᫍ⏬ീ⾨ࡿ࠸࡚ࡋබ㛤ࡀᅜ❧Ꮫ࣮࣏ࣝ࢞ࣥࢩ

ホ౯ࡿࡍ㸬��

⾲㸫㸯ởἾᄇฟ㔞�࿋ࡽ㸪2013� 
ᖺ ᖹᆒᄇฟ㔞 

㸦༓ m3/day㸧 
᭱ᑠᄇฟ㔞 
㸦༓ m3/day㸧 

᭱ᄇฟ㔞 
㸦༓ m3/day㸧 

2006 100 90 180 
2007 80 60 95 
2008 60 20 80 
2009 50 5 75 
2010 40 1 70 
2011 30 0 70 
2012 20 0 70 

ᅗ㸫�� �ࡿࡅ࠾ᕝὶᇦࢫࢱࣥࣛࣈ
᭶ᖹᆒ㞵㔞�࿋ࡽ�������

ᅗ㸫�� ᑐ㇟㡿ᇦ�
�

�� ��

�ࣖࣂࣛࢫ

�ᕝࢫࢱࣥࣛࣈ

200km�

��

᪂࣒ࣞࣥࢲࣥࢥ�

ᄇฟཱྀ�ᄇฟཱྀ

�ࢱࣝࢹ࣭ࢫࢱࣥࣛࣈ

� � � � � � ℺₅ᆅᇦ�

10km�

ởἾὶධཱྀ�
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		㸬 ᖹᆒἙᗋ㧗�
ᅗ㸫4(a)ᖹᆒἙᗋ㧗ࡢἙ㐨⦪᩿᪉ྥศᕸࡍ♧ࢆ㸬ởἾὶධཱྀୖὶࡢ 152�� ࡀἙᗋኚືࡣ࡛

ࡋ㸪ὶධࡾ࠾࡚ࡌ⏕ࡀἙᗋኚື࡞ࡁࡣୗὶഃ࡛ࡾࡼ᪉࡛㸪ởἾὶධ୍ཱྀ࠸࡞ࢀࡽࡳࢇ

ࡓࡲ㸬ࡿࢃࡀࡇࡿ࠸࡚ࡋࡰཬࢆᙳ㡪࡞ࡁἙᗋኚືࡿࡅ࠾ᕝ࣏ࣥࣟࡀ≀✚ሁࡢởἾࡓ

ᮇ࡛ࡢἙᗋୖ᪼㔞ࡣởἾὶධཱྀ㏆࡛᭱ࡿ࠸࡚ࡗ࡞㸬ởἾᄇฟ㔞ࡀᑡ࠸࡞ 2009ᖺࡢἙᗋ
ኚືࡿࡳࢆᮇࡢ㛫࡛ࡢἙᗋ㧗ࡢቑຍ㔞ࡣ ���� ᖺᮇࡢቑຍ㔞ẚᑠ࠸ࡉ�ᅗ㸫4(b)ཧ↷)㸬

ởἾὶධཱྀࡾࡼୗὶഃ࡛ࡣ ����ᖺᮇ㸦ᴫࡡ 
᭶㹼�᭶㸧ࡃࡁἙᗋࡋ᪼ୖࡀ㸪㞵ᮇᛴ⃭
ࡣ㸪�����㏆࡛ࡀࡿ࠸࡚ࡋῶᑡ ����ᖺᮇἙᗋࡓࡋ᪼ୖࡀᚋ㞵ᮇ�����ᖺ 
᭶㹼���ᖺ
�᭶�࡛ࡢῶᑡ㔞ࡀ᩿ࡢ㠃ẚ㍑࡚ࡋᑠ࠸ࡉ㸬� � �

20010/4 
0 100 200

í10

0
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(a)� �

�����
⿵ṇ๓�

 (b)�

� ����

1

(m) 

2006/11 

������
⿵ṇᚋ�

� ����

20010/4 

	��

160KP�� 180KP� 200KP�
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240KP�

260KP��

ởἾᄇฟཱྀ�

ởἾὶධཱྀ ��ὶධ �
ởἾὶධཱྀ ��

�����

⿵ṇᚋ�

(m) 

���

ᅗ㸫�� 	��
����ࡢࢱ࣮ࢹ㸬��� 㔞᩿㠃㸪��� 㔞ࢱ࣮ࢹἙᗋ 㔞ࡿࡼ�⿵ṇ๓�㸪�
��� 㔞ࡢࢱ࣮ࢹ����
�⿵ṇᚋ�䠊ࡢ⥺ࡢ�������Ⰽࡣ㛫ࡍ♧ࢆ�
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㸬 ⤒㦂ⓗᅛ᭷㛵ᩘἲࡿࡼἙᗋኚືゎᯒ�
ゎᯒ᪉ἲࡢࡇ㸬ࡓࡗ⾜ࢆゎᯒࡿࡼ㸪⤒㦂ⓗᅛ᭷㛵ᩘࡵࡓࡿ᥈ࢆᅉࡢἙᗋኚືࡢᕝ࣏ࣥࣟ

ǡݔᅛ᭷㛵ᩘ݁ሺࡢ㛫᪉ྥ✵ࢆ✵㛫ศᕸࡢ➼ࢱ࣮ࢹ㸪ᆅᙧ࠺ࡼࡢḟᘧࡣ ᅛ᭷㛵ࡢ㛫᪉ྥሻݕ
ᩘܿሺݐሻࡍ⾲࡛✚ࡢ㸪ᡂศศᯒࡾ࠶࡛✀୍ࡢ㸪ࡢࡽࢀࡇᅛ᭷㛵ᩘࢆࢱ࣮ࢹࡣᇶ⤒㦂ⓗỴᐃ
�㸦ຍ⸨࣭ྜྷᯇ㸪1984㸧㸬ࡿࢀࡉ �
�

ሺ�ǡכ� �ǡ �ሻ ൌ �ሺ�ǡ �ǡ �ሻ െ �ଵሺ�ǡ �ǡ �ሻ ൌ σ �୬ሺ�ሻ�୬ሺ�ǡ �ሻ
ୀଵ �          � � � (1) 

 

ᮏ◊✲࡛ࡣከ᩿ࡢࡃ㠃࡛᭱పἙᗋࡓࡗ࡞ 2007 ᖺ 6 ᭶ࡢἙᗋ�ଵሺ�ǡ �ǡ �ሻࡢࡽኚື㔞
ሺ�ǡכ� �ǡ �ሻ࡚࠸ࡘゎᯒࡓࡗ⾜ࢆ㸬ࡢࢻ࣮ࣔྛࡓࡲᐤ⋡�୬ࡣᑐᛂࡿࡍᅛ᭷್ Ȝiࡽ௨ୗࡢ

 㸬ࡿࡁ࡛⟭ィ࠺ࡼ

� ൌ ɉ୧
σ ɉ୧୩
୧ୀଵ

൘                                        (2) 

ᅛ᭷㛵ᩘܿሺݐሻ݁ሺݔǡ ଵǡܿࢻ୍࣮ࣔ➨㡰࠸ࡁࡢᐤ⋡�୬ࡣሻݕ ݁ଵ��➨࣮ࣔࢻ� ܿଶǡ ݁ଶ�͐ࡪ
�㸬ࡿࡍࡇ

BPLS ࢹࡣ㸪ᅇࡾ࠶ࡀ㊊ࡸ㒊Ḟᦆ୍ࡀࡿ࠸࡚ࢀࢃ⾜㛫㝸࡛ࡢᗘ⛬ᗘ୍᭶ࡣ㔞 ࡿࡼ
࠸ẚ㍑ⓗከࡀࢱ࣮ 152KP㹼200KPࡢ༊㛫࡛ 2006ᖺ 11᭶㹼2010ᖺ 4᭶࡚࠸ࡘ⤒㦂ⓗᅛ᭷㛵ᩘ

ゎᯒࡓࡗ⾜ࢆ㸬ᅗ㸫
ǡݔᅛ᭷㛵ᩘ݁ሺࡿࡍ㛵㛫✵ࡢ࡛ࡲࢻ࣮ࣔ୕➨ࡽࢻ୍࣮ࣔ➨��� ྛࡢሻݕ
᩿㠃࡛ࡢᖹᆒࢆ㸪ᅗ㸫
࡛ࢻ୍࣮ࣔ➨ࡣ⋠㸬ᑦ㸪ᐤࡍ♧ࢆሻݐᅛ᭷㛵ᩘܿሺࡿࡍ㛵㛫���
83.5㸣㸪➨࣮࡛ࣔࢻ 12.2㸣㸪➨୕࣮࡛ࣔࢻ 1.3㸣࡛ࡾ࠶㸪➨࣮࡛࡛ࣔࡲࢻ 95.7㸣㐩ࡓࡿࡍ
�㸬࠺⾜ࢆᐹ⪄ࡢᅉࡢ࡛ࡲࢻ࣮ࣔ➨ࡵ
ࡣ㠃ᖹᆒ್᩿ࡢ㛫㛵ᩘ݁ଵ✵ࡢࢻ୍࣮ࣔ➨ �
���㹼����� ࠾࡚ࡋ♧ࢆ್ࡢṇ࡛࡚ࡍࡢ༊㛫ࡢ

ࡿࡍቑຍࡀ㛫㛵ᩘܿଵࡣࢻ୍࣮ࣔ➨㸬ࡿ࠸࡚ࡋᑐᛂ⛬ሁ✚࣭ᾐ㣗㐣࡞యⓗࡢ㸪Ἑᗋෆ࡛ࡾ

ᅗ㸫4� ᖹᆒἙᗋ㧗㸬⦪᩿᪉ྥศᕸ(a)㸪㛫ኚ����

 (a)� �

 ����

a)(a

ởἾὶධཱྀὶධཱྀὶධཱྀ
2�

ởἾởἾ
1�

����ᖺ �᭶� � � � � ���� ᖺ �᭶�

����ᖺ ��᭶� � � � � � � ����ᖺ ��᭶�

���ᖺ �᭶� � � � � � � � � ���� ᖺ �᭶�

160� 170� 180� 190� KP�210� 220� 230� 240� 260�

��᭶ۍ� �����ᖺ͐͐͐�ۍ�

�ۑ���

Ɇ�Ɇ�Ɇ����ᖺ �Ɇ Ɇ Ɇڧ�

�ۑ

ᖺ�Ɇ�Ɇ�Ɇ�� � ���� ᖺɆ Ɇ Ɇڧ�
��᭶ۍ�� ����ᖺ �͐�ۍ͐ۍۍۍۍ�

ᅗ㸫4 ᖹᖹᆒἙᗋ4 ᖹ a)㸪㛫ኚ���ᗋ㧗㸬⦪᩿᪉ྥศᗋ㧗㸬 ศᕸ(aa)㸪᩿᪉ྥศ ���

����� 160 701 801 1901 P210 2202 2302 4024 KP2600

㸫152KP� � 㸫��160KP 

͐170KP� ࣭㸫࣭190KP�
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����ᖺ 
᭶㹼����ᖺ ��᭶㸦ᮇ㛫Ϩ㸧ཬࡧ ����ᖺ �᭶㹼����ᖺ �᭶㸦ᮇ㛫Ϩ’㸧࡛ࡣἙᗋୖ᪼

ࡿࡍῶᑡࡀ㸪㛫㛵ᩘܿଵࡋᐤ 2007ᖺ ��᭶㹼���ᖺ �᭶㸦ᮇ㛫ϩ㸧ཬࡧ ����ᖺ �᭶㹼����
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