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  ◄Ⱡꜟ◑הכ  

 

   

ה    

     

  



 

 

│∂╘⌐ 

 

 ◄Ⱡꜟ◑הכ JOGMEC│ ⌐

₈ ┼─ ⌐⅔↑╢ ₉╩ ⇔√⁹ ─ ⌐№√╡ JOGMEC

│ ⅛╠ ╕≢─ ﬞ ≢ ₈ ₉╩

⇔≡⅝√⁹↓─ ≢│ ┼─ ⌐╟╡ ⌐ ─ ╩ ∆╢

─ ⅔╟┘ ╩ ∫√⁹ ─ ─√╘─ ≢│ ⌐╟╢AE

⅜ ↕╣ ─ ⅜ ↕╣√⁹ 

 

≢│ ₈ ₉≢ ╠╣√ AE ♦כ♃╩ ה ∆╢↓≤≢ ⌂

Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ⇔√⁹ ⌐ ∆╢AE ─ ╩ ∆╢√

╘⌐ ⇔√⸗♦ꜟ╩ ™≡ ─ Ɽ♃כfi⌐≡ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹↓╣

⌐╟╡ │ ╩ꜞ▪ꜟ♃▬ⱶ≢ ⇔ ╩ ╕ⅎ≡ ╩ ⌐○Ɑ

╢∆fiꜛ◦כ꜠ ⅜ ↕╣√⁹ 

│ ₈ ┼─ ⌐⅔↑╢ ₉≢ ╠╣

√ ╩ ╡ ╘√╙─≢№╡ ─₈ ₉ ●▬♪ꜝ▬fi≤ ╦∑≡↔ ™

√∞⅝√™⁹ 

 

─ ⌐№√╡ ⅛╠ ⌂↔ ↔ ╩ ╡╕⇔√↓≤╩↓─ ╩ ╡≡

⇔ →╢⁹ ⅔╟┘ ─ ─ ⅜ ╦⅜ ⌐⅔↑╢ ─ ⌐

≢⅝╣┌ ™≢№╢⁹ 

 

 

 

◄Ⱡꜟ◑הכ  

 

 

 

 

 

 

 

⌐≈™≡  

↓─ ⌐ ↕╣≡™╢ ─ ⁸ ⁸ ⌐≈™≡│⁸ │™⅛⌂╢ ╩ ℮╙─≢│№╡╕∑╪⁹╕√⁸

⌐ ≠™≡ ⅜ ⇔√ ┘ ↓⇔√ ⌐╟╡™⅛⌂╢ ⅜ ⇔√ ⌐⅔™≡╙⁸ │∕─ ╘╩ ™╕∑╪─≢⁸№╠

⅛∂╘↔ ↄ∞↕™⁹∕─ ─ ⌐≈⅝╕⇔≡│⁸ ─ ⱱכⱶⱭכ☺╩↔ ↄ∞↕™⁹ 

https://www.jogmec.go.jp/sitepolicy.html 
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⌐⅔↑╢ ─ⱶ▬♃♪כꜞ╢№≢ ◖☻♩─

─ ⌐ ∆╢ ─└≤≈⌐₈ ─ ₉⅜№╢⁹ │

≢─ ╛ ╩ ↕∑╢√╘⌐ ≢№╢⁹₈ ה ≢─ ┼

─ ⌐╟╡ ─ ╩ ∆╢ ₉─ ─√╘

≤ ┬⁹ ⅔╟┘ ≤ ┬⁹ ⌐⅔™≡ ⅜

↕╣ ≢│ ─ ⅜♃כ♦ ↕╣√⁹ ≢│ ↓╣╠

─ ╩♃כ♦ ה ∆╢↓≤╩ ∂≡ ─ ⌂

Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ⇔√⁹↕╠⌐ ⇔√ ⸗♦ꜟ╩ ™≡ Ɽ

╩fiכ♃ ↕∑√ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√⁹ ⌐│ ≢

─ ☻♥♇ⱪ ◘▬◒ꜞ♇◒ ─ ≈─ Ɽ♃כfi╩♥☻♩⇔

Ɽ♃כfi⌐ ∂≡ ─ ─ ⌂≥

⅜≥─╟℮⌐ ∆╢⅛╩ ה ⇔√⁹ ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∂≡

ⱪꜝfi─ ─√╘⌐ ⌂ ╩ ╡╕≤╘╢↓≤⅜≢⅝√⁹╕√ │

ꜞ▪ꜟ♃▬ⱶ ⌐ ≠⅝ ○Ɑ꜠כ◦ꜛfi╩ ⌐ ∆╢↓≤⅜

≢№╢↓≤╩ ⇔√⁹ 

↓╣╠⌐╟╡ ╩ ∂≡ ◄Ⱡꜟ◑כ─ ⌂ ⌐ ↑≡

≢№╢₈ ─ ₉⌐ ⇔≡ ⌂ ╩ ╡╕≤╘√⁹ 
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⌐⅔↑╢ ─ⱶ▬♃♪כꜞ╢№≢ ◖☻♩─

─ ⌐ ∆╢ ─└≤≈⌐₈ ─ ₉⅜№╢⁹ │

≢─ ╛ ╩ ↕∑╢√╘⌐ ≢№╢⁹◄Ⱡꜟ◑הכ

≢│ ↓╣╕≢⌐₈ ה ≢─ ┼─ ⌐╟╡ ─

╩ ∆╢ ₉⌐ ⇔≡ ≤ ╩ ╘≡⅝√⁹↓↓≢ ─√╘

─ ⌐⅔™≡ ─ ⅜♃כ♦ ↕╣≡⅔╡ ↓╣╠─

╩♃כ♦ ה ∆╢↓≤╩ ∂≡ ⌂ Ⱡ♇♩꞉כ◒⸗♦

ꜟ╩ ∆╢⁹╕√ ⇔√ ⸗♦ꜟ╩ ™√ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟

╡ ─ ⌐ ∆╢ ╩ ╗ ╩ ╠⅛⌐∆╢⁹∕⇔≡

⌐ ∆╢ ⌂ ⱪꜝfi╛ ≢⅝╢ ⌐ ⇔≡╙ ∆╢⁹ 

 

  

 ─ ╩ ΅ ⌐ ∆⁹ │ ה ⌐≈

™≡ ⌂ ה ╩ ∆╢ ה ⅜ ⇔√⁹ ─

≤⌂╢ ⌐♃כ♦ ≠™√ Ⱡ♇♩꞉כ◒⸗♦ꜟ─ ⌐ ⇔≡

≢ ⌐ ─№╢ ה ⌐ ╩ √⁹╕√

⸗♦ꜟ╩ ™√ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ⇔≡│ ─ ╩ ∆╢

┼ ∆╢↓≤⌐╟╡ ╩ ⌐ ╘ ⌐

─ ⅜ ╠╣╢╟℮ ╘√⁹ 

 

 

΅ ─  

  

JOGMEC

ˢ⁯ᾆˣ
▀ỘṪ ›ᾆẕ

ˢ⁯ ˣ
ᶘ ᴬᶘᾆẕ

Ɫᾛᵫ ˢᶴˣ

‮

ᴥӊ ƢƶƓǀƖƢƔǃ

™

ᵰ
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 ⌐ ∆╢ ⌐ ≤⇔√ ⅔╟┘ ≤

™℮⁹ ≢ ⇔√ ╩♃כ♦ ה ⇔ Ⱡ♇♩

꞉כ◒⸗♦ꜟ╩ ⇔√⁹ ⸗♦ꜟ╩ ™≡ ─ ◦Ⱶꜙ꜠כ◦ꜛ

fi╩ ∫√⁹∕╣╠╩ ⇔≡ ⌐ ─ ≢ ∆╢ ─

⌐ ∆╢ ╩ ↕∑╢≤≤╙⌐ ⌐⅔↑╢ ⌂ ⌐ ∆

╢ ⱪꜝfi╩ ⇔ ≢ ∆╢ ─ ╩ ∫√⁹∕─√╘⌐

1 4 ─ ╩ ⇔√⁹ 

 

1 ─♃כ♦  

 ₈ ₉≢ ⅔╟┘

≢ ↕╣√ ⌐♃כ♦ ⇔≡ ─ ה ╩ ⇔√⁹ 

ᵑ ▬ⱬfi♩─ ╖ ה╡  

ᵒ Double-difference⌐╟╢  

ᵓ ◒ꜝ☻♃ ⌐╟╢ ⌂ ─  

ᵔ ⱷ◌♬☼ⱶ ⌐╟╢ ─  

 

2 ─ ≤ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ™╢ ⸗♦ꜟ─

 

1─ ─♃כ♦ ≢ ╠╣╢ ≤ ⌐ ≠™≡

─ ╛ ╩ ⇔√⁹ ╩ ╕ⅎ≡ ⅔╟┘

≢─ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ™╢ ⸗♦ꜟ╩ ⇔√⁹ 

 

3 ◦Ⱶꜙ꜠כ◦ꜛfi─  

2 ≢ ⇔√ ⅔╟┘ ─ ⸗♦ꜟ⌐ ∆╢Ɽꜝⱷכ♃─⌂⅛≢

⅜ ™╙─⌐≈™≡ ╩ ™ ─ ╩♃כ♦ ⌐

⌂ ⸗♦ꜟ╩ ⇔√⁹↓℮⇔≡ ╠╣√ ⸗♦ꜟ╩ ™≡

⌂ ╩ ∆╢√╘⌐ ⅜№╢≤↕╣≡™╢ ─

Ɽ♃כfi╩ ™√ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹ 

 

4 ─ ⅔╟┘ ⌂ ⱪꜝfi─  

3≢ ⇔√ ─ Ɽ♃כfi╩ ™√ ◦Ⱶꜙ꜠כ◦ꜛfi─ ⌐ ≠

™≡ ─ ╛ ∆╢ ─ⱴ◓♬♅ꜙכ♪≤ ─ ⅛╠

⅔╟┘ ⌐⅔↑╢ ⌂ ⱪꜝfi⌐≈™≡ ⇔√⁹╕√ ╠╣√

⌐ ≠™≡ ≢⅝╢ ⌐≈™≡╙ ╩ ∫√⁹ 
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 ╩ ∂≡ ╠╣√  

 

΅ ─♃כ♦   

 ▬ⱬfi♩─ ╖ ה╡  

 

ה  

 ₈ ₉ ≢│ ≤ ┬

≢│ ≤ ⌐⅔™≡ ┼─ ⅜ ↕╣ ⌐

⅜♃כ♦ ↕╣√ ─ ╛ ↕╣√ כ♦

♃─ ⌐ ⇔≡│ ה ╩ ─↓≤ ⁹ ≢ ↕╣√ ─

⌐♃כ♦ ⇔≡ ⅔╟┘ ─ ≤ ─ ╖ ╡╩

⇔√⁹↓─ ─ │ ─ ╡≢ ≤ ≢ ≢№╢⁹ 

 

 ̧ ╖ ╡ ⱡ▬☼ ⅜ ≤⌂╢╟℮⌐ ↕╣√AR ⱨ▫ꜟ

╩כ♃  

 ̧ ╖ ╡ ARⱨ▫ꜟ♃כ⌐ ⅎ≡ PSⱨ▫ꜟ♃כ╩  

 ̧ ╖ ╡ ─ ≤ARⱨ▫ꜟ♃כ╩ ⇔√ ╩  

 

 ⅔╟┘ ─ ≤ ─ ╖ ╡⅜ ↓╣╠─ ⌐ ≠™

≡ ─ ╩ ⇔√⁹↓─ USGS⅜ ⇔√ ≢ ⌐

↕╣≡™╢ ▪ꜟ◗ꜞ☼ⱶ≢№╢ HYPOINVERSE2000 Klein, 

2002╩ ⇔√⁹⌂⅔ ─ ⌐│ ≤ ─ ╩ ⇔√

΅ ΅ ΅ ⁹ ─ ▬ⱬfi♩⌐ ∆╢ᵑ ᵒ

⅜ ה ↕╣╢⁹ ♪כꜙ♅♬◓ⱴꜟ◌כ꜡ │

≢─ ╩ ⇔√⁹╕√ ≢⅝√▬ⱬfi♩⌐ ∆╢ RMS ⱥ☻♩

◓ꜝⱶ╩ ⇔ ∕─ ─ ╙ ⇔√⁹ 

  

₈ ₉≢│

≤ ⌐⅔™≡ ┼─ ⅜ ↕╣√⁹ ≢

⌐ ↕╣√ ⌐♃כ♦ ⇔≡ ╟╡ ↄ─ ╩

∆╢√╘⌐ ⅔╟┘ ─ ≤ ─ ╡╩ ⇔√─∟

╩ ⇔√⁹ ⌐ ⇔≡ ≢ ≢⅝√▬ⱬfi♩ ⅜620

≢№∫√─⌐ ⇔≡ ≢ ≢⅝√▬ⱬfi♩ │ 1,371≢№∫√⁹

⌐ ⇔≡ ≢ ≢⅝√▬ⱬfi♩ ⅜700≢№∫√─⌐ ⇔≡

≢ ≢⅝√▬ⱬfi♩ │ 1,058≢№∫√⁹↓─╟℮⌐ ♃כ♦

─ ╩ ℮↓≤≢ ⌐⅔™≡ ≢⅝√▬ⱬfi♩ ⅜ ⇔√⁹╕

√ ≤∕─ ⅜╡⌐ ⇔≡│ ≤ ≢─ ⅜

≢№∫√⁹ 
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΅ ΅ ΅ ─ ─ ⌐ ⇔√ a b

 

 

ה  

 ΅ ΅ ΅ ⌐ ♃כ♦ ─ⱨ▫ꜟ♃ꜞfi◓ ⌐ ⇔≡

⅔╟┘ ─ ╩ ⇔√ ╩ ∆⁹ ≢│ Ộ⅜

Ộ⅜ ⌐ ∆╢⁹ 

 ΅ ΅ ΅ ⌐│ ≢ ╩ ⇔√ ╩ ∆⁹ ─√╘

⌐⅔™≡ ↕╣√ ╙ ∑≡ ∆╢⁹ ≢

≢⅝√▬ⱬfi♩⅜ 620≢№∫√─⌐ ⇔≡ ≢ ≢⅝√▬ⱬfi♩│

1,371≢№∫√⁹ ≢⅝√▬ⱬfi♩⌐ ∆╢ RMS ה │ 40 ms ≢

№∫√⁹⌂⅔ ΅ ΅ ΅ ⅔╟┘ ΅ ΅ ΅ ─ Ộ│ ⌐⅔↑

╢ ╩ ∆⁹ 

 ΅ ΅ ΅ ⌐│ ≢ ╩ ⇔√ ╩ ∆⁹ ─√╘

⌐⅔™≡ ↕╣√ ╙ ∑≡ ∆╢⁹ ≢

≢⅝√▬ⱬfi♩⅜ 700≢№∫√─⌐ ⇔≡ ≢ ≢⅝√▬ⱬfi♩│

1,058≢№∫√⁹ ≢⅝√▬ⱬfi♩⌐ ∆╢ RMS ה │ 50 ms ≢

№∫√⁹  

 ⌐⅔™≡ ⅔╟┘ ─ ≤ ⌐ ⇔≡ ↄ ╖ ╡∆

╢↓≤⌐╟╡ ≢⅝√▬ⱬfi♩ │ ≤ ⇔≡1.52.2⌐ ⇔

√⁹╕√  ΅ ΅ ΅ ⅔╟┘ ΅ ΅ ΅ ╟╡ ≤∕─

⅜╡⌐ ⇔≡│ ≤ ≢ ≢№∫√⁹ ─ │ ≢

↕╣√ ╩ ╕ⅎ≡ ⇔√⁹ 
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΅ ΅ ΅ ⅔╟┘ ─ ─ ╖ ╡⌐ ∆╢ Ộ⅜

Ộ⅜ ⌐ a b  
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΅ ΅ ΅ ≢─ ⌐ ↕╣√ a

≢ ⇔√ b ≢ ↕╣√ (c) (a)⌐ ∆╢

RMS ─ⱥ☻♩◓ꜝⱶ 
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΅ ΅ ΅ ≢─ ⌐ ↕╣√ a

≢ ⇔√ b ≢ ↕╣√ (c) (a)⌐ ∆╢

RMS ─ⱥ☻♩◓ꜝⱶ 
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 Double-difference ⌐╟╢  

 

ה  

 ₈  ▬ⱬfi♩─ ╖ ה╡ ₉≢ ╠╣√ ≤

─ ⌐ ⇔≡ Double-difference≢│DD ≤ ┬ ╩ ⇔√⁹

DD │ ⌐ ⇔√ ≈─ ╩ ⌐ ∆╢↓≤⌐╟╡ ≈─

─ ╩ ⌐ ╘╢ ≤⇔≡ ≢ ⌐ ↕╣≡™╢⁹DD

≢│ ≈─ ─№╢ ┼─ ─ ╩ ⇔ ∕─

╩ ≤⇔≡ ⌂ ╩ ∆╢ ΅ ΅ ΅ Waldhauser and 

Ellsworth, 2000⁹∕─√╘ ⌐⅔↑╢ ─ ⌂

⅜ ≢№╢⁹ ⌐ ╖ ╡⇔√ ╩ DD ⌐ ∆╢↓≤╙

≢№╢⅜ ─ ╖ ╡ ╩ ╠⇔ ╩ ≈√╘⌐

≢│ ╩ ≈─ ─ ⌐ ⇔ ─ ⅜

╙ ↄ⌂╢ ─∏╣╩ ⇔ ΅ ΅ ΅ ≤⇔≡DD ⌐ ™

╢⁹ ≢ ⇔√DD ─▪ꜟ◗ꜞ☼ⱶ≢№╢hypoDD≢│ ΅ ΅ ΅

⌐ ∆Ɽꜝⱷכ♃╩ ≡ ⌐ ∆╢ ⅜№╢⁹ ≢│56Ɽ♃כfi

≢│12Ɽ♃כfi─ ╩ ⇔√⁹ ⌐⅔™≡╙ ▬ⱬfi♩⌐ ∆╢ᵑ

ᵒ ⅜ ה ↕╣╢⁹ ꜟ◌כ꜡

ⱴ◓♬♅ꜙכ♪ │ ≢─ ╩ ⇔√⁹╕√ ≢⅝√▬ⱬfi

♩⌐ ∆╢ RMS ⱥ☻♩◓ꜝⱶ╩ ⇔ ∕─ ─ ╙ ⇔√⁹ 

  

₈  ▬ⱬfi♩─ ╖ ה╡ ₉≢ ╠╣√ ≤

─ ⌐ ⇔≡ Double-differenceDD ╩ ⇔ ⌂

╩ ⇔√⁹DD ─ ⌐№√∫≡│ ─√╘─Ɽꜝⱷ50╩♃כ

Ɽ♃כfi ⌐ ↕∑√⁹ ⌐ ⇔≡ DD ─▬ⱬfi♩

≤ ⌐ ∆╢RMS ─ ⅜1,37140 ms≢№∫√─⌐ ⇔≡

│1,1527 ms ≢№∫√⁹ ⌐ ⇔≡  DD ─▬ⱬfi

♩ ≤ ⌐ ∆╢RMS ─ ⅜1,05850 ms≢№∫√─⌐ ⇔≡

│66913 ms ≢№∫√⁹DD ─ ⌐╟╡ ⌐⅔™≡

≢⅝√▬ⱬfi♩ │ ⇔√╙── RMS │ ⇔ ─

⅜╡╙ ≢ ╠╣√ ≤ ⇔≡ ⅝ ╕∫√⁹ 
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΅ ΅ ΅ DD ─ Waldhauser and Ellsworth, 2000⁹ ∆╢

i≤j─ k l┼─ dtkijdtlij╩ ™≡ i≤j─ ╩

⌐ ∆╢⁹ 

 

 

΅ ΅ ΅ ╩ ™√ ─ ⁹

≢ ↕╣√ ⌂╢ ╩ ⇔ ─ ╩ ≤⇔ ↓↓≢│ ─

─ ►▫fi♪►╩ ∆╢⁹↓─ ≢

─ ╩☻◐ꜗfi⇔ ╙ ⅜ ↄ⌂╢ ─ ≢ ⅜ ⌂∫

≡™╢ ╩ ╩ ™≡ ⌐ ∆╢⁹ 
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΅ ΅ ΅ . hypoDD⌐⅔™≡ ↕╣╢Ɽꜝⱷכ♃≤∕─ ─  

 

 

ה  

 ≢│ ╕∏ ─ ⌐ ⇔≡DD ╩ ⇔√ ╩ ≈ ∆⁹ ₁

─ ⌐ ∆╢ │ ─ ╡≢№╢⁹ 

 

 ̧ ᵑ  hypoDD≢ ∆╢Ɽꜝⱷכ♃ ΅ ΅ ΅ ─

♦ⱨ◊ꜟ♩Ɽꜝⱷכ♃╩ ╕ⅎ ⌂ ╩  

 ̧ ᵒ  hypoDD≢ ∆╢Ɽꜝⱷכ♃─ ╩  

 ̧ ᵓ  hypoDD≢ ∆╢Ɽꜝⱷכ♃─ ╩ ⇔ ⌐ ─

⌐ ⇔≡╙ ⌐ ⱬ☻♩◔כ☻  

 

 ΅ ΅ ΅ ⌐ ᵑ╩ ∆⁹(a)≢│ ừ⅜DD ─ ₈

 ▬ⱬfi♩─ ╖ ה╡ ₉≢ ⇔√ ⌐

₃⅜DD ─ ≢№╢⁹╕√ ⌐ ∆╢RMS ─ⱥ☻♩◓ꜝ

ⱶ╩ ∑≡ ∆⁹ ᵑ≢│ ─ ⅜╡⌐ ⇔≡ ⅝⌂ │

╠╣⌂⅛∫√⁹╕√ RMS ⌐ ∆╢ ╙ DD ⅜40 ms≢№∫√

─⌐ ⇔≡ DD │ 49 ms≤ ↕╣⌂⅛∫√⁹↓─↓≤⅛╠ hypoDD≢

∆╢Ɽꜝⱷכ♃ ΅ ΅ ΅ ╩ ∆╢ ⅜№╢↓≤⅜ ╠⅛≤⌂∫

√⁹ 

 ΅ ΅ ΅ ⌐ ᵒ╩ ∆⁹ ᵒ≢│ DD ─ ⌐╟╡

─ ⅜╡⅜ ⅝ ╕∫√⁹↓─↓≤│ RMS ⌐ ∆╢ ⅜ 40 ms 

DD ⅛╠10 msDD ⌐ ⇔√↓≤⅛╠╙ ↕╣╢⁹

΅ ΅ ΅ ─Ɽꜝⱷכꜙ♅─♃כ♬fi◓≢│ 10 ms─ RMS ╩ ∆╢

↓≤│ ≢№╡ ↓─↓≤╩ ╕ⅎ≡ ⅜ ↕╣√≤ ╩⇔√⁹ 

 ΅ ΅ ΅ ⌐ ᵓ╩ ∆⁹ ᵓ≢│ ᵒ≤ ⇔≡ ⌐

─ ⅜╡⅜ ⅝ ╕∫√⁹↓─↓≤│ RMS ⌐ ∆╢ ⅜

10 ms ᵒ ⅛╠7 msDD ⌐ ⇔√↓≤⅛╠╙ ↕╣╢⁹

≢│ ΅ ΅ ΅ ⌐ ⇔√ ╩ⱬ☻♩◔כ☻≤ ╩⇔√⁹DD

⌐ ≢⅝√▬ⱬfi♩⅜ 1,371≢№∫√─⌐ ⇔≡ DD ⌐ ≢

⅝√▬ⱬfi♩│1,152≢№∫√⁹ 

 ™≡ ─ ⌐ ⇔≡ DD ╩ ⇔√ ╩ ΅ ΅ ΅ ⌐

∆⁹ ΅ ΅ ΅ ≢│ hypoDD≢ ∆╢Ɽꜝⱷכ♃│ ↕╣≡⅔╡

Iterations 
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⌐ ⇔≡╙ ⌐ ↕╣≡™╢⁹DD ─ ⌐╟╡ ─

⅜╡⅜ ⅝ ╕∫√⁹↓─↓≤│ RMS ⌐ ∆╢ ⅜ 50 ms DD

⅛╠13 msDD ⌐ ⇔√↓≤⅛╠╙ ↕╣╢⁹DD ⌐

≢⅝√▬ⱬfi♩⅜ 1,058≢№∫√─⌐ ⇔≡ DD ⌐ ≢⅝

√▬ⱬfi♩│669≢№∫√⁹ 

 

 

΅ ΅ ΅ ─ ⌐ ⇔≡ DD ╩ ⇔√ ᵑ a ≢

─ ⌐ ↕╣√ ừ  DD ₃  

DD b ⌐ ∆╢RMS ─ⱥ☻♩◓ꜝⱶ 
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΅ ΅ ΅ ─ ⌐ ⇔≡ DD ╩ ⇔√ ᵒ a ≢

─ ⌐ ↕╣√ ừ  DD ₃  

DD b ⌐ ∆╢RMS ─ⱥ☻♩◓ꜝⱶ 
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΅ ΅ ΅ ─ ⌐ ⇔≡ DD ╩ ⇔√ ᵓ a ≢

─ ⌐ ↕╣√ ừ  DD ₃  

DD b ⌐ ∆╢RMS ─ⱥ☻♩◓ꜝⱶ 
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΅ ΅ ΅ ─ ⌐ ⇔≡ DD ╩ ⇔√ ᵑ a ≢

─ ⌐ ↕╣√ ừ  DD ₃  

DD b ⌐ ∆╢RMS ─ⱥ☻♩◓ꜝⱶ 
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 ◒ꜝ☻♃ ⌐╟╢ ⌂ ─  

 

ה  

 ₈  Double-difference ⌐╟╢ ₉≢ ⇔√ ≤

─ ⌐ ⇔≡ ⌂ ╩ ∆╢√╘ ◒ꜝ☻♃ ≢│

◒ꜝ☻♃ꜞfi◓≤ ┬ ╩ ⇔√⁹ ≤╙ ◒ꜝ☻♃ꜞfi◓⌐│◓ꜝⱨ ⌐

≠ↄ ⱪ꜡◓ꜝⱶ╩ ⇔√⁹₈  Double-difference ⌐╟╢

₉≢ ⇔√▬ⱬfi♩ꜞ☻♩⅔╟┘ ▬ⱬfi♩ ─ ─Ɽꜝ

ⱷכ♃⅛╠ ▬ⱬfi♩╩◓ꜝⱨ ⌐⅔↑╢ⱡכ♪≤⇔≡ ─ ╩ √∆▬

ⱬfi♩ ╩ ⇔ ◒ꜝ☻♃ ∆╢ √ ⱷ◌♬☼ⱶ╩ ≈ ≤⇔√⁹ 

 

 ̧ ₈  Double-difference ⌐╟╢ ₉≢ ⇔√ ─

─ ⅜ ≢№╢↓≤ 

 ̧ ╩ ╖ ∫√ ─ ⅜ ≢№╢↓≤ 

 ̧ ◒ꜝ☻♃ ▬ⱬfi♩ ⅜ ≢№╢↓≤ 

 ̧ ▬ⱬfi♩  (km)⅜ ≢№╢↓≤ 

 

⌐⅔™≡│ ─Ɽꜝⱷכ♃⌐ ∆╢ ╩ ⌐ ⇔√⁹

≢│ ⌂ ╩ ⇔√ ─╙≤≢ ◒ꜝ☻♃ꜞfi◓╩ ⇔√ ╩ ∆⁹ 

 

 ↕╠⌐ ─◒ꜝ☻♃ꜞfi◓ ╩ ™≡ ◒ꜝ☻♃⅜ ∆

─ ⅝ ─ ─ ╩ ╖√⁹◒ꜝ☻♃ꜞfi◓ ⌐│ ▬ⱬfi♩ ╩

∆╢⅜ ↓─ │ ∂ ╩ ≈▬ⱬfi♩╩ ⇔≡™╢↓

≤╩ ⇔ ∕╣│ ─ ⅛╠ ⇔√ ⅜ ™▬ⱬfi♩ ╩ ∆╢↓≤

╩ ∆╢⁹╟∫≡◒ꜝ☻♃ꜞfi◓↕╣√ ⅜ ↄ ╩ ∆╢↓≤≢

─ ⅜ ⌐⌂╢⁹↓↓≢│ ╩◒ꜝ☻♃⌐ ∆╢↓≤≢

─ ╩ ⇔√⁹ 

 

ה  

 ΅ ΅ ΅ ⌐ ─ ⌐ ⇔≡◒ꜝ☻♃ꜞfi◓╩ ⇔√ ╩

∆⁹ ⅝ừ⅜◒ꜝ☻♃⌐ ∆╢▬ⱬfi♩─ ↕╣√◒ꜝ☻♃ ⌐ ╩

  

₈  Double-difference ⌐╟╢ ₉≢ ⇔√ ≤

─ ⌐ ⇔≡ ◒ꜝ☻♃ꜞfi◓╩ ⇔√⁹◒ꜝ☻♃ꜞfi◓≢ ∆╢

Ɽꜝⱷכ♃≤⇔≡ ⌐ ─ ─ ─ ╩ ╖ ∫√

─ ─ ◒ꜝ☻♃ ▬ⱬfi♩ ▬ⱬfi♩

╩ ⇔√⁹∕─ ⌐⅔™≡│42 ⌐⅔™≡│10 ─◒

ꜝ☻♃⌐ ↕╣√⁹↓─◒ꜝ☻♃─ ⅛╠ ⌂ ─ ╩

⌐╟╡ ⇔√⁹ 
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⇔√ ─₃⅜◒ꜝ☻♃⌐│ ↕╣⌂™◦fi◓ꜟ▬ⱬfi♩─ ≢№╢⁹

≢│ 42 ─◒ꜝ☻♃⌐ ↕╣√⁹ 

 ΅ ΅ ΅ ⌐ ─ ⌐ ⇔≡◒ꜝ☻♃ꜞfi◓╩ ⇔√ ╩

∆⁹ ΅ ΅ ΅ ≤ ⅝ừ⅜◒ꜝ☻♃⌐ ∆╢▬ⱬfi♩─

─₃⅜◒ꜝ☻♃⌐│ ↕╣⌂™◦fi◓ꜟ▬ⱬfi♩─ ≢№╢⁹ ≢

│  10 ─◒ꜝ☻♃⌐ ↕╣√⁹ 

 ΅ ΅ ΅ ΅ ΅ ΅ ⌐ ─ ◒ꜝ☻♃─ ╩

∆⁹ ΅ ΅ ΅ ╟╡ ≢│ ─43%─▬ⱬfi♩⅜◒ꜝ☻♃⌐ ↕╣

─ ⅜∕╣⌂╡⌐ ⌂ ≢№╢↓≤╩ ⇔≡™╢⁹╕√

∕─ ≤⇔≡ 20 ─▬ⱬfi♩⅛╠ ╢ 8≈─ ⅝™◒ꜝ☻♃≤ 10 ─▬

ⱬfi♩⅛╠ ╢ ─◒ꜝ☻♃⌐ ↕╣√⁹ ΅ ΅ ΅ │ ◒ꜝ☻

♃⌐ ∆╢ ⱬ◒♩ꜟ─ ╩ ⇔≡⅔╡ ↓─ ⅛╠ ⅜ ™◒ꜝ

☻♃─ │ ⌐ ≢№╢↓≤⅜ ⅛╢⁹ ≢ ⅜ ⌂™◒ꜝ☻

♃─ ⱬ◒♩ꜟ│ ₁⌂ ╩ ™≡⅔╡ ╩ ∆╢≤ ↓─╟

℮⌐ ₁⌂ ⅜ ╡╩ ↓∆↓≤│ ⅎ≠╠™⁹╟∫≡ ↓╣╠─ ─

⌐│ ⅜№╢ ⅜№╢⁹ 

 ΅ ΅ ΅ ΅ ΅ ΅ ⌐ ─ ◒ꜝ☻♃─ ╩

∆⁹ ΅ ΅ ΅ ╟╡ ≢│◒ꜝ☻♃⌐ ↕╣√▬ⱬfi♩│ ─20%

≤ ─ ⅜ ⌐ ⇔≡ ₁⌂ ─ ≢ ↕╣╢ ⌐

⌂ ≢№╢↓≤╩ ⇔≡™╢⁹ ≢│◒ꜝ☻♃ ─▬ⱬfi♩ │10

─╙─⅜╒≤╪≥≢№╡ ◒ꜝ☻♃ ─▬ⱬfi♩ ⅜ ™ ≢№∫≡╙ ▬ⱬfi

♩ │20▬ⱬfi♩ ≢№∫√⁹ ΅ ΅ ⅛╠ ⱬ◒♩ꜟ⅜ ₁⌂

╩ ⅝⅛≈╕┌╠⌐ ⇔≡™╢↓≤⅜ ⅛╡ ↓─↓≤⅛╠ ─ │

─ ≤ ⇔≡ ⌐ ╢≤ ⅎ↨╢╩ ⌂™⁹ 
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΅ ΅ ΅ ─ ⌐ ↕╣√ ⌐ ∆╢◒ꜝ☻♃ꜞfi◓

⅝ừ⅜◒ꜝ☻♃⌐ ∆╢▬ⱬfi♩─ ─₃⅜◒ꜝ☻♃⌐│

↕╣⌂™◦fi◓ꜟ▬ⱬfi♩─ ╩ ∆  
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΅ ΅ ΅ ─ ⌐ ↕╣√ ⌐ ∆╢◒ꜝ☻♃ꜞfi◓

⅝ừ⅜◒ꜝ☻♃⌐ ∆╢▬ⱬfi♩─ ─₃⅜◒ꜝ☻♃⌐│

↕╣⌂™◦fi◓ꜟ▬ⱬfi♩─ ╩ ∆  
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΅ ΅ ΅ ─ ◒ꜝ☻♃ꜞfi◓ ▬ⱬfi♩ ⌐ ∆

╢ ◒ꜝ☻♃─▬ⱬfi♩ ─ ⁹ ₁─◒ꜝ☻♃⌐ ╕╣╢▬ⱬfi♩

│◒ꜝ☻♃ID 

 

 

 

 
΅ ΅ ΅ ─ ◒ꜝ☻♃ꜞfi◓ ⇔√ ⱬ◒

♩ꜟ─ ⁹ ╩ ∆⁹↓↓≢

│ ⅜ ─ ⱬ◒♩ꜟ⌐ ∆╢⁹ ─ ─ ⅝↕│◒ꜝ☻♃⌐

∆╢▬ⱬfi♩ ╩ ∆⁹ ◒ꜝ☻♃─ ☻◖▪─ⱥ☻♩◓ꜝⱶ⁹

─ ⅜ ─▪☻Ɑ◒♩ ⌐ ∆╢⁹ 
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΅ ΅ ΅ ─ ◒ꜝ☻♃ꜞfi◓ ◒ꜝ☻♃ꜞfi◓

─ ⁹ ₁─◒ꜝ☻♃⌐ ╕╣╢▬ⱬfi♩  

 

 

 

 

΅ ΅ ΅ ─ ◒ꜝ☻♃ꜞfi◓ ⇔√ ⱬ◒

♩ꜟ─ ⁹ ╩ ∆⁹↓↓≢

│ ⅜ ─ ⱬ◒♩ꜟ⌐ ∆╢⁹ ─ ─ ⅝↕│◒ꜝ☻♃⌐

∆╢▬ⱬfi♩ ╩ ∆ b ◒ꜝ☻♃─ ☻◖▪─ⱥ☻♩◓ꜝⱶ⁹

─ ⅜ ─▪☻Ɑ◒♩ ⌐ ∆╢⁹ 

 

∕─  

 ⌐ ⇔ ⅜ ╪∞ √⌂ ≢№╢ Simultaneous 

Relocation & Clustering Algorithm (Growclust) ─ ╩ ╖√ Trugman and 
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Shearer, 2017⁹Growclust│DD ≤ ⇔≡ ᵑ ⌂ ╩ ╦⌂™√

╘⌐ ⌐ ↄ─ ╩ ᵒ ◖☻♩⅜ ™ ᵓ ╣ ⌐ ™ ─ ⌐

⅜№╢⁹╕√ ≤ ⌐◒ꜝ☻♃ꜞfi◓╩ ℮─≢ ⌐◒ꜝ

☻♃╩ ∆╢ ╙⌂™⁹√∞⇔ ╩ ╗ ─ ≢

₁⌐ │ ⅎ≡™╢╙── ≢│ ⌐ ⇔ↄ ≤⇔≡ ⅜

↕╣√≤│ ⅎ⌂™ ⌐ ⅜ ≢№╢⁹ 

 Growclust⌐╟╢ ≢│₈  Double-difference ⌐╟╢

₉≢ ⇔√ ╩♃כ♦ ⇔√⁹ ⌐№√╡ DD ≤ ₁

⌂Ɽꜝⱷכ♃╩ ∆╢ ⅜№╢⁹ ─Ɽꜝⱷכ♃│ ⌐ ╩ ∫

√⁹ ΅ ΅ ΅ ⅔╟┘ ΅ ΅ ΅ ⌐ ≤ ─ ─ ⌐ ⇔

≡ Growclust⌐╟╡◒ꜝ☻♃ꜞfi◓╩ ⇔√ ╩ ∆⁹ ⅝ừ⅜◒ꜝ☻♃⌐

∆╢▬ⱬfi♩─ ↕╣√◒ꜝ☻♃ ⌐ ╩ ⇔√ ≢№╢⁹ ≢

│ ⌂ↄ≤╙3≈─ ⅜№╢▬ⱬfi♩─╖╩ ⇔≡™╢

─ │ 0.9◒ꜝ☻♃⌐│ 5≈─▬ⱬfi♩⅜ ╕╣╢≤™℮

╩ ↑√⁹ ─ ╩ ∂≡ ╠╣√ │ ─ ╡≢№╢⁹ 

 

ₒ ₓ 

 ̧ │ DD ≢─ ⌐ ⇔≡ ╟╡ ⅛ↄ ⌐ ╕∫√

◓fiꜞ♃☻ꜝ◒ה ╩ ⇔√⁹◒ꜝ☻♃ꜞfi◓─ ╙ ⌂╢⁹

─◒ꜝ☻♃ │≥╣╙ ≢№╡ ⅛≈ ⌐◒ꜝ☻♃ ⅜ ╣≡⇔╕∫

≡™╢⁹ 

 ̧ ─ ╩0.9⅛╠ ∆╢≤ ◒ꜝ☻♃ꜞfi◓─ ╛ ◒ꜝ☻♃─

╙ ⅝ↄ ╦∫≡⇔╕™ ─ ⅜ ╠╣≡™⌂™⁹ 

 ̧ Growclust≢│ ─ ╩L1ⱡꜟⱶ≢ ∆╢⅜ DD ≢│L2ⱡ

ꜟⱶ L2ⱡꜟⱶ╩ ≤⇔√ ≤─ ─ ⌂ ⅜ ⇔≡⅔╠

∏ ╩ ≢⅝⌂™⁹ 

 ̧ Glowcrust─ │ ⌐ ╗╙─≢│№╢⅜ ה ─ ╛

─ ≢ ⅜№╡ DD ⌐ ⇔≡ ⅜№╢≤ ≠↑╢↓≤│ ⇔™⁹ 

 

ₒ ₓ 

 ̧ │ DD ─ ≤ ⅝ↄ ⌂╡ ™ↄ≈⅛─ Ί

⌐ ╩ ≈ ⌂⅝ ─ ╩ ⇔√⁹DD ─ ╩ ⌐⇔√◒

ꜝ☻♃ꜞfi◓ │ ─ ─ ─ ╩ ⇔≡™╢⅜ Glowcrust

─ │ ⌂╒≥⌐ ≢№╢⁹ 

 ̧ ≤  DD ─ ╩ ⇔ ™≡ Glowcrust─ ╩ ∆╢⌐│

≢│ ⅜ ⇔™≤ ⇔≡™╢⁹ 
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΅ ΅ ΅ ─ Growcrust⌐╟╢ ≤◒ꜝ☻♃ꜞfi◓

⅝ừ⅜◒ꜝ☻♃⌐ ∆╢▬ⱬfi♩─ ↓↓≢│◦fi◓ꜟ▬ⱬfi♩─

│ ⇔≡™⌂™  

 

 

΅ ΅ ΅ ─ Growcrust⌐╟╢ ≤◒ꜝ☻♃ꜞfi◓

⅝ừ⅜◒ꜝ☻♃⌐ ∆╢▬ⱬfi♩─ ↓↓≢│◦fi◓ꜟ▬ⱬfi♩─

│ ⇔≡™⌂™  
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 ⱷ◌♬☼ⱶ ⌐╟╢ ─  

 

ה  

 ₈  Double-difference ⌐╟╢ ₉≢ ⇔√ ≤

─ ⌐ ⇔≡ ⱷ◌♬☼ⱶ ╩ ⇔√⁹ 

 ⱷ◌♬☼ⱶ│ ≢ ↕╣√ ─ ≈╕╡

─Γ ⇔ UpΔΓ ⅝ DownΔ≤™℮ ╩ ™╢⁹ ⅜ ╩╟ↄ ╡ ╗

╟℮⌐ ↕╣≡™√ ⇔√ ⇔ ⅝ ╩ ↄ ∆╢╟℮⌐ ⱷ◌

♬☼ⱶ─Ɽꜝⱷכ♃ ╡ ╩ ≤⇔≡ ∆╢⁹↕╠⌐ ⇔

⅝ ⌐ ⅎ≡ ─ ─ ╙ ⅎ╢⁹ ⌂ ⸗♦ꜟ

╩ ™≡ ≤ ─ ⅛╠ ╠╣╢ ⌂ ≤ ─ ≤

⇔√ ≤ ─ ⅜ ∆╢╟℮⌐ ╛│╡ ⌐ ⱷ◌♬☼ⱶ─Ɽꜝ

ⱷכ♃ ╡ ╩ ≤⇔≡ ∆╢⁹ 

─ ≢│ ≢│ⱴ◓♬♅ꜙ1.5♪כ ⅛≈6 ≢

─ ╩ ╖ ╡ ⌂▬ⱬfi♩╩ ≤⇔√⁹ ≢│ⱴ◓♬♅ꜙכ♪ 0.5

⅛≈ 6 ≢ ─ ╩ ╖ ╡ ⌂▬ⱬfi♩╩ ≤⇔√⁹ ≤

⇔√▬ⱬfi♩⌐ ⇔≡ ▬ⱬfi♩ ─ ≤ ─ ⅔╟┘ ─

U D ╩ ⇔ ↓╣╠─ ╩ ≤⇔≡ ▪ꜟ◗ꜞ☼ⱶ⌐ ≠ↄ

ⱪ꜡◓ꜝⱶ⌐╟╡ ₁─▬ⱬfi♩⌐ ⇔≡100╡─ ⱷ◌♬☼ⱶ ⅔╟┘P

⌐ ∆╢ ╩ ⇔√⁹↓─ ∑╪ ─ ⱷ◌♬☼ⱶ╩ ⇔≡™╢⁹

▪ꜟ◗ꜞ☼ⱶ≢│ ≤ ≢ ⇔≡ ─ ╩ ⇔√⁹ 

 

 ̧ bit8 

 ̧ 100 

 ̧ 496 

 ̧ 0.7 

 ̧ 0.01 

 

  

₈  Double-difference ⌐╟╢ ₉≢ ⇔√ ≤

─ ⌐ ⇔≡ ⱷ◌♬☼ⱶ ╩ ⇔√⁹ ▬ⱬfi♩─ ≤

─ ⅔╟┘ ≢ ╠╣√ ─ ⌐ ∆╢ ╩╙≤⌐

▪ꜟ◗ꜞ☼ⱶ╩ ™≡ ⱷ◌♬☼ⱶ⅔╟┘ ╩ ⇔√⁹ ≢│30▬

ⱬfi♩╩ ≤⇔ ᵑ ⱷ◌♬☼ⱶ│ ⌐ ≢№╡ ⌐ ∏╣ ─

ⱷ◌♬☼ⱶ╙ ╕╣╢↓≤ ᵒ │ - ⅔╟┘ -

─╙─⅜ ⇔≡™╢ ⌐№╢↓≤⅜ ╠⅛≤⌂∫√⁹ ≢│ 24▬ⱬ

fi♩╩ ≤⇔ ᵑ ⱷ◌♬☼ⱶ│ ⌐ ≢№╡ ∏╣ ─ ⱷ

◌♬☼ⱶ⅜ ∆╢↓≤ ᵒ │ - ⅔╟┘ - ─

╙─⅜ ⇔≡™╢ ⌐№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 



- 25 - 
 

⌐│ ᵑ ᵒ ᵓ ╡ ─ ⌐ ≠™≡ ⇔√100╡─

⅛╠ ▬ⱬfi♩─ ⱷ◌♬☼ⱶ ≤ ╩ ╡ ╪∞⁹ 

 

ה  

 ΅ ΅ ΅ ⌐ ⌐⅔™≡ ⱷ◌♬☼ⱶ ≤ ╩ ⇔√ ╩

⇔√⁹ ∏╣ ─™∏╣─ ⱷ◌♬☼ⱶ≢№╢⅛⌐ ∂

≡ ↑╩⇔ ≢ ─ ╩ ⇔√⁹ ≢│30▬ⱬfi♩⅜ ≤⌂╡ ᵑ

ⱷ◌♬☼ⱶ│ ⌐ ≢№╡ ⌐ ∏╣ ─ ⱷ◌♬☼ⱶ╙ ╕╣

╢↓≤ ᵒ │ - ⅔╟┘ - ─╙─⅜ ⇔≡™╢

№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

΅ ΅ ΅ ⌐ ⌐⅔™≡ ⱷ◌♬☼ⱶ ≤ ╩ ⇔√ ╩

⇔√⁹ ΅ ΅ ΅ ≤ ∏╣ ─™∏╣─

ⱷ◌♬☼ⱶ≢№╢⅛⌐ ∂≡ ↑╩⇔ ≢ ─ ╩ ⇔√⁹ ≢│24

▬ⱬfi♩⅜ ≤⌂╡ ᵑ ⱷ◌♬☼ⱶ│ ⌐ ≢№╡ ∏╣ ─

ⱷ◌♬☼ⱶ⅜ ∆╢↓≤ ᵒ │ - ⅔╟┘ -

─╙─⅜ ⇔≡™╢ №╢↓≤⅜ ╠⅛≤⌂∫√⁹ 
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΅ ΅ ΅ ⌐⅔™≡ ↕╣√ ─ ⱷ◌♬☼ⱶ ⅔╟┘

─ ∏╣ ─™∏╣─ ⱷ◌♬☼ⱶ≢№╢⅛⌐

∂≡ ↑╩⇔ ≢ ─ ╩ ⇔√⁹DD ⌐╟╡ ⇔√∕─

─▬ⱬfi♩╙ ∑≡ ⇔√  
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΅ ΅ ΅ ⌐⅔™≡ ↕╣√ ─ ⱷ◌♬☼ⱶ ⅔╟┘

─ ∏╣ ─™∏╣─ ⱷ◌♬☼ⱶ≢№╢⅛⌐

∂≡ ↑╩⇔ ≢ ─ ╩ ⇔√⁹DD ⌐╟╡ ⇔√∕─

─▬ⱬfi♩╙ ∑≡ ⇔√  
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΅  ─ ≤ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ™╢ ⸗♦

ꜟ─  

 ─  

 

ה  

 ≤ ⌐ ⇔≡₈  Ⱶꜙ꜠כ◦ꜛfi─ ₉≢ ™╢

⌂ Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ∆╢√╘ ⌐ ∆╢

╛ ⌐ ∆╢ ╩ ∫√⁹╕√ World Stress Mapה כ♦

♃ⱬכ☻ ה ⌐ ⇔≡╙ ─ ⌐ ╘√⁹ ⌐ ≠⅝ ᵑ

┘ ᵒ ─ ᵓ ≢─ ᵔ

┘ ᵕ ᵖ ⌐ ⇔≡ ╩⇔√⁹ 

 ™≡ 2 ₈ ₉─⌂⅛≢ ↕

╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆╢ Ɽꜝⱷכ♃╩ ⇔ ∕─

╩ ⇔√⁹ 

 

ה  

 │∂╘⌐ ≤ ⌐ ⇔≡ ╩ ⇔√ ╩ ∆⁹ 

 

ₒ ₓ 

ᵑ ┘  

 ̧ ─ ⌐ ∆╢⁹ ⌐ ╦╣ ⌂∞╠⅛⌂ ╩

∆╢ 

 ̧ ⌐ ─◌ꜟ♦ꜝ ⅜ ∆╢⁹ ⌂ ⅜ ↕╣≡™╢ 

 ̧ ─ ≢№╢⁹ │ ⌡ ⌐ ∆╢ 

 ̧ ─ ≢│♦▬◘▬♩⅜ ⌐ ⇔ ⌐ ∆╢ 

 ̧ 1,530 m ≢│ ╒╓ ≤⌂╢ 

 ̧ ↕╣√ │ 2,196m≢206.4ϴ≢№∫√ 

 

ᵒ ─  

 ̧ ─ ⌂ │ ≢№∫√ 

  

≤ ⌐ ⇔≡₈ Ⱶꜙ꜠כ◦ꜛfi─ ₉≢ ™╢ ⌂

Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ∆╢√╘ ⌐ ∆╢

╛ ─ ╩ ∫√⁹ ⌐ ≠⅝ ᵑ ┘ ᵒ ─

ᵓ ≢─ ᵔ ┘ ᵕ

ᵖ ⌐ ⇔≡ ╩⇔√⁹╕√

₈ ₉─⌂⅛≢ ↕╣√ Ⱡ♇♩꞉כ

◒⸗♦ꜟ⌐ ∆╢ Ɽꜝⱷכ♃─ ╩ ⇔√⁹ 
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 ̧ ⌐│ ⅜ ↕╣≡™╢ 

 ̧ NEDO ≢│ ⌐╟╡

─ ⅜ ↕╣√ 

 ̧ ╩♃כ♦─ ™≡ 11▬ⱬfi♩─ ⱷ◌♬☼ⱶ╩ ⇔√

⅜ ↕╣√ 

 

ᵓ ≢─  

 ̧ ≢─ │ 1,200 m≤ 1,650─ יִ ≢№∫

√ 

 

ᵔ ┘  

 ̧ ∆╢ ≢ ↕╣√ ◘fiⱪꜟ⌐ ⇔≡

⅜ ↕╣√⁹ ─ ꜘfi◓ ⱳ▪♁fi ╛

│ ↕╣≡™⌂™ 

 ̧ ⌐ ∆╢ │⌂™ 

 ̧ ⌐ ∆╢ │╒≤╪≥⌂™⁹ ⌐ ⇔√ ─

ⱷ◌♬☼ⱶ ⌐╟╢≤ ∏╣ ≤ ─ⱷ◌♬☼ⱶ ⅜ ∆╢≤™℮

⅜ ╠╣√ │  

 

ᵕ  

 ̧ ─ → ⌐ ─ ╩ ⇔√ 201910  

 ̧ ↓─≤⅝ 20 ─ ╩ ∫√⁹ │ 871 m3 │ 1,060

1,810 L/min │6.96 MPa≢№∫√ 

 ̧ ─ ≢│ ─ │ ╠╣⌂⅛∫√ 

 ̧ 20209 10 ⌐ ─ ╩ ⇔√⁹ │23

│16,677 m3 │600 L/min │6.43 MPa≢№∫√ 

 ̧ ─ │ ≢│⌂™≤ ↑╠╣√ 3.1⁹ ⌐╟╢

⌂ ≢№╢ ⅜ ↕╣√ 

 

ᵖ  

 ̧ ─ ─19 ⌐ ↕╣√▬ⱬfi♩│7 ≢№∫√⁹

─24 ≢│525 ─13 ≢│88 ─▬ⱬfi♩⅜ ↕╣√

↕╣╢▬ⱬfi♩│ ∆╢ ⌐№∫√  

 ̧ │ ─ ⌐ ⇔ ⌐ ⌐ ↄ ⇔≡™√⁹

▬ⱬfi♩│ ╟╡╙ ⌐ ∆╢ ⌐№∫√ 

 ̧ │ ⌐ ≢ ⇔√ 

 ̧ │ ─ ⌐ ⇔√♦▬◘▬♩≢ ⇔ ⌐ ∫≡

⌐ ⅜╢ ⅜№∫√ 
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ₒ ₓ 

ᵑ ┘  

 ̧ ≤ ⱪ꜠כ♩─ ⅔╟┘ ⌐ ∫√ ≤

─ ⌐ ↕╣╢⁹ ⌂ ⅜ ≢№╢ 

 ̧ ─ ╩ ≤∆╢ 

 ̧ fi♃ⱨכꜞ◓ ⌐ ⇔ ─ ╛ ─ ⅜№╡ ╛

╙ ╠╣╢ 

 ̧ NEDO ≢ ↕╣√ ⌐≡ ╩ ∆╢ ⅜ ↕╣√⁹╕

√ ─ ↄ─ ≢│ ⱪ꜡ⱨ□▬ꜟ⅜ ↕╣√ 

 ̧ 10 km ⌐ ─ ⅜  

 ̧ │ ⌐ ∆╢⁹ ⌐│ ⅜ ⇔ ─

⅜ ⇔≡™╢⁹ ≢│ 2,635 m ⅛╠ ⅜

↕╣√ 

 ̧ ─ → │2,667 m≢─ │270ϴ≤ ↕╣√ 

 

ᵒ ─  

 ̧ ─ ⌂ │ ≢№∫√ 

 ̧ ⌐E-W N ─2 ─ ⅜№╡ ↕╣╢

≤╙ ∆╢√╘ ↓╣╠─ ⅜ ≥♩♇◕כ♃─ ⅎ╠╣√

│↓╣╠─ ╩ ∆╢╟℮ ↕╣√  

 ̧ ─ ─ ↄ│NE-SW NW-SE ≢№∫√ ─

─ ─ ≤  

 ̧ ⌐│NE-SW ╛NW-SE ─ ⅜ ↕╣≡™╢ 

 

ᵓ ≢─  

 ̧ ≢─ │ 1,850 m2,130 m2,280 m2,391 m─

יִ ≢№∫√ 

 ̧ ⌐≡ ⌐ ⅜ ↄ⌂╢ ⅜ ↕╣√⁹ ⅛╠

≢│ │ ≢ ◌♇♥▫fi◓☻╛ ⌐╟╡ ╕╡╩ ↓⇔╛∆™

≤ ↕╣√ 

 ̧ 1,2501,600 m─ ≢BHTV⅜ ↕╣ 79─ ⅜ ↕╣√⁹

│N-S, SSE, NNE≢№╡ ─ ┘ ─ ≤ ⇔≡™√

⌐ ∆╢ │⌂⇔  

 

ᵔ ┘  

 ̧ ∆╢ ≢ ↕╣√◘fiⱪꜟ⌐ ⇔≡

⅜ ↕╣√⁹ ─ ꜘfi◓ ⱳ▪♁fi ╛ │
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↕╣≡™⌂™ 

 ̧ ⌐ ∆╢ │⌂™ 

 ̧ ⌐ ∆╢ │╒≤╪≥⌂™ 

 ̧ ─ ╩♃כ♦ ™≡ ⱴ◓♬♅ꜙכ♪─ ⅝⌂▬ⱬfi♩⌐ ⇔

≡ ⱷ◌♬☼ⱶ ╩ ⇔√ ⱷ◌♬☼ⱶ│ ⅜

─ ∏╣ ≢№∫√ 

 

ᵕ  

 ̧ 201912 ⌐ ─ ╩ ⇔√ 

 ̧ │13 │12,367 m3 │700 L/min

│1.75 MPa≢№∫√ ⅜⅔⅔╟∕ ≤⌂╢╟℮ ╩⇔ ─

╩ ⇔√  

 ̧ ⌐ ⇔√ │9▬ⱬfi♩≢ Mw│-1.50.5≢№∫√⁹

─ │ 2 ≢№╡ ⌐ ℮ ─ ⌐╟╢ ⌂ ≢

№╢≤ ↑╠╣√ 

 ̧ 20206 7 ⌐ ─ ╩ ⇔√⁹ │ 27

│54,055 m3 │1,500 L/min │5.61 MPa≢№∫

√ 

 ̧ ─ 202011 ⌐ ╩ ⇔√≤↓╤

─ │ 11.8≢№∫√ 0.46 darcyהm 5.45 

darcyהm  

 

ᵖ  

 ̧ │ ⅜ ≢ ╩ ⇔≡ ⅔╟∕100 ≢ ⅎ╢ ⇔

⅛⌂ↄ │ ╘≡ ≤™ⅎ╢ 

 ̧ 2020─ ─7 ⌐ ↕╣√▬ⱬfi♩│0 ≢№∫√⁹

─32 ≢│691 4 ⌐ ─28 ≢│9 ─▬

ⱬfi♩⅜ ↕╣√ ⱴ◓♬♅ꜙ2.51.5⁹-│♪כ ↕╣╢▬ⱬfi

♩│ ⇔ ╒≥⌂ↄ ⇔√  

 ̧ │ ─ ╩ ⌐ ⌐ ⇔√⁹

≢│▬ⱬfi♩ ⅜ ⌐ ™ ⅜№╡ ∕─ ≢│ │

⌐ ⇔√ 

 ̧ ≢│ │ 1,850 m ─ ⌐ ⇔√ 

 ̧ ─ ⌐│ ─ 2 ─ ⅜№╡ ↓╣╠─ │

─♦▬◘▬♩ ─ ⌐ ∫≡™╢⁹ │ ⌡↓─ ⌐

∫≡ ⇔≡™√ 

 

 ™≡ ₈ ₉─⌂⅛≢ ↕
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╣√ ≤ ─ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆╢ Ɽꜝⱷכ♃

╩ ⇔√ ╩ ΅ ΅ ΅ ⅛╠ ΅ ΅ ΅ ⌐ ∆⁹↓╣╠─ ≢

↑⇔√Ɽꜝⱷכ♃─ ⌐ ⇔≡│ ⅜ ╙⇔ↄ│ ⅜ ─

⅜№╢≤ ╩⇔√⁹ ⅜ ⌂ ≢№╢⁹ 

 

 ̧ ─ ⌐ ⇔≡ ─ ─ ╩ ╘≡

⅝⌂ 63.5 MPa/km⌐ ⇔≡™╢⁹↓─ │₈ ─ ╩

₉∆╢√╘≢№╡ ─ ⌐ ∆╢ │ ≢№╢ ΅ ΅ ΅

 

 ̧ ─ ⌐ ⇔≡ ≤ ─ ⌐ ╩⇔≡™╢⁹ ≢

≤⇔√ ─ │ ≢│ ⌐ ≢№╢─⌐ ⇔ ≢│

≢№∫√⁹ ─ ™╩ ∆╣┌ ≢ ─ ⅜ ⌂

╢ ⅜ ™ ΅ ΅ ΅  

 ̧ 90% ⌐ ⇔≡ ∑╪ ╡⅜ ∂√ ─ ╩ ↄ ∆╢√╘ ∑

╪ ╡─ ≢ ╩ ⅝ↄ ⇔≡™╢⁹ ≢ Ɽꜝⱷכ♃⅜∑╪ ╡─

≢ ∆╢↓≤─ ⅜ ≢№╢ ∕─╟℮⌐ ╩⇔≡™╢

│ √╠⌂⅛∫√ ΅ ΅ ΅  

 ̧ Ᵽꜟ◒ ⌐ ⇔≡ ≢│ 4E-16 m2 ≢│ 3E-16 m2≤

╩⇔≡™╢⁹ ─ │ ≢│0.12 Darcyהm ≢

│0.46 Darcyהm≤ ה ↕╣≡⅔╡ ↓─ ╩ ╕ⅎ╣┌ ─

Ᵽꜟ◒ │ ─ ╟╡╙ ⅝⌂ ≢№╢═⅝≢№╢ ΅ ΅

΅  

 ̧ ─ ⅜ ≢10 ⌂╢↓≤─ ⅜ ≢№╡ ╕√

╩ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐≥─╟℮⌐ ↕∑√─⅛

⌐≈™≡╙ ⅜⌂⅛∫√ ΅ ΅ ΅  

 ̧ ⌐ ⇔≡ ≢│ ─ ─ ╩ ⇔≡ ⅜

3,000 m─ ╩2 ⅜1,000 m─ ╩1 ⇔≡™╢⁹

≢│ ─ ⌂ ─ │ ™∏ ─ ─╖╩

⇔≡ 50 m─ ╩4 ⇔≡™╢⁹↓─╟℮⌐ ─ ─

╘ │ ≢ ≢│⌂ↄ ╕√ ⌐ ∆╢ ╙ ≢№∫√

΅ ΅ ΅  

 

≢│ │ ₈ ₉

⌐⅔™≡ ↕╣√ ─ Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ∆╢≤™℮

╩ ⇔≡™√⁹⇔⅛⇔ ─ ╡ ≢ ↕╣√ Ⱡ♇

♩꞉כ◒⸗♦ꜟ│ ╛ ⇔√Ɽꜝⱷכ♃⌐ ⇔≡ ⌂ ⅜ ₁№╢√╘

↓╣╠─⸗♦ꜟ│ ⌐ ⇔⅜ ≢№╢≤─ ⌐ ∫√⁹⇔√⅜∫≡

≢│ Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ √⌐ ⇔ ∆↓≤≤⇔√⁹ 

 

΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆

╢Ɽꜝⱷכ♃ ⸗♦ꜟ ≤  
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΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆

╢Ɽꜝⱷכ♃ ⇔≡™╢ ⅔╟┘ ─ ≤  

 

 

΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆

╢Ɽꜝⱷכ♃ ⌐ ∆╢  

 

 

΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆

╢Ɽꜝⱷכ♃ ⌐ ∆╢  
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 ╩ ╕ⅎ√ ⸗♦ꜟ Ⱡ♇♩꞉כ

◒⸗♦ꜟ ⌐⅔↑╢ Ɽꜝⱷכ♃─  

 

ה  

 ₈  ─ ₉≢ ═√╟℮⌐

₈ ₉⌐⅔™≡ ↕╣√ Ⱡ♇♩꞉כ

◒⸗♦ꜟ ╕√∕╣⌐ ≠ↄ ◦Ⱶꜙ꜠כ◦ꜛfi│ ╛ ⇔√Ɽꜝ

ⱷכ♃⌐ ⇔≡ ⌂ ⅜ ₁№╢√╘ ↓╣╠─⸗♦ꜟ│ ⌐ ⇔⅜ ≢

№╢≤─ ⌐ ∫√⁹∕↓≢ ≢│ ≤ ≢ ⇔≡ ─

⌐ ∫≡ Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ∆╢↓≤≤⇔√⁹ 

 

 ̧ ─ │ DD ⌐╟╢ ─ ╩ ⇔≡ ╩∆╢

↓≤ 

 ̧ ─ ┘ │ ─◒ꜝ☻♃ ≢ ╠╣√ ◒ꜝ☻♃─

ⱬ◒♩ꜟ─ ⌐ ≠⅝ ╩∆╢↓≤ 

 ̧ ╩ ∆╢ ╛ ⌐ ⌐ ↄ─ ⅜

⇔√ ⌐⅔™≡│ ╩ ↕∑╢↓≤ 

 ̧ │ ⱷ◌♬☼ⱶ⅜ ≢⅝√▬ⱬfi♩⌐ ∆╢↓≤⁹ ─

│ DD ⌐╟╢ ─ │ ⱷ◌♬☼ⱶ

≢ ╠╣√ ⌐ ↕∑╢↓≤⁹ │ ─╙≤

⸗♦ꜟ╩ ⇔≡ⱴ◓♬♅ꜙכ♪╟╡ ∆╢↓≤ 

 ̧ │ ≢ ╠╣√ ≤ ⱷ◌♬☼ⱶ ─ ⌐

⌐ ∆╢ ─ ╩ ⇔≡ ∆╢↓≤ 

 ̧ ⅔╟┘ ─ ≤ │ ≢ ╠╣√ ╩

⌂ ╡ ⇔≡ ∆╢↓≤ 

 

╕√ Ⱡ♇♩꞉כ◒⸗♦ꜟ╩ ∆╢ ⌐│ ─ ⌐ ∆╢↓

≤≤ ╘√⁹ 

 

 ̧ ⱨ▫♇♥▬fi◓∆╢Ɽꜝⱷכ♃ │ ⌂ ╡ ╠⇔ ≢⌂™Ɽꜝⱷכ♃

│ ╦⌂™↓≤ 

 ̧ Ɽꜝⱷכ♃╩ ⌐ ∆╢ ∕─ ╩ ≢⅝╢↓≤ 

  

₈ ─♃כ♦  ₉⌐ ⇔√ ─♃כ♦

≤₈  ─ ₉≢ ═√ ╩ ╕ⅎ≡

◦Ⱶꜙ꜠כ◦ꜛfi≢ ™╢ Ⱡ♇♩꞉כ◒⸗♦ꜟ─ ╩ ╘

√⁹ ╘√ ⌐ ∫≡ ≤ ⌐ ⇔≡ √⌐ Ⱡ♇♩

꞉כ◒⸗♦ꜟ╩ ∆╢√╘─ Ɽꜝⱷכ♃─ ╩ ∆╢≤≤╙⌐

⌐ ∆═⅝Ɽꜝⱷכ♃╩ ⇔√⁹ 
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 ̧ ⌐⅔™≡│ ⱥ☻♩ꜞכⱴ♇♅fi◓─ ─ ≢│⌂ↄ

─ ╩ ⌐ⱴ♇♅fi◓↕∑╢↓≤ 

 

ה  

 │∂╘⌐ ╩ ⌐ Ⱡ♇♩꞉כ◒⸗♦ꜟ Discrete Fracture 

NetworkDFN≤™℮ ─ ⌐ ∆╢ ─ ╣╩ ∆╢⁹ ΅ ΅ ΅

⌐ ─ DD ≤ ⌐ ∆╢ⱴ◓♬♅ꜙכ♪

≤ ─ ╩ ∆⁹↓╣╠─ ╩ ╖⅛≈ ⅜ ─⅔⅔╟∕

≤⌂╢╟℮⌐ ─ ≤ ╩ ⇔√⁹ ΅ ΅ ΅ ⌐ ∆╟℮⌐

─ │1.5 km Ĭ 2.0 km Ĭ 2.0 km ≤

⇔√⁹ ≢ ≢ ╪∞ ≢│ ⅜ ⇔≡⅔╡ ◒ꜝ►

♪─ │ 88.2Á │ 29.8Á≤ ↕╣√⁹╕√ ⌐ ∆╢ⱴ◓♬

≥♪כꜙ♅ ─ ⅛╠b ⅜0.55≤ ≢⅝ ↓─ │ ─ ╩ ∆

╢ ⌐ ∆╢↓≤≤⇔√⁹ ΅ ΅ ΅ ⌐ ⇔√ ≢ ↕

╣≡™╢ ⌂ ≤ꜞ♬▪ⱷfi♩─ ╩ ⇔√⁹↓╣╠─ ╛ꜞ♬▪ⱷfi♩

│ DFN⸗♦ꜟ⌐⅔™≡│ ─ ≢ ∆╢↓≤│∑∏ ╛ꜞ♬▪ⱷfi

♩⌐ ∆╢ ≢∕─ ≤ ╩ ⇔≈≈ ─ ╩ ↕∑╢↓≤

⌐╟╡ ╩⇔√⁹ 

 ΅ ΅ ΅ ⌐ ─ ⌐ ↕╣√ ⌐ ∆╢◒ꜝ☻♃ꜞfi

◓ ≤ ↕╣√◒ꜝ☻♃ ─ ⱬ◒♩ꜟ⌐ ∆╢ ╩ ∆

╢⁹ ΅ ΅ ΅ │ ◒ꜝ☻♃⌐ ∆╢▬ⱷכ☺ ╩ ⇔≡⅔╡ ─ ≢

⇔√ ⅜ ▬ⱬfi♩⌐ ⱬ◒♩ꜟ│ ─ ⌐ ∆╢⁹

╕√ ⌐⅔↑╢ⱪ꜡♇♩─ ⅝↕│ ◒ꜝ☻♃⌐ ╕╣╢ ▬ⱬ

fi♩ ≤ ⇔≡⅔╡ ╕╣╢▬ⱬfi♩ │ ™╒≥ ⱪ꜡♇♩─ ⅝↕⅜ ⅝ↄ

⌂╢⁹ ─DFN⸗♦ꜟ╩ ∆╢ ─Family 1Family 5─◒ꜝ

☻♃─ ╩ ∆╢↓≤≤⇔√ ΅ ΅ ΅ ╩ ⁹↓╣╠─◒ꜝ☻♃⌐

⇔≡ ◒ꜝ☻♃─ ⱬ◒♩ꜟ─ ⌐ ≠™≡ ≤ ╩ ≢№╢⁹

Family 1Family 5─◒ꜝ☻♃⅜ ─ ⌐ ⅜╢↓≤╩ ⇔ ◒

ꜝ☻♃⌐ ∆╢ ╩ ─ ⌐ ↕∑╢↓≤≤⇔√⁹ 

 ⌐ ⇔≡│ ⌐ ∆╢ ╙ ∆╢ ⅜№╢⁹ ≢│

≤ ─ ⅜ ≢№╢ ≤ⱨꜝ◒♃ꜟ ≢№╢ ─

╡╩ ⇔√⁹ ─ ⱨꜝ◒♃ꜟ ╩ ⇔√╒℮⅜ ─

⌐ b ╩ ⌐ ≢⅝╢↓≤⅜ ⇔√ ╩ ⇔√ │

∆═⅝Ɽꜝⱷכ♃ ⅜ ⅎ≡⇔╕℮ ⁹╕√ ─ │

─ ⅜ ↄ⌂╢╟℮ ⌐ ה ╩⇔√⁹ 

 ΅ ΅ ΅ ⌐ ─ ⱷ◌♬☼ⱶ ─ ╩ ∆╢⁹₈  

ⱷ◌♬☼ⱶ ⌐╟╢ ─ ₉≢ ═√ ╡ ≢│ⱴ◓♬♅ꜙכ

♪⅜ ⅝™30▬ⱬfi♩⌐ ⇔≡ ⱷ◌♬☼ⱶ╩ ∆╢↓≤⅜≢⅝√⁹↓─

℮∟ ⌐ ∆╢╙─│18▬ⱬfi♩≢№╡ ↓╣╠⅜ ⌐

∆╢≤⇔√⁹ ⇔√ ⌐ ™ 18 ─ ─ ╩

ⱷ◌♬☼ⱶ ≢ ╠╣√ ▬ⱬfi♩─ ⌐
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↕∑√⁹╕√, ─ │ 3 MPa─╙≤ ⸗♦

ꜟ╩ ⇔≡ ─ ≢ ╩⇔√⁹ 

ὶ
χὓ

ρφЎ„

ϳ

 

↓↓≢ r│  [m]M0│ ─ ♩ⱷfiכ⸗ Ds│  [MPa]≢№

╢⁹ │♩ⱷfiכ⸗ ─ⱴ◓♬♅ꜙכ♪⅛╠ ↕╣╢⁹ 

 ⱷ◌♬☼ⱶ ≢ ↕╣√ │ - ⅔╟┘ -

─╙─⅜ ⇔≡™╢ ⅜№∫√ ΅ ΅ ΅ ⁹╕√ ⌐≤╙

⌂™ │ ⌐│ ⌐ ⅜╢ ⅜№∫√⁹↓

╣╠─ ⌐ ⅎ≡ ₈ ─ ╩♃כ♦ ™≡ ⱷ◌♬☼ⱶ

╩ ⇔√ ─ ⅜ ↕╣√₉≤™℮ ⅔

╟┘ ה ☻כⱬ♃כ♦ https://gbank.gsj.jp/crstress/≢ ↕╣≡™

╢₈ ─ ≢ ↕╣√ ₉╩ ⇔ ─

─ │ ≢№╢≤ ↑√⁹ 

 ↓─╟℮⌐ ─DFN⸗♦ꜟ ⌐ ⌂ ─Ɽꜝⱷכ♃╩ ╢↓≤⅜≢⅝

√⁹ ⌐ ⇔≡╙ ─ ⌐╟╡DFN⸗♦ꜟ ⌐ ⌂ ─Ɽꜝⱷכ♃

╩ ⇔√⁹ Ɽꜝⱷכ♃╩ ⇔√ ╩ ΅ ΅ ΅ ⅛╠ ΅ ΅ ΅

⌐ ∆⁹↓╣╠─ ≢ ↑⇔√Ɽꜝⱷכ♃⌐ ⇔≡│ ⅜ ⌐ ™

√╘ ⌐ ≤⇔≡ ╡ ℮↓≤╩ ⇔√⁹⇔√⅜∫≡₈  

Ɽꜝⱷכ♃⌐ ∆╢ ₉≢│ ≢ ↑⇔√Ɽꜝⱷכ♃╩ ⌐

╩ ™ ∕─ ╩ ╕ⅎ≡ ⸗♦ꜟ╩ ∆╢⁹ 
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΅ ΅ ΅ ─ ⌐ ≠⅝ ─

│ ⌐ ∆╢ⱴ◓♬♅ꜙכ♪≤ ─ ≢№╢  

 

 
΅ ΅ ΅ ה ≢ ↕╣≡™╢ ⌂

≤ꜞ♬▪ⱷfi♩ Ⱨfi◒ ─  
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΅ ΅ ΅ ─ ⌐ ↕╣√ ⌐ ∆╢◒ꜝ☻♃ꜞfi◓

≤ ↕╣√◒ꜝ☻♃ ─ ⱬ◒♩ꜟ⌐ ∆╢

⌐ ╩ ↕∑╢ Family 1Family 5─ ◒ꜝ☻♃⌐ ∆╢ ≤

╩ ™√  

 

 

΅ ΅ ΅ ◒ꜝ☻♃⌐ ∆╢▬ⱷכ☺ ─ ≢ ⇔√ ⅜

₁─ ▬ⱬfi♩⌐ ∆╢  
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΅ ΅ ΅ ⌐⅔™≡ ↕╣√ ─ ⱷ◌♬☼ⱶ ≤ ─

⁹ ⌐ ╕╣╢18▬ⱬfi♩⅜ ⌐ ∆╢╙─≤⇔√⁹╕√

↕╣√ ╩ ╕ⅎ≡ │ - ≢№╢≤⇔√ 
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΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆╢

Ɽꜝⱷכ♃ ⸗♦ꜟ ≤  

 

 

 

΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆╢

Ɽꜝⱷכ♃ ⇔≡™╢ ⅔╟┘ ─ ≤  

 

 

΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆╢

Ɽꜝⱷכ♃ ⌐ ∆╢  

 

 

΅ ΅ ΅ ≢ ↕╣√ Ⱡ♇♩꞉כ◒⸗♦ꜟ⌐ ∆╢

Ɽꜝⱷכ♃ ≤  
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΅  Ⱶꜙ꜠כ◦ꜛfi─  

 Ɽꜝⱷכ♃⌐ ∆╢  

 

ה  

 ◦Ⱶꜙ꜠כ◦ꜛfi│ ⌐ ⇔ ⅜ ⇔√

◦Ⱶꜙ꜠כ♃AI-SHIFT2╩ ⇔√⁹ ◦Ⱶꜙ꜠כ♃│ ∂ↄ

⅜ ⇔√ ◦Ⱶꜙ꜠כ♃SHIFT╩ ⇔√╙─≢№╡ ─

╩ ∆╢⁹ 

 

 ̧ DFNDiscrete Fracture Network⸗♦ꜟ◦Ⱶꜙ꜠כ♃ 

 ̧ ─ ≤∕╣⌐≤╙⌂℮ ─∑╪ ╡╩  

 ̧ ─fi꜡כ◒הꜟכ⸗ ╩ ∆╢↓≤⌐╟╡ ∑╪ ╡╩  

 ̧ ⌐♄Ⱪꜟⱳ꜡◦♥▫⸗♦ꜟ╩  

 ̧ MPI ꜝ▬Ⱪꜝꜞ╩ ™√ⱴꜟ♅ⱪ꜡☿☻ה ⱷ⸗ꜞ ☻Ɽ◖fi

 

 

⌂⅔ 2 ₈ ₉⌐⅔™≡│ ◦

Ⱶꜙ꜠כ◦ꜛfi⌐│SHIFT⅜ ™╠╣≡™√⁹AI-SHIFT2⌐⅔↑╢ ⱨ꜡כ│

΅ ΅ ΅ ⌐ ⇔√⁹↓╣╠─◦Ⱶꜙ꜠כ◦ꜛfi≢│ ≢ ╡ ⇔

∆╢ ╡─ ─ ─ ╛ ─ ─

─ ─ │ ∆╢↓≤⅜≢⅝⌂™ ⌐ ⅜ ≢№╢⁹ 

 ─ ⌐ ∆╢ ₈ ⸗♦ꜟ Ⱡ♇♩꞉כ◒⸗♦ꜟ ₉╩

∆╢⌐№√╡ ─ ™ Ɽꜝⱷכ♃╩ ≤⇔√ ╩ ⇔√⁹

⌐ ≤⇔√Ɽꜝⱷכ♃│ ≢ ═√ ╡ ─

┘ ⌐ ∆╢

90 ≤⇔√⁹⌂⅔ ⌐⅔™≡│ ⌐ ∆╢ │

≤ ╩⇔√⁹ 

 ─ ╩ ╕ⅎ ─ ─ ♃כ♦ ┼─

⌐≤╙⌂℮ ─ ⱴ◓♬♅ꜙכ♪ ╩⅔⅔╟∕ ⌐

  

─ ⌐ ⇔≡₈  ╩ ╕ⅎ√ ⸗♦

ꜟ Ⱡ♇♩꞉כ◒⸗♦ꜟ ⌐⅔↑╢ Ɽꜝⱷכ♃─ ₉≢ ╘√ Ɽꜝ

ⱷכ♃╩ ™≡ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ™╢ Ⱡ♇♩꞉כ◒

⸗♦ꜟ╩ ⇔√⁹ ⸗♦ꜟ⌐ ⇔≡ ─

┘ ⌐ ∆╢ 90%

⌐ ∆╢ ╩ ⇔√─∟ ─ ╩ ╕ⅎ≡ ─

♃כ♦ ┼─ ⌐≤╙⌂℮ ─ ⱴ◓♬

♪כꜙ♅ ╩⅔⅔╟∕ ⌐ ≢⅝╢₈ ⸗♦ꜟ Ⱡ♇♩꞉כ

◒⸗♦ꜟ ₉╩ ⇔√⁹ 
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≢⅝╢₈ ⸗♦ꜟ Ⱡ♇♩꞉כ◒⸗♦ꜟ ₉╩ ⇔√⁹ ⸗♦

ꜟ─ ≢│ ⌐ ─ ⌐ ╩⇔√⁹ 

 

 ̧ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ╠╣√ ─ ⅜╡⅜ ≤⅔

⅔╟∕ ⇔≡™╢⅛ ⅛ 

 ̧ ⌐ ⇔√ ▬ⱬfi♩ ⅜ ≤◦Ⱶꜙ꜠כ◦ꜛfi≤≢

⅔⅔╟∕ ⇔≡™╢⅛ ⅛ 

 ̧ ⌐ ⇔√ ⌐ ∆╢b ⌐ ⇔≡ ≤◦Ⱶꜙ꜠כ◦ꜛ

fi≤≢⅔⅔╟∕ ⇔≡™╢⅛ ⅛ 

 ̧ ─ ─ ─ ⅜ ≤◦Ⱶꜙ꜠כ◦ꜛfi≤≢

⅔⅔╟∕ ⇔≡™╢⅛ ⅛ 

 

 

΅ ΅ ΅ AI-SHIFT2⌐⅔↑╢ ⱨ꜡כ 

 

ה  

╕∏ ─ ™ Ɽꜝⱷכ♃╩ ≤⇔√ ─ ╩ ⌐

∆╢⁹ 

 

ᵑ  

 ̧ ⅜ ↕™╒≥ ∑╪ ╡─ ∂╢ │ ↄ⌂╢ ⅜№╢

΅ ΅ ΅  

 ̧ ∆╢ ─ ה ⅔╟┘ ─ ╩ ╕ⅎ≡ ∆╢
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⅜№╢ 

 

ᵒ ─  

 ̧ ≢─ ⅜ ↄ⌂╢╟℮⌐ ╩ ⇔⌂↑╣┌

⅜ ╕≢ ⇔⌂™ 

 ̧ ⅜ ∆╢╒≥ ∑╪ ╡─ ∂╢ │ ↄ⌂╢ 

 

ᵓ ─  

 ̧ ─ ⅜ ⅝™╒≥ ∑╪ ╡─ ∂╢ │ ↄ⌂╢ 

 ̧ ♃כ♦ ⌐ ∆╢ ╩ ∆╢√╘⌐

≢ ─ ╩ ∆╢ ⅜№╢ 

 

ᵔ ⌐ ∆╢  

 ̧ ╩ ⇔√ ─♃כ♦ ⅜ ≢№∫√ 

 ̧ ─ ⅝⌂ ⅜ ↄ ╕╣╢ ◦Ⱶꜙ꜠כ◦ꜛfi─ ⅜ ↄ⌂╢ 

 ̧ ⱨꜝ◒♃ꜟ ╩ ⇔√ ⱨꜝ◒♃ꜟ ⅜ ⅝ↄ⌂╢╒≥ ⌐

∆╢b │ ⅝ↄ⌂╢ bԇD/2─ ⅜ ΅ ΅ ΅  

 

ᵕ  

 ̧ ⅜ ↕™╒≥ │ ╕≢ ∆╢ ΅ ΅ ΅  

 ̧ ⅜ ↕™╒≥ ≢─ ⅜ ⅝™ 

 

ᵖ 90  

 ̧ 90 ⅜ ⅝™╒≥ ─ ⅜ ⅝ↄ⌂╢ 

 ̧ 90 ⅜ ⅝™╒≥ ∑╪ ╡─ ∂╢ │ ⌂ↄ⌂╢ 

 

 ─ ─ ╩ ╕ⅎ ─ ─ ⧵╟⅔⅔╩♃כ♦

⌐ ≢⅝╢₈ ⸗♦ꜟ Ⱡ♇♩꞉כ◒⸗♦ꜟ ₉╩ ⇔√⁹

─ ⸗♦ꜟ≢│ Ɽꜝⱷכ♃⌐ ⇔≡ ─╟℮⌐ ╩⇔√⁹ 

 

ₒ ₓ 

 ̧ ≢─ │ 19.6≤⇔√ 

 ̧ ╩♃כ♦ ∆╢√╘ ≢│ ╩ ⇔ ⅛╠

╣√ ≢│ ╩ ↕∑√ 

 ̧ ╩0.03⅛╠0.011┼ ↕∑√ 

 ̧ ─ ╩0.4⅛╠0.27┼ ↕∑√ 

 ̧ ─ ╩0.2⅛╠0.135┼ ↕∑√ 

 ̧ ⌐ ∆╢ ╩ ≠↑╢ⱨꜝ◒♃ꜟ │1.0≤ ⇔√ 

 

ₒ ₓ 

 ̧ ≢─ │ 9.5 ≤⇔√ 
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 ̧ ╩♃כ♦ ∆╢√╘ ≢ ╩ ↕∑√⁹↕╠

⌐ ─ ⌐⅔™≡↕╠⌐ ╩ ↕∑√ 

 ̧ ╩0.03⅛╠0.01┼ ↕∑√ 

 ̧ ─ ╩0.6⅛╠0.4┼ ↕∑√ 

 ̧ ─ ╩0.4⅛╠0.38┼ ↕∑√ 

 ̧ ⌐ ∆╢ ╩ ≠↑╢ⱨꜝ◒♃ꜟ │1.4≤ ⇔√ 

 

 ↓─╟℮⌐ ⇔√ ⸗♦ꜟ⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi │ ─

╡≢№╢⁹ 

 

ₒ ₓ 

 ̧ ↕╣√DFN⸗♦ꜟ⅔╟┘ ⇔√ ─♩כ꜠ 22 │ ΅

΅ ΅ ⌐ ⇔√ ╡≢№╢ 

 ̧ ─ ⌐ ∆╢ 1.8 km≢─☻ꜝ▬☻ ⅔╟

┘∑╪ ╡─ ∂√ ⌐ ⌐ ∆╢ │ ΅ ΅

΅ ⌐ ⇔√ ╡≢№╢ 

 ̧ ↕╣√ ─ ≤◦Ⱶꜙ꜠כ◦ꜛfi≢ ╠╣√ ─

╩ ⇔√ ╩ ΅ ΅ ΅ ⌐ ⇔√⁹ ≢│ ⅜⅔⅔╟∕ ⇔

≡™╢↓≤⅜╦⅛╢⁹╕√ ⌐ ⇔√ ▬ⱬfi♩ ╙

≤◦Ⱶꜙ꜠כ◦ꜛfi≤≢⅔⅔╟∕ ⇔≡™╢ 

 ̧ ⌐ ∆╢ⱴ◓♬♅ꜙכ♪ ≤ ⌐ ∆╢ Ί ─ⱪ꜡♇♩

╩ ⇔ b ⅔╟┘ D ─ ╩ ≠↑╢Ɽꜝⱷכ♃

≤─ ⌐╙ ∆╢ ╩ ⇔√⁹↓╣╠⌐ ⇔≡

≤◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔√ ╩ ΅ ΅ ΅ ⌐ ⇔√⁹b ⌐

⇔≡ ◦Ⱶꜙ꜠כ◦ꜛfi 0.63│ 0.57╩⅔⅔╟∕ ≢⅝≡™

╢⁹ ⌐ ⇔≡│ ≢│ 1.7─ ™⅜№╢⅜ 0.34◦Ⱶꜙ

fiꜛ◦כ꜠ 0.2↓╣ ─ⱴ♇♅fi◓─ │ ≤ ⇔√⁹◦Ⱶꜙ꜠כ◦ꜛ

fi⌐⅔™≡ ⌐ ↄ─ ⅜ ↕╣≡⇔╕∫√↓≤⅜ ─

™─ ─ ≈≤ ⅎ╠╣╢ ΅ ΅ ΅ ≢ ↑⇔√ ⌐  

 ̧ ─ⱴ◓♬♅ꜙכ♪≤∕─ ⌐ ⇔≡ ≤◦Ⱶꜙ꜠כ◦ꜛ

fi ╩ ⇔√ ╩ ΅ ΅ ΅ ⌐ ⇔√⁹ ◦Ⱶꜙ꜠כ♃╩

™√ ≢│ ─ⱴ◓♬♅ꜙכ♪─▬ⱬfi♩⅜≥─♃▬Ⱶfi◓≢ ∂╢⅛≤

™℮ ╩ ∆╢↓≤│ ≢№╢ 

 ̧ ─ ⌐ ⇔≡ ≤◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔√

╩ ΅ ΅ ΅ ⌐ ⇔√⁹ ⌐ ⇔≡ ─ ⌐│ ∫≡™⌂™⅜

─ │ ≢⅝≡™╢↓≤⅜╦⅛╢⁹ ⌐ ⇔≡ ─

┘ⱴ♩ꜞ♇◒☻ ─ ╩ ∆╣┌ ╟╡ ™ⱴ♇♅fi◓╩ ≢⅝╢

│№╢╙── ≢│∕─╟℮⌂ ╕≢ ∆╢↓≤│ ≤ ⇔√

─ ⌐ ∆╢ⱴ♇♅fi◓⅜№╢ ↕╣≡™╢√╘  

 ̧ ΅ ΅ ΅ ≢│ ⌐╟╡ ⌐ ⅜ ⇔√ ╩

⇔√⁹ ⌐№√╡ ─ ─1.5 ⌐ ⇔√ ╩ ⇔
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≡⅔╡ ∆╢ │ ─ 1.2⌐ ∆╢⁹ 

 

ₒ ₓ 

 ̧ ↕╣√DFN⸗♦ꜟ⅔╟┘ ⇔√ ─♩כ꜠ 27 │ ΅

΅ ΅ ⌐ ⇔√ ╡≢№╢ 

 ̧ ─ ⌐ ∆╢ 2.3 km≢─☻ꜝ▬☻ ⅔╟

┘∑╪ ╡─ ∂√ ⌐ ⌐ ∆╢ │ ΅ ΅

΅ ⌐ ⇔√ ╡≢№╢ 

 ̧ ↕╣√ ─ ≤◦Ⱶꜙ꜠כ◦ꜛfi≢ ╠╣√ ─

╩ ⇔√ ╩ ΅ ΅ ΅ ⌐ ⇔√⁹ ≢│ ⅜⅔⅔╟∕

⇔≡™╢↓≤⅜╦⅛╢⁹╕√ ⌐ ⇔√ ▬ⱬfi♩ ╙

≤◦Ⱶꜙ꜠כ◦ꜛfi≤≢⅔⅔╟∕ ⇔≡™╢ 

 ̧ ⌐ ∆╢ⱴ◓♬♅ꜙכ♪ ≤ ⌐ ∆╢ Ί ─ⱪ꜡♇♩

╩ ⇔ b ⅔╟┘ D╩ ⇔√⁹↓╣╠⌐ ⇔≡

≤◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔√ ╩ ΅ ΅ ΅ ⌐ ⇔√⁹b ⌐

⇔≡ ◦Ⱶꜙ꜠כ◦ꜛfi 0.77│ 0.77╩ ≢⅝≡™╢⁹

⌐ ⇔≡│ ≢│ 1.5─ ™⅜№╢⅜ 0.13◦Ⱶꜙ꜠כ◦ꜛ

fi 0.2╛│╡↓╣ ─ⱴ♇♅fi◓─ │ ≤ ⇔√⁹◦Ⱶꜙ꜠כ◦ꜛ

fi⌐⅔™≡ ⌐ ↄ─ ⅜ ↕╣≡⇔╕∫√↓≤⅜ ─

™─ ─ ≈≤ ⅎ╠╣╢ ΅ ΅ ΅ ≢ ↑⇔√ ⌐  

 ̧ ─ⱴ◓♬♅ꜙכ♪≤∕─ ⌐ ⇔≡ ≤◦Ⱶꜙ꜠כ◦ꜛ

fi ╩ ⇔√ ╩ ΅ ΅ ΅ ⌐ ⇔√⁹↓─ ⅛╠╙ ╛│╡

╩ ™√ ≢│ ─ⱴ◓♬♅ꜙכ♪─▬ⱬfi♩⅜≥─♃▬Ⱶfi◓≢ ∂

╢⅛≤™℮ ╩ ∆╢↓≤⅜ ≢№╢≤™ⅎ╢ 

 ̧ ─ ⌐ ⇔≡ ≤◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔√

╩ ΅ ΅ ΅ ⌐ ⇔√⁹ ≢─ ≤ ⌐ ⇔≡ ─

⌐│ ∫≡™⌂™⅜ ─ │ ≢⅝≡™╢↓≤⅜╦⅛╢⁹ 

 ̧ ΅ ΅ ΅ ≢│ ⌐╟╡ ⌐ ⅜ ⇔√ ╩

⇔√⁹ ⌐№√╡ ─ ─1.5 ⌐ ⇔√ ╩ ⇔

≡⅔╡ ∆╢ │ ─ 0.5⌐ ∆╢⁹ 
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΅ ΅ ΅ ◦Ⱶꜙ꜠כ◦ꜛfi ∑╪ ∆═╡─ ⇔√

⌐ ∆╢ ─ ─ (a) : 0.6, 5-10 MPa, (b) 

: 0.4, 0-1 MPa 

 

 

΅ ΅ ΅ ⌐ ∆╢ ╩ ≠↑╢ⱨꜝ◒♃ꜟ D ≤

⌐ ∆╢b ─ (a) D = 1.0, (b) D = 1.5, (c) D = 2.0⁹○꜠fi☺ │

│∕─ ╩ ∆ 
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΅ ΅ ΅ ⱴ♩ꜞ♇◒☻ ű ⌐╟╢ ─

™ (a) ű = 0.03(b) ű = 0.002 

 

 

΅ ΅ ΅ (a) ─ ⸗♦ꜟ ≢ ╕╣√ │

≢ ═√ ◒ꜝ►♪⌐ ∆╢⁹╕√ x⅜ y⅜ z⅜

⌐∕╣∙╣ ∆╢ ─ ≢╙ (b) ⇔√ ─♩כ꜠  


























































