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Technical d evelopment for 4D-SDM modeling considering long- term variability in the 

geological environment  

 

 

The Nuclear Waste Management Organization (NUMO) of Japan has been conducting technical 

development of 4D-SDMs (site descriptive models considering 3D space and time axis) modeling for high-level 

radioactive waste on the basis of ñTechnological Development Plan for Geological Disposal Project in the fiscal 

year from 2018 to 2022ò (NUMO-TR-20-05) and ñTechnological Development Plan for Geological Disposal 

Project in the fiscal year from 2023 to 2027ò (NUMO-TR-23-01). The 4D-SDMs is an essential modeling 

technology for estimating variability of geological environmental characteristics from the surface to deep 

underground due to long-term topographic changes associated with uplift and denudation, as well as climate 

perturbations. In this technical development, the focus has been not only on modeling methods but also on model 

validation methods considering uncertainty. 

This report describes the methodologies for the 4D-SDMs modeling and model validation, as follows. It is 

based on the experience and technical knowledge acquired through this technical development conducted by 

NUMO, with the objective of development of modeling and evaluation methods for the long-term variations of 

geological environmental characteristics that form the basis for repository design and long-term post-closure 

safety assessment. Furthermore, case studies are presented using methodologies in virtual environments and in 

the Horonobe area, northern Hokkaido. 

 

 Regarding the 4D-SDMs modeling; the methodologies and procedures for interpretating and modeling ofה

long-term variations of geological environments. 

 Regarding validation of the 4D-SDMs; the methodologies and procedures for validation considering theה

uncertainties in the modeling process of interpretations and assumptions concerning geological 

environmental characteristics and their long-term variability. 

 

This technological development has advanced the technologies for evaluating the long-term variability of 

geological environments. In preparation for future site investigations, it has established techniques that contribute 

to more reliable assessments of geological environmental characteristics and their long-term variability, as well 

as to enhancing the reliability of repository design and long-term post-closure safety assessment. 
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2024bNUMO2025 ╒⅛ 2025Abumi et al., 2025Onoe et al., 2025⁹ 

 

 
1 NUMO│ ⌂ ─ ≤⌂╢ ╛ ─ ≤⇔≡ ⌐ ↕╣╢ ╩

ↄ ∆╢ ≤⇔≡₈◘▬♩₉╩ ™╢⁹ 



 

2 

(2)   

│ ↓╣╕≢NUMO⅜ ╘≡⅝√ ╩ ∂≡ ⇔≡⅝√ ≤⌂►ⱡ►Ɫה

⌐ ≠⅝ ה ┘ ה ─ ╩⸗♦ꜟ ∆╢√╘─ ⅎ

ה ⸗♦ꜟ ┘ ⸗♦ꜟ─ ה ⸗♦ꜟ─

┘⌐∕╣╠─ ⌐ ╢ ≤™∫√4D-SDM─ ╩ ╡╕≤╘╢╙─≢

№╢⁹ 

─ │ ─≤⅔╡≢№╢⁹ 

2 ה ⌐ 4D-SDM─ ⌂ ⅎ ╩ ∆⁹ 

3 ה ≢│ 2 ⌐ ⇔√ ⌂ ⅎ ⌐ ≠⅝ ╘≡⅝√ ─ ╩ ∆⁹ 

4 ה ≢│ 4D-SDM─ ≤⇔≡ ה ─ ─ ╛∕╣╠

─ ╩ ∆╢ ─ ⌐⅔↑╢ ה ⸗♦ꜟ

╛ ⸗♦ꜟ─ ∕╣╠╩ ™√ ה ⸗♦ꜟ─ ⌐

∆╢ ─ ╛ ╩ ∆╢⁹╕√ ⇔√4D-SDM⌐ ∆╢

╩ ⇔≈≈ ∕─ ╩ ∆╢√╘─ ⅎ ≤ ╩ ∆⁹ 

5 ה ⌐│ 4 ≢ ⇔√ 4D-SDM─ ─ ╩ ∆⁹ ≤⇔≡│

≢ ⇔√ ─ ⌂ ─℮∟ ⇔≡ ⇔√

┘ ╩ ≤⇔√ ≢ ⇔√ ╩ ⇔√

⅜ ∆╢ ⌂ ╩ ≤⇔√4D-SDM─ ╩ ⇔√⁹ 

6 ה ⌐│ ─ ⌂ ⅜♃כ♦╛ ⌂ ╩

≤⇔≡ 4 ⌐ ⇔√4D-SDM─ ╩ ⇔√ ╩ ∆⁹ 

7 ה ⌐│ 2 ⅛╠ 6 ╕≢─ ─ ╩ ≤⇔≡ ∆⁹ 
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2.  ─  

2.1  4D- SDM─ ⌂ ⅎ  

⌐⅔↑╢ │ ─ ⌐ ┬ ╩ ≤⇔≡

↕╣╢√╘ ⌐ ⇔≡™╢ ≢│ ⌂ ⅜ ⌐ ╓

∆ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ ─℮∟ ה ה ┘

─ ┼─ ⅜ ↕╣╢ ─ ⇔ↄ ™ ה │ ⌐ ↕╣

╢ ┼─ ⇔™ ╩ ⅎ╢ ≤↕╣≡⅔╡ ⌐│ ╩ ∂≡

⇔™ ⅜ ∂╢ ╩ ∆╢≤≤╙⌐ ∕─ ╩ ⇔≡◘▬♩╩ ∆╢↓≤

≤⇔≡™╢ NUMO2021⁹ ≢ ╟╡╙ ─ ™ ה ₈ ⌂

₉≤™℮ ┘ ⌂ ה ─ │ ≢│№╢╙── ⅛

≈ ⌐ ┬√╘ ∕╣╠─ ╩ ∆╢↓≤│ ≢№╢⁹∕─√╘ 4D-SDM╩

∆╢⌐ √∫≡│ ⌂ ╛ ה ⌐╟╢ ─ ╩⸗♦

ꜟ ∆╢↓≤⅜ ≤™ⅎ╢⁹ 

4D-SDM─ ⌐ ╢ ⌂ ⅎ ╩  2-1⌐ ∆⁹4D-SDM│ ─ ⸗♦ꜟ

┘ ⌐ ≠ↄ ⅛╠ ╕≢─ ─ ─ ╛ ╩ ≤⇔≡

∆╢⁹ ⅛╠ ╕≢─ ⌂ ╛ ה ≤™∫√ ─

⅜ ─ ─ ⌐╦√∫≡ ∆╢ ╒⅛ 2013≤™℮ ╩ ™√

─ ⌂ ⅎ NUMO2021⌐ ≠⅝ ⌐⅔↑╢ ─ ⌐≈™≡ ⸗

♦ꜟ╩ ∆╢≤≤╙⌐ ∕╣╠╩ ⸗♦ꜟ⌐ ∆╢⁹╕√ 4D-SDM╩ ™√

─ ╩ ∆╢℮ⅎ≢│ 4D-SDM─ ⌐ ™√ ⅛╠ ╕≢─ ─

─ ╩ ™≡ ─ ⸗♦ꜟ╩ ⇔ ┘ ⌐ ⇔√

╩ ℮≤≤╙⌐ ∕╣╠─ ⅜ ─ ≤ ⇔≡™╢↓≤╩ ∆

╢↓≤⅜ ≤⌂╢⁹ 

4D-SDM─ ⌐ ╢ │ ─≤⅔╡≢№╢ ─ │  2-1 ─ ╩ ∆ ⁹ 

 

ᵑ ─ ─ ╩ ה ⇔ ╩ ≤⇔√ ה ⸗♦ꜟ

┘ ⸗♦ꜟ╩  

ᵒ ⅛╠ ╕≢─ ─ ⌐ ╢ ╩ ה ⇔ ∕─ ⌐ ≠ↄ

─ ╩ ≤⇔√ ה ⸗♦ꜟ ┘ ⸗♦ꜟ╩  

ᵓ ᵑ ┘ᵒ≢ ⇔√⸗♦ꜟ╩ ™√ ה ─

╛ ─ ⌂ ╩ ⇔√ ╩  

ᵔ ᵓ─ ≤ ≢ ╠╣√ ≤─ ╩ ∂≡

─ ╩ ∆╢℮ⅎ≢ ⌂ ╩ ∆╢≤≤╙⌐ ⌐ ⇔√

⅛╠ ╕≢─ ─ ─ ╩ ⁹╕√ ─ ⅜

⌂ │ ∕─ ╩ ⇔√℮ⅎ≢ ᵑ ᵓ─ ─ ⇔╩  

ᵕ ᵔ≢ ⅜ ↕╣√ ⅛╠ ╕≢─ ─ ⌐ ≠⅝ ⅛

╠ ─ ╩ ┘∕╣╩ ⇔√ ה ⌐╟╡ ─

ה ─ ╩  
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 2- 1 4D- SDM ─ ⌂ ⅎ  

 

2.2  ─ ─ꜟכ◔☻  

1987⌐╟╢≤ ─ ⅜ ⇔≡™╢ ⌐│

⅛╠ ╕≢─ ╩ ─ ─ ⌐ ≢⅝╢↓≤⅜ ↕╣≡™╢⁹╕√

◄Ⱡꜟ◑כ 2014⌐⅔™≡│ ╛ ⅜ ⌂ↄ≤╙

⅛╠100 ≢כ♄כ○─ ⇔≡™╢↓≤⌂≥╩ ≤⇔≡ 10 ≢№╣

┌ ─ ⅜ ∆╢ │ ™≤─ ⅜ ↕╣≡™╢⁹ ≢ ⌐

⇔≡ ╩╙∫≡ ⌂ │ ≤∆╢◘▬♩↔≤⌐ ⌂╢ ─

─ ╛ ↕╠⌐│ ─ ╩ ⇔ ⌐⅔↑╢ ─

⌐ ∆╢ ⌂≥ ╩ ╠⅛⌐⇔√℮ⅎ≢ ∆╢ ⅜№╢⁹ 

╩ ╕ⅎ≡ ≢│ 10 ╩ ⅎ╢╟℮⌂ ─ ╩ ⌐ ╣≡

10 ╩ ∆╢100 ╩ ─ ≥ꜟכ◔☻ ⇔√⁹ 

 

2.3  ─ ─ꜟכ◔☻  

 ─ ┘ ⌐╟∫≡ ╠╣╢ ─ ╛ ⌂≥⌐ ╢

│ ⸗♦ꜟ≤⇔≡ ⇔ ─ ┘ ⌐ ╢ ─ ≤⌂╢⁹∕─

√╘ ⌐⅔™≡│ ≤∆╢ ⌂ ╩ ─ ┘

─ ⌐ ∂√ ⌐ꜟכ◔☻⌂ ⇔ ∕╣∙╣─ ⌐ꜟכ◔☻ ∂≡ ─

┘ ⌐ ≤⌂╢ ╩ ∆╢ ⸗♦ꜟ╩ ∆╢↓≤≤⇔≡™╢⁹

⌐│  2-2⌐ ∆╟℮⌐ ꜟכ◔☻ km× km ꜟכ◔☻ km×

kmⱤⱠꜟ☻◔כꜟ m× m─3≈─ ⅜ꜟכ◔☻ ↕╣≡™╢ NUMO

2021⁹ 

 ─≤⅔╡ ⌂ ╛ ה ─ │ ⌐ ┬√╘ ∕╣╠

╩4D-SDM⌐ ∆╢↓≤⅜≢⅝╢ ╩ꜟכ◔☻ ─ ≥ꜟכ◔☻ ⇔√⁹ 

 

─ ─
ה

─

ה ┘
─

─

─
─

⅛╠ ─ ─ ─ ה

⅛╠ ╕≢─
ה

≤

╩ ⇔√
⸗♦ꜟ⌐

╟╢ ─

─ ─

⌐ ∆╢
─♪כⱲכꜞכ♩☻

┘◦♫ꜞ○

ה ⸗♦ꜟ
⸗♦ꜟ

ה

ᵑ

ᵒ

ᵓ ᵕᵔ
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 2- 2 ◘▬♩ ─ ≤ ─≥ꜟכ◔☻─ꜟ♦⸗ NUMO2021  

 

  

m
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3.  4D- SDM─ ⌐ ╢ ─ ╣ 

 4D-SDM ⌐ ╢ ─ ╣╩  3-1⌐ ∆⁹ │ ⅝ↄ ≈─ⱨ▼כ☼

⌐ ↕╣╢⁹ 

2018 ⅛╠ 2022 ⌐⅛↑≡ ⇔√ⱨ▼כ☼ 1≢│ ⌐⅔™≡

≢ ⇔√ ╩♃כ♦ ™≡ ─ ⌂

⅜∕╣∙╣ ∆╢ ⌂ ┘ ─ ╩

℮ ⌂ ╛ ⅜ ∆╢ ה ╩ ⇔√╟╡ ⌂

╩ ⇔√ ╩ ∂≡ 4D-SDM─ ╩ ⇔√  3-1 ─ ᵑ ⁹╕√

⇔√4D-SDM╩ ™≡ ─ ╩ ∆╢√╘─ ה

┘ ╩ ⇔ ─ ┘ ⌂

≥╩ ⇔√ ─ ─ ∕─ ⌐ ╩ ⇔√ ─

╢◦♫ꜞ○ ♪כⱲכꜞכ♩☻─╘√─ ◦☻♥ⱶ─ ⌐ ∂√

─ ⅝ ⌂≥╩ ∆╢╙─ ─ ≤™∫√ ─ ┘ ⌐

∆╢√╘─ ─ ╩ ⇔√  3-1 ─ ᵒ ⁹ 

⇔√≤⅔╡ 4D-SDM│ 100 ≤™∫√ ─ ꜟכ◔☻ ⅛≈ km≤™∫

√ ⌂ ╩ꜟכ◔☻ ∆╢ ⅜№╢√╘ ⸗♦ꜟ─ ╩ ∆╢℮ⅎ≢│

∕─⸗♦ꜟ⌐ ⇔√ ⌐ ∆╢ ⌐ ⅎ≡ ∕─ ─

⌐ ╦╢ ╛ ⌂≥ ⸗♦ꜟ ⌐⅔↑╢ ⌐ ∆╢ ╩≥─╟℮⌐

∆╢⅛⅜ ≤⌂╢⁹∕─√╘ 2022⅛╠2024⌐⅛↑≡│ ⱨ▼2☼כ≤⇔≡ⱨ▼

≢1☼כ ⇔√4D-SDM─ ─ ╩ ∆╢↓≤ ┘4D-SDM─ ╩

∆╢√╘─ ╩ ∆╢↓≤╩ ≤⇔√ ╩ ⇔√  3-1 ─ ᵓ ⁹

4D-SDM ─ ⌐≈™≡│ ≤⇔≡ ─ ⌂ ╛

⅜♃כ♦ ⌂ ╩ ⌐ ⅜ ™≤ ⅎ╠╣╢ ≢ 100

─ ⅛╠ ╕≢─ ה ─ ⌐ ≠ↄ⸗♦ꜟ ה ╩ ⇔

≤─ ╩ ∂≡ 4D-SDM ─ ╩ ⇔√⁹╕√ ─4D-SDM⌐

∆╢ ╩ ∆╢≤≤╙⌐ ╩ ⇔√ ╩ ⇔ ∕─

─ ה ╩ ╕ⅎ≡ ─ ⌐ ╢ ╩ ∆╢√╘─ ⅎ ╛

╩ ⇔√⁹ 

 ⌐ ⱨ▼1☼כ ┘ⱨ▼2☼כ≢ ⇔√ ╩ 4D-SDM─ ≤⇔≡

⌐ ╡╕≤╘√  3-1 ─ ᵔ ⁹⌂⅔  3-1⌐ ⇔√ ᵒ₈ ה

┼─ ⌐ ╢ ₉─ ⌐≈™≡│ 4D-SDM╩ ⇔√ ≤⇔≡ ╡╕≤

╘╢↓≤≤⇔ ≢│ ╡ ╦⌂™⁹ 
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 3- 1 4D- SDM ⌐ ╢ ─ ╣ 

 

  

─ ─
ה

─

ה ┘
─

─

─
─

⅛╠ ─ ─ ─ ה

⅛╠ ╕≢─
ה

≤

╩ ⇔√
⸗♦ꜟ⌐

╟╢ ─

─ ─

⌐ ∆╢
─♪כⱲכꜞכ♩☻

┘◦♫ꜞ○

ה ⸗♦ꜟ
⸗♦ꜟ

ה

4D-SDM

4D-SDM
ṕ2025 Ṗ

4D-SDM
ṕ2022Ṍ2024 Ṗ

¸ ṕ2018 Ṗ
¸ ṕ2019 Ṗ
¸ ṕ2020 Ṗ
¸ ṕ2021 Ṗ

¸ ṕ2020 Ṗ
¸ ṕ2020 Ṗ
¸ ṕ2021 Ṗ
¸ ṕ2021Ṍ2022 Ṗ

1

2
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4.  4D- SDM─  

 4-1⌐4D-SDM─ ⌐ ╢ ⌂ ╩ ⇔√⁹ ≢│ ↓─

⌐ ⇔≡ ∆═⅝ ╩ ∆╢≤≤╙⌐ ╩ ⇔√⁹╕√ ∕╣

∙╣─ ⌐⅔™≡ ∆═⅝ ╛ ╩ ⇔√⁹ 

≢│ ╘⌐ ⌂SDM─ ≢№╢₈ ─ ה ⸗♦ꜟ─ ₉

₈ ─ ⸗♦ꜟ─ ₉⌐≈™≡ ⇔√℮ⅎ≢ 4D-SDM⌐ ∆╢

─⸗♦ꜟ ⌐ ╦╢ ⌂ ≢№╢₈ ┘ ה ─ ─ ₉₈

ה ⸗♦ꜟ─ ₉₈ ⸗♦ꜟ─ ₉₈ ה ⸗♦ꜟ

─ ₉ ┘₈⸗♦ꜟ─ ₉⌐≈™≡ ╩ ℮⁹ 

─ ה ╩ ⌐ ╘≡™ↄ√╘⌐│ ₈ ─♃כ♦₈╠⅛₉ ₉₈⸗

♦ꜟ ה ₉⌐ ╢ ⌂ ╩ ∆↓≤⅜ ≢№╢ JNC2005⁹ ⅛

╠ ⸗♦ꜟ─ ⌐ ╢ ─ ⱪ꜡☿☻╩ ה ⌐ ∆╢℮ⅎ≢

⌂ ─ ≈≤⇔≡ ₁─ ⌐╟╡ ♃כ♦╢∆ ╩♃כ♦─╠╣⧵ ╖ ╦∑

≡ ℮ ┘ ⌂╢ ≢ ╠╣√ ─ ⌂≥ ה ─ ─ ╣

╩ ⌐ ⇔√ ⱶ⅜№╢⁹ꜝ◓▪▬♄כ꜡ⱨ♃כ♦ ─ ⌐ ╢

ה ⌐ ⇔≡╙ ⅛╠ ⌐ ╢ ─ ⌐ ℮ ⌂≥─ ╩

⇔ ─ ╩ ∆╢₈ ₉ ╒⅛ 2007⌐ ≠⅝  4-2⌐

∆ ⅜ⱶꜝ◓▪▬♄כ꜡ⱨ♃כ♦ ↕╣≡⅔╡ 4D-SDM─ ⌐⅔™≡│ ↓─╟

℮⌂ ╩ⱶꜝ◓▪▬♄כ꜡ⱨ♃כ♦ ∆╢↓≤⅜ ≢№╢⁹⌂⅔ ⱨ♃כ♦

╩4D-SDM│כ꜡ ™≡ ╩ ℮ ─ ⌂ ╩ ⇔≡ ⌐ ∆╢

⅜№╢⁹  4-2⌐ ⇔√ ╙≢╕ↄ№│כ꜡ⱨ♃כ♦ ≤↕╣√™⁹ 
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 4- 1 ⸗♦ꜟ ⌐ ╢ ≤ ⌂  

ḯ

ḯ ḯ

ṕ
Ṗ

ḯ

ḯ
ḯ

4D -SDM

4D-SDM
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 4- 2 ─ ─ ה ⌐ ╢ ─ⱶꜝ◓▪▬♄כ꜡ⱨ♃כ♦ NUMO2021 3- 10  

GPS

XRD

C-14, Cs-137, FT

ÅGPS
Å

Å
Å
Å

Å
Å

Å

Å
Å
Å
Å
Å
Å
Å

Å
Å
Å
Å

Å
Å
Å
Å

Å
Å

Å
Å

Å
Å

Å
Å

ѝ

ѝ

100

10

ה ⌂⇔─ ╣
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4.1  ─ ≤ ⸗♦ꜟ─  

4.1.1   ─  

⌐⅔™≡│ 4D-SDM╩ ™≡ ∆╢ ≤™℮ ≤

⌐4D-SDM≤⇔≡ ⸗♦ꜟ╩ ∆╢ ⸗♦ꜟ ≤™℮ ╩ ∆╢⁹

4D-SDM ─ │ ⌐⅔↑╢ ┘ ה

ה ┘ ה ─ ⌐ ∆╢ ╩ ⇔ ∕

╣╠╩ ⌐ ⇔≡ ⸗♦ꜟ╩ ∆╢⁹∕─ ┘ ⸗♦ꜟ

╩ ⇔≡⸗♦ꜟ ╩ ∆╢⁹ 

⇔√ ⅜ ≢№╢⅛≥℮⅛⌐≈™≡│ ∆╢ 4.1.3⌐⅔™≡ ⇔

∕─ ⅜ ≢⌂⅛∫√ ╩ ∆╢⁹ ⇔√ ─

╩ ∆╢ ≤⇔≡ ⅎ┌ ∕─ ⅜ ─ ─ ┘

⌂≥─ ╩ ╪≢™╢↓≤⅜ →╠╣╢⁹╕√ ╛∕─ ⌐

⅔™≡ ─ ⅝™ ⅜ ↕╣╢ │ ∕╣⌐ ℮ ─ ⌂≥⌐╟╡

⅛╠ ╕≢─ ⅜ ∆╢↓≤⅜ ↕╣╢↓≤⅛╠ ─

╩ ⇔≡ ╩ ∆╢ ⅜№╢⁹↕╠⌐ ╩ ╗ ⌐⅔

™≡│ ⌂ ≤⇔≡ ≢ ⇔√ ⅜ ≢ ∆╢↓≤⅜ ↕

╣╢↓≤╛ ⅛╠ ⌐╦√╡ ─ ≢ ─ ⅜ ∆╢↓≤╩ ╕ⅎ

≡ │ ⌂ↄ≤╙ ◘▬◒ꜟ⌐⅔↑╢ ─ ╩ ⇔≡

∆╢ ⅜№╢⁹ 

 

4.1.2   ─  

 4.1.1≢ ⇔√ ⌐ ⇔ 4D-SDM─ ╩ ℮℮ⅎ≢ ≤⌂╢

╩ ∆╢⁹ ∆╢ │ ┘ ה ─ ≤ ⌐

≥♃כ♦╢╦ ╛ ה ⌐ ⌐♃כ♦╢╦ ↑╢↓≤⅜≢⅝

│ ה ⸗♦ꜟ─ ┘ ה ─ ⌐ ∆╢ ⸗♦ꜟ─ ⌐

│ ⌐ ⸗♦ꜟ─ ה ⸗♦ꜟ─ ┘∕╣╠─

⌐ ∆╢⁹ 

 4D-SDM╩ ∆╢√╘⌐ ∆╢ ─ ╩  4-1 ┘  4-2⌐ ∆⁹ 
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 4- 1 ┘ ה ─ ≤ ⌐ ─⧵≥♃כ♦╢╦ ↑ 
ה  ꜟ♦⸗/ ♩♇☿♃כ♦/ ♃כ♦⅝═∆  

⌐ ╦

 ♃כ♦╢

[ ⌐ [♃כ♦╢╦  

¶ ⸗♦ꜟ 

♃כ♦ ¶  

ה ¶ ⌂≥ 

ה ¶  

¶ ꜞ♬▪ⱷfi

♩  

¶ ─  

¶ ─  

─  

⸗♦ꜟ  

 ה

 

⸗♦ꜟ 

[ ⌐ [♃כ♦╢╦  

¶  
-  

ה

 

ה ─

⸗♦ꜟ 

ה

ה

 

ה

⌐ ╦

 ♃כ♦╢

[ ⌐ [♃כ♦╢╦  

ה ¶  

¶ ─ ה  

ה ¶  

¶  

ה ¶ ─ ה

 

ה ¶ ─ ה↕

 

¶ ─  

¶ ╣ ─  

¶ ╣ ─ ↕  

¶ ╣ ─

⌂≥ 

ה ¶ ─  

ה ¶ ─

↕  

ה ¶ ─ ⌂≥ 

ה ¶ ─

ה ⅜╡ 

ה ¶ ─ ↕ 

ה ¶ ╛

╣ ─

↕  

ה ¶ ─

↕  

[ ⌐ [♃כ♦╢╦  

¶  

¶  
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 4- 2 ╛ ה ⌐ ─⧵≥♃כ♦╢╦ ↑ 

ה   
 ♃כ♦⅝═∆

ꜟ♦⸗/ ♩♇☿♃כ♦/  

ה
⌐ ╦╢

 ♃כ♦

  ה

ה ה ה ה

⌂≥ 

ה ה  

ה ה ה ⌂

≥ 

  ה

ה ה  

ה ה

 

  ה

ה ה  

  ה

  ה

 ה

─ ⸗

♦ꜟ 

─ ה

╣

Ⱡ♇♩꞉

◒כ  

 
⸗♦
ꜟ 

ה ה ⸗♦ꜟ 

 ה

 

─ ה ⸗♦ꜟ ╗  

ה ה

 

ה ה  

ה ה

ה  

ה ה  

ה ה  

  ה

 ה

ה  

 ה

ה

 

  ה

 ה

 

⌐ ╦╢♦
 ♃כ

┘ ה ─

ה

EhהpHה  

  ה

  ה

  ה

─ ה  

ה
─ ⌐

 

 

4.1.3   4D- SDM ⌐ ╢ ⸗♦ꜟ─  

 4.1.2≢ ⇔√ ╩♃כ♦ ™≡ ⌐⅔↑╢ ─ ה

┘ ─ ⸗♦ꜟ≤ ה ─

─ ⸗♦ꜟ╩ ∆╢⁹ 

⸗♦ꜟ─ ─ ⌐ ⇔√ ⅜ ≢⌂™≤ ↕╣√ │

╩ ⇔√℮ⅎ≢ ╩ ⇔ ⸗♦ꜟ╩ ⌐ ∕╣╠

⅜ ≢№╢↓≤╩ ∆╢⁹ 

 

(1)  ─ ה ─ ⸗♦ꜟ─  

4.1.2≢ ⇔√₈ ┘ ה ─ ≤ ⌐ ₉♃כ♦╢╦  4-1

╩╙≤⌐ ╩ ≤⇔√ ┘ ה ─ ⸗♦ꜟ╩ ∆╢ ⅎ┌  

4-3⁹↓↓≢ ⸗♦ꜟ≤│ ⌐ ∆╢ ⌐ ≠⅝ ⌐≤∫≡

⌂ ╛ ⅎ┌ ─ ╛ ⌂≥⌐ ╩ ╓∆≤ ⅎ╠╣╢
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╛ ─ ╩ ⇔ ≤⌂╢ ─ ╩ ⇔√╙─≢№╢

JNC2005⁹╕√ ⌐≥╙╩♃כ♦√⇔ ⌂ ╛ ה ─

╩ ∆╢⅜ ↓↓≢ ┘ ה ─ ⸗♦ꜟ≤ ≤─ ⌐ ─⌂™

↓≤╩ ∆╢⁹ 

 

 

 4- 3 ╩ ≤⇔√ ┘ ה ─ ⸗♦ꜟ─  

╒⅛ 2008  

 

(2)  ┘ ה ─ ─ ⸗♦ꜟ─  

4.1.2≢ ⇔√₈ ⌐⅔↑╢ ה ─ ┘ ⌐

₉♃כ♦╢╦  4-1 ⇔√ ה ─ ⸗♦ꜟ≤ ┘₈ ╛

ה ⌐ ₉♃כ♦╢╦  4-2 ╩╙≤⌐ ┘ ─ ╩ ≤

⇔≡ ⇔ ∕╣⌐ ≠⅝ ⸗♦ꜟ╩ ∆╢ ⅎ┌  4-4⁹ 
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 4- 4 ╩ ≤⇔√ ה ─ ≤ ⸗♦ꜟ JAEA 2015  
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(3)  ─ ה ┘ ─ ⸗♦

ꜟ─  

─ ⸗♦ꜟ│ ╩ ≤⇔√ ה ⸗♦ꜟ╛ ┘

↔≤─ ⌐♃כ♦ ≠⅝ ≤⌂╢ ─ ≤ ╩ ∆╢↓

≤⌐╟∫≡ ∆╢⁹╕√ ─ ⸗♦ꜟ⌐ ↕╣√ ╛ ─

┘ ≢ ↕╣√ ╛ ⌂≥─ ⌐ ≠⅝ ─ ╛

┘ ╩ ╣╢ ─ ⅝╛ ↕ ╛∕╣⌐ ℮

⌐ ╩ ╓⇔ ╢ ╩ ∆╢↓≤≢ ה ─ ⸗♦ꜟ

╩ ∆╢ ⅎ┌  4-5⁹╕√ ┘ ─ ♃כ♦√∫™≥

╩ ∆╢↓≤⌐╟∫≡ ─ ⸗♦ꜟ╩ ∆╢ ⅎ┌  4-6⁹↓─≤⅝

┘ ─∕╣∙╣─ ⸗♦ꜟ╩ ⌐ ⇔ ∕╣

∙╣─ ⸗♦ꜟ ─ ╩ ∆╢↓≤⅜ ≢№╢ ⅎ┌  4-7⁹ 

≢│ ─∕╣∙╣─

╩ ≤⇔ ─ ה ╩ ∆╢ ─ ╩ ⇔

√ ⸗♦ꜟ⅜ ↕╣≡™╢ ⅎ┌  4-8⁹↓─ ⸗♦ꜟ⌐ ↕╣≡™╢ ⌂

⌐╟∫≡ ∂╢ⱴ♩ꜞ◒☻ ⌐ ─ ⅜ ∂≡™╢ ⌂≥─

╣ ─ ⇔√♅ꜗfiⱠꜟ⅛╠ ⌐ ↑≡ ∂╢ ─ │ 4D-SDM⅜

≤∆╢ ─≢ꜟכ◔☻ ╛ ─ ╛ ⌐ ⅝⌂

╩ ⅎ╢↓≤⅜№╢⁹∕─√╘ ⌐ ⅜ ╕╣≡⅔╡ ⅛≈ ⸗♦

ꜟ─╟℮⌂ ╩╙≈ ⅜ ∆╢ ⌐│ ⱴ♩ꜞ◒☻ ╩ ⇔

√ ⸗♦ꜟ⌐≈™≡╙ ╩ ™ ∕─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

 

 4- 5 ╩ ⌐⇔√ ─ ⸗♦ꜟ ╒⅛ 2008  
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 4- 6 ╩ ⌐⇔√ ─ ⸗♦ꜟ ╒⅛ 2008  

 

 

 4- 7 ╩ ⌐⇔√ ─ ⸗♦ꜟ ╒⅛ 2008  
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 4- 8 ⸗♦ꜟ NUMO2021  

 

4.1.4   ⸗♦ꜟ ─  

 4.1.14.1.3─ ╩╙≤⌐ 4D-SDM─⸗♦ꜟ ╩ ∆╢⁹⸗♦ꜟ ╩ ∆

╢ │ ≤⌂╢ ─ ╩ ⌂ ≤⇔≡ ⇔√℮ⅎ≢ ─ ⅛

╠ ╕≢╩ ∆╢ ⌂ ≤ ⅎ┌ km× km─ ⌐

⇔≡ km ╩ ∆╢⁹ 
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4.2  ╩ ≤⇔√ ה / ⸗♦ꜟ─  

4.2.1   ╩ ≤⇔√ ה ⸗♦ꜟ─  

₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ╩  4-9⌐ ∆⁹ 

 

 

 4- 9 ╩ ≤⇔√ ה ⸗♦ꜟ─ ⌐ ╢ ⱨ꜡כ 

 

(1)  ╩ ≤⇔√ ⸗♦ꜟ─  

╩ ≤⇔√ ⸗♦ꜟ│ ⌐ 4.1.2≢ ⇔√₈ ─ ⌐ ₉♃כ♦╢╦

╩╙≤⌐ ∆╢⁹₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉⌐ ╢ ⌂ ⱨ꜡כ≤ ∕

─ ┘ ─ ≢ ∆═⅝ ╩  4-10  4-3⌐ ∆⁹ 

 

 

 4- 10 ₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ 
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 4- 3 ₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉ ─ ≤  

 ─   

╩ ≤⇔√
⸗♦ꜟ─  

⸗♦ꜟ
─  

⸗♦ꜟ ⌐⅔↑╢
⸗♦ꜟ─  

¶ ⸗♦ꜟ ─  

¶ ╛ ─  

¶ ⸗♦ꜟ

⸗♦ꜟ─ⱷ♇◦ꜙ◘

▬☼ 
─☻ⱶכ☺fi◓ 

─  

ⱴ♩ꜞ◒☻─
 

¶ ⸗♦ꜟ ─ ≤

─ ┘

 

¶ ─  

─
─  

⸗♦ꜟ─ 

─♃כ♦   
¶ ⌐ ⅜⌂™

↓≤ 

¶ ⌐ ⇔⌂™

⅜⌂™↓≤ 

 

(i) ⸗♦ꜟ─  

4.1.4≢ ⇔√⸗♦ꜟ ╩ ⌐ ─₈ 10 mⱷ♇◦ꜙ ₉

╛₈ ₉ ─₈ 500 mⱷ♇◦ꜙ ₈╛₉♃כ♦ ─

─ ₉⌂≥ ≢ ה ⌐♃כ♦╢™≡╣↕ ≠⅝ ╩ ≤⇔

≡ ─ ╩ ⌐ ⇔√ ⸗♦ꜟ╩ ∆╢⁹╕√ ≢ ꜠

◙כ ◦☻♥ⱶ⌂≥╩ ™√ ╩ ⇔√ ⌐│ ∕─ ╙ ∆╢⁹ ⸗♦

ꜟ ─ ⌐≈™≡│ ╩ ∆╢↓≤≤⇔ │⸗♦ꜟ ⌐

⌂ ╩ ∆╢↓≤⅜ ╕⇔™⁹ 

⸗♦ꜟ─ ╛ ─ ⸗♦ꜟ⅛╠ ⅜ ↕╣╢ ╛

─ ≤ ⸗♦ꜟ─ ⌐ ⅜⌂™↓≤╩ ∆╢⁹╕√

┘ ─ ⸗♦ꜟ╩ ⇔≈≈ ⸗♦ꜟ─ ⌐ ⌂

╩ ⌂ ≤⌂∫≡™╢↓≤ ╩ ∆╢ ⌐

╩ ╓∆ ⅜№╢ ─ ╩ ≢⅝╢ ≤⌂∫≡™╢↓≤╩ ∆╢⁹ 

 

(ii)  ─  

⸗♦ꜟ ⌐⅔↑╢ ─ │ ⸗♦ꜟ╩ ∆╢℮ⅎ≢

─ ⌂≥⌐ ↕╣╢╒⅛ ╩ ℮℮ⅎ≢╙ ≤⌂╢⁹ ⌐≈™≡

│ ─☻כⱬ♃כ♦ ╩╙≤⌐ ∆╢ ≤ ⸗♦ꜟ╩╙≤⌐ ╩

∆╢ ⅜ ⅎ╠╣╢⁹ ╩ ≤⇔√ ⸗♦ꜟ╩ ∆╢ │ ⌐ ∆╢♦

⅜☻כⱬ♃כ ∆╢↓≤⅜ ≢№╢⁹ 

│ ─ ⸗♦ꜟ⌂≥ ⌐ ⅜☻כⱬ♃כ♦╢∆ ≢⅝⌂™

⸗♦ꜟ╩╙≤⌐ ╩ ∆╢↓≤≤⌂╢⁹ ╩ ∆╢ ─ ≈≤⇔≡

⌐ ℮ ─ ₈ ₉≤™℮ ╩⸗♦ꜟ ⇔√ Drainage 

Direction Matrix ה 1999 ₈DDM₉≤™℮ ─ ⅜ →╠╣╢⁹DDM╩
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™≡ ╩ ∆╢ ─ ⌐ ∂≡ ─ ⅛╠ ╕≢─

⅜ ⌐ ↕╣≡™╢↓≤╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

(iii)  ⸗♦ꜟ─  

i ┘ ii─ ╩ ╕ⅎ≡ ⸗♦ꜟ ─ ─ ╩ ≢ ⇔√

⸗♦ꜟ╩ ∆╢⁹ ⸗♦ꜟ╩ ∆╢ │ ┘ ─ ⸗

♦ꜟ╩ ⇔≈≈ ⸗♦ꜟ ⌐⅔↑╢ ⌂ ⌐ ╩ ⅎ╢╟℮⌂ ה

─ ╛ ⅜ ⸗♦ꜟ ≢ ≤⌂╢ ╩ ∆╢ ⅜№╢ ⅎ

┌ ה ─ ⅜ 250 m─ 50 mⱷ♇◦ꜙ≢ 5 ╩ ≤∆

╢ ⁹ 

 

(2)  ╩ ≤⇔√ ה ⸗♦ꜟ─  

╩ ≤⇔√ ה ⸗♦ꜟ─ │ ⌐4.1.2≢ ⇔√₈ ה

⌐ ₉♃כ♦╢╦  4-1 ╩╙≤⌐ ∆╢⁹₈ ╩ ≤⇔√ ה ⸗♦ꜟ─

₉⌐ ╢ ⌂ ⱨ꜡כ≤ ∕╣∙╣─ ⌐⅔↑╢ ⌂ ┘

⌐ ╢ ╩  4-11  4-4⌐ ∆⁹ 

 

 

 4- 11 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ 
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 4- 4 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉ ─ ≤  

 ─   

╩ ≤

⇔√

⸗♦ꜟ─  

⸗♦ꜟ
─  

╛ ─
─  

¶ ─ ⌐ ⅜⌂™

↓≤ 

¶ ⌂≥ ─

≤─ ⅜ ≢№╢↓≤ 

─ ⅜ √╣≡™╢
↓≤  

─  

─ ─
 

⌂ ─
≤⇔≡ ↕

10 km  

╢ ╡ ⌂
⸗♦ꜟ ╩  

¶ ─ ה ⅜

≢№╢↓≤ ╛ ─ ╩

╢ ─ ⌂≥  

¶ ─ ⸗♦ꜟ≤─

 

⌂ ─
≤⇔≡ ↕

10 km  

⌂⸗♦ꜟ ╩
 

 

(i) ⸗♦ꜟ─  

⸗♦ꜟ ⌐⅔™≡ 4.1.2≢ ⇔√₈ ⌐ ⌐≥╙╩₉♃כ♦╢╦ ⸗♦ꜟ

∆╢ ╛ ─ ה ╩ ⇔ ⸗♦ꜟ╩ ∆╢⁹ ─ ╩

≤⇔√ ⸗♦ꜟ─ ⌂ ⌐≈™≡│ ⸗♦ꜟ ⌐ ∆╢ ה

─ ╛ ⸗♦ꜟ ⌐ ─♃כ♦⌂ ╛ ─ ™⌂≥⌐╟╡

⌐╟∫≡ ⅝ↄ ⌂╢⁹JAEA⌐⅔↑╢ ╒⅛ 2012╩ ⌐∆╢≤

⸗♦ꜟ─ ⌐│ ─ ⌂≥─ ≥♃כ♦

Ⱳכꜞfi◓ ≢ ⅜♃כ♦√╣╠ ™╠╣╢⁹ ╛ ─ │ ⸗

♦ꜟ ─ ─ ⌂ ⅜╡─ ≤⌂╢ │ ─ ≡⇔≥♃כ♦ Ⱳכꜞ

fi◓ ╛ ─ │ ─ ─ ≤⌂╢ ─ ≥♃כ♦

⇔≡ ↕╣╢⁹↓╣╠─ ⅜♃כ♦ ╠╣≡™⌂™ │ ☻ⱪꜝ▬fi ≢

⌐ ∆╢↓≤≢ ⌂ ⸗♦ꜟ╩ ⇔≡™╢⁹ ⸗♦ꜟ─

⌂ ⌐≈™≡│ JAEA⌐⅔↑╢ ⅎ┌ JNC2005 ╒⅛

2012╩ ↕╣√™⁹ 

 

(ii)  ⸗♦ꜟ─  

─ ╩ ≤⇔√ ─ ─⸗♦ꜟ ⌐≈™≡│ ⸗♦ꜟ─

≤ ⌐ ⸗♦ꜟ ⌐ ∆╢ ─ ╛ ה ⸗♦ꜟ ⌐ ⌂

─♃כ♦ ╛ ─ ™⌂≥⌐╟╡ ⌐╟∫≡ ⅝ↄ ⌂╢⁹JAEA⌐⅔↑╢

╒⅛ 2012╩ ⌐∆╢≤ ─ ╩⸗♦ꜟ ∆╢ ⌐│

Ⱳכꜞfi◓ ┘ꜞ♬▪ⱷfi♩ ⌂≥─ ─ ╩ ⌐

╖ ╦∑╢↓≤⅜ ≢№╢≤ ↕╣≡™╢⁹ ⌂≥─ ⅛╠ ⇔√

≤ ⅎ╠╣╢▪ⱡⱴꜞ≤ ╛Ⱳכꜞfi◓ ≢ ↕╣√ ≤─
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⌂ ╩ ⇔√℮ⅎ≢ ☻ⱪꜝ▬fi ≢ ⌐ ∆╢↓≤≢ ─

╩⸗♦ꜟ ⇔≡™╢⁹ ─ ─ ⌂⸗♦ꜟ ⌐≈™≡│ JAEA⌐

⅔↑╢ ⅎ┌ JNC2005 ╒⅛ 2012╩ ↕╣√™⁹ 

 

(3)  ╩ ≤⇔√ ה ⸗♦ꜟ─  

⸗♦ꜟ ─ ⸗♦ꜟ ⸗♦ꜟ ┘ ─ ⌐ ∆╢ ╩

⇔ ה ⸗♦ꜟ╩ ∆╢⁹₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉

⌐⅔↑╢ ─ ≤ ⌐ ╢ ╩  4-5⌐ ∆⁹ 

 

 4- 5 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉ ─ ≤  

 ─   

╩ ≤⇔√

ה ⸗

♦ꜟ─  

⸗♦ꜟ ⸗

♦ꜟ ┘ ⸗♦ꜟ─

⌐╟╢ ה ⸗♦

ꜟ─  

¶ ⸗♦ꜟ ⸗♦ꜟ ┘

⸗♦ꜟ─ ⌐ ℮ ─⸗♦ꜟ ⌐

∆╢ ─  

¶ ≤ ה ─ ─  

¶ ⸗♦ꜟ≤─  

 

4.2.2   ╩ ≤⇔√ ⸗♦ꜟ─  

₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ╩  4-12⌐ ∆⁹ 

 

 

 4- 12 ₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ 

 

(1)  ╩ ≤⇔√ ⸗♦ꜟ─  

╩ ≤⇔√ ⸗♦ꜟ─ ⌐ ╢ ⌂ ⱨ꜡כ≤ ∕╣∙╣─

─ ┘ ⌐ ╢ ╩  4-13  4-6⌐ ∆⁹ 

 

ḯ
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 4- 13 ₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ 

 

 4- 6 ₈ ╩ ≤⇔√ ⸗♦ꜟ─ ₉ ─ ≤  

 ─   

╩ ≤
⇔√
⸗♦ꜟ─
 

⸗♦ꜟ╩

∆╢ ─

 

ה ⸗♦ꜟ─

⌐⅔↑╢ ╛

─ ⅛╠ ╕≢

╩ ∆╢ ╩  

¶ ≤⇔≡ ∆╢↓≤

─ ≤∕─ ⅜№╢↓

≤ 

¶ ⸗♦ꜟ ─ ⅛╠

⅜ ↕╣≡™╢↓≤ 

ⱷ♇◦ꜙ⸗♦

ꜟ─  

ה ⸗♦ꜟ⌐ ≠

⅝ⱷ♇◦ꜙ⸗♦ꜟ╩  

¶ ≤ ↕╣√

─ ╛ ⅜ ⌂

≢ ↕╣≡™╢↓≤ 

¶ ╛ ─ ⅜ ⅝™↓

≤⅜ ↕╣╢ ─ⱷ♇◦

ꜙ⅜ ↕╣≡™╢↓≤ 

¶ ⅜ ⌐

∆╢↓≤ 

¶ ⱷ♇◦ꜙ⸗♦ꜟ╩ ™√

╛ ⅜ ⌐

≢№╢↓≤ 

ה

Ɽꜝⱷכ♃─

 
─  

¶ Ɽꜝⱷכ♃─ ─

⅜№╢↓≤ 

¶ ⅜ ⇔ↄ ↕╣≡™

╢↓≤ 

 

(i) ⸗♦ꜟ╩ ∆╢ ─  

⸗♦ꜟ ─ ה ⸗♦ꜟ╩ ⌐ ≤⌂╢ ─ ╩ ⌂

≤⇔≡ ⇔√℮ⅎ≢ ─ ⅛╠ ╕≢╩ ∆╢ ⌂ ≤

ⅎ┌ km× km─ ⌐ ⇔≡ km ╩ ∆╢⁹√∞

⇔ ה ⸗♦ꜟ≤ ∂ ⌐ ⇔≡ ⸗♦ꜟ╩ ∆╢↓≤⅜

≢№╢↓≤⅛╠ ⸗♦ꜟ ≤ ⸗♦ꜟ╩ ∆╢ │ ≤⇔≡ ℮⁹ 
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(ii)  ⱷ♇◦ꜙ⸗♦ꜟ─  

⸗♦ꜟ│ ─ ⸗♦ꜟ╩ ⌐ ∆╢√╘⌐

⌐ ⇔√⸗♦ꜟ≢№╡ ↄ─ ⸗♦ꜟ ⸗♦ꜟ ╛

⸗♦ꜟ ⸗♦ꜟ ≤⇔≡ ∆╢⁹ ⌐ ─ ⅜ ⌂ ╖∟≤⌂╢

⸗♦ꜟ≤⇔≡ ╡ ℮⁹╕√ ⌐ ∆╢ ╣ ⅜ ⌂ ╖∟≤⌂╢

⌐│ ⸗♦ꜟ≤⇔≡ ╡ ℮⁹ 

─ ⅜ ⸗♦ꜟ≤⇔≡ ⌐ ╡ ℮═⅝╙─≢№∫≡╙ ⸗♦ꜟ

╩ ⸗♦ꜟ≤⇔≡ ℮↓≤⅜ ⌂ ⅜№╡ ╢⁹ ⅎ┌ km☻◔כ

ꜟ─⸗♦ꜟ ⌐ ⇔≡ ╣ ─ ⅝↕

⌂≥ ╛ ⌂≥ ⌐ ⅜♃כ♦╢∆ №╢™│ ⇔≡™

╢ ∆═≡─ ╩ ⸗♦ꜟ≤⇔≡ ╡ ℮↓≤⅜ ≢№╢⁹∕─╟℮⌂

⌐│ ⸗♦ꜟ №╢™│ ⸗♦ꜟ≤⇔≡ ╡ ℮⁹⌂⅔ 2.3≢ ⇔

√≤⅔╡ │ ─4D-SDM─ꜟכ◔☻ ⌐ ╩ ≡√╙─≢№╢↓≤⅛

╠ ⌐ ⸗♦ꜟ≤⇔≡ ⸗♦ꜟ╩ ∆╢ ─ⱷ♇◦ꜙ⸗♦ꜟ─ ⌐≈

™≡ ∆╢⁹ 

ⱷ♇◦ꜙ⸗♦ꜟ≢│ ⸗♦ꜟ ⌐ ∆╢ ┘ ה ─ ╩

╛ ⱷ♇◦ꜙ ≤⇔≡ ∆╢⁹ ∆╢ⱷ♇◦ꜙ⸗♦ꜟ│ ⸗♦ꜟ─ כ◔☻

ꜟ╛ ─ ↕ ⸗♦ꜟ─ ─ ⌐ ⇔√ ⌂ ─ ╛

⌂≥⌐ ⇔≡ ∕─ ╛ ↕⅜ ⌂╢↓≤≤⌂╢⁹ ≢ │ ─

╛ ⌐ ∆╢ ╩ ⇔≡ⱷ♇◦ꜙ⸗♦ꜟ╩ ∆╢↓≤╙ ≤⌂╢⁹⇔√⅜∫≡

ⱷ♇◦ꜙ⸗♦ꜟ─ ⌐ √∫≡│ ─ ⸗♦ꜟ⌐⅔™≡ ≤ ⅎ╠╣╢

─ ╛ ⅜ ⌂ ≢ ↕╣≡™╢↓≤╩ ∆╢≤≤╙⌐

⇔√ⱷ♇◦ꜙ⸗♦ꜟ╩ ™√ ╛ ⅜ ⌐ №╢↓≤╩ ∆╢

⅜№╢⁹ 

╕√ │ ⅜ ↕╣╢√╘ ─ ╩ ⌐ ≢⅝╢╟℮⌐

ⱷ♇◦ꜙ╩ ∆╢⁹ ╛ ה ─ ה

⅜ ⌐ ↕™≤ ⅎ╠╣╢ ⌐≈™≡│ ⱷ♇◦ꜙ◘▬☼╩ ⅝ↄ∆╢↓≤≢

⌂≥⌐ ⌂ ╩ ≢⅝╢╟℮⌂ⱷ♇◦ꜙ⸗♦ꜟ─ ⅜ ≤⌂╢⁹ 

 

(iii) ה  Ɽꜝⱷכ♃─  

(ii)≢ ⇔√ⱷ♇◦ꜙ⸗♦ꜟ⌐ ה Ɽꜝⱷכ♃╩ ∆╢↓≤≢

⸗♦ꜟ╩ ∆╢⁹ ה Ɽꜝⱷכ♃─ ≤⇔≡ ─ ╛ ⅜

№╢⁹ ≢ ╠╣╢ ה Ɽꜝⱷכ♃─ │ ↄ─ ⌐

√╕⁹╢№≢♃כ♦√⇔ ─ ה Ɽꜝⱷכ♃─ ↄ│ ╩ ∆╢⁹

⇔√⅜∫≡ ⱷ♇◦ꜙ⸗♦ꜟ⌐ ה Ɽꜝⱷכ♃╩ ∆╢ │ ─

⸗♦ꜟ⌐ ≠™≡ ⌂≥ ╛ ה ⌂≥─ ╩ ℮

↓≤≢ ⅛╠ ╕≢─ ╩ ∆╢⁹ 

│ ⌐⅔™≡ ─ ⌐ ╦╢ ⌂ ≢№╡
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⌐⸗♦ꜟ ⌐ ⅜ ╕╣≡™╢ ─ ™ ─ ⌐ ⅝

⌂ ╩ ╓∆ ≤⌂╡ ╢⁹ │ ⌐ꜟכ◔☻ ∆╢Ɽꜝⱷכ♃≢№

╢↓≤⅛╠ ⌐ ⌐ꜟ♦⸗─ꜟכ◔☻⌂ ∆╢ ╩ ⌐╟╡ ╢↓≤│

≢№╢√╘ ⅛╠ ∆╢ ⅜№╢⁹ ⅎ┌Gelhar et al.1992⌂≥≢│ ⸗

≥ꜟכ◔☻─ꜟ♦ ≤─ ⅜ ↕╣≡™╢⁹ ⅎ≡ │ ╟╡ ⌂ↄ

כ♄כ○1╙≥ ↕™ ≢№╢≤↕╣≡™╢ Domenico and Schwartz1995⁹ 

⌂⅔ ⸗♦ꜟ≤⇔≡⸗♦ꜟ ∆╢ ⌐│ ╛ ╣ ⌂≥─

⅝↕ ╛ ⌐ ≠™≡

⌂ №╢™│ ⌂ ⌐╟╡ ⸗♦ꜟ ⌐ ≤⌂╢Ɽꜝⱷכ♃╩

∆╢⁹ ⸗♦ꜟ⌐╟╢ ⸗♦ꜟ─ ⌐≈™≡│ ─fi♦כ▼►☻

Forsmark◘▬♩╩ ≤⇔√ ⅎ┌ Joyce et al., 2010╩ ↕╣√™⁹ 

 

4.3  ┘ ה ─ ─  

₈ ┘ ה ─ ─ ₉⌐ ╢ ⱨ꜡כ╩  4-14⌐ ∆⁹ 

4D-SDM─ ≢│ ⌐⅔↑╢ ┘ ה ─ ─ ╩

╙≤⌐ ─ ╢№≢ꜟכ◔☻ 100 ─ ⌐≈™≡ ╛ ─

⌂ ─ ⅜ ⅝ↄ ╦╢√╘ ∕╣⌐ ∆╢⸗♦ꜟ─ ⅎ┌

┘ ה ─ Ɽꜝⱷכ♃ ╩ ↕∑╢ ⅜№╢ ₈

₉≤™℮ ≤⇔≡ ∆╢⁹╕√ ─ ⌐⅔↑╢ ╩ ⅛ↄ ∆╢ ⌐

│ ⌐ ∂≡ ╩ ⇔≡ ∆╢⁹∕─ ╩ ≤⇔≡ ה

⸗♦ꜟ ⸗♦ꜟ ┘ ה ⸗♦ꜟ─ ╩ ℮⁹ 

≢│ ↓─ ─℮∟ ─╖╩ ≤⇔≡4D-SDM╩ ∆╢ ⌐≈

™≡ ∕─ ⌐ ╢ ⅎ ╛ ⌐≈™≡ ∆╢⁹ 

 

 

 4- 14 ₈ ┘ ה ─ ─ ₉⌐ ╢ ⱨ꜡כ 

ṕ Ṗ

ṕ Ṗ
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4.3.1   ─  

⇔√ ┘ ה ─ ─ ⸗♦ꜟ⌐ ≠⅝ ╩ ∆╢⁹

─≤⅔╡ ≢│ ─╖╩ ≤∆╢ ⌐≈™≡ ∆╢⁹ 

 

(1)  ─ ⅎ  

─ ─ │ ─ ─ JAEA2015LLW Repository2011a

2011b2011c⅛╠ ↕╣√ ⌂ ה ⌂ ╩ ∆╢℮ⅎ≢ ∆═

⅝ ≢№╢ ⌂₈ ─ ₉₈ ─ ₉₈ ┘ ה

─ ₉╩ ∆╢⁹ 

─√╘⌐ ∆═⅝ ╩ ∆╢⌐№√╡ ─₈

6-4₉≢ ↕╣√FEP─ ₈NUMO_FEPꜞ☻♩₉≤™℮ ╩ ⇔√⁹↓↓

≢ FEP≤│ ─ ─ ⌐⅔™≡ ◦☻♥ⱶ─

─ Feature╛ ⌐ ╩ ⅎ╢ Event ◦☻♥ⱶ─ ─

Process≤™∫√ ─ ⌐ ∆╢ ─↓≤≢№╢⁹ 

 

(i) ₈ ─ ₉⌐≈™≡ ∆═⅝  

NUMO_FEPꜞ☻♩⅛╠₈ ─ ₉⌐ ∆╢FEP╩ ∆╢  4-7 ≤≤╙⌐ 4D-

SDM╩ ∆╢℮ⅎ≢₈ ─ ₉⌐≈™≡ ∆═⅝ ⌐≈™≡ ╩

∆╢℮ⅎ≢─ ⅎ ≤≤╙⌐ ⇔√  4-8⁹ 

₈ ─ ₉⌐ ∆╢ ╩ ╕ⅎ 4D-SDM─⸗♦ꜟ ⌐⅔™≡

⌂≥╩╙≤⌐ ⌐ ≠ↄ ◘▬◒ꜟ╩ ∆╢⁹ ≢№╣┌

─╖⌂╠∏ ה ⌂ ╩ ∆╢⁹↓─ ◘▬◒ꜟ⌐ ∫≡ ╛

⅜ ⇔ ⅜ ∆╢⁹ ⌐ │ ≤ ⇔≡ ⌐ ↕ↄ

⌂╢↓≤⅜ ╠╣≡™╢⁹ ⌐ ⸗♦ꜟ ⌐⅔™≡ ⌐ ─ ⅜ ↕╣

╢ ⅜ ∆╢↓≤⌐ ™ ⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣╢⁹⌂⅔

◘▬◒ꜟ│ ∆╢ ⌂ ≤ ∆╢≤ ⅎ╠╣╢⁹ │

NUMO_FEPꜞ☻♩⌐⅔↑╢F1.3.1F1.3.2F1.3.5F1.3.7⌐ ∆╢ ≢№╢⁹ 

⸗♦ꜟ ⌐ ⅜ ╕╣╢ │ ╩ ∆╢ ⅜№╢⁹↓─

│ 10 ─ ⌐╟╢ ─ ≤ ╩ ≤⇔√╙─╩ ∆⁹

─ ─ ⌐ ℮ ─ ╛ ─ ─ ⅜ ∂ ≤⇔≡

╛ ─ ⅜ ∆╢↓≤⅜ ↕╣╢⁹ │ NUMO_FEPꜞ☻♩⌐

⅔↑╢F1.3.3⌐ ∆╢ ≢№╢⁹ 

╩4D-SDM⌐ ∆╢√╘⌐│ ⌂ ╩⸗♦ꜟ ⇔

≤⇔≡ ∆╢⁹ ╩ ⌐⸗♦ꜟ ∆╢  4-15⌐ ∆╟℮⌐ ─

⌐≈™≡│ JNC1999⌐ ≠⅝ +5 m≤⇔ ─ │2 ≤ ∆╢⁹

⌐≈™≡│ ☿fi♃כ 2007┘ 2012⌐

≠⅝ -140 m≤⇔ ─ ╩8 ≤ ∆╢⁹⌂⅔ ╩⸗♦ꜟ ∆

╢ ⌐⅔↑╢ ─ ⅜ 6,000≢№╢↓≤⌐ ⇔ 6,000
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╩ ≤⇔≡ ה ─ ╩ ∆╢⁹ 

⌐ ℮ ─ ≤⇔≡│ ╩ ∆╢↓≤⅜ ⅎ╠╣╢⁹ ⌐⸗♦ꜟ

⅜ №╢™│ ⅜ ∆╢╟℮⌂ ⌐ ∆╢ ∞↑≢⌂ↄ

⌂≥⌐╟╢ ╙ ∆═⅝ ⅜№╢⁹ │ NUMO_FEPꜞ☻♩⌐⅔↑╢F1.3.4

F1.3.6┘F1.3.10⌐ ╦╢ ≢№╢⁹ 

↓╣╠─↓≤⅛╠ ⌐⅔↑╢ ה │ ╛

─ ⌂ ⅜ ⅝ↄ ∆╢ ≤ ⅎ╠╣╢√╘ 4D-SDM╩ ∆╢√╘─

≤ ∆╢⁹  4-15⁹ 

 

 4- 7 ₈ ─ ₉⌐ ∆╢ FEP─  

 

 

FEP 

 
FEP  

24 F1.3.1 
─ 

 

─ ⌂ ─ ↓╡ ╢ ─
│ ─ ⁹ ⌂ ⌐╟╡ ≢ ↓∫√
─╝╠⅞╛ ⌂ │ ╕⌂™⁹F1.3.2╩ ⁹ 

25 F1.3.2 
≢ ⌂

 

⌐⅔↑╢ №╡ ╢ ┘ ─ ─
⁹↓╣│ ─ ⌐ ∫≡╙ ↓╢≤ ⅎ

╠╣╢⅜ ⌐⅔↑╢ │∕─ ─╙─
≢№╡ ↓─FEP⌐│ ╙ ╗⁹F1.3.1╩ ⁹ 

26 F1.3.3 ─  
─ ◒♇▫♥♃☻כꜚ ╛ ▪▬♁☻♃♥▫♇

◒⌂ ⌂≥─ ⌂ ⌐╟╢ ─ ⁹ 

27 F1.3.4 ─  
≢№╢⅜ ─⌂™ ⌐⅔↑╢ ⱪ꜡☿☻╛∕

╣⌐ ∆╢ ⁹ 

28 F1.3.5 
⌂ ≤ 

─  

⅜ ∆╢ ⌐⅔↑╢ ╛ ⅛╠─ ⁹
≤⇔≡ ─ ↑√ ─
⌂ ⌂≥≢№╢⁹ ⅝⌂ ⅜ ─ ╛
⌂ ⌐ ⅎ╢ │ ╕⌂™⁹F1.3.1≤F1.3.2╩ ⁹ 

29 F1.3.6 
⅛™ ─

≤  

⅛™ ┘ ─ ─ ≢№╡ ─ ╛ ↓
╣╠─ ⌐ ⌂ ┘ ─ ⅜ ╕╣╢⁹ 

30 F1.3.7 
⌐ ℮ 

⌂  

┘ ⌂ ⁹ ⅎ┌ №╢ ─
⌐ ℮ ─ ה ה ⅜№╢⁹ 

33 F1.3.10 
⌐ ℮ 

⌂  

─ ─ ⌂≥─ │ ⌂ ─
╩ ⅝ ↓∆ ┼─ ⁹

│ ה ה ≤ ⌐
⌐╟╢ ─ ≤ ∆╢⁹ 
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 4- 8 ₈ ─ ₉⌐ ∆╢  

 ⅎ  
∆╢ 

NUMO_FEP 

─  

─ ⌂ ≤⇔≡ ≤ ⌐╟╢
◘▬◒ꜟ╩ ∆╢⁹ 

│ ≤ ⇔≡ ⌐ ⅝ↄ ∆╢≤
ⅎ╠╣╢⁹ ⌐ ⌐⅔↑╢ ─ ⅜ ↕
╣╢◄ꜞ▪│ ⅜ ╘≡ ↕™⁹ 

F1.3.1 

F1.3.2 

F1.3.5 

F1.3.7 

 
⌐╟╢ ─ ≢ ─ ⅜

∆╢⁹╕√ ≢│ ─ ⅜ ∆╢⁹ 
F1.3.3 

ה
─  

⌐ ╛ ⌐⅔↑╢ ה ⌐╟╢
╩ ∆╢⁹₈ ─ ₉⌐⅔™≡╙  

F1.3.4 

F1.3.6 

F1.3.10 

 

 

 4- 15 ─ ⸗♦ꜟ≤ ─  

 

(ii)  ₈ ─ ₉⌐≈™≡ ∆═⅝  

NUMO_FEPꜞ☻♩⅛╠₈ ─ ₉  4-7≢ →√╙─╩ ↄ ⌐ ⌐ ∆╢

FEP╩ ∆╢  4-9 ≤≤╙⌐ 4D-SDM╩ ∆╢℮ⅎ≢₈ ─ ₉⌐≈™≡

∆═⅝ ⌐≈™≡ ╩ ∆╢℮ⅎ≢─ ⅎ ≤≤╙⌐ ⇔√  4-10⁹ 

ה ⌐ ℮ ─ ה ╛ ─ ─ ┘∕─ ─

─ ⌐╟╢ ─ ⌐╟╡ ⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣╢⁹╕√

─ ⌐ ™ ─ ⅜ ↕╣╢ ⌐ ╩ ╣╢ ─

⅜ ⅝ↄ ∆╢ ⅜№╢⁹ │ NUMO_FEPꜞ☻♩⌐⅔↑╢F1.2.1F1.2.2F1.2.8

F1.2.13F5.1.13⌐ ∆╢ ≢№╢⁹ 

╕√ ₈ ─ ₉⌐ ∫≡ ─ ╛ ─ ⅜ ↕╣╢↓≤⌐╟╢ ה

─ ≤ ∕╣⌐ ℮ ─ ⅜ ↕╣╢⁹ │ NUMO_FEPꜞ☻

♩⌐⅔↑╢F5.1.5.2⌐ ∆╢ ≢№╢⁹ 

╩ ∆╢℮ⅎ≢│ ה ─ ⅜ ⅝ↄ ⇔√ ╛ ⌂

╛ ⅜ ∂√ ╩ ≤⇔≡ ∆╢ ⅜№╢⁹╕√

─ ⅛╠│ ⌐╟╢ ⌂ⱪ꜡☿☻⌐≈™≡─ ╩ ⇔ ⸗♦

-150

-100

-50

0

50

(m
)

( )

ẇ



 

30 

ꜟ≤⇔≡ ⇔≡⅔ↄ↓≤⅜ ╕⇔™⁹ 

ה ─ ─ ⌐ ∆╢ ≤⇔≡ ה ⌐ ∫≡ ↕╣√

⌐ ⅜ │☻כ◔⌂℮╟╢╣↕ ≢№╢↓≤⌐│ ∆╢ ⅜№╢⁹╕√

NUMO_FEPꜞ☻♩⌐⅔↑╢F5.1.13⌐ ∆╢ ⌐ ℮ ⱪ꜡☿☻⌐≈™≡╙ ∕─

≤ │ ─ ≢№╢⁹ 

 

 4- 9 ₈ ─ ₉⌐ ∆╢ FEP─  

 

 

FEP 

 
FEP  

12 F1.2.1  

ⱪ꜠כ♩─ ⌐╟╢ ─ ─ ⁹↓
╣╠─ │ ─ ╛ ─ ─ ╖

╛ ⌂≥─ ⌂ⱪ꜡☿☻╩ ∂ ╢⁹ 

13 F1.2.2  ─ ⁹ ─ ≤ ─ ┼─ ⁹ 

19 F1.2.8 
⌂

≤  

⌂ ─≢ꜟכ◔☻ ╛ ─ ╛ ⌐
∆╢FEP≢№╡ ─ ╛ ─ ─ ה

─ ⌐ ∆╢⁹ 

23 F1.2.13 ⌐ ℮
⌂  

│ ⌂ ─ ╩ ⅝ ↓∆ ┼
─ ⅜ ⅝ ↓⇔√ ⌐ ∆╢FEP≢№╢⁹

│ ה ה ≤ ⌐ ⌐╟╢
─ ≤ ∆╢⁹ 

224 F5.1.1 ≤  

─ ≤ ┘∕─ ─ ⁹ │
─ ╣ ─ ≤ ─ ┘ │

⌂ ─ ╣╩ ∆╢ ─ ⅝↕╩ ∆╢⁹ 

231 F5.1.5.2 ≤  

⌐╦√∫≡ ∆╢─⌐ ⌂ ⅝↕─ ⁹
│ ⌂ ⌂≥─ ↄ─ⱪ꜡☿☻╩ ≡ ∆
╢⁹ ─ ╩╙√╠∆ ╙ ∆╢ ⅜№╢⁹ 

240 F5.1.13 ≤  

≢ ∆╢ ┘ ⱪ꜡☿☻ ┘∕╣╠─
─ ⁹ ∆╢ⱪ꜡☿☻⌐│ ┘ ─ ≤

≤ ⅜ ╕╣╢⁹↓╣╠─ⱪ꜡☿☻│
⌂≥─ ⌐╟∫≡ ↕╣╢⁹ 

 

 4- 10 ₈ ─ ₉⌐ ∆╢  

 ⅎ  
∆╢ 

NUMO_FEP 

ה  

─ ה ╛ ─ ⌐╟╢
─  

F1.2.1 

F1.2.2 

F1.2.8 

F1.2.13 

╛ ─ ≤ ∕─ ─ ⌐╟╢ ─
 

F5.1.1 

F5.1.13 

─ ╛ ─  F5.1.5.2 

┘
─  

⌐ ╛ ⌐⅔↑╢ ה ⌐╟╢
₈ ─ ₉≢╙  

F1.3.4 

F1.3.6 

F1.3.10 
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(iii)  ₈ ┘ ה ─ ₉⌐≈™≡ ∆═⅝  

NUMO_FEPꜞ☻♩⅛╠₈ ┘ ה ─ ₉  4-10≢ →√

╙─╩ ↄ ⌐ ⌐ ∆╢FEP╩ ∆╢  4-11≤≤╙⌐ 4D-SDM╩ ∆╢

℮ⅎ≢₈ ┘ ה ─ ₉⌐≈™≡ ∆═⅝ ⌐≈™≡

╩ ∆╢℮ⅎ≢─ ⅎ ≤≤╙⌐ ⇔√  4-12⁹ 

↓↓≢ NUMO_FEPꜞ ☻♩ ─₈ ⱴ◓ⱴה F1.2.5 ₉╛₈ F1.2.7 ₉

⌐ ⇔≡│ ₈ ┘ ה ─ ₉≤ ∆╢FEP≢│№╢╙──

ⱴ♇ⱪ METI 2017 ≢ →╠╣≡™╢₈ ה ₉ ┘₈ ₉⌐

⅔↑╢ ╕⇔ↄ⌂™ ─ ה ─ ⌐╟╡ ⌐ ↕╣≡™╢ ⅜ ╘≡

™↓≤⅛╠  4-11⅛╠│ ⇔√⁹╕√ ₈ F1.2.6 ₉─FEP⌐≈™≡╙

─₈ ה ₉╛₈ ₉─ ⅜ ∆╢ №╢™│ ─ ⅛╠

╣≡ ╘≡ ™ ≢ ∆╢ⱪ꜡☿☻≤ ⅎ╠╣╢↓≤⅛╠ ⌐ ⅛╠

⇔√⁹ 

─ ⌐ ℮ ╛ ⌐╟╢ ─ ⌐ ℮ ╩ ≤⇔√ ╣

─ ⌐╟∫≡ ה ─ ╛ ≤∕─ ⅜

∆╢↓≤⅜ ↕╣╢⁹╕√ ─ ה ⌐╟∫≡╙ ─ ⅜ ↓╢⁹

│ NUMO_FEPꜞ☻♩⌐⅔↑╢F1.2.1F1.2.3F1.2.12⌐ ∆╢╙─≢№╢⁹ 

₈ ┘ ה ─ ₉⌐ ∆╢ ⌐│ ∕─╙─

╛ ─ ≤⌂╢ ─ ╛ ╛ ⌂≥≢ ╛ ה ⅜

⌐ ⇔≡™╢ ≤∕─ ⅜ ╕╣╢⁹ │ NUMO_FEPꜞ☻♩⌐⅔↑╢F1.2.9

F4.1.1F4.1.2F4.1.3⌐ ∆╢╙─≢№╢⁹ 

╩ ∆╢℮ⅎ≢│ ה ⅜ ⌐ ∆╢ ⅜№╢ ⌐

⇔ ⌂ ╣ ─ ה ╛ ה ─ ╛ ⅜ ⌐ ∆

╢ ╩ ⌐ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

  



 

32 

 4- 11 ₈ ┘ ה ─ ₉⌐ ∆╢ FEP─  

 

 

FEP 

 
FEP  

12 F1.2.1  

ⱪ꜠כ♩─ ⌐╟╢ ─ ─
⁹↓╣╠─ │ ─ ╛ ─
─ ╖ ╛ ⌂≥─ ⌂ⱪ꜡☿☻╩ ∂
╢⁹ 

14 F1.2.3 
│
 

─ ⌐╟╢ ─ ⁹↓╣│ ─
╣ ╡ ╩ ╗⁹ 

20 F1.2.9  

№╢™│ ↄ⌐№╢ ⅜ ♩ⱷfi☿ה
ה ⌐╟╡ ⌐ ∆╢ⱪ꜡☿☻≢№╡ ∕╣│
2-3 km╕≢⌐ ⌐№╢ ה ≢ ↓╢⁹ 

22 F1.2.12 

─ ⌐ ℮
/

⌂  

│ ⌂ ╛ ⌐ ∆╢
⌂ ⅜ ⅝ ↓⇔√ ⌐ ∆╢FEP ≢№╢⁹↓╣
╠│ ⌂ ⌐╟╢ ⌂ ─ ╛

─ ╛ ─ ⅝─ ⌐╟╢ ꜚ♬♇♩─
─ ╩ ╗⁹ 

179 F4.1.1  

╩ ∆╢ ⌂╢ ─ ─ ⌂╡ │
F4.1.2╩ ⁹ ⌐ │ ─ ┘ ╩╙≈

ꜚ♬♇♩⌐ ↕╣╢⁹ ∆╢ ╛ │ ─╟
℮⌂╙─⅜№╢⁹ ⅜╡ ╛

≤ ╛∑╪
↕ ╛ ╛ ⁹↓
╣╠─ ⌐ ∆╢ ╛ │ ─ ≈≢
№╢⁹ 

180 F4.1.2 ─  
─ ─ ╛ √∞⇔ ⌐╟╢

│ ╕⌂™ ⁹ 

181 F4.1.3 ⌂  

╛ ꜚ♬♇♩№╢™│∕╣╠─ ⌐ ∆╢
─ ╛ ⁹ ⅜ ⌂╢
─ ⌂≥╩ ╗⁹ 

 

 4- 12 ₈ ┘ ה ─ ₉⌐ ∆╢  

 ⅎ  
∆╢

NUMO_FEP 

╣ ╛
─ ה  

ה ─ ≤∕─ ⅜  
F1.2.1 
F1.2.3 
F1.2.12 

ה ─ ╛
─  

ה ─ ≤∕─ ⅜  

F1.2.9 
F4.1.1 
F4.1.2 
F4.1.3 

 

(2)  ─  

(1)≢ ⇔√ ╩╙≤⌐ ⇔√ 4D-SDM╩ ∆╢℮ⅎ≢─ ─ ⱨ

╩כ꜡  4-16⌐ ∆⁹ 

100 ─ ≢ꜟכ◔☻ ╩ ℮ ה ─ ⌐│ ─ ⌐ ℮

─ ╛ ─ │ ─ ⌂≥⌐╟╡ ⌐⅔↑╢ ⅜ ⅝ↄ ∆╢
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⅜ ™⁹∕─√╘ ⌐₈ ─ ₉╩ ⇔≡ ◘▬◒ꜟ⌐⅔↑╢

ה ⌐ ≠⅝ ╩ ∆╢⁹ 

⸗♦ꜟ ⅜ ┘ ╩ ╗ │ ─ ≤

≤ ╩ ⇔≡ ╩⸗♦ꜟ ∆╢≤≤╙⌐ ⌐╟╢ ה ╩

⇔√ ╩ ∆╢⁹ ─ ⌐ ∫≡ ∆╢ ⌐≈™≡│

⇔≡™╢ ⌐ ≤─ ≤ ─ ה ╛ ╩ ∆╢⁹ 

⌐₈ ─ ₉╩ ⇔≡ ⸗♦ꜟ ≢ ה ─ ⅜ ⅝ↄ ∆╢

⅜№╢ ⌐│ ╩ ⌐ ∆╢⁹ ⅎ≡ ⸗♦ꜟ ⌐⅔↑╢

─ ה ⌐ ™ ╛ ─ ⌂ ⌐≈⌂⅜╢╟℮⌂ ─ ⅝™

╛ ─ ⅜ ↓╢ ⅜ ™ ⌐ ⇔≡╙ ∕╣╠─ ⅜ ↕╣╢ ╩

⌐ ∆╢⁹ 

↕╠⌐ ₈ ┘ ה ─ ₉╩ ⇔≡ ⸗♦ꜟ ≢

╛ ⌂≥⌐ ℮ ⌂ ╣ ╛ ─ ה ╛

─ ╛ ⅜ ⅝ↄ ∆╢ ⅜№╢ ⌐│ ╩ ⌐ ∆╢⁹

∕─ ⌐│ ה ⌂ ⌐ ≠ↄ ─ ⸗♦ꜟ╛ ╩

∆╢≤≤╙⌐ ∕╣╠⌐ ╢ ⌂ ╛ ╩ ∆╢ ⅜№╢⁹ 
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 4- 16 ─ ⱨ꜡כ 

 

4.3.2   ┘ ה ─ Ɽꜝⱷכ♃─  

╩ ≤⇔√ ה ⸗♦ꜟ╩ ∆╢√╘⌐│ ⌐ ∆

╢ ┘ ה ─ ⌂ ╩ ⌐ ⇔√ ┘ ה

─ Ɽꜝⱷכ♃ ₈ Ɽꜝⱷ₉♃כ≤™℮ ╩ ∆╢ ⅜№╢⁹4D-

SDM─ ⌐⅔™≡│ ╛ ה ╩ ⌐

Ɽꜝⱷכ♃╩ ∆╢⁹₈ ┘ ה ─ Ɽꜝⱷכ♃─ ₉

─ ≤ ╩  4-13⌐ ∆⁹ 

─ Ɽꜝⱷכ♃─ ╛ ─ ⌐ ⇔≡│ ה ─ ⸗♦ꜟ╛

No

─

─
─

─
ה ─

ה
⅜ ⌐ ∆╢

│№╢⅛

ה ─ ⅜ ⅝ↄ
⇔√ ─

ה ─ ╛ ⅜
⌐ ∆╢
─

╩
╗ ⅛

─ ⅝™
╛ ─
│№╢⅛

ה ⅜ ⌐
∆╢ │№╢⅛

╩
⇔√

⌂ ╛
─ ─

⌂ ╣ ╛
─ ה
─

─

Yes

No

Yes

No

Yes

No

Yes

⌐ ℮ ─ ─
ה ⅜

⌂≥─ ⌂ ⌐╟╢
┘∕╣╠⌐ ℮
ה ─ ה ╩ ╗

─ ≤ ┘∕╣╠─

─ ⸗♦ꜟ ┘ ╩
⌐⇔√ ה ╛∕─ ⌐ ∆╢
⌂ ╛

∆═⅝

⅜ ⅝ↄ ∆╢
ה ─

⌐ ≠ↄ ◘▬◒ꜟ╩
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ה ≤─ ╩ ⇔√℮ⅎ≢ ╛ ⌐≈™≡

∆╢ ⅜№╢⁹ ⅛╠ ╕≢─ ה ⸗♦ꜟ─ ⌐⅔™≡│ ⅛

╠ ╕≢─ ה ⸗♦ꜟ─ ⌐ ⇔≡⅔╡ ⅛≈ ╩ ≢⅝≡™╢

Ɽꜝⱷכ♃╩ ™╢↓≤≤⌂╢⁹ 

 

 4- 13 ₈ ┘ ה ─ Ɽꜝⱷכ♃─ ₉ ─ ≤  

 ─   

┘
ה
─
─Ɽꜝⱷ
─♃כ  

Ɽꜝⱷ
─♃כ  

⌐ ⇔≡ ╩  

¶ ⌐⅔↑╢ ─

 

¶ ⌐⅔↑╢ ה ─

 

¶ ⌐ ∆╢ ה ─ ה

┘  

¶ ≤  

ה ¶ ─

⸗♦ꜟ╛ ה

≤─

 

¶ ─  

¶ ⇔√ Ɽꜝ

ⱷכ♃─  

 

4.4  ╩ ≤⇔√ ה ⸗♦ꜟ─  

4.3.1≢ ⇔√ ⌐⅔™≡ ∕╣∙╣ ה ⸗♦ꜟ╩ ∆╢⁹

⌐ ╢ ≤ ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉⌐⅔↑╢ ─

≤ ⌐ ╢ ╩  4-17┘  4-14⌐ ∆⁹ 

 

  

 4- 17 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉⌐ ╢ ⱨ꜡כ 

 

  



 

36 

 4- 14 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉  

─ ≤  

 ─   

╩ ≤⇔√
ה
⸗♦ꜟ─
 

ⱷ♇◦ꜙ─
 

¶ ⌐⅔↑╢ Ɽꜝ

ⱷכ♃⌐ ≠⅝ ⌂

╛ ⌐╟∫≡│

┘ ⌂≥⌐╟╢

─ ╩ ⇔

√ ⱷ♇◦ꜙ╩  

¶ ╩ ⌐ ≢⅝╢

│ ≢ ⁹∕╣

│ ⸗♦ꜟ╩ ∆

╢ ⌐ ╩  

¶ ⌐⅔↑╢

Ɽꜝⱷכ♃─

 

¶ ─ ™

⌐ ∆╢

Ɽꜝⱷכ♃─

 

╩
≤⇔√ ⸗♦ꜟ─

 

ⱷ♇◦ꜙ≤ ╩
≤⇔√ ⸗♦ꜟ╩╙≤⌐

─ ⸗♦ꜟ╩  

¶ ⅜ ↕╣≡™

╢↓≤ 

ⱷ♇
◦ꜙ─  

⌐⅔↑╢ Ɽꜝⱷכ
♃⌐ ≠⅝ ה ─ ה

┘ ╛
≤

⌐ ℮ ה ה ─
┘ ╩

⇔√ ⱷ♇◦ꜙ╩
 

¶ ⌐⅔↑╢

Ɽꜝⱷכ♃─

 

╩
≤⇔√ ⸗
♦ꜟ─  

ⱷ♇◦ꜙ≤
╩ ≤⇔√ ⸗♦ꜟ
╩╙≤⌐ ─

⸗♦ꜟ╩  

¶ ⸗♦ꜟ╛

ה

≤─  

╩
≤⇔√ ה
⸗♦ꜟ─  

─ ⸗♦ꜟ ┘
⸗♦ꜟ╩ ∆╢↓

≤≢ ─ ה
⸗♦ꜟ╩  

¶ ─

≢ ≤⌂╡ ╢

─⸗♦ꜟ

╛ ⌂≥  

¶ ≤ ה

─ ─ ∫√

╠╣√─ ⌂≥  

¶ ⸗♦ꜟ╛

ה

≤─  

 

(1)  ⱷ♇◦ꜙ─  

4.3.2≢ ⇔√ ⌐ ╢ Ɽꜝⱷכ♃⌐ ≠⅝ ⌂ ⌐╟∫≡│

╩ ╗ ╛ ⌂≥⌐╟╢ ─ ╩ ⌐⅔↑╢ ─ ≢ ⇔

√ ⱷ♇◦ꜙ╩ ∆╢⁹⌂⅔ ─ ⌂ ⌐ ∆╢ │ ⇔™√╘

∕╣╩ ⌐ ∆╢↓≤⅜ ⌂ │ ⅜ ⇔√ ∞↑ ⅜ ∆╢≤

⇔ ─╖⅛↑─ │ ⇔⌂™≤™∫√ ╩ ℮⁹ 
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(2)  ╩ ≤⇔√ ⸗♦ꜟ─  

(1)≢ ⇔√ ⱷ♇◦ꜙ≤ 4.2.11 ≢ ⇔√ ╩ ≤⇔√ ⸗♦ꜟ╩╙

≤⌐ ⅛╠ │ ⅛╠ ╕≢─ ─ ⸗♦ꜟ╩ ∆╢⁹ 

╩ ⱷ♇◦ꜙ≤⇔≡ ≢⅝⌂™ │ ─ ⸗♦ꜟ╩

∆╢ ⌐ ╩ ∆╢⁹ ⌐ ℮ ─ ╩ ∆╢ ≤⇔≡ ⅎ

┌ ⸗♦ꜟ⌐ ⇔≡ ╩ ™√ ╒⅛ 2001╩ ∆╢↓≤╛

╘ JAEA2016╩ ℮↓≤⅜№╢⁹ │ ⌐⅔↑╢

◄ꜞ▪ ⌐ ∆╢ ─ ≤ ─ ╩ ⇔√ ≢№╢⁹╕√

╘ │ ⌐╟╢ ⌂≥⌐╟∫≡ ∂√ ⌐ ⇔≡ №╢ ─ ─

⅜∕─ ─ ╟╡ ↕™≤⅝⌐ ─ ╩∕─ ─ ⌐ ⅝ ⅎ

╢≤™℮ ≢№╡ ↓╣⌐╟╡ ⅜ ∂╢ ─ ╛⅛⌂ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

(3)  ⱷ♇◦ꜙ─  

4.3.2≢ ⇔√ ה ⌐ ╢ Ɽꜝⱷכ♃⌐ ≠⅝ ה ─ ה

┘ ╛ ≤ ⌐ ℮ ה ה ─

┘ ╩ ⇔√ ⱷ♇◦ꜙ╩ ∆╢⁹ 

1 ─ ≤ ⌐ ⌐ 100 ⌐ ┬ ≢─ ─ ⌐ ⇔≡│

⅜ ⇔ↄ ⅜ ⅝™≤ ⅎ╠╣╢⁹∕─√╘ ⌐╟╢ ╩ ∆╢ ⅜

№╢ │ ∞↑ √⌂ ⅜ ∆╢≤™∫√ ⌐ ≠⅝

ⱷ♇◦ꜙ╩ ∆╢⁹ 

 

(4)  ╩ ≤⇔√ ⸗♦ꜟ─  

(3)≢ ⇔√ ⱷ♇◦ꜙ ┘ ╩ ≤⇔√ ⸗♦ꜟ╩╙≤⌐

⅛╠ │ ⅛╠ ╕≢─ ─ ⸗♦ꜟ╩ ∆╢⁹ 

 

(5)  ╩ ≤⇔√ ה ⸗♦ꜟ─  

(2)┘(4)≢ ⇔√ ─ ⸗♦ꜟ ┘ ⸗♦ꜟ╩ ∆╢↓≤≢

─ ה ⸗♦ꜟ╩ ∆╢⁹↓↓≢ 4.2.1⌐ ⇔√ ╩ ≤⇔√

ה ⸗♦ꜟ─ ≤ ⌐ ─♃כ♦ ⌐ ℮ ─⸗♦ꜟ ─ ╛

╛ ─ ╩ ∆╢ ⅜№╢⁹ 

 

4.5  ╩ ≤⇔√ ⸗♦ꜟ─  

╩ ≤⇔√ ⸗♦ꜟ─ │ ─ ה

⸗♦ꜟ╩╙≤⌐ 4.2.2≤ ─ ≢ ∆╢⁹⌂⅔ 4D-SDM─ ⌐⅔™≡│

⌐⅔↑╢ ה ⸗♦ꜟ─ ╩ ─ ⌐ ↑ ∆↓≤⅜

≤⌂╢⁹∕─√╘ ⸗♦ꜟ─ ─ ⌐ ∆═≡─ ⌐⅔™≡

ⱷ♇◦ꜙ⸗♦ꜟ─ ╩ ⇔ↄ∆╢≤™∫√ ╩∆╢↓≤≢ ─ ╩

⌐ ∆╢↓≤⅜ ≤⌂╢⁹ 
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4.6  ╩ ≤⇔√ ה ⸗♦ꜟ─  

4.6.1   ─ ╩ ⇔√ ה ─ ⅎ  

─ ╩ ⇔√ ה ─ ⌐ ≠⅝ ה

⸗♦ꜟ╩ ∆╢⁹↓↓≢ ╒⅛ 2009╛JAEA2017⌂≥─ ─

⌐⅔™≡│ ⌂ ╛ ⌂≥─ ╩ ⇔≈≈ ⌐

⌂≥╩ ∆╢ Sequential Modeling System of geological evolution impact on 

groundwater flow₈SMS₉≤™℮ ⅜ ↕╣≡™╢⁹SMS⌐⅔™≡│  4-18⌐

∆╟℮⌐ ╩ ⌂ ⌐ ⇔ ↕╣√ ─ ┘ ה ─

│ ─╙─≤⇔√℮ⅎ≢ ╛ ⌂≥─ │ ↕∑√

╩ ∆╢⁹↕╠⌐ ∕─ ╩ ─ ─ ─ ≤⇔≡ ⅝

←↓≤≢ ─ ⌂ ─ ╩ ⌐ ⇔√ ⅜ ≢⅝╢⁹

≢ ─ ⅎ┌ Jaquet et al., 2010≢│ ⌐ ⇔√ ─

┘ ∆╢ ─ ⅜ ⌐ ╓∆ ╩ ∆╢↓≤╩ ≤⇔

√ ⅜ ↕╣ ⌐⅔↑╢ ╩ ∆╢℮ⅎ≢ ∆═⅝

⅜ ↕╣≡™╢⁹↓─╟℮⌂ ╩ ⇔√ ⌐ ⇔≡ SKB2020≢│

↕╣╢ ─ ↕╩ ⇔≡™╢ ⅜№╡ ╩ ℮↓≤≢╟╡

⌂ ⅜ ⅎ╢↓≤⅜ ↕╣≡™╢⁹ 

╩ ╕ⅎ≡ ⌐⅔™≡│4D-SDM─ ⌐ ⌂ ╩ ∆╢↓≤╩

≤⇔√ ╩ ⇔√⁹ ⌐│ ≢ ⇔√ ─ ⌂

─℮∟ ⇔≡ ⇔√ ⅜ ∆╢ ⌂ ╩ ≤⇔√ 4D-

SDM─ ⌐ ╢ ⌐⅔™≡  4-15⌐ ∆ 2≈─ ╩ ⇔ ∕╣╠─ ™⅜

⌐ ╓∆ ╩ ⇔√⁹ ⇔√ │ SMS≤ ⌐ ─

ה ╩ ∆╢  4-15─ 1 ≤ ↔≤⌐

─ ╩ ⇔√℮ⅎ≢ ─ ╩ ∆╢  4-15─

2 ≢№╢⁹∕─ ⌐ ≠⅝ ⇔√ ─ ╛

⌐ ⌂ ™⅜ ≢⅝√↓≤⅛╠ ╛ ⌂≥─ ─ ╩╟╡

™ ≢ ∆╢↓≤⅜≢⅝╢ ─ ה  4-15─

1 ╩ ∆╢↓≤≤⇔√⁹ ─ ⌐ ≠ↄ ∕╣∙╣─ ─ ┘

╩  4-15⌐ ∆╢⁹ 
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SMS Sequential Modeling System of  geological evolution impact on groundwater flow

╒⅛ 2009  

 4- 18 ─ ╩ ⇔√ ה ─ ╣ JAEA 2017  

 

 4- 15 4D- SDM ⌐⅔↑╢ ה ─ ⅎ  

 1 2 

 ¶  

¶  

¶  

¶  

  

─ ─ ≢ ╠

╣√ ┘ ╩  

¶ ≢№╢√╘ │

⌐ ⇔⌂™ 

¶ ─ ─ ≢

╠╣√ ╩  

 ╛ ⌂≥─

─ ╩ ⌐

≢№╢√╘ ⌂≥

─ ╩ ⅛ↄ  

╩ ≢ ↄ↓≤⅜≢⅝

╢√╘ ╩ ∆╢↓≤⅜ √∞

⇔ ≢ ╩ ∆╢

╩ ∆╢  

 ≢№╢√╘

⅜ ™⁹ 

─ ⌂ ≤™∫√

─ ─ ╩ ∆╢√╘

─ ⅛⌂ ⌂ ╩ ≢

⅝⌂™⁹ 

 ⅛╠ ⌐⅔↑╢

╛ ─ ╩ ∆

╢√╘─⸗♦ꜟ ה ≤⇔

≡ 4D-SDM─ ⌐  

¶ ╛ ─ ─ ⌂

╩ ≤⇔√⸗♦ꜟ ה ⌐  

¶ ╛ ⌂≥─

⅜ ╛ ─ ⌂

≥⌐ ⅎ╢ ╩ ∆╢√╘─

⌐  
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4.6.2   ─ ⸗♦ꜟ╩ ™√ ה  

⇔√ ─ ⸗♦ꜟ╩ ™√ ה ╩ ∂≡

ה ⸗♦ꜟ╩ ∆╢√╘─ ⱨ꜡כ≤ ─ ≤ ─√╘

─ ╩∕╣∙╣  4-19  4-16⌐ ∆⁹ 

 ╕√  4-18⌐ ∆╟℮⌐ ─ ╩ ⇔√ ה ─

╣╛∕─ │ ⅎ┌ JAEA2017⌐ ↕╣≡™╢─≢ ⌐↕╣√

™⁹ 

 

  

 4- 19 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉ 

⌐ ╢ ⱨ꜡כ 
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 4- 16 ₈ ╩ ≤⇔√ ה ⸗♦ꜟ─ ₉  

─ ≤  

 ─   

╩ ≤
⇔√

ה
⸗♦ꜟ

─  

─
 

─ ≤
─ ─

─  

¶ ─ ⌐ ≠™√

≢№╢↓≤ 

¶ ⅛╠ ╕≢─ ─

⅜ ⇔ↄ ↑ ↕

╣≡™╢↓≤ 

─
 

─
≤⇔≡
╩  

¶ ─ ⅜ ⇔ↄ

↕╣≡™╢↓≤ 

─
 

─ ⌐
⸗♦ꜟ╩ ™

√ ╩ ∆╢⁹ 

⅜♪כ◖ ¶ ⌐ ∆╢↓≤ 

¶ ⅜ ⌐ ∆╢↓≤ 

¶ ⅜ ⌂

™ ≢№╢↓≤ 

─ 

 

¶ ⸗♦ꜟ

╩ ™√ ╩

∆╢⁹ 

ה ¶

 

¶ Ɽꜝⱷכ♃⅜ ⇔ↄ ↕╣≡™

╢↓≤ 

ה ¶ ⅜ ⇔ↄ ↕╣≡

™╢↓≤ 

¶ ⅜ ⌐ ∆╢

↓≤ 

─
ה  

╩ ┘ ⇔
☻כ◔ ─

╛ ≤─ ─
╩♃כ♦─╘√ ∆
╢⁹ 

¶ ≢ ╠╣√⸗♦ꜟ ─ ה

─ ⅜ ─ ⸗

♦ꜟ╛ ─ ⸗♦ꜟ≤

∆╢↓≤ 

─☻כ◔ ¶ ─ ─

╩ ≢⅝╢↓≤ 

 

(1)  ─  

─ ╩ ⇔√ ┘ ⌐ ⇔√ ─

╩ ∆╢ ─ ┘ ⌐ ∆╢ ─ ⅜ ≤⌂╢⁹ ⌐

╩ ≤⇔√ ה ⌐⅔™≡│ ─ ⅜ ⌐

⅝⌂ ╩ ╓∆ ⅜ ⅎ╠╣╢√╘ ─ ⌂≥⌐ ≠⅝ ⌂

╩ ∆╢↓≤⅜ ≢№╢⁹ 

─ ╩ ≤⇔√ ה ⌐⅔↑╢ ⌂ ─

≤⇔≡│ №╢ ─ ⸗♦ꜟ╩ ™≡ ─

┘ ╩ ⇔ ∕╣╩ ≤∆╢ ⅜№╢⁹╕√ ⌂≥⌐ ≠⅝ 100

⌐⅔↑╢⸗♦ꜟ ─ ⅜ ⌐№∫√↓≤⅜ ↕╣╢╟℮⌂ ≢│

─ ≤⇔≡│ 100 ─ ╛ ⌐ ≠™√ ╩ ⇔

⌐≈™≡│ ⸗♦ꜟ─ ╩ ⌐╟╢ ≤∆╢≤™∫√ ⅜ ⅎ╠╣

╢⁹ 

─ ─ ⌐ ⇔≡│ ≈ ─ ╩ ≤⇔√
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ה ─ ╩ ≤∆╢⁹№╢ ╩ ≤⇔√ ה

─ ≤ ∕─ ╩ ─ ─ ה ─

≤⇔≡ ↑ ∆↓≤╩ ╡ ⇔ ℮↓≤≢ 100 ─ ה ─

╛ ה ╩ ⌐ ∆╢  4-20⁹↓─≤⅝ ─

─ ↑ ⇔⅜ ⌐ ╦╣≡™╢↓≤╩ ∆╢↓≤⅜

≢№╢⁹ ⌂╢ ≢ ─ ↑ ⇔╩ ℮ ≤⇔≡│ ⅎ┌ №

╢ ─ ⅛╠ ─ ┘ ╩ ⇔√

─ ╛ ─ ╩ ⇔≡ ─ ─ⱷ♇◦ꜙ⸗♦ꜟ⌐ ∆

╢ ╩ ⇔ ∕─ ⌐∕─ ╩ ↑ ∆≤™∫√ ⅜№╢⁹ 

 

 

 4- 20 ─ ╩ ⇔√ ─ ≤ ─  

 

(2)  ─  

4D-SDM─ ⌐⅔™≡│ ⌐ ╩ ∆╢℮ⅎ≢ ⌂ ◘▬

◒ꜟ⌐ ℮ ≤ ─ ╩ ∆╢ ⅜№╢⁹ ⌐ ⇔≡│ 4.3.1

≢ ⇔√ ─⸗♦ꜟ⌐ ≠⅝ ╩ ∆╢⁹ 

─ ╩ ⇔√ ╩ ∆╢⌐│ ╕∏ ─ ╩ ⇔ ∕╣

╩╙≤⌐ │ ─ ─ ╩ ∆╢↓≤≤⌂╢⁹ ─ ⌐≈™

≡│ ⅜ ⇔√ ⌐♃כ♦ ≠™≡ ─ ⌂ ╩ ⇔√℮ⅎ≢

╩ ™ ┼─ ╩ ∆╢ ⅜№╢ ⅎ┌ ╒⅛ 2011 ה

2015⁹╕√ ⸗♦ꜟ⌐⅔↑╢ │ ≤ ─ ≤─Ᵽ

ꜝfi☻⌐╟╡ ╕╢↓≤⌐ ⇔ ⌂ ⅜ ╠╣╢╟℮⌂ ╩ ∆

╢≤™℮ ╙№╡ ╢⁹↓─ ─ ⸗♦ꜟ╩ ™≡ ⌐ ⇔√

╩ ™ ⇔√ ≤ ≢№╢ ─ ╩ ∆╢⁹

─ ⅜♃כ♦ ≢№╢ ≤ ─ ╩♃כ♦ ∆╢

↓≤≢ ⌂ ╩ ∆╢↓≤⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹ 

⅛╠ №╢™│ ⅛╠ ⌐⅔↑╢ ה ⌐⅔™≡│

│ ⌐ ∆╢ ╛ ╩ ⌐ ⇔√ ⅜ ┼ ∆╢ ─

╩╙≤⌐ ╩ ∆╢↓≤≤⌂╢⁹ ⌂ ≤⇔≡ ⅎ┌ ה 2000

╩ ⌐ ─ ⅜ ─ ─ 5 ⌐⌂╢≤ ∆╢≤≤╙⌐ ┘

─ ⅜ ⌐ №╢™│ ∆╢╟℮⌐ ∆╢≤™℮╙─⅜№╢⁹⌂⅔

Å

ṕ n Ṗ
ÅnṌn+1

Å

ṕ n+1 Ṗ
Ån+1 Ṍn+2

Å

ṕ n+2 Ṗ
Ån+2Ṍn+3

ṕnṌn+1 Ṗ ṕn+1 Ṍn+2 Ṗ ṕn+2 Ṍn+3 Ṗ
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4.3.1≢ ⇔√╟℮⌐ ⸗♦ꜟ ≢ ⌐ ⅜ ↕╣╢↓≤⅜ ↕╣╢ │

⅜ ⌐ ↕⌂ ⌐⌂╢╟℮ ∆╢⁹ 

 

(3)  ┘ ─ ─ ה  

╩ ∆╢ ⌐ ─ ─ ╛ ⌂≥╩ ≤⇔√ ╩

∆╢⁹ │ ™ↄ≈⅛─ ─ ⸗♦ꜟ╩ ™≡ ╩

⇔√ ┘ ╩ ⇔√℮ⅎ≢ ─ ╕≢─ ╩ ⌐

∆╢⁹ ⌐╟∫≡ ─ ⌂≥⌐ ⅜ ≈⅛∫√ ה

─ ╛ ⸗♦ꜟ─ ⇔╩ ℮⁹ 

≤⇔≡ ה ╩ ∆╢⁹ │ ⌂ↄ

≤╙ ─ ה ╛ ─ ┘∕╣╠─ ⌐≈™≡

╩ ™ ⇔√ ⅜ ⌐ ↕╣√ ⌂╙─≢№╢↓≤╩ ∆╢⁹ 

 ╕√ ≢ ╠╣√ ⸗♦ꜟ╩ ™≡ ╩ ™ ─

┘∕─ ╩ ∆╢⁹ ╩

℮ │ ⇔√™ ⌐ꜟכ◔☻╛ ∂≡ ╩ ∆╢⁹ 

 

4.7  ╩ ⇔√ 4D- SDM─  

2 ⌐ ⇔√≤⅔╡ 4D-SDM│ ─ ה ─ ─ ╩ ≤⇔≡

∆╢√╘ 4D-SDM⌐╟╢ ≤ ≤─ ⌐╟╢ ╩ ∆╢↓≤⅜≢⅝⌂

™⁹∕─√╘ ⅛╠ ╕≢─ ─ ╩ ⇔√ ה ⸗♦ꜟ

⅜ ↕╣√ ─ ≤ ≢№╢↓≤╩ ⇔  2-1 ─ᵔ 4D-SDM⌐

⇔√ ⅛╠ ╕≢─ ─ ─ ─ ╩ ∆╢↓≤╩ ∂≡ 4D-

SDM─ ╩ ∆↓≤≤⌂╢⁹ 

╕√ 3 ⌐ ⇔√≤⅔╡ 4D-SDM│ 100 ≤™∫√ ─ ꜟכ◔☻ ⅛≈

km≤™∫√ ⌂ ╩ꜟכ◔☻ ∆╢╙─≢№╢⁹∕─√╘ 4D-SDM─

╩ ℮ │ ⸗♦ꜟ⌐ ⇔√ ⌐ ∆╢ ⌐ ⅎ≡ ∕─

─ ─ ╛ ⸗♦ꜟ ─ ⌐ ∆╢ ╩≥─╟℮⌐ ∆╢⅛⅜

≤⌂╢⁹4D-SDM─ ╩ ∆╢⌐№√∫≡│ ⸗♦ꜟ⌐ ∆╢ ─

╩ ™ ⇔√℮ⅎ≢ ∕─ ⌐ ⇔√ ╩ ™ ∕╣╠─

⅜№╠⅛∂╘ ⇔√ ⌐ ⅎ╢ ╩ ∆╢↓≤ ₈ ₉≤™

℮ ⅜ ≢№╢⁹ 

╩ ╕ⅎ≡ 4D-SDM⌐ ∆╢↕╕↨╕⌂ ╩ ⇔≈≈ ∕─

╩ ℮√╘─ ⅎ ≤ ╩ ⌐ ∆╢⁹ 

4D-SDM─ ≤ ─ ⱨ꜡כ╩  4-21⌐ ∆⁹╕√ ⱨ꜡כ⌐

⇔√ ─ ⅎ ╩ ─(1)(5)⌐ ∆⁹ 
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 4- 21 4D- SDM─ ≤ ─ ⱨ꜡כ 

 

(1)  ─  

4D-SDM─ ┘ ╩ ℮⌐№√╡ ∆╢ ╩ ∆╢⁹

╩ ∆╢ │ ╛ ─ ⌐ ℮ ╩ ⅎ╛∆™╙─╩ ∆

╢↓≤⅜ ╕⇔™⁹╕√ 4D-SDM╩ ─ ─ ⌐⅔↑╢ ─

ה ─ ⌐ ∆╢≤™℮ ⅛╠ ⅜ Ᵽꜞ▪─

┘ Ᵽꜞ▪≤⇔≡─ ╩ √∆√╘⌐ ╘╠╣╢ ≢№╢₈ ─ ↕₉╛

₈ ⌐ ℮ ─ ₉≤ ∆╢ ╩ ∆╢⁹ 

≢│ ─ ─ ⌐ ↕╣╢ ⌐ ╩

╓∆ ┘ ↕╣╢ ⌂ⱪ꜡☿☻⅜ ↕╣≡⅔╡ ∕─ ≢ ה

┘ ה ⅜ ⌐ ╓∆ ≤⇔≡ ₈ ╛ ─

⅛≈ ⌂ ₉⅜ →╠╣≡™╢  4-17⁹↓╣│ ≢│№╢╙── ⅛≈

⌐ ┬╙─≢№╢√╘ ↓─ ╩ ⅎ╢↓≤⅜ ⌂ ╩ ∆╢↓≤⅜

≢№╢⁹ 

∆═⅝

─

Å₈ ─ ↕₉╛
₈ ⌐ ℮ ─

₉╩ ⌂

─

Å ה ⸗♦ꜟ
⌐№√∫≡─

Å ⸗♦ꜟ ⌐
№√∫≡─

─

Å ∆═⅝ הꜟכ◔☻
╩ꜟכ◔☻ ⇔

┘
╩☻כ◔

4D- SDM─

Å ─ ⌐ ∂≡
─ ╩

Å ⅜ ⌐
╓∆ ╩

4D- SDM─
Å ─ ╛ ─
╩
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 4- 17 ─ ─ ⌐ ↕╣╢ ┼─ ≤∕─  

⌐ ≠⅝  

┘ ⌂ⱪ꜡☿☻ ⌐ ╓∆  

ה  ⱴ◓ⱴ─ ┘ ┼─  ─ ┼─ ─  

ה

─ ה  

╛ ─ ה

 

¶ ─  

¶ ─pH─ │

─  

ה  ⅛╠ ⌐ ∆╢ ─

 
─ ה  

─ ─ ─

┘ ─  

─ ┘ ─

┼─  

ה  

ה

─ ╩  

─ ↕─ ⇔™  ─ ┼─ ─  

╛ ─ ⌂  
╛ ─

⅛≈ ⌂  

─  ⅜ ™ ─  ─ ┼─  

 

(2)  ─  

╩ ℮⌐№√╡ 4D-SDM╩ ™√ ⌐ ─ ⌐ ╩ ⅎ

╢≤ ⅎ╠╣╢ ╩ ⌐ ∆╢⁹ ╩ ∆╢⌐ √∫≡│

ה ⸗♦ꜟ≤ ⸗♦ꜟ─ ⌐ √∫≡ ⌐ ∆═⅝ ∞↑

≢⌂ↄ ─ ╛ ╩ ∆╢ ⅜№╢⁹ ה

⸗♦ꜟ ─ ⅛╠│ ₈ ה ─ ₉ ┘₈ ה ─

₉⌐ ∆╢ ╩ ה ∆╢⁹ ⸗♦ꜟ ─ ⅛╠│

₈ ⸗♦ꜟ ─ ─⸗♦ꜟ ⸗♦ꜟ─ ⌂≥ ₉ ┘₈

ה ─ ה ─ ⌂≥ ₉⌐ ∆╢

╩ ה ∆╢⁹ 

ⅎ┌ JAEA2017⌐╟╢≤ ה ⸗♦ꜟ─ ─∆═≡─

⌐ ⅜ ⇔≡⅔╡ ∕─ ⌐╟∫≡ ─ ⸗♦ꜟ╛ ⸗♦ꜟ

⅜ ↕╣╢↓≤⅜ ↕╣≡™╢  4-18JAEA2017⁹↓─╟℮⌂ ╩ ⌐ ה

─ ⌐ ╢ ⅎ┌ ה ╛∕╣╠⌐ ⇔√

┘ ─ Ɽꜝⱷכ♃≤∕─ ╩ ה ∆╢↓≤≢ ה

⸗♦ꜟ─ ⌐ ╢ ╩ ∆╢⁹ 

╕√ ⸗♦ꜟ─ ⌐⅔™≡│ ⸗♦ꜟ ─ ™⌐ ∆╢

┘ ─ ╛┌╠≈⅝⌐ ∆╢ ⌂≥⅜ ∆╢↓≤⅜

↕╣≡™╢ JAEA2017 4-19⁹↓─╟℮⌂ ╩ ⌐ ⸗♦ꜟ ─

╛∕─ ╛ ─ ⅜ ⌂╢ ─ ⸗♦ꜟ╩ ⇔

╩ ∆╢↓≤≢ ⅜ ⌐ ╓∆ ─ ⅜ ≤⌂╢⁹ 
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(3)  ─  

│ (1)≢ ⇔√ ⌐ ⅝⌂ ╩ ⅎ ╢ ⌂ ╩ ∆

╢↓≤╩ ≤⇔≡ ∆╢⁹╕√ ≢ ↕╣√ ⌂ │

⌐⅔™≡ ↕╣╢↕╕↨╕⌂ ⌐⅔™≡╙ ∆═⅝ ⌂ ⌐⌂╢≤≤╙

⌐ ◘▬♩ ─ ╛4D-SDM─ ⌐⅔™≡╙ ≤⌂╢⁹ ─ ╩

 4-22⌐ ∆⁹ 

⌐ (1)≢ ⇔√ ╩ ∆╢√╘⌐ ⌂ ╩ ∆╢↓≤⅜≢⅝╢

─ ┘ ╩ ∆╢⁹ 

⌐ (2)≢ ה ⇔√ ╩ ≤⇔√ ╩☻כ◔ ∆╢⁹∕

─ (1)≢ ⇔√ ⌐ ∆╢ ─ │ ꜟכ◔☻ ┘ ꜟכ◔☻

≢ ⌂╢ ⅜№╢√╘ ╩ ∆╢ ⌐ ∆═⅝ ꜟכ◔☻ ┘

╩ꜟכ◔☻ ⇔≡ ╩☻כ◔ ∆╢⁹ │≡™≈⌐ꜟכ◔☻ ⌐

⅔↑╢ ה ─ ─ ⸗♦ꜟ╛ ה ─◘▬◒ꜟ╩ ⇔≡

∆╢⅜ JAEA2018a╩ ⌐∆╢≤ 100 ꜟכ◔☻ ꜟכ◔☻

┘ 10 √∫™≥ꜟכ◔☻ ⅜ ╕⅛⌂ ≤⌂╢⁹╕√ │≡™≈⌐ꜟכ◔☻

─ ⌐⅔↑╢ ╛ ╩ꜟכ◔☻ ╕ⅎ≈≈ ⌐

⅔↑╢ ─ ╛ ⌂≥╩ ⇔≡ ∆╢⅜ JAEA2018a╩ ⌐

∆╢≤ ⸗♦ꜟ ╩ ∆╢ ─ ╩ ⇔≈≈ 10 km km ≤™∫

√ ⅜ ╕⅛⌂ ≤⌂╢⁹ ⌂ ≢ ⌂ ╩ ∆╢√╘⌐│

─ ⌐ꜟכ◔☻ ⇔≡ ╩ ℮↓≤⅜ ≢№╢⁹ 

6 ⌐ ∆╢ ╩ ≤⇔√ 4D-SDM─ ⌐ ≠ↄ≤ ╕∏

─ ╛ ♃כ♦─ ⅜ ≢ ≢⅝╢ ╩ ™

⌐ ⅝⌂ ╩ ⅎ╢ ╩ ╡ ╗⁹∕─℮ⅎ≢ ╡ ╪∞ ⌐

⇔≡ ╛ ה ─ ⌂ ╩ ⇔√ ╩ ™ ∕─ ─

╩ ⇔ ⌂ ╩ ∆╢ ⌂ ⅜ ≢№╢⁹⌂⅔ ─

≢ ∆╢ │ ─ ה ⌐⅔↑╢ ⌂ ╩ ╕ⅎ≡

⇔√™ↄ≈⅛─ ╩ ⌐ ∆╢⁹ ⌐≈™≡│

─ ╩ꜟכ◔☻ ≤⇔√ ╩ ™ ─ ╛ ☻כ◔ ─ ╩

⇔√℮ⅎ≢ 100 ─ ─ꜟכ◔☻ ╩ ℮↓≤⅜ ≢№╢⁹ 
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 4- ה 18 ⸗♦ꜟ─ ⌐ ∆╢  

JAEA 2017 ⌐ ≠⅝  

⅜ 

∆╢  
  ─  

─
 

⸗
♦
ꜟ
─

 

─ ה
 

╛ ⌐ ≠™≡
┘ ─ ה ─

─ ┘∕╣╠─
⌐ ╦╢ ╛ ∆═⅝ ה

╩ ∆╢√╘─
⌂≥─ ╩ ה ∆╢⁹ 

ה ─ ה
≤∕─ ⌐

∆╢ ─
╛ ─ ™ 

─ ⌐╟╢ ╛ ─ ™
⌂≥

⌐╟╡ ⌂╢ ╛ ⅜ ╠╣╢
⅜№╢⁹ 

 ─♃כ♦

 

FEP ⌐
≠ↄ ∆═
⅝ ─  

ה ⇔√ ⌐ ≠™≡ ⌐⅔
↑╢FEP ╩ ⇔ ─ ≢

∆═⅝ ╩ ∆╢⁹ 

⇔√ FEP─
 

⇔√ ─ ╛ ─ ⌐
╟╢ ⌐╟╡ ∆╢∆═≡─
⅜ ≢⅝⌂™ │ ↕╣√FEP
⅜ ≢⌂™ ⅜№╢⁹ 

◦♫ꜞ○─ 

 

◦♫
ꜞ○─  

─ ╩ ⌐ ⇔√ ╩
≢ ה ה ☻◒♬♩◒♥ה

⌂≥╩ ≢ ═√ ╩ ∆╢≤
≤╙⌐ ≢ ─ ╣√ ◦♫
ꜞ○╩ ∆╢⁹ 

ה ⌐
∆╢ ─ⱪ꜡☿
☻─  

⌐ ∆╢ ─ ╛
─ ◦♫ꜞ○ ⌐│ ⇔√
─ ╛ ─ ⌐╟╢
⌐╟╢ ⅜ ╕╣≡⅔╡ ─◦

♫ꜞ○⅜ ≢⅝╢ ⅜№╢⁹ 

⸗♦ꜟ
─  

⌂ ה ⌐ ≠™≡
≤⌂╢ ╩ ∆╢ ╩

⇔≈≈ ─ ≤⌂╢ ╛ ⌂
≥╩ ≤⇔√ ╩ ∆╢⁹ 

⸗♦ꜟ
─ ™ 

─ ≢│ ╛
⌐ ℮ ה ─ ⌐╟∫

≡ ─ ≤⌂╢ ╛ ⌂≥
⅜ ⇔ ⸗♦ꜟ ╩ ∆╢

⌐ ╩ ╓∆ ⅜№╢⁹ 

⸗♦ꜟ─
 

⇔√ ≤◦♫ꜞ○⌐ ≠™≡ ∆
═⅝ ≤∕─ ⌐ ⇔≡ ⌐ ⇔
√⸗♦ꜟ╩ ∆╢⁹ 

ה ⌐
∆╢ ─ⱪ꜡☿
☻─  

⌐ ⇔≡ ⇔√ ╛ ◦ה
♫ꜞ○─ ⅎ┌ ─

─ ─ ™⌂≥ ⌐╟╡ ─
⸗♦ꜟ⅜ ≢⅝╢ ⅜№╢⁹ 

⸗♦ꜟ─
 

⸗♦ꜟ≢ ⇔√ ⌐ ⇔≡
⇔√ ⌐ ≠⅝ ─ ─
⸗♦ꜟ╩ ∆╢⁹ 

⸗♦ꜟ─
 

⌂┌╠≈⅝╛ ⌂╢ ⅜№╢
─ ╡ ™ ╛ ─ ה
─ ה ─ ⱪ꜡☿☻─ ™⌂≥
⌐╟∫≡ ─ ⸗♦ꜟ⅜ ≢⅝╢

⅜№╢⁹ 

⸗♦ꜟ─ 
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 4- 19 ⸗♦ꜟ─ ⌐ ∆╢  

JAEA 2017 ⌐ ≠⅝  

⅜ 

∆╢  
  ─  

─
 

⸗
♦
ꜟ
─

 

⸗♦ꜟ ─
 

⌂ ה ⌐ ≠™≡⁸
╩ ∆╢ ╩

⇔≈≈⁸ ─ ≤⌂╢ ╛
⌂≥╩ ≤⇔√⸗♦ꜟ ╩ ∆
╢⁹ 

⸗♦ꜟ
─ ™ 

╛ ⌐ ℮ ה
─ ⌐╟∫≡ ─ ⅜ ∆╢⌂≥⁸

╩ ∆╢ ⌐ ╩
╓∆ ⅜№╢⁹ 

◦♫ꜞ○─ 

 

 

─  

⸗♦ꜟ⌐ ↕╣╢ │⁸
⌂≥─ ─ ™⌐ ≠⅝

∆╢⁹ 

─
™ 

─ ⌐ ∆╢ ⅜ ⇔≡
⅔╡⁸⸗♦ꜟ ⌐⅔↑╢ ╩

∆╢√╘─ ⌂ ⅜≢⅝⌂™
⅜№╢⁹ 

 ─♃כ♦

 

⸗♦ꜟ ─
 

⸗♦ꜟ ⌐⅔↑╢ ╩
⇔≈≈⁸∕╣╠─ ╩ ⸗♦ꜟ≤⇔

≡ ⌂⸗♦ꜟ ╩ ∆╢⁹ 

⸗♦ꜟ
─ ™ 

⸗♦ꜟ ─ ⌐ ∆╢ ─
╛ ─ ⌐╟∫≡⁸∕╣╠─ ∆╢

╩ ⌐ ⸗♦ꜟ≤⇔≡ ≢⅝⌂™
⅜№╢⁹ 

◦♫ꜞ○/♦
─♃כ

 

⸗♦ꜟ ─ 

 

⸗♦ꜟ⌐ ⇔√ ┘ ⇔
√ ─ ─ ⌐
⇔≡⁸ ─√╘─ ─ ⅝

↕╩ ∆╢⁹ 

─
™ 

┘ ─ ─ ⅜
⌂ ─ ⅝↕≢№╡⁸⸗♦ꜟ

─ ╩ ⌐ ≢⅝⌂™
⅜№╢⁹ 

⸗♦ꜟ─ 

 

↔
≤─ ─

 

⸗♦ꜟ ⌐ ∂≡⁸ ─
╩ ⸗♦ꜟ⌐ ∆╢√╘─

╩ ∆╢⁹ 

─
╛┌╠≈

⅝ 

─ ⌐ ∆╢ ⅜ ⇔≡
⅔╡⁸⸗♦ꜟ ⌐⅔↑╢ ╩

∆╢√╘─ ⌂ ─ ⅜≢⅝⌂
™ ⅜№╢⁹ 

 ─♃כ♦

 

ה

─  

 ה

 

 

⇔√⸗♦ꜟ ─ ⌐⅔↑╢
╛ ≤ ⇔√

╩ ∆╢⁹ 

⸗♦ꜟ
─ ™ 

╛ ⌐ ℮ ה
⅜ ∆╢↓≤≢⁸⸗♦ꜟ ⌐ ⌂

╩ ≢⅝⌂™ ⅜№╢⁹ 

◦♫ꜞ○─ 

 

 

 

⸗♦ꜟ ┘⸗♦ꜟ ⌐ ∂≡⁸
─ ≤⌂╢ ╛ ╩

∆╢⁹ 

─
╛┌╠≈

⅝ 

╛ ה ─ ≤™∫√
⌂ ─ ⌐ ∆╢ ⅜ ⇔≡⅔╡⁸

⌐ ⌂ ╩ ≢⅝⌂™
⅜№╢⁹ 

 ─♃כ♦
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 4- 22 4D- SDM─ ⌐ ⇔√ ─  

 

(4)  4D- SDM─  

(3)≢ ⇔√ ╩ ™≡ ⇔√ ꜟכ◔☻ ┘ ⌐≥↔ꜟכ◔☻

╩ ℮⁹ ╩ ℮⌐ √∫≡│ 4D-SDM⌐ ∆╢ ╩

OECD/NEA (2012)⌐ ↕╣√ ⌐⅔↑╢ ─ ◦♫ꜞ○ ⸗♦ꜟ כ♦┘

♃ ⌐ ∆╢⁹ ⌐│ ₈◦♫ꜞ○─ ₉│ ─ ─ ⌐ ╢

≢№╡ ₈⸗♦ꜟ─ ₉│ ⸗♦ꜟ─ ◘▬☼≤™∫√ ─

⌐ ╢ ─♃כ♦₈ ₉│ ╛ ⌂≥─ ⌐ ╢

≢№╢⁹ JAEA2017╩ ⌐∆╢≤ ה ⸗♦ꜟ ┘

⸗♦ꜟ─ ⌐ ╢ ↔≤─ │  4-18┘  4-19─╟℮⌐ ↕╣╢⁹

↓─ ─ ⌐ ∂≡ ─ ╩ ∆╢⁹ 

╩ ⌂ ╡ ⌐ ∆╢√╘⌐ ⅜ ⌐ ╓∆

╩ ∆╢⁹ ≢│ JAEA2018a ╒⅛ 2019╩ ⌐

╩ ™√ ⌐≈™≡ ∆╢⁹ 

│ ╩ ≢ ⇔√╙─≢№╡ ⅜ ∆╢ ─ ─

╩ ⇔√┌╠≈⅝╩ ∆ ≢№╢⁹ ╩ ™╢↓≤≢ ─♃כ♦ ⌐

│
╡ ╪∞⅛

Yes

No

╩ ≤⇔√
─

⌐ ⅝⌂ ╩ ⅎ╢
─ ╡ ╖

─☻כ◔

─ ─

─√╘─
הꜟכ◔☻ ꜟכ◔☻

─

Å

⌐ ≠⅝

Å ╩ ∆╢√╘⌐
⌂ ⌐ ≠⅝

Å ⌐⅔↑╢
ה ─ ─
⸗♦ꜟ╛ ה
─◘▬◒ꜟ⌂≥╩

⇔≡

⅛╠100 ─
╩ꜟכ◔☻ ≤⇔√

─

4D- SDM─ ╩ ∆╢℮ⅎ
≢ ⌂ ─
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∆╢ ⌂ ╩ ∆╢↓≤⅜≢⅝╢⁹ ─ ≤∆╢ ™⅔⌐☻כ◔

≡ ↕╣√ ─ ╛ ─ ⌂≥╩ ≤⇔≡

╩ ∆╢⁹ ⅎ┌ ─ ⌂≥ ⸗♦ꜟ─ ╛ ⌐

⅜ ╡ ≡╠╣√ ⌐≈™≡│ ╛ ↔≤⌐ ╩ ℮⁹╕√ ─

⌐≈™≡│ ≢☻כ◔ ╠╣√ ╩ ™≡ ╩ ⇔

⌐ ∆╢ ╩ ∆╢ ⅛╠ ╕≢─ ╩ ⇔ ∕╣╩

─ ≤⇔≡ ╩ ℮⁹ ╩ ™√ ─ ─ ⌐≈™

≡│ JAEA2015┘ ╒⅛ 2019╩ ↕╣√™⁹ 

≢ ⇔√ │ ⸗♦ꜟ─ ╛ ⌂≥─ ≤ ╦∑╢↓≤≢

─◖fi♃כ ≤⇔≡ ⌐ ∆╢↓≤⅜≢⅝╢≤≤╙⌐ ≤⇔

♃כ♦≡ ∆╢↓≤≢ ⌐ ∆╢↓≤⅜≢⅝╢ JAEA2018a⁹╕√ 6 ≢

∆╢ ⌐⅔™≡│ ⅜ 1 % ─ ╩ ⌂ ™≤ ⇔ ∕─

─ ≤ ─ ╩◓ꜝⱨ⌐ⱪ꜡♇♩ ₈CVⱪ꜡♇♩ CV Coefficient of 

Variation ₉≤™℮ ∆╢↓≤≢ ─ ╩╟╡ ⌐ ∆╢↓

≤╩ ⇔√  4-23⁹CVⱪ꜡♇♩⌐⅔↑╢ ─ ⅜ 1% ─ ╩≤╢

─ ⅜ ↕™╒≥ ─ ⅜ ⌐ ╪≢™╢↓≤╩ ⇔

─ ⌐ⱪ꜡♇♩⇔√ ≢─ ⅜ ⅝™╒≥ ─ ⅜ ⅝

™↓≤╩ ∆  4-24⁹ ⅎ┌ CVⱪ꜡♇♩─ ⌐⅔↑╢0.9≤0.75─ ⇔√

─℮∟20%┘50%─ ≢ ⌐ ⌂ ™⅜ ∂√↓≤╩ ∆ ╩

─ ─ ≤ ⇔ CVⱪ꜡♇♩─ ⌐⅔↑╢ 20%┘ 50%─ ⌐

∆╢ ⌂┌╠≈⅝⅜ 20%50%≢№╢↓≤╩ ∆ ╩ ⅜ ╓∆ ─

⅝↕─ ≤ ⇔≡ ⌐ ∆╢⁹  4-24≢│ ⅜ ╓∆

─ ≤ ⅝↕⌐ ≠™√ ⌂ ╩ 5 ⌐ ⇔≡ ⇔√⁹ ⅜

╩ ╓∆ ╛ ⅝↕─ ┘ ⌐≈™≡│ ⸗♦ꜟ ↔≤⌐ ⌂╢ ⅜№

╢↓≤⌐ ∆╢ ⅜№╢⁹ 

 

 

 4- 23 ⌐ ≠ↄ CVⱪ꜡♇♩─  

 

[%]

ṙ
-Ṛ

1%

CV
1%

1

ẖ
1%

ḯ
ḯ
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 4- 24 CVⱪ꜡♇♩⌐ ≠ↄ ⱴ♩ꜞ◒☻  

 

(5)  4D- SDM─  

⇔√4D-SDM─ │ (4)≢ ⇔√ ⌐╟∫≡ ⇔√ ⌂

╩ ⇔≈≈ 4D-SDM⌐ ≠⅝ ⇔√ ≤ ≤─ ╩ ∂≡

∆╢⁹ ≤ ≤─ │ (1)≢ ⇔√₈ ─ ↕₉ ┘₈

⌐ ℮ ─ ₉⌐ ∆╢ ⌐ ⇔≡ ℮⁹ ≢│ JAEA

2017JAEA2018b ╩ ⌐ ≤ ─ ⌐ ⇔√4D-SDM─

⌐≈™≡ ∆╢⁹ 

JAEA2017JAEA2018b≢ ↕╣√ ⅛╠ ╕≢─

─ ╩ ⇔√ ─ ─ ⌂ ─ ▪ⱪ꜡כ♅╩  4-25⌐

∆⁹↓─▪ⱪ꜡כ♅⌐⅔™≡│ 14C 4He ┘ 36Cl ⌂≥⌐ ≠ↄ

≤─ ⌐ ─ ╩ ™╢⁹ ─ │ ⇔√4D-SDM╩ ™√

╩ ⇔ ⅛╠ ╕≢─ ─ ⅛╠ ∆╢⁹╕√

Ⱳכꜞfi◓ ≢ ╠╣√ ─ ▬○fi ─ ⱪ꜡ⱨ□▬ꜟ╛ ⌐╟

╢ ╩ ™≡ 4D-SDM⌐ ≠⅝ ⇔√ ─ ≤─ ╩ ℮⁹ 

 4-25─ ▪ⱪ꜡כ♅│ 4D-SDM─ ─ ⌐ ∆╢ ≤

─ ⌐ ⇔≡ ≤ ≤─ ╩ ℮╙─≢№╢√╘ 4D-SDM─

⌐ ∆╢↓≤⅜ ≢№╢⁹ ─ ≤─ ⌐ √∫≡│ ⅜

™≤ ⅎ╠╣╢ ≢ ⇔√4D-SDM─ ╩ ≥☻כ◔ ↑≡ ─ ◔

─☻כ ╩ ≡⇔≥⅝≈╠┌─╠⅛☻כ◔ ⅎ╢↓≤≢ ≢ ⇔√

⌐╟╢ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹↓─ ─ ╩╙∫≡ ─

╩ ∆╢↓≤⅜ ╩ ⇔√4D-SDM─ ≤™ⅎ╢⁹≈╕╡

/ / /

/ / /

/ / /



 

52 

ↄ⌂≢↑∞☻כ◔ ╙☻כ◔ ╘≡4D-SDM─ ≢№╡ ⇔√ ─

╩ ╡↓╖≈≈ ⌐ ≠↑╢↓≤⅜ ≢ ∆╢ ╛ ─ ≤⌂╢⁹

─ ╩ ⇔√ 4D-SDM─ ─ ⌂ ⌐≈™≡│ 6 ≢ ∆╢

╩ ↕╣√™⁹ 

 

 

 4- 25 ─ ─ ⌂ ─ ▪ⱪ꜡כ♅ JAEA 2017  
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5.  4D- SDM─ ─ ⸗♦ꜟ  

≢│ ≢ ↕╣√ ─ ≈≢№╢ ⅜ ∆

╢ ⌂ ╩ ≤⇔√4D-SDM ─ ╩ ∆⁹  3-1⌐ ∆╟℮⌐

╩ ≤⇔√4D-SDM ─ │ ⌐ ⇔≡⅔╡ ╩

≤⇔√ ⌐│ ┘ ╩ ≤⇔√ ≢ ⇔√ ⅜

↕╣≡™╢√╘ ≢│4D-SDM ─ ≤⇔≡

⸗♦ꜟ╩ ⇔√⁹ 

≢│ ─ ⌂ ╩ ⇔√⸗♦ꜟ≢│⌂ↄ

─ ⌂ ╩ ⇔√⸗♦ꜟ╩ ™√ ╩ ℮↓≤≤⇔≡ ─

╩ ⌐ ∆╢↓≤≢ ⌂ ╩ ⇔√⁹4D-SDM─ ⌐ ™√⸗♦ꜟ ╛

♩♇☿♃כ♦ ─ ⌂ ⅎ │ ⌐ ≠ↄ╙─≤⇔≡ ≢│

⌐ ⅛╠⌂╢ ╩ ⌐ ⅛╠ 100 ⌐⅔↑╢ 4D-SDM

─ ╩ ╡╕≤╘√⁹ ⌐ ≢│ ⇔≡™⌂⅛∫√ ⸗♦ꜟ

┘ ה ─ ╩ ⌐⸗♦ꜟ ─ ╩ ⇔√⁹⌂⅔ 4D-SDM─

⌐ ꜟ♦⸗╛♩♇☿♃כ♦√™ ─ ⌂ ⅎ ─ ⌐≈™≡│

3-183-193-22╩ ↕╣√™⁹ 

 

5.1  ─ ≤ ⸗♦ꜟ─  

5.1.1   ─  

≢ ╩ ⌐ ⇔√ ꜟכ◔☻ 40 

kmĬ40 km 3 km╩ ≤⇔≡ ∕╣╩ ⌐ ∆╢ ≤⇔≡ ⌐

100 km ⌐50 km ⌐ ⅛╠ -5 km╩ ⇔√⁹⌂⅔ │

⌂ ╩ ≤⇔√╙─≢№╢√╘ ≤⸗♦ꜟ │ ≤⇔√⁹ 

 

5.1.2   ─  

(1)  ┘ ה ─ ≤ ⌐ ─♃כ♦╢╦  

(i) ♦כ♃ ─ ┘ ─  

│☻ꜝ☻♩ ─ ┘ ─ ה ⌐╟╢ ⌂ ╩ ∆↓

≤⅛╠ ≤ ⌐ ╟╡ ⌂ ┘╟╡ ⌂ ─ ╩⸗♦

ꜟ ─ ≤⇔√⁹╕√ ─ ─ ≢№╢ ◖fiⱪ꜠♇◒☻╛

◖fiⱪ꜠♇◒☻ ⌐ ┬╟℮⌂ ─ ⅝⌂ ─ ╛ ◖fiⱪ꜠♇◒

☻╩ ∆╢ ╛ ─ ╛ ─ ┘ ה

⌐ ∆╢ ⅜ ⅝™≤ ⅎ╠╣╢☻ꜝ☻♩ ┘ ה ╣ ⌐≈™≡╙⸗♦ꜟ

≤⇔√⁹ 

₈ ─ 1 ₉ 2001─ 5 ┘

☿fi♃כ 2020⌐ ≠⅝ ⅜ ⌐ ∆╢ ╩ ≤⇔≡ ⌐⅔

↑╢ ─ ─ ╩ ⇔ ∕╣╩ ≤⇔≡ ⇔√  5-1⁹ ⅜

⌐ ∆╢ ≢№╢↓≤ ─ ⌂ ╩ ∆╢√╘⌐ ⌂
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╩ ∆╢↓≤─ ⅛╠ ≢│  5-1⌐ ∆40 % ─

╩ ∆╢11

╩ ⌂ ₈ ₉

≤™℮ ⌐ ⇔≡ ♃כ♦ ─ ≤⇔√⁹ 

 

 

 5- 1 ─ ⌐⅔↑╢  

 

(ii) ה  ─ ≤ ─  

⅜ ∆╢ ⌐⅔↑╢ ה ─ ≤ ≤─ ╩ ∆╢√╘⌐

⌐⅔™≡ ↄ ↕╣╢14─ ה ╩ ⌐ ה

⅜ ∆╢ ─ ─ ╩ ⇔ ─ ─ ⌐╟∫≡ ⇔√⁹∆

═≡─ ⌐⅔↑╢ ה ↔≤─ ╩  5-2⌐ ∆⁹ ╟╡

ⱷꜝfi☺ꜙ Ⱪ꜡♇◒ ◒♇꜡Ⱪ♩כꜗ♅ ♩כꜗ♅ ╗ Ⱪ꜡♇◒│

∕╣∙╣─ ה ⅜ ∆╢ ─ ─ ╩ ─ ─

≢ ⇔√ ⅜1.1╟╡ ⅝™↓≤⅜ ≢⅝√⁹∕↓≢ ─ ה ⸗♦

ꜟ╩ ∆╢ │ ─ ה │ ─ ™ ⌐ ∆╢ ╩ ∆╢↓≤

≤⇔√⁹ 

 

Д˔ЌỸḧ  %

10 17 44.74%

20 6 60.53%

30 3 68.42%

40 1 71.05%

50 4 81.58%

60 2 86.84%

70 5 100.00%

80 0 100.00%

90 0 100.00%

ⱳχẘ 0 100.00%
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 5- 2 ─ ה ↔≤─ ╩ ⇔√  

 

(iii)  ┘ ⌐⅔↑╢ ⅛╠─ ≤ ─  

─ ┘∕─ ╩ ≤⇔≡ ─ ⌐ ≠⅝ ⅛╠─

≤ ─ ╩ ⇔√⁹ 

⌐⅔↑╢ ─ ╩ ╘╢ │ ∕╣∙╣─ ╩ ⅛╠10 km

≢ ╩ ⇔ ∕╣∙╣─ ≢─ ─ ┘ ה ╩ ⇔√⁹

↔≤─ ⅛╠ ┼─ ≤ ─ ─ ╩ ∆◓ꜝⱨ╩  5-3⌐ ∆⁹

╟╡ ⅛╠ ⌐50 km╕≢─ ≢│ ⌐ ⅛™ ⌐ ⅜

ↄ⌂╢ ⅜ ╘╠╣√⁹∕↓≢ ─ ⸗♦ꜟ╩ ∆╢ │ ⅛╠50 km

─ ≢ ⅜ ╩≤╢≤ ∆╢≤≤╙⌐  5-1⌐ ⇔√ ⅛╠─ ≤

─ ╩ ⇔√⁹ 

⌐≈™≡│ ╛ ─╟℮⌐ ╕≢─ ⅜ ↄ ╕√ⱪ꜠כ♩

⅜ ⌂ ≢№╢⌂≥ ─ ⅜ ─ ≤ ⌂╢↓≤⅜ ↕╣╢√╘

≢│ ─℮∟ ⌐ ⇔≡⅔╡ ⅛≈ ⌐ ™ ⌐ ⇔

≡™╢6  5-4 ╩

≤⇔≡ ⅛╠ ⌐50 km╕≢─ ╩ ≤⇔≡ ─ ╩ ⇔√⁹

─ │ ─ ≤ ⌐ ⅛╠─ ⌐ ∂≡ ╩10km↔≤⌐ ⇔ ∕

╣∙╣─ ─ ─ ה ╩ ⇔√  5-2⁹╕√  5-2⅛╠│ 6

─ │ ⅛╠10 km╕≢─ ≤10 km50 km─ ≢ ─

⅜ ⌂╢↓≤⅜ ↕╣√⁹∕─√╘ ─ ⅛╠ ⌐50 km╕≢─

⌐≈™≡ ⱴꜟ♅ⱦכⱶ♁♫כ⌐╟∫≡ ↕╣√ ─ ─ ╩♃כ♦ ⇔

√╙─≢№╢GMRTGlobal Multi-Resolution Topography Data Systhesishttps://www.gmrt.org/

─250 m◓ꜞ♇♪ ⌐♃כ♦ ≠⅝ ╩

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

1.30

1.40

1.50

⌐╟╢ ─

─
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⌐ ⇔ ⅛╠ ╩ ⇔√  5-3⁹ ─ ⸗♦ꜟ╩ ∆╢ │

 5-3⌐ ⇔√ ↔≤─ ┘ ╩ ⇔√⁹ 

 

 

 5- 3 ⌐⅔↑╢ ⅛╠─ ≤ ─  

 

 5- 1 ⅛╠ ─ 10 km↔≤─  ♃כ♦

⅛╠─ km  E.L.m E.L.m E.L.m 

0 10 -0.1 631.0 225.8 

1020 21.3 769.7 488.2 

2030 58.5 875.7 559.1 

3040 113.4 988.6 713.9 

4050 198.8 1,072.3 754.9 
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 5- 4 ─ ≤⇔√ 6 ≤∕─ ─  

 

 5- 2 ⅛╠ ─ 10 km↔≤─  ♃כ♦

⅛╠─ 

km  E.L.m E.L.m E.L.m 
°  

10 -1,449 -1 -115 0.7 

20 -2,193 -32 -381 1.5 

30 -2,767 -64 -674 1.7 

40 -3,094 -62 -919 1.4 

50 -3,610 -162 -1,163 1.4 

 

 5- 3 GMRT♦כ♃⌐ ≠ↄ ≤ ─  

 km2   °  

 20,306 30 % 0.6 

 27,381 41 % 2.4 

 19,180 29 % 1.6 

 

 

 

 

β10km ─DEM─ ◄ꜞ▪╩ ≢
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(iv) ─ ─♃כ♦  

≢ ╡╕≤╘√ ─ ⌐♃כ♦ ≠⅝ ─ ה

╩ ⇔√⁹ 

 

 5- 4 ─ ה ─  

ꜚ♬♇♩♃▬ⱪ 
 

[Á]*2 

 

[km] 

 

[km] 

/ 

 
*1 

⸗♦ꜟ  

[km2] 

 
 62 49 25 2.0 42% 2,100 

 32 30 22 - - - 

 
 77 48 24 2.0 41% 2,050 

 33 23 15 - - - 

☻ꜝⱩ*3 
 65 36 15 2.4 17% 850 

 43 27 11 - - - 

 - - - - 100% 5,000 

*1NUMO2021⌐ ≠ↄ 

*2 │ ⅛╠ ╡180Á≤⇔≡  

*3☻ꜝⱩ │ ─╖  

 

(2)  ┘ ה ─ ⸗♦ꜟ─  

≢│ ≢ ⇔√ ─ ⸗♦ꜟ  5-5⌐

≠⅝ ∆╢ ─ ה ⸗♦ꜟ⅜ √∆═⅝ ╩  5-5⌐ ⇔√⁹ 

 

 5- 5 ∆╢ ─ ה ⸗♦ꜟ⅜ √∆═⅝  

 

¶ │ ⌐ ⅜ ↄ ╛ ⅜ ⌂™ 

¶ ─ ┘ ⌐│ ⌐ ∂≡ ─

╩  

¶ ─ ─ ╩  

¶ ╒≥ ⅜ ™ ≤  

¶ ⌐│ ╛ ╩  

 ¶ ⌐╟╢ ─ ™╩ ⇔√ ╛ ╩  
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 5- 5 ─ ─ ⸗♦ꜟ NUMO2021 ⌐  

 

5.2  ╩ ≤⇔√ ה / ⸗♦ꜟ─  

5.2.1   ╩ ≤⇔√ ה ⸗♦ꜟ─  

(1)  ╩ ≤⇔√ ⸗♦ꜟ─  

─ ⸗♦ꜟ│ ─ ≢ ⇔√⁹⌂⅔ ⸗♦ꜟ─ ╩ ℮⌐ √

∫≡│ ⸗♦ꜟ ─ ─ 50 km╩ ⌐ ─ 50 km╩ ⌐ ⇔

√⁹ 

 

(i) ─ ⸗♦ꜟ─  

╩ ⅛╠10 km↔≤⌐ ⇔ ∕╣∙╣─ ↔≤⌐ ⌂ ⌐100─

╩ ∆╢  5-6⁹∕─ ∕╣∙╣─ ⌐≈™≡ ⇔√ ─ ─ ≤

 5-1⌐ ⇔√ ⅛╠ ─10 km↔≤─ ─ ⅜ ∆╢╟℮⌐┌╠≈⅝╩

⇔≈≈ ─ ╩  5-6 ∆╢↓≤≢ ⸗♦ꜟ╩ ∆╢⁹ 

 

(ii)  ─ ⸗♦ꜟ─  

≤ ⌐ ╩ ⅛╠10 km↔≤⌐ ⇔ ∕╣∙╣─ ↔≤⌐ ⌐

100─ ╩ ⇔√℮ⅎ≢ ⇔√ ─ ─ ≤  5-2⌐ ⇔√ ⅛╠

⌐10 km↔≤─ ─ ⅜ ∆╢╟℮⌐┌╠≈⅝╩ ⇔≈≈ ─ ╩

∆╢⁹∕─  5-3⌐ ⇔√ ≤ ╩ ™≡

─ ╩ ⇔√ ↔≤⌐ ⇔√ ⸗♦ꜟ─

╩  5-7 ∆╢⁹ 

 

¸ ─ ─70%⅜ ⌐ ∆╢↓≤⅛╠ ╩ ∆╢
╩ ≤∆╢

¸ ╛ ⅜ ⇔ ☻ꜝ☻♩╛ ≢ ↕╣√ ╛ ⌂≥⅜ ⌂╢ꜚ♬♇♩⅛╠
↕╣╢⁹

¸ ◖fiⱪ꜠♇◒☻│ ⌐ ╛ ⌂≥─ ─ ™ ⅛╠⌂╢ ┘ ╩
≤⇔ ╕√│ ─ ╩ ⌐ ╗ ⌐╟╡ ↕╣ ⌐ │ ⌐

│∕╣╟╡╙ ⌐ ∆╢⁹
¸ ☻ꜝ☻♩ ┘ ⌐╟╡ ⇔√≤ ⅎ╠╣╢ ↕ km ─ ╩ ∆╢ ⅜ ∆╢⁹
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(iii)  ─ ≤ ─  

(i)┘(ii)≢ ⇔√⸗♦ꜟ ─ ⸗♦ꜟ⌐ ⇔ ⌂ ─⌂™

⌂ ≤⌂╢╟℮⌐ ◒ꜞ◑fi◓ ≢ ─ ╩ ∆╢↓≤≢ ─

⸗♦ꜟ╩ ⇔√  5-7⁹ 

⌐ ╩ ≤⇔≡ ─ ─ ─ ╩ ╘╢√╘⌐ ─

╩ ∫√⁹∆═≡─ ╩♃כ♦─ ™≡ ⅛╠10 km↔≤⌐ ⱥ

☻♩◓ꜝⱶ╩ ⇔√⁹∕─ ⸗♦ꜟ ─ ╩ ≤⇔≡ ⅛╠10 km

↔≤⌐ ⱥ☻♩◓ꜝⱶ╩ ⇔ ∆╢ⱥ☻♩◓ꜝⱶ─ ⅜ ℮╟℮⌐⸗♦ꜟ

─ ─ ⸗♦ꜟ─ ╩ ⇔√⁹ 

⇔√ ─ ⸗♦ꜟ⌐ ≠⅝ DDM╩ ∆╢≤≤╙⌐ ⅜

™ ╩ ⇔ ⅛≈ ⌐⅔↑╢ ─ ╩ ∆╢╟℮⌐ ╩

⇔√⁹∕─ ╩ ╣╢ ≢№╢ ─ ╩ ⌐

─ ⅜ ⅛╠ ⌐⅛↑≡ ⇔≡ ↕╣╢╟℮⌐ ─ ⸗♦ꜟ╩

⇔√⁹ 

⌐ ╠╣√ ─ ⸗♦ꜟ╩ ⸗♦ꜟ≤⇔√  5-7⁹ 

 

 

 5- 6 ⌐ ⌐ ⇔√ 500 ╩╙≤⌐ ⇔√  

 

50km

5
0

k
m
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 5- 7 ─ ⸗♦ꜟ 

 

(2)  ╩ ≤⇔√ ה ⸗♦ꜟ─  

(i) ⸗♦ꜟ─  

(a)  ◖fiⱪ꜠♇◒☻⌐ ∆╢ ה ─ ≤⸗♦ꜟ  

 5-4⌐ ≠⅝ ─ ה ⸗♦ꜟ⌐ ∆╢ ⌂ ◖fiⱪ꜠♇◒☻

₈ ◖fiⱪ꜠♇◒☻₉≤™℮ ≤⇔≡ ┘☻ꜝⱩ  5-4

─☻ꜝⱩ─ ╩ ─ 3 ╩ ⇔√⁹ ◖fiⱪ꜠♇◒☻─ │

─ ╩ ⌐ ⌐│ ⌐ ⅜ ⌐│ ⌐ ≤☻ꜝⱩ

⅜ ∆╢≤ ⇔√⁹ 

┘☻ꜝⱩ │∕╣∙╣ ≢ ⇔≡ ⇔  5-4⌐ ⇔√ ה

─ ┘ ⌐ ≠⅝ 3Ɽ♃כfi

╩ ⇔√⁹ ≤ │ ⌐ ⌂╢ ╩

≈≤ ⅎ╠╣╢√╘ ≤│ ─ ⌂ ⅜ ⌂╢≤ ⇔ ┘

☻ꜝⱩ ─ │ ─☻ꜝⱩ─ ⌐ ╦∑≡  5-4⌐ ⇔√

─ ┘ ⌐ ≠⅝ 3Ɽ♃כfi

╩ ⇔√⁹ │ ≤☻ꜝⱩ ─ ⌐ ∆╢

≤⇔√⁹╕√ ה ⸗♦ꜟ ─ │  5-4⌐ ⇔√ ⌐ ≠⅝

◖fiⱪ꜠♇◒☻╩ ∆╢↓≤≤⇔√⁹ ה ⸗♦ꜟ⌐ ⇔√ ◖fiⱪ꜠♇

◒☻─ ╩  5-6⌐ ∆⁹↕╠⌐ ╩ ⌐ ◖fiⱪ꜠♇◒☻⌐│

⸗♦ꜟ ─ ⌐ ╦∑≡☻ꜝⱩ╩⸗♦ꜟ ∆╢↓≤≤⇔√⁹∕─⸗♦ꜟ ╩

( )
1.6°

( )
2.4° 0.6°

46,900 m
29 %

33,400 m
41 %

14,200 m
30 %

100km

5
0

k
m
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 5-7⌐ ∆⁹ 

 ≢ ⇔√ ⌐ ≠⅝ ⇔√ ◖fiⱪ꜠♇◒☻⌐ ∆╢ ה ─⸗♦

ꜟ ╩  5-8⌐ ∆⁹ 

 

 5- ה 6 ⸗♦ꜟ⌐ ⇔√ ◖fiⱪ꜠♇◒☻ 

 ◖fiⱪ꜠♇◒☻─   [km2]  ─  

 

 297 6% 

41% 

 1,109 22% 

 406 8% 

 154 3% 

 103 2% 

  2,084 42% 42% 

 

☻ꜝⱩ  416 8% 

17% ☻ꜝⱩ  403 8% 

☻ꜝⱩ  28 1% 

 

 5- 7 ☻ꜝⱩ─⸗♦ꜟ  

 ⸗♦ꜟ  

☻ꜝⱩ─  
¶ ┘☻ꜝⱩ ─☻ꜝⱩ│ ─ ╩ ─

⌐ ╦∑≡ ↕∑≡  

☻ꜝⱩ─  

¶ ─☻ꜝⱩ3 %⸗♦ꜟ ─1.2 % 

¶ ─☻ꜝⱩ20 %⸗♦ꜟ ─8.4 % 

¶ ☻ꜝⱩ ─☻ꜝⱩ43.5 %⸗♦ꜟ ─7.4 % 

☻ꜝⱩ─ ─ 

╖ ה∑╦  

¶ 48.5 %48.5 % 

¶ ─☻ꜝⱩ  % 3♩כꜗ♅% 3

¶ ─ 80 % 

¶ ─☻ꜝⱩ % 9♩כꜗ♅% 20 11 % 

¶ 2000─ ─ ╩ ≤⇔ ─

☻ꜝⱩ─ ╖ ╦∑⅛╠ ≤ ╩ ⇔≡

 

¶ ☻ꜝⱩ ─ 56.5 % 

¶ ☻ꜝⱩ ─☻ꜝⱩ ה% 17.5♩כꜗ♅% 43.5 2 %

20 % 4 % 
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 5- 8 ◖fiⱪ꜠♇◒☻⌐ ∆╢ ה ─⸗♦ꜟ  

 

(b)  ─ ─ ≤⸗♦ꜟ  

ה ─ ⸗♦ꜟ⌐ ≠⅝ ─ ╛ ┘ ⌐ ⌐ ∂≡

─ ╩ ⇔√⁹ 

⌐ ⇔≡│ ─ ⌐ ⅜ ∆╢ ≢№╢ ─

─ ╩ ⌐ ─ ╩ ⇔√⁹ ≢│ ─ ⌐

⅛╠⌂╢ ⅜ ⇔≡⅔╡ ⅛╠50 km─ │

≢ -4,000 m≢№╢≤≤╙⌐ ─ │ 1,000 m≢№╢↓≤

⅜ ↕╣≡™╢ IODP Expedition 3192009⁹ ⌐ ≠⅝ ה ⸗♦ꜟ─

⌐⅔™≡│ ≤ ─ ⅜ -4,000 m⌐№╡ ↕╠⌐

─ ⌐│ ⅜ 1,000 m≢ ∆╢ ≤⇔√⁹⸗♦ꜟ─

≤ 0 m≤─ ─ │ ≢ ┬↓≤≢ ⌐⅔↑╢

─ ╩⸗♦ꜟ ⇔√  5-9⁹ 

⌐≈™≡│  5-8⌐ ∆ ⌐ ╘╢ ⌐ ≠⅝

┘ ╩ ⌂ ╖⌐ ∆╢↓≤≢ ╩⸗♦ꜟ ⇔

√  5-10⁹ 

 

♩כꜗ♅

♩כꜗ♅

ⱷꜝfi☺ꜙ

☻ꜝⱩ ♩כꜗ♅

☻ꜝⱩ

☻ꜝⱩ

☻ꜝⱩ ⱷꜝfi☺ꜙ

☻ꜝⱩ
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 5- 9 ⌐⅔↑╢ ─ ⸗♦ꜟ 

 

 5- 8 ⌐⅔↑╢  

  [km2] ⌐ ╘╢  

 5,560 8% 

 2,623 4% 

 71,517 - 

 

 

 5- 10 ⌐⅔↑╢ ─⸗♦ꜟ  

 

─
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(c)  ◖fiⱪ꜠♇◒☻─ ⌐ ≠ↄ ─ ─⸗♦ꜟ  

≢│ ─ ≤⇔≡ ◖fiⱪ꜠♇◒☻─ ☻ꜝ☻♩ ╩⸗♦ꜟ

⇔√⁹ ≢ ∕─ ─ ⌐≈™≡│ ─ ⅛╠ ─ ╩ ∆╢

↓≤⅜ ≢№╢√╘ ⌐⅔™≡ Ɽꜝⱷכ♃⅜ ↕╣≡™╢

ꜟ♦⸗╩╖─♩כꜗ♅─ ─ ≤⇔√  5-11⁹ 

 

 

β ≢ ∆ ╩╖─♩כꜗ♅─ ה ⸗♦ꜟ⌐  

 5- 11 ◖fiⱪ꜠♇◒☻─ ⌐ ≠ↄ ─ ─⸗♦ꜟ  

 

(ii)  ─ ─  

⌐ ↕╣√ ה ⸗♦ꜟ ─ ⅎ ⌐⅔™≡│ ה ╣

─ ↕⌐ ⇔≡ ↕10 km ↕1 10 km↕1 km─3≈⌐ ⇔√℮

ⅎ≢ ∕╣╠─ ╛ ⌐ ⅎ╢ ⌐ ∂≡ ⸗♦ꜟ ─ ╛

∕─ ╩ ⇔≡™╢  5-9⁹ ⌐⅔↑╢ ─ꜟכ◔☻ ה

⸗♦ꜟ ⌐⅔™≡│ ↕10 km─ ≤⇔≡ ◖fiⱪ꜠♇◒☻╩ ∆╢

☻ꜝ☻♩╩ ⌐⸗♦ꜟ ⇔≡™╢⁹╕√ ↕1 10 km─ │ ☻ꜝ☻♩─ ╩

⇔≡∕─ ╩ ⌐ ╡ ∫√℮ⅎ≢ ⌐ ╣ ╩ ∆╢↓≤≢

⸗♦ꜟ ↕╣≡™╢⁹⌂⅔ ↕1 km─ ⌐ ⇔≡│ ⸗♦ꜟ ─ ꜟכ◔☻

≤ ─ ┘ ╩ ⇔ ⸗♦ꜟ ↕╣≡™⌂™⁹ 

⌐⅔™≡│ ─ ≤ ⌐ ↕ 10 km─ ┘ ↕ 1

10 km─ ─ 2 ╩⸗♦ꜟ ≤⇔√⁹╕√ ─ ⌐ ═≡

⌐⅔↑╢⸗♦ꜟ ⅜ ™↓≤╩ ⇔ ↕10 km─ ╩ ∆╢ │

≢ ↕╣√ ─ ╩ꜟ♦⸗─ꜟכ◔☻ ⌐ ↕1 km

─ ╩ ⌐ ⇔ ↕10 km─ ╩ ⇔√℮ⅎ≢ ☻ꜝ☻♩─

╩ ⇔≡ ⌐ ⇔√⁹ 
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 5- 9 ⌐⅔↑╢ ה ╣ ─ ↕≤∕─ ™─  

NUMO2021 3- 22  

 ╡ ™ 

↕10 km ⌐№╢ ─ ╩ ⇔≡⅔╡ ╩ ⇔√

⌐│ M6.5─ ⌐ ∆╢ ╩ ∆╢ ⅜№╢

↓≤⌐ ⅎ≡ ⌂ ⌐ ⇔™ ╩ ╓∆ ╙

↕╣╢↓≤ ╒⅛ 2010╩ ╕ⅎ≡ ≢

│ ⅛╠ ─ ╕≢─ ≢ ∆╢ ≤⇔≡

╡ ℮⁹⇔√⅜∫≡ ↕10 km─☻ꜝ☻♩╛ │

─ꜟכ◔☻ ⅛╠ ∆╢⁹ 

↕1 10 km JAEA⅜ ╘≡™╢ ─ ─ ⌐⅔↑╢ ⅛╠

─ ╒⅛ 2007⌐ ≠ↄ≤ ⅛╠

─ ╕≢─ ≢∕─ ╛ ┘ ⌂ ╩ ⌡

∆╢↓≤│ ≢№╢≤ ⅎ╠╣╢⁹√∞⇔ ↕10 km

─ ≤ ∆╢≤∕─ ⅜ ↕ↄ ⅜ ™↓≤⅛╠

↕ 1 10 km─ │ ─ꜟכ◔☻ ⌐ ∆╢↓≤╩

∆╢╙── ⱤⱠꜟ☻◔כꜟ─ ⅛╠│ ∆╢⁹ 

↕1 km  ⌐ ⌐ ⇔≡™╢√╘ ┘ ─

⌐⅔™≡∆═≡╩ ∆╢↓≤│ ≢│⌂ↄ ∕─ ─

╛ ─ ╩ ≤⇔√ ה ╩ ℮↓≤≤⌂╢⁹ 

 

(a)  ↕ 10 km ─ ─⸗♦ꜟ  

 5-10⌐ ∆ Ɽꜝⱷכ♃⌐ ≠⅝ ↕1 km─ ╩ ⌐ ↕∑

∕─℮∟ ↕10 km─ ─╖╩ ⇔√⁹⌂⅔ ╩ ↕∑╢ ─ │

ⱨ▫♇◦ꜗכ ╩ ⇔√⅜ ⌐⅔↑╢ ↕1 km─ ⌐

≢⅝╢Ɽꜝⱷכ♃─ ⅜⌂™↓≤⅛╠  5-10─ Ɽꜝⱷכ♃╩ √∆╕≢♩

ꜝ▬▪fi♪◄ꜝכ╩ ™ 10Ɽ♃כfi─ ⸗♦ꜟ╩ ⇔√⁹↕╠⌐ ⇔√10Ɽ♃כ

fi─ ⸗♦ꜟ⌐⅔↑╢ ─ ≤⇔≡ P21 №√╡⌐ ∆╢ ─♩꜠

☻כ ─ ↕ km/km2 ╩ ⇔  5-11⌐ ∆ P21⌐ ╙ ⌂ ⸗♦ꜟ╩ ⇔

√⁹ 

⌐ ╩ ⌐ ◖fiⱪ꜠♇◒☻─ ≢№╢☻ꜝ☻♩

351 km╩ ↕10 km─ ≤⇔≡⸗♦ꜟ ⇔√⁹ ⌐│  5-10⌐ ⇔√

─ Ɽꜝⱷכ♃≤─ ╩ ≈√╘ ⌐ ↕∑√ ↕10 km─

╩ ⌐╟∫≡1 ∏≈ ⇔≡™⅝ ⇔√ ─ ↕─ ⅜☻ꜝ☻♩─ 351 

km⌐ ╙ ↄ⌂∫√≤⅝⌐ ∕╣╠─ ╩ ⇔√℮ⅎ≢ ☻ꜝ☻♩╩ ה

⸗♦ꜟ⌐ ⇔√⁹↕╠⌐ ה ⸗♦ꜟ⌐ ⇔√ ┘ ─ ╩ ⇔

√℮ⅎ≢ 1 ─ ╩ ∆╢↓≤≢ ⌐⅔™≡ ⌂ ╩ ⇔√⁹ 

⌐ ≠⅝ ⇔√ ↕10 km ─ ⸗♦ꜟ╩  5-12⌐ ∆⁹ 
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 5- 10 ─ Ɽꜝⱷכ♃ 

─ ↕ ─═⅝ [-] 4.0*1 

ה ╣ [m2/m3] 0.002*1 

─ [°] N68±36*2 

─ [°] E50±16*3 

*1NUMO2021╩ ⌐  

*2⌐ ⇔√ ☻ꜝⱩ─ ─ ┘ ╩ ⇔√  

*3NUMO2021╩ ⌐  

 

 5- 11 ─ ┘ ─ ⱴ♇ⱪ⌐ ≠ↄ  
 

 

[km2] 

↕  

[km] 

↕ /  

P21[km/km2] 

 57,815 10,408 0.18 

 

 

 5- 12 ↕ 10 km ─ ⸗♦ꜟ 

 

(b)  ↕ 1 10 km─ ─⸗♦ꜟ  

⌐⅔™≡│ ⌐ ∆╢ ↕1 10 km─ │ ╙ ─☻ꜝ

☻♩≤ ∆╢╟℮⌐ ─ ה ⅜ ↕╣≡™╢⁹╕√ ⌐ ∆╢ ↕1

10 km─ ⌐ ⇔≡│ ≤ ⌐ ╩ ⇔√─∟ ∕─ 30 %⅜ ☻ꜝ☻

♩ ↕╣≡™√ ─☻ꜝ☻♩ ╩ ⌐ ╘⌐ ╢ ≢ ↕╣╢☻ꜝ☻♩ ≢№

╢≤ ⇔ ╙ ─☻ꜝ☻♩≤ ┘ ∆╢╟℮⌐ ⇔≡™╢⁹ 

∕↓≢ ⌐⅔™≡│ ₈ ₉≤₈ ┘☻ꜝⱩ ₉─2≈─ ⌐

↑≡ ╩ ⌐ ∆╢↓≤≤⇔√⁹₈ ₉⌐≈™≡│ ↕10 km─

β
β ╩ ∆╢√╘⌐ ⇔√



 

68 

≤ ∂ ה ╩ ⇔≡ ↕1 10 km─ ╩ ⌐ ⇔√⁹₈

┘☻ꜝⱩ ₉⌐≈™≡│ ─ 70 %⅜₈ ₉≤ ∂ ≤⌂╢╟℮⌐

╡─30 %⅜₈ ₉─ ⌐ ⇔ 90° ┘ 45° ┘135°

∆╢↓≤≢ ↕1 10 km─ ╩ ⌐ ⇔√⁹ 

⌐ ≠⅝ ⇔√ ↕1 10 km─ ⸗♦ꜟ╩  5-13⌐ ∆⁹ 

 

 

 5- 13 ↕ 1 10 km─ ⸗♦ꜟ - 4 km  

 

(3)  ╩ ≤⇔√ ה ⸗♦ꜟ─  

(4)┘(5)≢ ⇔√ ⸗♦ꜟ ⸗♦ꜟ ┘ ⸗♦ꜟ╩ ⇔ ╩

≤⇔√ ה ⸗♦ꜟ╩ ⇔√  5-14⁹ 

 

⌐ ↕∑√

┘☻ꜝⱩ ⌐ ↕∑√
≤ ∂ ה ╩ ─70%
─ ⌐ ⇔≡ ╡⌐90° ─15%
─ ⌐ ⇔≡ ╡⌐45° ─7. 5%
─ ⌐ ⇔≡ ╡⌐135° ─7. 5%
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 5- 14 ╩ ≤⇔√ ה ⸗♦ꜟ  

 

5.2.2   ╩ ≤⇔√ ⸗♦ꜟ─  

(1)  ⸗♦ꜟ╩ ∆╢ ─  

⸗♦ꜟ╩ ∆╢ │ ה ⸗♦ꜟ≤ ⌐ ⌐ 100 

km ⌐50 km ⌐│ ⅛╠ -5 km≤⇔√⁹ 

 

(2)  ⱷ♇◦ꜙ⸗♦ꜟ─  

⸗♦ꜟ│ ⌐╟╡ ╩ ⇔√ⱷ♇◦ꜙ⸗♦ꜟ╩ⱬכ☻≤⇔

≡ ⇔√⁹ⱷ♇◦ꜙ⸗♦ꜟ⌐⅔™≡│ ⌐│ ╩300 m─◓ꜞ♇♪≢

⇔ ⌐│ ─ ⅜ ≢⅝╢╟℮⌐ ⱷ♇◦ꜙ◘▬☼╩  5-12⌐ ∆

╟℮⌐ ⇔√⁹ 

⇔√ⱷ♇◦ꜙ⸗♦ꜟ╩  5-15⌐ ∆⁹ 

 

 5- 12 ⱷ♇◦ꜙ⸗♦ꜟ⌐ ⇔√ ─ ◘▬☼ 

0 -20 m 5 m  

-20-100 m 10 m  

-100-500 m 50 m  

-500-1,000 m 100 m ─ ⌐  

-1,000-3,000 m 125 m 

-3,000-5,000 m 250 m 

 

1 2.25

♩כꜗ♅
☻ꜝⱩ
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 5- 15 ⇔√ⱷ♇◦ꜙ⸗♦ꜟ  

 

(3) ה  Ɽꜝⱷכ♃─  

│ ⌐╟╡ ⌂╢ ╩ ∆╢↓≤╩ ≤⇔≡

⌐ ∂≡ ⇔√⁹ ⌐ ⇔√ ┘ ─ ╩  5-13⌐

∆⁹ 

┘ ≢№╢ ╛ ─

│ ⌐ ↕╣√ ╩ ⇔√⁹ ─ │

⌐ ↕╣√ ╣ ─ Ɽꜝⱷכ♃  5-14╩ ™≡ ⌐ ⇔

√ ╣ Ⱡ♇♩꞉כ◒⸗♦ꜟ ₈DFN⸗♦ꜟ₉≤™℮ ⌐ ≠⅝ ⌂ ─

╩ ⇔ ∕─ ╩ ⇔√  5-16⁹ 

↕10 km─ │ ≤⇔≡ ⌐⸗♦ꜟ ⇔≡ ╩ ⇔√⁹

↕1 10 km─ ⌐≈™≡│ ↕10 km─ ≤ ∂ ╩ ⇔√℮ⅎ≢ ☻

ⱷ▪כ♪ ⌐╟╡ ╩ ╗ ─ ♥fi♁ꜟ╩ ∆╢↓≤≢ ⸗

♦ꜟ┼ ⇔√⁹ 

│ ≤ ─ ⌐⅔↑╢ ─ ╛ ─ ─√╘ ⱷ♇◦ꜙ

⸗♦ꜟ─ⱷ♇◦ꜙ◘▬☼ 300 m╟╡╙ ⅝™ 1,000 m500 m╩ ⇔√⁹╕√

│ ה ─ ⅜100 ─ ≢№╢↓≤⅛╠

─ ─ ╩ ≢⅝╢≤ ⇔ ♀꜡╩ ⇔√⁹ 
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 5- 13 ⌐ ⇔√ ┘  

 

 

 

[m/s] 

 

[%] 
 

 

 

 

1.0×10-5 29 

NUMO2021 3-21 

NUMO2021 3-13

 

 

 

 

5.3×10-7 

2.3×10-8 
25 

NUMO2021 3-21

─  

NUMO2021 3-13

 

 

 
2.0×10-9 0.0022 

NUMO2021 3-22 

DFN⸗♦ꜟ⌐ ≠ↄ  

 

♩כꜗ♅  
1.0×10-8 0.0022 

NUMO2021 3-22 

DFN⸗♦ꜟ⌐ ≠ↄ  

 

☻ꜝⱩ 

 

2.0×10-9 0.0022 
NUMO2021 3-22 

DFN⸗♦ꜟ⌐ ≠ↄ  

 1.0×10-8 0.4 

NUMO2021 3-22 

╒⅛ 2007⌐ ↕╣√

╣ ─ ╩ ⌐  

 

 5- 14 ─ ─ ⌐ ⇔√ ╣ Ɽꜝⱷכ♃ 

NUMO2021  

 ה

╣  

☿♇♩ 

 ↕  
 

 

[m2/m3] 

 

 

[°] 

 

[°] 

Fisher 

 

═⅝  

↕[m] 

↕[m] 

 

 

NE  358 76 20 40 

0.15 

1,000 

12.5 
2.0×10-9 

1.0 
NS  96 78 20 1.25 

 223 19 20 1.25 
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 5- 16  DFN⸗♦ꜟ⌐ ≠⅝ ⇔√ ⌂  

 

(4)  ╩ ≤⇔√ ⸗♦ꜟ─  

(2)≢ ⇔√ⱷ♇◦ꜙ⸗♦ꜟ ┘(3)≢ ⇔√ ה Ɽꜝⱷכ♃⌐ ≠⅝

╩ ≤⇔√ ⸗♦ꜟ╩ ⇔√  5-17⁹ 

 

 

 5- 17 ╩ ≤⇔√ ⸗♦ꜟ  

 

5.3  ┘ ה ─ ─  

5.3.1   ┘ ה ─ ─ ⸗♦ꜟ─  

│ ⌂ ╩ ≤⇔≡™╢√╘ 4D-SDM╩ ∆╢√╘⌐ ⌂ ─

─ ╩ ─╟℮⌐ ⇔√⁹ 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

100

200

300

400

500

῟ḧ [log10,-]

╣ṙ ḵ(HydroDFN)

m/s

1E- 10 1E- 9 1E- 8 1E- 7 1E- 6 1E- 5
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ה ◘▬◒ꜟ│10 ≢ ∂≡⅔╡ ⅛╠ ⌐ ⅛℮

│2 ⅛╠ ⌐ ⅛℮ │8 ≢№╢⁹ 

ה ⌐ ∫≡ ─ ⌐│ +5 m ─ ─

⌐│ -140 m ─ ─ ⅜ ∂╢⁹ 

ה ⌐ ™ ⅜ ⇔ ─ │ ≤ ═≡ ∆╢⁹ 

ה │ ─ ≢№╢↓≤ ♃כ♦≢ ─ ≤⇔√

⅜ ⌐ ≢№╡ ⌐ ⅝⌂ ╩ ╗ ⅜ ↕™↓≤ ─

─ ⅜⌂™↓≤╩ ⇔ ─ 100 ⌐⅔↑╢ ⌂ │

≤ ∆╢⁹ ⌂ ─ ╩  5-18⌐ ∆⁹ 

ה ─ ה ⸗♦ꜟ⌐│ ה ↔≤─ ⅜ ↕╣≡™╢√╘

ה ↔≤⌐ ⌂╢ Ɽꜝⱷכ♃│ ⇔⌂™⁹ 

ה  5-12⌐ ⇔√ ⌐⅔™≡│ ╟╡╙ ⅜ ™ ⅜ ∆

╢⁹ 

ה ─100 ⌐⅔™≡│ ─ ⌐ ⅝⌂ │⌂™⁹ 

 

 

 5- 18 ⌂ ─ ⸗♦ꜟ 

 

5.3.2   ─  

 5.2.1⌐ ⇔√ ─ ─ ┘  4-16⌐ ⇔√ⱨ꜡כ⌐ ≠⅝ 4D-SDM

⌐ ∆╢ ⌐≈™≡ ⇔√⁹ 

(m) (m) ͙ (m)
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 ⌐⅔™≡│ ─ ╩ ⇔≡ ╩ ∆╢ ⅜№╢≤≤╙⌐

⸗♦ꜟ │ ⅛╠ ╩ ╪≢™╢√╘ ╩ ⇔√ ╩

∆╢ ⅜№╢⁹ ⌂ │ ─ ≢ ∂╢ ┘ ─ ⌐ ⅝

⌂ │⌂™ ≤⇔√↓≤⅛╠ ה ─ ╛ ─ ⅜ ⅝ↄ ∆╢↓

≤╩ ⇔√ │ ⇔⌂™⁹ 

 ─↓≤⅛╠ 10 ─ ◘▬◒ꜟ⌐ ≠ↄ 100 ─

≤ ╩ ≤⇔≡ ╩ ╗ 21─ ╩ ⇔√⁹ 

 

5.3.3   ┘ ה ─ Ɽꜝⱷכ♃─  

(1)  Ɽꜝⱷכ♃─  

≢ ™√ Ɽꜝⱷכ♃╩  5-15⌐ ∆⁹ 

 

 5- 15 Ɽꜝⱷכ♃─  

 

 ה

 
   

 

 

 

300 m/100  

¶ ╒⅛

2001 ⌐ ≠⅝

ⱷ♇◦ꜙ↔≤

─ ⅛╠  

¶ 0 m/100  

─

≢ ⅜ ⇔

√ ⌐  

 

 

 

 

 

 

─ ⌐ ⅎ≡

╩  5-19 

¶ 97 m/100 ∏╣

⌐╟╡ ↕╣╢

╩  

¶ 225 m/100 ⌐

╟╡ ↕╣╢ ╩

 



 

75 

 

 5- 19 ─ ─  

 

(2)  ⱷ♇◦ꜙ─  

 5-15⌐ ⇔√ Ɽꜝⱷכ♃⌐ ≠⅝ ⇔√ ⱷ♇◦ꜙ╩  5-20⌐ ∆⁹

⌂⅔ ⸗♦ꜟ ─ ה ⌐ ℮ │ ─√╘ ⌐│ ⇔⌂™⁹ 

 

ẑ Ḳ ṕ360Û Ṗ

Ḳ20.0km

Ḳ5.9km

Ḳ6.0km

Ḳ2.5km

Ḳ2.5km

100 Ḳ
225m

100 Ḳ
97m

Ḳ6.0km
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 5- 20 ⌐ ∆╢ ⱷ♇◦ꜙ 

 

5.4  ╩ ≤⇔√ ה ⸗♦ꜟ─  

5.3.3≢ ⇔√ ┘ ה ─ Ɽꜝⱷכ♃⌐ ≠⅝ ⅛╠ 100

─ ─ ה ⸗♦ꜟ╩ ⇔√⁹ ⇔√ ┘ ⸗

♦ꜟ─ ╩  5-21┘  5-22⌐ ∆⁹╕√ ⇔√ ה ⸗♦ꜟ─ ╩  

5-23⌐ ∆⁹ 

 

m

m
─

100 ─ 97m

m

m

─

100 ─ 225m

─
m/

525

300
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β ─  5- 22─ ╩ ∆ 

 5- 21 ╩ ⇔√ ⸗♦ꜟ─  
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 5- 22 ╩ ⇔√ ┘ ⸗♦ꜟ─  

 5- 21  
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 5- 23 ╩ ⇔√ ה ⸗♦ꜟ─  
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