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Summary 

 

This is a consortium project that has been consigned by the Ministry of the Environment 

to demonstrate the largest 2 MW class tidal power generator in Japan at Nar useto off 

the coast of Goto City, Nagasaki prefecture.  

The consortium consists of Kyuden Mirai Energy, Nippon Steel Sumikin Engineering, 

Nagasaki Marine Industry Cluster  Promotion Association and Openh ydro Technology Japan.  

The purpose of this project is t o promptly put into practical use, a tidal power 

generation system which has low environmental impact and which will operate seamlessly 

in Japan's particular weather and oceanic conditions.  

The project period is scheduled for fiscal 2016 to 2019.  The main activities in fiscal 

2016 are as follows.  

(1) Investigation of tidal current, soil quality, biofouling  

(2) Consultation on acquisition of license  

(3) Engineering of the tidal generator system  

(4) Initial procurement of components and parts of the tidal ge nerator system  

(5) Tidal flow simulation  

(6) Communication with local stakeholders  

 

The consortium gained the understanding and cooperation of the local stakeholders in 

FY 2016, carried out the tidal flow, and soil surveys and decided on the site for turb ine 

system installation.  

In addition, the consortium has engineered the turbine generator, begun detailed  

design of the foundation structure, the installation of the subsea and land cables, 

and is developing the installation method for the turbine system.  

For the next fiscal year, the ClassNK õs certification, grid interconnection, 

consultation on construction plan approval will be undertaken and procurement of   

parts and assemblies of the turbine system will continue.  

This project is a collaborative proje ct between the Ministry of the Environment (MOE) 

and the Ministry of Economy, Trade and Industry (METI). At the Development Study Meeting, 

the consortium made a report on progress to and received advice from the experts, MOE 

and METI on the project.  
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1. ─  

⅜ │ ≤™℮ ≢№╡⁸ ◄Ⱡꜟ◑כ⌐≈™

≡ ⅝⌂ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢⁹↓─√╘⁸ ◄Ⱡꜟ◑כ─ │⁸

◄Ⱡꜟ◑כ─ ≤◄Ⱡꜟ◑כ CO─ ╩ ⇔⁸ ╩

⇔≡™ↄ√╘⌐ ⌂ ╖≢№╢⁹∕─ ≢╙ │ ╛ ≤│ ⌂╡

─ ╩ ∫√ ⌐╟╡⁸ ╩ ∂≡ ⇔√ ⅜≢⅝╢ ≢№╢↓≤

⅛╠⁸ ⅜ ─ ⌐ ⇔√ ┘◦☻♥ⱶ╩ ∆╢↓≤⅜ ≤ ⅎ╠╣╢⁹ 

│ ⌐⅔™≡ ─ ⌂ ◦☻♥ⱶ─

╩ ™⁸╙∫≡ ─ ⁸ ⌐ ⇔√ ┼─ ⅜ ™ ◦☻♥ⱶ─

⌐ ∆╢↓≤╩ ≤∆╢⁹ │ ─ ╩ √ ≢ ⁸

─ ╩ ⇔⁸ ╩ ∆╢≤≤╙⌐⁸ ┘∕─ ─

⁸ ꜟⱩכ◔ ⁸ ─ ⌐≈™≡ ◄fi☺♬▪ꜞfi◓╩

⇔√⁹╕√⁸ ─ ⌐ ↑⁸ ⁸ ─ ⁸ ─ ⁸ ─

╩ ⇔√⁹ 

 

2. ─  

2.1. ─  

─ ─ ╩ ╕ⅎ⁸ ≢│⁸ כ☺♫◄™╠╖ ⁸

◄fi☺♬▪ꜞfi◓ ⁸ כ♃☻ꜝ◒

Ɽfiꜗ☺הכ☺꜡ⱡ◒♥ה꜡♪▬ⱪfiⱢכ○⁸ ⅛╠⌂╢◖fi♁כ◦▪ⱶ⌐╟╡⁸

⁸◄fi☺♬▪ꜞfi◓ ⁸ ⁸ⱷכ◌כ⅜ ╩ ™⌂⅜╠₈

◄Ⱡꜟ◑כ─ ⌐ ↑√ ◦☻♥ⱶ ₉╩ ∆╢╙─

≢№╢ 2. 1- 1 ⁹ 

⌂⅔⁸ ┘ ⅛╠ ◦Ⱶꜙ꜠כ◦ꜛfi⁸ ◦☻♥ⱶ┼─ ⌐

≈™≡⁸▪♪Ᵽ▬☻╩ ↑ ╩ ⇔≡™╢⁹ 

 

⌐ ∆╢  

 

2. 1- 1 ─  

כ☺♫◄™╠╖

₡ ₢

 

⁸  

⌐ ∆╢  

⌐ ∆╢       

╒⅛ 

╒⅛ 

 

⌐ ∆╢  

─ ⌐ ∆╢  

         ╒⅛ 

 

≤─ ⁸ ≤

─ ⌐ ∆╢  

    ╒⅛ 

╒

⅛ 

 

⌐ ∆╢  

⌐ ∆╢  

╒⅛ 

╒⅛ 
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2.2.  

│⁸ 26 7 ⁸₈ ◄Ⱡꜟ◑כ

ⱨ▫₉♪ꜟכ⌐ ↕╣√⁸ ≢ ─ ⌂

◦☻♥ⱶ─ ╩ ℮╙─≢№╢⁹ 28 ─ │⁸ ─≤⅔╡≢№╢⁹ 

 

⌐ ∆╢  

ᵑ ╩ ≤⇔√ ─  

⅛╠ ┼ ⇔≈≈№╢ ─ ⌐⅔↑╢ ⌐ ╢

─ ⌐≈™≡ ╩ ⇔⁸ ≢─ ─√╘─

≤∆╢⁹ 

ᵒ ─ ⌐ ↑√ ─  

⌐ ™ ⅜ ↕╣╢ ♩כꜟꜟⱩכ◔⁸ ┘↓╣╠─

⌐⅔™≡⁸ ≤ ⌐⅔↑╢ ─ ╩ ∆╢⁹ 

ᵓ ⌐⅔↑╢ ⁸ ⁸ ─  

┘∕─ ─ ⌐ ⌂ ⌐⅔↑╢ ⁸ ⁸

╩ ∆╢⁹ 

 

⌐ ∆╢  

ᵑ ─ ⌐ ↑√  

─ ⌐ ≠⅝⁸ ⌂ ⅜⌂↕╣≡™╢↓≤⌐≈™≡⁸

⅛╠─ ⌐ ↑ ∆╢⁹ 

ᵒ ⌐ ↑√  

◦☻♥ⱶ─ ╛ ╩ ⇔⁸₈ ⌐ ╢ ●▬♪ꜝ

▬fi₉ ⌐ ≠⅝⁸ ≤ ⌐≈™≡ ∆╢⁹ 

ᵓ ⌐ ↑√  

─ ⌐ ↑⁸ ≤─ ⌐≈™≡ ≤

∆╢⁹ 

 

◄fi☺♬▪ꜞfi◓⌐ ∆╢  

ᵑ ─ ⁸ ─  

⁸ ─ ┘ ≤─ ⌐ ≠⅝⁸ ┘

╩ ⇔⁸∕─ ╩ ┬ ⌂ ה ╩♩כꜟꜟⱩכ◔ ∆╢⁹ 

ᵒ ┘∕─ ─  

⁸ ─ ⌐ ≠⅝⁸ ─◘▬♩ ⌐≈™≡ ╩ ™⁸

─ ╩ ⇔√ ⌂ ┘∕─ ─ ╩ ∆╢⁹╕√⁸

┼─ ─ ⁸ ◖Ⱡ◒♃⌐ ∆╢ ╩ ╗◦☻♥ⱶ─ ╩ ∆╢

≤≤╙⌐⁸ ─ ⁸ ⌐ ⌂ ╩ ∆╢⁹ 

ᵓ ה ─ꜟⱩכ◔ ⌐ ∆╢  
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◦☻♥ⱶ─ ⁸ ה ⌐♩כꜟꜟⱩכ◔ ─ꜟⱩכ◔⁸⅝≠

╗ ⌐≈™≡ ∆╢⁹ 

ᵔ ┘ ─ ─  

꜡♪▬ⱪfiⱢכ○ ⅜ ⇔√ ⌐⅔↑╢ ╩ ⇔⁸ ∆╢ ⌐≈™

≡ ╡╕≤╘╢⁹╕√⁸ ⌐⅔↑╢ ╩ ⇔⁸ ⌂ ⁸

⌂ ⁸ ─ ╩ ∆╢⁹ 

ᵕ ⌐ ∆╢ ─ ⌐ ≠ↄ ─  

◦☻♥ⱶ─ ⌐ ⇔≡ ⌂ ╩ ∆╢⁹╕√⁸

⌐ ≠⅝⁸ ─ ⁸כ♃♬⸗ ⁸☿fi◘כ ⌐≈™≡ ⌂ ╩

∆╢≤≤╙⌐⁸ ─⸗♬♃ꜞfi◓♦כ♃╩ ⇔√ ◦☻♥ⱶ─

⌐≈™≡ ∆╢⁹ 

 

─ ⁸ ⌐ ∆╢  

◦☻♥ⱶ─ ⌐ ≠⅝⁸ ⌂ ⁸ ─ ה ╩ ╠⅛⌐⇔≡

╩ ∆╢⁹ 

 

◦Ⱶꜙ꜠כ◦ꜛfi⌐ ∆╢  

⸗♦ꜟ ╩ ⇔√ ◦Ⱶꜙ꜠כ◦ꜛfi╩

⇔⁸ ─ ◦Ⱶꜙ꜠כ◦ꜛfi ─ ╩ ∆╢≤≤╙⌐⁸ ◦Ⱶ

─fiꜛ◦כ꜠ꜙ ⌐ ⇔≡ ∆╢⁹ 

 

≤─ ⌐ ∆╢  

⁸ ─ ⌐≈™≡│⁸ ⌐ ⌐ ⇔≡ ⌂ ╩ ™⁸

─ ╩ √ ≢ ∆╢⁹ 

╕√⁸ ┼─ ╩ ∆╢√╘⁸ ─ ╩ ⌂⅜╠⁸ ⌐

≡ ╩ ∆╢⁹ 
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3. ⌐ ∆╢  

3.1. ╩ ≤⇔√ ─  

3.1.1. ─  

≢│⁸ⱷ●꞉♇♩ ─ │╕∞ ↕╣≡⅔╠∏⁸ ⌐≈™

≡─●▬♪ꜝ▬fi│ ⇔⌂™⁹ ⁸ ⌐⅔™≡│⁸☻◖♇♩ꜝfi♪⁸ⱨꜝfi☻⁸

◌♫♄ ≢ ─ ⌐ ╖≈≈№╢≤™℮ ≢№╢⁹∕─√╘⁸∆≢⌐ ⌐ ╖

≈≈№╢ ─ ─ ⅎ ⌐≈™≡ ╩ ™⁸ ≢─ ─

√╘─ ─ ╖≠ↄ╡─ ≤∆╢↓≤⅜⁸ ─ ≢№╢⁹ ≢│

─ ⌐ ∆╢ ⌂ ┘▪ⱪ꜡כ♅─ ╩ ℮⁹ 

╩ ℮⌐№√╡⁸ ╩ ≈─☿◒◦ꜛfi⌐ ↑√⁹╕∏⁸ ≈ ─☿◒◦ꜛfi≢│⁸

─√╘─◖fi☿fi♥▫fi◓ⱪ꜡☿☻ ─√╘─ ⁸ ⅝ ⌐≈

™≡─ ╩ ∫√⁹↓↓⌐│ ─ ╩ ╘≡™╢ ─ ─◖fi☿

fi♥▫fi◓ⱪ꜡☿☻─ ╙ ╕╣≡™╢√╘⁸№╦∑≡ ┘◖fi☿fi♥▫fi

◓ⱪ꜡☿☻⌐≡ ─ ─√╘⌐ ↕╣√ ●▬♄fi☻ ─ꜞ☻♩╩ ⇔⁸

∕╣∙╣─ ╙ ∫√⁹ 

⌐⁸ ≈ ─☿◒◦ꜛfi≢│⁸ ─ ≤⇔≡ ╦╣╢ⱬכ☻ꜝ▬fi ─

╩ ╢√╘⌐ ─ ⌐≈™≡ ╩ ∫√⁹ 

╕√⁸ ≢│⁸ ─ ⌐ ∆╢▪ⱪ꜡כ♅╩ ∆╢√╘⌐⁸

─ ─ ┘ ⁸●▬♄fi☻╛ⱪ꜡☿☻⌐≈™≡ ⌂ ⅛╠ ┬↓≤

⅜≢⅝╢ ╩ ⇔⁸╟╡ ╩ ╘╢ ╩ ™≤⇔≡™╢⁹ 

 

3.1.2 . ☻◖♇♩ꜝfi♪⌐⅔↑╢  

│ ⌂ ◄Ⱡꜟ◑כ ─ⱳכ♩ⱨ◊ꜞ○╩ →╢↓≤⌐ ∆╢

⅝⌂ ⅜№╢⁹ ≤™℮ ◄Ⱡꜟ◑כ─ ⌐│⁸₈ ™◄Ⱡꜟ◑₉⁸₈כ ≤

─ ₉⁸₈ ─ ┘ ₉ ─ ↄ─ⱷꜞ♇♩⅜№╡⁸↕╠⌐╒≤╪≥

─ ⅜ ⌐ ↕╣╢√╘⁸ ╩ ⌡╢≤™℮↓≤⅜⌂™⁹ 

⇔⅛⇔⁸ ─ ≢│⁸ ⌐≈™≡─ ⁸ ⌂◖fi☿fi♥▫fi

◓ⱪ꜡☿☻⁸ ┘ ∆═⅝ ≈⅛─ ⅜№╢⁹↓╣⌐≈™≡│⁸♥☻♩☿fi

⁸כ♃ ⁸ ─ ⅜ ⅎ≡ ↄ↓≤≢⁸ ⌂◖fi☿fi♥▫fi◓ⱪ꜡☿☻

┼─ ⅜ ↕╣⁸↕╠⌐ ─ ⌂ ╙ ⇔≡ ↄ≤ ⅎ╢⁹ 

ⱬכ☻ꜝ▬fi ♃כ♦ ⅎ┌ ─ ⌐≈™≡ │ ↕╣≡™⌂™ ╙ ™√╘⁸

∕↓⅛╠ ╩ ⇔√ ╩ ⇔ ╩ ∆╢↓≤│ ⌐ ≢№╢⁹

┼─ ─ ╩ ∆╢√╘⌐│⁸ ─ ─ ╩ ↄ ∆╢√╘

─ⱬכ☻ꜝ▬fi ⅜ ≢№╢⁹↓─ ⌐╟╡ ─ ┘ ⌐⅔↑╢ ⅜

ↄ ↕╣╢↓≤⌐⌂╡⁸↕╠⌐ ⌂◖fi☿fi♥▫fi◓ⱪ꜡☿☻╩ ⌐∆╢⁹ 

☻◖♇♩ꜝfi♪≢│⁸ ┘ ┼─▪ⱪ꜡כ♅≤⇔≡ ה ꜞ♃♬⸗ה

fi◓≤ ┌╣╢ ⅜ ↕╣≡™╢⁹↓─▪ⱪ꜡כ♅│ ┼─ ⌐≈™≡─ ⌐

╡⅜№╢ ≢╙ ╩ ⇔≡ ↄ↓≤╩ ⌐∆╢√╘⌐ ↕╣√⁹ 
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☻◖♇♩ꜝfi♪│ ⌐⅔™≡─ ─Ɽ♇꜡כꜜ⁹╢№≢ ◄Ⱡꜟ◑כ ─

25 ╩ ⇔⁸12,000km⌐ ┬ ≤ 790─ ⅜№╢↓≤⅛╠ ⅜☻◖♇♩

ꜝfi♪≢ ∆╢ ⅝⌂ ⅜№╢⁹2011 ⌐ⱴꜞfi☻◖♇♩ꜝfi♪ ☻◖♇♩ꜝfi♪

─ │ ◄Ⱡꜟ◑כ⌐⅔↑╢◖fi☿fi♥▫fi◓─√╘─ ⱦכ◘─

☻╩ ⇔√⁹↓╣⌐╟╡⁸ ╟ↄ ⌂ ⅜ ⌐⌂∫√⁹2013 ⌐☻◖♇♩ꜝ

fi♪─○כ♬◒כ ⌐ ◄Ⱡꜟ◑כ☿fi♃כ EMEC⅜ ↕╣⁸ ≢╙ ╘≡

─ ◄Ⱡꜟ◑כ─ ♥☻♩☿fi♃⁹√∫⌂≥כ☻◖♇♩ꜝfi♪≤ ⌐⁸ │ ⌂

╩ ∟⁸ ↄ─ ╩ ⇔≡™╢↓≤⅛╠⁸ ◄Ⱡꜟ◑כ⌐⅔™≡ ⅝⌂ ╩

∫≡™╢⁹╕√⁸ ≢ ╦╣√ ╛ ↕╣√▬fiⱨꜝ│ ◄Ⱡꜟ◑כ ┼─

╙ ≢№╢≤ ⅎ╢⁹ 

 

3.1.3 . ─ ─●▬♄fi☻  

↓↓≢│⁸ 3.1.3 - 1 ⌐ ∆●▬♄fi☻ ─ ╩ ℮⁹ │ ⅜

─√╘⁸ ─ ⱪ꜡☿☻⌐≈™≡─ ⌂●▬♄fi☻

─ │ ╠╣≡™╢⁹ 

ⱪ꜡☿☻≤ ◄Ⱡꜟ◑כ ─◖fi☿fi♥▫fi◓ⱪ꜡☿☻│ ⌐╟∫≡

⌂╢√╘⁸ ─●▬♄fi☻ ⁸ ⁸ ⁸▪ⱪ꜡כ♅│ ⌐╟∫≡ ⌂╢⁹ 
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3.1.3 - 1 ─ ●▬♄fi☻  

●▬♄fi☻     

Marine Scotland Licensing and 

Consents Manual.  

The Scottish Government; Marine 

Scotland ⱴꜞfi☻◖♇♩ꜝfi♪ 

☻◖♇♩ꜝfi♪  

2012 ☻◖♇♩

ꜝfi♪ 

Consenting Guidance for Developers at 

the EMEC Fall of Warness Test Site  

 

European Marine Energy Centre  

◄Ⱡꜟ◑כ☿fi♃כ EMEC 

2015 ☻◖♇♩

ꜝfi♪ 

Guide to the environmental impact 

evaluation of tidal stream 

technologies at sea  

France Energies Marines  

ⱨꜝfi☻◄♫☺כⱴꜞfi☼ 

ⱨꜝfi☻─ ◄Ⱡꜟ◑כ  

2013 ⱨꜝfi☻ 

Environmental impact assessment  

for offshore renewable energy  

projects Έ Guide  

Innovate UK & British Standards 

Institution  

≤  

2015  

Consenting Processes for Ocean 

Energy-  Update on Barriers and 

Recommendations 

 

Ocean Energy Systems OES  & 

International Energy Association 

IEA Energy Technology Network OES

│⁸Ɽꜞ─ ◄Ⱡꜟ◑כ IEA

⅜ ⇔√ ╖ ≢ ∆╢ ₁─

 

2016  

Consenting Processes for Ocean Energy 

on OEA Member Countries 

 

WavEC & Ocean Energy Systems (OES)  

◄Ⱡꜟ◑כ─

┘ ╩ ℮ NPO 

 

2015  

Siting Methodologies for 

Hydrokinetics; Navigating the 

Regulatory Framework 

Pacific Energy Ventures, LLC on 

behalf of the United States 

Department of Energy  

PEV│▪ⱷꜞ◌ ◄Ⱡꜟ◑כ ⅛╠

⇔ ╩ ∫√  

2009 ▪ⱷꜞ◌ 

 

☻◖♇♩ꜝfi♪─ ◄Ⱡꜟ◑כ ⌐│ ↕╣√ ┘◖fi☿fi♥▫fi

◓ⱪ꜡☿☻╩ ℮ ⅜№╢↓≤⅛╠⁸☻◖♇♩ꜝfi♪⌐ ∆╢ ≈─●▬♄fi☻─

╩ ⌐ ∫√⁹ⱴꜞfi☻◖♇♩ꜝfi♪⅜ ⇔√●▬♄fi☻│ ≢ ╙ ↄ─

⌐╟∫≡ ⌐ ↕╣≡™╢⁹↓─●▬♄fi☻│ ─ⱪ꜡☿☻─ ≢

─ ⌐ ╢ ⅝ ┘ ⅜ ⌂ꜝ▬☿fi☻ ⅜ ↕╣≡⅔╡⁸ ⁸

Ⱨfi◓⁸כ◖☻ ⁸ ⁸↕╠⌐ ⌂ ⁸ ⁸⸗♬♃ꜞfi◓⁸
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─ⱪ꜡☿☻⁸ ╛ ⌐≈™≡╙ ⌐ ↕╣≡™╢⁹╕√⁸♦◙▬

fi◄fiⱬ꜡כⱪ≤ ┌╣╢ ⅜ ─꜠ⱬꜟ≢№╢√╘⁸ ↕╣╢ ─

⅜ ↕╣≡™╢⁹ 

EMEC⅜ ⇔√●▬♄fi☻│ EMEC─ ♥☻♩◘▬♩⁸ⱨ◊כꜟ○Ⱪ꞉כⱠ☻≢─

⌐ ⇔√●▬♄fi☻≢№╢⁹↓─●▬♄fi☻│⁸ⱴꜞfi☻◖♇♩ꜝfi♪─ ⅜ ∆

─ ╩ ≡ ℮ ≢│⌂ↄ⁸EMEC♥☻♩☿fi♃כ ≢─ ─ ♥☻♩╩

⇔≡™╢ ⅜ ╢═⅝▪ⱪ꜡כ♅⌐≈™≡ ⇔≡™╢⁹ ⅜ ℮ ⅜№╢

⸗♬♃ꜞfi◓⁸ ꜞ☻◒▪☿☻ⱷfi♩⁸ ┘ ─ ╩ ╗ EMEC

≢─♥☻♩─◖fi☿fi♥▫fi◓⌐ ⌂ ⅝─ ╩ ⇔≡™╢⁹ 

ⱨꜝfi☻◄♫☺כⱴꜞfi ⱨꜝfi☻─ ◄Ⱡꜟ◑כ ⌐╟∫≡ ↕╣√●▬

♄fi☻│ ≢ ↓╡ ╢ ⌐ ⇔≡≥─╟℮⌐ ∆╢⅛╩ ⌐

⌐ ╡╕≤╘√●▬♄fi☻≢№╢⁹↓─●▬♄fi☻│ ∞↑≢⌂ↄ⁸ ╩

∆╢ ╛ ─√╘⌐╙ ↕╣√⁹↓─ ≢ ─ ╩ ∆╢√

╘⌐ ╦╣╢═⅝ ⌐≈™≡╙ ↕╣≡™╢⁹ 

╕√⁸ - -○ⱨ☿♇♩≤ ┌╣╢ ┼─▪ⱪ꜡כ♅╩ ⇔≡™╢⁹↓╣│

☻◖♇♩ꜝfi♪≢ ↕╣≡™╢ ⌐ √⸗♦ꜟ≢№╡⁸ ⌂ ╡ ╩

∆╢◦☻♥ⱶ≤⁸ ⌂ ⌐│ ╩ ┘ ∆╢ ⅜ ↕╣≡™╢⁹ 

Innovate UK ─●▬♄fi☻ │⁸ ⌐ ∆╢ ⌐ ∆╢√╘⌐

⌂●▬♄fi☻≤⇔≡ ↕╣√⁹ ⌐ ⇔√●▬♄fi☻ ≤│ ⌐⁸↓─●▬

♄fi☻≢│ ─ⱪ꜡☿☻≤│ ⌐ ☿◒◦ꜛfi⅜ ↑╠╣≡⅔╡⁸ ⁸☻

Ⱨfi◓⁸Preliminary Environmental Informatiכ◖ on ─ ⁸

⁸ ≤⸗♬♃ꜞfi◓⁸ ⌐≈™≡─☿◒◦ꜛfi⅛╠ ╡ ∫≡™╢⁹

─☿◒◦ꜛfi≢│⁸ ↓╡ ╢ ╩ ∆╢√╘⌐⇔√⅜℮═⅝ ⅜ ⌐

↕╣≡™╢⁹ 

Ocean Energy Systems⅜ ⇔√ ≈─●▬♄fi☻│ √ ≢№╢⅜⁸2016 ⌐

≤⇔≡ ↕╣√●▬♄fi☻⌐│ ⌐ ⇔√ ─ ⅜№╢⁹ ↕╣√

≈─●▬♄fi☻│ ⌐ ⌂◖fi☿fi♥▫fi◓─ ⌐ ∆╢╙─≢№╢⁹ ─●▬

♄fi☻⅜ ↕╣√─│ 2015 ≢№╢⁹Ocean Energy Systems─ ⌐⅔™≡─◖fi☿fi

♥▫fi◓ⱪ꜡☿☻ ┘ ┼─▪ⱪ꜡כ♅⌐≈™≡ ╡╕≤╘≡™╢⁹↓─●▬♄

fi☻│⁸ ↄ ℮◖fi☿fi♥▫fi◓ⱪ꜡☿☻╛ ┼─▪ⱪ꜡כ♅╩ ≈ Ocean 

Energy Systems ≡⌐ ≡│╕╢╟℮⌐ ╠╣≡™╢√╘⁸ ╕≢⌐ ⇔√●▬♄

fi☻≤│ ↄ ⌂╢▪ⱪ꜡⁹╢™≡⇔╩♅כ↓─ │ ꜠ⱬꜟ≢─◖fi☿fi♥▫fi◓

ⱪ꜡☿☻≤ ⱪ꜡☿☻⌐⅔™≡─ ─ ╩ ⇔≡™╢⁹2016 ⌐ ↕

╣√Ocean Energy Systems─ ≢│⁸ ─ ⌂ ⁸ ┼─▬fi♃ⱦ

╩כꜙ ™ ◄Ⱡꜟ◑כ─◖fi☿fi♥▫fi◓─ ╩ ∆╢√╘⌐ ╖ ╪∞

⅜ ╦╣≡™╢⁹ 

▪ⱷꜞ◌ ─◄Ⱡꜟ◑כ (DOE)⌐╟∫≡ ↕╣√●▬♄fi☻│⁸▪ⱷꜞ◌≢│

꜠ⱬꜟ≤ ꜠ⱬꜟ─ ─ ⌂╢ ≤─ ⅜ ≈╙⌂ↄ⁸ ╛ ⅜ ⌂
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│™ↄ≈╙─ ℮ ─ ⌐ ⇔⌂↑╣┌⌂╠⌂™≤™℮ ≢ ⌂◖fi☿

fi♥▫fi◓ⱪ꜡☿☻≢№╢↓≤⌐≈™≡ ⇔≡™╢⁹ 

⇔√ ≡─●▬♄fi☻ │⁸ ─ ┘ ⌐╟╡ ─◖fi☿fi♥▫fi◓⁸

ⱪ꜡☿☻⅜ ≢№╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔⁸ ─▪ⱪ꜡כ♅─

⅜ ⌐ ╢↓≤⅜≢⅝⁸ ●▬♄fi☻⅜ ┼─ ╩ ⌐ ⅎ≈≈⁸ ╩

↕∑⌂⅜╠⁸ ╩ ⇔⁸ ⌐◖fi☿fi♥▫fi◓─ ╩ ⇔≡™ↄ

≢─ ⅜™ↄ≈⅛№╢↓≤╩ ⇔≡™╢⁹ 

 

3.1.4 . ─ ⌐ ∆╢  

⌂ ─ ─ ╩ ≤⇔≡ ↕╣√ ─꜠ⱦꜙכ╩ ∫√⁹ 

3.1.4 - 1 

      

Meygen Phase 1 

 

Atlantis 

Resources 

Ltd 

▪♩ꜝfi♥▫☻ ┘

Ɫfiⱴכⱨ▼☻♩♃

 ⱦfiכ

☻◖♇♩ꜝfi♪

Ɑfi♩ꜝfi♪ⱨ

  ☻כ□

 

86MW 2015╟╡

 

Brims Tidal Array 

Limited  

 

OpenHydro ○כⱪfiⱢ▬♪꜡

 ⱦfiכ♃

 

☻◖♇♩ꜝfi♪

כ♬◒כ○   

200MW  

Seagen 

 

Marine 

Current 

Turbines 

Ltd 

♠▬fi▪◒☿ꜟⱨ꜡

☺כ◦ ⱦfiכ♃כ

▼fi S 

▪▬ꜟꜝfi♪ 

☻♩ꜝfi◓ⱨ◊

 ⱨꜝ♪כ

1.2MW 2008 

Admiralty Inlet 

Pilot Tidal Project  

 

OpenHydro ○כⱪfiⱢ▬♪꜡

 ⱦfiכ♃

▪ⱷꜞ◌ 

☻Ⱶⱡⱱ◦ꜙ 

600kW 2009- 2014 

European Marine 

Energy Centre 

  ☻◖♇♩ꜝfi♪ 

כ♬◒כ○  

 2004 

Fundy Ocean Research 

Centre for Energy  

  ◌♫♄  

ⱨ□fi♦▫כ  

 2010╟╡

 

Sound of Islay Tidal 

Energy Project  

 ⱦfi ☻◖♇♩ꜝfi♪ 10MW 2015כ♃  

─ │ ⌂ⱪ꜡☺▼◒♩╩ ⇔≡™╢⁹ 
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─  ≡™≈⌐◓Ⱨfiכ◖☻≥

↕╣√ ─ ≡⅜ ∂ ─ ⁸ ╩ ⇔√╦↑≢│⌂™⁹↓

╣╠╩ ∆╢√╘⌐⁸ ≢≥─ ⅜ ↕╣√⅛╩ ∆ ─ ╩ ⇔

√⁹↓╣⌐╟╡ ≢ ↕╣√ ≤ ≢ ℮ ⌐⅔™≡─ⱬכ☻ꜝ

▬fi ≤─ ╩ ∫√⁹ 

 

3.1.4 - 2 ≢─ⱬכ☻ꜝ▬fi  

 Meygen 

Phase 1, 

Scotland  

Brims,  

Scotland  

Admiralty  

inlet,  

Snohomish, 

USA 

EMEC, 

Scotland  

Bay of  

Fundy, 

Canada 

Sound of 

Islay,  

Scotland  

 

(  

)  

─  

ủ ủ ủ ủ ủ ủ ủ 

 

ủ ủ ủ ủ ủ ủ ủ 

 

⸗♬♃ꜞfi◓ 
ủ ủ ủ U U U ủ 

 

ủ U ủ U U ủ ủ 

 

ủ ủ U ủ ủ ủ ủ 

≥─ ⌐⅔™≡╙ │⁸ ⌂ ─ ⁸ │ ≢ ⌐

↕╣√ ┘ ≤∕─ ⌐ ⅝ↄ ↕╣╢⁹╙⇔ ⌐ⱬכ☻ꜝ▬fi

─ ╩ ╠⅛⌐∆╢─⌐ ⌂ ⅜№╢ │⁸ ─ ╩ ℮ │⌂™⁹↕

╠⌐ ⅜ ⇔⁸⸗♬♃ꜞfi◓♦כ♃⅜ ↕╣≡™ↄ↓≤⌐╟╡⁸№╢ ─

⌐╟╢ꜞ☻◒│ ⌐ ™↓≤⅜ ↕╣⁸ ⌐ ∫≡™√ │ ≢⌂ↄ

⌂╢ ⅜№╢⁹ 

⌂ⱬכ☻ꜝ▬fi ─ │⁸ ⌂◘▬♩⌐╟∫≡ ⌂╢⅜⁸ ⌐⁸

⌐⅔™≡─ⱬכ☻ꜝ▬fi │⁸ ─▪ⱪ꜡כ♅⌐⇔√⅜∫≡ ╘╠╣

╢⁹ 

ⱬכ☻ꜝ▬fi ≢─ ╩ ╠⅛⌐∆╢√╘⌐⁸◖fiⱧꜙכ♃⸗♦ꜞfi◓│ ⌐ ≢

№╢⁹⸗♦ꜞfi◓│⁸ ┼─ ⌐ ⇔ ⌐ ≢№╢⁹ 

ה ⁸ ┘ ⌐≈™≡ ─ꜞ☻◒ ┘ ─⸗♦ꜞfi◓ 

ה ⌐≈™≡ ⸗♦ꜞfi◓  

ה ⌐≈™≡ ⌐ ⇔≡ ⸗♦ꜞfi◓ 

ה ┘ ⌐≈™≡ ─ⱨ◊♩⸗fi♃כ☺ꜙ 

ה ⌐≈™≡ ◦☻♥ⱶ GIS╩ ⇔ ╩ ⇔ ─
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ה ⌐≈™≡ AIS ┘∕─ ─ ╩♃כ♦⌂ ⇔⁸

◄ꜞ▪ ─ ─  

 

3.1.5 . ≤⸗♬♃ꜞfi◓ 

─ │⁸ ⁸ ⅜ │ ≢№╢≤ ⅎ╠╣╢ ⌐

╩ ∆╢↓≤╩ ⇔≡™╢⁹ ⌐│⁸ ⁸ ⌂ ⁸ ⁸ ⁸

⁸ │ ⌂ ⁸ │ ⌂ ╩ ∆╢ ™ ⅜

∆╢⁹ ─ │⁸∕─ ─ ⅛╠ ↕╣╢⁹⇔┌⇔┌ ─ ⅝

↕≤ ↕╣╢₈ ₉⌐│⁸♃▬Ⱶfi◓⁸ ⁸ ⅝↕⁸ ─ ↕⅜ ╕╣╢⁹ 

⇔√ⱪ꜡☺▼◒♩⌐⅔↑╢ ⌂ ╩ ⌐ ∆⁹ 

ה ─ ꜞ☻◒─  

⁸ ⁸ ⁸ ⌐⅔™≡⸗♬♃ꜞfi◓ⱪ꜡◓ꜝⱶ⅜ ↕╣≡™

╢⁹↓╣│ ─ ─ ⌂ ╩ ∆╢ ≢ ⌂ ⌐≈™≡─ ╛

≠↑╩ ⌐∆╢⁹ 

ꜟⱩכ◔ה ⌐╟╢ ┼─ ⌐≈™≡─  

ꜟⱩכ◔ ─♩כꜟ ⌂ ╩ ∆╢ ⌐⁸ ♩כꜟꜟⱩכ◔─ ╩

⇔⁸ ⌂ ─ ⅜ ∆╢⅛≥℮⅛╩ ∆╢⁹ │ ↕╣√

─ ╩ ↑╢√╘⌐ ⌂ ≡─ ╩ ╢ ꜟⱩכ◔ ⁹ ─

⅜ ↑╠╣⌂™ │⁸ │ ⌂ ─ ╩ ⇔⁸ ┼─ ╩

⌐ ⅎ╢√╘─ ─ ⌂ ⌐ ∆╢√╘⌐⁸ ⌂ ≤

⇔⌂↑╣┌⌂╠⌂™⁹ 

ה ⁸ ─ ┼─ ⌐≈™≡─  

⅜ⱦfiכ♃ ⌐⅔™≡ ─ ⌂ ╩ ≈↓≤╩ ⇔⁸∕℮≢⌂™

│⁸ ⌐ ↕╣╢↓≤╩ ∆╢⁹ 

 

3.1.6 . ⸗♬♃ꜞfi◓ 

│⁸ ⌐ ↕╣≡™╢ ⅜ ⌂™ ≢№╢√╘⁸ ─

╩ ⌐ ⇔⁸ ⌐ ⌂ ╩ ℮↓≤│ ≢№╢⁹∕─↓≤│⁸ ⌐

⁸ ⁸ ≤─ ⌐≈™≡─ ─ ─ ⌐⅔™≡│ ≢№╢⁹

≤⇔≡ │⁸ ₁⌂꜠☿ⱪ♃כ⌐ ∆╢ ─ ╩ ⌐ ∆╢√╘⌐⁸

─ ⸗♬♃ꜞfi◓╩ ∆╢ ⅜№╢⁹↓╣│⁸ ≢ ╠╣√ ╩

⇔⁸ ─ ─ ╩ ∆╢─⌐ ≈⁹ 

≢ ↕╣╢⸗♬♃ꜞfi◓ ╩ ⌐ ∆⁹ 

ⱦfiכ♃ה ─ ⁸ ⁸ ─√╘─  

ה ≤─ ╩ ∆╢√╘⌐ Ⱪ꜠כ♪⌐ ↑≡◌ⱷꜝ╩ ∆╢ⱦ♦○

 

ה ה ─ ─ ╩ ∆╢√╘─ ╩ ⅎ√ⱦ♦○  

ה ─ ╩ ∆╢√╘─ ADCP  
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⸗♬♃ꜞfi◓ ╙ⱬכ☻ꜝ▬fi ≤ ⁸∕╣∙╣─ ─ ╛ ↄ⌐

─ ⅜№╢⅛⁸ ─♦◙▬fi⁸ ┘ ⌐╟∫≡ ↕╣╢⁹ 

 

3.1.7 . ╕≤╘ 

≢│⁸ ─ ─ ⌐ ↕╣≡™╢ ⱪ꜡☿☻⁸ ⁸

●▬♄fi☻⌐≈™≡ ⇔√⁹ⱪ꜡☿☻⌐≈™≡│⁸☻◖כⱧfi◓⁸ ╩ ™⁸

⸗♬♃ꜞfi◓╩ ⌐ ℮⁸≤™℮ ⌐⅔™≡⅔⅔╗⌡ ⇔≡™╢↓≤⅜ ⅛∫√⁹╕

√⁸ ≢│⁸ ⌐≈™≡ ⌐ ╡ ╗╟℮ ↕╣≡™╢⁹ ⌐≈™≡│⁸

ⱪ꜡☿☻↔≤⌐ ╩ ⇔⁸ ─ ≢─ ╩ ⇔⌂⅜╠ ╘≡™ↄ↓≤⅜ ≢

№╢⁹ 

⌂ ≤⇔≡ ↕╣√ │⁸ ─ ╛ ⅜∕╣∙╣ ℮

≢⁸ ─ ─√╘─ ─ ⌐ ∆╢ ⁸ ⁸

┘⸗♬♃ꜞfi◓ ⅜№╢↓≤╩ ⇔≡™╢⁹ ─ ⌂⸗♬♃ꜞfi◓ ╛⁸

⌂ ┼─ ─ │⁸ ╩ ╦∏ ╡ ╗↓≤⅜ ≢№╢⁹╕√⁸ ⌂

⸗♬♃ꜞfi◓⌐ ⅎ≡⁸◖fiⱧꜙהכ♃כ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢↓≤≢⁸ ┼─

╩ ⅛≈ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 
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3.2 . ─ ⌐ ↑√ ─  

3.1. ⌐⅔™≡⁸ ≢ ╦╣≡™╢ ⌐≈™≡─꜠ⱦꜙכ╩ ∫√⅜⁸

⌐⅔™≡│ ≢─ │⁸ ⅜ ╕∫√┌⅛╡─ ≢№╢⁹ ╛

◘▬♩─ ⌐╟∫≡⁸ ⇔≡™╢ ⌐ ⅜╖╠╣√⁹ ⌐⅔™≡│⁸ ─

≢ ╩⇔⌂™ ⅜ ≡ↄ╢ │№╢╙──⁸ ≢ ↕╣≡™╢ ⌐

≈™≡│ ╠↕∏ ╩ ℮ ≤⇔√⁹ 

╕√⁸ ─ 27 ≢╕≤╘╠╣≡™╢₈

₉⌐⅔™≡│⁸3.1. ≢╖√ ⌐⅔↑╢ │∆═≡◌Ᵽכ⇔≡™╢↓≤⅛

╠⁸↓─27 ─ ⌐№╢ ⌐⇔√⅜∫≡ ╩ ╘╢↓≤≤⇔√⁹ │⁸

⁸ ─ ╩ ∫√⁹ 29 │⁸ ┘ ─ ⁸ ה ⁸⸗

♬♃ꜞfi◓ ─ ╩ ℮ ≢№╢⁹ 

─ ⌐│ ─ ╩ ⇔⁸ ─ │ 2 3 ⌐ ℮√╘⁸ ─

≢ ┼─ ⅜ ⌐ ╦⌂⅛∫√ │ ─ ⌐ ∆╢↓≤≤⇔√⁹ 

 

3.2.1 . ◄ꜞ▪ 

 

│⁸ ─ ≤ ─ ⌐ ∆╢ ≢ ⇔√⁹ 

 

3.2.1 - 1  
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⌐⅔↑╢ ⁸ ╩ 3.2.1 - 2⁸3.2.1 - 3⌐ ∆⁹ 

 

3.2.1 - 2  

 

3.2.1 - 3  



16 

 

3.2.2 .  

⌐⅔↑╢ ⁸ ─ ╩ 3.2.2 - 1⁸ 3.2.2 - 2⌐ ∆⁹ 

 

3.2.2 - 1 ⁸ ─  

       

 
( ╡⁸ )  

⁸  
2  

4   
( 1 ⁸

ꜟⱩכ◔ 1
⁸ 2 )  

3 ( ⁸ ⁸ )  

⅛╠Ᵽfi♪כfi
╩ ™≡ 3 ( ⁸ ┘

)⅛╠ ⇔⁸ ≢
╩ ℮⁹ 

⌐│⁸ ╩
™≡ ╩ ℮⁹ 

ⱪꜝfi◒♩fi 
 

⁸  
2  

4  
( 1 ⁸

ꜟⱩכ◔ 1
⁸ 2 )  

2 ( ⁸ )  

⅛╠ Ⱡ♇♩
╩ ™≡ 1/2 ⅛╠
╕≢ ┘ 1m⅛

╠ 1/2 ╕≢ ─ 2 ≢
⅝╩ ℮⁹ 

─ ⁸ ─ ┘
─ ╩ ℮⁹ 

ⱪꜝfi◒♩fi 
 

⁸  
2  

4   
( 1 ⁸

ꜟⱩכ◔ 1
⁸ 2 )  

3 ( ⁸ ⁸ )  

⅛╠Ᵽfi♪כfi
╩ ™≡ 3 ( ⁸ ┘

)⅛╠ ∆╢⁹ 
─ ⁸ ─ ┘

─ ╩ ℮⁹ 

ה  
⁸  

2  

4   
( 1 ⁸

ꜟⱩכ◔ 1
⁸ 2 )  

2 ( ⁸ )  

⅛╠ⱴꜟ♅Ⱡ♇♩╩
™≡ 0.5m ┘

5m ─ 2 ⅛╠⁸1
⌐≈⅝ 2ⱡ♇♩≢10 ─
⅝⌐╟╡ ה ╩

∆╢⁹ 
─ ┘ ─ ╩
℮⁹ 

 
⁸  

2  

4  
( 1 ⁸

ꜟⱩכ◔ 1
⁸ 2 )  

⅛╠ ROV │ ⱦ♦
○╩ ™≡ ─ ╩
℮⁹ ↕╣√ ╩╙≤⌐⁸
ⱷ●꜡ⱬfi♩☻─ ╩
∆╢⁹ 

 
( ה )  

⁸  
 ( 2 )  

2  ( ꜟⱩכ◔
1 ⁸ 1 )  

ⱬꜟ♩♩ꜝfi☿◒♩ ⌐╟╢
┘ ╡ ⌐╟╡

─ ┘ ⁸ ─
╩ ℮⁹ 
⌐ ⇔√ ה │⁸

☻◒꜠♇Ɽכ╩ ™≡ ∆
╢⁹ 

 
⁸  

2  

4  
( 2 ⁸

2 )  

⅛╠ ROV ╩כ♫♁┘
™≡ ─ ╩ ℮⁹ 
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3.2.2 - 2 ⁸ ─  

       

 
 

⁸  
(2 )  

3 ( ⁸
─ ⁸ )  

⌐≡ ⌐ ⇔≡™╢
⌐╟╢ ╩

℮⁹ ⇔√ │ ─
⁸ ⁸ ⁸ ╩
∆╢⁹ ─ │ 3
╩ ⇔≡™╢⁹ 

ה  
⁸  

2  
2  ( ꜟⱩכ◔

1 ⁸ 1 )  

⅜ ─ ─
┘ ┘

╡ ╩ ℮⁹ 
⌐ ⇔√ ה │⁸

☻◒꜠♇Ɽכ╩ ™≡ ∆
╢⁹ 

 
⁸  

2  
5  
 ( )  

╟╡ ┘
⌐╟╡ ∆╢ ─
⁸ ⁸ ╩

∆╢⁹╕√⁸ ⌐│Atag
╩ ™ ╩ ℮⁹ 

 
⁸  

2  

4  
 ( 1
⁸ ꜟⱩכ◔ 1
⁸ 2 )  

╩ ⇔≡ ─
꜠ⱬꜟ ┘ ─

╩ ℮⁹ 

 
⁸  

2  
5  
 ( )  

╟╡ ┘
⌐╟╡ ─ ⁸ ⁸

╩ ∆╢⁹ 

 
►Ⱶ●ⱷ  

⁸  
2  

5  
 ( )  

ⱥ▪ꜞfi◓ ⌐╟╡ ╩
∆╢⁹╕√⁸ ⁸
─ ≤№╦∑≡ ╟╡
╩ ℮⁹ 

 
⁸  

2  
 

⌐⅔™≡⁸
╩ ∆╢ ─ ⁸
╩ ⇔⁸ ∆╢⁹ 
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3.2.3 . ─  

│⁸ ╟╡ AAQ1183 JFE▪♪Ᵽfi♥♇◒ ╩ ™⁸

⌐⅔™≡ ╩ ∫√⁹╕√⁸Ᵽfi♪כfi ╩ ™≡ 0.5m ⁸

1/2 ⁸ 1m ─ ╟╡ ╩ ™⁸ ╩ ∫√⁹ 

⌐⅔↑╢ ┘ ╩ 3.2.3 - 1⌐ ∆⁹ 

 

3.2.3 - 1 ┘  

 

 

3.2.3 - 1  
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─ │ 28 11 9 ⁸10 ⌐ ∫√⁹ ─ ╩ 3.2.3 - 2

⌐ ∆⁹ 

3.2.3 - 2  

pH DO COD SS

⁷

(m) (m) (m) (ϴ) (mg/L) ( ) (ɡg/ L) (FTU) (mg/L) (mg/L) ( )

0.5 22.2 34.30 8.2 6.8 95.6 3.2 0.2 1.2 <1 <0.2

19.5 22.2 34.30 8.2 6.8 95.0 3.5 0.1 1.2 <1 <0.2

37.9 22.2 34.30 8.2 6.7 94.7 3.7 0.1 1.1 <1 <0.2

0.5 22.0 34.21 8.2 6.9 96.3 3.9 0.2 1.3 <1 <0.2

8.9 22.1 34.21 8.2 6.9 95.6 4.6 0.2 1.2 <1 0.2

16.8 22.0 34.21 8.2 6.9 95.8 4.7 0.2 1.2 <1 0.3

0.5 22.1 34.28 8.2 6.9 95.8 3.3 0.2 1.1 <1 <0.2

18.9 22.1 34.30 8.2 6.8 95.5 4.0 0.1 1.1 <1 0.4

36.7 22.1 34.29 8.2 6.8 95.5 3.5 0.1 1.1 <1 0.4

0.5 22.1 34.27 8.2 7.0 97.8 4.1 0.2 1.2 <1 <0.2

18.4 22.1 34.27 8.2 6.8 95.9 4.6 0.1 1.2 <1 0.2

35.8 22.2 34.27 8.2 6.8 95.7 4.7 0.1 1.0 <1 <0.2

⁷
⁷

⁷ ⁷
⁷

▬○fi
⁷

⁷ ◒꜡꜡
ⱨ▫ꜟa

⁷
⁷

St.1

St.5

St.2 17.8 16.0

18.0St.4 37.7

⁷

18.036.8

20.038.9

 

 

⌐≈™≡│ 16.0₩20.0m≢№╡⁸ ─ ╡╛ │ ╘╠╣⌂⅛∫√⁹ ⌐≈

™≡│ 22.0₩22.2ϴ≢№╡⁸ ╛ ⌐╟╢ ™│╒≤╪≥ ╘╠╣⌂⅛∫√⁹ 

pH ▬○fi │ 8.2 ≢№╡⁸ ≡A ─ 7.8₩8.3 β╩ ∆╢

≢№∫√⁹DO │ 6.7₩7. 0mg/L⁸ │ 95₩98 ≢№╡⁸

⌂ ⅜ ↕╣≡™√⁹ 

ⱪꜝfi◒♩fi ─ ≤⌂╢◒꜡꜡ⱨ▫ꜟ a│⁸3.2₩4.7ɡg/L ≢№∫√⁹

─ ≤⌂╢COD │1.0₩1.3mg/L≢№╡⁸ ≡A ─ 2mg/L

β╩ ∆╢ ≢№∫√⁹ ╡─ ≤⌂╢ SS │⁸ ≡ 1mg/L

≢№∫√⁹SS≤ ∂ↄ ╡─ ≤⌂╢ │⁸ ≢│ 0.1₩0.2FTU⁸ ≢│

0.2 ₩0.4 ≢№∫√⁹ 

─ ⌐≈™≡│⁸ ⌐ ≤⌂╢╟℮⌂ │ ╘╠╣⌂⅛∫√⁹ 

 

β  

─ ─ ┘ ─ ─℮ⅎ≢ ↕╣╢↓≤⅜ ╕⇔™ ≤⇔≡⁸

⁸ ⁸ ⁸ ╩≥─ ⌐ ≈↓≤╩ ⌐ ╩ ⇔≡™ↄ─⅛≤™℮

╩ ╘√╙─⁹ ⌐│ ≈─ ⅜ ╘╠╣≡⅔╡⁸A │ ╙ ⇔™

≤⌂∫≡™╢⁹ 
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─ │ 29 2 6 ⁸7 ⁸14 ⌐ ∫√⁹ ─ ╩ 3.2.3 - 3

⌐ ∆⁹ 

3.2.3 - 3  

pH DO COD SS

⁷

(m) (m) (m) (ϴ) (mg/L) ( ) (ɡg/L)(FTU) (mg/L) (mg/L) ( )

0.5 15.3 34.64 8.2 8.1 99.2 1.5 0.0 Ή Ή Ή

20.0 15.3 34.65 8.2 8.0 98.5 6.4 0.2 Ή Ή Ή

38.9 15.3 34.65 8.2 8.0 98.4 5.5 0.3 Ή Ή Ή

0.5 15.9 34.62 8.2 7.8 96.4 3.8 0.1 Ή Ή Ή

10.1 15.9 34.63 8.2 7.8 96.4 4.0 0.1 Ή Ή Ή

19.2 15.9 34.63 8.2 7.7 96.2 4.2 0.1 Ή Ή Ή

0.5 15.8 34.60 8.2 7.9 97.3 5.5 0.3 Ή Ή Ή

19.0 15.8 34.63 8.2 7.8 97.1 4.5 0.2 Ή Ή Ή

36.9 15.8 34.63 8.2 7.8 96.8 4.7 0.2 Ή Ή Ή

0.5 15.3 34.64 8.2 8.0 98.5 4.6 0.2 Ή Ή Ή

19.1 15.3 34.66 8.2 8.0 98.4 5.1 0.1 Ή Ή Ή

37.1 15.3 34.66 8.2 8.0 98.2 5.6 0.2 Ή Ή Ή

⁷

St.1

St.5

St.2 20.2 14.5

18.0St.4 37.9

⁷

12.638.1

11.539.9

⁷
⁷

⁷ ⁷
⁷

▬○fi
⁷

⁷ ◒꜡꜡
ⱨ▫ꜟa

⁷

 

⌐≈™≡│ 11.5₩18.0m≢№╡⁸ ─ ╡╛ │ ╘╠╣⌂⅛∫√⁹ ⌐≈

™≡│ 15.3₩15.9ϴ≢№╡⁸ ╛ ⌐╟╢ ™│╒≤╪≥ ╘╠╣⌂⅛∫√⁹pH

▬○fi │ 8.2 ≢№╡⁸ ≡ A ─ 7.8₩8.3 ╩ ∆╢ ≢№

∫√⁹DO │ 7.7₩8.1mg/L⁸ │ 96₩99 ≢№╡⁸ ⌂

⅜ ↕╣≡™√⁹ ⱪꜝfi◒♩fi ─ ≤⌂╢◒꜡꜡ⱨ▫ꜟ a│⁸1.5₩6.4ɡg/L

≢№∫√⁹ 
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3.2.4 . ⱪꜝfi◒♩fi  

ⱪꜝfi◒♩fi │⁸ ╟╡ Ⱡ♇♩ 22.5cm⁸ 80cm⁸ NXX13

╩ ™≡ 1/2 ⅛╠ ╕≢ ⁸ 1m⅛╠ 1/2 ╕≢ ─ ≢

⅝Ⱡ♇♩ ╩ ∫√⁹ ⇔√ │ⱱꜟⱴꜞfi≢ ⇔√ ⁸ ─ ⁸ ─

┘ ─ ╩ ∫√⁹ 

 

3.2.4 - 1 ⱪꜝfi◒♩fi  

 

    Ⱡ♇♩          ⱪꜝfi◒♩fi  

 



22 

 

 

⌐⅔↑╢ ⱪꜝfi◒♩fi ─ ╩ 3.2.4 - 1⁸ ─ ╩

3. 2.4- 2⁸ ─ ╩ 3.2.4 - 3⌐ ∆⁹ 

⌐⅔↑╢ ⱪꜝfi◒♩fi─ │ 3,357₩76,048 / ≢№╡⁸St.5

≢ ╙ ™ ≢№∫√⁹╕√⁸ ⌐ ═≡ ≢ ⅜ ™ ⌐№∫√⁹

│ 23₩48 ≢№╡⁸ ≤ ∂ↄ ≤ ═≡ ≢ ™ ⌐№∫√⁹ │

⅜ ↄ⁸ ⌐⅔™≡ Nauplius larva of Copepoda ▪◗▪◦ ⱡכⱪꜞ►☻

⅜ ↄ ∆╢ ≢№∫√⁹ 

 

3.2.4 - 1 ⱪꜝfi◒♩fi  

⁷
⁷

2 2

3 2

37 37

3 1

∕ ─ 3 1

⁷ 48 43

665 47

499 93

13,013 2,905

1,289 296

∕ ─ 250 16

⁷ 15,716 3,357

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

St.1 St.1⁷

( )

(4.2) (4.7)

(6.3)

(77.1) (86.0)

(6.3) (4.7)

(100.0) (100.0)

⌂
₈

( )₉

(21.4) (17.2)

( /
)

(4.2) (1.4)

(8.2) (8.8)

(1.6) (0.5)

(11.1) (10.7)

(11.1) (14.9)

Nauplius larva of Copepoda

Copepodite larva of Oithona

Nauplius larva of Copepoda

Copepodite larva of Paracalanus

Copepodite larva of Oithona

Copepodite larva of Paracalanus

(82.8) (86.5)

(3.2) (2.8)

(2.3)

(6.3) (2.3)

(100.0) (100.0)
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⁷
⁷

3 1

2 1

24 18

2 1

∕ ─ 3 2

⁷ 34 23

1,509 240

480 34

13,716 4,251

686 34

∕ ─ 411 137

⁷ 16,802 4,696

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

St. 2 St. 2⁷

( )

(8.8) (4.3)

(5.9) (4.3)

(70.6) (78.3)

(90.5)

(4.1) (0.7)

(2.4)

(5.9) (4.3)

(8.8) (8.7)

(100.0) (100.0)

(2.9)

(100.0) (100.0)

⌂
₈

( )₉

Nauplius larva of Copepoda Nauplius larva of Copepoda

(25.3) (17.2)

( /
)

(9.0) (5.1)

(2.9) (0.7)

(81.6)

Nauplius larva of Thecostoraca Copepodite larva of Paracalanus

(11.4) (14.9)

Copepodite larva of Oithona

(10.7)

 

 

⁷
⁷

1 2

3 2

31 28

3 1

∕ ─ 4 1

⁷ 42 34

299 146

171 88

8,409 3,369

811 235

∕ ─ 256 29

⁷ 9,946 3,867

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

Copepodite larva of Oithona

(10.6)

Copepodite larva of Paracalanus

(15.0) (12.1)

(100.0) (100.0)

⌂
₈

( )₉

Nauplius larva of Copepoda Nauplius larva of Copepoda

(15.4) (21.2)

( /
)

(3.0) (3.8)

(1.7) (2.3)

(84.5)

Copepodite larva of Paracalanus

(87.1)

(8.2) (6.1)

(2.6)

(7.1) (2.9)

(9.5) (2.9)

(100.0) (100.0)

(0.7)

St. 4 St. 4⁷

( )

(2.4) (5.9)

(7.1) (5.9)

(73.8) (82.4)

 

 

⁷
⁷

3 3

1 3

30 27

2 3

∕ ─ 2 1

⁷ 38 37

2,663 499

592 178

69,242 5,274

2,071 143

∕ ─ 1,480 36

⁷ 76,048 6,130

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

Copepodite larva of Oithona

(17.1) (12.8)

(100.0) (100.0)

⌂
₈

( )₉

Nauplius larva of Copepoda Nauplius larva of Copepoda

(22.2) (22.7)

( /
)

(3.5) (8.1)

(0.8) (2.9)

(91.1)

Nauplius larva of Thecostoraca

(86.0)

(2.7) (2.3)

(1.9)

(5.3) (8.1)

(5.3) (2.7)

(100.0) (100.0)

(0.6)

St. 1 St. 1⁷

( )

(7.9) (8.1)

(2.6) (8.1)

(78.9) (73.0)
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3.2.4 - 2 ⱪꜝfi◒♩fi ─  

 

 

3.2.4 - 3 ⱪꜝfi◒♩fi ─  
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3.2.5 . ⱪꜝfi◒♩fi  

ⱪꜝfi◒♩fi │⁸ ╟╡Ᵽfi♪כfi ╩ ™≡ 0.5m ⁸

1/2 ⁸ 1m ─ 3 ╟╡ ⌐╟∫≡ ╩ ∫√⁹ ⇔√

│ⱱꜟⱴꜞfi≢ ⇔√ ⁸ ─ ⁸ ─ ┘ ─ ╩ ∫√⁹ 

 

 

3.2.5 - 1 ⱪꜝfi◒♩fi  

 

Ᵽfi♪כfi ⌐╟╢ ⌐╙  
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⌐⅔↑╢ ⱪꜝfi◒♩fi ─ ╩ 3.2.5 - 1⁸ ─ ╩

3.2.5 - 2⁸ ─ ╩ 3.2.5 - 3⌐ ∆⁹ 

⌐⅔↑╢ ⱪꜝfi◒♩fi─ │ 47,600₩184.800 /L ≢№╡⁸St.2

─ ⁸ ⁸St.5 ≢│ ─ ⌐ ═≡ ™ ⌐№∫√⁹ │ 41₩58

≢№╡⁸St.2 ≢ ╙ ™ ≢№∫√⁹ │ ⅜ ↄ⁸Bacteriastrum  sp.⁸

Chaetoceros sociale ⁸Chaetoceros spp.⁸Nitzschia  spp. ─ ⁸Ɫⱪ♩ ─Haptophyceae 

spp. ⅜ ↄ ⇔≡™╢⁹ 

 

3.2.5 - 1 ⱪꜝfi◒♩fi  

⁷
⁷

4 2 5

36 34 35

∕ ─ 6 5 7

⁷ 46 41 47

920 320 1,900

51,300 33,920 37,200

∕ ─ 26,020 13,360 12,200

⁷ 78,240 47,600 51,300

Haptophyceae spp. Haptophyceae spp. Bacteriastrum spp.

Nitzschia  spp. Nitzschia  spp. Haptophyceae spp.

Chaetoceros spp.

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

St.1 St.1⁷ St.1⁷

( )

(8.7) (4.9) (10.6)

(78.3) (82.9) (74.5)

(13.0) (12.2) (14.9)

(100.0) (100.0) (100.0)

(71.3) (72.5)

(33.3) (28.1) (23.8)

(10.5)

(100.0) (100.0) (100.0)

⌂
₈ ( )₉

Ɫⱪ♩ (22.5) Ɫⱪ♩ (20.5) (12.1)

( /L)

(1.2) (0.7) (3.7)

(65.6)

(11.0) (17.8) Ɫⱪ♩

(16.5)

 

 

⁷
⁷

3 5 2

39 46 35

∕ ─ 7 7 6

⁷ 49 58 43

2,000 1,700 720

161,200 96,500 56,680

∕ ─ 21,600 11,100 11,240

⁷ 184,800 109,300 68,640

Chaetoceros spp. Chaetoceros spp. Bacteriastrum spp.

Bacteriastrum spp. Nitzschia  spp. Nitzschia  spp.

Nitzschia  spp.

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

St. 2 St. 2⁷ St. 2⁷

( )

(6.1) (8.6) (4.7)

(79.6) (79.3) (81.4)

(14.3) (12.1) (14.0)

(100.0) (100.0) (100.0)

(88.3) (82.6)

(11.7) (10.2) (16.4)

(14.3)

(100.0) (100.0) (100.0)

⌂
₈ ( )₉

(16.7) (20.0) (18.9)

( / L)

(1.1) (1.6) (1.0)

(87.2)

(10.2) (13.2)

(10.2)
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⁷
⁷

3 3 2

33 34 41

∕ ─ 7 7 8

⁷ 43 44 51

1,440 1,440 320

57,600 60,360 47,860

∕ ─ 15,840 12,960 4,320

⁷ 74,880 74,760 52,500

Chaetoceros sociale Chaetoceros spp. Bacteriastrum spp.

Chaetoceros sociale Nitzschia  spp.

Haptophyceae spp.

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

St. 4 St. 4⁷ St. 4⁷

( )

(7.0) (6.8) (3.9)

(76.7) (77.3)

(91.2)

(21.2) (17.3) (8.2)

(80.4)

(16.3) (15.9) (15.7)

(100.0) (100.0) (100.0)

(100.0) (100.0) (100.0)

⌂
₈ ( )₉

(19.9) (12.8) (18.9)

( / L)

(1.9) (1.9) (0.6)

(76.9) (80.7)

Thalassiothrix frauenfeldii

(10.6) (11.9) (14.3)

Ɫⱪ♩ (10.0)

  
 

⁷
⁷

3 3 5

45 33 43

∕ ─ 7 7 6

⁷ 55 43 54

900 1,200 2,640

76,800 60,400 101,480

∕ ─ 13,700 8,260 20,460

⁷ 91,400 69,860 124,580

Chaetoceros spp. Nitzschia  spp. Nitzschia  spp.

Bacteriastrum spp. Chaetoceros spp.

Nitzschia  spp. Bacteriastrum spp.

1: ⁸ ─ ─ │ ╩ ∆⁹
2: ⌂ │ 10 ─ ╩ ⇔√⁹

St. 5 St. 5⁷ St. 5⁷

( )

(5.5) (7.0) (9.3)

(81.8) (76.7) (79.6)

(12.7) (16.3) (11.1)

(100.0) (100.0) (100.0)

(86.5) (81.5)

(15.0) (11.8) (16.4)

(100.0) (100.0) (100.0)

⌂
₈ ( )₉

(17.1) (25.1) (18.1)

( / L)

(1.0) (1.7) (2.1)

(84.0)

(13.8) (11.7)

(10.9) (11.3)
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    Bacteriastrum sp.       Chaetoceros sociale  

 

 

 

     Chaetoceros sp.          Nitzschia sp.  

 

 

    Haptophyceae sp. Ɫⱪ♩  
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3.2.5 - 2 ⱪꜝfi◒♩fi ─  

 

 

3.2.5 - 3 ⱪꜝfi◒♩fi ─  
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3.2.6 . ה  

ה │⁸ ╟╡ⱴꜟ♅Ⱡ♇♩ 130cm⁸ 450cm⁸ NGG54╩ ™⁸

⌐⅔™≡ 2ⱡ♇♩≢ 10 ─ ⅝⌐╟∫≡ ╩ ∫√⁹ │

0.5m ⁸ 5m ─ 2 ≤⇔√⁹ ⇔√ │ⱱꜟⱴꜞfi≢ ⇔√ ⁸

⌐≈™≡│ ─ ┘ ─ ⁸ ⌐≈™≡│ ─ ┘ ─

╩ ∫√⁹ 

 

3.6.2 - ה 1  

 

  

       ⱴꜟ♅Ⱡ♇♩          ⱴꜟ♅Ⱡ♇♩  

 

⌐⅔↑╢ ╩ ⌐ ∆⁹ 

⌐⅔↑╢ ─ │ 378₩5,521 /1000 ≢№╡⁸St.2 ⁸St.4

⁸St.5 ≢│ ─ ⌐ ═≡ ™ ⌐№∫√⁹ │ 7₩15 ≢№╡⁸

St.1 ≢│ ─ ≤ ═≡╛╛ ™ ⌐№∫√⁹ ╩ ↄ≤⁸◌♃◒♅▬꞉◦⁸

꞉♬◑☻ ─ ⅜ ↄ ⇔≡™╢⁹ 
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3.2.6 - 1 ─  

 

3.2.6 - 2 ─  
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⌐⅔↑╢ ─ │ 13₩1,496 /1000 ≢№╡⁸St.4 ≢ ╙

™ ≢№∫√⁹ │ 5₩26 ≢№╡⁸St.1 ≢ ╙ ™ ≢№∫√⁹

╩ ↄ≤⁸◐ⱦ♫◗⁸◌♃◒♅▬꞉◦⁸꞉♬◑☻ ⅜ ↄ ⇔≡™√⁹ 

3.2.6 - 3 ─  
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3.2.6 - 2 ─  

 

⌐⅔↑╢ ─ ╩ 3.2.6 - 3⌐ ∆⁹ 

 

3.2.6 - 3 ─  
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3.2.7 .  

│⁸ 28 11 25 26 ─ ⌐ ⇔√⁹ 

St.1 │⁸ ≢│ ⅜ ↄ ⇔≡™√⁹ ≢│▪

◌ⱨ☺♠Ⱳ⅜╕┌╠⌐ ↕╣⁸◘◙◄ ╙ ⅛∞⅜ ↕╣√⁹╕√⁸ ≢№╢

ⱢⱠ●ꜘ⁸►Ⱶⱥ♪ꜝ⁸►Ⱶ◘Ⱳ♥fi⁸►Ⱶ◌ꜝⱴ♠ ─ ╩ ⇔≡™√⁹ 

St.2 ꜟⱩכ◔ ⌐≈™≡│⁸ 5 15і─ ⌐►Ⱶ♩◘◌─ ╩

⇔√⁹╕√ ≤⇔≡♃◖ⱡⱴ◒ꜝ 4 ⁸◒꜡♥♫ⱴ◖ 5 ╩

⌐≡ ⇔√⁹ ⌐ ╩ ∫√ ≢│⁸▪Ⱶ☺◓◘ ⁸▬◑☻ ⁸◘fi◗⸗

⁸♥fi◓◘ ⁸◌◑◔ⱡꜞ ─ ─ ─ │ ↕╣√⅜⁸ⱱfi♄꞉ꜝ ─

─ │ ↕╣⌂⅛∫√⁹ 

St.4 ≢│⁸St.1 ≤ ─ ╩ ⇔√⁹ 

St.5 ≈™≡│⁸ ≤ ─ ∂∫√ ≤⌂∫≡⅔╡⁸ ─

│ ⅛≢№╡⁸▬▬☺ⱴⱨ◒꜡►♬ ≢│╖╠╣⌂⅛∫√ ╩ ⇔√⁹ 

 

 

ROV                St.2 ◒꜡♫ⱴ◖  

 

3.2.8 .  

⌐⅔™≡⁸ ╩ ⅛╠ ╕≢ ⇔⁸ 50cm×50cm

╩ ∫≡ ⁸ ╩ ™⁸ ה ─ ⁸ ╩ ⇔√⁹╕√⁸

⁸ ⁸ ⁸ ─ ⌂ ⌐ ╩ ⇔ ─ ╩ ⁸ⱱꜟⱴꜞfi⌐

≡ ⁸ ─ ⁸ ─ ╩ ∫√⁹ 
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3.2. 8- 1  

 

  

                  

 

 

⌐⅔↑╢ ─ ╩ 3.2.8 - 2⁸ 3.2.8 - 3 ⌐ ∆⁹St.3 ≢│ ─

◔●◐⁸◒꜡ⱨ☺♠Ⱳ⁸St.6 ≢│ ─♃ⱴ◐ⱦ⁸ ─◔●◐⁸▬꞉ⱨ☺♠Ⱳ⅜ ↄ

⇔≡™√⁹ 
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3.2. 8- 2 St.3  

 

 

3.2. 8- 3 St.6  
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3.2.9 .  

│⁸ 28 11 25 26 ─ ⌐ ⇔√⁹ 

St.1 │⁸ │ 15 ⁸ ⇔√ │ 320 ⁸ │

≢♬◙♄▬⅜ 110 ≢ 34.8 ╩ ╘⁸ ™≢ⱷ☺♫─ 50 ⁸ⱴ♠Ᵽ☻☼ⱷ♄▬─

40 ─ ≢ ─ ╩ ⇔√⁹ ≤⇔≡│ ⅛╠ ⁸ ⌐│ │ ↕

╣∏⁸ ⌐ ─ ⅜ ↕╣√⁹ ≢─ ⌐⅔™≡╙ ◓כ◖◄─≢

ꜝⱶ─ ⅜ ↄ⁸ ⁸ ≢│ ≥ │╖╠╣⌂⅛∫√⁹ 

St.2 ꜟⱩכ◔ ⌐≈™≡│⁸ │ 23 ⁸ │ 12000 ≢◐ⱦ♫─

╣⅜ 11000 ≤ 93.7 ╘√⁹ ™≢ⱴ♠Ᵽ☻☼ⱷ♄▬⅜ 440 ⁸♬◙♄▬⅜ 80

─ ≢ ⇔√⁹ ⅛╠ ⅜ ⌂ ≢№╡⁸ ≢─ ⌐⅔™≡╙ ─

╩ ⇔√⁹ 

St.4 ≢│⁸ 14 ⁸ │ 230 ⁸ ≤⇔≡◌◗◌◐♄▬

⅜ 70 ≢ 30.7 ╩ ╘⁸ⱷ☺♫ 50 ⁸♬◙♄▬ 30 ─ ≢ ─ ╩ ⇔√⁹

│ROV⁸ ≤╙⌐ ≢─ ╩ ⇔√⁹ 

St.5 ≈™≡│⁸ │ 3 ⁸ │ 30 ≤ ⅛≢№∫√⅜ │♩ꜝ

◑☻ ─ ⅜ 83.3 ╩ ╘⁸ ≢ ↄ ⇔√⁹ ≢│ ⌐╙ ─

╩ ⇔√⁹ 

 

  

St.4        ▬♄◙♬ה▬♄◦▬ה▬♄◐◌◗◌
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3.2.10 .  

│ ┘⁸ ─ ⁸ ─ ─ 3 ⌐≡

⌐≡ ╦╣╢ ╡ ⌐≡ 2 ─ ╩ ∫√⁹ ⇔√ │ ─

⁸ ⁸ ⁸ ─ ⁹ │ 3 ╩ ⌐ ─ → ⁸ ─

→ ─ 2 ─ ╩ ∫√⁹ 

≢│ 6 ─ 22 ⁸◌◘◗ ╩ ⌐ⱬꜝ ⁸Ɫ♃ ⁸ꜘ●ꜝ ⁸

80 ⌐⌂╢▪ꜝ╩ ⇔√⁹ 

⌐≈™≡│⁸5 ─ 6 ⁸◐☺Ɫ♃⁸▪◌Ɫ♃⁸◌◘◗⁸▪◌ꜘ●ꜝ⁸○◐♫

ⱥⱷ☺≤ │ ⅛≢№∫√⅜ │ ⅛∫√⁹ 

≢│ 8 ─ 11 ╩ ⇔⁸►☻ⱣⱢ◑⁸▪◌◄♁ ╩ ⇔√⁹ 

≢│ ⅜ 13kg≢ ↄ⁸ ™≢ ≢ 4.4kg⁸

≢ 4.2kg ≢№∫√⁹ 
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3.2.11 . ה  

 

⌐⅔↑╢ ה ╩ 3.2.11 - 1⁸ 3.2.11 - 2⌐ ∆⁹ 

St.3 ≢│ ╩ ∆╢ ◖fiⱩ ⁸ⱱfi♄꞉ꜝ ─ │╖╠╣∏⁸

─ ≢▪Ⱶ☺◓◘ ⁸▪ꜘ♬◦◐ ⅜ ⌐ ╩ ∆╢ ≢№∫√⁹╕√⁸St.3

≢│►Ⱶ♩◘◌ ≤▬◦◘fi◗ ─ ⅜ ↕╣⁸ ≢│▬◦◘fi◗ ⅜ ≤⌂

∫≡™√⁹ 

28 11 9 08: 39 09: 56

⅛╠─ m ⁷ќ

: ( 5% ) : ( 5 25% ) : ( 25 50% ) : ( 50 75% ) : ( 75% )

[ ⁷ ]

[ ⁷ ]

[ ⁷ ]

⁷◘◙◄

[ ]

[ ►♬ ]

[ ∕─ ]

⁷

⌂ ( ) 0 10 20 30

⁷►Ⱶ♩◘◌

∕─ ─

♩◖Ⱪ◦⁸ⱥⱷ◒Ⱳ●▬⁸ⱶꜝ◘◐►☼⁸Ɫ◒◦ꜗ►☼⁸►☼▬♅⸗fi☺⁸◑fi♃◌Ɫⱴ⁸◌♃ⱬ●▬⁸►ꜝ►☼●
▬⁸ⱥⱷꜜ►ꜝ◒⁸►♬꜠▬◦⁸▬Ⱳ♬◦⁸ⱨ♩◖꜡●▬⁸ꜘ♃♥●▬

▪○☻☺●fi●♀⁸Ᵽⱨfi►♬⁸▪◌►♬⁸♃꞉◦►♬⁸ⱶꜝ◘◐►♬⁸♃◖ⱡⱴ◒ꜝ

( )⁸►Ⱶ♩◘◌ . 1( )⁸►Ⱶ♩◘◌ . 2( )⁸►Ⱶ♩◘◌ . 3( )⁸►♦♫●►fi
Ᵽ♅⁸♬♅ꜞfi▬♁◑fi♅ꜗ◒⁸◘fi◗▬♁◑fi♅ꜗ◒⁸○○◘fi◗▬♁◑fi♅ꜗ◒⁸◐♇◌▬♁◑fi♅ꜗ◒⁸Ⱶ♪ꜞ
▬◦ . 1⁸Ⱶ♪ꜞ▬◦ . 2⁸Ɫⱴ◘fi◗ ⁸Ɫ♫●◘◘fi◗ ⁸◐◒ⱷ▬◦ . 1⁸◐◒ⱷ▬◦ . 2⁸▬Ᵽꜝ◌fi◙◦⁸
◘ꜝ◘◄ⱦ⁸►Ⱶ◦♄ ⁸♬☿◒꜡♫ⱴ◖⁸♩ꜝⱨ♫ⱴ◖⁸▪◌○♬♫ⱴ◖

80

40 50 60 70 80 90

900 10 20

Ⱬꜝ▬꞉♣♃⁸ⱨ◘▬꞉♣♃⁸⸗♠꜠Ⱶꜟ⁸◖Ⱪ◦Ⱶꜟ

◦꞉ꜘⱢ☼⁸▪Ⱶ☺◓◘ ( )

♁♦●ꜝⱵ⁸ⱥꜝ●ꜝ●ꜝ⁸●ꜝ●ꜝ⁸◘fi◗⸗ ( )⁸♥fi◓◘ ( )⁸◌◑◔ⱡꜞ⁸♫Ⱶ▬꞉♃◔⁸◌
▬ⱡꜞ⁸◐fi♩◐⁸♩◘◌ⱴ♠⁸◄♠◐▬꞉ⱡ◌꞉⁸ꜚ◌ꜞ⁸▪ꜘ♬◦◐⁸▬◑☻ ( )

100

3

◐ⱦ♫◗⁸♩►◗꜡►▬꞉◦⁸◒꜡ⱱ◦▬◦⸗♅⁸○○☻☺▬◦⸗♅⁸◒꜡◘◑⁸ⱷ☺♫⁸♅ꜛ►♅ꜛ►►○⁸◐fi♅ꜗ◒♄
▬⁸◒ⱴⱡⱵ⁸☻☼ⱷ♄▬⁸ⱴ♠Ᵽ☻☼ⱷ♄▬⁸♁ꜝ☻☼ⱷ♄▬⁸♃◌ⱡⱢ♄▬⁸▪◌◘◘ⱡⱢⱬꜝ⁸ⱱ◦◘◘ⱡⱢⱬꜝ⁸◌Ⱶ
♫ꜞⱬꜝ⁸ⱱfiⱬꜝ⁸▬♩ⱥ◐ⱬꜝ⁸♬◙♄▬⁸◖►ꜝ▬♩ꜝ◑☻⁸♬☺◑fiⱳ

10030 40 50 60 70

-4.6 -6.1 -6.9

⁷ ⌐ ה ⁸ ╡

( CDL)⅛╠─

0 50 100

-0.4 -0.5 -0.7 -2.0 -2.9 -2.7

⁷

⁷▬◦◘fi◗

⁷ ⁷

0 10 20 30 40 50 60 70 80 90 100

0

m 5

10

15

-3.3 -3.6

╡

 

3.2. 11- 1 ┘ ⌂ St.3  

 



40 

 

St.6 ⌐≈™≡╙ ╩ ∆╢ ◖fiⱩ ⁸ⱱfi♄꞉ꜝ ─ │╖╠╣⌂

⅛∫√⁹ │ ⁸ ≤╙⌐St.3 ╟╡ ↄ⁸◦꞉ꜘⱢ☼⁸ ◘fi◗⸗⁸◌◑◔

ⱡꜞ⁸▪ꜘ♬◦◐ ⅜ ⌐ ╩ ⇔≡™√⁹ 

≢│⁸0 60 ≢◘◙◄⅜ 19 ↕╣√⁹ 

28 11 9 13: 24 14: 32

⅛╠─ m ⁷ќ

: ( 5% ) : ( 5 25% ) : ( 25 50% ) : ( 50 75% ) : ( 75% )

[ ⁷ ]

[ ⁷ ]

[ ⁷ ]

⁷◘◙◄

[ ]

[ ►♬ ]

[ ∕─ ]

⁷

ⱥꜝ♃◄▬⁸♠Ᵽ◒꜡◄▬⁸◐ⱦ♫◗⁸☻☺▪ꜝ⁸○○⸗fiⱢ♃⁸▪◌Ɫ♃⁸○○☻☺▬◦⸗♅⁸◖☻☺▬◦⸗♅⁸ⱱ►ꜝ▬ⱥ
ⱷ☺⁸ⱷ☺♫⁸◐fi♅ꜗ◒♄▬⁸▬◦♄▬⁸▬◦●◐♄▬⁸◒ⱴⱡⱵ⁸☻☼ⱷ♄▬⁸ⱴ♠Ᵽ☻☼ⱷ♄▬⁸☿♄◌☻☼ⱷ♄▬⁸♁
ꜝ☻☼ⱷ♄▬⁸▬ꜝ⁸○Ɫ◓꜡ⱬꜝ⁸▪◌◘◘ⱡⱢⱬꜝ⁸ⱱ◦◘◘ⱡⱢⱬꜝ⁸▬♩ⱬꜝ⁸ⱱfi♁ⱷ꞉◔ⱬꜝ⁸ⱱfiⱬꜝ⁸▬♩ⱥ
◐ⱬꜝ⁸▪○Ⱪ♄▬⁸♬◙♄▬⁸Ɫ♫Ɫ♀⁸◖►ꜝ▬♩ꜝ◑☻⁸♩ꜝ◑☻⁸◌◘◗⁸○♬◌◘◗⁸Ⱶⱡ◌◘◗⁸◌꞉Ɫ◑⁸Ɫ◖
ⱨ◓⁸◐♃ⱴ◒ꜝ

⌐ ה ⁸ ╡ ⌐

∕─ ─

♩◖Ⱪ◦⁸◑fi♃◌Ɫⱴ⁸►ꜝ►☼●▬⁸ⱴ●◐●▬⁸ⱥⱷꜜ►ꜝ◒⁸►♬꜠▬◦⁸▪♇◐●▬ . 1⁸▪♇◐●▬
. 2⁸ⱨ♩◖꜡●▬⁸ꜘ♃♥●▬

●fi●♀⁸▪○☻☺●fi●♀⁸ꜝ♇Ɽ►♬⁸Ᵽⱨfi►♬⁸▪◌►♬⁸♃꞉◦►♬⁸ⱶꜝ◘◐►♬⁸♃◖ⱡⱴ◒ꜝ

( )⁸►Ⱶ♩◘◌ . 2( )⁸ꜘ♫◑►Ⱶ◄ꜝ ⁸►♦♫●►fiⱣ♅⁸♬♅ꜞfi▬♁◑fi♅ꜗ◒⁸◘
fi◗▬♁◑fi♅ꜗ◒⁸○○◘fi◗▬♁◑fi♅ꜗ◒⁸◐♇◌▬♁◑fi♅ꜗ◒⁸◦ⱴ◐♇◌▬♁◑fi♅ꜗ◒⁸Ⱶ♪ꜞ▬◦

. 2⁸Ɫ♫●◘◘fi◗ ⁸◌꞉ꜝ◘fi◗ ⁸◐◒ⱷ▬◦ . 1⁸◐◒ⱷ▬◦ . 3⁸◖◦○ꜞ◄ⱦ ⁸►Ⱶ◦♄ ⁸▪◌ⱥ
♩♦⁸ⱨ☺♫ⱴ◖⁸♬☿◒꜡♫ⱴ◖⁸♩ꜝⱨ♫ⱴ◖⁸◖Ᵽꜟ♩♠♠Ⱳꜘ

1 2 1 10 5

50 60 70 80 90 100

ꜘⱩ꜠◓◘⁸Ⱬꜝ▬꞉♣♃⁸♃◌♠◐♣♃⁸ⱥ◕Ⱶꜟ⁸♫●Ⱶꜟ⁸◒꜡Ⱶꜟ⁸ⱢⱠ⸗

◦꞉ꜘⱢ☼⁸▪Ⱶ☺◓◘ ( )⁸▪Ⱶ☺◓◘ ( )

♁♦●ꜝⱵ⁸ⱥꜝ●ꜝ●ꜝ⁸ⱨ◒꜡●ꜝ●ꜝ⁸●ꜝ●ꜝ⁸ⱥꜝⱨ◘ⱡꜞ⁸◘fi◗⸗ ( )⁸♥fi◓◘ (
)⁸◌◑◔ⱡꜞ⁸♃ⱴ▬♃♄◐⁸◌▬ⱡꜞ⁸☻◑ⱡꜞ⁸◐fi♩◐⁸▬Ᵽꜝⱡꜞ ⁸♠◌◘▪Ⱶ⁸◄♠◐▬꞉ⱡ◌꞉⁸ꜚ
◌ꜞ⁸♩◘◌ⱡꜞ⁸▪ꜘ♬◦◐⁸▬◑☻ ( )

20 30 40

⁷

80 90 10020 30 40 50 60 70

⁷

0 10

⁷ ⁷

( CDL)⅛╠─

⌂ ( ) 0 10

50 100

-1.8 -3.0 -6.2 -7.9 -8.4 -8.5 -10.5 -12.1

0

-12.8 -13.2 -13.7

100

0

m 5

10

15

40 50 60 70 80 900 10 20 30

╡

 

3.2. 11- 2 ┘ ⌂ St.6  
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3.2.12 .  

╟╡ ╩ ∫√ ⌐╟╡ ─ ╩ ∆╢⁹╕√⁸

≤№╦∑≡A- tag ─ ╩ ∫√⁹ 

 

 

3.2.12 - 1  

 

 

    A- tag          A- tag ─  
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⌐⅔™≡│⁸ ⌐╟∫≡ ─ ╩ ∆╢↓≤│≢⅝⌂⅛∫√⁹

A- tag ⌐╟∫≡ ╠╣√ ⱨ□▬ꜟ ⌐≈™≡╙▬ꜟ◌ ─ ─

│ │≢⅝∏⁸ ↕╣√ⱨ□▬ꜟ│ ╛ ─ ⌐╟╢ ⁸ ⁸№╢

™│♥♇ⱳ►◄ⱦ─ ∆╢ ≢│⌂™⅛≤ ⅎ╠╣√⁹ 

 

3.2.12 - 1 A- tag ─  

  obj   

11 21  L- 3 S- N  _1121_1  0 

11 21  L- 3(N- S)⁸L- 2⁸L- 1 _1121_2  0 

11 22  L- 5 S- N  _1122_1  0 

11 22  L- 5(N- S)⁸L- 4 _1122_2  0 

 

─ ⇔  

⌐⅔↑╢▬ꜟ◌ ─ ⌐≈™≡⁸ ⌐ ╣─ ™ ≢№╢↓≤⅛

╠ ≤ A- tag ╩ ⇔√⁹ ≢│ ╩ ↄ◌Ᵽכ∆╢↓≤│

≢№╢⅜⁸ ⌐ ─ ↄ╩ ≢№╢▬ꜟ◌⅜ ∆╢ ⅜№╡⁸ ─

≢∕─ ╩ ∆╢↓≤│ ≢№∫√⁹ ─ ⅛╠│⁸ ⌐⅔↑╢▬

ꜟ◌─ ⅜ ╠╣≡™╢↓≤⅛╠⁸ │ ─ ╩ ↑⌐ↄ™ ╩ ⇔⁸

─ ╩ √ ⌐⁸ ﬞ ─A- tag ╩ ™√™≤ ⅎ≡™╢⁹ 

╕√⁸ ─ ₁⅛╠─ ⌐╟╢≤⁸ ⅜ ↄ⌂╢ ⅛╠ ⌐⅛↑≡▬ꜟ◌╩

⅛↑╢↓≤⅜№╡⁸5 ⌐│▬◌╩ ∫≡ ┼ ∫≡ↄ╢─≢│⌂™⅛≤™℮ ⅜

№∫√⁹ 
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3.2.1 3.  

╩ ⇔≡⁸ ⌐⅔↑╢ ─ ╩ ∫√⁹ ─ │

5m⁸ 20m ─ ≤⇔⁸ ─ ╩≢⅝╢∞↑ ™≡

─ ╩ ∫√⁹ 

 

3.2.13 - 1  

 

 

                   

 

⌐ ─ │ 100Hz₩1KHz≤™╦╣≡™╢↓≤⅛╠⁸↓─ ─ ⌐≈

™≡ ╩ ∫√⁹ 
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⌐⅔↑╢ ╩ 3.2.13 - 2⁸ 3.2.13 - 3⌐ ∆⁹ 

⌐⅔↑╢ ─Ɽ꞉כ │ 70.8₩98.1dB⁸100Hz⅛╠ 1KHz─

│84.6₩103.6dB≢№∫√⁹ ∂ↄ ─Ⱨכ◒ │83.7₩113.5dB⁸100Hz⅛╠1KHz

─ │ 97.2₩118.7dB≤⌂∫≡™╢⁹ ⌐╟╢≤⁸ ⌂ ≢ 90 110dB

⅜₈ ₉⁸110 130dB⅜₈ ꜠ⱬꜟ₉≤↕╣≡™╢⁹ ⅛╠ ╠╣√

─ ꜠ⱬꜟ│ 80 120dB ≢№∫√↓≤⅛╠⁸ ⌐ ⇔≡│₈ ꜠ⱬ

ꜟ₉⌐ ∆╢╙─≤ ⅎ╠╣╢⁹ 

 

 

3.2.1 3- 2 Ɽ꞉כ  
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3.2.1 3- 3 Ⱨכ◒  

 

3.2.14 .  

╟╡ ┘ ⌐╟╡ ↕╣√ ─ ⁸ ⁸ ╩

⇔√⁹ 
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⌐⅔↑╢ ─ ╩ 3.2.14 - 1⌐ ∆⁹ 

⌐⅔↑╢ ─ │ Phalacrocorax ─ ⁸▪○◘◑⁸Ⱶ◘◗⁸♩ⱦ⁸☿

◓꜡◌⸗ⱷ⁸►ⱵⱠ◖⁸Ɫ◦Ⱪ♩●ꜝ☻─ 7 ≢№∫√⁹Ⱶ◘◗│ ꜠♇♪ꜞ☻♩ 2015

27 9 ⌐⅔™≡ NT)⁸ ◒♇Ⱪ♃כ♦♪♇꜠ 2011 24 3

⌐⅔™≡ NT ⌐ ↕╣≡™╢⁹ 

 

3.2.1 4- 1  

1 Ɑꜞ◌fi ► Phalacrocorax ─ ủ ủ

2 ◖►ⱡ♩ꜞ ◘◑ ▪○◘◑ ủ

3 ♃◌ ♃◌ Ⱶ◘◗ ủ ủ NT NT

4 ♩ⱦ ủ ủ ủ ủ ủ

5 ♅♪ꜞ ◌⸗ⱷ ☿◓꜡◌⸗ⱷ ủ ủ ủ ủ

6 ►ⱵⱠ◖ ủ ủ ủ ủ

7 ☻☼ⱷ Ɫ◦Ⱪ♩●ꜝ☻ ủ ủ

4 3 5 4 4 1 1

No.
כꜞ◗♥◌

L-5L-4L-3L-2

5 4 7

L-1

 

 

3.2.15 . ►Ⱶ●ⱷ  

 

⌐⅔™≡│⁸►Ⱶ●ⱷ ─ │ ↕╣⌂⅛∫√⁹ 

 

 

⌐⅔™≡╙⁸►Ⱶ●ⱷ ─ │ ↕╣⌂⅛∫√⁹ 

 

ⱥ▪ꜞfi◓  

─ ⅛╠─ ≢│⁸ ≢№╢ ≢ ╦╣≡™╢│ⅎ ⌐⅔™

≡⁸ ⁸►Ⱶ●ⱷ⅜⅛⅛∫√↓≤⅜№╢≤─ ⅜№∫√↓≤⅛╠⁸ ╩ ⇔≡

™╢ │ ™≤ ╦╣╢⁹ 

⌐╟╢≤ ≢ ↕╣≡™╢ ⌂►Ⱶ●ⱷ│▪◌►Ⱶ●ⱷ⁸▪○►Ⱶ●ⱷ⁸♃

▬ⱴ▬─ 3 ≢№╡⁸2011 ꜠♇♪ꜞ☻♩≢│▪◌►Ⱶ●ⱷ⅜ I B EN ⁸♃

▬ⱴ▬⅜ DD ⌐ ↕╣≡™╢⁹▪◌►Ⱶ●ⱷ⌐≈™≡│⁸ ≢│

╩│∂╘ ↄ─ ≢─ ⅜№╢⁹╕√⁸▪◌►Ⱶ●ⱷ─ ─ ≤⇔≡⁸

─ ⁸ ⁸ ─ ─ ⁸ ⅜

╠╣≡™╢⁹ 

╩ ∫√ ⌐ ─ ╩ ⇔√⅜⁸ ╛ ⅜ ↄ⁸►Ⱶ●

ⱷ─ ⌐ ⇔√ ─ │ ↕╣⌂⅛∫√⁹ 
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3.2.16 .  

⌐≈™≡│⁸ ⌐№╦∑≡ ∫√⁹ 3.2.16 - 1⌐ ∆⅛⅜╡

≤ ╩ ┬ ╩ ꜝ▬fi≤⇔⁸ ≤⇔≡ 1⁸

2⁸ 3─ ⌐ ↑≡ ⇔√⁹╕√⁸ ⌐≈™≡│ ꜝ▬fi

╩ ┼ ⇔√ ╩N⁸ ∂ↄ ┼ ⇔√ ╩S≤⇔√⁹ 

 

ꜝ▬fi

1

2

3

N

S

 

3.2.1 6- 1 ꜝ▬fi  
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⌐⅔↑╢ ╩ 3.2.16 - 1⌐ ∆⁹ 

 

3.2.1 6- 1  

09:27 3 S

09:29 2 S -

09:40 3 -

10:05 1 │ⅎ ╩ ℮√╘ ┼

ⱪꜝfi◒♩fi 10:07 1 │ⅎ ╩ ℮√╘ ┼

ה 10:12 1 -

10:14 3 -

13:55 3 -

14:20 3 -

14:23 2 ┼

15:10 1 ( ) -

15:28 2 ┼

15:50 2 -

08:56 2 ( ) -

09:11 3 ( ) -

09:17 3 -

09:21 1 ⅝

ⱪꜝfi◒♩fi 09:26 3 -

ה 09:53 3 כ◦◒♃ -

10:18 1 -

10:37 3 -

10:48 2 ⇔ -

⁷

11 10

⁷⁷⁷

11 9

 

08:34 3 -

08:46 3 -

08:51 3 -

09:39 1 └≢ │ⅎ ╩ ℮√╘ ┼

09:40 2 │ⅎ ╩ ℮√╘ ┼

09:43 1 ⅝

09:50 3 │ⅎ ╩ ℮√╘ ┼

09:55 2 -

10:19 2 -

10:27 3 -

10:29 3 -

10:55 1

11:23 3 -

14:43 3 -

14:59 1

15:00 3 -

15:03 3 -

15:08 2 -

15:54 1 ⱪ꜠☺ꜗכⱲכ♩ -

08:27 3 ⅝

08:48 3 -

08:48 3 ⅝

⁷ ⁷

11 21

11 22

⁷ ⁷
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⌐⅔↑╢ ╩ 3.2.16 - 2⌐ ∆⁹ 

⌂⅔⁸ 29 2 6 ─ ⌐│ ─√╘ │ ↕╣⌂⅛∫√⁹ 

 

3.2.1 6- 2  

08:08 3 ( ) -

ⱪꜝfi◒♩fi 08:32 3 S -

09:43 1 S ( ) -

ה 09:46 2 -

09:52 3 S -

⁷ ⁷⁷⁷

2 7

 

08:54 3 -

ⱪꜝfi◒♩fi 10:05 3 -

10:53 2 -

08:30 1 -

08:34 1 -

09:04 1 -

10:10 2 -

10:45 1 -

10:48 2 -

11:22 2 -

11:22 1 -

11:35 3 -

11:38 2 ( ) -

11:47 3 ( ) -

11:52 1 ( ) -

11:57 1 -

11:58 1 ( ) -

13:26 1 -

13:30 3 -

13:45 3 -

13:48 2 כ◦◒♃ -

13:51 1 -

13:58 1 -

08:27 3 -

08:40 3 -

08:53 2 כ◦◒♃ -

09:08 3 -

09:12 1 -

09:20 1 כ◦◒♃ -

09:31 1 -

10:09 3 -

2 15

⁷ ⁷

2 16

⁷ ⁷

2 14
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3.3 . ⌐⅔↑╢ ⁸ ⁸ ─  

3.3.1 . ─  

 

─ │⁸ ─ ⌐ ADCP╩ ⇔⁸ ─ ה ה ╩

℮↓≤╩ ≤⇔≡ ⇔√╙─≢№╢⁹ADCP≤╟┌╣╢ ╩ ─

─ ⌐ ⇔⁸10 12 ╕≢ ╩ ∫√⁹ ╩ ─

⌐ ⇔⁸╕√ ─ ⌂ ╩ ℮√╘⌐ ∆╢⁹ 

 

 

╩ 3.3.1 - 1⁸ ╩ 3. 3.1 - 1⁸ ╩ 3. 3. 1- 2⁸ ⌐ ⇔

√ ADCP─ ╩ 3. 3. 1- 3⁸ ╩ 3. 3. 1- 4⌐ ∆⁹ 

Site1 ─ │⁸  32°49Ω06.6ΪN    128°54Ω37.8ΪE≢№╢⁹ 

 

3. 3.1 - 1  
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3. 3. 1- 1  

⁷ ⁷⁷⁷

⁷ ⁸

Site.1 ⁷

⁷32°49Ω07.3ΪN⁷⁷⁷ ⁷128°54Ω37.6ΪE

2016 10 25 ₩2016 12 18

ₒ ₓ
ADCP Signature 500⁸Nortek
H 274mm×W 220mm

ₒ ₓ

972.7Һ×506H ☻♥fi꜠☻

ₒ◦fi◌כₓ

☻♥fi꜠☻♅▼כfi⁸  

 

3. 3.1 - 2  

⁷⁷ ⁷⁷ ⁷⁷

2016 10 24 ╩

2016 10 25 ADCP╩ ⌐

2016 10 26 ADCP⌐ ╩

2016 11 2 ⌐╟╡ADCP─ ╩

2016 11 6 ADCP⌐ ╩

2016 11 9 ⌐╟╡ADCP─ ╩

2016 11 21 ⌐╟╡ADCP─ ╩

2016 12 18 ADCP╩
 

 

  
ADCP─ ╖ 28 10 25      ADCP─ 28 12 2  
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3. 3. 1- 3 ⌐ ⇔√ ADCP─  

⁷ ⁷⁷⁷ ⁷ ⁷⁷⁷

♪♇ⱪꜝכⱪ꜡ⱨ□▬ꜝכ
◘fiⱪꜞfi◓
♩כ꜠

8Hz

Signature 500
Nortek

◘fiⱪꜞfi◓
♩כ꜠ 5ⱦכⱶ

4Hz

500kHz ꜠fi☺
1.0,1.25,2.5,3.75,5.0m/s

כ◙כꜚ

70m 70dB

ⱦכⱶ 5 0.5dB

ⱦכⱶ 2. 9° 0. 5m₩

0. 5₩4m

ҥ

Signature500

ADCP
Ҩ

ҥ

 

 

3. 3. 1- 4 ADCP─  

⁷ ⁷ ⁷ ⁷ ⁷ ⁷ ⁷ ⁷

◘fiⱪꜞfi◓
♩כ꜠

Hz 45

Ⱪꜝfi◒ 0.5m 1.0m

500kHz ⱦכⱶ 5
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3. 3.1 - 2 ⌐⁸11 5 ₩12 15 ⌐⅔↑╢ ─ ╩ ∆⁹◓ꜝⱨ─

│ ⅜ ⁸ ⅜ ⁸ │ ╩ ⇔≡™╢⁹⌂⅔⁸ADCP≢│ ─

1m ≤ ─ ⱷכ♩ꜟ│ ∆╢↓≤⅜≢⅝⌂™⁹↓─√╘⁸ ─ │

1.5m≤⌂∫≡™╢⁹╕√⁸ 35m ⌐ ─ ⅜ ⌐ ⅜∫≡™╢⅜⁸

│↓╣╟╡ ─ ≤⌂╢⁹ 

◓ꜝⱨ╩╖╢≤⁸1 ⌐ 4 ─ ₩ ₩ ₩ ≤ ╡ ⅜ ⌐ ⇔≡

™╢⁹╕√⁸11 14 ₩17 ─ ≢│⁸ ⅜ 3m/s⌐ ⇔≡™╢↓≤⅜╦⅛╢⁹

∟⌂╖⌐⁸11 13 ₩16 │ ≤⌂∫≡™╢⁹11 28 ₩30 ⌐⅛↑≡╙ ≢

№╢⅜⁸↓─ ─ │ 2.5m/s ≤⌂∫≡™╢⁹ 

 

 

 

 

 

3. 3.1 - 2 ─  

2016/11/5₩2016/11/11 11/6₩11/8 

2016/11/11₩2016/11/16 11/3₩11/16 

2016/11/16₩2016/11/22 11/21₩11/23 

2016/11/22₩2016/11/28 11/21₩11/23 11/28₩11/30 
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3. 3.1 - 2 ─  

 

 

│⁸11 14 23 26 ⌐⅔↑╢ ─

╩ ⇔√╙─≢№╢⁹ 

⅛╠ 15m ╕≢│ ⌐ 3m/s ─

≢№╢⅜⁸ 10m ⅛╠ ⌐ │ ⇔⁸

≢│ 2m/s≤⌂∫≡™╢⁹ 

 

 

 

 

2016/11/28₩2016/12/03 11/28₩11/30 

2016/12/3₩2016/12/09 12/5₩12/7 

2016/12/9₩2016/12/15 12/12₩12/15 

3. 3. 1- 3 ─  

2016/11/14 23:26  
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3. 3. 1- 4⌐ 11 7 ₩9 ⁸ 3.3.1 - 5⌐ 11 13 ₩15 ⌐⅔↑╢

≤ ─ ⁸ 20 20.5m ─ ╩ ∆⁹ 

⌐⅔↑╢ │⁸ 1₩1.5m ─ ≢ ⇔≡™╢⁹ │ 11 8 ⅛╠ 9

⌐⅛↑≡ ⅛⌐ ⇔≡™╢⅜⁸1 ≢─ │ ≢│⌂™⁹ ⌐≈™≡│ ╙ ™≤⅝

≢ 1₩1.7m/s⁸ ╙ ↄ⌂╢≤ 0.1₩0.3m/s ≤⌂∫≡™╢⁹ 

 

3. 3. 1- 4 ⌐⅔↑╢ ⁸ ⁸ ─  
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⌐⅔↑╢ │⁸ 2.5₩3m ─ ≢ ⇔≡™╢⁹ │ ⅛⌂⅜╠

⌐ ⁸ ⌐ ∆╢╟℮⌂ ⌂ ⅜ ╘╠╣╢⁹ ⌐≈™≡│ ⌐ ═

≡ ⅜ ⅝ↄ⁸ │ 2.5₩3m/s⌐ ⇔≡™╢⁹ 

 

3. 3. 1- 5 ⌐⅔↑╢ ⁸ ⁸ ─  

 

 

│♃כ♦ 12 15 ╕≢ ≢⅝≡™√√╘⁸11 7 ⅛╠ 12 6 ╕≢─ 30

╩♃כ♦─ ⇔≡ ╩ ∫√⁹ ⌐ ⇔≡│ ╟╡ 10 ╩♃כ♦─

⇔⁸10 ─ ⁸ ╩♃כ♦ ⇔√⁹ ⌐ ╩♃כ♦√⇔ 3.3.1 - 5⌐

∆⁹ 

3. 3.1 -  ♃כ♦ 5

☿ꜟ
No.

⅛╠
─

♃כ♦

33 33.5m

19 19.5m 2016/11/7 00:00 ₩ 2016/12/6 23:40 4,319

4 4.5m

₈ ₉

⁷M2⁷81.0cm⁷250.0°⁷K1⁷24.0cm⁷215.0°

⁷S2⁷36.0cm⁷277.0°⁷O1⁷19.0cm⁷200.0°

⁷ ⁷ ⁷

┼─

-7.0°
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─♃כ♦ ╩ 3. 3. 1- 6⌐ ∆⁹ 

─№╢ │ ╩ ⁸ ╩ ⌐ ╕╣√ ≤⌂∫≡™╢√╘⁸

⌐ ═≡ ─ ⅜ ⅝ↄ⌂∫≡™╢⁹ ⌐╟╢ ™│╒≤╪≥⌂ↄ⁸

⅛╠ ╕≢╒╓ ─ ≢№╢≤ ⅎ╠╣╢⁹ 

B+33. 5m

B+19. 5m

B+4. 5m

12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0 12 0

11/ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 12/ 1

- 300. 0

- 150. 0

0. 0

150. 0

300. 0
cm/ s

- 300. 0

- 150. 0

0. 0

150. 0

300. 0
cm/ s

cm/ s

300. 0

150. 0

150. 0

300. 0
N

S

W E⁷ ⁷

2 3 4 5 6 7

- 300. 0

- 150. 0

0. 0

150. 0

300. 0
cm/ s

- 300. 0

- 150. 0

0. 0

150. 0

300. 0
cm/ s

cm/ s

300. 0

150. 0

150. 0

300. 0
N

S

W E⁷ ⁷

- 300. 0

- 150. 0

0. 0

150. 0

300. 0
cm/ s

- 300. 0

- 150. 0

0. 0

150. 0

300. 0
cm/ s

cm/ s

300. 0

150. 0

150. 0

300. 0
N

S

W E⁷ ⁷

 

3. 3.1 - ─♃כ♦ 6  

 

─╕≤╘ 

≢│⁸ ─ ⌐ ADCP╩ ⇔⁸ ─ ה ⁸ ╩

∫√⁹ 

28 10 25 ⌐ ─ ╩ ™⁸11 6 ⌐ ⁸12 18 ⌐

╩ ⇔√⁹ ⌐≈™≡│⁸ ─11 7 ₩12 6 ╩♃כ♦─ ⇔√⁹ 

─ │⁸ → ⌐ ⅛╠ ┼─ ╣ ⁸ → ⌐ ⅛╠

┼─ ╣ ⅜ ⌐ ⇔≡⅔╡⁸ │ ₩ 1 ⁸ ₩ 1

≤⌂∫≡™╢⁹ ⌐⅔↑╢ │ 250₩310cm/s⁸☻◌ꜝכ │ 110

₩130cm/s≢№╡⁸ ≢│╛╛ ↄ⌂╢ ⌐№∫√⁹╕√⁸ ≤ ═≡ ⌐

⅜ ↄ⌂╢ ⌐№∫√⁹ 

⌂ ╩ ∆╢⌐№√╡⁸ ⅜ ≤⌂╢╟℮⌂ ≢│ ⌐ ─

╩ ℮↓≤≢⁸ ⌂ ─ ⅜ ⌐⌂╢─≢│⌂™⅛≤ ⅎ╠╣╢⁹ 
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3.3.2 . ─  

 

≤ ⌐⅔™≡⁸ ≤⇔≡ (ⱴꜟ♅ⱦכⱶ)⁸

(◘▬♪☻◐ꜗfi♁♫כ) ┘ (◘ⱩⱲ♩ⱶⱪ꜡ⱨ□▬ꜝכ)╩ ⇔⁸ ╩

∆╢ ≤ ꜟⱩכ◔ ┘⸗♬♃ꜞfi◓◔כⱩꜟ─ꜟכ♩≤⌂╢ ─ ╩ ⇔⁸

⌐ ∆╢↓≤╩ ≤⇔√⁹ 

 

 

─ ≤ ─ ≢ ⇔√⁹ ╩ 3.3.2 - 1⌐ ∆⁹ 

 

3.3.2 - 1  

 

 

≢ ⇔√ │ ─ ╡≢№╢⁹ 

╢╟⌐ⱶכⱴꜟ♅ⱦה  

⌐ ↑ ⌐ ─ ™ ⱦכⱶ╩ ⇔≡⁸ ─ ≤≤╙⌐

⌐ ─ ╩ ∆╢◦☻♥ⱶ≢№╢⁹ 

╢╟⌐כ♫♁fiꜗ◐☻♪▬◘ה  

┼ ↑≡ ≤ ⌐ Ɽꜟ☻╩ ⇔⁸ ─ ₁⌂ ⅛╠ ⇔≡

ↄ╢ ╩ ⇔≡ ─ ─▬ⱷכ☺ ╩ ∆╢◦☻♥ⱶ≢№╢⁹ 

╢╟⌐כꜝ▬□ⱩⱲ♩ⱶⱪ꜡ⱨ◘ה  

⌐ Ɽꜟ☻╩ ⁸ ⌂ ─ ⌐ ∂≡ ⇔≡ↄ╢Ɽꜟ☻╩ ⅎ╢↓

≤≢⁸ ─ ╩ ≤⇔≡≤╠ⅎ⁸∕─▬ⱷכ☺ ╩ ∆╢◦☻♥ⱶ≢№╢⁹

≢ ╠╣╢▬ⱷכ☺ │⁸ ─ ╩ ∆╙─≢№╢⁹ 
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≤  

│ 28 11 ⅛╠ 11 15 ─ ⌐ ⇔√⁹ 

 

─ⱨ꜡כ 

─ ⱨ꜡כ╩ 3.3.2 - 2⌐ ∆⁹ 

 

 
3.3.2 - 2 ─ⱨ꜡כ 

 

 

ὓᵊʾ  

ᵤ ệ ₰ 

Д˔Ќᵔ  

⌠  ρϤϘρϛ 

ᵤ Ἱ ₰ 

ЛϱЇ  

Д˔Ќᵔ  

⌠  

₰ 

Д˔Ќᵔ  

⌠  

⁮ ⌠  
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─  

≢ ⇔√ ─ ╩ 3.3.2 - 1⌐ ∆⁹ 

3. 3.2- 1 ⇔√ ─  

    
 ⱴꜟ♅ⱦכⱶ♁♫כ Sonic2024 ( )  

200kHz 400kHz 
꜠fi☺ 1.25cm 
ⱦכⱶ ( ×

)  0.5°×1° 
ⱦכⱶ 256  
☻꞉☻ ( ☻꞉☻ )  

10°160° 
꜠fi☺ 500m 

☿fi◘הכ ☿fi
 כ◘
☻♩ꜝ♇ⱪ♄►fi
3 ⱨ□▬Ᵽכ☺

ꜗ▬꜡  

IXSEA 
ⱨ▫fi☻ 

±0.01° 
Ⱨ♇♅כ꜡הꜟ ±

0.01° 

DGNSS ⱫⱵ☻ⱨ▫▪
R100 

0.6m 

 Cast Away 
CTD 

1400 1730 m/s 
100m 

◘fiⱪꜞfi◓꜠כ♩ 5 Hz 
0.01 m/s  
± 0.15 m/s  

 ◘▬♪☻◐ꜗfi♁♫כ
ⱨꜟ☻Ɑ◒♩ꜝⱶ♅

ⱪכꜗ ┘ⱴꜟ♅
Ɽꜟ☻  

EdgeTech4200 2  
300/600khz 

 
300kHz 230m 
600kHz 120m 

300kHz 3. 0cm 
600kHz 1.5cm 

ⱦכⱶ  
300kHz 0.28° 
600kHz 0.26° 

ⱦכⱶ 50° 
DGNSS ⱫⱵ☻ⱨ▫▪

V100 
0.6m 

 ◘ⱩⱲ♩ⱶⱪ꜡ⱨ□▬
 כꜝ

EdgeTech3200 2 16kHz 
4, 000w 

6 10cm 
ⱭⱠ♩꜠כ◦ꜛfi ⌂
8m 

104m 
DGNSS ⱫⱵ☻ⱨ▫▪

V100 
0.6m 
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≤⇔√ ─ ╩ ∆╢√╘⁸ ⁸ ⇔√XYZⱨ□▬ꜟ⅛╠ 1m ─

3.3.2 - 8 ┘ 3D 3.3.2 - 9 ╩ ⇔√⁹ 

 

3.3.2 - 8 │ 1m  

 

 

3.3.2 - 9 3D  
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◘▬♩ ─ ⌐⁸ ⅜ ⌐ ∫√ ⅝⌂ ⅜ ↕╣√⁹

⅛╠ ┼⅛↑≡─ ⌐│ ╛ ⅜№╡⁸∕─ ╕╡│⁸ ─ ╩

╪≢╒╓ ─ ↕≤⌂∫≡™╢⁹ ⌐│ ╛⅛≢ ⌂ ⅜╖╠╣√⁹ 

─ꜟⱩכ◔ ⁸≡™≈⌐♩כꜟ ◘▬♩ ⅛╠ AC ╕≢│◘

▬♩ ≤ ─ ≢№╡⁸ ╛ ⅜╖╠╣√⁹AC ─ ⅛╠ ┼─

≤⌂╢ AC ╕≢│ ─ ⅜ ╠╣⌂™ ⌂ ≢№∫√⁹AC

⅛╠ ⌐⅛↑≡ │ ₁⌐ ↄ⌂╡⁸ ⌂ ─◄ꜞ▪╛ ┘ ⅜ ∆

╢◄ꜞ▪⅜ ╠╣√⁹ 

 

⌐⁸ ╩ ∆⁹◘▬♪☻◐ꜗfi♁♫כ≢ ╩♃כ♦√⇔ ™⁸

─ ╩ ∆╢√╘⌐⸗◙▬◒ 3.3.2 - 10 ╩ ∆╢≤≤╙⌐⁸∕─ ─ ╩

∆╢√╘⌐ 1 ⱷ♇◦ꜙ─♦כ♃⌐ ⇔√ XYZⱨ□▬ꜟ⅛╠

3.3.2 - 11 ╩ ⇔√⁹ 

 

3.3.2 - 10 ◘▬♪☻◐ꜗfi⸗◙▬◒  
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3.3.2 - 11  

 

◘▬♩ ─ ⌐╖╠╣√ ⅝⌂ │ ≢⁸∕─ ⌐│ ⅛⌂

─ ⅜ ⌐ ∫√ ⌐╖╠╣√⁹ │ ≤ ─ ─ ⌂™ ╛⅛⌂ ≤

ⅎ╠╣╢⁹ AC ⅛╠ AC ⌐⅛↑≡│ ─ ≤ ⌂ ⅜╖╠╣√⁹AC

⅛╠ ⌐⅛↑≡⁸ ⌂ ⅛╠ ₁⌐ ┘ ⅜ ∆╢╟℮⌐⌂╢⅜⁸AC1

⅛╠ ─ ⌐│ ⅜ ⌐╖╠╣√⁹⌂⅔⁸ ─ │ ≢№∫

√⁹ 
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⌐⁸ ─ ╩ ∆⁹ ─ │⁸ ─ │ ⁸

│ ⌐ ⌐ ∆╢ ↓℮ ⅜ ╩ ╘≡™╢⁹↓╣╠─

│⁸≤╙⌐ ─ ≢ ™ ≢№╢⁹╕√⁸ ╒⅛(1994 ─ ⌐╟╢

≤⁸ ─ ⌐ ∆╢ ─ ≤ ≤─ ⌐│ ⅜ ↄ ⇔≡⅔╡⁸

⌐│♩fiⱲ꜡⅜ ↕╣≡™╢≤─ ⅜╖╠╣╢⁹( 3.3.2 - 12)  

 

3. 3.2- 12 ─  

5 ─ 1 ה ה ה ה  

http://nrb - www.mlit.go.jp/kokjo/tochimizu/F3/ZOOMA/4215/index.html  

 

⌐≈™≡⁸ ─ ⅛╠ ─ꜟⱩכ◔ ╕≢─

╩ ∆╢ 5 ╩ ┘⁸ ╩ ⇔√ ⅛╠ ╠╣╢ ≤№╦∑≡ ╩

∆╢⁹5 ─ │ 3.3.2 - 13 ─ ╡≢№╢⁹Line3- 1,9- 1,20- 1 ─ │

3.3.2 - 14 3.3.2 - 16⌐ ∆⁹ 

 

3.3.2 - 13 ╩ ∆╢ 5 ─ 3D  
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3.3.2 - 14 ⌐ ↕╣╢ Line3- 1  

m

β 

100           100         100       100          

100        91  
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3.3.2 - 15 ⌐ ↕╣╢ Line9- 1  

 

 

3.3.2 - 16 ─ ─℮∟ ╩ ∆╢ ─ AC3- Line20- 1  

 

 

m β 

50      50     50     50       50       50     

50    

m β 

50      50      50     23  27      100          50    
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A │⁸ ─ ≢№╢⁹ ─ │ ≢⁸ ─ ™↓≤

⅜ ⅛╢⁹ ⁸ ⅛╠ ┼⅛↑≡ ─№╢ ≤⌂∫≡™╢⁹

⌐╙№╢ ╡⁸ ─ ╕╡│⁸ ≢ ─ ╩ ╪≢╒╓ ⌂ ↕≤⌂

∫≡™╢⁹╕√⁸ ⇔√╟℮⌐⁸↓─ ╕╡╩ ∆╢ ≢│⁸☿fi◘כ⅛╠─ 50m

╕≢ ⌂ ⅜ ≢⅝╢⁹↓─ ⅜ ╘╠╣╢ ⌐≈™≡│⁸

⌐╟╢ ─ ⅛╠ ─ ≢ ≤ ≢⅝╢⁹( 3.3.2 - 17

3.3.2 - 19)  

 

3.3.2 - 17 ◘▬♩╟╡ ╩ ⇔√  

┼ ╛⅛⌐ ∆╢ ⅜ ∆╢ ≢⁸ ⌐≈™≡╙ ≢⅝╢⁹ 

 

ᵑ 
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3.3.2 - 18 ◘▬♩ ─  

◘▬♩╟╡ ╩ ⇔√ ⁹ ⅜ ⇔√ ≢№╢⁹ │⁸ ⇔≡

⇔≡™╢⁹ ⌐╟╡ ⅛⌂ ─ ⇔≡™╢ ╛ ⅜ ↄ⁸ ™

≢ ↕╣√ ╙ ⅎ╠╣╢⁹ 

 

  

3.3.2 - 19 ◘▬♩ ─  

│◘▬♩─ ⁸ │◘▬♩─ ╩ ⇔√ ⁹ 
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3.3.2 - 20 Line2- 1─  

 

3.3.2 - 21 Line10- 3─  

 

─ ⅜ ↕╣≡™╢ │⁸ ≢│⌂ↄ ─ ─ ≢

─ │ ≤ ⅎ╠╣╢⁹ ─ ─ │ ∞⅜⁸

⌐ ∆╢ ─ │⁸ ⅜ ↕╣√ ⅛╠ ─ ⌐№╡⁸ ⅛

╠ ┼ ┘≡™√ ─ ─℮∟⁸ ⅜ ↕╣⁸ ⅜

↕╣√ ≢№╢ ╙ ⅎ╠╣╢⁹ 

m β 

50     50    50     50      50      50       50     50      37  

100        100        100          100      100       100      50  

m β 
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3.3.2 - 22  

 

─ │ 1m ─◄ꜞ▪⅜ ↄ ⇔≡™╢⁹ ⌐⁸ ─

│ ─№╢ ≤⌂∫≡™╢⁹ ⅛╠ ┼─ ≢│⁸ ⌐

1m ─◄ꜞ▪⅜ ╘╠╣╢⅜⁸↓─ ⌐│⁸ꜞ♇ⱪꜟ ⅜ ╘╠╣╢⁹↕╠⌐⁸

┼ ⅛℮◄ꜞ▪≢ ≢⅝╢ 1m ─ ◄ꜞ▪│⁸☻♥♇ⱪ ─ ╛

┘ ⅜ ∆╢◄ꜞ▪≢№∫√⁹ 
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3.3.3 . ◖▪◘fiⱪꜞfi◓  

─ ─ ─ ╩ ∆╢√╘⌐⁸◖▪◘fiⱪꜞfi◓ ┘ ╩

∫√⁹ ⌐ ™ ≢№╢↓≤≤⁸ 40 ─ ≢№╢↓≤⅛╠⁸ 27

4 1 ─ ( ⁸ )─ ╩ ╕ⅎ⁸ ⌐╟╢

╩ ⇔⁸ ⇔√⁹ 

 

3.3.3 - 1 ◖▪◘fiⱪꜞfi◓  

 

◖▪◘fiⱪꜞfi◓  

⇔√◖▪◘fiⱪꜞfi◓ │⁸ ™ ≢─ ◖▪╩ ∆╢√╘⁸ ⌐

↕╣⌂™╟℮⌐ ⇔√ 1 ♩fi─ ╩ →⁸ ◖▪◘fiⱪꜞfi◓ ╩ ⇔

√⁹ 

◖▪◘fiⱪꜞfi◓ │⁸ ╩ ≤∆╢⅜⁸

40m≢─ ⌂ │ 20 ≤ ╠╣≡™╢

√╘⁸ ⌐ ⇔√ ◖▪◘fiⱪꜞfi◓ ⌐

⁸כ♃כ⸗▪◖ ┘ ╩כ♃כ⸗♪ꜘ◑ ↑⁸

⌐≡◖▪◘fiⱪꜞfi◓ ⅜ ⌂ ⌐≡

╩ ∫√⁹ 

◖▪◘fiⱪꜞfi◓ ⌐ ↑√ ◌ⱷꜝ─ ╩ꜞ

▪ꜟ♃▬ⱶ⌐ ⇔ ⅜≢⅝╢╟℮⌐⇔√⁹ 
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               1 

 

  

2               ─  
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│◘fiⱪꜟ◖▪⅛╠ 2 ⁸1≈│ ⁸╙℮ ꜟⱩכ◔│≈1 ─

ↄ 12 ─ ≢ ⇔√╙─⅛╠ ⌂ ╩ ⇔√⁹ ╩⁸

3.3.3 - 1⌐ ∆⁹ 

   

       ⇔√◘fiⱪꜟ          ⇔√◘fiⱪꜟ─     

 

3.3.3 - 1  

 

 

↕≤ ╡ ↕╩ ™√ ɫ─  

╩╙≤⌐⁸ ɫ╩ ⇔√⁹ ╩

3.3.3 - 2⌐ ∆⁹⌂⅔ ─ │⁸₈ p144

₉╩ ≤⇔√⁹ 

 

3.3.3 - 2 ↕╣╢  
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3.3.4 . ─  

─  

⌐ ╘√ ⌐⁸≥─ ─☻Ⱨ⁸≢♪כ≥℮™∫√ ⱨ☺♠Ⱳ╛

⅜ ∆╢⅛╩ ═╢√╘⌐⁸ ◘fiⱪꜟ╩ ⇔√ⱨ꜠כⱶ╩

─ ↄ⌐ ╘⁸ ⅔⅝⌐ ╩ ℮⁹ ─ ╛⁸ⱷfi♥♫fi☻ ─ ⌐

∆╢↓≤╩ ≤⇔≡™╢⁹ 

 

─ ⌐≈™≡⁸ 3.3.4 - 1⌐ ∆⁹ 

 

3.3.4 - 1 ─  

 ╛ ≤ ─ ╩ ™╢⁹ 

─ⱦfiכ♃ │◓ꜝ☻ⱨ□▬Ᵽכ ─√╘⁸ ─ ╙ ℮⁹ 

 ◦ꜞ◖fi ─ ⁸ ┼─ │⌂™ ╩ ╪∞

╙─⁸ ⁹ 

 ◖fi◒ꜞכ♩─ ⌐ ╡ ↑√ ⱨ꜠כⱶ⌐⁸ ╩ ╡ ↑╢⁹ 

 ≈─ⱨ꜠כⱶ╩ ⇔⁸ ⅛ ⅔⅝⌐ⱨ꜠כⱶ╩ ≈∏≈ ⅝ →⁸

─ ╛ ⁸ ╩ ∆╢⁹ 

 ≤ ─ ⅜ ≢⅝⁸ ─ⱦfiכ♃│ ≤⌂

╢ ⌐ ∆╢⁹ 

 

─  

2017 6 ⌐⁸ ≈─ⱨ꜠כⱶ╩ ⇔⁸ ⅔⅝⌐ⱨ꜠כⱶ╩ 1≈∏≈ ⇔⁸

─ ™╩ ∆╢⁹ 

3.3.4 -  ꜟכꜙ☺◔☻─ 2

 2017  2018  2019  

 6  10  3  9  3  9  3  

ⱨ꜠כⱶ 1        

ⱨ꜠כⱶ 2  ќ      

ⱨ꜠כⱶ 3  ќ ќ     

ⱨ꜠כⱶ 4  ќ ќ ќ    

ⱨ꜠כⱶ 5  ќ ќ ќ ќ   

ⱨ꜠כⱶ 6  ќ ќ ќ ќ ќ  

 

│⁸ⱨꜝfi☻⁸◌♫♄─ ≢ ⌐ ─№╢ ≤⁸

≢ ─№╢ ⱷכ◌כ ⁸ ┘ ╩ ∆╢⁹ 
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ⱦfiכ♃⁸│ ≤ ⌐ ⱦfiכ♃⁸╡№⅜ ─ ↕≢№╢ 25m

─ ≤∆╢⁹ ⱦfiכ♃╩ ≤ ∂≤∆╢─│⁸ ─ ↄ ╩ ⱦfiכ♃─

≤ ∂⌐∆╢√╘≢№╢⁹ 

 

3.3.4 - 1 ─ⱨ꜠כⱶ─  

 

 

 
3.3.4 - 2 ─ⱨ꜠כⱶ─▬ⱷכ☺ 

 ─ ─  

25m ─◄ꜞ▪ 

40m ќ 

ה  1.8 ♩fi 

ה    1.6m 

ה  1.6m 

ה ↕ 1.7m 
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⇔√ⱨ꜠כⱶ 

 

┼─ ▬ⱷ⁸≥☺כ ─◒ꜞ▪ꜝfi☻│⁸ 3.3.4 - 3─╟℮⌐⌂∫≡™╢⁹ 

 

 

                                

 

 

 

 

 

25m                ─◒ꜞ▪ꜝfi☻ 23m 

 

 

 

 

             

 

 

 

3.3.4 - 3 ┼─ ▬ⱷכ☺ 

 
 

 
 

6≈─ⱨ꜠כⱶ╩ ╘╢ 
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4. ⌐ ∆╢  

4.1. ─ ⌐ ↑√  

4.1.1. ─ ─  

╩ ╘≡ ◄Ⱡꜟ◑כ⌐╟╢ ◦☻♥ⱶ╩ ⌐ ∆╢ ⌐⁸

◦☻♥ⱶ─ ─ ⁸ ◘▬♩ ┼─ ⁸◦☻♥ⱶ≤ ─ ╩

∆╢√╘⌐⁸ ⌐╟╢ ⅜ ≤⌂╢⁹╕√⁸↓╣│ ⌐ ≠ↄ

─ ꜡♪▬ⱪfiⱢכ○⁹╢⌂╙⌐ │ ◦☻♥ⱶ ⌐ ⇔≡ ⌐

DNV- GL≤─ ⌐ ∆╢ ╩ ╘≡™╢⅜⁸ ≢│DNV- GL≤─ ╙ ╕ⅎ

≡ ─ ─ⱪ꜡♩♃▬ⱪ ─ ╩ ⌐⇔≡⅔╡⁸ │ ∆

═⅝ ─ ─ ⁸ ⌂ ⁸ ┘⁸ ─ ╘ ⌐ ∆╢

≤ ╩ ⇔√⁹ ─ ╩ ⌐ ∆⁹ 

 

ה ─ ╩ ╢↓≤ 

ה ◦☻♥ⱶ─ ⅜ ◄Ⱡꜟ◑כ⌐ ∆╢ ⌐ ⇔≡™╢↓≤─  

ה ◘ⱪꜝ▬ꜘכ⌐ ⇔≡⁸ ⌂ ─ ה ╩ ∆ 

ה ⁸ ─  

 

4.1.2. ─◖fi☿ⱪ♩ 

│ꜞ☻◒ⱬכ☻─ ≢№╡⁸ ─ ⁸ ╩╕∏◒ꜝ☻ ↑⇔⁸ ⁸

⁸ ╩ ∆╢↓≤≢ꜞ☻◒╩ ∆╢√╘─ ╩ ∆╢⁹↓─

⌐╟╡ ↕╣√ ⌐│ ≡─ ↓╡℮╢ ≤ ⌐╟╢ꜞ☻◒─ №╢™│

⌐╟╢ ─ ─√╘─ ─ ╩ ∆╢⁹ 

 

╕√⁸ │ ≤ ─ ≤⌂╢═⅝ /♪כ◖ ⅜ ↕╣≡™╢⁹

⌐│ ─ ⁸ ─ ─ ╩ ⇔ ╩ ↑⌂↑╣┌⌂╠⌂™⁹ 

 

─ ≢ ↕╣√ ≤ ⌐ ∫≡™╢⅛─♅▼♇◒╩ ℮⁹↓╣

╠│ ≢─ ⁸ ⁸ⱪ꜡☿☻─ ↄ ╩ ⇔≡ ╦╣╢⁹ 

 

꜡♪▬ⱪfiⱢכ○≢╕╣↓ │DNV- GL≤ ╩ ∫≡⅝≡™╢⁹╕√⁸ ⌐ ↑⁸

≢─ ╩ ∆╢√╘ ClassNK ≤ ╩ ╘≡™╢⁹DNV- GL ┘

─ ⅝─ ╩ ⌐ ∆╢⁹ 
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4.1.3.DNV- GL─ ⱪ꜡☿☻ 

DNV- GL─ ⱪ꜡☿☻│ 4.1.3 - 1⌐ ∆ ╡≢№╢⁹ ≢│ ⌐ ╗√╘─

╩ √∆⌐│ ↄ ⌂ ╩ ꜡♪▬ⱪfiⱢכ○⁹╢∆≥ │DNV- GL╟╡─

⌐ ↑≡ ╩ ⌐ ╘≡™╢⁹ 

 

DNV- GL ╩ ⌐ ∆⁹ 

-DNVGLה SE- 0163 ð ≤▪꜠כ⌐ ∆╢  

Certification of tidal turbines and arrays  

-DNVGLה ST- 0164 ð - ≤  

Tidal turbines -  Rules and Standards  

 

 

4.1.3 - 1 DNV- GL─ ⱪ꜡☿☻─ ⱨ꜡כꜗ♅כ♩ ©DNV- GL 2015 

 

4.1.4.DNV- GL ─ ⱪ꜡☿☻ 

 

│ ⅜ ↕╣√ ≢ ⌐√╢꜠ⱬꜟ≢ ∆╢↓≤─ ╩ ∆

╢ⱪ꜡☿☻≢№╢⁹╕√⁸ │ ⌐ ╖─ ⌐ ╕╣⌂™ ─ ↑─

ⱪ꜡☿☻≢№╢⁹ 

⌐ ⇔™◖fi☿ⱪ♩─ ⁸ ≤ⱪ꜡♩♃▬ⱪ ─ ≢ ⌐ⱪ꜡♩♃▬

ⱪ ╩ ⇔≡™╢◖fi☿ⱪ♩⅜└≤≈─ ≤⌂╢⁹ 

│ ─ ⌐ ╗⌐ ∂≡ ⅜ ⅎ≡ ↄ⁹╕√⁸◖fi☿ⱪ♩ ╟╡ⱨꜟ☻◔כ

ꜟ─ ─ ⌐ ╗⌐≈╣≡ ₁⌐ ⅜ ⇔≡ ↄ⁹ 
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4.1.4 - 1 ⌂ ╩ ╗ⱪ꜡♩♃▬ⱪ ⱪ꜡☿☻    ©DNV- GL 2015 
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ⱪ꜡♩♃▬ⱪ 2 ≢ 5 ⌐  

ⱪ꜡♩♃▬ⱪ │ ⌐ ≠⅝ⱪ꜡♩♃▬ⱪ ╩ ≤∆╢√╘⌐ ↕╣╢⁹

↓─ │ ─ / ≢ ╕≢─ ≡─ ☻♥♇ⱪ statement of 

feasibility, design assessment, fitness for purpose and manufacturing surveillance)

⅜ ⇔≡™╢↓≤╩ ∆╢⁹ 

ⱪ꜡♩♃▬ⱪ≤│ ─ ⌐ №╢™│ ╠╣√ ╩ ⇔√ ─ ≤Ɽⱨ

╩☻ⱴfiכ◊ ⌐∆╢╙─≢№╢⁹ 

ⱪ꜡♩♃▬ⱪ ─ ∆╙─│ ╩♃כ♦⌂ ⇔ ─ ╩ ™⁸ ⌐

─ ↑╩ ⅎ╢╙─≢№╢⁹ 

 

 

≤ ≡ ─ │DNV- GL╟╡ ⌂╢ ─ ⁸ ≤

⌐ ⇔≡ ↕╣╢╙─≢№╢⁹ 

 

⅝  

⅝ │ ⌂⇔≢ ─ ╩ ∆╢╙─≢№╢⁹

⅝ │ ⌐ ≠ↄ╙─≢№╢⅜ ─ ╩ ∆╢╙─≢№╢⁹

⇔⁸ ≤│ ⌐ ╠╣╢⁹ 

ñ 1 ⌐ ⅜⌂™  

ñ ⱴ♬ꜙ▪ꜟ≤ ─ ⌐ ∆╢  

ñ ≤ ⌐ ∆╢ ⌐ ╦╢ ─ ⌐ ╦╢  

№╢ ─ ⌐ ⇔≡⁸ ≤DNV- GL≤ ≢─ ╩ ⌐⁸ ⅝ ╟╡

⌐ →∆╢√╘─ ⅜ ↑╠╣╢⁹ 

 

 

│ ─⌂™ ⸗♦ꜟ⌐ ⇔≡ ↕╣╢⁹ │ ≢ 5

 

│ ⁸↓↓≢│ ─ ⅜ ⌐ ⇔≡™╢↓≤⅜ ↕

╣√ ≢ ╟╡ ↕╣╢⁹ │ ─ ⌐ ╖

─ ╩ ╘╢╙─≢№╢⁹ 

│ ─ ─√╘─╙─≢⁸DNV- GL─ ⌐╟∫≡ ⅜

≡─ ╩ ─ ⅜№╢ √⇔≡™╢≤ ℮↓≤╩ ∆╢╙─≢№╢⁹ 

 

 

 

 



81 

 

 

4.1.4 - 2 DNV- GL─ ⱪ꜡☿☻⌐⅔™≡ ↕╣╢ ≤↓╣╩ ∆╢√╘─☻♥♇

ⱪ╩ ∆ ⱨ꜡כꜗ♅כ♩    ©DNV- GL 2015 

 

ⱪ꜡☺▼◒♩  

ⱪ꜡☺▼◒♩ ⌐│⁸◘▬♩─ ⁸∕─ ─ ⁸ ≤

⅜ ─ ⌐ ↕╣√╙─≢№╢⅛─ ╩ ╗⁹∕─ ◘▬♩ ─

⌐ ∆╢ №╢™│ ╙ⱪ꜡☺▼◒♩ ≢│ ↕╣╢⁹↓╣⌐│ ⌐

⁸ ≤ ⅜ ╕╣╢⁹ⱪ꜡☺▼◒♩ ⌐│ ה ⱨ□כⱶ─ ⁸

⁸ ≤ ╩ ꜟⱩכ◔⁸√╕⁹╗ ≤ ┘ №╢™│ ┼─

⌐ ⌂ ⅜ ╕╣╢⁹ⱪ꜡☺▼◒♩ │ ⌐ ⅜ ╩

√⇔≡™╢↓≤╩ ∆╢╙─≢№╢⁹ 

╕√⁸ⱪ꜡☺▼◒♩ │ ─◘▬♩≢ №╢™│ ♩▬◘⅜כ꜠▪

─ ⌐╟╡ ↕╣╢ ╩ √⇔≡™╢↓≤╩ ∆╢╙─≢№╢⁹ 
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4.1.5. ClassNK ─  

─ ◦☻♥ⱶ┼─ ⁸ ─ ─ ⌐≈™≡ ⌐

∆╢⁹ 

 

 

≤│⁸ ◄Ⱡꜟ◑כ ◦☻♥ⱶ─ ⁸ⱪ꜡♩♃▬ⱪ ⁸

┘ⱪ꜡☺▼◒♩ ─ ┘ ╩ ⇔√╙─≢№╢⁹ ⌐ ≢⅝╢

≤⇔≡⁸ │ 2015 12 ⌐₈ ה ◦☻♥ⱶ─ ⌐ ∆╢●▬♪ꜝ

▬fi₉╩ ⇔≡™╢⁹↓─●▬♪ꜝ▬fi⌐╟╣┌⁸ ≢ ↕╣╢ ⌐ ↕

╣╢ ─ │₈ⱪ꜡♩♃▬ⱪ ₉≢№╡⁸ⱪ꜡♩♃▬ⱪ ─ ╖≢ ↕╣╢

│ ─ ≤⌂∫≡™╢⁹ 

ᵑ ◘▬♩  

◘▬♩⌐ ─ ┘ ⁸ ⁸ ─ ╩ ∆╢⁹ 

ᵒ ┘  

⌐ ↕╣╢ = ─ ┘∕╣⌐ ≠ↄ ─ ╩

∆╢⁹ 

ᵓ  

⁸ ⁸Ⱪ꜠כ♪ ┘ ⌂ ⁸ ─ ╩ ∆╢⁹

╩ ≤∆╢ⱪ꜡♩♃▬ⱪ ─ │⁸ ─ ≤⌂╢  

ᵔ ─  

ⱪ꜡♩♃▬ⱪ ⌐ ↕╣╢ ─ ╩ ⇔⁸ ─

╩ ∆╢⁹ 

─ ╩∆═≡ ⇔√ ⁸ 3 ─ⱪ꜡♩♃▬ⱪ ⅜ ↕╣╢⁹√∞

⇔⁸ ⌐⅔™≡│↓─ ─ ⅜₈ ₉⌐ ↕╣╢ ╙№╢─≢⁸

⅛╠─ ⌐ ∂≡₈ ₉╩ ∆╢ ╙№╢⁹ 

ה ─ ה ≤⇔≡│⁸ ⌐♫☿ꜟ⁸ ה ─ ⁸

꜡♪▬ⱪfiⱢכ○⁸╡№⅜ ─ ─ │ ─ ≤⌂╢ 4.1. 5- 1

⁹ 

 

◓fiꜞכ♃כ꜡ה Rotor ring  

fi◓(Stator ring)ꜞכ♃כ♥☻ה  

♪כ꜠Ⱪה Blade  

ה Subsea base: SSB  

ⱦfiכ♃ה Turbine control centre: TCC  
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4.1.5 - ꜡♪▬ⱪfiⱢכ○ 1 ─  

TCC 

כ♃כ꜡⁸כ♃כ♥☻ ┘Ⱪ꜠כ♪  

 

 כ♃כ♥☻

Ⱪ꜠כ♪ 

 כ♃כ꜡
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4.1.6. ClassNK ≤─ ⌐ ∆╢  

ClassNK ≤─ ╩ ⇔≡⅔╡ ClassNK ─ ⱪ꜡☿

☻⌐ ∫≡ ╩⇔≡™╢⁹↓╣╕≢ ClassNK ─ ≢ 2 ⌐╦√╡

⇔ ╩ ∫√⁹ 

 

  2016 11 24  

↓─ │ ꜡♪▬ⱪfiⱢכ○⁸≢─╙─╘√─ ⅜ ≤∕─ ⌐ ∆╢ ⁸

┘⁸ ≤ ≢ ⅜ ⇔≡™╢↓≤─ ╩ ⇔√⁹

ClassNK ╟╡│ ─ ≤ ─ ⁸ ┘⁸ ⌐ ∆╢ ⌐

∆╢ ⅜⌂↕╣√⁹ 

 

2   2017 1 8  

≢│ ─ ⌐ ∆╢ ≤⇔≡ ─ ⁸◦☻♥ⱶ ≤ ⌐ ∆

╢ ╩ ∫√⁹╕√⁸ ≡─ ≤◦☻♥ⱶ ⌐ ⇔≡⁸ ●▬♪ꜝ▬fi≤ ╩

╘≡ ⅜ ℮ ⱪ꜡☿☻─ ╙ ∫√⁹ 

ClassNK ╟╡│ ─ ─ ≢│⌂™ ─ ╟╡ ∆╢

─ ⅜⌂↕╣√⁹ ≤ ⅜ ─ ⌐ ↕╣╢ ─ ≤

⌐№√∫≡ ⇔⌂↑╣┌⌂╠⌂™ ≤⇔≡ →╠╣√⁹ 

 

⁸ ClassNK ≢ ≤ ╩ ⇔√⁹

ClassNK ≢│ ≤ ⌐ ∆╢ ╩ ⇔≡⅔╡⁸

ClassNK ╟╡─ ⌐ ≠⅝ ╩ ⇔ ╩ ⇔√⁹ ≢ ╩ ⇔

√⁹ 

 

Environmental data on the tidal flow conditions of the site with predicted 10 minuteה  

averaged flow velocities for peak and average tidal flow velocities covering the 

project period from 2018 to 2025. ♃כ♦  

 Environmental data on wave conditions as measured by sensors deployed in the Naruה

Strait. ♃כ♦  

Report document describing the detה ails of the bathymetry of the seafloor at the 

deployment site. ה ♃כ♦  

 Personnel safety report on demonstration of safety considerations for access to theה

turbine for installation and O&M. O&Mה ─  

Report on the Turbine System control philosoה phy. ─  

.Multiple documents on the electrical system and componentsה  

⌐ ∆╢  
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4.2. ⌐ ↑√  

 

─ │⁸ ┼─ ╩ ℮√╘₈ ─ ─ ₉⁸₈

⌐ ╢ ●▬♪ꜝ▬fi₉⁸ ┘ ─₈ ▪◒☿☻ ₉⁸₈

₉⌐ ≠⅝⁸ ◦☻♥ⱶ─ ╩ ⇔⁸ ≤─

╩ ∫√⁹ 

 

 

28 │⁸ ≢─ ╩ ⇔⁸ ⌐ ∆╢ ┘

─ ₁┼─ ↕∑╢ Ɽ♃כfi╩ ⇔⁸ ┼ ─

╖╩ ⇔√⁹ 

╟╡ ─ │ ↕ↄ⁸ ⅜ ⇔™≤─ ╩

√√╘⁸ ≢│⁸ ┼ ↕∑╢ ≢ ╖╩ ∫√⁹ 29

│⁸ ─ ─ ⌐ ╢ ─↔ ─ ─ (

─ )╩╙∫≡⁸ ─ ⅜ ↕╣╢ ≢№╢⁹ 

 

 

─ ◄ꜞ▪─ ─ ⌐≈™≡│⁸ ה ─

◄Ⱡꜟ◑כ ─ ⅜ ⌐№╡⁸ ⅝ ⅜ ⇔≡™╢⁹

⌐≈™≡│⁸ ◄ꜞ▪─╟℮⌂ ─ⱳ♥fi◦ꜗꜟ─ ™◄ꜞ▪⅜ ⇔≡╙

⁸ ─ ≤ ◄ꜞ▪╩ ∆╢ ꜟⱩכ◔ ⌐╟╡⁸

─ⱨ□כⱶ ה ─ ≤⌂╢↓≤⅜ ⅎ╠╣╢⁹ 
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4.2.1 . ה  

─ │⁸ ─ │ ─

╩ ┘ ≤∆╢ ╩ ↄ ⌐ ∂√ 4.2.1 - 1─ ה

╩ ⌐⁸ ┘ ─ ╩ ⇔ ╩ ⌐ ∆

╢⁹ ⌐│⁸ │ ─ ⌐⅔↑╢ ⁸ ─ ╩ ╕

ⅎ√ ─ ⁸ ┘ ─ ⁸ ╩ ⌐ ⇔≡⁸

ה ⌂ ≤⌂╢ ╩ ∆╢⁹⌂⅔⁸ ⌐ ↕╣╢ ⁸ ─

╟╡ │ ─ ≤⌂╢ ⅜№╢⁹↓─√╘⁸ ─ ⌐≈

™≡│⁸22kV ─ ⅜⌂™√╘⁸ 4.2.1 - 1─ ( ) ⌐ ∂√₈6.6kV₉

┘₈66kV₉─ 2 ─ ≤⌂╢⁹ 

4.2.1 - ה 1  

             

2,000kW   6.6kV 

2,000kW  10,000kW  

 

22kV 

10,000kW  50,000kW  66kV 

50,000kW  110kV(*1) 

(*1)  110kV⌐≈™≡│⁸220kV ─ ≢№∫√⅜⁸220kV ┘ 500kV ─

⌐╟╡⁸110kV  │ ╩ ⅝ ⌐ ∆╢ ≢№╢⁹↓─√

╘⁸110kV ┼─ ⌐№√∫≡│⁸∕─ ╩ ∆╢⁹ 

₈ ▪◒☿☻ ₉ HP  

 

4.2.2. ⌐ ⌂ ⅝ 

⅝ⱨ꜡כ╩ 4.2.2 - 1⌐ ∆⁹ 
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4.2.2 - 1 ⅝ⱨ꜡כ 

₈ ◄Ⱡꜟ◑כ ₉ HP  
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4.2.3. ⅝ ─  

◄ꜞ▪─ ╩ 4.2.3 - 1⁸ ⅝ ╩ 4.2.3 - 1⌐ ∆⁹

⅝ │⁸ ╩ ⇔√ ⅝ ⅜ ↕╣≡⅔╡⁸∕─ ─

╛ ≢⁸ ⅜ ∆╢ ⅜№╢⁹╕√⁸ ╩ ⇔√ ⅝

│⁸ ⌐ ─ ⌐╟∫≡ ∆╢⁹ ⅝ │⁸ ─ ╩ ─

≢ ↕╣√╙─≢№╢⁹ ⌐≈™≡│ ⁸ ─ ⇔ ╖⌐╟╢ ⅜

≤⌂╢⁹ 
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4.2.3 - 1 ─  

₈ ⌐⅔↑╢ ⱴ♇ⱪ₉ HP  
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4.2.3 - 1 ─ ⅝  

₡ 6.6kV⁸66kV ⌐ ╢ ₢ 

 

 ()  

⅝ ₡ ₢ 
 

H28.3 H28.11 H28.12 H29.1 H29.2 

(1)22kV  14 14 14 14 14  

(2)22kV  8 8 31 31 31  

(3)66kV  32 31 28 22 22  

(4)66kV  72 49 28 22 22 ⌐╟╢ (66kV )  

(5)66kV  72 49 28 22 22  

(6)66kV  72 49 28 22 22 ⌐╟╢ (66kV )  

(7)66kV  72 49 28 22 22 ⌐╟╢ (66kV )  

(8)66kV  72 49 28 22 8 ⌐╟╢ (66kV )  

 ─ ⌐ ╢ ╩ ∆ 

 

₡ 6.6kV ⌐ ╢ ₢ 

 

ủ  

⅝ ₡ ₢ 
 

H28.3 H28.11 H28.12 H29.1 H29.2 

ᵑ  6 6 6 6 6  

ᵒ  19 18 18 18 18  

ᵓ  11 11 11 11 11  

ᵔ  10 10 10 10 10  

ᵕ  6 6 6 6 6  

ᵖ  1 1 1 1 1  

ᵗ  9 10 10 10 10  

ᵘ  6 5 5 3 3  

─ ⌐ ╢ ╩ ∆ 

 

₡ ₢ 

 

ủ  

⅝ ₡ ₢ 
 

H28.3 H28.11 H28.12 H29.1 H29.2 

ᵑ  6 6 6 6 6  

ᵝ  3 3 3 3 3  

 

₈ ⌐⅔↑╢ ⱴ♇ⱪ₉ HP ⌐  
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4.3. ─  

⅜ │⁸ ⌐╟╡ ─ ⅜ ↕╣≡⅔╡⁸↓─ │⁸ ─

╩ ⅛≈ ⌂╠⇔╘╢↓≤⌐╟≈≡⁸ ─ ─ ╩ ⇔⁸ ┘

─ ⌂ ╩ ╢≤≤╙⌐⁸ ─ ⁸ ┘ ╩ ∆╢↓≤⌐╟≈≡⁸

─ ╩ ⇔⁸ ─ ╩ ╢↓≤╩ ≤⇔≡™╢⁹ ≤│⁸ ⁸ ⁸

⁸ ╩ ∆⁹ 

47 ⌐⅔™≡⁸ ─ │ ─ ≢№∫≡⁸ ─

─ ⌐ ⌂╙─⌐│ ⌐ ╩ ™⁸∕─ ─₈ ₉╩

↑⌂↑╣┌⌂╠⌂™ ⅜ ↕╣≡™╢⁹ 4.3- 1 ⌐ ─ ≤ ⌐ ∂≡ ╘╠

╣≡™╢ ─ ה ─ ╩ ∆⁹ 

 

 

4.3- 1 ─ ה ─  

₈ ₉JEAC 9701- 2016 
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4.3.1 .  

47 ╩ ╕ⅎ⁸ ◦☻♥ⱶ─ ⌐ ∆╢ ⅝⌐≈™≡

┼ⱥ▪ꜞfi◓╩ ™⁸ ⌐⅔↑╢ ─ ⁸ ─ ⌐ ╢

⅝⅜ ≢№╢↓≤⅜ ⅛∫√⁹ 

ה ◦☻♥ⱶ─ ─ │⁸ ─₈ ₉─ ⁹ 

ה ( )⅜ ⁹ 

ה ⌐⅔↑╢ │⁸ 47 ╩ ⁹    

4.3.1 - 1 ⌐ ( ) ╩ ∆⁹╕√⁸ 4.3.1 - 2 ⌐

⌐ ⌂ ⁸ ╩ ∆⁹ 

ה ◦☻♥ⱶ─ ⌐⅔↑╢ ─ │⁸ ─≤⅔╡⁹ 

4.3.1 - 1 ─  

[ ]  

  

 

    

    

   │  

    

   ◖fi♦fi◘כ 

   ꜞ▪◒♩ꜟ │ ꜞ▪◒♩ꜟ 

   │  

    

    

   

  

   ─ ╩ ∆╢√╘─  

 

 

 

 

 

 

 

 

 

 

 

 



93 

 

 

47 63  

 

( )  

 

     

 

 

ủủ ủủ  

 

  

 ┘ ─   

 

 

47 ( 47 )─ ⌐╟╡ ─≤⅔╡

─ ─ ─ ─ ╩ ↑√™─≢ ⇔╕∆⁹ 

 

 

 

 

  ─ ⅝↕│⁸ ≤∆╢↓≤⁹ 

    ╩ ⇔⁸ ∆╢↓≤⌐ ⅎ≡⁸ ∆╢↓≤⅜≢⅝╢⁹↓─

⌐⅔™≡⁸ │ ∏ ⅜ ∆╢╙─≤∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

4.3.1 - 1 ( )   

₈ ₉ 
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⌐ ⌂ ⁸  

 

з 47  

и  

( ⁸ )⌐ ≠⅝⁸ ∆╢ ─ ⌂

 

 ( ⁸ )⌐≡ ↕╣╢  

  ᵑ ─ ┘  

  ᵒ ─ ┘  

 ─  

  ⁸ ⁸ ⁸ ⁸  

─ ♦Ᵽ▬☻ ╩ ⅝ ≤ ≢⅝╢╟℮⌐⇔≡⅔ↄ

↓≤  

  ᵑ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ─  

  ᵒ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸  

  ᵓ ─  

⌐≈™≡ 

 

╩ ≤∆╢  

й  

  

⁸ ⁸ ─ ⌐≈™≡∕╣∙╣─  

 

  

  

 ─  

 ─  

 ▬fi♃כ꜡♇◒  

─ ⅜╦⅛╢╙─⁸1 50000⅜  

◦☻♥ⱶ─ ┘ ⌐≈™≡│⁸ ─ⱪ꜡♩♃▬ⱪ

╩ ⇔⁸ ⌐  

 

4.3.1 - 2 ⌐ ⌂ ⁸  

₈ ₉ 
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4.3.2 .  

49 ┘ ⌐⅔™≡ ⁸ ⁸ ⁸

⁸ ─ ╩ ⇔√ │⁸ ≡─ ⅜ ⇔√≤⅝⌐

─ ╩ ↑⁸↓╣⌐ ⇔√ ≢⌂↑╣┌ ≢⅝⌂™ ⅜ ↕╣≡™╢⁹╕√⁸

│⁸ ⌐⅔™≡ ─ ⌐ ╢ ≡─ ⅜ ⇔√ ⁸

⅜ ─ ⌐⅔↑╢ ╩ ∆╢ ∕─

─ ╩ ∆╢√╘⌐ ⌂ ╩ ℮ ⅜ ╘╠╣≡⅔╡⁸ ─

⅜ ≢№╢⁹ 4.3.2 - 1⌐ ╩ ∆⁹ 

 

50 71  

 

 

 

     

 

 

ủủ ủủ  

 

  

 ┘ ─   

 

49 ( 47 )─ ⌐╟╡ ─≤⅔╡ ╩

↑√™─≢ ⇔╕∆⁹ 

╩ ↑╟℮≤∆╢ ⌐ ╢

─ ┘  

 

─   

╩ ↑╟℮≤∆╢ ─   

  

  

  ─ ─ ⌐│⁸ 47 ⇔ↄ│ ─

┘ │ 48 ─ ⌐╟╢ ╩

∆╢↓≤⁹ 

    ─ ⅝↕│⁸ ≤∆╢↓≤⁹ 

    ╩ ⇔⁸ ∆╢↓≤⌐ ⅎ≡⁸ ∆╢↓≤⅜≢⅝╢⁹↓─

⌐⅔™≡⁸ │ ∏ ⅜ ∆╢╙─≤∆╢⁹ 

4.3.2 - 1  

 ₈ ₉ 
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4.3.3 . ⌐ ╢ ≤─ ─╕≤╘ 

◦☻♥ⱶ⌐ ∆╢ │⁸ ≢ ↕╣≡™⌂√╘⁸

⌐ ∆╢ ⅎ ╩ ⇔⁸ ─ ⁸ ─ ╩

™⁸ ⅝ ⅝ ≤─ ⅜ ≤⌂╢⁹ 
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5. ◄fi☺♬▪ꜞfi◓⌐ ∆╢  

5.1. ─ ⁸ ─  

26 ┘ 27 ─ ≢ ╦╣√⁸ ─

┘ ≢─ADCP⌐╟╢ ─ ╩ ⌐⁸ ⌐⅔↑╢ ◄Ⱡꜟ◑כ─

⌐≈™≡─ FVCOM╩ ™√◖fiⱧꜙהכ♃כ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹∕─ ⁸

─ Site1 ┘ Site2 ⌐⅔™≡⁸ ─ √╡─◄Ⱡꜟ◑כ ⅜ ⅝™↓≤⅜ ⅛

∫√⁹Site1 ≢⁸17.58MWh/m2/year⁸Site2 ≢ 17.24MWh/m2/year ─◄Ⱡꜟ◑כ ≢№

╢↓≤⅜ ⅛∫√⁹ 

∕↓≢⁸Site1 ┘ Site2 ⅛╠⁸∕╣∙╣ ─ ≤ ─ ╩ꜟⱩכ◔⌐ ⇔

≡™≈⌐☻כ◔√ ╩ ∫√⁹ ⇔√ ⁸≡™≈⌐♩כꜟꜟⱩכ◔≥ 5.1- 1 ⌐

∆⁹ 

 

5.1- 1 ─  ♩כꜟꜟⱩכ◔≥

 

5.1- 1 

  ☻כ◔
 

     

☻כ◔  

 

ⱡ  

(  (♩כꜟ

MW≢

№╡⁸

⌐ №╡ 

⅛╠ 3km 

℮∟ 2km│

≢№╡

⅜  

◄ꜞ▪≢№╡⁸

⌐≈™≡

≤ ⅜  

ꜟⱩכ◔ │

1km 

▪○ꜞ▬◌

─ ⅜  

Ừ 

☻כ◔  

 

ⱡ  

(  (♩כꜟ

    

ꜟⱩכ◔╡№≢

─ ⅜  

ꜟⱩכ◔ 2km 

▪○ꜞ▬◌

─ ⅜  

ủ 

☻כ◔  

 

 

 

  

⅛╠ 2km 

╕≢

№╡ 

◄ꜞ▪≢№╡⁸

⌐≈™≡

≤ ⅜  

ꜟⱩכ◔ 3km 

⅜ ™ ─

⅜  

ỏ 

☻כ◔  

 

 

MW≢

№╡⁸

⅜  

⅛╠ 5km 

╕≢

№╡ 

ꜟⱩכ◔╡№≢

─ ⅜  

ꜟⱩכ◔ 2km 

ꜟⱩכ◔─┼

⅜  

× 
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─ ⅝ ⁸ ─ ╕≢─ ─ꜟⱩכ◔⁸ ─⇔╛∆↕╩ ⇔⁸╕√⁸

⇔≡ ╘≡™√ ┼─ ─ ≢⁸₈ ≢│◘꞉ꜝ─ ⅝ ╩ ℮↓≤⅜№

╡⁸Site2 ─№√╡│ ™ ≢№╢⁹₉≤™℮ ⅜ √↓≤⅛╠⁸ │Site1⁸

│♩כꜟꜟⱩכ◔ ─ ╡≢ ┼ ∆╢↓≤⌐ ⇔√⁹ 

 

 

5.1- ♩כꜟꜟⱩכ◔─┼ 2 ┘  
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5.2 . ┘ ─  

꜡♪▬ⱪfiⱢכ○ │ⱨꜝfi☻ ⱤfiⱳהꜟכⱩ꜠Ɫ♇♩⁸ ◦◖☻ⱡⱣה♄♫◌⁸┘

▪ כ▫♦ⱨ□fiה ☻♫Ⱶה ⌐≡ ─ ╩ ╕ⅎ⁸ ≢─ ◦☻♥

ⱶ─ ╩ ∫√⁹ 

 

 

◦☻♥ⱶ─ ⌐№√∫≡│◘▬♩─ ⇔™ ≢╙ ⅎ╠╣╢╟℮⌐⁸

│ ⌂╢ ╩ ⅎ≡™⌂↑╣┌⌂╠⌂™√╘⁸ ─ ╩ ⇔≡ ⇔√⁹ 

ה 40 ≢─  

ה ⌐╟╡ ∆╢ ™  

ה ≢─ ⌐╟╡ ∆╢ ™  

ה ⌐╟╢ ™  

ה ◘▬♩⌐⅔↑╢ ─  

ה ⌐ ╕╣╢ ⌐╟╢  

ה ⌐ ∆╢ ⌐╟╢  

25ה ─  

 

─ ◦☻♥ⱶ≢│⁸ ≤◌♫♄≢│ ⅜ ⌂ ─ ⌐

∆╢√╘⁸ ⌐№√∫≡│ ─ ⌐ ⅎ≡ ─◘▬♩ ─ ╩ ⇔

√⁹ 

 

5.2- 1 ≢ ∆═⅝ ─  

   

 30ϴ 

™   ð ⱨ☺♠Ⱳ   ð  

 ─ ≤⇔≡  

 ─ ≤⇔≡  
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─ ◦☻♥ⱶ─  

─ ─ ⌂ │ ◦☻♥ⱶ⌐ ⅛╢ ≢№╢⁹↓╣╠─ │◘▬

♩─ ⌐ ∆╢╙─≢⁸ ≢─ ☿fi◘כ(ADCP Acoustic Doppler Current 

Profilometer) ⌐╟╢ ◘▬♩ ⌐ ≠ↄ╙─≤⌂╢⁹ 

 

ADCP⌐╟╢ ꜡♪▬ⱪfiⱢכ○⁸│♃כ♦ ─ ⅜ⱶכ♅ ╩ ™ ◦☻♥

ⱶ⅜ ≢ ∆╢ ⌐ ⅎ℮╢╙─⌐⌂∫≡™╢↓≤╩ ⇔≡™╢⁹ 

 

5.2- 2  

Ɽꜝⱷכ♃כ   

◦☻♥ⱶ─♃▬ⱪ ○כⱪfi☿fi♃כ  

 2MW 

Ⱪ꜠כ♪  10 

 16m 

כꜜ  ⌂⇔ 

  

 

─ ◦☻♥ⱶ│ⱨꜝfi☻≤◌♫♄≢─ ─ ╩ ⅛⇔⁸ ⌐ ∆

─ ≤ ╩ ∫≡™╢⁹ 

 

⌐ ∆╢  

כꜞꜙ♅ⱬfiה ─ -  ─ ╩ ∆╢ 

ה ≤─ ⌐ √⌐♩ꜝ♬○fi ╩ -  ╩◦fiⱪꜟ⌐⇔ ─

╩ ⌐∆╢ 

♪כ꜠Ⱪה ╩ -  ─ ╩ ⇔ ╩ ∆╢ 

ה ─ꜞⱩ ╩ -  ╩ ↕∑╢ 

─כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃  

TCCה ─ -  ◘▬☼╩ 7.5m ×3m ⁸ 50♩fi─♪ꜝ▬ ≤⇔≡☻Ɑכ☻

╩ ↕∑╢ 

╩◒♇Ᵽ♪כ▫ⱨꜝfi☻≤◌♫♄≢─ⱪ꜡☺▼◒♩─ⱨה -  ╟╡ ╩ ∆╢ 

ה ⌐ ≠ↄ ♪ꜝ▬Ⱪ◦☻♥ⱶ─ -  ─ ⌐ ↕∑╢ 

─  

ה ─ ╩ -  ◖☻♩╩ ∆╢ 

ה ≤ ─ ╩ ⇔≡ ─ -  ◖☻♩╩ ∆╢ 
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─ ◦☻♥ⱶ─  

◦☻♥ⱶ│ 5.2- 1⌐ ∆≤⅔╡ 4≈─ ╟╡ ↕╣≡™╢⁹ 

ה  

 (TCC) כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃ה

ה  (SSB) 

ꜟⱩכ◔ה Cable Tail  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2- 1 ◦☻♥ⱶ ▬ⱷכ☺ 

 

 

─ │ ╟╡ ╠╣╢ ◄Ⱡꜟ◑כ♃כ꜡╩כ⌐╟╡ ◄Ⱡꜟ◑כ⌐

⇔⁸ ⌐№╢ ⌐╟╡ ◄Ⱡꜟ◑כ╩ ◄Ⱡꜟ◑כ⌐ ∆╢⁹ 

─כ♃כ꜡│ ⌐ ╡ ↑╠╣√10 ─ ◖fiⱳ☺♇♩ Ⱪ꜠כ♪⌐╟╡

◄Ⱡꜟ◑כ╩ ╢⁹Ⱪ꜠כ♪│ ⅜ ⌐ ↑╢ ≡─ ◄Ⱡꜟ◑כ╟

╡ ◄Ⱡꜟ◑כ╩ ↄ ╡ ∆ ⌐ ⌂ ⌐⌂∫≡™╢⁹↓─Ⱪ꜠כ♪─ │

⌐ⱶ♥☻◦כ♃כ꜡─ ═≡⁸Ⱪ꜠כ♪ ↄ≢─ ┼─ ╩ ∆╢↓≤╙

╘≡⁸ ↄ─ ─ ⅜№╢⁹ 

  

TCC 

ꜟⱩכ◔
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─ ─  

5.2- 3 ─ ─  

─ ה    

─ │ DNVGL- ST- 0164⌐ ≠ↄ ╩ ∆╢√╘  

│ ─ ╩ ⇔

⌂↑╣┌⌂╠⌂™ 

─ ╩ ∆╢

√╘ 
 

─ │ 40m╕≢─ ≢

≢⌂ↄ≡│⌂╠⌂™ 

↕╣╢ ≢─

─√╘ 
 

─ │ 3m╕≢ ≢⌂

ↄ≡│⌂╠⌂™ 

⌂ ה ╩

∆╢√╘ 
 

─ │ 5 ⱡ♇♩╕≢─ ≢

≢⌂↑╣┌⌂╠⌂™ 

⌂ ה ╩

∆╢√╘ 
 

─ │ 1.5m╕≢ ≢

⌂↑╣┌⌂╠⌂™ 

⌂ ה ╩

∆╢√╘ 
 

─ │ 4 ⱡ♇♩─ ≢

≢⌂↑╣┌⌂╠⌂™ 

⌂ ה ╩

∆╢√╘ 
 

│ ULS,ALS,FLS,TLS ☻כ◔♪כ꜡─≡

≢ ╩ ⇔⌂↑╣┌⌂╠⌂™ 

◦☻♥ⱶ╩ ∆╢√

╘ 
 

→ │ (Norsok R- 002, 

DNVGL- ST- N001)⌐⇔√⅜∫≡ ↕╣ ↕

╣⌂↑╣┌⌂╠⌂™ 

≤ ╡ ™─ ─

√╘ 
/  

⌐│ ─ ⅜ ─

─ 1/3 ≢№╢↓≤─ ╩ ╕

⌡┌⌂╠⌂™⁹ │ⱨꜟ ─ 80%

≤∆╢⁹ ││ ─ ⌐╟╢⁹

│DNVGL- ST- 0164⌐╟╢⁹ 

─ ─ ╩ ∆

√╘ 
 

⌂ ≢│ ≤ ⅜25

ⅎ℮╢↓≤╩⇔ ↕⌡┌⌂╠⌂™⁹

│ Rainflow Counting ╩ ⇔≡

∆⁹ │ ⌐╟╢⁹DFF≤

│ DNVGL- ST- 0164⌐ ∂╢ 

25 ─ ─ URS

⌐ ⅜ ⇔≡™╢↓≤╩

∆√╘ 
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│ ULS ≤ ALS─◘Ᵽ▬Ᵽꜟ꜡

⌐♪כ ⅎ⌡┌⌂╠⌂™ 

- │ ≢⌂ↄ≡│⌂╠⌂™⁹ⱪꜝ☻

♅♇◒│ ≢ №╢™

│ ≢─ ╖╩ ∑⌡┌⌂╠⌂™⁹ 

-  ─ 75%─ ╩ ╦⌂↑╣┌⌂╠

⌂™⁹ⱬכ☻ ─ ╩ ⇔≡™⌂↑╣

┌⌂╠⌂™ 

-  ─ ╖│ 5% ≢⌂ↄ≡│⌂╠⌂™ 

-  │ ⌐╟╢⁹ │

DNVGL- ST- 0164⌐ ∂╢ 

№╢ ─ⱪꜝ☻♅♇◒─

│◘Ᵽ▬Ᵽꜟ꜡כ♪ ≢

↕╣╢⁹↓─ ⌂ │⇔┌

⇔┌ ∆╢╙─≢│⌂ↄⱪ

ꜝ☻♅♇◒─ ⅜ ∆╢

ꜞ☻◒│⌂™ 

 

⌐│ ⁸ ≤◘Ᵽ▬Ᵽꜟ꜡כ♪◔

≢☻כ ≤ SSB─ ─Ⱶ☻▪ꜝ▬ⱷfi

♩╩ ⇔⌂↑╣┌⌂╠⌂™ 

⅜ ⌂

≤ ⇔≡™╢↓≤╩

∆╢√╘ 

 

│ ≤ ⌐ TCC╩ ⇔

─ ╩ ⇔⌂ↄ≡│⌂╠⌂™ 

─ ╩ ↑TCC╩

∆╢√╘ 
 

│ ≡ ⁸ ⁸ ─

⌐ ⇔≡∕─ ╩ ⇔⌂ↄ≡│⌂╠⌂

™ 

─ ╩ ↑ ≡

⌐ ∆╢√╘ 
/  

│ 25 ─ ╩ √⌡┌⌂╠

⌂™ 
≤ ⌐╟╢  

│ 5 ─ ╩

√⌡┌⌂╠⌂™ 
≤ ⌐╟╢  

⌐ ─ ╡ ⇔ ◄fi♪◐ꜗ

♇ⱪ ╡ ⇔ ⌐ ╘ ⌐ ⅜⌂™↓≤ ⁸

◄fi♪◐ꜗ♇ⱪ─ ─כ♃כ꜡⁸ ╡ ⇔⁸

ⱬ▪ꜞfi◓─ ╡ ⇔≤∕╣╠─ ╡ ↑

↑⅜ ╢ ⌐⇔⌂↑╣┌⌂╠⌂™ 

⌐ⱬ▪ꜞfi◓─

╡ ⇔⅜ ╢ ⌐∆╢√╘ 
 

│ ≢─ ⅜ ≢21

≢⌂ↄ≡│⌂╠⌂™ 
꜡☻ 1%⌐   

│ 20 ╕≢─ ╩ ⇔⌂

ↄ≡│⌂╠⌂™ 

25 ─ ─◘▬

♩≤ ╩ URS 

maintenance and life  

 

ULS Ultimate  Limi  State  

ALS Accidental  Limi  State  

FLS Fatigue Limi  State  
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─ │ Ɑכ☺ ⌐ ∆⅜⁸ 5.2- 2⌐≡ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

5.2- 2  

 

 

5.2- ◓fiꜞכ♃►▪ 3 ≡  

 

5.2- 4 Ⱪ꜠כ♪ ↑ ◓fiꜞכ♃►▪─ ≡  

 ◓fiꜞכ♃►▪

 כ♃כ♥☻

Ⱪ꜠כ♪ 
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 (SSB) 

─ │ ╩ ⅎ ─ ╩ ∆╢↓≤≢№╢⁹╕√⁸

─ ≤ꜞⱨ♥▫fi◓ ╩ ⇔ ↕╣≡™╢⁹ ─ │ ─

⌐ ∆╢√╘─ ⌂Γ ⅝ ⇔Δ ≤⌂∫≡⅔╡⁸ ™ ─ ≢╙ ╛

⇔⌂™╟℮⌐⌂∫≡™╢⁹↓─Γ ⅝ ⇔Δ │ ≢╙ ◦☻♥ⱶ─ ╩

∆╢↓≤╙ ≤⌂╢⁹ ─ │⁸ ╙ ™ → ─ ⌐ ◦☻♥ⱶ─

╛ ╩ ∆╢⁹ 

 

─  

 

 

 

 

 

 

 

5.2- 5 EMEC≢─♄Ⱶכ  

 

 

 

 

 

 

 

5.2- כ▫♦ⱨ□fiה♄♫◌ 6 ≢─ 10m  

 

 

 

 

 

 

 

 

 

5.2- 7 ⱨꜝfi☻הⱤfiⱳהꜟכⱩ꜠Ɫ♇♩≢─ 16m  

 

─ ─ ⇔√ ╟╡ ╪∞ ⅜ 5.2- 8 ⌐ ∆ ◦☻♥ⱶ

⌐≈⌂⅜∫√⁹ 
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─ ─  

 

5.2- 4 ─ ─  

─ ה    

─ │ DNVGL- ST- 0164⌐ ≠ↄ ◦☻♥ⱶ─ ╩   

─ │ ⌐╟╢ ╩

∆╢ 

─ ╩ ℮  

│ ≤∆╢ ≤ ╩ ⌐⇔⁸Ɽ▬ꜟ

│  

 

│ 40m╕≢≢─ ╩ ≤⇔⌂↑

╣┌⌂╠⌂™ 

↕╣╢   

─ │ ≢ 2250 kg/m3 ─◖fi◒ꜞ

♩☻ꜝⱣה♩כ ╩  

Ᵽꜝ☻♩ ⅜ ≢№╢↓

≤╩  

 

│ ╩ ↄ ≤ ☻

Ɽ▬◒ ╕≢ ⌐ 1.7m─◒ꜞ▪ꜝfi☻╩

⇔⌂↑╣┌⌂╠⌂™ 

⅜ ⌐ ⌐ ╡ⱦכⱶ

⌐ ╣⌂™╟℮⌐∆╢ 

 

│ ─◒꜡☻ⱦכⱶ≤ 4m─◒ꜞ▪

ꜝfi☻╩ ⇔⁸ ⇔√ ≢ ≤

0.8m─◒ꜞ▪ꜝfi☻╩ ⇔⁸

≤ ≢ 1.4m─◒ꜞ▪ꜝfi☻╩ ∆

╢ ⌐ ⇔⌂↑╣┌⌂╠⌂™ 

⁸ ≤ ⱨ꜠כⱶ

╩ ⇔√ꜞⱨ♥▬fi◓◦☻

♥ⱶ≤∆╢ 

 

│ ≤ ⱨ꜠כⱶ╩ ← ─

→ ╩ √⌡┌⌂╠⌂™  
◘▬♩┼─ ╩ ⌐∆╢  

─ ⇔√ ≤⇔≡ ≤ ⱨ꜠כ

ⱶ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ ⅔ ™⅜

ה ⇔≡│⌂╠⌂™  

⁸ ≤ ⱨ꜠כⱶ

│ ⇔√ꜞⱨ♥▬fi◓◦☻

♥ⱶ≤⇔≡ ─≤╣√ ╩

℮ 

 

│♩ꜝ♬○fi ≤Ⱨfi─ ↑ ╩ √

⌡┌⌂╠⌂™ 

≤─ ╩ ⌐∆╢  

│ ─ ╩ ↑≡╙ ⇔⌂™

⌐⇔⌂↑╣┌⌂╠⌂™ 

╩ ∆╢  

│ ─ ╩ ↑≡╙ ⇔⌂™

⌐⇔⌂↑╣┌⌂╠⌂™ 

╩ ∆╢  

│ ─ 5 ╕≢ ⇔≡™⌂

↑╣┌⌂╠⌂™ 

─ ⌐ ∆╢  

│ 0.5m─ ≢╙ ⇔≡™⌂↑

╣┌⌂╠⌂™ ─ ⌐ ⅎ

≡  

─ ⌐ ∆╢  

│ ◘▬♩─ ⌐ ⇔≡™⌂↑╣

┌⌂╠⌂™ 

─ ╩ ⇔

ↄ ≢⅝╢ ⌐∆╢ 

 

│ ⌐≡ ╩℮↑≡╙ ─

╩ ⇔⌂ↄ≡│⌂╠⌂™ 

─ ╩ ↑╢  

│ ⌐≡ ⁸Ᵽꜝ☻♩≤

─ ─ ╩ ⇔⌂ↄ≡│⌂╠⌂™ 

◦☻♥ⱶ─ ╩ ↑╢  
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5.2- 8 ↑ ◦☻♥ⱶ  
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 (TCC) כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃

⅛╠ ↕╣╢ │ ⌐╟╡ ⌐ fi☿ꜟכ꜡♩fi◖הⱦfiכ♃⁸╘√╢∆

─כ♃ │⁸ ─ ┘ ⁸ ⅜ ≤∆╢ ─

╩ ⌐ ∆╢↓≤≢№╢⁹ 

 

 

5.2- 9 ⌐ ↕╣╢Cape Sharp  כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃

 

─≢♄♫◌≥☻ⱨꜝfi│כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃─ ◦☻♥ⱶ⅛╠─

╩ ╪≢™╢⁹ ╩ ⌐ ∆⁹ 

ה ─ ™ ⌐ ∆╢ ◦☻♥ⱶ 

ה ≤ ≡ ╩ ∆╢√╘─ ꜠▬▪►♩ 

ה  
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5.2- 10 TCC─  

 

 

 

5.2- 11 TCC─ ─  
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ꜟⱩכ◔ ≤◖Ⱡ◒♃ 

ꜟⱩכ◔ Cable Tail ─ ─╡╟כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃│ ╩

ꜟⱩכ◔ ─ ⌐ ꜟⱩכ◔⁹╢№≢─╙╢∆ ꜡♩fi◖הⱦfiכ♃│

─≥כ♃fi☿ꜟכ ⌐ ╕╡⁸ ≤ ⌐ ∫≡ ↕╣⁸ ⌐≡

⅜ ↄ ─№╢◖Ⱡ◒♃⌐ ↕╣ ⌐ꜟⱩכ◔ ꜟⱩכ◔⁹╢⅜ │ ◦

☻♥ⱶ─ ╩ ∂≡ ╟ↄ⁸⅛≈⁸◔כⱩꜟ ─ ꜡☻╩ ⇔≡™╢⁹

5.2- ꜟⱩכ◔│≢12 ≤ TCC─ ╩ ∆⁹ 

 

 

5.2- ⌐כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃ 12 ꜟⱩכ◔√∫⅜ ≤ ⱨ꜠כⱶ 

─ ⅜ ⱨ꜠כⱶ  
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5.2- ꜟⱩכ◔ 13 ≤◖Ⱡ◒♃ 

 

 

 

5.2-  ♃◒Ⱡ◖הꜟⱩכ◔ 14
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≢ ⇔√ ꜞ☻♩ 

)  ◦☻♥ⱶ 

System Specificationה  

-      TCC Designה Functional Design Specification  

- FMIRR 

- TCC Single Line Diagram and Drawing  

-  Turbine Designה Functional Design Specification  

- FMIRR 

- Stator Design D ocuments 

- Rotor Design Documents 

- Generator Design Document 

- Bearing System and Journal System Design Document 

- Blade Design Documents 

- Blade Attachment Design Document 

- Export Cable and Connector Specification and Drawings  

 

- Preliminary Design Rep ort  

    - Coating Requirement Documents 

    - FMIRR 

) ◦☻♥ⱶ ≡/  

       - Mobilization/Deployment Study (Preliminary Method Statement)  

       - Barge/Winch/Recovery Frame Design (Marine Asset Specification)  

       - System Integration Study (Method Stateme nt for Turbine/TCC/SSB Assembly,  

System Commissioning and System Testing) 
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ⱨꜝfi☻≤◌♫♄≢─ⱪ꜡☺▼◒♩─  

≢─ ◦☻♥ⱶ│12 ⌐╦√╢ ≤ ⌐ ≠⅝ כ♃ⱪfi☿fiכ○─

╩ ⇔≡ ↕∑√╙─≢№╢⁹ 

 

 

5.2- 15 ◌♫♄≢─ⱪ꜡☺▼◒♩ ◦☻♥ⱶ ▬ꜝ☻♩  

 

≢ ⇔√ⱨꜝfi☻≤◌♫♄⌐ ╖─ ◦☻♥ⱶ│ ⇔≡ ╩ ∫≡⅔╡⁸

╩♃כ♦ ⌐ ꜡♪▬ⱪfiⱢכ○⇔ ⌐╟∫≡ ⅜ ╦╣≡™╢⁹↓╣╠─

◦☻♥ⱶ╟╡ ╠╣√ ⌐╟╡⁸ │ ─ ◦☻♥ⱶ─ ⌐ ↄ─ ╩

ⅎ≡™╢⁹ ⅎ√ ⌐≈™≡│ ⌐ ⇔√≤⅔╡⁹ 
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◌♫♄ Cape Sharp ⱪ꜡☺▼◒♩ 

ⱪ꜡☺▼◒♩│○כⱪfiⱢ▬♪꜡ ≤EMERA≤─ ≢№╢⁹ 

꜡♪▬ⱪfiⱢכ○ ─ │  

כ♃ⱪfi☿fiכ○PS2 ─ 2ה ◦☻♥ⱶ ( OCT03 ≤ OCT04≤ ┬)  

16m─  

  

╩ כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃╗ TCC   

ꜟⱩכ◔ Cable tails   

ה ◦☻♥ⱶ─ │ ⌐ ↕╣√ ⌐≡ ╦╣√ 

 

 

5.2- 16 ⌐≡ ─ ◦☻♥ⱶ 

 

ⱪ꜡☺▼◒♩ ╕≢⌐  

ה ╩ ∆╢ⱨ□fi♦▫כ │ ─ ◄Ⱡꜟ◑כ◘▬♩ 

│ OCT04ה 2016 11 7 ⌐ ↕╣⁸ ↕╣ 48 ─ ╩  

│ OCT03ה 2017 9 ⌐  

ה  OCT04│ ⌐ ꜡♪▬ⱪfiⱢכ○⁸╡⅔≡⇔ ╣↕כ♃♬⸗╡╟⌐

≡™╢ 
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ⱨꜝfi☻/Paimpol- Brehat ⱪ꜡☺▼◒♩ 

─ │ⱨꜝfi☻─ כ▫♥ꜞ▫♥כꜚה ─ EDF 

꜡♪▬ⱪfiⱢכ○ ─ │  

─ 2ה  16m PS2 ○כⱪfi☿fi♃כ ≤  (OCT01 ≤ OCT02≤ ┬)  

ה ◦☻♥ⱶ─ │ ⌐ ↕╣√ ⌐≡  

 

 

5.2- 17 ⌐╟╡ ─ ◦☻♥ⱶ 

 

 

ⱪ꜡☺▼◒♩─ ╕≢  

ה ╩ ⇔√ Paimpol- Brehat │ ─ ◄Ⱡꜟ◑כ◘▬♩ 

│ OCT01ה 2016 1 20 ⌐  

│ OCT02ה 2016 5 29 ⌐  

ה כ♃ⱪfi☿fiכ○ │ ↕╣ ↕╣≡™╢ 
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5.3 . ꜟⱩכ◔ ┘ ─  

─ ╟╡ ─≡⌐ꜟⱩכ◔ ≤ ╛ ⁸

─ ╩ ⇔≡⁸ ─ ⌐ ∆╢√╘─

╩ ⇔√⁹ 

 

5.3.1 . ה  

≢─  

⌐≈™≡ ꜟⱩכ◔ NTTה ♩כꜟ ⌐≈™≡⁸

≤ ⇔⁸ 1 ☻כ◔┘ 1╩ ≤∆╢⁹ 

5.3.1 - 1⌐ ╩ ∆⁹ 

 

5.3.1 - 1  

 

≤  

⌐╟╡⁸ │∆═≡ ╡⌐ ↕╣⌂↑╣┌⌂╠⌂™⁹╕√

≤⇔≡─ │∆═≡─ ⌐ ∆╢⅜⁸ ≢│∕╣ ⌐

⅜ ─ ─ ה ╩∆╢ ─ 47⁸ 48 ≤⇔

≡⁸╕√⁸ ╛ ╩∆╢ ─ ╛ 49 ⁸ 107

≤⇔≡─ ╩ ⇔≡™╢⁹⇔√⅜∫≡⁸ ₈ ⌐ ∆╢ ╩

╘╢ ₉⌐╟╢₈ ה ₉⌐ ↕╣√ ╩ √∆ ≤∆╢⁹

ⅎ≡ ◄Ⱡꜟ◑כ ─₈ ⌐ ╢ ●▬♪ꜝ▬fi₉╩ ⇔

√ ≤⇔⁸ ≤─ ≢ ⁸ ─ ╩ ∆╢↓≤≤⇔√⁹ 
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─ ⌐≈™≡ 

⌐│ ─פֿ ≤⇔≡⁸ ⅛╠ ─ ╩ ⇔≡

╩ ⌐ ⇔≡™╢ 66k ─ ⅜ ∫≡™╢⁹╕√⁸

╟╡ ↕╣√ 6.6k ─ ⅜№╢⁹ ꜟⱩכ◔ ─ ─ ≢│

∕─ ─ ┼─ ⅜ ≢№╢↓≤╩ ⇔≡ ╩ ⇔√⁹ 

 

5.3. 1- 2  

 HPפֿ
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5.3.2. ─ꜟⱩכ◔  

ה♩כꜟꜟⱩכ◔ ⌐≈™≡ 

│♩כꜟ─ꜟⱩכ◔ ⅛╠ ─ ⌐ ⅛™ ╩ ╢☿

fi♃כꜝ▬fi≢⁸ 1,500 ≤∆╢⁹ 

 

 

5.3.2 - ♩כꜟꜟⱩכ◔ 1  
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ꜟⱩכ◔⌂ ⱳ▬fi♩⌐≈™≡│⁸ ─ ⌂ ↑ ⅜╡ ↑ ⅜╡╩ ↑

─ ╩ ⅛⇔√ ─ ⁸╕√ ─ ™≤↓╤│≢│ ╣≤ ⌐ ∆╢ ⁸

ꜟⱩכ◔⌂ ⌐≈™≡│ ⇔√ ה ─ ♃כ♦

╩ ⌐⁸ ⌐⅔™≡♄▬Ᵽכ⌐╟╢ ה ╩ ≡⁸ ─

≤ ♩כꜟ ╩ ∆╢⁹ 5.3.2 - ꜟⱩכ◔⌐2 ─♩כꜟ ╩ ∆⁹ 

 
5.3.2 - 2  

 

─ꜟⱩכ◔ ⌐≈™≡ 

─ꜟⱩכ◔ ⌐≈≡│ ≢ ∆╢ ≥ꜟⱩכ◔ ╩ ∑√ ™

≢ ⌐≥ꜟⱩכ◔╢╣↕ ↕╣╢⁹ ™ ≢ ╡╟╩ꜟⱩכ◔╢╣↕ ⌐⇔≡™

╢─│⁸ ─ ⌐╟╢ ╛◘ⱷ ─ ─ ╩ ↑╛∆™↓≤⁸╕√

⌐ꜟⱩכ◔─ ╦╢ ⅝⌂ ╛ ⁸ ⌐ ≤ ⌐╟╢ ⅜ ↕╣╢

√╘≢№╢⁹╕√⁸ ─ ⌐≈™≡│⁸ ⌐≡ ⁸ ┘ ─

─ ╩ ⌐ ⱷכ◌כ ה ≤ ה ╩ ⌡√ ⁸

─ ╛ ╩ ⱳꜞ◄♅꜠fi ⅜™ ꜟⱩכ◔

≤ ⱳꜞ◄♅꜠fi ⅜™ ꜟⱩכ◔ ─ ⌐

╡ ╪∞⁹ ⌐ ה♩☻◖ה ╩ ⇔≡ ─ ╩

≤∆╢⅜⁸ │ ∆╢⁹ 
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─ꜟⱩכ◔ ה ⌐≈™≡ 

꜡♪▬ⱪfiⱢכ○ ─ ≢│⁸ כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃ ꜚ

♬♇♩⅛╠ ↕╣╢ ╩ ∆╢ ה ה ─

⅜ꜟⱩכ◔ ≤⌂╢⁹ 

 

5.3.3 . ꜟⱩכ◔ ⌐≈™≡ 

─ ─ ⌐│⁸ ↕⌂◘fi◗ ⅜ ↕╣≡™╢⁹ ™ ─

⌐ ╩↓⧵│ꜟⱩכ◔⁸╡⅔≡⇔ ≢♩כꜟ╢↑ ≤∆╢⁹ ⅜ ™ ─

√╘⁸ ⅛╠ ⅜ꜟⱩכ◔ ≢⅝⌂™╟℮⌐ ה ╩ ⇔ ∆╢⁹

⌐ ⇔√ ─ ꜝ▬fi╩ ⌐ ∆╢⁹ ╟╡ ─ ─◖

fi◒ꜞכ♩ │ ⁸ │◖▪ ⅝⌐≡ ↕∑╢⁹∕─ ⁸

╕≢─ │ ⌐ ⇔√ ≤∆╢⁹ 

 

ꜟⱩכ◔ ⌐≈™≡ 

⌐≡ ╩ ⇔⁸ ⌐≡ ╩◖▪ ⅝⁸ ┼─

╩ ℮ ╩ ⇔√⁹ ─◖▪ ⅝ ⌐ ⇔≡│⁸ ≢№╢

─ ה ≤ ⅜ ≤⌂╢⁹ ─ │ ⌐

╖≢№╢⁹ 5.3. 3- 1⌐ ╩ ∆⁹ 

 

23
00

70
0

1200

28
00

ộ

500

80
0

ɫ◖▪ ⅝

45
00

◖▪ ⅝

Ҙȯɶɔɩḛ

Ḵ ṢȱȠ ǔ ᶫ

⅝ȯɶɔɩ ˔ὑ᷂

  

5.3.3 - ─ꜟⱩכ◔ 1 ─  
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5.3.4 . ─  

─  

─ ⁸ ─ ⅜ ╟╡ ≢№╡⁸ 22

─ ⌐≡ ה ↕╣√ ↕ 2.9 ≢ 170 ─ ↕ ⌐ ╕╣√

─ ╒⅛ ≤ ⅜ ∆╢ ≢№╢⁹ ─ ≢№╢

─ ─ ⅛╠│⁸ ⌐≡ 15 ≢ ⇔⁸ ♩ꜝ♇◒ ─

╩ ╢ ╙ ⇔√⁹ ⅛╠ ≡ ⌐│ ─פֿ 2

ꜟⱩכ◔ ⅜ ↕╣≡™╢ ╙ ⇔√⁹╕√⁸ │ ─ ─ꜟⱩכ◔

≤⇔≡─ │⁸☻Ɑכ☻ ⌐ ≤ ⇔√⁹⇔√⅜∫≡⁸ ─ꜟⱩכ◔

│ ≤∆╢⁹ ╩ ⁸◖▪ ⅝ ⌐≡ ⌐

→ ≤∆╢⁹ 

 

┘ ꜝ▬fi─  

⌐ ⇔⁸ ⌐ ╩ ╘ ⌐ ה ╩ ∫√⁹ ─

─ ┘ ≤ ─ ╩ ⌐№╦∑≡ ⇔√⁹

╕√⁸ ⌐╟╡ ┼ ─ ─ ╛ ─ ⅝ ╡

╩ ⇔√⁹ ⌐⅔™≡│ ⅛╠ ⇔⁸ ─ ╩ ™⁸

♃כ♦ ┘ ╩ ⇔√⁹╕√⁸GPS ≡⌐fiכ꜡♪─ 20 40

╟╡ ╩ ⇔⁸№╦∑≡ ⸗♦ꜟ╩ ⇔√⁹ ─ ≢№╢

─ ╩ 5.3.4 - 1 ┘ 1.2 ╩ ∆ 

 

5.3.4 - 1 ─ ─  
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5.3.5 . ─ ⌐≈™≡ 

⌐≈™≡│ ╩ ⇔√ │ ─ ╩ ≤∆╢⁹╕√⁸

─ ─ 3.6 │⁸ ⌐╟╢ ⅝ ╡ ⌐≡ ╛

─ ⅜ ↕╣╢⁹ ⌐№╦∑≡⁸ ≢ ℮↓≤⌐╟∫≡⁸ ⅛┬╡

─ ⌂ ╩ ← ≤∆╢⁹ 

 

┼─  

⌐ ⌂ ╩ √∆⌐│ ⁸ ─ ─ ─ ≤

│₈ ⌐ ╢ ●▬♪ꜝ▬fi₉⌐╟╡⁸ 1 √

╡─ ⅜ 2,000k ─ │ ⌐ ≢⅝╢⁹⇔√⅜∫≡⁸ ─

1 ─ ≢│⁸ 6,600V┼─ ╩ ∆╢⁹╕√⁸ ╛

╩ ∆╢↓≤≢ ⌐פֿ ╩ ↓≤⅜ ≤⌂╢⁹ ⌐≡

⁸ ╩ ≡ ┼─ ≤⌂╢⁹ ⌐≈™≡│ ╩ꜟⱩכ◔

30 ⇔√ ╩ ≤∆╢⁹ 5.3. 5- 1 ─ ⌐

Ⱪ꜡♇◒⅜ ↕╣⁸ ⅛╠ ⅝ →╢ ╩ ←↓≤⅜ ⌂ ≤∆╢⁹

⌐ ∆╢ ╟╡ ─ פֿ ─ ┼ ⅜ ≢№╢⁹ ≢│

⌐ │ ≢─ ⅜ ≤⌂╢⁹ ≤⇔≡⁸ 2⌐≈™≡╙ ⌐ ∆⁹ 

⇔

Co

ⱡ 55 3

ⱡ 57

157 923

ⱡ 55 2

157 922

-0.7

-0.7

T1

T2

T3

T4

1 .4 1

1. 70

10.39
3.71

8.92
3.77

1/300

-0 .7 6
29 1 12

29 1 12

- 0. 0 7

0 .3 0
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(2 .2 4) 0 .0 2
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-1
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70
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-
19
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0

A

B

C

-1966 8.625 -5 4243.407 3 .675

-1972 8.879

-1968 4.573

-1965 3.879

-5 4195.799

-5 4110.157

-5 4177.848

3 .675

3 .678

2 .199

HP9 00

Ⱪ꜡♇◒

Ⱪ꜡♇◒

Ⱪ꜡♇◒

Ⱪ꜡♇◒

Ⱪ꜡♇◒

ⱡ

2

1

 
5.3. 5- 1 
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─  

╩ꜟⱩכ◔ ⅛╠ ⌐ ╗⁹◓ꜝfi♪꜠ⱬꜟ

╩♩◒♄ꜟⱩכ◔⌐ ⇔⁸♄◒♩ ⌐ ∆╢ ⌐≡ ─ ╩ ℮⁹

─ ⌐ ╩ ⇔⁸ ה ה ╩ ∆╢⁹∕

─ PT.CT ─ ⁸ ה ה ╒⅛

─ ≤⌂╢⁹ ⌐≈™≡│ ꜟⱩכ◔

⁸ ≤ ─≥ꜟⱩכ◔ ⁸ ꜟⱩכ◔ ─ ─ │

ⱷכ◌כ≤─ ⅜ ≤⌂╢⁹№╦∑≡⁸ ┼─ ה

ה ─ ⅜ ≤⌂╢⅜ ⌐≈™≡│ ─ ≤∆╢⁹ 5.3. 5- 2 ⌐

─ ╩ ∆⁹ 

 

5.3. 5- 2 
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5.3. 6. ∕─ ─ ⌐≈™≡ 

⌐≈™≡ 

╩ ℮ ⌐≈™≡│ ⌐ ╩ ⇔√ ╩ ≤⇔⁸

⌐│ I ─כꜞ꜡♩▪◑⌐ ╡ ↑╒⅛ⱷfi♥♫fi☻ → ╩ ∆╢⁹ ≤

⇔≡─ ה ╩ ⇔√ ⅜ ≢№╢⁹╕√⁸ ≤│ ─

⸗♬♃ꜞfi◓ ⁸ ─ ☻Ɑכ☻⅜ ↕╣╢⁹№╦∑≡⁸

⌐⅔™≡│ ─ ╙ ⇔√ ⅜ ≢№╢⁹ 

 

≤  

─ ⌐│⁸ ─ ─☻Ɑ⁸☻כ ─ ⅝☻Ɑ

☻כ ╙ ≤⌂╢⁹↕╠⌐⁸ ≢│ ─ ╛ ─

╩ ⇔√ ╙ ≤ ⅎ╢⁹╕√⁸ │ ⅜ ≢ ╘≡─

ⱪ꜡☺▼◒♩≢№╢√╘⁸ ⌐│ ↄ─ ⅜ ↕╣╢⁹∕─√╘⁸

─ ≤ ⁸ ⌂ ≤│ ─ ה ┼─

ⱷ♇☿כ☺─ ⁸ ─ ה ─ ╩ ╢√╘─ ╩ ∆╢⁹ 
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5.4 . ┘ ─ ─  

─ ™ ⌐⅔↑╢ ─ │ ⌐ ≡╙ ⅜ ⌂ↄ⁸

─ ⌐⅔™≡╙ ─ ™ ⌐⌂╢↓≤⅜ ↕╣╢⁹ ≢│ ╩

⅛≈ ⌐ ∆╢√╘─ ╩ ∆╢√╘⌐⁸ ≢ ↄ ⇔≡™╢

╩fiכ꜠◒─ ™√ ⁸ ⌐ ⅎ≡⁸○כⱪfiⱢ▬♪꜡ ⅜ ⇔

√ ⌐►▬fi♅╩ ⅎ≡ ∆╢ ⁸ ╩ ≤⇔≡ ╩ ⇔√⁹ 

 

┘  

│ ⌐ ≤ ⇔√ ⌐ ⌐ ↕╣╢⁹ │ 3 ─

≢№╡⁸ ╩ ≤⇔≡ ⌐◖fi◒ꜞכ♩╩ ∆╢ ≢№╢⁹

╕√ ╘ ⇔≡⅔™√ ⌐ꜟⱩכ◔ ∆╢√╘⁸ ⌐│ ♃◒Ⱪꜟ◖Ⱡכ◔⌐

╩ ⅎ√ 100 200m─ ꜟⱩכ◔ Cable Tail ╩ ⇔≡⅔ↄ⁹ ─

╩ ╘√ ─ │ ≢ 1,590 ♩fi⁸ ≢ 960♩fi≤⌂╢

╖≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

1  280♩fi 160♩fi 

2 TCC 50♩fi 2♩fi 

3  360♩fi 310♩fi 

4 ◖fi◒ꜞ900 ♩כ♩fi 490♩fi 

  1,590 ♩fi 960♩fi 

5. 4- 1 ▬ⱷכ☺  

5.4- 1 ▪▬♥ⱶ─  

5.4- 2  

TCC  כ♃fi☿ꜟכ꜡♩fi◖הⱦfiכ♃
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≤  

⌐⅔↑╢ ─ ╩ 5.4- 1 ⌐ ∆⁹ │ ─

─ ≢№╡⁸ │ 40m≢№╢⁹ ─ │ ⅜ ⇔≡⅔╡⁸

100MPa ─ ⌂ ╩ ∆╢↓≤⅜ ─ ⌐╟╡ ↕╣≡

™╢⁹ 

 

 

 

5.4- 1  
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5.4.1 .  

ⱨ꜡כ 

⌐╟╢ ─ ⱨ꜡כ ┘ ─ ╩ 5.4.1 - 1⁸

╩ 5. 4. 1- 1 ⌐ ∆⁹ ≢│⁸ ≢ ↕╣√ ╩ ─ ≢

≢ ╡ →╢ ⅜№╡⁸↓↓≢│ ─ ╩ ≤⇔√⁹ ╩ ╡ →

√╕╕ ╩ ⅛╠ ╕≢ ⇔⁸ ╩ ≢ ⇔√ ⌐

╩ ∆╢ ≤⌂╢⁹ ─ ╛ ⅛╠ ╕≢─ ╩ ∆╢≤⁸

2000♩fi ─ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ ─ ≤⇔≡⁸

┘ ╩∕╣∙╣ 5.4.1 - 2⁸ 5.4.1 - 3⌐ ∆⁹ 

 

5.4.1 - 1 ⌐╟╢ ⱨ꜡כ 

1 120 ( )

2 120 ( )

3 -

4 60 ( )

5 60 ( ) 4

4 4

6 60 ( )

7 30 ( )

8 30 ( )

9 30 ( )
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5.4.1 - 3  ◘ꜟⱬכ☺ פֿ  

5.4.1 - 1  5.4.1 - 2  ◘ꜟⱬכ☺ פֿ  

6 11km  

3 5km  
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ה ≤  

─ │ ─ ⌐ ≠ↄ ≤⇔≡⁸ 5.4.1 - 2 ─╟℮⌐

⇔√⁹ ╩ ⌐ ∆╢ ┘ ─ ╩ꜟⱩכ◔ ∆╢

5.4.1 - 2⁸ 6⁸7 ≢│ ─ ™ ─ ⅜ ╘╠╣╢√╘⁸ ⌐ ∆╢

⅜ ↄ⁸∕─ │ knot 0.5m/s ≤⌂╢⁹ 

─ ╩ 5.4.1 - 4 ⌐ ∆⁹ ™ ┼─ ≤⇔≡ 4 ─▪fi◌כ ◦fi◌

─כ ⁸4 ─ ╩ ™√ 8 ╩ ⇔√⁹ 

 

5.4.1 - 2 ≢ ≤⌂╢  

1 120 ( ) - 10m/s 0.5m 5

( )

2 120 ( ) 2Knots 10m/s 0.5m 6

(1.0m/s)

3 - 2Knots 10m/s 1.0m 6

(1.0m/s)

4 60 ( ) 2Knots 10m/s 0.5m 5

(1.0m/s)

5 60 ( ) 2Knots 10m/s 0.5m 5

(1.0m/s)

6 60 ( ) 1Knots 10m/s 0.5m 5

(0.5m/s)

7 30 ( ) 1Knots 10m/s 0.5m 5

(0.5m/s)

8 30 ( ) 2Knots 10m/s 0.5m 6

(1.0m/s)

9 30 ( ) 2Knots 10m/s 0.5m 6

(1.0m/s)

 
 



131 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4.1 - 4 ─  

 

ה ⁸ ┘ ─ ⅛╠ ╘╢  

│⁸ᵑ ☻כⱬ♃כ♦─ ┘ᵒ ─

╩ ™≡ ⇔√⁹ 

 

ᵑ  ─  ☻כⱬ♃כ♦

⅜ 1 2 ⁸ 0.5 ≢ ╩ ∫√ 10 ─ ╩

™≡ ⁸ ⁸ ⁸ ⁸ ⌐≈™≡ ⅜

╩ ⁹₈╢№≢☻כⱬ♃כ♦√⇔ ─ ≤ ≥₉☻כⱬ♃כ♦─ ┌╣⁸

♫►ⱨ□☻⌐╟╢ ╩♃כ♦ ≢⅝⌂™ ≢─ ⌐ ↕╣╢⁹

≢│⁸ 5.4.1 - 5 ⌐ ∆≤⅔╡ ⌐ ╙ ™ ≢№╢ 32.5 33.0 ⁸

129.0 129.5 ╩ ⇔√⁹ 

⌐╟╢ ≢│⁸ 5.4.1 - 2 ─≤⅔╡⁸ 0.5m ⁸ 5 ⁸

10m/s ⅜ ╠⅛☻כⱬ♃כ♦⁹╢╣↕ ⇔√ ה ┘ ה ─

⅛╠ ─ ╩ ⇔⁸ ≢ ∆↓≤⌐╟╡ ╩ ╘√⁹ 

▪fi◌כ ◦fi◌כ 

▪fi◌כ ◦fi◌כ 

▪fi◌כ ◦fi◌כ 

▪fi◌כ ◦fi◌כ 

4000PS  

4000PS  

4000PS  

4000PS  
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─ ─ ╩ 5.4.1 - 3⌐ ∆⁹ ≢│ 25 35 ⁸ ─ ╩

⇔≡™╢ 4 5 ─ ≢│ ⅜ ╛⅛⌐⌂╢╙── 30 40%≤™℮ ≤⌂∫√⁹ 

 

5.4.1 - 3 ─  

27.7 25.4

34.3 30.1

33.8 30.4

36.8 28.2

47.1 33.8

25.1 12.9

20.9 10.8

23.8 13.6

39.2 27.4

41.8 35.3

39.4 32.7

35.9 31.4

33.8 26.0

42.0 31.0  

 

 

5.4.1 - ─☻כⱬ♃כ♦ 5 ┘ ⇔√  
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ᵒ  

⌐╟╢≤⁸ ⌐⅔™≡ ─ ⇔™ ≤⌂╢

─ ≢│ ꜝfi◒ 6≤╖⌂↕╣╢ 5.4.1 - 6 ⁹ ╙ ─ ⅜

╘⌂™ ≢№╢↓≤⅛╠ ꜝfi◒ 6 ≤╖⌂∆⁹ ꜝfi◒ 6 │ 169

192 ≤ ↕╣≡™╢↓≤⅛╠ │ 47 54%≤⌂╢⁹ 

 

5.4.1 - 6 ⌐⅔↑╢ ≤ ꜝfi◒ 
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ה ─ ⅛╠ ╘╢  

⌐ ─ ⌐ ⇔≡ ╩ ⇔√⁹ ╩ ⌐ ∆╢ ┘

─ ╩ꜟⱩכ◔ ∆╢ ≢│ 1knot 0.5m/s ⅛≈ 90 ─ ⅜

≤⌂╢ 5.4.1 - 2⁸ 6⁸7 ⁹ 

─ │ ⇔√ ADCP─ ╠⅛♃כ♦ 1knot 0.5m/s ─

╩ ⇔≡ ─ ╩ ∫√⁹ ─ │ ╩ ⇔≡™╢ 2019

4⁸5 ≤⇔⁸ ⅜ ⅝ↄ ⅜╢≤ ↕╣╢ ─ ╡│ ⇔√⁹ 

⌐⅔↑╢ 1knot 0.5m/s ─ ╩ 5.4.1 - 4⌐ ∆⁹ 90

≢⅝╢ │ 4 ⅜ 60 ⁸5 ⅜ 50 ≤⌂∫√⁹ ≢№╢↓≤⅛╠⁸

≢│ 50 ≤™℮ ╩ ∆╢↓≤≤⇔⁸ ─ ╩ ∆╢≤ ─ ╡≤⌂╢⁹ 

 

 3 × 2 30 × ⌐ ⌂ 50  

     10  

 

5.4.1 - 4  

1:00 1:20 1:30 1:30 2:20 1:30 14

1:10 1:40 2:00 1:50 1:50 1:30 58%
1:10 1:40 1:20 2:00 2:10 1:40
1:10 1:20 1:20 1:30 1:20 1:10

1:20 1:30 1:20 1:30 1:20 1:20 12

1:40 1:40 1:20 1:50 1:30 1:20 50%
1:30 1:40 1:30 2:00 1:50 1:30
1:10 1:10 1:00 1:20 1:20 1:10

1:23 1:41

1:24 1:30

 

 

 

ה ⌐╟╢ ─╕≤╘ 

≢│ ⁸ ┘ ⌐ ⇔√ ⁸ ┘ ⌐ ⇔√ ╩

⇔√⁹ │ ⇔≡™╢√╘⁸∕╣∙╣─ ╩ ∂√ ⅜ ─ ≤⌂╢⁹

╩ ⇔√ ┘ ⇔≡™╢ ≢№╢ 4⁸5 ─ ╩

5.4.1 - 5⌐ ∆⁹ ≤⇔≡ ╘≡ ™ ≢№╢↓≤⅜ ↕╣√⁹ 
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5.4.1 - 5 ─  

3.4 2.6

4.2 3.1  

 

 

⌐⅔↑╢  

5.4.1 - 4⌐ ⇔√ ╡ 1knot 0.5m/s ≢ 90 ∆╢ ╡│ ⌐

⅔™≡╙ 50%⌐ ╕╢⁹ ╘≡ ™ │ ⅜ ↕╣╢ ╡⌐ ⇔≡⅔╡⁸

─ ╩ ↕∑╢√╘⌐│⁸ 1knot 0.5m/s ≢╙ ⅜ ≤⌂╢╟℮⌂

╩ ∆╢ ⅜№╢⁹ 

─ │ ⅛╠ ╘╠╣≡⅔╡⁸ ╩ ↕∑╢√╘⌐│ ─

⅜ ≤ ⅎ╠╣╢⁹ 

ה ⌐ ∆╢ ⌐│ ◦☻♥ⱶ─ ⅜ ≢№╢⁹ ─

│ ─ ╡ ⅜ ⇔≡⅔╡⁸▪fi◌כ ─ ⌐╟╢ │ ≢⅝⌂

™⁹∕─√╘ ─ ◦fi◌כ─ ⅜ ≢№╡⁸ ◦fi◌כ─ │

100 200♩fi⅜ ↕╣╢⁹ 

ה ◦fi◌כ⌐ ∆╢ ≤∆╢√╘⌐⁸ ꞉▬ꜘ⁸כ ►▬fi♅ ┘꞉▬ꜘכ

Ⱪכ◦ ─ ╩ ⇔⁸↕╠⌐ ►▬fi♅╛꞉▬ꜘכ◦כⱩ╩ ∆╢ ─

╩ ℮⁹╕√⁸ ⌐ ꞉▬ꜘכ⌐│ ─꞉▬ꜘכ⅜ ™╠╣╢⅜⁸

꞉▬ꜘכ┼─ ⌐◦fi◌כ┼─ ⅝ ─ ╩ ←√╘⁸ ◦fi◌

כ ↑ ─ ⌐│ ╩ ≤⇔≡ ╩fiכ▼♅─ ∆╢⁹ 

 

◦fi◌כ╩ ∆╢ │⁸ ╩ ╡ →√ ⅜ ┼ ∆

╢ ⌐ ◦fi◌כ╩ ⌐ ⇔≡⅔⅛⌂↑╣┌⌂╠⌂™⁹ ◦fi◌כ╩ ∆╢

√╘⌐│ 500♩fi ─ ⅜ ≢№╡⁸ ⌐⅔™≡ ⇔√ ╩ ∆

╢≤⁸500♩fi ─ ⌐╟╢ ◦fi◌כ─ ╙ ╘≡ ™ ≤⌂╢↓≤⅜

↕╣╢⁹ ⅎ≡⁸ ≤ ◦fi◌כ╩ ∆╢√╘⌐ ◦☻♥ⱶ╩ ⇔⌂↑

╣┌⌂╠∏⁸ ►▬fi♅─ ╛ ─ ─ ⌂ ⅜ ≤

⌂╢⁹↓─╟℮⌐⁸ ╛ ─ ⅛╠ ⌂ ╩ ∆↓≤⅜

≢⅝⌂™√╘⁸ ⌐╟╢ │ ╘≡ ™≤ ≢⅝╢⁹
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5.4.2 .  

 

╩ ™√ ⌐╟╢ ≢│ ⅜ ╘≡ ↄ⁸╕√⁸ ⌂

╩ ∑⌂™↓≤╩ ≢ ═√⁹↓╣│ ─╖⌂╠∏ ─ ™ ≢─ ⇔

√ ≢№╡⁸ ─ ™ ─ ⅜ ─ ─ ה ⌐ ↑≡─

─ ꜡♪▬ⱪfiⱢכ○⁹√™≡∫⌂⌐ │⁸↓℮⇔√ ╩ ⇔≡ ─ ╩

╘≡⅝≡⅔╡⁸ ⌐ ↑≡ ↑─ ─ ⌐ ⇔≡™╢⁹ 5.4.2 - 1

⌐ ꜡♪▬ⱪfiⱢכ○⁸╡⅔≥∆ ⅜ ⇔√ │⁸ ┘►▬fi♅╩ ™≡

∆╢ ≢№╡⁸ ╩fiכ꜠◒ ≤∑∏▪fi◌כ╛◦fi◌כ ─ ╙ ≢№╢

√╘⁸ ─ ⌐╟╢ ╩ ⌐ ∆╢↓≤⅜≢⅝⁸ ⌐ⱨꜝfi☻ ┘◌♫♄≢

─ⱪ꜡☺▼◒♩⌐ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

5.4.2 - ꜡♪▬ⱪfiⱢכ○ 1 ⅜ ⇔√  

 

 

─ ⱨ꜡כ 

─ ╩ 5.4.2 - 2⌐ ∆⁹ │ 100m 200m ─ ⅜ꜟⱩכ◔

╡ ↑╠╣√ ≢ ╕≢ ↕╣╢⁹ ≢│⁸╕∏ ─ ⅜ ╦╣⁸

™≢ ─ꜟⱩכ◔ ⅜ ╦╣╢⅜⁸ ≢─ ─ ╩ ⌐ ∆╢√╘⌐ꜞ

◌Ᵽꜞכⱨ꜠כⱶ≤ ┌╣╢ ⌐GPS╩ ⇔≡⅔ↄ⁹ ─ ⅜ ⇔√ ⌐⁸

╩ ⇔≡ │ ∆╢⁹ 
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STEP- 1 

 

 

 

 

 

 

 

 

STEP- 2 

 

 

 

 

 

 

 

 

STEP- 3 

◔ ꜟⱩכ ┘ 

◒Ⱡ◖הꜟⱩכ◔

♃  

 

 

 

 

STEP- 4 

ꜞ◌Ᵽꜞכⱨ꜠כⱶ

 

 

 

 

 

 

5.4.2 - 2 ─ ⱨ꜡כ 
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╩ ™√ │⁸ ─ ∞↑≢⌂ↄ ⌐╙ⱷꜞ♇♩╩ ≢⅝╢⁹

5.4.2 - 3 ┘ 5.4.2 - 4⌐ ∆╟℮⌐ ─♪♇◒≢ ≤ ╩ ↕∑⁸

∕─ ⁸ ™≢ ╩ ⌐ ╘≡ ╩ ↕∑╢↓≤≢⁸ ≈╕╡

⌐ ∂√ ─ ╩ ℮↓≤⅜≢⅝╢⁹ 

       

 

 

 

 

 

 

 

  

 

 

 

5. 4.2- 3 ≤ ─ ♪♇◒  

 

 

 

 

 

 

 

 

 

 

 

 

5.4.2 - 4 ≢─  

 

─  

─ ⌐≈™≡─ ⌐ ∟⁸ ─ ⌐≈™≡ ⱪfiכ○⁹√⇔

Ɫ▬♪꜡ │⁸ ⁸ ┘ ≢ ─ ╩ ⇔≡⅔╡⁸2017 3 ≢─

꜡♪▬ⱪfiⱢכ○ ─ │ 33 ⁸℮∟⁸ ╩ ≡ ╩ ⇔

≡™╢ │ 18 ≢№∫√⁹ ╩ ⇔√ 18 ─℮∟⁸ ─ │ 5 ≢№╡⁸

5.4.2 - 1 ⌐∕─ ╩ ∆⁹™∏╣─ ╙ ╩ ⇔≡ ∆╢ ⌐ ≤⌂╢

╩ ⇔√ ≢№╡⁸╕√⁸ ╩ ™√ ⌐ ╢ ─ │ ⇔
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⌂™↓≤╩ ⇔≡™╢⁹ 

 

5.4.2 - ꜡♪▬ⱪfiⱢכ○ 1 ─  

ᵑ ⁸o ⁸ɔ ─ ⁸

ᵔ  
 

ᵑP5995866 

ᵒ2016.9.21 

ᵓ ⱦfiכ♃  

ᵔ ╩ⱦfiכ♃⁸│ ∆╢ ─

╩◦Ⱶꜙ꜠⁸╡╟⌐≥↓╢∆♩כ ⌐

⌐ ∆╢ ╩ⱦfiכ♃⌐ ∆╢↓≤⅜

≢⅝╢ ⱦfiכ♃ ⌐ ∆╢⁹ 

 

ᵑP5358690 

ᵒ2013.9.6 

ᵓ ⱦfiכ♃ ◦☻♥ⱶ 

ᵔ │⁸ ⱦfiכ♃ ◦☻♥ⱶ⁸

⌐⁸ ╩ⱦfiכ♃≢ ∆╢ⱬ⁸≥☻כ

ⱦfiכ♃ ┘ⱬכ☻╩ ◘▬♩⌐ ∆╢

√╘⌐ ↕╣╢ⱬ♇☿ꜟ≤─ ∑⌐

⇔⁸ ─ ◘▬♩⅛╠⁸√≤ⅎ┌⁸

™ │ ⅛╠ ≢⅝╢╟℮⌐

↕╣╢⁹  

ᵑP5347017 

ᵒ2013.8.23 

ᵓ ─ⱦfiכ♃√╣↕  

ᵔ │⁸ ┼─ ─ⱦfiכ♃

─ ⌐ ⇔⁸ ⌐⁸ כ♃

ⱦfi≤⁸♃כⱦfi⌐╟╡ ∆╢ ⅜

↕╣╢ ≤⁸─ ╩ ∆╢ ◔

─ꜟⱩכ ╡ ™╩ ∆╢ ⌐ ∆╢⁹  
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ᵑP5142412 

ᵒ2012.11.30 

ᵓ ⌐ ↕╣╢ ⱦfiכ♃

─  

ᵔ │⁸ ╩ⱦfiכ♃ ⌐

∆╢ ⌐ ⇔⁸ ⌐⁸↓─ ─ ⌐⁸

⌐☻כⱦfi╩ⱬכ♃ ≤

⇔⁸↓╣⌐╟╡⁸ ⱪ꜡☿☻╩ ⌐

∆╢ ⌐ ∆╢⁹  

ᵑP4981167 

ᵒ2012.4.27 

ᵓ ─ⱦfiכ♃ ◦☻♥ⱶ ┘  

ᵔ │⁸ ⱦfiכ♃ ◦☻♥

ⱶ ┘ ⌐ ⇔⁸ ⌐⁸ ⱦfiכ♃

┘ ↕╣√ⱬכ☻─ ┼─ ╩

⌐ ⇔⁸↕╠⌐⁸∕─ ⱦfiכ♃─

┘ⱬכ☻─ ┼─ ╩ ∆╢◦☻

♥ⱶ ┘ ⌐ ∆╢⁹ 
 

 

─  

─ ╩ ⌐ ∆╢⁹ ⌐ ⌐ ═≡ ─ ⌂ ⅜ ≢⅝╢

↓≤⅛╠⁸ │ ⌐ ∫≡ ╩ ╘╢↓≤≤∆╢⁹ 

 

ה ╩fiכ꜠◒ ∑∏⁸⅛≈⁸▪fi◌כ╛◦fi◌כ╩ ™⌂™↓≤⅛╠⁸ ⌐

═≡ ─ ⌂ ⅜ ≢⅝╢⁹ 

ה ─ ╛►▬fi♅─ ◖☻♩ ⅜№╢╙──⁸ ≤⇔≡

⌐╟╢◖☻♩♄►fi⅜ ╘╢⁹ 

ה ⅜◦fiⱪꜟ≢⁸ ⅜ ⁹ ╕╡⌐ ↕╣∏⌐ ≢⅝╢⁹ 

ה │ ⌐╙ ≢⅝⁸ ⌐ ⌐ ∂√ ─ ╩ ℮

↓≤⅜≢⅝╢⁹ 
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5.5. ⌐ ∆╢ ─ ⌐ ≠ↄ ─  

5.5.1 . ה ─  

─√╘─ ≥ꜟכꜙ☺◔☻ ╩ ╗ ה ╩ ⱪfiכ○⁸╡⅔≡⇔

Ɫ▬♪꜡ ≤ │כ☺♫◄™╠╖ ≢ ≢─ ⌐ ⇔√ ה

⇔⁸↓╣╩ ↕∑╢ ≢№╢⁹ 

ה ⌐ ∆╢ ⸗♦ꜟ╩ 5.5.1 - 1⌐ ∆⁹ 

 

 

5.5.1 - ה 1 ─ ⸗♦ꜟ 
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─ ─ ⌐≈™≡ ⌐ ∆⁹ 

Routine Monitoring  

◌☻♃ⱴ▬☼↕╣√ SCADA◦☻♥ⱶ⌐╟╡ ⌐ ╦╣╢⁹↓─◦☻♥ⱶ│ ◦☻♥

ⱶ─ ╩ ∂≡⁸ ≡─ ◘▬◒ꜟ⁸∕╣∙╣ ─ ◘▬◒ꜟ ┘ ↔≤─

◦☻♥ⱶ─ ⌂ ≤ ╩ ℮⁹ 

 

◦☻♥ⱶ Safe System of Work  

⌐™⅛⌂╢ ≢╙ ─ ↄ⌐™╢ ≡─ ─ ⅜ ↕╣⌂↑╣┌⌂

╠⌂™⁹100%─ ꜠ⱬꜟ╩ ∆╢√╘⌐⁸ ◘▬♩─╖⌂╠∏ ≡─ ⁸ ה

≢╙ ⌐ ∆╢ ⌂ ≤ ╩ ╘≡™╢⁹ 

 

Resource Management 

⌂▪ꜟ◗ꜞ☼ⱶה♁ⱨ♩►▼▪╩ ⇔≡ ◘▬♩─ ♃כ♦ ╩ ∫≡™╢⁹

╡╟⌐♃כ♦─↓ ⅜ ◘▬◒ꜟ─ ≡─ ⌐ ╙ ╟ↄ ∆╢╟℮

⌐ⱪ꜡◓ꜝⱶ⇔≡™╢⁹↓╣│ ™ → ⁸ ™ → ┘∕─ ─ ─ ≡

⌐⅔™≡ ─ ╩ ∆╢─⌐ ≤⌂╢⁹ 

 

Maintenance  

─ ╩ ∆╢√╘⌐│⁸ ≡─ ⌐ ∆╢ ⌂╢

╩ ∆╢ ⅜№╢⁹ 

 

Preventive / Planned  

ה  

ה ⌂▪◒◦ꜛfi╩ ╘╢√╘─ⱨ꜡כꜗ♅כ♩ 

ה №╢™│ ─O&M ≢  

 

Predictive  

ה ☿fi◘כ⌐╟╢  

ה ◦☻♥ⱶ ─ ♃כ♦  

ה ─ ─ .  

 

ה Corrective  

ה ⌂ ┼─ ה  

ה ₁⌂◦♫ꜞ○┼ ╙ ╩ ∆╢ⱨ꜡כꜗ♅כ♩ 

ה ─O&M ≢  
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5.5.2 . ה ─◦☻♥ⱶ 

꜡♪▬ⱪfiⱢכ○ │ ⱨꜝfi☻≤◌♫♄─ⱪ꜡☺▼◒♩≢ SCADA╩ ⇔√⸗♬♃ꜞ

fi◓◦☻♥ⱶ╩ ⇔≡™╢⁹ ─ SCADA◦☻♥ⱶ│↓╣╠╩▪♇ⱪ◓꜠כ♪⇔≡◦☻

♥ⱶ ╩∆╢⁹↓╣╠─▪♇ⱪ◓꜠כ♪│ⱨꜝfi☻≤◌♫♄≢─◦☻♥ⱶ ╟╡ √

≤ ⌐ ≠⅝ ⅜ ╦╣╢╙─≢№╢⁹ 

─ SCADA◦☻♥ⱶ│ ≢№╡⁸ ≤─▬fi♃כⱨ▼כ☻ ╩ ╖

╗↓≤⇔⁸◦☻♥ⱶ─ │⁸ ─ ╩ ╗╙─≤∆╢⁹ 

⁸↓╣╠─ ╩ ≢ ≢ ⇔⌂⅜╠⁸ ─ ה ╩ ℮

⌐≈™≡ ⇔≡™ↄ⁹ 

 

ה ─  

ה ─  

ה ─כ꜠ꜞ  

ה ≤ ─ ◦◓♫ꜟ 

ה ↕╣√ ─  

ה ◖fi♩꜡הꜟכ◦☻♥ⱶ─  

─כ♃כfiⱣ◖כⱤ꞉ה  

ה ─  

ה ─  

☺כ☿♇ⱷכꜝ◄הⱶ♥☻◦ה  

ה ─  

ה ─  

ה ꜠ⱬꜟ  
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╩ ≤∆╢ ╩ ∆╢↓≤╩ ⌐◦☻♥ⱶ ╩ ∫≡™╢⁹↓╣⌐╟╡

╩ ⇔⁸ⱪ꜡☺▼◒♩ ╩ ⇔≡ ─ ╩ ∆╢↓≤⅜≢⅝⁸

─ ╩ ⌐⇔√ ⅜ ≤⌂╢⁹ 

╕√⁸SCADA ה ◦☻♥ⱶ│⁸ ⅛╠◦☻♥ⱶ┼─▪◒☿☻╩ ⌐⇔⁸

⌐╟╢ ⌂ ⌂⇔⌐ ─ ╙ ≤⌂╢⁹ 

 

 

5.2.2 - ꜡♪▬ⱪfiⱢכ○ 1 ─ ꞉כ◒ⱨ꜡כ 
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5.5.3 . ≢ ─☿fi◘כ 

┼─ ⇔כ♃♬⸗╩ ─ ה ╩ ∆╢√╘⌐⁸ ☿fi◘כ─

╩ ⇔√⁹ 

 

5.5.3 - 1 ↑ ⌐ ─☿fi◘כ 

☿fi◘כ     

ADCP 

4 

▬fiⱪ♇♩ ≤ ▪►♩ⱪ♇♩ ╩ ∆╢↓

≤≢ ─ ╩ ℮ 

 

◌ⱷꜝ/

ꜝ▬♩ 
2 

─ ≤ ⁸ ─ ╩ꜞ▪ꜟ♃▬ⱶ≢

╛ⱦ☺♃כ⌐ ≡ ℮↓≤≢ ─ ≢ ⌐ ⇔

™ ╩ ∆ 

 

 

1 

≤ ─ ╩ ≢♃כ♦─↓⁸√╕⁹╢∆ ─

≢─ TCC─ ╩ ∆╢ 

 

ⱴꜟ♅ⱦכ

ⱶ ▬ ⱷ כ

 כ♫♁ה☺

1 

─ ◘▬◒ꜟ╩ ⇔≡ ≢─ ─ ╩

∆╢⁹╕√⁸ ≤ ─ ≤ ╩  

 

Ɫ▬♪꜡ⱨ

 fiכ◊
1 

≤ ─ⱡ▬☼╩⸗♬♃כ∆╢ 

 

 
1 

─ ≤ ┼─ ╩ ∆╢ 

╖  
12 

─ ≤ ╩ ⇔ ⌐ ↕∑╢⁹↓╣│

ClassNK ─ ─ ⌐ ↕╣╢ 
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6. ─ ⁸ ⌐ ∆╢  

6.1. ─  

꜡♪▬ⱪfiⱢכ○ ≢ⱪfiכ○⁸│ ⌂ ╩ ⇔ ⌐ ╩ ™⁸Γ ─

Best Practice ó⌐╟∫≡⁸ ה ⁸ ≈⁸ꜞ☻◒ ╩ ™⁸ ≤

╩ ∆╢↓≤╩ ≤⇔≡™╢⁹↓─ │ ⌐ ╩ ⇔⁸◖☻

♩╩ ⇔⁸ꜞ☻◒╩ ⇔⁸╕√⁸ ╢№≢ꜟכ◗⌂ ╩ ⅎ╢√╘⌐◘ⱪꜝ▬♅

─≥fiכ▼ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ ╩ ⌐ ∆⁹ 

 

1.Γ ™ Δ╩ ⌐∆╢↓≤╩ ∆═⅝≢№╢ 

Better forecasting makes it possible to òbuy better. ó  

2.Γ ⌂ↄ ∆╢Δ≈╕╡ ⌐ ⌂ ⌐ ∆╢ 

òBuying less ó means subcontracting out only when really necessary.  

3. ⌐Γ ⌂ Δ≤│DCNS≤◘ⱪꜝ▬ꜘכ─ ⌐ ≠ↄ ─ ⁸

─ ≤ ─ ⌐╟╡ ─ ╩ ╖ ∆↓≤⁹ 

Lastly, òUseful buying ó is based on a partnership between DCNS and its suppliers 

that generates real value  thanks to the development of innovative solutions, 

improved specifications and the reduction of non - quality.  

 

 

│ ─ ⅛╠ ⌐╦√∫≡ ℮⁸ ≡─ ⁸ ⁸ ⁸ ≤

◘▬♩ ⌐ ∆╢ ╩ ╗ ≤ ⌐ ↕╣╢⁹ │ 6.1- 1 ⌐ ∆

╡⁹ 

 

 

6.1- ꜡♪▬ⱪfiⱢכ○ 1 ─ ─  
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6.2 . ─ ⱪ꜡☿☻ 

⌐ ∫≡⁸ ╢◘ⱪꜝ▬ꜘכ╟╡ ה ≢ ╙ ─№╢

─ ╩ ⅛≈ ⌐⅔↓⌂℮√╘⌐⁸ ⁸◘ⱪꜝ▬ꜘכ ⁸ ה

ה ⁸ ─ ≢─♃☻◒╩ ⌐⇔⁸ ⌐ ╗√╘─ ⇔ ♩כ◕℮

ⱪ꜡☿☻⌐ ∫≡ ╩ ∆╢⁹ ⱪ꜡☿☻╩ 6.2- 1⌐ ∆⁹ 

 

 

6.2- ꜡♪▬ⱪfiⱢכ○ 1 ─ ⱨ꜡כꜗ♅כ♩ 

 

6.3. ↑  

─ ⅜ ⇔⁸ ╩ ⌐ ≤ ─ ⅝╩

⇔√⁹ ⌐№√∫≡│⁸ ⅜ ⌐ ⌐ ⅎ╢∞↑≢│⌂ↄ ─ ╩ ⅎ

╢↓≤╩ ⌐∆╢√╘⌐⁸ ⌂ ≤ ╩ √⇔≡™╢⅛ ◘ⱪꜝ▬ꜘכ─

╩ ∫√⁹ 

⇔√ ⁸ ◓fiꜞכ♃►▪⁸│⌐ כ♃כ꜡─ ≤

╩ ╗⁹╕√⁸Ɽ꞉הכ◖fiⱣכ♃כ │ ⅜ ™√╘⁸ ⇔≡ ╩ ∫√⁹↓╣

╠⌐╟╡ ⇔√ ⅜◦▼ꜟⱩכꜟ─ ≢─ ⌐ ╦∑≡ ↕╣╢

↓≤⅜ ≤⌂∫√⁹ 
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│ ADCP⌐╟╡ ⇔√ ─♃כ♦ ⌐╟╡⁸ ─ ╩ ∫√ ≢∕

─ ─ ─ ╩ ∆╢⁹ 28 ⌐ ⇔√ ⁸ ╩ ⌐ ∆⁹ 

 

◓fiꜞכ♃►▪ה Outer ring material    6. 3- 1 

כ♃כfiⱣ◖הכⱤ꞉ה Power Conversion System   6. 3- 2 

ה ♩ꜝfi☻ⱨ◊כⱴכ Export Transformer   6. 3- 3 

כ▪◑ה♅♇▬☻ה Switchgear     

UPS◦☻♥ⱶה UPS system      6. 3- 4 

ה Electrical Panels     6. 3- 5 

כ♃☻☺꜠ה◐כ꜠Ⱪה Brake Resistor  

 

 

 

 

 

  6. 3- ◓fiꜞכ♃►▪ 1       6. 3- 2 Ɽ꞉הכ◖fiⱣכ♃כ(▬ⱷכ☺)  
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6. 3- 3 ♩ꜝfi☻ⱨ◊כⱴכ ▬ⱷכ☺  

 

 

 

6. 3- 4 UPS ◦☻♥ⱶ ▬ⱷכ☺  
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6. 3- 5 TCC ─  
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7. ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ∆╢  

◦Ⱶꜙ꜠כ◦ꜛfi─ ≤  

─ ╩ ╟ↄ ∆╢√╘⌐│⁸ ─ ≤⌂╢ ╡─

⌂ ─ ╣ ╩ ∆╢ ⅜№╢⁹ ⁸ ─ ╣ │⁸

⸗♦ꜟ FVCOM ─ ♁ⱨ♩╩ ™≡⁸ ╣ ╩◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ╘≡™√⁹

⇔⅛⇔⌂⅜╠⁸ ≢│⁸ ─ ⌐╦√╡⸗♦ꜟ ╩ ℮ ⅜№╢√╘⁸◦Ⱶꜙ꜠

fiꜛ◦כ ─ ⅛╠ⱷ♇◦ꜙ─◘▬☼─ ⌐│ ⅜№╡⁸ ╡─ ╣

─ ⌐╙ ⅜№∫√⁹∕↓≢⁸ 7- 1 ⌐ ∆≤⅔╡⁸ⱷ♇◦ꜙ◘▬☼╩╟╡

∆╢↓≤⅜ ⌂ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔⁸╟╡ ⌂ ╣ ╩ ∆╢↓≤

≢⁸ ─ ⌐ →╢↓≤╩ ≤∆╢⁹ 

 

 

(FVCOM)

(FLUENT)

120km

80km

180m

Min 1m

( )

( )

 

7- 1 ⱨ꜡כ⌐⅔↑╢ ◦Ⱶꜙ꜠כ◦ꜛfi 

 

⌐ ↕╣√ ⌐≈™≡─ ⸗♦ꜟ FVCOM⌐╟╢

◦Ⱶꜙ꜠כ◦ꜛfi ≢│Γ ◦Ⱶꜙ꜠כ◦ꜛfiΔ≤ ∆ │ ⁸ ─ 2

⌐ ⇔≡ ↕╣√╙─≢№╡⁸ │⁸ ⁸ ⌐ ⅎ ⁸ ─ ◦Ⱶꜙ꜠

╩fiꜛ◦כ ⇔⁸ ╩ ∂√ ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ╩ ⇔√⁹ ⅎ≡⁸

⌐ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ◦Ⱶꜙ꜠כ◦ꜛfi┼ ∆╢↓≤╩ ⅎ≡⁸

╟╡╙╟╡ ─ ™ ◦Ⱶꜙ꜠כ◦ꜛfi ╩ ╢√╘─ ╡ ╖╩ ⇔

√⁹ 
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7.1 . ◦Ⱶꜙ꜠כ◦ꜛfi─  

◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔↑╢ ≤⇔≡│⁸ ─ 27

( ≢│₈ 27 ₉≤ ∆)≢ ↕╣√◦Ⱶꜙ꜠

≥fiꜛ◦כ ∂ 120km×80km⁸ 7.1- 1 ≤⇔√⅜⁸ ≢─ⱷ♇◦ꜙ╩

∆╢↓≤⌐╟∫≡ ─ ╩ ╢↓≤╩ ╖√⁹ 7.1 - 1 │ ⌐⅔

↑╢ⱷ♇◦ꜙ─ ╩ ⇔√╙─≢№╢⁹ ⌐≈™≡│ ─

J- BIRD╩ ™⁸ ⌐⅔™≡│ ╩♃כ♦ ™≡⁸ ⌂ ╩

⇔√⁹ ⌐⅔™≡│⁸ ◦☻♥ⱶ(Matsumoto et al., 2000 ⅛╠ 8

(S2,M2,O1,K1,P1,Q1,N2,K2 )─ ה ╩ ≤⇔≡ ⅎ√⁹ ה ─

│ ⌐╟╢ ╩ ⌐ ⇔⁸ ⌐⅔↑╢ ⱨꜝ♇

◒☻╩ ⇔≡™╢⁹╕√⁸ ⌐⅔™≡│ ⌐╟╢

FRA- JCOPE2 reanalysis data Miyazawa et. al, 2009) ⌐╟╢ ╩ ⅎ⁸⸗♦ꜟ┼─

⌐ ⇔≡│ORC Orlanski Radiation Condition ╩ ⇔√⁹ │ ◄Ⱡꜟ◑כ─

╩ ∆╢√╘⁸ ─ ╩ ⇔√⁹ ⌐│ ─ ⌐≈™≡⁸

│ 5 ⁸ │ 8 ⁸ │ 11 ⁸ │ 2 ─ ╩ ™≡⁸100 ─ ≢

⌐ ╢╕≢ ╩ ⇔⁸∕─ ╩ ⌐ ⇔√⁹ ⌐│

☿fi♃כ─ ▪ⱪꜞ◔כ◦ꜛfi◘כⱣ HA8000- tc ╩ ⇔√⁹ 

 

  

(a)  (b)  

7.1- 1 ◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔↑╢ⱷ♇◦ꜙ  
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7.2 . ◦Ⱶꜙ꜠כ◦ꜛfi─  

7.2.1 .  

◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ≤⇔≡⁸ ⌐ ∆ 3 ─ ╩ ∫√⁹ 

ᵑ ─ ⱷ♇◦ꜙ ─  

─ │ ─ ≢╙ ╙ ™ ⌐№╢√╘⁸ ⅜ ⅝ↄ⌂╢

↓≤⅜ ↕╣╢⁹∕↓≢ ─ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ↕╣√ⱷ♇◦ꜙ

╩ⱬכ☻⌐⇔≡ ⇔√ ⅜ 180mⱧ♇♅─ⱷ♇◦ꜙ≤60mⱧ♇♅⌐

⇔√ⱷ♇◦ꜙ≢ ╩ ⇔√⁹ 7.2.1 - 1⌐ ─ ╩ ∆⁹ 

  

(a) 180mⱧ♇♅ (b) 60mⱧ♇♅ 

7.2.1 - 1 ─ ⱷ♇◦ꜙ ─  

 

ᵒɨ ⌐⅔↑╢ɨ ─  

ᵑ─ ≢ⱷ♇◦ꜙ─ ╩ ↕ↄ∆╢≤⁸ ╣⌐╟╢ ─ ╩

∆╢ ─ ⅛╠ ╣╢↓≤⌐⌂╢⁹∕↓≢ ─ ≢ ⇔≡™√ɨ 20

≤ 30 ─ ╩ ™⁸ ╩ ⇔√⁹ 

 

ᵓ♦כ♃⅜ ⌂™ ─ ↕ ╩ ⌐  

J- BIRD⌐│ ─ ™ ⌐ ─╠╣↓╘√─⧵⁹™⌂⅜♃כ♦⌂ ↕ ─╖

⅛╠ ⌐╟∫≡ ╠╣╢ ⌐⅔↑╢ ─ ↕│⁸ 7.2.1 - 2 ─ ≢

∫√ ⌐ ∆╟℮⌐⁸ ⌐╟∫≡│ 40m⌐ ⇔≡⅔╡⁸ ╟╡╙ ╩ ↄ

⇔≡™╢ ⅜№╢⁹∕↓≢⁸ ↕╩ 2⁸5⁸10m⌐ ⇔√ ╩ ™≡

⇔√ⱷ♇◦ꜙ≢ ╩ ™⁸ ╩ ⇔√⁹ 

 

ừ ừ 

180m 60m 
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7.2.1 - 2 ⱷ♇◦ꜙ─ ♃כ♦↕ 40m │ ≡  

 

7.2.2 .  

ᵑ ─ ⱷ♇◦ꜙ ╩  

7.2.2 - 1 │ ⌐⅔↑╢ → ⅛╠ ┼─ ╣ ─

ה ╩⁸ 7.2.2 - 2 │ ⌐⅔↑╢ → ⅛╠ ┼─

╣ ─ ה ╩∕╣∙╣ ⇔√╙─≢№╢⁹ⱬ◒♩ꜟ│ ◖כꜝ◌⁸╩

fi♃כ│ ╩ ⇔≡™╢⁹ ─ⱷ♇◦ꜙ ◘▬☼⌐╟∫≡ ╣

⅜ ⌂╢↓≤⅜ ⅛╢⁹ 

 

  

(a) 180mⱧ♇♅ (b) 60mⱧ♇♅ 

7.2.2 - 1 ─ ה ה →  

 

[m/s] 
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(a) 180mⱧ♇♅ (b) 60mⱧ♇♅ 

7.2.2 - 2 ─ ה ה →  

 

7.2.2 - 3 │ ─ ⌐⅔↑╢ ─ ⱪ꜡ⱨ□▬ꜟ╩ ⇔

√╙─≢№╢⁹ ─ │ ↕╩ ∆⁹ → ⌐⅔™≡ⱷ♇◦ꜙ ╩ 60m

Ⱨ♇♅⌐∆╢↓≤⌐╟╡ADCP ≤╟ↄ ∆╢ ≤⌂∫√⁹╕√⁸Ⱨ♇♅╩

↕∑╢≤⁸ ─ ╩ √∆√╘⌐│ɨ ╙ ╛∆ ⅜№╡⁸60mⱧ♇♅╟╡

╩ ↕∑╢↓≤│ ─ ≤─ ⅛╠⁸ ⇔⅛∫√⁹⌂⅔⁸

⌐⅔↑╢ADCP⌐╟╢ ─ │ כ♃☻ꜝ◒ ⌐≡

↕╣√╙─≢№╢⁹ 

 

0
5

10
15
20
25
30
35
40
45

0 1 2 3 4

[m
]

[m/s]

180mⱧ♇♅
60mⱧ♇♅

 

0
5

10
15
20
25
30
35
40
45

0 1 2 3 4

[m
]

[m/s]

180mⱧ♇♅
60mⱧ♇♅

 

(a) →  (b) →  

7.2.2 - 3 ─ ⱪ꜡ⱨ□▬ꜟ  

↕ ↕ 
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ᵒɨ ⌐⅔↑╢ɨ ─  

ɨ ╩ 20 ≤ 30 ≢ ⇔√ ⁸ ⌂ │ ⌂⅛∫√⁹⇔√⅜∫≡⁸

≢ ⇔≡™╢ⱷ♇◦ꜙ ≢│ɨ 20 ≢ ™╙─≤ ⅎ╠╣╢⁹ 

 

ᵓ♦כ♃⅜ ⌂™ ─ ↕ ╩ ⌐  

─ ↕ ╩ 2m⌐ ⇔√ ≢╙ ─ 30 ─ │ 1%

≢№∫√⁹ 

 

─ ⁸ ⌐⅔↑╢ⱷ♇◦ꜙ Ⱨ♇♅╩ 60m ⌐ ∆

╢↓≤≢ ⌂ ⅜ ↕╣√⁹⇔√⅜∫≡⁸ ─ ◦Ⱶꜙ꜠כ◦ꜛfi ≢│

ⱷ♇◦ꜙ╩ ⇔≡ ∆╢╙─≤⇔√⁹ 
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7.3 . ◦Ⱶꜙ꜠כ◦ꜛfi─  

7.3.1 . ה  

7.3.1 - 1 │⁸ ⌐⅔↑╢ → ( ⅛╠ ┼─ ╣) ─ ה

╩ ⇔√╙─≢№╢⁹ⱬ◒♩ꜟ│ │כ♃fi◖כꜝ◌⁸╩ ╩ ⇔≡™╢⁹

─ⱷ♇◦ꜙ ╩ →√↓≤⌐╟∫≡⁸ ⌐ ⌂ ─ ╩

∆╢↓≤⅜ ╢⁹≥─ ≢╙ ⌐╟∫≡ ─ ⅛╠ ⅜

⇔⁸ ╟╡╙╛╛ ⌐ ─ ™ ⅜ ∂≡™╢⁹╕√⁸ ╩

∆╢≤ ─ ⅜ ─ ≤ ⇔≡╛╛ ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹ 

 

  

(a)  (b)  

  

(c)  (d)  

7.3.1 - 1 ⌐⅔↑╢ ↕╣√ → ─ ה  

 

[m/s] 
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7.3.1 - 2 │⁸ ∂ ⌐⅔↑╢ → ( ⅛╠ ┼─ ╣) ⌐⅔

↑╢ ה ╩ ⇔√╙─≢№╢⁹ → ≤ ⁸ ─ ⅛╠ ⅜

⇔≡™╢↓≤⅜ ⅛╢⁹ 

 

  

(a)  (b)  

  

(c)  (d)  

7.3.1 - 2 ⌐⅔↑╢ ↕╣√ → ─ ה  

 

─ ⅜ → ⌐ ↄ⌂╢ ≤⇔≡⁸ ⌐ ∆╢ ─ ⅜ ⅎ

╠╣╢⁹ │ ⌐ ─ ⌐╟╡ ∂≡™╢⅜⁸ ┼─ │ →

ה → ∕╣∙╣─ ╣ ⌐⅔↑╢ ∆⌂╦∟ ─ ╩ ↄ ↑≡™╢╙

─≤ ⅎ╠╣╢⁹ 

╕√⁸ → ⌐│ ╣⅜ ─ ≢ ™ ⌐ ↕╣╢─⌐ ⇔≡⁸ → ⌐

│ ╣⅜ ─ ≢ ─ ⅝⌂ ≤ ⌐ ╕╣╢↓≤⌐╟╢ ╙

─└≤≈≤⌂∫≡™╢ ⅜№╢⁹ 

[m/s] 
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≢ ╠╣√ ה ╩ ADCP ≤ ⇔√⁹ (2016 )─ │ ─

╖≢№╢√╘⁸ ┘ ⌐≈™≡ 2015 ─ ≤ ⇔≡™╢⁹ 7.3.1 - 3⌐

(2016 ) ┘ 2015 ─ ADCP ╩ ∆⁹ 

  

27
2016
(= )

 

7.3.1 - 3 ADCP  

 

7.3.1 - 4 ⌐⁸ ≤ ⌐⅔↑╢ ⅛╠ 20m─ ↕⌐⅔↑╢ ≤ ─ ⱱ♪◓

ꜝⱨ╩ ∆⁹ ≤╙ ┘ ─ ⅜ ⌐ ⇔≡⅔╡⁸ ─◦Ⱶꜙ꜠כ

◦ꜛfi≤⌂∫≡™╢↓≤⅜ ⅛╢⁹ 

 

(a)                                  (b)   

7.3.1 - 4 2015 ADCP ⌐⅔↑╢ ⱱ♪◓ꜝⱨ 

[m/s] [m/s] 
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7.3.1 - 5 ⌐ ⌐⅔↑╢ ⅛╠ 20m ↕─ ≤ ─ ⱱ♪◓ꜝⱨ╩ ∆⁹

┘ ≤ ⌂╡ → ⁸ → ≤╙⌐ ⌐ ─ ⅜ ╠╣╢⁹╕√ ⌐

≈™≡╙◦Ⱶꜙ꜠כ◦ꜛfi─ ⅜ ⅛⌐ ™ ≤⌂∫≡™╢⁹ 7.3.1 - 6 ⌐ ⇔√ ∂

─ ה ≢╙ ⌐ ─ ⌐ ⅜ ∂≡™╢↓≤⅜ ⅛╢⁹ 

─ ADCP │ ─ ≢╙ ⌐ ⅜ ↄ⌂∫≡™╢ ≢№╡⁸◦Ⱶꜙ꜠כ◦ꜛ

fi⌐⅔™≡ ╩ ∆↓≤⅜ ⇔™ ≢│№╢⅜⁸ ≤ ≢ ⅜ ∂≡™╢ ≤

⇔≡⁸ⱷ♇◦ꜙ ─ ⌐ ⅜♃כ♦ ⌐ ↕╣≡™⌂™↓≤⅜ ⅎ╠╣╢⁹ ⅎ┌⁸

7.3.1 - 3 ⌐ ∆╟℮⌐ ⌐⅔™≡ ⌐│ ≤⇔≡ ⅜∫≡™╢┤√≈─

─ ⅜ⱷ♇◦ꜙ≢│ ≤⌂∫≡⅔╡⁸ ─ ╣⌐╙ ╩ ╓⇔≡™╢

≤ ⅎ╠╣╢⁹ 

 

7.3.1 - 5 ⌐⅔↑╢ ⱱ♪◓ꜝⱨ 

 

-3.0 

-2.0 

-1.0 

0.0 

1.0 

2.0 

3.0 

11/11 11/21 12/1 12/11

[m
/s

]

Observation Calculation

-3.0 

-2.0 

-1.0 

0.0 

1.0 

2.0 

3.0 

11/11 11/21 12/1 12/11

[m
/s

]

Observation Calculation

 

(a)             (b)  

7.3.1 - 6 ─  

 

 

 

 

[m/s] 
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7.3.1 - 7 7.3.1 - 10⌐⁸ ⌐⅔↑╢ ─ ↕ ╩ ∆⁹ 

⌐≈™≡⁸ → │ ⌐╦√╡◦Ⱶꜙ꜠כ◦ꜛfi ⅜ADCP ⌐ ™

≤⌂∫√⁹╕√ 30 ─ ╩≤╢≤⁸◦Ⱶꜙ꜠כ◦ꜛfi ≤ ADCP │

⌐ ⇔≡™╢⁹ 

0
5
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45

0 1 2 3 4

[m
]

[m/s]

0
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[m
]

[m/s]

0
5

10
15
20
25
30
35
40
45

0 1 2 3 4

[m
]

[m/s]
 

   →                    →                    30  

7.3.1 - 7 27 ⌐⅔↑╢ 

ADCP ─ ↕  

 

 

⌐≈™≡⁸ → ⁸ → ≤╙⌐⁸◦Ⱶꜙ꜠כ◦ꜛfi ⅜ADCP ╟

╡ ↕ↄ⌂╢ ≤⌂∫√⁹↓─ │ 30 ─ ⌐╙№╠╦╣√⁹ ≤◦Ⱶꜙ꜠

─fiꜛ◦כ │ ⅜ ↄ⌂╢╒≥ ⅝ↄ⌂∫≡™╢⁹ 

0
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]

[m/s]
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]
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[m
]

[m/s]
 

   →                    →                    30  

7.3.1 - 8 27 ⌐⅔↑╢ 

ADCP ─ ↕  
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⌐≈™≡⁸ → ⁸ → ⌐ ⇔≡⁸ ↕≢│◦Ⱶꜙ꜠כ◦ꜛfi

⅜ADCP ╟╡∕╣∙╣ 4 ⁸11 ™ ≤⌂∫√⁹30 ─ ╩≤╢≤⁸↔

ↄ ⅛⌐( ↕≢ 0.102m/s)◦Ⱶꜙ꜠כ◦ꜛfi ⅜ ADCP ╟╡ ↕™

≤⌂∫√⁹⌂⅔⁸ │ ADCP─ ┘ ─ ⅜ ─ ≤ ⌂╢⁹

─ │ ↕╩ ∆⁹ 

0
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]
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[m
]
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[m
]

[m/s]
 

   →                    →                    30  

7.3.1 - 9 2016 ─ ↕  

 

 

⌐≈™≡⁸ → ⁸ ⅛╠ 25m ─ ⌐ ⇔≡◦Ⱶꜙ꜠כ◦ꜛfi

⅜╟ↄ ⇔√ ╩ ⅝⁸ADCP ╟╡╦∏⅛⌐ ↕ↄ⌂∫√⁹30 ─ ╩≤∫

≡╙⁸◦Ⱶꜙ꜠כ◦ꜛfi ≤ ADCP │ ↄ ⇔≡™╢⁹ 
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]
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[m
]

[m/s]
 

   →                    →                    30  

7.3.1 - 10 27 ⌐⅔↑╢ 
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⅛╠⁸ ↕⌐⅔↑╢ ⌐ ⇔≡│⁸◦Ⱶꜙ꜠כ◦ꜛfi ≤ ADCP ⌐│⁸

♀꜡⌐│⌂╠⌂™ ⅜№╢╙──⁸ ⌂ ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ╩ ⅎ╢ ≢⁸

30 ─ ⌐≈™≡│⁸◦Ⱶꜙ꜠כ◦ꜛfi ≤ ADCP │ ↄ ⇔≡™≡™╢⁹ 
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7.3.2 . ה ─ ⱪ꜡ⱨ□▬ꜟ 

≤ ─ ⱪ꜡ⱨ□▬ꜟ╩ ⌐╟╢ ≤ ⇔√⁹

7.3.2 - 1 ⌐ ⌐ ™√ ╩ ∆⁹ 7.3.2 - 2 │⁸ ─ ≢ ⅜ ╙ ↄ⌂

╢ ⌐⅔↑╢ 30 ─ ╩ ≤ ⇔√╙─≢№╢⁹Sta.7 ⌐⅔™≡ ─

⌐ ⅜ ╠╣╢⅜⁸ ⌐ ⇔≡™╢ FRA- JCOPE2 reanalysis data ─ ≤

≤─ ⌐╟╢╙─≤ ⅎ╠╣╢⁹Sta.7 ─ ≢│ ─ ⅛╠ ∆╢ ─

≢ ─ ⅜ ∆╢↓≤⅜ ↕╣≡⅔╡⁸ ╙↓─ ⌐╟╡ ─

⅜ ⇔≡™╢╙─≤ ⅎ╠╣╢⁹╕√ ─ ⱪ꜡ⱨ□▬ꜟ⌐≈™≡⁸◦Ⱶꜙ꜠

fiꜛ◦כ ≤ │ 4 ⌐⅔™≡ ⌐ ⇔≡™≡⁸ ⌂ ─№╢◦Ⱶꜙ꜠

⅜≥↓╢№≢fiꜛ◦כ ⅛╢⁹ 
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7.3.3 . ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ 

⌐╟╡ ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ TCP Tidal Current Power ╩ ⇔√⁹ 

3

2

1
AUTCP r=  

r│ ⁸ A│ ⁸U │ ≢№╢⁹ 30 ≢ ⇔√

─ ╩ 7.3.3 - 1⌐ ∆⁹U│ ─ ⁸ A│ ≤⇔√⁹ ⌐╟╠∏

≢ ™ TCP≤⌂∫≡™╢↓≤⅜ ⅛╢⁹ ≤ ⇔≡ ─ TCP⅜ ∆

╢ │ ≤ ⇔≡™╢⁹╕√⁸ ╩ ⇔≡ ∆╢≤⁸ ┘ ⌐ TCP⅜

ↄ⌂╢ ≤⌂∫√⁹ 

7.3.3 - 2⌐ ─ TCP╩ ∆⁹ ↕≢ ∆╢≤⁸TCP⅜ ╙

™ ≤ ╙ ™ ≢│ 20% ™ ⅜ ∂≡™╢⁹⌂⅔⁸TCP⅛╠ ╡ ⇔√ ≢

∆╢≤⁸ ≤ ─ │ 9% ≢№╢⁹ 
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TCP─ ╩ ╢√╘⁸ → ─ ─ ╩ ⇔√⁹

7.3.3 - 3 ⌐ ─ ╩ ∆⁹ⱬ◒♩ꜟ│ │כ♃fi◖כꜝ◌⁸╩ ╩ ⇔≡™

╢⁹ ≤∕╣ ─ ≢│⁸ ⌐№╢ ─ ┘ ─

╣─ ⅝⅜ ⌂∫≡™╢ ↓≤⅜ ⅛╢⁹╕√ ⌐│ ─ ⌐⅔

™≡ ╣⅜ ∆╢ ⁸ ⌐ ─ ≤│ ⌂╢ ╣ ╩ ⇔≡™╢↓≤⅛╠⁸

⌂ ╣ ─ ⌐╟╡ ─ TCP⅜ ⇔√╙─≤ ⅎ╠╣╢⁹ ─

⌐⅔™≡│ ⌡ ─ ╣ ≤⌂∫≡™╢╙──⁸ ≢ % ─ ⅜ TCP≢│

10%╩ ⅎ╢ ≤⌂∫≡ ╣≡™╢⁹ 
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7.3.4 .  

⁸ ≤ ─ │ ╠⅛⌐⌂∫≡™⌂™⅜⁸ ╩ ℮ ≢

⌐⅔↑╢ ⌂ ─ ╩ ∆╢√╘⌐⁸ ─ ⌐╙ ∆╢

╩ ⇔√⁹ │ ⌐ ∆╢ ─ ⅝↕─ ≢№╢⁹ADCP

≢│ ─ ╩ 10 ─ ≢ ⇔√╙─╩ ≤⇔√⁹ ⁸ ◦

Ⱶꜙ꜠כ◦ꜛfi≢│ ≢ ╠╣╢ ◄Ⱡꜟ◑כ
2q ╩ ™≡ ⌐╟╡

calI ╩ ⇔√⁹╕√⁸ 2q │ ╩ ™≡ ─╟℮⌐ ↕╣╢⁹ meanv

│ ↕ ⌐⅔↑╢ 30 ≤⇔√⁹ 
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7.3.4 - 1⌐ADCP≤ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ╠╣√ ─ ↕ ╩ ∆⁹

≥∟╠╙ ─ ╩ ⇔≡™╢⁹ ⌐◦Ⱶꜙ꜠כ◦ꜛfi─ ⅜ ╩ ↄ

⇔≡™╢╙──⁸ ™ ╒≥ ⅜ ⅝ↄ⌂╢ │ ⇔≡™╢⁹ ─ ╩

∆╢≤⁸ ─ │ 6 12%─ ⌐ ∆╢╙─≤ ↕╣╢⁹ 
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7.4 . ╕≤╘ 

─ ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ TCP ╩ ∆╢↓≤╩ ≤⇔≡⁸

◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√⁹╕∏⁸ ◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ™⁸

─ⱷ♇◦ꜙ╩ ∆╢↓≤⌐╟╡ ≢ ⇔√ADCP ⌐

™ ⅜ ╠╣╢↓≤╩ ⇔√⁹ ™≡ ╩ ⇔√ TCP─ ╩ ∆╢√╘⁸5 ⁸8

⁸11 ⁸ ┘ 2 ─ ╩ ™≡ ─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√⁹

⌐╟╡ TCP⅜ ⌂╢ ⅜ ╠╣√╙──⁸≥─ ⌐⅔™≡╙ ⌐ ™

TCP╩ ⇔≡™╢↓≤╩ ⇔√⁹ ⁸ ◦Ⱶꜙ꜠כ◦ꜛfi ╩ ™≡

─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸╟╡ ⌂ ╩ ∆╢

≢№╢⁹
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8. ≤─ ⌐ ∆╢  

─ ⅛╠ ⁸ ─ ⌐⅔™≡⁸↓╣╕≢ ⌐ ╣ ─

≤─ ╩ ∟⁸ ╩ ╘≡™╢⁹╕√⁸ ╩ ⅎ ⌐ ∆╢ ╛

⌐╙ ╡ ╪≢⅝√⁹ ⌐ ─ ⅜ ∆╢▬ⱬfi♩≢№╢₈▪☺

╡₉⌐ ⇔⁸ ─ ╩ ℮≤≤╙⌐⁸◖fi♁כ◦▪ⱶ≤⇔≡Ⱪכ☻╩ ⇔⁸

─PR≤ ≤─ ╙ ∫√⁹ ⌂↓╣╕≢─ ╡ ╖ ╩ 8- 1⌐ ∆⁹ 

29 ⌐│ ─ ⁸ ╩ ⇔≡ ─ ⅜╖╠╣╢╟℮⌂ ╡ ╖

⌐≈™≡╙ ╩ ℮ ≢№╢⁹ 

 

8- 1 ┼─  

6 1 - 20  ─ ⌐≈™≡⁸ ┤ↄⅎ ⁸

┘ ≈─ ┼─ ─↔ ⁹ 

7 26  ─ ╩⁸ ─ ⁸ ┘ ─

┼ ∫√⁹ 

9 12 - 20  ─ ─ ╩ ╡╕≤╘√ ╩ ⇔⁸ ─

⁸ ┼ ─ ╩ ∫√⁹ 

9  ─ ┼─ ≢─ ╩ ∫√⁹ ─ ≤⁸ ─

─ ⌐≈™≡─♅ꜝ◦╩ ⇔⁸ ─ ╩ √ ≢⁸

⌐ ╢ ⌐ ⇔⁸ ┼ ↄ ⇔√⁹ 

11 12  ─ ⅜ⱪכꜟ◓ ⇔⁸ ⌂▪☺╩ ∆╢▬ⱬfi♩⌐

─ ⅜ ⌐ ⇔√⁹╕√ ╩ ∆╢√╘─Ⱪ

╩☻כ ↑ ⁸ ≤─ ╩ ∫√⁹ 

11 - 3  ⌐│⁸ כ☺♫◄™╠╖ כ♃☻ꜝ◒│ ⅜ ⌐

⌐ ╡⁸ ╩ ∫√⁹ 
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