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1.  

╛ ─ ⅜ ╘╠╣≡⅔╡ ─ ╛ ⅛╠

─●▬♪ꜝ▬fi⅜ ↕╣≡™╢ ╕√ IMOInternational Maritime 

Organization, IMO⅛╠│ ╛ ─ ╩ ⌐ ∆╢√╘─

●▬♪ꜝ▬fi⅜ ↕╣≡™╢ ∕╣╠⌐⅔™≡ꜞ☻◒ ─ ⅜ ↕╣≡™╢⅜

⌂ ⌐≈™≡│ ↕╣≡™⌂™ ∕─√╘ ⌐⅔™≡ ╛

─ ╛ ─ ⌐ ∆╢ꜞ☻◒ ─ ⌂ ╩ ∆ ↓╣⌐╟╡

╛ ─ ┘ ⌐ ∆╢  

 

2.  

 

2.1 ─ ≤∆╢  

╛ ─ ╛ ꜠ⱬꜟ⌐≈™≡ ⌂ ⅜⌂↕╣≡™⌂

™ ≢│№╢⅜ ≢│ ⌐╟╡ ↕╣√₈ ─

⌐ ─II☼כ▼ⱴ♇ⱪ₉⌐⅔↑╢ⱨ♪כ꜡√↑ ⅛╠─ ╛AI ⌐╟╢

≢ ≢№╢ ╩◘ⱳכ♩∆╢ ╛ⱨ▼כ☼III─

⅜ ↄ ⅜ ≢│⌂™ ⅜ ∆╢ ╩ ≤∆╢ ⌂⅔

≢│ ⱨ▼כ☼II─ ╩₈ ₉ ⱨ▼כ☼III─ ╩₈

₉≤ ┬  

 

2.2 ─ ≤∆╢ꜞ☻◒  

╛ │ ╡⌐ ה ה ↕╣╢ │∕╣╠╩

⌐ ⇔√ ⌐ ◦☻♥ⱶ⅜ ↕╣╢↓≤⅜ ↕╣╢ ╡⌐ ה ה

↕╣╢ │ ⌂ ╩ ⇔≡™╢√╘ ⌐ ∆╢ꜞ☻◒ │ ≢

№╢≤ ⅎ╠╣╢ ⇔√⅜∫≡ ─ꜞ☻◒ ≢│ ≤ ⌂╢ ⌂╢

⌐╟╡ ∆╢Ɫ◙כ♪╩ ∆╢   

 

2.3 ─  

≢ ↕╣╢ ⌂ ─ ╩ 2.1⌐ ∆  

 

2.1 ─  

  

ꜞ☻◒ ⌐⅔™≡ ╕⌂™ ⅜ ─ ≤≤╙⌐ ∂╢

─ ∆⌂╦∟ ─ ≤ ─ ∑ ╩ ∆ [1] 

Ɫ◙כ♪ │ ⌂≥⌐ ⇔≡ ╩ ╓⇔ ╢ ╩™

℮ ≤╙™℮ [2] 
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◦♫ꜞ○ Ɫ◙כ♪⅜ ⇔≡™╢ ⅛╠ ⌐ ╢ ─ ╩

⇔ ∕╣╩ ⇔√╙─╩ ∆ [2] 

ꜞ☻◒  ꜞ☻◒ ─√╘⌐ ↕╣╢ ╙⇔ↄ│ ─ ╩ ∆

≤⇔≡│ Ɫ◙כ♪─ ⁸ ─ ⅝↕─ ─⇔╛∆↕

─ ⌂≥⅜№╢  

HAZID HAZard Identification─ Ɫ◙כ♪─ ╩ ∆  

FI Frequency Index─ ╩ ⌐ ⇔≡ ⇔√

╙─  

SI Severity Index─ ╩ ⌐ ⇔≡ ⇔

√╙─  

RI Risk Index─ ꜞ☻◒ ꜞ☻◒╩ ⌐ ⇔≡ ⇔√╙

─ FI≤SI─ ≤⇔≡ ╘╠╣╢  

HAZID  Ɫ◙כ♪─ ╩ ⌐ ↕╣╢ ─↓≤ Ɫ◙כ♪─ ─

⌐ ╛ ─ FI, SI, RI─ ꜞ☻◒ ─ ╙

↕╣╢↓≤⅜ ™  

♃☻◒ ╩ ∆╢ ╛ ╩ ◦☻♥ⱶ─ ⌐ ∂≡

╖ ╦∑√╙─╩™℮ ╛ ─ ╛ ⌐╟∫≡

₈♃☻◒₉│ ⌂╢ [3] 

◘Ⱪ♃☻◒ ♃☻◒╩ ∆╢ ╛ ╩™℮ [3] 

◘Ⱪ♃

☻◒ 

◘Ⱪ♃☻◒─℮∟ ה ה ≤™∫√ ─ ⌐ ╦╢

◘Ⱪ♃☻◒╩™℮ [3] 

 ◘Ⱪ♃☻◒─ │ ≡─ ╩ ◖fiⱧꜙכ♃◦☻♥ⱶ

⅜ ∆╢ ╩™℮ [4] 

◦☻♥ⱶ ◖fiⱧꜙכ♃◦☻♥ⱶ№╢™│◖fiⱧꜙכ♃◦☻♥ⱶ≤ ─ ∑

⌐╟∫≡ ◘Ⱪ♃☻◒─ │ ≡╩ ∆╢◦☻♥ⱶ

╩™℮ [3] 

 ◦☻♥ⱶ╩ ∆╢ ─ ◦☻♥ⱶ╩ ∆╢

─ⱨ▼כ☼╛ ╩™℮  

 ◦☻♥ⱶ⅜ ⌐ ∆╢ ─ ╩™℮ ODD(Operational 

Design Domain)≤╙ ↕╣╢ [3] 

─ ≤⇔≡╙ ↕╣╢  

ⱨ◊כꜟⱣ♇◒ ◦☻♥ⱶ╛ ◦☻♥ⱶ─ ╛◘▬Ᵽכ ⌐╟╢

⌂≥ ◦☻♥ⱶ╛ ◦☻♥ⱶ⅜ ⌐ ⇔⌂™ ⅜

⇔√ ⌐ ╩ ∆╢√╘⌐ ℮ ╩™℮

─ ⌐ ∫√ ─ ╩ ╗ [4] 
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3. ꜞ☻◒ ─ ─  

↓↓≢│ ꜞ☻◒ ─ ╩ ⌐ ∆╢ ꜞ☻◒ │ 3.1⌐ ⇔√ ╣≢

∆╢ ─ ⌂ │◌♇◖ ─ ⅜ ∆ ─ ╩ ↕╣√™  

ꜞ☻◒ │ ┘ ⌐ ⇔≡ ∆╢ ⌐ ∆╢ꜞ☻◒ ≢

│ ─ ╛ꜞ☻◒ ╩ ∆╢√╘⌐ ⌂ ╩ ∆╢ ⌐∕─

╩ ™≡ ╩ ∆╢≤≤╙⌐ꜞ☻◒ ╩ ∆╢ ≢ ⇔≡⅔⅛⌂

↑╣┌™↑⌂™ ╩ ∆╢ ꜞ☻◒ ─◒ꜝ▬♥ꜞ▪ ─ ⌐≈™≡

─ ╩ ∫√℮ⅎ≢ ≤ ╩ ∆╢ ⌐ ─ ╩ ╘√ ╩

∆╢  

⌐ ⌐ ∆╢ꜞ☻◒ ╩ ∆╢ ⌐ ∆╢ꜞ☻◒ ≢ ↕╣

√ꜞ☻◒ ╩ ╡ ╪∞ ⌐ ⇔≡ ≢│ ↕╣≡™⌂⅛∫√

⌂ ╛○Ɑ꜠כ◦ꜛfi╩ ⇔≡ ⌐ ∆╢ꜞ☻◒ ≤ ─ ╣≢

≤ ╩ ∆╢ ⌂⅔ ─ ╛ ─ │ ⌐ ∆╢ꜞ☻◒

≤ ─╙─╩ ≢⅝╢ ⅜ ™√╘ ≢№╢ ꜞ☻◒ ─ ↕╣

√ꜞ☻◒ ╩ ⌂ ⌐ ╡ ╖ ≢ ≤∆╢ꜞ☻◒ │

∆╢  

⌂⅔ ꜞ☻◒ ─ ⅜ ≢№╢ │ ─ ⌐╟∫≡│

─╖─ꜞ☻◒ ╩ ⇔√ ⌐ ╩ ∆╢↓≤╙№╢≤ ⅎ╠╣╢↓≤⌐

↕╣√™  
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3.1  ꜞ ☻◒ ─ ─ ╣ 

 

4. ∆═⅝  

≢│ ─ ≢ ≤⌂╢ ⌐≈™≡ ∆╢  

 

4.1 ⌐ ∆╢ ≢ ≤⌂╢  

⌐ ⇔≡ ╩ ℮ │ ─ ⅜ ≢№╢  

(1) ◦☻♥ⱶ─ ─ ◒☻♃Ⱪ◘ה◒☻♃  

(2) ◦☻♥ⱶ─ ⅜╦⅛╢╟℮⌂◦☻♥ⱶ▪כ◐♥◒♅ꜗ ◦☻♥ⱶ≤

─ ─◦☻♥ⱶ≤─ ─ ╛ ↕╣╢☿fi◘ ╛ ─

╩ ⌂ ╡ ∆╢↓≤⅜ ╕⇔™  

(3) ◦☻♥ⱶ─ ─  

(4) ◦☻♥ⱶ≤ ─ ─ ◦☻♥ⱶ≤ ─ ─ⱪ꜡☿

☻╛ⱨ◊כꜟⱣ♇◒─ⱪ꜡☿☻─ ╩ ╗  

(5) ◦☻♥ⱶ─  

─ꜞ☻◒ ─ │ ⌐ ⅎ  

(6) ─ ꜟכꜙ☺◔☻ ╩ ⇔√╙─ 

4.2 ⌐ ∆╢ ≢ ≤⌂╢  

⌐ ∆╢ꜞ☻◒ ⌐│ ≢ ⇔√ ⌐ ∂√ ─
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≢ ≢№∫√ ─ ╩ ⇔√ ⅜ ≤⌂╢  

 

5. ꜞ☻◒ ─ ≢ ℮  

≢│ ꜞ☻◒ ─ ≢ ℮ ⌐≈™≡ ⌐ ∆╢  

 

5.1 ─  

─ ≤⇔≡ ⌐⅔↑╢ ≤ ⌂╢ ╩ ╠⅛⌐∆╢ ⅜

№╢ ─ ⇔™ ╙⇔ↄ│ ─ ⇔™ ─ ⅔

╟┘∕─ ─ ╩ ⇔≡ ∕─ ⌐ ≠™≡ ─ ≤

─ ╩ ℮  

╕∏ ≤⌂╢ ╩ ≈ ─ ≤∕─ ╩

⌐∆╢ ⅜№╢ ╕√ ≢ ╩ ℮ ≤⇔≡ ─

─ⱨ▼כ☼ ⅛╠ ╣√ ⌐ ∆═⅝ ≤∕─ ─

╩ ⇔≡⅔ↄ↓≤╙ ≢№╢  

↕╠⌐ ↓╣╠─ ╛ ─ ⌐ ≠⅝ ─⸗♦ꜟ ╩ ℮↓≤⅜

─ ≤ ─ ≤⇔≡╙ ≢№╢ ⸗♦ꜟ ⌐⅔™≡│

╩ ∆╢Ɫכ♪►▼▪ ♁ⱨ♩►▼▪ ꜟכꜙ☺⸗─ ─ ╩ ⌐

⇔√ ⌐ ⇔≡ ∆╢ ⌐ ∂≡ ─ ⌐≈™≡╙

⌐ ╗ ╕√ ⌐╟╢ ─ ה ⅜ ⌂ │∕─ ≤ ≤─

╙ ╘╢ ─ ≤─ ⅜№╢ ⌐│ ╙⸗♦ꜟ⌐ ⇔

≤ ─ ╩ ∆╢↓≤≢ ─ ⌐╟╢ ┼─

╙ ⌐⌂╢ ─ ≢ ⇔√⸗♦ꜟ ─℮∟ ─ ⌐ ∂≡ ⌂

╩ ≤⇔≡ ∆╢ ↓─╟℮⌂⸗♦ꜟ╩ ∆╢↓≤≢ ─

⅜ ↕╣ ─ ≤⌂╢↓≤⅜ ≢⅝╢ ⸗♦ꜟ ─ │ 1 3╩

↕╣√™  

╕√ ⌐№√∫≡│ ⌐ ╕╣╢ ─ ⌂ ╛ ⌐ ∆

┌╣№⅜♃כ♦╢ ⇔≡⅔ↄ↓≤⅜ ≢№╢  

╩╕≤╘╢≤ ─ ⌐⅔™≡│ ─ ╩ ⇔≡⅔ↄ↓≤⅜ ≤

⌂╢ ↓╣╠─ ─ │ 1 3╩ ↕╣√™  

· ─  

· ─  

· ─ ה ○Ɑ꜠כ♃ ≤─  

· ─ ה ○Ɑ꜠כ♃ ≤─  

· ╩ ∆╢ ─ ╩ ∆╢

─ⱨ▼כ☼╛  

· ⅜ ∆╢  
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· ─  

· ─⸗♬♃ꜞfi◓  

· ⌐ ⅛╠ ╣√ ─  

· ╩ ∆╢Ɫכ♪►▼▪ ♁ⱨ♩►▼▪ ─ ↔≤─ ─

╛ ≤─ ╩ ╗  

· ⌐ ╕╣╢ ─ ה ⌐  ♃כ♦╢∆

 

5.2  

│ ⌐ ⌂╢ ─ ─ ≢ ∆╢ ∕─ ─

╩ ∆╢ ⅜№╢ ≤⇔≡│ ⅎ┌ ─╟℮⌂ ⅜ ⅎ╠╣╢  

◦☻♥ⱶ─ ╛ ⌐ ∆╢ ╛ ╩

∆╢ ⌐ ∂≡ ╛ ─

╛ [5][6] 

 

5.3 ─  

╠╣√ꜞ☻◒╩≥─╟℮⌐ ╡ ℮⅛ №╠⅛∂╘ ╘≡⅔ↄ ⅜№╢ ∆⌂╦∟

ꜞ☻◒─ ⅝↕⅜ ≤ ↕╣√Ɫ◙כ♪⌐≈™≡ ꜞ☻◒╩ ↕∑╢ ⅜

⌂ ╩ ╘ ≢№╠⅛∂╘ ⇔≡⅔ↄ ⅜№╢ ╕√ ꜞ☻◒

─ꜞ☻◒⌐≈™≡╙ ∆╢⅛ ╘╢ ↓╣╠╩ ℮√╘⌐│ (i)ꜞ☻◒─ (ii)◒

ꜝ▬♥ꜞ▪─ ⅜ ≢№╢ ∕╣∙╣⌐≈™≡ ≢ ═╢  

 

(i) ꜞ☻◒─  

Ɫ◙כ♪⅛╠ ⌐ ╢ ◦♫ꜞ○─ ≤∕─ ┘∕╣╠─ ≢№╢ꜞ

☻◒╩ ∆╢ ╛ ╩ ≢ꜟכ◔☻ ∆╢↓≤≢

╩ ℮ ≤⇔≡│ ⌐ ┼─ ─ ⅝↕⅜

↕╣╢ ↓╣╠─℮∟ ≡╩ ≤∆╢─⅛ ™∏╣⅛╩ ≤∆╢─⅛╩№╠⅛∂╘ ╘

≡⅔ↄ ⅜№╢  

ꜞ☻◒╩R ╩F ╩S≤∆╢≤ ꜞ☻◒│(1)⅛╠ ╘╠╣ ↓╣╩

⌐ ∆╢≤(2)≤⌂╢  

 

 R = FהS        (1) 

 Log(R) = Log(F) + Log(S)       (2) 

 

⌐ ↕╣√ꜞ☻◒ ╩∕╣∙╣Risk Index (RI)Frequency Index 

(FI)┘Severity Index (SI)≤ ┬ FI≤SI┘∕╣╠─ ∑≢№╢RI─  [7]╩ ⌐

∆ ↓╣╠│ ⌂╢ ≢№╡ ⌐⅔™≡ ∂╙─╩ ∆╢ │ ™ ∕─√╘
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FI┘SI─ ⌐≈™≡ ≢№╠⅛∂╘ ╘≡⅔ↄ ⅜№╢ ⌂⅔ 5.4╩ꜞ

☻◒ⱴ♩ꜞ◒☻≤ ┬  

 

5.1 ─  (FI: Frequency Index) ─ ─ [7] 

FI   F (per ship year) 

7  ⌐⅔™≡ ⌐  10 

5 ₁ 10⌐⅔™≡ ⌐  0.1 

3 ⌂ 1,000⌐⅔™≡ ⌐  10-3 

1 ⌐ ⌂ 5,000№∫√≤⇔≡ ⌐

 

10-5 

 

5.2 ─  (SI: Severity Index) ─ ─  [7] 

SI  ┼─  ┼─  S

 

1 ↕⌂  │ ─  ─  0.01 

2 ⅝⌂  ─ │  ≢ ™  0.1 

3 ⌂  ─ │ ─  ⌂  1 

4  ─   10 

 

5.3 ─  (SI: Severity Index) ─ ─  [7] 

SI   

1 Category 1 ♩fi ─  

2 Category 2 ♩fi 10♩fi ─  

3 Category 3 0♩fi 100♩fi ─  

4 Category 4 00♩fi 1,000♩fi ─  

5 Category 5 ,000♩fi 10,000♩fi ─  

6 Category 6 10,000♩fi ─  

 

5.4 ꜞ☻◒  (RI: Risk Index) ─ ꜞ☻◒ⱴ♩ꜞ◒☻ ─  [7] 

FI  

 (SI) 

1 2 3 4 

↕⌂  ⅝⌂  ⌂   

7  8 9 10 11 

6  7 8 9 10 

5 ₁ 6 7 8 9 
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4  5 6 7 8 

3 ⌂ 4 5 6 7 

2  3 4 5 6 

1 ⌐ ⌂ 2 3 4 5 

 

(ii) ◒ꜝ▬♥ꜞ▪─  

⇔√ꜞ☻◒⌐≈™≡ ≥─╟℮⌐ ╡ ℮⅛─ ∆⌂╦∟◒ꜝ▬♥ꜞ▪╩

∆╢   

↓─√╘⌐ (i)─ꜞ☻◒ⱴ♩ꜞ◒☻ ≢№╠⅛∂╘◒ꜝ▬♥ꜞ▪╩ ∆╢ 5.1⌐ ∆

╟℮⌐₈ꜞ☻◒ ⅜ ₉₈ꜞ☻◒ ─ ⅜ ₉₈ꜞ☻◒ ₉─3 ≢

∆╢─⅜ ≢№╢ Ɫ◙כ♪╛ ◦♫ꜞ○ ⌐ꜞ☻◒╩ ⇔ ∕╣≤◒ꜝ▬

♥ꜞ▪╩ ∆╢↓≤≢ ꜞ☻◒ ─ ╩ ∆╢  

 

 

5.1  ◒ꜝ▬♥ꜞ▪─  

 

· ₈ꜞ☻◒ ₉⌐ ∆╢Ɫ◙כ♪╛ ◦♫ꜞ○⌐≈™≡│ ꜞ☻◒ ─

│ ≢№╢  

· ₈ꜞ☻◒ ─ ⅜ ₉⌐ ∆╢Ɫ◙כ♪╛ ◦♫ꜞ○⌐≈™≡│ ꜞ☻◒

⌐≈™≡ ∆╢ ╕√ ∕─ꜞ☻◒ ╩ ⌐ ∆╢⅛ ⅛╩ ∆

╢ RI─ ™Ɫ◙כ♪╛ ◦♫ꜞ○│ꜞ☻◒ ╩ ∆╢ ⅜ ™

√╘ ─RI≢№╢Ɫ◙כ♪╛ ◦♫ꜞ○⌐ ⇔≡│ ꜞ☻◒ ╩

∆╢ ≥─ ─RI⌐ ⇔≡ꜞ☻◒ ╩ ∆╢⅛│№╠⅛∂╘ ╘≡⅔ↄ

⅜№╢ √∞⇔ ↓─RI╟╡ ↕™Ɫ◙כ♪╛ ◦♫ꜞ○≢№∫≡╙ ∕─Ɫ◙כ♪

╛ ◦♫ꜞ○│₈ꜞ☻◒ ─ ⅜ ₉⌐ ∆╢Ɫ◙כ♪╛ ◦♫ꜞ○≢№

╢√╘ ꜞ☻◒ ╩ ∆╢ ╩∆╢ ⅜№╢  

· ₈ꜞ☻◒ ⅜ ₉⌐ ∆╢Ɫ◙כ♪╛ ◦♫ꜞ○⌐≈™≡│ ꜞ☻◒

╩ ∆╢ ꜞ☻◒ ╩ ∫√ ─ꜞ☻◒╙ ╩ ∆╢⅛⌐≈™≡│
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№╠⅛∂╘ ╘≡⅔⅝ ╩ ∆╢ │ ┘ꜞ☻◒ⱴ♩ꜞ◒☻ ─◒ꜝ▬♥

ꜞ▪≤─ ╩ ⇔ ₈ꜞ☻◒ ⅜ ₉ │₈ꜞ☻◒ ─ ⅜ ₉⌐ ∆

╢ │ ⌂╢ꜞ☻◒ ─ ╩ ℮ ⌐≈™≡ ₈ꜞ☻◒ ₉ │

₈ꜞ☻◒ ─ ⅜ ₉≤⌂╢╕≢ ╡ ∆  

 

5.4 ≤ ─  

│ ⌐ ™╠╣╢Ɫ◙כ♪ ⅎ┌SWIFT, FMEA, HAZOP⌂≥ ╩

™≡ ℮ ≤⌂╢ ⌐ ⇔℮╢Ɫ◙כ♪╩ ∆╢↓≤⅛╠ ╘ Ɫ◙כ♪

─ ∕─╙√╠∆ ─ ╕√ ─ ⅝↕≤∕─╟℮⌂ ⅜╙√╠↕╣╢

╩ ∆╢ ↓╣╠─ⱪ꜡☿☻│ ─ ≤ ⌐ ℮ ⅜№╢ ⌐ ∂≡ꜞ

☻◒─ ™Ɫ◙כ♪⌐ ⇔≡ ∆╢ꜞ☻◒ ╩ ∆╢ ⌐ ≢№╣┌

ꜞ☻◒ ─ꜞ☻◒╩ ∆╢ ꜞ☻◒ ⌐╟╡ ∆╢ √⌂Ɫ

♪כ◙ ⅜ ™⅛╙ ╘ ∆╢↓≤⅜ ╕⇔™ ─ │ ⌐ ∆╢꞉כ◒◦

╩♩כ ™≡ ⇔ ─ ≤∆╢  

 

5.4.1 Ɫ◙כ♪  

(i)  

↓↓≢│ Ɫ◙כ♪ ⌐╟╠∏ ─ ⌐ ⇔ ⌂ ⌐≈™≡ ∆╢  

· ─   

5.2 ╩ ↕╣√™  

· ⱨ▼כ☼ ↑  

─ ◦☻♥ⱶ╩ ∆╢ⱨ▼כ☼ ⌐ ╩ ∆╢ ⅜№╢ ⅎ┌

─ⱨ▼כ☼╩ ∆╢ ⅜№╢ ⌂⅔ ↓╣│ ⌂╢ ≢№╢√╘ ─

◦☻♥ⱶ─ ⌐ ∂≡ⱨ▼כ☼╩ ∆╢↓≤  

 

· ∆═⅝Ɫ◙כ♪─  

∆═⅝Ɫ◙כ♪─ ╩ 1⌐ ∆ ⌂⅔ ⌂╢ ≢№╢√╘ ↓╣⌐

╠∏ ⌂ ╡ ↄ ⌐Ɫ◙כ♪╩ ∆╢↓≤  

· ∆═⅝ꜞ☻◒ ─  

5.3≢ ═√ ╡ ≤⇔≡ ┼─ ─℮∟ ≡╩ ≤∆

╢─⅛ ™∏╣⅛╩ ≤∆╢─⅛╩№╠⅛∂╘ ╘≡⅔ↄ  

 

(ii) ꜞ☻◒ ─  

⌐⅔↑╢ꜞ☻◒ ≢ ⌐ ↄ ™╠╣╢ ≢№╢ SWIFT (Structured 

What IF Technique)─ ╩ ⌐ ∆ SWIFT─ ⌂ ⌐≈™≡│ 2⌐

∆  
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ǒSWIFT (Structured What IF Technique) 

─ ◦☻♥ⱶ─ ┘ ⅜ ∆╢ ⌐⅔™≡

₈╙⇔ ∞∫√╠₉≤™∫√ ─ ⅛╠─ ╩ ⇔√ ╩ ╡ ⇔ Ⱪ꜠▬fi☻

╩♪כ◙Ⱶfi◓⌐╟╡Ɫכ♩ ∆╢ ≢№╢   

⅜ ≢№╡ ◖fi☿ⱪ♩ ╛ ≢╙ ≢№╢≤™℮

⅜№╢ ─ ⌐ ∆╢ ◦♫ꜞ○⅜ ⌐ ↕╣⌂™≤™℮

⅜№╢  

SWIFT─ ⌂ ┘꞉כ◦◒כ♩│ ─ ╡  

☻♥♇ⱪ1  ─◦☻♥ⱶ╛ⱪ꜡☿☻╩ ∆╢  

☻♥♇ⱪ2  ╛ ♃כ♦ ─ ─ ╛ ╩ ∆╢  

☻♥♇ⱪ3  HAZID ╩ ⇔ Ⱪ꜠▬fi☻♩כⱵfi◓⌐╟╡Ɫ◙כ♪

FISIRI ─ ╩ ∆╢  

☻♥♇ⱪ4  ↓╣╠─ ╩꞉כ◦◒כ♩⌐ ∆╢  

 

꞉כ◦◒כ♩  

 

5.2  SWIFT꞉כ◦◒כ♩  

 

5.4.2 ꜞ☻◒─  

↕╣√Ɫ◙כ♪╛ ◦♫ꜞ○⌐ ⇔≡ ≤ ─ ╩ ∆

╢ ↓─ ≤⌂╢ ╩ ⌐ ∆  

─ ⌐№√╡ ≤⌂╢ ה ─ ⌐  ♃כ♦⌂

· ⌐ ⇔√/ ↕╣╢ ◦☻♥ⱶ─ ה ה ─ ╛ ─

ה ↕⅝ ה ⌐≥─╟℮⌂ ─ ה ⅜ ⇔√⅛ ⌐ ∆

♃כ♦╢ ↑╣┌ ◦☻♥ⱶ─  ♃כ♦

ה · ה ⌐  ♃כ♦╢∆

⌂ ╡ ╩♃כ♦⌂ ⇔ ╩ ∆╢ ⅜№╢⅜

─♃כ♦⌂ ™ ╙ ™ ∕─ │ ─ ⌐ ≠⅝
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∆╢ ⅎ┌ ⌐♃כ♦ ≠⅝ ╩ ⇔√Ɫ◙כ♪╛ ◦♫ꜞ○≤

═≡ ⅜♃כ♦ ™Ɫ◙כ♪╛ ◦♫ꜞ○─ ╛ ⅜≥─ ⅛╩ ⌐ ⅎ

╢↓≤⌐╟∫≡ ∆╢↓≤⅜ ≢№╢  

⇔√ꜞ☻◒⌐≈™≡ №╠⅛∂╘ ⇔√◒ꜝ▬♥ꜞ▪≤ ⇔ №

╠⅛∂╘ ⇔√ ─ ꜞ☻◒ ─ ꜞ☻◒

─ ─ ⌐ ≠⅝ ꜞ☻◒⌐ ∆╢ ╩ ∆╢  

 

5.4.3 ⌐ ∆╢ꜞ☻◒ ┘  

╙⇔ↄ│ ⌂ ⌐ ≠ↄ ─ꜞ☻◒ ─ ◦☻♥ⱶ─ ╛ ∕

─√╘⌐ ∂╢ ≤─ ╩ ⌐ꜞ☻◒ ┘ ╩ ∆╢  

4.1≢ ⇔√ ╩ ⇔ 5.1≢ ⇔√ ⌐╟╡ ╩ ∆╢≤≤╙

⌐5.1≢ ⇔√ ╩ ∆╢ ∕─ ≢ 5.2 ⌐ ≠⅝ ╩ ⇔ 5.3 ≢ ⇔

√ ⌐≈™≡ ⇔ 5.4.1 ┘5.4.2─ ╡ ┘ ╩ ∆╢  

─℮∟ ⅛╠ ⅎ╠╣╢Ɫ◙כ♪╩ ∆╢  

(1) ⱥꜙכⱴfiⱴ◦fi▬fi♃כⱨ▼כ☻⌐ ∆╢ꜞ☻◒ 

(2) ◦☻♥ⱶ⌐ ↕╣╢☿fi◘ ╛ ─  

(3) ◦☻♥ⱶ⅜ ─ ─◦☻♥ⱶ⌐ ⅎ╢  

(4) ◘▬Ᵽכ☿◐ꜙꜞ♥▫ 

(5) ◦☻♥ⱶ ─ ∆╢♁ⱨ♩►▼▪─ ╣╛ ─

─ ╙ ╗  

 

5.4.4 ⌐ ∆╢ꜞ☻◒ ┘  

↓─ ≢│ ⌐ ∆╢ ╩ ℮  

· ─ꜞ☻◒ ┘ ⌐⅔↑╢ ⅜ ⌐⅔™≡ ⌐ ↕╣

≡™╢⅛≥℮⅛  

· ─ꜞ☻◒ ≢│ ↕╣≡™⌂⅛∫√ ◦♫ꜞ○╛ ⅜№╢⅛≥

℮⅛  

⌐≈™≡ ↕╣≡™⌂™ │ ⌐ ∆╢ ⌐≈™≡ ↕╣≡

™⌂⅛∫√ ◦♫ꜞ○╛ ⅜№╢ │ 5.4.3≤ ⌐ ╩ ⇔ ─

╩ ∫√ ≢ ╩ ℮   

 

5.5  

╕≢─ │ ⌐ ↕╣╢ ⅜№╢ ⌐ ∆═⅝ ─ ╩ ∆  

 

1. ⌐ ∆╢ꜞ☻◒ ┘  

1.1 ≢─◦☻♥ⱶ─ ⌂ ≤ꜞ☻◒ ≢ ≤⌂╢  
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1.2 ─ ⌐ ⌂  

1.3  

1.4  

1.5 ┘  

1.5.1 ─  

1.5.2 ┘ ꞉כ◦◒כ♩─ ┘ ─ ─  

2. ⌐ ∆╢ꜞ☻◒ ┘  

2.1 ≢─◦☻♥ⱶ─ ≤ꜞ☻◒ ≢ ≤⌂╢  

2.2 ─ ⌐ ⌂  

2.3  

2.4  

2.5 ┘  

2.5.1 ─  

2.5.2 ┘ ꞉כ◦◒כ♩─ ┘ ─  
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1 ∆═⅝Ɫ◙כ♪─  

 

 ∆═⅝Ɫ◙כ♪─ ╩ ●▬♪[4][8][9]⌐⅔↑╢Ɫ◙כ♪─ ╛

[11]-[14] ╩ ⌐ ╘√ ╩ A1.1⌐ ∆  

 

A1.1 ∆═⅝Ɫ◙כ♪─  

 Ɫ◙כ♪ 

  

 

 

─ ─  

◦☻♥ⱶ

┘ ─

 

⅛╠─  

⅛╠─ ─ ╛ ─  

◦☻♥ⱶ ─ ─  

◦☻♥ⱶ─♁ⱨ♩►▼▪─Ᵽ◓ 

┼─Ɽꜝⱷכ♃ ─ ⅜ ◦☻♥ⱶ┼ ─

⅜ ⇔ↄ ↕╣≡™⌂™  

◦☻♥ⱶ │ ─  

ⱥꜙכⱴfiⱴ◦fi▬fi♃כⱨ▼כ☻⅜ ─ ⅜╦⅛

╡⌐ↄ™ ◦☻♥ⱶ⅛╠ ┼ ∆╢ ─ ⅜ ╡

⌂™  

◦☻♥ⱶ≤ ─◦☻♥ⱶ≤─▬fi♃כⱨ▼כ☻⅜

─ ⸗♦ꜟ─ Ɽꜝⱷכ♃─ ◦☻♥ⱶ─

⌂≥  

 ─ ─  

─  

─  

─  

─ ╛ ꜟכ꜡♩╛ ─  

≤ ↕╣√ ─ ─  

≤ ─ ─ ─  

☿fi◘─ ─  

◦☻♥ⱶ─ ─  

☻ꜝⱵfi◓╛ ─  

 ╛ ≤─  
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≤─  

≤─  

▬fiⱨꜝ≤─  

╕⇔ↄ⌂™ ⌐╟╢ ─  

⌐╟╢ ─  

⇔⌂™ ┘  

╩ ∫√↓≤⌐╟╢  

╩ ≢⅝⌂ↄ⌂∫√↓≤⌐╟╢  

↕╣√ ⅛╠─ ⌐╟╢  

↕╣√ ⌐ ╡⅜№╡  

≢ ╩ ∫⅛↑╢ 

─ ⌐╟╢ ⅜ ↑√  

─  ♁ⱨ♩►▼▪ ─ ╣  

◦☻♥ⱶ┼ ♃כ♦ ─♃כ♦ Ⱶ☻ ⅎ┌

♃כ♦ ─√╘─  

∆╢ ╛ ╩ ◦☻♥ⱶ≤ ─⌂™╙─┼  

⅜ ∆⅞╢ ─ ↑⅜≢⅝⌂™ 

 ─ ─  

⌐⅔↑╢ ─  

♃כ♦ כꜝ◄─ ⱦ♇♩◄ꜝכ  

♃כ♦ ─ ♃כ♦ כꜝ◄─  

◖ⱴfi♪─  

─ ─ ╡ 

⌂ ─ ─  

─ ─  

♃כ♦⌂  

Ⱡ♇♩꞉כ♩☻ה◒כⱶ 

 

☿◐ꜙꜞ♥▫ GNSS┘AIS⌂≥─☻ⱪכⱨ▫fi◓ 

RADAR┼─☺ꜗⱵfi◓ 

◦☻♥ⱶ ┘ ◦☻♥ⱶ┼─ ▪◒☿☻/Ɫ♇◐fi◓ 

◦☻♥ⱶ ┘ ◦☻♥ⱶ⅜ⱴꜟ►▼▪┼  

ⱨ

◒♇Ᵽꜟכ◊  

─ ╡ 

◦☻♥ⱶ ─ ╛ ⅜ כꜝ▪

ⱶ─ ╩ ≢⅝⌂™ ◦☻♥ⱶ─ ⅜  
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◦☻♥ⱶ ─ ◦☻♥ⱶ┼─  

⌂ⱥꜙכⱴfiⱴ◦fi▬fi♃כⱨ▼כ☻ 

─ ╛ ╩ ≢⅝⌂™ 

⌂ ╩  

─♪כ⸗ Ҟ♪כ⸗ ♪כ⸗ ─ ╩

≢⅝⌂™ 

⌐⌂╡ⱨ◊כꜟⱣ♇◒⅜ ≤⌂╢⅜⁸ ⅜

≢⅝⌂™ 

 ─ ╛ ─ ⌐╟╢  

כ♄כ꜠╛ ─  

 

Ⱪꜝ♇◒▪►♩ ⌐╟╢ │ ⌂  

 ○Ɑ꜠כ♃─ⱥꜙכⱴfi◄ꜝכ ╡ ─ ─♃כ♦

∫√  

≤─  

─ ┘  

◦☻♥ⱶ ─ ─ⱨꜞכ☼ 

╛ ─ ⌐╟╢ ○Ɑ꜠כ♃─ ─  

№╢○Ɑ꜠כ♃⅛╠ ─○Ɑ꜠כ♃┼─ ─ ⅞ 
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2 ⌂ꜞ☻◒ ─  

≢ ⇔√ SWIFT ─ꜞ☻◒ ─ ⌐≈™≡ ⌐ ∆≤≤╙⌐ ─

╩ ╘√ ╩ ∆ SWIFT╩ ╗ ─ ⌐≈™≡│ [15]-[20] ╩ ↕

╣√™ ⌂⅔ ─ꜞ☻◒ ⌐⅔™≡ ≢ ⇔√ ─ ╩ ∆╢

↓≤╙ ≢№╢  

 

(1) FMEA (Failure Modes and Effects Analysis) 

◦☻♥ⱶ╩ ∆╢ ⌐ ⇔ ∕─ ⌐ ⇔ ╢ ╩♪כ⸗ ⇔ ∕╣⅜◦

☻♥ⱶ⌐ ╓∆ ╩ ∆╢ ≢№╢ ⌐╟╢ ─ ≤⇔≡╟ↄ ™╠

╣╢ ≢№╢  

⌐ ⅜ ≢№╢≤™℮ ⅜№╢ ≢│ ⅜ ⇔

™ ╛ ⅜ ↄ⅛⅛╢ ─ ⅜№╢  

FMEA─ ⌂ ┘꞉כ◦◒כ♩│ ─ ╡  

☻♥♇ⱪ1  ─◦☻♥ⱶ╛ⱪ꜡☿☻╩ ∆╢  

☻♥♇ⱪ2  ╛ ♃כ♦ ─ ─ ╛ ╩ ∆╢  

☻♥♇ⱪ3  ╩ ⇔FMEA ╩ ∆╢ ╩ ⌐ ⇔ ∕─ ⌐

⇔ ╩ ∆╢  

 ─  

 ∂ ╢ ─ ─ ♪כ⸗  

 ∕─ ╡╟⌐♪כ⸗ ∂╢ ⌂ ┘◦☻♥ⱶ

⌐ ┬ ─  

 ∕─ ╩ⱶ♥☻◦╠⅛♪כ⸗ ∆╢ ─

─  

☻♥♇ⱪ4  ↓╣╠─ ╩꞉כ◦◒כ♩⌐ ∆╢  

 

꞉כ◦◒כ♩  

 

A2.1  FMEA꞉כ◦◒כ♩─ * 

*HSC◖כ♪⌐ ≠ↄFMEA꞉כ◦◒כ♩  
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│≥♪כ⸗ ∂℮╢ ─ ≢№╡ ─ ≢№╢ ♪כ◖

2000[21]≢│ ─ ⅜♪כ⸗ →╠╣≡™╢  ─ ⌂ │

╖ ╖ ⌐ ⅛⌂™ ∂⌂™

╣ ╣ ⌂ ⌂

⌂ ⅜ ╡ ⅎ

∕─  

 

(2) HAZOP (HAZard and OPerability Study) 

ⱪ꜡☿☻ⱪꜝfi♩─Ɫ◙כ♪ ≢ ↄ ™╠╣╢ ≢№╡ ⱪ꜡☿☻◦☻♥ⱶ⌐

∆╢ ─ ⱷ◌♬☼ⱶ╩ ╠⅛⌐⇔≡ ─ ╩ ∆╢ ≢№╢

⅛╠─₈∏╣ ₉╩ ⇔≡ ≤⇔ ∕─ ≤ ∂ ╢ ─

┼ ╩ ╘╢ ●▬♪꞉כ♪╩ ™≡ ⅛╠─ ⌐╟╢ ╩ ∆

╢√╘─ ╩ ⇔ ⌐ ∆╢ ≢ ≤ ╩ ∆╢  

⌐ ⅜ ≢№╢≤™℮ ⅜№╢ ≢│ ⅜ ⇔

™ ╛ ⅜ ↄ⅛⅛╢ ─ ⅜№╢  

 

(3) Bow-Tie Diagram 

⌐Bow-TieⱠ◒♃▬ ─╟℮⌂ ≢ ↕╣ ┘ ⌐ ╩ ⌐

╩ ⅝ ↓∆ ─№╢ ─ ⅜╡╩ ⌐│ ⅜ ⅝ ↓∆ ╕

≢─ ╩ ⇔ ─ ╛ ┼─ ╙ ╦∑≡ ∆√╘─

≢№╢ │ SWIFT≤─ ╖ ╦∑≢ ◦♫ꜞ○╩ ∆╢√╘⌐ ↕

╣╢↓≤⅜ ™  

◦♫ꜞ○╩ ⌐ ≢⅝╢≤™℮ ⅜№╢ ≢│Ɫ◙כ♪╛

─ ⅜ ⇔ↄ SWIFT─ ─ ╩ ⇔⌂↑╣┌™↑⌂™≤™℮ ⅜№╢  

 

(4) STAMP/STPA (Systems-Theoretic Accident Model and Processes/System-Theoretic Process 

Analysis) 

AI/IoT─ ה ⇔√◦☻♥ⱶ─ ╩ ∆╢√╘⌐ ↕╣√ ≢№

╡ ─ ─ ⌐ ⇔√ ≢№╢ FMEA─ │ ─

╛○Ɑ꜠כ◦ꜛfiⱵ☻⌐ ⇔ ⅜ ⅝╢↓≤╩ ⇔≡™√─⌐ ⇔ │

─ ⅛╠ ⅜ ⅝╢≤ ⇔≡™╢↓≤⅜ ≢№╢  

≢│ ∑⌂™ ╙ ≢⅝╢ ╟╡ ה♩☻◖™⌂ ≢ ≢⅝

╢[22]◖fi☿ⱪ♩ ╛ ≢╙ ≢№╢≤™℮ ⅜№╢

─ ╩ ⌐ ⇔√╡ ⌐ ∆╢↓≤│≢⅝⌂™[23] ≢№╢⅜



 

 

 19  

⌐ ⇔ ⅜ ⌂™ ─ ⅜№╢  

 

─ ┘SWIFT─ ╩ ∆╢≤ A2.1─ ╡≤⌂╢  

 

A2.1 ─  

 SWIFT FMEA HAZOP Bow-Tie STAMP/STPA 

 ₈╙⇔ ∞∫

√╠₉≤™∫

√ ─

⅛╠─ ╩

⇔√

╩ ╡ ⇔

Ⱪ꜠▬fi☻♩

╟⌐◓Ⱶfiכ

╡Ɫ◙כ♪╩

∆╢  

◦☻♥ⱶ╩

∆╢ ⌐

⇔ ∕─

⌐ ⇔

╢ כ⸗

♪╩ ⇔

∕╣⅜◦☻♥

ⱶ⌐ ╓∆

╩ ∆╢

 

⅛╠

─₈∏╣

₉╩ ⇔

≡ ≤

⇔ ∕─

≤ ∂

╢ ─

┼ ╩ ╘

╢  

⅛╠

⅛╠ ╕

≢─ ╩

Ⱡ◒♃▬─

≢ ∆╢

 

ה

⇔√◦☻♥

ⱶ─ ╩

∆╢√╘

⌐ ↕╣√

≢№╡

─

─

⌐ ⇔√

 

⌂

 

◖fi☿ⱪ♩

 

  ◖fi☿ⱪ♩

 

◖fi☿ⱪ♩

 

⌂

≤  

ה ⅜

 

♩fi☿ⱪ◖ה

╛

≢╙

 

ה

─ ⌐  

ה ◦♫ꜞ

○⅜ ⌐ ↕

╣⌂™ 

ה

⌐ ⅜

 

ה

≢│ ⅜

⇔™ 

ה ╛

⅜ ↄ⅛⅛╢ 

ה

⌐ ⅜

 

ה

≢│ ⅜

⇔™ 

ה ╛

⅜ ↄ⅛⅛╢ 

ה ◦♫ꜞ

○╩ ⌐

 

ה

≢│Ɫ◙כ♪

╛

─ ⅜

⇔ↄ SWIFT

─ ─

╩ ⇔⌂↑

╣┌™↑⌂™ 

ה ≢

│ ∑⌂™

╩

[22] 

ה ╟

╡ ⌂™◖☻

ה♩ ≢

[22] 

♩fi☿ⱪ◖ה

╛

≢╙

 

ה ─

⅜

 

ה

⅜
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[23] 

ה ⌐

⇔

⅜ ⌂™ 

 

 

1 ─ꜞ☻◒ ─  

 ─ꜞ☻◒ ─ ╩ ⌐ ∆ ⌐ ─ ╡ ↓↓≢│ ⱨ▼כ☼

≤⇔≡ ┘ ≤ ─2≈╩ ⇔√ ⌐ ⌂Ɫ◙כ

♪ ─ ⅜ ⌂ │ ⌐ ⅛ↄⱨ▼כ☼ ↑⇔√ ≢ꜞ☻◒ HAZID╩

∆╢↓≤⅜ ╕⇔™↓≤⌐ ↕╣√™  

 

i. ─  

 4.1 ⌐ ⇔√ ─ ╩ ⌐ ∆  

 

(0) ConOps 

Table 1.1 ConOps 

ǒ ─  

 │ ─ ╩ ≤⇔ ∆╢ ╛ ⌐ ∆╢

╩ ⇔ ⌐ ↕╣√ ⌐ ∫≡ ╩ ⇔ ↓╣╩ ∆╢

≤ ╩ ⇔ ─ ╩ ⇔⌂⅜╠ ─ ╩ ℮╙─≢

№╢  

 │ ⅛╠ ↕╣╢╙─≤∆

╢ ─ ◦☻♥ⱶ│ ╩ ╕ⅎ≡ ─ ╩ ⇔

◦☻♥ⱶ╩ ⇔ ⌐ ∫√ ≤ ─ ╩ ℮  

  

 XXX  

 X X  X X  

 YYY  

 Y Y  Y Y  

 ZZZ 

 Z Z  Z Z  

  

 ─ ╩ ∑∏ ─ ⌐ ╩ ⅎ⌂™╟℮ ⌂

⌂ ╩ ∆╢↓≤  

 ╩ ⇔ ⌐ ⌂ ╣⅜ ∂⌂™╟℮ ─ ⌂
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┘ ⌂ ╩ ⇔≈≈ ⌐⅛⅛╢ │ ⌐ ⅎ╢↓≤  

ǒ ─  

 ─ │ ≤⇔≡™╢ ─ ⌐⅔™≡ ≤⌂╢ ─

╛ ⌐ ∆╢ ╩ ╗ ╩ ⇔ ─ ─ ╩ √ ╩

⌐ ∆↓≤≢№╢  

ǒ ─ ה ○Ɑ꜠כ♃ ≤─  

 ─ ─ │ ClassNK●▬♪ꜝ▬fi[4]≢ ↕╣≡™╢ I⌐ ∆

╢  

 ⌐ ∆╢ ─ ─ │ ⌐╟∫≡ ↕╣╢  

 ↕╣√ │ ─ ⌐ ↕╣ ╩ ∆╢  

 ╩ √ │ ⌐╟∫≡ ┘ ─ ⌐ ↕╣╢  

 ≢ ═╢ ─ ≢│ ⌐╟╢ ╩ ™ ∕─

≢│ ─ ⅜ ╡─ ≢ ╩ ℮  

ǒ ─ ה ○Ɑ꜠כ♃ ≤─  

 │ ╩ ↕⌂™  

ǒ  

  

  ₃₃₃ 

  ⱨ▼ꜞכ 

  ♩fi 199♩fi 

  45m 

  9m 

   

  XXX ⅛╠YYY  

  ─ⱨ▼כ☼ ┘ ⁸  

ǒ ─  

 ╩ ⇔√ ─ │ ─ ⌐⅔™≡ ─ ⅛╠

╩ ⅝ ⅞ ⌐╟╢ ─ ╩ ↕∑╢↓≤≢ ℮

─ ─ ╩ ⇔ ┼ ─ ⇔╩ ∆╢≤↓╤╕≢╩

─ ≤∆╢   ⌂⅔ ─ ⌐⅔™≡ ─ ⌐ √ │

≢№∫≡╙ ⌐ ╩ ⅝ ∆↓≤≢ ╩ ∆╢  

ǒ ─⸗♬♃ꜞfi◓  

 ⅜ ⇔√☿fi◘ ↕╣√☿fi◘ ↕╣√

⌐⅔↑╢ ─ ≠↑│ ≡ ─ ⸗♬♃ꜞfi◓ ⌐╟∫≡ ⌐

⇔≡ ↕╣╢  

ǒ ⌐ ⅛╠ ╣√ ─  
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 ⅛╠ ╣√↓≤│ ⌐╟∫≡ ↕╣ ⌐╟╡ ⌐

↕╣╢ │ ╘╠╣√ ≢ ╩♪כ⸗ ╠⅛♪כ⸗ ┼♪כ⸗

ⅎ╢↓≤≢ │ ⌐ ⅝ ⅜╣╢  

 

(1) ◦☻♥ⱶ─ ─ ◒☻♃Ⱪ◘ה◒☻♃  

 

Table 1.2 ◦☻♥ⱶ─ ⱨ▼כ☼  

ID  ♃☻◒ ◘Ⱪ♃☻◒ 

1 ◦☻

♥ⱶ 

ה ─  

ה ⱨ▼כ☼

Ÿ

 

ה ─ ─  

ה ─ ─  

ה / ─ ─  

ה ─ ─  

ה & ─  

ה ─  

ה ─ ⌐ ⌂ ─  

2 
◦☻♥

ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─

 

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─  

3 

/

◦☻

♥ⱶ 

ה /

─  

ה ─ ─  

─◘fi☿ה ─

 

ה / ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─  

4 
◦

☻♥ⱶ 

ה ─

 

ה ─ ─  

─◘fi☿ה ─

 

ה ─  

ה ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─  

5 ◦☻

♥ⱶ 

ה ⌐ ≠ↄ

─  

ה / ─  

ה / ─ ─

 

ה ─ ─  

ה ─  

ה ─ ─  

ה ≤ ─ ≤─  

ה ≤─ ─  

ה / ─ ⁸ ─ ─  
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6 
◦☻♥

ⱶ 

ה ♪כ⸗

 

ה ─ ─  

ה ⁸ / ⁸ ─

 

ה ◦☻♥ⱶ─ ─ ─  

ODDה  

ה ─ ─ ⌐ ⌂ ─  

7  

ה ─ ⁸

 

ה ♪כ⸗  

ה

 

ה ⁸ / ⁸ ─

 

ה ◦☻♥ⱶ⅜ ⇔√ ─  

ה ◦☻♥ⱶ─ ♪כ⸗ ─

 

ה ◦☻♥ⱶ─ ─  

ה ─  

 

Table 1.3 ◦☻♥ⱶ─ ⱨ▼כ☼  

ID  ♃☻◒ ◘Ⱪ♃☻◒ 

1 ◦☻

♥ⱶ 

ה ─

 

ה ⱨ▼כ☼

Ÿ

 

ה ─ ─  

ה ─ ─  

ה / ─ ─  

ה ─ ─  

ה & ─  

ה ─  

ה ─ ⌐ ⌂ ─  

2 
◦☻♥

ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─

 

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─  

3 
◦☻♥

ⱶ 

ה ≤ ≤─

─  

ה ─ ─

 

ה ─ ─  

─◘fi☿ה ─

 

ה ─  

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

4 

/ ה /

─  

ה ─ ─  

ה / ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─  



 

 

 24  

◦☻

♥ⱶ 

─◘fi☿ה ─

 

5 
◦

☻♥ⱶ 

ה ─

 

ה ─ ─  

─◘fi☿ה ─

 

ה ─  

ה ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─  

6 ◦☻

♥ⱶ 

ה ⌐

≠ↄ ─  

ה / ─  

ה / ─ ─

 

ה ─ ─  

ה ─  

ה ─ ─  

ה ≤ ─ ≤─  

ה ≤─ ─  

ה / ─ ⁸ ─ ─  

7 
◦☻♥

ⱶ 

ה ♪כ⸗

 

ה ─ ─  

ה ⁸ / ⁸ ⁸

─  

ה ◦☻♥ⱶ─ ─ ─  

ODDה  

ה ─ ─ ⌐ ⌂ ─  

8  

ה ─

⁸  

ה ♪כ⸗  

ה

 

ה ⁸ / ⁸ ⁸

─  

ה ◦☻♥ⱶ⅜ ⇔√ ─

 

ה ◦☻♥ⱶ─ ♪כ⸗ ─

 

ה ◦☻♥ⱶ─ ─  

ה ─  

 

(2) ◦☻♥ⱶ─ ⅜╦⅛╢╟℮⌂◦☻♥ⱶ▪כ◐♥◒♅ꜗ 
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Figure 1.1 ◦☻♥ⱶ▪כ◐♥◒♅ꜗ ⱨ▼כ☼  
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Figure 1.2 ◦☻♥ⱶ▪כ◐♥◒♅ꜗ ⱨ▼כ☼  

 

(3) ◦☻♥ⱶ─ ─  
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Figure 1.3 ⌐ ∆╢ ─ ⱨ▼כ☼  

 

 

Figure 1.4 ⸗כ♪ ⌐ ∆╢ ─ ⱨ▼כ☼  
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Figure 1.5 ⌐ ∆╢ ─ ⱨ▼כ☼  

 

 

Figure 1.6 ⸗כ♪ ⌐ ∆╢ ─ ⱨ▼כ☼  
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(4) ◦☻♥ⱶ≤ ─ ─  

 

Table 1.4 ◦☻♥ⱶ≤ ─ ─ ⱨ▼כ☼  

Task 
◦☻♥ⱶ 

◦☻

♥ⱶ 

/

◦

☻♥ⱶ 
◦☻♥ⱶ 

◦☻♥ⱶ 
◦☻

♥ⱶ 

 

ⱨ▼

☼כ  
ᵑ            ᵒ  

─

 
  

ᵑ

/  
        ᵒ  

/

─

 

    
ᵑ

/  
      ᵒ  

─

 
      

ᵑ

/  
    ᵒ  

─  

ᵑ            ᵒ  

─

 

        ᵑ    ᵒ  

☿fi

◘─

 

  
ᵑ

 

ᵑ

 

ᵑ

 
    ᵒ  

─

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
ᵒ  

ODD

&

כ⸗

♪  

          
ᵑ &

 
ᵒ  

כ⸗

♪

&

          
ᵑ⸗כ♪

 

ᵒ⸗כ♪
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♪כ⸗

 

 
            

ᵑ  

ᵒ

 

 

Table 1.5 ◦☻♥ⱶ≤ ─ ─ ⱨ▼כ☼  

Task ◦☻

♥ⱶ 
◦☻♥

ⱶ 

/

◦☻

♥ⱶ 

◦

☻♥ⱶ 

◦☻♥

ⱶ 

◦☻

♥ⱶ 
◦☻♥

ⱶ 

 

ⱨ

☼כ▼

 

ᵑ              ᵒ  

─

 

  

ᵑ

/

 

          ᵒ  

/

─

 

    

ᵑ

/

 

        ᵒ  

─

 

      

ᵑ

/

 

      ᵒ  

─

 

        ᵑ      ᵒ  

─

 

ᵑ              ᵒ  

─

 

          ᵑ    ᵒ  
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☿

fi◘─

 

  
ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
    ᵒ  

─

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
ᵒ  

ODD

&

♪כ⸗

 

            
ᵑ

&  
ᵒ  

⸗

♪כ

&

♪כ⸗

 

            

ᵑ⸗כ

♪

 

ᵒ⸗כ

♪  

 

              

ᵑ  

ᵒ

 

 

(5) ◦☻♥ⱶ─  

 

Table 1.6 ◦☻♥ⱶ─  

 

   ↕╣√  

  ∆╢  
≢─ ⌐ ⌂ ⅜№╢↓≤:: 3L─

 

  ∆╢  ⌐ ⌂ ⅜№╢↓≤::0.5L─  

   ™ ::3nm꜠fi☺ ⌐ 8 ╕≢ 

  AIS ┘  

◦☻♥ⱶ⅜ ≢⅝⌂™ AIS ╛ ⅜

™↓≤::500m ⌐ ⅝↕ 1m ─ ⌂ ⅜

™ 
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⌂ :: 7m/s 1.5m

500m  

    

 

  ◦☻♥ⱶ  ⌐ ─כꜝ◄ ::≥↓╢™≡⇔ ⇔ 

  ⌐ ⌂  ⌐ ─כꜝ◄ ::≥↓╢™≡⇔ ⇔ 

   ─ ─ ─ :: ─ ⇔ 

  ∕─  
⌐ ∆╢ ⅜ ⇔≡™⌂™:: 

⅜ ∂≡™⌂™ 

 

ii. ꜞ☻◒  

 i.≢ ⇔√ ─ ⌐ ⇔≡ꜞ☻◒ HAZID╩ ⇔√ ╩ ╘√

HAZID WS─ ╩Table 1.7≤Table 1.8⌐ ∆ ⌂⅔ FI (Frequency Index)SI (Severity Index)

RI (Risk Index)─ │ 5.3⌐ ≤ ∂╙─╩ ⇔√  
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Table 1.7 HAZID WS (ⱨ▼כ☼ )

 

Sheet ID: 1

Phase: 

ID Hazard Causes Consequences Existing Safeguards Index(before action)Recommendation Index(after action)Comments

SI FI RI SI FI RI

1

C1.1 (

/

)

C1.2 ṕ

Ṗ

C1.3 

C1.4 

C1.5 

E1.1 /

E1.2 

/

1 5 6
ṕ Ṗ

ṕ

Ṗ

1 5 6

ẑ

ṕ

Ṗ

2

C2.1 (

/

)

C2.2 ṕ

Ṗ

C2.3 

C2.4 

C2.5 ṕ

Ṗ

ID1 1 5 6 ID1 1 5 6

ẑ

ṕ

Ṗ
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3
/

C3.1 (

/

)

C3.2 

ṕ

Ṗ

C3.3 

C3.4 

C3.5 ṕ

Ṗ

ID1 ID2 1 5 6 ID1 1 5 6

ẑ

ṕ

Ṗ

4

ṕ

ẓ Ṗ

C4.1 

ṕ Ṗ

C4.2 (

)

C4.3 

C4.4 

E4.1 

E4.2 /

E4.3 

1 5 6
ṕ Ṗ

ṕ

Ṗ

1 5 6
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5

ṕ

ẓ Ṗ

C5.1 

ṕ Ṗ

C5.2 (

)

C5.3 

C5.4 

C5.5 ṕ

Ṗ

ID4 1 5 6 ID4 1 5 6 ID2

6

ṕ

ẓ Ṗ

/

C6.1 (

)

C6.2 

ṕ

Ṗ

C6.3 

C6.4 

C6.5 ṕ

Ṗ

ID4 1 5 6 ID4 1 5 6 ID3
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7

C7.1 

C7.2 (

)

C7.3 

ẓID4

ẓ

1 5 6 ID4 1 5 6

8

C8.1 

C8.2 (

)

C8.3 

ẓ ṕ

Ṗ

ẓID4

1 5 6 ID4 1 5 6

9
/

C9.1 

C9.2 

ṕ

Ṗ

C9.3 (

)

C9.4 

ẓ ṕ

Ṗ

ẓE9.1 

E9.2 ODD

E9.3 

E9.4 /

E9.5 

ID8 1 5 6 ID4 1 5 6
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10

C10.1 

(

)

C10.2 

C10.3 

E10.1 ṕ Ṗ

E10.2 

E10.3 

/

E10.4 

E10.5 /

E10.6 

ṕ

Ṗ

1 5 6

ṕ Ṗ

ṕ

Ṗ
1 5 6

ẑ

ṕ

Ṗ

11

C11.1 

(

)

C11.2 

C11.3 

C11.4 ṕ

Ṗ

ID10

ṕ

Ṗ

1 4 5 ID10 1 4 5

ẑ

ṕ

Ṗ
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12
/

C12.1 

/

ṕ

Ṗ

C12.2 

C12.3 

C12.4 ṕ

Ṗ

E12.1 ṕ Ṗ

E12.2 

E12.3 

E12.4 

E12.5 /

E12.6 

ID11 1 5 6 ID10 1 5 6

ẑ

ṕ

Ṗ

13

C13.1 

C13.2 

C13.3 (

)

C13.4 

ID7 ID7 1 5 6 1 5 6

14

C14.1 

C14.2 (

)

C14.3 

IDỊ ID8 1 5 6 ID13 1 5 6

15
/

C15.1 

C15.2 

ṕ

Ṗ

C15.3 (

)

C15.4 

ID9 ID9 1 6 7 ID13 1 6 7
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16

C16.1 

C16.2 

C16.3 (

)

C16.4 

ẓID10

ẓ

1 5 6 1 5 6

17

C17.1 

C17.2 (

)

C17.3 

ẓID10

ẓ ṕ

Ṗ

1 5 6 ID16 1 5 6

18
/

C18.1 

C18.2 

ṕ

Ṗ

C18.3 (

)

C18.4 

ẓ ṕ

Ṗ

ẓID12

1 5 6 ID16 1 5 6

/

19
/

C19.1 

ṕ /

Ṗ

C19.2 /

C19.3 

E19.1 ṕ Ṗ

E19.2 /

E19.3 

ID10 1 5 6 ID10 1 5 6 ID10
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20
/

C20.1 

ṕ /

Ṗ

C20.2 /

C20.3 

C20.4 ṕ

Ṗ

ID19 ID11 1 4 5 ID10 1 4 5 ID11

21

/

/

C21.1 /

/

ṕ

Ṗ

C21.2 (

)

C21.3 

C21.4 ṕ

Ṗ

ID19 ID11 1 5 6 ID10 1 5 6 ID12

22

C22.1 /

C22.2 /

C22.3 (

)

C22.4 

ID7 ID7 1 5 6 ID13 1 5 6

23

C23.1 /

C23.2 (

)

C23.3 

ID8 ID8 1 5 6 ID13 1 5 6
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24
/

C24.1 /

C24.2 /

ṕ

Ṗ

C24.3 (

)

C24.4 

ID9 ID9 1 6 7 ID13 1 6 7

25

C25.1 /

C25.2 /

C25.3 (

)

C25.4 

ẓID19

ẓ

ID16 1 5 6 ID16 1 5 6

26

C26.1 /

C26.2 (

)

C26.3 

ẓID19

ẓ ṕ

Ṗ

ID17 1 5 6 ID16 1 5 6
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27
/

C27.1 /

C27.2 /

ṕ

Ṗ

C27.3 (

)

C27.4 

ẓ ṕ

Ṗ

ẓID19

ID18 1 5 6 ID16 1 5 6

28

C28.1 

(

)

C28.2 

C28.3 

ID19 ID10 1 5 6 ID10 1 5 6 ID10

29

C29.1 

(

)

C29.2 

C29.3 

C29.4 ṕ

Ṗ

ID19 ID11 1 4 5 ID10 1 4 5 ID11
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30
/

C30.1 

/

ṕ

Ṗ

C30.2 

C30.3 

C30.4 ṕ

Ṗ

ID19 ID11 1 5 6 ID10 1 5 6 ID12

31

C31.1 

C31.2 

C31.3 (

)

C31.4 

ID7 ID7 1 5 6 ID13 1 5 6

32

C32.1 

C32.2 (

)

C32.3 

IDỊ ID8 1 5 6 ID13 1 5 6

33
/

C33.1 

C33.2 

ṕ

Ṗ

C33.3 (

)

C33.4 

ID9 ID9 1 6 7 ID13 1 6 7
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34

C34.1 

C34.2 

C34.3 (

)

C34.4 

ẓID19

ẓ

ID16 1 5 6 ID16 1 5 6

35

C35.1 

C35.2 (

)

C35.3 

ẓID19

ẓ ṕ

Ṗ

ID17 1 5 6 ID16 1 5 6

36
/

C36.1 

C36.2 

ṕ

Ṗ

C36.3 (

)

C36.4 

ẓ ṕ

Ṗ

ẓID19

ID18 1 5 6 ID16 1 5 6
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37

C37.1 

C37.2 (

)

C37.3 

C37.4 

C37.5 

E37.1 

E37.2 /

E37.3 

1 5 6
ṕ Ṗ

ṕ

Ṗ

1 5 6

38

C38.1 

C38.2 (

)

C38.3 

C38.4 

C38.5 ṕ

Ṗ

ID37 1 5 6
ṕ Ṗ

ṕ

Ṗ

1 5 6 ID2

39

/

C39.1 

C39.2 (

)

C39.3 

ṕ

Ṗ

C39.4 

C39.5 

C39.6 ṕ

Ṗ

ID37 1 5 6 ID38 1 5 6 ID3
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40 /

C40.1 

C40.2 

E40.1 

E40.2 

E40.3 /

E40.4 

1 5 6

ṕ

Ṗṕ

Ṗ

1 5 6

ẑ

/

ṕ

Ṗ

41 /

C41.1 (

)

C41.2 

C41.3 ṕ

Ṗ

ID40 1 5 6 ID40 1 5 6

ẑ

/

ṕ

Ṗ

ṕ

Ṗ

42
/

/

C42.1 (

)

C42.2 

C42.3 ṕ

Ṗ

ID40 ID41 1 5 6 ID40 1 5 6

ẑ

/

ṕ

Ṗ

ṕ

Ṗ

43
/

C43.1 

/

C43.2 

/

C43.3 ( /

)

C43.4 

ID7 ID7 1 5 6
/

1 5 6
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44
/

C44.1 

/

C44.2 ( /

)

C44.3 

IDỊ ID8 1 5 6 ID43 1 5 6

45
/

/

C45.1 

/

C45.2 

/

ṕ

Ṗ

C45.3 ( /

)

C45.4 

ID9 ID9 1 6 7 ID43 1 6 7

46

C46.1 

C46.2 

C46.3 (

)

C46.4 

ID7 ID7 1 5 6 ID13 1 5 6

47

C47.1 

C47.2 (

)

C47.3 

IDỊ ID8 1 5 6 ID13 1 5 6
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48
/

C48.1 

C48.2 

ṕ

Ṗ

C48.3 (

)

C48.4 

ID9 ID9 1 6 7 ID13 1 6 7

49

C49.1 

C49.2 

C49.3 (

)

C49.4 

E49.1 ODD

E49.2 

E49.3 /

E49.4 

ODD

1 5 6
ṕ Ṗ

ṕ

Ṗ

1 5 6

50

C50.1 

C50.2 

C50.3 (

)

C50.4 

C50.5 ṕ

Ṗ

ID49

ODD

1 5 6 ID49 1 5 6 ID2



 

 

 49  

 

51
/

C51.1 

C51.2 

ṕ

Ṗ

C51.3 (

)

C51.4 

C51.5 ṕ

Ṗ

ID49 ID50 1 5 6 ID49 1 5 6 ID3

52

C52.1 

C52.2 

C52.3 (

)

C52.4 

ID7 ID7 1 5 6 ID13 1 5 6

53

C53.1 

C53.2 (

)

C53.3 

IDỊ ID8 1 5 6 ID13 1 5 6

54
/

C54.1 

C54.2 

ṕ

Ṗ

C54.3 (

)

C54.4 

ID9 ID9 1 6 7 ID13 1 6 7
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55

C55.1 

C55.2 

C55.3 ṕ

Ṗ

HMI

C55.4 

/ /

C55.5 

C55.6 

C55.7 

ID1 HMI 1 5 6 1 5 6

ẑ

ṕ

Ṗ

56

C56.1 /

C56.2 

/

C56.3 

/

HMI

C56.4 

C56.5 

C56.6 

C56.7 

ṕ Ṗ

ID1

HMI

1 5 6 ID55 1 4 5

ẑ

ṕMRM/MRCṖ

ṕ

Ṗ

57 /

C57.1 

C57.2 ṕ

Ṗ

HMI

/

C57.3 

/ /

/

C57.4 

C57.5 

C57.6 

ṕ Ṗ

ID1

HMI

1 5 6 1 5 6

ẑ

ṕMRM/MRCṖ

ṕ

Ṗ
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58

C58.1 

C58.2 

C58.3 

/

ID49

ṕ

Ṗ

1 6 7 ID55 1 5 6 ID55

59

C59.1 /

C59.2 

C59.3 

HMI

C59.4 

C59.5 

C59.6 

ID49
HMI

1 5 6 ID55 1 5 6 ID56

60
/

C60.1 

C60.2 

HMI

C60.3 

C60.4 

C60.5 

ID49 ID59 1 6 7 ID55 1 5 6 ID57

61
ṕ

Ṗ

C61.1 

C61.2 

C61.3 

ID1 1 6 7 ID55 1 6 7 ID55
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62
ṕ

Ṗ

C62.1 

C62.2 

ṕ

/ /

Ṗ

C62.3 

C62.4 /

/

ID1
HMI

1 6 7 ID55 1 5 6

ẑ

ṕ

Ṗ

63

ṕ

Ṗ

/

ID61 ID1 ID61 1 6 7 ID55 1 6 7 ID55
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Table 1.8 HAZID WS (ⱨ▼כ☼ ) 

 

Sheet ID: 2

Phase: 

ID Hazard Causes Consequences Existing Safeguards Index(before action)Recommendation Index(after action)Comments

SI FI RI SI FI RI

1

C1.1 (

/

)

C1.2 ṕ

Ṗ

C1.3 

C1.4 

C1.5 

E1.1 /

E1.2 ṕ Ṗ

/

2 5 7

ṕ Ṗṕ

Ṗ

2 5 7

ẑ

ṕ

Ṗ

2

C2.1 (

/

)

C2.2 ṕ

Ṗ

C2.3 

C2.4 

C2.5 ṕ

Ṗ

ID1 2 4 6 ID1 2 4 6

ẑ

ṕ

Ṗ
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3 /

C3.1 (

/

)

C3.2 

ṕ

Ṗ

C3.3 

C3.4 

C3.5 ṕ

Ṗ

ID1 ID2 2 5 7 ID1 2 5 7

ẑ

ṕ

Ṗ

4

ṕ

ẓ Ṗ

C4.1 

ṕ Ṗ

C4.2 (

)

C4.3 

C4.4 

E4.1 

E4.2 /

E4.3 

2 5 7 ṕ Ṗṕ

Ṗ

2 5 7

5

ṕ

ẓ Ṗ

C4.1 

ṕ Ṗ

C4.2 (

)

C4.3 

C4.4 

C4.5 ṕ

Ṗ

ID4 2 4 6 ID4 2 4 6 ID2
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6

ṕ

ẓ Ṗ

/

C4.1 (

)

C4.2 

ṕ

Ṗ

C4.3 

C4.4 

C6.5 ṕ

Ṗ

ID4 2 5 7 ID4 2 5 7 ID3

7

C7.1 

C7.2 (

)

C7.3 

ẓID4

ẓ

2 5 7 ID4 2 5 7

8

C8.1 

C8.2 (

)

C8.3 

E8.1 

ẓ ṕ

Ṗ

ẓID4

2 4 6 ID4 2 4 6
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9
/

C9.1 

C9.2 

ṕ

Ṗ

C9.3 (

)

C9.4 

ẓ ṕ

Ṗ

ẓE9.1 

E9.2 ODD

E9.3 

E9.4 /

E9.5 ṕ Ṗ

ID8 2 5 7 ID4 2 5 7

10

C10.1 

(

)

C10.2 

C10.3 

E10.1 

E10.2 

E10.3 

/

E10.4 

E10.5 /

E10.6 

ṕ

Ṗ

2 4 6

ṕ Ṗṕ

Ṗ 2 4 6

ẑ

ṕ

Ṗ

11

C11.1 

(

)

C11.2 

C11.3 

C11.4 ṕ

Ṗ

ID10

ṕ

Ṗ

2 4 6 ID10 2 4 6

ẑ

ṕ

Ṗ
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12
/

C12.1 

/

ṕ

Ṗ

C12.2 

C12.3 

C12.4 ṕ

Ṗ

E12.1 

E12.2 

E12.3 

E12.3 

E12.4 /

E12.5 

ID11 2 4 6 ID10 2 4 6

ẑ

ṕ

Ṗ

13

C13.1 

C13.2 

C13.3 (

)

C13.4 

ID7 ID7 2 5 7 2 5 7

14

C14.1 

C14.2 (

)

C14.3 

IDỊ ID8 2 4 6 ID13 2 4 6

15
/

C15.1 

C15.2 

ṕ

Ṗ

C15.3 (

)

C15.4 

ID9 ID9 2 5 7 ID13 2 5 7
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16

C16.1 

C16.2 

C16.3 (

)

C16.4 

ẓID10

ẓ

2 5 7 2 5 7

17

C17.1 

C17.2 (

)

C17.3 

ẓID10

ẓ ṕ

Ṗ

2 4 6 ID16 2 4 6

18
/

C18.1 

C18.2 

ṕ

Ṗ

C18.3 (

)

C18.4 

ẓ ṕ

Ṗ

ẓID12

2 5 7 ID16 2 5 7
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19

C19.1 

C19.2 

C19.3 ẓ

C19.4 

E19.1 

E19.2 

2 4 6 ṕ Ṗṕ

Ṗ

2 4 6

20 ID19 ID19 ID19 2 4 6 ID19 2 4 6

21 / ID19 ID19 ID19 2 5 7 ID19 2 5 7

22

C22.1 

C22.2 

C22.3 (

)

C22.4 

E22.1 

ṕ

ID23 24

Ṗ

ID19 2 4 6 ID19 2 4 6

23 ID22

ṕ

Ṗ

E23.1 

E23.2 

E23.3 

ID19 2 4 6 ID19 2 4 6
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24 /

C24.1 

C24.2 

ṕ

Ṗ

C24.3 (

)

C24.4 

ṕ

Ṗ

E24.1 

E24.2 

E24.3 

2 4 6 ID19 2 4 6

25

C25.1 

C25.2 

C25.3 (

)

C25.4 

ID7 ID7 2 5 7 ID13 2 5 7

26

C26.1 

C26.2 (

)

C26.3 

IDỊ ID8 2 4 6 ID13 2 4 6

27
/

C27.1 

C27.2 

ṕ

Ṗ

C27.3 (

)

C27.4 

ID9 ID9 2 5 7 ID13 2 5 7
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28

C28.1 

C28.2 (

)

C28.3 

ẓID19

ẓ

ID16 2 5 7 ID16 2 5 7

29

C29.1 

C29.2 (

)

C29.3 

ẓID19

ẓ ṕ

Ṗ

ID17 2 4 6 ID16 2 4 6

30
/

C30.1 

C30.2 

ṕ

Ṗ

C30.3 (

)

C30.4 

ẓ ṕ

Ṗ

ẓID19

ID18 2 5 7 ID16 2 5 7

/



 

 

 62  

 

31
/

C31.1 

( /

)

C31.2 /

C31.3 

E31.1 

E31.2 /

E31.3 

ID10 2 4 6 ID10 2 4 6 ID10

32
/

C32.1 

( /

)

C32.2 /

C32.3 

C32.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID10 2 4 6 ID11

33

/

/

C33.1 /

/

ṕ

Ṗ

C33.2 

C33.3 

C33.4 ṕ

Ṗ

ID31 ID10 2 4 6 ID10 2 4 6 ID12

34

C34.1 /

C34.2 /

C34.3 (

)

C34.4 

ID7 ID7 2 5 7 ID13 2 5 7
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35

C35.1 /

C35.2 (

)

C35.3 

IDỊ ID8 2 4 6 ID13 2 4 6

36
/

C36.1 /

C36.2 /

ṕ

Ṗ

C36.3 (

)

C36.4 

ID9 ID9 2 5 7 ID13 2 5 7

37

C37.1 /

C37.2 /

C37.3 (

)

C37.4 

ẓID31

ẓ

ID16 2 5 7 ID16 2 5 7
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38

C38.1 /

C38.2 (

)

C38.3 

ẓID31

ẓ ṕ

Ṗ

ID17 2 4 6 ID16 2 4 6

39
/

C39.1 /

C39.2 /

ṕ

Ṗ

C39.3 (

)

C39.4 

ẓ ṕ

Ṗ

ẓID31

ID18 2 5 7 ID16 2 5 7

40

C40.1 

(

)

C40.2 

C40.3 

ID31 ID10 2 4 6 ID10 2 4 6 ID10
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41

C41.1 

(

)

C41.2 

C41.3 

C41.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID10 2 4 6 ID11

42
/

C42.1 

/

ṕ

Ṗ

C42.2 

C42.3 

C42.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID10 2 4 6 ID12

43

C43.1 

C43.2 

C43.3 (

)

C43.4 

ID7 ID7 2 5 7 ID13 2 5 7

44

C44.1 

C44.2 (

)

C44.3 

IDỊ ID8 2 4 6 ID13 2 4 6
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45
/

C45.1 

C45.2 

ṕ

Ṗ

C45.3 (

)

C45.4 

ID9 ID9 2 5 7 ID13 2 5 7

46

C46.1 

C46.2 

C46.3 (

)

C46.4 

ẓID31

ẓ

ID16 2 5 7 ID16 2 5 7

47

C47.1 

C47.2 (

)

C47.3 

ẓID31

ẓ ṕ

Ṗ

ID17 2 4 6 ID16 2 4 6
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48
/

C48.1 

C48.2 

ṕ

Ṗ

C48.3 (

)

C48.4 

ẓ ṕ

Ṗ

ẓID31

ID18 2 5 7 ID16 2 5 7

49

C49.1 

C49.2 ṕ

Ṗ

C49.3 

C49.3-2 

C49.4 

C49.5 

E49.1 

E49.2 /

E49.3 

2 5 7

ṕ Ṗṕ

Ṗ

2 5 7

50

C50.1 

C50.2 ṕ

Ṗ

C50.3 

C50.4 

C50.5 ṕ

Ṗ

ID49 2 4 6
ṕ Ṗṕ

Ṗ
2 4 6

ẑ

ṕ

Ṗ

ṕ

Ṗ
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51

/

C51.1 

C51.2 ṕ

Ṗ

C51.3 

ṕ

Ṗ

C51.4 

C51.5 

C51.6 ṕ

Ṗ

ID49 2 5 7 ID50 2 5 7

ẑ

ṕ

Ṗ

ṕ

Ṗ

52 /

C52.1 

C52.2 

E52.1 

E52.2 

E52.3 /

E52.4 

2 4 6

ṕ

Ṗṕ

Ṗ

2 4 6

ẑ

/

ṕ

Ṗ

53 /

C53.1 (

)

C53.2 

C53.3 ṕ

Ṗ

ID52 2 4 6 ID52 2 4 6

ẑ

/

ṕ

Ṗ

ṕ

Ṗ
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54
/

/

C54.1 (

)

C54.2 

C54.3 ṕ

Ṗ

ID52 ID53 2 5 7 ID52 2 5 7

ẑ

/

ṕ

Ṗ

ṕ

Ṗ

55
/

C55.1 

/

C55.2 

/

C55.3 ( /

)

C55.4 

ID7 ID7 2 5 7
/

2 5 7

56
/

C56.1 

/

C56.2 ( /

)

C56.3 

ID8 ID8 2 4 6 ID55 2 4 6
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57
/

/

C57.1 

/

C57.2 

/

ṕ

Ṗ

C57.3 ( /

)

C57.4 

ID9 ID9 2 5 7 ID55 2 5 7

58

C58.1 

C58.2 

C58.3 (

)

C58.4 

ID7 ID7 2 5 7 ID13 2 5 7

59

C59.1 

C59.2 (

)

C59.3 

ID8 ID8 2 4 6 ID13 2 4 6

60
/

C60.1 

C60.2 

ṕ

Ṗ

C60.3 (

)

C60.4 

ID9 ID9 2 5 7 ID13 2 5 7
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61

C61.1 

C61.2 

C61.3 (

)

C61.4 

E61.1 ODD

E61.2 

E61.3 /

E61.4 

ODD

2 5 7
ṕ Ṗ

ṕ

Ṗ

2 5 7

62

C62.1 

C62.2 

C62.3 (

)

C62.4 

C62.5 ṕ

Ṗ

ID61

ODD

2 4 6 ID61 2 4 6 ID2

63
/

C63.1 

C63.2 

ṕ

Ṗ

C63.3 (

)

C63.4 

C63.5 ṕ

Ṗ

ID61 ID62 2 5 7 ID61 2 5 7 ID3
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64

C64.1 

C64.2 

C64.3 (

)

C64.4 

ID7 ID7 2 5 7 ID13 2 5 7

65

C65.1 

C65.2 (

)

C65.3 

IDỊ ID8 2 4 6 ID13 2 4 6

66
/

C66.1 

C66.2 

ṕ

Ṗ

C66.3 (

)

C66.4 

ID9 ID9 2 5 7 ID13 2 5 7

67

C67.1 

C67.2 

C67.3 

ṕ Ṗ

HMI

C67.4 

/ /

C67.5 

C67.6 

C67.7 

ID1 HMI 2 5 7 2 4 6

ẑ

ṕ

Ṗ
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68

C68.1 /

C68.2 

/

C68.3 

/

HMI

C68.4 

C68.5 

C68.6 

C68.7 

ṕ Ṗ

ID1

HMI

2 4 6 ID67 2 4 6

ẑ

ṕMRM/MRCṖ

ṕ

Ṗ

69

/

C69.1 

C69.2 

ṕ Ṗ

HMI

/

C69.3 

/ /

/

C69.4 

C69.5 

C69.6 

ṕ Ṗ

ID1

HMI

2 5 7 2 5 7

ẑ

ṕMRM/MRCṖ

ṕ

Ṗ

70

C70.1 

C70.2 

C70.3 

/

ID61

ṕ

Ṗ

2 5 7 ID67 2 5 7 ID67
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71

C71.1 /

C71.2 

C71.3 

HMI

C71.4 

C71.5 

C71.6 

ID61
HMI

2 5 7 ID67 2 4 6 ID68

72
/

C72.1 

C72.2 

HMI

C72.3 

C72.4 

C72.5 

ID61 ID71 2 5 7 ID67 2 5 7 ID69

73
ṕ

Ṗ

C73.1 

C73.2 

C73.3 

ID1 2 6 8 ID67 2 5 7 ID67
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74
ṕ

Ṗ

C74.1 

C74.2 

ṕ

/ /

Ṗ

C74.3 

C74.4 /

/

ID1
HMI

2 5 7 ID67 2 5 7

ẑ

ṕ

Ṗ

75

ṕ

Ṗ

/

ID61 ID1 ID73 2 6 8 ID67 2 5 7 ID67
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2 ─ ─ꜞ☻◒ ─  

─ ─ꜞ☻◒ ─ ╩ ⌐ ∆ ⌐ ─ ╡ ↓↓≢│

ⱨ▼כ☼≤⇔≡ ┘ ≤ ─2≈╩ ⇔√ ⌐

⌂Ɫ◙כ♪ ─ ⅜ ⌂ │ ⌐ ⅛ↄⱨ▼כ☼ ↑⇔√ ≢ꜞ☻◒

HAZID╩ ∆╢↓≤⅜ ╕⇔™↓≤⌐ ↕╣√™  

 

i. ─  

 4.1 ⌐ ⇔√ ─ ╩ ⌐ ∆  

 

(0) ConOps 

Table 2.1 ConOps 

ǒ ─  

 │ ─ ╩ ≤⇔ ∆╢ ╛ ⌐ ∆

╢ ╩ ⇔ ⌐ ↕╣√ ⌐ ∫≡ ╩ ⇔ ↓╣╩

∆╢ ≤ ╩ ⇔ ─ ╩ ⇔⌂⅜╠ ─ ╩ ℮

╙─≢№╢  

 │ ⅛╠ ↕╣╢╙─≤

∆╢ ─ ◦☻♥ⱶ│ ╩ ╕ⅎ≡ ─ ╩

⇔ ◦☻♥ⱶ╩ ⇔ ⌐ ∫√ ≤ ─ ╩ ℮  

  

 XXX  

 X X  X X  

 YYY  

 Y Y  Y Y  

 ZZZ 

 Z Z  Z Z  

  

 ─ ╩ ∑∏ ─ ⌐ ╩ ⅎ⌂™╟℮ ⌂

⌂ ╩ ∆╢↓≤  

 ╩ ⇔ ⌐ ⌂ ╣⅜ ∂⌂™╟℮ ─ ⌂

┘ ⌂ ╩ ⇔≈≈ ⌐⅛⅛╢ │ ⌐ ⅎ╢↓

≤  

ǒ ─  

 ─ │ ≤⇔≡™╢ ─ ⌐⅔™≡ ≤⌂╢ ─

╛ ⌐ ∆╢ ╩ ╗ ╩ ⇔ ∕─ ⌐ ™⁸ ╩ ∆

╢↓≤≢№╢  
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ǒ ─ ה ○Ɑ꜠כ♃ ≤─  

 ─ ─ │ ClassNK●▬♪ꜝ▬fi[4]≢ ↕╣≡™╢ II⌐ ∆

╢  

 ⌐ ∆╢ ─ ─ │ ⌐╟∫≡ ↕╣╢  

 │ ⌐╟∫≡ ┘ ─ ⌐ ↕╣╢  

 ≢ ═╢ ─ ≢│ ⌐╟╢ ╩ ™ ∕─

≢│ ─ ⅜ ╡─ ≢ ╩ ℮  

ǒ ─ ה ○Ɑ꜠כ♃ ≤─  

 │ ╩ ↕⌂™  

ǒ  

  

  ₃₃₃ 

  ⱨ▼ꜞכ 

  ♩fi 199♩fi 

  45m 

  9m 

   

  XXX ⅛╠YYY  

  ─ⱨ▼כ☼ ┘ ⁸  

ǒ ─  

 ╩ ⇔√ ─ │ ─ ⌐⅔™≡ ─ ⅛

╠ ╩ ⅝ ⅞ ⌐╟╢ ─ ╩ ↕∑╢↓≤≢ ℮

─ ─ ╩ ⇔ ┼ ─ ⇔╩ ∆╢≤↓╤╕≢╩

─ ≤∆╢ ⌂⅔ ─ ⌐⅔™≡ ─ ⌐ √ │

≢№∫≡╙ ⌐ ╩ ⅝ ∆↓≤≢ ╩ ∆╢  

ǒ ─⸗♬♃ꜞfi◓  

 ⅜ ⇔√☿fi◘ ↕╣√☿fi◘ ↕╣√

⌐⅔↑╢ ─ ≠↑│ ≡ ─ ⸗♬♃ꜞfi◓ ⌐╟∫≡

⌐ ⇔≡ ↕╣╢  

ǒ ⌐ ⅛╠ ╣√ ─  

 ⅛╠ ╣√↓≤│ ⌐╟∫≡ ↕╣ ⌐╟╡ ⌐

↕╣╢ │ ╘╠╣√ ≢ ╩♪כ⸗ ╠⅛♪כ⸗ ┼♪כ⸗

ⅎ╢↓≤≢ │ ⌐ ⅝ ⅜╣╢  

 

(1) ◦☻♥ⱶ─ ─ ◒☻♃Ⱪ◘ה◒☻♃  
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Table 2.2 ◦☻♥ⱶ─ ⱨ▼כ☼  

ID  ♃☻◒ ◘Ⱪ♃☻◒ 

1 
◦

☻♥ⱶ 

ה ─  

ה ⱨ▼כ☼

Ÿ  

ה ─ ─  

ה ─ ─  

ה / ─ ─  

ה ─ ─  

ה & ─  

ה ─  

ה ─ ⌐ ⌂ ─  

2 
◦☻♥ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─

─  

3 

/

◦☻♥ⱶ 

ה / ─

 

ה ─ ─  

─◘fi☿ה ─  

ה / ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─

 

ה ⁸ ─ ⁸☿fi◘─

─  

4 ◦☻

♥ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─

 

ה ⁸ ─ ⁸☿fi◘─

─  

5 
◦

☻♥ⱶ 

ה ⌐ ≠ↄ

─  

ה / ─  

ה / ─ ─  

ה ─ ─  

ה ─  

ה ─ ─  

ה ≤ ─ ≤─  

ה ≤─ ─  

ה / ─ ⁸ ─ ─  

6 
◦☻♥ⱶ 

ה ♪כ⸗  

ה ─ ─  

ה ⁸ / ⁸

─  

ה ◦☻♥ⱶ─ ─ ─  

ODDה  

ה ─ ─ ⌐ ⌂ ─  
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7  

 

ה ◦☻♥ⱶ

⅛╠─ ⌐ ≠ↄ  

 

ה ─  

─╠⅛ⱶ♥☻◦ה ⸗

♪כ ⌐ ≠ↄ

♪כ⸗  

ה  

ה ◦☻♥ⱶ─ ♪כ⸗

─  

ה ⁸ / ⁸

─  

8 
כ♪ꜗ◦

 

ה ◦☻♥ⱶ⁸

─ ⸗♬♃ꜞfi◓ 

ה

 

  

 

Table 2.3 ◦☻♥ⱶ─ ⱨ▼כ☼  

ID  ♃☻◒ ◘Ⱪ♃☻◒ 

1 
◦

☻♥ⱶ 

ה ─  

ה ⱨ▼כ☼

Ÿ  

ה ─ ─  

ה ─ ─  

ה / ─ ─  

ה ─ ─  

ה & ─  

ה ─  

ה ─ ⌐ ⌂ ─  

2 
◦☻♥ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─

 

3 
◦☻♥ⱶ 

ה ≤ ≤─ ─

 

ה ─ ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

4 

/

◦☻♥ⱶ 

ה / ─

 

ה ─ ─  

─◘fi☿ה ─  

ה / ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─  
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ה ⁸ ─ ⁸☿fi◘─ ─

 

5 ◦☻

♥ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─ ─

 

6 
◦

☻♥ⱶ 

ה ⌐ ≠

ↄ ─  

ה / ─  

ה / ─ ─  

ה ─ ─  

ה ─  

ה ─ ─  

ה ≤ ─ ≤─

 

ה ≤─ ─  

ה / ─ ⁸ ─ ─  

7 
◦☻♥ⱶ 

ה ♪כ⸗  

ה ─ ─  

ה ⁸ / ⁸

⁸ ─  

ה ◦☻♥ⱶ─ ─ ─  

ODDה  

ה ─ ─ ⌐ ⌂ ─  

8  

 

ה ◦☻♥ⱶ

⅛╠─ ⌐ ≠ↄ  

 

ה ─  

─╠⅛ⱶ♥☻◦ה ⸗

♪כ ⌐ ≠ↄ

♪כ⸗  

ה  

│ ─ ⌐ ╕╣╢  

ה ◦☻♥ⱶ─ ♪כ⸗

─  

ה ⁸ / ⁸

⁸ ─  

9 
כ♪ꜗ◦

 

ה ◦☻♥ⱶ⁸

─ ⸗♬♃ꜞfi◓ 

ה

 

  

 

(2) ◦☻♥ⱶ─ ⅜╦⅛╢╟℮⌂◦☻♥ⱶ▪כ◐♥◒♅ꜗ 
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Figure 2.1 ◦☻♥ⱶ▪כ◐♥◒♅ꜗ ⱨ▼כ☼  
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Figure 2.2 ◦☻♥ⱶ▪כ◐♥◒♅ꜗ ⱨ▼כ☼  

 

(3) ◦☻♥ⱶ─ ─  
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Figure 2.3 ⌐ ∆╢ ─ ⱨ▼כ☼  

 

 

Figure 2.4 ⸗כ♪ ⌐ ∆╢ ─ ⱨ▼כ☼  
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Figure 2.5 ⌐ ∆╢ ─ ⱨ▼כ☼  

 

 

Figure 2.6 ⸗כ♪ ⌐ ∆╢ ─ ⱨ▼כ☼  

 

(4) ◦☻♥ⱶ≤ ─ ─  
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Table 2.4 ◦☻♥ⱶ≤ ─ ─ ⱨ▼כ☼  

Task ◦☻

♥ⱶ 
◦☻♥

ⱶ 

/

◦☻

♥ⱶ 

◦

☻♥ⱶ 

◦☻

♥ⱶ 
◦☻♥

ⱶ 

 
◦ꜗ♪

כ  

ⱨ

☼כ▼

 

ᵑ              

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

  

ᵑ

/

 

          

ᵒ⸗♬

♃ꜞfi

◓ 

/

─

 

    

ᵑ

/

 

        

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

      

ᵑ

/

 

      

ᵒ⸗♬

♃ꜞfi

◓ 

─  

ᵑ              

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

        ᵑ      

ᵒ⸗♬

♃ꜞfi

◓ 

☿

fi◘─

 

  
ᵑ

 

ᵑ

 

ᵑ

 
      

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
  

ᵒ⸗♬

♃ꜞfi

◓ 
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ODD

&

♪כ⸗

 

          
ᵑ

&  
  

ᵒ⸗♬

♃ꜞfi

◓ 

⸗

♪כ

&

♪כ⸗

 

          

ᵑ⸗כ

♪

 

ᵒ  

ᵓ

 

ᵔ⸗כ

♪  

ᵕ⸗♬

♃ꜞfi

◓ 

 

              

ᵑ⸗♬

♃ꜞfi

◓ 

ᵒ

 

 

Table 2.5 ◦☻♥ⱶ≤ ─ ─ ⱨ▼כ☼  

Task ◦☻

♥ⱶ 
◦☻♥

ⱶ 

/

◦

☻♥ⱶ 

◦

☻♥ⱶ 

◦☻♥

ⱶ 

◦☻

♥ⱶ 
◦☻♥

ⱶ 

 
◦ꜗ♪

כ  

ⱨ

☼כ▼

 

ᵑ                

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

  

ᵑ

/

 

            

ᵒ⸗♬

♃ꜞfi

◓ 

/

─

 

    

ᵑ

/

 

          

ᵒ⸗♬

♃ꜞfi

◓ 
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─

 

      

ᵑ

/

 

        

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

        ᵑ        

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

ᵑ                

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

          ᵑ      

ᵒ⸗♬

♃ꜞfi

◓ 

☿

fi◘─

 

  
ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
      

ᵒ⸗♬

♃ꜞfi

◓ 

─

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
  

ᵒ⸗♬

♃ꜞfi

◓ 

ODD

&

כ⸗

♪  

            
ᵑ

&  
  

ᵒ⸗♬

♃ꜞfi

◓ 

⸗

♪כ

&

♪כ⸗

 

            

ᵑ⸗כ

♪

 

ᵒ  

ᵓ

 

ᵔ⸗כ

♪  

ᵕ⸗♬

♃ꜞfi

◓ 

 

                

ᵑ⸗♬

♃ꜞfi

◓ 

ᵒ
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(5) ◦☻♥ⱶ─  

 

Table 2.6 ◦☻♥ⱶ─  

 

   ↕╣√  

  ∆╢  
≢─ ⌐ ⌂ ⅜№╢↓≤:: 3L─

 

  ∆╢  ⌐ ⌂ ⅜№╢↓≤::0.5L─  

   ™ ::3nm꜠fi☺ ⌐ 5 ╕≢ 

  AIS ┘  
◦☻♥ⱶ⅜ ≢⅝⌂™ AIS ╛ ⅜ ™

↓≤::700m ⌐ ⅝↕ 1m ─ ⌂ ⅜ ™ 

 

   
⌂ :: 7m/s 1.5m

500m  

    

 

  ◦☻♥ⱶ  ⌐ ─כꜝ◄ ::≥↓╢™≡⇔ ⇔ 

  ⌐ ⌂  ⌐ ─כꜝ◄ ::≥↓╢™≡⇔ ⇔ 

   ─ ─ ─ :: ─ ⇔ 

  ∕─  
⌐ ∆╢ ⅜ ⇔≡™⌂™:: 

⅜ ∂≡™⌂™ 

 

(6) ─  

ה ─ ◦☻♥ⱶ╩ ⇔√ ╩ ⌐≡ ↕∑╢↓≤≢

◦☻♥ⱶ─ ∆═⅝ ─ ╩ ℮ 

ה XXX YYY  

ה ₃₃ ĬĬǏǏ  

כ♪ꜗ◦ה  ⌐╟╢ ╡≤ ─ ╩ ™ ⅜

╠╣√ ⌐ⱨ◊כꜟⱣ♇◒╩ ∆╢ ⌂⅔ כ♪ꜗ◦ │ ⁸ ⌐ ∆╢╙─≤

∆╢  

ה ⌐╟╢ ╙ ⌐ ∆╢╙─≤∆╢

◦☻♥ⱶ⅛╠─ ⅜ ⇔√ │⁸ ⇔ ⌐ ╡ ⅎ⁸ ╩ ∆╢  

ה │ ≢№╢⅜ │ ╩ ↕∑∏⌐ ∆╢  
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ii. ꜞ☻◒  

 i.≢ ⇔√ ─ ─ ⌐ ⇔≡ꜞ☻◒ HAZID╩ ⇔√ ╩

╘√HAZID WS─ ╩Table 2.7≤Table 2.8⌐ ∆ ⌂⅔ FI (Freqeuency Index)SI (Severity 

Index)RI (Risk Index)─ │ 5.3⌐ ≤ ∂╙─╩ ⇔√  
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Table 2.7 HAZID WS (ⱨ▼כ☼ ) 

 

 

Sheet ID: 1

Phase: 

ID Hazard Causes Consequences Existing Safeguards Index(before action)Safeguards at Trial Index(after action)Emergency Plan Comments

SI FI RI SI FI RI ṕ Ṗ

1

C1.1 ṕ

/

Ṗ

C1.2 ṕ

Ṗ

C1.3 

C1.4 

C1.5 

E1.1 /

E1.2 

/

1 5 6 1 5 6

ẑ

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

2

C2.1 ṕ

/

Ṗ

C2.2 ṕ

Ṗ

C2.3 

C2.4 

C2.5 (

)

ID1 1 5 6 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ
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3
/

C3.1 ṕ

/

Ṗ

C3.2 

ṕ

Ṗ

C3.3 

C3.4 

C3.5 (

)

ID1 ID2 1 5 6 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

4

ṕ

ẓ Ṗ

C4.1 

ṕ Ṗ

C4.2 (

)

C4.3 

C4.4 

E4.1 

E4.2 /

E4.3 

1 5 6 ID1 1 5 6 ID1 ṕ Ṗ ṕ

Ṗ

5

ṕ

ẓ Ṗ

C5.1 

ṕ Ṗ

C5.2 ṕ

Ṗ

C5.3 

C5.4 

C5.5 (

)

ID4 1 5 6 ID1 1 5 6 ID1 ID2
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6

ṕ

ẓ Ṗ

/

C6.1 (

)

C6.2 

ṕ

Ṗ

C6.3 

C6.4 

C6.5 (

)

ID4 1 5 6 ID1 1 5 6 ID1 ID3

7

C7.1 

C7.2 (

)

C7.3 

ẓID4

ẓ

1 5 6 ID1 1 5 6 ID1
ID4

8

C8.1 

C8.2 (

)

C8.3 

ẓ ṕ

Ṗ

ẓID4

1 5 6 ID1 1 5 6 ID1 ID4

9
/

C9.1 

C9.2 

ṕ

Ṗ

C9.3 (

)

C9.4 

ẓ ṕ

Ṗ

ẓE9.1 

E9.2 ODD

E9.3 

E9.4 /

E9.5 

ID8 1 5 6 ID1 1 5 6 ID1 ID4
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10

C10.1 

(

)

C10.2 

C10.3 

E10.1 ṕ Ṗ

E10.2 

E10.3 

/

E10.4 

E10.5 /

E10.6 

ṕ

Ṗ

1 5 6 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

11

C11.1 (

)

C11.2 

C11.3 

C11.4 ṕ

Ṗ

ID10

ṕ

Ṗ

1 4 5 ID1 1 4 5 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

12
/

C12.1 

/

ṕ

Ṗ

C12.2 

C12.3 

C12.4 ṕ

Ṗ

E12.1 ṕ Ṗ

E12.2 

E12.3 

E12.4 

E12.5 /

E12.6 

ID11 1 5 6 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

13

C13.1 

C13.2 

C13.3 (

)

C13.4 

ID7 ID7 1 5 6 ID1 1 5 6 ID1
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14

C14.1 

C14.2 (

)

C14.3 

IDỊ ID8 1 5 6 IDể 1 5 6 ID1 ID13

15
/

C15.1 

C15.2 

ṕ

Ṗ

C15.3 (

)

C15.4 

ID9 ID9 1 5 6 ID1 1 5 6 IDể ID13

16

C16.1 

C16.2 

C16.3 (

)

C16.4 

ẓID10

ẓ

1 5 6 ID1 1 5 6 ID1
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17

C17.1 

C17.2 (

)

C17.3 

ẓID10

ẓ ṕ

Ṗ

1 5 6 ID1 1 5 6 ID1 ID16

18
/

C18.1 

C18.2 

ṕ

Ṗ

C18.3 (

)

C18.4 

ẓ ṕ

Ṗ

ẓID12

1 5 6 ID1 1 5 6 ID1 ID16

/

19
/

C19.1 

( /

)

C19.2 /

C19.3 

E19.1 ṕ Ṗ

E19.2 /

E19.3 

ID10 1 5 6 ID1 1 5 6 ID1 ID10
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20
/

C20.1 

( /

)

C20.2 /

C20.3 

C20.4 ṕ

Ṗ

ID19 ID11 1 4 5 ID1 1 4 5 ID1 ID11

21

/

/

C21.1 /

/

ṕ

Ṗ

C21.2 

C21.3 

C21.4 ṕ

Ṗ

ID19 ID11 1 5 6 ID1 1 5 6 ID1 ID12

22

C22.1 /

C22.2 /

C22.3 (

)

C22.4 

ID7 ID7 1 5 6 ID1 1 5 6 ID1 ID13

23

C23.1 /

C23.2 (

)

C23.3 

IDỊ ID8 1 5 6 ID1 1 5 6 ID1 ID13
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24
/

C24.1 /

C24.2 /

ṕ

Ṗ

C24.3 (

)

C24.4 

ID9 ID9 1 5 6 ID1 1 5 6 ID1 ID13

25

C25.1 /

C25.2 /

C25.3 (

)

C25.4 

ẓID19

ẓ

ID16 1 5 6 ID1 1 5 6 ID1 ID16

26

C26.1 /

C26.2 (

)

C26.3 

ẓID19

ẓ ṕ

Ṗ

ID17 1 5 6 ID1 1 5 6 ID1 ID16
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27
/

C27.1 /

C27.2 /

ṕ

Ṗ

C27.3 (

)

C27.4 

ẓ ṕ

Ṗ

ẓID19

ID18 1 5 6 ID1 1 5 6 ID1 ID16

28

C28.1 

(

)

C28.2 

C28.3 

ID19 ID10 1 5 6 ID1 1 5 6 ID1 ID10

29

C29.1 

(

)

C29.2 

C29.3 

C29.4 ṕ

Ṗ

ID19 ID11 1 4 5 ID1 1 4 5 ID1 ID11
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30
/

C30.1 

/

ṕ

Ṗ

C30.2 

C30.3 

C30.4 ṕ

Ṗ

ID19 ID11 1 5 6 ID1 1 5 6 ID1 ID12

31

C31.1 

C31.2 

C31.3 (

)

C31.4 

ID7 ID7 1 5 6 ID1 1 5 6 ID1 ID13

32

C32.1 

C32.2 (

)

C32.3 

IDỊ ID8 1 5 6 ID1 1 5 6 ID1 ID13

33
/

C33.1 

C33.2 

ṕ

Ṗ

C33.3 (

)

C33.4 

ID9 ID9 1 5 6 ID1 1 5 6 ID1 ID13
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34

C34.1 

C34.2 

C34.3 (

)

C34.4 

ẓID19

ẓ

ID16 1 5 6 ID1 1 5 6 ID1 ID16

35

C35.1 

C35.2 (

)

C35.3 

ẓID19

ẓ ṕ

Ṗ

ID17 1 5 6 ID1 1 5 6 ID1 ID16

36
/

C36.1 

C36.2 

ṕ

Ṗ

C36.3 (

)

C36.4 

ẓ ṕ

Ṗ

ẓID19

ID18 1 5 6 ID1 1 5 6 ID1 ID16
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37

C37.1 

C37.2 (

)

C37.3 

C37.4 

C37.5 

E37.1 

E37.2 /

E37.3 

1 5 6 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

38

C38.1 

C38.2 (

)

C38.3 

C38.4 

C38.5 ṕ

Ṗ

ID37 1 5 6 ID1 1 5 6 ID1 ID2

39

/

C39.1 

C39.2 (

)

C39.3 

ṕ

Ṗ

C39.4 

C39.5 

C39.6 ṕ

Ṗ

ID37 1 5 6 ID1 1 5 6 ID1 ID3
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41 /

C41.1 (

)

C41.2 

C41.3 ṕ

Ṗ

ID40 1 4 5 ID1 1 4 5 ID1

ṕ

Ṗ ṕ

Ṗ

/

ṕ

Ṗ

ṕ

Ṗ

42
/

/

C42.1 (

)

C42.2 

C42.3 ṕ

Ṗ

ID40 ID41 1 5 6 ID1 1 5 6 ID1

ṕ

Ṗ ṕ

Ṗ

/

ṕ

Ṗ

ṕ

Ṗ

43
/

C43.1 

/

C43.2 

/

C43.3 ( /

)

C43.4 

ID7 ID7 1 5 6 ID1 1 5 6 ID1
/
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44
/

C44.1 

/

C44.2 ( /

)

C44.3 

IDỊ ID8 1 5 6 ID1 1 5 6 ID1 ID43

45
/

/

C45.1 

/

C45.2 

/

ṕ

Ṗ

C45.3 ( /

)

C45.4 

ID9 ID9 1 5 6 ID1 1 5 6 ID1 ID43

46

C46.1 

C46.2 

C46.3 (

)

C46.4 

ID7 ID7 1 5 6 ID1 1 5 6 ID1 ID13

47

C47.1 

C47.2 (

)

C47.3 

IDỊ ID8 1 5 6 ID1 1 5 6 ID1 ID13



 

 

 104  

 

48
/

C48.1 

C48.2 

ṕ

Ṗ

C48.3 (

)

C48.4 

ID9 ID9 1 5 6 ID1 1 5 6 ID1 ID13

49

C49.1 

C49.2 

C49.3 (

)

C49.4 

E49.1 ODD

E49.2 

E49.3 /

E49.4 

ODD

1 5 6 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

50

C50.1 

C50.2 

C50.3 (

)

C50.4 

C50.5 ṕ

Ṗ

ID49

ODD

1 5 6 ID1 1 5 6 ID1 ID2
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51
/

C51.1 

C51.2 

ṕ

Ṗ

C51.3 (

)

C51.4 

C51.5 ṕ

Ṗ

ID49 ID50 1 5 6 ID1 1 5 6 ID1 ID3

52

C52.1 

C52.2 

C52.3 (

)

C52.4 

ID7 ID7 1 5 6 ID1 1 5 6 ID1 ID13

53

C53.1 

C53.2 (

)

C53.3 

IDỊ ID8 1 5 6 ID1 1 5 6 ID1 ID13
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54
/

C54.1 

C54.2 

ṕ

Ṗ

C54.3 (

)

C54.4 

ID9 ID9 1 5 6 ID1 1 5 6 ID1 ID13

55

C55.1 

C55.2 

C55.3 HMI

C55.4 

ID49
MRM/MRC

HMI

1 6 7 ID1 1 5 6 ID1

MRM/MRC

ṕ Ṗ

56

C56.1 ,

C56.2 HMI

C56.3 

C56.4 

ID49

HMI

MRM/MRC
1 6 7 ID1 1 6 7 ID1

MRM/MRC

ṕ Ṗ
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57

C57.1 

HMI

C57.2 

C57.3 

C57.4 

ḯ

C57.5 

E57.1 

E57.2 /

E57.3 

HMI

MRM/MRC

1 6 7 ID1 1 5 6 ID1

ṕ Ṗ ṕ

Ṗ

MRM/MRC

ṕ

Ṗ

58

C58.1 

HMI

C58.2 

C58.3 

C58.4 

E58.1_1 ODD

E58.1_2 

E58.2 

E58.3 /

E58.4 

ID57 1 5 6 ID1 1 5 6 ID1
ID57

59

C59.1 

HMI

HMI

C59.2 

C59.3 

C59.4 

E59.1 ODD

E59.2 

E59.3 /

E59.4 

ID57 1 6 7 ID1 1 5 6 ID1 ID57
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60

C60.1 

C60.2 

C60.3 

/

ID49 1 6 7 ID1 1 5 6 ID1 ID57

61

C61.1 

C61.2 

C61.3 

HMI

C61.4 

C61.5 

C61.6 

ID49

HMI

1 5 6 ID1 1 5 6 ID1 ID57

62

/

C62.1 

C62.2 

HMI

C62.3 

C62.4 

C62.5 

ID49 ID61 1 6 7 ID1 1 5 6 ID1 ID57

63

C63.1 

C63.2 

C63.3 

C63.4 

C63.5 

ḯ

C63.6 

/

E63.1 

E63.2 /

E63.3 

1 6 7 ID1 1 6 7 ID1

HMI

ṕ

Ṗ
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64

C64.1 

C64.2 

C64.3 

C64.4 

E64.1 

E64.2 /

E64.3 

ID63 1 6 7 ID1 1 5 6 ID1 ID63

65
/

C65.1 

C65.2 

C65.3 

C65.4 

C65.5 

E65.1 

E65.2 /

E65.3 

ID63 1 6 7 ID1 1 6 7 ID1 ID63

66

C66.1 

HMI

C66.2 

C66.3 

C66.4 

ID1 NA 1 6 7

HMI

ṕ

Ṗ

1 5 6 ID1 NA
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67

C67.1 

HMI

C67.2 

C67.3 

C67.4

/ /

ID1 NA 1 5 6 ID66 1 4 5 ID1 NA

68

/

C68.1 

HMI

HMI

C68.2 

C68.3 

C68.4 

/ /

ID1 NA 1 6 7 ID66 1 5 6 ID1 NA

69
ṕ

Ṗ

C69.1 

C69.2 

C69.3 

ID1 NA 1 7 8
ṕ

Ṗ

1 6 7 ID1 NA
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70
ṕ

Ṗ

C70.1 

C70.2 

ṕ

/ /

Ṗ

C70.3 

C70.4 

C70.5 

/ /

ID1 NA 1 6 7 ID69 1 5 6

ID1

ẑ

NA

71

ṕ

Ṗ

/

C71.1 

C71.2 

C71.3 

C71.4 

/ /

ID1 NA 1 7 8 ID69 1 6 7

ID1

ẑ

NA
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Table 2.8 HAZID WS (ⱨ▼כ☼ ) 

 

 

 

Sheet ID: 2

Phase: 

ID Hazard Causes Consequences Existing Safeguards Index(before action)Safeguards at Trial Index(after action)Emergency Plan Comments

SI FI RI SI FI RI ṕ Ṗ

1

C1.1 ṕ

/

Ṗ

C1.2 ṕ

Ṗ

C1.3 

C1.4 

C1.5 

E1.1 /

E1.2 ṕ Ṗ

/

2 5 7 2 5 7

ẑ

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

2

C2.1 ṕ

/

Ṗ

C2.2 ṕ

Ṗ

C2.3 

C2.4 

C2.5 ṕ

Ṗ

ID1 2 4 6 ID1 2 4 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ
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3 /

C3.1 ṕ

/

Ṗ

C3.2 

ṕ

Ṗ

C3.3 

C3.4 

C3.5 ṕ

Ṗ

ID1 ID2 2 5 7 ID1 2 5 7 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

4

ṕ

ẓ Ṗ

C4.1 

ṕ Ṗ

C4.2 (

)

C4.3 

C4.4 

E4.1 

E4.2 /

E4.3 

2 5 7 ID1 2 5 7 ID1 ṕ Ṗ ṕ

Ṗ

5

ṕ

ẓ Ṗ

C5.1 

ṕ Ṗ

C5.2 (

)

C5.3 

C5.4 

C5.5 ṕ

Ṗ

ID4 2 4 6 ID1 2 4 6 ID1 ID2
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6

ṕ

ẓ Ṗ

/

C6.1 (

)

C6.2 

ṕ

Ṗ

C6.3 

C6.4 

C6.5 ṕ

Ṗ

ID4 2 5 7 ID1 2 5 7 ID1 ID3

7

C7.1 

C7.2 (

)

C7.3 

ẓID4

ẓ

2 5 7 ID1 2 5 7 ID1 ID4

8

C8.1 

C8.2 (

)

C8.3 

ẓ ṕ

Ṗ

ẓID4

2 4 6 ID1 2 4 6 ID1 ID4

9
/

C9.1 

C9.2 

ṕ

Ṗ

C9.3 (

)

C9.4 

ẓ ṕ

Ṗ

ẓE9.1 

E9.2 ODD

E9.3 /

E9.5 ṕ Ṗ

ID8 2 5 7 ID1 2 5 7 ID1 ID4
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10

C10.1 

(

)

C10.2 

C10.3 

E10.1 

E10.2 

E10.3 

/

E10.4 

E10.5 /

E10.6 

ṕ

Ṗ

2 4 6 ID1 2 4 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

11

C11.1 

(

)

C11.2 

C11.3 

C11.4 ṕ

Ṗ

ID10

ṕ

Ṗ

2 4 6 ID1 2 4 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ

12
/

C12.1 

/

ṕ

Ṗ

C12.2 

C12.3 

C12.4 ṕ

Ṗ

E12.1 

E12.2 

E12.3 

E12.4 

E12.5 /

E12.6 

ID11 2 4 6 ID1 2 4 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ

Ṗ
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13

C13.1 

C13.2 

C13.3 (

)

C13.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1

14

C14.1 

C14.2 (

)

C14.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID13

15
/

C15.1 

C15.2 

ṕ

Ṗ

C15.3 (

)

C15.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID13
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16

C16.1 

C16.2 

C16.3 (

)

C16.4 

ẓID10

ẓ

2 5 7 ID1 2 5 7 ID1

17

C17.1 

C17.2 (

)

C17.3 

ẓID10

ẓ ṕ

Ṗ

2 4 6 ID1 2 4 6 ID1 ID16

18
/

C18.1 

C18.2 

ṕ

Ṗ

C18.3 (

)

C18.4 

ẓ ṕ

Ṗ

ẓID12

2 5 7 ID1 2 5 7 ID1 ID16
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19

C19.1 

C19.2 

C19.3 ẓ

C19.4 

E19.1 

E19.2 

2 4 6 ID1 2 4 6 ID1 ṕ Ṗ

ṕ Ṗ

20 ID19 ID19 ID19 2 4 6 ID1 2 4 6 ID1 ID19

21 / ID19 ID19 ID19 2 4 6 ID1 2 4 6 ID1 ID19

22

C22.1 

C22.2 

C22.3 (

)

C22.4 

E22.1 

ṕ

ID23 24

Ṗ

ID19 2 4 6 ID1 2 4 6 ID1
ṕ Ṗ ṕ

Ṗ

23 ID22

ṕ

Ṗ

E23.1 

E23.2 

E23.3 

ID19 2 4 6 ID1 2 4 6 ID1 ID22
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24 /

C24.1 

C24.2 

ṕ

Ṗ

C24.3 (

)

C24.4 

ṕ

Ṗ

E24.1 

E24.2 

E24.3 

2 4 6 ID1 2 4 6 ID1 ID22

25

C25.1 

C25.2 

C25.3 (

)

C25.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1 ID13

26

C26.1 

C26.2 (

)

C26.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID13
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27
/

C27.1 

C27.2 

ṕ

Ṗ

C27.3 (

)

C27.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID13

28

C28.1 

C28.2 

C28.3 (

)

C28.4 

ẓID19

ẓ

ID16 2 5 7 ID1 2 5 7 ID1 ID16

29

C29.1 

C29.2 (

)

C29.3 

ẓID19

ẓ ṕ

Ṗ

ID17 2 4 6 ID1 2 4 6 ID1 ID16

30
/

C30.1 

C30.2 

ṕ

Ṗ

C30.3 (

)

C30.4 

ẓ ṕ

Ṗ

ẓID19

ID18 2 5 7 ID1 2 5 7 ID1 ID16
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/

31
/

C31.1 

( /

)

C31.2 /

C31.3 

E31.1 

E31.2 /

E31.3 

ID10 2 4 6 ID1 2 4 6 ID1 ID10

32
/

C32.1 

( /

)

C32.2 /

C32.3 

C32.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID1 2 4 6 ID1 ID11

33

/

/

C33.1 /

/

ṕ

Ṗ

C33.2 

C33.3 

C33.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID1 2 4 6 ID1 ID12
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34

C34.1 /

C34.2 /

C34.3 (

)

C34.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1 ID13

35

C35.1 /

C35.2 (

)

C35.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID13

36
/

C36.1 /

C36.2 /

ṕ

Ṗ

C36.3 (

)

C36.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID13
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37

C37.1 /

C37.2 /

C37.3 (

)

C37.4 

ẓID31

ẓ

ID16 2 5 7 ID1 2 5 7 ID1 ID16

38

C38.1 /

C38.2 (

)

C38.3 

ẓID31

ẓ ṕ

Ṗ

ID17 2 4 6 ID1 2 4 6 ID1 ID16

39
/

C39.1 /

C39.2 /

ṕ

Ṗ

C39.3 (

)

C39.4 

ẓ ṕ

Ṗ

ẓID31

ID18 2 5 7 ID1 2 5 7 ID1 ID16
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40

C40.1 

(

)

C40.2 

C40.3 

ID31 ID10 2 4 6 ID1 2 4 6 ID1 ID10

41

C41.1 

(

)

C41.2 

C41.3 

C41.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID1 2 4 6 ID1 ID11

42
/

C42.1 

/

ṕ

Ṗ

C42.2 

C42.3 

C42.4 ṕ

Ṗ

ID31 ID11 2 4 6 ID1 2 4 6 ID1 ID12
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43

C43.1 

C43.2 

C43.3 (

)

C43.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1 ID13

44

C44.1 

C44.2 (

)

C44.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID13

45
/

C45.1 

C45.2 

ṕ

Ṗ

C45.3 (

)

C45.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID13
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46

C46.1 

C46.2 

C46.3 (

)

C46.4 

ẓID31

ẓ

ID16 2 5 7 ID1 2 5 7 ID1 ID16

47

C47.1 

C47.2 (

)

C47.3 

ẓID31

ẓ ṕ

Ṗ

ID17 2 4 6 ID1 2 4 6 ID1 ID16

48
/

C48.1 

C48.2 

ṕ

Ṗ

C48.3 (

)

C48.4 

ẓ ṕ

Ṗ

ẓID31

ID18 2 5 7 ID1 2 5 7 ID1 ID16
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49

C49.1 

C49.2 (

)

C49.3 

C49.3-2 

C49.4 

C49.5 

E49.1 

E49.2 /

E49.3 

2 5 7 ID1 2 5 7 ID1

ṕ Ṗ ṕ

Ṗ

50

C50.1 

C50.2 (

)

C50.3 

C50.4 

C50.5 ṕ

Ṗ

ID49 2 4 6 ID1 2 4 6 ID1

ṕ Ṗ ṕ

Ṗ

ṕ Ṗ

ṕ

Ṗ

51

/

C51.1 

C51.2 (

)

C51.3 

ṕ

Ṗ

C51.4 

C51.5 

C51.6 ṕ

Ṗ

ID49 2 5 7 ID1 2 5 7 ID1

ṕ Ṗ ṕ

Ṗ

ṕ Ṗ

ṕ

Ṗ
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52 /

C52.1 

C52.2 

E52.1 

E52.2 

E52.3 /

E52.4 

2 4 6 ID1 2 4 6 ID1

ṕ

Ṗ ṕ

Ṗ

/

ṕ

Ṗ

53 /

C53.1 (

)

C53.2 

C53.3 ṕ

Ṗ

ID52 2 4 6 ID1 2 4 6 ID1

ṕ

Ṗ ṕ

Ṗ

/

ṕ

Ṗ

ṕ

Ṗ

54
/

/

C54.1 (

)

C54.2 

C54.3 ṕ

Ṗ

ID52 ID53 2 4 6 ID1 2 4 6 ID1

ṕ

Ṗ ṕ

Ṗ

/

ṕ

Ṗ

ṕ

Ṗ

55
/

C55.1 

/

C55.2 

/

C55.3 ( /

)

C55.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1
/
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56
/

C56.1 

/

C56.2 ( /

)

C56.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID55

57
/

/

C57.1 

/

C57.2 

/

ṕ

Ṗ

C57.3 ( /

)

C57.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID55

58

C58.1 

C58.2 

C58.3 (

)

C58.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1 ID13

59

C59.1 

C59.2 (

)

C59.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID13
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60
/

C60.1 

C60.2 

ṕ

Ṗ

C60.3 (

)

C60.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID13

61

C61.1 

C61.2 

C61.3 (

)

C61.4 

E61.1 ODD

E61.2 

E61.3 /

E61.4 

ODD

2 5 7 ID1 2 5 7 ID1

ṕ Ṗ ṕ

Ṗ

62

C62.1 

C62.2 

C62.3 (

)

C62.4 

C62.5 ṕ

Ṗ

ID61

ODD

2 4 6 ID1 2 4 6 ID1 ID2



 

 

 131  

 

 

63
/

C63.1 

C63.2 

ṕ

Ṗ

C63.3 (

)

C63.4 

C63.5 ṕ

Ṗ

ID61 ID62 2 5 7 ID1 2 5 7 ID1 ID3

64

C64.1 

C64.2 

C64.3 (

)

C64.4 

ID7 ID7 2 5 7 ID1 2 5 7 ID1 ID13

65

C65.1 

C65.2 (

)

C65.3 

IDỊ ID8 2 4 6 ID1 2 4 6 ID1 ID13
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66
/

C66.1 

C66.2 

ṕ

Ṗ

C66.3 (

)

C66.4 

ID9 ID9 2 5 7 ID1 2 5 7 ID1 ID13

67

C67.1 

C67.2 

C67.3 HMI

C67.4 

ID61
MRM/MRC

HMI

2 5 7 ID1 2 5 7 ID1

MRM/MRC

ṕ Ṗ

68

/

C68.1 ,

C68.2 HMI

C68.3 

C68.4 

ID61

HMI

MRM/MRC
2 6 8 ID1 2 5 7 ID1

MRM/MRC

ṕ Ṗ
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69

C69.1 

HMI

C69.2 

C69.3 

C69.4 

ḯ

C69.5 

E69.1 

E69.2 /

E69.3 

HMI

MRM/MRC

2 5 7 ID1 2 5 7 ID1

ṕ Ṗ ṕ

Ṗ

MRM/MRC

ṕ

Ṗ

70

C70.1 

HMI

C70.2 

C70.3 

C70.4 

E70.1_1 ODD

E70.1_2 

E70.2 

E70.3 /

E70.4 

ID69 2 5 7 ID1 2 4 6 ID1 ID69

71
/

C71.1 

HMI

HMI

C71.2 

C71.3 

C71.4 

E71.1 ODD

E71.2 

E71.3 /

E71.4 

ID69 2 5 7 ID1 2 5 7 ID1 ID69
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72

C72.1 

C72.2 

C72.3 

/

ID61 2 5 7 ID1 2 5 7 ID1 ID69

73

C73.1 

C73.2 

C73.3 

HMI

C73.4 

C73.5 

C73.6 

ID61

HMI

2 5 7 ID1 2 4 6 ID1 ID69

74

/

C74.1 

C74.2 

HMI

C74.3 

C74.4 

C74.5 

ID61 ID73 2 5 7 ID1 2 5 7 ID1 ID69

75

C75.1 

C75.2 

C75.3 

C75.4 

C75.5 

ḯ

C75.6 

/

E75.1 

E75.2 /

E75.3 

2 6 8 ID1 2 5 7 ID1

HMI

ṕ

Ṗ
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76

C76.1 

C76.2 

C76.3 

C76.4 

E76.1 

E76.2 /

E76.3 

ID75 2 5 7 ID1 2 5 7 ID1 ID75

77
/

C77.1 

C77.2 

C77.3 

C77.4 

C77.5 

E77.1 

E77.2 /

E77.3 

ID75 2 6 8 ID1 2 5 7 ID1 ID75

78

C78.1 

HMI

C78.2 

C78.3 

C78.4 

ID1 NA 2 5 7

HMI

ṕ

Ṗ

2 4 6 ID1 NA
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79

C79.1 

HMI

C79.2 

C79.3 

C79.4

/ /

ID1 NA 2 5 7 ID78 2 4 6 ID1 NA

80

/

C80.1 

HMI

HMI

C80.2 

C80.3 

C80.4 

/ /

ID1 NA 2 5 7 ID78 2 5 7 ID1 NA

81
ṕ

Ṗ

C81.1 

C81.2 

C81.3 

ID1 NA 2 6 8
ṕ

Ṗ

2 5 7 ID1 NA
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82
ṕ

Ṗ

C82.1 

C82.2 

ṕ

/ /

Ṗ

C82.3 

C82.4 

C82.5 

/ /

ID1 NA 2 6 8 ID81 2 5 7

ID1

ẑ

NA

83

ṕ

Ṗ

/

C83.1 

C83.2 

C83.3 

C83.4 

/ /

ID1 NA 2 6 8 ID81 2 5 7

ID1

ẑ

NA
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3 ─ꜞ☻◒ ─  

─ꜞ☻◒ ─ ╩ ⌐ ∆ ⌐ ─ ╡ ↓↓≢│ ⱨ▼כ☼

≤⇔≡ ─╖╩ ⇔√ ┘ │ ↕╣╢↓≤╩ ⇔ ꜞ☻

◒ ─ ≤⇔√ ⌐ ⌂Ɫ◙כ♪ ─ ⅜ ⌂ │ ⌐ ⅛ↄⱨ

☼כ▼ ↑⇔√ ≢ꜞ☻◒ HAZID╩ ∆╢↓≤⅜ ╕⇔™↓≤⌐ ↕╣√™  

 

i. ─  

 4.1 ⌐ ⇔√ ─ ╩ ⌐ ∆  

 

(0) ConOps 

Table 3.1 ConOps 

ǒ ─  

 │ ─ ╩ ≤⇔ ∆╢ ╛ ⌐ ∆

╢ ╩ ⇔ ⌐ ↕╣√ ⌐ ∫≡ ╩ ⇔ ↓╣╩

∆╢ ≤ ╩ ⇔ ─ ╩ ⇔⌂⅜╠ ─ ╩ ℮

╙─≢№╢  

│ ⅛╠ ↕╣╢╙─≤∆

╢ ─ ◦☻♥ⱶ│ ╩ ╕ⅎ≡ ─ ╩ ⇔

◦☻♥ⱶ╩ ⇔ ⌐ ∫√ ≤ ─ ╩ ℮  

  

 XXX  

 X X  X X  

 YYY  

 Y Y  Y Y  

 ZZZ 

 Z Z  Z Z  

  

 ─ ╩ ∑∏ ─ ⌐ ╩ ⅎ⌂™╟℮ ⌂

⌂ ╩ ∆╢↓≤  

 ╩ ⇔ ⌐ ⌂ ╣⅜ ∂⌂™╟℮ ─ ⌂

┘ ⌂ ╩ ⇔≈≈ ⌐⅛⅛╢ │ ⌐ ⅎ╢↓

≤  

ǒ ─  

 ─ │ ≤⇔≡™╢ ─ ⌐⅔™≡ ≤⌂╢ ─

╛ ⌐ ∆╢ ╩ ╗ ╩ ⇔ ∕─ ⌐ ™⁸ ╩ ∆

╢↓≤≢№╢  
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ǒ ─ ה ○Ɑ꜠כ♃ ≤─  

 ─ ─ │ ClassNK●▬♪ꜝ▬fi[4]≢ ↕╣≡™╢ II⌐ ∆

╢  

 ⌐ ∆╢ ─ ─ │ ⌐╟∫≡ ↕╣╢  

 │ ⌐╟∫≡ ┘ ─ ⌐ ↕╣╢  

 ≢ ═╢ ─ ≢│ ⌐╟╢ ╩ ™ ∕─

≢│ ─ ⅜ ╡─ ≢ ╩ ℮  

ǒ ─ ה ○Ɑ꜠כ♃ ≤─  

 │ ╩ ↕⌂™  

ǒ  

  

  ₃₃₃ 

  ⱨ▼ꜞכ 

  ♩fi 199♩fi 

  45m 

  9m 

   

  XXX ⅛╠YYY  

  ─ⱨ▼כ☼ ┘ │  

ǒ ─  

 ╩ ⇔√ ─ │ ─ ⌐⅔™≡ ─ ⅛

╠ ╩ ⅝ ⅞ ⌐╟╢ ─ ╩ ↕∑╢↓≤≢ ℮

─ ─ ╩ ⇔ ┼ ─ ⇔╩ ∆╢≤↓╤╕≢╩

─ ≤∆╢ ⌂⅔ ─ ⌐⅔™≡ ─ ⌐ √ │

≢№∫≡╙ ⌐ ╩ ⅝ ∆↓≤≢ ╩ ∆╢  

ǒ ─⸗♬♃ꜞfi◓  

 ⅜ ⇔√☿fi◘ ↕╣√☿fi◘ ↕╣√

⌐⅔↑╢ ─ ≠↑│ ≡ ─ ⸗♬♃ꜞfi◓ ⌐╟∫≡

⌐ ⇔≡ ↕╣╢  

ǒ ⌐ ⅛╠ ╣√ ─  

 ⅛╠ ╣√↓≤│ ⌐╟∫≡ ↕╣ ⌐╟╡ ⌐

↕╣╢ │ ╘╠╣√ ≢ ╩♪כ⸗ ╠⅛♪כ⸗ ┼♪כ⸗

ⅎ╢↓≤≢ │ ⌐ ⅝ ⅜╣╢  

 

(1) ◦☻♥ⱶ─ ─ ◒☻♃Ⱪ◘ה◒☻♃  
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Table 3.2 ◦☻♥ⱶ─ ⱨ▼כ☼  

ID  ♃☻◒ ◘Ⱪ♃☻◒ 

1 
◦

☻♥ⱶ 

ה ─  

ה ─ ─  

ה ─ ─  

ה / ─ ─  

ה ─ ─  

ה & ─  

ה ─  

ה ─ ⌐ ⌂ ─  

2 
◦☻♥ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─ ⌐ ⌂ ─  

─◘fi☿ה ⌐ ⌂ ─  

ה ⁸ ─ ⁸☿fi◘─

─  

3 

/

◦☻♥ⱶ 

ה / ─

 

ה ─ ─  

─◘fi☿ה ─  

ה / ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─

 

ה ⁸ ─ ⁸☿fi◘─

─  

4 ◦☻

♥ⱶ 

ה ─  

ה ─ ─  

─◘fi☿ה ─  

ה ─  

ה ─  

ה ─ ─ ⌐ ⌂ ─  

─◘fi☿ה ─ ⌐ ⌂ ─

 

ה ⁸ ─ ⁸☿fi◘─

─  

5 
◦

☻♥ⱶ 

ה ⌐ ≠ↄ

─  

ה / ─  

ה / ─ ─  

ה ─ ─  

ה ─  

ה ─ ─  

ה ≤ ─ ≤─  

ה ≤─ ─  

ה / ─ ⁸ ─ ─  

6 
◦☻♥ⱶ 

ה ♪כ⸗  

ה ─ ─  

ה ⁸ / ⁸

─  

ה ◦☻♥ⱶ─ ─ ─  

ODDה  

ה ─ ─ ⌐ ⌂ ─  
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7  

 

ה ◦☻♥ⱶ

⅛╠─ ⌐ ≠ↄ  

 

ה ─  

─╠⅛ⱶ♥☻◦ה ⸗

♪כ ⌐ ≠ↄ

♪כ⸗  

ה  

ה ◦☻♥ⱶ─ ♪כ⸗

─  

ה ⁸ / ⁸

─  

 

(2) ◦☻♥ⱶ─ ⅜╦⅛╢╟℮⌂◦☻♥ⱶ▪כ◐♥◒♅ꜗ 

 

 

Figure 3.1 ◦☻♥ⱶ▪כ◐♥◒♅ꜗ ⱨ▼כ☼  
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(3) ◦☻♥ⱶ─ ─  

 

Figure 3.2 ⌐ ∆╢ ─ ⱨ▼כ☼  

 

 

Figure 3.3 ⸗כ♪ ⌐ ∆╢ ─ ⱨ▼כ☼  

 

(4) ◦☻♥ⱶ≤ ─ ─  
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Table 3.3 ◦☻♥ⱶ≤ ─ ─ ⱨ▼כ☼  

Task 
◦☻♥ⱶ 

◦☻

♥ⱶ 

/

◦

☻♥ⱶ 
◦☻♥ⱶ 

◦☻♥ⱶ 
◦☻

♥ⱶ 

 

─

 

  
ᵑ

/  
          

/

─

 

    
ᵑ

/  
        

─

 

      
ᵑ

/  
      

─  

ᵑ              

─

 

        ᵑ      

☿

fi◘─

 

  
ᵑ

 

ᵑ

 

ᵑ

 
      

─

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 

ᵑ

 
  

ODD

&

♪כ⸗

 

          
ᵑ &
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⸗

♪כ

&

♪כ⸗

 

          
ᵑ⸗כ♪

 

ᵒ  

ᵓ

 

ᵔ⸗כ♪

 

 

(5) ◦☻♥ⱶ─  

 

Table 3.4 ◦☻♥ⱶ─  

 

   ↕╣√  

   ™ ::3nm꜠fi☺ ⌐ 5 ╕≢ 

  AIS ┘  
◦☻♥ⱶ⅜ ≢⅝⌂™ AIS ╛ ⅜ ™

↓≤::700m ⌐ ⅝↕ 1m ─ ⌂ ⅜ ™ 

 

   
⌂ :: 7m/s 1.5m

500m  

    

 

  ◦☻♥ⱶ  ⌐ ─כꜝ◄ ::≥↓╢™≡⇔ ⇔ 

  ⌐ ⌂  ⌐ ─כꜝ◄ ::≥↓╢™≡⇔ ⇔ 

   ─ ─ ─ :: ─ ⇔ 

  ∕─  
⌐ ∆╢ ⅜ ⇔≡™⌂™:: 

⅜ ∂≡™⌂™ 

 

ii. ꜞ☻◒  

 i.≢ ⇔√ ─ ⌐ ⇔≡ꜞ☻◒ HAZID╩ ⇔√ ╩ ╘√

HAZID WS─ ╩Table 3.5⌐ ∆ ⌂⅔ FI (Freqeuency Index)SI (Severity Index)RI (Risk 

Index)─ │ 5.3⌐ ≤ ∂╙─╩ ⇔√
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Table 3.5 HAZID WS (ⱨ▼כ☼ ) 
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