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3.1  
 

     xxxxxx  
    

   22  2535 
  

1.     
2.     
3.     

 
  (0) xxxx-yyyy   (0) xxxx-abcd 

 

 
     

1.  (AF) 
/  (Compressor TC1)  (-35)  (-20)  

 4.8  5.5 kg/cm2 
2.  (AC1) 
3.  5-10  (AEV1) 
4.  Molecular Sieve (MS) 
5.  (E1/2) 

 (-168)  (-173)  
6.  (-168)  (-173)  C1  

5.0-5.5 kg/cm2  (-180) C  
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7.  (C2) 0.35-0.5 kg/cm2     
(-193)   C1  (C2) 

 C1  C2 
8.  C2  2  

  (E1/2) 
 

 (K1) 
9.  C2   15% 

 (C3)  
10.  C3  3% 

 K1  (DEOXO) 
 (C4) 

      183   0.5 kg/cm2  
     C4 

 
11.  K1   180  183  

 2-2.5 kg/cm2 
 

12.  C1 
 (E1/2) 

 2 (TC2)  35-40 kg/cm2 
13.  2 (TC2)  2 (AC2) 

 35  40  
 40 50 kg/cm2  3 (TC3) 

 3 (AC3) 
14.  AC3  

(E3/4)   (T1)  158  165 
  5 kg/cm2 
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15.   (NS) 
   

 
 (C1)  
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ѰяьяѤкдѥіяјѧшѱчѕѕѠ

діѣэњьдѥіяјѧш LO 2,  LN2, LAr

4.8 - 5.5 kg/cm2

10-20ѿC

35-40 kg/cm2

35-45ѿc

TC-2 AC-3

TC-3

W N
2

48-50 kg/cm2

35-40ѿc

Ѡѥдѥћ

A F
AC -
1

TC -
1

AEV-
1

M S

4.8 - 5.5 kg/cm2

5 -10ѿc
E1 /2

N S

T

E3/4

4.8-5.5 kg/cm2

-168 щѩк -173 ѿc

C 1

K 1

 C2

ўѠдјѤѷь

L N
2

L A RL O
2

C
3

D E OXO
C
4

2-2.5 kg/cm2 0.5 kg/cm2

- 180 щѩк - 183 ѿc <-183ѿc

48-50
kg/cm2

-95-110ѿc

AC -2

40-50 kg/cm2

5 kg/cm2

-158 щѩк -165 ѿc

 

AC1,2,3   1,2,3 E1/2   
AEV1   E3/4   
AF   K1   
C1   MS   
C2    NS   (Nitrogen Separator) 
C3    T   
C4   TC1    
DEOXO   TC2, TC3 -  2, 3 
WN2   
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/  PSA 
1.  O2     4  
2.  VAC   2  
3.    2  
4. Instrument Air Compressor  1  
5.     2  
6.  2000 KVA   1  
7.    6  
8. Magnetic 3000 V   9  
 

, ,  
 

 
  /   

1  ( 9000 m3/Hr 25 / ) 82,700  
    

 
 

  /   
1  99.8% 9,600  
2  4,800  
3  300  

 
 

  /   
1    
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/  
    

 

   
1.  �  

(LO2),  (LN2),  (LAr) 
 (

) 
 

 

2. 
 

�  
 (Flow)  (Temp) 

 (Pressure)   

 
/  

( ) 
 

*  

 (Flow)  (Temp) 
 (Pressure)  

 

3. /

 

�      

 Manual 
( ) 

 

* 
/  

 
  

4.  �  (LO2)  (LN2), 
 (LAr)  Tanker  

�  (LO2)  (LN2), 
 (LAr)  

Tanker 
�  

 
 

 

* 

 
* 

/  
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5.  �  (LO2)  (LN2), 
 (LAr) 

 304  
�   

WACHEM 780, 790, 3581, CAPELA WF 46, 
AMMONIA, REGOL68  
  

 2  

*  
 

  SAFETY VALVE 
 

* 
 

 � Acetylene  
�   
�      

  
 

 

6.   
� Forklift  
�  (Pack) 

  
� Hoist 

 
 

�      
�   
�   
 

* 
 

* 
 

*  
*  
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7.   
 

 
� 

 
 

�    
�  
�  
�  
�  
�  
�  
 

*  

 
*  
 
 
* 

 
* 

 
*  
*  
*   

 
*  

 
*  
* 
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3.2   
 

   
  3 ( . .2542)  

     
   

    
 Major Hazard    

   Major 
Hazard  

 1  
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1,  
1.1   

 
-    
-   

 
-   

 
-  

2.      
  

(LO2),  (LN2) 
 (LAr) 

   

2.1  
/ 1 ( TC-1 ) 

-   
-   4.8 kg/cm2 

-   5.5 kg/cm2 

-   
-   
    Compressor   
   

-      
 

-   
-   
-  HAZOP (Node 1) 

2.2    
   (AF) 

- /  
        

20 mm. Hg 

-       
   
-  

-    
    

2.3  
 

 (AC1) 

- 
 

-  -     
   
-  HAZOP (Node 2) 

2.4  

 ( AEV-1) 

 
-  10oC 
-  5oC 
- Ammonia  

- Ammonia  
    
-Ammonia 

 
-  

-  
-  
-  HAZOP (Node 3) 

2.5  
(Molecular Sieve) 

(MS) 

 > 5 ppm 

 

 -    
   
-   
-   
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2.6  

1/2 
(E1/2) 

 
-  -170oC 
-  -174oC 
  

 -     
 

-   
-   
-   
-  HAZOP (Node 9) 

2.7   ( N2  ) 
  

 1  (C-1)  
Recycle 

  
 

-  C1, C2 
-  2 (TC2) 

-  Oxygen  74 ppm 
-             

 

-  
-

 

-   
 

-  
-  
-  
 
-  HAZOP (Node 10) 
-  HAZOP (Node 6) 

2.8   ( O2 )  
 2 (C-2)  

 

- Oxygen 
 99.5% 

-  40 OC 

- 
 

 

-  
 

-  
-  
-  
-  HAZOP (Node 10) 

2.9   ( Ar) 
  ( O2 )  

 3 (C-3 )   

  

-  O2 
 5 ppm 

-  40 OC 

- 
/

 
 

-   
 

-  
-  
-  HAZOP (Node 11) 
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2.10 

 40%  90% 
 

-  
-  40% 
-  

90% 

- /   

 

 
-  90% 

 

 

-  
-  
-  
-  HAZOP  
(Node 12, 13, 14) 

3.  /
 (

)  

   

3.1 
/  1, 2, 3  ( TC-1,) 
 ( TC-2 )  ( TC-3 ) 

-  
-  
-  
-  
-  
- /  
-  
- 

 

-  
-  
-  
-  
-  Start  
- /  
-  
 

-  
-  
 

3.2   
Refrigeration Unit 

-  
-  
-   
-  
-  
-  

-   
-  
-  
-  
- /  
-   

-  
-  
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3.3   Argon  
Deoxidation Unit 

-  
-  
-   
-  
-  
-  
- Heater   

- Valve Argon  
-  
-  
-  
-  
-  
- /  
-  

-  
-  
 

3.4   
Cooling Tower 

-  
-  
-   
-  
-  
-  

-  
-  
-  
-  
-  
- /  
-  
- 

 

-  
-  
 

3.5    Storage 
tank 

-  
-  
-  
- / /

 

-  
- /  
-  
-  

-  
-  

3.6   
Instrument Air Compressor 

-  
- / /  
-  

-  
-  
- /  
-  
-  

-  
-  
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3.7   
 

-  
-  
-   
-  
-  

-  
-  
-  

-  
-  

3.8   -  
- /

 
-  
-  

-   
- /

 
- /  
- /  
-  

-  
-  
 

3.9  
 

- /  
-  
-  
 

-   
- /  
-  
-  

-  
-  
 

3.10   -  
-  

-  
-  
-  
-  

-  
-  

3.11   Cold Box -  
- ,  
- 

 

- 
 

- 
 

-  
-  
 

3.12   
Molecular Sieve 

- /  
-  
-  
-  

- 
 

-  
-  
-  

-  
-  
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3.13  
 

-  

- 
 

- 
 

- /  

- 
 

- 
  

-  
-  
 

3.14  
 

-  

- 

/  
- 

 
- /  

-  
  

-  
 

-  
-  
 

3.15   1,2  
TC-1 

-  
-  

-  
-  

-  
-  

3.16  
 

-  
-

 
-

 
-  
-  

-  
-  
-  
-  
-  

-  
-  
 

3.17  -  -
 

-  Alumina 
 

-  
-  

-  
-  
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3.18  -  
-  
-  Alumina 

 
-  
-  

-  
-  
-  
-  
 

-  
-  
  

3.19           
( Molecular Sieve ) 

-  
-  
-

 
-  
-  

-  
-  
-  
 

-  
-  

 
3.20   TC-1, 
TC-2,TC-3 

 
-  
-  
-  

 
-

 
- /  
-  

 
-

 
-  
 

3.21   TC-1,  
TC-2 

-
  

-  
-  
-  

-  
-  
-  
-  
 

-
 

-  
 

3.22   TC-1, TC-2, 
TC-3 

- ,  
-   
-  

-
 

-  
-  
 

-
 

-  
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3.23   TC-1, 
TC-2 

- /  
-  
-  

-  
-   
-

 

-
 

-  
 

3.24    
TC-1, TC-2, TC-3 

-  
-  
- /  
-  

-
 

-
 

-  
- 

 

-  
-  
 

3.25   1, 2  
TC-1,TC-2, TC-3 

-  
-  

-     
 

-  

-
 

3.26  
 ABC 

- /  -  
 Compressor 

- 
 NH3  

-  
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3.27   
- Instrument Air Compressor 

 Refrigeration Unit 

-  
- 

 
-  
-  

-  
compressor 
- 

  
Compressor 
-Seal, Boot 

 
-Pump  

 
-  

-  
-  
 

 
3.28   

 1  2 (Air Comp 
Motor TC-1 and TC-2) 

 
  -Seal  
-

 

 
-  
-  
-  

 
-

 
-  
 

3.29   2  N2 
Compressor TC-2 

-  
-  
-  
-  

-  Argon 
-  

-  
-  

3.30 
 Argon 

Deoxydation Unit 

-  
-  

-  Argon 
-  

-  
-  

3.31  
 

Cooling Tower 

-  
-  
-  

-  
-  
-  

-
 

-  
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3.32  
A,B  C  
Refrigeration Unit 

-  
-  
-  
-  

-  
-  
-  

-  
-  
 

3.33  
Cooling Tower 

-  
-  
-  

-  
-  
 

-
 

-  
 

3.34   1,2 -  
-  
-  
-  

-  
-  
-  
-  

-
 

-  

3.36   1 -  
-  
-  

-  
-  

-  
-  

3.36   2 -  
-  
-  

-  
-  

-
 

-  
 

3.37.
 Instrument Air Compressor 

-  
-  
-  

-  -
 

-  
 

3.38   1  2 
 Cold Box 

-  
-  
-  

- ,  
-    

 

-
 

-  
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3.39 Water Pump No. 1,2,3 

 
-  
-  
-  
-  
-  
-  
-  

 
-  
-  
-  
-  

 
-

 
-  
 

3.40 Gear Cooling Motor Fan 
No.1,2,3 (

) 

-  
-  
-  
-  

-  
-  
-  

-
 

-  

3.41 Cooling Tower -  
-  
-  

-  
-  
-  
-  

-
 

-  

3.42 Gear-Cooling Fan 1,2,3 -  
-  
-  
-  

-  
-  
-  

-
 

-  
 

3.43  1-4 TC-1 -  
-  
-  

-   
-  
-  

-  
 

-  
3.44  1,2 
TC-1 

-  
-  
-  

-
 

-  

-  
 

-  
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3.45   1,2,3 
TC-2 

-  
-  
-  

-  
-   
-  

-
 

-  
3.46  Cooling 
Tower 

-  
-  
-

 
-

 
-   
-  

-  
-  
-  
-  

-  
 

-  
 

3.47  TC-2 -  
-  
-  
-  

-
 

- /
 

-  
-  

-  
 

-  

3.48  1,2 
TC-3 

-  
-  
-  

-  
-  
-  
-  

-  
 

-  
 

3.49   A,B,C 
Refrigeration Unit 

-  
-  

-  
-  
-  

-  
 

-  
3.50  AC-6 -  

-  
-  

-  
-  
-  
-  

-  
 

-  
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3.51 Motor Water Pump 1,2,3 - /
 

- /  
-  
-  

-  
-  
-  
-  
-  

-  
 

-   
 

 
3.52  

    

 
-  
-  
-  
-  
-

 

 
-  
-  

 
-  
- ,

, 
 

-  

 
-

 
-  
-  HAZOP (Node 4) 

3.53   -  
-  
-  

- ,
, /

/  
-  

-    
 

-  
-  HAZOP (Node 5) 

3.54  -  
-  

- / /
 

-  

-     
 

 
 

3.55  1, 2 
 Molecular Sieve 

 
-  
-  
-  
-

 

 
-  
-  
-  
-  

 
-

 
-  
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3.56  Argon 
Deoxidation Unit 

-  
-  
-  
-

 

-  
- /  
-  
-  

-   
 

-  
 

3.57 
 Cold Box 

-  
-  
-  

-
 

-   

-
 

-   
 

3.58 Power Relay Unit Level 
Controller (RU 100) 

 
-  
-  
-  
-  

 
-  
-  
-  

 
-  

 
-  FMEA (1) 

3.59  
 

-  
-  
-  
-  
-

 
-

 

-  
-  
-  
-  
-  

-  
 

-  FMEA (1) 

3.60  Over Load Relay -  
-  
-  
-  
-  
-  

-  
-  

-  
 

-  FMEA (1) 
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4. -  
4.1. 

 Tanker 

-  -  
-

 
-  

-  
-  
-  What if Analysis (1) 

 - /  
-  

-       
 

-  

 

 -  Tanker 
 1.5 kg/cm2 

-
 

 

 -  Gas  Pump 
 

- ,  
Pump  
Tanker    

 

 -  Tanker 
  LO2  

Tanker  90% 

-  
 Tanker 

 

 -  
Tanker 

-  
-  
-  

 

 -  Control 
 Tanker  

-  
-  
-  
-  

 

 -  Liquid  Tanker 
 

-  
-  
-  
-  

 



 

3-25 

 
                

             11  2545  
 

 
  

 -  Valve  
-  Valve 

 

-  
-  
-  
-  
-   

 (N2) 
-  

 

4.2  
 

-
 

-  

-  ( )  
-  

-  
-  
-  What if (1) 

5.  
5.1          
( LO2 )  (Liquid Oxygen 
Storage Tank) 
 
 
 
 
 
 

 
-   
-  
-   Hydrocarbon 

 

 
-  
-  

 
-  
-  
-BURN 

 
-  
-  
-  

 
-  
-  
-

 
-

 
-  HAZOP(Node 14) 

5.2        
( LN2 ) (Liquid Nitrogen 
Storage Tank) 
 
 
 
 
 

-   
-  
 

-  
-

 
-  
-  
-BURN 

 
-  
-  

-  
-  
-

 
-

 
-  HAZOP(Node 12) 
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5.3.            
( LAr )  (Liquid Argon Storage 
Tank) 
 
 
 
 
 
 

-   
-  
 

-  
-

 
-  
-  
-BURN 

 
-  
-  

-  
-  
-

 
-

 
-  HAZOP (Node 13) 

 Area 1 ( ) 
5.4       
Wachem 780, 790, 3581 

 
-  
 

 
-  
-  

 
-

 
-  What If (2) 

 5.5  APELA WF 46  -  
 

-
 

-MSDS 
-  What If (2) 

5.6    -  
 

-   
 

-  
-  

-MSDS,  PPE 
-  What If (2) 

5.7  REGOL 68, 32 -
 

-  -MSDS,  PPE 
-  What If (2) 

 5.8  Molecular sieve (  
SILICA)  

-  -  -MSDS,  PPE 
-  What If (2) 

5.9  MOBIL 280 -  -  -MSDS,  PPE 
-  What If (2) 
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  Area 2 (  Cooling) 
5.10  

 
- ,  
-  

 
-  

 
-  

 

 
-MSDS,  PEE 
-  What If (2) 

5.11  10% 
 

-  Fusible Plugs -  
 

-    
-  
-  

-MSDS,  PEE 
-  What If (2) 

 Area 3 (
 Office)  

5.12 Acethylene 

 
 
-  
-  Fusible Plugs 

 
 
-  
-  

 
 

-MSDS,  PPE  
-

 
-  What If (3) 

5.13   10% 
UN 1017 

 0,  0, 3 
%Available chlorine = 11.85% 

-  Fusible Plugs -  
 

-   
 

-  
-  

-MSDS,  PPE 
-  What If (2) 

5.14  25%             -  Fusible Plugs -  
 

-   
 

-  
-  

-MSDS,  PPE 
-Work Instruction 
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5.15  98% 
 

- ,  
-  

-      
 

-  
 

-MSDS,  PEE 
-Work Instruction 

6.  
6.1   Fork Lift 
 

 
 
-  
-

 
-   

 
 
-

 
-  
-  
-  

 
 
-  
-  
-  What if (4) 

6.2     
  (Overhead Crane) - /  

-
 

-  
- ,  

-  
-  
 

-  
-

 
-  What if (5) 

6.3   HOIST  - /  
-  

Hoist 

-  
-  

-  
-

 
-  What if (6) 

6.4  Gas 
 

 

-  Cap 
-  
-

 
-

  

- ,   
- ,  

 
-  
-  
-  

-  
-  
-  What if (7) 
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7.       
7.1  -  LO2  

-Vaporizer /  
-  
-  
-

 1-2  
 

(Burn)  

-  
-  
-  

 FMEA (2) 

7.2   -  
-Fume  
-NH3  

-  
- 

 

Work instruction 
PPE 
 

7.3   
 

-  
- Burn   

Work instruction 
PPE 
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 1.             HAZOP 

•  (LO2) 
•  (LN2) 
•  (LAr) 

 Node    11 Node  
- /  1 (TC1)     HAZOP (Node 1) 
-  (AC1)     HAZOP (Node 2) 
-  (AEV1)   HAZOP (Node 3) 
-       HAZOP (Node 4)  
-       HAZOP (Node 5)  
-  2 (TC 2)     HAZOP (Node 6)  
-  3 (TC 3)     HAZOP (Node 7)  
-  3,4 (E 3/4)    HAZOP (Node 8)  
-  1,2 (E 1/2)     HAZOP (Node 9) 
-  1, 2 (C1, C2)     HAZOP (Node 10) 
-  3, 4 (C3, C4)     HAZOP (Node 11) 

  Blower A,B 
2.  

•        HAZOP (Node 12) 
•         HAZOP (Node 13) 
•        HAZOP (Node 14) 

3.  
• Power Relay Unit Level Controller (RU 100)     FMEA (1) 
•       FMEA (1) 
• Over Load Relay       FMEA (1) 

4. -  
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•  Tanker      What If (1) 
 

•         What If (2) 
•         What If (3) 

5.  
•  Forklift       What If (4) 
•       What If (5) 
•        What If (6) 
•      What If (7) 

6.  
•         FMEA (2) 
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3.3  
 

  
  

 2  
 Major Hazard 

  
 Major Hazard  
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F
C

N
o

d
e

 1

A
ir
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ir

S
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3

P
d
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1
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0

9
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IC 1

N
W

 1
0

0
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 1

H
C

 1

NW80

5
3

7
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8

0
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1
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1 
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 1
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5
ді
ѣэ
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N

od
e 

1 
Ѡѫю
ді
ц
чѬч

/Ѡ
ѤчѠ
ѥд
ѥћ

 1
 (

TC
1)

э
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Ѥъ

  
ыь
э
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о
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Ѷь 

 л
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Ѥч
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4 

 
 

 HA
ZO

P  
     

     
     

 HA
ZO

P (
No

de 
1) 

     
    N

ode
 1 (

 TC
1) 

     
     

 
 

 
 

PR
ES

SU
RE

  
     

  P
RE

SS
UR

E 4
.8-

5.5
 kg

/cm
2      

     
     

     
  

 
 1  

No
de 

1 
 

 
 

 
/ 

 
 

 
 

 
/

 
 

 
  

 
  

LO
W 

FL
OW

 

  

1.
 Fi

lter
 (A

F1
) 

 
2.F

IC1
 

V-
109

 
3.V

 92
 

 
4. H

C 1
 

 

-
 

-
 

-
 

-
   

2 
  

- 
 Pd

IA
H 1

 
-

 HC
1, V

 92
  

 
-

 Fi
lter

 
Pd

IA
H1

 
   

30 
mm

Hg
 

  
2 

1 
2 

1 

HI
GH

 FL
OW

 

  

1.F
IC1

Va
lve

 
109

 
 

 

-
 St

art
 up

  
-

 
-TC

1 
 Lo

ad 
 TC

1 
 

 -M
oto

r 
 

-
 

-
 

AC
1 

 

-
 

-PM
 

 Co
ntr

ol 
Va

lve
 FI

C1
 

-
 St

art
 

 
Va

lve
 

 In
stru

me
nt 

 M
ain

ten
anc

e 
 

-
Fu

nct
ion

 tes
t 

 6 
 

 
2 

2 
4 

2 
(

 1)
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5 
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         4.    
         5.    
         6.    
         7.    
 

    
      

1.  
•  (LO2) 
•  (LN2) 
•  (LAr) 

   
• /  1, 2, 3 (TC1, TC2, TC3) 
•  1 (AC1) 
•  (AEV-1) 
•   
•   
•  (E1, 2, 3, 4) 
•  (C1, C2, C3, C4) 
•  (K1)  Blower A, B 
•  

2.    
• Power Relay Unit Level Contorller (RU 100) 
•  
• Over Load Relay 
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3. -  
•   Tanker 
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•  

4.  
•  Forklift,  Overhead Crane,  Hoist  
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3  (
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 4  5  14 

      
1 AEV1 (Node 3) High Pressure 3  1  2 
2 Compressor 1a,  AEV1 (Node 4) Shutdown Compressor 3  1  2,3 
3 NH3 Condenser  AEV1 (Node 5) Shutdown 3  1 2,3 
4 -  , ,  

-  LO2 
3  2  10 

5  /   /  3  4  13 
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1 TC1 (Node 1) High Flow 2 -  1 
2 TC1 (Node 1)  2 -  1 
3 Compressor 1a,  AEV1 (Node 4) High Pressure 2 -  2 
4 Compressor 1a,  AEV1 (Node 4) Low Pressure 2 -  2 
5 NH3 Condenser  AEV1 (Node 5) High Pressure 2 -  4 
6 TC2 (Node 6) High Temperature 2 -  5 
7 TC2 (Node 6) Low Temperature 2 -  5 
8  C-1, C-2 (Node 10) Low Flow 2 -  6 
9  C-1, C-2 (Node 10) High Flow 2 -  7 
10   2 -  8 
11   2 -  9 
12 -   Liquid  Tanker  2 -  10 
13 -  Tanker  

( ) 
2 -  10 

14 -  Tanker  
 Load 

 

2 -  10 

15   2 -  11 
16  Forklift 

 Forklift 
2 -  12 

17  Forklift 
 

2 -  12 

18  Forklift  2 -  12 
 

 
 


