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   0-xxxx-yyyy      0-xxxx-abcd 
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    2   
1.   ( ) 

 (Additive)  
2.   1 

     4  
(1)  (Fractionation/Distillation) 
(2)  (Treating) 
(3)  (Conversion) 
(4)  (Blending) 

 
(1)       

     2   
(1.1)  
  (Carbon)  (Hydrogen) 

  (Hydrocarbon) 
 (Physical Property) 

   (Water),  (Salt),  
(Sulfur Compound),  (Nitrogen Compound),  (Heavy Metal) 

 
 
    
(Fractionation Column),  (Furnace),  (Heat Exchanger), 

 (Desalter)   2 
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 (Crude Oil)    (Pump)  
  120 o   

       
         

      
 335-350 o       
   

 (Tray)    
   Packing   

   
    
   

 (Dew Point)  
   

     (Fuel Oil)  
   

 (High Speed Diesel)   (Kerosene)  
   

  
 (Naphtha Splitter) 

  (Light Naphtha; LN)  (Gas) 
 (Heavy Naphtha; HN)  

  
 

 
¾  
1. Gas    

    (Methane, CH4)  
 (Ethane, C2H6)  

2. LPG (Liquefied Petroleum Gas)  (Propane, C3H8)  
(Butane, C4H10)   LPG Fractionator 
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3. Light Straight Run Gasoline (LSRG)  Paraffin Hydrocarbon  

 (Pentane, C5H12)  80 o    120 o    LSRG 
 

4. Heavy Straight Run Gasoline (HSRG)  (Initial  
Boiling Point, IBP)   150 o    160 o      HSRG  Catalytic 
Reforming     

   
5. Kerosene      (Smoke 

Point)  (Flash Point)    
   Kerosene 

 Hydrotreater  Merox    Kerosene 
 (Jet Fuel)  

6. Light Gas Oil (LGO)  (Diesel Engine)  
    

7. Heavy Gas Oil (HGO)  LGO  Reduced Crude       
2    (Viscosity)   

 Cracking  Hydrocracking  Fluid Catalytic Cracking (FCC) 
8. Reduced Crude (RC)   

    
 (Sulfur Content)   (Viscosity)   (Pour Point)   RC 

     (Lubricating Oil)  
 

(1.2)  (Gas Recovery Unit) 
 2  3  

1. Deethanizer  
 

2. Debutanizer  
 
 
 
 



3-7 

 
 Deethanizer  

 Drum  
  

Deethanizer 
 
 

Light Naphtha
         &
Lighter Fraction

Deethanizer
Sect ion

Debuthanizer
Sect ion

Light Naphtha

L P GOff Gas

 
 

 
 

 3    
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 Deethanizer  

 Debutanizer  
  

 (LPG Treating Unit; LPGU)  
 (Light Naphtha Merox Unit; LNMU) 

 (Naphtha Pretreating Unit; NPU) 
 
¾  
1.  (Fuel Gas)   (Hydrogen),  (Methane)   (Ethane) 

 
 

2.  (Liquefied Petroleum Gas)   (Propane)  (Butane) 
  

3.  (Light Naphtha)  
105°   ( ) 

 (Semi-Product)  (Gasoline)  
 

(2)  
 

 (Sulfur Compound)    
  (Catalyst) 

,   
          

 
         

 5  
 1.   (Hydrodesulfurization) 
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•  Mercaptan 

SHCHCHCHCHHSHCHCHCHCH 2322322223 2 +−−−+−−−−  
•  Sulfide 

SHCHCHHSHCHSCHCH 23323223 22 +−+−−−−  
•  Disulfide 

SHCHCHHCHCHSSCHCH 23323223 223 +−+−−−−−  
 

 
   

•  Pyridine 

+ 5H2--> CH3- C H2- C H2- C H2- C H2- C H3 + NH3N

 
•  Quinoline 
 
H H

H

H
H

H
H

H

+ 4H2

   

H H H

HH
H

H HH

CH3

+ NH3

 
 
 
 
•  Pyprole 

                          H

N
H H

HH

+ 4H2 C H3- C H2- C H2- C H3   +  NH3
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  Phenol  

 
O H

+  H2O+  H2

 
 

 
  (Adsorption) 

 (Catalyst) 
 

   (Naphtha  
Pretreating Unit  ; NPU)  Gas Oil (Gas Oil Hydrodesulfurization Unit  ; 
GOHDTU)  
 

 (Naphtha Pretreating Unit ; NPU) 
    

 4   
1.  (Untreated Whole Naphtha)  

 
2.  (Untreated Light Naphtha)  
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Heating Up
Sect ion

Tota l
Naphtha

S
trip

p
er

S
p

litter

Of f  Gas

L ight
Naphtha

Treated
Heavy
NaphthaReactor

Sect ion Sour Water

H 2

Emiss ion
315  Ѽ C

24 barg

 
 

 4   
 
 

   Naphtha Pretreater  
  (Hydrogen Sulfide, H2S) 

 (Reactor) 
  

 Stripper   (Steam)  
  

 Naphtha Splitter  
♦  

1.  (Treated Heavy  Naphtha) 
 (Catalytic Reforming Unit; CRU)  

2.  (Treated Light Naphtha)  
 (Light Naphtha Isomerization Unit ; ISOU)  
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♦  
 (Sour Water)  (Sour Water 

Stripper) 
 

 GAS OIL (Gas Oil Hydrodesulfurization Unit; GOHDTU)  
 Gas Oil  (High Speed 

Diesel)  5   
1. Gas Oil   (Untreated Gas Oil)  2 

 
2.   (Untreated Diesel Oil) 
 

Heating Up
Sect ion

S
trip

p
e
r

T rea ted
Gas Oil

Reactor
Sect ion Sour Water

Emiss ion 370  ѼC
51 barG

H 2

Untreated
Gas Oil

Absorbed
Sect ion

Am ine

Fuel Gas

R i ch
Am ine

 
 5   Gas oil 

 
  

 
 370ºC  51 BarG (  51 ) 

  
 Drum   
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 Gas Oil   (Stripper) 
 Amine 

 (Fuel Gas 
Treating)  
 

♦  
Gas Oil  

(High Speed Diesel)  
♦  

1.  (Sour Gas)  (Fuel 
Gas Treating Unit)  

2.  (Sour Water)  (Sour 
Water Stripper)  

3.  Amine  (Rich Amine) 
 (Fuel Gas Treating Unit)   Amine 

 
 
2  MEROX 

   Merox  3   
2.1  (Extraction)  

 Mercaptan  
 (Caustic)   

 
OHNaSRNaOHRSH 2++  

 
 (Regenerate) 

 
 

2.2  (Sweetening)  Mercaptan  Disulfide 
   

 2  
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• Solid Bed Sweetening 

 Hydrocarbon, ,  Caustic  
Merox Catalyst  Solid Support 

  (Kerosene Treating Unit; KTU)  
• Liquid-Liquid Sweetening 

 Hydrocarbon, ,  Caustic  Merox Catalyst  
  Mixer  Treat  

  Sweetening  
 

  OHRSSRRSHORSH 22 2222 +++  
 
   
2.3   

 
 Merox  

 
 (LPG Treating Unit) 

   (Sulfur  
Compound)  Hydrogen Sulfide (H2S)  Mercaptan  

 (Odor Improvement)  6  
 (Gas Recovery Unit) 
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Untreated
L P G

Fresh
 Caustic

L o w
Concentrat ion

Caust ic

P rewash
Co lumn

Spent
Caust ic

Extract ion
Co lumn

Fresh
Caust ic

Treated
L P G

H igh
Concantrat ion

Caust ic

Spen t
Caust ic

 
 

 6   
 
 

  Caustic   Hydrogen Sulfide 
(H2S)   2  Caustic 

 Mercaptan     Caustic    
  Sodium Mercaptide (NaSR)    

 (Oxidized)  Disulfide  Merox Catalyst   
 
  RSSRNaOHOHONaSR 2/12/14/1 22 +++  
 
 Disulfide (RSSR)  Caustic       

 Caustic  Mercaptan  
♦  

 
♦  

Spent Caustic  Caustic 
  Spent Caustic 
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 (Light Naphtha Merox Unit)  
  (Sulfur Compound) 

 Hydrogen Sulfide (H2S)  Mercaptan   7  
 

  (Caustic Prewash Column) 
 Caustic  Hydrogen Sulfide 

 2 (Extractor Column)  Caustic 
 Mercaptan  

   Extractor   Caustic  Mixer 
Column  Mercaptan  Disulfide  Drum 

 Caustic  
  Caustic  (Sand Filter) 

  Merox Catalyst  
  Caustic  Merox Catalyst  Sodium Mercaptide 

 Extractor Column  Oxidizer 
Column  Sodium Mercaptide  Disulfide  Caustic 

  
 

Untreated
L ight

Naphtha

Low Conc.
Caust ic

Spent
Caust ic

P rewash
Co l umn

Extract ion
Co l umn

Spent
Caust ic

High Conc.
Caust ic

A i r

M ixer
Co l umn

Treated
L N

Sa nd
Fi lter  

 
   7   
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♦  
 (Treated Light Naphtha)  

♦  
Spent Caustic  Caustic 

  Spent Caustic 
 

 (Kerosene Treating Unit; KTU) 
  

 Mercaptan  Disulfide  (Odor 
Improvement)  8   (Kerosene)  
 

Post-Treat ing
Section

Pre-Treating
Section

Kerosene

Spent
Caust ic

-  Coalescer
-  Electrostatic
   Coalescer

F resh
Caust ic

Air, Caustic

Reactor
Sect ion

-  Water Wash
-  Salt Fiter
-  Clay Filter

Spent
Caust ic

Jet Fuel

 
 
   8   
 
  Kdrosene  Topping   KTU   Condition 

 KTU   Pretreatment  
 
Pretreatment 
1. Water Coalescre 

Kerosene   Water Coalescre 
   Caustic   Treat  

   Kerosene  Electrostatic Coalescer 
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2. Electrostatic Coalescer Prewash 
Kerosene   Water Coalescer     Naphthenic  Caustic 

 Caustic  Naphthenic   Sodium Naphthenate 
  Electrostatic Coalescer  High Voltage Electrical Grid   

  Caustic  Kerosene 
  Kerosene   Reactor 

Reactor Section 
1. Reactor 

Kerosene  Electrostatic Coaleser  Air Mixer  Reactor  
 Chacoal Bed   Merox Caustic   

 Mercaptan   Disulfide   Caustic Settler Caustic Settler 
Kerosene  Reactor  Caustic  Caustic Settler   Caustic 

 Kerosene  Kerosene  Caustic    
Water Wash  

Post Treatment 
1. Water Wash 

Kerosene  Reactor  Water Wash  Water Soluble Surfactant, Caustic        
 Caustic Settler  Sodium Soap  Water Wash  

Kerosene   Water Soluble Surfactant  Caustic  
 Kerosene  Sodium Soap  Kerosene  

 Skim Nozzle  Kerosene  Salt Filter 
2. Salt Filter 

Kerosene  Salt Filter  Free Water  Water Wash 
 Dissolve Water   Clay Filter  

 Kerosene    Kerosene  Clay 
Filter 

3. Clay Filter 
Kerosene  Clay Filter   Clay   Oil Soluble Surfactant, 
Organometallic Compound,    Thermal Stability   
Water Separation 
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♦  
 Mercaptan  Disulfide  

 
♦  

Spent Caustic  Caustic   
 Spent Caustic (Spent Caustic Treating Unit) 

 
3.   (Absorption) 
  

  
 

  H 2S + 2R2N H R 2N +H 2H S  
   
    (Fuel Gas 

Treating Unit)   
 

 (Fuel Gas Treating Unit) 
   

(H2S)   
(SO2)  ( )  9  

1.   (Topping Unit) 
2.   (Gas Recovery Unit) 
3.   (Naphtha Pretreating Unit) 
4.  Amine  (Rich Amine) 

 Gas Oil (Gas Oil Hydrodesulfurization Unit) 
 

 2  
1.  (Absorption)  

 
 (Sour Fuel Gas Header)  (Absorber)  

Amine  Drum  Amine 
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2.  Amine  
 Amine  2    

(Absorber)  Gas Oil (Gas Oil Hydrodesulfurization Unit) 
 (Regenerator)  

 (Sulphur Recovery 
Unit)  Amine  (Lean Amine)  

 Gas Oil 
 

Swee t
Fuel  Gas

Hydrogen
Sulf ide

Low Pressure
S t eam

Regenerat ion
Sect ion

Absorpt ion
Sect ion

Sour
Fuel  Gas

Rich Amine

Lean Amine

 
  9   
 

♦  
1.  (Sweet Fuel Gas) 

  
2.  Amine  (Lean Amine)  

 Gas Oil 
♦  

  (Sulphur Recovery Unit) 
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4.   (Stripping) 
 

  
  (Sour Water Stripper)  

 
 (Sour Water Stripper) 

 
  10   

1.  
2.  
3.  Gas Oil 
4.  3  

 200  

                

S
trip

p
e

r

Sour  Water

Treated Water

N H3, H2S

 
 
   10   
 
  3  Drum  (Stripper) 

  (Waste Water Treating Unit) 
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♦  
  (Waste Water Treating Unit)  

♦  
  

 
 
5.  -  
 -   Spent 
Caustic  
 
 SHNaClHClSNa 22 22 ++  
 
 

 Spent Caustic (Spent Caustic Treating Unit) 
 Spent Caustic   Spent Caustic 

-   11   
1. Spent Caustic   
2. Spent Caustic   
3. Spent Caustic   
 

H
2
S

HCl ,  NaOH

Treated
Spen t
Caust ic

pH Adjust ing
Sect ion

Stripper Section

Spen t
Caust ic

H C l

 
 

   11   Spent Caustic   
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 Spent Caustic  TIC  3   Spent Caustic  

  (HCl)  pH  2 
 

 Spent Caustic   (pH 6-8) 
 Fresh Caustic  (Waste Water Treating Unit)  

♦  
Spent Caustic    (Waste Water Treating Unit)  

♦  
  

♦  
 Spent Caustic  -  
  (Oxidation Reaction)  

 12   
 

 Spent Caustic  
 

Solvent
Wash ing

Of fgas

Treated
Spent
Caust ic

Oxid izer

Spent
Caust ic

Cata lyst

A i r

Solvent in

Solvent-
Disulf ide
Oi l  Out

 
  12   Spent Caustic   
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 Spent Caustic   (Catalyst)  
 (Oxidizer)   Spent Caustic  

  Spent Caustic    
  (Solvent)  Spent Caustic  

  Spent Caustic   
 
 (3)   
  Octane  Naphtha  69  Light Naphtha  50  
Heavy Naphtha  
Naphtha    Platinum  
Rhenium 
 

 Fluid Catalytic Cracking (FCC) 
 Fluid Catalytic Cracking  Gas Oil 
    13 

 
Dry Gas

L P G

Midd le
Disti l late

Heavy
Naphtha

L ight
Naphtha

Heavy
Gas Oi lOi l  Feed

Catalyst
Str ipper

R iser

Fuel  Gas

Regenerator

A i r

Fr
a

ct
io

n
a
ti

o
n

an
d

 S
ta

b
il

iz
at

io
n

 
 
  13    Fluid Catalytic Cracking 
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  (Catalyst)  Riser 

  (Catalyst  Stripper) 
     

 
  (Spent Catalyst)  (Reaction 
System)  (Regeneration System)           

  (Coke)  
    

 
 

 Hydrocracking 
 Hydrocracking  

,   
 Hydrodesulfurized   

 14  
 

Furnace Reactor Separator

Hydrocarbon
Feed

Emiss ion

H 2

Heavy
Naphtha

L ight
Naphtha

L P G

F
ra

ct
io

n
at

io
n

 U
n

it

H yd rogen
Purif ication Unit

 
  14    Hydrodesulfurized 
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 (Turbulent) 
   

 
 

  (Hydrogen 
Purification Unit)  
(Furnace)   471º  

   
 4  

 
    (Naphthene Dehydrogenation) 

 (Paraffin Isomerization)  2  
  Naphthene Dehydrogenation  

 
  2  

  
  Drum  

 Hydrodesulfurization   
  (Reformate)  Stabilizer 

 
  Stabilizer 

 
♦  

1.  (Reformate)  95-97  
2.     

 
3.   
4.    
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 (Isomerization Unit)  
  (Octane Number)  Light Straight Run 

Naphtha (LSRN)  Pentane-Hezane (C5-C6)  15 
   (Treated Light Naptha)  65-70 

 

Heat ing
Sect ion

L ight
Naphtha

H 2

Reactor
Sect ion

S
ta

b
llizer

O f f  gas

Isomerate

HH

H

H

H

H

H

H

H

HH

H H H H

H

H

H

H

H
H H

H

H

 
  

 15    Hydrodesulfurized 
 

  Sulfur Guard Bed  120º     
 Catalysy    Reactor Charge 

Heater   2 
  

   
Stabilizer Column   Crack  
(Isomerate)  
  (Isomerate)  80-83  

 (Blending)  
  Caustic Scrubber  Hydrogen 
Cloride  Scrubber   Caustic 

  Spent Caustic 
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♦  
 (Isomerate)  80-83 

 
 (Catalytic Reforming Unit ; CRU) 

  (Octane Number)  
 (Treated Heavy Naphtha)  50-55   96-98 

   16 
   (Treated Heavy Naphtha) 

 50-55 
 

S
trip

p
er

S
trip

p
er

R e fo rmate

- Off Gas
-  LPG

H 2

Reac tor
Sect ion

471  Ѽ C
19 barG

488  ѼC
19 barG

520  Ѽ C
19ba rG

520  Ѽ C
19 barG

Emiss ion

Emiss ion

Emiss ion

Emiss ion

Treated
Heavy
Naph tha

S

R R

O +3 H2

 
 

  16    
 

  (Naphtha Pretreating Unit) 
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(4)   
  

 2     
    

, 
   

Additive  JET A1 
  , 

     
(1) Heat Exchanger Cooler and Process Meaters 
(2) Steam Generation  
(3) Pressure  relief and Flare System 
(4) Waste Water Treatment  
(5) Cooling Towers  
(6) Electric Powers 
(7) Gas and Air Compressor 
(8) Marine, Tank Car and Tank Truck Loading and Unloading  
(9) Turbines 
(10) Pump, Piping and Valves 
(11) Tank Storage 
(12) Maintenance 

    
 (Major Hazards)  3   
1.  , ,   
2.     

 (Sphere Tank),  (Pressure Cone Roof Type Tank)  
(Floating Roof Type Tank) 

3.   ,  
    , 

,    
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 (Major Hazards)   
1.   

   
      

      
 , ,   

 
2.     

   
  

  
 

     
1.  

     
  

•  LPG   (Pressure Relief Valve) 
•    (Pressurized 

Sphere) 
• -  (Remote Hydraulic Valve) 
•  (Flare System)  

2.  
     
   

•  (Deluge System) 
•   (Fire/Gas Detection) 

3.  
   

 (Procedures)    
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4.  
  

   
     

     
 Lock Out/Tag Out  

 
  

   
       

1.      HAZOP(1)  What if (1) 
2.      HAZOP(2)  What if (2)  
3.  /CO2  Gas Oil  HAZOP(3)  What if (3) 
4.   Catalytic Cracking    Fault Tree Analysis (1)  What if (4) 
5.    What if (5)  Check list(1) 
     (Tank Car)  
6.     What if (6)  Fault Tree Analysis (2) 
     (Storage Tank) 
 

     ,  Gas Oil,   ,             
   ,  Thermal Cracking, Hydro Cracking, Catalytic Reforming,  

Isomerization     
,              
    HAZOP,  What-if Analysis,  Checklist  

 Fault Tree Analysis   
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3.2  

  
  3 ( . . 2542)  

     
    
      

    
Major Hazard        

 Major Hazard  
  

  2    
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         15  2545   
 

 
 

 
 
 

 

1.  
1.1 

 
 

 
1. 

 

 

 
- 

 

 
 

 
 

HAZOP (1) 
What-if  (1) 

 2.  

 

- 

 

 

 3. 
  Hydrogen 

Sulfide, Hydrogen Chloride, 
 

- 

 
/     

 

 

 4.      

 

-   

 5. 
 

Chlorides, Sulfides dicar 
bonates, Ammonia, H/C, 
Phenol  Suspended 
Solids  diatomaceous 
earth (Silica 

) 
 (filter) 

-      
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          15  2545   
 

 
 

 
 
 

 

 
 

6. 

 

-  
 

 

 7. 
  

, 
  

-  
/

 

 

 8. /
 

- 
 

 

 9. 

 HCl, H2S, Sulfur 
Compounds, Organic acids 
Nitrogen Oxide 

-  
 

 

 10. 
 

 
 

-  Coil 
 

 

 11. HCl, H2S 
, 

 

-   



3-35 

 
                    

            15  2545   
 

 
 

 
 
 

 

1.2  
(Gas Recovery Unit) 

 

 
1. 

   ,  
,  

 

 
- 

 
/    

 

 
 

HAZOP (2) 
What-if  (2) 

 2. 
/  

 

-  
  

 

 3. /
 deethanizer  

debutanizer 
,  

 
 

-    
(UVCE) 

 

 

2.   
(Treatment) 

   

2.1 
 Gas  

1. , 
  H2 

-    
HAZOP (3) 

Oil (Amine 
Treatment) 

2.  
H2S, HC1, CO2 

--    
      

What-if  (3) 

 3.  Amine 
(Monoethandamine; MEA, 
Diethanolamine; DEA, 
Methyldicthanolamine: 
MDEA)  

 

-    
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          15  2545   
 

 
 

 
 
 

 

     2.2   
 

1.   , 
  H2 

-    

(Hydrodesufluri-
zation) 

2. 

 H2S, HC1, 
Ammonium hydro Sulfide 

-    
 

 

 3.  Unloading Coke 
Catalyst 

 Iron Sulfide 

-      

 4.  Phenol 
 

 
 

-       

2.3 

 (LPG 
Treating Unit, 
Extraction) 

1.  LPG 
2.  H2S, Mercaptan Caustic 

(NaOH) 

-  
-  

 
 
 
 
 

2.4 

 (Light Naphtha 
Meror Umit; 
Liquid-Liquid  

1.   
 

2.   Sweetening 
 (O2) 

 O2  

-  
 
-  

 

Sweetening) 3.  H2S NaOH, 
Spent Caustic, Spent 
Catalyst (Merox),  
Catalyst  Sweetening 
Agent (Sodium Carbonate, 
Sodium Bicarbonate) 

-      
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     15  2545  
 

 
 

 
 
 

 

1.5 

 
(Kerosene 
Treating Unit; 
Solid Bed 
Sweetening) 

 

1.    
 

2.   Sweetening 
 (O2) 

 O2  
3.  H2S NaOH, 

Spent Caustic, Spent 
Catalyst  (Merox),  
Catalyst  Sweetening 
Agent (Sodium Carbonate, 
Sodium Bicarbonate) 

-  
 
-  
 
 
- 

 

 

3.      
 

3.1 Catalytic Cracking 

 
 
1.     exothermic 

 H/C 
 

Regenerator 
 

 
 
-   

 
 

 
Fault Tree Analysis(1) 
What-if (4) 

 2.   

 (  
Recharge  Disposal) 

 
3.        
        
4.  N2 

 
 
 

-   
 
 
 
 
-  Compressor 

 
-   Ammonia,  

Cyanide 
-    Carbon Steel 

 Fluid Catalytic Cracking 
  

 (Hydrogen 
Blistering) 
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    15  2545   
 

 
 

 
 
 

 

 5.  H/C /
 370 ºC 

 
 H2S 

 CO  H/C, phenol, 
ammonia H2S, Mercaptan (

 ) 
 Catalyst Regeneration  

-   

3.2 Thermal Cracking 
 

1.    
  

  
2.    H2S    

 230 ºC-480 ºC; 
Furnace, Soaking drums, lowers 
part of the Tower and  high-
temperature exchanger 

3.   H2S, CO  
Cracking 

-  
 
 
-  

 
 
 
 
-   

 

 4.  O2.   
Storage silos,  Carbon 

 O2 

-    

 5. 
 Alkaline, Oil, 

Sulfides, ammonia, Phenol 

-    

 6.   Hot Coke /  
 Steam  

-   Burn  
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    15  2545   
 

 
 

 
 
 

 

3.3 Hydro cracking  
 

1.   
 (70-140 barG) 

 (340 º  -  
815 º )        

 

-   

 2.  Safety relief devices    
 

 
3.   Coked Catalyst 

      
   

• Sulfur 

 Feed H2   
 H2S 

•  Wet 
CO2 

•  
Nitrogen 

 Ammonia, H2S 

-  / 
 

-   
-   

 

 4.    H2/H2S 
  

5.  CO 
 Regeneration 

/Changeover  
Catalyst 

-   
 
-   
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     15  2545  
 

 
 

 
 
 

 

3.4 Catalytic 
Reforming  

 

1.   
Reformate gas  H2 

2.  Catalyst  
(   

) 
 Reformer  

3.   Catalyst 
4. Ammonium Chloride 

 
5. HCl  H2 

 Chlorine Compound 
 
 
6.  H2S, Benzene, CO 

 

-   
 
-   
 
 
 
-   
-    

Exchanger  
-   

Ammonium Chloride 

 
-   

 

3.5 Isomerization  
 

1.   H/C 
 

Heater 
2.   (

/Sulfur) 
 

3.  HCl  
4.   H2, hydrochloric 

Acid, hydrogen Chloride 
 Catalyst 

-  /  
 
 
-   Catalyst Poisoning 

 
 
-   
-   
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Additive ( ) 
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5  
5.1 Heat Exchangers, 

Coolers, and 
Proves Heaters 

 
1.    

Heat  exchanger  

 
-   

 

 2. /Steam 
 

-    

 3.  (fin 
Fame) 

-  
 

 

 4.   
Header/ Fitting Plugs 

 Heat Exchanger 

-    

 5.  Boiler Blowdown -    
5.2 Steam Generation  
 

1.  

 
(

) 

-    

 2.   Boiler 
 

-  
 

 

 3.   -  
 Turbines   

 

 4.   Boiler     
 

-    
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5.3 Pressure-relief 
and Flare system 

 

1. 
 Pressure relief 

 

-   

 2. Knockout Drum  
Flare  Flare 

 

- /   

 3.  
Drum 

-  -  relief value 

 4. Pressure-relief /     
 

-  Internal explosive, Chemical 
reaction thermal expansion 
or accumulated Gas 

 

5.4 Waste Water 
Treatment 

 

1.   
HC 

 

-   

 2.  
  Cl2, Acid, 

Caustic  

-   
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5.5 Cooling Towers 
 

1. 
 HC, 

   
 

-   

 

 

 2.  
 

Cooling  

-     

 

 

 3.  - 

 

 

 4.  
Sulfur dioxide, hydrogen  

- 
 

 

5.6 Electric Power 
 

1.  Generator 
       

 
 

Electrical Classified 

 2.  -  -     
 

* Dry Footing 
* Warning Sign 
* Guarding  
*  Lockout/Tag Out 
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5.7 Gas and Air 
Compressors  

 

1.    Air Compressor 

 

- /   

 2.   Gas 
Compressors  

-   

 3.     
Gas  Compressors  

-  -  Knockout Drum  

 4.  
 Gas  

Compressors 

-  -  Strainer 

 5.   
Compressors 

 

-  -  Pressure relief 

 6.  Compressors 
 

-       
 

-  
Electrically Classified 

5.8 Marine, Tank 
Car, and Tank 
Truck, Unloading 
and Unloading 

1.      
 

 

-   
What-if (5) 
Check list (1) 

 2. 
 Bonding and 

Grounding  

- 
 

 

 3.  Flask back 
 Flame 

arrestor  lacking 
rack  Marine vapor 
recovery lines. 

-  /   
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5.9 Turbines 
 Pumps, 

Compressors, 
blowers 

 
 

1.    
Pump, Compressors 
blower,   
Safety relief devices 

 

-      

5.10 Pumps, Piping and 
Valves. 

 

1.  
 

Pumps, Piping  
Valves 

-  

 

- 

 2. 
 Pumps 

 

-    
 

 

5.11 Tank Storage 
 

1.  

   Remote 
Sensors, Control Valves, 
isolation Valves Alarm 
system 

 Procedure 

-  

 

 
What-if (6) 
Fault Tree Analysis (2) 
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5.12 Maintenance 
 

1.  
  

,  (Lock 
Out/Tag Out) 

- , /   

 2. 
 Confined space 

Permit Procedure  

-    

 3.   
, Platform Pile 

rack 

- , 
,  

 

 4.    
,  

 

-  ,   
    
 

 

 5.  
  

 ,   Catalyst 

-   

 



3-47 

3.3  
  

   
 2     

 Major Hazard    
    

 Major Hazard 



3-4
8 

Fractionator

H
e

a
ti

n
g

 U
p

S
e

ct
io

n

C rude
Tank

Desalting
Section

S
o

u
r

W
a

te
r

W
a

st
e

W
a

te
r

- 
C

ru
d

e
 P

re
h

ea
t 

T
ra

in
- 

F
u

rn
a
ce

A
ir

 P
o

ll
u

ti
o
n

K
e

ro
se

n
e

D
ie

se
l

G
a

s 
O

il

R
e

d
u

ce
d

C
ru

d
e

H
e

a
vy

 N
a

p
h

th
a

Li
g

h
t 

N
a

p
h

th
a

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
је

 1
  

R
ev

. 
1

 њ
Ѥьъ
Ѩѷ 

1 
єд
іѥ
зє

 2
54

5
ді
ѣэ
њь
дѥ
ія
ј
ѧш 

 
дѥ
іѰ
ѕд
ьѸѼѥ
єѤь
чѧэ

, ѯ
шѥ
шє
ьѸѼѥ
єѤь

  
  

 д
ѥі
дј
ѤѷьѰ
ѕд
ьѸѼѥ
єѤь

, ў
Ѡд
јѤѷь

э
іѧќ
Ѥъ

 
ѱі
кд
јѤѷь
ьѸѼѥ
єѤь

 л
Ѽѥд
Ѥч

 



3-4
9 

De
sa

lte
d 

Cr
ud

e

GA
S 

 S
PE

RA
TO

R

GA
S

GA
SO

LI
NE

(L
ig

ht
 N

ap
ht

ha
) De

sa
lte

d 
Cr

ud
e

He
at

Ex
ch

an
ge

r
Fu

rn
an

ce

33
5 O C 

- 3
50

 O C

Co
nd

en
se

r

Ga
s (

bu
ta

ne
 an

d 
lig

ht
er

)
 +

Ga
so

lin
e (

lig
ht

 n
ap

ht
ha

)

At
m

os
ph

en
c

Di
sti

lla
tio

n

St
rip

pe
r

12
0 

O C

38
0 

O C
1.

7-
3.

7 B
ar

G

Ke
ro

se
ne

Ga
s O

il

Re
du

ce
d 

Cr
ud

e

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
ј
е 

2
  

R
e

v.
 1

 њ
Ѥьъ
Ѩѷ 

1 
єд
іѥ
зє

 2
54

5
ді
ѣэ
њь
дѥ
ія
ј
ѧш 

дѥ
іѰ
ѕд
ьѸѼѥ
єѤь
ч
ѧэ

, 
ѯш
ѥш
єь
ѸѼѥє
Ѥь,

  
  

  
  

  
  

  
  

  
  

 д
ѥі
дј
ѤѷьѰ
ѕд
ьѸѼѥ
єѤь

, ў
Ѡд
јѤѷь

э
іѧќ
Ѥъ

 
ѱі
кд
ј
Ѥѷьь
ѸѼѥє
Ѥь 
лѼѥ
дѤч

L
1

L
1

L
1

T
C

T
I

P
il

o
t 

Li
g

h
t 

Fu
el

P
I L
I

T
I

 



3-5
0 

 
 

 HA
ZO

P 
 

 
 

     
  H

AZ
OP

 (1
) 

   
, 

 
 

 
   

 
 

 
 

 
 

  
 

 
 

 
 

335
-35

0 0
 

 
  

1, 2
 

 
 

 
 

 
 

 
/ 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

1. 
  

 (N
o F

ire
) 

     2. 
 

      3. 
 

 
     

 
     

, 
 

 
     

 
      

 (U
VC

E) 

- 
 Fu

el 
Ga

s D
rum

 
- 

 
- 

, 
 

- 
 In

ter
loc

k 
 

 - 
 Fu

el 
Ga

s D
rum

 
- 

 
- 

, 
 

- 
 In

ter
loc

k 
 

 -   
 

 
-   

 

 
           

 Pr
oce

dur
e  

2       2       2 

2       2       4 

4       4       8 

2 
[

(1-
4)]

  
      2 

[
(1-

4)]
 

   
   

3 
[

 (1
-1)

] 
[

(1-
1)]

 



3-5
1 

 
 

 HA
ZO

P  
 

 
 

   H
AZ

OP
  (1

) 
   

, 
 

 
 

   
 

 
 

 
 

 
  

 
 

 
 

 
335

-35
0 0

 
 

  
1, 2

 
 

 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

4.  
  

Fu
el G

as 
 

 5.  
 

  
Fu

el G
as 

 
 6.  

     
     

 
  7.  

 

 Bt
u 

 Fu
el G

as 
 

  
 Bt

u 
 Fu

el G
as 

 
  

 he
ate

r 
 

 

 
 

 
 

 
 

 
   Co

il  
 

 W
obb

er M
ete

r 
  

 W
obb

er  
Me

ter
 

  -  
 

   h
eat

er 
-  

 Da
mp

er 
 he

ate
r 

 
 

 Fu
el G

as 
Pro

ces
s S

ide
s 

- 
  

- 
  

 Pr
oce

dur
e 

 
Lig

ht 
off

 
 

- 

1   1   3    2 

2   2   4    3 

2   2   12    6 

1   1   4 
[

(1-
1)]

 
[

(1-
1)]

 
 

 

2 
[

(1-
3)]

 

   



3-5
2 

 
 

 HA
ZO

P 
 

 
 

     
 HA

ZO
P (

1) 
   

 
  

 
   

 
 

 
 

 
 

, 
, 

 
 

 
 12

0 0
 3

80 
0

  
 1.7

-3.
7 

./
.

. 
  

1,2
  

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1.  
 

   2.  
 

      

  
  

 De
pre

ssu
rin

g 
 

dei
nve

nto
rin

g s
yst

em
 

      

 (U
VC

E) 
  

 
      

-  
 

 
 - 

 
- 

 Pr
oce

dur
e 

 de
inv

ent
oni

ng 
  

 de
-pr

ess
uri

ng 
  

  
 Co

lum
n 

      

 
  

- 
   

2    2 

4    3 

8    6 

3 
[

(1-
2)]

   
[

(1-
2)]

 
  2 

[
(1-

3)]
 

 



3-5
3 

 
 

 HA
ZO

P  
     

     
     

     
     

     
     

     
     

     
 HA

ZO
P (

1) 
   

 
  

 
   

 
 

 
 

 
 

, 
, 

 
 

 
 12

0 0
 3

80 
0

  
 1.7

-3.
7 

./
.

. 
  

1, 2
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

3.  
 

         4.  
 

  5.  
 

- 
 

(H
eat

er)
 

, 
 

- 
 

Me
diu

m 
    

  
, 

 
 

, 
 

 Fl
are

 
        

 Co
lum

n 
  

 Ga
s b

low
 

thr
oug

h 

- 
 Fl

are
 

 
- 

 
- 

, 
 

- 
 2 

 3 i
nte

rlo
ck 

 
hea

tin
g m

edi
um

 
 

Re
boi

ler
 

 Re
boi

ler
  

, 
 

- 
 

  
 

  
 

     
  

 
        

- 
  

- 

2          2   2 

3          2   2 

6          4   4 

2 
[

(1-
3)]

 
        2 

[
(1-

3)]
 

 2 
[

(1-
3)]

 

 



3-5
4 

 
 

 W
hat

 If 
An

aly
sis 

 
 

     
   W

hat
 If 

(1)
 

/
/

/
/

   
 

  
 

  
 

 
 

 
 

1, 2
 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

1. 
 

 
 

 
          

 
 

 
(V

apo
r C

lou
d) 

 
 

     

1. 
 

2. 
 No

n-
De

stru
ctiv

e T
est

  
3. 

 
4. 

  
 

 
 

5. 
 

 
 

- 
2 

3 
6 

2 
[

(1-
3)]

 

   



3-5
5 

 
 

 W
hat

 If 
An

aly
sis 

 
 

     
 W

hat
 If 

(1)
 

/
/

/
/

   
 

  
 

  
 

 
 

 
 

1, 2
 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

2. 

 
    3. 

 

 
 

 
 

  
 

 
  

 
 

  
  

  
 

 

1. 
 

2. 
 

    1. 
 

 

-       
1. 

 
 

2. 
 

Op
era

tor
  

 M
ain

ten
anc

e 
 1 

 
3. 

     
    

  

1       2 

2       4 

2       8 

1       3 
[

(1-
2)]

   
[

(1-
2)]

 

 



3-5
6 

 
 

 W
hat

 If 
An

aly
sis 

 
 

     
  W

hat
 If 

(1)
 

/
/

/
/

   
 

  
 

  
 

 
 

 
 

1, 2
 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

4. 
 

Gr
avi

ty 
Set

tle 

 
 

 

5. 
 

 
Sea

l 
 

 Sp
ec.

   
  

6. 

 
 (

) 

 Gr
avi

ty 
Set

tle 
    

/
 

     

 

1. 
 

2. 
 

 Op
era

tor
 

 
  1. 

 
/ W

ork
 In

stru
ctio

n 
2. 

  
3. 

 
 

 

 
 

 
 

 

-      -     -    

  

1     
 

2      3 

3    
 

 3      2 

3    
 

 6      6 

2 
[

(1-
3)]

 
  

 

 2 
[

(1-
3)]

 
   

 
2 

[
(1-

3)]
 



3-5
7 

 
 

 W
hat

 If 
An

aly
sis 

 
 

    W
hat

 If 
 (1

) 
/

/
/

/
   

 
  

 
  

 
 

 
 

 
1,  

2 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

Wh
at I

f 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

7. 
  

  8.  
 

 
/

  
 

 / 
 

 

,  
   

/
 

    
 

1. 
 

2. 
 

   1. 
 

 
 

2. 
  

3. 
 

 
 

 
 

 
    

 
 

 
  

3      2 

4      4 

12      8 

4 
[

(1-
1)]

 
[

(1-
1)]

 
    3 

[
(1-

2)]
 

[
(1-

2)]
 

 

 



3-5
8 

 
 

 W
hat

 If 
An

aly
sis 

 
 

     
  W

hat
 If 

(1)
 

/
/

/
/

   
 

  
 

  
 

 
 

 
 

1,  
2 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

9. 
 

 

 
     

 

 
      10.

 
 

 
 

 

/
 

- 
 

 
- 

 Sp
ec.

 
- 

  
   

      
, 

  
/

  
    

 
 

  

1. 
 

2. 
 No

n-
De

stru
ctiv

e T
est

  
3. 

 
4. 

 
  

 

 
 

5. 
 

 
 1. 

 
   

-            
 

 
 

  
 

2          
 

 3 

3            3 

6            9 

2 
[

(1-
3)]

 
         

 
3 

[
(1-

2)]
 

[
(1-

2)]
 

 



3-5
9 

 
 

 W
hat

 If 
An

aly
sis 

 
 

     
    W

hat
 If 

 (1
) 

/
/

/
/

   
 

  
 

  
 

 
 

 
 

1,  
2 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

11.
 

 
  

 
 12.

 

 
 

 
  13.
    

 HC
l, H

2S      
, 

 

 Fl
are

 
 Sp

ec.
 

   
  

(
) 

 
    

 

1. 
 

   - 
  K

noc
k 

out
 Dr

um
  

    -  
 

   
 

-    -   
 

  
1. 

     
   

 
 

2. 
 

 

1     1      4 

2     3      2 

2     3      8 

1     2 
[

(1-
3)]

 
   

 
3 

[
(1-

2)]
 

[
(1-

2)]
 

 

 



3-6
0 

Li
g

h
t 

N
a

p
h

th
a

  
  

  
  

 &
Li

g
h

te
r 

Fr
ac

ti
o

n

D
e

e
th

a
n

iz
e

r
S

e
ct

io
n

D
e

e
th

a
n

iz
e

r
S

e
ct

io
n

Li
g

h
t 

N
a

p
h

th
a

L
P

G
O

ff
 G

as

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
је

 
3

 R
ev

. 
1

 њ
Ѥьъ
Ѩѷ 

1 
єд
іѥ
зє

 2
54

5
ді
ѣэ
њь
дѥ
ія
ј
ѧш 

 
дѥ
ід
ј
ѤѷьѰ
ѕд
дѥ
о

  
  

 D
e

e
th

a
n

iz
e

r,
 D

e
b

u
th

a
n

iz
er

э
іѧќ
Ѥъ

 
ѱі
кд
ј
Ѥѷьь
ѸѼѥє
Ѥь 
лѼѥ
дѤч

 



3-6
1 

Na
ph

th
a P

re
tr

ea
te

d
Co

nd
en

se
r

RE
BO

IL
ER

RE
BO

IL
ER

De
bu

th
an

ize
r

Re
flu

x D
ru

m
De

eth
an

ize
r

Re
flu

x D
ru

m

De
et

ha
ni

ze
r

To
we

r

De
bu

th
an

ize
r

To
we

r

Na
ph

th
a  

Pr
etr

ea
te

d

Li
gh

t N
ap

ht
ha

 &
Li

gh
te

r F
ra

ct
io

n

De
bu

th
an

ize
r N

ap
ht

ha

LP
G

L
I

L
I

P
I

T
I

P
I

T
I

ѳѠ
ьѸѼѥ

F
u

e
l 

G
a
s

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
је

 
4

 R
ev

. 
1

 њ
Ѥьъ
Ѩѷ 

1 
єд
іѥ
зє

 2
54

5
ді
ѣэ
њь
дѥ
ія
ј
ѧш 

дѥ
ід
јѤѷь
Ѱѕ
дд
ѥо

 D
ee

th
an

iz
er

,
  

  
  

  
  

  
  

  
  

  
  

 D
e

b
u

th
a
n

iz
e

r
э
іѧќ
Ѥъ

 
ѱі
кд
јѤѷь
ьѸѼѥ
єѤь

 л
Ѽѥд
Ѥч

ѳѠ
ьѸѼѥ

P
S

V
P

S
V

  



3-6
2 

 
 

 HA
ZO

P  
 

 
 

     
  H

AZ
OP

(2)
 

   
 ;  

De
eth

ani
zer

  
   

  
 

 
,  

 
 

 
 

 4
0/1

10 
O

   
 22

.9 
./

.
.   

  
3,  

4 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1.  
 

         2.  
 

     

 
         

     
, 

 
    

 
 (U

VC
E) 

        1. 
 

 
2. 

 C 3 
 

Ov
erh

ead
 

3. 
 

1. 
 

 
- 

dem
eth

ari
zer

 bo
tto

ms
 

 
- 

ben
zen

 ca
sh 

tow
er 

bot
tom

s 
2.  

  
 

 
- 

Re
flu

xdr
um

 Ov
erh

ead
 

 
- 

Co
lum

n b
ott

om
s 

    1. 
 Fl

are
 

(PS
V)

 
2. 

 
   

1. 
  

2. 

 
3. 

 
- 

2          2  

4          3 
 

8          6  

3 
[

(2-
1)]

 
[

(2-
1)]

 
       2 

[
(2-

2)]
 

 



3-6
3 

 
 

 HA
ZO

P  
 

 
 

     
   H

AZ
OP

(2)
 

   
 ;  

De
eth

ani
zer

  
   

  
 

 
,  

 
 

 
 

 4
0/1

10 
O

  
 22

.9 
./

.
.    

  
3,  

4 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

3.  
 

      4.  
 

     

- 
    

, 
 

- 
 De

pre
ssu

rin
g 

 
dei

nve
nto

rin
g 

   - 
 

- 
 Si

de 
reb

oil
er/

 bo
tto

m 
reb

oil
er 

- 
 

  

1. 
 C2

 
 Bo

tto
m 

2. 

 
/  

 -   
 

 C 3  
 

-   
 C 2 

 Fl
are

 
  

1. 
 On

 lin
e A

nal
yze

r 
 eth

ane
 

2. 
 

eth
ane

 
3. 

 
   1. 

 
2. 

, 
 

3. 
 2 

 3 i
nte

rlo
ck  

, 
 

4. 
 

 fla
re 

5. 
 

 

-       - 

2       2 

3       3 

6       6 

2 
[

(2-
2)]

 
      2 

[
(2-

2)]
 

 



3-6
4 

 
 

 HA
ZO

P  
  

 
 

    H
AZ

OP
(2)

 
   

 ;  
De

eth
ani

zer
  

   
  

 
 

,  
 

 
 

 
 4

0/1
10 

O
  

 22
.9 

./
.

.    
  

3,  
4 

 
 

 
 

 
/ 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

5. 
 

  6. 
 

    

, 
 

  
, 

 
 

- 
 Co

lum
n 

- 
 

 - 
 Ga

s b
low

 th
rou

gh 
  

-  
 

  -  
 

  
 

 

-   - 

2   2   

3   3   

6   6   

2 
[

(2-
2)]

 
  2 

[
(2-

2)]
 

  

       



3-6
5 

 
 

 HA
ZO

P  
 

 
 

     
     

HA
ZO

P(2
) 

   
 ;  

De
but

ani
zer

 
    

 
 

 
 

 
 

 
 

,  
 

 
 

 
 15

5 O
   

 6.8
 

./
.

. 
  

3,  
4 

 
 

 
 

 
/ 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

1.  
 

     2.  
 

 
     -  

     
     

  
, 

 
- 

, 
 

- 
 

     - 
 Po

lym
eri

zat
ion

 
 Fo

uli
ng 

- 
 C 5 
 

  

- 
 

 
• 

 
• 

De
but

ani
zer

 fee
d 

• 
De

but
ani

zer
 bo

tto
ms

 
• 

De
but

ani
zer

 re
flu

x p
um

ps 
dis

cha
rge

 
 - 

 In
hib

ito
r 

 
dep

rop
ani

zer
 

 
 

-      - 

2      2 

4      3 

8      6 

3 
[

(2-
1)]

 
[

(2-
1)]

 
 

 
 2 

[
(2-

2)]
 

 

   



3-6
6 

 
 

 HA
ZO

P  
 

 
 

     
    H

AZ
OP

 (2
) 

   
 ;  

De
but

ani
zer

 
    

 
 

 
 

 
 

 
 

,  
 

 
 

 
 15

5 O
   

 6.8
 

./
.

. 
  

3,  
4 

 
 

 
 

 
/ 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

3.  
 

    4.  
 

       

- 
, 

 
- 

,  
 

 - 
     

, 
 

 
 

-  
   

-  
 

-  
, 

 

- 
 C 4  
 

- D
epr

ess
uri

ng 
 de

inv
ent

ori
ng 

 - 
 

- 
 C 5 

 C 4 
- 

 
 

Po
lym

er 
 Fo

uli
ng 

 
- 

 C 4 
 Fl

are
 

- 
 

- 
 Pr

oce
dur

e  
 

De
but

ani
zer

 
  1. 

 
2. 

 
 

3. 
 Fl

are
 

4. 
, 

 
5. 

 2 
 3 i

nte
rlo

ck 

 
, 

 
6. 

 
7. 

/
 

-     - 

2   
  

2 

3    
 

3 

6     6 

2 
[

(2-
2)]

 
    2 

[
(2-

2)]
 

 



3-6
7 

 
 

 HA
ZO

P  
 

 
 

     
 HA

ZO
P(2

) 
   

 ;  
De

but
ani

zer
 

    
 

 
 

 
 

 
 

 
,  

 
 

 
 

 15
5 O

   
 6.8

 
./

.
. 

  
3,  

4 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

5. 
 

   6. 
 

  7. 
 

    

 St
eam

 Ou
t 

   
 

,  
 

 
,   

 

 
  

 Co
lum

n 
  

 Va
por

 Bl
ow

 Th
rou

gh 

 Pr
oce

dur
e 

 
Ste

am
 Ou

t 
 

 
 

  
 

-    -   - 

2    2   2 

3    3  
 

3 

6    6 
 

 6 

2 
[

(2-
2)]

 
  2 

[
(2-

2)]
 

  2 
[

(2-
2)]

 
 

    



3-6
8 

 
 

 W
hat

 If 
An

aly
sis 

  
 

     
  W

hat
 If 

(2)
 

/
/

/
/

   
 ; d

eet
han

ize
r, d

ebu
tan

ize
r 

  
 

 
 

 
 

3,  
4 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

1. 
 

 
,  

,  
Sp

ec.
  

 
(

 De
eth

ani
zer

 
 

De
but

ani
zer

) 
      2. 

 / 
(

 De
eth

ani
zer

 
 

De
but

ani
zer

) 

  
  

 
(U

VC
E) 

         

  
 

 
/

 
 

1. 
 

• 
dem

eth
ani

zer
 bo

tto
ms

 
• 

ben
zen

e w
ash

 to
we

r b
ott

om
s 

• 
deb

uta
niz

er f
eed

 
• 

deb
uta

niz
er 

bot
tom

s 
• 

deb
uta

niz
er 

ref
lex

 pu
mp

 di
sch

arg
e 

2. 
 

 
• 

Re
flu

xdr
um

 ov
erh

ead
 

• 
Co

lum
n b

ott
om

s 
 1. 

 Fl
are

 
2. 

 On
 Li

ne 
An

aly
zer

 
 eth

ane
 

3. 
 

eth
ane

 
4. 

, 
 

1. 
 

 
 

2. 
 

3. 
  

        
 

2           2 

4           3 

8           6 

3 
[

(2-
1)]

 
[

(2-
1)]

 
        

 

2 
[

(2-
2)]

 
 



3-6
9 

 
 

 W
hat

 If 
An

aly
sis 

  
 

     
  W

hat
 If 

(2)
 

/
/

/
/

   
 ; d

eet
han

ize
r, d

ebu
tan

ize
r 

  
 

 
 

 
 

3,  
4 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

3. 
 

 
/

 
     4. 

 
  

 5. 
 

Co
lum

 
/

 

1. 
 C 3 

 
 C 2 

 Fl
are

  (
 

dee
tha

niz
er)

 
2. 

, 
 C 5 

 
 C 4 

 Fl
are

 
(

 de
but

ani
zer

) 
   

  
 

  1. 
 Co

lum
n 

2. 
 

3. 
 Ga

s b
low

 th
rou

gh 

1. 
 

2. 
, 

 
3. 

 2 
 3 i

nte
rlo

ck 
 

 
, 

 
4. 

 Fl
are

 
5. 

 
 1. 

 Pr
oce

dur
e 

 St
eam

 Ou
t 

 
 1. 

 
2. 

 

-        -   -  
 

2       
  

2    2 

3     
 

   3    3 

6  
 

   
   

6    6   

2  
[

(2-
2)]

 
  

 
   

 
2 

[
(2-

2)]
 

 
 

2 
[

(2-
2)]

 
 

 



3-7
0 

A
m

in
e

S
tr

ip
p

e
r

R
e

fl
u

x
D

ru
m

T
re

a
te

d
 G

as
 O

il

C
o

n
d

e
n

sa
te

L
G

M
E

A

P
I

L
G

C
W

C
O

2
/H

2
S

U
n

tr
e
a
te

d
 G

a
s 

O
il

C
O

2
/H

2
S

P
I

L
G

C
W

P
I

L
G

S
L

A
m

in
e

S
tr

ip
p

e
r

A
ci

d
G

a
s

A
b

so
rb

e
r

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
ј
е 

5 
 R

ev
. 
1 
њѤь
ъ
Ѩѷ  

1 
єд
іѥ
зє

 2
54

5
ді
ѣэ
њь
дѥ
ія
јѧш

 д
ѥі
дѼѥ
лѤч
ді
чд
Ѽѥє
ѣщ
Ѥь,

 C
O

2 
Ѳь

G
as

 O
il

; 
A

ci
d

 A
b

so
rb

er
, 

A
m

in
e 

S
tr

ip
p

er
,

A
m

in
e
 S

tr
ip

p
e
r 

R
e
fl

u
x 

D
ru

m
э
іѧќ
Ѥъ

 ѱ
ік
дј
Ѥѷьь
ѸѼѥє
Ѥь
 л
Ѽѥд
Ѥч

  



3-7
1 

 
 

 HA
ZO

P  
  

 
 

     
  H

AZ
OP

 (3
) 

  
 CO

2 
 Ga

s O
il, 

 Ac
id 

Ga
s A

bso
rbe

r 
   

 (S
our

 Ga
s a

nd 
Hy

dro
car

bon
 St

rea
m)

  
 

 
 

 
 

 
 

 H 2S,
 CO

2, A
mi

ne 
  

5 
 

 
 

 
 

 
/ 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

1.  
 

 
   2.  

 
Am

ine
 

 
  3.  

 
 

  4. 
 

 

, 
 

    
 

Am
ine

 
, 

 
  - 

, 
 

- 
 

 
Blo

ck 
Va

lve
 

 
  

 (C
O 2), 

 H 2S  

 Am
ine

 
 

 
 (C

O 2), 
H 2S  

 
 

 M
EA

 
  

 

 
ME

A 

 
    1. 

 
2. 

 
 Am

ine
 

3. 
On

 Li
ne 

ana
lyz

er 
 

 
 1. 

 
2. 

 St
rai

ner
 

  1. 
 

2. 
 

 
1      1    2    2 

3      3    3    3 

3      3    6    6 

2 
[

(3-
2)]

 
    2 

[
(3-

2)]
 

  2 
[

(3-
2)]

 
  2 

[
(3-

2)]
 

 



3-7
2 

 
 

 HA
ZO

P  
 

 
 

     
HA

ZO
P (

3) 
  

 CO
2 

 Ga
s O

il, 
 Ac

id 
Ga

s A
bso

rbe
r 

   
 (S

our
 Ga

s a
nd 

Hy
dro

car
bon

 St
rea

m)
  

 
 

 
 

 
 

 
 H 2S,

 CO
2, A

mi
ne 

  
5 

 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

5. 
 

  6. 

 
 7.  

  
CO

2, H
2S,

   
  

 
   8.  

   
 

 
   

 
   - 

 
Am

ine
 

 
- 

 M
EA

 
 

 

 

     
  

 
  

 
  

  
spe

c. 
   

 
 

1. 
 

2. 
 

 1. 
 

2. 
 In

ter
loc

k 
 

 
 

 Am
ine

 St
rip

per
 

   
 

  
  

 
 

-    -     - 

2    1    1     1  

4    2    4     3    

8    2    4     3 

3 
[

(3-
1)]

 
[

(3-
1)]

 
  1    2 

[
(3-

2)]
 

   2 
[

(3-
2)]

 
 

 
 



3-7
3 

 
 

 HA
ZO

P  
 

 
 

  H
AZ

OP
(3)

 
  

 CO
2 

 Ga
s O

il, 
 Ac

id 
Ga

s A
bso

rbe
r 

   
 (S

our
 Ga

s a
nd 

Hy
dro

car
bon

 St
rea

m)
  

 
 

 
 

 
 

 
 H 2S,

 CO
2, A

mi
ne 

  
5 

 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

9. 
 

  10.
 

   
 

   

 
  

 

 
  

 Co
lum

n 

 
  

 

-  
 

- 

1   1  

3   3 

3   3 

2 
[

(3-
2)]

 
 2 

[
(3-

2)]
 



3-7
4 

 
 

 HA
ZO

P  
 

 
  

     
HA

ZO
P (

3) 
  

 CO
2 

 Ga
s O

il, 
 Am

ine
 St

rip
per

 
   

 CO
2 

 M
EA

 
 M

EA
 

  
 

 
 

 
 

 
 

 
 H 2S,

 CO
2, A

mi
ne 

  
5 

 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1.  
   

 
  2.  

 
Am

ine
 

  3.  
 

 
, 

 
  

 
   - 

 
- 

     
    

 

 H 2S,
  

CO
2 

 
  

 
Am

ine
 

  
 / 

 

1. 
 

2. 
 Ov

er h
ead

  
  

- 
   1. 

 
2. 

 
3. 

, 
 

4. 
 2 

 3 i
nte

rlo
ck 

 
, 

 
5. 

 

-    
 

  (S
pil

l 
Co

nta
ine

d &
 Tr

eat
ed)

 
 

- 

1    2    1 

3    4    4 

3    8    4 

2 
[

(3-
2)]

 
  3 

[
(3-

1)]
 

[
(3-

1)]
 

 2 
[

(3-
2)]

 



3-7
5 

 
 

 HA
ZO

P  
 

 
  

     
 HA

ZO
P (

3) 
  

 CO
2 

 Ga
s O

il, 
 Am

ine
 St

rip
per

 
   

 CO
2 

 M
EA

 
 M

EA
 

  
 

 
 

 
 

 
 

 
 H 2S,

 CO
2, A

mi
ne 

  
5 

 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

4.  
 

 5. 
 

      6. 
 

  7. 
 

   8. 
 

 Am
ine

 
 

 

     
 

 
     

 H 2S,
 

CO
2 

 
 St

rip
per

 
 

 
abs

orb
er  

 
 

 

 
abs

orb
er  

 
 

 
 

 

 (F
lar

e)  
 Fl

are
 

 
  

 
 

 Co
lum

n 
  Pu

mp
 

 Ca
vit

atio
n 

 

 Re
cla

im
er,

 An
tifo

am
 

 1. 
 

2. 
, 

 
3. 

 2 
 3 i

nte
rlo

ck 
 

, 
 

4. 
 

 

 In
hib

ito
r 

  

 
 ab

sor
ber

 
  

 
 

-  -       -  -   - 

2 
 

1      1   1    1 
 

2  4      2   2    2 

4 
 

4      2   2    2 

2 
[

(3-
2)]

 

2 
[

(3-
2)]

 
     1   1    1 



3-7
6 

 
 

 HA
ZO

P  
 

 
 

     
 HA

ZO
P (

3) 
  

 CO
2 

 Ga
s O

il, 
 Am

ine
 St

rip
per

 Re
flu

x D
rum

 
   

 CO
2 

 Am
ine

 St
rip

per
 

 
 

 
 

 
 

 
 

 
 

 
 H 2S,

 CO
2, A

mi
ne 

  
5 

 
 

 
 

 
 

/ 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1. 
 

    2. 
 

        3. 
 

 H 2S,
 CO

2 
 Am

ine
 St

rip
per

 
 

   - 
 

Dia
me

ter
 Pa

d 
- 

, 
 

- 
 

- 
 

   
     

  
, 

 

 Am
ine

 
 

H 2S,
  C

O 2 

 
 - 

 M
EA

 
 

Fla
re 

- 
 

Am
ine

 St
rip

per
 

     
 

Am
ine

 St
rip

per
 

 

1. 
 

2. 
 de

mi
ste

r p
ad 

   1. 
 

2. 
 Am

ine
 

Str
ipp

er 
3. 

 Am
ine

 
Str

ipp
er 

4. 
 2 

 3 I
nte

rlo
ck 

 
 

 St
rip

per
 

 
 

- 
 

   -         - 

1     1         1  
 

3     3         2  
 

3     3         2   

2 
[

(3-
2)]

 
   2 

[
(3-

2)]
 

       1 
 

 



3-7
7 

 
 

 HA
ZO

P  
 

 
  

     
 HA

ZO
P (

3) 
   

 (A
mi

ne 
Str

ipp
er 

Re
fle

x D
rum

) 
 

   
 CO

2  
 Am

ine
 St

rip
per

 
 

 
 

 
 

,  
,  

/
 

 
 

3.8
 

/
.

. 
 

  
5 

 
 

 
 

 
/ 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

4. 
 Ni

tro
gen

 
  N

2 
 

 Am
ine

 
Str

ipp
er 

1. 
 

2. 
 N2

 
 

     

- 
1  

 

2  
 

2  
 

1 
 

 



3-7
8 

 
 

 W
hat

 If 
An

aly
sis 

  
 

Wh
at 

If (
3) 

/
/

/
/

   
 

 CO
2 

 Ga
s O

il 
  

 
 

 
 

 
5 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1. 

 Am
ine

 Tr
eat

me
nt 

 

 
 2. 

 Am
ine

  
 

  3. 
 

 
 

 

 (C
O 2)  

H 2S 
 

 
    

 (C
O 2)  

H 2S   
 

 
 M

EA
 

 
 

1. 
 

 
    1. 

 
2. 

 Am
ine

 
3. 

On
 Li

ne 
ana

lyz
er 

 
 

 1. 
 

2. 
 St

rai
ner

 

-     -    -   
 

 

1     
 

1    2 

3     
 

3    3 

3  
 

  
 

3    6   

2 
[

(3-
2)]

 
 

  
 2 

[
(3-

2)]
 

  2 
[

(3-
2)]

 

   



3-7
9 

 
 

 W
hat

 If 
An

aly
sis 

  
 

     
Wh

at 
If (

3) 
/

/
/

/
   

 
 CO

2 
 Ga

s O
il 

  
 

 
 

 
 

5 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

Wh
at I

f 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

4. 
 

 
 5. 

 
 

, 
 , A
mi

ne 
(M

EA
) 

 6. 

 
 7. 

 H 2S,
  C

O 2  
 

 

  
   1. 

 
2. 

 Am
ine

 
  

 
  1. 

 Sp
ce.

 
2. 

 

1. 
 

2. 
 

 1. 
 

2. 
 In

ter
loc

k 
 

 
 

 
 1. 

 
2. 

 In
ter

loc
k 

 
 

1. 
 

 Am
ine

 St
rip

per
 

2. 
 

3. 
On

 Li
ne 

An
aly

zer
 

 

- 
 

  
1. 

 (S
pil

l 
Co

nta
ine

d a
nd 

Tre
ate

d) 
 

-    - 

2     2   
 1     1 

3    
 

4    3     4 

6     8    3     4   

2 
[

(3-
2)]

 
 

  
3 

[
(3-

1)]
 

[
(3-

1)]
 

  2 
[

(3-
2)]

 
   2 

[
(3-

2)]
 



3-8
0 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
 W

hat
 If 

(3)
 

/
/

/
/

   
 

 CO
2 

 Ga
s O

il 
  

 
 

 
 

 
5 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

8. 
 

  9. 
 /  

     10.
 

 
Am

ine
 

 
 

1. 
 

2. 
 Co

lum
n 

  
 

 
        

 
   

1. 
 

   1. 
 

2. 
 

3. 
, 

 
4. 

 2 
 3 i

nte
rlo

ck 
 

, 
 

5. 
 

 1. 
 Re

cla
im

er 
An

tifo
am

 
 

-  

 
-   

 
    -  

1  
 

 1   
 

     2 

3  
  

4         2 

3  
 

 4         4   

2 
[

(3-
2)]

 
  

2 
[

(3-
2)]

 
       2 

[
(3-

2)]
 



3-8
1 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
  W

hat
 If 

(3)
 

/
/

/
/

   
 

 CO
2 

 Ga
s O

il 
  

 
 

 
 

 
5 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

11.
 

 
 

   12.
  

 H 2S,
  

CO
2 

 St
rip

per
  

 
 13.

  
 Co

lum
n 

 
  14.

  
 Co

lum
n 

 
 15.

 
 H 2S,

  C
O 2 

 
Am

ine
 St

rip
per

 Re
flu

x 
Dr

um
 

 

 
 Fl

are
 

 
   

 
  

 Co
lum

n 
   Pu

mp
 

 Ca
vit

aio
n 

  
 Am

ine
 

 H 2S,
 

CO
2 

 
 

1. 
 

2. 
, 

 
3. 

 2 
 3 i

nte
rlo

ck 
 

, 
 

4. 
 

 

 In
hib

ito
r 

  1. 
 

2. 
 

abs
orb

er 
 1. 

 
  1. 

 
2. 

 De
mi

ste
r P

ad 

-    -   -   -  -   

1  
 

   1   1    1   1 

4  
    

2   2    2   3 

4  
   

 2   2    2   3 

2 
[

(3-
2)]

 
    

1   1    1   2 
[

(3-
2)]

 

 



3-8
2 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
 W

hat
 If 

(3)
 

/
/

/
/

   
 

 CO
2 

 Ga
s O

il 
  

 
 

 
 

 
5 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

16.
 

 Am
ine

 St
rip

per
 Re

flu
x 

Dr
um

 
 

       17.
 

 Am
ine

 St
rip

per
 Re

flu
x 

Dr
um

 
 

 18.
  

 N 2 
 Dr

um
 

 M
EA

 
 Fl

are
 

         

 Am
ine

 
Str

ipp
er 

  
 

  

 Am
ine

 St
rip

per
  

 

1. 
 

2. 
 

Am
ine

 St
rip

per
 

3. 
, 

 
 Am

ine
 St

rip
per

 
4. 

 2 
 3  

Int
erl

ock
     , 

 
Str

ipp
er 

 

 
  1. 

 
2. 

 N 2  
 

-        -   - 

2  
 

       1    1    

3  
    

    2    2    

6  
   

     2    2    

2 
[

(3-
2)]

 
    

    1    1    



3-8
3 

D
ry

 G
a

s

L
P

G

M
id

d
le

D
is

ti
ll

at
e

H
e

a
v

y
N

a
p

h
th

a

Li
g

h
t

N
a

p
h

th
a

H
e

a
v

y
G

a
s 

O
il

O
il

 F
e
e
d

C
a

ta
ly

st
S

tr
ip

p
e
r

R
is

e
r

F
iu

e
 G

a
s

R
e

g
e

n
e

ra
to

r

A
ir

Fractionation
and Stabilization

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
је

 
6

 R
ev

. 
 1

  
њѤь
ъ
Ѩѷ 

1 
єд
іѥ
зє

 2
54

5
ді
ѣэ
њь
дѥ
ія
ј
ѧш 

ў
ьњ
ѕ 

Ca
ta

ly
tic

 C
ra

ck
in

g
э
іѧќ
Ѥъ

  
ѱі
кд
јѤѷь
ьѸѼѥ
єѤь

 л
Ѽѥд
Ѥч

 



3-8
4 

Ѡѥ
дѥ
ћ

ѓѥ
ѕь
Ѡд

дѥ
іѯ
дѧч
ѳђ
ѳў
єъ
Ѩѷ C

at
al

yt
ic

 C
ra

ck
in

g

A

ѳђ
ѳў
єе
ц
ѣ

R
e

g
e

n
e

ra
ti

o
n

ѳђ
ѳў
єе
ц
ѣ

U
n

lo
a

d
 C

at
al

ys
t

B

ѯн
ѪѸѠѯ
ё
јѧк

ю
іѧє
ѥц

 A
ir

єѥ
дѯ
дѧь
ѳю

D

ьѸѼѥ
єѤь
іѤѷњ
ѳў
ј

лѥ
д 

Ri
se

r 
ў
іѪѠ

S
e

p
e

ra
to

r
V

e
ss

e
l

1

Ca
ta

ly
st

 ъ
ѨѷєѨ

Co
ke

 л
Ѥэ
шѤњ

2

E

ѳє
єѨз
ѥю
іѧє
ѥц

Ѡѥ
дѥ
ћ 3

еѤь
ь
Ѡш
ѕѩч

ѳє
Ѱь
ь 4

C

C
a

ta
ly

st
Ѡѫц
ў
ѓѬє
ѧѝѬк
ѯд
ѧьѳ
ю

(>
1

2
0

 o
C

)

F
7

ѳє
ѳч
ё
Ѥд

Ca
ta

ly
st

 ѳ
њѯ
ё
ѪѷѠ

јч
Ѡѫц
ў
ѓ
Ѭєѧ

5

ѳє
ѳч
 P

ur
ge

ў
іѪѠ

 I
ne

rt
 ш
Ѥњ

Ca
ta

ly
st

 ѱ
чѕ
дѥ
о

ѳь
ѱш
іѯ
ль 6

ѯѠ
дѝ
ѥі
ў
єѥ
ѯј
е
   

7 
 R

ev
 1

  њ
Ѥьъ
Ѩѷ  1

 є
.з

. 
45

дѣ
э
њь
дѥ
ія
јѧш

   
Ca

ta
ly

tic
 C

ra
ck

in
g

э
іѧќ
ъ

   
ѱі
кд
јѤѷь
ьѸѼѥ
єѤь

 



3-8
5 

 
 

 Fa
ult

 Tr
ee 

An
aly

sis 
 

Fa
ult

 Tr
ee 

(1)
 

/
/

/
/

  
 Ca

taly
tic 

Cra
cki

ng 
 

    
 

 
 

 
 

  
 

 
  

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

1. 
Ca

taly
st 

 Co
ke 

 Re
gen

era
tio

n 
  

 Re
gen

era
tio

n 
To

we
r 

 
  2. 

 Ri
ser

 
 Se

par
ato

r 
Ve

sse
l 

 
Re

gen
era

te 
  

- 
 

 Re
gen

era
tio

n 
To

we
r 

- 
 

- 
 

  - 
 

 Re
gen

era
tio

n 
To

we
r 

- 
 

- 
 

- 
 Re

gen
era

te C
ata

lys
t 

 
Re

gen
era

tio
n T

ow
er 

- 
 Un

loa
d C

ata
lys

t 
 - 

 Re
gen

era
te C

ata
lys

t 
 

Re
gen

era
tio

n T
ow

er 
- 

 Un
loa

d C
ata

lys
t 

- 
 

- 
 

 W
ate

r S
pri

nke
r  

 
Sp

ray
 

 
 - 

 
- 

 
 W

ate
r S

pri
nke

r  
 

Sp
ray

 
 

 

2      2 

4      4 

8      8 

3 
[

(4-
1)]

 
[

(4-
1)]

 

    3 
[

(4-
1)]

 
[

(4-
1)]

 

 

   



3-8
6 

 
 

 Fa
ult

 Tr
ee 

An
aly

sis 
 

Fa
ult

 Tr
ee 

(1)
 

/
/

/
/

  
 Ca

taly
tic 

Cra
cki

ng 
 

    
 

 
 

 
 

  
 

 
  

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

3. 
 Ca

taly
st 

 Un
loa

d C
ata

lys
t  

 
     4. 

 Pu
rge

 
 In

ert
 Ca

taly
st 

 Un
loa

d C
ata

lys
t 

 
 

- 
 

 Re
gen

era
tio

n 
To

we
r 

- 
 

- 
 

    - 
 

 Re
gen

era
tio

n 
To

we
r 

- 
 

- 
 

- 
 Re

gen
era

te C
ata

lys
t 

 
Re

gen
era

tio
n T

ow
er 

- 
 Un

loa
d C

ata
lys

t 
   - 

 Re
gen

era
te C

ata
lys

t 
 

Re
gen

era
tio

n T
ow

er 
- 

 Un
loa

d C
ata

lys
t 

- 
 St

and
 By

 M
an 

 Un
loa

d 
Ca

taly
st 

- 
 

Re
gen

 To
we

r 
 W

ate
r 

Sp
rin

ker
 Sp

ray
 

 
 - 

 St
and

 By
 M

an 
 Un

loa
d 

Ca
taly

st 
- 

 
Re

gen
 To

we
r 

 W
ate

r 
Sp

rin
ker

 Sp
ray

 
 

 

2        2 

4        4 

8        8 

3 
[

(4-
1)]

 
[

(4-
1)]

 

   
 

 3 
[

(4-
1)]

 
[

(4-
1)]

 

 



3-8
7 

 
 

 
 W

hat
 If 

An
aly

sis 
   

 
     

   W
hat

 If 
(4)

 
/

/
/

/
   

 
 Ca

taly
tic 

Cra
cki

ng 
 

  
 

 
 

 
 

6 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

Wh
at I

f 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

1. 
 (C

ata
lys

t)  
 

Co
ke  Re

gen
era

tio
n 

 2. 
 Ri

ser
 

 
Sep

ara
tor

 Ve
sse

l  
 

Re
gen

era
tio

n 
  

,  
 

    
,  

 
      

 
Re

gen
era

te C
ata

lys
t 

 Re
gen

era
tio

n 
To

we
r 

  
 

Re
gen

era
te C

ata
lys

t 
 Re

gen
era

tio
n 

To
we

r 
    

1. 
, 

 
2. 

 W
ate

r 
Sp

rin
ker

  
 Sp

ray
 

 
 1. 

, 
 

2. 
 W

ate
r 

Sp
rin

ker
  

 Sp
ray

 
 

  

2     2 

4     4 

8     8 

3 
[

(4-
1)]

 
[

(4-
1)]

 

 

 3 
[

(4-
1)]

 
[

(4-
1)]

 

 

   



3-8
8 

 
 

 W
hat

 If 
An

aly
sis 

    
 

     
  W

hat
 If 

(4)
 

/
/

/
/

   
 

 Ca
taly

tic 
Cra

cki
ng 

 
  

 
 

 
 

 
6 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

3. 
 

Un
loa

d/d
isp

osa
l C

ata
lys

t 
 

 
       

,  
 

          

 
Re

gen
era

te C
ata

lys
t 

 Re
gen

era
tio

n 
To

we
r 

        

1. 
, 

 
2. 

 W
ate

r 
Sp

ink
er 

 
 Sp

ray
 

 
3. 

 St
and

 by
 m

an 
 

 Un
loa

d/d
isp

ora
l C

ata
lys

t 
4. 

 Re
gen

 To
we

r 
 

 W
ate

r 
Sp

ray
 

   

2 
4 

8 
3 

[
(4-

1)]
 

[
(4-

1)]
 

           
  



3-8
9 

 
 

 W
hat

 If 
An

aly
sis 

   
 

    W
hat

 If 
(4)

 
/

/
/

/
   

 
 Ca

taly
tic 

Cra
cki

ng 
 

  
 

 
 

 
 

6 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

Wh
at I

f 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

4. 
 

Pu
rge

 
 In

ter
 Ca

taly
st 

 Un
loa

d 
Ca

taly
st 

 

 
 

 
Re

gen
era

te C
ata

lys
t 

 Re
gen

era
tio

n 
To

we
r 

1. 
, 

 
2. 

 W
ate

r 
Sp

ink
er 

 
 Sp

ray
 

 
3. 

 St
and

 by
 m

an 
 

 Un
loa

d/d
isp

ora
l C

ata
lys

 
4. 

 Re
gen

 To
we

r 
 

 W
ate

r 
Sp

ary
 

 

2 
4 

8 
3 

[
(4-

1)]
 

[
(4-

1)]
 

          
  



3-9
0 

 



3-9
1 

 
 

 W
hat

 If 
An

aly
sis 

    
 

     
 W

hat
 If 

(5)
 

/
/

/
/

   
 

 Ta
nk 

Ca
r 

 
  

 
 

 
 

 
8 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1. 
 Ta

nk 
Ca

r   
 

    2. 
 Pu

mp
 

 
  3. 

 Gr
oun

d   
 

 4. 
 

12,
000

 
 

1. 
  

 
 2. 

 

 
 3. 

 
 

 4. 
  

 

 Bu
nd 

 
     -  

 W
I 

-  
 St

art
 

Pu
mp

 
 

-  
 Bu

nd 
 

 - 
  

 Ta
nk 

Ca
r 

 -  
    

 
 Ta

nk 
Ca

r 
-  

 Bu
nd 

 
 

 St
opp

er 
 

 
        

 
 Gr

oun
d 

3  
 

 
 

 1   
  

2   1    

4  
  

  3 
  

   4   3    

12  
 

   3 
 

 
 

 8   3    

4 
[

(5-
1)]

 
[

(5-
1)]

 
 

   2 
[

(5-
2)]

 
 

 
 3 

[
(5-

1)]
 

[
(5-

1)]
 

 2 
[

(5-
2)]

 
  

 



3-9
2 

 
 

 W
hat

 If 
An

aly
sis 

  
 

     
   W

hat
 If 

(5)
 

/
/

/
/

   
 

 Ta
nk 

Ca
r 

 
  

 
 

 
 

 
8 

 
 

 
 

 
15 

 15
45 

 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

5. 
 

   6. 

    
 

 7. 
 

Ta
nk 

Ca
r 

 
 8. 

 (D
rai

n) 
  

 

5. 
   

 
   

 
 

 6. 
 

 
  7. 

 
Pu

mp
  

 
 8. 

 (D
rai

n) 
 

 

- 
     

 
 

 Ta
nk 

Ca
r 

- 
 Bu

nd 
 

  - 
     

   
 

 Ta
nk 

Ca
r 

- 
 

  - 
     

 
 

 Ta
nk 

Ca
r 

  - 
     

 
 

 Ta
nk 

Ca
r 

  

-    -    -    - 
 

2  
  

 1   
  

2     1    

4  
  

 2 
 

  
 

 4   
 

2    

8  
  

 2 
 

  
 

 8     2    

3 
[

(5-
1)]

 
[

(5-
1)]

 
  

 1 
 

    3 
[

(5-
1)]

 
[

(5-
1)]

 
   1    

 



3-9
3 

 
 

 W
hat

 If 
An

aly
sis 

  
 

     
  W

hat
 If 

(5)
 

/
/

/
/

   
 

 Ta
nk 

Ca
r 

 
  

 
 

 
 

 
8 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

9. 
 (V

ent
)  

  
 

   10.
 

 
    

9. 
   

 
 

 
 10.

 
     

     
 

     
     

 

- 
 Bu

nd 
 

- 
 

 Pu
mp

 
 

Ta
nk 

Ca
r 

  - 
     

 
 

 Ta
nk 

Ca
r 

 
    

- 

2  
   

 3   
 

 

4   
  

 1 
 

  
 

   

8      3      

3 
[

(5-
1)]

 
[

(5-
1)]

 
   

 2 
[

(5-
2)]

 
   

       



3-94 

 Checklist  Tank Car 
     

   Yes No N/A  

  1. / /      
      

    

 1.   
 

9      

 
 2.  9     
 3.  (MSDS)  9    
 4.  MSDS   9   
 5.  PPE   9      

 
 6.  9    
 7.   

1)  
2)  
3)  

9    

  2.  /  
       

    

         2.1       
 1.   

 
9    

  �  (Ultimate 
Stress)  

� -  
� 

  600 
  2 . 

9 
 
9 
9 

   

 2.  
1)  
2)  
3)  
4)  
5)  
6)  3, 4, 5 

9    



3-95 

 
 

     
     

   Yes No N/A  

 3. -  9    
 4.  9    
 5.  

 
9    

 6.     9    
 7.  -

 
 9   

 8.  3  9    
 9.  9    
 10.  Bulk  

 
 9   Bulk 

 
 11. 

 
 9   

 12.  9    
 13.  9    
 14.   9   
  2.2 /      
 1.   

 
9    

 2. 
   

 

9    

 3.     
 

9    

 4.  
 

9    

 5. 
 

9   
 

 6.  2.0 mm.  9    
 7.   9    
 8.  9    



3-96 

 
    

  Yes No N/A  

9.  9    
10. 

 
9    

11.    9   Pump 
 

     2.3      
1.  ( )  9    
2.  9    
3. 

  
9    

4. - -
 

9    

5. 
 

9    

6. 
 

9    

7.   9    
8.   9    
      2.4      
1.  

62.5  
 

9    

2. 
  

9    

3.   0.6 
.  1   

9    

4.   
 

9    

5. 
 

9    

6.   9    
7.  (Spray)  9    

 



3-97 

     
     

   Yes No N/A  

 8. 
  

9   
 

 9. 
   1  

 9     
 

 10.  
  

 9  
 

 11.  
  

9    
 

 12.      
 

9    
 

      2.5  ,      
 1. 

  
9         

5   
 2.  

  
9    

  2.6     
     

    

 1. 
 

9    

 2.  9    
 3. 

 
9    

 4. 
 

 9  
 

  3.   
3.1  

    

 1.  Tank Car 
  

9    

 2. 
 

 

9    

 3.   
 

 9  
 



3-98 

 
 

     

   Yes No N/A  

 4. 
 

9    

 5. /  LPG  9    
 6.   9  

 
 7. 

  
9   

 
 8.   9    
 9.   9    
 10. 

 
9    

 
 
 
 



3-9
9 

 
 

 Ch
eck

list
   

 
 

    C
hec

kli
st (

1) 
/

/
/

/
   

 
 Ta

nk 
Ca

r 
 

  
 

 
 

 
 

8 
 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

Ch
eck

list
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

1. 

     
     

  
(

, 
) 

   2. 
 M

SD
S 

  3. 

 
 4. 

 

 
  

  
 

    
 

  
 

 
 

  

 Ta
nk 

Ca
r  

  
 

1. 
 

2. 
 

 
3. 

 
 

- 
   

 
   

- 

1. 
 

 
2. 

 
  

 M
SD

S 
 

  

 
  

-
 

 

2  
 

    2     2 
  

 3 

4  
    

 4     3 
  

 4 

8       8     6   
 12 

3 
[

(5-
1)]

 
[

(5-
1)]

 
    

 3 
[

(5-
1)]

 
[

(5-
1)]

 

  2 
[

(5-
2)]

 
 

 4 
[

(5-
1)]

 
[

(5-
1)]

 



3-1
00 

 
 

 Ch
eck

list
   

 
 

     
   C

hec
kli

st (
1) 

/
/

/
/

   
 

 Ta
nk 

Ca
r 

 
  

 
 

 
 

 
8 

 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
Ch

eck
list

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

5. 
 Bu

lk 
 

 
  6. 

 
   7. 

 
   8. 

 Ta
nk 

Ca
r 

 

 
  

 
 

 
 

 
 

 
 

 
 

 
  

  
  

 

-   -    -     

 Ta
nk 

Ca
r 

 

  
 

 
   

 

 
  

- 

2  
 

2    2     2 
   

4  
 

4 
  

 4     2 
   

8 
  

8    8     4 
   

3 
[

(5-
1)]

 
[

(5-
1)]

 
 

3 
[

(5-
1)]

 
[

(5-
1)]

 
 

 3 
[

(5-
1)]

 
[

(5-
1)]

 
   2 

[
(5-

2)]
 

  
 



3-1
01 

 



3-1
02 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
  W

hat
 If 

(6)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
9 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

1. 
 

 
  

- 
 

- 
 

 
    

 2.  
 

 
 

 
Op

era
te 

,   
 

 

  
 

(BR
AV

E) 
      

 
 

 

1. 
, 

 
2. 

 
3. 

 
4. 

 (B
und

) /
 

 
 Bu

nd 
5. 

 (P
rev

ent
ive

 M
ain

ten
anc

e) 
 1. 

 
2. 

 
3. 

 

1. 

 
2. 

 
3. 

 

 
 

  
- 

2           1 

4           3 

8           3 

3 
[

(6-
1)]

 
[

(6-
1)]

 
      

 
  2 

[
(6-

1)]
 



3-1
03 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
 W

hat
 If 

(6)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
9 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

3.  
   

   
 

 
- 

/
 

- 
 Op

era
te 

 
- 

 
   

4.  
 

/  
 H 2S 

 

  
  

 
     

 
 

     
, 

 
    

   
     

  
  

 

1. 
 

2. 
 

3. 
, 

 
4. 

 
5. 

 
   

  
 (P

rev
ent

ive
 

Ma
int

ena
nce

) 
 

 1. 
 

2. 
 No

n-
De

stru
ctiv

e T
est

/X-
Ra

y 
3. 

 
4. 

 

1. 

 
2. 

 
3. 

 

 
 1. 

 
2. 

 
3. 

 

 

1         1 

4         4 

4         4 

2 
[

(6-
2)]

 
       2 

[
(6-

2)]
 



3-1
04 

 
 

 W
hat

 If 
An

aly
sis 

  
 

     
   W

hat
 If 

(6)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
9 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

5.  
    

  
    

 In
sul

atio
n 

 
 

 
 

   
 

 

1. 
 

2. 
 No

n-
De

stru
ctiv

e T
est

/X-
Ra

y 
3. 

 
4. 

 

1. 

 
2. 

 
3. 

 

 
4. 

 
  

 
     

 
   

   

1          

4          

4          

2 
[

(6-
2)]

 
        

  



3-1
05 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
   W

hat
 If 

(6)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
9 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

6.  
   

  
 

 
 

/
 

 7.  
    

 
 

 
    

 
 

   
 

 
 

    

1. 
 

2. 
 Ta

nk 
Ca

lib
rat

ion
 

3. 
 Re

liab
ilit

y 
  

- 
    

-    
 1. 

 
2. 

 
 (

) 
 

1. 
 

2. 
 

 
3. 

 
  

 
   

   
 

2      2 

3   
 

  4 

6      8 

2 
[

(6-
2)]

 
   

 
3 

[
(6-

1)]
  

[
(6-

1)]
 



3-1
06 

 
 

 W
hat

 If 
An

aly
sis 

   
 

     
  W

hat
 If 

(6)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
9 

 
 

 
 

 
 

15 
 25

45 
 

 
 

 
 

 
 

 
 

 
Wh

at I
f 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

8. 
   

  
      

 
 

   9. 
 

 10.
  

 
 

 
 Ho

t 
Wo

rk,
 

, 

 
    

 

, 
 

     
   

 
     - 

 
- 

 
 - 

 
- 

 
  

1. 

 
2. 

 
 1. 

  
 

 1.  
   

 (H
ot 

Wo
rk 

Per
mi

t) 
2. 

 (R
est

ric
ted

 Ar
ea)

 
3. 

 PM
 

1. 

 
    1. 

 
 1. 

 
2. 

 

1       2   2      

4   
    

4   4    

4       8   8      

2 
[

(6-
2)]

 
      3 

[
(6-

1)]
 

[
(6-

1)]
 

 

3 
[

(6-
1)]

 
[

(6-
1)]

 
 

 



3-1
07 

ѳђ
ѳў
єщ
Ѥкѯ
дѶэ
ьѸѼѥ
єѤь

A

ѠѠ
до
ѧѯл
ь

Ѳь
э
іі
ѕѥ
дѥ
ћ

B

щѤк
Ѱш
д

ў
ьѥ
Ѱю
јь
іѤѷњ

C

щѤк
Ѱш
д

лѥ
дд
ѥі

дѤч
ді
Ѡь

уѥ
ьі
ѥд

ъ
іѫч
шѤњ

3

ъ
Ѡі
Ѥѷњл
ѥд
дѥ
і

дѤч
ді
Ѡь

D

ю
ѣѯ
дѶь
ў
іѪѠ

о
Ѩј
н
Ѽѥі
ѫч

2

еѤь
ьѠ
шѕ
ѩч

ѳє
Ѱь
ь

4

E

ѠѤь
ші
ѥѕ

лѥ
дђ
ѥя
ѥ

Ѡѫю
ді
ц
ѳђ
ђ
ѥ

F

ѠѠ
дѰ
э
э

ѝѥ
ѕј
Ѡђ
ѥ

ѳє
зі
Ѡэ
зѫј
є

ё
ѪѸьъ
Ѩѷ

6
G

н
ьѧч
єѨ

ю
іѣ
дѥ
ѕѳ
ђ

8

ѝѬэ
э
ѫў
іѨѷ

ѝѥ
ѕд
іѥ
њь


н
Ѽѥі
ѫч 7

дѥ
іі
Ѥѷњѳ
ў
је
Ѡк
ьѸѼѥ
єѤь

Ѱў
ј
кз
њѥ
єі
Ѡь

1

1

н
Ѽѥі
ѫч 7

5

ѯѠ
дѝ
ѥі
ў
єѥ
ѕѯ
је

1
0

R
e

v
.

1
њѤь
ъ
Ѩ   

 1
 є

.з
. 

45
 

ді
ѣэ
њь
дѥ
ія
јѧш

/ѝ
щѥ
ьъ
Ѩѷ   
щѤк
ѯд
Ѷэ
њѤш
щѫч
ѧэ
Ѱј
ѣя
јѧш
ѓѤц
ф


э
іѧќ
Ѥъ

ѱі
кд
јѤѷь
ьѸѼѥ
єѤь

 



3-1
08 

 
 

  F
aul

t T
ree

 An
aly

sis 
 Fa

ult
 Tr

ee 
An

aly
sis 

(2)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

1. 
/  

    
 

 
 2. 

/
 

  3. 
/

 
  

- 
 

- 
 

- 
 

 - 
 

- 
 

- 
 

 - 
 

- 
 

- 
 

 
   

 
  

 1. 
 

2. 
 

(Re
stri

cte
d A

rea
) 

3. 

 (H
ot 

Wo
rk 

Per
mi

t) 
 

 
 

  
- 

   
- 

  

2    2    1        
 

4    4    4   
     

8    8    4         

3 
[

(6-
1)]

 
[

(6-
1)]

 
  3 

[
(6-

1)]
 

[
(6-

1)]
 

  2 
[

(6-
2)]

 
    

 
 



3-1
09 

 
 

  F
aul

t T
ree

 An
aly

sis 
 Fa

ult
 Tr

ee 
An

aly
sis 

(2)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

4. 
/  

 
  5. 

 

 
  6. 

 
   

- 
 

- 
 

- 
 

  - 
 

- 
 

- 
 

  - 
 

- 
 

- 
 

 

1. 
 

2. 

 (H
ot 

Wo
rk 

Per
mi

t) 
 -   

 
    -   

 
  

  

-   
 

 
  1. 

 
2. 

 
 

 -   
 

 
 

   

1  
 

  2     2     
 

4  
 

  4     4   
   

4     8     8      

2 
[

(6-
2)]

 
 

  
3 

[
(6-

1)]
 

[
(6-

1)]
 

  
3 

[
(6-

1)]
 

[
(6-

1)]
 

   
 

 



3-1
10 

 
 

  F
aul

t T
ree

 An
aly

sis 
 Fa

ult
 Tr

ee 
An

aly
sis 

(2)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

7. 
 

 
    8. 

 
  9. 

/
 

 
 10.

 
/

 
 

 

- 
 

- 
 

- 
 

   - 
 

- 
 

- 
 

 - 
 

- 
 

- 
 

 - 
 

- 
 

- 
 

1. 
 

2. 
 

(Re
stri

cte
d A

rea
) 

3. 
 

 1. 
 

2. 
 

 -   
 

 
   -   

 
 

-   
 

 
    -  

 
 

  -   
 

  -   
 

1      1    2    2  
 

4      4    4    4  
 

4      4    8    8   

2 
[

(6-
2)]

 
  

 
 2 

[
(6-

2)]
 

  3 
[

(6-
1)]

 
[

(6-
1)]

 
 3 

[
(6-

1)]
 

[
(6-

1)]
 



3-1
11 

 
 

  F
aul

t T
ree

 An
aly

sis 
 Fa

ult
 Tr

ee 
An

aly
sis 

(2)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

11.
 

/
 

 
    12.

 
/

 
 

  13.
 

/
 

 
 14.

 
 

 
 

- 
 

- 
 

- 
 

   - 
 

- 
 

- 
 

 - 
 

- 
 

- 
 

 - 
 

- 
 

- 
 

1. 
 

2. 
 

(Re
stri

cte
d A

rea
) 

3. 
 

 1.  
  

 
2. 

 
 -   

 
 

   -   
 

-   
 

    -   
 

 
 -  

 
 

  -   
 

1      1    2    2  
 

4      4    4    4  
 

4      4    8    8   

2 
[

(6-
2)]

 
  

 
 2 

[
(6-

2)]
 

  3 
[

(6-
1)]

 
[

(6-
1)]

 
 3 

[
(6-

1)]
 

[
(6-

1)]
 



3-1
12 

 
 

  F
aul

t T
ree

 An
aly

sis 
 Fa

ult
 Tr

ee 
An

aly
sis 

(2)
 

/
/

/
/

   
 (T

ank
 St

ora
ge)

 
 

  
 

 
 

 
 

 
 

 
15 

 25
45 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

15.
 

 
 

    16.
 

 
 

   

- 
 

- 
 

- 
 

   - 
 

- 
 

- 
 

  

1. 
 

2. 
 

(Re
stri

cte
d A

rea
) 

3. 
 

 1.  
    

 
2. 

 
 

-   
 

    -   
 

 
  

1      1          
 

4      4         
  

4      4           

2 
[

(6-
2)]

 
  

 
 2 

[
(6-

2)]
 

   



3-113 

 
3.4  

       
 4    3  

 
 

•  
•  
•  

   
 3   

   
2 

 
 

3 
 
 

4 

 
 

 
 

 

•  
 
 
•  
•  
 
•  
•  

 



3-1
14 

 (
)  

 
 

 
 

 
 

 
 

 
 

 (1
-1)

 
 

,  
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
/

/
 

 
 

 
 

1     2 
 

 3 

 (O
n t

he 
job

 Tr
ain

ing
)  

  
   

 Li
ght

 Of
f  

 
     

 
 2 

 
 

 
 (L

ock
 Ou

t / 
Ta

g O
ut 

Sy
ste

m)
 

 
 

 
     

   
 2 

 

 
   

 
 

  
  

   

1 -
 15

 .
. 45

 
  

 
 

1 
 15

 .
. 45

 
  

15 
 31

 .
. 45

 

 
  

 
 

 
 

 
 

 

 

   



3-1
15 

 (
)  

 
 

 
 

 
 

 
 

 
 

 (1
-2)

 
 

 ;  
 

 
 

 
 

  
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

  2 
 

 25
45 

 
 

 
 

 
 

 
 

 

 
/

/
 

 
 

 
 

1  
 

2 
 

   3   4 

 (P
rev

ent
ive

 M
ain

ten
anc

e) 
 

 
 

 (
) 

 
 

 1 
 / 

 
 

 
 1 

 
 

 
 

 
 

 

 
  

 
  

 
  

1 
..

  3
1 

..
 45

 
 

 
1 

15 
..

 45
 

    
15 

 31
 .

. 45
 

  
15 

 31
 .

. 45
 

 
 

 
 

 
   

 
  

 
 

 

 



3-1
16 

 (
)  

 
 

 
 

 
 

 
 

 
 

 (2
-1)

 
 

, D
eet

han
ize

r / 
De

but
ani

zer
  

 
  

 
 

 
 

 
 

 
  

  
  

 
 

 
 

 
 

 
 

 
 

  
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
/

/
 

 
 

 
 

1  
    

2 
 

    3. 

 
  

 
  

 
    

 
(Pr

eve
nti

ve 
Ma

int
ena

nce
) 

    
 

  
  

 
  

 

 
 

 
 

 

 
 

  
 

  

1 
..

  3
1 

..
 45

 
     

1 
..

  3
1 

..
 45

 
    

 
15 

 31
 .

. 45
 

   

 
   

  
 

    
 

 
 

 



3-1
17 

 (
)  

 
 

 
 

 
 

 
 

 
 

 (3
-1)

 
 

 CO
2 

 Ga
s O

il 
 

 
 H 2S,

 CO
2,  

 M
EA

 
 

 
 

 
 

  
 

  
  

  
 M

EA
 

 
 

 
 

 
 

 
 

  
  

  
  

 
 

 
 

 
 

 
 

 
 

 

 
/

/
 

 
 

 
 

 1  
    

 
 

  

 
  

  
 

   

 
 

  

 
1 

15 
 .

. 45
 

  
 

    
     

 
 

 

 

  



3-1
18 

 (
)  

 
 

 
 

 
 

 
 

 
 

 (4
-1)

 
 

Ca
taly

tic 
Cra

cki
ng 

 
 

 
 Ga

s O
il 

 
 

 
 

 
 

 
 

 
 Ca

taly
tic 

Cra
cki

ng 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Ca

taly
tic 

Cra
cki

ng 
 Re

gen
era

tio
n 

 Un
loa

din
g C

ata
lys

t 
 

 
 

 
 

 
 

 
/

/
 

 
 

 
 

1 
  

2   3   4 
 

  

 / 
  

Ca
taly

tic 
Cra

cki
ng 

 
 W

ate
r S

pri
nke

r 
 Sp

ray
 

 
 

 St
and

 By
 M

an 
 Un

loa
d /

  
Dis

pos
al C

ata
lys

t 
 

 Re
gen

. T
ow

er 
  

 W
ate

r S
pra

y 
 

 
  

 
  

 
  

 

1 
..

  3
1 

..
 45

 
 

 
1 

..
  3

0 
.. 

45 
  

1 
..

   
31 

..
 45

 
  

1 
..

   
31 

..
 45

 
 

 
  

 
  

 
  

 
 

 

  



3-1
19 

 (
)    

 
 

 
 

 
 

 
 

 
 

  
 (5

-1)
 

 
 

 
 

 Ta
nk 

Ca
r 

 
 

 
 

 
 

 
 

 
 

 
 Ta

nk 
Ca

r 
 

 
 

 
 

 
 

 
 

 
 

 
 Ta

nk 
Ca

r 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
/

/
 

 
 

 
 

1 
  

2   3    
 

  

 (S
top

per
) 

  
 

 
 

 Ta
nk 

Ca
r ; 

Bo
ndi

ng 
and

 Gr
oun

din
g 

 
 

 

 
  

 
  

 

1 
.. 

 31
 .

. 45
 

 
 

1 
.. 

 31
 .

. 45
 

  
1 

..
   

31 
..

 45
 

 

 
  

 
  

 
   

 

   



3-1
20 

 (
)  

 
 

 
 

 
 

 
 

 
 

 (6
-1)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
/

/
 

 
 

 
 

1 
 

2 
  

3 
  

4   5  6  

 
 

/
 

 
 

 (E
xpl

osi
on 

Pro
of)

 
 

 
 

 
 

 
 

 

 
 

 
  

 
  

 
 

 
 

 

1 
 15

 .
. 45

 
 

1 
..

  3
1 

..
 45

 
  

1 
..

   
30 

...
 45

 
  

15 
 31

 .
. 45

 
  

15 
 31

 .
. 45

 
 

1 
..

   
31 

..
 45

 

 
 

 
  

 
  

 
  

 
 

 

 

 



3-1
21 

 (
) 

 
 

 
 

 
 

 
 

 
     

   
 (1

-1)
 

 
,  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

   
 

 

1   
 

2 
  

  3 
 

 
   

 
 

(Lo
ck 

Ou
t /T

ag 
Ou

t S
yst

em
) 

   
  

 

 
   

  
 

 
 

 
 

     
 Li

ght
 Of

f 
 

    

 
 

 

 
   

 
- L

ock
 ou

t / 
Ta

g O
ut 

   - 
 

- 
 

- 
 

- 
 

 

 
   

 
 

 
  

 

 



3-1
22 

 (
) 

 
 

 
 

 
 

 
 

 
     

   
 (1

-2)
 

 
,  

 
 

 
 

 
  

  
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 2 

 
 25

45 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
   

 
 

1  
 

2 
  

 3     4 
 

 Pr
eve

nti
ve 

Ma
int

ena
nce

 (P
M)

 
  

 
 

 
   

 
 

 
    

 
 

 
 

 
  

 
 

 
    

  

 
 

 
 

 
    - 

 
- 

 
- 

 
- 

 

 PM
  

 

 
  - 

 
- 

 
- 

 
- 

 
 

 

 
  

     
    

  
 

 
 

  
 



3-1
23 

 (
) 

 
 

 
 

 
 

 
 

 
    

 (1
-3)

 
 

  
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   
 

 

1  
 

2 
 

     3 
 

 
  

 (C
ont

rol
 Po

int
) 

 
      

 Pr
eve

nti
ve 

Ma
int

ena
nce

 (P
M)

 
  

 
 

 
  

 
      

 
 

 
 -  

 
-  

 
     

 

 
  

 33
5-3

50 
 O

 
(

) 
  12

0-3
80 

 O
 

(
)  1.7

- 3
.7 

./ 
.

. (
) 

 
 PM

 

 
  

 
      

 

  



3-1
24 

 (
) 

 
 

 
 

 
 

 
 

 
     

    
 (2

-1)
 

 
, D

eet
han

ize
r / 

De
but

ani
zer

  
 

  
 

 
 

 
 

 
 

  
  

  
 

 
 

 
 

 
 

 
 

 
  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   
 

 

1 
 

  2 
   

3 

  
 

 
  

 Pr
eve

nti
ve 

Ma
int

ena
nce

 
   

 
  

   
 

   
 

 
 

   
 

  
 

 
 

 
 

  

 
  

 
  

 

 
   

 PM
  

  - 
 

- 
 

- 
 

- 
 

 

 
   

 
   

 
   

  



3-1
25 

 
 (

) 
 

 
 

 
 

 
 

 
 

 
 (2

-2)
 

 
, D

eet
han

ize
r / 

De
but

ani
zer

  
 

  
 

 
 

 
 

 
 

  
  

  
 

 
 

 
 

 
 

 
 

 
  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   
 

 

1  
 

    

 
 

 
• 

 
• 

 
• 

On
 Li

ne 
An

aly
zer

 
• 

 
• 

, 
 

• 
 In

ter
loc

k 
• 

, 
 

   

 
   

 
• 

 
• 

 
• 

On
 Li

ne 
An

aly
zer

 
• 

 
• 

, 
 

• 
 In

ter
loc

k 
• 

, 
 

 
(Fu

nct
ion

) 

 
   

  



3-1
26 

 (
) 

 
 

 
 

 
 

 
 

 
 

 (3
-1)

 
 

 CO
2 

 Ga
s O

il 
 

 
 H 2S,

 CO
2,  

 M
EA

 
 

 
 

 
 

  
  

  
 

 M
EA

 
 

 
 

 
 

 
 

 
  

  
  

 
  

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

     
  

 

 1        
 

  
 

 
 

 

 
  

 
 

 - 
 

- 
 

- 
 

- 
 

 

 
  

       
 

  
 

  



3-1
27 

 (
) 

 
 

 
 

 
 

 
 

 
 

 (3
-2)

 
 

 CO
2 

 Ga
s O

il 
 

 
 H 2S,

 CO
2,  

 M
EA

 
 

 
 

 
 

  
  

  
 

 
 

 
 

 
 

 
 

 
 

  
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

   
 

 

1        
 

 2 
 

 
 (F

unc
tio

n) 
 

• 
 

• 
 

• 
On

 Li
ne 

An
aly

zer
 

 
• 

 
• 

 
• 

 
• 

 
• 

 In
ter

loc
k 

 

 St
rai

ner
  

 Pr
eve

nti
ve 

Ma
int

ena
nce

 (P
M)

 
 

 
        

 
 

 
• 

 
• 

 
• 

On
 Li

ne 
An

aly
zer

 
 

• 
 

• 
 

• 
 

• 
 

• 
 In

ter
loc

k 
 

 
PM

 

 
(Fu

nct
ion

) 
       

 PM
 

 
       

 
 

 
 

   



3-1
28 

 (
) 

 
 

 
 

 
 

 
 

 
 

 (4
-1)

 
 

Ca
taly

tic 
Cra

cki
ng 

 
 

 
 Ga

s O
il 

 
 

 
 

 
 

 
 

 
 

  
 Re

gen
era

tio
n 

 Un
loa

d C
ata

lys
t 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1  
 

  2        3  
  

 Re
gen

era
te C

ata
lys

t  
 

Re
gen

era
tio

n T
ow

er 
   

 Un
loa

d /
  

Dis
pos

al C
ata

lys
t 

      
 / 

 
 

 
  

 
 

 
       

 

 
Re

gen
era

te C
ata

lys
t 

   
 

Un
loa

d /
 Di

spo
sal

 Ca
taly

st 
      - 

 
- 

 

 
- 

 
- 

 
- 

 To
we

r 
 

 
- 

 Ca
taly

st  
 12

0 o C 
- 

 pu
rge

 N 2 
- 

 St
and

 by
 M

an 
 

- 
 

 - 
 

- 
 

- 
 

- 
 

 
 

 
  

 
       

    
 

 



3-1
29 

 (
) 

 
 

 
 

 
 

 
 

 
 

 
 (5

-1)
 

 
 

 
 

 Ta
nk 

Ca
r 

 
 

 
 

 
 

 
 

 
 

 
 Ta

nk 
Ca

r 
 

 
 

 
 

 
 

 
 

 
 

 
 Ta

nk 
Ca

r 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

1 
  

2    3    
 

  

  (S
top

per
) 

  
  (B

ond
ing

 an
d G

rou
ndi

ng)
 

   
  

 

 
  

 
   

 

 
 

 
   

 
 

 
 

   
 Ta

nk 
Ca

r   
    

 
 

 
  

 
 

 
   

 
 

 



3-1
30 

 (
)   

 
 

 
 

 
 

 
 

 
 

 
 (5

-2)
 

 
 

 
 

 Ta
nk 

Ca
r 

 
 

 
 

 
 

 
 

 
 

 
 Ta

nk 
Ca

r  
 

 
 

 
 

 
 

 
 

 
 

 
 Ta

nk 
Ca

r 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   
 

 

1       2    3   4 
 

 
 Ta

nk 
Ca

r 
      

 
 

 
  

 St
aru

p 
  

 
 

 
 

 

 
    

 
 

 
   

 
  

 

 
 

Ta
nk 

Ca
r 

     
 

   
 

  
 

- 
 

- 
 

- 
 

- 
 

 - 
/

 
- 

 
- 

Lo
ck 

Ou
t / 

Ta
g O

ut 
 - 

 
  - 

 
- 

/  

 
      

 
   

 
  

 
 



3-1
31 

 (
) 

 
 

 
 

 
 

 
 

 
 

 (6
-1)

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
/

 
 

 
 

 
 

 
 

 
 

 
 

 
  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

     
     

  
 

 

1   2   3  4   5 
 

 
 

  
 

  
 (E

xpl
osi

on 
Pro

of)
 

 
 

  
 

 
  

 
  

 
 

 
  

  
 

 
  

 
  

 
 

 
 

  
  

 
 

 
 

 
 

 
  - 

 
- 

 
- 

 
- 

 

 
  

 
  

 
 

 
  

 



3-1
32 

 (
) 

 
 

 
 

 
 

 
 

 
 

 (6
-2)

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
/

 
 

 
 

 
 

 
 

 
 

 
 

 
  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

    
 

 

1         2 
 

 
1. 

 
2. 

 
3. 

 
4. 

 
5. 

 
6. 

 
 

7. 
 

 

 

 
        

 
 

 

 
       

, 
, 

, 
 

  
 

 

 PM
 

        

 

 
        

  
 

 

  



3-1
33 

 (
) 

 
 

 
 

 
 

 
 

 
     

     
 (6

-2)
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

/
 

 
 

 
 

 
 

 
 

 
 

 
 

  
  

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

    
 

 

3 
  

4      5 

 
(Re

stri
cte

d A
rea

) 
 

 
     

 (B
und

) 
     

   
 

 
  

 
     

 

 
  

 
 

  
  

 

 
 

     
  

 
 Lo

ck 
Ou

t/ T
ag 

Ou
t  

 
/

 
  

 
  

 
     

 

 



3-134 

 
3.5    
 
  

    
   2  

 
 
3.6     
 
    

     
1.  
2.  
3. /CO2  Gas Oil 
4.  Catalytic Cracking 
5.   (Tank Car) 
6.  (Storage Tank) 

 
 (Major Hazards)   

1.     
 

         
            

        
   

2.   
    

   
  

 
 
 



3-135 

 
 

 
  

1.       2    
2.       18   
3.      41   

 
1.         8   
2.      13   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3-136 

 
 

   
 

 /  /    
      

 
1 ,  

  Heater    
4 (1-1) (1-1) 

2  Tank Car  4 (5-1) (5-1) 
 

1 ,  
 

,  3 (1-1) (1-2) 

2 ,    3 (1-2) (2-1) 
3 , Deethanizer  3 (2-1) (2-1) 
4 , Debuthanizer  3 (2-1) (3-1) 
5 ,  CO2   

Gas Oil 
 3 (3-1) (3-1) 

6 ,  CO2   
Gas Oil 

 3 (3-1) (3-1) 

7 Catalytic Cracking Catalyst  Coke 
 Regeneration  

 
Regeneration Tower  

 

3 (4-1) (4-1) 

8 Catalytic Cracking  Riser  
Separator Vessel 

 Regenerate 

3 (4-1) (4-1) 

9 Catalytic Cracking  Catalyst 
 Unload Catalyst 

 

3 (4-1) (4-1) 



3-137 

  
 

 /  /    
      

 ( ) 
10 Catalytic Cracking  Purge  Inert Catalyst 

 Unload Catalyst 
 

3 (4-1) (4-1) 

11       
Tank Car 

 3 (5-1) (5-1) 

12       
Tank Car 

 3 (5-1) (5-1) 

13       
Tank Car 

 3 (5-1) (5-1) 

14       
Tank Car 

 3 (5-1) (5-1) 

15   3 (6-1) (6-2) 
16   3 (6-1) (6-2) 
17   3 (6-1) (6-2) 
18   3 (6-1) (6-2) 

 
1 ,              

 
 2 - (1-3) 

2 ,              
 

 2 - (1-3) 

3 ,              
 

 2 - (1-3) 

4 ,    Depressuring  
Deinventoring System 

2 - (1-3) 

5 ,   ,   
 Media 

2 - (1-3) 



3-138 

 
 /  /    

      

 ( ) 
6 ,   ,  2 - (1-3) 
7 ,   ,  2 - (1-3) 
8 , 

Deethanizer 
,  2 - (2-2) 

9 , 
Deethanizer 

,  
-   Depressuring   

Deinventoring System 

2 - (2-2) 

10 , 
Deethanizer 

-  
-  
-  

2 - (2-2) 

11 , 
Deethanizer 

,  2 - (2-2) 

12 , 
Deethanizer 

,  2 - (2-2) 

13 , 
Debuthanizer 

- ,  
-     

,  

2 - (2-2) 

14 , 
Debuthanizer 

- ,  
-     

,   

2 - (2-2) 

15 , 
Debuthanizer 

- , 
 

- ,  
- ,  

2 - (2-2) 

16 , 
Debuthanizer 

  Steam Out 2 - (2-2) 

 



3-139 

 
 

 /  /    
      

 ( ) 
17 , 

Debuthanizer 
,  2 - (2-2) 

18 , 
Debuthanizer 

,  2 - (2-2) 

19 , CO2  
Gas Oil 

, 
 

2 - (3-2) 

20 , CO2  
Gas Oil 

, 
 

2 - (3-2) 

21 , CO2  
Gas Oil 

,  
 

2 - (3-2) 

22 , CO2  
Gas Oil 

Block Value 
 

2 - (3-2) 

23 , CO2  
Gas Oil 

-  Amin  
-  MEA  

2 - (3-2) 

24 , CO2  
Gas Oil 

 2 - (3-2) 
 

25 , CO2  
Gas Oil 

 2 - (3-2) 

26 , CO2  
Gas Oil 

 2 - (3-2) 

27 , CO2  
Gas Oil 

, 
 

2 - (3-2) 

28 , CO2  
Gas Oil 

-  
-  

2 - (3-2) 

 
 



3-140 

 
 

 /  /    
      

 ( ) 
29 , CO2  

Gas Oil 
  Amine  2 - (3-2) 

30 , CO2  
Gas Oil 

 2 - (3-2) 

31 , CO2  
Gas Oil 

 H2S, CO2  
Amine Stripper  

2 - (3-2) 

32 , CO2  
Gas Oil 

-  Diameter Pad 
- ,  
-  
-  

2 - (3-2) 

33        
Tank Car 

 2 - (5-2) 

34        
Tank Car 

 2 - (5-2) 

35        
Tank Car 

 2 - (5-2) 

36   2 - (6-2) 
37   2 - (6-2) 
38   2 - (6-2) 
39   2 - (6-2) 
40   2 - (6-2) 
41  ,  2 - (6-2) 

 
 
 

 


