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SECTION 1 : GENERAL DESCRIPTION The Residue Fluid Catalytic Cracking (RFCC) converts various residues from CDU to lower boiling, high value products: Naphtha sent to NTU (unit 17), Light Cycle Oil sent to LCO HDT (unit 24) and intermediate storage and LPG sent to the LTU (unit 16). As by-products of the reaction, fuel gas, slurry oil, and coke are also generated in the reactorriser. The resulting Decanted Cycle Oil from these by-products will then be incorporated in the Fuel oil Blend. The majority of the RFCC reaction section equipment handles catalyst / vapour product separation and removal of the coke from the catalyst, while only a small portion of the system is directly used for the cracking reaction. The RFCC is also provided with a Fractionation Section to distillate the vapour product from the reaction section, as well as a Gas recovery Section which process the overhead of the Fractionation Section
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1.1. Purpose of the Unit The purpose of the Residue Fluid Catalytic Cracker (RFCC) R2R process is to convert various reduced crudes to lower boiling, high value products, primarily C3-C4 LPG, gasoline and light cycle oil. This is achieved using vapour phase chemical reactions in the presence of specialized FCC cracking catalyst during which the long molecular chain of the reduced crude is cracked into shorter chain molecules. Heat for the cracking process is supplied by the hot regenerated catalyst which vaporizes the finely atomized oil feed and sets the stage for the rapid and selective cracking process. The vaporization and cracking reactions occur in the reactor riser in about 2 seconds. As by-product of the reaction, fuel gas, slurry oil, and coke are also generated in the reactor riser. The RFCC has been designed by AXENS to offer maximum flexibility. The reaction section of this unit particularly includes a 2-stage catalyst regeneration system, a unique feed injection system, mixed temperature control, an efficient riser termination system and effective air/steam distribution devices. The Fractionation section of the RFCC fractionates the vapour product from the reaction section into clarified oil, LOC and heavy naphta. The fractionator overhead vapour and liquid streams are further processed in the Gas Recovery section, which produces light gasoline, amine treated fuel gas and amine treated LPG. For the Maximum Gasoline Operation, the heavy naphta is combined with the light gasoline from the Gas Recovery Section. For the maximum Distillate Operation, the heavy naphta combined with LCO products.
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1.2. Basis of Design 1.2.1. Duty of Plant The Residue Fluid Catalytic Cracking (RFCC) is designed for 2 atmospheric residues from Bach Ho and Bach Ho/Dubai crudes mixture: •



The RFCC design capacity is 3,256,000 tones per annum of Bach Ho 370+°C crude distillation residue (from unit 11), which is equivalent to a volumetric flowrate of 69,700 BPSD, based on the RFCC operation of 8 000 hours operation per year.



•



The RFCC is also designed to process a residue based on the CDU (from unit 11) processing a sour crude blend in the ratio of 1.0 million tones of Dubai crude to 5.5 million tones of Bach Ho crude. The sour residue blend capacity is also 3,256,000 tones per annum, which is equivalent to a volumetric flowrate of 69,700 BPSD, based on 8 000 hours operation per year.



The RFCC is also designed to process both the Bach Ho and sour crude mix residues in2 modes of operation: •



Maximize RFCC Naphtha (Max Gasoline)



•



Maximize LCO (Max Distillate)



NOTE: The product guarantees are based on RFCC operating in the maximum distillate mode of operation. The RFCC is designed to process 100% hot feed direct from the Crude Distillation Unit and is capable of processing up to 100% cold feed from storage. In addition to the above, the RFCC Gas Plant can process the following streams: •



CDU Stabilizer Off-gas



•



CDU LPG rich stream



The RFCC shall also treat the off-gas stream from the Naphtha hydrotreater (NHT).
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1.2.2. Feed Characteristics 1.2.2.1. Atmospheric Residue Properties Crude (Sour) Blend



100% (Sweet) Bach Ho



Cut Range, TPB (°C)



370+



370+



Vol% on Crude



46.6



47.3



Wt% on Crude



50.0



50.1



API Gravity



2695



28.9



Specific Gravity at 15/4°C



0.893



0.882



Nitrogen (wt ppm)



1800



1300



Sulphur (wt%)



0.55



0.05



D-1266



Conradson Carbon (wt%)



2.66



1.57



D189



Vanadium (wt ppm)



10.5



0



D2787



5



1



Sodium (wt ppm)



1.6



1.6



D2788



Viscosity at 50°C (cSt)



43.4



43.4



D445



Viscosity at 100°C (cSt)



8.8



9



Pour Point (°C)



50



52



D97



Asphaltenes (wt%)



2.0



1.0



D128



Wax Content (wt%)



N/A



41



Hydrogen (wt%)



12.7



12.84



D1018



Neutralization No. (mg KOH/gm)



0.05



0.05



D3242



Characterization “K” Factor



12.58



12.78



IBP



263



262



10%



379



379



30%



435



437



50%



475



480



Vol% above 550°C



32.4



32.5



Property



Nickel (wt ppm)



ASTM Test Method



ASTM Distillation (°C) D-1160 at 760 mmHg
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Crude (Sour) Blend [1]



100% (Sweet) Bach Ho



339.0



291.0



N2 (mol%)



-



-



H2S (mol%)



-



-



C1 (mol%)



-



0.7



C2 (mol%)



6.3



4.8



C3 (mol%)



37.0



22.7



iC4 (mol%)



14.3



16.0



nC4 (mol%)



40.6



53.5



iC5 (mol%)



0.4



0.4



nC5 (mol%)



-



-



C6+ (mol%)



-



-



H2O (mol%)



1.4



1.9



Total (mol%)



100.0



100.0



Molecular Weight



50.6



52.6



Flowrate (kg/hr) Composition



Note: [1]: Sour Crude Blend data based on 100% Dubai Crude.



1.2.2.3. NHT Stripper off gas to RFCC Component



Content



H2O (kg mol/h)



0.13



H2S (kg mol/h)



0.32



NH3 (kg mol/h)



Trace



H2 (kg mol/h)



13.17



C1 (kg mol/h)



1.69



C2 (kg mol/h)



1.37



C3 (kg mol/h)



0.83



iC4 (kg mol/h)



0.06



nC4 (kg mol/h)



0.40



IC5 (kg mol/h)



0.10



C6+ (kg mol/h)



0.63



Total (kg mol/h)



18.84



Total (kg/h)
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1.2.2.4. CDU LPG Rich Stream Property



Crude (Sour) Blend [1]



100% (Sweet) Bach Ho



Flowrate (kg/hr)



6206



2071



Specific Gravity at 15°C



0.565



0.572



-



-



1.2



0.8



Propene (mol%)



-



-



Propane (mol%)



19.3



10.7



-



-



iC4 (mol%)



16.5



16.1



nC4 (mol%)



61.7



71.0



iC5+ (mol%)



1.3



1.4



Total (mol%)



100.0



100.0



Composition Ethylene (mol%) Ethane (mol%)



Butene (mol%)



1.2.2.5. Slops feed to RFCC Provision is made to allow the re-running of slops through the RFCC main fractionator. Heavy slops:



5000 BPSD



Light slops:



5000 BPSD



1.2.3. Product Specifications 1.2.3.1. Distillation Specifications Product Gasoline LCO Slurry



Property



Max. Gasoline



Max. Distillate



TBP cut points



C5 - 205°C



C5 - 165°C



RVP (kPa) TBP cut point



60 max. 205 – 360°C



Flash Point TBP cut point Flash Point



165 – 390°C 65°C min.



360+°C



390+°C 100°C min.
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1.2.3.2. Gas Recovery Targets Component



Value



C3 overall recovery



95% min.



C4 overall recovery



96% min.



C5+ content in LPG



0.7% wt max.



H2S content in LPG



25 ppm wt max.



1.2.3.3. Flue Gas Specifications The following describes the flue gas properties downstream of the electrostatic precipitator and the DeSOx unit: Component



Value



NOx



1000 mg/Nm3 max



SOx



500 mg/Nm3 max



Catalyst fines



50m/Nm3 max



CO content



300 mg/Nm3 max



NOTE: DeSOx unit will be provided in the future. Indeed, the unit will be initially operated with Bach Ho Crude only, thus producing SO2 content smaller than 500 mg/Nm3.



1.2.3.4. Fuel Gas Specification H2S content: 50 wt ppm MAX.



1.2.3.5. Decant Oil Specification (after Slurry Separation) Catalyst content: 100 wt ppm MAX.



Page 28 of 323



TRAINING MODULE RESIDUE FLUID CATALYTIC CRACKER (RFCC)



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



DATE: 06/12/07



1.2.3.6. Estimated Product Properties Mixed MG



Bach Ho MG



Mixed MD



Bach Ho MD



LPG Specific Gravity 15/15



0.565



0.566



.565



0.565



Mercaptans (wt ppm)



78



7.1



78



1.7



COS (wt ppm)



5.0



5.0



5.0



5.0



Total Sulphur (wt ppm)



3786



332



4260



383



Butadiene (wt ppm)



3012



1647



1358



1063



Sulphur (wt ppm)



230



10



RON clear



92.0



91.7



MON clear



79.5



79.2



True Vapour Pressure (g/cm2)



498



531



Reid Vapour Pressure (kPa)



48



51



Specific Gravity (15/15)



00.719



0.715



IBP



35



34



5



43



42



10



47



46



30



60



58



50



72



70



70



1



89



90



129



129



95



144



143



EBP



159



156



43



45



Gasoline (C5 – 165°C)



D-86



Olefins (wt %) Gasoline (C5 – 205°C) Sulphur (wt ppm)



340



10



RON clear



92.1



91.8



79.9



79.6



True Vapour Pressure (g/cm )



337



363



Reid Vapour Pressure (kPa)



32



34



Specific Gravity (15/15)



0.736



0.732



MON clear 2
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Mixed MG



DOC NO: 8474L-015-A5016-0000-001-005 REV: A
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Bach Ho MG



Mixed MD



Bach Ho MD



D-86 IBP



39



39



5



50



49



10



55



54



30



71



70



50



90



87



70



116



113



90



160



159



95



176



175



EBP



197



197



34



35



Olefins (wt %) Light Cycle Oil (165 – 390°C) Sulphur (wt %)



0.45



0.04



Cetane Number



33.9



38.4



Cloud Point (°C)



-1.8



-0.9



Viscosity at 100°C (cSt)



1.02



1.02



Viscosity at 50°C (cSt)



2.05



2.04



Pour Point (°C)



-17.3



-18.9



Flash Point (°C)



67



67



Specific Gravity 15/15



0.881



0.864



IBP



189



189



5



203



204



10



212



212



30



239



239



50



263



264



70



291



292



90



333



334



95



349



350



EBP



373



374



D-86



Light Cycle Oil (205 – 360°C) Sulphur (wt %)



0.619



0.055



Cetane Number



24.4



28.1
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Mixed MG



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



Bach Ho MG



Cloud Point (°C)



-6.1



-5.3



Viscosity at 100°C (cSt)



0.99



0.97



Viscosity at 50°C (cSt)



1.92



1.88



Pour Point (°C)



-12.8



-14.0



Flash Point (°C)



76



74



Specific Gravity 15/15



0.926



0.911



IBP



188



180



5



221



220



10



230



230



30



24



245



50



263



262



70



287



286



90



323



322



95



336



335



EBP



353



353



DATE: 06/12/07



Mixed MD



Bach Ho MD



D-86



Slurry (390+°C) Specific Gravity 15/15



0.994



0.960



Sulphur (wt %)



0.835



0.07



Conradson Carbon (wt %)



12.5



9.5



Viscosity at 100°C (cSt)



8.94



6.09



Viscosity at 50°C (cSt)



110



45



Pour Point (°C)



15-20



15-20



Slurry (390+°C) Specific Gravity 15/15



1.092



1.043



Sulphur (wt %)



1.03



0.10



Conradson Carbon (wt %)



15.7



12.7



Viscosity at 100°C (cSt)



14.5



11.1



Viscosity at 50°C (cSt)



160



140



Pour Point (°C)



15-20



15-20
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1.2.3.7. LPG Composition



Component



Mixed MG



Bach Ho MG



Mixed MD



Bach Ho MD



LPG Rate (kg/h)



LPG Rate (kg/h)



LPG Rate (kg/h)



LPG Rate (kg/h)



H2 S



1



1



1



2



H2



0



0



0



0



C1



0



0



0



0



C2



449



333



444



349



Ethylene



9



6



9



7



C3



6124



5179



6627



5793



Propylene



20251



14145



19626



14621



iC4



14681



11273



13689



10839



nC4



5801



4221



7858



6560



Isobutylene



6579



4679



6758



5170



1-Butene



6317



4706



5922



4653



Cis-2-Butene



6482



4751



5909



4592



Trans-2-Butene



9862



7245



8964



6975



Butadiene



106



50



184



64



20-50



541



399



540



424



TOTAL:



77203



56988



76530



60049



Component



LPG (kmol/h)



LPG (kmol/h)



LPG (kmol/h)



LPG (kmol/h)



H2 S



0.04



0.03



0.04



0.06



H2



0.00



0.00



0.00



0.00



C1



0.00



0.00



0.00



0.00



C2



14.94



11.07



14.77



11.62



Ethylene



0.31



0.21



0.32



0.24



C3



138.87



117.44



150.28



131.37



Propylene



481.23



336.14



466.37



347.44



iC4



252.58



193.94



235.51



186.49



nC4



99.81



72.63



135.20



112.86



Isobutylene



117.26



83.39



120.45



92.15



1-Butene



112.59



83.88



105.54



82.93
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Mixed MD



Bach Ho MD



Cis-2-Butene



115.53



84.68



105.32



81.84



Trans-2-Butene



175.76



129.12



159.76



124.31



Butadiene



1.96



0.93



3.41



1.18



20-50



8.07



6.10



8.00



6.47



TOTAL:



1518.96



1119.56



1504.96



1178.96



Mercaptans (wt ppm)



7



7



78



78



COS (wt ppm)



5



5



5



5



Temperature (°C)



40



40



40



40



Pressure (kg/cm2g)



18



18



18



18



Density (P; T)



530.2



530.1



529.8



529.8



Density (15°C)



563.3



563



562.8



562.7



Note: Dry Liquid.



1.2.4. Utility/Power/Chemicals/Catalyst consumption 1.2.4.1. Utility Consumption The following describes the utility consumption of the RFCC based on the Estimated Utility Consumption Documents: 8474L-015-CN-0003-511



Bach Ho – Max Gasoline – Normal case



8474L-015-CN-0003-512



Bach Ho – Max Distillate – Normal case



8474L-023-CN-0003-513



Mixed Crude – Max Gasoline – Normal case



8474L-023-CN-0003-514



Mixed Crude – Max Distillate – Normal case



8474L-015-CN-0003-521



Bach Ho – Max Gasoline – Design case



8474L-015-CN-0003-522



Bach Ho – Max Distillate – Design case



8474L-023-CN-0003-523



Mixed Crude – Max Gasoline – Design case



8474L-023-CN-0003-524



Mixed Crude – Max Distillate – Design case



Page 33 of 323



TRAINING MODULE RESIDUE FLUID CATALYTIC CRACKER (RFCC)



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



DATE: 06/12/07



Only the Bach Ho – Max Distillate – Normal case is described in the following. For the other cases, refer to the abovementioned documents. Note: In the following subsections: ( ): Intermittent Producer/Consumer +: Indicates Quantity Produced -: Indicates Quantity Consumed 1.2.4.1.1. Electrical Power Electric Power, kW Mech. Running Load



Elec. Oper. Load



-0.3



-0.3



1230



-683.0



-697.0



Air Blower



3



-3.0



-3.0



P-1529A



C-1501 Turbine Condensate Pump



55



-39.0



-43.3



P-1529B



C-1501 Turbine Condensate Pump



55



(-39.0)



(-43.3)



-



C-1501 Lube oil Pump (Main)



37



-18.5



-20.6



-



Turbine Gear Motor



15



-15.0



-15.0



C-1551



Wet Gas Compressor



-1.5



-1.5



P-1559A



C-1551 Turbine Condensate Pump



18.5



-13.9



-14.8



P-1559B



C-1551 Turbine Condensate Pump



18.5



(-13.9)



(-14.8)



-



C-1551 Lube Oil Pump (Main)



30



-16.0



-17.8



P-1501A



Feed Pump



600



-476.0



-500.5



P-1501B



Feed Pump



600



(-476.0)



(-500.5)



P-1504A



Slurry Product Pump



55



-42.7



-45.1



P-1504B



Slurry Product Pump



55



(-42.7)



(-45.1)



P-1505A



Backflush Oil Pump



22



-15.0



-16.5



P-1505B



Backflush Oil Pump



22



(-15.0)



(-16.5)



P-1506A



Backflush Oil Recycle Pump



11



-7.4



-8.4



P-1506B



Backflush Oil Recycle Pump



11



(-7.4)



(-8.4)



P-1507A



HCO Recycle Pump



150



-128.0



-142.2



P-1508B



HCO Recycle Pump



150



(-128.0)



(-142.2)



P-1508A



HCO Pumparound Pump



220



-179.4



-188,4



P-1508B



HCO Pumparound Pump



220



(-179.4)



(-188.4)



Item No.



Description



H-1503



COB/WHB package



C-1502A



Forced Draft Air Fan



C-1501



Motor Load/ Rating
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Electric Power, kW Motor Load/ Rating



Mech. Running Load



Elec. Oper. Load



HCO Product Pump



15



-9.1



-10.1



P-1509B



HCO Product Pump



15



(-9.1)



(-10.1)



P-1510A



LCO Pumparound Pump



335



-303.0



-316.0



P-1510B



LCO Pumparound Pump



335



(-303.0)



(-316.0)



P-1511A



LCO Stripper Pump



90



-73.4



-76.9



P-1511B



LCO Stripper Pump



90



(-73.4)



(-76.9)



P-1512A



MTC Recycle Pump



75



0.0



0.0



P-1512B



MTC Recycle Pump



75



(0.0)



(0.0)



P-1513A



Lean Oil Pump



75



-55.0



-58.1



P-1513B



Lean Oil Pump



75



(-55.0)



(-58.1)



P-1514A



Naphta Pumparound Pump



225



-203.0



-213.9



P-1514B



Naphta Pumparound Pump



225



(-203.0)



(-213.9)



P-1515A



Heavy Naphta Product Pump



55



-39.4



-41.6



P-1515B



Heavy Naphta Product Pump



55



(-39.4)



(-41.6)



P-1516A



Fractionator Reflux Pump



110



-96.0



-101.3



P-1516B



Fractionator Reflux Pump



110



(-96.0)



(-101.3)



P-1517A



Overhead Sour Water Pump



30



-25.5



-27.6



P-1517B



Overhead Sour Water Pump



30



(-25.5)



-(27.6)



P-1518A



Overhead Liquid Pump



250



-206.0



-228.9



P-1518B



Overhead Liquid Pump



250



(-206.0)



(-228.9)



P-1521B



HCO Flushing Oil Pump



110



(-80.9)



(-84.4)



P-1522A



LCO Flushing Oil Pump



30



-18.4



-19.9



P-1522B



LCO Flushing Oil Pump



30



(-18.4)



(-19.9)



P-1526A



Light Slops Pump



37



-16.1



-27.9



P-1526B



Light Slops Pump



37



(-16.1)



(-27.9)



P-1527A



Heavy Slops Pump



37



-27.9



-29.8



P-1527B



Heavy Slops Pump



37



(-27.9)



(-29.8)



P-1528A



Tempered Water Pump



15



-10.5



-11.7



P-1528B



Tempered Water Pump



15



(-10.5)



(-11.7)



P-1551A



Interstage Drum Pump



150



-134.0



-142.3



P-1551B



Interstage Drum Pump



150



(-134.0)



(-142.3)



Item No.



Description



P-1509A
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Electric Power, kW Mech. Running Load



Elec. Oper. Load



4



-1.2



-1.4



KO Drum Liquid Pump



4



(-1.2)



(-1.4)



P-1553A



Stripper Feed Pump



132



-112.0



-117.9



P-1553B



Stripper Feed Pump



132



(-112.0)



(-117.9)



P-1554A



Gasoline Recycle Pump



55



-44.0



-47.7



P-1554B



Gasoline Recycle Pump



55



(-44.0)



(-47.7)



P-1556A



Debutanizer Overhead Pump



225



-185.0



-194.9



P-1556B



Debutanizer Overhead Pump



225



(-185.0)



(-194.9)



P-1560A



RFCC Closed Drain Pump



22



(-16.5)



(-18.1)



P-1560B



RFCC Closed Drain Pump



22



(-16.5)



(-18.1)



P-1561



RFCC Lift Station No.1 Sump Pump



7.5



(-4.9)



(-5.4)



P-1562



RFCC Lift Station No.2 Sump Pump



7.5



(-4.9)



(-5.4)



P-1563



Oily Water Lift Pump – Common Spare



7.5



(-4.9)



(-5.4)



P-1564



Amine Closed Drain Pump



15



(-10.8)



(-12.0)



E-1514



LCO Air Cooler



120



-97.6



-106.2



E-1517



Heavy Naphta Air Cooler



33



-20.4



-23.1



E-1519



Overhead Air Condenser



960



-736.0



-800.9



E-1521



Heavy Naphta Pumparound Air Cooler



120



-99.6



-108.4



E-1530



Tempered Water Air Cooler



22.5



-15.0



-17.8



E-1551



Wet Gas Compressor Intercooler



240



-190.4



-207.2



E-1553



HP Condenser



180



-134.4



-146.2



E-1558



Gasoline Air Cooler



120



-92.8



-101.0



X-1504



Slurry Separator



-230.0



-230.0



X-1505



Corrosion Inhibitor Injection Package



P-1520



Corrosion Inhibitor Pump



0.55



-0.40



-0.44



X-1507



Electrostatic Precipitator



491



-379.0



-379.0



Intermittent Users in X-1507



88



(-53)



(-53)



(-270.0)



(300.0)



Item No.



Description



P-1552A



KO Drum Liquid Pump



P-1552B



Motor Load/ Rating



X-1508



DeSOx Unit (Future)



X-1509



Metal Passivation Injection Package



P-1502A



Metal Passivation Pump



0.55



0.00



0.00



P-1502B



Metal Passivation Pump



0.55



(0.00)
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Electric Power, kW Mech. Running Load



Elec. Oper. Load



6.05



-4.36



-4.84



Anti-Foaming Pump



0.55



(-0.40)



(-0.44)



P-1558



Anti-Foaming Pump



0.55



(-0.40)



(-0.44)



EJ-1501



Catalyst Hoppers Steam Ejector



SV-1501



Regenerated Catalyst Slide Valve



4.0



-3.0



-3.3



SV-1502



Spent Catalyst Slide Valve



4.0



-3.0



-3.3



SV-1503



1st Regenerator Flue Gas Slide Valve



4.0



-3.0



-3.3



SV-1504



2nd Regenerator Flue Gas Slide Valve



4.0



-3.0



-3.3



PV-1501



Plug Valve



4.0



-3.0



-3.3



-



Oil Mist Generator



3.0



-3.0



-3.0



TOTAL(excluded Future DeSOx): 10066



-5225.9



-5526.7



TOTAL(included Future DeSOx): 10066



-5495.9



-5836.7



Item No.



Description



X-1510



Phosphate Injection Package



X-1551



Antifoam Injection Package



P-1557



Motor Load/ Rating
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1.2.4.1.2. Steam, Condensate & Boiler Feed Water Steam (T/h) Item No.



Description



HP STM



H-1503



COB/WHB Package (with Economizer)



219.3



C-1502B



Forced Draft Air Fan



(-21.0)



C-1502B Hot Standby



-1.7



MP STM



Condensate (T/h) LP STM



HP COND



MP COND



LP COND



BFW (T/h) COLD COND



0.7



HP BFW -225.5



LP BFW -0.7



Cold BFW



Losses (T/h) 6.2



(21.0)



E-1534



BFW Heater



-7.0



C-1501



Air Blower



-68.7



-



C-1501 Lube Oil Pump (Spare)



(-2.6)



C-1551



Wet Gas Compressor



-30.4



-



C-1551 Lube Oil Pump (Spare)



(-2.1)



D-1501



Disengager / Stripper



-



COB/WHB LP Blowdown Drum



0.5



-0.5



D-1527



LP Blowdown Drum



0.2



-0.2



T-1503



LCO Stripper



-3.0



3.0



T-1504



HCO Stripper



-0.5



0.5



P-1519A



Slurry Pumparound Pump



-10.3



10.3



P-1519B



Slurry Pumparound Pump



-10.3



10.3



P-1519C



Slurry Pumparound Pump



(-10.3)



(10.3)



P-1519C Hot Standby



-0.8



-0.3



7.0 -0.1



0.0



68.7



0.3



30.4



0.4



(2.6) -0.4 (2.1) -34.7



34.7
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Steam (T/h)



Condensate (T/h)



BFW (T/h)



Item No.



Description



HP STM



P-121A



HCO Flushing Oil Pump



-3.7



E-1503



Slurry HP Steam Generator



0.0



0.0



E-1504



Slurry HP Steam Generator



18.0



-18.5



E-1505



Slurry MP Steam Generator



E-1506



Slurry LP Steam Generator



E-1508



HCO Recycle MP Steam Generator



E-1510



HCO LP Steam Generator



E-1513



LCO Product LP Steam Generator



E-1522



MP steam Feed Heater [1]



-6.5



E-1523



HCO Pumparound MP Steam Generator



7.3



E-1524



HP Steam Feed Heater [2] st



MP STM



LP STM



HP COND



MP COND



LP COND



COLD COND



HP BFW



LP BFW



Cold BFW



Losses (T/h)



3.7



13.8 1.3 6.5 2.9 8.6



-11.3



0.5 -14.2



0.4



-1.4



0.1



-6.7



0.2



-3.0



0.1



-8.9



0.3



-7.5



0.2



6.5



11.3



SPR1501



1 Regenerator Torch Oil Sprayer



(-0.3)



(0.3)



SPR1502



2nd Regenerator Torch Oil Sprayer



(-0.3)



(0.3)



SPR1503



Water Spray for D-1502 Flue Gas Bypass



(-1.5)



(-22.8)



(-24.3)



SPR1504



Water Spray for D-1503 Flue Gas Bypass



(-1.5)



(-14.0)



(-15.5)
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Steam (T/h) Item No.



Description



SPR1505



Water Spray for Economizer



X-1507



Electrostatic Precipitator



EJ-1501



Catalyst Hoppers Steam Ejector



HP STM



MP STM



Condensate (T/h) LP STM



MP COND



LP COND



COLD COND



HP BFW



(-1.5)



LP BFW



Cold BFW



(-5.2)



0.3



(-0.9)



(0.9)



SV-1503



1 Regenerator Flue Gas Slide Valve



-0.1



-



Steam Trace



-2.0 100.1



-20.6



Losses (T/h)



(-6.7)



-0.3



st



TOTAL:



HP COND



BFW (T/h)



31.8



0.1 2.0 11.3



13.5



2.1



99.1



-244.0



-42.4



0.0



49.1



Notes: [1]: Cold Feed Case: -16.4 T/h MPS [2]: Cold Feed Case: -20.7 Y/h HPS
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1.2.4.1.3. Cooling water & Seawater



Item no.



Description



Cooling Water ΔT (°C)



m3/hr



E-1518



Heavy Naphta Trim Cooler



6.0



-20



E-1520 A-H



Overhead Trim Condenser



8.0



-1743



E-1531



Surface Condenser



E-1532



Blowdown Cooler



13.0



-15



E-1533



Blowdown Cooler



15.0



-24



E-1552 A/B



Wet gas Compressor Trim Cooler



8.0



-225



E-1554 A-D



Stripper Condenser



6.0



-650



E-1559



Gasoline Cooler



6.0



-138



E-1561 A/B



Debutanizer Condenser



12.0



-1159



E-1562



LPG Cooler



6.0



-49



E-1564



Lean Oil Cooler



6.0



-196



E-1565



Fuel Gas Cooler



6.0



-6



E-1566



Lean Amine Cooler



6.0



-53



E-1567



Turbine Condenser Pump / Compressor Cooling



ΔT (°C)



m3/hr



8.8



-7285



8.8



-2300



-95



H-1503



COB/WHB Package



-



C-1501 Gland Condenser



-76



-



C-1501 Oil Cooler



-32



-



C-1501 Main Oil Cooler



6.0



-60



-



C-1501 Gland Condenser



6.0



-50



TOTAL



Seawater



15.0



-3



-4594



-9585



Note: [1]: Peak consumption of 12.9 Nm3/hr with temperature rise of 13°C
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1.2.4.1.4. Instrument & Plant Air Plant Air (Nm3/h)



Item No.



Description



Instrument Air (Nm3/h)



Continuous Intermittent



H-1503



COB/WHB Package



-120



-50



(-125)



X-1507



Electrostatic Precipitator



-26



-8



(-85)



X-1504



Slurry Separator



-1



Oil Mist Generator



-165



X-1502



Fresh Catalyst Feeder



-3



-60



(-40)



X-1503



Auxiliary Catalyst Feeder



(-3)



(-60)



(-40)



C-1501



Air Blower



-22



C-1551



Wet Gas Compressor



6



PV-1501



Plug Valve



-611



SV-1504



nd



2 Regenerator Catalyst Slide Valve



-134



Primary Plant Air for Regeneration Section (form instrument air header)



-4230



Secondary Plant Air for Regeneration Section



(-2320)



Miscellaneous Users



-340 TOTAL: -5658



-118



0



1.2.4.1.5. Nitrogen Item No.



Description



Nitrogen Nm3/h Continuous



C-1551



Wet Gas Compressor



-71



SV-1501



Regenerated Catalyst Slide Valve



-84



SV-1502



Spent Catalyst Slide Valve



-36



Miscellaneous Users



-160 TOTAL: -351



Intermittent (-280)



(-560) 0
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1.2.4.1.6. Furnaces & Boilers Item No.



Description



Fuel Fired



H-1501



1st Regenerator Air Heater Start-Up



Approx. 4.5 T/h



H-1502



2nd Regenerator Air Heater Start-Up



Approx. 4.5 T/h



H-1503



COB/WHB Package



-110 MW



1.2.4.2. Catalysts & Chemicals 1.2.4.2.1. Catalysts The proper selection of catalyst is very important for successful residue cracking operations. Several catalyst properties should be examined for a particular feed. The Axens recommendation for use in R2R residue cracking unit is low sodium, Ultra-Stable Hydrogen Y type (USHY) zeolite. For detailed information on the catalyst properties and recommendations, refer to the licensor operating manual doc. No. 8474L-015-ML-001. Catalyst Inventory and Addition Rate: Catalyst Inventory: 675 tons Fresh Catalyst Addition Rate: •



Mixed Crude:



•



Bach Ho Crude: 5.2 Tons/day (dry basis)



15.2 Tons/day (dry basis)



Fresh Catalyst Selection The fresh catalyst will be specifically designed to maximize middle distillate (LCO) and metal resistance. The target for the MAT activity associated with the corresponding delta coke is given hereafter and linked to the metal concentration to be sustained. Mixed



Mixed



Bach Ho



Bach Ho



Max. Gasoline Max. Distillate Max. Gasoline Max. Distillate Ni Content (ppm)



3213



1776



V Content (ppm)



6748
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Bach Ho



Bach Ho



Max. Gasoline Max. Distillate Max. Gasoline Max. Distillate Equilibrium Catalyst MAT Activity (wt %)



68



55



75



60



Delta Coke (Wt %)



1.22



0.99



0.94



0.91



2 catalyst lines fit appropriately with the operation objectives: •



Albemarle (Former Akzo), COBRA RMR DQ1



•



GRACE Davison, GDC-1825



The final guarantee catalyst will be selected by AXENS after evaluation of the best candidates proposed by Vendors.



1.2.4.2.2. Antimony (Nickel passivator, only in Mixed Crude Case) Metal Passivator is injected into the fresh feed just ahead of the feed nozzles from the Metal Passivator Injection Package X-1509 acts to inhibit the undesirable effects of nickel on the catalyst in the feed. It is required for Mixed Crude Feed case only. Used in:



RFCC Feed Section



Type:



NALCO EC9192A or equivalent



Antimony content:



23%



Injection rate:



ratio Sb/Ni in feed: 0.5



Normal consumption:



109 kg/day Mixed Case 0 kg/day Bach Ho Case



Maximum consumption:



15 kg/h



1.2.4.2.3. Corrosion inhibitor Used in:



Fractionator overhead



Type:



CHIMEC 1430



Normal consumption:



60 kg/day



Maximum consumption:



120 kg/day
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1.2.4.2.4. Amine antifoaming agent Antifoaming agent is injected batch wise in either the fuel gas absorber T-1551 or the LPG amine absorber T-1556 of when foaming is experienced. Once foaming is settled, stop injection to avoid over-dosing of chemical. It should be noted that injection of antifoaming agent is the last resolution. Used in:



Gas recovery Section in LPG / Fuel gas amine absorber



Type:



CHIMEC 8045



Normal consumption:



10 kg/day:



Maximum consumption:



20 kg/day



1.2.4.2.5. Amine (outside battery limit) Lean amine if supplied from the ARU (unit 19) to absorb H2S contained in both the fuel gas and the LPG recovered in the Gas Recovery Section of the RFCC. Lean amine if fed to the Fuel Gas Absorber T-1555 and the LPG Amine Absorber T-1556. The rich amine leaving these 2 towers is then returned to the ARU for regeneration. Type DEA:



20% wt di-ethanolamine



H2S content:



0.022 mole/mole DEA



Lean Amine Flowrate:



Bach Ho: 50382 kg/hr Mixed Crude: 77623 kg/hr



Rich Amine Flowrate:



Bach Ho: 50926 kg/hr Mixed Crude: 78145 kg/hr



During amine absorber operation, lean amine temperature should be always 15°C higher than feed gas to avoid condensation of hydrocarbon inside of the fuel gas absorber.



1.2.4.2.6. Phosphate for Steam Generation Phosphate is injected to buffer the water in order to minimize pH fluctuation. It also precipitates calcium or magnesium into a soft deposit rather than a hard scale. Additionally, it helps to promote the protective layer on steam generators metal surfaces. The following phosphate quantities will be used for steam generation: Page 45 of 323
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RFCC HPS and MPS Generation



7.0 kg/day



RFCC Waste Heat Boiler



24.0 kg/day



Total



31.0 kg/day



Phosphate injection rate depends on blow down flow rate and phosphate level in the steam drum or generator. The above rate is based on 1.0 % of blow down from the steam generation system, and marinating 30 wt ppm of phosphate concentration. For LPS steam generation, it is not required to operate blow down operation, and thus phosphate injection is also not required.
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1.3. Glossary of terms and Acronyms 1.3.1. Acronyms COMPANIES/ORGANISATIONS DQR DQIZMB EVN FW MOC MOSTE MPI SRV TPC



Dung Quat Refinery Dung Quat Industrial Zone Management Board Electricity Authority of Vietnam Foster Wheeler Energy Limited Ministry of Construction Ministry of Science, Technology and Environment Ministry of Planning and Investment Socialist Republic of Vietnam Technip Consortium



OTHERS ACE ADP AER



Application Control Environment Analyser Data Acquisition System Alarm Display Panel Application Engineers Room



AI



Analyser Indicator



AIT



Auto Ignition Temperature



MCC MCR MCS MOV Control System MDF



AMS



Asset Management System



MIS



ANSI



American National Standards institute



MMS



APC



Advanced Process Control



MMT



API ARU ASC



American Petroleum Institute Amine Regeneration Unit Analyser Speciality Contractor American Society of Mechanical Engineers



MOC MOM MOV



Minimum Maintained Temperature Madrid Operating Center Minutes of Meeting Motor Operated Valve



MP



Medium Pressure



Analyser Systems Package



MPT



Minimum Pressurization Temperature



MR



Material Requisition



MRR MSD MSDS MTBF MTTR



Marshalling Rack Room Material Selection Diagram Material Safety Data Sheet Mean Time Between Failures Mean Time To Repair



ADAS



ASME ASP ASTM ATM BCS BEDD BFD BFW



American Society of Testing and Materials Asynchronous Transfer Mode Blending Control System Basic Engineering Design Data Block Flow Diagram Boiler Feed Water



MC



Marshalling Cabinet



MCB



Main Control Building Motor Control Center Main Control Room MOV Control System Main Distribution Frame Management Information System Machine Monitoring System
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BL BOM



Battery Unit Bill of Materials



MTO MTPA



BPC



Blending Properties Control



MVIP



BPCD



Barrels per Calendar Day



NACE



BPSD BRC



Barrels per Stream Day Blending Ratio Control



NCR NDE



CAD



Computer Aid Design



NFPA



CALM CBT



NHT NIR NPSH



Net Positive Suction Head



CCC CCR CCTV CD



Catenary Anchor Leg Mooring Commercial Bid Tabulation Control Complex Auxiliary Room Central Control Complex Continuous Catalytic Reformer Closed Circuit Television Chart Datum



Material Take-Off Metric Tonnes per Annum Multi Vendor Interface Program (Honeywell) National Association of Corrosion Engineers Non Conformance Report Non Destructive Examination National Fire Protection Association Naphtha Hydrotreater (Unit) Near Infrared Spectroscopy



NPV NTU OAS OJT



CDU



Crude Distillation Unit



OM&S



OSBL



Net Present Value Naphtha Treater Unit Oil Accounting System On Job Training Oil Movement and Storage Control System Oil Movement and Storage automation Operation Override Switch Operations Planning and Scheduling System Outside Battery Limit



OTS



Operator Training Simulator



CCAR



CENELEC CFC CFR C&I CMMS CNU



European Committee for Electrotechnical Standardization Chlorofluorocarbons Cooperative Fuel Research (Engine) Control and Instrumentation Computerized Maintenance Management System (Spent) Caustic Neutralization Unit



OMSA OOS OPSS



PABX



CPI



Corrugated Plate Interceptor



PAGA



CSI DAF DAU DCS



Control Systems Integrator Dissolved Air Flotation Data Acquisition Unit Distributed Control System



PCB PFD PFM PDB



DEA



Diethanolamine



PGC



Private Automatic Branch Exchange Public Address / General Alarm Printed Circuit Board Process Flow Diagram Path Find Module Project Documents Base Process Gas Chromatograph (Analysers)



PHD



Plant History Database



DMDS DMS



Detailed Environmental Impact Assessment Dimethyldisulfide Document Management System



PI PIB



DNV



Det Nork Veritas



PID



Plant Air Process Interface Building Piping and Instrument Diagram Project Implementation Manual Process Knowledge System (Honeywell DCS) Pipeline End Manifold Planning Project Management



DEIA



DPTD DQMIS DQRP DVM DWT



Design, Pressure, Temperature Diagram Dung Quat Management Information System Dung Quat Refinery Project Digital Video Manager Dead Weight Tonnes



PIM PKS PLEM PLG PMC
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ERP ES ESD ETP ETS EWS FDC FAP



Equipment List End of Run Electronic Document Management System Electromagnetic Compatibility Engineering Procurement, Construction and Commissioning Enterprise Resource Planning Ethernet Switch Emergency Shut Down Effluent Treatment Plant Effluent Treatment System Engineering Work Station Feed Development Contract Fire Alarm Panel



FAT



Factory Acceptance Test



FEL



Front End Loading



F&G FIU FIC



Fire and Gas System Field Interface Unit Flow Indicating Controller



FM



Factory Mutual (Approval body)



FOTC



Fibre Optic Termination Cabinet



EDMS EMC EPC



FTE GC GFT



Fail Safe Controller (Honeywell ESD) Fault Tolerant Ethernet Gas Chromatograph Ground Fault



HAZAN



Hazard Analysis Study



HAZOP



Hazard and Operability Study



HDT



Hydrotreater



HEI



Heat Exchange Institution



HHP HGO HIC HP HSE



High High Pressure (Steam) Heavy Gas Oil Hydrogen Induced Cracking High Pressure Health, Safety and Environment Heating Ventilation Air Conditioning Instrument Air International Civil Aviation Organisation Instrument Clean Earth



FSC



HVAC IA ICAO ICE
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PMI PMT



Consultant Positive Material Identification Project Management Team



PO



Purchase Order



POC



Paris Operating Center



PP



Project Procedure



PPB PPM PRU PWHT QA QC RA R&D



Parts per Billion Parts per Million Propylene Recovery Unit Post Weld Heat Treatment Quality Assurance Quality Control Risk Analysis Research and Development Real Time Database RDBMS Management System Residue Fluid Catalytic RFCC Cracking RFSU Ready for Start-Up RLU Remote Line Unit ROW Right of Way Refinery Performance RPMS Management System Resistance Temperature RTD Detector Real Time Data Base RTDB (System) RTU Remote Terminal Unit SAT Site Acceptance Test SBT Segregated Ballast Tanks Software Bypass Management SBMS System Supervisory Control and Data SCADA Acquisition SCC Satellite Control Complex Simulation Control SCE Environment SCR Satellite Control Room SDH Synchronous Digital Hierarchy SE Safety Earth S&E Safety & Environmental SGS Safeguarding System SOE



Sequence of Events



SOR



Start of Run



SOW



Scope of Work



SP



Specification Page 49 of 323



TRAINING MODULE RESIDUE FLUID CATALYTIC CRACKER (RFCC)



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



DATE: 06/12/07



ICS



Integrated Control System



SPIR



IIP I/O IP



SPM SR SRU STC



Construction Standard



IRP IRR



Initial Interface Plan Input/Output Institute of Petroleum Instrumented Protective System Interposing Relay Panel Internal Rate of Return



Spare Parts and interchangeability Record Single Point Mooring Scope of Supply Sulphur Recovery Unit



STD STEL



IS



Intrinsically Safe



SVAC



ISA ISE ISBL ISOM



Instrument Society of America Intrinsically Safe Earth Inside Battery Limit Isomerisation Unit



SWS TAS TBT



ITB



Invitation to Bid



TCF



ITP



Inspection and Test Plan



TCM



JB



Junction Box



TEMA



JCC



Jetty Control Complex



TGIF



JCR JSD JSS



Jetty Control Room Job Specification for Design Job Specification for Supply



TLCR TLCS TN



JVD



Joint Venture Directorate



TPS



KLOC KTU LAN LCO LCOHDT



Kuala Lumpur Operating Center Kerosene Treatment Unit Local Area Network Light Cycle Oil LCO Hydrotreater



TQM TS TWA UFD U/G



LDE



Lead Discipline Engineer



UL



Design Standard Short Term Exposure Limit Shelter Ventilation and Air Conditioning System (Analyser houses) Sour Water Stripping (Unit) Terminal Automation System Technical Bid Tabulation Temporary Construction Facilities Task Control Module Tubular Exchanger Manufacturers' Association Temperature Gauge Indication Facilities (Tankage) Truck Loading Control Room Truck Loading Control System Transmittal Note Total Plant Solution (Honeywell) Total Quality Management Terminal Server Time Weighted Average Utility Flow diagram Underground Underwriter Laboratories (Approval body)



IPS



LEL LGO LIMS



Lower Exposition Limit (F&G, Analysers) Light Gas Oil Laboratory Information Management System



UPS



Uninterruptible Power Supply



VDU



Visual Display Unit



VPU



Vendor Package Unit



LIS



Laboratory Information System



WABT



LLU LP LPG LTU LPG



Local Line Unit Low Pressure Liquefied Petroleum Gas Treater Unit



WBS WHB YOC



Weight Average Bed Temperature Wash Breakdown Structure Waste Heat Boiler Yokohama Operating Center



1.3.2. Glossary Refer to separate glossary.
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TRAINING MODULE



RESIDUE FLUID CATALYTIC CRACKER (RFCC) UNIT: 15
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SECTION 2 : PROCESS FLOW DESCRIPTION Drawing to be inserted here Figure 5: RFCC Block Flow Diagram Drawing to be inserted here Figure 6: RFCC Process Flow Scheme 2.1. Feed Section Drawing to be inserted here Figure 7: RFCC Feed Section Long residue is normally fed directly to the unit from the Crude Unit (CDU) at 115°C. Alternatively part, or all, of the feed can be fed from storage at 70°C. Indeed, the preheat system of the feed is also designed to process 100% cold feed. Hot feed straight from the CDU and cold feed from storage enters the battery limits and flows to the Feed Surge Drum D-1513 on level control by LIC-042 with a split range level control signal to the controller inside the CDU or to the flow controller on the cold feed from storage. The pressure in the Feed Surge Drum is maintained at 1 kg/cm2g by either admitting Fuel Gas or venting excess off gas to the Flare header. In D-1513, water contained in the feed is separated and sent to the OWS. The feed is then pumped from the feed Surge Drum by the Feed Pumps P-1501 A/B to the feed preheat train, in which the way feed is preheated depends on the type of crude used: •



Bach Ho Case: Feed is 1st pumped to the LCO Pumparound Feed Preheat Exchangers E-1512 AD, in which the feed is preheated against LCO pumparound pumped by the LCO Pumparound Pumps P-1510 A/B from the tray #25 of the main fractionator T1501. Then the feed is further heated against MP steam first in the MP Steam Feed Heater E-1522 and secondly against HP steam in the HP steam Feed Heater E1524. The Residue Feed is finally heated against Slurry in the 1st Feed Preheat Slurry Exchangers E-1502 A/B/C and the 2nd Feed Preheat Slurry Exchangers E-1501 A/B, from where feed exits at the temperature of 290°C. Slurry is feed to the tube sides of the 1st and 2nd feed preheat slurry exchangers by means of the Slurry Pumparound Pumps P-1519 A/B/C from the bottom of the Main Fractionator T1501.



•



Mixed Crude Case In the case of Mixed Crude feed, the feed is pumped by the Feed Pumps P-1501 A/B to E-1512 A/B/C/D where it is preheated to the required temperature of 170°C by the LCO pumparound when 100% of the feed to the surge drum is hot. Additionally, the feed is heated against MP steam downstream of the LCO Pumparound Preheat Exchangers only when the feed is all or partly cold. This is required to obtain the required temperature of 170°C. Page 52 of 323
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Downstream of the preheat train, preheat feed is mixed with HCO recycle from above the Bed #4 of the main fractionator. Before being mixed with the feed, HCO recycle is cooled against Boiler Feed Water in the HCO Recycle MP steam Generator E-1508. Depending upon the operating case, a different quality of recycle to feed is used. In Mixed Crude Max Gasoline (MG) operation, a heavy naphtha recycle is used in order to adjust the feed viscosity and further improve the feed atomization. An additional effect is to decrease the heavy oil partial pressure leading to a better vaporization. In MD operation, a HCO recycle is used in order to improve the bottom (HCO and heavier) conversion. The combined feed is then sent to the reaction section via the Feed Line Static Mixer M1501. The LCO pumparound used in E-1512 A/B/C/D is then returned to the main fractionator above the Bed #2. The Slurry used in the 2nd Feed Preheat Slurry Exchangers is returned to the main fractionator above the Bed #5 and so is part of the slurry used in the 1st Feed Preheat Slurry Exchangers. The remaining part of the Slurry used in E-1501 A/B is sent back to the quench zone of T-1501. NOTE: When processing mixed crude feed, the slurry preheat exchangers are not required. These exchangers should have the slurry flushed out of them to avoid settling of catalyst fines and because of the high viscosity and high pour point of the slurry. 2.2. Reaction Section Drawing to be inserted here Figure 8: RFCC Reaction Section 2.2.1. Feed Injection Zone The specially designed feed injection system insures the reaction is carried out efficiently to minimize the production of coke, gas and slurry oil. Oil feed to the riser is preheated before entering the reaction system. Preheat temperature along with regenerated catalyst temperature is controlled to result in an optimum catalyst to oil ratio. The preheated feed mixture is sent to the base of the riser D-1501 and divided into equal flows by the flow controllers FIC-003 A-F to each of the six feed nozzles I1501 A-F. Metal Passivator is injected into the fresh feed just ahead of the feed nozzles from the Metal Passivator Injection Package X-1509 by means of the Metal Passivation Page 53 of 323
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Pumps P-1502 A/B and acts to inhibit the undesirable effects of nickel on the catalyst in the feed. It is required for Mixed Crude Feed case only. Shutdown valves will stop the flow of feed to the riser and divert it back to the feed surge drum D-1513 in case of certain emergencies. Dispersion steam is supplied to each of the six feed nozzles to promote atomization and vaporization of the feed. The flow of MP steam to each of the feed nozzles is adjusted by flow controllers FIC-005 A-F. Heavy FCC naphta is injected to the riser above the feed injection zone through the MTC (Mix Temperature Control) injectors I-1502 A-D, where it is mixed with medium pressure dispersion steam. MTC plays an important role in the heat balance control and heavy feed vaporization. The key is to achieve a higher temperature in the fresh feed mixing zone. The MTC is designed to face the two main challenges encountered when processing very heavy, highly contaminated feeds: •



Achieve a satisfactory vaporization of the feed so as to eliminate the unnecessary coke production resulting from an incomplete vaporization



•



To keep the desired heat balance while maintaining the conversion at the optimum level



MTC flow and dispersion steam flow to each of the four injectors are adjusted by flow controllers FIC-010 A-D and FIC-011 A-D respectively. Upstream the feed injection, stabilization steam is injected in the riser, through the four stabilization steam injectors I-1503 A-D, in order to promote a smooth and homogeneous catalyst flow at the feed injection point. The flow to each of the injectors is adjusted by flow controllers FIC-007 A-D. Upon emergency shutdown the steam flow control valves on all injectors automatically open to clear the riser of oil and catalyst with steam. Finally Backflush oil is pumped by the backflush oil recycle pumps P-1506 A/B from the backflush oil receiver in the fractionation a section to the riser, downstream of the MTC injectors. Backflush oil is injected into the riser and mixed with MP dispersion steam via the backflush oil injector I-1504. The flow of backflush oil and dispersion steam to the injector is controlled by FIC-012 and FIC-013 respectively.



2.2.2. Riser/Reactor The sensible heat, heat of vaporization and heat of reaction required by the feed is supplied by the hot regenerated catalyst. From the withdrawal well, hot regenerated catalyst flows to the riser wye, to be mixed with the feed, via the regenerated catalyst slide valve SV-1501. The riser outlet temperature is controlled by the amount of regenerated catalyst admitted to the riser through SV1501. Page 54 of 323
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In the wye section at the base of the riser, steam is injected via a steam ring to keep the regenerated catalyst in a fluid state at all times. The small droplets of feed contact hot regenerated catalyst in a counter current way and vaporize immediately. The vaporized oil intimately mixes with the catalyst particles and cracks into lighter, more valuable products along with slurry oil, coke and gas. The cracking reactions take place during the 2 seconds residence time in the riser as the reaction mixture (composed of the products and the catalyst) accelerates toward the Riser Outlet Separator System (ROSS) at the top of the riser. To prevent the continuation of reactions which produce gas at the expense of gasoline the catalyst is quickly separated from the hydrocarbon/steam vapors in the ROSS separator located at the end of the riser. This system drastically reduces the post riser catalyst/vapors contact time. After exiting the ROSS separator, the vapors pass through high efficiency single stage Disengager Cyclones CY-1501 A/B/C/D/E/F to complete the separation of catalyst from vapors, thus minimizing the amount of catalyst lost into the product. The ROSS separator and disengager cyclones CY-1501A-F separate the product vapors from spent catalyst and return the catalyst to the stripper bed. The reactor product vapors, containing a small amount of inerts, catalyst and steam, flow to the quench zone of the main fractionator T-1501. The small amount of catalyst contained in the product vapors is carried away from the fractionator in the bottom slurry product. The reactor pressure "floats on" the main fractionator pressure and as such is not directly controlled at the reaction section: A pressure control at the main fractionator reflux drum D-1514 allows achieving a steady operating pressure in the reaction system.



2.2.3. Stripper Catalyst exiting the ROSS separator is pre-stripped with MP steam from a steam ring located immediately at the exit of the separator diplegs. This is an important feature for reducing coke yield. The catalyst is further stripped by steam from the main steam ring as the catalyst flows down the Disengager/stripper D-1501. 2 additional rings are also provided in addition to the main ring: •



The upper ring, above the main ring, achieves a second stage of prestripping of the catalyst before it enters the stripper.



•



The lower ring is located in the bottom head of the stripper to achieve a stable fluidization at the inlet of the spent catalyst standpipe. The steam rate for this ring is part of the total steam required for good stripping but its prime function is to aerate the catalyst entering the spent catalyst standpipe. This is important for adequate head build-up to maintain an adequate slide valve differential pressure for controlling the stripper level. Page 55 of 323
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The total steam flow is designed to provide about 6 kg of steam per ton of catalyst circulated. The contact between catalyst and steam is enhanced by the presence of fluidized bed packing permitting cross and counter current flow of steam and catalyst. The fluidized bed packing is located between the main ring and the lower ring. It allows efficient contact between the catalyst and steam to displace the volatile hydrocarbons contained on and in the catalyst particles before they enter the 1st stage regenerator D-1502, where coke will be burnt off.



2.2.4. Spent Catalyst Transfer Downstream of the main ring, stripped catalyst flows down the spent catalyst standpipe where the spent catalyst is aerated by means of fuel gas from the fuel gas header (or Nitrogen) to maintain proper density and fluid characteristics of the spent catalyst. Aeration gas injectors are distributed al along the spent catalyst stand pipe. While aerated, the catalyst flows down through the spent catalyst line expansion joint EX-1501 and then the spent catalyst slide valve SV-1502, which regulates the level of the stripper by regulating the flow of catalyst leaving it. Then the spent catalyst flows into the 1st stage regenerator D-1502 through a distributor which ensures that the entering coke-laden catalyst is spread across the regenerator bed. 2.3. Catalyst Regeneration Section The first stage regenerator D-1502 burns 50 to 80% of the coke and the remainder is burned in the second stage regenerator D-1503. This two stage approach to regeneration adds considerable flexibility to the process as potential heat is rejected in the first stage regenerator in the form of CO. When running heavy feeds, the need for heat rejection is higher; the amount of coke burned in the first stage regenerator is increased, thereby lowering the final temperature of the regenerated catalyst. When running lighter feeds the amount of coke burned in the first stage regenerator D-1502 is reduced, thus increasing the regenerated catalyst temperature. The amount of coke burned in the first stage can be varied by adjusting the air flowrate in order to achieve operating flexibility on the unit for different feedstocks. The heat of combustion released by the combustion of coke is transferred to the catalyst which will later supply the heat required to the reactor D-1501. The heat balance of the unit is much more flexible than in single stage regeneration systems because potential energy in the form of carbon monoxide from the first stage regenerator D-1502 can be adjusted while complete regeneration of the catalyst is accomplished in the second stage.
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2.3.1. Air blower and air heaters The combustion air required for the combustion reactions in the 1st and 2nd catalyst regenerators D-1502 and D-1503 is supplied by the steam turbine driven air blower C-1501. Atmospheric air is introduced to the air blower C-1501 through an intake filter and silencer F-1501. At C-1501 discharge, the blower air is distributed to a header system providing combustion air to the downstream equipment as follow: •



Combustion air is supplied to the inner air rings and outer air rings at the bottom of the 1st Catalyst Regenerator D-1502 via the 1st regenerator air heater H-1501 which heats the blower to the required temperature. The outer air ring and inner air ring are designed to handle about 70% and 30% of the combustion air to the first stage regenerator D-1502 respectively.



•



Combustion air is supplied on flow control to the unique air ring located at the bottom of the 2nd regenerator D-1503 via the 2nd regenerator air heater H-1502, which also heats the blower to the required temperature for coke burning in D-1503.



•



Blower air is also used as lift air and is supplied on flow control to the bottom of the lift line of the 1st regenerator in order to transfer partly regenerated catalyst from D-1502 to D-1503. Air is injected through the hollow stem of the plug valve PV-1501 which regulates the amount of catalyst transferred to the 2nd stage regenerator.



•



Blower air is also injected in the catalyst loading line at the bottom of each regenerator as fluidizing medium.



•



Finally blower air is supplied in the withdrawal ring of the withdrawal well downstream of the point where the hot regenerated catalyst is discharged to the well, also as fluidizing medium.



C-1501 surging is prevented by venting air using a sophisticated anti-surge controller. Also, power assisted check valves at the blower discharge prevent back-flow of catalyst in the event of blower shutdown. The air heaters are working on propane and are used during start-up to heat-up the equipment including dry out of refractory. Instrumentation is provided to prevent overheating the equipment during air heater operation and a flame safety package is included to prevent unsafe conditions during burner operation. 2.3.2. First stage regenerator Spent catalyst containing roughly 1 to 1.5 wt % coke flows from the spent catalyst distributor and is spread across the bed in the first stage regenerator D-1502. Part of the coke is burned by combustion air supplied from the outer and inner air rings. This regenerator operates in a counter current (air inlet at bottom and spent catalyst inlet at top) to prevent catalyst overheating.
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In order to limit hydrothermal deactivation of the catalyst, the regeneration conditions are mild: 1st stage regenerator total combustion air is controlled to limit the temperature in this 1st stage to maximum 730°C. The partially regenerated catalyst flows down through the first stage regenerator bed to the entrance of the air lift. Aeration by a fluffing ring is supplied in the vicinity of the air lift to ensure smooth flow of catalyst to the lift. A hollow stem plug valve PV-1501 regulates the flow of catalyst to the lift line and is controlled by the level in the first stage regenerator D-1502 via LIC-004. Blower air injected through the hollow stem of the plug valve into the air lift is flow controlled at a rate sufficient to lift the catalyst in a dilute phase up to the second stage regenerator D1503. Emergency air is provided through blast connections to clear the lift in the event of plugging. 2 stage cyclones (CY-1502A-F / CY-1503A-F) separate entrained catalyst from the flue gas exiting the 1st stage regenerator D-1502 towards the CO Incinerator H-1503 where the incineration of the CO in the flue gas is then accomplished. At the exit of the regenerator, the flue gas pressure is reduced through a double disc flue gas slide valve SV-1503 controlling the regenerator pressure. During the start-up, torch oil is used to heat the regeneration process to its operating temperature. Oil and steam on flow control (FIC-069/077A-C) are directed to three nozzles SPR-1501A-C which spray into the bed of air preheated catalyst. A continuous catalyst withdrawal is necessary to maintain the unit catalyst inventory in the normal operating region. Equilibrium catalyst is continuously withdrawn from D-1502 through the Catalyst Draw-Off System X-1501 and is sent either to the spent catalyst hopper D-1506 or the Auxiliary Catalyst Hopper D1507.



2.3.3. Second stage regenerator The partially regenerated catalyst flows up the lift line through the expansion joints between the regenerators EX-1502 and enters the 2nd stage regenerator D-1503 below the air ring. A distributor at the end of the lift provides for efficient distribution of catalyst and air from the lift. Catalyst is then completely regenerated to less than about 0.05% carbon through combustion at more severe conditions than in the first stage regenerator D-1502. Very little carbon monoxide is produced in the 2nd stage and excess oxygen is regulated by flow control of the combustion air from C-1501 (FIC-164) for efficient and complete combustion. Because most of the hydrogen in coke was removed in the 1st stage, very little water vapor is produced in the second stage. This limits hydrothermal deactivation of the catalyst as higher regeneration temperatures are experienced. External refractory lined cyclones CY-1504A-D are used on the 2nd stage flue gas outlet to remove entrained catalyst. The cyclone dip legs are external to the Page 58 of 323
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regenerator. Catalyst recovered in the cyclones is returned to the regenerator bed below the normal operating level by way of the diplegs. Aeration is supplied to the diplegs to maintain a smooth fluidized catalyst flow and the diplegs outlets are equipped with flapper (trickle) valves to prevent catalyst and gas backflow into the cyclones. Flue gas from the 2nd stage regenerator then flows to the Waste Heat Boiler H1503 through the 2nd Regenerator Flue gas Slide Valve SV-1504 and the 2nd Regenerator Flue gas Block Valve BV-1502 A. The second stage regenerator pressure is controlled by the flue gas double disc slide valve SV-1504, through differential pressure between the first and second stage regenerators PDIC-172. 2.3.4. Combustion Air Rings The combustion air rings distribute the combustion air evenly across the bed in the regenerators. A well distributed source of combustion air is essential for good, evenly distributed catalyst regeneration without after burn. The rings are designed to operate satisfactorily at the minimum turndown design for the unit. The pressure drop across the ring is kept above 0.07 bar at turndown to maintain adequate distribution and prevent intrusion of catalyst into the ring and avoid associated erosion. 2.3.5. Regenerated catalyst transfer The hot regenerated catalyst flows from the 2nd stage regenerator D-1503 through a lateral into the withdrawal well. In the withdrawal well a stable bed is established at proper standpipe density by introduction of a controlled amount of fluidizing air from the withdrawal well ring. A smooth stable flow of catalyst down the standpipe is provided by injection of aeration Plant Air at several elevations on the regenerated catalyst standpipe. As the head pressure increases down the standpipe and the fluidized catalyst is compressed, these aeration points are used to replace the lost volume to ensure a continuity of fluid catalyst flow properties. At the bottom of the regenerated catalyst standpipe the regenerated catalyst slide valve SV-1501 controls the flow of hot catalyst. The Riser Outlet Temperature sets the position of the slide valve which regulates the flow of hot regenerated catalyst. The regenerated catalyst passes to the wye section at the base of the riser D1501 where a steam ring fluidizes the catalyst. The wye steam and fluidization points in the wye section ensure that the catalyst flow to the feed injection point is stable and smooth in order for the feed injection system to perform at its optimum.



2.3.6. Catalyst handling The catalyst handling system includes hoppers for storage of fresh catalyst and spent catalyst, loading devices for catalyst addition and a draw-off device for continuous equilibrium catalyst withdrawal. Three hoppers are installed: •



The fresh catalyst hopper D-1505, Page 59 of 323
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•



The spent catalyst hopper D-1506



•



The auxiliary catalyst hopper D-1507, which provides flexibility in the operation for different options: o Storage of imported equilibrium catalyst reused as part of the makeup catalyst, o Storage of excess spent catalyst, o Storage of a 2nd grade of fresh catalyst for make-up.



The spent and fresh catalyst hoppers are sized to contain the entire unit inventory. Each hopper is provided with one cyclone and with aerations in the bottom cone to assist the catalyst circulation to the transfer lines. Hoppers loading and unloading Fresh catalyst or equilibrium catalyst, delivered in trucks, are loaded into the fresh catalyst hopper D-1505 for fresh catalyst, and spent catalyst hopper for equilibrium catalyst, using either the truck compressor or the steam ejector EJ-1501 supplied for reducing the hopper pressure. Spent catalyst is unloaded from the spent catalyst hopper D-1506 to the flexible bag by hopper pressurizing with plant air. Unit loading and unloading Before start-up, equilibrium catalyst is loaded into the spent catalyst hopper D1506 as described above. When the unit warm-up is completed, the catalyst is loaded into the unit through the first regenerator D-1502. The hopper is pressurized with plant air. Air from the blower C-1501 is injected into the catalyst addition line to D-1502 to act as motive fluid to transport the catalyst. After shutdown, the spent catalyst is unloaded from the unit into the spent catalyst hopper by reducing the pressure in the hopper using the steam ejector EJ-1501. Catalyst addition and withdrawal To maintain the catalyst inventory during normal operation, fresh catalyst is automatically added (batchwise) at the desired rate into the unit through the 1st regenerator D-1502 by means of either of the batch catalyst feeders: X-1502 for the fresh catalyst hopper D-1505 or X-1503 for the auxiliary Catalyst Hopper D1507. Each batch catalyst feeder can be adjusted for batch size and frequency of additions. As most of the time, catalyst addition is higher than the catalyst losses from the unit, catalyst must be withdrawn to keep the unit inventory constant. This operation is achieved by a catalyst draw-off system X-1501 provided on the first regenerator D-1502: Hot catalyst is withdrawn, cooled down through a finned tube and sent to the spent catalyst hopper D-1506 at a temperature below 400°C.
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2.4. Flue gas treatment Drawing to be inserted here Figure 9a: Flue Gas Treatment Section
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Figure 9b: COB/WHB Package Flow Scheme Page 62 of 323
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The flue gas coming from the first regenerator contains CO and some unburned products. It is sent to the CO incinerator H-1503, via flue gas slide valve SV-1503 for combustion completion. The incinerator burner is supplied with combustion air via the duty motor driven forced draft air fans C-1502 A/B. The CO Boiler is provided with burners for fuel gas and also fuel oil in order to obtain a complete combustion of CO into CO2. The flue gas from the CO Boiler is routed to the Waste Heat Boiler H-1503 for HP steam regeneration. The flue gas coming from the second regenerator D-1503 is sent straight to the waste heat boiler H-1503 via the second regenerator flue gas slide valve and SV1504 and the COB/WHB 2nd regenerator flue gas block valve BV-1502 A. The flue gas exiting the waste heat boiler H-1503 is sent to an electrostatic precipitator X-1507 before flowing through the economizer E-1525 section of the CON/WHB package, and DeSOx unit (X-1508, for future), and then to a stack SK1501. Heat released in WHB H-1503 is used for HP steam generation: HP boiler feed water is fed from the battery limits to the heavy naphta boiler feed water heater E-1516 where HP BFW is heated in the tube side against heavy naphta product (in the shell side) pumped by the heavy naphta product pumps P1515 A/B. The heated BFW is then sent to the LCO Pumparound BFW heater E-1511 where the BFW (tube side) is heated against LCO pumparound (shell side) drawn off from the main fractionator and pumped by the LCO Pumparound Pumps P-1510 A/B. The preheated HP BFW leaving E-1511 is then split into 2 streams: •



Part of the preheated BFW is fed to: o The Slurry HP Steam Generators E-1503 A/B/C in which preheated HP steam is generated against slurry pumparound pumped by P1519 A/B/C from the bottom of the main fractionator. o The slurry HP Steam Generators E-1504 A/B in which HP steam is generated against slurry pumparound pumped by P-1519 A/B/C from the bottom of the main fractionator The HP Steam leaving E-1503 A/B/C and E-1504 A/B is then recombined before being fed to the HP steam superheater of the waste heat boiler.



•



The other part of the preheated BFW is sent to the economiser section of the COB/WHB Package H-1503. Preheated HP BFW is then heated (tube side) against MP steam (Shell side) in the BFW Preheater E-1534. before being fed to the economizer E-1525. In the economizer, the flue gas coming from the electrostatic precipitator X-1507 is used as heating medium. The steam leaving the economizer is then fed to the Steam Drum D-1512
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Phosphate is also injected into the Steam Drum D-1512 by means of either of the Phosphate injection Pumps A-1502-P-01-A/B from the Phosphate Tank A-1502TK-01. Phosphate is injected to buffer the water in order to minimize pH fluctuation. It also precipitates calcium or magnesium into a soft deposit rather than a hard scale. Additionally, it helps to promote the protective layer on boiler metal surfaces. However, phosphate forms sludge as it reacts with hardness; So blowdown or other procedures need be established to remove the sludge during a routine boiler shutdown. Boiler water then exits the bottom of the steam drum via 3 lines, the inlet of each being equipped with a vortex breaker, and flows to the 4 Evaporator Coil Banks of the WHB H-1503. In each of the Evaporator Coil Banks, steam is generated (tube side) by means of the flue gas exiting the HP superheater of the WHB H-1503. The mixture of steam and boiler water at the outlet of each evaporator coil bank is then routed back to the steam drum via 4 dedicated lines. Boiler water from the steam drum is also fed to the Screen Steam Generator upstream the HP steam Superheater in the Waste Heat Boiler. The steam/boiler water stream generated by the flue gas exiting the CO Combustion exits the Screen Steam Generator and is routed back to the Steam Drum D-1512. Saturated steam from D-1512 is sent to the HP Steam Superheater after being mixed with HP steam from the E-1503 A/B/C and E-1504 A/B. In the Superheater, flue gas exiting the Screen Steam Generator generates Superheated HP steam (tube side). The superheated HP steam generated is then de-superheated by means of HP BFW prior to being sent to the Superheated HP steam header. Part this HP steam is also sent to the turbine of the standby forced draft fan C-1502 B. A continuous blowdown from the steam drum is sent to the continous blowdown drum D-1531. The LP steam recovered in D-1531 is sent to the LP steam header while the water collected is sent to the intermittent blowdown drum D-1532. The water in D-1532 is cooled down against cooling water in the Blowdown Cooler E1533 before being sent to the oily water sewer. Superheated MP steam is also generated in the WHB: LP Boiler Feed Water is fed to the following MP steam generators in parallel: •



HCO recycle MP steam generator E-1508 where LP BFW is heated (shell side against HCO recycle drawn-off from the main fractionator and pumped by the HCO recycle pumps P-1507 A/B.



•



HCO Pumparound MP steam generator E-1523 where LP BFW is heated (shell side) against HCO pumparound drawn off from the main fractionator and pumped by the HCO Pumparound pumps P-1508 A/B.
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Slurry MP steam generators E-1505 A/B where LP Boiler Feed Water is heated (shell side) against slurry from the HP steam generators E-1504 A/B



The MP steam streams leaving in the above exchangers are then recombined and the MP steam stream is fed to the MP steam superheater downstream of the 4th Evaporator Coil Bank. There, the MP steam is superheated against the flue gas leaving the evaporator. Superheated MP steam is then de-superheated against LP BFW prior to being discharged to the MP steam header. The flue gas leaving the WHB H-1503 is then routed to the Electrostatic Precipitator X-1507 where the content of catalyst dust contained in the flue gas leaving the COB/WHB package is decreased to meet the environmental specification. The dust fine content at precipitator outlet shall not exceed 50 mg/Nm3 dry basis. The principle of operation is to provide high voltage electric for collection of dust by corona effect. (Refer to the section 4 of the present document for more information on X-1507 package.) In case of trip of the COB/WHB package, the flue gas from the 1st and 2nd regenerators is sent directly to the electrostatic precipitator package X-1507 through the bypass valves BV-1501B (1st regenerator flue gas) and BV-1502B (2nd regenerator flue gas). In such an event, H-1503 is isolated by closure of the associated block valves BV-1501A (1st regenerator flue gas) and BV-1502A (2nd regenerator flue gas). The flue gas leaving the electrostatic precipitator is then fed to the Economizer E1525 before being finally sent to the stack. In the future, the flue gas leaving the Economizer will undergo another stage of processing with the DeSOx unit before running to the stack. 2.4.1. Phosphate injection For the same reasons than for the phosphate injection in the steam drum D-1512 (see previous paragraph), phosphate solution, from the tank TK-1510 in the phosphate injection package X-1510, is injected to the BFW fed to the following steam generators: •



Slurry HP steam generators E-1503 A/B/C by means of the metering pumps P-1531A/B/C respectively;



•



Slurry HP steam generators E-1504 A/B by means of the phosphate injection pumps P-1531 D/E respectively;



•



Slurry MP steam generators E-1505 A/B by means of the phosphate injection pumps P-1532 A/B respectively;



•



HCO LP steam generator E-1510, also from the discharge of the phosphate injection pump P-1532B



•



HCO pump pumparound MP steam generator E-1523, Slurry LP steam generators E-1506 A/B and LCO product LP steam generator E-1513 by means of the phosphate injection pump P-1532C Page 65 of 323
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HCO recycle MP steam generator E-1508 by means of the phosphate injection pump P-1532D



2.5. Fractionation Section Drawing to be inserted here Figure 10: Fractionation Section 2.5.1. Fractionator bottom section The reactor effluent from the disengager of the reaction section is sent to the bottom of the main fractionator T-1501 below the Bed #5. The bottom slurry pumparound is circulated by Slurry Pumparound Pumps P1519A/B/C to the downstream equipment depending on the operating case: •



In the case of Bach Ho feed, a large proportion of the bottom pumparound duty is used to preheat the feed in the 1st & 2nd Feed Preheat Slurry Exchangers E-1502 A/B/C and E-1501 A/B. The remaining duty is used to generate HP steam in HP steam generators E-1504 A/B and then MP steam in MP steam generators E-1505 A/B, prior to being sent back to T-1501 in the Quench Zone on flow control reset by the bottoms temperature controller (TIC-439) at the suction of the slurry pumparound pumps P-1519 A/B/C. Part of the slurry from E-1505 A/B is also sent back to T-1501 above the Bed #5 on flow control reset by the temperature controller TIC-443 above Bed #4. Meanwhile, the slurry used to preheat the feed in E-1502 A/B/C and part of the slurry exiting E-1502 A/B/C are then sent back to T-1501 in the grid section (Bed #5) after being mixed with the portion of Slurry Pumparound bypassing all the exchangers and steam generators. The remaining part of the slurry leaving E-1502A/B/C is sent to the Quench Zone of T-1501 on flow control reset by the bottoms temperature controller (TIC-439) at the suction of the slurry pumparound pumps P-1519 A/B/C. This quench is used to maintain the bottoms temperature to around 349°C in order to minimize coking



•



For the Mixed Crude feed case, E-1501A/B and E-1502 A/B/C are not in service. In this case the slurry pumped by P-1519 A/B/C is sent to the Slurry HP steam generators E-1503 A/B/C, where HP steam is generated shell side with BFW fed from E-1511. The main part of this cooled slurry pumparound is returned to the grid section (Bed #5) on flowrate control (FIC-425) reset by the temperature controller TIC-443 below the HCO draw-off tray. In the Grid Section of the Main Fractionator the reactor effluent is desuperheated and the bottom slurry product is condensed. Part of the cooled slurry is returned to the bottom of the column to quench the bottoms temperature TIC-439 to around 340°C to minimize coking. The remaining quench is taken from the discharge of the MP steam generator Page 66 of 323
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on flow control reset by the bottoms temperature controller as described for the Bach Ho case. •



A constant total flowrate (controlled by FIC-426) to the grid is maintained by by-passing hot slurry from the discharge of the slurry pumparound pumps.



The slurry product is taken from the discharge of the MP steam generators E-1505 A/B on flow control reset by T-1501 bottoms level controller (LIC-448) and flows to slurry draw-off drum D-1515. The pressure in D-1515 is maintained constant by either admitting fuel gas inside the vessel or venting excess off gas to the flare. The slurry product is pumped by the Slurry Product Pumps P-1504 A/B and is cooled in the Slurry LP Steam Generator E-1506 A/B, in which BFW is feed to generated LP steam shell side. Downstream of E-1506 A/B, the cooled slurry flows to the Slurry Separator X-1504 where catalyst fines are removed. The clarified oil leaving the slurry separator is finally cooled in tempered water coolers E-1507 A/B/C/D before going to storage on flow control reset by the level controller of the slurry draw off drum D-1515. The slurry separator X-1504 consists of 10 modules. These are automatically and sequentially taken out of service for back-flushing while the others remain in service. The modules are back-flushed by P-1505 A/B with Backflush Oil (HCO) from the Backflush Oil Draw Off Drum D-1516. The flush oil from the separator, containing a high concentration of catalyst fines, goes to back-flush oil receiver D-1517 after being mixed with HCO. The pressure in D-1517 is maintained constant by either admitting fuel gas inside the vessel or venting excess off gas to the flare. From D-1517, the back-flush oil is returned to the reactor riser at constant rate by the Backflush oil recycle pumps P-1506 A/B.



2.5.2. HCO section Heat is removed at high level in the HCO pumparound section. HCO flushing oil and HCO recycle are also taken from this section. HCO products and pumparound are taken from the draw off tray above the Bed #4 of the main fractionator T-1501. HCO pumparound is circulated by the HCO Pumparounds Pumps P-1508 A/B to the following equipment in parallel: •



The tube side of the Debutanizer Reboilers E-1560 A/B



•



The shell side of the Heavy Naphtha Stripper Reboiler E-1509



•



The tube side of MP Steam Generator E-1523



The cooled HCO leaving E-1560 A/B, E-1509 and E-1523 is then recombined before being returned to the main fractionator above the Bed #3. The total pumparound flow is maintained constant by controlling the flow of HCO by-passing the above equipments with (FIC-419) at P-1508 A/B discharge. Heat Page 67 of 323
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removal in the pumparound circuit is controlled by the flow controller at the outlet of E-1523 reset by the temperature controller TIC-446 on the recombined pumparound return line to T-1501. HCO for flushing oil is also taken from the draw off tray above the Bed #4 and is then stripped in the HCO stripper T-1504 by LP steam on flow control. The stripper vapour is returned to T-1501 above the pumparound return, Bed #3. The stripped HCO is pumped from T-1504 bottom by the HCO products pumps P-1509 A/B to the tube side of the LP Steam Generator E-1510 where it is used as heating medium to generate LP Steam from BFW in the shell side. The cooling of the HCO is controlled with TIC-474 on the HCO outlet by resetting the pressure controller of the LP steam generated to adjust the quantity of LP steam leaving E-1510. Part of the HCO goes to Backflush Oil Receiver D-1516 on flow control by FIC-469 reset by D-1516 level controller LIC-464. The pressure in D-1516 is maintained constant by either admitting fuel gas inside the vessel or venting excess off gas to the flare. The remaining part goes to: •



The HCO flushing oil system for flushing of slurry pump seals and for instrument flushing.



•



The Backflush Oil Receiver D-1517, on flow control reset by the level controller in D-1517, after being mixed with flush oil from the slurry separator X-1504.



For maximum distillate mode operation, HCO is recycled to the reactor feed. The HCO recycle is taken from the draw off tray above the Bed #4 and is pumped by P-1507 A/B to the tube side of the MP Steam Generator E-1508 where it is used as heating medium to produce MP steam from BFW in the shell side. The cooling of the HCO in E-1508 is controlled by TIC-425 on the HCO recycle line to the feed section by adjusting the amount of HCO bypassing the MP Steam Generator. HCO is then mixed with the feed upstream of the feed temperature control point, as described previously.



2.5.3. LCO section This section of T-1501 consists of six fractionating trays, trays 25 to 30, and a packed pumparound bed, Bed #2. LCO product and LCO pumparound are drawn off from the pumparound draw-off tray below the bed#2 of T-1501. LCO pumparound is circulated by the LCO pumparound pumps P-1510 A/B to the following equipment in parallel: •



Shell Side of the Stripper 2nd Reboiler E-1557,



•



Tube Side of the LCO pumparound Feed Preheat Exchangers E-1512 A/B/C/D,



•



Shell Side of the LCO pumparound BFW Heater E-1511.



The cooled LCO leaving E-1557, E-1512 A/B/C/D and E-1511 is then recombined before being returned to the main fractionator above the Bed #2.
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The total pumparound flow is maintained constant by controlling the flow of LCO by-passing the above equipments with (FIC-411) at P-1510 A/B discharge. Heat removal in the pumparound circuit is controlled by the flow controller at the outlet of E-1511 reset by the temperature controller TIC-452 on the recombined LCO pumparound return line to T-1501. LCO product is taken as a slip stream at the suction of the LCO pumparound pumps P-1510 A/B and is sent to the LCO stripper T-1503 on level controller of the stripper bottoms by LIC-436. The LCO is stripped by LP stream on flow control (FIC-452). The stripper vapor is returned to T-1501 above the pumparound, Bed #2. Stripped LCO is pumped by the LCO Stripper Pumps P-1511 A/B and is cooled on temperature control in LCO Product LP Steam Generator E-1513 and the air cooler E-1514 before going to the LCO Hydrotreater unit or to storage. For maximum gasoline operation this is the total LCO product. For maximum LCO operation (maximum distillate operation), heavy naphtha from the Heavy Naphta Trim Cooler E-1516 is mixed with this stream before being sent to the LCO Hydrotreater unit. In case of LCO Hydrotreater shut down, the LCO is sent directly to storage.



2.5.4. MTC and heavy naphtha section This section consists of 14 fractionating trays, trays 11 to 24, and heavy naphtha pumparound bed, Bed #1. MTC is drawn off from tray 19. The MTC (Mix Temperature Control) has a composition between the light end of the LCO and the heavy end of the heavy naphtha. This cut is recycled to the riser in the Mixed Crude Maximum Gasoline case. The MTC is pumped by the MTC Recycle Pumps P-1512 A/B to the riser injection nozzle on flow control. Heavy naphtha pumparound and heavy naphta product are drawn off from the tray below the bed #1. Heavy naphta pumparound is circulated by the naphta pumparound pumps P-1514 A/B to the following equipment in parallel: •



Tube side of the Stripper Feed Preheater E-1555,



•



Heavy Naphtha Pumparound air cooler E-1521



•



E-2107 & E-2108 in the Propylene Recovery Unit (PRU) for reboiling purpose.



The air cooler E-1521 is designed for the case when the PRU is not in operation. The cooled heavy naphta leaving E-1555, E-1521 and the PRU is then recombined before being returned to the main fractionator above the Bed #1.
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The total pumparound flow is maintained constant by controlling the flow of heavy naphta by-passing the above equipments with (FIC-412) at P-15114 A/B discharge. Heat removal in the pumparound circuit is controlled by the flow controller at the outlet of E-1521 reset by the temperature controller TIC-430 on the recombined heavy naphta pumparound return line to T-1501. Heavy naphta product is taken as a slip stream of the pumparound draw-off at the suction of the P-1514 A/B and is sent to the heavy naphta stripper T-1502 on level controller of the stripper bottoms by LIC-439. The heavy naphta stripper bottoms is reboiled in the reboiler E-1509, using HCO pumparound as heating medium. The stripper vapor is returned to T-1501 above the pumparound bed, Bed #1. Stripped heavy naphtha is pumped by the Heavy Naphta Product Pumps P-1515 A/B. It is first cooled by preheating HP boiler feed water in E-1516 and is then cooled in air cooler E-1517 and trim water cooler E-1518. For maximum LCO case, the heavy naphtha is mixed with LCO and for maximum gasoline case it is mixed with debutanized gasoline in the Gas Recovery Section. Heavy naphtha is also drawn off at the suction of P-1514 A/B as lean oil for the secondary absorber in the Gas recovery Section. The lean oil is pumped by P1513 A/B on flow control FIC-718 in the Gas Recovery Section where it is first cooled in Lean Oil / Rich Oil Exchanger E-1563 before cooling in Lean Oil Cooler E-1564.



2.5.5. Top section This section of T-1501 consists of 10 fractionation trays, trays 1 to 10. Rich oil from the bottom of the secondary absorber in the Gas Recovery Section is fed to tray 9. A partial draw-off accumulator tray is provided below the top tray. The accumulator tray is designed to separate water and hydrocarbon. Any water is drawn-off under interface level control LIC-416 and flows by gravity to the inlet of overhead condenser E-1519.



2.5.6. Fractionator overhead section The overhead vapor from T-1501 is partially condensed in the overhead air condenser E-1519 and cooling water exchanger E-1520A-H before flowing to the fractionator reflux drum where the liquid hydrocarbon, water and vapor phases are separated. Off-gas streams from CDU and NHT Units are also fed to D-1514. Part of the liquid hydrocarbon is sent back to the tray #1 of the main fractionator as a reflux by means of the Fractionator Reflux Pumps P-1516 A/B. The overhead naphtha cut point is controlled by the overhead temperature controller TIC-461 resetting this reflux rate. Part of the wash water is recycled from the fractionator reflux drum D-1514 boot to the inlet of the overhead condenser E-1519 by means f the overhead sour water Page 70 of 323
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pumps P-1517 A/B on flow control (FIC-459) in order to minimize corrosion in the condenser. From the discharge of P-1517 A/B, the remaining water is sent to: •



The SWS (unit 18) on flow control reset by the interface level controller LIC446 of the D-1514 boot;



•



To the wet gas compressor inter cooler on flow control (FIC-703) to be used as wash water.



Corrosion inhibitor is also injected into the overhead line of T-1501, upstream of the overhead condensers E-1519, from the corrosion inhibitor tank TK-15101 by means of either of the corrosion inhibitor pumps P-1520 A/B. The net overhead liquid product is pumped by the Overhead Liquid Pumps P-1518 A/B, under flow control FIC-455 reset by the level controller of the Main Fractionator Reflux Drum LIC-443, to the primary absorber in the Gas Recovery Section. The overhead vapor from D-1514 flows to the first stage KO drum of the wet gas compressor D-1551, while excess off gas is vented to flare on pressure control. 2.6. Gas Recovery section Drawing to be inserted here Figure 11: Gas Recovery Section 2.6.1. Wet gas compressor and HP condenser Wet gas from the Main Fractionator Reflux Drum D-1514 flows to the wet gas compressor first stage knock-out drum D-1551 where entrained and condensed liquids are separated. The liquid collected in D-1551 is pumped by the KO drum liquid pumps P-1552 A/B back to the fractionator reflux drum D-1514. The gas from D-1551 is compressed in the 1st stage of the compressor C-1551 and is then cooled in wet gas compressor intercooler E-1551 and trim cooler E1552 A/B. Sour water from the Fractionation Section is injected at the inlet of E1551 to minimize corrosion. The cooled vapor and condensed liquid from E-1552 are separated in the interstage KO drum D-1552. The vapor from D-1552 is compressed in the 2nd stage of compressor C-1551. The liquid phase in D-1552, hydrocarbon and water, is pumped by P-1551 A/B and is re-contacted with the compressor discharge vapor. This combined stream is partially condensed in HP air condenser E-1553 before being fed to the Stripper Condensers E-1554 A/B/C/D. A slip stream of this combined stream is recycled back to the inlet of the wet gas compressor intercooler E-1551.



2.6.2. Stripper condenser and high pressure separator drum The outlet from E-1553, the primary absorber T-1551 bottom liquid and the stripper T-1552 overhead vapour are combined before entering stripper water
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condensers E-1554A/B. An LPG stream from the CDU is also fed to the inlet of E1554 A/B. The mixed phase outlet from E-1554A/B is separated into water and hydrocarbon liquid phases and a vapor phase in HP separator drum D-1553. The sour water is sent on D-1553 boot interface level control to the sour water stripper (unit 18). The hydrocarbon liquid phase is pumped by the stripper feed pumps P-1553 A/B and after preheating in E-1555 by heavy naphta pumparound is fed to the top of stripper T-1552. The vapor phase from D-1553 is fed to the primary absorber T-1551, below the bottom tray.



2.6.3. Primary absorber T-1551 The primary absorber T-1551 recovers most of the C3 and C4 from D-1553 vapor. The overhead liquid from the Fractionation Section is fed to the top tray of T-1551. For other than Bach Ho Max Gasoline case, gasoline is also recycled from the bottom of the debutanizer T-1554: After being cooled in the stripper first reboiler E-1556, the gasoline air cooler E1558 and the gasoline cooler E-1559, recycle gasoline is pumped by the Recycle Gasoline Pumps P-1554 A/B to be mixed with the overhead liquid from the fractionation section and is fed to the to tray of T-1551. This Gasoline recycle enables required recovery of C3 and C4. The absorber bottom rich oil flows to the inlet of E-1554 under level control.



2.6.4. Stripper The LPG and gasoline mixture is fed from HP separator drum D-1553 to the top tray of the stripper by means of the stripper feed pumps P-1553 A/B and after cooling in the stripper feed preheater E-1555 against heavy naphta pumparound. The purpose of the stripper is to remove H2S, C2 and lighter from The LPG and gasoline mixture. The stripper feed temperature is controlled by the temperature of the stripper at the outlet of E-1555 with TIC-723 adjusting the flowrate of heavy naphta pumparound leaving E-1555. The necessary heat to perform the stripping operation is supplied by two reboilers in series: •



In the 1st stripper reboiler E-1556, the stripper bottoms are heated against debutanizer bottoms.



•



In the 2nd stripper reboiler E-1557, the stripper bottoms leaving E-1556 are heating by LCO pumparound from the Fractionation Section.
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The heat input to E-1557 is controlled by the stripper overhead vapor rate FIC709. This rate, and hence the reboiler duty, is set to meet the C2 specification in the debutanizer overheads. The overhead vapor leaving the stripper is returned to and condensed in E-1554. The bottom liquid of the stripper is fed to the debutanizer T-1554 on flow control FIC-714 reset by the stripper bottoms level controller LIC-712. 2.6.5. Secondary absorber T-1553 The secondary absorber T-1553 recovers gasoline light fractions contained in the overhead gas from primary absorber T-1551, by means of stripping with a heavy naphta stream from the fractionation section. The overhead gas from the primary absorber is sent straight to the secondary absorber T-1553 where it enters below the tray #20. The lean oil used for the absorption is a heavy naphtha stream is drawn off from the main fractionator T-1501 and pumped by P-1513 A/B to the lean oil/rich oil exchanger E-1563, where the lean oil is cooled by exchange with the bottoms of T-1553. Lean oil is then further cooled in the lean oil water cooler E-1564. The cooled liquid flows through lean oil coalescer D-1556 to remove entrained water before it is fed to the top tray of T-1553 on flow control FIC-718. Sour water collected in the boot of the lean oil coalescer D-1556 is sent to the SWS (unit 18) on boot interface level control. The rich oil from the bottom of the secondary absorber T-1553 flows under level control of T-1553 bottoms (by LIC-720) to the lean oil/rich oil exchanger E-1563 where it recovers heat before being recycle to the tray #9 of the Main Fractionator T-1501. The stripped overhead gas leaving T-1553 is cooled in the fuel gas water cooler E1565 and flows to fuel gas absorber K.O. drum D-1557.



2.6.6. Fuel gas absorber The fuel gas absorber T-1555 removes H2S and CO2 from the gas leaving the secondary absorber by contact with lean amine (DEA) fed from the ARU (unit 19). The small amount of liquid in the effluent from E-1565 is separated in the K.O. drum D-1557. The liquid is sent to mixing with rich oil at the inlet of the lean oil/rich oil exchanger E-1563 on level control of the absorber feed KO drum (LIC-726). The overhead gas of the FG absorber feed KO drum is fed to the bottom of the Fuel Gas Absorber T-1555, while the lean amine is fed to the top tray on flow control. In order to avoid hydrocarbon condensation, the temperature of the lean amine is controlled by TDIC-746 to maintain the lean amine at a fixed temperature difference above the inlet gas. Once treated by the lean amine, the overhead gas is sent to the Fuel Gas Absorber Outlet K.O. drum D-1559, where entrained and condensed liquid are separated before the treated fuel gas is sent to the fuel gas system. The gas
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leaving D-1559 is sent to the fuel gas system on pressure control of the secondary absorber overheads by PIC-733. The rich amine leaving the bottom of the fuel gas absorber is sent to the amine regeneration unit (ARU) under T-1555 level control by LIC-730. Any amine accumulated in K.O. drum D–1559 also goes to the ARU on level control of D1559 by LIC-733.



2.6.7. Debutanizer The debutanizer separates LPG from gasoline. The bottom of the stripper T-1552 is fed to the tray #22 of the debutanizer T-1554. The heat required to perform the separation is provided by the debutanizer reboilers E-1560 A/B in which the debutanizer bottoms are heated by HCO pumparound. The reboilers duty is controlled by adjusting the flow of HCO leaving the reboilers with FIC-722 and is set to ensure that the C4 specification in the gasoline is met. The overhead vapor leaving the debutanizer is totally condensed in the debutanizer condensers E-1561 A/B. The pressure in T-1554 is controlled with PIC-745 by bypassing part of the overhead vapor around E-1561 A/B to the reflux drum D-1554. The condensed liquid is pumped from D-1554 by P-1556 A/B: •



Part of the liquid from the debutanizer KO drum is sent to the tray #1 of the debutanizer as a reflux. The reflux rate is flow controlled by FIC-721 reset by the temperature controller TIC-754 on the sensitive tray (tray #8) in the top section of the column. This control loop determines the C5 specification in the overhead product.



•



The remaining overhead liquid, LPG product, is sent to the LPG Amine Absorber T-1556 after being cooled against cooling water in the LPG Cooler E-1562. The flow of LPG product being sent to T-1556 from the discharge of the Debutanizer Overheads Pumps P-1556 A/B is controlled by FIC-723 located downstream of the water cooler and reset by the level controller of the Debutanizer Reflux Drum LIC-742.



The water collected in the boot of the debutanizer reflux drum is sent to the SWS on interface level control. The gasoline product from the bottom of the debutanizer column is first cooled in stripper reboiler E-1556, then in air cooler E-1558 and finally in gasoline water cooler E-1559, before being split into 2 streams: Part of the cooled gasoline is pumped on flow control by the gasoline recycle pumps P-1554 A/B to the primary absorber as supplementary lean oil when required. The net gasoline product is sent to the Gasoline Treating Unit on flow control by FIC-715 reset by the debutanizer level controller LIC-736. For maximum Gasoline operation the heavy naphtha from the Fractionation section is combined with this stream.



Page 74 of 323



TRAINING MODULE RESIDUE FLUID CATALYTIC CRACKER (RFCC)



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



DATE: 06/12/07



2.6.8. LPG amine absorber T-1556 The LPG amine absorber T-1556 removes H2S by contact with lean amine (DEA) from the ARU (unit 19). T-1556 is a packed column. The LPG enters at the bottom and flows up through the amine. Lean amine from the ARU is fed to the LPG amine absorber after being cooled against cooling water in E-1566. The LPG amine interface level control LIC-746 above the top packed section is maintained by controlling rich amine flow leaving the bottom of the absorber. The overhead LPG liquid flows to the LPG amine coalescer D-1555, where amine carry-over is separated: •



The amine collected in the boot of the LPC amine coalescer is sent to the rich amine stream from the absorber bottom on boot interface level control by LIC-749.



•



The overhead LPG from the drum goes to the LPG Treating Unit.
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SECTION 3 : PROCESS CONTROL The following is a description of the main control loops of the RFCC unit. For a detailed description of the control loops and the controllers, refer to the process control narrative, 8474L015-SP-1511-001. 3.1. Control narrative & operating parameters 3.1.1. Feed Oil Temperature Control The feed oil temperature control is the prime process parameter for the reactor riser temperature after the Riser Outlet Temperature Control. In the Bach Ho case preheating of feed is by the LCO pumparound, MP and HP steam exchangers and finally by slurry to obtain the feed temperature of 290°C. In the case of Mixed Crude feed, the feed is preheated to the required temperature of 170°C by the LCO pumparound when 100% of the feed to the surge drum is hot. Additionally, MP steam heating is required when the feed is all or partly cold. The temperature is controlled by TIC-002 at the outlet of the preheat train, downstream of the point where the feed is mixed with HCO Recycle. The output of TIC-002 is sent to the selector switch HS-002 which is used to select between the different modes of operation: •



Position 1: “Bach Ho Crude”: The output from TIC-002 is routed to TV-002 which regulates the flow of feed bypassing the 1st and 2nd feed preheat slurry exchangers E-1502 A-C and E-1501 A/B respectively. This way TIC-002 controls the final temperature of the feed. The preheat duty in LCO Pumparound Feed Exchanger in E-1512A/B/C/D is set by flow control of the total LCO pumparound via FIC-417, which acts on FV-417: Flow of LCO pumparound bypass. The duty of E-1522 is set by flow control of the MP Steam via FIC-410 acting on FV-410. The Duty of E-1524 is set by flow control of the HP Steam via FIC-411 reset by the temperature of the feed directly at the outlet of this exchanger (TIC411).



•



Position 2: “Mixed Crude-1” (Hot Feed) The output from TIC-002 is used to reset the flow controller FIC-409 at the LCO pumparound outlet of E-1512 A/B/C/D. FIC-409 adjusts the duty of the LCO Pumparound Feed Preheat Exchangers by acting on FV-409: LCO Pumparound return to main fractionator.



•



Position 3: “mixed Crude-2” (Cold Feed) The output from TIC-002 is used to reset the flow controller FIC-410 which controls the duty of the MP steam supply to E-1522 by acting on FV-410: E1522 MP steam inlet.
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Figure 12: Feed Oil Temperature Control Page 78 of 323
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A constant pressure is maintained on the feed to the reactor feed control valves by the pressure control valve PV-410 upstream of E-1502A/B/C with PIC-410 located upstream of the point where the recombined feed is mixed with HCO recycle. This pressure control ensures that the HCO recycle can enter the feed line. The location of the pressure control valve also facilitates the by-pass temperature control.



3.1.2. UC-001 Feed Injector The feed injection control system provides even distribution of the total feed flow (feed + recycle) to the 6 distributor nozzles I-1501 A/B/C/D/E/F. The total feed flow to each of the 6 feed nozzles I-1501 A-F is respectively controlled by FIC-003 A-F acting on FV-003 A-F at the nozzles inlet. Flowrate of the different feed sources, raw oil flow controller FIC-001 and HCO Recycle Oil flow controller FIC-002 are sent to the master controller UC-024 which sums the contributions from FIC-001 and FIC-002 and divides the total set flow by the number of feed injectors (6). UC-024 then provides this new set point (Total set flow/6) to each feed nozzle flow controller FIC-003 A-F which adjust the position of their feed nozzle flow valve accordingly. The process variable of UC-024 is the output from UY-020. UY-020 calculates the total measured feed flowrate to the riser with outputs from the 6 feed nozzles flow controllers FIC-003 A-F Total set flow = FIC-001 + FIC-002 Set value to FIC-003A= (Total set flow)/6 Set value to FIC-003B= (Total set flow)/6 Set value to FIC-003C= (Total set flow)/6 Set value to FIC-003D= (Total set flow)/6 Set value to FIC-003E= (Total set flow)/6 Set value to FIC-003F= (Total set flow)/6 Total measure flow= FIC-003A + FIC-003B + FIC-003C + FIC-003D + FIC-003E + FIC-003F Each flow controller FIC-003 A-F is temperature compensated with TI-003. HS-013 is provided for selection of signal from FIC-001 to FV-001, which is used for start-up operation of RFCC, when feed oil is circulating to the feed surge drum. During normal operation, HS-013 is selected to set flow rate of FIC-001 to UC024.
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Figure 13: Feed Injector Distribution Control Page 80 of 323
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The feed dispersion steam injected at each of the feed nozzles I-1501 A/B/C/D/E/F to mix with the feed is flow controlled by 6 controllers FIC-005 A/B/C/D/E/F (1 per feed nozzle) acting on their respective steam inlet valve FV005 A/B/C/D/E/F. The total flow of MP steam supplied to the feed injectors is computed and displayed via FI-005.



3.1.3. UC-028 MTC INJECTOR MTC (Mix Temperature Control) injectors I-1502A-D are provided above the feed injection zone to inject recycled heavy FCC naphtha. MTC plays an important role in the heat balance control and heavy feed vaporization. The key is to achieve a higher temperature in the fresh feed mixing zone. MTC injection is required for Maximum Gasoline Mode of Mixed Crude. MTC flowrate is set to maintain the desired temperature at the fresh feed injection point. A thermocouple located upstream of the MTC injectors measure the catalyst/vapor mixture temperature. The MTC Recycle flow to the 4 injectors I-1502 A/B/C/D is evenly distributed and controlled by the flow controllers FIC-010 A/B/C/D: A signal representing the flow of MTC recycle to the riser is sent by FI-009 to UC028, the late being the master controller for each individual controllers FIC-010 AD. UC-028 divides the flowrate signal from FI-009 by the number of MTC injectors (4) and sends the resulting value to each of the 4 flow controllers FIC-010 A/B/C/D as their new setpoint. Then FIC-010 A/B/C/D adjust the flow of MTC recycle to their respective injector by acting on FV-010 A/B/C/D respectively. The process variable of UC-028 is the output from UY-014. UY-014 calculates the total measured MTC flowrate to the riser with outputs from the 4 MTC injectors flow controllers FIC-010 A-D. Total measured flow= FIC-010A+FIC-010B+FIC-010C+FIC-010D Set value to FIC-010A= (Total measured flow by FI-009)/4 Set value to FIC-010B= (Total measured flow by FI-009)/4 Set value to FIC-010C= (Total measured flow by FI-009)/4 Set value to FIC-010D= (Total measured flow by FI-009)/4
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Figure 14: MTC Injector Distribution Control Page 82 of 323
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The MTC dispersion steam injected at each of the MTC injectors I-1502 A/B/C/D to mix with the MTC is flow controlled by 4 controllers FIC-005 A/B/C/D (1 per feed nozzle) acting on their respective MP steam inlet valve FV-005 A/B/C/D.



3.1.4. Riser Outlet Temperature Control The most critical control loop on the Reactor and Regenerator is the Riser Outlet Temperature Control TIC-010. The temperature should be controlled within ± 1°C of the setpoint. A thermocouple located near the outlet of the riser measures the reaction temperature. Since the temperature is a function of the amount of catalyst admitted to the riser by the Regenerated Catalyst Slide Valve SV-1501, the Riser Outlet Temperature controls the regenerated catalyst slide valve in order to provide sufficient flow of hot catalyst to maintain the riser at the desired temperature. Reaction temperature is basic to conversion of RFCC feedstocks. At the bottom of the regenerated catalyst standpipe the regenerated catalyst slide valve controls the flow of hot catalyst to the wye section at the base of the riser D1501. The Riser Outlet Temperature sets the position of the slide valve which regulates the flow of catalyst. The Regenerated Catalyst Slide Valve position can be set by either of the following temperature controllers: •



Riser Outlet Temperature Controller TIC-020



•



TIC-015 located above the Upper Steam Stripping Ring above the fluidized bed packing in the stripper section of the riser



The operator selects between these controllers via HS-004. In normal operation, the output of TIC-020 is selected. The output of the temperature controller TIC-020 is then sent to the low switch selector UY-020 which selects between this input and the output of the differential pressure controller PDIC-247. The later receives the measure of the differential pressure across SV-1501 by PDT-247. In the event the differential pressure across the slide valve falls to 0.1 bar then the signal from PDIC-247 will be selected by UY-020 in order to re-adjust the slide valve differential to its normal value (0.3 to 0.5 bar). Normal valve differential is essential to provide safe operation as well as stable control. Negative differentials should never happen. Note: In the event that PDIC-015 is less than 0.15 barg, then the output of PDIC-247 will be 0% to close SV-1501. The operator enables the low selector switch by means of HS-015 which has 2 positions: Enable/Disable. When HS-015 selects “Disable”, Low Selector Switch UY-012 will exclusively select the output of HS-004.
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The output of UY-012 is then sent to the software switch HS-028 which is used to select between this input and the output of the Software Hand Controller HIC-029 (which can be tuned in the range 0-100%). Software switch HS-028 has 2 positions: Auto & Manual: •



When AUTO is selected, then the output of HS-028, UY-017, is the signal from the low selector UY-017 and is sent to the PLC of the Regenerated Catalyst Slide Valve (Signal to UV-017).



•



In the case MANUAL is selected then the output of HS-028, UY-017, is the signal from the software hand controller HIC-029 and is sent to the PLC of the Regenerated Catalyst Slide Valve (Signal to UV-017).



HS-008 is used to activate the standby mode of the accumulator.



Figure 15: SV-1501
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A Riser Outlet Temperature (ROT) is chosen based on the type of feedstock processed and the type of yields distribution desired. The heat of reaction, the coke make, catalyst circulation rate, and the regenerator temperature change as the Riser Outlet Temperature is varied. The feed preheat temperature, MTC oil flow rate, can be manipulated to control these operating parameters within their optimum ranges. The optimum ROT operation varies with feedstock and operational goals. If the feed temperature is reduced, more hot regenerated catalyst will be required to heat the reaction mixture. The regenerated catalyst slide valve will open and the catalyst to oil ratio will increase. Coke make will increase because of the increased catalyst to oil ratio. The lower heat input into the RFCC, from the feed preheat exchangers will be made up by burning the extra coke. As the regenerator temperature increases the catalyst/oil ratio will find a new equilibrium. Thus, feed temperature can be adjusted to affect conversion at the expense of coke make. If the feed quality changes such that coke make begins to increase the regenerator temperature will rise and the regenerated catalyst slide valve will close slightly as it senses the increasing temperature of the riser outlet. The catalyst-to-oil ratio then decreases, conversion decreases, and coke make decreases. Although the unit is now in a new, stable, equilibrium operating point, an adjustment of some other operating variable may be necessary to maintain the desired product distribution at the new heat balanced level. If the percentage of residue in the feedstock gets too high there may be no remaining flexibility for the heat balance. In this case, coke make due to the nature of the feed becomes the predominant source of coke and changes in catalyst-tooil ratio have a smaller effect on overall coke make. In this case, an increase in the feed preheat may cause very high regenerator temperatures as the coke level builds up on the catalyst and significantly reduces the catalyst-to-oil ratio. Unacceptably poor conversion will result. If the MTC oil rate is increased, the Riser Outlet Temperature begins to decrease and the regenerated catalyst slide valve will open slightly as it senses the lower ROT. The catalyst-to-oil ratio then increases, mix zone temperature increases, conversion increases, and coke / slurry oil production decreases. When the set point of the riser outlet temperature is changed, the regenerated catalyst slide valve will immediately vary the catalyst-to-oil ratio to satisfy the new riser heat demand. Before the system reaches steady state and the regenerator equilibrates at a new temperature, the system will go through a transition stage due to the large catalyst inventory. During the transition, operating signals can be confusing. For example, a higher riser outlet temperature demands a higher catalyst circulation rate and a higher coke make. But the catalyst takes time to travel through the riser, disengager, stripper and the spent catalyst transfer line to reach the regenerator. The temperature in the regenerator will decline initially because of the immediate extra heat demand in the riser. Eventually, the unit will heat balance by producing more coke, and the regenerator temperature will rise. This higher temperature will cause the catalyst circulation rate to decrease. The system can eventually be returned to the optimal catalyst to oil ratio if the feed preheat temperature is adjusted to offset the additional riser heat demand.
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3.1.5. Catalyst Stripper Level Control The spent catalyst slide valve controls the catalyst stripper level by modulating the flow of spent catalyst from the catalyst stripper to the first stage regenerator. The catalyst level in the stripper is measured by differential pressure instruments and sends a signal to the controller which sets the position of the slide valve. A minimum level is required in the catalyst stripper to ensure good stripping of hydrocarbons from the catalyst and a seal at the diplegs outlet of the Riser Outlet Separation System.



Figure 16: SV-1502
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The selector HS-005 is provided to select between either of the level controller of the catalyst stripper LIC-002 and LIC-003. The Level controller output selected is then sent to the low signal selector UY-011 which selects between this input and the output from PDIC-103. The later receives the differential pressure across SV1502 as measured by PDT-103 as input. In the event the differential pressure across the slide valve falls to 0.1 bar then the signal from PDIC-103 will be selected by UY-011 in order to re-adjust the slide valve differential to its normal value (0.3 to 0.5 bar). Normal valve differential is essential to provide safe operation as well as stable control. Negative differentials should never happen. The software switch HS-014 is provided to enable or disable the low selector switch. HS-014 has only 2 positions: Enable and Disable. When HS-014 selects “Disable”, Low Selector Switch UY-011 will exclusively select the output of HS005. The output of UY-011, (in normal operating conditions: either of the level controllers of the catalyst stripper) is sent to the software switch HS-025 which is used to select between UY-011 output and the manual control of the slide valve via software hand controller HIC-025. Software switch HS-025 has only 2 positions, Auto & Manual: •



When AUTO is selected, then the output of HS-024, UY-015, is the signal from the low selector UY-011 and is sent to the PLC of the Spent Catalyst Slide Valve (Signal to UV-015). This way, in normal operation, the position of the spent catalyst slide valve is controlled by either of the level controller of the catalyst stripper.



•



In the case MANUAL is selected then the output of HS-024, UY-015, is the signal from the software hand controller HIC-025 and is sent to the PLC of the Spent Catalyst Slide Valve (Signal to UV-015).



HS-003 is used to activate the standby mode of the accumulator.



3.1.6. Catalyst Regenerators Level Control The level in the first stage regenerator is measured by a differential pressure instrument LT-004 and is sent to the level controller of the 1st stage regenerator LIC-004 which resets the position of the air lift plug valve PV-1501. The plug valve modulates the flow of catalyst from the first stage regenerator into the lift to the second stage regenerator. A minimum level must be maintained in the first stage regenerator to ensure good regeneration and to seal the cyclone diplegs. A low level in the regenerator may unseal the diplegs which could result in backflow of flue gas up the diplegs and loss of catalyst fines with the flue gas. A high level in the first stage regenerator can also result in catalyst carryover from the cyclones because of higher entrainment from the bed and re-entrainment from the cyclone dust bowls.
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During normal operation, the second stage regenerator level LIC-007 is not controlled, but follows the unit inventory. This level is monitored and adjusted by continuous withdrawal as the level builds through catalyst addition. The level in the second stage regenerator must be held within certain limits for the same reasons as stated above for the first stage regenerator.



Figure 17: Air Lift Plug Valve PV-1501 Control In normal operation, the air lift plug valve is controlled by LIC-004, however, HS004 is provided to select between LIC-004 and LIC-007. The output of HS-006, (=output of LIC-004 in normal operation) is then sent to the software switch HS026 which is used to select between this input and the manual operation of the plug valve PV-1501 via HIC-027. Software switch HS-027 has only 2 positions, Auto & Manual: Page 88 of 323
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When AUTO is selected (=normal operation), then the output of HS-026, UY-016, is the signal from the low selector UY-006 and is sent to the PLC of the Air Lift Plug Valve (Signal to UV-016). This way, in normal operation, the position of the spent catalyst slide valve is controlled by either of the level controller of the catalyst stripper.



•



In the case MANUAL is selected then the output of HS-026, UY-016, is the signal from the software hand controller HIC-027 and is sent to the PLC of the Air Lift Plug Valve (Signal to UV-016).



HS-007 is used to activate the standby mode of the accumulator.



3.1.7. Catalyst Regenerators Pressure Control The regenerators pressures are controlled by flue gas slide valves SV-1503/1504 which throttle the flow of flue gas from the vessels. The pressure of the first stage regenerator is directly controlled by the first regenerator flue gas slide valve SV-1503 with PIC-146.



Figure 18: First Regenerator Flue Gas Slide Valve SV-1503 Control Page 89 of 323
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The output of the pressure controller PIC-146 located at the top of the 1st regenerator D-1502 is sent to the software switch HS-030 which is used to select between this input and the manual operation of the slide valve via HIC-031. In normal operation, PIC-146 controls the operation of the slide valve SV-1503 and its output is sent to UY-018, which forwards 2 identical signals, UY-018 A and UY018 B and identical to the selected signal in HS-030, to the PLC of the double disc slide valve (UY-018A is sent to UV-018A and UY-018B is sent to UV-018B). This way PIC-146 commands both discs of the slide valve SV-1503. Software switches HS-040 A and B are provided to activate the standby mode of the valve accumulator A & B respectively. The differential pressure PDIC-172 between the first stage and second stage regenerators is controlled by the second regenerator flue gas slide valve SV-1504. This differential pressure is set to provide adequate pressure drop across the plug valve PV-1501 for stable control of the regenerators levels.



Figure 19: 2nd Regenerator Flue Gas Slide Valve SV-1504 Control Page 90 of 323
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PDIC-172 measures and controls the differential pressure between the top of the 1st regenerator and the bottom of the 2nd regenerator. The output of PDIC-172 is sent to the software switch HS-032 which is used to select between this input and the manual operation of the slide valve via HIC-033. In normal operation, PDIC-172 controls the operation of the 2nd regenerator slide valve SV-1504 and so its output is sent to UY-019. The later forwards 2 identical signals, UY-019 A and UY-019 B and identical to the selected signal in HS-032, to the PLC of the double disc slide valve (UY-019A is sent to UV-019A and UY-019B is sent to UV-019B). This way PDIC-172 commands both discs of the slide valve SV-1504.



3.1.8. Disengager Pressure Control The disengager pressure rides on the main fractionator pressure which is controlled at the main fractionator overhead receiver D-1514. The objective in operation is usually to set the main fractionator pressure to a base level for efficient operation and the regenerator vessel pressures to result in approximately equal differentials across the catalyst slide valves.



3.1.9. Catalyst Regeneration Air and Total Flue gas to Stack Control The pressure of blower air to the 1st Regeneration Air Heater H-1501 is controlled by PIC-311 located at the blower discharge and acting on the pressure valve PV311 on the blower air line to H-1501, upstream of the 1st regenerator air ring assisted check valve CV-1501. The flow of air to H-1501 is monitored by FIC-161 (Venturi Tube) just upstream of PIC-311. The output of FIC-161 is sent to the air blower C-1501 speed controller SC-803 via the selector unit HS-827. The flow of blower air to the 2nd regeneration air heater H-1502 is controlled by FIC-164 (Venturi Tube) with FV-164 on the air blower line to H-1502, upstream of the 2nd regenerator air ring assisted check valve CV-1502. The flow of blower air to the air lift plug valve PV-1501 of the first regenerator D1502 is controlled by FIC-166 (Venturi Tube) with FV-166 on the air blower line to PV-1501, upstream of the air lift assisted check valve CV-1503. The flow of blower air to the withdrawal well is controlled by FIC-169 with FV-169 on the blower air line to the withdrawal well. All above mentioned flow controllers are pressure and temperature compensated by PIC-311 and TI-821 respectively. The total Regeneration Air Flow is calculated by FI-162 which receives the signals from FIC-161, FIC-164, FIC-166 and FIC-169 as inputs: FI-162 (PV) = FIC-161(PV) + FIC-164(PV) + FIC-166(PV) + FIC-169(PV)
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The total flue gas to RFCC stack is calculated by the summing device UY-110 in order to monitor the emissions. The Total Flue Gas from COB H-1503 is calculated as per the following: [Flue Gas from COB] = FI-902(PV) + FI-920(PV) + FI-923(PV) + FI-908(PV) [kg/h] •



FI-902: Total combustion air to COB (kg/hr)



•



FI-920: Total fuel gas used for COB combustion (kg/hr)



•



FI-923: Total fuel oil used for COB combustion (kg/hr)



•



FI-908: Total MP Steam used for atomising COB combustion (kg/hr)



The total Regeneration air is calculated from FI-162 by multiplying with a factor to take into account air to the flue gas from the regeneration section as coke burning in the regenerators, and by converting from Nm3/h to kg/h. UY-110 calculates the total flue gas flow by summing the total regeneration air flow and the flow of flue gas from H-1503. The total flue gas flow is then displayed by FI-110 which converts the results from kg/h to Nm3/h.
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Figure 20: Regeneration Air and Total Flue Gas to Stack
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3.1.10. Catalyst Draw-Off Control The catalyst draw-off system allows the transfer of equilibrium catalyst from the 1st regenerator to the spent catalyst hopper. The hot catalyst is withdrawn through ON/OFF valve UV-021 actuated by timer and cooled down through a finned pipe. The catalyst flow rate is set by a Restriction Orifice RO-161. For catalyst conveying and line cleaning, plant air is injected into the catalyst line downstream of the restriction orifice by another ON/OFF valve UV-023 actuated by timer. The total amount of catalyst withdrawal is adjusted by the timer setting taking into account the operation requirement for overall catalyst balance. One cycle of catalyst draw off is fixed at 60min. The total daily amount of catalyst withdrawal is adjusted by timer HIC-018 setting taking into account the operation requirements for the overall catalyst balance.



Figure 21: Catalyst Draw Off Control
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•



HIC-018: Set Point of Opening Time (Range: 0 – 30 min/cycle). This setting value is used for timer set point of T-2 and T-4 (see DCS sequence below).



•



HIC-042: Set Point of Frequency (Range: 3 – 24 cycle/day (Integer number only to be used)) .This setting value is used for timer set point of T-5 (see DCS sequence here after).



The sequence can be stopped locally with HS-043 or remotely with the DCS software switch HS-044. The flow of catalyst to the catalyst hopper is monitored via TI-029. In the event of high temperature alarm from TI-029, then the drawoff sequence will also be stopped. DCS Draw-Off Sequence: (1) Sequence Start Sequence shall be started by activation of HS-043 at local panel. (2) Timer Setting T-1: Timer of Cleaning (UV-021: Close, UV-022: Open, UV-023: Open) T-1 = 5min This timer is started when HS-043 is activated or T-5 is up. When timer T-1 is up, T-2 will start. T-2: Timer of Conveying (UV-021: Open, UV-022: Open, UV-023: Open) T-2 = HIC-018 (Set Point) [min] When timer T-2 is up, T-3 will start. T-3: Timer of Cleaning (UV-021: Close, UV-022: Open, UV-023: Open) T-3 = 5min When timer T-3 is up, T-4 will start. T-4: Timer of Free of Catalyst T-4 = 60 – (T-1) – (T-3) - HIC-018 (SP) [min] When timer T-4 is up, T-5 will start. T-5: Timer of Interval T-5 = {{24 – HIC-024(SP)} x 60} / HIC-024(SP) [min] When this timer is up, T-1 will start. (3) Sequence in Progress Total time of conveying will be shown on DCS graphic, when sequence is in progress. This total time will reset at the end of the day. HIC-018 and HIC-042 can be changed during sequence in progress. New setting will be applied to the next cycle. Page 95 of 323
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(4) Sequence Stop The causes of sequence stop can be: •



HS-044: Normal Stop



•



TAH-029: Temperature High



•



Valve Discrepancy Alarm (UV-021/022/023)



When sequence is stopped by any of the above events, the sequence goes to cleaning mode (UV-021: Close, UV-022: Open, UV-023: Open) for 5min, then, all valves (UV-021/022/023) will be in the closed position and sequence will stop, then skip to the end (T0). The sequence will start, only when HS-043 is activated.



3.1.11. Slurry Pumparound Return Control The purpose of this control is to maintain a constant total flowrate of hot slurry pumparound bypass to the grid of Bed #5 of the main fractionator. It is essential to have an adequate flow to the grid of No.5 bed to ensure good distribution, and maintain liquid flow on the bed to minimize coking-up of the packing bed. The hot by-pass flow by FIC-426 and HIC-427 allow for this constant flow to the grid whistle permitting changes in heat removal from the heat exchangers.
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Figure 22: Catalyst Draw Off Sequence Page 97 of 323
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3.1.12. Feed Pumps Automatic Start-up The feed pump P-1501 A or B on standby is automatically started when Low low flow alarm FALL-404 at the pumps discharge is activated. HS-401 is provided for the duty/standby selection.



3.1.13. UY-405, Slurry Pumparound (PA) Return Control The purpose of this controller is to maintain the total flow rate of Slurry PA return to Bed No.5 of the main Fractionator. It is essential to have adequate flow to the grid of No.5 bed to ensure good distribution, and maintain liquid flow on the bed to minimize coking-up of the packing bed. The hot by-pass flow by FIC-426 and HIC-427 allow for constant flow to the grid whistle permitting changes in heat removal from the heat exchangers. The total flowrate of Slurry PA is set by the operator via the software hand controller HIC-427. This value is sent to UY-405 which also receives the following signals: •



FI-539 output: Total flowrate of slurry pumparound from the 2nd feed preheat slurry exchangers E-1501 A/B returned to the grid. The flowrate of slurry pumparound leaving E-1501 A is controlled by FIC-406 with FV-406 on the slurry returned line to the PA return header. Meanwhile, the flowrate of LCO pumparound leaving E-1501 B is controlled by FIC-501 with FV-501 on the slurry returned line to the PA return header. The output of FIC-406 and FIC-501 are summed in UY-539 and the result is sent to FI-539, which in turns forward the total slurry PA return flowrate to UY-405.



•



FIC-408 output: FIC-408 controls the flow of slurry pumparound leaving the last feed preheat slurry exchanger E-1501 A with FV-408 on the slurry PA return line to the PA header.



•



FIC-425 output: FIC-425 controls the flow of slurry pumparound flowing through the HP steam generators E-1503 A/B/C with FV-425 located on the return line to the pumparound header.



•



FIC-440 output: FIC-440 controls the flow of slurry pumparound leaving the MP steam generators E-1505 A/B and flowing through the slurry pumparound header back to the bed #5 of the main fractiontator.



The output of FI-539, FIC-408, FIC-425 and FIC-440 are summed in UX-405. The result of this summation is substracted to the total pumparound flowrate value set via HIC-427, which gives the setpoint of the hot bypass flow controller FIC-426. The later adjusts the position of FV-426 on the hot bypass line accordingly.
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Figure 23: Slurry Pumparound (PA) Return Control
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3.1.14. UC-414, E-1505 Slurry PA flow balance control The function of this controller is to balance evenly the slurry pumparound flow through the 2 branches of the steam generators: •



Branch A: E-1504A and E-1505A



•



Branch B: E-1505 adnd E-1505B



The basic function is that UC-414 selects the highest valve opening request. One of the flow control valves should then be fully opened by manual. The other valve will be then throttled as required to maintain equal flow through each exchanger train. The intent of the design is not to maintain a particular flow through the exchangers but to balance the flows through the exchangers. If there is an increase/decrease in flows downstream of these control valves then the flow rate through all exchangers will increase/decrease and the flow balancing will act to open to maximum one valve and throttle the others. As one valve is always fully open, the pressure drop through these control valves is always minimized. The operation of these valves should, therefore, not interfere with the downstream control.
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Figure 24: E-1505 Slurry PA flow balance control The flow of slurry leaving the MP steam generator E1505A is controlled by FIC438 with FV-438. The output of FIC-438 is sent to both the flow control valve FV438 and the summing device UY-410.
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The flow of slurry leaving the MP steam generator E1505b is controlled by FIC43y with FV-437. The output of FIC-437 is sent to both the flow control valve FV437 and the summing device UY-410. The controllers 015-FIC-437 and 015-FIC-438 can not be in Auto mode simultaneously: One of them must be in manual mode with its control valve fully open. UY-410 sums the flowrate of slurry pumparound through each of the 2 branches of E-1504 A/B and E-1505 A/B. The total flowrate obtained is then sent to the master controller UC-414 which divides it by the number of heat exchangers (2), to get the new setpoint of the flow controllers. The output of UC-414 is sent to FIC-438 or FIC-437 whichever is in auto mode. The flow controller in AUTO mode will in turn adjust the flow of slurry through its branch of the exchangers to half of the total flow measured, by means of its control valve. The slurry pumparound leaving the MP steam exchangers E-1505 A/B is then divided into 3 streams: •



Part of the slurry is sent to the slurry draw-off drum D-1515 on flow control by FIC-462 with FV-462 on the slurry draw-off line to D-1515 inlet. To maintain the normal level in the bottom of T-1501, the setpoint of FIC-462 is reset by the main fractionator bottoms level controller LIC-411.



•



Another part of the slurry leaving the MP steam generators E-1505 A/B flows to the quench zone of the main fractionator. The flow of slurry from E-1505 A/B sent to the quench zone is controlled by FIC-439 which is reset by the temperature controller TIC-439 of the main fractionator bottoms via software switch HS-426. HS-426 is provided to select either the flow control of the slurry PA to the quench from E-1505 A/B (FIC-439) or the flow control of the slurry PA to the quench from E-1503 A/B/C (FIC-424).



•



The last part of the slurry PA from the MP steam generators E-1505 A/B is sent back to the Bed #5 of the main fractionator via the PA return header. This slurry PA return flow is controlled by FIC-440 reset by the temperature controller TIC-443 on the Bed #4 of the main fractionator, via software switch HS-471. HS-471 is provided to select either the flow control of the slurry PA to the PA return from E-1505 A/B (FIC-440) or the flow control of the slurry PA to the PA return from E-1503 A/B/C (FIC-425).



3.1.15. UC-413, E-1503 Slurry PA flow balance control The function of this controller is to balance evenly the slurry pumparound flow through the 3 steam generators E-1503 A, B and C. The basic function is that UC-413 selects the highest valve opening request. One of the three flow control valves should then be fully opened by manual control. The other valves are then throttled as required to maintain equal flow through each exchanger train. Page 102 of 323
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The intent of the design is not to maintain a particular flow through the exchangers but to balance the flows through the exchangers. If there is an increase/decrease in flows downstream of these control valves then the flow rates through all exchangers will increase/decrease and the flow balancing will act to open to maximum one valve and throttle the others. As one valve is always fully open the pressure drop through these control valves is always minimized. The operation of these valves should, therefore, not interfere with the downstream control.



Figure 25: E-1503 Slurry PA flow balance control
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The flow of slurry leaving the slurry HP steam exchanger E-1503A is controlled by FIC-428 with FV-428 on the discharge line back to T-1501. The output of FIC-428 is sent both to its flow control valve and to the summing function UY-409. The flow of slurry leaving the slurry HP steam exchanger E-1503B is controlled by FIC-429 with FV-429 on the discharge line back to T-1501. The output of FIC-429 is sent both to its flow control valve and to the summing function UY-409. The flow of slurry leaving the slurry HP steam exchanger E-1503A is controlled by FIC-430 with FV-430 on the discharge line back to T-1501. The output of FIC-430 is sent both to its flow control valve and to the summing function UY-409. The controllers FIC-428, FIC-429 and FIC-430 can not be in Auto mode simultaneously: One of them must be in manual mode with its control valve fully open. UY-409 sums the flowrate of slurry pumparound through each HP steam generator. The total flowrate obtained is then sent to the master controller UC-413 which divides it by the number of heat exchangers (3), to get the new setpoint of each of the flow controllers. The output of UC-413 is sent to FIC-428, FIC-429 and/or FIC-430, whichever is in auto mode, as the new setpoint. The flow controller in AUTO mode will in turn adjust the flow of slurry through its HP steam generator to 1/3 of the total flow measured, by means of its control valve. Downstream of the slurry HP steam generators, the flow of slurry returned to the main fractionator is divided in 2 streams: •



Part of the slurry leaving the HP steam generators E-1503 A/B/C flows to the quench zone of the main fractionator on flow control by FIC-424. The later is reset by the temperature controller TIC-439 of the main fractionator bottoms via software switch HS-426. HS-426 is provided to select either the flow control of the slurry PA to the quench from E-1505 A/B (FIC-439) or the flow control of the slurry PA to the quench from E-1503 A/B/C (FIC-424).



•



Another part of the slurry leaving the HP steam generators E-1503 A/B/C is sent back to the Bed #5 of the main fractionator via the PA return header. This slurry PA return flow is controlled by FIC-425 reset by the temperature controller TIC-443 on the Bed #4 of the main fractionator, via software switch HS-471. HS-471 is provided to select either the flow control of the slurry PA to the PA return from E-1505 A/B (FIC-440) or the flow control of the slurry PA to the PA return from E-1503 A/B/C (FIC-425).



3.1.16. Steam Generation 3 Elements Control Three element controls are provided for the kettle type steam generators E-1503 A/B/C and E-1503 A/B. This scheme has the objective to control the level on the kettle steam generator at a constant set point, based on the high-pressure steam flow rate as major disturbance, like a feedfoward variable, that impact the level.
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Since the flow rate of steam increases, the level decreases, with the consequent action to increase the boiler feed water flow rate.



Figure 26: Steam Generation 3 Elements Control The summing function receives the linearized steam flowrate signal and adds or subtracts from the steam signal a signal which is the difference between the steam drum level controller output and a bias signal (the level setpoint) set at 50% signal. The resultant output signal from the summing function is the setpoint signal to the boiler feed water flow controller. The system is designed so that for every weight unit of steam make a weight unit of feed water is introduced and the level controller signal is only used to compensate for blowdown and error in steam to water ratio.



3.1.17. Split Range Control of Surge Drum The pressure of the following surge drums is maintained constant by means of split range pressure controller PIC-XXX with 2 control valves: One to admit fuel gas in the surge drum and the other one to vent off gas from the surge drum to the flare If the pressure inside the feed surge drum is lower than the setpoint of the pressure controller, Then the pressure controller will send an output in the low range (0-50%). In that case the control valve for fuel gas in will open while the control valve to flare will remain closed. The opening of control valve for fuel gas will increase when the output of the pressure controller decreases in the 0-50% range.
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If the pressure inside the feed surge drum is higher than the setpoint, then the pressure controller will send an output in the high range (50-100%). In this case, the control valve for fuel gas in will remain closed while the control valve to flare will open. The opening of the later will increase when the output of the controller increases (and so the pressure) in the 50-100% range.



Figure 27: Feed Surge Drum Pressure Control The above pressure control scheme is valid for the following drums: Drum Tag No.



Controller Tag No.



PV for Fuel Gas In



PV to Flare



D-1513



PIC-403



PV-403A



PV-403B



D-1515



PIC-468



PV-468A



PV-468B



D-1516



PIC-479



PV-479A



PV-479B



D-1517



PIC-475



PV-475A



PV-475B
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Drum Tag No.



Controller Tag No.



PV for Fuel Gas In



PV to Flare



D-1518



PIC-483



PV-483A



PV-483B



D-1519



PIC-489



PV-489A



PV-489B



D-1522



PIC-505



PV-505A



PV-505B



D-1523



PIC-510



PV-510A



PV-510B



3.1.18. Main Fractionator Pressure Control The main fractionator pressure is controlled at the reflux drum D-1514 via PIC-456 by speed control of the wet gas compressor C-1551 in the gas recovery section. A signal proportional to the pressure in the Main Fractionator Reflux Drum D-1514 is sent by the pressure controller PIC-456 to the software selector HS-702 which is used to select between this input and the output of the pressure controller PIC-068 at the Disengager section of the riser D-1501. In normal operation, the signal from PIC-456 is selected. HS-702 then forwards the selected signal to the speed controller SIC-861 of the wet gas compressor C-1551 in the gas recovery section. SIC-861 then adjusts the speed of C-1551 accordingly to maintain the adequate pressure in D-1514. Pressure is not a process variable from an operation point of view and is not adjusted to correct product specifications. The unit has been designed to operate with a pressure of 0.4 kg/cm²g in the fractionator reflux drum. This pressure sets the pressure in the reactor, where low pressure is desirable to achieve good feed vaporization. The output of the software selector switch is also routed to the low selector switch UY-701 which selects the lowest signal between this input and the output of the pressure controller PIC-707 at the gas outlet of the interstage KO drum D-1552 to the 2nd stage compressor. The lowest signal is then routed to the compressor antisurge control UC-861



3.1.19. HCO Pumparound Heat Removal Control The HCO pumparound provides heat to the debutanizer reboiler E-1560A/B and heavy naphtha stripper reboiler E-1509. Constant heat removal in the pumparound is controlled by controlling these 2 variables: •



Total pumparound flow with FIC-419 at the discharge of P-1508 A/B, which adjusts the HCO pumparound bypass flow by acting on FV-419 on the bypass line. This HCO pumparound bypass flow is routed directly to the PA return from the discharge of the HCO pumparound pumps.



•



Return pumparound temperature with TIC-446 located on the HCO PA return line to the Bed #3. The output of the temperature controller TIC-446 is used to reset the flow controller FIC-420, which controls the flow of HCO pumparound leaving the HCO Pumparound MP Steam Generator E-1523 with FV-420. The flow of HCO PA exiting E-1523 is measured and Page 107 of 323
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transmitted to FIC-420 by FT-420A in the high range and FT-420B in the low range.



3.1.20. HCO Recycle and HCO Recycle MP steam generator E-1508 For maximum distillate mode operation, HCO is recycled to the reactor feed after being cooled in the HCO recycle MP steam generator E-1508. The temperature of the cooled HCO is controlled via TIC-425 on the HCO outlet of E-1508 by adjusting the amount of HCO bypassing E-1508 with TV-425 on the bypass line. The differential pressure between the LCO inlet and outlet of the heat exchanger is controlled by PDIC-420 with PDV-420 on the LCO inlet line. The level in the MP steam generator is controlled and maintained constant by LIC408 cascaded on the flow controller FIC-415 of the BFW supply to the heat exchanger.



Figure 28: HCO Steam Generator Controls



3.1.21. HCO LP Steam Generator E-1510 Controls The temperature of the HCO leaving the LP steam generator E-1510 is controlled by TIC-474, at the HCO outlet of E-1510, cascaded on the pressure controller PIC-447 on the steam side of the HCO LPS generator E-1510. When the HCO temperature at TIC-474 is above the setpoint, then the setpoint of PIC-447 will be decreased to command the opening of the pressure valve PV-447 Page 108 of 323
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The level in E-1510 is controlled by LIC-435 cascaded on the flow controller FIC450, which adjust the flow of BFW fed to the LPS generator with FV-450.



Figure 28: HCO Steam Generator Controls



3.1.22. HCO Flushing Oil Pumps Auto-start Control HCO flushing oil is sent from the LCO HP steam generator E-1510 to the HCO flushing oil drum D-1518. From D-1518, HCO is pumped by the HCO flushing oil pumps P-1521 A/B to the HP flush oil header after being filtered in either of the HCO flushing oil filters F-1502 A/B. There are 2 HCO flushing oils pumps: •



P-1521 A is HP-LP steam backpressure turbine driven



•



P-1521 B is motor driven



The selection between these pumps is made via the software switch HS-404. The flow to the HCO flushing oil filters is controlled at the pumps discharge by means of FIC-461 which regulates the flow of HCO recycled back to the HCO flushing oil drum D-1518 with FV-461 on the spillback line.
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The minimum pressure at the pumps discharge is controlled by PIA-487: In case the pressure at the pumps discharge falls to the low pressure setting PAL-487, then the standby pump is automatically started. The turbine driven pump P-1521A is provided with 3 position switch (XHSO468/XHSC-468-XHSM-468) to have a similar function as HOA (Hand-Off-Auto) switch of motor. This function is configured as part of the ESD function UX-438 (see section 4) acting on the valve XV-468. Indeed, since this pump is steam turbine driven, the opening/closing of valve XV-468 in the steam inlet line drive this pump: •



When XHSO-468 is selected, then the valve will open, allowing the steam to flow through the turbine and so the pump starts.



•



When XHSC-468 is selected, then the valve XV-468 will close, thereby stopping the pump by cutting off the steam supply.



•



WhenXHSM-468 is selected, then the pump P-1561A will start remotely \.



The ESD trip logic UX-438 will take precedence over any manual valve open or remote (auto start) command.



Figure 29: HCO Flushing Oil Pumps Auto-Start
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3.1.23. LCO and Heavy Naphta Pumparound Heat Removal Control In a similar manner than the HCO PA heat removal, constant heat removal in the LCO pumparound is controlled by controlling these 2 variables: •



Total pumparound flow with FIC-417 at the discharge of P-1510 A/B, which adjusts the LCO pumparound bypass flow by acting on FV-417 on the bypass line.



•



Return pumparound temperature with TIC-452 (located on the LCO PA return line to the Bed #2) cascaded on the flow controller FIC-418 which controls the flow of LCO PA leaving the LCO PA BFW Heater E-1511.



In the same way, constant heat removal in the heavy naphta pumparound is controlled by controlling: •



The total pumparound flow with FIC-412 at the discharge of P-1514 A/B, which adjusts the LCO pumparound bypass flow by acting on FV-412 on the PA bypass line back to T-1501 Bed #1.



•



The return pumparound temperature with TIC-430 (located on the Heavy Naphta PA return line to the Bed #1) cascaded on the flow controller FIC414 controlling the flow of heavy naphta PA leaving the Heavy Napht Pumparound Cooler E-1521.



3.1.24. Heavy Naphta Product Draw-Off and T-1501 Overheads Temperature Control Heavy naphtha product is also drawn off with the heavy naphtha pumparound. The cut point between LCO and heavy naphtha is controlled by the temperature controller TIC-454 below the heavy naphtha draw tray. TIC-454 resets the heavy naphtha flow controller FIC-453 (via software switch HS-428) which controls the flow of heavy naphta leaving the unit with FV-453 downstream of the heavy naphta trim cooler E-1518. The cut point between heavy naphtha and overhead distillate is controlled by fractionator overhead temperature controller TIC-461 resetting reflux flow controller FIC-427 (via software switch HS-429) with FV-427 downstream of the Fractionator Reflux Pumps P-1516 A/B. HS-428 is provided to forward the output of TIC-454 either to FIC-453 (normal condition) or HS-429. HS-429 is provided to select between the output of TIC-461 (normal condition) and the one from HS-428. So alternatively, the heavy naphtha draw rate can be fixed on flow control and the temperature controller below Bed 1 can be switched to reset reflux flow via HS-428 and HS-429. For Maximum Distillate operation the overhead cut point is critical to ensure that the combined LCO flash point specification is met. Even with maximum reboiling of the heavy naphtha stripper T-1502, the flash point specification will not be met if the overhead cut point is too low. This temperature should be adjusted based on operating experience, in order to maximize total LCO product while meeting the flash point specification. Page 111 of 323
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3.1.25. Water Draw Off and Recirculation A water draw-off tray is provided below the top tray. In normal operation, water is continuously drawn off from the main fractionator. The flow of water draw-off is controlled by the software hand controller HIC-418 acting on the control valve LV416 located on the wash water line to E-1519. The normal overhead temperature is approximately 15°C to 20°C above the water dew point. If the column is operated at or near the overhead water dew point, water will condense (risk of corrosion). This can occur during start-up with the unit at turndown as the steam rates are not reduced proportionately to feed rate. In that case, water is drawn off under interface level control by LIC-416 acting on LV416. Software switch HS-417 is provided to select between the output of LIC-416 or the output of HIC-418 to control the opening of LV-416. Part of the wash water is recirculated from the boot of D-1514 back to the inlet of E-1519 on flow control by FIC-459 at the overhead sour water pumps P-1517 A/B discharge. Another part of the sour water from D-1514 boot is sent to the inlet of the wet gas compressor intercooler E-1551 on flow control by FIC-703, while the remaining sour water is sent to the SWS on flow control by FIC-456 at P-1517 discharge FIC-456 is reset by the interface level controller LIC-446 of D-1514.



3.1.26. Wet Gas Compressor Control The wet gas compressor operation is controlled by the pressure controller on the fractionator reflux drum, as described in the section 3.1.18 of this document. This pressure sets the operating pressure on the reaction section. The pressure controller is set at the normal value. It is not an operating variable for the gas plant and is not normally adjusted. The primary control on the compressor is speed control of the steam turbine within the operating speed range: In normal operation, the compressor speed is controlled by the pressure controller PIC-456 of the fractionator reflux drum D1514 which is cascaded on the compressor speed controller SIC-861 via HS-702. The secondary control is the spill-back control on the two compressor stages by UV-702 (controlled by the anti-surge controller UC-862) on the spillback line from the 2nd stage compressor back to the inlet of the wet gas intercooler E-1551. The compressor is protected from surge by the compressor anti-surge control system UC-861/862.



3.1.27. First Stage KO Drum D-1551 Level Control The liquid level on the drum D-1551 is controlled by starting/stopping the KO drum liquid pump P-1552 A/B based on the level controller LIA-701 of the KO drum:



Page 112 of 323



TRAINING MODULE RESIDUE FLUID CATALYTIC CRACKER (RFCC)



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



DATE: 06/12/07



Figure 30: D-1551 Level Control The duty pump will be automatically started when LAH-701 is activated and stopped when LAL-701 is activated. HS-701 is provided for duty / stand-by selection.



3.1.28. Stripper The level in the HP separator Drum D-1553 is controlled by LIC-717, the output of which is used to reset the flow controller FIC-711 controlling the flow of stripper feed downstream of P-1553 A/B with FV-711. Correct operation of the stripper T-1552 is critical to the operation of the gas recovery section. The feed preheat temperature is controlled by TIC-723 on the feed outlet of the stripper feed preheater E-1555. TIC-723 controls the duty of E1555 by regulating the flow of heavy naphta leaving E-1555 with TV-723: If the feed temperature at the outlet of E-1555 is higher than the setpoint then TIC-723 will command the closing of TV-723. If the feed temperature is too low, there may be water condensation in the stripper. If it is too high it can reduce C3 recovery. The duty of the 2nd stripper reboiler E-1557 is controlled by the stripper overhead flow controller FIC-709 on the overhead line back to the stripper condensers E1554 A-D. FIC-709 reset the flow controller FIC-710 on the LCO pumparound inlet of E-1557, which adjust the flow of LCO entering the 2nd stripper reboiler with FV710 accordingly: In case the flow of stripper overheads is higher than the setpoint,
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then FIC-709 will decrease the setpoint of FIC-709 which will in turn reduce the opening of FV-710 to reduce the duty of the 2nd reboiler. If the reboil rate is too high, and hence the stripping rate, the primary absorber can be overloaded, resulting in reduced C3/C4 recovery. If the reboil rate is too low, the C2 and H2S rates going to the debutanizer will be too high. The set point of the stripper overhead flowrate should be adjusted to optimize C3 recovery, while maintaining acceptable H2S and C2 concentrations in the debutanizer overheads. As an alternative to controlling reboiler rate by the overhead flowrate, the reboiler duty can be fixed based on operating experience.



3.1.29. Debutanizer The debutanizer is designed to separate the LPG from gasoline. The two specifications to be met are the vapor pressure of the gasoline and the C5 content of the LPG. Additionally, there is an overall C4 recovery specification. Generally, if this recovery specification is met, the gasoline RVP specification will also be met. The column operating variables are the reflux rate FIC-721 and the reboiler duty: •



The overhead C5 specification is controlled by the temperature controller TIC-745 in the top section of the column (tray #8). The output of TIC-745 is used to reset FIC-721 which controls the reflux flow from P-1556 A/B with FV-721. Decreasing the temperature controller set point decreases C5 concentration in the LPG.



•



The reboilers duty is controlled by FIC-722 located on the HCO PA inlet of E-1560 A/B. FIC-722 maintains the duty of the reboilers by keep the flow of HCO PA constant with FV-722 on the HCO PA return line to the main fractionator. The reboilers duty should be set manually to obtain the gasoline RVP specification and/or the overall C4 recovery.



3.1.30. LPG Amine Absorber The LPG amine absorber removes H2S from the LPG prior to LPG treatment for the removal of mercaptans. The LPG-amine interface level above the top packed section is maintained by the interface level controller LIC-746 regulating the flow of rich amine leaving the absorber to the ARU. The lean amine flow entering the absorber is controlled by FIC-724 with FV-724 downstream of the lean amine cooler E-1566 to meet the H2S specification and also to maintain a maximum H2S to DEA mole ratio of 0.4 in the rich DEA.



3.1.31. Control Narrative for the Slurry Separator Package X-1504 The slurry separator is a system with 10 cylindrical modules. Special glass beads fill each module. High voltage is pressured to the internal of module. When slurry oil containing catalyst passes through the module, the catalyst particles are Page 114 of 323
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separated into positive/negative charge and transfer to the oil. Then the charges are absorbed by the glass beads (dielectric migration) while the slurry oil passes through the glass beads with minor pressure drop. This system is provided with a backflushing sequence using LCO. The control of the slurry separator system is as follow: 1. The system is ready to operate when 400 VAC power is applied to both local panels and 230 VAC is applied to the Unit Control Panel from either UPS #1 or UPS #2, or both. 2. The operator uses the Panelview Display Unit to input commands. Operator commands are: a) System Run b) System Stop c) Unit Bypass Select [1, 2, 3, 4, 5, 6, 7, 8, 9, 10] d) Alarm reset e) Overload Acknowledge The operator ca also set the Backflush Time, the High Voltage Delay Time and Pause Time. 3. When the operator issues a System Run Command, if there is no PLC fault alarm, then the PLC generates a Start Permissive Signal, and the Start Permissive Lights on both local panels are turned on. The system is now ready for automatic operation. The automatic operation is initiated by placing the Stop/Start switch in the Start Position at the local Panel. 4. When the Stop/Start Switch is placed in the Stop position, the system is inactive; all solenoids are de-energized and all high voltage power supplies are off. 5. When the Stop/Start switch is placed in the Start Position, after the Start Permissive is received, automatic operation of the system starts and will continue until stopped by one of the following: a) A system Stop command b) The Stop/Start Switch being placed in the Stop Position c) Loss of the Start Permissive Signal 6. With the system in automatic operation, each unit (module) is selected in sequence for an operational cycle. Each cycle proceeds as follow: a) For the unit selected, the high voltage is off and the feed solenoid and backflush solenoid are energized. Backflushing takes place until the backflush time expires. b) When the backflushing time expires, separation begins. The feed solenoid and the backflushing solenoid are de-energized and the high voltage delay time starts. Also, the unit count advances and the next unit in the sequence is selected. If any unit is bypassed, the system will advance to the next unit. Units are selected by the system in numerical order, with unit 1 following unit 10. Page 115 of 323
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c) As soon as the count advances, Pause Time starts. When Pause Time is complete the unit that was just selected will begin backflushing, thereby starting a new cycle. The process continues until stopped as described above. Whenever the Start/Stop Switch is in the Start position, all high voltage power supplies are monitored. If any of the power supplies indicates a high temperature, high pressure or overload, an alarm will be generated and the high voltage power supply for that module will not be allowed to turn on. In the case of an overload, an overload latch is set for that unit. The overload latch will reset when the overload is cleared, the unit is selected, the system is backflushing, and the operator issues an overload acknowledge command.



3.1.32. Tempered Water for E-1507 A-D Tempered water is provided from the tempered water surge drum D-1524 to the slurry clarified oil coolers E-1507 A-D, where it is used as cooling medium, by means of the tempered water pumps P-1528 A/B. Tempered water leaving E-1507 A-D is then cooled down in the tempered water air cooler E-1530 on temperature control of the water leaving E-1530 by TIC-525 acting the flow of water bypassing the cooler with TV-525 on the bypass line. The differential pressure across the cooler is controlled by PDIC-514 acting on PDV-514 in the water inlet line. Cooled tempered water is then recycled back to E-1507 A-D by means of P-1528 A/B. The flow of tempered water pumped to the slurry clarified oil coolers is controlled by FIC-487 which adjusts the amount of tempered water sent from the discharge of P-1528 A/B back to the pumps’ suction line with FV-487. The duty pump is selected by means of HS-488. In case of low low flow (FALL488) activated then the standby pump will automatically kick-in.
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Figure 31: Tempered Water Pumps Control RFCC Closed Drain Pumps P-1560 A/B Closed drain hydrocarbon liquid is collected in the RFCC closed drain vessel D1560, which is equipped with 2 vertical pumps P-1560 A/B (one on duty and one on standby) to empty the closed drain drum by pumping the slop oil to storage. Software switch HS-601 is provided to for standby/duty selection. Each pump P1560 A/B can be selected in manual or auto operation by means of MHS-601B and MHS-602B respectively. In AUTO mode, the standby pump will be automatically started when the high level alarm of the closed drain drum LAH-601 is activated and stopped when the low level alarm LAL-601 of the drum level controller LIC-602 is activated. Both pumps will be automatically stopped when the low low level alarm LALL-603 in the closed drain drum is activated.



3.1.33. Amine Closed Drain Recovery Drum Pump P-1564 The amine recovery closed drain drum D-1561 recovers amine from several locations in the gas recovery section of the RFCC through the closed drain amine Page 117 of 323
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header. The amine recovered in D-1561 is then pumped to the ARU for regeneration by means of the pump P-1564 and on level control of the drum: P-1564 will automatically start when the high level alarm LAH-769 of the amine closed drain drum D-1560 is activated. Likewise, the pump will automatically stop when the low level alarm LAL-769 of the drum is activated. Also the pump will automatically stop in case the low low level trip LALL-774 is activated.



3.1.34. RFCC lift station No.1 & No.2 Pits Pumps Control Oily water from west area is collected in the No.1 Pit XP-1501 while oily water from east area is collected in the No.2 Pit XP-1502. The oily water is pumped from the pits XP-1501 and XP-1502 to the Effluent Treatment Plant (ETP) by means of P-1561 and P-1562 respectively. The pumps operated on level control of their sump just like for the amine closed drain drum D-1560: P-1561 starts automatically when the high level alarm of XP-1501 LAH-770 is activated and stops when the level in the sump has reached the low level setting of the level controller LIC-770, that is when LAL-770 is activated. The pump will stop in case the low low level alarm of the sump LALL-770 is activated Likewise, P-1562 starts automatically when the high level alarm of XP-1502 LAH772 is activated and stops when the level in the sump has reached the low level setting of the level controller LIC-772, that is when LAL-772 is activated. The pump will stop in case the low low level alarm of the sump LALL-772 is activated



3.1.35. Inter-Unit Controls & Interfaces 3.1.35.1. RFCC Feed Control The objective of the control of the atmospheric residue from the CDU to the RFCC to control the level in the bottom of the Main Fractionator of the CDU and route as much of the outgoing atmospheric residue to the RFCC as required.
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Figure 32: RFCC Feed Control The level in the Main Fractionator, T-1101 is controlled by a 3 way split range level controller 011-LIC-007 (direct acting): •



In the low range (0 -33%) the signal from 011-LIC-007 goes to 011LY-082, then to low selector 011-LY-007B, which selects between 011-LIC-007 and the feed requirement of the RFCC (015-LIC-402) to control the flow to the RFCC. Page 119 of 323
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•



In the mid range (33-67%) 011-LIC-007 resets the setpoint of 011-FQIC-026.



•



In the high range (67-100%) 011-LIC-007 resets the setpoint of 011-FQIC-027.



011-FQIC-026 and 011-FQIC-027 are parallel controllers used to regulate the flow of residue to storage. 011-FV-026 is a smaller valve than 011-FV027 and will normally be sufficient to control the amount of residue to storage whilst the RFCC is on-line. In the event that the RFCC is off-line then 011-FQIC-026 will be fully open and 011-FQIC-027 will control the flow to storage. The sum of flow of atmospheric residue to storage and RFCC is indicated to operator by signal 011-FI-065. The total flow of atmospheric residue is indicated to operator by signal 011-FI-167. The RFCC feed is controlled by a split range level controller 015-LIC-402, which takes flow preferentially from the CDU by cascading onto 011FQIC-029 via 011-LY-007B (low range output of the feed surge drum level controller). If there is not enough flow coming from the CDU (high range output of the feed surge drum level controller) then flow is taken from storage by acting on 015-FIC-402, flow controller in the line from storage.



3.1.35.2. Temperature of Lean Amine from the ARU The temperature of the lean amine fed from the Amine Regeneration Unit to the RFCC (and LCO HDT) is controlled such that there is a fixed minimum temperature differential between the fuel gas and lean amine in the Fuel Gas Absorbers T-1555 in the RFCC Unit (and T-2402 in the LCO HDT Unit).
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Figure 33: Temperature Control of Lean Amine from the ARU Page 121 of 323
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The ΔT between the temperature of the fuel gas entering the fuel gas absorber T-1555 from the FG Absorber Feed KO Drum D-1557 and the temperature of the lean amine fed to the top of the Fuel Gas Absorber is controlled by 015-TDIC-746. This ΔT is controlled by TDIC-087 in the LCO HDT. Signals from both 015-TDIC-746 in RFCC and 024-TDIC-087 in LCO HDT are directed to a low signal selector 019-TDY-019D in the ARU, in order to ensure that the lean amine temperature is always controlled at 5°C above the higher fuel gas temperature, to prevent hydrocarbon condensation. The lowest signal simultaneously acts on the control valves around the Amine Air-Cooler E-1904 via -019-TDY-019 A/B/C (direct acting for amine flow to aircooler and reverse acting for air-cooler by-pass valve so that one valve will close when the other opens). This arrangement will allow adjusting the required temperature difference with minimum flow/pressure variation of the lean amine supplied to the Refinery users.



3.1.36. Operating Parameters For the operating conditions of the RFCC refer to the following Process Flow Diagrams: 8474L-015-PFD-0010-101



Reactor / Regeneration Section – Case: Bach Ho



8474L-015-PFD-0010-102



Flue Gas Treatment Section – Case: Bach Ho



8474L-015-PFD-0010-103



Feed Section – Case: Bach Ho



8474L-015-PFD-0010-104



Fractionation Section – Case: Bach Ho



8474L-015-PFD-0010-105



Gas Recovery Section – Case: Bach Ho



8474L-015-PFD-0010-106



Material Balance Table – Case: Bach Ho MG



8474L-015-PFD-0010-107



Material Balance Table – Case: Bach Ho MD



8474L-015-PFD-0010-111



Reactor / Regeneration Section – Case: Mixed Crude



8474L-015-PFD-0010-112



Flue Gas Treatment Section – Case: Mixed Crude



8474L-015-PFD-0010-113



Feed Section – Case: Mixed Crude



8474L-015-PFD-0010-114



Fractionation Section – Case: Mixed Crude



8474L-015-PFD-0010-115



Gas Recovery Section – Case: Mixed Crude



8474L-015-PFD-0010-116



Material Balance Table – Case: Mixed Crude MG



8474L-015-PFD-0010-117



Material Balance Table – Case: Mixed Crude MD



3.2. Instrument List Refer to attached extracted instrument list: Unit 015 extracted instrument list.xls
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3.3. Main Equipment 3.3.1. Reactor Riser, Stripper, Disengager and Catalyst Stand Pipe The cracking reactions between the feed mixture and the catalyst take place in the riser, within the 2 sec. residence time. The riser is provided with (from bottom to top) •



Riser wye where the hot regenerated catalyst is injected from the withdrawal well



•



Riser Bottom Ring where MP steam is injected to fluidize the catalyst



•



4x Stabilization MP Steam injectors I-1503 A-D to promote smooth and homogeneous catalyst flow at the feed injection point.



•



6x Feed Injectors I-1501 A-F where the feed is finely atomized and mixed with dispersion steam



•



4x MTC injectors I-1502 A-D to inject recycled heavy naphta. The MTC plays an important role in the heat balance control and heavy feed vaporization. It is the key to achieve a higher temperature in the fresh feed mixing zone: With MTC, it is possible to raise the mix temperature while maintaining the Riser Outlet Temperature or even lowering it. Thus the optimum catalyst temperature, the target catalyst circulation, and the desired catalytic cracking reactions can be adjusted separately. The MTC technology offers the possibility of operating the feed injection zone at a higher temperature thereby promoting vaporization without reaching over-cracking conditions in the riser whose outlet is maintained at a lower temperature. MTC provides additional heat removal. Cooling is carried out by vaporization of the liquid hydrocarbons introduced at the MTC level.



•



Backflush Oil injector I-1504 for the slurry recycle



•



Riser Outlet Separator System (ROSS), located at the outlet of the riser, where the catalyst is quickly separated from the hydrocarbon / steam vapour.
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Riser Position



Vertical



Normal/MAX. Operating Temperature (°C)



772 / 815



Normal/MAX. Operating Pressure (kg/cm2g)



2.2 / 2.6



Design Conditions: Shell



350°C and 5.2 kg/cm2g



Internals



Normal/Max. Temperature (°C): 560 / 840



Insulation



Refractory Lining



Materials: Shell / Heads:



CS A516 Cr 70



Internals



Stainless Steel
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Figure 34: Reactor Riser Page 125 of 323



TRAINING MODULE RESIDUE FLUID CATALYTIC CRACKER (RFCC)



DOC NO: 8474L-015-A5016-0000-001-005 REV: A



DATE: 06/12/07



Figure 35: injectors Arrangement



3.3.1.1. Riser Outlet Separation System The principle of the patented AXENS Riser Outlet Separation System (ROSS) is a symmetrical structure of separation chambers and collecting chambers alternatively arranged around the top of the riser. The separation chambers are connected in their upper section to the riser and the vapor + catalyst mixture follows a 45° turn downwards around an inlet baffle. The vapor outlets to the collecting chambers are located underneath the inlet baffle in the perpendicular direction of the incoming stream. This geometry provides simultaneously both the centrifugal effect and the inertial effect which are key factors for catalyst separation. Page 126 of 323
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The catalyst separated is collected in a hopper prolonged by a dip leg which achieves the necessary seal between the riser and the stripper vessel. The vapor exiting the separation chamber is then mixed in the collecting chamber with the steam evolved from the stripper vessel. The collecting chambers are then connected to a center pipe collector which distributes the vapor to the disengager cyclones for final catalyst separation. This system achieves in a single device an extra-short time of vapor disengagement of about 1 second (45° turn, no vortex) and an efficient catalyst separation in two chambers arranged in series. The main chamber which is the separation chamber itself and the secondary chamber which is the vapor collecting chamber providing an additional safety buffer volume for further catalyst disengagement in case of catalyst carry-over.



Figure 36: Cyclones Orientation
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Figure 37: Separator Arrangement
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3.3.1.2. Catalyst Stripper The purpose of this section of D-1501 is to strip the catalyst exiting the ROSS with steam to reduce coke yield. In order to provide an efficient stripping, the stripper is provided with the following steam rings: •



Pre-stripping steam ring (I1 on the figure) located immediately at the exit of the separator diplegs



•



Upper Stripping Ring (I2 on the figure) located just upstream of the fluidized bed packing



•



Stripper Main Ring (I3 on the figure) located just downstream of the fluidized bed packing



•



Lower Stripping Ring (I4 on the figure) located at the bottom of the stripper to achieve a stable fluidization at the inlet of the spent catalyst standpipe.



•



The steam rate for this ring is part of the total steam required for good stripping but its prime function is to aerate the catalyst entering the spent catalyst standpipe. This is important for adequate head build-up to maintain an adequate slide valve differential pressure for controlling the stripper level.



The stripper is also provided with a fluidized bed packing allowing for cross and counter current flow of steam and catalyst and enhancing the contact between the catalyst and the steam. Stripper Position



Vertical



Normal/MAX. Operating Temperature (°C)



525 / 545



Normal/MAX. Operating Pressure (kg/cm2g)



2.2 / 2.6



Design Conditions: Shell



350°C and 5.2 kg/cm2g



Internals



Normal/Max. Temperature (°C): 560 / 650



Insulation



Refractory Lining



Materials: Shell / Heads:



CS A516 Cr 70



Internals



CS A516 Cr 70
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Figure 38: Stripper Arrangement Page 130 of 323
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3.3.2. 1st Stage Regenerator D-1502 The purpose of the 1st stage regenerator is to burn part of the coke by combustion air from the air rings provided at the bottom of the vessel. Combustion air to the first stage regenerator D-1502 is split between two air rings: The outer air ring and inner air ring, which are designed to handle about 70% and 30% of the combustion air to the first stage regenerator D-1502 respectively. This regenerator operates in a counter current (air in at bottom and spent catalyst in at top) mode which helps prevent catalyst overheating. The regeneration conditions are mild to limit hydrothermal deactivation of the catalyst. First stage regenerator total combustion air is controlled to limit the temperature in the first stage to maximum 730°C. The first regenerator D-1502 is equipped with an air lift to transfer the catalyst from the bottom of D-1502 to the 2nd regenerator D-1503. The flow of catalyst transfer is regulated by means of the air lift plug valve PV-1501 (see special valves) A set of 6 two-stage cyclones is provided at the top of the first stage regenerator to separate entrained catalyst from the flue gas leaving D-1502. A double-disc flue gas slide valve (SV-1503) is provided at the outlet of the 1st stage regenerator to reduce the pressure of the flue gas upstream of the CO Combustor H-1503. 1st Stage Regenerator D-1502 Position



Vertical



Normal/MAX. Operating Temperature (°C)



678 / 730



Normal/MAX. Operating Pressure (kg/cm2g)



2.28 / 2.68



Design Conditions: Shell



350°C and 5.2 kg/cm2g



Internals



Normal/Max. Temperature (°C): 760 / 840



Insulation



Refractory Lining



Materials: Shell / Heads:



CS A516 Cr 70



Internals



SS A240-304H
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Figure 39: 1st Stage Regenerator Page 132 of 323
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Figure 40: 1st Stage Regenerator Two-Stage Cyclones Arrangement



3.3.3. 2nd Stage Regenerator D-1503 In the 2nd stage regenerator, the partly regenerated catalyst from D-1502 is completely regenerated to less than about 0.05% by means of combustion air and at more severe conditions than in D-1502. The combustion air is provided at the bottom head of the regenerator. A set of 4 external refractory lined cyclones CY-1504 A-D are provided to remove entrained catalyst from the 2nd stage flue gas. This design expands the operating envelope for regenerator temperatures. The cyclone dip legs are external to the Page 133 of 323
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regenerator. Catalyst recovered in the cyclones is returned to the regenerator bed below the normal operating level by way of the diplegs. Aeration is supplied to the diplegs to provide for smooth fluidized catalyst flow and the diplegs outlets are equipped with flapper (trickle) valves to prevent catalyst and gas backflow into the cyclones. At the flue gas outlet of the 2nd stage regenerator is provided a flue gas double disc slide valve SV-1504 to control the pressure of the flue gas flowing to the waste heat boiler H-1503. 2nd Stage Regenerator D-1503 Position



Vertical



Normal/MAX. Operating Temperature (°C)



772 / 815



Normal/MAX. Operating Pressure (kg/cm2g)



1.30 / 1.70



Design Conditions: Shell



350°C and 5.2 kg/cm2g



Internals



Normal/Max. Temperature (°C): 760 / 840



Insulation



Refractory Lining



Materials: Shell / Heads:



CS A516 Cr 70



Internals



SS ASTM A240-304H
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Figure 41: 2nd Stage Regenerator Page 135 of 323
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Figure 42: 2nd Stage Regenerator Cyclones
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Figure 43: 2nd Stage Regenerator Cyclones Arrangement



3.3.4. Aeration and Fluidization Systems The catalyst fluidization and aeration systems play a vital role in the stability of catalyst circulation. The standpipe aeration systems on the unit are designed to handle a wide range of conditions and still provide the smooth, stable, catalyst flow required for proper operation. This is essential for stable and adequate catalyst slide valve differentials. The system includes aeration points located along the vertical portions of the standpipes with a rotor meter or flow orifice provided for each tap. The flows to the taps are initially set equally to replace the volume of interstitial gas compressed by head pressure. Page 137 of 323
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It is important to note the difference between aeration and fluidization systems: •



Aeration is the process of replacing, with the injection of gas, the volume lost to compression by head pressure in a column of fluidized catalyst. Aeration medium is necessary to keep the catalyst from becoming non fluidized and developing unstable flow characteristics. The taps on standpipes are located such that there are twice the numbers required for an adequate aeration. If one becomes plugged the neighboring tap will continue to ensure stable operation.



•



Fluidization taps are employed when the direction of catalyst flow changes. In the R2R unit, 45° angle changes are used to redirect catalyst flow whenever possible. As the catalyst flows into a 45° line the fluidization media is injected to assist in the turn. On the other hand, when catalyst flows from a 45° line, the fluidization media is added to smooth the turn and to penetrate the denser catalyst layer at the wall to allow easier entrance. A smooth, stable flow of catalyst into vertical standpipes is very important. Therefore, fluidization taps are either doublets or triplets



Two locations merit special notice: •



The regenerated catalyst standpipe handles catalyst without any coke and is at high temperatures. Catalyst at these conditions is inherently more difficult to maintain fluidized.



•



The second location to note is the second stage cyclone dip leg aeration. Instrument purges provide a large part of the required aeration. The fluidization in the slanted portions of the diplegs is very important. The penetration of the dense catalyst layer near the regenerator wall is necessary to ensure smooth flow of fines returning to the regenerator. Without proper aeration in the diplegs the cyclones may flood and catalyst losses will increase.



3.3.5. Special Valves Two types of valves are used in the R2R process: catalyst slide valves and plug valve. Slide valves are carefully designed with abrasion resistant protection for improving the valves reliability. Internal insulation allows to use carbon steel for the body of the valves. The valves are provided with appropriate purges, on the stem and body, to clear catalyst particles from the valves. Internal inlet shapes are designed to provide smooth operation. The plug valve design includes a stuffing box, an insulation sleeve and an air purge which provides efficient protection against catalyst blockage. Thrust limiter and seat and plug angles have been optimized to overcome the thermal expansion of the air lift. All valves are provided with independent hydraulic oil system to ensure a reliable and stable operation.
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Regenerated Catalyst Slide Valve SV-1501 Location



Bottom of withdrawal well



Fluid



FCC Catalyst



Purpose



To regulate the amount of hot regenerated catalyst flowing from the withdrawal well to the reactor riser, thereby controlling the reactor outlet temperature.



Direction of Flow



Vertical Down



Inlet Pressure (kg/cm2g) Normal: 2.66 / Max.: 3.06 Pressure Drop (kg/cm2g) 0.48 Fluid Temperature (°C)



Normal: 712 / Max.: 815 Spent Catalyst Slide Valve SV-1502



Location



Bottom of spent catalyst stand pipe



Fluid



FCC Catalyst



Purpose



To control the level in the stripper D-1501 by regulating the flow of spent catalyst flowing from the bottom of the stripper to the 1st stage regenerator D-1502 via the spent catalyst stand-pipe.



Direction of Flow



Vertical Down



Inlet Pressure (kg/cm2g) Normal: 2.69 / Max.: 3.09 Pressure Drop (kg/cm2g) 0.41 Fluid Temperature (°C)



Normal: 545 (650°C for 6 hours during start-up) / Max.: 511 Flue Gas Double Disc Slide Valve SV-1503



Location



Flue Gas outlet of 1st regenerator



Fluid



1st Regenerator Flue Gas



Purpose



To reduce the pressure of the flue gas leaving the 1st stage regenerator to the CO combustor H-1503, thereby controlling the pressure in D-1502.



Direction of Flow



Vertical Down



Operating Temperature (°C)



678 / 730



Inlet Pressure (kg/cm2g)



Normal: 2.13 / Max.: 2.53



Outlet Pressure (kg/cm2g)



0.085



Valve Pressure Drop (kg/cm2g)



1.28 / 1.57



Variable Orifice Pressure Drop 0.765 / 0.875 (kg/cm2g) Total Pressure Drop (kg/cm2g)



2.045 / 2.445



Flowrate wet basis (kg/h)



Normal: 282,084 / Min.: 178,544 Page 139 of 323
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Flue Gas Double Disc Slide Valve SV-1504 Location



Flue Gas outlet of 2nd regenerator



Fluid



2nd Regenerator Flue Gas



Purpose



To control the 2nd stage regenerator pressure (and maintaining the adequate ΔP across the 2 regenerators) by regulating the flow of flue gas leaving D-1503 to the waste heat boiler H-1503.



Direction of Flow



Vertical Down



Operating Temperature (°C)



Normal: 772 / Max.: 840



Inlet Pressure (kg/cm2g)



Normal: 1.24 / Max.: 1.64



Outlet Pressure (kg/cm2g)



0.085



Valve Pressure Drop (kg/cm2g)



0.68 / 0.95



Variable Orifice Pressure Drop 0.475 / 0.605 (kg/cm2g) Total Pressure Drop (kg/cm2g)



1.155 / 1.555



Flowrate wet basis (kg/h)



Normal: 138,674 / Min.: 86,941 Air Lift Plug Valve PV-1501



Location



Bottom head of the 1st regenerator



Fluid



Combustion air from blower



Purpose



To control the catalyst level in the first regenerator by allowing the transfer of catalyst from the 1st regenerator to the 2nd regenerator.



Regenerator Pressure at valve Normal: 2.56 / Max.: 2.92 (kg/cm2g) Catalyst Flow (Ton/min)



Normal: 43.61



Pressure Drop (Catalyst Side) 0.35 (kg/cm2g) Catalyst Temperature (°C)



Normal: 646



Air temperature (°C)



Normal: 216 / Max.: 238



Air Flowrate (kg/hr)



47,832



Inlet Air Pressure (kg/cm2)



2.46



COB/WHB 1st Regenerator Flue Gas Block Valve and Bypass Valve BV-1501 A/B Fluid



Flue gas from the 1st regenerator



Service



This system of 2 valves is installed on the flue gas line coming from the first regenerator. It allows to isolate the Page 140 of 323
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COB/WHB 1st Regenerator Flue Gas Block Valve and Bypass Valve BV-1501 A/B COB/WHB and bypass the flue gas to the Electrostatic Precipitator in case of trip Operating conditions for Design Case (Mixed Crude Max Gasoline) Operating Temperature (°C)



Normal: 678 / Max.: 730



Inlet Pressure (kg/cm2g)



0.085



Outlet Pressure (kg/cm2g)



0.055



Valves Pressure Profile



Block Valve (A)



Block Valve (B)



Normal Situation (kg/cm2):



Nil



0.03



Trip Situation (kg/cm2g):



2.68



2.68



Flowrate wet basis (kg/hr)



282084



Catalyst Concentration in Flue 446.4 Gas (mg/Nm3) COB/WHB 2nd Regenerator Flue Gas Block Valve and Bypass Valve BV-1502 A/B Fluid



Flue gas from the 2nd regenerator



Service



This system of 2 valves is installed on the flue gas line coming from the second regenerator. It allows to isolate the COB/WHB and bypass the flue gas to the Electrostatic Precipitator in case of trip



Operating conditions for Design Case (Mixed Crude Max Gasoline) Operating Temperature (°C)



Normal: 772 / Max.: 840



Inlet Pressure (kg/cm2g)



0.085



Outlet Pressure (kg/cm2g)



0.055



Valves Pressure Profile



Block Valve (A)



Block Valve (B)



Normal Situation (kg/cm2):



Nil



0.03



Trip Situation (kg/cm2g):



1.7



1.7



Flowrate wet basis (kg/hr)



138,674



Catalyst Concentration in Flue 665.5 Gas (mg/Nm3)
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3.3.6. Air Heaters 2 air heaters H-1501 and H-1502 are provided downstream of the air blower C1501. The purpose of H-1501 and H-1502 is to preheat the combustion air supplied to the air rings of 1st regenerator and the 2nd regenerator respectively. In order to burn the coke off the spent catalyst. These heaters are also used during start-up of the plant to dry-out the regenerators as well as to heat-up the catalyst. H-1501 Heater Data Type



Air Heater – Horzontal



Type of Fuel Gas



Propane (LPG)



Air Allowable Pressure Drop (kg/cm2g)



0.05



Chamber External Diameter (mm)



2624



Chamber Length (mm)



6950



Internal Design Pressure (kg/cm2)



5.2



Internal Operating Pressure (kg/cm2g)



2.98



Design Temperature (°C)



350



Operating Temperature (°C)



BH MG



BH MG



MC MG



MC MD



Inlet



238



232



216



223



Outlet



651



636



683



646



Air Flowrate (kg/hr)



180946



166001



261266



214783



Burner Data Number of Burners



1



Burner Type



Low NOx Forced Draft



Firing Position



Horizontal Fired



Connection to heater



Flanged



Design Burner Duty (MW)



46.57



Normal Burner Duty (MW)



44.36



MIN. Burner Duty (MW)



4.65



Excess Air at Design Capacity



20%



Max Flame Dimension (mm)



Length: 5500



Diameter: 1800



Pilot/Ignition Data Type



Forced draft with compressed air



Pilot Liberation (kW)



30
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H-1501 Fuel Gas Pressure Required (kg/cm2g)



0.5



Compressed air pressure required (kg/cm2g)



2



Ignition Method



High tension, by electric spark rod



Emission Levels NOx (mg/Nm3)



140



CO (mg/Nm3)



30



H-1502 Heater Data Type



Air Heater – Horzontal



Type of Fuel Gas



Propane (LPG)



Air Allowable Pressure Drop (kg/cm2g)



0.05



Chamber External Diameter (mm)



2000



Chamber Length (mm)



7800



Internal Design Pressure (kg/cm2)



5.2



Internal Operating Pressure (kg/cm2g)



2.03



Design Temperature (°C)



350



Operating Temperature (°C)



BH MG



BH MG



MC MG



MC MD



Inlet



232



238



216



223



Outlet



713



695



762



712



Air Flowrate (kg/hr)



38773



31685



79610



57261



Burner Data Number of Burners



1



Burner Type



Low NOx Forced Draft



Firing Position



Horizontal Fired



Connection to heater



Flanged



Design Burner Duty (MW)



14.22



Normal Burner Duty (MW)



13.55



MIN. Burner Duty (MW)



1.42



Excess Air at Design Capacity



20%



Max Flame Dimension (mm)



Length: 3500



Diameter: 1200



Pilot/Ignition Data Type
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H-1502 Pilot Liberation (kW)



30



Fuel Gas Pressure Required (kg/cm2g)



0.5



Compressed air pressure required (kg/cm2g)



2



Ignition Method



High tension, by electric spark rod



Emission Levels NOx (mg/Nm3)



140



CO (mg/Nm3)



30



3.3.7. CO Boiler / Waste Heat Boiler Package H-1503 The purpose of the CO Boiler is: •



To completely convert as efficiently as possible the CO of the 1st regenerator into CO2. This conversion will be accomplished by firing auxiliary fuel gas in order to achieve the SOX emission specification.



•



To recover a maximum of heat from the resultant products of combustion, for the following services: o Preheating of the boiler feed water fed to the Economizer o Steam Generation of the CO Boiler itself o Superheating of the different steam production of the main fractionator section as required.



In case of emergency, the CO boiler can be bypassed while the unit is still operating at full capacity. H-1503 consists of the following elements: 1) CO incinerator with forced draft fans, where the CO contained in the flue gas fed from the 1st regenerator is converted into CO2 2) Waste Heat Boiler, where the flue gas from the CO incinerator is routed along with the flue gas from the 2nd regenerator. The Waste Heat Boiler recovers the heat of these flue gas streams to produce superheated HP and MP steam through the following elements: a. HP Superheater and HP de-superheater b. MP Superheater and MP de-superheater c. HP Generator d. Economizer e. Steam Drum D-1512 f. HP BFW Preheater E-1534
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The following elements are also provided in H-1503 package: •



Phosphate dosing package A-1502 comprising of the Phosphate tank A1502-TK-01 and the Phosphate injection pumps A-1502-P-01 A/B



•



Continuous and intermittent blowdown drums D-1531 and D-1532 respectively.



•



Stack



•



Water Sprayers



•



Flue Gas Block valves: o COB/WHB 1st regenerator flue gas block valve BV-1501 A o COB/WHB 2nd regenerator flue gas block valve BV-1501 B



•



Flue Gas Bypass valves o COB/WHB 1st regenerator flue gas bypass valve BV-1502 A o COB/WHB 2nd regenerator flue gas bypass valve BV-1502 B



The auxiliary burners and forced draft fans provided with H-1503 are designed for the production of 250 ton/hr of superheated steam under normal operation. One is motor driven for normal operation. The second one, in standby, is HP-LP back pressure turbine driven. Both blowers are equipped with auto-start device. Part of the generated superheated HP steam from H-1503 is supplied to the turbine driver of the forced draft fan.
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Normal



Start-up (Fres



CO Max



CO Min



Bach HO MG



Bach Ho MD



Mix Crude MG



Mix Crude MD



LPG/H2 rich fu gas firing only



Flowrate 9kg/h)



310292



310292



194650



178544



383084



231506



-



Temperature (°C)



730



730



641



631



678



646



-



Combustion Air (kg/h)



146,168



96674



224520



235302



140077



178120



315000 / 21116



Fuel / Normal Gas (kg/h)



703



1560



7621



8346



3788



5987



8072 / 3044



Heat Release (kW)



9260



20560



100100



109960



49900



78880



102300 / 70000



Total Flowrate (kg/h)



457163



408527



426790



439192



425948



415613



323073 / 21421



Temperature (°C)



1183



100



1178



1173



1130



1197



1000 / 1000



Residence Time (sec.)



0.9



1.1



1.0



1.0



1.0



1.0



-



CO content (mg/Nm3)
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