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General Description This Operation Manual covers the operational procedures for the Sour Water Stripping Unit (SWS), Unit 3400, in the Sohar Refinery Project constructed in Sohar, Sultanate of Oman. This is useful as a guide in operation and does not necessary represent exact operating conditions or guarantees. This Manual is referred to the followings: (1) Process Flow Diagrams (2) Piping & Instrument Diagrams (3) Utility Flow Diagram (4) Equipment List (5) Relief Load Summary (6) Cause & Effect Diagrams (7) Material Selection Diagram



1.1.



Plant duty The sour waters from multiple sources will be steam-stripped in the Sour Water Stripping Unit (SWS), Unit 3400, to remove hydrogen sulfide and ammonia, and produce treated water and acid gas.



1.2.



Principles of process Every refinery produces waste water (sour water) which requires segregation and special treatment. Sour water originates mainly from Resid Fluid Catalytic Cracking Unit. They also arise from Crude Distillation Unit, Distillate Unionfining Unit, Tail Gas Treating Unit and so on. They contain ammonia (NH3) and hydrogen sulfide (H2S) as major contaminants, plus phenols, cyanides, chlorides, CO2 and hydrocarbons in much lower concentrations. Proper treatment of sour water is of utmost importance, because these contaminants are foul smelling and extremely toxic to living organisms. They are also closely regulated by law. Since NH3 is a base and H2S is an acid, their presence in the sour water establishes the equilibrium: NH3



+



H2S



Î



NH4+



+



HS-



The principle of sour water stripping is based on the application of heat to reduce the solubility of NH4+ and HS- in the water phase plus the dilution and depletion of gaseous NH3 and H2S by rising steam vapor. The net result is that the equilibrium is forced to the left. In other words, if sufficient heat is added to the sour water, NH3 and H2S will come out from the solution and be easily stripped away as gases. However, since NH3 is extremely soluble in water, some ammonium salt will persist in the sour water. Also, some ammonium salts such as NH4Cl are not easily decomposed. This “residual” ammonia can be released from solution by the injection of a strong base as NaOH to establish the following reaction:
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Note: In this plant, no caustic injection system is provided to meet the specification of sodium content in the desalted crude for CDU (Unit 1100). This freed ammonia can then be stripped away. The basic flow scheme of a waste water stripping unit consists of a degassing drum to allow liquid hydrocarbon and some dissolved hydrocarbon gases to disengage from the water, and a stripping column in which H2S and NH3 are stripped off by heat and stripping vapor supplied by stripping steam. The stripped water is continuously routed to further use or disposal while the stripped gases are sent to the Sulfur Recovery Unit (hereinafter called SRU), Unit 3600/3650.



1.3.



Design basis



1.3.1.



Feeds The SWS Unit shall be designed to treat 110 metric tons per hour of sour waters. The sour water will be produced by the following process units: -



Crude Distillation Unit (CDU/Unit 1100) Resid Fluid Catalytic Cracking Unit (RFCC/Unit 2000) Distillate Unionfining Process Unit (DHDS/Unit 3200) Tail Gas Treating Unit (TGT/Unit 3700)



For design flow rates of each stream, refer to the section 1.3.4.1.



1.3.2.



Products The design specification for stripped water from the Sour Water Stripper bottom is as follows. - H2S content: Max. 20 wt.ppm - NH3 content: Max. 40 wt.ppm The stripped water will be sent to Desalter (V-1101A/B) of CDU (Unit 1100) and the balance will be sent to WWT unit (Unit 6500). The acid gas from the Sour Water Stripper overhead will be sent to Sulfur Recovery Unit (SRU, Unit 3600 & 3650).



1.3.3.



Design Considerations 1. An acid gas flare will be provided as a means to dispose of H2S rich gas when the SRU is shut down. 2. The Sour Water Stripper will be designed for 110% of the feed water to allow the addition of a future unit.
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Material balance



1.3.4.1. Feed Rate and Composition The feedstock sources, rates and compositions used for design purpose are tabulated as follows. Table 1-1 Sour Water Feed Flow Summary Future Unit



CDU



RFCC*1)



DHDS*2)



TGT*3)



932.01



3958.96



586.74



288.03



282.66



6048.40



H2S (kg mol/h)



0.05



8.44



4.84



1.85



1.37



16.55



NH3 (kg mol/h)



0.05



12.66



6.11



1.85



1.64



22.31



-



0.31



-



-



0.02



0.33



0.11



0.65



0.08



-



0.07



0.91



CO2 (kg mol/h)



-



-



-



0.37



0.03



0.40



Total (kg mol/h)



932.22



3981.01



597.77



292.11



285.79



6088.90



Total (kg/h)



16798



71886



10841



5300



5175



110000



45



38



47



75



42



42



Water (kg mol/h )



Phenols (kg mol /h) Dissolved HC (kg mol/h)



Temperature (°C)



TOTAL



*1) Governing Case : Maximum Olefins with ZSM-5 *2) Governing Case : Start-Of-Run *3) Based on ‘Basis Of Design’ prepared by STORK (30-Jun-2000) Effluent water from Amine Regeneration unit, Propylene Recovery unit, InAlk unit, Sulfur Recovery unit, and TSHP/GHDS Unit is sent to SWS unit. The water quantity and impurities from these units are negligible. PRU / Unit 2700: InAlk / Unit 2900: ARU / Unit 3500: SRU / Unit 3600/3650: TSHP / Unit 4000: GHDS / Unit 4200:



64 kg/h (1.54 t/d) 12 kg/h (0.29 t/d) Intermittent flow Intermittent flow 3kg/h (0.07t/d) 28kg/h (0.67t/d)



The concentration of sour water feed contaminants to Sour Water Stripper (C-3401) is summarized as follows: H2S content



5127



wt.ppm



NH3 content



3454



wt.ppm



HCN content



35



wt.ppm



Phenols content



279



wt.ppm



Dissolved HC content



364



wt.ppm



CO2 contents



160



wt.ppm
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The product rates and compositions used for design purpose are tabulated as follows. Table 1-2 Product Flow Summary



Water (kg mol/h)



17.12



Stripped Water to Crude Distillation Unit 2134.09



H2S (kg mol/h)



16.50



0.01



0.01



NH3 (kg mol/h)



22.00



0.09



0.22



-



0.09



0.24



0.09



-



-



-



-



Gas to Sulfur Recovery Unit



Phenols (kg mol/h) Dissolved HC (kg mol/h) CO2 (kg mol/h)



Stripped Water to Waste Water Treatment Unit 5143.10



Total (kg mol/h)



56.11



2134.28



5143.57



Total (kg/h)



1269



38457



92682



90



77



38



Temperature (°C)



Refer to Attachment 9.1 (PFD of the Sour Water Stripping Unit) for details.



1.4.



B.L. Conditions When the unit is operating at design throughput, the temperature and pressure of the feed and products shall be as follows: Temperature, oC



Pressure, barg (at Grade)



Feed Sour Water



42



0.2



Product Stripped Water to Desalter in CDU Stripped Water to WWT Acid Gas to SRU



77 38 90



3.0 4.5 0.8



1.5.



Utility and Chemicals Requirements



1.5.1.



Utility Requirements Refer to Attachment 1.1 (Utility Summary of the Sour Water Stripping Unit, Doc. No. S-340-1223-501) for details.



1.5.2.



Chemical Requirements Not applicable to this unit.
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Operating Conditions and Controls



2.1.



Process Flow and Control



2.1.1.



Description of Process Flow



JOB CODE: 0-3100-25 DOC NO: S-340-1283-001 Rev.R1 SHEET : 9 of 48



The sources of the sour water from various units include Crude Distillation Unit (CDU), Reside Fluid Catalytic Cracking Unit (RFCC), Distillate Unionfining Process Unit (DHDS), Tail Gas Treating Unit (TGT), Amine Regeneration Unit (ARU), Propylene Recovery Unit (PRU), InAlk Unit, Sulfur Recovery Unit (SRU), TSHP Unit and TSHP/GHDS Unit. The total sour water stream is fed to the Sour Water Stripper Feed Drum (V-3401) and some hydrogen, light hydrocarbon, and hydrogen sulfide are vented off. The off gas from V-3401 is sent to the acid gas flare. Any hydrocarbon liquid collected in V-3401 will overflow into a separate compartment within the drum. The separated hydrocarbon from sour water in V-3401 is pumped by Sour Water Stripper Feed Drum Slop Oil pumps (P-3402/S) and sent to the Light Slop Oil Tank at the Tankage and Blending System. The degassed sour water in V-3401 is pumped by the Sour Water Tank Feed Pumps (P-3401A/B ) to the Sour Water Feed tank (T-3401 ). T-3401 with 3 days’ capacity at the time weighted average feed rate, is to equalize flow and composition variations of sour water and separate hydrocarbon from sour water. The sour gas from T-3401 is vented by passing through Sour Water Vent Filter (S-3401A/B). This bed removes H2S and hydrocarbons from the vent gas. Continuous nitrogen purge via 34-PCV-001 is needed to prevent backflow of air to S-3401A/B with ignition of any pyrophoric material that may have accumulated in the inert atmosphere of the carbon filter. The sour water is pumped by the Sour Water Stripper Feed Pumps (P-3405A/B ) from T-3401 through the Sour Water Stripper Feed-Bottoms Exchanger (E-3401A/B) where it picks up heat from the Stripper bottoms before entering the Sour Water Stripper (C-3401) above tray 36. The Stripper feed rate is controlled by a flow controller (34-FC-002) located upstream of E-3401. The control valve assembly is located close to the inlet of C-3401 to minimize vaporization when the feed is heated in E-3401A/B. Heat is supplied to the C-3401 from the direct feed of the LLP steam in the bottom of the column. The LLP steam rate is controlled by the steam flow using a flow controller (34-FC-005). Ammonia and hydrogen sulfide are driven out of the water by heat and stripped away by the rising steam. These gases leave the column at the top. Acid gas from the top of the Sour Water Stripper flows on backpressure control to the SRU. The temperature at the top of the Sour Water Stripper is controlled by an external pumparound contact condenser taking water from the accumulator tray, cooling it with the Sour Water Stripper Pumparound Cooler (E-3404) and returning it back to tray No. 44 as reflux. A temperature controller (34-TC-004) takes a signal from the thermocouple located in the stripper overhead and resets the water flow rate of this pump-around circuit. The stripped water from the bottom of C-3401 is pumped and cooled in E-3401A/B and then sent to the CDU and/or to the Waste Water Treatment Unit. For the smooth operation of the Sour Water Stripper, the following features are also included. A one-inch hydrocarbon skim line allows the operator to withdraw any liquid hydrocarbon collected on C-3401 accumulator tray
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and send it back to V-3401. All of the off-gas lines carrying H2S have been steam jacketed to prevent excessive condensation of water, which could dissolve the acid gases and lead to rapid corrosion problems.



2.1.2.



Summary for Main Equipment Note that the dimensions, design conditions and material of equipment are indicated in the Equipment list S-340-1224-901.The operating conditions of equipment are indicated in PFD D-340-1223-101. Consequently, both Equipment list and PFD should be referred to under stand the abstract of main equipment deeply.



2.1.2.1. Tower Summary (1) Sour Water Stripper (C-3401) This column is fitted with sieve trays. Sour Water Stripper (C-3401) is divided into two parts: the stripping section and the cooling section. Sour water enters above the stripping section of the column through sour water feed distributor located on tray No. 36 (below the cooling section). The trays are the conventional type with the typical arrangement of weirs and down comers. As the sour water flows downwards the stripping section, the H2S and NH3 in the sour water is stripped off by the up-flowing steam. The vapor from the stripping section is then cooled down as it passes through the cooling section. The top head and the top portion of the shell extending 150mm below tray No. 36 is lined with 3mm 316L stainless steel. The bottom tray of the cooling section is provided with a liquid accumulator tray with a center pipe for ascending vapor and a draw-off well directing all descending liquid to the pumparound circuit for cooling.



2.1.2.2. Drum Summary (1) Sour Water Stripper Feed Drum (V-3401) Sour Water Stripper Feed Drum (V-3401) is a horizontal vessel (made of KCS) designed to remove entrained gases/vapors from the total sour water feed. The feed stream enters the vessel through a distributor. The off gas from V-3401 is sent to the acid gas flare and the degassed sour water is pumped to the Sour Water Feed Tank (T-3401). The vessel is provided with a draw-off well to remove hydrocarbon liquid from the sour water.



2.1.2.3. Reactor Summary Not applicable to this unit
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2.1.2.4. Fired heater Summary Not applicable to this unit.



2.1.2.5. Exchanger Summary (1) Sour Water Stripper Feed-Bottoms Exchanger (E-3401A/B) and (E-3402A/B) Sour Water Stripper Feed-Bottoms Exchanger (E-3401A/B) is an AES type tubular heat exchanger, which is provided for heat-exchanging the sour water feed and the bottoms product. The sour water feed stream, before entering Sour Water Stripper (C-3401), is heated in E-3401A/B by the hot-stripped water from the bottom of C-3401, hence, cooling itself in the process. The two, horizontal shells of E-3401A/B are arranged in series. The whole heat exchanger will be constructed with CS. E-3402A/B is 100 % spare of E-3401A/B. The standby exchanger shall be isolated by spectacle blind from both hot and cold streams when it is not required. (2) Stripped Water Cooler (E-3403A/B) Stripped Water Cooler (E-3403A/B) is a tubular heat exchanger of type AES. This horizontal type exchanger is furnished to provide cooling to the stripped water (bottoms product of the Sour Water Stripper) going to the Waste Water Treatment Unit. The cooling water is passed through the tube side while the stripped water in the shell. The shell and cover of the exchangers are constructed with CS while the tubes are AL-Brass and the tube sheets are CS with ABP Clad.



(3) Sour Water Stripper Pumparound Cooler (E-3404) Sour Water Stripper Pumparound Cooler (E-3404) is an air cooled exchanger used for cooling the circulating sour water from the Sour Water Stripper from 99 oC to 60 oC. This air fin cooler will be constructed with TP316L. One half of fans in the air bay shall be auto-variable (AV) type where the blade pitch is automatically adjusted to desired angle by manual adjustment of a remote control knob into a pneumatically actuated relay system. Remaining fan(s) are the standard type where blade pitch can be adjusted manually when fan is stopped.



2.1.2.6. Pump Summary (1) Sour Water Stripper Feed Drum Slop Oil Pump (P-3402/S) Sour Water Stripper Feed Drum Slop Oil Pump (P-3402/S) is provided to intermittently transfer the accumulated hydrocarbon liquid from the draw-off well of Sour Water Stripper Feed Drum (V-3401) to Tankage (T-6106). A warehouse spare pump is provided. These pumps are of a centrifugal type and will be constructed with API material class
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(2) Sour Water Stripper Feed Pumps (P-3405A/B) The Sour Water Stripper Feed Pump is provided to transfer the sour water from the Sour Water Feed Tank to the Sour Water Stripper via the Sour Water Stripper Feed-Bottoms Exchanger. These pumps are of a centrifugal type and will be constructed with SS316. (3) Sour Water Stripper Bottoms Pumps (P-3404A/B) Sour Water Stripper Bottoms Pump (P-3404A/B) is provided to transfer the stripped water from the bottom of the Sour Water Stripper to the Desalting Water Surge Drum (V-1104) at the Crude Distillation Unit (CDU) and to the Waste Water Treatment Unit. These pumps are of a centrifugal type and will be constructed with carbon steel. (4) Sour Water Stripper Pumparound Pumps (P-3403A/B) Sour Water Stripper Pumparound Pump (P-3403A/B) is provided to circulate the sour water from the Sour Water Stripper accumulator to the top tray of the Sour Water Stripper via the Sour Water Stripper Pumparound Cooler. These pumps are of a centrifugal type and will be constructed with SS316. (5) Sour Water Tank Feed Pumps (P-3401A/B) Sour Water Tank Feed Pump (P-3401A/B) is provided to transfer the degassed sour water from the Sour Water Stripper Feed Drum to the Sour Water Feed Tank. These pumps are of a centrifugal type and will be constructed with SS316.



2.1.2.7. Compressor Summary Not applicable to this unit.



2.1.2.8. Special Equipment Summary (1)



Sour Water Vent Filter (S-3401A/B)



The sour gas from Sour Water Feed Tank (T-3401) is vented by passing through Sour Water Vent Filter (S-3401A/B), which has an activated carbon bed impregnated with metal oxide. The expected life of activated carbon is maximum 2000 hours continuous operation.



2.1.3.



Process Control



2.1.3.1. Flow Control for Feed and Steam to Sour Water Stripper To cope with the variation of feed rate, the stripping steam flow is controlled by 34-FC-005 by ratio on feed rate, where feed rate to the Sour Water Stripper (C-3401) is controlled by 34-FC-002. As per control scheme, ratio controller 34-FY-002 feeds the PV value as set point to 34-FC-005, where as 34-HC-001 is used to set the set point to the ratio controller 34-FY-002 based on feed condition and product specification.
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During start-up, both 34-FC-002 and 34-FC-005 are to be operated independently. For constant feed rate, stripping steam rate is to be adjusted gradually by taking 34-FC-005 in manual mode. Once the operation becomes nearly steady entire control can be taken in line and put in auto mode. This measure is required to avoid the hunting of steam control valve 34-FV-005 during start-up. Based on the set point for ratio control set by 34-HC-001, stripping steam rate is controlled by 34-FC-005, whereas 34-FC-002 controls feed to the tower during normal operation.



2.1.3.2. Pressure Control of Sour Water Stripper The Sour Water Stripper overhead pressure is maintained with the help of 34-PC-005, which, in turn, adjust 34-PV-005, 36-FC-503 and 36-FC-003. In case of high tower pressure, 34-PV-005 opens. On the other hand, in case of low tower pressure, sour gas feed rate is throttled through 36-FC-503 and 36-FC-003 based on signal from 34-PC-005.



2.1.3.3. Flow Control of Sour Water Stripper Pumparound Draw off liquid, drawn from tray #40 of Sour Water Stripper (C-3401), is pumped by Sour Water Stripper Pumparound Pump (P-3403A/B) to the top tray under temperature cascaded flow control. C-3401 overhead gas temperature is controlled by means of pumparound flow rate.



2.1.3.4. Level Control of Sour Water Stripper Level control of Desalting Water Surge Drum (V-1104) and Sour Water Stripper (C-3401) are interrelated. Therefore, these two level control system are discussed together. (a) Level Control of Sour Water Stripper (C-3401) Level of Sour Water Stripper (C-3401) is controlled with the help of 34-LC-004 in split range. Split range control action of 34-LC-004 is shown below: Valve Opening



100% 11-LV-004B



34-LV-004A



0%



C-3401 Level Increase In case of decreasing trend of level in the Sour Water Stripper Column (C-3401), control valve 34-LV-004A closes gradually. However, if the level control is not achieved, the level control valve 11-LV-004B closes through 11-LY-004B.



(b) Level Control of Desalting Water Surge Drum (V-1104)
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100% 11-LV-004A



11-LV-004B



0%



V-1104 Level Decrease In this control scheme, stripped water discharged at the bottom of C-3401 is given preference for making up the level. Therefore, in case of drop in level in the vessel, 11-LV-004B mounted on the Stripped Water line opens, then 11-LV004A, which is mounted on the Service Water line comes on line. Control of level through 11-LV-004 B is, however, not straight forward. Considering the level control of C-3401, low signal limiter 11-LY-004B is introduced. 11-LY-004B selects the low signal between level signal from 11-LC-004 via multiplier 11-LY-004C and the level signal from 34-LC-004 via multiplier 34-LY-004B. The control valve 11-LV-004B acts based on signal from 11-LY-004B.



H LY 004A



LC



SR



V-1104 L



LV 004A



H



C-3401



LC 004



LC 004



Service Water



L SR



U-3400 U-1100



LY 004C



LY 004B



P-3404A/B LY 004A



LY 004B LV 004B



E-3401A/B



E-3403A/B



WWT
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2.1.3.5. Level Control of Sour Water Feed Drum The level of Sour Water Feed Drum (V-3401) is controlled by level controller (34-LC-003) which acts on 34-LV-003 at Sour Water Tank Feed Pumps (P-3401A/B) discharge.



2.2.



Process Variables and Their Effects Followings are the process variables for the normal operation of the Sour Water Stripper:



2.2.1.



Feed Rate and Feed Properties The Sour Water Stripper Section is a subjected plant to the upstream units. Accordingly, the sour water feed rate is basically “as received rate” from the upstream units. The actual operating feed rate to Sour Water Stripper (C-3401) is controlled by a flow controller (34-FC-002) located upstream of the Sour Water Stripper Feed/Bottoms Exchanger (E-3401A/B and E-3402A/B). H2S, NH3 and other contaminants in the sour water are also of “as received” basis and the concentration of contaminants should be checked to be within the contents of the design basis. When the concentration of contaminants is higher than the design basis value, the following actions are required: „ „



2.2.2.



Checking of the NH3/H2S concentration in the stripped water and increasing the stripping LLP steam flow rate to C-3401. If the stripped water concentration can not be maintained, the feed sour water flow rate will be reduced until the specified operating condition of C-3401 is reached.



Sour Water Stripper Overhead Pressure and Temperature It is general from the process theory that lower pressure and higher temperature is preferred for removing H2S and NH3. The lower limit of the pressure is given by the hydraulics of the gas transfer line to the SRU. The estimated pressure is close to 0.8 barg at the B.L. of the SRU. A higher pressure is required for normal and stable operation, and 0.9 barg will be appropriate. The pressure is controlled by the pressure controller (34-PC-005) provided on Sour Water Stripper (C-3401) overhead. A higher temperature is preferred as mentioned above, however, the higher the temperature the more water vapor is carried to SRU which is not preferable to the downstream processing. A lower temperature, on the other hand, will cause the solidification of NH4SH, which is a reaction product of H2S and NH3. That will bring about blocking (plugging) on the stripper trays and/or the transfer lines temperature more than 80 oC is required ordinarily to avoid this. Consequently, 90 oC will be an appropriate temperature for the normal operation of C-3401. The overhead temperature will be controlled by a temperature controller (34-TC-004) provided on the stripper column that is cascaded to the flow controller (FC-006) on the side reflux line. In this respect, steam jacketing of the overhead system is particularly important in order to avoid local cooling.
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LLP Steam Injection Rate LLP steam is supplied to the Sour Water Stripper (C-3401) and its flow rate is controlled by a flow controller (34-FC-005) located on the inlet line of C-3401. The LLP steam will give the feed sour water the required heat and the needed stripping effect. The steam injection rate for this purpose is dependent on the feed rate and the concentration of NH3/H2S in the stripped water. The increment in the steam flow will reduce the NH3/H2S concentration in the stripped water and increase the side reflux (Pumparound) flow rate.



2.2.4.



Side Reflux (Pumparound) Rate The side reflux (pumparound) is the flow that is drawn from the accumulator tray of Sour Water Stripper (C-3401), pumped by the Sour Water Stripper Pumparound Pumps (P-3403A/B), cooled by the Sour Water Stripper Pumparound Cooler (E-3404), and then returned back to the stripper at No. 44 tray. The reflux is used directly for controlling the stripper overhead temperature via the cascaded controllers (34-TC-004 and 34-FC-006). The reflux temperature is also an important variable in the operation of the stripper. It is maintained at 60 oC at the outlet of the Sour Water Stripper Pumparound Cooler to avoid any excess cooling, which would cause local corrosion of the stripper due to condensation of the stream in C-3401. The reflux stream temperature is controlled manually by regulating the louvers of the cooler.



2.2.5.



Product Properties The stripped water is the main product of this section and the properties of the stripped water are the final criteria for adjusting the operating conditions of this section. The stripped water, as the resulting product, should have the required properties specified in Section 1.3.2 (Product Specification).
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3.



Emergency Equipment



3.1.



Safety Valves and Their Set Pressure



3.1.1.



Summary of Safety Relief Valves Summary of the safety valves provided for this unit is shown below. Refer to “FLARE LOAD SUMMARY FOR UNIT 3400” ( S-340-1223-701 ) .



3.1.2.



Set Pressure



Size and



Service



Location



Governing



Tag. No.



barg



Type



34RV002A/B



3.5



3K4



C-3401



Side mounted



Fire



34RV003



12.5



1D2



E-3401A/B



Outlet



Thermal



34RV004



12.5



1D2



E-3402A/B



Outlet



Thermal



34RV005



11.5



0.75D1



E-3403A/B



Outlet



Thermal



Relief Case



Summary of Flare Loads Refer to “ Flare Load Summary”(S-340-1223-701).



3.2.



Car Sealed Valves Car Sealed Open or Car Sealed Close valves are listed below. Position



Service



Size



Open



Acid Gas Flare Condensate



2”



from FLARE Open



V-3401 Ovhd AFL line



6”



Open



T-3401 Ovhd Nitrogen inlet



3”



PCV-001 upstream Open



T-3401 Ovhd Nitrogen inlet S-3401A(or B) inlet line



AFL34010202-6”A1A2N-ST N34010302-3”-



P&ID No. D-340-1225-101 D-340-1225-102 D-340-1225-103



A1A2N-N 3”



PCV-001 downstream Open



Equipment / Line No. P69010402-2”A1A2N-N



N34010302-3”-



D-340-1225-103



A1A2N-N 4”



AV34010301-4”-



D-340-1225-103



A1A2N-N Close



S-3401B(or A) inlet line



4”



AV34010301-4”-



D-340-1225-103



A1A2N-N Open



T-3401 Acid Gas Flare



2”



Condensate inlet
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34RV003 inlet line



1.5”



P-34010403-1.5”-



D-340-1225-104



A1A2N-IH Open



34RV003 discharge line



2”



P34010412-2”-



D-340-1225-104



A1A2N-ST Open



34RV004 inlet line



1.5”



P-34010402-1.5”-



D-340-1225-104



A1A2N-IH Open



34RV004 discharge line



2”



Open



34RV002A(or B) inlet line



4”



Open



34RV002A(or B)



6”



discharge line



3.3.



P34010412-2”A1A2N-ST FL34010501-4”A1A1-N P34010509-6”-



D-340-1225-104 D-340-1225-105 D-340-1225-105



A1A2-N



Remote Operating Valves No remote operating valves.



3.4.



Instrument Alarms Set value of each alarm is shown in Attachment 3-1 “DCS & ESD Function List”.



3.5.



Instrument Trip Settings Trip settings causing plant shut down are listed below. Refer to “CAUSE AND EFFECT CHART “(S-340-1223-603) on the Attachment 9.12, for details. Tag No.



Service



Trip Set



P&ID No.



LAHH-005



Sour Water Stripper Bottoms



UC-001



D-340-1225-105
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PREPARING UNIT FOR PRECOMMISSIONING The following section will discuss the various aspects associated with the pre-commissioning of the facilities in the refinery. The pre-commissioning operations ensure that the unit is safe, operable, and constructed as specified. Each start-up preparation operations shall be performed in unit by unit. In addition to the procedures, the operator of one area (or unit) shall coordinate with the operator of the other area (or unit) to perform the pre-commissioning operation. A systematic program of start-up preparations must be drawn up and carried out to ensure that the start-up operation proceeds properly. This is particularly important when the unit has to be brought on-stream together with other units within a limited time.



4.1.



General Preparation for Pre-commissioning As the construction of the unit nears completion, a large amount of work must begin in order to prepare it for start-up. These pre-commissioning activities have three main purposes: „ „ „



To ensure, by thorough inspection and testing, that the unit is safe, operable, and constructed as specified; To operate equipment for by flushing, running in, etc., and To acquaint the operators with the unit.



The importance of these activities cannot be overemphasized. No matter how well a unit is designed, if the equipment is not as specified, not properly brought on stream, or not understood by operators, it will not perform as expected. The following activities are major Pre-commissioning activities. However, an exact order of presentation need not be strictly obeyed. Depending on the progress of construction, certain procedures may be required earlier or later that suggested here. A through knowledge of the entire pre-commissioning operation will allow the plant personnel to schedule activities in the most time-saving and labor efficient way. These are the necessary pre-commissioning activities: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.
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Vessel Inspection The actual installations must be compared against the drawings and cleanliness check inside vessels to assure that the vessels will function as intended.



4.3.



Line Cleaning All piping must be thoroughly clean of debris and scale. This may be done after hydrostatic testing, before the test water is drained. Care must be taken not to flush debris into equipment. Generally, liquid lines are flushed with water and thoroughly drained. do not drain freely should be blown clear with air.



Water flushed lines which



Gas lines may be either water flushed or air blown, but water should be blown from gas lines if water flushed. Gas lines to compressors must be free of water. Steam lines are steam blown using same steam it is designed for. Before steam blow, all steam traps, control valves, turbines, heaters, instruments, ejector and strainers should be removed or blanketed off from the system. Steam headers should be slowly warmed up one by one observing expansion of line. Special attention should be given to pipe support shoes. Condensate must be drained manually as it forms, thereby preventing steam hammering. Refer to S-000-172A-300 “GENERAL PRECOMMISSIONING PROCEDURE FOR STEAM BLOWING” for details.



4.4.



Service and Calibrate Instruments Responsible instrument engineers at site shall check to ensure that the instrumentation is provided as specified by the design documents, thereby preventing or minimizing instrumentation problems when the unit is commissioned.



4.5.



Run-in of Rotary Machineries Proper installation and operation of rotary machineries is essential for trouble-free performance. Therefore, the rotary machineries shall be run-in during pre-commissioning with inert fluid, if it is practical. In case there is no practical method of run-in during pre-commissioning due to test fluid, circulation route, etc., the machineries shall be run-in at initial stage of start up with actual fluid. Details of run-in operation are described by the following documents: -
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-



S-000-172B-100 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF PUMPS” S-000-172B-200 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF COMPRESSORS” S-000-172B-300 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF GENERATORS” S-000-172B-400 : “GENERAL PRECOMMISSIONING PROCEDURE FOR
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MECHANICAL RUN-IN OF STEAM TURBINES” S-000-172B-500 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF DIESEL ENGINES” S-000-172B-600 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF GAS TURBINES” S-000-172B-700 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF AIR FIN COOLERS” S-000-172B-800 : “GENERAL PRECOMMISSIONING PROCEDURE FOR MECHANICAL RUN-IN OF MISC. ROTARY MACHINARIES”



Chemical Cleaning In order to remove mill scale from suction line of reciprocating, diaphragm and screw compressors suction lines and GTG Fuel Gas lines, acid cleaning is applied. Details including the scope of acid cleaning are described in S-000-13Z1-001. Also in order to remove oil and/or grease from lines or equipment internal surface to prevent coking or foaming trouble, degreasing operation using alkaline is applied for Amine circulation route and boilers. Details including the scope of degreasing operation are described in S-000-172C-300.



4.7.



System Drying Excessive amounts of water must be driven out of the reactor circuit prior to catalyst loading. Under most circumstances, free water can be adequately removed by allowing it to drain from the lines, heaters, reactors, exchangers, etc. while blowing through the lines with air. However, some system must be thoroughly dried to avoid damaging the catalyst with free water during unit heat-up or ice/hydrate formation. Details of the operation are described in S-000-172C-200.



4.8.



Loading of Chemical, Catalyst and other Materials Refer to S-000-172D-100 for details.



4.9.



Operational Tightness Test The purpose of the Operational Tightness Test is to check the piping and equipment for tightness of flanges, connections, and fittings. These tests should not be confused with the hydrostatic tests made during construction. Generally plant air or nitrogen is used for this test. Prior to test, all the instruments, which have been unmounted in the previous steps, must be remounted. Details of the operation are described in S-000-172E-100.
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Air Freeing When any combustibles are mixed with air (substantially oxygen), there is the potential hazard that an explosive mixture will be formed. Hence, air freeing must be done before any hydrocarbons are introduced into pipes/equipment. In addition, certain systems (i.e. nitrogen) need to have low level of air and hence also need to be air freed. Details of air freeing are described in S-000-172F-100.
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5.



Commissioning (Initial Start up)



5.1.



General Overall Commissioning Plan
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With this section under an oxygen-free gas positive pressure, this section is now ready for start-up. Initial start-up consists of the following activities: 1. 2. 3. 4.



5.2.



Step-by-step Start-up Procedure and Process Priority 1.



2.



3. 4. 5.



6. 7.



8. 9.



10.



11. 12. 13.
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Degassing of Feed Sour Water Introduction of Feed Sour Water to Sour Water Stripper Commissioning of the Sour Water Stripper Controllers and Pump-around circuit. Final Adjustments of Operating parameters.



Steam out or nitrogen purges all vessels and associated piping to remove all air. Make sure vents on top of vessel are opened. After that introduce nitrogen to maintain positive pressure. Introduce the sour water to the Sour Water Stripper Feed Drum (V-3401). When level appears, commission 34-LC-003 and the Sour Water Tank Feed Pumps (P-3401A/B). After P-3401A/B operation, is stabilized, 34-LC-003 shall be put in automatic position. Introduce the LLP Steam to the column pressure transmitter tappings (34-PT-003 and 34-PT-005) to prevent the salt formation. Transfer sour water from V-3401 to the Sour Water Feed Tank (T-3401). When water level in T-3401 is established above LAL, commission the Sour Water Stripper Feed Pumps (P-3405A/B) to send sour water to the Sour water Stripper (C-3401). Since T-3401 has 3 days of inventory at the time weighted average flow rate of sour water from the upstream plants, the stripping section might not be started in a hurried manner. Wait until the upstream plant is in stable operation. In this period, no stripped water is available for Desalter feed water to Crude Distillation Unit (CDU), and the service water shall be used for desalting operation. When water level appears in the C-3401 bottom, commission steam flow to C-3401 manually control 34-FV-005 at a low rate. Commission the stripper bottom level control(34-LC-004). Commission the Stripped Water Cooler (E-3403A/B). Start the Sour water Stripper Bottoms Pumps (P-3404A/B) to send water to V-3401 by passing through E-3403A/B and circulation line (P34010409-4”). Commission column pressure control (34-PC-005) and adjust the set pressure to 0.9 barg. Commission the acid gas to the acid gas flare. Fill the stripper accumulator tray by pumping feed water from P-3405A/B via the 4” filling and pumpout line into the discharge of the Sour Water Stripper Pumparound Pumps (P-3403A/B). Commission the pump around circuit and the column top temperature control loop (34-TC-004). Set the temperature at 90 ℃. Adjust the blade pitch of the Sour Water Stripper Pumparound Cooler (E-3404) to get about 60 ℃ at the outlet of the cooler. Increase the steam rate to the C-3401 slowly. Slowly increase the feed water rate to the stripper. Adjust the steam rate accordingly. When the stripper has stabilized and operated at the desired conditions, the acid gas can be diverted to the SRU.
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Special Precautions Nitrogen is non-toxic. 79 mol-% of the air we breathe is nitrogen, 21 mol-% is oxygen. However, in vessels or areas where there is a high concentration of nitrogen, there is also a deficiency of oxygen for breathing. Breathing an atmosphere deficient in oxygen (i.e., an inert atmosphere) will rapidly result in dizziness, unconsciousness, or death depending on the length of exposure. Do not enter or even place your head into a vessel, which has a high concentration of nitrogen. Do not stand close to a valve where nitrogen is being vented from equipment at a high rate, which might temporarily cause a deficiency in oxygen close to the valve. Refinery personnel who do have to enter a contaminated or inert atmosphere should follow all prescribed standard safety precautions and regulations, which apply for the refinery. OSHA regulations concerning the use of respirators (29 CFR Subpart 1, Section 1910,134) should be read and thoroughly understood. It is also important to emphasize that if a person has entered a vessel and become unconscious, no individual should go in to help him without first putting on a fresh air mask, confirming that the air supply is safe, donning a safety harness, and enlisting the aid of a minimum of two other people to remain immediately outside of the vessel to assist him. This may seem to be an obvious warning, but people do forget this in the trauma of an emergency situation. Often the first thought is to save the person in distress and people enter the vessel without proper protection only to succumb to the same hazard without anyone else being present to save them.
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6.



Normal Start-up & Shutdown



6.1.



Normal Start-up after Prolonged Shutdown
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Follow the step-by-step procedure given in section 5.2.



6.2.



Normal Start-up after Short Shutdown After a shutdown of short duration, usually within 48 hours, and when the following conditions are assumed to be maintained: „ „ „



Normal level of water is kept in the Sour Water Stripper (C-3401). C-3401 is under a hot stand-by with minimum steam flow to the Sour Water Stripper. All pumps have been stopped.



The unit can be commissioned, starting from activity 3 of the step-by-step procedures given in section 5.2.



6.3.



Normal Operations



6.3.1.



Monitoring and Control The primary controlling variables for the sour water stripping section are the steam stripping rate and the temperature of the stripping column. Since this is a unit which is boiling a nearly-pure material, water, the pressure and temperature are not independent in the bottom of the stripper. These variables are adjusted to maximize stripping action and minimize salt formation in the column. The column overhead pressure should be held at about 0.9 barg, consistent with the requirements of the SRU. The column bottom water temperature at this pressure will be approximately 126 oC. The column top temperature (tray No. 44) should be kept at or about 90 o C. This temperature at the top of the stripper will assure efficient rejection of H2S overhead with the off-gas and minimize acid gas concentration at the top section of the column. Acid gases in water attack almost all materials of construction. If the temperature at the top of the stripper drops below about 70 oC, ammonium sulfide and polysulfide crystals may form and that would lead to plugging problems. For the same reason, the off gas lines from the stripper feed drum and the stripper are kept hot by the steam jacket or steam trace to prevent condensation and salt formation. Make certain the steam addition and condensate traps in this system are kept in service. The stripper top temperature is controlled by a temperature controller (34-TC-004) that resets the pumparound flow controller (34-FC-006). Pumparound liquid temperature should be about 60 oC and is adjusted by controlling the pitch of one of the fans (34-HC-003) in the Sour Water Stripper Pumparound Cooler (E-3404).
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The stripping steam rate to the stripper should be varied to optimize the H2S and NH3 rejection. In general, a low steam rate may be possible if rejection is good or remaining H2S and ammonia do not increase when the rate is reduced. Conversely, increasing the steam rate may improve rejection of H2S and NH3. The pH of the stripped water is a useful control parameter. If the stripped water pH is a slightly acidic (less than pH 7), ammonia retention will be increased. If the pH of the stripped water is slightly basic (greater than pH 7), H2S retention will be increased.



6.3.2.



Typical Operating Conditions The followings are typical operating conditions of main operating factors: Sour Water Stripper column pressure



0.9 barg



Sour W0ater Stripper overhead vapor temperature



90 oC



Sour Water Stripper bottoms liquid temperature



126 oC



Side Reflux Drawoff temperature



99 oC



Side Reflux Return temperature



60 oC



Stripping steam rate (approximate)



6.4.



Routine Operation



6.4.1.



Miscellaneous Procedures



22400 kg/hr



Oil skimming If hydrocarbon appears in the sour water stripper feed drum, pump it out to Light Oil Slop Tank by using the Sour water Stripper Feed Drum Slop Oil Pump (P-3402/S) If hydrocarbon accumulates in the accumulator tray of the stripper, send it back to the stripper feed drum. Periodically operate skimming line in the Sour Water Feed Tank to remove hydrocarbon accumulation in it.



6.4.2.



Routine Control Tests to be Performed by Operators Refer to Section 11.3.
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Step-by-step Shutdown Procedure 1. 2. 3. 4. 5. 6. 7. 8.



6.6.
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Block in all sour water feed streams to the Sour Water Stripper Feed Drum (V-3401). Shut down and isolate the Sour Water Tank Feed Pumps (P-3401A/B). Divert the acid gas discharge to the acid gas flare. Shut down and isolate the Sour Water Stripper Feed Pumps (P-3405A/B). Place the 34-FC-005 in manual and gradually reduce steam input to the stripper. Keep the stripper bottoms level in view. When the water level in the stripper bottoms begins to drop, shut down and isolate the Sour Water Stripper Bottoms Pumps (P-3404A/B). If the shut down is temporary, keep a small steam flow to the stripper to keep it warm (80-90 ℃). If the shut down is long term, block in the steam flow. Shut off and isolate the pump around circuit. Allow the stripper to cool down gradually.



Blind The equipment and lines, which should be isolated from in-line equipment completely for safety purpose, shall be provided with a blind or spacer. Isolation philosophy is as follows:



6.6.1.



Isolation for On-stream Maintenance The equipment, which is expected to be taken out from service during normal operation for maintenance; such as pumps, reciprocating compressors, filters and shell & tube exchangers; shall have permanent spectacle blinds on the inlet and the outlet. However, no blind is provided on the inlet and the outlet of equipment for cold low pressure water service (below 65 deg C, e.g. sea water and secondary cooling water).



6.6.2.



General Isolation (1) Column In general, a 12" and larger nozzle shall have a permanent spacer to enable installing a blind on it during maintenance of a column. For a 10" and smaller nozzle, a temporary blind shall be provided at a warehouse to be used for maintenance, although a blind for such a nozzle is not shown in P&IDs. Positive isolation shall be made on a nozzle connected to a flare header or hot utility stream. Also refer to (3) mentioned below for integrated system blind. (2) Drum For drum, the isolation philosophy is the same as that of column mentioned above. However, in case that there are blinds on the downstream or upstream equipment nozzles connected to a nozzle via piping, no blind is required on such a nozzle. (3) Integrated System Blind Consideration is made that integrated system blind to be maximized as shown in the following examples:
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(a) High pressure circuit of the reactor to be made as one block. (b) Reboiler is isolated as apart of Column. (c) Spectacle blinds are provided where ease of accessibility.



6.7.



Opening Equipment The area around the vessel manways should also be surveyed for possible sources of dangerous gases which might enter the vessel while the person is inside. Examples include acetylene cylinders for welding and process vent or drain connections in the same or adjoining units. Any hazards found in the survey should be isolated or removed. Safe access must be provided both to the exterior and interior of the vessel to be entered. The exterior access should be a solid, permanent ladder and platform or scaffolding strong enough to support the people and equipment who will be involved in the work to be performed. Access to the interior should also be strong and solid. Scaffolding is preferred when the vessel is large enough to permit it to be used. The scaffolding base should rest firmly on the bottom of the vessel and be solidly anchored. If the scaffolding is tall, the scaffolding should be supported in several places to prevent sway. The platform boards should be sturdy and capable of supporting several people and equipment at the same time and also be firmly fastened down. Rungs should be provided on the scaffolding spaced at a comfortable distance for climbing on the structure. If scaffolding will not fit in the vessel, a ladder can be used. A rigid ladder is always preferred over a rope ladder and is essential to avoid fatigue during lengthy periods of work inside a vessel. The bottom and top of the ladder should be solidly anchored. If additional support is available, then the ladder should also be anchored at intermediate locations. When possible, a solid support should pass through the ladder under a rung, thereby providing support for the entire weight should the bottom support fail. Only one person at a time should be allowed on the ladder. When a rope ladder is used, the ropes should be thoroughly inspected prior to each new job. All rungs should be tested for strength, whether they be made of metal or wood. Each rope must be individually secured to an immovable support. If possible, a solid support should pass through the ladder so that a rung can help support the weight and the bottom of the ladder should be fastened to a support to prevent the ladder from swinging. As with the rigid ladder, only one person should climb the ladder at a time. Also refer to Section 10.12 “Entering tanks, drums or other vessels.



6.8.



Special Precautions Not applicable to this unit
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Emergency Shutdown & Logics



7.1.



General Instructions



JOB CODE: 0-3100-25 DOC NO: S-340-1283-001 Rev.R1 SHEET : 29 of 48



Emergency shutdown, capacity reduction, or modified operation of the Sour Water Stripping Unit can result from any of the following causes: 1. 2. 3. 4. 5.



Loss of Utilities - loss of low low pressure steam, cooling water, electrical power, or instruments air. Equipment failure of some equipment requires plant shutdown or capacity reduction. Loss of Feed Fire and other Emergencies Loss of pump external flushing fluid



The extent to which the plant will have to be shut down depends on the specific emergency. In any emergency, determine the extent of the emergency condition, and decide how to cope with it. Then proceed with one of the following actions as warranted by the emergency: „



„ „



7.2.



Handle the emergency as a localized condition without shutting down the rest of the plant. For example, in the case of a faulty control valve. Block in and bypass the malfunctioning item until repairs can be made. or Shut down the unit using the normal shutdown procedure described in Section 6.6. or Shut down the unit using the emergency procedures given below for a specific emergency. In executing emergency shutdown steps, the normal shutdown procedure detailed in Section 6.6 should be followed as closely as possible.



Fire Consequence If a fire occurs in the plant, that section of equipment in which the fire has occurred must be isolated to confine fire and depressured to eliminate the source of combustible material. Unless the fire is small and can be handled quickly the plant will shutdown. Operation supervisor on duty will advise on shutdown, based on refinery procedures in place. Actions „ Follow operation supervisor’s orders on shutdown and firefighting procedures. „ Plant must be shutdown: „ Remove all heat input to plant. „ Block in feeds and product streams. „ Isolate section or area where fire is occurring, to remove combustion source. „ Depressure various columns and vessels to flare. „ Shutdown remaining portions of plant as time and circumstances permit or require.



_ _ _ __ RA| D __| N I ||___ 005 CT-2 04-O



09004ed580208a68_--_A4_--_.doc



Sohar Refinery Company SOHAR Refinery Project Operating Manual for Unit 3400



7.3.



JOB CODE: 0-3100-25 DOC NO: S-340-1283-001 Rev.R1 SHEET : 30 of 48



Power Failure When an electrical power failure occurs, the Sour Water Stripper Unit will shut down. The Unit is designed to fail safe when loss of power occurs. A true emergency exists when an electrical power failure occurs. Consequence The plant will have to be shut down. Feed will be lost, reflux to columns will be lost, and temperatures and pressures in column will rise. Actions „ Block in all feed and product streams in the unit. „ Block in all pumps. „ Block in the steam flow to the stripper. „ Follow the preceding action with an orderly shutdown using the normal shutdown procedures described in Section 6.6. Caution: Maintain a positive pressure in the stripper as it cools by using nitrogen or steam.



7.4.



Instrument Air Failure A true emergency exists when instrument air is lost. Consequence When an instrument air failure occurs the unit will be shutdown. The unit is designed to fail safe when instruments air is lost. Actions „ Shut down all pumps. „ Block the feed inlet valve at battery limits. „ Follow the preceding action with an orderly shutdown using the normal shutdown procedure described in Section 6.6. „ Maintain a positive pressure in the stripper as it cools by using nitrogen or steam. Do not let the stripper go under a vacuum.



7.5.



Steam Failure A true emergency exists when steam is lost. Consequence If low low pressure steam is lost, stripping steam to the Stripper will be lost. The plant will have to be shut down. Actions „ Put the steam flow controller in manual and close the control valve. „ Proceed with the normal shutdown when the emergency steps are complete.
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Sea Water Failure When a cooling water failure occurs, the plant operation conditions must be adjusted. Consequences Cooling for the Stripped Water Cooler will be lost resulting in an increase in product temperature to the Waste Water Treatment Unit. Actions „ If possible, reduce the feed rate. If it is not possible to reduce the feed rate, make sure that the high temperature stripped water rundown will not have any adverse effect on the downstream unit. „ Await instructions from operation supervisor.



7.7.



Fuel Gas Failure Not applicable to this unit



7.8.



Natural Gas Failure Not applicable to this unit



7.9.



Major Equipment Failure Not applicable to this unit



7.10.



Hydrogen Failure Not applicable to this unit



7.11.



Amine Failure Not applicable to this unit



7.12.



Nitrogen Failure Not applicable to this unit



7.13.



Flare Problem Not applicable to this unit
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Feed Failure Consequence If the feed is lost because of a power failure, the plant must be shut down as outlined in Power Failure. If lost because of feed pump or other related problems, the plant will be shut down. Action When loss of feed occurs, follow the emergency steps given by the operation supervisor and then proceed with an orderly unit shutdown using the shutdown procedure described in Section 6.6.



7.15.



DCS Failure All IOs related to control loops/sequences are fully redundant. Hence, it is not considered that the DCS failure will result in any operational consequences for these IOs. Any failure will be alarmed to the operator for his instruction to maintenance personnel. All Inputs related to monitoring signals are single. However, in case of input failure for monitoring loop, again the operator can get the card failure information alarm so that he can take the appropriate counter measure.



7.16.



PLC Failure All IOs except to reset switch input are fully redundant. Hence, it is not considered that the ESD failure will disrupt any operation for these IOs. All Inputs related to reset switch are single. However, in all cases failures will be alarmed to the operator for his instruction to maintenance personnel.



7.17.



Boiler Feed Water Failure Not applicable to this unit



7.18.



Air Blower Failure Not applicable to this unit



7.19.



Slide Valve Failure Not applicable to this unit



7.20.



Wet Gas Compressor Failure
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8.



Equipment & Instrument List



8.1.



Equipment List
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Refer to the Attachment 8.1. (Equipment List).



8.2.



List of Instruments Instruments provided for this unit are listed in “Instrument Schedule for Sour Water Stripping Unit, Document No.: S-340-1370-101”.
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9.



Flow Plans and Plot Plan



9.1.



PFD’s, MSD’s and P&ID’s Refer to the following attachments: Attachment 9.1: Process Flow Diagram: (D-340-1223-101) Attachment 9.2: Material Selection Diagram: (D-340-1223-901) Attachment 9.3: Piping and Instrument Diagram: (D-340-1225-101, 102, 103, 104, 105, 106)



9.2.



Design engineering and safety flow plans Refer to the following attachments: Attachment 9.4: Piping and Instrument Diagram (UFD): (D-330-1225-211 ~ 241) Attachment 9.5: Hazardous Area Classification Process Area 4: (D-810-1380-001) Attachment 9.6: Conceptual Layout Fire Water and Extinguishers Area 4: (D-910-1241-025) Attachment 9.8: Conceptual Layout Fire & Gas Alarm Systems Area 4: (D-910-1241-035) Attachment 9.9: Conceptual Layout Fire & Gas Alarm Systems Overall: (D-910-1241-031) Attachment 9.10: Conceptual Layout Drawing Fire Water and Foam System & Fire Extinguishers (Overall): (D-910-1241-021)



9.3.



Plot Plan Refer to Attachment 9.11:



9.4.



Plot Plan (Process Area 4) for HGU, SWS, ARU, SRU1, SRU2 and TGU (D-330-1225-001)



Cause and effect charts Refer to Attachment 9.12: Cause and Effect Chart (S-340-1223-603)
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10.



SAFETY



10.1.



Emergency Fire Plan
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The fire protection system of the plant is designed to prevent fire occurrence, control fire escalation, or extinguish fire within short period of time, assuming there will be no outside fire fighting assistance, with only one major fire at a time.



10.2.



Fire Fighting and Protective Equipment There are fire water hydrants, fixed monitors and water spray systems in the process area. Suitable fire extinguisher must be readily available. The area around an extinguisher or hydrant must be clear so that equipment is readily accessible in case of emergency. For details, see the relevant drawing for the fire fighting system. The fire fighting should be done from the windward. In order to prevent the spread of fire, it is necessary to cool down near equipment using the fire water system and fixed monitors. If the process unit is in operation, it is necessary to shut down the unit and depressuring. DO NOT EVACUATE or VENT any hydrocarbon to atmosphere. Refer to “ CONCEPTUAL LAYOUT FIRE WATER AND EXTINGUISHERS PROCESS AREA “, D-910-1241-022 - 026 for details. Fire alarm system Refer to “ CONCEPTUAL LAYOUT FIRE & GAS ALARM SYSTEMS OVERALL & PROCESS AREA “, D-910-1241-031 - 036. Fixed Water Monitors Provision for fixed water monitors shall be per “CONCEPTUAL LAYOUT FIRE WATER AND EXTINGUISHERS PROCESS AREA “, D-910-1241-022 - 026. Fixed water monitors have an effective nozzle range of 50 m and a discharge capacity of 1900 liter per minutes. Monitors are arranged so that equipment handling flammable or combustible liquids and gases to be protected are covered by two or one fixed monitors with a radius of 50 m. Monitors are located at least 15 m from the equipment being protected. Fire Hydrants The maximum distance between fire hydrants serving the process units shall be 60 meters or less as determined by the equipment served.



_ _ _ __ RA| D __| N I ||___ 005 CT-2 04-O



09004ed580208a68_--_A4_--_.doc



Sohar Refinery Company SOHAR Refinery Project Operating Manual for Unit 3400



10.3.



JOB CODE: 0-3100-25 DOC NO: S-340-1283-001 Rev.R1 SHEET : 36 of 48



Toxic Gas Leak Detection System Refer to the following documents for details: -



Operation Manual for Fire Protection Systems (S-910-1283-001) Conceptual Layout Fire & Gas Alarm Systems Overall (D-910-1241-031) Conceptual Layout Fire & Gas Alarm Systems each Process Area (D-910-1241-032 036)



r



10.4.



Maintenance of Equipment and Housekeeping „



Operating equipment should be checked frequently for signs of leakage, overheating, or corrosion, so that unsafe conditions may be corrected before they result in serious consequences. Unusual conditions should be reported at once.



„



Guard around moving shafts, coupling belts, etc., which have been removed for repairs to the equipment must be replaced when repair work is completed.



„



Tools, pieces of pipe etc., should never be left lying on platforms or railings of operation equipment where they can be knocked off and injure someone below.



„



Access to ladders and fire escapes must be kept clear. Waste material and refuse must be put in proper locations where they will not offer fire or stumbling hazards.



„



Liquid spills must be cleaned up immediately. Blanket gas leaks with steam and immediately report leaks for repair.



„



In the event that electrical equipment does not function properly, notify the electrical department and stay clear of the equipment until the electrician arrives.



„



Gas cylinders should be stored so that they cannot fall over. Guard caps must remain in place over the valves of cylinders which are not in use.



„



Care should be taken when installing scaffolding to ensure that the wooden boards do not contact hot equipment and that no part is allowed to impair free access on operational equipment e.g. ladders, stairways, walkways or valves. Scaffolding should be removed immediately on completion of the work in hand.



„



Switch pumps regularly when spares are provided. This will assure start the spare pump will be ready when needed.
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Repair Work „



Mechanical work around an operating unit must be kept to a minimum, and the minimum number of men should be used.



„



No mechanical work on the equipment is to be done without a properly authorized work permit.



„



Safety hats must be worn by all personnel in all areas at all times.



„



No burning, welding, open fires, or other hot work shall be allowed in the area unless authorized by a work permit. Catch basins, manholes, and other sewer connections must be properly sealed off to prevent the leakage of gases which may ignite upon contact with an open flame.



„



No personnel shall enter a vessel for any purpose whatsoever until it has been adequately purged, blanked off, and tested to ensure freedom from noxious or inflammable gases and an entry permit issued.



„



Lines operation at a low temperature might fracture if unduly stressed; therefore, do not physically strike these lines and avoid operation conditions which would cause a water hammer to start.



„



Do not use light distillates such as gasoline or naphtha to clean machinery or for any other cleaning purposes.



„



Equipment should not be left open overnight. At the end of each day’s work blanks or spades should be installed to prevent entry of flammable materials due to valve let-by.



„



Welding cylinders should be removed from site to a designate safe area at the end of each working day.



Thermal Expansion in Exchangers Because of serious accidents caused by thermal expansion of liquid trapped in exchangers the following procedures is outlined in an effort to eliminate this hazard. Incorrect action is likely to lead to serious injury and/or major equipment damage. „



When the cooler side of an exchanger is to be bypassed while hot material is passing through the other side, the drain or vent should be checked before bypassing to see that it is not plugged.



„



When the exchanger is bypassed, the bleeder or vent should be arranged so that the pressure can be dissipated to a suitable place



„



Warning signs should be installed on all exchangers where it is possible to block in the cold side of an exchanger with hot liquid going through the other side.
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THERMAL EXPANSION OF A TRAPPED LIQUID CAN CAUSE AN EXPLOSION. DO NOT CLOSE BOTH INLET AND OUTLET VALVES UNLESS YOU OPEN THE DRAIN OR BYPASS.



10.7.



10.8.



Withdrawal of Samples „



Samples shall be withdrawn from the unit only by authorized personnel.



„



Protective equipment, face masks or goggles, and suitable gloves must be worn for sampling. A container must never be filled to the brim, in order to minimize risk of subsequent spillage.



„



When sampling any product liquids, gloves and goggles will be worn.



„



When sampling any material, gas or liquid, the sampling line must be flushed long enough to remove dormant materials to insure that the sample obtained represents the current stream. Pass enough gas through the sample vessel to insure the displacement of the purge gas and to adjust the temperature of the sampler so that the composition is not distorted by condensation or flashing, etc.



„



When the sample composition is representative of the source material, it shall not be distorted by flash vaporization. Certain classes of samples may require inert atmospheres, cooling or special carrying devices. Wear approved personal safety equipment and exercise caution to avoid injuries.



Safe Handling of Volatile and Toxic Materials including Catalyst The safety rules given below are for the protection of life and limb, and the prevention of property loss. It is expected that refinery people will exercise common sense, alertness, and good judgment in carrying them out. If ever there is any doubt as to the safety aspect of a particular operation, consult your supervisor immediately.



10.8.1. Respiratory protection Refer to "CONCEPTUAL LAYOUT FIRE & GAS ALARM SYSTAMS PROCESS AREA 1" (D-910-1241-032 ). Most refinery gases, other than air, are harmful to human beings if inhaled in certain concentration. Toxic gases may be classified as either asphyxiating or irritating. Asphyxiating gases may cause death by replacing the air in the lungs or by reaction with the oxygen carried in the blood; examples are hydrogen sulfide, carbon monoxide, and smoke. Irritating gases may cause injury or death not only by asphyxiating but also by burns internal and external/ examples are chlorine and sulfur dioxide.
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To guard against the inhalation of harmful gases: „ „ „ „



Secure a gas test certificate showing the gas condition of the vessel is safe for entry. Stand on the windward side of an operating from which gases escape. Provide proper ventilation. All personnel should become familiar with the accepted method of artificial respiration in order to render assistance to any one overcome by gas, electric shock, or drowning.



If anyone is overcome by gas, his rescuer should: „ „ „ „



Never attempt a rescue unless an assistant is standing by. Protect himself before attempting a rescue by wearing breathing apparatus. Get the victim to fresh air as soon as possible. Give artificial respiration and send his assistant to call for medical aid.



When using a breathing apparatus, be sure that the mask fits the face properly. Test it by the approved test method. WEAR THE CORRECT TYPE OF BREATHING APPARATUS, SUITED TO THE SITUATION ENCOUNTERED.



10.8.2. Breathing Apparatus (B.A.) There are four types of breathing apparatus in general refinery service. They are the canister type masks, the fresh air hose line B. A., the compressed air self-contained B. A. and the compressed air line trolley B. A. The compressed air self-contained breathing apparatus has a self-contained air supply carried on the back of the user. It is used principally in emergencies. After use, always notify the proper department so that they can recharge the cylinders as soon as possible.



10.8.3. Corrosive Materials Whenever containers of corrosive chemicals such as ammonia, chlorine, caustic soda, sulfuric acid, etc., are to be opened or emptied, always have a connected water hose handy to flush off and help absorb spilled material and to reduce spread of toxic vapors.
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10.8.4. Poisonous Gas The information in this section must be thoroughly understood by the reader before reading the rest of this manual or operating the plant. It could save your life. A matter of utmost concern for all operating personnel is the presence of H2S in streams. The crude overhead area is a high H2S concentration area. Personnel working in the crude overhead area must carry portable H2S detectors at all times. Prominent warning signs must be posted on the boundaries of the crude overhead area to caution personnel that they are entering a high H2S concentration area. Refer to "CONCEPTUAL LAYOUT FIRE & GAS ALARM SYSTEMS PROCESS AREA" (D-910-1241-031-037).



10.8.4.1. Hydrogen Sulfide (H2S) H2S is a colorless gas slightly heavier than air (it accumulates in low spots- be aware!). It is highly flammable and a dangerous fire risk. Hydrogen sulfide is an explosive gas, which will explode in concentrations of 4.3% (3.4% at 149oC) to 45% by volume in air. Hydrogen sulfide explosions are most likely to occur in the vapor space over liquid sulfur, because as liquid sulfur is cooled or agitated, it evolves H2S into vapor space above it. Such vapor exists above the liquid sulfur in the sulfur pit, which must be swept with air to prevent a buildup of H2S to explosive. H2S is easily identified in very low, non-fatal concentrations (0.13 ppm) by the strong pungent odor of rotten eggs. However, since H2S deadens your sense of smell, do not rely on its odor to warn you of its presence in lethal concentrations. Note: H2S is extremely poisonous, (more poisonous than the hydrogen cyanide gas used in the “gas chambers”) and breathing any concentration must be avoided. Symptoms of poisoning vary with the concentration and length of exposure. H2S is present in the feed from the fractionator overhead system and in many lines and Note: H2S leaks should never be approached without self-contained breathing apparatus and a stand-by man in position with breathing apparatus. H2S monitors have been provided to detect H2S leaks in particular areas of moderate to high concentrations. Become familiar with the location of this safety equipment and its operation. Precautions to Avoid Danger from Hydrogen Sulfide Gas Working in any concentration of hydrogen sulfide is not desirable. Where necessary, work can be done for an eight-hour period in a concentration up to 10ppm (0.001%) by volume in an air, providing continual checks are made by a gas tester using an H2S Gas Detector. Under no circumstances should anyone work in concentration greater than 10 ppm without proper respiratory equipment and approval of a supervisor. Because of the dangerous from the release of hydrogen sulfide gas, the following precautions must be strictly observed:
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Do not work or permit anyone to work in an area suspected of containing a concentration of hydrogen sulfide gas without first having the area tested by a gas tester, using an H2S detector. Report at once any leakage of gas or any gaseous areas as soon as discovered. Keep out of gaseous areas and keep others out. Stay on the windward side of the area as long as the condition exists. When necessary to vent equipment containing hydrogen sulfide or hydrogen sulfide bearing material, use a vent or relief system, if provided. Avoid venting this gas directly to the atmosphere. Maintain adequate ventilation of any enclosed space where leakage of gases might occur. If it should be necessary in an emergency to enter and area where there is any possibility of hydrogen sulfide gas being present, particularly in enclosed locations where the gas could accumulate, use a compressed air self-contained B. A.. Have a man standing by in a safe location equipped with a breathing apparatus and, if necessary, use a life line. Principles for Emergency Action If any emergency situation develops due to escaping hydrogen sulfide gas, observe the following principles for safety: First get out and warn all others to stay clear of the hazardous areas. Do not attempt to rescue anyone unless you are wearing breathing apparatus. Your first duty is to summon help before attempting a rescue. Do not, under any circumstances, try to determine the concentration of hydrogen sulfide as by its odor. If its presence is suspected, have the location tested with an approved Hydrogen Sulfide Gas Detector. In case a man is over come, summon help, get him into the fresh air at once, and begin artificial respiration, using an inhalator if available. Summon a doctor as soon as possible. But do not stop artificial respiration. Any person overcome by gas must be kept warm, even during artificial respiration. Use anything available, which may be suitable for this purpose, such as emergency blankets, coats etc. When the patient has recovered and can be safely moved, he must be set to the hospital by ambulance and never allowed to stand until released by the doctor.



10.8.4.2. Nitrogen N2 is an inert gas used for purging equipment or maintaining a positive pressure inert gas blanket on a vessel. N2 is neither poisonous nor flammable, but care must be exercised when working inside equipment that has been N2 purged. Adequate ventilation must be provided and appropriate breathing devices worn. To breathe an atmosphere high in N2, could result in suffocation. Before entering vessels that have been purged with N2, a check must be made for proper oxygen content prior to entry. Rapid vaporization of liquid nitrogen can cause severe burns on contact with the skin.
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10.8.4.3. Ammonia Ammonia is a colorless gas with an extremely pungent odor. Exposure to ammonia may cause varying degrees of irritation to the eyes, skin, or mucous membranes. Ammonia exposure for short term and under 100 wt ppm has caused nose and throat irritation. Over 500 ppm exposure for approximately 30 minutes has caused upper respiratory irritation, tearing, increased pulse rate and blood pressure. High level exposures can cause long term respiratory problems and/or death. Sometimes symptoms do not appear for several hours after the exposure has occurred. Where ammonia concentrations exist in concentrations above standard, respiratory, eye, and skin protection should be provided. Full face gas masks with ammonia canister or supplied air respirators, both with full face pieces, afford good protection. In areas where exposure to liquid ammonia exists, goggles or face shields, as well as protective clothing impervious to ammonia and including gloves, aprons, and boots should be required. In heavy concentrations of ammonia gas, workers should be outfitted with complete self-contained protective suits impervious to ammonia, with supplied air source, and full headpiece and face piece.



10.9.



Preparing Process Equipment Anyone entering a vessel, which may contain an inert or contaminated atmosphere, must follow safety precautions and rules which apply. The vessels may contain H2S or other toxic material in addition to hydrocarbons. Therefore, the following precautions should be included in the standard procedure. The vessels should be isolated by positive action, such as blinding, to exclude all sources of hydrocarbon, fuel gas, steam, air, etc. The refinery safety officer and supervisory personnel will give their permission for vessel entry after they have made the appropriate tests. Install an air mover outside the vessel to sweep away any vapors. The man entering the vessel must be equipped with a fresh air mask in proper working condition. If the condition of vessel is not enough to enter, use a compressed air self-contained B. A. There should be available and ready for immediate use and transfer to the man in the vessel, a separate air supply which is independent of electrical power. The man entering the vessel should wear a safety harness with properly attached safety line. If the work involves a large distance above the floor of the vessel, scaffolding or support flooring must be built to prevent dangerous falls. There should be a spare fresh air mask complete with its own separate air supply, to allow a second man to enter the equipment quickly in case of an emergency. This spare equipment must be compact enough to allow the second man to enter through the manway while entering the equipment. The API publication “Guide for Inspection of Refinery Equipment” or the NIOSH publication No. 87-113; “A Guide to Safety in Confined Spaces” can be referred to for additional information on safety procedures for vessel entry and accident prevention measures.
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10.10. Opening Equipment Every line connecting to a nozzle on the vessel to be entered must be blinded at the vessel. This includes drains connecting to a closed sewer, utility connections and all process lines. One person should be given responsibility for the all blinds in the unit to avoid errors. The area around the vessel manways should also be surveyed for possible sources of dangerous gases, which might enter the vessel while the person is inside. Examples include acetylene cylinders for welding and process vent or drain connections in the same or adjoining units. Any hazards found in the survey should be isolated or removed. Safe access must be provided both to the exterior and interior of the vessel to be entered. The exterior access should be a solid, permanent ladder and platform or scaffolding strong enough to support the people and equipment who will be involved in the work to be performed. Access to the interior should also be strong and solid. Scaffolding is preferred when the vessel is large enough to permit it to be used. The scaffolding base should rest firmly on the bottom of the vessel and be solidly anchored. If the scaffolding is tall, the scaffolding should be supported in several places to prevent sway. The platform boards should be sturdy and capable of supporting several people and equipment at the same time and also be firmly fastened down. Rungs should be provided on the scaffolding spaced at a comfortable distance for climbing on the structure. If scaffolding will not fit in the vessel a ladder can be used. A rigid ladder is always preferred over a rope ladder and is essential to avoid fatigue during lengthy periods of work inside a vessel. The bottom and top of the ladder should be solidly anchored. If additional support is available, then the ladder should also be anchored at intermediate locations. When possible, a solid support should pass through the ladder under a rung, thereby providing support for the entire weight should the bottom support fail. Only one person at a time should be allowed on the ladder. When a rope ladder is used, the ropes should be thoroughly inspected prior to each new job. All rungs should be tested for strength, whether they are made of metal or wood. Each rope must be individually secured to an immovable support. If possible, a solid support should pass through the ladder so that a rung can help support the weight and the bottom of the ladder should be fastened to a support to prevent the ladder from swinging. As with the rigid ladder, only one person should climb the ladder at a time.



10.11. Working on Tanks It is recommended that any man working in a tank, which has an inert or contaminated atmosphere, be not permitted to move too far away. Any one working in the tank should be aware of the hazard of falling objects. Hard hats should be worn, but these will not provide total protection against heavy objects.
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The workmen should be warned to pay attention, to look, and listen. he maintenance supervisor should be careful when scheduling work, to avoid having peoplen the bottom of the tank when there is heavy work going on in the top of the tank. A communication system should be provided for the manhole watch so that they can quickly call for help in the event that the personnel inside of the tank encounter difficulty. A radio, telephone, or public address system is necessary for that purpose.



10.12. Entering Tanks, Drums or Other Vessels It is recommended that any man working in a vessel, which has an inert or contaminated atmosphere, not be permitted to move too far away or into any tight areas, such as through a crude column tray manway. The reason for this precaution is that should the man develop some difficulty while below a tray, for example, to a point where he could not function properly or lost consciousness, it would be extremely difficult for the surveillance team outside the vessel to pull the man up through the small tray manway by use of the safety line. Any one working in the bottom of the column or vessel should be aware of the hazard of falling objects. Hard hats should be worn, but these will not provide total protection against heavy objects. The workmen should be warned to pay attention, to look, and listen. The maintenance supervisor should be careful when scheduling work, to avoid having people in the bottom of the vessel when there is heavy work going on in the top of the column or vessels. A communication system should be provided for the manway watch so that they can quickly call for help in the event that the personnel inside the vessel encounter difficulty. A radio, telephone, or public address system is necessary for that purpose. Before entering a vessel, the refinery’s safety precautions should be observed. These usually include the following: sampling the vessel for toxic vapors and oxygen concentration, wearing a safety harness, and having an attendant outside the vessel. An unattended vessel should never be entered



10.13. Procedure for Removing Safety Valves In general, PSV removing work shall be done at shutdown period of related equipment covered by the PSV. If the work is done at on-stream, work permit should be given authorized supervisors, both safety and operation. And in the case that PSV to be replaced, at first spare PSV to be prepared after which set pressure is properly adjusted on the testing facility. Release car seal of isolation valves by using the device. Close both inlet/outlet isolation valves and release fluid stored between isolation valves and PSV safely by opening vent or drain valves if the vent and drain valves are provided. Release PSV inlet/outlet flange to remove the PSV. In the case that PSV to be replaced, after replacing PSV to new one, inlet/outlet isolation valves, drain and vent valves to be set as it was, including car seal position.
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10.14. Work Permit Procedure and Work Permit Formats Before entering the vessel, a vessel entry permit must be obtained. A vessel entry permit insures that all responsible parties know that work is being conducted inside of a vessel and establishes a safe preparation procedure to follow in order to prevent mistakes, which could result in an accident. The permit is typically issued by the safety engineer or by the shift supervisor. The permit should be based on a safety checklist to be completed before it is issued. The permit should also require the signatures of the safety engineer, the shift supervisor, and the person that performed the oxygen toxic and explosive gas check on the vessel atmosphere. Four copies of the permit should be provided. One copy goes to the safety engineer, one to the shift supervisor, one to the control room, and one copy should be posted prominently on the manway through which the personnel will enter the vessel. The permit should be renewed before each shift and all copies of the permit should be returned to the safety engineer when the work is complete. Additional requirements or procedures may be imposed by the refiner, but the foregoing is considered the minimum acceptable for good safety practice.



10.15. Operation Notes relating to HAZOP Review Refer to “HAZOP REVIEW REPORT”, S-340-1250-101 and “HAZOP ACTION FOLLOW-UP SHEET”, S-340-1250-501. Action No.



Recommendation



Oper. Manual Section No.



R23.1



Provide inspection and operational procedures for manual sampling.



The inspection procedures shall be prepared by O&M contractor as per this recommendation.



R23.2



Provide suitable operating procedures for steam out of V-3401 and other vessels not designed for vacuum. Provide operating procedures for use of T-3401 skimming line following upstream unit upset. Provide operational procedures to ensure that standby exchanger (E-3401/3402A/B) is isolated by spectacle blind from both hot and cold streams when not required.



4.5. and 5.2.



R58.2 R92.1



6.4.1. 2.1.2.5.



10.16. Material Safety Data Sheet (MSDS) Refer to the S-000-1242-201 (Attachment 15 in S-000-1283-001).
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11.



Miscellaneous



11.1.



Catalyst and Chemical Loading / Unloading Not applicable to this unit.



11.2.



Catalyst and Chemicals Requirements Not applicable to this unit.



11.3.



Analytical Plan Recommended sampling requirements are provided in the table below. Test frequency shown is a rough figure and will be optimized with experience in plant operation. (1)



(2)



(3)



(4)



Sour Water to Sour Water Feed Tank (34SC-E-001) Item



Test Method



Normal



Start-up



NH3 H2S Total oil



ASTM D-1426 UOP 683 Oil meter



1/D 1/D As req.



3/D 3/D 1/D



Sour Water from Sour Water Feed Tank (34SC-E-002) Item



Test Method



Normal



Start-up



NH3 H2S Total oil



ASTM D-1426 UOP 683 Oil meter



As req. As req. As req.



As req. As req. As req.



Stripped Water to Outside (34SC-A-003) Item



Test Method



Normal



Start-up



NH3 H2S pH Total oil



ASTM D-1426 UOP 683 pH meter Oil meter



1/D 1/D 1/D As req.



3/D 3/D 3/D 1/D



Normal



Start-up



Stripper Circulating Reflux (34SC-E-004) Item
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NH3 H2S Total oil Note(1) highly Toxic.



Test Method ASTM D-1426 UOP 683 Oil meter



As req. As req. As req.



As req. As req. As req.
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(5) Slop Oil from Sour water Stripper Feed Drum
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Item



Test Method



Normal



Start-up



Water content



Visual



As req.



As req.
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Attachment List of Operating manual for Sour Water Stripping Unit



When this operating manual is issued as Operation and Maintenance Manual Booklet, the following attachment of latest version will be attached. Attachment 1.1 Attachment 1.2 Attachment 1.3 Attachment 3.1 Attachment 8.1 Attachment 8.2 Attachment 9.1 Attachment 9.2 Attachment 9.3



Utility Summary (S-340-1223-501) Catalyst and Chemical Summary (Not Applicable ) Effluent Summary (S-340-1223-601) DCS & ESD Function List Equipment List (S-340-1224-001) Instrument Index (S-340-1370-101) Process Flow Diagram (D-340-1223-101) Material Selection Diagram (D-340-1223-901) Piping and Instrument Diagram (D-340-1225-101, 102, 103, 104, 105, 106) Attachment 9.4 Piping and Instrument Diagram (UFD) (D-330-1225-211, 221, 231, 241) Attachment 9.5 Hazardous Area Classification Process Area 4 (D-330-1380-001) Attachment 9.6 Conceptual Layout Fire Water and Extinguishers Process Area 4 (D-910-1241-025) Attachment 9.8 Conceptual Layout Fire & Gas Alarm Systems Process Area 4 (D-910-1241-035) Attachment 9.9 Conceptual Layout Fire & Gas Alarm Systems Overall (D-910-1241-031) Attachment 9.10 Conceptual Layout Drawing Fire Water and Foam System & Fire Extinguishers (Area4) (D-910-1241-022-026) Attachment 9.11 Plot Plan for Process Area 4 (D-330-1225-001) Attachment 9.12 Cause and Effect Diagram (Unit-3400) (S-340-1223-603)
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