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Section 1 [bookmark: _Toc146951284][bookmark: Introduction] (
TOC
)Introduction

1.1 Purpose of Manual

1.1.1 This manual covers all quality control aspects of the following LPG streams for the Memphis Refinery:
1.1.1.1 Propane production
1.1.1.2 Refinery Grade Propylene (P/P Mix) production
1.1.1.3 Isobutane production
1.1.1.4 Isobutane receipts
1.1.1.5 Normal Butane production
1.1.1.6 Normal Butane receipts

1.1.2 LPG products are some of the most important products that The Memphis Refinery produces and/or purchases. Strict precautions must be taken to ensure that LPG products are refined to the proper specifications, stored, tested and then delivered safely to the Memphis Refinery’s customers in the same condition.  Likewise, strict precautions must also be taken to ensure purchased LPG feedstocks meet the proper specifications per appropriate purchasing contracts.  The integrity and reliability of LPG products and feedstocks must be maintained by diligent use of The Memphis Refinery’s product quality control standards. 

1.1.3 The Memphis Refinery’s customers rely on us to supply a completely satisfactory product, i.e., uncontaminated and on-specification per the appropriate American Society for Testing and Materials (ASTM) Specifications and/or contract specifications.  Consequently, this places significant responsibilities on Memphis Refinery personnel, including:
1.1.3.1 An obligation to deliver LPG products to customers that meet in all respects the requirements of the appropriate ASTM Specifications and any applicable contract specifications.
1.1.3.2 Maintaining business reputation for delivering quality LPG products to customers.  It is vital to The Memphis Refinery’s future business to maintain an excellent reputation for quality products.

1.2 The Memphis Refinery Personnel’s Responsibilities
1.2.1 Refinery Management should provide adequate time, training, procedures, equipment, and personnel to maintain and deliver quality LPG products and to ensure the quality of purchased LPG feedstocks.  Every Memphis Refinery employee involved with LPG products and feedstocks has a significant role and responsibility to consistently ensure quality.  All personnel involved with the handling of LPG products and feedstocks must be thoroughly familiar with, understand, and be committed to strict adherence to all LPG  [image: FormY]product and feedstocks quality control procedures.  Personnel must be properly trained and this training documented (Appendix B; Form Y, Refinery LPG Training )
1.2.2  (
TOC
)All employees are required to promptly alert their management of any LPG product or feedstock quality concern and likewise are strongly encouraged to express their ideas for improvement in these procedures. 

1.3 Quality Control Management System
1.3.1 The intent of our Quality Control Management System  is to create a Plant-Wide “System” for managing the quality of our products at each point in the process.  This Management System contains 3 basic components:
1.3.1.1 Standardized Procedures and Guidelines (this manual provides most of the information for this section)
1.3.1.2 Standardized Processes which follow the Procedures and insure the criteria is met
1.3.1.3 Accountability Management – insuring that individuals know their roles, execute their responsibilities and account for their results.

1.4 LPG Quality Control
1.4.1 Quality control of LPG during production depends on a routine of regular sampling and testing of LPG production streams from the Sats Gas Plant (SGP), Alkylation Unit, and C3/C4 Splitter.  Quality is ensured through the proper response to the test results of production streams by the Process Unit Operators including proper adjustments to operating conditions on the process units.
1.4.2 Quality control of LPG products post production depends on testing and certification of the finished product after batching to a Refinery tank or loading onto a railcar and proper response to the test results by Laboratory and Tank Farm personnel.
1.4.3 Quality control of purchased LPG feedstocks to be unloaded into Refinery tankage via railcar or truck depends on:
1.4.3.1 Ensuring quality at the load port via contract and/or certificate of analysis provided by the load port
1.4.3.2 Sampling and testing of railcar or truck receipts upon arrival prior to discharge 
1.4.3.3 Sampling and testing of the receiving tank post discharge when required.  
1.4.4 These tests provide a means to control and evaluate the quality of the LPG at all points in the distribution system.  These tests are designed to ensure:
1.4.4.1 That product produced at the Memphis Refinery meets specification and contract requirements when it is produced and also when it is loaded onto a railcar or tank truck. 
1.4.4.2 That product purchased meets all specifications and contract requirements when it is purchased and before it is received into Memphis Refinery tankage.

1.5  (
TOC
)Memphis Refinery LPG Products and Feed Stocks Flow Diagram. 
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Section 2 [bookmark: PropaneOverview] (
TOC
)  Propane Overview

2.1 Propane General Description
2.1.1 Propane is a three-carbon alkane, normally a gas, but compressible to a liquid that is transportable. It is derived from other petroleum products during oil or natural gas processing. 
2.1.2 Propane is used as a fuel in cooking on many barbecues, portable stoves, and in motor vehicles. The ubiquitous 5-gallon steel container is often dubbed a "barbecue bottle". Propane powers some locomotives, buses, forklifts, and taxis and is used for heat and cooking in recreational vehicles and campers. In many rural areas of North America, Propane is used in furnaces, cooking stoves, water heaters, laundry dryers, and other heat-producing appliances. As of 2006, 6.9 million American households use Propane as their primary heating fuel.
2.1.3 Commercially-available "Propane" fuel, or LPG, is not pure. Typically in the USA and Canada, it is primarily Propane (at least 90%), with the rest mostly butane and propylene, plus odorants. The most common specification is special duty Propane or HD-5 (see Table Q HD-5 Special Duty Propane Specification) Note that not all products labeled “Propane” conform to this standard.  In Mexico, for example, the butane content is much higher.
2.1.4 Propane is also being used increasingly for vehicle fuels. In the U.S., 190,000 on-road vehicles use Propane, and 450,000 forklifts use it for power. It is the third most popular vehicle fuel in America, behind gasoline and diesel. In other parts of the world, Propane used in vehicles is known as autogas. About 9 million vehicles worldwide use autogas.
2.1.5 Propane is produced as a byproduct of either natural gas processing or petroleum refining.
2.1.5.1 The processing of natural gas involves removal of butane, Propane, and large amounts of ethane from the raw gas, to prevent condensation of these volatiles in natural gas pipelines. 
2.1.5.2 Oil refineries produce some Propane as a by-product of cracking petroleum into gasoline or heating oil.
2.1.6 The supply of Propane cannot be easily adjusted to account for increased demand because of the by-product nature of Propane production. About 85% of U.S. Propane is domestically produced.

2.2 Propane Production at the Memphis Refinery
2.2.1 The Propane produced at the Memphis Refinery is essentially a by-product from several process units that gets fractionated (purified) and treated to remove impurities at either the Sats Gas Plant (SGP) or Alkylation Unit.
2.2.1.1 Sats Gas Plant Propane Production:
· At the Sats Gas Plant, Propane is fractionated (separated) out from numerous gas and LPG streams from other process units including the Crude Units, FCC, Cat Gas Hydrotreater, CCR, Naphtha Hydrotreaters, Distillate Hydrotreaters, Cryo Unit, and Isomerization Unit.  The purified Propane stream is then treated to remove impurities in order to meet Propane product specifications.  Refer to Section 3 for details.
2.2.1.2  (
TOC
)Alkylation Unit Propane Production:
· At the Alkylation Unit, Propane which enters the unit with the Butane/Butylene feed from the C3/C4 Splitter and the Isobutane feed from the SGP or from Isobutane purchases is fractionated (separated) and treated to remove impurities in order to meet Propane product specifications.  Refer to Section 4 for details.
2.2.2 The Propane production streams from the SGP and Alkylation Units are normally combined and stored in several pressurized storage tanks in the LPG Tank Farm area where the product is tested, certified and then shipped out primarily by truck (although railcar shipments are also possible)

2.3 Propane Odorization
2.3.1 U.S.D.O.T. regulations and NFPA 58 require that Propane be odorized prior to transportation to the ultimate consumer, except when the Propane will be used in a manufacturing process that requires the use of “Unstenched” LP Gas.
2.3.2 Depending on the end-use of the Propane, Memphis Refinery customers will request either odorized (stenched) or un-odorized (unstenched) Propane.
2.3.3 Ethyl mercaptan is the stenching agent used by the Memphis Refinery for Propane.
2.3.4 Ethyl mercaptan is added to the Propane by the semi-automated addition system as Propane is being loaded to a truck or railcar.
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Section 3 [bookmark: SGPPropaneProductio0n]Propane Production at SGP

3.1 Purpose of the SGP
3.1.1 The purpose of the Saturated Gas Plant (SGP) is to process saturated gas streams (and some liquid streams) from various process units including the SHU, Distillate Hydrotreaters, Crude Units, Naphtha Stabilizer, Naphtha Hydrotreaters and Isomerization unit and separate these streams into the following product streams:
3.1.1.1 Off Gas (essentially ethane and lighter, including some hydrogen)
3.1.1.2 Propane
3.1.1.3 Isobutane
3.1.1.4 Normal Butane
3.1.1.5 C5+ Gasoline
3.1.2 By separating these gas and liquid streams into these higher valued products, the economics of the Refinery are significantly improved.

3.2 General Description
3.2.1 The SGP is composed of the following sections: compression, presaturation, absorption, and fractionation & treating.
3.2.1.1 Compression Section 
· In the Compression Section, gases from various sources in the Refinery are boosted to a final processing pressure of about 260 psig in preparation for the absorption step. 
· This is accomplished via a two stage compressor with an interstage cooler and interstage drum.  
· In addition to the gases, a liquid stream (Isom Stabilizer liquid) is also directed to the compressor interstage drum. All liquid collected in the drum (except water) is pumped on to the presaturation section.  
3.2.1.2 Presaturation Section 
· In the Presaturation Section, all the feed gases and liquids, along with the Deethanizer Absorber bottoms liquid, are mixed together and cooled. 
· The presaturation section, consists of a large cooler and a separation drum which provides three things:
· An extra stage of contact between the absorption oil and the feed gas
· Cooling
· A separator for the Deethanizer Absorber feed gas and surge drum for the Deethanizer stripper feed liquid. 
3.2.1.3 Absorption Section 
· In the absorption section, gas from the presaturation drum can be contacted with both a lean oil and a sponge oil for near-complete removal of Propane and heavier components. The lean oil is generated within the SGP itself. The sponge oil, if used, is heavier naphtha from a slipstream of Naphtha Stabilizer bottoms or reformate. It can absorb (sponge) additional compounds not collected by the lean oil.  
3.2.1.4  (
TOC
)Fractionation & Treating Section 
· The liquid, which collects in the Presaturation Drum contains components ranging from hydrogen to heavy naphtha. The purpose of the Fractionation Section is to separate this mixture into usable fractions. The liquid first enters the Deethanizer stripper where all compounds lighter than ethane and most of the ethane are removed by application of heat. Deethanizer stripper bottoms are then sent to a Debutanizer, which removes most of the butane and all the lighter constituents. The Debutanizer bottoms is the C5+ gasoline blending component stream. This stream can also be used for lean oil. 
· The Debutanizer overhead is fed to a Depropanizer where Propane and lighter are taken overhead and processed through a treating section to remove H2S and water. The Depropanizer bottoms are separated into normal butane and isobutane in a Deisobutanizer. The Isobutane stream is used for feedstock to the Alkylation unit and occasionally for use as a gasoline blend component for vapor pressure control when there is an economic incentive to do so. The normal butane stream is used as a gasoline blend component for vapor pressure control.
[image: 122 fractionation]


3.3  (
TOC
)Propane Treating Overview
3.3.1 The Propane product leaving the Depropanizer contains both hydrogen sulfide and dissolved water. To meet specifications, both contaminants must be reduced to very low levels. To extract the bulk of the H2S, the Propane is first directed to an amine tower where the Propane is contacted with MDEA (methyldiethanolamine) solution. 
3.3.2 The Propane leaving the top of the amine tower is saturated with water and may contain trace amounts of hydrogen sulfide. To insure that the Propane product meets the copper strip corrosion test, the Propane then passes through a solid KOH Treater to remove the remaining H2S.  A secondary function of the KOH Treater is to remove the majority of the dissolved water to insure the Propane product will meet dryness specifications (Valve Freeze method).  Moisture extracted from the Propane is drained from the vessel as a concentrated KOH solution. This solution is checked and periodically drained manually to the process sewer as necessary. 

3.4 Summary of applicable Tables, Procedures and Forms
3.4.1 Procedures 
3.4.1.1 LPG Process Unit Sampling Procedure
3.4.2 Tables
3.4.2.1 Table Q HD-5 Special Duty Propane Specification.

3.5 Propane Vapor Pressure Control
3.5.1 The Propane Vapor Pressure is typically a function of the ethane content in the final Propane product and is controlled by proper operation of the Deethanizer Stripper.  If all the ethane is not removed in the Deethanizer Stripper, it will carry through to the Depropanizer and ultimately be contained in the Propane product.  The operation of the Deethanizer Stripper is as follows:
3.5.1.1 The only independent variables in the Deethanizer Stripper, 117-10-012, are the reboiler heat input FIC-018 cascaded from TIC-012 on the stripper, and the bottoms liquid level (LIC-014). The pressure is fixed by the pressure in the Absorber, and the feed rate is determined by the level in the Presaturation Drum (LIC-004 cascaded to FIC-005). 
3.5.1.2 The column heat input is controlled by throttling steam flow to the reboiler. The steam flow can be determined in one of three ways. These are:
· Straight steam flow control changed by the operator in response to laboratory measurements of the Propane vapor pressure and/or ethane content. 
· Straight steam flow control changed by the operator to hold a fixed flow of vapors in the Stripper overhead vapor line (to the Presaturation Drums). The required vapor flow will be found by experience from observing Propane vapor pressure or ethane content. If this option proves preferable, the valve flow can be used to reset steam flow automatically through software changes in the DCS. 
· Steam flow reset by the temperature above tray #10 of the Stripper column. The target temperature will be determined by experience from observing Propane vapor pressure or ethane content. 
3.5.1.3  (
TOC
)The bottoms level in the Stripper is maintained by regulating flow to the Debutanizer downstream by means of a level controller (LIC-014) and valve.
3.6 Propane Purity Control (control of Butanes and heaver)
3.6.1 The Purity of the Propane product (with the exception of Ethane and lighter components) is controlled in the Depropanizer which processes the overhead liquid from the Debutanizer. This column makes a split between Propane and butane. A small amount of butanes also appears in the overhead. Any ethane in the feed to the Depropanizer leaves with the Propane, and butanes plus heavier compounds exit with the bottoms.  Operation of the Depropanizer tower is as follows:
3.6.1.1 The Bottom zone temperature control, TIC-052 is cascaded to FIC-060, which resets steam to the reboiler, and reflux is on flow control, FIC-049. Column inventory is maintained by level controller fed by charge from the Debutanizer Overhead Receiver and maintained by level controller LIC-056 from the bottom of the tower.  Pressure control is via a hot vapor bypass. Since butanes in the Propane product is a firm specification, the primary concern in operating the column is to hold the total C4s in the overhead to 2.5 vol%, maximum. Of secondary concern is the amount of Propane contained in the butanes product from the bottom of the tower. Propane in the Depropanizer bottoms should be about 2.6 vol%. 
3.7 Propane Treating for H2S and dissolved Water.
3.7.1 The Propane product leaving the Depropanizer contains both hydrogen sulfide and dissolved water. To meet specifications, both contaminants must be reduced to very low levels. 
3.7.1.1 To extract the bulk of the H2S, the Propane is first directed to the Amine Treater, 17-10-050. This vessel contains 38 feet of structured packing designed to provide intimate contact between the hydrocarbon and a solution of Methyldiethanolamine (MDEA). An interface level is maintained at the bottom of the column, which means that the Propane is the continuous phase with small droplets of amine solution falling through it. The lean amine solution is pumped from the SRU area to the treater on flow control (FIC-108) cascaded back to FIC-126, and the H2S-laden rich amine is released back to the offsite MDEA regeneration system by the interface controller (LIC-109). 
3.7.1.2 The Propane leaving the top of the amine tower is saturated with water and may contain trace amounts of hydrogen sulfide. To insure that the Propane product meets the copper strip corrosion test, the Propane then passes through a solid KOH Treater to remove the remaining H2S.  In order for the reaction between H2S and KOH to occur, a small amount of moisture must be present. This moisture is provided by the dissolved water contained in the Propane.
3.7.1.3 A secondary function of the KOH Treater is to remove the majority of the dissolved water to insure the Propane product will meet dryness specifications (Valve Freeze method).  Moisture extracted from the Propane is drained from the vessel as a concentrated KOH solution. This solution is checked and periodically drained manually to the process sewer as necessary. 

3.8 
 (
TOC
)Sampling and Testing Requirements

3.8.1 SGP Propane to Storage
3.8.1.1 [image: ProcessUnitSampling]Twice each day (per established schedule), the Operator pulls a sample from the SGP Propane to Storage line using the Texas Sampler Loop per LPG Process Unit Sampling Procedure.
· The Lab runs the following tests on each sample and each test result shall meet the specification requirements of Table Q HD-5 Special Duty Propane Specification.

	Test
	ASTM
Method
	Significance

	Butane & heavier content
	D 2163
	When coupled with the proper vapor pressure limit, this measurement serves to assure that special-duty Propane products will be composed chiefly of Propane and propylene and that Propane will be the major constituent.  

	Propylene content
	D 2163

	The limitation on propylene and other unsaturated hydrocarbons (olefins) results from their low octane number (when used as a motor fuel) which means low knock resistance.  A second concern with propylene is its photochemical reactivity, which is higher than that of Propane.  This could be an important factor in formation of smog.  
Propylene is much less stable than Propane and can polymerize (under hot conditions, as occurs in an engine compartment) to form gums and varnishes – which interfere with engine performance.  The HD-5 grade was developed in the 1970s and 30+ years experience has shown that limiting propylene concentration to 5% results in an acceptable product.

	Corrosion, copper strip
	D 1838
	Limits are for the purpose of providing assurance that difficulties will not be experienced in the deterioration of the copper and copper-alloy fittings and connections which are commonly used in many types of utilization, storage, and transportation equipment.  The copper corrosion test will detect the presence of hydrogen sulfide, which is highly toxic.  The copper corrosion limits also provide assurance that the LP-Gas will not contain H2S in such quantities as to present a health and safety hazard (assuming it is known that the product does not contain corrosion inhibitors or other chemicals which diminish the reaction with the copper strip.) 

	Hydrogen Sulfide
	Lead Acetate Test
	The presence of H2S in a Propane sample will cause a failure of the copper strip corrosion test.  The presence of H2S also presents a potential health hazard.

	Moisture content (valve freeze test)
	D 2713
	Excessive water content (dissolved water) may cause freeze-up difficulties in pressure reducing systems.




· 
The Lab runs the following tests once per day on one of the scheduled samples:

	Test
	ASTM
Method
	Significance

	Sulfur Content

	D 4294
	SPECIFICATION FOR ASTM D5 PROPANE

	Nitrogen Content
	D 4629
	 DETECT AMINE CARRY OVER



3.8.2  (
TOC
)If any test results fail to meet the specification requirements, the SGP Operator shall make the appropriate adjustments to the process unit to correct the problem.  (See Sections 3.5– 3.7)
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Section 4 [bookmark: PropaneproductionatAlkyUnit]Propane Production at Alkylation Unit 

4.1 Purpose of the Alky Unit
4.1.1 The purpose of the Alky is to convert lower value FCC LPG to higher value gasoline.
4.1.2 Smaller olefin molecules in the FCC LPG are combined with isobutane to produce larger molecules that make gasoline.  This reaction is achieved by mixing the FCC LPG with large amounts of isobutane in the presence of high purity HF acid at cool temperatures.
4.1.3 The reaction products are separated by fractionation into three basic products:
4.1.3.1 Alkylate - A high quality gasoline blending component
4.1.3.2 Normal Butane -A lower value fuel used as a gasoline blend component for vapor pressure control.
4.1.3.3 Propane -A lower value fuel is used for heating and cooking and as a motor fuel.
4.1.4 In addition to providing proper reaction conditions, a large portion of the Alky is dedicated to maintaining the quality of the circulating HF acid catalyst and ensuring that the highly toxic and potentially corrosive HF acid is contained.

4.2 General Description
4.2.1 The primary feed to the Alky Unit is LPG from the FCC.  The FCC converts atmospheric bottoms from the Crude Unit to high value gasoline and diesel.  The FCC reaction is not perfect and some of the heavier material gets over cracked into hydrocarbons that are too light to be used for gasoline.  One of the light byproducts of the FCC cracking reactions is LPG.  About 20-25% of the FCC feed gets cracked to LPG.  The FCC LPG is a hydrocarbon mixture made up of mainly propylene, Propane, butylene, isobutane, and normal butane.
4.2.2 The Gas Con section of the FCC separates the products of the FCC cracking reactions.  In the Gas Con, hydrocarbons lighter than LPG are separated for use as Refinery fuel gas.  LPG is separated and treated for sulfur removal in the Gas Con then sent for upgrading in the Alky unit.  Hydrocarbons heavier than LPG are treated and used directly in gasoline blending.
4.2.3 In the Alky processes, FCC LPG (Splitter charge) is fed to the C3/C4 Splitter section. Propylene and Propane are separated from the feed and sent to storage then loaded on railcars for sale as P/P mix.  The Butanes and Butylenes from the C3/C4 Splitter combine with Isobutane feed in a large recirculating isobutane stream.  This mixture is contacted with high purity HF acid at low temperatures in the reactor section of the Alky.  The butylene components combine with isobutane in the presence of HF Acid to form alkylate that is used in gasoline. Isobutane, normal butane and small amounts of Propane in the feed do not react; and simply take a free ride through the process.
4.2.4  (
TOC
)In the separation section, the acid is separated from the hydrocarbons and the hydrocarbons are separated into alkylate, normal butane, Propane and isobutane.  The acid and unreacted isobutane are recovered and recirculated.  Normal butane and alkylate are sent to storage.  The Propane and isobutane are sent to the Depropanizer/Treating section of the Alky.

4.3 
Depropanizer/Treating Section Overview
4.3.1  (
TOC
)The purpose of the Depropanizer/Treating section is to remove Propane from the Alky unit and produce a Propane product free of contaminates.  Propane comes into the Alkylation Unit with the BB and Isobutane feed. If it were not removed from the Reaction/Separation section it would continuously build up in the Isobutane recycle.
4.3.2 In order to remove the Propane, a portion of the recycling Isobutane is sent to the Depropanizer.  In the Depropanizer, the mixture is distilled into separate Propane and Isobutane products.  The Isobutane, being heavier, is drawn off the bottom of the Depropanizer and returned to the recirculating Isobutane stream in the Iso Stripper [image: LPG423]overhead section.  The Propane exits the top of the Depropanizer and is condensed and recovered in the Depropanizer overhead receiver.

4.3.2.1 Not all of the HF acid is separated from the hydrocarbons in the Reactor/Separator section.  Some is contained in the Isobutane recycle stream and therefore carries into the Depropanizer.  This HF acid ends up with the Propane in the Depropanizer overhead receiver.  Here, most of HF Acid settles out and is returned to the Reactor section.  However, a small amount of HF acid remains in the Propane.  This acid along with an undesirable byproduct of the alkylation reaction (called combined fluorides) must be removed from the Propane. Combined fluorides are hydrocarbon compounds that contain a fluoride (F) atom. When these compounds burn, they release HF as a combustion byproduct.  HF in the combustion gas is highly corrosive and since most of the Propane product is used for combustion, it is important to remove combined fluorides from the Propane.  
4.3.2.2  (
TOC
)To remove the HF acid, the Propane is sent to the HF stripper where heat is used to drive HF out of the Propane. HF, along with some Propane, exits the top of the HF Stripper and returns to the Depropanizer overhead receiver. The majority of the Propane exits the bottom of the HF Stripper. 
[image: LPG432all]
4.3.2.3 The Propane from the bottom of the HF Stripper passes through a preheater and enters the top of one of the two parallel alumina towers which converts any fluorides to aluminum fluoride or HF Acid.  The HF Acid created by this conversion is also removed by the alumina.  The Aluminum Fluoride builds up in the bed and over time the alumina bed must be replaced
4.3.2.4  (
TOC
)The Propane exiting the bottom of the alumina tower is cooled and then enters one of the two parallel KOH Treaters where any remaining HF Acid is removed before the Propane is sent to storage.

4.4 Summary of applicable Tables, Procedures and Forms
4.4.1 Procedures
4.4.1.1 LPG Process Unit Sampling Procedure
4.4.2 Tables
4.4.2.1 Table Q HD-5  Special Duty Propane Specification  

4.5 Propane Vapor Pressure Control
4.5.1 Propane Vapor Pressure Control in the Alkylation unit should not typically be an issue.  Propane Vapor Pressure is typically a function of Ethane content and there should not be ethane present in the Alkylation unit.  

4.6 Propane Purity Control (Control of Butanes and heavier)
4.6.1 The purity of the Propane product is controlled in the Depropanizer where Isobutane is separated from the Propane and returned to the Reactor Section. The Depropanizer temperatures, pressure and reflux rate are the key variables maintained to insure the separation is done efficiently.
4.6.1.1 The Depropanizer tray 8 temperature is set to ensure that Isobutane is not being carried over with the Propane and HF acid. 
4.6.1.2 The Depropanizer reboiler return temperature must be maintained to strip the Propane and HF acid from the Isobutane.  
4.6.1.3 The Depropanizer pressure must be maintained at target ranges to insure proper separation of Propane, HF acid and Isobutane.
4.6.1.4 Temperatures lower than the target range and/or tower pressure higher than the target range, may result in Propane being left in the Isobutane 
4.6.1.5 Temperatures higher than the target range and/or tower pressure lower than the target range may result in Isobutane carrying overhead with the Propane.
4.6.1.6 The reflux rate is typically set to maintain proper temperature near the top of the tower. An excessive reflux rate can cause flooding in the tower.  Low reflux rates can result in Propane being left in the Isobutane product.

4.7 Propane Treating for HF Acid and Fluorides Removal
4.7.1 Any HF Acid remaining in the Propane product will cause the Propane to be highly corrosive, fail the copper strip corrosion test, and presents a significant health hazard. The HF Acid is removed in the HF Stripper. The HF Stripper bottoms temperature and differential pressure between the HF Stripper and the Depropanizer are the key variables that are controlled to ensure efficient removal of HF Acid from the Propane product.
4.7.1.1 HF Stripper bottoms temperature is maintained by the flow of steam to a Reboiler such that the portion of the Propane in the bottom of the Stripper is vaporized.  The vaporized Propane will travel up the Stripper carrying HF Acid with it out the top of the tower. Vaporized Propane along with the HF Acid returns to the Depropanizer OH condensers on differential pressure control. This differential pressure must be maintained to insure that the vaporized Propane and HF Acid will flow back to the Depropanizer overhead system.  
4.7.1.2  (
TOC
)Lower HF Stripper Bottoms temperatures will result in a carry-through of HF Acid and a loss of differential pressure.  High Bottoms temperature results in excessive Propane circulation back to the Depropanizer. 
4.7.2 Combined Fluorides, if not removed from the Propane, can result in combustion products that may be corrosive and may contain sufficient HF Acid to etch glass over a period of time.  Combined Fluorides are removed in an Alumina Treater. 
4.7.2.1 There are two Alumina Treaters in parallel with only one on-line and the other in stand-by mode.  Propane to the Alumina Treater from the HF Stripper exchanges heat with the Alumina Treater effluent and then is temperature controlled via a hot-oil exchanger. 
4.7.2.2 The heating is required to breakdown combined Fluorides over the Alumina.  Any HF Acid created by this breakdown is also removed by the Alumina.  
4.7.2.3 The combined Fluorides and HF Acid are ultimately converted to Aluminum Fluoride which builds up in the Alumina bed and eventually renders the bed ineffective.  
4.7.2.4 The Propane volume passing through the Alumina bed is monitored and, based on history and the capacity of the bed, the operator receives a DCS alarm when the pre-determined capacity of the Alumina bed has been reached.  The operator then switches operation to the other parallel Alumina Treater and the Alumina bed in the spent Treater is replaced.  
4.7.3 Any residual HF Acid not removed in the Alumina Treaters is removed by one of two parallel KOH Treaters.  One Treater is on-line and the other is in stand-by mode.  
4.7.3.1 Any residual HF Acid reacts with the solid KOH bed to form Potassium Fluoride.  Propane out of the KOH Treater flows through a back-pressured controller which maintains sufficient pressure on the KOH Treater to prevent vaporization. This minimizes the pressure drop through the KOH Treater. 
4.7.3.2 As Residual HF Acid reacts with the KOH Treater, the KOH Treater eventually becomes spent.  The Propane volume passing through the KOH bed is monitored and based on history and the capacity of the beds, the operator receives a DCS alarm when the pre-determined capacity of the KOH bed has been reached.  The operator then switches operation to the other parallel KOH Treater and the KOH bed in the spent Treater is replaced.  
4.7.3.3  (
TOC
)If the bed becomes “spent” before the alarm point has been reached, HF Acid can breakthrough with the Propane product and cause a failure of the copper strip corrosion test.  

4.8 [image: ProcessUnitSampling]Sampling and Testing Requirements

4.8.1 Propane to storage
4.8.1.1 Twice each day (per established schedule), the Alky Unit Assistant pulls a sample from the Propane to Storage line using the Texas Sampler Loop per LPG Process Unit Sampling Procedure
· The Lab runs the following tests on each sample and each test result shall meet the specification requirements of Table Q HD-5 Special Duty Propane Specification.


	Test
	ASTM
Method
	Significance

	Corrosion, copper strip
	D 1838
	Limits are for the purpose of providing assurance that difficulties will not be experienced in the deterioration of the copper and copper-alloy fittings and connections which are commonly used in many types of utilization, storage, and transportation equipment.  In the case of Propane produced at the Alkylation Unit, Copper Corrosion test will detect the presence of HF acid, which is highly toxic and hazardous.  The copper corrosion limits also provide assurance that the LP-Gas will not contain HF acid in such quantities as to present a health and safety hazard. 

	Hydrogen Sulfide
	Lead Acetate Test
	The presence of H2S in a Propane sample will cause a failure of the copper strip corrosion test.  The presence of H2S also presents a potential health hazard.



· The Lab runs the following tests once per day on one of the scheduled samples:

	Test
	ASTM
Method
	Significance

	Butane & heavier content
	D 2163
	When coupled with the proper vapor pressure limit, this measurement serves to assure that special-duty Propane products will be composed chiefly of Propane and propylene and that Propane will be the major constituent.  

	Propylene content
	D 2163

	The limitation on propylene and other unsaturated hydrocarbons (olefins) results from their low octane number (when used as a motor fuel) which means low knock resistance.  A second concern with propylene is its photochemical reactivity, which is higher than that of Propane.  This could be an important factor in formation of smog.  
Propylene is much less stable than Propane and can polymerize (under hot conditions, as occurs in an engine compartment) to form gums and varnishes – which interfere with engine performance.  The HD-5 grade was developed in the 1970s and 30+ years experience has shown that limiting propylene concentration to 5% results in an acceptable product.

	Moisture content
(Freeze Valve Test)
	D 2713
	Excessive water content (dissolved water) may cause freeze-up difficulties in pressure reducing systems.
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4.8.2  (
TOC
)If any test results fail to meet the specification requirements, the Alky Unit Operator shall make the appropriate adjustments to the process unit to correct the problem.  (See Sections 4.5 – 4.7).


Section 5 [bookmark: Propanecertificationandshipping][bookmark: Propanecertification] (
TOC
)Propane Tank Batch Certification


5.1 Certifying Process – After batching to a tank, and gauging and recording, the Propane is sampled and certified for shipment as described in this section.

5.2 Summary of applicable Tables, Procedures and Forms
5.2.1 Procedures
5.2.1.1 LPG Propane Tank Sampling Procedure.
5.2.2 Tables
5.2.2.1 Appendix A – Table Q HD-5  Special Duty Propane Specification

5.3 Certification Activity Map

[image: ]

5.4 Certification Process
5.4.1 Gauging and Recording
5.4.1.1 When a tank batch is complete, the #1 Pumper will:
· Isolate (block-in) the tank
· Obtain a gauge using the site glass on the tank and a temperature using the dial thermometer. 
· Record the gauge and temperature reading on the transfer sheets 
· Log the Tanks for testing in LIMS and print out the sample label(s).
5.4.2 [image: propanetanksampling]Sampling for certification:
5.4.2.1 The #1 Pumper is responsible for taking the following samples from all completed batch tanks in accordance with procedure – LPG Propane Tank Sampling Procedure and attaching the appropriate sample label.
·  (
TOC
)One (1) – Propane sample in a LPG Sample Cylinder with suspended polished copper strip.
· One (1) – Propane sample in a LPG Sample Cylinder.
NOTE:  The Lab is responsible for furnishing an adequate supply of clean sample cylinders and polished copper strips for the #1 Pumper.  These are kept in a cabinet near the #3 Pumper’s shack.
5.4.3 Testing for Certification
5.4.3.1 Prior to releasing a batch for shipment or transfer to another tank for shipment, the tank batch must be tested and certified for release.
5.4.3.2 The Lab shall perform a Certification of Analysis (CofA) Full Specifications test on each batch tank sample in accordance with Table Q HD-5  Special Duty Propane Specification and the results shall be entered into LIMS.
· The Copper Strip Corrosion test and the Freeze Valve Test will be performed on the cylinder containing the suspended copper strip.
· The GC analysis and Sulfur Content test will be performed on the cylinder without a suspended copper strip.
5.4.3.3 If all test results entered into the LIMS system meet specifications per Table Q HD-5 Special Duty Propane Specification, The Shift Superintendent will log into Lab Data Quality System, review the test results to ensure all results are within the specification allowances and approve the batch for release.  The Lab Data Quality System will then automatically generate a release document authorizing transfer of the product.  This release document will then be available to all employees with LIMS access including the Oil Movements Superintendent, Shift Superintendent, and Pumpers.
5.4.3.4 If any batch tank sample fails to meet any specifications:
· The product shall not be certified for shipment and a Release Document will not be generated.
· The Lab Data Quality System will automatically notify designated Laboratory personnel. 
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Section 6 [bookmark: propanetanktotruckloading] (
TOC
)Propane Tank Storage to Truck Loading

6.1 Introduction
6.1.1  Procedures for insuring quality in this section will refer to the transfer of Propane fuel from Refinery Tankage into trucks at the Propane Truck Loading Area.

6.2 Summary of applicable Tests, Procedures and Forms
6.2.1  Tests and Procedures utilized for the Tank Storage to Truck Loading Process.
6.2.1.1 LPG Propane Freeze Valve Test
6.2.1.2 LPG Load Propane Truck

6.3 General Precautions

6.3.1  Prior to loading any tanker truck:
6.3.1.1    The shipping tank shall have been certified for shipment per Section 5.  
6.3.1.2 [bookmark: OLE_LINK5][bookmark: OLE_LINK6]   A copy of the Release Document is automatically available through the LIMS for individuals with authorized access to LIMS including the Oil Movements Superintendent, Pumper and the Shift Superintendent. 
6.3.2  Failure on the part of the Truck Driver to fulfill his or her responsibilities and documentation shall be cause for disciplinary action up to and including the revocation of the Truck Driver’s fuel loading privileges at all Valero Memphis Area Terminals.

6.4 Activity Map
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6.5 Shipping Process 
6.5.1 Prepare to Ship (to be completed according to LPG Load Propane Truck)
6.5.1.1     Truck arrives at the Truck Scale
6.5.1.2     #1 Pumper will:
· Weigh the Truck.
· Identify the Tank for the Truck Driver to load from.
· Line up the appropriate tank to load from.
· Determine if the load is to be odorized.
· If the load is to be odorized:
· Confirm that the daily odorant additive system check has been completed.
· Confirm that the Truck Driver has been trained on the use of the odorant injection system.
NOTE:  If the Truck Driver has not been trained, the #1 Pumper will need to either provide the training or operate the odorant injection system for the duration on the loading.
6.5.1.3     The Truck Driver will:
· Proceed to the Truck Loading Rack.
· Connect the Truck to the loading system.
· Enter the loading information into the Accuload controller.
· If the load is to be odorized, the Truck Driver must follow the instructions for the proper operation of the odorant injection system.

6.5.2 Load the Truck
6.5.2.1    The Truck Driver will open the appropriate valves at the truck loading rack and begin loading the Truck.
6.5.2.2 If the load requires odorant injection, the Truck Driver will conduct a Sniff Test during the loading operation.
6.5.2.3 [image: freezevalvetest]During loading, the Truck Driver will run a Freeze Valve Test according to LPG Propane Freeze Valve Test Procedure.

Note:  If the Truck Driver obtains a failing result from either the Sniff Test or the Freeze Valve Test, or experiences a problem with the odorant injection system, the Truck Driver must immediately terminate loading and notify the #1 Pumper for investigation and resolution.   The #1 Pumper must immediately notify the Oil Movements Superintendent.

6.5.2.4     At the completion of loading, the Truck Driver will:
· Close appropriate valves
· Disconnect his truck from the system
· Return to the Truck Scale

6.5.3 
Finalize Shipment
6.5.3.1  (
TOC
)   The #1 Pumper will:
· Weigh the loaded Truck.
· Complete the Bill of Lading.
· Review the Bill of lading to ensure the following information has been properly documented from the odorant injection system:
· Date and Time stamp.
· Trailer Number.
· Pounds of odorant injected.
· Truck Driver must sign the “Sniff Test Passed” box on the Bill of Lading.
· Record the loading information on the Transfer Sheets.
6.5.3.2    The Truck Driver will:
· Record the Freeze Valve test results on the Bill of Lading.
· Sign the “Sniff Test Passed” section on the Bill of Lading.
· Sign the completed Bill of Lading
· Take a copy of the Bill of Lading and exit the property.

6.5.4 Additional Quality Assurance measures for Odorized Propane:
6.5.4.1 Inventory Reconciliation:
· The Planning & Feedstocks Coordinator will obtain copies of the Bill of Lading and review for any discrepancies or errors.
·  (
TOC
)On a monthly basis:
· The Planning & Feedstocks Coordinator and the Oil Movements Superintendent will reconcile the odorant inventory change versus the quantity of odorant injected as recorded on the Bill of Ladings.
· The Planning & Feedstocks Coordinator will maintain the odorant inventory records, copies of Bills of lading and reconciliation data.

6.5.4.2 Bulk Purchasing of Ethyl Mercaptan
· Only Ethyl Mercaptan will be used for Propane odorant.
· When ordering bulk mercaptan, the purchase order shall clearly specify Ethyl Mercaptan >99% by weight (Scentinel A or equivalent).
· Prior to offloading the Ethyl Mercaptan into the bulk tank, the Oil Movements Superintendent will verify that the Bill of Lading, MSDS and Certificate of Analysis that accompany the shipment clearly indicate Ethyl Mercaptan.
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Section 7 [bookmark: propanetanktorailcarloading] (
TOC
)Propane Tank Storage to Railcar Loading  

7.1 Introduction
7.1.1 Procedures for insuring quality in this section will refer to the transfer of Propane fuel from Refinery Tankage into Railcars and testing of the Railcar prior to shipment.

7.2 Summary of applicable Tests, Procedures and Forms
7.2.1 Procedures utilized for the Tank Storage to Railcar Loading Process:
7.2.1.1 LPG Load Propane Railcar 
7.2.1.2 LPG Sample Railcar
7.2.2 Tables
7.2.2.1 Table Q HD-5  Special Duty Propane Specification

7.3 Activity Map

[image: ]

7.4 
Shipping Process
7.4.1  (
TOC
)Pre-Loading
7.4.1.1  Inspect & Set-up Railcar.  Prior to loading any Railcar the #3 Pumper shall ensure:
· The Railcar has been properly spotted to allow safe access from the Railcar to the loading arms. 	
· The Railcar is inspected for damage.  If any damage is found, it will be immediately reported to the Tank Farm Superintendent.
· Blue caution signs and derails are positioned on the track such that:
· On tracks #9 and #10 there is one sign and one derail  just west of the #1 loading spot and one sign and one derail  just east of the #6 loading spot for each track.
· On tracks #4 and #5 there is one sign and one derail  just east of the #6 loading spot for each track.
· The Railcar brakes are set and the wheels chocked to prevent movement.
7.4.1.2 The #1 Pumper will then Identify the supply tank(s) from which to load the Railcar. 
7.4.1.3 The #3 Pumper will then:
· Check outage on railcar to make sure railcar is empty.
· Hook up Railcar connections to Loading Rack per procedure LPG Load Propane Railcar.
· Open loading lines at the railcar loading rack and a[image: LoadPropaneRailcar]lign Tank and Pump to Railcar per procedure LPG Load Propane Railcar.
· Take an Opening Gauge and Temperature on the Supply Tank(s) and record.
7.4.1.4 The #1 Pumper will then:
· Line up valves at the truck loading rack for loading the railcar per procedure LPG Load Propane Railcar. 
· Enter the loading information into the Accuload controller.
· If the load is to be odorized, the #3 Pumper must follow the instructions for the proper operation of the odorant injection system.
7.4.2 Loading
7.4.2.1     Odorizing the Car
· The #3 Pumper requests the #1 Pumper to turn on the odorant injection system
· The odorant injection system will turned on by the #1 Pumper for use during loading unless:
· The Railcar is being used as temporary inventory storage for the Refinery.
· The Railcar is being shipped to a customer who has specifically requested that odorant not be added to the shipment. 
7.4.2.2 [image: LoadPropaneRailcar]    The #3 Pumper will:
· Load Railcar per procedure LPG Load Propane Railcar.
· If the load requires odorant injection, the #3 Pumper will conduct a Sniff Test during the loading operation and record the results on the Railcar load papers.
· If the Sniff Test fails, the Railcar shall not be released and the #3 Pumper shall immediately notify the Oil Movements Superintendent for investigation and resolution.
· At the completion of loading:
· The #1 Pumper will take a Closing Gauge and Temperature for the Supply Tank
· The #3 Pumper will take a closing gauge on the Railcar.  (Note:  if the Railcar is being loaded as temporary inventory storage for the Refinery, a closing Temperature and Gauge on the Railcar will not be required.)
· The #3 Pumper will disconnect the Railcar from the Loading Rack.  Ensure that the liquid and vapor line valves on the Railcar are closed and that plugs are inserted in the Railcar vapor and liquid connections.  All connections must be tight and leak free. 
· The #1 Pumper will reset the valves and odorant system at the propane truck loading rack for loading trucks per procedure LPG Load Propane Railcar.

7.4.3  (
TOC
)Releasing
Note:  If the Railcar is being loaded as temporary inventory storage for the Refinery, the Railcar need not be sampled and will not be released.  

7.4.3.1     If the Railcar will be shipped,
· The #3 Pumper will:
· Launch a Railcar sample in LIMS and include the Date, Time and Railcar Number (per procedure LPG Sample Railcar
· Print out appropriate labels from LIMS to the lab printer.
· Pull the following Railcar samples for certification testing per LPG Sample Railcar and deliver to the Lab.
· One (1) – Propane sample in a LPG Sample Cylinder with suspended polished copper strip.
· One (1) – Propane sample in a LPG Sample Cylinder.
· NOTE:  The Lab is responsible for furnishing an adequate supply of clean sample cylinders and polished copper strips for the #1 Pumper.  These are kept in a cabinet near the #3 Pumper’s shack.
· Record the Railcar loading information on the Transfer Sheets
· Seal the Railcar
7.4.3.2     Lab Testing and Certification
· The Lab will test and certify the shipment per Table Q HD-5 Special Duty Propane Specification.  
· The Lab will run a GC analysis and/or stain tube test for odorant content and record the results in LIMS.
· If all test results entered into the LIMS system meet specifications per Table Q HD-5 Special Duty Propane Specification,  The Shift Superintendent will log into Lab Data Quality Check System , review the test results to ensure all results are within the specification allowances and approve the Railcar for release.  The Lab Data Quality Check System will then generate a release document authorizing transfer of the product.  This release document will then be available to all employees with LIMS access including the Oil Movements Superintendent, Shift Superintendent, and Pumpers.
·  (
TOC
)The #3 Pumper will review the testing and certification information  in the LIMS and complete the Railcar load sheet.
Note:  If any test results fail to meet the specification requirements of Table Q HD-5 Special Duty Propane Specification or if the Lab determines that the railcar does not contain the required amount of odorant, the railcar shall not be released for shipment and the Shift Superintendent must be contacted for resolution of the problem.
7.4.3.3     Loaded Volume Determination
· The Economics and Planning Department receives the load sheet for the Railcar and determines the loaded volume using the load sheet information combined with the Outage Table specific to the shipping Railcar and also records the odorant quantity.  
Note: -- This is not required if the Railcar is to be used for temporary storage.  
7.4.3.4    Economics and Planning then “bills the shipment out” to the Railroad company indicating it is ready for transport.
Note: -- This is not required if the Railcar is to be used for temporary storage.

7.4.4 Additional Quality Assurance measures for Odorized Propane:
7.4.4.1 Inventory Reconciliation:
· On a weekly basis:
· The odorant inventory will be recorded.
· The Products & Feedstocks Coordinator and Oil Movements Superintendent will reconcile the odorant inventory change versus the quantity of odorant injected as recorded on the Railcar and Truck BOLs.
· On a monthly basis:
· The Products & Feedstocks Coordinator and the Oil Movements Superintendent will reconcile the odorant inventory change versus the quantity of odorant injected as recorded on the BOLs for Railcar and Truck shipments.
· The Products & Feedstocks Coordinator will maintain the odorant inventory records, copies of BOLs and reconciliation data.
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Section 8 [bookmark: ppmisoverview] (
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)P/P Mix Overview

8.1 Propylene General Description
8.1.1 Propylene is an organic compound having the chemical formula C3H6. It is the second simplest member of the alkene class of hydrocarbons, ethylene (ethene) being the simplest. At room temperature and pressure, Propylene is a gas.  It is colorless and highly flammable.  Commercially, three grades are available depending on the Propylene purity:
· 95-100% polymer grade 
· 90-99.8% chemical grade 
· 50-80% refinery grade  (P/P Mix)
8.1.2 Propylene is typically produced commercially in two main ways: either as a co-product of the refinery catalytic cracking process used to make gasoline or as a co-product of a steam cracking process used to make ethylene.
8.1.3 Uses for Propylene
8.1.3.1   Propylene is a major commodity in the petrochemicals industry. The materials that are derived from propylene include: polypropylene; acrylonitrile (which is converted to acrylic fibres and coatings); propylene oxide (which then goes into polyurethane resins and other chemicals); oxo alcohols (which are used in PVC plasticisers and coatings); cumene (which is ultimately used to make epoxy resins and polycarbonate); and isopropyl alcohol (which is used as a solvent). 
8.1.3.2   As a result, propylene is a key component of countless end use products. Examples include automobile headlights, taillights, disk brake pads and bumpers; carpets; CDs and optical disks; clear film food wrap; eyeglasses; flexible foams used in bedding and furniture; rigid foam insulation; impact-resistant and bullet-proof windows; molded plastic goods such as buckets, food containers, kitchen utensils and wastebaskets; nitrile rubber hoses, seals and gaskets; paints and protective coatings; grocery bags; synthetic fibres for blankets, sweaters, socks and fleeces; watercooler bottles; and wood products such as plywood, oriented strandboard and laminates. 

8.2 Propylene Production at the Memphis Refinery
8.2.1 P/P Mix (or Refinery Grade Propylene) is produced at the Memphis Refinery as a co-product of the Fluid Catalytic Cracking (FCC) process.  The P/P Mix is separated from other LPG products from the FCC in the C3/C4 Splitter Tower located at the Alkylation unit after first passing through an LPG Treater at the FCC Gas Concentration Section for removal of sulfur compounds and then through some intermediate storage tanks.  
8.2.2 The separated P/P Mix typically consists of approximately 75-80 vol% Propylene with the balance being Propane and some trace amounts of lighter and/or heavier hydrocarbons.  The P/P Mix is stored in pressurized tanks and loaded onto railcars for sale to companies that fractionate the material into a higher purity, chemical or polymer grade, Propylene product.
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Section 9 [bookmark: ppproduction]P/P Production from C3/C4 Splitter

9.1 Purpose of the C3/C4 Splitter System
9.1.1 The purpose of the C3/C4 Splitter System is to process the LPG streams from the FCC Gas Con debutanizers and separate Propane/Propylene, water and lighter hydrocarbons (non-condensables) from Butanes/Butylenes (B/B) which is used as feed to the Alkylation Unit.  Non-condensable gases are returned to the FCC Gas Con and free water is removed from the system. 

9.2 General Description
9.2.1 P/P Mix or Refinery Grade Propylene is produced from the C3/C4 Splitter Section at the Alkylation Unit.  C3/C4 Splitter charge is pumped on flow control from LPG tanks 801 & 802 through a set of feed vs. effluent heat exchangers into the C3/C4 Splitter Tower.  The C3/C4 Splitter charge rate from 801/802 tanks is typically matched to the production rate from the FCC Gas Con Debutanizers into 801/802 tanks.  Proper heat balance on the C3/C4 Splitter is maintained via a steam reboiler on the bottom of the tower and an overhead reflux stream.  The feed to the C3/C4 Splitter consists primarily of Propane, Propylene, Butane, Butylenes and some lighter products (non-condensables).
9.2.2 In the C3/C4 Splitter, the Propylene product (P/P Mix), non-condensables and any water go out the top of the C3/C4 Splitter.  This overhead vapor mixture passes through a set of overhead condensers where the P/P Mix and water are condensed before entering the C3/C4 Overhead Receiver.  In the Overhead Receiver, free water is separated from the P/P Mix and removed.  Non-condensables are vented from the overhead receiver on pressure control to the FCC Gas Con.  
9.2.3 The P/P Mix product from the C3/C4 Splitter Overhead Receiver is pressured on flow control through a set of product coolers and then to the P/P Mix storage tanks.  The option is also available to route some of the P/P Mix to the Alkylation Unit or to the Hydroplex.
9.2.4 The bottoms from the C3/C4 Splitter which consist of butanes and butylenes (B/B) exists the tower through the feed/effluent exchangers and becomes the B/B feed stream to the Alkylation unit.
9.2.5 Propylene is typically more valuable as a product than as a feed stream to the Alkylation Unit.  Propylene produces an Alkylate of somewhat lower octane number than Alkylate produced from Butylenes.  Additionally, Propylene produces slightly more tar (polymer) which increases acid regeneration requirements.
9.2.6 The C3/C4 Splitter does not have a sufficient number to trays to produce a high purity Propylene product.  Consequently the Propylene product produced typically is a mixture of about 75% Propylene and 25% Propane, termed P/P Mix or Refinery Grade Propylene.  This P/P Mix product is sold and shipped to customers by rail who fractionate it to produce high purity, chemical or polymer grade, Propylene.


[image: c3c4 splitter]
9.3  (
TOC
)Summary of applicable Tables, Procedures and Forms
9.3.1 Tables
9.3.1.1 Table R P/P Mix Specification
9.3.2 Procedures
9.3.2.1 LPG Process Unit Sampling Procedure

9.4 Non-Condensables (Ethane and lighter) Control
9.4.1 Non-Condensables are normally removed from the C3/C4 splitter feed at the FCC Gas Con Unit.  Any remaining Non-Condensables must be removed from the C3/C4 Splitter feed to maintain the Ethane and lighter content of the P/P Mix product within specification allowances.  This is controlled by ensuring that OFF gas flow from the C3/C4 Splitter overhead receiver is maintained through the pressure control valve to fuel.  This must be done while also controlling the Splitter overhead pressure at approximately 280 psig using the overhead condenser hot vapor bypass pressure controller. In order to maintain the OFF gas flow and pressure control, the Splitter bottoms temperature must be maintained between 210 and 220 degrees F. by controlling the 150 psig steam flow to the Splitter reboiler.

9.5 Butane and heavier Control
9.5.1 Butane and heavier content in the P/P Mix is primarily controlled by ensuring adequate reflux to the Splitter tower.  

9.6  (
TOC
)Total Sulfur Control
9.6.1 The Total Sulfur content in the C3/C4 Splitter feed must be controlled to ensure the maximum specification for Total Sulfur in the P/P Mix is not exceeded.  Sulfur compounds in the C3/C4 Splitter feed should normally be removed in the FCC Gas Con LPG Merox Treater. Proper operation of this Merox Treater must be maintained to ensure adequate Sulfur removal.  
9.7 H2S Control 
9.7.1 The H2S content in the C3/C4 Splitter feed is controlled at the FCC Gas Con LPG Caustic Treater to ensure the maximum specification for H2S in the P/P Mix is not exceeded.  

9.8 Sampling and Testing Requirements
9.8.1 [image: ProcessUnitSampling]Once each day per established schedule, the Alky Assistant pulls a sample of the P/P Mix rundown stream from the P/P Mix rundown line per procedure LPG Process Unit Sampling Procedure
9.8.2 The Lab then runs the following tests on the sample and each test result should meet the specification requirements of Table R P/P Mix Specification:

	Test
	ASTM
Method
	Significance

	Ethane and lighter content
	D 2163
	The volume of Ethane and lighter components is limited by the specification requirements and is a significant contributor to vapor pressure.  The Vapor pressure must be maintained below 208psi for railcar shipments (DOT Regulated.)  Also, non condensable components in the feed to process units reduces distillation column condenser capacity and results in loss of tower pressure control.

	Butane & heavier content
	D 2163
	The volume of Butane and heavier components is limited by the specification requirements.  The % of Butane and heavier contained in the product, is a measure of the amount of least volatile components present in the product.  
When coupled with the proper vapor pressure limit, this measurement serves to assure that P/P mix chiefly consists of Propane and Propylene and that Propylene will be the major constituent.  

	Propylene content
	D 2163

	A minimum concentration of Propylene is required in the product per specification requirements.  Propylene is the primary component of this product stream and the concentration should be maximized within the constraints of the fractionation capability of the C3/C4 splitter.  Also, maximizing Propylene content will minimize Propane content and maintain the highest economic advantage for this product.

	Corrosion, copper strip
	D 1838
	Limits are for the purpose of providing assurance that difficulties will not be experienced in the deterioration of the copper and copper-alloy fittings and connections which are commonly used in many types of utilization, storage, and transportation equipment.  The copper corrosion test will detect the presence of hydrogen sulfide, which is highly toxic.  The copper corrosion limits also provide assurance that the LP-Gas will not contain H2S in such quantities as to present a health and safety hazard if it is known that the product does not contain corrosion inhibitors or other chemicals which diminish the reaction with the copper strip. 


 (
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9.8.3 If any test results fail to meet the specification requirements of Table R P-P Mix Specification, the Alky Unit Operator shall make the appropriate adjustments to the process unit to correct the problem.  (See Sections 9.4 – 9.7)
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Section 10 [bookmark: pptanktorailcarloading][bookmark: ppcertificaitonandshipping]P/P Tank Storage to Railcar Loading and Certification

10.1 Introduction
10.1.1 Procedures for insuring quality in this section will refer to the transfer of P/P Mix fuel from Refinery Tankage into Railcars and testing of the Railcar prior to shipment.

10.2 Summary of applicable Tests, Procedures and Forms
10.2.1 Procedures utilized for the Tank Storage to Railcar Loading Process:
10.2.1.1 LPG Load PP or Butane Railcar 
10.2.1.2 LPG Sample Railcar
10.2.2 Tables
10.2.2.1 Table R P/P Mix Specification


10.3 Activity Map

[image: ]

10.4 Pre-Loading
10.4.1 Inspect & Set-up Railcar.  Prior to loading any Railcar the #3 Pumper shall ensure:
10.4.1.1 The Railcar has been properly spotted to allow safe access from the Railcar to the loading arms. 	
10.4.1.2 The Railcar is inspected for damage.  If any damage is found, it will be immediately reported to the Operations Superintendent.
· Blue caution signs and derails are positioned on the track such that:
· On tracks #9 and #10 there is one sign and one derail  just west of the #1 loading spot and one sign and one derail  just east of the #6 loading spot for each track
· On tracks #$4 and #5 there is one sign and one derail  just east of the #6 loading spot for each track
10.4.1.3 The Railcar brakes are set and the wheels chocked to prevent movement.
10.4.2  (
TOC
)The #3 Pumper will then:
10.4.2.1 Identify the supply tank(s) from which to load the Railcar.
10.4.2.2 [image: lpgloadpporbutanerailcar]Check outage on railcar to make sure railcar is empty.
10.4.2.3 Hook up Railcar connections to Loading Rack per procedure LPG Load PP or Butane Railcar 
10.4.2.4 Align Tank and Compressor to Railcar per procedure LPG Load PP or Butane Railcar 
10.4.2.5 Take an Opening Gauge and Temperature on the Supply Tank(s) and record.
10.5 Loading
10.5.1 The #3 Pumper will:
10.5.1.1 [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Load Railcar per procedure LPG Load PP or Butane Railcar 
10.5.1.2 Take a Closing Gauge and Temperature for the Supply Tank and Railcar when loading has been completed.  
10.5.1.3 Disconnect the Railcar from the Loading Rack per LPG Load PP or Butane Railcar.  Ensure that the liquid and vapor line valves on the Railcar are closed and that plugs are inserted in the Railcar vapor and liquid connections.  All connections must be tight and leak free. 

10.6 Releasing
10.6.1 The #3 Pumper will:
10.6.1.1 [image: samplerailcar]Launch a Railcar sample in LIMS and include the Date, Time and Railcar Number (per procedure LPG Sample Railcar
10.6.1.2 Print out appropriate labels from LIMS to the lab printer.
10.6.1.3 Sample Railcar for certification testing per LPG Sample Railcar.
10.6.2 Lab Testing and Certification
10.6.2.1 The Lab will test and certify the shipment per Table R P/P Mix Specification.
10.6.2.2 If all test results entered into the LIMS system meet specifications per Table R P/P Mix Specification, the Shift Superintendent will log into the Lab Data Quality Check System, review the test results to ensure all results are within the specification allowances and approve the Railcar for release. The Lab Data Quality Check System will then automatically generate a release document authorizing transfer of the product.  This release document will then be available to all employees with LIMS access including the Oil Movements Superintendent, Shift Superintendent, and Pumpers.

CAUTION: If any test result fails to meet the specifications per Table R P/P Mix Specification, the railcar shall not be certified for shipment.  The railcar will typically be re-sampled and retested by the Lab.  If any of the test results again fail to meet the specifications, the Oil Movements Superintendent and/or Shift Superintendent will typically consult Economics and Planning for resolution.  The options include obtaining a waiver from the customer so that the off-spec railcar can be shipped or unloading the railcar and reprocessing the product.
10.6.3 The #3 Pumper will:
10.6.3.1 Receive the Testing and Certification information from the Lab
10.6.3.2 Record the Railcar loading information on the Transfer Sheets
10.6.3.3 Seal the Railcar
10.6.3.4 Complete the Railcar load sheet
 (
TOC
)
10.6.4 Loaded Volume Determination and Billing
10.6.4.1 The Economics and Planning Department:
· Receives the Load sheet for the Railcar 
· Determines the loaded volume using the load sheet information combined with the Outage Table specific to the shipping Railcar.  
· “Bills the shipment out” to the Railroad company indicating it is ready for transport.
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Section 11 [bookmark: IsobutaneOverview]Isobutane Overview

11.1 General
11.1.1 Isobutane, also known as methyl Propane or 2-methyl Propane is a four-carbon alkane occurring as a very flammable, colorless gas with a slight odor.
11.1.2 The primary uses for isobutane are as a fuel, a propellant, a refrigerant, and in the manufacture of gasoline by Alkylation
11.1.2.1 One of the more common uses of isobutane today is in the preparation of aerosol sprays. The isobutane is added to the formula, giving the spray its propellant qualities, thus eliminating the need for the hand pump sprayer. From hair spray to cooking sprays, isobutane allows the spray to easily be expelled from the container.
11.1.2.2 Isobutane has also begun to take the place of Freon as a compound that aids in the refrigeration process. Owing to concerns about the damage being done to the ozone layer by Freon and other substances, isobutane has been demonstrated to not pose the same type of dangers to our atmosphere. These days, isobutane is used freely with all sorts of refrigeration systems, most notably commercial and domestic freezers and refrigerators. . When used as a refrigerant or a propellant, isobutane is also known as R-600a
11.1.2.3 In the petroleum refining industry, the chief application of isobutane is as a feedstock in the Alkylation process that helps to create the perfect environment for the creation of isooctane, a gasoline blendstock with excellent octane and distillation properties.  Isobutane can also be blended directly to gasoline for vapor pressure control when not needed as a feedstock for the Alkylation process.

11.1.3 Isobutane production at the Memphis Refinery
11.1.3.1 The isobutane produced at the Memphis Refinery is essentially a by-product from several process units and gets fractionated (purified) at the Sats Gas Plant.  Refer to Section 12 for details.
11.1.3.2 The isobutane product is stored in several pressurized storage tanks in the LPG Tank Farm area.  From there, the isobutane is transferred to the Alkylation unit as a feedstock for the production of Alkylate, a gasoline blendstock.  

11.1.4 Isobutane purchases
11.1.4.1 The production volume of isobutane within the Refinery is often insufficient to satisfy the demand as a feedstock for the Alkylation unit, particularly during periods of low gasoline vapor pressure specifications.  During these periods, isobutane is purchased and delivered to the Refinery primarily by railcar.
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Section 12 [bookmark: sgpisobutaneproduction]Isobutane Production at SGP

12.1 Purpose of the Saturated Gas Plant (SGP)  
12.1.1 The purpose of the Saturated Gas Plant (SGP) is to process saturated gas streams (and some liquid streams) from various process units including the SHU, Distillate Hydrotreaters, Crude Units, Naphtha Stabilizer, Naphtha Hydrotreaters and Isomerization unit and separate these streams into the following product streams:
12.1.1.1 Off Gas (essentially ethane and lighter, including some hydrogen)
12.1.1.2 Propane
12.1.1.3 Isobutane
12.1.1.4 Normal Butane
12.1.1.5 C5+ Gasoline
12.1.2 By separating these gas and liquid streams into these higher valued products, the economics of the Refinery are significantly improved.
12.2 General Description
12.2.1 The SGP is composed of the following sections: compression, presaturation, absorption, and fractionation & treating.
12.2.1.1 Compression Section 
· In the Compression Section, gases from various sources in the Refinery are boosted to a final processing pressure of about 260 psig in preparation for the absorption step. 
· This is accomplished via a two stage compressor with an interstage cooler and interstage drum.  
· In addition to the gases, a liquid stream (Isom Stabilizer liquid) is also directed to the compressor interstage drum. All liquid collected in the drum (except water) is pumped on to the presaturation section.  
12.2.1.2 Presaturation Section 
· In the Presaturation Section, all the feed gases and liquids, along with the Deethanizer Absorber bottoms liquid, are mixed together and cooled. 
· The presaturation section, consists of a large cooler and a separation drum which provides four things:
· An extra stage of contact between the absorption oil and the feed gas
· Cooling
· A separator for the Deethanizer Absorber feed gas 
· Surge drum for the Deethanizer stripper feed liquid. 
12.2.1.3 Absorption Section 
· In the absorption section, gas from the presaturation drum can be contacted with both a lean oil and a sponge oil for near-complete removal of Propane and heavier components. The lean oil is generated within the SGP itself. The sponge oil, if used, is heavier naphtha from a slipstream of Naphtha Stabilizer bottoms or reformate. It can absorb (sponge) additional compounds not collected by the lean oil.  


12.2.1.4  (
TOC
)Fractionation and Treating Section 
· [image: 122 fractionation]The liquid, which collects in the Presaturation Drum contains components ranging from hydrogen to heavy naphtha. The purpose of the Fractionation Section is to separate this mixture into usable fractions. The liquid first enters the Deethanizer stripper where all compounds lighter than ethane and most of the ethane are removed by application of heat. Deethanizer stripper bottoms are then sent to a Debutanizer, which removes most of the butane and all the lighter constituents. The Debutanizer bottoms is the C5+ gasoline blending component stream. This stream can also be used for lean oil. 
· The Debutanizer overhead is fed to a Depropanizer where Propane and lighter are taken overhead and processed through a treating section to remove H2S and water. 
· The Depropanizer bottoms, which is predominantly a mixture of Isobutane and Normal-Butane, is sent to the Deisobutanizer where these components are separated. The Isobutane stream is used for feedstock to the Alkylation unit and occasionally for use as a gasoline blend component for vapor pressure control when there is an economic incentive to do so. The normal butane stream is used as a gasoline blend component for vapor pressure control.
[image: 122 fractionation]
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12.3 Summary of applicable Tables, Procedures and Forms
12.3.1 Procedures
12.3.1.1 LPG Process Unit Sampling Procedure

12.4 Isobutane Purity Control
12.4.1 The control strategy for the Deisobutanizer (DIB) is very similar to that for the Depropanizer and Debutanizer.  The balance to be struck is between the purity of the isobutane product taken overhead and the recovery of isobutane.  The target purity for the overhead is 95 vol% isobutane (iC4) minimum.  A higher purity could be made, but only by allowing more isobutane to leave the bottoms, thereby affecting the overall isobutane recovery.  To achieve a reasonable recovery, isobutane in the bottoms should be limited to about 2 vol%.
[image: dibf]

12.4.2 Deisobutanizer Control Variables 
12.4.2.1 Column top pressure - maintained constant by a hot vapor bypass circuit. This system functions by allowing part of the hot, overhead vapors to bypass the overhead condenser and enter the OH receiver through a separate nozzle. Even though the vapors flowing through the condenser are condensed and sub-cooled, the hot vapors create a layer of warm liquid at the vapor/liquid interface in the receiver. The vapor pressure of this warm layer generates the pressure needed in the receiver.  
12.4.2.2 OH receiver level -- maintained by a controller which controls the rate of overhead liquid pumped to isobutane storage at the Refinery Tank Farm LPG Storage area. Normally, this level is held at the center of the receiver. 
12.4.2.3  (
TOC
)Reflux flow rate – normally set by means of a flow controller and valve on the reflux stream.  Under this scheme, the OH receiver level would be controlled by the flow of net overhead product to storage. In the case of a Deisobutanizer, however, the reflux rate is much larger than the product flow (16:1), and the small product flow may not be adequate to control level. If this proves true, the two functions can be switched with the reflux flow reset by level and the product flow on straight flow control.  
12.4.2.4 Reboiler heat input -- controlled by manipulation of the flow of steam to the reboiler. The flow of steam may be reset automatically by a temperature controller sensing temperature above tray #42 of the column. However, the temperature profile in a Deisobutanizer changes so gradually that it may not correlate well with the composition of the liquid in the column. Therefore, the steam will be set initially on flow control only and switched to temperature reset only if operating experience indicates that it is feasible to do so. 
12.4.2.5 Deisobutanizer bottoms level -- maintained by a level controller on the bottoms stream leaving the unit. The level control valve is located downstream of the Depropanizer Feed/DIB Bottoms Exchangers, and the DIB Bottom Rundown Cooler. 
12.4.2.6 OH Receiver pressure control -- provided for removing non-condensable gases from the Deisobutanizer system. These gases accumulate slowly (or quickly during upsets) and collect in the upper parts of the column. If not removed periodically, they interfere with column pressure control. This valve is typically operated as a hand-controller only when needed to vent the system. The vented gases are returned to the suction of the first stage compressor.  

12.5 [image: ProcessUnitSampling]Sampling and Testing Requirements
12.5.1 Once each day (per established schedule), the Crude Unit Assistant pulls a sample from the SGP Isobutane to Storage line using the LPG Process Unit Sampling Procedure.
12.5.1.1 The Lab runs the following tests on the sample:

	Test
	ASTM
Method
	Significance

	Gas Chromatograph Analysis
	D 2163

	This analysis is used to determine the composition (purity) of the Isobutane product.  The target purity for the Isobutane (iC4) product is about 95 vol%. Higher purity will typically result in more isobutane being contained in the Normal Butane (nC4) product from the bottom of the Deisobutanizer, thereby negatively affecting the overall Isobutane recovery.

	Hydrogen Sulfide
	Lead Acetate Test
	Sulfur compounds that are not removed from Isobutane feed to the alkylation unit accumulate in the reactor section to form Sulfur oil which is lighter than tar and heavier than alkylate.  This Sulfur oil floats at the interface in the settler and may carry-over into the iso-stripper periodically.  Carryover of Sulfur oil results in corrosive alkylate which will be indicated by failure of the copper strip corrosion test.  If the Sulfur oil is regenerated, it will carry about 35% HF acid with it out the bottom of the regenerator.  (i.e. tends to consume HF acid from the unit.)  
The presence of H2S also presents a potential health hazard and will result in the failure of the copper strip corrosion test.


 (
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12.5.2 If the Gas Chromatograph Analysis results are not acceptable, the SGP Unit Operator shall make the appropriate adjustments to the process unit to correct the problem (See Section 12.4).
12.5.3 If the Hydrogen Sulfide test is positive, this is typically an indication of improper operation of the Depropanizer column.  H2S in the feed to the Depropanizer should exit the top of the tower along with Propane and be removed in the amine treating section.  Refer to Section 12.2.1.4.
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Section 13 [bookmark: iSobutanereceiving]
Isobutane Railcar Receiving
 (
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)
13.1 Introduction
13.1.1 Procedures for insuring quality in this section will refer to the receipt of Isobutane Feed Stock into Memphis Refinery Tankage through the Memphis Refinery Rail Unloading facility.

13.2 Summary of applicable Tables, Procedures and Forms
13.2.1 Tables
13.2.1.1 Table T Isobutane Specification
13.2.2 Procedures
13.2.2.1 General Switch Engine Operation
13.2.2.2 LPG Unload Railcar
13.2.2.3 LPG Sample Railcar

13.3 General Precautions 
13.3.1 All Isobutane product delivered to The Memphis Refinery for storage shall meet or exceed Table T Isobutane Specification and/or any applicable contract specifications for Isobutane purchases.

13.4 Activity Map

[image: ]
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13.5  Product Arrival
13.5.1 Plan and Schedule
13.5.1.1 Economics and Planning projects the daily usage requirements for Isobutane.  
13.5.1.2 The LPG Scheduler then:
· Places an order for Isobutane (IC4)
· Schedules the rail shipment of IC4 from the Load port
· Issues a Bill of Lading (BOL) to Economics and Planning
13.5.1.3 Economics and Planning coordinates with the Tank Farm Superintendent to define daily needs based on current inventory and usage then request the specified number of rail cars to be delivered by the railroad.  
· Economics and Planning contacts (e-mail) the Railroad to schedule delivery.
· Economics and Planning generates an “inbound report” which includes which railcars should be sampled and makes this report available for each area involved.  
13.5.2 Prep Arrival
13.5.2.1 #3 Pumper 
· Completes a Track Switch List for use by the inbound switch engine identifying where cars should be placed in the rail yard and empty cars that should be removed.  
· Makes preparation for the Railcars to be properly spotted by the Switch Engine.
13.5.3 Receive Cars
13.5.3.1 [image: GeneralSwitchEngineOperation]Cars loaded with Isobutane are spotted by the Railroad according to the switch list or by the Trackmobile Operator according to General Switch Engine Operation
13.5.3.2 #3 Pumper completes the Track Checklist and sends to the Tank Farm Superintendent and Economics and Planning.  
13.5.3.3 The Railroad leaves the site.  

13.6 Unloading
13.6.1 Secure Railcar
13.6.1.1 #3 Pumper:
· Ensures that brakes are set on railcars and wheels are chocked against movement. 
· Sets the caution signs and derails on the track 
· Verify Car Seal is in place prior to opening the dome lid. (Applies to inbound, purchased material only)
· Inspects Railcar for damage.

13.6.2 
Gauge, Sample and Connect
13.6.2.1 The #3 Pumper will:
· Open the dome lid
· Obtain an outage gauge and temperature on the railcar
13.6.2.2  (
TOC
) A Railcar Sample is required if:
· Indicated on the “Inbound Report” from Economics and Planning.
· The Isobutane railcar pressure check is suspect. (Pressure indicates the product may not be Isobutane as noted below.)
13.6.2.3 If a sample is required:
· [image: samplerailcar] The #3 Pumper will:
· Input the following information into LIMS (per procedure LPG Sample Railcar
· Location of Railcar (track and spot)
· Railcar ID number
· Product expected in Railcar 
· Print out appropriate labels from LIMS to the lab printer.
· Obtain sample if required according to LPG Sample Railcar
13.6.2.4 [image: lpg unloadrailcar] #3 Pumper then:
· Connects the Railcar  per LPG Unload Railcar
· Checks the pressure of the railcar.
· NOTE:  If the measured pressure does not correspond to the expected pressure for Isobutane, the car will need to be sampled and tested prior to unloading to confirm the contents.
13.6.2.5 If samples are taken for analysis, the following procedures apply:
· The Lab will test each sample for Composition and Corrosion.  The results should meet the requirements of Table T Isobutane Specification The results are published in LIMS.
· The Tank Farm Superintendent and #3 Pumper shall review the results in LIMS and determine if the product meets the Isobutane specifications or contract requirements.  
· If the results do not fall within the specification allowances or contract requirements, the product will not be unloaded until the Tank Farm Superintendent and Economics and Planning are able to resolve the issue.
13.6.2.6 The #3 Pumper notifies the #1 Pumper that they are ready to unload Isobutane into the storage tank. 
13.6.2.7 The #1 Pumper:
· [image: lpg unloadrailcar] Aligns the tanks for the receipt of Isobutane from the Railcar receiving facility according to LPG Unload Railcar
· Records the opening gauge and temperature on the tank.
13.6.2.8 The #3 Pumper:
· Completes the connections from the railcars to the unloading lines according to LPG Unload Railcar
13.6.3 
Unload
13.6.3.1 The #3 Pumper unloads the Railcar per LPG Unload Railcar
13.6.3.2 The #1 Pumper monitors the receipt tank during unloading.

13.7 Closing

13.7.1  (
TOC
)Gauge and Check
13.7.1.1 At the completion of unloading:
· #1 Pumper records the closing gauge on the tank.
· [image: lpg unloadrailcar]#3 Pumper shall pull vapors on the railcar and unhook the railcar per LPG Unload Railcar
13.7.2 Reporting
13.7.2.1 #3 Pumper will complete unloading paperwork including the opening and closing gauges and pressure readings.  
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Section 14 [bookmark: isobutanetruck] (
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)Isobutane Truck Unloading

14.1 Introduction

14.1.1 Procedures for insuring quality in this section will refer to the receipt of Isobutane into Memphis Refinery Tankage through the Memphis Refinery LPG Truck Receiving Facility.
14.1.1.1 Isobutane received into Memphis Refinery Storage by truck will originate from outside suppliers (purchased Isobutane)

14.2 Summary of applicable Tables, Procedures and Forms
14.2.1 Procedures
14.2.1.1 LPG Unload Butane Truck
14.2.2 Tables
14.2.2.1 Table T Isobutane Specification

14.3 General Precautions
14.3.1 All purchased Isobutane product delivered to The Memphis Refinery for storage shall meet the specifications noted in Table T Isobutane Specification and/or applicable contract requirements.
14.3.2 The supplier provided Certificate of Analysis for any purchased Isobutane will be used to determine compliance with applicable specifications or contract requirements.  

14.4 Process Overview  --  Activity Map
[image: ]

14.5  (
TOC
) Product Arrival  
14.5.1 Plan and Schedule
14.5.1.1 Economics and Planning coordinates with the Tank Farm Superintendent to define needs based on current inventory and usage, then request the specified number of Trucks to be delivered to the facility.  
14.5.1.2 Pumper #1 makes sure there is sufficient tank space available to receive Isobutane.
14.5.2 Receive Trucks
14.5.2.1 Trucks loaded with Isobutane arrive in at the facility and are weighed in prior to unloading and weight recorded on the receiving manifest at the scale.

14.6 Unloading (to be completed according to LPG Unload Butane Truck)
14.6.1 Secure and Connect
14.6.1.1 [image: LPG unloadbutanetruck]The #1 Pumper aligns the tanks for the receipt of Isobutane from the Truck receiving facility according to LPG Unload Butane Truck.
14.6.1.2 The Truck Drivers will:
· Chock the truck wheels
· Connect the ground cable
· Connect the Truck to the unloading lines according to LPG Unload Butane Truck.
14.6.2 Unload Trucks
14.6.2.1 The Truck Driver opens valves on the truck and the unloading hoses and starts the unloading process using the pump on the truck.
14.6.2.2 The #1 Pumper monitors the receiving Tanks during unloading.
14.6.2.3 The Truck Driver:
· Stops the unloading by shutting of the truck pump.
· Closes all valves on the truck and loading hoses.
· Open vent valves on the unloading hoses to relieve pressure to the vent pipe.

14.7 Closing
14.7.1 Weigh and Record
14.7.1.1 The Truck Driver:
· Disconnects the unloading hoses from the truck
· Removes chocks and disconnects ground cable from the truck.
· Proceeds back to the truck scale to weigh out.
14.7.1.2 The #1 Pumper will:
· Weigh the truck
· Complete and sign the scale ticket and provide a copy to the driver.
14.7.1.3 The Truck Driver will:
· Sign the scale ticket
· Take a copy of the scale ticket and exit the property.
14.7.2 Reporting
14.7.2.1 #1 Pumper forwards the receiving manifest to Accounting. 
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Section 15 [bookmark: normalbutaneoverview]Normal Butane Overview

15.1 General
15.1.1 Normal Butane is a fully hydrogenated linear chain of four carbon atoms (C4H10).  It is a colorless, highly flammable hydrocarbon that is present in natural gas and can be obtained when petroleum is refined, such as at the Memphis Refinery.
15.1.2 Butane is a gaseous alkane.  It is extremely stable, has no corrosive action to metal, slightly soluble in water and readily soluble in alcohol, ether and chloroform. 
15.1.3 Typical uses for normal butane are: 
15.1.3.1 As fuel for cigarette lighters and portable stoves.  
15.1.3.2 When blended with Propane and other hydrocarbons, it is referred to commercially as LPG.
15.1.3.3 A raw material for synthetic rubber and high octane liquid fluids
15.1.3.4 Manufacture of ethylene and solvent, propellant in aerosols
15.1.3.5 A calibration gas for temperature and pressure gauges and as a heating fuel
15.1.3.6 Butane is also added to gasoline in order to increase its volatility (evaporation rate) in cold climates.

15.2 Normal Butane Production at the Memphis Refinery
15.2.1 The Normal Butane produced at the Memphis Refinery is essentially a by-product from several process units and gets fractionated (purified) at either the Sats Gas Plant or the Alkylation Unit.
15.2.1.1 Sats Gas Plant Normal Butane Production:
· At the Sats Gas Plant, normal butane is fractionated (separated) out from numerous gas and LPG streams from other process units that feed the SGP including the Crude Units, FCC, Cat Gas Hydrotreater, CCR, Naphtha Hydrotreaters, Distillate Hydrotreaters, Cryo Unit, and Isomerization Unit.  Refer to Section 15 for details.
15.2.1.2 Alky Unit Normal Butane Production
· At the Alkylation Unit, normal butane which enters the unit with the Butane/Butylene feed from the FCC unit and the Isobutane feed from the SGP or from Isobutane purchases is fractionated (separated) into a normal butane product stream.  Refer to Section 16 for details.
15.2.2 The normal butane production streams from the SGP and Alkylation Units are normally combined and stored in several pressurized storage tanks in the LPG Tank Farm area.  From there, the normal butane is used by the Refinery Gasoline Blending System to control the vapor pressure of the finished gasoline production streams from the Refinery.
15.2.3 Since the vapor pressure specifications of finished gasoline vary with the seasons of the year, the demand for normal butane also changes.  When more normal butane is produced by the Memphis Refinery than can be consumed to control gasoline vapor pressure, excess normal butane must be either sold or exported to offsite temporary storage until it can be returned for use during a higher demand period.  
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Section 16 [bookmark: SGPnormalbutaneproduction]Normal Butane Production at SGP

16.1 Purpose of the Saturated Gas Plant (SGP)  
16.1.1 The purpose of the Saturated Gas Plant (SGP) is to process saturated gas streams (and some liquid streams) from various process units including the SHU, Distillate Hydrotreaters, Crude Units, Naphtha Stabilizer, Naphtha Hydrotreaters and Isomerization unit and separate these streams into the following product streams:
16.1.1.1 Off Gas (essentially ethane and lighter, including some hydrogen)
16.1.1.2 Propane
16.1.1.3 Isobutane
16.1.1.4 Normal Butane
16.1.1.5 C5+ Gasoline
16.1.2 By separating these gas and liquid streams into these higher valued products, the economics of the Refinery are significantly improved.
16.2 General Description
16.2.1 The SGP is composed of the following sections: compression, presaturation, absorption, and fractionation & treating.
16.2.1.1 Compression Section 
· In the Compression Section, gases from various sources in the Refinery are boosted to a final processing pressure of about 260 psig in preparation for the absorption step. 
· This is accomplished via a two stage compressor with an interstage cooler and interstage drum.  
· In addition to the gases, a liquid stream (Isom Stabilizer liquid) is also directed to the compressor interstage drum. All liquid collected in the drum (except water) is pumped on to the presaturation section.  
16.2.1.2 Presaturation Section 
· In the Presaturation Section, all the feed gases and liquids, along with the Deethanizer Absorber bottoms liquid, are mixed together and cooled. 
· The presaturation section, consists of a large cooler and a separation drum which provides four things:
· An extra stage of contact between the absorption oil and the feed gas
· Cooling
· A separator for the Deethanizer Absorber feed gas 
· Surge drum for the Deethanizer stripper feed liquid.
16.2.1.3 Absorption Section 
· In the absorption section, gas from the presaturation drum can be contacted with both a lean oil and a sponge oil for near-complete removal of Propane and heavier components. The lean oil is generated within the SGP itself. The sponge oil, if used, is heavier naphtha from a slipstream of Naphtha Stabilizer bottoms or reformate. It can absorb (sponge) additional compounds not collected by the lean oil.  
16.2.1.4  (
TOC
)Fractionation & Treating Section 
· The liquid, which collects in the Presaturation Drum, contains components ranging from hydrogen to heavy naphtha. The purpose of the Fractionation Section is to separate this mixture into usable fractions. The liquid first enters the Deethanizer stripper where all compounds lighter than ethane and most of the ethane are removed by application of heat. Deethanizer stripper bottoms are then sent to a Debutanizer, which removes most of the butane and all the lighter constituents. The Debutanizer bottoms is the C5+ gasoline blending component stream. This stream can also be used for lean oil. 
· The Debutanizer overhead is fed to a Depropanizer where Propane and lighter are taken overhead and processed through a treating section to remove H2S and water. 
· The Depropanizer bottoms, which is predominantly a mixture of Iso-Butane and Normal-Butane, is sent to the Deisobutanizer where these components are separated. The Isobutane stream is used for feedstock to the Alkylation unit and occasionally for use as a gasoline blend component for vapor pressure control when there is an economic incentive to do so. The normal butane stream is used as a gasoline blend component for vapor pressure control.

[image: 122 fractionation]
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16.3 [image: ProcessUnitSampling]Summary of applicable Tables, Procedures and Forms
16.3.1 Procedures
16.3.1.1 LPG Process Unit Sampling Procedure

16.4 Normal Butane Purity Control
16.4.1 The control strategy for the Deisobutanizer (DIB) is very similar to that for the Depropanizer and Debutanizer.  The balance to be struck is between the purity of the isobutane product taken overhead and the recovery of isobutane.  The target purity for the overhead is 95 vol% isobutane (iC4) minimum.  A higher purity could be made, but only by allowing more isobutane to leave the bottoms, thereby affecting the overall isobutane recovery.  To achieve a reasonable recovery, isobutane in the bottoms should be limited to about 2 vol%.
[image: dibf]

16.4.2 Deisobutanizer Control Variables 
16.4.2.1 Column top pressure - maintained constant by a hot vapor bypass circuit. This system functions by allowing part of the hot, overhead vapors to bypass the overhead condenser and enter the OH receiver through a separate nozzle. Even though the vapors flowing through the condenser are condensed and sub-cooled, the hot vapors create a layer of warm liquid at the vapor/liquid interface in the receiver. The vapor pressure of this warm layer generates the pressure needed in the receiver.  
16.4.2.2  (
TOC
)OH receiver level -- maintained by a controller which controls the rate of overhead liquid pumped to isobutane storage at the Refinery Tank Farm LPG storage area. Normally, this level is held at the center of the receiver. 
16.4.2.3 Reflux flow rate – normally set by means of a flow controller and valve on the reflux stream. Under this scheme, the OH receiver level would be controlled by the flow of net overhead product to storage. In the case of a Deisobutanizer, however, the reflux rate is much larger than the product flow (16:1), and the small product flow may not be adequate to control level. If this proves true, the two functions can be switched with the reflux flow reset by level and the product flow on straight flow control.  
16.4.2.4 Reboiler heat input -- controlled by manipulation of the flow of steam to the reboiler. The flow of steam may be reset automatically by a temperature controller sensing temperature above tray #42 of the column. However, the temperature profile in a Deisobutanizer changes so gradually that it may not correlate well with the composition of the liquid in the column. Therefore, the steam will be set initially on flow control only and switched to temperature reset only if operating experience indicates that it is feasible to do so. 
16.4.2.5 Deisobutanizer bottoms level -- maintained by a level controller on the bottoms stream leaving the unit. The level control valve is located downstream of the Depropanizer Feed/DIB Bottoms Exchangers, and the DIB Bottom Rundown Cooler. 
16.4.2.6 OH Receiver pressure control -- provided for removing non-condensable gases from the Deisobutanizer system. These gases accumulate slowly (or quickly during upsets) and collect in the upper parts of the column. If not removed periodically, they interfere with column pressure control. This valve is typically operated as a hand-controller only when needed to vent the system. The vented gases are returned to the suction of the first stage compressor.  


16.5 [image: ProcessUnitSampling]Sampling and Testing Requirements
16.5.1  Once each day (per established schedule), the Crude Unit Assistant pulls a sample from the SGP Normal Butane Storage line using the LPG Process Unit Sampling Procedure.


16.5.1.1  (
TOC
)The Lab runs the following tests on the sample: 

	Test
	ASTM
Method
	Significance

	Gas Chromatograph Analysis
	D 2163

	This analysis is used to determine the composition (purity) of the Normal Butane product.  To achieve a reasonable recovery of isobutane at the SGP, isobutane in the Normal Butane stream from the bottom of the Deisobutanizer should be limited to about 2 vol%.

	Hydrogen Sulfide
	Lead Acetate Test
	Sulfur compounds (particularly H2S) that are not removed from the normal butane production stream can be corrosive to copper and silver.  Since normal butane is blended to gasoline for vapor pressure control it is essential that H2S be removed so that the blended gasoline is not corrosive to copper or silver (a specification requirement for gasoline.)



16.5.2 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the Gas Chromatograph Analysis results are not acceptable, the SGP Operator shall make the appropriate adjustments to the process unit to correct the problem (See Section 16.4).
16.5.3 If the Hydrogen Sulfide test is positive, this is typically an indication of improper operation of the Depropanizer column.  H2S in the feed to the Depropanizer should exit the top of the tower along with Propane and be removed in the amine treating section.  Refer to Section 16.2.1.4.
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Section 17 [bookmark: Alkylationunitnormalbutane] (
TOC
)Normal Butane Production at Alkylation Unit

17.1 Purpose of the Alky Unit 
17.1.1 The purpose of the Alky is to convert lower value FCC LPG to higher value gasoline.
17.1.2 Smaller olefin molecules in the FCC LPG are combined with isobutane to produce larger molecules that make gasoline.  This reaction is achieved by mixing the FCC LPG with large amounts of isobutane in the presence of high purity HF acid at cool temperatures.
17.1.3 The reaction products are separated by fractionation into three basic products:
17.1.3.1 Alkylate - A high quality gasoline blending component
17.1.3.2 Normal Butane -A lower value fuel used as a gasoline blend component for vapor pressure control.
17.1.3.3 Propane -A lower value fuel used for cooking, heating and as a motor fuel.
17.1.4 In addition to providing proper reaction conditions, a large portion of the Alky is dedicated to maintaining the quality of the circulating HF acid catalyst and ensuring that the highly toxic and potentially corrosive HF acid is contained.

17.2 General Description
17.2.1 The primary feed to the Alky Unit is LPG from the FCC.  The FCC converts atmospheric bottoms from the Crude Unit to high value gasoline and diesel.  The FCC reaction is not perfect and some of the heavier material gets over cracked into hydrocarbons that are too light to be used for gasoline.  One of the light byproducts of the FCC cracking reactions is LPG.  About 20-25% of the FCC feed gets cracked to LPG.  The FCC LPG is a hydrocarbon mixture made up of mainly Propylene, Propane, Butylene, Isobutane, and Normal Butane.
17.2.2 The Gas Con section of the FCC separates the products of the FCC cracking reactions.  In the Gas Con, hydrocarbons lighter than LPG are separated for use as Refinery fuel gas.  LPG is separated and treated for sulfur removal in the Gas Con then sent for upgrading in the Alky unit.  Hydrocarbons heavier than LPG are treated and used directly in gasoline blending.
17.2.3 In the Alky processes, FCC LPG (Splitter charge) is fed to the C3/C4 Splitter section. Propylene and Propane are separated from the feed and sent to storage then loaded on railcars for sale as P/P mix.  The Butanes and Butylenes from the C3/C4 Splitter combine with Isobutane feed in a large recirculating isobutane stream.  This mixture is contacted with high purity HF acid at low temperatures in the reactor section of the Alky.  The butylene components combine with isobutane in the presence of HF Acid to form alkylate that is used in Gasoline. Normal Butane and small amounts of Propane in the feed do not react; and simply take a free ride through the process.
17.2.4 In the separation section, the acid is separated from the hydrocarbons and the hydrocarbons are separated into Alkylate, Normal Butane, Propane and Isobutane.  The acid and unreacted Isobutane are recovered and recirculated.  Normal Butane and Alkylate are sent to storage.  The Propane and Isobutane are sent to the Depropanizer/Treating section of the Alky.
 (
TOC
)
17.3 Normal Butane Purity Control
17.3.1 Normal Butane is separated in the Iso Stripper Tower and exits near the bottom of the tower from tray 59 and 60.  The Normal Butane draw rate is controlled to separate Normal Butane from Isobutane while minimizing Isobutane losses and maintaining good tower operation.
[image: LPG154]
17.3.2 
Removing Normal Butane keeps the Isobutane stream pure which is one of the key variables required in the Reactor Section to ensure high quality Alkylate without undesired side reactions.  However, if the Normal Butane draw rate is too high, Isobutane will also be withdrawn from the tower with the Normal Butane.  This both downgrades the value of the Normal Butane and requires increased Isobutane feed from tankage.  This results in a significant economic loss to the Refinery.
17.3.3  (
TOC
)If the Normal Butane draw rate is too low, then not only will the recycle Isobutane purity decrease but Normal Butane will begin to build up in the system and the tower may become overloaded and result in flooding.
17.3.4 The tower pressure is normally controlled between 165 and 170 psig by regulating how much overhead vapor bypasses the Iso Stripper Overhead Condensers.  This pressure is controlled in order to maintain good separation of the Propane and Normal Butane from the Isobutane in the overhead section of the Iso Stripper.  This helps ensure a high purity Isobutane recycle stream.  Higher pressures increase the amount of Propane in the Isobutane and lower pressures increase the amount of Normal Butane in the Isobutane.
17.3.5 The tower temperature is controlled by the amount of heat input provided by the Iso Stripper Reboiler Heater.

17.4 Summary of applicable Tables, Procedures and Forms
17.4.1 Tables
17.4.1.1 Table S Normal Butane Specification
17.4.2 Procedures
17.4.2.1 LPG Process Unit Sampling Procedure.

17.5 [image: ProcessUnitSampling]Sampling and Testing Requirements
17.5.1  Once each day (per established schedule), the Alky Assistant pulls a sample from the Alky Normal Butane to Storage line using the LPG Process Unit Sampling Procedure.

Note: During High Vapor Pressure season (winter) it is not uncommon for all normal butane produced to be used to pressure-up the Alkylate.  In this case there will be no normal butane production from the Alkylation unit and therefore no sample will be required. 

17.5.1.1 
The Lab runs the following tests on the sample:
 (
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)
	Test
	ASTM
Method
	Significance

	Gas Chromatograph Analysis
	D 2163

	This analysis is used to determine the composition (purity) of the Normal Butane product. If the normal butane is to be sold, the composition should comply with  Table S Normal Butane Specification  There is also an economic incentive to minimize the Isobutane content in the Normal Butane stream because additional purchases of Isobutane will be required to offset the volume contained in the Normal Butane stream. 



17.5.2 If the Chromatograph Analysis results are not acceptable, the Alky Unit Operator shall make the appropriate adjustments to the process unit to correct the problem (See Section 17.3).
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Section 18 [bookmark: nbtanktorailcarloading] (
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)Normal Butane Tank to Railcar Loading

18.1 Introduction

18.1.1 Procedures for insuring quality in this section will refer to the transfer of Normal Butane from Refinery Tankage into Railcars and testing of the Railcar prior to shipment.

18.2 Summary of applicable Tests, Procedures and Forms
18.2.1 Procedures utilized for the Tank Storage to Railcar Loading Process:
18.2.1.1 LPG Load PP or Butane Railcar 
18.2.1.2 LPG Sample Railcar
18.2.2 Tables
18.2.2.1 Table S Normal Butane Specification

18.3 Activity Map

[image: ]

18.4 Pre-Loading
18.4.1 Inspect & Set-up Railcar.  Prior to loading any Railcar the #3 Pumper shall ensure:
18.4.1.1 The Railcar has been properly spotted to allow safe access from the Railcar to the loading arms. 	
18.4.1.2 The Railcar is inspected for damage.  If any damage is found, it will be immediately reported to the Operations Superintendent.  
                                                            

18.4.1.3 Blue caution signs/derails are positioned on the track such that:
· On tracks #9 and #10 there is one sign and one derail  just west of the #1 loading spot and one sign and one derail  just east of the #6 loading spot for each track
· On tracks #$4 and #5 there is one sign and one derail  just east of the #6 loading spot for each track
18.4.1.4 The Railcar brakes are set and the wheels chocked to prevent movement.
18.4.2 The #1 Pumper will then:
18.4.2.1 Identify the supply tank(s) from which to load the Railcar.
18.4.2.2 Take an Opening Gauge and Temperature on the Supply Tank(s) and relays that information to the #3 Pumper.
18.4.3 The #3 Pumper will then:
18.4.3.1 Record the opening gauge information on the supply tank.
18.4.3.2 [image: lpgloadpporbutanerailcar]Check outage on railcar to make sure the railcar is empty.
18.4.3.3 Hook up Railcar connections to Loading Rack per procedure LPG Load PP or Butane Railcar 
18.4.3.4 Align Tank and Compressor to Railcar per procedure LPG Load PP or Butane Railcar 

18.5 Loading
18.5.1 The #3 Pumper will:
18.5.1.1 Load Rail Car per procedure LPG Load PP or Butane Railcar 
18.5.1.2 [image: lpgloadpporbutanerailcar]Take a Closing Gauge and Temperature for the Supply Tank and Railcar when loading has been completed.  
18.5.1.3 Disconnect the Railcar from the Loading Rack per LPG Load PP or Butane Railcar.  Ensure that the liquid and vapor line valves on the Railcar are closed and that plugs are inserted in the Railcar vapor and liquid connections.  All connections must be tight and leak free. 

18.6 Releasing
18.6.1 If the railcar is to shipped out, the railcar must be sampled, tested and meet specifications and/or contract requirements prior to being released as follows:
18.6.1.1 The #3 Pumper will:
· [image: samplerailcar]Launch a Railcar sample in LIMS and include the Date, Time and Railcar Number (per procedure LPG Sample Railcar
· Print out appropriate labels from LIMS to the lab printer.
· Sample Railcar for certification testing per LPG Sample Railcar.
18.6.1.2 Lab Testing and Certification
· The Lab will test and certify the shipment per Table S Normal Butane Specification or contract specifications if applicable.
· If all test results entered into the LIMS system meet specifications per Table R P/P Mix Specification, the Lab personnel performing the tests will advise the Shift Superintendent that the Railcar is awaiting approval for release.  The Shift Superintendent will log into LIMS, review the test results to ensure all results are within the specification allowances and approve the Railcar for release.  LIMS will then automatically generate a release document authorizing transfer of the product.  This release document will then be available to all employees with LIMS access including the Oil Movements Superintendent, Shift Superintendent, and Pumpers.
 (
TOC
)
CAUTION: If any test result fails to meet the specifications per Table S Normal Butane Specification, the railcar shall not be certified for shipment.  The railcar will typically be re-sampled and retested by the Lab.  The options include obtaining a waiver from the customer so that the off-spec railcar can be shipped or unloading the railcar and reprocessing the product.
· The #3 Pumper will:
· Receive the Testing and Certification information from the Lab
· Record the Railcar loading information on the Transfer Sheets
· Seal the Railcar
· Complete the Railcar load sheetIf any of the test results again fail to meet the specifications, the Oil Movements Superintendent and/or Shift Superintendent will typically consult Economics and Planning for resolution.  
18.6.1.3 Loaded Volume Determination and Billing
· The Economics and Planning Department:
· Receives the Load sheet for the Railcar 
· Determines the loaded volume using the load sheet information combined with the Outage Table specific to the shipping Railcar.  
· “Bills the shipment out” to the Railroad company indicating it is ready for transport.
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Section 19 [bookmark: nbrailcarreceiving] (
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)Normal Butane Railcar Receiving

19.1 Introduction
19.1.1 Procedures for insuring quality in this section will refer to the receipt of Normal Butane blend stock into Memphis Refinery Tankage through the Memphis Refinery Rail Unloading facility.

19.2 Summary of applicable Tables, Procedures and Forms
19.2.1 Tables
19.2.1.1 Table S Normal Butane Specification
19.2.2 Procedures
19.2.2.1 General Switch Engine Operation
19.2.2.2 LPG Unload Railcar
19.2.2.3 LPG Sample Railcar

19.3 General Precautions 
19.3.1 All Purchased Normal Butane product delivered to The Memphis Refinery for storage shall meet the requirements of Table S Normal Butane Specification and/or any applicable contract requirements.

19.4 Activity Map

[image: ]
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19.5  Product Arrival
19.5.1 Plan and Schedule
19.5.1.1 Economics and Planning (in consultation with Blending Specialist) projects the daily usage requirements for Normal Butane. 
19.5.1.2 The LPG Scheduler then:
· Places an order for Normal Butane
· Schedules the rail shipment of Normal Butane from the Load Port
· Issues a Bill of Lading (BOL) to Economics and Planning
19.5.1.3 Economics and Planning coordinates with the Tank Farm Superintendent to define daily needs based on current inventory and usage then request the specified number of rail cars to be delivered by the railroad.  
· Economics and Planning contacts (e-mail) the Railroad to schedule delivery.
· Economics and Planning generates an “inbound report” which includes which railcars that should be sampled and makes this report available for each area involved.  
19.5.2 Prep Arrival
19.5.2.1 #3 Pumper completes a Track Switch List for use by the inbound switch engine identifying where cars should be placed in the rail yard and empty cars that should be removed.  
19.5.2.2 #3 Pumper makes preparation for Railcars to be properly spotted by the Switch Engine.
19.5.3 [image: GeneralSwitchEngineOperation]Receive Cars
19.5.3.1 Cars loaded with Normal Butane are spotted by the Railroad according to the switch list or by the Trackmobile Operator according to General Switch Engine Operation
19.5.3.2 The Railroad leaves the site.  
19.5.3.3 #3 Pumper completes the Track Checklist and sends to the Tank Farm Superintendent and Economics and Planning.  

19.6 Unloading
19.6.1 Secure Railcar
19.6.1.1 #3 Pumper:
· Ensures that brakes are set on railcars and wheels are chocked against movement. 
· Sets the caution signs and derails on the track 
· Verify Car Seal is in place prior to opening the dome lid. (Applies to inbound, purchased material only)
· Inspects Railcar for damage.

19.6.2 
Gauge, Sample and Connect
19.6.2.1 The #3 Pumper will:
· Open the dome lid
· Obtain an outage gauge and temperature on the railcar
19.6.2.2  (
TOC
)A Railcar Sample is required if:
· Indicated on the “Inbound Report” from Economics and Planning.
· The Normal Butane railcar pressure check is suspect. (Pressure indicates the product may not be Normal Butane as noted below.)
19.6.2.3 If a sample is required:
· [image: samplerailcar] The #3 Pumper will:
· Input the following information into LIMS (per procedure LPG Sample Railcar
· Location of Railcar (track and spot)
· Railcar ID number
· Product expected in Railcar 
· Print out appropriate labels from LIMS to the lab printer.
· Obtain sample if required according to LPG Sample Railcar.
19.6.2.4 [image: lpg unloadrailcar]#3 Pumper then:
· Connects the Railcar  per LPG Unload Railcar
· Checks the pressure of the railcar.
· NOTE:  If the measured pressure does not correspond to the expected pressure for Normal Butane, the car will need to be sampled and tested prior to unloading to confirm the contents.
19.6.2.5 If samples are taken for analysis, the following procedures apply:
· The Lab will test each sample for Composition and Corrosion.  The results should meet the requirements of Table S Normal Butane Specification The results are published in LIMS.
· The Tank Farm Superintendent and #3 Pumper shall review the results in LIMS and determine if the product meets the Normal Butane specifications or contract requirements.  
· If the results do not fall within the specification allowances or contract requirements, the product will not be unloaded until the Tank Farm Superintendent and Economics and Planning are able to resolve the issue.
19.6.2.6 The #3 Pumper notifies the #1 Pumper that they are ready to unload Normal Butane into the storage tank. 
19.6.2.7 The #1 Pumper:
·  Aligns the tanks for the receipt of Normal Butane from the Railcar receiving facility according to LPG Unload Railcar
· Records the opening gauge and temperature on the tank.
19.6.2.8 
[image: lpg unloadrailcar]The #3 Pumper:
· Completes the connections from the railcars to the unloading lines according to LPG Unload Railcar
19.6.3 Unload
19.6.3.1 The #3 Pumper unloads the Railcar per LPG Unload Railcar
19.6.3.2 The #1 Pumper monitors the receipt tank during unloading.
 (
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19.7 Closing
19.7.1 Gauge and Check
19.7.1.1 [image: lpg unloadrailcar]At the completion of unloading:
· #1 Pumper records the closing gauge on the tank.
· #3 Pumper shall pull vapors on the railcar (if required, i.e. railcar going to shop for repair) and unhook the railcar per LPG Unload Railcar
19.7.2 Reporting
19.7.2.1 #3 Pumper will complete unloading paperwork including the opening and closing gauges and pressure readings.  
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Section 20 [bookmark: nbtanktotruckloading]Normal Butane Tank to Truck Loading

20.1 Introduction

20.1.1 Procedures for insuring quality in this section will refer to the transfer of Normal Butane fuel from Refinery Tankage into trucks at the Normal Butane Truck Loading Area.
20.1.2 Normal Butane is loaded to Trucks only for the purpose of transport to temporary storage facilities.  Normal Butane may be stored temporarily off-site during low usage periods (low RVP Gasoline season) due to limited on-site storage capacity.  Normal Butane will then be returned to the refinery during high demand periods (high RVP Gasoline season).

20.2 Summary of applicable Tests, Procedures and Forms

20.2.1 Tests and Procedures utilized for the Tank Storage to Truck Loading Process.
20.2.1.1 LPG Load Butane Truck.

20.3 General Precautions

20.3.1 Prior to loading any tanker truck with Normal Butane:
20.3.1.1 The truck shall weigh in at the truck scales
20.3.1.2 The #1 Pumper shall ensure the proper tank is lined up for loading
20.3.1.3 The #1 Pumper shall inform the Truck Driver which pump to use for the loading process
20.3.1.4 The truck shall be properly connected to the loading spot, the wheels on the truck shall be shocked and the ground cable shall be connected to the truck.  

20.4 Activity Map



 (
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20.5 Shipping Process (Truck shall be loaded according to LPG Load Butane Truck[image: Load butane truck]
20.5.1 Prepare to Ship.
20.5.1.1 Truck Arrives At the Truck Scale
20.5.1.2 #1 Pumper will weigh the truck and request carrier information.
20.5.1.3 The Truck Driver will:
· Proceed to the Butane truck loading spot.
· Chock the tires on the truck
· Connect the ground cable to the truck
20.5.1.4 The #1 Pumper will:
· Ensure that the proper tank is lined up to the Butane truck loading spot.
· Ensure the proper loading pump is lined up to the Butane truck loading spot.
· Inform the Truck Driver which pump to start to begin loading.
20.5.1.5 The truck driver will:
· Hook up the liquid and vapor hoses from the Butane loading spot the truck.
NOTE:  Once the hoses are connected to the truck, the truck driver must remain in the immediate area – outside of the truck cab until loading is complete and hoses are disconnected.  
· Open the liquid and vapor valves on the truck and on the loading hoses on the Butane truck loading spot. 

20.5.2 Load the Truck
20.5.2.1 The truck driver will start loading by pressing the “start” button at the designated loading pump. 
20.5.2.2 During loading the Truck Driver will:
· Monitor loaded volume using the percentage gauge on the truck tank.
· Shut off the pump when the desired load quantity is reached. 
20.5.2.3 At the completion of loading, the Truck Driver will:
· Close appropriate valves on the loading hoses
· Close valves on the truck
· Open vent valves on the loading hoses to relieve pressure to the vent pipe.
· Disconnect the loading hoses from the truck.
· Remove chocks, disconnect ground cable and take truck to the truck scale.

20.5.3 Finalize Shipment
20.5.3.1 The #1 Pumper will:
· Weigh the loaded Truck
· Complete the Bill of Lading
20.5.3.2 The Truck Driver will:
· Sign the completed Bill of Lading
· Take a copy of the Bill of Lading and exit the property.
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Section 21 [bookmark: nbtanktotruckunloading]Normal Butane Truck Unloading
[bookmark: RECtrbutane]
21.1 Introduction

21.1.1 Procedures for insuring quality in this section will refer to the receipt of Normal Butane into Memphis Refinery Tankage through the Memphis Refinery LPG Truck Receiving Facility.
21.1.2 Normal Butane received into Memphis Refinery Storage by truck will originate either:
21.1.2.1 From temporary storage facilities (Normal Butane originally produced at the Memphis Refinery and temporarily stored off-site to meet demand requirements at a later time.)
21.1.2.2 From outside suppliers (purchased Normal Butane)

21.2 Summary of applicable Tables, Procedures and Forms
21.2.1 Procedures
21.2.1.1 LPG Unload Butane Truck
21.2.2 Tables
21.2.2.1 Table S Normal Butane Specification

21.3 General Precautions
21.3.1 All purchased Normal Butane product delivered to The Memphis Refinery for storage shall meet the specifications noted in Table S Normal Butane Specification and/or applicable contract requirements.
21.3.2 The supplier provided Certificate of Analysis for any purchased Normal Butane will be used to determine compliance with applicable specifications or contract requirements.  


21.4  (
TOC
)Process Overview  --  Activity Map
[image: ]


21.5 Product Arrival  
21.5.1 Plan and Schedule
21.5.1.1 Economics and Planning coordinates with the Tank Farm Superintendent to define needs based on current inventory and usage then request the specified number of Trucks to be delivered to the facility.  
21.5.1.2 The Blenders notify the #1 Pumper for start/stop of blending plans and requirements.
21.5.1.3 Pumper #1 makes sure there is sufficient tank space available to receive Normal Butane.
21.5.2 Receive Trucks
21.5.2.1 Trucks loaded with Normal Butane arrive in at the facility and are weighed in prior to unloading and weight recorded on the receiving manifest at the scale.

21.6 Unloading (to be completed according to LPG Unload Butane Truck)
21.6.1 Secure and Connect
21.6.1.1 [image: LPG unloadbutanetruck]The #1 Pumper aligns the tanks for the receipt of Normal Butane from the Truck receiving facility according to LPG Unload Butane Truck.
21.6.1.2 
The Truck Drivers will:
·  (
TOC
)Chock the truck wheels
· Connect the ground cable
· Connect the Truck to the unloading lines according to LPG Unload Butane Truck.
21.6.2 Unload Trucks
21.6.2.1 The Truck Driver opens valves on the truck and the unloading hoses and starts the unloading process using the pump on the truck.
21.6.2.2 The #1 Pumper monitors the receiving Tanks during unloading.
21.6.2.3 The Truck Driver:
· Stops the unloading by shutting of the truck pump.
· Closes all valves on the truck and loading hoses.
· Open vent valves on the unloading hoses to relieve pressure to the vent pipe.

21.7 Closing
21.7.1 Weigh and Record
21.7.1.1 The Truck Driver:
· Disconnects the unloading hoses from the truck
· Removes chocks and disconnects ground cable from the truck.
· Proceeds back to the truck scale to weigh out.
21.7.1.2 The #1 Pumper will:
· Weigh the truck
· Complete and sign the scale ticket and provide a copy to the driver.
21.7.1.3 The Truck Driver will:
· Sign the scale ticket
· Take a copy of the scale ticket and exit the property. 
21.7.2 Reporting
21.7.2.1 #1 Pumper forwards the receiving manifest to the Product Coordinator. 
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Since some forms will change over time, please make sure to refer to the latest forms for your use. 


	Form
	Title

	Y
	Refinery LPG Training
[image: FormY]

	
	




Notes concerning forms use and records retention:
It is important that all product quality tests and procedures, as required in the QC Manual, be well documented using the recommended log forms.
All records must be self-explanatory and legible.
Laboratory tests results data, records of equipment performance checks, and maintenance are needed to verify that the required tests and checks were made.
These records are needed to satisfy customers’ requirements and may be required in case of an incident or product quality dispute.
The Refinery, Terminal and Pipeline Supervisors shall routinely, in a timely manner, review the completed forms for any abnormal conditions and for proper and timely entries.  All records shall be dated and signed by the person(s) responsible for completing the forms.
All records shall be kept for a minimum period of five (5) years or as required in the Corporate Records Retention Policy, whichever is longer.
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The Standardized procedures utilized in this manual are listed below.  Please make sure to refer to the PSM standards for updates to these procedures.  

	
	Procedure and Link

	



	[image: GeneralSwitchEngineOperation]General Switch Engine Operation
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	The terms included in this Glossary are those, which have a meaning in the refining industry that is somewhat different from their dictionary definitions. 





	AMBIENT TEMPERATURE
	The air temperature surrounding a specific area

	API
	American Petroleum Institute

	API DEGREES
	Units used for density measurement.

	API GRAVITY
	The petroleum industry’s scale and method of measuring density of liquid petroleum products, including ULSD fuel

	API Gravity
	A special gravity scale adopted by the API for expressing gravities of liquid hydrocarbon products:
	API
	= (
	141.5
	) -
	131.5

	
	
	Specific Gravity @ 60°F
	
	




	ASTM
	American Society for Testing Materials.  An organization that sets up standards for testing industrial products.

	ASTM COLOR
	A test method for determining the color of a wide variety of petroleum products such as: Lubricating oils, heating oils, diesel fuel oils, and petroleum waxes with a range of 0 (clear oils) - 8 (dark oils).

	ASTM D 86
	A test method used to obtain an assay of a mixture whose heaviest molecule boils at about 700oF (370oC).

	ASTM DISTILLATION
	Any one of several distillation tests made in accordance with specific ASTM distillation procedures.  The most common distillation tests are the D 86 used on light products like gasoline and jet fuel, and the D 1160 used on heavier products like vacuum gas oils.
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	BASIC TESTS
	A selected set of tests carried out, during or after certain types of movement, to verify that the ULSD has not been contaminated or the quality of the fuel has not otherwise changed and remains within the specification limits for specified critical properties.

	BAT
	Bed Average Temperature.  A general measure of operating severity of the catalyst bed.

	BATCH
	A batch of fuel is an identifiable quantity, produced at a refinery, tested and identified as a single entity.  If product from two different batches is mixed, i.e., at a terminal, it is re-tested and re-identified as a new batch.

	BOILING POINT
	The temperature at which a substance boils, that is, when the liquid is converted into vapor.  The boiling point of a substance increases if the pressure on it is raised and decreases if the pressure is lowered.  This term is usually restricted to pure substances.  The corresponding term of mixtures that exhibit a boiling range is a bubble point.

	BOILING RANGE
	The range of temperature, usually determined at boiling range.  The range of temperature, usually determined at atmospheric pressure and by a distillation test, over which boiling or distillation of a liquid proceeds.  Only a pure substance has one definite boiling temperature at a given pressure.  Mixtures, such as petroleum products, exhibit a boiling range.

	BONDING
	The physical connection of two metal objects by an electrical conductor, which equalizes the charge or electrical potential between the two objects.  Example:  tank truck bond to the loading rack with a metal cable to equalize the charge, thus reducing the possibility of generating sparks while is loading.

	CATALYST
	A material that promotes a desired reaction (without itself undergoing a chemical change).

	CERTIFICATE OF ANALYSIS  
(C OF A)
	A Certificate of Analysis should be prepared to document the full specification analyses performed at the refinery.  The C of A normally shows the date, test methods, test results, batch number, batch quantity, tank number, and the type and quantity of additives, if used.  A person responsible for the test results should sign the C of A.
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	CETANE NUMBER
	The percentage of pure Cetane in a blend of Cetane and alpha-methylnaphthalene, which matches the ignition quality of a diesel fuel sample.  This quality, specified for middle distillate fuels, is analogous to the octane number for gasolines.

	CHARGE
	Blend-stock to a refinery-processing unit.

	CLOUD POINT
	The temperature of a liquid specimen when the smallest observable cluster of wax crystals first appears on cooling under prescribed conditions. 

	COLOR
	ULSD fuel is usually a “pale yellow” to “blue green” tint. 

	COMMINGLE
	The mixing of product from two different sources or batches so that each loses its original identity.

	CONDUCTIVITY
	The capability to transmit electrostatic charges, normally expressed Pico Siemens per meter (pS/m) for petroleum products.  It is the reciprocal of electrical resistivity.  

	CONDUCTIVITY IMPROVER
	A material added to a fuel in very small amounts to increase its electrical conductivity and thereby reduce relaxation time.

	CONTAMINANTS
	Substances, either foreign or native, which may be present in ULSD fuel that may detract from its performance.

	COOLER
	A heat exchanger whose primary purpose is to reduce the temperature of one of the passing fluids.

	CORROSION
	Destruction of a metal surface as a result of a chemical reaction.  Corrosion can be caused by acids or other corrosive agents.

	CORROSION INHIBITOR
	A chemical mixture, which is added to a corrosive system to reduce or eliminate corrosion problems.

	CRUDE
	A short name that describes raw or unrefined petroleum or crude oil.

	CRUDE OIL
	A synonym for petroleum.  A naturally occurring mixture consisting predominately of hydrocarbons and or sulfur, nitrogen, and oxygen derivatives of hydrocarbons.  Crude oil is removed from the earth in a liquid state, or is capable of being so removed.
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	CUT
	An individual product obtained during the distillation of oil.

	CUT POINT
	The boiling temperature division, based on a distillation curve, between two cuts.  The boiling ranges of two adjacent cuts overlap, so that the cut point is the temperature below which most of one cut boils and above which most of the next higher cut boils.

	D 86
	An ASTM test method used to determine the boiling point distribution of a cut with an endpoint lower than about 700oF (370oC).

	DEDICATED
	A completely segregated system of tankage, pipes, vehicles, etc. which handles only ULSD product.  Complete segregation can best be achieved by removing all interconnecting lines between pipelines which handle different products, and between pipelines that handle tested and untested product.  If interconnecting piping must be left in place, dedicated segregation can be achieved by the use of blind spectacle flanges, double block valves with bleed valve or by a twin seal valve with body bleed. 

	DENSITY
	The amount of mass (weight) in a unit volume of material.

	DESULFURIZATION
	The removal of sulfur compounds from oil.  Desulfurization methods used include sweetening, amine treating, and hydrodesulfurization, and by reaction with hydrogen to form hydrogen sulfide.

	DIESEL
	A combustible liquid hydrocarbon distilled from petroleum that has a boiling range of 400o - 650°F.

	DIFFERENTIAL PRESSURE
	The measured difference or Delta (ΔP) in pressure between any two points, generally between the inlet and outlet connections on filtration vessels.

	DIRECT READING ∆P GAUGE
	A pressure gauge that automatically displays the differential pressure between the inlet and outlet connections of a filtration vessel.

	DISCHARGE LINE
	Product line usually under pressure due to a pumping force being applied.

	DISSOLVED WATER
	Water that is in solution in ULSD.  This water is not free water and cannot be removed by normal means.
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	DISTILLATE
	The part of a liquid that is vaporized and then condensed during a distillation process.  Any liquid stream from a distillation column other than the bottoms product.

	DISTILLATION
	The process of heating a liquid mixture, forming vapors, and then condensing the vapors separately from the un-vaporized liquid.  The purpose of distillation is to separate the mixture into fractions (cuts), distinguished mainly by their different boiling ranges.  Distillation occurs only when vapor and liquid are brought into contact with each other, and then allowed to separate.

	DISTILLATION COLUMN (TOWER)
	A vertical, cylindrical vessel designed for continuous distillation of a mixture to separate it into various fractions (cuts), each covering a different boiling range.  The column (tower) is constructed so that rising vapors are contacted with falling liquid on a series of trays.  The vapor passes from one tray to the next above it by bubbling through the liquid on the tray.  The high boiling point components of the vapor condense and overflow with the liquid to the tray below.  This results in a separation of the feed from tray to tray into fractions in order of the condensing or boiling point temperatures.  Products are removed from the top of the column as an overhead product, from various trays as side cuts, and from the bottom of the column as bottoms product.

	DISTILLATION TEST
	Any of several laboratory tests used to characterize an oil with respect to the boiling points of its components.  In tests, the oil is distilled and the temperature of the condensing vapor and the volume of liquid formed are recorded.  The information is then used to construct a distillation curve of liquid volume percent (LV%) distilled versus condensing temperature.  The condensing temperature of the vapor at any point in the test will be close to the boiling point of the material condensing at that point.  For a pure substance, the boiling and condensing temperature are exactly the same.  Hence, the distillation curve provides useful information as to the amount of materials in the oil that falls into various boiling ranges.

	DOC TEST
	A very sensitive test for the detection of mercaptan and H2S in naphtha.  A negative Doc Test indicates an extremely low concentration of mercaptan and H2S.  The Doc Test is used primarily for motor gasoline.




 (
TOC
)
	DOUBLE BLOCKS AND BLEEDER
	Two consecutive block valves, separated by a short length of pipe with a third block valve off a tee.  Used to give positive isolation between two systems.  The third valve is usually kept open to detect if there is a leak through either of the two main valves.

	EFFLUENT
	An outflow or stream flowing out.  This is the opposite of feed.

	ELEMENTS
	A generic term given to different types of decontamination media installed in various types of filtration vessels.

	EMULSION
	An intimate mixture of two liquids, which are not miscible with each other, such as oil and water.  Fine particles of one of the liquids are so thoroughly dispersed in the other liquid that they do not coalesce to form a separate phase.  Oil-in-water emulsions have fine droplets of oil dispersed in a water phase.  Water-in-oil emulsions have fine droplets of water dispersed in an oil phase.

	END POINT
	The final temperature, determined by a distillation test, at which boiling or distillation of a liquid takes place (heavy ends).

	ENTRAINED WATER
	Small droplets of free water in suspension that may make ULSD appear hazy or cloudy.

	ENTRAINMENT
	Vapor or liquid carried along in a dissimilar process stream.  Also referred to as carry-over.  Entrainment occurs when the velocity of the process stream becomes high enough to overcome the gravitational forces that would normally cause the dissimilar materials to separate.  A variety of types of entrainment can occur.  For example, overhead vapor leaving a distillation column may contain entrained liquid, water from a desalter may contain entrained oil, oil from the atmospheric column reflux drum may contain entrained water, or oil leaving the flash zone of a distillation column may contain entrained vapor bubble.

	EPA
	Environmental Protection Agency — The federal agency responsible for enforcement of air and water quality regulations.

	FILTER
	A decontamination device to remove solid particles from ULSD.
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	FILTER EFFICIENCY
	Filter manufacturers often refer to their products as “nominal 5 micron” filters, or as filtering down to 5 microns.  This means that the filter should remove better than 90 to 95 % of all the 5 micron, or larger particles reaching it.  It will usually remove a large percentage of particles smaller than 5 microns.

	FILTER MEMBRANE TEST
	A standard test in which ULSD fuel is passed through a small filter membrane housed in a plastic holder.  The cleanliness of the ULSD fuel can be determined by measuring the residue or amount of solid contaminates left on the fuel or matching the color to color standards. (See  Millipore)

	FILTER/ SEPARATOR
	A vessel with two stages of filtration and water separation, through which ULSD fuel passes to remove dirt and water.  The first stage coalescer removes dirt and coalesces water; and the second stage (separator) prevents residual water droplets, that have not yet settled, from leaving the filter vessel with the fuel.

	FILTERING
	The separation of solids from a carrier liquid by allowing the liquid to pass through a porous medium.  Typical filtering media are filter clay, chemically treated paper, felt, canvas, woven wire, and synthetic cloth.

	FILTRATION
	The process of separating solids from a fluid by passage through a porous medium.

	FLAMMABLE
	Capable of being easily set on fire or combustible.

	FLASH POINT
	The lowest temperature at which an oil gives off enough vapor to make a small flash when a flame is passed over it.  The flash point is an indication of the temperature below which the oil can be handled without the danger of fire.  Flash points of distillation products like naphtha and heavier, are analyzed to make sure they are safe for storage.

	FLOATING SUCTION
	Pump suction piping with floatation capability used to draw the cleanest fuel from the upper level of the fuel in a tank.

	FRACTIONATING COLUMN
	A column arranged to separate various fractions of petroleum by a single distillation.  The column may be tapped at different points along its length to separate various fractions in the order of the condensing temperatures or boiling points.
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	FRACTIONATION
	The separation, usually by distillation, of a mixture into fractions or cuts that condense at different boiling ranges.  The degree of fractionation, or sharpness of separation, is indicated by the extent of overlay in the boiling range between the product fractions.

	FREE WATER
	Water in fuel other than dissolved water.  Free water may be in the form of droplets or haze suspended in the fuel (entrained water or an emulsion) and/or water layered at the bottom of the container holding the fuel.

	FREEZING POINT
	The coldest fuel temperature at which the last fuel wax crystals disappear when fuel physically changes from a solid back to a liquid when warmed.

	FREQUENCY
	The number of times an event repeats itself per unit time.

	FRONT-END
	As applied to the lower boiling components in a cut, front-end is the components that are the first to boil in a distillation test. 

	GASOLINE
	A light petroleum fraction having an approximate boiling range of 100-400°F and obtained by distillation, cracking, polymerization, and other processes.

	GATE VALVE
	A straight through flow design valve where the barrier to flow is a disk or wedge shaped dam sliding at right angles to the direction of the flow.  Extremely large changes in area are produced from small changes in valve stem position, making gate valves undesirable for partial flow control.  Gate valves are not suitable for service where the nature of the seat design may trap solid particles.  In the open position, the valve will cause essentially no pressure drop.  Significant valve trim erosion can occur if a gate valve is used to regulate flow.

	GAUGE
	To measure, such as to gauge the level in a tank.  Also, an instrument for measuring a process value, such as a pressure gauge.

	GAUGE PRESSURE
	Normally referred to as psig.  Gauge pressure is the difference between the total or absolute pressure at the point of measurement and atmospheric pressure (psi).  Most pressure gauges read gauge pressure (psig), not absolute pressure.

	GPM
	Gallons per Minute.  Used to describe the flow rate of liquid streams at process conditions such as pump suction.  Unlike BPOD or BPSD, these units are not corrected to standard conditions.




 (
TOC
)
	H2
	Hydrogen.  The lightest known naturally occurring scientific element.

	H2S
	Chemical symbol for hydrogen sulfide.

	H2SO4
	Sulfuric Acid.

	HDS
	Hydrodesulfurization

	HDT
	Hydrotreating

	HEADER
	A common manifold in which a number of pipelines are united.  The U-bend connections between two consecutive tubes in the coil.

	HEAVY ENDS
	The highest boiling molecules in a mixture.

	HFRR
	High Frequency Reciprocating Rig.  Used to evaluate the lubricity of diesel fuels.

	HYDROCARBON
	A class of molecules that contain only carbon and hydrogen atoms.  In practice, molecules that contain only trace levels of sulfur, nitrogen, or metals are also called hydrocarbons.  Crude oil and its refined products are hydrocarbons.

	HYDROGEN  (H2)
	The lightest of all elements and one of the basic components, along with carbon, of all hydrocarbon compounds.  Hydrogen is produced in reforming reactions and is consumed in desulfurization reactions.

	HYDROGEN PARTIAL PRESSURE  (H2)
	Partial Pressure of Hydrogen or average partial pressure (denoted with a line over the p).  For Chevron’s kinetic estimates, the hydrogen partial pressure in the reactor is calculated by assuming all oil molecules are vaporized.  The average partial pressure in the reactor generally refers to the linear average of the inlet and outlet.

	HYDROGEN SULFIDE
	A compound with a molecular weight of 34 and the chemical formula of H2S.  H2S is a gas under most conditions and is only slightly soluble in water.  H2S is a deadly, foul-smelling gas.  It has the odor of rotten eggs.  H2S is a neurotoxin that reduces the stimulus to breathe.

	HYDROTREATING
	The processing of oil in the presence of hydrogen, usually at high temperature and high pressure over a catalyst.  Hydrotreating removes sulfur and nitrogen compounds and saturates olefins and aromatics.
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	IMMISCIBLE
	Not capable of mixing and tending to form two layers, as oil and water.

	INFLUENT
	Stream of fluid at the inlet of filtration vessels.  This is the opposite of effluent.

	INTERFACE CUT
	A procedure used to isolate or segregate one product from another at the receiving end of a non-dedicated pipeline or unloading line, as the products go into tanks.

	ISOTREATING
	The trade name of the hydrotreating process licensed by Chevron Lummus Global.

	KEROSENE
	A refined petroleum distillate suitable for use as an illuminant when burned in a wick lamp.  Products in the boiling range of kerosene are also used as jet fuels.

	KINEMATIC VISCOSITY
	The viscosity of a fluid divided by its density.  The viscosity in cP divided by the density in g/cc equals the kinematic viscosity in centistokes (cSt).

	LIGHT ENDS
	The lowest boiling components of a mixture; those that boil first in a distillation test.

	LOADING RACK
	A structure used for the purpose of loading railroad cars and tank trucks with products such as gasoline, lube oils, molten sulfur, or other refinery materials.

	LUBRICITY
	A qualitative term describing the ability of a fluid to effect friction between, and wear to, surfaces in relative motion under load.  Tests include HFRR, Wear Scar.

	LUBRICITY ADDITIVE
	A product added to diesel fuels in small amounts to improve the lubricity of the fuel.  

	LV%
	Liquid volume percent.

	MATERIAL SAFETY DATA SHEET (MSDS)
	A refinery or supplier bulletin containing environmental, health, and toxicology information on chemical compounds (liquids, solids, and gases).
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	MERCAPTAN
	A type of hydrocarbon with sulfur in its molecular structure.  Causes very strong odors at less than 1-ppm concentration.  Mercaptans are used to impart an odor on natural gas, which is odorless in nature.  Mercaptans is a common name for Thiols.  Thiols are a class of hydrocarbon molecules containing sulfur.  The chemical structure of a mercaptan contains a sulfur atom bonded to one carbon atom and one hydrogen atom.  These compounds typically have a noxious odor.  Skunk scent is butyl mercaptan.

	MICROBIAL GROWTH
	A living organism, which requires water, a source of carbon (food), and various trace minerals for its existence.  Microbial (or microbiological) growths are better able to survive in kerosene, ULSD, or heavy middle distillates, due the chemical composition of these fuels; however, gasoline and aviation gasoline systems are not immune to this contamination.

	MICRON
	A unit of linear measurement.  One micron is equal to 0.000039 inches and approximately 25,400 microns equals one inch.  For comparison, a human hair is about 100 microns in diameter.

	MICRONIC FILTER
	A filtration vessel equipped with pleated paper cartridges designed to remove solid particles from fuel.

	MILLIPORE
	A test for solid contaminants in a sample of fuel that is passed through a filter membrane which is matched to a color standard (Millipore Color) or which is weighed (Millipore Weight or Gravimetric Test), to determine the degree of solid contamination.

	MISCIBLE
	Liquids that are mutually soluble.  Opposite of immiscible.

	NAPHTHA
	A cut that generally boils between 90oF (30oC) and about 338oF (170oC) and is used to make gasoline.

	NON-DEDICATED
	A system of tankage, pipes, vehicles, etc. in which more than one product can or does flow through the same system; a system with single valve isolation is considered non-dedicated (also referred to as a “multi-product” system).

	OVERHEAD
	In a column, the lighter part of the feed that is vaporized and removed from the top of the column.
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	PARTIAL PRESSURE
	A term used to describe the concentration of a component in an oil or gas stream.  The higher the partial pressure of a component, the greater the concentration.  In a gas stream, hydrogen partial pressure is equal to the total pressures times the fraction of hydrogen in the stream.  The proportionate share of the total vapor pressure attributed to a given molecule compound in a mixture of compounds.

	PARTICLULATES
	Solid contaminates found in ULSD, i.e., dirt, rust, sand, fibers, etc.

	PETROLEUM
	A material occurring naturally in the earth, predominantly composed of mixtures of chemical compounds of carbon and hydrogen, with or without other non-metallic elements such as sulfur, oxygen, and nitrogen, etc.  Petroleum may contain or be composed of such compounds in the gaseous, liquid, and or solid state, depending on the nature of the compounds and the existent conditions of temperature and pressure.

	POUR POINT
	The lowest temperature at which an oil can be poured or will flow under specified ASTM or other test conditions.

	POUR POINT DEPRESSANT
	A product added to diesel fuels in small amounts to improve flow properties at lower temperatures. (Reduce the Pour Point).  

	PPM
	Parts per million.  A designation used to express very low concentrations, 1% = 10,000 ppm.  Parts per million by volume is used for gases, and parts per million of weight usually is used for liquids and solids.

	PRESSURE DROP (∆P)
	The decrease in pressure usually due to friction, which occurs when a liquid or gas flows through a pipe, distillation column, or other piece of equipment.

	PSI
	Pounds per Square Inch

	PSIA
	Pounds per square inch absolute pressure.

	PSIG
	Pounds per square inch gauge pressure.
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	REACTOR
	The vessel in which all or at least the major part of a reaction or conversion takes place.  On most units, this will be the place in which the catalyst is located.  At some units within the refining industry, a vessel such as a reaction furnace is also referred to as a “thermal reactor”.  The reaction furnace/thermal reactor does not contain catalyst, but instead provides large enough space in which a thermal reaction occurs to the hot gases flowing through the vessel.

	REBOILER
	A heat exchanger used to supply heat to a fractionation/distillation tower.  Liquid is withdrawn from the bottom of the tower and heated by a heating agent flowing through the tube side of the reboiler.  The vapors formed by heat exchange in the reboiler shell are returned to the tower.  The remaining liquid may or may not be returned to the tower.  Reboiler heat may be furnished by oil circulated through a heater, bottoms from some other tower, by steam or gas fired furnaces.

	RECYCLE
	A stream returned to a process after having been through it.

	RECYCLE GAS
	Gas that is taken from a separator, compressed, and returned to a unit at some point within the process.  At DHT-18, the portion of the discharge of the recycle compressor that is not used as quench gas.

	REFLUX
	In distillation, the part of the distillate that is returned to the column to improve separation of the product.  Reflux may be either circulating reflux or overhead reflux.  Overhead reflux is the liquid that is formed by condensing the vapors that leave the top of the column and returned to the column.  Circulating reflux is the liquid that is drawn from the column, cooled, and returned to the column.  Pumparound is another name for a circulating reflux.

	RELAXATION TIME
	The time provided by including volumetric capacity in a fuel handling system, which increases the residence time (downstream of any charge generating equipment such as filters) for the purpose of dissipating, or losing, static electricity charge, before the fuel discharges from the fuel system into a tank, truck or aircraft.

	RESIDUE
	Heavy oil or bottoms left in the still after low boiling constituents have been removed.

	RUNDOWN TANK
	Receiving tanks for distillation products.
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	SPACE VELOCITY
	The relative gas flow through a catalyst bed, expressed as cubic feet per hour of gas per cubic foot of catalyst.  The flow definition varies.  The rate can be based on liquid rate or gas rate and may not include all material entering the reactor. 

	SPECIFIC GRAVITY
	The specific gravity of a liquid or solid is the ratio of its density to the density of water at a specified reference temperature.  The specific gravity of a gas is the ratio of its density to the density of air at the same temperature and pressure as those of the gas.

	STABILIZER
	A fractionating tower for removing light hydrocarbons from an oil to reduce vapor pressure particularly applied to gasoline.

	STATIC DISSAPATION ADDITIVE
	A product added to diesel fuel to improve the conductivity of the fuel.

	STATIC STORAGE
	Storage tanks, which have had no new fuel movement (in or out) over a period of time. Static product inventory shall be All-levels or Composite sampled and tested for the Basic Tests.

	STRAIGHT RUN OIL
	A material produced by the distillation of crude oil without appreciable cracking or alteration of the structure of the constituent hydrocarbons.

	STRIPPER
	A vessel that fractionates the light ends of a sidecut from the main fractionating tower.  Superheated steam can be injected into the stripper bottom to improve this separation.  A steam reboiler can also be used to impart heat that will cause water in a stripper tower to flash to steam.

	STRIPPING
	Removal of the lightest or lowest boiling point components of a mixture.  Usually achieved by distillation or contacting with an up-flowing vapor. Usually the amount of liquid components removed is small compared to the total stream that is stripped.

	SUCTION
	The upstream or feed side of a pump or compressor.  Also, the act of drawing a fluid into a pump or compressor.
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	SULFUR 
	Sulfur shows up in a variety of forms.  Operators see it generally as:
Hydrogen Sulfide (H2S):  a toxic gas.
Sulfuric Acid (H2SO4):  a corrosive acid.
Sulfur Oxides (SO2 or SO3):  also toxic gases.
Elemental Sulfur (S):  a yellow crystal.
Mercaptan (RSH):  combining sulfur with hydrocarbons

	SULFUR RECOVERY
	A thermal and catalytic process used to produce of sulfur from hydrogen sulfide gas (H2S).  The gas is burned in air where one-third is converted to sulfur dioxide (SO2).  The resulting mixture of H2S and SO2 is charged to a converter where it reacts to form sulfur and water.

	SUMP
	A chamber or depression installed at the bottom of a storage tank or filtration vessel to facilitate the collection and removal of water and other contaminates.

	SUPERFICIAL VELOCITY (AKA SPACE VELOCITY)
	A fluid velocity based on the entire cross-sectional area of the flow channel.  The superficial velocity is equal to the volumetric flow divided by the cross-sectional area even if the entire cross-section is not available for flow, such as in a fixed bed.

	TANK
	A vessel designed for storage for all stocks (including raw, intermediate, and finished products) with a RVP 25 lbs or lower.

	TEMPERATURE
	An arbitrary measurement of the amount of molecular energy of a body, or the degree of heat possessed by it.  It should be distinguished from heat itself.  Heat is a form of energy, while temperature is a measurement of its intensity.

	THROUGHPUT
	The volume of feed that is processed in a piece of equipment or a plant.

	VISCOSITY
	The resistance of a fluid to flow.  The unit of viscosity is the Poise.  A more convenient unit is 1/100th of a Poise, the centipoise (cP).  Water has a viscosity of 1 cP at 68oF (20oC).

	WATER CUT
	A water sensitive paste applied to the end of a stick or rod or tank gauge plumb to check for the presence of water, as determined by a change in color of the paste.

	WEAR SCAR
	A scar produced on an oscillating ball (during a test to evaluate the lubricity of diesel fuel) from contact with a stationary disc immersed in the test fluid operating under defined and controlled conditions. 
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