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Crude Oil Treating and Desalting Systems Learning objectives • distinguish different process and equipments for crude oil treating and desalting and size proper separation units.



Crude oil treating and desalting systems Conditioning of oil field crude oil for pipeline quality has been complicated by water produced with oil. Free-water knockouts Most well streams contain water droplets of varying size, If they collect together and settle to the bottom of a sample within 3 to 10 minutes, minutes they are called free water. This is an arbitrary definition, but it is generally used in designing equipment to remove water that will settle out rapidly.



A free-water knockout (FWKO) is a pressure vessel used to remove free water from crude oil streams. They are located in the production flow path where turbulence has been minimized. Restrictions such as orifices, chokes, throttling globe valves, and fittings create turbulence in the liquids that aggravate 3 emulsions.



Crude oil treating and desalting systems (cont.) Gunbarrerl tanks with internal and External gas boots The gunbarrel tank is a vertical flow treater in an atmospheric tank. Typically, gunbarrel have an internal gas separating chamber or "gas boot" extending 6 to 12 ft (2-4m) above the top of the tank where gas is separated and vented, and a down-comer extending 2 to 5ft (0.6-1.5 m ) from the bottom of the tank. A variation of the above gunbarrel configuration is a wash tank with an "external" gas boot. This configuration is preferred on larger tanks, generally in the 60,000-barrel range, whereattaching an internal gas boot is structurally difficult. The settling time in the vessel for the total fluid stream is usually 12 to 24hr. 24hr
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Crude oil treating and desalting systems (cont.) Standard tank dimensions



1 psi=16 oz/in2
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Crude oil treating and desalting systems (cont.) Indirect Fired Heaters Oil flows through tubes that are immersed in water, which in turn is heated by a fire tube. Alternatively, heat may be supplied to the water bath by a heating fluid medium, steam or electric immersed heaters instead of a fire tube. Indirect heaters maintain a constant temperature over a long period of time and are safer than direct heaters. The primary disadvantage is that these heaters require several hours to reach the desired temperature after they have been out of service.
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Crude oil treating and desalting systems (cont.) Direct Fired Heaters Oil flows through an inlet distributor and is heated directly by a fire box. Direct fired heaters are quick to reach the desired temperature, are efficient (75 to 90%), and offer a reasonable initial cost. Direct fired heaters are typically used where fuel gas is available and high volume oil treating is required. On the other hand, they are hazardous and require special safety equipment. scale may form on the oil side of the fire tube, which prevents the transfer of heat from the fire box to the oil emulsion. Heat collects in the steel walls under the scale, which causes the metal to soften and buckle. The metal eventually ruptures and allows oil to flow into the fire box, which results in a fire. The resultant blaze, if not extinguished, will be fed by the incoming oil stream 7



Crude oil treating and desalting systems (cont.) Heater-treaters Heater-treaters are an improvement over the gunbarrel and heater system. Many designs are offered to handle various conditions such as viscosity, oil gravity, high and low flow rates, corrosion, and cold weather. When compared to gunbarrels, heater-treaters are less expensive initially, offer lower installation costs, provide greater heat efficiency, provide greater flexibility, and experience greater overall efficiency. On the other hand, they are more complicated, provide less storage space for basic sediment, and are more sensitive to chemicals. Since heater-treaters are smaller than other treating vessels, their retention times are minimal (10 to 30 min) min when compared to gunbarrels and horizontal flow treaters. Internal corrosion of the down-comer pipe is a common problem. Build-up of sediment on the walls or bottom of the treater can cause the interface levels to rise and liquid to carry over and/or oil to exit the treater with salt water. Bi-annual inspections should be performed to include internal inspection for corrosion, sediment build-up, and scale build-up. Good practice is to install a slightly larger (10%) heater treater than is necessary. Depending on the oil properties and chemical, retention time ranges between 10 – 8 60 min.



Crude oil treating and desalting systems (cont.) Vertical Heater-treaters



The most commonly used single-well treater is the vertical heater-treater, The vertical heatertreater consists of four major sections: gas separation, free-water knockout, heating and water wash, and coalescing-settling sections. Incoming fluid enters the top of the treater into a gas separation section, where gas separates from the liquid and leaves through the gas line. Care must be exercised to size this section so that it has adequate dimensions to separate the gas from the inlet flow.
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Crude oil treating and desalting systems (cont.) Coalescing media



Vertical heater-treater fitted with excelsior between the baffles which aids in coalescence of water droplets The use of an excelsior section allowed lower treating temperatures. However, these media had a tendency to clog with time and were difficult to remove. Therefore, they are no longer used.



Baffles, installed in the coalescing section cause the emulsion to follow a back-andforth path up thought he oil settling section. 10



Crude oil treating and desalting systems (cont.) Horizontal Heater-treaters For most multi-well flow streams horizontal heater-treaters are normally required
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Crude oil treating and desalting systems (cont.) Electrostatic Heater-treaters The flow path in an electrostatic heater-treater is basically the same as in a horizontal heater treater, except that an electrostatic grid is included in the coalescing settling section. The electrostatic section contains two or more electrodes one grounded to the vessel and the other suspended by insulators. An electrical system supplies an electric potential to the suspended electrode. The usual applied voltage ranges from 10,000 to 35,000 VAC, and the power consumption is from 0.05 to 0.40 KVA/ft2 (0.54 to 1.08 KVA/m2) of grid. The intensity of the electrostatic field is controlled by the applied voltage and spacing of electrodes. In some installations the location of the ground electrode can be adjusted externally to increase or decrease its spacing. The use of an electric field is most effective whenever the fluid viscosity is less than 50 cp at separating temperature, the specific gravity difference between the oil and water is greater than 0.001, and the electrical conductivity of the oil phase does not exceed 10-6 mho/cm. An electrostatic heater treater should be considered in fields with maximum salt content specifications imposed 10-30 lb/MSTB, any time BS&W must be reduced 0.5% and offshore facility where space and or heat is limited.
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Crude oil treating and desalting systems (cont.) Electrostatic Heater-treaters



The electrodes have electrical charges that reverse many times a second; thus, the water droplets are placed in a rapid backand-forth motion. The greater the motion of the droplets, the more likely the water droplets are to collide with each other, rupture the skin of the emulsifying agent, coalesce, and settle out of the emulsion. Because of the forced collisions, electrostatic heater-treaters typically operate at lower temperatures and use less fuel than horizontal heater-treaters. 13



Crude oil treating and desalting systems (cont.) Oil dehydrator Field experience tends to indicate that electrostatic treaters are efficient at reducing water content in the crude to the 0.1 to 0.5% level. However, for normal crude treating 0.5 to 1% BS&W (basic sediment and water ) is acceptable. One variation of the electrostatic heater-treater where the vessel only contains the coalescing section with the electrostatic grid. Units configured in this manner are called “oil dehydrator” These vessels must have separate upstream vessels for de-gassing freewater removal and heating. This configuration should be considered when the volume to be treated exceeds 15,000 to 20,000 barrels per day.



BS&W (wt.%) 0.1% in cold climates 0.5% the Gulf coast & Texas 14 3% for low gravity California crudes



Crude oil treating and desalting systems (cont.) Emulsion treating When selecting a treating system, several factors should be considered to determine the most desirable method of treating the crude oil to contract requirements. Some of these factors are: 1. 2. 3. 4. 5. 6. 7. 8.



Stability (tightness) of the emulsion, Specific gravity of the oil and produced water, Corrosiveness of the crude oil, produced water, and associated gas, Scaling tendencies of the produced water, Quantity of fluid to be treated and percent water in the fluid, Paraffin-forming tendencies of the crude oil, Desirable operating pressures for equipment, Availability of a sales outlet and value of the associated gas produced



A common method for separating "water-in-oil" emulsion is to heat the stream. Increasing the temperature of the two immiscible liquids deactivates the emulsifying agent, allowing the dispersed water droplets to collide. As the droplets collide they grow in size and begin to settle. If designed properly, the water will settle to the bottom of the treating vessel due to differences in specific gravity. 15



Crude oil treating and desalting systems (cont.) Emulsion An emulsion is a stable mixture of oil and water that does not separate by gravity alone. In the case of a crude oil or regular emulsion, it is a dispersion of water droplets in oil. A stable emulsion occurs when the water droplets will not settle out of the oil phase due to their small size and surface tension The stability of an emulsion is dependent on several factors: 1. 2. 3. 4. 5. 6. 7. 8.



The difference in density between the water and oil phases, The size of dispersed water particles, Viscosity, Interfacial tension, The presence and concentration of emulsifying agents, Water salinity, Age of the emulsion, Agitation. 16



Crude oil treating and desalting systems (cont.) Viscosity effects 1. As oil viscosity increases, the migration of emulsifying agents to the water droplet’s oil-water interface is retarded. This results in larger water droplets being suspended in the oil, which in turn results in less stable emulsion 2. As oil viscosity increases, more agitation is required o shear the larger water droplets down to a smaller size in the oil phase. Thus, the size of the water droplets that must be removed to meet water cut specifications for a given treating system increases as viscosity increases. 3. As viscosity increases, the rate at which water droplets move through the oil phased decreases, resulting in less coalescence and increased difficulty in treating. Thus, higher oil viscosities tend to result in larger water droplets being formed, but impede their separation from the oil continuous phase. This latter effect tends to overpower the former effect making it harder to treat higher viscosity oils. 17



Crude oil treating and desalting systems (cont.) Effect of water salinity As salinity of the water increases, the density of the water increases, which in turn increases the differential density between the water and the oil. The increase in differential density aids in separation of the oil and water phases. Small amounts of salt, or other dissolved solids, in the water phase will appreciably lower the interfacial tension and thus will decrease the difficulty of separating the two phases. To some degree, this phenomenon explains the difficulty of treating water-oil emulsions formed from soft water Surface tension effects When an emulsifying agent is not present, the interfacial tension between oil and water is low. When interfacial tension is low, water droplets coalesce easily upon contact. Anything that lowers the interfacial tension will aid in separation. Chemicals (demulsifiers) are normally used to reduce the interfacial tension 18



Crude oil treating and desalting systems (cont.) Treater equipment sizing The major factors controlling the sizing of emulsion treating equipment are: 1. 2. 3. 4. 5.



Heat input required, Gravity separation considerations, Settling equations, Retention time equations, Water droplet size.



Heat Input Required The heat input and thus the fuel required for treating depend on the temperature rise, amount of water in the oil, and flow rate.
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Crude oil treating and desalting systems (cont.) Heat Input Required
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Crude oil treating and desalting systems (cont.) Gravity separation considerations Most oil-treating equipment relies on gravity to separate water droplets from the oil continuous phase, because water droplets are heavier than the volume of oil they displace. However, gravity is resisted by a drag force caused by the droplets' downward movement through the oil. Stokes' law gives the downward velocity of the water droplets falling in a continuous oil phase by:



1. the bigger the droplet size, the less time it takes for the droplet to settle to the bottom of the vessel and thus the easier it is to treat the oil. 2. the lighter the crude, the easier it is to treat the oil. 21 3. it is easier to treat the oil at high temperatures than at low temperatures



Crude oil treating and desalting systems (cont.) Settling equations The specific gravity difference between the dispersed water droplets and the oil should result in the water "sinking" to the bottom of the treatment vessel. Since the oil continuous phase is flowing vertically upward in both vertical and horizontal treaters, the downward velocity of the water droplet must be sufficient to overcome the velocity of the oil traveling upward through the treater. By setting the oil velocity equal to the water settling velocity, the following general sizing equations may be derived. Horizontal Vessels



If the treater has a spreader and a collector, then the spreader/collector shortcircuiting factor is 1. If the treater lacks the spreader, collector, or both, then F 22 should be some value greater than 1.



Crude oil treating and desalting systems (cont.) Settling equations Vertical Vessels



If the treater has a spreader and a collector, then the spreader/collector shortcircuiting factor is 1. If the treater lacks the spreader, collector, or both, then F should be some value greater than 1. Note that the height of the coalescing section for a vertical treater does not enter into the settling equation. The cross-sectional area of flow for the upward velocity of the oil is a function of the diameter of the vessel alone. This is a limiting factor in the capacity of vertical treaters. In a horizontal vessel, the cross-sectional area for flow for the upward velocity of the oil is a function of the diameter times the length of the coalescing section
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Crude oil treating and desalting systems (cont.) Gunbarrels The equations for gunbarrels are similar to those for vertical treaters since the flow pattern and geometry are the same. However, gunbarrel tanks experience a great deal of short-circuiting due to uneven flow distribution. This is a result of the large tank diameter. The sizing equation for gunbarrels includes a shortcircuiting factor "F." This factor accounts for imperfect liquid distribution across the entire cross section of the treating vessel or tank and is a function of the flow conditions in the vessel. The larger the retention time, the larger the short-circuiting factor will be.
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Crude oil treating and desalting systems (cont.) Horizontal Flow Treaters In horizontal flow settling, the water droplets settle perpendicular to the oil flow. By setting the oil retention time equal to the water settling time, the following equation may be used:



Leff= effective length for separation, ft ω= effective width for flow channel, in. The effective length is normally 75% of the separation length available. The effective length is 75% of the sum of L1 through L4. The effective width is approximately 80% of the actual channel width. Note that the height of the flow channel drops out of equation. This is because the oil retention time and the water settling time both proportional to the height. Also note that these equations assume an F of approximately 1.8.
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Crude oil treating and desalting systems (cont.) Retention time equations The oil must be held at temperature for a specific period of time to enable deemulsifying the water-in-oil emulsion. This information is best determined in the laboratory but, in the absence of such data, 20 to 30 minutes is a good starting point. Horizontal Vessels



Assuming only 75% of the cross-sectional area is effective we find that



Vertical Vessels 26



Crude oil treating and desalting systems (cont.) Retention time equations Gunbarrels



Horizontal flow treaters The potential for short-circuiting is great. Therefore, it is normally assumed that the height limit to consider in calculating retention time is 50% of the actual flow channel width. Providing higher flow channels neither increases the effective retention time nor increases the ability to separate water droplets from the oil. To provide a specified oil retention time requires a certain volume based on flow rate as follows: 0.56=5.615/24/60x144 where h = effective height of the flow channel, in, w in in, Leff in ft, Qo in BOPD, t in min.
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Crude oil treating and desalting systems (cont.) Water droplet size Using data from three conventional treaters operating with 1% water cut the calculated droplet sizes were correlated with oil viscosity, and the following equations resulted



the following correlation for droplet size was developed for electrostatic treaters For viscosities below 3 cp: Data from both conventional and electrostatic treaters over a range of water cuts were used to back-calculate an imputed droplet size as a function of water cut, resulting in the following equation: 28



Crude oil treating and desalting systems (cont.)



Flow rate of emulsion (given in BPD) flowing vertically through a horizontal cross-sectional Area of one square foot. For a horizontal treater with vertical flow through the coalescing section, the flow area can be approximated as the diameter of the vessel times the length of the coalescing section. 29



Crude oil treating and desalting systems (cont.)
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Crude oil treating and desalting systems (cont.)



Typical vendor supplied horizontal electrostatich heater-treater capacity table



Typical vendor supplied vertical heater-treater capacity table. 31



Crude oil treating and desalting systems (cont.) Oil desalting The process of removing water-soluble salts from an oil stream is called oil desalting Nearly all crude oil contains entrained water, which almost always contains dissolved salts, specifically sodium chloride, magnesium, and calcium. The majority of the produced salt water is removed by separation and the oil treating process. However, a small amount of entrained water remains in the crude oil. The crude oil is sent to the refinery where it is heated as part of the various refinery processes. The entrained water is driven off as steam. However, the salt in the water does not leave with the steam but crystallizes and remains suspended in the oil, or may deposit as scale within heat exchange equipment. In addition, the entrained salt crystals will usually deactivate catalyst beds and plug the downstream equipments. A common salt specification would be 10 to 20 pounds per thousand barrels (PTB) (0.003kg/m3 to 0.006kg/m3). To satisfy the refinery specification, upstream production facilities may be required to perform oil desalting. 32



Crude oil treating and desalting systems (cont.) Desalter



Mixing equipment Globe Valves A manual globe throttling valve is one of the simplest methods to promote the mixing of dilution water and salt water. The pressure drop resulting from forcing the oil and water through this manual valve is used to shear the water droplets and mix the droplets in the oil. The major disadvantage of any manual valve is its inability to automatically adjust for changes in oil flow rate. As the flow rate varies, the pressure drop, and thus the mixing efficiency, varies. Therefore, if the oil flow rate increases significantly, the pressure drop may increase to the point where the resulting mixed emulsion is impossible to treat.
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Crude oil treating and desalting systems (cont.) Mixing equipment Spray Nozzles



Upstream premixing is commonly performed with either spray nozzles or static mixers. One common method of premixing the water and oil involves using a system of spray nozzles. Water is pumped through the nozzles and then distributed throughout the oil stream. These systems are effective and are usually less expensive than static mixers.
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Crude oil treating and desalting systems (cont.) Mixing equipment Static mixers



Static mixers use pieces of corrugated plate. These mixers typically divide into many parallel paths which divide and recombine as the flow passes through the mixer. The alternate layers of corrugations are perpendicular to each other so that the fluid must pass through a series of relatively small openings. This mixer shears the water droplets to a much smaller size than the old mixers. The average droplet size for desalting is roughly between 250 and 500 microns. The primary disadvantage of static mixers is that they may not be adjusted as the flow varies 35



Crude oil treating and desalting systems (cont.) Desalting Most of the salt contained in crude oil is dissolved in the small water droplets. Since water is the salt carrier, removing the water will remove the salt from the crude For example, assume a heater-treater is used for dehydration and it yields oil that is 0.5% water, each 1000 barrels of dehydrated oil includes 5 bbl of water. If we assume the water has a low salt content, say 10,000 ppm NaCl, then each barrel of water would contain approximately 3.5 pounds of salt.



106



10 4 10 4 × 350 = 3.5 lbm 350 = 106



with 5 bbls of water per thousand barrels of oil, the oil would then contain approximately (3.5x5=)17.5 PTB (pounds per thousand barrels). If the purchase agreement specified 10 PTB or less, some desalting, or a more efficient dehydrator, would be required. 36



Crude oil treating and desalting systems (cont.) Desalting The desalting process involves two steps. The first step is to mix fresh water with entrained produced water. This will lower the produced water salinity by diluting the salt. The second step is dehydration which is the removal of the water from the crude. This dilution and dehydration produces a lower salinity in the residual water in the crude oil. The dilution water in desalting does not have to be fresh. Any water with a lower salt content than the produced water can be used
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