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800 Mechanical Seals
 AbstractThis section covers the fundamentals of mechanical seals, seal types and support systems, seal application and selection, and troubleshooting procedures and check-lists. It briefly discusses packing. Much of this information is reproduced from the Chevron USA (IMI) Mechanical Seal Manual.
 Contents Page
 810 General Information 800-3
 811 Packing
 812 Mechanical Seals
 813 Seal Leakage and Expected Seal Life
 814 Recommended Services and Limitations
 815 Converting Packed Pumps to Mechanical Seals
 816 Seal Gaskets
 820 Seal Types 800-9
 821 Pusher Seals
 822 Bellows Seals
 823 Rotating and Stationary Seals
 824 Balanced and Unbalanced Seals
 825 Cartridge Seals
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 831 Flushing
 832 Seal Flush Piping
 833 Flush Plans
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 835 Cooling
 836 Pressurization
 840 Dual Mechanical Seals 800-26
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 843 Dual Seal Designs
 844 Reliability and Experience
 845 Costs
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 860 Troubleshooting and Failure Analysis 800-57
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 862 Elements of Successful Seal Performance
 863 Mechanical Seal Failure Analysis
 864 Seal Failure Analysis Checklists
 September 2002 800-2 ChevronTexaco Corporation

Page 3
						

Pump Manual 800 Mechanical Seals
 810 General Information
 811 Packing The most common source of trouble in centrifugal pumps is leakage of liquid along the shaft. The stuffing box with soft packing, shown in Figure 800-1, is used to prevent this leakage. The conventional stuffing box contains rings of a compress-ible material such as woven carbon yarn that are held tightly against the shaft by pressure from a gland. As illustrated in Figure 800-1, a lantern ring is frequently placed near the center of the packing for introduction of a sealing or lubricating medium. Usually, a removable throat bushing is positioned at the bottom of the stuffing box which can be replaced if excessive clearance develops between the bushing and the shaft. The bushing shown also has a bleed-off connection, used on multistage pumps to keep the packing near suction pressure. Packing is now consid-ered obsolete for most applications.
 812 Mechanical Seals Mechanical shaft seals are frequently used instead of conventional packing and are standard equipment for most centrifugal pump services. Basically, a mechanical seal consists of a smooth flat surface mounted on the pump casing and a similar smooth flat surface of different material rotating with the shaft but held closely against the casing surface by spring and hydraulic pressure. Figure 800-2 is a cutaway view of a typical single mechanical seal. Dual seal arrangements are also available (see Figures 800-19 and 800-20).
 Fig. 800-1 Conventional Stuffing Box
 ChevronTexaco Corporation 800-3 September 2002
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 For satisfactory seal life the seal faces must be as flat and parallel as possible. The surfaces are normally lapped to a flatness of one to three light bands (one light band equals 11.6 millionths of an inch). One of the seal faces is held by a flexible arrangement (usually springs) that keeps the two surfaces continuously in contact. Enough pressure is maintained to exclude most foreign particles, but not enough to exclude lubrication. The spring force also maintains face contact when the pump is not running.
 813 Seal Leakage and Expected Seal Life Leakage from properly functioning mechanical seals is usually very slight—one or two drops per minute at the maximum—but most commonly undetectable visually. If mechanical seals operate satisfactorily when first installed, they will often do so for a long time. A mechanical seal in continuous duty may be expected to operate without requiring maintenance for several years and often for much longer. Seals in intermittent services, as in bulk station plants, often operate for many years without attention. The leakage that can be tolerated before repairing a seal depends on the value and/or hazard of the liquid handled.
 Mechanical seals are more vulnerable to premature failure when installed in a system of new piping which has not been thoroughly purged of welding slag, mill scale, and rust. Any system involving pumping equipment with mechanical seals should be properly flushed and cleaned before initial operation.
 814 Recommended Services and LimitationsIn most services, mechanical seals have almost completely replaced packing. They are particularly recommended for light hydrocarbon services, such as LPG, where conventional packing has been a source of trouble. They are also highly satisfactory
 Fig. 800-2 Typical Mechanical Seal
 September 2002 800-4 ChevronTexaco Corporation
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 in most clean hydrocarbon services. They require no adjustment or operator atten-tion until they begin to leak from excessive wear, and their normal life is consider-ably longer than for soft packing. Because they are almost drop-tight, mechanical seals are recommended for hazardous, corrosive, or costly liquids. They are also preferred where atmospheric contamination must be avoided and where a negligible level of leakage will reduce fire hazard.
 Mechanical seals can be installed on pumps handling liquids containing abrasive material in appreciable quantities if a separate clean lubricating fluid is injected over the seal faces to flush the seal chamber so that abrasive material does not contact the seal. Such flushing streams must be kept in operation whenever the pump is under pressure, whether running or not. Services where loss of suction would allow the seals to run dry, such as sump pumps, tank stripping, and similar applications, may also require an external flush supply.
 Mechanical seals are not recommended for stocks that become highly viscous or set up on cooling unless special care is taken to adequately heat the seal area prior to startup.
 815 Converting Packed Pumps to Mechanical SealsConsult the pump manufacturer before converting a packed pump to a mechanical seal. Some older style packed pumps relied on the packing for additional shaft support. If such a pump is not operating at its design point, the loss of support around the shaft may result in excessive shaft deflection and radial vibration. When converting packed pumps to mechanical seals, consider upgrading the pump to the latest API requirements for shaft stiffness and stuffing box dimensions, by purchasing a bearing bracket/stuffing box upgrade from the pump manufacturer.
 To make the conversion from packing to a mechanical seal, the seal manufacturer requires the following pump information. The Mechanical Seal Data Sheet in API 682 may be useful in ordering parts when converting a packed pump to a mechanical seal.
 1. Serial number
 2. Model
 3. Size
 4. RPM
 5. Whether the case is split vertically or horizontally
 6. Number of packing boxes
 7. Shaft OD
 8. Sleeve OD
 9. Packing box depth
 10. Maximum length of cartridge
 ChevronTexaco Corporation 800-5 September 2002
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 11. Seal gland bolt circle
 12. Number of seal gland bolts and location from 90-degree centerline
 13. Size of seal gland studs
 14. Relation of flush quench and drain port to vertical centerline
 15. First obstruction
 16. Whether pump loses suction
 17. Whether pump cavitates
 Items 6, 7, and 8 are necessary for the seal manufacturer to estimate the cost of the seal. When the decision has been made to purchase the mechanical seal, the seal manufacturer should have access to the original equipment manufacturer’s (OEM) stuffing box drawings, but should fabricate the seal to accurate field dimensions. Prior to fabricating the seal, it is good practice to compare the two and resolve any discrepancies.
 The end of the stuffing box (Figure 800-3) on an old pump is usually worn or bell-mouthed from repeated packing replacements. To restore it to its original ID would require welding and re-boring. It is usually less expensive to increase the OD of the seal gland registered fit (Figure 800-4) by 1/8-inch over the dimension on the OEM drawing. The stuffing box can be counterbored to fit the oversize seal gland regis-tered fit. This practice eliminates a welding repair.
 Items 9 and 11 can be established from the OEM drawings. Item 10 is determined by the distance between the ends of the drive and driven shaft and must be taken in the field. The first obstruction (item 15) is the distance between the stuffing box face and the next object on the shaft, measured toward the bearing housing.
 A packed pump will survive some instances of suction loss and cavitation (items 16 and 17), but either of these conditions will shorten mechanical seal life. When a pump loses suction, the seal cavity empties and the loss of liquid between the seal
 Fig. 800-3 Bell Mouth Stuffing Box Fig. 800-4 Bell Mouth Repair
 September 2002 800-6 ChevronTexaco Corporation

Page 7
						

Pump Manual 800 Mechanical Seals
 faces causes seal failure. Investigate the system for these problems prior to installing a mechanical seal. If a suction loss problem does exist, it may be overcome with low-flow or low-pressure instrumentation, which protects both the seal and the pump. A close-clearance throat bushing and API 682 Flush Plan 32 can be used to hold a positive pressure in the seal cavity and avoid seal failure during brief periods of suction loss and cavitation.
 816 Seal Gaskets Leakage under the seal rings is prevented by gaskets. There are many seal gasketing configurations using various materials, depending on the service. See Figure 800-5.
 API 682, and the petrochemical industry in general, has standardized on mechan-ical seals that use only two of the gasket configurations shown in Figure 800-5, the O-ring and the high temperature (flexible graphite) gasket. The other configurations are designs that seal manufacturers devised to create successful gasket configura-tions for Teflon (PTFE). Teflon has improved chemical resistance over many elas-tomers, but causes corrosion fretting between the rotating seal member gasket and the shaft sleeve O-ring. The Company has had poor experience with Teflon secondary seals in any configuration.
 When selecting a gasket, service temperature and chemical compatibility are the predominant factors to consider. API 682 provides guidance for gasket selection (see Figure 800-6). As shown, the basic gasket material selection for general services is DuPont Viton. When chemical compatibility or temperature limitations of Viton become a problem, DuPont Kalrez is recommended. In most hot services (>300°F) the Standard recommends flexible graphite gaskets.
 In common with many engineered components, the material composition and manu-facturing quality of O-rings varies greatly from one source to another. This is of particular concern with O-rings because the various elastomers look similar. In the
 Fig. 800-5 Rotating Seal Member Gasket
 ChevronTexaco Corporation 800-7 September 2002
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 past, attempts have been made to create a positive means to identify the different O-rings such as through color coding. This was largely unsuccessful because there was no standardization between suppliers and because, in some cases, the colored material added to the O-rings had a detrimental effect on mechanical properties. Figure 800-7 shows some of the current fluoroelastomer and perfluorelastomer grades recommended for mechanical seals. This chart is based on Chevron Products Company refining experience.
 Fig. 800-6 API 682 Gasket Selections Courtesy of American Petroleum First
 Fluid
 Service Tempera-ture Gasket Material Material Descriptions
 Water <250°F Fluoroelastomer (FKM) DuPont Viton
 Sour Water <250°F Perfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Caustic <180°F Perfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Amines <180°F Amine ResistantPerfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Acids - H2SO4, HCl, H3PO4
 <180°F Perfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Hydrocarbon 20 to 300°F
 Fluoroelastomer (FKM) DuPont Viton
 Hydrocarbon containing H2S or aromatics
 20 to 300°F
 Perfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Hydrocarbon containing caustic
 20 to 300°F
 Perfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Hydrocarbon containing amines
 20 to 300°F
 Amine ResistantPerfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Hydrocarbon -40 to 20°F Nitrile B. F. Goodrich Hycar, Buna-N
 Non-flashing hydro-carbon (may contain H2S, aromatics, or amines)
 ≥300 °F Flexible Graphite Union Carbide Grafoil
 Flashing hydrocarbon (may contain H2S or aromatics)
 300 to 500°F
 Perfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 Flashing hydrocarbon containing amines)
 300 to 500°F
 Amine ResistantPerfluorelastomer (FFKM)
 ASTM D 1418, such as DuPont Kalrez
 September 2002 800-8 ChevronTexaco Corporation
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 The life of Fluoroelastomer (Viton) O-rings is not appreciably affected by tempera-tures up to 350°F. Above 350°F, however, the life shortens quite rapidly. Perfluo-relastomer O-rings are selected for flashing hydrocarbon and water services from 350°F to 450°F (API 682 indicates 300°F to 500°F). Generally, one of the amine-resistant perfluorelastomer grades such as Kalrez 3018 is selected for these services. Consult the seal supplier or an O-ring supplier for non-standard applica-tions.
 820 Seal Types
 821 Pusher SealsRotating pusher seals (Figure 800-8) operate as follows: As the rotating seal member face (F) wears, the springs (D) push the face forward, also causing the rotating seal member gasket (E) to be pushed forward on the sleeve or shaft. This gasket, often called the secondary seal, is the seal between the rotating seal member face and the sleeve or shaft. When the pump is operating, this gasket moves constantly in an axial direction along the sleeve or shaft. Axial movement takes place as the seal faces wear, or if the stationary face is not on a true 90-degree angle to the pump shaft axis, in which case the gasket moves twice per shaft revolution. The low cost of pusher seals makes them quite popular when the gasketing is not affected by liquid temperature or chemical compatibility.
 Fig. 800-7 Fluoroelastomer and Perfluorelastomer Grades
 Gasket Material Description/Grade Comments
 Fluoroelastomer DuPont Tracer Viton Can be positively identified under ultra-violet light.
 Perfluorelastomer DuPont Kalrez 4079Greene Tweed Chemraz 505
 Greene Tweed Chemraz 505 is the standard for all services that require perfluorelastomer gaskets at El Segundo and Pascagoula refineries.
 Amine resistant Perfluorelas-tomer
 DuPont Kalrez 1050LF or 3018Greene Tweed Chemraz 505
 Greene Tweed Chemraz 505 is the standard for all services that require pefluorelastomer gaskets at El Segundo and Pascagoula refineries
 ChevronTexaco Corporation 800-9 September 2002
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 822 Bellows SealsIn bellows seals (Figures 800-9 and 800-10), the rotating seal face is pushed towards the stationary face by the combined force of the bellows and liquid pres-sure. The rotating seal member gasket is located behind the bellows in a position where it remains totally static. Unlike the pusher seal, the rotating seal member in a bellows seal cannot hang up on the rotating seal member gasket.
 Bellows seals are somewhat pressure limited as compared to pusher seals. The seal selection guide in API 682 limits selection of bellows seals to a sealing pressure of 250 psig. However, manufacturers generally design bellows for a pressure rating
 Fig. 800-8 Pusher Seal
 Fig. 800-9 Bellows Seal (Elastometric) Fig. 800-10Bellows Seal (Metal)
 September 2002 800-10 ChevronTexaco Corporation
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 exceeding 300 psig. Hence, 300 psig is more commonly regarded as the sealing pressure limit for bellows seal selection.
 Bellows seals are generally higher in cost than pusher seals. As a result, they are generally selected for services where they provide extended life over pusher seals or where pusher seals will not work. Metal bellows seals are particularly well suited to high temperature service (350°F to 800°F). A flexible graphite gasket is usually selected for the secondary sealing element in this temperature range.
 Several materials have been used in the manufacture of metal bellows, including 316 SS, AM-350, and various Hastelloy and Inconel grades. The thin cross section of the metal bellows requires a liquid corrosion rate of less than 2 mils per year. Also, susceptibility to sulfide cracking, chloride cracking, or hydrogen embrittle-ment are factors to consider in bellows material selection. The Company has had poor experience with AM-350 metal bellows. API 682 has standardized on two metal bellows materials, Hastelloy C for the Type B seal and Inconel 718 for the Type C seal. These selections are based on industry experience more than on cost. Cost is really a secondary factor because the money saved by selecting a less expen-sive bellows is insignificant compared to the cost of a typical seal repair.
 Fatigue is also a common failure mode in metal bellows. These failures often occur in the first or last convolution in the bellows, when loss of lubrication between the seal faces causes the faces to “grab”, resulting in high cyclic torque loads on the bellows. It is for this reason that one avoids a metal bellows seal selection for flashing services or services with an inadequate vapor suppression margin. Appendix F contains a table of metal bellows failures documented in Chevron-Texaco facilities.
 823 Rotating and Stationary SealsMost mechanical seals are of rotating design (see Detail A, Figure 800-11). When a rotating seal is operating at or above 5000 sfpm (surface feet per minute), some seal distortion and dynamic balance problems may develop. These are eliminated with the use of a stationary seal. The flexible seal member becomes the stationary seal member. The rotating seal member in the stationary seal design is solid and not subject to distortion or balance problems.
 Stationary seals are most commonly used in pumps and compressors that operate at high speeds. The stationary design is frequently used in high-temperature metal bellows seals because they will accept more axial movement of the shaft and vertical misalignment of the seal endplate. Also, the stationary bellows seal has more clearance between its inside diameter and the shaft sleeve than does a rotating seal. This allows better quenching and less seal hang-up from coking. During the assembly of a rotating seal, the seal endplate that holds the stationary seal member is often misaligned from a true 90-degree angle to the shaft. This misalignment requires the rotating seal member face to move back and forth in an axial direction, twice per shaft revolution. This movement can lead to premature failure of a pusher seal’s rotating seal member gasket. It will also contribute to corrosion fretting of the shaft sleeve.
 ChevronTexaco Corporation 800-11 September 2002
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 When the misalignment of the seal endplate is excessive (greater than 0.003 inch), the axial movement of the rotating seal member causes the rotating seal member face to separate or float away from the stationary seal member face. This results in excessive face leakage. In a stationary seal, the seal member is flexible, due to its springs or bellows. Since it does not rotate, this flexibility compensates for the seal endplate misalignment and allows the stationary seal member face to conform to the true-running rotating seal member face.
 824 Balanced and Unbalanced SealsSeal cavity pressure on the back of the unbalanced seal member face in Figure 800-12 applies a force to the opposite face. If this force is excessive, the heat generated between the faces causes the face lubricant film to vaporize. If the back of the seal member face is reduced in area, the same seal cavity pressure will apply less force to the opposite face. This is done by removing material from the inside diameter of the seal member face. The removed material is replaced by a step in the shaft sleeve. This step is commonly termed the “balance shoulder.” The amount of balance the manufacturer builds into the seal is determined by the operating conditions and liquid characteristics.
 Some users specify balanced seals for all pressures, speeds, and specific gravities. This practice aids in parts standardization and is a precaution against installing an unbalanced seal in a service where it will cause a premature seal failure. All of the standard seal types in API 682 are balanced.
 Off-the-shelf pumps used in low-pressure, low-speed, high specific gravity service often have unbalanced seals. The added cost and delivery time needed to change the unbalanced seal to a balanced seal cannot be justified.
 Fig. 800-11Rotating and Stationary Seals
 September 2002 800-12 ChevronTexaco Corporation
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 825 Cartridge SealsCartridge seals (Figure 800-13) are required for all seals in accordance with API 682. A cartridge seal is a complete seal assembly, including shaft sleeve, that can be assembled external to the pump. The seal drive set screws are mounted outside the seal cavity. Cartridge seals are available in all API 682 configurations, including the dual seal configurations. Cartridge seals have several advantages:
 • The cost of a seal repair is lower and less skill is required.
 • The entire seal can be assembled in a shop environment where it is more likely to be done correctly.
 • The seal assembly can be given a bench pressure test with air (as required by API 682) to ensure that the faces and gaskets are assembled correctly and are functional.
 • Cartridge seals can be qualification tested as required by API 682.
 • The seal manufacturer has unit responsibility for the seal design.
 Cartridge seals are generally recommended for almost all seal installations. Again, they are required for all seals in accordance with API 682. This includes most centrifugal and rotary pumps in accordance with API 610 and 676. In some small, standard, or inexpensive pumps, cartridge seals may not be practical or their incre-mental cost may not be justified. Also, some small and/or standard pumps are close coupled or have short coupling spacers which do not allow for sufficient axial space for installing a cartridge seal.
 Fig. 800-12Unbalanced and Balanced Seals
 ChevronTexaco Corporation 800-13 September 2002
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 826 Inside SealsAn inside seal is any seal that is mounted inside the seal cavity. The hydraulic pres-sure in the seal cavity has a closing effect on the seal face that tends to decrease the leakage between the faces. Abrasives tend to be thrown away from the faces by centrifugal force. The majority of mechanical seals are inside mounted.
 827 Outside SealsAn outside seal is any seal that is mounted outside the seal cavity. The pressure in the seal cavity has an opening effect on outside mounted seals. This opening effect, combined with the centrifugal force of the liquid moving outward between the seal faces, increases the leakage rate. Abrasives also tend to be centrifuged into the seal faces, causing increased face wear. Leakage from a catastrophic outside mounted seal failure will be more pronounced than leakage from the same catastrophic inside seal failure.
 Outside seals are generally not used in any service.
 830 Support SystemsMechanical seals work very well when constantly surrounded by a fluid that is clean, cool, non-corrosive, and of the right viscosity.
 Unfortunately, this seldom happens naturally, so it is often necessary to include a support system to create a supportive environment for the seal. Usually this involves some sort of flush to cool, purge, or pressurize the seal chamber and perhaps a quench to retard the formation of solids on the atmospheric side of the seal faces.
 The standard flushing arrangements have numbered flush plans as described and illustrated in API 682. These plans describe the auxiliary equipment required to ensure that fluid at the seal faces is maintained at the proper conditions.
 Fig. 800-13Cartridge Seal
 September 2002 800-14 ChevronTexaco Corporation
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 Dual seals have buffer or barrier fluid support systems, which are more compli-cated flush arrangements as required to support the secondary seal. A buffer fluid is a fluid injected in between dual mechanical seals, at a lower pressure than the pumped fluid sealing pressure. A barrier fluid is also a fluid injected in between dual mechanical seals, but at a higher pressure than the pumped fluid sealing pres-sure. In both cases, the buffer or barrier fluid is injected between the primary and secondary seals.
 831 Flushing A flush is a small amount of fluid that is introduced into the seal chamber close to the sealing faces. The flush fluid improves the fluid conditions near the faces. Usually, the main purpose of the flush is to suppress vapor formation at or near the faces by heat removal and pressurization.
 Guidance for selecting a flush plan is given in Section 850 and in Appendix B of API 682. The following discussion is intended to provide a better understanding of how flush systems are designed. This information should enable one to ask the right questions for selections not covered in the guideline.
 832 Seal Flush PipingControversy often exists about seal flush piping. Should it be stainless steel? Is seal welding required? Where should the orifices be? The following recommendations are a proven approach to seal flush systems.
 For LPG or highly toxic services, or for services with pumping temperatures over 450°F, an orifice (for restricting flow to the atmosphere in case of tubing failure) should be provided at the discharge or suction nozzle connection. This orifice is in addition to the orifice at the gland plate connection, and must be considered in seal flush flow calculations. Flush and quench lines should be Type 316 stainless steel tubing, ¾-inch by 0.095-inch minimum wall thickness or ½-inch by 0.065-inch minimum wall thickness with stainless steel fittings.
 833 Flush PlansAPI 682 Flush Plan 01. Pump manufacturers sometimes design pumps for mechan-ical seal applications that do not have conventional stuffing boxes. The seal cavities for these pumps are often termed “internal seal cavities.” The internal seal cavity is a large void directly behind the impeller; it does not have a throat bushing. Elimi-nating the conventional stuffing box allows this pump to be built shorter with a more rigid shaft. If this style of pump develops premature seal failure, the lack of a throat bushing makes it difficult to control the environment in the seal cavity. To pressure or flush the seal from an exterior source would require changing to a conventional stuffing box.
 ChevronTexaco Corporation 800-15 September 2002
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 Pumps with internal seal cavities should be considered for the following services only:
 1. Liquids with low vapor pressures
 2. Nonabrasive liquids
 3. Noncorrosive liquids
 4. Liquids with good lubricating ability
 5. Stable suction heads
 6. Flows that are always above the pump’s minimum flow
 API 682 Flush Plan 02. When the liquid in the seal cavity is too close to its vapor pressure, this flush plan may succeed in cooling it below its boiling point.
 In some older pumps, water circulating through the seal cavity water jackets removes enough heat from the liquid in the seal cavity to keep the liquid below its boiling point. Contact the pump manufacturer to establish the efficiency of the pump’s water jacket.
 Over time, minerals will plate out and foul the water jacket walls. This fouling will reduce heat transfer from the seal cavity liquid to the cooling water. The water jackets should be inspected for fouling during routine plant shutdowns, and chemi-cally cleaned if necessary. The industry trend is away from water jackets.
 Plan 02 is not very efficient at heat removal with pumps that have internal seal cavi-ties, due to the lack of the throat bushing. The throat bushing acts as a heat barrier between the cooled liquid in the seal cavity and the hot liquid behind the impeller. Plan 02 requires that the seal cavity be full of liquid. This requires installing a vent at the top of the seal cavity.
 API 682 Flush Plan 11. The rotation of the mechanical seal in the seal cavity creates heat. To hold the heat increase to a minimum, the seal cavity is flushed with liquid from the pump’s discharge. This flow passes through the seal cavity, into the low-pressure area of the impeller, and out the discharge. The amount of flow is calculated by the seal or pump manufacturer. If it becomes necessary to field-calculate the flush rate, the rule of thumb is 0.75 gpm per inch of seal diameter for non-regulated emission services. For services with regulated emissions, the rule is 1.5 gpm per inch of seal diameter. A distributed seal flush system such as a circum-ferential or multi-port arrangement is usually required to develop the higher flush rate.
 Plan 11 can be used only when seal cavity pressure is less than discharge pressure.
 • In single stage overhung pumps, this requires the impeller to have balance ports and a back wear ring or pump-out vanes.
 • Plan 11 cannot be used in overhung pumps that have been modified to elimi-nate these features.
 September 2002 800-16 ChevronTexaco Corporation
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 An orifice is required in the flush line at the discharge connection for the following reasons:
 1. If the flush tubing fails, the amount of leakage to atmosphere is restricted by the orifice.
 2. The pressure drop from discharge pressure to seal cavity pressure across the orifice in the gland plate flush port, increases the velocity of the flush liquid. High velocities in this area can lead to excessive erosion of the seal parts or can force the seal faces open. Taking a pressure drop through an orifice located at the flush source will decrease the velocity of the liquid entering the seal cavity. It is poor practice to use orifices less than 1/8-inch due to the hazard of plug-ging. If a 1/8-inch orifice is insufficient to produce the desired pressure drop, use multiple orifices instead of a single orifice of less than 1/8-inch diameter.
 The discharge flush also suppresses vaporization of the liquid in the seal cavity. Installing a close-clearance bushing in the bottom of the seal cavity restricts the flow from the pump’s discharge and raises the seal cavity pressure. This pressure rise aids in vapor suppression. However, note that reducing the flow may also cause a reduction in cooling which may cause seal failure due to overheating.
 API 682 Flush Plan 12. Flush Plan 12 is identical to Flush Plan 11 except for an added strainer in the flush line upstream of the orifice. The strainer’s purpose is to trap any foreign material that could plug the orifice. This flush plan is normally not recommended due to the potential for plugging and the resulting loss of seal flush.
 If a strainer or filter must be used in a flush line, one of the following precautions should be taken:
 1. Establish a strainer blowdown schedule.
 2. Instrument the flush system to alarm if flush flow is lost.
 3. If filters are used, they should be instrumented for a differential pressure increase across the filter. Filters should be arranged in pairs so a plugged filter may be cleaned while a clean filter is in service.
 API 682 Flush Plan 13. Flush Plan 13 is used when the pressure in the seal cavity is the same as the pump’s discharge pressure. Pump discharge pressure in the seal cavity is determined by the pump’s impeller design. An impeller in a single stage overhung pump that has no balance ports, back wear ring, or back pumpout vanes will cause the seal cavity to be at discharge pressure. The seal cavity in most vertical pumps also operates at pump discharge pressure.
 A flow of liquid through the seal cavity is required to remove the heat generated by the seal’s rotation. This flow is created with Flush Plan 13, which allows liquid to flow from the seal cavity through an orifice and back to the pump’s suction. Caution must be taken when sizing the flush line orifice. If the rate of flush flow is exces-sive and the seal cavity pressure becomes too close to the vapor pressure of the liquid in the seal cavity, the liquid film between the seal faces will flash to vapor, resulting in a lack of seal face lubrication and premature seal failure.
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 API 682 Flush Plan 21. One method of vapor suppression is to cool the liquid going to the seal cavity to below the liquid’s boiling point using Flush Plan 21. This is accomplished by installing a heat exchanger (cooler) in the flush line. The cooler can use water or air as the cooling medium, depending on the amount of heat transfer required and the efficiency of the cooler. When it has been determined how much heat must be removed from the liquid flushing the seal cavity, the cooler manufacturer can calculate the cooler and flush line orifice size.
 This flush plan works well for low temperature gradients across the cooler. With moderate to high temperature gradients, cooler fouling becomes a problem. Consider Flush Plan 23 for applications with moderate to high temperature gradients.
 API 682 Flush Plan 22. Flush Plan 22 is the same as Flush Plan 21, with the addi-tion of a strainer in the flush line. If a strainer is used, precautions must be taken against plugging.
 API 682 Flush Plan 23. If the liquid in the seal cavity is too close to its vapor pres-sure and flashes to a vapor between the seal faces, the seal will fail prematurely. One approach to vapor suppression is to cool the liquid in the seal cavity below the liquid’s boiling point. Flush Plan 23 is identical to Flush Plan 02 with the addition of a flush line, elevated flush cooler and pumping ring. The pumping ring is mounted in the seal cavity and rotates with the pump shaft, circulating the seal cavity liquid from the seal cavity through a cooler and back to the seal cavity. Fluid circulation is also assisted by thermosyphon effect in a properly designed system.
 The liquid head developed by the pumping ring is not always sufficient to pump through an air bubble in the flush line, therefore all air must first be vented from the flush line. The vent must be located at the highest point in the flush line.
 Flush Plan 23 is used mainly to cool seals in boiler feedwater and flashing hydro-carbon services. Above a temperature of 180°F, water cannot be sealed successfully with a standard single seal. This is because boiler feedwater is contaminated with soluble abrasives, namely minerals and boiler compounds. As the pressure of the film of water between the seal faces drops from seal cavity pressure to atmospheric pressure, it will flash to a vapor if the temperature between the faces equals or exceeds 212°F. When this happens the abrasives come out of solution and embed themselves in the softer of the two faces. The soft face then acts like a grinding wheel, quickly destroying the opposing seal face. To keep the liquid between the seal faces below 212°F, it is necessary to cool the seal cavity to 180°F or less.
 Once the liquid in the seal cavity has been cooled to 180°F, the amount of heat transfer required to hold it there is minimal, and cooler fouling is also minimized. Cooler fouling occurs when minerals from the cooling water plate out on the cooling water side of the cooler’s tube, and is more pronounced when the heat transfer rate is high.
 A drain is required on the shell of the cooler for periodic back flushing of the cooler’s shell side, which also reduces fouling. The temperature of the flush stream should be monitored with a temperature indicator installed in the flush line between the seal cavity and the cooler. If the cooler loses its efficiency, it will require
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 cleaning by chemical or mechanical means. Be careful not restrict flow by over-instrumenting the flush line.
 When the pumped fluid is a hazard to personnel, all pressure indicators used in the flush system must have block valves and all temperature indicators must have ther-mowells.
 API 682 Flush Plan 31. Mechanical seals are often required to seal liquids that are contaminated with abrasives that may be detrimental to the seal faces. Seal manu-facturers occasionally try to remove the abrasives with a cyclone separator (Figure 800-14). The abrasive contaminated liquid from the pump discharge enters the cyclone at A. The action of the cyclone forces the abrasives to exit at C and return to the pump’s suction. The clean fluid exits into the flush line at B.
 Cyclone separators are not effective at removing solids that are nearly the same density as the fluid. API 682 requires the use of long radius and 45° bends in lieu of 90° short radius elbows. Lines must slope up to the cooler at ½-inch per foot, minimum. API 682 requires that the density of the solid particles is at least two times the fluid density. The cyclone separator must have a differential pressure of 2 to 10 atmospheres between connections A and B. Also, it will only work properly when the pressure at connections B and C are at or near the same pressure. This limits the length of the piping from connection C back to pump suction.
 Flush plans involving cyclone separators are generally not recommended for sealing applications in ChevronTexaco facilities. Although they might successfully remove
 Fig. 800-14Cyclone Separator
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 large particles that cause damage in the seal cavity, cyclone separators have some of the following problems:
 1. To achieve maximum abrasive removal, detailed engineering is required for orifices in the cyclone system.
 2. Abrasives at high velocities erode cyclone orifices, causing efficiency loss.
 3. Orifice plugging causes reduction or loss of the seal flush. If the cyclone plugs, the seal flush flow reverses, flowing from the seal cavity to the pump’s suction. If the liquid in the seal cavity is near its vapor pressure, the drop in seal cavity pressure could cause flashing between the seal faces and failure of the seal.
 4. The smaller the abrasive particle, the less efficient the cyclone separator. Unfor-tunately it is the small particles that enter between the seal faces.
 API 682 Flush Plan 32. Flush Plan 32 provides for the injection of a clean cool fluid to the seal from an external source. To allow for flush flow, the pressure of the injection source must be greater than the pressure in the seal cavity. The injection source must also be compatible with the liquid being pumped, because it exits via the pump’s discharge. Flush Plan 32 should be considered for the following conditions:
 1. Sealing liquids that contain abrasives. Injecting a clean cool fluid that is compatible with the pumped liquid is a straightforward approach to eliminating abrasives from the seal cavity.
 2. Sealing liquids that are hazardous to personnel or violate a pollution standard if allowed to leak to the atmosphere. An example is a stream with a high concentration of H2S. Flush Plan 32 isolates the seal cavity from the H2S with a non-H2S bearing flush stream. If the seal fails catastrophically, the leak to atmosphere through the seal endplate throttle bushing must be less than the non-hazardous flush flow to the seal cavity. A close-clearance throttle bushing in the seal endplate is required to attain this leakage rate.
 3. The liquid in the seal cavity is near its boiling point. If the liquid in the seal cavity is near its boiling point and vaporizes between the seal faces, the seal will fail prematurely. This can be overcome by injecting a liquid with a low vapor pressure, and which is compatible with the pumped liquid, into the seal cavity.
 4. Pump suction loss. When a pump loses suction or has problems picking up suction, the seal fails prematurely from lack of liquid lubrication. Flushing the seal with Plan 32 provides a constant source of liquid during brief periods of suction loss.
 Flush flow velocities of 10 to 15 feet per second through the seal cavity throat bushing are necessary to keep the pumped liquid from migrating back into the seal cavity. When the exterior flush flow rate must be held to a minimum, it is necessary to install a close-clearance throat bushing to maintain this flow velocity. The flush flow rate can be controlled with an orifice or with visual flow indicators. Orifice sizes below 1/8-inch are subject to plugging. Flow meters are desirable because the
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 operator can visually monitor the flow. API 682 requires the piping arrangement to include provisions to measure both the flush source pressure and the seal cavity pressure. All plan 32 systems should include a block valve and check valve to reduce the possibility of back-flow to the flush source in the event that pressure is lost at the source. When the pumped liquid is a hazard to personnel, all pressure indicators used in the flush system must have block valves and all temperature indi-cators must have thermowells.
 Flush Plan 32 often involves the downgrade of higher value fluids to lower value fluids, process contamination, or creation of additional fluid requiring treatment (such as sour water). These costs can be quite significant and should be evaluated before selecting this flush plan. One ChevronTexaco refinery determined that their total downgrade costs for Plan 32 systems exceeded $2MM per year. Eliminating Plan 32 systems became a source of significant operating cost savings for this refinery.
 API 682 Flush Plan 41. Flush Plan 41 is designed to remove abrasives and to cool the flush stream going to the mechanical seal. It is a combination of Flush Plans 11, 21, and 31. When the pumped fluid is a hazard to personnel all pressure indicators used in the flush system must have block valves and all temperature indicators must have thermowells.
 API 682 Flush Plans 52, 53, and 54. Flush Plan 52 provides for circulation of a buffer fluid between unpressurized dual seals. Flush plans 53 and 54 provide for circulation of a barrier fluid between pressurized dual seals. These flush plans and their support systems are described in more detail in Section 846.
 Additional Flush Plans. Old pump installations that have been converted from packing to mechanical seals occasionally have seal problems caused by pump suction loss. Figure 800-15 shows two flush plans (A and B) that supply liquid to the seal during brief periods of suction loss. These flush plans should not be consid-ered when designing a new pump installation. Properly designed pump installations warn plant operators in advance of conditions that cause pump suction loss.
 Flush Plan A (Figure 800-15) requires a discharge line with an elevation higher than the throat bushing in the bottom of the seal cavity. The close-clearance throat bushing restricts the flow leaving the seal cavity, and allows for a longer retention time of the liquid gravitating back from the discharge line.
 Flush Plan B (Figure 800-15) depicts an external flush that is compatible with the pump’s liquid stream. Sometimes it is uneconomical to use an external flush continuously, yet periodic suction loss requires the external flush to be available to keep a flush flow of liquid going to the seal cavity. Flush Plan B is useful in such cases.
 The external flush in Flush Plan B must have less pressure than the pump’s discharge, but more pressure than the seal cavity. When the pump is operating at normal rates, check valve No. 2 is open, check valve No. 1 is closed, and the seal is flushed from the pump’s discharge. When the pump loses suction, the discharge pressure drops, check valve No. 1 opens, check valve No. 2 closes, and the seal is flushed from the external source.
 ChevronTexaco Corporation 800-21 September 2002
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 834 Quenching The seal quench shown in Figure 800-16 is used to treat leakage that comes past the mechanical seal into the atmosphere. The quench port enters the mechanical seal endplate on the atmospheric side of the seal faces. Fluid injected into the quench port leaks to the atmosphere through the seal endplate throttle bushing or the seal endplate drain.
 Water Quenching. When some liquids evaporate, they leave an abrasive crystal deposit behind (caustic, for example). Crystals forming on the atmospheric side of the secondary seal stop the secondary and rotating members from moving forward.
 Fig. 800-15Flush Plans
 Fig. 800-16Seal Quench
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 This condition is commonly called seal hangup. The seal faces are also damaged by abrasives and crystals centrifuged between them.
 These problems can be avoided by using API 682 Flush (quench) Plan 62 and quenching the seal with water. The water dilutes the seal leakage and stops the formation of the crystals. The quench water exits through the seal endplate throttle bushing or drain.
 Maximum quench flow rates should be low enough to keep the quench water from entering and contaminating the pump bearing housing. Quenches can be used continuously or intermittently depending on the situation.
 Steam Quenching. When hydrocarbons are sealed at elevated temperatures, coke forms on the atmospheric side of the seal as a result of normal seal leakage. This coke formation causes seal hangup and face damage. Steam injected through the seal endplate quench port per API 682 Flush (quench) Plan 62 aids in stopping the coke formation by cooling and removing the leakage.
 The steam quench is also used to decrease blistering of the carbon seal face. Blis-tering occurs when sealing viscous fluids such as asphalt, crude and bunker. When the liquid is warm it penetrates into the face of the carbon seal. If the liquid film between the seal faces is allowed to cool when the pump is shut down, it becomes viscous. When the pump is restarted the shear force of the viscous liquid film between the seal faces generates heat. The heat expands the liquid that has pene-trated the carbon face. As a result of the liquid expansion small pieces of carbon raise or break away from the carbon face. These pieces of carbon hold the faces open and allow excessive leakage. A controlled steam quench keeps the faces warm, while the pump is out of service.
 Quench Rate. The maximum steam quench rate should be low enough to keep the steam from entering and contaminating the pump bearing housing. The amount of steam quench should be controlled by a back pressure regulator. Once the back pres-sure regulator is adjusted to the desired flow, it remains constant. This overcomes the problem of plant operators continually readjusting the amount of steam flow. Any pressure regulator comparable to the Fisher Type 95L with the following construction features can be used: body size, ¼-inch; orifice size, ¼-inch; body material, cast steel; diaphragm and inner valve seat material, stainless steel; maximum inlet pressure and temperature, 300 psi, 450°F. Reduced pressure ranges, 2 to 6 psi.
 Dry Steam. The problem with steam-quenching high-temperature seals is keeping the quench dry. When condensate enters the atmosphere side of a seal operating in a high-temperature service and flashes to steam, the expansion of condensate to steam opens the seal faces and allows excessive leakage. This produces a popping sound from the seal endplate.
 When installing a steam quench system, insulate the line from the steam source to the seal end plate. Figure 800-17 is a steam quench piping system that is successful in high-temperature applications.
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 High-temperature seal leaks can be a fire hazard if the temperature of the liquid entering the atmosphere is at its flash point. The steam quench isolates and cools the leakage below its flash point before it enters atmosphere. A close clearance throttle bushing aids in isolating a hazardous seal leak.
 Steam Smothering Ring. Every precaution should be taken against pump fires when sealing a high-temperature liquid that is near its flash point. The steam smother ring (Figure 800-18) is an inexpensive tool to prevent igniting a fire when flammable stock has leaked past the steam quench and the seal endplate throttle bushing. The valve controlling the steam source to the smothering ring should be well marked and at a safe distance from the pump’s seal cavity.
 Fig. 800-17Steam Quench Piping System
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 835 CoolingSeals require very little lubrication. Stocks such as gasoline, propane, and butane provide sufficient lubrication if they are kept under sufficient pressure and the seal faces are adequately cooled. Seal face cooling is usually achieved by circulation of fluid in the mechanical seal chamber. Inadequate cooling causes overheating of the seal faces, and vaporizing of the stock around the seals, with loss of lubrication and rapid seal failure. The required flow is normally determined by the seal and pump manufacturer. Usually, the pumped liquid is the lubricant and coolant. The poorer the stock’s lubrication qualities and the closer it is to its vapor pressure, the more important it is to maintain an ample cooling flow.
 Stock vaporization at the seal faces is the most common cause of seal failures. For this reason it is advisable to use a cooler (such as in API 682 Flush Plan 21 or 23) whenever there is a risk of flashing. Keep in mind that many stocks contain a mixture of compounds; the compound with the highest vapor pressure (lowest boiling point) must be addressed when designing a cooling system.
 Cooling Requirements. Lower temperatures are needed for high vapor pressure stocks such as light hydrocarbons and ammonia. The amount of cooling needed is usually specified in terms of vapor pressure rather then temperature.
 Light hydrocarbons (0.6 SG and less) and ammonia should be cooled to a tempera-ture such that the vapor pressure is 50 psi less than the seal chamber pressure. For other stocks the recommended margin is 25 psi.
 Fig. 800-18Steam Smother Ring
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 836 PressurizationCooling is always preferable to pressurization to suppress vaporization at the seal faces, but cooling is not always feasible. Often one must raise the pressure in the seal chamber to create the necessary margin between vapor pressure (at seal chamber temperature) and seal chamber pressure. Follow the same rules outlined above (i.e., 50 psi for ammonia and light hydrocarbons).
 The source of pressure may be from the pump discharge (API Plan 11, 21, etc.) or from an external source. Usually the throat bushing clearance must be reduced to create the increased seal chamber pressure. For very close clearances a floating carbon throat bushing is recommended.
 Some locations have used hardened throat bushings, such as Nitronic 60, to reduce erosion. The hardness must be controlled to prevent galling with the shaft.
 840 Dual Mechanical SealsAlthough a small percentage of pumps in ChevronTexaco facilities have dual mechanical seals, concerns about poor dual seal reliability are both widespread and justified. Pressurized dual seals are significantly more troublesome than unpressur-ized dual seals, and there are examples of Company experiences where they failed ten to twenty times during attempted start-ups.
 Unpressurized dual seals are being operated with success, but single seals should always be considered first. A decision to select dual seals should only be made based on thorough knowledge of their pitfalls.
 Readers are particularly cautioned against choosing dual seals just to meet 1000 ppm emission limits or less. Well-designed single seals can easily comply with 1000 ppm limits for Volatile Organic Compounds (VOC) and Reactive Organic Gases (ROG).
 Single seals are also preferable because:
 • They are simpler
 • They do not require a buffer or barrier fluid system
 • Assembly is less complex
 • Operation is easier
 • Pumping rings are usually not required
 • They are unaffected by pressure reversals
 • There is no need to properly handle contaminated and/or hazardous buffer/barrier fluid when performing maintenance.
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 841 Introduction
 Dual Mechanical SealsUse of the term “dual” in the phrase dual mechanical seals indicates that there is more than one seal in a seal chamber at a given shaft sealing location in a machine. The use of more than two seals in a dual seal is fairly unusual, so the word dual usually refers to seals with two pairs of seal faces. The term “dual” is consistent with terminology as defined and used in API 682 and API 610, 8th edition. Two types of dual mechanical seals are defined in API 682:
 • Dual mechanical seal with unpressurized buffer—referred to herein as an unpressurized dual seal. The seals are mounted in series in an unpressurized dual seal. Before API 682 was published, this seal configuration was referred to as a tandem seal because of the way the seals are mounted. Like the riders on a tandem bicycle, both seals face in the same direction. The buffer fluid is introduced between the two seals in an unpressurized dual seal at a pressure lower than the seal cavity pressure.
 • Dual mechanical seal with pressurized barrier—referred to herein as a pressur-ized dual seal.
 The seals are generally mounted in series in a standard pressurized dual seal. As an alternative, the seals can be mounted back-to-back. Before API 682 was published, this alternate configuration was referred to as a double seal. The barrier fluid is introduced between the two seals in a pressurized dual seal at a pressure higher than the seal cavity pressure.
 A third type of dual mechanical seal was omitted by the subcommittee that devel-oped API 682:
 • Dual mechanical seal with dry-running secondary seal.
 The second seal (mounted in series) is a dry running seal designed to run with a gas cushion between the faces much like a compressor dry-gas seal. No buffer or barrier fluid is introduced between the two seals. However, the space may be vented to a closed system such as a vent or flare header. Also, the seal gland may include a drain connection to drain the space between the two seals. The 2nd edition of API 682 will probably include requirements for this type of dual seal due to its popularity as a low emissions seal.
 Unpressurized Dual SealsAn unpressurized dual seal is shown in Figure 800-19. The seal closest to the pumped fluid is generally sealing that fluid. The other seal is normally not in contact with the pumped fluid.
 Both sets of seal faces in an unpressurized dual seal need to be supplied with a generous quantity of fluid in order to work properly. The fluid supplied to the seal closest to the pumped fluid (the inboard or primary seal) is the pumped fluid itself, either from the seal cavity or from a positive flush supply as with a single seal. The
 ChevronTexaco Corporation 800-27 September 2002
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 fluid supplied to the seal furthest from the pumped fluid (the outboard or secondary seal) comes from the buffer fluid support system. The buffer fluid support system is vented to atmosphere or to a closed low-pressure system, hence the name unpressur-ized buffer.
 Both sets of mechanical seal faces in an unpressurized dual seal generate heat. In the case of the outboard or secondary seal, the buffer fluid must remove the heat. This requires the buffer fluid to be circulated, which is usually accomplished by a pumping ring that rotates with the pump shaft (similar to the circulation device for a plan 23 flush system on a single seal).
 In addition to a buffer fluid reservoir and the pumping ring, additional hardware is needed to provide a complete buffer fluid support system. Refer to Section 846 for a description of this equipment and for further information on dual seal support systems.
 Unpressurized dual seals are generally selected for one of three reasons:
 • To provide a back up seal in case the primary seal fails. Some examples include a back-up seal to prevent a highly toxic fluid from leaking to atmosphere in the event of a primary seal failure, or a back-up seal to prevent leakage from a primary seal failure in a pump installed in a remote unattended location.
 • To provide a second seal sealing a separate fluid (from the pumped fluid), to reduce pumped fluid emissions.
 • To alter the operating environment on the atmospheric side of the primary seal, usually to increase the reliability (extend the life) of the primary seal faces.
 More information on dual seal selection and application can be found in Sections 842 and 850.
 Fig. 800-19Dual Mechanical Seal With Unpressurize Buffer (Unpressurized Dual Seal) Courtesy of American Petroleum Institute
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 Pressurized Dual Seals A standard pressurized dual seal is shown in Figure 800-20. In a pressurized dual seal both seals normally seal the barrier fluid. This is accomplished by operating the barrier fluid system at a higher pressure than the pumped fluid sealing pressure. Barrier fluid that passes between the inboard seal faces mixes with the pumped fluid and goes out the pump discharge.
 On first inspection, the drawings in Figures 800-19 and 800-20 look the same. The only noticeable difference between the two drawings is the absence of the atmo-spheric side gland connection in the pressurized dual seal drawing. However, some subtle differences exist in the standard pressurized dual seal that are not easily shown in an assembly drawing.
 In the standard pressurized dual seal, the mating ring in the inboard seal, and the outboard seal must be designed to stay in place (not open) in the event that barrier fluid pressure is lost. This represents a pressure reversal for the inboard seal. When this occurs, the entire seal is designed to operate as an unpressurized dual seal. The difference between unpressurized and pressurized dual seals is that the mating ring in the inboard seal of the pressurized dual seal is balanced differently to accommo-date pressure reversal.
 The barrier fluid supplied to a standard pressurized dual seal must be pressure regulated to stay within 20–60 psi higher than the pumped fluid sealing pressure (the seal cavity pressure behind the throat bushing). If the pressure is too low, unpressurized dual seal operation will result. If the pressure is too high, the inboard seal will run hot and may fail prematurely.
 The design and operation of the standard pressurized dual seal is aimed at solving the primary reliability problem with the alternate pressurized dual seal (back-to-back double seal), pressure reversal. Reversal of pressure across the inboard seal faces in a back-to-back double seal causes the faces to open, and usually to fail. Also, the barrier fluid reservoir becomes contaminated with the
 Fig. 800-20Standard Dual Mechanical Seal With Pressurized Barrier (Pressurized Dual Seal) Courtesy of American Petroleum Institute
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 pumped fluid and overflows through the vent to the collection system (flare). Hence, loss of barrier fluid pressurization is not acceptable. This serious design flaw makes it very difficult to operate the double seal through transients, and is the primary reason why we rarely apply this type of seal in ChevronTexaco facilities. An alternate pressurized dual seal (double seal) is shown in Figure 800-21.
 The barrier fluid in a pressurized dual seal support system must be circulated to remove face generated heat from the seal. The barrier fluid must also be pressurized to the appropriate operating pressure. These functions can be handled in two ways:
 • By pressurizing the vapor space in the reservoir and by circulating the fluid with a pumping ring. The reservoir can be pressurized by a process connection or by connecting it to an inert gas system. The fluid-circulation pumping ring is similar to the circulation device for a plan 23 flush system on a single seal.
 • By a barrier fluid circulation pump, that circulates the fluid at the appropriate pressure.
 Fig. 800-21Alternate Dual Seal With Pressurized Barrier (Double Seal)
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 Refer to Section 846 for a description of the required hardware and for further infor-mation on barrier fluid support systems.
 Buffer and Barrier FluidsThe primary purpose of buffer and barrier fluids is to provide lubrication and cooling for the seal faces. Intuitively, it might seem like a light lubricating oil would be an ideal choice for the majority of applications. But testing and experience have demonstrated that there is more to selecting the right fluid than previously thought. For example, in seal manufacturer testing, automatic transmission fluid performed so poorly that it is now not recommended for any application. Similarly, automotive antifreeze is not recommended because it contains additives that plate-out on the seal faces and accelerate wear.
 Recommended buffer and barrier fluids include water, #2 diesel, glycol/water mixtures, and some synthetic oils. White mineral oil and single cut paraffinic oil are not recommended. Some Company locations have reported good results with Royal Purple BW/IP-22 for extreme temperature conditions. The cost is fairly high however at about $700 per 55 gallon drum. A more detailed list of recommended buffer and barrier fluids and their properties follows.
 When pressurized dual seals are used, it is important to keep in mind that some of the barrier fluid will flow into the process fluid, and therefore it may be necessary to select a fluid that will not create product contamination problems. Normally, the leakage will be a very small amount ranging from a few drops per day to a few drops per minute depending on the severity of the sealing conditions. In the event of an inboard seal failure however, the entire contents of the barrier fluid reservoir may be discharged into the pumped fluid in a matter of minutes.
 When selecting a buffer/barrier fluid, the following factors should be kept in mind:
 Viscosity: In general, viscous liquids (even a light lube oil) present more sealing difficulties than liquids with a viscosity like water.
 Heat Capacity: Liquids differ in their ability to absorb heat. It takes less heat energy to raise the temperature of a given quantity of oil one degree than it takes to
 Recommended Buffer / Barrier FluidsTemperature
 Range (Deg F)
 Kerosene
 0 to 275#2 Diesel -10 to 30050% Ethylene Glycol / 50% Water -50 to 22050% Triethylene Glycol / 50% Water -10 to 35050% Propylene Glycol / 50% Water -20 to 220Water 32 to 150Royal Purple BW/IP-22 -60 to 450Chevron Tegra Synthetic Barrier Fluid -60 to 450
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 raise the same quantity of water by one degree. Water has a greater “specific heat” than oil.
 Vapor Pressure: The fluid must remain cool enough to prevent flashing at the seal faces.
 Mixing of Barrier Fluid and Pumped Fluid: With pressurized dual seals, the barrier fluid enters the pumped fluid. With unpressurized dual seals, the pumped fluid enters the buffer fluid.
 Leakage to the Atmosphere: With both unpressurized and pressurized dual seals, a slight amount of the buffer/barrier fluid will leak past the outboard seal. Fluids should be selected so that this leakage does not present a hazard or emission problem.
 The Mechanical Seal Data Sheet in API 682 has space for the name, specific gravity, and vapor pressure of the buffer/barrier fluid. This data should be filled in by the person specifying the buffer fluid.
 Dual Seal With Dry Running Secondary SealThe dry running gas seal has become a viable and popular selection option as the secondary (outboard) seal for some dual seal applications. The liquid seal and the dry running gas seals in a dual seal with dry running secondary are mounted in series (tandem). The primary (inboard) seal requires a positive flush just like a single seal. The vapor space between the primary and secondary seals can be vented and/or drained to atmosphere, or vented and/or drained to a closed system. A seal support system like a buffer/barrier fluid system is not required.
 Applications for dual seals with dry running secondary seals are emerging. As of this guideline revision date, they have primarily been applied in hydrocarbon services in locations requiring low emissions. They have also been applied in some services containing benzene. As of this guideline revision date, the requirements for purging/venting the vapor space between the primary and secondary seals have not been standardized. These seals may be purchased in accordance with API 682, but the first edition of the Standard does not have requirements that address the dry running gas seal.
 842 Typical Applications For Dual Seals
 Unpressurized Dual SealsFigure 800-22 illustrates a typical unpressurized dual seal system. Three common applications are discussed below:
 • A back-up seal is desired
 • Environmental regulations require a reduced emissions seal
 • The environment on the atmospheric side of the primary seal needs to be altered.
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 Back-up SealThe secondary (outboard) seal in an unpressurized dual seal provides a back-up seal in case the primary seal fails. This is desired for personnel safety against toxic or hazardous fluid leakage, and for some seals in remote unattended locations.
 Sometimes plant operators elect to apply unpressurized dual seals because they want the security of a back-up seal. The unpressurized dual seal has two seals with the same pressure rating so that if the inboard seal fails, the outboard seal can take its place.
 Some pump installations are remote and run unattended. It could take several hours for an operator to reach the site. The pump could run for an extended period with a substantial leak, resulting in product loss and environmental or safety hazards. An unpressurized dual seal is sometimes used in these applications to provide an indica-tion of an impending release to atmosphere. For flashing services, this is accom-plished by installing a pressure switch in the buffer fluid reservoir. When the inboard seal leaks, the pressure rises and activates the switch, which can trip an alarm or shut down the unit. For non-flashing services, the reservoir level will rise when the inboard seal leaks. A high level alarm or shutdown can be tripped with appropriate instruments installed in the reservoir. When the outboard seal leaks, the reservoir level falls, and a low level alarm or shutdown can be tripped.
 Fig. 800-22Unpressurized Dual Seal and Buffer System
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 We must exercise caution when unpressurized dual seals have been installed for back-up service:
 • There is a temptation to continue to run the pump after the inner or outer seal has failed.
 • The buffer fluid gradually becomes contaminated with the pumped fluid as the inboard seal leaks. Depending on the pumped fluid, this may pose a hazard, either through exposure to a toxic or hazardous fluid or through increased hydrocarbon emissions.
 • Seals will sometimes open in the event of a thrust bearing failure. Since both seals are in series in an unpressurized dual seal, they would both open and provide no more protection than a single seal.
 A common application of unpressurized dual seals is in LPG services. The primary concern is that a leaking seal may create a vapor cloud, which could then ignite.
 Reduced EmissionsThe Federal Government (EPA) has proposed a clean air act limiting hydrocarbon emissions to 1000 ppm per seal. This is consistent with the current law in Southern California established by the SCAQMD, known as Rule 1173, which requires “reac-tive organic gas” (ROG) emissions to be less than 500 ppm per seal. The laws do not require the use of dual seals.
 In addition to the SCAQMD Rule 1173 emission limitation, there is a separate requirement to install the “Best Available Control Technology” (BACT). BACT installations are required in Southern California for:
 • New installations of pumps in hydrocarbon service
 • Pumps being relocated in the plant
 • Pumps which are modified to meet new process conditions
 • Pumps which fail the Rule 1173 emissions restrictions through periodic inspec-tion more than 5 times in one year.
 BACT is defined by a listing of mechanical options for pump and seal applications. In order of preference these are:
 • Sealless pumps• Dual seals with a synthetic buffer/barrier fluid• Dual seals with an organic hydrocarbon buffer/barrier fluid.
 BACT does not recognize single mechanical seals as a “Best Available” technology.
 At present, BACT is only required in Southern California. However, there is a Federal Government (EPA) trend to promote the use of “Maximum Achievable Control Technology” (MACT). This is similar to BACT in application but applies to all domestic (USA) installations.
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 Company operations are affected by different environmental agencies, rules and laws. The majority of Company locations have specific Company employees to interface with the applicable agencies. Readers are strongly urged to work through these employees in any matters pertaining to understanding what the laws are, what they mean, and how we must comply.
 Single seals are recommended for use in VOC services, when the Company is given the choice. It must be emphasized however, that single seals in these services need to be well engineered in order to work as they should.
 Altered EnvironmentCaustic and crystallizing fluids tend to form solid crystals or deposits on the atmo-spheric side of single seals as the fluid leaks past the faces. To keep this from occur-ring, it is necessary to alter the environment on the atmospheric side of the seal faces by keeping the faces wet. One way to accomplish this is by installing an unpressurized dual seal. With the unpressurized dual seal, the back side (formerly the atmospheric side of the single seal) is kept wet by the buffer fluid. Deposits cannot form and the seal does not fail in the manner described.
 Pressurized Dual SealsThere are three common applications for pressurized dual seals:
 • Nonlubricating fluids (e.g., supercritical CO2).• Equipment that may operate dry in the seal area.• Hazardous services when an external flush fluid is not available.
 Pressurized dual seals are not usually a good choice for dirty or abrasive services.
 Dry Running ApplicationsSince pressurized dual seals require a pressurized barrier fluid, they do not depend on the pumped liquid for lubrication.
 Pressurized dual (back-to-back double) seals are standard equipment on top entry mixers (Figure 800-23) because the liquid in the mixer does not reach the seal. The buffer fluid system is fairly simple because mixers usually do not rotate fast enough to generate much seal heat. The system usually consists of a pressurized reservoir without provision for circulation.
 Pressurized dual seals are sometimes useful for pumps that suffer from periods of dry running caused by suction loss or cavitation. But because many pressurized dual seal systems are inherently troublesome, readers are cautioned against rushing into their use. It may be possible to correct an existing seal problem due to dry running condition by using an external (API Plan 32) flush.
 Nonlubricating LiquidsSome liquids have virtually no ability to lubricate and yet can still be pumped. An example of such a liquid is supercritical carbon dioxide. Carbon dioxide is usually handled with compressors but sometimes it is pumped. These pumps cannot be sealed with single mechanical seals.
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 Pressurized Dual Seals For Hazardous ServicesThe term hazardous refers to substances that are dangerous when even small amounts are released to the atmosphere. Probably the best example in our industry is hydrogen sulfide (H2S) which can be fatal. Hydrofluoric acid is another example. Other liquids, such as benzene, may not produce immediate symptoms but also present a recognized health hazard.
 Single seals may be the most reliable choice for hazardous services when an external flush is available. The source of the flush fluid must be extremely reliable and non-hazardous. In addition, the use of close clearance throat and throttle bush-ings is recommended.
 Numerous disadvantages are associated with pressurized dual seals. Before selecting a pressurized dual seal for sealing a hazardous fluid, consider the following facts:
 1. Pressurized dual seals have a poor record for reliability. Because of their inherent complexity, they are difficult to operate and maintain. Repairs are time consuming, expensive, and usually create greater exposure hazards than occur when the pump is operating.
 Fig. 800-23Top Entry Vessel Mixer
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 2. Pressure reversals can contaminate buffer fluid.
 A “pressure reversal” is common in actual practice because of unexpected increases in pump suction pressure or loss of barrier fluid pressure. When this occurs, the inner seal may open and the barrier fluid becomes contaminated with the pumped fluid. Exposure to a contaminated barrier fluid can be just as dangerous as exposure to the pumped fluid.
 Many components of a support system for pressurized dual seals would have to be disassembled, cleaned, and repaired after the barrier fluid is contaminated. This results in an increased exposure risk.
 3. Barrier fluids gradually become contaminated even when there are no seal fail-ures or pressure reversals.
 Even though the barrier fluid pressure exceeds the process pressure, mixing of the pumped fluid with the barrier fluid occurs. This illustrates the fact that pres-surized dual seals do not completely contain the pumped fluid.
 Some groups will view dual seals as superior technology and argue that it is irre-sponsible for a company to use anything but dual seals in hazardous services. One can easily visualize a scenario in which there is an incident involving loss of life or creation of a health hazard because of a leak from a pump equipped with a single mechanical seal. It may be alleged that the company failed to provide the “best available technology” because they valued profits more than human safety. Conversely, if dual seals were used, the same (best available technology) argument might be used to support the Company’s position.
 The above is by no means intended to suggest that subjective opinions should be put above what we know to be the most technically safe practice. Our responsibility is to provide the safest installation.
 Pressurized Dual Seals for Dirt or Abrasives?Many seal suppliers like to promote pressurized dual seals as a solution for services that contain dirt and/or abrasives. Certain dual seal components are more vulner-able to failure than the same components of a single seal. For example, when pusher seals are used in a back-to-back arrangement, the foreign material can collect under the secondary seal and cause hang-up or leakage. If abrasives are present, they will be centrifuged against the inside diameter of the two faces. Centrifugal force tends to drive the particles between the faces and cause accelerated wear.
 When engineering a seal for a service with abrasives, consider the following:
 • Use a single seal and API Plan 32 flush.• Use tungsten carbide versus silicon carbide faces if the seal has to be designed
 to handle solid particles.• Use increased closing force to keep particles out.• Cyclone separators must be carefully engineered. Often they are not successful
 at removing the particles that can cause a problem.• Stationary seals are preferred over rotating seals.
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 843 Dual Seal Designs
 Seal TypesDual seals can be made up of pusher or bellows seals. Usually both seals are the same type, but a dual seal could be made up of one pusher and one bellows seal.
 Mounting ConfigurationsDual seals can be mounted in a rotating or stationary arrangement. In other words, the flexible element (the bellows assembly or the part that contains the spring or springs) can rotate with the shaft or it can be mounted in the gland (stationary).
 Dual seals can be cartridge mounted. Cartridge design is especially desirable for dual seals for two reasons:
 1. The cartridge design takes much of the confusion out of positioning the seals at the proper location on the sleeve to insure the right amount of spring or bellows compression.
 2. A bench pressure test (with air, solvent, oil, or water) can often be done without a special fixture. This test is recommended before installing the cartridge and is required for seals supplied in accordance with API 682.
 Finally, there is also the option of having pressurized dual seals mounted in series or back-to-back.
 Rotating and Stationary SealsWhether a pump is using single or dual seals, the same points apply concerning the use of rotating or stationary mounting for the flexible element. Designers seem to favor rotating seals but this may be due more to tradition and habit than conscious choice. Stationary seals have an advantage over rotating seals. They don’t have to flex with every revolution due to gland fit (perpendicularity) tolerances, and are a better choice for high speed applications.
 Outside SealsIn some pumps, there may not be enough room in the stuffing box to fit two mechanical seals. Designers might attempt to utilize outside seals. Outside seals are not recommended for Company applications and are not in conformance with requirements of API 682. These are some design deficiencies with outside seals:
 • An outside seal may be damaged by an external force. This could include impact or washing it with high velocity water or cleaner, etc.
 • Internal pressure tends to open an outside seal. This decreases the tolerance of the outside seal to increases in pressure in the buffer fluid.
 • An outside seal cannot have a throttle bushing and, therefore, there is no way to restrict leakage when the seal fails. An outside bellows seal would sling or spray leakage all around if the bellows failed. Both bellows and pusher types would sling or spray leakage from between the faces.
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 Back-to-Back (Double) SealsThe advantages of a back-to-back (double) seals are:
 • There is minimum exposure of the seal parts to the liquid being pumped. Most of the seal hardware is in contact with the barrier fluid.
 • They can withstand barrier fluid pressures up to the maximum pressure rating of the seal.
 • It is usually easier to circulate barrier fluid (for cooling) in the immediate area of the seal faces.
 The disadvantages of a back-to-back (double) seals are:
 • Pressure reversals can open and damage the inner seal.
 • The O-ring inside the flexibly mounted seal face of the inboard seal is exposed to the process fluid. Unless the process fluid is very clean, the O-ring may eventually hang up.
 • The inboard seal mating ring is often mounted in the bottom of the seal chamber. If the seal is not a cartridge type, it could be difficult to remove the mating ring without disassembling the pump.
 Buffer/Barrier Fluid PortsThe buffer/barrier fluid ports are the tapped holes in the gland plate or in the seal chamber through which the fluid enters and exits.
 Ideally, ports should be as large as the inside diameter of the piping or tubing connecting the seal chamber to the reservoir. This is not always possible because of the size of the pump and gland plate, but very often there is room to enlarge them beyond what the vendor would ordinarily supply.
 The axial location of the ports is just as important as the size. The problem with using the pump stuffing box lantern ring connection as a flush port is that it may result in a circulation path that leaves the seal faces in a dead zone where localized overheating can occur.
 To guard against failures from overheating, require that ports be tangential (tangen-tial ports greatly increase flow rates), as large as practical, and located close to the interface between the seal faces. Confirm this during drawing review. Also verify that the system is adequately sized for cooling by reviewing the calculations with the supplier.
 Pumping RingsPumping rings circulate the buffer/barrier fluid for seal cooling. Pumping ring performance is dependent on a variety of factors such as peripheral speed, design, clearance, direction of rotation, liquid viscosity, and system resistance. The actual performance of the various designs is discussed in Section 846.
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 The important points to remember about pumping rings are:
 • Pumping rings come in a wide variety of types and some are better than others.
 • Designs that rely on maintaining a close clearance with the seal chamber bore have a history of poor performance.
 • If the pumping ring is one that will not pump if it is installed backwards, insist on a feature that only permits installation in the correct direction.
 • Insist on a feature that only permits installation in the correct axial location.
 Examples of Dual Seals on the MarketThere is a considerable difference between the dual seals available for API pumps and those for ANSI pumps. Seals for ANSI pumps are available in several “off-the-shelf” designs which are nicely illustrated and described in vendors bulletins.
 ANSI dual seal designs include:
 There is a significant benefit to using predesigned seals whenever possible because the vendor has had more opportunities to refine the design based on feedback from the field.
 Unfortunately, Company experience with multiple seals by manufacturer and model is not well documented. Users are encouraged to develop experience histories at Company locations and other facilities where similar seals are installed.
 Specifying Dual SealsDual seals should be of proven design. Proven design is defined as having:
 • At least two years successful operating experience under these service conditions:
 – A liquid of similar viscosity, specific gravity, vapor pressure, specific heat, and lubricating ability.
 – Equal or greater temperature, pressure, running speed, and seal size.
 • The same design features, such as:
 – Face mounting method– Sleeve design– Gland plate configuration– Port sizes and locations
 John Crane Type 88Sealol Type 622Flowserve (BW/IP) Uniseal IIFlowserve (Durametallic) X 200Five Star Series 86 and 87Chesterton 241
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 – Drive collar design– Pumping ring type– Gasket design
 The combination of different pump types, different seal vendors, and different service conditions makes it difficult to consistently get a dual seal that has a proven track record for that exact combination. As a result, many of the dual seals we buy will be to some degree unproven. We can, however, substantially improve our chances of getting a reliable seal by identifying those design features which work well and incorporating them into the seals we buy.
 844 Reliability and Experience
 GeneralMechanical equipment reliability is often expressed in mean time between failures (MTBF). For single seals, the MTBF is considered acceptable at about two years or more. For dual seals however, there is a wide variation in reports and opinions concerning “normal” life. In cases where it has been necessary to estimate the average life for dual seals, the Company has used 8 to 12 months. That is, single seals in general may be expected to last 2 to 3 times as long as dual seals.
 The successful application should take into account the details of the pump design such as:
 • seal chamber size and pressure
 • shaft diameter, speed, and deflection
 • construction of the pump casing
 • overall heat transfer characteristics—liquid temperature, pressure, viscosity, cleanliness, and vapor pressure all affect seal design.
 How Can the User Maximize Reliability?The collective Company experience with seals is vast. Individuals with extensive machinery/seal design and field experience should be used as consultants for new applications.
 Every operating facility has a financial incentive to reduce inventory and maximize interchangeability by standardizing on seals which are proven winners.
 The steps that can be taken at the specification, purchasing and commissioning stages are the same as those given in Company guidelines on quality assurance. They are:
 1. Vendor Prequalification and Seal Selection
 2. Comprehensive Specifications
 3. Design Review
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 4. Quality Assurance Checks
 5. Testing
 6. Pre Start-Up Field Check Out
 Vendor Prequalification and Seal SelectionPrior to selecting a seal type or vendor, these questions should be answered:
 • Are there other pumps with seals installed which are in identical or similar service and have a good repair history?
 • Are there pump seals of identical size already in stock in-house?
 • Is the proposed vendor capable of furnishing the hardware quality, engineering support, and follow-up necessary for a successful installation?
 • Does the facility have maintenance familiarity with the seal being considered.
 Company experience with major seal vendors listed in order of seal population is as follows: John Crane, Flowserve.
 Comprehensive SpecificationsThe Company has Specification PMP-EG-4662 “Mechanical Seals for Centrifugal and Rotary Pumps,” which is a companion specification to API 682. Users are urged to include these documents with all dual seal purchases for API 610 and 676 pumps.
 Design ReviewA design review affords an opportunity to confirm that the vendor understands the specifications and has performed the necessary calculations required for the application.
 Quality Assurance ChecksThis step allows the Company to verify that the hardware is being manufactured and assembled according to the Company’s and vendor’s requirements.
 TestingIt is highly recommended that seals be qualification tested, and that each seal is given a seal manufacturer (air) test in accordance with EG-4662 and API 682. The best place to find and correct deficiencies is in the supplier’s facility.
 Pre Start-Up Field Check OutA complete visual inspection for correct location of components and proper piping hookup should be performed. This is an opportunity to check for leaks, verify opera-tion of instruments, and, possibly, even circulate buffer fluid and confirm that the necessary head and flow rate are developed.
 Once a system is ready to be put into service, operators should be thoroughly famil-iarized with the system operation including venting (if required), reservoir pressur-ization, reservoir filling, and frequency of checking vital signs such as temperature,
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 pressure, and flow rate. Operators should be taught how the seals and support system work and what factors cause premature failure.
 In addition to formal training, special attention should be given to providing clear, easy to read, easy to understand operating manuals located where they will be read and used. In addition, signs should be posted at various places on the pump and support system with labels, reminders, procedures, and instructions. This is a step that is easy to overlook and yet it has proven its value over and over again.
 845 Costs
 Initial costDual seals will cost more than single seals for a given pump and service. There is a higher initial cost and higher repair costs.
 A common rule of thumb is “dual seals cost two to three times as much as single seals.” This rule only applies to seal hardware.
 There are extra costs associated with the installation of dual seals, too. Most systems need additional piping, electrical, and instrument work. Pressurized dual seal systems with a barrier fluid pump may require a foundation as well.
 Maintenance and Repair CostsIndependent of reliability, dual seals and buffer/barrier fluid systems will also be more costly to repair just because of their complexity.
 Leaking inner seals often allow the buffer/barrier fluid to become contaminated with the pumped fluid making it necessary to cleanup the system. Draining, dismantling, cleaning, and flushing the reservoir and piping can easily take four or five mandays with additional time and expense required to properly dispose of the old fluid. A repair to a component such as a barrier fluid pump will take two to four mandays, instrument repairs probably two mandays, system check out and start up another two mandays.
 846 Buffer/Barrier Fluid Support Systems
 GeneralThe buffer/barrier fluid support system is an extremely important part of a dual seal arrangement. It is analogous to a seal life support system since it provides the vital fluid for lubrication, cooling, and sometimes pressure maintenance. If a dual seal arrangement is to be reliable, the same degree of care must be exercised in the design, operation, and maintenance of the support system as with the seals themselves.
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 Basic System Descriptions
 Nonpressurized Systems (API Plan 52)An unpressurized reservoir is used when the fluid between the two seals in a dual seal does not need to be maintained at an elevated pressure. API 682 Flush Plan 52 is defined simply as having an external fluid reservoir that is vented. Figure 800-24 shows a typical plan 52 flush system. This is the support system employed with unpressurized dual seals. The fluid in the reservoir is called a buffer fluid.
 Pressurized Reservoir (API Plan 53)A pressurized reservoir is used when the fluid between the two seals in a dual seal needs to be maintained at an elevated pressure. API 682 flush plan 53 is defined simply as having an external fluid reservoir that is pressurized by an external source. The reservoir is connected to a supply of pressurizing gas, usually nitrogen. Figure 800-25 shows a typical plan 53 flush system. This support system is employed with pressurized dual seals. The fluid in the reservoir is called a barrier fluid.
 Pressurizer/Circulator (API Plan 54)This system uses a motor driven pump to circulate barrier fluid and to create the required barrier fluid pressure between the pressurized dual seals. Figure 800-26 shows a typical Plan 54 system. A back pressure regulator, filter, alarms for pres-sure, flow, and level are typically included.
 The advantage of this system is that a high barrier fluid flow rate can be achieved, which greatly improves the heat removal process and makes this system suitable for high pressure-velocity (PV) applications.
 Packaged Systems versus Custom Engineered SystemsNot all mechanical seal suppliers offer predesigned support systems for dual seals.
 The advantage of a predesigned system is that it may be a proven design. Support systems designed after receipt of order may lack attention to design detail, quality assurance, and testing, resulting in reliability problems which persist long after start-up.
 John Crane and Flowserve build three types of predesigned seal support systems: pressurizer/circulators, pressurized reservoirs, and nonpressurized reservoirs. Company experience with any of these units is limited, but reports from users are favorable.
 System SelectionBuffer fluid systems that operate at atmospheric pressure will usually need a reser-voir and a pumping ring. It is important to note, however, that these systems can still suffer short seal life due to local overheating at the faces if the flush flow is inade-quate or if the flush ports are poorly located.
 September 2002 800-44 ChevronTexaco Corporation

Page 45
						

Pump Manual 800 Mechanical Seals
 Fig. 800-24Unpressurized Dual Seal Support System, API Plan 52. Courtesy of the American Petroleum Institute
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 Fig. 800-25 Pressurized Dual Seal Support System with Pressurized Reservoir, API Plan 53 Courtesy of the American Petroleum Institute
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 Fig. 800-26Typical Double Seal Support System with Non-Pressurized Reservoir, API Plan 54. Courtesy of the American Petroleum Institute
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 Pressurized dual seals require a system which maintains a pressure between the seals. In this case there is a choice between the pressurized reservoir and the pressurizer/circulator. Each system has its advantages and disadvantages which are listed here.
 Advantages of Pressurized Reservoir:
 • Fewer components• Cost may be lower
 Disadvantages of Pressurized Reservoir:
 • Usually uses pumping ring (low flush flow rate)
 • Filling may be tricky
 • Dependent on reliable gas supply
 • Gas entrainment in barrier fluid above about 150 psig
 • Connections must be kept gas-tight to avoid additional emissions or loss of pressurizing gas
 • Relies on thermosyphon effect for fluid circulation while the pump is not running
 Advantages of Pressurizer/Circulator
 • Excellent cooling• Allows use of low flow alarm• Easy to fill reservoir• Buffer fluid can be filtered• Large reservoir capacity• Can circulate barrier fluid while sealed pump is down.• Can serve several pumps
 Disadvantages of Pressurizer/Circulator
 • Takes up more space• More components• May cost more to purchase, maintain, and operate.• Lower reliability• Seal system is dependent upon a motor driven pump
 Operating PressurePressurized dual seals require a pressure between them that is higher than the pres-sure in the seal chamber. Barrier fluid pressure is usually set at about 25 psi higher than seal chamber pressure. The seal chamber pressure in many pumps will vary which may require a higher barrier fluid pressure setting. A low pressure alarm may have to sense the differential pressure between the seal chamber and the barrier fluid in order to avoid spurious trips.
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 There are several variables that designers work with to insure adequate lubrication of the seal faces. They include spring or bellows stiffness, seal set length, fluid port size and location, and the face design parameters which include face width, dynamic stability, and face response to changes in temperature and pressure. Users can prevent many of these problems from occurring by following a few rules:
 • Require proven designs and verify experience whenever possible.
 • Require the vendor to show the engineering calculations used in designing the seal.
 • Make comprehensive seal testing a part of the pump test. Require a separate seal performance test for any seal in a critical service.
 • Do not wait until plant start-up to discover problems. Check out the system in the field as soon as it can be run.
 InstrumentsInstrument requirements for buffer/barrier fluid systems vary depending on the type of system and, to some extent, user preferences.
 For maximum reliability, the proven equipment approach should be applied to indi-vidual instruments as well as to packaged systems.
 Detecting Unpressurized Dual Seal FailuresDetecting the failure of the outboard seal in an unpressurized dual seal is no different than failure detection in a single seal because the leakage is visible. Detecting failure of the inboard (primary) seal, however, depends on the type of liquid being sealed.
 Leakage from a primary seal enters the buffer fluid. If the leakage does not vaporize in the buffer fluid reservoir, then the liquid level will rise. In this case, a high level alarm in the buffer fluid reservoir is all that is needed to indicate a primary seal leak. In a flashing service (such as propane), a primary seal leak will not create an increased level in the buffer fluid reservoir. In fact, a severe leak will actually cause the level in the reservoir to decrease and may empty the reservoir completely.
 A common method for detecting a primary seal failure (for flashing services) is the use of a high pressure alarm in the reservoir and a restriction orifice in the reservoir vent line. The idea is that as inner seal leakage increases, the back pressure against the orifice will increase and set off the high pressure alarm. The majority of unpres-surized dual seal alarms for flashing service are configured this way but there are two problems with this arrangement. First, if the check valve in the vent line sticks closed, there will be a gradual normal build-up of pressure in the reservoir that will set off the alarm. Second, if the check valve does not seal properly, a pressure increase in the relief system may set off the alarm.
 The correct setting for the high pressure alarm must be determined in the field based on the frequency and magnitude of relief system pressure excursions and the reli-ability of the check valves used in the relief line. The lowest practical setting is most desirable because higher back pressures will tend to blow the buffer fluid out the
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 relief line. If this happens, the outboard (secondary) seal may be starved for buffer fluid.
 Company field tests with 1/8" diameter orifices in the relief line (1/16" diameter orifices had plugging problems) showed significant loss of buffer fluid at back pres-sures as low as 15 psi with water buffer fluid. If the high pressure alarm and orifice system proves to be impractical for a particular location, consider one of the following two options:
 1. Install a differential pressure alarm and gage across the orifice in the relief line. This arrangement will be unaffected by normal pressure build-up due to a stuck check valve and unaffected by increases in pressure in the relief system. A differential pressure of 3 to 5 psi across a 1/8" orifice represents enough leakage to warrant a seal repair in a flashing service.
 2. Install a flow switch in the reservoir relief line. The Company has begun to evaluate a thermal dispersion design in reciprocating compressor packing and distance piece vent lines with good results so far. One example is the model 12–64 flow switch/monitor by Fluid Components Inc. of San Marcos, California. It appears to be well-suited to unpressurized dual seal (flashing service) applications.
 Pumping Ring PerformanceThe pumping ring must be regarded as a critical component of the system. Seals work best when the liquid circulates vigorously around the seal faces to provide a high degree of cooling. Pumping rings have trouble doing this for several reasons:
 1. None are positive displacement devices so they develop very low head. Seals work best when the liquid circulates vigorously around the sealed faces to provide a high degree of cooling.
 2. Most are highly dependent on maintaining close tolerances. The importance of this is frequently overlooked.
 3. Some designs are unproven and are installed without design engineering review or performance testing.
 4. The system head curve may not match the pumping ring capability.
 5. Pumping rings are very sensitive to the buffer fluid viscosity.
 API 682 allows only pumping rings with published performance curves based on test results.
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 850 Application and Selection Criteria Before the right mechanical seal, flush plan, and auxiliary flush plan can be selected, the seal service conditions must be thoroughly understood. API 682 provides guidance on seal selection in the appendices of the Standard. The Company specification, PMP-EG-4662 also provides some guidance. To do a complete job of selecting and specifying a seal system requires the user and supplier to complete the API 682 Mechanical Seal Data Sheet in good faith.
 Many larger ChevronTexaco facilities have developed local seal service application charts which give guidance for many routine applications. In the absence of local guidelines, a standardized list of mechanical seal selections for the more routine applications appears in Figure 800-27. These standardized selections are based on the API 682 selection procedure and ChevronTexaco refinery experience.
 Fig. 800-27ChevronTexaco Mechanical Seal Selection Guide (1 of 6)
 SERVICE CLASS REMARKS
 Water/Condensate0-750 psig 0-180 °FType: PusherAPI 610 Class: BSTFN API 682, 1st Ed. Class: A/11/R/xxx API 682, 2nd Ed. Class: I1A11 (ANSI Pumps)API 682, 2nd Ed. Class: II1A11 (API Pumps)Flush Plan: 11Aux. Flush Plan: -Aux. Sealing Device: Fixed Non-sparking Throttle Bushing
 ANSI pumps are often selected to 275 psig discharge pressure. ANSI pump seals are not in strict conformance to API 682, but are often purchased using API 682 or API 610 seal class descriptions.
 Water Condensate — Split Seals0-150 psig 32-150 °FType: PusherAPI 610 Class: BSPFNAPI 682, 1st Ed. Class: A/11/R/xxxAPI 682, 2nd Ed. Class: I1A11Flush Plan: 11Aux. Flush Plan: -Aux. Sealing Device:
 Optional seal class for benign low-pressure water services, as an alternative to packing or as a packing replacement. May be employed in general purpose and ASNI pumps. General purpose and ANSI pump seals are not in strict conformance to API 682, but may be purchased using API 682 or API 610 seal class descriptions.
 BFW0-1000 psig 140-350 °FType: PusherAPI 610 Class: BSTFNAPI 682, 1st Ed. Class: APS/23/R/xxxAPI 682, 2nd Ed. Class: II1A23Flush Plan: 23Aux. Flush Plan: -Aux. Sealing Device: Fixed Non-sparking Throttle Bushing
 ChevronTexaco Corporation 800-51 September 2002
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 BFW0-1000 psig 350-550 °FType: PusherAPI 610 Class: BSAINAPI 682, 1st Ed. Class: AKPS/23/R/xxx API 682, 2nd Ed. Class: II1A23Flush Plan: 23Aux. Flush Plan: -Aux. Sealing Device: Fixed Non-sparking Throttle Bushing
 Salt Water/Brackish Water/Sea Water0-750 psig 0-180 °FType: PusherAPI 610 Class: BSTFNAPI 682, 1st Ed. Class: A/11-62/R/xxx API 682, 2nd Ed. Class: I1B1162 (ANSI Pumps)API 682, 2nd Ed. Class: II1A1162 (API Pumps)Flush Plan: 11Aux. Flush Plan: 62Aux. Sealing Device: Fixed Non-sparking Throttle Bushing
 Quench with fresh water. All metal parts to be Alloy 20, minimum. For pumps where the seal surface speed exceeds 75 ft/sec, select a stationary spring seal API 682 class A/11-62/S/xxx.ANSI pumps are sometimes selected for salt water service. ANSI pump seals are not in strict conformance to API 682, but are often purchased using API 682 or API 610 seal class descriptions.
 Low Concentration Sour Water0-750 psig 0-180 °FType: PusherAPI 610 Class: BSTINAPI 682, 1st Ed. Class: AK/11/R/xxxAPI 682, 2nd Ed. Class: II1A11Flush Piping Plan: 11Auxiliary Flush Piping Plan: -Auxiliary Sealing Device: Fixed Non-sparking Throttle Bushing
 Use flush piping plan 32 with fresh water as an option. When considering this option keep in mind that this creates additional sour water that may need to be stripped.
 High Concentration Sour Water — Phase 10-750 psig 0-180 °FType: PusherAPI 610 Class: BTPINAPI 682, 1st Ed. Class: AK-AKP/11-52/R-R/xxx-xxxAPI 682, 2nd Ed. Class: III2A1152Flush Piping Plan: 11Auxiliary Flush Piping Plan: 52Auxiliary Sealing Device: -
 This is an API 682 arrangement 2 dual seal with unpressurized buffer fluid. Use 50/50 water/propylene glycol buffer fluid. The buffer fluid in this sealing strategy becomes sour over time. For very high H2S concentrations (above 1000 ppm) in the pumped fluid, select the High Concentration Sour Water — Phase 2 sealing strategy.
 Fig. 800-27ChevronTexaco Mechanical Seal Selection Guide (2 of 6)
 SERVICE CLASS REMARKS
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 High Concentration Sour Water — Phase 20-750 psig 0-180 °FType: PusherAPI 610 Class: BTPINAPI 682, 1st Ed. Class: AK-AKP/11-53/R-R/xxx-xxxAPI 682, 2nd Ed. Class: III3A0253Flush Piping Plan: 02Auxiliary Flush Piping Plan: 53Auxiliary Sealing Device: -
 This is an API 682 arrangement 3 dual seal with pressurized barrier fluid. Use 50/50 water/propylene glycol barrier fluid. For moderate H2S concentrations (1000 ppm and lower) in the pumped fluid, select the High Concentration Sour Water — Phase 1 sealing strategy.
 Corrosive/Acid0-250 psig 0-350 °FType: PusherAPI 610 Class: BTPIN API 682, 1st Ed. Class: BK-BKP/11-52/R-R/xxx-xxx or BK-BKP/02-53/R-R/xxx-xxx API 682, 2nd Ed. Class: I2B1152 or I3B0253 (ANSI Pumps)API 682, 2nd Ed. Class: II2B1152 or II3B0253 (API Pumps) Flush Piping Plan: 11 or 02Auxiliary Flush Piping Plan: 52 or 53Auxiliary Sealing Device -
 Use a synthetic hydrocarbon buffer or barrier fluid, such as Chevron Tegra Synthetic Barrier Fluid. This is an API 682 arrangement 2 dual seal with unpressurized buffer fluid or arrangement 3 dual seal with pressurized barrier fluid. This seal service class is not applicable in hydrofluoric (HF) or nitric acid services. All metal parts to be Alloy 20, minimum. Materials selections for acid duties depend on temperature and acid concentra-tion. Strong sulfuric acid will attack certain carbon grades. ANSI pumps are sometimes selected for acid/corrosive service. ANSI pump seals are not in strict conformance to API 682, but are often purchased using API 682 or API 610 seal class descriptions.
 Caustic/Crystallizing0-750 psig 0-350 °FType: PusherAPI 610 Class: BTPINAPI 682, 1st Ed. Class: AK-AKP/11-52/R-R/xxx-xxx API 682, 2nd Ed. Class: II2A1152 (API Pumps)API 682, 2nd Ed. Class: I2A1152 (ANSI Pumps)Flush Piping Plan: 11Auxiliary Flush Piping Plan: 52Auxiliary Sealing Device: -
 Use 50/50 water/propylene glycol buffer fluid. This is an API 682 arrangement 2 dual seal with unpressurized buffer fluid.ANSI pump seals are not in strict conform-ance to API 682, but are often purchased using API 682 or API 610 seal class descrip-tions.
 Amines0-750 psig 0-350 °FType: PusherAPI 610 Class: BTPINAPI 682, 1st Ed. Class: AC-ACP/11-52/R-R/xxx-xxxAPI 682, 2nd Ed. Class: II2A1152Flush Piping Plan: 11Auxiliary Flush Piping Plan: 52Auxiliary Sealing Device: -
 This is an API 682 arrangement 2 dual seal with unpressurized buffer fluid. Use 50/50 water/propylene glycol buffer fluid.
 Fig. 800-27ChevronTexaco Mechanical Seal Selection Guide (3 of 6)
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 Sweet Non-Flashing HC0-750 psig 0-350 °FType: PusherAPI 610 Class: BSAFNAPI 682, 1st Ed. Class: A/11/R/xxxAPI 682, 2nd Ed. Class: II1A11Flush Piping Plan: 11Auxiliary Flush Piping Plan: -Auxiliary Sealing Device: Fixed Non-sparking Throttle Bushing
 Select perfluorelastomer gaskets if H2S is present in the pumped fluid (API 610 class BSAIN). Refer to the Sour Non-Flashing HC service class if H2S content exceeds 300 ppm.
 Sweet Non-Flashing HC 0-250 psig 350-750 °FType: Stationary BellowsAPI 610 Class: BSARNAPI 682, 1st Ed. Class: C/11-62/S/xxx API 682, 2nd Ed. Class: III1C1162Flush Piping Plan: 11Auxiliary Flush Piping Plan: 62Auxiliary Sealing Device: Close Clearance Floating Carbon Throttle Bushing
 Quench with steam. Alternative flush piping plans may be considered in some cases (e.g., Plan 32 for column bottoms services). When considering alternative flush plans, keep in mind that there may be a cost resulting from product downgrade or lost pump capacity.
 Sour Non-Flashing HC — Phase 10-750 psig 0-350 °FType: PusherAPI 610 Class: BTPINAPI 682, 1st Ed. Class: AK-AKP/11-52/R-R/xxx-xxx API 682, 2nd Ed. Class: II2A1152Flush Piping Plan: 11Auxiliary Flush Piping Plan: 52Auxiliary Sealing Device: -
 This is an API 682 arrangement 2 dual seal with unpressurized buffer fluid. Use a HC based buffer fluid such as diesel or kerosene. The buffer fluid in this sealing strategy becomes sour over time. For very high H2S concentrations (above 2500 ppm) in the pumped fluid, select the Sour Non-Flashing HC — Phase 2 sealing strategy.
 Sour Non-Flashing HC — Phase 20-750 psig 0-350 °FType: PusherAPI 610 Class: BTPINAPI 682, 1st Ed. Class: AK-AKP/11-53/R-R/xxx-xxx API 682, 2nd Ed. Class: III3A1153Flush Piping Plan: 11Auxiliary Flush Piping Plan: 53Auxiliary Sealing Device: -
 This is an API 682 arrangement 3 dual seal with pressurized barrier fluid. Use a HC based barrier fluid such as diesel or kerosene. For H2S concentrations 2500 ppm and lower in the pumped fluid, select the Sour Non-Flashing HC — Phase 1 sealing strategy.
 Fig. 800-27ChevronTexaco Mechanical Seal Selection Guide (4 of 6)
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 Sweet Flashing HC0-750 psig 140-350 °FType: PusherAPI 610 Class: BSAFNAPI 682, 1st Ed. Class: AP/23/R/xxx API 682, 2nd Ed. Class: III1A23Flush Piping Plan: 23Auxiliary Flush Piping Plan: -Auxiliary Sealing Device: Close Clearance Floating Carbon Throttle Bushing
 Select perfluorelastomer gaskets if H2S is present in the pumped fluid up to 300 ppm (API 610 Class BSAIN). If cooling is not possible, elevate the seal cavity pressure per note 6.
 Sweet Flashing HC — Low Emissions0-750 psig 140-350 °FType: PusherAPI 610 Class: BTPFNAPI 682, 1st Ed. Class: AP-A/23-71-76/R-R/xxx-xxx API 682, 2nd Ed. Class: III2A237176Flush Piping Plan: 23Auxiliary Flush Piping Plans: 71 and 76Auxiliary Sealing Device: -
 This optional seal class is intended for low specific gravity (<0.6) services in Company locations where very low emissions are mandated (e.g., California). An arrangement 2 dual seal with unpressurized buffer fluid may be considered as an alternative. Use nitrogen buffer gas. Select perfluorelastomer gaskets if H2S is present in the pumped fluid (API 610). In some cases the seal cavity dimensions do not permit installation of flush piping plan 23 on the primary seal. In those cases flush piping plan 21 may work if the temperature gradient across the cooler is low enough to avoid fouling on the water side. If cooling is not possible, elevate the seal cavity pressure per note 6.
 Hot Flashing Hydrocarbon — Phase 10-300 psig 350-750 °FType: Stationary BellowsAPI 610 Class: BSARNAPI 682, 1st Ed. Class: C/23-62/S/xxx API 682, 2nd Ed. Class: III1C2362Flush Piping Plan: 23Auxiliary Flush Piping Plan: 62Auxiliary Sealing Device: Close Clearance Floating Carbon Throttle Bushing
 This is an “Engineered Sealing System” as described in API 682. Consult seal suppliers for assistance in making a seal selection. Quench with steam. Pitfalls in this sealing strategy include:• Fluid in seal cavity may become too
 viscous from over-cooling while the pump is out of service.
 • Seal may be a poor choice for un-frac-tioned hydrocarbon fluids containing light ends, unless a 50 psi vapor suppression margin can be maintained.
 Fig. 800-27ChevronTexaco Mechanical Seal Selection Guide (5 of 6)
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 Hot Flashing Hydrocarbon — Phase 20-300 psig 350-750 °FType:API 610 Class:API 682, 1st Ed. Class:API 682, 2nd Ed. Class:Flush Piping Plan:Auxiliary Flush Piping Plan:Auxiliary Sealing Device:
 This is an “Engineered Sealing System” as described in API 682. Consult seal suppliers for assistance in making a seal selection. Pitfalls in this sealing strategy include:• Cooling is limited by heat transfer to circu-
 lated buffer fluid.• Face surface speed limited to 60 ft/s for
 rotating bellows seal designs• For multistage charge pumps, amount of
 seal over-travel must be considered for seal opposite pump thrust bearing.
 Benzene/HC Containing Benzene0-750 psig 0-350 °FType: PusherAPI 610 Class: BTPFNAPI 682, 1st Ed Class: A-A/02-53/R-R/xxx-xxx API 682, 2nd Ed. Class: III3A0253Flush Piping Plan: 02Auxiliary Flush Piping Plan: 53Auxiliary Sealing Device: -
 The seal is an arrangement 3 dual seal with pressurized barrier fluid. Use a non-toxic hydrocarbon barrier fluid compatible with the process fluid. Select perfluorelastomer gaskets if H2S is present in the pumped fluid (API 610 Class BTPIN).
 General Notes:1. Revision 3, December 20, 2001.2. Temperatures indicated in this table are pumped fluid temperature, not seal cavity temperature.
 Pressures indicated are seal cavity pressure.3. El Segundo Refinery has standardized on self-sintered silicon carbide sealing rings in lieu of reac-
 tion bonded silicon carbide.4. Consider using large bore seal chambers in ANSI pumps in Corrosive/Acid and Caustic/Crystal-
 lizing services. This promotes improved heat transfer at the seal faces by increasing the fluid volume in the seal chamber.
 5. A flashing service is defined as any service where the fluid vapor pressure is greater than atmo-spheric at pumping temperature, or the specific gravity is less than 0.6 at pumping temperature. Other factors such as vapor suppression margin, temperature rise across the pump, NPSHA, etc. could change a service from non-flashing to flashing.
 6. A vapor suppression margin of 50 psi is required for all flashing services, and 25 psi for non-flashing services. If the required vapor suppression margin does not occur naturally, the following options should be used in order of preference to attain the required margin:a. Cooling with flush piping plan 23.b. Increasing seal cavity pressure using flush piping plan 13 (e.g. no back wear ring or balance
 holes on the impeller of a horizontal end suction pump).c. Increased seal cavity pressure using flush piping plan 11 and a close clearance PEEK throat
 bushing supplied by the pump vendor.d. Increased seal cavity pressure using flush piping plan 11 and a close clearance floating carbon
 bushing supplied by the seal vendor.
 Fig. 800-27ChevronTexaco Mechanical Seal Selection Guide (6 of 6)
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 860 Troubleshooting and Failure Analysis
 861 BackgroundChevron Product Company’s Integrated Machinery Inspection (IMI) Organization found that in the Refineries, mechanical-seal failure was a frequent and costly centrifugal pump problem. The cost of these failures averaged approximately $5,000 (1987) per repair.
 Mechanical seals can run for several years without failure. Although an average seal life of 6 to 12 months is commonly considered acceptable by some users, a prop-erly applied and installed seal, operated correctly, should last 5 to 10 years in normal service, and 1 to 4 years in severe service. In simple terms, seals seldom wear out. Failures are caused by improper application, maintenance, or operation.
 862 Elements of Successful Seal PerformanceA mechanical seal has several basic requirements for successful operation:
 1. The seal must be properly constructed and installed.
 2. The faces must be continuously lubricated by a liquid film. If this liquid film is lost due to loss of liquid in the pump or vaporization of the liquid between the faces, extreme heat is generated at the faces (temperatures above 2000°F are not uncommon) and the seal fails.
 3. The seal must be protected from abrasives that enter between the seal faces. Special face materials or flush systems are available to overcome this problem.
 4. The seal materials must be compatible (chemically inert) with the pumped fluid or external flush fluid.
 5. The seal must be protected from leakage deposits on the atmosphere side, such as coke and crystals that build up under the seal faces. Special quench systems are available to stop or wash away these deposits.
 Although specific causes vary, all seal failures fall into one of the above five categories.
 An informal analysis of 69 pumps (large CUSA refinery, 1980-1986) with exces-sive seal failures found the following deficiencies.
 • Loss of face lubrication 33%• Bellows cracking caused by chloride or sulfide stress
 corrosion (See Appendix F for typical bellows-failure summary)
 21%
 • Hostile liquid environment requiring clean exterior flushes
 17%
 • Corrosion 13%
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 The analysis above does not include failures due to improper construction and installation, although these no doubt also contribute to many failures.
 863 Mechanical Seal Failure Analysis The following basic steps are an organized approach to finding the specific cause for a mechanical seal failure.
 A checklist, included at the end of this section, may be helpful in investigating seal failures.
 Step 1. Review Operating Data:
 Distributed control system trends and operating logs often give an indication of why a failure occurred or provide data before and during impending failure. These resources should be reviewed prior to and up to the time of failure. It is also benefi-cial to talk to plant operators. They may be able to give an eyewitness account of the failure and may be aware of process/operating changes that may have occurred immediately prior to failure.
 Step 2. Review the Pump/Seal Maintenance History:
 Quite often a mechanical failure of the pump will result in a seal leak. The most obvious visual evidence in the field is often incorrectly diagnosed by the operator as seal failure. Such an observation recorded on the work order may lead to confusion and an incorrect maintenance history.
 You may find that you are satisfied with the reliability of the seal and no further investigation is required. However, if you have determined that the seal has an unac-ceptable failure frequency, review the repair history for trends. Patterns such as plant shutdown and startup failures, and equally spaced repetitive failures are usually design-related.
 Random failures are more likely to be plant upsets or people (operator, mainte-nance) related. If there is no history file available, establish one. This is a necessary tool for the person that follows up on your observations and recommendations.
 Step 3. Inspect the Pump’s Mechanical Condition:
 If the thrust bearing failed, axial shaft movement would allow the seal to open. Do not spend any more time looking at the seal. Concentrate on the cause of the thrust bearing failure.
 If the radial bearing failed, did the bearing failure cause a seal leak or did the seal failure allow product to enter the radial bearing, causing a bearing failure? To deter-
 • Corrosion fretting (wear) of the sleeve under the secondary seal
 10%
 • Coke or crystal build up on the atmosphere side of the seal under the faces
 6%
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 mine which failure occurred first, you need to broaden your inspection to include the seal parts. See Step 3.
 Inspect the impeller nut for looseness. A loose impeller nut will allow leakage through the seal faces or under the sleeve.
 Inspect the sleeve gasket and gasket faces for damage that is causing leakage. Inspect for rubs on the impeller wear rings, throat bushing and throttle bushing. If there is evidence of a rub look for the reason. Did a process upset cause excessive shaft deflection? Does the pump have a history of excessive cavitation?
 Check impeller balance. A foreign object in the impeller may have caused exces-sive shaft deflection. Also check wear rings for evidence of rubbing.
 Step 4. Inspect the Mechanical Seal:
 Pusher Seal Design (springs and secondary seal) - Inspect the springs and the sleeve under the secondary seal. If there is excessive wear to either the secondary seal, the sleeve or the springs, suspect vertical misalignment of the stationary face or excessive axial movement of the shaft.
 Metal Bellows Seal - Pressure test the bellows for cracks. If the bellows material is a 300 series stainless suspect sulfide or chloride stress corrosion cracking. Marginal face lubrication or excessive seal chamber pressure will also cause bellows failure. This failure will be at the first convolution on either the nose or the drive collar end of the bellows.
 All Seals - Inspect all the metal parts of the seal for corrosion and upgrade mate-rials as necessary. Gasket deterioration can be from either corrosion or heat. The effect of heat on an elastomer will be deforming, hardening, cracking or charring.
 Inspect the condition of the seal faces. Evenly spaced surface cracks—called heat checking—on the metallic face is caused by the loss of the lubricating film between the rotating and stationary face. When the liquid film is lost, the extreme heat gener-ated causes immediate surface cracking. The liquid film loss is a result of boiling or flashing and is most common in liquids with high vapor pressure. The liquid boils because of either a drop in seal chamber pressure or a rise in temperature at the seal faces.
 Causes for a reduction in seal chamber pressure include:
 • Pinched suction valve• Low NPSHA• Partially plugged suction screen• Flow rates beyond the pump’s best efficiency point• Excessive throat bushing clearance
 Causes for a temperature increase at the seal faces include:
 • Temperature increase at the suction source • Flow reduced below the pumps best efficiency point
 ChevronTexaco Corporation 800-59 September 2002
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 • Loss of seal flush• Excessive seal tension
 The remedy for these conditions is to maintain a combination of temperature and pressure in the seal chamber that suppresses boiling.
 “Phonographic” scoring of the hard face is usually caused by abrasives. The abra-sives embed in the soft face and act as a grinding wheel on the hard face. Abrasives can be assigned to two categories:
 1. Suspended abrasives, such as sand or catalyst fines;
 2. Soluble abrasives, such as boiler compounds that form between the seal faces if the liquid between the faces is allowed to boil.
 The accepted approach to sealing suspended abrasives is a combination of hard-face materials, such as tungsten carbide versus silicon carbide, that won’t be scored by the abrasives that enter between them. API 682 Flush Plan 32 is also used. Plan 32 is the injection of cool clean fluid into the seal chamber. To avoid the formation of soluble abrasives between the seal faces, control the liquid temperature or pressure in the seal cavity to suppress boiling.
 Step 5. People Involvement:
 Be consistent during your investigation. Establish a list of questions prior to contacting the process engineer, plant operator, or maintenance person. Make them a part of the solution. Build their confidence and discourage blaming and finger pointing. Take notes of their comments and compare them for events that support each other. Evaluate their experience level. Are repair or operating proce-dures and checklists available? A well-designed system will fail if those who work with it do not know how to operate or repair it.
 Step 6. Documents:
 The documents needed to investigate a seal failure are the same documents required to design the seal. Keep these documents updated to reflect problem investigations and solutions:
 • Liquid characteristics • Operating conditions• Plant flow diagrams• Flush system• Seal manufacturer• Seal drawings• Material list• Seal part numbers, type and model • Pump drawings and pump curves
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 864 Seal Failure Analysis ChecklistsAfter investigating the problem and collecting relevant information, checklists may be helpful in identifying the cause(s) of the problem and in suggesting possible solu-tions. The checklists that follow are reprinted from the book Mechanical Seals (1981, Chevron Research Company).
 Note No attempt has been made to update the checklists to make them consistent with API 682. The checklists still refer to API 610, and the terminology is inconsis-tent with dual seal terminology in API 682. While dated, this information is still very useful in problem, cause, and solution identification.
 The checklists are organized as follows:
 Checklist 1Mechanical Seal Troubleshooting (Symptoms/Causes)
 Checklist 2Causes of Seal Failure (Causes/Solutions)
 Checklist 3Solutions to Causes of Failure
 ChevronTexaco Corporation 800-61 September 2002
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 Checklist 1 – Mechanical Seal TroubleshootingSymptoms Causes
 (Each possible cause is defined in Checklist 2)
 Intermittent leak (May be accompanied by a popping sound):
 1-2-3-4-5-6-9-12-29-51-52-53-57-58-59
 Exceeds local environmental emission limits: 1-2-3-4-5-6-9-12-29-51-52-53-57-59
 Holds static pressure. Leaks when running: 1-2-3-4-5-6-7-8-9-10-12-29-50-51-52-53-57-59
 Leaking under the sleeve: 13-14-15-16-17
 Leaking between the gland and seal chamber face: 14-16-17
 Sleeve fretting (under secondary seal): 8-18-19
 Corrosion of metal parts 18
 Rubbing: I.D.of throat, throttle bushing or stationary face: 20-21-22-23-24-25-26-56
 Rubbing rotating member 20-21-254-25-26-56
 Spring wear 8-19
 Spring breakage 8-18-19-28
 Broken bellows: 1-2-3-4-5-6
 Elastomer vulcanized to metal part: 18-29-30-31
 Extruded O-ring 18-32-33-34-35
 Elastomer (O-ring) deformed: 18-33-34-35-36
 Worn drive lugs or pins 8-19-37
 Excessive face wear: 1-2-3-4-5-6-9-12-18-29-38-44-49-50-51-52-53-57-59
 Wide wear track: 24-25-56
 Shiny spots on hard face: 41-42
 Chipped carbon. Outside diameter: 1-2-3-4-5-6-9-12-29-31-37-49-50-51-52-53-59
 Chipped carbon. Inside diameter: 1-2-3-4-5-6-9-12-29-31-37-40-43-49-50-51-52-53-59
 Blisters on the carbon face: 54
 Broken carbon: 32-45-55
 Eroded carbon: 11
 Stationary or rotating face heat check: 1-2-3-4-5-6-9-12-18-29-31-37-49-50-51-52-53-59
 Galling of rotating or stationary face: 18
 Rotating assembly spun or slipped on shaft or sleeve: 29-32-37-46-47-48
 Cartridge seal slid on shaft: 32-46-47-48
 Coke or crystal deposits at atmosphere side of seal: 43
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 Checklist 2 – Causes of Seal FailureCauses Solutions
 (Each solution is defined in Checklist 3)
 1. Pump operating too close to shutoff. Increased temperature is causing liquid to flash at the seal faces.
 1-2-3-4-5-6-9-12-35
 2. Product temperature is above design temperature. Liquid is flashing at the seal faces.
 1-7-9-12-35
 3. Suction pressure is below normal. Lack of vapor suppression is allowing the liquid to flash at the seal faces.
 1-9-11-12-35
 4. NPSHA below normal. Lack of vapor suppression is allowing the liquid to flash at the seal faces.
 1-9-10-12-14-15-35
 5. Light ends are present and are flashing at the seal faces.
 1-9-10-12-35-59
 6. Excessive seal tension. Increased face heat is causing the liquid to flash at the seal faces.
 16-17-18-19-20
 7. Secondary seal is hanging up causing face separation. 21-22-23-24-25-37-54
 8. Stationary face not aligned vertically to the shaft center line.
 25-53
 9. Excessive seal cavity pressure. Increased face heat is causing the liquid to flash at the seal faces.
 1-9-20-26-35
 10. Flush stream is improperly located. Velocity of the flush is opening the faces.
 27
 11. Flush stream is improperly located. Velocity of the flush is eroding the seal.
 27
 12. Flush stream is improperly located. Lack of heat removal is causing the liquid to flash at the seal faces.
 12-28
 13. Inadequate lap joint between the sleeve shoulder and end of the shaft.
 32
 14. Damaged gasket. 42
 15. Sleeve not tight against the shaft shoulder. 34
 16. Improperly seated gasket. 42
 17. Damaged gasket surface. 42
 18. Incorrect material selection. 33
 19. Excessive axial shaft movement. 38
 20. Loose or misaligned backup plate to bearing bracket registered fit.
 39
 21. Loose or misaligned gland to seal chamber registered fit. 39
 22. Misaligned throttle or throat bushing fit. 39
 23. Misaligned mating ring fit. 39
 24. Excessive sleeve runout. 39
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 Checklist 2 – Causes of Seal Failure (continued)Causes Solutions
 25. Excessive shaft runout. 39
 26. Insufficient clearance. 39
 27. Inadequate bellows welds. 58
 28. Bellows or springs are failing from sulfide stress corrosion or chloride stress corrosion cracking.
 33
 29. Temperature excursion above normal. 43
 30. Incorrect lubrication used during assembly. 40
 31. Liquid is flashing at the seal faces and face temperatures have exceeded design maximum.
 1-28-29-30-31-35-41-43-49-50-52-55
 32. Seal cavity pressure exceeded design pressure. 41
 33. Teflon anti-extrusion backup ring is required. 44
 34. O-ring groove measurements exceed design stan-dards.
 57
 35. Incorrect O-ring size. 57
 36. Excessive temperature. 33
 37. Torque has increased due to marginal face lubrication or loss of liquid at the seal faces.
 1-8-9-16-17-18-20-26-29-30-31-43
 38. Faces are opening allowing abrasives to enter between the faces.
 45
 39. Seal chamber pressure is too high and seal face is bowing.
 46
 40. Thermal distortion. 1-9-16-17-18-35
 41. Mechanical distortion when assembled. 47
 42. Improperly lapped face. 48
 43. Leakage is coking or crystallizing on the I.D. (atmospheric side) of the carbon.
 24-54
 44. Liquid is flashing. Soluble abrasives are coming out of solution between the faces.
 1-9-16-17-18-20-30-31-35
 45. Secondary elastomer swelling. 33
 46. Inadequate number of set screws. 41
 47. Incorrect set screw material. 56
 48. Inadequate set screw torque. 41
 49. Pump not vented prior to startup. 52
 50. Exterior flush is blocked in. 55
 51. Fouled flush cooler. 50
 52. Fouled seal chamber cooling water jackets. 49
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 Checklist 3 – Solutions to Causes of Failure
 Solution 1Provide cooling with one of the following flush plans. Also refer to page 42 of the API 610 in this manual for details on flush plans.
 API 610 Flush Plan 2. When the liquid in the seal cavity is too close to its vapor pressure, the liquid may be cooled below its boiling point using Plan 2 (see Figure 800-28).
 Water circulating through the seal cavity water jackets removes enough heat from the liquid in the seal cavity to keep the liquid below its boiling point. Contact the pump manufacturer to establish the efficiency of the pump’s water jacket.
 Over a period of time, minerals will plate out and foul the water jacket walls. This fouling will reduce heat transfer from the seal cavity liquid to the cooling water. The
 Checklist 2 – Causes of Seal Failure (continued)Causes Solutions
 53. Plugged flush line orifice. 51
 54. Fluid that has soaked into the carbon expands on startup causing face damage.
 54
 55. Oversized sleeve. 22
 56. Excessive shaft deflection. 13
 57. Incorrect seal balance ratio. 9
 58. Quench steam is wet and is flashing at atmosphere side of seal causing the seal to open.
 54
 59. Seal cavity pressure is too close to liquid’s vapor pressure.
 12-29-30-31-35
 Fig. 800-28Flush Plan 2 Courtesy of the American Petroleum Institute
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 water jackets should be inspected for fouling during routine plant shutdowns, and chemically cleaned, if necessary.
 Plan 2 is not very efficient with pumps that are designed with internal seal cavities due to the lack of the throat bushing. The throat bushing does act as a barrier between the cooled liquid in the seal cavity and the hot liquid behind the impeller. When using Plan 2, the seal cavity must be full of liquid which requires installing a vent at the top of the seal cavity.
 API 610 Flush Plan 21. If the liquid in the seal cavity is too close to its vapor pres-sure and flashes to a vapor between the seal faces, the seal will fail prematurely. One method of vapor suppression is to cool the liquid going to the seal cavity to below the liquid’s boiling point (see Figure 800-29).
 Cooling with Flush Plan 21 is accomplished by installing a heat exchanger (cooler) in the flush line between the pump’s discharge and the seal cavity. The cooler can use water or air as the cooling medium, depending on the amount of heat transfer required, and the efficiency of the cooler. When it has been determined how much heat must be removed, the cooler manufacturer can calculate the cooler and flush line orifice size.
 A maintenance problem that develops with water-cooled flush coolers is fouling of the cooler’s shell side. Minerals plating out on the tube O.D. reduce the efficiency of the cooler. The return cooling water lines also foul and reduce the flow of cooling water through the cooler. The return cooling water piping and the shell side of the cooler should be inspected for fouling during routine plant shutdowns and chemi-cally cleaned if necessary.
 Furthermore, debris commonly becomes trapped in the small passages of these coolers. A regular program of backflushing these coolers (cooling-water side) has been helpful in reducing overall failure rates in one large refinery.
 API 610 Flush Plan 23. If the liquid in the seal cavity is too close to its vapor pres-sure, and flashes to a vapor between the seal faces, the seal will fail prematurely. (See Figure 800-30).
 Fig. 800-29Flush Plan 21 Courtesy of the American Petroleum Institute
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 One approach to vapor suppression is to cool the liquid in the seal cavity below the liquids boiling point with Flush Plan 23. Flush Plan 23 is Flush Plan 2 with the addition of a flush line, flush cooler and pumping ring. The pumping ring (Figure 800-31) is mounted in the seal cavity and rotates with the pump shaft, circulating the liquid from the seal cavity through a cooler and back to the seal cavity.
 The liquid head developed by the pumping ring is not always sufficient to pump through an air bubble in the flush line. This requires venting all air from the flush line. The vent must be located at the highest point.
 Fig. 800-30Flush Plan 23 Courtesy of the American Petroleum Institute
 Fig. 800-31Pumping Ring
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 Flush Plan 23 is used predominantly to cool boiler feed water seals. Water cannot be sealed successfully above a temperature of 180°F with a single seal. Boiler feed water is contaminated with soluble abrasives in the form of minerals or boiler compounds. As the pressure of the liquid film of water between the seal faces drops from the seal cavity pressure to atmospheric pressure, it will flash to a vapor if the temperature between the faces is at or above 212°F. When the liquid film between the faces vapor-izes, the soluble abrasives come out of solution and embed themselves in the softer of the two faces. The soft face then acts like a grinding wheel and will quickly destroy the opposing seal face. To keep the liquid between the seal faces below 212°F, it becomes necessary to cool the seal cavity to 180°F or less.
 When the liquid in the seal cavity has been cooled to 180°F by Flush Plan 23, the amount of the heat transfer required to hold at 180°F is minimal. This reduces cooler fouling. Cooling fouling occurs when minerals from the cooling water plate out on the cooler’s tube O.D. and is more pronounced when the heat transfer is high.
 A drain is required on the shell of the cooler. Periodic back flushing of the cooler’s shell side will reduce fouling. The temperature of the flush stream should be moni-tored with a temperature indicator in the flushing line. The T.I. should be installed upstream of the cooler.
 If the cooler loses its efficiency, it will require cleaning by chemical or mechanical means. (See Figure 800-31.)
 API 610 Flush Plan 32. This is the injection of a clean cool fluid to the seal from an external source. (See Figure 800-32.)
 To allow for flush flow, the pressure of the injection source must be greater than the pressure in the seal cavity. The injection liquid must also be compatible with the liquid being pumped, because the two get mixed together into the pump product.
 Fig. 800-32Flush Plan 32 Courtesy of the American Petroleum Institute
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 Flush Plan 32 is considered for the following conditions:
 1. Sealing liquids that contain abrasives. Injecting a clean cool fluid that is compatible with the pumped liquid is a straightforward approach to eliminating the abrasives from the seal cavity.
 2. Sealing liquids that are hazardous to personnel or violate a pollution stan-dard if allowed to leak to atmosphere. An example of this is a stream that has a high concentration of H2S. Flush Plan 32 isolates the seal cavity from the H2S, with a non-H2S bearing flush stream. If the seal fails catastrophically, the leak to atmosphere through the seal end plate throttle bushing must be less than the non-hazardous flush flow to the seal cavity. A close clearance throttle bushing in the seal end plate is required to restrict this leakage rate.
 3. The liquid in the seal cavity is near its boiling point. If the liquid in the seal cavity is near its boiling point, and vaporizes between the seal faces, the seal will fail prematurely. This can be overcome by injecting a liquid with a low vapor pressure, which is compatible with the pumped liquid, into the seal cavity.
 4. Pump Suction Loss. When a pump loses suction or has problems picking up suction, the seal will fail prematurely from lack of liquid lubrication. Flushing the seal with Plan 32 will ensure the seal of a constant source of liquid during these brief periods of suction loss.
 Flush flow velocities of 10 to 15 ft. per second through the seal cavity throat bushing are desired to keep the pumped liquid from migrating back into the seal cavity. When the exterior flush flow rate must be held to a minimum, it becomes necessary to install a close clearance throat bushing in the seal cavity to maintain the flow velocity through the throat bushing. The flush flow rate can be controlled with an orifice or with visual flow indicators. Orifice sizes below 1/8 inch are subject to plugging.
 Solution 2Work with operations to achieve operating conditions that allow the pump to operate at or close to its best efficiency point. This may or may not be possible, depending on the operational requirements. If not, the pump may need to be resized.
 Solution 3Resize the impeller.
 Solution 4Install a recirculation (bypass) line on flow control.
 Solution 5Install a low flow alarm.
 Solution 6Install a low flow shutdown device.
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 Solution 7Work with operations to achieve the original design operating temperatures. Again, this may, or may not be possible.
 Solution 8Measure the clearance between the sleeve balance shoulder and the back side of the seal ring nose. If these two shoulders touch when the seal is assembled, the resulting heavy face load and temperature increase will cause the liquid between the faces to flash and the seal will fail.
 Solution 9Contact the seal manufacturer and investigate the possibility of redesigning the seal face to reduce the face heat. This can often be done by changing face area or the balance ratio.
 Solution 10Increase NPSHA by raising suction pressure, raising liquid level, or reducing line losses. Reduced NPSHA will lower the pressure in the seal cavity. This reduction in vapor suppression can cause the liquid between the seal faces to boil. The seal will fail for lack of face lubrication.
 Solution 11Causes for low suction pressure include operational changes, a plugged strainer or filter, a partially plugged suction line, or a partially closed suction valve. If any of these conditions reduce the seal cavity pressure too close to the liquid’s vapor pres-sure, the liquid between the faces will boil and the seal will fail.
 Solution 12When investigating a mechanical seal failure, where liquid boiling between the seal faces is suspected as the cause of failure, 20°F should be added to the normal design temperature. This increase in temperature is caused by liquid shearing and face heat generated by the rotation of the mechanical seal. It is critical in liquid streams where the vapor pressure is close to the pump suction pressure.
 Solution 13The major causes of shaft deflection are:
 1. Imbalance. This may be an improperly balanced rotating element, a foreign object stuck in an impeller, or a piece of the impeller broke off.
 2. Cavitation. This is usually caused by the operating conditions. Check the NPSHA and flow to see if they have deviated from the original design requirements.
 3. Design. Some packed pumps use the packing as a support for the rotating element. If these pumps are converted to seals, the support is lost and shaft deflection can become a problem.
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 4. Low Flow. Some pumps (those with Suction Specific Speed >10,000) are espe-cially vulnerable to operation at low flow rates.
 Solution 14Inspect the low level alarm if one exists. A faulty low level alarm will often lead to continued operation with low levels.
 Solution 15Calibrate the level control instrumentation. Low levels contribute to a loss of vapor suppression in the seal cavity. This will allow the liquid between the faces to boil and damage the seal faces.
 Solution 16The seal may have been overcompressed on assembly. Obtain correct operating length from seal drawing. Increased seal tension causes increased face heat. The increased face heat may cause the liquid between the faces to boil and damage the seal faces.
 Solution 17On impeller hung-between-bearings pumps, temperature-induced shaft growth can increase the seal tension on the seal opposite the thrust bearing. This increased tension causes increased face heat. The increased face heat may cause the liquid between the seal faces to boil and damage the seal faces. If the pump case growth does not compensate for the shaft growth, the cold setting of the seal opposite the thrust end must be set to compensate for the shaft growth.
 Solution 18If incorrect springs of excessive length were installed during a repair, the increased seal tension will cause increased face heat. The increased face heat may boil the liquid between the seal faces. Loss of the liquid film will damage the faces. Always reference the seal drawing for the correct part number, or contact the seal supplier for the correct dimensions taken from the fabrication drawings.
 Solution 19During a repair, incorrect seal faces can be installed in the seal. Either an incorrect face of excessive length or a reconditioned face that is too short. Both of these errors will contribute to poor seal reliability. Always reference the seal drawing for the correct part number, or contact the seal supplier for the correct dimensions taken from the fabrication drawings.
 Solution 20Seal cavity pressures above the pressure limits of the seal will increase face temper-atures and boil the liquid between the faces. Loss of this liquid film will damage the faces. Torque will also increase resulting in damage to the drive mechanism of a pusher seal. A bellows seal operating in these conditions will often fail the first bellows convolution on either the nose or drive collar end of the bellows.
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 Solution 21An undersized anti-extrusion ring will contribute to seal hang-up. The seal will usually hold static pressure but will leak on startup prior to reaching full speed.
 Solution 22An oversized sleeve contributes to seal hang-up. The seal may hold static pressure but leaks on startup prior to reaching operating speed.
 The excessive radial pressure the oversized sleeve exerts on the inside of the carbon seal ring can also cause carbon breakage.
 Solution 23An oversized secondary seal o-ring contributes to seal hang-up. The seal may hold static pressure but leaks on startup prior to reaching operating speed. O-ring and O-ring groove dimensions can be found in the Parker O-ring Handbook published by the Parker Seal Company located in Lexington, Kentucky.
 Solution 24When some liquids evaporate, they leave an abrasive crystal deposit behind. (Caustic is an example of a liquid which has this characteristic.) When these deposits build up under the atmospheric side of the seal faces, they contribute to premature seal failures. Crystals forming on the atmospheric side of the secondary seal stop the secondary and rotating members from moving forward. This condition is commonly called seal hang-up. The seal faces are also damaged by abrasives and crystals that are centrifuged between them.
 These problems can be avoided using API 610 Quench Plan 62 and quenching the seal with water (see Figure 800-33). The water dilutes the seal leakage and stops the formation of the crystals. The quench water exits through the seal end plate throttle bushing or drain as shown in Figure 800-34.
 Fig. 800-33Flush Plan 62 Courtesy of the Amer-ican Petroleum Institute
 Fig. 800-34Seal End Plate Gland
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 Maximum quench flow rates should be low enough to keep the quench water from entering and contaminating the pump bearing housing.
 Solution 25Vertical misalignment of a rotating seal’s stationary (mating ring) face can be caused by the following: The seal cavity face misaligned vertically to the shaft center line; or the mating ring face misaligned vertically to the gland gasket face. The mating ring anti-rotation pin is too long and won’t allow the mating ring to seat properly in gland fit. Any one of these conditions will cause the rotating seal to move forward and backward twice per revolution. This backward and forward movement causes excessive face leakage, wear between the secondary seal and the sleeve, spring wear (flat spots on the side of the spring), and wear to the seal’s drive mechanisms.
 Solution 26Tandem seals are used when the pressure differential across a single seal is above the seal’s maximum pressure capability. If the impeller-end seal (Figure 800-35)
 has a differential capability of 1,000 psi and is required to seal 1,500 psi, the differ-ential pressure across the seal can be reduced by installing another seal and applying 750 psi between the tandem arrangement. Both seals will now operate with a pres-sure differential of 750 psi, which is well within their pressure range.
 Fig. 800-35Tandem Seal
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 Solution 27The velocity of a seal flush stream impinging on the seal can cause erosion and premature seal failure. This same jetting action can upset the seal balance and contribute to excessive face leakage. One correction is to redirect the flush steam so it does not make contact with the seal. Another and usually an easier method is to move the flush line orifice further away from the seal. Take the pressure drop and velocity increase at a point in the flush line where it does not come in contact with the seal.
 Solution 28One reason for the seal flush is to remove the heat that builds up at the seal faces and in the seal cavity from the rotation of the seal. A flush that enters the center of the seal cavity is inefficient at removing heat at the seal faces. The flush should enter the seal cavity through the gland plate as close to the face intersection as possible. In high vapor pressure liquids where face flashing is causing seal failure, the flush exit from the gland can be designed so that it surrounds the seal face to increase the efficiency of the heat removal.
 Solution 29Flush coolers are used to cool the flush stream to the seal and suppress boiling of the liquid between the seal faces. As the cooler fouls, it loses its heat transfer ability. When repairing a seal that utilizes a cooler in its flush stream, always remove the cooler shell and inspect the cooler for fouling. Chemical clean, hydroblast, sand-blast or replace the cooler as necessary. Back- flushing is usually inadequate once the cooler has become fouled.
 Solution 30Boiler feed water pumps are an example of where the seal cavity water jacket is used to remove heat and suppress boiling of the liquid at the seal faces. If the walls of the water jacket foul, it loses its heat transfer ability. Always inspect and clean the seal cavity water jacket for fouling.
 Solution 31Cooling efficiency will decrease as the inlet and outlet cooling water pressure loses its differential and the flow decreases. There are two reasons for this: either the return piping is fouling, or additional equipment has been added and the system is overloaded. If the system is fouled, then clean or replace the piping. If the system is overloaded, a larger cooler or a system upgrade may be required.
 Solution 32A sleeve-gasket leak will exist between the inside diameter of the sleeve and the shaft. This type of leak is often mistaken for a seal leak. The shoulder of the sleeve should be lapped against the shaft shoulder to ensure a good gasket surface. Apply Prussian blue to one shoulder and rotate it against the other shoulder to ensure full contact.
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 Solution 33Improper material selection is a major cause of mechanical seal failures. Refer to the Company’s material specification GF-G99876-7 and GD-G99877-7 when selecting materials. Manufacturers of mechanical seals and elastomers are another good source because their material manuals cover a wide range of liquids.
 Physical changes in the seal parts such as loss of metal, O-ring swelling, and galling of the seal or mating ring faces are signs of improper material selection.
 Swelling of the secondary O-ring will cause seal hang-up and possible carbon seal ring breakage.
 Galling may occur when using a Tungsten-carbide seal ring against a Tungsten carbide mating ring. (If the seal cavity pressure or the speed of the rotating face is too great, the face will become damaged.)
 Stress corrosion cracking of springs and metal bellows is also a determining factor in material selection.
 AM-350 is a material that is commonly used in manufacturing metal bellows. AM-350 is susceptible to hydrogen embrittlement or sulfide stress cracking when the following conditions exist:
 1. The liquid being sealed contains 1 to 2 parts per million or more of H2S.
 2. The temperature is below 300°F.
 3. Moisture (H2O) is present.
 Bellows cracking from the atmospheric side of the seal occurs when normal leakage crosses the seal face and contaminates the atmospheric side of the bellows with liquid containing H2S. The moisture (H2O) can come from either a steam quench or from the atmosphere. When the pump is shutdown and allowed to cool below 300°F, the bellows is susceptible to sulfide cracking.
 Bellows cracking from the liquid side may occur during a routine column repair. Columns are usually steam purged and water washed when shutdown and steam purged prior to starting up. When moisture (H2O) contacts an AM-350 bellows that is contaminated with any H2S, and the temperature is below 300°F, the bellows is susceptible to sulfide cracking.
 Type 316 stainless steel is another material that is commonly used in the manufac-turing of metal bellows. When a 316 stainless steel bellows operating in tempera-tures between 150°F and 300°F comes in contact with moist chlorides, it is susceptible to stress corrosion cracking. A typical example of this is a bellows seal operating in the upper side cuts of a crude unit fractionation column. The chlorides going overhead will contact the upper side-cut pump seals. The result is chloride cracking of the 316 stainless steel seal bellows, or pusher seal springs.
 Corrosion cracks in bellows cannot always be found by visual inspection. The cause of the seal failure will often remain unknown or will be classified as an operating or maintenance error. When the crack is observed visually or by pressure testing, the
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 failure is often attributed to fatigue cracking, poor bellows welds, or lack of bellows strength.
 The problem of hydrogen embrittlement or sulfide stress cracking in the AM-350 and chloride stress corrosion cracking in the 316 series stainless bellows can be overcome with a material change. Neither Inconel X-750, Hastalloy-C, or Inconel 625 is susceptible to cracking in chlorides or H2S. The type chosen is determined by cost, availability, or the manufacturer’s preference.
 Stress corrosion cracking is quite hard if not impossible to observe with the naked eye. The Company’s materials lab has established a file on types and causes of bellows failure throughout ChevronTexaco. This history, combined with their exper-tise and special equipment, will help establish the cause of the failure.
 Solution 34Under-torquing of the impeller will often allow a leak between the sleeve and shaft shoulder. The answer to this is to establish torque values and use the necessary tool that will adapt the torque wrench to the impeller nut.
 Solution 35There is a molecular film of lubricant between the stationary and rotating faces of a mechanical seal. Vaporization of this lubricant film can lead to an explosive expan-sion and separation of the faces. The loss of lubricant between the faces will also cause a rapid rise in face temperature. Face temperatures in excess of 2,000°F have been observed, the result being heat check and excessive face wear. Either the temperature rise or the face separation can distress the seal faces to the point of premature seal failure and possible pump fires.
 In order to maintain this film of liquid lubricant between the seal faces, the pressure differential between the liquid’s vapor pressure at pumping temperature and the seal cavity pressure should be kept at a minimum of 25 psi for specific gravity heavier than 0.6 and a minimum of 50 psi for a specific gravity lighter than 0.6. There can be as little as ½ to 1 pint of liquid surrounding the mechanical seal in the seal cavity. Liquid shear at the seal faces and around the mechanical seal will cause an increase in temperature of approximately 20°F plus at the seal faces. The 20°F plus must be added to the operating temperature when comparing the pressure differential between the liquid’s vapor point and the seal cavity pressure.
 Example:
 Assume a mechanical seal is to be designed for a pump in reflux service with the following conditions:
 Liquid PropaneSpecific Gravity Less than 0.6Pumping Temperature 110°FV.P. at Pumping Temperature 220 psia
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 The Seal Cavity Pressure was found by adding 10% of the pump differential to suction pressure. (This is a common rule-of-thumb for estimation – a pressure gage is the only reliable way to know for sure.) To find the approximate temperature at the seal faces, add 20°F to the pumping temperature of 110°F. A Hydrocarbon Vapor Pressure Chart will show that the vapor pressure of propane at 130°F is 260 psia. The seal cavity pressure of the reflux pump is 255 psia. This lack of vapor suppression will allow the lubricant film between the seal faces to vaporize. The seal will produce a high leak rate and an expected seal life of approximately 2 months.
 To suppress the vaporization of the liquid film between the seal faces, there must be a minimum differential of 50 psi between the liquid’s vapor point at normal oper-ating temperature and the seal cavity pressure. This can be achieved by one of the following methods.
 A Hydrocarbon Vapor Pressure Chart shows that the propane in the seal cavity will be 50 psi below its boiling point if cooled to 85°F. This temperature can be obtained by installing a seal flush cooler in the pump’s seal flush line. Cooling of the liquid in the seal cavity can also be obtained by dead-ending the seal cavity per API 610 Flush Plan 2. If cooling is not possible, the seal cavity can be pressured to 50 psi above the liquid vapor point by using the pump’s discharge and a close clearance fixed or floating throat bushing installed in the bottom of the seal cavity. (See Solu-tion 36.)
 Solution 36The normal throat clearance for most centrifugal pumps is .032 to .062 diametrical between the seal cavity throat and the shaft sleeve. To maintain cavity pressure, pumps using mechanical seals sometimes require that this clearance be reduced with a fixed or floating throat bushing. Using a fixed throat bushing, the standard clear-ance between the seal cavity throat and the shaft sleeve can be reduced to a clear-ance of 010 diametrically. Clearances lower than this will result in excessive bushing wear, caused by shaft deflection or normal misalignment of the pump shaft through the throat bushing. If it becomes necessary to reduce the throat clearance below .010, the floating throat bushing will compensate for shaft-to-throat misalign-ment and, for brief periods, some shaft deflection. (See Figures 800-36A and 800-36B.)
 An expander retainer that grips the I.D. of the seal cavity retains multiple springs. The springs hold the floating throat bushing against the bottom of the seal cavity. The floating bushing can align itself around the shaft sleeve because of the large clearance between the O.D. of the floating bushing and the I.D. of the seal cavity. This type of bushing allows clearance as low as 0.004 diametrically between the
 Suction Pressure 230 psiaDischarge Pressure 485 psiaSeal Cavity Pressure 255 psia
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 bushing I.D. and the shaft sleeve. The restriction of the throat clearance for pumps using mechanical seals becomes necessary under the following conditions:
 1. Incompatibility of the pumped liquid with the mechanical seal.
 2. Seal cavities operating close to liquid vapor pressure.
 When mechanical seal life is reduced because of the incompatibility of the pumped liquid with the mechanical seal, it is often necessary to inject clean fluid to the seal
 Fig. 800-36Fixed and Floating Bushing
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 cavity. To keep the pumped liquid from migrating back into the seal cavity, while keeping flush flow rates to a minimum, seal manufacturers recommend flush flow velocities of 10–15 feet per second at the throat of the seal cavity. This can be achieved with the reduced clearances of the fixed or floating throat bushing. Contact the seal manufacturer for recommended clearances.
 Most seal cavities operate close to the pump’s suction pressure. If the pressure in the seal cavity is too close to the vapor pressure of the liquid, the heat added by the rotation of the mechanical seal will cause the liquid to vaporize between the seal faces and the seal will fail. Vapor suppression can be accomplished by pressurizing the seal cavity liquid above its boiling point. This is done by installing a close clear-ance throat bushing in the bottom of the seal cavity and flushing the seal from the pump’s discharge. Caution must be exercised when dealing with vapor suppression in this fashion. If the flow of liquid through the seal cavity is severely restricted by the close clearance throat bushing and does not remove the heat generated by the mechanical seal, the temperature will rise and the liquid between the seal faces will again reach its vapor point.
 Various styles of close clearance floating throat bushings and throttle bushings are available from seal manufacturers. If long deliveries make them unavailable, they can be fabricated from the floating bushing drawings (Figures 800-37 and 800-38) which have proven to be quite successful. Close clearance bushing must be made of a non-galling material such as carbon.
 Solution 37If the secondary seal o-ring is of the wrong material, it may swell and cause the seal to hang-up. This hang-up will keep the seal from compensating for axial move-ment. The result is the faces open and excessive leakage occurs. Reference the Corporations Material Recommendations for the correct material selection. The Parker O-Ring Handbook is another source for O-ring material selection. This hand-book is published by the Parker Seal Company, located in Lexington, Kentucky.
 Solution 38The outer face of the thrust bearing should not be able to move axially in its housing more than .002 to .004 inches. If this axial movement is excessive, wear between the secondary seal and the sleeve will occur. Flat spots will form on the side of the springs from rubbing against the retainer.
 Solution 39If rubbing between the rotating element and the stationary members occurs, suspect internal misalignment, a bent rotating element, or failed bearings. The corrective action to failed bearings is to replace them and investigate the cause of the failure if reliability is a problem. To check the rotating element for straightness, rotate it with its bearing journals setting on precision V-blocks or rollers. Some shops rotate the element on precision centers. If the total indicator runout exceeds 0.002 inches, repair or replace the shaft.
 All registered fits must be measured and if the male to female clearance exceed the manufacturers specification, they must be restored. Excessive register fit clearances
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 contribute to misalignment. Diametric clearance should not exceed 0.002. There are exceptions that will require less than 0.002.
 Not enough clearance at the throttle bushing, throat bushing or in the seal cavity can also contribute to rubbing. Safe clearances for fixed throttle bushings can be estab-lished by increasing the clearance to 0.005 greater than the pump’s wear ring clearance.
 If the normal throttle bushing clearance must be reduced to minimize the leakage of hazardous liquids to the atmosphere, the floating throttle bushing (Figure 800-36B) should be used.
 The center line of the rotating element must be in the center of all the registered fits. If misalignment exceeds a total indicator runout of 0.002, it must be corrected.
 Solution 40If the secondary seal o-ring is vulcanized to the sleeve, either the wrong material or the wrong lubricant was used to assemble the seal. If the o-ring is compatible with the temperature, change the lubricant that is applied between the o-ring and the sleeve during assembly. Molybdenum Disulfide (Molycoat) has been successfully used in this area.
 Fig. 800-37Typical Floating Throat Bushings
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 Solution 41Axial slippage of a cartridge seal sleeve away from the pressure in the seal cavity will increase the seal tension. The increased tension will cause face temperatures to go up. The liquid between the faces will boil and the seal will fail.
 The reason the sleeve slides away from the seal cavity pressure is the sleeve has more area exposed to the pressure than it does to atmosphere. There have been various solutions to this problem. (1) Add set screws, (2) apply proper set screw torque, (3) reduce the area of the sleeve exposed to the pressure, and (4) fabricate a clamp that can be installed on the shaft which will add axial support to the sleeve.
 Solution 42There are various types of gasket designs used in a mechanical seal: o-rings, wedges, v-rings, u-cups, and flat gaskets. The composition of the gasket can vary over a wide range of material. Gasket damage is caused by excessive heat, exces-sive pressure, corrosion, or mechanically. Heat, pressure, and corrosion problems, will cause a gasket failure after the seal has been running for a while and can be corrected by upgrading the material. Mechanical damage will usually cause a leak at startup. Mechanical damage is caused by sharp shoulder corners, improper assembly
 Fig. 800-38Typical Floating Throat Bushings
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 techniques, or improperly designed gasket containment area. Solutions to solving the problem are quite straightforward once the cause of failure is determined.
 Solution 43Review the operating conditions for temperature excursions that exceed the normal design temperatures. The increase in temperature can cause the liquid between the seal faces to boil causing face damage and premature seal failure.
 Drive torque loads will also increase when the liquid between the faces is lost, causing the seal or the mating ring to spin or slip in the seal gland fit.
 If the temperature increase is above the temperature limit of the elastomer, it can cause the elastomer to vulcanize to the shaft.
 If the temperature excursions cannot be controlled, the liquid around the seal will have to be cooled. Use one of the flush plans in Solution 1 of this section.
 Solution 44If excessive pressure in the seal cavity extrudes the o-ring between the sleeve and the inside diameter of the seal ring, it will lock the seal ring to the sleeve. This is called seal hang-up. A teflon anti-extrusion ring, sometimes called a back-up ring is installed between the o-ring and the nose of the seal ring. Its close clearance over the sleeve will stop the o-ring from extruding under the seal ring.
 Solution 45Abrasives can enter between the seal faces during periods of face separation. Face separation can occur during the pump startup, shutdown, or from pressure fluctuations.
 Assume one of the seal faces is carbon. During the periods of face separation, the abrasives that enter between the seal faces will imbed in the carbon. The carbon in effect will become a grinding wheel against the mating seal face. A straightforward solution to this problem is injecting a flow of non-abrasive fluid into the seal cavity.
 If this method cannot be used, an alternative is to design a mechanical seal with a face combination of hard materials. These faces are less affected by abrasive wear. In severe cases, face combinations of Tungsten carbide versus Tungsten carbide or Tungsten carbide versus Silicon carbide can be used. This hard face combination is also used when the abrasives are dissolved in the liquid. As the liquid pressure drops across the seal faces toward atmosphere, it may flash to a vapor somewhere near the inside diameter of the seal face. If this happens, the dissolved abrasive will solidify between the seal faces. These hard face combinations have a tendency to gall in liquids with low specific gravity, poor lubricating ability and liquids that are near their boiling points. Given the correct operating conditions and liquid characteris-tics, the seal manufacturer will recommend the correct face combination.
 Another approach is to attempt to remove the abrasives from the flush stream. This is done by installing a cyclone separator in the seal flush line.
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 Cyclones are very successful in removing the large particles that tend to cause erosion damage in the seal cavity.
 Some of the problems with cyclones are as follows:
 1. Detailed engineering is required when orificing the cyclone system to ensure maximum abrasive removal.
 2. Abrasives at high velocities tend to reorifice the cyclone, causing efficiency loss.
 3. Orifice plugging will cause reduction or loss of the seal flush.
 4. The smaller the particle size, the less efficient the cyclone separator is. This is somewhat defeating, for it is the small particles that enter between the seal faces, and these are the particles not being removed by the cyclone.
 Solution 46Measure the outside diameter of the narrow wear track on the mating ring face. If it is smaller than the outside diameter of the seal ring, suspect bowing of the seal ring. When the pressure in the seal chamber bows the seal ring inwards toward atmo-sphere, the outer edge of the seal ring will prevent the liquid from entering between the faces and the seal will fail. This is most predominant with carbon faces that have thin cross sections, operating in high seal chamber pressures. The solution is to install a seal with a stronger carbon cross section.
 Solution 47Shiny spots on the seal ring can be caused by distortion of the seal gland during assembly. Seal gland distortion is caused by uneven torquing of the gland bolts, seal gland or seal chamber gasket faces not flat, and narrow gland gaskets that allow the gland to bend when the gland bolts are overtightened. Designs that permit full contact between the gland plate and the seal chamber face are best.
 Solution 48The mating surfaces of the seal ring and the mating ring must be flat. A transparent quartz optical flat and monochromatic light are required to check face flatness. A lapping plate is used to produce the flatness required. If the surface inspected with the optical flat is not flat, it is usually because the lapping plate was not flat or the hard face was being distorted during lapping. Mechanical Seal Manufacturers recommend face flatness to be held to three helium light bands. The face flatness is measured using a helium light shining through an optical flat resting on the piece to be measured.
 Solution 49Refer to Solution 1, Flush Plan 2, of this section for an explanation of seal chamber water jacket fouling.
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 Solution 50Refer to Solution 1, Flush Plan 21, of this section for an explanation of seal flush cooler fouling.
 Solution 51The seal flush is used in various configurations to carry heat away from the seal. If the flush orifice plugs, the temperature increase at the seal faces may cause the liquid between the faces to boil and the seal will fail.
 Solution 52If the pump is not liquid-packed prior to startup, the seal faces may be damaged from lack of liquid between the faces.
 Solution 53A mechanical seal is often required to operate in liquids that have corrosion rates which require teflon gaskets and a stainless steel sleeve. If there is movement between the teflon gasket and the stainless sleeve or shaft, corrosion fretting will occur. When using a pusher seal, this occurs where the teflon gasket (Figure 800-39) contacts the sleeve or shaft. Mechanical problems such as the stationary face not being square with the shaft, or excessive axial movement of the shaft, cause axial movement between the rotating seal member gasket and the sleeve or shaft. The result of the corrosion fretting is damage to the sleeve and a premature leak between the gasket and the sleeve or shaft.
 Fig. 800-39Pusher Seal
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 Corrosion fretting can be avoided by using a bellows (non-pusher) seal (Figure 800-40). The rotating seal member gasket “D” is static in a bellows seal. Corrosion fretting can also be avoided by applying overlays that are corrosion resistant, to the sleeve area under the rotating seal member gasket. The chrome oxide overlays are porous; therefore, caution must be used that the bond between the overlays and the parent metal be resistant to the corrosive liquid.
 The desired overlay finish is 6 to 8 R.M.S. If these finishes are not achieved, the rotating seal member gasket will “hang up” and tend to hold the seal faces apart.
 Solution 54When hydrocarbons are sealed at elevated temperatures, a coke formation on the atmospheric side of the seal will often result from normal seal leakage. This coke formation will cause seal hang-up and face damage, and will distress the seal to a premature failure. Steam injected through the seal end plate quench port aids in stopping the coke formation by cooling the leakage.
 The steam quench is also used to decrease blistering of the carbon seal face. Blis-tering occurs when sealing viscous fluids such as asphalt, crude, and bunker. When the liquid is warm, it will penetrate into the face of the carbon seal. If the liquid film between the seal faces is allowed to cool when the pump is shut down, it becomes viscous. When the pump is restarted, the shear force of the viscous liquid film between the seal faces generates heat. The heat expands the liquid that has pene-trated the carbon face. The result of the liquid expansion is small pieces of carbon raising or breaking away from the carbon face. These pieces of carbon hold the faces open and allow excessive leakage. A controlled steam quench keeps the faces warm and the liquid between the faces fluid.
 Fig. 800-40Bellows Seal
 ChevronTexaco Corporation 800-85 September 2002
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 Blister-resistant carbons are available and should be installed if blistering is causing premature failures.
 The maximum steam quench rate should be low enough to keep the steam from entering and contaminating the pump bearing housing. The amount of steam quench should be controlled by a back pressure regulator. Once the back pressure regulator is adjusted to the desired flow, it remains constant. This overcomes the problem of plant operators continually readjusting the amount of steam flow. Any pressure regulator that is comparable to the Fisher Type 95L and has the following construc-tion features can be used. Body size, ¼ inch. Orifice size, ¼ inch. Body material cast steel. Diaphragm and inner valve seat material, stainless steel. Maximum inlet pressure and temperature, 300 psi, 450°F. Reduced pressure ranges, 2 to 6 psi.
 The problem with steam quenching high-temperature seal applications is keeping the quench steam dry. When condensate enters the atmospheric side of a seal oper-ating in a high-temperature service and flashes to steam, the expansion of conden-sate to steam will open the seal faces and allow for excessive leakage. This will be heard as a popping sound from the seal end plate.
 When installing a steam quench system, insulate the line from the steam source to the seal end plate. Spend the extra amount necessary to obtain a hot, dry source of steam. Figure 800-41 is a steam quench piping system that is used successfully in high-temperature applications.
 Fig. 800-41Steam Quench Piping Systems
 September 2002 800-86 ChevronTexaco Corporation
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 Solution 55Refer to Solution 1, Flush Plan 32, of this section. If the flush is lost while oper-ating or remained blocked in during a startup that followed a repair, the seal will fail.
 Solution 56The seal set screw material is usually 300 series stainless. This soft material allows the tip of the set screw to dull and lose its holding torque. If this is allowing the seal to slip or rotate, you may want to consider hardened steel set screws. There are some advantages and disadvantages to steel set screws. The advantage is the hard-ened tip cuts into the shaft or sleeve and will transmit higher torque loads without slipping. The disadvantage is the high corrosion rate of steel. If the set screw is operating in the liquid, its material must be compatible with the liquid. If the set screw is used in the drive collar of a cartridge seal, which is located in the atmo-sphere, and leakage or the atmosphere corrodes the hexagon socket the allen wrench fits into, you won’t be able to loosen the set screws. Since they are hardened, they cannot be drilled out. A simple cartridge seal repair now becomes a major repair because the pump will have to be sent to the shop for seal removal.
 If steel set screws are used in the cartridge seal drive collar, fill the hexagon socket area with grease. This may give it some corrosion protection.
 Solution 57If the o-ring is extruding out of its containment area, compare the o-ring and the o-ring groove dimensions with the recommended design data. O-ring and O-ring groove dimensions can be found in the Parker O-ring Handbook published by the Parker Seal Company located in Lexington, Kentucky.
 Solution 58The majority of bellows failures can be attributed to corrosion, stress corrosion cracking, and fatigue. (See Appendix F.)
 Inadequate bellows welds are often erroneously blamed for the bellows failure. Bellows fabrication techniques developed by the major seal manufacturers have greatly decreased the problem of poor weld quality. The best approach to estab-lishing the cause of a bellows failure is to have ChevronTexaco’s Materials Labora-tory examine the failed area of the bellows.
 Solution 59Light ends such as butanes, propanes, or ethane that have carried over or are entrained in the liquid being pumped will cause seal failure if allowed to boil at the seal faces. An example of this is a gas oil pump in a solvent deasphalting unit. The gas oil has a low vapor pressure. The propane that is being used as a solvent in the gas oil has a high-vapor pressure. If allowed to boil at the seal faces, it will cause premature seal failure.
 ChevronTexaco Corporation 800-87 September 2002
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 Checklist for Seal Failure Analysis
 1. Pump/seal Maintenance History
 Satisfactory seal life? ______ Yes ______ No
 Trend Established? Describe
 Equally spaced over time? ______
 Random ______
 History of cavitiation ______ Yes ______ No
 2. Mechanical Condition of Pump
 Thrust bearing failed? ______ Yes ______ No
 Condition of radial bearing?
 Impeller nut. ______Loose ______Tight
 Sleeve gasket tight? ______ Yes ______ No
 Gasket face condition:
 Rubs on impeller wear rings?______, throat bushing?______, throttle bushing?______, other_________
 Impeller/damage?
 Throat bushing clearance exceeds design specification?
 September 2002 800-88 ChevronTexaco Corporation
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 Checklist for Seal Failure Analysis (continued)Yes No
 3. Condition of Mechanical Seal
 A. Pusher
 Springs. Condition: _________________________________________
 Sleeve under secondary seal. Condition: _______________________
 Secondary seal. Condition: __________________________________
 Stationary face anti-rotation pin damaged? ________ ________B. Metal Bellows:
 Pressure test bellows. OK? ________ ________Bellows material: __________________________________________
 Failure at first convolution? ________ ________Leaks between face and nose piece fit? ________ ________
 C.All Seals
 Set Screws:
 Loose on shaft? ________ ________Signs of sliding? ________ ________Dull drive points? ________ ________
 Metal Parts:
 Corrosion? ________ ________Rubs? ________ ________
 Gasket Condition:
 Heat? ________ ________Swelling? ________ ________Chemical Damage? ________ ________Mechanical Damage? ________ ________
 Seal Faces:
 Surface cracks? ________ ________Chipping? Inside diameter ________ ________Chipping? Outside diameter ________ ________Blisters? ________ ________“Phonographic” scoring? ________ ________“Drive lug” wear? ________ ________Evidence of generalized heat? ________ ________Shiny spots? ________ ________Erosion? ________ ________Wide or narrow wear track? _______________________________
 ChevronTexaco Corporation 800-89 September 2002
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 Checklist for Seal Failure Analysis (continued)Yes No
 4. Flush System
 Flush blocked in? ________ ________Plugged orifices? ________ ________Eroded orifices? ________ ________Property piped? ________ ________
 5. Cooling System
 Fouled seal chamber water jacket? ________ ________Fouled flush cooler? ________ ________Fouled cooling piping? ________ ________Cooling water manifolded correctly? ________ ________
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 Fig. 800-42Reliable Seal Operation
 ChevronTexaco Corporation 800-91 September 2002
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