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ISOLATION VALVE 

BACKGROUND 

Aspects and embodiments of the present invention relate to membrane filtration 

systems and, more particularly, to an end cap and header arrangement for such systems that is 

used to communicate fluids to and from the membranes elements. 

SUMMARY 

One or more aspects of the present disclosure involve embodiments directed toward a 

membrane filtration system. The membrane filtration system may comprise a first filtration 

module including a plurality of hollow fiber membranes. The plurality of hollow fiber 

membranes may be potted in and extend between an upper header and a lower header. The 

filtration system may include a first filtrate passageway defined in the upper header and in 

fluid communication with the plurality of hollow fiber membranes and a removable end cap. 

The removable end cap may comprise a port and a shut-off valve. The shut-off valve may 

include a seal configured to selectively allow fluid communication between the port and the 

first filtrate passageway. 

According to a further aspect, the membrane filtration system may further comprise a 

plurality of filtration modules including respective upper headers having respective filtrate 

passageways. In another aspect, the membrane filtration system may further comprise a 

filtrate transfer manifold in fluid communication with the filtrate passageways in the upper 

headers of the plurality of filtration modules. In at least one aspect, the shut-off valve may be 

configured to isolate the plurality of hollow fiber membranes from the first filtrate 

passageway while the first filtrate passageway provides fluid communication between the 

filtrate passageways in the upper headers of the plurality of filtration modules. 
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According to various aspects, the shut-off valve may further comprise a shaft that 

protrudes through the removable end cap. In a further aspect, the shut-off valve may be 

disposed within a shut-off passageway in fluid communication with the first filtrate 

passageway. In yet a further aspect, an inner wall of the shut-off passageway and the shaft of 

the valve comprise complimentary mating structures configured to provide for displacement 

of the valve in the shut-off passageway and selectively allow fluid communication between 

the port and the filtrate passageway. In certain aspects, the shut-off valve may be configured 

to allow manual positioning of the seal. In at least one aspect, the shut-off passageway may 

comprise a viewing window. 

In some aspects, the membrane filtration system may further comprise a filtrate 

receiving chamber in fluid communication with the filtrate passageway and the port. The 

filtrate receiving chamber may be in fluid communication between the port and the plurality 

of hollow fiber membranes. In a further aspect, the membrane filtration system may further 

comprise a filtrate transfer manifold and a filtrate transfer port. The filtrate transfer port may 

be positioned in fluid communication between the filtrate transfer manifold and the filtrate 

receiving chamber. 

One or more further aspects of the present disclosure are directed to a membrane 

filtration system comprising at least one filtration module comprising a plurality of hollow 

fiber membranes potted in and extending between upper and lower headers. The upper 

header may include a first sealing surface and a filtrate passageway. The membrane filtration 

system may further comprise a removable end cap comprising a second sealing surface 

configured to selectively engage with the first sealing surface to selectively. The second 

sealing surface may selectively engage with the first sealing surface to allow fluid 

communication between the plurality of hollow fiber membranes and the filtrate passageway. 

In a further aspect, the membrane filtration system may further comprise a common filtrate 
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manifold and a filtrate transfer port. The filtrate transfer port may be in fluid communication 

between the filtrate passageway and the common filtrate manifold. 

One or more further aspects of the present disclosure involve embodiments directed 

to a method for replacing a filtration cartridge in a membrane filtration system. The method 

may comprise accessing a membrane filtration system comprising a plurality of filtration 

modules, wherein each filtration module comprises a filtration cartridge, an upper header 

defining a filtrate passageway, and a removable end cap in fluid communication with the 

upper header. The removable end cap may include a port in fluid communication with the 

filtrate passageway and a shut-off valve configured to selectively allow fluid communication 

between the port and the filtrate passageway. The method may further include evaluating at 

least one property of at least one filtration module to obtain a result. Responsive to the result 

of the evaluation, the method may further include accessing the at least one filtration module. 

The method may further include engaging at least one shut-off valve in at least one filtration 

module to interrupt fluid communication between the port and the filtrate passageway of the 

at least one filtration module while maintaining fluid communication between filtrate 

passageways in the upper headers of the plurality of filtration modules. 

According to another aspect, evaluating may comprise measuring the at least one 

property, comparing the measured value with a target value, and identifying a fault in the at 

least one filtration module based on the comparison between the measured value and the 

target value. In at least one aspect, evaluating may comprise performing a pressure decay 

test. In certain aspects, the pressure decay test may be performed automatically by a control 

system. 

In some aspects, engaging the at least one shut-off valve comprises extending a shaft 

of the at least one shut-off valve from an upper surface of the removable end cap to provide a 

visual indication of the at least one filtration module being offline. In other aspects, the 
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method may further comprise disengaging the at least one shut-off valve to provide fluid 

communication between the port and the filtrate passageway. In at least one aspect, engaging 

and disengaging the at least one shut-off valve comprises rotating the shaft of the at least one 

shut-off valve. 

BRIEF DESCRIPTION OF THE FIGURES 

The accompanying figures are not intended to be drawn to scale. In the figures, each 

identical or nearly identical component that is illustrated in various figures is represented by a 

like numeral. For purposes of clarity, not every component may be labeled in every figure. 

In the figures: 

FIG. 1 is a schematic of a cross-sectional elevation view of a pair of membrane 

filtration modules in accordance with one or more aspects of the disclosure; 

FIG. 2 is a schematic of a partially exploded, cross-sectional elevation view of the pair 

of membrane modules of FIG. 1; 

FIG. 3 is an enlarged schematic of a partially exploded, cross-sectional elevation view 

of region A of FIG. 2; 

FIG. 4 is an enlarged schematic of a cross-sectional elevation view of region B of FIG. 

2; 

FIG. 5 is an enlarged cross-sectional elevation view of an upper header housing with an 

end cap in an open position in accordance with one or more aspects of the disclosure; 

FIG. 6 is an enlarged cross-sectional elevation view of the upper header housing of 

FIG. 5 with the end cap in a closed position; 

FIG. 7 is a cross-sectional elevation view of an upper portion of a pair of filtration 

modules in accordance with one or more aspects of the disclosure; and 
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FIG. 8 is an enlarged schematic of a cross-sectional elevation view of region A of FIG 

7. 

DETAILED DESCRIPTION 

The methods and systems described herein may be described with reference to 

membrane filtration systems. The membrane filtration systems may include multiple 

modules including headers that retain filtration cartridges within the individual modules. A 

filter cartridge may be referred to as a filtration or membrane sub-module and the terms are 

used herein interchangeably. The filtration cartridge may comprise a filtration sub-system 

and may in some embodiments comprise a plurality of membranes. The plurality of 

membranes may comprise elongated bundles of permeable hollow fiber membranes. Feed 

liquid may be filtered by passing the feed liquid from the outside of the fiber membranes to 

the inside or lumen side of the fiber membranes and withdrawing the resulting filtrate from 

the membrane lumens. 

A hollow fiber filtration module may comprise an elongated tubular casing enclosing a 

bundle of hollow fiber membranes. At one end of the tubular casing there may be a first 

header that has a feed passageway therethrough. The feed passageway may be in fluid 

communication with the interior of the tubular casing and the exterior of the fiber 

membranes. At the other end of the casing there may be a second header that has a filtrate 

passageway therethrough. The filtrate passageway may be in communication with the 

lumens of the fiber membranes. 

At least one of the headers, which may be the lower header, may be provided with a gas 

conveying passageway in fluid communication with the interior of the casing and the exterior 

of the fiber membranes. 
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One or more passageways may be formed in off-set portions of the headers. The 

headers may have planar end faces. A plurality of such modules may be joined together 

without interconnecting manifolds or pipes to form a row of filter modules. A number of 

such rows of filter modules may be interconnected to define a bank of filter modules. 

Examples of filter cartridges and banks are shown in, for example, International Patent 

Application PCT/AU87/00309 (corresponding to U.S. Patent Nos. 4,876,012 and 4,871,012) 

and PCT/AU90/00470 (corresponding to U.S. Patent No. 5,194,149). These applications and 

patents are incorporated herein by reference in their entireties for all purposes. 

Filtration systems often comprise a plurality of filtration modules fluidly connected to 

one another by manifolds. Manifolds for communicating fluids to and from the headers may 

be arranged above and/or below the headers. 

Filtration systems generally comprise a plurality of filtration modules, and the modules 

are often arranged in banks that form large arrays. The filter cartridges in these types of 

systems may have a finite life and may therefore be removed for cleaning or replacement at 

regular intervals during the operating life of a system. Filtration module assemblies having 

upper and lower mountings often require vertically displacing at least one of the upper and 

lower mountings and then removing a filtration module and/or cartridge laterally from 

between the mountings to remove/replace a single cartridge or to otherwise service the 

filtration module. The position of the manifolds may require that the filtration module and/or 

cartridge be removed laterally to maneuver around the vertically positioned manifolds. To 

remove modules and/or cartridges laterally may require neighbouring modules in the bank to 

be removed to allow access to modules located further within the bank. Evaluating a single 

module, especially one located deep within a multi-rowed array of membrane modules, may 

result in the entire system or portions of the system to be off-line for undesirably long periods 
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of time. This is particularly true in instances where the cartridge to be evaluated, replaced, or 

serviced is located deep within the bank of modules. 

The membranes in the filter cartridges may desirably undergo regular testing, 

evaluation, diagnosis, cleaning, and/or replacement. For example, when a membrane within 

a filtration module fails, it may be desired to isolate the module from the remainder of the 

system to prevent contamination of filtrate produced from the filtration system with feed 

liquid. It is therefore desirable to provide a simple means of isolating modules when failure 

of a membrane occurs. In addition, it is desirable to provide an isolation arrangement that is 

readily serviceable without unduly disrupting operation of the filtration system. Some 

aspects and embodiments of the methods and systems described herein advantageously 

provide a manifold arrangement that simplifies the removal of individual filtration cartridges 

from banks of filtration modules. 

As used herein, the term "evaluating" may refer to one or more of a number of actions 

related to maintaining proper working order of the filtration module, such as servicing, 

monitoring, testing, analyzing, measuring, cleaning, and diagnosing. Evaluating may include 

replacing a filtration cartridge. For example, evaluating may refer to analyzing or examining 

one or more properties of the filtration module or cartridge, such as performing a pressure 

decay test. A pressure measurement or a series of pressure measurements may be obtained 

and the measured value(s) may be compared against a target value or values. If the measured 

value(s) fails to meet the target value(s), the filtration cartridge may be replaced with a 

replacement cartridge. 

Evaluation of a filtration module and/or cartridge may be performed using any one of a 

number of different methods, including using a control system or by one or more operators 

manually performing one or more steps. For example, filtration modules may be equipped 

with one or more sensors. The sensors may be configured to detect or measure at least one 
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operating parameter of the filtration module, non-limiting examples including filtrate purity, 

flow rate, and transmembrane pressure. A control system may be configured to compare a 

measured value against a target value or range of values. If the measured value(s) fails to 

meet the target value or values, then the control system may automatically engage a shut-off 

valve to halt the flow of filtrate through the module or cartridge. In the alternative, the 

operating parameters may be measured or detected using manual methods performed by one 

or more operators. The shut-off valve may then be engaged manually. 

One or more aspects of the methods and systems described herein relate to improved 

filtration module assemblies. The improved filtration module assemblies may be 

advantageously used in filtration systems. Aspects and embodiments of the filtration module 

assemblies disclosed herein may desirably reduce the downtime required to service a 

filtration module of a filtration system. Aspects and embodiments of the filtration module 

assemblies disclosed herein may also enable filtration modules of a filtration system to be 

used with an improved end cap arrangement. 

According to one or more aspects, a membrane filtration system may comprise a first 

filtration module including a plurality of hollow fiber membranes. The hollow fiber 

membranes may be potted in and extend between upper and lower headers. The filtration 

system may further comprise a first filtrate passageway defined in the upper header and in 

fluid communication with the plurality of hollow fiber membranes. In some embodiments, 

the first filtrate passageway may be in fluid communication with the lumen, or interior side of 

the hollow fiber membranes. The filtration system may further comprise a removable end 

cap. As used herein, a "removable end cap" is one which may be reversibly removed from a 

membrane module without causing damage to either the removable end cap or any other 

portion of the membrane module in which it is included. A removable end cap which has 

been removed from a filtration module may be replaced in the module and the module may 
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operate with no loss of performance caused by the removal and replacement of the removable 

end cap. In certain embodiments, the removable end cap may comprise a port and a shut-off 

valve. In at least one embodiment, the shut-off valve may include a seal that is configured to 

selectively allow fluid communication between the port and the first filtrate passageway. 

In some embodiments, the filtration system may further comprise a plurality of 

filtration modules. The plurality of filtration modules may include respective upper headers 

having respective filtrate passageways. The filtration system may further comprise a filtrate 

transfer manifold in fluid communication with the filtrate passageways. In certain 

embodiments, a shut-off valve of a first filtration module having a first filtrate passageway is 

configured to isolate the plurality of hollow fiber membranes in the first filtration module 

from the first filtrate passageway while the first filtrate passageway provides fluid 

communication between the filtrate passageways in the upper headers of the plurality of 

filtration modules. In at least one embodiment, the shut-off valve is configured to allow 

manual positioning of a seal coupled to the shut-off valve. 

According to certain embodiments, the filtration system may further comprise a shut-

off passageway. The shut-off passageway may comprise a viewing window. The viewing 

window may allow a user to visually inspect for the presence of bubbles during the course of 

a pressure decay test. 

In various embodiments, the shut-off valve may further comprise a shaft that protrudes 

through the removable end cap. The shut-off valve may be disposed within the shut-off 

passageway. In certain embodiments, a port in the removable end cap may be in fluid 

communication with the first filtrate passageway. An inner wall of the shut-off passageway 

and the shaft of the valve may comprise complimentary mating structures. The 

complimentary mating structures may be configured to provide for displacement of the valve 

in the shut-off passageway and selectively allow fluid communication between the port and 
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the filtrate passageway. As used herein, the term "complimentary mating structures" refers to 

a first surface with structures that are configured to receive structures of a second surface. 

The complimentary mating structures may be any structures that are suitable for the purpose 

of performing the function of selectively allowing fluid communication. For example, in 

some embodiments, the complimentary mating structures may include a screw and thread 

arrangement. Other non-limiting examples of mating structures may include plug and hole, 

keyed, or bayonet arrangements. 

According to one embodiment, the filtration system further comprises a filtrate 

receiving chamber. The filtrate receiving chamber may be in fluid communication with the 

filtrate passageway and the port. The filtrate receiving chamber may be in fluid 

communication between the port and the plurality of hollow fiber membranes. According to 

another embodiment, the filtration system may further comprise a filtrate transfer manifold 

and a filtrate transfer port. The filtrate transfer port may be positioned in fluid 

communication between the filtrate transfer manifold and the filtrate receiving chamber. 

According to one or more aspects, a membrane filtration system may comprise at least 

one filtration module. The filtration module may comprise a plurality of hollow fiber 

membranes. The hollow fiber membranes may be potted in and extend between upper and 

lower headers. In certain aspects, the upper header may include a first sealing surface and a 

filtrate passageway. The filtrate passageway may be in fluid communication with the 

plurality of hollow fiber membranes. In at least one aspect, the membrane filtration system 

may further comprise a removable end cap. The removable end cap may comprise a second 

sealing surface configured to selectively engage with the first sealing surface to selectively 

allow fluid communication between the plurality of hollow fiber membranes and the filtrate 

passageway. The first and second sealing surfaces may be any surfaces that are suitable for 

the purposes of performing selective fluid communication. For example, the first sealing 
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surface may be a bottom surface of a base portion of the removable end cap and the second 

sealing surface may be an upper surface of a potting head. In certain aspects, when the first 

and second sealing surfaces are engaged with each other, fluid communication between the 

filtrate passageway and the lumens of the hollow fiber membranes may be disrupted. In 

some embodiments, the filtration system may further comprise a common filtrate manifold. 

In other embodiments, the filtration system may further comprise a filtrate transfer port. In 

certain instances, the filtrate transfer port may be in fluid communication between the filtrate 

passageway and the common filtrate manifold. 

The systems and methods described herein may provide a method for replacing a 

filtration cartridge in a membrane filtration system. The method may comprise accessing a 

membrane filtration system comprising a plurality of filtration modules. Each filtration 

module may comprise a filtration cartridge, an upper header defining a filtrate passageway, 

and a removable end cap. The removable end cap may be in fluid communication with the 

upper header. The removable end cap may include a port in fluid communication with the 

filtrate passageway. The removable end cap may further comprise a shut-off valve 

configured to selectively allow fluid communication between the port and the filtrate 

passageway. 

The method may further comprise evaluating at least one property of at least one 

filtration module to obtain a result. The evaluation may be performed as discussed and 

characterized above. For example, evaluating may comprise performing a pressure decay test 

on the filtration module. Responsive to the result of the evaluation, the method may further 

comprise accessing the at least one module. For example, if the filtration module fails the 

pressure decay test, the module may then be accessed. As used herein, the term "accessing" 

refers to controlling one or more features of the filtration module. For example, accessing 

may be performed by a control system. The control system may be configured to send one or 
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more signals to the filtration module that control one or features, such as the shut-off valve. 

In another example, accessing may be performed by a user, such as an operator. The operator 

may manually control one or more features of the filtration module, such as the shut-off 

valve. The method may further comprise engaging at least one shut-off valve in at least one 

filtration module to interrupt fluid communication between the port and the filtrate 

passageway of the at least one filtration module. When the shut-off valve is engaged in this 

way, fluid communication between filtrate passageways in the upper headers of the plurality 

of filtration modules may be maintained. For example, when one or more filtration modules 

in a bank of filtration modules fail a pressure decay test, the shut-off valves for the failing 

filtration modules may be engaged. This isolates the membranes of the failing filtration 

modules from the filtrate passageways associated with the non-failing modules and prevents a 

damaging source of contaminating feed from entering the filtrate passageways. Fluid 

communication between the filtrate passageways of the non-failing filtration modules may be 

maintained through the filtrate passageway(s) of the failing filtration modules even when the 

shut-off valves for the failing filtration modules are engaged. 

In at least one aspect, evaluating comprises measuring at least one property, comparing 

the measured value with a target value, and making a determination as to the existence or 

absence of a fault in the at least one filtration module based on the comparison between the 

measured value and the target value. In certain aspects, evaluating may comprise performing 

a pressure test or a pressure decay test. For example, the at least one property that is 

measured may be a transmembrane pressure associated with the hollow fiber membranes. 

When one or more membranes break, the measurements associated with the transmembrane 

pressure may produce values that fail to comply with one or more target values. The 

filtration module may be taken offline in response to the determination of the existence of a 

fault, for example, by engaging the shut-off valve. In some aspects, the pressure decay test 
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may be performed automatically by a control system. For example, sensors positioned in the 

filtration module may provide transmembrane pressure measurements. The sensors may be 

in communication with the control system. If the transmembrane measurements associated 

with a specific module are indicative of a failure, the control system may signal the shut-off 

valve associated with that module to close. 

According to another aspect, engaging the shut-off valve comprises extending a shaft of 

the shut-off valve from an upper surface of a removable end cap of a filtration module. The 

protruding shaft may provide a visual indication of the filtration module being offline. In 

some aspects, the method may further comprise disengaging the shut-off valve to provide 

fluid communication between a port in the removable end cap of the filtration module and a 

filtrate passageway in the module. In at least one aspect, engaging and disengaging the shut-

off valve may comprise rotating the shaft of the shut-off valve. 

The embodiments described herein are described with reference to hollow fiber 

membranes, but it should be understood that the methods and systems are not necessarily 

limited thereto and may be applied to systems incorporating other kinds of filter membranes, 

such as porous or permeable membranes in a spiral wound, mat, or sheet form. 

Certain aspects and embodiments described herein may relate to filter module 

assemblies comprising one or more filter membrane cartridges or sub-module assemblies. 

The filter membrane cartridges may have symmetrical potting heads attached to either end. It 

should be noted that filter membrane cartridges or sub-modules having dissimilar potting 

heads are also contemplated. 

Various aspects and embodiments described herein may relate to filter module 

assemblies that utilize headers constructed to transport fluids in the form of, for example, 

feed, filtrate, and gas to other headers, for example, adjacent like headers, and into and out of 

the filter module, cartridge, or sub-module assembly to which they are connected. 
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Aspects of the present disclosure provide a removable end cap configured to seal with a 

header of a membrane filtration module. The removable end cap may be referred to simply 

as an end cap. The end cap may include a fluid transfer passageway that is in fluid 

communication with one of the opposed sides of the end cap and with a face of the end cap 

that is in fluid communication with a filter membrane cartridge. The fluid transfer 

passageway may be selectively opened and closed by a valve. In some aspects, an inlet to the 

fluid transfer passageway from the membrane filtration module may be sealed open or shut 

by the valve. In other aspects, an outlet from the fluid transfer passageway to a filtrate 

manifold that is in fluid communication with the fluid transfer passageway may be sealed 

open or shut by a valve. 

In accordance with some embodiments, the removable end cap may have features that 

advantageously control fluid flow. In some embodiments, a valve may operate to disconnect 

a filtration module from a filtration system without interfering with other modules in the 

system. In certain aspects, the valve may be positioned within the end cap and be operable 

from the exterior of the end cap. In various aspects, a face of the end cap may be a base 

portion of the end cap. In some aspects, an outlet of the fluid passageway may be provided in 

a base portion of the end cap. In various aspects, the status of the valve may be ascertained 

by visual inspection of the exterior of the header. 

In at least one aspect, the end cap may be movable within the header between a first 

position and a second position. In the first position, the end cap may define a fluid transfer 

passageway within the header that is in fluid communication with the membrane filtration 

module and a filtrate outlet. The fluid transfer passageway may be closed off when the end 

cap is moved to the second position. 

In various aspects, the fluid transfer passageway may be in fluid communication with a 

filtrate discharging face of a potting head of the membrane filtration module. When the end 
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cap is in the second position, it may seal with the filtrate discharging face to close off the 

fluid transfer passageway. In certain aspects, the end cap may be positioned adjacent to the 

filtrate discharging face to form the seal. 

Aspects and embodiments of the present invention relate to membrane filtration 

systems having multiple filtration modules connected together in a bank of filtration modules. 

A fluid control module, alternatively referred to herein as a manifold, may fluidly 

communicate a source of feed and a source of aeration gas to headers of one or more of the 

filtration modules in the bank. At least one of the fluid control module and the filtration 

module headers may include integrated feed, filtrate, and gas conduits. The fluid control 

module may be configured to automatically deliver gas to the filtration module headers upon 

introduction of gas into a feed conduit included within a body of the fluid control module. 

Examples of types of fluid control manifolds that may be used with the methods and 

systems described herein are described in co-owned Australian Patent Application No. 

2010902334, the subject matter of which is incorporated herein in its entirety. 

A filter module assembly in accordance with various aspects and embodiments 

disclosed herein is illustrated generally at 10 in FIG. 1. In the figure, assembly 10 has filter 

modules 11 and 12 mounted in common upper and lower manifolds, 13 and 14 respectively. 

Each filter module 11 and 12 may include a tubular outer casing 15 that encloses a respective 

sub-module or cartridge 16. The casing 15 may extend between a lower socket 31 and an 

upper header housing 30. Lower socket 31 may be mounted to lower header 32. Lower 

header 32 may include a head piece 49. Headpiece 49 may be connected to a fluid control 

manifold 54 that selectively provides feed liquid and air to lower header 32. 

Cartridge 16 may comprise a plurality of hollow fiber membranes (not shown) potted 

in and extending vertically between opposed lower and upper potting heads 17 and 18. 

Potting heads 17 and 18 may be formed of resinous potting material and may be generally 
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cylindrical in configuration. It should be noted that the shape and size of the potting heads is 

not narrowly critical and a variety of configurations may be used, including square, 

rectangular, triangular or elliptical shapes. The potting heads may be provided with through 

openings or holes 26 to flow gas and liquid into the cartridge 16. 

The hollow fiber membranes may form the working part of the filter cartridge. Each 

fiber membrane may have an average pore size of about 0.2 microns, a wall thickness of 

about 600 microns and a lumen diameter of about 200 microns. The fiber membranes may be 

arranged in bundles. There may be about 14,000 hollow fibers in the bundle, but this 

number, as well as the individual fiber dimensions and characteristics, are not narrowly 

critical and may be varied according to operational requirements. 

Each potting head 17, 18 may be cast into and peripherally surrounded on its outer 

side by a respective potting sleeve 19, 20 that extends longitudinally in the direction of the 

fibers toward a respective opposed potting head 17, 18. Each potting sleeve 19, 20 may 

extend beyond the interface between the potting head 17, 18 and the fibers extending 

longitudinally from potting head 17, 18 toward a respective opposed potting head 17, 18 to 

form a fluid communication region 21. 

Each potting sleeve 19, 20 may have a plurality of openings 22, formed therein and 

located in the fluid communication region 21. In this embodiment, an array of openings 22 

may be provided that are spaced circumferentially and longitudinally from each other. Each 

opening 23 may be in the form of a circumferentially extending slot. It will be appreciated 

that the number, size and shape of the opening 23 is not narrowly critical. The openings 22 

are preferably positioned near the distal end 24, 25 of each potting head 17, 18. 

As shown in FIG. 4, the upper ends of the fiber membranes (not shown) may be 

embedded in an upper potting head 17. The potting head 17 may include, for example, a plug 

of resinous material such as polyurethane that is cast into an upper potting sleeve 20. Around 
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the periphery of the upper end of potting sleeve 20 there may be a pair of grooves 75 and 76 

for receiving O-rings 77 and 78 respectively. The lower end 79 of the upper potting sleeve 

20 may be configured to receive a cylindrical screen 80 that encloses the fiber membranes 

(not shown). 

Cylindrical screen 80 may extend between the lower end 79 of the upper potting sleeve 

20 and the upper end of the lower potting sleeve 19. The screen 80 may extend 

longitudinally along the outer wall of the potting sleeve to a position spaced by a 

circumferential rib 80' from the fluid communication region 21. In one embodiment, the 

screen 80 may be a thin-walled solid tube, but it will be appreciated that other forms of screen 

may be used. The screen may function to protect the membranes during handling of the sub-

modules and also assist in retaining fluid flow within the membrane bundle. The smooth 

surface of the solid tube screen may also reduce the potential for abrasion of the membranes 

during use. 

The upper potting sleeve 20 may fit within an annular adaptor 81 at its upper end. The 

potting sleeve 20 may be engaged and held within the annular adaptor 81 by means of a 

circlip 82 located in mating grooves 83, 84 that may be provided on the respective external 

and internal walls of the upper potting sleeve 20 and annular adaptor 81. The upper potting 

sleeve 20 may be supported on a radially extending shoulder 85 on the upper housing 30 by 

an outwardly extending rib 86 on the upper potting sleeve 20. A locking protrusion 85' may 

be formed on the external wall of the upper potting sleeve 20 spaced below grooves 83, 84 

that may accommodate circlip 82. The locking protrusion 85' may engage with a slot (not 

shown) formed in shoulder 85 to prevent relative rotation between the upper potting sleeve 20 

and the upper housing 30. 

The upper potting sleeve 20 and annular adaptor 81 may be surrounded by and mounted 

within upper header housing 30. Upper header housing 30 may be referred to as an upper 
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housing or simply as a housing. The upper header housing 30 may be open-ended and 

dimensioned to closely receive the upper potting sleeve 20 and annular adaptor 81. 

The upper header housing 30 may be formed of an upper and lower component 87, 88. 

The lower end 89 of the upper component 87 may be provided with a peripheral flange 90. 

The lower face 91 of the peripheral flange 90 may be provided with an annular groove 92. 

The upper end 93 of the lower component 88 may be provided with a peripheral flange 94 

that may be positioned adjacent to the peripheral flange 90 of the upper component 87. The 

upper face 95 of the peripheral flange 94 of the lower component 88 may be provided with an 

annular rib 96. Annular rib 96 may be is sized to mate and fit within annular groove 92 when 

the flanges 90, 94 of the upper and lower components 87, 88 are positioned adjacent to each 

other. A dovetail seal may be provided between flanges 90 and 94. Flanges 90, 94 may be 

held adjacent to each other by an external C-section clip 97 that may fit over and engage with 

the periphery of flanges 90, 94 of upper and lower component 87, 88. Clip 97 may be a 

resilient self-actuating device biased to retain flanges 90, 94 in an abutted position. Flanges 

90, 94 may be disengaged by spreading and removing clip 97 either manually or with a tool. 

In use, annular adaptor 81 may be sealed against upper component 87 of header 

housing 30. Around the periphery of annular adaptor 81 there may be a pair of annular 

grooves 100 and 101 that support O-rings 102 and 103. O-rings 102, 103 may bear against 

the inner wall of upper component 87 to provide the sealing engagement. 

Between peripheral flange 90 at its lower end 89 and annular grooves 100, 101, upper 

component 87 of upper header housing 30 may be provided with an enlarged diameter 

portion to form an annular fluid transfer passageway 104. Fluid transfer passageway 104 

may be positioned between the outer wall of upper potting sleeve 20 and the inner wall of 

upper component 87 of upper header housing 30. A fluid transfer port 105 may be located in 

a side wall of the upper component 87 adjacent to and extending from the annular fluid 
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transfer passageway 104. Fluid transfer port 105 may be provided with a tubular connection 

flange 106 at its free end 107. Around the periphery of the tubular connection flange 106 

there may be a pair of annular grooves 108 and 109 that support O-rings 110 and 111. 

In use, when the upper potting sleeve 20 is mounted within upper header housing 30, 

potting sleeve 20 may be positioned so that openings 22 of fluid communication region 21 

are in fluid communication with annular fluid transfer passageway 104. 

Locking protrusion 85' may prevent relative rotation between upper potting sleeve 20 

and upper header housing 30. The prevention of the relative rotation may be desirable to 

allow the location of openings 22 to be spaced from the fluid transfer port 105 and therefore 

prevent damage to the membranes in the region of fluid outflow. 

Upper potting sleeve 20 and its attached annular adaptor 81 may be held at the 

mounting location within the upper header housing 30 by a removable end cap 120. The end 

cap 120 may comprise a base portion 121, a reduced diameter mid portion 122, and an upper 

portion 123. The end cap 120 may further comprise a centrally located shut-off passageway 

124 that extends from the upper portion 123 to the lower side 125 of the base portion 121. 

The reduced diameter mid-portion 122 may form a filtrate discharge passageway 126 

comprising an internal concave wall 127 and a number of radially extending reinforcement 

ribs 128 between the upper and lower walls 129, 130 of the filtrate discharge passageway 

126. Filtrate discharge passageway 126 may also be referred to as filtrate passageway 126. 

Base portion 121 of end cap 120 may comprise a central boss portion 131 through 

which the shut-off passageway 124 opens at its lower end 132. Base portion 121 may 

comprise a circumferential downwardly extending rib 133 that, in use, bears against an upper 

peripheral edge 134 of the annular adaptor 81 spaced from the upper surface 136 of the upper 

potting head to define a filtrate receiving chamber 135 between the upper surface 136 of the 

upper potting head 17 and the end cap 120. The upper peripheral edge 134 of the annular 
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adaptor 81 may be provided with an inwardly extending circumferential lifting shoulder 139. 

Open ends of the fiber membranes potted in upper potting head 17 may open into filtrate 

receiving chamber 135 to provide fluid communication between the lumens of the fiber 

membranes and the filtrate receiving chamber 135. 

An outer wall of the base portion 121, adjacent the downwardly extending rib 133, may 

be provided with a peripheral groove 137 that supports an O-ring 138. This arrangement may 

provide a seal between end cap 120 and upper header housing 30. 

Upper portion 123 of end cap 120 may comprise a floor 140 with a centrally located 

boss portion 141 through which the shut-off passageway 124 opens at its upper end 142. A 

peripheral stepped wall 143 may extend upward from the floor 140 of the upper portion 123 

to define an upwardly opening recess 144. The outer peripheral surface of an upper portion 

145 of the stepped wall 143 may be provided with screw threads 146 that, in use, threadingly 

engage with mating screw threads 147 provided on an upper portion of the inner wall surface 

of the header housing 30. 

The outer wall of upper portion 123 of end cap 120, positioned adjacent the step and 

below the screw threads 146, may be provided with a peripheral groove 148 that supports an 

O-ring 149. This arrangement, together with O-ring 138, may serve to form a fluid tight seal 

to filtrate discharge passageway 126. 

Shut-off passageway 124 may provide access from the exterior of header housing 30 to 

the interior of the filtrate discharge passageway 126 and house a shut-off valve 150. Shut-off 

valve 150 may also be referred to simply as valve 150. A top portion 151 of shut-off valve 

150 may comprise an aperture (not shown) for receiving an adjustment tool, for example, a 

screwdriver or wrench and for manual activation of the valve. In accordance with some 

embodiments, shut-off valve 150 may be activated manually. In accordance with other 

embodiments, shut-off valve 150 may be remotely activated by a control system. For 
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example, a control system may remotely control a servo motor which may operate the shut-

off valve 150. Adjacent the central portion of shut-off valve 150 may be a seal 152 that 

provides a fluid-tight seal between the shut-off valve 150 and the interior wall of shut-off 

passageway 124. 

Port 154 in end cap 120 may fluidly connect filtrate collection chamber 135 and filtrate 

passageway 126. At the lower end of shut-off valve 150 there may be a seal 153. When the 

shut-off valve 150 is moved upwardly, seal 153 may close port 154 to the filtrate discharge 

passageway 126 to prevent flow of filtrate from the sub-module 16 to the header 155. The 

closing of port 154 does not interfere with the flow of filtrate to and from adjacent headers 

through filtrate passageway 126. Shut-off valve 150 may be constructed so that it may be 

readily operated without dismantling any component parts of the filter. Shut-off valve 150 

may advantageously allow a single membrane module of a filtration system comprising a 

plurality of modules to be taken offline without requiring other surrounding modules to be 

taken offline at the same time. 

Shut-off valve 150 may comprise a shaft 156 that protrudes from the upper portion of 

end cap 120 when activated. The protrusion of the shaft may be easily ascertainable at a 

distance. In certain embodiments, the protruding shaft may indicate that shut-off valve 150 is 

in the closed position and therefore indicate that the respective sub-module is disconnected or 

offline. 

In certain embodiments, an inner wall of shut-off passageway 124 and shaft 156 may 

comprise complimentary mating structures configured to selectively allow fluid 

communication between port 154 and filtrate passageway 124. For example, in accordance 

with some embodiments, shut-off valve 150 may be moved from the open position to the 

closed position by rotating shaft 156 of valve 150 in a screw threading engagement with the 

inner wall of shut-off passageway 124. Rotating shaft 156 in passageway 124 in a first 
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direction may cause upward axial movement of seal 153 and close port 154. Likewise, 

rotating shaft 156 in a second direction may cause downward axial movement of seal 153 and 

open port 154. 

In certain embodiments, shut-off passageway 124 may have a viewing window or be 

formed of transparent material so that air bubbles can be observed by an operator during a 

pressure test or pressure decay test. An air pressure decay test may comprise pressurizing 

one side of a hollow fiber membrane module, and then watching the air pressure decay over a 

period of time, which may be several minutes. If the membrane fibers in the module are 

intact, a change in pressure over time corresponding to the pressure decay may be low or 

unchanging. If one or more membrane fibers in the module are broken, the pressure may 

decay at a high or highly unstable rate. In certain instances, hollow fiber membranes in 

filtration systems undergo automatic air pressure tests. The procedure may be conducted on 

an entire rack of modules at one time and in certain cases, be capable of finding one broken 

fiber in an entire array of modules. Air pressure decay tests may be also performed manually. 

The test may be performed on a regular or sporadic basis. 

The upper component 87 of header housing 30 may be provided with a filtrate transfer 

port 160 located in a side wall of upper component 87 adjacent to and extending from the 

filtrate discharge passageway. Filtrate transfer port 160 may be provided with a radially 

protruding tubular connection flange 161 at its free end 162. Around the periphery of the 

tubular connection flange 161 there may be a pair of annular grooves 163 and 164 that 

support O-rings 165 and 166. 

Connection flange 161 of filtrate transfer port 160 may fit within and provide a seal 

with a connection flange 167 provided on a common filtrate transfer manifold 168. The 

common filtrate transfer manifold 168 may be located between the upper headers 155 of each 

module 11, 12. 
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Similarly, the radially protruding connection flange 106 of fluid transfer port 105 may 

fit within and provide a seal with a connection flange 169 provided on a common fluid 

transfer manifold 170 located between upper headers 155 of each module 11, 12. The O-

rings 110, 111 may provide a sealing engagement with the mating connecting flange 169 of 

the fluid transfer manifold 170. 

As best shown in FIGS. 1 and 2, the fluid transfer manifold 170 and the filtrate transfer 

manifold 168 may each be provided with a respective generally circular cross-section 

passageway 171, 172 extending normal to the longitudinal axis of modules 11, 12. The 

filtrate transfer manifold 168 may be mounted to and positioned above the fluid transfer 

manifold 170. The manifolds 168, 170 may be mounted between the upper header housings 

30 of each module pair 11, 12 so as not to obstruct the removal of the respective end caps 120 

of each header housing 30. 

FIGS. 5 and 6 illustrate a further embodiment of an end cap and header housing 

arrangement in accordance with various aspects and embodiments described herein. In the 

figures, the end cap and header housing are configured to provide an alternate method and 

structure for isolating a filtrate collection chamber. In certain embodiments, isolating a 

filtrate collection chamber may occur when a fault is detected in the relevant filtration 

module. 

In this embodiment, shut-off valve 150 and the internal filtrate passageway of the end 

cap may no longer be required. 

The end cap 120 may comprise an upper portion 123 and a reduced diameter base 

portion 121 formed by a stepped wall 143. Stepped wall 143 may define an upwardly 

opening downwardly extending recess 144 in the end cap 120. Upper portion 145 of stepped 

wall 143 may be provided with a peripheral circumferentially extending screw thread 146 

that engages with a mating screw thread 147 on the internal wall of the upper header housing 
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30. Base portion 121 may comprise a circumferential downwardly extending rib 133 that, in 

use, may bear against an upper peripheral edge 134 of annular adaptor 81. 

In use, end cap 120 may be screwed down within header housing 30 to a position where 

base portion 121 is spaced vertically from the upper surface 136 of the upper potting head 17 

to form a filtrate receiving chamber 135. Filtrate receiving chamber 135 may be in direct 

fluid communication with filtrate transfer port 160. 

When a fault in the filtration module is detected, it may be desirable to isolate the 

module. As illustrated in FIG. 6, end cap 120 may be screwed further downward within 

header housing 30 until the rib 133 bears against an upper peripheral edge 180 of the upper 

potting sleeve 20. This may function to seal off the upper surface 136 of upper potting head 

17 from the filtrate transfer port 160 and prevent flow of filtrate to filtrate transfer port 160. 

Rib 133 may be formed of a sealing material to produce a fluid tight seal, or a groove may be 

formed in the rib to accommodate a sealing O-ring (not shown). 

FIGS. 7 and 8 illustrate a further embodiment of an end cap 120 and header housing 

arrangement in accordance with various aspects and embodiments described herein. In the 

figures, the end cap and header housing may be configured to provide an alternate method 

and structure for isolating the filtrate receiving chamber 135, for example, when a fault is 

detected in the relevant filtration module. 

In this embodiment, the end cap 120 may be configured differently to the embodiments 

described above. A further stepped wall 173 spaced radially inward of stepped wall 143 may 

extend upwardly from the floor 140 of upper portion 123 of end cap 120 to define an 

upwardly opening recess 174. The upper portion of the end cap 120 may be provided with a 

radially extending shut-off passageway 124 that is located adjacent a step portion 175 of 

stepped wall 173. Shut-off passageway 124 may extend from recess 174 to filtrate 

passageway 126. 
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Shut-off passageway 124 may provide access from the exterior of the header housing 

30 to the interior of the filtrate discharge passageway 126 and house a shut-off valve 150. 

The inner portion 151 of shut-off valve 150 may comprise an aperture (not shown) for 

receiving an adjustment tool, for example, a screwdriver or wrench and for manual activation 

of valve 150. Adjacent the central portion of the shut-off valve 150 may be a seal 152 that 

provides a fluid-tight seal between shut-off valve 150 and shut-off passageway 124. 

At the outer end of shut-off valve 150 may be a seal 153. When shut-off valve 150 is 

moved outwardly, seal 153 may function to close port 176 off from filtrate discharge 

passageway 126 and filtrate transfer port 160 and prevent flow of filtrate from cartridge 16 to 

header 155. It is to be noted, however, that closure of port 176 may not interfere with the 

flow of filtrate to and from adjacent headers through filtrate passageway 126. Shut-off valve 

150 may be so designed that it can be readily operated without dismantling of component 

parts of the filter. 

Shut-off valve 150 may be moved from the open position to the closed position by 

rotating shaft 156 of the valve 150 in a screw threading engagement with the inner wall of the 

shut-off passageway 124, resulting in outward axial movement relative to the shut-off 

passageway 124. Subsequently, port 176 may be closed using seal 153 positioned on the end 

of shaft 156. Shut-off valve 150 may be opened by rotating shaft 156 in an opposite 

direction. 

The operation of the filtration modules will now be generally described with reference 

to FIGS. 1 to 5. 

As described in co-owned Australian Patent Application No. 2010902334, which is 

incorporated herein by reference in its entirety for all purposes, during the normal feed supply 

mode and during filtration, the feed passageway 60 of the lower header 32 may be filled with 

feed liquid. Feed may flow through feed passageway 60 into the fluid connection 
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passageway 50 and out of the fluid transfer port 45 of the lower header 32. The feed liquid 

may then flow into the lower socket 31 along annular fluid transfer passageway 9 through the 

fluid communication region 21, the openings 22 in the lower potting sleeve 19, and around 

the membranes of each module 11 and 12. 

The filtration system of this embodiment may operate in a dead-end filtration mode or 

a feed and bleed filtration mode. 

In dead-end filtration mode, the feed liquid may be pressurised within the outer casing 

15 to produce a transmembrane pressure differential across the walls of the membranes. This 

may result in filtrate being produced within the membrane lumens. In this embodiment, the 

membranes may not open into the lower potting head 18. Therefore, filtrate may flow 

upward within the membrane lumens and be discharged into the filtrate receiving chamber 

135. The filtrate may then flow through port 154, filtrate discharge passageway 126, filtrate 

transfer port 160, and into filtrate transfer manifold 168. 

In feed and bleed filtration mode, a portion of feed liquid (for example, 10% to 75% of 

the feed liquid) entering the base of each module may flow upward along the membranes and 

within the solid screen and outer casing 15 and pass outward through openings 22 in the 

upper potting sleeve 20 into annular fluid transfer passageway 104. The feed liquid may then 

flow out through fluid transfer port 105 and into the passageway 172 of the fluid transfer 

manifold 170. 

In this embodiment the membranes may not open into the lower potting head 18, so 

filtrate may flow upward within the membrane lumens and be discharged into the filtrate 

receiving chamber 135. The filtrate may then flow through port 154, filtrate discharge 

passageway 126, filtrate transfer port 160, and into filtrate transfer manifold 168. 

As described in co-owned Australian Patent Application No. 2010902334, when air or 

gas scouring is desired, the liquid within the feed passageway 60 may be displaced 
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downwardly by the introduction of gas into the feed passageway 60. The gas may be fed 

upwardly through passages 26 in the lower potting head 18 and then around the membranes. 

The gas may then enter the base of each module 11,12 and flow upward as bubbles 

along the membranes and within the solid screen 80 to clean the surface of the membranes. 

The gas may then pass out through openings 22 in the upper potting sleeve 20 into annular 

fluid transfer passageway 104. The gas may then vent through fluid transfer port 105 and 

into the passageway 171 of the fluid transfer manifold 170. 

During a backwash or a draindown after gas aeration or scouring, liquid may be 

removed from the module by flowing liquid from the module in a reverse direction to the 

feed supply mode. 

The methods and systems described herein are not limited in their application to the 

details of construction and the arrangement of components set forth in the previous 

description or illustrations in the figures. The methods and systems described herein are 

capable of other embodiments and of being practiced or of being carried out in various ways. 

Also, the phraseology and terminology used herein is for the purpose of description and 

should not be regarded as limiting. The use of "including," "comprising," "having," 

"containing," "involving," "characterized by," "characterized in that," and variations thereof 

herein is meant to encompass the items listed thereafter, equivalents thereof, as well as 

alternate embodiments consisting of the items listed thereafter exclusively. 

Use of ordinal terms such as "first," "second," "third," and the like in the specification 

and claims to modify an element does not by itself connote any priority, precedence, or order 

of one element over another or the temporal order in which acts of a method are performed, 

but are used merely as labels to distinguish one element having a certain name from another 

element having a same name, but for use of the ordinal term, to distinguish the elements. 
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Those skilled in the art would readily appreciate that the various parameters and 

configurations described herein are meant to be exemplary and that actual parameters and 

configurations will depend upon the specific application for which the apparatus and methods 

of the present disclosure are used. Those skilled in the art will recognize, or be able to 

ascertain using no more than routine experimentation, many equivalents to the specific 

embodiments described herein. For example, those skilled in the art may recognize that the 

system, and components thereof, according to the present disclosure may further comprise a 

network of systems or be a component of a heat exchanger system or water treatment system. 

It is, therefore, to be understood that the foregoing embodiments are presented by way of 

example only and that, within the scope of the appended claims and equivalents thereto, the 

disclosed systems and methods may be practiced otherwise than as specifically described. 

For example, flat sheet membranes may be prepared and used in the systems of the present 

disclosure. The present systems and methods are directed to each individual feature, system, 

or method described herein. In addition, any combination of two or more such features, 

systems, or methods, if such features, systems or methods are not mutually inconsistent, is 

included within the scope of the present disclosure. 

Further, it is to be appreciated various alterations, modifications, and improvements 

will readily occur to those skilled in the art. Such alterations, modifications, and 

improvements are intended to be part of this disclosure, and are intended to be within the 

spirit and scope of the disclosure. For example, the manifolds may be prepared by any 

fabrication technique, including injection molding or welding techniques and be fabricated 

from any desired material. In other instances, an existing facility may be modified to utilize 

or incorporate any one or more aspects of the methods and systems described herein. Thus, 

in some cases, the systems may involve connecting or configuring an existing facility to 

comprise a filtration system or components of a filtration system, for example, the manifolds 
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disclosed herein. Accordingly, the foregoing description and figures are by way of example 

only. Further, the depictions in the figures do not limit the disclosures to the particularly 

illustrated representations. 

While exemplary embodiments of the disclosure have been disclosed, many 

modifications, additions, and deletions may be made therein without departing from the spirit 

and scope of the disclosure and its equivalents, as set forth in the following claims. 

What is claimed is: 
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CLAIMS 

1. A membrane filtration system comprising: 

a first filtration module including a plurality of hollow fiber membranes, the plurality 

of hollow fiber membranes potted in and extending between an upper header and a lower 

header; 

a first filtrate passageway defined in the upper header and in fluid communication 

with the plurality of hollow fiber membranes; and 

a removable end cap comprising: 

a port; and 

a shut-off valve including a seal configured to selectively allow fluid 

communication between the port and the first filtrate passageway. 

2. The membrane filtration system of claim 1, further comprising a plurality of filtration 

modules including respective upper headers having respective filtrate passageways. 

3. The membrane filtration system of claim 2, further comprising a filtrate transfer 

manifold in fluid communication with the filtrate passageways in the upper headers of the 

plurality of filtration modules. 

4. The membrane filtration system of claim 3, wherein the shut-off valve is configured 

to isolate the plurality of hollow fiber membranes from the first filtrate passageway while the 

first filtrate passageway provides fluid communication between the filtrate passageways in 

the upper headers of the plurality of filtration modules. 
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5. The membrane filtration system of claim 3, wherein the shut-off valve further 

comprises a shaft that protrudes through the removable end cap. 

6. The membrane filtration system of claim 5, wherein the shut-off valve is disposed 

within a shut-off passageway in fluid communication with the first filtrate passageway. 

7. The membrane filtration system of claim 6, wherein an inner wall of the shut-off 

passageway and the shaft of the valve comprise complimentary mating structures configured 

to provide for displacement of the valve in the shut-off passageway and selectively allow 

fluid communication between the port and the filtrate passageway. 

8. The membrane filtration system of claim 6, wherein the shut-off passageway 

comprises a viewing window. 

9. The membrane filtration system of claim 1, wherein the shut-off valve is configured 

to allow manual positioning of the seal. 

10. The membrane filtration system of claim 1, further comprising a filtrate receiving 

chamber in fluid communication with the filtrate passageway and the port, the filtrate 

receiving chamber in fluid communication between the port and the plurality of hollow fiber 

membranes. 

11. The membrane filtration system of claim 10, further comprising a filtrate transfer 

manifold and a filtrate transfer port, the filtrate transfer port positioned in fluid 

communication between the filtrate transfer manifold and the filtrate receiving chamber. 
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12. A membrane filtration system comprising: 

at least one filtration module comprising a plurality of hollow fiber membranes, the 

plurality of hollow fiber membranes potted in and extending between upper and lower 

headers; 

the upper header including a first sealing surface and a filtrate passageway; and 

a removable end cap comprising a second sealing surface configured to selectively 

engage with the first sealing surface to selectively allow fluid communication between the 

plurality of hollow fiber membranes and the filtrate passageway. 

13. The membrane filtration system of claim 12, further comprising a common filtrate 

manifold and a filtrate transfer port, wherein the filtrate transfer port is in fluid 

communication between the filtrate passageway and the common filtrate manifold. 

14. A method for replacing a filtration cartridge in a membrane filtration system, the 

method comprising: 

accessing a membrane filtration system comprising a plurality of filtration modules, 

wherein each filtration module comprises a filtration cartridge, an upper header defining a 

filtrate passageway, and a removable end cap in fluid communication with the upper header, 

the removable end cap including a port in fluid communication with the filtrate passageway 

and a shut-off valve configured to selectively allow fluid communication between the port 

and the filtrate passageway; 

evaluating at least one property of at least one filtration module to obtain a result; and 

responsive to the result of the evaluation, accessing the at least one filtration module; 

and 
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engaging at least one shut-off valve in at least one filtration module to interrupt fluid 

communication between the port and the filtrate passageway of the at least one filtration 

module while maintaining fluid communication between filtrate passageways in the upper 

headers of the plurality of filtration modules. 

15. The method of claim 14, wherein evaluating comprises measuring the at least one 

property, comparing the measured value with a target value, and identifying a fault in the at 

least one filtration module based on the comparison between the measured value and the 

target value. 

16. The method of claim 14, wherein evaluating comprises performing a pressure decay 

test. 

17. The method of claim 16, wherein the pressure decay test is performed automatically 

by a control system. 

18. The method of claim 14, wherein engaging the at least one shut-off valve comprises 

extending a shaft of the at least one shut-off valve from an upper surface of the removable 

end cap to provide a visual indication of the at least one filtration module being offline. 

19. The method of claim 18, further comprising disengaging the at least one shut-off 

valve to provide fluid communication between the port and the filtrate passageway. 

20. The method of claim 19, wherein engaging and disengaging the at least one shut-off 

valve comprises rotating the shaft of the at least one shut-off valve. 
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