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ENCLOSURE ASSEMBLY AND FILTRATION MODULE FOR FILTERING FLUID

CLAIM FOR PRIORITY

[1] This PCT International Application claims the benefit of priority of U.S.

Provisional Application No. 61/949,939, filed March 7, 2014, the subject matter of which

is incorporated herein by reference in its entirety.

DESCRIPTION

Field of the Disclosure

[2] The present disclosure relates to enclosure assemblies and enclosure

modules for filtration modules and, more particularly, to enclosure assemblies and

enclosure modules for filtration modules including fiber membranes.

Background

[3] A wide variety of membrane filtration systems have been used for many

years to treat contaminated water, such as, for example, sewage or waste water. Such

systems vary in complexity and cost. In an effort to make the treatment processes more

cost efficient, submerged membrane filtration processes have been developed in which

modules including filtration membranes are immersed in a large feed tank, and filtrate is

collected through suction applied to the filtrate side of the membranes. However, the

effectiveness of these systems may be largely dependent on having effective ways to

clean the surfaces of the membranes, so that they do not become clogged and/or lose

their effectiveness. While some of these systems may be relatively effective, there is a

continuing desire to provide a membrane filtration system for treating large volumes of

fluid in, for example, submerged membrane filtration systems, that more effectively

reduces system blockage or loss of effectiveness, for example, by removing materials



from filtration membranes that is independent of the flow velocity of the fluid through the

system.

[4] An example of a filtration system is disclosed in U.S. Patent Application

Publication No. US 2009/0026139 A 1 ("the 39 publication"). The 39 publication

describes a membrane filtration module of the type having a plurality of permeable,

hollow membranes mounted therein, wherein, in use, a pressure differential is applied

across the walls of the membranes immersed in a liquid suspension containing

suspended solids. The liquid suspension is applied to one surface of the membranes to

induce and sustain filtration through the membrane walls. According to the 39

publication, some of the liquid suspension passes through the walls of the membranes

to be drawn off as clarified liquid or permeate, and at least some of the solids are

retained on or in the membranes or otherwise as suspended solids within the liquid

suspension.

[5] Although the filtration system described in the 39 publication may be

effective in removing some suspended solids from the filtered liquid, it may still suffer

from a number of possible drawbacks similar to those mentioned above. For example,

the solids may build up on the membranes, thereby clogging or reducing the

effectiveness of the filtration system. As a result, it may be desirable to clean the solids

from the membranes to restore the effectiveness of the filtration system. However, the

design of the membrane filtration module of the 39 publication may render it difficult or

inefficient to clean the membranes without partially or fully disassembling the membrane

filtration module, which causes extended periods of unavailability and inefficiency.



Moreover, the design of the system of the "139 publication may result in less efficient

operation of a pump associated with the membrane filtration module.

[6] The exemplary assemblies, systems, and methods described herein may

mitigate or eliminate some of the potential drawbacks described above.

SUMMARY

[7] According to a first aspect, an enclosure assembly configured to receive

a plurality of fiber membranes configured to filter fluid may include an elongated tubular

member extending along a longitudinal axis between a first end and a second end of the

elongated tubular member. The elongated tubular member may include an elongated

wall extending between the first and second ends of the elongated tubular member, with

the elongated wall including opposing side edges. The elongated tubular member may

further include a removable hatch extending between the first and second ends of the

elongated tubular member and coupled to the opposing side edges of the elongated

wall, thereby forming a hollow enclosure having an interior configured to provide flow

communication between the first and second ends of the elongated tubular member.

The interior of the elongated tubular member may be configured to receive a plurality of

fiber membranes configured to filter fluid.

[8] According to a further aspect, an enclosure module configured to receive

a plurality of bundles of fiber membranes configured to filter fluid may include a plurality

of elongated tubular members, each extending along a longitudinal axis between a first

end and a second end of the elongated tubular member. The elongated tubular

members may each include an elongated wall extending between the first and second

ends of the elongated tubular member, with the elongated wall including opposing side



edges. The elongated tubular member may further include a removable hatch

extending between the first and second ends of the elongated tubular member and

coupled to the opposing side edges of the elongated wall, thereby forming a hollow

enclosure having an interior configured to provide flow communication between the first

and second ends of the elongated tubular member. The interior of each of the

elongated tubular members may be configured to receive a bundle of fiber membranes

configured to filter fluid.

[9] According to still another aspect, a filtration module configured to filter

fluid may include an enclosure assembly configured to receive a plurality of fiber

membranes. The enclosure assembly may include an elongated tubular member

extending along a longitudinal axis between a first end and a second end of the

elongated tubular member. The elongated tubular member may include an elongated

wall extending between the first and second ends of the elongated tubular member, with

the elongated wall including opposing side edges. The elongated tubular member may

further include a removable hatch extending between the first and second ends of the

elongated tubular member and coupled to the opposing side edges of the elongated

wall, thereby forming a hollow enclosure having an interior configured to provide flow

communication between the first and second ends of the elongated tubular member.

The filtration module may also include a header associated with the first end of the

elongated tubular member and configured to provide flow communication into the

interior of the elongated tubular member. The filtration module may further include a

bundle of a plurality of fiber membranes coupled to the header and received in the

interior of the elongated tubular member, such that the fiber membranes extend along



the longitudinal axis of the elongated tubular member, with the fiber membranes being

configured to filter fluid.

[10] According to yet another aspect, a method of servicing a filtration module

configured to filter fluid may include removing the filtration module from a tank

containing fluid. The filtration module may include a plurality of bundles of fiber

membranes, with each bundle received in an enclosure assembly. The method may

further include at least partially separating a removable hatch from one of the enclosure

assemblies to thereby expose one of the bundles of fiber membranes, and servicing the

exposed bundle of fiber membranes.

[ 1 1 According to still another aspect, a method of reducing build-up of filtered

debris on fiber membranes of a bundle of fiber membranes of a filtration module

configured to filter fluid, may include providing the bundle of fiber membranes in an

elongated tubular member of an enclosure assembly, such that the fiber membranes

extend along a longitudinal axis of the elongated tubular member. The method may

further include supplying gaseous bubbles at a first end of the elongated tubular

member, such that the gaseous bubbles flow from the first end of the elongated tubular

member over at least a portion of the fiber membranes toward a second end of the

elongated tubular member, thereby dislodging at least some of the filtered debris.

BRIEF DESCRIPTION OF THE DRAWINGS

[12] Fig. 1 is a side view of an exemplary embodiment of a filtration module.

[13] Fig. 2 is a perspective view of an exemplary embodiment of a filtration

module.

[14] Fig. 3 is a top view of an exemplary embodiment of a filtration module.



[15] Fig. 4 is a perspective view of an exemplary embodiment of an enclosure

module.

[16] Fig. 5 is a detail view of the exemplary portion shown in Fig. 4 .

[ 17] Fig. 6 is a top view of an exemplary embodiment of an enclosure

assembly.

[ 18] Fig. 7 is a top view of an exemplary embodiment of a bundle of fiber

membranes received in an exemplary embodiment of an enclosure assembly.

[19] Fig. 8 is a side view of an exemplary embodiment of a filtration module

received in an exemplary tank.

[20] Fig. 9 is an exemplary embodiment of an enclosure assembly.

[21] Fig. 10 is a detail view of the exemplary embodiment shown in Fig. 9 .

[22] Fig. 11 is a cross-sectional view of an exemplary embodiment of an

elongated tubular member.

[23] Fig. 12 is a partial perspective view of an exemplary embodiment of an

elongated tubular member.

[24] Fig. 13 is a top view of an exemplary embodiment of an enclosure

assembly.

[25] Fig. 4 is a detail view of the exemplary embodiment shown in Fig. 13.

[26] Fig. 15 is a perspective view of another exemplary embodiment of a

filtration module.

[27] Fig. 16 is a perspective assembly view of portions of the exemplary

embodiment shown in Fig. 15 .



[28] Fig. 7 is a detail perspective view of a portion of the exemplary

embodiment shown in Fig. 16.

[29] Fig. 18 is a detail perspective view of a portion of the exemplary filtration

module shown in Fig. 15.

[30] Fig. 19 is a detail view of an exemplary embodiment of a riser coupling

assembly.

[31] Fig. 20 is an inverted section view of a portion of an exemplary

embodiment of a filtration module.

[32] Fig. 2 1 is an inverted assembly view of exemplary embodiments of

components related to a fiber bundle assembly.

[33] Fig. 22 is an inverted partial perspective view of a portion of an

exemplary embodiment of a fiber bundle assembly.

[34] Fig. 23 is an inverted partial perspective section view of an exemplary

embodiment of a bundle body and fiber bundle assembly.

[35] Fig. 24 is an exemplary embodiment of a fiber plate

[36] Fig. 25 is an exemplary embodiment of a fiber plate

[37] Fig. 26 is an exemplary embodiment of a fiber plate

[38] Fig. 27 is an exemplary embodiment of a fiber plate

[39] Fig. 28 is an exemplary embodiment of a fiber plate

[40] Fig. 29 is an exemplary embodiment of a fiber plate

[41] Fig. 30 is an exemplary embodiment of a fiber plate

[42] Fig. 3 1 is an exemplary embodiment of a fiber plate

[43] Fig. 32 is an exemplary embodiment of a fiber plate



DESCRIPTION OF EXEMPLARY EMBODIMENTS

[44] Fig. 1 shows a side view of an exemplary embodiment of a submerged

membrane filtration system 10. The exemplary embodiment shown includes an

exemplary embodiment of a filtration module 12, which includes a plurality exemplary

enclosure modules 14, each including a plurality of exemplary enclosure assemblies 16

(see Fig. 2). In the exemplary embodiment shown, each of the enclosure assemblies

16 includes a bundle 18 of fiber membranes 20. According to some embodiments, the

fiber membranes 20 are hollow fiber membranes. Other types of fiber membranes

known in the art are contemplated. The exemplary filtration system 10 may be used, for

example, to treat fluid that is contained or held in a basin or tank at ambient pressure.

[45] The arrows shown in Fig. 1 schematically depict an exemplary flow path

for fluid in relation to the filtration module 12. In the exemplary filtration system 10

shown, pressure less than ambient pressure is applied to the filtration module 12 and

across the fiber membranes 20, thereby inducing filtration. For example, when

subjected to differential pressure, some of the fluid will pass through pores of the fiber

membranes 20 and be filtered, resulting in a clarified fluid (permeate), while at least

some of the debris (e.g., solid material) from the previously untreated fluid will be

retained on (or in) the fiber membranes 20. In the exemplary embodiment shown, air

enters each of the enclosure modules 14 containing the bundles 18 of fiber membranes

20 through a single gap that extends across the filtration module 12 near the bottom of

the filtration module 12. Because, for at least some embodiments, the structure of the

filtration module 12 is substantially closed, once air enters the enclosure assemblies 16

of the filtration module 12, the air cannot escape the filtration module 12 until it reaches

the top of the enclosure assemblies 16, for example, as shown in Fig. 1.



[46] As shown in Fig. , an exemplary fluid holding tank 22 is shown as

having a liquid depth D that is greater than the height C of the enclosure module 14.

The distance or space between the bottom of the enclosure module 14 and the bottom

of the holding tank 22 may be referred to as "the module space" S. The portion of the

filtration module 12 that includes the fiber membranes 20 has a height M that is at least

slightly larger than the height C of the enclosure module 14. Maximizing the height M

relative to the height C of the enclosure module 14 may provide the greatest amount of

active membrane material for a particular module. A portion at the bottom of the active

membrane material is illustrated as a feed gap G, which can be chosen to optimize the

filtration performance of a given module. The distance from the bottom of this feed gap

area to the bottom of the holding tank 22 is the height H of the mixing zone of the

holding tank 22.

[47] Referring to Figs. 2 and 3, exemplary filtration module 2 includes a

plurality of rows of bundles 18 of fiber membranes 20, with each of the bundles 18

received in one of the enclosure assemblies 16 that are positioned adjacent to each

other to form the enclosure modules 14. The exemplary filtration module 12 shown in

Fig. 3 has a module length L and a module width W, wherein the number of enclosure

assemblies 16 in each row and the number of rows creates the size and shape of the

array of bundles 18. In the exemplary embodiment show in Fig. 3, the filtration

module 12 includes two columns of 22 rows each, and each of the 44 rows includes

nine bundles 18, for a total of 396 bundles 18 of fiber membranes 20 in this single

exemplary filtration module 12. For example, in embodiments in which each bundle 8

contains 280 fiber membranes 20, the filtration module 12 will contain 110,880 fiber



membranes 20. Other filtration module configurations are contemplated. For example,

in embodiments where each of 450 bundles 8 contains 364 fiber membranes 20, the

filtration module 12 will include 163,800 fiber membranes 20. The active membrane

area of each module 18 may vary, for example, with changes in the number of fiber

membranes 20 in a bundle 18, the length of each fiber membrane 20 from a fiber plate

surface to the start of a fiber tip seal as explained more detail herein, and the number of

rows installed or used. According to some embodiments, the filtration module 12 may

be configured to operate with partial loading and/or may include rows added or

removed, as desired.

[48] Figs. 4 and 5 show an exemplary embodiment of an enclosure

module 14 including nine exemplary enclosure assemblies 16, each configured to

receive a plurality of fiber membranes 20 configured to filter fluid. Other numbers of

enclosure assemblies 16 per enclosure module 14 are contemplated, such as, for

example, at least three. As shown, exemplary enclosure module 14 is configured to be

vertically oriented during use, for example, as part of a filtration module 12 as shown in

Figs. 1-5.

[49] As shown in Figs. 4 and 5, each exemplary enclosure assembly 16 is

configured to receive a plurality of fiber membranes 20. In the exemplary embodiment

shown, the fiber membranes 20 are arranged in bundles 18. The bottom area 24 of the

enclosure module 14 includes a feed gap area 26 between the lowest vertical section of

the enclosure module 14 and a lower manifold 28 of the enclosure module 14. The feed

gap area 26 may be configured to provide a desired amount of influx of debris (e.g.,

such as sludge) into the enclosure module 14, as this may be the only open area of the



enclosure module 14 that is exposed to the incoming fluid including the debris.

According to some embodiments, the length of the gap height G (see Fig. 1) may be

helpful in improving or optimizing the performance of each enclosure assembly 16 of the

enclosure module 14, and may be selected depending on a number of factors,

including, for example, the flow rate at which filtration is desired to occur, the level of

contamination of the incoming fluid including the debris, and a number of additional

factors. According to some embodiments, the gap height G may range from, for

example, 1 to 5 inches and may provide an area into which fluid and debris can enter

the enclosure module 14 for filtration. The gap height G may be maintained with, for

example, a gap spacer or other structural member that is placed below the lowest

vertical section, if desired.

[50] In the exemplary embodiment shown in Figs. 4 and 5, multiple shaped

enclosure assemblies 16, sometimes referred to as "cages," are provided. Each of

these exemplary enclosure assemblies 16 may be sized and shaped to contain a

bundle 18 of fiber membranes 20 that extend along a longitudinal axis X of the

enclosure assembly 16.

[51] The exemplary embodiment shown in Figs. 4 and 5 also includes a first

end cap 30 at the lower end of the enclosure module 14 and a second end cap 32 at the

upper end of the enclosure module 14. The enclosure assemblies 16 can be coupled in

an adjacent, side-by-side manner to the first end cap 30. For example, the lower ends

of the enclosure assemblies 26 and the first end cap 30 may be configured such that

lower ends of the enclosure assembly 16 slide into grooves or recesses in the first end

cap 30. Once all of the adjacent enclosure assemblies 16 have been positioned with



respect to the first end cap 30, the second end cap 32 may be placed over the upper

ends of the enclosure assembles 6 to secure them in place, for example, as shown in

Fig. 4 . The exemplary enclosure module 14 also includes a permeate riser pipe 36 and

an aeration riser pipe 37 at opposing ends of the enclosure module 14. As shown in

Fig. 4 , the riser pipes 36 and 37 may be coupled to opposite ends of the first end cap 30

and the second end cap 32, for example, via clamps 38, thereby holding the enclosure

module 14 together.

[52] According to some embodiments, the enclosure assemblies 16 do not

include one or more of the first and second ends caps 30 and 32. For example, as

shown in Figs. 15-18, the enclosure assemblies 16 may be coupled together in an

adjacent, side-by-side manner via a coupling mechanism, such as, for example,

fasteners, adhesives, and/or welding, or any other coupling mechanisms known in the

art. In some such embodiments, as explained in more detail herein, the riser pipes 36

and 37 may be coupled to directly to opposite ends of the enclosure module 14, for

example, via riser coupling assemblies 3 1 coupled to the outermost enclosure

assemblies 16, thereby holding the enclosure module 14 together.

[53] As shown in Figs. 4 and 5, exemplary enclosure module 14 also includes

a header 39 coupled to one or more bundles 18 of fiber membranes 20, with the

bundles 18 being coupled to one or more bundle bodies 4 1 of header 39. The

permeate riser pipe 36 and the aeration riser pipe 37 are in flow communication with the

header 39 at opposite ends thereof. As shown in Fig. 5, each bundle 18 of fiber

membranes 20 extends in a generally vertical direction (i.e., along the longitudinal axis

of each enclosure assembly 16) away from the header 39 toward the upper end of the



enclosure module 14. In the exemplary embodiment shown, one or more gasification

devices 43 (see Fig. 8) are in flow communication with the header 39. Each of the

gasification devices 43 may be configured to receive a gas stream supplied via the

aeration riser pipe 37. Using the gas stream, each gasification device 43 may be

configured to produce and release gaseous bubbles from the header 39. According to

some embodiments, the filtration module 12 may be configured such that the header 39

has a single gasification device 43 corresponding to each bundle 18 and bundle

body 4 1.

[54] As shown in the schematic top view of Fig. 6, the enclosure modules 14

may include a plurality of enclosure assemblies 6 forming an elongated hollow

enclosure 45. As shown in Fig. 7 , each elongated hollow enclosure 45 may be

configured to receive a bundle 18 including a plurality of the fiber membranes 20.

[55] Fig. 8 provides a schematic depiction of an exemplary embodiment of a

filtration module 12 during an exemplary filtration operation. As shown in Fig. 8 , the

enclosure assemblies 16 may each be configured to provide support for a bundle 18 of

fiber membranes 20. In addition, the enclosure assemblies 16 may be configured to

substantially surround the bundle 18 and provide confinement of gaseous bubbles 47

released from the gasification device 43 associated with the enclosure assembly 16.

For example, as shown in Fig. 8 , gaseous bubbles 47 released by the gasification

device 43 are confined within the corresponding enclosure assembly 6 as they flow

along the corresponding bundle 18 until they reach the surface of the fluid 49 in the

holding tank 22. Confining the gaseous bubbles 47 within the individual enclosure

assemblies 16 may provide for more efficient lifting of the fluid above the gaseous



bubbles 47 and drawing of fluid up below each gaseous bubble 47. This form of

aeration in conjunction with the enclosure assembly 16 may produce higher rates of

fluid pumping and/or more effective self-cleaning of debris from the fiber

membranes 20.

[56] Figs. 9-14 show an exemplary embodiment of an enclosure module 14

configured to receive a plurality of fiber membranes 20 configured to filter fluid.

Exemplary enclosure module 14 includes a plurality of enclosure assemblies 6

arranged in an adjacent, side-by-side configuration. In the exemplary embodiment

shown, the enclosure assemblies 16 include an elongated tubular member 40 extending

along a longitudinal axis X between a first end 42 and a second end 44 of the elongated

tubular member 40. The exemplary elongated tubular member 40 includes an

elongated wall 46 extending between the first and second ends 42 and 44 of the

elongated tubular member 40. The elongated wall 46 includes opposing side edges 48.

The exemplary enclosure assembly 16 also includes a removable hatch 50 extending

between the first and second ends 42 and 44 of the elongated tubular member 40 and

coupled to the opposing side edges 48 of the elongated wall 46, thereby forming a

hollow enclosure 45 having an interior configured to provide flow communication

between the first and second ends 42 and 44 of the elongated tubular member 40.

According to some embodiments, the enclosure module 14 and respective enclosure

assemblies are configured such that fluid flowing from the first end 42 of a first of the

elongated tubular members 40 is prevented from flowing from the interior of the first

elongated tubular member 40 into the interior of a second elongated tubular member 40

without first flowing from the second end 44 of the first elongated tubular member 40.



[57] According to some embodiments, the enclosure module 14 may include

first and second ends caps 30 and 32, for example, as shown in Figs. 9-14 For

example, the exemplary embodiments shown in Figs. 9-14 include a first end cap 30

coupled to the first end 42 of the elongated tubular member 40. The first end cap 30 is

configured to provide flow communication from exterior the first end 42 of the elongated

tubular member 40 to the interior of the elongated tubular member 40. The exemplary

enclosure module 14 shown in Figs. 9-14 also includes a second end cap 32 coupled to

the second end 44 of the elongated tubular member 40. The second end cap 32 is

configured to provide flow communication from the interior of the elongated tubular

member 40 to exterior to the second end 44 of the elongated tubular member 40. In

this exemplary manner, flow communication is provided between the first and second

ends 42 and 44 of the elongated tubular member 40. As shown in Figs. 7 and 8, the

interior of the elongated tubular members 40 is configured to receive a plurality of the

fiber membranes 20 (e.g., a bundle 18 of fiber membranes 20) configured to filter fluid.

In the exemplary embodiment shown in Figs. 9-14, the first end cap 30 and the second

end cap 32 each include respective openings configured to correspond to the cross-

section of the elongated tubular member 40.

[58] As shown in Figs. 9-14, the exemplary removable hatch 50 includes

opposing hatch edges 54. According to some embodiments, the opposing hatch edges

54 and the opposing side edges 48 of the elongated wall 46 are configured such that

the removable hatch 50 is coupled to the elongated wall 46 and separated from the

elongated wall 46 via sliding the removable hatch 50 relative to the elongated wall 46 in

a direction substantially parallel to the longitudinal axis of the enclosure assembly 16.



For example, in the exemplary embodiment shown in Figs. 9-14, the opposing hatch

edges 54 and the opposing side edges 48 of the elongated wall 46 are configured to

overlap and/or interlock with one another when engaged with one another.

[59] For example, as shown in Figs. 11-14, opposing side edges 48 of the

exemplary elongated wall 50 each include a hook-shaped track (or other engagement

configuration) that creates an elongated hook-shaped space into which the opposing

hatch edges 54 can slide for interlocking engagement and coupling between the

removable hatch 50 and the elongated wall 46. Other interlocking configurations of side

edges 48 and hatch edges 54 are contemplated, such as, for example, a snap-lock

and/or hinged lock. For example, one of the side edges 48 may be configured to be

coupled to one of the hatch edges 54 via a snap-together coupling, with the other one of

the side edges 48 being hingedly coupled to the other hatch edge 54. Such

embodiments may be configured such that the removable hatch 50 is still slidable

relative to the elongated wall 46 and/or the enclosure assembly 16. In the exemplary

embodiment shown in Figs. 11-14, the interlocking engagement area is positioned

outboard relative to the side edges 48 of the elongated wall 46, which may serve to

minimize interference with the fiber membranes 20 during use of the filtration module

12. It is contemplated, however, that the side edges 48 and hatch edges 54 may be

positioned and/or configured differently than shown.

[60] According to some embodiments, a tab 56 may be associated with, or

coupled to, an exterior surface of the second end cap 32 (e.g., on the side adjacent the

removable hatch 50). The tab 56 is configured to prevent the removable hatch 50 from

separating from the elongated wall 46, unless an end of the removable hatch 50



adjacent the second end cap 32 is deflected away from the exterior surface of the

second end cap 32, for example, via a tool such as a screw driver, once the removable

hatch 50 has been slid into place to close the enclosure assembly 16. According to

some embodiments, the tabs 56 may include a slot 57 (e.g., for receiving the blade of a

screwdriver or another tool) to facilitate lifting the removable hatch 50 over the tab 56.

According to some embodiments, the first end cap 30 may include a hatch trap 34

configured to receive an end of the removable hatch 50 associated with the first end 42

of the elongated tubular member 40. The hatch trap 34 may take the form of a gutter-

shaped flange running along the exterior side of the first end cap 30 that receives the

end of the removable hatch 50. In such embodiments, the removable hatch 50 is

retained on the elongated wall 46 by the opposing side edges 48 of the elongated wall

46 and between the tab 56 and the hatch trap 34.

[61] The exemplary elongated tubular member 40 has a cross-section

perpendicular to the longitudinal axis X (see, e.g., Fig. 11) . The cross-section of the

elongated tubular member 40 may be polygonal-shaped, rectangular-shaped, square-

shaped (see, e.g., Fig. 11) , circular-shaped, oval-shaped, or any combination thereof.

According to some embodiments, such as shown in Fig. 11, the cross-section of the

elongated tubular member 40 includes rounded interior surfaces 60. According to some

embodiments, an interior side 62 of the elongated wall 46 is devoid of seams transverse

with respect to the longitudinal axis X of the elongated tubular member 40. This may

reduce or prevent damage to the fiber membranes 20. According to some

embodiments, the elongated wall 46 has a cross-section perpendicular to the

longitudinal axis X , and the cross-section of the elongated wall 46 is at least one of



concave with respect to the interior of the elongated tubular member 40, channel-

shaped, U-shaped, and C-shaped. According to some embodiments, the elongated

wall 46 is formed as a single piece. According to some embodiments, the removable

hatch 50 is formed as a single piece. For example, the elongated wall 46 and/or the

removable hatch 50 may be formed via extrusion or roll-forming, or any other similar

process. The elongated wall 46 and/or the removable hatch 50 may be formed from

aluminum, polymer, carbon fiber, combinations thereof, and/or other materials having

similar characteristics.

[62] As shown in Fig. 9, exemplary enclosure module 4 includes a plurality

(nine) of enclosure assemblies 16. As shown, the removable hatches 50 of the

respective elongated tubular members 40 are accessible from a common side of the

enclosure module 14. This may facilitate ease of servicing. According to some

embodiments, each elongated tubular member 40 is independent of the other elongated

tubular members 40 of a given enclosure module 14. For example, the elongated wall

46 and removable hatch 50 of a given enclosure assembly 16 may be removed from the

enclosure module 14 without affecting any of the other enclosure assemblies 16 of the

enclosure module 14.

[63] The exemplary embodiment of filtration module 12 shown in Fig. 9

includes an enclosure module 14 including nine enclosure assemblies 16, such as the

exemplary embodiment shown in Figs. 9-14. For example, exemplary filtration module

12 includes nine enclosure assemblies 16, each including an elongated tubular member

40 including an elongated wall 46 extending between the first and second ends 42 and

44 of the elongated tubular member 40. Each exemplary enclosure assembly 16 also



includes a removable hatch 50 extending between the first and second ends 42 and 44

of the elongated tubular member 40 and coupled to the opposing side edges 48 of the

elongated wall 46, thereby forming a hollow enclosure 45 having an interior configured

to provide flow communication between the first and second ends 42 and 44 of the

elongated tubular member 40. In the exemplary shown, the filtration module 2 also

includes a first end cap 30 coupled to the first end 42 of the elongated tubular member

40, with the first end cap 30 being configured to provide flow communication from

exterior the first end 30 of the elongated tubular member 40 to the interior of the

elongated tubular member 40. The filtration module 12 also includes a header 39 (see,

e.g., Figs. 4 and 5) associated with the first end cap 30 and configured to provide flow

communication into the interior of the elongated tubular member 40. As shown in Fig.

8, for example, the exemplary filtration module 12 further includes a bundle 18 of a

plurality of fiber membranes 20 configured to filter fluid coupled to the header 39 and

received in the interior of the elongated tubular member 40, such that the fiber

membranes 20 extend along the longitudinal axis of the elongated tubular member 40.

The exemplary filtration module 12 also includes a second end cap 32 coupled to the

second end 44 of the elongated tubular member 40, with the second end cap 32 being

configured to provide flow communication from the interior of the elongated tubular

member 40 to exterior to the second end 44 of the elongated tubular member 40.

[64] As shown in Fig. 8, the filtration module 2 may include a gasification

device 43 associated with the header 39 and configured to release gaseous bubbles 47,

such that the bubbles 47 flow from the first end 42 of the elongated tubular member 40

and along the fiber membranes 20. In this exemplary manner, the fiber membranes 20



may be effectively scrubbed by action of the bubbles 47 flowing up the interior of the

elongated tubular member 40 as the bubbles 47 dislodge debris that has accumulated

or become trapped in the fiber membranes 20. According to some embodiments, the

filtration module 12 includes a fiber plate 68 associated with each bundle 18 of fiber

membranes 20 and configured to associate the plurality of fiber membranes 20 with the

header 39. According to some embodiments, the filtration module 12 may include a

plurality of the enclosure assemblies 16, with each of the enclosure assemblies 16

having respective first ends 42 coupled to the first end cap 30 and respective second

ends 44 coupled to the second end cap 32, and a plurality of bundles 18 of the fiber

membranes 20, with each of the bundles 18 of fiber membranes 20 being received in a

respective enclosure assembly 16.

[65] The exemplary multi-piece configuration of the exemplary enclosure

assembly 16 may advantageously provide an easy method of inserting fiber membranes

20 and/or bundles 18 into the enclosure assembly 16, which may also result in

improved access to the fiber membranes after installation. For example, an enclosure

module 14 including multiple enclosure assemblies 14, each containing a bundle 18 of

fiber membranes 20 may be removed from a holding tank 22 and laid horizontally on a

surface (e.g., the ground), and a bundle 18 contained in the enclosure assembly 16 will

move toward a side of the elongated wall 46 opposite the open side of the elongated

wall 46, which will provide less chance for interference between the removable hatch 50

and the enclosed bundle 18 during removal and coupling of the removable hatch 50.

[66] As a result, some embodiments of the filtration modules 12 may facilitate

ease of servicing of the fiber membranes 20. For example, a method of servicing a



filtration module 2 including a plurality of bundles 18 of fiber membranes 20 may

include removing the filtration module 12 from a holding tank 22 containing fluid to be

filtered. The method may further include at least partially separating the removable

hatch 50 from one of the enclosure assemblies 16 to thereby expose one of the bundles

18 of fiber membranes 20, and servicing the exposed bundle 18 of fiber membranes 20.

For example, according to some embodiments, the removable hatch 50 may be slid

relative to the to the elongated wall 46 to expose at least a portion of the bundle 18 and

fiber membranes 20 without completely separating the removable hatch 50 from the

enclosure assembly 16. Alternatively, the removable hatch 50 may be completely

separated from the enclosure assembly 16, for example, via sliding. Such servicing

may include cleaning the fiber membranes 20, either with the fiber membranes

remaining in the elongated tubular member 40, or after removal of the fiber

membranes 20 from the elongated tubular member 40. In this exemplary manner, it is

possible to service the fiber membranes 20 of individual enclosure assemblies 16

independently of the fiber membranes 20 of other enclosure assemblies 16. In addition,

according to some embodiments, the removable hatches 50 facilitate servicing of the

fiber membranes 20 without it being necessary to substantially or completely

disassemble the filtration module 12 or enclosure module 14.

[67] Some embodiments of the filtration modules 12 may serve to reduce the

build-up of filtered debris on the fiber membranes 20 of a bundle 18 of fiber membranes

20. For example, a method may include providing the bundle 18 of fiber membranes 20

in an elongated tubular member 40 of an enclosure assembly 16, such that the fiber

membranes 20 extend along a longitudinal axis X of the elongated tubular member 40.



The method may further include supplying gaseous bubbles 47 at a first end 42 of the

elongated tubular member 40 (see, e.g., Fig. 8), such that the gaseous bubbles 47 flow

from the first end 42 of the elongated tubular member 40 over at least a portion of the

fiber membranes 20 toward the second end 44 of the elongated tubular member 40,

thereby dislodging at least some of the filtered debris. According to some

embodiments, the filtration module 12 may include a plurality of elongated tubular

members 40, with each of the elongated tubular members 40 receiving a respective

bundle 8 of a plurality of fiber membranes 20, and the method for reducing build-up of

debris may include supplying gaseous bubbles 47 at a first end 42 of each of the

elongated tubular members 40, such that the gaseous bubbles 47 flow from the first end

42 of the respective elongated tubular member 40 over at least a portion of the

respective fiber membranes 20 received in the elongated tubular member 40 toward the

second end 44 of the elongated tubular member 40, thereby dislodging at least some of

the filtered debris accumulated on the fiber membranes 20. In this exemplary manner,

the bubbles 47 may be used in each of the enclosure assemblies 16 independently of

one another to prevent the build-up of debris on the fiber membranes 20. Further,

according to some embodiments, because the bubbles 47 are confined to an individual

elongated tubular member 40 and respective fiber membranes 20, the bubbles 47 may

be more effective at preventing the build-up of debris.

[68] According to some embodiments, the effectiveness of operation of the

filtration module 12 may substantially mitigate or prevent the need for human

intervention to clean the fiber membranes 20 in some instances, such as, for example,

following a catastrophic sludging event associated with the filtration module 12. The



efficiency of operation of a filtration module 12 including the enclosure modules 14,

according to at least some embodiments, may reduce the amount of down time required

for regular servicing (e.g., cleaning, such as backflushing, chemical treatment,

relaxation of the fiber membranes 20, and air scouring). According to some

embodiments, the flux potential may be enhanced due to, for example, improved air lift

recirculation efficiencies.

[69] According to some embodiments, the filtration module 12, including the

enclosure assemblies 16 of enclosure module 14, do not include end caps. For

example, as shown in Figs. 15-19, the exemplary filtration module 12 includes an

enclosure assembly 16 that does not include the end caps 30 and 32 described in

relation to the exemplary embodiment shown in, for example, Figs. 9 and 10. As shown

in Fig. 15, the enclosure module 14 includes a plurality of enclosure assemblies 16 in

adjacent, side-by-side relation, with the permeate riser pipe 36 and the aeration riser

pipe 37 located at opposite ends of the enclosure module 14. In the exemplary

embodiment shown, the permeate riser pipe 36 and aeration riser pipe 37 are coupled

directly to the opposite ends of the enclosure module 14 via exemplary riser coupling

assemblies 3 1 . As shown in Fig. 16, the exemplary enclosure assemblies 16 of the

enclosure module 14 may be coupled directly to one another in an adjacent, side-by-

side manner via a coupling mechanism, such as, for example, fasteners, adhesives,

and/or welding, or any other coupling mechanisms known in the art. For example, the

sides of the elongated walls 46 of the adjacent enclosure assemblies 16 may be

coupled to one another as shown. According to some embodiments, the enclosure

assemblies 16 may include respective elongated walls 46 and/or removable hatches 54



similar to, or substantially the same as, the elongated walls and removable hatches of

enclosure assemblies designed to be coupled to end caps, for example, as shown in

Figs. 1 and 12. According to some embodiments that do not include end caps, the

removable hatch 54 may include holes at one or more of its longitudinal ends configured

to receive a fastener (e.g., a pin-like fastener) configured to secure the longitudinal

position of the removable hatch 54 with respect to the corresponding elongated wall 46.

Other ways of securing the longitudinal position of the removable hatch 54 with respect

to the corresponding elongated wall 46 are contemplated.

[70] As shown in Fig. 15, the exemplary filtration module 14 may include a

header 26 coupled to the enclosure module 14 via, for example, the riser pipes 36

and 37. For example, as shown in Figs. 15 and 18, the riser pipes 36 and 37 are

coupled to the enclosure assemblies 16 at the opposite ends of the enclosure

module 14 via a plurality of riser coupling assemblies 3 1. The exemplary embodiment

shown also includes gap spacers 33 at each end of the enclosure module 14 configured

to establish the magnitude of the feed gap G (see Fig. 1) , which may be selected to

adjust or optimize the filtration performance of the filtration module 12, for example, as

explained previously herein. According to some embodiments, the gap spacers 33 are

cylindrical tubular members having a diameter similar to, or the same as, the diameter

of the riser pipes 36 and 37.

[71] As shown in Figs. 16, 17, and 19, the exemplary riser coupling

assemblies 3 1 include a base member 53 configured to be coupled to the elongated

wall 54 of the outermost enclosure assemblies 16 of the enclosure module 14, and a

sleeve member 55 configured to extend around either of the riser pipes 36 and 37. In



the exemplary embodiment shown, the base member 35 includes a substantially planar

engagement surface 59 configured to abut the elongated wall 54, and a semi-

cylindrical-shaped recess 6 1 configured to receive an the outer surface of the riser pipe

36 or 37. The engagement surface 59 of the exemplary base member 53 also includes

a plurality of locators 63 configured to fit into corresponding holes 65 in the elongated

wall 54 of the enclosure assembly 16. The locators 63 may serve to more securely

couple and locate the base members 53 with respect to the enclosure assembly 16.

The base members 53 may be coupled to the elongated wall 54 via known coupling

mechanisms, such as, for example, fasteners, adhesives, and/or welding, or any other

coupling mechanisms known in the art.

[72] Exemplary base members 53 also include a pair channels 67 on

opposite sides of the recess 6 1 configured to receive opposing ends 69 of the sleeve

member 55 for coupling the sleeve member 55 and base member 53 to one another via,

for example, a longitudinal sliding action with respect to one another. In addition,

according to some embodiments, the ends 69 of the sleeve member 55 may include

features that prevent, or reduce the likelihood, that the sleeve member 55, once

assembled with the base member 53, will unintentionally slide relative to the base

member 53 as a result of, for example, vibration.

[73] Embodiments that do not include one or more of the end caps may have

possible advantages. For example, for some embodiments including an end cap

associated with the header, the fiber membranes of the bundles may need to be

inserted through the apertures in the end cap during assembly, which may increase

time associated with assembly of the filtration module. In addition, the wall thickness



associated with the end cap may reduce the cross-section for fluid flow through the

filtration module. Further, the end caps may add to the difficulty of assembly of the

filtration module due, for example, to the necessity of lining up the end caps with the

enclosure assemblies. The end caps may also increase the cost of the filtration

module.

[74] As shown in Figs. 20-23, exemplary filtration module 2 may include a

plurality of the gasification devices 43, each of which may be configured for substantially

continuous or intermittent aeration. For example, Fig. 2 1 shows an exploded view of an

exemplary gasification device 43 including an individual bundle body 4 1, an aeration

tube 70, and a fiber plate 68. The exemplary fiber plate 68, aeration tube 70, and fiber

membranes 20 (see Fig. 22) may include a fiber bundle assembly 72. The exemplary

header 39, for example, shown in Figs. 4 and 5, may be formed by a plurality of bundle

bodies 4 1 positioned adjacent one another as shown. For example, the header 39,

according to various embodiments, may be formed of one, two, three, four, five, six,

seven, eight, nine, or more bundle bodies 4 1 positioned adjacent one another, for

example, as shown in Figs. 4 and 5.

[75] Fig. 22 shows the exemplary components shown in Fig. 2 1 in an

exemplary assembled configuration and further including bundle 18 of fiber

membranes 20. In Fig. 22, the components are shown inverted, such that the aeration

tube 70 extends beyond the ends of the fiber membranes 20. Each of the plurality of

fiber membranes 20 may extend through a corresponding hole 74 in the fiber plate 68.

Fig. 20 shows a plurality of exemplary fiber bundle assemblies 72 with respective



extending aeration tubes 70 that are positioned relative to their respective bundle

bodies 4 1, which, in turn, are positioned in header 39.

[76] Fig. 23 is a cross-sectional perspective view that shows an exemplary

bundle body 4 1 in an assembled configuration including an exemplary fiber bundle

assembly 72. Also shown is an exemplary aeration tube 70 engaged with the bundle

body 4 1. In the exemplary embodiment shown, the outer surface of the aeration

tube 70 is provided with structure (e.g., an extending circular flange) configured to

engage with an inner structure of the bundle body 4 1 to secure the components relative

to each other. The exemplary aeration tube 70 extends through the center of bundle

body 4 1, with one of its ends positioned within an aeration chamber 76 that may be

positioned near a distal end of the aeration tube 70. As shown, the bundle body 4 ,

may also include at least one permeate chamber 78.

[77] Fig. 23 is shown with the exemplary gasification device 43 uncoupled,

but the gasification device 43 may be rotatably coupled to the bundle body 4 1. When

coupled to the bundle body 4 1, the gasification device 43 is configured to receive a gas

stream from the aeration chamber 76 and direct the gas stream (see arrow 82) via an

orifice 80 into the center of the gasification device 43, which is in flow communication

with the aeration tube 70. As a result of this exemplary configuration, the gas stream

supplied to the gasification device 43 may produce a continuous or intermittent stream

of bubbles that may be released into the center of the bundle 18 via the aeration

tube 70.

[78] According to some embodiments, the aeration process may include

continuously supplying a gas stream for a specific period of time to the gasification



device 43 via the aeration chamber 76, and then stopping the gas stream. For

example, according to some embodiments, aeration may be activated for a

predetermined time (e.g., ranging from about 120 seconds to 24 hours), and thereafter

stopped for a predetermined period of time (e.g., ranging from just greater than no time

to about 120 seconds). Depending on the length of time the aeration is activated, the

cycle may be repeated for one or more cycles throughout each 24-hour period. Other

activation timing schemes are contemplated.

[79] The fiber bundle assemblies 72 may include a fiber plate 68 having a

plurality of holes 74 through each of which an individual fiber membrane 20 (e.g., a

hollow fiber membrane) may extend. Figs. 19-27 show a number of exemplary

embodiments of fiber plates 68 having various different hole arrangements. When

assembled, the fiber plate 68 may be spaced at least slightly from the ends of the fiber

membranes 20 (i.e., within the length of the fiber membrane (see Fig. 22)). In this

exemplary manner, the fiber membranes 20 may be maintained in their desired

locations relative to one another.

[80] As shown in Figs. 24-32, for example, the fiber membranes 20 of a given

bundle 18 may be divided into separate sections and may be generally positioned in

spoke-like relationships, wherein the "spokes" represent channels through the

bundle 18 that do not include any fiber membranes 20. These channels provide

openings through which fluid and/or any debris may travel along the bundle 18 of fiber

membranes 20. The number of fiber membranes 20 and their spacing may be arranged

to reduce clogging potential and/or increase recirculation rates of the fluid in order to

achieve higher sustainable permeate fluxes. The number of fiber membranes 20 within



a bundle 8 and/or the configuration of the channels may be selected specific to the

application in which the filtration module 12 is operating.

[81] The foregoing detailed description and examples have been given for

clarity of understanding only. No unnecessary limitations are to be understood

therefrom. It will be apparent to those skilled in the art that many changes can be made

in the embodiments described without departing from the scope of the invention. Thus,

the scope of the present invention should not be limited to the structures described

herein, but only by the structures described by the language of the claims and the

equivalents of those structures.



What is claimed is:

. An enclosure assembly configured to receive a plurality of fiber membranes

configured to filter fluid, the enclosure assembly comprising:

an elongated tubular member extending along a longitudinal axis between a first

end and a second end of the elongated tubular member, the elongated tubular member

comprising:

an elongated wall extending between the first and second ends of the

elongated tubular member, the elongated wall comprising opposing side edges,

and

a removable hatch extending between the first and second ends of the

elongated tubular member and coupled to the opposing side edges of the

elongated wall, thereby forming a hollow enclosure having an interior configured

to provide flow communication between the first and second ends of the

elongated tubular member,

wherein the interior of the elongated tubular member is configured to receive a

plurality of fiber membranes configured to filter fluid.

2. The enclosure assembly of claim , further comprising:

a first end cap coupled to the first end of the elongated tubular member, the first

end cap being configured to provide flow communication from exterior of the first end of

the elongated tubular member to the interior of the elongated tubular member; and

a second end cap coupled to the second end of the elongated tubular member,

the second end cap being configured to provide flow communication from the interior of



the elongated tubular member to exterior to the second end of the elongated tubular

member.

3. The enclosure assembly of claim , wherein an interior side of the elongated

wall is devoid of seams transverse with respect to the longitudinal axis of the elongated

tubular member.

4 . The enclosure assembly of claim , wherein the elongated tubular member is

configured such that fluid entering the first end flows from the first end of the elongated

tubular member to the second end of the tubular member.

5. The enclosure assembly of claim , wherein the elongated tubular member

has a cross-section perpendicular to the longitudinal axis, and wherein the cross-section

of the elongated tubular member is at least one of polygonal-shaped,

rectangular-shaped, square-shaped, circular-shaped, and oval-shaped.

6. The enclosure assembly of claim 5, wherein the cross-section of the

elongated tubular member comprises rounded interior surfaces.

7. The enclosure assembly of claim 2, wherein the elongated tubular member

has a cross-section perpendicular to the longitudinal axis,



wherein the cross-section of the elongated tubular member is at least one of

polygonal-shaped, rectangular-shaped, square-shaped, circular-shaped, and oval-

shaped, and

wherein the first and second end caps each include a respective opening

configured to correspond to the cross-section of the elongated tubular member.

8 . The enclosure assembly of claim 1, wherein the elongated wall has a

cross-section perpendicular to the longitudinal axis, and wherein the cross-section of

the elongated wall is at least one of concave with respect to the interior of the elongated

tubular member, channel-shaped, U-shaped, and C-shaped.

9. The enclosure assembly of claim , wherein the elongated wall is formed as a

single piece.

0. The enclosure assembly of claim , wherein the removable hatch is formed

as a single piece.

11. The enclosure assembly of claim 1, wherein the removable hatch comprises

opposing hatch edges, and wherein the opposing hatch edges and the opposing side

edges of the elongated wall are configured such that the removable hatch is coupled to

the elongated wall and separated from the elongated wall via sliding the removable

hatch relative to the elongated wall in a direction substantially parallel to the longitudinal

axis.



12. The enclosure assembly of claim 11, wherein the opposing hatch edges and

the opposing side edges of the elongated wall are configured to overlap one another

when engaged with one another.

13. The enclosure assembly of claim 2, wherein the removable hatch comprises

opposing hatch edges,

wherein the opposing hatch edges and the opposing side edges of the elongated

wall are configured such that the removable hatch is coupled to the elongated wall and

separated from the elongated wall via sliding the removable hatch relative to the

elongated wall in a direction substantially parallel to the longitudinal axis, and

wherein the enclosure assembly further comprises a tab associated with an

exterior surface of the second end cap, the tab being configured to prevent the

removable hatch from separating from the elongated wall, unless an end of the

removable hatch adjacent the second end cap is deflected away from the second end

cap.

14. The enclosure assembly of claim 13, wherein the first end cap includes a

hatch trap configured to receive an end of the removable hatch associated with the first

end of the elongated tubular member.

15 . An enclosure module configured to receive a plurality of bundles of fiber

membranes configured to filter fluid, the enclosure module comprising:



a plurality of elongated tubular members, each extending along a longitudinal

axis between a first end and a second end of the elongated tubular member, the

elongated tubular members each comprising:

an elongated wall extending between the first and second ends of the

elongated tubular member, the elongated wall comprising opposing side edges,

and

a removable hatch extending between the first and second ends of the

elongated tubular member and coupled to the opposing side edges of the

elongated wall, thereby forming a hollow enclosure having an interior configured

to provide flow communication between the first and second ends of the

elongated tubular member,

wherein the interior of each of the elongated tubular members is

configured to receive a bundle of fiber membranes configured to filter fluid.

6 . The enclosure module of claim 5, further comprising:

a first end cap coupled to the first ends of respective elongated tubular members,

the first end cap being configured to provide flow communication from exterior of the

first ends of the elongated tubular members to the respective interiors of the elongated

tubular members; and

a second end cap coupled to the second ends of the respective elongated

tubular members, the second end cap being configured to provide flow communication

from the respective interiors of the elongated tubular members to exterior to the second

ends of the elongated tubular members.



17. The enclosure module of claim 15, wherein the removable hatches of the

respective elongated tubular members are accessible from a common side of the

enclosure module.

18. The enclosure module of claim 15 , wherein each elongated tubular member

is independent of one another.

19. The enclosure module of claim 15, wherein the enclosure module is

configured such that fluid flowing from the first end of a first of the elongated tubular

members is prevented from flowing from the interior of the first elongated tubular

member to the interior of a second elongated tubular member without first flowing from

the second end of the first elongated tubular member.

20. The enclosure module of claim 15, wherein the filtration module comprises at

least three elongated tubular members.

2 1. The enclosure module of claim 20, wherein the elongated tubular members

are coupled to one another via a coupling mechanism.

22. The enclosure module of claim 16, wherein the elongated tubular members

each have a cross-section perpendicular to the longitudinal axis, and the first and



second end caps each include openings configured to correspond to the cross-sections

of the elongated tubular members.

23. A filtration module configured to filter fluid, the filtration module comprising:

an enclosure assembly configured to receive a plurality of fiber membranes, the

enclosure assembly comprising:

an elongated tubular member extending along a longitudinal axis between

a first end and a second end of the elongated tubular member, the elongated

tubular member comprising:

an elongated wall extending between the first and second ends of

the elongated tubular member, the elongated wall comprising opposing

side edges, and

a removable hatch extending between the first and second ends of

the elongated tubular member and coupled to the opposing side edges of

the elongated wall, thereby forming a hollow enclosure having an interior

configured to provide flow communication between the first and second

ends of the elongated tubular member;

a header associated with the first end of the elongated tubular member and

configured to provide flow communication into the interior of the elongated tubular

member; and

a bundle of a plurality of fiber membranes coupled to the header and received in

the interior of the elongated tubular member, such that the fiber membranes extend



along the longitudinal axis of the elongated tubular member, the fiber membranes being

configured to filter fluid.

24. The filtration module of claim 23, further comprising:

a first end cap coupled to the first end of the elongated tubular member, the first

end cap being configured to provide flow communication from exterior of the first end of

the elongated tubular member to the interior of the elongated tubular member; and

a second end cap coupled to the second end of the elongated tubular member,

the second end cap being configured to provide flow communication from the interior of

the elongated tubular member to exterior to the second end of the elongated tubular

member.

25. The filtration module of claim 23, further comprising a gasification device

associated with the header and configured to release gaseous bubbles, such that the

bubbles flow from the first end of the elongated tubular member and along the fiber

membranes.

26. The filtration module of claim 23, further comprising a fiber plate configured

to associate the plurality of fiber membranes with the header.

27. The filtration module of claim 24, further comprising:



a plurality of the enclosure assemblies, each of the enclosure assemblies having

respective first ends coupled to the first end cap and respective second ends coupled to

the second end cap; and

a plurality of the bundles of fiber membranes, each of the bundles of fiber

membranes being received in a respective enclosure assembly.

28. The filtration module of claim 23, further comprising:

a plurality of the enclosure assemblies, each of the enclosure assemblies being

coupled to an adjacent enclosure assembly via a coupling mechanism; and

a plurality of the bundles of fiber membranes, each of the bundles of fiber

membranes being received in a respective enclosure assembly.

29. The filtration module of claim 28, further comprising a first riser pipe and a

second riser pipe, wherein the first and second riser pipes are located at opposite ends

of the filtration module.

30. The filtration module of claim 29, wherein the first and second riser pipes are

coupled to the opposite ends of the filtration module via riser coupling assemblies.

3 . A method of servicing a filtration module configured to filter fluid, the filtration

module comprising a plurality of bundles of fiber membranes, each bundle received in

an enclosure assembly, the method comprising:

removing the filtration module from a tank containing fluid;



at least partially separating a removable hatch from one of the enclosure

assemblies to thereby expose one of the bundles of fiber membranes; and

servicing the exposed bundle of fiber membranes.

32. A method of reducing build-up of filtered debris on fiber membranes of a

bundle of fiber membranes of a filtration module configured to filter fluid, the method

comprising:

providing the bundle of fiber membranes in an elongated tubular member of an

enclosure assembly, such that the fiber membranes extend along a longitudinal axis of

the elongated tubular member; and

supplying gaseous bubbles at a first end of the elongated tubular member, such

that the gaseous bubbles flow from the first end of the elongated tubular member over

at least a portion of the fiber membranes toward a second end of the elongated tubular

member, thereby dislodging at least some of the filtered debris.

33. The method of claim 32, wherein the filtration module comprises a plurality of

elongated tubular members, each of the elongated tubular members receiving a

respective bundle of a plurality of fiber membranes, the method further comprising:

supplying gaseous bubbles at a first end of each of the elongated tubular

members, such that the gaseous bubbles flow from a first end of the respective

elongated tubular member over at least a portion of the respective fiber membranes

received in the elongated tubular member toward a second end of the elongated tubular

member, thereby dislodging at least some of the filtered debris.
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