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(57) Abstract: A method for repairing a membrane filtra-
tion module in fluid communication with a plurality of addi-
tional membrane filtration modules includes fluidly con-
necting a fluid transfer assembly to the membrane filtration
module, fluidly isolating the membrane filtration module
from the plurality of additional membrane filtration mod-
ules, forcing liquid within the membrane filtration module
into the fluid transfer assembly by introducing a pressurized
gas into the membrane filtration module, releasing the pres-
surized gas from the membrane filtration module, fluidly
disconnecting the fluid transter assembly from the mem-
brane filtration module, repairing one or more damaged
membranes in the membrane filtration module, and tluidly
reconnecting the membrane filtration module to the plural-
ity of additional membrane filtration modules.
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A METHOD AND DEVICE FOR REPAIRING A MEMBRANE FILTRATION
MODULE

RELATED APPLICATIONS

Foreign priority benefits are claimed under 35 U.S.C. §119(a)-(d) or 35
U.S.C §365(b) of Australian Provisional application number 2013903804, titled A
METHOD AND DEVICE FOR REPAIRING A MEMBRANE FILTRATION
MODULE filed October 2, 2013, which is hereby incorporated by reference in its

entirety for all purposes.
BACKGROUND

1. Field of Invention

Aspects and embodiments of the present invention relate to membrane
filtration systems and, more particularly, to a method and a fluid transfer assembly for
such systems that is used to repair the membranes within a module in situ while the
module is connected to a manifold fluidly connecting the module to a plurality of
additional modules.

2. Discussion of Related Art

Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms part of
common general knowledge in the field.

Examples of hollow fiber filtration modules and banks of such modules are
shown in, for example, International Patent Application PCT/AU87/00309 and
PCT/AU90/00470. These applications are incorporated herein by reference in their
entireties for all purposes.

In some examples, a hollow fiber filtration module may comprise an elongate
tubular casing enclosing a bundle of hollow fiber membranes. At one end of the
casing there is a first header which has a feed passageway therethough. The feed
passage is in fluid communication with the interior of the casing and hence the

exterior of the fiber membranes. At the other end of the casing there is a second
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header which has a treated feed passageway therethrough in communication with the
interior of the casing and the lumens of the fiber membranes.

At least one of the headers, for example, the lower header, may also be
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provided with a gas conveying passageway in fluid communication with the interior
of the casing and the exterior of the fiber membranes.

The 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 with or without interconnecting manifolds or pipe work to form a row of
filter modules. A number of such rows of filter modules may be inter-connected to
define a bank of filter modules.

Prior art arrangements typically have manifolds for communicating fluids to
and from the headers arranged above and below the headers. The filter cartridges in
these systems have a finite life and need to be removed for cleaning or replacement at
regular intervals during the operating life of a system. This can be time and labor
intensive, resulting in the system being off-line for longer than required, particularly
where only one cartridge, located deep within a bank of modules, is required to be

replaced or serviced.

SUMMARY

According to a first aspect there is provided a method for diagnosing a
membrane filtration module in fluid communication with a plurality of additional
membrane filtration modules in situ. In the method, a fluid transfer assembly is
fluidly connected to the membrane filtration module. The membrane filtration
module is fluidly isolated from the plurality of additional membrane filtration
modules. A pressurized gas is introduced into the membrane filtration module to
force liquid within the membrane filtration module into the fluid transfer assembly.
The pressurized gas is released from the membrane filtration module. The fluid
transfer assembly is fluidly disconnected from the membrane filtration module. The
module is inspected to determine if one or more membranes in the membrane
filtration module are damaged. The membrane filtration module is fluidly
reconnected to the plurality of additional membrane filtration modules.

The method provides for filtration membranes in the membrane filtration
module to be inspected and for damaged membranes in the membrane filtration

module to be blocked while the additional filtration modules, which may be in a same
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bank of modules as the filtration module undergoing inspection and/or repair, remain
operational or in operation. The membrane filtration module may be inspected and/or
repaired in situ in the bank of membrane modules without the need to drain feed from
the other membrane filtration modules in the bank.

In some embodiments, fluidly isolating the membrane filtration module
comprises fluidly isolating a filtrate port of the membrane filtration module. Fluidly
isolating the membrane filtration module may comprise fluidly sealing the filtrate port
from the plurality of additional membrane filtration modules. In some embodiments,
fluidly isolating the membrane filtration module comprises closing the filtrate port.

In some embodiments, fluidly isolating the membrane filtration module
comprises fluidly isolating the filtrate port with the fluid transfer assembly. The fluid
transfer assembly may comprise a body sealingly engageable with the membrane
filtration module, and fluidly isolating the filtrate port may comprise at least partly
inserting the body into the membrane filtration module to fluidly seal the filtrate port.
In some embodiments, the body closes or blocks the filtrate port.

In some embodiments, fluidly isolating the membrane filtration module
comprises fluidly isolating one or more fluid communication openings between the
membrane filtration module and the plurality of additional membrane filtration
modules. In some embodiments, fluidly isolating the membrane filtration module
comprises fluidly sealing the one or more fluid communication openings from the
plurality of additional membrane filtration modules. In some embodiments, fluidly
isolating the membrane filtration module comprises closing the one or more fluid
communication openings.

In some embodiments, fluidly reconnecting the membrane filtration module
step comprises fluidly reconnecting the filtrate port. In some embodiments, fluidly
reconnecting the membrane filtration module comprises fluidly unsealing the filtrate
port. In some embodiments, fluidly reconnecting the membrane filtration module
comprises opening the filtrate port.

In some embodiments, fluidly reconnecting the membrane filtration module
comprises fluidly reconnecting the one or more fluid communication openings. In

some embodiments, fluidly reconnecting the membrane filtration module comprises
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fluidly unsealing the one or more fluid communication openings. In some
embodiments, fluidly reconnecting the membrane filtration module comprises
opening the one or more fluid communication openings.

In some embodiments, the fluid communication openings comprise a feed port
for introducing a feed liquid into the membrane filtration module, an exhaust port for
removing waste liquid and/or enabling backwashing and an aeration port for
introducing air into the membrane filtration module for filtration of the feed liquid.

In some embodiments, introducing the pressurized gas comprises directing the
pressurized gas into the membrane filtration module. In some embodiments,
introducing the pressurized gas comprises injecting the pressurized gas into the
membrane filtration module.

In some embodiments, introducing the pressurized gas comprises introducing
the pressurized gas through one of the fluid communication openings. Alternatively,
a pressurized gas port is provided in a housing of the membrane filtration module for
introducing the pressurized gas. In some embodiments, the pressurized gas port is
provided in an upper part of the housing of the membrane filtration module.

In some embodiments, the pressurized gas is introduced through the exhaust
port and the feed port and aeration port are fluidly isolated. In some embodiments,
the feed and aeration ports are fluidly sealed.

In some embodiments, the pressurized gas is introduced downstream of the
feed port, with the feed port and the aeration port being fluidly isolated. In some
embodiments, the feed port and the aeration port are fluidly sealed.

In some embodiments, the pressurized gas is introduced through the aeration
port and the feed port is fluidly isolated. In some embodiments, the feed port is
fluidly sealed.

In some embodiments, the pressurized gas is introduced through the
pressurized gas port and the exhaust port is fluidly isolated. In some embodiments,
the exhaust port is fluidly sealed.

In some embodiments where a separate pressurized gas port is used to
introduce the pressurized gas into the membrane filtration module, the exhaust port is

fluidly isolated. In some embodiments, the exhaust port is fluidly sealed.
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Fluidly isolating the fluid communication openings, and even the filtrate port,
can be performed by any isolation means, such as valves. Isolation valves of the type
described in International Patent Application PC'T/US2012/057198, which is herein
incorporated by reference in its entirety for all purposes, are suitable for fluidly
isolating the fluid communication openings and/or filtrate port.

In some embodiments, the pressurized gas is at a pressure below the bubble
point of membranes in the membrane module. In some embodiments, the pressurized
gas is compressed air.

In some embodiments, repairing the one or more damaged membranes
comprises directing a pressurized gas into the membranes of the membrane filtration
module to identify the one or more damaged membranes. In some embodiments,
repairing the one or more damaged membranes comprises inserting a plug into the
lumen of each damaged membrane to block the lumens of the damaged membranes.

In some embodiments, the membrane filtration module comprises a membrane
sub-module surrounded by a casing and fluidly connected to a header. The header
may comprise an open-ended housing for receiving at least one end of the membrane
sub-module and a removable end cap. In some embodiments, the open-ended housing
and the at least one end of the membrane sub-module defines a filtrate collection
chamber.

In some embodiments, the method further comprises removing the end cap
sealingly engageable with the header.

According to a second aspect, there is provided a fluid transfer assembly for
repairing a membrane filtration module in fluid communication with a plurality of
additional membrane filtration modules. The fluid transfer assembly comprises a
body having a fluid communication passageway for transferring fluid from the
membrane filtration module, wherein the body at least partly fluidly isolates a filtrate
port of the membrane filtration module from the fluid communication passageway.

In some embodiments, the body is sealingly engageable with the membrane
filtration module. In some embodiments, the body is sealingly engageable with an
open-ended housing of the membrane filtration module. In some embodiments, the

body partly fluidly seals the filtrate port from the fluid communication passageway.
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In some embodiments, the body closes or blocks the filtrate port from the fluid
communication passageway.

In some embodiments, the body is at least partly insertable into the membrane
filtration module. In some embodiments, the body is at least partly insertable into the
open-ended housing.

In some embodiments, the fluid transfer assembly comprises a sealing member
for fluidly isolating the filtrate port from the fluid communication passageway. In
some embodiments, the fluid transfer assembly comprises two sealing members for
fluidly sealing the filtrate port from the fluid communication passageway. In some
embodiments, the two sealing members are arranged on an outer side of the body such
that the sealing members are located on either side of the filtrate port when the body
sealingly engages the membrane filtration module. In some embodiments, the sealing
members are fittingly engaged with the outer side of the body. In some embodiments,
the sealing members each comprise an O-ring.

In some embodiments, the body has a cross-section complementary to the
inner cross-section of the membrane filtration module. In some embodiments, the
body has a cross-section complementary to the inner cross-section of the open-ended
housing of the membrane filtration module. In some embodiments, the body is
tubular or cylindrical in shape. In other embodiments, the body is a sleeve.

In some embodiments, the fluid communication passageway extends along the
length of the body of the fluid transfer assembly. In some embodiments, the fluid
communication passageway extends through a bore of the body.

In some embodiments, the fluid transfer assembly comprises a cap sealingly
engageable with the body for inhibiting escape of fluid from a filtrate collection
chamber of the membrane filtration module. In some embodiments, the cap fluidly
seals the filtrate collection chamber. In some embodiment, the cap comprises a
sealing member. In some embodiments, the sealing member comprises an O-ring.

In some embodiments, the fluid transfer assembly comprises a first conduit for
transferring liquid from the fluid communication passageway. In some embodiments,

the first conduit is connected to a bore in the cap. In some embodiments, the first
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conduit comprises a fluid transferring tube, pipe, or hose. In some embodiments, the
cap comprises a vent hole for facilitating operation of the first conduit.

In some embodiments, the cap comprises a fitting for receiving a second
conduit for removing the liquid from the fluid transfer assembly. In some
embodiments, the fitting comprises a bore. In some embodiments, the fitting
comprises a threaded bore. In some embodiments, the second conduit is a hose, tube,
or pipe.

In some embodiments, the cap comprises a first securing member for securing
the cap to the body. In some embodiments, the first securing member comprises a
flange for engaging a complementary seat in the body. In some embodiments, the
flange comprises a bayonet-type fitting.

Alternatively or additionally, the fluid transfer assembly comprises a second
securing member for securing the cap to the body. In some embodiments, the second
securing member engages the body adjacent the cap to hinder movement of the cap
outwardly of the membrane filtration module. In some embodiments, the second
securing member comprises a circlip engageable with a seat in the body.

In some embodiments, the cap comprises a thread for engaging a
complementary thread on the body.

In some embodiments, the body comprises an engagement member for
engaging the membrane filtration module. In some embodiments, the engagement
member is a thread formed on the body.

In some embodiments, the cap comprises one or more handles for facilitating
installation and removal of the fluid transfer assembly.

According to a third aspect, there is provided a method for regulating the flow
of a feed fluid in a membrane filtration module. In the method, a valve is provided
adjacent a feed opening of the membrane filtration module. The valve is moveable
between a closed position and an open position to regulate or control the flow of the
feed fluid into the membrane filtration module.

In some embodiments, the valve is adjustably moveable into a plurality of

discrete positions between the closed and open positions.
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According to a fourth aspect, there is provided a membrane filtration module
comprising a feed opening for receiving a feed fluid and a valve seat downstream of
the feed opening. A valve has a valve body that is engageable with the valve seat and
a stem for moving the valve body between a closed position and an open position to
control the flow of feed fluid into the membrane filtration module.

In some embodiments, the stem is adjustably movable to position the valve
body into a plurality of discrete positions between the closed and open positions. In
some embodiments, the valve body restricts the flow of feed fluid in the discrete
positions. In some embodiments, the valve body gradually restricts the flow of feed
fluid in the discrete positions from the open position to the closed position

In some embodiments, in the closed position, the valve body fluidly isolates
the feed opening from an interior of the module. In some embodiments, the valve
body fluidly isolates the feed opening from a membrane sub-module.

In some embodiments, the membrane filtration module comprises a valve bore
for receiving the stem. In some embodiments, the stem is rotatable within the valve
bore to move the valve body between the closed and open positions.

In some embodiments, the valve bore and stem have mutual engagement
members. In some embodiments, the valve bore and stem have mutual mating
threads.

In some embodiments, the stem is lockable in position so that the valve body
is held in one of the discrete positions. In some embodiments, a locking member is
provided on the stem. In other embodiments, the stem comprises a stop for limiting
movement of the valve body.

In some embodiments, the valve body comprises a sealing member for sealing
the valve body against the valve seat. In some embodiments, the sealing member is
an O-ring.

In some embodiments, the membrane filtration module comprises an aeration
opening for receiving gas or air, wherein the valve seat is located downstream of the
aeration opening. In some embodiments, in the closed position, the valve body fluidly
isolates the aeration opening from an interior of the module. In some embodiments,

the valve body fluidly isolates the aeration opening from a membrane sub-module.
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According to a further aspect of the invention, there is provided a fluid transfer
assembly for repairing a membrane filtration module in fluid communication with a
plurality of additional membrane filtration modules, the fluid transfer assembly
comprising:

a sleeve having a throughbore to transfer fluid from the membrane filtration
module, the sleeve at least partly fluidly isolating a filtrate port of the membrane
filtration module from the fluid communication passageway, the sleeve being at least
partly insertable into an open-ended housing of the membrane filtration module;

a first sealing member configured to fluidly isolate a filtrate port of the
membrane filtration module from the fluid communication passageway; and

a second sealing member configured to fluidly isolate the filtrate port of the
membrane filtration module from the fluid communication passageway;

wherein the first sealing member and the second sealing member are arranged
on an outer side of the sleeve, the first sealing member being located on a first side of
the filtrate port when the sleeve sealingly engages the membrane filtration module and
the second sealing member being located on a second side of the filtrate port when the
sleeve sealingly engages the membrane filtration module.

Unless the context clearly requires otherwise, throughout the description and
the claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.
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BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the
drawings, 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 drawing. In the drawings:

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

FIG. 2 is a front schematic, partially exploded, perspective view of a bank of
membrane modules in a partially disassembled state;

FIG. 3 is a schematic perspective view of a row of pairs of filtration modules
mounted on a support rack;

FIG. 4 is a schematic cross-sectional elevational view of one of the membrane
filtration modules including an embodiment of a fluid transfer assembly;

FIG. 5 is an enlarged schematic cross-sectional elevation view of region A of
FIG. 4;

FIG. 6 is an enlarged schematic cross-sectional elevation view of region B of
FIG. 4;

FIG. 7 is an alternate embodiment of the structure illustrated in FIG. 6;

FIG. 8 is an enlarged schematic cross-sectional elevation view of region C of
FIG. 7;

FIG. 9 is a schematic cross-sectional elevation view of a membrane filtration
module including a valve according to one embodiment;

FIG. 10 is an enlarged schematic cross-sectional elevation view of region D of
FIG. 9 with the valve in a partly open position;

FIG. 11 is an enlarged schematic cross-sectional elevation view of region D of
FIG. 9 with the valve in a closed position; and

FIG. 12 is a flowchart of a method according to one embodiment.
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DETAILED DESCRIPTION
Aspects and embodiments disclosed herein are not limited in application to the
details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings. Aspects and embodiments disclosed 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,”

13 LAY

“comprising,” “having,” “containing,” “involving,” and variations thereof herein is
meant to encompass the items listed thereafter and equivalents thereof as well as
additional items.

Filter cartridges in filtration modules can be repaired if an individual
membrane fails or becomes damaged, without necessarily having to replace the entire
filter cartridge. This repair process is called “pin repair,” and involves locating the
damaged fiber(s) in the filter cartridge and inserting a relatively short (about 10 mm
long) pin into the top of the fiber to block the fiber lumen. The damaged fiber is
effectively removed from operation of the filter cartridge, enabling the remaining
fibers to operate normally in the filtration module. The advantages of pin repair are
reduced costs in delaying replacement of the filter cartridge and maximizing its
operating life.

One difficulty with previously known pin repair techniques is that, in these
techniques, the module to be repaired needs to be removed from the filtration unit and
installed in a dedicated pin repair device to carry out the repair. Accordingly, a
typical pin repair process involves a shutdown of the filtration unit, removing the
module to be repaired, repairing the module in the dedicated pin repair device,
reinstalling the module, and restarting the filtration unit. The process of removing
and reinstalling the module may take a similar amount of time as the time required to
perform the actual repair in the pin repair device. Where only a minor repair is
required, the time involved with removing and reinstalling the module(s) that have to
be repaired can be significantly longer than the actual repair process. Also, removing
and reinstalling a module in a bank of modules increases the risk of operator injury or

damage to the membrane module or other modules in the bank due to manual
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handling of the modules.

Aspects and embodiments disclosed herein advantageously provide methods
and devices whereby pin repair can be performed quickly and safely with a reduced
risk of damaging the filtration cartridges in unaffected modules.

Aspects and embodiments of the present invention will be described with
reference to hollow fiber membranes but it is to be understood that aspects and
embodiments disclosed herein are not necessarily limited thereto as they may be
applied to systems incorporating other kinds of filter membranes, for example, porous
or permeable membranes in a spiral wound, mat, or sheet form.

Aspects and embodiments of the present invention relate to filter module
assemblies composed of filter membrane cartridge or sub-module assemblies having
opposed, symmetrical potting heads attached to either end, although filter membrane
cartridges or sub-modules having dissimilar potting heads are also contemplated.
Aspects and embodiments disclosed herein may be implemented with single ended
pressurized membrane filtration modules.

Aspects and embodiments of the present invention relate to filter module
assemblies which utilize headers adapted to conduct fluids in the form of feed, filtrate,
and gas to other headers, for example, adjacent like headers, and into and out of the
filter cartridge or sub-module assembly to which they are connected.

Aspects and embodiments of the present invention relate to membrane filters
whose filter sub-modules comprise elongate bundles of permeable hollow fiber
membranes wherein feed to be filtered is applied to the outside of the bundle of fiber
membranes and filtrate or permeate is withdrawn from the fiber lumens. 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, fluidly communicates a
source of feed and a source of aeration gas to headers of one or more of the filtration
modules in the bank. The fluid control module and/or 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
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introduction of gas into a feed conduit included within a body of the fluid control
module.

Examples of the type of fluid control manifolds which may be used with
aspects and embodiments disclosed herein are described in Applicant’s Australian
Patent Application No. 2010902334, the subject matter of which is incorporated
herein in its entirety by cross-reference.

An embodiment of a filter module assembly 10 suitable for use with aspects
and embodiments disclosed herein is shown in FIG. 1, and is described in more detail
in the Applicant’s International Patent Application PCT/US2012/055715, which is
herein incorporated by reference in its entirety for all purposes.

FIG. 1 is a side sectional elevational view of the filter module assembly 10.
The filter module assembly 10 includes two filter modules 11 and 12 mounted in
common upper and lower manifolds, 13 and 14, respectively. Each filter module 11
and 12 includes a tubular outer casing 15 that encloses a respective sub-module or
cartridge 16. The sub-module 16 comprises a plurality of hollow fiber membranes
(not shown) potted in and extending vertically between opposed upper and lower
potting heads 17 and 18. Upper and lower potting heads 17 and 18 may be formed of
resinous potting material. The potting heads 17 and 18, in this embodiment, are
generally cylindrical in configuration though 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 blocks. Each module 11 and 12 has an upper
header 155.

The hollow fiber membranes form the working part of the filter sub-module or
cartridge 16. Each fiber membrane may have an average pore size of about 0.04 — 0.2
microns, a wall thickness of about 100 — 500 microns and a lumen diameter of about
300 - 1,000 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 is cast into and peripherally surrounded on its outer

side by a respective potting sleeve 19, 20 which extends longitudinally in the direction
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of the fibers towards a respective opposed potting head 17, 18. Each potting sleeve
19, 20 extends beyond the interface between the potting head 17, 18 and the fibers
extending longitudinally from the potting head 17, 18 towards a respective opposed
potting head 17, 18 to form a fluid communication region 21.

Each potting sleeve 19, 20 has a plurality of openings 23 formed therein
located in the fluid communication region 21. In this embodiment, an array of
openings 23 is provided spaced circumferentially and longitudinally from each other.
Each opening 23 is 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 23 are preferably located towards the distal end 24, 25 of each potting
head 17, 18.

The lower potting head 18 is provided with a number of through passages 26
extending generally longitudinally from the lower end surface 27 of the lower potting
head 18 to its upper surface from which the potted membrane fibers (not shown)
extend.

The lower and upper potting heads 17, 18 and the respective potting sleeves
19, 20 are fitted into respective upper header housings 30 and lower sockets 31. A
lower header 32 is a combined feed/gas header which has a head piece 49 with an
internal fluid connection passageway 50, designated as a feed port, extending
downward from a fluid transfer port 45 and radially outward to a side of the head
piece 49. A common fluid control manifold 54 is located between the lower head
pieces 49 of each module 11, 12 for conveying a feed fluid to be treated by the paired
modules 11, 12.

A filtrate receiving chamber 135 is positioned between an upper surface of the
upper potting head 17 and an end cap 120 (FIG. 2) of each module 11, 12. Open ends
of the fiber membranes potted in the upper potting head 17 open into filtrate receiving
chamber 135 and provide fluid communication between the membrane fiber lumens
and filtrate receiving chamber 135.

FIG. 2 illustrates an exemplary filtration module assembly and manifold
configuration as described in International Patent Application PCT/US2012/055715

that is suitable for use with various aspects and embodiments disclosed herein. A
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fluid transfer manifold 170 and the filtrate transfer manifold 168 are each provided
with a respective generally circular cross-section passageway 172 and 171,
respectively (FIG. 1) extending normal to the longitudinal axis of the modules 11, 12.
The filtrate transfer manifold 168 is mounted to and above the fluid transfer manifold
170. The manifolds 168, 170 are 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. The lower manifold 170 may include a passageway
179 (FIG. 1) extending longitudinally along its base for receiving a tie bar which
helps hold portions of the manifolds 168, 170 in adjacently positioned filtration
modules together.

FIG. 3 shows an exemplary mounting arrangement for a row of pairs of
modules in a non-expensive light-weight rack, as described in International Patent
Application PCT/US2012/055715 that is suitable for use with various aspects and
embodiments disclosed herein. The filtration system arrangement comprises a
plurality of membrane module pairs 11 and 12 having filtration membranes included
therein disposed on a rack formed of a pair of parallel base support rails 216 and 217
extending longitudinally along a row of module pairs. The lower header piece 49 of
each module 11 and the lower header piece 49 of each module 12 is supported on rail
216 and rail 217, respectively. End support members 218 and 219 extend vertically
upward from the respective rails 216 and 217 at each end of the rack. A lower cross
member 220 spaces the end support members and extends horizontally between the
support members 218 and 219 adjacent to and above the lower headers 49. An upper
cross member 221 further spaces the end support members 218 and 219 and extends
horizontally between the support members adjacent to and below fluid transfer
manifold 170. An upper longitudinal rail 222 extends along the length of and
between the rows of module pairs and is supported on upper cross members 221.
Each base support rail 216 and 217 includes feet 223, 224, and 225 which extend
downward from the respective ends of the rails and at a mid portion of each rail. The

feet support the lower head pieces 49 above the lower common manifold 54.
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The manifold arrangements shown in FIGS. 2 and 3 provided a convenient
means for individual removal of sub-modules 16 for replacement or repair. However,
this entailed removing the sub-module 16 out of the casing 15.

As such, it would be desirable to perform repair of the module in situ without
having to remove the module from the unit or rack. However, to implement in situ
repair several issues need to be addressed. One issue is that in situ pin repair is that it
may require the liquid waste within the module to be drained and removed. Since the
individual module is typically part of a unit having a plurality of modules that are
fluidly connected to each other by a manifold arrangement, draining an individual
module may requires emptying the entire filtration assembly. In addition, in many
installations with filtration module units it is desirable to keep the floor space clean to
avoid hazards, thus requiring a container to safely store and remove the liquid waste
drained from the modules.

Another issue with in situ pin repair is that pin repair can be a lengthy process.
For example, it may take up to 30 minutes to repair a single module. If multiple
modules need to be repaired, modules in a unit may be exposed to air for a prolonged
period causing fiber drying and loss of performance. In addition, a significant amount
of time may be spent in draining the shell side of the module and removing the liquid
waste volume.

Also, an integrity test is generally integrated in the operating process of the
unit. The integrity test is generally carried out by pressuring the lumen with
compressed air at not less than 70 kPa and tests the ability of the module to hold the
air pressure when the compressed air source is removed. Depending on the method
used, either the outer surface of the fibers or the lumens of the fibers are exposed to
air during the integrity test. Due to capillary effects, an integral fiber with its fiber
wall fully filled with water should not pass any compressed air. If an integral fiber is
unduly dried, however, air will leak through the fiber wall freely and reduce the
ability of the lumen to hold air pressure. Thus, the air pressure drop during the
integrity test caused by fiber drying can give a false integrity test results.

A further issue is that in situ pin repair can pose a safety risk, since it involves

filling the shell sides of the modules in a unit with compressed air, hence significantly
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increasing the hazard level due to the explosive property of compressed air. The
hazard level is calculated based on applied compressed air pressure and the volume.
For a defined pressure, the hazard level increases linearly with volume. Thus, the
housing of the module would desirably be strengthened to minimize this hazard level
to acceptable limits. Depending on the volume of the shell side of the module, this
would impose significant costs for a unit with more than 15 to 30 modules. The costs
incurred in strengthening the housing would significantly increase manufacturing
costs and hence the retail cost for the unit.

Referring to FIGS. 4 and 5, a fluid transfer assembly 300 and method in
accordance with various aspects and embodiments disclosed herein is shown which
enables repair of damaged sub-modules in situ, without having to remove the sub-
module 16 out of the casing 15. FIGS. 4 and 5 also show a simplified diagram of one
of the membrane filtration modules 11, 12 to more clearly illustrate the method
according to this embodiment of the invention. In particular, the module 12 has four
fluid communication openings or “ports” that are in fluid communication with the
manifolds 54, 168, and 170 (as best shown in FIGS 1 to 3) that fluidly connect the
module 12 with the other modules 11, 12 in the unit or rack. The module 12 has a
filtrate port 301 in the upper header housing 30 for conveying filtrate to the filtrate
transfer manifold 168 and an exhaust port 302 for conveying liquid waste from the
casing 15 into the fluid transfer manifold 170. At its opposite end, the module 12 has
a feed port 50 for conveying feed fluid to be treated from the feed manifold 54 to the
module and an aeration port 303 for injecting air from an aeration manifold (not
shown) to facilitation filtration. The upper header housing 30 defines a filtrate
collection chamber 305 that extends from the distal end 24 of the potting head 17 up
to the top of the housing, which is normally fluidly sealed by the removable end cap
120, as shown in FIG 2.

Referring to FIGS. 6 to 8, the fluid transfer assembly 300 has a body in the
form of a tubular sleeve 350 having a fluid communication passageway in the form of
a through bore 354 for transferring fluid from the module 12. The sleeve 350 at least
partly fluidly isolates the filtrate port 301 from the through bore 354.
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As the sleeve body 350 has a length approximate to the length of the upper
header housing 30, it closes off the filtrate port 301 from the through bore 354. In
addition, two sealing members in the form of O-rings 351 are provided on the outer
surface of the sleeve 350 for fluidly isolating the filtrate port 301 from the through
bore 354. The O-rings 351 are located on the sleeve 350 so that they are located or
positioned on either side of the filtrate port 301 when the sleeve 300 is installed into
the upper header housing 30, thus fluidly sealing off the filtrate port 301.

While the body 350 is a tubular sleeve in this embodiment, it will be
appreciated that the body can have other polygonal cross-sections to complement the
inner cross-section of the membrane filtration module and/or upper header housing
30. For example, the body can have a rectangular or square cross-section to
complement a rectangular or square inner cross-section of the membrane filtration
module. Likewise, the body can have other cross-sections, such as triangular, oval,
elliptical, hexagonal, octagonal or any other polygonal cross-section, as desired to
complement the inner cross-section of the membrane filtration module and/or upper
header housing 30.

The fluid transfer assembly 300 also has one end 352 of the sleeve an optional
end cap 353 for fluidly sealing the fluid transfer assembly 300 and the filtrate
collection chamber 305. The end cap 353 has a sealing member 359 in the form of an
O-ring to fluidly seal off the fluid transfer assembly 300.

The cap 353 also has a fluid transferring conduit in the form of a tube 355 that
is in fluid communication with an exit bore 356. Thus, fluid in the filtrate collection
chamber 305 is able to flow under a driving pressure into the through bore 354 and
then through the tube 355 and out of the exit bore 356. The exit bore is connected to a
hose or other tube to permit the fluid to drain out of the module 12, through the fluid
transfer assembly 300 and the hose to a floor drain or sump. Hence, this avoids
spillage of filtrate on the plant floor, eliminating a potential hazard in the plant. In
some embodiments, the exit bore 356 has thread for securing the hose or tube to the
fluid transfer assembly 300. An air vent 360, shown in dotted lines, can also be
provided to assist in siphoning the liquid out from the through bore 354, through the
tube 355 and out exit bore 356.
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Where spillage of the filtrate does not present a hazard, then the cap 353 may
be dispensed with and the fluid transfer assembly 300 may comprise the sleeve 350
and O-rings 351 without the cap 353.

The cap 353 may also have a pair of handles 357 and grips in the form of
knobs 358 to allow easy installation and removal of the sleeve 300 into and out of the
upper header housing 30.

As discussed above, the cap 353 is an optional component to the sleeve 300.
As such, instead of being permanently fixed to the sleeve body 350, the cap 353 is
secured to the sleeve body 350 by way of bayonet-type fitting in the form of a flange
361 in the cap that securingly engages a seat 362 formed on the inner surface of the
sleeve body 350 at one end 352, as best shown in FIG 6.

Alternatively or additionally, the cap 353 can be secured to the sleeve 350
using a securing member in the form of a circlip 365 that engages a seat 366 in the
sleeve 350 adjacent to the cap. The circlip 365 hinders or prevents outward
movement of the cap 353.

In some embodiments, the cap 353 and the sleeve 350 may have
complementary threads for securing the cap to the sleeve. The sleeve 350 may has a
thread 367 at its outer surface at one end 352 for engaging a corresponding thread 368
on the upper header housing 30 for securing the fluid transfer assembly 300 to the
upper header housing of the membrane filtration module 12.

Other methods of removably securing or permanently securing the cap 353 to
the sleeve 350 known in the art may additionally or alternatively be employed.

A repair process to perform an in situ pin repair according to various aspects
and embodiments disclosed herein using the fluid transfer assembly 300 will now be
described. A flowchart of this method is illustrated generally at 500 in FIG. 12.

Membrane failure may be detected by a pressure decay test (PDT) that is
conducted a regular intervals during operation of the rack or unit of modules. Once a
module has been identified as requiring repair, all pipe connections to the unit or rack
are isolated from the rest of the plant. The pressurized module 12 is vented to release
pressure within the module (act 505). Both the shell side of the module 12 and the

lumens of the membranes may be depressurized. The shell side and lumen pressure
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readings may be checked to ensure the both pressure readings are low enough to allow
safe removal of the removable end cap 120 of the module 12 to be repaired. The
removable end cap 120 is then removed (act 510) and the fluid transfer assembly 300
is fluidly connected to the membrane filtration module 12 (act 515). A more detailed
description of the fluid transfer assembly 300 is provided below.

The membrane filtration module 12 is then fluidly isolated from the other
membrane filtration modules in the rack or unit (act 520). This ensures that the
remaining membrane filtration modules are not affected by the repair process, and
hence reduces or minimizes any risk of damage to those modules due to being
exposed to air while waiting for the module containing the defective membranes to be
repaired. Fluid isolation of the module 12 can be achieved in several ways, which
will be discussed in more detail below. Generally, in one embodiment, one or more
of the fluid communication openings of the module 12 are fluidly sealed or closed to
prevent the pressurized gas from entering the manifolds and the other membrane
filtration modules. In some embodiments, isolation of the membrane filtration
module may occur prior to or concurrently with any of acts 505, 510, or 515.

A pressurized gas in the form of compressed air is introduced into the
membrane filtration module 12 to force liquid within the membrane filtration module
into the fluid transfer assembly 300 (act 525). As the module 12 to be repaired is
fluidly isolated from the common manifolds 54, 168, 170, and the filtrate port 301 is
fluidly isolated from the other modules in the unit or rack, only the module to be
repaired is vented to air. Hence, positive transmembrane pressure (MP) only occurs
in the module 12 and consequently feed liquid in the shell side of the module passes
through the membrane walls of the sub-module 16 and exits as filtrate, where it is
removed via the fluid transfer assembly 300 out of the module. The compressed air
drives some or all feed fluid in the casing 15 out through the membranes in the sub-
module 16 as filtrate and into the filtrate collection chamber 305. The filtrate in the
filtrate collection chamber 305 passes into the fluid transfer assembly 300 and is
drained out of the module 12. Filtration in the module 12 to be repaired stops when
the liquid level in casing 15 reaches the lower pot 18 as all membrane fibers of the

module to be repaired are exposed to the compressed air. In some embodiments, the
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module may be filtered down by applying suction to the membrane lumens rather than
by applying compressed air to the external walls of the membranes.

In this embodiment, the compressed air is directed or injected into the module
12 at a pressure below the membrane bubble point so as to not damage the
membranes during draining of the liquid via the fluid transfer assembly 300. Once
the filtrate has been drained from the module, the pressurized gas is then released or
vented from the membrane filtration module. These steps allow the membranes to be
exposed to the atmosphere and permit testing of the membrane sub-module 16 to
identify and repair the damaged membrane(s).

The damaged membrane(s) in the membrane filtration module are then
identified and repaired. This involves fluidly disconnecting the fluid transfer
assembly 300 from the membrane filtration module 12 by removing the fluid transfer
assembly from the upper header housing 30 so that the top of the upper potting head
17 and the ends of the membrane lumens are visible (act 530). Compressed air is
injected into the membrane filtration module 12 at a pressure below the membrane
bubble point (act 535). The compressed air may be introduced into the shell side of
the module 12 and may pass from the shell side through defects, for example, holes,
tears, rips, or other defects, in damaged membranes and into the lumens of the
damaged membranes.

The membranes are then examined to determine which, if any membranes are
damaged (act 540). Damaged membrane(s) will show bubbles exiting their ends or
lumens at the upper side of the upper potting head 17, indicating that gas has entered
the membrane due to a tear or break in the membrane wall. The bubbles may be
formed in residual liquid remaining on top of the upper potting head 17 by air exiting
damaged membranes. The pressure of the compressed air may be increased slightly
during testing to identify all the damaged membranes. A plug in the form of a
relatively short plastic or metallic pin is inserted into the end of the lumen of each
damaged membrane to block the lumens of the damaged membrane(s) (act 545). The
pins may be sealed in the membrane lumens with an adhesive, for example, an epoxy,
or may be sized and shaped such that the pins are retained in the membrane lumens by

friction at operating pressures of the membrane filtration module 12. Alternatively, or
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additionally, the lumen of a damaged membrane may be sealed with epoxy or another
form of sealant. Once all the damaged membrane(s) have been blocked and repair of
the module 12 has been completed, the membranes and membrane filtration module
12 are vented to release the compressed air (act 550).

The membrane filtration module 12 is then fluidly reconnected to the plurality
of membrane filtration modules (via the manifold connections) by reversing the above
steps that were performed to fluidly isolate the filtrate port 301 and other fluid
communication openings 50, 302, and/or 303. Thus, the filtrate port 301 would be
fluidly unsealed or opened as would the other fluid communication openings.

The removable end cap 120 is then fastened to the upper header housing 30 to
fluidly seal the module 12, after which the module is returned to service (act 550) and
a final check is made by conducting a PDT.

The above repair process is repeated for any other modules that may require
repair in the unit or rack. Where multiple operators are available for perform the
repair process, then each operator can be provided with a fluid transfer assembly 300
to enable simultaneous repair of the modules. In such instances, the fluid transfer
assemblies would be fluidly connected to the respective modules 12 to be repaired at
the same time, so that the repair process can be performed efficiently.

Where there is only a single operator, the modules 12 are repaired one at a
time to reduce or minimize air exposure of the modules to be repaired. Otherwise, it
might take too long for a single operator to repair all the modules at once and thus
would be more likely to result in the membrane fibers drying out during the repair
process. To make this process more efficient, it is contemplated that a single operator
could be provided with multiple fluid transfer assemblies 300 fitted with manually
operable valves, which may be provided in the threaded bore 356 in the cap 353
where the filtrate is removed. The valve can be any type of valve, including the valve
described in relation to FIGS. 9 to 11 below or isolation valve as described in
International Patent Application PCT/US2012/057198.

The operator would install each fluid transfer assembly 300 to each module to
be repaired after venting to release their operating pressurized air. Then, the operator

would open the manually operable valve on the fluid transfer assembly 300 installed
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on the first module to be repaired. Due to the valve being opened on one fluid
transfer assembly 300, only the module with that opened valve in its fluid transfer
assembly is drained and exposed to air. After the repair is complete, the valve can be
closed and the operator may open the valve of the fluid transfer assembly 300
installed on the next module to be repaired, and so on. Thus, the pressurized gas can
be supplied to all the modules to be repaired at the same time without exposing the
other modules to the pressurized gas. This can also be done where the pressurized gas
is supplied individually to each module, rather than from a common pressurized gas
supply. Without the manually operable valve on the fluid transfer assembly 300, the
operator would need to release pressures of the respective modules each time, thus
preventing the use of multiple fluid transfer assemblies 300 and hence requiring
removal of the fluid transfer assembly 300 and reinstalling it for each module 12.

In addition, where multiple modules in the same rack or unit are to be repaired
one after the other, the liquid level in the unit or rack will tend to drop after each
repair of different modules within the unit or rack, which may increase the hazard
factor and the risk of the membrane fibers drying out due to prolonged exposure to
compressed air. Accordingly, the unit or rack may be refilled after several repairs of
different modules are carried out. The frequency of refilling will depends on the
number of modules in the rack or unit. The larger the number of modules in the rack
or unit, the less level drop would occur and less frequent refilling would be required.

As discussed above, there are several ways to fluidly isolate the fluid
communication openings that fluidly connect the module to the manifolds and hence
the other modules. Common to these ways is to fluidly isolate the filtrate port 301 by
fluidly sealing it off from the filtrate collection chamber 305. This is achieved using
the fluid transfer assembly 300 to close the filtrate port. However, it will be
appreciated that the filtrate port 301 can be fluidly sealed using other means, such as
an isolation valve or a plug. However, it is more convenient for the fluid transfer
assembly 300 to fluidly isolate the filtrate port 301 since it is used to drain the filtrate
from the module 12 and obviates the need to provide a separate isolation means for
the filtrate port. The various ways of fluidly isolating the fluid communication

openings will also depend on how pressurized gas for will be delivered to the module.
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The pressurized gas may be delivered through any one of the exhaust port 302,
feed port 50 or aeration port 303. The pressurized gas can be transferred through
these ports either by delivering pressurized gas into the common manifolds or directly
through the port of the module 12 to be repaired. Where one of the common
manifolds is used, the other membrane filtration modules in the unit or rack are
fluidly isolated from the manifold using any isolation means, such as an isolation
valve as described in International Patent Application PCT/US2012/057198.

Where the pressurized gas is injected through the exhaust port 302, the feed
and aeration ports 50, 303 are fluidly isolated. In one embodiment, the feed and
aeration ports 50, 303 are fluidly sealed or closed using any isolation means, such as
an isolation valve as described in International Patent Application
PCT/US2012/057198. In some embodiments, a flow regulator valve according to
another aspect of the invention is used to close off the feed and aeration ports 50, 303
from the module and hence fluidly isolate these ports.

Where the pressurized gas is injected through the aeration port 303, the feed
port 50 is fluidly isolated. In one embodiment, the feed port 50 is fluidly sealed or
closed using any isolation means, such as an isolation valve as described in
International Patent Application PCT/US2012/057198. In these embodiments, it is
not necessary to fluidly seal the exhaust port as any liquid above the level of the
exhaust fluid transfer manifold 170 (for example, the floor or invert of the manifold
where the manifold is a pipe) interconnecting the exhaust ports 302 of the membrane
filtration modules 12 will be displaced by the pressurized gas and forced through and
out of the sub-module as filtrate, where it is passed out of the filtrate collection
chamber 305 into the fluid transfer assembly 300 and the out of the module 12. Once
the liquid falls below the level of the fluid transfer manifold 170, only the liquid
within the module 12 to be repaired is displaced by the compressed air and transferred
out as filtrate via the fluid transfer assembly 300. Thus, the exhaust port 302 is fluidly
isolated from the plurality of membrane filtration modules. While it is not necessary
to fluidly seal the exhaust port 302, it can be fluidly sealed if desired.

In one embodiment, the feed port 50 is fluidly sealed or closed using any

isolation means, such as an isolation valve as described in International Patent
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Application PCT/US2012/057198. It is also not necessary to fluidly seal the exhaust
port as described above, but the exhaust port may be sealed if so desired.

Alternatively, a dedicated pin repair port 310 can be provided to introduce the
pressurized gas into the module 12, as best shown in FIG 4. While the pin repair port
310 is illustrated as being located in the upper header housing 30, it can be located
anywhere in the module casing 15. Where the pin repair port 310 is used, the exhaust
port 302 is fluidly sealed or closed using any isolation means, such as an isolation
valve as described in International Patent Application PCT/US2012/057198.
However, the feed port 50 and aeration port 303 do not need to be fluidly sealed or
closed, since injecting the compressed air through the pin repair port 310 in the upper
header housing 30 displaces the liquid in the module to sufficiently expose the
membranes without further displacing any liquid past the pot 18 where the feed and
aeration ports 50, 303 are located. Thus, the feed and aeration ports 50, 303 are
effectively fluidly isolated due to the manner in which the compressed air is injected
into the module 12 through the pin repair port 310. While it is not necessary to fluidly
seal the feed port and aeration port, they can be sealed if so desired.

The source for the pressurized gas to perform module repair can be the same
as the source for the aeration port 303 or a separate unit. If the aeration air source is
used, a dedicated adjustable aeration air regulator for each rack or unit is preferred to
enable the modules that are not being repaired to continue to operate.

Alternatively, to enable fast removal of the liquid in the shell side of the
module 12 to be repaired, minimize the impact of other modules and to adjust the
pressurized gas repair pressure more accurately, the aeration air source is only used to
remove the liquid in the shell side of the module being repaired and a dedicated repair
air source is used for the actual membrane repair step

Referring to FIGS. 9 to 11, one embodiment of another aspect of the invention
is shown. A valve 400 for regulating feed flow into the membrane filtration module
12 has a valve body 401 engageable with a valve seat 402 in the membrane filtration
module and a stem 403 connected to the valve body for moving the valve body
between a closed position and an open position to control the flow of feed fluid into

the membrane filtration module. The valve 400 is positioned downstream from the
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feed port 50 and the aeration port 303 so that it can fluidly isolate both ports in the
membrane filtration module repair method described above in relation to one
embodiment of the invention. This conveniently avoids providing separate isolation
valves for each of the feed and aeration ports 50, 303, and hence reduces costs,
especially when measured against the number of modules in a rack or unit. The valve
400 can also be used to fluidly isolate the module from filtration if the module is
identified as having an integrity issue.

The valve body 401 has a sealing member in the form of an O-ring 404 to
fluidly seal the valve body against the valve seat 402 in the lower header piece 49.
The valve stem 403 has a thread 405 that engages a complementary thread 406 in an
inner valve bore 407. A stop 408 is also provided on the valve stem 403 to limit
movement of the valve stem, and hence valve body 401 to its closed position shown
in FIG. 11.

The valve 400 is operable by rotating the valve stem 403 so that the valve
body 401 moves axially between the closed position and an open position. Moreover,
the valve stem 403 can be rotated so that the valve body 401 can be located in discrete
positions between the closed and open positions, such as the partly open position
shown in FIG 10. This permits control of the feed fluid flow into individual
membrane filtration modules in a rack or unit, enabling greater control over operation
of the rack or unit. In some embodiments, the stem 403 has a locking member (not
shown) to secure the stem and hence the valve body 401 into the discrete position.

Even flow distribution in a unit is crucial to ensure that all the membrane
modules installed in the unit perform identically. Uneven distribution of air through
the aeration port 303 or the feed flow through the feed port 50 can cause solid packing
in some modules and damage fibers. Solid packing, also known as solid
accumulation, occurs where particles or foulants accumulate in the membrane sub-
module 16 or in the casing 15 of the sub-module 16. Generally, good hydraulic
distribution ensures solids (or foulants, particles, etc.) are distributed evenly in each
module 12 during filtration and then are effectively removed by the backwash process
via the exhaust port 302. If there is a preferential flow during filtration or backwash

in a rack or unit (that is, uneven distribution) the particles and foulants in some of the
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modules 12 may not be removed during the backwash process. This results in
continued accumulation of foulants in the affected modules, reducing their
performance. Also, when one or more modules are packed with solids, these modules
can also affect the hydraulic profile in the rack or unit.

A typical rack or unit design may include about 28 modules in each rack or
unit and the internal design (for example, sizes of the openings of the fluid
communication ports) may provide good distribution of liquid and gas for the 28
modules. However, where the number of modules were to be increased for
operational or design requirements, for example, to about 40 modules or more per
rack, the manifold pressures (being the pressure in all four feed, filtrate, aeration and
exhaust manifolds) may increase to a point that instead of the fluid communication
ports controlling the distribution of feed, filtrate, aeration and exhaust fluids,
respectively, the pressure drops in the manifolds control the distribution of the feed,
filtrate, aeration and exhaust fluids. If this occurs, uneven distribution may occur,
resulting in damage to the membrane fibers.

Accordingly, by adjusting the position of the valve 400 (and hence its valve
body 401) into discrete positions between its fully open and closed positions, control
over the distribution of the feed and aeration fluids can be returned to the respective
feed and aeration ports 50, 303. As the valve body 401 moves into discrete positions
between the open and closed positions, it restricts the flow of the feed fluid and air
into the fluid transfer port 45 communicating fluid between the feed and aeration
ports 50, 303 and the socket 31 and potting sleeve 20 (as best shown in FIG 1). This
also adjusts the cross-sectional area of the fluid transfer port 45, and thus creates a
pressure loss across valve 400, which can be made significantly larger than the
manifold pressure losses. As a consequence, the pressure loss across the valve 400
reduces the effect of manifold pressure losses in controlling distribution of the feed
fluid and air through the membrane filtration module 12. Thus, providing the valve
400 in each membrane filtration module 12 ensures that a more even distribution of
the feed fluid and air is achieved in units or racks that have large numbers, for

example, more than 28 modules.
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In some embodiments, the valve stem 403 may, for example, protrude from
the module 12 when activated so that it is easily ascertainable, even at a distance, that
the valve is in the closed position and that the feed and aeration ports, 50, 303 which
the valve controls is disconnected or offline. In accordance with some embodiments,
the module 12 may have a transparent window or may be formed of transparent
material so that valve 400 can be observed by an operator.

It will further be appreciated that any of the features in the disclosed aspects
and embodiments may be combined together and are not necessarily applied in
isolation from each other. For example, the use of the cap 353 in the fluid transfer
assembly 300 can be combined with the use of the valve 400 to increase the efficiency
of the membrane filtration module repair method of the invention.

Providing a method and associated fluid transfer assembly for performing
repair of a membrane filtration module fluidly connected to a plurality of additional
membrane filtration modules confers significant advantages over the prior art. In
particular, being able to perform repair of the membrane filtration module in situ
negates the need to remove the module for repairs. This significantly reduces manual
handling of large and heavy modules, and hence labor involved with maintenance and
repair of racks or units of these membrane filtration modules. It also reduces the
machine downtime due to module repairs. Thus, in accordance with various aspects
and embodiments disclosed herein an operator is able to perform individual module
repairs relatively quickly, reducing the risk of damaging the membrane fibers due to
air exposure. By isolating individual modules for repair, there is less waste in
draining the entire rack or unit of modules to repair a single or relatively few modules
at a time. Also, isolating individual modules reduces the safety risks involved by
limiting the use of compressed air to a single module and not all the modules in a rack
or unit, as well as reducing or minimizing the hazard created by potential spills of the
exhausted liquid in the module being repaired. In all these respects, the aspects and
embodiments disclosed herein represent a practical and commercially significant
improvement over the prior art.

Those skilled in the art would readily appreciate that the various parameters

and configurations described herein are meant to be exemplary and that actual
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parameters and configurations will depend upon the specific implementation in 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 fluid
transfer assembly 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 invention. Thus, in some instances, 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 disclosed herein.
Accordingly, the foregoing description and drawings are by way of example only.
Further, the depictions in the drawings do not limit the disclosures to the particularly
illustrated representations.

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



WO 2015/050764 PCT/US2014/057326

-29 .

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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CLAIMS

1. A fluid transfer assembly for repairing a membrane filtration module in fluid
communication with a plurality of additional membrane filtration modules, the fluid transfer
assembly comprising:

a sleeve having a throughbore to transfer fluid from the membrane filtration module, the
sleeve at least partly fluidly isolating a filtrate port of the membrane filtration module from the
fluid communication passageway, the sleeve being at least partly insertable into an open-ended
housing of the membrane filtration module;

a first sealing member configured to fluidly isolate a filtrate port of the membrane
filtration module from the fluid communication passageway; and

a second sealing member configured to fluidly isolate the filtrate port of the membrane
filtration module from the fluid communication passageway;

wherein the first sealing member and the second sealing member are arranged on an outer
side of the sleeve, the first sealing member being located on a first side of the filtrate port when
the sleeve sealingly engages the membrane filtration module and the second sealing member
being located on a second side of the filtrate port when the sleeve sealingly engages the

membrane filtration module.

2. The fluid transfer assembly of claim 1, wherein the sleeve has a cross-section
complementary to an inner cross-section of an open-ended housing of the membrane filtration

module.

3. The fluid transfer assembly of claim 1, wherein the sleeve has a length approximate to a

length of an upper header housing of the membrane filtration module.
4. The fluid transfer assembly of claim 1, further comprising a cap sealingly engageable
with the sleeve to inhibit escape of fluid from a filtrate collection chamber of the membrane

filtration module.

5. The fluid transfer assembly of claim 4, further comprising a bore in the cap and a conduit,
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wherein the conduit is connected to the bore in the cap for transferring liquid from the

throughbore of the sleeve.

6. The fluid transfer assembly of claim 5, wherein the cap comprises a vent hole.

7. The fluid transfer assembly of claim 6, wherein the cap comprises a first securing
member to secure the cap to the sleeve, and the sleeve comprises a seat, wherein
the first securing member comprises a complimentary flange engageable with the seat in the

sleeve.

8. The fluid transfer assembly of claim 7, wherein the fluid transfer assembly further

comprises a second securing member to secure the cap to the sleeve.

9. The fluid transfer assembly of claim 8, wherein the second securing member comprises a

circlip engageable with a seat in the sleeve.

10. The fluid transfer assembly of claim 1, wherein the sleeve comprises a thread configured

to engage the membrane filtration module.
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