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WATER TREATMENT SYSTEM

BACKGROUND

Water quality remains a concern for many individuals and organizations. For
example, municipalities are often challenged to meet water quality standards. Further,
some individuals do not rely on a municipality’s water supply but use well water or some
other water source and these individuals may desire further purification of the water
from their water source. in addition, many people would prefer a water supply that
exceeds established (e.g. government-designated) water quality standards.

Thus, some individuals or organizations may find it desirable to further purify
water supplied to a building or an area in many situations. There is a need for water
treatment systems that may be placed at or near the point of entry of water supply to a
building. Existing systems are unwieldy, have a large footprint and have a poor
efficiency with respect to recovery of purified water. Additionally, there is also a need for
these systems to be easy to use, to assemble and to monitor by an inexperienced user,

such as the owner or occupant of a building.

SUMMARY

The disclosure relates to water treatment systems that are easy to assemble and
monitor. The disclosure also relates to those systems that may fit within a building at
the point of entry of the water supply but retain a high capacity for water purification.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows a view of one example of a water treatment system according to the

disclosure from one side.
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Figure 2 shows a view of water treatment system according to the disclosure from

another side

Figure 3 shows a view of a water freatment system according to the disclosure with part

of the system cut away to show the system interior.

Figure 4 shows a view of water {reatment system according to the disclosure from

another side

Figure 5 shows a view of water freatment system according to the disclosure from

another side

Figure 6 shows a view of water freatment system according to the disclosure from

above

Figure 7a shows a view of water treatment system according to the disclosure from the

top

Figure 8 shows an exploded view of a water treatment system according to the

disclosure

Figure 9a shows a filtration cassette according to the disclosure

Figure Sb shows an adaptor according {o the disclosure

Figures 10a and b show views of a manifold according to the disclosure

Figure 11 shows views of reverse osmosis cassettes according to the disclosure

Figure 12a and 12b show the frame of water treatment system of the disclosure in an

assembled and disassembled state.
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Figure 13 shows views of examples of a top manifold according to the disclosure

Figure 14 shows views of examples of a bottom manifold according to the disclosure
Figure 15 shows views of further examples of a top manifold according to the disclosure
Figure 16 shows views of examples of a bottom manifold according to the disclosure
Figure 17 shows views of examples of an adaptor according to the disclosure

Figure 18 shows views of an example of a bypass unit according to the disclosure.
Figure 19 shows view of an example of a combination valve according to the disclosure
Figure 20 shows a schematic view of a system according to the disclosure

Figure 21 shows a schematic view of the system of Figure 20 during flush operations
Figure 22 shows a perspective view of a water treatment system according to the

disclosure where the reverse osmosis units have been removed to show the interior of

the system.

Figure 23 shows a side view of a water treatment system according to the disclosure

where the reverse osmosis units have been removed to show the interior of the system.

Figures 24a-c show different views of a permeate flush valve assembly according to the

disclosure.

Figure 25 shows a cross-sectional view of a permeate flush valve according to the

disclosure
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Figure 26 shows a schematic illustrating the procedure of flushing the system according

fo the disclosure.
DETAILED DESCRIPTION

The systems and methods described herein are not limited in their application o
the details of construction and the arrangement of components set forth in the
description or illustrated in the drawings. The present disclosure is capable of other
disclosure and of being practiced or of being carried out in various ways. Also,
the phraseclogy and terminclogy used herein is for the purpose of description and
should not be regarded as limiting. The use of "including" , "comprising” , "having” ,
“containing”, "involving” and variations thereof herein, is meant to encompass the
items listed thereafter, equivalents thereof, and additional items, as well as alternate
examples consisting of the items listed thereafter exclusively.

Other aspects, embodiments, and advantages of these exemplary aspects
and embodiments are discussed in detall below. This description is intended to
provide an overview or framework for understanding the nature and character of
the claimed aspects and examples. The accompanying drawings are included to
provide illustration and a further understanding of the various aspects and
embodiments, and are incorporated in and constitute a part of this specification.
The drawings, {ogether with the specification, serve to explain the described and

claimed aspects and embodiments.

The present disclosure relates o systems that may be used {o increase the purity
of water. According to the disclosure, the systems reduce the concentration of
impurities or undesirable material in input or feed water samples that are inputted or
flowed into the systems. That is, water treatment systems of the disclosure may
produce an output water that has reduced concentrations of dissolved, suspended,
particulate, or non-dissolved impurities compared to the concentrations of these
impurities in input or feed water samples. In preferred examples, systems of the
disclosure may reduce tha total dissolved solids (TDS) of input water. The systems of
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the disclosure may reduce particulates, such as non-dissolved material, where the
particulates may have a range of sizes or shapes. The systems may reduce the
concentration of molecules dissolved in the input water. Systems of the disclosure may
reduce the concentration of charged or uncharged molecules, ions, organic or inorganic

compounds.

Systems of the disclosure may be customized to address a particular water
treatment situation. For example, and without limitation, additional components may be
added to further reduce soluble or insoluble components removed from a system to
address situations where input water that may have greater or lesser amounts of some
impurities or undesirable material, such as either dissolved or undissolved material. In
preferred examples, systems of the disclosure may be used to treat water delivered to a
residential or commercial building. That is, the system may be placed at or near the
point of entry of the water supply into a building. In preferred examples, systems of the
disclosure are compatible for use in a private residence. The water supply for the
private residence may be from a city or otherwise public water supply. In other
examples, the water may be sourced, for example, from a well.

In particularly preferred examples, a water ireatment system is connected fo the
water supply of a single family residence. Systems of the disclosure may also be used
to purify water supplied to a commercial building, including a muiti-office building.
Systems may be scaled {o accommodate a particular situation. For example, two or
more units may be linked to provide a larger capacity that may be used in multi-dwelling
residential buildings or in commercial establishments, depending on requirements In
general, the source of the water supply is not limited for water treatment systems of the

disclosure.

The water treatment systems of the disclosure may be connected to hydro-
pneumatic storage tanks where the output, purified water is stored in the tank. In hydro
pneumatic tanks, water is stored under pressure. In general, air is introduced into the
tank, where the air may apply pressure to permit water flow out of the tank or where air

pressure is reduced to allow the tank to fill. According to the disclosure, hydro
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pneumatic tanks may include a bladder or diaphragm where water may be flowed into
and stored in the bladder or diaphragm. The bladder or diaphragm may be under
pressure from air contained within the tank. In this way, water may be supplied or
delivered to a source for use in a building such as a residence. in other examples, the
water under pressure may be used to flush the system with clean water. In other
examples, water may be stored in unpressurized tanks. In preferred examples, tanks
may contain about 20 to about 300 gallons, or about 50 to about 200 gallons, or about

50 to 100 gallons.

in preferred examples, the water treatment systems of the disclosure system are
able to use a standard power outlet. For example, a water system may use a standard
110 volt, 15 ampere outlet. in these and other examples, a water treatment system
may operate using less than about 2500 watts, or less than about 2000 watts or less

than about 1500 watts, or less than about 1000 watts.

Systems of the disclosure may have a small footprint or may be relatively
lightweight. The systems may be self-contained. The systems of the disclosure may be
easily assembled by a non-professional. The systems may be assembiled in a relatively
confined space. Systems of the disclosure may be assembled using modular units,
where the modular units may contain one or more components of a water treatment
system. The modular units may be removed and a replacement modular unit inserted.

The water treatment systems may have an easy-to-assemble frame.

The dimensions of a water treatment system may be customized to fit a particular
situation. Similarly, the weight of a system will vary depending on componenis used.
Systems of the disclosure may have a total weight of from about 100 pounds to about
250 pounds, or about 100 pounds to about 200 pounds or from about 100 pounds to
about 150 pounds. In preferred examples, systems of the disclosure weigh about 110
to about 160 pounds. For example, a preferred example according to the disclosure
weighs about 140 pounds. Another preferred example of the disclosure weighs about

124 pounds.
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In preferred examples, systems of the disclosure may be from about 15 to 40
inches in length, from about 15 to about 40 inches wide and from about 25 to about 60
inches high. In preferred examples, a system may be about 198 inches long, about 22
inches wide and about 48 inches high. In other examples, the dimensions may vary

depending on the components added.

The water treatment systems used in residences may provide all of the water
required for a residence. For example, the water treatment system may provide up to
20 galions of purified water, or may provide up to about 15 gallons per minute of purified
water, or up to about 10 gallons per minute of purified water, or up to about 7 gallons
per minute of purified water or up to about 5 gallons per minute of purified water. in
other examples, systems of the disclosure may provide a portion of a building's total

water supply.

The water treatment systems of the disclosure generally have a combination of
filtration units and reverse osmosis cartridges. In preferred examples, a water
treatment system has at least one filiration unit and at least one reverse osmosis
cartridge. For example, and without limitation, the at least one filtration unit may be a
0.1 micron hollow filter, a 5 micron filter, a 10 micron filter, or a carbon filter or

combinations of these filters.

in preferred examples, two or more filtration units may linked or integrated into
one filtration cassette. In preferred examples, the integration of the filtration units into a
cassette may reduce the number of leak paths. As a consequence, the efficiency of the
system may be improved, for example, with respect to the volume of water processed

and outputted by a system.

The water treatment systems of the disclosure aiso include at least one reverse
osmosis cartridge where water purity is enhanced by the process of reverse osmosis.

The water treatment system may have one reverse osmosis cartridge, two reverse

7
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osmosis cartridges, three reverse osmosis cartridges, four reverse osmaosis cartridges,
five reverse osmosis cartridges, six reverse osmosis cartridges or more than six
cartridges. A cassette may have one reverse osmosis cartridge, may have two reverse
osmosis cartridges, may have three reverse osmosis cartridges, have four osmosis
cartridges or have more than four cartridges. In preferred examples, a system uses a
cassette of linked reverse osmosis cartridges. The system may use one cassette, or

two cassettes, or more than two casseties.

Table 1 illustrates the properties of a reverse osmosis cartridge of the disclosure
with respect to water purification, whare percent rejection refers to the amount of
selected contaminants removed. Table 1 refers to characteristics of the permeate, the
water fraction purified by the reverse osmosis process. The reverse osmosis process

also produces a concentrate water fraction.

Table 1
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The water treatment systems of the disclosure may be used to generally improve
the purity of the source water. For example, the systems may remove soluble lead and
particulate lead. In preferred examples, the one or more components may remove up to

up to 30ppm of lead, or remove up to 20ppm of lead or remove up to 10 ppm of lead.

Systems of the disclosure may recover or output from about 5% to about 90% of
input feed water as purified water or from about 10 % to about 80% or from about 10%
to about 50%. In some preferred examples, systems may recover up to 80% of the feed

water as purified water.

In examples according to the disclosure, reverse osmosis units are in parallef or
in series when assembiled in a cassette. in preferred examples, the reverse osmosis

cartridges are in paraliel.

According to the disclosure, a water treatment system includes a frame, at least one
filtration unit, at least one reverse osmosis cartridge, at least one pump and at least one
bypass unit. in further examples, a system may further include at least one flush valve
for flushing the system. The system may further include sensors or may further include
drains. Systems of the disclosure may include at least one manifold. In preferred
examples, the systems have two manifolds. In preferred examples, the manifolds are
a single piece. Sysiems of the disclosure may also include a status tracking method. in
preferred examples, a system of the disclosure includes one or more drains that are
used to drain water from the system during, for example, service. According to the
disclosure, at least one drain valve may be located on the frame. In preferred
examples, the drain valve may include a protection lip that protects the drain valve.

Example 1

The following describes a preferred example of a water treatment system of the
disclosure. In this example, a water treatment system may be placed in a residential or
commercial building where the water treatment system is connected to the building’s
water supply such that external water supply flows through the system. That is, g water
treatment system may be placed at or near the point-of-entry of water into the building.
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For example, a system may be connected o a home's water supply. The residential or
commercial building may receive its water from a well or from a city water supply or

from another source.

Figures 1-8 show different views of an assembled water ireatment system 10
according to this example. Figure 3 shows a view where a portion of the system has
been cut away to show the interior of the system. The system includes frame 11,
filtration cartridges 12, 13 reverse osmosis cartridges 31, 32, 33, manifold 16, and pump
20. The system also includes cover 22. The reverse osmosis cartridges are held

together to form a cassette by membrane supports 24.

In this example, the system may be about 18 inches wide, about 22 inches long,

53 inches high and about 160 pounds when assembled.

According to this example, a frame 11 for the system may be assembled using
as few as five paris: upper support 41, middle support 46, side supports 42, 45, and
bottom support 47.

According to this example, a water treatment system has two cassettes. A first
cassette includes two linked filtration units 12, 13. The two filtration units are linked by
an adaptor 26. Cover 22 is also present. In this example, feed water is fed into a first
filtration unit 12 (e.g. with a 10 micron filter) and then passes through the adaptor fo a
second filtration unit 13 (e.g. with a carbon filter). Figure 9a shows the filtration cassette
in isclation where two filtration units 12, 13 are linked by an adaptor 26. Figure 9b
shows the adaptor in isolation. A screen 50 may show the status of an application by

updating the operating parameters of the system.

In this example, as shown in Figures 1-8, a second cassette may include three
reverse osmosis cartridges 31, 32, 33. Feed water having passed through filtration
units 12, 13 is then flowed or passed through the reverse osmosis cartridges. In this
example, the reverse osmosis cartridges are linked such that the water flows the
cartridges in parallel. The three cartridges 31, 32, 33 are fluidly connected by top
manifold 16 and bottom manifold 17. Each manifold has two channels.  In preferred
examples, the inner diameter of each channel is about 0.3 inches to about 2.0 inches,

10



WO 2019/178235 PCT/US2019/022061

or about 0.5 to about 1.5 inches, or about 0.5 inches to about 1.0 inches. in preferred

examples, the inner diameter of each channel is about 0.7 inches.

According to preferred examples, input water may be flowed in through the
bottom manifold through one channel. After passing through the membrane, permeate
water may be forced down by pressure through a second channel in the bottom
manifold. The concentrate fraction passes through the channels of the top manifold.
The concentrate may be sent to waste or recycled through the system. In preferred
examples, the casseties may be removed and replaced with new casseties when the

system is required {o be serviced.

The figures also show components of the frame 11 (items 41, 42, 45, 46, 47).
Pump 20 is also present. Screen 50 is present and is used to illustrate the state of the
system. Tubing 53, 82 is shown. Plate 80 is attached to pump 20. Pressure relief

valves 83, 64 are shown.

Figure 10a shows a closer view of a one-piece manifold using to link reverse
osmosis cartridges. In this example, the manifold is formed from plastic. The design of
the manifold allows the reverse osmosis cartridges o be mounted closely together,
thereby allowing a more compact packing of the reverse osmosis cariridges. A
manifold may accommodate both permeate and concentrate flows from each unit by
having separate channels 51, 52 for each of permeate and concentrate. The manifold is
single piece that links all reverse osmosis cartridges. Leak paths are minimized with the
use of this device. Flow restrictions are also minimized. Figure 10b shows a top portion
of a reverse osmosis cassetie in cross-section, showing top manifold 16 and endcaps

37, where endcaps secure manifold 16 to reverse osmosis cartridges.

In a variation of the example, as shown in Figure 11b, two reverse osmosis
cassettes may be coupled together as shown, thereby forming a muiti-cassette having
six cartridges of reverse osmosis component as part of the water treatment system. A
single cassette of three cartridges in shown in Figure 11a. Reverse osmosis cassettes

include manifolds, 16, 17, membrane supports 24.

11
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Example 2

Figures 11c to 11k show further examples of reverse osmosis cassettes,
according to the disclosure. Figure 11c shows a cassette 150 with three reverse
osmosis units 152. Membrane brackets 156 and 158 hold the reverse osmosis units

together. Top manifold 154 and bottom manifold 155 are shown.

Figure 11d shows two reverse osmosis cassettes, each with three reverse
osmosis units, linked together. Reverse osmosis multi-cassette 250 includes six
reverse osmosis units 252, two top membrane brackets 256 and two bottom membrane

brackets. Top manifolds 254 and bottom manifold 255 are shown.

Figure 11e shows a cassette 350 with two reverse osmosis units 352.
Membrane brackets 356 and 358 hold the reverse osmosis units together. Top manifold

354 and bottom manifold 355 are shown.

Figures 11f to h show three vertical cross-sections through a reverse osmosis
cassette. Figure 11f shows a section through the cassette on the concentrate side of
each unit. Cassette 450 has three reverse osmosis units 452, and membrane brackets
456, 458. Top manifold 454 and botiom manifold 458. Top endcaps 457 and pottom
endcaps 459 are shown in cross-section. The interior of the unit 461 is shown. Figure
11g shows a section through the same cassette but where the section is shown towards
the center of the cassette. Permeate path 463 is shown and concentrate side of
cartridge is shown 464. Figure 11h shows a cross-section through the permeate (clean

water) side of the reverse osmosis unit.

in this and other preferred examples, water is flowed into each reverse osmosis
unit up through a first channel of the bottom manifold 455 into the reverse osmosis
cartridges on concentrate side 464. A fraction of water passes through the membrane to
permeate path 463. The permeate fraction is flowed a second channel of the bottom
manifold, as a consequence of pressure differences in the cartridge. In these examples,
the concentrate fraction may be flowed through the channels of the top manifold. In
other examples, the flow of input water may be reversed, such that water is fiowed

12
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through the top manifold and, the flow of the concentrate and permeate occurs through

the bottom and top manifolds respectively.

Figure 11i shows a reverse osmosis unit endcap in perspective view. Endcap
550 has a body 551 and two tubes 554, 556 that encompass two channels for permeate
flow and concentrate flow respectively. Figure 11j shows the endcap of Figure 11iin

cross-section.

Figure 12a and 12b show an example of the frame 11 in an assembled and
disassembied state respectively. This example includes side supports 1042, 1045,
upper support 1041, middle support 1046 and lower support 1047. The frame is made
from a material does not rust or otherwise corrode. For example, the paris of the frame
are made of a lightweight, non-rusting material, such as a plastic. The assembly of the
frame does not require welding or similar processes. Instead, the parts of the frame may
be assembled by fitting tabs together. In preferred examples, the frame may be easily

shipped in a disassembled state using flat packaging.

Figure 13 shows further views of examples of a manifold according to the
disclosure. Figure 13a shows a perspective view of a manifold 500 where the manifold
is designed to link three reverse osmosis cartridges at the top of the units. in this
example, the manifold 500 is manufactured as a single piece. In preferred examples,
the manifold is constructed of a lightweight, rcbust material. In preferred examples, the
manifold is manufactured from a plastic. In this example, the manifold includes
horizontal body section 504. In preferred examples, the horizontal body section is long
enough to link the three reverse osmosis cassettes. In this example, the manifold 500
links the reverse osmosis cassettes at the top of the cassettes. The manifold includes
two adaptors 501, 502. Adaptor 502 includes a fitting 512 for concentrate flow from the

RO cassette.

In this example, the horizontal body section 504 of the manifold has two separate
tubes 505, 507 which each include channels, not shown in this figure. In this example,
tube 505 is designed to carry permeate and tube 507 is designed to carry concentrate.
The channels are isolated from each other such that fluid in each channel does not co-
mingle.

13
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As shown in Figure 13a, the manifold also includes three vertical sections 510
integrated into the horizontal body section 504. Each of the three vertical sections has
two tubes 517, 519, where each tube includes a channel in fluid communication with a
channel of the horizontal body section. The channel of tube 517 is in fluid
communication with the channel of horizontal body section 505 and contains permeate
flow. Tube 519 is in fluid communication with tube 507. Vertical body sections 510
includes fittings 514, 515 that are placed info a fitting of a reverse osmosis cartridge.
The manifold fittings may include O-rings 506. The vertical sections may also include

tabs 508 that may be used to affix the manifold to the system.

Figure 13b shows a manifold similar to that shown in Figure 13a but viewed from
beneath the manifold. Manifold 500 includes tabs includes a horizontal body section
505 with two tubes 504, 507. Vertical sections 514 are shown. Each vertical section
includes channel where the channels are isolated from each other such that fluid does

not co-mingle. End pieces 501 and 502 are also shown.

Figure 13¢ shows a top manifold as viewed from one side. Figure 13d shows a
cross-section of the manifold of 13¢ as seen from above. Manifold 500 has horizontal
body portion 504 and vertical body portions 510 and fittings 514. Adaptor 501 and 502
are also shown. In Figure 13d, tubes 505 and 507 are shown in cross-section and

showing permeate and concentrate channels.

Figure 14 shows a view of a3 manifold 800 in a perspective view where the
manifold links three reverse osmosis cartridges at the botiom of the units.  In this
example, the manifold 800 is manufactured as a single piece. In preferred examples,
the manifold is constructed of a lightweight, robust material. In preferred examples, the
manifold is manufactured from a plastic. The manifold 600 includes a horizontal body
section 604. In preferred examples, the horizontal body section is long enough o link
three reverse osmosis cartridges. In this example, the manifold links the reverse
osmosis cartridges at the bottom of the cartridges. The manifold includes two adaptors
801, 802. in this example, the manifold has two separate tubes 805,607 which each
include channels. For example, tube 805 may be carry permeate and tube 607 may

14
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carry concentrate. The channels are isolated from each other such that fluid in each

channel does not co-mingle.

in this example, the manifold also includes three vertical sections 610 integrated
into the horizontal body section 604. Each of the vertical sections 610 has two tubes,
617, 619 where one tube (6817) has a channel that carries permeate and the second
tube (619) has a channel that carries concentrate. Each of the vertical body sections
includes fittings 614, 615 that slot into a fitting of a reverse osmosis cartridge. The
manifold fittings may include O-rings 606. The vertical sections may also include tabs

608,609 that may be used to affix the manifold to the system.

Figure 14b shows a manifold similar to that shown in Figure 14a but viewed
looking up at the bottom of the manifold. Manifold 800 includes tabs 608, 609 and
includes a horizontal body section 805 with two tubes 604, 607. End pieces 601 and

802 are also shown

Figure 15a shows a view of a manifold 700 in a perspective view where the
manifold links two reverse osmosis cartridges at the top of the units. In preferred
examples, the horizontal body section 704 is long enough to link two reverse osmosis
cartridges. In this example, the manifold links two reverse osmosis cartridges at the top

of the units. The manifold includes two adaptors 701, 702.

In this example, the manifold also includes two vertical sections 710 integrated
into the horizontal body section 704. Each of the vertical body sections includes fittings
714,715 that slot into a fitting of a reverse osmosis cartridge the manifold fittings may
include O-rings 706. The vertical sections may aiso include tabs 708,708 that may be

used to affix the manifold to the system.

In this example, the manifold has two separate tubes 705,707 which each include
channels. The channels are isolated from each other such that fluid in each channel
does not co-mingle. Figure 15b shows a manifold similar to that shown in Figure 15a but
viewed looking at the bottom of the manifold. Manifold 700 includes tabs includes a
horizontal body section 704 with two tubes 705, 707. Vertical sections 714 are shown.

Each vertical section includes a channel where the channels are isolated from each

15
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other such that fluid does not co-mingle. End pieces 701 and 702 are also shown.

Qutlet 717 is also shown.

Figure 16 shows a view of a manifold in a perspective view where the manifold
links two reverse osmosis cartridges at the bottom of the cartridges.  In this example,
the manifold 800 is manufactured as a single piece. In preferred examples, the
manifold is constructed of a lightweight, robust material. In preferred examples, the
manifold is manufactured from a plastic. The manifold 800 includes a horizontal body
section 804. in preferred examples, the horizontal body section is long encugh to link
two reverse osmosis cartridges. In this example, the manifold links the reverse osmosis
cartridges at the bottom of the units. The manifold includes two adaptors 801, 802. In
this example, the manifold has two separate tubes 805,807 which each include
channels, not shown in this figure. In this example, tube 805 is designed to carry
permeate and tube 807 is designed to carry concenirate. The channels are isolated

from each other such that fluid in each channel does not co-mingle.

In this example, the manifold also includes two vertical body sections 810
integrated into the horizonial body section 804. Each of the veriical sections 810 has
two tubes, 817, 819 where one tube (817} has a channel that carries permeate and the
second tube (819) has a channel that carries concentrate. Each of the vertical body
sections includes fittings 814,815 that slot into a fitting of a reverse osmosis cartridge.
The manifold fittings may include O-rings 806. The vertical sections may also include
tabs 808,808 that may be used to affix the manifold to the system.

Figures 17 shows views of an adaptor for the manifold of the disclosure. Figure
17a shows a perspective view of adaptor 850 which includes body 855 and ports 851,
852,853 and 854. in Figure 17b, the adaptor is shown in cross-section, revealing

internal channeis within the adapior.

In preferred examples, a system of the disclosure includes at least one modular
bypass unit that includes at least two of the following: inlet, outlet, bypass and sensors
for flow, TDS (total dissolved solids) and water pressure. The integration of these
components into a modular unit facilitates assembly of a system of the disclosure. A

modular unit also facilitates service of the unit.

16
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Figures 18a-d show one example of a modular unit according to the disclosure.
Figure 18a shows the unit in a perspective view. Figure 18b shows the unit from
above, Figure 18c shows the unit from one side and Figure 18d shows the modular unit
from below in a cutaway view. The unit 860 includes a bypass 862, flow meter 864 for
monitoring flow of inlet 868. The unit also includes an outlet 870 with corresponding
fiow meter 872. The unit further includes and channel to filters 888, a TDS sensor 874
and pressure sensor 876. Pressure filter 878 and TDS filter 880 are also present. One-
way check valve 873 is also present. Tabs 884 may be used to affix the unit to the

system. Pipe 886 carries water returning from filtration and reverse osmosis cartridges.

According to the disclosure, input water enters inlet 868 and passes through pipe
801, past flow meter 864, pressure sensor 876, TDS sensor 874, through channel 866
to the filiration casseties. After passing through the filtration units and reverse osmosis
cassettes, the output water returns through channel 886 past pressure sensor 878 and
TDS sensor 880 through outlet 870. The water may be then be stored or used.

Example 3

The disclosure also describes components and methods to flush the
system. According to the disclosure, a system may be flushed to remove undesirable
solids such as scale, debris and other non-dissolved material present in the system,
including undesirable material that is present on a surface in the system. In a preferred
example, the system may be flushed to remove undesirable material that is deposited,
precipitated, collected on or adhering to the membranes of the one or more reverse
osmosis cartridges. For example, during reverse osmosis, contaminants may be
deposited on, precipitate on, collect on, or adhere 1o the concentrate side of the reverse
osmosis membrane. The presence of undesirable material may cause reduced
efficiency of water purification by the system or may cause reduced membrane life. The
flushing of the system may also remove insoluble material from other parts of the

system, such as, for example, the filtration units, the tubing or fittings

In some examples, a large volume of water is passed through the system to
remove the undesirable material. In some examples, the large volume of water may
passed through the system at high flow rates. In particularly preferred examples, the

17
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water is flowed through the sysiem at high volume, high fiow rates, and in short bursts.
According to the disclosure, short bursts at high flow rates and high volumes increase
the turbulence of water passing through the system. This increased turbulence
facilitates the removal of undesirable material. In preferred examples, the water is
fiowed into the system at up to 20 times the operational flow rate, or up to 10 times the
operational flow rate or up to 5 times the operational flow rate. The water may be
flowed during a flush in bursts lasting from 5 to 30 second bursts, or from 10 to 30

second bursts.

The disclosure is also directed to a flush combination valve that provides for
different paths for the flow of water through a system or allows for the system to be
flushed with large volumes of water, thereby removing undesirable material. .
According to the disclosure, at least one such combination valve is placed in the water
flow path of a system of the disclosure where the valve(s) may be activated to change
the flow path. For example, the valve assembly may be used to change the flow path to
allow the flushing of the system of any solid debris, precipitates or insoluble material
that collect anywhere in the system including on the membranes used for reverse
osmosis. The flush combination valve may be positioned on the system to monitor

concenirate flow.

An example of flush combination valve 900 is shown in Figure 19. Figures 19a to
¢ shows the valve in cross-section. The valve 900 includes an inlet 906 where water
enters the valve 800. The valve 900 includes channel A. A check valve 807 is present
at the end of channel A where the valve includes check vaive seat 908, spring 910,
metering jet 912, and jet position screw 916 The valve also includes channel B.  The
valve includes diaphragm 904. The valve includes a top access plug and side access

plug. The valve includes an outlet 914 where water exits the valve 900. Solenoid 901 is

also present.

According to the disclosure, the valve may be used to swiich between af least
two different flow paths for the flow of water in the system. In one example, shown in

Figure 19a, the check valve may be set to prevent waler pressure below a set value
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from passing through the check valve. This is advantageous, for example, when the

system is not in use, thereby conserving water.

When the system is in use and water is pumped through the system as shown in
Figure 19b, water pressure is adequate to open the check valve 907. In the example of
Figure 19b, the diaphragm 904 remains closed through the action of the solenoid 801.
Water passes the check valve and passes through the jet passage 912. The size of the

jet passage s selected to regulate the flow of water through the system to the outlet.

According to the disclosure, the valve may provide another water path.
According to this exampie, a solenocid 801 may open the diaphragm 804, thereby
allowing water flow through channel B. The water pressure in Channel A may drop to a
pressure below the pressure set for the check valve 907. As a result, water does not
pass through the metering jet orifice 812. Figure 19d shows different external views of
the combination flush valve in perspective views. Combination flush vaive 900 includes
body 920, electrical connection 921, inlet 8906, solenoid 801 and check valve 910.

Figures 20 and 21 are schematics of a system 100 according to the disclosure.
During normal operation (figure 20), input water is flowed through inlet 110 and water
passes through sediment filter 112 and carbon filter 114. Booster pump 116 may be
used to increase flow o reverse osmosis cartridges 118, 120,122, During reverse
osmosis, a fraction of the input water flows across a membrane in the cartridges,
forming the permeate. In this example and similar examples, after passing through the
membrane the permeate water (Lines with arrowheads) flows from the bottom 125 of
the reverse osmosis cartridges for further purification or for storage 128. The amount of
water crossing the membrane is related to the flow rate of the input water into the
cartridges. According {o this example, concentrate water passes through flow regulator
or meter 124 which regulates the flow of the input water and thereby regulates the
amount of permeate water generated by the system (water flow path shown dash/dot

ling).

According to this and other examples, the system 100 may run a flush cycle after
a predetermined period. For example, a flush cycle may be performed after the filling of

a storage tank. In one example, during a flush cycle, input water enters through inlet

19



WO 2019/178235 PCT/US2019/022061

110 and passes through sediment 112 and carbon 114 filters and reverse osmosis
cartridges 118, 120, 122 as previously described. During the flush cycle, the flush
solenoid valve 126 is activated for brief periods and the concentrate water flow thereby
bypasses flow reguiator 124 such that the flow rate is no longer reguiated. The booster
pump 116 remains activated and a high flow rate of water passes through the reverse
osmosis cartridges 118, 120,122 in short bursts (water flow path shown dash/dot line).
in this situation, there is little or no permeate flow. For example, the solenoid may be left
on for 10 seconds, then shut down for 5 seconds, then turned back on for 10 seconds.
This cycle may be repeated a predetermined number of times, depending, for example
on the properties of the input water. The bursts of water during the flush cycle dislodge

and remove, any undesirable, undissolved material in the system.

Example 4

In another example, a system according to the disclosure undergoes a high
turbulence flush where the water used for flushing has a lower concentration of
impurities than input or concentrate water. For example, a system may be flushed
using permeate water. That is, the system is flushed using water that has passed
through a system during the normal operation of the system, where the normail

operation of the system is {o treat an input water.

According to this example, permeate water is passed through a system to
displace or dissolve any accumulated, unwanted material including debris, deposits,
scale, precipitates or otherwise non-dissolved material that has collected on a surface of
the system, such as the reverse osmosis membranes. According to the disclosure, the
permeate water is flowed into the system at high flow rates to create turbulence that
aids in the displacement, dissolution or otherwise removal of accumulated, unwanted
material. In addition accumulated, unwanted material may more easily dissolve in
permeate water that is used to flush the system, given the low concentration of

dissolved material in the permeate water.

Figure 22 shows a water treatment system in a perspective view, where the
system uses permeate water to perform flush cycles of the systemn. Figure 23 shows a

similar system from the side. In these figures, the reverse osmosis cartridges are
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omitied to more clearly show the interior of the system, including the permeate flush
valve and its components. The permeate flush valve may be mounted onto all
examples of systems previously described. For example, the systems that have up to

siX reverse osmaosis units.

System 400 includes permeate flush valve 402 with solenoid 404. Inlet 408
allows permeate water to permeate flush valve. During flush cycles, permeate flush
valve 402 opens {o allow permeate water to pass through feed line 412 to booster pump
414. Alsc shown in this view of the system are remineralizer 408, top cover 416 with
display 417 and side panels 418, 420. Also, shown is line 424 is placed between
prefilters 432,434 to Booster pump 414 for use during normal use of a system.
Concentrate flush valve 428 is shown with feed lines 426 and 431. In some preferred

examples of the disclosure, a check valve may be included at 410.

Figures 24a to 24c show different views of a permeate flush valve assembly
according fo the disclosure. Permeate flush assembly 1000 includes permeate flush
valve 402, solenoid 404, power cable 403, inlet 408, one-way check valve 410, line from

inlet to valve 411, line from valve to outlet 412, outlet fitting 413.

Figure 25 shows a permeate flush valve 402 in cross-section, where the valve is
in a closed position. The cross-section shows inlet 427, channel 431, channel 433 and
outlet 429. Solenoid 404 is shown as well as piunger 425. According fo the disclosure,
the valve remains closed under normal operating conditions. During a flush procedure,
solencid 404 opens valve 402 such that plunger 425 is disengaged. Permeate water is
able to flow through inlet 427 through channel 431 and channel 433 {o cutlet 428.

Figure 26 is a schematic showing one example of high turbulence flush using
permeate water. According to this example, permeate water is maintained in a tank
under pressure, after having been flowed into the tank during normal operation of a
system. For example, the tank may be a hydro-pneumatic tank. The tank may be
pressurized up to 100 psi (689 Kilopascals) or up to 90 psi or up to 80 psi, or up to 70
psi or up to 80psi. In preferred examples, the tank is pressurized from about 10 psi o

about 100 psi or from about 30 o about 80 psi.

21



WO 2019/178235 PCT/US2019/022061

According to this and similar examples, a system 950 includes a permeate flush
valve 857, generally as previously described. During normal operation, the solenoid
maintains the permeate valve in a closed position. Permeate water is produced from
input water and flowed into the tank 951 for storage, according to examples in this
disclosure. Pump 952, filtration units 954, 855, and reverse osmosis cartridges 956 are

shown.

At a selected time and at a selected frequency, the system may be flushed with
permeate water. According to preferred examples, when the tank is at a selected
pressure, the permeate flush valve 957 is opened through the action of the solenocid. In
preferred examples, the valve is opened when the tank pressure reaches from about 75
to about 90 psi. In a particularly preferred example, the valve is opened when the tank
pressure is about 83 psi. The opening of the permeate valve permits the flow of
permeate water from the tank and into the reverse osmosis cartridges of the system, as
shown by the thin arrow (Line A) leading from the tank. In preferred examples, the
boost pump is not operating during this flow of permeate water. In preferred examples,
the water for flushing takes the same path through the pump to the reverse osmosis
units as input water undergoing purification. In preferred examples, the flush
combination valve 952 is open, thereby allowing the concentrate to flow at high rate

away from the system.

After a selected time, a boost pump is switched on for a selected period. The
pump may be switched on from about one to 30 seconds after the valves are opened, or
from about one to 20 seconds, or from about five seconds to about 15 seconds. The
pump may be on for about one second to about 15 seconds, or from about one fo about
10 seconds or from about one to about 6 seconds. In preferred examples, the pump is
on for 5 seconds. The boost pump increases the flow rate through the system, creating
sufficient turbulence to remove unwanted material that has accumulated on the system.
In preferred examples, the flow rate is increased up to 15 times the flow rate of under

normal operation, or up o 12 times, up to 10 times, or up to 5 times.

The pump is shut off after a selected period and a new cycle is started. The
boost pump activation time and the interval between pump activations may remain the
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same or may vary cycle to cycle. In various examples, each cycle uses about 1 o
about 8 gallons of permeate water, each cycle uses about 1 to about 6 gallons of
permeate water, and each cycle uses about 3 to about 5 gallons of permeate water. In
particularly preferred examples, According to preferred examples, the water is flushed

from the system during each cycle and sent to a drain.

The number of cycles for flushing may be preset. In other examples, the
number of cycles may be linked to the performance of the system. For example, a TDS
monitor may be used to follow the amount of TDS found in the flushed water. In one
example, when the TDS level of flushed water reaches a level close to the TDS level of
the permeate water stored in a tank, then the flushing cycle may be stopped. According
to the disclosure, after the desired number of flushing cycles, the flush valve are closed
and the system resumes normal operation. Table 3 summarizes one possible sequence
for three cycles of permeate flushing. According fo this disclosure, there may be up to

20 cycles, up to 15 cycles, up to 10 cycles, up fo 5 cycles.

In other examples, a second pump may be utilized to pump water from a storage
tank to the system to facilitate transfer of permeate water to the system during the
flushing process. For example, the pump may be utilized if the storage tank is not
pressurized sufficiently for the flow of permeate water to the system.

Table 3

. Example of Permeate flush cycle

fill tank to 83 psi

turn off pump

1-open flush valves - 10 sec

2-turn on pump - 5 sec

3- turn off pump - 10 sec

4- turn on pump - 5 sec

5- turn off pump - 10 sec

| G- turn on pump - 5 sec
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7 - turn off pump

8- After pump off, turn off flush valves

9- turn on pump until tank reaches 83 psi

10- turn on flush 10 sec

Example §

According to preferred examples, a system of the disclosure may monitor and
transmit data to advise a user on the status of a system. The data may be
obtained from sensors placed at locations throughout the system. In some examples, a
system includes a monitor or similar device that displays data about the system. A
system may include a control unit that receives the sensor information. In some
examples, a user may be able to alter the performance of the system by using keypad,
or similar device, to change the parameters and, therefore, the operation of the system.

In preferred examples, a system may transmit information to a remote
location. In preferred examples, data about the system status may be transmitted to a
user’s electronic device using a cellular network or a WiFi network. For example,
the data be transmitted to an application on a user’s device, such as
handheld phone. The application may be designed so that a user may

select desired parameters to be visualized from a list of monitored parameters.

In preferred examples, the system may transmit data relating to least one of the
following, without limitation: water pressure at different sites in the system, flow
rate, gallons of water since last service, warnings concerning component lifetime, total
dissolved solids in input water, fotal dissclved solids in cutput water, water flow details
and alarms concerning pressure at different sites in the system. For example, the
system may transmit data that includes one or more of the parameters listed in
Table 2.
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Table 2

items to Display

Pressures -

inlet

concentrate

outlet

“Fiow (all)

inlet

Qutlet

Concentrate

Recovery rate %

total gallons (from last service) pre
filter

total gallons (from last service)
membrane

Pre filter

total gallons (from last service) ACC. |

 total gallons (from last service) ACC.
Post filter

Filter % left

Membrane % left

Change filter warning / Pre filters

Change Membrane warning

Change pre filter warning
{accessory)

Change post filter warning
{(accessory)

TDS In & Out
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Flow usage chart

day

week

month

12 months

yvear {o year

. Alarms

TDS to high

Pump pressure to low (under 100
psi)

inlet pressure to low (under 10 psi)

Pump pressure to high {over 220 psi)

pre filter life at 10%

Pre filter life at 0%

membrane life at 10%

In some examples, the system may only transmit data to inform a user on the
status of the system and the user may not be able {o alter system parameters to effect
system performance. In other examples, a user may be able to change the
performance of the system from a remote location. For example, and without limitation,
a user may use an application on a handheld device to stop water flow, increase flow,

increase or decrease the minerals added {o the water after purification.

Obviously, many modifications and variations of the present disclosure are
possible in light of the above teachings. It is, therefore, {0 be understood that
within the scope of the disclosure, systems and methods may be practiced

otherwise than as specifically described.
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Claims

1. A water treatment system, comprising
at least one filtration cassette:

wherein said at least one filtration cassette comprises at least two

linked filtration units:
at least one reverse osmosis cassette;

wherein said at least one reverse osmosis cassette comprises at

least two linked reverse osmosis cartridges;

said at least two reverse osmosis cartridges fluidly connected by at
least one first manifold and by at least one second manifold

said first and said second manifold each having two

channels;

said first mainfold flowing input water into said at least two

reverse osmosis cartridges in a first channel;

said first manifold flowing permeate water away from said at

least one reverse osmosis cartridge in a second channel;

said second manifold flowing concentrate water away from

said at least two reverse osmosis cartridges;
at least one pump;
a frame; and
at least one bypass unit.

2. The water treatment system of claim 1 further comprising a storage tank.
3. The water freatment system of claim 2 wherein said storage fank is a

hydropneumatic tank.
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4. The water treatment system of claim 2 wherein said tank holds from about 30
gallons to about 100 gallons of water.

5. The water treatment system of claim 1 wherein said tank is maintained from
about 75 psi to about 80 psi when said tank is full.

6. The water treatment system of claim 1 wherein said tan

7. The water freatment system of claim 1, comprising a unit that transmits realtime
information about the status of said system.

8. The water treatment system of claim 1 wherein said at least one reverse
osmosis cariridge of each said at least one cassette are in paraliel

9. The water treatment system of claim 1 wherein said bypass unit comprises
an outlet, an inlet, at least one flow meater and at least one sensor.

10. The water treatment system of claim 1 wherein said bypass unit comprises an
outlet, an inlet, a flow meter, a bypass valve, at least one TDS sensor and at
least one pressure sensor.

11. The water treatment system of claim 1 wherein said frame comprises five
sections.

12. The water treatment system of claim 1 wherein said frame is made from plastic.

13. The water treatment system of claim 1, further comprising a flush valve.

14. The water treatment system of claim 11 wherein concentrate water or input
water is flowed through said flush valve to said at least one reverse osmosis
cartridge during a flush cycle.

15. The water freatment system of claim 1 wherein said flush valve is a permeate
fiush valve.

16. The water treatment system of claim 15 wherein water from said tank is flowed
through said flush valve to said reverse osmosis cartridges during a flush cycle.

17. The water treatment system of claim 15 wherein water from said tank is flowed
through said flush valve to said reverse osmosis cartridges in 5 to 10 second
bursts during said flush cycle.

18. The water treatment system of claim 15 wherein water from said tank is flowed
through said flush valve to said at least one reverse osmosis cartridge at from

about 10 to about 100 gallons per minute.
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