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METHOD AND SYSTEM FOR PERFORMING A BATCH REVERSE OSMOSIS
PROCESS USING A TANK WITH A MOVABLE PARTITION

RELATED APPLICATION
[0001] This application is an International PCT Application which claims priority to
U.S. Utility Patent Application No. 15/783,184, filed October 13, 2017 and also claims the
benefit of U.S. Provisional Application No. 62/409,021, filed October 17, 2016, the disclosures

of both of which are incorporated by reference herein.

TECHNICAL FIELD
[0002] The present disclosure relates generally to reverse osmosis systems, and,
more specifically, to a method and system for using separates volumes to enable a continuous

process.

BACKGROUND

[0003] The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.

[0004] Reverse osmosis systems typically use one or more membrane housings
that have one or more membranes therein that are used to extract an essentially pure fluid from a
solution. The desalination reverse osmosis membranes receive feed fluid from brackish or sea
water and extract fresh water therefrom. Fresh water is extracted or separated when the pressure
of the feed fluid exceeds the osmotic pressure of the fluid which allows permeate or product
fluid to cross the semi-permeable reverse osmosis membrane. The fluid that is left on the input
side to the membrane becomes higher in salt concentration because fresh water that travels
through the membrane does not include the salt. The water that passes through the membrane is
referred to as a permeate. The pressure required to produce fresh water is proportional to the
concentration of the total dissolved solids (TDS) in this feed solution within the reverse osmosis
housing. For typical ocean water, the concentration is about 35,000 parts per million (ppm) and
the corresponding osmotic pressure is about 450 pounds per square inch (psi) (3,102 kPa). For
70,000 ppm feed fluid, the osmotic pressure approximately doubles to 900 psi (about 6,205
kPa). A typical seawater reverse osmosis system uses a series of membranes that recover up to
about 45% of the fresh water and generate about 55% concentrate brine from the original
volume of seawater. The net driving pressure (NDP) equals the feed pressure minus the osmotic
pressure. The net driving pressure is the pressure energy available to drive pure fluid across the

membrane.
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[0005] Referring now to Figure 1, a membrane channel 10 is illustrated between
two membrane sheets 12. The channel 10 includes an inlet 14 and an outlet 16. An amount of
permeate 18 represented by the droplets has permeated from the channel 10 through the
membrane sheets 12. As the feed fluid that enters the inlet 14 and progresses through the
membrane channel 10, the concentration of dissolved solids increases as the permeate 18 is
extracted. The higher number of droplets of permeate 18 toward the inlet 14 indicate that
permeate production is higher toward the inlet 14 and decreases toward the outlet 16. Because of
the increasing totaled dissolved solids and the corresponding reduction in the net driving
pressure, less permeate is extracted from the channel 10.

[0006] Referring now to Figure 2, the relationship of the feed pressure, osmotic
pressure, the feed total dissolved solids, the permeate rate and the net driving pressure is
illustrated for a membrane channel of a reverse osmosis system with about 45% recovery
handling of the seawater. As is illustrated, the feed pressure is about 860 psi (5929 kPa) and
loses about 10 psi (69 kPa) over the life of the channel. The osmotic pressure at the start of the
channel is about 450 psi (3,100 kPa) and rises to about 820 psi (5653 kPa) due to the increase in
total dissolved solid of the feed. The feed total dissolved solid begins at about 35,000 ppm and
rises to about 63,000 ppm at the end of the channel. The net driving pressure begins at about 500
psi (3450 kPa) and decreases to about 50 psi (350 kPa). The permeate flow rate decreases to
negligible at the end of the channel 10.

o}

[0007] Referring now to Figure 3, a batch reverse osmosis system 30 is
illustrated. The batch reverse osmosis system 30 is used to treat a volume of feed fluid. The
process repeatedly passes an initial volume of feed fluid through the reverse osmosis membranes
and removes permeate until a desired level of concentration of total dissolved solids or a specific
amount of permeate has been produced. The batch reverse osmosis system 30 has a feed
reservoir or source 32 that communicates fluid to a charge pump 34. The charge pump 34
communicates fluid through a valve 36 and into an inlet 38 of a tank 40. The valve 36 is open
during filling of a batch tank 40 and is closed after the tank 40 is filled with feed fluid. The tank
40 may include an air vent 41 for releasing displaced air as the tank 40 is filled and drawing in
air as the tank 40 is emptied. A drain valve 42 is coupled to a port 44 for draining the processed
fluid into a brine tank 46 as will be described in more detail below.

[0008] An outlet port 50 communicates fluid from the tank 40 to a high pressure
pump 52 through pipes 51 and 53. The high pressure pump 52 increases the pressure of the fluid
from the tank 40 and communicates the fluid to the membrane housing 54 that has a membrane

56 therein. A permeate pipe 58 drains permeate that passes through the membrane 56. The
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permeate pipe 58 is in communication with a permeate tank 60 that collects the permeate that
passes therethrough. A brine pipe 62 communicates brine concentrated fluid through a valve 64
to a port 66 in the tank 40.

[0009] A controller 70 coupled to a concentration sensor 72 monitors the process
and the concentration of the fluid within the tank 40 to end the process when the fluid within the
tank 40 reaches a predetermined concentration. The controller 70 may also be used to control the
various valves including valve 36, the valve 64 and the pumps including the high pressure pump
52 and the charge pump 34. In the process, feed fluid is provided to the tank 40 through the
charge pump 34 and open valve 36. When the tank 40 is filled, the charge pump 34 is powered
off and the valve 36 is closed. As the tank 40 is filling, air is vented from the tank through the air
vent 41. Drain valve 42 is also closed during the filling of the tank 40 through pipe 38. During
batch processing, the high pressure pump 52 is controlled to provide pressure. The valve 64 is
also opened during batch processing to circulate the concentrated brine back to the tank 40.
During batch processing, fluid from the tank 40 leaves the port 50 and enters the pipe 51
whereby the high pressure pump 52 increases the pressure and provides the desired pressure to
the membrane housing 54 through pipe 53. Permeate exits the membrane housing through the
pipe 58. The control valve 64 is adjusted to achieve a desired flow rate and depressurized brine
fluid returns to the tank 40 through port 66.

[0010] As the batch of fluid within the tank is processed, concentrated brine is
recirculated back to the tank 40 which increases the concentration of the fluid within the tank 40.
As the fluid becomes increasingly concentrated, the pressure output by the high pressure pump
52 is increased. The recirculation of the fluid from the tank 40 to the high pressure pump 52
through the membrane housing 54, brine pipe 62 and the valve 64 continues until the sensor 72
measures the ending concentration.

[0011] Once the desired concentration has been achieved, the high pressure pump
52 is stopped and the concentrate within the tank 40 is drained through the drain valve 42 which
is opened to drain the fluid into the brine tank 46. Thereafter, the drain valve 42 is closed and the
charge pump 34 is activated and the valve 36 is open to provide a fresh batch of feed fluid to the
tank 40.

[0012] Referring now to Figure 4, another prior reverse osmosis system 30’ is
illustrated in further detail. The same components illustrated in Figure 3 are provided with the
same reference numerals. In this example, an energy recovery device such as a turbocharger 74
having a turbine portion 74T and a pump portion 74P is used to recover at least a portion of the

energy of the pressurized brine concentrate stream in the brine outlet pipe 62. That is, the brine



from the membrane housing 54 is communicated to the turbine portion 74T of the turbocharger 74.
The turbine 74T rotates the pump portion 74P to increase the pressure within the input line 78 to the
membrane housing 54. The depressurized brine fluid returns to the tank 40 through the inlet port 66
and the valve 64. The high pressure pump 52 can operate at a lower pressure because of the boost
provided by the turbocharger 74. By reducing the pump power, the added heat into the fluid is
reduced. This also eliminates cooling equipment to maintain the fluid temperature to a desired batch
temperature.

[0013] Referring now to Figure 5, a similar example to that illustrated in Figure 3 is
set forth. In this example, another high pressure pump 80 is coupled between the fill reservoir 32
and the input port 38 to the tank 40. This configuration may be referred to as a “semi-batch” reverse
osmosis system 30”. In this example, the charge pump 34 transfers feed fluid from the reservoir 32
to entirely fill the tank 40. The valve 36 is closed. The high pressure pump 80 is used to pump feed
into the fluid tank 40 from the reservoir 32. The pump 52 is engaged so that as feed is injected into
the tank 40 through the feed pipe 51 and the feed fluid input pipe 53, the pressure quickly rises due
to the incompressibility of the fluid. The pressure reaches the point where the permeate exits the
membrane housing 54 through the permeate outlet pipe 58 into the tank 60. The permeate flow
equals the rate of flow from the high pressure pump 80. As permeate is extracted, the pressure in
tank 40 increase to overcome the increasing osmotic pressure in order to maintain the permeate
flow into the permeate tank 60. The pump 52 circulates fluid from the tank 40 through the
membrane housing 54 and back to the tank 40. Concentration sensor 72 senses the concentration of
the fluid within the tank 40 and when a concentration has reached a concentration limit, the high
pressure pump 80 is shut down and valve 42 is opened to allow the fluid within the tank 40 to drain
into the brine tank 46. The next batch begins by opening the valve 36 and increasing the amount of
fluid within the tank 40 until it is full wherein the valve 36 is closed and the high pressure pump 80

is activated to feed fluid into the tank 40 during the permeate production as described above.

SUMMARY
[0014] The present disclosure provides a method and system for batch processing
feed fluid in a system that can continuously operate in an efficient manner.
In one aspect of the disclosure, a reverse osmosis system includes a membrane housing
comprising a reverse osmosis membrane therein. The membrane housing has a feed fluid input, a
brine outlet and a permeate outlet. The system further includes a charge pump, a plurality of

valves and a tank having a first volume separated from a second volume by a



movable partition. The plurality of valves are configured, in a first mode, to selectively
couple the charge pump to the first volume while the brine outlet and the feed input are
connected to the second volume, and in a second mode, to selectively couple the charge
pump to the second volume while the brine outlet and the feed input are connected to the first
volume. The first mode and the second mode are configured for alternating operation.

In another aspect of the disclosure, a method includes filling a tank having a first
volume separated from a second volume by a movable partition separating a first end from a
second end, producing permeate with fluid in the second volume at a membrane housing
comprising a feed fluid input, a brine outlet and a permeate outlet, and controlling a plurality
of valves so that in a first mode, a charge pump is selectively coupled to the first volume
while the brine outlet and the feed input are connected to the second volume, and in a second
mode, to selectively couple the charge pump to the second volume while the brine outlet and
the feed input are connected to the first volume. The first mode and second mode are
configured for alternating operation.

[0015] Further areas of applicability will become apparent from the
description provided herein. It should be understood that the description and specific
examples are intended for purposes of illustration only and are not intended to limit the scope

of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The drawings described herein are for illustration purposes only and
are not intended to limit the scope of the present disclosure in any way.

[0017] Figure 1 is a cutaway view of a membrane and fluid flow therethrough
according to the prior art.

[0018] Figure 2 is a chart of feed pressure, osmotic pressure, feed total
dissolved solids (TDS), permeate rate and net driving pressure (NDP) according to the prior
art.

[0019] Figure 3 is a schematic view of a reverse osmosis system according to
the batch-operated reverse osmosis system according to the prior art.

[0020] Figure 4 is a second schematic view of a batch operated system
according to the prior art.

[0021] Figure 5 is a schematic of a third batch-operated system according to
the prior art.



[0022]
disclosure.

[0023]

6 during operation.

[0024]

system.

Figure 6 is a schematic of a batch-operated system according to the

Figure 7 is a state chart for the operating states of the valves of Figure

Figure 8A is an alternative valve configuration for a reverse osmosis

5a
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[0025] Figures 8B and 8C illustrate the different states of the spool valve of
Figure 8A.
[0026] Figure 9 is a state table for the operating states of the reverse osmosis

system using the spool valve of Figure 8A.

[0027] Figure 10 is an alternative example of a tank and movable partition.

[0028] Figure 11 is a side view of an alternative configuration for the movable
partition of Figure 10.

[0029] Figure 12 is a chart illustrating feed pressure, osmotic pressure, feed total
dissolved solids, permeate rate and net driving pressure according to the operation of the present
examples.

[0030] Figure 13 is a schematic view of another example of a reverse osmosis
system of the disclosure.

[0031] Figure 14A is a partial schematic view of the reverse osmosis system of
Figure 13 in a first state.

[0032] Figure 14B is a partial schematic view of the reverse osmosis system of
Figure 13 in a second state.

[0033] Figure 15A is a partial schematic view of the reverse osmosis system

having a common wall.

[0034] Figure 15B is a top view of the reverse osmosis tank of Figure 15A.

[0035] Figure 15C is an alternative example of a common wall tank.

[0036] Figure 16 is a side view of an in-water reverse osmosis tank system.

[0037] Figure 17 is a side view of an on-land reverse osmosis tank system.
DETAILED DESCRIPTION

[0038] The following description is merely exemplary in nature and is not

intended to limit the present disclosure, application, or uses. For purposes of clarity, the same
reference numbers will be used in the drawings to identify similar elements. As used herein, the
phrase at least one of A, B, and C should be construed to mean a logical (A or B or C), using a
non-exclusive logical or. It should be understood that steps within a method may be executed in
different order without altering the principles of the present disclosure.

[0039] In the following description, a method and system for managing the
reverse osmosis system to minimize energy consumption of the high pressure pump is set forth.
A process that achieves continuous operation by allowing recharge of fresh feed to occur while

the batch process is processing permeate is set forth.
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[0040] Referring now to Figure 6, the same elements are provided with the same
reference numerals from those of Figures 1 through 5. In this example, the tank 40 includes a
movable partition 610. The movable partition 610 divides the volume of the tank into a first
volume 612 and a second volume 614. The movable partition 610 may separate the volumes 612
and 614 so that there is no mixing of fluid therebetween. That is, during the process, different
salt concentrations may be with the first volume 612 and the second volume 614. The tank 40
has a first end 616 and a second end 618. The first end 616 helps define the first volume 612.
The second end 618 helps define the second volume 614. A side wall 619, together with the first
end 616 and the second end 618, define the entire volume within the tank 40. The tank 40 may
also be various shapes. The movable partition 610 moves up and down during permeate
production process. Details of this will be described below. A three-way valve 620 is used in
place of the valve 36. The three-way valve communicates fluid from the feed source 32 received
at port 620C and the charge pump 34 to either the first port 622 or the second port 624 of the
tank 40 through valve port 620A or 620B, respectively. The valve port 620A is in
communication with the port 622. The port 620B is in communication with the port 624 of the
tank 40. Feed fluid is thus communicated into the first volume 612 through the port 622. Fluid is
communicated into the second volume 614 through the port 624.

[0041] Another three-way valve 630 has a valve port 630A, a valve port 630B
and a port 630C. The port 630C is in communication with the high pressure pump 52 and a brine
drain valve 632. The brine drain valve 632 is in communication with orifices 634 and the brine
reservoir 638. A total dissolved solid sensor or concentration sensor 635 may monitor the
concentration of the drain or brine fluid entering the brine reservoir 638.

[0042] Another three-way valve 640 has a port 640C in communication with the
brine pipe 62, a port 640B that is in communication with the port 642 (that is in communication
with the first volume 612 of the tank 40) and a port 640A in communication with the port 644
which is in communication with the second volume 614 of the tank 40.

[0043] Referring now to Figures 6 and 7, the operation of the reverse osmosis
system 30” is set forth. The states of the valves 620, 630, 632 and 640 are set forth. The fluid in
the three-way valves flows into or out of the port “C” and into or out of one of the port “A” or
port “B” for each valve which are denoted in the chart below. Valve 632 is a two-way valve that
is either opened (“O”) or closed (“C”). In the first state, the RO system 30”makes permeate at
the membrane housing 54 by way of the pipe 58. The valves 620, 630, 632 and 640 may be
referred to as a plurality of valves. However, the various states of the valves may allow various

conditions. In the first state, the plurality of valves are set to make permeate from the volume
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614 while feed fluid enters the volume 612. That is, the valve 620 is set to communicate feed
fluid from the port 620C to 620A and into the port 622. It is presumed in state 1 that the tank 40
is already filled with fluid. Fluid is provided from the port 644 to valve 630 and, in particular, to
port 630B of the valve 630. Fluid is communicated through the valve and port 630C to the high
pressure pump 52 and membrane housing 54 where permeate is produced through the pipe 58.
Leftover brine fluid from the process in the membrane housing 54 returns to the tank though the
pipe 62 and port 640C and port 640A of the three-way valve 640. Fluid leaves the port 640A of
the valve and enters the port 644 in the second end 618 of the tank 40. During this process, the
valve 632 is closed. As the process progresses, the movable partition 610 moves in a direction
toward the second end 618 or, in this example, in a downward direction. When the concentration
of the fluid in the volume 614 reaches a predetermined concentration as determined by the
controller 70 using the concentration sensor 72A, the process stops processing permeate from
the volume 614 and purges brine fluid from the volume 614.

[0044] When brine is being purged from the volume 614, the system enters state
2, the valve states of the valves 620, 630 and 640 in state 2 are identical to those of state 1 with
the exception of valve 632 which changes from closed to open. When valve 632 opens, brine
continues to be pumped through the pipe 51, the high pressure pump 52, pipe 53 and the valve
632. Ultimately, the movable partition 610 moves in a downward direction at or near the second
end 618.

[0045] In state 3 of Figure 7, the valve states of valve 620, 630 and 640 are
reversed from that of state 1. That is, valve 620 now communicates fluid from the port 620C
through the port 620B and into the port 624 of the tank 40. Valve 630 communicates fluid from
the port 642 through the port 630A and 630C of the three-way valve 630 to the pipe 51. Valve
640 communicates brine from the port 640C through the port 640A. Valve 632 is in a closed
state and thus all of the fluid passing through the valve 630 enters the high pressure pump 52
and the membrane housing 54.

[0046] In state 4, brine is purged from the first volume 612. In this situation, the
plurality of valves 620, 630 and 640 are in the identical state as that of state 3 with the exception
being valve 632 which is placed in an open state. In state 3, the movable partition 610 moves
toward the first end 616 until the sensor 72B senses a predetermined concentration of the first
volume by way of the controller 70. The controller 70 then changes the state of the various
valves and may change the speed of the high pressure pump 52 and the pump 34.

[0047] A few notable features set forth in Figure 6 may be evident to those
skilled in the art. Even though purging through the valve 632 takes place, when purging either
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the volume 612 or the volume 614, the membrane housing 54 continues to receive fluid through
pipe 11, pump 52 and pipe 53 and generates permeate fluid through the permeate pipe 58.

[0048] During the process, the flow rate through the membrane housing 54 as
controlled by the high pressure 52 is optimized to prevent fouling and maximize membrane
efficiency. The pump 34 continues to replace the permeate within the appropriate volume of the
tank 40.

[0049] The orifices 634 reduce the pressure drop across the valve to maximize
the valve life and to allow the brine drain to drain until the partition has reached the bottom of
the tank in state 1. The flow resistance through the valve 632 allows enough resistance so that
some permeate production is performed. That is, not all of the circulated brine fluid leaves the
system but rather a portion of the circulating brine fluid reaches the membrane housing 54
through the pump 52. After state 2 and prior to state 3, the pipes 51, 53 and 62 between the
various components are preferably kept to a small distance so the amount of dead volume of
highly concentrated brine between the transition from states 1 and 2 to states 3 and 4 is reduced
to a minimum.

[0050] Reducing the amount of brine in the dead volume of some configurations
may also be important.

[0051] Referring now to Figure 8A, a spool valve 810 is used to replace the
valves 620, 630 and 640 illustrated above in Figure 6 in the reverse osmosis system 30iv. The
spool valve 810 is in fluid communication with the charge pump 34, the brine pipe 62, the high
pressure pump 52 and the drain valve 632.

[0052] The spool valve 810 has a linear actuator 812 that is used to move a rod
814 to align the spool disks 816, 818 and 820 to their desired position relative to the various
ports 830-844 formed in the casing 850 of the spool valve 810.

[0053] It should be noted that the illustration set forth in Figure 8A do not
include the controller 70 and the electrical couplings to the various pumps and to the sensors
72A, 72B and 635. However, the sensors may also be provided in Figure 8 in the same manner
as Figure 6.

[0054] In this configuration, the linear actuator 812 is disposed in the leftmost or
most outward position away from the actuator 812 position. It should also be noted that a seal
860 is disposed between the port 834 and the port 842. By providing the seal 860, the high
pressure portion end or portion and the low pressure end or portion within the spool valve 810
are separated. By alignment of the disks 816, 818 and 820, different flow paths may be formed

through the casing so that fluid may be provided to and from the various devices in a similar
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manner to that set forth in Figure 6. Figures 8B and 8C illustrate state A which also corresponds
to Figure 8A and state B which corresponds to the disks 816, 818 and 820 moved to the
rightmost position or toward linear activity 812 with the rod 814.

[0055] Effectively, ports 830, 838 and 832 act in a fluidically similar manner to
three-way valve 620. The ports 832, 838 and 840 act in a fluidically similar manner to valve 630
and ports 842, 844 and 836 act in a fluidically similar way to valve 640.

[0056] Referring now to Figures 8A-8C and Figure 9, the various states are set
forth using the spool valve. In state A, permeate is made from the volume 614. Feed fluid enters
volume 612. The movable partition 610 moves in a downward position during permeate
production in state A. Valve 632 is closed in state 1. State A corresponds to the rod 814 being in
the leftmost position. That is, state A corresponds to fluid being communicated between ports
838 and 832, between ports 840 and 834 and between ports 844 and 836. State 2 has the spool
valve 810 also in state A. That is, brine is being purged from the volume 614 while feed fluid
continues to reach the membrane housing 54. Pump 52 continues to operate. Valve 632 in state 2
is in an open position.

[0057] In state 3, permeate is being made from volume 612 and feed fluid is
entering volume 614. In state B, fluid is being communicated between ports 830 and 838,
between ports 832 and 840 and between ports 842 and 836. As noted above, during the process
of permeate production, the pump 52 may be controlled to increase in speed and therefore
provide higher pressure to the membrane housing 54.

[0058] Referring now to Figure 10, the movable partition 610 illustrated above
may be a conformable movable partition 610’ as illustrated in Figures 10 and 11. The movable
partition 610° includes an upper surface 1010 and a lower surface 1012. The upper surface 1010
partially defines the first volume 612 of Figure 6. The lower surface 1012 partially defines the
second volume 614. The upper surface 1010 conforms to the shape of the first end 616 of tank
40. The shape of the lower surface 1012 conforms to the shape of the second end 618 of tank 40.
This allows a minimization (or near elimination) of the volume 612 or 614 near the end of the
process. It should be noted that the pressure difference between the upper surface 1010 and the
lower surface 1012 is very minimal and thus the cost of preventing leakage around the movable
partition 610’ is minimal. A seal 1020 may be disposed around the movable partition 610°. A
plurality of different types and shapes and numbers of seals 1020 may be provided.

[0059] Referring specifically to Figure 11, the movable partition 610’ may
include a passage 1110 therethrough. The passage 1110 has a width 1112 that is wider than both
of the difference between the ports 622 and 642 and ports 624 and 644. The width of the passage

10
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is defined at reference number 1112. A swinging plate 1120 may have a spring loaded pivot
1122 coupled thereto. The spring force allows the swinging plate 1120 to open only under high
pressures experienced at the end of each permeate production cycle. The open position of the
swinging plate 1120 is maintained until feed fluid is pumped into the tank volume and the
direction of flow through the swinging plate 1120 is reversed (or the drain valve is closed). In
both instance, the pressure is relieved. After relieving the pressure and the permeate production
begins with the volume on the opposite side of the opening of the swinging plate 1120. The plate
1120, because it is in axial alignment with the port 622, 642, 624 and 644, allows the plate 1120
the move in the direction indicated by the arrows under high pressure. When the partition 610
moves up or down within the tank 40, the plate 1120 will remain in a closed position to prevent
mixing of the volumes 612 and 614. Because there is still a “dead” volume within the pipes
attached to the membrane and various pumps, feed flow continues to enter the tank and causes
the partition to open under the force of the feed flow. By allowing the plate 1120 to open, some
of the feed flow is able to enter the piping to flush the pipes. Thus, the highly concentrated brine
is removed from the pipes and the dead volume within the pipes is eliminated. A total dissolved
solid sensor 635 illustrated in Figure 6 may be used to end the fluid flow through the plate 1120
and thus the permeate production can be resumed as the partition moves in the opposition
direction. Thus, the plate 1120 will open at the bottom of the tank 40 until the TDS sensor 635
reads that a drain fluid concentration is below a drain concentration threshold which corresponds
to a low amount of total dissolved solids present in feed fluid in contrast to high TDS fluid
present at the end of permeate production. The sensor 635 senses the transition between the TDS
amounts. Then, the plurality of valves may be changed so that feed fluid enters the bottom of the
tank and permeate production is from volume 612. Likewise, when the movable partition 610
reaches the top limit of travel, the swinging plate 1120 may open and flush the piping until the
TDS sensor 635 reads below a drain fluid concentration threshold. Thereafter, the plurality of
the valves may change state and feed fluid provided into the volume 612 so that permeate is
produced using the volume 614.

[0060] Referring now to Figure 12, the conditions during a batch operated run
using the partition 610’ illustrated above is set forth. As can be seen, compared to that of Figure
2, the net driving pressure and permeate rate are relatively constant until the time between the
finish and the purge. This time is relatively small and thereafter the cycle starts in the reverse
direction.

[0061] By providing the partitions 610 or 610°, the incoming feed fluid does not

mix with the brine. This is different than the known semi-batch system described above in
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Figures 1-5. The elimination of the feed fluid and the brine mixing increases the efficiency of
the overall system by preventing irreversible losses with different levels of total dissolved solids.
Further, there is no disruption to the membrane production to recharge the tank after the brine
has been fully processed because the tank is already charged with fresh feed on the other side of
the movable partition 610 or 610° with purging of the dead volume not interrupting permeate
production. The permeate production at a constant rate continues until the purge process is
complete even though the process is at a slightly lower efficiency. The process only takes a short
amount of time and full permeate production is then continued. Although the system undergoes
a range of pressures in response to the degree of brine concentration, full depressurization is
never performed. This reduces the cyclical stresses on the tank, piping and the membrane.

[0062] Referring now to Figure 13, a reverse osmosis system 30" in this example,
two tanks 40A and 40B are used to house the first volume 612 and a second volume 614 rather
than having the volumes divided by the movable partition 610 as illustrated above. By providing
two different volumes, relatively low cost equipment and high maximum energy efficiency may
be achieved. When using the movable partition or two separate tanks, the fluid being processed
is not allowed to mix with the previously processed brine and therefore the total dissolved solids
in the feed are minimized. The same reference numerals for each of the components set forth
previously are used in Figures 13, 14A and 14B. In addition to two separate volumes and two
tanks 40A, 40B, two separate concentration sensors 1330 and 1332 are used in a similar manner
to that used above with respect to Figure 6. The sensors 1330, 1332 may act to detect the tank
being drained as well. This may be accomplished in one sensor or two sensors at locations 1330,
1332. Further, two different drain ports 44A, 44B are in fluid communication with the drain
valves 42A, 42B and the respective drain reservoirs 46A, 46B to form drain lines.

[0063] In this example, two three-way valves 1310 and 1312 are provided. In a
sense, the operation of the system is nearly the same as that set forth in Figure 6B. That is, the
low pressure pump 34 fills the tank 40A with an initial fill of feed water. In state A, the three-
way valve 1312 couples the port 1314 through valve ports 1312B and 1312C to the high
pressure pump 52. The brine outlet pipe 62 is in communication with the port 1318 of the tank
40B through valve ports 1310C and 1310A of the valve 1310. The high pressure fluid flow
passes through the turbine 74T of the turbocharger 74 to provide boost as described above in
Figure 4. The permeate exits the membrane housing 54 through the permeate pipe 58. The low
pressure brine enters the tank 40B through the port 1318. Over time, the fluid level of the brine
in the tank 40B increases while the fluid level of the fluid in the tank 40A decreases. To reduce

the amount of time of starting the process, once enough fill fluid has entered the tank 40A, the
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process may start as long as the filling process is faster than the permeate production process. In
the same manner described, the concentrate of the first volume 612 and the second volume 614
are monitored. Further, the drain valves 42A, 42B act in a similar manner.

[0064] Referring now to Figures 14A and 14B, once the liquid level of the
volume 612 in tank 40A is reduced to a substantial amount such as at the bottom of the tank in
Figure 13, the states of the valves 1310 and 1312 switch to a second state in Figure 14A. That is,
valve 1312 communicates fluid from the tank 40B through port 1320 to the high pressure pump
52 through valve ports 1312A and 1312C. Port 1316 and tank 40A receive fluid from the brine
pipe 62 through the turbine 74T through valve ports 1310B and 1310C. In Figure 14A, tank 40B
is reducing in level while tank 40A is filling. The high pressure pump 52 will increase the
pressure in the fluid to a higher pressure due to the higher total dissolved solids. Once the level
of the tank 40B reaches the bottom as indicated by sensor 1332, the valves 1310 and 1312 are
switched.

[0065] Referring now to Figure 14B, valves 1310 and 1312 are switched to
operate in the manner illustrated above with respect to Figure 13. As can be observed, the fluid
level in tank 40A is reduced from the start of the process in Figure 13. That is, each cycle
produces permeate that is removed from the volume of the tanks. Once the concentration of the
remaining brine or the desired amount of permeate has been reduced, drain valves 42A and 42B
are open to drain the tanks 40A, 40B. It should be noted that the sensors 1330 and 1332 may act
as concentration sensors or level sensors.

[0066] Referring now to Figures 15A and 15B, an alternative tank 1510 is
illustrated having a common bulkhead 1512. The common bulkhead divides the tank 1510 into
the first volume 612 and the second volume 614. A common outer wall 1514 may surround the
entire tank.

[0067] Referring now to Figure 15C, another design for a tank 1550 is set forth.
In this example, a first tank 1552 is cylindrical in shape, has volume 612 therein and has a
longitudinal axis 1554. An outer coaxial tank 1556 has volume 614 therein and is disposed
around the tank 1552. Of course, other types of designs may be provided. The advantage of
providing nested or directly adjacent tanks such as that illustrated in Figures 15A-15C are the
reduced amount of land area required to place the tanks.

[0068] Referring now to Figure 16, the tanks 40A and 40B may be replaced with
fabric bags 1610A and 1610B. The fabric bags 1610A, 1610B have ports 1612, 1614, 1616 and
1618 that correspond to the ports 1314, 1316, 1318 and 1320, respectively, as set forth in Figure
13. In this example, the ports 1612-1616 may be formed of flexible hoses. The bags 1610A and
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1610B may be floating in water as illustrated by the water line 1620. The fabric bags 1610A,
1610B may be allowed to float in the body of water as indicated by the water level 1620 and
may be located close to a reverse osmosis system in a sheltered bay directly adjacent to the
reverse osmosis facility. The bags 1610A, 1610B serve the same function and hold a first
volume 612 and second volume 614, respectively. As the batch is processed and the brine
concentration in the bags increases, negative buoyancy results and thus, subsurface support

structures 1630 and 1632 may be used to support the fabric bags 1610A and 1610B as the brine

increases.

[0069] Referring now to Figure 17, fabric bags 1610A and 1610B may be used
on the land 1650. A sculpted surface 1652 and 1654 may receive bags 1610A and 1610B,
respectively.

[0070] Those skilled in the art can now appreciate from the foregoing description

that the broad teachings of the disclosure can be implemented in a variety of forms. Therefore,
while this disclosure includes particular examples, the true scope of the disclosure should not be
so limited since other modifications will become apparent to the skilled practitioner upon a

study of the drawings, the specification and the following claims.
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CLAIMS

1. A reverse osmosis system comprising;:

a membrane housing comprising a reverse osmosis membrane therein, said membrane
housing comprising a feed fluid input, a brine outlet and a permeate outlet;

a charge pump;

a plurality of valves; and

a tank having a first volume separated from a second volume by a movable partition;

wherein said plurality of valves are configured, in a first mode, to selectively couple
the charge pump to the first volume while the brine outlet and the feed input are connected to
the second volume, and in a second mode, to selectively couple the charge pump to the
second volume while the brine outlet and the feed input are connected to the first volume, and

wherein the first mode and the second mode are configured for alternating operation.

2. The reverse osmosis system of claim 1 wherein the plurality of valves are disposed in
a spool valve, said spool valve comprises a rod and a plurality of disks coupled to a linear
actuator, said linear actuator positioning the disks in a first position and thereafter, a second

position.

3. The reverse osmosis system of claim 2 wherein the spool valve comprises a low
pressure end, a high pressure end and a seal between the low pressure end and the high

pressure end.

4. The reverse osmosis system of claim 1 further comprising a controller and a
concentration sensor generating a concentration signal corresponding to a salt concentration
coupled to a drain line, said controller flushing pipes with feed fluid until the salt

concentration in the drain line is below a threshold.

5. The reverse osmosis system of claim 1 wherein the movable partition comprises a
passage therethrough and a swinging plate selectively coupling the first volume to the second
volume.

6. The reverse osmosis system of claim 5 wherein the swinging plate is spring activated.
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7. The reverse osmosis system of claim 5 wherein the passage is aligned with a first port and
a second port of the tank.

8. The reverse osmosis system of claim 7 wherein the passage is aligned with a second port
and a third port of the tank.

9. The reverse osmosis system of claim 1 wherein the movable partition has a first side having
a first shape corresponding to a first tank end shape and the partition comprises a second side
having a second shape corresponding to a second tank end shape.

10. A method comprising:

filling a tank having a first volume separated from a second volume by a movable partition
separating a first end from a second end;

producing permeate with fluid in the second volume at a reverse osmosis membrane
housing comprising a feed fluid input, a brine outlet and a permeate outlet; and

controlling a plurality of valves so that in a first mode, a charge pump is selectively coupled
to the first volume while the brine outlet and the feed input are connected to the second volume,
and in a second mode, to selectively couple the charge pump to the second volume while the brine
outlet and the feed input are connected to the first volume,

wherein the first mode and second mode are configured for alternating operation.

11. The method of claim 10 wherein filling the tank comprises filling the first volume with
feed fluid in response to producing permeate to cause a partition to move toward the second end
until a concentration of fluid in the second volume exceeds a threshold.

12. The method of claim 11 further comprising, when the concentration of fluid in the
second volume exceeds the threshold, producing permeate with the first volume, recirculating brine
to the second volume.

13. The method of claim 12 further comprising moving the movable partition toward the
first end in response to producing permeate with the first volume.

14. The method of claim 10 further comprising, when the partition is at the second end,
opening a swinging plate in a passage through the movable partition so that piping associated
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with the second end receives fluid from the first volume.

15. The method of claim 14 further comprising maintaining the opening of the swinging
plate until a drain concentration of fluid in a drain line is below a drain concentration

threshold.
16. The method of claim 15 further comprising filling the first volume with feed fluid
after the drain concentration of fluid in the drain line is below the drain concentration

threshold and further comprising closing the swinging plate in response to filling.

17. The method of claim 10 further comprising producing permeate in batches from the

first volume and the second volume.

18. The method of claim 10 further comprising controlling a plurality of valves in

response to a first volume concentration and a second volume concentration.

19. The method of claim 10 further comprising a spool valve in response to a first volume

concentration and a second volume concentration.

20. The method of claim 10 further comprising maintaining a constant permeate

production rate until the concentration of fluid in the second volume reaches the threshold.

21. The method of claim 10 further comprising maintaining net driving pressure until the

concentration of fluid in the second volume reaches the threshold.
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