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What is claimed is:

1. A method of operating a filtration system, the filtration system having at least one inlet
fluidly coupled to at least one feed stream, at least one filter membrane fluidly coupled to the at
least one inlet to receive feed water from the at least one feed stream, and at least one pump to
generate a pressure to displace the feed water from the at least one feed stream into the at least one

filter membrane and produce an output permeate stream, the method comprising:

causing a first driving signal to be provided to the at least one pump to cause the generated
pressure to produce the output permeate stream at a recovery rate that is
substantially equal to a first target recovery rate during a first period of time, the
first target recovery rate being greater than a maximum non-scaling recovery rate

for the at least one filter membrane and less than 100%.
2. The method of claim 1, further comprising:

causing a second driving signal to be provided to the at least one pump to cause the
generated pressure to produce the output permeate stream at a recovery rate

substantially equal to a second target recovery rate during a second period of time.

3. The method of claim 2, wherein the second target recovery rate is equal to or less

than a maximum non-scaling recovery rate for the at least one filter membrane.

4. The method of claim 2, wherein the second target recovery rate is greater than the

maximum non-scaling recovery rate for the at least one filter membrane.

5. The method of claim 2, wherein the second target recovery rate is greater than the
maximum non-scaling recovery rate for the at least one filter membrane and the first target

recovery rate.

6. The method of claim 2, wherein the second driving signal is configured to cause at
least a partial flush of the at least one filter membrane such that the second target recovery rate is

less than the maximum non-scaling recovery rate for the at least one filter membrane.

7. The method of claim 6, wherein the second target recovery rate is equal to zero

such that all of the received feed water of the at least one feed stream is output as reject.
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8. The method of claim 2, wherein the second target recovery rate is less than or equal
to the maximum non-scaling recovery rate for the at least one filter membrane during a portion of
the second period of time, and above the maximum non-scaling recovery rate during a portion of

the second period of time.

9. The method of claim 2, wherein the second target recovery rate is greater than 0%
and less than or equal to the maximum non-scaling recovery rate to cause a partial flush of the at

least one filter membrane.

10.  The method of claim 2, wherein the second target recovery rate is between 96-100%
such that a ratio of the received feed water to output permeate stream by volume is between (.96

and 1.0 during the second period of time.

11.  The method of claim 2, further comprising causing at least one bleed valve fluidly
coupled to the at least one filter membrane to output a first predetermined portion of the feed water

of the at least one feed stream as reject water during the second period of time.

12.  The method of claim 11, wherein the second target recovery rate is equal to 100%,
and wherein causing the at least one bleed valve to output the first predetermined portion of the at
least one feed stream as reject water during the second period of time further comprises closing
the at least one bleed valve such that substantially 0% of the at least one feed stream is output as

reject water.

13. The method of claim 11, wherein the second target recovery rate is less than 100%,
and wherein causing the at least one bleed valve to output the first predetermined portion of the at
least one feed stream as reject water during the second period of time further comprises opening
the at least one bleed valve to output the first predetermined portion of the feed water as reject

walter.

14, The method of claim 2, wherein the second target recovery rate is 100% such that
0% of the at least one feed stream is output as reject water during at least a portion of the second

period of time.

15.  The method of claim 2, wherein the second period of time occurs prior to or after

the first period of time based on a predetermined sequence of filter operations.
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16.  The method of claim 2, wherein the second target recovery rate is 100%, and
causing the second driving signal to be provided to the at least one pump further comprises causing
one or a plurality of antiscalant doses to be introduced into the at least one filter membrane at a
predetermined moment during the second period of time, and wherein the predetermined moment
delineates the second period of time into a first induction period occurring prior to the
predetermined moment and a second induction period occurring after the predetermined moment
at which antiscalant is introduced, the first induction period being a period of time operating before
scaling and/or fouling of the at least one filter membrane occurs, the second induction period being
a period of time measured from when the antiscalant is introduced to when scaling and/or fouling

of the at least one filter membrane occurs.

17.  The method of claim 2, further comprising causing a third driving signal to be
provided to the at least one pump to at least partially flush the at least one filter membrane, wherein
causing third driving signal to be provided to the at least one pump to at least partially flush the at
least one filter membrane further comprises causing the third driving signal to be provided to the
at least one pump during a third period of time, the third period of time subsequent to the second

period of time.

18.  The method of claim 17, wherein the third driving signal is configured to cause the
at least one pump to generate a pressure to produce the output permeate stream at a recovery rate

that is substantially equal to a third target recovery rate during the third period of time.

19.  The method of claim 18, wherein the third target recovery rate is between 0% and
80% during the third period of time to cause at least a partial flush of the at least one filter

membrane.

20.  The method of claim 18, wherein the third target recovery rate is substantially 0%
to cause a full flush of the at least one filter membrane, the third target recovery rate being different

than the first target recovery rate and the second target recovery rate.

21.  The method of claim 2, wherein the second period of time is subsequent to the first
period of time, and wherein causing the second driving signal to be provided during the second
period of time occurs without causing an intervening full flush of the at least one filter membrane

between the first and second periods of time.

SUBSTITUTE SHEET (RULE 26)



WO 2021/188132 PCT/US2020/034674
39
22.  The method of claim 2, wherein the second driving signal is configured to cause
pressure generated by the at least one pump to increase to an amount exceeding osmotic pressure
of the at least one filter membrane such that over the second period of time pressure increases by

at least 10 psi per minute, the second period of time being at least two (2) minutes.

23.  The method of claim 2, wherein the second driving signal is configured to cause
the at least one pump to generate a substantially constant pressure such that over the second period
of time the substantially constant pressure increases by a maximum of 10 pounds per square inch

(psi) per hour, the second period of time being at least 6 hours.

24.  The method of claim 1, wherein the first driving signal is configured to cause
pressure generated by the at least one pump to increase to an amount exceeding osmotic pressure
of the at least one filter membrane such that over the first period of time pressure increases by at

least 10 psi per minute, the first period of time being at least two (2) minutes.

25.  The method of claim 1, wherein the first driving signal is configured to cause the
at least one pump to generate a substantially constant pressure such that over the first period of
time the substantially constant pressure increases by a maximum of 10 pounds per square inch

(psi) per hour, the first period of time being at least 6 hours.

26.  The method of claim 1, further comprising causing at least one bleed valve fluidly
coupled to the at least one filter membrane to output a second predetermined portion of feed water

of the at least one feed stream as reject water during the first period of time.

27.  The method of claim 26, wherein the first target recovery rate is less than or equal
to 98%, and wherein causing the at least one bleed valve to output the second predetermined
portion of feed water of the at least one feed stream as reject water during the first period of time
further comprises opening the at least one bleed valve to cause at least 2% of the feed water of the

at least one feed stream to be output as reject water during the first period of time.

28.  The method of claim 1, wherein causing the first driving signal to be provided to
the at least one pump further comprises causing one or a plurality of antiscalant doses to be
introduced into the at least one filter membrane at a predetermined moment during the first period

of time, the predetermined moment at an initial start of the first period of time or at a moment
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following the initial start of the first period of time and prior to scaling and/or fouling of the least

one filter membrane.

29.  The method of claim 28, wherein the predetermined moment delineates the first
period of time into a first induction period occurring prior to the predetermined moment and a
second induction period occurring after the predetermined moment at which antiscalant is
introduced, the first induction period being a period of time operating before scaling and/or fouling
of the at least one filter membrane occurs, the second induction period being a period of time
measured from when the antiscalant is introduced to when scaling and/or fouling of the at least

one filter membrane occurs.

30.  The method of claim 29, wherein causing the first driving signal to be provided to
the at least one pump further comprises causing the at least one pump to monotonically increase
pressure beyond osmotic pressure of the at least one filter membrane from the predetermined
moment the antiscalant is introduced to maintain the first target recovery rate during at least a

portion of the second induction period.
31.  Afilter system comprising:
at least one inlet fluidly coupled to at least one feed stream;

at least one filter membrane fluidly coupled to the at least one inlet to receive feed water

from the at least one feed stream;

at least one pump to generate a pressure to displace the feed water from the at least one
feed stream into the at least one filter membrane and produce an output permeate

stream; and

a controller configured to cause a first driving signal to be provided to the at least one pump
to cause the generated pressure to produce the output permeate stream at a recovery
rate that is substantially equal to a first target recovery rate during a first period of
time, the first target recovery rate being greater than a maximum non-scaling

recovery rate for the at least one filter membrane and less than 100%.

32.  The filter system of claim 31, wherein the controller is further configured to cause

a second driving signal to be provided to the at least one pump to cause the generated pressure to
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produce the output permeate stream at a recovery rate substantially equal to a second target

recovery rate during a second period of time.

33.  The filter system of claim 32, wherein the second target recovery rate is equal to or

less than a maximum non-scaling recovery rate for the at least one filter.

34.  The filter system of claim 32, wherein the second target recovery rate is greater

than the maximum non-scaling recovery rate for the at least one filter membrane.

35.  The filter system of claim 32, wherein the second target recovery rate is greater
than the maximum non-scaling recovery rate for the at least one filter membrane and the first target

recovery rate.

36.  The filter system of claim 32, wherein the second driving signal is configured to

cause at least a partial flush of the at least one filter membrane.

37.  The filter system of claim 36, wherein the second target recovery rate is equal to

zero such that all of the feed water of the at least one feed stream is output as reject.

38.  The filter system of claim 36, wherein the second target recovery rate is less than
or equal to a maximum non-scaling recovery rate for the at least one filter membrane during a
portion of the second period of time and greater than the maximum non-scaling recovery rate for

a portion of the second period of time.

39.  The filter system of claim 36, wherein the second target recovery rate is greater
than 0% and less than the maximum non-scaling recovery rate to cause a partial flush of the at

least one filter membrane.

40.  The filter system of claim 32, wherein the second target recovery rate is between
96-100% such that a ratio of the received feed water to output permeate stream by volume is

between 0.96 and 1.0 during the second period of time.

41.  The filter system of claim 32, further comprising at least one bleed valve fluidly
coupled to the at least one filter membrane to output a first predetermined portion of the feed water

of the at least one feed stream as reject water during the second period of time.

42, The filter system of claim 41, wherein the second target recovery rate is equal to

100%, and wherein the controller is configured to cause the at least one bleed valve to close such
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that the first predetermined portion of feed water output as reject water is zero percent during the

second period of time.

43.  The filter system of claim 41, wherein the second target recovery rate is 100% such

that 0% of the at least one feed stream is output as reject water during the second period of time.

44.  The filter system of claim 41, wherein the second period of time occurs prior to or
after the first period of time based on a predetermined sequence of filter operations stored in a

memory.

45.  The filter system of claim 32, wherein the second driving signal is further
configured to cause one or a plurality of antiscalant doses to be introduced into the at least one

filter membrane at a predetermined moment during the second period of time.

46.  The filter system of claim 45, wherein the predetermined moment delineates the
second period of time into a first induction period occurring prior to the predetermined moment
and a second induction period occurring after the predetermined moment at which antiscalant is
introduced, the first induction period being a period of time operating before scaling and/or fouling
of the at least one filter membrane occurs, the second induction period being a period of time
measured from when the antiscalant is introduced to when scaling and/or fouling of the at least

one filter membrane occurs.

47.  The filter system of claim 32, wherein the controller is further configured to cause
a third driving signal to be provided to the at least one pump to cause at least a partial flush during

a third period of time, the third period of time subsequent to the second period of time.

48.  Thefilter system of claim 47, wherein the third driving signal is configured to cause
the at least one pump to generate a pressure to produce the output permeate stream at a recovery
rate that is substantially equal to a third target recovery rate during the third period of time, the

third target recovery rate being different than the first and second target recovery rates.

49.  The filter system of claim 47, wherein the third target recovery rate is between 0%
and 80% during the third period of time to cause at least a partial flush of the at least one filter

membrane.

50.  The filter system of claim 48, wherein the third recovery rate is substantially 0% to

cause a full flush of the at least one filter membrane.
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51.  The filter system of claim 32, wherein the second period of time is subsequent to
the first period of time, and wherein causing the second driving signal to be provided during the
second period of time occurs without causing an intervening full flush of the at least one filter

membrane between the first and second periods of time.

52.  The filter system of claim 32, wherein the second driving signal is configured to
cause pressure generated by the at least one pump to increase to an amount exceeding osmotic
pressure of the at least one filter membrane such that over the second period of time pressure

increases by at least 10 psi per minute, the second period of time being at least two (2) minutes.

53.  The filter system of claim 32, wherein the second driving signal is configured to
cause the at least one pump to generate a substantially constant pressure such that over the second
period of time the substantially constant pressure increases by a maximum of 10 pounds per square

inch (psi) per hour, the second period of time being at least 6 hours.

54.  The filter system of claim 31, wherein the first driving signal is configured to cause
pressure generated by the at least one pump to increase to an amount exceeding osmotic pressure
of the at least one filter membrane such that over the first period of time pressure increases by at

least 10 psi per minute, the first period of time being at least two (2) minutes.

55.  Thefilter system of claim 31, wherein the first driving signal is configured to cause
the at least one pump to generate a substantially constant pressure such that over the first period
of time the substantially constant pressure increases by a maximum of 10 pounds per square inch

(psi) per hour, the first period of time being at least 6 hours.

56.  The filter system of claim 31, further comprising at least one bleed valve fluidly
coupled to the at least one filter membrane to output a second predetermined portion of feed water

of the at least one feed stream as reject water during the first period of time.

57.  The filter system of claim 56, wherein the first target recovery rate is less than or
equal to 98%, the first predetermined portion of feed water being at least 2%, and wherein the
controller is configured to cause the at least one bleed valve to output the first predetermined
portion of feed water of the at least one feed stream to be output as reject water during the first

period of time.
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58.  The filter system of claim 31, wherein the controller is further configured to cause
one or a plurality of antiscalant doses to be introduced into the at least one filter membrane at a

predetermined moment during the first period of time.

59.  The filter system of claim 58, wherein the predetermined moment delineates the
first period of time into a first induction period occurring prior to the predetermined moment and
a second induction period occurring after the predetermined moment at which antiscalant is
introduced, the first induction period being a period of time operating before scaling and/or fouling
of the at least one filter membrane occurs, the second induction period being a period of time
measured from when the antiscalant is introduced to when scaling and/or fouling of the at least

one filter membrane occurs.

60.  Thefilter system of claim 59, wherein causing the first driving signal to be provided
to the at least one pump further comprises causing the at least one pump to monotonically increase
pressure beyond osmotic pressure of the at least one filter membrane from the predetermined
moment the antiscalant is introduced to maintain the first target recovery rate during at least a

portion of the second induction period.

61.  The filter system of claim 31, wherein the at least one filter membrane comprises
at least one high-pressure filter membrane with a pressure casing capable of withstanding at least

90 bar of pressure.

62.  The filter system of claim 31, wherein the at least one filter membrane comprises
at least first and second filter membranes, each of the first and second filter membranes providing
at least a portion of first and second filter stages, respectively.

63.  The filter system of claim 62, further comprising a filter valve arrangement to

switchably fluidly couple the first and/or second filter membranes to the at least one feed stream.

64.  The filter system of claim 63, wherein the controller is further configured to cause
the filter valve arrangement to switchably fluidly couple the first and/or second filter membranes

to the at least one feed stream during the first and/or second periods of time.

65.  The filter system of claim 31, wherein the at least one inlet fluidly couples to a
bleed of a filter system such that the at least one feed stream comprises concentrate from the filter

system.
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66.  The filter system of claim 31, wherein the wherein the at least one inlet fluidly
couples to an outlet of a filter system such that the at least one feed stream comprises permeate

output by the filter system.

67. A method for operating a filtration system, the filtration system having an inlet
fluidly coupled to at least one feed stream, at least one filter membrane fluidly coupled to the inlet
to receive feed water of the at least one feed stream, and at least one pump to generate a pressure
to displace the feed water of the at least one feed stream into the at least one filter membrane and

produce an output permeate stream, the method comprising:

causing a first driving signal to be provided to the at least one pump, the first driving signal
to increase the generated pressure of the at least one pump to an amount exceeding osmotic
pressure of the at least one filter membrane and maintain a target recovery during a first period of
time, the target recovery exceeding a maximum non-scaling recovery rate and having an associated
duration of time prior to when a maximum non-scaling recovery state is reached for the at least

one filter membrane;

detecting when the maximum non-scaling recovery state is reached for the at least one filter

membrane during the first period of time; and

in response to detecting the maximum non-scaling recovery state is reached, causing one
or a plurality of antiscalant doses to be introduced into the at least one filter membrane to increase
an amount of time between when the maximum non-scaling recovery state is reached and when

scaling and/or fouling of the at least one filter membrane occurs.

68. A method for operating a batch reverse osmosis (RO) filtration system, the batch RO
filtration system having an inlet fluidly coupled to at least one feed stream, at least one filter
membrane fluidly coupled to the inlet to receive feed water of the at least one feed stream, and at
least one pump to generate a pressure to displace the feed water of the at least one feed into the at

least one filter membrane and produce an output permeate stream, the method comprising:

causing a first driving signal to be provided to the at least one pump to cause output of the
output permeate stream at substantially a target recovery rate during a first period of time, the
target recovery rate being greater than a maximum non-scaling recovery rate for the at least one

filter membrane, and the first driving signal to increase the generated pressure of the at least one
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pump to an amount exceeding osmotic pressure of the at least one filter membrane to maintain

output of the output permeate stream at substantially the target recovery; and

causing one or a plurality of antiscalant doses to be introduced into the at least one filter

membrane at a predetermined moment during the first period of time.

69.  The method of claim 68, wherein the predetermined moment delineates the first
period of time into a first induction period occurring prior to the predetermined moment and a
second induction period occurring after the predetermined moment at which the one or plurality
of antiscalant doses are introduced, the first induction period being a period of time operating
before scaling and/or fouling occurs, the second induction period being a period of time measured
from when the one or plurality of antiscalant doses are introduced to when scaling and/or fouling

occurs.
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