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61/ 305, 292, filed on February 17, 2010. The entire disclosure of the above
application is incorporated herein by reference. 10FI ELD [0002] The present

di sclosure r eb@ﬁ?R@ﬁ?@ﬁ'ﬁM FOR %VREwngmmwStW@TeWusm%

specifically, to a met apparatus ftor operating a reverse osnosis
system usi ng a hydRBAULLC EM@@YMA&U%EMENENHE@HPGHONSV%EM5
BACKGROUND [ 0003] Thi s section provides background information related to
the present disclosure which is not necessarily prior art. [0004] Reverse

osnosi s systens areOﬁ@SS@EPEﬂEN@EW@ﬁEL\WI@D AF"MHCM?O‘NE&CK' sh or
seawater. A menbrane is used that restricts the flow of dissolved solids

t her et Brough. AO0PBVEr séhiss applicatiopselaims myierie 40 gd &s siility i Aepligation u¥e.on

with an a g a ti t he

i ssol ved By eogyenii Rk SReho 2 RAT GRS IRl ADaRREPa NG

proporti 0r@1|/3®5),292,ef|@@h©ﬂniFé@inqn 1i7e\eel1 oof 'ﬂhbeeﬁﬁﬂet disclosure of the above
application is incorporated herein by reference.

10 FIELD
[0002] The present disclosure relates generally to reverse osmosis
systems and, more specifically, to a method and apparatus for operating a
reverse osmosis system using a hydraulic energy management integration
system.
15
BACKGROUND
[0003] This section provides background information related to the
present disclosure which is not necessarily prior art.
[0004] Reverse osmosis systems are used to provide fresh water from

20  brackish or seawater. A membrane is used that restricts the flow of dissolved
solids therethrough. A reverse osmosis system involves pressurizing a solution
with an applied pressure greater than an osmotic pressure created by the
dissolved salt within the solution. The osmotic pressure is generally proportional
to the concentration level of the salt.

25 [0005] To achieve the membrane operating pressures, pumps are
used to increase a feed pressure to the membrane housing. Membrane
manufacturers prefer that the feed pressure to the membranes increases
gradually to minimize mechanical shock that may occur due to a relatively fast
pressure rise.

30 [0006] Referring now to Fig. 1, a reverse osmosis system 10 is
illustrated having a membrane array 12 that generates a permeate stream 14
and a brine stream 16 from a feed stream inlet 18. The feed stream inlet 18



25[ 0005] To achi eve the nenbrane operating pressures, punps are used to
increase a feed pressure to the nenbrane housi ng. Menbrane manufacturers
prefer that the feed pressure to the nmenbranes increases gradually to

m ni m ze nmechani cal shock that may occur due to a relatively fast pressure
rise. 30[0006] Referring nowto Fig. 1, a reverse osnbsis system 10 is
illustrated having a nmenbrane array 12 that generates a perneate stream 14
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[0008] A low-pressure pump 28 coupled to a motor 30 may be referred
to as a low-pressure pump. The low-pressure pump pressurizes the feed fluid
from a feed input 32 to a first pressure. The low-pressure pump is the first pump
in the system, whereas the high-pressure pump is the second pump. The low-

15  pressure pump communicates pressurized feed fluid to the pretreatment system.

[0009] To prevent excessive mechanical shock, the variable frequency
drive 24 starts the high-pressure pump 20 and motor 22 at a low speed then
gradually increases the speed. Once a sufficient pressure has been achieved,
permeate passing through a membrane 34 exits the housing 36 of the

20 membrane array 12. Brine fluid exits the brine outlet 16. Flow regulation of the
brine may be provided using a valve 40. Depressurized brine may then pass
into drain 42. The permeate stream from the permeate outlet 14 is purified fluid
at a relatively low pressure. The brine stream from the brine outlet 16 is at a
higher pressure than the permeate stream and contains dissolved materials that

25 were blocked by the membrane.

[0010] Referring now to Fig. 2, a similar reverse osmosis system 10’
similar to that illustrated in Fig. 1 is illustrated with the addition of a feed throttle
valve 50. The feed throttle valve 50 is used instead of the variable frequency
drive 24 to prevent sudden excessive pressure at the membrane. In this case,

30 the feed throttle valve 50 is installed between the high-pressure pump 20 and the
membrane array 12. During startup, the valve 50 is nearly closed and is slowly
opened. The high-pressure pump 20 rapidly ramps up to full pressure, typically



[ 0009] To prevent excessive mechani cal shock, the variable frequency drive
24 starts the high-pressure punp 20 and notor 22 at a | ow speed then
gradual ly increases the speed. Once a sufficient pressure has been

achi eved, perneate passing through a nenbrane 34 exits the housing 36 of
the 20 nenbrane array 12. Brine fluid exits the brine outlet 16. Fl ow
regul ati on of the brine may be provided using a valve 40. Depressuri zed
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[ 0010] Referring now to Fig. 2, a simlar reverse osnosis system 10" sim|lar
tothat illustrated in Fig. 1 is illusifaired with the addition of a feed
throttle valve 50. The feed throttle valve 50 is used instead of the
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summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

15 DRAWINGS
[0014] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.
[0015] FIG. 1 is a schematic view of a reverse osmosis system
20 according to the prior art.
[0016] FIG. 2 is a schematic view of a second prior art reverse
osmosis system.
[0017] FIG. 3 is a schematic view of a reverse osmosis system
according to the present disclosure.
25 [0018] FIG. 4 is a flowchart of a method for operating the system of
Fig. 3.
[0019] FIG. 5 is a schematic view of the reverse osmosis according to
Fig. 3 that includes additional components for cleaning or flushing the membrane
array 12.
30 [0020] FIG. 6 is a flowchart of a method for operating the cleaning
portion of Fig. 5.
[0021] FIG. 7 is a plot of pressure versus time for an operating profile.



10[ 0013] Further areas of applicability will becone apparent fromthe
description provided herein. The description and specific exanples in this

sumary are intended for purposes of illustration only and are not intended
tolimt the scope of the present disclosure. 15DRAW NGS [ 0014] The draw ngs
described herein are for illustrative purposes only of selected enbodi nents
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schemat i ¢ thiaughotit thessavenal yiews of Hre draswegse osnpsis system [0017]FIG 3
is a schematic view of a reverse osnpsis system according to the present
di scl osure. 25[0018]FIG 4 is a flowhart of a nethod for operating the

systemof Fig. 3. [0019]FIG DEFARESDETEREPVORW of the reverse osnosis
accord|5ng ‘o [0023] Example embodiments will now be described more fully with
reference to the accompanying drawings.

[0024] Example embodiments are provided so that this disclosure will
be thorough, and will fully convey the scope to those who are skilled in the art.
Numerous specific details are set forth such as examples of specific

10 components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in the
art that specific details need not be employed, that example embodiments may
be embodied in many different forms and that neither should be construed to
limit the scope of the disclosure. In some example embodiments, well-known

15  processes, well-known device structures, and well-known technologies are not
described in detail.

[0025] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As used

herein, the singular forms "a,” "an," and "the" may be intended to include the

20 plural forms as well, unless the context clearly indicates otherwise. The terms

"comprises," "comprising,” “including,” and “having,” are inclusive and therefore
specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or groups

25 thereof. The method steps, processes, and operations described herein are not
to be construed as necessarily requiring their performance in the particular order
discussed or illustrated, unless specifically identified as an order of performance.
It is also to be understood that additional or alternative steps may be employed.

[0026] When an element or layer is referred to as being "on," “engaged
30 to,” "connected to," or "coupled to" another element or layer, it may be directly
on, engaged, connected or coupled to the other element or layer, or intervening

elements or layers may be present. In contrast, when an element is referred to



Fig. 3 that includes additional conponents for cleaning or flushing the
menbrane array 12. 30[0020]FIG 6 is a flowhart of a nethod for operating
the cleaning portion of Fig. 5. [0021]FIG 7 is a plot of pressure versus
time for an operating profile. [0022] Correspondi ng reference nuneral s

i ndi cate correspondi ng parts throughout the several views of the draw ngs.
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not [0027] Although the terms first, second, third, etc. may be used herein
to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be
10 limited by these terms. These terms may be only used to distinguish one
element, component, region, layer or section from another region, layer or

section. Terms such as “first,” “second,” and other numerical terms when used
herein do not imply a sequence or order unless clearly indicated by the context.
Thus, a first element, component, region, layer or section discussed below could

15 be termed a second element, component, region, layer or section without
departing from the teachings of the example embodiments.

[0028] Spatially relative terms, such as “inner,” “outer,” "beneath,"

"below," "lower," "above," "upper,” and the like, may be used herein for ease of

description to describe one element or feature's relationship to another

20 element(s) or feature(s) as illustrated in the figures. Spatially relative terms may

be intended to encompass different orientations of the device in use or operation

in addition to the orientation depicted in the figures. For example, if the device in

the figures is turned over, elements described as "below" or "beneath" other

elements or features would then be oriented "above" the other elements or

25 features. Thus, the example term "below" can encompass both an orientation of

above and below. The device may be otherwise oriented (rotated 90 degrees or

at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

[0029] A method and system for managing the pressure to the

30 membrane array 12 is set forth. In the following description, the same reference

numerals are used for the common components illustrated in Figs. 1 and 2



described in detail. [0025] The term nol ogy used herein is for the purpose
of describing particul ar exanpl e enbodi nents only and is not intended to be
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operatively coupled to the turbine portlon 114 and pump portion 112. The motor
20 116 may have a common shaft 118 with the turbine portion 114 and the pump
portion 112. The motor 116 may also be coupled to a variable frequency drive
130. The variable frequency drive 130 may be used to control the motor 116
which in turn controls the speed of rotation of the turbine portion 114 and pump
112. The control of the variable frequency drive will be further described below.
25 [0033] A programmable logic controller (PLC) (hereinafter controller)
140 may also be used in the system to provide control as will be described
below. The controller 140 may be microprocessor-based and include various
memories, registers, input ports for receiving sensor and other inputs, output
ports for controlling various components such as motors, valves or other
30 devices. For example, the controller 140 may be coupled to the motors 30, 22
for controlling the starting, the operation speed and the stopping of the pumps
20, 28



"below," "lower," "above," "upper," and the |like, may be used herein for
ease of description to describe one elenent or feature's relationship to
another 20 elenent(s) or feature(s) as illustrated in the figures.
Spatially relative terns may be intended to enconpass different
orientations of the device in use or operation in addition to the
orientation depicted in the figures. For exanple if the device in the
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integrati on system is included into the reverse osnpsis s;l/stem 10".
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comruni cati on {0086} heAbpenveaist Iflew I6eteTh€5@ uisbimecopamunisation with the
permeate outlet 14. The permeate flow meter 150 generates a permeate flow

15 rate signal corresponding to the permeate flow out of the membrane array 12.
The permeate flow is communicated to the controller 140.

[0037] A variable nozzle 160 is in fluid communication with the brine
outlet 16 and receives the brine fluid therethrough. It should be noted that the
variable nozzle may be physically part of the HEMI 110. The variable nozzle 160

20 has an adjustable area so that different amounts of brine fluid may be
communicated to the turbine portion 114. The variable nozzle 160 may be
controlled by the controller 140. Although a direct connection between the
nozzle 160 and the controller 140 is illustrated, a valve actuator may be
incorporated in the system to control the change in the variable nozzle.

25 [0038] In operation, the pressure sensor 144 provides feed pressure
data to the controller 140. The desired pressure rise is preset within the
controller 140. Generally, the controller 140 controls the variable frequency drive
130 to regulate the pressure in the membrane array 12.

[0039] Referring now to FIGs. 3 and 4, a method for operating the

30 system illustrated in Fig. 3 is set forth. In the first several steps a start-up
process is described. Thereafter, the system operates under normal operating
conditions for a desired time or a desired membrane pressure is reached. In



114 and the punp portion 112 may include a common shaft 118. The turbine
15 portion 114 rotates due to the high pressure fromthe brine outlet 16
which in turn is used to drive the punp portion 112 to increase the
pressure of the feed fluid entering into the inlet 18. [0032] The HEM 110
may al so include a notor 116. The notor 116 is operatively coupled to the
turbine portion 114 and punp portion 112. The notor 20 116 may have a
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15  regenerative variable frequency drive 130 which makes the VFD 130 act as a
generator. Power may be absorbed in another type of device such as a bank of
resistors.
[0040] It should be noted that the variable nozzle 160 may also be
opened or nearly fully opened in step 206. By opening the variable nozzle 160
20  fully, flushed air trapped in the system may be removed.
[0041] After the low-pressure pump 28 has been started and fluid
starts to flow through the system, the programmable logic controller 140
commands the variable frequency drive 130 to reduce the amount of power it is
absorbing and allow the turbine portion 114 to begin to rotate. This takes place
25 in step 208. This is performed until the maximum available power from the
motor 116 is achieved. Under expected conditions, the maximum power of the
motor 116 corresponds to a maximum pressure generated at the pump 112
together with the pressure of the low pressure pump 28.
[0042] In step 210, it is determined whether the maximum pressure
30 has been reached. The maximum pressure is the maximum pressure
corresponding to the HEMI 110 pressure generated by the pump 112 and the

low-pressure pump at the inlet 18 based upon the signal from the pressure



10 148 generates a brine flow signal corresponding to the flow of brine.
The brine flow signal is communicated to the controller 140 fromthe brine
flow nmeter 148. After the brine flow meter 148, the fluid is comuni cated
to a drain 156. [ 0036] A perneate flow nmeter 150 is in communi cation
with the perneate outlet 14. The perneate flow neter 150 generates a
pernmeate flow 15 rate signal corresponding to the perneate fl ow out of the

nmb T ' | r 140.
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iIIustrated in Fig. 3is set forth. In the first several steps a start-up
proced® is desd00hél. Theteaf2bBt,, whea $hestpressyper &t éscreases atothenlhigh-

operating conditions for ired tinme or a.desired nmenbrape pressure is
eached. CISSTu BaDp. feed WL saoRd pdeeived fisian 3 iiha teheRssre
| Ow- pr essuhgip YANn&Rasds fs 's%t%feerréﬁiél §Tjd ffE the %n?rérlrlu@rr ?@@Hrsblzriéauéé‘oﬁthfeeed

fluid froma first pressure to a second pressure. e controller 140 may be
used to capeedl oftthe motasri 1B0byicontrellipgripe 3@riableefré@eehdyl diive BDomsichhinough

t he hi gh-pressure pu 20 icgh,is not 5 .ope ing at thi.s poipt. Jl.n a
non- oper atPilh “Sedpe e SeBH. Br kesanBboearoBo! 2 ot Penbrife Bbrhead i «
I s noyspowstRgtch thel @remaRdhanRcr@ase the pressure to the feed fluid. The
hi gh-pressure punp 20 nay rotate in response to the feed fluid fl ow ng

t her et hrough. TAB43} esdtiei Astld e@egawie d fen saperaiars Phtibet Heembrane 18 of

10 por moar & aeeTL SR SERD Rle-brSsLR ThaT 41 ool B BRI B fdd b
brine outlgintb amel vesiabamitsajueatedrive 186 seirthanengdnputopreskéire Ito Bieep

204, the programuable | ogic controller commands the variabl e frequency
drive 130 B8Uprane agayHe weaghiaves.« B alspo? 9. dke r‘f’ﬂl%rﬁbfﬁﬂﬁepr%%ﬂ)ﬁgﬁbﬂ’@ to

L1720 Sk, Seneh 142 byt MRS U cEReq R BRERER Lo o
130 act asacmogiingratios pré¥sueizatiay sbieedls ar lpedfilens aietdrimened.y Jeeobredsuriec e
such as a pt}gfi]llé r%gyrtgﬁei |Sntt8 rasc:'c:ount various operating conditions such as temperature,
salinity and membrane fouling level. Based upon the desired feed pressure, a
desired permeate flow rate and a desired brine flow rate may also be
25 determined.

[0046] As mentioned above, it may be desirable to continually increase
the pressure input to the membrane array 12 because of the gradual reduction in
fluid passing through the membrane array 12 due to fouling. The reduction in
fluid through the membrane results in a reduced amount of permeate unless the

30 input pressure is increased.
[0047] The rest of the process is considered the normal operating

process which occurs after the startup of the system. In step 224, the permeate



[0040] It should be noted that the variable nozzle 160 nmay al so be

opened or nearly fully opened in step 206. By opening the variable nozzle
160 20fully, flushed air trapped in the system my be renoved. [0041] After
the | ow pressure punp 28 has been started and fluid starts to flow through
the system the programmable |ogic controller 140 connands the variabl e

frequency drive 130 to reduce the anpunt of power i s absorbing and aI | ow
t he turbi ngiBGhbi ABmbiand thrBEGh thé FlohohiRisr 1 28! meité Ao
208. Thi srt?‘é per for nmed un?qr ghe ma>(<)| mum avag ab e power’ ??Fger%the rmt or 116

i s achi evesigndlndegernsxptect eth stapdPRBoiisis de‘terrrmednwhememm gfermeatenbioer 116

Che. or oooand)ic IO CopasPUaE The iolipTo dleterataed i st hed 6 qtfibped 0" "
det erm ”eCihé’frﬂeBQHret DY FilERX T |Bét¢ﬁ§atéeﬂu3@ flBAB IR $t88 B incléesd¥RiHeTUM
pressure i s the maxi mum E; essure corresponding to the HEM 110 pressure

gener abed sweedmaf thardariable Weguenty dibve jsr eisaithe fapghpgsstice imstep 228, bfased

the rem e EBmierEy T Sl A0 B ob s WA B R EERE e
step 208 is r&?élaisnh@ﬂhrfolf neeg. permeate {ION4SHndheN Hidre inaxiepurBRS e$§pjr2@4has

been reached step 214 is perforned. In step 214, the high-pressure punp 20
is used t@Q%%@%Qﬁst@etsﬁ@ed?f6P%§§W@ec§'fequﬁécyééﬁefI uid to a third pressure

220 L1, 31 AP e 5, | R AASSIGCu £ o

the pretreatne note ressure rise in
st eps 1208 taruigh2thei santm:rlé ororekk 460 crdi hgbine pontioaskiy ef n:lne)ﬂ-IEEMI 4t 0r el

Tt bone} 08 TR e i e LA T ko . T oo
244, if the brine flow rate is low compared to the desired brine flow rate as
determined in step 222, step 246 increases the size of the nozzle area which
increases the amount of brine flow into the turbine portion 114 of Fig. 3.

15 [0049] Referring back to step 244, if the brine flow rate is not low
compared to the brine flow rate signal, step 248 determines whether the brine
flow is too high. If the brine flow is too high, step 250 reduces the nozzle area
size, thus reducing the flow into the turbine portion 114 of the HEMI 110. After
steps 246, 248 and 250, the system then again returns to step 248 until a final

20 pressure is reached in step 252. When a final pressure has been reached in
step 252 according to the pressure profile, step 254 ends the process. When a
final pressure has not been reached, step 218 is again repeated. It should be
noted that steps 226-234 may be performed sequentially as illustrated and
described or simultaneously. They may also be performed in a reverse order so

25 that the brine fluid flow is corrected first then the permeate flow is corrected.

[0050] A couple aspects of the invention are of note. One is that
during startup of a large motor such as the high-pressure pump, a large surge in
electrical power creates considerable heat in the motor windings. In the present
configuration, the motor 20 has feed fluid flowing therethrough and thus when

30 the high-pressure pump 20 is started, the surge in electricity is reduced. Thus, a
lower power demand is required by the motor 20. Also, during shutdown, the
HEMI 110 maintains substantial flow through the high-pressure pump after the

10



pressure punp, the HEM speed is reduced in step 216. The hi gh-pressure
notor 20 increases its speed rapidly and thus the controller 140 al so
reduces the speed of the notor 116 by controlling the variable frequency
drive 30 which, in turn, reduces the speed of the punp portion 112 and the
turbine portion 114 15rotating on the comon shaft 118. [0045] The act ual
pressure for operation of the nenbrane is continually nonitored using the

pressure Bt%?rzolﬁ%s a8 o"eoéﬁrirglzb%.r OB rfeiﬁrﬁlhé‘?hétor BRI VI RAYStime

frequency rrve 13 that t I nput pres e nenbrane array 12 is
achi eved. tbreost.ep 218, the menbrane pressure fromthe 20 pressure sensor

or essuri 2at i on 00 Belrppaa B FES BT e SRt Sie B EECE s ToPRrleL may

take into vﬁﬂp@h@tadwﬁrdnoeﬁtrréoebﬁrpoﬁ@neongéd 'fé\ﬂéleéhﬁfr@ @ﬁflh@ﬁfﬁgrt@ti‘érrm the
salinity and nenbrane foul mqgmeve Based upon the desired ed pressure,

a desi Ped rpeeisensEMesipwystene 18nd la thisiguse, thei sene |ccmnoaneetm&|§e Riioyislegle

25determ i.0 ally
i ncrease B’ﬁ& gﬁé)g%ﬁ}rég?‘?fgﬁce Hﬁﬁﬁ?ﬁ%e%r %’3%}' g‘&'”l %ta&(si’g ?&?lﬁ'ih%yadual
reducti on hetow! Uiné qddiserEd cohfpamghts inethrefigureneciade aythrjéé wee vavef D10 inng.

The reduction in fluid through the nenbrane results in a reduced anpunt of

permeat e Midseommanisefigpuvithradanke313 i ke e@gkd312 0nay) makdeesieaing he
process i s aabH SeRaRr e M HPhe R Rt M refreshing a fouled membrane. The

10 three-way valve 310 during cleaning or flushing of the membrane array 12,
blocks the flow of feed fluid from the pretreatment system 26 and the low-
pressure pump 28 and allows the contents of tank 312 to be communicated to
the membrane array 12. The valve 310 is electrically controlled by the controller
140.

15 [0052] Another additional component during the cleaning process is a
bypass pipe 320 which includes a bypass valve 324 which is electrically
controlled by the controller 140. The bypass pipe 320 receives brine fluid from
the brine outlet 16 and bypasses the turbine portion 114. The bypass pipe 320
is fluidically coupled to the outlet of the turbine portion 114 prior to the flow meter

20 148. It should be noted that the fluid through the bypass pipe 320 and the fluid
through the turbine portion 114 combine and flow through the flow meter 148.

[0053] Another valve 326 is used for redirecting any cleaning fluid to a
disposal tank 328. Should the fluid be permeate or water, the valve 326 routes
the fluid to the drain 156.

25 [0054] Referring now to FIGs. 5 and 6, the operation of the cleaning
method is set forth. In step 410, the valve 310 of Fig. 5 is controlled so that feed
fluid flow is blocked from the pretreatment filter system 26 in step 410. In step
412, the cleaning fluid is communicated to the high-pressure pump 20 from the
tank 312. The pump 20 may not be operated in the cleaning process. In step

30 414, the HEMI 110 is controlled so that it accelerates. The controller 140
controls the variable frequency drive 130 which, in turn, drives the motor 116 to
accelerate the HEMI to operate the pump 112 to obtain a desired cleaning flow

11



process which occurs after the startup of the system In step 224, the
pernmeate exits the nenbrane through the flow neter 150. In step 226, a
perneate flow signal is generated. In step 228, it is determ ned whet her
the perneate flow signal is |ow conpared to the flowrate determ ned in
step 222 as conpared to the pressure profile. If the perneate fluid flowis
| ow, step 230 increases the 5 speed of the variable frequency drive to

rai se the [ not
w1 R ReRaT e G Rl The RPPBGIE RS may $p i aophing]
permeat e ffloswratliegteala ¢clsahinghflow rateeprofe, b@teelpoaahed@eamage‘mrd Heove paied of

th i abl.e f d 48] Af t t . in st
240 e braioRAl G 4NS % FEGRIHA A X0 PraSLES BT o158 e REFEHTH SRBSor ¢ | on
114 of thei44EMreddBacK 13 SloRR a?drh{;'tﬁ@ flfol/\PVété'(ﬂﬁﬁe fiukd aﬁmﬂpahe%rmé the
brine flow nmeter 148. In step 24 the brine flowrate is Now conpared

to theSdesiutpudt bo.i d‘eeerdb@@krletaéscaﬁrwea,d e tel inputqarepsweXrowttép pregsure

low | nt o SAEF U nehamergana Ty Foufo Bebiis 3BT, i MR Tieg hubk 1o
step 244, gresédre iBrimdreasé®wyrtat eunsp nab. | owe @@m&rgenhudqstphumwd frend ihew rate
si gnal , step 248 determ nes whether the brine flowis too high. If the

brine flodank 3 iRiogke JPembETe rastaYcd2- t HE HiePzdbartha @?%’é'ngtﬂ'ﬂr'g is
reduci ng téb‘?n@lgg‘@a ﬁﬂohhﬁremﬁﬁi’h&%neoé&éﬁ e Bpt bh é"g%%%ju(ﬂet A teI steps

246, 248 and en again re urns unt | |naI
20 prdf8surstep s41r83at¢rleedamabletrmzz%2 GO\NBenpenéd naﬂ'hprmmme r’rttzzlebereary eached

in step 252 according.to the sure profil step 254 ends the process.
When a7t | TROGRIAIRITASN 15t DIseamd Sachey NAWR0 SHs oML algapnovinbatess. |

shoul d_be 1of e¢ntdhah £0enAeBR=R34 AR 329 rgebbrﬁrﬁéa?d ReGBTUIAI K Yngke is

illustrated and scribé mul t aneousl y ey may al be per
a rever se Gealing swldBnhin theheydemestép Wiah Eonrivols she dhrasevay falves 326hten t he

mvent1 on ERKeHTNRAIEA TG AU Aionsse Rtaic (R IRNEl F40lbif dton as

the hiigh- pyiehdon®obPump, a large surge in electrical power creates
consi derabl e heat in the nmotor wi ndings. In the present configuration, the
mot or 20 has f d0@3%] ui th slepwtady lftth@rf@ﬁhmu@iumrmtma&lwn@rmee@ @muater,

hi gh- pres

This, a1 ok ‘BoVErEahR BRI e Ok BeBb oLy Rk Ssafif vage

shut down, SZBetoriEEMw mb%érmemermpasyhsmrdra&i 156 eathéihthemghe trévek B2@hN- pressure
punp after the nmotor 20 has been de-energi zed. The freel y-spi nni ng. notor

will thus have [PPRBI t o TBBOFICAN G5 POESSEr MaYy tatsy Rlacerfel a5 preqat@termrned
conf | ?Hr at%rﬁ&urﬂf of tithe, Br It ?F??g&?%} m;:fﬁje& *@?ﬂ%%é&h @knhhii&eq {S

used eani ng or flushing reverse 0osSnosSi S Sys em 0". In
this figuraearihg tarie Thospakiledsinathe gt ovill decbgwizen thdiethe asteanie grecess
nuneral s and %hus tBey wi |l not be described further below. The additional
conponent STRHPPHIA'CFi gure include a three-way valve 310 in fluid

o oo TOBATE. { FRrRig et (30K P prsohte ke spnace o

the control of the system. A pressure profile 510 and a flow rate profile 520 for

25 the membrane inlet is generally illustrated. As can be seen, the pressure
increases over time until the end of the process.

[0058] In one example, the operation of the system can be described

in three separate phases. In the first phase, the low-pressure pump is powered

to operate and the variable frequency drive is used to absorb the power from the

30 HEMI. In this example, the pressure between the pretreatment system and the

high-pressure pump is 50 psi and the flow rate is 1,000 gallons per minute

(gpm). At the same time the pressure between the high-pressure pump and the

12



10 three-way val ve 310 during cleaning or flushing of the nenbrane array
12, blocks the flow of feed fluid fromthe pretreatnent system 26 and the

| ow pressure punp 28 and allows the contents of tank 312 to be communi cat ed
to the nenbrane array 12. The valve 310 is electrically controlled by the
control |l er 140. 15[ 0052] Anot her addi ti onal conponent during the cleaning
process is a bypass pipe 320 which includes a bypass valve 324 which is

el ect 1l calduns ABHIH diaHeEMNR £PBEIMd fle AP ratEhe 1RAGSNPIAINEFAo! RS ves

brine fl ui the brine outlet 16 and bypasses the tUrbine portion 114.
The bypasgheimemBeine grray thelpozdsuye 06 Ipstiand thddowuateis 6000rgpmuribiene
portion 114 prior tp.the flow, neter 0 148.. It shaul d, be not that the
Prut o nr stigheuRendoadals SeniReests LR iizeSnoghow e SrBPHENor i on
114 conbi ngtepdf tHOWdnbrane hdsBmbly avsaRseand 4% flow rate is Lg_@@%prﬁantﬁéer

fl
val ve 326 is used for redirecting any cleaning fluid to a disposal tank
328. Shoulfessigeratuing fimv peetae downstreann efr ther hsbingl pastiaés dupsianchiher | ui d
to the drajn, 15 54] Referring nowto FIGs. 5 and 6, the operation of
t he cleanﬁkgvﬁ%ﬁﬂgézkggset forth. In step 410, the valve 310 of Fig. 5 is

control |l ed so t[0es9f eefekt, uitte f Vavable bbgo&es, fdia tdradpalt regdsresdwéd | ter
system 26 in step 410. In step 412, the gl e':%li ngﬂfl ungg isgf:ommni cated to

the hi gh- dr%wﬁasgthmmow qfRawartrRDsCspRd)until the EIEMhpIoser ined) hBraxgBum
h-| . ey hOw
ot ror | el AL FRTbOR AR Dreb e iling ROty brerdfadTM 1 Bolrk the | 1y

frequdicy pressueeliwebn e pretraaiment dysteesandthenigbrprédfurepunce & 80 psie t he
HEM to operate the punp 112 to obtain a desired cleaning flowrate as

dot er i nodisy MEriov sier 514 890 TPRb. d DR BPHEP DETNCRRYNS SHOT RS HESRLG 11 ow
rate to a £l Minp %&rﬁéﬂ s W(?‘}isl enpafRd oW g is! 2,@@b“§r?|fn'. uitthd b rate
signal fromthe flow nmeter 148 or the pressure signal fromthe pressure

sensor l44refagdiadkeirsemboanaladsernhlyridi4y ghm dndine How rafe tsha 00Dyl
exiting t brine 5 output 16. Feedback.is also, pr.ovided.-to the input
ressure. fimmpenceassLkf Breshhiepid MW aye Bdg Mg RS itk BeRs i’ duency
drive1830,thé hRinkesdich lofitse PiaRBING a@émge@ssd d@YahBQh@l#I@SW et is 20
cleaning fluid is punped fromthe tank 312 into the nenbrane array 12. In

step 416, grie. dihedinweatelaiitae flowcoetairfayaist@am ehiheneirpisaincaiien & tapsii2 and
out of the j - I 10 step 418, the variable nozzle 160 is
BTG4 2ol

opened. THE' be opened at any tinme of the cleaning

process incl udi[0Q60] r eTheseadict ethedtiglayrésturs peimpt 0stalted sinelpcatdds td hel
bypass valve 324 _is opened. In step 424, if there is cleaning solution in

the syst erROV&¥lep TALEPESHHIDISIWERN ItotH?e@f’&Uﬁ?trU%ﬂ‘tv&%Q@ 88dr &g hiebrPawer
e R R e T
per meat e @regsurerpursp emo4h8 puoop eertidreispgdlrpait and thd flewdatd is. 3,506 gpm.
controtl erTh1e48re%%BFer gtl t?1etiP1Fet \{gltﬁ/eemembrane assembly is 800 psi and the flow rate
is 3,500 gpm. The permeate outlet pressure is 10 psi and the flow rate is 1,000
gpm. The brine outlet pressure is 760 psi and the flow rate is 2,500 gpm. The

25  pressure at the flow meter is 15 psi and the flow rate is 2,500 gpm.

[0061] The above numbers are provided for example only. Of course,
for different size motors and other operational constraints, the pressures in flow
rates may be changed. What is clear is that a predetermined startup method
with controlled pressures is set forth to reduce the mechanical strain within the

30 membrane assembly.
[0062] The foregoing description of the embodiments has been

provided for purposes of illustration and description. It is not intended to be
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326 to allow the perneate to pass to the drain 156 rather than the tank
328. [0056] The cleaning process nay take place for a predetermned 20
anount of tinme or until the cleaning fluid 312 has been exhausted fromthe
cl eaning tank. Those skilled in the art will recognize that the cleaning
process may be varied. [0057] Referring nowto FIG 7, a pressure profile
was referred to in the control of the system A pressure profile 510 and
a flow ratéahauefw%]eoﬁ@ iR 1ROLASIBEAR: ANBaMRILRY dIEBARCIAR! loatirlust 1At ed.
As can be seen e pressure increases over tinme until the en

process. [pmﬁe;lam emt@dﬁnan’paea geheraligencit linitedfto tthat pggicelar cambbdinued.cr i bed

h he .f he | i
bower et Slpaiiare aacERls varkr upichahaBalRcanr fark 26 R5edatt & SHERIE e
power fr orerhb@dlm%fht HEn it Bt SBAHiCRNEPbAn dnBsRfiBBEaUTRIHE Bty B0 be

pretreat ment system and the high-pressure pu is 50 psi and the flow rate
is 1,000 gariedris MRy waKst Sughypajations arpeos etreg%rdeﬁeaqoa@@@art@rq;%@men

t he high t he
flow rat e%?’i&gﬁﬂﬁé%g% %LE‘@ rﬂﬁﬁ@gﬁﬁéﬁ% %% %%&gjn@% rﬁa@ (i]l‘%e pr reis
60 psi anddobe dfltieavdisaiogurs 1, 000 gpm The pressure and flow rate at t he
perneate outlet is zero. The flow rate at the brine outlet of the nenbrane
assenbly is 55 psi and the flowrate is 1,000 gom The 5 pressure at the
flow meter downstream of the turbine portion is 15 psi and the flowis
1,000 gpm [0059] Next, the variable frequency drive gradually adds power
(reduces the anmount of power absorbed) until the HEM notor is at a maxi num
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output. At this point, the |ow pressure punp is fully operating. At this
point, the 10 pressure between the pretreatnent system and the

hi gh-pressure punp is 50 psi and the flowrate is 2,000 gpm The pressure
bet ween the hi gh-pressure punp and the punp portion is 10 psi and the flow
rate is 2,000 gpm The inlet pressure to the nenbrane assenbly is 400 gpm
and the flowrate is 2,000 psi. The perneate outlet pressure and flow rate
is zero at this point. The pressure at 15 the brine outlet of the nmenbrane
assenbly is 380 psi and the flowrate is 2,000 gom The flow rate at the

fl ow neter dofdgimseam of the turbine portion is 15 psi and the flowrate is
2,000 gpm [0060] Thereafter, the high-pressure punp is started and cones to
full power. The prAgsethed dfapseatimgtarevarsecosneasisrsystemsypsipeisingnd t he hi gh- power
20 punp is 50 si.agd%itﬁe fk)o rtate i s 3,500 gpm The pressure between the
hi gh- pr essur e"SthiFeary {Hd a ﬁﬁﬁs BEPtYon is 400 psi and the flowrate is

3,500 gpm Thﬁcﬁaﬁﬁglygﬂe@ﬁﬂiihgtﬁenfeea flofd {ohe seBBRD HARura H5ERP thanithe 8OR psi

and the flowrate is 3,500 gpm The perneate outlet pressure is 10 psi and

t he fl owpiegsuee ysingla GOOPEPRI The brine outlet pressure is 760 psi and the
flowrate is 2, 500 . . t I S: i..and the
flowrate is 2,50 u"‘g%in}%g tﬂ@?ee%%1?3§éﬁ?nl oetqz; Sélép%l\rg{ﬁ%g{érs{slg’asr%gl %re%\%aggd for

exanpl e hdusihg Haking@Lhebrahe)ra ghrinéste etfletaind @ bitint oudetand ot her oper ati onal
constraints, the pressures in flow rates may. be changed. What is clear is
that a predet &FpmHRgatingprngouHst flif Hiomnthe dhineAutietitpr dubinedrortion gk forth

to reduc . i i eé%fta } Hmﬁ;r : y 62] The
f or egoi n%%%glccmég%}? nﬁlg#a%%h{eeﬂ{eq 0 |ﬂgﬁt§s}gﬁggq een p?gl\?llpg’glggpgire gﬁélpgses of
i || ust r aportion,anohotbesx pugpiportionl in flied wommunicaticke svithathe éeedefhiid,us tommonr t o
limt th isclg: ure.l ndividual. el ements or features of gﬂg rticul ar

embodi meffEttswPld e, te| Yrtins: Ption a0g RUR RYFtoRa A TPRIF Lota fremen

shaft, turbine portion and pump portion, and a variable frequency drive driving the motor;

retarding rotation of the shaft of the HEMI while increasingly pressurizing the
feed fluid to the second pressure;

thereafter, increasing the speed of the shaft of the HEMI so that feed fluid
pressure increases above the second pressure;

when a feed fluid reaches the second pressure, increasing the feed fluid pressure
to a third pressure using a second pump disposed between the first pump and pump
portion;

while increasing the feed fluid pressure to the third pressure, reducing the speed
of the shaft of the HEMI; and

changing the speed of the shaft of the HEMI based on a membrane pressure.

2. A method as recited in claim 1 wherein communicating the feed fluid to
an inlet of a membrane housing comprises passing the feed fluid through the second

pump prior to the inlet of the membrane housing.

3. A method as recited in claim 1 wherein communicating the feed fluid to

an inlet of a membrane housing comprises passing the feed fluid through a second pump
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but, where applicable, are interchangeable and can be used in a sel ected
enbodi nent, even if not specifically shown or described. The sane may al so
be 5 varied in many ways. Such variations are not to be regarded as a
departure fromthe disclosure, and all such nodifications are intended to
be included within the scope of the disclosure. Cains 1. A nethod
of operating a reverse osnpsi s systen1conprising receiving feed fluid at a
first pressure

ncre si ngl res ur|2|n feed fluid to second
br casur coiTghdhe injehphe Hemeedpbs e e ABeRiRg fisysepgppump untl i

comuni c@tp BlinkResiheald féédJﬂﬁidtp‘Pesﬁ‘lﬂe't@bﬁhrd)ﬁre@uf?nbr ane housi ng, said
menbr ane housi ng having a nenbrane, a perneate outlet and a brine outlet;

comuni cating brine outlet fluid fromthe brlne outlet to a turblne portlon

urbi o porti . o EraPS 24D i S dn® P Y GURTN Ra/ P THR (he
feed fl uiflinla &qm&ﬂaﬁéusﬁ%gdn%swpisbﬁgtm Rie8 FluidD thrd dh aaMoﬁwpmnpor tion,

a notor rotating the common , turbi ne portion and punp portion, and a
var i abl epiiorelgudndpletiof e memprang hawsingpangdynot operating éh%lﬁ@ﬁoﬁé PRmEDLEs of the

shaft O sokdtfhe O burt Wit hOREAIRAAGhY L GEFUF nelolind B LEPI Gukot e

second press erea |ncre of the
HEM so i thadd gressdref | ui d pressure increases above the second pressure;

when a feed fluid reaches the second pressure, increasing the feed fluid
pressure to a third pressure using a second punp di sposed between the first

punp and punps port hGhethod 4 ki cl rleﬁt!h' S dsindl tfle REGSAUGE O
the third pressure, r% acF%g:?EeISSee o} tﬁgcs tﬁ%PatLg H%M g
through a pretreatment filter between the first pump and the second pump.

6. A method as recited in claim 1 wherein changing the speed of the common
shaft of the HEMI comprises changing the speed of the common shaft of the HEMI based

on a pressure profile.

7. A method as recited in claim 1 further comprising generating a permeate

flow rate signal and a brine flow rate signal.

8. A method as recited in claim 7 wherein changing the speed of the common
shaft of the HEMI comprises changing the speed of the common shaft of the HEMI based

on the membrane pressure, the permeate flow rate signal and the brine flow rate signal.

9. A method as recited in claim 8 further comprising changing an opening of

a variable nozzle in response to brine flow rate signal.
10. A method as recited in claim 8 wherein changing the speed of the common

shaft of the HEMI comprises changing the speed of the common shaft of the HEMI based

on the membrane pressure and the permeate flow rate signal.
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changi ng the speed of the shaft of the HEM based on a nenbrane pressure.

2. Anethod as recited in claim1 wherein communicating the feed fluid to
an inlet of a nenbrane housing conprises passing the feed fluid through the
second punp prior to the inlet of the nmenbrane housing. 3. A net hod
as recited in claiml wherein conmunicating the feed fluid to an inlet of a
menbr ane housing conprises passing the feed fluid through a second punp

prior to the jplet,of the nenbrane. housi and nat er at j t he second
i unti | chelst ef T BAY tate rubderiarips BeSare dtdn et

Pr €SSur €ghaft of the AEMI dBRipHREs élﬁ#%ﬁl%ltﬁ@%dea_of:hﬁ' BrimdN S8 oF (ROFIRNM GRfli N t he
feed fluid to an inlet of a nenbrane housi ng conprises passing the feed
f1uid tha&ogtpresseredoredchpdnp prior to the inlet of the menbrane housing and
not operating the second punp while rotating the punp with the feed fluid
until the step of increasing the feed fluid pressure to a third pressure.

5. A nethod ap.r ecAtfiéthodasteditéd ih dlaifi h@irttep 6BMmbasiNgG cRasiaj Mg mbbfaed 1 uid
through a pretreatment filter between the first punp and the second punp.

6. A neth®@8ings recited in claim1 wherein changing the speed of the common
shaft of the HEM conprises changing the speed of the common shaft of the

HEM based on a pressure profile. 7. A nethod as recited in claim1l
further conpri3i ngAgeethodihs regited peclaipat 2 wHeeain charingithalembrahechonsinge f | ow
rate signal. 8. A nethod as recited in claim7 wherein changing the

speed of “YPRESEHMoON shaft of the HEM conprises changing the speed of the
common shaft g cﬁiﬁgfégﬁmui@??@qrmﬂ{el}ﬁsw.ane pressure, the perneate flow
rate signal and t rine ow rate signal. 9. Anethod as recited in
cl ai m 8 f urt heyuptiogpleasing fluchtartbg mgmbrane hensing; aofl a vari abl e nozzle in
response to brine flow fate signal. . 10. A las recited in claim
8 wherei n chatf§i"H¥ a[Y?émé &&%gr%%e%%ﬂorgﬂﬁpfﬁgﬁwé HEM conpri ses
changi ng the speed of the common shaft of the HEM based on t he nmenbrane
pressure and the perneate flow rate signal. 11. A method as
recited in cl¥-m 1Awhethed as ehiderhinrjaimh B3 Sisbericampnisieg epaming2 Bynass pipf t he

HEM cong{daﬁffesasgélaz%&giay tp&ngs&g%grbﬁlfep%g%ngommn shaft of the HEM until a
final pressuré’i's redc )

15. A method as recited in claim 14 further comprising generating a cleaning
fluid flow signal corresponding to cleaning fluid flow through the bypass pipe and
through the turbine portion and controlling the HEMI speed based on the cleaning fluid

flow signal.

16. A method as recited in claim 1 further comprising routing cleaning fluid to
a disposal tank.

17.  Areverse osmosis system comprising:

a first pump receiving feed fluid at a first pressure and increasingly pressurizing
the feed fluid to a second pressure higher than the first pressure;

a membrane housing having an inlet, a membrane, a permeate outlet and a brine
outlet, said inlet receiving feed fluid and having a pressure sensor;

a hydraulic energy management integration system (HEMI) having a turbine

portion, a pump portion and a motor driven by a variable frequency drive, wherein fluid
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12. A method as recited in claim1l further conprising cleaning the nenbrane
housi ng. 13. A nethod as recited in claim 12 wherein cleaning the
menbr ane housi ng conprises: blocking feed fluid flow fromthe first punp;
coupling cleaning fluid to the nmenbrane housing; and opening a variable
nozzle into the turbine portion of the HEM. 14. A nmethod as recited
in claim13 further conprising opening a bypass pipe and at |east partially
bypassi ng the turbine portiqn, 15. A net s recited in claim 14
Further Sermife &g QR R AidcommupicRipd Wi 4bF e BkPRCBRel 8Bfai ng ¢ o
cl eani ngwﬁeleinqhé hﬁB\InE oAk ARG Mdtc HBfbria(ONBH iR shaf.bi ne por Li on
and controlling the HEM speed based on the cleaning fluid fl ow signal .

16. A et hod asxmeépumg,mﬁ-cla|n11 further conprising routing cleaning

2 11 rst panp § SOBTUIehHalting s otey Yo AR PRRRR b AR FRUE SRR

pressuri gimg 1ﬂci’@sﬂ‘ng@0brédsuhgesttﬁe feed QNG tné e&cdHd Bredsib &ontrbRing ttReembtor St
pressure; menbr ane housi ng having an inlet, a nenbrane, a perneate

out | et aﬁ‘?dn‘éreﬁelarﬁ@e%@ﬁ the compiog shaf ef the FHRYI s ghat feed ﬂmdnressaﬁ‘dmﬁr&@seﬁg a
pressure [ r tem
CLEn ) Ho gt eean Prafisb SHECUE ol ibn 0 3R AR b, MR B 20 AF

vari abl ereﬁcl&aq tienseg okt pmesure/vlmhemlett bmntd;llufg thstédoad puntpetodndresse thesfeled f I ui d
communi cation with the r bi ne portlon pOFtlﬁ nd wherein the turglne
por t i on, THIHPTEsSHES 198 thir presSver S ChpFelieroapeoiln aerB‘PF%Wa‘Ffl“CC the spee

of the common shaft of the HEMI after the third pressure and controlling the motor to

C

change the speed of the common shaft based on a membrane pressure.

18. A system as recited in claim 17 wherein the second pump is unenergized

before the third pressure is reached.

19. A system as recited in claim 17 further comprising a pretreatment filter

between the first pump and the second pump.

20. A system as recited in claim 17 wherein the controller changes the speed

of the common shaft of the HEMI based on a pressure profile.

21. A system as recited in claim 17 further comprising a first flow meter
generating a permeate flow rate signal and second flow meter generating a brine flow rate

signal.
22. A system as recited in claim 21 wherein the controller controls the motor
to change the speed of the common shaft of the HEMI based on the membrane pressure,

the permeate flow rate signal and the brine flow rate signal.

23. A system as recited in claim 21 further comprising a variable nozzle in

communication with the turbine portion in response to brine flow rate signal.
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a second punp; and a controller controlling the notor to retard
rotation of the HEM while the first punp increasingly pressurizes the feed
fluid to the second pressure, controlling the notor to increase a speed of
t he common shaft of the HEM so that feed fluid pressure increases above
the second pressure after the second pressure is reached and, when the feed
fluid reaches the second pressure at the inlet, controlling the second punp
to increase the feed fluid pressure to a third pressure, said controller
controlling the notor to reduce the speed of the common shaft of the HEM

after the thisgl pr BSSitem ANEcitNh il POwhBRiBE RbntrSl1e %ﬂ@@ls fdemerped of
the comon shaft baséd on a nenbrane pressure. 18. A system as

recited forchahgd the Speasghefr the wommonsshat red theuHEMIsbagerk o thyi memibizaé pressurhe t hird
pressure [ea g ¢ 19.. A systemas recited in claim17 further
conprlS|ﬂﬁﬁgeBP@F?fg?ﬁ%ﬁ{eﬁﬁp?Er between the first punp and the second
punp. 20. A systemas recited in claim17 wherein the controller
changes the sgeed of the common shaft of the HEM based on a pressure
profile. 5.21. Amystest anresited dg iclaigp 1h wegginmfurther compaisingohrglepsingg a
first fI r | ow

nmet er genera [ ng && gﬁh{l%gtgg\?e?gtagﬁgs? ?hlje%’ %yf@aﬁ{?e g’zg&ﬁlnuﬁﬁ éﬁfas‘!ﬁ?%‘%. ted in
claim 21c1\751hﬁ1|i§taﬂktthefm phmplahéthmmbmtmﬁn;i hadmbhmlldr@omﬁgg:ﬂtehal\&peed of
the commpn shaft of the HEM based on the nenbrane pressure,_ the perneate
f1 ow rat logk deed flaith flome figm e firehpymp eand; gemmunicate clegming Aluid dpetheas
recited h@nﬁzﬁk%b@&n%“rther conprising a variable nozzle in comunication
with the turbine portion in response to brine flow rate signal. 24.
A systemas recited in claim2l wherein the controller controls the notor
to change the,speed of the ca ha t he HEM. based on.the rane
pressure and e p‘gr%tﬁ?leasfrf’?}\tﬁnﬁatcim %n CI COMPpIISHiy ai@%?%?&%@?i ted
in cl ai nhekwedh@EBrine butiédaa a%amérﬂo% Bidtcd t& LR Hrtla@ly ‘byb@ééid%&h@ hesinkNg
fluid therein, a first three way valve in comunication with the cleaning

t ank, thEOIflpmst punp and the second punp, said controller controlling the
valve to block feed fluid flow fromthe first punp and comruni cate cl eaning
fluid to the nenbrane housi ng. 26. A systemas recited in claim25
further conpr2ri ngAaykmesSrepitddcinCdiipl 26lwhelee@n birine floi metep gbhehteand a
brine flow neter to at |east partially bypassing the turbine portion.

27. A sy@?%&ﬂuﬂeﬂ@t’ signphcarespendies (theleaing ﬂn@g Bew thropgly fherlexnass piPAer at es
a cl eani | I f rough
the bypai ot de Afbint B Ed EXEANEH Sl GEHRE & cHh gy hPdbeed

contr ol Iofrtgetdsmmtshaftbtxhe@fEMDbasbhenﬂtee&ehnhfg ﬂhdfbwmgmﬂ.shaft of t he HEM
based on the cleaning fluid flow signal. 28. A systemas recited in
claim17 further conprising a disposal tank and a second three way val ve

that communi cgf es gl KRG febitddin Qaitd' €7 FrfRPLBIphSRE a disposal tank and a

second three way valve that communicates cleaning fluid to the disposal tank.
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