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[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



Il lustrated having a nenbrane array 12 that generates a perneate stream 14

and a brine stream 16 froma feed streaminlet 18. The feed streaminlet 18
WO 2011/ WBQ88IAGIISKIS2011/ 024879 typically includes brackcshusesiisvemsmmat er. A
feed punp 20 is coupled to a notor 22 which pressurizes the feed streamto

the required pressure flow which enters the nenbrane array 12 at the inlet

18. The notor 22 may be driven by a variable frequency drive (VFD) 24. The
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permeat e stream and contains ved materi 5 were bl ocked by
t he menbr dram 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



[ 0010] Referring now to Fig. 2, a simlar reverse osnosis system 10" simlar
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vari abl e frequency drive 24 to prevent sudden excessive pressure at the
menbrane. In this case, 30 the feed throttle valve 50 is installed between
the hi gh-pressure punp 20 and the nenbrane array 12. During startup, the
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description provided herein. The description and specific examples in this
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.



20according tothe prior art. [0016]FIG 2 is a schematic view of a second
prior art reverse osnosis system [0017]FIG 3 is a schematic view of a
reverse o8008i1$103088t em according to the present discl osece/Uus24j102639 FI G 4
is a flomhart of a nethod for operating the systemof Fig. 3. [0019]FIG 5
Is a schematic view of the reverse osnpbsis according to Fig. 3 that

i ncl udes addi tional conponents for cleaning or flushing the menmbrane array
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portion of Fig | ot of pressure versu

oper at i ng tpraafghloat thev@malmaws@smmmgﬂl/ 024879 [0022] Correspondl ng
reference nuneral s indicate correspondi ng parts throughout the several
views of the draw ngs. DETAI LED DESCRI PTI ON 5[ 0023] Exanpl e enbodi nents wi | |

now be described nore fully WHHRTAILED DESCRIPTION
5 [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
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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



[0027] Although the terns first, second, third, etc. nmay be used herein to
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frequency drive 24 as is illustrated in Fig. 1. [003 ferri ow.to FIG
v alid B e Gy m R 2RISR YRR CHEMI &1 of T iTAEY | nto
the reager s rigimBusrotxesedliel th tﬁ@ﬁigrﬁg%@%ré%m A6 WARS SutRYM® RAH pn 112,
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fluid froriis usethipaeys the pporppadioant! 2 énmnanease e presstfaiptitheofagge f eed
inlet 18 : r 12. The punp portion 112 may increase the
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wi |l be described bel ow, the high-pressure pquH) 20 may not be operated upon
startup. [WEsALvEl cepmediadhatydineneertiges! 14 ang BUmM® pRytien di 21 1he medor

turbiBg 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.



portion 114 is in fluid comunication with the brine outlet 16. The turbine
portion 114 and the punp portion 112 may include a comon shaft 118. The
turbine wWb2purtdms 114 rotates due to the high pressurecfrruseomiioedshy i ne
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
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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



[ 0036] A perneate flow neter 150 is in comrunication wth the perneate
outlet 14. The perneate flow neter 150 generates a perneate flow 15rate
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permeate flow is communicated to the controller 140. [0037] A variable
nozzle 160 is in fluid comunication with the brine outlet 16 and receives
the brine fluid therethrough. It should be noted that the variable nozzle
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not 5 op |ng at this point. In a non-operating state t hi gh- pressure
punmp 20 iscorwiedetrertfga tédMhgani h@gabssorbsammuqbbmewed asopossikie eoarefaidnttreeas e

th tot f I he hi 20 t at
Fesponse. 158 Pab FitMl HoowAbRCRd AHEL R bR BT Lsod Fele 11 ui o
al so f SOV\’SrePQhé’raftlbé \)a'f'ﬂaﬁFe ﬂr@q@énéﬂ‘@rlﬂ@ﬁ@m\ﬂﬂlcﬁrﬁl@}(eé%he Recpus®) a6t 49
relatively 'ow pressure, ttle or Eermaate passes through the

nenbr ane JENETAQ! f |P@wec5fmay bﬁ‘cahsxarb@l tnh@nqi ehtypewefl gavicessegiuas @ bank of
communi catrgg fog the turbine portion 114. In step 204, the programmabl e
| ogi ¢ cont PI%P- commands the variabl e frequency drive 130 coupled to the

HEM 110 to abq0040Rs MusHoW@WRY nateddaesi theevdriabietrzdiet heQ rraaptdiss tef the
HEM 110. Absorbing power may be performed using a line 15 regener ative

vari abl e faRefgenRyNeRrw &illy IPERRACR SteRe96: néy gpeningahgctariableangerieridlor .
rPg\évie; (E)S?)s/ fﬂ%g@%ﬁ{a?%ﬂ tP hqﬁ%tsg%t@ﬁhﬂ{ ydtgéeq var 'Iheaflogz:ggmiGgf may al so
be [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



opened or nearly fully opened in step 206. By opening the variable nozzle
160 20fully, flushed air trapped in the system nmay be renoved. [0041] After
t he | ow pvessuwrw3@anp 28 has been started and fluid starC3/useorlozw7e hr ough
the system the programmable |ogic controller 140 conmands the variabl e
frequency drive 130 to reduce the amount of power it is absorbing and all ow
the turbine portion 114 to begin to rotate. This takes place 25 in step

208. This éc?%sefegmr WPﬂwélﬁiaglmGr‘ﬂgar'éééuM YALERPS cBRMMatfonaml ise TREor 116
e Un I

is achiev er expected conditions e maxi mum power of the notor 116
corr espongwsessura pump hasnpt besnireadwae stape20&is aden penprimad. toget her with

the pressure of | o ressure 28. 2]1n ste 10

et et ned whotlARASY neVSE R BElh Srassure fiabetesh EBashie Sthe Tidisrum
pressure 'p?eridﬂﬁ]e@ax'lrﬁ“é%ﬁ”zqsls%é rﬁ?ﬁfp‘ﬁéﬂ!ﬂé' giinp @0 ﬁ?ub@'ﬁ/‘tohﬁ@réﬁs@sw e
generated by the punp 112 and the Tow pressure punp at the inlet 18 based

upon t he dirgasurefafdhe tfeed ﬁU@bm@lmmmrelaeo%merptﬁzonelpmamatsmor

ow pr ess APRREHRABWEREREen vl R b pF SRR, Fiolinh et o srguic

[ 0043] Wherbg h@te@&hanm@ preeser s diasstoes R08 emei Tl isSierformbd aécolﬁ@hb% ed. In
step 214, the hig Pressure punp 20 is used to increase the ressure of

t he feed fnraﬁwrﬁdora ’@rﬁtﬁtﬁdeéB@uﬁhé ABBREY {1HE ertégéiﬁ’ﬁéroﬁ@bi/‘f’r@éﬂls atachie
out put of ¢§e3l ow-pressure punp 28 and the pretreatnent system 26. It
shoul d be ndted that the pressure rise in steps 208 and 220 is perforned
accordoOng to a [p04dkur in mtedi 264, sibeadthve tmessurbelsrmnmeasédlktothe Hegh-

b essur e (EPHEPCRSDE. H6 THEhBREC B S8LPRd Jhrien (e (eiie BIRBoRoPS Peduced
0 step 23oiclhe Hb@hsBs 45 3eBd THbRY grQ:ItHUértﬁg%gftrbLér sRpgogaldlyne

t hus the control reduce the spee e not or
cont r ol | i rapeeheofviiei mbtae 1f1r6ehy|e:no;rotlingvtbeMrmlmhequenawdmve B@dmktieh thhe

Specd of O HEReE i Rhebb T Bt SRS S e i b TR e
'S 15  rotating on the common shaft 118.

[0045] The actual pressure for operation of the membrane is
continually monitored using the pressure sensor 144. The controller 140 thus
controls the variable frequency drive 130 so that the input pressure to the
membrane array 12 is achieved. In step 218, the membrane pressure from the

20 pressure sensor 144 is monitored. In step 220, the desired feed pressure
according to the pressurization schedule or profile is determined. The pressure
profile may take into account 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



continually nonitored using the pressure sensor 144. The controller 140
thus controls the variable frequency drive 130 so that the input pressure
to the newbrang¢ioarssay 12 is achieved. In step 218, the mremuSacna/opBessure
fromthe 20 pressure sensor 144 is nonitored. In step 220, the desired
feed pressure according to the pressurization schedule or profile is
determ ned. The pressure profile may take into account various operating

condi tion PRSS leint rs‘?‘%f" ubyi I ased
upon the ?exggﬁﬂgarﬁgg@ pr egﬁsrgp h tgélc];lllgg{ trﬁeééégg?@nggﬁe g\f?v@’r gtrﬂe‘é?g{r%‘fgﬂgg?i red
brine fl owigralds nganesihted. bén 2EbeP28nitneddetp0oiet Asheatiet itbe gubrateate floim  may

be desi ble t ti | | i th i th b
array 12 t9ales 1OF cofwased dndhe FRUGHAT SIteTm PPty ST CPA S FRBHGH e
menbr ane apbateddurdusiotie f MulhenBernTdtfe RANGOWORs idiy,fdteh LIt Ryeksdshthe

menbrane results in a reduced anount of perneate unless the 30i nput
pressube ispeedcrighsewriapEoequencyr drive tsf raise: the treskpressuonki slepeRd, life

crep 224" PRIDDRLAERGHIBYTE i rBlerblTe WY e ARG IR, ane
t hrough t hegddiow ARjrer LSHe pormége AW, signaeidrengle ihl SpspeRalstdrs 234

generated. In step 228, it is determ ned whether the perneate flow signal
i s | ow corffgreapasoherspeedgfthavariaiediaduenay dAvet ep 222 as conpared to the

pressure profil t teoy | Al IS ;|0 S OnlAgr es the
5 speed of the [gg‘rl?Lbl gﬁ?fg%%r@%c%d'dr%(g 6{Hc()]()\r%aslbée'ht’r%vgpf g%@ %?’esbbﬁge&a n step
228, 1D thbrqughniat earfdiey reizgleal 60 santbturbiowe, portionst Webétime rEMMieOheln t he

perneate flow signal is_high. If the perneate flow signal is high in step
232, step S8R 2eec AHE oSGl dd asnerded \Ryr ef“&b*PréWEf ?'@%d@ﬁ&%f kﬂq-vtﬂ step

[ 0048] Af t t; i i i b NG X rough
the variab 4£n|§?§? ?@Eo@ﬁd@%%m %‘{W%‘%ﬁ %ﬁ%%#&%ﬁﬁ%& Eﬁlgl\r/]l%xfll%\g r#(% 8{ss!tqep
242, a bridedefmioadshgiap 422, gher Pdbedcteasehahbrsize of lthev noerker are@Bwhlah st ep

244, if the brine.fl is | d.to the desi brine fl t
s et or mgaRRS LA MbBt Scidng Say TRARRE J0el™ ndTons T 4 Kt nossl o ar oo
whi ch15ncreaseggg?9kamférriﬂ§ DA€o TV d4at Gf e driebfid\® i@ tis Hbt by of

Fig. 3. 15 [0 eferring back to step 244, if the brine flowrate is
not | ow cagmeparadite thednng newfnatvsignes segri8 detesmiresswhether ihadyinghet her

e orn e JaPILich bR Mk phbeeR, KRR bbo e Rl AR R S
of the HEMizd kAus Abdigding tiepfiordifito BSBtuabidedsdtion Ne 4sofstherHERKE M 189 aAfter
returns tostg;gseg4€23,4§4grgnldl 2go,ftlhgas!ystem 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



20 pressure is reached in step 252. Wen a final pressure has been reached
in step 252 according to the pressure profile, step 254 ends the process.
Wien a fiwealoprwssar e has not been reached, step 218 ispagaiseomopsat ed. |t
shoul d be noted that steps 226-234 may be perfornmed sequentially as
illustrated and described or sinultaneously. They may al so be performed in
a reverse order so 25that the brine fluid flowis corrected first then the
perneate f i . ; A ;
oventi on Totr &P i8S bEEhE-enorgzed. PRELICLIMIALTORPRE TSt AT ) s
t he hi gh- goesslure punp, a large surge in electrical power creates

id bl h i t t i ndi t he. t fi. ti th
motor 20 has fd005H ui AS/FBRBMS™ HeFRensoliBnoaiaraie Rk 8 TeRatey o
hi gh- pr essgifie i BRaRdn 6f BlcatbRfhonbAB §86@%or BlehRRt b ALENINGStor RFCER:

Thus, a | ower power demand is required by the notor 20. Al s0O, durin
c] i(%dessure

shut do®n, reverseEMmMQdio siraiem dPis (8 ubistinre alhef sase chmpagientsharenprgly

Go- anor or 2UiT T Soro AR TG AR it LR e 010 cRR B Buner

[ 0051] Ref e5giowg ThHevadditidridbcompdneatsipnhisoigiat ivdudé afthte-wal vahep®rs rd Wit h
the addition of the conponents used for cleani ng or flushi ng@to formthe 5
a

rever se odhidicPmpenisatian. with a Haskf3trir eThe ni@nkadt2 cbaponelds gleaniidovi ded
fur cher - bal OENERE for MR e YRichd Rfikshingia Aile P dTBNE e . iy
val ve 1810 thred-way dvaleenBAd catingncleaningaot flukhidg2of Tiee membradik? ammy i182cl ude
30175 ST T S ik PSR AP i M S0 T B
menbr ane aﬂré@&urézpwrﬁgf%éné 'éﬂoWsc’tWeoézosrﬁgrﬁg cg:t‘ﬁlhggﬂzﬁfé‘ B@%Oﬂ{rﬁﬁﬁi%?fé@ﬁt

system 26 ‘and the pressure punp the contents of tank 312
t o be comthaicambchncoartray 18endreavalva S Qyis Bectritadywainirelled ®yitbe eoatoliércal | y

controlled the controller 140. 15[ 0052] Anot her additional conponent

during t he' Y- eani ng process is a bypass pipe 320 which includes a bypass

val ve 1824 whi chops2p! eanhbirer! daditorall cehpReRY dLRg S8 cleiniyg gﬂdh@ssm%

bypass pipe 320 receives brine fluid fromthe brine outlet 16 and bypasses

t he turbi mypasst Pipe 820. whinh hygades @ gyreee valvel 324 whichy is @lgttdealtyo t he

outlet of t i ] [ O t f : ,

shoutd be G Telied i Fef@rincBy Y, Dlspbyhdss e B B ot ML b o

t hrough t hietisinel \eleparst amd biddssazntvienertsing poreon 1t ha oudte byysads sipe rBsoer
148. . [ 0053] Another valve 326 is used for redirecting any cleaning
fluid to dSdrstdlyicouplad tothe osilstiplthedariingirgriey b4 REaE © e fear areter he
val ve »326 1 ut i i { FlI Gs.
5 ana 28 13O0 be Hoted thel e AL thrdath, i bHRaSY PlReRiZd Al ity o

t he val ve tBidughfthEitgrbirte pertioont dotdredinecarichi#dw tleredgh Ithe dlowl roeterr 948l ocked

fromthe pretr t filter syst 26 in step 410, In step 412, the
cl oani ng 11 ui d IDOSEbmRPHEr S@Eo S High g5 BLLERIng,BRpCB8T G E e & ank
312. The RugRo 4R/ 308! SiRURPRIEHEH B pbMcSot AR PIRCRSFe 308 o)

30
414, the HEM 116 IS control%ﬂﬂég{so that "It accelerates. The control Féegr 140
control s tthe fluith ioabeedrainethfency drive 130 which, in turn, drives the notor

LL6 tgeaccel or qh6shl'® HeMrhg RAFiSF"S B, HE oherdbru daahie
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



WD 2011/ 103088PCT/ US2011/ 024879 rate as determ ned by the controller. The
controller 140 may set the cleaning flowrate to a cleaning flow rate
profil e baeediion3isie cl eaning fluid flow rate signal frecTiuseorfilogwraet er
148 or the pressure signal fromthe pressure sensor 144. Feedback is
provi ded regarding the flowrate of the fluid exiting the brine 5 output
16. Feedback is also provided to the input pressure fromthe pressure

sensor 1444 Bus eNge e dlﬁgg%t){]ﬂﬁe Bé‘ﬁﬂré\%e TH@%ﬁﬂﬁh’er‘ji !'1(?’ ‘?'n&y?‘@et EH?fcl‘ce%dj% fluid

pressure i s I Ncrease The cleaning Tluid punpe
t he tank 3bav irateota IaeclafanﬂmgaﬂﬂaNarataprdfﬁe basesk ep m%cleatmegcﬂlwdrﬂcwg railem d | s
comuni cated fromt 2 and out of .the brine outle

b
ot o g T 4S dPemedas B bRt Bréi Slor Hops e Bresske sEhsainy be

opened at @Yy FbBEBo&k Fshﬁro‘?/lo%l”r'e@%rcﬂlhﬁ(%ﬁé5’r|o'V\PthéCBfrtEeCﬂurc?@kitMg%éQ:frlrfér
during step 410. In step 420, the bypass valve 324 is opened. "I n step 424,

i f thebPe |Q§Jtl@lu’feh$n ngeemaakn@ramm pfcned@q/m dne inpuppressuredemolhe priessure

The contt GETER 14d-1 ExEERrER0, BECRNEIR, Peniedtuoatis mal SpaRed MR 2™

f1ushing sobséirensiiscreBsed byﬂﬁégﬁmﬁ;QWQ VBt Eleadirifldid8s Ruissd from ey rreat e
to the drain. The controll er ntrols the valve 326 to allow the

per meat e tl@nNhadk? tiBlor He dramRrans arehde- t Hansm%ﬁnﬁh@,z@eampgoﬁ@}i The

cl eani ng ﬁﬁa% t fiati or
unti | theICH eaﬁlﬁlr?ma%q rﬁﬁ?g@z Sgr%@gﬁarge:pﬁggs {rsgfmtﬁ ;H;utrtllieﬁmt aﬁi
Those 19Kki Idtepl 418, tﬁi’ne eariable | hozzée d@O Iseopbaed.t h@hel eaabig rmzztzemayrm,e be

vari ed. [0057] ferrln n to FI G essyre profile was referred to
in the QRAE Iat(ﬁnyt eéﬁmfﬂ%ﬁ{eaﬁl'%%@%ﬁg "t?i‘d# IrSedy gHar ar fviNg Fiale

profile S2f ofn Z3bh &St TRE sl $livé %nge!%%?%ﬁdd.' yh(‘ﬁtbPa&@P‘ if AfefeAly e

seen, the pressure 1 ncreases ‘over tine unt e en he Process.
[0058] | n aearerargoldiont methepeysteimrsteh 426ecaryisalerthe dhrasewadgs\alvdS@6i to t hr ee

t h the f h t I ' d t
operat o anforRg araad e ERE el BnCHE cTRe S BIRE 4R BRRATSH 1 om
the 3§ HEMch ddmtlohi s exanpl e, the pressure bet ween the pretreatnent system

and the high-pressure w is 50 and the flowrate is 1,000 gallons per
mnute (gpm. APOBBE simelepi4rd, if eﬁh@bmgr%olbfmmmetehépﬁrrgaali@r@rswalieé punp

and the step 428 routes the permeate to the drain. The controller 140 controls the valve
326 to allow the permeate to pass to the drain 156 rather than the tank 328.
[0056] The cleaning process may take place for a predetermined
20 amount of time or until the cleaning fluid 312 has been exhausted from the
cleaning tank. Those skilled in the art will recognize that the cleaning process
may be varied.

[0057] Referring now to FIG. 7, a pressure profile was referred to in
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



WO 2011/ 103088PCT/ US2011/ 024879 punp portion of the HEM is 40 psi and the
flowrate is 1,000 gpom At the inlet to the nenbrane array the pressure is
60 psi amsiotzhe/fobassy rate is 1,000 gpm The pressure andPCraszeawessas t he
perneate outlet is zero. The flowrate at the brine outlet of the menbrane
assenbly is 55 psi and the flowrate is 1,000 gpm The 5pressure at the

fl ow neter downstream of the turbine portion is 15 psi and the flowis

1,000 gpm%%rﬁgﬁg}tWéf’théﬁ@EMWsi @é’b%ie%gcﬁﬂ%eﬁwtrﬂgii Eﬁﬂ)’(}?ﬁ%‘@: | At tREHRePRVET

(reduces t unt of power abso unti I's at a maxi num
out put . Atthehmemprane arranéhe pregsues 5u6@ psuapd itise flaivl nate feet AODrgpM AtThehi s
point, the 10 pressuyre bet n the pretreatnment system and the .

R an- pr es RPESWBA L0802 AT ERPTMIHT STF e NP HHE Freigsur e
bet ween t hgjtigh @bty BRIMANEWEeAHMY 155 PYMBN@ U FIOW rafe K01 PBD GHe. tiie 1 ow
rate is 2,000 gpm The inlet pressure to the nmenbrane assenbly is 400 gpm
and thé flayessueeati theXlyomeisr dommstrpammefathe buipinetpgties dsi1é pHET the rat e

is zero atgthis j The pressure at 15 the brine outlet of the nmenbrane
assenbly if@'\é@d’g@?@kﬁh the flowrate is 2,000 gpom The flow rate at the

flow meter dowepsgpm Next,hend uvdridige Pretiudncy sdrie Rfadaaw tagdd | sowsrate is
2,000 gpm [0060] Thereafter, the high-pressure punp Is started and cones to
full power(redusesghesyeEntyEtRer absorbed: vrilihe MEMY 5r0den it @ MAXHNGM- power
20 punp i Sht @ ; r ' nre : n the
hi gh- pr esgoubﬁgu%u%ﬁgélpﬁéhgﬁ% Fg%??q%rﬁ{@ag%gmg]squgﬁtﬁ'h%fmlg\ﬁgﬁg\t,\@%i S

3, 500 1@pmprébsurpretwoee tld ptdiredtmieat sysiemhandrtebhighgrassieatgump & BOPspsSi

and the flowrate is 3,500 ernmeate outl et sure is 10 psi and

fhe 1o rACETESTo 506’ BonO8BBTbr THE FGERED (NSNS MO BPSBUr BHAR ne
Fllow rat e drgy 3100095 Borfd 501 SSEUKE Mo 1R TAGYSTBLRD. HamtS TR yed Lhe

flowrate Is 0061] above nunbers are provided for exanple
only. O quwesswe tbdhednémbram assereblyosctd gpmt andhére dperraté enaJ000 psi.

A L L EE R Rt SN
to redygce thBerimechaft @hkhs hcthPratet Add2mbIg is 380 psi and the flow rate is 2,000

gpm. The flow rate at the flow meter downstream of the turbine portion is 15 psi

and the flow rate is 2,000 gpm.

[0060] Thereafter, the high-pressure pump is started and comes to full
power. The pressure between the pretreatment system and the high-power

20 pump is 50 psi and the flow rate is 3,500 gpm. The pressure between the high-
pressure pump and the pump portion is 400 psi and the flow rate is 3,500 gpm.
The pressure at the inlet to the membrane 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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30 nenbrane assenbly. [0062] The foregoing description of the enbodi nents
has been provided for purposes of illustration and description. It is not

i nt ended WO 2bH1/108¥®82011/ 103088PCT/ US2011/ 024879 exhaust iPce/useotio2487m t t he
di scl osure. Individual elenents or features of a particular enbodi ment are
generally not limted to that particul ar enbodi nent, but, where applicable,
are interchangeabl e and can be used in a selected enbodi ment, even if not
speci {1 Cal BN &Y 1 GRf ihe bisdBELRATNERINE) SGehRnts ‘éﬁ*rfe%%r'e@ oy
ways. Such variations are not e regar as a departure fromt

di scl osur aratidaakemsdgihenbdid geaerad»lysncarlermterﬂ éodbat partllcalarrmhbd@memtt hi n

t he scope of t e discl osg e. 1/ 103088PCT/ US2011/ 024879 CL V\hat
is clai medYs: wheré applica [&? n%rPhHHer apReAEi AGY LCH'L\REr YEC8 08 §e§§

conpri si ”%mﬁé&ﬁ%n‘t" arf |Pﬂ6t $padifibally sholin' StddyceiBe! The same nﬁeﬁ%l@@f‘de”g' y
pressurizing the feed fluid to a second pressure higher than the first

pressube wv&ried ia rmamswamn@uch variationgrargriiod e bagegasleteasia degatutafram i nl et

out Pet - and 8 e B erd 20 S BRORGARER A S OBk o TR m Bl e ©

brine out Igbpb®fahé diskigzargortion of a hydraulic energy managenent
i ntegration system (HEM ) ; retarding rotation of the HEM while
i ncreasingly pressurizing the feed fluid to the second pressure;

14



thereafter, increasing HEM speed so that feed fluid pressure increases 15
above the second pressure; when a feed fluid reaches the second
pressur e,wonorie@sisag the feed fluid pressure to a thirdppTassunm2483¢ ng a
second punp; while increasing the feed fluid pressure to the third
pressure, reducing the HEM speed; and 20changi ng the HEM speed based on a
menbr ane pressure. 2. Anethod as recited in claim1 wherein
comuni cating the feed fluid to an i@hgggﬁg a nmenbrane housi ng conprises
passing the feed fluid through the second punp prior to the inlet of the
menbr ane housi nfhakst claimedis3. A nmethod as recited in claim 1l wherein
comuni cating the feed fluid to an inlet of a nenbrane housing conprises
passing the feed fluid through a second punp prior to the inlet of the

menbrane housi ng andy ARth&@ef ébér‘%n?flﬁréﬁ/@%@@srﬁég@ sy8idnh cbhﬁ:‘)rl%Fr@p of
increasing the feed fluid pressure to a third 30pressure.

2011/ 163088PCT/FG&|GmQ/fezd$|E91 at a first pgessairget hod as recited | nclaimil

comr i ses. passiigeengobbirFathothe sha Tl B ErastonR TRPruR et aie o

of the nerfheding gressiredisitfla fiedt pepgs;at i ng the second punp while rotating
the punp with the feed fluid until the step of 5increasing the feed fluid

pressure to a tafMMuUpicagsg rtee feed flwdao a0 rileh&d agnenabrangd hpusingasaich
furth | t
urther C%Bﬁb?éﬁwwaéﬁg%gvme igtiora ‘nlé' %Ste%gg@o&@ g;gffa .H&Bh &t 1 ter

bet ween t he rst as recl ed in
cl ai m0 wher ei rcocnhmnglcagng hmanEMtlemlei&ﬂfrommTe bérse obdegiong tutbindpbiticspeed
based on apre rofi A et hod asFLﬁe@ted inclaiml

further cdiph rﬁ@'?cgérﬁ%ﬁgé(tm%@a%rﬁ%rﬂwﬁkﬁgéawwsiﬁme( and a brine flow
e HEM  speed Sundngctatich TRREERIT RIS HrbBs ol fresstlighg dephara! no
pressure, fuiipthensstondfigressurat e si gnal and the brine flow rate signal.
thereafter, increasing HEMI speed so that feed fluid pressure increases
15  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;
while increasing the feed fluid pressure to the third pressure, reducing the
HEMI speed; and

20 changing the HEMI speed 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.

25

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 prior to the inlet of the membrane housing and not operating the
second pump until the step of increasing the feed fluid pressure to a third

30 pressure.

15



209. A nethod as recited in claim8 further conprising changi ng an opening
of a variable nozzle in response to brine flow rate signal. 10. A
nmet hod aswoeoitrwsossn cl ai m 8 wherei n changi ng the HEM ®peas2onptsises
changi ng the HEM speed based on the nenbrane pressure and the 25perneate
flowrate signal. 11. A method as recited in claim1l wherein
changing the HEM speed conpri ses changing the HEM speed until a final

pressure is reaghed.p t e c;gge)rlm ng
cl eani ng the msrrbr aneqﬁ%tﬁglan%@tré@\%da@l%%%BE%HF‘%‘#U%%%%@? the
A net hod diid exanedet of 2Ineemblhewharsig coimpanes gassiagripeatieenh8uiddbsiugh

conpri ses ocKk]| feed fl |df|0 romt efl upl i eani ng
PP £ oS e Pk i oo MaS e hE R foBTar, hohsiBY AP IS e Ahe el

turbi ne paydchan Qumbhﬁ/hh‘EMotatlng the PumpAwRt ihedfasd Hefd el 'tﬁ‘ecétéb”é)fl3
further conprising opening a bypass plpe and at |l east partially bypassing

t he tubbi riecieasinigdhe faed Buid pressive tasa thidipressura. cl ai m 14 furt her
conprising generating a cleaning fluid flow signal corresponding to
cleaning fluid flow through the bypass pipe and through the turbine portion

and control I'i ng.t he AlMthepeedcbias®th olairh hefuginearbngprisirg gaddimyvited teal -
1516. A nethod as recited in claim1 further conprising routing cleaning

fluid to dlUd Hedah ariaiceatnremn filtey beecassigdirst Ryspandihsecend pump.

10 6. A method as recited in claim 1 wherein changing the HEMI speed

comprises changing the HEMI speed 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.

15
8. A method as recited in claim 7 wherein changing the HEMI speed
comprises changing the HEMI speed based on the membrane pressure, the
permeate flow rate signal and the brine flow rate signal.
20 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 HEMI speed
comprises changing the HEMI speed based on the membrane pressure and the

25 permeate flow rate signal.

11. A method as recited in claim 1 wherein changing the HEMI speed

comprises changing the HEMI speed until a final pressure is reached.

30 12. A method as recited in claim 1 further comprising cleaning the

membrane housing.
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a first punp receiving feed fluid at a first pressure and increasingly
20pressurizing the feed fluid to a second pressure higher than the first
pressur e;we 2nemtos@se housi ng having an inlet, a nmenbraneCTaSpanesre outl et
and a brine outlet, said inlet receiving feed fluid, a hydraulic
energy managenent integration system (HEM) having a turbine portion, a
punp portion and a notor, wherein fluid fromthe brine outlet is 25in fluid

communi cation w4 h the, [ | i8Nelaitn SBCRA rﬁr’ﬂ% 919%]}1 neer
controlling the ér'mt or t%ﬂ%?gt%g r ot alt in%% of tﬂegﬁ%?\l/lra)ev%l I H?%e [ Ir:)'git epurrp
i ncr easi ndigusprgesaupiigess the feed fluid to the second pressure, controlling

the notor to iﬂﬁr ase.a M ﬂspvefd SE th%t feed fluid pressure 30 increases
above the secorfPptes W oW o 18e K PYRssure is reached and, when

the feed fluid dRAGRGeIddnthFRGENE tIE RETRB@NBIhJUMY; Bhat , controlling the
second punp to increase the feed fluid pressure to a third pressure, said

WO 201%/ 103088 FPENIIKPA Variableg @ ziointe 814 kwrbivemoriion phifettieMiot or t o reduce
the HEM speed after the third pressure and controlling the notor to change
the HEM speed based on a nenbrane pressure. 518. A systemas recited in

claim 1E \é\hereﬁm.t hea seethdd BYMRCited Uinedielrai 7@ dubBEpre®mprsindlidpéniigessur e
i s reached.
bypass pipe and at least partially bypassing the turbine portion.

10 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.

15 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
20 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;
a hydraulic energy management integration system (HEMI) having a
turbine portion, a pump portion and a motor, wherein fluid from the brine outlet is
25 in fluid communication with the turbine portion,
a second pump; and
a controller controlling the motor to retard rotation of the HEMI while the
first pump increasingly pressurizes the feed fluid to the second pressure,
controlling the motor to increase a HEMI speed so that feed fluid pressure
30 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 pump to increase the feed fluid pressure to a third pressure, said

17



19. A systemas recited in claim17 further conprising a pretreatnent filter

between the first punp and the second punp. 10 20. A system as
recited iwochuaimws@®3 wherein the controller changes the PEMUSSpamestased on
a pressure profile. 21. A systemas recited in claim17 further
conprising a first flow neter 15generating a perneate flow rate signal and
second flow neter generating a brine flow rate signal. 22. A

system as d F}Iéﬂcérﬂ‘ta&l{i{g@;{éﬁfr%o‘(ﬁ’retb?é&%&‘%eCHEMI%' b8 a?t;éﬂtéﬁéz)gﬁrot B@slior to

change the H spee on the nmenbrane pressure, pernmeate flow
rat e si gnandacdntroléngrtheembtasvior etangs thealHEMI speed 23ased ey st emerabrareci t ed
in claim2l further conprising a variable nozzle in conmunication with the
t ur bi ne pd'FPYHC n response to brine flow rate signal. 25 24. A

systemas recited in claim?21 wherein the controller controls the notor to
change the HEM speed based on the nenbrane pressure and the perneate flow
rate sbgnal . 308. A ABystemass rrecite@dni elaien al mvileratne tke reeicandhpump is

valve i n QSRR B AR LB Baae e Tirot punp and the -
second punp, said WO 2011/ 103088PCT/ US2011/ 024879
19. A system as recited in claim 17 further comprising a pretreatment
filter between the first pump and the second pump.
10
20. A system as recited in claim 17 wherein the controller changes the

HEMI speed based on a pressure profile.

21. A system as recited in claim 17 further comprising a first flow meter
15  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 HEMI speed based on the membrane pressure, the

20 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.
25
24. A system as recited in claim 21 wherein the controller controls the
motor to change the HEMI speed based on the membrane pressure and the
permeate flow rate signal.
30 25. A system as recited in claim 17 wherein further comprising a

cleaning tank having cleaning fluid therein, a first three way valve in

communication with the cleaning tank, the first pump and the second pump, said

18



controller controlling the valve to block feed fluid flow fromthe first
punp and comruni cate cleaning fluid to the nenbrane housi ng. 26. A
syst em aswpeoitt®waossn cl aim 25 further conprising a bypagsTaisSpa1besapl ed
between the brine outlet and a brine flow neter to at |east partially
bypassi ng the turbine portion. 27. A systemas recited in claim 26
wherein the brine flow neter generates a cleaning fluid fl ow signal

cor r eSPondidigholir EbEANAY the Wl I Block ekl UG oY BRS rdhi Rfing hd

t hrough the turbine port said controller controlling t

control thmnHEMhlcatfeeIdabmge‘wlcmo theemehdaana gotibiogd f 1 ow si gnal . 28.
A systemas recited in claim1l7 further conprising a disposal tank 15and a
second three way val ve that communi cates cleaning fluid to the disposal

tank. 26. A system as recited in claim 25 further comprising a bypass pipe
5 coupled between the brine outlet and a brine flow meter to at least partially

bypassing the turbine portion.

27. A system as recited in claim 26 wherein the brine flow meter

generates a cleaning fluid flow signal corresponding to cleaning fluid flow

10 through the bypass pipe and through the turbine portion, said controller
controlling the motor to control the HEMI speed based on the cleaning fluid flow

signal.
28. A system as recited in claim 17 further comprising a disposal tank

15 and a second three way valve that communicates cleaning fluid to the disposal

tank.
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