WO 2011/ 051666PCT/ GB2010/ 001988 1 FLU D TREATMENT APPARATUS AND METHOD
FI ELD OF THE | NVENTI ON The present invention relates to a
fluid tresprentosesshod and apparatus, and 5in particul arcraeofadotgsat i on
fluid treatment met hod and appar at us. 1BACKGROUND TO THE | NVENTI ON
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fluids may be consumed as a final product, for example as potable water, be release
into the environment or the like, or may be used in a subsequent process, such as in
chemical processing, the oil and gas industry, for example for injection into a
15 reservoir, or the like.

Treatment may include a combination of chemical and mechanical or physical
processes. For example, coagulants or flocculants may be added to a fluid to
encourage flocculation where heavy particles or flocculus, known as "floc", are
formed. The floc may then be removed by sedimentation and/or by filtration whereby

20 mechanical straining removes a proportion of the particles by trapping them in the
filtter medium.

Known filtration apparatus for use in treating a fluid to remove particulate
material include multimedia filters which consist of two or more layers of different or
graded granular material such as gravel, sand and anthracite, for example. The fluid

25 to be treated is passed through the filter and any suspended or dissolved particles or
the like will be retained in the interstices between the granules of the different layers.

It is also known in the art to use filtration membranes with selected pore

dimensions to filter a fluid. Membranes are known which are capable or removing
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many cases is not desirable, for example in applications on offshore platforms or
vessels where space is at a premium.
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SUMMARY OF THE INVENTION
According to a first aspect of the present invention there is provided a method
of treating a fluid, comprising:
producing a permeate fluid from an outlet of a filtration unit; and
20 recirculating at least a portion of the permeate fluid to be mixed with a source
fluid to produce a feed fluid to be treated within the filtration unit.
The recirculated permeate fluid, which has already been treated, may be
used to dilute the source fluid to be treated to achieve a feed fluid with a desired fluid
condition or property prior to being treated within the filtration unit. For example,
25 mixing of recirculated permeate fluid with source fluid may provide a feed fluid with a

desired fluid condition or property such as turbidity, ionic concentration, suspended

matter content including, for example, suspended solids, organic matter, or the like.
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permeate fluid within a pump arrangement. The method may comprise mixing the
source fluid and permeate fluid within an eductor arrangement.
15 The method may comprise mixing the source fluid and permeate fluid within
an inlet of the filtration unit.

The method may comprise mixing the source fluid and permeate within the
filtration unit. In one embodiment the filtration unit may comprise a first inlet
configured to receive the source fluid, and a second inlet configured to receive the

20 recirculated permeate fluid.

The method may comprise recirculating permeate fluid by pumping said
permeate fluid from the outlet of the filtration unit.

The method may comprise controlling recirculation of the permeate fluid.
Control of recirculation of the permeate fluid may be achieved by use of a flow control

25 device, such as a valve, pump, nozzle or the like,
The method may comprise selectively recirculating permeate fluid.

Selectively recirculating permeate fluid may comprise preventing recirculation.



Sel ectively recirculating perneate fluid may conprise nodul ating the
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2011705 166%@5%&%96&@19%&6 method may comprise monitoring a property of the feed
fluid and controlling recirculation of the permeate fluid to achieve a desired value,
15 magnitude or the like of the monitored property, such as turbidity.

The method may comprise determining a property of the permeate fluid and
controlling recirculation of said permeate fluid in accordance with said determined
property.

The method may comprise determining one or more properties of at least two

20 of the source fluid, feed fluid a permeate fluid, and controlling recirculation of the
permeate fluid in accordance with said one or more monitored properties.

The method may comprise monitoring a condition or property of at least one
of the source fluid, feed fluid and permeate fluid and controlling recirculation of the
permeate fluid accordingly. Such monitoring may permit a degree of continuous

25 control of recirculation of the permeate fluid to provide a desired feed fluid condition
prior to treatment within the filtration unit.

The method may be configured to establish a feed fluid with a turbidity greater

than 3 NTU. The method may be configured to produce a permeate fluid with a



5 turbidity less than 0.1 NTU The nmethod may be configured to recircul ate
up to around 50% and perhaps up to around 25% of a flux capacity of the
filtrati owowniesi666 The method may conprise direct! ycramms2oouloadssng
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2011/ 05166%)&/1- /c%ﬂg‘é)/ aqoléggie’one micro-filtration membrane. The filtration unit may
comprise at least one ultra-filtration membrane. The filtration unit may comprise at
15 least one nano-filtration membrane. The filtration unit may comprise at least one
reverse osmosis membrane.

The filtration unit may comprise a polymeric membrane. The filtration unit
may comprise a ceramic membrane.

The filtration unit may comprise a combination of membrane types, such as

20 those membrane types defined above.

The method may comprise treating at least one of the source fluid and feed
fluid prior to being delivered to the filtration unit. This pre-treatment may assist to
establish a desired feed fluid condition or property suitable or preferred for the
filtration unit. The method may comprise pre-treating at least one of the source fluid

25 and feed fluid by addition of a chemical, such as a flocculant, pH adjustor or the like.
The method may comprise pre-treating at least one of the source fluid and feed fluid
by pre-filtration. The method may comprise delivering at least one of the source fluid

and feed fiuid to a pre-filtration unit, which may comprise a filtration media,



6 nmenbrane or the like. The pre-filtration unit may conprise at |east one
or any conbi nati on of nmenbrane types, such as those identified above.

The met howomay/wBosspri se backwashing a pre-filtration unipCT/dBRolvMsdisBNg Mmay
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directly from the pre-filtration unit for backwashing. The pre-filtration unit permeate
fluid may be collected and stored for subsequent use in backwashing of the pre-
15 filtration unit.

The method may comprise delivering a portion of permeate fluid from the
filtration unit as a product. The product permeate fluid may be consumed, for
example as potable water. The product permeate fluid may be injected into a
subterranean formation. The product permeate fluid may be released into the

20 environment, for example into the sea.

The source fluid may comprise seawater. The source fluid may comprise
water produced from a subterranean formation, such as an aquifer, a hydrocarbon
bearing formation or the like.

According to a second aspect of the present invention there is provided a fluid

25 treatment apparatus comprising:

a filtration unit configured to treat a feed fluid and produce a permeate fluid

therefrom; and



The recircul ating arrangenment may permt a source fluid to be diluted with
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sensor arrangenmefly GRALLAN Ay LA d nfking arrangement configured to permit
mixing of the source fluid and permeate. The apparatus may comprise a pump
15 arrangement configured to permit mixing of the source fiuid and permeate fluid. The
| apparatus may comprise an eductor arrangement configured to permit mixing of the
source fluid and permeate fluid.
The filtration unit may comprise an inlet configured to permit mixing of the
source fluid and permeate fluid therein.
20 The filtration unit may be configured to permit mixing of the source fiuid and
permeate within the filtration unit. In one embodiment the filtration unit may comprise
a first inlet configured to receive the source fluid, and a second inlet configured to
receive the recirculated permeate fluid.
The recirculating arrangement may comprise a conduit configured to divert at
25 least a portion of the permeate fluid from the outlet of the filtration unit. The
recirculating arrangement may comprise a recirculating pump. The recirculating

arrangement may comprise a flow control device, such as a valve.



| east one fluid property to be determ ned, such as a fluid property of at

| east one of the perneate fluid, source fluid and feed fl uid.

The apparwbusimsyssbe configured to determ ning a properrgTaB2bivoseser ce
fluid and control, for exanple by usesof a controller, recirculation of the
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The apparatus may be configured to determine a property of the permeate

15 fluid and control recirculation of said permeate fluid in accordance with said
determined property.

The apparatus may be configured to determine one or more properties of at
least two of the source fluid, feed fluid a permeate fluid, and control recirculation of
the permeate fluid in accordance with said one or more monitored properties.

20 The apparatus may be configured to monitor a condition or property of at
least one of the source fluid, feed fluid and permeate fluid and control recirculation of
the permeate fluid accordingly.

The apparatus may comprise a storage arrangement configured for storing
permeate fluid for recircuiation.

25 The filtration unit may be configured to remove suspended matter from the
feed fluid. The filtration unit may be configured to remove dissolved matter from the
feed fluid. The filtration unit may be configured to remove one or more ionic species

from the feed fluid, such as sulphate ions.



The filtration unit may conprise a polyneric nenbrane. The filtration unit
may conprise a ceram c nenbrane. 10The filtration unit may conprise a

conbi nat iwo 20f1/05e5br ane types, such as those nenbrane typessBiefomessabove.
The apparatus may conprise a pre-treapnment arrangenent configured to treat
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filtration 25unit, a source fluid and a feed fluid to be treated within the
filtration rﬁﬁ?ﬁs? °§'P?85‘an>8 al<:;‘1e'proport ion of the perneate fluid wth the

source fluid to ﬂ{ﬁﬁﬁce a f.ﬁed fluid. in accordance with S‘ﬂﬂipg det erm ned
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10 The filtration unit may comprise a combination of membrane types, such as

those membrane types defined above.

The gpparatus may comprise a pre-treatment arrangement configured to treat
at least one of the source fluid and feed fiuid prior to being delivered to the filtration
unit. The apparatus may comprise a pre-filtration unit configured to pre-treating at

15 least one of the source fiuid and feed fluid by pre-filtration. The pre-filtration unit may
comprise at least one or any combination of membrane types, such as those
identified above.

The pre-filtration unit may be configured to be backwashed. The pre-filtration
unit may be configured to be backwashed with at least one of a permeate fluid from

20 the filtration unit, a concentrate fluid from the filtration unit and a permeate fluid from
the pre-filtration unit.

According to a third aspect of the present invention there is provided a
method of controlling a fluid treatment process, comprising:

determining a fluid property or at least one of a permeate fluid from a filtration

25 unit, a source fluid and a feed fluid to be treated within the filtration unit; and
mixing a proportion of the permeate fluid with the source fluid to produce a

feed fluid in accordance with said determined fluid property.



According to a fourth aspect of the present invention there is provided a
net hod of treating injection water prior to injection into a reservoir,
conpri si ngo 26pwiBdes6i ng a treated injection fluid from arcordgs2eto/miosa
filtration unit; and recircul ationg at | east a portion of the treated

injection fluid 40 be mxed with a source fluid to produce a feed fluid to
be treated vm'thi-{:]het HEeFPét?%qof‘ﬁiﬂg ulgi the third - aspegt s’B%YCE‘C?rIpBFEFeﬁ@até@ﬁrpri se

seawat er. The source fluid nmay conprise water produced from a subterranean
f or mat i on. ﬁ"é&légl’ﬁ%é Ry oeﬁngng@tww NGS These and ot her aspects of
the present inveption will now be described, by way of exanple only, with
reference to the&éggg%r%\%%fi ﬁawaraaf\%?fg%f tthpr\ﬁﬁ?%H.“Vé/ntmn thereTs provigedupe 1 is
di agrammat i [ t.1.on. qf fluid treat ment apparatus in 15accordance
it an entishSRRrPEMNGEH o wefler il Brpiefir e  RERER, Emprying

di agranmatic re . ' f.a fluid.treatne ratus i n accordance
with %n al ter na?é@%@@i%ﬁ?%gﬁgm%?w? ﬂgl%ﬁpgggﬁ)ut%g@%ﬁﬁ@ﬁ?n A% and  Figure 3
is a diagranmatig. ' jon qof a.fluid.treatnent ratus in
accordance with rgc'FCSth'ﬁérea?gﬁ%%{egﬁ’gﬁﬁooé)f Lr}%%%ﬁt?r%ﬁ‘e'ec(')'f’n_tﬂf@ptgrab&smeq Wiledt i on.
general 1y PR Lk i ee ey HUONE PEFared wrrina B hEE W ih an
The flund treat st D8 Bl NS o Ret S sE B e Er e LB RRY vt o 25
treat seawat ' t0 injection into g subterranean formation or

reservoi r%é&:@??@%eldlfp,m?ﬁg&ggg?%"mnft%"%?nconfigured to renove suspended or
di ss%ved matter and to alter the concentration of an ionic species within
the seawater to nmake the seawater chem stry conpatible with that within the

reservoir. g ERQALE BioRRICTHEDRAWINGS

These and other aspects of the present invention will now be described, by
way of example only, with reference to the accompanying drawings, in which:
Figure 1 is diagrammatic representation of a fluid treatment apparatus in
15 accordance with an embodiment of the present invention;
Figure 2 is a diagrammatic representation of a fluid treatment apparatus in
accordance with an alternative embodiment of the present invention: and
Figure 3 is a diagrammatic representation of a fluid treatment apparatus in

accordance with a further alternative embodiment of the present invention.

20
DETAILED DESCRIPTION OF THE DRAWINGS
A fluid treatment system, generally identified by reference numeral 10, in
accordance with an embodiment of the present invention is shown diagrammatically
in Figure 1. The fluid treatment system 10 in the embodiment shown is configured to
25 treat seawater prior to injection into a subterranean formation or reservoir.

Specifically, the system 10 is configured to remove suspended or dissolved matter
and to alter the concentration of an ionic species within the seawater to make the

seawater chemistry compatible with that within the reservoir. Although this specific



WD 2011/ 051666PCT/ GB2010/ 001988 11 enbodi nent for treating seawater for
injection is described, the present invention has nmultiple alternative
uses, Wwi tWwormidspdee types of fl uids. The system 1@CT@R20i02©$938
filtration unit 12 which is configured to receive a streamof feed fluid 14
to be treated via a fl ui .wherein , 5. driven

d inl . he, f flu i
by a punp BNt ﬁ°rf_ffﬁa*tflglcf_rn?aﬁ'tﬁte}?‘irznleﬁm'? g%%"%ﬁe‘?ﬁﬂ?rp glriégleg'ﬁ'lll I PaARS 20,
ThC5 cr ous TG AsRtve oGS e Al Back PS4 s ari ven through Lhe
Speci f1c toni o Jpecvaem fpamees Ayl 1 hER T ISR 1o
i “a fi flud | fi ed f,l f
por heat ot pram i ekt fite f ieds i R PR PrefiP T AR ulo ' Our e
t dat fl f te fl.uj 8 f t |
bor it o T FOVED B APuBr e TS RS it 14, cPpbet s Mt InehbahdR0, o g
[ [ [ 1h th entrate fluj o] L th
bor treat ot FRRETSA poanRT OISR Tatbgaae e B sirfol88 Gr B in RO L
10 i fi d h t hat 1] f i
sel ect | vol Joagdes f Bstdhe sfeelic, IR, dtygh BfoRGL FEMemblateizos SB¥edty | |
32, i ficall ter., w.thi 1 X| ] - iagly, th
Foed 1 ui o LAeTOvE R e ihon P sabyfid TELO Lt EARIRTER shéceeTRArLaR Y. (0°
fluj fl.ul : E
e ot o ISUIREG oAy 158 TERIER wib8 Fmarsee adre I 2y BORRSAT 0 e &

feed fluid 14 wi t dgsi | uid i . t i . i
o ol £ b e S PR PR e RSB0
te fluid 24 wi,th f.luj i [ L 40wt h
pereate, 4 28 0 SOURRALY o ILAREAI o FRALIM AT h o
suspended. Tt ct SRR A e orgha o S e e
tam nat i of th nb 20 wi-tLhi L i it ; I
o o TSR AR R bR RSl ottt

frequency requirenent, of the filtrati unit 12, for exanple by
backwas hi ngz.ﬂFt‘f‘J‘?%‘?cg'nT’oeﬁé‘?sSNl°fr (pét yﬁ’ﬂ?y desirabl e to reduce the frequency
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fu (3024 v &ailu?e()%%usic}urcgéoﬂuié %2%] ia%hlléees %ef(égd ?IU@ 14 with a desired fluid condition or
property prior to being treated within the filtration unit 12. For example, mixing of
recirculated permeate fluid 24 with source fluid 32 may provide a feed fluid 14 with a
desired fluid condition or property such as turbidity, ionic concentration, suspended
matter content including, or the like. The desired fluid condition or property may be
25 selected to minimise plugging or contamination of the membrane 20 within the
filtration unit 12, for example by suspended solids and the like. This may reduce or

minimise the cleaning frequency requirement of the filtration unit 12, for example by

backwashing. In this regard it is highly desirable to reduce the frequency of



10 valve 36 may be controlled by a controller 38. The controller may be
manual | y operated, for exanple by a user. However, in the present

enbodi mrenwot2ber/sosssr ol | er is configured to permit aut oneCraGBorwWoodssof t he
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shown in Fltﬁg%ff‘raﬁén mter ein system 210 is

Although not shown within the system 10 of Figure 1, a pump may be
provided for recirculation of the permeate fluid 24.

20 The embodiment shown in Figure 1 may be configured to establish a feed
fluid 14 with a turbidity greater than 3 NTU, and produce a permeate fluid with a
turbidity less than 0.1 NTU. Furthermore, the system 10 may be configured to
recirculate up to around 50%, and perhaps up to around 25% of the flux capacity of
the filtration unit 12.

25 Reference is now made to Figure 2 of the drawings in which there is shown a
fluid treatment system, generally identified by reference numeral 110, in accordance
with an alternative embodiment of the present invention. The system 110 is similar to

that of Figure 1, and as such like features share like reference numerals,



15 simlar to that shown in Figure 2 and as such shares |ike reference
nunmeral s, increnented by 100. Accordingly, system 210 conprises a

filtrati omownitos2b® Wi th nmenbrane 220 which treats a feedtfdB2ooh/idissst o
produce a perneate fluid 224 and a comscentrate fluid 228. The perneate
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optionally onprl e a storage tank |gure ore

source 1114 Shery e o W AR K, S e B
26! oul ot et Bt s%%faoaﬁe[ﬁ@%ﬁ%ﬁamﬁ%Ef@e%@rr.abé%h%m%?ze
oot TR A 4 A o A ol
5 oo ARV 03,404 RSy S B
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granular materi a)\ f?JFthé %Ité#n%EVe e%o%n%lé]r(t Oélg Gﬁiﬁﬂegﬁ%g%o 98%%88ge1n5erally
identified by reference numeral 210, is shown in Figure 3, wherein system 210 is
15 similar to that shown in Figure 2 and as such shares like reference numerals,
incremented by 100. Accordingly, system 210 comprises a filtration unit 212 with
membrane 220 which treats a feed fluid 214 to produce a permeate fluid 224 and a
concentrate fluid 228. The permeate fluid 224 may be recirculated via a valve 236
and controller 238 to be mixed with a source fluid 232 to produce feed fluid 214 with
20 a desired quality. System 210 also comprises a pre-filtration unit 250 and filtration
membrane 252 for pre-treating the source fluid 232 to remove larger suspended
solids prior to being delivered to the filtration unit 212.
The system 210 further comprises a conduit 256 configured to permit
selective communication of the concentrate fluid 228 from the filtration unit 212 to be
25 delivered to the pre-filtration unit 250 for use in backwashing of the membrane 252.
A valve 258 is provided to selectively control the delivery of the concentrate fluid 228.
A storage tank 260 may optionally be provided to store concentrate fiuid 228

in preparation for backwashing of the membrane 252 within the pre-filtration unit 250.



CLAIMS: 1. A nethod of treating a fluid, conprising: producing a perneate
fluid froman outlet of a filtration unit; 5delivering the perneate fluid
to be injwoted/isnde® a subterranean formation; and PCT@B20Tuloads8Ng at
| east a portion of the perneate fluid4to be m xed with a source fluid to
produce a feed f treated within the filtration unit. 2. The

to b
nmet hod of claim™ uf{h@b'ﬁ%ﬁ ih%éyﬂ?%%@ FRY% Qpfianally qampTiFead Floapretans 258 ui d
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o wnbr oi n sel et el HERRETER Prl HseFbodinend 4R UORE RS ve raselint | ng
recircul ati oxrcfamplary and that various modifications may be made thereto without departing
from the scope of the invention. For example, although single filtration units and
single membranes are disclosed, a plurality of each may be provided, which may be
arranged in any suitable manner, for example in parallel, series or the like.

10 Additionally, the filtration unit may comprise any type of filtration media, such as other

membrane types, granular material or the like.



8. The nmethod according to claim6 or 7, wherein selectively recirculating
pernmeate fluid conprises nodulating the recirculation flowrate. WO

2011/ 051686RCI/GBR610/ 001988 16 9. The net hod accor di ngpCw/GBry10000€938di NQ
claim conprising determining a propersty of the source fluid and
controlling ng&éculation of the perneate fluid in accordance with said
source fl ui dH™r i ned property. 5 10. The method according to any
preceding claim conprising determning a property of the feed fluid and
controlling recirculation of the perneate fluid in accordance with said

feed fluid determned property. 1011. The nethod according to any preceding
claim conpti si ré]"lf&@%g%a{\@/%ﬂﬂpomﬁrﬂf"ﬁf the permeate fluid and
controlling recircyl ati on_of §%@(Ejlﬂﬁ_erneatei ig in accordance with said

det er mi ned pr opefP§HCING 3 PERA MR '8{ %fg‘f" ﬂgatéﬂwurm;ecedi ng claim
our B 10 d. - RV (B BeRReaIRaNE ¢ PRIE A A BT PR EERheLRES i on of
bropor t1 e, 13, "PREATRPAGH <RELS PaitRD °f By Briedi RgoL e Wb Aseseng
feed f1uiq BiRpEPHsstlepRaHE GG wesieufin 6 TREPT B0fati on of the permeate
fluid accordingly. 14. The nethod according to any preceding claim

conprising directly recirculating perneate fluid fromthe outlet of the

filtration éj.m t 'ThZeSmethod of claim 1, comprising mixing the source fluid and permeate fluid

10 within a mixing arrangement.

3. The method of claim 1 or 2, comprising mixing the source fluid and permeate

fluid within an inlet of the filtration unit.

15 4, The method of claim 1, 2 or 3, comprising mixing the source fluid and

permeate within the filtration unit.

5. The method of any preceding claim, comprising controlling recirculation of the

permeate fluid.

20
6. The method according to any preceding claim, comprising selectively
recirculating permeate fiuid.
7. The method according to claim 6, wherein selectively recirculating permeate
25 fluid comprises preventing recirculation.
8. The method according to claim 6 or 7, wherein selectively recirculating

permeate fluid comprises modulating the recirculation flow rate.



15. The method according to any preceding claim conprising storing

pernmeate fluid and recirculating said stored perneate fluid. WO

2011/ 051686RGI/GRR610/ 001988 17 16. The net hod accor di ngpCe/GBry10000€938di NQ

claim wherein the filtration unit isiéconfigured to renove at | east one of

suspended matter, dissolved matter and one or nore ionic species fromthe

feed fluid. 517. The net hod according to any preceding claim wherein the
|tration ned met hod according to

filtration yunit go
any pr ecedié‘lug clﬁ] gﬁ“emﬁ’é‘s 3?%”?"3% 103y artep%qinqqu%mcgﬁmqr@@g deterevping ane
menbr ane. tho ccordin 0 precedi m wherein the
filtration Fhﬂp%r% 8an1% g Lgc%(?lu% ayq C8H€°'¢ng ‘(9?‘60'\‘ iof q‘?%tﬂeéfﬁ'eﬁ%ﬂwérre
ultra-filtr n filtration rane and a reverse osnpsi s
marrbr ane. %%B%%H&e% %‘:ﬂgsgu ?'Hﬁdr%tt?@"};ﬁ‘?fr?ﬁ eding, conprising treating
?St one of the source fluid and feed fluid prior to being delivered to
the filtration unit. 21. The nethod accordi ng to claim 20, conprising

pre- t1 eal ing, at 4aRlndAaBlordig 18y Frebbdihg! RRY, TB5hrhY Jetiming L1 on of
property of the feed fluid and controliing recirculation of the permeate fluid in

accordance with said feed fluid determined property.

10 11. The method according to any preceding claim, comprising determining a
property of the permeate fluid and controlling recirculation of said permeate fluid in

accordance with said determined property.

12. The method according to any preceding claim, comprising determining one or
15 more properties of at least two of the source fluid, feed fluid a permeate fluid, and
controlling recirculation of the permeate fluid in accordance with said one or more

monitored properties.

13. The method according to any preceding claim, comprising monitoring a
20 condition or property of at least one of the source fluid, feed fluid and permeate fluid

and controlling recirculation of the permeate fluid accordingly.

14, The method according to any preceding claim, comprising directly
recirculating permeate fluid from the outlet of the filtration unit.

25
15. The method according to any preceding claim, comprising storing permeate

fluid and recircuiating said stored permeate fluid.



22. The nethod according to claim 20 or 21, conprising pre-treating at

| east one of the source fluid and feed fluid by pre-filtration. 23. The
met hod acwordimgidee cl ai m 20, 21 or 22, conprising del i yerTiGRroabookamsast
250ne of the source fluid and feed fluid to a pre-filtration unit. 24. The

t hod [ i,m23, . i Si kwas hi t h e-filtrati )
2011/ 0516648CT] CABOTEN G T8RS oY wiRgeqkes fAmrBaIA W [lration wiiza,
wherein the f ' iL o d fi d t dy trate fluid,
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26. A fluid injectlon. t rising: a filtration unit

confi guredq?%rgt'(?rg%%ﬁ%'e?ﬁ% ﬁeﬁlg%ncgﬂg produce a perneate fluid therefrom and
deliver said perneate fluid to be injected into a subterranean formati on;
and 10a recircul ating arrangenent configured to recirculate at |east a

[ f £ L d ] h,. fluj ) d f eed
Flui o bd 1 oareaiath aebrlll Sl ishetufy Raths foieréihodng uBiion et i ng

water into rmation, conprising: 15producing a treated
wat er fl ui &eﬁg%gi%ﬁ@%ﬁﬁgrtnfeg@ a filtration unit; injecting said treated

water into a subterranean fornati on; and

18. The method according to any preceding claim, wherein the filtration unit
comprises at least one membrane.

10
19. The method according to any preceding claim, wherein the filtration unit
comprises at least one of a micro-filtration membrane, ultra-filtration membrane,

nano-filtration membrane and a reverse osmosis membrane.

15 20. The method according to any preceding, comprising treating at least one of

the source fluid and feed fluid prior to being delivered to the filtration unit.

21. The method according to claim 20, comprising pre-treating at least one of the
source fluid and feed fluid by addition of a chemical.

20
22.  The method according to claim 20 or 21, comprising pre-treating at least one

of the source fluid and feed fluid by pre-filtration.

23. The method according to claim 20, 21 or 22, comprising delivering at least

25 one of the source fluid and feed fluid to a pre-filtration unit.

24. The method according to claim 23, comprising backwashing the pre-filtration

unit.



recirculating at least a portion of the treated water to be mxed with a
source fluid to produce a feed fluid to be treated within the filtration
unit. 20280”onmtsiesd of controlling a fluid treatnment precexB200MWPISESi NY:
determining a fluid property of at |emst one of a perneate fluid froma

filtration unit, a source fluid and a feed fluid to be treated within the
filtration unit; and m xi ng a proportion of the perneate fluid with

t he source ui tho g{o uce a feed fluid in accordance with said determ ned
fluid propefly. he method according 1o claim 24, wherein the filtration unit is configured to

produce a concentrate fluid, wherein said concentrate fluid is used to backwash a

pre-filtration unit.

5
26. A fluid injection apparatus comprising:

a filtration unit configured to treat a feed fluid and produce a permeate fluid
therefrom and deliver said permeate fluid to be injected into a subterranean
formation; and

10 a recirculating arrangement configured to recirculate at least a portion of
permeate fluid to be mixed with a source fluid to produce a feed fluid to be treated
within the filtration unit.

27. A method of injecting water into a subterranean formation, comprising:

15 producing a treated water fluid from an outlet of a filtration unit;

injecting said treated water into a subterranean formation; and

recirculating at least a portion of the treated water to be mixed with a source
fluid to produce a feed fluid to be treated within the filtration unit.

20 28. A method of controlling a fluid treatment process, comprising:

determining a fluid property of at least one of a permeate fluid from a filtration
unit, a source fluid and a feed fluid to be treated within the filtration unit; and
mixing a proportion of the permeate fluid with the source fluid to produce a

feed fluid in accordance with said determined fluid property.



