WO 2013/ 025374PCT/ US2012/ 049499 MOBI LE WATER TREATMENT AND RESI N TRANSFER
HUB FI ELD [0001] This specification relates to water treatnent using ion
exchange wepnrsa2837d to a system and net hod for provi di n@Cmaiseéie/oey499
tenporary water treatnent involving ion exchange resins. BACKGROUND
[0002] I n a nobile water treatnent system water treatnent equipnent is
provided in a portable vehicle, such as a truck, trailer, skid or transport
container, and delivered to a |location where water treatnent is required.
Such nobile water treatnent systens are used when it would be | ess

econom cal to bMOBIEE PATERAREATEHENTANDPRESIN TRAANSDERPIUB t enporary

wat er treatnment may be required when a power plant is comm ssioned; when
permanent water treatnment plants are being repaired; for forestry or mning
canps; @gpt o provide feed water for boilers that operate seasonally. In
general, treated water may be required at a particular site for a period of
time tHeaotiay be Thys spocifiesemalelayesdo svaburttreptnest iifihg lopsschdnat re¢des dnidfteti ne  of
a per nmanent ter treatnment. plant. Alternatively, treated water nay be
Fehui r ctpRana g Sh b R BRPY: Bt b JEuHe W oRRTaN e bat veen
about LxO0Qet Rsths000 hours per year. In both of these cases, it can be less
expensive for the site operator to rent a nobile water treatnent system
than to build a permanent facility. [0003] The vehicle in a nobile water
treat y be fitted with, anong other things, various sorts of
tanks?%%%a$§§kg@ﬁ§§, pi pes, controls and instrunmentation. In the

Mobi | effbe0g]M sy stigmnibilchy @ittt PEEE SwAeCHEdMOR @8ipnicar isgﬂr@ﬂﬂécﬁi,n A
transport truck trailer is fitted with six tanks that are nade of steel

| i ned wttAble yBkjele, sugh@s e dpyalsl teailst, skish aidrapprossenntaiedt, ang debgergdito a The t anks
are co - | - I o e tanks
o bo_ cORRENEROEEr el b BER S rth Ny YR BT B Y o

W t h orehcafit wowsldlbe déss eomimienl ad bailbd & peredinantttypasers phiat.aBorgixamplear fil ter
medi a, deoxygenation media, or ion exchange re?in,beads,_For e agple, to

pr ovi dCTHRIFPIYEVHFT BEAMEH 14Yela awredyhen a power plant is commissioned; whe

permanent water treatment plants are being repaired; for forestry or mining camps; or, to
provide feed water for boilers that operate seasonally. In general, treated water may be
required at a particular site for a period of time that may be up to several years but is still less
that the lifetime of a permanent water treatment plant. Alternatively, treated water may be
required permanently but for only part of each year, for example between about 1,000 to
2,000 hours per year. In both of these cases, it can be less expensive for the site operator to
rent a mobile water treatment system than to build a permanent facility.

[0003] The vehicle in a mobile water treatment system may be fitted with, among
other things, various sorts of tanks, media, pumps, pipes, controls and instrumentation. In the
MobileFlow™ gystem by GE Water & Process Technologies, for example, a transport truck
trailer is fitted with six tanks that are made of steel, lined with rubber, and capable of being
pressurized to 100 psi. The tanks are connected together with a standard piping system that
allows the tanks to be connected together in series or parallel. Each tank can be filled with
one of a selection of available media types such as granular filter media, deoxygenation

media, or ion exchange resin beads. For example, to provide demineralization treatment some
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WO 2013/ 025374PCT/ US2012/ 049499 tanks are filled with cation exchange
resin, other tanks are filled with strong base ani on exchange resin, and
anot her twokoiz2f37hl ed with a m xed bed. Each trail er alPso/useai2od=g9 an

i nstrunent ati on package, a controls package and a heating system The
trailer is set up and tested at a service centre, and then trucked to the
treatnent site to be put in operation. [0004]1In cases where resin beds are
used, the resin beads nust be regenerated fromtine to tinme. In the

Mobi | eFl owTM system the vehicle is returned to the service centre where

t he r esarkshesadlidcdoweh tatmmsixeliangd resi, @thoe geike ard filtwd wids seing tﬁsrdarﬁbmr ed there
until the beads. can be regenerate Prevjously regenerated.r nis

t r ansf EXFRAIEHESK AR prpthgide @@ﬁ?@?%ﬂkﬁ%egiﬁg Fish tgalcg e ilshde £B ¢ he same
or _anOtfGHumlon bhAIENonkblSackibel:l 3 g MRLRL TREulREGOGHAhLAR | S not

required at the t nt site, whic wat er scarce cation,
and regﬁm@iataiselrvlms:nm,\mdelnendmmmthnaeatmeot P tdibs phamgepdraiont he wat er

treat ite, i ch not. i sch per m Furt her,

conpr oNUIA4TL e edBREARTI BB ORLetE R T A GG G AR h S RSh ng and
ai r scriphbionfne. tIhaR MRBt MoV keganahantificleis ReiNEd W the s&eic@ gérRdwN@ter and
quality testing, can be provided at the service centre. | NTRODUCTION TO THE

| NVENTMNGSI[HO@@@] b biahsdewgd iofo mgmmtvesgeﬁ mwtqrﬁfbmecmumﬂﬁm kead$ eandwsr vi ce,

savi ng reat ed I’lgeh1 eEI“I;I,l1 vvn tr eat ment

pl ant . o 1r\?leer% %%Yl?lésﬁ%reggnerat re ml tra S %ksqngfﬂ%l Cant "expense, on the

order @lhcrsSevehebacRitd the@ame@k hﬂ(b’tﬁer \Aﬁ@l&l’r&hﬁ@{t%ltel tin tifis d@giwabl rt o obtain
t he maxi num possi bl e use froma service centre by having it serve a very
| ar ge $egPFPEEOR ! IriTed phthe Gieameay sike dili sheniiabd g VHeRIHESowion.cmd

trailer égde‘i‘BPé'nBQ vﬁgtetvé/a@%ar%ogéll%t 44 Yo B (ﬂgch%étd%Pﬁ%%at Wt fsheRE Sv?rq s of a

service area, the't ers may need rou tlple ates or
pr ovi naesy nat havdNowhite Ammrldmhargap&em FKurther @smptdmmsjgdslrelgmaratpjne countries

in a European or. Asi n mar ket ve between . a service centre and a
treat n@ﬁ@%%%%nc Ipding ?refa&awgrﬁb@iswgﬁ%g P HESTHRPIRG LIRaiHat PESTENERESS: ar e
retur n%sfnf@qm §d1BnitQ {htBEa é%ﬁnﬁy SN 66 GERbI R A thE SYSRELALHON, the cost

of noving the trailers can si'gni fi-cant to the cost of providing
treated water at the site. WD 2013/025374PCT/ US2012/ 049499 [ 0006] A system

and mﬁﬁ%ﬂdﬁﬁc@f@ﬁ'% Q%mﬁﬁTﬁth enporary water treatnent
[0005] Mobile water treatment systems provide a valuable service, saving many users
of treated water the cost of building their own treatment plant. However, building a service
centre is a significant expense, on the order of several million dollars. Accordingly, it is
desirable to obtain the maximum possible use from a service centre by having it serve a very
large service area. This in turn may require having treatment system trailers moving at times
over very long distances. Towards the edges of a service area, the trailers may need to cross
through multiple states or provinces in a North American market, or cross through multiple
countries in a European or Asian market, to move between a service centre and a treatment
site. For treatment systems using ion exchange resins that are returned from time to time to
the service centre for regeneration, the cost of moving the trailers can add significantly to the

cost of providing treated water at the site.



i nvol ving ion exchange resins are described in this specification, along
wth a resin transfer hub for use in the system The systemincludes a
servi ce c®ORNE/02637@ Oor nore treatnent vehicles, a resinPCramngdendsad, and
one or nore resin transport vehicles. The service centre is used, possibly
anong other things, to regenerate one or nore types of ion exchange resins.
A treatnent vehicle nay be a trailer or any other type of vehicle,

i ncluding a contai ner adapted to be carried by another vehicle, that is
transportable by | and, sea or air and carries water treatnment equi pnent

i ncl udi[e@pedr taf f A sfseem hed aicthgd iferprexidigngebiteasitempdorasy wast tacdtmamsf er hub
is afacility. | ocaLed per-manegtly- or . tepporarily apart fromthe service
cent r e IPWHVIABIGMGRCh@ge et e dscaibed hivehectiiettion) dongwith aredp Hapsfehspor t
vehi cl gy, Gt MltHeYyst@dithic QD@bm ih@HR s SUCH i EeShfte TRIAYRDIY BSfRInOr @ Make
up water supply sysiyem may be provi deg with or In the resin transfer hub.
The r esichictes anepiarttanyiehheb, @nd snaovmhicaksn trahspoht vehiclésn dihadervacecontraisner
capabl e of bei. carried anot her vehicle, adgpted_ for transporting resin
by ands S aanlS FBh e Hindng PRty b Sras RS Rt weh BRRTRIRS Bt r e
[ 0007] liita @R ERiOR mBNR PffailBbLaty GAEMBH o RINiEE, 85 Iidg RRokthABSRABIAd
directly to and fromthe service centre when they contain resin requiring
r egenert@abé exrricioyenether whielo thariy teanspestabhebit lapdirice besir ped catticevaiar i vel y
bring resjin requifri regeneration, tq.the resin transter hub, t e.enptied
and t naapery Fotibertnr B Ft S nofineddn padieflec HRI 1EE R rahdsrdFORLD o
used tasd fa%ﬂﬁ%ﬁfcafeﬁsﬁeﬂnz!i@ﬂtly bt Rehpoeganepat from thesdavice séird foanpRigtresehi cl e,
directly or through an internediate storage step. The resin transport

vehi cl &ctyegnggesatmaent yghiglerag @iresllhgam@@@rvéglé&q- drtiopatlpaddigioprldemseneh e and
is re-fLd i J nerat esin s taken
back 1 &CThETEE e p i LRGN ELAL oY s i bf PREARAL Ao Bkl ot
one or trasfer hule dflreasin vahspolrteschi OB AS]chivte, pdsch hbeingthidantcageimet cigablesyst em
is a reog ction ig the tran pqrt%tion or system ca itallﬁé:osts reguired to
suppl y o Peiagramicddyraasthenyehiclepdppfed Suttanportingpics @ Ry lend- Segeidf Bttwact esi n.
Thi s i gpd BER tPRYFAhIIPMBhLS 8EVIE RNt re to serve a |arger service area,
reduci ng the overhead cost of the service centre per treatnment site in the
servi c40@f7¢a. |f lmoperepdment osimbes tneptineitevebitias nohyvire twdmisp@tadiBrecey fonanids

bei ng regener at ed, tPen dowp tine.at the .\O 2013/ 025374PCT/ US2012/ 049499
treat mil CEETIGRFRIS 8/hER they FQRIBH ToER TPHENNS (PR IPR HPES GO P5m one or
nor e Ofmérg@feﬁltirﬁefnﬁffﬁﬂ@l%mb?Mﬁﬁﬁzﬂi\fehebﬁﬂge@'éiﬂ&&?ungé"fe%Eﬁ‘erm follBe feB®i N
transport vehicle. The resin transport vehicle does not require nultiple
pr essurtangieshgy, &nbe empiiesd and thy wrisiadetheyie piifgregenvsatediresim dihicaesin temiferol s or
heat . -‘;5.]1 id l?sseidrtlo oy ésrp%(e)ri}lrv%ri]rih{: lree Ql?e¥atforﬁ 5efrgsriﬁa rbﬁas g‘RlvghitcPe 8* QG oror € resin
Wi t hin & SAne’ external NS GRS O WY £ AT N H"lepsame wer g]ﬁ? lIyi mtation,
conpar ekroligh b drtdrirRaiatEidrayets.| The il tr@spdit Vehacls pafidports Ristl Rqgigingal so be
| ess expensive than a treatnment vehicle and thereby decrease the total cost
of t he ISRMMPRfiEN fhiheaeryicy contre #d isyefillad there with regsperaisdacsienies es within the
same t t..Usi resi . . i r.d: i.ppi ng
oy al S e Gl (e 6 lcRolh K33RRIhe Y Wirc 00 MR 10,
t r eat memb ovie bt aloee trddmactiteshitidst ansport vehicle may al so be nore easily or
econom cal |y provided i.n the formof an | SO or  other. internodal. container,
whi ch 4@@% | ow m%%lgwéﬁvarﬁ@gq%heowm@ agrdycyion in thgitfansposiatig og; r

Opti onaldm chfifal B ReqhlrBNRPRDPIMARLRLR sTBYRPRoARKE sdrfic@kafrd WhETT On as
storage” vessel while g’t the resi'n transfer hub. Further optionally, the
resin tregomsifagad thsib. hig ibeurp orayablow ssectice batretthecrvegilargersansfearchub can be

g;v -?-aElrf%f tﬁhﬁe,gr\tl Og%rhgarzi c%fst odfI ﬂslé (s’j‘e%icg rceen }en]g%? t[regtlrﬁ[e%’[s si%:ehnél1 r‘.c'lgeessei‘vicBeR Ellrlgal,:. aSCRI PTI ON

treatment site must be shut down while its resin is being regenerated, then down time at the
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[0009] Figure 1 is a schematic overview of a systemfor providing nobile or
tenporary water treatnment involving ion exchange resins. [0010]Figure 2 is
a side viww?2of3/@simeat mnent vehicle. [0011] Figure 3 is aPsrads202ow4iof a
resin transport vehicle. [0012]Figure 4 is a schematic illustration of a
resin transfer hub and an optional storage vessel and nmake up water
pol i shing system DETAILED DESCRI PTI ON [ 0013] An exanpl e of a system and
nmet hod for providing nobile or tenporary water treatmnment involving ion
exchange resin, and a resin transfer hub, will be described bel ow.

treatment site may also be reduced. Savings in cost may result from one or more of the

differences between the treatment vehicle and the resin transport vehicle. The resin transport
vehicle does not require multiple pressure resistant tanks or extensive piping, instrumentation,
controls or heat. The resin transport vehicle may therefore be able to store more resin within
the same external dimensions, or within the same weight limitation, compared to the treatment
vehicle. The resin transport vehicle can also be less expensive than a treatment vehicle and
thereby decrease the total cost of the vehicle inventory of the system, or all for more vehicles
within the same total cost. Using the resin transport vehicle for long haul shipping may also
reduce damage during transport to instruments and controls in the treatment vehicle. The
resin transport vehicle may also be more easily or economically provided in the form of an
ISO or other intermodal container, which may allow for shipment by two or more of road,
rail, sea or air. Optionally, the resin transport vehicle may be able to also function as storage
vessel while at the resin transfer hub. Further optionally, the resin transfer hub may be
portable such that the resin transfer hub can be moved if the location of distant treatment sites

changes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Figure 1 is a schematic overview of a system for providing mobile or

temporary water treatment involving ion exchange resins.

[0010] Figure 2 is a side view of a treatment vehicle.
[0011] Figure 3 is a side view of a resin transport vehicle.
[0012] Figure 4 is a schematic illustration of a resin transfer hub and an optional

storage vessel and make up water polishing system.

DETAILED DESCRIPTION
[0013] An example of a system and method for providing mobile or temporary water

treatment involving ion exchange resin, and a resin transfer hub, will be described below.



WO 2013/ 025374PCT/ US2012/ 049499 [0014] Referring to Figure 1, a service area
10, represented by a |arge area of land 12, has a service centre 14 | ocated
i n one pawoO 20f3/426374The service centre includes equi pmenPCrars20iemenss at i ng
spent ion exchange resins. At the service centre 14, resin beads needing
regeneration are transferred froma vehicle carrying themto storage

vessel s where the beads can be regenerated. The regeneration process my

i nclude, for exanple, an air scrub, backwash, chem cal regenerant
application and deioni zed water rinse. The regenerated resin may al so be

t est ed [00143nal yz&tféroinged Bigniank atshericegee ), ocpregeatedtby aobrgehecarstdanrierat i on.
For m xed resin beds, there are al so additional steps of separating the

m xed (8Y2 BEVISEERtFR14 ]@éiltﬁg insoneRyEiRfriht B sgRdce ‘E?&fIFé‘ﬂfé‘F‘Ie;? ,eqwamﬁv&ﬁgﬁg t he
resins. : ' : tar to a
e S S R A S R a S L0 S

sof t enireggnermtipn be trangienred dtoeda vettitle cefrang vieny tohdomtesssdhpiecghsbsadsh as

salt, other resins . a regenerated with strong .acids,  such. as hydrochloric
aci o, PN B° EERRTTH RS FARMSEENTAULRORT A B, BE MR ATRE 97 S REBer vi ce
centre phékh! Qeatied rég%n@tﬁnﬁdp?ﬁcmra%d\ﬂ@foﬁfze@i Reed RS, TRCicLEddrasd Risin

di scharge permts are available. Further, due to the need to provide

r egenemagyi &0 bmigsted asanalyred to detpranisethgidseree ontnaity 4f the regeneratiosaterd i n an
area in_which. water, for these tasks is available 001 SN be | oaded
from T LB Y ner? et A RARTAE SR SR BPpr el s teep,

t r anspag fcgbierated bed opEotallsi teemi@ng thd@cdine arhivadicnstat@l £8inRYdst@n thddrbe

exanpl e, a power station, a factory, a mning or forestry canp, or a

f act or yrapsfered baski tp @rvehrlee Whiaserahessmagtialarty ¢riign Beinstused BMwaeT e, a
transp . i i Mellls . i reat eh) cle 16
oo ¢ ool e Glerdch B MY Dk ' ferticalahit W EF) JRE o fTLE

i nst r unegehatatcdnviainstrdngaicidsgsuehak Agdroddoriy/acid aurs caostivestich ensodare provi ded to
the tanks including.a liquid inlet, a liquid.outlet gnd a conpressed air
fitti n&ﬁw*f&%- PHeoRiagly rintervishFa1s e iebaisddn ap gregy © WA 48Ry i on
exchange..f:esi ; @l : Vi 1 heral | zat : J or
condengg%lréﬁ%odl?iﬂésﬁiﬁ%,e Bone oa?e %ﬁarl 126%1‘ P{dﬁ%&?gﬁgl{% tgéihgé;aetb? ip%fvllczéélfe &%ykrlﬁ?)gsi n

f r om t hed siesa/veter, censaracd deribef 1drie alsh éodatedan me ateavie vhahevdtér fosthaeplaghsed at a
treatnment site 18. As shown by treatnment vehicle 16a, the treatnent vehicle
16 al 565%@\9 s back to the service centre 14 fromtime to tine so that the
resins [ it COnkA My BARalG MOnRLH-A5FARTT kg2 2t M4 48athRaENeT at ed.
Optionally, a substitute treatnment vehicle 16 nmay be sent to a treatnent

si te 18chislpsilpifergtranspeh tr atreasmenicditorld. iThe tigplarcat ity & menberdpr cxpamilelae 16 s
I’ermved'owlelp t%tri]oa t a%aﬁg tpnel i];1i I’Stforgsrteac:.[arrentor 2\1/ ?a%ito(:l G i%Ga ]Zl)JOel eon?ﬁe {rQ %rnent
subst i POPE PFEAF AR OV hTEMEE PEIBRTS GofIP 8 § MR Y From thie 17 S5TMEM: site
18, andchichltt6 My bé, dbtxaniple, b hensirerickasdikEDO asiHo®nlif Fig2026]Bke or nore
of the treatnent sites be |l ocated far fromthe service centre 14.

s 18 nma
Fur t herreatmgat yefdele dprs Hitedhith taks Bbra DIRBEHEHV S 25nend 2eRMOLS r eat nent sit es
18 may HUCKs,, . i i In Figure
1 o Mty RBRa,FhARNe AN DU Yarb Bl o HhRLRIE aiprp e R GRrRs 00
requi r enclading edighidtihlet, radiyoideoittee atde odmprictsed ailrSittiyg.t Wihek theReratraéritppi ng

resin to or fromdjstant treatnment sites 18, a_resin transport vehicle 28
i s used’e]tuﬁ{ec]a(){lﬁFS?JetQitWab%{i‘%%ng jo& cXehapige &esisntr EXAMPISAAPRVI%si n f or war di ng

centre 0inBAtiGn, ShRatiAEDE cdh%Qﬁs%{eepol@hing}&{é AdrBef eIty ghE Ll € 16b
shown in Figure 1, has resin that needs to be recharged, the treatnent

vehi cl evitteresinduomh ghetsorviidrecentrs il f bt foravdhe dicanane mehiele 20 is depdoyad a0hf i ts spent
L1 300 O 1 LU P eRROSHALF BE e PR B P oo

back to the service centre 14 from time to time so that the resins that it contains can be



30 that is fitted with a large taffl( 32. The frane 30 may be of a standard
size and may be fitted with standardi zed nounting points 36 such that is
can functworroe#253741 SO i nt er - nodal shi ppi ng cont ai ner. TPhe/usadRiog943® has an
outlet 34 for discharging resin fromthe taffl( 32 and an inlet 33 for
filling the taffl( 32 with water or a slurry of resin beads in water. The
outlet 34 is |ocated near the bottomof the taffl( 32 and provided with one
or nore valves. The outlet 34 may also be fitted with a chanber 37 adapted
to accept a renovable screen 39 having a nesh size sufficiently small to

r et ai n regesicntdde agionally, heubsitkte 3 atntdnk eclatle dbinmy wedear totaradtaem saeil8 The
inlet 33 i.s located. at the top of the tank ?1%9 ogtionall% in the opposite
end of TEHEIRGIPEERFRAQIRdls 9pealing gaatmeRivehigled o sIemayed ) ladha o3¢ Henozzl e
35 di r gl groehalicl 1664 fe sﬁ’éétti'uﬁs% tr@é%meﬁth&‘e_h'ik@% 76 60t RISMST S #fnUSi NG
wat er sprayed through the m?et 33 to force resin fromthe tank 32. The

t ank 32hafretmbatssita 18 oarepbedotatturif fotthe segnStieatihet sitedBn transport vehicle

28 it f bj 1 ' be . t
han t KOPETpac tpoBrorindte of Meteatisnran o honey Belogped PRgRRERt S8 o 16, vo
2013/ 025374 PCTE HER0URL RAIAIACLAKBLR! BiclHioRGo 112 15O Rafimert BRed Bty

transfer hub 22 may be located with one or nore optional storage vessels
24, f obedyangsing othes than truthdosexampdeby elswishiv Indygiiad efoncxdngple.ch bhasdyedf, a
l'iquid outl et a,.C ressed air fitting. A tional water .pnolishing
it 203y B0Re B RRTRRERT Enhls b P rndeP POlE sl a1 80

t r anspaficRbFer shishig@reseo oYioeh diktahitecatraeatsiten Nh réﬁ@&hﬁ%aﬂ v8hicRS281i8
changes over tinme. For exanple, the resin hub 22 nay be built inside of a
40 f ootus¢bioFaty dgpsie hefacehhsservicecsatrail hepd o kestn oavaldingwovta 28y Whetddk, rai |
or boa I u I | far L 0g: I esi ny
two ¢ anleariips ATLE 18 Shefrs; R AAUhORTENCRNIRKOPR L FELE CRACRRARISRRIETY,
16, bettwbercchargtdrtagacatmsselchide dhtawly @shardsinafospatdingwehire @ ta?@&op off
between a resin tr(fmz)port vghi_éllnre 28 and a treatnent vehicle 16. [0019] To
move r é§iSAC ey and RPerredilled pyithseicraiethie®®. has a water circul ation system
40 and (6o QNPT eSSEGRhf 5 FRALY3, SHSKEIP BT o [0 WAl SbrtGhhick AHLR et em 40
has a t[af f7I(T( 42, whi chémay%have’ a v%ﬂjme Sf 10 cus%i o melters oar nore. The

t af f | ( 302halisbtterhwith avege tablt 33n d harfraowee}f laywbpphHestdddarOniec and moay beout | et s

48 of the tapk are connected to.oneg or re |iquid. punps .which are in
Curn confaet B heaRo e wRirey £ gich 2B FosandinstiRio Ry 1SR FE o ae of
a punp sbpig RnRile. Phe tinki30ha§eh A 3k FeAdisERtciYERR! fFord bhe ta1I082GR1 MESSE
24 or resin transport vehicle 28. One or nore inlets 54 all ow wat er

r et ur nitplgt 33 omiding thetankd widhivelceonsslugy of sy keads sl watar. gfharaslien34 isanspor t
vehicle 28 to returpn tothe ta 42. [ 0020].A make u ter +.nle may be
ised t OGRARaE B tlob i Fiah® 8 o firob R Wit THE il BYET Lifiluegs

pr ef er aldyyalgiehomitaiedithatRimsa 7hdhptedteiccsademovitlapstar 39 nyinegabst at ed
resin will not use uE any significant part of the capacity of the resin.
Dei ono2&§ suktcamntlysinal do sifeigiresay bends in bigtanky nhile tlipaying B jo deatneduts r om
time t i t i<l e.. it.S 1

tr oat o i, L300 b8 BRI LS oprid e Mcbrtali e A @ 93, 11
wat er o gieicugcetBd. t THeaialco B2 nay afsorhave eaorrie 3 Rscd gdanketadlg towvardd that i on,

ani on an i resin _beds to treat raw water. -pass. lipne 62 .is
pr ovi d@&g?@‘éfﬂmoaﬂﬁéﬁwlﬁ%fwﬁ%watﬁﬁ%aw t{m@l %bﬁ@hf%%ﬁr%ﬁ%m to be

filled o gtk INUPrdBRK 820K A2 aE(QQ};?rHs—EH%ir‘}R!ﬁPg $pSeRk Rkin tlsa‘ﬂ%ry system 42
uses a conpressor, for exanple a turbine 64, to supply conpressed air to a

r eser voichicBe28 ﬂihsehwspcrav@ctity @0 cmbicrmctalrsrpr conaechiclimay bo gecatar tmtbe air
out | et SRl aRoPHleThd it 0% STPLSRRES Ahfud .2 treatment vehicle 16,



WO 2013/ 025374PCT/ US2012/ 049499 24 or resin transport vehicle 28. The resin
transfer hub 22 may al so have various ancillary conponents such as val ves,
sensors, waugsa2sys controllers as may be desirabl e for PceaiSe@nioadsdong wat er
t hrough, and providing air to, a treatnent vehicle 16, storage vessel 24 or
resin transport vehicle 28. [0022]In transferring resin beads, a first
treatnent vehicle 16, storage vessel 24 or resin transport vehicle 28

provi des a tank being enptied and a second treatnment vehicle 16, storage
vessel 24 or resin transport vehicle 28 provides a tank being filled. The

t ank bgo0op]enpt i &tfirsing itd FedroM, e msiherankfeohul 2Emhabk |etdtedfwitthenar@si n hub
22 to above the | evel of Ehe resin beads. The tank belgg4enpt|ed hs then

pr essumMPEaPIRTh SOBEVEES B 1afar xprgpleaedlppilBe sorags vepseBer! By hagpefifitg an
out | et mg! \A%q}ﬂa JuiRe &Mc&ﬁé gge@ Pt @t akh 8?@01%1 Shidk gmlmng’@ﬁm RARg resin

bead to hrough a tr pl pe connec between the outlet of the
t an k belﬂog)eemmld@ﬁ Tandesantramsf@thub 22 vy beamdnshatabe drid daede nAwidilif thoal wat er

the tapk 42 into th k bei tl
"o HEPPR R REmst paes T uinger VR g o Aepd e S0t pip 2oy Bab e
in the jhdi@nsf£40 Boriodg highodvk @Elpbﬁ@'@oﬁﬁiﬂégtﬂat tdresh rﬁ@&éﬁ ByorddRerdi@oode Of

the resin hub 22 through a return pipe for reuse. not provided in with
t he outlhetress huhné2 tsmkupﬂ?ed fy movingtesingbogds bdtween fmy tmetamkét ﬁ)rrnxgnﬁe keeps
resin dsf o.the t dr t he tank
45"y TR0 B¢ TR pdard f e i a0 Ehtd QD YR (e
resin beaslgangparttvichidlcaly, ¥r vhreber Hecstraidaspsrt naﬁélb%aﬁ@tayreamz%lﬁémst all,
for exan&ale 95% or nore, of the resin in the tank being enptied my be

transf 80018 to t He mavirepaibseds thelresn anseshbi Bes 20T, cirsslagion 8¥5tdin beads
may re aﬂd%tcowé? SE’%‘ él]?%ﬁl}fgh s}}g%{;f]?é‘ kriRe) A9; 8%“1&%&1}65?/%%%’1&1 £oHs Q?a epoved

| ater, exa ese remains 1nto bags. orré resin
beads miyclainapha‘mmmiuma of hhe cpbipenctdrsibr mate. DkhertemioVEalsé hiser vent 44 arkampl e by

fl ushi ng |f the tank bej ed is ngerthanlt |s hi gh,
such aé)VF‘rfE“f&E? ﬁ 61 PIRSpBIOFC %?%4 gﬁ% aéen%PnBFCt?(ﬁ@ M BALG ligRidr ai sed so
t hat ”ébr nip@Bl Rt &Ef‘lﬁhﬁ’lﬁ)@énﬁe@ﬁé’éw nd &em&%%lt&ng%@z' ok cox{nQ t@&'aﬁﬂ @ﬁf%ns of

transferring resin, or enhancing the novenent of resin, al so e used
For ex a)tﬁplpempcﬁ@rtp raepswnt afifting an abeapnoy ivdadledo, aoragc Nexsall 2t orrgsih | ow of

aI I OV\A ?%Xf’ﬁortt %gg 29;1%8%0%815}%?%%@ o ?)Té‘g SI n tegtnfleln L4ize the bed

16, storage Vessel 24 or resin transport vehicle 28 to return to the tank 42.

[0020] A make up water inlet 56 may be used to provide make up water to the tank
42. The make up water is preferably deionized water so that water used in transferring
regenerated resin will not use up any significant part of the capacity of the resin. Deionozed
water may be obtained by treating municipal supply water from time to time through a
treatment vehicle 16 on its way to or from a treatment site 18, or by a small the optional water
polishing unit 20. The water polishing unit has one or more resin tanks 60 filled with cation,
anion and mixed resin beds to treat raw water. A by-pass line 62 is provided to allow already
deionized make up water, when available, to be filled directly into the tank 42.

[0021] The compressed air supply system 42 uses a compressor, for example a turbine
64, to supply compressed air to a reservoir 66. The reservoir 66 is in turn connected to one or

more air outlets 68 for providing the compressed air to a treatment vehicle 16, storage vessel
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easily, possibly by gravity. An inpeller may also be used to fluidize the
bed. A positive displacenent diaphragm punp may be used to nove the slurry
t hrough awOnars#R28374pi pe between the tank being enpti ed &ou/ushe2wa9Ik9 bei ng
filled. As a further alternative, the tank being enptied may be filled with
water and a drain pipe may be connected upstreamof an ejector to form an
educt or system The ejector is fed with a flow of pressurized water
creating a local vacuumto draw resin into the ejector fromwhere the
pressurized water carries the resin beads through a transfer hose. By any
of the<d oretdiotsyspart fvelbaleds. rdwiresibeankder tuba22shay dlyo b aeionwaleillavy f | ow
through a pipe that discharges into the ta *( being filled. [0025]1f a m xed
bed i s PEHANFETSYC aﬁﬁ@%é%ﬁsaenga%ﬁ.oeremi@ ery end RedesHable sy be prepar ed
ina mrédlfbglattlﬁg I§vaté9"i‘1'u%ﬂ ?FOV’?dlh Ql*f t&fa t%ééﬁnéﬂt%@ﬁl%r% é’t@ glvgss%ﬁ%f (lﬂat will
use the m xed Alte natively, ny Oother tank in any vel% or vessel
16, 24rm1n38nspalptvbhqcu:s%d as the mxing tank, and the m xed bed may be

t r ansf to the treatnent .vehicle after i are the
o ane G0 b 0F bRt BaR i D lnElehist 1 Bl SORBERE ¢ |

| oaded rigit &aﬁé@@ﬁ%ﬁﬂcwgﬁﬂ%deéﬂﬁﬁaﬁk bbﬁlg%@qﬁ@dfaﬁd @Q&éﬁdftﬂéﬁnﬂeﬁv%hl@lé 16he resin
beads. A vent or inlet at the top of the mxing tank is kept open whil e

conpr estaecaicssel Phws rast toanspet vebnkle 28 orevidesra t@lﬁi@b@@g fided.of ha taek heing ng t ank.

Wil e the.c S i ont in t.h eye ng
t ank |smrpt1\/\§ él?edswgl% |p |t|r111 sl owfjéfen |1r111uh he gﬁonve% (iaevglnogtr 35 ed air
flowi Sbesdsormledamzrlﬁsnng 1§Ehdn§h‘@huﬂ1fed&intlﬁéoﬂi{ﬁ@$seﬂ b, ﬂb@bia@ﬁ@l@fo e m Xing

tank, and the m xing tank is left to drain. [0026]After a transfer of resin
beads, 308l v@r@rn&w&%vrwmﬁhﬁ ankiheinessniicg efays psluaty Gwederagddesit n back
into A r ied to
the fi Ibllag%{oor eﬁrr%?&%rda {rglhsﬁér%opr Cﬁ)tél%l %&@4 %é{gg%?{gtg Oﬁﬁ?t qtﬂﬁéea alelﬁg rerg P%\)&t he
fill edahdnkinlet gfahd fackibeing filleé. Addpioesisedeandy bspuspddifirorholic @nlandimg wat er
fromthe re}ggn bed. A screen is fitted at the outlet of % frlled tank so
that rd&5@nbagag cwPrFd s ATBElCiRN ihe drepyEiripe o Al ipappyinpthe sepslfyer i s

| ost d%etv%t%%é’m L Gaflra d}hl'ﬂg i3 &B@a&'ﬂeﬁ%dﬁﬁéﬂ%%kt oA tWRLAN ofl (e Fegfn tank
42 may al so becone too turbid to re-use, requiring that it be waste

t r eat edwbr22dhdougled retiimepipe®i neuse affsfoepromd@d’ilzmtlhuhe owtlet oEthesorkebenat er, but

in vast reduced.anpounts relative to the ser entre 14 hout

usi ng. Mg EhagmORaPyRn FiPe Bers Sruthiadt gt Hufedr & et Ao iitbio

2013/ 0253£HBGAEIVS2Ad 249408 Ed@&%&ﬁ&m@%k&g tﬁeamnﬁ banetepaedr Hpsabed i n an
area where water is scarce and waste water treatnment or discharge
pern1tﬂhm@mmemﬁdmvﬁﬁmubﬂyNd@ndvdﬁmebﬂeaﬂzpmmbhalIy, the resin transfer hub
22 1y Bl L1 29 Akl it or QRIS o BRGNS Bk QUi [ RR LGliHeD® diggRer 2t ed
resin an ne use orrransfe Prrng spent’resin Ki &r used
for tramsfierttdm@ricegeteratiestiietiled aaleketivednBove. CScﬁﬁ’d’lrelsmﬂg@dls m¥ptdnaimmat er
used to transfer spent resin may be allowed to becone nore turbid than

woul d BéEthshetpm|tee fak being icRRtEd Juhernegmoned kter) fok xapaple by pluskipsr woul d
be reqlfhéss&*erﬁanmﬁd‘ﬁﬁé SS'&Hé ¥es§1 bal ﬁ{ay%t}g%%g%?ﬁ{ead%ee pt@hidey for

transferring spent generated resin arate resin storage
vessel seiddyed lhteafys em;plebley fudnngldd piper 1€thkitark bodsd ersptands aherger thasiitns and

m xed r.esipns apd resin transport sels ed wit y cation
resi ns 1ggrﬁ1‘§/ﬂaﬁrh8r’iesr1’é£r?‘i*?§’° érﬁeffgr%lﬁsr Pﬁ@@ﬁ@@«@ﬂ@r w&reﬁéeﬂw% t he

resin r@mgo@toniQoﬁtgyt%mythergﬁnbﬁétn hub 22 does not need to be provided
with resin separation equipnent. However, resin separation equi pnent nay

opt i ond0024]be pr@/thcredeainﬂ Of trensrfemlg révirh o2 2nhaRomgtthempeeruem obfesgpenty resin
fromtr]af resin h]g P ice c%tre. ér resi.ns (%.f (HF?foe,tf agt types
may be APHrLEEd %feixﬁl?lBG C%PW&FSS PESTH ?Pﬁ‘r’(é‘ge qr & Fed i ating Tionooh e t he
ser Vi cenfeaH frevidas froMSthd be@sA LA bed o LLAWINRGELdizd A0 B8] Bedwinpite flo mbaure 1,
when treatnment vehicles 16 have resin requiring
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regeneration, they are transported to the resin transfer hub 22. Spent
resin is transferred fromthe treatnent vehicle 16 at the resin hub 22 to a
resin stowageivesyel 24 or directly into a resin transpect/useh2olePs.
Optionally, a resin transport vehicle 28 may be used as a resin storage
vessel 24 by leaving it at the resin forwardi ng hub 22. Regenerated resin
from anot her resin storage vessel 24 or resin transport vehicle 28 is
transferred through the resin hub 22 to re-fill the treatnent vehicle 16.
The treatnent vehicle 16 can be put back in service at the sane or another
t r eat measilys positlB by kfavithe Aspemptllcrasaynalv@be fidcd3d fluidresthebeddAtposidve esi n
storage.vessel 24, it is re-transferred througggége resin transfer hub 22

to a r &&PRCEMERPEragie RFEP&2E2C URR I Y hIhCSHRSHBFUS) SHTEHET PBCi s t hen
T ansPeehRn: LOELSRE LhibRef G 1€ thik b DERIRS AL d RufBOARRIAR e Btarkne

service centre 14, an e resin transport vehicle 28 is re- ed with

r egenebatngdmpisd maydefdladerithr wedr amd 4 Heir ppe may barefgactddutps@@m ofd
2013/ 025374PCT/ US2012/ 049499 29] Thi s itten,descripti.on, uses exanpl es
to disél e&é’é t%ml aﬁ\/ﬁﬁ% & S??nPrE: Eg%l? gfot Hef\é\%lévé OT GPUNFEbVRIST 8dlie any

per son agkéd] he&huDtol 8w 2Edin trifo Meafdck & Srdnh § hbRMBE picQitirizbd Maktd chrgicii Ng and
usi ng any devices or systens and perform ng any i ncorporated nethods. The

pat ent agiiebeasls plrongh a ransfenhene.i By aps otidesoreethpys, v ilewcofarsis beadsdn aslpriyncl ude
ot her exanpl e hat occur, 1 Q. t .skilled. i he .art . ch ot her exanpl es
can ggalaﬁgttoofgow. I‘R}l%h ¢ Ripe Ql?a% gésco%rg?%lgtoct]ﬂg.t[an% be%ngtfi;]l%d.

are inten Wi SCO i ns ey have structura

el ementigo2s)at do 1N@itidffedris fdqafied fetht bitehht Vebigelagah®mitddebedinadyis, or i f
t hey include equival ent structural elements with insubstantial differences

f rom t EcHaredein g mikigarly edig mey ge 8 ekl the yptpeatsrbrisiobeyilisre1hy 049499
CLAI MS ()i 64 Bl AterfiuRXR, ST biter RLRYA &l hﬁ&?ﬁ@%@ﬁd 18724038 GayBL Gled as

treatnment using Ion ex nge resins conpri s )
the mixing tank, and the mixed bed may be transferred to the treatment vehicle 16 after it is

mixed. To prepare the mixed bed, appropriate amounts or cation and anion resin are
separately loaded into the mixing tank. Water is added to above the level of the resin beads.
A vent or inlet at the top of the mixing tank is kept open while compressed air flows into the
tank from near the bottom of the mixing tank. While the compressed air continues to flow,
the water level in the mixing tank is lowered in steps or in a slow continuous drain. The
compressed air flow is stopped when the water level is at or near the bottom of the mixing
tank, and the mixing tank is left to drain.

[0026] After a transfer of resin beads, the water used to fluidize the resin beads is
allowed to drain back in to the tank 42 for re-use. Optionally, compressed air my be supplied
to the filled or emptied tank, or both, to assist with the draining. In the filled tank in
particular, the compressed air is useful for draining water from the resin bed. A screen is
fitted at the outlet of a filled tank so that resin beads will not be carried back to the tank 42.
Some water is lost due to incomplete draining of the filled tanks. The water in the tank 42
may also become too turbid to re-use, requiring that it be wasted, treated or diluted. The resin
transfer hub 22 thus may use some water, but in vastly reduced amounts relative to the service

centre 14 and without using or discharging significant amounts of chemicals. The resin

9



a) a service centre adapted to regenerate one or nore types of ion exchange

resi ns; b) a treatnent vehicle conprising a tank for holding resin
and adaptwo220/@83mit water being treated to flow througdTiuseozegi4ng
c) aresin transport vehicle; and d) a resin transfer hub for noving

resin between the treatnent vehicle and the resin transport vehicle. 2.The
systemof claim1l wherein the treatnent vehicle conprises a trailer adapted
for transport by road. 3. The systemof claim1l wherein the resin transport
vehicle conprises a tank nmounted to a franme and the franme is adapted to be
car r i edransfeaingi 2emay eltrabe. bedoddhiel mysitaeen where hataniSsoatveraad vakfeavatasi n
transport vehicle is sized ri ses COE ectors, such that the resin

..and, co
t r ans pFEYIh PEfischasge rremithing sdipitedermer ayaiablen Qnivapllydeatesintnsishr t at i on

systempyp 22 may be fitted with two tanks 42, one used for transferring regenerated resin and one
used for transferring spent resin. In this way, water used for transferring regenerated resin
would remain clean longer, while water used to transfer spent resin may be allowed to
become more turbid than would be acceptable for moving regenerated resin. Less make up
water would be required to maintain a supply of water at an acceptable quality for transferring
spent and regenerated resin.
[0027] Separate resin storage vessels 24, if any, may be provided for cation resins and
anion resins and mixed resins and resin transport vessels 28 may be filled with only cation
resins or only anion resins when transporting regenerated resin to the resin hub 22. In this
way, the resin hub 22 does not need to be provided with resin separation equipment.
However, resin separation equipment may optionally be provided in the resin hub 22. For the
return of spent resin from the resin hub 22 to the service centre 24, resins of different types
may be transferred into a single resin transport vessel 28 provided the service centre has resin
separation equipment.
[0028] Returning to Figure 1, when treatment vehicles 16 have resin requiring
regeneration, they are transported to the resin transfer hub 22. Spent resin is transferred from
the treatment vehicle 16 at the resin hub 22 to a resin storage vessel 24 or directly into a resin
transport vehicle 28. Optionally, a resin transport vehicle 28 may be used as a resin storage
vessel 24 by leaving it at the resin forwarding hub 22. Regenerated resin from another resin
storage vessel 24 or resin transport vehicle 28 is transferred through the resin hub 22 to re-fill
the treatment vehicle 16. The treatment vehicle 16 can be put back in service at the same or
another treatment site 18. If the spent resin was first transferred to a resin storage vessel 24, it
is re-transferred through the resin transfer hub 22 to a resin transport vehicle 28. The resin
transport vehicle 28 is then transported to the service centre 14. The resin is regenerated at
the service centre 14, and the resin transport vehicle 28 is re-filled with regenerated resin to be

returned to the resin transfer hub 22.
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5. The
a vehi
cont a
conpri
8. The
9. The
t ank,
claim

systemof claim1l wherein the resin transfer hub is provided on or in
cle. 6. The systemof claim5 wherein the vehicle is a shipping

nerwo 200/@28373/ 025374PCT/ US2012/ 049499 7. The syst emcofusediziona439 f urt her
sing a resin storage vessel connected to the resin transfer hub.
systemof claim7 wherein the resin storage vessel conprises a silo.
systemof claim1l wherein the resin transfer hub conprises a water

a water recirculation punp and an air conpressor. 10. The system of

3 wherein the resin transport vehicle further conprises an inlet

[0029] This written description uses examples to disclose the invention, including the

best mode, and also to enable any person skilled in the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope
of the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from

the literal languages of the claims.
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near the top of the taffl( and an outlet near the bottom of the tank.

11. The systemof claiml1l further conprising a taffl( containing polishing
resin cormecvsd2sir4an inlet to the resin transfer hub. PRTASpIeo®ess9 f or
provi ding regenerated resin to a nobile water treatnent vehicle conprising
the steps of, a) noving the water treatnent vehicle to a resin
transfer hub; b) using the resin transfer hub to nove spent resin
fromthe nobile water treatnment vehicle to a resin transport vehicle; and,
c) using the resin transport hub to nove regenerated resin from anot her
resin tGlaapw®rt vehicle to the water treatnment vehicle. 13. The process of
claim 12 further conprising a step of transferring the spent resinto a
service centre where the spent resin is regenerated.

I claim:

1. A system for providing temporary or mobile water treatment using ion exchange
resins comprising,

a) a service centre adapted to regenerate one or more types of ion exchange resins;

b) a treatment vehicle comprising a tank for holding resin and adapted to permit water
being treated to flow through the resin;

¢) a resin transport vehicle; and

d) a resin transfer hub for moving resin between the treatment vehicle and the resin

transport vehicle.
2. The system of claim 1 wherein the treatment vehicle comprises a trailer adapted for
transport by road.
3. The system of claim 1 wherein the resin transport vehicle comprises a tank mounted to

a frame and the frame is adapted to be carried on another vehicle.

4. The system of claim 3 wherein the resin transport vehicle is sized, and comprises
connectors, such that the resin transport vehicle may be transported through an inter-modal
transportation system.

5. The system of claim 1 wherein the resin transfer hub is provided on or in a vehicle.

6. The system of claim 5 wherein the vehicle is a shipping container.
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14. The process of claim 13 further conprising a step of transporting the
regenerated spent resin to the resin transfer hub. WO

2013/ 0253v0RCI/I2SZA12/ 049499 15. The process of clai m P8Tmiserieiomwsbhe step
of transferring the spent resin to a service centre occurs at least in part
by rail or boat. 16. The process of claim 13 wherein the resin transfer
hub is located in an area of water scarcity relative to the service centre.
17. The process of claim 12 wherein the water treatnment vehicle is |ocated
in atrailer and step a) conprises towing the water treatnent vehicle over
roads. 7.18. Thesygrmagshinfl furthenvd2priviigy € rasirsiteqagdycwel @whegrtal toctheapsilses a
step of storing resin tenporarily in a vessel near the resin transfer hub
dur i ng tfeRefe nent of the resin.

8. The system of claim 7 wherein the resin storage vessel comprises a silo.

9. The system of claim 1 wherein the resin transfer hub comprises a water tank, a water

recirculation pump and an air compressor.

10.  The system of claim 3 wherein the resin transport vehicle further comprises an inlet

near the top of the tank and an outlet near the bottom of the tank.

11.  The system of claim 1 further comprising a tank containing polishing resin connected

to an inlet to the resin transfer hub.

12. A process for providing regenerated resin to a mobile water treatment vehicle
comprising the steps of,

a) moving the water treatment vehicle to a resin transfer hub;

b) using the resin transfer hub to move spent resin from the mobile water treatment
vehicle to a resin transport vehicle; and,

¢) using the resin transport hub to move regenerated resin from another resin transport

vehicle to the water treatment vehicle.

13.  The process of claim 12 further comprising a step of transferring the spent resin to a

service centre where the spent resin is regenerated.

14.  The process of claim 13 further comprising a step of transporting the regenerated spent

resin to the resin transfer hub.
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15.  The process of claim 13 wherein the step of transferring the spent resin to a service

centre occurs at least in part by rail or boat.

16. The process of claim 13 wherein the resin transfer hub is located in an area of water

scarcity relative to the service centre.

17. The process of claim 12 wherein the water treatment vehicle is located in a trailer and

step a) comprises towing the water treatment vehicle over roads.

18.  The process of claim 12 wherein step b) or step ¢) comprises a step of storing resin

temporarily in a vessel near the resin transfer hub during the movement of the resin.
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