10

15

20

25

30

METHOD FOR M NI M ZI NG CORRCSI ON, SCALE, AND WATER
CONSUMPTI ON | N COCLI NG TOAER SYSTEMS TECHNI CAL FI ELD

WO O®1376Bé s i nvention relates generally to netPOOESNI/043066
nmoni toring and controlling corrosion, scale, and water
consunption in evaporative recirculating cool i ng water

syst ems. \\DRgoBRRGE YN %NO AREAARD O
met hods \%&b&%hﬂﬂp ﬁ@@(ﬁ SYSTEMS
characteristicsS via exposin e na eup mater stream
to an ion exchange devi ce. The i nvention has
particul ar rel evance {IECHNEpLFIERRt hods. BACKGROUND
[002] The open recirculating cooling water systemis a
W deby) USEfls REREE®S rdiftss b&leRlly @NmefhodR et eadr@aiing bRIMcantrolling
vari ety of processes. A perfectly efficient open
coTFasiony s¢#iea tanth gvaieF SCOBFHIIHIAN dn (g aRorative Jpgircplatingraealing water systems.
Mo‘P@tsﬁémfﬁé%ﬂy,e‘lﬂ%pﬁfv@ﬁﬁo‘ﬁere@%él kN GnetRdad YO Woditd e ahlP controlling such
wdown Sstream In reality no system achieves this
chatr@teéﬂsn@fvwwfpp@n@ﬂn@ynakvm witel sigamdo an jayexchyagadevice. The invention
those created by | oss of
hmﬁﬁﬁﬁgﬁgééﬂ%§¥§£&?@%ﬁ?ﬁﬁ%%&%lng tower (drift) or from
| eaks. In addition, controlled renoval or "blowdown"
fromthe tower also takes place, which is necessary to
[imt the accunul ati on BACKGROUWE species that cause
scal ing and/ or corrosion of systen1conponents [ 003]

Chem.cal .additives. a ed jnto the Sys
o B Geteh, SFrHlrlog Rpdiies Vol sfar g ® BB, g process for
re_;e&ﬁdn 6f WaﬂbilrﬁhtO@dnﬁal varietyl off pﬂbc@éesl he Iiaﬁ'ﬁdtﬂyCdfﬁaéntl’t@en recirculating
ese_addi tives aranorna

syshGLHRH FB R RPHRelb PFhEr ST oHE SPR. SEoHE AR g owdown

strdath. t € rdaBE AE WsBind BEhiMRE Siis 1ehaP of effidiehed d’ﬁ}ﬁ@glﬁséﬁ always occur,
determined by the treatnegnt intensity needed to

whether IESHEREY S o6 0N weptes oot Ioes fifafringd vatphyar @ apolmg rigpver (drift

or f7bR QRS OlIR i Rdn, SSMINIEN PRIMvaIr “bRSIERE! r6H ltdd foWer also takes place,
water. To achi eve t hat end, the rate of addition is

which i dgeasspr dhlip the eeimylaioneledissived werias thit gapge scaling and/or
cmﬁﬁﬁh%f&g§mp&ﬂﬁgm%%\Mttnr1the recircul ati ng system and
that ar'e renoved wth the bl owdown stream

Consequently, a reductiaon of the flow of the bl ondown
strl@ g& r ehisEacal addatives, Fr@d{ljpgﬁd g ke gystam fosredycq the deletenous effects

of &Ql Gﬁjrcﬁloﬂeﬁﬂ%cfoglo[@icﬁf AHiit} bOhE RAHI R IARRIThese additives are
he use of water treatnment prOCGSSGS to renove

normaﬂs oaddecbl a4 rfe 3R nepdednfoaeElHn v trelptively jepmslgnt Qgcentration in the
rec ﬁn’g Redh! ?‘hiﬁﬁuﬁ‘édt cﬁﬁ%‘e W &terh}RE By McYfaRRNPinfHSRMERR] to meet

€ range o
the conditions created by the chemical, physical, and microbiological environment of the

recirculating water. To achieve that end, the rate of addition is typically controlled to replace the
amount of the additives consumed within the recirculating system and that are removed with the
blowdown stream. Consequently, a reduction of the flow of the blowdown stream reduces the

injection rate of treatment chemicals needed to maintain the required dosage.

[004] The use of water treatment processes to remove dissolved species from makeup
water is known and described in the literature. These processes encompass the range of known
methods, and include filtration, precipitation, and membrane and ion exchange methods, each of

which produces water with different characteristics. However, it is not necessary or even
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met hods, and include filtration, precipitation, and

menbr ane and i on exchange net hods, each of which
wee@dosgmso wat er with different characteristi csPCT/US2009/043066

However, it is not necessary or evendesirable to

removal all the dissolved species fromthe makeup

er. The bi |.i t f the yarious otentlal scal i.r

defffig s renal bR i it R 1 aith ctparp ety of e
Varﬁﬁlﬁltifo'tdﬁtlileschmg iiie@sls GBridsnividelyl ia@d. sofnd| digsolyad ispéotd contribute to

wat er. j.s, qu corrosjve and difficult to treat. The .
corfgiem, BRI ALHE AT bUEEE Ryl orGIt B b TR R The ideal
preﬁéﬁiahﬁrprs&maﬁa tr&dudd e BRhinhid ipfoblim eahigdtests dBS nfaadtdi€ or enhance

ones. [005] From a water conposition perspective, a
dﬂ%%@PPﬁﬁ tower systemwi th nmakeup pretreatnent consists

of three zones of conditions: (i) raw water prior to

t he[opsiet rmamne Riatetl Bbthposition) pekspeaive,da BEKRRY nowat @Etemr Wik makeup

to blend wth the conc ntra ed tower wate
Pfetrﬁqqnyntmvﬁgfe%f t%rﬁaZ%m@HPiia?@d 1} Bieyatstrigr o t eﬁrengent unit; (if)

tre@f BhkdlB Svatdh QriGOB TR Ink FthCthe bmeﬁ@wdqewwe@ér, arld&i) blended and
treated nakeup has a conposition defined by the

concplct eV P VRlels Bre PHeVHsTas dhe sABHOSIHPD e%@é SOWRE Welse the treated

maRiupNES A dorWBLitiNR l&nel SydRd LResdNtdshe By Efeﬁ’eitment process, and the
ble@&qr ation of the cooling tower system These streans

aoewhigh Hedofiped) b fhe @vefqlloweraélpé of dhdcaeliype Baver gystem.  These

strda B LcaE had 1 a% 3@%&@% PR Cinld ahas, Igehﬁtcoﬁfa@t WP E%%éepe'd%atenals

to corrosio , such as ferrous, galvanize
thaparp gescepdiblegy corlrqufrnsdaafag@ ﬁuqhmrfqmqsmﬂvan@e¢, eptaper allogs & is often
1m]% %fr%&l ﬁa"&%}é'c:é $hodh G S%ﬁcﬁﬁﬂs QR %gﬁ(?sﬁﬁh}esﬁﬂhteﬁaﬁhﬁls thus making

us Ki orta t managenent o e CcOorrosiveness

impni’taulamemg&mﬁneaﬁhe ctﬁ’rosivenetsmfeveatezrom ewh of e @red zvnes.

conmparing cooling systems with and w thout

at LOGESSRRe shltorhs witROE LR

opgl‘roaﬁ oﬁlruon@qw reor?)eng of 'th et pr et rg{g%nt ﬁ?%gﬁ?##ﬁses it is

Hn}tdlﬂentotﬂemaluﬂe dleen epedationali mqm@ﬁnetlheofo@e rpagticaimegt systean 1 the overall
0 n
congfagiralg?rg %1 ﬁ%pa%&eérfa ng )s/)ysg‘%{-‘i?b\?v&quée;%&? f ot U[ﬁéu%ﬂ 119<.f1us1on of a
pre&b&umbmtaipmnoroﬁxajo hldmdwmctfon@mﬁmmaMH affgﬂwctmarﬁom h@ooling system,
the }gergttﬂc% fment < gra? ﬁ e%n%t&/glﬁarx]f% g?%llwf;‘ l\ﬁsov%dtro%g I lflre{nemg t¥1vnt can, partially or
comﬂsleteWadf&et tha wiateg Savigg diehd s reehiadztercthbyodlimg tmml |Mgst pretreatment
st gpetrqﬁtnent 0 %athﬁz uire treat ment

°P35WP6F6‘1P‘éeg‘§‘ﬁ" FEHARERERL PIPICER LT N SHPITHGE gperation
operation. [007] The prior art of this field largely
con@belt s Tie firlve aopd kit ifioll lafgebcx@hi;istg of yistapemtion bficooling systems

Witggﬁgtgp V\ag efr [ edi I‘g (1:){" cet %t ugh g [ide &3 e%%n Sll'll’x%glbrane processes
i of tehi'Hy” 1?{%% Re PIroeestes 25 ivh *4s &ree
such Sa¥D Biverse amiosm; nendXioh aixgieanpe Qoesses. #5S aalaigarcge:gory, prempltatlon

roGRASESL B o R BRRE R B AP g i e

largeNiMdtio0s) vliich teaii@e capRIAtcomnsied Wddigibn lof Gofitdnthg chemicals, produce

caref ul | controll ed addition of saftening chemcals,
ar%g:r wlimes of X solﬂi waste, and %en pI‘OlﬂlCC unstable, scale %ormmg water. 'Membrane

processes, particularly those employing reverse osmosis are also known in the art to be used for
cooling water makeup pretreatment. Membrane processes, however, are subject to scaling and
fouling, requiring blowdown often in excess of what would be required by a cooling tower using
untreated makeup water. Reverse osmosis processes produce water of high purity. This high

purity water has the advantage of being low in corrosive ions. Inhibitive ions are also removed,
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| arge volunmes of solid waste, and often produce

unst abl e, scale-form ng water. Menbrane processes,
w@arwigeBar | y those enpl oyi ng reverse osnosi s BEBUSL089043066

known in the art to be used for cooling water nmakeup

pretreatnment. Menbrane processes, however, are subject

0, scalin nd fouli requi.ri ng bl owd often Ln .
and whepdBed i gple el T ble Qi s J° SR quis OgERalyE and difficuts
to tet@t. Ngs willt YegidiceiBediaice Ul pradesy of thepredeSEin@siios bercomes the limitations
rocesses _ produce water of high purity. This high
of thefeity ) biRa quegqggs UREOLH ant age of being |ow in
corrosive ions. Inhibitive ions are also renpved, and
whefit0gis edltere @re @hanp dois yshenps, pradessss khigym pukhe pyiomat.e Collectively,
is typically quite corrosive and difficul .0 treat..
the dmyalte) Gian sty ob SGPHERGR SRR PEsEuEs o Califhy bisf Align exchange

resing u@Nfuithdt sovdividanis toag lahdrivealt had satioh ahid @Bengt mid WasaRddse anion

SRRt kOl PR T, H S i, 199
Soh® bt Bt prBde¥ses hiybek ¥RbMSed B icB8lingavHie Inak®lip pretreatment. A well-
conbi nat i on exchan%ﬁe processes. Cation and ani on

knowreandrigidely @sicHeedanahad AirrkeUR WRET TraBent 9T g0 ste Bngrs dhe use of
sodBRKyAL | s‘éft&ﬁﬁﬁ’] OBr 3AehnSds Qbvandy Pealethasie ARl 8D, Fahrer, Recent
categories (The Nalco Water Handbook, 1998, 2-12 "|on,
Demslongigdn thei@reraiap pf Pooling Jopyr Sistsms Vot Zere Blovidow dsepbigg Tower
InsBA%E TPSSN 3 ,em%b%y'gglt fn‘%ﬁesg %f@@pa@@:&??ﬂ@h@ﬂ%&ough a strong acid cation

pr gf(eat ment . nown and w d racticed met hod
(“SHC” rigneaxphange eplump sharaedhwith gedigms detisn glhe ovgdsr prodicediay the process

557 RO LG RO SRR 4, L0 Fe AP RABL, e e
wafennarhea Qpevidt fegpecia cgoioi sagestoness G hand othiersh THeamgon content of
the%r]ag %)A@ins S{?c%ﬂr%%@ Rﬁl\@ﬁ %gélﬁﬁttb tcb‘&lgllg tJ\?ér ag(%'rﬁ]otﬁ%ah%ﬁ%&; this approach

rocess | nvol ves passi ng raw wat er
suffers fiorg sent dimitations and IGAGIpics.o Rinex cévensiye aviohuterg. cPlarsgad) are not
with.sodi um,ions. The water produced.b he broce.
renffybd R T P i 08 e R areh B R ey R BE SR8 e
Ca+2, My+2) with sodium rendering the water
nonf08glal i vgthevintore, r the peopsivity oflhuwah wetalsety sarbdn atpel is strongly
. nd ot her Th ni_on. N ~Of r
inco e RE TR oS BN R By S8 g o L yarer (1. Larson
andRKE.Jkoldr Batormaty Stitdids Rebypipg SHadalSpfafigred Waterro Somesion of Steel and

cag b, SRRt WGt Champba l RO TR AT ©70. 17

ratib He yiocanoralsle ¢ fHer atie twated) b lb@nmiehCploedse ksl not infpeove it. Another

| i t 009].,Furth , t.h | Vi f .
et i 3 Sors o€ AP MGG iog YRS BRPyP PH FsREgravied o

regBderdth ehelradih, @aR ber@dtd 9 Sigiifich disohirgd proviem( €A garian€6h #hig process is

species_in the water (T.E., Larson and R V. Skold, ..
deserproria Lot fa@flu&?-e@%f‘*&t%@ AR Y P ETRIPY (et e elicate (200
mgl 86N bhPSEARIYH SHOPlo RhfoiCaibsidd. 0N, 1958 1111 nois

State Water Survey, Chanpaign, IL pp. [43] - 46: ill.
IS C—71,I). If the . e
0010] The use of weak acid dealkalization is a well-known treatment approach for
boiler feedwater treatment. It has also been employed as a means of cooling water makeup
pretreatment (see U.S. Patent Nos. 6,746,609 to Stander and 4,532,045 to Littmann. This process
involves passing raw water through a column containing weak acid cation exchange resin
(“WAC”) in the hydrogen or protonated form. The carbonate and bicarbonate ions in the raw

water are able to abstract hydrogen ions from the weak base resin, converting the carbonate and
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ratio is not favorable in the source water, the

treatnment process will not inprove it. Another
waoledwasmBey i s the | arge excess of brine (typiRel/U§2009/043066

three tinmes the absorbed hardness) required to

regenerate the resin, can generate a significant

bicarglgﬁa?efa ger oﬁl%b@c%n& ﬁAl—Ié(ﬁ@gl)%g cr%ra]%t hlhgréé % ess dﬂiﬁ?ém The charged
mtdéﬁilllldiﬂhbﬁiﬂpb@iy)ﬁs Wwitgh pieeefaics fcﬂfdn&lelnt IadrR sy iga) Qmwaier Ptdddged by the

and ele ed pH.(>9. cant orrosjion 0Q10 )
Prophs FySEHEY SCIBERY i B 46 A0 AR o e ereb it Splpustion of the

colimEpbhE 'lhbs ARPhAARRAs freduchDinl SropbAREVBL BE rbhEAdl rmfrmkalﬂntty Upon
has_ al so_been enpl gyed as a neans_of cooli.ng

exhpgstionpthp ot qX@aapa%?ﬂim{l% geggnesatep it stpg acig, Med‘@@@gf gf the use
of ﬁtﬁﬁﬁfﬂ:% iPgt tHo redehefifion lsGndeb Eitﬁﬁ‘ﬁﬂﬂ" witll Ms$eREQTERRerant required.
I nvo vVes paSSI ng raw water thr ough a CO| um cont al ni hg
i d_cation exchange resin

in the

hy dEOB b]én Bie prist oedue PHringt %e(sﬁ d b?b‘ﬁfétcé’-‘faﬂ‘ée o many common

ma%ﬁ@rob @m&ﬁcﬂoﬁ,%dltﬁb rb&s&@\&'lsmﬁﬁrm@ S FRRhENbS sal8Braet Wilding;
é %gn ions fromt weak base resin, converting the

6,76&p%b §@n%ﬁﬁdh‘idcﬂ\v|9%b?fﬁa7t © Pérhéfarts%?huféeth‘aqSJO{ |°°@rolle€|i>mss of the
dea)lka@iﬂ& ?&@xﬁ& tontehan Ql%ﬁrea';ﬁ#aﬁldoﬂkéhhﬁy 1k RooliddGoR B2 A&k ver, the

sites then absorb cations with a preference for
walgr anadist oy P@msg@ tp gpdals Tphide W@W@ hecteagtmpspt upig and the cooling
tost:E' QhEre lénﬁm Est lWﬂ@iﬁ% Cgtzﬁ'nfd B Spi’gtgft I\E) § 75338@ tﬁ Baumann also

depen |ng degr austion of the col um)

desanbb massetqfetrmwgﬁ@@@orr@dmas iﬁn thps pppesei on to the

renmoval of alkalinity. Upon exhaustion, the ion

exclgige BRlEBf ol é&ﬁﬁ%@ésﬁg b c@olﬁltgrt",?ﬁ&n AakElup 9 also been
advant age of the use of resin is

descrlopdnePat. i Ratent Soprp?.820763i oi Buiita apd t515?815=é§?s tcek)éc"é@sand JP 6-158364
FETSIRNE LS el AL S8 U Y s
WS@®ﬁ$ﬁmmumMMﬁiwahéu@ﬂengwth%@@QMQﬁsukqseummﬁscbﬁpmvedmOndeami

sul%?eta& ot almol%%laéﬂg glng\%@%&?lb% qih%?}]oo%leac(ﬁlg x%?ﬁcn?%th% corrosivity of the

Wamon_tlﬁp]:lnl edlaim}lpasﬁle afsih he rc@abﬁ@ﬂl\mﬁr asly@iﬂsmlstet i such as sodium
biC?l%QIlla%e\{e e Qe?e%{i{ﬁ%rd%fptlﬁle argudn f(l)r lﬁ‘?" 2 I(:pea en & gc? %or aglarge excess of
ower . Wever, f efral | ns very Corrosi ve

smﬁﬁh&kﬁ&bﬂﬂdhEm@ﬁ&ﬂnhﬁlmeen the treatnent unit and the

cool i ng tower where blending occurs. WIding, Stander,

and e 7 LB

t he[Objliij f}%set t?l{l)sn %Scal' iyl eg %%r%%ﬁro‘rg cﬁgn eg@o 111%9? %gﬁl%g ArB%orroswe
tenpercps $rem thOGi2t 1n'EchrcuEBng)éoohng wateesysiealsg ©f paxticular importance, is to

t reat ol | System u has een.descri hed.
propjé BepiPEnt R e ST B GHB  BoctfS B RERECopaSng so s not
ua&hﬁkﬁﬁ&aﬁﬂoﬂﬁm&uﬂﬁaﬁﬁér@Eﬁﬁwebbnﬂo@mocess consi sting
of passing makeup water through a strong base ani on
exchange ("SBA") resin charged with bicarbonate. The
exchange process renoves corrosive chloride and
sul fate ions and repl aci f/MNARW th i nhi bitive
bi carbonate ions, reducing the corrosivity of the

[0014] This disclosure accordingly describes an improved process for operation of

cooling tower systems. In addition to reducing the scaling and corrosive tendencies of the water,
the method further eliminates or reduces discharge or “blowdown” without creating any localized
corrosive or scaling conditions as a result of the treatment process. The described measurement

and control system generally comprises an array of measurements, a means of implementing
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wat er. Upon exhaustion, the resin is regenerated wth
a bicarbonate salt such as sodi um bi carbonate. The
waedeasiesé ty of the resin for G and SO 2 cr eaP@BUS2009/043066
need for a | arge excess of sodi um bi carbonate for
regeneration. [0013] There thus exists a need for
i nproved processes_to renbve scaling and corrosive
congh L

desiGi @ a1y gt Al CORttob Actiqpsy o Lhe ETRSRFamFGIScERs Ryt of physical

medEik ety SH IV ratéd cRMhibA] GhidadiirehBRO bf FBERE corhBosttRnPERN pédrmance-
nmet hods of treating the water to praoduce _an i deal

related mgirigs gohias pyager COMRYTMERS P Scadipe Aandensy- (Faetpiablyi the measurements
incBiddiohé 8P mdfe W%nm&ie&% PardBG EARAI My, DI ROBOMRss, scaling tendency,
SUMMVARY [0014] This disclosure _accordingl ){mdescrl bes
tregimentraddisive dossEolevel sardoreatpnt additve rovidusd of tha gnakenie freated makeup,
; : ddition to reducing the scaling and
m%%%%@l\%htgtgﬁdenci es of the water, the nmethod further
el im nates or reduces djischarge or "blowdown" w thout )
cr elPiHg lamyprefeed aspect hoinveioy chidestaIoryy i ohemtiepis cooling
systsin fhaf Rattel (1R scAIlg dnll @BEHEBM] pIUHBERH Bhin lTﬁbesygt@ﬁc riR&Ipotentials are

measur enent and control systemgenerally conprises an ]
redgeadziy both makaunvetreandsiicndegasing aod conpsiteatentn »geding syitem, which
ovér&gﬁe%’a inédt d@‘ﬁ&éﬁé%%}‘f ﬂfé%‘%}f 2 ﬁlcatdﬂﬁ'aﬁ,'thér BSention describes means of
nmeasur enent s can cohsi st “of physical nmeasurenents o
adjfifting thegpreesss whaddrda bptiraiae thequensttes of bethitle raw and concentrated water
it d. . o
i e U R e R R R

the measurenents include one or nore of pH, )
con@Q&q]i Vintap enthdigreat she mveeaipn i 2 jethed of ownijeringsnd controlling an

eva?;‘c‘iﬁ'tii/&%cﬁ&ghgﬁg %golintgrv@ﬁérggﬁ‘%m.g?ﬂ% ¥ %gfeinélﬁaeglcgmﬂ&%nts such

reat nent tive-residua e nmakeup,” treate
as ekt lednwaer @wamcamakdup gvatva serrce, pEDd Bhkdup veetqyskfasr. r Be method

. ' {1 i r i
inciBEE b i VO RS G 6T Y B AR e Phhcans or
redocing tsicomogp@hess b the makéupi watdriyeesy sfiee neduding ghe hardness and alkalinity;
otentials.are . reduced in.both mak wat er and aft
a g0 s Ve SR Forape it AR e a g EpuPlns iyl log makeup
way 8bodTeRe anghepriwaen tstrebail,i 2idenale adcirtiiated rwadsr @vetim; hnmeans for
addition, .the invention describes.neans of adjusti .
delpEnE ST 115 DR CHoTBER PRSI M SRS O TRog hatacterstie(s)
falb@iitin b 6ptindikh Binge; @AM 6 aRbhibesjvvihe bneSdrm@aebperaihg parameters of the
means of m nim zing bl owdown or discharge fromthe
sYSiFbl i ng system [0016] In an embodi ment, the invention
is a method of nonitoring and controlling an
evajorAt i Manbert dspedtathe figyefitindl is AgmwAsE 6T Sysitedite ahB @ontrolling an

system typical |y .1 ncl udes conpponents such. as a
eI T A R QT Ty oK B AP ErLCatibdes compppents such
as @ rBBKAIRIWALE stbie dMhakEie waRt Redcd, RCUKRE VatdtE@REmf & optional

rreduci ng hardness and alkalinity . in E he mak l.i1p wat er )
adcgip‘feesgﬁﬁce,aanﬁ,éaqqgtr?l}ﬁr m communication with at least one of the components. While
the system is under operating conditions, the method includes measuring one or more
characteristics of the recirculated water stream, the makeup water stream, and/or the makup water
source. The measured characteristics are then transmitted to the confroller that, in tumn,
determines whether the measured characteristic(s) meet preselected criteria. If the measured
characteristic(s) do not meet the preselected criteria, the controller is operable to perform at least
one of the following functions: (i) activating one or more devices operable to contact the makeup

water stream from the makeup water source with an ion exchange material, wherein the ion
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reduci ng the corrosiveness of the makeup water stream
after reducing the hardness and al kalinity; a neans
WO or09frem3ur i ng a chem cal conposition and/ or PCT/US2009/043066
performance characteristics of the makeup water
source, the rrakeup vvater stream and/or the
reC|rcuI ed wa ream.a ns for determ.n . .
AP RERe 0 BULT A eRt L BT ST SHE G () optionally
actﬁ@ﬁﬁgo ERAEEE AbR6E &b Bitrbducs) odeabt ntdré hiddities Afbi Tl Nevaporative
range; and a means for ad usting one or nore operatin
reccltlaingcar ?gdfat‘%fﬁégt%ﬁé 1 ?FG’@WE' CHVAIRS PRfeT ra%rgg@}tml actions.
the invention is a nethod of nonitoring and
conﬂnom]l iIAG ﬁli’tha‘\/zap@it ahé verittmi ik @bl lapparatgs ﬂﬁ@bérﬁ@ng/\m‘t eﬂfaporatwe
51 em The sgste cal L% i ncl udes co%ents su b
fecg ulafing copiing W tF‘é%YS rhe’§t e, eepgel %F"‘%‘{?P’&t& such as a
rec@odTREE WatelRttean, 8 ifa@aUP watr Qpick oNAbkeag dwa&dr\saem i€ @,controller. In
and a controller in communication with at |east one of

COTPIRRIEASIRN HEN S, Copfplics ¢ RemeRiTiamdPECs ARERLID SR mpppipyone or more

charfdRistidsOdTSthe (RGciBLd Qehtdr RELAn QRe WRASIY Wil SREmOknd/8H @e makeup
characteristics of the recirculated water stream the

WalPR RGNS Vit asmEtngdatice i erremutisasionitl she fentplies éi gremble to transmit

theTIH&sﬁ@@%HJrﬁgerﬁﬂé’(%)aﬁI)ﬁ the tofforfH: g%etvﬁg@o u{emﬂbﬁetredme Q:ontroller is

the controller t in turn, determ nes whet her
OPaTEES (iP cdewiainsnaions tte cﬂ(e?pnm evhathes Sb¢ avqaged rChftreqt¢rz§tlc(S) meet

preLéclecttJEl] ofieie 4h& qs %P@t’éﬁi‘ét ri‘nﬁﬁ{ec 5&?5 ‘mloﬁ%f Hﬁﬁﬁch]t)ﬁke or data to any
ected crit the controller i's operable
corpmﬂtrcm &vick dnghe ayseerof A mewm dewicags flsngn |com91um(cat)0n with the
v r evi tact, th
coffilier 34,37 1RREL orfBbR FHERE CRSHARN Sl RO, B sy fom any
componbmmrémctwngfesmmrerl al, wherein the I onexchange
material is operable to adjust a subset of the
W%Hgﬁd &&@f Brd ﬁlrefe%é )smbs 1ﬁ12:nto{%|1%ﬂja$ly inPfa é VPﬁlt foH Qxchange
itive source to Introduce one or nore additives
deviiewt thatt ihén ewmpwrication avithethé xenttodler. rithecion lekehgngeadearee includes an ion
exc%)ﬁ? e erﬁ[] dgl%] lé‘a{p)aflg gg%i%hazlclt%at?tﬁ 2 ﬁ%ﬁshgtgedggﬁmgﬂti%ng?&gwed from the
contmlemb nornaat meamlapmuatat nfaammthdpematexﬁgnmamaqjo h¢ ionexchange

N N T R EN TR T e—

maWwaillser beSidj et via aﬁ&ipﬁbh}ihl \Aﬂﬂlﬁt‘re S(mncreC’fhat B’ dpﬂfabld:ptovmljlef one or more
.CO roI n conmuni cation with the

L
ad‘ﬁ%‘gﬁqg‘%}sl 8 %‘e reeirgu ?‘?}P’ﬁr’fﬁ‘tea &8 operabl e to nonitor

one or nore character| stics of the recircul ated water
strieap] the imkeiop fieher isludeanpticoal hechdnisens ok eadgitional control

t . At tt] d
st ReRESPBRYS GPITET Sriom sl gt g ARG P iEout Wusting raw
walte Bgpasetiow has &fetsgﬁtbm; adiisting hdditinetiljectionrihfoahd siGtetleoti reMoval from

to the ontro The ¢ ntroller [ erable to
thee%@m & %ib % FNEE (FARRTS WPTIES OEARerT TR VRo ey by systers

bleRUIAE A& Fhled With (nSokedle RhteR 28R CdoRske W ist 84, IcBrradish, laBd/or biocontrol

operable to. initiate transm_ssion of instructions or
ad%\feé vlaé eaq%htlve source; and combinations thereof.

[0021] It is an advantage of the invention to provide an apparatus and method of

achieving efficient and reliable operation of cooling systems.

[0022] It is another advantage of the invention to overcome limitations of the prior art
through more efficient water usage in cooling systems.
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conmponent or device in the system A receiving device

is also in communication with the controller and is
WO 2008886 oper abl e to receive transmtted i nstPCBUBINE043066

or data from any conponent or device in the system

[0019] According to a preferred enmbodinent, the

I n\é@gﬁ]gg : grﬁww v%nt?a ne fgg% ﬁ'l)r\(f% Iﬁ 9 dergxln ee arg agp%gﬁlrus ané] method for
redokang the comstondad safing endeaxy hﬁh@@raﬁﬂh&bolaig sgstetns S

capabl e of being activated via transmtted

i ns ti h r-ol C C

t naVbaile o b Ber uRliand B FrERBh0 B8 FRALEEb westmen

cmwmmmﬂwﬁﬂﬂwmhﬁmpwns&mmhmmg@n@ayﬂmhaj is chosen to

enabl e adjustnment of a subset of the

ch er -

a2 ARSAGAFkapied Suf DAAGEE b biBa Fip oihe apporen
frompibe &blowingDea]ed Stesoipdon Figmescansidiiamples | evel s in the

recircul ated cooling water stream [0020] The

i nvention further includes optional nechanisns for

addi tional control actions. Representative contro

actions i ncl VBBUEBRESGRIPRION Off THERRAWINGS t

adj usting raw water bypass flow into the systen1

ad] (ee2d]nFigdelitt illv@rakos | seschéiaticl ¢Tt D typht@l Sypbtivedfecirculating cooling

renoval fromthe system adjusting CO or other
WaHPBSM ¢ species addition or renmoval fromthe system

bl ending raw water wi th makeup water; adjusting dosage

of [90zi]e,Figoe asd s@hemzaiadéméseﬁingcaque@éd anttdidinieness thé @vention.

the addi tive source; and conbinations thereof. [0021]

p@ﬁ%ﬁ?us %}\%% gﬁ?@%ﬁ O%I o’ﬁtﬁﬁi Cehl \én\%ai@etﬁgz Q@%tgn Progucgg at various phases
byﬂﬁhkﬂhﬁ@f&memamu@n of cooling systens . [0022] It is
anot her advant age of the i nvention to overcone

{A;{ngpf%;ggéurg ];] 1Ic1:1(1)1 aiers% a [)th;a{ gemﬂé‘ﬁ[ng%gngfq%r ﬁ]vg tL 1ncel{1]t§ing a recycle
mnmdwanmagmemﬁﬁmhamnmmenbmnm is to provide an apparat us

and nmet hod for reducing the corrosion and scaling

tendency of the water in cooling systenms. [0024] Yet

anot her advantage of the invention is to reduce

di scharge of treat mPRTATRERREIGRIETION he bl owdown

streamin cooling systens. [0025] Additional features

andoasty art&gaag & tBe Higees, itinch] Biemeithof @l'éﬂaﬁ&réﬂve b&lrculating cooling
apparent from the followng Detailed Descriptiaon,

Fepbﬁﬁeé‘lbeplcgﬁdn @(‘aﬁp&plggnc R eE L pESeRnp sYSteq dpo Tq.q@des makeup water
streQBAWSi\IC%auEm; RbndfebQUTS al nlakbdpS 5818 Bnod sﬁ&hﬂr&bogec%n @pasin 101

plcal evaporative recircul ati ng coolin
ing
fungtg;(g)@]émncludes heat rejection device 104 (collechvely, ‘cooling un1t ) blowdown circuit

106, conduit 110 that feeds heat exchanger 112, recirculative conduit 114, treatment additive
injector 116, and additive injection point 118. Evaporative loss 108 of recirculating water occurs

through heat rejection device 104.

[0031] FIG 2 is a schematic of a preferred embodiment of the invention. Cooling
system 200 includes the components described above for cooling system 100 with additional
components operable to execute the described method and comprise the described apparatus of
the invention. Controller 202 is in direct or indirect communication (shown with dotted lines

204a to 204g). It should be appreciated that such communication among any of the described
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[0027] Figure 2 is a schematic representing a

preferred enbodi nent of the invention. [0028] Figure 3
wWGQb@wa3mpo exanpl e of water characteristics proRUDES2089/043066

various phases by the nethod of the invention. [0029]

Figure 4 illustrates another enbodinent of the

i nvention including.a recycle stre bypass stream
compen FIEy IATTPERE b2 "Dt AP Yo BECER M R BB area network,
wirBleésaletvdilg, ihtornbh@nidcgol, @Scrotviyal 1] indhed ik, andfhe dike.
evaporative recirculating cooling system are depicted

i tic.of FI.G 1. Cqoli .Syst 00 i ncl
1SRG BprEh St B BT ST Shrtor o
an aledteniz &olte Gevify) edmsdnens buchGelal peedesn hmsdrn dddde, cathode ray tube,

. functionally jncludes heat rejectign devjce 104

oyl G PRE SRR Pl A5 Figot T SIoBEBRAE) Pt omponerts

In &@BRlUhdtantdd) tHetBhtdIREASY BE aperXCda BY@atibh Avith one or more application-
recircul ative conduit 114, treatnent additjve injector

spegifig integiafed, 6 Ut JREOSTH S OF HEPTIHYS: Pne 91 morephazdyred figyares, and/or one
or B2 mekBhil d68&s! Sina bt MY oAb 8bntRTIEHEStek uAUBHS RBRAbE at a central
rejection device 104.6[0031] FIG2 is a schematic of a
locgiany Bicherd e RSHERKASTHET IPT EHBMITHAALAR i038T. 2 bdiiFg nepqrknlocal area
neté02, Wi Wdg %e%ﬁco GRMAD 0E:R i §R e FieD S6hnBRRME i @bwave link, infrared
~cooling system 100 with additional components operable
link, gndshe dife e In #iditipasethersemppienicaciniich b eonslidioppreor system monitor
i C ' ion. Controller 202
ma géﬁ%mgﬁﬁg??mgﬁg%%gﬁ?&%%gggﬁﬁ%ﬁp%ggion (shown with
dotted |ines 204a to 204g). It should be q?preciated

t hdP0&cHn copfithedimentotic sy sehisipeds aytprpated. In another embodiment,
the 3826411 PRACOTNRNBN & IR AITURHELALE ofdrito intrp8d the signals. Such
network, a local area network, w de area network, )
megyisrog iraglemersinguspitrol lagicampsele ayrieiee papable of tegiviag end infrpreting an
I , " r.ol: r . .
e O o80T SO g s
therreip @ @bntogh ertnator  Ryeferahlyethe etrasoefi ayaithdle aetrdlaagiiong has the capability of
: e : . , r evi , . .
SSRGS P BB PSSR TR S o SAUDRE scsice
wateothemiggrand wharacterotibe r Repoesertative cpadtional edjhements include but are not
limgtg ogfgc?n%tg lélg;ag})ﬁ)?\flﬁ]%\g% Eg‘lf‘fq%%lg%gtt%%’ %%]vgv%%tﬁe:xo Bt :ags'! hg\:rv il%ythe system;
adj@pipg additiveoinfpia hioCtht Bfsegr at ethocdl foomi the sypemgrdarEng 0O, or other

oA S B SO A S 5 R Y mp v
adjesting rdobdge fof Syslé, edtrbsiog tAna/s biRynte additidesCEA tthiedhdditive source; and

| Qcation, such as a network server, for conmuni cation
congRypations Heredt: wi red network, |ocal area network, wide

area network, wireless network, internet connection,

m ooV FIGI Dkirthedfillastads | ibf kexclange dbdcdsi X@a dnd 210b (sometimes

col@g%fia[yit ﬁ%g‘i,‘ﬂ? tttg ?1:[; é%g%ﬁq%%h%pgeg 5 fb).aSAc%o%%n%ntglthis embodiment, makeup

water stream 102 is first ireated by ion exchange device 210a to produce reduced hardness and

alkalinity stream 102a. Stream 102a is then treated by ion exchange device 210b to reduce to
produce reduces corrosiveness stream 102b. According to aliernative embodiments, cooling
water system 200 may include one, two, or more ion exchange devices. Ion exchange device 210
preferably includes at least one type of ion exchange material that is operable to adjust a subset
of the measured characteristic(s) of the makeup water stream. Representative ion exchange

materials include a cation exchange material, a weak acid cation exchange material, an anion
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may be included to facilitate signal-processing
algorithns. [0033] In one enbodi nent, the contro

wa@ehengods aut omat ed. | n anot her enbodi nent, tPET/US2009/043066
control schene is manual or sem -manual, where an
operator interprets the signals. Such neans of

cxsllee GRERYAN A TP BPY LT RO ok Py o FOP B gt geor Such

maififl§afeh@el BMil@h ﬂ%&'ﬁrﬁrmrﬂmﬂ& AR5 opdratiid & zﬁ:ﬁi?dté @n exchange device
actions, .and communi catin mto a contr act yat.or
210ptmlting P 10a andior 2f¢hyyo gon E BB {2cE e i grchans
maiefg. capabil ity of adjusting the operation of the
previously described el enents of the systemto achieve

he ired ter che str haracterjstics
e P& PreUeg useeh b i S SERBITE 674 FRURG T mpkgpe water
streﬁﬂxt isl hiMibe @x&ﬁng‘d) Bﬁsﬁdﬁ{ | bpt@nallyb ieWdgNa Ghda@dlidf; regeneration. More
adj usting raw water bypass flowinto the syste

Preé?aqbé& 17 40 HAEFEIaDEe PRFBEOPBITEA FUCR @%%é?ﬁt%’@ with a means for

regb R linth MR PréBLaSY DR MMBE)roRtbRY it aPion @kdHafige system containing
carboni c species additjion or renmpoval fromthe system

wegh astiiiaien prelpiga MeAivg] With mends iy rorspeptiondgitheaciddgios age
of scale, corrosion, and/or biocontrol additives via

hgoaﬂ?l UTHéan&RY Fr Ghe RBELLGA TP WARE bORGIveRRE @0frefefaB3Aystem that
urther illustrates jon exchange, devices 210a

incgeases 2ho BH(olhie tYaffEs Meye| regterab ¥ if e eAiigexchange sygsm containing
abs@fﬁ%@ AR AN hEBal1€ 0decroA&CBE dbri@iveRest Bhd waIKR Qe dBMle of absorbing
makeup water stream 102 is first treated by .ion
corengivh aniges. d Mpsicrre bl itds ph EuREEhANER SN ReiiaiRiEg § Yl base anion
hﬁg{ Iai8R5BndA8s, Stream 102a is then treated by
excl an%e deV|ce 210b to reduce to produce reduces
corrosiveness stream 102b. According to alternative

enbl§83 Henths foraring may Dbt wistsiaed 2@) eefgReeith Bie deflo vgpgexamples,
whichCure HitedHRE Fol ARsEHTRIAGRAEHIICHES not YteRE NNGRL GRVIEe of the
210 preferably includes at | east one type of ion
inventidhange material that is operable to adjust a subset
of the neasured characteristic(s) of the makeup water
stream Representative iomxgxgleange nmaterials include
a cation exchange material, a weak acid cation
exchange material, an anlonexchan%ggﬁgterlm

basi@03i FHGex (,rﬂgﬁsﬁléts @P@be‘gﬁ: examy £ ﬁ%&tﬁfr racterlsulés produced

varldd§ bﬁa@,gs of S hvERIoB! FRwhat 800MHolvs K REIER] bithkAefon tHe. changmg water
Controller 202 is gperable to activate |on exchan

chagreterides 2l RHEPSURARE e SVARELSF TEYOHyineroeking sy m. Table 302

repf@&ﬁyﬁle%ﬁ?f)sﬁ&ﬂ St 2a W shitrct Rtk Aht P6ERARTRed for coohng system
mat eri al preferred nmeans for reduction of

makenpd s saw nples] ik aﬁﬁsﬂ thyough Cph@nr?&ﬁewbwbva?@@m% pedasid arboxylic
ac1&1 cQ5ha B 55 3008 %@%xcﬂﬁge %L"'iﬂ h¥t| 1had SeaHh? Gt tHEBENG protonated

regeneration.” More’ preféerabl is an ion
formxbyhfamg@r@ {osacichTegenstaa. an‘glu%@ efathe miatéfﬁbfhafﬁ'géicﬁﬁf of ithgl carboxylic

acthi&a‘f@%ﬂﬁs, 1‘t:ﬁyresila has little to no ion exchange capacity unless the hydrogen ions

are removed by a species acting as a base. The alkalinity (HCOj3', and CO5™) of the raw water

serves that purpose by reacting with the carboxylic acid functional groups and producing CO,
and the carboxylate form of the ion exchange resin. Once the resin is charged by such
deprotonation, it absorbs cationic solutes from the makeup water. The carboxylate resin typically

has selectivity to cations in the order of Ca™”>Mg"*>>Na".
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regeneration into the protonated form Mst

preferably, it is an ion exchange system contai ni ng
wWoweakr/13mB36 cati on exchange medi um wit h nmeans fBET/US2009/043066

regeneration to the acid form [0036] The neans for

the reduction of water corrosiveness is preferably a

Sys that increases.the pH.of the ter. More . i

o B The nef!Rou 5F B, porBE i e B e e S aponitiag shown n
Tat19 306,088 ch BtAThd boraifPhigh I&leh 4f0COLGNE aSEndln@nount of mineral acid

corrosi veness_ and_whi ch are capabl e of absorbi

leakage rfean WEAGfoBYL 3idpstt fimeallyrhigs apH jip thegragge g’aﬁ%ﬁ to 3.5, and is

expR&EMN 3N VL hEEH SRERDUSIFHINE a8d F»ﬂ@dav RAGE: &MhBsulPNSURIPLter lines.
with nmeans for regeneration. [0037] The foregoing ma

y
Walips apeopresentashittetablecif. mgduced by emeire & WAE sobimoifitagprocessed by a

meS2HP cBRosiy £hludof. | IRLARISAMbR! chlunHSI0RALdnhiiH (RS Bfse anion
and are not "intended to [imt the scope of the

n
(“WR4Bnesinmn thetwaphse formp.0038) reins age watpr-mguvhie igg exchange materials,

whih A el fon AT el ol flps SREAS) Sibabl f Secondary amines. In
the3B0 beseofingn,cthe yeping atle ypehdngedyand bavet hizinedl aenyéxebenga caracity. The free
basg I%(%na t?er W%tﬁl %8in %ag{g Qithdhd (%L‘IS%PQQ 'czﬂ‘{)gn igxih@%ldbrflinergbabcid content of
evaporative recirculating cooling system Table
watee padsge cdrspositien cgpgsesied by iTablf 30§.pivicaduprmabdung & prgdre mcquiring
cargffich B oo REGHE B AsBimeEn ke TR MR W ol B (1Y), Upon
provedatiorg diedW Baaedhoxiguires adinttxthangd tapactyi and dpsoctatanmns. The order of
"WAC') .exch resin that .has been. put_ | at.o .
absP SRR JoF BF Ay QRN P &% QORI SSharar SO A tpica
corBgBRIda of @hitet fiem R prbéedelsyhovanis Tabledildy of the
carboxylic acid functional groups, the resin has

it to, no i on _exchange capaci upl ess t d n
| or0 e s LBt A MRCean Y i ERuos y WA heutment
hasalb¥adnbight sorokiEBVio mnithn€ibBted Xhrodght doerosiamvsusedpeiblesteans@Bsion line or

cor}dﬂﬁal?g{ﬁ gggl&gglﬁibtgf @ﬁ@ggﬂg%ﬁﬁhﬁgh%g%gtgé t%hlle%tigrf iba(i.jsilri and the heat
B e e o
consgRTAAR LLOGER B LIS BRPIENES B ATIHAT BF compppsition shown in Table 316,

whieREPOMYABIE chBSdsRioh Ydt coRbdioh MAScAStREbLVity to cations
in the order of Ca+2>My+2"Na +.[0039] The net result

of this process is the internediate water conposition
shown in Table 306, which 5@Hﬁﬁgns contai ns hi gh

| evel s of CO2, and a small anmount of mneral acid

| eakage foOmimaAl\Matce chartisirydodcortokioh wid ealelcynthvd snag rigjdirk An increase

o ST BT el TR £ A - Skl
LaBé3Q6ryl Sludiet Blating MiSicra@igity aSWheptoas@itisiof ob gtediodad € ast Iron, 1958
Illigggg@g‘g‘gfgyeg?ggg% gﬁ(a?n%%.yggl,e H_F Sp%% —CZ?A: l{ms%\pSAfCI-?Sl). According to the
invention, this situation will be detected by the measurement and control system and may be
actuated by any of the following control actions or combinations of actions. A decrease in the
blowdown rate (via blowdown circuit 315 of cooling unit 314) will increase the concentration of
all the dissolved species in the makeup water, whereas, an increase will decrease the
concentrations. However, because increased blowdown decreases the efficiency of cooling

system operation, this may not be the most desirable action.
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means for corrosivity reduction. In this exanple,
col umm 308 contai ni ng weak base anion ("WBA") resin in
WO b@fiswes base form WBA resins are water-i nsoPCBUS2000043066
exchange materials, which are functionaized with
weakl y basic groups, typically prinary or secondary
unc@ggzéedﬁefé he f ! %? dlIlgSrS rQem alsg beei%crggse tl%e systfzﬁx by partial

ave 1 on exchange capacl
by;fassas’trebnaSIGZf mmhaﬁfneishedu‘vﬁﬁdh s esjuired, eﬂaplﬁomatdrdnhei action would be to

R PR ARt~ Bt Ba D vaf B0 Ry Foreasng te

rawraﬂunm@ Rhsar Mrdgsafll Bteby maeqsing the geﬁi‘oadﬂc@ of WAC column 304,

char.ge, and | the solv | ar in the .. .
g Bt ST S ACCCQPRI S T 3170 9 CRoriar] B Susp g injecton
fromeFkdlinE Sbird eeﬁ)6 ARhieR p&’éﬁi@sﬁ & exbBpla, Cdoﬁﬂlnﬁcﬁ%oﬁbt% QF Bﬁarb onate, prior

ani ons.” The order_ of absorption preference for th

to WesCorplurpn Scthroughinjasiongordst 403 dn appeferpd embpimgnty contugller 202 s

in botRhERkatioR FRESHLEY sﬁfeny\@&ﬁﬂonfeﬂtg’ MrbdphScoRfnmRS8or fnks 410a, 410D,
shown in Tabl e 310. 40] denonstrated in | ater

ange4 Higp| & should ke \mnrecaatpc% 8&9&9@@0@ 20 anayEnclidecanen e, Fagy suitable
nuhOW of aeugbmﬁqqmaﬁ,h\m&ywh@sﬂen{ doRfpeind ed through
corrosion-susceptible transmssion line or conduit 312
to cooling unit 314 (cooling unit 314 includes the
col l ection basin and the ﬁ@@@ﬂﬁéjectlon device as in
FIG 1). Through the processes of degasification,
evamosAt i 0fuan GvARNERPlidsahdven varikBlet kdTRS dompobitibns. Of particular
exanpl e) the water achieves the conp03|t|on shown in

impoggnes t3 peolmgsySigR freatigentas, Be st OF 63 TRSI98 IR v tgcorrosion-promoting
ion8.0fh irefin 8RS 6RABIrsbR N8 confp¥ @it B the ddBffcldysfoRt WIIR! still giving

water chem stry for corrosion_and scale control may
efficiegitippeation ofndp saliwing rlgalct §asBALncal RN &eame%salieaﬁ@s%nd control

systfm bftRe FREGIR 1¥‘@§e§d’ble(t§%§1u§_t 16 van:#ﬁﬁ@fﬂrihlé‘ ReioR. Beyauscslfptlhg principles

Laboratory Studies Relating M neral ality of Water
exnla;n@om Eagmpla 1 othe @eeeflonaﬁ theC¥B apjopexchpogs iv 410 negicylarly important
BiefiEr THRHY Qﬁthé’WEP bR actuaff byl didsolved €O,
%@\é’ 8%‘51 ccordr ng to e i nventf?g)er?n his situa I%SO N :

whigh|i$ a pmd@ke péte anferpgtiontpd thveél@ilm@neﬁ'the wmdvgenwithothe SYAE ephuron. If
the%%ﬁcemtlo?leof 6L ‘fﬁhre? léy ﬂ‘ﬁﬂ%fha )tC {hg %gérgg’&lvg \%rﬁ Imé 9&55@1{ %f aggressive

ons or co ions o ecrease In
ionb {@wv Glinand &0¢" )(masabebinsnvﬁomlt dCanyersdly, 31 hecflkadioty nﬁ@e raw water 1s
a3 the concent ﬁ}lon of

grea{1 g&&}l %lie)dcogﬁeggl FERIesSYS jolis, so%% toer e afyon <X excl%nge Eapgcrcy will be

usedrie ra‘amﬂeblmrbénacbewhehssea tidvératslo gEeint: Ifc&tcbﬂﬁ!ﬁon d:ckmel\/ eiqcordmg to the
invglee)%:l%rualge cl)tntﬁer g(gl%r%fjac%logs\,\g ?hvg]regl%%l%?%& 1t1<§nh§f &f)f ﬂ))? {njeer(lsggn or stripping

after the WAC column and prior to the WBA column.

Example 4

[0044] Corrosion testing was done on copper and mild steel coupons with Naperville,
Illinois City water (Lake Michigan) in three conditions: (i) raw, as drawn from the tap, (ii) WAC
treated, and (iii) WAC/WBA treated. The coupons were exposed overnight to each of the three
water compositions. Results are shown in Table 1. It was observed that the raw water was
moderately corrosive to carbon steel, the WAC-treated water severely so, and WAC/WBA water

much less so.
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system operation, this nmay not be the nost desirable
action.[0042] Referring to FIG 4, hardness can al so be
WO p@wadsesd in the system by partial bypass strREMUSDBI/043066
If a hardness reduction is required, an appropriate
control action would be to activate recycle stream 404
and blend it with the |ncomﬁg raw water, effectively
increasing the ratio of al K ﬁltytototal har dness
and thereby increasing the efficiency of WAC col um
304. The har dgpssies eNDValRHF Wiéy cOWAGN SDLCIEBAAl SO
be increasegmbycagpg) enentary injection from
al kal i ni ty sourcg 406, whi cfggprovi des, for exanple,
sodi um car bonatggor bicarbongte, prijgr to WAG col um
304 through inj ﬁgtl on conduitg 408. I a preherred
enbodi nent , qugkglgllng,er 202 i1ggi n communi cat izpn wi th
vari ous syst em gpnponent s t hyjough cqanuni cag.gpn |inks
410a, 410b, and10c. It shoy d be appreci ajed the
control ler 202 Ig@y include gne, twog,0r anygguitable

nunber of ~suER:G atlo ob i nks dh syst;gm
(:orrponentsgP1 % 0043? tura wat er gypplies

have vari a g on‘p05| t| ons. partl cul ar

i mport ance s 0 system_treat t ist rati o of
corrosi on | RN pb L O corrosion-pronotin | ons. To
mai nt ai n erg ; tn the
cooling systemwhile still giving efficient operation

of the softening plant (i.e., WAC colum), the
nmeasur enent and control systepkedf the invention is
operable to adjust to variations in this ratio.
Bec Satent NEE 4,532,045
opediilont it Hiple i aﬁ?%ﬁgﬁé’%c@%ﬁﬁﬂﬁ bifor SHITRS Pads
hiaman end §746/600rtp Stanémtsuggsﬂ ﬂnah the bisijiisg of YWeAC-Thated g raw water can
han cti t he . :
proal egjgagfé 19(“ os10n glftlé &gﬁfrﬁxgaifaﬁﬁezt’ %fllcc:i{clatg% that such is
notothe t:ztse dhklali shoWg/v:nfout bbndmﬁ twated andvavhwitaeandAlzir corrosiveness as

me?%%h(giso]aﬁeg {:nﬁ%?g)ég %ting &S so g gaLEk anlezlmrée()trf%o\/\éqﬁ% lﬁésn% of raw/treated
walg Bissmi fitantyoifsredsed gorrosBenantd cBp¥er AJeclybyasdxnd galvanized steel.
insufficient. Conversely, if the alkalinity of the raw
water is greater than the i} ntrati on of aggressive
ions, some of the anion exchange capacity will be used
to absorb bicarbonate, which is a desirable species
for coRmp%i ONVASOWt r oH. Mld Steddi gPRED t hBrany enGrlbavizebne
of the control actions i%“PHe Fé‘CEPB’('/aI CrPogddi W“})f
0O by iSpéck 2
prior tQ%he WA coffim. Eanpl &) ' r
testing jas dope onsgpppefy@and rgd d s3t3eelgg:oup@ns i th

Naper vi l4e, 60 4.96 15.3 22 075 104 05 118
20 80 433 2125 4 13 1425 1 155
0 100 3.66 485 10 2 16 1 2325

Example 6

[0046] An example of a control action according to the invention is the recycling and
blending of treated water with raw water to increase the removal of hardness and anions. The
removal of hardness by a WAC material is typically in proportion to the amount of alkalinity
present in the water. If the alkalinity is less than the total hardness, only a portion of the total

12



[I'linois Gty water (Lake M chigan) in three
conditions: (i) raw, as drawn fromthe tap, (ii) WAC
wo e@atigmio and (iii) WAC WBA treated. The coupoPGT/WE2089/043066
exposed overnight to each of the three water
conpositions. Results are shown in Table 1. It was
observed that the raw water was noderately corrosive
hardpesg wilh aenerllz bp remeved Wy reqyehingthe figited walgl) lor pgjnidigiore the WAC
colfifl, HOGHEM 8 hattlEd o BRSbisRed FRH:E cah @Oﬁgﬂe%sa?vﬂalanced and the
Vater WAC WACAVBA (ng/1 CaCO3) Ca 89 2 6 My 46 1.7 8.2
extpgt of Bardgesp peaaval ikereasail. Patedoom s procesy isshawn g Frbls3.SEae second

pas% gva%% 2@1‘ 1%Eio B aﬁ&]( Tlf?tgrr % rgcfyllem%ﬂ & %ﬁrgr ﬂm&@@l bﬁg&cé?’tggl RBO8hess and

rrosion 796 3.7 d stée
CaCorrosion (ml/yr) - 9.8 2.2 (Copper) Exanple 5 [0045]
This exanple illustrates a deficiency of the prior

art. U S. Patent Nos. 4,532,045 to Littman and

6, 746, 609 to Stander suggest that the bl ending of
WAC-treated and raw water can provi de acceptabl e
control of corrosion. However, the data from Table 2
i ndicates that such is not the case. Table 2 shows
vari ous blends of treated and raw water and their
corrosi veness as neasured by dissolved netal ions in
the test solution. Even an 80/20 vol % bl end of

raw/ treated water has significantly increased
corrosiveness to copper, steel, brass and gal vani zed
steel. Table 2 Raw % WAC % pH M| d Steel Copper Brass
Gal vani zed

13
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15

Coupon Coupon Coupon Coupon Species (ng/m) (r) Fe Cu
Cu Zn Zn Fe 100 0 7.81 0.42 0.84 0.37 0.62 0.1 0.16 80
WQ@Q008/157632. 2 12.6 9.9 9.2 0.1 1 8 60 40 5. 64 1PCWUB2089/043066
3.88.80.57.240 60 4.96 15.3 2.2 0.75 10.4 0.5 11.8
20 80 4.33 21.25 4 1.3 14.25 1 15.5 0 100 3.66 4S.5 10
2 16 1 23.25 Exanple 6 [00461a An exanpl e of a control
action according to the i nv@hEidon is the recycling and
bl ending of treated water with raw water to increase
t he rerﬂmmls of Raw dn@iﬁonanﬂtaﬁuﬂl om&ndeE hemmﬂm}val Bmﬁded

to the aﬁ*bunt of130al kaI3Pn|ty reserif’ol n tHé wat er . 18 f

the al kalﬁmty i$ lesgbthan 0he tq@@l hardness, qWAy a
portion @1 the t193 al h 0dne oM LI jgenerally be 43

renmoved.goBy recygling 3t4he tf)@ﬁt ed sater ts9 a poi pks

bef or a1 Alleini)AC aed urm 28t he abkal i nkdy andihar dnes® of
t he bl ended wat €4 can3e nor’é cl ol y bald@nced anit t he
extentc"fé‘f“:“ﬁ’ar dnéds reftval Picreasdl. Daf¥ from t*i s
proe .

ratio of raw water to recycled water to approxi mtely
bal ance total hardness and Ca. Tabl e 3 Speci es Raw
Cation Cation/ Blended Bl éxdmdleBl ended (ng/ 1 CaC3)

Wat er Anion Raw Cation Cation/Lnion Ca 180 36 57 130

Y TR T e —
(NAbd S aten Haydbbok), “IGBExBihge APp- 210 120 1908).8 THis BExample §lBtrdtes a control
act??dn%haz blél‘rab%% rt‘l%uxﬁétﬁé’& (gf%he%%xgen gl’(l) toSa%aptZ[g' Qucgélrfgryﬂnsgowa er c/omp sitions. The
control action includes adding alkaline or acidic additives to the raw water prior to exposure to
the WAC column to decrease or increase the extent of hardness removal. Acidic species may
include one or more strong acids, such as sulfuric, hydrochloric, nitric, organic, and the like.
Alkaline species may include alkali metal or alkaline earth metal carbonates, bicarbonates, or

hydroxides.

[0048] Results in Table 4 illustrate the effect of adding sodium bicarbonate prior to the
softening process., The first three columns show typical alkalinity-deficient water and the results
of the step of the WAC/WBA process. The last three columns show the effect of the addition of
80 ppm (as CaCOs) of sodium bicarbonate. A dramatic improvement in both hardness and

corrosive ion removal was observed.
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Exanple 7 [0047] It is well known that raw water

sources value widely in solute conposition (Nalco
waatenstandbook, "lon Exchange," Pp. 2 to 12, BROP8$2009/043066

This Exanple illustrates a control action that enables

the nmethod of the invention to adapt to such varying

wat er conpositions. The control action includes adding

al kal i ne or acidic additivéad®’®8 the raw water prior to

exposure to the WAC colum to decrease or increase the

ext ent ofpehi@r dnersw r enovalwa@c! tRae +Sp@Eahm&d TR Enhdnckiude

one or (mediCaC4 r OMderacVd€, WB&h NadiCOy | fAlkalimty  Alkalinity

hydr ochloric,  nitric or g::mi c,

speci es i ncl dife alXali Jetal 'Pr al kdline earth

met al car QPnat es ;i cgsponagjes, o, hydrexi des. [[i048]

Results i Tabl e i | hwstraie thepeffectmof addigag

sodi um bi s@r bonatsw prisar tol1the sefteni mg procegs. The

first tNhplgingol udfls shddw t yPi cal 28l kal i ri3t y- def I¥i ent

wat er andPihe reddl ts 3of tHe st eg-“of t h&2WAC/ BAS

pr ocessc.c’(n‘g"/ﬁn’%ltﬂ ast4 hr &€ coPifms sfow t h&%f fect “Bf t he

addit"u' SO pMm—{as T CO . socitumrbicarborate— A

dramatic i nprovenent in both hardness and corrosive

ion renoval was observed. Tabl e 4 Speci es Raw WAC/ Raw

+ Enhanced Enhanced (ny/1EQa@3de® Water WAC WBA NaHCO

Al kalinity Al kalinity WAC WAC/ WBA Ca 180 36 57 180 11

13 3 . . . 7 . 3

170845 15800 ooy i Pyt Ry O SdnE ower water
mapgskis Hesiriably to gantroD the ESiri@ep of Bgh IGOWHNE andWB s caluigngion exchange

o B SRR A0 R PR BB BLER) v

C e LW W, U

e wat er
colfunn ad typioatiyasntrolled by ilissdudd 1 nrodveed pathe W AC column. Another control

action of the invention is the addition of removal of CO, to achieve the desired control action.
Results in Table 5 illustrate this effect. The first three columns show the treatment effect
produced by the COZ naturally produced by the WAC column. The final four columns illustrate
the effect of adding or removing CO,. Through such a control action, it is possible to adjust the
ratio of inhibitive to corrosive ion, thereby controlling the corrosiveness of the water produced by
the process. In Table 5, NC means “Native CO;”; DC means “Decarbonated”; and FC means

“Fully Carbonated.”

Table 5

Species Raw  WAC WAC/ WAC WAC WAC/ WAL
(mg/1CaCO;) Water NC WBA DC FC WBA  WBA

NC bC FC

Ca 180 11 13 6.3 3.7 7 3.9

Mg 83 9 12 535 10 6.5 9.8

Na 270 250 240 260 290 280 280

Cl 170 170 63 180 180 200 43

50, 88 90 4.5 91 93 15 0.52

M Alkalinity 250 -33 150 -10 -10 63 230

pH 8.4 4.2 7.8 6.7 4.6 9.7 6.1

Cond. (uS/em) 970 620 480 640 670 640 530

[0050] 1t should be understood that various changes and modifications to the presently

preferred embodiments described herein will be apparent to those skilled in the art. Such
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makes it desirable to control the efficiency of both
the WAC and WBA col umms/ion exchange materials. The
WO eimomsie3®f corrosive ions and subsequent al kaPCTUB3009/043066
enhancenent by the WBA columm is typically controlled
by di ssol ved CO produced by the WAC col unm. Anot her
control action of the invention_ is the addition of
chapgasrand| wedifieatioppcatcbi Birde PHBoHedPPEng i s spirt andnscope of the
invElRH ahd Withod@@hfnishidd 1id' flidndtLadvahfedf T8¢ thiR€oré ifidided that such
three col ums show the treatnent e%fect produced by
changas agbmodidicafions bgoqyesd by & appendedelfis col um. The
final four columms illustrate the effect of -adding or
renovi ng CO2. Through such a control action, it is
possible to adjust the ratio of inhibitive to
corrosive ion, thereby controlling the corrosiveness
of the water produced by the process. In Table 5, NC
means "Native CO2"; DC neans "Decarbonated"; and FC
means "Fully Carbonated."” Table 5 Speci es Raw WAC WAC/
WAC WVAC WAC/ WAC/ (ng/ 1l CaCO3) Water NC WBA DC FC WBA
VWBA NC DC FC Ca 180 11 13 6.3 3.7 7 3.9 My 83 9 12 5.5
10 6.5 9.8 Na 270 250 240 260 290 280 280 C 170 170
63 180 180 200 43 SO4 88 90 4.5 9 1 93 15 0.52 M
Al kalinity 250 -33 190 -10 -10 63 230 pH 8.4 4.2 7.8
6.7 4.6 9.7 6.1 Cond. OS/cm) 970 620 480 640 670 640
530 [0050] It should be understood that various
changes and nodifications to the presently preferred
enbodi nents described herein will be apparent to those
skilled in the art. Suchchanges and nodifications can
be made w thout departing fromthe spirit and scope of
the invention and wi thout dimnishing its intended
advantages. It is therefore intended that such changes
and nodifications be covered by the appended
cl ai ms. CLAIMS The clainmed invention is: 1. A nethod of
nonitoring and controlling an evaporative
recircul ating cooling water

16



10

15

20

system wherein said systemincludes conponents
conprising a recircul ated water stream a makeup water
waomasiedand a nmakeup wat er stream the net hodPCT/US2009/043066
conprising: (a) a neans for reducing hardness and
alkalinity in the makeup water stream (b) a neans for
reduci ng the corrosivenessCeAlMfe makeup water stream
after treatnment by the neans of step (a); (c) a means

Thé GhinBaaSMRiidgs:a chem cal conposition and/ or
performance characteristics of the makeup water

source, the keup water, stream and/or .the . . .

¢ octT Aumatian ohateRiionie W ontol i, ap SRSy reqipulpting foppe water
systhe tiRsreih REIdNEBaEHMr R6luddl edtnpahenGOrPRSistig 0N re@tclligi6d water stream, a

erf ormance ch&aracteri stic(s) fall wthin_ an optinm

makgipgEater SARCe @d & MARRIR VAt stresl) HemnsiPdFRBPEF % or &

oper at(éfn d rRah BPecIngard RS S 81EMitydn thEheake®s Waer Bbam;

Caim1, wherein the neans for reducing hardness and

al kal i(ni eympapstiRe reducBEpthGRoBPs¥IeEa AT (Uifc Meliew HAter Gheam after

eXCHAMYE 86 HeGReanSof stdpgayret hod of Caim 1, wherein the

means for heasuring the Chem cal conposition and/ or

per f olaAcanashar et arasEing (§) dbemichle empetipoMmatndior performance

sou : p r / r

a8 A el S R andlor the

onerconculiedEwaenstioas; i n conmuni cation with a

cont rg{ij grmea%s fgpget%hxggg vﬂqfethg e%&asmg rc(ﬁlaxﬂicglhceomposition and/or

chem cal conposition and?or perfornmance

c hapafurmancs thafadristic(s) 8k vetbined optiommtrimgeggmdup

consi st.i ng_of ; . CO cti Vi r lLQLLy,

corr ol &l oBidin FRESHE Al Yoerll B SRERBIer A R b

thereof.5. A method of nonitoring and controlling an

evapofTht method of Clhapu|l avherejn deohdangyfonegdaring harteass and alkalinity in the
maf§ A Bl aLem LISl EGs agguponent s comprising a

recirculated wat ér stream “a makeup water source, a

makeup water stream an optional additive source, and .

a cdntlhenegrodiof Cammuwhersin b mgarshionmepsgng thsrrdemicak qpgposition
an&/eﬁg&%@aéw SBBARLIAS BUHPLRLAIvak A o8RO R hilfeubWater sircam,

evaporative recrrcu ing cooling water system )
andreggnformanco nkararteristesefalt vathabe eptingtn oegofnctudes one or more sensors in
0rrenci i%é:tyol %iﬁlda vat ef. stream t he makeup water stream
CORRYF S e mackup wat er source; (c) transmtting the

nmeasured characteristic(s) to the controller; (d)

det ér rfihai mefhathef Kdsimt he wheraimuthe ccheinirh corapasiioncqndjor performance

chatrrgc%risﬁc(g)" &2 gél&:?etdetgon‘f {ﬂetg%lf.p%bnsisting of: pH, conductivity, hardness, alkalinity,

corrosiveness, scaling tendency, and combinations thereof.
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and (e) if the nmeasured characteristic(s) do not neet

the preselected criteria: (i) activating one or nore
woelemwpags3oper abl e to contact the nakeup wat er BCT/E82009/043066

fromthe makeup water source with an ion exchange

material, wherein the ion exchange material is

operabl e to adjust a subset of the neasured

characteristics),, (ii) optioq llZ activating, the, )

it PvBCE P BB 0 FRED Whfe i PaRB VST cooling water

systet, Qvileh8n @MaRQLEh i MEudes %ﬁl‘?ﬂﬁeﬁisi Sehprieil | Nl REd water stream, a
system and (|||% optional [y actiyvating one or nor

e .
mak@RTFBFT WECE-ohRKGP Wi STETROE SO AIFHES Souied drd A gGogroller in
corfRafiSatiof Wi QERES: @ﬁeeofttﬁhe%dn%n&%é} hRRSShIRLRDHghg: When an

I on exchange capacity of said materjal has been
r educ &, oeratingdhapvepsefivefrecaralptinggoolingeyaien sysjera;

pl ur a)k(ﬂ'gt &e&fuﬁﬁ%fo%s & hork Othaf¥eR@RE O R §EdiRhSed BRAY stream, the
i on exchange naterial capable of being individually

conmaltipwals sifvamhendfaieupawarere sieam 8. The net hod
of O )Mo S Bl i lifed AR=EXAORNIE, ML GAL: | S

sel ec romthe group consistin a cation

ex chaftje deterening whcthemtha kneagiired claaricamisec(s)lvaeaye preselected criteria;
mat er.i al ; an ani on exchange nmaterial; a weak base

ani%ﬁ exchange material; and conbi nations thereof. 9.

The méd)hifdhomedsSlnad ohabgctaniati(ido rblmmed dripraklcaed critefias )

is selected fromthe group,consisti of : traollin

o bl owdotth RSIRUIETE g8 TG FSRIoT SRerRl 9, OBy Ak plieyp, Water stream
into fhe g¢Shekup aditetS{oung wilidiahi ive dxchadgd ineiteriahtwherdie the ion
system or rempval . fromthe te adjustin or . .

o) b BeHhags e Bl s apaabl AT et DLl ek SR Rristct

system ghesgtiongly axvavadsahc Mdithvesaliee B iGb@ick one or more additives
~adjusting dosage of scale, caqrrosion, and/gr

bi ocoHt? | e&ﬂﬂﬁ?W@@@“Vﬂﬁmgﬁ@ﬂgﬁaﬁﬁFﬁﬁﬁ?%&P_e; and

conbi nat iianspidasieRtivafic o6 Mk Resrddhctichai m 5, _

i ncludi ng operating the nethod over a network, wherein

t he network inclydes_aqn r nore sensors, additional .

confr OhF Brodg P . S dise® A e eesarate e fon Hehange materil
wheiOAIdA bLhhhQtapRaN SF saddlmatding higieBR bdadedCl ai m 10,

wherein the network is an Internet. 12. A digital

stora medi Vi onput er - exec bl e.instructions

st oedhe meted it CRim SngRiRes FhENSHdRrE el paRs, cach
jontREhanEd MeEriflfcafabBl dTbding ndividvallRP@Rdcaidust (B¢ maap &lated giream.

an evaporative recirculating cooling water system

\rM;géretFBF 31?: dd%ﬁ? enrin élt ?ﬁ%ﬁg%% iﬁ;ggigzﬁgneggtlﬁate%%mrsélgétgcgﬁgm the group
consisting oft a cation exchange material; a weak acid cation exchange material; an anion

exchange material; a weak base anion exchange material; and combinations thereof.

9. The method of Claim 5, wherein the control action(s) is selected from the group
consisting of: controlling a blowdown circuit; adjusting raw water bypass flow into the system;
adjusting additive injection into the system or removal from the system; adjusting CO; or other
carbonic species addition or removal from the system; blending raw water with makeup water;
adjusting dosage of scale, corrosion, and/or biocontrol additives via the additive source; and

combinations thereof.
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wat er source, a makeup water stream and a controller

the apparatus conprising: (a) a nonitoring device in
w@ersied@at i on with the controller, the nonit oPCTES2009/043066

devi ce operable to nmeasure one or nore characteristics

of the recircul ated water stream the nakeup wat er

streaEL and/ or the makup wat er sour ce;
t r alfs e methgd gEGlasa 5 meludingwrsrating e mﬁﬂpﬁ Oif’?fél network, wherein the
nethBA MOLI&GT orRNH RREERLE, 5(911ﬁ(fnﬁﬁe°dﬁ'trbﬂér§" | €Ji FRA StE2E mediums, and/or
characteristic(s) fromthe nmonitoring device to the
corgpmipasion geans he control | er operable to execute
instructions to determ ne whet her the neasured

chayagh&mkmbd 6£ Shint'BE tvhbfasat AGHEM i€hl hbfted and
operable to initiate transm ssion of instructions or

data to_an onent d t st
o 1 016 B SOTABE TR B OSSR iy hencon, he

insBdioBPE Bl Ao bRchR R MEhdd FTITN L ed i nstructions or
data from any conponent or device in the systen1 (d)
an io exchange .devi ce i n comuni.cation

cont 6 &Paraifse g operafing 0y &VARaRAXG rf“ﬂ‘iffl]ﬁ a?gn éo‘gﬁlg' FRter system,

whe¥mhainy Systeat acludbs adifipcddia bRpingddeirfircalatel Wait@tsti¢ar, a makeup
transmtted i nstructions recelﬁed fromthe controller

wateh STt Hpkaup avafen RERRRL ot asoripletdhe FPeRsHemPETne:

exchapge MMRfthdly dNIQ & BorhMEnitLHon SxEN aRY Cod@VIES &hé $nonitoring

operabl'e to adjust a subset of the characteristic(s)

( e) deg}9eioBRFaPIF O BIASHERIPS) OF nase hesas ool the Tegireuipisiyater stream,
hQ haﬂafpeya@&%&dﬁ Gnd/SMEBL aklp WA sb@ed;r cul at ed

coo wat er stream and (f) optlonally one or

msc haﬂtr s rfs trhepmiting | dgEice Ay compupicatipn: witl P‘aﬂmbl%ft iﬁb“n@Perable to
IR IRPAE AL cﬂ ra ﬁétl@ﬂs%?om\’m@ﬁi%hﬁoﬁ el to the controller, the

exc ange device |nc es a urality of different ion

ex cérargiermapantlal ®, emﬁ: estreetions  ©adatsieingf whetheigthe measured

;2?%}}%%32%?%%) aﬁl{eétv %ge‘iiec%d cﬁtgﬁé aa%h e&)eﬂbﬁeb t(S hﬁm%kﬁyrpsmlsmon of

instructions or data to any component or device in the system;

(c) a receiving device in communication with the controller and operable to receive
transmitted instructions or data from any component or device in the system,

(d) an ion exchange device in communication with the controller, the ion exchange
device including an ion exchange material and capable of being activated via transmitted
instructions received from the controller to contact the makeup water stream with the ion
exchange material, wherein the ion exchange device is operable to adjust a subset of the
characteristic(s);

(e) optionally an additive source operable to adjust one or more additive levels in
the recirculated cooling water stream; and

(f) optionally one or more mechanisms for activating one or more control actions.

14. The apparatus of Claim 13, wherein the ion exchange device includes a plurality of
different ion exchange materials, each material capable of being individually activated and

contacted with the makeup water stream.
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