WO 2009/137636PCT/US20091043066 METHOD FOR MINIMIZING CORROSION, SCALE, AND
WATER CONSLIMRBIANIN COOLING TOWER SYSTEMS TECHNICAL Fifetii§easjdhisdnvention
relates generally to methods of monitoring and controlling 5 corrosion, scale, and water consumption
in evaporative recirculating cooling water systems. More specifically, the invention relates to methods

of monitoring and controlling;g4GRAvpERIRTINIGHYIEANRXPORRDOIGD MakEeNpRVaARDSiream to an ion
exchange device. The invepiiorgiee paEipWaTIORANCO I AND TEOWEREHIIMBACKGROUND
10[0021The open recirculating cooling water system is a widely used process for rejection of waste

heat from a variety of processes. A perfectly gifieigRtEReRigsifeulating system would utilize all the
makeup water for evaporative cooling, and would have no blowdown stream. .In reality.no system

achieves this level oglipientiv: V&ﬁ&%&é%S?&%&'%@xaﬁﬁf%, e

. created by loss of entrained water from a coolingtower(drift) 15 or from leaks. In addition, controlled
removal of "bIGHERFOR: $relf M HRET SOBTARNEE HaBEPRIRISS iETETetBsFIelm iV aRe A& ulation

of dissolved spgsiessthaieanse mealingrtiog/ eElerEr asion-ai@ysemmeaimpanenis. contr¢Binghentical
additives are injected into the system tp reduce th ' e ing..c ' d
e R S e O
needed to makfaHcEpEerrEs i BREYRE8IIIN in the recirculating water. The required dosage
is determined by the treatment intensity needed to meet 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 anBaAnKIER@E &dIitives consumed within the recirculating
system and that are removed with the 25 blowdown stream. Consequently, a reduction of the flow of

the blowdgwn streanoreguceséhepiijectiprulaiaotitaimentChemicals neeiely tosedajmbassstiier

required dosage. ... (i The.ecluaieriealment BIacesses larenmpuiiissolyed srdem{om

makeup water |§eﬁnown an(f C escrlbealln 'Eﬁe TI eratlﬁre. T €se processes encompass the range of

known methodssiaadraeldaainmaliba msiesm HRE AR TEPRTERTB FRAE ErRPIoroRle TR ge HRYASER, each

of 30which progieges waterwiihdipnent shasaiatistieseHfveideniyis VoimetessasyroyevencWO

2009/137636PG LIS 20001043966, 46 Al '&é&{&ﬂ}%@é @ﬁ'e%iﬁé%%\éd&q_?%&e&b%%ﬁﬁg%m‘? (akeup
ca

water. The solu il fro]fn&e various potential scaling' minerals varies widely, and some dissolved
species dontrilstifsoms kskiosirpiiishisRURIRS semeed %é‘fé?‘f?%fﬁﬁé%?rﬁ@iWﬁﬁﬂsﬂifﬁ%‘?ﬂﬂﬁmﬁeat.
The ideal pretigrignantReaRss Wdild: regueeamnaitvinafedioblednspariep ot nts:an e-ahagtaitioor
enhance 5deer(§b(I)(Sal. anes, Stem[g% Erom a water composition perspective, a cooling tower system with
makeup pretreafr%enflcor%lsts of three zones of conditions: (i) raw water prior to the pretreatment unit;

(ii) treated makeup prigr to blending with the concentrated tower water;.and (iji nd
concentrated tower\%gaé?’aﬁr. Tlg’g’erlgwaw%%é}r st é‘_‘} eS%%%??titc%ﬁ of % e goﬁ%?v%gﬁrét{f%eg#%e%% Sio
makeup has adfompiositonaisineeibyiembieluiatteribibobiinepratenn et rbies sddideaElended
tower waigr is ggfingg budhe averalwpgratianof heeoslinginualsysiamnT besesiidammcas have
arge volumetric fow tates and way,be in foniact vl SHOlneEIef WAlGHAIS MALATE.susceRlle t
corrosion dam%?ﬁler?‘%ﬁc as tefrous, g%ﬂvanlze ,gor copper a og;. It is often Impractical to replace these
large conduitsthativenstitissivnrasiddnt Fraewaisah pbyrsingrd SHHSB IR HasageRTERE ot
corrosiveness @i waienin eash aftheibreaacnasthe ratfifinenmpringcatpliogsysiamslith thad
WO Tt et DIeoRRRR it SuliRoliankie Retidedieapelaionald e IR me e liiPm.
pretreatment sys?em i the overall consideration o the operation-of the cooling system. For example,
even thodgh indislorosEepreticetmarmdpetatdrrieayasnreaecishbres 8 SIBHEEWN
from a cooling;system 20 Jhe-pietieatimaik e pesaivn maythiave: itsyoiad biesgdown requirements that
can partially or completely offset the water savings benefits realized by the cooling tower. Most
pretreatment operatigfs;Tequife ieaimeniandisiregaresantchaimicatadondbeisrntivhad.apgration.
[7] The prior art of thiS Ko 1218 S congists,of fhe.aperatian. o saallng eysime ith. makpyp yiater
treated preupff?t’i%ﬁw b CEELES STER' ES ime so* ening, membrane process s DE'SUcK as reverse
osmosis, and atexthanbagrdediteion sraciaigicarag orymbre srddem peberssasthadvratigiown
and widely, pragticgd,Gampateeiodne RIFeRSS ohdhisdmRelioNIevkal g8 RpeKalicesawhisheresuire
carefully controlled addition of softening chemicals, produce large volumes of solid waste, and often
produce unstable, scale-forming water. Membrane processes, particularly those employing reverse
osmosis are also known in the art to be used for 30 codling 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 0smosis processes
produce water of high purity. This high purity water has the advantage of being low in corrosive ions.
Inhibitive ions are also removed,



WO 2009/137636PCT/US2009/043066 and when used in cooling systems, this high purity water is
typically quite cResasiva arekdifficult to treat. As will be described later, the piaeessaidhespesent
invention overcomes the limitations of these two broad categories of prior art. [8] There are many ion
exchange processes known to the prior, art. Collectively, 5 they involve cation, anion, or combination

exchange procgsser Catlonnr Anien SXGHRNASSeIne AlS flther subdidorhing sipna,agg veak

acid cation and strong and weak base anion categories (The Nalco Water Handbook, 1998, 2-12 "lon
Exchange”, McGiaw- Ritfeniod gy eraiuniie Jarisfordddis ey &0 Be et ErhSTOVEERTET EORSTIRY nater
makeup pretreaémeits Avwelknowmmananiseyqsactioenkrestherofr alfoplimaterite atmentfor

cooling towers i fhe s, oad.sadiupgycle sellening (o hardness.emavald b einerehand N.O.
Fahrer, Recen?ﬁeveopm nts'in the peraﬁono ooﬁr?g ower glg?stems with Zero Blowdovvn,

Cooling Towerderitifelten®R-89-13, 1989). That process involves passing raw water through a strong
acid cation ("SAC") ion exchange column charged with sodium ions. The water produced by the
process has nearly cftnpletefroplacementofithsiargasps (e ¢ Calinygp+wR) wittesodithnpskngering
the 15 water ngn-scaling, With (asnecl0,6ACHINB.ARRIES SR - £aGR3 AR.QRets IR Ahien content

of the water remains unchanged When applied to cogling tower makeu treayme£@§hi a{% roach
suffers from soTBMATRERIASYAITH RISH e Endn sl T PPOSRAT RSP g e PR e B - O & A8
removed from thesmakeudipiotiheywesmn. cBhcenr atgdohssdbternatiosiGoesfithtrowooNrigetote repddd
Furtheitlogg, th, carrosivity Q&Qgék'ﬁ%n\’\@?&{ﬁt%ﬁﬁ{@@ﬁh?é&@«!ié%c%tmﬂﬁéyp%&emhéﬁﬂ%@e@{ the fio of
corrosive to inhibitivé (e.g., CO3 ), species jn the watey. (T.E., Larspn and R. V. Skold, Labqratory

Studies RelatifJeRAFEIAISUSHE 2‘)‘? foanes &y é‘&?r‘(’ﬁﬁf?y{} SPERIEP 1 £8P TFsh PG5 SMRGis Sfite Water

J

Survey, Champaigms|taphaftIhead GroilkniSiiv SI@x Taies| ktdanatibei snrnfasioribl evgireed aegletalgater,

the treatment prgeess Wik AalaPsavsitnather deficieneyis, thelaioa excapsRthoner(ypisally three
times the absorbed hardness) l:%%]uiredt 25 reg nerate the resin, can generate Ssi%}ificarlg
[ 35@,’7

discharge probBRFPASHnFBRThIE B EE. iCHREE BT iR T8 P ARt Rlo™ 8, BI6Buke,

which empioysitightievelsretsilioatd (b2000siyrtsiof i ilephteldhsiiys=rMeto control corrosion.

[0010] The use of weak acid dealkalization is a well-known treatment approach for boiler feedwater

treatment. It has also[b@¢in employegeriag acisensysttooolitly smdtentnakpriréinpstatrsent isise U.S.

Patent Nos.. 6’Zx%r?b%gtt%_%ﬂg@rtﬁ@%&éi%&a%?e&&i%@ﬁ%”ﬂf EJ%\'/@:RE&%E%{“ lpsiRagsipgFaw water
m

through a colu contalnlnf%weak acid cation exchange resin_(" AC"? in the n or protonated

- | ) ydroge
form. The carbePPSEEHH RIS SRS S h LI EE PHIF e areoh STE TS &S PP B B8 from the
weak base resiftcenwetiingdhtonarhpniitevand:ciio GGNaI3TGE6RGTHHUS2088/01 8868 hirdrbonate to
carbonic a6id (1 12GAINANL HEAN. ARG IGE IbhBISS s GhaBedsicaian absorb

cations with a preference for divalent hardness ions. The water produced b}g/qthe ﬁqrocess is sli%ltly
acidic with a ploFIRAcE Y BI8et AR rkN T BRSthEC I SEE ek A st BIP BR A &5 L MR BT TAR HHe
hardness reduegekisipropqutio nrtattirairarvor algphetke khiyidgls dor Bexbenmetiohophation exchange
column is regenerated with a strong acid. An advantage of the use of WAC resin is that the
regeneration is more pffigientrwighilessexcess fiegeaerantoassived the ofeffidk dheowatesyreadsced by
that process is guite corrosiy Y. COF erials of cansiricti dthe pracesses
disclosed in u.gfl@alﬁ&é%’t“ﬁ&a%é%g%%gfg%t%ﬁ_gv{%%%%%,%%6,%9%5 &ané%}%%ﬁr% 4,931 187 to Derham
teach meffodssrshcBnEIEY BYPREE-of 1 eloFD FEAMNRERZBPE S m D AdRdR CACaur dFpRIEIT
alkalinity in thepzeieg tﬂweael}l-imwex«am_ﬂhedm@t@ranﬁmajn@mw@t@h@@mgﬂh@dﬁm@em
between the Usapent gl And s Senlino dausnybsiehlandina e alidng.Rlandspoand U.s.

Patent No. 5,7 to Baumann also describe the use of strong acid cation exchangersgbgr this

purpose. [0012FRRe kst AhistieErthgE Teelise Berust SoTMRG SralemREReR Has MY BB%N 15
described. U.SpRBadent,NasichiRR0iiE3 implujiazartebO8md52 4¢ GtakapandIR6458364:9dderibe a
Process %Sisé@&% %Ee%iﬁ«%@ﬁ;kﬁ%é%é!@&@ﬁéh FALAR: 3 STRIERASERRIAN SACHANALH RBNg L8SIN

r

charged with bicarbonate. The exchange process removes corrosive chloride and sulfate ions and

replacing themfHHTenFBRRRSHOSNARESER REaHh § N IS TRRPBrIRE Htime 8o &iustion,
the resin is regenesatdcwithup bicarbtratessalirseth mscsodiunm @ dicarborfidieh Phdcsel@ativityhof the
resin for a- and 304.2 creales aneadior & e sycassbaadinm hisarharalsdarragenaiatan.
[0013] There thus Exists a need for Improved processes to remove scaling and corrosive tendencies
from the water in recirculating cooling water systems. Of particular importance, is to provide methods
of treating the water to produce an ideal mixture of ionic constituents so as not 25 to require addition of
makeup water or excessive blowdown. SUMMARY




[0014] This disclosure accordingly describes an improved process for operation of cooling tower
systems. In adgiigpmioregducing the scaling and corrosive tendencies of the wetaisihe/meaikod further
eliminates or reduces discharge or "blowdown" without creating any localized 30corrosive or scaling
conditions as a result of the treatment process. The described measurement and control system

generally comprises an auay of leAswEments _’S %%ﬁ%?v@itéﬁ?@ﬂ%&ﬂ%ﬁ&%@%@% ahtlap aray

of control actions. The measurements can consi physical measurements of flow rates, chemical
measurementdoFsthtdycoithpoditieibed ficpdhforreiit el BrREgRidt R Sh eRea o Rendie dBHBEREness or
scaling tendensyRsetetahbadba-measurements include one or more of pH, conductivity, hardness,
alkalinity, corrosiveness, scaling tendency, treatment additive dosage level, and treatment additive

residual of the makeypydieatesaker, fth 'ecieatine-walel-IA01 8] IReaRieiatredsmpegiment,

the inventign includes a process for operation of a cooling system that reduces the scaling and
corrosion potefRE Wi‘fﬂliﬁstﬁ%tlg%f’élf?ﬁ’ﬁecf@fi%?ﬁaﬁmﬁ%gr RIEEFTH bg:ﬁ??ﬁaﬂ?é]umt & after
degassing andresincertfatiber fviaicubingts psiam swhictrlovert orfies ap rominent defikibiseywdihe prior-
art.. In addition,fhe invepHiQmeescibas: Maams.ok adus!ing herpoeessin.or dakde.eniimizedhe
properties of both the raw and concentrated water streams, and a means of minimjzing blowdovvn or
discharge fronPBTReHIRRY SAEHTS M2V fotPta TR W@nﬂ%ﬁ&‘? Big e ilﬁeléeﬁ’ﬁo?{?geﬁ%%%hdﬁ b
monitoring andcoowtreliihgideleraporativethedirémhatingg codimigevimtet ysterhing evepstche typichlly
includes ti@mpTgaﬁa&%h - %1 Q&ﬁ%ﬁﬁ@"ﬁ%'%ﬁ@ﬂé’fﬁteé%%ﬂ%@.wd méaéﬁ& slgg:spegaaﬁyﬁ, az{%@h@up
~ water stream. The method includes a mea t reducing, hardnes alipity in.the makeup water
Stream: a meaRSPPBIIE IO BB R B IS RO E AR 2t A e e ir e
hardness and ZliativieyT 2 §Ad AnEPES). midaspriersoiniebraicabuogpusiitn Gy parfosnsdcation

characteristics@§ fre-MakeubhiyatelonatCRatha makaupiwatehstreamvandieiathed egites atoskyvater
stream; a means for dﬁermiqig@g W{]ether%h?{]r;egg £%gs Qem&a& (‘I&m o% b&%ﬂ%{%ﬁ)&ggr ance
characteristic( At ?r?% %pﬁ?ﬁﬁcrﬁnﬁg%goe; and a meah<for adjusting one or more operé{ing
parametel§ of wrdesypstesnaling jog1Fnechivordpurribiments GChvartivhers. alhramion whisbatioring
and controlling:RNeMaPRIALME FRALSHALINGHRAQHHHN ACoENEEC W ReIBME SR EYRIE s GIHAeS

components sucp as a recirculated water sdtg%%m a.makeup water. source ma%efugdv ter stream, an
. L \fél g%rs QI _SOmME 1mt tmﬁs at cléncies.  SINCe ¢ rrosta_ & anons (e . ara n? .
optional additi drce, and a controller in communication with at least on the’components. While

the system is urterabieatithg wekaitiche eheasrsavodinielvobiewdadeirigohe O mse"haracteristics
of the recirculated water stream, the makeup water stream, and/or the linkup water source. The
measured characteri§tit® arefilvdartnars nittechtmshvitc aritroiferathatters ttrneafetersene Sswitretigbr the

measured gharagiaistie(s) Mmeshpreselesied &ritarandhe.measayesbobaiacierislic(eh do nataneet the
preselected criteria, the controller is operaple to perform at Iea%\%]egéf the fod;l%v#rﬁggﬁéztlons: 0)

activating one Bihfore FE0iCe By aIaH RS ORI M AR iR B S EE S8 i water
source with andest Bxohdigdlhaie SaticWhere futive i iraereizandermélialos BpBrabl €16 adjidbt a

subset of the measured;chasagieristialS)m (b aptienally aciivaling:tae.additive: $aursR 19 INtiRdice one

or more additives into the evaporative recjrculating cooling water system; and (ii1) optionally activating
one or more c&?ﬁﬁ?ﬁﬁi@n@ﬁ@ﬁﬁ%ﬁﬁeﬁ AP fﬁgﬂg%?%%%ﬁ?t elsng/lg r%%oﬁﬁgga}%(]aréﬁep% afi %1}?36%%
operating?dn evasosetivéhreciFou Eingroatirgsignilivagy siedrrrgeerbithe systarang endisliyrirsiuges

components sych.ag:a [eirgubalad Waterstoanp 2 MBkes iR walei-CR R I3k R WaAte [-oeam,
and a controller. In communi <éa‘:rtio é\%%\%ﬁ controll&r iS a monitoring device operable to monitor one or

more charactePEER GHHAR | &f SHERM W& Wakeup water stream, and/or the makeup
water source. A transmitting device in communication with the controller is operable to transmit the
measured chsracteridH®{8) rdhs te HorrdrAghEcie s é%ﬁt%ﬁ%}?‘%]é g%ﬁ%ﬂ%?‘f@%%&rgﬁle to
execute instrutiidins fe:dieienmunamehethiernttheaebstredichacd ctengties) nfesbpresedsrtedieriteria and
is opeiablgyto ipjtiate transmiseianafAsscions ehriRtadRRIY.GamPoneNt a% deyice WMihipssystem. A

receiving device is also in communication with the controller and is likewisg operable to receive

transmitted insTRERHEH B Bt Ao ihy BONSP ohSRATBT 0 &RREETRENE &Y A8 “4H T B cotlling to a
preferred emb@tivaatit) thehinedtigeincpdessed drmex cHangebderiicenthbitistimae numunidztiom with
the controller. The ion.exehanagdevicadnelides agdemexchanae matetiahend iskanaieplhging
activated via transmitted instructions received from the controller to contact the makeup water stream
with the ion exchange material. The ion exchange mateial is chosen to enable adjustment of a subset
of the characteristic(s). The characteristic(s) may also be adjusted via an optional additive source that
is operable to adjust one or more additive levels in the recirculated cooling water stream.  [0020]
The invention further includes optional mechanisms for additional control actions. Representative
control actions include controlling a blowdown circuit; adjusting raw water bypass flow into the system;
adjusting additive injection into the system or removal from the system; adjusting CO2 or other
carbonic species addition or imoval from the system; blending raw water with makeup water; adjusting

dosage of scale, corrosion, and/or biocontrol additives via the additive source; and combinations
tharanf 002021 In one acnect thare ic nrovvided a2 method of monitorina and contrallina an



* source operabftFRefustbie Gt s dafided faviard & o randa®

(e) if the transmitted, measured plurality of characteristics do not meet the preselected criteria: (i)
activating one g¢gnase; deviges operable to contact the makeup water streanpfrousth@niakgup water
source with an ion exchange device, said ion exchange device including ion exchange materials,
comprising a first ion exchange material and a second ion exchange material, wherein the first ion

exchange mategial.comprisesasation %f(g[lflé%@é ?ﬁ@@é&%@cﬁﬁgé@gﬁé}%?&ﬁ%@ﬁ@% BagLAl

comprises an anion excha%nrge material, %‘ﬁ

[ _ ; 0|o3 lonally activating the additive source to introduce one
or more additive&5iRenrBebspbrativah e areTaN S UTINE TSPy 468 s avaiginredtiehan e

activating one probeesesGORHID) aatiansit 2 [PR2Pc]Inyesangihenaspett: there:isfrioMidachaligital
‘storage medium having c uter-executable instructions stored thereq e instructions Qperable to
execute the mé"’ﬁ%an_s% é}@%d a §3§PGSS[68%§I%S%W%}%? e%a%%e%ﬁ?ﬂ%ireoi%%%ﬁgd ng o
apparatus for cpbrashinp.aheaonSerhngs rebiELiatrIgTEsHh Wt sHes psif té-MpTareacfibesthod as
defined above gafietein-said sustentdneitidesmGoMReRERIBROMBI isingxdcte chipuladatkwates.stream, a
makeup water source, a makeup water stream, and a controller, the apparatus comprising:  (a) a

monitoring device in _%ﬁvmurtiﬁ@t@wi%!?oﬁiﬁemw@f, ;stb%ggmt%(ﬂm HevieR OReARIE tmeasure a
plurality of characteristics of the recirculated water s&ée%n, the mr? eu‘%vxflter sgtrﬁ%mg anﬁ[or, the
malcup water SBHFERY of pRyRFEQLARGAY SERAEESH LEHMOMcAton WRRTRE 2dRtSNFaidBFErable to
transmit the méa%G6eP pluiktindof ehdrbbidrisiics filderhtie trach ariimglsl &vicontolivl donas|ifr tihe
controller gperghle {9 2XeRuie INStielions e detepmingiwiisihes thaipessie i atityoRber, the

characteristics meet preselected criteria and operable to injtiate traﬁgsmis%ontof i,?str&u tionslor data to
any componen? BFHETTEPVHTE SYLERT: © &S YaL&VIRG QRVIRE iR e SMRTRICREOR Tl (78 Entroller
and operable toveceibhertrblosdiigedoinstriGibng Sanden frdi AnfetaniioAeive & dévarprhalsystem;

(d) an ion exchaRge,deycR:BGamHnicalion with.the-cantiglial-the ion exchange device including an
ion exchange material and capable of being activated via transmitted instructions received from the :

controller to contact tﬂﬁfg kgyp Mg@@rﬁgﬁa&wﬂ%@@iﬁgQo%@g&&g@&g}@%gﬂg@ﬁqj&thg) [aTo 0N

exchange device is operable to adjust a subset of the characteristics; = . (e) optionally an additive
G Al Oan ()
optionally one desmire ameckaniemsstorzadtivating ondwop mere tootmbl astions base §6028xHhimen
advantage of thajavention iaRreyidarPh ARRARIUS AN MaIBog-l-achinwing sffisiant andiksliakle
operation of cooling systems. ~ [0022] It is.another. advantage of the i%ntio to overc,ci)m%ilglmitations
of the prior art ‘fﬁlr%??gﬂ‘?‘?ﬁa’f‘g TRiRTan W%Wﬁgé@}é%%eogﬁ?ﬁé%é%i jRRG™E e comostvy ol the
- 2009/137636P€AHI S20681 048086n, T028hASfuriecatkanitige dfdrbarmbentbrrishoprpdide an
apparatusandynethod for seducingithe comesion andacalingdgndaacy ofihe waleriacorliador
systems.  [0024] Yet another advantage, of the invention is to reduce discharge of treatment
chemicals withsE B SIaTRRF SRS REESIhg systems. 5[0025] Additional features and advantages
are described herein, and will be apparent from, the following Detailed Description, Figures, and
Examples. BRIEF DE&GRIPFhor ©i s pread/fanerroved piessieigara e Hireiased 4oeeh¥itatic of
a typical evapaéatiy@cf@cifeml&tmamqﬁmg:izmieﬁ:%/smeﬁmgﬂﬁﬂa%ﬁiguﬁv Brisi@lschepnaticeepresenting
a preferred em&%@g&@%ﬂé&&bgﬂ RURUOR. W%JPEA?&L@M& REDNRRD BTG ENAIE o 25 not
s

characteristics’'produced at variou ases by the method of the invention. [0029] Figure 4
illustrates?anotHer & B SEHER CERMEYRVEIRIGH eI ATE&Rie stream, bypass stream, and
alkalinity source. 15DETAILED DESCRIPTION [0030] Referring to the Figures, typical elements of
an evaporative recirculating cooling system are depicted in the schematic of FIG 1. Cooling system
100 includes makeup water stream 102, which is é3AviéEtdt'to a makeup source (not shown).
Collection basin 101 functionally includes heat rejection device 104 (collectively, "cooling unit"),
blowdown circuit [0014] This disclosure accordingly describes an improved process for operation of

coaling 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
30  corrosive or scaling conditions as a result of the treatment process. The described measurement

and conftrol system generally comprises an array of measurements, a means of implementing

4



20 106, 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 25 components operable to %ecu%reltrg&descri gl meeatguggm%gg %omgor_isestﬂg}? dﬁes%riped
apparatus of AR ERESn 2B AT STEY 282 di e i indire St communication (shown with dotted
lines 204a to 20dg)reihsito uitl fievappre ciateddhatsuwetneammiinidatiorrmedig.cngd obtamagcribed
WO 2009/13 76300 G /HS2009043065 SOmARARY's: baY ORMRURICAlE R AYRAAMGHech loca

area network, wide area network, wireless network, interne( connection, microwave, link, infrared link,
and the like. TEBO3ZRECHANBASE PE RN EPstBAI S SHHTAY tERTSSHETRPo sﬁaif%ﬁﬁ Bperator or
an electronic deviee-haddig:eainpes e, sudhrasnzenr edéisisonemdmiaf/itevdeppatiade raycybe, 5
liquid crystal disgl%%hgé%%rga dgéglay, touch screen, or other monitor, and/or other components. In
certain instandes, thé contr ler may be operable for integration with one or more application-specific

integrated circuits, Oﬂ%%ra n’aogrifafl 0#9&%&%‘&%@?9&&9@1&%%&@ ARMICES i ABARLANEr ALFBRRE
oime ofr

mechanical devices. of the controller system functions may be at a central location, such
as a network sgsver, tat calmeihicstibngovsreTafanFva it figik, fscaistiea TRratweraliiER area
network, wireless nAtWarks HemMe! corRResdiorsiciavavaslinkainfidrshlink aomihe ke, tehatdition,
other components such as a signal.c nditionfetrhor sgstemlmogégg&m%g %%Jncﬁz!gqgs% 7ggmfﬁanc%;:!gtnastef
signal-processtE RGeS E S I e S R Gt e eantrol Scheme 15 automated. In
another embodifinetirte the pontsslischdmi ki tiearaasrioneihml Where a1 epePatoritEisfets the
signals. Such 15.means aMimplesmaning seniiakhegis saxde-aosdevicewapablexat receiving and

interpreting an array of input data from the system, determining appropriate control actions, and

commuricating e i CORTe el PSR dS kel bl car U Al as e

capability of adjusting the operation of the previously described elemeag stem to achjeve the

s.ofthe s
desired water EFERTRFG BT A fORALRE 2R E PPN ARV S5 A8F %’a’ﬁ?&‘g% FRPRRER %Ilut ar
not 20 limited ta centiolingdvbiendewn, eircsittadjstirgran wdteplypisyflowticn thdsysteed;,
adjusting addit}ﬁ’&d%ig%tiﬁ@ai{&t@oﬁ}@aﬁﬁlgHareﬁégwahmh@ BYSIEMAMsHREL02 aEather
carbonic species addition or removal from the system, bIendirg ra vv,ate%%v%iith make%p]\ﬁ/ er.
adjusting dosateusmedhfes EERTIERST Yty TSR IHHIG] SRR e SRR AR LS e &
combinations thereat 2b[RE24kRiG Znfirther diuptetes od/ exphdnyente vicew RidHarid iR ¥0Hcur
(sometimes collectively referred 19 3 ign.exghange.dovice 210)-Assardingtotais:emhadinest,
makeup water stream_lOZ is first treated by jon exchange device 210a to produce reduced hardness
and alkalinity sSF&amITD A7hStRen e B oL et RS A ST PR PRV ERINAR S5 HETEES T AETREEIRL to
produce reduces] carmesivenessisireaps; B02 b rketofding tetaltemativecentbodimeprsresoleg B0 water
system 200 ma S'%QI%I‘ude one, two, or more ion exchange devices. lon 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 tg%&@L‘Fn“%&’ﬁére&%B%ﬁﬂ@mﬁﬁ@{ﬁ%%a&ﬂqy% ipnsxchapar-materialsinRalugana cation
we _

exchange material, acid cation exchange material, an anion WO
2009/137636PSTHSPe09 4B BEBI koA JEER ATENE, d WedRipase kAl ekdsa AYERemsRst Bichnd
combinations thereqf.;Such-matesialsare, wekdeowwintheat, Gonteler202 iseperablerivadtivate

ion exchange deyice 210 (including 210a and/or 210b) to contact;makelin water stream. 102-with the
ion exchange ,ﬁ%‘?@ﬁ%ﬁ%{é&fﬁ]‘g& g?él%%%ﬁuﬁncganr%uorgri%uc%n of hardness angﬁgkalinity in the

‘makeup water Stresisids aif ioRdEX RIS AFoBpt Gitaf e a6 BAHYEE 8 & alfSF. More
preferably, it is arieR.@Xch3NgR BsiemcoRtamingacakionkxghangesmateriall/ wifl anshepnstior -

regeneration inig the pronalad, o6, MOSLAIRIC(a b IS-AIAR A ENANOE.SHSIRI GANAINIRE, weak
acid cation exc?léi‘ﬁge ediun with means for regeneration to the acid form._ .
determines whether the measured characteristic(s) meet preselected criteria.  If the measured
characteristic(s) de 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 fo contact the makeup

water stresm from the makeup water source with an ion exchange material, wherein the ion

5



10[0036] The means for the reduction of water corrosiveness is preferably a system that increases the '
pH of the water. More preferably, it is an anion exchange system containing absorbed inhibitive
materials to decrease the corrosiveness and which are capable of absorbing corrosive anions. Most
preferably, it is an ion exchange system containing a weak base anion exchanger with means for

regeneration. 15 Oa%37l%%g%ﬁggfgp%ﬂ%&s%%g&spﬂt%swbq%ét&%&gd@@5@&&%&9@5}3&9t!gefxmy

examples, whigh aré in T purposes and are not intended to limit the scope of the
invention. Examiptetdob8sdtitys represdatdisiphone cxafpife sRHE WMt cHar SUBAEIts

produced 20 vatpus-phasesief {he-inveastioandtowepast300ahaws atypicabpaiwalstabibe changing
water characteristics along various points in the evaporative recirculating cooling system. Table 302

represents the Comr{@@iﬁ'mﬂoj fyRicalRvssUCcaNaterihalk wougpew sachier.caplingvaystane makeup.
The raw water is passed through column 304, which contains weak acid %carboxylic acid . -

functionalized FRAEBIRTOVAREIY Y R RGBSR A Y BB S PG TR OB U2 & form by
exposure to-aGigiragene it Beaaysemikthe relativelycyeakaeigityoéthecearbostyicoacidduristional

groups, the resin has litfle tq no ian exchange capasi.Hpless.ihe ulmgen iapsaresemoved by a

~ species acting'as a ) ’Jrﬁ‘g“ alkalinltg (HCO3", and CO3-2) of the raw water serves that purpose by

reacting with tbaEsHsERIRCRER TERERGHE SrEap S pRE FIEREP CHP LR Re BXYBoBN TP of the
ion exchange kagin sQRee hetesiitisciaigeth bynsnchi3Ode pridtdirationtrolialsorbsitatiomosdlutes
from the makeyp water. The carb i icallyt2 1 i TeJa W rder of
CaMgoNas B 3 O O B e e
intermediate wWenaFRBripHEEMBIK SHEMRIPRT 48| SSTE U tﬁ%ﬁs‘%ﬁ‘fﬁﬁﬁs@ﬁ&?t@\?@?@bf‘%z, and a
small amount efsnisetal asisilcakage GpemMAG éalinenB8dnittypicdlinfrastévpHdn dae tange from
-3.51t0 5.5, and is expected to be highl ive t S yell ommanl in water
lines. 5 Water %%mt%agféﬁsgﬁté%e ngg)% %%%%Ero%u%g%ﬁ%ge%%uﬁe%g& Vr\zl%gt(:% Lc?cr)%umn 3§4B&iygi)?%cessed
by a means forestedeivagdrdtl JEFSHI noRFe R alh JTer B URAREBEE € oREREP SLICRAs EhiBN ("wBA™)
resin in the fregohasadient daNt3Aresinstate water-insoluble ion exchange materials, which are
emotionalized with weakly basic groups, typically primary or secondary amines. In the free base form,
the resins are uncharged png henady ivimatienaxehasgaeapasiwdliedaelldoasa-hormaithe WBA
resin reacts wih the disslved carban dioids.and migeral asid centent ol walerhaing gampgsition
represented bf%‘i?léhéb’é, Reretpon absorbing a pro(t)on, acquiring cationic charge, andzleavmg the
dissolved CO2¢iaigely nathraient it icklsdhsiee(rE@BEY Vo FErspYGRsatBITifTe B etesm Bequires
anion exchangg canacity AR aRsOrS AR Yaser Ehenar deh elabsetptianpreferanceroitheamgns
present in the example is SO4-2>>C1->HCO3J3", A.typical 15composition. of rf ' ess is
shown in Tabld®§fHat = ?Isﬁﬁ]t%s’ emone ra%lé%%/a%legf %Qfﬁ%ﬁ@&‘%ﬁ%“@%‘%@%%&5@%5%5% e WBA
treatment has lowy elrolshadiuredivily 10 sativaristAfiets threg heb et s SsihsteeiarsmEsion line
or conduit 312 j9s60Rling:1kit:3d Afcealing teitizd d-inclttes the collection basin and the heat rejection
device as in FIG 1). Through the processes of degasificatiou, evaporation and 20 concentration (10
times in this example),thewater achipyss thaicompasitionshawnRgable.346: whishs a-taverable
composition for corrosionand scale control. Exar;glle[% %%%@%é Oﬁiim | water chemistry for
corrosion and &E8MEScoRESPITPERAPE ArPHTCRS L85 98 ifi tHe (Ot haTaness 6T the makeup
water (see LB. patsopandd: MicSkelssRH] atjoraendStivdivscReatnig WHrermQuatinest farer to
Corrosion of Stgel Jd.Cashlcan; 1968 diingle: SRR AU NENGENAMRAWA lhcBD 4 Fedy: i
ISWS C-71). According to the invention, this situation will be dete%:te by the meast rgrr%ent and control

system and mayBECTEEIE, "4 TR (EHEwiAY CoRt BT B e SAS Bre STRBING RS

B eSABIRGtISHS Of Actions. A
decrease in thadinweonntretédivice btovedowd wirdiita888 dfecedling unit 314) will increase the
concentration of 30 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. WO 2009/137636PCT/US2009/043066

[0042] Referring to FIG 4, hardness can also be increased in the system by partial bypass stream 402.
If a hardness reduction is required, an appropriate control action would be to activate recycle stream
404 and blend it with the incoming raw water, effectively increasing the ratio of alkalinity to total
hardness and thereby increasing the efficiency of WAG column 304. 5 The hardness removal of WAG
column 304 may also be increased by supplementary igjection from alkalinity source 406, which
provides, for example, sodium carbonate or bicarbonate, prior to WAC column 304 through injection
conduit 408. In a preferred embodiment, controller 202 is in communication with various system
components through communication links 410a, 410b, and 410e. It should be appreciated the
controller 202 may include one, two, or any suitable 10 number of such communication links with
system components.



Example 3  [0043] Natural water supplies have variable solute compositions. Of particular
importance to cooling system treatment is the ratio of corrosion inhibitive to corrosion-promoting ions.
To maintain a range of desirable water composition in the cooling system while still giving 15 efficient

operation of the sefigning plat (16, WA colump e messiementand conrolavsiem.afibe,,
invention is operabfe to adjust to Vanations in this ratio. Because of the pnnmp?es explained |
Example 1, ¢hapopératiomof ey Badnignveschansemis alsogartiag ashsinpondmd fordbispobjattive.

The ion exchangr%sﬁgglig?e%#ﬁ \éﬁ%{&%&égﬁcmgﬁgugm&ﬁ%&ﬁge?&a,awm@éadg FREPLELAT e

. . { . :
interaction of the a Inity of the raw water with the WAC column, 120 the concentration of alkalinity is
less than tharedfahecagyressive ions, the removal of aggressive ions (e.g., a- and 80412) may be

insufficient. Conversgly..if the alkalinity.ofhiaaw walakinarsatanthandhe corgentsation of aggressive

ions, some of the anion exchange capacity will be used to absorb bicarbonate, which is a desirable
species for corrosiof contsanscdBrdisguerthe v civbeti 6RESST thetBBntrekatlioNars tRBA e {sr or
addition of CO2 by iniestianid sisipRinGsZ» after the WAG column and prior to the WBA column.
Example 4 [0044]&Corrosion testing was done on copper and mild steel coupons with Naperville,

lllinois City water (L&ke Mt AR) TASAEEE Shaisansa iy ¥aRO S8 a0k A shP i hp ol X B drEsited,

and (iii) WAC/WBAtiaatedesT R caupaisknpreexgosedrayemighhiteachafdhaiiRies hwatethe
compositions. Results are shown in Table 1. It was observed that the raw water was moderately
corrosive to cardSHSHEFANE R A& ated water severely so, and WACIWBA water much less so.
WO 2009/137636 T@hle kel T S2OOHMMBD6GSipaciks (rgihtd GO R Mimied WA aniACi¥YWBA
Ca 89 2 6 Mg 46 .718.2 %la ]16 16 > s . ]

plurality of performance characteristics fall within an optimum range; and

(e) a means for adjusting one or more operating parameters of the system.

[0020b] In another aspect, there is provided a method of monitoring and controlling an
evaporative recirculating cooling water system, wherein said system includes components
comprising a recirculated water stream, a makeup water source, a makeup water stream, an
optional additive source, and a controller in communication with at least one of the components,
the method comprising:

(a) operating the evaporative recirculating cooling water system;

(b)ymeasuring a plurality of characteristics of the recirculated water stream, the makeup
water stream, and/or the makeup water source,

(¢} transmitting the measured plurality of characteristics to the controller;

(d) determining whether the transmitted, measured plurality of characteristics meet a
preselected criteria;

and

(e) if the transmitted, measured plurality of characteristics do not meet the preselected
criteria:

(i) activating one or more devices operable to contact the makeup water stream from
the makeup water source with an ion exchange device, said ion exchange device
including ion exchange materials, comprising a first ion exchange material and a second
ion exchange material, wherein the first ion exchange material comprises a cation
exchange material and the second ion exchange material comprises an anion exchange

material,

ba



22 M Alkalinity 100 -53 40 CI 21 15 0.83 SO4 30 29 0.21 PH 8.1 3.2 8.1 Conductivity (ttS/cm) 300 300
74 Corrosion (mil/yr) (mild steel) 9.7 96 3.7 Corrosion (mil/yr) 9.8

(ii) optionally activating the additive source to introduce one or more additives
into the evaporative recirculating cooling water system, and

(iii) optionally activating one or more control actions.

[0020c] In yet another aspect, there is provided a digital storage medium having
computer-executable instructions stored thercon, the instructions operable to execute the method

as defined above.

[00204d] In still another aspect, there is provided an apparatus for operating an cvaporative
recirculating cooling water system to implement the method as defined above, wherein said
system includes components comprising a recirculated water stream, a makeup water source, a
makeup water stream, and a controller, the apparatus comprising:

(a) a monitoring device in communication with the controller, the monitoring device
operable to measure a plurality of characteristics of the recirculated water stream, the
makeup water stream, and/or the makup water source;

(b) a transmitting device in communication with the controller and operable to transmit
the measured plurality of characteristics from the monitoring device to the controller, the
controller operable to execute instructions to determine whether the measured plurality of
characteristics meet preselected criteria and operable to initiate transmission of instructions
or data to any component or device in the system,;

(¢) a receiving device in communication with the controlier 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 thé ion
exchange material, wherein the ion exchange device is operable to adjust a subset of the
characteristics;

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

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

6b



2.2 (Copper) Example 5 [0045] This example illustrates a deficiency of the prior art. U.S. Patent
Nos, 4,532,045 5 to Littman and 6,746,609 to Stander suggest that the blending of WAG-treated and
raw water can provide acceptable control of corrosion. However, the data from Table 2 indicates that
such is not the case. Table 2 shows various blends of treated and raw water and their corrosiveness
as measured by dissolved-metal ions in the test solution. Even an 80/20 vol% blend of raw/treated
water has significantj§oinigreaséd wombsivetress fecoppaiostoePBissEMPRRNIZEI e 90 Table
2 Raw %WAG 9% SpedasOng/miie 3.ph4dild:Steaheaupan Fe Copper Coupon Cu  Brass

Coupon Cu Zit Galvahized Coupon
| [0022] ' It is another advantage of the invention to overcome fimitations of the prior art

. through more efficient water usage in cooling systems.

6c



ZnFe 1000 7.81 0.42 0.84 0.37 0.62 OA 0.16 80 20 6.57 2.2 12.6 9.9 9.2 0.11 8 60 40 5.64 10.1 6.5
3.88.80.57.240Q 60/137636 _ T PCT/US2009/043066

[0023] A further advantage of the invention is to provide an apparatus and method for

reducing the corrosion and scaling tendency of the water in cooling systems.

[0024] Yet another advantage of the invention is to reduce discharge of {reatment

chemicals with the blowdown stream in cooling systems.

5 [0025] Additional features and advantages are described herein, and will be apparent
from, the following Detailed Description, Figures, and Examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure I illusirates a schematic of a typical evaporative recirculating cooling

water systent.
10 [0027] Figure 2 is a schematic representing a preferred embodiment of the invention.

[0028] Figure 3 shows an example of water characteristics produced at various i)hases

by the method of the invention.

[0029] Figure 4 illustrates another embodiment of the invention including a recycle

stream, bypass stream, and alkalinity source.

15 DETAILED DESCRIPTION

[0030] Referring to the Figures, typical elements of an evaporative recirculating cooling
system are depicted in the schematic of FIG 1. Cooling system 100 includes makeup water
stream 102, which is commected to. a makeup source {not shown). Collection basin 101
functionally includes heat rejection device 104 (collectively, “cooling unit”), blowdown circuit

20 106, conduit 110 that feeds heat exchanger 112, recirculative conduit 114, treatment additive
injector 116, and additive injection point 118. Evaporative Joss 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 compénents described above for cooling system 100 with additional

25  componénts 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 appreci%ted that such commurication among any of the described

7



4.96 15.32.20.7510.40.511.820804.3321.2541.314.25115.50 100 3.66 48.5102 16 1 23.25

Example 6 [@%42% %gmple of a control action according to the inventi%g is the re%cling and

blending of treated water with raw water to increase the removal of hardness Shd SionE > the
15removal of hardness by a WAG material is typically in proportion to the amount of alkalinity
components may communicate via a wired network, a local area network, wide area network,

wireless network, internet connection, microwave link, infrared link, and the like.

(0032} “Controller, “controller system,” and similar terms refer to a mannal operator or

an electronic device having components such as a processor, memory device, cathode ray tube,

5 liquid crystal displaj, plasma display, touch screen, or other monitor, and/or other components,
In certain inétances, the controller may be operable for integration with one or more application-
specific infegrated cirenits, programs, or algorithms, one or more hard-wired devices, and/or one

or more mechanical devices. Some or all of the controller systém functions may be at a central
location, such as a network server, for communication over a herd-wircd network, local ares

10 network, wide area network, wireless network, internet connection, microwave link, mfrared
link, and the like. In addition, other components such as a signal conditioner or system monitor

may be included to facilitate signal-processing algorithms.

{0033] In one embodiment, the control scheme is aufomated. In another embodiment,

the.contml scheme is manual or semi-manual, where an operator inferprets the signals. Such

15  means of implementing control logic may be any device capable of receiving and interpreting an
' array of input data from the system, determining appropriate contrél actions, and communicating.
them to a control actnator. Preferably, the array of available control actions has the capability of
 adjusting the operation of the previonsly described elements of the system to achieve the desired

water chemistry and characteristics. Representative operational adjustments inclnde but are not

20  limited to 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.

25 [0034] FIG 2 furiher illusirates ion exchange devices 2102 and 210b (someiimes
collectively referred to as ion exchange device 210). According to this embodiment, makeup

. water stream 102 is first ireated by ion exchange device 210a to produce reduced bardness 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

30 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 op&able 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

8



present in the water. If the alkalinity is less than the total hardness, only a portion of the total WO
2009/137636PCT/US2009/043066 hardness will generally be removed. By rec%(rd'nggthe thr&ated water

toa point befor@?ﬁ@%ﬂfz;éolumn, the alkalinity and hardness of the blendebWAtRF AN Be more

closely balanced and the extent of hardness removal increased. Data from this process is shown in

Table 3. The second pass was a 2/1 ratio of raw water to recycled water to approximately balance total
hardness and 5Can G:RebY/ 18 1686 PCT I US2OTTIEH80 GerrEBle 1S prpiEeeRs, BHfn Citbn/

i‘}ended Blendgg Blanded ok GaCakhNatetohnine RoviCaliane alianin oo GacifS6:6id. 130 16
210 (including 210a and/or 210b) to contact makeup water stream 102 with the ion exchangs

material.

5 [0035] A preferred means for reduction of hardness and alkalinity in the makeup water
stream is an ion exchange system, optionally including a means of regeneration. More -
preferably, it is an jon exchange system containing & cation exchange material, with a means for

| regeneration into the protonated form. Most preferably, it is an ion exchange syslem containing

weak acid cation exchange medinm with means for regeneration to the acid form.

| 10 {0036] The means for the reduction of water corrosiveness is preferably a syster that
increases the pH of the water. More preferably, it is an anion exchange system confaining
shsorbed inhibitive materials to decrease fhe corosiveness and which are capable of absorbing
corrosive anions. Most preferably, it is an ion exchange system containing a weak base anion

exchanger with means for regeneration.

15 - [0037] The foregoing may be better understood by reference to the following examples,
‘which are intended for illustrative purposes and are not intended to limit the scope of the

invention. -
Example 1 -

[0038] FIG 3 represents a prophetic example of the water characteristics produced

20  various phases of the invention. Flowchart 306 shows a typical pathway for the changing water
characteristics along various points in the evaporative recirculating cooling system. Table 302
represents the composition of typical raw source water that _wouki be used for cooling system
makeup. The raw water is passed through column 304, which contains weak acid {(carboxylic

acid functionalized) cation (“WAC™) exchange resin that has been put into the H* or protonated

25  form by exposure to acid regenerant. Because cf the relatively weak acidity of the carboxylic
acid functional groups, the resin has little to no ion exchange capacity uniess the hydrogen ions

are removed by a species acting as a base. The alkalinity (HCOy, and COs™) of the raw water
serves that purpose by reacting with the carboxylic acid functional groups and producing CO»

and the cerboxylate form of the ion exchange resin. Once the resin is charged by such

30  deprotonation, it absorbs cationic solutes from the makeup water. The carboxylate resin typicallyl

has selectivity fo cations in the order of Ca™*>Mg"?>>Na".



Mg 83 45 44 68 27 30 Na 170 170 170 150 150 140 CI 170 170 130 160 160 130 SO4 85 84 0.95 57
57 0.35 M Alkalig®a00/137636  PCT/US2009/043066

0039} The net result of this process is the intermediate water composition shown in

Table 306, which contains contains high levels of COs, and 2 small amount of mineral acid
leakage from WAC column 304. K typically has a pH in the range from 3.5 to 5.5, and is
expected to be highly corrosive to ferrous and yellow metals commonly used in water lines.

5 Water as represented by Table 306, produced by exposure to WAC column 304 is processed by a
means for comosivity reduction. In this example, column 308 containing weak base anion
(“WBA”) resin in the free base form. WBA resins are water-insoluble ion exchange materials,
which are functionalized with weakly basic groups, typically primary or secondary amines. In

the free base form, the resins are uncharged and have minimal ion exchange capacity. The free

10 base form of the WBA resin reacts with the dissolved carbon dioxide and mineral acid content of
water having composition represented by Table 306, whereupon absorbing a proton, acquiring
cationic charge, and leaving the dissolved CO; largely in the form of bicarbonate (HCOy). Upon
prolonation, the WBA resin acquires anjon exchange capacity and absorbs anions.  The order of
absorption praference for the anions present in the example is Sd4'2>>CF>I_—IC03‘. A typical

15  composition of water from this process is shown in Table 310.

[0040] As demonstrated in later examples, the water produced by the WRA treatment -
has low enough corrosivity to be transmitted through corrosion-susceptible trapsmission line or
conduit 312 to cooling unit 314 (cooling unit 314 includes the collection basin and the heat
rejection device as in FIG 1), Through the processes of degasification, evaporation and

20 concentration (10 times in this example) the water achieves the composition shown in Table 316,

which 15 a favorable composition for corrosion and seale control.
Example 2

[0041] Optimal water chemistry for corrosion and scale control may Tequire an increase

or decrease in the fotal hardness of the makeup water {(see T.E., Larson and R. V. Skold,

25  Laboratory Studies Relating Mineral Quality of Water to Corrosion of Steel and Cast Iron, 1958
Illinois State Water Survey, Champaign, IL pp. [43] - 46: ill. ISWS C-71). According to the
invention, this sifuation will be detected by the measurement and control system and may be
actuated by any of the following control actions ot combiuaﬁons of actions. A decrease in the
blowdown rate {via blowdown circuit 315 of cooling unit 314) will increass the concentration of

30 ali the dissolved species in the makenp waler, whereas, an increase will decrease the
concenfrations. However, becanse increased blowdown decreases the efficiency of cooling'

system operation, this may not be the most desirable action.

16



160 -28 130 140 -21 70 PH 8.4 3.5 7.8 8.1 3.2 7.4 Conductivity 830 650 530 710 540 430 (AS/cm)

Example 7
WO 2009/137636 -~ PCT/US2009/043066

[0042] Referring io FIG 4, hardness can also be increased in the system by pariial
bypass stteam 402. If 2 hardness reduction is required, an appropriate control action would be to
activate recycle stream 404 and blend it with the incoming raw water, effectively increasing the
raﬁo of alkalinity to total hardness aud thereby increasing the efficiency of WAC column 304.

§  The hardness removal of WAC column 304 may also be increased by supplementary injection
from alkalinity source 406, which provides, for example, sodium carbonate or bicarbonate, prior
to WAC coluﬁn 304 through injection conduit 408. In a preferred embodiment, controller 202 s
in communication with various system components through communication links 410a, 410b,
and 410c. It should be eppreciated the controller 202 may include one, two, or any suitable

10 number of such communication links with system components.
Exampls 3

{0043] Natural water supplies have variable solute compositions. Of particular

‘importance to cooling system treatment is the ratio of corrosion inhibitive to corrosion-promoting

ions. To maintain a range of desirable water composition in the cooling system while still giving

| 15 efficient operation of the softening plant (i.e., WAC column), fhe measurement and control
system of the invention is operable to adjust to variations in this ratio. Because of the principles
explained in Example 1, the operation of the WBA anion exchanger is also particularly important

for this objective. The jon exchange action of the WBA resin is actuated by dissolved CO;,
which is a product of the interaction of the alkalinity of the raw water with the WAC columm. If

20  the conceniration of alkalinity is less than that of the aggressive ions, the removal of aggressive
| jons (e.g., Cl and $SO;7) may be insufficient. Conversely, if the alkalinity of the raw water is
greater than the concentration of aggressive ions, some of the anion exchange capacity will be

used to absorb bicarbonate, which is a desirable species for corrosion control.  According to the
invention, one of the control actions is the removal or addition of CO; by injection or stripping

25 after the WAC colummn and prior to the WBA column.
Example 4

[0044] Corrosion testing was done on copper and mikd steeilcoupons with Naperville,

Hiinois City water {Lake Michigan) in three conditions: (i} raw, as drawn from the tap, (i) WAC

treated, and {iii) WAC/WBA treated. The coupons were exposed overnight to each of the three

30  water compositions. Results are shown in Table 1. It was observed that the raw waler was
moderately corrosive to carbon steel, the WAC-ireated water severely so, and WAC/WBA water -

much less so.
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[0047] It is well known that raw water sources value widely in solute composition 5 (Nalco Water
llandboolc, "lon Exchange," Pp. 2 to 12, 1998). This Example illustrates a control action that enables
the method of tH& iﬁ({?é’ﬂg%*(to adapt to such varying water compositions. Th& cBNt%&CtH9ncludes
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 th&4ide.110 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 bicarbogyatgeprior to thRse%erERg progess WhematiAhree columns show
typical allcalinity-deficient water anglitbe@esgults of the step of the WAC/WI3A process. The last three
columns show the effect of the additiéia of 15 80 ppm &&s CaCO3) of sodiug bicarbonate. A dramatic
improvement in both hardness and cdfgosive ion remotfal was obServed. WO
2009/137636PCT/US2009/043066 TABle 4 Species (MBIl CaCO%) Raw Wafer WAC WAC/ WBA Raw
NallCO3 Enhanced Alkalinity W%@ﬁﬁ%ed Alkalinif WAC/ Ca 1853‘%6 57 180 11 |

SOy 30 29 0.21
pH ‘ 8.1 3.2 8.1
Conductivity {(uS/cm) 300 300 74
Corrosion {mil/yr) 9.7 96 3.7
(mild gteel)
Corrosion (milfyr) - 9.8 2.2
{Copper)
Example 5

{004'5} This example iltustrates a &eﬁciency of the prior art. U.8. Patent Nos. 4,532,045

5  to Littman and 6,746,609 to Stander suggest that the blending of WAC-treated and raw water can
provide acceptable control of corrosion. However, the data from Table 2 indicates that such is

not the case. Table 2 shows various blends of treated and raw water and their corrosiveness as
measured by dissolved metal fons in the fest solution. Even an 80/20 vol% blend of rawftreated

water has significantly increased corrosiveness to copper, steel, brass and galvanized steel,

10 Table 2
Raw% WACS% pH  Mild Steel Copper Brass Galvanized
Coupon  Conpon Coupon Coupon
Species (mpimi) = Fe Cu Cut Zn Zn Fe
100 G 1.81 042  0B4 037 062 (1 0.16
80 20 6.57 22 12.6 9.9 92 0.i1 8
60 40 5.64 10.1 6.5 . 8 8.8 0.5 22
40 &0 4.96 153 22 0.75 104 G5 11.8
20 30 © 433 21.25 4 1.3 1425 1 15.5
0 100 3.66 485 10 2 16 1 23.25
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

15  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 bardness, ondy a portion of the total

12



13 Mg 834544 87912 Na 170 170 170 270 250 240 Cl 170 170 130 170 170 63 SO4 85 84 1 88 90

4.5 WO 2009/137636 . ' PCT/US2009/043066

hardness will generally be removed. By recycling the treated water to a point before the WAC
column, the alkalinity and hardness of the blended water can be more closely balanced ané the
extent of hardness removal increased. Data from this process is shown in Table 3. The second

pass was a 2/1 ratio of raw water to recycled water to approximately balance total hardness and
5 Ca

13



M Alkalinity 170 -28 130 250 -33 190 PH 8.4 3.5 7.8 8.4 4.2 7.8 Conductivity 830 650 530 970 620 480

(p.S/cm) .
WO 200)/137636 © PCT/US2009/043066

Table 3
Species Raw  Cation Cation/ Blesded  Blended Blended
(mg/) CaCOy)  Waiter Anien Raw Caiion Cation/Anion
Ca 180 36 57 130 16 i8
Mg 83 45 44 68 27 30
Na 170 170 170 150 150 140
- 179 170 139 160 160 130
S0, 85 84 0.95 57 57 0.35
M Alkalinity 160 ~28 130 140 21 0y
pH 8.4 3.5 7.8 8.1 3.2 7.4
Conductivity B3¢ . 650 330 710 540 430
{u5/cm)
Hxample 7

[0047] It is well known that raw water sources value widely in solute composition

5  (Nalco Water Handbook, “lon Exchange,” Pp. 2 to 12, 1998). This Example illustrates a control
action that enables the method of the invention to adapt to such varying water compositions. The
control action includes adding alkaline or acidic additives to the Taw water prior o exposure to

the WAC column to decrease or increase the extent of hardoess removal. Acidic species may
iclude one or more strong acids, such as sulfuric, hydroc;hloric, nitric, organic, and the like.

10 Alkaline species may include alkali motal or alkaline earth metal catbonates, bicarbonates, or

hydroxides.

[0048] Resuits in Table 4 illustrate the effect of adding sodium bicarbonate prior to the

softening process. The first three columns show typicalj alkalinity-deficient water and the results

-of the step of the WAC/WBA process. The last fiiree colurans show the effect of the addition of

15 80 ppm {as CaCOs) of sodium bicarbonate. A dramatic improvement in both hardness and

corrosive ion removal was observed.

14



Example 8 [0049] Variable water quality and desired final composition of cooling tower water 5 makes
it-desirable to control the efficiency of both the WAC and WBA columns/ion exchange materials. The
removal of corBSVEMYNEShd subsequent alkalinity enhancement by the WBA EBISAHIE/38psically
controlled by dissolved CO2 produced by the WAC column. Another control action of the invention is
the addition of removal of CO2 to achieve the desired control action. Results in Table 5 illustrate this
effect, The first three columns show the treatment effgigt 0 produced by the CO2 naturally produced
by the WAC column. The final four columns illustrate the effect of adding or removmg CO2. Through
such a control action, it IS PossikE IhetieTeby controlling
the corrosiveness of the Mé@ﬁ?@ﬂuc‘é’dtby t%fprolé@sﬁs Ilﬁallééblae &W@meamﬁ&ﬁﬁaﬂve 002"; DC
means "Decarbonated"; : ! IERS - SHEBERaw WAC WAC/

WAC WAC WAC/ WAC/ (mgﬂqgaCOS)gWaterqg\IC WﬁA DC : ,
Na 170 170 170 270 250 240
Cl 170 170 130 170 170 63
S0,y 85 & - 1 88 90 4.5
M Alkalinity 170 -28 130 250 -33 190
pH 84 35 718 8.4 42 7.8
Conduttivity 830 650 530 970 620 480
(#S/cm)
Example B

[6049] Variable water quality and desired final composition of cooling tower water .

5 makes it desizable to control the efficiency of both the WAC and WBA columns/ion exchange
materials. The removal of corrosive ions and éubsequent alicalinity enhancement by the WBA
cohmnm s typically controiled by dissoived CO, produced by the WAC 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 offect. The first three columns show the treatment effect

10 produced by the COZ naturally produced by the WAC colummn. The final four columns :Eliustrate.
the effect of adding or removing CO,. Through such a control aétion, it is possible to adjust the

ratio of inhibitive to corrosive ion, thereby controlling the corrosiveness of the water produced by

the process. In Teble 5, NC means “Native CO,”; DC means “Decarbonated”; and FC means

“Fully Catbonated.”
15 © Table5

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

NC BC FC

Ca 180 11 13 6.3 37 7 39

Mg &3 9 i2 5.5 10 6.5 9.8

Na 270 250 240 260 250 280 280

! 170 170 63 18G 180 200 43

50, 83 Y] 45 91 53 i5 Q.52

M Alkalinity 250 -33 150G 18 -10 63 230

pH . 84 | 42 7.8 6.7 4.6 9.7 6.1

Cond. {uSfem) 970 620 484 640 670 640 530

[0050] It shouid be understood that vanious changes and modifications to the presently

preferred embodiments described herein will be apparent to those skilled in the art. Such

I5



NC DCFtCa18011136.33.7719Mg839125.5106.59.8Na 270 250 240 260 290
WO 2009/137636 ' PCT/US2009/043066

changes and medifications can be made without departing from the spirit and scope of the
invention and without diminishing its intended advantages. It is therefore intended that such

changes and modifications be covered by the appended claims.

16



280280 CI 170 170 63 180 180 200 43 804 88 90 4.5 91 93 15 0.52 M Alkalinity 250 -33 190 -10 -10
63 230 PH 8.4 4.2

CLAIMS
The claimed invention is:

1. A method of monitoring and controlling an evaporative recirculating cooling water
system, wherein said system includes components comprising a recirculated water stream, a
5 makeup water source, and a makeup water stream, the method comprising:
(a) a means for reducing hardness and alkalinity in the makeup water stream;
(b) a means for reducing the corrosiveness of the makeup water stream after
treatment By the means of step (a); |
(¢) a means for measuring a chemical composition and/or a plurality of performance
10 characteristics of the makeup water source, the makeup water stream, and/or the
recirculated water stream;
(d) a means for determining whether the measured chemical composition and/or the
plurality of performance characteristics fall within an optimum range; and

(e) a means for adjusting one or more operating parameters of the system.

15 2. The method of Claim 1, wherein the means for reducing hardness and alkalinity in the

makeup water stream includes an ion exchange device.

3. The method of Claim 1, wherein the means for measuring the chemical composition
and/or the plurality of performance characteristics of the makeup water source, and/or the
makeup water stream fall with the optimum range includes one or more sensors in

20  communication with a controller.

4. The method of Claim 1, wherein the chemical composition and/or the plurality of
performance characteristics are selected from the group conmsisting of: pH, conductivity,

hardness, alkalinity, corrosiveness, scaling tendency, and combinations thereof,

17



7.8 6.7 4.6 9.7 6.1 Cond. (AS/cm) 970 620 480 640 670 640 530 [0050] It 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 changes and modifications can be made without

departing from thg SdBtirit aﬁd %c pe of.%he inver(‘gion an without diminishing its intended advantages. It
is therefore intended that stich ChARGES His) PO fifRRHCHE b8 ORBADY (78 SpiuHie GO0 RS ater

hat'suc
CLAIMS Theglaimed ievgntiaindisysten. iAcinéthadmbmenitodog@ivdheontrellinglandc vaparativem, a
recirculating coglin water system, wherein said system includes components comprising a, )

recirculated water: t?%ag%,sgxécr%aﬁ&p%tgra %ﬁ&f’?%%%%n%}lao%é neagﬁgv%‘/%f‘éerg ream ,aﬁ%iean%%ﬂ%’ erim
comprising: cofaymunrsging foithed eein givard Heseoapd atielinity irethel maketpngater stream;  (b) a

means fof reducing R*A%%%%ﬁlg%é&%&#ﬁ%m?éﬁeﬁ%@g& 0%_{%%% fft{esr igt%atment by the means of

step (a); (c) a means for measuring a chemical composition-ana/or pftl}?ality of performance
10characteristics of the meaRaiewatkrdstreechhasiraictiop afaberstioanalcdrvater thiecpotitba takdaupater

stream;  (d) a meaRs oL Agtermining whethgrihemeaswred chemical composition and/or the plurality
of performance characteristics fall within an optimum ran ie; and (e) a means for adjusting one or

more operating paratfletEtassrifiaedpsrasisursd pivalineth shasretaiics [aviie ssintpiemeans for
reducing hardness ang alaiRitynn hemakedPyaieh sl an Nl 88,209 N EXERARAS HRIC et a
10 preselected criteria;
and
(e) if the transmitted, measured plurality of characteristics do not meet the preselected
criteria:
(1) activating one or more devices operable to contact the makeup water stream from
15 the makeup water source with ‘an ion exchange device, said ion exchange device
including ion exchange materials, comprising a first ion exchange material and a second
ion exchange material, wherein the first ion exchange material comprises a cation
exchange material and the second ion exchange material comprises an anion exchange
material,
20 (ii) optionally activating the additive source to introduce one or more additives
into the evaporative recirculating cooling water system, and

(iii) optionally activating one or more control actions.

6. The method of Claim 3, including a means to regenerate the ion exchange material

when an ion exchange capacity of said material has been reduced.

25 7. The method of Claim 5, including a plurality of different ion exchange materials, each

ion exchange material capable of being individually contacted with the makeup water stream.

18



3. The method of Claim 1, wherein the means for measuring the chemical composition and/or the
plurality of performance characteristics of the makeup water source, and/or the makeup water stream
fall with the optimum range includes one or more sensors in 20 communication with a controller. 4.
The method of Claim 1, wherein the chemical composition and/ar the plurality of performance.
characteristics ar@ 13&?&Eﬁarﬂ%tﬁ%aapog]’p%‘ﬂ§1§tmﬁ 8?.118}31,eéﬁhﬂl?@tim?rhajrﬂ?f@g&sﬁ?k%lw acid
corrosivenessitBeadinghiepeleneytiglnd combinations thereof 5. A method of monitoring and
controlling an evaporative recirculating cooling water system, wherein said system includes
components comprising a recircul water stream, a makeup water sQurce, a makeup water stream,
an optional addm%)'e i%%rzéleeﬁléoﬁig %ia;(g%tl%lle’r in gé%nmbr?ic%)t%hﬁwﬁﬁtlgﬁ & 38@%?%%%‘&7{ orehte, the
method comperisingn(af opetaingthdevapontveuerrdukingresoiagmaterssysieniio () system;
measuring a_pluralit racteristics of the recirculated water. stream, the makeup. water stream,
and/or trr:g mﬁ%ﬂ%ﬁ%géég{}s%eulr%eg;c%?c %r)a%ﬁg Y |tsii|‘?1ng1 the erlﬁlggggrggnp u?eﬁ?ﬁ/t% ’c%léé[}lasgé?é?ristlﬁsogo(i i
controller;  carbonigiypistesradditgwhicthepthk fican sheitteslcmebburkuepluralityiof ehhracienstivatmeet
a 10preselecigfl ieriasador (&) Vs BaBAMINER: BRASHIR RUKAIK QlEhALACIBRICS 0. 0oL feet
the preselected criteria: (i) activating one or more devices operable to contact the makeup water
stream from 2B RIARSBWALer source with an ion exchange device, said ion exchange device
including ion exchange materials, comprising a first ion exchange material and a second ion exchange
material, wherein the first ion exchange material comprises a cation exchange material and the second
ion exchange material comprises an anion exchange material, 20(ii) optionally activating the additive
source to introduce one or more additives into the evaporative recirculating cooling water system, and
(iii) optionally activating one or more control actions. 6. The method of Claim 5, including a means to
regenerate the ion exchange material when an ion exchange capacity of said material has been
reduced. 257. The method of Claim 5, including a plurality of different ion exchange materials, each
ion exchange material capable of being individually contacted with the makeup water stream. 8.
The method of Claim 5, wherein the cation exchange material comprises a weak acid cation exchange
material. 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; 5
adjusting additive injection into the system or removal from the system; adjusting CO2 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 10. The method of Claim 5, including operating the method over a network,
wherein the network includes one or more sensors, additional controllers, digital storage mediums,
and/or communication means.  11. The method of Claim 10, wherein the network is the Internet.
512. A digital storage medium having computer-executable instructions stored thereon, the instructions
operable to execute the method of Claim 1.
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13. An apparatus for operating an evaporative recirculating cooling water system to implement the

method of Claim 5, wherein said system includes components comprising a recirculated water stream,
a makeup water source, a makeup water stream, and a controller, the 10 apparatus comprising:  (a)
a monitoring device in communication with the controller, the monitoring device operable to measure a

plurality of charactBrishesnsting pédraimarddirhidinetrosmtinge heakstlipdvarsr strwawerneloreie the

makup watemseusee includBs doHars b dRvice InEeMMUNiRaLABWItISRE cRntRlialand.parakle to
transmit 15 the measured plurality of characteristics from the monitoring device to the controller, the

controller opSPABI I &Y & Mstructions to determine whether the measured plurality of
characteristics meet preselected criteria and operable to initiate transmission of instructions or data to

any component of ld@lieeninHie SYSIEm; 10, wheref€}iR FRELMRE dRVIBE:iREOMMunNication with the
controller and operable to receive 20transmitted instructions or data from any component or device in
the systegn; (d?zar}xi%n etxichfm e device in communication with tiig controller, the ion exchange
device indluding afi ibh @Xchange matsral ant Cap SOiEBT Hafig BRI S BE RS PaR SR dhrettctitins
received fronmshecontrofferddcantactitielmakebpiwatdsstraam with the ion exchange material,
wherein the ion exchange device is operable to adjust a subset of the 25characteristics;  (e)

ator stream. ani 1) SR od b R e AT Do G ihe ool AEhore.

3014. The appatengnoticlanssl whéreimiile ivhesichand e pevicarntidsesomplurality efdifierantion

renxil:ungsv m 2%@51:%2%@@%%%93%9&@ Peasndbddrallyacsaird andsonacied with (hey
apparatus comprising:

(a) a monitoring device in communication with the controller, the monitoring device
operable to measure a plurality of characteristics of the recirculated water stream, the
makeup water stream, and/or the makup water source;

(b)a trahsmitting device in communication with the controller and operable to transmit

15 the measured plurality of characteristics from the monitoring device to the controller, the
controller operable to execute instructions to determine whether the measured plurality of
characteristics meet preselected criteria and operable to initiate transmission of instructions
or data to any component or device in the system;

(¢) a receiving device in communication with the controller and operable to receive

20 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 makenp water stream with the ion
exchange material, wherein the ion exchange device is operable to adjust a subset of the

25 characteristics; '

(e) optionally an additive source operable to adjust one or more additive levels in the

recirculated cooling water stream; and

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

30 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.

19



