; e3e><6T>Q *~m* WD 01t 29535 FCTI US001288Z71 *00002* METHOD AND APPARATUS
"FOR DECONTAM NATI NG FLUI DS USI NG ULTRAVI O_ET RADI ATI ON background of the
Invention 5 This invention relates to a apparatus for
decontaninating fluids. Mre parti cul\m “Hm N\m\“ﬂmnventl on relates to a

met hod and an apparatus for decontanmi part i culZfpri 2003

wast ewat er, using variable-pul sed ult ravm&@t‘* (W) radiation. The .
availability of inexpensive, usable water has greatly dimnished over this
century) and stress upon water resourmmmm’ ed to increase
dramatically wth accel erating popul a lﬂﬂm W ol luti on Thr oughout the
wor |l d, industry g GBVernments are i ncregs, confront ed %

chal | enge and expense of providi ng nodem vvasof)evvat er facili t| es that neet

publi c demand and enacting stringent regulatory requirenents necessary to

produce a cl eaner environnent. dobally) the need for economc,
environmental |y fri entEFHOTIAND APEARAELY EQRDECONTAMINARING §W'd}§| dly
approaching a alsis point. 15 WAS@WATBAVIHATRAMATIMNustrial and nuni ci pal

wast ewat er) frequently contains contam nants such as, e.g., m croorganisns
arid toxic organic conmpounds, whi c%w%&pe toxic in subsequent
uses of the water. Exanples of mcroorganisns frequently found in

wast ewat er i ngl ude hagtneerni:&\)masdae,rzer&moymsxt ﬁ)parﬁtfs fr deGinmimbgeids. eidee

| ncl udi ng viruses. O{zrg ng;[ngewzo% rela toame;rnoé( ¥ams?or%ec£mm1n Qng ﬂfm und in

wast ewat er i ncl B8 Cer - causi ng aro "¢ conpound: "20 numner ous
hal ogen corrpound’g'ncup'arr\m‘mkfavsmthwcmﬂl'mé "@eﬂmﬂﬁﬂg)‘"@"g ) chl or| nat ed

phenok, etc. There am@,vnmyydfmmatnedm\auesug@m mkmae&m@anmsmwater
i ncluding the use of chem cal phy,si .cal ? gé nical means. and W

radiation. OF tREEEPOYHE FU f’ °’8’=.% ‘WETRE S n?ccc? SEPBEORALSALN t he
use oEchenic#l agldns Thrpvghret heward.gfdussi P'U'rgpwe'mfm Fdierergdngly kendretedevitiths| nEecnon

has s~gntfi cant ~1V311Jn§‘edu&a§tn£cheprbme¢a&ana&am&a&nubmaaaeedp&&a&amuan& he United
States for 25 man carb LOW ng. concerns abou chll Oerr'e”v?mns cﬁzafd?tb}il and
effect on the efViTBANBIY “REve BF oMot ed wast tharer “fraa utilities to
eval uat e ocher d*rtswﬁéw:EQOW'WWMS‘MWGC"GQNUSW'Hes'cwe‘s't“%q“ab!S@P&lnernat| ve to
chl ori ne disi nf epﬁ;&:eﬂgh&sub&maw olet (UV) disinfeceion. Chem cal bonds in
organi ¢ toxins can lwmg;z% 2 i mec-,r w1 AGLd oNn mmpgc agkatl on t hrough
phot odi ssoci anon partic W ar Pstance Wl have a cha eristic

phot odi ssoci at i wawuaes a%gﬂﬁ?%@d"‘\ﬁ“{'ﬁ"“i thza@b@eww=nwthh@v BRE s and

wavel engt hs_ of \xicardtatqu@nusésof thivkitee HExbrygles p Eufhkrio@ghisths f&gttasdyamem\mkkmnder go
phot odi ssoci anor, AcluchQc'Een %ﬁgywﬁorm@&m §§Q&¥u@sg§vﬂ§ ebr btte %%%S%E:X that the

SUBSTI TUTE SHEET RULE d ‘% 953S PCTI §821 . TV
radi ati on have tFREVSRPHEUE Srndingr @V"’él”c Eireiey FPASTARIPE HOTHF FORPIMT 1 t he
phot odi ssoaa”bn nemsteughalsgenicoreporndh strermlerdy cipnne ndmpp@ds, ¢.g.clerfimedhphermbpect t o

m croor gani sms S' sIméragé.hapT,Qcﬁms.qash@mzmadgww&&mm@mLl}eofchem.an .

m croorgani sm's deoxyribonucleic acr ntain the
genetic i nfor mat’l %ﬁs' ’ﬁ'é%é"é’%a"r'cf i a'(’:delf I g %Tlé‘e‘?':f "’f‘r‘f%" 'l“dﬁ’? é:auses
doubl e bonds todFlo'ifWP'Ue%hveethﬂadqfdeenﬂamrbgmmquhloo-‘neAmhsblprwet ure)
preventing nor Masinfe&p ﬂasagt.iﬁamyefdum mee&ukasﬂam dshel iy UhiR@SdiksGat i ng t he
m cr oor gani Sh3 ! tzn Surdl] SOn cnow’]rma I:].ltactl'l Enessa? and ff} asrl;]l eamﬁongernh vcl.:. OrngCieed a

hi gh- power odt put PRt e e S T act Ve Tor Var ous “pROTOTI'SS0CT at Tt BN ¥

appl i cations, i NerUEFIgrReutiicsonTsae pbnq dpfertipnmitoiicat i on of 10 fluids. The

use of ultraviol et T’Iadhat}k @Bt VigbledReGra6v@ Yo dilofircQRiHGAtH m&amdb@; distidc@mt

hot odi ssoci ati on o i ounds i,n ste e.g., in
U.S. Patent Nos. 6%?{“‘%%&“"2 g ST PelE °"‘E§5’ﬂa§/‘g 'jf ?“‘m% (44,146
(Wekhof); 4, 400, “th dn@d'm@m wabmihtzm M|hhﬂcmwctcm®@°t@@®ﬂéwmrz) et
al.); 4,464, 338G 4;&;;&&10&)1:&2«.@%23%%921:16 S@H@r‘ﬁ@s §tUvahdialion @Mﬁ&é?ﬂu&ﬁz abo) ;

5, 900, 211 (Dunn et ei_dt 338, 388 (Wi

4,769,131 (Mol | ""‘f‘”‘?"“d g"s‘%ﬁ‘e‘g‘ﬁ ‘?’5 e R‘%é’fﬂﬂﬁéf‘ﬂ)’“- ] "2% %ﬁ'and
4,317,041 (both to Schenck); 5, 7@, 853 (Bushneil et al.); 5,597,482
(Melyon); 5,322,569 (litus et al.); 5,536,395 (Kuennen et al.); 5,915, 1Gl
(Adans); 5,208,4G 1 (Tiptop); 5,364, A5 (Lagunas-Solar et al.); 5,925,885
(Clark et al.); 5,503,800 (Free); 3,485,57G (Ml Zae et al.); 3,814, G80
(Wood); 3,@&37,342 (Veloz); 3,924,139; 4,103, 1Gs and 4,7G7,932 20 (both to

El l ner); 4,204,956 (Flatow); % 621, 195 (Larrson);
4,676,89G (Norton): 4,909, 931 (%J%S'E'QE%“E%W oss nan): 5,626, 7G8
(Ressler et al.); 5, 660 719 (Kuctz et al.); S, 725,757 (Binot); 5,738,780
(Markhanm); 4,757,205 (Latel et a!); 5,290,439 (Buchwald); 5,925,240 ~I ki ns)

et al.); 4,880,512 (Conelius et al;); 4,24G 101 (Selby) 111); 5,151, 252
(Ivass) 4, 274 970 (Bel tze~; 4 230 571 (Daddy, 4 304 996 (Bl ades); and
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25 Lght Takes orr CPlI Role, Chem cal Engineering pp. 95-100 Qanuary 22)
*1982). Another art>iele of interest is Hanzon, B. D, and vgilia, Rudy) Just
the Fads: UV Diliafidian, Water Fsivironnment do Technol ogy Magazi ne
(Novenber 1999)) which is hereby incorporated by refcrcnce herein. In many
comercial applications, it is highly desirable to deliver OXAmit2C03i on to a
target in a 30 manner that sinultaneously produces excellent process
efficary) eco j ficienry) and the ability to do so at s at all
required fluid lé%?'if ates. Too high a UV dosage can becorrepcg’}rgs&&rfligggept abl e
econom ¢ burden) but an insufficient Wdosage can bt dangerous. _2_

SUBSTI TUTE SHEET (RULE 26) 02 April 2003 WD 011 29535 PCT/1TS00128821 . art
i deal |JV-based water-disinfection system has a nunber of advantageous
chanct ensncs\V Fdrtiantarpheparugyiar pepess jor dngrgleyahichdalarndin diepbeipdioeapet emeean

provi de exac},. apRinceamnabesef the desired |, T~~ dosage at all rimes (mreal
tinme) instead of sometimes.or nuch of the ane, trregardl ess of the
Influent's WtraneWirSRIHR MERPEPrmsrs ?Q)%ﬂffca?fb%‘s'”"rﬁ'}ﬂ@%i BT UE pressure or
flow rate. Smckbightsneieayrimhudettaad (DNA) atulasptiish-cetitai h gottcorforsyihem
further can confitrrt,t i ntegr | I or
exanpl e, ?he"SFENLRH cf)"r'(gh‘l%ﬁlgrs" g%tlﬁh\n/éugg %%P?P ?%Fogfgﬁrﬁﬂrl g%“ﬁé%ﬁ%%%?’gsggr di ng
the UV | anp' e Phidekiqrae, ourons noanabieplisaidn pfHRNA frolegpien gnddhepby agisaspgsdt vity and

flow rate. The . Swsl&n al so provides a dynamic and w de-range, real-tine

response for adjusting the WIight power outpyt and influent flowrate in
response to such"f'\‘e%‘dgﬁ?i‘ﬁ'.'}“ia""ﬁ\%”}’(@é‘ e/ E‘Pﬁf%@?‘g‘fﬁﬁ’wﬁf’é’f"ém‘ﬁfsso has

aut onmat i C CO#RENS &k ratiuspiarpdiabdiabior pplictiond) inclddigy thetisinfeationtand putiication ¢for e UV
react or slgcthocps used in the system such that the system provides an

. 1ds. .

active) real-time response to such degradation and assures process
integrity) e.g.) Thyuspofultyrslst ripionon desmpyonisroprganisms mddarteffect hopadissocippon

di si nfccoon sysheiE iQRRcERVE IS, d 8] iP5 Thaded k. 41661,784 04 486, 14511 OVed

15 control oyer the e [ ters. Sy are dj.scl.os e.g.) in
U S. Patent fggw §°‘§133054r%?1gr@§§°§ﬁé§oﬁpﬁfs§§@ mg,'hz'ﬁg,misf@i): 3%9%4 A5;
5,547, 590: a(Wkith eQR54,88.336 (Howerd)y 5,236,192 KSaasknar )1 56 HH0 (SSats): 6,600,24b@Munmétl y do
not have ,all of i 45 [ Sl ' : rei nabove in
connecti olﬁ vvlal'$ ﬁﬁyny?? gg}%‘dr)%%gg?m%ﬁ)bﬁ%g'g?t@ﬁ&%’%g%%Mac ks to such
systens can fMaasghdkesrrerdls dA26i06t 254 AT 0h bpth teSchanci)ipd 68§53 Pushelktdlds ed bel ow.
zg For eX&W}Pb,@,?,4MMcWrﬁ;\M3M§69 {TRus 02.); 6 556/305 {Kuerihzh e:\ﬁl)pﬁ,gas,lrhfemah@n systens is
their use of. i BUOUS anpse ,Mst.. i S_ WA e[equirea
war mup peri (’5@98% @' '°fq)gs’¥)xg’é§5a%%n};§'sﬁhﬁ “a’}d)dlg’ﬁg%%ﬂegrr}ésﬁ %é’%ﬂsnu@ﬁ?’ wave | anps
are adver sel $8aPTEMcRag et 3814 §30Weod) i3 BIR (Vedopks B.PIFI% X(3dFT wAdL6'dRE essi ve
j acket Faul i pgth i@Bithedt@, 204056 (FRRKH1.2716RS (HilinRA); 4 52199 Larfton)] 4626,898 M6oR); powver

output. 25 1| t . K, Gf ional di si tion.s use W
amps. arrang el re (Ep eI RE S HER kRl P RR IS T S0
arrangenent @no) i 38, tMarkham)s 8757305 (bayel at Bi 590,639 (Ruslosralsd; 5,995,248 (ilkas.eandom
variations i gy\Y\¥gd g3 @aﬁkl"UthWG,%dg?Sve\}bﬂﬁiil)vﬁs,%,ah MR 3273 hgaaaj;der ably vary

t he dosage deflvered aagss sectio such reactor. re 1 nportantly,

accur at e nonf-E8aAgPaD 43476 Erfesk 29 2 480,367 E<weltoph Seopsp feat K Y- Blrpratet

| hrrpr a](c:t i cal t ﬁ.@/ﬂ%&&@n ERI R4y Chenridal Bg@iu&cdngfb. PRO0iJanai 2% ¢98ay. at € W det eﬁt ?r ot

Ther ef or e, e W, . 1d_subseque L.per ] S ract or
An'?u'n %clg gfgnqercsyls aenq?)n, B ﬂ).yané {}%{"g ﬁfl{*&%ﬁv%pﬁs} FWD:::}Z!&

can only be estinmated via diScre robe “pol 0 not nec s‘é"arily
represent aniMtet Eryiconment & FrabnolegisMaghdine Shiovemben 1999), wiieh is baseby wrorparaiedibyi dual

| anp per f or N"RReRcdteregNknown. -3 SUBSTI TUTE SHEET ( RULE 261 02 April 2003
WO 011 29535 PCTI US00/ 28821 A furt her gfrg%\/\/oack to the convenaonal W

di si nfecaon syst ehE2V EoPprecid gplicaons, i sdyghly desprably e gliyes UV fadiation to @ tyrgst ig 2

wei rs, gaie) merakatls sidiltindolisty prddlie) exadlieht piodess dfficyicyf dedbinicAfficiendy,afdihé sbilityhe
practical oper nges, of such, syste K restnct the avail able

f1 ow ranges gofa%? (Eg alg%écg?%]rl rscqﬂté:é(;@"‘pﬁo\évr%'fsh. °?\,—\5‘3}%Wfl?§agﬁéﬁ‘ “FO5<Rs quickly
donmi nat e t heurdessptehie ceapamic berden) but imgnse fiigiert iUVdosage qa becdangerds. per f or mance r ange.
Fl ow adjustnents are relatively slow to execute) and a fl ow change in any
one reactor can adversely crtate a flgw change in adjacent reactors.

SUBSTITUTE SHEET (RULE 26)



Because of the drawbacks di scussed above, the conventional disinfection
‘systens are not tnrly active, real-tine or Independent, but instead are
dependent upon sl ower) passive techniques for nonitoring and adjusting
performance paraneters. These systens typically exhibit large interaction
10 dependencies anong the nultiple reactors that constitut &2april2003

i ndustrial -capacity system Accurate Wdosage is conprom sed, along with
the ability oﬁouﬂ}ﬁsﬁystem to adjust paraneters as needed fetusphise zed
efficiency. The needs of the water and wastewater disinfection industry for
hi gher system efficiency and | ower tonal cost of operation increasingly
necessi tates advances beyond those of convenaonal W15 disinfection
systens. Accordingly, a primary object of the present inventionis to
provi de a rel i ableidgghlVbasd eperadsinfageongistemdigs qumber of pyRREEY APSFFaRat us)
for chenical - f r e, deaRR! AR KEdAfsin R kyskinRE ficlidi@xbBphIRURN R he A

further object of this |gvent' on is.to %;Q?vi de a qu}s decont am nation
syst em whi chdesitsd HY dopprat dLmehin v 9mp iy ARepes 26 Ust O S S UM R “Bower  of
t he W r eact osfahetrfRéntaUNingi@misanrger! dr henrelsyn the gifleant’d presadé erdmmgatt. he W dosage
when required. Aﬁ%@&{orc\gﬁ i8St UWRhasddlafr- OHERbL Gherh Rurh@ B QUkidEnBndYiased
decont am nation system which uses a single UV'|light source In each W
reactor, wheefdisppirtionshpaFRsicra fiete*ple HesTSrR groadenaquy g Fral-werrepe! fsfraskst ent | y
and accur at elejardingHe@BARhSs BabtincRRHhAERIAANGLInMents BV Sdibrhissiit BRITIoMfrate. 25 A

still further object of .thig invenaon is to provide base .

decont ani nat gy %Fﬁ%ﬁfé? e ﬂﬁ’a"@%éﬁ'gb\f?]é FEPI T ﬁ’é;%uég'gltgﬁlév B i ght
out put from pdeer ddiphi Ghinfleotlicaaate aneshansaro such &dbagk. det er m ned at any gi ven

i nstant, .as can th | [ LSSk QR ?ﬂ i L . t anot her
obj ect of’at hi s i%‘\’/gﬁ ?glr‘?é‘."?yét(%”gﬁﬂ‘%@*a . ué@ﬁ“‘é%én@ﬁ%‘ﬁgﬁ%ﬁ system
wher ei n eac hdegmdgtionamencer mprs UVzpprstor ecisns wseskit o pisenguch st thasisg@mioviflts@y r at e
within that [@RGEMEme refpdite Fudhiedrifatidnyinddefulee PidcelRragring BRIy hofpaB ¥onMi de and
preci se range &fﬂ‘g{;?{atti on, and exhibits zero hydraulic head |oss) further
wher ei n each®™™ WP i s capabl e of doing the foregoing i ndependently of
and wi t hout i nt eVaipts Whdisafedion fygeruthaebedptewsinpedan 2n anempritopronde igprovedm . 1
SUBSTI TUTE SHEET ofeRHL BosbameteR2 50 jsdem2D03 104 AL 2953 2o LE TNSQR 23821

Anot her object of this inhvention ~s 10 ?r ovide a Wbased decontam nation
shst em whi ch*R&&3 146 330G 46irePo b Bt 1241 Prad hAOR8IrdiaTeveriut® ew99dbvi de an
active, real sylrindgenenalyo newhateall oshSdedirtll fataaer s disatd Merdrabove in coadecbosan do SO
with conplete,i . e, ~=~ c S C i tuting t

systertr A TR s 60 aRRREATRR, b &2th gt QR bhkhidith it

decont ami nat &P $e &s disgyesp] ¥loyt accurate and fail-safe optimzation of W
dose thraoghout Fdrexadpl,dnedhegao e capatatd Uy disiniedioh kyoless & Bk uabe typi cal |y
encount ered | - ot odi ciation _applications. These and

ot her obj ect%ntg'lf' gd; g’%ﬁ?%\%?“%ﬁ? %“ég‘gr‘éi‘g‘rﬁp ; feﬁ‘\’/"é"ﬁtwiom(%ﬁ‘.'p &cﬁc’%"em présent

i nventi on pravwidaes mesaprpmyed were lammt Bdnatcly affectss By emment San-d€ srohesy s

i Cr 00r gani S@PendtElexe@Ing GekePRAING FhS ot eeiaR REFRENY bER Divide FAPL APLRANT S 1N

Fl uids, such as water and wastewater. The decontam nati on system of the
present inveffi®bn uses variabl e-pul sed UV light in an automatic punp-driven
conf sgur @i on t hihtangizp drrabhack, yonaemdoriahlUV digdfeciom®stanttjusiStie lampsimangd mtlaage nNodul e
for both fl uy ( ggg ﬂP intensi.ty) to.accomodate
a wde range&glfsftﬂfgég\r;%%% i a\r%jg?%%oﬁ_eﬁ{?%o ndi t %ﬁ@?é{gﬁl@? ésbcﬁ%ﬁ%)c'ﬁfcsf"ﬁl@ t he

qual i ty of f1eH5iof Vi andirendere vagiations ie Y Vytesityamopethaindiriduabampsecars cangiderablp| i s

configured Onrytdalofgsdeirered actos bdub@Rilin Sith RACAMBE ifh Clagrpit rol 1 oop and
on a truly active a{]d i]nde enldent adj gost ment of e Wreact or npdul e, as
opposed to tREPEBSt PP S FAEUQURY FerPEPRRE FPraRHR PERHE St e Bues used

in many Génvepnirt onpdad N Ddesedr. dberefateatht UG buypn (28 abefientPBle fepfothahderd| | y, t he
present i nventy I h ppar.at us, for

decont am nat J|mr:1H rg?ﬁoﬁ{aggﬁlf%égﬂﬂééRagjt&gefe%gér%ggvﬁgﬁgvﬁtngﬂe e(s:sé%i”ac At ed with

W sensitive Wg‘f‘b‘ﬁ?'g$m wsfall rran ef thexieastoni lediddrilomppisformBhe iyppeovat us of this
invention contains: (A) a sutgle Wreactor nodule or a plurality of W
reactor nodul es, each W25 reactor nogdul e being conposed of (1) an influent
flow condutr (2) a variable speed punp disposed in the influent flow
conduit) the punp
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being rotatable at a speed determ ned by a punp-speed control signal; (3) a
‘Wreactor disposed tn the influent flow conduit downstream of the 30

vari abl e speed punp, the Wreactor having an interior chanber contai ning.
5 SUBSTI TUTE SHEET ( RULE 28) 02 April 2003 WO O11 29535 PCI/ US0Q/ 28821
(i) a reactor flow passage di sposed downstream of and cn f 19 Pt Sunocauon
with the influent flow conduct, the reactor flow passage having an inl et
and an outl et Wo.(o%fas?s | ~* flashlanp disposed in the react o_rpctﬁh)gwmgﬁ§sage and
capable 5 of emtirng one or nore pulses of ultraviolet |ight having a
wavel ength in the WC band, preferably from about 200 to about 300
nanoneters, wherein the flashlanp emts the one or nore pulses at a W
intensity and pul se duration detcrnnined by a |anp-output control signal;
and ru) at | east Adwrbengravbach sntheonsaoeia Bt BHearsHesEs ‘gf"sé° RBEREEDRH in f 0
the reactor Jol‘l?WdQ’ﬁ:&s(@!QﬁreﬁQgﬁe?vﬂv@s VB 3% UKePandgHaif ToWS Ai victult, dé practpdr ti on of a
streamof the fluid pa si}gsg? roximate to thaﬁ k at i on,, mgﬂg‘g{tsgs%aor bei ng
capabl e of gePIEPEIIREY °aT" %ﬁt‘mgﬁ‘&ﬁé‘f‘“idﬁdf PIGOE FEhE FRALTIEY w
tratcsni ssi Vihthe. RyddulicBraddossy glickiyndundae the ddsigoéquarioaiu therebli lispugedcabn

i ndependept el ectrical ~ i I i r ng,q,tyn , the
syst em wi te %cbfgﬂ%ﬁe "B liﬂmé' ’ﬁg‘.@“r?‘!'@c’%gg uIng %4“; ‘8 é’ﬁ’g&g%" i\%gf%t@ Chcgg%ﬂrrp- S pged
control si gnadctonrrd advimsely cpms 2 Jorv phavee dadfaedt rsi%nal and of receiving the

W trutsm ssivitypQulPstihedc®Batks didolteed Shdt, RBcwhvaiRioRD Bitifi fedtioN BSidinCarbide NQg

programuabl e to generate additjonal.punp-speed control scagnals and

| anp- out put  EBHATE e PRHE LR °P'et§“[55'%§agp ’fegeﬁqﬂ‘ge“W?? AReerPE s'iv?/tle‘f%'il"qléﬁ‘ fral 20
SO as to causéneiigasipdipning pofotrpapanhettd clietcssrm gripdy odibitdrgemesne or nore
pul ses of ~ultraviaolet |] - [RVAJ-Y JolS g <Yo IR \Vs (o) R, a.dLgeferred
embodi mer? o#cp'f d‘é‘“‘a’p’b“é"r‘ 'E{}émg “{eﬁ?’% d?(ar_l_\c/e#{“?%n, each *@N‘?‘Zé’ét‘or modul e
further cont 4V desags isspmprempisdciong Bith a2kl of thesrstsm-te aditst ReFamgisrseas needed dpry g

pr ogr amabl eodﬁmt&fﬁ‘d}%f0| ler (PLC), a small conputer, a custombuilt |ogic

board) which 'is djsposed in electrical .comunijcati .25 with the

system wi de cont ﬂfﬁ“‘?Fga{jﬂ"e‘"éﬁﬁH’W'ﬁ"’f‘ﬁ@s'(‘}éﬁ”?'&'ﬂﬁq‘ﬁ?’f’e 'é’eb’d’ﬂ’ﬁ? d%ﬂ‘é'c’wd

fl ashl anp ankiwérlnea kst df aprsatosisirasinglioteesstitages adfandehiyond dlwisoof comdetiosal UYhe net hod
of this ilglveggi'fggo,{s%ycgjsy_es the steps of (1) provcding the above-described
apparatus of this i1hventign) wherein the control nodule js preprogramed to
send a first punpsepivgs *eREY hiecksf disaresmpintepeensipprore vutaklesed ©OF r eact or
nodul e t 0 Caffeaive fyQenpllanethod irekappaeana) foccharpiesb flecsladohtamingtitin of @atpr(iodudihg a
predetermned first flowrate through the influent flow conduit and the
reactor flow passage; further whereon the control nodule is preprogrammed
such that as a f Pdirthersabieg ahths Ingengon irogrmgy p Pirbrsedqprrarpimyprsysgn whidpn  Apr i |
2003 VWO Qd/ ZR5 tho cpibiikyiSHhictinaP Sttt thddighpdwaeof iR aDk redctold vy aRadeSTRGE theiehie

cont rol m)dulnset t,eargqusu a Lb{,%tosalee}v - Qut DUt control signal to the Wflashlanp
in each Wreactor chri‘ﬁfhe to cause the 11ashl anp to enu one or nore pul ses
of ultraviol et | irgither abiectof Hrisdonantion witoprgvidy aLEY-bayed; dagopaminagongystpmeprhich

predet er m negleOULREUN U RNsce hlRfth UVEedelor, VRéréby Hd bafoemke o8 dhe sihgle Ovaighel | ght

having a wavel ength in the U ~r-C ban )
source consistenty and accurately represents the performance of the entire reactor.

25 A sull further object of this invenuon is to provide a UV-based decontamination system
wherein, in each UV reactor, the baseline UV light output from the UV light source can be
accurately determined at any given instant, as can the actual UV transmission within the reactor.

Yet another object of this invention is to provide a UV-based decontamination system
wherein each UV reactor is capable of conwolling the influent flow rate within that reactor, can

30  instantly achieve upon command a very wide and precise range of operation, and exhibits zero
hydraulic head loss, further wherein each UV reactor is capable of doing the foregoing

independently of and without interaction with the other UV reactors within the system.
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5 (which is the band that effects disinfection of m croorgani sns and

« phot odi ssoci ati on of organi c conpounds)) preferably from about 200 to about
300 ram (2) directing flow of a streamof the fluid through the influent

Fl ow conduit) the stream passing through the influent flowcopfgedgs at the
predetermned first flowrate; and (3) directing flow of the streamthrough
the tractor flow passage fromthe inlet to 10 the outl et th§’f/§§502ﬁmh t hat
the stream paswesypssxi mate to the Wflashl anp and proxi mat f

transm ssion detector, the streamflow ng through the passage at the
predetermned first flow ntr) wherein during flow of the strramthrough t he
fl ow passage) a pornon of t g streamis exposed t dt he one or S ul ses
of ul txavioi et | i gHehERbEFREPE{vERED SV A RaH 2 AHb% chg‘B"o“ﬁas“ec’"ts’amf" i r st

| anp- out put  C Qe aRBnitsrng Brdlcoy@feddaick chedny thatvan ﬁx@ﬂﬁd‘anlzcﬁSrd'Ibdndrespoftsh@rW
transm ssi on detector asuri.n ] ; tream
passing proxi TEI€ PEE™ The OPH'E?HQS'?(%%/X “Eé?]g@ﬁ%‘?i‘?%}‘%‘%‘?‘ﬁg‘fpé“%‘&? %g%gn%l‘cg\l %}Ef

out put si gnal corgurbdmg theorntemol nodul e i ndicative of ~e nmeasured W

transm ssi v cy) V\’f}@ﬁ.ﬁf,éaos,&?ofqmwcmonrmdwoe,de§u%e;m&9&@mmdm¢@sramabme said
Wtransm ssiviry signal tFPgerdeterm nlel#\/g pvr d|e ortlon of the stream

subj ected to thtsyng f-salwomEIeRe wghoyt °"I°f°gj'ﬂ’tg°? SEEPVED a 20
targeted Wdo&&)dminurdtahﬁe typibally edtdunteded Bidirgk-sode UV phivtaifssocimionsipplieaionsdi d not
receive the tar get’!% scan the ?%b'ct h%:?éﬂ'l& QIllthgg%#Hﬂanﬂﬁlopr eprogrammed to send
(i) a second punp-speed con 6 st gna ct a second flowrate in the
influem fl ow conduit and the tﬁmM@m&%age) and/or (ii) a second

| anp- out pufg cont r e SleQR@verdiBn 6.\%&@&5 U825 I8 Rin 0L syRtEm BRE &estRiyd ses  of
ultraviolet light at a second |nter15|t and/ or a sec?lélﬂgpubse duration;

wherein the séE‘é‘??éF"Z‘S“‘FFWF’a“[%“QﬁWP" ERRIE EPRGUR P 2T 81° t he
second pul se d;w&ﬁmonhedceon&uﬁhu@uja&emlsntprmrhvmmlﬁsﬂ:hﬂc-sﬁlfcéamlgmprosed to
t he one or nor e f r [ dose.
The appar at Us oA TurBdcih LBy el bl S R s Bl AEGREE mill

nodul e or a plarbeth flsid qyrmwvvrpemt(mﬂmmee‘smwpﬁﬁrwmwdats pwidepgscht us
contains aspl u;rﬁ;hgl.we.@tonméas,@as&&; pé&cmgdulqeﬁry@rmmrgemeﬁe@wmdp&lmer a

serial arranggnent ref elyArran t appar at us and
ot hod of ¢ e Ereeeenfd B At en el of 7 LR Ao R ek Pl e en o,
effecting c hemrdmcmferﬂe@m@ewém mtnmmﬁ el UNataespr) magals tae oppoeed tthelreltvale r
fluids cont aanmeqshaeg&@@@%tﬂﬂ@%ﬁwmozﬁm 5208 April 2003 WO
01/ 29535 PCT/ USOO 788 .~ -sensitive substances The system w de control
modul e used i A*PHE"BPESEHT™t m~enhon separatel ~~ and in real tine adjusts
wat er fl oveoand/ or Spetiicahowe pregoiprttion progich UNeipsddaretiod shdl sppaausd@conmodat e a

wi de range of quahlifGng Ml WeRLs FRPHAI QB er, ESRAGHIE U u@fseéslaec apparat us of
this invention which use a Wflashlanp di sposed coaxially relative to the

influent fl OWWEWW‘"SW/?'G‘Q"‘TW@P?‘@QM or flow passage further sinplify the
delivery of WIi ghhe@pd:qaroofmsnrdmnantoaasxscunber sonme approach towards an
accurate cal cul ation e hemati¢,il| ation of
a typical prior art W%’a’gg éf)a‘r:l ra"r’r?{%u:%f%é}mh q'U%C'fac‘tp"ﬂgée)u"’ls i y‘{;e scal e,
hi gh-t hr oud§hput i meseterinhadelt baing comppsediofj. 2 is a schematic illustration of a
preferred enbodi ment of a (Vy,hmgg,tﬁdwoqd‘gecont am nation systemw thin the
scope of the present invention. Fig. is.a schematic detailed illustrrtion
of the Wreactor nodul e us@d'F’i‘i‘blf%e%ﬂ)’gtpé’ﬁi’?‘ﬂ‘H§l‘|"%§‘t‘@€lﬂ‘?"ﬁc°lli"g‘- OPUMP g, 4 s
a schematic illustrat Ihaﬁgﬁfamﬂaatakﬁe&ldbﬁmfvﬁ&i 9 AP aEp-sRE comtol §i Wreact or

modul e t 5 shown in Fig. 3 ) Wrcac'torﬂxs osedm gcmhucnt o?\'rtclor\/ utt% Seai BIF the W
reactor nodule further inc es a m Croprocessor - base ? j? e b e | ogi c

control | er3%unit. Det ajvpmsble fl’é‘sﬂcﬂumww@héﬂm\ﬂemwmfst ehwdinger ei nabove,
the present invention provides a nethod and apparatus for decontam nating

fluids using pulsed ultraviolet radiation. 'Ilhe fluids treated are those
whi ch are 20 contaminated with Wsensi tive m croorgani Sns and organic
conmpounds. As used herein) the terns "decontam nate", "decontam nating" and

"decontam nation” refer ro the abilitysof the met hod and apparatus of the
present invention to destroy m croor ganl snms and cause phot odi ssoci ati on of
organi ¢ conpounds. More particularly) the foregoing terns neans that the
nmet hod and apparatus ate capable of killing or rendering unable to
reproduce at |east a 25 substanguggﬂﬂwgsmﬂhumes)m croorgani sns present
in the fluid being created) and capabl e of causing photodi ssoci aaon of at
| east a substantial portion of the organic toxic conpounds present in the
fluid being treated so as to form non-toxic end-products. Thus, as used
herein, the term "decontam nation” is neant to include both

phot od>ssoci ati on and chem cal disinfection.



As used heron with respect to the fluids being treated by the nmethod and
‘apparatus of this 30 invention, the term"contam nated" neans that the
fluid contains an undesirabl e amount of tN sensitive m croorgani sns and/ or
organi ¢ conmpounds. _g_ SUBSTI TUTE SHEET (RUL 26) 02 Apri lO@Z'LQRKf (ng
01179535 PCT/ USOQO 28871 As used heron, the term"Wsensui ~ ? r espect
to the m croorgani sns and organi ¢ conpounds contam nating the fluid neans
that m croorgavo@msss| | be destroyed and the organi c conporowassowzssit under go
phot odi ssoci ati on when subjected to |.1- radiation. By way of illustration)
the invention will be desrnbed herein as applied to the S decontam nation
of waste water. However, it is to be understood that the instant invention

may be used to decontam nate a ga;gaggrmogfpas%h ojehub\q,gma;l;mm{ar“emt

i nvention uses the output spectra of tEul sed W Iasgf més i n _venous

combi nations of average andCBEUNEAER et figy conppie FAR PV PHEES Ul sed

fl ashl anps used in the pre&e.mgahmuemammdbuave a power out put range of a
factor of 30 or nore. 10 The WfI sed esen on are
capabl e of emitting high- |ntenS| Q_)ﬁ ahq’?'fp °s° mr}"e'pa seoév% alu(gl et
light. Pulsed, gas-filled ffastihgpenssr mere hulasoftdmye'ﬂd's@drawm at"heclopstbsem

i nvention produce br oadbandn.¢ 8k, pAr&ibldRnbER 60 16 MoulIdb hERetrrd luhErein S

di scharged t hrough the flashl ionizing the g as an roduci an intense

anp, n

burst of both conti nuum andqfPHETRAPE ‘0‘??‘8%‘?“ 'HEEW“&Fg?"énge. Such
flashl arnps typically enpl dynmﬂ@lhtw@ﬂ&&ﬁalﬂtgﬁbh@ﬁcm&ﬁb@md}l‘md(r ypton 15
because of their high efficien I i i .
conversion. The use of other g;ds")gaz IC%F on%al?&n%‘i@%]roggaggogtdgfaogé%?g%%g%("g'g
systens isiossi bl e and nayhesactdefioivpaisige sof a3 to mpned YY garapistivitg af 4 portion of a

Sui tabl e Wflashlanps and @&&ﬁ%ﬁ@ghmﬂ%’alssﬁ%pﬁﬁm&% ihP thedtivh @Y@Eﬁct&%l\%se in
the present invention are describ or —exa U.S. Patent

4,871,559; 4,910,942; and 53PePlep zssm'wéeri“'etr"'mle‘l‘i“f’?ﬁ Hegepurdl¥d herein
intheir entirety. 20 The WdshmiBskdranps used in the present invention are

capabl e of enoting ultravi ?%qts’bout %(%a%mgduﬂ Vg‘J‘ﬁE?LJJW def8}¥ C 1 ange,

preferably from about 200 t nanoiet er s diation of this
wavel engt h'i s parti cul g@mmpnisfipppith qeh W"MWG?‘%F‘HF@W‘U# UBE'&AG%@"
m croor gani sns show mepdingdipaiesrgteiatiigltye puﬁxptsﬁueﬁc&:&agigml Eael’& I4Mp-dukt

hi gh-intensity, short-duratio ravi.o e tted the W
25 flashlanp in the rref%mas'g?zpﬁﬁ"}mcm"émf% pre era fpug a' tm’ ?"2%& ty

of at least 0.01 Joul e@npdrmé'ejumPmmmezéﬂemp@lmébwamcsdCblﬂmh about

0.01 to about 50 Joul egenR€indIEHda uggmdlgg;,@f Oy ml@gmp,g,gfs@;@pé,m has a
durati on of Erom about 0015?:?43 a%out 100ﬁ?ﬂgl'fs§'g§oﬁds The luI se

repetition®ate of theSrPAfiArT BReHENPSLPE FERB XA "’r‘ﬁﬁ@‘&s"'?f"iﬁr‘ﬂ"?&fﬁout
0.5 to about 30 Hert z. of3@rafplefight adxeaive eagtred Udddsk.anp Wil | provide a WC

output of from abqyt, I:LemclJxﬂbgmmgn(?olatp%hrﬁusmfbxks'ugpn&mtc;cﬁLﬁ’f cRERkoRANET  per
pul se. 9 SUBSTI TUTE SHEET (RULE 2 ril 003 WO 01] 29535

PCT/ u50012882f“'Ea'éﬁmWSET'a%an'%ﬁﬁﬁ“rbg“ﬁFé%rc Wfd&&ew?w%ﬂw;s?%l’"
proteca~~e hommcn),g sﬁﬂl(l:bmﬁ\ﬁerﬁh chistom-builelogipbdarin whiciiodispdset ukwcm&memhﬂum&ag (or

Jt ﬁg:_(gt 2) It §5€| tll%mcgystcm -wide co:nra mocrl RLIAN lh(ihccv%]ztl)ﬁrsrg)egg pn\;[n§p, 910 UWash t 3%
UV transmussion detector of the reactor module.
The method of this invention involves the steps of:
(1) providing the above-descnbed apparatus of this invention, wherein the control
module is preprogrammed to send a first pump-speed control signal to the pump in each
30 UV reactor module to cause the pump to rotate at a speed sufficient to provide a

predetermined first flow rate through the influent flow conduit and the reactor flow passage;

further wheremn the control module is preprogrammed such that as a fluid stream flows
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The reactor nodul es can be nmade of a Wirsistant netal such as stainless
steel or other 5 Wresistant nmaterials. The transportable, nodul e-based
configuration of the apparatus of this invention advantageously produces in
real time an active, independent and preci se punp-based IISIIII%&SI'I §8¢£ent to
each Wreactor nodul e) thereby accommobdati ng an extrenely d nge of
i nfluent conditions with mniml inpact upon the infrastructure of
treatment facilities. Each reactor 10 nodul e i ncorporates an integral

vari abl e- speedvguinpsss pref erably a positive di spl acenent puwapustoass2pr ovi des
an accurate indication of Bowrate in real tirre This allows not only a
positive shut-off capabilit but also a rc range over. a
factor of 15 or ?é&ﬁ‘t‘%‘r"’cﬂ‘ﬁ%?;“’f’%‘t‘?ﬁﬁl thy5en %Ilﬁﬂ dlé\ﬂpII‘ﬁ‘Pf‘I‘IE’I??s'f’%ﬁIg'aﬁIueous
W power adj ust maeu,cq,fv Mlﬁ-qdnfdcasm B mathiihtozapothe flasblatmp ud ermadrg®r olorea
factor of 30 or 2t ylg-i\a/\gol?rl%hqﬁtt a pcu)-gdctcrmx ders?WtQttr% t)o{ﬁdqpy %?dc?cnnmecfﬁ?s or

nodul e does 1~ e’in er W
react or nodul e. dunmem t}&dvuantra:gemlss qfexi;amblqughn‘hmng 1 Waveleongtioin t@srlt'\' Giend )V
react or erduI e i f r % R 4 sarily
conpr om e its C\III!I @%@?&ﬁ%gﬁ cgggIﬂIIs}gn& O?EI?&& OII/IVEII%II %II %’%‘%’S@@ﬁguced by
any other I.1V r@mlcmmmddﬂ ereferdblyfrommabeut 280 fo abaye 300p™; r eact or nodul es used

in the apparatus of IZ?B&&&%QUFQMQF&I?QMﬁ@&@bbﬁwﬂﬁxeﬂtm@E&IﬂﬁQﬁJ y
achi eving opti mum Wdosage.” 20, Th itor oor di t| on of t£
fIst B‘PII“I‘h‘t ‘flI"'F m

met hod of this iTRENEYSE "§“ g/ ERpn

(i.e., control nodul es)a&cmfgwag:sdmeZtrmdhr3u@rdmtﬂaﬁtoeﬂmapﬁa‘géads‘mafe;ﬂerﬁroI
nodul e 28 and PL i ating
scenar i ol%f or anyI;'gI’"IIIe‘n'I'";s'ee°tfsu gI'T SLI’IC ?‘:’f)‘ﬁﬂmf"r “m %e LgeIpiaas r'lej'ggt or

modul es) perfor nutﬂc:dl\émdrntamnbsecren;\dletmnrﬂequgﬂwgbdtewemgcm tions of the
ffl t. Th . I al I
ertiuen € ¢co Je%Irmﬁéé%%ﬁfIIﬂ\@&H Ve ﬂDﬁIg hﬁﬂ@t@ﬁ%g%% I)hIrloJﬁgngﬂ%%% ow

rite) Wpower output I'h each
Jlust xates a typmmlnow’dmmmq;atmmosysttreqne\flsq#eﬂmbﬂlwmmﬂthgﬁcl

illustrates a pogy ﬂﬂ:ﬁlkm si théjﬁ-&%ﬂpadﬂrﬁ%@édnf}a slﬁﬁll EéneH&H'Bngé\I:éﬁ@I ation.
I n such r| or art ‘I‘I‘Et [d% an i.nfl uent channel reservojr sed to
hol d and move™? ALY mEBUg r'@&f‘e‘ﬁf‘“‘bf’ fher | i d

comuni catl on W tuitani pssing\peddmaze @ ite chthabmahutmxmfgalwmﬁkm&@ axpﬁtdtgixdls 4,
Subsueans {not sRQWLL..Of Ve U igf

conduits 4 in the di r'ectI'%IIIIJs?"s 5 C.OQ %n uct Sbi’ cont a| n graV| t'IyII”'J I‘@\II/- based
weirs or gate coﬁ?‘I“IiI‘-'sP'B’W'E‘FFdrS? walrtsaaid B rapsmissivior seodl tadgreningwihethertheo m

SBST TUEE SHEET R e ) e e B

t Ll
shown pa%E banks‘%‘%Iutgve'?fI%Y%ﬁQ@f“ﬂfWW" % % g T EHIFETY i ght
enitted by~ the VVdeslthngonivalmogul8l pteprogmmaicd biserg (d fchmﬂrmmubedrmt f I ow
through effl uentggand e i ' -
From condui ts 10"8% heI'II;e Tl sﬁ%ﬁ‘ﬁc}s %gﬁégr?g'? @ﬁﬁoﬁﬁéﬁngh?@%@c I or
reservoir 12, wh¥@déor(ipa sesensdamnseuset ginmpl signal theormﬁonppmwpp

delivery e-s ewheglgaviok ﬁ ftakRom wn&aﬁa add] ofd s8coflif SRR VBH b whitein mfsécu.m"lt
as

reservoit. 2, the,Wfl and the efflu reservoir
% . ”ﬁ‘ﬁ'g@ PEIBY ’HI‘I? heSHe ‘fP‘i‘f H?‘g‘fjb’s%ﬂ‘ﬁ her ei n.

I nfl uent *t eser vofigw gt

‘the pnor art mesuhsguent goaihe cfttedweam dxposed fo diwn'e bierfiort Péises 9f wl@avioleolighsy st em
18. A drawback tgd& l&)&% tcc‘at_“t,d‘ssystem shown in Fig. 1 is the use of passive
mechani cal flow a neans, e.) weirs or gate controls 6) which
tend to be expenﬁqﬂeemuwﬁé:scrﬁeylmshmmut@umdz}mgte U\émbmlmddulbpmted
capaci ty andfudligdfiow IXI‘III I

conj unct i oncI]vatIyaIII ar%%a@i‘é%odu@eﬁéﬁaﬁg II&I; e I eaJrILI’)I/u ed) WI anps
that art 3 t'h°éI"'°=l%ﬁPPseﬁmaume%?ﬂmﬂfbwmﬂ%#vMW¢ latnigereatt- This system

typically reli esn@gwsam fndthdd amnﬁmnuaﬁ,r&de & Sdiiitle and E&e- Yﬂcé!ve%f‘s&% fot ve to
te the theoretlcal capabilities of such

hydraul i c prgssu %’t‘ g &_It

a system tHeP Tearet ‘I"Ié%’ﬁ‘f' O SHteR YastIRSHAD 8‘*\%‘?‘9*#&%’?1“‘F€§4‘F‘F‘ct ed
capacity for changes inflowt 5 rate. Any attenpt to accommodate a El ow
adj ustnent m one | anp bank) channel ory manifold) whether it be by an
adjustnent in |anp output and/or |anp tenperature) Wtransm ssion)
contam nant |evels, or influent flow rate, can adversely affect the flow
rate and Wreactor perfor naerrmngIgﬁgEIprm@%y of the system This
reactor-to-reactor dependency further limts the avail able range of
oprntion. Installations that use such systens al so require extensive
construction 20 of and nodification to wastewater facilities, along with a
| engt hy design-to-startup schedule. A sinpler, quicker and nore capable
system IS needed by |ndustry and |s pr OVI ded by the pr esent invention as

T 1 Y I Y L Y o



02 April 2003 wo ov29sss PCTI US00/ 28821 from conduu 26 into influent flow

, conducts 32. Conducts 32 direct flow of subsaeans F2 cn the detection shown

Into a parallel arrangenent of independently adjustable |I.~V reactor

modul es 34 Note that although the Wreactor nodules are dogpesedodn a
parall el arrangenent in Fcg 2, the |I.'~reactor nodul es alternatively can be
di sposed in a serial arrangenent. 5 Wreactor nodul es 34 are independently
.conaol l able relative to one another. :~s ~~-tll be discus nf'igvs%@zs?zrleater

det ai | herei nwééihsmespect to Fcg. 3, subsaeans F2 are subféa 0

ul aaciolet rays in UV reactor nodules 34 which will kill m croorgani sns

and/ or cause phot odcssoccanon of toxic organi c conpounds present in the
subsaeans. Once aeatnent of subsaeans F2 in Wreactor nodules 34 is

conpl ete) t han.gsidkdstiignct) Tegath-at Rabrithodtlbsaria e pieRent hamh@utpaafely nodul es
34 in the directign shown |nto effl t flow c i B, fl uent
subsaeams E2 1 BF CAF 6Ug w;(‘:‘gnfpﬁ'ﬂdgorg'??or‘ﬁ%wgf’ ‘r‘?g’gﬁ{“&? r&f 8“‘85{5’nduit 38, where
the ef fl uent swbstdwams zags oberyrgmiimeendivany Embepingneofeht Jporssies of thiyi d st ream

El. IF desir qgentitnh@hi&fugelaWﬁast_Qﬁ@s@&Baxmmganb?totdfcaﬂﬁxpﬂrﬂbeQorjdﬁlt:Inbﬁ)
direction shown to an effluent rﬁé@

- up,. poi 40 fromwhich effluent fluid E
can be pi ckedhfpegrie” aeps/arhsgs d%'s@ngJg‘a .°P‘§%h59—‘f Fd p?"igp? G?t‘?'ﬁlfegg"’%l gr eat er
det ai | ed vi ewpgbact drearddas gacitonlicumidnbfpedetmused i n t he apparatus of Fig. 2 As
shown cn Fig. 3) influent quiWﬁ@ﬁiﬁg&ﬁB@g WV reactor nodule 34 in
the direction shown via influent oW condul't . Substream F2 enters
nodul e 34 accor difgg! § dschemigliysiaierofadpicy pagiag UK Paseh decppstaipritamsiesideed of
integral (i.aseiRkig-icad, Rijh-tidbghpllivalpard punp 42. The rotational 20 speed of
punp 42 cggset bygcpnagl  HRAHLE, 28, M AMAN SRRk oPlUSy. By fRN20I nDdul e 28
transmts ?he apprgopna ero a‘il onal spee c_orrma}nél (1.e., a punp-speed
conao) si gnaldpeopemipaierysysgn wihip theseqpg bi the psens #vestenp conaol | er 44. At the flow
rate established fyysicpRhdnabic dHRAL BsodSbndNBle BX CEHERRbIIY ufl Mhdgstens UDS>r eam F2
i s passed thr.@%h fIFovg conduit 46 in the direction shown ucto an interior
f1 ow chanber W85 "& % eact or 50. Di sposed within chanber 48 of Wreact or
50 cs a coaxi al | Figbs ayxchematraisoaver ofanl dieinpryasmbotimettlofitrp US 2eagihi médulpi | | emi t
pul sed ul 4§ augRhG Fig. 5, SRdrert, th thERRAIESEenibOdient HITehcol mEdule fBrieAiRThidAUt PUt
conaol si gnalrFé?sent b¥ cont r ol gltc)gu.l e 2§h6t hr ough conaol bus 30 and

|

flashl anp ti mEPeBAesoEPyRragara VEF “BE E0M ai ns a pul se-form ng networ k

(not shown) and a power suppl YRe@isdPeshprianythelhgagonf | uent subsaeam F2 fills

chanber 48 ext er nglskyd KeRinfodS the 3R Grenooh bidades Imathoid bgpasius BRl | 48a of
chanber 48 is one or rﬁ)rde Wtrlacganusil on tidetﬁ‘%tﬂoass 5:§d Fr ef %:‘3?')’ 30

posi ti oned i NRATBPICRELST R PG MFIELT =iien. U Pefsgredit BorRe ™ Fashl anp 52.
Upon comméhd chreymated with Y -sensittiel mestop@argemd arig\prepmicqeipernde ont r ol / r eact or

i nterface connectmksedareid, the felthsAdR ot inhiNes, "Moﬁﬁm&ﬁf' BXOWdeandahifiadakt & f or m ng

network and then_ i.nto. fl | a 12 UBSTI TUTE SHEET (RULE 2B 02 April
2003 W0 0120556 B Ot 3 et R PEem TG SR g bR ee
el ectrical erresgpporodingciaficurof grganicicprapoyrds. flere gariculuiynbaioregoing wimseganathithi n

flashl anp 52 :mm%@d\us@uaumgéa?amammw&sdemg%ﬁﬁ Mﬁé&ﬁﬁnﬁiag pu: se of
e Ul a-rmi ed vol une

L~~" ligh "I.bis pulse of UV light irradiates, t

Wi thi n e cRAUNBEM PO e misror iy pras » £ e bengep EGHED!S € uf¥or bed by
conponent s i rpherodpsdcawa of dR3st subshindabpativs pethd@ ghns Gixic demminods @reseachithed 5

sol ids. The Iiialig difledVo X of loHRG SRR IS THRLARACHERRT ) SO 15
captured by a detettor interface 58 whf ch sends a corresponding signal to
control nodul ECFEIRIBEREbRITCYTe Bothrhaedssepnrad chebigt densioanal yzes t he
signal received fAson BedbGthQéspictib tiefatcbehPuditd BRREGeRdd AdYppaes dthissever al
accept abl g, di {oad « =1s d esulting ,in a n t hat

repr esent gotﬁ‘i&ﬁhg%%e?’gﬁgﬁn@gﬁu\?ﬁ’%%s %?ﬂﬁhgfm%é’? N a%’lrlc S ?’"g?%m. e.)
substrearn FZ§nsi¥e "heoreprisme 27dy eriogganiieopdeitnds ed during that 10 single pul se of
Wlight. Meanwhile, the single pulse of Wlight has also irradiated a | arge
per cent age of m croorgani sns and/ or organi ¢ conpounds. Based upon () the
vol une size of chanber 48 of Wreactor 50, (i) the known W peak power per
pul se) and (ii) the known Wtransn ssfon for that pulse, the control nodule
28 then cal cul ates the Wdose (Joul esu"t/ m- applied to chanber 48 15 duri ng
that pulse of Wlight. Note that this Wdose is not a tine-based dose rate
but a discrete quantity. ConparsusgTITHTE SHEEGIRURE®ELe to t hat which has bem
determ ned by the operator to be the targeted dose, control nodule 28 then
cal cul ates how many pul sed doses of LTV light are required for a given
volunme of fluid at a given flow rate and proceeds to performthis in an

i dentical process for each pulse. At any instant) the operating paraneters
can be adjusted as required by 20 control nodul e 28.



By the tine substream F2 has passed through chanber 48 of Wreactor 50) the
‘substream has received the dose of WIlight designated by the operator and

t hen commanded and verified by control nodule 28. The resulting

decontam nated effluent E2 then exits chanber 48 of Wreacbgr @%Ognd) as
di scussed above in connection with Fig. 2, enters effl uent ut 38. 25 A
preferred enbodi nent of the detector |nterface 58 makes it p055| ble to use
m each Wreactor nodul e 34 one or nore auxiliary contam nant | evel
detectors 60 dwgmesds t o nonitor indicator organi sns or coPfFAREeRss21
Preferably) a detector 60 will be disposed at an inlet (i.e., upstream end
of chanber 48 arid another detector 60 wll be disposed at an outlet (i.e
downstream) end of chanber 48. Such arrangenent (i.e.) an

"i nfl uent - ef f | uenkhs defREh) BIterdB URFsErakil € BAER Pbpeet t@the detoe(gﬁrmslfrs albrgabic
particularly advan ageous in, that vi de

capabi | i ties AR é g"'?mmfl 'IlFendr'c @%c"?cénassﬂ%; %ﬁmo?%"s&r@f&qﬁ ctlﬁgﬁég}éof

| ar ge- scal e Wophonddiilbudeiomthplodisserpper whee pubiseted o VY ‘B’BB?S’I’lTUTE SHEET (RULE

2B) 02 April ZOQﬁwawr,mkﬁ%&B&ePﬁ%usawm&a&dmeﬁmwgd @Qm/e m connection
v-nth Fig. 2, afluldl vel sensor 24 1s ajﬁeragihyf d within influent

reservoir 22, dFQu{pRImaton R 33, PR L™ 19 H5iBPereg rthactl 5"8?'"‘5'[?%6‘@ y be
u, f ot Tnat i on dsal 16 datritapinage dadeg oDBhepfiidsh uses this ~nformanon to cal cul ate

the ~nftuent flo LenRNIRRH LY Fie SR {RGLIOREL nwmﬁgﬁm Gfvahdew rates of
the Wreactor rr[)\élvt]}li %t'?c 34. At any fnstan‘?&::ﬁgntsro g z'28 knows t he

conbi ned decofemhrtiAniof Fresad Rek PeY e ptsitye Prstsblydhe PP'FFQ%F‘SP‘&H%W&'I” "epeed of
the integral presadt inddatic@rh3ea@eiwdd tutput fadgeiofi @ Baetpeadf Al @ahokedd each react or nodul e 34
sets the flowrate f t I -F;@gi L | .

rotati onallbspeed ?hs l&; ash%ﬁ.;,{&?d“.‘?&% Hg'&l{' g @%“ °?ﬂ§€]h"§ggja{nllcgs§§bet ween

t he control mbemﬂtemz'smmfvlwdee'abﬁe Ghlseqreasfilled flashiamps Rus asghesewedip dag cont r ol

bus 30 and c Essmn&&,ea:cpmncelbmwda@m wmep&m cordent ;Sulsletdxséhh'gédhﬂ'oﬂclghOW rate
demand establ t.he cg\ntrold cpule2.€§ h f}%glél u-lndp telli.gence to
nonitor and a %’g}k‘S‘Pt'ﬁ"éz‘"éperg“t’? Mg Com "t ons "fsE)r SACh regeor daile 34 and
t hen determi rrerertaﬂpeoad spw@'mmnserbmsh'ampssmcﬂlmgsloyrlmrtwtwc*raea@pmpr knptenl e 34

that Wl 161 e@tdseloPBeidHigh efibikries au&d&uﬂ tJ @@wu énegy Jommtohemmwomcr Lvg

decontam nation s nc%.;[reesm Fa tOI‘S Sp ms 1 poss leandm Ctd?srmb?n}ors ec:ﬁc < 3P Fca ons.
cona, bute to ¥&FS anary | f)ase i e out put P<pefPPhirse of the
W El ashl anp, FI t efuiseble ﬂn*@u‘pmé meedfeq pubesenwnpbw@ered?r updie ther\lmfesreats hl anp,
influent Wt rl%%&ﬁﬁ@&bﬂﬁfor&%p&emw da&eNBLE,8M 95058910048 £ 508428%; edch ON rat e,
flowrate thr q}vgl}&mmc rpomedﬁgw(‘);mc react or 50) average W dose per reactor
nodule Q" & Rrar ni ngs, 8 and operational readiness in each

reactor mddul e 34“'3%[612@!45‘%*15@@4 N presed invhsiog wntapable ofieeiinpul @Biotelight
contribute tonbdig vﬁ%hﬁh%dm HAR; praymy&mﬁzbmmoas SoGSIPNRHImdt by €d W

dose for dec natio ulati Qns and/ or | ook-up
tabl es for 28%30%"3 am n %dé’?@"ﬁ"w%alf?’%{’nﬁf’@g? SRS hond SPREFfi ¢ operati onal

criteria, decryprmeMShm@mmsqwmﬂmmm ngs) alarns and readi ness
pl an, operating apdh s@ketigh i sRSryaueBbipubtsQf BiGfriolef it e%ai&e@rbylatuv

conmmuni cat,Lon for ni t,or. enot e |on and seryice. he appar at us
of this i r%g hlarP "{TLF © mas °d%’ ‘P"°Mg‘gﬁ"% yhgveag intengity %\fﬁﬁlleﬂs‘rpsotli?’f'ﬁ“ PBut si de of
est abl i shed Iﬂqwqcymﬂtmmapyaﬁe@lﬂlfsonc@nuwmm 80 Jpulaipek shuarercergimeted. Fachbe

aut omat i cal | yo fli SERGAAEL O of Forh ts%u@aaﬁaro%mm‘é iR ! hereby ensuring
full conpliance at all tines. Ad itionally, zero hydraulic head | oss"
design of the applic&iifdergyuop el ﬁ(?é'?‘ﬂ"f‘b‘ﬁ“ﬁ‘?@i P‘EfFfF‘Sh' @t doytié dvant age
of pressure-isakat Bdzand nvly i ndependent reactor nodul e operation, but

al so the pgtentia [ W d t on ontribute
essenti al Ifg/ zero tc%’%ayu%ag'eﬂ’%ea R"Fh mv'deggptgm\ﬁa??fef%‘tagb?’p 'é@l cialim 'go Fig. 4
illustrates a’"'bP'é‘f"éhOf@elike?Pffoehfn*éﬂt of the Wreactor nodul es) used in the
present invention. In this enbodi nent) each reactor nodule 34 further
contains a mcroprocessor-based reactor-control unit 62. Reactor-control
unit 62 is disposed in elec~ical comunication with a -14 SUBSTI TUTE SHEET
(RULE 28) 02 April 2003 WD 011 29535-%PCT/ US00128821 system wi de contr ol
nodul e 63 and with ~ ariabl e-speed punp controller 44) |.'~" flashlanp dn~
er 54) and detector interface 58. The use of reactor-control unit 62

redi stributes sone of the consUBSTHINITE SHEET (RULERS5Ssor power and
functionaltt~~ of the systemw de control nodule. As nentioned previously,
by using a 5 reactor-control unit in each reactor nodule) each reactor
nodul e can perform much of its reactor specific nonitoring and

cal cul ations) thereby off [oading both the I/O control bus traffic and the
tinme- sen5| t| ve, 5| rrul taneous mul ti pl e- react or rmdul e- speci f| c rmnl tor ‘and

I Y o, M . . M M - -



Because the Wdecontam nation nmethod and apparatus of this invention are
‘ideally suited 20 for (but not limted to) parallel operation of the
react or nodul es, the apparatus can be sized to the wastewater facility's
requi renents by sinply selecting the nunber of identical a@gp[pﬁmgortabl e
reactor nodules that will accommpbdate those needs. As discussed previously
herein, the decontam nation apparatus of this invention advantageously
produces in real time an active, independent and precise punp-based flow 25
adj ust ment t o weaeiRIsAsr eact or nodul e, thereby accommodat i nd‘C%S@QWbmsl y

wi dened range of influent conditions with mnimal inpact upon the
infnstntcture of treatnent facilities. Each reactor nodul e incorporates an
i ntegral variabl e~speed punp such that the flow rate of any one Wreactor

nodul e does not mAYSY ARk if QEP@r@bl\ahoGﬂaﬂ:g%leﬂarJoh%roFelcQWthstH:){h gtahar. W
react or nodul e. Thus, unlLke .t he 'gm nati on ar a%ous shown in

n
Fig. 1, nond™BPEFhwag P, o@”%%ﬁl”é‘g i"ff'f§(5° Y F5 Ut ‘i?é‘"’ M’t“n Bt esent
invention canphdmeses its own performance because of the flow rate changes
occurring in ot hgE MJ GRAGHR tan ?\%e%$a UPSesRrad GRH] Ldh 2 thlisEﬁeeWr oaRetor
modul es used in the apparatus 0 his | nv ennon are capa

i ndependeéht |YY-SeHMEWHY opt i num W dosage. -15 SUBSTI TUTE SHEET (, RUL, E 28)
02 April 2003 V@h@&hﬂ&'&&ﬂz B&uimmﬁﬁﬁahmlmeepﬁm&bommhrﬁvﬁf sy exists

wthin the CQ nt| nug conmun ~e ns,.for cal cul atsng W
dose, ~t has tffec’" Q(’:fo "ccs '6’3%5%’#‘6%“% mtd° vc?ew ccfogumab *§87%g the a~~erage

fl uence rat edmsr'mzsfo Pﬁb”@k‘p@@'ﬂ@“‘t» theesby agcogeodatdsdn exrnsly widgeddmange dfave used

the units mMﬂﬁén@EBle‘dﬂHtHMVﬁn%hﬁﬁ‘a@ &mpﬂrmmw&ueﬁn&k fABkeRY. JEachli@icr | S NMDSt
sinmply expres atl on dosc)

) Lo R pRe i NG (NPl R Brtlet PSP A TR
exposur e uneroveeansrdsatd iBlicatidneof ot wlin royl fihe) e ellomvaha onlpa pdseive shpiafial )

mul tiple- souspgﬁx.r,canmﬂpu&mx,@tA.@me.rmqr:sl& ,e(ermn&lnnmc% cal cul ation
and, in addltlonto onsi deratjon of the drau flow rate variability,

usual |y i nvEPUREs DS ‘Pi“ﬁP@‘°I§o‘|’Y1P°“S'bﬂl“t‘§“’SﬂFﬁvﬁfq fbfrhawpma ROEETYRYS n or der
t 0 accomodadnge ¢f A bicromfi 30 @t @toreh Be thy arcthad, tieifiow Fute\& Biylope IV tedii@ugidaleldoet he

reactor ypl mggphysm‘;fohecgmnge, g[\ﬁy O&L,Clwe&twﬂa&me xégfxgpag%& t' cal

poi nt - source e axis o escri quatlon (rr)
bel ow. (I n IdFaryefomfspror ay o %%mfcwd‘r'm RpPRIRY @ thepresgt invengien mst ang
| ongi t udi nalnees@iydormairais i resEEerimawe batdusd df da by kit tliingaalduad beagbdiemnat e

system wi th G\h@,cengaame Ofhelehie me&no;fmtobﬁom #h mﬁpﬁmo%s nP&abMP 1(r,
z)i =|nten5|tl% i on attributable to | ~ pornt source 25 p

ca
- lanp out pdf 6668?"‘ "‘ R ¥°°B'F""}§(9P'r‘1‘[‘""é‘dﬁfj?fég§ used to represent the |anp
p - drsté@hce fr O poiiptingsadnoodiniton bigirahdtied of this in2dntF(is proddddy ot | on
coefficient fiendtAtd &s@R%E! QREI I tbg,pﬂﬁgfg . nvel ope a
35 a, - absort tg‘lmon cog‘sfl \él ent o?au}ez ezs‘ﬁ?% F‘ﬁ?sdo?%égéugSTl TUTE
SHEET ( RULE ™98y 28 2 PLagypst §2 iy 6'63‘) \'?@Cé?ﬂl"zgﬁbsg’“m“m Sperating sccario for any given

set of influent conditions, independent UV reactor module(s) performance conditions, and the

required output conditions of the effluent. The control system acuvely and independently regulates
23 flow rate, UV power output, or both, in each of the UV reactor modules.

Fig. 1 lustrates a typical UV decontamnation system of the prior art.

Fig. 1 illustrates a prior art method for decontaminating water using UV radiation. In such
prior art method, an influent channel or reservoir 2 is used to hold and/or move the water (not
shown) to be treated. Disposed in fluid communication with reservoir 2 are a plurality of influent

30  conduits 4. Substreams (not shown) of the water are made to flow through influent conduits 4 in
the directons shown. Conduits 4 contain gravity-flow-based weirs or gate controls 6 which provide

mechanical flow adjustment. From conduits 4, the influent water substreamns flow in the directions
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PCT/ US00/ 28821 For any location (r) z) the total intensity received is the
- sum of the contnbutions fromall of the point sources within the system as
shown in Equation (11n below (lit) I(r,~~=~I(r,z~,_, 5 VChere: Equations
(11) and (I11) represent the basic Point Source Summation &Pﬂﬁ' §§nce this
nodel provides spatially-dependent information about the ITght I'ntensity
field, this informati on can be used for the prediction of radiation dose
accumul at ed by each particle in the influent stream Such prediction is
illustrated i nwbauassison (1~ below. r 10 (|~ dose, = jl|(yh RET(NGEK28821 dose, -
Wdose received by the 1'" particle 1(t) - tinme-dependent Wintensity t -
time 15t - residence tine of a particle within the irradiated vol une The

i nactivation of bacteria historically has been approxi mated by first-order

kinetics, anduds %Q%Ks@%‘?gd ﬂ@sﬁ&%sat&ﬁcrfcﬂfosuréieaﬂuawmrgﬂi Erhidid) dadiadkep ng to
Chi ck' s Iaw(Chlck cterial density

after exposur@f "\N‘fsi%ﬁﬁtemﬂﬁﬁ" subsmaams g a‘f'thbo%t eruem cor&f%’?s llblwmcﬁ%so Tnactivation
rate const antweom@stakosgolsk. From catdoitestPiithe cffuertt bsuarhy figivito ewéﬂtw tappdher~ t -

exposure ti g, LSOO thSQ.bL&Iu@st“t.:%mmabteqorf J&Ll-.@&&\ eWed;@\QQFH amuraﬁ..t i on

desi gn rmdel s, practitioners have devel o& rED(E1 gn‘gsg %t‘) ﬁ?ﬁs t hat
necessanl y> migor 1opesdieessdimibr BirentarEr e L BF PV frhlamp b3kt S MIF AT Er s, These
nodel s t hen ba&edmztiﬂ&;eb:&amom‘mnmcledt atbityy eyst Brlispwed teremmrite pndrbrti s

out si de the Sc%pgﬂh(n)s]:rattn{}n?l LVE0 crucs "W’%é'? gl he existing con~oversy over
whi ch nodel i's Fhe econr ani naaon performance

prediction, the ekd,revhzénwmdxarwsmﬁ?‘@wp@gz)"etheusapf prssHereshptistfiodndi ng 17

SUBSTI TUTE SHE&ET&R% %0 eirs ng’%tc:@&{ubisGZ»(RQBtemlehz%Sé REENSAQLR8B21 (e. g.,
Ernest R chl ey ti.m zat i Process Perforpance in
L-ltra~i & et E'B‘ &} n“f"lh g i‘igﬁapéc“& %ad'"sqmtat-rgr AR = {ﬁg'r g? | on

Proceedi ngs, cBigtoh e 59*85 of pentitugpsoare (Tt @prtaelsed) UVemas duatrerholeinmf ect i on:

Chl onnat i on \ige or %Msx@lﬁuﬂ&%&&@é&md Hnmxs&h ty;i:dallyQEhGlﬁf o Savitpl&y Fddk SleduRCL T ON

between this invention'

di si nf ecnon ASJEY *“PEYRE B‘{T"g' € ‘ff?ﬁ?%‘"tqﬁ%?tbsﬁzl%é‘?’r‘é d't‘lr’}‘é‘"f)‘ég C%P’ef;‘ld)“es ?Fﬁ%é‘rmdel

reported system, the practical implementation has shown 2 very much testricted capacity for changes in flow

15  rate. Anyattempt to accommodate 2 flow adjustment 1n one lamp bank, channel or manifold,
whether it be by an adjustment in lamp output and/or lamp temperature, UV transmisston,
contaminant levels, or influent flow rate, can adversely affect the flow rate and UV reactor
performance in other branches of the system. This reactor-to-reactor dependency further limits the
available range of operation. Installations that use such systems also require extensive construcnon

20  of and modification to wastewater facilities, along with a lengthy design-to-startup schedule.

A simpler, quicker and more capable system is needed by industry and is provided by the
present invention as illustrated in Figs. 2 and 3.

Fig. 2 shows 2 preferred embodiment of a decontamination method and apparatus within
the scope of the present invenuon.

25 In Fig. 2, decontamination apparatus 20 includes an influent channel or reservor 22 for
holding and/or moving an influent fluid F to be decontaminated. Preferably disposed within
reservoir 22 is a fluid level sensor 24, which is connected to a system-wide control module 28
composed of a stored program microprocessor. With respect to control module 28, the term
“system-wide” means that the control module exerts control over all of the UV reactor modules.

30 Connected to a side of reservoir 22 is an influent fluid conduit 26 which directs flow of a stream F1
of the mfluent fluid F in the direction shown. Commands (signals) transmitted by control module

28 wia control bus 30 cause fluid stream F1 to become divided into fluid substreams F2 which flow
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in the US EPA Design htanual for \~Uastewater D sinfection (198G and cited
in the 11' astewater Disinfecnon Manual (\Water Pollution Control

Federation, 198G wll be used herein. Such nodel is illustrated in
Equation (V) below (V) IV IVo exp 2E1 | [ | + 4u~~~ + N 1f Agilhppe: a -
velocity of wastewater through the reactor (cm's) x - average d| stance
travel ed by water under exposurt to Wlight (cm E - dispersion coefficient
(an2/s) K - inactivation rate constant (s-1) 15 'The inactivation rate, K,
is an estirnauowob@ess upon an enpirical relationship showecirmsdsassei i on (Vn
below. 6 ~n x=a(l..s) \Y here: 20 lavg - average WIlight intensity within
the reactor a, b - enpincal coefficients specific for wastewater conditions
Mote that dtis nmethod, along with nost other disinfection calculations
required for gasdohditd it Wl flckBandUItORE S&RiGYs Attt MBOE sbardkhyFhetheoncer ned
wi th typicall react or - specific and 2 [ such u:
exposure ti rTE‘Y eﬁﬁ&ﬁ owr) Mo pgara]l encécn%ent o?tn\é?per}/dlcnqg aé;t\:ls\gtﬁé?%jgagtgm ?JTchM

t i me- dependenNow/hitplthewgh eV rkaqtot edujsy sedwpsce menﬂiclcm}"&ﬂﬁe"u‘s%g é’)f‘heéﬂm ngl e

pul sed | anp Igaceﬁ%&ukeﬂ&mcdmldnssése&n batifathRemaaN at e del i very and
determ nation of UV dose.

di screte ul s er gy
del i very method of¥ Wcﬁré{’gf'ﬁlﬁ ”’i '8 °ﬁf?§f"gb§?"5%{lgﬁ°r'§lﬁ?) V& R °B"ﬁe%d”é§)éndent
el ement from dida@sed algeutratubnein w3 rifrerio 5p e, kirowss FRere subgced' urafidlaw r at e
(in m8/sec), ﬁmdﬁeﬂawéum ﬁvlhm{eth1nqncrwrgam;rQe§d/%pzau;e BhctodlsQaBBNHPN at any
instant, t hen terms "av erage fluence rate" and "exposure tinme" can
both be .18 ‘SHESEPMTIIPROSHERrey RUIEUBER™: 02 April 2003 WO 011 29535
PCT/ US00128821 r ePhca gatnebiyof Sublutabd Fsn J¥ reaqdatinioaiiles(3d Weomplere shetrb@lnngpul se
repetiti OED r géeapntn(nﬁ;lzd sul;!pg.lrn?%f) hw ou?c?ﬁ?odﬁ%%? %‘ xﬁ@&mn&(‘ﬂo@ﬁ’ Tn?%c?ﬂ}?.\’:‘ﬁg& ently

nmeasure U I1C neter
~~~. ~/ nB), anwndyisis. Bfffyenipubsipage ﬁ6ﬁ°‘1’rg‘fﬂ¥g"§f"‘i‘h‘ﬁﬂ? "ttwfﬁucabﬂ:{ﬁrcapevw hemtified
vari i’:lbl el. ~ Addhi éfmaalsdbymﬁshe. K‘cQ&iﬁiu&H uﬁi’isﬁ:@l@&ﬂﬁ:ﬂiﬂu‘ﬂshmt thcExﬂa,QKef)r of a
single, linear e -~nt e

uent cfrP]cem H’\ei‘l | Ver %(B ll’LdS'lC éi ECﬂOIF] OWTlt an %UCHYHW pé)OIﬂtn fro

further sinpll I es esscunbersone
approach t owavhsh cfpentituid i can be pickédmpland delivgre fsdp%fﬂf or mance. is also

advant ageqys to CEy. 6 lbsedr a%rewdeeeam»oﬁhcawuﬁloraemmrmeqeme picfd@lof L1 Me)
instead of b g areal-life vperanon of the process nethod ? nd primarily
relying) upon ’bredl ctions of reactor performance. The nethod of this

i nvention ermbodi eds shdyingn Figrpanflueny fluidijubtiesrc k3 eprgrs UMyeactor ingdujacf4 irkthodiactiph at

various W di sisdsaealidaodn: pabaiuit @nsu&aamrmreﬂue%aumea&bmmgm fRVGa@ desired
out cone by de sgghmeyl‘gq}g rgtpu%na?pt mtcg?l ba{au\{ltellr; varia ?Eggc%%é)gzn 4&0'5'hetrgt?no§£em fic

process. roc anang
contri but |291g SPaéPm'@P “f'% Seibd cwltre\mdalt é m@P&blC@@lﬁ\‘d%&?ﬂ%@ mwtdqﬁsntawm'q evel s

and Wtransm &&i p:aprﬁ:baoﬁaa&ﬁepeestdne&)\a(. anqu&pqx sigibl) ol mepW applied to
(and_subsequegt(y Sbeorbed) v et aret £0,5rgan STiol Corpaung. 5 nce
these thrte 1™%°THCISrISPESAT fat e E'He e SRR Ry FORFR TGS BF HIHE  t he

process ef fi cpydp 42t suirsseamtfés;@qsmﬂeelgh zﬂe*t conduittdh attthqadirecuad dwoe'e giechn Wnprh e

nmet hod taught ﬂob%ﬁ:ﬂ'lba 48 ﬁldmghSdJDSposE&h@ﬂtchMcr ofl6¥ ceh 467 0 lstarl@axlaliyAfG
patent's gets for | *eachéagﬂs rsgg, e g rlarrel\l\ggk .around whi ch toxic
subst ance rramﬁe %I‘e"' P8y T B "l‘."‘g "‘f SRS IR PRt anps (i n
terns of bandqmnmdd G caaﬁem;arg:@uawdﬂqbemﬂ) ponie conirpiirexdgle 29 thwpghanakrabbus3¢dnd such

teachings at eﬂa&hﬂmf: ke shY P flarflp GiverBl EonBlUTEUE AAmB ndnititk ROURERH YnaGONdi ti ONS
wherein nearly all successful W.dissociat]on processes hav a been_openly

performed by REFPRY (MGtshary 8 sflueptiubsgenay F2rfillysharpkes Hratermifygo F’é’d’t‘“Ptslzrat t he
broad condi t i Ssed@tih inhdd @al 4BMoftchnberl48(s dpadredvke UOrABRIBMRAISE 6 Seagrgfebiul t i t ude

of real agg p@&.easminomn%e o 9@&.&9&05%,%@%% gtirely unspecified and)

| i kew se, out correspon re w?errents) does not in any
manner express anyren qulgmﬂhff%‘a?ﬂmr@ moéhﬂf) 28@@¢Hmmeerh afronrifredatgsinferface

connector 31, flashlamp dniver 54 sends through its pulse-forming network and then into flashlamp
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2~ decades been a very general and common know edge anong those famliar

'wth the art. That is: the variable power output of pulsed flashlanps can
be tailored to fit the desired Wconditions determ ned best for a

particul ar photodtssociation process. if one defines the rapggpbogane

vari ous energy delivery nodes (such as average and peak power, and so on)
that are useful For nearly all Wflashl anp-based phorodtssoci ati on process,
then that range would in essence be those conditions set 30 forth tn the
~146 patent. _tgouBsi8STI TUTE SHEET (RULE 26) 02 April 2083/s00/288219s3s

PC T/1JS00/ 28821 Therefore, this present invention utilizes the output
spectra of pul sed flashl anps m ~-anous conbi nati ons of average and peak
intensity w~th~n (and even outside, i.e.) < ~ Hz pulse repetition rate) the
oper ati onal [s2ustds, Hgheek fv«ivedpnbyotchemta!mabrgpwtemm thesga(ag-excews eantained | y al |

ot her users QIitthﬂ¥hl§rL@§lh$ @tm,ct ﬁggmgmgmuoare.aa $018 HRCATIRS of TPRHORRR

literature clearl § his ev ﬂentr gﬁedthlsflelblhry m _out put
confi gurati orPuls§ ¥ P’d‘é*d 'W“ﬁd*r“s‘@ﬂ TRV PATENS e PrarEF b oftis e resh porme made

t hem an i dealof @amght d atiserbatd b E@npgtic@abd sypbswadiry F2) ghclnBuspdnsedasbidls bridtddsbied | es of W
light is beneflcialy, Eutﬁﬁgwﬂetmatgg n BV LSRRG Sor qqméer@}ltstsa:qﬁgsa@tym%&&&mdat e

bot h varying PRt ue t put conditions revi ous ‘processes such
as that bughtinterfceg8 whiclyseags SC°"P@?‘E’|'F$ siggs! to gorargtangrini 2§ dyropgh q0ﬁﬁ‘ﬂb“5H&ve utilized

turbidity detQaksmSdule s ahakReAPASK rtBioR froheddsli .,ttmaecsss dptntamest aa,&mt be
reducti on of 10 ran aﬂrfﬁgr%‘hl n wat er gijg Lo, t he gres nce of . qte\nde
particl es. sfvﬁ'B F el [PaEmE™ P BTUlRR 7 2 Shre B 'e%'f)sﬁ'tsr i on

t owar ds an optairsmxszled' fod Yo patmlai sice dgnsibdrre §2) af ofantfluidfendohitgeddvons tha: )
turbidiryss SQQLH@LLMﬁéﬁJ one Factor affecting the ability of Wlight to
penetrate the reagtor v nsm ssi.on, [For instan m nut e
amounts of certai ¢ I"g?’e&\‘gb‘tfwetg‘e ’ﬁ’#fﬂﬂ?f“f“i‘%t’lh'%fcé"’@éﬁ drastl cally

| ower the permieodrgagensahd/Vidrgasinsmpesido rBased vm () the uiimetsiae bfi cblimibyr 480EEVIr enent s

L7 pon thatye 578, (o QLGRS 8 bBLALD X RS cotin W dose

i s deternined Via such l'ow turbi'diry readings, g%dnsequentl al
i ncorrect aséﬁﬂ'ﬁ‘pt“FEﬂﬂE°'F€§‘{ﬂ2§ﬂI°hc’f°l‘|'a’b‘éﬁ%‘éYé° V\(J‘Ei’éfétec/ PPlisth s W"atﬁt
di schar gess f rdasagtiacpupé afaPSight. Nbe dBakis UV doda @bt 4 diw.baked 8dsk bes:uhewcrhb ght is

attenuat ed g Gonal sk Bhed Lvy.trfimm%m f,mﬁ dheloflthor oJB1°

attenuation fact ans tance Iven

el ength 20 ~-thefepesed dose C%{t“f'é?ﬂfi‘stf #henic C"Eﬂfé"‘p‘h’ﬁﬁﬁl"g)“ﬂ @sawébwshtem |s

descri bed i n régice tfdr @ piven Volimdxd lghat a @Vénl ow Fate il @rocéeds to-pdrfofth s indan iditjcal =
abSOr pt i 0N CORILL ol B puk 4k bkl NS E DL o 7 L) & B C1)

Phot ochem ca%%rsocesses can ye ?ﬁ‘l t%’\%t ed gn y‘ by t ﬁ{tot%nggrtthigt are
absor bed BY tcﬁﬁmt'é‘? Yet®d nedi um Absorbance is rel at ed to the
concentrations ofByalizsiowe bibswgars Bhiss pawéhtagh dharalee ¢ df INGactad S0hhEgusataron (VI n
bel ow. 30 (VlhlaJrLccrebdﬂte_dose SPUv Eghl dclt/\%l @by Jtetcﬁcratgrana'dtgrpr! ﬁfm.ﬁr{li%ﬂ MQ&‘I%YSU t uent

coef Ficunt (Mlcm 1) at wavel en concentration
i in the fl uigreobppdide fis Fherepp 15 urgt)E2 they zxits ghamber 38 0ty / 29535 |
= pat hl engt h 50,af¥, as discussed above in connection wuh Fig. 2, enters effluent conduit 38.

25 A preferred embodiment of the detector interface 58 makes it possible to use mn cach UV

reactor module 34 one or more auxiliary contaminant level detectors 60 disposed to monitor
indicator organisms or compounds. Preferably, a detector 60 will be disposed at an inlet (i.e.,
upstream) end of chamber 48 and another detector 60 will be disposed at an outlet (i.c.,
dowmstream) end of chamber 48. Such arrangement (i.c., an “influent-effluent detection

30 amangement”) of detectors 60 is particularly advantageous in that it provides closed-loop feedback

capabilities that can further increase the accuracy and efficiency of large-scale UV photodissociation

applications.
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Absorbance and transntttance are related by Equation (17~ below S A _ -log
Ta or T, = 10_i' PCTIUS00/288Z1 Vil hil e suspended solids can absorb |ight
and contribute to a reduction mfJV transmttance) 10 rt is commonly known
that this does not always have a linear effect, and neither dots it
necessuily dominate the process. In ternms of inportance to &April 2003
phot odi ssoci ati on process requiring accurate dosage of WIlight, the
measurenent of Wtransnission is nore nmeaningful than turbidity. Therefore)
processes that WePY**#Bon nonitoring fluid turbidity when decevsionssmg act ual
W.dosage can be entirely inaccurate and ineffective. The nethod of the
present invention advantageously 15 neasures Wtransm ssion instead of
turbidity) and incorporates in each Wreactor nodule a-detector Interface
for use with one Qg sdES BoWr beHI&h S8 BF 20G1LR G- Essor FUCHefdatiPaipBtd i Nt er f ace
also allows the.addition szzafég)§i1| i ary, cont am nant tI_efycFI detectors. Such
detection t oo™ R PHUCHETHEIRE &R T P 0 & Al ™M h e P RE 2 (T ATEE B8 Gi ng
real -ti me i ndiaatlingdulod8 whgh isouls oo rartubtedlic iilgtne fievstale dsmad bas
M Cr 0or gani S, @A eheldebRbid 880 ks SFARGERLAS: mdiifts BE ARG (AR APRAKBLMs of the
present | nvention fo enabl e additional apd inportant closed-|oop feedback
: ks

capabi | i tids EHIPVCRFOPPPHNEr FREFRRTE-T HPEEYC RRODPPER &S of
| ar ge- scal e \nphaltvatblsgeaigiinp 42 isqopltaed in eath seactbr\imidile34tskre the 6vegaiferghe

descri ption | neldeslehale siaGlh Mebdra SRR &1 10551 Al BBk e art to

practice the I'ftvention) 1t sh ni ze e description is
illustrative rommyvacagprebeaer heseprohmadrlefBardtheorgasonaodulstpisaespiace #am¢ wi || be
apparent to t a8 bskso bdd@bndol)rchdi® inddifaceltannkdig 31.he benefit of 2~ these

teachings. -21 SUBSTI.TUTE SHEET . (R 2 rih 20Q3. WO 011 29535
1T hat 08 0 aned 1 M BRATTOS ST B sonrel S e RS RBERT S 1 1 ui o
cont ami nat ed worittant Falyzeshepgtratag eonditiqns (6 raglarsiconmodfedt end dngatermenedisopounds,

conpri si ng t hgpestu@REnuf setiingt Ao} caB @iof nBlicd ALRRE LW e QERNSHkFequikdd) 2
single W reagﬂt g‘r m%ul e or .a Jol uraPl i t‘¥ of.rWreczt;lct or 'ry%ul es)rl each .L~%
react or modul &° PSS ‘SPRY™AERY “YHe™ i FFPT st 57 RN ¥ M PR 8Mhbl e
speed punp di splpbediuiabasdies duphilerdiptr pulsonddedciashlampifilrereUrputh@ lebdpang capabl e
of rotating aLuls@oWﬂﬂfimMﬂdjv%MHm ?@%}iﬁv EROYeF Plise Pull¥BdetiidnC) @ W

T
reactor disposed in t'ge i n en | .ow condui wnst r eam of %he vari abl e
speed punp) t RE Rrrastee: F’ﬁ’é °'£1lrl1‘9‘f‘f‘&'°é ' BFrEhantReT PEGHoAmRii e () a
reactor fl ow padsadperiigs poseeshddpiwrotat gainesfin caghaeartor riddule 4. Facwraispedfatte on Wi t h
the influent fQWaGQRAM 18 thal BErERAG bREndiORLRBSARBRod-rite NABMH, Rirkdret  and
an outlet; ( ImZ’ a Wflashlanmp di.s %fed |,)n tc\lé]e. rea /t qr kf | ow passage and
capabl e of enf¥t{Ph JBRE " ﬁ?i‘?*’é“‘g f:@“ T tftiPP201/81 et-ypiahlst Phavi ng a
wavel engt h20i ndecéreamiyadondesmy paramekrest sierspedifes optrathd! erivgyia, dedot gmihdvien gystem bmitsnor e
pul ses at a WeidihgRfidnls ¥ndtRdinRUpiEopeRtplahd JeQide KidrPathQlothdbiiedRY 2
| anp- out put control . . . .
communications for monitor, remote operation and service.
In the apparatus of this inventon, if any reactor module 34 is, at any instant, outside of
established limits, the apparatus can immediately and in real time be automatically disengaged from
25  theapparatus’s output, thereby ensuring full compliance at all imes. Additionally, the “zero
hydraulic head loss™ design of the apparatus of this invention not only presents the advantage of
pressure-isolated and truly independent reactor module operation, but also the potential for the
entire UV decontaminauon apparatus to contribute essentially zero hydraulic head loss to the
wastewater facility.
30 Fig. 4 illustrates a preferred embodiment of the UV reactor module(s) used in the present
invention. In this embodiment, each reactor module 34 further contains a microprocessor-based

reactor-control unit 62. Reactor-control urit 62 is disposed in electrical communication with a
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20 si'gnal; and (iii) at |east one Wtransm ssion detector disposed at a

| ocation in the reactor flow passage so as to nmeasure Wt:artsmssivity of
a portion of a substreamof the fluid passing proxinmate to said |ocation)
t he detector being capable of gencratrng an output signal %@alj?dé(’% of the
measured W2~ trartsmssivity; and (B) a systemw de control

di sposed i n independent electrical corrvnunrcauon with each L!'V reactor
nbdul e, the contWOll2$8dul e bei ng capabl e of generrting sai d pegRReozRRed
control signal and the | anp-output control signal and of receiving the W
transm ssiviry output signal) the control nodul e being 30 programmable to
generate additional punp-speed control signals and | anp-out put control
signal s in respaARmEvideortdEmAAlle 6B WIS Gatiabletshagd Bingpahtioller SUBIThaiNRp dBHEET
(RULE 26) 02 _Ap , @>tN9s3s PCTI USOON8821 wherein the control
nodul e is prep end a first punp-speed conaol signal to the
punp in each h"1i rié'aeaeefrcmdeﬁneolmt Rasismbytprsopuefhacensidgrlie mcwprogessepeed

sufficient to QB\QQ{eri%rﬁndﬂﬁl@ydﬂhﬁE)mcxﬂﬁﬁ’dcfcér{n-SlthdLIQV\Asrrﬁ’Jnﬁ‘onEJ]lﬁrQH&H) Jbheunigaf | uent
flow conduit and the reactor flow ass urther er ei g1e conaol
BERR R oot o :

modul e is preprogPEmER SRR HIP" ‘?’T‘S’v‘x’é AT BUEH t he
reactor fl ow papsiigednitbing argigaltulagdns tirdaby eff- b@fhrtté?ma tfftﬂf@lconltraﬁps waifiqend the ont r ol

si g{lal to du thleéélmv@mu%tﬁe&?ﬁhnw :{eﬁt@%muner;pémé Ruofifdr &aga&.xawﬂequlra&mtsanp to
emt one or nore pulses of ultraviole rmned firs
energy per pul obth °‘f°ﬁE° éfﬁ‘é’“o?”“ﬁﬂ?‘éysﬁﬂr‘§1°§°’g’1° ’D‘W'FZ%/?%‘? '@?‘ e“rsgﬁtmmww"

wavel ength i n beodchbichddes feadt gaculafory theh theesgdrdmagidd doowo! 6bdude 28wladta ddam of t he

i uid thr ough G ddbd R El0s4n8 SPAIchbodelife HHBS! SPRIENRRR A ?hiqggh the
influent flow ¢onguit at the pre eterm ne ow rate; an 3 I rernng
flow of the sulssesiemps brmiskIgremfantiol £LOpFAl mpulaf3 raeiensartar PEFATDHES MOMitRR t o
the outlet thengddars sighkls frdhatack .h&p&u&suc&anmm &samfemra&t-xeu&eoms Spamilih

fl ashl anp and prOXI mate. 15 1o t mé/\/ﬂ;c{s nééglréglotonr\l éﬁtori A he syebstream

f1 owi ng through thé& passagerat the et er m ned. FPEY PSS wher ei n
during Aow of thish @amwwmqohmeﬁyb FFﬂé’W"P‘E)VW}S&?S‘HQE’}‘ '%tcrpchiserrbaasﬁ t he

substream i §5 exgReRAi EDwithA@ach RRctEHmodRlE B rgteileS BEm @fe cbHtbl AYduRies the Fhﬂmncem tted
by the Wfl ashl ar;gc),lsl LfEspopse to th he fleguvgmc%r it gy contr :fnegt?sal
generated by the' S P G S A e f R PR SRS o“nes of "5 ESSUTT hg W
transm ssi vi t y desgeacceprding 1°G*n= "2@“’8!‘ m?WﬂéMWemwmesWQUtpvtd}wnm endithy t he
deéI ef:tor Snd tn.&mm.tohlmdﬁswct&aﬁgsms&uw RutkWlip &lbma&c&‘%{m&tmnt{ol
modul e i ndicative ur ed SIVIt ein the contro
nodul e is preprog ram‘reﬁat g’%:d?l%’ m’?’@""gn m%}%ﬁ'g?ﬁsm%gsth\'/sl"f"mm"é‘ﬁ'df’"’E Hieed

det ermi ne whkt H‘EK"“E'P?é"’p‘G#EQD Eﬂf?"dPP'-‘PH@‘ ‘lfﬂbsqﬂ?"e'a'mddefb?’evpm@n bevaedoptheor nore
pul ses of ul t r i@ fadllity§ RdquifeR e By@FfhpR sdlediing @le@GmbM B10&Rtical 48 triggoriier i n i f
said portion of %mremo%g%;t[e gccéj"lmqodgv%osreggcslve 25 the targeted | JIf dose,
the control nodule 1§ nd ~ a second punpspeed control
signal to effect aﬂséwﬁ mwlwhamee thedecontamingtioh appatatu ofolis wonthei t and t he
reactor flow pa&&ﬂ&@ms]ﬁﬁ@ﬁu&% in(r8) ur&aﬁ%@ﬂdépﬁﬂ&‘t Q‘k!tppétllg %Ibm& sy gnal to
effect em s% on ul t ra%l ol et ght at .a second W

intensity afid/ or'““'"‘"' ¢ aﬁduvg?g%%ﬂﬁ“?a?’f%’ﬁ AP FW“PFI’E’"%‘ ¥ et =Rt at e
and/ or the sec mﬂdcnwonmoamlﬂt!ymaﬂdﬁmﬂ updnrtles isfgsymdre plikrgmedChdltiesaEichrragare such

subse9uent por tjo@Sind@fpotatdfanSid mms&w&ﬁﬁduch%ahh?ﬂ% OF anf D vRkkseS Of
ul travi ol et tlg’)&ﬂ‘f’i cel %’éw@r target ed V dose. -23 SUBSTI TUTE SHEET

(RULE 26) o589 93 65385 ¢ y PS4V rractot modyley Jusac cor di ng
to claim1l, whenldehe prionart deeonapiperion bppsratps shokdeial Fig, fidne BF helV rebdte mollbics lnashl anp
i's dlsposed o] . is.0f the reacto assage
cxt endny be%({/:ve??r%ta F%Mfarllm{ee?r&" out[‘ H(g(?'l"sc eog% gg"gmc%becauﬁomf{!n e
according to clangs occurggdt @hen UV practer "Pd“'fsl ésﬂksahpﬂithéhfs&p'esmﬂumthah

bet ween the i nhghrangd diuivesion &E capib@ of RAGEAEN] icﬁiwnr&%%muv%osa 4. et hod
according to claiml1, wherein, in one or nore of e ~" reactor nodul es
of the apparatus provided in step {1)) the Wreactor further conprises at

| east one auxiliary contam nant |evel d@tector.

d}l)(! JC!CC(?{ I%cr ac
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S. A nethod according to claim4) wherein the Wreactor conprises hvo
auxiliary 10 contam nant |evel detectors, wherein one of the detectors is
di sposed at an upstream end of the reactor flow passage and t he ot her of
the detectors is disposed at a downstream end of the react 3)5 fl.%oaassage.
G A nethod according to claim1, wherein the apparatus pr ~~'—°iH 'n step
(1) further conprises an influent reservoir for holding a Fluid to be

di sinfected and zn influent conduit disposed 1 ~ between and in fluid
conmruni cati on wohl$e i nfluent rescrvoir and the influent p€T/usooraseidui t of
each of the Wreactor nodules. 7. .~ nmethod according to claim G whcrein
the reservoir has disposed therein an influent |evel sensor which senses
influent flow rate changes and transmts an output signal to the control
nodul e i ndi cat i vewsife niieti @nddvevy dxat eidghangesnuoirad. lamk cowineud cacdordinng t 0
claiml, whcrgin ' ' ; ses an
ef f1 uent condii ?léchng %ggcgg'g%%\% #%g%%gg%ngﬂﬁéﬁoﬁpﬁﬁégsg%ﬁ%?‘ggﬁ%n with the
outlets of eafuanefatetmimes hiéxposae tror (nyedudsi MosQuthds hast dredithaemo rdishgn’t o cl ai m
1, wherein) in.the i ded. lde control
nodul e co ri@‘g%"qgseg%%g; u?%%&%tegn g’r‘%ﬁ?‘ E%E‘é"g'é%’??'egﬁé‘ﬁyo@%ﬁew;ge accordi ng
to claim 1} wherein, fh ‘?ﬁé"apparat us provided in step (1), the v

ari abl e- speed”piip i s a posi ave di spl acentnt punp. 11. A nethod according
to claiml1, wlerekn, Qi dbdagnparatus provided in step (1), each L'V
reactor modulg fuct hef, SOMMESSR e M@ DV RES SNy RRsed react or - cont r ol
unit which is, di sposegobdire@€Glcbddcal communication with the systemw de
control mmgule. 30 12 /K met hod according to claim1, wherein, in the

appar at us provi detheaguabtUe fuepde)rite inltte typicelymlldpleyodfe chithame vl larpaiatads aar e

di sposed in a parallel arran ppt - 24 . 1] S k. 26) 02
April 2003 WO°© f@@eéggm%fﬁﬁgw%gﬁ%ﬁgégﬁéﬁé;'g‘hgc?);ghaéco}cﬁ‘ trg%h%bg"ygl am1,
wherein, in tuseslpipylesatMplipls Pont SouseSummateapgraxmatierhia ofses fp agcppRodaE ty' 1-

f eac;I or nodul @sidRfBle dlhﬁp.sd)-sew duaumrsagagh d@&dﬁ@ﬁg&ﬂmﬂtm_e lgh@intendicy fleldbdpaid at us

or decontammanng a flui d contam nat t - -sensi,n~=e m rgani sns
and/ or ordé%y@%ﬁfﬂc LPRASsouE R ézla"r'fgc’?"f:.W fi pa“"s'?’n%ﬁ“g&e\%% “5?"83{0%818% e or a
pluralrty of Ul' reactor nodul esf/ eagh |.'~~ rea tqr nodul e conprising. (1)
an influent flow cond{Pt; /{=2y), a;?ﬁ Ha.sheedr p jdi sposed in the influent
fl ow conduit, the punp being rotatable at a speed determ ned by a
punp-speed control signal; 10 (3) a UV reactor disposed in the influent

fl ow conduit Wbifist ream of the variable

rLz = radial and longitudinal coordinates (respectively) in a cylindrical
20 coordinate system with the ongin on the axis of the axis of one end of
the lamp
I(r,2); = intensity at locaton (r,2) atmriburable to the 1th point source
25 P = lamp output power
n = number of point sources used to represent the lamp
p = distance from point source to location (, 2)
% 3, = absorpton coefficient for quartz envelope
t = thickness of quartz jacket envelope
35 = absorpuon coefficient for water
r = lamp radius
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speed punp, the Wreactor having an interior chanber containing: (i) a

. reactor flow passage di sposed downstream of and in fluid conmunication wth
the influent flow conduit, the reactor flow passage having an inlet and an
outlet; 15 (ii) a I1JV flashlanp disposed in the reactor fl@@Api#288YHe and
capable of emtting one or nore pulses of ultraviolet |ight having a

wavel ength in the WC range, wherein the Ilashlanp errors the one or nore
pul ses at an energy per pul se determ ned by a | anp-out put cg*%go%asﬁi gnal ;
and (ii) at | eawn0i@p@s Wtransm ssion detector disposed at BCTOTEET6n in the
20 reactor flow passage so as to neasure Wtransmssivity of a portion of a
substream of the fluid passing proximte to said |Iocanon) the detector

bei ng capabl e of generating an output signal indicanve of the tJV .
transm ssiviry: antPrerPpravgn chthr 1! R EeearpBe e of he rAdEER PP decui cal
Conmmruni cat i on i golir RaehH Wik dasten, 006k REqlHen @Ontisel nmodul e bei ng capabl e
of generating said punp-speed control signal and 2~ the | anp-output control
signal and of receqwi ng(te XMrtz)ansrni ssivity output signal, the control
nodul e bei ng programuabl e t @@ generate additional punp-speed control signals
and | anp- out pugnontrol signals in response to the Wtransm ssivi h~ signal
So as to casise subsequent portions of the substream exposed to the one or
nmore pul ses of ul t Eqatond (8} anl (Ttrepresent e bsic\PeinaSov@es fpetratbriiaids Bincedts. rlrt
appar atus accordi - A I : i I ed
toaxially 30 W Cfdﬁlragm %ﬁ%%@,hﬁpﬁgfnf\gﬁﬁ&g%‘ m’t"%ﬁ?’@‘é‘%ﬁ? ldg'vq\;;l ?)lg%g‘gaggp%ﬁt endi ng
bet ween t he i rifeaed fornthe prodiqrian of sdiationcdops scumplated bypach gapcisTp theppfuet ream. ( RULE 2B)
02 April 2003 )@ fockilcisASs3fusdBeedinl A8388%bwl G An apparatus according to

claim1l ~, wherein the Iil' flashlanp ~s disposed m-d, ~-a~between the Inlet
and outlet (pf the ggachgt {[I,Q)M passage. 17. .art apparatus according to
claim 14, wherein) i'n one @r nore of the |;~- reactor nodules, the W

react or furthe\{/heconposes at | east one auxiliary contam nant |evel detector.
5 1 B. An apparatus according to claim 17, wherein the |.~% reactor
conposes nco auxi idosn~=cont¥pssativer byt I"gatidet or s) wherein one of the
detectors is dispoékd at aFm™ufetfes Y érd<8t the reactor flow passage and

t he ot her t he det ectors“'f‘.§ di spo ed at z%h.d wnst.r am end of the reactor
fl ow passagé. 19. An appar Stue-according ro ¢ éf'?ﬁ"afi,mf"ﬂfther conprising an

influent reset,oir for 10 holding a fluid to be disinfected and an infl uent
condui t di sposed bl \Ma&RauaW 6 bhckerif hitbridall QRTBLEA ISl xinRRd B fitkk-drdeBkinebids| M@t
reservoir and thed icpfl uer}t ,,fdlgp,vv condui t Qf eggn, qf Heﬁq‘ }C/yog eact or nodul es.
20. An appar at Q& SECEPRHY 198 PR 8O WP SR S RSP 80 r ' has di sposed
therein an2nfluent |evel sensor which senses influent flow rate changes
and transmts an out qu%Nog‘h"ﬁl to die 15 control nodule indicative of said
flow rate changes. 21. An apparatus according to claim 14, further

conpri si ng an Wdd uent conduit di sposed downstreamof and in fluid

comuni cation with the outlets of each of the Wreactor nodules. 22 An
appar at us &tcor di rg to=cl aPﬁ“%ﬁh,e_ aftarsposuisee EHlight ol modul e conprises a
stored program mc oprbces%‘ﬁ'?j. ackegal sepsity ¢ apparatus according to clam 14,
wherei n the vari abKe- speedingtwpori rste gongws i \B-s)di spl acenment punp. 24. An
appar at us accor di nig t o=cl ainfnsidf W 1EY Kphrenagav/hid eact or nodul e furt her
conpri ses a m Cropr 0oCessor edpasedme sgasts)dor - control unit which is disposed in
el ectrical 32ommunication with the systemw de control nodule. 25 2~. An
appar at us accor di ni axepestaformulpe UNgeeantainimation desigh mpdels, pragttsheryfavederdaped nodul es

are di sposed idordopgleithddell thithE RS MRAinclud hurnRutRPRED}-biSedOGaPadhnigs. t 0 Cl ai m

e ot ! e AR Yeele M SR QLR petimante PR Sl Eop2SY ' ¥

this invenuon to tackle the existing controversy over which model is currently the best for UV

35  decontamination performance prediction, the excellent work of Blatchley, er. al., not withstanding
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10g simply and more conveniently measure UV-C dose nTermns of average U ules per cubic meter

1009<G109G (- | A3 QU e Hicdod QUG s LTI QOB C! *FO 1O%E () -

y109%&' ()- 109 l"(:) - I\ | 109& ()-'a [110%& ()-"-10%& (g- 21 445e555z[ 9~ _@!!p
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5566666666z Pﬁr'lslecl, LigIJﬂQreszQy €20 aastl:q:(y&'n@r ‘s:&ﬂ;@%&lht( aeﬁchﬁlof )4 Qgﬁ'ar(d)prd\'ﬁésfa less-

10%wu& () -1p cumbersome approach towards an accurate calculation of performance. It is also advantageous to

calculate a UV reactor’s actual performance in real-time, instead of basing a real-life operation of the

process method (and primarily relying) upon predictions of reactor performance. The method of
this invention embodies this important distinction.

10 It1s well known that various UV disinfection operations can more efficiently achieve a
desired outcome by determining the optimum UV delivery conditions for the specific process. This
process s a marter of balancing the three primary contributing factors: fluid flow rate, fluid
condition (contaminant levels and UV wansmission characteristics), and the amount of UV power
applied to (and subsequently absorbed) by the targeted organism or compound. Since these three

15 factors dominate the process and largely determine the process efficacy, it is these three factors that
are addressed by the method taught herein.

Although U.S. Patent No. 5,144,146 (“the ‘146 patent”) sets forth teachings regarding the
framework around which toxic substances may be destrayed by the light from pulsed UV flashlamps
(in terms of bandwidth, average and peak power intensities, and so on), such teachings are in reality

20  asimple summation of the boundary conditons whetein nearly all successful UV dissociation
processes have been openly performed by so many others over the past few decades. The fact that
the broad conditions outlined in the ‘146 patent do encompass a large multitude of real and potental
process operauons (that are entirely unspecified and, likewise, without corresponding speaific UV
requirements) does not in any manner express anything in particular, other than what has for

25  decades been a very general and common knowledge among those familiar with the art. That is: the
vanable power output of pulsed flashlamps can be tailored to fit the desired UV conditions
determined best for a particular photodissociation process. 1f one defines the range of the various
energy delivery modes (such as average and peak power, and so on) that are useful for nearly all UV
flashlamp-based photodissociation process, then that range would in essence be those conditions set

30  forth in the '146 patent.
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waste can drasocally lower the percentage of UV wransmission, even though turbidity measurements
15 upon that same fluid might indicate 2 low wrbidity level. When UV dose is determined via such low
turbidity readings, the consequentially incorrect assumptons result in inadequate UV dose and non-
compliant discharges from the process.
The Beer-Lambert Law describes how light is attenuated when any matenal within a fluid
absorbs that light. The attenuation factor or transmittance T, for a given light beam of wavelength
20  where the attenuation is due pnmanly to absorption is described in Equation (VII) below:
iy 7, =107
Where:
a, = absorpnion coefficient (emyat wavelength A
I = path length (cm)
Photochemical processes can be initiated only by the photons that are absorbed by the
targeted medium. Absorbance s related to the concentrations of absorbing constituents in

accordance with Equation (VIII) below:

30 (Vi A=) 6]

where:

€ ¢ = molar absorpu'on'éoefﬁcxcnt (M-lem ) ar wavelength A
and concentranon (M) of construent f in the fluid
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! = pathlength (cm)

Absorbance and transmittance are related by Equaton (IX) below:

1)
4, =-logT,

or
T, =104

While suspended solids can absorb light and contribute to a reduction in UV transmittance,
it is commonly known that this does not always have a linear effect, and neither does it necessarily
dominate the process. In terms of importance to any photodissociation process requiring accurate
dosage of UV light, the measurement of UV transmission is more meaningful than turbidity.
Therefore, processes that rely upon monitoring fluid turbidity when determining actual UV dosage
can be entirely inaccurate and ineffective. The method of the present invention advantageously
measures UV transmission instead of turbidity, and incorporates in each UV reactor module a
detector interface for use with one or more UV transmission detectors. Such detector interface also
allows the addition of auxiliary contaminant level detectors. Such detection tools will become widely
available 1n the future, providing real-time indication of various contaminants of interest, such as
microorgamsms and toxic organic compounds. The method and apparatus of the present invention
enable additional and important closed-loop feedback capabilities that can further increase the
accuracy an efficiency of large-scale UV photodissociation applications.

While the foregoing descripton includes detail which will enable those skilled in the art to
practice the invention, it should be recognized that the description is illustrative in nature and that
many modificauons and variations will be apparent to those skilled in the art having the benefit of

these teachings.
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10!'13)10%& ()-"3)10%& ()-"&s"'10%& ()-!'t3"F1094]1& ()- 3"F10 Hf-? 1~3
10%9]& ()-S~1234B}rg\= 10! 11 "109%Z& ()- 10 10 10;
@O0%& ()-y8F10%& ()-!(3)10%& ()-"!3)10%{& ()-"BN| & ~?g\ =
10! ! S- 109Z& () -W°$ ' ()-1~0g109%& ()-!al0%z& ()-f"100x& (HCI/US00/28821
10%Z&' () - &C{ 1wU6g\ =
10!, 10%Z& ()-!),10%& ()-!) ,109%& ()-!*0, 1099"0"& ()-!, 10%Vv& ()-!\" 10%Z& (
)-1MiA<g\= 10! F) 109% ()-M <) 10%& ()-M -10%Z& ()-SYd0%Z& () -
$10%Z&' ()-!N's10%ZZ& ()--v2}~SH= 10!! 10Z 10Z 10zl f; -10%& () - 8F10%Z& ()-)
10928 ()-M % GR¥E08mE sM <0) 109865& ()- MIBSHE 10!! 10! F-
10%b&' () - @O0%& ()-yl0%& ()-@"-10%& ()- 10%& ()-"10%& ()-] Q*<SH= 10!!3
109 ()-!) 10%C G & @)matodpRde(onamyiwgeyp duid jonpginaedygd [Y-senfuve
10%& () - Q/GVZYIZ,S'H%@;‘Q,'“Q £Q/4¢ 3%%9&&3;‘ coép#s;lr@%c steps of:
5 (1) providing an apparatus compnsing:
(A) a single UV reactor module or 2 plurality of UV reactor modules, each UV
reactor module comprising:
(a) an nfluent flow conduit;
(b) a variable speed pump disposed in the influent flow conduit, the pump
10 being capable of rotating at a speed determuned by a pump-speed control signal;
(c) 2 UV reactor disposed in the influent flow conduit downstream of the .
vaniable speed pump, the UV reactor having an interior chamber conmin}ng:
(i) a reactor flow passage disposed downstream of and in fluid
communication with the influent flow conduit, the reactor flow passage
15 having an inlet and an oudet;
(i) a UV flashlamp disposed in the reactor flow passage and capable
of emitting one or more pulses of ultraviolet light having a wavelength in the
UV-C range, wherein the flashlamp emits the one or more pulses ata UV
intensity and pulse repetition rate determined by a lamp-output control
20 signal; and
(tii) at least one UV transmission detector disposed at a location in
the reactor flow passage so as to measure UV transrussivity of a portion of 2
substream of the fluid passing proximate to said locanon, the detector being
capable of generating an output signal indicative of the measured UV
25 transmissivity; and
(B) a system-wide control module disposed in independent electrical
communication with each UV reactor module, the control module being capable of
generatng said pump-speed control signal and the lamp-output control signal and of
receiving the UV transmussivity output signal, the control module being
30 programmable to generate additional pump-speed control signals and lamp-output

control signals in response to the UV wransrssivity signal;
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1098 | "] & ()-m J&VaueRPs | & () - nvHQTCQuaBbC 10! $ PCT/US00/28821
1.10%H & ()-!'1 @10%}| 4] & () - @) 10%4| & () - Y+10%4| & ()-1(-10%} & ()-9' 10%}| &
()-u *+,-dYNC 10!'$ 1 104| 104| 104|s; @0%| & ()-y8310%| & ()-F
410%t| & ()-310%} & ()-F1G 10%!t| & ()- -; GdBYNC 10!'$ 1!10%h& ()-L,-10%
0& ()-10% h& () -&10% h& () whereri homange) frpdyleliOprs trarmedl [oP¥NQ@ fipg pump-speed
10%h& () -g!*3f 10%>&dnksl signal to the pump in each UV reactor module to cause the pump to rotate at

a speed sufficient to provide a predetermuned first flow rate through the intluent

fiow condurt and the reactor flow passage;

5 further wherein the control module is preprogrammed such that as a fluid
substream flows through the reactor flow passage, the control module sends a first
lamp-output control signal to the UV flashlamp in each UV reactor module to cause
the flashlamp to emit one or more pulses of ultraviolet light at a predetermined first
energy per pulse, the one or more pulses of ultraviolet light having a wavelength in

10 the UV-C range;
(2) directing flow of a substream of the fluid through the influent flow conduit, the
substream passing through the influent flow conduit at the predetermined first flow rate; and
(3) direcung flow of the substream through the reactor flow passage from the inlet to the
outlet thereof such that the substream passes proximate to the UV flashlamp and proximate
15 to the UV transmission detector, the substream flowing through the passage at the
predetermined first flow rate; wherein during flow of the substream through the flow
passage, a portion of the substream is exposed to the one or more pulses of ultraviolet light
emurnted by the UV flashlamp in response to the first lamp-output control signal generated by
the control module; the UV transmission detector measuring UV transmissivity of a portion
20 of the substream passing proximate to the detector and ransmitting 2 UV transmissivity
output signal to the control module indicanve of the measured UV transmissivity, wherein
the control module is preprogrammed to analyze said UV transmissivity signal to determine
whether the portion of the substream subjected to the one or more pulses of ultraviolet light
recetved a targeted UV dose, further wherewn if said portion of the substream did not receive
25 the targeted UV dose, the control module is preprogrammed to send (i) a second pump-
speed control signal to effect a second flow rate in the influent flow conduit and the reactor
flow passage, and/or (n) a2 second lamp-output control signal to effect emission of one or
more pulses of ultraviolet light at a second UV intensity and/or a second pulse duration;
wherein the second flow rate and/or the second UV mtensity and/or the second pulse

30 duration are such subsequent portions of the substream exposed to the one or more pulses

of ulraviolet hght recewve said targeted UV dose.
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UV flashlamp is disposed coaxially with a longitudinal axts of the reactor flow passage extending
berween the inlet and outlet of the passage.

3. A method according to claim 2, wherein the UV flashlamp is disposed midway

5  berween the inlet and outlet of the reactor flow passage.

4. A method according to claim 1, wherein, in one or more of the UV reactor modules
of the apparatus provided in step (1), the UV reactor further compases at least one auxiliary
contaminant level detector.

5. A method according to claim 4, wherein the UV reactor comprises two auxiliary

10 contaminant level detectors, wherein one of the detectors is disposed at an upstream end of the
reactor flow passage and the other of the detectors is disposed at 2 downstream end of the reactor
flow passage. .

6. A method according to claim 1, wherein the apparatus provided in step (1) further
comptises an influent reservoir for holding a fluid to be disinfected and an influent conduit disposed

15  between and in fluid communication with the influent reservoir and the influent flow conduit of
each of the UV reactor modules.

1. A method according to claim 6, wherein the reservoir has disposed therein an
influent level sensor which senses influent flow rate changes and transmits an output signal to the
control module indicative of said flow rate changes.

20 8. A method according to claim 1, wherein the apparatus provided in step (1) further
compnses an effluent conduit disposed downstream of and in fluid communication with the outlets
of each of the UV reactor modules.

9. A method according to claim 1, wherein, in the apparatus provided in step (1), the
system-wide control module comprises a stored program microprocessor.

25 10. A method according to claim 1, wherein, in the apparatus provided in step (1), the
variable-speed pump 1s a posinve displacement pump.

11. A method according to claim 1, wherein, in the apparatus provided in step (1), each
UV reactor module further comprises a microprocessor-based reactor-control unit which is disposed
in electrical communication with the system-wide control module.

30 122 A method according to claim 1, wherein, in the apparatus provided in step (1), the

plurality of UV reactor modules are disposed in a parallel arrangement.

-24.

SUBSTITUTE SHEET (RULE 26)



101111 #S 10%/] V] & () -! @O%r& ()-sf 10%m& ()-!$ 10%me ()-1! °

ocy@qu&' ()-110%& ()-11baBg\= 10!!!!s-10%n

& ()-S, 10%r& ()-s+10%r& ()-)10%m& ()-sF( 10%m& ()-!#S

109 E[ E& () - 38TUWAVK@ 10! ! 1| 10m 10m 10m 0

@O%TE: () - B3LOUTE! () - S4L0%TS: () - &310%TE:! () - ! as- 10%ME: () - mk%é&% (GIRER
10109 () - L10%& ()-f3109%& ()-L ' 109%& ()- 109%& ()-, #10%& ()-*yCdEVK@ 10! ! ! !
10L310%& () - 1ocy % ()-10%& ()- @O%& ()- @s10%& ()- OGZCIBVK@ 10! 11!
Il % 10%& ()-Y; (Sa}eﬁb%? L10%& () -1 109%& ()-L10%& ()-Y310%& (FECEV§RAIEN;[<1@1
10S; @O0%&' ()-7GLO%& ()-!12Z109%& ()- @1 10%& ()-!l % 10%&'()-'KI %

109&' ()-fghv& H@1 10S!If 10% &'() %Wk 10% & ()- %f10%@& ()- S

(:}}éo‘fy@o((%)@ "@g'g?% ( ) 3 10A r]ﬁg accordi n% toI cTalm P(yq(nrem (n2 the :éépyan}%%%eg\‘ldgg n s:)e/;:é) %\ll) 0% () -
plurality of UV reactor modules are disposed in a senal arrangement,
14.  An apparatus for decontammanng a fluid contaminated with UV-sensiave
mucroorganisms and/or organic compounds, compnsing:
5 (A) a single UV reactor module or a plurality of UV reactor modules, each UV reactor

module comprising:

(1) an influent flow condut;

(2) a vanable speed pump disposed in the influent flow conduit, the pump being
rotatable at a speed determined by 2 pump-speed control signal;

10 (3) 2 UV reactor disposed in the influent flow conduit downstream of the vanable
speed pump, the UV reactor having an interior chamber containing:

(i) a reactor flow passage disposed downstream of and in fluid
communication with the influent flow conduit, the reactor flow passage having an inlet and an
outlet;

15 (w) a UV flashlamp disposed in the reactor flow passage and capable of
emitting one or more pulses of ultraviolet light having a wavelength in the UV-C range, wherein the
flashlamp ermuts the one or more pulses at an energy per pulse determined by a lamp-output control
signal; and

(i) at least one UV transmussion detector disposed at a location in the

20 reactor flow passage so as to measure UV transmissivity of a portion of a substream of the fluid
passing proximate to said location, the detector being capable of generatng an output signal
indicanve of the UV transmissivity; and

(B) a control module disposed in independent electrical communication with each UV
reactor module, the control module being capable of generating said pump-speed control signal and

25  the lamp-output control signal and of recewving the UV-transmissivity output signal, the control
module being programmable to generate additional pump-speed control signals and Jamp-output
control signals 1n response to the UV-transmissivity signal so as to cause subsequent portions of the
substream exposed to the one or more pulses of ultraviolet light to receive a targeted UV dose.

15.  An apparatus according to claim 14, wherein the UV flashlamp is disposed coaxially

30 with alongitudinal axis of the reactor flow passage extending between the inlet and oudet of the

passage.
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16.  An apparatus according to claim 15, wherein the UV flashlamp 15 disposed muidway
between the tnlet and outlet of the reactor flow passage.

17.  Anapparatus according to clam 14, wheren, in one or more of the UV reactor
modules, the UV reactor further compnses at least one auxiliary contaminant level derector.

18.  An apparatus according to claim 17, wherein the UV reactor compnses two auxiliary
contaminant level detectors, wherein one of the detectors is disposed at an upstream end of the
reactor flow passage and the other of the detectors is disposed at a downstream end of the reactor
flow passage.

19.  Anapparatus according to claim 14, further comprising an influent reservoir for
holding a fluid to be disinfected and an influent conduit disposed between and in fluid
communication with the influent reservoir and the influent flow conduit of each of the UV reactor
modules.

20.  Anapparaws according to claim 19, wherein the reservoir has disposed therein an
influent level sensor which senses influent flow rate changes and transmits an output signal to the
control module indicative of said flow rate changes.

21.  Anapparatus according to claim 14, further comprising an effluent conduit disposed
downstream of and in fluid communication with the outlets of each of the UV reactor modules.

22, Anapparatus according to claim 14, wherein the control module comprises a stored
Program microprocessor.

23.  Anappanatus according to claim 14, wherein the variable-speed pump is a positive
displacement pump.

24.  An apparatus according to claim 14, wherein each UV reactor module further
comprises a microprocessor-based, reactor-control unit which is disposed in electrical
communication with the system-wide control module.

25.  Anapparatus according to claim 14, wherein the plurality of UV reactor modules are
disposed in a parallel arrangement.

26.  An apparatus according to claim 14, wherein the plurality of UV reactor modules are

disposed in a senal arrangement.
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