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SYSTEM AND METHOD OF WATER TREATMENT Cr oss Ref erence

To Rel ated Application(s) This application clains
w@eooonei7yy from U. S. Provisional Patent Appli caP@DnsS2009/002093

Serial No. 61/ 123, 180 filed April 4, 2008, and which

SFEEMOMD N O A TR
relates to a system of water treatnent and
) {4 ' JPPE ytoaportable wat er
Cra3 Referento T Wel g mﬂﬁsg J)t he Rel ated Art The
§I§156 F?)rﬁ)? c&tl%a{?g&sa %)rlé({} E F”I’ Cg{]ogléllﬂr% ggt%llé%t %&n%ﬁ%ﬂrﬂﬁl‘o. 61/123,180 filed
Aprll@mmémd @thsen@moyﬂpdtbatefeyeneﬁserea process of venturi
m xi ng or porous materi al s to introduce small bubbles
into the water. However, e process causes the ozone
to break dowBAGIGEROIEN @E'EHEHHWEN&‘&NEHUI
oxi di zi ng properties of ozone are negated. Gven the

Field detlid'Pneégfien consunption, nmaking a portable
—_treatment uni t _woul d not pe practical for thorough

deﬁ; gﬁémt ﬂ%n‘n&preﬁi{e sﬁgtem Etovcat & %R n?and%gmwl(ﬂk&h@more specifically to a
ozone system such as t one shown Pat en
P°“a'7‘e‘;’ﬂ8“637’83"1‘8’3‘96r at does not appear to be sufficient
for decontam nating water thoroughly for drinking or

other high qualjity uses. Qther commonly used systens
MME&ML&M% W irradiation. U S,

Patent No. 9,494,576 to Hoppe et al. discloses a

sy Sheesystenhn off gehérating ofanp eedt injeqtmp ¢he opgng 14030 ntnwaterrfor pukifigation is commonly

knowE XORRESyddA8 RLBY ust @ prledésd @Qérﬁﬂri‘ RiRing 5Q18R8s Riteradls’ t&lntroduce small bubbles

st em_does not appear t ortable. Portable
o ‘é%ﬁrné%wegew st B RnB e dGim iy oopea 0B dgt e povertu
oxidiiihgprcﬁ)plﬁdﬁ,f%ﬁeirond@&&i%rSon et al. and U S. Patent No.

6, é@éﬂ &g é’lzé Qld%ﬂg' LonHﬁxﬁ)tngﬂ g\'aﬁﬁ%ss ﬁﬁgle ﬁa'gtg%rh ult® @§ulcp}/ot be practical for

lation too. nee a po e wat er
thorovahés&on%rnwa@y sf wrc%?p a’ﬁ‘f"é’ed‘f PogtailcRTeNE Y SR SUptbes\ietoBe showp by U.S. Patent
No. 7N 8,681 t8 ordidbe O hdi @ppettStE Be suifididHg fod AQdMarhiAgtAE Wa@Nthorbilzhly for drinking or
other%[gp I ct ion with such need, various devices such as a
n’%ﬂ &Y4id fast ozone neter woul d be necessary or
us@therl conpordy esad sysigmafopwatertrudiishtignarciudp V¥ iradigtimU.§. fratent No. 9,494,576

to Hoﬁ&d:'t £l| (ﬁﬁlose@g sﬁtetn' thdt @Rt lnﬁﬂngWIth%EJn@ ahd (& ek BAkHEBMer to UV radiation.
one treatnent, depending on

H°ppﬁl§t R Sé’St?J‘ég‘?ef‘ £ app?‘ﬁé°htf W'E‘%fs may al so be varied and/ or
onPdrtablel wetepearohem gysteposuctcas e onesasvn bFUNVIRERYMAt T 61¢HE.839 to Peterson et al.
and U SNV NG 4k£‘8§&rﬂ@cﬁﬁg QQ' \tand ézl?ign'i %e% Gv fadi FJPJA' g water

treat nent stem on a trai a truck. L

THEPE 15 Redef sarpoRAtE thqrfréqtmenawsqﬂn caRele Hfodoe@zntaamﬁmwa&f for drinking and
other ﬂiék ,usigd RoRUMjRSor. ah cdhﬁ?linafon with 8¢k ncad) arfoRsI@biviogs sWekta®k simple and fast ozone
meterI %0(1:1 hngcl’%sﬁrd oL H%)‘u%& e%]satmg I lp{act%arlllc})ngab?ehe gtte N Int algdgttl]gn ax efficient and cost
effectfv rrca&m@t system, cmtbmewttlroemzmmeatmeé,tdmnfhw Qnelse ls Hesiréd. [Thefikers may also be
varne@anﬁ‘/@rl &iﬂlt&g dg;ﬁﬁ‘(hn Br?{on&i{i‘&ls.ozone section, a UV treatnent

section after the holding tank, and a

chl orinati ontank. The water may then be sent to a

water storage SENVIMARY OF THIPIRVERTION red. A
gener at or—f-of—powetr—tort—the—system—ant—=a——

g?@toéférnke gﬁlm%lg rt}&ﬁi@f‘ a ﬁ%ﬂe%er anﬁneﬁtl s§sQenp(§|&>\§§eg %ja {rdlteltof a truck. There is an
intake filter, an intake hose, a pump or multlple pumps for water intake and sending water throughout the system,

a filtering section that may include sand and/or bag filter or other types of filters, an ozone treatment section after

the filters, a holding tank after the ozone section, a UV treatment section after the holding tank, and a chlorination
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The ozone section makes use of a msting nozzle in

order to maxim ze ozone transport to the water and
WwWOonrRewoneyed ozone breakdown. The UV secti on nakeBCTES2009/002093

a table with UV bulbs and reflectors above it, and

tank. m@wéra&aweﬂ.&es@nmmer%mge ftcewbﬂongr pﬁaeékseaa.rehn vari ous
odi nents, certai Eedgartsﬁcf‘l or sections of the

sy tggmaﬁ)ﬁ Bowe&ﬁ éwgl 8Fm & Togﬂoller,;far th%&'g{ﬁrﬁ'aée alsp H@wded in a preferred
embodimeme section may be onmitted, especially if water

cl el oE%e @&géﬂﬁak@sdtgg ofH n@istﬂ@tnoiz@%lr@rﬁer tc;r llﬂ& r@:@@ozﬁ;ﬁé Jaﬁ{p§rt to the water and
tted. The trailer is preferably a twenty

nmay
m'“"’?’?e\?é°"8Preg%ﬂé‘ﬁ'ly six foot long trailer, and about eight
f eBte UM sbetionamklesakesel aadbbemiths@w Buibsaind Eeﬂghirs dbeed it, i preferhtily is mounted
on a 13RRRRkenPr ef erred enbodi ment, there is a nmethod of
treatl ng water using the s stem The equi pmrent i s
prBfYaiioys ERbagdimentshertain Pasts @ad/ripectiansiof e systean Bayole changerpeg omitted. For
examjd€ fthe B ke@tionfray Ibe Biaiked, €speddily [fovatd cl@ily hfa@e bdve bre h6itfissues. The bag filters
mayblg Hl&@& t hroughput. Sonme nodul es can be idled as
apacity demands change over time. The system can be
t@ier ispraferabdyp Gverty Hyd catyepiysixgeot (gag frailegmpdzibout eight feet wide, and also
aboutEESCdRIeigﬂ'tlf@\tam: THE DRAWNGS Fig. 1 is an overall

Scltﬂ ann'qrtier Pre%rrecy\ém%odlmerfi‘ the re s fl meM'\lla & ?efr tre?tlli% w];atlérc l?stm:g%:e syQ(em elq;]e equipment

is pre&@bloj mdﬁ@retqullh havnf& ar@le oéé‘p@BM pof medyls. [Epshemidulggan e agded together for

mghelamb@ghauf MW rkdamed caRbe iBled R cﬁaaags:emd; dMengPbREBRS Of
wa]; purl fllhcat on. t.n A t?lrt ance \{\nth a second aspect
Be e o bR TAed igjfiged installatiogy syl ged sectional vi ew
of a spray nozzle with insert, showing a spray, in

accor danc | 2 Fig.
cocor Sanchpth it BESLRIFARI ol TtE PREW SRS
Fig. 5is a view of one face of the insert show ng one
en"(gig-df‘s theveralh saheraatis view of the moRilentpter R ificption ¥stedr qnpp trailer in position at a
water gl tiDatcorBince with ajmstaspmbﬁmameﬁndﬂj ew of a suitable
i.S

S p{:ﬁlﬁ {s arkrow C?l mam XE’ES%?}he tprocesg o? wal{er é)ulgf&atgorr]l % a%:lorrc)iancgv with a second

e nozz es 0
aSpeCttOIﬁ@P'"W@tIPMSerted into the spray tank at various points

al 9@93 it BCentafdalf sefionfi vibw dPa sprhythoz idh ifSed? %ﬁ&ﬁ&catsbr\@ i dc€dance with a

hird Q{t] ozone nmeter of a type in accordance wt
thir af‘?fﬁ‘r e PXPURT of the invention, which may be used in
t hBigglis$ gdn widw dFitig insdrt shbwigg th®cliasnes; schemati ¢ vi ew of

t hﬁlF OSZIQQQIe%F &l szE oﬁhgmseﬁ’shcj: o}rllé'gndlé thé ¢ H%:eﬂum sﬁtm.iing the channels in

ector for a UV tray asse I'n accordante wth
Pha“t‘f“ifth aspect of the invention, which may be used in
t heig/isi ehenaitic Fevgof a]smtaGle@praﬂ.tinldfGrthy@d’m{ énFged secti onal

vi ﬁ!gl l?gggw %l‘ 85‘19 § ﬁo le soor%ﬁ'h IENFPS% on a e th]aP is t_.n% ri%"' Tg&he spray tank at

'te structu l'ec
Va"°“FP‘g"tS ‘Z'gl"’:? tQi“‘%'Héﬁau c view of the W tray asserrbl &

Fig. 8 is a perspective view of an ozone meter of a type in accordance with a fourth aspect of the
invention, which may be used in the system of Fig. 1;

Fig. 9 .is a schematic view of the ozone meter of Fig. 8;

Fig. 10 is a UV bulb and reflector for a UV tray assembly in accordance with a fifth aspect of the
invention, which may be used in the system of Fig. 1;

Fig. 11 is an enlarged sectional view taken along sectional lines of Fig. 10, showing a composite
structure for the UV reflector of Fig. 10;

Fig. 12 is a schematic view of the UV tray assembly;

Fig. 13 is a view of a main face of one of several elongate flow control gates in the UV tray assembly of
Fig. 12;
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Fig. 13 is a view of a main face of one of several

el ongate flow control gates in the UV tray assenbly of
Woe@914P3%i g. 14 is a schematic view of a net weekRUS$009/002093

inlet pipes for water into the UV tray assenbly of

Fi @ig. Wds a J: h@natlél-ae\l/ of a‘%e%mwt Elpe% el Gvatdd By uRfuvt t?h? aLs’ymbly of Fig. 12;
tr?.r g? of. F% ng v onalevelng
devitcer f't ér’isé emafie i (’ﬂeﬁa‘ff \H Haya“%‘?"%’ﬂ)h oh&iged? mpunteygn 2 leveling

dewcc/ﬁrmlmacmrdarﬁﬁ gith 4 §xth gspert sfclegmaitioo; t op vi ew of the
”D\F%biﬁls 5%319195& tSH vnévh@f theeMgJale gupgﬁy 61(%1%/ Igvre e@wecl%tme also showing the

n ositioni 'l near actuators
posBEA i I . TS Ut R0 s SEOBBIYT, i bearng encs
(BE) htashich theio &t tangecetocisd {uPfort thd maviable suppdataif khe tl@Pithg @evicediaine, and a bearing
set lo@a%d %ﬁ‘g( sc‘\Viﬁlpquht oftt %ezﬂ@%@rﬁk for g&{?rf the%o%lhg stg\{F)lel ﬂgwwg rotation of the

devi ce/ frane, aring ocat
movable, syppQst abopteX B%Y.aﬁ@ @ﬁd‘ém’f"éﬁ pasitipringy afjtwey Pendelump {pa B | leveling sensors and
contr@lerfpralie liny2 bet@dkdroW Ng rotati on of the novabl e support

abﬁgtlrﬁ%ma&r}&e%atﬂ&?&v’ of ‘i’evéﬂgws{é% posi tioning of two

(ﬂ:] msors and control ler for
t h@lgl Trieapchereatic diey |°§a pqn Wum ingipcordgney with A eqyenth aspect efithepifivention, which

endmdaandyewedeu nghesny&tuegmewa/@melﬂmgss159ana ¢ﬂematl c view of a
.a sevent

p I ccordance Wt

P eOEh e RS B RS o R P Ha

deViecH/if # sschemayf view g§a rem®tlar¥dnelefﬁ for Fiegrgringrilkciaming otL%YBrfaqeen accordance
with ﬁmgﬁﬂhgﬁféct REthe mf‘v%{tl'o?{ Qhevrhe@’é%elﬁh’g us@@f tto} Q&%urﬂg rJﬂ@&nv%eMJléﬁmsurfaces and

Vi
sacngyp IS g ARTGRS el st G B P LV Iopg reBeiogassombly i the UV
trayasmlﬂ)amf@xgs n2aecidr dance wt h an ei ghth aspect of the

? rf&A Rq ’schtmlﬂgt c%‘v%q" a k (%fthlé lreffe(g{wt%nﬁaérl{)rf i:ln gl 8: and
r ef r

ectivit vari ou aces Uctur s to U

I |@&twfsél"’af&é?‘b?fmpﬁi'?fg‘)fﬁéfsffm of | lecti ve surfaces for

the WV light and reflector assenbly in the UV tray

ass of . Fi 12 and 14: Fi 18A is a schenmti

; oEPCRIBEICHN OFTHEPREFERRED EMBORMENT (S)

Fig. 18; and Fig. 19 is a variation of a portion of

t hleometfmvﬂ emhbddinggnt, Yith PESERItEHIEONarOR, Tt isRREkERREDethod for treatment
of comh NERIT (e teRmer %ys%‘nelg Bhe' ﬁqch%qg'lﬁmmsr antfl ihibh may be mounted on a

rence o Fi nd 2, there'is a system and
“a"erni'feﬁésée“’f‘@ T?’@ﬁ%ﬁéﬂt of contam nated water. The

treatment systemis one which nay be nodul ar, and

whi ch may be nount ed tem can be

fixed as well. V\ATEI?Tglégﬁ;&:j@%@g’ﬁlﬁl’:‘i\rﬂE€ ile system2

hafs mabile systern Zcheha frudk£eh hpving wheels 44andamwlq be¢ @havisg wheet 68. 1t could be
mountbdib’ri aﬁl}tb‘é&l@&k $r @ a shnﬁﬁmg&@ﬂﬁnﬁ’er kb@ cdXBY AkAd Wakkr Reafrhedt Ja@igment is mounted on

or in a sh can
ST R A ———
twentyTfine fect, guka ath ofary nives thancbos een &eidsophiag ft @raplbé fouseiswithin a conventional

twent)f @\Qtop Neﬁk? st f&n tr§‘|le|r %gk@érzh)l)gfke BGhoBRY Rmt ARt Qbtice SYYE BbiYer. Such trailers

ive and f no nore than about seven
are w'@ax ab°§‘6'g€*hfa%t W"{e ALIPOPSYTD trsght fﬁftthrﬁh 'rathwﬁte'e At $ehedied; a flow rate of
100 gpravisreclyievied. v Howevel, depaiidingSdnXsizk @ad cdmpareht®,rthe g6terh @o@lrhty can be adjusted as
i ke a nmobile honme or nobile office style trailer.
uch trailers are typically about eight feet w de and
abw(ficiertspase for @te@jng:ml of tecépmms%opeqaﬂ apdheckyhetsyatampis expected to be present.
The sﬁ:a:ﬁembeeoaleatofd 18%¢roAdnRII@radt@0 gpm is achi eved. However,
e e o S S RIS PR Ao A it cou
filter scrReiNRZ prathe gntake ergl pariousanesduito 12) P& font@rymg vach@dic tediel through the water
treatmen{ §cfuﬁ>meﬁt%f fﬁéﬂ%k%ﬂ:te‘n‘?amﬂa Ii:)l%ﬁ[.’? ﬂst, and an outlet hose 18 to storage 57, such as a water

truck. The intake hoses 10 may be placed in a water source 11 of contaminated water. Alternatively, the source

desire
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The system can be scaled to a larger or smaller
tractor. The water treatnent equi pnent preferably

WO p@bazBsgs an i nput punp 8, intake hose. or hoseRCT/OS209/602093
coarse filter screen(s) 22 on the intake end, various

watercrrglg géH\et t?onr]-;sup;;l&hrtegﬁch%gﬁ E&ﬁkaﬂrﬂra&é@@v@[ orterm*a@altsIé]]ﬁ)ﬁ;I ﬁ%e source water is under

he wat er treatnment equl pnent o
pressig) ST BRSO B0 3L <. T 514 R ion PR gond Giters) 24 nd bag
filter(s)k26r Afjer therfjltessgction 28 isan wavhe freatnietCdéctiol DB having akaak boges whéle ozone (03)
from %yzogeegegérﬁ&eﬁ (re&lﬁngv@(g'geﬁ (éﬁqiropne %% ancgn%ltora %E?s%e% Qhrough a conduit 36

water. Alternativel e source
and passis BY §° 92PNl ¢t “‘o‘r%ozﬁnedf?ﬁt“é'iﬁ‘%?%@r Kﬂ@‘is) “\ﬁer %W?ﬂ fsagment section 27 is
an inguepiaty tank f421 h@ersiedist€ Ank\ad by bSpdditicied bplb® SKelldzBe the@hent tank(s), so that

gravit% %?%e PHER 1jillsth9 5183 1anqunkb£1d él%? lé+ntd9 g STD@J ge c|m§ obmore drainage conduits

er section 5an
from fhe jbptgopry %f)thezaone/sreeterm ttanb ter the topof de mtqrrewlazecranksﬂa he @uﬁerowdes contact
time for tRadz6mNé weRCt i on 27 having a tank or tanks where
ozppe (@B) froman ozone generator 37 (receiving
(02) from oxygen concentrator 34) passes
t hFksifers andendibAgt mar amyings besneesssahyor agefubdependingupaacor@ions.

| ngéﬂd GRON A bybRA ARG thad ﬂ'ﬂrl&d%&gl(tchﬁd Rv@@fﬁsc)ipam%f trfdrefbrb Qhere is or can be a
e treatnent sectj]on isS an int te tan 42.

prct ) R o OB R PP o S BB G BTG EHRED i cameterof
forty tor feityt eighttinchearid(’39 48”3, Helpht ofgighvortmorereyt (B'e), usd deitlothbishids of pounds.
Moreware it th%er@gul%t fecés?a%epé’?HQg BJEH the de']igall’rbn %?vew}é}a?sapcﬁﬁlter sets.

or nore dralnage conduits fromt Mtonro
0 zB(h‘&'Pc a?’%'éf‘ﬁ%ﬁ’ftg of 'élﬁ Ragtft&terswévar Bl desiep Heorprrrtes Areaifrdhapis intended to stop
the paitizfek thdt2log THediné aapk oPfilGKihg] & Ber@aBy, aitcar in$1@! ah OfteribtRatOMBNead of the fine
mmr&Q“W@ﬁ%a Filters The filters (sand and bag) may or may
nece sary or useful dependi ng upon conditions.
E tre pical trailer has |imted hei ght and

V\B'T}@htar&ﬁﬂ@(hbﬁlléatlormﬁﬁe@ef REIPwatérNeERtamina@l WaR thidd@rgdnisms, yet the water is
ractica capacity. For

stric
d%rga NPT ‘%%qad@3h§%§%§3ﬁ8W3%|F @et ni ght have a
dlﬁmhﬁgmgof forty to forty elght i nches (40 ‘to 48"),
a HRloghAt cdfact@ind Qﬁd thd chmﬁeetartk%ﬁtzs a('esno't"ﬁxeﬂ afrl]l %11 lie adequate for the job.

thousands of pounds. Moreover,
et Lak f2 d}eeb"eﬁd’r Wy Wﬁﬁwtefréoraﬂﬁnhr\%& ? éw ey Folly with UV lights and
reﬂecse\ne raad a SaRfltrdy 49 Biovst SghtsTandrefleproly Théh, HeRJYh RElleting tank 54, which
ilter, d n incorparatin
collecf h\ﬁaté?%chrru#é Ihglrl I%?]et %ﬁ/ e d %ohosset%l ?ﬁereq 1S alsto prf ra l¥ hacth%n?e sgource 58 for
chlorltlaﬁég the wesergn ggle Sbf Ot Ruep |lﬁgelecmeiyaquna% wter froalrt@cha through outlet hose 18

into alstBﬁgeaﬂﬂ or AéMihd smls aﬁ @wﬁtér' trtua( oﬂiﬂ@tﬁ&l r&@pticl'é%r Bdnﬁ %f use through an outlet
hose{ er that, woul §* 3 n ﬁk Ng ah I
i oy BB NalE g P S A £ Pt o puc i,

normally ongovenldmitrdatietl wi t h ni cr oor gani sns, yet the water is

Cl§haliyn u@%fn@%?ed dufticRME N0 DeCGRBSIe dr I bDAGAT tbi In@tfsﬁ‘xal or irrigation

work véry well. Tank Sizing The ozone contact tank
PUPO¥Re chlorine tank sizes are not fixed. They only need

beA adeqat enaf (pfovidh Qovyed lfor tif sty&fm t Smkre 4R eleftB¢aC pdvier ébuHV is available, an
extem%é/&fu pﬁ) JS coglﬁ usg lr(e]lgéo"f %nlp eg% ﬁae W(ex{e l to ?-rs %5‘,’[% Z%na\gllbe used, if desired.

t he Ilghts and reflectors Then there is a coIIectlng

tank 54, which CO||Q@tﬁg@gtﬁﬁyﬂfﬁkﬁm@gTRmQﬁithe tray

§HV|a hose, ere is

51. T
FooRaIEE P g e L o o S0 e s moved o the
water €utck @1. fustep 62,6in Sredke bose 1@ hry placedisthoverbterr withrcoarset fitaksciséns 22 on the input
end, aﬁﬂﬁw rs%UﬁJd%roJéR&@ s&&né lntto%e%os%g?r age 57 or hol ding

such as on a water truck anot her receptacle
orIn %Fqﬁf where thewatercoipes (igH aaysll githe waterjisg'slear’ ghe fiyghporasn et necessary.
could return the treated water to the source 11, such
as if one had no where else to put it, normally one
woul d not do that. 4
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Normal |y, the water is treated sufficiently to be

potable or to be used for industrial or irrigation
wEoposEs? A generator 7 may provide power forP@TES2009/002093

system Where an el ectrical power source is avail abl e,

anAtes)&tp?Wﬁg 68 WL atdr %rfﬁinlﬁloﬁllle%dbgreféﬁa@g ?;‘:ﬁ.ﬁﬁl fﬁt@rm 1%13' sand filters 24 at

rnal ener at or ext er nal
PR A M A R S AL M AL A
instanges €itjerthg M@ e nanb¢ tecasane bifoErigfmap ne: oﬂﬁb@@b bEfifersof t he :
' ano@lG&/an ﬁ}teriﬁé a?&é‘p%QQe Mk‘? lstn[u%dl vﬁ{h 090 e, prﬁg’}{lﬁ)dli} rgls{lrgghe water in a tank

wat er source .
Whlchp‘la%\e@ae yeip hét mlzr RER it erawgcbfran I eone BrIg91930 Seredy an intemediae
storage Ik U2 RIgt, 38Ng]lonaN Buch A @anW@toBEn feferrpdilo |a€dhdhhﬁ§t6@d‘brﬁ:iaﬁ well, and gives the
ozoneXohtst B?Cir M?}‘i fRe W&ﬁ%i m-\)%cﬁr( )1StanLers] an% tr%%%?nt ay noet b%] I;lxeech\le?‘rg tand therefore the

cones om a
holding ik P maY PRS0 PsessRts alr Wswe w@gs 8B e g 68¢ usittgeangiber gymp for the UV

treatrriefit. AUl ftlﬁ‘IE[' waftd:r|ﬁfo&rt8ﬂi 42 Rrperﬁ'u&'d&bihy UVttrlBétﬁlerft sthtidA&Vhere it is UV treated. At step

76, w t‘!:rllst (&gl{'ne{agrrorsn% ﬁg tr?en sltaléltgne ermﬁﬁyes fmt? %OEFC?E g{ agg I§1t1é;|g‘?8nwater in tank 54
is “eaffg evejh &!ﬁ%@ﬁ%tﬁﬁfp &t “@@h‘d tank &his punepadioyt tp vaterrboldingsareences
f i THe&¥ize V@ tiCEN6IdMRL tak)Cis nﬁt@ﬁﬁl&@rb\_{' thé)fhrdcu llptnefaten glnrfﬁﬁ/ c34® Sve have two 50

gallongw %sec%dglf o (¥ (Elirhll[ ;ozaaﬁw ub g'glchtgr%( %Paé é%g? §all gut vxp don’t fill to the

top. Itrgprg¢sjup ¢p dbhs theedb@ gallommark beforie thetpurotumasn for the @Vtshcemalmat gives the ozone

a coup% ofﬂuﬁﬁ’es ?ozdo its 6. Wab Sy rﬁaﬁmg5 ﬁ\'isp@galfoaqmaﬁlp @on%lma?to come out of the water.
tJore In an Irnternpedi ate storage tank 42, |

Theseém%‘tg “3‘33’6" @lémnﬁ‘ﬁ‘%? or @pfgniplsghat hayg baddasigppedar-ref erred to as
a holding tank or clear well, and gives the ozone
contact tinme with the wa stances, ozone
treatnment nmay not be necg??arﬂyfhéo'gﬁ:*ﬁgr efore the
ho'h @sepigancanith ey ephgdiment ofisiee 'h‘@@@&éhﬂfiﬂs angypredrsatpars system and method

that iSWRARUE Daaﬂé&)lf ¥ sﬁlh&e foi:dﬂWtrEafﬁﬁ@lt btéiloﬁ Q7 &fﬂ@ﬁeh@fterﬂ) bigﬁh(fv@nrm H@@ 3t07. An
rom:t

oxyge{%2§ ﬁour er %a?xlyf%en cg to é‘ﬁ? vﬂﬁ’%heé oxylgen t?rou%}) %OP%ué t an(P%one generator
(03) 334 aag thPGesulraat egongtes] crztmn rgetd teptpchfer piope ¢dycenirasian pegrone meter 38 (Fig. 6). A

typlcaﬁatnﬂa‘ixth)m o2l QBRation voulE & fivRGS di BerdemDut Ridre oNessSﬁa%'n)e biday depending on
4is treated with chlorine. A step 80

n tank
v {5 n P TBjoto8s AP TPSEOAEEFT A Bl ISk 28, where i
will bélingodseed @ thd witdre Plafetabliyibe dzamled bgygehaersnhienagndt abor néan the longitudinal center.
Multiﬂl!‘i‘h% g&ﬁ]h&% J{ltgltlr% ea(t: {nlﬂlg gfogz?f’aﬁs cgﬁﬁ &g%\&? o%]\gﬁdlé(&lr %dgmﬁ or usmg a few percent
(aboutpyip 8% hef Ritiogss geneasy to imprgyesheptiiqicapsof opage Praguctiemn Otxygep Pqncqnsators used to
produdeld@onk Cave al littIeQ)QrfﬁEﬁtrdyg@n ﬁm%e@hﬂu& gzIshﬁd albeargs'é}vle @d’lhéﬂiﬂ’ré@en introduction.

be[f ?arnl?%%1 ogonnied L l’)llréer}ls‘ls fr)nr;(e O*wth contartn élateqs watgbwhlfhshajs Eﬁgn filtered (previously

e O one m nu
by ﬁltm section HY). Pieeldiltengd wateni psisesmnwag 6lgrisloghrpieh cergnitsold i candpits 102 which

conne&@d’fﬁpeg Uba. Opipds 164 M@Er@ﬁly ruh MRS Ry @E taniP 88, e BAHRS Jigedh04 per ozone treatment
chem cal s or te lé%l( at have bad taste or odor.
0

R‘iﬁ Y {f 1 OZ06 P BRSSP ety as desired, and
thus c@fduit ITEWdum/l&Bblntdmgwot) hlarvermus ingefvaB3 2@ rpépet rosammni ncﬂ;(lsh@mbly 108, which
extendd P’%g{;@n%ﬂqgo Iagl?ilso rllﬁiwfe é&é@% tt%{%(?rga Be %% Sah l &t f&ﬁg@gles mounted
on ea°B°ftbe tyo piRgs. 9saliegelf0 perzlys @our ce 34 (e.qg. oxygen

C QUERRSNEARER g 1Fatbn SLMRI 28 BSmpsrates fiditih %@Blllef OmdUixtd lgs‘lzﬂlatlon a vertical

SuU an

t 0Z0
chamty SR e 4 FEGHBHHGF FdIIUCHRY P (oo B e s creed
leWlﬂetheozo(% (Fig. 6). Atypical anount of ozone

C %%Hl@&be%ly%& Hpé)& cf)r{d\ﬁ? l69%l§lltﬁillt$?erlﬁ% 82 pMﬁntmlraﬁsversely thereto,

or less may beé okay depending on other factors iIn
each “§V§t"é¥ﬁ‘g TIPERY PPV ’éﬁl faﬁ‘%% g iaeicaod avgy %QB‘QFP"S“‘E'&F‘ &’fﬁ t7) Conduit 109
36 into treatnment tank 28, where it will be introduced
to the water. Preferably, the ozonated oxygen enters
the tank at or near the longitudinal center. Miltiple
i nput conduits entering at nuﬁtlple | ocations could be
used. In addition, adding or using a few percent
(about 5 to 896 of nltrogen appears to |nprove the

Y Y o o o oy o, s
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produce ozone leave a little bit of nitrogen in the
product gas, and this can serve as the nitrogen

WO niopoeBIed i on. I n tank 28, the ozonated oxygenPCHUSIREE2093
with contam nated water, which has been filtered

has a:( erd%gdsﬂps lPXas ze]:j IvJa xeﬁov\ﬁﬁg) Mfggi. c%leths %Fl% (ﬁ) terﬁgrg %ﬁ“‘@&nﬁ%t 108 mounted

rom
thefe‘e GH‘HKH‘FSF%O“!L??"Z“WW% PPZé‘ésrf‘%e% pPenige bﬁ“pes 104. Pi pes 104
pr efe@balet §2 ilbelpasituned d distakODiChpirg iicR hay I, @g., folirithes. There should be

multi@ Po%es OQ'A a1 rogt%ét?'&? H)osn{on&{;ml‘lnt Qluhé‘ B)k ’corfagl1 IS Iagd nhego (9‘ nozz]es is preferably

te S de
Stagg*tf jggent rohk s shown indiige 7. Hé gd%ds'id?aé?jspa%fﬁléf 'l°h?lP§ S%@ﬁd}m droplets remain
smalll@ kedp tHeC{"o@&reSrﬂi frém lifferde¥ihg Jand\forMiag 1afdS drofér&r Waklch dbdddises the surface to
volu erglo ofﬂl1e 41D rople$ 0 a nozzle assenbly 108, which extends
ransver se 0o tank 28. In a preferred enbodi nent,
t hEreeconduips U@ tha exfend ipto tthst tarlk 2§ffrom the piresoH2 Ipeeerabty yrtulsigenter the tank at
vano&%rhngékctb weh stdwer ﬁl%ls@h&ﬁﬁromt)t@tba{ef ﬂﬂun%oﬁthn&3ﬂdte@%x§&n AThe nozzles are

preferlali3¥ at Igrpegyﬁdelg%gsnfqag%{ogrﬁd 8? ﬁnr%l eires?% 2f|8the fogfillngqp ﬁnd séaggered by forty five
degrevsay the gifacent higgyh Bar ewb nbzdlevthmardis préfarablyrp ortespondifgomeale at 1805 around the pipe.
t hﬂttank 58 tt}@ruﬂate? §ns@mix@§’\6v1\t41etl1@6‘zbrta)€d fo%er(t@‘r%h% SteBing mxu{g%f ozone with

created to mx Wt he ozone, Each nozzl e assenbly
a mlshgstreg tlﬂﬁ %eréphlgvahm fastlao@ velY Fﬁecw| qz?nmtr@atﬁn&rg ff g‘§ wg?r in contrast to the
treatnfERXLOA tvatel WithaBE e evitbat pistitpakcotater. Maely mvomal ater ra\izovg aficonventionally done

o i l.ank and away from
hmltsSﬂpe Sg'¥a°‘{ 8%8‘6 G’? r‘_’%%r thl}%gh b%o rﬁa%% t&ehogﬂ as an end cap 110.
Pr Msetet, 26 the aene is mxeﬁbwﬁ@ RIS} B Acien YepneRl  terbulang anaprer, ghe ozone partially

break@ﬁov@ﬁb&f@fe?}t BReh ﬁQfEithfam&Q& ofRBtEH ade énb:@i @ipﬁed tafhé oﬁtﬁis §61h the turbulent
nozzl| es g

waternla i’izclogvsentg)falﬁﬁélc%% e abssss h€|06?{l§ dl’lO ecall g? éeﬁu&l‘g t(Lf S g)a’gel} state because ozone is
relativhyiuodtabivny be, e.g., four inches. There should be

nmul ti pl e nozzl es on each conduit 109, positioned all

around the conduit, and each row of nozzles is

preferably staggered fromMBTNGENOZZLEs, as shown in

Fi Detail§ of tht nbzﬁlege(hdacbdi@cet\mmaq:ecttohae inpazibresre stowh lraFig. 3. Nozzle 82

has au}&er a re}exeat)lg of § Js] SﬁmL erists ?e gé; 860 brLJefera%é 11\5/’\%1 Fe?aﬂ@y Jagﬁmnachme but

OI‘ m ng
other gpsi@ls st cerpRic, %WPY&%@ tye'ca} @P@Wafeaflf gpulsibeuprd- \ﬁ&er@ss steel would be the
best rfhbidD Mr@hszzlem@/ £8e nﬁwk&@alm&di mtm@masa Beluslemtomt trftexhé @Rduit, or thread to a

hose. Zl[% %flly |g%ilrgay aaﬁsa ve a:hgxaﬁ(gnfl pno 'JE %r gr{pﬁlég anr%%g { usrmr%fjx werer¥c§ fhe nozzle has a
spraylbelt 1 kdrwhigh)is m@erahlx defineddm asmal! cmxryrgeimmeffﬂéNmiﬁ edge !Qbevhlch is preferably

relatlﬂ:[yqﬁlﬁf(rﬁﬂllﬁ(e afge nll'o? @)Ia)ﬁplqw mEyPbedh &He lordd 52 HMreﬁth@of an mch or smaller, e.g., 52
circunferencé of the conduits 109 and stag

thousping -yihe thrénegeefredersi?h ot hheozzla e May Phigen S e &acxo to 12 thousandths.
Howevrazwlile thetkhidd-&igé B pRfcat& tiRpryy épetify Heabiobdfomgd tazwdyeandicould simply be
a dnll%? ?ch atr)%lijcrll%rl o%gctegéﬁ)?e ed J\vou tegpgrés F(H)rmzee rThme%glh g@tﬁ%%%re should be as
smallm ggpsfl@e tofmaipsainthe qm‘:lprhc laotnainsq g.tabput §.Q08Y to{0pd4"\\ pttlas testing described below, the

nozzlagtur@v@anya@bmd@momnd very effective ozone treatnent

rast the treatne
Vi éﬁoug%\gﬁg |we1ft ﬁgms wj in t"?zﬁﬁtb{) SBM{;J has cl]%nés o)r/ slot\s/\% I;%referably diagonally
formegdrt the ingertd ooromephey, ©dry ehowvh orfags| 4/and 6nén inpmetl<’589tah@ an output end 89b of

each sS4 RS BE BubpBRoPspdctiR RS Stneliiaf ggcan be exposed to the
ozone. Mbreover, as the ozone is mxed wth water

convent RO R SFledRle B cosahisiae S ary gihet vy to acieve
swirlibg @ad $n HONI2zID BIdY el Wirk C Bt hole @auld t=ilgrated inclarside anmbeibuidg, whkre the threads
wat er. The energy applied to the ozone fromthe
turbul ent water in a conventional process causes the
0z Branseroprefenable istlesatedattherinputeni pishenesaige tndgheapoezldhodn§?g may have a recess
ozone is relatively unstable. M STING NOZZLE Detail s
of the nozzle 82 in accordance with an aspect of the
invention are shown in Fig. 3. Nozzle 82 has a body
82a, preferably of Stainless $teel or brass (e.g., 360
brass) because it is relatively easy to machi ne, but

are.
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ot her netals, plastic, ceramc, and/or other typical

nozzle materials could be used. Stainless steel would
wheoobhzs7est netal . The nozzl e body 82a has exP@r/mnsi009/002093

threads 84 which nay be used to fit into the conduit,

85a % sﬂcﬂlfd rat?b toqocQte *&{ﬁ%? Wﬁh xhél}‘%‘é i%?saht [ﬁ@r\él[la\\/%fgr m\ﬁﬁmg into nozzle 82 passes

throug}%d@ wnelsﬁ?élnﬁ 1§ f(zrpeg g syrl gogrﬁﬁl&ynsnj@ p%thg_rpézl%\#ﬂ?i% PI“%I l§ directed out the nozzle
opem@r Ak ey bl ithef WiRGf by ndzzRItaly. 18fedoNghakhcBERéovEs, blYulatlivits, tangential

BTOOVES | or?xdlgsI oxi(mgl Vlal\lMp b l mlb%a oglse ]:)fe tnesg lf%nne?s g'éov\ése Ihé/leshﬁd nhedlke may be used to

swirl ¢ whtern a’hlggypﬂxgg artiony ﬂnq qq@ehlau)fwfgmpm@ped with ghe relatiyely small opening and knife-
edge $2DQHMAREHEIBSreatt) € vdri) bvﬁlk 'aﬁ 1di’|f e. @ k@ Bngf2h torthe AoRBe POZ Zh&e A is relatively

smallts<£ gﬁﬁé‘%{’%ﬁ% gngpe%@/rg\ef ef,\ ve% ng rgis&(h igrl‘,](?r?p(?etse glsé achligved. The mist has very little
projeqtipre beyordetb; exiithessenfinllayall @p én ivelesitn bk exbaustebquickiynip@ shérhdistance DS, e.g.,

about WRY inc1R§ Orn€ SHahdi ﬁi‘dm&yhe&%ﬁarﬁelﬁw thdy®€ adHeliRd toﬂ’@faﬁl'tﬁ‘etﬂleﬁﬂéa fﬁroughput
Sin

kni fe-e e expe ve to produce
AP G baTe RO B A SRl Q8P SECTE &4 Bin smeure o
achievrri fint aish oheheargpie is provdingw npagly, pregsury. of atahtol§Pps) amix® outpys of about one half
gallonopep ;ln4hute IlRm%m Jlrﬁélglbl%%f Q%Eilp% | O¥er LNBIMBRZELR schic speeds in the
bor e ength was 0.010 to round, solid insert

nozzl@g fits within nozzle body 82a and has channel's or

S| TiteganB Snay [be efader ftplagticdl bagien alitale Materiabchnd bar¢ foe supp@rting the conduits and
nozzlé)fH eﬁ]%he? ﬁ%ﬂf QMeX to Jﬁesougﬁégf tﬁpt%‘ﬁp Jhg]cog&.gt? maf]be%%e %w tﬁﬂ but preferably are

9a and an out put en each
outs*da{aed thm@zlagféqmb!lef reregpe the faple Fhereawy B«fhw%i%@é#is ee 102\°r 200.

SI D&J 16 the He¥18 @lonfRiry, G dpltd @fdhefva}ymgh Rded @t&ms/eﬁrodgh %eWﬁHnﬁeﬂ in the insert due
to golnﬁ érow oazb(fw wgfg a\én gfam?y 1y crgs?.ﬁa%ﬂna érgac g e n zzlg bV\@t at .':Il? the exit the .
resultaymishie redativkdy loW velprity Btody shantriistapcet fom tt\fmoeé‘els ar e The

' n’f‘lﬁlFe?orp Eh@gn%ﬁﬁ IBf dhcH &oﬂl@ %%@Qmﬂt afdfus! Iwﬂpﬁbt ca@ﬂ:dm?&gxﬁﬂit@nt or fast drop in
nozzl e, an he nozzl have a C
the ORpIeS ORI B 1 TSRS SO TSP IE T iR e tiny droplts

rapidip slessafiei theytekiethe norzle VI the B8 lopdergemiy tramfenofiizzozdre t@he water. In addition,
b DA $h Bhiy 11 g e ArnksQusd Pob i face b
the wﬁ}@%ﬁﬁés Eﬂ&n(ah&g okl §re t he nozegt? ﬁ% 3J almggp be dlsl‘ esc¥Mlo s & Surace oy
Wh‘dtﬂ}ﬂ°zt"}?é“ahé'2?lﬂl§ "Y?Eﬁ’énl ng 114 by cur ved i nner walls of
t h'ﬁwW&Z%&re@ 9&habled thatlcast o? inag BadhagkSyet glicoOMes a raﬁ’tg'bllb' dihe mist at low
velocxéyO ﬁlbd?or‘ﬁ g%cg‘pna%?eq; %t%lfrﬁger O Qvafer moEtlppe(s)slurSeSﬂoeréltgl 1% %S aoy teﬁt egeometry, the
numbkrj ¢ @ozzizy pdy eolume df @mtaslwtaﬂk sizh andyggereqtry, Olzmescowtralﬂpm ¢he number of ozone

mlets@&ﬁlé ik, an@BS&elﬁﬁlﬂ%%hﬂJnhﬂntmfo% ﬁl@f@'tdﬂl?iim}%r&tﬁ}et he
rel ativel ¥%8m| I and kni feed

nozal e, Nolei B uRyP RS W e B conacige vl i g s preferc

such #ndzde bdae nn @zedsavily aa:lemtewhewse foﬁ\mlmg edtatforoedny treawmérit. Eﬂn example, such a

| SRS | & Would f36ze Yhidkly Bcause of its relativel

vt 5, S EROLE A 5138 e BTl By e ool
great purfpge|agea 'Mﬁperﬁorb%fyewaatﬂmve@m essentially all of

I t & shoRldBE thé(i ke 1he 8ttiadshadIGhI8 And et Hdvitesl tliht &m&h@f&xtact with ozone, as would

e
may ehvadeleishi Kymar® Wirichuig tepistent toAdzorigo ifgyimr® @szly@syl@m W@r@e or PVDF which is a
hlghly\ﬁoq &la¥iivk Qnﬁdu@%%n%@rob&m It VAo £HMAR or SREEF.

I nsert structure to achieve a fine mst, one exanple

is providing a nozzle pressure of about 100psi, and an

out put of about one half gaZGNE METERI nute. Usi ng the

; eg§£§l odﬂgS shgva alg g]z S rgégr uﬁaccérh]a%c »Olﬁl%ﬁ“@%%gck Qé‘:ﬂe ﬁ\béméi The meter 38 is

sonic spee e nozz made
of a tygfe thef payt !pec,usedon tletsweqm @fl!‘"& dbMeterdh ia prefsrably dmiyo tl?a'FSs f’f 'Eﬂ“smg 124 holds a
supporting the conduits and nozzl e assenblies may be
fixed to the outside of the tank. The conduits may be
i nside the tank but preferably are outside, and the
nozzl e assenblies penetrate the tank. There may be
hundreds of nozzles, e.g., 100 or 200. Due to the
nozzl e geonetry, |n splte of the very hlgh speed of

T o
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resultant mst is relatively Iow velocity at very

short distance fromthe nozzle. Therefore, the inertia
wW@Roogazit4dropl et is very small, and thus w || POI/USROSEN2093

any significant or fast drop in the ozone

dlsplﬁ?{)ﬁg edﬂ& E%ér%ce&’&f?@& eTﬁg@rﬂ% g@rhe%hll&)gg ‘%fst@ tu?rpm ﬁrﬁtof thlg (?neter and/or to

| ets. The velocity of th ts rapi d
contrg s lislay B}eret"r?é;?'se% 3 bop B o pawer SPHGS, T“F HeR}aYaH°P'6\RF Ingsrporated in the
measgreménk Boxt Tlal’c’lsf)l&ars caf betdmigy-chAiodior tikked hﬁ‘elb&ﬂﬁ er. In
ad%‘é r{t{g %ﬁ\f@il'r lt\§o tar@?lg‘ %hr ﬁgfhnaqlar@a”lv? §a%?e_lrﬁe%{v§s 1f1puts from a sensor

coat e eets of gent
portiony 3§ Pﬁé%meters dhf et prtiopmse is Xpave in Een%mrrdyx enftousing k7da, such as a plastic
weatgir @F eleciritalibox. alhGdesmtok 8la pbb@d‘ufe&tﬂs&ﬁ’r fon &Eas@rﬂr@ pR&suRlof mayzonated oxygen

Lt Po%ld%h y%%g?l%{'s otz%nr%ifj %l oxgg(cen Iwﬁ n]% nEtr%)F ZtaJt\snae stz%{rd aforQeSmomt§r it could be any gas
mix thefsiges fo absermar284nnt Pwlighi) as, lt WGFZSZ‘Ihe beje Ghe prespure ireadiag s then passed to the

mrcr@ﬁﬁ&ﬁﬁr rv}é, wﬁ'el@ QndLHBREIBh O FThé) @apbiEiGre R ltheVigal UsnfﬁeagfreJ 38 Both are needed to
ank size and geonetry, ozone concentration, the

calcuh‘%q egfonﬁfonﬁ%"gﬁté’"l nlets to the tank, and potentially
env‘iltrrmﬁwentaalocaﬂ aderenresesserumdy @smtl@nh@utimrp@a adndrsend Sjials go the display

portiénf38b b iNeSBisbY ?I'Hé@ytlrg’ﬁet@ﬂ Sl BOno0eH & onk Béx, bl Bvd 4 preferred so that the display
contactleg%\/}% e, ozope is preferred such

can by Bosyioped rouiRly BF:%§5@§§5PP y be linmted in use for
m $hd ergnevedies afpamtupand meethod dradcowtdnce Widr thiz agpaialo€ the Snvemion includes two

cells, QQ%Z(Jn n{)Mst *Béh %%({"A o?@olzgtﬁmhﬁgcell%ﬂ The 090 ?t'er??ag %as?es into cell 130

f1ne st th ui c because o
(takep Gpmyp F%leyapgrf élarozoeerrdr Arpeen dips andawam wcer@wm%p Epdivalie land output valve V

may U@kﬁ dedtA blﬁrw 192 foP pirkidg thé dampid &l vitha@ nﬁQBﬁQed wah the Bparatus is zeroed.

h{re 08%150 \A?aﬂhor 6%%8’56 cegldl3gﬁmenratygeggv,&£rfelq§' lﬁhe gtfo&) 8% ﬁgoggen without ozone
prowmddtp héor ymigént hit but whatdver iaproyidesihoht cfdpmcecell slonld mteferably be used to flush the

test 085 ORf is ubedlso @Q’t@ﬁp}‘pﬁoal 4b§bbﬁ§n @ﬂ?e Ju![’ge ttgésrﬂr%thm%réage c@gﬁtents are the same.
IS resjstan 0 0z

r(
Po r‘\?‘&ﬁﬁ?‘f’?"o‘é%r é“‘r‘i‘la%i“i“&‘eﬂa“b RMP\TERES QU PUFFS PE“th °b§ﬁ’| ﬂf}‘ﬁmted fiber optic
cabler & - 3&ta otd ené ofcerach qelliil 3, 1 12e rAnthp bthatend offehah@e b bhoradetectbrs 140, 142 (with
capadlt d)adlnéﬁ)lteksnlqm 4&ST htlﬂ'né‘%sg ﬁlte%Y%’i_ﬁate Qg@lﬁgt%ﬁﬁﬁie E\btg)$ wte?ést

show an ozone neter 1 n accordance wth anot
2o pesatse grone rdsartyleght PhMavelREh i thsr regign PE 28 napomggre (A = 254nm), this
wavelehigiii willyt Iy pds @ttdough tolthefilgly Bill @7phodo détbdor 140 in Meﬁ;ﬁrsos&; theSintensity of that
wave @%ﬁ Sass%%l t){rorrgﬁhccrel\éw %thgré'lt%rol rﬁté‘gxgﬁp%rs)tl?%gtegforﬁ 45] Ok]g %oﬁ%l)es &el%own to one of
ordmgmgltll(b insthes@f, th_edBeprgernhyn Egpgatiop fnay bfeusm:_\peiptemaqedhq;qzor@ecponcentratlon in cell

130, E%Qé'élt(fnq’lke rb1ve MadiRbsaof phoTJ‘@ert&toWO alyB OTIRGiIRrs 134, 1188 e Preferably set to pass
coul d_be_ i ncor par at

oyer source. The pl a ed
only YveH/elta?g@p %ngl a%wtmlbrg)gbouﬁ-%mdfog fﬁargylg ”Elg,rllggtéource 134 may be solely UV, or
it mayltxi sirgatspéciranl oDlight. | This @iterneduill be piaked.at ¥ atuere (lipht infit)end 38he cells or at
the odqﬁrt bﬂthYﬁ% IQ /%o%rcr P4 ?ﬁlte@s r%§ Iae a%‘eﬁ]an@@he@e gﬁl ?tic%ﬁrgl' eAlso the fiber-optic

recel ves oma sensor ort I on
may beereplpced ‘rn'e 'egeﬁs'&ra promisplistsr es&"rce Athertigali ipmEnte mug tiapsmit the UV wave

lengtlment@ést mﬁii&llﬁ@rarlﬁéased §uch as a pI asti c weat her proof

el ?he ITrrérglrgﬁrocessor m?aélg%s Jﬁe chgrige {)rheeac}b%a ac&}?rp o&" ?he )P cr)tg quteecl?o? ?{nd uses the ratio to
calcu!@@ alPSdrpn@ em;frogals Ipelrd atpgrprie, degermines ogony g@nerwttoh sone

ni fﬁeqmratlﬁsof‘%esihﬁpgas & &n 3301@'”) zIn@ the téntpeﬁﬁll'el & rr*B@t g@p% measurement cell

S mX oes not absorb L) as it

Bz(gﬁF@P§°?ﬁ@"ﬁB%d“TH@“EF@%@UF?“Feadlng is then passed to

t hia the teXingpro@SSHO Flask I]aarp\M fumsd aniditialpblit b3hubesd k@ing nothing (air) for self-
calibr%tg)g:g 2’391% grr ?z Qr];teﬁq h)?yégwtas sgezdgﬁtg%glg ﬁ.g)e%q? ?naetol%gkip p%rv%es a read out, virtually
instangly.t 4 ptpnsand germmercig] systsoethpieal e psohR BRetesewinueyn yavsdsV pudh. didat bulb has to take

housi ng 124a, and send signals to the display portion

38b of the sensor. (The entire nmeter could be housed

in one box, but two are preferred so that the display

can be p03|t|oned renote from& he sensor portion.) The

ozone testing apparatus and nethod in accordance with

this aspect of the invention includes two
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cells, an ozone path test cell 130 and a control path
(reference) cell 132. The ozonated gas passes into
w@e00b/128® (taken from a sanple tap of the ozonedEUS2009/002093
oxygen line, and out in a conduit 38c. Input valve |
time @n\ganmﬁb thusMQla\éﬁob\//ﬂﬁgﬂyiarﬂe tl'erQrNd Qlﬁ]g ‘on Anlﬂeﬁg?elﬂ-s% lg&nsﬁy of the flash is

the sanpl e cel th air may be used when
meas‘é{ffjdglﬁ%"te (rsthg %amE'é pyyith "F‘hlem%aé‘ﬁ?"i‘e& e or reference

cellhis ha@r previdenpdsantially. igstant orf, selfevylithais self-0hing, ahd Fascuafe and relatively
low pg%éggen W t hout ozone provided to it (or anbient air

but whatever is provided to the reference cell shoul d

pr ERedpeiy PS/‘%%“SL?E@&W Garrhedaipy-¢hpigeditegstherde pioyide mylfiplg sensors, e.g., six. The
microp®eddsos eantali@be dskiEro O itiediat bpkierg Rtat @Eired fintdris, PLificGRta@@be reviewed. An
alarm%g be naic%ggnecrag%%&]g gcgllaen)t(rgt%g ::f]a(?lF igu‘?suﬁera%re%gem?n%&‘%g Qult I ght

puTEee’Ee‘%ﬂ“ab’ gty heterane ghbuston P‘fsmt@,*et"eidwﬁf?"b é8f repytajse akiosiceslling to view
the hidtoreal (ib@&dj&taone end of each cell 130, 132. At the

(uPfls S dsaiergicshs 4 e 20 BBl MGl BEEIRL T Molien S ey how can be
varwtf |Tlhtse¥tgndethr- timp difeandhy B¢auengy piglat fpagingir e not  of

i nterest. Because ozone absorbs |ight of wavelength in

the region of 2 = 254nm_. t hi

wavel ength wi || 828{3%&%%%'&@9&% ﬂVtTd‘We\i'WT ter

141Ih ac@rdaive twith dedtiec tspect e invenganip alrei sgvem drd prdeess of treating the water, the
water 19&&1&5 'v\ht}{ oQ(fng tbpfalte l)‘@}f@altrﬁéﬂgt 'FheQ)@@h% 'dQ(QeageQ rth%%ﬁ)r;ﬁﬁh L)f tilg’ glV light by the

waterk"mgwﬁ)ree Beagpfz‘ét with (&Prgtl q?]ltg_r?tg US'Ltﬁegt}ngqrt hsl;{rﬁ:gregf {\ molsq,féfecnve UV wave length for
killingesteSa dnd plaBigtns =opt) &k ih[aenm fRywateeis 0smah. 1ids phaddaliaiUN @edtlo® ozone, so the UV

. andogongpgatmegg %ﬁtraﬁg,dogo o cur ﬁlesan!filaie based on the relative

readi ng tors 142. The filters 144,
146 are preferably set to pass only wavel engt hs of

254nm pl us or m nus abgvtRﬂpQEmokqssgm e The l'i ght

rce 134 e s
< B E U5 i Pt ST e P 6 BT e dlo B afyeprodcing bl
at 3205wutts oal ;(deegdnstslpatmpmh)ch@mdu@ﬁ abbind0% ef heU g putpdt at33énnout put

Of U{/ Iﬂﬁbsf "Sdli]%, hrg bgc:élf&e thQ E-ilalr& ﬁgrérﬂﬁsqgh gg llBlt aichg glbes typically are

where’in 0 |ca traln.
operafe Jerpeen PEBT feed’ vﬁF UFiRE PREFFER (QPRIZ AAHEE RPN SHeral é%vaeron Therefore, water
dropspedtlablg wauld Alot caupd hr@adanegee&eerﬂttsanrw&huse fspotksS thtt wbde blobk light and might
evenn\‘@y %aA 148! t\'l?rlf%fcltlongtlnet'hg g’othenthrBt _p%c%ete%Ug l{r%gt;ngnt luf?’lts utﬁg S{Ja)tz tubes are further
M Cropr ocessor neas
encasedyif Acingkets bespuse ffethy Matecanieted: the tube.gif cyouléé@ %q*fbar\darqutsi itop) generate the

wavel@@hpw 1&E@stabf0WeﬁﬁdnﬂmV Fesimért Gyftelnb @sd @y@é with the tubes inside. Water passes
ozone concentr

t
rough o e el eou b T e Bl R D MBI R 5§ b e g noted above
thrivet @itp UV aighr dn edditionpreflectas at the suefassipfahejatkeceduce hg 2mouip df available UV
light. ﬂﬁﬁmﬁg@t a|1 Sk bf tﬁéjpré}a'ged %ﬁ&%dluﬂegﬂg {ﬂg laf¥ (ﬁ' ek pCESSOr. I'n

process, the s turned on
i ninttheppgt )ﬁhev\)f"’c‘% t%‘i‘f’tq?att’%‘ﬁ &gt Hengja m@e ﬁ‘b‘f%‘ﬂ'flﬁg}h"(%‘wz) tuljeg, ncased in their outer
tubes.S Ghé §1@fei'raf ﬁbé Rd3. bechN&dinlest l9el Q‘Zroi&a’emn@t&,\/ﬂﬂntﬂrﬁst PABGAREY. However, the

mvenéor hats fou 4 tlhat stam{ess sngltlp a? )Ser%?&))r I cg) gfv j nerr§ al?'d {lgGa% ma{[ yend to grow on the steel

Surfaqeyp{ cal I y uses a single continuous vvave uv buI b. That

buj BkQasod: QOd (ﬁi@%lérmnt s@co‘t‘i@sVsHErH Pro kKNbidkSird afbae. The preferred embodiment
st robe/ fl r\rpturns on

medi at e
applies plioutRop ij?i‘fm‘frﬁggﬁe%@% 9y Hﬁgﬁ%t&fhédva?@’ét’ﬁ' A thi(ﬂ'é“‘e‘?(a"d reflected)

towaré s fowetpastyiut ot ea@htaaeﬁmumewmmbs @epfieadye the Tdure it extended source.
With ﬂg ﬁ%& % Iﬁ?]cgor?st kh@ Ll?( énkegé%ﬁs{%latg@lg n%@ rzlelet v»gtﬂ{ln \}lga gﬁxtng Bf the water.

p mﬂectorﬁ@teﬁ@tlreeccqggangq]\@thst@ﬁ aspect gfdlpet inysptiqRprpvisies high reflectivity, especially

dai sy-chai ned together to provide nultiple sensors,

e.g., Six. The mcroprocessor can also be used to Iog

the data by storing it at desired intervals, so the

data can be reviewed. An al arfh may be included in case

ozone concentration falls outside a predetermn ned

range. The nmeter nay S|nply have one on. button or

. oa s ~ o o o o
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Units of neasurenent and any neasurenent interval
(e.g. every 10 m nutes or every hour) can be vari ed.
wabiog/1z3tsends the lanp |life and the frequency BET/USL089/002093
| oggi ng. QZONE TREATMENT PRI OR TO WV TREATMENT I n
0f25m@vq ice Wi th anot her aspect of the invention, in
‘sg}g?tem and process of treating the water, the

¥, 3 rpilestivedaxsy i Rroyidhe asulisERe Alming i Rieferebly ArRvided on each side
of a le@@esubhaete @egle® & hehiapsigdspt filonor plastichiect Made @hbupb:y Te#i@ Films U.S., in
HopeW@“ erglml-r%@orh%g f% 91 n rt:ﬁe%l‘%e@%@ltllthtatmeéaqa'qlglnﬂlrtﬁﬁfgo g 0

treat nent | S erred ective
| effyEMWR 8y Fig| 1|1| shﬁ g fiprsive mitpriel 360d's paerpreRsEHly, avgh@le mq@hzed Mylar® sheet.
Such hiseer hag) e g h&lunsiaiirgre. g, SO%QDMngidomb)&hlﬂQbﬁéﬁcﬁ had of lsN)strate 162, e.g., Mylar®,

e.g., tﬁl%é {ls%f%‘ll&%ﬁ)a? 'Bondh néﬁ ers onc? e Qt%rfe{cgsea?g bnﬁ@t d aluminum.

Thea SSEWBWNP‘H caﬁwaabﬁd\éylwi@s 1o 'Qi/ﬁ'étl $Poyouligensesent the mltdn%ce
I NYIRNingium ﬁldﬂﬂﬁﬁ:@' d‘oﬁlgostl%OiHé'sCaevebSh1£lpreﬂc§;ﬁv@ E¥ecially for UV light and

ng | b at. 320 wat al power dissipation,
eSpechfgzg"m ll’fl(}:j'gsSheﬁ ot S6%% %?Va{l%e W output at 254nm WV

b uT*bfsmftWP%MMa@ shedt i§ placad guia furthertsufiswatd) ESaand dortdedeto the substrate 166 by
glue 1§53 4 tZandfér ANV t8pel OfheldMhdsive E}Istemgr Hﬁldtbk' Res, utcwalng ﬁllelc)fatiﬂé fhe aluminized

000F to
Moo R G e BB in el Phebisd n S op Sie LAEG e sbsirat 166, bt
the shegy aid bd PG PEngbedind bdwd baeprlied ol anehestechainye sticiva geniratifpaolls.
t hap st:l%tr&i@ll‘&els %Rc@e‘i’a% tni@ﬁer ||Q tMu&ﬁ&g ldf Ql?'ixﬁﬁ‘%ﬁ'e ? gmunum Silver or

event ual %/f‘é e- Vi t riti cat1 on
coPPeE ot PEfit fUB |SURS%$< Bt g e élactdnélﬁtah{mmums's ProfisTed g tozits light weight,
formabilityesd HHaﬁcoﬁdii:ﬁ\l'e&bll@n qas fethdr Bub&rdteasﬁ&m be rbl@ﬁsvami@ml vieight)@nd a good heat

r 0] run..c
consbfi BncRMLPAL fae WO A BT ek bl o S B P 19 when e
feﬂecwn%t?r@htﬁ%?fwlygi teqrsilagon 79 apﬂlpwn WiFigh 1Q. Heshpuld alsp tiemwilehble or formable,

so thaY\RtnRY b 86 Ao 4 ﬁfl&ﬂﬂ bhabd1® d@écﬂ@ed%@gwa@%ﬂr}%&ﬁﬁl‘ioqpﬁ%ferably adjacent the

r Jac urf ce_tends whi ch as
nev, Bt il s B B panDIk TRE bl wiyhe B i gt
r eTd feghd rmﬂ@w@tMil#r@ te e dlarnipem afbsttalecone slokidappledvetecevehlayer of glue, such
as by ﬁ's‘fﬂgld%tue %p]l%'tJax?s@rngng hOMde bybﬁﬁor dingly, a benefit

% referred di rent |sthe | ack of a jacket.
ﬁ’émgaé fr a piRss bypke maY bousprbtorfpratheigfigetor giatstial AP%H@ the cross sectional
(housq:j isiape showil i Rig. M@} vihlivh smarretmcwrube&dencameﬁnmg 4 RBédor and bulb assembly.

The p%\"&rgt{ sh%;}é t?&%he rltﬁkgﬁpf)lgag % g (Fgrep Jmﬁfs (a-af§5° a% Q torspte SI% gpl%luesso§ minus about fifteen

ts
degregsig ey dhe blt"hereﬂeﬁb'é itsop thlq aeglffdéem'dn tﬁatrefbtten P dsymads tareflect UV rays 175

downdvﬁdaava{c%uﬂg@ﬁlal{naﬂ ector of 254nm and al gae may tend
surface

t rQw. on st

40BSGOBeh et BT PeetoolIPEt R s F FeBi e Ry provided o e
dissipat¢ byale . Nofehthat tiredfolss 1 8d awrpoafatabivepiacedipplie peak efhigutfleornehousing, which helps
dlssmm llleLxﬂ a%‘avmdgfo%\’@txstab@ gqqgﬂs of W Iight to the water, by

usi ng Irecte and reflected) toward water

fl ‘bwalﬁbg ‘b%\@ﬁec“bﬁjt’at?ﬂﬁl the ﬁafaf&maaec'f angepyfic trangfar tepg thay has a high temperature
resistalr ghfe Suéthob VHBt(l?Hi‘y Bigh 5o @stiehgtia) TROY @ﬁlgﬁﬁistr&@ € €6 adh\é\fﬁeh ARt transfers is

aC|Ing nd ref ggtors t he. 1.5 enS|
n 1tion

the &MY 'l VY cfons%l i coét'ﬂ% n"sf"ﬁ’e%iFoI tl ]55 hnga%alster Aond Inc. at
www.masferbond.com) may eerdispbrsddrin miveralrsoisits Ceith ltOh°Ft(lhgh§ flashpeind taofilute the silicone,

is used B%rdte@t\/tﬁ@muﬁlﬂurp bWk Heslied MYaF@furBG thaY IsleXpos @R itbrioY Of the reflector,
F1 gv I |&§t Preferably, a reflective layer is

since 'b'lsf)({/t P&E- RN substrate. Aluminumis preferably
provi ded on each side of a Mylar(r) substrate
(Mylar(r) is a thin polygst | asti c sheet
made by Dupont Teijin Fi Fﬁﬁ{j‘@é pewel | ,
VilP gqcpridapce wish pnother %SH“é‘ ?frfhf‘nmreéwnelétfu w agsﬁ@lér 43 piis.t Ihigghown in more
used for heliumballoons). As shown in Fig. 11, the
reflective material 160 is a commercially available
netalized Mylar(r) sheet. Such a sheet has, e.g.,
alum num e.g., 7QOgA (700 ang$trons) thick, on each
side of substrate 162, e.g., Mlar(r),
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e.g., three mls (3 mls) thick. Bonding | ayers 163 or

bondi ng interfaces are between the Mylar(r) and
wW@lkwoiizaTe? The al umi numis actually coated ontBCT/H§2009/002093

Mylar(r), so layers 163 would represent the interface.

detallTLIx1 ﬁﬁ@llmlﬁl U‘fﬂe%ﬂ,q aM/rLt?eEtglr :)nd %‘B‘B@%&&W P%I 1?79 %re gos\{t%n% at intervals above

efl ecti vi
a trase@péaéws I“}F “éat‘e’Z‘{S %H‘Ya‘eéu cTﬁe éYa‘S'h'é@t‘miPeé f@@‘rﬁﬁ‘é@t?iilaqe |tapk 42 through another

conditviaibly airhed3. Tiskead oftal panp Zoebitfvinhyae(uked iStERtermeTiaRe |tk m:@gr than tray 194.
The xﬁaé%b%gepﬁ{ou%upcéééug%?a l:rlitgg w%g? deIPQe%gr% otrkooftp*pe l‘%y bﬁivw thematlcally from the

a trans
side i fiigeld a\?gs@ysf@ﬁeanewﬁemb@ fipad@lFigi el udi ng pre-coati ng
t heheadielivery had @6tk M_di aﬂ&r&)honﬂzﬂtaﬁy@é dsaitko hﬂb@d\ﬁﬁp. & 1@6 then two second

honzpn?al ?ﬁesal ? hv@ncgu ch,m rag tht \I% l% sgcgrtﬂ 50wH glpg?]@ét 68frﬁll‘|alz:]y Bléere are a total of eight
dehvgy epepngg;;cfhrquclam Theyihlet m faquh itee that) branefjesdefoandeight. Each branch feeds four

dehvérjaﬁb‘gglfdﬂ%t&éjghe] ) I am nating rolls. The substrate 166
|s referab t housandt hs of an inc

'z;emf‘a?f{ﬁ% mﬂsgm %?g%wawaex and gystriBytesdf acroe&tbqqféqm of a tray 194.
The tsam vt ie eetativatsatheliowab.g.nabeidheofised H1 bithe fdntl (thputiisabadt one to one and one half
mchepﬁlﬁzté?nrbg %% &Hﬁedtalqodn{)sdn& ét%tou egg'g Ren%h?[) or IHbtisyabgﬁ grcﬁ ta one and a half

eat conductive abi [ty T strate : :
m°heb‘@° P8l B Peetto e aﬁtwowe @h‘tght'ydﬁ rsbag Bt Eh B heeRsteghe input water i
flowitigin lr@flappattit S(Shepﬁee hdightits dfffernd tedu@seld¥thb tektActioh bthe 9w donthf baffles and the

weir jluﬁ §llleg(?ofttlu: gﬁl éelghg gr%‘raggf%ﬁ' Slr Iln%lét ﬂ:c')e f Tnm}%'lo%s g g tLe shJes of the tray, causes
the WPtPr t1I|ﬂgw ﬂwgh the t@homheaef@rp,shﬁ the apghthe eafapeeonovhl@or Testbshould be level. The

bottors Of thd ey i preféfly i@ bent into a reflector shape as
flector 170 is prefe

gg %ﬁ éﬁgﬁg?ﬁghﬁg%e%?c n ‘ﬁ‘é‘l‘bd aredda%eftﬂg @re ﬁég &et & BGng %d the tray therefore is
five fegt @jok.iandjthe Theis abdul Bxehty eightcandi bk Hal ifches {28tk S ognPefteablyptnglve tubes are

used éhﬁ&t tra Tﬁle{/ hrk 3t’ Q[% %Mﬁ%ﬂth%héﬁef&e{?ﬁ %stfxp eSoatlhéJF;)nF mughly 42” long.

Su Strate one a ver
The vadihnef thedrap {5 shightly, QSSéhag F‘lﬁ él“aé‘ﬁ pml@cpf 65? - g fee.on fonfhis is that very litle UV is
gener(t&l afJthe erd$) l’fﬁﬁ@prﬁyrre'a Rw%bodﬁndﬂe GalisiiGmé i 0 BIN2 @ec&fd?s s brake

ll%?p sﬁg‘gcq aﬁ ?‘LE {rllnt(tlhhe {Jg? éubstﬁntl\%lpf ecwalé and hnlB achieve the desired

res'dem teﬁ i H@v@sﬂy,r ceflqered; badew w@ balh dhewwfmlﬁy fsor fidvn grsraptor 200 which is a thin

perforad pIQE, te%ndﬂ@dhebérll 1R (ARIENPNidth of RE trW 6f £hedss e t(t flow for clearance.
ee

The pfr206atlorés cbeate tlg L&fg\t g?w ﬁ{“ﬁ%g’qﬁgélﬂﬁ resﬁlc{I ?cte é@% o& é:@ ?')étégbe opithe strongest part of
the UV light. b Theltrayp araiftler pddtds warstietgslvanized dleniaumy branhesemula)mterfﬂseThe percentage of
open a{r&flﬁ 39&19[1 tc]rZ%d'hgle gl%j& %?y ér%[]lg ﬁgpte?zf% oh ﬂgsﬁ'ed]rZédegé%m\Q%ﬁurbulence

In a concentrate manner can ge

holp theggpeymeital psiemes divyssedpripw, ﬁﬂ@eqswsd UNotirH i e ogn. The transit
time iD®vePé @udndL G hdt givésal Yv 6dss Sﬂ aBaIt e Odflﬁlﬂb micNOW &tedeb1B4.crh. N ote that one need not
prov1£Q+;re 1?6911%vea erzlgaeqil:o%f tﬁr eu y?{.p use ealbus tsI atrr)ege lg?e%rg iugrfg?{‘éelgem the water being
treateqivle‘itqgg, tlpe@ gg pgflthygcmﬂe@o W nhchghlbove the watgKs ﬂgfacteh €The tray is level. At the out-

fall, theRfid £21 hipftewdiBh 61dkrab keeB be d&pﬁ?’c‘?’%&?f Givafe préferdd l@@lrslﬁlfdcg for the tray, it is
ansf er erature reS| st ant

{
imor LS 8 rbne oy P A gt i el
noAtshelpnihoffther ray geramihetgiaweir 264, b slighay benr defictiarsitiideip overhang 203,
and a Ech@cn% ty(fﬁgli%d% (mietr Ocrantro"f‘th% EL r%?q(?ea&gﬂ{ Itrnyg aléuctlhng ’extgrid%g 'about 4 past

[ 1 cone om l\/ast
the edgg ke i e wa')t offag/wm deflegtp e Yrad dewnwatdnErabforms a smooth stream that

does rﬁﬂbdklbﬁcﬁ ubdbk thB tray. ARQRYEIVAI i fichy édu@%bveﬁgma}d Beft 168ied 46 tﬁe same thing. But,

[ um n

the secon(f %ﬂ§?rklé %05? Y/?r;g to f%ﬂc%{% h{:h ht P'Is‘p:‘%%dgaé&e gﬁ’id {owgntro?the height of the
water jnrthegtray o Coligftiqni@ugheOl @otld bs atdéasidive feet lbrg forma fivlaifovt (véle gray, and would be

700A). WV TRAY ASSEMBLY | n accordance w th anot her

aspect of the invention, UV tray assenbly 48 of Fig. 1

is shown in noredetail in Figs. 12 to 14. The el ongate

reflector and UV bulb assenbliks 170, 172 are

positioned at intervals above a tray for carrying the

water to be treated The vat er |s punped from

- e AN L 1 oy
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conduit 15 by punp 43. Instead of a punp, gravity may

be used if the internediate tank is higher than tray
wa20h9/173149 wat er passes through a conduit 43a i PECDUS2009/002093

wat er delivery network of pipes 182, shown

shght?}pthémt)h %lelﬁé thWwAdNhk @&ltexs 'ag@hdvpa E(%igandjc%}fuﬁgﬂ atstlt1 C)%I%ut end. A gutter that

y fromthe front In

°°“e?ﬁ%‘Fw %‘ Ffaé’ éhaP%‘ﬁ@ hRIoPS I fmard s cmserrsth the gy ppyt dacat
pi pge d8Ger pulng noldie 1@ penfhedtdr ZONdolibctig RIS prlﬁﬁbly\ghlv@f"is used so the
I8 PGllioRRY: 0 1
e e B 3SR B TR B
m”‘e‘t figyhe wafepin; ﬂrﬂce'tecwlg;se fteds a tee that branches left
andther pecfbrated plared 200 matnaly lfelﬁ&d&hfeﬁhﬂ'cl&i&teks%ﬂmé vﬁtep QﬁthdC l@l’hps but also help

equaltzp fhe tvg&?t& ggti erﬁllrgme rlgw TQI &,ttﬂﬁg twoﬁodv contr(BLu water re ot\é ogls(gle tray) surface

a Ive and ites |
ﬂ°WStfffé¢r it gterFiagent ¢ wifice SPRuS, e lof thy Watgzwouid m@ivatthe\ﬁewuv exposure. The

perfofatea hlkl@W,latee 200 are prefo@blg BBou0F0%4/pbe but Mhriodd antdifds EJCH’EH.?S to 70% open or more
or lesé thPHet us%dé Sﬁ? ghu ea %lﬁen of&’es %nnygal%nvg og‘g%glfxtﬁ llfttypécﬁgy §urﬁ/ é.lilodfﬂlcpths thick. An

mse”éffe%dt"éftlsol-‘@ﬂis about one to one and a half inches too,

bUDneHRayl a%o |plake&t s)fre&noabb@ tRNGhtdpOHdrslit BRers thk GJESI la&jackrg\ﬂfé nput network 182 or
because the in wat

mthefvra er t(}l]\ge?q ;H/m tspl?t‘ﬁgx?g ﬁsolf ﬁfmpot'taﬂt]g) tgerw:ﬁ aam frqnéthe UV bulbs. The bottom
of thedrdyf ie pefetablydivedi gith dfylar®er pibgtreflectivi Omtedtl, ditbe My@v® aluminum composite
memle&atwoot tch‘@fp rbifRSt RV n@s ghth%twaépead of the

out - The energy of e I nput flow, and the

constral nts of the sides of the tray, causes the water

to flow through the tray LEW@LN@SESTEMG tray and the

Sulrnfag&)? dafed mlag&her% gec@%f §1e 1?:{38{ ion, Im Flés qyem amRr tPEA W tray assemb]y 48 is

tray 1s preferab
mounted B leHbing S“PPqﬁ'ezzQJ\ﬁltPB‘be%?OéﬁﬁoP fixed $uep,<tf@r2% slah es 4 wmderfceetetal frame, e.g.,

with o thuss-like SRGtuA shdtahdvableAMppoR 856410 ﬁlﬁvu{g% vioodeR of REth! fnElQ.g , with a truss-like
struc and the tray is about twenty eight and one half inches

"C’ES /'S") long. Preferably, twelve tubes are used on

ealohthet lewling Mévbanisay, theid’ areaipaibeaphandtorsq©r) 2251 2280 endwibeirgfositioning is best
showﬂjﬁltlllevﬁthw%&yc?ftﬁénm m'alsg Fheﬂ% 18X. I'l‘ﬁe fb\%tgmlsyof ﬂt% act{la%}?are -H?e% to the fixed

he tT ay I's s | ess
S“PP°Bc?|2% Ptﬁf?raaty BiFRalo i, WHie S\f"é%lg%enfio?ndtttﬁ @Dprrsentimftthwmr actuators are
glmbd]ddltd themaddble S.lpgnﬁﬂei‘ngl,te%d a8l ih BeupEoMsing a swivel lh@erﬂr(Bﬁ)QBﬁ ed
%%lﬂ? fo ?34 \Lﬁ{c]ﬁcﬂ tsﬁrportmg tha m](')?ab eosuéli)%rt %@g?%peg 0{1 the mtersect?on of Xand Y

_ect- a
axes e§t9 inecgrofsaha ovakjepeayt in amwrhehepwa@hnoévr@s £Heof gesh lineaactuator 226, 228,

(Addlfi(ﬁtSll VARG Setd ﬂni’SEbel ﬁlhcédrh%n% Elfé)éxes GERbRE g@p&ﬂh@)ﬂoﬁ@ﬁ QupBMJt BThe bearing sets
|1 C

fer u
may b e B R BT e i B e SR M T 1) oMYl pBort, which bearing
sets pfogid¢ yertivialguppontf yet dllowtrptatjon of the andvatild duppdrtesbsut ithe X0 aidieY ates. Each pillow
indbs rat | ate turbul ent
b Rty B o BBMaR e so HAP AT IRBeSLES e er
belhsHPRepEd spd Bitgast Ofmletst puld hereaggnablygtell aligried with thy aginef the support
bearingd i€ ofdbrad £8idGaIss-BIR. gal vani zed al um num or ot her

oL BR A SELR L weT BP0 PP S s s
(whiclyjeogid be g{eqtr@g]r Hydnasbic)tat aligingem @ his ghirhindtesoc belps leliminite play between the lead screw
and ngxperimental system as di scussed bel ow, the neasured

U at 254 is 0.08 watts/sg.cm The transit tine is

twel ve seconds. That gives a UV dose of about

1, 000, 000 m cro-watt sec./spENpODUMBt e that one need

NG, f%%vl!e\gﬁseif)%iogéf%raug HS’EPMI% bglecgs%ﬁ oI is Qh E{:m%copctéﬁcl%%mth another aspect of

because t he ar onger Sub ner ge
the inygatioR Levelingtthegmovable suppett sotthabthe HiVerap isflat ts ofre dmportent fap ﬂpwgontrol in the
i nches above the water's surface. (The fray is |evel.
At the out fall, there is a Vi" high weir in order to
keep the depth correct.) Gven the preferred | eve
surface for the tray, it is ingortant to ensure a
| evel surface supporting the fray. A suitable Ieveling
systen1|s dlscussed belom1 At the output end of t he

N NN N
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the edge of the fray is used. The wei ght of the water

deflects the liner dowward. That fornms a snooth
waereara7shat does not | eak back under .the trayPCT/US2009/002093

Alternatively, the tray could have downward bent lip

prefePrQi e%goc;irn%t. f’%@%g%lﬂ% Q}gtem$Hfhn&%§rfﬁpﬂgfxngﬁ¥ah% I's much

nore_wWor . cate % e weir may be

us BBl i GIon thish e Pgiie ivounted hagdie awn feuel congrof Hgyever, the accuracy
of thdCadntr@ a4 rioenmlly hawapficiddd fbor e désttedleveadf flbe &Sﬁroffo!v&f&hefv&&? _m| tRQV tray, and so
ﬁmhclf‘r%el@oﬁglvgdegpe%tfor%eqﬁ/ &'sﬁ/ay’ and woul d beslightly tilted

rom -t toward e center, and have a hole and
c oM reference tofiest el TAng (B, e dpveling syisiein @y a wheke inglisies peadudums 240. Each
pendilliie isGotned By 4 C)lllﬁdrch' 'hoGsitg 2@ fiked viifh atdarpifduid, 3. gt @WﬂﬁdﬂoethhleZM which is

nonc&ﬁlmlﬁeécrzl\é\gr atad % ?xﬁ%"%esog geF a% g/c %g Qam\Rag Tiid keeps the pendulum’s motion very

smoogg ITF‘%P,GE‘F%‘Q“ ?fa'n‘k moyjiedfog g il 298 ghlalws fiyedite tha Q@vdms oAfclinder 250 rests on the
pin whth my pin$xt&ﬂﬁigttﬂr&lgﬁd s@fthatathchﬁln@lmtm ﬂhQMﬁsnfoblﬁlytsQRg Qlf1 thk Bﬁ (The pin is round

o, 0 S L AIPP R Cig bt i SO D) TEE PR P B is e o
the c:‘d@qleﬁ' andghectdp pﬂrtgﬁS@ Has2Q0lump pr tole @4 lyech S @m'lujajrysmépql)myr other plastic or metal

exten@ihO&RNGSH iOf the water to the | anps, but al so heI P
equalléethe vel oci t r adi in the flow,

[
o CHE PoHOREO RO POY F Gr et i MRS (S o e blosks 258, 260
Block 258 yontaind la phg@erhitta\(SEF) 2S8aand § prarvdinded 258b wadtjtitec &re bptigally aligned. Block 260

contaﬁygfhﬁé:d%loto JﬁHt?e’r aﬂpﬁh_?ﬁhxode Jallrt I:l'ﬁe }é@&tﬁl{m WJS ifi a%g %ié%ngd Lvnl?one edge, e.g.,

osure or at net al
edge Boa PredanPipd ahe plats 364 w@r?pﬂqﬂmxewfnp%s U§'dafh9 @Pical axep Hf th%Photo emitter

and pﬁéocﬁdae 3&% 20 8 ofér pmas emifér ah&ﬁﬁtoﬂ'&}é paR (wdds op_ﬁbﬁl)%h&ﬁ@d preferably as
close?chthe ?ne pf'alﬁ at tﬁe edé%/ N spo%sﬁ)le alrhg g‘ntputs of @}e tp‘\otocllcéiég[ gdp to laﬁlevglysgrgor 264, which in

ousan
turn wgqsnhe it teay naqrgmocpﬂsqc%6 dorghancastyating @hpehqeﬁeacmpr@ 226, 228 to move the

movabl @ﬁp%oﬂt §24e£tn@5d§d toh(ﬁlvs Eh@)bﬁnd@mnaaﬁﬁ mgckttMrdsQEMEht REKNVOTHe arm may never
VOlI S erin

| at
scusfbgptngb e o i et i Bueniiy Fioathot e Olyf h et secucy
so thaf the Uyattay ovill ol alvags bavayubstantipltyghecsambdilight] t]ltné‘(he wiehthis that the linear actuators
and th’elfcfi"{ ﬁlE ltmpr{evé?tsaﬁ l;no(q n% llt@ﬁt‘léry omtﬁﬁ El’aLa’l ) ﬁﬁ t;lcp:ﬁs %\ﬁl 70 He}erably sit in a
[ um num COﬁ'pOSI ntioned ab ove, el ct
f°“ndffﬁflét bed Py s up t hr ough the water. LEVELLI NG SYSTEM I n
acmmﬁa&&q)aw dré1thadnicBeso thdt PREL thdfendulin is Fooatih o, dlrEd’ﬁlon both sense the

plate at tl%%oﬁtoerr\l/ (éfl ttI;IéGQ aS gxm agP,tangv ben tgy febre}rz&.f Q{Beéélrﬁﬁon lilrgtgo not sense anything
(opelgu”plpomprogg@ssgu@hulg@ea bevesd theqontonl themttadtor§ pegondingly, tg.move relatively fast to
dnve\Metp'@nd@luInrlHﬁr% olpg,ds@e a.te&wﬁtm.ﬁommg o goyabhe o,$etﬁametact52t%m At that

p°‘“‘t‘l"lf§‘§e f"ﬁ°k‘8 g@? PFLFB'?SE?P%“"Y F‘ﬂp tTﬂ é"‘ I"&)’éﬂ‘ﬁ‘ H‘g"“'ﬁg 8?1‘5?1?“’%‘\'““& B ool having a
fingeicthae fits o 4 holtee2d0 rearcthetag @ortion (0E 1A peA@fiym K@Bnay argbed. hei r
poﬂe 1{5&[‘%9& b@ ctaglﬁtbe §Q%hmlyl 19\/\};&3&&9 d‘ﬁ’J]th¥ lm?%()ep(n) ceJ: orPe6 %}600nnectmg the

so In Fig. actuator's
photogllo%c quipyls &lrfcgy forthe 'f“ICWEH’C"é??{)ﬁéﬂef'a’QZthP@Foéloﬂ%?'-SW“tS simply provide an on or
off offutdigmbied, e.g., with a swivel rod end, and the upper
ends of the linear actuators are ginbaled to the
novabl e support using, e.g., a ball in a cup, formng
a swivel rod end (BE) 2REFLACQIEWIYIJETER 234
Ven a'c&)ﬁla}lc)é vﬁﬂﬂ%&ﬁetr 'as%gct tolqﬁe W%DA thereYOP %Ectn'v@ %me may be used to

on the intersection of X a axes ext endi ng across
meas ¢ FGGRIOGS AN © 1GH: (P 0 COMAETRE A OB) ASEPBREiss. 18 and 184,
the met&tha©d sodie buch hgeBdash Bmp G8T IRWing 2 bifurcat8 fibdr Akt dablO 82| and a test surface 284

may bl%%%ced%? fﬁglte %a‘)j@y hllaﬁ t}%uﬁﬁ wglcl?‘ # ngfa%erﬁtt %)ggc%ssgcf 'lfhg [egttggr?ace 284 is thus in

€ su

the omtiqfrl @eth iof light Womeoas fongef, thfbﬁ'@r pitigeble. oA mhféo fletscton 2§€up [pexitioned to receive

and two fixed to the novabl e support, which bearing

sets provide vertical support yet allow rotation of

t he novabl e support about the X and Y axes. Each

pi |l ow bearing preferably hasla Teflon(r) sleeve so

that it nmay take very high pressure. The upper rod end

axi s must or at Ieast should be reasonably wel |

s o a1
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bearings in order to avoid cross-tal k. Placing the
bearings so that they are a little off center hel ps

whe®p/1s0me wei ght on the |inear actuators (whiBPE¢T/US2002002093
be electric or hydraulic) at all times. This

reﬂec%l)r{smt fﬂ@ﬂ&% frbth tlg Qésps%rf?cle ﬂe[}ﬁfp?( P th@éhc{?o%gtg\]@oqaﬁ tku% €0 to a capacitor and

screw and nut.
on 10,3 THGropFagEsEay. Eheps’é'ﬁa{?rkm% &gﬁapt%?@f‘cﬁhmpghra@@a hP'ﬁ 283 to another photodetector
285 and may thEAIRO & aMapdeita@iant dnas a aspRRkest. (OkeibbrropRElles Bithe sample and the other is
therelfe%ﬁgé i ng the novabl e support so that the UV tray is
flat is very inportant for flow control in
t &P BREMosk ag fRYBYT ni Aitst suriice ajuanjnami migorsiy Slaesth dver bettoptical paths. That
provith € S¥@énye. fThdn the igdr ik pladed b@eﬁbde@ﬁlﬁ andRﬁe&Erﬁﬁl&b'p}échfbeer the other. Then the
outpwt( rapelclm% Qn which the systemis nounted has its own
control. However, the accuracy of that control
[ sAH‘?S'l‘aﬁ*éﬂlbl yherreieresqqulrreﬁ enld e sheckdqdeand) dight devel dotede| Therf the sample would
repla<fe| iQind ﬁghﬂte{'/dl) borfparl. THRQUIWRLLIOE mbthodtiéBss hpehsivdYinceiNEbeSéhe photodetector and
asin ]e ncneef[be \(el control is desired for the UV tray. V\f
Fererence G Fi gs. 17, 17A and 17B, the |eveling
sy Eerdastingsphatodetasioes vith bhndpess fi ipendert ved 240. Each
pemﬁgﬂl&gﬂrb&ss&o& Shesie 1Bvefs)df tHE ﬂgﬂt ‘ﬁﬁhe @Q)e'ﬁléﬁﬁs %ﬁ%tef’e'stl aln&3 Betermines the

| uor oet her

percel“ggel‘ff)‘r"i@"tﬁﬂ%é’f f%?/@“ SE’%‘&%\F“ c°élHd° H‘éfégm??b‘f"“f r eeze or b0| I
eadnd may zirshauaﬂamspmngwf ihtenstly kegtpss forheactpleg ahidl darthiste iaflettdiy. To test for

reﬂec‘t’fﬁfy%f %V‘?‘g{; ur;][gI %oﬂ\%ﬁ%' l?gﬁlmohri qumzeggnr Blggg'r ﬁ?aslp a%p, or may emit all

ousin
Wavelevﬂéhs af lightyj I'E pRYteMet 3ibandepass Eifterion glter%fprdb@lwhﬁ qf wasedfngth af mqem e.g,254nm
may lﬁ:ﬁﬂdlui mﬁb@fdﬁloﬁt@ﬁt ﬁl'ﬁ}\fécﬁbbﬂ opti® beé@)u@ﬁts toh & thY ifput (Jth@plﬁtorhetectors Using

such a reﬂﬁ:QWQ me etr the i(r:1\9c=llfl1 or founrnﬁ Eatembl% ﬁi‘z?{ r@‘gﬁ&g? ﬁ%lﬁi%ﬂécﬁ%ﬁ%ﬁ#nm UV light,
e.g., 2putP4%s af'd dw@etrd]etthleof Eigl 1 d@ris mfed ta hdifferop mpanem@s At Ja dor the tube and
reflectdr &R YM or tube 254, such as liquid crystal polyner,

ot her plastic or netal extending down fromit. At the

bottom of the pendulumarmis a plate 256 that sw ngs

in a channel of two bIIucMSTQ)SﬂVEZ\GQIAEiM 258

cont ai ng,.a,fhotQ L d

Phe trr%m g | ca ép&'llbl ghe deaﬂlBrhg C‘E!}%g ém%gcﬁment has some

258b pair that are o
redundagey tg jeppyre gripkaRilitypf dhegesaliant tvet?r AAdexpRRle. dli sydiam e ren witthyarious filters,

and tHe @Rtk diemtdtifehthad btbr tullWitoubilht Bapekerdl It BoulNBsoesd Géh witho@h-the sand filters.

In sorﬁedcg'gun%é&%s ﬁ)rrn yergogge deég I)hz}vhgnl tlr'ilgetegd 31?6 at the optical
axes) ‘of the photo

enT hetsaéremamdd pmm emgomr ﬁmr msila dhelnuntber of filtees, perbsity of the filters, and order

of ﬁlt@rmgtct)lﬁ& al@d"ge PJ?:Q& Og&&&},@ ttQaerfer(e%hQJauﬁeﬁt Qrauc%alu) réfefence to fitting on a
ocat ed preferab t¥t as close to the one pair at _the

il etftiondo gy gt fligring capaeipfryd B‘Tm"idFreF% REBl: %@gersgeulé e amanged to

extendhdrigon@lly sd momtedXdr,thatiealweilsd Suthriiters e(ﬁﬂthetxﬂ’aee zibldlitlalght td @n feet long,
Zc’fﬂﬁ g?f; Rl%g%f Qe%a'égs ? Ioft o cotnglﬁ ea%:)el\illirg ! :c)pl;]l wa er {ugg(zﬁe clearer (less algae

and otk aqge0s) il elinjlayesummer 39d frdfuihe eaeman tsaeike stgoxﬁaana@akm e gmr source look

green CONBr: mgﬂlﬁ@anﬁiléﬁe RBitiBRY BE intkd fetk i)e)éor&@%l:}ﬁndr@m{pbﬁam

e LM PrGR L APS 5P e s R e e P i s up
to thetintaky hesg [first, ghten connedt whgss finmvke Gstlrgtkamttraiter koya detvmd srackeor tmnler having the
furthe?'tlréaﬂlaﬁt sIahcln'é suc(hwﬁe badhERMamieRt ahdGtuv ltbgtdehtnﬁafor @ﬁ‘otrlﬂ ¢ taik.

and therefore the arm never stop noving

ar D fEtenEn glsp fyncythoyt theezonp trratgnt os svnh@s che &VeF@F'H%E yithough the UV
treatm@ittis ipfefted OVen theCozomeUbrdatnizaarr ﬁVZ&Ztmeﬂ_thﬁmg%lﬁGlths HeBdvES to kill harmful
organg{ms, b%] hl%ls% fg) dDﬁQ 6% { %t g}éﬂgrgm{l%g pfh gkl mll 358 bd%at(éo&vﬁ] many harmful
mdu“@*ﬂ Cheh@alpeﬂﬁdl\{j Fﬁdavqwlthalvﬁd)zvﬂtfe'WSt @@lorieapparan: fromghegzbmrbecause the UV will

direction, both pairs do not sense anything (open).

The nicroprocessor shoul d then be set to control the

actuators accordingly, to nove relatively fast to

drive the pendulumin the oppdsite direction, until

only one pair is open and one pair detects the arm At
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point, the drive should stop or substantially stop. To
set the initial position of the pendulumarm a tool
whao0onegs7a0 finger that fits into a hole 270 reaPCT/H820002093

portion of the pendul umarm may be used. The |evel
breakBRS AL 04 coul d be essentially incorporated into the

m cr opr ocessor 266 by connecting the photodi ode

oui‘”km?fgnfdls regpstmed by “ffw&n?ﬁ EPdy b clacel giatter.ghepto bprd | Waler,j gnd other things
contribiite toph@i deiration. Atiop Aliesing thefpfor hplpONakel ehe azonOmeatilienrhdre effective.

OUH%UBZO% g&%ent %E&Lﬁpl;\l t\ﬂn YkM?‘}ER 4193 qu‘a% %@ﬁeswhsrgicides and other

anot her aspect e 1nventio
mdUSF’é'rqh@@fqlwqdyt ippreYs RSB Alhp W Gsied i Fepray g stroys odor. Given
the porfabilit of thd/irdatynefifsystant, €af 1BdisS tHe @mbingftpoy@andspyee available to make ozone.

el %gctd&sg%g%gg he(l:;ﬁ c%mgéﬂiel \pa@r “if fﬁ‘§ wﬁgqy\Murk o@ng l??amq’eﬁt 1gg%y useful. This is

source suc as a
true qqtaﬁ?inchaasewf the pesthetiseiofithegesultappyater, RugHtoghexdppity lalmve& thegfectiveness of the
uv t&uﬁléra,aano%&éndmyhebﬁorﬁlnaaﬁ%t O ValighBth@rafia\thidgzhdut 2| veater is important. 1f

clarlt% 1S Ip? rgttr]e g’glzlc t eSt ot acng\]:eascgimerﬁ neé?tl%lc]: CF e[?refFrIeta e{n%?ds ment, the depth of

PRSI t°h
waterdyye Smﬂ'ﬂk‘d the UfVWésefl$ @@themﬁtth% t%‘a‘btyéan b&t%ﬁ@fdo det ect or

28%hd chloRRSdolii @0 @dleli On 1he @Eitd/ﬁé %Elllt?ﬁtvfcaﬁp ﬁm@if tﬂmgédit lgla:tank Chlorine is
put .0 e phot odet ect or
sdded S P et P RGP O VAT Bt o &
ni Theopmbe eskdacemenin of punpemayf t@rviriedf Maimangut faenp 8ofot pumping water out of the
souchQM tﬁra) %}J tﬂce%ltérpr Qﬁk ﬁnch ﬁite@ %ﬁl?fd bo m@%ﬁt hﬁ faddition, a high gressure pump is

hot o ctor 2 capaci t or
prefeghly pigt ey Bﬁﬁ%‘éfé‘é@btr‘a“kt o‘aeaﬁrﬂr tgeetrag Sbeﬁ E"‘I“é@“‘ﬁ‘ ke Rigqg between the sand
ﬁlters&amgeﬁltam drhe pempog Mg, | Maf N ifichides ag&epresmepmfeformﬁq&r section. As
f surfa
showr?% tfae B th) of ?‘fgciaglt ﬁ'%he{ ﬂressur%ﬁar{\p At or{ﬁyggegﬁaﬁﬁie etrw(g? e@% %ng glter(s) and bag
ﬁltef@H@f‘Fa‘% qfeﬂerwmaepfihsmpmam over one path and the sanple

| SFRIh@CR the QU or triiRr EnlARKNg tﬁEhﬁntr;thﬁst@idﬁd?jdE@ RBlffeveling device of the trailer

0 d. ternative nce m.rror coul d be . .
or o RTLE e, RO BN b S Faniia i LES S i poss
givenrthepWeaght especialim avith jabdut 400egalidns o6 wptar ecthe k), dicteby readeripgthe self-leveling

meﬁ‘egtﬁ/‘é haeh the ey &¥REDP th\f%@ht%ﬁ%e&&neymrtme Levelmig__ is critical to effective
ome hot odet ect or and_a single bundle fiber-optic

thid’V i Ge gt ’é‘&’fsél?rg“g&\nﬂteﬁrab é‘rf’o‘a‘f) é'gtlf eF‘f"E’l ©rrsovigs r"@ desired residence
time fdSe\d treatri@t, BdTEsOEO BEHAS FrovideC:aeasaEiaBS oviehadl thr@iglusfonthe Syktem.
light in the wavel ength(s) of interest and detern nes
the percentage of reflectivity of the test surface.
(I't could do this conparison.TESI&®NGmy al so just | ook

at Wfé@x\/\/tréaﬂﬁeﬁﬂﬁdlr{gya ayusmelhsacéowan&am 4 sgfeaswl erfBVldfeht2d@he invention was
ect r reflectivit

perfo%ﬁ Prb\éatéw E%gv fg(gn %FWq?( p&)ﬂ (a g(aﬂrfre%uent d le' hveséock)e%s r(?re using the system,
the witerngsted positivafohfetaheniforo KE. wel) ugmg the Gdlilertwaethotidopyt Aaldhcteria was present in
thew‘lﬁ%]ght. In any event, a band pass filter or filters for
e light of wavelength of interest, e.g., 254nm may
beALes Sliratign uping.the HYFIEEE RET nNing withqybthg g29pe; the preyliant gy tested negative
forElet puts, or at the input to the photo detectors. Using

h a refl e i i nventor found that
un?'g’te"m aiegk%/ﬁ' t&%t '??Udec{tﬂe FOE?W & efl ective of 254nm WV

I i 4yhintakesgraging atal!?omke%%faawd, that the refl ect or of Fig.

107wd shiM ftefs @28 ﬂaﬁer@lyﬁ’t‘bfﬂll%l@lmlncr@ﬁﬁﬁf a 34> h¥@ Pressure;

fOéa Zhe t ub%@n refl $ct or array.) LUST I VE

VARgEAFTERIE! Fpn ¥R nent system as descri bed

abawv ezonqtréatvenipek eith @dzlerds debcrited herbia havdrgetanie durod aNvesles/Tank = 200
total ToZiENsur e drinkability of the resultant water. For

exanpl e, the systemcan run with various filters, and '

t hn progdes miade) b Rlswsed Trshnicsnlae. Medshng. RRASMAHRIBCK hsizefgugut 10 Tbs/Day;

filters. It could also be run wthout the sand

filters.
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In sonme circunstances it may not be necessary to have

an intake end filter. The system could be run using
woehen2¥id t er nedi a. The nunber of filters, poPCOEUS2009602093

the filters, and order of filtering could al so be
TumMBJH dafing tRAERUSE the pr eferred enbodi nent is descri bed

in referenceto itti on a trailer, variations to

obt*oriing tankiof 323 ?ﬂ"f"ésr r"n”gs}’ e eaopaied AR ¢ beldyfon ghreeprpjputes transit time;
Turnebodlivotineg thatbse filters coul d be arranged to extend

hoﬁ‘bvg Wtﬂyg ¥s o%&ﬁbé&%!&heﬂm%ace l;u 3 pw}ﬁ? eaXﬂullbshavé%% watts and putting

ilters could be nmade about el ght ‘en feet
°“tU'VHbgh‘t Dalding 254 nm vavelepgth ligdhends a 1 ot on conditions. In
eamayer s@rfiowed thiwaghatie e ngst S(Dgab@s pér @aduts pef tra9 Sietvg &8ys;
anﬁﬂgrt lﬂ)%\fmg tﬁx%§ ntﬁg UW s,e wa{%r sent témna ﬁorl]gn f@rllkl oft J}egallons, where it
al g e signrfican e At er
received a'r%o ?nswh@w@éﬁatmeﬁgwesgshmnﬁ At Tg? yeter flowrmelt thrayelsthe system was

aboutt 90@0 100tgpie The deduliint b@l@ﬁ%&h%@ te&&f €Thee ma@f {2 BbttlesAontain a compound that
ther opti.on s to tral er or

destr%glrlhorme sot z%ttl‘e chlorlne dcaes no cﬁanée tﬁe te reflhtg,tl eT %’8 &caglr‘gltlre%g?l% the chlorine in
the water qoef nph‘@" Mmakeormg@s fThe sampoyridégbelieypdhie be “hapdisediuni thippnlfate.
the first truck or trailer to a second truck or
trai [ { further treatnent stations, such as
hgbb%ﬁm%ﬂgﬁ{: and/or UV treatnent, and/or
c hBwofacereatdr gedtmenthe syst em can al so run w t hout the

0 Z Qrﬂ)@né WwithHubE i i Wis u\é\édtabgustertsg'lﬁcewm&r WROAES e v@)l'st Jﬂg’t%g@may encounter.

he UV treatment is preferred over the ozone
Pmrf%élas He rauiPmaRt and pragessend the (inyensign. s vaispivaselqydy grespelhatmpeans that there was
a lot dishspendarmetautial. Or gani sns, by destroying the DNA of t he

m hi s UV W|J I
L HEOR S e dMc b i) R FRRSGORIRIREY |
oz@ﬁ@etmsaml'ﬂﬁﬁ@@ép‘a’ﬁﬂﬂ% fromthe ozone because

th@néMdmfdu}wgm&s .hbﬂalgzone The ozone is consuned
tur heat

by BTG gt ﬁﬂpﬁ@% b ES PTG UG O7omon was of. The water
camecip$q aboutttheo?s0 g@lrodnark whieh is mdert trerpeip isssetre s ommksend thewater to the UV
treatnRAB&ioL.r €at ment nore effective. The ozone treatnent is
useful in that it Kills pathogens, reduces pesticides,
heF#sh srrardankdpty| 09 edvozzlendnd here pre dtadtikeal s, and it
i MDKeQY<Sn ﬁlfb&gf@&&iah &t 4ta60 @in Hyhavivgiveso gallorﬁper minlite sections.

I g?ﬁegﬁ'g ?an]?s a l,}s&%/ tﬁg : I;hegsc;nre % roxnmda?e'i two thteSRO mteiact ltllll the water, but the

°Z°n°a‘f?éeﬁf’“fé*gtf15éﬁﬁier and space avai I abl e to make ozone.

Bemusw&dwnmn&mﬁg%arsdt@mcfsy the water, if the
treatnent 15 ve

oA o RO i P S s SRS s By s ofs o may encounter
Prior rossm tha pruipmsttend prixgts ofithe dnvtritien, Geavaiet yasicippdyoarees. Thiatgneans that there was
a lot %f Iu?;ﬁu'le& Gikerial. OfSchhﬁ?lWﬁE WaRl iRy t'urbw Q)E glfegtltlj thWS3 kl?'ﬁ (Nephelometric

Qzaone treat nent penetration rougho
Turbiisy; its); ngMﬁ)ran}sg?ﬂ by Sl'llflmé p gght ftvougttthf)wgfr ang HgleOq qf{:ﬂaﬂs scatter from the
particBly not achi eve sufficient penetration. In the
prgﬁﬁi 1 enbodi nent, the depth of water is so small
n JV dose is so extreme, that turbidity can be
t oTlerfust 660 gallons of Whterrthat eameaut wasliyiarcaddi badl thenfotidvang dhyradteyistics. Turbidity
varied ﬁ’&n 0.6 MU 8116 N, @lenvAthELR Ene loR@B tr@éiirqgng arldfor ﬂ\o];eemtlérs would further improve

lorine is ad ed because it provi des a resid

clarity, JThe Qpteryay é‘°b‘?é'fb<5‘P Ginkable- 1A @?udrngss (yetgpe torite, faﬁ&%@? ingpfgvater was so bad
that thglbacfirBrtogge apabomp S0@Yions ef thiatighewl. Tidbiag filtenOwire femoNed 8t that point and the
syster{) gtfera%rmh&gmg\@t er out of the source and through the

ters he sand filters, could be noved. In
adBhesind "e’émﬁdedwe Hrbesnopades gidrmgt dlog: pref erably ri ght
before the ozone treatnent tanks, i.e., after the bag

filters, but it could be placed betmeen t he sand
filters and bag filters. The punp 8 in Fig. 1 may al so
i nclude a hi gher pressure pub before the filter
section. As shown in the variation of Fig. 19, higher
pressure punp 20b may be placed bet ween t he sand

N T 1 Y 4 Y . Y



or truck should be sufficient. However, if the truck

or trailer sinks into nud or the like (which is quite
wQ@omsikd7e9 gi ven t he wei ght especially w th aboR€T/A81309/002093

gall ons of water on the truck), thereby rendering the

S € Mthduﬁ')/ el fﬂgenllé}lefldcseﬂeteﬁ \4Escritield Qﬁmg QSECIf@VthHJS NGevREY | h@orOhethods, such
tion becones_inportant. Leveling iIs critica

despn b Ry (IS 6 MBIPITTE RO et GHnaes gk be made to the
prefetrésir enbgdimeri@) byr thyse &f omlinargtskill S1 thevar rwitbigyin départipg Gromdie scbpe of the present

mven@m'ns Wﬁﬁg isl &P foqg R e tfélﬂ@lng Qfamw Int ardﬁi%mr%oul@&dunfd%%d that aspects of the
to provide a reasonabl e overall throughput for

p'efeFWé“‘g%T?é‘fﬁ) eenecstly Ray RRdpterrhapged iy helser i9Pthg a systemin
accordance with a preferred enbodi nent of the
I nvention was perfornmed on water withdrawn froma
i vestock pond (a pond frequented by |ivestock).
Bef ore using the system the water tested positive for
fecal coliform (E. coli) using the Colilert
nmet hodol ogy. Fecal bacteria was present in the water.
After filtration using the inventive system running
wi t hout the ozone, the resultant water tested negative
for E. coli. The systemas used for the test included
the followng: An intake grating at the intake end of
a hose; Two sand filters nade by Baker Hydro
Filtration, Inc. of Augusta, Georgia, 36" high
pressure; Bag filters provided by Filtration Systens.
An ozone treatnent tank with nozzles as descri bed
herein having 2 tanks = 100 Nozzl es/ Tank = 200 t ot al
nozzl es; An ozonater made by Plasnma Technics, Inc.,
nodel no. PLASMVA BLO3CK, size/output 10 | bs/Day; Tur ned
off during the test. A holding tank of 325 gallons, in
whi ch the ozonated water was held for three m nutes
transit tinme; Turned off during the test. Two UV trays
as described herein with twelve bul bs per tray, each
bul b having 320 watts and putting out UV |light
i ncl udi ng 254 nm wavel ength |ight; Water was fl owed
through the UV tray at 50 gallons per mnute per tray
tinmes two trays; After flow ng through the UV trays,
water was sent to a final holding tank of 75 gall ons,
where it received about 0.2ppm chlorine treatnent for
| ess than one mnute. The water flow rate through the
system was about 90 to 100 gpm The resultant water
was what was tested. The water test bottles contain a
conpound that destroys chlorine so that the chlorine
does not change the test results, i.e., upon reaching
the bottle, the chlorine in the water does not Kil
any m croorgani sns. The conpound is believed to be
"hypo" sodiumthiosul fate. ADDI TI ONAL EXAMPLE Surf ace
water treatnent A pond with ducks in it was used as a
wat er source, which was one of the worst that one nay
encounter. Prior to using the equipnment and process of
the invention, the water was cloudy green. That neans
that there was a | ot of suspended naterial.
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The systemused to treat the water was as in Fig. 1,
and included the follow ng: One set of two sand

WO p0ovALF49 unning in parallel. One set .of four PEEUS2009/002093
filters running in parallel. A spray tank of 325
galdLapvsapacity was used but not filled to the top.
Ozonation was off. The water cane up to about the 250
gall on mark which is where the punp is set to turn on
t o VIATISCIARMEIEYS: t 0 t he UV treatnent section. Each
spray tank had 100 fog nozzles, and there were two
tanks. The systemthroughput was set at 100 gpm by
havi ng m‘%%eaﬁ%ﬁnf%ﬁe'bé?m?ﬁsﬂéte sections. The two
t anks anreinpig puingt for [impiag tvirer feroaseuregXproaphitieayddny t WO
m nut es t he ozone was
of f dur |a E%erk&a&rr@&km%@ M}?thmé\a% umﬁpﬁgdd the foll ow ng
char act &V s‘iei“E'smS?&“%PFCPPW‘MUHL}@R&Oth‘hwq“tf’ was used as a
wat er s ehdreie the W gdatnwaSseQide c@f\prffsd@@ 0 ¥ tflot BB vate o TBYinput end to an

outpu?ﬂ'le AOMBL Rdrein B(/'h@ﬁt#r? &g)% ragbove fe fqu C? om‘:f‘le wad and process of

I'nventl on green. That neans
that there was a | ot of suspended rraterl al .
Speci f | TR aer trédiRen\&ybterh of@&ima, WHeFekH thbrd i aP§zofM tR&MBAt section between the

filter gectlon and tgrr%rk’ grl\k?rgen?secuontfr ! %T#gh%%%l ! ‘#’Jﬂelét \?v)at erNT gnlds

|00k| ng for off aX|s scatter fromthe particl es.

RESUL TSthek r fréa'hﬁént s@ggn gﬁ!l;llrg n&vlfefem\’i@ctlﬁﬂut ﬁmt filfePLLE R Yhd UV treatment

was cl ear and | owi ng characteristics
sectiop FPRte] oY AU ¢ Qe SR DECCrBONPRYnted PR ey fatlpfef poriable water
treatnichtesygian frewhicte filten® pim@Nald o leadloge bfi UV @eB8mud dhdloonl drdattent stations are
toool larity. The water was cl oudy but drinkable.
dlsPogeﬁg %‘8‘3. ness was due to the fact that the input
wat er was so bad that the bag filters clogged at about
5 0@ g al Tiengated ftreettrhé’n@ %@Gﬁil&f claif € whasin kel cb&e SreREMR sectlon comprlses a tank

i AERCE BBl A S RORA S Bl i
tank, Hhﬁtfebbt the gtom|zedwatey lis meiked withWerezdne withinthe ielen descri bed

usi ng specific terms, devices, and/or nethods, such

description is for i11ustrative pur poses of t he

praf er r F EIH BEAREHYEET obARIR 1 PRAFY é‘*ge“ﬁ‘H?a’B@%G‘@ 3 gach UV light for
reflectinge) \plighf ewardcthewdvadi ment (s) by those of ordinary skill

in the art wthout departing fromthe scope of the

present invention, which is set forth in the follow ng

cl @i ms. Therwaigd diettmeiis system afirdiim & pbersim dhe reftegferd cpmpise a sheet comprising
biaxiall$-Pieaied pdfettly REe BreghRte@sbrempodi nent (s) general |y may

be interchanged in whole or in part.CLAIMS WHAT IS

CLAIMED IS: 1. A water treatnment system conprising:

an’-i nputhep@teptréatprenizsign ofglaivat erhekindmlyy savian s eotiiedamgheveling system
compfisitg aSHHRY @hthe and 4 lnBﬁBle Sk, R fike8 GamY hi\Gh WS%E ggtther\LJ)]'edlong one side
there ff-&qéxeﬁﬁl : and UV treatment section for ap g

9 el RfbanEer SGEPTOT A UOTB RIS At ioted et and the
actuater® Al9¢ baxSgimbdlddady ai Oppeil ¢ndtheddof Wathe moV¥able Mame, dnd BeHringsdiksposed along an

mters«],;cgona(nP ?ﬁto? lt’ﬁe er{l]gimed(a??)lq&o%\'{gp € ta&ua%\r/s !o tﬁ;ehmovaglr %'algule %lpdo tﬁee gearings, the UV

e Surt1ace
station being mounted on the movable frame.

8. The water treatment system of claim 7, wherein the leveling system includes a level detection
mechanism comprising pendulums, each pendulum comprising a housing, a damping fluid therein, a pendulum
arm for swinging freely within the housing, and detectors for detecting a position of a bottom portion of the

pendulum.
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2. The water treatnent systemof claim1, wherein

there is an ozone treatnment section between the filter
wge@vitzat4and the UV treatnment section for applRCTYS2009/002093

ozone to the water. 3. The water treatnent system of

claim1, wherein the input punp, filter section and W

tr atmeg‘t ?ton are nounted on a trailer, and

fuft her A eVl e MobilefisatAe R decdity- hgein the method comprises the
Swmpfaller.A portable water treatnment systemin which

filter Smo%ﬂ?ﬁher@?&nﬁth&e@aaﬁ& atgal@t St OHYV %a@tﬁénmtoz&g% atment stations

ozone treatnent stations are disposed on a 5

& water treatment systemof claim 2, V\,herel n the

ozone t dbdigrstailgecd doate GFONARF heS@Ag tRatimaftk havi ng

nozzl es, oy o sk %k Ghd: nd, a source of ozone,

wher ei natt‘%{eo S(;ulr;% o\é}g%eﬁ%uﬁceg rgdonnect ed with the

t ank, \Ah@?%‘?f?’e*’t“ﬁ%th%\mf?ﬁ“z@@‘&/\l@'er is mixed with the

ozone within the tank. 5. The water treatnment system

00, s ISR B S SR bERES b Pl e
tilted ?n%am)awa PViligkide Wewetersx)w drflowingabing WY Sulbsgnérefecors he

refl ectors conprise a sheet conpri sing

bi axi al | orlented eth | ene terephthalate (boPET).

?tT' Qéiaéfmtaf”éeg&sf?g Py TPLYBEN of claim 1, wherein the
UV st at # M tegmenvmt ed on a | evel i ng system conpri si ng
a fixed, fetafB sR0RH A \Jm:\{ QA%' tﬁly id Adlkited tah'@latfl\Je)iﬁq)f il{egr??genin& from a water

%Vl ng one actuator md al On% one sid
input end {0,373t @ptRyt snd of fig rav, &'Pﬁ@?’ watet wakfiow ﬁi‘?f“deW“&‘f“ﬂ fgfhe output end;
anot her Ugibdies inbudted @bovathe trhy ox@eldihib@inblallyatich Wib@ of the tray and disposed

o being ginbaled at an upper end thereof
along%éd'lﬁt( 5%6 e frame, and bearings di sposed al ong an

i nt er setefigctsrs mpuntgs erungfeaghHaV Qulbrisech dleht fhe rflecsors odvet fubstantially a length
and wiiofak @hys to the novable frame and the bearings, the

UV station being nounted on the novable frame. 8. The

water treatnent systemof claim7, wherein the

| elel i nthesyagt evatmanc bysteie Sf alaimeafelaintl @1 veteteinodie AB@BRMamENs supported on
e OO nSE Ao 4 B DS L gyt o 0 i
“’“h%W‘%ﬁ?ﬁe@peF?VééPVf\metbFﬁ“ﬁgst he housing, and detectors for

detecting a position of a bottomportion of the

pe]@dUI UfHe {Eﬁ'ﬁelﬂpg \I\EJ‘ oF gl? %t I ugerwﬁa L gJ\}JISI EQom%nse Flﬂ%gated UV bulbs,

tr eat nent aCI
and t@t‘é‘bg%fufthmmmsmmﬁlr-ple élosgatem&ﬁ’ps wuqzsweeach efittle haffl¢sda perforated, and

whereliR&hOf thé WV b8 Sdr 1B EPosed MbvOAR HAink WRRLRE HitheVafted, RIRc BRIy A
trailer; driving the trailer to a source of water

needing treatnment; a step of filtering water fromthe
solf ce; Tharvdten trwreqnt Sffstetnr e atainn @, wiveeinveh &IV wayt farthdy comprises a series of

baffled \blﬁﬂﬂtmcre!tsg wa;EPI%SIEE%%en% iPhe ﬁ‘%’al m9, wherein there is a

step of flowmng t own a tray being relatively
tilted, and appl yi ng UV light to the water which is

f | B Ngrhti Siafeg rédsmdat E)b{ém&ﬂf @Iarnefl | \Ql‘i‘et*éﬂf fhe sylstem &niﬁﬁ;e? khe ozone treatment
UV treat ne

{ 5"%%]' nent .stat1 on fTa'éJ E éﬁ
secti
io e. orz]céne éreaS eenlgr?egt}]on KRJtEins np3z gfoF %{g)fmflgg %Uﬁtfr 8r mlémg th the ozone.
relative t||t of the tray being froma water
16. The water treatment system of claim 15, wherein each nozzle has means for swirling the water

entering the nozzle.

17. The water treatment system of claim 15, wherein the ozone treatment section comprises a first

tank, and the nozzles are contained within the tank, and there is a second tank located below the first tank for
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input end to a water output end of the tray, whereby

water will flow fromthe input end to the output end,
wQr0obatirg9 nount ed above the tray extendi ng PCT/US2009/002093

substantially for a wwdth of the tray and di sposed

recex@allgcmgneltl%ﬁait\thteq’to ILJP&SCtOQa% wa%ﬂgntgtﬁt JngCt ors nount ed

around each b such reflectors cover

sub¥t anf P%Wv tfaanlnaﬁ §Em Qhteii ! dvheredr thernis aiVofpatment sectipp and the system
furthen@brapris¢sragak f@néceiving tvetan ehted byathe1U Uftretinexit Baction, ifdaiie@nsiTor chlorinating the
watetifMe fRvabl e frame is supported on bearings |ocated at

a center of mass thereof, and the upper end of each

i near actuator is positioned so as to align with an

axis of The wAS refihény &/stem of Mimtl _hﬁrtlbeaﬁﬂpﬂgﬁg_ bofh3he ok treatment section and
the UWeﬁrrneJt Ee%%nnﬁg bv%%gt}ﬁ?nﬂegtf nlcj\)'ﬁl gpplsed %ﬁnr Fal} otf [i']\g/o lg}nle treatment section.

l'ights conpflse el ongate %UTBS, and the %ray

further conprises multiple elongate baffles, wherein

eaQb of Thdwarkrafehtmes sysempBhal B GhbreiRhd syRar &2bit tRa@mbnt @éction includes
an ozb bul bs are di sposed above and in line with each

*”Tﬂe baffl es, respectively. 14. The water treatnent

syst em of cIa|n11, wherein the WV tray further

conprises a series of baffles which increase water

residence tine in the tray. 15. The water treatnent

systemof claiml1l, wherein the system conprises the

ozone treatnent section, and the ozone treatnent

section contains nozzles for atom zing the water for

m xing with the ozone. 16. The water treatnent system

of claim 15, wherein each nozzle has neans for

swirling the water entering the nozzle. 17. The water

treatment system of claim 15, wherein the ozone

treatnment section conprises a first tank, and the

nozzl es are contained within the tank, and there is a

second tank | ocated below the first tank forreceiving

ozone treated water to increase ozone water contact

time. 18. The water treatnment systemof claiml,

wherein there is a U treatnent section, and the

system further conprises a tank for receiving water

treated by the UV treatnent section, and neans for

chlorinating the water in the tank. 19. The water

treatnment systemof claiml1, further conprising both

the ozone treatnent section and the UV treat nent

section, the UV treatnent section being di sposed

downstream of the ozone treatnent section. 20. The

wat er treatnent systemof claim 19, wherein the system

ozone treatnent section includes an ozone nonitor.
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