WO 2009/123749PCDUS2009/002093 SYSTEM AND METHOD OF WATER TREATMENT Cross
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BACKGROURD B FEE INVENTION Field of the Invention The presp%jf[frlﬁ% {6k Blates to a
system of water treatment and purification and more specifically to a portable water treatment system.

Description of the Rel&&@f@hﬁh&@ MFOF hﬁﬁ&éﬂﬂq%ﬁm ik

porous mat&rlals tﬁ @tr 0 gﬂ: However the process causes the ozone to
break dowritto6 Tt foxi g properties of ozone are negated. Given

the size and energy, %gﬁaaﬁapté%m&m@cw@%&r%mmm@m m&bﬁop@ﬁ%@&cr%worough
decontamlnatlon of water rexample, ;table ozone system such as the one shown by U.S

Patent 15 Rf5. % ?L%é %‘% Er’)}récto oléatse ot eregcaer 6°Be sufficient for decontaminating water
thorouéhly for drinking or other high quality uses. Other commonly used systems for water
purification include UV irradiatiBa CrSGREGTIND (O P 94D 6l VBEPPEIENN. discloses a system that

first injects water with ozone and then exposes the Water 10 UV radiation. Hoppe et al's system does
not appear 1§18 RPYRPEnvORGHADlE Water treatment system such as the ones shown by U.S. Patent
No. 6,616, rson etal. and U.S. Patent No. 6,464,884 to Gadgil use filters, and Gadgil uses

UV radiation t00. The present invention relates to a system of water treatment and purification and more specifically to a

portable water freatment system.

Description of the Related Art

The system of generating ozone and injecting the ozone (03) into water for purification is commonly
10  known. Current systems typically use a process of venturi mixing or porous materials fo introduce small bubbles
into the water. However, the process causes the ozone to break down into oxygen (02) so that the powerful
oxidizing properties of ozone are negated,
Given the size and energy consumption, making a portable treatment unit wouid not be practical for
thorough decontamination of water. For example, a portable ozone system such as the one shown by U.S. Patent
15 No. 7,118,678 to Porat does not appear to be sufficient for decomtaminating water thoroughly for drinking or
other high guality uses.
Other commoniy used systems for water purification include UV irradiation. U.S. Patent No. 9,494,576
1o Hoppe et al. discloses 2 system that first injeets water with ozone and then exposes the water to UV radiation,
Hoppe et al’s system does not appear to be portable,
20 Portable water treatment system such as the ones shown by U.S. Patent No. 6,616,839 to Peterson et al.
and 1.5. Patent Ne. 6,464,884 to Gadgil use {ilters, and Gadgil uses UV radiation too.

What is needed is a portable water treatment system capable of decontaminating water for drinking and
other uses, using ozone injection. In conjunction with such need, various devices such as a simple and fast ozone
meter would be necessary or useful 1o creating a practical portable system. In addition, an efficient and cost

25 effective treatment system, with or without ozone treatment, depending on use is desired. The filters may also be

varied and/or omitted depending upon conditions.
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What is needed is a portable water treatment system capable of decontaminating water for drinking
and other uses, using ozone injection. In conjunction with such need, various devices such as a simple
and fast ozone meter would be necessary or useful to creating a practical portable system. In addition,
an efficient and cost 25 effective treatment system, with or without ozone treatment, depending on
use is desired. The filters may also be varied and/or omitted depending upon conditions. SUMMARY
In a first aspect, there is provided a water treatment system, cosing: a UV treatment section

for applying UV Iigiﬂ;l té)ég? a%%éar,,t%gggg r%%la%éé\é %m%%ﬁgxg%tg&%g@%e%gay for flow of water

in a first direction from an input end to an output end, the tray having sides Ing i.n the first

direction, and wherein thqwe{rga%liggc%glq&g%;ﬁikj}{gligl@tqigf@ fggﬁggggt‘gp%%@iﬁvater receiving

portion of the tray and extending in a second direction transverse to the first direction across the tray

so as to extepd e/ RIExIMAELIERIdERAE a tray foRRIWality pERItEE - SaFh RlBterbeIng disposed in

the second direction in the tray and centered below a corresponding one of the UV lights, and each

plate having;apiuadity ehrerarationsitbersacrass. sikersiniba perfaatinasae tanfigured to create
turbulent flow to slow flow at the perforations at locations in the tray closest to each of the UV lights

where light feamarthedbyelightspratits Stengest, theipiries-esigndinDaasiesswhelrayeioitihe sides. In a
second aspect, there is provided a water treatment system, comprising: a UV treatment station for

applying UV ighbimtheavatesnwbecsidithenld édreainiiesitkiationseernpidsas frtevieliagsystem, a tray for
flow of water from an input end to an output end, baffles, and UV lights, and wherein the leveling
system includessa devehdetesctioremechanismicamdiistitppendulums, each pendulum comprising a
housing, a damping fluid therein, a pendulum arm for swinging freely within the housing, and detectors
for detecting a position ofapbatihty pdpliansptihk perdediry dikpestliid depecihritiekessiprovided a
water treatment system, comprising: an ozone treatment section for receiving water and contacting
the water with teone; tind czunedréalrmentcoasctipmdorprising hehdmigrtsomdieinl setay nozzles for
atomizing the water, and means for supplying ozone into the chamber for contacting with the water
that has beepeategnizepluraliyhefehsdatehianszzibeconmpiises whvovizlethrodedpdizondzate insert, the
nozzle body being formed with a chamber, and the nozzle insert being configured to be disposed
within the chamberehep lseinty forbeatfiaran daydeeradraresvatisestivenaeisdsdds through the
angled channel into the chamber to swirl. In a fourth aspect, there is provided a method of treating

water using Banslsimestréagranefabrity Ydishls Ml hethomdeed i Ushigdadhdst station and an

ozone treatment station, wherein the method comprises the steps of: mounting the filters,
pumps, hose&°RI9Y: eblatsn CatsRbRSR AR B GRE wehfTidht stations on a trailer;

In a second aspect, there is provided a water treatment system, comprising:
a UV treatment station for applying UV hight to the water, wherein the
UV treatment station comprises a leveling system, a tray for flow of water froﬁ an
input end to an output end, baffles, and UV lights, and
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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transporting the trailer to a source of water needing treatment; a step of filtering water from the source;
and a step of flowing the water through the UV treatment station, treating the water with UV
light from UV lamps by illuminating turbulent water flow generated by perforations in a plates disposed
directly below and aligned with a corresponding one of the LW lamps, wherein the UV treatment
section comprises a tray for flow of water in a first direction from an input end to an output end, the tray
having sides extending in the first direction, and wherein there are a plurality of elongate UV lights are

disposed above a Wﬁ%fﬁ?ﬂﬂ@@g ﬁg{:g@ppg&;b&argmg @ég&gg{p%%&s&qgﬁqsgév%ction transverse to

the first direction across the tray so as to extend to proximate the sides, and erein the step of

flowing comprises flawjnghthg Waiehthueh e ReEQiAToRSIR tha RIgtesiALiRa1G e turbulent water
flow proximate the perforations at the same time as pen"ormlng the step of treating the water with UV

light.  In opgnesphrdiResbiheiR igRAn oliieowateh ireatd e ninarHiemn sisnpsedgny trailer- of a

truck. There is an intake filter, an intake hose, a pump or multiple pumps for water intake and sending

water throughou dheosystamis: fille dng-sestondhatmavppclide.sandiandier Samfilter.er other types of

filters, an ozone treatment section after the filters, a holding tank after the ozone section, a UV

treatment segdigacafigrte theleing tankhanda eiterination WO 2009/123749PCT/US2009/002093
tank. The water may then be sent to a water storage facility or other place as desired. A generator
for power to run thexgysteneaantoadentralierierathe-systeidy atd also-providad imanpteierred
embodiment. The ozone section makes use of a misting nozzle in order to maximize ozone
transport to thelwatergaiathmhiwirhizelcadne, brelakdowrrl e insthédig secfigiraiakds use of a table with
UV bulbs and reflectors above it, and preferably is mounted on a leveling system. In various
embodimentsispestaiw phirtstardiionsectidnscofg Hersystentinray dogl ehahgadlowormite dlukbr example,
the ozone section may be omitted, especially if water clarity and/or odor are not issues. The bag filters
10may be orffittephsses hivargatler imgredfebabbplanwdheyefisvmber twentyl-six foot long trailer, and about
eight feet wide, and also about seven or eight feet tall.

In a fourth aspect, there is provided a method of treating water using a mobile
treatment facility having filters, pumps, hoses, a UV treatment station and an
ozone treatment station, wherein the method corﬁprises the steps of:

mounting the filters, pumps, hoses, 2 UV treatment station and an
ozone treatment stations on a trailer;

transporting the trailer to a source of water needing treatment;

a step of filtering water from the source; and

a step of ﬂowing the water through the UV treatment station, treating
the water with UV light from UV lamps by illuminating turbulent water flow
generated by perforations in & plates disposed directly below and aligned with a

corresponding one of the UV lamps,
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In another preferred embodiment, there is a method of treating water using the system. The equipment
is preferably modular, typically having a rate of 50 GPM per module. Each module can be added
together for 15higher throughput Some modules can be idled as capacity demands change over time.
The system can be mounted in fixed installations as well. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. I is an overall schematic view of the mobile water purification system on a trailer in position at a
water source, in accordance with a first aspect of the invention; 20Fig. 2 is a flow chart of main steps in

the process of watepHrficatiaminRgsRLRIGE NIt Asesend aspest ofdhednyention: »  Fig. 3is an

enlarged sectional view of a spray nozzle with insert, showing a Spray, in accordance with a third

aspect of the;VEHoNFiGA4S ASIdeMew f SR8 ASEH SHOWIRM IR channelsiAaRigid is a view of

one face of the insert showing one end of the channels, and showing the channels in phantom; Fig. 6

is a schematic. view afasiitahle sReaydankdosthe seteny of kiendate UvVFiGmkisa view of multiple
nozzles of the type of Fig. 3 on a pipe that is inserted into the spray tank at various points along the

tank of Fig. ;3058 Bdsanesanactivemiensaiansgzanemetal efahype in aceosdance 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

- 0zone meterakfign&iansverse to the first direction across the tray so as to extend to proximate the
sides, and

wherein the step of flowing comprises flowing the water through the
perforations in the plates to create the turbulent water flow proximate the

perforations at the same time as performing the step of treating the water with UV

light.

In one embodiment, there is 2 mobile water treatment system disposed on a trailer-of a ruck. There is an
intake filter, an intake hose, a pump or multiple 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, 2 holding tank after the ozone section, a UV reatment section after the hoiding tank, and a chlormation
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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; 35Fig. 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 Vi@ RBYIRE4IV tray assembly; Fig. 13 is a view of a main facBEFBREWIaMsral elongate
flow control gates in the UV tray assembly of Fig. 12; WO 2009/123749PCT/US2009/002093  Fig.
14 is a sch@i%ﬁ'aﬁ’te\?i%ﬁ BB RA K BRIMIEE BARES Rsiivaratienplattasdvsiedy assembly of Fig. 12; Fig.
15 is a schematicAsigtereiaicofdine oWt tayspssemidly ofifdler 1@ moyntedenislpuelingidemaaliame, in
accordancemwtitansixth aspect of the invention; Fig. 16 is a schematic top view of the movable support
of the leveling deyieq/jiame @lsn.saoing B Raesliioning.eLwe Inear actialors, (LAk fxed gt their
lower %nds to.the fixed sua%)ort , and having bearing ends (BE) at which their to%s connect 16 and

b : : ) o
support thé movab émgurpGpor?“é'\“ the leveling device/frame, and a bearing set located on axis with each

of the bearing end& By SERSED FAYE: the thoBab IR SUbh sHbyerhirsrrag rbretivrinsfriaérehbiablmsedport
about X ane ¥lesiéns, sadnshowing positioning of two pendulums for a leveling sensors and controller
for the linear actuatessivi OhigdifAsisass e aiitoyiew et tralevelingsysie Manged dFiEnikdiSrar
schematic ygy0l:a BRAIR in-9ecaraRCaill e Peuenil APRER SLING yenlan Hhichendulum
may q% usgg |Qet0r,1nq Ied\_/ellng device/frame of Figs. 15 and 16; Figs. 17A and 1/B are enlalggecT
perspective Views &Epprtipns of the pendulum of Fig. 17; Fig. 18 is a schematic view of a reflectivity
meter for measuring FEIfE SRR B ae U BV FPategRsin et %Bg\ﬁﬁ#’aﬁ“é R§RtheiBpeevGitedalsention,
the meter bbedrigetmefitifht fraeaisuring reflectivity of various surfaces and structures to UV light for
determining useful seftestivereautfasasifomtietd ¥ ightaneiefesiorpassambly indie BY tRpassembly
of Figs. 12@;5]‘5%%15/ modular, typically having a rate of 50 GPM per module. Each moduie can be added together for

15 higher throughput. Some modules can be idled as capacity demands change over time.

The system can be mounted in fixed instaliations as well.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an overall schematic view of the mobile water purification system on a trailer in position at a
water source, in accordance with a first aspect of the invention; |
20 Fig. 2 is a flow chart of main steps in the process of water purification in accordance with a second
aspect of the invention;
Fig. 3 is an enlarged sectional view of a spray nozzle with insert, showing a spray, in accordance with a
third aspect of the invention;
Fig. 4 i5 a side view of the insert showing the channels;
25 Fig. 5 is a view of one face of the insert showing one end of the channels, and showing the channels in
phantom;
Fig.6isa schématic view of a suitable spray tank for the system of Fig, {;
Fig. 7 is a view of multiple nozzles of the type of Fig. 3 on 2 pipe that is inserted into the spray tank at
various points along the tank of Fig. 6;
30 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 isa schematic view of the ozone meter of Fig, 8;
Fig. 10 is 2 UV bulb and refiector for a UV tray assembly in accordance with a fifth aspect of the
invention, which may be used in the system of Fig. 1;
35 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;



Fig. 18A is a schematic view of an optical path of the reflectivity meter of Fig. 18; and Fig. 19 is a
variation of a portion of the system of Fig. I. 20 DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) In one preferred embodiment, with reference to Figs. 1 and 2, there is a system
and method%&t #84tA1éH: of contaminated water. The treatment system iSdHESAMIEN Y be modular,
and which may be mounted on a trailer. The system can be fixed as well. 25WATER TREATMENT
SYSTEM A fistifds&yehemits Ma¥ of tiekotatl R aprigwres easaHy wyamertbeef Baiing wheels
6a. It could be méigntedion achemoed vdackenr i tishifping esemdiner! bizcad beufixecn\Mateelitreatment
equipmentisitbuniatanthsctraite . skhedseickitrdrampdie enclosed, and preferably has a footprint

with a length of nggnarg thanakrubIWERtY: fikedRetiatgha-widte Ringmakehan aboulsaysh feet, so
that it gy, DE;HiaNMIIRID 2-GaRuanionaL 3 NAONG NG, o MYGIIY S IaOLURNST, DUEIsicnl, ke a
mobile home or m_obile_of[hce style trailer. Such trailers are'ty |caff§/ a?)BEﬁ e’ialh eetwige %m. about
seven to eSS RIGRT IRPHERAeR LA L M hBERA R Pt BF roispinviecdentetutr Mohever,
depending®IPSIFEoa At sCHih prshehths threing s iPTRIPIEE Barmbaliturstetyastoghgygtation of the
Sufficient speaté fopmrtebbnisiandoy teehniciamsvta ppdtataantieh eeldihesyste mvsiexpeatedntd be
present. 3ahbaisysternicanba-ssaled to a larger or smaller tractor. The water treatment equipment

prefeygbly includgig_ FanNRULRUMA 8. intake, ggﬁs& gyrsggfgses 10 with coarse filter screen(s) 22 on the
intake end, variog,!s c%nduit 12, 15 for ar%ﬂiﬁgﬁ‘ water to be treated through the water treatment

equipment of the THobil& SYEFERT A B GHRPBAMHE: 152 5HEFAR BURRSHEUR RPShoE ity AYEnecr: Elieh as a
water trucREPEHET IS FedBhederaliig Beiptdiead shFiswBtardsBurce 11 of contaminated water.
Alternatively, theFspurtead/OB2008/228TSRC VU BROTMHORE 93w atedumay togne;from a supply line
such as a contanrigafed nehepkauRICHal shRNy thikesouaswaterdsitndes Ress g dhgdaput pump
o or 182y 0ah edaakised SRS Adiia sReHR0.200RY g Ra00 RHA)Ad BndR0 iesy g6 After
the filter section 2 ISV n ozone treatment section 27 having a tank or tanks where ozone Oé%from an
0zone genaratdr FH(1EEBIh ST STGBR T52) FROT BAHA IShEa R At 34y HRESe ARt gHS Conduit 36
5 and pas§85H§RIY 8708 @438, into ozone treatment tank 28 (or tanks). After the ozone
treatment sectiofig 148 an ititenane diatetanipdkdl dabemeditdaitan 4@ onpiyg. be pasitioned below the
ozone treatmentiganii(s). aeidhat Frpdiomandguses £ fill the intermediate tank, and thus conduit 15
woulggoe one or more drainage conduits from the bottom of the ozone treatment tank to the top of the

intermediate tank 42. The tank ?rovides contact time for the ozone to work. 10Filters
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

In one preferred embodiment, with reference to Figs. 1 and 2, there is a system and method for treatment
of contaminated water. The treatment system is one which may be modular, and which may be mounted on a

trailer. The system can be fixed as well.

25 WATER TREATMENT SYSTEM
A mobile system 2 has a truck cab 4 having wheels 4a and a trailer bed 6 having wheels 6a. it could be
mounted on a flatbed truck or in a shipping container, or can be fixed. Water treatment equipment is mounted on
the frailer. The truck bed may be enclosed, and preferably has a footprint with a length of no mere than about
twenty five feet, and a width of no more than about seven feet, so that it may be housed within a conventional
30 twenty five or twenty six foot trailer, preferably like a mobile home or mobile office style trailer. Such trailers
are typically about eight feet wide and about seven to eight feet high. In the system as embodied, a flow rate of
100 gpm is achieved. However, depending on size and components, the system flow rate can be adjusted as
desired.
Sufficient space for a technician or technicians to operate and check the system is expected to be present.
35 The system can be scaled to a larger or smaller tractor.
The water treatment equipment preferably includes an input pump 8, intake hose or hoses 10 with coarse
filter screen(s) 22 on the intake end, various conduits 12, 15 for carrying water to be treated through the water
treaiment equipment of the mobiie system, an outlet pump 16, and an outiet 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



The filters (sand and bag) may or may not be necessary or useful depending upon conditions.

Sand filters: A typical trailer has limited height and weight capacity. Therefore, there is or can be a
practical restriction on equipment capacity. For example, an adequate sand filter set might have a
diameter of YoRy {81878/ %eight inches (40" to 48"), a height of eight or mofé&- FEEF EHYY4R weigh
thousands of pounds. 15Moreover, it might be useful or necessary depending upon the application to
have sevelAIFEEAUCTHREFEBRSPPlY s HERSASRIEIHEE Tt bPtranising Areny, ' thrngurieeyatte siger
incorporatiigjsartaije inhiapigurserided tor Stopatiredpaiticles fiiat slogtiie fvestagainditesing. bag
Alternatelyijlene naminstad frriniemnediaie fiter aheadt efdhe finelilier thatowewldWrap dhg: @es".
Non-surfaggnvatescheatiant 20Fhateaws/naspelicaionsyvbsealwaler iscontaningtes with

micro rgamﬁm&eyg} atpgzgyleatnggtellss%!q%‘r) In appearance %E%Q@s}?%&%ﬂ % zl%% flltttranres;nvs\;/%%nv%r well.

e ot reatment tank 5] 5
Tank Sizing The ozone contact tank an the chiorine tank sizes afé not ixad, ey only need be

adequate PBriETEE AT in PE B TR PR S5 RRERRTEA LRIOH A5, HahGEmerl/ pkS) assBhbly with
UV lights & nps e atert$o48! Airdraemadineet renk.49d0 i opnhe 1§ htsuling reflectors. diTess ¢hrdpdsis a
collecting tamktsAoudnich veliests watemdrainingdénopbtite inbyxtSiatadibge. Sthe Theiedsdaiaonpreferably
a chlorine gses5&dey chlgtinating the water in tank 54. Outlet pump 16 selectively pumps water from
tank pg through gylet hose 18 into a storage 57 or holding tank such as on a water truck, or another
receptacle or poiﬂ use, thl’Onlé%h an outlet hose 18. While one could return the treated water to the

0

source 11, such &% it She AEGHS (EhBrs Ba IS PO SHR SFET BRORSIRPHSPUE Bat. Normally,
the water is treateiSstfEich PG sBisH tab kmbed v psd dvrighirarisitialbrrsfelgation parpesesa A
generator ptantical provide poweptenthesystcro. sMhere andlpatsicakfivrasseigiceais availakleran
extended pawes saydisRuidieeeed.4sQ, REAXESRIR Genstater @xemaldaihrdiaile D mardbe used,
if desiiged' ﬁ?r%ﬁméﬁt g)eﬁls\é\éﬁy%giel—sgg 'c?é-gclz\z/zlcﬁnlérgpen the application to have several sand filter sets.
To help avoid clogging of the bag filters, a bag filter design incorporating a layer that is intended to stop
the particles that clog the fine stage of filtering. Alternately, one can install an intermediate filter ahead of the fine
filter that would trap the “goo”.

Non-surface water freatment

20 There are many applications where weli water is contaminated with microorganisms, yet the water is
clear in appearance, In such a case, the bag filters work very well.
Tank Sizing
The ozone contact tank and the chlorine tank sizes are not fixed. They only need be adequate for the job.
Afier tank 42 there is a UV treatment section 46, having a UV tray assembly with UV lights and
25 reflectors 48 and a water tray 49 below the lights and reflectors. Then, there is a collecting tank 54, which
collects water draining from the tray 49 via hose 51. There is also preferably a chlorine source 58 for
chlorinating the water in tank 54, Outlet pump 16 selectively pumps water from tank 54 through outlet hose 18
into a storage 57 or holding tank such as on a water truck, or another receptacle or point of use, through an outiet
hosg 18. While one could retumn the treated water to the seurce 11, such as if one had no where else to put it,
30 normally one would not do that.
Normally, the water is treated sufficiently to be potable or to be used for industrial or irrigation
purposes.
A generator 7 may provide power for the system. Where an electrical power source is available, an

extended power cord could be used. Also, an externai generator (external to the trailer) may be used, if desired.

35
METHOD OF WATER TREATMERNT
In accordance with a method of one embodiment of the invention, at step 60 the trailer 6 is moved to the
water source 11, At step 62, an intake hose 10 are placed in the water with coarse filter screens 22 on the input
end, and the water is pulled through the screens into the hose(s).
40 In the case where the water comes from a well or the water is “clear”, the first screen is not necessary,



In accordance with a method of one embodiment of the invention, at step 60 the trailer 6 is moved to
the water source 11. At step 62, an intake hose 10 are placed in the water with coarse filter screens 22

on the input end, and the water is pulled through the screens into the hose(_g) 40In the case where the

water come®RGMUIFE P or the water is "clear”, the first screen is not nedds ARFORNfER 093
2009/123749PCT/US2009/002093 At steps 66 and 68, the water is further filtered. Preferably,
this further filterify Y5 2 Gt waet isfutss Btsredn drefrabinat Tiveher Sisesins fepy6md Algriter system
can be use&erdepoadinganiitondftionsp &hd AnySErelinstant és ikt depgndiayon otrdgione ces $asymor
filtering mayise dibettypetoaifiltersady olioning, filteringuat stepof@ithe water is mixed with ozone,
preferably by misingheavaley i aianknoubichnas RAeusibereitf Sishs gg&law&nﬁr ) g glrained
from tpe oz&&ehyagglé %ﬁnd Stg! exg m,grghlnterme |ate ora e tank 4 allons Such atank is
il ater, 15 dral e e 0zOne tan (5% tored m a mﬁ{me iag
often referred to as a or clear” well; an d\ |ves the 6Z6ne contact time With the water. In

g
ta

some instdRBES By Ehé %regéﬁﬁ@fﬁ’[“?ne%}cﬂét‘ﬁ‘é ﬁ@gﬁk?zgﬁvdéﬁasm*é?@ﬁﬁ@‘fhérﬁ&?d Mg taMestE fay not

be necessEAe tifadsiBn Aty s vdrypane Hesrceatozensitigemsotiver pefrppnforstire. B heeftmdnt. At step

74, water frddind@nk 4 isapumpedetestive, UM dreatment stakipmavhered isitd\iniwated./bstepndo 76,

water is dirinachiramitbedMatieatmant station.aad.aeasinQ:cellesing fank S AtRigR 78 ywater in

tank ot Is feealer il aMIaHNG: 01 SIGR.30-NAPLI a0k 34 R aumRsd Ul g waleL holiing akea.

The size of the QoloLnﬁI tank is determlne t%t e throughput rate- In oUr case we have two

gallon/mintts Sechone 310t TR 5181 thidh gha P tAI AEhR&K5&™%25 gallons, but we don t fill
to the top. It comE% ﬁ‘ﬁetﬁfa‘b‘bh?*ﬁ’f@ 3598 HARATHISHOD e B eRE S tukh B IF A6 Whdar/ seéfion. That
gives the edpnanid®: ascopuple, d¢hiiAM esatohdogisyoDhedisb clppdnakisiLy aafis! e valldw vilasikee

compoundg @ eaRBaP 05 the.waiesndese trighinb euidiusitial cherisalsasnaiepals fhathave bad
taste gr OQQBuﬁ%@rNEt&%T%@NX 8 9&&9!29.3’39&%%&9&“@&9 98 ur@?@tc%yc‘:% Invengion, there is

an ozone ent sy stem and method 20 that is unique. Detalls of a suitable ozone treatment
station 27 foPRUEE BT T2 LRBGRISH BRigIes Fbat’}‘a‘ﬁr?agﬁéee% %) source 34 (e.g., oxygen
concentrator(s)) supplies oxygen through conduit 34a to ozone generator (03) 37, and the resultant
ozonated oxygen gets tested for ozone concenzatNaTREAZMENMeter 38 (Fig. 6). A typical amount of

0zone concentragiQRyuakid big tiventd SRRGRBERUL RS, BLlessTuanberkay dapendinga other
factoys In I SYSIGID. EQ&?EPQQB%%&Q&Q«%Qré%%&??téb&%‘gPo?rr%oﬁ%ﬁ 20 Ipto freatment fank 28, where

t 25 will be introduced to the water. Preferably, the ozonated oxygen enters the tank at or near the
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gas, and thif:GaReRVBassthe NHTOGRRIEI OGN Mtank 28 @@W&%Mgﬁpﬁ wH¢ed with
contggmnaosﬁpowg&saucvm&mem@a%epeﬁ&emr%ﬁ'e(&%a%%%%e 398Y tﬂ!é?an ECJI'.%@&%QE idh mélkta e water

passes fram bag filte through conduits 12 into conduits 102 which connect t es 104 Pipes
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104 prefer"él'bh?‘ UPHAf éPSh‘ff' 51’6%‘5%&&“?@’6 GRS PSS i Bé?dSEBHé?Pgﬁt?ﬁé?ﬂgté ' Bhioned on
opposite SR¥e¥ dHtHE) Rimkogrhaned s Berwwshe 2 Brientpeivrren prathikEoorOmeea C@t@@@@ﬁf@@ﬁéﬁd thus
conduit 12mincdcdoe: gpli¢ initwoi) AtivaginustiaietialssthendipesdQépashiaiamazaleassambly 108,
which extends transvessaly Biatank¢dn 0 AReiar ed SmbrdIMRRtINGre. ey RRs GreddQia! of fifty
nozzﬂgs n'\gft‘i’ﬁtgafgection 20). The filtered water passes from bag filter(s} 26 through conduits 12 into conduits 102 which
connect to pipes 104, Pipes 104 preferably run laterally along tank 28, e.g., two pipes 104 per ozone treatment
tank, positioned on opposite sides of the tank. {There may be two ozone treatment tanks, or more, as desired, and
thus conduit 12 would be split in two.) At various intervals the pipes 104 pass to a nozzle assembly 108, which
extends transversely into tank 28. In a preferred embodiment, there may be, e.p., a total of fifty nozzles mounted
35  oneach of the two pipes, totaling 100 nozzles §2.
A horizontal configuration of tank 28 is important to fit it in the trailer. In a fixed installation, a vertical
chamber could work. An important feature is that in tank 28 a low velocity fog (atomized water) is created to
mix with the ozone. ‘
Each nozzle assembly has a pipe or conduit 109 with multiple nozzies 82 mounted ransversely thereto,

40 each nozzie having a spray opening 114 facing into the tank and away from conduit 109 (Fig. 7). Conduit 109



350n each of the two pipes, totaling 100 nozzles 82. A horizontal configuration of tank 28 is
important to fit it in the trailer. In a fixed installation, a vertical chamber could work. An important
feature is that in tank 28 a low velocity fog (atomized water) is created to mix with the ozone.

Each nozzle®4338MBi Has a pipe or conduit 109 with multiple nozzles 8ZFRGLmE M2 ersely
thereto, 40each nozzle having a spray opening 114 facing into the tank and away from conduit 109
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NOZZLE ‘breaks down before it can treat significant amounts of water. The energy applied to the ozone from the turbulent

br
ttot

water in a conventional process causes the ozone molecule to return to its oxygen state because ozone is
relatively unstable.
20
MISTING NOZZLE
Details of the nozzle 82 in accordance with an aspect of the invention are shown in Fig. 3. Nozzie 82
has a body &2a, preferably of Stainless Steel or brass {e.g., 360 brass) because it is relatively easy to machine, but
other metals, plastic, ceramic, and/or other typical nozzle materials could be used. Stainless steel would be the
25 best metal. The nozzle body 82a has external threads 84 which may be used to fit into the conduit, or thread to a
hose. The body 82a may also have a hexagonal portion 85 for gripping and/or using a wrench, The nozzle has a
spray hole 114 which is preferably defined by a small opening diameter DN, and an edge 82b, which is preferably
relatively thin knife-like edge. For example, DN may be on the order of hundredths of an inch or smaller, e.g., 52
thousandths, The thickness of edge 82b at the nozzie opening may be even smaller, e.g., 10 to 12 thousandths.
30 However, while the knife-edge is preferred, the spray opening need not be formed that way, and could simply be
a drilled hole, particularly since a knife-edge would be expensive to produce. The length of the bore should be as
smmall as possible to maintain the cyclonic motion, e.g., about 0.008” to 0.014”. in the testing described below, the
nozzle’s bore length was 0.010 to 0.012°,
A round, soiid insert 88 fits within nozzle body 82a, and has channels or slots 8%, preferably diagonally
35 formed in the insert’s outer periphery, as best shown in Figs. 4 and 5. An input end 89a and an output end 89b of
each slot 89 are thus open to respective faces of the insert 88.
A single channe! or drilted hole that causes the water to swirl or any other way to achieve
swirling water in the nozzle body will work. The hole could be located in the side of the body, where the threads
are,

40 The insert preferably is located at the input end of the nozzle, and the nozzle body §2a may have a recess



Details 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 Steel or brass (e.g., 360 brass) because it is relatively easy to
machine, but other metals, plastic, ceramic, and/or other typical nozzle materials could be used.
Stainless st¥&P #EHEhe 25 best metal. The nozzle body 82a has extérFASHPEAAYEY which may
be used to fit into the conduit, or thread to a hose. The body 82a may also have a hexagonal portion
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provides a surface [y, WhiGR:th e N 2R MRN8 RERE HHE oMat@¥vices that come in contact with ozone, as would

be well known to one of ordinary skill in the art, should be resistant to ozone. For example, tubes and fitfings

35  may be made with Kynar® which is resistant to ozone. Kynar® is Polyvinylidene Fiuoride, or PVOF which is a
highly non-reactive and pure thermoplastic fluoropolymer. it is also known as HYLAR or SYGEF.

OLZONE METER
Figs. § and 9 show an ozone meter in accordance with another aspect of the invention. The meter 38 is

40  of a type that may be used in the system of Fig. . Meter 38 is preferably in two parts. A housing 124 holds a



25There are several variables that can be or may be changed yet still achieve a relatively fine mist at
low velocity, and/or acceptable treatment, e.g., water input pressure, flow rate, nozzle geometry, insert
geometry, the number of nozzles per volume of the tank, tank size and geometry, ozone
concentratioNCtHENEHBRr of ozone inlets to the tank, and potentially enifohEAtaPPattdrs, such as
tank temperature. While the inventive way of misting water for use for contacting water with ozone is
preferred, SRS &GP MESEFNDE He cCESERMRY BéclnhRuersh 188 foFrmarsigeivatar a6 arimdo
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system of igob-Mgi6" 3B JaRrsietably g, tWﬁ@%Fﬁﬁerﬁu‘El@UﬁlE‘le@"s BRIGSA@ MO Both are necded to
2009/302374?PC U82009/00%093 display 38e, and a microprocessor 38d. There may also be buttons

381 to turn on and of the Im meter, and/or to control the display. There may also be a battery or other
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cable recebse seip@iisfioemasSenshe erporietbaBa of the meter. The sensor portion 38a is shown in
Fig. 9 in a box or ARUSIRG (LA, SPEHASR MQ%E;W&@&%HPJQ%%%C&BE@J Q% IRidethriRRXdsa
DTS SelIsoh bSPTIR MR pramRsdaaen, U caunhealy das s ozone.
e.g., 0xygen vﬁﬁ Somé nitrogen. As a stand alone monitor, it coul e any doesnot

absorb 254 GYm @ﬁf"}”ﬁé"& & e PEeRREARBNE T RS ekt R "ré‘ﬁ&ﬁ’f@ f& tﬁ’éﬁ rﬁé@é@a%mﬁé valve V
microprocessor vievitire s\ antdpcab lier3@iaing He temniseritvite aifriebg assdsvhae dis apedatyo's Bowd.are
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& ir 1§ use 4 tion o F]rge ere ce cell contents are th aFlﬁ‘l
sensor poruaon he 0zone tes Ing ara and m din accor ance wi IS aspect o1 tne

invention |nclude§ MH source 134, such as a xenon flash lamp, sends out pulses of light through a bifurcated fiber optic
cable 136, 138 to one end of each celt 130, 132. At the other end of each cell are photo detectors 140, 142 (with
capacitors) and filters 141, 146. The band pass filters eliminate wavelengths that are not of interest.
Because ozone absorbs light of wavelength in the region of 254 nanometers (A = 2534nm), this
25  wavelength will not fully pass through to the filter 141 to photo detector 140 in comparison to the intensity of that
wavelength passing through cell 132 to filter 145 and photo detector 142. As would be welil known to one of
ordinary skill in the art, the Beers-Lambert Equation may be used to determine the ozone concentration in cefl
130, based on the relative readings of photo detectors 140, 142. The filters 144, 146 are preferably set to pass
only wavelengths of 254nm plus or minus about 10nm, for example. The light source 134 may be solely UV, or
30 it may be a larger spectrum of light. The filters could be placed at the source (light input) end of the cells or at
the output of the flash lamp/source 134. (Filters can be placed anywhere in the optical train. Alsc, the fiber-optic
may be replaced with lenses and 2 beam splitter or pellicle. All optical elements must transmit the UV wave
length of interest. Typically quartz is used.)
The microprocessor measures the charge on each capacitor of the photo detector, and uses the ratio to
35 calculate absorption, and from the level of absorption, determines ozone concentration,
The temperature of the input gas to cell 130 (T1) and the temperature of input gas to measurement cell
132 (T2) are also measured and sent to the microprocessor,
In the testing process, the flash lamp is turned on initially with both tubes having nothing (air) for self-
calibration. Then, the ozonated oxygen is passed into cell 130 and the display provides a read out, virtually

40  instantly. A standard commercial system typically uses a single continuous wave UV bulb. That bulb has to take



15 cells, an ozone path test cell 130 and a control path (reference) cell 132. The zonated gas passes
into cell 130 (taken from a sample tap of the ozonated oxygen line, and out in a conduit 38c. Input
valve | and output valve V may be provided. A pump 139 for purging the sample cell with air may be
used when & AW3AraAS is zeroed. The control path or reference célFI3%H%8MMBERe.g., it may
have a control gas of oxygen without ozone provided to it (or ambient air but whatever is provided to
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end of eaq 430, 132. At the other end of each cell are photo detectors 140, 142 (with capacitors)
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one of ordinary sKilf ifeldenay itipey Beersdanhert &quadipminaydae 18sedyiadatpimngiikkacoione
concentraugmlg%g@ll(p@gggdp@égd on the relative readings of photo detectors 140, 142. The filters 144,
146 gie preferably set to pass onﬁy wdavelengSur of 254nm Plus or mllausa out L. Onm. for exgmple

ment it ) b
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placed at tfE%oPES ’?ﬁ&%ttﬁ‘ﬁﬁﬂ? B%G“Sf%geﬂ'é%?. é’}y 4¥21Re%Miput of the flash lamp/source 134. (Filters

can be placed anywhere in the optical train. Also, the fiber-optic may be replaced with lenses and a
beam splitter or pellicle. All opticabZieNETREATUSENARBIORITO UV TREVT MBEFTh of interest. Typically
quartz is used.) in accorddie€ mi%%a%;&&%mmﬁﬁ&thﬁmg% %%%Q&@ﬂéﬁ%f@ Yae-photo
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testing prokitiag bapterifl ashpraregsis todeediorivitit atenid g Ooth Hursteh B9ind sotrincetale) fothe UV
self-calibratioseoddieanitie: pzenale doGsy et i passeditato cell 130 and the display provides a read out,
virtually 40instantly. A standard commercial system typically uses a single continuous wave UV bulb.

That hulb has to take WO 2009/123749PCJ{,L&%99${%%8 %E%%ﬂp warm up. In using a strobe/flash
flas

lamp, the lamp turns on immediately. The intensit IS measured relative to the sample path

with each measufEATTaNFREtEfeuber asPeFPﬁ@Pﬁét‘@f"ﬂﬂ’b\‘?lEfé@‘é@éé\ﬁf%W & 0NY BRRUEaR B Rion,
self-flashirg3 2@ndtisteleinererdissieh e atibiehpieinc o 367 hetmBte puruthe28émsor portion can be
daisy-chained togetbasstapeamide imnuliple o504 g quais rhie i et QI agaSER aanasabadised to

log the daig dy.atQHAGLs-HeS TRAF RIS AR N eRMA LRNAR EEVIRWES . SR AR M TRY: PRuiRCluded

In cagg ozgne congantatenlis Quide A predetermingd 130981 that would block light and might

eventually lead to de-vitrification.} In the conventional jacketed UV treatment units, the guartz tubes are further
encased in a jacket, because if the water contacted the tube, it would run cold and would not generate the
wavelength of interest. Conventional UV ftreatment systems use a pipe with the tubes inside. Water passes
through the pipe and around the tubes. The outer jacket surface tends to grow algae, which as noted above,
30 thrives with UV light. In addition, reflections at the surfaces of the jacket reduce the amount of available UV
light. Accordingly, a benefit of the preferred embodiment is the lack of a jacket.
in the past, the water to be treated is sent along a pipe containing the guartz tubes encased in their outer
tubes. The preferred pipe has been stainiess steel for its reflectivity, and its rust resistance. However, the
inventor has found that stainless stee! is a very poor reflector of 254nm, and algae may tend to grow on the steel
35  surface too.
it takes about 400,000 microwatt seconds/sq.cm. to kill blue green algae. The preferred embodiment
applies about one million microwatt seconds of UV light to the water, by using UV light directed {and reflected)
toward water flowing past, but not in contact with, the UV bulb. Preferably, the source is an extended source.
With the spacing and reflectors, the light intensity is relatively constant within the volume of the water,

40 A reflector material in accordance with this aspect of the invention provides high reflectivity, especially



The meter may simply have one on button or switch, and buttons 38f may also allow scrolling to view
the historical (logged) data. 10Units of measurement and any measurement interval (e.g. every 10
minutes or every hour) can be varied. This extends the lamp life and the frequency of data logging.
OZONE TRE’R’I!M%’ TBRIOR TO UV TREATMENT In accordance with BhotHEtaEHeebf the
invention, in the system and process of treating the water, the 15 water is treated with ozone before
uv treatm&ﬁt?‘*?ﬁé&‘é’i‘fe decreases the absorption of the UV light by the water. Therefore, treatment
with ozone prior fetoobirentefienivisayeeferredied anestbeffectiv@iivimwavetfemgityiotddlingbaateria and

pathogensyfandytive kiledad e miekes: is R poest iGN iesthatidy Hasto)s.Rz0ne;iseilhe 1 and
ozone treaiesss, ifeiali 00k ARHEAL BB SANELMS ROUY,REELECTOR ASSEMBLY  In

accordance with ans%q%ria ect ot(“ghrg chly%ng%n,_a? %Be{searr%d UV_s?urceilslto use a UV producing bulb
at 320 watts total power dissipation; Which produces about 30T SIS RIS Tt BaFdare v
bulbs typicafl HPET% §EaAPRINE Ferail28 Y sesrertt dHehftstpesds olighetrandstupes Wdlly are
operated BénEBHDIO GG 2BOF Barilies inyerrdbion: (@ dinetrtréscyeryHowreth dmvblieRpahsionnifherefore,
water 25 dhepisnpnobadiyuaduicknobeatiseaapdiamage cihakihapdeadse.spats that would block light

and might eventualileashto Se-Mikisalinpokih theisenventingaliackeied MV-UEARPERT HRits,fhe
quartlzotubg@e@{a%))‘gtrﬁgg{me%%gg‘égt% Lgckee;tigl?ca%@%iy the water contacted the tube, it would run cold
and would not geperate the Wavelegq%hw interest. Conventional UV treatment systems use a pipe

with the tubes inside™AAtEH MYEERSNH SLGA TS iU AR LrBeR IShe e th SOt IS U rface
tends to gftf Ay SansieTidiesistarr aBHvadBatin Es R b Hepldt ineludie Rionoatelictibminethe
surfaces ofitregadketoddirdeitiie.amauiat of puailabibelheliglatshde cardivaglysialnenelitat the, preferred
embodimen isthadrek gt Burskeind coulibiRg PRSLITRSWRIGLIRBR leRledssanRtalong a pipe

contaiging the C@ilz.bes RRGABRAMbINRILANIEL GR. HhaRTeIaed Ripe.nan heen stinices steel
for its reflectivity, and its rust resistance: HOWGVG% the inventor ﬂas oun ﬁﬁ’i’t s%aml’ess S eelcls avery

poor reflect8PEt SsAM I HETEHRTRhIR @W%ﬁ“fhfﬁu%m 358MHFTER bt s ghareigbabout
400,000 nirErabikin ase dem derdepiem sedinil Tubrdre erbeigashoTlh epraforie dabmisitiment syoplies about
one milliorawictewatt-gecanss okt digit:to vheuwate byiusingiMiligbh dite ciactansh reflacted)
toward walgkderminginass Drk-RRE ioGAORRGLWYHhE A Ya RHD o Prafeabl. e SRUIRS IS ARAXtended
soursg. Wit aRpee Al ellerior. e oL inkensity.s ielatvely consiantuithin e ojme of the
water. 40A reflector materlaTln accordance with this aspect Ofat e Inventuon provi eg ?njgﬁ retlectivity,
especi a”ynexi, and held together, .g,, by stapling. The reflectors could be formed from one long sheet.
To fix the metalized Mylar® to the aluminum substrate, one should apply a very even layer of glue, such
as by using a glue applied by transfer tape (e.g., as made by 3M).
A bending jig or & press brake may be used to form the reflector material 159 into the cross sectional
25 (house) shape shown in Fig. 10, which shows reflector 170 and UV buib forming a reflector and bulb assembiy.
The preferred shape for the reflector has a 135 degree angle (¢=135°) at the top, e.g., plus or minus about fifteen
degrees (15°). The bulb preferably sits in the angled section. The reflector 170 is made to reflect UV rays 175
downward in a concentrated manner,
The reflector can get very hot, so vent holes 170a and fans 178 should preferably be provided to help
30  dissipate heat. Note that the holes 170a are preferably placed at the peak of the reflector housing, which helps
dissipate heat and avoids loss of usable UV light.
In making the reflective material, the transfer tape is an acrylic transfer tape that has a high temperature
resistant glue, such as VHB (very high bond strength.) There is no substrate for the adhesive. All that ransfers is
the glie. In addition, a silicone coating using, e.g., silicone 151 (from Master Bond Inc. at
35 www.masterbond.com) may be dispersed in mineral spirits (with a 100°F (high) flash point) to dilute the silicone,
is used to protect the aluminum on the metalized Myiar® surface that is exposed on the interior of the reflector,
since it is so thin (e.g., 7T00A).

UV TRAY ASSEMBLY

40 In accordance with another aspect of the invention, UV tray assembly 48 of Fig. ! is shown in more

10



WO 2009/123749PCT/US2009/002093 of 254nm UV light. Preferably, a reflective layer is provided
on a substrate. Aluminum is preferably provided on each side of a Mylar(r) substrate (Mylar(r) is a thin
polyester film or plastic sheet made by Dupont Teijin Films U.S., in Hopewell, Virginia, such as the thin
reflective sh&&t #ik8/tR&sed for helium balloons). 5As shown in Fig. 11, Rr&/HsAeREYRaterial 160 is
a commercially available metalized Mylar(r) sheet. Such a sheet has, e.g., aluminum, e.g., 700A (700
angstromsyepick Fish Bdensides sloagsttaot o7 &Y pulsdemblich ) 76, 472 the@esitited(d més)ithitke
Bonding layeus {6 anyilzpheingdnte iaces-arcrbeiwecn Hue vy sl jnauadlealiniakd dheAludueum is
actollj ?/ll IyI cczﬁt{adnqrﬂ@ ?&Mﬂa&ﬂ&&@ﬂ@yﬁﬁﬁ éﬁw?*ifmw(%é %&Eﬂ?%ﬁf&?n@ﬁﬁg%ﬁ% i higher fbam%ﬂw??linuin
and Mylar e ery high r vity, especi 0 [ n especially a
25anmy SUC@ﬁﬁ%ﬁ%é% A I Sl R e e el 0% o
further subatrate 66 Ald BORGET AL SoBdhate 1868y Ylue 165 or a transfer adhesive tape. Other

adhesive system3"edlityse gk ifrslading prezedrtiieg tHe vt éovMiptens(A86T Grenvoid siebubbles,
pin holes dreipkidaibin Bie Wheetthersheet ibuolechadainsirhe SubsiEaiankb hehuidhedsheasgould be

pre-punchesdiangopaiig: e appliad usingapthesdocknigne shghas amiRaling.iPisnd p-Lh g gubstrate
166 is prefgiably fpicket & k4ifaousandths of an inch of e.g., aluminum. Silver or copper, or other
ed, but aluminum is preferred due to its light weight, formability

furth%substrate {:gaterial lEn%be Us _ 2d !

and heat conductivé Sbifity “THE tIrINE? SEBHFATELRBURIHE PRI gRERR G ECarRi 8ot -heat
conductor 18eHeEN didsipatecheit front-tha g ailrimiBhaniteforhdio ihdrafectormaterad 159 when
the reflectdrchasiterial 16 isifsre eddnto ad eflbetomil dashsiamwnwadrige EQodtishewdmnlsa beamalleable
or formablech2saptinat ik may kesbantioie sralesiashane asdescibed PRlaw. Fachdgsllastor 170 s
preferably adiage e REX ARG A% FLIAORIIAL.A By S1ARING. TR AICRIOrs, satldbe formed from

one long sheet. To fix the metalize lar(r) to the aluminum suBgtrate, one should apply a very
evengl)gyerwgfr Jiiiérede %so tyg]ug%n}éh%ea'fr %fﬁ%‘%igauwoﬁaﬂgjfg\e EEPETIEROT 6 HisRS By PR Bending
jig or a pre&sHiEne fruyrugishe oy forhireiserdictiorh dreriskIoD intitherstosodébtidavell P8 (house)
shape shokeroim dtiy 10 japhitheighws reflector 170 and UV bulb forming a reflector and bulb assembly.
The preferred shape daniley slastaihasa A3 EeaEeeARGIGATRL A0S0 &g nblis oL Minus
about fifteq. Jegtaes 4. LASAMIRRISIRA0IY Siis 10 fhe %&94‘?%%@%%??‘; eera[,?f'%%% §Q ls.made to

: ar
refle QlUV rays 175 downward in a concentrated manner. reffector can get very hot, so vent

hole€ 1 70&8°8h & ARET8 ‘056 it o rBrst BB 58" Srb Uit HNRY B5'disShte Tyt Nes $hallse holes
170a are phsfaidb praend dicihls lssdieohiraraftotior dégsing Tivhickoh sipbidisbiate heat/snd avoids
loss of usablerddWatighends.) Iinhakingdaeviefieetvansratesinl) dieyassiar tape is an acrylic transfer
tape that has a highdgrapRraiHis- iSRS (U5 MEBURNIeh bondstusngthy. Thess is no
substrate grdhe.anepive Al NALURRSIEISIS o dut sRERNRT £ Sieone Coplpaasy 50
S|I|_co£.e 151 (from Master B_on(f Inc. at 35 Www.master ond.com) may_Be cﬁsperse N fiheral spirits
(with’a 108EXRIGH) HaSPEing) 1o it doatiedifeoi & itnd tordidtdes therdt mmiam it remsetalized
Mylar(r) sUHBBERr4P1S Esepsosdnion tre mteriorobtie refienstoimsiofobeivises betbinesgonOma) of
the UV light. The tray and the plates can be galvanized aluminum or other suitable materials. The percentage of
open area in the disruptors and hole size can vary greatly depending on desired residence time and turbulence,
In the experimental system as discussed below, the measured UV at 254 is 0.08 watts/sq.cm. The transit
30 time is twelve seconds. That gives a UV dose of about 1,000,000 micro-watt=sec./sq.cm.) Note that one need not
provide wipers to remove algae from the bulbs, because the bulbs are no longer submerged in the water being
wreated. lInstead, they are positioned one to two inches above the water’s surface. (The tray is level. At the out-
fall, there is a 2" high weir in order to keep the depth comrect.) Given the preferred Jevel surface for the tray, it is
important to ensure a level surface supporting the tray. A suitable leveling system is discussed below.
35 At the output end of the tray, there may be a weir 202, a slightiy bent deflection/anti-drip overhang 203,
and a collection trough 204. In order to contro! the water as it leaves the tray, a cut liner extending about %™ past
the edge of the tray is used. The weight of the water deflects the liner downward. That forms a smooth stream that
does not leak back under the tray. Alternatively, the tray could have downward bent lip to do the same thing. But,
the second option is much more work to fabricate. The height of the weir may be used to control the height of the

40 water in the tray. Collection trough 204 would be at least five feet long for a five foot wide tray, and would be
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UV TRAY ASSEMBLY 40In accordance with another aspect of the invention, UV tray assembly 48 of
Fig. I is shown in more WO 2009/123749PCT/US20091002093 detail in Figs. 12 to 14. The elongate
reflector and UV bulb assemblies 170, 172 are positioned at intervals above a tray for carrying the
water to be WEREH/ FHdwater is pumped from intermediate tank 42 thro&Gh/EREHEESRduit 15 by
pump 43. Instead of a pump, gravity may be used if the intermediate tank is higher than tray 194. The
water pasSBEH HITE P dbnhedi B e SFa e deveig nererk i Pipeke repustidwh setetmatically
from the Ssidlectirte iy i€t shpwresthenraticatyréitbmethe fionhéenidwy sibdt locateditheedelivery network
has a long horizowtat pipgel Sémpwaifing dews Ripes1B6, hemde GRCOnhoKZanaiPiRas 86, which
each may bave JoulRecanchpiibbes 90 Rielarably.Jhese aesia-101s) of SiA fielyary.gngnings for
each tzay. TiQedl].ur}ltlegh e fgnetgésca“t& 1 tg agkbsr4anches left and right. Each branch feeds four delivery pipes
for the total of € ?1?)%[hls REtWOrk o plpés delivers the water relatively gently and distributes it

ight.
across the front g?' RFEY P S WA 1ol R PIaRliEneRlaneRss aTghe aHEisHb o EReR R HIsabelRe front
(input is alsiis 5oy gadicone hafdnchesmuetn frevanyrdésireeamoomrendhatrthsottput end a
height of water 32 isaalvaut afiedo onefandraul)al inckies: st kil2cisviloel yatee sy andsueutakbe
f\'ighrt;y_'ogi%?ﬁmﬁﬂ W@E@a\’ﬁﬁgﬁmﬁémﬁﬁ : U%%ﬁ%?ﬂ%%‘@ﬁi%%éﬁ%%@%ﬂ%ﬁ%&?ﬁ%@&h anﬁewgte;
eight4s e-of the re n ow cqntrgl baffles the 15 weir just ahead o
the oﬁ-fall,. ?fcrsggjt%%geg[%gbfﬁlg%%%u?%gv%/{%%%a&%g(‘)’?lré‘[r%?re]tg%ef tha"sic gst ho tﬁhé) ‘fsraélékéé%ué(ésAfhe water

to flow throﬁ@rﬁsfﬁegnt‘r”éy. we?’gfore, the tray and the surface on which it rests should be level. The

bottom of the traPTé BiéapiRgeffatcreen ahevahe et pikery e pristdhaent sdirsanhbiniys ratvdrkeBe otors are
five feet (59 fiongand thl taid dperefors asifivirigetwic geania thetra) Srab astiwenby. etghbane one half
inches (28di/de) den@. FReefialiyod WRIVA RS $rafifer 20nLSSE QNAACH TAYMIBRY ARiRnPRAEJMYS room

for theswatgr delivery 2Yistem a0 the fray IS rou hl‘}/ 4%“ long. The width of the tray is slightly less than
the quartz pgrtion of tvh’et tueb%.reThdé nr]ggsonr?zsr this ISt ta% ‘Jé*res' little UV is generated at the ends.) In the

preferred embodiment, transit time is 10 to 12 seconds. To help subject all the water in the tray to
UV light substantially equally, and help achievEXHELdd8¥ekY pdEMence time in the tray, centered below
each bulb there prefesaliye svehflowheli sspaiar 200nwdaioh, ia aighins,2% perfergtod patesexdending the
entire (fivadaalavidti-efithedian 2oadifiedess insardes ioplowialgleaianes thadkeHaratigns create
turbuignt flow, 30 AlseglR, s iSsldanes Ime,of e water belaw ing sirgngest pagkof e b light.
The tray and 'E%e plates can Be galvanized Bliminum or otfier surable matenals The percentage of
open areasfﬂ"'t'i‘f?disruptors and hole size can vary greatly depending on desired residence time and
turbulence. In thdnghplsritinerirarippirenteas discudiet balows thé rizasddteshUtareBibigDiOB:st

wgtts/“sq.i:snoﬂ&he trapisitvid0 sinre iscwelveosecandsa That igive sras Midosraaiabe ake, QR GRE
Micro-wattge6:/ S8:Ciahe iiaiane ead NALAQVide WIRGESHO [SBvs Aoag fromhehuils.
becaﬁe th%pqég%%emg‘g L ensgero%%ts)imer egg tﬂ% water bleln% tre%te . I%]é;[ﬁa%bthey are positioned
one {6 two'INChes above the Waters SUITACe. (The tTay 1 Tevel: A the oLit-fafl, there is a 'A” high weir in

order to keep the dSHTRECE Falt T ERIR T trRS e fhs e tels sPaRift AL Pt e Hradistssetinh pbitart Yo ensure
a level surféeEsupps rHieg themeagtivswwiabléitevélint syistd mdisndiss0sé et ielemactuator 226, 228.
(Additional bearing sets may be placed along the axes to further support the movable support. The bearing sets

may be three pillow bearings, one fixed 1o the fixed support and two fixed to the movable support, which bearing
30 sets provide vertical support yet allow rotation of the movable support about the X and Y axes. Each pillow
bearing preferably has a Teflon® sleeve so that it may take very high pressure.
The upper rod end axis must or at least should be reasonably well aligned with the axis of the support
bearings in order to avoid cross-talk.
Placing the bearings so that they are a little off center helps keep some weight on the linear actuators
35 (which could be electric or hydraulic) at all times. This eliminates or helps eliminate play between the lead screw

and nut.
PENDULUMS

To form a level sensor, preferably a pendulum based sensor is used in accordance with another aspect of

40  the invention. Leveling the movable support so that the UV tray is flat is very important for flow control in the
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35 At the output end of the tray, there may be a weir 202, a slightly bent deflection/anti-drip overhang
203, and a collection trough 204. In order to control the water as it leaves the tray, a cut liner extending
about 1/4" past the edge of the tray is used. The weight of the water deflects the liner downward. That
forms a smégﬁzg?%]&ﬁ%%at does not leak back under the tray: AlternativByP 3 &YeEMd have
downward bent lip to do the same thing. But, the second option is much more work to fabricate. The
height of tREFEHR TReRABEHSEY YRt HERGFSERtIRE Yothiatelarotie tray. Collection trough 204
would be at leastPiisferfde thomgiformanfivh feclseidés trayntahigsiiootd bee\Ap@rol. However, the accuracy
2009/123749R G452 A0 20 3rsdighthy tlaekframavther andsotteiandrtine wantarmaod havadshole and

conduit 51@;@%‘;3%%@@%54}@%@{6@@%@Iects the out-fall is "V" shaped so that slope is toward the
e e D SRR Bl s NS ANOUELAVTR oM BEASEAI0 RUTID waler 02

collecting tank, pre fera % rav is used so t tioned at a ta ove the to the

e tray IS
collecting REARER HRBAHE 5 ol irriinets? \‘iﬁ’a‘i’/{gé W@oﬂﬁﬁ‘foetﬁe‘\ﬁfgfé?m‘fh%%o‘f@@hﬁg tank
54.  Theporfdesrscisiates! 200 rryforrymeny ejilalizee whervnssindsersftisesidon tonpéetamms, but
also help eguatizaithgemilotityng radignedrviheHowg wiichwitheditotite flawngontrpliets Matesyemiate from

(the tray) syfapedlows asigrdhab.walies aﬁimhﬁaﬁwiﬁc@mmy&h@qwé of mepwms prouldiERceive
the same Uy %Pa‘h ‘dé%n EE%BEU r%%é%gct%?éééhpasaé%%n&% af%? 32@%?9.%&%‘}} tlhm 'l Ry yarious

amounts such as 3 % open or more 10or less ma e use he shape o oles may also
vary. The piaf’ 1%“‘?93}831?;}%&%9 TR A TR &0 AP s e LR PR %1'%’8’%8&” Plastis Qi "ﬁ%{y also
place a scregnipevetentiater where it enters the tray, adjacent the input network 182 or in the water,
to help avoid splatteningstas kiisienppadantdo keepithe f9aber swvay ifrarchthelbY teulldsckd egxom of

the tray is pigieraiiynlingd wisis Mylaral oy Shendefieatveraisiiak mm@ommmgﬁwmmmm posite

15m |oned abovpk to heIQ r%flectdmﬁ)ortg dgéér }(S Lllg)&thr 1‘1'199\ EQQ éév%tl gl Lglvgeld %TI;%I In
accor ance WI'[ anotﬁer aspect of the mventlon in Flgs 15,1 tra assem 8is

mounted off% fetefhgEh Pf5‘2@"@@5?}8&9‘??@'ﬁ%@&sﬁ?fe’ﬁsgﬁﬁg ?teffﬁcgiﬁéﬁ%%fé{%&aéﬁ’%ﬁf metal
frame, e.g a2 @bvitdiedemadys-Hfdbtstathernhetceamdtiar aid vhditdiadsppio (1vDiok inpstidnely ih At oBdeR b Emetal
frame, e.g.cloviths tetiins pditk® GbreuitIae possible. The outputs of the photodiodes go to a leve! sensor 264, which in

turn sends the output fo a microprocessor 266 for then actuating the linear actuators 226, 228 to move the

20  movable support 224 as needed to drive the pendulum arm back towards straight down. The arm may never
actually settle in the swaight down position, but the leveling system should be constructed to sufficient accuracy
so that the UV tray will still always have substantiatly the same slight tilt. (The intent is that the linear actuators
and therefore the arm never stop moving. It dithers around the vertical.) The blocks 258, 260 preferably sit in a
round circuit board 267.

25 The detector pairs are thus placed so that when the pendulum is too far in one direction, both sense the
plate at the bottom of the pendulum arm, and when too far in the other direction, both pairs do not sense anything
(open). The microprocessor should then be set to control the actuators accordingly, to move relatively fast to
drive the pendulum in the opposite direction, until only one pair is open and one pair detects the arm. At that
point, the drive shouid stop or substantially stop. To set the initial position of the pendulum arm, a tool having a

30  finger that fits into a hole 270 rear the top portion of the pendulum arm may be used.

The level sensor 264 could be essentially incorporated into the microprocessor 266 by connecting the
photodiode outputs directly to the microprocessor, especially if the photediode outpuis simply provide an on or

off output signal,

35 REFLECTIVITY METER
In accordance with another aspect of the invention, there is a reflectivity meter which may be used to
measure the reflectivity of materials to light (or any electromagnetic radiation). As shown in Figs. 18 and 184,
the meter has a source such as a flash lamp 280 having a bifurcated fiber optic cable 282, and a test surface 284
may be placed on a table having & hole through which test surface 284 is accessed. The test surface 284 is thus in

40  the optical path of light from one fork of the fiber optic cable. A photo detector 286 is positioned to receive
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In the leveling mechanism, there are two linear actuators (LA) 226, 228, and their positioning is best
shown in the plan view of Fig. 16 and also in Fig. 16A. The lower ends of the actuators are fixed to the
fixed support 222 preferably gimbaled, e.g., with a swivel rod end, and the upper ends of the linear
actuators ar®954#iFdiéd to the movable support using, e.g., a ball in a B #oHATRG'3 EWivel rod end
(BE) 230. A bearing set 234 vertically supporting the movable support is located on the intersection
of X and Yrefasdors@btitiiieh farods waesiessalies suppoftin thetodsition 8 Gy dleroed errtsa@0refieach
linear actuatar 22810pR8:s{iddikotat fodaring Setsomiayabe splecetalpnridkea mxe antinbdpihekatipport the

movable supnedmifecheatingseisdnay Hadbine-pillowheaiogs.2pe: uadde e lxasspRrel and
two fixed tQ,thg.rauable support, which bearing 30sets provide vertical support yet allow rotation of

the mqvable support about the X and Y axes. Each pillow bearing preferably has a Teflon(r) sleeve so
that it%nay take vpé(%f/ higl wporrepsssaﬁrfgl?ofvs' f;\%sbSp”;%?ergamérﬁ‘ffa")’(‘fsmfﬁﬁg{aﬁcrda"tvfé§§fhs??8ifﬁb"5t *ré%¥onably
well aligneBfWitF thesistracss thie L 5poet Bakrmigeshont et teddiformeloissleatr over the ofapsciFgnttie
bearings sertbit aaegmmreed little off center helps keep some weight on the linear actuators 35(which

could be electric ardysiraiyligjat@ittnns:cf kiselsinaies aidpipsieiminade play hetwman Jadead
screw and gt ENRH MSompared. TROARHRRJIEXBLIRNSATERICERRI R RENFUINRBaSEY sgnsor is

used{p ch%%%%gd}é\_/ggegn%her aspect of 40the invention. Leveling the movable support so that the

UV tray is flat is very mpo?’?ant for flow control in the WO 2009/123749PCT/US2009/002093 preferred
embodiment. The TE4EINEPRYERHRT R AEP hetrass o rfisdtfinstallations.  Preferably the trailer on
which the systemfi§ fierapiRsebienecmpay e duslscd trdighiowe vaveitneteecefratyeofatidabemriteo His
normally netrsufiieientietiting desiradsleted ok Hawd somntsobayeidhe water in the UV tray, and so further

level control is de&ié@ﬁ'a?%@ﬁ:&%oﬂ%b’mw intensity numbers for each leg and caiculate reflectivity. To test for
15 reflectivity of UV light, source 280 may be a UV light source, e.g., a xenon lamp or flash lamp, or may emit all
wavelengths of light, In any event, a band pass filter or filters for the light of wavelength of interest, e.g., 254nm

may be used at the source output, at the fiber optic cable outputs, or at the input to the photo detectors. Using

such a reflectivity meter, the inventor found that (Aluminized) Mylar® is highly reflective of 254nm UV light,

e.g., about 94%, and that the reflector of Fig. 10. (This refers to a different measurement. It was for the tube and

20 reflector array.)

ILLUSTRATIVE VARIATIONS
The water treatment systetﬁ as described above in the preferred embodiment has some
redundancy to ensure drinkability of the resultant water. For example, the system can run with various fiiters,
25 and the preferred embodiment has been run without the bag filters. It could also be run without the sand filters.
in some circumstances it may not be necessary to have an intake end filter,

The system could be run using other filter media. The number of filters, porosity of the fiiters, and order
of filtering could also be varied. Because the preferred embodiment is described in reference to fitting on &
trailer, variations to obtain greater filtering capacity could be made. For example, the filters could be arranged to

30 extend horizontally and mounted over the wheel wells. Such filters could be made about eight to ten feet long,

The type of filtering depends a lot on conditions. In early spring, water tends to be clearer (less algae
and other reasons) while in late summer and fall the algae may be quite significant, making the water source look
green. Under significant algae conditions, the intake filter becomes much more important,

A further option is to have a second trailer or truck with just filter media, and hook that truck’s filters up

35 to the intake hose first, then connect a hose from the first truck or trailer to a second truck or trailer having the
further treatment stations, such as the ozone treatment and/or UV treatment, and/or chlorine tank.

The system can also run without the ozone treatment or without the UV treatment, although the UV
treatment is preferred over the ozone treatment. UV treatment using 254 nm is believed to kill harmful
organisms, by destroying the DNA of the microorganisms. This UV will aiso breakdown many harmful

40 industrial chemicals. The UV, if done with the ozone, must be done separate from the ozone because the UV will
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5With reference to Figs. 17, 17A and 178, the leveling system as a whole includes pendulums 240.
Each pendulum is formed by a cylindrical housing 242 filled with a damping fluid, e.g., perfluoroether
244, which is nonconductive, clear, and does not freeze or boil easily. The damping fluid keeps the
pendulum' s%ﬁ%‘?‘?’%ﬂf%mooth The pendulum arm is mounted on a pinZ484AHIEH &4 Ked to the
housing. A cylinder 250 rests on the pin with the pin extending through it, so that the pendulum arm
can smootR*IRTAG 519285 pin. (The pin is round 10 but, could have an alternative cross section such
as a triangle.) ThEtoprpart 258sohdhéyperuishen boip difiXed todine, dyhit ded armethendophpariids2 has a
column or dsthe2bk, abiehiasdigeidcsysimb R iekrothps piastic aoimetakRxientsg.dewn from it.

At the bottom of tig RERAULARA IS:8RIAIG208 Rl ﬁmgﬁsn@&@e eﬁg@tstvx@rm%t%%gﬁo

Block§58 C ntalp%emg oto mlltlter‘ge Eh ;esﬂ?et n a“%tlotpedlg e 258 alrtda\(} are o&)dtlca ?/allgned
Block E'contains a i Iz|< ROtS emitter and photodiode aw‘ e enom?nm arm is initial y allgned
with one eHgBOBYebe %@5‘6?’@6@&%’6‘5‘ Btatéf?S‘Be%ﬁ“ﬂf@a&?)ﬂ’@éﬁté&fé’é"fo? %tinside the
optical axes) of tiecphoter ermitdrieartphidio distie Phirsateric thdoptaee Hlattore mitter wrfil phttddiode
pair (whichrig eption atpisd et ateasprete ity ras clnseto, thesdneairigtitiperedge atpossibledche
outputs of tRedehiatadiedes Qe aé%memﬁ%wgm&mm sRRdsth G OWIRMtdSBortant. 1

iCrgRY00gRR0 200,01 hen BRAING R IeArAGIRIars 220,248 1D dneYe ihs 20 mevaDle punport

224 as needed to drive the endu um arm back towards straight own he arm may never actually
settle in th&& S0 *B%%’Y. peeiie t?i‘gﬁ"éefeﬁ?%é”rb'%te?ﬁ“s%o%‘ffftﬁe constructed to sufficient
accuracy so that th%"@)‘?/‘ﬁ%ﬁ?‘t}\ﬁl%ﬁt’ldéﬂ\/%?@ Have Be et 2N Tmeheshie addgh ittt apkh &rentiss that
the linear adteitiarssaitgrtivéire forsiding tacrricidyisfetalr: moyingsdd. dithers around the vertical.) The

blocks 258, 260 meferﬁtﬂyaﬁtﬂaceﬁawaﬂpm%@%r&%@7;\&ﬁTmﬁr%tﬁﬁé%nﬁiﬁ% Aredhusplaged so
that vi/gten thuecpencd?w%m '?]Eoptg%r in OQt‘? dlreﬁp%ﬂ bg&% sense t(pe Iglaég; at th gttom of theppendulum
arm, and W?ten too & other dffection. airs do not sense an t |n % &Ny rhe
microproc@EBrEHIR P eRE5 8708t TBaE‘EfﬁtF?ﬂ‘iﬁé"aéﬁﬁ‘é'tﬁﬁé%ﬁ%?&ih‘d §°‘tt§‘ Hﬁ@t?é"?é’l ef@itttaetdto drive
the pendulifitsierdiecopipusiteedirerion Fantimanisondydaifisisparsaridorebplair tefdetsedienars. At that
point, the dibwe shibelle-sidge of Bybsianiial yreiap: pkonsettheninidipkpasitiereo tithependytymdaan, a tool
having a 3@fingahdbat fithinte R WigdLRgampthe top portion of the pendulum arm may be used.

The lgyel sensor e aHil P esseiAllGRROTaIPdinto (NG NcIoPIaERsan 408 b sannesting the

photodiode outputs directly to the microprocessar, espema he photodiode outputs_ simp %/prow e

an on or off SUTH Al RaF SEREFIREFVITY RS fpiler sinss %%Ma%é*ée \/thftt“émﬁtﬁé?‘%s??é% bf the
invention, gt&kdhis ‘a?t@flé??ﬁvﬁ%mé’te?b&m@? ArHYRb el s B hicastreharby atrseringtirofaliiteiigs to light
(or any elestfiveriag nigtictiradiatiog )deAsestiomnn invdrigs. Sand ilpardhe mstdinhasdiRelurcerttch as a

flash Iampmlwﬂg e\bttwgateﬁefihetsqmggﬁam%&zamse»tee%@trt@%%WQ&hl@e Rlaced on a

tabl avm% h ¢ th Q’L‘Jeg!’] %ch test surface, 284 is aglcess tes rface 284 is thus in 40the
af( t ﬁp vide 3 reasonable pvera fhro Sitor stem. . . .
optica pat ?lg rom one or ﬁer optic caB?e photo ollgt ctor §%y IS positioned to receive

WO 2009/123749PCT/U82009/002093 reflections of the light from the test surface. The output of the
photodetector 286 may then go to a capacitor and oFEfFB¥Ricroprocessor. The other fork of the fiber
optic cable shinewihkratigimanth@liag?83yteannthesphoiodeiectan225 amsbmay:tbemgatadcapacitor

and on 10 g RIHARIPEESSOindAREHIRANRRIGIGRIF theRArapis ANd, eRRer dsdhALRISE AcRm,
30 the water tested positive for fecal coliform (E. coli) using the Colilert methodology. Fecal bacteria was present in
the water.
After filtration using the inventive system, running without the ozone, the resultant water tested negative
for E. coli.
The system as used for the test included the following;
35 An intake grating at the intake end of a hose;
Two sand filters made by Baker Hydro Filtration, In¢. of Augusta, Georgia, 36” high pressure;
Bag filters provided by Filtration Systems.
An ozone treatment tank with nozzles as described herein having 2 tanks = 100 Nozzles/Tank = 200
total nozzles; ‘
49 An ozonater made by Plasma Technics, Inc., model no. PLASMA BLO3CK, size/output 10 fbs/Day;
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5The meter works as follows: a first surface aluminum mirror is placed over both optical paths. That
provides the reference. Then the mirror is placed over one path and the sample is placed over the
other. Then the outputs are compared. Alternatively, the reference mirror could be checked and
light level nStEEMHEN the sample would replace it and light level comparédt T RiterAtive method is
less expensive since it uses one photodetector and 10a single bundle fiber-optic. For testing,
photodetegfﬁ?gdﬁﬂ‘ﬁ%@eﬁﬁés filters were used. The microprocessor compares the levels of the
light in the waveléngthifs) eiintfeitssdint. de tehistinksciesipe neentagehelrisf detv imokthertesisurface. (It
could do thisrearipatisgme@ae may also just look at raw intensity numbers for each leg and calculate

reflectivity. To testfotv a8 e Gty htalohl (W 6B G0 HAY B& B YVHRSOWES wfiGunfhgenon
lamp qr flagh lam QL may e nit all wave ﬁri}%ps of light. In any event, a band pass filter or filters for the
light of wavelength o mter%st, e.g., 254Rm ay be used at the source output, at the fiber optic cable
outputs, or at the YAt IREP BIB9Stk I HRiIBRETRY FREIEF ff¥ventor found that
(Aluminized) Mylafte) fotiegiirrediedavey ofa5Arater e lighttoeadfinadboldir@ 484 einth terdipehevhefteittor of
Fig. 10. (Thisiredetswm argiffeiprbareasereindnt. dbwas fonihe hbeaanib20selinctan aerayiym was
ILLUSTRAEMBMARVTAOMS resultant wald S RIR! FEHMENTAYSIEMAScaasctingr bavsiniths
prefefipd empadimenl Nz sale sduegdensin cnse ddakabliyof e desliant watgh hor examble,
the system can run with various filters, 25an thg pre%erred1 em%o Iment fs een run Wltﬁout the bag

h rred. ) I
filters. It cotid A58 B FUR VARABITTAPERLamY fiermiAnad ity el i ahees i m Y ES necessary to

have an intake end filter. The system could be run using other filter media. The number of filters,
porosity of the filtersyanaihard@xaMitigling could also be varied. Because the preferred embodiment is
described in refergpeg tadithipg-Qn:a trailer, variations to obtain greater filtering capacity could be
madel.SFor examm%by{?@vimtgur é:g(%l.ilgq, alg% . Jrangveg to 30ex eqld ho(gizopg%llxe%p mogntﬂed overethe wheel

. ! N [ ONE, tef.
wells. Such filters could be made about e!%ffti {0 ten. éceet‘roﬁg.was “he ype o filterin (fgcﬁ)g?ufs aloton

conditions FTIS"EFR S BITE UL PR REST D B RSP BE 8t 48 SIS e+ EoS 51585 WM HECTR Yte
summer afAdfailseredrdararial be quite significant, making the water source look green. Under -
significant algae tengitionsscthe ittakeWikie WMBeconTas Midcminaee thnpDsten:

One set of two sand filters running in parallel.

20 One set of four bag filters running in paralel.

A spray tank of 325 gallon capacity was used but not filled 1o the top. Ozonation was off. The water
came up to about the 250 gallon mark which is where the pump is set to turn on to send the water to the UV
treatment section,

Each spray tank had 100 fog nozzles, and there were two tanks.

25 The systemn throughput was set at 100 gpm by having two 50 gallon per minute sections.

The two tanks are used to give the ozone approximately two minutes to interact with the water, but the
ozone was off during the test.

The input water had the following characteristics:

A pond with ducks in it was used as a water source, which was one of the worst that one may encounter.

30 Prior to using the equipment and process of the invention, the water was cloudy green. That means that there was
a lot of suspended material,  Specifically, the water had a turbidity of greater than 3 NTU (Nephelometric
Turbidity Units). WT1J is measured by shining a light through the water and looking for off axis scatter from the
particles.

RESULTS:

35 The first 500 gallons of water that came out was clear and had the following characteristics. Turbidity
varied from 0.6 NTU to 1.6 NTU, even without the ozone treatment and/or more filters would further improve
clarity. The water was cloudy bui drinkable. The cloudiness was due to the fact that the input water was so bad
that the bag filters clogged at about 500 galions of throughput. The bag filters were removed at that point and the
system operated without them,

40 The sand filters made sure that the nozzles did not clog,
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A further option is to have a second trailer or truck with just filter media, and hook that truck’s filters up
35to the intake hose first, then connect a hose from the first truck or trailer to a second truck or trailer
having the further treatment stations, such as the ozone treatment and/or UV treatment, and/or
chlorine tanR¥O 200¥Hé¥)stem can also run without the ozone treatment BCRRRMIOHIBAPY treatment,
although the UV treatment is preferred over the ozone treatment. UV treatment using 254 nm is
believed to kill hattfEbrijanfsinsony Hebitbyirigitte BN peeifie mitrockyaeisme/oT mghods, \ikihalso
breakdowrdssegptiohéer fofulldOintie stripdseh eimie als el dovhdhadane with theazoney musthedene
separate fiperiaeasonadheoamsadiet il WD AAORGHAFRAO00ZA% Brgakgown the
ozone. i lhGRZANG: IE CANSHMESLY HRNENGE: RPDRIR, I@&aLﬁ‘ééteJaebF?&,% hardwater, and other

things §°ntrri§é’r¥§até}’n zone ﬁ?gstruclﬂon. Gbood filitterln ,therc{afore helps make the ozone freatment more
effective. The 0ZONE Hreatment 1S tsera i that [Feis RS §ERE2Peduces pesticides, herbicides and
other 5industrial chemicals, and it improves the aesthetics of the water, i.e., it improves clarity and
destroys odor. Given the portability of the treatment system, that limits the amount of power and space
available to make ozone. Because the ozone helps clarify the water, if the water is murky, ozone
treatment is very useful. This is true not only because of the aesthetics of the resultant water, but also
the clarity improves the effectiveness of the UV treatment, which follows the ozone treatment. UV light
penetration throughout the water is important. If 10clarity is poor, the UV light may not achieve
sufficient penetration. In the preferred embodiment, the depth of water is so small and the UV dose is
SO extreme, that turbidity can be tolerated. The chlorine could be added on the fly to the resultant
water rather than added in a tank. Chlorine is added because it provides a residual bactericide before

the water is used,
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The number and placement of pumps may be varied. Main input pump 8 for pumping water out of the
15 source and through the filters, e.g., the sand filters, could be moved. In addition, a high pressure
pump is preferably right before the ozone treatment tanks, i.e., after the bag filters, but it could be
placed between the sand filters and bag filters. The pump 8 in Fig. | may also include a higher
pressure pump before the filter section. As shown in the variation of Fig. 19, higher pressure pump 20b
may be placed between the sand filter(s) and bag filter(s) instead of after or part of the input pump.
20Further, IQEE%HN%( or trailer containing the UV tray is stationary, any self-leveling device of the
trailer or truck should be sufficient. However, if the truck or trailer sinks into mud or the like (which is

quite possiw?q@?ﬂvﬁ%]g%cially with about 400 gallons of water on the truck), thereby
rendering the seli-leveling ineffective, then the leveling device of the invention becomes important.

Leveling is critical tq effegfive@peration.pffhe )V tiay: s water flows through the tray at a rate slow
enough to provide the desired residence 25time for UV treatment, and fast enough to provide a

reasonable overall throughputforihg.systeod E@ ANRing UWalghirgataephdsiRetha-siistem in
accordance with a preferred embodiment of the invention was performed on water withdrawn from a

livestock pong a ropd.freguentashy iy siack)-Beforass bioWthe sysiatms: 3otheivatertested positive

for fecal coliform (E. coli) using the Colilert methodology. Fecal bacteria was present in the water.

After filtrationysinenthe IRYRREVME SYSIeR, P RNGHWItIRYtdheazene the resulianiiwatendested
negative for E. coli. The system as used for the test included the following; 35An intake grating at the

intake end of pHhese o rangiiitiers tiaste by Baker dycke Hilratianaioe efAugustaivieorgia, 36"
high pressure; Bag filters provided by Filtration Systems. An ozone treatment tank with nozzles as
described hergipibavingA-tanksie400iNo1zlesélankar280iotahnazzies HOARGIARAIRr made by

Plasma Technics, Inc., model no. PLASMA BLOCK, size/output 10 lbs/Day;
across the tray so as to extend to proximate the sides; and
a plurality of plates, each plate ?)eing disposed in the second direction
in the tray and centered below a corresponding one of the UV lights, and each plate
having a plurality of perforations there across, ‘wherein the perforations are
configured to create turbulent ﬂ@w to slow flow at the perforations at locations in the

tray closest 1o each of the UV lights where light from the UV lights is af its

strongest, the plates extending across the tray to the sides.

2. The water treatment system of claim 1, wherein the plurality of plates
and the plurality of UV lights are the same, and each plate is aligned with a
corresponding UV light such that each platé 1s disposed in a plane that intersects the

corresponding UV light.

3. The water treatment system of claim 1, wherein the UV freatment

section is mounted to a leveling system comprising at least two actuators, the UV
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WO 2009/123749PCT/US2009/002093 Turned off during the test. A holding tank of 325 gallons,
in which the ‘ozonated water was held for three minutes trans me; Turned off during the test.

Two UV trays as described herein with twelve bulbs per tray, each bulb having 320 watts and putting
5out UV light including 254 nm wavelength light; Water was flowed through the UV tray at 50 gallons
per minute per tray times two trays; After flowing through the UV trays, water was sent to a final
holding tank of 75 gallons, where it received about 0.2ppm chlorine treatment for less than one minute.

The water flow sate-heeyeh ke Sysiesm wasabet -6 twd Athgpsrs, khe ¥estdianbwatersvas what was
tested. The water test bottles contain a compound that 10destroys chlorine so that the chlorine does

not change thedestesulis: bernunenyeachingphediette, the chlorine in the water does not kill any
microorganisms. The compound is believed to be "hypo" sodium thiosulfate. ADDITIONAL EXAMPLE
Surface water treatment 15A pond with ducks in it was used as a water source, which was one of the

worst that one may gncoppier, FHOLIHSING JRS,eavinment apapIaCcess.oktng nyention,he water

was cloudy green. That means that there was a lot of suspended material. The system usSed to treat

the water Waﬁjﬁﬁdﬂlﬂ% 1, a0d included the followinghORgset of tvesanddilters.ippipgdp parallel.
|

200ne set of four bag filters running in parallel. A spray tank of 325 gallon capacity was used but
not filled to t%@&eqw?ﬂ%% At -bhe walslranaiWR terrbavithe25Qgallanmark which is

where the pump is set to turn on to send the water to the UV treatment section.
UV treatment section for applying ozone to the water, and the ozone freatment section

comprises a tank having nozzles for atomizing water, and a source of ozone, wherein
the source of ozone is connected with the tank, whereby the atomized water is

mixed with the ozone within the tank.

5. The water ireatment system of claim 1, wherein reflectors are
positioned at each UV light for reflecting UV light towards the water, the reflectors

each comprising a plastic sheet with a reflective surface.

6. .Thc water treatment system of claim 3, wherein the leveling system
further comprises a fixed frame and 2 movable frame, the fixed frame having one
actuator of the two actuators midway along one sicié thereof and fixed theréto, and
another actuator of the two actuators being located midway along one side thereof and
fixed theréto, and the actuators also being gimbaled at an upper end thereof to the
movable frame, and bearings disposed along an intersection of axes of the gimbaled
portion of the actuators to the moveable frame and the bearings, the UV station being

mounted on the moveable frame.
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Each spray tank had 100 fog nozzles, and there were two tanks. 25The system throughput was set at
100 gpm by having two 50 gallon per minute sections. The two tanks are used to give the ozone
approximately two minutes to interact with the water, but the ozone was off during the test. The input
water had the following characteristics: A pond with ducks in it was used as a water source, which was
one of the worst that one may encounter. 30 Prior to using the equipment and process of the invention,
the water was cloudy green. That means that there was a lot of suspended material. Specifically, the

water had a turbidity, of greatehthan-aNIA (Nephelpmeteic) Twibidity Waits); NIl is;measured by
shining a light through the water and looking for off axis scatter from the particles. RESULTS: 35The

first 500 gallensnefvmter thas camemet vas Sldariand-hagdribe fallawnachasactamsties. Turbidity
varied from 0.6 NTU to 1.6 NTU, even without the ozone treatment and/or more filters would further

improve clarityscbfie wiatesiwas siotelyibutdurnkablend ke claydinessiwas duesigyherfact that the input
water was so bad that the bag filters clogged at about 500 gallons of throughput. The bag filters were

removed at thahpaiftane thel Systes opie ritedodithobdfiten-4eethiesanehiiltars made sore that the
nozzles did not clog. WO 2009/123749PCT/US2009/002093 Although the invention has been
described usingsspedifieftrms; devices, drdiormethods e such desaiiption veafer flistrative purposes of
the preferred embodiment(s) only. Changes may be made to the preferred embodiment(s) by those of
ordinary skill inrthghahewithout departing from the scope of the present invention, which is set forth in
the following claims. In addition, it should be understood that aspects of the 5preferred embodiment(s)
generally may be interchanged in whole or in part. CLAIMS

8. The water treatment system of claim 1, further comprising:
an ozone freatment section having a spray nozzle for atomizing water,
and haﬁng a source of ozone for mixing with the water, each nozzle comprising a -
nozzle body and a nozzle insert, the nozzh.%.body being formed with a chamber, and
the nozzle insert being configured to be disposed within the chamber and being
formed with an angled channel to cause fiuid *fhafc. passes through the angled channel

into the chamber io swirl.

9, The water treatment system of claim 1, wherein the perforations
comprise between 35% and 75% of the surface area of each plate, and wherein each

plate is less than 0.030 inches thick.

10. A water treatment sysiem, comprising:
a UV treatment station for applyving UV light to the water, wherein the
UV treatment station comprises 2 leveling system, a tray for flow of water from an

input end to an output end, baffles, and UV lights, and
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WHAT IS CLAIMED IS: 1. A water treatment system, comprising: a UV treatment.section for
applying UV light to the water, wherein the UV treatment section comprises a tray for flow of water in a
first direction from an input end to an output end, the tray having sides extending in the first direction;
and wherein there are a plurality of elongate LW lights are disposed above a water receiving portion of
the tray and extending in a second direction transverse to the first direction across the tray so as to
extend to proximate the sides; and a plurality of plates, each plate being disposed in the second
direction in the-feay Bndseiitereyhetomacerresporlihgonenthauistightsymrchgach plate havinga
plurality of perforations there across, wherein the perforations are configured to create turbulent flow to
slow flow atheigerferationsaiideaticnssindne trapeiogest tamanty Ghideheramighrsnghire light from
the UV lights is at its strongest, the plates extending across the tray to the sides. 2. The water
treatment systefnofwiaiin d futieremtthalpiuralitp of pldtésiaridrthdplietatitnot Pusiightsobre the same,
and each plate is aligied with a corresponding UV light such that each plate is disposed in a plane that
intersects theeorrespondifight/vetighium. 3. The water treatment system of claim 1, wherein the UV
treatment section is mounted to a leveling system comprising at least two actuators, the UV treatment
section being movable by the at least two actuators, and wherein the at least two actuators are
controlled by a microprocessor. 4. The water treatment system of claim I, wherein there is an input
pump for pumping Water from A5G FER M STGHHS BPEEREa filter section receiving water from the
input pump; and an ozone treatment sectti.on hetween thg filter sec(tljocn %ngﬁweiyé/ &,rae%eartment section
for applying ozone t@tﬁé%@??%%ﬁtﬁgco}zognlemirre“a ?ﬁ%ﬁfs‘@%‘i%na%om%lhges § tank having nozzles for
atomizing water, and a v\sj&;ﬁ;rce of ozone, Whegt?ci)% Lhoe source gfc%zo%%i%oc nnected with the tank,
whereby the SBRTZEE WP IOMEF R fRe S ona MRt Bk “The water treatment
system of claim 1, wherein reflectors are posjtioned at each, UV light for reflecti V light towards the
water, the refRSHBR é‘gﬁ%oggﬁ%ﬁ%ﬁﬁf gtepﬁ’as?c%ﬁaélét%)vrit%u%p}&?égc%%léu r#%(t:% Clgg]ég.eﬁ'ﬁ% water
treatment system of. claim, 3, wherein the leveling sys further comprises a fixed frame and a
movable fram%'iri%%uﬁxge‘%&hrﬁéw ﬁ%&%ﬁ?ﬁé%&%ﬁ%ﬁ% {(Ee two actuators midway along one side
thereof and fixed thefelo, and anoiher AGkiaeL ol N g arluatets heinaipeated. hiduy along one.
side thereof and fixed th

u
jeal . .
ereto, and the actuators also eing gimbaled at an upper end thereof to the

movable fram}gacB %ngmt%%s{é%Q dd%g%t%eglggg an gﬂgegggg%%%%%%@m%l@g portion of the

actuators to the move ame and earings, the UV station being méunted on the moveable

frame. elongaied iy blks: ALY HR% bl ersamRisesulible.clongale bpllequpherein each
ora

of the baffles |s%er ted, and wherein each of the UV bulbs are disposed above and in line with
each of the bajfles, (esnastvelysAnd aasabiney Aubsandafiesiexiend in a direction transverse
to a direction 0 ter flow through the tray. 8. The water treatment system of claim 1, further
comprising: an ozone treatment section having a spray nozzle for atomizing water, and having
a source of ozone for mixing with the water, each nozzle comprising a nozzle body and a nozzle insert,
the nozzle body beiniformEblewitiica tiramisat sasidahelndzizie lins@nthwingratfiggired to be disposed
within the chamber and being formed with an angled channel to cause fluid that passes through the
angled channel into the chanebesr far swipliving water; and : '

wherein the chamber comprises a first tank contamning the nozzles, and
the ozone treatment section further comprises a second tank located below the
first tank for receiving the ozone treated water from the first tank to increase

ozone water contact time.
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9. The water treatment system of claim 1, wherein the perforations comprise between 35% and 75% of
the surface area of each plate, and wherein each plate is less than 0 030 inches thick. 10. A water
treatment system, comprising:  a UV treatment station for applying UV light to the water, wherein the
UV treatment station comprises a leveling system, a tray for flow of water from an input end to an
output end, baffles, and uv lights, and 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 fecektavithinrtiee: rousingpacididefectors domdetdrtingacposition of a bottom
portion of the pendulum. A water treatment system, comprising: an ozone treatment section for
receiving wates:aneseontactirlg thewatérawitpezopeictheruzone treaimentisectichbesmprising a
chamber containing spray nozzles for atomizing the water, and means for supplying ozone into the
chamber for epatactingwithrthéaveder thatthascheerzatomized wherein each nozzle comprises a
nozzle body and a nozzle insert, the nozzle body being formed with a chamber, and the nozzle insert
being configured to be disposed within the chamber and being formcd with an angled channel to cause
fluid that passes through the angled channel into the chambe ato swirl. 12.The Wat(§r treatment system
of claim 11, further cémprisiig HERREFG L SViRY %aﬁ%%r{ - WOFHBreih thethatber comprises a
first tank containing the nozzles, and the ozone treatment section furt er com rises astgcond tank

it R Rh it

located belovs T & aMKEET FERViRY the™S %ﬁ%%%%eé‘t’dav\?a%réar%% dhk to increase ozone

water contact time, . 13. The wate tment system of claim 11, wherein each nozzle comprises
a nozzle bod)})ambgw%ﬁagﬁyﬁanr )P%P&éﬁg’%n hes F 1 {ym SWITII H &3] Iﬁ

&ater, é)n%aﬁ%vmg mears for swwlfﬁge%ﬁe water
inside each nozzle. 14. The water treatment system of claim 13, wherein the means for swirling
the water insid8%4th nozzle comprises a bore formed by each nozzle, the bore being between 0.008
and 0 014 inches long to maintain swirling of water in each nozzle. 15. The water treatment
system of claim 11, wherein the ozone treatment section comprises at least one hundred nozzles.

16. The water treatment system.afeclainnhanierein shelmeans, fohemirling thewaterinaide each
nozzle comprises a nozzle opening with a knife edge, and wherein the knife, edge of each nozzle

opening is lesg.than 0.052iRches40 incneasedtispessal of the spray outside each nozzle.

16, The water treatment system of claim 13, wherein the means for
swirling the water inside sach nozzle comprises z nozzie opening with a knife edge,
and wherein the knife edge of each nozzie opening is less than 0.052 mches to

increase dispersal of the sprey outside each nozzle.

17. The water treatment svstern of claim 11, wherein the ozone freatment
section comprises multiple pipes therein for carrying water, and there is a plurality of
the multipie spray nozzles connected to each pipe for atomizing the water inside the
tank, and the ozone treatment section further comprising a source of ozone for mixing
with the atomized water inside the tank each of the spray nozrzles comprising a
nozzle body and z nozzle insert, the nozzle body being formed with a chamber, and

the nozzle insert being configured to be disposed within the chamber and being formed

20b



17. The water treatmenit system of claim 11, wherein the ozone treatment section comprises multiple
pipes therein for carrying water, and there is a plurality of the multiple spray nozzles connected to each
pipe for atomizing the water inside the tank, and the ozone treatment section further comprising a
source of ozone for mixing with the atomized water inside the tank, each of the spray nozzles
comprising a nozzle body and a nozzle insert, the nozzle body being formed with a chamber, and the
nozzle insert being configured to be disposed within the chamber and being formed with an angled

channel to cayse fuighatpassesdhenugiithe angedehanpeltinte eharabek iansiifohereby the
nozzles spray the water in a fine mist. 18.A method of treating water using a mobile treatment facility

having filters, pemns heseSwakiY tratpentsaHont ane asr ozemirgatment station, wherein the
method comprises the steps of: mounting the filters, pumps, hoses, a UV treatment station and
an ozone treatment stations on a trailer; transporting the trailer to a source of water needing treatment;
a step of filtering water from the source; and a step of flowing the water through the LW
treatment station, tré&ting thB e ChRENEIRRETORTEY TR HEMAM ARG tFBhent water flow
generated by perforations in a plates disposed directly below and alimied with a corresponding one of
the UV lampsiitersniersin et \? (Folt e isat i6eb i S8s 4 Pay ToR SR StaRer in a first
direction from an input end to an output end, the tray having sides extending in the first direction, and
wherein therevarEasherBrt) SF CiBmgats BYsightatare disposed above a water receiving portion of the
tray and extending in a second direction transverse tq the first direction across the tay so as to extend
to proximate the sides, an&° g ks S SEPTISH ARG CompbriseREwiFHMR B8 through the
perforations in the plates to create the turbulent water flow proximate the perforations at the same time
as performingOHESEEBIESHHNGHE GERERith UV light. 19.The method of claim 18, wherein the UV
treatment section includes a tray, the method further comprising adjusting an inclination of the tray in

the UV tréatment section USRI R &) SleiheonWiricH TEURPHEASAEATS M ion is mounted and

comprising at least two actuators. _ . ' ‘
a step of filtering water from the source; and

-a step of ﬂowmg the watér through the UV treatment station, treating
the water \-xrith UV light fromn UV lamps by illuminating turbulent water flow
generated by perforations in & plates disposed directly below and aligned with a
corresponding one of the UV lamps,

wherein the UV treatment section comprises a tray for flow of water in 2
first direction from an input end to an cutput end, the tray having sides extending n
the first direction, and wherein there are a phurality of elongate UV lights are
disposed above 2 water receiving portion of the trey and extending in a second
" direction transverse to the first direction across the tray so as to extend to proximate the
sides, and
wherein the step of fiowing comprises flowing the water throngh the
- perforations in the plates to create the turbulent water flow proximate the

perforations at the same fime as performing the step of treating the water with UV
light.
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10, The method of claim 18, wherein the UV treatment section includes &
tray, the method further comprising adjusting an inclination of the tray i the UV
. treatment section using a leveling system on which the UV freatment section is

mounted and comprising at least two actuators.
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