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Cross-Reference to Related Applications [0001] The present Application

cl ai ms prworninyosgeem U. S. Provi sional Patent Applicati orciNas2&0/029%841 840
that was filed Septenber 22, 2009 and U. S. Provisional Patent Application
No. 61/360,410 that was filed June 30, 2010, and from U.S. Patent
Application No. 12/888,294 filed Septenber 22, 2010, which applications are
hereby i ncorporated by reference herein for all purposes. The present
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No. 61/244,840 that was filed September 22, 2009 and U.S. Provisional Patent

Application No. 61/360,410 that was filed June 30, 2010, and from U.S. Patent

Application No. 12/888,294 filed September 22, 2010, which applications are hereby

incorporated by reference herein for all purposes. The present Application is related to

U.S. Patent Application No. 12/756,938 filed April 8, 2010 and U.S. Patent Application

No. 12/828,182 filed June 30, 2010, which applications are expressly incorporated are

hereby incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field of the Invention
[0002] The present invention relates generally to well cleaning systems and more
particularly to in-well cleaning apparatus.
Description of Related Art
[0003] Sewage systems are in wide spread use for the removal of liquid waste from
houses, factories and agricultural sites. The sewage flows through pipes into
intermediate wells and finally into treatment plants or waste dumps. Electric pumps are
usually used to maintain the flow and keep the wells below maximum capacity. These
pumps are configured to operate when the level in the wells reaches a preset limit
indicating that the flow needs pumping.
[0004] When the well level falls to a minimum level the pump is switched off and this
level may be maintained for some time leaving a biofilm residue on the walls of the well
between the maximum and minimum levels. This residue tends to harden and build up
thus reducing the capacity of the well, and increasing the frequency of the pump
operation.
[0005] Wastewater collection and treatment systems are a source of bad odors, the
most prevalent coming from Hydrogen Sulphide, a toxic and corrosive gas with a
characteristic rotten-egg smell. This is a bacterially mediated process that occurs in the
submerged portion of sanitary sewerage systems. It begins with the establishment of a
slime layer below the water level, composed of bacteria and other inert solids held
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environment are devastating. Entire pump stations and manholes and large sections of

collection interceptors have collapsed due to the loss of structural integrity in the

concrete. Accordingly the residue must be cleaned off the well walls and removed from

the surface of the sewer water periodically to maintain the system in good working order

as well as protecting concrete structures against the biogenic sulfide corrosion in

wastewater collection and treatment systems so as to met the structure's anticipated

design life as well as protecting the surrounding ground level infrastructure and

environment.

BRIEF SUMMARY OF THE INVENTION

[0007] Certain embodiments of the present invention provide systems and methods for
controlling and managing waste water treatment. One or more sensors are provided
within a waste water collection station to monitor and measure levels of contaminants,
other chemicals and or environmental conditions in a well of a collection station. One or
more sensors may be provided in inflow and/or outflow mains to monitor levels of
contaminants, other chemicals and or environmental conditions in the mains. The
mains may comprise force mains and/or gravity mains. A pump associated with the
collection station to evacuate waste water from the well throw an outflow main, typically
when the volume of waste water in the well has exceeded a predetermined threshold
volume.

[0008] Certain embodiments comprise an ozone generator configured to generate
ozone for treatment of waste water. Certain embodiments comprise a supply of an
additive that can include one or more of 0zone, oxygen, a bioagent, bleach, peroxide
and other chemicals selected to treat chemicals and/or contaminants in waste water. In
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[0011] Fig. 1 is an elevation depicting an example of the presently claimed apparatus
deployed within a well.
[0012] Fig. 2 shows a cross-sectional view of a mixer according to certain aspects of
the invention.
[0013] Fig. 3 shows variously angled views of a deflector vane according to certain
aspects of the invention.
[0014] Fig. 4 is a detailed view of a mixer.
[0015] Fig. 5 is a detailed view of a mixer.
[0016] Fig. 6 shows a spray assembly according to certain aspects of the invention.
[0017] Fig. 7 shows a well having deployed therein, a spray assembly according to
certain aspects of the invention.
[0018] Fig. 8 depicts mounting brackets used for mounting a spray assembly
according to certain aspects of the invention.
[0019] Fig. 9 is a table of specifications associated with certain embodiments of the
invention.



WO 2011/ 038039PCT/ US2010/ 049881 sone enbodi nents, the ozone is naintained
in a reservoir of ozone. A dispersion assenbly deployed wthin the

col | ecti omO20uG380391 s adapted to mix a portion of the wasTaSaabarIsBr om t he
well with ozone and/or additive. The dispersion assenbly can be confi gured
to spray a wall of the well and/or a surface of the volunme of waste water
in the well with a mxture of the ozone and the waste water. [0009] Certain
enbodi ments conprise a force main treatnment systemoperable to mx a

b ¢ L9820, g sfip ks ofproL feR Bty AR b B e a8 st er 11 om
t he out[0D2W nRign1i sBhows hesimplifiddsxammpla .of hAdhiutiogrsysiem emplislicdentcertaionpri se

a processor .that can be configured to control the rate at which ozone is
provi deﬂ“?%d'm@t%?fstgér‘%‘fe&tfoﬁssenbl y and/or to the force main treatnent

systemppsgf ©g. 12 3AGKS ARIMPIifRId SreBEsymhd ateén ecei ved fromthe first and
second sensors.” The processor may be configured to maintain the |evel of

cont ani [R9R8k Fig- 1Bis alpw chad ifustrabing & wmmp@@ew@mgingdo Pﬁﬂ@islho! d
| evel . LB %&ﬂ%ﬁh | OF THE DRAWNGS [0011] Fig. 1 is an elevation
depicting an exanple of the presently claimed apparatus deployed within a

wel | .
DETAILED DESCRIPTION OF THE INVENTION

[0024] Embodiments of the present invention will now be described in detail with
reference to the drawings, which are provided as illustrative examples so as to enable
those skilled in the art to practice the invention. Notably, the figures and examples
below are not meant to limit the scope of the present invention to a single embodiment,
but other embodiments are possible by way of interchange of some or all of the
described or illustrated elements. Wherever convenient, the same reference numbers
will be used throughout the drawings to refer to same or like parts. Where certain
elements of these embodiments can be partially or fully implemented using known
components, only those portions of such known components that are necessary for an
understanding of the present invention will be described, and detailed descriptions of
other portions of such known components will be omitted so as not to obscure the
invention. In the present specification, an embodiment showing a singular component
should not be considered limiting; rather, the invention is intended to encompass other
embodiments including a plurality of the same component, and vice-versa, unless
explicitly stated otherwise herein. Moreover, applicants do not intend for any term in the
specification or claims to be ascribed an uncommon or special meaning unless explicitly
set forth as such. Further, the present invention encompasses present and future
known equivalents to the components referred to herein by way of illustration.

[0025] Certain embodiments comprise systems and apparatus that resolve
environmental problems in municipal, industrial and other applications including H.S &
VOC odor, iron bacteria, grease (FOG) accumulation and so on. For example, certain
embodiments can be used to oxidize undesirable chemicals such as sulfides, ammonia
and organic solvents, and can kill bio-film growth. Certain embodiments of the invention



[0012] Fig. 2 shows a cross-sectional view of a m xer according to certain
aspects of the invention. [0013] Fig. 3 shows variously angled views of a
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is a detailed view of a mxer. [0015] Fig. 5is a detailed view of a m xer.
[0016] Fig. 6 shows a spray assenbly according to certain aspects of the

I nvention. [0017] Fig. 7 shows a well having depl oyed therein, a spray
assenbly according to certain aspects of the invention. [0018] Fig. 8
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mains, sewers and other infrastructure used to handle and treat waste water, well water,
sewage, storm water, contaminated water, grey water, oil well brines, and other fluids.
The fluids may include solid matter. There follows a description of certain waste water
treatment systems that serve as an example of systems in which the presently
disclosed control system can be deployed.
[0026] Certain embodiments of the present invention can be deployed to control well
cleaning apparatus in order to improve the efficiency and effectiveness of such
equipment. For the purposes of this description, an example of well cleaning apparatus
will be used that bears certain similarities to apparatus described in the application filed
under the patent cooperation treaty and numbered PCT/AU2007/001083 (and
incorporated by reference herein in its entirety). Certain embodiments of the present
invention can be retrofitted to conventional well cleaning apparatus and it will be
appreciated that certain components of well cleaning equipment may be redesigned,
adapted and/or reconfigured to maximize the advantages accrued from the present
invention. In some embodiments, for example, pump operating characteristics may be
loosened because spray assemblies according to certain aspects of the invention can
disperse accretions of solids deposited during variations in pump output.
[0027] As depicted in Fig. 1, a well cleaning apparatus according to certain aspects of
the invention can be mounted on, or suspended from a frame or bracket 11 such that it
extends into and is configurable to clean interior of well 10 and to treat a body of liquid
100 contained within well 10. The well-cleaning apparatus may be attached by
fasteners 12 at the top of a well 10. It is contemplated that certain embodiments may
provide a well-cleaning apparatus within a tank, a drum, a vault or other vessel, conduit
or container. For the purpose of description, the terms well, tank, drum, vault, sump or
other container will be used henceforth interchangeably as “well 10.” In the example of
Fig. 1, a fluid is transmitted through pipe or hose 17 to a conduit 14 and, from there, to
spray assembly 15 which directs jets of fluid using deflectors 16 of spray assembly 15.
In certain embodiments, spray assembly 15 is rotatably mounted to conduit 14 such that
spray assembly 15 may rotate around axis of rotation 13 in order to obtain rotating



WO 2011/ 038039PCT/ US2010/ 049881 [0020] Fig. 10 shows a spray head according
to certain aspects of the invention. [0021] Fig. 11 shows a sinplified
exanpl e ovoaotaspasbi ng system enpl oyed in certain enbodiPoEntSg010/0448RE

i nvention. [0022] Fig. 12 shows a sinplified processing system [0023] Fig.
13 is a flowchart illustrating a sinplified process according to certain
aspects of the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0024]
Enbodi ments of the present invention will now be described in detail with
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the invention typically comprises a mixer 20 and one or more deflectors 30 that
cooperate to direct a flow of fluid to spray to the walls of the well 10, the surface of liquid
19 in the well 10 and other equipment located within the well 10. Mixer 20 is configured
to optimize, control and generate flows and currents that prevent buildup of solid
materials in an interior chamber 22 of mixer 20 and on the deflectors 30. Deflectors 30
are typically used to direct the flow of fluid to a target area for cleaning and may be
angled or tilted in a manner that causes the spray head to rotate. The deflectors may
have preset tension mechanisms fitted that allow the deflectors to automatically
maintain the required RPM at any given pressure and or flow, from the mixing chamber
outlets, needed for the successful rotation speed of the hydrodynamic mixing chamber
so it does not interfere with any fitted level sensors that are existing within the wet well
area. These sensors could include ultra sonic, electric float, pressure switch type
mechanisms.
[0029] In conventional systems, eddy currents may create areas of low pressure within
a spray head and variations in pressure may be observed during a pumping cycle, or
when a flow fluid or liquid through the system and/or when a pump ceases operation. In
response to such variations, conventional equipment may become progressively

clogged as solids settle at junctions or distributors (e.g. in a tee piece), in small diameter
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interior chamber 22. Solids and bio-solids are then pushed by the liquid flow liquid out
of outlets 26 and 28.
[0032] In certain embodiments, mixer 20 can cause liquid to flow around solids and

, tank,

otherwise apply pressure to solids which have previously settled within interior chamber
22, including settlements occurring due to end of a pump cycle or during periods of low
fluid flow. The structure of interior chamber 22 can create an agitation that causes
accumulated solids and/or bio-solids to be lifted and circulated and eventually carried
through outlets 26 and 28.
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2011/ 0380EYROEItIB2Y tefledoss30 piqyedd amtematltall)t adjgsted e ratponeé tmmlsangeal ves

bt rudt Pefeesre hE VEDBILFL iaushBgis ERNgrT R QimeRoas 2B A8l BB ALC cor di ng
t o cer t@onsequpawy, shobistleed Bystain may acoomeddate poreay fadigefod puatpst 19ehd on.

[ 0030] Certain enbodi nents provide a spray assenbly 15 that includes m xer
20 haw'ﬂ@d“ssp‘éfc‘?ﬁqf%téﬂﬂ o tBRgk EB’@P@& % fﬂf@é‘a%m'%dh%ﬁ eMgNBY GPABMOCBH 21 ee

oper at i iin®% 9 WRSES bt &ﬁ‘éﬂen‘t‘%t@g seiectdd tbe‘dtﬁﬁnﬁﬁé‘r@m tﬁfou"g@\bﬁfs water, storm
wat er, sewage, contam nated water and grey water or the |Ike. The exanpl e

of Fig. [0035]h dnsedain embedimests, awf@rten@lp sPringssystemoapiheausedato Q@QtafOi n many
othor© (R adbt 860 BCcelort J0RUN Bn 4 EANEBEA o P SPH foriedll

appli caiaincreduwmtudmddrwersah@eaérﬁbborsmjmnf gndtan ipeevidnt adroswhactiomnaraiiok m ni num
size of sqolids, pressure devel b eratin erat ures.

2 o il i B SRRt tiss o T and e Dadeu i oottt TEsamd . and
28. An dmbsthinehts! Epesd 82ttR Mey be afdrahticallpRBAEOIER &sh@g h8tRiynamic or
constructed to mnimze undesired refl ections and resul tant waves, eddi es

and vorltydgadynamic alements attachegsto thﬁéeﬂWIPUamd/@(/\E“)ﬁﬁﬁQuyheEﬁWﬁB@r 22
relatiy ﬁpﬁ@@gﬁme\ﬁm eheiate: EddFP Hﬁtsto JB@%oﬁ'p%ﬁbrﬁ&%ItPStﬁeaéﬁeee‘é o swrl,

rotate o erw s ag| S|re
rotation of spray assembly 15



[0031] In particular, the structure, |ocation and di nensions of certain
curved sections are calculated to enable free flow of un-filtered |iquids.
Fluid entwoizng/@s8d3prst orifice 24, which serves as an i RCEUS2Qa93®\81t 0
interior chanber 22 where the flow splits and exits the interior chanmber 22
t hrough other orifices 26 and 28 that serve as outlets to vent the |iquid.
The shape and di nensions of interior chanber 22 are selected to cause
deposits of solids and bio-solids to be rolled and circulated into the

i e g S LT A

cert ai reésrboebtatiomt idemtheefor@dofcthe ardflceye fromyoutbts B6 athdk8arAxiditibreabl | ds and

ot herw se appl ressur 0 solids i ch haye pr.eviouys]y, settl w thin
o 1 h et P ad e aRglewiit oYieDin OF il Ge bl Sl it Helosig'ar "t
cycl e qgfredetermhepeiistafse, aukipy d tevietsal IroairectiBh aptTHSEIIME irPAn bEdikdtiodrof
chanber 22 can create an agitation that causes accunul ated solids and/or

bi o- solthasptay awembily 48 thatdn@pazen theaea tigatagkhit thel ayﬁt%r mn ‘éfftﬁfti'hr ough_
out I et Serﬁéo&%nfsﬂme J&ﬁ,@ﬂéﬁ%ﬁﬂ@%mﬁ&%ﬁ’é&é@ bOASH tdédhtrop. depi cts
various views of a de hat can be use

ector I'n conjunction with spray
assenblsurfebe aGemeobsprapiceveragbect ors 30 can be attached to mxer 20. In

cert ai i t 0.is desjgned to r. 0 t o hyd am ¢

£ or cos TOBEEP CHESBrdu SR mBRL LY perer St aT dabfot BRERMG e RUrEES SRS "5

As t he drbukquipabioqsase\trfougtfieapewititduttobetrdefidreaidelogfingiat vamRyus¥siumedi r ect
pressure on the surfaces of deflector 30 and/or %enerate aer odypam c or

hydr odyHKhRTESPHIES s fTHE-SiRer $QbiFe ficdide $elids dhaican RAsSIBUIB AT IBIEAPTTEFE Thus,

the VOlpyhPRBrdIRSPYAE] Bfanidisr.! i quid forced out of the m xer 20 can be
used to cause and control rotation of the spray assenbly. Rotation

t ypi cal 0938k dorogrtainegmbedimants digggisicontaiming isplidsaand/edbiarsalids @epsivg t o t he
outflo : i .axL S ion 13
of 1 ho LISl bl 2 3rBekally SHuARd, dldenReRa nofodhiddy iMBLed R O 10,
def | ectsurfad® of aligieil cumtained by dmalvetimtaylpe afifdidd) olygenatetam orbogenized s,
speed qf rotat.ion, can be cog@r%}l led%ci)d\i.confaicﬁﬁ{.ati on and. position of
def | ect'df eggtion ofjsRray &3semblyT B Ny tgqrbt!q B SYPELTE M thi s manner.
Typi calHamdédemiaitioheudbtafebs eGérPas #l, biglgréasecanPbiatilpressrt onthatsugiicd 3 of
the spray assenbly is selected to control speed of rotation. Speed of

rot at i o thajjawd imieonell maxibesalehitizest. | lagertgin embediments, invkek 20 ea blesi r ed
speed_ofdclo3d BB BB MS AN ARAGROSE AR GlchdRTHeP By fpased on

current spee rotation. In partlcu.a , ngl e an i r pOSItI.
def | ectaltash®g flosw ragieicars tormtletarifiogsadjigs eand b arespgingeringdiamdngses i n

b or 70Ny SaHEE pyioh bl SiDli oL R Bk afitls L& sPBy RSP ADY ! ange
of punpss d&oadidg twdetainfasppets aff tteninoéntidrose punps 19. For exanple, the

system acc date a punp 19 driven at different rates selected to
obt ai n %‘?’%P@?%%W‘Wou hputs. [0035] | n certain enbodiments, a

pr e- t ed9P3Ye AN £ ents Ch theyieveRlien ¢3n E%ﬁpﬁﬁtﬁdéﬂbﬂi@”%mo SEMPHY ti on of
def | eCt&é&r@?wﬁﬁ:ﬁeﬂe%@%d\W a$ BfEHafidnd 0P iRy stat6hs FOEdRle &aPstoRAUCE

liquid dispersal to a "ribbon action"™ and can pfevent aerosal action and/or
m st i ngvataaeolteghtionr aysiemsedire dypically adagtethie hanske gravde$ed v wastecwatgonent s.

In so ; S, She i i d
usi g SEFONS AR RS Had hPho Bl Fed et fithade ERPbIERNRE Sy or
m xer 2bivesiiidtsytiye sdveagaldpwarthtoughearsewer ipeceemaire Acdooding to esitaihant to
rotatl of BLAR'ihd Avahtidr spray seentbly 62'(Plo™b) 9ah B inbhiBh iR paming stifons

to obtain mechanical wastewater conditioning and cleaning that can keep lift stations

free of organic and biological build-up. Lift station wastewater conditioning typically
occurs through an ongoing process of surface agitation that prevents biofilm build-up.



WO 2011/ 038039PCT/ US2010/ 049881 [0036] In certain enbodi ments, spray
assenbly 15 may be free to translate along the axis of rotation under the
force of wbheoow3sdseow from outlets 26 and 28. Additi onal Pogaisaniopmmssnay

adj ust the angle and direction of the deflector 30 after translation a
predeterm ned di stance, causing a reversal in direction and resulting in an
oscillation of the spray assenbly 15 that increases the area treated by the
system In certain enbodinents the form size and angle of the deflectors

30 can A t I 0 ; he spray
assenl y Sy By6aT IR ARG Gere AR raritofors SYERAPZeu T BiRlng S, 2

r equi r esffloent plassqudiityobgdormingeonsistanhant poddittablet | Aofraetimhat boggnhgf at vari ous
vol umes .and pressures. Full-size solids include solids that can pass ,

! br ougriam e IO AR bereaud S Bk e i el HeGa¢ i el Soabity. "iveer  ai n
enbodi ngsiiitfon thabiehifknces Rlepdbit BBtV dridsaRofats Welpstmtuﬁsca@@ﬁﬁ%g t hr ough

m xer 20 are typically agitated, oxggenated and honogeni zed. reover, a

sur f acd08#0k 'fiéga SHOWE ANAXAEWPIHOT @ ik SiEion Fhaip which gispadveassemylyéads ed and
homge iRl biXKBCH4. OBrftket A RALGRSA L Yodiid 13 ABERLth@3plR A at ! on.
oxygenat1 on and honogeni zati on substances such'as fat, oil, grease and

bi o-f i |aaspmibetta pipet Hag sBishiawstvod exdraplesaiibdadkets that eal be nagd:dmracket

sol ubi | 4 - In.certain _emhodinents, mxer 20 ¢ be sized to acconmmodat e

other ot Btk Ealo oA AT ResmiT 5 vl AR aB ™ 58 Has a8 ach gt & ow
r educerfastenei8d aid 8aifbi ehnfergto afpisy) dsThand iR IFi. Tee Sphgy e Bgan show ng
detail ed design I nformati on associ ated with one exanple of a spray assenbly

15 accdIRIVAG? BBrAYe MPIANY ASERRONSRARY. (YHECH RRaKS UprANdHIRKERIg bYigUPst [ 0039]
Cer t ai %@Hﬁefﬁn@%-\%@ﬁnﬁé Hf‘att'eg}ffs‘agkﬁﬁﬁh&@db Qﬁlt???@a‘%g dcn‘arbif)fﬁ,lHPdl)Jrﬂgur‘f%Eeoof

punpi ng Stati ons, Il ch are nown as stat | ons. ing stations

in sewawell Buid 72t drvidimpemped|fiost theosels ysing mamase’ t gni €alang aapkifiordf the

handl Ly i f ' i b
o b FUrAsad M BRI BR £t L foin BT Bl AP PBIeEBized BYRE° Son o
upwar d_ gummpubis Eordaws :Tdti)tlfeuteﬂ;torrlbga Bpra@dmzdjaslgu@mbw @B:fc}srahix_i@qn&mmawhgt h;a_
1 1 g. n pe.lns ed | unpl.n statl ons
Lo ot R aeSbRl BAVE Mty Rad RS SamBl TP REIN MR DS S hidoBREriE sk ac
lift stiedrisestsmikir@ecHimserana &y??ﬁatb's PluRE! frdretiinkfbadihg dxyben $\ald Pithe
y

wast ewat er condi tioning typically occurs through an ongoing process of
sur f acevelli ipanegxample, wadewates njxed in sRrBYassemply 73 has increased dissolved

oxygen content that has been measured at 800% or more of the dissolved oxygen
observed in conventional systems. Because a portion of the waste water is recycled,
solids can be homogenized by agitation through the nozzle and by spraying. Solids
having a smaller volume have increased surface area that, together with the increased
dissolved oxygen content, promotes significant increases in aerobic activity.

[0041] [n certain embodiments, the use of the described spray assembly 73 (and see
Fig. 6) automates cleaning of the pumping station and reduces maintenance overhead
by reducing or eliminating fat, oil, grease and biofilm accumulation. The spray head 73
may be rotated under the force of wastewater flowing through the pumping station or
may remain static. Accordingly, the cleaning mechanism can be powered by the pump
already available within the pumping station. By recycling a fraction of discharge flow,
wastewater can be reconditioned as the lift station is cleaned without the need for an
additional external power supply. Moreover, clean water is not needed for regular wash
down, improving the well conformance to environmental requirements.
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WO 2011/ 038039PCT/ US2010/ 049881 Additional |y oxygenati on and honobgeni zati on
can pronote aerobic activity with the effluent flow quality becom ng

consi st erwOand/q38@di ct abl e. A fractional anmount of di scirargsdomloewsscan be
recycled back into the well, resulting in a self-sustaining, "green"
solution that enhances aerobic activity and automates well structure
cleaning. [0040] Fig. 7 shows an exanple of a lift station 70 in which a
spray assenbly 73 is fitted using bracket 74. Bracket 74 is used in this

SXATD! Gobla M ertaliForiBofindtiaha g hdad S RnRip9s oidbe SoBPRAT

racke n’be” use I ca used to
m)unt Spuyityasf sliffdrept dssemblptypeandhierramhtedr ciBZnolazsles heeqbohalse beads 83 and 84
for attach nt 0 a pipe, as sho Fig, 7. ray head 73 can deljver a
spr ay. SSETEN 79 Pl Piskomn Sme Frthdrias: tadiurlerHt adeiis Smebh st rep o
or gani Ctoepa@lwbe enaXiram coverddeowhématsps héé@b%lﬁlﬁis fix@tld anddeRssotand
bi ofil mon surface of well tluid 72. UIdIS nped fromthe well using

punps 7otaiadbut Pregices dlbrad Fravpatiens (seenbitl 10)- uFar eXarppigi @ statignamt sREay ed
froma rfjé%ﬂ ddsefhil H%y%%e&;écpuaye&h%ggég 1My dilRe er ! Ynve QQﬁédg'af s

directed to the spray assenbl m XI hg and Sprayi
descr i dbd sptayvhegadsagseynbiye 43 m@erﬂ:ﬂgreﬁﬁatesﬂmycmmlametemmtmwakmp@ewydam c

T o AT EB PR TP e R SRRRER A0 bl el ed BBGREY
assenbl heaﬂ%és@mblmnragaﬁ%u@btéam Msmleweéwax@nh&nng tdativenprirgeesligseasur ed
at 800% or npre of the dissolved Oqg?/g,a@e Egserve convent | onal syst ens.

Becauséadg‘bgfacm%ﬁr Bead aeseraklies Ravi tere ey, 3§HW‘H%”Q: n(d8Mb&geni zed
by agi tighicany GéHQQHgﬁaﬁJ‘@orﬂﬁ%ﬁ“@t s"’iﬁﬁbrﬁy Lsa‘?éé’rydllﬁﬂlete$‘ﬂea@5as@%'bﬂgs fh ’% ler

vol ume have i ncreased 'surface area that ogether wth I NCrea
di ssol \A@@ddﬁmdledarqeémastqwaiﬁbﬂ@gs sngllet @lametermﬁa@a@@@mbheama)fob%

activi tl}'seggg?eﬂfé%ohﬁ' cSﬁfehan} lﬁcﬁgoﬁ foviE A8 thd ngad’ﬁgsé)rﬁ?lkh&m%ﬁﬁ{ééj ﬁ%{ﬁ%o ray

assenbl es cleanin nping 'S4 on” and
r educesusireg atgendmgq)mohbﬁdrdmdm@ﬂumedgvaher elhldmermdamme fat’, (25mm) heahse

d biofilm t Th head, 73 be rotat he f
o Cvas SRETLY T e e LG T AEC AR ol lher siegio e 8?@&31"9@ atic.
Accor diegdyasseRbIEnagbengsodesifaairslati gcié@nml\emfr&ﬂielféd $UBPIRUAR e@hﬁ@ﬁady

avai l able within the punping station. recycling a fraction of discharge
flow, wopeiRiosal ehatagerisiicsang shesHicaties ioruaripys heacaseambliesareved

wi t houtadcBRy in 830858} IanAberfibhot BAbWAREIG. BLPPI V. Noreover, cl ean

water is notﬁ?eede or regur ar vva |rrpro ng the well confornmance
t o envilP84derEmbodispnts ehibatigvention may be used in a variety of water applications, in

lift stations, storm water vaulits, and/or clarifiers. The rotary head assembly can be fitted
with inserts that modify the flow rate. For example, a 34” or 1” insert can lower flow
requirements while providing superior oxygenation, surface agitation, and wash down
action. Spray assembly may be mounted on the side of a well or hung from a top edge
of the well and can be fed using piping or hoses from a pipe that is driven by the pump.
In certain embodiments, the spray assembly can be mounted to one or more pipes
including, for example, a pipe that carries fluid driven by a pump, from which pipe the
spray assembly 62 (Fig. 6) is fed. It will be appreciated that the pump typically operates
when accumulation of waste or other well content increases above a “high-water”
threshold and ceases operation when the content falls below a “low-water” threshold.
Accordingly, the system can operate intermittently or continuously according to the rate
of flow into the well.

11



WO 2011/ 038039PCT/ US2010/ 049881 [0042] In certain enbodi ments, the rotary
head assenbly 73 may be selected froma plurality of different assenbly
types. Thworraniysso3ef nozzl es used on the head assenbly P8TM®myowAu98s1 I n sonme
enbodi nents, the nunber of nozzles may be selected to provide maxi mum
coverage when a spray head assenbly is fixed and does not rotate, but
produces a fixed spray pattern (see Fig. 10). For exanple, a stationary
spray head assenbly may be deployed in snmall dianeter wells. However, sone
varlantér ay head assenbly 73 maybe differentiated by a di aneter

f th 'Q Bg ed b t t d I tion.
'n one 99 §f A Ay mPRha &he RuBhhaL catBe e e LBnEaE o P B R anal
wast evabighp BRitions. Geiabi viekiynd 84 grin® bolits. in vitsis Ao iBloRh SIafy ARSANTD | es
having di aneters of 1.5" (38 mm and 2" (51mm) are typically used in many

common 98 appreciatadihat QL%QQjé?U"én%ﬁit @ﬂuﬁ%@gﬂw@ﬁﬁm éEStﬁﬁ\ya algg@id o handl e
| arger 4 v@%feﬁmp%t Pf e%ﬁﬁ:'égﬁgs gtz@nﬁtﬁL &l &mp&t ArRPorHs iRB | wher e
| t he y

solid content s provi assenb Is mMhimzed In Size
usi ng angslantduAcrg:opdm@Yoan blilerpativeé dozaie tamberusedmaespray assemblyektzamﬂe a 1"

20, 75 TGN R IR HART PO BlrcdeBoorse BodishBeg oo PR bR ARERST ©
filteretD sapeoyprids semixing enambeneicdélvea) syeliem asitaldliséisesribsshed stream
speci fi cat i ons, for variou ovi ded according to certain

nbl
aspect OISECYARA VASEHEIIN '§'”§tfg\ﬂﬁs't?%% ”Fﬂylgggrggrr'?[%@)ﬂ uceRiiizR FhepReTdhat he
| nventiQf ﬁfetho@@agﬁe%n' iR o?déﬁb'o&?iy%%ew@%ﬁieoﬁﬁ%tb%tér toll %dtfc% stat ons,

storm wat er vaults and/or clari e rotar sse y can
fitted addiionahtispyleneathat mitigates ohetrydtion: ﬂ‘élegesmtant@rae&vmgatat%s Be4" or 1"

i nsert s‘iﬁf&c%s%\f‘ﬂ{e M;ﬁ’ g@,?eq\}ﬂnére'ﬂ?é?éﬁ% akﬁtggud? }:{é&JnWa%lgﬁgf loﬂrgr%ﬁ%gﬂﬁt i on,

surface agitation, down attion ray asse ted on
t he si dmoﬁdfn dnmlabe@oxygafrgattbn@lmdetuttm t&ﬂg@geﬁizatha ewelplrorantéddhat breaked usi ng
that is.drjve In, certain

i pin froma pipe

bbod ML SER LR A diBEsititodshidse Maeriin f Hidn i et e

i ncl udig@gn diggereamhemattep pe that carries fluid driven by a punp, from
whi ch pi 8e t he spray assenbly é@l?g 6) is fed. It will be appreciated

that tH8 fbﬂmTh%/ﬁpramnpyzl@@éﬁam@y R a@éttﬂwatt POR a)gnmtsttat&n Banke wel |
cont entmbiEE3RaRe IRRVG Awell {‘bgﬁu erﬁtaLé‘B?EJgf%ébea&th &tm@n when

the content falls below a ovv-wa res Accor ng y stem
can opgnauried onex dischargeIpjpepusasbiotfiead ths byrayaseeniblyy The sgray masembly i$ | ow

' nto thesBgl fea bYRap Bhd SPEYE4nd 7+l t 8 Mt e e Shlidd Hrivah BY ' Ghinder

pump (e.g. pump 71 or 72). The spray assembly 73 can operate automatically to clean
the well based on the cyclic activity of the grinder pump 71 or 72. The pump typically
turns on when accumulation of waste or other well content increases above a “high-
water” threshold and turns off when the content falls below a “low-water” threshold.
Accordingly, the system can operate intermittently or continuously according to the rate
of flow into the well.

Materials Injection
[0046] In certain embodiments, a spray assembly may be configured or adapted to

deliver chemicals and other additives to the interior of the well, including, for example,
one or more of a detergent, an oxidizer (such as O, or O3), bleach, calcium nitrate, ferric
chloride, magnesium hydroxide, peroxide, milk of magnesia and/or other chemical
selected to target and breakdown a material or group of materials. These additives may
be introduced to the well to oxidize compounds that can cause odor and corrosion
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[ 0044] Certain enbodi nents of the invention can be adapted for fitting into
grinder punp stations. Grinder stations can grind solids in wastewater to
forma slworzg11/03803% | | be appreciated that grinder punp®Crars2016M0yes81
clogging in the systemand also aid in the delivery of a nore specific
solids size for successful chem cal and or gas into |liquid infusion.
Accordingly, an alternative nozzle can be used in a spray assenbly that is
configured to handle smaller solids. A nozzle, such as hydro spear nozzle
shown i e %] ?Fg&% t hat
del i ver\@hgd g?h%g'ﬁe g?f amde) lr@é@%:’?ﬂéggaggs] evva{: ee@ﬂgmdxéd\ngﬁf%vgﬁgﬁvﬁf%y
conpri siecampedmoeatommmlyhmIﬂMmamibrmmrgapseermmb aadiydedgenrsulfidecanter t o

| ed d bul h
m 1 gaaBamBREILI proqAang sufiianget agaRoEatl deboRETenAPURIPRY e el |

wast ewaskafoled, itdreahs aallintebde- et ingLdrghsigs f atwill Bk lappeicRase tmd bi of i [ m
| ncreased oxygenatl on and further honogeni zation are pronpted that breaks

down sdWAERgen e mameaﬁtm@ lineeriyeancrele wallsid walls Rdaueh reaciioniGag and
creat ega@8e %}fﬁ&ufﬁl %Bﬁ{ IWdrégéh Satibé Fnay[:g%ﬁé)d-ﬂ@@ sﬁﬁﬁﬁ’é’ ad|@tRatanssenbly

73 in a snmaller wel in-a grinder station ermunte onthe5|deof
a wel | attachang cbrrodearn¢taUamﬂ othepinfhgtructure htaamlll Tihetoxidatiopgireeddsy nount ed

Cypi ol ORacRasy g KEFEAR As88%s ob g LR eR SRkl SUFQBE T BLNETT\2n By
a gri ndsslugibges (teerfiersruifpcd inadi, ti&eby Elimirstingicondriond favordbledor oper at e
automati cal |y to cl.ean the wel |, hased on the C¥§C|IC activity of the r| nder

punp 7RNgeropic bagigria itpradyse &bt yThaedcation mRersserahied asqBHNgo wad?
ot her %bbc@%ﬁ@hvbﬁﬁdrﬁ@éﬁéro@mvﬁ 8xy: n%‘zo‘ﬁ@trﬁl& théthé ‘é}g&g\léﬁﬁﬁﬁldhw Hat Of f

when the content falls belowa "l owwater™ threshold. ordingly, the
syst emirRibitoipeering anaesohictiastariaypresednthawetiwel/foree orain hy redicinge rate of

10w | fkhvatelhiip Wehesdih A st 803he b e Mo tiegnts,

spray assemnb con ured or chem cals and ot her
addi ti mntcantdmgmmmmeserefte‘cta he wel |, including, for exanple, one or nore

R I RO I N

ot her @hemdreahpu Poastiedicblingasr@cdr rao@ dHerriksaie\@10a6 TRIrks td mMdling ERaRbeT
materials. These additives may be introduced to the well to oxidize

conpourﬂﬂ@e@% apserphbliess JepulRpits may dieet g enmotgshemical feeds 610 and 611 to
2011/ 034 kl’%f gﬁ%%ﬁ%le%ftﬁ] "6 WAixeS thd 67¢ HFHforé%ﬁér‘ﬁ%ls STPARRNI C

gases produce onest | vvat er deconposition commonly i1 nclude
mal odorﬁddwgaﬁesﬂuwﬁh (faemiwelr dyenhpwobf/i 1dé’2)aafdoaalﬁaﬁ‘tca th@goindiof eptnotduci ng

bst t
S BPESOELAT NBuLpgAThan LERPSTARYSuBTANIS e AGLY RieTBERREL T
may r emtfrl\am(;fbld 66 that recedv@sdfon 6} fvohl & pOfnpl\H bs7ﬁ36pmyﬂree¥cb@s§embhe§a'ahcause
structura ama en sul fi roduce sul furic acid that can
ot t ach AT SR L AASsCT R CERmBlE S FreALT PRI BPIF AL CPTDTRE 2ox dat i on
process @ﬂﬁf?h&ﬁ'n@ﬁr%@é %HgfeP ﬁuﬁﬁ@ cAhMbeP BRE fsceWest fitfd BN VYRR tHpEAP afyi di ze
sul fi des in"awt well, including as it enters a force main, thereby

o1 i naRatTgxeo e Higi6d Wik otdliies Fush e elisnubrdeBde ot ARCES | SramanES, The
Oxi dat 81 |RUL BB RN CAUC MBI & S 811 3hd riRRE Shanblr gl By et on can

provi de"an oxygen/ ozon is a powerful oxl its
i ncom rmgygmmloomfcthe)ﬁmdeﬁm ay mme\eng massttrwsmtasmbpas’sfeerthr@ug’mtme byrayeduci ng

sul {1 de Leval Srhleenbaib8a8 509 aRPe 1 Mhay Mekide o2l ARG grygen 1 nto
augments oxygenation. In one example, the one or more chemical feeds may include
generated oxygen and or ozone by a higher pressure feed.
[0048] Spray head assembly 73 may be mounted to enable rotation of at least a

portion of assembly 73, such that nozzles are continuously or continually repositioned in
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mai n can augnent these effects. [0047] Wth reference also to Fig. 6,
certain enbodi nents of the invention provide one or nore input ports for
f eedi ng owie 20r1/03803¢ chem cal s 610, 611 into the m xi ng ehanises10ofioskead
assenblies. Input ports may direct one or nore chem cal feeds 610 and 611
to manifold 66 that, in the exanple of Fig. 6, m xes the one or nore

chem cals 610 and 611 with the fluid 61 (fromwell 70 or punp 71, 72) at,
or close to, the point of entry to spray head 60. Input ports can be

d t i i : t hat
PCoetocd s AR Bl BUPEYLR ufd SBRE 5oty BRI iR
used i noftgressige of ﬂbuelc61ebaranbressmfzedrfeem se0br § $ aadior by pmpatt of flutdgeri se a

f omt he

hydr od t i Xi nber .t hat fl
b bR or Vanes orvided In Ml e O oh e SuehS Rihe Bean datembyrilas 610
and 611THd miRinGbhadber i8Gypitalytdtmsabsencs gehefie firbalenés ket dads®11, the

m xi ng chanber i nproves oxygenation of the fluid 61 by achi eving nass
t r ansf &PiXRg and ﬁ%@é’@@ of HH‘Q&%H“%@ tebeapplieddp the. Suﬂ?ée(ﬂfié\fﬁt%fdﬂ Fwells 610 and

611 mayadd?ﬁ édBe dieed @by i mproves and/or augnments oxygenation. In one
exanpl e e one or nore chem cal feeds may include generated oxygen and or

ozone dp0&9h| Ipreertapr embadindrés i sdiecties)] of spatavialséid, 63t eablbg alBieddy and

st camhBa SR AsBbE 0 ot AR5 o BE B PRuR oy T BBl e Suoh ht
2011/ Omaﬁwnﬂéé%%&érmltﬂ@hﬂv\ac@dirdWQttbIal‘l)@@lr@h@duﬁé by Mandiai cal

vol une. Rotatjonlst |calle/ e the force of pressure of fluid 61,
by a pr'@?ﬂﬁ’] g ff 1"%%6 CHP aﬁ‘ﬂ‘v‘\ﬁ?fd?(ﬁ? WSP%Q&O”HN $M5lﬁr8§°8f'g%r§ﬂ|t‘as on

ggnes %@Mél%dshbm&ah%nb 'Hcﬁﬁht‘éhapéonté’rﬁt ;ma/csr%neﬁb em 8he BkarhpR, AgRW &ssenbly

The m xing chanber is ty Cgﬁe constructed to generate turbulence in
the flzehecand® poxided ta iyl memeddfom IaLnLt!iﬂFBZM?Zaat a gateshadds applied to

the Suré(ﬁgﬁ‘mﬁgd Wﬁto‘% drmé Vfg%tbrsar}ﬁj(gll?(fln@ Gald 6 1 V(\%Jléfsthgilf &1 antlg[ﬁgﬁ? 'n

certai n enbo a se I on erla can o and
m xed vﬁ'1t in welbT@wateasuréhenty afugglifesousi npoathepandesirabte gdmpadndsy(eaf. i nput

ports. addlt an b el eased intermttentl accordln to a fixed

D o heaul et o BREweE 2D bieETon i nelherd proaanms b ph Sobepioe ¢ o
a cont féthteshésére@&aﬁﬁﬂ‘elcﬂ tmh@dsntgblére@mrbban@@@csmﬁ@hlyaersiobia%aamws walstee aatepnt

and/ or buil dup. In one exa ow of ozone can be provided to fluid 61

recei veﬂVﬁ?@moécbﬁﬁtFaﬁl OFQ@'Qﬂ?O’HPP‘a'Nﬁ angder big-augmaniatinsdrneguelsanay bemr e
factor %mx'ea%ﬂ'\dthﬂgvasrté\&%epém? Hlé"b&ﬁblhgﬁoﬁ ! aﬂhﬁ?ncﬂ’rﬁ ihgYf %rcﬂuﬁh éflg' n

wel | 70, neasurenents erous, esl rabl e“conmpounds
hydr ogewcbmommmds mayhiee gedtrolied. baagzdmgfeeil eariditians, andetraatment plargaseous or

Resoci aftear s Seur RS, RSO Re  APR B RB T At vus
and/ or diitiee additieed. ahdditivgs may cised nmrenb@cm tredkaéviri of ffae, olagterisataid Bigd t he
i ntroduction h conpounds may

mbi nat i tit d/or t
e condia visas A sORRISe & GRS unan SHIpZE" e Slar e IR AoicR R Prent
pl ans, Sd@?dhlh Weema@wmﬁ Rratéray o%rd?fp%ﬁ'rﬁ&\‘énhl@ mn@egrh%va@s@omﬁr@é%tl ons

of thea tives. ditives may used to enhance breakdown of ,
grease Cﬁﬁ@'ﬁ"ﬁddeﬂ\toﬂﬁ@m bl@@gl%pre@bﬁgwnépé mateféaler §e il barﬁipﬁfﬁ%ﬁ@@,r or

other. ‘?l‘”a”l A%édq ﬁfé\f?@&ﬁgeéc? mhtﬂr&‘?ﬁteﬁ% thﬁ%ﬁ%‘?%dﬁ‘w&@ﬁn‘g@' difterept °1P of

mat eri al's se an organrs t Q" f
bi ol ogiamiitivlesefadkydmvaddéd aadlﬁereanlt i;meAsty\mdalIy maaelp@\resdli‘fateaﬂ pugemseal n

i 11 er DS aafe e aeaPafintants bF BRAR Preysteantmigtedn eve
di f f er epdteptvapes®ains various levels of sulfide (H2S) in aqueous and gaseous state, sulfite,
sulfates and carbonaceous biochemical oxygen demand (CBOD). Elemental sulfur may
be produced and is typically, flushed from the system. Sulfite and sulfate contaminants
are typically oxidized to effect change of the aqueous sulfide ion and subsequent sulfur
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[ 0050] In one exanple, certain enbodi nents of the invention pretreat
contam nated water that contains various |levels of sulfide (H2S) in agueous
and gaseow® 28t1a138039sul fite, sul fates and carbonaceous bipoThEsaI0AKIS8KYgeEN
demand (CBOD). El enmental sulfur may be produced and is typically, flushed
fromthe system Sulfite and sulfate contam nants are typically oxidized to
ef fect change of the aqueous sulfide ion and subsequent sulfur WO

2011/ 038039PCT/ US2010/ 049881 forns. Certain enbodi nents of the invention
enabl e o] ] X1 : . r ey M m nat ed
wat er a{cggﬂ%'hgﬁﬁﬁ@%@g@%%ﬁﬁ ac ?t"ﬁ\?\ég‘lﬁéﬁieﬁgﬁ%eﬁﬁ@'%\%‘e\égﬁﬁ(\mai&&g{é%gi nprove

oxi dat iteanstdr of ladditivde svithrabnsarihatesswater and therincsdasdd wahtzct,tioclpding vieree

i nsol ubl.e free sul.fur, thereb | imi pating or si.gnifjcantly reducing odors.
[0051] G 5oBRET SaR POV vl Ot tideg andiiatesd contaminagl waleels i Ty

oxi di zqﬁobuce)mgambteqré@émtﬁydh@téwe|inﬁi'h&iir@q oPKGMAEARIY reGuéifg babr, el ement al
sul fur. Further oxidation dissolves the elenental sulfur to sulfite and

cont i nU88SHz dRENe:@xaaRIeMYdregarnsdiide aod aguees sillide imtnasily 2¥idizeddYr equi r ed
t 0, ProciRe kSR Suifife” TRtk SRBEDN 1o thif didiAdhnthPsdifeflutyrtibrblaagh! ur. T
I's odi nents ot the

achieve t , certain e I nventi on enpl oy a process of
di rect disgodvsitba eldmentatseuitur & edfitezandbceniued oarpeg eridgtisn uhinmatelyfformwg ng

st ream of._cont.am nat ed ter through a m xi nd, di sper,si,on. _system

ot i ai At MEE St Is B e d ks sl Btmdi@rosT S et foeq ¢ or
t r eat i ngqairdtdfdy saffulc Totahigvattnid, vertain eme@imémbthmvdhtﬁﬁﬁémb@? $ystens
descri bed above can, direct a flowtl_:]gjﬂ oxi dant onto the surface of the body

of contRARFeRR ASIRRAL EHectinp figrnaantratRd P2i1aAnd/Qt @HOER G8FdRiP & YowiBRpI ete the
oxi dat i ieaf oPSHHtAHMated vhr 1RBHgh @ AKFY I SRpERIH é}/%kerﬁ‘rr‘ﬁéihﬂﬁlﬁ{e)ﬂ na
f d oxyg per this nmethod

di sinfection as the introduction of ozone an Xygen "as

wi ||t el gpnigineicpwage station and/qttank,rete.hesed tpuitigating a, bogy 1of eontaginateHi r ange
of ?.6< bt C i d I . m (see
Flg. 0 eteharn g g agRerk o e medtohBed SPhIL Gt ifed RIPBF LG, ¢
punpi ngnod Hid surfaceraf tive bode of sdraamorated a6 2hroGgh thee delévepp dystemtia oodert he

i nvention conmpri.se a processing systemthat can automatjcally detect |evels
of resitaﬁgmpﬁ)@‘éﬁ%e P)ﬁ'dg{ﬁ%n Bfts)%‘ipe%’lus\ﬁé'%fﬂ? ?”C?ﬁ? %‘Eﬁ?ﬁ‘@ﬁ%%‘?r%‘ﬁ?@?&i‘% processi ng
syst emdi@iffedBbeas thy REBadEticH ofal®AB BAdUxygbh s fehaiis Adtisod WilBgbicBN
byproducts and chem cal and biol ogi cal contam nants. Processing systens, as

descri Baerease HisyRH adihin hediauidliloweachievinaaetoirage ot #Br@ cUigpmidéng head

Pr 0CeSSPlhoz3lPb05e pﬁmﬂdéoqmmrﬁaédtq&n@gew§8@wa @@m@.%ﬂ&&?m&&
sensors for detecting ozone, oxygen, gases such as odiferous agents, and/or
ot her civeati ordakge Welisatilt statioos yuumnping dtations zodegrimdgr stationas.cul at ed usi ng

P rone. 20082 qPeith EfbokihEnt3 or SO Shar Perfo s € e SaiRa SIS Grpnat 8ot o

cont anmauterhaticaligldetect heets pirresieiaaloszonedn tite bedypoogatermadsorhé h speci fic

al gorith I gﬁ{éfic to the re%i red application. For exanple, a particular
n

sul fi d&€M NEPTREERSIRY 5 ﬁ“ﬂ?aﬁﬂgﬁcéaﬁsﬁﬂc%fy absgnegiqf oth&lose of ozone

and t henheati€al®ftreatment byproducts and chemical and biological contaminants. Processing
systems, as described in more detail below, may include one or more computer
processors, storage, and communication elements and may be coupled to sensors for
detecting ozone, oxygen, gases such as odiferous agents, and/or other chemicals.
Dosage of oxygen and/or ozone may be calculated using processors to monitor rate of
consumption of ozone, presence of e>|<cess ozone and other indicators that are related
to sulfide and other contaminant levels. These processors would be programmed with
specific algorithms specific to the required application. For example, a particular suilfide
level can be neutralized by application of a specific dose of ozone and the rate of
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WO 2011/ 038039PCT/ US2010/ 049881 consunpti on can be used to indicate the
sulfide level and rate of treatnent required to maintain a desired residual
ozone | evaD 20¢p3Be3ed for conti nuous or further treatnentcofUstée/obsdy of
contam nated water in which the ozone is dispersed. Residual ozone can be
measured by a dissol ved ozone nonitor with a single | oop feedback to the
ozone generator supply of oxygen, which nmay increase or decrease
concentration to suit required residual need. [0053] In certain

ebod ik mpllbA EaFPRRABOAG . Safb TorBUARE b O et oy o

(or ot her oz resistant materi al stem
i nst antmgintain adlesired residoarazoae wah/e&cnnredridr dantinbeus ot fuetthentreainmerd of

stai nI s steel (or ot one re ant mat al ) hydr I|c hydr odynami c
i xi ng BREPHED! eaamioatet e et edionti SlspPiserld stk f7AlE 8 v er
can in ﬁ@m@ab@redlr@p@a@@dlveﬂ ozbfe RMROFRAR @ YR |@pSf@tedb@<§i¢/toqhe @eeBhai ned
contam nated water ready for further dispersion, thereby allow ng further

oxi dat | @ENeRtor ﬁ%ﬂ@)ﬁ%ﬁant #iCEM BB NG PapC0r desEeasgseoneeNlRtioninal oxygen.

Exi st ASIehEbge in the wet well is oxidized as it is dispersed
into tﬁg ﬁfcij(%atjcgspac%il %éghe wet well with newWy fornmed hydroxyl ions having

an air [60563hinrograirf ebodiments) higrecoreadtrateaczone] ga354 pumpedi intoa stadilegser si on

Tt it 198 60 el Bondirebuem iR Ples hEloud ST RACh pERe i Rl o

har dwarmnx@awwbﬁc&mtﬂatm wdtdr aptfumesrimixed avithin & stantless sieeb@r otigroat ed with
polynmers, netals, %ass )nth({{am cs, etc. that are resist reactions and

corr 05|Qﬁ9n8)fe%'ﬁ@ﬁf terigl ulicdhidEpRnAmiG Mixing chambggaaysin@ lurthekt hods o
Oper at '%3{%95ﬁihléNréQeB%ﬁfé?ﬁiﬁﬁteHQNé‘_tbgcaﬁih tufh bé ‘awp@rﬁﬁﬁ%é’ﬁgﬁ SBQ&!

control systemenploying in-situ in {ﬁectlontoawe 1, and mains 113,
115 carpver rést body phicoriaingd cantenpnatedrwatpr Eﬁ&ﬁ*&ﬁ@fsf@lrtber @M@p©r§tqns tharebyr

m st i ngal@%ﬁagsﬁﬁtﬂel: 84089‘?@1 Fﬁﬁ}c'rénﬁs%dt%ﬁtang nﬁﬂﬁg affindtEhde &fl&lggcgg%&my ot her

undesire onen can reI ease” of H2SO4.
Syst ensoxygen rreEhrstiBg aquemudsi $1gﬁdeamdeetvmt medisgexldszedfast ihis disperséd oo teen
del i ver, chen ca dan agr B!‘?’am sm and/.or bi oactive nmateri al s,

T e heREBheS otBndl ol i BERY O8O RNG 2B A RTUBRIRG 0t ami nat e

and purdffest wabinanehead sphesni cal addltlves may be delivered to the interior
of the well, including, for exanple, one or nore of a detergent, an

oxi di zdP0 ?@hc“h syitalle digpeprign methetis, desgribed, i WS FrayisionplPatept Application

Number 61/167,850. It will be appreciated that the mixing chambers, nozzles and
associated hardware may be constructed from inert materials and/or treated/coated with
polymers, metals, glass, ceramics, etc. that are resist reactions and corrosion by
chemicals in the contaminated water or additives.

Methods Of Operation
[0055] With reference to Fig. 11, a liquid phase ozone odor control system employing

in-situ injection to a well 111, and mains 113, 115 can promote oxidization and prevent
bio-aerosols, aerosols and/or misting that can release H.S into the headspace of well
111 and any other undesired gas components that can cause further release of H.S03
or H,S04. Systems and methods according to certain aspects of the invention can
deliver chemicals such as oxidants, an organism and/or bioactive materials, alone or in
proportions that can be adjusted to safely clean, decontaminate and purify wastewater.
Chemical additives may be delivered to the interior of the well, including, for example,
one or more of a detergent, an oxidizer (such as O, or Os), bleach, calcium nitrate, ferric
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WO 2011/ 038039PCT/ US2010/ 049881 chl ori de, magnesi um hydr oxi de, peroxide,

m | k of magnesi a and/ or other chem cal selected to target and breakdown a
mat eri al wo 2griopo3ef materials. In certain enbodi nents, pam/uszans4ggener at or
119 may be operated and controlled together with a well nonitoring system
116a-116d such that the addition of ozone may be optim zed according to
application needs and capabilities of the ozone generator 119. A
conput er - based controller 110 can nonitor output of ozone generator 119 and
can increasge or decrease.rate of generation of ozone, as necessitated by the
G onsungt Tl eo fhas B RYATORE: Reyoioe: Tk o] MAHRep B BEHO NG} SUTTigahai ns 113
and 115selédle@ﬁﬂa@%ét HASEhKEVSa nidterigisigrolp ef mhidtidmyinasirtast f 1 ow of

wast ewat er t hrough mains 113 and 115 based on the sufficiency of available

ozone rREBERAMEN!S, ABAZONAGENPERIPTOH THRY A6 eRaralgdandeontrolied tadetirnviises of
this d'v?@lH%%hﬁ&Mnd@ns@én%%aaﬂ%d Ih‘iﬁﬁ‘t th@‘é'dﬁﬁﬁn%%z(%ﬁé'magﬁ%é ?@;rﬁ% e mains

or gravity nalns. certaln enbo nents, waste wate oug mai n
115 nayaaseiding it application npeds ardrcapatiitieg of the poond generatooitP. and, for ease

of descripti ity wil h ration of in be
i1 oS Rlbasted ionBE1 AEEsTRbORD UBBEC Aodch el 19 BpfBénove, < of
fluid iincrepsé bedetreake satedh geperltibn\wedzome b aeeesstaisl hewdadnsomptib®vf down
streamwells to accugﬁlate sgfficient ozone_anq/or to increase ozone

r

gener at93oned rralRg weds 448 apdiforcgd oaeEavityipaing g @8d Yike IBGRIRBI | er nay

provi desrRBSAIMEhE, il EdMtolieF ¢80 macﬁusitfmﬁof%tew&érfu%u@ﬁh%% $g Bagand

gravity mains 113 and 115, based on cal cul ated rates of ow and punpi ng

cycl es.11dvasedanmpihe, suliiendyl dwvatiakle azeme needed fd twatdhaflewiohcr eased, a
punpt ng:[oﬁfrﬁfn?%ﬁv\é‘t[e?a)fopgwte Cﬁ&ﬁ@%ﬁsﬁu«%ﬁthfﬂcgﬁ#gyoﬁemta%sr PPN ?lllé fchlqes from

t he contam na er an cause 1 ncreased quantities of
ozone dnclotidany adohbiriatiea for@elmainaor gravitg dndins.alrdeertsn eadodinostsdwasten

treatmantt E)ﬁi nt 112 riln orﬁl%\ to eff’rgajt ?xi dat{on of the S{J|.fi es. in the
mai n 140tebHaws §1rPagn e {75 ma qrainale alpnbstrery pupRing Station (B8Lct i on of
ozone W)@ﬂdﬁ@a%blé@df Qé&ﬂ?ti@ﬁ,dt Wﬂlrﬁeaﬁés_ﬂ@ﬁé@tﬁaﬂobéh@tiﬁﬁbﬂmdirm@Si_ﬁiéy' on to
nmeasured contam nated water flow rates using the programred al gorithns.

Si ni | argsimilar fadbg opseatian ¢fipaiBddds i n contani nants associated with infl ows
from ngj r ' ' ease
(e onoDseE n FRAEMAEI N ISP RAYRELIRAITRRHS Eadbboloddf o herdide

2011/ 03803gRET tosHowaoogssan 0@HF to Acaumglate sufticientyeronesnarorte dngregsesuppl y

l. j d
oo e AR R B B o e R PR S ol e s
cont r ol prplide @zone gm—lgmlmamhf systémsHaeg, emmfr:cf_er,c_ebfmzlainé and gﬂa\g’@n Mains
t reat ment. po r is located at a suffi.cient reat di stance
upst r eamaANbe Beved pnaicylsler Fates B SGi Ao BYnG RUCBS o Rer BEAHEPR: o 110,
it may WwheH et bf ébnthmidaed filias arr@m&@aée‘deatMin@Q!aﬂbnfﬁQ%W hoBale
generator 119 and a secondarmé gener at or (not shown) maybe depl oyed close to

S

t he r erfsifficientdimeartorremayerfulf fom the cadaminated wateriand qosirotier tEh@ast or may
e Lo P TSRS BURTURS oIbATLETASIIAR R REIRI p comnce o
comunidostristneamefioverckmain treatment point 112 in order to effect oxidation of the sulfides

in the main 113. Controller 110 typically calculates the rate of introduction of ozone

based on measured ozone and contaminants in the main, in addition to measured

contaminated water flow rates using the programmed algorithms. Similarly, in response

to increases in contaminants associated with inflows from main 115, controlier 110 may

cause treatment station 114 to increase rate of injection of ozone or other additives to

main 115.
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[0058] Forced main treatnent site 112, 114 may conprise an injection system
that directly injects ozone, oxygen and/or other additives into the main
113, 115.wonoomsseganpl e, forced nmain treatnment point 1P2TAIS2M044988NPTr i Ses
a m xi ng chanber that receives a portion of the contam nated fluid and adds
and/or m xes a treatnment chem cal or additive before reintroducing the

m xed fluid and additive/chemcal to the main 113. Controller 110 nmay
directly control operation of treatnment station 112, 114 and/or nmay

it i t t
Co0P oo o G 005 53 ol A Bk e PGB i 1 ST
measur ed mrrﬁremreoﬁamommnmanmeu mrwhdnctamﬁtl to aed/on aw&%&om:therweim 11i.n the
main 1 115. For he rate of additi or]| ozone nay b d¢reased
When i el SomiolbE L1 B TP RHA an e RE B 1SS Tt angp e & e
enbodi pBInStredtlet Q&nﬁ‘ﬂm bt @114 @ Ioéﬁl@ﬂ‘a@ﬁ' s%ffﬁi@ht@cb%'b&ﬂ di@t%n&@ﬁp@l?eé-‘rﬁ%“ ol led

based on the rate | ow of fluid through main he pressure
measur edpwhstieas ﬁfaﬁl Welﬂ31 SLJPQ"%EYHE @mesgeﬂeéai@f 1@)@6? &tab’cmpfﬁdlﬁaﬁdgnp 118

in the

oper at oL Rro@ it pol o ARA perlohs: [ (AME 2 Sbaiary gefiBbidt”

i nt o f onoesmewm) rhdybeadeploysd clpse mtha nenwts deatmientpdint\iizeor tilde @omwl 118 s
i nactive, e rat of introduction of

Laart i e e reIRANE TgYatdr iy R At S i e Tesir D BICERGD oot Fons

of the msldbid dfeconwahads frog 1k coRBshEreeNvRich ARy feits@ enictéa- 116b used in a
control algorithm and son on. Activity of the punp may be determ ned using

one or 'REALLIEMEAL YSiNgthe sarme sogIMNicatiomnatwerkude a si gnal s provi ded by a
sub-co p,%
2011/ Oggggg %ggﬁd’?g&é %Atgt\?iﬁ\%e@%nt o} Ingse\é%ﬂcgm%cu?gsyﬁtemng}a% 113, a

sensor diesty injéath ozane mxygepasdsn othatadditives inta thé owinlé1 3ctid: , Ireone For ce

and gr . yse . di . er m. ni ctivity:

for oxamarepRedRindu el faft b BE T pahefifesa BB B ERR By vy

f eedi ngegeiaws bpanwomef thb%ﬁ&]?lhateﬁﬁrmman\d Ffb@_ell_ﬂmprﬁxeéé treelSn@rfte treated

usi ng a, spr.ay assge aced within a we e e

LT ear maneT AN ABRTvE heFara gt REue B0 ik Bked e Sd pariveLRENAA 4 Bem wat er

cont an \ainedh 3vet SritrolBF @Yo\h‘?é)ﬁdlrec@choHﬁbI' odéfrbt"tﬁﬁof tPdtmeAt Stiod H‘?ZHM d may

include solid matter. The spray aSsenbly may fixed to a well wal a

cover oﬁnCt’WemméPPOP%[ateo\ﬂlﬂéégl@C@i‘CQﬂﬁ@llﬂbq?Q"OCﬁWé withe @r eptbodirs mérqatr@ﬁnt he

vvel I or j in the
(BR800, BB ARl cBRtS MbRETortheficityalishied Basod b GfhRASMAY 0 L IF

of t he ddntérd otfoomﬂamusmﬂaapdémwdﬁlv;e or‘bytpnra::iﬂehycaltmnmqamam o8, dfiSt frerfluid is

provi ded usi.n evacuate fl ui d t ntent of the

Pell eveelTOdng R ool o258 B hd riisasPofhanSudh & e e

t hr oughnanhd m.mmmopn Wdﬁfpﬁslﬁtgdrﬂ@dmbbdﬁﬂmwuﬁtb ofTélﬁltm dmvmms angri ndi ng

punp used to grind the solid matter, thereby reducin ize of solids in

the fl Lﬁcﬂj't'v?ﬁé“w B%SQ%‘f%!l%bﬁlsﬁél%’H*@§ ratesqféi@%@f fluig F'Hg'dﬂfi H‘@'fl AP ii% to a
m Xi ng 6B aRRrd H%tash@dnﬁ(ih'&ﬁw%lﬁ Yidu @&?d/apmtea@ataldﬂ geramﬁ otflér;m.'h nce
typical |y aerates and/or oxygenat es the fluid. teri can be a ed to

t he fl ulid® ipithe pumping statien i §1.i Febexaraplgi d@wgst&maﬂonﬂﬁé may bei al s are
added t r r s, the
m Xi ng e?g#gﬂ 'R%Z'sraam%ér @Q%H%%uer843§ %%:éemv# c%'ﬂ?'ﬁge“?a\?ééé; W eqﬁﬂgﬁgg}s of the
f1 ui ds reaneri3rand may rmperaig ichapband mbde wrmrerfpwﬂrmwusvnadcmm fRHee is
selected to mni e.clo nd/ or a ence 0l i d tter. Solid

at tor ToppeadRY bSO g Pe calél o T RO of pifve Suelbas ke @ds to

br eak aﬁl%hﬁaIWﬁmé(Helt\ﬂéen g'étﬂ:éﬁtlél |ﬁ93cﬁbﬁé78f3ﬂhetaﬁait%| Wi 'hﬁ%'ofies an out put of
honogeni zed, tgenat ed fluid to one or nore nozzle. In certain
enbodi r@ﬁwremﬁe SPFYB 8€8s9acl16aek! Gy usgdrip a ¢antiebalggeiim.cnd spnQenat ed fluid
t hr oug S a ribbon
spr oy Yoy S e Hur ey 187 doierhfled el Dl siie RESE FBXCIR %, U e
sur f acenay inclugiech signalispronjdéa by aesubeddmpdrient pf theesstiollgr &1 G @ purop 1d8,
selectively directing the spray to a wall of the well. The process nmay al so
i nclude selectively directing the spray to fittings within the well, where
the fittings can include piping, punpg8 |adders,



WD 2011/ 038039PCT/ US2010/ 049881 and so on. The spray may deliver one or
nore of the added materials to the fluid of the well, the wall of the well
and to otwenoalsssats of the well. [0063] In sone enbodiPeEniss)1onkssadded
materials can be rel eased according to a fixed schedule. In sone

enbodi nents, the added materials can be rel eased by manual intervention of
a person. In sone enbodi nents, the added materials can be released in
response to a control system configured to nmeasure chem cal and bi omateri al

cont ent [ " eri ' e re of a
chom cef 1255 Egnfdling ecst 1R R T A bR d P ST ST bR 2o Bhe B e

mat er i adeteetohaniimy deetatopie. FHorenend Gravity ending ardyalss difi@tent areansddbude f at
oil, gr a*se and bio-film The added naterials nmay conprise a ?e,ter ent, an
oxi di 2cHEIBHMIBIGERUTER BRI fo GRARPIEI PYGOSURP GRRNGEsMEY BakeidliFieatBeRiyal * or

group ofurAipbetivie! ieedin gt frH&ihger conprise an organi sm added to effect
bi ol og?é:arﬁybreaﬁldovm g matyeri als. [0064] In certain enbodi nents, the

pr ocessl00A8] uaeceriaiuemhgdimants; gluids are tegated bsing @ spranassrimbly phacegrwithie
wel |l . | I Ten ' ti y ' ortion
e e SuBATETRRA AR R RIFLAREL ¥ AR hOBUrAUAMER AR RaR Ol 00
r ot at e sewyagenestanchewaieg\dodiarginateuonateqrgrey wiaher, sipwail brinesrendoso omr &hganes

that, through .hydrodynanm ¢ action cause a, portion of the spray assenbly to
ot ai e WS AGE SEREMeReEl TS oD siRe Rt by R bed S porFL &M E S8R, g

i ncl udest thy Weling téghedge othe ued, tflookass i@ el 6F tHeSwéll of mbBANAl dh Ge b NME.
The intervals of time may coincide with cycles of punping fluids fromthe

vel |t HPBIRPiPas popther Hﬁtiu%:ﬁs lopated ity fleswhthy be cal cul ated by a control
system [Oggg{ r Rlorotksk 650 JL&IQ@]JH'% ﬂu%&rﬁbﬁéﬁe‘%’ﬁ@ﬂbﬁé@ Sortin of fHE4F8 Kg ed

control em 110 1s enp to contr treat mént’ operati ons. epi cted
i n Fi g.spray asserobpulypicalps tteerpotionrad dlee flaid is pravided using a puap esad of sensors

116a-11 . i i I th | | i i at.i ith
o Lol BEHE WhaR 1A AR GRS 1M el B a st A Pisstily Vs iRk @he e,
system deIuttEsmTl ?@ddre'rtfed nmbeg?_attablonttebi@?ﬁpréﬁmnéd bgllﬁ?-pﬂlﬁ'@d TF@lprhﬁ% used é o)

Itor a ural i (0] oper I N raneters an may, or . exa | e, e use
Lo det JBAY PR Aaindido Pympoiseddo GHnfidhe $olld martek releby, regicing the sizeiice of

cert ai nsghBS A fmid.UTh@Prd’&EE aldoinEIB88s RIS ofiRflodiicin@ LIRS BSnixinGNSOr S
116a-116d may additionally be provided in_conponents of the system
i ncl udi ghgmber it istrodises tuipwence 18 thenflyigi Thg turbulence typically aerates and/or

oxygenates the fluid. Materials can be added to the fluid prior to its entry into the mixing
chamber. The materials are added through one or more input ports.

[0061] In certain embodiments, the mixing chamber has a curved inner surface which
receives the forces of the fluids entering the mixing chamber. The form of the curved
surface is selected to minimize clogging and/or adherence of solid matter. Solid matter
striking the curved surface is subjected to a force that tends to break apart the solids.
The mixing chamber typically provides an output of homogenized, oxygenated fluid to
one or more nozzle.

[0062] In certain embodiments, the process includes driving the homogenized,
oxygenated fluid through the one or more nozzle to obtain a spray. The spray may be a
ribbon spray. The process may also include selectively directing the spray to the
surface of fluid remaining in the well. The process may also include selectively directing
the spray to a wall of the well. The process may also include selectively directing the
spray to fittings within the well, where the fittings can include piping, pumps, ladders,
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WO 2011/ 038039PCT/ US2010/ 049881 body of fluid in well 111 or nmains 113, in
mai n treatnment stations 112, in ozone generator 119 and/ or ozone storage

t anks (nowoshovaigobut typically a conponent of generat oPSTAKRI)10aMBBDr
external to the system (see sensor 116d) and depl oyed to obtain
measurenents of environnmental conditions and contam nation. The conputing
system 110 may provide control signals to punps 118, val ves, ozone
generators associated with the well. For exanple, one of punps 118 nay be

t i f ; i.ned i
ORFT & vt © S THE SBrf WAL defhyaine ook, &t BB NEhSHa SRR fIfGof el
Wﬁshg weelk the waM@f:h&wlem?hggat e&?tfmmémf lof:thlepﬂélgses a n;)zzl e and m xit ng
. .Cl eanit n S m may, operate usin
=" 100k 3] 1R ogik, SRPANaNtS JPe AHCA M AtAS AN BBdeRHS Y AP IINGIPTE ard that
cl eani nkeanEhey@e U sOmeERHBSIiIMRARY EH@Q@déf‘ng/aEHria@é’arpﬁe PAYASEY B RIARLNI

provi ded using a system of valves controlle the controller 110. The

conput dntesyaitiomaindypessed Iesamegmbedimenis: the asldad materialacandetrelgashd imnd/ or
moNi { Or o SYSHRIT LERRY gg%ﬂeﬂu Pdr?@%d’tocrﬂgééﬂ{a chBfi Eﬁatb'ié?ﬂat‘éf'iap(%&?ént

treat nent” systens, | ncluding, r exanple, forced maln treatnent systens

[ 0066] dnd/amwuildwpnpltes addddmabatiaamaytcoagirise inesor shena ofwychemtiealyanozone

f tor,.and nma th Zo into,the fgogrced nmain to
cont ol P"GRaF SOMRREBR T 2 BEkcEER rgOudé adfe 690 ek EFRR pr ecence
of consryaktfowaNef NS inbad miaksHaikslthas hi Moluddadronggreass lapaibie-filnkMrAAi a and
ot her gases or conpounds t hat maé give rise to odors or harnful chem cal

ef f ect s2ddgg raalsFiglsrmay E0MpPFge a PR agyqdizar s pthefichegtieal selestedionpi ng i n
a forc [ ' ; LRV AnSENSOr s
and ozgﬁred%hpr%%% e\'vj\{ncegg%? ?’g)a?ggpr%ldpﬂgrﬁpnggnéﬁoé?gdﬂ F%g’g%ggg ?@Fgéfé‘t em t hat

i s confargamiean adseddatefiect binkogical brestkdpwhad sratefialezone and total vol ume of

These J0884F HReFRrbblRris ang buk B oel s ki P SoBN P ieeGne na

i nf ri ngeeat portions wd giné weil. _Immne@nmomhe?t_sl pydlital(matinguwadeﬁx?hsmg a}a limit
Feoul atiegtion o RESPERLATSTEY T PUBRg A S ieie BoENd RegPd SRMED 0 1o

i dent i frptalé HRELINEIAYE @_r@fidmg@q&ﬁrﬁ@bbﬂh@fsfpw o eidort @ok@&@#s@kﬁat, hrpugrRUSal

agents such as bacteria and/or other organic materials at can be treated
by rel dwsleodynaghieariian eaussrabeition b hrosiray aasembly tpiretate giasnda fotatableoduct s

of ot SOt 76 e s AN s Bdal iy hl Wi B oVeRiAG Wi B E ppcaicclonn

Adfli ti we@_himg/ommpf at E\fhemalﬁeﬂfi:'rgen'fhe mnm;rg?lﬁcﬁf ﬂm(;arrg)a(yiacginawe?/g;rin%yoﬂ)eﬁ c_)fl EI g?ch,
. rri,c ¢ .

o onos g fias o e idh BirbOgh n FRRBGRE TR RR NS b B diiae T o

or grouwonebl sEtemni al s.

Control System
[0065] In certain embodiments, a computer-based control system 110 is employed to

control treatment operations. As depicted in Fig. 11, a computer system 110 receives
inputs from a variety of sensors 116a-116d located inside and around the well as well
as in association with mains 113 upstream and downstream of the well. An example of
a computer system is described in more detail below. Sensors 116a-116d may be used
to monitor a plurality of operating parameters and may, for example, be used to detect
pressures in forced mains, fluid levels in wells, presence of certain chemicals in the
well, in feed pipes and in forced mains. Sensors 116a-116d may additionally be
provided in components of the system, including in one or more pumps 118, within a
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[ 0067] The conputing system may nonitor flow of fluids in the well cleaning
systemand in forced mains to determne the rate of introduction of

addi ti veswOTha/38i3¢ may be capped to prevent an excess @CTAdémwioysst hat
woul d be wasted if released into the system Typically, the system can
control the rate of punping of waste fluids and can cal cul ate the anount of
additive to be introduced into the well and/or forced main and therefore
can accurately calculate the rate of release of materials for a known tine

when ey B 08) REEH Dot Tl iain (EREREEsRigRE v ke 8 one and
ot her agu1etrames1 ® and/ddiozese bloraghiants (natdtoiwnablietypicany a@bmp@ndnp@fgam c
products. In a forced nain, latt%d"_’tlon of the fluid in the main can be

di ver t IFNEGRIOR AT NRNHQr¢reaLgdne syelerhep Hepaer bigd APASPNEIAOREAN &
wel |, - tigadiitbneRtydr dHvirBAmard) 'cbﬁdMorﬁ’éJQHd BBdtaRfindtRAd T é&ﬁffutﬁ% %&% rier
flui d for introducing the additive. [0068] The conputing syste

communi ti mawiprevide aerire signafote, pusoies 1 i&e/awespem genasmﬁsassomated

gener at ed..o

comrunl‘ggﬂh%%& ﬁ%dél&bng)lé &e f%n@%@ﬁhos é}%{étdﬁé errgwé}g arr?é'ﬂ ﬁlg{l on
and conpbodyngf waste wdter d:dsr&amanrph@vemf whde aedthmaohpmmpan r8mhayshys uead to
consi der abl e di.st anﬁ,{eq@% exi.st. bet mai n treat nent

syst em ANE £BHHAR L eRAEE oot ﬁ'@?ﬁ'&@ Sé(sm Eﬂagggmﬂﬂﬁ%? pozglg ande

latter mxagerambanefisiconfimMateadnRattAe wal GIHIR@L)4tBs A Bpeisté 88hgesi Ny a
comon controller. In one exanple, the forced nmain treatnent system may

have |iRAMRAT %M@Vﬁyuaﬁa a parionof hecralkde arequitiew srain epyhatieanieeandvel s
f addi | forced
g vk Bath nagbyBbhodtiil ahdtlr i)l bacho el TorBURALoldY £ shotem! D 0

agents ofozlamcc@htro%etuby)ﬂmnmraﬂa[ 140.. Tlne1 camnoutmsrsysmemnmlag also lsé ngé@taozone

b h he f d
Iyt em AealL ool GaEE00E Al iyt 8P FR AR HeRl Boafl e ner at or
has i mdee@homnradlhéntteatmeﬂDs@éﬁé%B@@&i@(lﬂrlé‘iaﬂw 041288 Ay steatmblBiscri ption
[ 0069] Turn| ng now to Fig. 12, certain enbodi nents of the invention enploy

a procedelams-system that includes at |east one conputing system 1200

depl qudoss] nﬁrJn@rersaaﬁqﬂéaafbrééd fnRfh FéaRRNSSREMIRLy AR o i Systens
may be a commercial ly "avail abl e system that” execut es comerci ally avail abl e

oper at i97gng @eneraiosathmay P hegizongiinigdhe (erped oninxtaeondro edpemt t her eof

Li nux, I stem
The ar c'ﬁClC{ g@b%‘&e%%ﬁﬁ%&onpu @g Sys en%g %@pﬁé@%ﬁ%pt §6d¥ P @ﬁsﬁ%ﬁudr‘% ggnd/ or
desi gndbaffiocludesalphat,ihydrogent suiphide cessionia andsotber ghses @mdoerbunglsitilatone  or

or aphi ALHPEEEE ARG GG e PYEBE. As AohsTBnalec ibbomabig [ ng

syst emsl2Rbh aRIynhitiaRSoRneYsurFRg irradéreed eﬁehuebr BRER piPetBohfb] themewliofat i ng
bet ween processors whet her those processors are integral to the conputing

syst emIBSRNCLPr- SE0S0rsianshyzane RuseRIng devised ’tyﬁww@rm B&iosggdopmgantsall | v
separ at FiFcoh?d fout put
si gnal sﬁg?ggfqéggéc%f@fél nt er na the%‘%ﬁ?&%é#%%ﬁ%@%éﬂ@?o lxri‘\g&rrputi ng
syst emrelzase ¥ sountgysict tid levelmbsulphite oremsirggerpo@phibedetenyed.nEheste one or

and any BERSTTRT AEGTRSG IR ogtiodey AEY] CuBietonsiRECRiostie o bus
1202. MecogryzelPlowee arplbeivasiatt (LEL), aipper Bgplosisé liomit (UBNLS aatdr @8At hat can
Nai - naROPPSLRBXRARHB IS SHEKShroaHERd 1R SPIaR St CIRtam AP CBRBISEIR 9t o

such agryait AHte%ald thy Y RIORRSICAIS iddHtRf Hﬁédt%ﬁugéfaﬁﬁﬁ&é‘ﬁ'aﬁlédéf%té@ﬁ@tdjUr | ng
execution of the instructions by processor 1204 or 12 Conput i ng system

1200 aI"@J:P tdﬁptifdaqawalc@ep\fs sech aphacteriaandier ﬁ@r@ggam@mt@'@w thad canlbg menory

(" ROM'), m | i orage
may be connec¥ eéé?gb he E)M Cal%@?%g H@yﬂéaégﬁ/m onga @ﬁgét% pllﬁcg‘?%

hi gh s peadbe mixved with tewasiewatey. (AdsHjvesnagusedtoosnhante hrealkcowmnust fahat is
coupled to bus 1202. Non-volatile storage can be used for storing
configuration, and other information, including instructions executed by
processors 1204 and/or 1205. Nonvol atphe storage may al so include nass
storage device 1210, such as a magnetic di sk, optical disk, flash disk that
may be directly or indirectly coupled to bus 1202 and used



WO 2011/ 038039PCT/ US2010/ 049881 for storing instructions to be executed by
processors 1204 and/or 1205, as well as other information. [0071] Conputi ng
syst em 1280 20my03g030vi de an out put for a display system PeTAIS2600M9885 an LCD
flat panel display, including touch panel displays, electrolum nescent

di spl ay, plasma display, cathode ray tube or other display device that can
be configured and adapted to receive and display information to a user of
conmputing system 1200. Typically, device drivers 1203 can include a display
driver, .gr i C r I ar her dul es, that, maintain,a digital
repres e?{g ﬁ %r? mggﬁéplﬁaﬂyﬁa "@%}'n?e/%}]{m?%g d(sgfedpgrgr ap gé\daggé rﬁ?‘éﬁ\ %nbﬁ 8 a

si gnal ©9r biath, cxiciamchisaleatersy shiefud, 2hadgnddisml Byraxidd, @erddde, m#/ofal so

i nclude logi¢c and software to generate a display froma signal provided by
syst em ’1399’8?5'@ Rneiesothes chemical g@&@%@@ tosargenand breakdewinfemalarial of gravPe

t er m najf RAtetifisd session on a different conputing system 1200. An input

device 1214 is generally provided locally or through a renpte system and
t ypi cal 096} olhelegmputingsystiemunay monitapilow gt fluids in the well deaniogsysiem 1216

i t, ) | t. AT » i i t
Lot A 8o RS o BehneRE e Fifiroduderibh of aBGH0RE Fiie FhE a0 | P
corrpy:j ecappedadd Ipeevemyag %swpmfadﬁcmi\@qhhg\gzdldtbe \dfﬁpd dyretcased ivegése and f
rovl de user ut rocessor executes one or )re s uences 0O
Dot TG, TRl 1R e i Gartet (e o mDPDE L et Tt AR Aoermr y

1206, hayéungtelRe BNRAELY S4HifiVerD e MABRLESS mic ARAREILaR® B} IR MAIMandt or age
devi ce 1210. Execution of the sequences of instructions contained in min

nenory themdorefadearcyraelsalaulate the faje péreleasa pirmaiesiglsfoepknawoding ng t o

certai : he. | ti J i I ity may
be pr O\%%@@Qﬁ@ﬁ%%g@&b%ﬁﬁ%ﬂ%gaﬂ yé%gér%s@%ﬂ% perf'g‘rgg#érgg%:%@%bﬁ%gti ons
wher ei npurhes arebiedctive; bpweeers itéspdssibla to petpnozoee arohdtheaadditivesf tohar dwar e
and soft e to performa set of predefined tasks. Thus, .enbqdi nents of the
vent i e SRR HiagrdtiR sRomieEcid Seniauston Tof 'NAPOMAE: &1 r oui try
and sofgomisreof (@Gt infthe niain wah Gergivéredd foe atlaiby avithetHe walitive angigslinisedief i ne
any nedi umthat can store and provide instructions and other data to

pr ocessickiniedhg mpin, Ima gl Riewelbayap oy apipdiannUMRLAYEe Used tare to be

execut astobie R QFAESMid It GG thbZRMeiitRied/ or ot her peri pheral of the
processi ng system Such medi um can include nonvol atile storage, volatile

st or ag0868] t Theneomputinghsyaten anayNeemrpinigate withsenseys, pumpscadiive

2011/ 0 i € i j ghetic
di sks, 3‘? T .%5*%%%@@%%%@?%&%@%@?%&?*% e%?%‘ﬁd@gh]% ally
and i n uchsiocahumicatiomnethdds beirarest knewi 20 thasedn H&atarcomenmtiestjon and
typically by use of network connecti,on.. Non-volati| e storage be

r ermov iR B A0t X &hiaissd mafn At e DRIETT SOBFUEI Ay, DVD or
CD st or@iganéd nEgBxist bedissn Well ahd ¢drsedl Addin E@AteNt&TSichY a6@ BORFH BcAion

di sconnected froma computer using a standard interface, including USB,

etc. THO3Y otemmlusle-3 wiatass aehierka IR Hie laHer examplropeiefticarde saceiadine
di sks. @il Hot s@&ﬂeus@gfe&mwccﬂmﬁér "m%?%téﬁnﬁ@g} HBY%olkBa A, DVDs,

Bl uRay, any orher opti cal um punch cards, paper e, any ot her
physi cdreatmentsysiémimpabaw inited capdcity anRAlle ROV leERRDISEcElivEHIERsIREM any
g;ﬂe; egg‘_%% o ﬁg&iﬁveofn tﬁgrv&erlli scli.%ﬁ that wieH th%tfpu% is udni1 it |an<§) me%ircce% %aﬁ]?rrput er
residual levels of the additive continue to neutralize undesirable agents, chemicals and
organic matter. In another example, a single ozone generator may provide ozone to
both the well systems and the forced main system and a degree of balancing may be

required where the ozone generator has limited capability.
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[0074] Transm ssion nedia can be used to connect elenments of the processing
system and/ or conponents of conputing system 1200. Such nedia can incl ude
tw sted paiOrowa3sesg, coaxi al cables, copper wire and fi IPET/USPA0OFI8S1
Transm ssion nedia can al so include wireless nedia such as radio, acoustic
and light waves. In particular radio frequency (RF), fiber optic and
infrared (IR) data communi cati ons nay be used. [0075] Various forns of
conput er readable nmedia may provide instructions and data for execution by

pr ocessg%%%pﬁeggﬁ fibn1205. For exanple, the instructions may initially be
retriey, -{éggg' . di,sk : e t itted over a
net wor kl%op j;mogatja%" co?%ﬁ\gi' '918 %&%’@%@%Eﬁeégewﬁes'h'%@&no‘%@gﬁg]f optionally
3e st ormdcessing gystémribat insludesigtleast enatdhpoting systerh 1(2})0?@%6 torior to or
uring executiop. 76]. Conputing system 1200 may include a conmunication
it er { 2RI i b DU RR GRS aPO U LOBIHIIHRYETSHTBVEE % netvor k 1220
that cagprmetdidls @aﬁl@@lé'sl)_{ﬁl@'rﬂ\ﬂfdf eXédtes BoMniidciale avAIRbIPferdfing SY8lems

conbi nati on of the two. For exanple, an integrated services digital network

(1 SDN) st assMigreseft\Bindons®, NG era wanant dherapk hime: aced timexmperating anot her

| . ! . . i voi cal |
exanp! Syeforb TR EGHUALE, pdlfh E5tch e ARG ik LaAB NG Co LY
devi cessyskn neayelng bdaptadt eanfigutedhdndi@ldesignedionintegration imtheqirocessiny ough
| ocal net rkf 122% ta. a .host co&outégr 1224 or {Lﬁ a v¥| de are network such as
t he |nt%’ﬁﬁ%¥" pbs@beding)in Q0e g5 MOTe £5 3nIMAIP SARIUTR SYX8B8 &rmy bot h use
el ect r i mahufatl@itbMeAEaNAY sgstem, arjrapiits gi@é@éiﬁgtvmkstﬁﬁéﬂi %ndloght.al Iféie
streans. WO 2011/ 038039PCT/ US2010/ 049831 [0077] Conmputing system 1200 can

use oneEMRIBrEMRIRNGIYStaD 1380 gompsisasadusn@Odans/on albempshans®Bgidim code
and ot ' | § y-aht

£ r anem o AMIREETR] bee o bt e A bfcele S e AP I ¥El et 1208
and maycanepdingssysten 480 de.ge 12041 05 atdatgaphidifterenty pe thaps physicdldys f or t he

anat om ca| i i. [ i he ex ove.. The.recei ved code
. be SR FORPULAE SEREN 150, Sl MiER 263 sBReY B f SRR | o
chartI i idedstd rcahtroldnterpdlarelsexté mal campdondrits ngf f)pera]Ei on of the sijrr}:): i fided
exa wn.in Fig. 11. At st 130, .an i nfl ow of contamni nate uid to
a1 9B78h Gapisitamakeodalin HPEaI Combrisghmerord ACORNRBRL G 1o

det ermiﬁ@luh@bﬂb%rﬁfor@Qﬁhﬁﬁﬂ_dﬂﬁB&ées%"rﬁehw%\’ﬂ“RAN”),fétéHcdmbmdr%%a%hé,tﬁé%'ﬁ 111. As
necessary, the body of fluid may be treated at step 132 wth a flow of

flui d dpeaEiopeand aeyrPthes syitakle dypelafistonege dexicedbatcan ke doumled tabds 1202s t hat
CoPL: SOREARTSESH e oL AP SOELARNSASCh iy o S B et 01

1S ecte 410 exceed a then a
por t i orofgirocdssofd 12G# amy 1265 uperéatm & desigdd processl Mddin MdrBopt 1206apag 36. |t

is contenplated that, in.sone odi nent t he, partion of fluid be
pr ovi ddie Besho stelPbra Bish® AB Y tap bRy data:s p R ARl S e EnpR
provi defformatien Geddrdtdebattionis ete@sigesituEoR bf fenasthictiohs by précesesr N 113.
Ozone is typically added to main 113 using treatnment station 112.
1204 or 1205. "Computing system 1200 also typically comprises non-volatile storage
such as read only memory (“ROM”) 1208, flash memory, memory cards or the like; non-
volatile storage may be connected to the bus 1202, but may equally be connected using
a high-speed universal serial bus (USB), Firewire or other such bus that is coupled to
bus 1202. Non-volatile storage can be used for storing configuration, and other
information, including instructions executed by processors 1204 and/or 1205. Non-
volatile storage may also include mass storage device 1210, such as a magnetic disk,

optical disk, flash disk that may be directly or indirectly coupled to bus 1202 and used
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[0079] In certain enbodi nents, conputing system 110 can nonitor upstream
downstream and in-station conditions and can adjust flow of additives
accor di ngvoaoddissped conditi ons. Additives may incl udePozarseonessbzone
generator 119 and/or oxygen and other chem cals. The conputing system 110
may conprise an industrial controller collocated with the station 111, a
forced main treatment |ocation 112 and/or an ozone generator 119. The
conputing system 110 may be at | east partlally enbodied in a renote device
S 217 SRARM ANl bd BXORREF Y Bloct SBRUINNL YS! PADTABIAN R dhE
presence 0 or nore con am nan contr one or nore e
quant i tipfcumdtiome rate of |ntroduct|on of OX|dant or additive accordingly.

F h t t t b d d
baseq di875k LafeHig Bstemoranl ey o SRe e PRETosr dsRw sy gt L Hoee od | n
the st aid @rmL@;matBAﬂen@iaﬂtaytMcmaln@&bd@ﬂbam@w.éiﬂaysn@reé%mmﬁésm tRpREd
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treatnment system 112 is available on the infl'ow or outflow main. [0081] In
certai iN@¥bodi ments, a control al gorithmis executed by the conputing

system 6692t%e@§§09'1zba RALERRL o Rk drifordashBie LS iAYRIAIShs Cegl éf?é mple,

al gorit hm I s typi cal configured to manage a ose oop systemt
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one station serves as the inflow main of apother station. ntrol algorithm
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Control al gorithm'can i cal be configured to nodel force gravity
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i ncl udi e it syst ems may adj ust
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particularly where the instructions are to be executed by processor 1204 and/or 1205

and/or other peripheral of the processing system. Such medium can include non-
volatile storage, volatile storage and transmission media. Non-volatile storage may be
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Addi ti onal Descriptions of Certain Aspects of the Invention [0082] The
foregoing descriptions of the invention are intended to be illustrative and
not |im twogoiiFssosexanpl e, those skilled in the art w | IPCRAS2@O0i084881 t hat
the invention can be practiced with various conbinations of the
functionalities and capabilities described above, and can include fewer or
addi ti onal conponents than descri bed above. Certain additional aspects and
features of the invention are further set forth bel ow, and can be obt ai ned
u5| ng t r bove, as

e o8 o i LR o8 AR IRAS RS, IRy DTE, BB anB T T
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t he corﬁha%ﬁ»h*éEP% %ﬁﬂvgeneédﬂeraowaﬁmé%cwe@ Qr any gthes magivmdrpre whighe

wast e Wat&hplifePBuh igagvel | through an outflow main when the |level of waste
water in the well exceeds a threshold level. In certain enbodinents, the
cont r ol [0874] sTr@aamiWed@ eaprie useditareanpect elementsosf the @reerssingweystemt he

m xi ng 4 i , | sher

conpr /<P EmporSEs b B BT 12807 Rk md i o8 PRI AP ¢ e
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nmeasurenent of residual ozone level in the collected waste water.
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rralntr . i e i r t i zone with
nast e vaTaoh (e Mind BEIEH" 200 TIR DaiRnShay SuRdnaM, Be e B3P A5,
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wast e t he one or mai ns based on a measur nt of sulfide ions
in th\é%ﬁéellorc%%t"?ﬁa?\f%em[@gﬂ]‘a\( (S aa??mm&??'ﬁﬁﬂﬂtgﬁa‘f%éz%m oller is
confi gudratities teo-Aiytd=R4 cbﬁqhmrﬁduiuohrowwawém&fk 12203h8E¢Hn AEILHER (Weat ewat er
in the one or nore nai ns based on a neasurenent of residual ozone in the

one or netwerknkddds a wide @sea aetwasikboaeme fombinationcd i bye.eFor exampiei @ur abl e
to contp gr% R/'L%sfc{n P&l‘%@ﬁfvorﬁf §Ij|§)artng§ Wseiin E&ﬁp%ﬁﬁ&ﬁ%h% ok 4rB& 0”9 or
nore main ased on - a asurerre tewat er ow I n € one or nor
mai ns. ratworkr (LAN). émbootheeexamnplehe LdNemay imcude awviredessriimkuddetaoflolinke ma| n.
1220 typically provides data communication through one or more networks to other data
devices. For example, network link 1220 may provide a connection through local
network 1222 to a host computer 1224 or to a wide are network such as the Internet
1228. Local network 1222 and Internet 1228 may both use electrical, electromagnetic

or optical signals that carry digital data streams.
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[ 0086] Certain enbodi nents of the invention provide water treatnment systens
and nethods. Certain of these enbodi nents conprise the step of neasuring a
concent r avpan11a38@ne or nore contaminants in a coll ecti @0TAS2010019881 n
certain enbodi nents, the collection station maintains a body of waste water
received froman inflow main. Certain of these enbodi nents conprise the
step of providing a portion of the waste water to a di spersion system
conprising a hydrodynam c m xi ng chanber and a nozzle. Certain of these
enbodi o { 0, o the
i xi ng ERAherOMplifa bse! BRcearti & bl A8 AR oie i nBSidisid 21 26
t he onedata, mluehngqmgmnmaoﬁe:and:ethaunﬁooﬁamdresle tb@hﬂdrmekampmmmn he
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val | of addmaypebieivéEry t‘eébﬂné@ abbﬂﬁﬁ)&@@’&%‘pﬁ@éﬁoﬁ tﬁQt”iﬂbVﬁ@s §6rahs pRtdthical
evacuating a portion of waste water through an outflow main. In
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2011/ 038039PCT/ US2010/ 049881 [ 0088] Al though the present invention has been
described with reference to specific exenplary enbodi nents, it wll be
evident to one of ordinary skill in tfe art that various nodifications and
changes may be made to these enbodi nents w thout departing fromthe broader
spirit and scope of the invention. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive
sense.



WD 2011/ 038039PCT/ US2010/ 049881 WHAT IS CLAIMED I S: 1. A water treatnent

system conpri si ng: a collection station having a well for collecting
a body ofwoastie3saber received froman inflow main; PCTAISA# 19049881 ON
systemthat receives a portion of collected waste water fromthe well, the

di spersion system conprising a hydrodynam ¢ m xi ng chanber and a nozzl e,
wherein an additive is mxed with a portion of collected water passing
t hrough the m xi ng chanber and wherein the m xed col |l ected waste water and

addi tive j I, SPpe ough nozzl e as spr tq ope. aor_nore of the

2t t acelg) TeH R FEpt Qe Mo B CRE s Bl g pyoRaga s

cont r ol therstatipmpt11si ng one or nore processors configured to nonitor the

| evel o[f \égff[e water in the well and further configured to cause a punp to
[

drive 208801 Biresiain apbadisrentsao8Puting sysiean Wap Mavirrediat aloms: By ow nai n
when t headstieh trehitri@itistatiit @bt sHbWr)oreh InfiBarBRESmaint TFE@NRledt bRYShts

wherel ninto the force main 115. Pre-treatment may be performed periodically and/or in
response to changes in measured contaminant levels measured in the inflow force main
115 or in inflows received at a pumping station 111. In certain embodiments, computing
system 110 may cause a treatment station 112 on an outflow force main 113 to inject
oxidants into the force main 113. Treatment of the outflow main 113 may be performed
according to a schedule and/or may be performed based on measured levels of
contaminants and/or additives in the force main 113. Treatment of force main 113 may
also be initiated by computing system 110 based on contaminant levels measured in the
pumping station 111 as the waste water is pumped into force main 113. Computing
system 110 can typically be configured to adjust treatment plans, schedules and levels
based on whether an inflow or outflow main is a force main or gravity main and/or based
on whether a main treatment system 112 is available on the inflow or outflow main.
[0081] In certain embodiments, a control algorithm is executed by the computing
system 110 to control treatment of the waste water system. Control algorithm is
typically configured to manage a closed-loop system that includes additive injection
elements and instruments that measure controlled chemicals and/or additives in the
system. The wastewater treatment system may comprise multiple pump and/or grinder
stations 111 interconnected by force and/or gravity mains, whereby the outflow main of
one station serves as the inflow main of another station. Control algorithm can typically
be configured to model pumping/grinding station characteristics, including capacity and
rates of flows of wastewater. Control algorithm can typically be configured to model
force and gravity mains in the system and may model throughputs, lengths of mains.
Control algorithm may be adaptive such that variations from expected performance or
capacity of an element can be incorporated into a model of the element. Certain
embodiments automatically adjust to environmental conditions, including ambient
temperature and humidity, and these systems may adjust treatment schedules and
schemes based on prior histories of measurements under similar conditions.
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the controller is further configured to control a rate of flow of the
additive to the m xing chanber. 2. The water treatnent systemof claim1,
wher ei n tWeo 2di1#38038i on system conpri ses a mani fol d t hat Ppraszades44s8e
portion of collected water and the additive to the m xing chanber. 3. The
water treatnent systemof claim1, wherein the additive conprises liquid
ozone. 4. The water treatnent systemof claim 3, wherein the controller
controls rate of flow of the liquid ozone based on neasurenents provided by

Sensors, dea?‘be’ q;i ﬁ}g syst em of cl ai m 4
TRER i R R
wher ei nncbthmlﬁmy.SijremﬂmaeJ thobeldrilled remsrewiindpppéciatel thadeeiimvdriieneahl ect ed
waste V\get ;e)rra'cticed with various combinations of the functionalities and capabilities described
above, and can inciude fewer or additional components than described above. Certain
additional aspects and features of the invention are further set forth below, and can be
obtained using the functionalities and components described in more detail above, as
will be appreciated by those skilled in the art after being taught by the present
disclosure.
[0083] Certain embodiments of the invention provide water treatment systems and
methods. Certain of these embodiments comprise a collection station having a well for
collecting a body of waste water received from an inflow main. Certain of these
embodiments comprise a dispersion system that receives a portion of collected waste
water from the well. In certain embodiments, the dispersion system comprises a
hydrodynamic mixing chamber and a nozzle. In certain embodiments, an additive is
mixed with a portion of collected water passing through the mixing chamber. In certain
embodiments, the mixed collected waste water and additive is dispersed through the
nozzle as a spray to one or more of the surface of the body of waste water and a wall of
the well. Certain of these embodiments comprise a controller having one or more
processors configured to monitor the level of waste water in the well. In certain
embodiments, the controller is configured to cause a pump to drive a portion of the
waste water from the well through an outflow main when the level of waste water in the
well exceeds a threshold level. In certain embodiments, the controller is configured to
control a rate of flow of the additive to the mixing chamber.
[0084] In certain embodiments, the dispersion system comprises a manifold that
provides the portion of collected water and the additive to the mixing chamber. In
certain embodiments, the additive comprises liquid ozone. In certain embodiments, the
controller controls rate of flow of the liquid ozone based on measurements provided by
sensors deployed in the well. In certain embodiments, the measurements include a
measurement of residual ozone level in the collected waste water. In certain
embodiments, the measurements include a measurement of sulfide in the collected

28



WO 2011/ 038039PCT/ US2010/ 049881 7. The water treatnent system of claim4,
wherei n the neasurenents include a neasurenent of hydrogen sulfide in the
wel | . 8.wOheinvisep treatnment system of claiml, wherei RCriuS2a0089881 | er is
configured to control a main treatnent system wherein the nmain treatnent
system m xes ozone with waste water in one or nore of the inflow and
outflow mains. 9. The water treatnent systemof claim@8, wherein the
controller controls rate and frequency of treatnent of the wastewater in

the One\N%te’WH}%rl. Wﬁ'ﬁ%ﬁapf‘ hBodthehidGRe g{eg'gﬁfgm?ﬁts?ﬁgludc%g n%;,\%%?rérﬂert\tho‘? one or

nore nal NS. € Wwa I eat nent emof claim n’'the

control rhycirogmnwlt'ndisurthtaeweihdnfce&qmmmbo@mmtsaameremv@feridm)m\t@eteﬂlmt er in
rement of residual ozone in the one

th d
o o ceqtizol8 aid e a e Pl B e Tep BB Lo g ke a7 et iy

control W%te%érﬁﬁ'&\eﬂﬂtrﬁou@r& thé fflleRNENd @umbweraalﬁ@mln eértdinempehRvRser in
the one or nore mai ns based on a nmeasurenent of wastewater flow in the one

or nor dhfgPRYoller controlggaigaang frequencyeitregyserinfdhe wastewaer ke ona orhe one
Oor  or enBR MainsHdsBESH AnledGRnEHtdf sulfide ions in the one or more mains.

[0085] In certain embodiments, the controlier is configurable to control rate and
frequency of treatment of the wastewater in the one or more mains based on a
measurement of residual ozone in the one or more mains. In certain embodiments, the
controller is configurable to control rate and frequency of treatment of the wastewater in
the one or more mains based on a measurement of wastewater flow in the one or more
mains. In certain embodiments, the one or more mains include a force main.

[0086] Certain embodiments of the invention provide water treatment systems and
methods. Certain of these embodiments comprise the step of measuring a
concentration of one or more contaminants in a collection station. In certain
embodiments, the collection station maintains a body of waste water received from an
inflow main. Certain of these embodiments comprise the step of providing a portion of
the waste water to a dispersion system comprising a hydrodynamic mixing chamber and
anozzle. Certain of these embodiments comprise the step of controliing the flow of an
additive to the mixing chamber. In certain embodiments, the additive operates to
neutralize the one or more contaminants. Certain of these embodiments comprise the
step of dispersing a mixture of the waste water and the additive through the nozzle onto
one or more of the surface of the body of waste water and a wall of the well. Certain of
these embodiments comprise the step of evacuating a portion of the body of waste
water through an outflow main. In certain embodiments, the flow of the additive is
controlled based on a measurement of a level of the one or more contaminants in the
well. In certain embodiments, the additive includes ozone. In certain embodiments, the
additive comprises ozone. Certain of these embodiments comprise the step of
measuring a concentration of at least one contaminant in the outflow main. Certain of
these embodiments comprise the step of causing a downstream treatment station to mix
ozone with the evacuated portion of waste water when the measured concentration of
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13. The water treatnment systemof claim8, wherein the controller controls
rate and frequency of treatnent of the wastewater in the one or nore nains
based on woOrmeasss@yent of contam nants neasured in the WeTIUS2010449881 wat er
treatment nethod conprising the steps of: measuring a concentration
of one or nore contamnants in a collection station, the collection station
mai ntai ning a body of waste water received froman inflow main;

providing a portion of the waste water to a dispersion systemconprising a

hydr odygpand, ¢ %Sh@%oﬁ{é it Aleds AM84&emin rgeﬁ&a'ch thdln IgwW of an
oy & 4 Médétermined i e

additive to m X1 ng anber, tive o eutralize

t he onece:nalmemodmnmamtharadsﬂtlve compilsepmsnelglracerta(m Errmodfmédﬂe tvast e wat er
nto one or nore of,. t surf ce of the

and the ditive.through the _no

body. of oY 4 i< GIHE e CETEN SHBSsEPMbodEe DS SOTRA RSB on of ¢ he

body of deestirgy AR6R lof Wilstd@hterin e forE\ER. "Certain of these embodiments
comprise the step of causing a downstream treatment station to introduce ozone to the
force main when waste water is flowing in the force main.
[0087] Certain embodiments of the invention provide systems and methods for
controlling and managing waste water collection and treatment. Certain embodiments
comprise a first sensor provided in a well of a collection station. In some embodiments,
the first sensor monitors a contaminant level in the well. Certain embodiments comprise
a second sensor provided in an outflow main. In some embodiments, the second
sensor monitors a contaminant level in the outflow main. Certain embodiments
comprise a pump provided in the collection station. In some embodiments, the pump
operates to evacuate waste water from the weli when the volume of waste water in the
well exceeds a predetermined threshold volume. Certain embodiments comprise an
ozone generator configured to generate ozone. In some embodiments, the ozone is
maintained in a reservoir of ozone. Certain embodiments comprise a dispersion
assembly deployed within the collection station. In some embodiments, the dispersion
system is adapted to mix a portion of the waste water from the well with ozone provided
by the ozone generator. In some embodiments, the dispersion assembly is configured
to spray one or more of a wall of the well and a surface of the volume of waste water in
the well with a mixture of the ozone and the waste water. Certain embodiments
comprise an outflow main treatment system operable to mix a portion of the waste water
from the outflow main with ozone provided by the ozone generator and configured to
reintroduce the mixed ozone and waste water from the outflow main into the outflow
main. In certain embodiments, a processor controls the rate at which ozone is provided
to the dispersion assembly and to the force main treatment system based on
measurements of contaminants received from the first and second sensors. In some
embodiments, the processor is configurable to maintain the level of contaminants in the
well and the outflow main below a desired threshold level.
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WD 2011/ 038039PCT/ US2010/ 049881 15. The nethod of claim 14, wherein the

flow of the additive is controlled based on a neasurenent of a |evel of the

one or nowe weuni3sMvnants in the well. 16. The net hod ofCElts2omonEsswher ei n

the additive includes ozone. 17. The nmethod of claim 14, further

conprising the steps of: neasuring a concentration of at |east one

contam nant in the outflow main; and causi ng a downstream treat nent

station to mx the additive with the evacuated portion of waste water when

t he me t i f .C ' t .

or edet 37%%5% d&mﬁ%@@%ﬁg énrytegg?r?bﬁ_g Bagh d%anbe%n\leé}g%ncs)% %Sg&ﬁ@
exemplary embodiments, it will be evident to one of ordinary skill in the art that various

modifications and changes may be made to these embodiments without departing from
the broader spirit and scope of the invention. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a restrictive sense.
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18. The method of claim 14, wherein the additive conprises ozone, and
wherein the outflow main is a force main, and further conprising the steps
of : det ecwDngiizn3gizow of waste water in the force nain; &0W/US2010/04988USi g a
downstreamtreatment station to introduce ozone to the force main when
waste water is flowing in the force main. 19. The nethod of claim 14,
wherein the additive conprises one or nore of ozone and oxygen, and further
conprising the steps of: neasuring a concentration of at |east one

contam pantr | ci AfmEd (s and
1. A water treatment system comprising:

a collection station having a well for collecting a body of waste water received
from an inflow main;

a dispersion system that receives a portion of collected waste water from the
well, the dispersion system comprising a hydrodynamic mixing chamber and a nozzle,
wherein an additive is mixed with a portion of collected water passing through the
mixing chamber and wherein the mixed collected waste water and additive is dispersed
through the nozzle as a spray to one or more of the surface of the body of waste water
and a wall of the well; and

a controller comprising one or more processors configured to monitor the level of
waste water in the well and further configured to cause a pump to drive a portion of the
waste water from the well through an outflow main when the level of waste water in the
well exceeds a threshold level, wherein

the controller is further configured to control a rate of flow of the additive to the
mixing chamber.

2. The water treatment system of claim 1, wherein the dispersion system comprises
a manifold that provides the portion of collected water and the additive to the mixing
chamber.

3. The water treatment system of claim 1, wherein the additive comprises liquid
ozone.

4, The water treatment system of claim 3, wherein the controller controls rate of
flow of the liquid ozone based on measurements provided by sensors deployed in the
well.

5. The water treatment system of claim 4, wherein the measurements include a
measurement of residual ozone level in the collected waste water.

6. The water treatment system of claim 4, wherein the measurements include a
measurement of sulfide in the collected waste water.
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causing an upstreamtreatnent station to pre-treat waste water in the
inflow main with the additive based on the neasured concentration of the at
| east onewocantiznzsosant in the well. 20. A control systemrcraS2omoaggsng wast e
wat er treatnent, conprising: a first sensor provided in a well of a
collection station, the first sensor nonitoring a contam nant |evel in the
wel | ; a second sensor provided in an outflow main, the second sensor
nonitoring a contam nant |level in the outfl ow nain,; a punp provided

in the goll ' tion,. wherein the pu gperates to evacuate, waste

wat er f?’om teﬁié %}q%%@hﬁe?%s&/s&eﬁ Bﬂﬁlag'f' 4%5?56'&&%?‘6%“%'&%chs‘&?c%ed_s a

pr edet emeas@entidnt ot hpdrdgeekuiige in the wall.di spersi on assenbly depl oyed within
the collection station and adapted to mx a portion of the waste water from

the wel§. w tTheware tieatfenes)sterd F alairR 20 Ahe SR BicdtdHtroller is configured to
control a main treatment system, wherein the main treatment system mixes ozone with

waste water in one or more of the inflow and outflow mains.

9. The water treatment system of claim 8, wherein the controller controls rate and
frequency of treatment of the wastewater in the one or more mains based on a
measurement of suifide ions in the one or more mains.

10.  The water treatment system of claim 8, wherein the controller controls rate and
frequency of treatment of the wastewater in the one or more mains based on a
measurement of residual ozone in the one or more mains.

11.  The water treatment system of claim 8, wherein the controller controls rate and
frequency of treatment of the wastewater in the one or more mains based on a
measurement of wastewater flow in the one or more mains.

12.  The water treatment system of claim 8, wherein the one or more mains includes

a force main.

13.  The water treatment system of claim 8, wherein the controller controls rate and
frequency of treatment of the wastewater in the one or more mains based on a
measurement of contaminants measured in the well.

14. A water treatment method comprising the steps of:

measuring a concentration of one or more contaminants in a collection station,
the collection station maintaining a body of waste water received from an inflow main;

providing a portion of the waste water to a dispersion system comprising a
hydrodynamic mixing chamber and a nozzle;

controlling the flow of an additive to the mixing chamber, wherein the additive
operates to neutralize the one or more contaminants;

dispersing a mixture of the waste water and the additive through the nozzle onto
one or more of the surface of the body of waste water and a wall of the well; and

evacuating a portion of the body of waste water through an outflow main.
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WO 2011/ 038039PCT/ US2010/ 049881 and configured to spray one or nore of a
wall of the well and a surface of the volune of waste water in the well
with a mwouna/o803vhe ozone and the waste water; and PCT/U2010084S8DW mai n
treatment systemoperable to mx a portion of the waste water fromthe
outflow main with ozone received fromthe ozone generator and configured to
rei ntroduce the m xed ozone and waste water fromthe outflow main into the
out f | ow main, wherein a processor controls the rate at which ozone is

Cy ot om biiscd bmRERCHCER B2 Setuh B fehorafS aftile B S Blateh bo8bE aung

second measwemenadtiavével ef thetdie GrmoRsSeNtaman@initaewadl e to maintain the
| evel of contamnants in the well and the outfl ow mai n bel ow a desired

t hresholal | em&d method of claim 15, wherein the additive includes ozone.
17.  The method of claim 14, further comprising the steps of:
measuring a concentration of at least one contaminant in the outflow main; and
causing a downstream treatment station to mix the additive with the evacuated
portion of waste water when the measured concentration of the at least one
contaminant exceeds a predetermined threshold concentration.

18.  The method of claim 14, wherein the additive comprises ozone, and wherein the
outflow main is a force main, and further comprising the steps of:

detecting a flow of waste water in the force main; and

causing a downstream treatment station to introduce ozone to the force main
when waste water is flowing in the force main.

19.  The method of claim 14, wherein the additive comprises one or more of ozone
and oxygen, and further comprising the steps of:

measuring a concentration of at least one contaminant in the well; and

causing an upstream treatment station to pre-treat waste water in the inflow main
with the additive based on the measured concentration of the at least one contaminant
in the well.

20. A control system for managing waste water treatment, comprising:

a first sensor provided in a well of a collection station, the first sensor monitoring
a contaminant level in the well;

a second sensor provided in an outflow main, the second sensor monitoring a
contaminant level in the outflow main;

a pump provided in the collection station, wherein the pump operates to evacuate
waste water from the well when the volume of waste water in the well exceeds a
predetermined threshold volume;

a dispersion assembly deployed within the collection station and adapted to mix
a portion of the waste water from the well with ozone received from an ozone generator,
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and configured to spray one or more of a wall of the well and a surface of the volume of
waste water in the well with a mixture of the ozone and the waste water; and

an outflow main treatment system operable to mix a portion of the waste water
from the outflow main with ozone received from the ozone generator and configured to
reintroduce the mixed ozone and waste water from the outflow main into the outflow
main,

wherein a processor controls the rate at which ozone is provided to the
dispersion assembly and to the outflow main treatment system based on measurements
of contaminants received from the first and second sensors, and wherein the processor
is configurable to maintain the level of contaminants in the well and the outflow main
below a desired threshold level.
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