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WASTEWATER 5 BACKGROUND OF THE I NVENTION 1. Field of
the I nvention The present invention relates to
processes and systens which effect renoval of

di ssol ved hydrogen sulfide in wastewaters (for
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compounds. It is also known that significantly raising the pH of wastewater streams

(i.e., to greater than 10) by addition of an alkaline material (i.e. sodium hydroxide,
calcium hydroxide) causes significant reduction of biological activity that produces
dissolved sulfide.

Unfortunately, this significant pH increase of wastewater can adversely affect
operation of wastewater treatment plants. Alkali addition also causes a shift in the
dissolved sulfide equilibrium, so that more of the volatile dissolved hydrogen sulfide

(HaS) is converted into nonvolatile sulfide ion (S*), thereby preventing release of



-2 hydrogen sulfide gas. However, hydrogen sulfide can
still be stripped downstream (i.e. released to the

w@remsmser e) as untreated additional flows becetEUSIRE3681
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with the alkaline treated wastewater, thereby
reducing its pH, and nonvolatile sulfide ionis
converted back to volatile diissolved hydrogen
sulflde As a result, operatlﬁg a wast ewat er system5

uch a | evel does not typic all ow for
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d g cpeEmEAtioR| des present in the mastemater stream

prior §0.tHgadak gxftﬁg%gagllf ﬁ@%&?ﬁ@ emgo(f menty tlr,]tge present invention,
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2

a yaeey 9 suamnmgaigkepnsideyations ass001ated with the wastewater

collection or treatment system in which the present invention is utilized. Thus, under
some circumstances, it may be feasible to substantially eliminate atmospheric hydrogen
sulfide and dissolved sulfides from the wastewater stream by means of the co-addition of

nitrate and alkaline material in accordance with the present invention.



According to one aspect of the present invention, a
nmet hod for treating a wastewater streamis provided.
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acts of (a) adding, at a first position in the

wast ewater stream a nitrate containing conpound to

the wastewater streamin an anount sufficient to

reduce a concentration of 5 at-|east one of

at nospheri ¢ hydrogen sul fi de and di ssol ved sul fide
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t fff-’@stwas pEtha ttmrosgiterie Aydrogmrssifidg amd the dssolvdd sa]:ﬁdb eﬂmé dexired
heric hydrogen sul fide, dissolved sulfide,

Wnc@ﬁt%‘?}%g& dual nitrate in the 25 wastewater stream

d ownst Aeanding totahethéxd dnﬂi)dﬁamit Gfﬁﬁ@lbldueﬁﬁlﬁ*féﬂtleﬂ,&, m@&heH of treating a

adj t ast one of nitrate
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Advant ageouysly, one or nore of the
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by an operator, or by a conputer 30 According to
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t ERBEdTBNAt leaSl bk ©Fhk %1&%%%% oWRBAR R ﬁféahnf fnatealal

treat ment system conprises a mirate source In
c added t0 haviegavaipnsreath in sgeponss fa theract efisensinigalAdventageously, one

nﬁxt llﬁ%’g g)(lt)' g%%(%@ Ghehibored HitloFQPTHhE Ao Q! Hes%@ogdoe%ﬂogléen% inay be

1mplemented manually, for example, by an operator, or by a computer.
According to another aspect of the present invention, a wastewater treatment
system is provided. The wastewater treatment system comprises a nitrate source in fluid

communication with the wastewater, an alkaline material source in fluid communication



-4 with the wastewater, and at | east one sensor,
di sposed in the wastewater downstreamof the nitrate
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| evel of at |east one of atnospheric hydrogen

sul fide, dissolved sulfide, pH, and residual nitrate
downstream of the nitrate source and the al kaline
material source. The wastewat®r treatnent system 5
further conprises means, responsive to the neasured
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use in the future. Brief Description of the Draw ngs

SembasimentyRfdhy present @vengpmmen beeadil adapted for s idlk pistingn
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of this invention may be better er st ood
r g plenngd fo5 wonZgofie 8661 PCT/ US2004/ 003681 -5

Brief Description of the Drawings
This invention is pointed out with particularity in the appended claims. The

above and further advantages of this invention may be better understood by referring to



the follow ng description when taken in conjunction
Wi th the acconpanying drawings in which simlar
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elements. In the drawi ngs, Figure 1 shows a general
pur pose conputer 'system upon which various 5

enbodi nents of the invention_my be practiced; Figure
2 illustrates a storage systémthat may be used with
the conputer system of Fi ure e 3.ill ust at es

gl pe et Bt Rtk PR on v s SR 620 ks i

ephadiiaR M refeinct REMBYLiREiDite the\é@né bisimildiGldnaptsl e 4
ilTustrates a wastewater treatnment system according to

anot hér thegysBgsent of the present invention; Figure 5
i11us tﬁ?ﬂﬁ‘@? sﬁcﬂ&% | g%ﬁ&gltpuﬂfos@cdmtte@‘é?s&&ﬁ updnSAti B Hrious
system certain experinental test data was
cemhtodimpemth; oféhﬂinﬁnggn map b pragticediow chart illustrating a
proce rqgekty o (R .58 LS4 wilPh8 SRk Rgstem
to ang:t§ é‘?ﬁg{r}%&%t%%%& tSthe pr es?gnt Fnvent i on&ﬂlj riite
DeffRigireé i;ons As used herein, "wastewater" is defined

as wat t t
oper atﬁ%‘ﬁ%gélgqg]fr Phi n%ﬁegllal’t?gljteléﬁf ed g’%t?‘%g‘“’ dé@? ?bl (g’ie%{nbommen
d@ﬁ”chépﬂeiejntingedmnirate 20 reduci ng) bacteria and which

Ul 11 daSha ey bTREg PhRek o e ARk b R0

Séihlﬁcﬁﬁrﬁexﬁ@ﬂth@lp&gexba%ﬁidna They i ncl ude wat er streans
resul ti.ng fr m nmunj nd nafrur al

se et rol
gas pFr%‘HEétﬂl Ui e ?i{g’ PP 2 W@étg%t%rg?e%ﬁén%’gsﬁﬁmb PP ik
Ve @i dxpasinGRa ket A0 as @h&dtw;‘aﬁd waters from cheni cal
and bi ochem cal processi ng and pap?r and

oper at¥igHe 6 iht How ghartillpsirainga progss 145 ‘i“"é&f‘ff“g REWasigygter
fdﬁﬂéstg gnétﬂer eRftbSikdchdf tRGaschdianaligf. operations. As

used herein, the term"wastewater streant is used to
refer to a flom10f wast ewater, typically through a
CRNRkkibng OF series of conduits that may be

i nterconnected via one or nore punps or

i ft - shabded hereinh (vastaveter't i defarfed as watersrremmyicingh oilfield and

mSc'i &r%to%?rauéﬁg%r Etgm n{é sﬁlf&g L’e!dﬁ&hé Qzﬂ:téfﬁﬁéﬁl denﬁ‘ﬂ?ﬂlg%ﬁ‘ltr@te
h wded:mg) Habteri4 erdmshitivas Swamble to thegenmrtiongyf Siogeic byfogen

SBBAIRS o bR B R0 D LG40 WMo Ty
f ahlde e\ Bred34401EBE6 @bnﬁ(ﬁ]’dldﬂlﬁﬂ ﬁl@af}bélﬁﬂﬁﬁﬂ_ and- Iﬁltlird gahi ch
\é\%f({dgé\%)‘égr}l’)elmg@]&: %g{ggtdr 195Ed Hl ool%gl%i Wa(éerhoo ; %}/a 1ons’ effRO Waters

from chemical and biochemical processing and paper and pulp operations, bio-solid
treatment applications, and water used in industrial heat transfer operations.

As used herein, the term “wastewater stream” is used to refer to a flow of
wastewater, typically through a conduit, or series of conduits that may be interconnected
via one or more pumps or lift-stations, but also to refer to an amount of wastewater
stored in a collection vessel, such as a tank, at two distinct points in time.

As used herein, the terms “wastewater treatment system” and “wastewater

treatment facility” refer to any wastewater collection and/or treatment system or facility



constituents present in the wastewater. As used
herein, the term"feed point' 'refers to that point in

w0 b@4pzssbewat er stream where nitrate contai ni PQI/US2004/003681
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conmpounds or nitrate containing conpounds and al kal i ne
5 material are added to the wastewater stream As used
herein, the term"test point% "refers to that point in
the wastewater stream wherein base-line sensor data

t H, di I d
gggé];‘:htewnaggpvaﬁr 13%%@8 gmg{:qsé% %grre}s%gﬁerg%‘fer ?rargduce undesirable

CQRG Rt in (IRSAdiéMateR trat e concentr at | on, etc.)
is performed. For convenience, the_ test

ma
of t en Asessphhareie, thederm gleRepant Ffeadq Bl Pé?gﬁ by t“ﬁéte‘%c%%fomeam
éfilé m‘uAt% cHﬁtrﬁlr@%BﬁbShndE BEnit:RE BdntATBRE tOhpBdPAidHkaline
ers that point in the wastewater stream
dlmmmlraeeaﬁldﬂ@ﬁ totthpawgsteaeatas 8§ wher ei n sensor data
measu r/?sﬁﬁ@& hdréinShe telhl testh ﬁﬁ’olleYe?gtostllx’e{t bbidlein the wastewater stream
concentration, atnospheri'c hydrogen sul fide
cohaeinbestlitonenspeditzinedsuremeni(age PHo@iﬁS@h’leﬁ sl figmoongeniragion,
f th a ed va; 424
Uight itk Silp SRRLEYRh Bluehbd, AT CniRE L BRAod us
ﬁ&rfdrmbch Hdi] eonasiawathe test mutermy]oftdmhmsrtthﬁeametﬂemrhléocaﬁon as
f@gg 0|n wherein netrics (such as, for exanple,
ge p8F' at nospheri ¢ hydrogen sul fide, dissolved
sul fi dgs useddertidsthe teain “ﬂiohi’t@irg)pofrxﬁr refelneto tthiad abiﬁtﬁn the wastewater

wast ewat er stre i shed Fre

SRR oS R B prh SRR s (15 e Rbtentent (kS ot
BRI R sHidP 8dnkdéiratidh) afiosyBetd h@ogénsutfitle coatemritival retidual
is used in both a spatial sense and in a tgq%? a

s Bifate compsattioncels-) of the Brated wastematts tsemdt PY,

flows al aRgnaetl ik @é?&@‘coﬁtfb'l pENA TR to Thb [itg in the wastewater
conduit, the term“point" refers to a lLocation alo

t Meramylewesivean of the §isd Bpint, Vhersn BeEs @i Pt SRR eVl of
t Qﬁ{os#lféné §04:6 sﬁlfﬁe Qﬁésbﬁlgﬁ b@deY 885 8Yidual BralePIoNthe treated
"poi n I S” us tenporal Sense, such that two
d astewaat st megsrableshgcb dreqhertha the dopirelippimt mgy be figsame
n used herein, the term
d%? naalrs)éﬁe %ﬁhé &Oﬁﬂ?&g‘g tﬁgs the amount of time between
the feasupdihatinghetetrhépainiiiitued ool spetial senswhed @ atfpraporal
wast e I ' e
R Gratnregh: B B ThEE g di pp iR isRER LB R Ghampie
vegeigh.a odaduits ¢ térer ‘oinf” refeko alleagidn arletwtsattdmarmc ongomeuit.
o RS St BSS o A DRl L B PSR
" gahgoydl Réhse, sudtetthtngo diffepspnpeihtiiategpiced amt’olln\tnrregbﬂt natmtbcessary
the like are to be understood to be open-ended, i.e.,
t &N "including but not linmted to " Only WO

2004/ 0A80&:H Hekehd, W28/ R afidhltime” fefers to the amount of time between

the feed point and the monitoring point, or where the wastewater stream is stored in a

collection vessel, the amount of time to turn over the volume of the vessel.

As used herein, “plurality” means two or more.

As used herein, whether in the written description or the claims, the terms
“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” and the like

are to be understood to be open-ended, i.e., to mean “including but not limited to.” Only



the transitional phrases "consisting of' and
"consisting essentially of," respectively, shall be
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forth, with respect to clainms, in the United States
Patent O fice Manual of Patent Exam ni ng Procedures
(Original Eighth Edition, gust 2001), Section
2111.03. 5 Detailed Description Figure 3 illustrates a

t
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iedatels Pricptiatiicn Mapual af Pasent EgsmingaiBieneduree@rigival Eighth
pmunahtAﬁg@{yﬂ@;@g@ﬁﬂg@pﬁ@prs 330 are disposed in

fluid (e.g. liquid and/or gaseous) conmunication with
t he |ncontng wast ewat er streantat a test point 302
upstream of a feed poi e sul fide

controlling conpounds, suc as n| ra e containing
c onpouRiggreahidfugiakes laiwastewaterirdattheng thqnchondurged onefembodiment
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c BREbSERAnd denstreara sepsete A3 0 P40 e eleplpicallyadaeatteddo o h@troller 320,

Weat, Q¥ysin@ént Fﬁérﬁﬁgﬁsuﬁﬁteﬁ’t' srcg‘ﬁ&'ﬁ Ef‘oqh ol 5% B’%rsia&%tso%}ﬂfuwtsl tfle amount of

respect to Figure 6, ura
u B@?Féﬁﬁﬁa@mﬂ@o‘gﬂﬁnﬁoéalkﬂmmmtqmal:a@ad ® tBe asorbimg mgstewater

dieRASK %e%e(ﬁ)o%tgb@ Nedt egzﬁﬁlﬂé eb@%@ﬁl%)mggaqam&grs 0? 816 Q&astgvct)/g'tér

it should be appreciate esén
i Piteamas greapuedhit the stﬂlemltaecbdovﬁmtremwmmre%()mm eheaoaRslfr
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Su | n unas ar e uc to the

anst v B it RO on Sl it Hgu e piewts Savcsing

t fisposedha aalistanoe epsntearh loethe et paint $04, BlshaikSbd HPPICRRAIR $he
ifferent position in the

I
vére%egg\%ﬁygﬁlo gt ]gﬁ{tecﬁ ;f%r t¥arks whets acg@qﬁoﬁlgrw@stewater stream

aisthlnﬁteg,hhé h}&trdﬁﬂ\@é&ﬁdhﬁ 350 ﬁ@ﬁﬁ@ﬁ}@s@é‘lgr BERsNAR s%e eneral
b@g%%a sed at position well wnst r eam of ﬁ

%‘1514"’“’5 %4 Ve thsrrubiide copirdlingomponsis myntroduced
Vidltie EHPERNES Rtredd MNofehfer QFﬁﬁﬁﬁ'b@ g%rgé{?tgé %%hc%e or more of the

stewater stream as wel
%gaﬁg?é‘ tRstrsemesgnasors 330 may be located at a different position in the wastewater
stream than the others. Similarly, although the downstream sensors 340 are shown as
being disposed at a position well downstream of the feed point 304, the location of these

sensors may vary dependent upon the accessibility of the wastewater stream, as well as
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point 306 is depicted in Figure 3, it should be
appreci ated that additional nonitoring points may al so
be provided, as illustrated by Exanple 6, discussed
in detail further below 5 IR general, the distance

bet ween t he, feed o i nt 4 and the nonitori oi n
Joer fatstiiigh BEMS SCH T &atwaftﬁga‘ﬁfaﬁfterfe g e ?%&RPfrsstﬁdes
Oéresteﬁﬁn YRS RWAERE stidaf 3MhoBelSeHly b1l BditoriagPeinit 306fis ddpitged in
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f anaoht oftite @Gerohed dnt“dctnnttantmeb} is grovided & enpBlemipigrsganisms in

refer |

n@‘LP gva F\geetg?sggilm to éll}etenzéa 1&/ ge%gré tglg w@a{é&%ﬁﬁmu%@@rnp@ﬁﬂd th
snﬁ&ﬁg@r gemt Tltmdeaéﬂtmwtm mqgrpraecde@bndmgmu dter level pﬁsulﬂﬁgs present

resent the t
Wrtg%b‘ﬁ‘ tﬁ@wmt Sstrsﬁ,m,b%ngt e tem er %1(? ﬁﬁ é)??hé: Mo %1
| adrsodialseakd &p}ﬂﬁhﬁt@hmé‘dmdnhaﬂ erdarehtldnunmdm’rat bet;tdw)mmaes

di st ance of ely one m.le bet
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appr eclated that in other wastewater_ treatnent

s festl enist andrles monitpying goinpepriseposdykip adpisAtion tng &fapgrogimately
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unt r ea I
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tre strea n .
RIeoea g TR AR T g B ot O SR pgint 304,
t RBd e Sioawet poatt 3061 trfad @1 editicitld Mm@paceiaf be eeparackdaf time. Indeed,
t he |ntroduct|on of sulfide cgntrollrn

d/
RIS R O COBUBIRECA TS ST 41 Wy g dpatirenanusrymey

330 thEBYmb PRYsitdPseAsosE BEQIsed Rmd¥B@s pirhﬂﬁ@tefshﬁ tehkas@Watf at
t he |ncon1n% wast ewater stream a nsor fao urin

h‘efqu@”&r" Emeg betopvadnftenis BiFogtction p ftﬁeﬁﬁﬁ%‘é{l%‘t oaéedug’mg
ﬁ@hﬂhn the i ncom ng wastewater stream a sensor
asurlg% the | evel or concentration of
at nDs pAbe plarafifyonf sgeramysensores 3 may dppludes sepsar {pg dreatiging fhe pH

of the incoming wastewater stream, a sensor for measuring the level or concentration of

liquid phase sulfide present in the incoming wastewater stream, a sensor for measuring

the level or concentration of atmospheric hydrogen sulfide present in the wastewater
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tenperature sensor for measuring the tenperature of
the incomng wastewater stream and/or a transducer
for nmeasuring the flowrate gf the 1incom ng

wast ewat er stream In genera] the plurality of
upstream sensors 330 wWill 5 i ncl ude

D et G OTRB i Qhns ManPTR SEh s e a g Pl pepsgrymey

%ls%edéslﬂcﬁudeﬁ Ofor SRAHI, b RehpeRird Giedr f@fmdastritigdhdlemperature of the
fides pr esent in the i ncom ng wast ewat ﬁ‘)@IﬂQSt realg}he

amqn@e@ Fragewrder seRm-ndAd ﬁ%ﬁ%? for megsuppg B e 0

l% \ﬁlng Frastd et lntg)én&al ﬁlewnﬁaft}eampm&%pgeaso%mormm
sensors simlar to those disposed at the_test

pocplnale 8@ AsOr ﬁvren@smlgyhemﬁeom@ gping vsteyaihgiepmaRd a sensor

&?&sﬁnﬁ’d' o Tel BHGigHA ﬁas@ sﬁl?iﬁ@soﬂresfeﬁtr in BRARMN iR whdMEvater

I'ev ToRcentratr o I quid phase sul fide present

i stretthcalthpeght @hbrmu@whmsors ue prafgratdy peenigied. f or
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ate pres nt the t te

iR soati? o B g e Lorct b GG e BT AR s Bfice present

tianpefatddves®easostrean| a seneu Tl meaisiriig thé levﬂ‘] er conceriifation of

nmore such, sensor al so be i ded.

PR BT SRR A FF O L E RS AN & snsor for
JAVWREHALAT RIS OF fosiddad QitralAfledest iR kiRatehicd &}alsty‘wﬁtenmﬂead
to_a.controller_ 320, which may, for exa

OB SC3chrp BB aE OHPLTEPT. 8 JSRISHIE SuHOE: SRR mPT one or

CRRRULEN seRfory\REKbAbd RBvided. gnal s from each of the
plurality of upstream sensors 330 are received on an

i nput A8vshown in Kigupd. eashof BE phyallpef upgigpnsing fJapastieagpensors
e 34 is ke Rupky tOOcI cog{i’m& BHE N ISR/ bt e%fh%l@ﬁa@ a general
recelveé on an i nput 324 of the control l'er 320 éaseg
apurpesg SpmpyteipRptEmych ag m@rmnglmn@uter eceqrsgiony Signalg drom

r r;
(BRh AT AR S LEATHEEN TR e LA S S
nmmllw 328 rmbdmignslafremeasit clithd Hgrabigmh doviekticam sgpeis FAP are

i f. not, d .

B 2P it DSLABCE gl X R0 AR e S
depelcetdaﬁlom the Liﬁstgaan'einﬂ dam@eamgerpotsyuhd echttoiert 326 determines
cont 320. 0 eIL
BB b e R ol B il PR Egponna i
| bpﬁrﬁaﬂOb.ndFFn[ot e:njmﬁlt}em dcasti@plyt han being nul ti pI exed

t oget th d 3
51 gnal Sl B R BOPYES TBETT B AT FLR fepited i

SBRSR SasRigPpkdvided ad the ebtroder mowem&ngtl@hﬁ&ﬁ should be
controller 320 30 over separate, Ilnes one

or
swsesiatedptihpspresearRtipn s 1ot spdimited, Foy g %Vﬂ%"*ﬁ b fbon being
URSIHPRAEY RREhe in ARWMHhECRPICRE M Pipire 3! fie BRhalk from chélf dPthe
that can be directly utilized by the
upstream and downstream sensors may alternatively be provided to the controller 320
over separate lines, one for each sensor. Further, where the signals provided by the
upstream and/or downstream sensors are not in a form that can be directly utilized by the

controller 320, appropriate signal conversion equipment (not shown) may be provided.
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sensor signals to a controller are well understood by
those skilled in the art, further discussion of such
details is omtted herein. A# ource of nitrate
contalnlng conpound 350 is f '|dIy connected to the

pe or condU|t 310 via a. ne | ve and/ o u
sbile diise! SOUPEBICHMESFR! THEIRC ST ok Yok piertodiby

th('yge ghﬂe&fﬁﬁﬂbeﬁ eglileP diOiRsibn BsubH dB4RdLohitidd Bervina a
net eri ng val ve 'and/ or_ punp 365. As @f grlbed i, n

f ur t he sogese aff RitaferRnpEEEeemPPRdRS] it cgrggeg@dgqthe pipe or
| &aslit 110 BAL heldRRDvATRASMI B PBildp S50 afVA Q&l‘i’cebif alkBBne material 360

upstream and downsStream sensors. 330, 340, each of the
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na m ouf, pu Q
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aalm ﬁoﬁﬁﬁ?ﬁ@lal ﬁ&nmu]fphﬁi&% ofdigndoairatien gzmmapwamgamUzetoh pump 365
al kaline material  are OVI gour ces,
t FRECTYS arfeparalp oiioh 515‘?%11 g?l‘g%{ﬁfg%b é’ggf’@eﬁ i nel udes
cal ci ugeBidideath %n@&ﬂbddihﬁerﬂ otk Efb@eﬂfﬂiveﬁﬁoﬁnl andpﬁl&fr@ﬂla bityte
i ncl ude sodlun1hydrOX|de

PSS EAR A ElsH 5 PO RrgAceg GoRL BT soures, the

{tx%@tcgn@iﬂgl %leb&[ﬁdrﬂréféﬁl:)@ uiﬁmﬂe@l:eﬂcﬁﬁlﬂ @ﬁtta‘(@;imd thealkfi@d material
ciumnitrate provi des near | tw ce as

n ptefeaab@z nakyeeisadivyg byfreide o%lﬂlouglhoth?réwﬁ eﬁmﬁétﬁ &pyfaiging
soﬂ}h o%é%ghﬁ{rﬂltpité RS i ARRE AKX AR b Rdr¥atidely be used,

ereby 20 reducing transportation and
stdcxagmlmpmwmﬂm\f@de i Tyshmifeatapase %’g%msam%g

frgat'ﬁg%%{] d, tel? L @li)s?(%alllxp a%ls&ﬂ Qe (E%o{ﬁﬁg ?fbs@ﬁlﬁ‘lb Ith€eby

c um r oxl or potassi um
hyﬁMngﬂammmymbeamkﬂdmg@@ﬂ&@ﬁﬁh@@d@Mh@@ﬂS@M@P@@ﬂnmg

eneral L.y ed,f S, k
SS T sul Eal YIS VS AL Ly oo
i mgd@pﬁﬂesmv@tasaﬁmméroxﬂb ataly e umdpsmdhm Infdraxide solutmatsegenerally
cont.ai ni.n ou nd the. Ilne
C R v e et 8 Bt Ry RIS 2y
VageypsigiRendi ng upon paraneters of the |ncon1ng
wast E\I\Bt er stream (e.g. the tenperature
com 5 Ot L HRREtS ST PR riRpang Ao B afkaine
a%@&ﬂ?ﬁfdb&%ﬂﬁ@fn@&ﬁﬁg Suaktbvater adesn walil ¥ obwes] vartdbpedding upon
presen N e I ncomng wast ewa r strea
dPermsis b e IneoTTe WeS HHCTS e é%g aﬂé%‘tegwg%‘éﬁm @g‘rpifg?ﬁ the
( @n@rmrind W&tdwalee kigeatl, 2R KD RRBIS bf AmBYHAERGRIrSdth kidge ad
dissolved sulfide present in the incoming wastewater stream), and the desired metrics of
the treated wastewater stream (e.g., the levels of atmospheric hydrogen sulfide and
dissolved sulfide present in the treated wastewater stream at the control point).

However, Applicants have empirically determined that for most wastewater streams, a
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streamat the control point). However, Applicants
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streans, a WO 2004/078661 PCT/ US2004/003681 -11 nol ar
ratio of the anmpbunt of alkaline material relative to
the anount of the nitrate ﬂ}t ai ni ng corrpound of

bet ween approximately 0.5 to I and 2 to i's
sufficient to substantiall
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300 of Figure 3, inthat it includes a flud d%eor

c emblediment DO the praseny EVERTQEh TR Staiaeier trqafopRpg system 4 shown in
p Hé{l?el 41 S ¥1rrﬁ%r {‘6[\75 SRR rSRMSRsPst4R 90EHbSIRAREY, ih Bhak ltiSudes a

I qui /or gaseous) communicatron with the 20

| ﬂmdmmﬁg)rmg\/@é@ grouphvéigh wasteyvateg §lpw§) @ibhalgy of wnpstream
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d i sposed ation wt wast ewat er
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e A R S A T
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fsmkﬁf@ of %%t@&n%h%kohﬂ)o&ﬁ%%ﬂéhﬁ%a@ﬁal RRk& t5pHtherDBECh 2

or smal
wastewater treatment system such as shown in Figure 4 may be more suitable for smaller
wastewater treatment facilities, wherein the cost of raw materials is less significant, or

where separate storage facilities are not practicable.
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2004/ 078661 PCT/ US2004/ 003681 -12 The single source
of sulfide controlling conpounds 455 is fluidly
connected to the wastewater stream at feed point 404
via a nmetering valve and/ or punp 475. Based at | east

in part, u ara of the wastewater stream
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enbodlnent the plurality of upstream sensor
élt{af}Sdzeefufﬁfde'éﬂ% theflewratd ofthevimaeraing mgstt:waemﬁemﬁ etc.
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nmeasuring the [evel se su
i cludea Fmrﬁ)ﬁ’@@@mmﬂé IOf ths i tmcemmg \W,stdwam htr@tnl'mﬂ a sensor
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previ ous
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| tﬂe }eve% otr Ec?n%gl(ftration of atmospheric hydrogen sulfide present in the treated
wastewater stream. It should be appreciated that because the amount of nitrate

containing compound and alkaline material cannot be varied independently of one

another, a sensor for measuring the amount of residual nitrate present in the treated



30 wastewater stream It should be appreciated that
because the anpbunt of nitrate containing conpound and
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one another, a sensor for neasuring the anount of
residual nitrate present in the treated WD 2004/ 078661
PCT/ US2004/ 003681 -13 wastewater stream need not be
provi ded and may be di spensed™w th. Additional sensors
such as a pH sensor, a tenperatufe_sensar
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r e in clivce oy froRy a2 i Bef Bred a0k s o it of
AaIRAMS ik erR DA, ThisSoOmiconRy@drcaliudenitriia whivtrformed calcium
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anigegreeriaigmgsPrRare frifhieh qiher baes qf_aﬁ% ing 1pgrif! pipy be used,
ay(ﬁ'idrﬁlmifroﬁ&@is LB Peftleld 8s a Jd€ee B hRhIineanALRINE $ 194 reh iy
nitrate containing conpound and the al kaline material

i availplde pickipeipensaid- | agai n vary dependi ng upon

par aneper s, 0fe m%ﬁs%ﬁmn@tgate VRSN Ripoihd SRThe ARMinkhe
desired netrics of the treated wastewater stream as

2 thaferielin theshixtui willageindyami dependingiwen parameters pf gheancoming
However,, for ] ave
e g SR e RIS T UCRRTRA wo ML CRILS, &
apreuivtsly flisalskeall Witteresprett te Figake ¥ dlavdver farangshwasgreatertstresfms,

the nitrate contai.ni,ng _co nd > _ .
o gplbe Tt 7 S gl GREP Bl AEL YR sy ofatine
s uhsdrianiciadld ¢ thcetumat e thehiirate vadteining tomp@ind of between

hydr ogen sul fi de d qi.ssqlved, sulfide.present i.n.the

{ VERp R ot s o S rhcl Soam g RS it

t h@RIsPRIC hSHBERFUBO ahd gikdothed safiaopiosdnei thotracd valstewater
nitrate contal ning conpound and al kaline material, it

i §USM)1 suited to smaller wastewater treatnent

faci | i BL&sseMEHBstdiEer GRSy steAN00RicRIdePd Sonfindd source of
nitrate containi ng conpound

- . .

oun _
nitrate containing compound and alkaline material, it is well suited to smaller wastewater

treatment facilities where the costs of raw materials (e.g., nitrate containing compound
and alkaline material) do not form an appreciable portion of the operating costs.
However, it should be appreciated that the wastewater treatment system 400 may also be
used in larger facilities where a less complicated system is preferred, where the

parameters of the wastewater stream do not vary significantly, or where a single source
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portion of the operating costs. 30 However, it should
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400 may al so be wused in larger facilities where a

| ess conplicated systemis preferred, where the

paraneters of the wastewater,stream do not vary

significantly, or where a SIH£|G source WO 2004/ 078661

PCT/ 1US2004/ 003681 4, of f cont % NG ot
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i nconi ng er st fr uetl vary,.i.n.a .
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1 nco st ewat er
o BYFamErsc Aeainglyr 2 Tihsg%%mg pregation of Echﬁ %éﬂnﬁﬁ’é depgbed
AR l:oyoonﬁéltstgﬂhﬂg ReckiRed e et ipeieaf addRvasdafiabhwts, it
is described W th respect to control signals

r%@eﬁd\b@@ppwﬁﬁe@ Fat (erb%rtmfelaﬂﬁtlaﬁ Y SRAHBEESD sensors, it
shoul ds he: ARPLeGE BhEshihaRbs B BRked: RMveRaL e RofRYIe20, 420

consi dered. "Accordi ng to one enbodi nent of the present
i meeiebe inamementesl usivgtercempeier sysigm. Hhcompiier Bustaniiypybe feted

éﬁaﬂﬂ)leaa %pgr?ypﬂ tpﬁfpogé/n %&%mer TR 26 ABRB8Ed HYALIRR) PBVTM/I@-

purpose conputer such as th ose?
ba@@@swna biotdreln é’DWGIEN@ unessortayive oapiAdee® pmessser, a Hewlett-

I
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go ng}%;ei a@%g@n%ggcdﬁgﬁg? ed cg) el Qirspféé pd')x?qux%n'l'ﬁ% of a general

appboeabinpiteSgye@mf dnovhicH R é(ﬁitteﬂelt?:IZOpéLﬁOtme(y/b‘Bllﬁj)lem@ited is now
exanpl e of a general purpose conputer system on which
tﬁ%qg%lfﬁtwlgﬂe 9B may be inplenented is now 25
descri bEf cebphiter S5RBCI00 gnerilyuicdudes aismessoﬂmtcemlected to one

system 100 generall i ncl udes @a processor 3
cBRe ey dorees 18 Sh‘i?raéaﬁlﬁfﬁﬂf‘yg BEVPDed meg!a%wagther

addlliceof§ibriify CXRIVidmord 1AM BRI YisedFor b programs and data

during operation of the computer system 100. For example, memory 104 may be used

ﬂeﬁhg, wast ewat er treat nent

for storing historical data relating to the parameters of the incoming wastewater stream
over a period of time, as well as current sensor measurement data. Software, including

programming code that implements embodiments of the present invention, is generally



device for storing data. Menory 104 is typically used
for storing prograns and data during operation of the

w@ovpltsssl syst em 100. For exanpl e, nenory 104 PEly/URm®04/003681
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used 30 for storing historical data relating to the
paranmeters of the incom ng wastewater stream over a
period of time, as well as Cr rent sensor measur enent
data. Software, includi ng |6 ogranmi ng code t hat

(BN a1 1 SR SO BOE “BpPlOBRBUAF U SRR e T sgysed
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exanp a ke boar d, 5‘@? trackbal |

AT Rorisraln, o B GB, S ROt Py CLARRER] Srymyer

eXRR] B0 fayRiohfin d}8 ofl BéteCiRterilies Hlo@¥hos@) BRTconBECt computer
speaker. In addition, conmputer_ 15 system 100

causteal H09n e commppieaiqneryoristia addiins oren R orRatLE 3¢ to the network
¢ ﬁﬁf‘&&ib&f&ﬁﬂé& f one DY HoRTBrH L ol o BTV 8DH)ON

net wo (|na ition or as an alternative to'the
net wor fccordiag to may etybodimprhef theyprasere inyentings te@ne prygore input

¢ gg@??eg 04 ﬁnag ﬁltcﬁl}ﬁé bRk 0)for ﬁa%%ﬁr%‘ PathnieBrOBEnE HRAHInFRA

I nvent 1 on, or nore I np ut
d avatabwaﬂthyemdi aibe tiveee mscwosmsmanmwﬁ phigjgures 3 and

D3] SEFR e G Ry RTI- 001 A A SRL B YRRl

st réam and downstream nsors 0
Fpgmpse:55533@rrd‘ Figiye 3 aumdxetdm&emrgeratye anﬂo@wmﬁlﬁtof Hgwiecks

ma | ude t he neter,i n ves and/
et fherrcegtctes et B Rl PR R e g
Ofulnpg of &1 F thesAkbiRpoidhis vl Yo cdsﬁemxp&tarcmamnmmaem mtwd)ﬂiehat is
downstream sensors, the neteri al ves .and/ or unps
oPPeEFvet UL i Be AR e iR D o SRRl i gt SeRiors
C aRILURD GAY be BorTRiaRK idphedevicss Bt a@ep(ﬁfeaﬂy va@inyctedioheecbmputer

to the comput er system 100. Faor a t he upst
S 18 400, St Y8 VeRAp IS DB TGRSt 4y WSO PEGEed as

t RatouBdRicd! Gk HirdkAP BambaeH fohd dbRnpaRiBytted 100, and the plurality
of downstream sensors may be coupled to another computer system or component so as
to communicate with the computer system 100 over a communication network. Such a
configuration permits the downstream sensors to be located at a significant distance from

the upstream sensors, while still providing sensor data to the computer system 100.



system 100, netering val ves and/ or punps 355 and 365,
or 475 may be configured as output devices that are

wa@looeotdey1 connected to the conputer system 100PCHOS20041603681
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plurality of downstream sensors may be coupled to
anot her conputer system or conponent so as 30 to
communi cate with the conput eL6 system 100 over a
comuni cati on network. Such configuration permts

t he dovvnstreamsensors to.be locate I a i ni f.i cant

i st ardesrE A BodrBineeaREmra gty ftilesa
ML RYdHREHA or ARiteable QohivdtatilOrRBitliag nyiiel0]1 i Gzhlcld‘@ignals
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PHAE4d CBAtputkd sy§t91‘ﬂuﬂh9 coftRl&RRe el Btk B@imﬁldi&nted as a dedicated

invention is not limted to being inplenmented

sHftewperas a dediepied Hrﬁgarg@ﬁlﬁg {qgjc o ple(BLL)s ﬁgq}ﬁeq 1|1;I should be
%ﬁ) WSt thét@g;?e%g of iR ilVehtidaasy, b TRipRARAE th Qvard BAK Ak or

pur pose conputer system the controller may
afitrewaratdrwey goningtiopfheraeft ed as a dedi cated system or

as a t.

Fur ¢ nep Do EBiEdh B8R ARG RO RS bk h of Moy

i trmtemtmmstm}% 0 €00 agbulimgrip etk illnstef ¢ wabaliménd rltha peeser

fi rar e, | nat [

cIeFRar 1 Fuditle AR B 8 Dt PRt sl et ifkaffa
V\@ﬁﬂheﬂ\l&tvﬁﬂl respacttts @ azbnavatexstgesﬁmmt fﬂ@tthod dﬂ@umdhat ahay dpe erecuted

e|IIu tive e tofthe ERve i.0n.

¢ RGO B 2o SO0 Pl b roliaiEiRh peh e iPftoula
SY& bR diBedkBHGld fi€@nt ipventieu islngt i lﬁil‘ltddeaxdGIMnyto(ﬁ the steps
Wastevvater treat nen od or r uti ne.tha

b
e eeTat ey BomAssHiR Tagve, RE s Pap Pet Sfiter than by

Fb 9biitR 1By, aO8isRRH iPmbRIdethd Guibtfer Bilgure 4), it shoul d
be appreciated that the present invention.is E of the

li i t eQt stemefl Onthg s s rﬁwsfgii BJEPY anSHics PFTIIRIRS E9e %W

E gf%%?ﬁ%&%gﬁ% Uy bXamf18) thetusarmhyeve RYmpted &F h@R maximum
allowed values for the concentration of dissolved sulfides and atmospheric hydrogen
sulfide in the treated wastewater stream. Where there are mandated municipal, state, or
federal requirements for the treated wastewater stream, or where there are safety or

environmental requirements or guidelines pertaining to wastewater streams, the user may



a controller, as discussed in nore detail further
bel ow. At step 610, the user is requested to input

woregoriozssepertaining to the quality of the trertBUS2004/003681
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wast ewat er stream For exanple, the user nmay be
pronpted to enter maxi num allowed values for the
concentration of dissolved sulfides and atnospheric
hydrogen 30 sulfide in the treated wastewater stream

Where there are at ed tate r.al
oS oanes. ROTA S treestitd (SRSt a S B iR AT 610,
WRELBmpRe R nthk@n$A beihi@im pﬂmﬂtﬁdxmatvaalstewe«amtfeemnﬁ/sr the
or qgui del i nes Bert ai ning to wast ewat er ,streans,

LEEmad floWeRis 0bibe (ABEEASFETISS S ATES AR ni0R nghiigied to
V}Qﬂ%c%la\f alt lé?ﬁletrfcg Slarual & 19@/31@51%1%616&&5%? thdhst@he rstream that

al ues may be entered af ep 610, for_ exanple, th
ey mpaciche e nf@ﬂw@ﬁtewﬁer sme@m sweh 4l Sciention e ks
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ream sent 1nventionis not ' limted to a
Pl i Afidrathe et hasfenwwnhec@andbn@mﬁeqt step A/ ithegputine proceeds to
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det entAtasepta20pthe onstévweer taamteatwethteenmens védriu$ pazgineters of the

poi nt. and t he nitorin
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Mednkdr€ $309 843G tIRP efakhble, ey df e 1p¢amuegdzaste\@atelsstreq:m that may

620. At te 620, the ewat e eat nent _routi
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Wax%tp@n/@&wm&ﬁﬁlﬁg%staﬁat&%ﬁemmtmnbanm sirdissolved alfidetnad/or
plurality of upst ream sensors 330, 430. For ex

exa
patmesehess bydseeaniulfide pessenh it e Oeame @@S@WP‘S&%E@???aqpaﬁﬁy
b %ﬂiﬁﬁa%h efttRle phtRR B2 00MBYpakddtddieldat rh@y Eeﬁrﬂ@«ﬁﬁ@& WY Bopad20

the 1 ncom ng wastewater stream the of
i mep ichigesfastennice he Slopaatof thy @C@@H@éﬁ%sma‘tar% ﬁtff‘z?fn The

d h1%§ﬁte\ﬂ%%a%hefré SaneRRing waliRSRNGEAR nldy BE @GGIdrHN §tb1‘3@ ina
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c olbiiln ateimory ofthe eratreligde-anBAM)sand(ur [fereddn P 45 mr@awafonn

r I
¢ RmPRgER S lyiler B E R ox TN 1081 HERe 1] ir AARE: 6 use s
rrhmmnoﬁeﬂmafomf@b@r@p@fanmhef thincaoioHey, svabitcaad morfsﬁlﬂﬁb@%?w

con beﬁﬁ%rr%%égéﬁgl mers es t%‘%]m@om]%ﬁg L.xﬁ%t%xkzgtmmythg foulifie
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p @tavedde Bt stépos30 whéreingimoytimefdetehpineant anoduneof ritstgcqntaining

st orage ,syst e 06,in Fi. ure

> ESmRoRA T s 40 toctng Boime Sk R P ol iR erminea
C @fbliglof Bitratea@snidinGpuSHPoudns mefwﬂsﬂewataed;tmam TAE timpunt of nitrate
measurj n ar anet ers of e i ncon ng. wast ewat er .
e AN B BR AR Sre e et dip e 3ot M o

I QEfdnl PerdRY &drlHk B PSre@iiagIod ﬂfétwa@f%wﬁltlei ﬂ@i' eAaedefdriinig the
conmpound to be added to the i nc? wast ewat er

S FPCHRROL BHERBAITAEESTPR (o BE B4 FU° BB HESiGfeam, the foutine

n 'tﬁe'h%ﬁﬁg%&&ttﬁé ﬁbt@ﬂn@m% Bemp 853 RGHriAGS BYakeHniSdd Mt of
The anmount of nitra
nitrate containing compound to the wastewater stream.

At step 640, the routine determines an amount of alkaline material to be added to
the incoming wastewater stream, and then adds that determined amount of alkaline

material to the wastewater stream. The amount of alkaline material added at step 640



25 contai ni ng conpound added at step 630 may be
determned as a rate, for exanple, in gallons per
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determ ning the anount of nitrate containing conpound
to be added to the wastewater stream the routine
then configures the netering 2i/al ve or punp 355 to
provi de the determn ned am)unl} nit rat e cont al ni ng
compound to the wastewater str

Bt erdetermined As ke, 5K XaTmRIfn & ﬁ)gf P(eg% or ﬁ%%e errcl:ea OP e

be,adaed fbR. ThRReicRfiamidicnaaRiavEeon srﬂreea]mestmmed ]?h@;mrate
adds that determ ned anmount of al kaline gtrol al

eI IR 2LETTGH, OrHRAAS AT TP SR O AR R i
a%%,e@oat step 640 WD 2004/ 078661 PCT/ US2004/ 003681

may be determned as a rate, for exaqr\rl@
gal | onslthough dapresent 117é(§ntt9np%¥%élmﬂﬁ@§’ olparty rV@JH%P%%ee‘Pf

u'a[%s O?E% Sf?rq ét@e[af@d%tsfe ef'?t%afﬁeApﬁlﬁﬁQs HRRRnBiddARY ddtBighined

| ow rat e, or exan'p , as |nput at ste
6theY, thoamene ofalkalin miafeoiol addedbatatsp G shonldcbe spificieakta r’fﬂﬁféthe pH

I ﬁ?f'%h? %Q?wa%er stréa f\‘i’y {h%%{gcpg 1§28 h ésrb\él%{\‘lta{eﬁ@rohrc'tn{h%kn

0O a par eorrngeo val ues of
pal‘slsﬁrﬁmgfahﬁ)lctaﬂ thoéﬂle\Imnmwme“@ter stzaam bppden Gadrand 7awndts of

ﬁ%-e w}lﬁfe th% I&Ig%}ni% SWéLtatgvavgtﬁrt 1|é] G eijs}}’}%ﬁlftlgrcllg\gh ?J-J linﬁgunt of
r ﬂkﬁﬁl@m@wdﬂ@‘ﬂ attSt@ oua sieidbecsucis theetaerpBpf the treated wastewater

t{e]ralgli(l% g%‘tﬁgé%%g@ N 0} Q@,glng %%re;}%lle%falbf‘ g?reﬁg gr’g and 8.5 units of

Wgt AR @ftcrilidifome bmbm ofNalRalime atbridl © bondded t0 fhelﬁis‘(ahlater
ere the incomng fl ow of wastewater is ? sual d‘}e/e h
hFtEfIme e [rRjfine fhiga C%Héﬁms thgrmeterineNale O RETRr 210 PRYIES Mt

SHEBNEAL SR F aR8lisUsRedN &S the Rastoirhtefstredie, t r eat ed

wastewater streamis between 7 and 9 units of pH, td
nDr e pWarsibmvisiaeiehaemyntsysisy dgespofinplude @paraﬁﬁource 0

% d:ggltaﬁﬁﬂg BhpGurddHRd ABMH mAbriad| iKadbohid ®e ABSr8iAtad thhOsteps

he wastewater stream the routine then
c éruﬁ mgwlé snayfhe combiaed intp asnalester 635uipergigan pEropRef p guxture of

t H%ia ﬂ& ggurﬁ%l& 'Elfkaft?{l1 o ALK LR MBS bt addd fohtfe

ere the wastewater treatment
smstemtdxmsamofon emethpldchs mpdvig ey soufpiv eqef volpnes eff anitrate

cont ai ni ng d ' ' '

o 8 Ap RO o AP B, OF 2 ERIGHRn of dpeXhacly 3.1
| tsaiteatggaiigh ef slejonpaf,a Zml%a B&ibvh, ana 16 umistiofolutioniof sagdium
o] ni.trate contai nd | kal | ne..nat
BB AP ARG B S g g e B} Eiflon te
F@ﬁm@ﬁt@ﬁ’ﬂit@te cbﬂﬁlniﬂg)bbimp@md&y b€ adtledjion tequahintwdlalkabs: witerial to
a nitr ainin Qun uch sodiumnitrate
(& adde B P L 733%%?18&&% 53 R e ' b of
Nigte Ak BAIRI Ve @BdAfat §t@1£ 633, e )roRing t@n%@ﬁﬁguﬂesz&ofﬁlet@tﬁngﬂvaﬁ&%r
causti c sol ution sodi um tydr oxi de. The amount

t RBMATHYS (o RE0odeR b de&?ﬂ@lﬂf‘éﬂn@% e BRI ot %WP?"*"E?&?@HW’

upon t R@er either of steps 635 or 640, the wastewater treatment routine proceeds to

step 650, wherein various parameters of the treated wastewater stream are measured, as
determined by one or more of the plurality of downstream sensors 340, 440. For
example, parameters of the treated wastewater stream that may be measured at step 650

generally include the concentration or level of atmospheric hydrogen sulfide present in



anmount of nitrate containing conpound to be added, or
the anount of alkaline material to 25 be added, as one
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determi ning the amount of the mxture to be added at
step 635, the routine then configures the netering
valve or punp 475 to providﬁ)the det er m ned anount of
the mixture to the wastewater”stream After either of
steps 635 or 640, the stewater tr t rou [

o BRARIS it sl TR RSP HEGRs Ot Jore] PSSP g present
tifend tfeRRH S sRBLENRAA! Ofick famaES sﬁﬁﬁe&lﬂlﬁdld tkSconddhtration or
determ ned by one or nore of the plurality of

deveh of veaidnal sgraics peesaut an the Ereatect%?st%*iﬁtf%am Fay alfpemeasured.
sﬁotﬂﬁl tel aggfegﬁtemk ek §5pa1§atté R84 batitrdtBYorlRniiB G oRdd and

at st ep genera i ncl ude the concentrati on or
| adkadine pfategiphare pied (4.8 wm@eé treatment syateys, 388 efFigps Swp

%(u%Zx?g@ojf th(Eﬁ 55004 g%txﬁi%%%ater gt?eah’hﬁdttﬁeec%hgéﬁtrahon or level of
er stream an e concentration or |evel of
dneséuﬂl wigtes presérd én the ssgewateristreath may pBew d ampynie pbritate

am O her a

génﬁ?’%’ AR oF e@@% thy H‘?ﬂ% ?édﬁlap‘cﬁllgﬁ’{ g{hgeg and optimized,
|aqkﬁﬁnhqﬁaM&dnmmmbéwﬂher stream may al so be neasured

It sho d be ap rec a where se arate our

of ni t etréne@E}W |pf’ﬁaﬂ1§%eﬁso ﬁ}]c??ﬁ?ateg RSB WSS OO
MEbedetiddo stpas60; S\ﬁlﬂ:rt(lﬁ a @etermdmibﬁ xhadte ak Rcﬁﬁhﬂﬁ?ﬁh@@emte&lr’metncs
300 of F ure 3 measur e the tr.eate

f
e isieialeh SR G PaeD e AT PRGN e SSighi§ hiiiized.

r R%hdiltmbe dpptdcAtAThA RSB RImIniidne twﬁétﬁmm@desﬁédmammle
all ow the amounts of nitrate . containi n% onpound . a
e sy

alr%eiad) Wrsteviates piream haye Beenimed AR/ oot %Inéﬁﬂ?ﬂmlzeg may

Ol &ffle 10cHERETIRI YRGB HHPnsIBAR WirB6ks 840, UAS. F&Qxample
After nEasurlngﬁparaneters of the treated wastewa

swhaaithe plwality of dewesirem srmsEei 344, 4G v dispesd aWi%P@tfﬁl %Pmt this
dg& ST Aok | #rf%? bk FhaHBEEa Qtﬁn Qs G ardnRerdRSASRA at step 650 and

metrics he tredte st ewat er stream have been
e deawdh@nmﬁ@tth@ﬁewdd@@vw@mtregmo ptimzed. It

shoul dy foe. ARRHECHAL B il ARk ERARK 80 R5odBata

whet her 8ire ri treat ed wasSt ewat er
ssigeifivanh diseneestrenst ofahﬁdwuowwnbxs dehgnmgigtnem}a te more

??i?%?’f ﬁsor 8?3/113’(])16 Wq}e etp%)%lg%l or sogﬁ%}ea%%l? Sf ed‘els o182
\Nlﬁlgmﬁcztdﬂ disphtt wsiréayn oftha@ntrel podanfugherdivlegi@d octivig ﬁlaa foe

dIS d at the oi.nt, thi.s eter

BEs5ou BER T ety B Rt Rriospiiis medi<g T b dffssafiéa
S Elﬂﬁdfﬁzﬁ Gheagadtroltgont 4R be gdatdethin thesd thetrh(ﬁnﬁ)ﬁﬁ?@pcﬁﬁi wherein the
wast ewat er. strea ternatively,

Al th
PR o 5 S B ST e PSR B & stepgst. Wike it i the

S bg;e i thd ?ﬁﬂhet@ﬂs shcafeat 4 @@f) Bﬁﬁlﬁh)@f)e 4djnmaaqagr Q}bwaii@) tatreﬂect
his deterni nation may | ex. For ex

\Nﬁ@]"@ they évoaldbhwp@cyed&rc tba 69&’@1 p@am@éb@wpglpa&eé tcuﬁhg 6?%‘@%
atneBics.Yr gﬁérﬁét%ﬁlt thdig8diRA eR kP al tﬁ@@(fﬂtt@f leHﬁné%)%taﬁﬂlsted (e.g.,
poi nt, further bi ol ogi cal act|V|tX
downward) to reflect values that would be expected at the momtormg point. Although
the present invention is not so limited, it is generally preferred that the plurality of
downstream sensors 340, 440 be disposed at the control point, as the determination made

at step 660 is thereby made considerably more precise and less complex.
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poi nt wherein the 25 paraneters of the treated

wast ewat er stream are neasured at step 650. Wiere this
is the case, the paraneters 6reasured at step 650 may
be adjusted (e.g., upward) 07 ef | ect val ues that

woul d be expected at the ntr
conp arvehenitis defernyped at sigp 6 tggme %ﬂ ?@%@{1 S\}Néars‘rywater
t Jﬁ%alg %§€/er I%Qn Hi%f dnldese @Etehh@olﬁﬂlﬂké’do{he RAtiAE thmyerbﬁlates

ust ed .g., downward) to reflect val ues

ORI i L R AT S o P
thSe HBtﬁ%@rpﬁleﬂ RO st i 9& opfmibdithdutine refusns to step 630 (for
generally preferred that the urallty of downstream
sewmt@zh@amﬂf@}’ﬁemdh% nsbdes mar@iﬁ SOWBFOf Bitrafgsoptainings
xtxc%ng} aﬂﬁhhé)ﬁaigM? or &bp 6355 or @Qas{e%afepﬁ'&ﬁﬂ&tm&n that
con era nor e di se an €ss Cco
m@ad@mmlmdmzﬂmmm@mmg@m ndtallv:abne material),

D

SMﬁdhﬁllbe dtrap tomaiziag mateniel and atkiahee hitenn! areradjustet dsdependence on

Al ternat]jvel det erm ned 1

£ b Pimgeletoaarhine i dienia o M0 FLE PPitabeR gt Uit Lk
Ofhéthatthd Vdtesmase ggaotms?ﬂ’iﬂdludbp tdpatafeesdurceshel niteasé congaining
returns_to step or 5 stewater, tre
SRt et BAEE s ARG SUECY TFh P RS compound
C O Ak Shate AN Ypetatddichf Mesgbtbi tayBs i Adcordingly, ﬂie&peratlon
635 (for a wast ewat er treat nent systemthat _ i nc

oo pivisat SonASETHT Wt § RIS AR ot e eparet

aldtal ek BEnifRE ShdtAhihg coP&ingl MddelarmLRES (Of., Rkfstad Gmilar to
cont al ni ng conpoun and/ or al kaline materral, or the

afheuofiFighe &), encihen WHMTeaPYst 19g Wateahich eament gy stem g meludes a
R Bihéd sofifc€ ofARLHS E&Qalh qgtﬁg&ﬁiﬁ REEaIRAind Qnatte}}ﬁl (e.g., a system
par anet ers neasured at st It shoul
apiprileciodhas df Figate 44ependent upon whet her t he
wast e
U5t S L8RP I SR B ERGMISS Al g
atteentoumed nmwmoetaoﬁngnmpamai mmhemmnungof@@wpwmdtendmdded to
Ikallne rrat theo

AT HEmEPEL Rl MY M i

f Edrsﬂhe ikasdwabiedatet dtivad invastcenarhieallt efﬁatmtemﬁrm@ry $oeerample,

C 8’ %%t nmc(#u d e%‘ﬁ% 6&2@2&6@ ﬁl&a% EPBHIS ?%3“ ﬂg\(e&?fr g%s%lged sulﬁde and

S YmhdRphesic uﬁydiragentsmﬁdta hatmef blEhlgﬂécﬁabee) levedef redidinal mtfath are
respect to a wastewater treatnent systemthat .i ncl udes

o DI e L RS HET AL £ N AR 8RR MRRERds

al KRN Qe fBE(Eh e 16@ucBd to fBrifd ShEiize Bletydtah. [t@hél@be Of
Figure 4). Wiere a wastewater treatnent system such E

t eRreqipted et the prgsense o agnicaialle jeyels obygsidual eiltfaFFé iy g dgpte

Of 2B fvhtel SreR M Rdalts Mcht BRIRBUAG: 2o AgitiBABEMira® Containing
al kaline material added to the i ncom n% wast ewat er

stcpwpenndagdaddn ptapieHonescba teducad piyile maeting thadosirgdageiripse Of
maMrlseC, s noted previously, whether appreciable levels of residual nitrate are present

may depend on the position of the sensor used to measure this parameter. For example,

where the sensor used to measure levels of residual nitrate is disposed at the control



for the treated wastewater streamin an econom cally
efficient manner. For exanple, when it is determ ned
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sul fide and atnospheric hydrogen sulfide are net, but
appreci abl e levels of residual nitrate are 25 present
in the treated wastewater stEFanl t he anmount of
nitrate contalnlng conpounds added in step 630 may be
reduced to furth t|n1ze the

AR AR R %P&%@rﬁ%ﬁ‘ﬁf ?f?&“f‘%(ﬁﬂ"éaﬂf’%%}‘g%e%?

8 e Atrafdl drdadr @finlaPprbXighatelyenh e md&ﬂﬁdl@\\tﬁﬂl@ﬂ th&ih@meof nitrate
indi cates that the anount or rate of

rAddechinestep$AP Hapibp gpdueednBisusdendney W?l @‘pﬂ% S%t%ﬁﬁwﬁie
reAuGRtr Wdah tﬂ%ﬂo‘uﬂ&f‘éﬁ@h&eﬁé‘céﬁﬂ alRbfat &8p 640fma3lso be

course, as noted previously, whether appreciable
| reduskd. & fiermaedifying theameuatse aitmtqroateaNS ComPPURAd{on alkpline

tlggeﬁ’aﬁs&hdddo e?éutlhgﬁhﬁﬁgﬁgaﬁyéﬁpanH%G@e asure this

aneter. ere the sensor used to
me as u rfeltehwm:ls, W)lienrl*es eteraingi that ateénq%ordhe}%@edf dHgsokvpd

Sﬁlﬂté e and VQI(‘S Vg{c (ﬁg(?rgg eSI 18;5/ %@ﬁx?)? p Q\?ﬁﬁt}e or n%:l'e af‘rtntrate 18

er age ral’e greater t or
2meaghied m tha trpﬁakwhsea;veiter ofreant, ¢l aghoaht qfrmtraaﬁsetdgﬁdeeésfep 630 may

or e & bRt atre da Bk DRBRal adl Bk gl R TRAGR,

UR Sl wilke st €, tlieeanpddn O£ alka#ind maaﬁa dddedas ttepr\&t(bnaﬁztls(dwn

t he amung of kal ine material added.at ste

APESTE & HLSE SRS QU R G HSESABANRY gy of Hkaline
ninﬁt@ﬁil%d&&f‘ﬂ@'r&tﬁg rRaPRREs as0kdmarccal kal i ne  materi al
added,_the routine return to step§H650 a d 660.

Al t er nWherg @efrios fprefissplyed & Qf@taéerlﬁ‘% Prefmpspleticy

t H}%rd geMl %ﬁlﬁd@ gre %bﬁ a& MpbciableldveRDE ?é@i@luéltrﬁ@cﬁ@i‘x@ Eﬂe@sured in the
drogen sulfide are not net, but little or

r *@@a‘t@uaastqwatqr k) (6.2.. 7B AxUREE doTehalone | oF Smed or a peak lovel
V‘Q}%‘V@ é%gilmﬁfeff)e?ﬁg/ﬂ DEn SR (RS cdﬁ'tﬁ)fﬁgnﬁ); tl%ddiiﬁﬁn?df alkaline

step increased to further optimze the
syretednh adﬂqu!eﬁtste 1§80 mpp he inkesassteshift e HaP e 1% gequilibrium point to

W%g&gﬁg‘: ﬁ‘l@{eﬁ% EIE@g}rthEhgcr S I lé@l‘ie Igfiuc‘rf’i!o}f @% th& ?esﬁ?&l%t’rﬁés by

I ncreased
n’decblta‘nﬁ iim gxe tmetearnbumesmoénd rfmlthea petincioing diersy Fignc SApaicEly,

ét? réne cég’l | e%spg%&eh}}\d\%)gm? Q.l aré Qx@ 5,19 bs@qbl{ &gsgfvgc? sulfide

Fe netrics
s mdefnbd ench:[@rewﬂﬂble lowets afedsidualsnitraie amunms;mtemﬂm tieBted wastewater

rogen sul fi e n re vels.of ..
PYSEGOSE ol S5 b PO SRR FEL Gl Bt i e
V@/%SLEW %Quﬁlbﬁfﬁ Iﬁbﬁlﬁtog‘avog atmospieriagedrb @n&lhlﬁalb (‘ﬂlﬁ;eliy oducihg

, or ea above .appr oxi mat [ 5 L,
niadenebir GrebbREsuii e BOtmrRe PeRmoRmT e pA g ad Rt
MBEE 63 Blo cRHEl8RLréde & RPref3Ahd EyoulEof dﬂ&ﬂlﬁ@ﬁl@ﬁﬂﬂ@d&éﬂ th the
the H2S - HS" equilibriumpoint to avor HS-, thereby

aMageyaien Jepm; th%foeig%% isgrste SR e Ard ﬁ6%f the residual

Ni tr at §&efVmetics38LhE lvas bidilbR 1 SNRHIImSHhARMydRB6h

further optimzing the system Alternatively,
sulfide are met, little to no residual ritrate is present in the treated Wastewater stream,
and the treated wastewater has an elevated pH, for example, above 8.5 or 9.0, the amount
of alkaline material added at step 640 may be reduced to further optimize the system, as

it may be determined that amount of alkaline material added is in excess of that required.
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the treated wastewater stream the anount of al kaline
materi al added in step 630 may be decreased to shift
the H2S - HS- equilibriun1pg%nt to favor atnospheric
hydr ogen sul fide, thereby retiticing 25 the | evel of

di ssol ved sul fide., After nodifying the anmpunt. al ka

mat er il 0%1&&@ aprieciated gt By A RETeR t@%‘sdgs%{fj L
deRE RERE Iﬁ%u?é@ HAY e teadilyedniip@edt dptinide tAelsiaclint of ditiete
mastemater ream the routine retyrns tqQ steps 650

aavaitagie comperrd Fngralkabige majeripliddqddy Blednooming WawALg stream to
Sﬂd!:ét lhfdereqnd r@étﬁ&siﬁ’ Q %Bét errbict RERREr. AtthdugH ShedkBteWRiter treatment

tle to no resid nitrate is present in the
t sygiatngd’ Figust £may oot bgtas econpmallyefficienias thesyteny of Figure 3, it may

\Aﬁg’ctbbee\g%kﬁ urbPR Al t&ésﬁg(?ﬁn]@{gl HanfBlci@x AR, above 8.5

e anount |ne mat eri al added at step
640 rra‘ior renpde i@ wastovdtentieh@renbyystem similar fie thet afifagire 4gvhen it

ara ai 1ned tglat eag (s:té g&ﬁ@&%@s@féﬁ% }egé s %QJSS%Q f@ﬂhs%%ﬂldal

Pﬁﬂohﬁaﬂ@wcﬂﬁg%ﬁ gdifide 22 sunpasbrblny aiwide neogin €icsi. dheldval édissolved
th reat stem SCr ¥e
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Ofdb lafflodi@ of e camaimed n'ﬁ))ftuﬂé Io’f hiahte coﬁ:t@llﬂir@lcnmpgurdmnﬁ alkahhe

and alkallne incom ewat e
S{nla‘@gﬁl] Mgy be 8 £64‘PETP %n li)enre%e egsli{\ﬁlst%e gasue&
efbert b %nlg&m of surﬂsgémqwrprédmnmsd &wa; Rk eiahqﬂé R N0%5

f b
chipeRbiny, 20t he YT BF Bigat B 92 1Dl fRgislolydgulfde and

C o dsSHafie ﬁy&r@geﬁ%ﬁfﬁd@ eI o BRI hindentiof c@fibifdd hdRAbS nitrate
manner . For exal’rp e in a VVaSt ewat er treatnent SySt em

stentdining pempayad agd aquhglg matezial Gehe ipgreaspd upfd the MetHegpre met or
tgg%e g%&ﬁ1?ﬁ%nhﬁé&hﬂ%¥r'cs for the levels of

dISSO and at nospheric h¥drogen sul fide
ar e s u}t planydElet Appregiateid dlent tharcgibadients of wastewvatenjgeptment systems

Igégzlit&? q F%ﬁq\‘“%g;] :Indqleooﬂﬂ]grhtzg ?ﬁeg%\éiﬁ horﬂxfgeSI n e B{Q Ellafhs ers of the

t I:reatatmwlﬁwam‘r strdven, @ndrivdj e thermimetintrod swfidndantrallieg compounds

CqBl T8 SRR ok P bl e

t beendetht irdihl an®tts c$suiﬁde cmittqnmm;tompnumis rpdside thelincoming
predeterm ned | evel ,.for. ex

AP RaIE BT s aehptny e S YRR Sk R est i gmsim yalyes over

t Kighel BURhS, Db t@lihEIPheverdecaibadiicdatral i thlfypat afe gy daa respond to

hydr ogen sulfide are not net, the anmount of combi ned

m‘%&“@f;semélfe TRYHEE ‘é(aSt%‘?%‘?réPm%g compound and al kal i ne

mat er i AlhdBY sBRrdl BEME 88 FHorubiks idbschibe HERdi hHs baérﬁddﬁﬁfbe@ fin
exceeded by the predetermned level. It should

be
app#tiseitabepe rementRd QS ARIETPHISHDELEY or ietdefih Gmputer-readable
t LRAWE MshoHd B@Eﬁ)rec'ldtéd&ﬁitrﬂ@é 6sehiinfenfs RhoBsoAnsitel. Dafebd,

utilize feedback control to neasure parameters of the
each of steps 620 — 660 may be implemented without use of a computer, for example, by

an operator. For example, the measuring of the parameters of the incoming and treated
wastewater streams may be performed by a human operator, and based upon those

parameters, that operator, or another operator may manually adjust the amount of nitrate



20 treated wastewater stream and adjust the anmount of
sul fide controlling conpounds added to the incom ng
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Accordingly, weven if the initial amounts of sulfide
control ling conpounds added to the incom ng
wast ewat er stream are not op%:nal, the systens wll

readi |y adjust to optinmal vafles over tine. Further,

due to this type_of feedback _control, batk es . of
SpoeiE Saporth Blknerieb & figRE e H L e
VRssipRUed £ aBlalifaihterd] aB@BAa0 tiseN@ihg Wistdwaeer straeps Moreover,
acts descrjbed herein have bee deggribed in _rela ign.d
L1be BelpmEnatipFeAR AR G6H T4Y L6 REHATEI BY & PERTL PRIl Bhel
t fgagswa L Sibw' BAE R BrdifBRfliatiidugh thesRitwiich BeARBIS Gt OFhs

e present invention is not so limted. |ndeed,
edestritsfl pemepily vEiigrespegdo being inreneRsdpa OB R iHEoEd be e

OlpyFec R Brprl B SRIAAT £ nph 1308 OPEr ator, For

asuri ng e paraneters of the

i ncomilnshoalichetappratietdd thatmmesnens akterstionsanedifigajiopp and
perf oL A6y BP0 End 4. F
e Efts Mey e MIE D GPEhAbGLer R RAS I BPPEhRT0 fnd 4. For
nadaugpld, ys disfussstl abdve, therparameters ofiant maerpiny\@aste@atE1sH8HB 1such as,
PCT/ US2004/ 00368 -23 _cont aj nj C '

GRS o et o5 REPTR B RPN B Bt R i of
cepvdithgandtenlaton btiaar, aml the leabls afidmdspherid Inelrages ewifidgand
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may be too late to increase the amount of sulfide controlling compound(s). Where this is

the case, the controller 320, 420 may be modified to respond to changes in the measured

parameters of the incoming wastewater stream.
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of incom ng wastewater varies in a cyclic manner, or
if the | evels of atnospheric hydrogen sulfide or

di ssolved sulfide vary in a,cyclic manner, the anount
of the sulfide controlling d%%bound(s) may be varied
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reater
g was not confirmed by subsequent experiments, subsequent experiments have confirmed

that the co-addition of a nitrate containing compound and an alkaline material

significantly reduces the amount of nitrates in any form that need to be added to the

. wastewater stream to significantly reduce or eliminate dissolved sulfides downstream of



20 than that which would be expected fromthe conbi ned
effect of the two processes acting independently. In
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the concentration both atnospheric hydrogen sulfide
and di ssolved sulfide was reduced to desired |evels,
whil e the anobunt of nitrate ggntalnlng conpound added
to achi eve such | evels was ‘duced by as much as 50%
relative to levels obtained wt %gltrat addi
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PELhFHI dthodpharic MRASgEX RBHUE Bt still Revagldd §dnpredeh of residual nitrate
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The test data obtained in these field trials revealed that the addition of alkaline

material at one-half the theoretical amount calculated to raise the pH of the wastewater
stream by a full unit, actually resulted in practice in an increase of the pH by a full unit

(instead of the expected smaller change). There was an accompanying substantial



Because of the presence of residual nitrate ions

downstream the dose of the BIOXI DE(r)/BI OXI DE- AQr)
w@ewn/ozsent r ol chemi cal s were reduced. SubsequePCT/UEmb41003681

testing reveal ed good results regarding the

undetectability of dissolved sulfide ions and/or

at mospheric hydrogen sul fi de2 but still reveal ed sone

presence of residual nltrate @5 ions. The anount of
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5 one-half the theoretical anmount cal culated to raise
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act ua resu ractice in an |ncrease of the pH

b§ample U]l [Samplet | (0Pt éAbtrase* | el &xPistoived [sivemdspheric | Residual
chafuge)|. There V\HBOHn dowageppnyi ng wifldst ant i dSWO | Nitrate
2004/ 078661 PCl/Misago4/ @@3H8L - 26 (mgdyct| on(ppm)t hg (mg/L)
amount |of nitrat@&wEyd/jor nitfate|land ant hragui none

adetesbl tlo DRe1 Wasbewatier 4ohi | e sfill achievi ngl
substanti al reduction |of dissolved sul fides present] in

Ogntrolast eyt et spream and aj nospheric hydrogen
wl fidel control at the downstream nonitofing point. 5

TeRkdel 1| bapsat edoll ow Tgom [Tt |Station fo Downstrieam
N@nwol e Sarrpl e Sarrpl e (50% Nitrat ¢* pH D ssol ved

tie esT d NO 49 DAy NaQH Dosage| sulf pde H2ZS
Nytrate E}é%(ge %DD) (rTg/gL) (pprr) (rTg/ L) (GPD)

it ot lU O1=at yl 00,49 010
Qs%uno?r Ilﬂ%aly? 08) 4c j470l JJ]I(?ontro Day| 9 008 49 (0. 8'0

Co | Doy Fa Y« AN N N
s ) S 4' B T 0§00 0.0 5.0
2 Day 13 26.0 304 | 8.6 0.0 0.0 5.0
3 Day 16 26.0 280 | 7.8 0.0 0.0 0.0
4 Day 17 26.0 280 | 7.8 0.0 0.0 0.0
5 Day 18 26.0 280 | 8.0 0.2 0.0 0.0
6 Day 20 26.0 28.0 | 8.0 0.5 0.0 0.0
7 Day 20 26.0 28.0 | 8.0 1.0 0.0 0.0
8 Day 25 26.0 200 | 73 0.0 0.0 0.0
9 Day 33 26.0 288 | 8.6 0.0 0.0 0.0
10 Day 51 26.0 27.0 | 85 1.0 0.0 20.0

*BIOXIDE-AQ® calcium nitrate and anthraquinone odor control chemical, available
from United States Filter Corporation.



5 1 Day 12 27.6 34.2 8.2 0.0 0.0 5.0 2 Day 13 26.0

30.4 8.6 0.0 0.0 5.0 3 Day 16 26.0 28.0 7.8 0.0 0.0

WO 204/086bBy 17 26.0 28.0 7.8 0.0 0.0 0.0 5 DapC1l/8S284/@3681
28.0 8.0 0.2 0.0 0.0 6Day20260280800500

0.0 7 Day 20 26.0 28.0 8.0 1.0 0.0 0.0 8 Day 25 26.0
20.0 7.3 0.0 0.0 0.0 9 Day §i260288860000

0.0 10 Day 51 26.0 27.0 8.5°1.0 0.0 20.0

*Bl OXI DE- AQ(r) .calciumnnitrate and anthraqu nong odor
cBABEB I Epmkinatign of yeatedzamr dntreatehy Ot '%’fg P‘PD( er

.rf@[e TE3Hb1e O 2‘5%"” NigeRd PoH US3R4AVd0BRBAosphefi¢ | Residual
TARLE 1l %nﬁ N Posabeept ed |angiddat r pat qqlstI OW N@trate
Master Punp St ab e ag@bg)Sanpl 2@@ i trat gpm)PH| (mg/L)
Di Js,foL\)ed At ngs E%‘%} c| Resi dual . y I\Ja0—| sage
o1 |\||L|a Dos S L) (TToy ) ho)
(Pt °}:GonP’o Day 1 0 66 7.1 8é 0 i:onffg?g"‘my; 29 °
66—0- 422 **—2—CGontrol 662055553
Gortres) | Ba 2%2 o B6 10 6% 4 Bori it Day 4l ?‘67*** g 8
020 Q, 1-Day—-4321-0-65—4310-0-1p A oay—
1gonttol EBY?H 0.8 00 0%3 bay 44 21.0 66 ;05* 0
pd 0 0.0
Control | Day 32 0 66 10.0
4
Control | Day 41 0 65.0 6.8 0.0 0.0 0.0
5
1 Day 43 21.0 65 7.1 0.0 10 0.0
2 Day 43 21.0 65 7.1 0.0 0 0.0
3 Day 44 21.0 65 7.2 0.0 20.0 0.0
4 Day 46 21.0 65 5.0 3.0 20.0 0.0
5 Day 46 21.0 42 7.1 0.0 0.0 0.5
6 Day 46 21.0 42 74 0.0 0.0 0.0
7 Day 47 21.0 42 (.34
8 Day 48 21.0 42 Q.3%##
9 Day 49 21.0 42 0.6%%*
10 Day 50 21.0 42 5.4%&%
11 Day 51 21.0 42 Q. 1¥%*
12 Day 52 21.0 42 7.0%%%
13 Day 53 21.0 42 (), 9w
14 Day 66 21.0 55 6.2 3.0 5.0 0.0
15 Day 86 21.0 55 6.8 10.0
16 Day 89 | 21.0 55 7.3 0 5
17 Day 101 21.0 55 7.0 1 20 0
18 Day 21.0 55 6.8 2 30 0
155
Control | Day 178 0.0 55 6.5 3 120+ 0
6
Control | Day 197 0.0 57.5 6.76 3 25 0
7

** BIOXIDE® odor control chemical, available from United States Filter Corporation.
**%24 hour average sampled every 5 minutes by datalogger.
*#%%11 hour average sampled every 5 minutes by datalogger.
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5.
6 Day 46 21.0 42 7.4 0.0 0.0 0.0 7
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49°21.0 42 0.6%*** 10 Day 50 21.0 42 5.4*** 11 Day 51
21.0 42 9.1*** 12 Day 52 21.0 42 7.0*** 13 Day 53
2104209*"114Day6621D25562305000 15
Day 86 21.0 55 6.8 10.0 16 D&y 89 21.0 55 7.3 0 5 17
Day 101 21.0 55 7.0 1 20 0 18 Day 21.0 55 6.8 2 30 0
1Bpld rol Day 178 0.0 55 6.5 3 120+ 0 6 Control Day

197 0. Ds5iks 6f Bstd Gerd cémiubted vér'a pBiéddORD dagialt a dastwakr

chem cal, available fromUnited States Fil.t
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nut es hIS series of t
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Sllé”vc]acllo% gtmosphn?le li‘l? rogen su g, the level of liquid phase sulfide, and pH) was
monitored.

The data of Example 3 demonstrates that the addition of a nitrate containing
compound, in combination with the addition of an alkaline material, has a synergistic
effect on the prevention and removal of both atmospheric hydrogen sulfide and liquid
phase sulfide in a wastewater stream. Specifically, as can be seen by a comparison of the
data from time period 3 and time period 7, the addition of an amount of alkaline material
enhances the prevention and removal of sulfides from a wastewater stream as compared
to a nitrate only treatment of that stream. Further, as can be seen by a comparison of the
data from time period 2 and time period 7, the co-addition of an alkaline material
allowed a desired concentration of approximately 0.5 to 2 PPM H,S to be achieved at the
monitoring point using only about 66% of the amount of nitrate containing compound
that was previously required in the absence of the co-addition of alkaline material.

During time period 1 (7 days), it was determined that at the current dosage levels
of nitrate containing compound, the amount of atmospheric hydrogen sulfide (H,S) was
negligible. Accordingly, the second time period (14 days) was used to optimize the
amount of nitrate containing compound added to the wastewater stream, such that a
target value of approximately 0.5 to 2 PPM atmospheric H,S was attained. It was
determined that the addition of approximately 19 gallons per day (GPD) of nitrate

containing compound added to the incoming wastewater stream, without the co-addition



residual nitrate. Exanple 3 is divided into nine tine
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amount of alkaline material) were adjusted and
mai nt ai ned and their effect upon the dependent

vari ables (the |evel of atn&$pheric hydr ogen sul fi de,
the level of |iquid phase suftide, and pH) was
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effectiveness of the addition of nitr
Time periods 8 (8 days), 9 (3 days) and 10 (21 days) Were used as controls to

duplicate conditions in earlier time periods. Specifically, time period 8 show results
similar to those of time period 6, wherein the amount of alkaline material added was not
sufficient to achieve the desired levels of atmospheric hydrogen sulfide. Time period 9

shows results similar to those of time period 2, and time period 10 shows results similar
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probl ens were experienced 10 resulting in a
substantially reduced anmount of nitrate material being
added to the wastewater strS@n1 As can be seen from
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level of atmospheric hydrogen sulfide, the level of liquid phase sulfide, and pH) was

monitored. Due to concerns of the municipality regarding crystallization of the alkaline

material (sodium hydroxide), a 25% caustic solution of alkaline material was used

instead of the more common 50% caustic solution (to convert to an equivalent volume of

50% caustic solution, divide the values in column 3 of Table V by 2.33).
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2.1 PPM with levels of liquid phase sulfide being maintained at approximately the same
level as time period 1.

During time period 3 (4 days), the feed rate of alkaline material was increased by
approximately 63% relative to time period 2 to a level of 65 GPD, and the amount of
nitrate containing compound was held approximately constant with no significant change
in either the level of atmospheric hydrogen sulfide or pH. At this point, it was noticed
that the pH of this wastewater stream was significantly higher than that of most
wastewater streams and further, that the pH of this wastewater stream varied
considerably during the day, by as much as 1.5 units of pH over a twenty four hour
period. In most wastewater streams, the pH of the untreated wastewater is generally
between 6.5 and 7.5, and the variation in pH is generally approximately 0.2 units of pH
or less. Because of the great variation in pH, it was determined that the rate of addition
of alkaline material should be varied during the day, as it made little sense to add
alkaline material to the wastewater stream when the pH was already above 8.0.

Before the planned variation in the addition rate of alkaline material could be

implemented, testing was interrupted, such that the next time period (time period 4 (8
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adjusted and maintained and their effect upon the dependent variables (the level of

atmospheric hydrogen sulfide, the level of liquid phase sulfide, and pH) was monitored‘:

Time period 1 (15 days) was spent gathering background data in the absence of
the addition of nitrate containing compound and alkaline material. In the absence of
treatment, levels of liquid phase sulfide at PRV 1 (pressure release valve 1) were 23
mg/L, and levels of liquid phase sulfide and atmospheric hydrogen sulfide at the
treatment plant were 29 mg/L and 123 PPM, respectively.

During time period 2 (32 days), the nitrate containing compound was added at a
constant rate of 96 GPD with no addition of alkaline material. During this time period,
the levels of liquid phase sulfide at both PRV1 and the treatment plant were reduced in
half, with the level of atmospheric hydrogen sulfide at the treatment plant being reduced
to approximately 117 PPM.
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conparison of tinme periods 3 and 5 shows, the | evel
of liquid phase hydrogen sul fide can be reduced by

over 60% the |evel of atnospheric hydrogen sulfide
can be reduced by approxi matél’y 30% and the anount

of nitrate containigﬁ)conpound can be reduced over 32%
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10 an air ation gas upon
rtetappavalto those skilled in the art that the foregomg is merely illustrative and not

limiting, having been presented by way of example only. Numerous modifications and
other illustrative embodiments are within the scope of one of ordinary skill in the art and
are contemplated as falling within the scope of the invention. In particular, although
many of the examples presented herein involve specific combinations of method acts or
system elements, it should be understood that those acts and those elements may be
combined in other ways to accomplish the same objectives. Acts, elements and features
discussed only in connection with one embodiment are not intended to be excluded from
a similar role in other embodiments. Further, for the one or more means-plus-function
limitations recited in the following claims, the means are not intended to be limited to the
means disclosed herein for performing the recited function, but are intended to cover in

scope any means, known now or later developed, for performing the recited function.

Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to
modify a claim element does not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in which acts of a method are

performed, but are used merely as labels to distinguish one claim element having a
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LaMbtte Kit. 15 The above-descri bed enbodi ments of
the present invention can be inplenented in any of
numer ous ways. For exanpl e, %Qe above- di scussed
functionality for reducing the | evel of atnospheric
hydr.ogen sul fide and/or the level of |jquid Fas .
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ao dzaRdiMahd Qnndideheef . Wien i npl enented in software,
the software code can be 20 executed on any suitable
pr oceS¥tis daimedisul d further be appreciated that any
si ngl e component or collection of nultiple conponents
of the conputer system that performthe functions
descri bed above can be generically considered as one
or nore controllers that control the above-discussed
functions. The one or nore controllers can be
i npl emented i n numerous ways, such as with dedicated
25 hardware, or using a processor that is programed
usi ng mcrocode or software to performthe functions
reci ted above. WD 2004/078661 PCT/ US2004/ 003681 -40
In this respect, it should be appreciated that one
i mpl enentation of the enbodinents of the present
i nvention conprises at | east one conputer-readabl e
medium (e.g., a conputer nenory, a floppy disk, a
conpact disk, a tape, etc.) encoded with a conputer
program (i.e., a plurality of instructions), which,
when executed on a 5 processor, perfornms the
above-di scussed functions of the enbodi nents of the
present invention. The conputer-readabl e nedi um can
be transportabl e such that the program stored thereon
can be | oaded onto any conputer systemresource to
i npl enment the aspects of the present invention
di scussed herein. In addition, it should be
appreciated that the reference to a conputer program
whi ch, when executed, perforns the above 10 di scussed
functions, is not limted to an application program
running on the host conputer. Rather, the term
conmputer programis used herein in a generic sense to
reference any type of conputer code (e.g., software or
m crocode) that can be enployed to programa
processor to inplenent the above-di scussed aspects of
the present invention. 15 Having now descri bed sone
illustrative enbodi nents of the invention, it should
be apparent to those skilled in the art that the
foregoing is nerely illustrative and not
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containing conpound to the wastewater streamin an
anmount sufficient to reduce a concentration of at

| east 40ne ﬂ{e ﬁt@%ﬁ%ﬁ bf:clemﬁg 99 a’?ﬁ%hlll t é egc? {b% géjduc?si the amount

di ssol ved sul stream of Irst’posrtion to
af e sitratebopimtraompoingihgddedio a¢t(p) xdddilengt 2086. a second
position in the wastewater stream a conpound
consisting 10 essentially of an alkaline material to

t he wast evitteanetibddrafany dfixlaims Qe whireinahoaen (b) oddutdi@he amount

R RN TR RN O
essentially of

6. The method of any of claims 1-5, wherein the act (b) includes an act of
adding the compound consisting essentially of the alkaline material to the wastewater
stream in an amount sufficient to increase a pH of the wastewater stream downstream of

the first position by approximately one unit of pH.

7. The method of any of claims 1-6, wherein the act (b) includes an act of

adding the compound consisting essentially of the alkaline material to the wastewater



the alkaline material includes at | east one of cal cium
hydr oxi de and sodi um hydroxide. 15 3. The net hod of

w@nop4078661 ai s 1-2, wherein the act (b) reduceBCT/i82004/003681
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amount of the nitrate containing conpound added in
act (a) by at |east 10% 4. The nmethod of any of clains
1-2, wherein the act (b) reduces the anmount 20 of the
nitrate containing conpound'ﬁﬁded in act (a) by at
| east 20% 5. The nethod of any of clains 1-2, erein
tstreana in anayjoupispticient foiactaas a i ofdte Waskewaier pligagn downstream of
| fsRonGorRouAd pidathdny 364 s 6ahier . | east 30%
gﬁgggkﬂﬁe ﬁet od ofpgﬁy of %Iains 1-5, &ﬁarein t he act
(b) includes an act of adding the conpound consisting
essenty al | ¥nohehbe ofildlrbfind 1 SftloRin 112 oLS) ARLEUR! o
stream in an amount sofficient to increase a pH of the
vasateawaticrof atnasphnrid dywiogersmifidefand diseolved sykfidp dewnstrosm jfthe
roxi.mat el y o nit of pH 30 7. The nethod of any
§$€%F§Wﬂ%5&@é?“ﬂﬁ§?ein the act (b) includes an act of
addi ng t he conpound consi sting essentially of the

pCT) UdkooatbomeRt OFary SebaT P srenkiis TR (Quhe o

trfoRfdRATR samppodifiort he wast ewat er stream downstream
of the first position to between approximately 7.5 to
8.5 units of pH 8. The nethod of any of clains 1-7,

wher eip, t hghaglethodbf &HICRENS NG, When GRMALE 7d)ia0d () fare
at nospheric hydrogen sulfide and dj ssol ved sulfide

psimieeusly byradding aprrdeierpinedygpixyre pEike pitipgpgongining
;%bgnﬂ(ag $of f cRPbuRd conbidlinesdnBany¥rekdrhifb ﬁla%gﬁﬁ O( a)

are perfornmed at the sare position.
The nethod of any of clains 1-9, wherein the acts (a)

and (b ar §y. BRI LFBGins | TWhERPERL S Yet@¥iRAFhRBrSincludes

predeternmined mxture of the nitrate containing

cedpounitatapod sddemebydserided consi sting essentially of

the al kaline material. 15 11. The method of claim 10,

wherein the predeterm ned m xture includes sodium

ni t r at’®. an@hs egtthotholiymr afxiadies 1-10, whiEhen themitode entagmyg of
e nitrate containing conpound

cl ai ns %}}g. mhﬁgeiq th
i FOrRegRd R oS HHR P& e, 20 13. The nmethod of any of
clains 1-9, wherein the nitrate containing

13.  The method of any of claims 1-9, wherein the nitrate containing
compound includes anthraquinone, and wherein the acts (a) and (b) are performed

separately.

14.  The method of claim 1-8, wherein the nitrate containing compound
includes anthraquinone, and wherein the first position is spaced apart from the second

position.

15.  In a wastewater treatment system that adds an amount of a nitrate
containing compound to a wastewater stream at a first position in the wastewater stream

to reduce a concentration of at least one of atmospheric hydrogen sulfide and dissolved
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compound i ncl udes ant hraqui none, and wherein the acts
(a) and (b) are perforned separately. 25 14. The

woreiohomeof claim 1-8, wherein the nitrate conteCTUSIH04/003681

conmpound includes ant hraqui none, and wherein the

first position is spaced apart fromthe second

position. 15. In a mastemate&btreatnent system t hat

adds an anount of a nitrate” cont ai ni ng conpound to

a wast ewat er sé@ﬁ?n1at a flrst.§85|t|on in the

walSide dateyreap o Tt Bositing fp & dgst ﬁ%‘@ﬁ??%‘??ﬁrf“%t?oaaf’onmung
legRatiaige; of at mospheric hydrogen sul fide and

di ssol ved WD 2004/ 078661 PCT/U82004/003681 -44

sul f i addighwhasceensinogition Highs pasiewaierstregupanppoynipl acpapgound

%Qﬁ‘sqﬁfﬁg k@M oRalBkAIRE mafPdBloSiid WiktewRB? SiklabPtolr¥auel ihe
addi ng, at a Second position in the wastewater stream

amoanicafithe r@ifratacmmm primpoyph ssed o reguesdbeermientiatjondt thyat
Q%T%?igle%? tﬂgaa'ﬁﬁcg r)ﬁ: ?81 me%‘ﬁ@ﬂ%rdlséglrvg@mlﬁd% th %%ﬁred
t he anount the nitrate contal ning compound use
tcongeatiata. the concentration of the at | east one of
t he atnospheric hydrogen sul fide and the dissol ved
sulfide to the desired concentration. 16. The net hod
of cl abm 1%he mbthodofitldiind Sawhereif: tlieddi oftpdiling inetisiss arachof
of,.. 1o0.addin t he .second position if .the
Sidipgvis iepedty eliorlS aRFTRbRaRE SiehisoR sl tifmount of the
ofpoRicoasstip Skdefiihlle 98 o talkaliheymarbridl hetha wlastt witer stream to
Féﬂirlhal to t e wast ewat er, stream% redH e Eehe )
ARBIGR ELCSMOpRp ﬁl?etql%%t‘“e‘:%ﬁlilﬁg PHRPUR HSSS Predee gogeentration

[ e 1h RnE BB RbloditeAd hy @bgdnRiglfidb ahEMs His@hedahifidB @ the
at nospheri c hydrogen sulflde and the dissolved sulfide

d@“ﬁﬁlé’on%?é@i‘tfoé‘d’yé lsethPPation by at Ieast 20 % 15 17.
The nmethod of claim 15, wherein the act of adding
includes an act of adding, at the second position in

the wadt ewhbemebes ebalyimd Ssyherpipithanct efadding insfudesen act of
GAFREUR theGRDRM %Bélﬁ‘(gl 1R RO ste@atey s&gamt heumbka! a'rrﬂ)ﬁnt of the

matefial to the wastewater streamto reduce t
aepppendgonsistmgsheeniinlly of ntalihnamatevshiotm dva@tswtelt gream to

t
RS RaRESRILGAS LBsls F B EBSle 0 B e
tad thetpd leagiont pEilie stomspntic bydrogenbylfide ahdths ﬂlswédnsun'ﬂe to the
'I;%glf rae&)pcegmg[ Onﬁy%t%gfeéb% nms 15-17, wherein the anount

fe conpoun t he second position is
suff|C|ent to raise a pH of the wastewater stream 25

Sgy\?sgg eamrﬁ metlﬂod oil arn§it0f Elgi%{st 1'501ni w%ergﬁeﬁeog(moql% e tXe gorl]nepound
added at the second position is sufficient to raise a pH of the wastewater stream

downstream of the first position by approximately one unit of pH.
19.  The method of any of claims 15-18, wherein the amount of the compound
added at the second position is sufficient to raise a pH of the wastewater stream

downstream of the first position to between approximately 7.5 and 8.5 units of pH.

20. A method of treating a wastewater stream, comprising acts of:



19. The nethod of any of clains 15-18, wherein the
anount of the conpound added at the second position

w0 g0080fdebri ent to rai se a pH of the wastewat er PGI/USENI/003681
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downstream of the first position to between

approximately 7.5 and 8.5 units of pH 30 20. A nethod

of treating a wastewater stream conprising acts of.

WO 2004/ 078661 PCT/ US2004/ 003581 - 45 (a) adding a

nitrate containing conmpound at a first position in the

nast et Edng HERpFORHYnG RIBRYIG A aaﬁmqsmn% & Wpsipwaler
ﬁﬁond position in the wastewater stream (c)

sensing a |l evel of at |east one of atnopspheric
hydr ogenadsiing ancékalit weistislatia segud pasition imig vesisvafgrstream;

nitr at(§néc?ﬂsﬁ1g JT‘QY‘EES‘? Bneséffa Wfogmlﬂﬁdet Bisolved

first pos I't1ons; sting an
aatnﬁﬂai andfresidual eitrait irothe Wtastewzttef smaam doensomnaf thedigst and second
ngound cfmd the al kaline material added to the
'8Hafdr streamin response to the act of sensing.
10 21 (d)Thugusrmtg lan dmoiint of atilensdhe oﬁﬂmrmmme ¢dnéping cqnioundand

P i TR € bt Gl oL Penece 4 e sgpine
addl ng the alkaline material in an anount suffl ci ent
to raise a_pH of th ter str
the fidlst ZREMEHRER Clﬁ)l&éot’ WhFrs e %ﬁ'&@ﬁd&? ‘{/ yoaﬁ(féomputer
unit of pH 15 23. The met hod of any of clains 20-22,

wherein the act (b) includes an act of _addi n)g th@
al kal i%3e nﬁ"ﬂiéme&wpﬁaf&’rf’fﬁ%’ﬂﬁﬁo Bl Peoereiethe agt gb)iagludes gn act of

pii'cidﬁxfg th RN HENEREL B an SHbER T ERIASDH T4 S of e wfahté\ﬁiter
and second positions to between ap grom matell;;, 7.5 and

gstwamsowssteshmysttheXystzad sepped pasitieasionaPPaGmefelyang pi of pH.
20- 23, wherein the act (c) includes an act of sensing
the | evel of atnospheric hydrogen sulfide and the

| evel 23f diThs olethed o§@nhyfcrf@bumm20 -Thevharein boactéb) Bchidesnn act of

3\%&%‘ tfle ?Eghne néalge 4 ra?i%ugll%ﬂlg sﬁﬁ%féﬂpto Q&ioelf #xlfl’ B the %gtewater

es an act ncreasi ng an
amumtdowhsttdam afitlier frsteand eevond positipns tripowed appidsithaiely 25 and

a 5 %@Q wgﬁn the | evel of at |east one of atnospheric

hg PBYH PEul fi de and dissolved sulfide sensed in act

(c) is greater than a desired level. 25. The nethod of

anyof clal (? atSc%li l.udes, an

a0t o sorBrasiona pES e A0 T ket he B apdgERaS i acto

Sébnbihgl ﬂleaévél bihembyedic Widragde:s sofideamdshd kvl ef dissolved sulfide in
the wastewater stream downstream of the first and second positions, and wherein the act
(d) includes an act of increasing an amount of the nitrate containing compound added in
act (a) when the level of at least one of atmospheric hydrogen sulfide and dissolved

sulfide sensed in act (c) is greater than a desired level.

25.  The method of any of claims 20-23, wherein the act (c) includes an act of
sensing the level of atmospheric hydrogen sulfide and the level of dissolved sulfide in
the wastewater stream downstream of the first and second positions, and wherein the act

(d) includes an act of increasing an amount of the nitrate containing compound added in



30 the wastewater stream downstream of the first and
second positions, and wherein the act (d) includes an

w@eio40786bncr easi ng an anount of the nitrate coPCHUSI004003681
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conmpound added in WD 2004/ 078661 PCT/ US2004/ 003681
-46 act (a) when the | evel of atnospheric hydrogen
sulfide and the I evel of dissolved sulfide sensed in
act (c) are greater than a dé8ired | evel . 26. The

nmet hod of any of clainms 20-23, wherein the a

i anc (2 héhen tom 126t ofptmosphericrhyiragen wikidecnd rtheésveépfﬂ%s'ﬁﬁéﬁ pfide
h%%ge%qsgctmt fd d8atthd Rsti&liBle Of di ssol ved sul fide in

er”stream downstream of the first and
second positions, and wherein the act (d) includes an

act of,jncr a3|
act Ofag.nC L B O30 50 SurhciPthb B (EhGHAR b act of
a&dﬂi&ﬁ@hfemtvel Siatkn esphericshyldfageiesudfid ail gedbved df disdohvied sulfide in

SRS A BB BB ARl

( @) inchelesgleft aNingedsingfan ag@OSH of gletaﬂi&hh@meﬂendfadded in act (b) when

at mospheri ¢ hydrogen sul fid and

aire Sok Ui battoreat fosire EuREnarde B EaPtwideeams
ofictl()8s bt thanwldessReédIRGEIPOSI tions, and wherein the act
(d) i'nclTudes an act of increasing an anount of the

al kaline material added in act (b) when 15 the | evel

of at mpsph eFHe%léf'Ndélrd? g oS dMifnb Q@-Z?ﬁ nﬂlewiﬁ?tﬂe awit) iatludes an act of

di ssol ved sul fide sensed in ac ( are greater

a sehsing thedeved ofgtmospdericrpydrogen ﬁg@dqﬁndébs,leﬁql of lissohged sul%ge in

2 t 8§ oA pSMitonS and $BBRi W act
t%léj?v?aev\e%?g{ egmrf%gg erm(cpf)ﬂ;/édfg}gtl en 58 f})de 0arllndant he ° %

| é)ahclwtes i a4 of inengasing 4n oot alkading enstesiakadded sioe ehivhen
d %{Aeqeveli efi}]@ng%)h 1130 kt)félk({%%ﬁ \ﬁﬁge ﬁﬁcimgve@ Hl‘ééoma sul"ﬁﬁg sensed in act

es acts o I ncreasing an
ar@urftgrexfterttm adetiragtlevet.ont ai ni ng conmpound added in
act (a) and increasing an anount of the al kaline
materi al added in act (b) when the |level of
at nospb&r i cTiuyakthgesf agybf dlaims 2023 1 wieerdie el acofc) includes an act of

di sspl ve i de sensed in a s
e b B T
2@ne2Rastedfl Skdant di®magdan( 6)thd el andescoad p&ﬁﬂioﬁsf andsrﬂm&urmye act

the | I f h h d I
| dDanciites ans sbnu e it o T M e A nag Bymagd added in

dQWN g} rRaftrQkink BE ahbligof 48 dIkaREARLleR0 Sddeld @i Sot (@rwhen the level
wherein the act (dg i ncl udes an act of gecreas

arpb atosplierie hydrpganrsutide aphihs lsvelRf dssehrsuntids dersa Cé@) are

a%geage@}ha%g@mtea@evgpvel of at |east one of at m)spherlc
hydrogen sul fide and dissolved sulfide sensed in act

(c) is less than a desired | evel.
29.  The method of any of claims 20-23, wherein the act (c) includes an act of

sensing the level of atmospheric hydrogen sulfide and the level of dissolved sulfide in
the wastewater stream downstream of the first and second positions, and wherein the act
(d) includes an act of decreasing an amount of the nitrate containing compound added in
act (a) when the level of at least one of atmospheric hydrogen sulfide and dissolved

sulfide sensed in act (c) is less than a desired level.



WD 2004/ 078661 PCT/ US2004/ 003681 -47 30. The net hod
of any of clains 20-23, wherein the act (c) includes

w@nooaotseof sensing the | evel of atnospheric hpCr/o§m®N4/003681
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sulfide and the I evel of dissolved sulfide in the

wast ewat er stream downstream of the first and second
positions, and wherein the act (d) includes an act of
decreasi ng an anount of the-hitrate containing

conpound added in 5 act (a) when the |evel of

at nospher i Ehéwmpethedyefiang of ¢lpins 28173, WhereindReact () skdgean act of

Sslélrllsf1 ! %%ﬁaﬁ gtgnosl?}?ﬁg h%nirg en%{lﬁ'lfdle gﬁ@thte Iﬂ%@l & diiesivEifide in

15§Vt alns 20-23, wherein
tthewamwa(te:r)strem flovdsieam oftbe ﬁrst andsseprid pgsitienes, snshrghieredn the act

eri c _hydrogen sul fi

JrCBaRg S Get ¥ P et ialR £ 0 ol Rfimmpound added i

dewas ivhediit tvell datnidsplitic alydko sacuifdle poditt lonbdissalvdd sulfide

wher ei. n thg ﬁt (d) C an act of decreasing an

SFBHALN ¥t (D A less aﬁ@“ﬁﬂ#@? ‘al added in act (b) when

the level of at Ieast one of atnospheric hydrogen

sul fide and dis oIv j de. sensed | a .c) ds

| ess than ADEWES P%S gfﬂfa g0 W?‘Ffémﬁget ‘H%gf) g‘?A‘%‘{lﬁ@alb?Ct of

CeBdifBthd Bveidf aﬂﬁ&ﬁl@dﬂa ht/b)@gapﬁnﬂd@)and fhel1evdBsf dissolaed sul)ﬁde in

sensing the | evel of atnpspheric_ hydrogen sul fjde %1
9\%{ %]i)ereln e act

R O e e R AR S R
@5 ﬁ@mﬁgm{ 5@@&%&ﬁngtaﬂ%nfohﬁt~%tf t@%@caﬁﬁ&ﬁiﬁﬂnﬂ%ﬂéd 8@t (b) when

rein the act d) includes_an act of decreasing
athe Favelafet lofst pmeofarrk%phm hydiosen allidecid éleKHVt‘élcSPlfde pensed in

m%fﬂ?lsl 1iﬁwgkmgﬁlg%pnspherlc hydrogen sul fide and

eve ssol ved sul fide sensed in act 20 (c)
are less than a desired level. 33. The nmethod of any

of cl S8
of séegn5| ng ?ﬁ%tﬁogd\;}g & oO?Cfa m)sp%érl cre roggﬁ %&anactof
amism@ﬂlellmbcbf athosphegdiydegesslfideded ithe levtehef digeslvedsitlfide in

Esilr %(%ﬁr?g\?igt?n %én\g{?sfu?%tg ?)8 ;he Irﬁl?ﬁ%l u% gejeggr?dgqoggxogéj gﬁ& bvﬂ&@m the act
a(®) a{ehides arddct dihRciehdingpdneantoant «fitir aikplioe ma&um]chddeiﬂmdd (fo) when

ﬁé‘?é?("g of %g'gﬁg T}Cﬁ1}’§ 91{ %‘Tﬁt%?ga q{eﬂfgxfe} (téfccgﬁsgﬂwa(? sulfa % sensed in act

alyRSNRE ka6 aMyeragsel sul fide and the |evel of
di ssol ved sul fide sensed in act (c) are less than a

desired level. 30 34. The nethod of any of clains

20- 23, 330hergic ekt oty dfelaih120-28 et @6 bctagé) inEeds Iaﬁ] @t of
the | evel of atnospheric hy drogen sul fide, t

osenging ds|Igesokaimpspheric hydepgemaliigeaapd thegevel e%%saéﬂeg siifide in

njl:h'é rv@a"st%wht@r LRem\B Y haWah O iRt 8 3y GR ds8Rfk, ahd HA&ein the act
first and second WD 2004/ 078661 PCT/ U 004/603681 -

- @B inpbles datnef, decrnasingtraresionnt i dreautrate enntainag erparouathadded in
o‘fact ‘?5%5& ﬁg‘ér&ging B A0 be fﬁg alkBEnethdtE: 2 8dded in act (b) when the level

of atmospheric hydrogen sulfide and the level of dissolved sulfide sensed in act (c) are

less than a desired level.

34.  The method of any of claims 20-23, wherein the act (c) includes an act of
sensing the level of atmospheric hydrogen sulfide, the level of dissolved sulfide, and the

level of residual nitrate in the wastewater stream downstream of the first and second



cont ai ni ng conmpound added in act (a) when the |evel of
at nospheri c hydrogen sulfide and the |evel of

wale@gorssed sul fide sensed in act (c) are | ess PCEHDSH04/003681
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desired level and an average |level of residua

nitrate sensed in act (c) is approximately 1-2 ng/L or
greater. 5 35. The nethod of claim 34, further
conprising acts of: (e) sensﬁﬁg a pH of the wastewater
streamat or prior to the second position; and (f)

s Bsiiong, amdsvhersin the act(@dndydes a acs of desrasiogas tmeuntobibe nitrate

t i
B e
ofnd e lﬂvelazfidrsgolwd saitfisla sensed intahie(chirk &dss then adesined ivel and an

ot L VIR0 R e b A0 o D

second p05|t|ons is at least one wunit of pH higher

than t of t t ewater, stream.sen in act

(e). 1 37 W@etﬁ@%’agmﬁﬁlgﬁ@e&m@%@}g@cg@ 23, wherein

t he acte) (sé:x)smgl’wﬂHldBﬁe abstiter8freans 118 ipfigr to i de€dt@lposifion; and
sul fide, the_level of _ dissol ved

at mospheri c [

sul fid S%{ﬁﬂigtaﬁ’%? TR wstegater é‘é‘,‘?aﬁh%q‘”‘ﬁ?r?%?fetg? rst #fd second
m@@ﬁ@mgxer strean1domnstrean1of the first and second
positions, and wherein the act (d) includes an act of
decreasi ng an amount of the alkaline 20 naterial added

in act3d b) mRemthdiorryebs, %he%rmi’é Q&?H} ﬁrtﬂéf%éi’lgﬁgl an act of
sulfide sensed in act (c) is less than a first

deeTsagiags pe ppunt f the plkgline raterinl addsd vieert §awhied ghegeh@dindicates

| hatl pliGr tﬂeﬁv&fe@@&? HO\}/\{SH@EHH Fﬁ&@ gncfjs%édﬂ'd?gmhgﬂ/s% at least one
and an” average | evel resi nitrate sensed in act

( vt picpH higherdbanthg @il pf the waﬁgwaiermtregn earsetin agHeB8. The

nmet hod of any of clains 20-23, wherein the act (c)

i ncludes an act of sensing the |level of atnospheric

hydr ogéh sulteingghodtdf eny ef\cbilime20-83, s8whone the ol (£) idéndeand act of

t V. It r at

Dl L A P IS RSB g
ahdel\dﬁ egsifunl tifnee acthe W@tewmlsﬂelﬁs déwnsaedm of the fiest @fﬂiSdel)Skgld
an amount of th mat er i added in act ,
WP Shgrenps ‘F%é‘bﬁi‘éﬂﬁ B4 o' Slé*‘gjéﬁ"}s% P Pt gl B fkaine
| ma&ﬁﬁl a(ddéd BQct () @‘h@ﬁh@revél ReRmRsHeEs hydesn @Bk @éh@éd in act (c)

e f dIS egﬁ% lee sensed_in act (c)

| Bdees Bt R b sl G od et seseg it sy) s reate
| e h s@tbnd &é’sir@d@bel%ﬂd%ﬁt&@er@@ﬂ&%@ of Rsid&dl nft@de sbfsed in act (c) is
appr oxi ng/ L or greater. WO 2004/078661

nat e
P@ﬁW@@E@GWﬂO%Q@@&mWﬂﬁgﬂ39 The nethod of any of clains
20-23, further conprising acts of:

38.  The method of any of claims 20-23, wherein the act (c) includes an act of
sensing the level of atmospheric hydrogen sulfide, the level of dissolved sulfide, and the
level of residual nitrate in the wastewater stream downstream of the first and second
positions, and wherein the act (d) includes an act of increasing an amount of the alkaline
material added in act (b) when the level of atmospheric hydrogen sulfide sensed in act (c)
is greater than a first desired level, the level of dissolved sulfide sensed in act (c) is less
than a second desired level, and an average level of residual nitrate sensed in act (c) is

approximately 1-2 mg/L ‘or greater.



(e) sensing a pH of the wastewater streamat or prior
to the second position; and (f) sensing a pH of the

wok®tevster stream downstream of the first andPCRUSUI4/G)3681
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positions. 40. The nmethod of claim 39, wherein the act
(c) includes an act of sensing the |evel of

at nospheri c hydrogen sul fide _and the | evel of

di ssolved sulfide in the wa%tewater stream downstream
of the first and second positions, and wherein the act
(d) 10 includes an act of decreasing an anmount of the

al kal i5 30 ”?Bﬁﬁ]bﬁ%d 9@'&?% bRinRCH0- %bﬁdhﬁﬁébmﬁ—ﬂaﬁ? hewet: of

at nospheri ¢ hydrogen Sulfide and the |evel
di ssol(s)estnsing # pH@f Herresigwatsr sreem af ef prigr éo the sxopd,pgyitipn; and

desir ZS V\%?g%‘ %ﬁ?@ ;89 thg N6 s@Ghted dideath ng{)vﬁﬁfegl% dritarbiad E’édond

of th ownst r eam of first and second
pasithons is at | east one unit of pH hi gher than the

pH of the wastewater stream sensed in act (e). 15 41

The nethod of claim 39, wherein the act (c) includes

an actaoof gae fneﬂfgd helainl 3 etheoin the mb(;p teohides dmyabt ofgensing the

sul fi i.SSO ul f d eve

cFetopgingsmietn e pioE e Ve Rt pisiiug Pk Wk

aﬁm&ia&&@ﬁm{ dévhﬁ;trfaarﬁ Sftlhagifkt WMdmo?ngnwm wheagingl the act (d)

erein the act i ncl udes _an_act o cr

A A g e RO

}Nﬁ'l@ 'iElvtehﬁ" a'trﬁcysﬁher%fh dfo@&f#ﬁﬂlﬁfe‘ agd h&d%@g@ﬂﬁls‘sulvﬁd dﬂﬁmnieb&n act
eve di ssol véd sul fi de sense

t (saaredesd dwn pdesired evel, apdyibe pebyi indigates dhat ﬁﬁéﬂ&f gfr’iﬁ“t Y’%?Eeév waler

SgRFRed oltatﬁ%jl tﬁ{s? %ﬁned éﬁ&%}%}'othlﬁgﬁl i€at 183FbdenBit@d¢ pHhigher than the pH

I ndi cat es | wast ewat er downstream of

t hiethé imngewaterdtrsan omdedosPti(Pons is at | east one unit of

pH higher than the pH of the wastewater stream sensed

in act (e). 25 42. The nmethod of any of clains 20-41

wher e 41.t hénaamhc(dap)fchm 3¢, tyhezpinsthe petr(e)dnetades an ag of gamging the

ezflgltd%ﬁ?o sgheéntc %X]H\r%gén s\{m{(ﬁ r thé Ie(/ isfdvedAuliRiR { WAk AEvel of

onpri O antrate source I N
f Iraeiddaloﬁxmmm theatvamwamftsheanhéowmmm the firsh andodekendipasitions,

a ou in fluid tiQ
e Bl S s e st R POk Ykl i gging patera
| @asil 108 (19 ensathe leies phamdspherid hyaroyas twfidd s the level of
domnstrea of th itrate.source e
bR e pered g ERuE e T Byefegievar e AR i
Aty RENeRIeH ¢ addY) iOERRgiEM] fnddi nd) tidiaes thatths protfﬂe
downstream of the nitrate sourge and the al k ne
maeteVaET doymsieeam ofifhe first and second positions is at least one uniF of pH higher

than the pH of the wastewater stream sensed in act (e).

42.  The method of any of claims 20-41, wherein the acts (a) and (b) are

performed at a same position in the wastewater stream.

43. A wastewater treatment system, comprising:
a nitrate source in fluid communication with the wastewater;

an alkaline material source in fluid communication with the wastewater;
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5 means, responsive to the neasured | evel of the at
| east one of atnospheric hydrogen sulfide and

walk@gnorssed sul fi de downstream of the nitrate sSPCE/US0840D3681

the alkaline material source, for reducing an anount
of nitrate that is added to the wastewater to reduce
the level of the at | east one of atnobspheric hydrogen
sul fi de and dissol ved sul fi d®- downstream of the

nitrate source and the al kaline material source to a
desi r etliehstvrd sensbd MOSWH@W@%‘%@W@MG wratespyree
%%eadlk e > mals ? [sGinBe tt@ﬁleggﬁfyhsle\f/@ bf atll&QGitie BGa heric

unt o e added to the wastewater includes a
d@rﬂmgtne sulfidepind dissalend sulfisiadpwhitisam o the atrajeetoyree ghh e pligline
nitrate source, the alkaline material source,
éﬂﬂmﬂﬁﬁgﬂg% % %ast one sensor. 15 45. The wastewater.
t r eat ndahs, Saspordiveof thameanfeddll nftha 3t laast ongaseBngsphasis

V@%{%ﬁ}g?@ﬁ(ﬁq q{@%ﬂf&@géd:%ga%w%st%a glf tﬂ{e%gtﬁatggrogg% ah@ Fﬂer?iﬁ(ahne

axhk@hm@ura@tf&rre@bmg an bineumﬁ hieram ttleat is azoedme {theTastewater to
wast ewat er _t t em of cla|n143

nisdwes thelevel p @E Pl F@t RTA dcf ﬁ"quB}Eeng@y%ﬁo gxgg 8{%;(}1%% sulfide
VG RIS b thdBikrb@ @6urc@£nd| tRagkalidB mafeﬁiabsoﬁtcem a Uasirodlepel.
punp in fluid comunication with the nitrate source

and the wastewater; at |east one of a second val ve or

punp iy fl yid Wo@BRME tFe%ﬁhé?L@ SYMehi"bﬂclhem aB Jeahoréig thedbeans for
mat eri al source and the wastewater; and_a co

i redhcingtie evtows of pighic@ddedd dervaserpiey elydss ae‘i&’%&}tef Peplegpented
lofgcg'ﬁltg a{lﬁ)eﬁ{weﬁy@oémgdté@tb Al i Re Murdd IR alkhIv® @itedif 8&irce, and

e second valve or punp, and the at |east one
strableast 8@ #AsorThe wast ewat er treat ment system of
claim44 or 46, wherein the controller is programmed
to add a sufficient anmount of alkaline naterial to the
WO 20045. 07 8B IvaBETAIS2A0M#0 a3681 of ang of glaistsehietdevhergin the

;g’:ﬁ?lgse’[a I‘a H Of h el‘flt\élﬁll\? LEVRLE radcﬁ:ﬁ\é\?ﬁl% Rﬁ?t%@cfer hDGdRintdaad Br

rne nmaterl sour ce
ap@{mgqrrmﬁ(ﬁinyoﬂmﬂl&lmmmatenﬂ tpHie whBtewdthe vvast evvat er
treatnment system of claim44, 46, or 47, wherein the
5 controller is programmed to add a sufficient anount
of al kad.i nerwptLteivaler frantinbie sysms bﬁﬂm’me% tbereinithemeang Fpr

of the wastewater do rate source and
W@mﬁﬁgﬂﬁmﬁW@mﬁgpgpﬁﬁ13§g@a@%w?% g?%glw'apprOX|nately
7 .5 angk 18sPorénif b Fir@halPélor pump in fluid communication with the nitrate

source and the wastewater;

at least one of a second valve or pump in fluid communication with the alkaline

material source and the wastewater; and
a computer implemented controller, electrically coupled to the at least one of the

first valve or pump, the at least one of the second valve or pump, and the at least one

Sensor.

47.  The wastewater treatment system of claim 44 or 46, wherein the

controller is programmed to add a sufficient amount of alkaline material to the



49. The waste water treatnment system of claimd44, 46,
47, or 48, wherein the 10 at |east one sensor
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nitrate source and the al kaline material source, to
nmeasure the |l evel of atnospheric hydrogen sulfide
downstream of the nitrate source and the al kaline
material source; and a secondlsensor, disposed
downstream of the nitrate source and the alkaline 15
niweepwaiPr to susccaepH phthprwasiewatertdownstesan of die rdirats sduwesdind the
S , rce and the
e A S Y el ol b o B e ot ot ment
system of claim 49, wherein the controller is

progra d

2dded )t{(gge t h"féh% Vv\ga%te%ﬁe eatmer:n% %Eerr% gfp %4 g on? ﬁ%lggem t&a
| eargtollerfis ptagmrpimirto admg/dxfﬁxgam asigliitiod elkﬁltmn‘matt&t&l folthst
sensor _.an of dis Ived sul fide
¢ FORPYHENS auts e L BDE b eeter o Bt b st i
e aikaltietnambridd s@urg 1o GEtRedit dpptaxinddielf 7. 55na QL @it 6fpH.
processor of a computer, perforns a nethod of treating
a wastewater 25 stream conprising acts of: (a)

addi Nng4R  Ni THea A teGriidr Heitindst sGRBAYBMindhia, a6 47 8148, wherein the
position in the wastewater strean (b) addlng an

aWQ%PFﬂ%3$%¥%FWBWE%I a second position in the

wast ewakigf se%ﬁcfr%éﬁosed(&)wnﬁ?eﬁﬁﬂ d'fgheam{rﬁé’ SlurQfandth a%ﬁhe material
one of atnospheric drogen sul fide, |ss§

s BRUEG el &, mepsere rﬂ@slp‘(ﬁh o ahﬁpaphamcehydrpgeh éulﬁéfsdce‘mtr@mn sﬁth@mtmte
doyast econd positions; and WO
2004/ o@gg{?ﬁ%@?ﬁ’a{fg%}%‘%%ﬂ 52 (d) adjusting an
anount a ggfcongt sehssaslispored dofvnstisemmif theatiteate srutaiand thy alkaline

c i a :
CHTRRUNG R0, P BB BN AL Bln A58 Snl B
5§mn%hedd®nﬁmmm¢nm@adabmeenedlun1of cl ai m 51, wherein
the act (b) includes 5 an act of adding the al kaline
material in an anount sufficient to raise a pH of the
vast ewilt er Eiervearwdermnatmansystin éfuaihi4oswheasid deapafsler is

position pr oxi mat pne unjt. of pH 53. The
CBgtRred B R e ?flde@\l?égl%?’vﬁ“?"t‘?éeré%t
( fb)spdn@@tollﬁeﬁaeasﬂlf}daéifemuﬂcﬁs pBHE iy Brohesudfidedtdn e first sensor and
erlalgip ? gﬁﬁgpt s%ff|0|ent to raise a pH of the
ex b shaetiedomdhe epmdperset and second
positions to between approximately 7.5 and 8.5 units
of pH.
51

A computer readable medium encoded with a program that, when
executed on a processor of a computer, performs a method of treating a wastewater
stream, comprising acts of*

(a) adding a nitrate containing compound at a first position in the wastewater
stream,;

(b) adding an alkaline material at a second position in the wastewater stream;

(c) sensing a level of at least one of atmospheric hydrogen sulfide, dissolved
sulfide, and residual nitrate in the wastewater stream downstream of the first and second

positions; and
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54. The conputer readabl e nmedium of any of clains
51-53, wherein the act 15 (c¢) includes an act of

wa@emsiorsget he | evel of atnospheric hydrogen sul PCTHESHNH003681

the level of dissolved sulfide in the wastewater

stream downstream of the first and second positions,

and wherein the act (d) includes an act of increasing

an anmount of the nitrate contdining conpound added in

act (a) when the level of at |east one of atnospheric

hydr o g@nadsudtlhg ehe ameund ofiatdenst ape @f Big mt%@os@#&%cqmpoaﬁf% and
h

B it L ol BB R s gonaig (et ofsensing

wherein the act (c) |ncI udes an act of sensi ng t he

| evel qof a her i C ro I

di ssolsged &BD’F(? rﬁeat Wg e\/\ol/gt eElFrggtl ﬁglgerrr%l glv?ﬁs e%l%tldes

ofn dchér ddiling theaiichlise marelalin si sroms sufficinut takeseai pil oftbe

act (d) includes an ac easn.n qoun

SR TS SHRA RIS GBS diggeong i sl e
Ofnifdfpkeast one of atnospheric hydrogen sulfl de and

di ssol ved sul fide sensed in act (c) is greater than a
desired level. 56. The conputer readabl e nedium of any

of cl a3 Tz edmpibratfiable R@inACAf cldid)51] Whdrsid el aan(bidicludes
of sensing the level of atnospheric hydro gen Sul—'lo%tﬂe

o ect hieaciimgdhe @kaling ragFighip o adORH FYIANS ] iffeA P

&‘\ﬁ?ﬁg eb obifiShs t8Betweec ond
\8%2% oér{g&ea%g er%is?lﬁgesg??fs( &ﬁlﬁ;cl udes acts of
i mmmaﬂakﬂaﬁwa@r&;ﬁmtwfpﬂhe nitrate containing
conmpound added in act (a) and increasing an anount of
the al kaline material added in act WO 2004/ 078661 .
PCT/ US2004/T18368Bputer @@da@b)madhmnoﬁm of elgians 53, wherein the act

o eric h lovel of
? é@?‘&gﬁatéﬁt ¥€§8 n%tclelﬁse 0?% ac‘?hgdE yhl% Srugéﬁegp d fhedoveto
a diiﬁtﬁizerd&dlﬂde vethe wadtewaibisstreamporgstreare aﬂthb Iﬁest ardijegpndgfositions,

t he. a C
o A ergp e glcfﬁﬁss Hevo s feaS{“ﬁ%% sw ek ﬁﬂyeﬁ‘%*‘%%‘am“‘g
S 'ébﬁlb(ﬂﬁd aadkatif gctl(§Wwitlen tHe 1wl 650 lleaﬁrbns uf dtimdephieric hyvlogen sulfide
wast ewat er stream downstream of CL qd second
p@aad dipshed sulfideisapprdrin pet (PrEegpier t%i‘ﬁ W’f? 98¢ an act of
decreasi ng an anount of the nitrate cont ai ni ng
conmpound added i n act when the |

(‘g % g% l.east the act
e of St noBistrerPE A QlREGHR PI ORI s Lo EG he
S ld{:)e#&\?d% e84l ée@xs@lg the(&k1 bftth@pBertNFarcpesl Qafidethd the level of

he conputer readabl e nedi um of any é)
c |daas¢ise05s1ufsre in mqevaeﬁewa@h%rea@tdowmeamr% st g segond pppsitions,

Selg kvﬂgfefrn Ac‘?ggﬁ c‘ﬂ{deéﬁm BRgEk Ssid by a8 R: sthd diki@inaAedterial
the ['eve ved sulfide in the wastewater

s taddsginm aa\m)swlneaam lovel ofiat l¢ast ene of Agnoseliseia &y fFegTy i and
g%sgm% nstu qp sglﬁsee@gq aek ﬁ:} 1o DGEIA8S a%l@m?eﬁtle\m decreasi ng

mat eri al

56.  The computer readable medium of any of claims 51-53, wherein the act
(c) includes an act of sensing the level of atmospheric hydrogen sulfide and the level of
dissolved sulfide in the wastewater stream downstream of the first and second positions,
and wherein the act (d) includes acts of increasing an amount of the nitrate containing

compound added in act (a) and increasing an amount of the alkaline material added in act



15 added in act (b) when the |evel of at |east one of
at nospheri c hydrogen sul fide and dissolved sulfide

W(se(mmkmm act (c) is less than a desired | evePCT/BS2004/003681
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The conput er readabl e nedi um of any of clains 51-53,
wherein the act (c) includes an act of sensing the

| evel of atnospheric hydrogen sulfide and the | evel of
20 di ssol ved sul fide in the Wistewater stream
downstream of the first and second positions,

Wi whémiht heelad etnfasphoriadiydroeen saifids apd thy é“cVF’e%sql%@V%S“lﬁde
anmount. of .th C | g conpound added in
A€} act(9) a%ﬁ%aé«%?ﬁa%a%%@%&%eﬂt of the alkaline
materi al added in act (b) when the | evel of
at nosp er| dr 09 I
di ssol grttf# i Eéaﬁiéiéla m%ﬁmﬁp& %9 bt (gfﬁ}eﬂg 5(1325‘;3 ‘{V%eé?]m;he act
des inrcmded et of seiminpGhe Ehe od:‘ emrrpaptenc hghqgm salfide @nd,the dvel of
any of c e| n.t h
2 tscbyed St Taghs He B Reer AU THBLERL ! G fish AR 05 pafidons,
S bl d Wikl8ein iRact @y@tueds andbﬁﬁ‘dbét@ﬂugmhfanﬂent of i mme containing

| evel of residual nitr wast e

d exipRaURG added & act (fa When %‘F?%Vﬁﬂogfé@Bﬁ % fs“ “I%@g%%gﬁg @%g}gen sulfide
WS EbDBIvED SulAdd sehédll in B |(¢)deisssaanacdesiodd leeetr easi ng an

30 anpbunt of the nitrate containing conpound added in

act (a) V\,hen the | evel of atnospheric hydrogen

sulfid }%ngb@t&eﬂea&iale%&ﬁﬁﬂl ¥y bihingkes ISﬁsﬁdreinrthe act
act (c§38 are |l ess WD 2004/ 078661 PCT/U 004%‘%0(1;; g{ 1 ¢
t hinciudgesn scedf Jeasied the ryelkef aENRsplgie hydpgen &tﬁ& velo
n Irdlsléo%e sﬁﬁﬁ% ngthk %&(aﬁ%at&cslreérﬁ do@ﬂs@r%%'oﬁﬁk @irdt and gecomy ﬂosmons,

uter readabl e nedi um of ¢l ai
6@nd Wherbllnelne o mcb,qdngarmg:t of dg:ﬁre@n{g;@n agnong} é eaallﬁa,l}ns fnaterlal

g?&% ﬁ(} \Q@tw en?kf 1@\?&%%’[ kgclgt ko I'_Pg.t}’nt()&h eH@ hﬁﬁs&ﬂ%ulﬁde and

sensi ng wast ewat er
stdiﬁam&knmtsemainnofbt chis léss thgtl agdedredégyohhd  posi ti ons.
62. The conputer readabl e nmedi um of claim61l, wherein
the act (d) further 10 includes an act of decreasin
an anognt Ofhd dompatek aladabde metien ofinyaddtading il -5% twhetsyn the act

when the act (f sthat th H
WAk 1BsRdes An a@w& g%t?l&%% g?ve eatlp?srplg? richydto g{l: sé&lgc?e and the level of
pQﬁéséﬂv&ﬂs‘rhlﬁ& iRthelv@agtvaRnareamni dowﬁﬁtreraiﬂ df Itl@i’fﬂrst amb agrondpositions,
pH of the wastewater_ str ea{H sense

Tread edagsin the aqt &Q dpatdes ARYP @?Sl%ﬂ?l sghouff e ggﬁaﬂ’mg

V‘n:%ﬁl%bﬁhdt AA8eFifi lact (bfandidestatdpanamonstiof Oe aliafiss mgtetiiadded in
| evel of atnospheric hl)](dr Qg

|
diast D wen oo Pkyd atrearg e igwen Subide i i Jee i Se suside

| VRLES ashherMedowest ream of the first and
Sggﬁo%gl%\%ﬁc?l ons, anceil1 wherein the act (d) includes an

act of decreasing an
60.  The computer readable medium of any of claims 51-53, wherein the act

(c) includes an act of sensing the level of atmospheric hydrogen sulfide, the level of
dissolved sulfide, and the level of residual nitrate in the wastewater stream downstream
of the first and second positions, and wherein the act (d) includes an act of decreasing an
amount of the nitrate containing compound added in act (a) when the level of

atmospheric hydrogen sulfide and the level of dissolved sulfide sensed in act (c) are less



amount of the al kaline material added in act (b) when
the | evel of atnospheric hydrogen 20 sul fide sensed in
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10

15

20

25

30

of dissolved sulfide sensed in act (c) is greater
than a second desired level, and an average |evel of
residual nitrate sensed in act (c) is approximtely
1-2 ny/L or greater. 64. Thetonputer readable medi um
of any of clains 51-53, wherein the act %@
i theh o desrediieveland ot avomags lavg!l efivesiduel pijratg Fené?CHBé‘ﬁ }isc

dro I evel of dissolved sulfide, and
%'/Pé’r(fxgwgé}f’@q img% oéf%t%atelﬁ'i trate in the wastewater stream
domnstrean1 of the first and second positions, and

wher ei act :
anmount &of t é%%rl rﬁaed%irjr%?lir i a Oiacd%mgbi frﬁlﬁg%:r% pfidn _ébﬁs of
the | exp |serﬁfngatpmmhhﬁewas®emydi sogpenat o pidritol é1e§equ1é @osition; and

act (c)_is.gre an a first desir I

evel roardtny ahite (re eetttm EEh Riin g e fry i sccond

|?§§wﬁ@ﬁn a second desired level, and an average |evel
residual nitrate sensed in act (c) is

approximately 1-2 ng/L or greater. WO 2004/ 078661

PCT/ USg004/ ﬂg%ﬁi%ilmter remdable-metiien 600 AL wheaidahd &t (d) further
medi um of any of clains 51-53, further b).wh
adncindes an gopyf degisasipepnpmatet theplkalmg F@W&P‘e&aﬁ \né‘aﬁﬁ )phen
o?he%{(# @] iniRatbd BatSROGANHF 1RO HiabtbWdter ARGstrdain) of SIRNErsTGd aedbhﬂ

e Wwast ewat er stream downstream of the first and

s @oromnSBs 3 desisttdng st ofg higher thasrheipld of the Z@sip Ve HibgRH Sposed in

%L9|n165 wherein the act (c) includes an act of
senS|ng the | evel of atnospheric hydrogen sul fide and
t he Ievel of dissolved sulfide in the wastewater
stream wngt r eam f Q
and 10° er Ik enco uf% 16%«513?) Cﬁﬁl&ﬁ\'(i:tp ng%lgﬁb? %ﬁg}{gs PO §3 LHeRsh the act
dgeyripdsdengn ad oﬁmnsmg theflevehef aahmmmehydmgerr Mﬁde, thedesgl of

el Bl 0l S BRI BB

aGdf tHe@rstané séceﬁcspdshﬁvﬁs an@l@heremdhd &Bvei) inchxdds anvst aftctec(eﬁs)mg an

di cat hat t f th t
 he et bR b TR B SR oRAT) Prosn
Ofgyiaide Bérﬁ&ﬁﬁxtabﬂ('(@ s lRethpirh Of st heredvRstiematet] oftdiseeined sulfide
sensed in ac e

dabl
ofscRSEAITACHE) IHEiS Fh@ntaﬁécogéges(ﬂég Eg‘)’ﬁ PR AT SR ‘gf’é{g’? residal
S erﬁt%ét@ nbdiBin la@c‘(@)' is Qfprdamerher mg/1hyrdiagen sul fide, the

| evel of dissolved sulfide, and the |evel of residua
nitrate in the wastewater stream downstream of the

first and SeGORGhpuRYSdatARIORediBMb WRESRIAAmE b?-S@Gifheeedﬂ the act
i ncl udes an act of decreasi ng an anmount of th

al (kpinFindes20 aptentf senisia thedeesd of #imaerheriphydppgsn Slelﬁéea T Jgyel of
Ofdl%%ﬂ?&‘f E’Jiﬁ&é, Gnd M98 R rtHubi [H8at8Rdnd BEstd N8 !str®fm downstream

of the first and second positions, and wherein the act (d) includes an act of increasing an

amount of the alkaline material added in act (b) when the level of atmospheric hydrogen
sulfide sensed in act (c) is greater than a first desired level, the level of dissolved sulfide
sensed in act (¢) is less than a second desired level, and an average level of residual

nitrate sensed in act (c) is approximately 1-2 mg/L or greater.



di ssol ved sul fide sensed in act (c) are less than a
desired level, the level of residual nitrate sensed

WO pooaot8epr) is negligible, and the act (f) i ndPCHUSR04/003681
that the pH of the wastewater downstream of the first
and second positions is at |east one unit of pH higher
than the pH of the wastewater stream sensed in act
(e). 25 0"

65.  The computer readable medium of any of claims 51-53, further
comprising acts of:

(e) sensing a pH of the wastewater stream at or prior to the second position; and

(f) sensing a pH of the wastewater stream downstream of the ﬁrst and second

5  positions.

66.  The computer readable medium of claim 65, wherein the act (¢) includes
an act of sensing the level of atmospheric hydrogen sulfide and the level of dissolved
sulfide in the wastewater stream downstream of the first and second positions, and

10 wherein the act (d) includes an act of decreasing an amount of the alkaline material
added in act (b) when the level of atmospheric hydrogen sulfide and the level of
dissolved sulfide sensed in act (c) are less than a desired level, and the act (f) indicates
that the pH of the wastewater downstream of the first and second positions is at least one
unit of pH higher than the pH of the wastewater stream sensed in act (e).

15
67.  The computer readable medium of claim 65, wherein the act (c) includes an act of
sensing the level of atmospheric hydrogen sulfide, the level of dissolved sulfide, and the
level of residual nitrate in the wastewater stream downstream of the first and second
positions, and wherein the act (d) includes an act of decreasing an amount of the alkaline

20  material added in act (b) when the level of atmospheric hydrogen sulfide and the level of
dissolved sulfide sensed in act (c) are less than a desired level, the level of residual
nitrate sensed in act (c) is negligible, and the act (f) indicates that the pH of the
wastewater downstream of the first and second positions is at least one unit of pH higher
than the pH of the wastewater stream sensed in act (e).

25



