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STATE OF ILLINOIS

Pollution Control Board
Petition ofNoveon,Inc. AS 02-5For An Adjusted Standard

NPDESAdjusted From 35 ILL ADM. CodeStandard304.122

Written Testimonyof
T. HoustonFlippinaswastewatertreatment expert

representingNoveon,Inc. in thisproceeding.

Introduction andExperienceofT. HoustonFlippin asWastewaterTreatmentExpert

RepresentingNoveonInc.

My nameis ThomasHoustonFlippin. I wasretained by Noveon,Inc in December1989 to provide

wastewatertreatmentservicesandhavecontinuedtoprovidesuchservicesfor thelast14years.

Duringthis entiretimeperiod,I haveservedasleadprocessengineeron all Noveon-HenryPlant

mattersin whichmyfirm BrownandCaidwellhasbeeninvolved.My firm waspreviouslyknownas

EckenfelderInc andwasacquiredby BrownandCaidwellin 1998.

I receivedtwo degreesfrom VanderbiltUniversity.I receivedmyBachelorofEngineeringDegreein

Civil andEnvironmentalEngineeringin 1982andmyMasterofScienceDegreein Environmental

andWaterResourcesEngineeringin 1984.

I immediatelywentto work forAWARE Incorporatedin 1984andhaveremainedwith thesame

•companyfor thelast20 yearsin progressivelymoreresponsiblepositions(fromprojectengineerto

projectmanagerto principalengineer)in the areaofwastewaterengineering(seeExhibitA for

resumedocumentingthisexperience).My firm haschangednamestwice. In 1989,we renamed

ourselvesEckenfelderIncorporatedin 1989to honorWesEckenfelderour ChairmanEmeritus

whois still with ustoday.MuchofwhatI havelearnedhasbeenunderDr. Eckenfelderasa

graduatestudentandasa co-worker.In 1998,EckenfelderIncwasacquiredby BrownandCaidwelL

Duringmy career,I havepersonallyconductedtreatment(treatability)testingof industrial

wastewatersandcontaminatedgroundwatersanddevelopedtreatmentprocessdesigncriteria from

testdata.I haveprovidedtroubleshootingoroptimizationservicesfor wastewatertreatment

facilities (WWTFs) andconductedwasteminimizationstudies.I havealsooverseenthework
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describedabove,designedwastewaterandcontamina~edgroundwatertreatmentprocesses,assisted

in effluentpermitnegotiations,supportedexperttestimonypreparationandtrainedtreatmentplant

operators.I currentlyserveasleadprocessengineeron moretechnicallychallengingprojectsandto

train otherengineerswithin the firm.

I amalicensedprofessionalengineerin the statesof Illinois, Michigan,Kentucky,andTennessee.I

alsoam certified asaDiplomatin theAmericanAcademyof EnvironmentalEngineersin the

specialtyareaof watersupplyandwastewater.This certificationis heldby lessthan1300peoplein

theUnitedStatesandrequiresstringentpeerreviewandtestingto acquire.

I havepublished16 technicalpapersof which 7 aredirectlyrelatedto theNoveon-HenryPlant’s

issuesandhaveprovidedmaterialfor I textbook(ActivatedSludgeTreatmentof Industrial

Wastewaters,JohnL. MustermanandW. WesleyEckenfelder,TechnomicPublishingCompany,

1995).I alsoprovidedthetechnicalreviewof achapterfrom anothertextbook(“GranularCarbon

AdsorptionofToxics” from Toxicity Reductionin IndustrialEfflu~nta~PerryW. LankfordandW.

WesleyEckenfelder,VanNostrandReinhold,1992).

I haveservedas in instructorin numerousworkshopsincludingthefollowing:

• “Clarifier OperationandMaintenance”sponsoredby MississippiWaterPollutionControl

Operators’Associationin 1997;

• “Aerobic BiologicalTreatment”sponsoredbyTennesseeStateUniversityin 1997, 1998,and

1999;

• “ActivatedSludgeTreatment”sponsoredby BrownandCaidwellandattendedby morethan

10 industriesduringeachoffering in November1999,March2000,May 2001,November

2002,andNovember2003; and

• ‘WastewaterStrategiesfor IndustrialCompliance:Gulf CoastIssuesandSolutions”

sponsoredby TulaneUniversityandLouisianaChemicalAssociationin December2003.

SpecificDesignExperienceRelatedto thisPetition

I havedevelopedtheprocessdesignfor following biologicalnitrification facilities. Eachof theseare

fully operationaltodayandmeetingpermitcompliance.
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Noveon-HenxyPlant Experience:

1989to 2004:Haveprovided the followingassistancein chronologicalorderlistedbelow. I have

alsospentacumulativeof atleast2 monthsonsiteatthis facility throughouttheyearswith no more

thantwo yearselapsingbetweenvisits.My lastvisit to theplantwasin theFall of 2003.

• Optimizationof WWTF operations.

• Setup,conductandoversightof treatabilitytestingthatwasusedto developprocessdesign

of C-18wastewaterpretreatmentsystemandaerationbasinupgrade.Testingwasalsoused

to setallowableloadingratesof variouswastestreams,.

• TrainWW~Foperatorsinprocessoptimizationandanalyticaltesting.

• Setup,conductandoversightof treatabilitytestingthatwasusedto developconceptuallevel

designcriteriafor alternativeprocessesfor effluentammonia-nitrogenreduction.Developed

conceptualleveldesignsfor thesealternativeprocesses.Workedwith constructioncost

estimatorsandvendersto developconceptuallevel costestimatesof thesealternative

processes.

• Providedasrequestedguidanceto NoveonregardingWWTF operationsandfull-scale

testingofprocessesandproceduresintendedto providereduceeffluent ammonia-nitrogen.

• Authoredor reviewedall reportssubmittedto Noveonby BrownandCaidwell (formerly

AWARE IncorporatedandEckenfeldermc) duringentireperiod of 1987 through2004.

• RepresentedNoveonin discussionswith IEPA regardingthePetition for anAdjusted

Standard.
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Noveon-HenryPlant WastewaterTreatment Facilities

Manyof the termsthatI haveusedaboveandthroughoutthisreportaredefinedbelowasthe

Noveon-HenryPlantWastewaterTreatmentFacility ç~WTP)is described.An understandingofthe

WWTF is critical to understandingtheevaluationsconductedandtheconclusionsreached.

Thewastewatertreatmentfacility attheHenryPlantsite is ownedandoperatedby Noveon,Inc.

This facility treatswastewatersdischargedfrom two manufacturingareas(resinsandspecialty

chemicals)thatwereonceownedby BF Goodrich.BE Goodrichsoldtheresinbusinessto the

GeonCompanywholater sold it to thePolyOneCorporation.BE Goodrichsold thespecialty

chemicalsbusinessandthe site’swastewatertreatmentfacility to Noveon,Inc.Thewastewaters

dischargedby Noveoncompriseabout35 percentof the total dryweatherflowrateto theWW’IF

with theremaining60 percentbeingdischargedfrom thePolyOneproductionareas.

Wastewatersfrom theNoveon-HenryPlantproductionareasdischargeto oneof two placesas

illustratedin Figure1. All wastewatersexdudingthosefromC-I8 manufacturingdischargedirectly

to an equalizationtank(thePC Tank),as shownin Figure1. Thewastewatersfrom C-18

FIGURE1

BLOCK FLOWDIAGRAM OPWASTESTREAMSOURCESAND wwrr
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manufacturingdischargeto apretreatmentsystemandarethenpumpedto anequalizationtank

(C-18Tank).Priorwork thatI eitherconductedor oversawdefinedthattheC-18wastewaterswere

causingtheWWTF to be unableto complywith effluentBODlimits. Thesewastewaterscontained

compoundsthatcausedthebacteriaresponsiblefor organicsremoval,alsoknownasBOD removal,

to slowdownor becomeinhibited.Thisworkalsodefinedthepretreatmentof theC-18wastewater

thatwould berequiredfor the WWTFto treatthesewastewaterswhile complyingwith effluent

BOD limits. Priorto installingpretreatment,thebulk oftheC-18wastewaterswerecollectedand

transportedfor off-site treatmentanddisposal.After thispretreatmentwasinstalled,the

pretreatmentallowedtheNoveon-HenryPlantto treatall C-18wastewatersonsitewhile maintaining

compliancewitheffluentBOD limits. Thispretreatmentwasnot requiredof theotherNoveon

wastewaters.This pretreatmentalsohadno effecton effluentammonia-nitrogenconcentrationsnor

wouldit haveany sucheffect if appliedto anyotherNoveonwastewater.

Wastewatersfrom thePolyOnePlantproductionareasdischargeto oneof two placesasillustrated

inFigure1.All wastewatersexcludingthosefrom 213manufacturingdischargedirectly to an

equalizationtank(thePVC Tank). Thewastewatersfrom 213manufacturingdischargeto a

pretreatmentsystemandarethenpumpedto sameequalizationtank(PVC Tank).Prior workby

othershadindicatedthatthe213wastewaterswerecausingtheWWTF to beunableto complywith

effluentBiochemicalOxygenDemand(BOD) andTotal SuspendedSolids(~SS)limits. These

wastewaterscontainedcompoundsthatkeptsolidsfrom settlingin theprimaryandsecondary

clarifiersaswell asfine solidsthatpassedthroughtheWWIF. Pretreatmentwasinstalledto mitigate

theseaffects.It hasbeensuccessfulin allowingtheNoveon-HenryPlantto treatall 213wastewaters

onsitewhile maintainingcompliancewith effluentBOD andTSSlimits. This pretreatmentwasnot

requiredof the otherPolyonewastewaters.Thispretreatmentalsohadno effecton effluent

ammonia-nitrogenconcentrationsnorwould it haveanysucheffect if appliedto anyotherPolyone

wastewater.

Stormwaterfrom theboth theNoveonandPolyOnesitesanddischargesfrom coolingtowers,

boilers,andriverwatertreatmentaredischargedto theStorm/UtilityPond(the “Pond”) as

illustratedin Figure 1. A portionof thePondcontentsarepumpedthrougha filter to removeTSS

prior to dischargetheIllinois River.Theremainingportionis pumpedto thePVC Tank for

subsequenttreatment.Theamountof PondWaterreturnedto thePVC Tankis afunction of the
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capacityof thefilter treatingthePondWater,thePVCTankoperatinglevel,andtheneedfor other

wastewaterto complimenttherequiredPCTankdischargeflowrate.The PVC Tankhasaminimum

allowableoperatinglevel,belowwhichthetankmixershutsoff. Work thatI haveconductedand

overseenhasindicatedthat thePCTankdischargemustbelimited to approximately23 percentof

thecombinedinfluent flow to theaerationbasinsto maintaincompliancewith effluentBOD limits.

ThePCTank dischargecontainscompoundsthatcaninhibit or slowdown thebacteriaresponsible

forBOD removalif theirconcentrationsareallowedto exceedcertaincritical concentrations.Sothe

amountof Pondwaterdivertedto the PVCTankforsubsequenttreatmentincreasesduringawet

weatherperiodwhenthecapacityof thefilter on theponddischargeis approached,whenthePVC

Tanklevelnearsits minimumoperatinglevel, andwhentheflow contributionof thePCTank

dischargeapproaches23percent.The contentsof thePVCTank,PCTank,andC-18Tankare

pumpedto apHadjustmenttankalongwith groundwaterfrom arecoverywell (Well No. 3).The

pH of thecombinedwastewateris adjusted.Coagulantandpolymerareaddedto thecombined

wastewaterto assistin removingsolidsfrom thecombinedwastewaterinthesedimentationbasin

(alsoknownasprimaryclarifier). The solidssettlefor approximatelyonehourin theprimary

clarifier. Thesettledsolidsthencombinewithsolidsdischargedfrom thebottomof thesecond

sedimentationbasin(alsoknownasthe secondaryclarifier) andaredewateredusinga filter press.

The dewateredsolidsaredisposedin apermittedoff-site landfill. The filtrate from sludgedewatering

is returnedto thePVCTankfor reprocessingthroughtheWWTF. Whenthefilter pressis not

operating,thesludgefrom theprimaryclarifier underflowis pumpedbackto thePVC Tank for

reprocessingin theWWTF andsludgedischargefrom the secondaryclarifieris ceased.

The effluentfrom theprimaryclarifieris pumpedto four aerationbasins(2.0million gallons

combinedvolume) thatoperatein parallel.Thesebasinsareaeratedto mix thetankcontentsandto

maintainaminimumoperatingdissolvedoxygenconcentrationof 1.5 mg/L. Sludgeis returned

from thebottomof thesecondaryclarifier to keepthesetankssuppliedwith anacclimatedcultureof

bacteria.pH iscontrolledasneededtomaintainanoptimumrangeforbacterialgrowth (pH 6.5 to

pH 8.5). Thebacteriagrownin this tankremoveorganiccompoundswith theaid of dissolved

oxygen,ammonia-nitrogen,andphosphorus.In the processof this removalthesebacteriaalsobreak

awayammonia-nitrogenfrom organiccompoundscontainingamines(alsoknownasorganic

nitrogencompounds).Both biological treatmentstepsareillustratedbelow.Dissolvedoxygen

neededfor biodegradationis providedby theaerationequipment.Thetwo predominantnutrients
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requiredfor biologicaldegradationaxeammonia-nitrogenandphosphorus.Ammonia-nitrogenis

presentin thewastewaterandis formedthroughdegradationof the organicnitrogenin the

compound.Phosphorusisaddedtothe returnsludgegoingbackto the aerationtanks.

BiologicalTreatmentReactions

Organiccompounds(measuredasBOD,BiochemicalOxygenDemand)+ Ammonia-Nitrogen

+ Phosphorus+DissolvedOxygen+ BacteriayieldsMoreBacteria(reproductionandgrowth)

+ CarbonDioxide÷Water

OrganicNitrogen(anorganiccompoundwithessentiallyammonia-nitrogenattached)+

Phosphorus+DissolvedOxygen+ BacteriayieldsOrganicCompound+ Ammonia-

Nitrogen...TheOrganiccompoundthengetsdegradedjustlike aboveusingsomeof the

ammonia-nitrogengenerated.

Thebacteriastayin theaerationtanksabout2.5 dayswheretheydegradeorganiccompoundsand

organicnitrogen.Theyarethendischargedthroughalinewheretheygetconditionedwith polymer

to helpthem settlebetterin thesecondaryclarifier. Theysettleapproximately3 hoursin the

secondaryclarifier. Theyareremovedcontinuouslyoff thebottomof thedariflerandsentbackto

theaerationtanksto degrademoreorganiccompoundsandorganicnitrogen.A portionof the

bacteriais removedfrom the system(termed“sludgewasting”)to controlpopulationgrowth and

keeptheaverageageof thebacteria(the MeanCell ResidenceTime) andFood-To-Mass(F/M) ratio

in anoptimalrange.Thebacteriaremovedfrom the systemaredischargedto thefilter pressfor

sludgedewateringandsubsequentoff-site disposalin alandfill.

Thetreatmentdescribedincludespretreatment,primarytreatment(pH adjustment,coagulationand

primaryclarifier), andsecondarytreatment(aerationandsecondaryclarifierwith sludgereturn).This

treatmentis definedby USEPAasthe “BestAvailableTechnologyEconomicallyAvailable” for the

OrganicChemicals,Plastics,andSyntheticFibersindustrialcategory(Codeof FederalRegulations

Title 40,Part414.83,SubpartH).ThisindustrialcategoryincludesNoveonandPolyOne.However,

Noveontreatsthe wastewaterevenfurtherby dischargingthe effluentfrom thesecondaryclarifier

to afilter to removeadditionalsolids.Thisadditionaltreatmentprocessis termedtertiarytreatment.
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Noveonalsofilters thewatercomingout of thePondto removesolids.Thesetwo filtered

wastewaterstreamscombineanddischargethroughtheeffluentcompliancepoint thatNoveon

monitorsfor flow andregulatedcompoundssuchas specificorganics,BOD andTSS.

ThedesignandoperationofNoveon’sWWTFarecompatiblewithconditionsdefinedby 35 ILL.

Admin. Code370.920,35ILL. Admin. Code 370.1210,andTenStateStandardsto grow nitrifying

or ammonia-degradingbacteriaasillustratedbelowinTable 1. However,theydo notgrow.The

Illinois regulationscitedandtheTenStateStandardsaredesignandoperatingstandardsthatare

intendedto promotecompletenitrification in municipalwastewatertreatmentfacilities.These

standardsareintentionallyexcessive(or conservative)andallow for a significantmarginof errorin

wasteloaddeterminationsandoperatingconditionsbasedon myexperience.Thereareno Illinois or

TenStatestandardsfor singlestagenitrificationof industrialwastewatertreatmentfacilities sincethe

natureof thesewastewatersvariesfromindustryto industry.Theseindustrialdesignstandardsare

developedon asite specificbasisusingwastewatercharacterizationdata,treatabilitytesting,and

professionalexperience.

Nitrifying orammonia-degradingbacteriaaremuchmoresensitivethantheb~cteriathatdegrade

organiccompoundsandorganicnitrogen.Therearecompoundspresentin theNoveonwastewater

thatpreventor inhibit theirgrowth.If thebacteriawerenot inhibited andcouldgrowin theaeration

tankstheywouldprovideammoniaremovalin thesametankageas theotherbacteriauseto provide

organicsremoval.Consequently,thetreatmentwouldbetermedsingle stagenitrification sincein the

sametankage(samestage)bothorganicsremovalandammoniaremovaloccur.If youwereto grow

theseammonia-degradingbacteriain asystemdownstream-of thesecondaryclarifier, it wouldbe

calledtertiarynitrification. Thesenitrifying bacteriagrowin themannerdescribedas follows:

BiologicalTreatmentReaction

Ammonia-Nitrogen+ Phosphorus+DissolvedOxygen+ Alkalinity + BacteriayieldsMore

Bacteria(reproductionandgrowth)+ Nitrate-Nitrogen
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Table 1. Comparison ofIllinois Standards, 10 StateStandards,andNoveon-HenryPlant
Conditions for SingleStageNitrification

Condition
Illinois

Standarda
TenState
Standard”

-

Noveon
PlantC

AerationTankLoading,lbs BOD/dayper 1000cuft ~15 ~15 14

AerationBasinMixedLiquor DO, mg/L �~2 �~2 �~2

AerationBasinMixed Liquor pH, s.u. 7.2to 8.4 Not Defined 6.8 to 7.2

SludgeAge, days �..20 Not Defined �~40

AerationBasinMixed LiquorTemperature,degreesF � 50 Not Defined � 80

AerationBasinAverageHydraulicResidenceTime,days � 0.33 Not Defined 2.5

AerationBasinF/MRatio, lbsBOD/dayper lb MLVSS Not Defined 0.05 to 0.10 0.10

ReturnActivatedSludgeFlow, %of Ave InfluentFlow 15 to 100 50 to 200 100

‘Illinois AdministrativeCode,Title 35,SubtitleC, Part370,SubpartI, Title 370.920andSubpartL,

Title 370.1210.Bothgovernmunicipal(notindustrial)W\VTF design.
~ RecommendedStandardsforWastewaterTreatmentFacilities,1997Edition,Wastewater

Committeeof TheGreatLakes-UpperMississippiRiverBoardof StateandProvincialPublic

HealthandEnvironmentalManagers(includesIllinois), Chapter90.Thesestandardsare to

provideguidancein thedesignof municipal(notindustrial)WWTFdesign.
C 1999through2004.

Applicability of35 ILL. Admin. Code304.122:The provisionsof Illinois Title 35,SubtitleC, Part

304,SubpartA, Section304.122(35 ILL. Admin. Code304.122)is statedas follows:

a) No effluentfrom anysourcewhichdischargesto theIllinois River,TheDesPlainesRiver

downstreamof its confluencewith the ChicagoRiverSystemor theCalumetRiverSystem,

andwhoseuntreatedwasteloadis 50,000or morepopulationequivalentsshallcontainmore

than2.5mg/L of totalammonianitrogenasN duringthemonthsofApril throughOctober,

or 4 mg/Latothertimes.

b) Sourcesdischargingto anyof theabovewatersandwhoseuntreatedwasteloadcannotbe

computedon apopulationequivalentbasiscomparableto thatusedfor municipalwaste
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treatmentplantsandwhosetotalammonianitrogenasN dischargeexceeds45.4 kg/day(100

poundsperday) shallnotdischargean effluentof morethan3.0mg/Lof totalammonia

nitrogenas N.

c) In additionto theeffluentstandardssetforthin subsections(a) and(b) of this Section,all

sourcesaresubjectto Section304.105.”

Section304.105states“In additionto theotherrequirementsof thisPart,no effluentshall,aloneor

in combinationwithothersources,causeaviolationof anyapplicablewaterqualitystandard.”

Noveonhasretainedanotherexpert(e.g.,Mike Corn,P.E.of AquAeTer)thatwill testify that

Noveoncan andwill complywith waterquality standards(section304.122c)in theIllinois River for

ammonia-nitrogenif theyareallowedto installaneffluentdiffuser.NoveonhasrequestedIEPA to

grantapprovalof suchinstallationandis committedto suchinstallationonceapprovalis granted.

An effluentdiffuserwill moreuniformly distributethedischargeof theNoveonin theIllinois River.

The remainderofmy testimonyis basedon Noveon’scompliancewith Section304.122c.

In my professionalopinion,Sections304.122aand304.122bdo not applyto theNoveon-Henry

Plantdischargeforseveralreasons.

• TheNoveon-HentyPlantuntreatedwasteloadcan be“computedon apopulation

equivalentbasiscomparableto thatusedfor municipalwastewatertreatmentplants”.

Consequently,304.122bdoesnot apply.In my opinion,theword“comparable”merely

questionswhetherthedataexistto expressanuntreatedwasteloadin populationequivalents

like onedoeswheneitherdesigningor evaluatingamunicipalwastewatertreatmentplant.

Thedatado existsandsuchcalculationscanbeandhavebeenmade.Theresultsfrom such

calculationsallow oneto put the Noveon-HenryPlant’suntreatedwasteloadin a

perspectiveotherscanreadilyunderstand(populationequivalents).Theterm“population

equivalentbasis”is intendedto put the relativesizeof anuntreatedwasteloadin

perspective.The termwasneverintendedto describehowthewasteloadwas to betreated

but only themagnitudeof thewasteload
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• Therearesourcesthatcould dischargeto ariver for which“apopulationequivalentbasis

comparableto thatusedfor municipalwastetreatmentplants”couldnot becomputed.

Thesewouldbedischargesfor whichdatacouldnot begatheredto calculatepopulation

equivalents.TEPAusesBOD,TSS,andflow fordeterminingpopulationequivalents.

Presumablythesedischargeswouldbethoseforwhich BOD,TSS,andflow couldnot be

reliablydetermined.Thisis not thecasewith theNoveon-HenryPlantdischarge.

• An untreatedwasteloadcan beandhasbeencalculatedby myselfandJEPAfor the

Noveon-HenryPlantdischargeon “a populationequivalentbasiscomparableto thatused

for municipalwastetreatmentplants”.Thecorrectresultsfrom thesecalculationsarestated

belowanddearlydefinetheNoveon-HenryPlantdischargeashavinglessthan50,000

populationequivalents.Consequently,304.122adoesnot apply.

• SinceSections304.122aand304.122bdo not apply,theNoveon-I-IenryPlantis not

requiredto provideadditionaleffluentammonia-nitrogenremoval.Furthermore,the

As statedabove,correctcalculationsclearlydefinetheNoveon-HenxyPlantdischargeashavingless

than50,000populationequivalents.IEPAhascalculatedthepopulationequivalentsof the

Noveon-HenryPlantfor flow andBOD (Responseto First SetofInterrogatoriesof Noveon,Inc.

to Illinois EnvironmentalProtectionAgency,pages4and5) basedon dataprovidedin theBaxter

andWoodman-WastewaterTreatmentPlantReportdatedJune1994.Thisreportdid notpresent

anydataon the combineduntreatedwasteload.Thereportdiscussedthewasteloadfed from the

equalizationtanksto the primaryclarifier. However,thiswasteloadcontainswastestreamsthatare

internalto theWWTF thataddflow, BOD, andTSSincludingprimaryclarifier sludgewhensludge

dewateringis not occurring,filtrate from sludgedewatering,andbackwashwaterfrom thetertiary

(secondaryclarifier effluent) filter. Evenwith thisaddition,IEPA calculatedflow andBOD

populationequivalentsof 916and19,412,respectively(page4). I correctedthepopulation

equivalentcalculationfor TSSbasedon datacollectedby Noveonduringtheperiod ofJuly2002

throughJune2003.Thecorrectedvaluewas24,955asillustratedbelowandin Figure 1. This

calculationdependsupon calculatingtheuntreatedwasteloadTSScomingto (notrecyclingwithin)

theW~TFfrom all sources:PCTank, PVC Lift StationDischargewhichrepresentsthewasteload

dischargedfrom thePolyOneproductionareas,the 213wastestreamwasteloadbefore
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pretreatment,thePCTankdischarge,andthe C-18Tankdischarge(pretreatmentdoesnotchange

theflow or TSSof thisdischargebut doesincreaseitsBOD).TheTSSdischargedby thecombined

Well No. 3 andStorm/UtilityPonddischargesarelessthan25percentof thetotal influent

wasteloadas illustratedin theBaxterandWoodmanreport.

• PVC Lift StationDischargeAverages(notthePVC TankDischargeAveragespresentedinBaxter

andWoodmanReport):133 gptn, 1957mg/TSS,and3123 lbs/dayTSS

• PC TankDischargeAverages:94 gpm, 900 mgfL TSS,and1015lbs/dayTSS

• C-18TankDischargeAverages:3.6gpm,300mgfL TSS,and13 lbs/dayTSS

• 213 Averages(includedinPVC TankDischargedatapresentedinBaxterandWoodmanReport):

35 gpm, 2000mg/L TSS(estimate),and840lbs/dayTSS (estimate)

• Total: 4991 lbs/dayTSSor apopulationequivalent(PE)of4991 lbs/dayTSSdividedby

0.20lbs/dayTSSperperson(capita)or24,955populationequivalents.This ismuchlessthanPE

of265,000calculatedby IEPA in theResponseto FirstSetof InterrogatoriesofNoveon,Inc.

to Illinois EnvironmentalProtectionAgency,pages4and5. Thereasonfor thislarge

discrepancyis dueto recyclesolidsincludedin theJEPAcalculation.Thesesolidsstaywithin

theWWTF andarenotpartof theuntreatedwasteloadfor whichthesecalculationsare

reserved.

Eventhoughnotapartof theIEPA’s definitionof “populationequivalent”,populationequivalents

can alsobe calculatedbasedon ammonia-nitrogenandTotal KjeldahlNitrogen(~KN)loadsthat

arereally thethrustof 35 ILL. Admin. Code304.122.TKN is thesummationof ammonia-nitrogen

andorganic-nitrogen.Thewasteloadusedto developall effluentammonia-nitrogenreduction

optionsincludedaverageloadingsof 385lbs/dayammonia-nitrogenand1038lbs/dayTotal

KjeldahlNitrogen(TKN). Basedon populationequivalentfactorsof 0.019lbsammonia-nitrogen!

capitaper dayand0.029lbsTKN/capitaperday(seeWastewaterEngineering:Treatmentand

Reuse:MetcalfandEddy,Inc., FourthEdition,page182), theNoveon-HenryPlantpopulation

equivalentswould be20,263and35,793,respectively.
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In my professionalopinion,all correctandrelevantpopulationequivalentcalculationsforthe

Noveon-HenryPlantplaceit under50,000populationequivalentsrendering35 ILL. Admin. Code

304.122aand304.122bnot applicable.

Highlights ofEffluent Ammonia-Nitrogen ReductionEvaluationsatNoveon-HenryPlant

It is my professionalopinionthat35 ilL Admin. Code304.122aand304.122bdo notapply.

Consequently,no effluentlimitations andthereforeno additionaleffluentammonia-nitrogen

reductionsare required.

TheNoveon-HenryPlantcurrentlyprovideseffluentammonia-nitrogenreductionthroughsource

controlandremovalassociatedwith BOD removalnutrientrequirements.However,in aneffort to

resolvedisputeswith theIEPA, NoveonretainedBrownandCaldwefl (whereI serveaslead

engineer)to evaluatewhethertherewereany feasibletechnologiesthatwouldprovideadditional

effluentammonia-nitrogenreduction. BothNoveonandBrownandCaidwellhaveextensively

evaluatedadditionaleffluentammonia-nitrogenreductionoverthelast14 years.

All statementsmadebelowrepresentmy understandingof theissuesandmyprofessionalopinion

regardingtheseissues.

1.0 Unique CharacteristicsoftheNoveon-HenryPlant andits AssociatedWastewaters:

In my professionalopinion,severalfactorsmaketheNoveon-HenryPlantandits associated

wastewatersuniqueasit relatesto thePetition for AdjustedStandard.Thesefactorsmakethe

wastewatersatTheNoveon-HenryPlantmoredifficult andmorecostly to treatthaneither

municipalwastewatersormostotherindustrialwastewaters.Thesefactorsarelistedbelow.

First,IEPA hasreportedthatthereareonly threeotherplantsin the countrythatgenerateasimilar

wastewater.Two of thesethreeplantsdischargeto aPublicly OwnedTreatmentWorks. Only oneof

theseplantsdischargesdirectly to areceivingwater.So,thewastewateris not commonlyfound.
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Second,the buildingblockof Noveon’smainproductline at the facility (rubberaccelerators)is

MBT (mercaptobenzothiazole).As abuildingblock, it is presentin numerouswastestreams

throughouttheplantsewersystem.It is alsoawell-recognizedinhibitorof biologicalnitriflcation

evenattracelevelsof 3 ppmasreportedby M.L. HockenburyandC.P.L. Gradyin theJournalof

theWaterPollution ControlFederationin 1977(seeExhibitB). This compoundis poorly

degradableasyouwouldhopefor arubber-makingadditive.No consumerwantsto buyreadily

degradabletiresandotherrubberproducts.Becauseofits poordegradability,MET is usedasan

additiveto nitrogenfertilizers to inhibit biologicalnitrification in thesoil sothatmoreammonia

nitrogenwill be availableto the crops(seeExhibit B for articlepublishedin theNationalCorn

Handbook,February1992).However,thelargeuseof this inhibitingcompoundin productionatthe

Noveon-HenryPlantmakethemostwidely practicedandleastexpensiveammonia-nitrogen

removalprocess(singlestagenitrification) unavailableattheNoveon-HenryPlant.MET removalis

providedin theWWTF Noveon-HenryPlant,justnot to thetracelevelsrequiredto initiate

biologicalnitrification. Consequently,atypicalandexpensiveprocesseswouldberequiredto reduce

effluentammonia-nitrogenconcentrations.

Third, theNoveon-HenryPlantandPolyOnePlantcontainwastestreamsthatrequirepretreatment

aheadof the onsitebiologicaltreatmentplant to preventprocessupsetsandnon-compliancewith

effluentBOD andTSSlimits. Consequently,thereisaninherentunreliabilitywith anybiological

treatmentprocessusedonsitewhetherit is usedfor BOD removal or nitrification.

Fourth,theNoveonwastewatercontainsseveraldegradableorganicnitrogencompoundssuchas

tertiarybutyl amine.Whenthesecompoundsaredegraded,theyreleaseammonia-nitrogen.

Consequently,theeffluentammonia-nitrogenconcentrationincreaseas thepresenceof these

compoundsincreasein theinfluentwastewaterandasthesecompoundsaremorethoroughly

biodegraded.Thisexplainswhy theinfluent ammonia-nitrogenconcentrationattheNoveon-Henry

Plantis muchlessthantheeffluentconcentration(less than40 mg/L versusgreaterthan80 mg/L).

Consequently,themajority of theeffluentammonia-nitrogenatTheNoveon-HenryPlantis dueto

thoroughbiological treatmentoforganiccompounds.

Fifth, the compoundspresentin theNoveon-HenryPlantwastewatermakeoxygentransferintothis

wastewaterabouthalfas efficientas municipalwastewaterasmeasuredby aparameterknownas
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“alpha”. Alphais theratio of oxygentransferin wastewaterdividedby theoxygentransferin

tapwater.In municipalwastewaterthisalphavaluefor fine bubblediffusedaerationis typically

0.60versusthe0.35measuredin theNoveon-HenryPlantwastewaterin 1987by GerryShell

Consequently,theNoveon-HenryPlanthastouseabouttwicethehorsepowerto transferthesame

amountof oxygenatmunicipalwastewatertreatmentplants.Furthermore,thisincreasedpowerhas

to beaccompaniedby increasedaerationtankageto keepoperatingpowerlevelsin areasonable

range.

Sixth,the Noveon-I-lenryPlantwastewateris lightly buffered.Consequently,if biological

nitriflcation couldbeimplementedwith inhibitorcontrol,themajority of alkalinitywouldhaveto be

addedwhereasin biologicalnitrificationof municipalwastewaterthemajority (lf notall) of the

alkalinity requiredis presentin thewastewater.

Eighth, theNoveon-HenxyPlantdoesnot haveanyadditionalappreciablepoweravailableatthe

WWTF.Any significantadditionalpowerrequiredattheWWTFwouldrequireinstallationof anew

motorcontrolcenterandinstallationof anewpowerline to asubstationlocatedapproximately

0.5milesaway.Consequently,anyWWTFupgrade(regardlessof magnitude)to addresseffluent

ammonia-nitrogenreductionwill requirea significantcostofpowerdelivery.

2.0 History ofEffluent Ammonia-Nitrogen ReductionEvaluations at theNoveon-Henry

Plant

During thelast 14years,NoveonandBrownandCaidwell haveconductedextensivelyevaluated

whethertherewereanyfeasibletechnologiesthatwouldprovideadditionaleffluent ammonia-

nitrogenreductionattheNoveon-HenryPlant.Theseevaluationshaveconsistedofliterature

review,consultationwith additionalexperts,laboratory-scaletreatmentinvestigations,full-scale

operationsandcapital enhancements,andfull-scaleplant trial investigations.Manyof these

evaluationswerebasedon resultsof priorevaluationsin anattemptto continueto build on findings

ofprior evaluations.In my professionalopinion, therehavebeen“norelevantstonesleft unturned”.

Thesignificantevaluationsin which 1 haveparticipatedaresummarizedbelow.
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2.1 SingleStageNitrification, PowderedActivated Carbon Addition, Effluent Ion

ExchangeandTertiary(Effluent) Nitrification

WhenI first gotinvolvedattheNoveon-HenryPlantin 1989,thefocuswas on developinga

strategyfor achievingconsistenteffluent BOD compliance.Brown and Caldweflconducted

continuousflow treatabilitytesting,that I designedandoversaw,thatindicatedthiscompliance

couldbeachievedwith pretreatmentof onemajorwastestream(C-I 8).During the courseof the

treatabilltystudies,we noticed that the WWTF would dischargeelevatedconcentrationsof

an-unonia-nitrogenwhile providingexcellentBOD removal. Despitecarefully controlled conditions

of F/M, MCRT, pH, temperature andDO that should prompt biologicalnitrification,nonewas

observed.This indicatedthatMET andpossiblyotherbio-inhibitorswerepresentin the influentat

sufficientlevelsto preventbiologicalnitriflcation. Batchtestingwasconductedin early1989to

determineif powderedactivatedcarbon(PACt) could be added to removetheseinhibitorsandallow

biologicalnitrification. Furthermore,batchtestingalsoevaluatedselectiveion exchangetreatment

(dlinoptilolite) of the effluent, andtertiary (effluent)nitrificationof the effluent.Thisworkindicated

thatanuntenable,largedoseof PAC wouldberequiredto allow single stagenitrification

(5000mg/L or 17 tons/day).Becauseof thisfinding (untenablecarbonusage)andthe certaintyof

fouling problems,no furtherconsiderationwasgivento carbontreatment. Thiswork alsoindicated

thateventhemostappropriateion exchangewasnot selectivefor ammonia-nitrogenremovaldueto

the othercompetingcationsin thewastewater(approximately100poundsresinrequiredto remove

1 poundofammonia-nitrogen).Lastly, thiswork suggestedthattheeffluentcouldbebiologically

nitrifled with yet anotheror tertiarytreatmentunit. Consequently,subsequentevaluations

consideredmorethoroughlytertiarynitrification.

2.2 Further Evaluation ofTertiaryNitrification andPretreatmentwith SingleStage

Nitrification

Basedon theseresults,Noveon’scorporateResearchandDevelopmentgroupinitiatedacontinuous

flow treatabilitystudythatfocusedon tertiarynitrificationwith alkalinityaddition.Thisworkwas

conductedoverabouta 6 monthperiodusingfixed film biologicalnitrification andsecondary

clarifier effluentsamplesthatwerecollectedmonthly.Theworkindicatedthattertiarynitrification

could beaccomplishedandlow dischargeammonia-nitrogenconcentrations(less than6 mg/L)
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couldbeachievedwith alkalinityaddition andeffectiveperformanceof upstreamtreatment

processes.Therewerelegitimateconcernsabouthowreliably thisprocesswould haveperformed

underthe daily variabilityof secondaryclarifier effluentquality.

BrownandCaldwellalsoinitiatedaseriesof batchtreatabilityteststhatI designedandoversaw.

This testingwasto identify if availabletechnologiescouldbeusedto removethebio-inhibitors

presentin theinfluentwastewaterto theextentthatthemostwidely practicedandleastexpensive

ammonia-nitrogenremovalprocess(singiestagenitrification) couldbeemployed.Thesetreatabillty

testsevaluatedhydrogenperoxidetreatment,clay absorption,and precipitation. However, the rate of

biologicalnitriflcation was slowerthanwouldbeexpectedfor anuninhibitedsystemindicatingthat

bio-inhibitorswerestill presentin the effluentfrom thetreatmentplantThis work indicatedthat

precipitationandfiltration of theNoveonwastewateratpH2 would allowsingle stagenitrification

to proceed.However,thispretreatmentwouldrequiresignificantacidadditionto lower the

wastewaterpH from pH 10 to pH 2 andthensignificantalkali additionto increasethe pH from

Ph2 to pH 7forbiological treatmentTheprecipitantfromthepH 2pretreatmentwas analyzedand

foundto bepredominantlyMET (aknownnitrificationinhibitor).

2.3 FurtherEvaluationof Pretreatment (p112Precipitation andSolventExtraction) and

SingleStageNitrification

Basedon resultsof thework describedabove,BrownandCaldwellconductedacontinuousflow

treatabilitystudy,whichI designedandoversaw,to evaluatepH 2pretreatmentof the PC

wastewaterandsingie stagenitrification. This studyindicatedthatsingiestagenitrificationcouldbe

achievedwith thispretreatment.Therateof nitrificationwasinhibitedindicatingthatsome

bio-inhibitorsstill remainedin thecombinedinfluent.Effluent ammonia-nitrogenconcentrations

from thisprocessvariedfrom I mg/L to 20 mg/L, indicatingavariationin remaininginfluent

bio-inhibitorconcentrations.It was concludedthatthispretreatmentprocesswould supportsingle

stagenitrification. However,effluentammonia-nitrogenconcentrationswould not consistently

achievethoselimited by 35 ILL. Admin. Code304.I22aor 304.122b.

During this sameperiod of time,Noveoninvestigatedaprocessusedin Germanyfor MET

recovery.Thisprocessusedsolventextraction.Resultsof this investigationreportedlyindicatedthat
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the processwouldposesafetyconcerns(potential forexplosions)andwouldalsobecostprohibitive

to implementat theHenryPlant(reportedlygreaterthan$10million).

2.4 Assessmentof WWTF for Compliancewith ConventionalDesignfor SingleStage

Nitrification [35 ILL. Admin. Code370.1210and370.920]

NoveonretainedBaxterandWoodmanin 1994to reviewtheWWTF for compliancewith the

Illinois designstandardsfor singlestagenitriflcationof municipalwastewaters.Thesestandardsaxe

intentionallyexcessive(or conservative)andallow for asignificantmarginoferrorin wasteload

determinationsandoperatingconditionsbasedon my experience.Thereareno Illinois design

standardsfor single stagenitriflcationof industrialwastewaters.Theseindustrialdesignstandards

aredevelopedon asite specificbasisusingwastewatercharacterizationdata,treatabilitytesting,and

professionalexperience.

The reviewby BaxterandWoodmanindicatedtheWWTFwould complywith the municipal

wastewaterstandardswith theadditionof about65 percentmoreaerationtankage.I was convinced

thatthe WWTF wouldnotprovidesingle stagenitrificationwith thisadditionalaerationtankage.

However,Noveonexpandedthe aerationtankagein 1998by 100percentto providegreateraeration

capacityandgreatertreatmentplant flexibility. Thisadditionput theWWTF in full compliancewith

35 ILL. Admin. Code370.1210and370.920andTenStateStandards(which includesIllinois) for

singlestagenitriflcationandyet theWWTF did not exhibitanynitrification. Thereasonnitrification

wasnot achievedwasnot dueto alack of equipment,butratherthepresenceof bio-inhibition.

2.5 AlternativeBacteria

IEPA hadconductedaliteraturesearchandfoundanartidethat seemedto imply that special

bacteriacouldbegrownin theNoveon-FlenryPlantthatwouldboth degradethedifficult

compounds(suchas morpholine)andremoveammonia-nitrogenatthe sametime. I explainedto

IEPA thatthesewerenot the findingsof this article.However,IEPAwaspersistentthatthese

bacteriacouldachievebothtypesof degradation(morpholineandammonia-nitrogen).

Consequently,Noveonbroughtin theauthorof this articlefrom England(Dr. JeremyKnapp).

Dr. KnappreviewedtheNoveon-HenryPlantoperation.Hethenexplainedthat thebacteriathathe
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wroteaboutwerealreadypresentin theNoveon-HenryPlantbasedon morpholineremovaldatahe

hadreviewedandthatthe conditionspresentin theNoveon-HenryPlantweresuitablefor

maintainingacultureof thesebacteria.Hefurtherexplainedthatthesebacteriado not provide

nitnification.He alsoexplainedthat theNoveon-HenryPlantprovidedall theright conditionsfor

singlestagenitrificationif bio-inhibitingcompoundswerenot present

Noveonon severaloccasionshastried addingspecialtybacteriato removedifficult to degrade

compounds.Duringthesesameperiods,Noveonhasaddednitrifying bacteriafrom thePeoria

P01W.In no instancehasNoveonbeenableto initiatenitrification. This indicatesthatthelack of

nitrificationis dueto inhibitors thatarenotdegradedwithin the confinesof theNoveon-Henry

Plantevenwith specialbacteriaaddition.Furthermore,this Plantoffers thebiological treatment

opportunitythatis requiredbyTenStateStandardsand35 ILL. Admin. Code370.1210and370.920

for singlestagenitrification.

2.6 NumerousOccasionsof SeedingPlantwith Nitrii~tingBacteria

TheNoveon-HenryPlanthasbeenin compliancesince1998with TenStateStandardsand35 ILL.

Admin. Code370.1210and370.920for single stagenitrification. Sincethis time,Noveonhasadded

on numerousoccasionsbacteriafromotherWWTF thatareactivelynitrifying. Theseadditionswere

intendedto improvetheNoveon-HenryPlantWWTF performance.Yet, in no casehasnitrification

occurredat theNoveon-HenryPlantdespiteoptimumconditionsof MCRT (greaterthan30 days),

temperature(28 to 32 degreesC),pH (6.8 to 7.5),DO (greaterthan2 mg/L). Again, it is my

professionalopinionthatthisis dueto thepresenceof bio-inhibitingcompoundsin theinfluent.

2.7 Full-ScalePlantTrial ofAlkalineAir Strippingto AchieveEffluent Anirnonia-

NitrogenReduction

TheNoveon-HenryPlantconducteda full-scaletrial of alkalineair strippingof the combined

influent. ThisrequiredNoveonto setup aninterimpumpingsystem,causticadditionsystem,and

acidadditionsystem.This interimsystemdivertedall primaryclarifier effluent(approximately

560gallonsperminute) to an aerationbasinthathadbeenset asidefor thistesting. Causticwas

addedto theaerationbasinto maintainatargetpH valueof 10.5.A surfaceaeratorwasplacedin
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thisbasinandoperatedto assistin air stripping.Effluent from thistankwasdivertedto ablendtank

wherethepH was lowered.Theblendtankcontentswerethenpumpedto the~therthreeaeration

basinsforbiological treatment.This treatmentdid demonstrateamodestreductionin effluent

ammonia-nitrogen(lessthan20percent).Thisreductionwaslow, in my opinion,dueprimarily to

thefact thatthe majorityof the effluentammonia-nitrogenis formedduringbiological treatment.

Secondly,thepH controlmethodwasunableto consistentlykeepthetankcontentsatorabove

pH 10.5.

2.8 Full-ScaleTrial of Pretreatment and SingleStageNitrification

Noveonenvironmentalstaffconductedaliteraturesearchandfoundan article thatindicatedthat

MET couldbeco-precipitatedwith ferric hydroxideatanelevatedpH (seeExhibit B). The article

indicatedthatsignificantremovalcouldbeaccomplishedatpH 4.5 versusthepH 2 pretreatment

evaluatedby BrownandCaldwell.Noveonconductedafull-scaletrial ofthispretreatmentsystemin

hopesof achievingsinglestagenitrification. I reviewedthearticle,believedtheir wasalikelihood of

successin thistrial, helpeddesignthe trial conduct,revieweddatafrom thetrial andwitnessedthis

trial in progress.Thetrial involvedNoveoninstallinganinterimprecipitationsystemandseparate

sludgedewateringsystemto treatandsegregatepretreatmentbyproducts(sludgeandfiltrate from

sludgedewatering).The entirePCwastewaterdischarge(120gpm)wasroutedthroughthissystem

involving ferric chlorideaddition to lower thePCTankwastewaterto pH 4.5.ThepH adjusted

waterwasallowedto separatein interimclaniflers.Thetreatedwastewaterwastransferredusingan

interimpumpingsystemto theexistingprimarytreatmentsystem.Theprecipitatedsludgewas

dewateredusinganinterimfilter presswithprecoataddition system.Thefiltrate from sludge

dewateringwas routedbackto the pretreatmentsystem.Thepretreatmentsystemwas operatedfor

monthsanddid demonstratesignificantMBT removal (greaterthan50percent).At theendof this

operatingperiod,Noveonbroughtin atankerload(5000gallons)of bacteriafrom aplantin Indiana

thathadahighpopulationofactive nitrifying bacteria.Thebacteriawereaddedto theaeration

basins.Thepretreatmentsystemcontinuedto operatewhile Noveoncheckedfor signsof

nitrification in the activatedsludgesystem.Theactivatedsludgesystemwasoperatedunderadequate

DO, pH, MCRTandalkalinitycontrolto promptnitrification. No nitrification occurreddespitethis

largeinvestmentof resources(greaterthan$100,000)andtime (greaterthan4 months).It is my
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opinionthatnitrification did not occurbecauseof thecontinuedpresenceof bio-inbibiting

compoundsin theinfluent (MBT andlikely others).

2.9 ConsiderationofOtherLesserKnown Technologies

Anotherconsultant(EcologyandEnvironment,mc)wasretainedto review thework of Brownand

Caldwellfor Noveon.This consultantbelievedthatall feasibletechnologieshadbeenconsideredfor

effluentammonia-nitrogenreductionexcludingozonation.A conceptualleveldesignandcost

estimatewasdevelopedforthistreatmentprocess.Theprocesswould presumablyachievea

98percentreductionin effluentammonia-nitrogenbut atapresentworthcostof $20.32million

(almosttwicethecostof any otherprocessconsidered).This processwouldalsosignificantly

increasethe effluenttotaldissolvedsaltconcentrationdueto the causticadditionrequiredto

neutralizethe acidgeneratedfrom thisprocess.Additionally, asignificant substationupgradewould

berequiredto delivertheadditionalpowerconsumed(equivalentto approximately3500hp

demand).

I discoveredin 2003acompanyin Memphis,Tennesseethathadapatentedmembranethat

selectivelyseparatedammonia-nitrogenfrom wastewatercontaininglittle otherconstituentsbesides

ammonia-nitrogen.This membranewas testedto removeammonia-nitrogenfrom alandfill leachate

andgroundwaterstreamthatwaslessconcentratedin otherconstituentsthantheNoveon

wastewater.Thecompanycondudedafteractualtestingthatthemembranewouldnotbesuitable

for treatingtheleachateandgroundwaterstreamdueto interferencecausedbyothercompounds

presentin thewastestrearn.Consequently,I did not furtherpursueuseof this membraneatthe

Noveon-HenryPlantfor effluentammonia-nitrogenreduction.

2.10 ComparativePerformanceandCostsof all ProvenEffluent Ammonia-Nitrogen

ReductionProcesses

After approximately14yearsof extensiveevaluationsby NoveonandBrownandCaidwell, all

applicabletreatmentprocesses,in myprofessionalopinion,havebeenconsideredfor effluent

ammonia-nitrogenremoval.Treatmentprocessesconsideredwentbeyondthoseincludedin the

USEPAProcessDesignManual:NitrogenControl (EPA625R93010).No stonehasgoneunturned.
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Theproventreatmentprocessesdescribedabovehavebeendevelopedby meandsupportstaffwell

enoughto accomplishthefollowing.

• predictpotentialeffluentammonia-nitrogenreduction,

• understandtheprosandcons,

• developconceptualleveldesignsfor their application,and

• developconceptualleveldesigncostestimates(capital,annual,andpresentworth costs)for

thesetreatmentaiternativesto within 30percentaccuracyusingavailableinfluent wasteload

data.

Theproventreatmentprocessesthatwereevaluatedarelistedbelow.

• Alkalineair stripping(air strippingatpH 10.5)of PCTankcontentswithoff-gascollection

andtreatment.Noveonbelievedthisoff-gascollectionandtreatmentwouldberequiredto

complywithair qualityregulations.At highpH ammonia-nitrogenexistsas agasdissolvedin

liquid andcanberemovedfrom theliquid by air stripping.

• Alkalineair strippingof PVC Tank contents.

• Alkaline air strippingof secondaryclarifier effluent.

• Struviteprecipitationof combinedinfluent priorto primaryclarification.Ammonia-nitrogen

can beprecipitatedasNFI4MgPO4(H2O)6.

• Breakpointchlorinationof secondaryclarifier effluent.Theaddition ofchlorineconverts

ammonia-nitrogento nitrogengasthatexitstheliquid to theatmospherewithout theneed

forair stripping.

• Nitrification of PVC Tankwastewater(non-PCwastewaters).Nitrificatiori is aprocessby

which bacteriaconvertammonia-nitrogento nitrate-nitrogen.The bacteriaconsumelarge

amountsofoxygen(4.6 lbs oxygen/lbammonia-nitrogenremoved)andalkalinity (7.14lbs

alkalinity/lb ammonia-nitrogenremoved).
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• Nitrification of thecombinedwastewater.Thisprocesswouldrequirepretreatmentof the

PCwastewaterto removebio-inhibitors.

• Nitrification of secondarydariflereffluent (tertiarythtrification).

• Ion exchangetreatmentof thefinal effluent. Ion exchangeis aprocesswhereanothercation

(e.g.,sodium(Na4) orhydrogen(H4) isreleasedfrom aresininto thewatersoanother

cation(NH4
4) canbe removedfrom thewater.

Thetreatmentprocessevaluationdescribedaboveis briefly summarizedin ExhibitsC, D, andE.

Thisevaluationestablishedthat theprocessoffering thelowestpresentworth costfor reducing

effluentammonia-nitrogenwas alkalinestrippingof thePCTankcontents($2.31 million). This

alternativehoweverwouldonly providea 27 percentreductionin effluentammonia-nitrogen.If

35 ILL. Admin. Code 304.122bwasapplicable, and I strongly believethat it is not, the average

effluentammonia-nitrogenwould haveto be reducedby 98 percent(135mg/L reducedto 3mg/L).

Underpeakeffluentconditions,the effluentammonianitrogenreductionwouldhaveto exceed

98 percent.The processofferingthelowestpresentworthcostthat would becapable ofmeetingthe

98 percentreductionrequirementwasion exchange($5.07million). However,thisprocesswouldbe

complicatedto operate,wouldgenerateawastebyproduct(liquid ammoniumchloride)requiring

offsite disposalandwouldbeproneto foulingby scalingandbacterialgrowth.Thenextleast

expensiveprocesscapableof achieving98 percentreductionwas breakpointchlorination

($9.73million). However,thisprocessposessignificantsafetyandsitesecurityconcerns(chlorine

gasis extremelyhazardous),wouldsignificantlyincreaseeffluenttotaldissolvedsalt(IDS)

concentrationsandthereforewould increaseeffluentaquatictoxicity, andcouldgeneratechlorinated

organicsthatcouldin turnincreaseeffluentaquatictoxicity. Lastly, thenextleastexpensiveprocess

capableof achieving98 percentreductionwasnitrificationof thecombinedwastestreamasasingle

stageprocess($11.71million) or asa tertiaryprocess($11.41million). Bothprocesseswould result

in anincreasein effluentTDSandbothprocesseswouldprovidevariableperformancebasedon the

variabilityof influent bio-inhibitingcompounds.At times,neitherprocesswouldcomplywith the

requirementsof 35 ILL. Admin. Code304.122aand304.122b(eventhosethesearenot applicableto

theNoveon-HenryPlant).
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2.11 Evaluation ofAlternativeMethods ofEffluent Ammonia-Nitrogen Measurement

Numeroustreatmentprocesseswereevaluatedto reduceeffluentammonia-nitrogen.Effluent

ammonia-nitrogenwasreducedbut with greaterdifficulty in manycasesthanexpected.This

difficulty mademequestionwhethertherecouldbeafundamentalerrorin the measurementof

effluentammonia-nitrogen.Themethodusedby theIEPAlaboratoryandtheoutsidelaboratory

usedby theNoveon-HenryPlantfor effluent compliancemonitoringwerethe same.Both

laboratoriesusedtheion selectiveprobemethod.Thismethodis recognizedby USEPAas

registeringartificially elevatedvaluesin thepresenceof organicnitrogencompounds.These

compoundsarelikely to bepresentin theNoveon-HenryPlanteffluent.Noveon,at my suggestion,

conducteda testingprogramwherethesecondaryclarifier effluentwasanalyzedusingthehistorical

methodwithoutdistillation,thehistoricalmethodwith distillation,andthephenatemethod-with

distillation.All threemethodsareapprovedby USEPA.The lastmethodmentionedwasthemethod

leastproneto interferenceby organicnitrogen.Resultsof thistestmethodindicatedaslightly lower

valuefor effluentammonia-nitrogenwith distillationandwith thephenatemethod.However,the

averageofall valueswas within 15 percentregardlessof themethodselected.This finding indicated

thehistoricaleffluentammonia-nitrogenconcentrationswerereasonablyaccurateandthatthe

historicalmethodcouldcontinueto be usedwith reasonableaccuracyto monitoreffluent

ammonia-nitrogenconcentrations.Theeffluentconcentrationsmeasuredthroughoutall treatment

evaluationscould beconsideredreasonablyaccurate.Effluent ammonia-nitrogenreductionhad

indeedbeenasdifficult to achieveasmeasured.

3.0 OTHER ISSUESRAISED BY IEPA

3.1 GAC Treatmentof Influent

GAC (granularactivatedcarbon)hasbeenusedto removeinhibitorsfrom wastewatersandoneof

theinhibitors (possiblythepredominateinhibitor) is removableby GAC.So,atfacevaluethis

suggestionappearsreasonable.However,severalfactorsrenderit non-practical.First, theinfluent

doescontainsomeorganicsthatarereadilydegradablesuchasisopropylalcoholandethanol.These

readilydegradableorganicswouldcausebacteriato growon the GAC column andslimeoverthe
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GAC porespacesrenderingtheGAC unavailablefor removalofinhibitors.Second,theinhibitors

arenot theonly compoundsin theinfluent thatwouldbeadsorbedby theGAC prior to being

slimedover. Recall that5000 mg/LPACor 17 tons/daywasrequiredto promptnitrification.

Consequently,theGAC usage(evenif slimingwerenot anissue)wouldbe excessivein theorderof

tons/day.

3.2 Implication that NoveonhasnotimplementedanyAmmonia-NitrogenRemoval

Measures

Noveonhasinstalledin-plantrecoverydevicesandinstitutedpollutionpreventionplansto minimize

the dischargeof organicnitrogen(suchastertiarybutyl amine)to the WWTF whichhavebeen

convertedto ammonia-nitrogenthroughbiological treatmenthadsuchrecoverynotbeenprovided.

Noveonhasevenbeenrecognizedby the Stateof Illinois for progressin pollutionprevention

(AnnualGovemor’sAwardfor PollutionPreventionin 1999,2002,and2003with Governor’s

CitationAward for PollutionPreventionin 1998).Second,theNoveon-HenryPlanthasconsistently

removedammonia-nitrogenthroughits WWTF asanutrientrequiredforBOD removal

(approximately0.04lbs ammonia-nitrogenremoved/lbBOD removed).BOD-removingbacteria

aremoretolerantof inhibitors thanarenitrifying bacteria.Without this BOD removal,Noveon

woulddischargeapproximatelyanadditional20 mg/L ammonia-nitrogenin the final effluent.The

Noveonwastewaterjustcontainsmoreammonia-nitrogenthanrequiredasanutrientfor BOD

removal.Lastly, it shouldbenotedthatNoveonhasexertedsignificanteffort in conductingtwo

full-scaletrials in anattemptto demonstrateaWWTF modificationthatwouldprovideeffluent

ammonia-nitrogenreduction.Onetrial providedlessthana20 percentreductionandtheothertrial

providedno reduction.

3.3 Attemptto CompareCostofAmmonia-NitrogenRemovalbetweenNoveonand

Others

As describedin I above,theNoveon-J-lenryPlanthasseveraluniquefeaturesthatrenderits costof

providingammonia-nitrogenremovalmoreexpensivethanothers.The comparisonsmadeby the

JEPAconsideredonly thecapitalcostsof single stagenitrification. Operationsandmaintenance

(annual)costswerenot includedin thecomparison.However,as notedin Exhibit C, theseannual
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costsfor Noveonwould besignificantThe facilitiesusedin thecomparisonsby theIEPAwere

likely requiredto addlittle or no chemicalsto achievenitrificationwhereastheNoveon-HenryPlant

would berequiredto spend$788,000annuallyon chemicalsalone.Thishighchemicalcostis dueto

chemicalsrequiredfor thepH 2 pretreatmentprocess(acid to lowerthepFI andcausticto raisethe

pH for biological treatment)andcausticrequiredprovidingthe alkplinity consumedin nitrification.

Thisyieldsapresentworthchemicalonly costof $5.29million excludedfrom the costcomparisons

madeby JEPA(basedon a10yearprojectlife). IEPA suggestedthat a20 yearprojectlife wouldbe

morerepresentative.Underthisprojectlife, thepresentworthcostof chemicalswould increaseto

$7.73million. Eitherway, thisis asignificantomissionin costcomparisons.In addition,thisdoes

notincludetheaddedoperatingcostthatNoveonwould haverelatedto pretreatmentsystem

operationsandincreasedaerationhorsepower.Onlypresentworth costcomparisonsaremeaningful

whenthereis asignificantdifferencein operatingcostsasis thecasehere.In my professional

opinion, thereis no doubtthat singlestagenitrificationattheNoveon-HenryPlantwouldbe far

moreexpensiveon apresentworthbasisthanany facility theJEPAusedin its comparisons.

It is likely thatapresentworthcostcomparisonof thesefacilities would revealthatthecostof

ammonia-nitrogenremovalis lessthan$0.20/lb(thesurchargecostimposedby theKnoxville Utility

Boardon ammonia-nitrogenis $0.12/poundof ammonia-nitrogen)for thePOTWs.Thepresent

worthcostfor Noveonto implementsinglestagenitrificationis $3.60/lbto $2.32/lb(dependingon

whethera 10 yearor 20 yearprojectlife is assumed,respectively)of ammonia-nitrogenreducedor

18 to 12 timesthe costfor facilities of thetypedescribedby theJEPA.

4.0 INCREMENTAL COSTOF PROVIDINGEFFLUENTAMMONIA-NITROGEN

REDUCTION

TheIEPA suggestedthattheywouldbemoresupportiveof Noveon’sPetitionfor Adjusted

Standardif someeffluentammonia-nitrogenremovalwereprovided.It is myprofessionalopinion

thatJEPAhasfailed to recognizethat theNoveon-HenryPlantalreadyprovideseffluent

ammonia-nitrogenreductionthroughsourcecontrolpracticesandammonia-nitrogenremoval

accomplishedin BOD removal.Nevertheless,Noveonrequestedthat BrownandCaidwellcalculate

thecostof incrementallyprovidingeffluentammonia-nitrogenreduction.I personallydevelopedthe

basisfor thiscostanalysisandreviewedandapprovedthe processbywhich theywerecalculated.In
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somecasesincrementaleffluentammonia-nitrogenwould beaccomplishedby treatingonlya

portionof thewastewater.In othercases,it wouldbeaccomplishedby sizingthe treamientvesselto

onlyprovidepartial treatment.Theresultsof this exercisearesummarizedin Exhibit D.

Theseresultsindicatedthatevena 25 percentreductionin effluentammonia-nitrogenwouldhavea

presentworthcostof $1.8million to $3.9million dependinguponthetreatmentprocessselected.

Moreimportantly,the25 percent reduction wouldnot achievecompliancewith35 ILL. Admin.

Code304.122bassumingit appliedandit doesnot apply.

5.0 SUMMARY

TheNoveon—HenryPlantcurrentlyprovideseffluentammonia-nitrogenreductionthroughsource

controlandremovalassociatedwith BOD removalnutrientrequirements.In my professional

opinion,any furtherreductionin effluentammonia-nitrogenis not requiredby 35 ILL. Admin.

Code304.122if IEPAapprovesNoveon’sinstallationof aneffluentdiffuser.Thisdiffuserwill allow

amoreuniformdistributionof theeffluent from theWW1Pin the Illinois Riverandwill allow

waterquality criteriato bemaintained.Both304.122aand304.122bdo not applybecausethe

Noveon-HenryPlantclearlyhasanuntreatedwasteloadwith apopulationequivalentlessthan

50,000basedon all relevantcalculations.

Consequently,no effluent limitationsandthereforeno additionaleffluentammonia-nitrogen

reductionsarerequiredby this Code.

Extensiveeffortshavebeenmadeby Noveonandits consultantsoverthelast 14 yearsin examining

effluent ammonia-nitrogenreductions.Theseextensiveimprovementsandstudieshavenotbeen

takento seekcompliancewith 35 ILL. Admin. Code304.122.Theyhavebeenundertakeningood

faith to resolvedisputeswith theIEPA andto evaluatewhethertherewereany feasibletechnologies

thatwouldprovideadditionaleffluentammonia-nitrogenreduction.

The findingsof effluentammonia-nitrogenreductioneffortshavebeensharedwith IEPA andare

summarizedinExhibits C, D, andE.Thesefindings showthe following
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• TheNoveon-HenryPlanthasatleasteightuniquecharacteristicsthatrenderit unusually

difficult andexpensiveto achieveanyfurtherammonia-nitrogenremoval.

• Everyproventreatmentprocessfor effluentammonia-nitrogenreductionhasbeen

consideredby theNoveon-HenryPlant,evenonethatwasin thedevelopmentalstages.

• Noveonhashadseveralconsultantsevaluateeffluentammonia-nitrogenremoval.These

haveincludedawell-respectedIllinois firm, anationally-recognizedengineeringfirm, anda

researchprofessorfrom England.

• No treatmenttechnologywas foundby IEPA or anyof theseconsultantsthatcouldprovide

significanteffluentammonia-nitrogenreduction(greaterthan50 percent)for apresent

worthcostof lessthan$5.0 million. Evena25 percenteffluentammonia-nitrogenreduction

hadapresentworthcostof at least$1.8million. Neitherof theseremovalsis requiredto

comply ‘with 35 ILL. Admin. Code304.122aor 304.122bsincetheyarenot applicableto the

Noveon-I-lenryPlant.

• Thepresentworthcostof installingsinglestagenitrification, like facilities IEPAusedin cost

comparisons,was$11.7million. Thiscostwhencomparedto thesurchargecostimposedby

aPOTWon ammonia-nitrogenindicatedthattheNoveon-HenryPlantcostsfor

ammonia-nitrogenremovalwouldbe 18 timesgreaterthanthatforaPOTW.Thiscost

differencewas notrevealedin IEPA analysisduealack of considerationgiven to

disproportionateoperatingcosts.

In myprofessionalopinion,Noveonhasgonefar beyondthatwhich Illinois regulationsrequirein

evaluatingeffluentammonia-nitrogenremoval.Good faith andawillingnessto work with IEPA

havebeendemonstrated.Fourteenyearsandconsiderableresourceshavebeenappliedin effort to

find anagreeablepositionwith IEPA. Suchanagreementwasnotreached.Noveon’sPetitionfor

AdjustedStandardis reasonableandshouldbesupportedby theBoardin conformitywith Illinois

regulations.
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CERTIFICATE OF SERVICE

The undersignedcertifies that a copy of the foregoing Notice of Filing andWritten

ExpertTestimonyof HoustonFlippinwas filed by handdelivery with the Clerk of the Illinois

Pollution Control Board andservedupon the parties to whom saidNotice is directedby first

classmail, postageprepaid,by depositingin the U.S. Mail at 191 N. Wacker Drive, Chicago,

Illinois on Friday, February6, 2004andfacsimile.
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T. Houston Flippin, P.E., DEE

Assignment Experience Summary
CapacityEvaluation HoustonFlippin has20 yearsof experiencein industrialandmunicipal
Education wastewatermanagement.Mr. Flippin is particularlyadeptatmaximizing
M.S., Environrnenta~and Water treatment process performance.This is dueto yearsof conducting,

vdftu•~”1984 evaluating,anddevelopingfull-scaleprocessdesignandoperatingguidelines
from bench-,pilot- and full-scalewastewatertreatmentstudies.These

E., Civ andEnvironmental studieshaveevaluatedbothbiological andphysical/chemicalprocessesfor

Vanderbilt University, 1982 treatingwaters,wastewaters,andsludgesladenwithconventionalpollutants,
Registration priority pollutants,andaquatictoxicants.Mr. Flippin hasusedthis
Professional Engineer.Tennessee, experienceto bothdeveloptreatmentcostsavings (capitalandoperating)
Illinois, Kentucky, and Michigan while maintainingreliable effluent complianceandtonegotiatemore
Diplomate: American Academy of reasonable effluentlimits. His “handson” experience andhis talentfor
Environmental Engineers communicationhas madehim a frequentworkshop lecture, client staff
Experience trainer,andnegotiator.Recentwork on the industrialsidehasinvolved
20 years developinginnovative,reliableandcost-effectivepretreatmentprocesses
Joined Firm andminimizing upgradecostsof treatmentlagoonsystems.Recentwork on
1984 themunicipalside hasinvolved reratingcapacitiesof POTWsusingsite-
RelevantExpertise specificdata,developingcostsavingactionsforaerationandsludge
• Developingsfte specific operating handling,anddevelopingstaffreorganizationplansto enhanceproductivity.

guidelinesandtreatment Mr. Flippin also hasexperienceinpotablewatertreatment,stormwater
capacibes. permitting,wasteloadsurveys,andwasteminimization.

I Developing cost savings for ________________________________________________________________________________
treatment plants.

• Organic Chemicals, Herbicides and Pesticides
Process Design, Start-up Assistance and Operator Training, Ciba-
Geigy Corporation
LeadEngineerandAutbor.Responsiblefor anon-sitetreatability studies,
processdesigndevelopment,andfinal reportfor thetreatmentof
wastewatersdischargedfrom Ciba-GeigyCorporation’slargestU.S. organic
chemicalsmanufacturingcomplexincludingpesticides.Theprojectbegan
by evaluatingconversionof theexistingaeratedlagoonsystemto activated
sludge.Thisconversionwas necessaryto meeteffluentrequirementsunder
higherloadingconditionsandto meetRCRA closurerequirementsof on-
site surfaceimpoundments.Thisevaluationinvolved anactivatedsludge
treatabilitystudyevaluatingtheimpactof varyingtotaldissolvedsolids
concentrations(0.5percentto2.5percent),temperatures(8°Cto 20°C)and
RCRA regulated streamdischargecontributions.A processdesignfor the
aeratedlagoon/activatedsludgeconversionwas developed,presented,and
implemented.Mr. Flippin developedmaterialsfor andassistedin the
operatortrainingcoursewhichprecededstartupof theactivatedsludge
plant.A follow-up treatabilitystudywasconductedandfocusedon TKN,
TOC,acutetoxicity andcolor reductionthroughtheuseof PACT®
treatmentas comparedto tertiaryGAC treatment.Specialbatchtreatability

BROWN AND
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T. Houston Flippin, P.E., DEE

testingevaluatedalternativesourcecontrolmethodsfor ahighly colored
wastestream.A processdesignwasdevelopedtomeetrevisedtreatment
objectives,a final reportwasissued,anda newWWTF wasconstructed.
StartupassistanceandoperatortrainingwereprovidedforbothWWTFs.

Process Design, Rhodia, Mount Pleasant, Tennessee
LeadEngineerandAutbor.Responsiblefor antreatability studies,process
designdevelopment,and final reportfor thetreatmentof herbicide
wastewaters.Treatmentsevaluatedimpactof photolyticdecomposition,
carbonadsorption,andmacroreticularresins.Solutionimplemented
includedminortreatmentand recycleof waters.Siteconvertedto a nearly
zerodischargeoperation.

POTW Impact and Discharge Negotiations, American Cyanamid,
Barcoloneta, Puerto Rico
LeadEngineerandAutbor.Responsiblefor antreatabilitystudiesthat
evaluatedimpactof herbicideandpesticidewastestreamson POTW.
Testingindicatedno adverseimpacton BOD removal,nitrification, and
sludgequalityat thedesireddischargerates.Resultsof testingwereusedto
negotiatealloweddischargesof thesewastestreamstothePOTWwithout
pretreatment.

WWTF Troubleshooting, Zeneca Fine Chemicals, Mount Pleasant,
Tennessee
LeadEngineerandAuthor.Responsiblefor treatabilitystudiesthatevaluated
impactofvariousorganicchemical,herbicideandpesticidewastestreamson
site’s biologicalwastewatertreatmentfacility (WWTF). Developedapproach
for screeningimpactof newwastestreamson theWWTF. Prescribed
maximumallowabledischargeratesof eachprocesswaststreamto prevent
upsetof theWWTF.

Pulp and Paper

Comprehensive Wastewater Management Plan, Chesapeake
Corporation, West Point, Virginia
LeadEngineer,Field TeamManager,andAuthor. Developeda comprehensive
wastewatermanagementplanfor a ChesapeakeCorporation1,800 tpd
integratedmill. Wastewatercharacterizationstudiesdefinedsourcesand
distribution ofwaxesthroughthepulpingandpapermakingprocess,the
impactof secondaryfiber productionon W.[’F solidsmanagement,the
impactof bleachingprocesschlorinesubstitutiononinfluentwasteloads,
effectof separateandcombinedsettlingof pulpmill andpapermill
wastewaters,andimpactof variousequalizationbasinsizesandmodesof
operationon influent loaddampening.Batchtreatabilitytestsevaluated
alternativeprimaryclarificationschemes,alternativesiteapplicationsof
dissolvedairflotation (DAF) forwax removalandsolidsrecovery,impact
of CO2stripping/coagulationandflocculationon pureoxygenactivated
sludgesettleabilityandimpactofsecondaryfiber on activatedsludgesettling
properties.Continuousflow treatabilitystudiesevaluatedthe effectsof
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T. Houston Flippin, P.E., DEE

secondaryfiberproduction,secondaryfiberwastestreamDAF
pretreatment,aerationbasintemperatures,slimicide loadingsandbleaching
plantchlorinesubstitutionon pureoxygenactivatedsludgeplant
performance(particularlysludgesettleability). Thecontinuousflow
treatabilitystudiesalsoinvolvedevaluationof severaltypesof biological
selectorsto control filamentoussludgebulldn~aerobic,two-stageaerobic,
anoxic/anaerobic,andextendedanoxic/anaerobic.Elementsof this project
werepresentedby Mr. Flippin atthe 1992TAPPI Environmental
Conference.

Lagoon Modeling and Upgrade Evaluation, Confidential Client,
Midwest
LeadEngineer. Developedalternativeupgrademeasuresfor a wastewater
treatmentlagoonsystemto accommodateincreasedwasteloadwhile not
exhibitingH2Semissions.Onealternativewasbasedon operatingthe
lagoonswithoutoxygenandnutrientdeficienciesandthusachievinggreater
BOD removalrates.Thisalternativewasbasedon treatabilitydata. The
secondalternativewasbasedon operatingthelagoonsunderoxygenand
nutrientlimitations,whichdecreasedBOD removalratesbut minimized
upgraderequirements.Extensivefull-scalesystemdatawasusedto develop
a modelfor evaluatingsystemperformanceunderaltemativeconditions.
Theprojectis currentlyin the final designstage.

Hazardous Waste

Groundwater Remediation Process Design, FLTG, Incorporated,
Crosby, Texas
P?vjectManagerandLeadEngineer. Responsibleforagroundwater
remediationprojectfor acompanyformedby 80 principle responsible
parties.This Superfundsitegroundwatertreatabilityinvestigation
consideredhowbestto upgradetheexisting treatment facility. Air
stripping,peroxidation,ozonation,ultrafiltration, carbon adsorption,resin
adsorption,andanaerobicdegradationseparatelyandinconjunctionwith
activatedsludgetreatmentwereconsidered.Following a seriesof batchand
continuousflow treatabilitytests,activatedsludgetreatmentfollowed by
granularactivatedcarbontreatmentwasselectedasthemostcost-effective
meansof achievingdischargetargets. In addition,acost-effectivesludge
treatmentanddisposalplanweredeveloped.

Textiles

Toxicity Reduction Evaluation/Toxicity Identification Evaluation,
Globe Manufacturing, Gastonia, North Carolina
PrefectManager,LeadEngineer,andAutbor. Managedawastewater
pretreatmentprojectwheretheindustrialdischargewascited asthe source
ofthePOTW’s effluentaquatictoxicityproblem. Treatabilitytestswere
conductedwhichscreenedthe effectsof the following treatmentprocesses
on effluenttoxicity reduction: air stripping,cationexchangeresin, activated
silica,macroreticularresin,granularactivatedcarbon,andbiohydrolysis.
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T. Houston Flippin, P.E., DEE

Resultsof thesetestsandfurtherdesktopevaluationsindicatedthe
biotoxicantwas ethylenediamineandthatactivatedsludgetreatmentwould
providethemostcost-effectivetreatment. Continuousflow treatability
studieswereusedto developtheprocessdesignfor theselectedprocess.
Submitteddesignbasisreportfor thepretreatmentfacility, reviewedfinal
designdrawingsandspecifications,andprovidedstartupassistance.The
pretreatmentfacility eliminatedall acuteandchronictoxicity associatedwith
thewastestreamdischargeat its flow contributionto thePOTW. Elements
of this projectwerepublishedin WaterScienceTechnology,Volume29,No. 9
(1994).

Food Processing

Waste Minimization, Quaker Oats, Newport, Tennessee
ProjectManager,LeadEngineer,andAutbor. Developedawasteminimization
planfor a QuakerOatsfacility. On-sitewastewatercharacterizationstudies
coupledwith interviewof sitepersonnelwereusedto developpractical,
cost-effectivewasteminimizationrecommendations.Implementationof
theplanresultedin significantreductionof productlossesandsewer
pretreatmentsurcharges.

Combined Municipal/Industrial Wastewater Management

ISP Chemicals, Calvert City, Kentucky

Principa/Engineer/SiteCSM: Investigationof theimpactof eightwaste
streamson the onsiteactivatedsludgeprocess.

Clariant Corporation, Elgin, South Carolina

Providedalternativetreatmentsystemanalysesprior tothe constructionof a
Greenfieldwastewatertreatmentfacility.

Cooperative and Cost Effective Wastewater Treatment, Ryan
Foods Company, Murray, Kentucky
ProjectManagerandPrincipalEngineer.Workedwith City of Murrayand
industryto developa“win-win” strategyforminimizingwastewater
treatmentcostsfor both theCity andindustry. Earlyestimatesby the City’s
consultant hadindicatedthat thePOTWwould haveto spend
approximately$10million to accommodatethedischargewasteloadon the
POTWwith RyanFoodsatmaximumloading (andwithoutpretreatment).
EstimatesindicatedthatRyanFoodswouldhaveto spend$3 million to
meetthelimits requestedby the City if pretreatmentwereto beinstalled. A
reviewof pertinentinformationindicatedtheopportunityfor significant
savingsbybothparties. TreatabilitystudieswereconductedandPOTW
performancedatawerereviewed. Thisworkindicatedthata muchless
costlyapproachcould betaken. A final designwasdevelopedfor the
pretreatmentfacility andinstalledat a costof $1.6million. The
pretreatmentfacility reducedthewasteloadby approximately7Opercent.
However,theremainingwasteloadto thePOTWexceededthe“rated
capacity”of thePOTW. A site-specificanalysiswas conductedandusedto
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T. Houston Flippin, P.E., DEE

reratethecapacityof thePOTW. A majorcomponentof this analysiswas
sludgestabilizationandalternativedisposalmethods.Thisreratingallowed
thePOTW to gainanadditional29 percentin ratedcapacityfora costof
$0.7million. So,in theend,theCityof MurrayandRyanFoodsbothsaved
morethan $1 million each. TheCity also receiveddefinitionofalternative
sludgedisposalmethodsanda descriptionof the incrementalupgradesthat
would berequiredin thefutureasthe “real ratedcapacity”of thePOTW
wasapproached.

Municipal Wastewater Management

Change Management Program, Metro Water Services, Nashville,
Tennessee
AssistantTaskManagerforOperationsGrv4. Workedwith client toidentify
cost-savingactionitemsto reduceannualO&M costsat two water
treatmentplantsandthreewastewatertreatmentplants. Thepurposein
thesereductionswas to rendertheplants’operatingcostscompetitivewith
thatestimatedby privatecontractorsandthus“staveoff privatization.”
Annualsavingsof greaterthan$1,000,000wereidentified. Currently
servingasadvisorto teams implementingsavingsregardingsludge
thickeningand dewateringandaeration. In additionto thiswork, have
assistedclient in processtroubleshootingwhich hasallowedclient to avoid
effluentnon-compliance.

0etrochemical and Synthetic Fuels

Safety Kleen Corporation, East Chicago, Indiana
LeadEngineer,ProjectManager,andAuthor. Responsibleforon-site
wastewatertreatment facility (WWTF) processtroubleshootingandtraining
to facilitate compliancewithpretreatmentlimits at this facility, oneof the
largestoil re-refineriesin theworld. Treatabilitystudiesandprocessdesign
were requiredforWWTF modificationsto accommodateincreased
productionandmorestringentpretreatmentlimits.

Brown andCaldwellprovidedsamplingandanalyticalproceduresmodified
for cyanide,ammonia,andorthophosphateanalyses.A more
comprehensiveandsite-specificprocedurewasimplementedto evaluatethe
chemicalconditioningrequirementsof themixed liquor. “In situ” oxygen
transferwas determinedto assessupgraderequirements.

Treatabilitystudieswereconducted.Theeffectsof operatingtemperature
(30°Cto60°~andF/M ratio (0.1 lb COD/lbMLVSS dayto 0.7 lb
COD/lbMLVSS day)on activatedsludgesettleabilityandeffluentquality
wereevaluated.Theeffectsof steam stripping, as apretreatmentstep,on
activatedsludgesystemperformancewereevaluated.Metalsprecipitation
with lime, alum andcausticwasstudiedas apretreatmentandpost
treatmentprocess.High pH airstrippingandbreakpointchlorinationwere
examinedas effluentNH3-N reductiontechnologies.Effluentperoxidation
andozonationwereevaluatedas a meansof providingeffluent total
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T. Houston Flippin, P.E., DEE

phenolicsreduction. Theuseof abiological selectorandchemical
conditioning(e.g.,coagulationandflocculation)were investigatedasmeans
of improvingsludgesettleability.

A processdesignto upgradetheexistingWWTF wasprovidedandincluded
a four stage,aerobicbiological selector,temperatureandpH control,
coagulation,flocculation,increasedRAS pumpingcapacity,breakpoint
chlorinationandtertiaryfiltration. Finaldesignguidancewasprovidedon
selectionof equipmentfor the biological selectorand tertiaryfiltration.

Booth Oil Company, Buffalo, New York
LeadEngineerandAutbor. Responsiblefor wastewatersamplingprogramto
define treatmentprocesslimitationsunderincreasedfutureloading
conditions.Treatabilitytestingwas conductedto evaluatealternativesfor
controllingtotal phenolicsdischarge.Both improvementsin oil/water
separationandhydrogenperoxidetreatmentwereconsidered.A report
presentingalternativesfor upgradingWWTF operationsandfor
prioritizingcapitalimprovementswaspresented.

Groundwater Remediation Process Design, FLTG, Incorporated,
Crosby, Texas
ProjectManagerandLeadEngineer.Responsiblefora groundwater
remediationprojectfor a companyformedby 80principleresponsible
parties (almostexclusivelypetrochemicalindustriesand refineries).The
groundwateratthis siteexhibitedaninfluent COD of approximately600
mg/L andhadfreeproductpresent.A groundwatertreatabilityinvestigation
wasconductedto determinehowbestto upgradethe existingtreatment
facility. Air stripping,peroxidation,ozonation,ultrafiltration,carbon
adsorption,resinadsorption,andanaerobicdegradationseparatelyandin
conjunctionwith activatedsludgetreatmentwereconsidered.Followinga
seriesof batchandcontinuousflow treatabilitytests,activatedsludge
treatmentfollowed by granularactivatedcarbontreatmentwasselectedas
themostcost-effectivemeansof achievingdischargetargets. In addition,a
cost-effectivesludgetreatmentanddisposalplanweredeveloped.

Reilly Industries, Lone Star, .Texas
LeadEngineer,ProjectManagerandAutbor.Responsiblefor atwo-tiered
projectatthis coaltarplant.Treatabilitystudieswereconductedand
processdesignsweredevelopedforalternativewastewatertreatmentfacility
upgradesthatwould allowplant to meetmorerestrictivepretreatment
limits. A work planwasdevelopedin cooperationwith TNRCCthatwould
allow thePOTWtoseekpermitreliefwhich in turnwouldallow theplant
to notrequireWWTF upgrades.
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T. Houston Flippin, P.E., DEE

Permitting

Hunt Foods (formerly Quaker Oats), Newport, Tennessee
ProjectManagerandPrincipa/Engineeron projectinvolving wasteload
minimization,pretreatmentfacility designandnegotiationof pretreatment
limits.

Laidlaw (formerly Osco, lnc), Nashville, Tennessee
ProjectManagerandPrincipalEngineeronprojectinvolving pretreatmentfacility
design,startup,troubleshooting,andpretreatmentpermitnegotiations.

J. Hungerford Smith, Humboldt, Tennessee
PrincipalEngineeronprojectinvolvingpretreatmentfacility design,POTW
upgradedesign,andpretreatmentpermitnegotiations.

Ryan Foods Company, Murray, Kentucky
ProjectManagerandPtincipalEngineeron projectinvolving pretreatment
facility design,constructionmanagement,startup,operatortraining,POTW
upgrades,pretreatmentpermitnegotiations,andnegotiationofre-rated
capacityof POTWwith KentuckyDivision ofWater.

BF Goodrich Performance Materials, Henry, Illinois
ProjectManagerandPrincipalEngineeron projectinvolving treatmentfacility
design,startup,operatortraining,treatmentfacility troubleshootingand
NPDESpermitnegotiationswith Illinois EPA.Meetingwith Illinois Water
PollutionControlBoardispending.

ISP Chemicals, Texas City, Texas
ProjectManagerandPrincipalEngineeronprojectinvolvingmodifyingexisting
NPDESpermits for stormwaterandwastewater.Projectalsoinvolved
conductof testingtogetadjustedmetalslimits.

OxyVinyls (formerly Geon Canada), Niagara Falls, Ontario,
Canada
ProjectManagerandPrincipalEngineeron projectinvolving treatmentfacility
troubleshooting,operatortraining,and “NPDESequivalent”permit
negotiations.

Confidential Client, Barceloneta, Puerto Rico
ProjectManagerandPrincipa/Engineeronprojectinvolving treatabilitytesting
andpretreatmentpermitnegotiations.

Toxicity Reduction

Thiokol Corporation, Brigham City, Utah
LeadEngineeron effluent toxicity identificationevaluation(TIE) followedby
toxicity reductionevaluation(TRE) asapartof treatabilitystudiesfora
newlydesignedWWTF. ThenewWWTF replacedtwo existingWWTFs
thatwereabandoned.Acidification, air stripping,alkalinization,chemical
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reductionwith sodiumthiosulfate,filtration, granularactivatedcarbon,ion
exchange(anionandcation),macroreticularresin,andmetalcomplexing
withEDTA, were evaluatedasameansof achievingeffluenttoxicity
reductionfora selectedwastestream.High salinity wasidentifiedas the
toxicant. Theclientdecidedto blendthe selectedwastestreamwith other
wastestreamscausinga decreaseinwastewatersalinity andanincreasein
wastewaterBOD. Activatedsludgetreatmentfollowed by ozonationas a
meansof toxicity reductionanddisinfectionwasdeterminedtoprovide
consistentcompliancewith effluentBOD andtoxicity limits. A process
designwasprovided. Thenewly designedWWTFsincludedgrit removal,
equalization,activatedsludgetreatment,granularmediafiltration and
ozonation.Thefinal designfor theWWTF wasreviewedfor consistency
with theprocessdesign.

Confidential Client, Indiana
LeadEngineerandProjectEngineerAToxicity IdentificationEvaluation(TIE)
was conductedfor alarge-volumeproducerof metalingotsandsheet
aluminum. TheTIE usedPhaseI laboratorycharacterizationprocedures,
singlestreamtoxicity testing,andresynthesistestingwith major
wastestreamstreatedfor toxicity removal. Both Ceriodapbniaandthefathead
minnowwereusedin acuteteststhroughoutthestudy. Studyresults
indicatedthatadsorptiveorganiccompoundsassociatedwith aninternal
wastetreatmentprocesswereprimarily responsiblefor toxicity. Pure
chemicaltestswith thewastewatertreatmentpolymerusedat the site
indicatedthat thepolymer mayplay a role in effluent toxicity.

A Toxicity ReductionEvaluation(TRE) work planwas alsoconductedfor
theclient to developameansto cost-effectivelyreduceeffluent toxicity as
requiredby the State. Servicesincludedwasteloadcharacterizationand
wastewatertreatmentfacility (WWTF) optimization.

Memberships
National Society of Professional Engineers (NSPE)
Technical Associationof the Pulp and Paper Industry (TAPPI)

Water Quality Committee Member
Water Environment Federation

Pretreatment Committee Member
Chi Epsilon - National Civil Engineering Honor Society

Publications/Presentations
~EnhancedActivated Sludge Treatment of High Strength Bio-inhibitory Industrial Wastewater’ with

R. Rhoades,
10

thAnnual WEF Industrial Wastes Technical and Regulatoiy Conference,
Philadelphia, Pennsylvania, August 2004.

‘Treatment Alternatives for Removing Ammonia-Nitrogen from Landfill Leachate’ with RE. Ash and
B.N. Card, Annual Tennessee Solid and Hazardous Waste Conference, Gatiinburg,
Tennessee, April2004.

‘Alternative Considerations inSizing Aeration Basins with W. W. Eckenfelder, Design,
Performance and Operation of Biological Treatment Processes Pre-Conference Workshop,
VanderbiltUniversity and USEPA Conference, ‘Industrial Wastewater and Best Available
Treatment Technologies: Performance, Reliability, and Economics”, Nashville, Tennessee,
February 2003.
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T. Houston Flippin, RE., DEE

‘Modifying Equalization to Provide Pretreatment of High Strength Wastewaters” with D.A. Moye,
19th Annual North Carolina AWWMNEF Conference Proceedings, Winston-Salem, North
Carolina, November 2002.

‘Benefits of Using Nitrate as Nutrient in Activated Sludge Treatment Systems’ with W. W.
Eckenfelder and D,A. Moye, 8th Annual WEF Industrial Wastes Technical and Regulatory
Conference, Atlantic City, New Jersey, August2002.

‘Biological Treatment of High TDS Wastewaters,” with W. W. Eckenfelder and V. J. Boero, Water
Environment Federation- Industrial Waste Technical and Regulatory Conference, Charleston,
South Carolina, August 2001.

‘Competitive Performance for Water and WastewaterUtilities,’ with J.L Pintenich, Nashville Quality
Forum, Nashville, Tennessee, October 1999.

‘Reclaiming P01W Capacity,’ with M.L. Roeder, American Society of Civil Engineers-Tennessee
Sectlon Annual Meeting, Nashville, Tennessee, October1999.

‘Batch Activated Sludge Testing to Determine The Impact of Industrial Discharges-orrPOTW
Performance’, with J.S. Allen, Proceedings of 1998 WEFIndustrial Wastes Specially
Conference, Nashville, Tennessee, March 1998.

‘Economics of Treating Poorly Degradable Wastewaters in the Chemical Industry,” with
KD. Torrens, Proceedings of1998 WEF Industrial Wastes SpecialtyConference, Nashville,
Tennessee, March 1998.

‘Effects of Elevated Temperature on the Activated Sludge Process,’ with W.W. Eckenfelder, Jr.,
Proceedingsof 1994 TAPPI lntemationalEnvironmental Conference, Portland, Oregon,
April 1994.

‘Toxicity Identification and Reduction in the Primary Metals Industry,’ presented at Spring AIChE
Conference, Atlanta, Georgia, April 1994.

“Treatability Studies and Process Design for Toxicity Reduction for a Synthetic Fiber Plant,~with
J.L. Musterman, WaterScience Technology, Vol. 29, No. 9(1994).

“Granular Carbon Adsorption of Toxics,’ technical reviewof chapter four in Toxicity Reduction in
Industrial Effluents, P. W. Lankford and W. W. Eckenfelder, Jr. (Eds), Van Nostrand Reinhold,
1992.

“Diagnosing and Solving a Pulp and Paper Mill’s Poor Activated Sludge Settleability Problems
Through Treatability Studies,’with M. A. Bellanca, Proceedings of 1992 TAPPI Environmental
Conference, Richmond, Vii~inia,1992.

‘Hydrogen Peroxide Pretreatment of Inhibitory Wastestream — Bench Scale Treatability Testing to
Full Scale Implementation: A Case History,’ with R. L. Linneman, Proceedings ofChemical
Oxidation: Technologyfor 1990’s, Vanderbift University, Nashville, Tennessee, 1991.

‘Control of Sludge Bulking in a Carbohydrate Wastewater Using a Biosorption Contactor,” with
W. W. Eckenfelder, Jr. and M. A. Goronszy, Proceedings ofthe 39th Annual Purdue Industrial
Waste Conference, 1984.

Research Topics
Biodegradation of PCB5 and HCB, research conducted at ECKENFELDER INC.
Volatile Organic Compound Emissions from Activated Sludge Systems, research conducted at

ECKENFELDER INC.
Performance of Selective Bacteria in Industrial Activated Sludge Systems, research conducted at

Vanderbilt University
Biosorption for Improved Reactor Capacity, research conducted at Vanderbiit Univers+ty
Control ofActivated Sludge Bulking Through the Use of a Biosorption Contactor, research

conducted at Vanderbilt University

Workshops
Instructor, Tennessee State University, “Monitoring Requirements, Operating Guidelines,
Calculations, and Troubleshooting,’ presented during ‘Aerobic Biological Wastewater Treatment
Workshop,’ Nashville, Tennessee, November1997, April 1998, November1998, and April 1999. N
Instructor, Mississippi Water Pollution Control Operators’ Association, Inc., ‘Clarifier Operation and
Maintenance Workshop,’ Tunica, Mississippi, April 1997.
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T. Houston Flippin, P.E., DEE

Instructor, Brown and Caldwell, ‘Activated Sludge Wastewater Treatment Workshop, ‘attended by
participantsfrom over 3 municipalities and 10 industries, Nashville, Tennessee, November 1999,
March 2000, May 2001, November 2002, and November 2003.
Instructor, Tulane University and Louisiana Chemical Association, ‘Wastewater Strategies for
Industrial Compliance: Gulf Coast Issues and Solutions’, New Orleans, Louisiana, December 2003.

Honors
Who’s Who of Citation’s Environmental Registry, 1991
Eckenfelder Inc. Technical Employee of the Year Award, 1990
Outstanding Young Men of America, 1986
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CROP FERTILIZATION

Nitrification Inhibitors for Corn Production
D. W. Nelson, University of Nebraska

D. Huber, Purdue University

Reviewers
K. D. Frank, Univesrity ofNebraska G. W. Randall, University of Minnesota

R. G. Hoeft, University of illinois W. I. Segars, University of Georgia
D. R. Keeney, University of Wisconsin J. T~Touchton, Auburn University
G. L. Malzer, University of Minnesota L. F Welch, University of Illinois (retired)

H. FReetz, Jr., Potash & Phosphorus Institute, Illinois

Nitrogen (N) is an essential element for plant
growth and reproduction. The amounts of N taken up
by corn exceed those of any other soil-derived
element. Today an average 25% of plant-available N
in soils (ammonium and nitrate) originates from the
decomposition (mineralization) of organic N
compounds in humus, plant and animal residues, and
organic fertilizers, 5% from N in rainfall, and 70% from
applied inorganic N fertilizers (Figure 1). In soils,
organic N is converted to ammonium through
microbial decomposition. Ammonium formed in soil,
added as fertilizer, or in precipitation is rapidly
oxidized to nitrate in the nitrification process carried
out by specific bacteria. Nitrification results in the
production of nitrate, a form of plant-available N which
is readily lost from soils. Nitrification inhibitors are
chemicals that slow down ordelay the nitriflcation
process, thereby decreasing the possibility that large
losses of nitratewill occur before the fertilizer nitrogen
is taken up by plants. This publication discusses N
losses from soils, characteristics of nitrification
inhibitors, and how nitrification inhibitors can be used
to improve efficiency of corn production.

THE NITRIFICATION PROCESS
Ammonium (NH4) added to soils or formed by

decomposition of organic N compounds is oxidized to
nitrite (NO2) by Nitrosomonasbacteria, and nitrite is
further oxidized to nitrate (NO3) by Nitrobacter
bacteria in a process termed nitrification (Figure 1).
Nitrate is normally the form of N taken up by plants;
however, most plants can also assimilate amrrionium.
In most soils, nitrification of applied ammonium is
rapid (2-3 weeks), but nitrification rates are greatly

IOWA STATE UNIVERSITY
UniversityExtension

NCI-I-55

reduced by cool soil temperature (50°F),low pH (5.5),
and waterlogged conditions. Nitrification converts
ammonium, a positively charged ion that is bound to
clay and organic matter, to nitrite and nitrate,
negatively charged ions that are free in the soil
solution and are readily lost from the plant rooting
zone of soils.

N LOSS FROM SOILS
Only about 50% of the applied N is taken up by

corn during the year following fertilizer addition. About
25% is immobilized during residue decomposition or
remains in the soil as nitrate. The remaining 25% is
lost from the plant rooting zone by leaching and/or
dentrification. (See Table I for a generalized estimate
of the fate of fertilizer N added to soils.) Some of the
immobilized N will be mineralized (5% peryear) and
will be available to subsequent crops. Nitrate
remaining In the profile at the end of the cropping
season will be available to the succeeding crop unless
lost over the winter and spring by leaching or
dentrification.

Leaching is important in coarse-textured soils.
Nitrate may be leached from naturally well-drained or
tile-drained soils by percolating water. One inch of
infiltrating water will move nitrate I to 2.5 inches
downward in clay loam and sandy soils, respectively.
Thus, during periods of excess rainfall, leaching may
move nitrate out of the effective rooting zone of
plants.

Denitrification (the microbiological conversion of
nitrate and nitrite to gaseous forms of N) is the major
pathway of N loss from most fine-textured soils. It
normally occurs in soils that become waterlogged by

NCH 55 Revised February 1992
Electronic version July 20C1



Figure 1. The nitrogen cycle in soils (adapted from Nitrogen in Agricultural Soils).

excessive rainfall or irrigation. Denitrification occurs at
maximum rates when soils arewarm (60°F),pH values
are high (7), nitrate isplentiful, and an energy source
(carbon) is available. In waterlogged soils, more than
100 lb. of nitrate N per acre can be denitrified within a
5-day period. However, in cold soils (40°F)or soils
with low pH values (5), denitrification rates are slow.

TYPES AND USES OF
NITRIFICATION INHIBITORS

Nitrification inhibitors (NI) are chemicals that
reduce the rate at which ammonium is converted to
nitrate by killing or interfering with the metabolism of
Nitrosomonas bacteria (Figure 1). The loss of N from
the rooting zone can be minimized by maintaining
applied N in the ammonium form during periods of
excess rainfall prior to rapid N uptake by crops. A
numberof compounds have been shown to inhibit
nitrification in laboratory and field studies (Table 2);
however, only N-Serve® and Dwell® have U.S.
Environmental Protection Agency approval foruse on
cropland in the United States. Additional compounds
are used in Japan and other countries; and
registration isexpected for additional compounds in
the U.S.

N-Serve iscurrently labeled forcorn, sorghum,
wheat, cotton, rice, and other crops and is sold in
emulsifiable and nonemulsifiable formulations. Dwell
was registered as a nitrification inhibitor in 1982, but it
is uncertain if the product will be marketed. Both
chemicals are effectivenitrification inhibitors when

Table 1. GeneralIzed Fate
Applied to Corn.1

of Fertilizer Nitrogen

Soil texture
Fate of applied N coarse medium and fine

Plant uptake (first year)
-—% of applied N—---
40-60 50 - 60

Remains In soil as organic 20 -25 25- 30
and inorganic N

Lost from root zone:
Denitrificatlon 5 - 10 15 -25
Leaching 15-20 0-10

I Average values over years for soils in the Combelt and
southeastern U.S. and irrigated soils of the Great Plains and
western valleys.

0.5 lb. of active ingredient (a.i.) peracre is used in a
band application with anhydrous ammonia or N
solution fertilizers.

N-Serve and Dwellmay also be impregnated on
solid fertilizers ormixed with N solution fertilizers prior
to broadcast applications. However, incorporation of
the nitrification inhibitor-treated fertilizer must occur
shortly after application because both compounds are
volatile. Higher rates (2 to 4 times band applications)
of N-Serve and Dwell are often required to control
nitrification of broadcastammoniacal fertilizers.
Recent studies have shown that NI can also be
effectively used with liquid animal manures and
sewage sludges that are injected into the soil.

ATMOSPHERIC GASES
N2, NO2, N20, NO

A
A

A
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Table 2. Compounds Marketed or Proposed as Nitrification Inhibitors.

Common or Registered in
Chemical name trade name Manufacturer the U.S.A. —

EFFECTS OF NITRIFICATION INHIBITORS
A number of studies throughout the United States

have demonstrated that NI effectively retards the
conversion of ammonlum to nitrate in a variety of
soils. Results indicate that application of NI delays the
conversion of ammonium to nitrate for 4 to 10 weeks,
depending upon soil pH and temperature. With fall
applications of N fertilizers, NI minimize nitrification
until low soil temperatures (40°F)stop the process.
With spring applications, NI prevent the formation of
nitrate during the late spring when rainfall is high and
uptake of N by crops Is low.

Corn yields are often increased as N losses from
soils are reduced by the application of NI with both
conventional tillage and reduced tillage systems
(Table 3). The potential benefit from NI application
depends on a number of site-specific factors, such as
soil type, climate, cultural practices, and N
management program. Highest probability of yield
response from NI occurs with excessively drained or
poorlydrained soils because of N losses from
leaching and denitrification, respectively. For example,
a study in Indiana with faIl-applied anhydrous
ammonia showedthat N-Serve application increased
corn yields by 300% with a very poorly drained silty
clay soil and 1% with a well-drained sandy loam soil.
Significant corn yield responses from NI additioti have
also been observed with irrigated sandy soils
(Table 4). Yield responses from NI are more frequent
with fall N applications than with spring applications

because of lower N losses from denitrificatlon
normally experienced when fertilizers are applied
nearer to the time of crop need. There have been
consistent yield responses from NI added to
ammoniacal fertilizers forcorn produced with a no-till
system, presumably because of larger N losses from
denitrification normally experienced with this
production method.

The Increased availability of inorganic N and the
presence of ammonium in the soil resulting from NI
addition also have been shown to increase the protein
concentration of corn grain (Table 5). The feeding
value of corn increases as the protein level increases.
The application of NI to inorganic and organic N
fertilizers also has reduced the severity of Diplodia
and Gibberella stalk rots of corn, likely because of
altered N metabolism in plants assimilating the
ammonium form of N (Table 6). Cornstalks in areas
receiving NI-treated fertilizers tend to remain green
later in the growing season and have thicker rinds,
both of which reduce pathogen effects and lodging.
Grain moisture content at harvest is unaffected by NI
addition to fertilizers.

The amounts of nitrate leached Into groundwater
and ozone-destroying nitrous oxide (N20) emitted into
the atmosphere through denitrification are reduced by
NI application. The use of NI also gives great flexibility
in timing the application of N fertilizers. For example,
with most Cornbelt soils all of the N needed for a corn
crop can be applied as anhydrous ammonia during

Producedcommercially:
2-chloro.6-(t,ichloromethyl)-pyridlne
5-ethoxy-3-trichloromethyl-1, 2. 4-thiadiazol

Dicyandiamide
2-amino-4-chloro-6-methyl-pyrimidine
2-mercapto-benzothiazole
2-sulfanilamidothiazole
Thiourea

Dow Chemical Co.
Uniroyal Chemical

N-Serve
Dwell, Terrazole
(etradiazol)
DCD
AM
MBT
ST
lU

Yes
Yes

SKW Trostberg AG
Mitsui Toatsu Co.
Onodo Chemical Industries
Mitsui Toatsu Co.
Nitto Ryuso

No
No
No
No
No

Proposed as nitriflcation inhibitors:
2,4-diamino-6-trichloromethyl-5-triazine
Polyetherionophores
4-amino-I, 2, 4-trlazole
3-rnercapto-1, 2, 4-triazole
Potassium azide
Carbon bisulfide
Sodium trithiocarbonate
Ammonlum dithiocarbamate
2, 3, dihydro-2, 2-dlmethyt-7-benzofuranol

methyl-carbamate
N-(2, 6-dimethylphenyl)-N-(Methoxyacetyl)-

alanine methyl ester
Ammonium thiosulfate
1-hydroxypyrazole
2-methylpyrazole-1 -carboxamide

Amer. Cyanamid Co.
Amer. Cyanamid Co.
Ishihara Industries
Nippon Gas Indus.
Plttsb. Plate Glass Co.
Imperial Chem. Indus.
Imperial Chem. Indus.
FMC
FMCFuradan

(carbofuran)

No
No
No
No
No
No
No
No
No

NoOlin Corp.

CMP
BASF
GOR

No
No
No
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the previous fall if a NI is used, thereby reducing the
workload in the critical spring planting season. The
use of NI permits early spring application of N in many
areas of the United States where N losses are a
consistent problem.

Data in Table 3 show that NI addition does not
result in yield increases in all soils and climatic
conditions. In fact, in some situations there is a low
probability of a corn yield increase from NI. Since the
purpose of NI application is to increase the efficiency
and amount of N available to plants by reducing N
losses, no response to NI will be obtained during
seasons orwith soil types having little orno N loss.
Little orno N loss occurs during seasons with below
average rainfall following N application because N
loss through leaching and denitrificatlon is directly
related to the amount and distribution of rainfall and
the drainage characteristics of the soil.

No yield response will be obtained from NI
addition when N rates used are far in excess of those
required for maximum yield. For example, if maximum
corn yields could be obtained with 150 pounds of N
per acre but 300 pounds per acre are applied, as
much as one-half of the applied N could be lost before
a decrease in yield occurs. Late side-dress injections
of N may reduce yield through mechanical damage to
the root system and increased root rot. Immobilization
of late-season applied N with a NI may further
exacerbate this condition.

In sandy soils with very low cation exchange
capacities, the addition of NI to ammoniacal fertilizers
may not reduce N loss or increase crop yield because
of differential movement of ammonia and NI from the
zone of placement. Some studies have shown that
ammonium ions were leached below the NI treated
zone by rainfall and irrigation water. In this situation,
nitrification deeper in the profile produced nitrate that
was subsequently removed from the rooting zone by
leaching.

N rate
Nitrlflcatlon InhibItor

None N-Serve Dwell
lb/acre ---—-corn yield, bu/acre——-

0 59 — —

60 89 119 98
120 105 151 145
180 136 170 171
240 171 182 186

N applied
Treatment

NH3 NH3 + N Serve
Iblacre —grain protein, %—

0 6.76 —

60 7.76 9.24
120 9.38 10.60
180 10.80 11.71

I Study conducted In Indiana using 373 x Mo 17 corn hybrid.

Table 6. Effects of a Nitrification Inhibitor on Stalk Rot
of Corn.1

No. of
studies

N
source

Treatment
N N + N Serve

—----% plants with stalk roV------
3 NH3 38 16
4 Swine manure 54 23

1 Average values for all locatIons, years, and N rates from
studies In Indiana.

Table 5. Effect of a Nitrlflcation InhIbitor on Corn
Grain Protein Concentration.1

Table 3. Effects on Grain Yields of Corn Grown with Conventional and No-Till Systems
cation Inhibitors to Fall- and SprIng-Applied Ammoniacal Fertilizers.’

frem-Addition-of-Nit-r-ifl~
~

Time of No. of No. of yield % Yield Increase
LocatIon applicatIon experiments increases from NI2

from NI3
Indiana FaIl 24 17 12.5

Spring 51 29 5.8
Spring (no-till) 12 9 10.0

No. Illinois FaIl 12 5 5.0
Spring 14 2

So. Illinois Fall (NH3) 7 7
Spring (NH3) 9 7
Spring (no-till) 2 2

-1.0
4.6
4.6
8.5

Fall (N solution) 5 4
Spring (N solution) 5 2

3.3
-12

Kentucky Spring (no-till) 8 7 14.3
Wisconsin Fall 2 1 4.7

Spring 2 0 1.5

‘Adapted from R. 0. Hoeft 1984. Current status of nitrification InhibItors. In R. O~Hauck(ed.)Nitrogen in Crop Production. Am. Soc. of
Agronomy, Madison, WI,
2 Significant at 95% probabilIty level.
3 percent yield Increase across all N rates and locations.

Table 4. Effects of Nltrificatlon Inhibitors on the YIeld
of Irrigated Corn Fertilized with Urea. (Hubbard
Loamy Sand).1

Taken from 0. L. Maizer, T. J. Graft, and J. Lensing. 1979.
Influence of nItrogen rate, timing of nitrogen applIcation and use
of nitrificatlon Inhibitors for Irrigated spring wheat and corn. In
Univ. Mlnn. Soil Series 105 Report on Field Research In Soils.
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WHERE SHOULD
NITRIFICATION INHIBITORS BE USED?

The response of corn to applications of NI with
ammoniacal fertilizers varies greatly throughout the
United States because of major differences in N loss
potential from differing climate, soils, and production
systems. A summary of research results on corn yield
responses from NI addition for various corn
production regions is presented in Table 7, and the
probabilities for obtaining a yield response from NI for
several combinations of region, soil texture, and time
of fertilizer application are given in Table 8. The
addition of NI to fertilizer should be looked upon as
Insurance against N loss, and, thus, a decision to use
NI should be based on the probability of obtaining
yield increases over a period oftime, e.g., 5 years.
The usefulness of NI forcorn production in three
general regions of the United States is discussed
below.

Southeast
The response of corn to NI applications in the

southeastern United States has been mixed. The
relatively high soil temperatures during the winter
result In nitrification of fall-applied N and subsequent
leaching or denitrification of the nitrate that is formed.
The addition of NI does not alleviate this problem
becauseof the limited longevity of thecurrently
registered inhibitor compounds in soil and the long
period of time between N application and crop uptake
of the nutrient. Thus, yield responses to NI added to
fall-applied fertilizers have not been consistently
observed. Anumber of studies have shown modest
corn yield increases from the addition of NI to spring-
applied N even though inhibitor persistence is limited
by high soil temperatures. Overall, the probability of
corn yield response from currently available NI in the
southeastern U.S. is poor for fall-applied N and fair to
poor for spring-applied N.

Eastern Cornbelt
The response of corn to NI application has been

more consistent over years in the eastern Cornbelt
than other portions of the United States because of
high rainfall, finer textured soils, and cold soil
temperatures during the winter. However, overall only
about 50 and 70% of the trials with spring- and fall-
applied N have shownyield response from NI. Yield
responses have been obtained with both spring- and
fall-applied N in Indiana, Kentucky, Ohio, and
southern Illinois. The consistency of yield responses
to NI has been less in Michigan, Wisconsin, Missouri,
central and northern Illinois, and Iowa than in other
eastern Cornbelt states. However, all states in the
eastern Cornbelt have studies showing corn yield
increases from NI addition, and the largest and most
consistent increases are normally observed with fall-
applied N or with non-tillage programs.

There is a good probability of obtaining a yield
increase from application of NI to fall-applied
ammoniacal fertilizers in the eastern Cornbelt
because of the large N loss normally associated with
fall applications. The use of NI will allow producers to
apply N fertilizers somewhat earlier than generally
consideredfeasible (50°Fis traditionally considered
the maximum soil temperature for application of
ammoniacal fertilizers in the fall without a NI). Fall
application of N is not recommended for low CEC
coarse-textured soils because of the possibility of
ammonium leaching.

The probability is good that NI added to spring-
preplant N will Increase yields of corn growth on fine-
textured soils of the eastern Cornbelt because of the
likelihood of N losses by denitrification after
fertilization. Only a fair probability exists for a yield
response to NI added with spring-preplant N applied
to silt barns and coarser textured soils. The
probability of loss in such soils depends upon the
nitrification rate following fertilization, the internal
drainage of the soil, and the distribution and intensity

Region
Time of

application
% of studies with

yield Increase
% yield

increase2

Southeast (GA, MD. NC, SC, TN) Fall
Spring

17
43

14
15

Eastern Cornbelt (IL, IN, OH, KY) Fall
Spring
Spring (no-till)

69
51
82

9
3

13
Northem Cornbelt (MI, MN, WI)

not irrigated
FaIl
Spring

25
17

5
12

Western Cornbelt (KS, MN, NE)
irrigated coarse-textured soils

Spring 52 30

Western Cornbelt (KS, NE)
irrigated medium- and
fine-textured soils

Spring 10 5

Table 7. RegIonal Summary of Corn Yield Responses from Nitrification Inhibitors Added to Ammonlacal
Fertilizers Appled at Varying Times.1

‘Datataken from a variety of research progress reports and published materials.2Average Increases obtained in experiments where NI addition gave significant yield increases.
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of rainfall. Heavy rains occurring 2 to 8 weeks after
fertilization may result in extensive N losses and yield
responses to NI application. However, if a below
average rainfall period follows fertilization, little N loss
or response to NI will occur.

Western Cornbelt
Few yield responses to NI have been observed

with dryland corn or irrigated corn produced on fine-
textured soils in Minnesota, North Dakota, South
Dakota, and other states west of the Missouri river.
However, the use of NI has resulted in increased
yields in areas where preplant N is applied to irrigated
corn grown on sandy soils. Data from Minnesota
(Table 4) illustrate the type of responses that are
sometimes obtained when a NI is used to reduce
nitrate leaching in irrigated sandy soils.

There is poor probability of yield response with
spring-applied fertilizer for dryland corn production in
the western Cornbelt; however, with irrigated coarse-
textured soils the probability ofa yield increase
improves. There is a fair probability of a response to
NI with fall applied fertilizer on finer textured soils. Fall
application of arnmoniacal fertilizers is not
recommended for sandy soils.

ADDITIONAL CONSIDERATIONS WHEN
USING NITRIFICATION INHIBITORS

More consistent yield responses have been
obtained with no-till grown corn than with conventional

tillage systems fertilized in the spring (Tables 3 and 8).
This finding results from greater infiltration rates,
higherwater contents, a higher population of
denitrifying bacteria in no-till soils and, thus, increased
N losses from leaching and/or denitrification.

The probability of yield responses to NI added to
spring-sidedress-applied N Is considered low for all
soils because the fertilizer is added close to the time
of plant uptake. However, a few investigators in the
eastern Cornbelt have observed significant yield
increases from NI added to early sidedressed N
fertilizers.Additional studies are needed at several
locations in all corn-growing regions to determine the
long-term probability of a response to NI application
with sidedress N should exist on coarse-textured soils
receiving excess rainfall or irrigation water.

The commercially available NI have properties
that affect how they can be addedto various types of
fertilizers. N-Serve and Dwell can be impregnated on
solid fertilizers, or an emulsifiable formulation may be
mixed with N solution fertilizers. N-Serve can be
added directly to bulk anhydrous ammonia because of
its high solubility in liquid ammonia. However, Dwell is
not soluble in ammonia, but can be added to
anhydrous ammonia with a small electric pump that
meters the compound into the ammonia stream
between the nitrolatorand the manifold system on the
applicator.

Soil texture
Application

time

Region of the U.S.
Eastern

Southeast Cornbeit
Western
Cornbelt

—Probability of corn yield increase’-—
Sands Fall

Spring
Poor Poor
Fair Fair

Poor
Fair2

Loamy sands, sandy
barns, and loams

Fall
Spring

Poor Fair
Fair Fair3

Poor
Fair3

Silt barns Fall Poor Good Fair
Spring . Fair Fair3 Poor

Clay loams and
clays

Fall
Spring

Poor Good
Fair Good

Fair
Poor

Reference to products in this publication is not intended to be an endorsementto the excius onoiotherswr,icn
using such products assume responsibility for their use in accordance with

may be similar. Persons

A publication of the National Corn Handbook Project

and justice for all
The U.S. Department ofAgriculture (USDA) prohibits discrimination In all its
programs and activities on the basis of race, color, national origin, gender,
religion, age, disability, political beliefs, sexual orientation, and marital or
family status. (Not all prohibited basesapply to all programs.) Many materials
can be made available in alternativeformats forADA clients. To file a
complaint ofdiscrimination, write USDA. Office of civil Rights, Room 326-W,
Whitten 8ullding, 14th and IndependenceAvenue, SW, Washington, oc
20250-9410or call 202-720.5984.

Issued In furtherance of Cooperative Extension work, Acts of May 8 and June
30, 1914, in cooperation with the U.S. Department ofAgriculture. Stanley R.
Johnson, director, cooperative Extension Service, Iowa State University of
Science and Technology, Ames. Iowa.

File: Agronomy2-2

Table 8. Probability of Corn Yield Increase from the Addition of NI to Ammoniacal Fertilizers Applied at
Varying Times.

‘Poor = less than 20% chance of yield Increase at any locatIon any year; fair = 20.60% chance ofincrease; good = greater than 60%
chance ofIncrease.
2 Fair for Irrigated soils, poor for dryland corn.

Good for no-till production systems.
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EXHIBIT C

SUMMARY DOCUMENT OF EFFLUENT AMMONIA-NITROGEN
REDUCTION EVALUATIONS FOR NOVEON-HENRY PLANT



BR OWN AND

CALD WELL

MEMORANDUM

TO: Mark Latham, Esq. JOB NO: 27-21522.001

FROM: T. HoustonFlippin, P.E.,DEE

DATE: May 17,2002

SUBJECT: Ammonia-NitrogenTreatmentAlternatiyesSupportExhibit

Brown and Caidwell is providing below a summary of information intended to support the
discussionof ammonia-nitrogen(NH3-N) treatmentalternativesdescribedin the Petition For
AdjustedStandard. This informationis the productof treatabilitytesting, full-scale plant testing,
anddataprovidedby the Noveon-HenryPlantstaff.

In order to developtreatmentalternatives,a“designinfluent andeffluent wasteload”was required.
This wasteloadswere developedbasedon individualwastestreamdatagatheredin 1995 andeffluent
datagatheredin 1999 through2000 andaresummarizedbelowin TablesI and2. A flow schematic
is providedin AttachmentA of the wastewatertreatmentfacility (WWTF) providedat the Henry
Plant.

Table 1. InfluentWasteloadUsedIn DevelopingTreatmentAlternatives

Parameter PVC Tank PCTank C-18Tank
Holding Pond!

Well No.3Waters Total

Flowrate,gpm
Average 401 107 6 46 560
Peak 499 150 15 105 769

SCOD,lbs/day
Average 2,650 8,280 1,320 50 12,300
Peak 4,330 10,840 2,940 50 18,160

EstimatedBOD,lbs/day
Average 795 . 2,485 395 15 3,690
Peak 1,300 3,250 880 15 5,445

TKN, lbs/day
Average 459 494 82 3 1038
Peak 640 693 198 7 1537

NH3-N, lbs/day
Average 295 62 27 1 385
Peak 411 87 66 3 571
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Table2. EffluentWasteloadUsedIn DevelopingTreatmentAlternatives

Parameter EffluentValue

NH3-N, lbs/day
Average 909
Peak 1408

The following treatmentalternativeswereconsideredfor ammoniareduction. Illustrationsof each
areprovidedin AttachmentA.

• alkalineair strippingof PCTank contentswith off-gas collectionandtreatment(No. I)
• alkalineair strippingof PVC Tankcontents(No. 2)
• alkalineair strippingof secondaryclarifier effluent(No. 3)
• struvite (NH4MgPO46FI2O)precipitationfrom combinedinfluent (No. 4)
• breakpointchlorinationof secondaryclarifier effluent(No. 5)
• nitrificationof PVC Tankwastewater(non-PCwastewaters)(No. 6)
• nitrificationof combinedwastewater(No. 7)
• ion exchangetreatmentof final effluent (No. 8)

• ozonationof final effluent (No.9)
• nitrification of secondaryclarifier effluent (tertiarynitrification) (No. 10)

A summaryof conceptuallevel capital costs for each of thesealternativesare summarizedin
Table3. Thetotal costspresentedin this tableareconsideredaccurateto within ±30 percent.

Table 3. CapitalCostEstimatesForTreatmentAlternatives

UpgradeComponents
UpgradeCostsin $ Millio nsfor TreatmentAlternativeNumber

1 2 3 4 5 6 7 8 9 10

Pretreatment 0.65 0.10 0.00 0.05 0.00 0.02 0.43 0.00 0.00 0.00
PrimaryTreatment 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00
SecondaryTreatment 0.00 0.00 0.00 0.00 0.00 1.12 1.91 0.00 0.00 0.00
TertiaryTreatment 4.21 0.75 0.57 4.6 4.00
Sub-total 0.65 0.10 4.21 0.05 0.75 1.39 2.34 0.57 4.6 4.00
Sitework/InterfacePiping 0.10 0.01 0.32 0.01 0.11 0.21 0.35 0.09 0.20 0.50
Electrical/Instrumentation 0.25 0.16 0.40 0.16 0.26 0.36 0.50 0.24 0.50 0.30
ContractorIndirects(8 %) 0.05 0.01 0.34 0.00 0.06 0.11 0.19 0.05 0.37 0.32

Engin./Constr.Mgmt (18 %) 0.12 0.02 0.76 0.01 0.14 0.25 0.42 0.10 0.83 0.72
PerformanceBonds(I %) 0.01 0.00 0.04 0.00 0.01 0.01 0.02 0.00 0.05 0.04
Sub-total 1.17 0.30 6.07 0.22 1.33 2.33 3.82 1.04 6.54 5.88
Contingency(15 %) 0.18 0.04 0.91 0.03 0.20 0.35 0.57 0.16 0.98 0.88
Total InstalledCost 1.35 0.34 6.98 0.25 1.53 2.68 4.40 1.20 7.52 6.76
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A summaryof conceptuallevel operationsandmaintenancecostsfor eachof thesealternativesare
summarizedin Table 4. The total costspresentedin this table areconsideredaccurateto within
±30 percent.

Table 4. AnnualOperatingandMaintenanceCostEstimatesForTreatmentAlternatives

CostComponents

Annual O/M Costsin $ Thousandsfor
TreatmentAlternativeNumber

1 2 3 4 5 6 7 8 9 10

Labor($40/hour) 32 32 60 8 . 60 60 60 60 30 60
Electrical ($0.06/kwh) 64 29 214 0 4 10 98 10 1,363 88
NaturalGas ($0.06/therm) 18 0 0 0 0 0 0 0 0 0
Chemicals(PlantCosts) 0 1,794 575 642 1,028 218 788 147 226 459
Resin Replace. ($35/cu ft) 0 0 0 0 0 0 0 242 0 0
Off-site Disposala 0 0 0 0 0 0 0 51 0 0
Maintenance Materials~’ 17 2 105 1 19 11 45 14 115 22
Sub-total 130 1,858 954 652 1,111 299 990 524 1,735 629
Contingency(10 %) 13 186 95 65 111 30 99 .52 173 63
TotalAnnual 143 2,044 1,049 717 1,222 329 1,089 576 1,908’ 692
a Costof disposingof spent regenerantcontaining29.7

assumedto be$0.10/gallon.
b Basedon 5 percentof equipmentcosts.

percent by weightNH4C1 (8 percentN)

A comparisonof alternativesregardingpresentworth costsandammoniaremoval is providedin

Table5.

Table5. Comparisonof PresentWorth CostsandAmmoniaRemovalfor TreatmentAlternatives

.

Components
TreatmentAlternativeNumber

1 2 3 4 5 6 7 8 9 10

NH3-NRemoval,lbs/day 247 147 864 217 891 423 891 891 891 891

NH3-N Removal,% 27 16 95 24 98 47 98 98 98 98
PresentWorth Costs
• Capital 1.35 0.34 6.98 0.25 1.53 2.68 4.40 1.20 7.52 6.76
• 0/Ma 0.96 13.71 7.04 4.81 8.20. 2.20 7.31 3.87 12.80 4.64
• Total 2.31 14.06 14.02 5.06 9.73 4.88 11.71 5.07 20.32 11.41
a Basedon 10 yearperiod,8 percent annual interest, andno salvagevalue.
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EXHIBIT D

SUMMARY OF COST ANALYSIS FOR PROVIDING INCREMENTAL
EFFLUENT AMMONIA-NITROGEN REMOVAL AT THE

NOVEON-HENRY PLANT



WWTF Component Basis PC Tank PVC Tank Effluent Effluent Effluent Effluent Effluent Struvite Effluent BP Non-PC Combined
Stripping Stripping Stripping Stripping Stripping Stripping Stripping Precipitation Chlorination Nitrification Nitrification

W/ Off.gas w!o Off-gas W/ Off-gas No Off-gas No Off.gas No Off-gas No Off-gas
75% removal 50% removal 25% removal

Additional Operations!
Maintenance Labor
‘LaborHours 800 800 1500 1300 1300 1000 1000 200 1500 1500 1500
* Annual Cost, $ $40/hr 32000 32000 60000 52000 52000 40000 40000 8000 60000 60000 60000

Electrical Usage
‘hp 162 75 545 505 450 300 300 1 10 25 250

kwh 1058664 490122 3561553 3300155 2940732 1960488 1960488 6535 65350 163374 1633740
*AnnuaICost,$ $0.06/kwh 63520 29407 213693 198009 176444 117629 117629 392 3921 9802 98024

Maintenance Materials
* Low End Equipment Costs, $ 330,000 40,000 2106000 1263600 1013600 631800 379080 15000 375000 222,000 890,000

AnnuaiCosts,$ 5%ofECosts 16500 2000 105300 63180 50680 31590 18954 750 18750 11100 44500

Chemical Costs
* 50% NaOH, $ year $240/ton 0 1770431.04 434000 434000 434000 217000 108500 0 955541 217772 742484

98% H2S04, S/year $46/ton 0 24238 141000 119850 119850 70500 35250 0 0 0 45333
* 75 % H3PO4, S/year $335/ton 0 0 0 0 0 0 0 407160 0 0 0
* 62 % Mg(OH)2, S/year $220/ton 0 0 0 0 0 0 0 235205 0 0 0

* 98% HCI, $Iyear $70/ton 0 0 0 0 0 0 0 0 0 0 0
* Chlorine Gas, S/year $50/ton 0 0 0 0 0 0 0 0 72681 0 0
Annual Costs s/year 0 1794669 575000 553850 553850 287500 143750 642365 1028222 217772 787817

Annual ResIn Replacement, S/year $90/cu ft 0 0 0 0 0 0 0 0 0 0 0
Annual Off-site Disposal, S/year $0.10/gal
Natural Gas Cost, $/ year
Annual Cost, S/year $0.06/therm 18240 0 0 0 0 0 0 0 0 0 0

SubtotalAnnual Costs, S/year 130260 1858076 953993 867039 832974 476719 320333 651507 1110893 298674 990341
Contingency (10%),$/yr 13026 185808 95399 86704 83297 47672 32033 65151 111089 29867 99034

Total Annual Cost, 5/year 143286 2043884 1049393 953743 916271 524391 352367 716657 1221982 328542 1089375
Present Worth of Annual Costs $ 10 years 961448 13714462 7041424 6399617 6148181 3518665 2364380 4808771 8199501 2204516 7309707

8 percent interest
Capital Costs, $ 1,345,138 344,023 6,983,076 4,522,426 3,770.418 2,453,930 1.541.358 253,748 1,526,625 2.676,729 4,397,370
Total Present Worth, $ 2,306,586 14,058,484 14,024.500 10,922,043 9,918,598 5,972,595 3,905,738 5,062,519 9,726,126 4,881,245 11,707,077

Average NH3-N Removal, lbs/day 247 147 864 864 648 432 216 217 891 423 891
Average NH3-N Removal, % 27.2 16.2 95.0 95.0 71.3 47.5 23.8 23.9 98.0 46.5 98.0
Present Worth Cost, $Jlb NH3-N 2.56 26.13 4.45 3.47 4.20 3.79 4.96 6.39 2.99 3.16 3.60



Additional Operations!
Maintenance Labor
* Labor Hours
* Annual Cost, $ $40/hr

Electrical Usage
*hp 25 18.75 12.5 6.25 225 168.75 112.5 56.25

kwh 163374 122531 81687 40844 22727273 1470366 1102775 735183 367592
* Annual Cost, $ $0.06/kwh 9802 7352 4901 2451 1363636 88222 66166 44111 22055

Maintenance Materials
* Low End Equipment Costs, $
* Annual Costs, $ 5%of E Costs

Chemical Costs
* 50 % NaOH, $ year $240/ton
* 98% H2SO4, S/year $46/ton
* 75 % H3P04, S/year $335/ton
* 62 % Mg(OH)2, $/year $220/ton
* 98% HCI, S/year $70/ton

• Chlorine Gas, S/year $50/ton
Annual Costs, S/year

Annual ResIn Replacement, S/year $90/cu ft
Annual Off-site Disposal. s/year $0.10/gal
Natural Gas Cost, 5! year
Annual Cost, s/year $0.06/therm

Subtotal Annual Costs, S/year
Contingency (10%),5/yr

Total Annual Cost, S/year
Present Worth ofAnnual Costs 5 10 years

8 percent interest
Capital Costs, 5
Total Present Worth, $

Average NH3-N Removal, lbs/day
Average NH3-N Removal, %
Present Worth Cost, $/lb NH3.N

WWTF Component Basis Effluent Effluent Effluent Effluent Ozonation Tertiary Tertiary Tertiary Tertiary

Ion Exchange Ion Exchange Ion Exchange Ion Exchange Nitrification Nitrification Nitrification Nitrification

75% removal 50% removal 25% removal 75% removal 50% removal 25% removal

1500 1500 1500 1500 750 1500 1500 1500 1500
60000 60000 60000 60000 30000 60000 60000 60000 60000

284000 227200 170400 85200 2300000 444000 355200 266400 133200
14200 11360 8520 4260 115000 22200 17760 13320 6660

129861 97396 64930 32465 226145 458660 343995 229330 114665

0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

17044 12783 8522 4261 0 0 0 0 0
0 0 0 0 0 0 0 0 0

146905 110179 73453 36726 226145 458660 343995 229330 114665

242449 181837 121224 60612 0 0 0 0 0
50727 38045 25363 12682

0 0 0 0 0 0 0 0 0

524083 408772 293462 176731 1734781 629082 487921 346761 203380
52408 40877 29346 17673 173478 62908 48792 34676 20338

576492 449650 322808 194404 1908259 691990 536713 381437 223718
3868259 3017150 2166041 1304450 12804419 4643251 3601346 2559441 1501151

1,198,024 1.095.472 787,814 480,157 7,523,300 6,762,000 6,223,800 4,264,200 2,304,600
5,066,283 4,112,621 2,953,855 1,784,607 20,327,719 11,405,251 9,825,146 6,823,641 3,805,751

891 668 445 223 891 891 668 445 223
98.0 73.5 49.0 24.5 98.0 98.0 73.5 49.0 24.5
1.56 1.69 1.82 2.20 6.25 3.51 4.03 4.20 4.68
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EXHIBIT E

SUMMARY TABLE COMPARINGCOST,EFFLUENT AMMONIA-NITROGEN
REDUCTION PERCENTAGES, RELIABILITY, AND PROSAND CONSOF

ALTERNATIVE EFFLUENT AMMONIA-NITROGEN REDUCTION
PROCESSESFOR THE NOVEON-HENRY PLANT
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Comparisonof CostsandRemovalsof Effluent NH3-N RemovalProcesses
for theNoveon-HenryWastewaterTreatment Facility with 10-YearProject Life

Annual Operating
Process CapitalCost

($ millions)
Cost

($ millions/year)
PresentWorth Cost’ Effluent NH3-NRemoval

(Average%)($ millions) ($/lbNH3-N removed)

PCTankStrippingwith 1.35 0.130 2.21 2.45 27
Off-gasControl

1.31 0.125 2.15 4.60 14

PVCTankStripping 0.344 2.04 14.1 26.13 16
without Off-gasControl

0.317 2.03 14.0 51.89 8

EffluentStrippingwith 6.98 1.05 14.1 4.42 95
Off-gasControl

EffluentStrippingwithout 4.52 0.894 10.5 3.34 95
Off-gas Control

3.77 0.850 9.5 3.83 75
2.45 0.483 5.7 3.44 50
1.54 0.332 3.8 4.59 25

StruvitePrecipitation 0.254 0.669 4.74 5.99 24
0.254 0.539 3.87 6.53 18

EffluentBreakpoint 1.53 1.22 9.73 2.99 98
Chlorination
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Comparison of CostsandRemovalsof Effluent NH3-N RemovalProcesses
for the Noveon-HenryWastewaterTreatment Facility with 10-YearProject Life

Process CapitalCost
($ millions)

Annual Operating
Cost

($ millions/year)

PresentWorth Cost
-

Effluent NH3-NRemoval
(Average%)($ millions) ($/lb NH3-Nremoved)

Non-PC Nitrification 2.68 0.329 4.88 3.16 47
Combined Single-Stage 4.40 1.09 11.7 3.60 98
Nitrification
• MBT RemovalProcess 0.86 0.441 3.82 Less Than 25

• WWTF Upgrades 3.54 0.649 7.88 0

Effluent Ion Exchange 1.20
1.10
0.79
0.48

0.688
0.533
0.379
0.222

5.82
4.67
3.33

1.97

1.79
1.88
2.01

2.38

98
75
50
25

Effluent Ozonation 7.52 1.91 20.3 6.25 98

TertiaryNitriflcation 6.76
6.22
4.26
2.30

0.692
0.536
0.381
0.223

11.4
9.83
6.82
3.81

3.51

4.03
4.20
4.68

98
75
50
25

ai 0 yearsat 8% interest.
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Comparison of CostsandRemovalsof Effluent NH3-N RemovalProcesses
for the Noveon-HenryWastewaterTreatment Facility with 20-YearProject Life

Annual Operating
Process CapitalCost

($ millions)
Cost

($ millions/year)
PresentWorth Costa Effluent NH3-N Removal

(Average%)($ millions) ($/lb NH3-Nremoved)

PCTankStrippingwith 1.35 0.130 2.63 1.46 27
Off-gasControl

1.31 0.125 2.54 2.72 14

PVCTankStripping - 0.344 2.04 20.4 18.90 16
without Off-gas Control

0.317 2.03 20.2 37.43 8

EffluentStrippingwith 6.98 1.05 17.3 2.71 95
Off-gasControl

EffluentStrippingwithout 4.52 0.894 13.3 2.12 95
Off-gasControl -

3.77 0.850 12.1 2.44 75
2.45 0.483 7.2 2.17 50
1.54 0.332 4.8 2.90 25

StruvitePrecipitation 0.254 0.669 6.8 4.30 24
0.254 0.539 5.5 - 4.64 18

EffluentBreakpoint 1.53 1.22 13.5 1.08 98
Chlorination -
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Comparisonof CostsandRemovalsof Effluent NH3-N Removal Processes
for the Noveon-HenryWastewaterTreatment Facility with 20-YearProject Life

Process Capital Cost
($ millions)

Annual Operating
Cost

($ millions/year)
PresentWorth Cost EffluentNH3-N Removal

(Average %)($ millions) ($/lb NH3-N removed)

Non-PC Nitrification 2.68 0.329 5.9 1.91 47
Combined Single-Stage 4.40 1.09 15.1 2.32 98
Nitrification
• MBT Removal Process 0.86 0.441 5.2 Less Than 25

• WWTF Upgrades 3.54 0.649 9.9 - - 0

Effluent Ion Exchange 1.20
1.10
0.79
0.48

0.688
0.533
0.379
0.222

8.0
6.3
4.5
2.7

1.23
1.27
1.36
1.63

98
75
50
25

Effluent Ozonation 7.52 1.91 26.3 4.05 98

TertiaryNitrification

.

6.76
6.22
4.26
2.30

0.692
0.536
0.381
0.223

13.6
11.5
8.0
4.5

2.09
2.36
2.46
2.76

98
75
50
25

yearsat 8% interest.
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Comparisonof RemovalsandReliability of Effluent NH3-N Removal Processes
for theNoveon-HenryWastewaterTreatment Facility

Process EffluentNH3-N Removal

Reliability
(Average %) Rating1 Comments

PCTankStrippingwith 27 8 Involves adding surface aerator, oversized withdrawal fan, off-gas collection
Off-gasControl andthermaloxidationof off-gas.Off-gascollectionandtreatmentareneeded

for VOC control.No chemicaladditionrequiredsincePCTank contents are
normallypH 11 s.u. Simpleto operate.Performancewill varyas volatile amine
contentvariesin wastewater.Averageremovalsof 0 to 27 percentcould be
achievedbyvaryingthe size of the surface aerator placed in the tank.

PVCTank Stripping 16 7 Involves adding caustic addition andsurface aerator to PVCtank contents.
without Off-gas Control Acid addition in primarysystem will be required to lower pH to 9.0 s.u. Simple

to operate. Strong foaming potential in PVCTank which would reduce
effectiveness.Performancewill varybased on production discharges of NH3-N
andvolatile amines,andNH3-N returnedin sludgedewateringfiltrate and
tertiaryfilter backwash.Removalsof 0 to 16 percentcould beachievedby
varyingthesizeof the surfaceaeratorplacedin the tank.Wifi increase effluent
TDS.

Effluent Strippingwith 95 7 Involvespumpingsandfilter effluentthroughtwo packedtowers in series.
Off-gas Control Caustic is added to increase pH to 11.5 s.u. and acid is added to lower the

treated effluent pH to 8 s.u. Off-gas is directed to an acid scrubber for recovery
of (NH4)2SO4. Scrubber discharge would be disposed off-site. Complexto
operate. Equipment must be housed in heated building to prevent freezing.
Fouling of tower media with precipitants is anticipated. Removals of 75 to 95
percentwouldbeachievedby treatingthewholeeffluent throughdifferent
sizedcolumns.Removalsof 25 to 50 percentwould be achievedby treating
only a portionof the final effluent.Will increase effluent TDS.
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Comparisonof RemovalsandReliability of Effluent NH3-N RemovalProcesses
for the Noveon-HenryWastewaterTreatment Facility (Continued)

Process EffluentNH3-N Removal

Reliability
(Average %) Rating1 Comments

Effluent Strippingwithout 95 8 Sameas abovebut withoutoff-gascollection and treatment. NH3-N would be
Off-gas Control discharged to atmosphere. Will increase effluent TDS.

Struvite Precipitation 24 6 Involves feeding magnesium hydroxide and phosphoricacidto existingprimary
treatment system. Simple to operate. However, the precipitant is prone to foul
pumps andpiping. Removal could be varied between 18 and24 percent
depending upon the quantity of magnesium hydroxide added. Performance will
vary strictly as a function of influent NH3-N load. Will increase effluent TDS.

Effluent Breakpoint 98 9 Involves routing secondary clarifier effluent through chlorination step prior to
Chlorination tertiaryfiltration. Caustic is fed to maintain pH control. Reliable process.

Creates safety concerns and may form chlorinated organics. Will increase
effluent TDS.

Non-PC Nitrification 47
-

7 Involves using existing activated sludge system to provide BODremoval and
nitrification of PVCwastewater. Treated effluent from this system would be
combined with PC wastewater and treated in new activated sludge system.
Complexsystemto operate.Two WWTFsthatwouldbe subjectto upset.
Performancewouldvaryas afunctionof PVCNH3-N andamineloading.Will
increaseeffluent TDS.
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