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RESUMEOF T. HOUSTON FLIPPIN, P.E.,DEE



~~t~tment T. Houston Flippin, P.E., DEE

Asslgnm.nt Experience Summary
CapacityEvaluation Houston Flippin has20 yearsof experience in industrialand municipal
Education wastewater management.Mr. Flippinis particularlyadeptatmaximizing
MS., EnvironmentalandWater treatmentprocessperformance.This is dueto yearsof conducting,

VdftUl~th~1984 evaluating,anddeveloping full-scale process design and operatingguidelines
frombench-,pilot- andfull-scale wastewater treatmentstudies.These

~E~~and Environmental studies have evaluatedbothbiologicalandphysical/chemical processesfor

Vanderbift UnIversity, 1982 treating waters, wastewaters, andsludges laden with conventional pollutants,
Registration priority pollutants, and aquatic toxicants. Mr. Flippin hasused this
Profosslonal Engineec Tennessee, experienceto bothdeveloptreatmentcostsavings (capital and operating)
Illinois, Kentucky, and Michigan while maintaining reliable effluentcompliance and to negotiatemore
Diplomate: AmericanAcademy of reasonable effluent limits. His “handson” experienceandhis talent for
Environmental Engineers communication has made him a frequent workshop lecture,client staff
Experionc. trainer, and negotiator. Recent workon the industrial side has inv-olved
20 years developing innovative, reliableandcost-effectivepretreatment processes
Joined Firm and minimizing upgrade costs of treatment lagoon systems. Recent work on
1984 the municipal side has involved reratingcapacities of POTWs using site-
Relevant Expertise specific data, developing cost saving actions for aeration and sludge
• Developing site specific operating handling, and developing staff reorganization plansto enhance productivity.

guidelines and treatment Mr. Flippin also has experience in potablewater treatment, stormwater
capacities, permitting, wasteload surveys, and waste minimization.

S Developing costsavings for ______________________________________________________________________
treatment plants.

• ~ Organic Chemicals, Herbicides and Pesticides
Process Design, Startup Assistance and Operator Training, Ciba-
Geigy Corporation
LeadEn,gineerandAuthor.Responsiblefor anon-sitetreatability studies,
processdesigndevelopment,andfinal reportfor thetreatmentof
wastewaters dischargedfrom Ciba-GeigyCorporation’slargestU.S. organic
chemicalsmanufacturingcomplexincludingpesticides.Theprojectbegan
by evaluatingconversionof theexistingaeratedlagoonsystemto activated
sludge.Thisconversionwasnecessaryto meet effluent requirementsunder
higherloadingconditionsand tomeetRCRA closurerequirementsof on-
sitesurfaceimpoundments.This evaluationinvolvedan activatedsludge
treatabilitystudyevaluating theimpactofvarying totaldissolvedsolids
concentrations(0.5percentto 2.5percent),temperatures(8°Cto20°C)and
RCRA regulatedstreamdischargecontributions.A processdesignfor the
aeratedlagoon/activatedsludgeconversionwasdeveloped,presented,and
implemented.Mr. Flippindevelopedmaterialsforandassistedin the
operatortrainingcoursewhichprecededstartupof theactivatedsludge
plantA follow-up treatabilitystudywasconductedandfocusedon TI<N,
TOC,acutetoxicity andcolorreductionthroughtheuseofPACT®
treatmentascomparedto tertiaryGAC treatment.Specialbatchtreatability
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T. Housto~Flippin, P.E., DEE

testingevaluatedaltemativesourcecontrolmethodsforahighly colored
wastestream.A processdesignwasdevelopedtomeetrevisedtreatment
objectives,a final reportwasissued,andanewWWTFwas constructed.
StartupassistanceandoperatortrainingwereprovidedforbothWWTFs.

Process Design, Rhodia, Mount Pleasant, Tennessee
LeadEngineerandAuthor.Responsibleforantreatabilitystudies,process
designdevelopment,and final reportfor thetreatmentof herbicide
wastewaters.Treatmentsevaluatedimpact of photolyticdecomposition,
carbonadsorption,andmacroreticularresins.Solutionimplemented
includedminortreatmentandrecycleofwaters.Siteconvertedtoa nearly
zerodischargeoperation.

P01W Impact and Discharge Negotiations, American Cyanamid,
Barceloneta, Puerto Rico
LeadEngineerandAuthor.Responsibleforantreatabilitystudiesthat.
evaluatedimpact of herbicideandpesticidewastestreamson POTW.
Testing indicatedno adverseimpacton BOD removal,nitrification, and
sludgequalityatthedesireddischargerates.Resultsof testingwereusedto
negotiatealloweddischargesof thesewastestreamsto thePOTW without
pretreatment.

WWTF Troubieshooting, Zeneca Fine Chemicals, Mount Pleasant,
Tennessee
LeadEngineerandAuthor.Responsiblefor treatabilitystudiesthatevaluated
impactof various organicchemical,herbicideandpesticidewastestreamson
site’s biologicalwastewatertreatmentfacility (WWIF).Developedapproach
for screeningimpactof newwastestreamson theWWTF. Prescribed
maximumallowabledischargeratesofeachprocesswaststreanitoprevent
upsetof theWWFF.

Pulp and Paper

Comprehensive Wastewater Management Plan, Chesapeake
Corporation, West Point, Virginia
LeadEngineer, Field TeamManager,andAuthor. Developeda comprehensive
wastewatermanagementplanfora ChesapeakeCorporation1,800tpd
integratedmill. Wastewatercharacterizationstudiesdefinedsourcesand
distributionof waxesthroughthepulpingandpapermakingprocess,the
impactof secondaryfiberproductiononWWTF solidsmanagement,the
impactof bleachingprocesschlorinesubstitutionon influentwasteloads,
effectof separateandcombinedsettlingofpulpmill andpapermill
wastewaters,andimpactofvariousequalizationbasinsizesandmodesof
operationoninfluentload dampening.Batchtreatabilitytestsevaluated
alternativeprimaryclarificationschemes,alternativesiteapplicationsof
dissolvedair flotation(DAF) forwax removalandsolids recovery,impact
of CO2stripping/coagulationandflocculationon pureoxygenactivated
sludgesettleabilityandimpactof secondaryfiber onactivatedsludgesettling
properties.Continuousflow treatabilitystudiesevaluatedtheeffectsof
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1. Houston Flippin, P.E., DEE

secondaryfiberproduction,secondaryfiberwastestreamDAF
pretreatment,aerationbasintemperatures,slitnicideloadingsandbleaching
plantchlorinesubstitutionon pureoxygenactivatedsludgeplant
performance(particularlysludgesettleability). Thecontinuousflow
treatabilitystudiesalsoinvolved evaluationof severaltypesofbiologkal
selectorsto control filasnentoussludgebulkin~aerobic,two-stageaerobic,
anoxic/annerobic,andextendedanoxic/anaerobic.Elementsof thisproject
werepresentedby Mr. Flippin atthe 1992TAPPIEnvironmental
Conference.

Lagoon Modeling and Upgrade Evaluation, Confidential Client,
Midwest
LeadEngineer. Developedalternativeupgrademeasuresfora wastewater
treatmentlagoonsystemto accommodateincreasedwasteloadwhile not
exhibitingH2S emissions.Onealternativewasbasedonoperatingthe
lagoonswithoutoxygenandnutrientdefidenciesandthusachievinggreater
BOD removalrates.Thisalternativewasbasedon treatabilitydata. The
secondalternativewasbasedon operatingthe lagoonsunderoxygenand
nutrientlimitations,whichdecreasedBOD removalratesbutminimized
upgraderequirements.Extensivefull-scalesystemdata was usedto develop
a modelfor evaluatingsystemperformanceunderalternativeconditions.
Theprojectis currentlyin the final designstage.

HazardousWaste

Groundwater Remedlation Process Design, FLTG, Incorporated,
Crosby, Texas
ProjeciManagerandLeadEngineer.Responsiblefora groundwater
remediation projectfora companyfbrmedby 80principleresponsible
parties.ThisSuperfundsitegroundwatertreatabilityinvestigation
consideredhow besttoupgradetheexistingtreatmentfacility. Air
stripping,peroxidation,ozonation,ultrafiltration,carbonadsorption,resin
adsorption,andanaerobicdegradationseparatelyandinconjunctionwith
activatedsludgetreatmentwereconsidered.Followinga seriesof batchand
continuousflow treatabilitytests,activatedsludgetreatmentfollowed by
granularactivatedcarbontreatmentwasselectedasthemostcost-effective
meansofachievingdischargetargets. In addition,a cost-effectivesludge
treatmentanddisposalplanweredeveloped.

Textiles

Toxicity Reduction Evaluation/Toxicity Identification Evaluation,
Globe Manufacturing, Gastonla, North Carolina
ProjectManager,LeadEngineer,andAuthor.Managedawastewater
pretreatmentprojectwherethe industrialdischargewascited asthesource
of thePOTW’seffluentaquatictoxicityproblem.Treatabilitytestswere
conductedwhich screenedtheeffectsofthe following treatmentprocesses
oneffluent toxicity 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
studieswereusedtodeveloptheprocessdesignfor theselectedprocess.
Submitteddesignbasisreportfor thepretreatmentfacility, reviewedfinal
designdrawingsandspecifications,andprovidedstartupassistance.The
pretreatmentfacility eliminatedall acuteandchronictoxicity associatedwith
thewastestreamdischargeatits flow contributionto thePOTW. Elements
of thisprojectwerepublishedin W”aterSdenceTecbnologj,Volume29,No. 9
(1994).

Food Processing

Waste Minimization, Quaker Oats, Newport, Tennessee
ProjectManager,LeadE~~gineer,andAutbor. Developeda wasteminimization
plan fora QuakerOatsfacility. On-sitewastewatercharacterizationstudies
coupledwith interviewof sitepersonnelwereusedto developpractical,
cost-effectivewasteminimizationrecommendations.Implementationof
theplanresultedinsignificantreductionofproductlossesandsewer
pretreatmentsurcharges.

Combined Municipal/Industrial Wastewater Management

ISP Chemicals, Calved City, Kentucky
PrincipalEngineer/SiteCSMInvestigationof the impactof eightwaste
streamsontheonsiteactivatedsludgeprocess.

Clarlant Corporation, Elgin, South Carolina

Providedalternativetreatmentsystemanalysesprior tothe constructionof a
Greenfleldwastewatertreatmentfacility.

Cooperative and Cost Effective Wastewater Treatment, Ryan
Foods Company, Murray, Kentucky
ProjectManagerandPth4a/Engineer.Workedwith City of Murrayand
industryto developa “win-win” strategyfor minimizingwastewater
treatmentcostsforboththeCity andindustry. Eadyestimatesby theCity’s
consultanthadindicatedthatthePOTWwould haveto spend
approximately$10 million to accommodatethedischargewasteloadonthe-
POTWwith RyanFoodsatmaximumloading(andwithoutpretreatment).
EstimatesindicatedthatRyanFoodswould havetospend$3 million to
meetthelimits requestedby theCity if pretreatmentwereto beinstalled. A
reviewof pertinentinformationindicatedtheopportunityfor significant
savingsby bothparties.TreatabilitystudieswereconductedandPOTW
performancedatawerereviewed. Thiswork indicatedthata muchless
costlyapproachcouldbetaken. A final designwas developedfor the
pretreatmentfacility andinstalledat acostof $1.6million. The
pretreatmentfacility reducedthewasteloadby approximately70percent.
However,theremainingwasteloadto theP01Wexceededthe “rated
capacity”of thePOTW. A site-specificanalysiswasconductedandusedto
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T. Houston Flippin, P.E., DEE

reratethecapacityof theP01W. A majorcomponentof this analysiswas
sludgestabilizationandalternativedisposalmethods.This reratingallowed
theP01Wto gainanadditional29 percentin ratedcapacityfora costof
$0.7million. So,in theend,theCity ofMurrayandRyanFoodsbothsaved
morethan$1 million each.TheCity alsoreceiveddefinitionof alternative
sludgedisposalmethodsanda descriptionof the incrementalupgradesthat
would berequiredin thefutureas the“real ratedcapacity”of thePOTW
was approached.

Municipal Wastewater Management

Change Management Program, Metro Water Services, Nashville,
Tennessee
AssistantTaskManagerforOpera/ionsGroup.Workedwithclientto identify
cost-saving actionitemsto reduceannualO&M costsat two water
treatmentplantsandthreewastewatertreatmentplants. Thepurposein
thesereductionswasto rendertheplants’operatingcostscompetitive with
thatestimatedby privatecontractorsandthus“staveoffprivatization.”
Anhualsavingsofgreaterthan$1,000,000wereidentified. Currently
servingas advisor to teams implementingsavingsregardingsludge
thickeninganddewateringandaeration. In additionto thiswork,have
assistedclient inprocesstroubleshootingwhichhasallowedclient to avoid
effluentnon-compliance.

Petrochemical and Synthetic Fuels

Safety Kleen Corporation, East Chicago, Indiana
LeadEng/neer,ProjectManager, andAutbor. Responsibleforon-site
wastewatertreatmentfacility (WWTF) processtroubleshootingandtraining
tofacilitatecompliance with pretreatmentlimits atthis facility, oneof the
largestoil re-refineriesin theworld. Treatabilitystudiesandprocessdesign
wererequiredfor W’X1TF modificationstoaccommodateincreased
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°cand F/M ratio (0.1 lb COD/lbMLVSS’ dayto0.7 lb
COD/lb MLVSS ‘ day) on activatedsludgesettleabilityandeffluentquality
wereevaluated.Theeffectsof steamstripping,asapretreatmentstep,on
activatedsludgesystemperformancewereevaluated.Metalsprecipitation
with lime, alum andcausticwas studiedasapretreatmentandpost
treatmentprocess.High pHairstrippingandbreakpointchlorinationwere
examinedas effluentNH3-N reductiontechnologies.Effluentperoxidation
andozonationwereevaluatedasa meansof providingeffluenttotal
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T. Houston FIippln, P.E., DEE

phenolicsreduction. Theuseof abiologicalselectorandchemical
conditioning(e.g.,coagulationandflocculation)wereinvestigatedas means
of improvingsludgesettleability.

A processdesignto upgradetheexistingWWTF wasprovidedandincluded
a four stage,aerobicbiological selector,temperatureandpH control,
coagulation,flocculation,increasedR.ASpumpingcapacity,breakpoint
chlorinationandtertiary filtration. Final designguidancewas providedon
selectionofequipmentfor the biologicalselectorandtertiaryfiltration.

Booth Oil Company, Buffalo, New York
LeadEngineerandAuthor. Responsibleforwastewatersamplingprogramto
definetreatmentprocesslimitationsunderincreasedfutureloading
conditions. Treatability testingwas conductedto evaluatealternativesfor
controllingtotalphenolicsdischarge.Both improvementsin oil/water
separationandhydrogenperoxidetreatmentwereconsidered.A report
presentingakemativesfor upgradingWWTi~operationsandfor
prioritizingcapitalimprovementswaspresented..

Groundwater Remedlatlon PrOcess Design, FLTG, Incorporated,
Crosby, Texas
ProjectManag~randLeadEng/neer.Responsibleforagroundwater
remediationprojectfor a companyformedby 80principleresponsible
parties(almostexclusivelypetrochemicalindustriesandrefineries).The
groundwateratthis siteexhibitedaninfluent COD of approximately600
mg/Landhadfreeproductpresent.A groundwatertreatabilityinvestigation
was conductedto determinehow besttoupgradetheexistingtreatment
facility. Air stripping,peroxidation,ozonation,ultrafiltration,carbon
adsorption,resin adsorption,andanaerobicdegradationseparatelyandin
conjunctionwith activatedsludgetreatmentwereconsidered.Followinga
seriesof batchandcontinuousflow treatabilitytests,activatedsludge
treat~nentfollowedby granularactivatedcarbontreatmentwas selectedas
the mostcost-effectivemeansof achievingdischargetargets.In addition,a
cost-effectivesludgetreatmentanddisposalplanweredeveloped.

Reilly Industries, Lone Star, Texas
LeadEngineer,ProjectManagerandAuthor. Responsibleforatwo-tiered
projectatthis coaltarplantTreatabilitystudieswereconductedand
processdesignsweredevelopedfor alternativewastewatertreatmentfacility
upgradesthatwould allowplantto meetmorerestrictivepretreatment
limits. A work planwasdevelopedin cooperationwith TNRCCthatwould
allow theP01Wto seekpermit relief whichin turnwouldallow theplant
to notrequireWWI~Fupgrades.
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T. Houston Flippin, P.E, DEE

Permitting

Hunt Foods (formerly Quaker Oats), Newport, Tennessee
ProjectManagerandPrindpa1Ei~gineeronprojectinvolvingwasteload
minimization,pretreatmentfacility design andnegotiationof pretreatment
limits.

Laldiaw (formerly Osco, mc), Nashville, Tennessee
ProjectManagerandPñnápalEngineeronprojectinvolvingpretreatmentfacility
design,startup,troubleshooting,andpretreatmentpermitnegotiations.

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

Ryan Fàods Company, Murray, Kentucky
ProjectManagerandPrindpalEngineeronprojectinvolvingpretreatment
facility design,constructionmanagement,startup,operatortraining,POTW
upgrades,pretreatmentpermitnegotiations,andnegotiationofre-rated
capacityof P01WwithKentuckyDivisionof Water.

BF Goodrich Performance Materials, Henry, IllinoIs
ProjectManagerandPündpalEngineeronprojectinvolving treatmentfacility
design,startup,operatortraining,treatmentfacility troubleshootingand
NPDESpermitnegotiations with Illinois EPA.Meetingwith Illinois Water
Pollution ControlBoardis pending.

ISP Chemicals, Texas City, Texas
ProjectManagerandPrincipa/Eng/neeron projectinvolvingmodif~ringexisting
NPDESpermitsfor stormwaterandwaste-water.Projectalsoinvolved
conductof testingtogetadjustedmetalslimits.

OxyVinyls (formerly Goon Canada), NIagara Falls, Ontario,
Canada
ProjectManagerandPrincipa/Engineeronprojectinvolving 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) followed by
toxicity reductionevaluation(TRE) asapartoftreatabilitystudiesfora
newlydesignedWWTF. ThenewWWTFreplacedtwo existingWWTFs
thatwere abandoned.Acidification,air stripping,alkalinization,chemical
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T. Houston Flippin, PIE., DEE

reductionwith sodiumthiosulfate,filtration, granularactivatedcarbon,ion
exchange(anionandcation),macroreticularresin,andmetalcomplexing
withEDTA, wereevaluatedasa meansof achievingeffluent toxicity
reductionfor a selectedwastestreani.High salinitywasidentifiedasthe
toxicant Theclientdecidedto blendtheselectedwastestrearnwith other
wastestreamscausinga decreaseinwastewatersalinityandanincrease-in-
wastewaterBOD. Activatedsludgetreatmentfollowedby ozonationasa
meansof toxicity reductionanddisinfectionwasdeterminedto provide
consistentcompliancewith effluentBODandtoxicity limits. A process
designwasprovided. Thenewly designedWWTFsincludedgrit removal,
equalization,activatedsludgetreatment,granularmediafiltration and
ozonation.Thefinal designfor theWWTF wasreviewedfor consistency
with theprocessdesign.

Confidential Client, Indiana
LeadEngineerandProjectEn,gineerAToxicity IdentificationEvaluation(TIE)
wasconductedforalarge-volumeproducerof metalingotsandsheet
aluminum.TheTIE usedPhaseI laboratorycharacterizationprocedures,
singlestreamtoxicity testing,andresynthesistestingwith major
wastestreamstreatedfor toxicity removal. Both Ceciodapbniaandthefathead
minnowwereusedinacuteteststhroughoutthestudy. Studyresults
indicatedthatadsorptiveorganiccompoundsassociatedwithaninternal
wastetreatmentprocesswereprimarily responsiblefor toxicity. Pure
chemicaltestswith thewastewatertreatmentpolymerusedat thesite
indicatedthat thepolymermayplay arole ineffluent toxicity.

A ToxicityReductionEvaluation(IRE)work planwas alsoconductedfor
theclient to developameans to cost-effectivelyreduceeffluent toxicityas
requiredby theState. Servicesincludedwasteloadcharacterizationand
wastewatertreatmentfacility (WWTF)optimization.

Memberships
NationalSocietyofProfessionalEngineers(NSPE)
TechnicalAssociationof the Pulp and Paper Industry (TAPPI)

Water Quality CommitteeMember
Water Environment Federation

Pretreatment Committee Member
Chi Epsilon National Civil Engineeñng Honor Society

Publications/Presentations
‘Enhanced Activated Sludge Treatment of High Strength Sio—inhibitory industrialWastewater’ with

R. Rhoades,IOU1 AnnualWEF Industrial WastesTechnical and Regulatory Conference,
Philadelphia, Pennsylvania, August2004.

‘Treatment Alternatives for Removing Ammonia-Nitrogen from Landfill Leachate’ with RE. Ash and
B.N. Card,AnnualTennesseeSolid andHazardousWasteConference,Gathnburg,
Tennessee,April2004.

‘Alternative Considerations in SizingAeration Basins’with W. W. Eckenfelder, Design,
Performanceand Operationof BiologicalTreatment ProcessesPie-Conference Workshop,
Vanderbilt Universityand USEPA Conference, “Industrial Wastewater and Best Available
Treatment Technologies: Performance,Reliability, and Economics”, Nashville, Tennessee,
February 2003.
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T. Houston Fllppln, P.E., DEE

‘Modifying Equalizationto Provide Pretreatment ofHigh StrengthWastewaters’with DA Moye,
19~Annual North Carolina AWWAPNEF Conference Proceedings, Winston-Salem,North
Carolina, November 2002.

‘Benefits of Using Nitrateas Nutrientin Activated Sludge Treatment Systems’with W. W.
Eckenfelderand DA Moye, 8th Annual WEF IndustrialWastes Technical and Regulatory
Conference, Atiantic City, NewJersey, August2002.

‘Biological Treatmentof HighTDS Wastewaters,’with W. W. Eckenfelder and V. J. Boero, Water
Environment Federation- Industrial WasteTechnical and Regulatory Conference, Charleston,
South Carolina, August2001.

‘CompetitivePerformance for Water and WastewaterUtilities,’ with J.L Pintenich, NasiviilIe Quality
Forum, Nashville, Tennessee1 October1999.

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

‘Batch Activated Sludge Testing to Determine The Impact of Industrial Discharges on P01W
Performance’, with J.S. Allen, Ptoceedingsof1998 WEFlndustrieiWastesSpecially
Conference, Nashviie, Tennessee, March 1998.

‘Economics ofTreating Poorly DegradableWastewatersIn the Chemical Industry,’ with
KD. Torrens, Thvceedings of1998 WEFlndusfrialWastesSpecialtyConference, Nashville,
Tennessee, March 1998.

‘Effects ofElevated Temperature on theActivated Sludge Process,’ with W.W. Eckenfelder, Jr.,
Proceedingsof1994 TAPPI InternationalEnvironmentalConference, Portland, Oregon,
AprlI 1994.

‘Toxicity Identi~cationand Reduction in the Primary Metals Industry,’ presented at SpringAJChE
Conference,Atlanta, Georgia, April 1994.

‘Treatability Studies and Process Design for Toxicity Reductionfor a Synthetic Fiber Plant,’ with
J.L Musterman, WaterScienceTechnology,VoL 29, No.9(1994).

‘Granular Carbon Adsorption ofToxics,’technical review ofchapterfour in ToxicityReductionin
IndustrialEffluents, P. W. Lankford and W. W. Eckenfelder, Jr. (Eds), Van Nostrand Reinhold,
1992.

‘Diagnosing and SoMng a Pulp and Paper Mill’s Poor Activated Sludge Settleability Problems
Through TreatabilityStudies,’ with N. A Bellanca, Proceedingsof1992 TAPPIEnvironmental
Conference,Richmond, VirgInia, 1992.

‘Hydrogen Peroxide Pretreatment of Inhibitory Wastestream — Bench Scale Treatability Testingto
Full Scale Implementation: A Case History,’ with R. L. Linneman, A’oceedbrgs ofChemical
Oxidation: Technologylbr 1990’s,Vanderbilt University, Nashville, Tennessee,1991.

‘Control of Sludge Bulklng in a Carbohydrate Wastewater Usinga Biosorptlon Contactor,’-wlth
W. W. Eckenfelder, Jr. and N. A. Goronszy,Proceedingsof the39th AnnualPurdueIndustrial
WasteConference,1984.

Research Topics
Biodegradation of PCBs and HCB, researchconducted at ECKENFELDER INC.
Volatile OrganicCompound Emissions from Activated Sludge Systems, research conductedat

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

Vanderbilt University
Biosorption for Improved Reactor Capacity, research conductedat Vanderbilt University
Control ofActivated Sludge Bulking Through the Use ofa Biosorptlon 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, Apnl 1998, November 1998, 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, RE,, DEE

Instructor,Brown and Caldwell, ‘Activated Sludge WastewaterTreatmentWorkshop, ‘attended by
participants from over 3 municIpalitiesand 10 industries, Nashville, Tennessee, November1999,
March 2000, May2001, November2002 and November2003.
lnshiictor, Tulane University and Louisiana Chemical Association, ‘Wastewater Strategies for
Industrial Compliance: GulfCoast Issues and Solutions’, New Orleans, Louisiana, December 2003.

Honors
Who’sWhoof Citation’sEnvironmental Registry, 1991
Eckenfelder Inc. TechnicalEmployee of the Year Awan~,1990
Outstanding Young Men ofAmerica,1986
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PERTINENT ARTICLES FROM LITERATURE REVIEW



r NATIONAL ~‘

L
CORN
HANDBOOK~

—~------- ~— -

CROP FERTILIZATION NCH-55

Nitrification Inhibitors for Corn Production
D. W. Nelson,UniversityofNebraska

D. Huber, Purdue University

Reviewers
K. D. Frank, UnivesrityofNebraska G. W. Randall,Universityof Minnesota
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Nitrogen (N) is an essential element for plant
growthand 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, plantand 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. Ammonlum formed in soil,
added as fertilizer, or In precipitation is rapidly
oxidized to nitrate in the nitrification process carried
outby specific bacteria. Nitrification results in the
production ofnitrate, a form of plant-available N which
is readily lost from soils. Nitrification inhibitors are
chemicals that slow down or delaythe nitrification
process, thereby decreasing the possibility that large
losses ofnitrate will occur before the fertilizer nitrogen
is taken up by plants. This publication discusses N
losses from soils, characteristicsof 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

decompositionof 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 nitriflcation (Figure 1).
Nitrate is normally the form of N taken up by plants;
however, most plants can also assimilate ammonium.
In mostsoils,nitrification ofapplied ammonium is
rapid (2-3 weeks),butnitrification rates are greatly

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 nitriteand 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
dentrificatlon. (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 movenitrate 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
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Figure 1. The nitrogen cycle insoils (adapted from Nitrogen in AgriculturalSods).

excessive rainfall or irrigation. Denitrification occurs at
maximum rates when soils are warm (60°F),p1-I values
are high (7), nitrate is plentiful, and an energy source
(carbon) Is available. In waterlogged soils, more than
100 lb. of nitrate N per acre can be denitrifled within a
5-day period. However, in cold soils (40°F)orsoils
with low pH values (5), denitrificatlon 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
number of 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 for use on
cropland in the United States. Additional compounds
are used in Japan and other countries; and
registration is expected for additional compounds in
the U.S.

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

Table 1. GeneralIzed Fate
Applied to Corn1 of FertIlIzer Nitrogen

Soil texture
Fate of applied N coarse medium and fine

Plant uptake (firstyear)
Remains in soil as organic

and inorganic N
Lost from root zone:

—% of applied N—---
40-60 50 - 60
20-25 25-30

Denltrification
Leaching

5- 10 15 -25
15-20 0-10

I Average values over years for soils In the Cornbelt and
southeastern U.S. and irrigated soils or the Great Plains and
western valleys.

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

N-Serve and Dwell may 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 broadcast ammoniacal fertilizers.
Recent studies haveshown that NI can also be
effectively used with liquid animal manures and
sewage sludges that are injected into the soil.
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Table 2. Compounds Marketed

Chemical name

or Proposed as Nltriflcation Inhibitors.
Common or Registered In
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 for4 to 10 weeks,
depending U~Oflsoil pH and temperature. With fall
applications of N fertilizers, NI minimize nitrification
untii 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 tillagesystems
(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
poorly drained soils because of N losses from
leaching and denitrification, respectively. For example,
a study in Indiana with fall-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 loamsoil.
Significant corn yield responses from NI addition 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 denltriflcatlon
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 for corn 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 severityof Diplodia
and Gibberella stalk rots of corn, likely because of
altered N metabolism in plants assimilating the
ammonium form of N (Table 6). Corn stalks in areas
receiving NI-treated fertilizers tend to remain green
later in the growing season and have thicker rinds,
both ofwhich 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

Produced commercially:
2-chloro-6-(trlchloromethyl)-pyridine
5-ethoxy-3-trichloromethyl-1, 2, 4-thiadiazol

Dicyandiamide
2-amino-4-chloro-6-methyl-pyrimidine
2-niercapto-benzothiazole
2-sulfanilamidothiazole
Thlourea

Dow Chemical Co.
Uniroyal Chemical

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

Yes
Yes

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

No
No
No
No
No

Proposed as nitrlficatlon Inhibitors:
2,4-diamino-6-trichloromethyl-5-triazine
Polyetherionophores
4-amino-I, 2, 4-trlazole
3-mercapto-1, 2, 4-trlazole
Potassium azide
Carbon bisuifide
Sodium trithiocarbonate
Ammonium dlthiocarbamate
2, 3, dihydro-2, 2-dimethyl-7-benzofuranol

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

alanlne methyl ester
Ammonium thiosulfate
1 -hydroxypyrazole
2-methylpyrazole-I-carboxamide

Amer. Cyanarnid Co.
Amer. Cyanamid Co.
Ishlhara Industries
Nippon Gas Indus.
Pittsb. Plate Glass Co.
Imperial Chem. lndus.
Imperial .Chem. Indus.
FMC
FMCFuradan

(carbofuran)

No
No
No
No
No
No
No
No
No

Olin Corp.

CMP
BASF
GDR

No

No
No
No
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Table 3. Effects on Grain Yields of Corn Grown with Conventional and No-Till Systems from Addition of NitrifI-~
catIon Inhibitors to Fail- and Spring-Applied Ammoniacal Fertilizers’

Location
Time of

applIcation
No. of

experiments
No. of yield

increases from NI2
%Yield Incre

from NI3
ase

Indiana

No. Illinois

Fall
Spring
Spring (no-till)
FaIl
SprIng

24
51
12
12
14

17
29
9
5
2

12.5
5.8

10.0
5.0

-1.0 •

So. Illinois

Kentucky

•

Fall (NH3)
Spring (NH3)
Spring (no-till)
Fall (N solution)
Spring (N solution)
Spring (no-till)

7
9
2
5
5
8

7
7
2
4
2
7

4.6
4.6
8.5
3.3

-1.2
14.3

.

Wisconsin Fall
Spring

2
2

1
0

4.7
1.5 •

‘Adapted from R. G. Hoeft 1984. Current status of nitrificatlon Inhibitors. In R. 0. Hauck (ed.) Nitrogen In Crop Production. Am. Soc. of
Agronomy, Madison, WI.
2 SIgnificantat 95% probabIlity level.3Average percent yield Increase across all N rates and locations.

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 isa 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 or with soil types having little or no N loss.
Little or no 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 characteristicsof 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 peracre 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 ammonlacal 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.

Table 4. Effects of Nitriflcatlon Inhibitors on the Yield
of irrigated Corn FertIlized with Urea. (Hubbard
Loamy Sand).’

N rate
Nitriflcation Inhibitor

None N-Serve Dwell
lblacre —-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
lb/acre —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 B73x Moll corn hybrid.

Table 6. E
of Corn.’

ffects of a Nitrificatlon Inhibitor on Stalk Rot
~

No. of
studies

N Treatment
source N N + N Serve

3
4

—-% plants with stalk rot’-----.
NH3 38 16
Swine manure 54 23

‘Average values for all locatIons, years, and N rates from
studies in Indiana.

Table 5. Effect of a Nitriflcatlon Inhibitor on Corn
Grain Protein Concentration.1

‘Taken from G. L Malzer, T. J. Graff and J. Lensing. 1979.
Influence ofnitrogen rate, timing ofnitrogen application and use
of nitrification inhibitors for irrigated spring wheat and corn, In
Univ. Minn. 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 ofmajor 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 aregiven 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 of time, e.g., 5 years.
The usefulness of NI for corn 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 nitrificatlon of fall-applied N and subsequent
leaching or denitrification of the nitrate that is formed.
The addition of NI does not alleviate this problem
because of the limited longevity of the currently
registered inhibitor compounds in soil and the long
periodof time between N application and crop uptake
of the nutrient. Thus, yield responses to NJ added to
fail-applied fertilizers havenot been consistently
observed. A number ofstudies 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 Cornbélt
The response of corn to NI application has been

more consistent over years in the eastern CornbeIt
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 haveshown yield 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 orwith 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 Combelt
because of the large N loss normally associated with
fall applications. The use of NI will allow producers to
apply Nfertilizers somewhat earlier than generally
considered feasible (50°FIs traditionally considered
the maximum soil temperature for application of
ammoniacal fertilizers in the fall without a NI). Fall
application of N isnot recommended for low CEC
coarse-textured soils because of the possibility of
ammonium leaching.

The probability is good that NI added to spring-
prepiant N will increase yields of corn growth on fine-
textured soils of the eastern Cornbelt because of the
likelihood of N losses by denitrificatlon after
fertilization. Only a fair probability exists for a yield
response to NI added with sprlng-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) FaIl
Spring

17
43

14
15

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

69
51
82

9
3

13
Northern Cornbelt (Ml, MN, WI) Fall 25 5

not irrigated Spring 17 12
Western Cornbelt (KS, MN, NE) Spring 52 30

irrigated coarse-textured soils
Western Cornbelt (KS, NE) Spring 10 5

irrigated medium- and
fine-textured soils

Table 7. RegIonal Summary of Corn Yield Responses from Nitrification Inhibitors Added to Ammoniacal
Fertilizers Appled at VaryIng Times.’

‘Data taken 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 tb NI will occur.

Western Cornbelt
Few yield responses to NI have been observed

with dryland corn or irrigated corn produced on fine-
texturedsoils 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-appliedfertilizer for drylandcorn production in
the western Cornbelt; however, with irrigated coarse-
textured soils the probability of a yield increase
improves. There is a fair probability of a response to
NI with fall applied fertilizer on finer textured soils. Fall
application of ammoniacal 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,
higher watercontents, 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 plantuptake. 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 added to various types of
fertilizers. N-Serve and Dwell can be impregnated on
solid fertilizers, oran 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 nitrolator and the manifold system on the
applicator.

Reference to products in this publication is not intended to be an endorsement to the exclusion of others which maybs-&rnilar. Persons

using such products assume responsibility for their use in accordance with current directIons~of-the-manufacturer.
A publication of the National Corn Handbook Project

andJusticefor 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, disabitty, political bell at’s, sexual orientation, and marital or
family status, (Not all prohibited bases apply to all programs.) Many materials
can be made available in alternative fcrmats forADA clients.To file a
complaint ofdiscrimination, writeUSDA, Office of CMI Rights. Room 326.W.
Whitten Building, 14th and IndependenceAvenue, SW, Washington, cc
20250-9410 or call 202.720.5964.

Issued in ftirtheranceof Cooperative Extension work. Acts of May 8 and June
30, 1914, incooperation with the U.S. Department ofAgriculture. Stanley R.
Johnson, dIrector, Cooperative Extension Service, Iowa State University of
Science and Technology, Ames, Iowa.

File: Agronomy 2-2

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

Application
Region of the U.S.

Eastern Western
Soil texture time Southeast Cornbeit Cornbelt

—Probability of corn yield increas&—
Sands Fall Poor Poor Poor

: Spring Fair Fair Fair2

Loamy sands, sandy
barns, and barns

Fall
Spring .

Poor Fair
Fair Fair3

Poor
Fair3

Silt barns Fall
Spring

Poor Good
Fair Fair3

Fair
Poor

Clay barns and Fall Poor Good Fair
clays Spring Fair Good Poor

‘Poor = less than 20% chance of yield increase at any location any yean fair 20.60% chance of increase good greaterlhan 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



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) treatmentalternatives describedin the Petition For
Adjusted Standard. This informationis theproductof treatability testing, full-scaleplant testing,
anddataprovidedby theNoveon-HenryPlantstaff.

In orderto developtreatmentalternatives,a “designinfluent andeffluentwasteload”wasrequired.
This wasteloadsweredevelopedbasedon individualwastestreamdatagatheredin 1995 and effluent
datagatheredin 1999 through2000 andare summarizedbelowin Tables1 and2. A flow schematic
is providedin AttachmentA of the wastewatertreatmentfacility (WWTF) provided at the Henry
Plant.

Table 1. Influent WasteloadUsedIn DevelopingTreatmentAlternatives

Parameter PVC Tank PCTank C-18 Tank
HoldingPond!

Well No.3 Waters 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

BROWN AND

C A L D \V E L L

P:\PROJ\21522\M051702Latham.doc



Memorandumto MarkLatham,Esq.
May 17, 2002
Page2

Table2. EffluentWasteloadUsedIn DevelopingTreatmentAlternatives

Parameter EffluentValue

NH3-N,lbs/day
Average 909
Peak 1408

The following treatmentalternativeswereconsideredfor ammoniareduction. Illustrationsof each
areprovidedin AttachmentA.

• alkalineair strippingofPCTankcontentswith off-gascollectionand treatment(No. 1)
• alkalineair strippingof PVC Tankcontents(No.2)
• alkalineair strippingofsecondaryclarifier effluent (No.3)
• struvite (NH4MgPO46H2O)precipitationfrom combinedinfluent (No.4)
• breakpointchlorinationof secondaryclarifiereffluent (No. 5)
• nitrification of PVCTankwastewater(non-PCwastewaters)(No. 6)
• nitrification of 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.

Table3. CapitalCostEstimatesForTreatmentAlternatives

UpgradeComponents
UpgradeCostsin $ MilhionsforTreatmentAlternativeNumber

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(1 %) 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

P’PROJ\21522\M051702 Latham.doc



Memorandumto MarkLatham,Esq.
May 17, 2002
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A summaryof conceptuallevel operationsandmaintenancecostsfor eachof thesealternativesare

summarizedin Table 4. The total costs presentedin this table are consideredaccurateto within
±30percent.

Table4. AnnualOperatingandMaintenanceCostEstimatesForTreatmentAlternatives

Ann

CostComponents 1 2 3

ual O/M Costs in $ Thousandsfor
TreatmentAlternativeNumber

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
ResinReplace.($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
MaintenanceMaterial&’ 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
Total Annual 143 2,044 1,049 717 1,222 329 1,089 576 1,908 692
a Cost of disposing of spent regenerant containing29.7 percent by weight NH4C1 (8 percentN)
assumed to be $0.10/gallon.
b Basedon 5 percent of equipment costs.

A comparisonof alternativesregardingpresentworth costsand ammoniaremovalis providedin
Table5.

Table5. Comparisonof PresentWorth CostsandAmmoniaRemovalfor TreatmentAlternatives

Treatm
Components 1 2 3 4

entAlternativeNumber
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
PresentWorthCosts
• 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 percentannualinterest,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 Nitriflcation Nitrilicatlon

w/ Off-gas. wlo 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/
MaintenanceLabor
~LaborHours 800 800 1500 1300 1300 1000 1000 200 1500 1500 1500
* AnnualCost, $ $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
*Annualcost,$ $0.06/kwh 63520 29407 213693 198009 176444 117629 117629 392 3921 9802 98024

Maintenance Materials
Low End EquipmentCosts,$ 330,000 40,000 2106000 1263600 1013600 631800 379060 15000 375000 222,000 890,000
AnnualCosts,$ 5%ofECosts 16600 2000 105300 63160 50680 31590 16954 750 18750 11100 44500

Chemical Costs -

* 50% t4aOH, $ year $240/ton 0 1770431.04 434000 434000 434000 217000 108500 0 955541 217772 742484
98%l-12S04,$/year $46/ton 0 24238 141000 119850 119850 70500 35250 0 0 0 45333
75% H3P04. 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% 1-ICI, S/year $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, 5/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, S/year
Annual Cost, S/year $0.06/therm 18240 0 0 0 0 0 0 0 0 0 0

Subtotal Annual Costa. 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 247 147 864 664 648 432 216 217 891 423 891
Average Nl-l3-N Removal, % 27.2 16.2 95.0 95.0 71.3 47.5 23.8 23.9 98.0 46.5 98.0
Presen(WorthCos(,$/lbNH3.f4 2.56 26.13 4,45 3.47 4.20 3.79 4.98 6.39 2.99 3.16 3.60



WVVTF Component - Basis Effluent Effluent Effluent Effluent Ozonation Tertiary Tertiary Tertiary Tertiary

- Ion Exchange ton Exchange Ion Exchange Ion Exchange Nitrification Nitrificatton Nitr8ication Nitrittcation

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

Electrical Usage
* hp
* kwh
* Annual Cost, $

Maintenance Materials
- Low End Equipment Costs. $
• Annual Costs, $

$0.06/kwh

5% of E Costs

Chemical Costs
• 50 % NaOH, $ year
* 98% H2804, $fyear
* 75% H3P04, 5/year
‘62% Mg(OH)2, 5/year
* 98% HCI, S/year
* Chlorine Gas. S/year
*Annual Costs, 5/year

Annual Resin Replacement, $Iyear $90/cu ft
Annual Off-site Disposal, S/year $0.10/gal
Natural Gas Cost, 5/year
Annual Cost. $1 year $0.06/therm

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

Total Annual Cost, $Iyear
Present Worth of Annual Costs $ 10 years

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

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

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

25 18.75
163374 122531

9802 7352

12.5 6.25 225 168.75 112.5 56.25
81687 40844 22727273 1470366 1102775 735183 367592

4901 2451 1363636 88222 66166 44111 22055

284000 227200 170400 85200 2300000 444000 355200 266400 133200
14200 11360 8520 4260 115000 22200 17780 13320 6660

129861 97396 64930
0
0 0 0
0 0 0

17044 12783 8522
0 0 0

146905 110179 73453

242449 181837 121224
50727 38045 25363

0 0 0

524083 408772 293462
52408 40877 29346

576492 449650 322808
3868259 3017150 2166041

1,198.024 1.095.472 787,814
5.066,283 4,112.621 2,953.855

891 668 445
98.0 73.5 49.0
1.56 1.69 1.82

176731 1734781 629082 487921 346761 203380
17673 173478 62908 48792 34676 20338

194404 1908259 681990 536713 381437 223718
1304450 12804419 4643251 3601346 2659441 1501151

480,157 7,523,300 6,762,000 6,223,800 4,264,200 2,304,600
1,784,607 20.327,719 11,405,261 9,825,146 6,823,641 3,805,751

223 891 891 668 445 223
24.5 98.0 98.0 73.5 49.0 24.5
2.20 6.25 3.61 4.03 4.20 4.68

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

$240/ton
$46/ton
$335/ton
$220/ton
$70/ton
$50/ton

32465 226145 458660 343995 229330 114665
0 0

0 0 0 0 0 - 0
0 0 0 0 0 0

4261 0 0 0 0 0
0 0 0 0 0 0

36726 226145 458660 343995 229330 114665

60612 0 0 0 0 0
12682

0 0 0 0 0 0
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EXHIBIT E

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

ALTERNATIVE EFFLUENT AMMONIA-NITROGEN REDUCTION
PROCESSESFORTHE NOVEON-HENRY PLANT



Comparison of CostsandRemovalsofEffluent NH3-N RemovalProcesses
for the Noveon-HenryWastewaterTreatment Facilitywith 10-YearProject Life

Annual Operating -

Process CapitalCost
($ millions)

Cost
($ millions/year)

PresentWorth Costa EffluentNH3-N Removal
(Average%)($ millions) (i/lb NH3-Nremoved)

PCTank Strippingwith 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
withoutOff-gasControl

0.317 2.03 14.0 51.89 8

Effluent Strippingwith 6.98 1.05 14.1 4.42 95
Off-gas Control

Effluent Strippingwithout 4.52 0.894 10.5 3.34 95
Off-gasControl -

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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Comparisonof CostsandRemovalsofEffluent NH3-N RemovalProcesses
for the Noveon-HenryWastewaterTreatment Facilitywith 10-YearProject Life

Process Capital Cost
($ millions)

Annual Operating
Cost

($millions/year)
Pres ent Worth Cost Effluent NH3-N Removal

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

Non-PCNitrification 2.68 0.329 4.88 3.16 47
CombinedSingle-Stage 4.40 1.09 11.7 3.60 98
Nitrification

• MBT RemovalProcess 0.86 0.441 3.82 LessThan25

• 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

TertiaryNitrification 6.76 0.692 - 11.4 3.51 98
- 6.22

4.26
2.30

0.536
0.381
0.223

9.83
6.82
3.81

4.03
4.20
4.68

75
50
25

aioyearsat 8% interest.
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Comparisonof CostsandRemovalsofEffluent NHçN Removal Processes
for the Noveon-HenryWastewaterTreatment Facility with 20-YearProject Life

Annual Operating
Process CapitalCost

($ millions)
Cost

($ millions/year)
PresentWorth Cost5 EffluentNH3-NRemoval

(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
withoutOff-gasControl -

0.317 2.03 20.2 37.43 8

Effluent Strippingwith 6.98 1.05 17.3 2.71 95
Off-gas Control -

Effluent Strippingwithout 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 RemovalProcesses
for theNoveon-HenryWastewaterTreatment Facility with 20-YearProject Life

Process Capital Cost
($ millions)

Annual Operatin
Cost

($ millions/year)

g
Pr ese nt Worth Cost Effluent NH3-N Removal

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

Non-PCNitrification 2.68 0.329 5.9 - 1.91 47 -

CombinedSingle-Stage 4.40 1.09 15.1 2.32 98
Nitrification

• MBT RemovalProcess 0.86 0.441 5.2 LessThan25
• WWI’F 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
L36

- 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

~20years at 8%interest.
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ComparisonofRemovalsandReliability ofEffluent NH3-N RemovalProcesses
for theNoveon-HenryWastewaterTreatment Facility

Process EffluentNH3-.N Removal
Reliability

(Average%) Rating1 Comments
PCTankStrippingwith 27 8 Involvesaddingsurfaceaerator,oversizedwithdrawalfan,off-gascollection
Off-gasControl andthermaloxidationofoff-gas.Off-gascollectionandtreatmentareneeded

for VOC controLNo chemicaladditionrequiredsincePC Tankcontentsare
normallypH 11 s.u.Simple to operate.Performancewill varyasvolatile amine
contentvariesin wastewater.Averageremovalsof 0 to 27 percentcould be
achievedbyvaryingthesizeof thesurfaceaeratorplacedin thetank.

PVCTankStripping 16 7 Involvesaddingcausticadditionandsurfaceaeratorto PVCtankcontents.
without Off-gas Control Acid additionin primarysystemwill berequiredto lowerpH to 9.0s.u.Simple

to operate.Strongfoamingpotentialin PVCTankwhich would reduce
effectiveness.Performancewill vary basedon productiondischargesof NH3-N
andvolatile amines,andNH3-N returnedin sludgedewateringfiltrate and
tertiaryLiter backwash.Removalsof0 to 16 percentcould beachievedby
varyingthesizeof thesurfaceaeratorplacedin thetank.Will increaseeffluent
TDS.

‘,

Effluent Strippingwith 95 7 Involves pumpingsandfilter effluentthroughtwo packedtowersin series.
Off-gasControl Causticis addedtoincreasepH to 11.5 s.u.andacidisaddedto lower the

treatedeffluentpH to 8 s.u.Off-gasis directedto an acidscrubberfor recovery
of (NH4)2SO4.Scrubberdischargewould bedisposedoff-site. Complexto
operate.Equipmentmustbe housedin heatedbuilding to preventfreezing.
Foulingoftowermediawith precipitantsis anticipated.Removalsof 75 to 95
percentwould be achievedby treatingthewhole effluentthroughdifferent
sizedcolumns.Removalsof25 to 50 percentwould beachievedby treating
only aportionof the final effluent.Will increaseeffluentTDS.
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Comparison ofRemovalsandReliability of Effluent NH3-N RemovalProcesses
for the Noveon-HenryWastewaterTreatment Facility (Continued)

Process EffluentNH3-NRemoval

Reliability -

(Average%) Rating1 Comments -

Effluent Strippingwithout 95 8 Sameasabovebutwithoutoff-gascollectionandtreatment.NH3-N would be
Off-gasControl dischargedto atmosphere.Will increaseeffluentTDS.

StruvitePrecipitation 24 6 Involvesfeedingmagnesiumhydroxideandphosphoricacidto existingprimary
treatmentsystem.Simpleto operate.However,theprecipitantis proneto foul

- pumpsandpiping.Removalcouldbevariedbetween18 and24 percent
dependingupon thequantityofmagnesiumhydroxideadded.Performancewill
varystrictly asa functionofinfluentNH3-N load. Will increaseeffluentTDS.

EffluentBreakpoint 98 9 Involvesroutingsecondaryclarifier effluentthroughchlorinationstepprior to
Chlorination tertiaryfiltration. Causticis fed to maintainpH controL Reliable process.

Createssafetyconcernsandmayform chlorinatedorganics.Will increase
- effluentTDS.

Non-PCNitrification 47 7 Involvesusingexistingactivatedsludgesystemto provideBOD removaland

- riitrification ofPVC wastewater.Treatedeffluentfrom this systemwould be
combinedwithPCwastewaterandtreatedin newactivatedsludgesystem.
Complexsystemto operate.TwoWWTFs thatwould be subjectto upset.
Performancewouldvaryasafunctionof PVC NH3-Nandamineloading.Will
increaseeffluent‘IDS.
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ComparisonofRemovalsandReliability of Effluent NH3-N RemovalProcesses
for theNoveon-HenryWastewaterTreatment Facility (Continued)

Process - EffluentNHçN Removal
-

(Average%)
Reliability

Rating1 Comments

CombinedSingle-Stage 98 7 Involvesaddingpretreatmentsystemto removeMBT andpossiblyother
Nitrification inhibitorsfrom thePC tankcontentswith acidadditionandprecipitationatpH

2 s.u..Theprecipitantis separatelydewateredanddisposed.Causticis addedto
thetreatedPCwastewater.Thiswastewaterisblendedwith wastewaterand
river waterandundergoesbiologicalnitrification inan expandedWWTF. River
wateradditionisprovidedto maintaina setPCwastewaterflow contribution.
Additional aerationequipment,aerationtankage,andsandfiltration would be
required.Complexto operatewith two separatesludgedewateringoperationsin
service.Performancewould varywith successof pretreatmentfacility in
removinginhibitors.Will increaseeffluentIDS.

Effluent Ion Exchange 98 6 Involvespumpingsandfilter effluentthroughtwo resincolumnsin series.
Causticis addedto neutralizeeffluentfrom strongacidresintreatment.Resins
would beregenerateddailyusingacidandspentregenerant(highcationcontent
NH4CLsolution)wouldbedisposedoff-site. Complexto operate.Equipment
mustbe housedinheatedbuilding to preventfreezing.Foulingof mediawith
precipitantsandbiomassis anticipated.Removalsof 25 to 95 percentwouldbe
achievedby treatingonly aportionof thewholeeffluent.Shouldhavelittle net
effectoneffluentTDS.
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Comparison of Removals andReliability ofEffluent NH3-N RemovalProcesses
for theNoveon-HenryWastewaterTreatment Facility (Continued)

Process Effluent NH3-N Removal

Reliability
(Average%) Rating1 Comments

Effluent Ozonation 98 8 Involvesroutingsecondaryclarifier effluentthroughozonationstepprior to
tertiaryfiltration. Causticis fedto maintainpH control.Verycomplexsystem
requiringactivemonitoringandsafetycontrols.Will increaseeffluentTDS.

TertiaryNitrification 98 - 7 Involvespumpingsecondaryclarifier effluentinto separatebiological treatment

tankcontainingfixed film media.Magnesiumhydroxideis addedfor alkalinity
control. Simpleto operate.Removalsof 25 percentto 95 percentwouldbe
achievedby treatingthewholeeffluentthroughvaryingsizedreactors.
Performancewouldvarywith the success of the upstream WWTFin removing
inhibitors.Will increaseeffluentTDS.

1ReliabilityRatngbasedon arelativeassessmentof mechanicalandprocessperformancereliabilityto achievetheaveragepercentremoval

(10 beinghighestreliability). Reliability meanstheability of the treatmentprocessto achievethepredictedeffluentammonia-nitrogen

(NH3-N) concentrationson aroutinebasis.
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