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E[ecXWiYe SXmmaU\ 
A gUoXndZaWeU WUeaWmenW faciliW\ ZaV deVigned foU LaZWon, Oklahoma Wo addUeVV 

SoWenWial ZaWeU VcaUciW\ dXe Wo dUoXghW condiWionV in VoXWhZeVW Oklahoma. The faciliW\ Zill 

SUodXce fiYe million gallonV SeU da\ (MGD) of WUeaWed ZaWeU. The SlanW Zill haYe Whe caSaciW\ of 

WUeaWing 4,085 gallonV SeU minXWe of inflXenW ZaWeU aW an 86% UecoYeU\. The ZaWeU Wo be WUeaWed 

Zill come fUom Whe AUbXckle-TimbeUed HillV ATXifeU. SWXdieV haYe been condXcWed aUoXnd Whe 

aTXifeU Wo idenWif\ Whe beVW Zell ViWe locaWionV. 

A cenWUali]ed WUeaWmenW faciliW\ XVing UeYeUVe oVmoViV filWUaWion aV Whe main WUeaWmenW 

Wechnolog\ haV been deVigned. To SUeYenW UeYeUVe oVmoViV membUane foXling, VeYeUal SUe-

WUeaWmenW VWeSV inclXding SH adjXVWmenW, o]onaWion, Vand filWUaWion, and SUe-VcUeening haYe been 

added Wo Whe SUoceVV Wo e[Wend Whe life of Whe membUane. The main conWaminanWV Wo be UemoYed 

in Whe WUeaWmenW aUe chloUide, flXoUide, WoWal diVVolYed VolidV, and aUVenic Zhich aUe all aboYe Whe 

acceSWable leYelV VeW b\ Whe EnYiUonmenWal PUoWecWion Agenc\.  

The ZaWeU SUodXced b\ Whe neZ WUeaWmenW SlanW Zill be SH neXWUal and Zill haYe loZeU 

conWaminanW leYelV Whan Whe ZaWeU cXUUenWl\ SUodXced b\ Whe SoXWheaVW WaWeU TUeaWmenW PlanW. 

ThiV enVXUeV WhaW boWh Whe neZ WUeaWed gUoXndZaWeU and cXUUenW VXUface ZaWeU VWUeamV can be 

mi[ed inWo Whe SoXWheaVW WaWeU TUeaWmenW PlanW¶V diVWUibXWion V\VWem ZiWhoXW damage Wo Whe 

e[iVWing infUaVWUXcWXUe. The ZaVWe fUom Whe neZ SlanW Zill be VenW Wo Whe LaZWon ZaVWeZaWeU 

WUeaWmenW faciliW\ foU WUeaWmenW.  

The WoWal fi[ed caSiWal coVW foU Whe SlanW iV eVWimaWed Wo be $18.1 MM and Whe \eaUl\ 

oSeUaWing coVW iV $1.6 MM. ThiV eVWimaWe inclXdeV 20 SlanW oSeUaWoUV VSUead beWZeen 4 VhifWV aW 

$45 M SeU oSeUaWoU. AVVXming Whe 5 MGD of ZaWeU SUodXced iV Vold, Whe cXUUenW SUicing 

VWUXcWXUe foU Whe CiW\ of LaZWon VhoXld be VXfficienW Wo oSeUaWe Whe WUeaWmenW SlanW ZiWh a 5.4-

\eaU Sa\back SeUiod ZiWh a 20-\eaU neW SUeVenW ZoUWh of $20 MM aW a 5 SeUcenW diVcoXnW UaWe. 
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InWUodXcWion 
LaZWon, a ciW\ locaWed in VoXWhZeVW Oklahoma, e[SeUienced dUoXghW condiWionV beWZeen 

2011 and 2013 UeVXlWing in VWUicW ZaWeU conVeUYaWion oUdinanceV. To UelieYe Whe VWUain on VXUface 

ZaWeU VoXUceV, Whe CiW\ of LaZWon hiUed GaUYeU in 2014 Wo anal\]e mXlWiSle Zell locaWionV ZiWhin 

Whe AUbXckle-TimbeUed HillV ATXifeU (ATH) aV SoWenWial VoXUceV foU WUeaWable ZaWeU and Wo 

deVign a gUoXndZaWeU WUeaWmenW V\VWem WhaW SUodXceV 5 million gallonV SeU da\ (MGD) of 

dUinking ZaWeU1. GaUYeU haV SaUWneUed ZiWh Whe UniYeUViW\ of AUkanVaV Wo deVign a gUoXndZaWeU 

WUeaWmenW SlanW.  

The SoSXlaWion of LaZWon iV aSSUo[imaWel\ 93,000 and coYeUV 82 VTXaUe mileV. LaZWon iV 

SUedominanWl\ a miliWaU\ commXniW\ and iV home Wo FoUW Sill, an acWiYe-dXW\ U.S. miliWaU\ baVe. 

The cXUUenW VoXUceV of ZaWeU foU LaZWon aUe Lake LaZWonka, Lake EllVZoUWh, and Lake WaXUika. 

In 2011, loZ Uainfall led boWh Lake EllVZoUWh and Lake WaXUika Wo fall beloZ 50% XVable ZaWeU 

leYelV1. WiWh Oklahoma ZeaWheU conViVWenWl\ aWWUibXWing Wo dUoXghW condiWionV, VWaWe officialV 

began Wo SXVh foU alWeUnaWiYeV Wo local ZaWeU VoXUceV. DUoXghW condiWionV conWinXed fUom 2011 

inWo 2014, caXVing foXU conVecXWiYe \eaUV of ZaWeU VhoUWageV ZiWhin Whe ciW\2.  

Unlike VXUface ZaWeU VoXUceV, gUoXndZaWeU iV noW SUone Wo eYaSoUaWion in Whe VXmmeU, 

making gUoXndZaWeU deViUable foU an aUea ZiWh conViVWenW dUoXghW condiWionV and high 

WemSeUaWXUeV. FiYe SoWenWial ZellV in Whe ATH V\VWem caSable of SUodXcing 5 MGD of ZaWeU 

ZeUe idenWified. In 2016, Whe CiW\ of LaZWon officiall\ YoWed Wo allocaWe Wa[ fXndV Wo finance Whe 

conVWUXcWion of Whe ZellV and a SoWable ZaWeU WUeaWmenW faciliW\. AV Whe SoSXlaWion and bXVineVV 

SUeVence incUeaVeV in LaZWon, Vo doeV Whe ZaWeU demand. B\ VecXUing a dUoXghW-UeViVWanW ZaWeU 

VoXUce, e[WUeme conVeUYaWion effoUWV can be UedXced, benefiWing Whe cXUUenW and fXWXUe needV of 

LaZWon UeVidenWV3. 

In 2016, Whe La\ne ChUiVWenVen ComSan\ (LCC) condXcWed an alWeUnaWiYe ZaWeU VXSSl\ 

feaVibiliW\ VWXd\ Wo e[amine Whe XVefXlneVV of SoVVible Zell locaWionV. Ten Zell locaWionV ZeUe 

dUilled, choVen baVed on Whe UeVXlWV of a geoSh\Vical VXUYe\ condXcWed b\ Whe LCC. Each Zell iV 

idenWified XVing an alShabeWical inde[ coUUeVSonding Wo a locaWion and ZaWeU chemiVWU\ anal\ViV 

UeSoUW. Each Zell locaWion iV VhoZn in FigXUe 1. AfWeU anal\ViV of Whe daWa SUoYided b\ Whe LCC, 

WeVW Zell ViWe K ZaV VelecWed aV Whe SUimaU\ ZaWeU VoXUce dXe Wo iWV laUge caSaciW\. Well ViWe K iV 

emShaVi]ed in FigXUe 1 ZiWh a Ued ciUcle. The SUoSeUW\ ZheUe ViWe K iV locaWed iV oZned b\ Whe 

CiW\ of LaZWon, decUeaVing Whe SUojecW coVW Vince Whe land doeV noW UeTXiUe SXUchaVe. 
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AddiWionall\, ViWe K iV locaWed in eaVW LaZWon, neaU Whe cXUUenW SoXWheaVW WaWeU TUeaWmenW PlanW 

(SEWTP) Zhich iV VhoZn in aTXa blXe in FigXUe 1, ZheUe Whe SUoSoVed gUoXndZaWeU Zill be 

WUeaWed VeSaUaWel\. 

 

 
FigXUe 1. ATH Well LocaWionV 

 

AfWeU VelecWing ViWe K, Whe ne[W VWeS ZaV Wo deYeloS a ZaWeU WUeaWmenW Slan VSecific Wo Whe 

conWaminanW VSecieV and leYelV SUeVenW. The WUeaWmenW meWhodV foU gUoXndZaWeU and VXUface 

ZaWeU haYe VlighWl\ diffeUenW SUoceVVeV Vo Whe gUoXndZaWeU mXVW be WUeaWed VeSaUaWel\ befoUe iW 

can be diVWUibXWed. Anal\Wical WeVWV Wo deWeUmine Whe conWaminanW comSoViWion of Whe gUoXndZaWeU 

haYe been caUUied oXW bXW fXUWheU WeVWing ma\ be beneficial Wo confiUm leYelV. A fXll-Vcale faciliW\ 

haV been deVigned meeWing all EPA dUinking ZaWeU VWandaUdV. 

An e[amSle of a VXcceVVfXl indXVWUial-Vcale RO aSSlicaWion iV Whe Ka\ Baile\ HXWchinVon 

(KBH) ZaWeU WUeaWmenW SlanW in El PaVo, Te[aV. KBH iV Whe ZoUld¶V laUgeVW inland deValinaWion 

SlanW, Whe KBH SlanW SUoYideV a VWead\ VXSSl\ of XS Wo 27.5 MGD of ZaWeU fUom Vi[Ween 

SUodXcWion ZellV and Vi[Ween blend ZellV locaWed in Whe HXeco BolVon aTXifeU4. The KBH SlanW 

SUe-WUeaWV ZiWh Vand VWUaineUV, caUWUidge filWeUV, and anWiVcalanWV befoUe Whe ZaWeU iV SXmSed 

WhUoXgh fiYe RO WUainV.  

The CiW\ of LaZWon haV WZo dUinking ZaWeU WUeaWmenW faciliWieV and one ZaVWeZaWeU 

WUeaWmenW faciliW\. The Medicine PaUk WaWeU TUeaWmenW PlanW (MPWTP) can SUodXce 40 MGD of 
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dUinking ZaWeU6. The Vecond ZaWeU WUeaWmenW SlanW iV Whe SEWTP Zhich haV a caSaciW\ of 10 

MGD and an e[SanVion caSaciW\ of 40 million gallonV SeU da\. BoWh SlanWV WUeaW VXUface ZaWeU 

XVing coagXlaWion, o]onaWion, gUanXlaU acWiYaWed caUbon filWUaWion, and chloUinaWion Wo UemoYe 

conWaminanWV. The SEWTP WUeaWV an aYeUage of 5.5 MGD in Whe VXmmeU ZiWh a WoWal caSaciW\ of 

10 MGD. To SUeYenW iVVXeV VimilaU Wo FlinW, Michigan, ZheUe SH diffeUenceV caXVed b\ a change 

in ZaWeU VoXUce coUUoded diVWUibXWion SiSing leading Wo lead VeeSage5, Whe cXUUenW ZaWeU 

diVWUibXWion V\VWem of LaZWon ZaV e[amined aV Zell aV an\ UeVidXal conWaminanW leYelV SUeVenW 

in Whe WUeaWed ZaWeU. The conWaminanW SUofile of Whe ZaWeU cXUUenWl\ diVWUibXWed in LaZWon ZaV 

XVed Wo aVVeVV if iW ZoXld be Vafe Wo mi[ Whe e[iVWing ZaWeU WUeaWmenW VWUeam ZiWh Whe neZ, WUeaWed 

gUoXndZaWeU VWUeam.  
AUbXFNOH-TLPbHUHG HLOOV ATXLIHU 

The ATH ATXifeU iV in VoXWhZeVW Oklahoma and coYeUV an aUea of 973 VTXaUe 

kilomeWeUV8. The aTXifeU iV XVed foU limiWed SXblic VXSSl\ and domeVWic and indXVWUial 

aSSlicaWionV. 

THVW HROH SLWHV 
Ten WeVW ViWeV ZeUe cUeaWed Wo deWeUmine Zhich aUeaV ZiWhin Whe aTXifeU ZeUe beVW VXiWed 

foU WUeaWmenW. The locaWion of each Zell ZaV VhoZn SUeYioXVl\ in FigXUe 1. Of Whe Wen WeVW holeV 

comSleWed, foXU ZeUe conVideUed VXiWable foU WeVW SXmSing: ViWeV F, K, O, and V. The \ield fUom 

each Zell and Whe UeaVoning foU Whe eliminaWion of Zell ViWeV AA, D, BB, P, Q, and T aUe 

diVSla\ed in Table 1. SiWe K ZaV VelecWed foU fXWXUe Zell dUilling dXe Wo iWV high \ield, lack of oil 

conWaminaWion, and loZ conWaminanW leYelV.  

Table 1. SWXdied WellV 
Well Yield (gSP) NRWeV 

AA 835 EliminaWed: CUXde Oil PUeVence 

D - EliminaWed: CUXde Oil PUeVence 

BB - EliminaWed: DU\ 

F 581  

K 2180  

O 1000  

P - EliminaWed: DU\ 
Q 17 EliminaWed: BeloZ CaSaciW\ 
T 450 EliminaWed: CUXde Oil PUeVence 

V 800  



4 
 

PURMHFW ObMHFWLYHV 
x DeVign a cenWUali]ed gUoXndZaWeU WUeaWmenW SUoceVV caSable of SUodXcing 5 MGD of 

dUinking ZaWeU.  

x TUeaW Whe inflXenW ZaWeU ZiWh UeYeUVe oVmoViV Wo meeW Vafe dUinking ZaWeU VWandaUdV b\ 

UedXcing high leYelV of chloUide, flXoUide, WoWal diVVolYed VolidV, and aUVenic. 

x DiVWUibXWe Whe SUodXced ZaWeU ZiWh Whe cXUUenW ZaWeU diVWUibXWion V\VWem.  

PURMHFW SFRSH 
 A WoWal of 4,085 gallonV SeU minXWe (gSm) of gUoXndZaWeU Zill be deliYeUed Wo Whe neZ 

WUeaWmenW faciliW\ aW 115 SVig and 77�F. SeYeUal ZellV Zill be dUilled neaU Whe higheVW SUodXcing 

and leaVW conWaminaWed ViWe, ViWe K, Zhich Zill be XVed aV Whe conWaminanW leYel baViV foU Whe 

deVign of SUe-WUeaWmenW meWhodV and Whe RO membUane V\VWem. SiWe K conWainV high leYelV of 

chloUide, flXoUide, WoWal diVVolYed VolidV (TDS), and aUVenic, Zhich Zill haYe Wo be loZeUed Wo 

meeW Whe EPA ma[imXm conWaminanW leYelV (MCL) of 250 mg/L, 4 mg/L, 500 mg/L, and 0.01 

mg/L, UeVSecWiYel\7. IUon leYelV aW ViWe K ZeUe meaVXUed beloZ TXanWifiable limiWV and ma\ noW 

be Ueliable. TheUefoUe, Whe higheVW iUon concenWUaWion fUom Whe Wen ZellV VWXdied, 0.892 mg/L, ZaV 

XVed aV a ZoUVW-caVe aSSUo[imaWion. All Whe VelecWed conWaminanW leYelV ZeUe choVen aV a 

conVeUYaWiYe deVign aSSUoach. 
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Technolog\ AVVeVVmenW  
TUHaWabLOLW\ SWXGLHV 

To deWeUmine Whe effecWiYeneVV of mXlWiSle WUeaWmenW oSWionV, GaUYeU VenW Zell ZaWeU 

VamSleV Wo Whe DeSaUWmenW of CiYil and EnYiUonmenWal EngineeUing aW Whe UniYeUViW\ of 

CalifoUnia, LoV AngeleV chemiVWU\ lab. OYeU nine monWhV, WZo diVWincW WUeaWmenW ShaVeV ZeUe 

SeUfoUmed. S\nWheWic ZaWeU ZaV WeVWed in ShaVe I and Ueal gUoXndZaWeU ZaV WeVWed in PhaVe II. 

DXUing PhaVe I, combinaWionV of WUeaWmenWV inclXded coagXlaWion, Vand filWUaWion, 

gUeenVand filWUaWion, nanofilWUaWion, acWiYaWed alXmina, and UeYeUVe oVmoViV ZeUe WeVWed. The moVW 

VXcceVVfXl WUeaWmenWV, coagXlaWion, gUeenVand, nanofilWUaWion, and UeYeUVe oVmoViV, ZeUe WeVWed 

dXUing PhaVe II. O]onaWion ZaV noW inclXded in Whe laboUaWoU\ WeVWing Uegimen and ZaV added aV 

a VafeW\ meaVXUe foU deconWaminaWion and Wo o[idi]e VolXble iUon and aUVenic. To beWWeU 

XndeUVWand Whe YaUioXV ZaWeU WUeaWmenW WechnologieV, Whe\ ZeUe each UeVeaUched indeSendenWl\ 

and eYalXaWed in conjXncWion ZiWh Whe WUeaWabiliW\ VWXdieV.  

O]RQaWLRQ  
O]one iV XVed in ZaWeU WUeaWmenW Wo o[idi]e meWal ionV, SaUWicXlaUl\ iUon. O]onaWion iV 

moUe efficienW foU o[idaWion Whan aeUaWion and SUoYideV deconWaminaWion, UemoYing bacWeUia and 

YiUXVeV9. The concenWUaWion of oUganic maWWeU in naWXUal ZaWeUV ma\ YaU\ fUom 0.2 ± 10 mg/L. 

AlWhoXgh knoZn aV a Wo[ic SollXWanW, o]one degUadeV Wo o[\gen and SaUWl\ inWo UeacWiYe 

h\dUo[ide UadicalV10. When deVigning a SUoceVV inYolYing o]one, UeacWionV beWZeen o]one and 

OH- UadicalV mXVW be anal\]ed. O]one haV high degUadaWion UaWeV in ZaWeU; WhiV UaWe incUeaVeV in 

neXWUal Wo alkaline SH dXe Wo Whe incUeaVed foUmaWion of OH- UadicalV. In acidic condiWionV, Whe 

UaWe of o[idaWion iV VloZ becaXVe of Whe lack of OH- UadicalV.  

The oSWimal SH Wo faciliWaWe o[idaWion and limiW degUadaWion iV beWZeen SH 3 Wo 5.5. The 

VolXbiliW\ of o]one decUeaVeV aW higheU WemSeUaWXUeV bXW UeacWion VSeed incUeaVeV b\ a facWoU of 

2±3 ZiWh eYeU\ 10�C incUeaVe. HoZeYeU, WhiV WUend iV noW folloZed aboYe 40�C, ZheUe Whe half-

life of o]one iV YeU\ VhoUW9. TheUefoUe, Whe SUoceVV VhoXld be keSW neaU 20-25�C foU incUeaVed 

VolXbiliW\, modeUaWe UeacWion VSeed, VhoUWened UeWenWion WimeV, and minimal o]one degUadaWion. 

Some chemical VSecieV, VXch aV caUbonaWe and bicaUbonaWe, haYe a VWUong affiniW\ foU OH- 

UadicalV and aUe called VcaYengeUV dXe Wo WheiU abiliW\ Wo loZeU o[idaWion caSaciW\. A WemSeUaWXUe 

of 25�C and SH of 5.5 iV Uecommended foU incUeaVed o[idaWion UaWeV and decUeaVed deca\ UaWeV. 
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BaffleV in Whe conWacW Wank aUe Uecommended foU good mi[ing. A 5-minXWe UeWenWion Wime ZaV 

VXggeVWed b\ SXe] TechnologieV foU iUon (Fe) o[idaWion. The UeWenWion Wime alloZV Whe Fe (II) Wo 

o[idi]e and foUm inVolXble Fe (III). Fe (III) UeacWV ZiWh ZaWeU Wo foUm iUon h\dUo[ide, Fe(OH)3, 

commonl\ knoZn aV Ued UXVW, a majoU facWoU in VWaining and blockageV in SiSing V\VWemV. AW 

leYelV aboYe 0.05 mg/L, iUon can caXVe iVVXeV in RO V\VWemV. AW loZ SH, fUom 3 Wo 6, aUVenic 

(AV), VSecificall\ AV (V), haV a high affiniW\ foU abVoUSWiYiW\ Wo Fe(OH)3
11. When iUon iV o[idi]ed 

b\ o]onaWion, Whe Fe(OH)3 and AV (V) aUe boWh UemoYed b\ Vand filWUaWion Zhich Zill SUeYenW RO 

degUadaWion. 

SaQG FLOWUaWLRQ 
Sand filWeUV UemoYe fine inoUganic and SaUWicXlaWe maWWeU fUom SUoceVV ZaWeU Zhich 

cannoW be economicall\ UemoYed b\ VedimenWaWion. Sand filWUaWion iV a foUm of gUanXlaU mediXm 

filWUaWion in Zhich Whe filWeUing mediXm conViVWV of maWeUialV VXch aV Vand, anWhUaciWe, acWiYaWed 

caUbon, oU oWheU gUainV. Sand filWUaWion iV XVed foU Whe UemoYal of VXVSended maWWeU, floaWing 

inVolXble SaUWicleV, WXUbidiW\, odoUV, and coloU. The ZaWeU floZV WhUoXgh a bed of Vand, oU a 

mi[WXUe of Vand and gUaYel, ZheUe SaUWicleV aUe UemoYed b\ Za\ of abVoUSWion oU Sh\Vical 

encaSVXlaWion. Sand filWUaWion can alVo be XVed Wo UemoYe o[idi]ed iUon fUom ZaWeU12.  

TheUe aUe WZo main W\SeV of Vand filWUaWion: gUaYiW\ Vand filWUaWion and SUeVVXUe Vand 

filWUaWion. GUaYiW\ filWeUV aUe commonl\ conVWUXcWed fUom concUeWe oU VWeel. RecWangXlaU, oSen-

WoS, UeinfoUced concUeWe XniWV conWaining Vilica Vand aUe Whe moVW commonl\ XVed deVign. GUaYiW\ 

Vand filWeUV XVe a VXSSoUW bed, XVXall\ 1±2 fW deeS, SUeYenWing loVV of fine Vand and diVWUibXWing 

backZaVh ZaWeU WhUoXghoXW Whe Vand bed13. The W\Sical filWUaWion UaWe of a gUaYiW\ Vand filWeU iV 3 

gSm/fW2. A SUeVVXUe filWeU iV VimilaU Wo a gUaYiW\ Vand filWeU bXW iV oSeUaWed XndeU SUeVVXUe in a 

comSleWel\ encloVed YeVVel VXch aV a VWeel Wank. PUeVVXUi]ed filWeUV can UXn aW higheU floZUaWeV 

and occXS\ leVV VSace comSaUed Wo gUaYiW\ filWeUV, making SUeVVXUe filWeUV ideal foU 

imSlemenWaWion in higheU floZ SUoceVVeV. PUeVVXUe filWeUV haYe been commonl\ XVed in SXblic 

ZaWeU VXSSlieV foU Whe UemoYal of iUon fUom gUoXndZaWeU13.  

A SUeVVXUe filWeU ma\ be oUienWed YeUWicall\ oU hoUi]onWall\ deSending on Whe VSace 

aYailable. The media commonl\ XVed in a SUeVVXUe Vand filWeU iV Vilica Vand, hoZeYeU, a 

combinaWion of media can be XWili]ed Wo achieYe diffeUenW filWUaWion UaWeV. The W\Sical filWUaWion 

UaWe foU a SUeVVXUe YeVVel iV 8 gSm/fW2. PUeVVXUe filWeUV offeU loZeU inVWallaWion and oSeUaWion coVWV 

in Vmall filWUaWion SlanWV.  
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Sand filWUaWion ZaV choVen foU Whe deVign oYeU gUeenVand filWUaWion becaXVe Whe Vame leYel 

of SaUWicXlaWe UemoYal can be achieYed in combinaWion ZiWh o]onaWion. Sand filWUaWion doeV noW 

UeTXiUe an\ SoWenWiall\ damaging chemical UegeneUaWion and an\ SaUWicleV WhaW eVcaSe Whe bed can 

be UemoYed ZiWh a micUon VcUeen. 

RHYHUVH OVPRVLV  
ReYeUVe oVmoViV iV a SUeVVXUe-dUiYen membUane SUoceVV WhaW oYeUcomeV oVmoWic SUeVVXUe 

b\ aSSl\ing high SUeVVXUe Wo Whe feed ZaWeU conWaining a high concenWUaWion of TDS. ThiV cUeaWeV 

a SUeVVXUe gUadienW and foUceV ZaWeU molecXleV Wo WUaYel fUom Whe concenWUaWed VolXWe, WhUoXgh 

Whe Vemi-SeUmeable membUane, Wo Whe leVV concenWUaWed VolYenW on Whe oWheU Vide. RO Wechnolog\ 

iV W\Sicall\ XVed in deValinaWion of VeaZaWeU and bUackiVh ZaWeU, ZaVWeZaWeU WUeaWmenW, dUinking 

ZaWeU SXUificaWion, food and beYeUage indXVWUieV, and biomedical VeSaUaWion SUoceVVeV. RO 

membUaneV aUe W\Sicall\ VSiUal-ZoXnd and made fUom Sol\amide, cellXloVe, oU oWheU Sol\meUV. 

The molecXlaU ZeighW cXWoff foU RO membUaneV iV aSSUo[imaWel\ 100 g/mol ZiWh SoUe Vi]eV 

Uanging beWZeen 0.0001 Wo 0.0025 micUonV. ComSaUed Wo WUadiWional ZaWeU WUeaWmenW meWhodV, 

RO iV moUe efficienW aW UemoYing SaUWicXlaWe maWWeU, diVVolYed conWaminanWV, SaWhogenic micUo-

oUganiVmV, and haUdneVV14.  

DiVVolYed VolidV aUe VeSaUaWed fUom Whe feed VWUeam and UeVXlW in a concenWUaWed UejecW 

VWUeam. RO iV e[WUemel\ efficienW in aUVenic UemoYal. AUVenic iV highl\ Wo[ic and commonl\ 

foXnd in gUoXndZaWeU VoXUceV. The WZo moVW SUeYalenW foUmV of aUVenic in Whe ATH ZaWeU aUe Whe 

oUganic foUmV AV (V) and AV (III). In moVW ZaWeU filWUaWion V\VWemV, inclXding RO, AV (V) 

UemoYal iV moUe efficienW Whan AV (III) UemoYal. To incUeaVe Whe aUVenic UemoYal in dUinking 

ZaWeU WUeaWmenW, AV (III) mXVW be o[idi]ed.  In SUeYioXV UeVeaUch of aUVenic UemoYal b\ RO 

WUeaWmenW, aboXW 50% Wo 80% of AV (III) UemoYal ZaV achieYed comSaUed Wo 98% of AV (V)15. 

An\ AV (V) Uemaining afWeU o]onaWion and Vand filWUaWion Zill be UemoYed b\ Whe RO V\VWem aV 

an addiWional meaVXUe of VafeW\. 

AlWhoXgh a YeU\ effecWiYe and efficienW ZaWeU WUeaWmenW meWhod, RO membUaneV aUe 

VXVceSWible Wo foXling, oU SoUe SlXgging and blockage, dXe Wo SaUWicXlaWe accXmXlaWion oU 

biological gUoZWh on Whe membUane VXUface16. RO V\VWemV UeTXiUe fUeTXenW mainWenance Wo aYoid 

flX[ decUeaVe and eYenWXal V\VWem failXUe. To UedXce Whe UaWe of foXling, Whe RO feed ZaWeU 

UeTXiUeV SUe-WUeaWmenW Wo UemoYe VXVSended VolidV and inoUganicV. MeWhodV aVVeVVed foU SUe-

WUeaWmenW aUe diVcXVVed in Whe folloZing VecWion. 
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RHFRPPHQGaWLRQV 
AfWeU eYalXaWion of e[iVWing WUeaWmenW WechnologieV and ZaWeU WUeaWmenW SlanWV, a final 

deVign ZaV deYeloSed. IW ZaV deWeUmined dXUing PhaVe II of Whe WUeaWabiliW\ VWXd\ WhaW comSleWe 

UemoYal of all conWaminanWV can be achieYed XVing coagXlaWion, gUeenVand, and RO, hoZeYeU, 

moUe SUoceVVing ZaV being done Whan neceVVaU\. The final deVign iV VhoZn in FigXUe 2 aV a block 

floZ diagUam and inclXdeV a SH adjXVWmenW, o]onaWion, Vand filWUaWion, and RO. A Vmall SoUWion 

of Whe SUeWUeaWed ZaWeU b\SaVVeV Whe RO V\VWem and iV blended ZiWh Whe RO SUodXcW ZaWeU. DXe 

Wo loZ concenWUaWionV of conWaminanWV in Whe RO SUodXcW ZaWeU, Whe WZo VWUeamV can be mi[ed 

and VWill meeW all EPA dUinking ZaWeU VWandaUdV. ThiV b\SaVV UedXceV Whe amoXnW of SUoceVVing 

done b\ Whe RO V\VWem and imSUoYeV WoWal V\VWem UecoYeU\. An addiWional SH adjXVWmenW iV 

SeUfoUmed afWeU Whe RO Wo SUeSaUe Whe WUeaWed ZaWeU foU mi[ing ZiWh Whe ZaWeU WUeaWed aW Whe 

SEWTP. 

 

FigXUe 2. Block FloZ DiagUam  
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PUoceVV DeVign 
DHVLJQ BaVLV 

The objecWiYe of WhiV SUojecW iV Wo SUodXce 5 MGD of WUeaWed ZaWeU. The SUoceVV deVign 

mXVW WUeaW gUoXndZaWeU VoXUced fUom Whe ATH aTXifeU and UemoYe Whe conWaminanWV in Whe 

aTXifeU XVing YaUioXV WUeaWmenW meWhodV Wo achieYe a VaWiVfacWoU\ TXaliW\ of dUinking ZaWeU aV 

UegXlaWed b\ Whe EPA. ConWaminanW deWailV foU Whe inleW and oXWleW SUoceVV VWUeamV aUe VhoZn in 

Table 2. 

Table 2. InleW and OXWleW PUoceVV SWUeamV 

CRQWaPiQaQW Feed (SSP) PURdXcW (SSP) CRQceQWUaWe (SSP) 

BicaUbonaWe 239.80 1.92 144.62 

BUomide 1.01 0.11 6.66 

CaUbonaWe 14.40 0.00 0.05 

ChloUide 293.00 57.21 3183.01 

FlXoUide 8.81 1.15 56.91 

SXlfaWe 101.00 10.90 666.60 

AUVenic 0.02 0.00 0.00 

BaUiXm  0.01 0.00 0.11 

CalciXm  7.50 0.79 49.64 

IUon 0.89 0.00 0.00 

MagneViXm  3.55 0.37 23.50 

PoWaVViXm  6.14 0.80 39.66 

Silica  12.10 1.25 80.22 

SodiXm  372.55 43.08 2382.21 

CaUbon Dio[ide 0.92 85.39 87.33 

WaWeU FloZ RaWe (gSm) 4085 3525 561 
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DHVLJQ FHHG 
The bUackiVh feed haV a 4,085 gSm floZUaWe and Zill be deliYeUed Wo Whe faciliW\ aW 115 

SVig and 77�F. The feed ZaWeU haV a SH of 8.5 and high leYelV of flXoUide, VodiXm, chloUide, and 

aUVenic (8.81 SSm, 364 SSm, 293 SSm, and 0.022 SSm UeVSecWiYel\). A moUe deWailed deVcUiSWion 

of Whe feed SUoSeUWieV and conWaminanWV iV SUeVenWed in Table 2. 

PURGXFW WaWHU 
The SUodXcW ZaWeU fUom Whe RO V\VWem haV a SH of 4.8 and needV Wo be adjXVWed Wo a SH 

of 7 Wo Vafel\ mi[ ZiWh Whe e[iVWing mXniciSal ZaWeU V\VWem. The final SUodXcW ZaWeU meeWV all 

EPA dUinking ZaWeU VWandaUdV. The SUodXcW ZaWeU iV collecWed in an 18,000-gallon caUbon VWeel 

Wank and deliYeUed Wo Whe SEWTP aW ambienW WemSeUaWXUe and 20 SVig. The final SUodXcW ZaWeU 

chaUacWeUiVWicV can be foXnd in Whe PUodXcW colXmn in Table 2. 

WaVWH 
The WZo VoXUceV of ZaVWe in Whe V\VWem aUe Whe e[ceVV o]one SUodXced b\ Whe o]one 

geneUaWoU and Whe bUine fUom Whe RO V\VWem. E[ceVV o]one iV VenW Wo Whe o]one deVWUXcWoU and 

YenWed. The bUine fUom Whe RO V\VWem Zill be VenW Wo Whe SEWTP and iV Whe majoU VoXUce of 

ZaVWe. The RO BUine chaUacWeUiVWicV can be foXnd in Whe ConcenWUaWe colXmn in Table 2. 
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PURFHVV DHVFULSWLRQ 
The SUoceVV floZ diagUam iV VhoZn in FigXUe 3. The maWeUial balance foU WhiV SUoceVV iV 

VhoZn in Table 3. A VWUeam of XnWUeaWed gUoXndZaWeU, (1), enWeUV Whe baWWeU\ limiWV aW 4,085 gSm. 

H\dUochloUic acid iV diUecWl\ injecWed fUom (2) inWo (1) aW 1.3 gSm Wo UedXce Whe SH of Whe 

inflXenW ZaWeU. The ZaWeU When floZV inWo a feed VXUge Wank (V-102) ZheUe Whe SUeVVXUe iV 

conWUolled aW 65 SVig.  

WaWeU fUom V-102 iV mi[ed ZiWh o]one WhaW iV VXSSlied b\ Whe o]one geneUaWoU, R-101. 

LiTXid o[\gen iV VXSSlied Wo Whe o]one geneUaWoU aW a UaWe of 0.214 gSm and When conYeUWed Wo 

gaV WhUoXgh an eYaSoUaWoU. The o]one e[iWV Whe geneUaWoU, iV comSUeVVed, and iV When injecWed inWo 

(3) SUioU Wo Whe o]one conWacWoU, R-102. The combined floZ enWeUV Whe o]one conWacW Wank ZheUe 

iUon and aUVenic aUe o[idi]ed and SUeciSiWaWed oXW of VolXWion. ReVidXal o]one, o[\gen, and 

niWUogen aUe de-gaVVed XVing aXWomaWed YalYeV aboYe Whe o]one conWacWoU and SaVV WhUoXgh an 

o]one deVWUXcWoU, R-103, Zhich XVeV a meWal caWal\VW Wo conYeUW o]one inWo o[\gen and When YenWV 

iW Wo Whe aWmoVSheUe. 

PoVW-o]onaWion, (9) floZV inWo Whe SUeVVXUi]ed Vand filWeUV, F-101 and F-102. SXVSended 

SaUWicleV, VXch aV SUeciSiWaWed iUon and aUVenic, aUe UemoYed b\ Whe Vand filWeUV. AfWeU filWeUing, 

Whe ZaWeU enWeUV Whe RO ZaWeU VWoUage Wank, V-103. 350 gSm of SUeWUeaWed ZaWeU b\SaVVeV Whe RO 

V\VWem b\ Za\ of (15) and iV blended ZiWh Whe RO SUodXcW ZaWeU. DXe Wo loZ concenWUaWionV of 

conWaminanWV in Whe RO SUodXcW ZaWeU, Whe WZo VWUeamV can be mi[ed and VWill meeW all EPA 

dUinking ZaWeU VWandaUdV. ThiV b\SaVV UedXceV Whe amoXnW of SUoceVVing done b\ Whe RO V\VWem 

and imSUoYeV WoWal V\VWem UecoYeU\. An anWiVcalanW iV injecWed aW 10 gSm inWo (16) befoUe Whe RO 

V\VWem Wo UedXce Vcaling in Whe RO membUaneV. The ZaWeU iV SUeVVXUi]ed Wo 152 SVi befoUe 

enWeUing a 5-micUon filWeU, F-103. The SeUmeaWe VWUeam combineV ZiWh Whe b\SaVVed ZaWeU and Whe 

concenWUaWe VWUeam iV VenW Wo Whe ZaVWeZaWeU WUeaWmenW SlanW. 

SodiXm h\dUo[ide aW 0.003 gSm iV injecWed inWo (22) Wo neXWUali]e Whe acidic SUodXcW 

ZaWeU. AfWeU mi[ing, Whe neXWUali]ed SUodXcW ZaWeU iV SXmSed Wo Whe SEWTP¶V e[iVWing SUodXcW 

ZaWeU VWoUage Wo be mi[ed ZiWh WUeaWed VXUface ZaWeU and diVWUibXWed Yia Whe e[iVWing mXniciSal 

ZaWeU V\VWem. OYeUall, Whe RO V\VWem achieYeV an 85% UecoYeU\ ZiWh a WoWal V\VWem UecoYeU\ of 

86%.
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FigXUe 3. PUoceVV FloZ DiagUam 
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Table 3. PUoceVV MaVV Balance 
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PUoceVV ETXiSmenW  
FHHG SXUJH TaQN aQG SH AGMXVWPHQW 

The feed VXUge Wank iV 34 fW Wall ZiWh a diameWeU of 10 fW and haV a 20,000-gallon caSaciW\. 

The feed VXUge Wank ZaV deVigned foU a fiYe-minXWe UeWenWion Wime Zhich iV enoXgh foU an 

oSeUaWoU Wo UeVSond Wo a SUoceVV XSVeW. A majoU Uole of Whe feed VXUge Wank iV Wo conWUol Whe 

SUeVVXUe WhUoXgh an aXWomaWed SUeVVXUe Uelief YalYe. The feed VXUge Wank Zill UedXce Whe Zell 

ZaWeU SUeVVXUe fUom 111 SVig Wo 65 SVig.  

The h\dUochloUic acid iV conWained in a 20,000-gallon Sol\eWh\lene Wank. 20,000 gallonV 

of 37 ZW/ZW% h\dUochloUic acid Zill be enoXgh maWeUial foU Wen da\V aW a feed UaWe of 1.28 gSm Wo 

UedXce Whe ZaWeU SH fUom 8.5 Wo 5.5. Acidic SH keeSV diYalenW ionV, VXch aV magneViXm and 

calciXm, VolXble Zhich helSV SUeYenW RO membUane foXling. TheVe ionV alVo UeacW ZiWh 

caUbonaWe and bicaUbonaWe ionV Wo conYeUW Whem inWo caUbon dio[ide, Zhich iV off-gaVVed. The 

h\dUochloUic acid Zill be doVed befoUe Whe Zell ZaWeU UeacheV Whe feed VXUge Wank, SUoYiding 

mi[ing dXe Wo Whe WXUbXlence in Whe SiSing V\VWem.  

O]RQH GHQHUaWRU, IQMHFWLRQ, aQG CRQWaFWRU 
The amoXnW of o]one UeTXiUed Wo SUeciSiWaWe Whe iUon iV 0.44 mg o]one/mg Fe. The 

ma[imXm iUon conWaminanW leYel UeceiYed fUom iniWial Zell WeVWing iV 0.892 mg/L, WheUefoUe 

aSSUo[imaWel\ 1.1 lb/hU of o]one iV needed. The CFS-28 comSacW o]one geneUaWoU V\VWem 

manXfacWXUed b\ SXe] TechnologieV ZaV VelecWed Wo VXSSl\ Whe o]one. The CFS-28 V\VWem 

inclXdeV Whe o]one geneUaWoU, liTXid o[\gen V\VWem, mediXm-YolWage SoZeU VXSSl\, cooling 

ZaWeU Vkid, YenW o]one deVWUXcW XniWV, PLC-baVed conWUol V\VWem, and conWUol moniWoUV foU 

diVVolYed o]one, off-gaV, and leak deWecWion. The dielecWUic la\eU gaSV on Whe elecWUodeV locaWed 

inVide Whe geneUaWoU caXVe Whe o[\gen molecXleV Wo VSliW, combine, and cUeaWe Whe WUiaWomic 

o[\gen foUm. The liTXid o[\gen feed VoXUce VXSSlieV SXUe o[\gen ZiWh 10 ZW% o]one 

SUodXcWion caSaciW\ and UeTXiUeV 2.3 ZW% niWUogen Wo ZoUk efficienWl\ aW SUeVVXUeV beWZeen 36±

116 SVig. To SUodXce Whe neceVVaU\ amoXnW of o]one, 4.6 lb/hU of o[\gen iV UeTXiUed ZiWh 0.26 

lb/hU niWUogen. ASSUo[imaWel\ 14.5 gSm of cooling ZaWeU iV VXSSlied WhUoXgh an oSen looS aW 

SUoceVV WemSeUaWXUe Wo cool Whe o]one geneUaWoU. The o]one conWacWoU Zill be a baffled, VWainleVV 

VWeel Wank caSable of ZiWhVWanding V\VWem SUeVVXUeV of 65 SVig. The o]one iV VXSSlied inWo Whe 

SUoceVV VWUeam aW high SUeVVXUeV Yia a no]]le injecWoU ZiWh an in-SiSe Uadial diffXVeU. The injecWoU 
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Zill be VXSSlied b\ SXe]. The o]one conWacWoU Zill be Vi]ed aW 3,330 fW3 Wo alloZ foU a 5-minXWe 

UeWenWion Wime Wo o[idi]e iUon and aUVenic and Wo SUoYide a SUeliminaU\ deconWaminaWion VWeS. 

SaQG FLOWUaWLRQ 
Sand filWUaWion SUeYenWV SoWenWiall\ haUmfXl comSonenWV fUom Ueaching and damaging Whe 

RO membUane. Sand filWUaWion UemoYeV Whe o[idi]ed iUon, noZ in Whe inVolXble foUm of Fe(OH)3, 

fUom Whe SUoceVV ZaWeU. PUeVVXUe Vand filWUaWion ZaV VelecWed becaXVe higheU filWUaWion UaWeV can 

be mainWained Zhile XVing leVV aUea Whan gUaYiW\ filWUaWion. The filWUaWion media emSlo\ed in Whe 

deVign of WhiV XniW iV #20 Vilica Vand ZiWh an effecWiYe Vi]e of 0.55 mm. ThiV media iV ideal foU 

WhiV WUeaWmenW SUoceVV dXe Wo Whe loZ WXUbidiW\ aVVociaWed ZiWh Whe SUoceVV ZaWeU and Whe abiliW\ Wo 

filWeU XS Wo 20 micUonV, caSable of ZiWhdUaZing Whe coagXlaWed Fe(OH)3, fUom Whe SUoceVV ZaWeU. 

UVing a bed heighW of 3 fW and Whe SUoSeUWieV of Whe #20 Vilica Vand, Whe SUeVVXUe dUoS 

acUoVV Whe SUeVVXUi]ed Vand filWeU ZaV deWeUmined Wo be 1.12 SVig. WiWh a VWanding ZaWeUbed 

aboYe Whe filWUaWion media of 2 fW and a conVeUYaWiYe filWUaWion UaWe of oYeU 5.83 gSm/fW2, 3.30 

minXWeV iV Whe eVWimaWed Wime foU Whe ZaWeU Wo enWeU, filWeU, and e[iW Whe SUeVVXUi]ed Vand filWeU. To 

accoXnW foU Whe 4,085 gSm caSaciW\ WhaW iV needed foU WhiV SUeVVXUi]ed Vand filWeU and Whe filWUaWion 

UaWe of 5.83 gSm/fW2 XVed SUeYioXVl\, Whe filWUaWion aUea of Whe SUeVVXUi]ed Vand filWeU iV UeTXiUed Wo 

be 700 fW2. FoU WhiV deVign, WZo 10 fW diameWeU b\ 35 fW heighW, hoUi]onWall\ oUienWed, SUeVVXUi]ed 

filWUaWion YeVVelV ZiWh an oSeUaWional ZoUking SUeVVXUe of 50±75 SVig Zill be XWili]ed, UaWed foU a 

combined caSaciW\ of 5.8 MGD. 

Sand filWeUV UeTXiUe inWeUmiWWenW backZaVhing. ThUoXghoXW oSeUaWion Whe filWeU media Zill 

become coaWed ZiWh floc, SlXgging Whe YoidV beWZeen Whe filWeU gUainV, making Whe filWeU difficXlW 

Wo clean and VXVceSWible Wo SooU filWUaWion efficienc\13. The filWUaWion media mXVW be e[Sanded Wo 

clean Whe filWeU dXUing Whe backZaVh c\cle. ThiV e[SanVion caXVeV Whe filWeU gUainV Wo UXb 

aggUeVViYel\ againVW each oWheU, diVlodging Whe floc fUom Whe media. The filWeU backZaVh floZUaWe 

mXVW be gUeaW enoXgh Wo VXVSend and agiWaWe Whe filWeU media, VXVSending Whe flocV in Whe ZaWeU 

foU UemoYal. If Whe backZaVh UaWe iV Woo high, Whe media Zill be UeleaVed fUom Whe filWeU13. The 

ZaWeU WhaW Zill be XVed dXUing Whe backZaVh c\cle can be UaZ Zell ZaWeU Vince iW haV loZ 

WXUbidiW\. Recommended backZaVh floZUaWeV Uange fUom 13±15 gSm/fW2. The backZaVh floZUaWe 

Zill be 14 gSm/fW2. A floZUaWe of 2,000 gSm iV needed foU Whe backZaVhing c\cle SeU XniW13.  
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RHYHUVH OVPRVLV MHPbUaQH S\VWHP 

The RO V\VWem conViVWV of 5 PXUe ATXa Inc. TW-20880 RO VkidV. The VkidV hold 20 

SUeVVXUe YeVVelV ZiWh 8 elemenWV each ZiWh a ZaWeU WUeaWmenW caSaciW\ of 635.1 gSm SeU Vkid. 

Each YeVVel iV a Velf-conWained RO V\VWem holding 13 SUeVVXUe YeVVelV foU Whe fiUVW VWage and 7 

SUeVVXUe YeVVelV foU Whe Vecond VWage of filWUaWion. The membUane VelecWed foU Whe elemenWV ZaV 

Whe BW30HR-440i, a Sol\amide Whin-film comSoViWe membUane ZiWh a ma[imXm SUeVVXUe of 

600 SVig. Each elemenW haV a ma[imXm feed floZ of 85 gSm and Whe oSeUaWing SH UangeV fUom 2 

Wo 11. 

Each Vkid comeV ZiWh a feed SXmS WhaW Zill SUoYide 150 SVi of SUeVVXUe WhaW Zill VXSSl\ 

Whe Zhole XniW ZiWh no booVWeU SXmS needed foU Whe Vecond VWage. The VkidV alVo conWain a 5-

micUon filWeU caSable of UemoYing an\ laUge SaUWicXlaWeV WhaW haYe SaVVed Whe Vand filWeUV oU Vand 

SaUWicleV WhemVelYeV. WiWh WhiV V\VWem, iW iV SoVVible Wo UemoYe all conWaminanWV Wo meeW EPA 

dUinking ZaWeU VWandaUdV. The RO V\VWem ZaV deVigned XVing Whe ROSA membUane SUojecWion 

VofWZaUe and Whe VimXlaWion foU Whe RO V\VWem can be foXnd in ASSendi[ A. ThiV VimXlaWion 

deWailV Whe conWaminanW leYelV and VWUeam TXaliW\ foU each VWage of Whe RO V\VWem aV ZaWeU SaVVeV 

WhUoXgh.  

PURGXFW WaWHU SWRUaJH aQG SH AGMXVWPHQW 
The SUodXcW ZaWeU fUom Whe RO V\VWem haV a SH of 4.8 and needV Wo be adjXVWed Wo a SH 

of 7 Wo Vafel\ mi[ ZiWh Whe mXniciSal ZaWeU V\VWem. To adjXVW Whe SH, 0.003 gSm of 50% VodiXm 

h\dUo[ide Zill be XVed. The SUodXcW ZaWeU Zill be VenW Wo Whe SEWTP aW 33 SVig. 

WaVWHZaWHU  
The SlanW Zill SUodXce 561 gSm of RO concenWUaWe. WaVWe VWUeam conWaminanWV aUe 

VhoZn in Table 2. MU. DaYid HaVWingV, Whe VXSeUinWendenW of Whe ZaVWeZaWeU WUeaWmenW SlanW, 

confiUmed WhaW Whe SlanW can handle Whe addiWional floZ and conWaminanWV. 

MHWaOOXUJ\ 
CaUbon VWeel iV Zidel\ XVed aV a maWeUial of conVWUXcWion in SiSing and YeVVelV becaXVe iW 

iV one of Whe cheaSeVW foUmV of VWeel. UnfoUWXnaWel\, Whe coUUoVion UaWe of caUbon VWeel incUeaVeV 

in acidic and ValW\ enYiUonmenWV. AfWeU Whe h\dUochloUic acid iV mi[ed, Whe ZaWeU SH Zill be 5.5 
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Zhich caXVeV gUeaWeU coUUoVion UaWeV17. In addiWion Wo acidic SH, o]onaWion can incUeaVe SiWWing in 

caUbon VWeel. 
SWainleVV VWeel SUoYideV beWWeU coUUoVion UeViVWance Whan caUbon VWeel dXe Wo incUeaVed 

chUomiXm conWenW WhaW Ueadil\ UeacWV ZiWh o[\gen Wo SUodXce a chUomiXm o[ide, coUUoVion-

UeViVWanW la\eU. 304 VWainleVV VWeel (SS 304) iV Whe cheaSeVW and moVW aYailable W\Se of VWainleVV 

VWeel bXW iV VXbjecW Wo inWenVe coUUoVion in Zelding ViWeV. To e[Wend Whe life of Whe SlanW, Whe 

VelecWed maWeUial of conVWUXcWion foU moVW of Whe SiSing and YeVVelV iV loZ caUbon 304 VWainleVV 

VWeel (SS 304L). ThiV VelecWion Zill VloZ Zelding ViWe coUUoVion oYeU Wime. The onl\ SoUWionV of 

Whe SlanW WhaW Zill UeTXiUe a diffeUenW maWeUial of conVWUXcWion aUe Whe h\dUochloUic acid YeVVel, 

h\dUochloUic acid SiSing, and Whe SUodXcW Wank. The h\dUochloUic acid Zill be VWoUed in a 20,000-

gallon Sol\eWh\lene YeVVel and Whe SiSing connecWing Whe h\dUochloUic YeVVel Wo Whe feed VXUge 

Wank Zill be Sol\Yin\l chloUide. 

CaSiWal CoVW EVWimaWe 
The caSiWal coVW eVWimaWe iV a facWoUed eVWimaWe baVed on SXUchaVed eTXiSmenW coVW Wo 

deWeUmine oWheU SUojecW e[SenVeV VXch aV eTXiSmenW inVWallaWion, inVWUXmenWaWion, SiSing, VeUYice 

faciliWieV, and oWheU indiUecW coVWV. The WoWal SXUchaVed eTXiSmenW coVW ZaV eVWimaWed Wo be $5.5 

MM. The eTXiSmenW coVW bUeakdoZn iV VhoZn in Table 4. The WoWal fi[ed caSiWal inYeVWmenW iV 

eVWimaWed Wo be $18.1 MM. The fi[ed caSiWal coVW bUeakdoZn iV VhoZn in Table 5. ThiV SUojecW 

haV a 5.4-\eaU Sa\back SeUiod ZiWh a 20-\eaU neW SUeVenW ZoUWh of $20 MM aW a 5 SeUcenW 

diVcoXnW UaWe. 
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Table 5. Fi[ed CaSiWal CoVW

 

OSeUaWing CoVWV 
OSeUaWing coVWV aUe VhoZn in Table 6. The WoWal annXal oSeUaWing coVW iV $1.6 MM. The 

oSeUaWing coVWV inclXde chemical coVWV, oSeUaWoU ZageV, and Whe XWiliW\ VXmmaU\. The CiW\ of 

LaZWon VellV ZaWeU aW a UaWe of $3.96 SeU 1,000 gallonV. If all Whe ZaWeU SUodXced aW Whe neZ SlanW 

iV Vold aW WhiV UaWe, Whe SlanW Zill geneUaWe $7.3 MM a \eaU in ZaWeU Vale UeYenXe. When oSeUaWing 

coVWV aUe accoXnWed foU, Whe WoWal SUofiW fUom Whe ZaWeU WUeaWmenW SlanW Zill be $5.7 MM a \eaU. 

The RO membUaneV aUe UaWed foU a VeUYice life of 3 \eaUV XnWil Whe\ Zill need Wo be UeSlaced foU 

aSSUo[imaWel\ $500 SeU elemenW, coVWing $500 M foU WoWal membUane UeSlacemenW.  
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Table 6. OSeUaWing CoVW

 

ConclXVion  
AfWeU caUefXl anal\ViV of diffeUenW ZaWeU WUeaWmenW meWhodV, RO ZaV Whe moVW feaVible 

ZaWeU WUeaWmenW Wechnolog\ Wo UedXce all conWaminanWV Wo EPA dUinking ZaWeU VWandaUdV. To 

SUoWecW Whe RO V\VWem, SH adjXVWmenW, o]onaWion, and Vand filWUaWion aUe XWili]ed aV SUe-

WUeaWmenW. If iUon concenWUaWionV aUe confiUmed Wo be beloZ TXanWifiable limiWV, Whe o]onaWion SUe-

WUeaWmenW can be UemoYed Wo VignificanWl\ decUeaVe SUojecW coVWV. The o]one geneUaWoU iV UaWed foU 

XS Wo 75 lb/da\, alloZing Uoom foU SUodXcWion caSaciW\ Wo incUeaVe Wo 14 MGD oU Wo accoXnW foU 

higheU leYelV of iUon. 

The WoWal fi[ed caSiWal coVW foU Whe SlanW iV eVWimaWed Wo be $18.1 MM and Whe \eaUl\ 

oSeUaWing coVW iV $1.6 MM. The WUeaWmenW SlanW haV a 5.4-\eaU Sa\back SeUiod ZiWh a 20-\eaU neW 

SUeVenW ZoUWh of $20 MM aW a 5 SeUcenW diVcoXnW UaWe.  
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APPENDIX A. RO SimXlaWion 
FigXUe 1. DeWailed ROSA ReSoUW 
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To replace my Honors Thesis requirement, I worked on an engineering group project for 

Garver, an engineering consulting firm. Garver requested that we design a water treatment 

facility for the city of Lawton, Oklahoma. Lawton is a city located in southwest Oklahoma that 

has previously struggled with drought conditions that have nearly depleted surface water 

resources. In response, Lawton intends to pump groundwater from the Arbuckle-Timbered Hills 

Aquifer to supplement the city’s growing water needs. To accomplish this, our group designed a 

groundwater treatment facility capable of processing five million gallons per day of treated water 

with reverse osmosis as the main treatment technology. 

My group elected me to hold the position of Team Coordinator. As Team Coordinator I 

took notes during all meetings, communicated information to our professor, and organized all of 

our research documents. Additionally, I recorded and organized notes from communications with 

vendors, Garver employees, and our professor. Since we were completely online this year due to 

COVID, I created a Microsoft Team that allowed us to easily access our documents and meet 

with our group, professor, and Garver employees safely. 

Outside of my role as Team Coordinator, I completed research with my group over 

numerous treatment technologies and performed calculations for the individual steps within our 

process. Our final process utilized reverse osmosis technology. To prevent reverse osmosis 

membrane fouling, several pre-treatment steps including pH adjustment, ozonation, sand 

filtration, and pre-screening have been added to the process to extend the life of the membrane. 

The water produced by the new treatment plant will be pH neutral and will have lower 



contaminant levels than the water currently produced by the Southeast Water Treatment Plant 

located within Lawton, Oklahoma. This ensures that both the new treated groundwater and 

current surface water streams can be mixed into the Southeast Water Treatment Plant’s 

distribution system without damaging the existing infrastructure. The waste from the new plant 

will be sent to the Lawton wastewater treatment facility for treatment. The total fixed capital cost 

for the plant was estimated to be $18.1 MM and the yearly operating cost is $1.6 MM. 
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