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ExecutiveSummary
TheCityofRamseyhaseightwatersupplywellswithconcentrations ofmanganese rangingfrom
0.02mg/Lto0.37mg/L.  TheMinnesotaDepartmentofHealth (MDH) hasestablishedaHealth
BasedValue (HBV) formanganeseof0.100mg/L.  FourofRamsey’seightwatersupplywells
exceedtheMDHHBVformanganese.  MDHhasrecommended totheCitythattheydevelopplansto
addressthemanganese.  Inadditiontothepotentialhealthconcernswithmanganese, Ramsey’s
drinkingwateralsoexceedstheSecondaryStandards forironandmanganese.  Waterwith
concentrations ofironandmanganeseabovetheSecondary Standardcausesaestheticproblems
includingredandblackstainingofplumbing fixturesandlaundryandtastecomplaints.   

TheCityofRamseycurrentlyutilizesgroundwater fromtheTunnelCity-Wonewoc (TCW) aquiferas
itsexclusivesourceofdrinkingwater.  AnevaluationofwasconductedoftheTCWaquiferwhich
determined thattheTCWshouldbeabletocontinuetoproducepotablewatertomeetpresentand
foreseeable futuredemands.   

Themostcosteffectivemethodforremovingmanganese andironfromdrinkingwaterischemical
oxidationfollowedbysandfiltration.  Theseprocesses requireconstructionofawatertreatmentplant.   
BaseduponananalysisofRamsey’s2040waterdemand, thecapacityofthewatertreatmentplant
shouldbe10milliongallonsperday (MGD).   

ThreewatertreatmentplantsiteswereevaluatedincludingtheFireStationsite, PublicWorkssite,  
andVacantCitypropertysite.  Eventhoughitrequiresadditionalwatermain, thePublicWorkssite
waslessexpensivebecauseitdoesn’trequireagarageduetotheonsitePublicWorksfacilities.  The
PublicWorkssitealsooffersoperationalefficienciesbecauseitisonthesamesiteasthenewPublic
Worksbuilding.   

Forthisstudytwotreatmentplantalternativeswereevaluatedincludinggravityfiltrationandpressure
filtration.  Withgravityfiltration, thewaterflowsbygravitythroughconcretefiltercellsintoaholding
tank (clearwell).  Thewateristhenpumpedintothedistributionsystem.  Withpressurefiltration, the
waterispumpedfromthewellsthroughsteelpressurefiltersanddirectlyintothedistribution system.   

Reportlevelprojectandlifecyclecostopinionsforthetwoalternativesareincludedbelow.  The
projectcostsincludethecapitalcost, pluscontingency, administration, andengineering.  Lifecycle
costsrepresentthetotalcostofowningthetreatmentplantsfor50yearsandincludecapitalcost,  
equipment replacement, labor, gas, chemicals, insurance, electricity, andannualequipment repair. 

ProjectCost50YearLifeCycleCost

GravityFilterTreatmentPlant$ 31,890,000$ 70,570,000

PressureFilterTreatmentPlant$ 30,280,000$ 74,940,000

Asthetableindicates, thegravityfiltertreatmentplanthasaslightlyhigherprojectcost, butalower
overalllifecyclecost.   Thepressure filtertreatmentplanthasahigherlifecyclecostduetothe
expenseofpaintingandmaintaining thesteelfilters; whereasconcretegravityfiltersrequireverylittle
maintenance.  Anoptional8,000squarefootgaragecouldbeaddedtotheprojectforaprojectcost
ofapproximately $1.5million. 
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Executive Summary (continued) 

Inadditiontohavinglowerlifecyclecosts, gravityfiltershaveotheradvantagesoverpressurefilters
including: (1) moretreatmentoptionsincludingaerationanddetentionwithoutrequiringanother
pumpingstep, (2) waterfromthegravityfiltersdoesnotgoimmediately intothedistribution system, if
problemsoccurwithtreatmentprocessesoperatorshavetimetoreact, (3) gravityfiltersareopento
viewandaccess, and (4) gravityfiltrationsystemshaveagreateramountofoperational flexibility. 

Agravityfiltertreatmentplantistherecommended alternativeduetotheadvantages itoffersata
comparablecost. 

IftheCityelectstoproceedwithawatertreatmentplantproject, theproposedprojectschedulecould
beasfollows: 

ItemCompletion Date
PublicInvolvementJuly 2020 – September2020
PreparationofPlansOctober 2020 – February2021
AdforBidMarch2021
BidOpeningApril 2021
Construction StartMay2021
Construction CompleteDecember 2022

Ifawatertreatmentplantprojectispursued, immediatedistributionwaterqualityimprovements
shouldnotbeexpected.  Thewatertreatmentplantwillproducewaterfreeofironandmanganese;  
however, ittakestimefortheironandmanganesedepositsinthedistributionsystemtodissipateand
overallwaterqualitytoimprove.     
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FeasibilityStudy - Draft
WaterTreatmentPlant
PreparedforCityofRamsey

1Existing WaterInfrastructure
1.1OverallSystemDescription

TheCityofRamsey’swatersystemdatesbackto1985whenawell, pressuretankstorage, and
distributionpipingwasconstructed.  Today, Ramsey’swatersystemprovidesdrinkingwaterto
approximately4,400residencesandapproximately 340businesses.  Theexistingwatersystem
consistsofthefollowingmajorcomponents: 

Eightmunicipalwells

Fourpumphouses
Chemical feedsystemsineachpumphousetoaddchlorine, fluoride, andpolyphosphate

Threewatertowerswithacombinedstorageof4milliongallons (MG) 

Thewellspumpwatertotheirrespectivepumphouses, withWellsNo. 1and2pumpingtoPump
House1, WellsNo. 3and4pumpingtoPumpHouse2, WellsNo. 5and6pumpingtoPump
House3, andWellsNo. 7and8pumpingtoPumpHouse4.  Followingchemicaladditionatthe
PumpHouses, waterispumpeddirectlyintothedistribution system. 

1.2RawWaterSupply
TheCityofRamseyoperateseight (8) municipalwellsfinishedintheTunnelCity-Wonewoc
TWC) aquifer.  Table1providesasummaryofeachwell.  Figure1inAppendixAshowsthe

Ramseydistributionsystemmapthatidentifiesthelocationsofthewells, aswellasthetowers. 

Table1 – WellData

WellYearCasingCasingCapacityFormationDepthNo.ConstructedDepth (ft)Size (in)(gpm) 

11984Ironton-Galesville32024314700
21987Ironton-Galesville32024014220
31997Ironton-Galesville345222301,450
41998Ironton-Galesville32119130850
52000Ironton-Galesville31621530850
62005Ironton-Galesville39028230900
72007Ironton-Galesville33221630850
82007Ironton-Galesville354245301,400

Notes:  WellNo. 2usedexclusively forirrigation. 

SEH isaregistered trademark ofShort Elliott Hendrickson Inc. 
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Thecombinedcapacityofallofthewellsis7,220gallonsperminute (gpm) whichisequivalent to
10.4milliongallonsperday (MGD).  Thefirmcapacity (capacitywiththelargestwelloutof
service) is5,770gpmor8.3MGD.   

Ifacentralwatertreatmentplantisconstructed, WellsNo. 1and2willnotlikelybeconnectedto
thewatertreatmentplant.  ThefirmcapacitywithoutconsideringWellsNo. 1and2is4,850gpm
or7.0MGD. 

AllofthewellsarelocatedinthesouthernpartoftheCitynorthofU.S. Highway10, withWells
No. 1and2locatedinthesoutheastportionofRamsey, andWellsNo. 3-8locatedinthesouth- 
centralportionofRamsey.  

Maintenance recordsindicatethatthewells, pumps, andmotorsareinspectedandrepairedona
routinebasis.  Theconditionofthewells, pumps, andmotorsappearstobegood. 

1.3CurrentWaterTreatment
Chlorineisalsoaddedtothewellwatertoprovideadisinfectant residualinthedistribution
system.  TheCityutilizesafreechlorineresidualinthedistributionsystemratherthan
chloramine, whichisalesspowerfuldisinfectingagentcreatedwhenchlorineismixedwith
ammonia.  TheCitydoeshavelowlevelsofnaturallyoccurringammoniaintheirwellwater,  
althoughchlorineisfedpastthebreakpoint tocompletelyoxidizetheammonia. 

Polyphosphate isaddedtothewatertosequester ironandmanganese.  Sequesteringofironand
manganesekeepsthemetalsinsolutionandpreventsthemfromprecipitating toformoxides,  
andthuspreventingaestheticwaterqualityissuessuchascolor, taste, andsedimentation.   
Sequestration doesnotremoveironormanganese, andpolyphosphate degradesovertime
whichmaycauseaesthetic issuesatdead-endsandouterendsofthedistributionsystem. 

Inaccordance withMinnesotaStateStatute, fluorideisalsoaddedtothetreatmentprocessto
promotestrongteeth. 

Thechemicalsareaddedtotherawwaterfromthewellsineachofthepumphousespriorto
beingpumpedintothedistributionsystem. 

1.4ExistingWaterTowers
TheCityofRamseycurrentlyhasthreewatertowerswithstoragecapacitiesof0.5MG, 1.5MG,  
and2.0MG.  Thesmallertwotowersarelocatedinthesouthpartoftown, whilethelargesttower
islocatedinthenortheastpartoftown.  The0.5MGtowerisaspheroidstylesteelwatertower
constructed in1989, whilethe1.5MGand2.0MGtowersareflutedcolumnsteelwatertowers
constructed in2000and2010, respectively. 

2Distribution SystemModeling
Ahydrauliccomputermodelwasgenerated toevaluatetheperformanceoftheCity’scurrent
waterdistributionsystem, aswellasevaluatethesystemintothefutureasthewatersystem
expands, experiences increasingdemands, andutilizesawatertreatmentplantinsteadof
individualwellspumpingintothesystem.  ThemodelusedthemostrecentGISinformation for
theCity’swatersystemassets, andwascreatedusingWaterGEMS®, apipenetworkprogram
developedbyBentley®.  FlowtestingwasconductedwithinthedistributionsysteminOctober
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2019tocalibrateandhelpverifytheaccuracyofthecomputermodel.  Asummaryoftheflowtest
resultsandlocationsarelistedinTable2. 

Thewatermodelallowsthewatersystemtobeexamined, whileaddingproposedfeaturestothe
system.  Thisprovidesanindicationastowhatpressuresandflowswouldbeavailableinthe
watersystemwiththevariousproposedfeatures.  Themodelalsoallowsfortheexaminationof
componentoperationwithinthesystemsuchaswatertankfillingcycles.  Therearemanyother
exercisesthatthemodelcanbeusedforinthefutureinrelationtowatersystemoperationsand
planning.  Thewatermodelcancontinuetobeanoperationsandplanningtoolfortheexpanding
watersystem. 

Table2 – HydrantFlowTestResults

Pressure PressureField DifferentialDifferentialPressureFlow HydrantLocationField ModelDifferentialTestFlow ResultsResults( psi) gpm) psi)( psi) 
th1Olivine St. NWsouthoffof147Ln.  

1,17121- 1
NW

2Dead-endonVanadium St. NW1,12342- 2
th3Dead-endon140 Ave. NW1,2058102
nd4Dead-endon142 Ln. NW984264216

5Corner ofTontoSt. NWandAlpineDr.  
1,188462

NW
nd6Dead-endon152 Ave. NW1,04797- 2

th7Cornerof157Ave. NWandKrypton
1,152792

St. NW
8Dead-endonLithiumSt. NW1,047781

th9Dead-endofeastendof167 Ln. NW1,19742- 2
10Dead-endofnewcul-de-sacoffof

1,078671th159Ave. NW
th11Current dead-endon149 Ave. NW1,234550

th12Westdead-endon147 Ln. NW1,123385
th13Dead-endon137 Ave. NW1,1881110- 1

14 Eastdead-endonRivlynAve. NW1,03110100

DuringthecalibrationprocessoftheRamseywatersystemhydraulicmodel, pumpingrates,  
customerdemands, andtowerwaterlevelsweresettotheconditionsrecordedduringthefield
testing.  Individualpiperoughnesscoefficients (C-factors) wereadjusteduntilthecalibrated
systemmodelcloselysimulatedfieldtestdataasindicatedinTable2.  AsindicatedfromTests4
and12, themodelwasunabletobecalibratedtomatchthefieldtests.  ForTest4, itisbelieved
therewasanerrorwhenmeasuringduringthefieldtest.  Theageandsizeofthepipeon142nd
Ln. NWisthesameasthepipeon140thAve. NW (Test3), whichthemodelcalibratedclosely
with.  Itisbelievedthatthepiperoughness coefficientusedforthepipeon142ndLn. NWis
accurate.  ForTest12, itisbelievedthatthereisanotherpipeoffofBunkerLakeBlvd. that
connectstothenewdevelopment along147thLn. NWthatisnotyetgeo-located, becausewhen
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addinganadditionalpipethemodelcalibratescloselywiththefielddata.  Thepipealong147th
Ln. NWisanew8” pipe, soitisbelievedthatthepiperoughnesscoefficientusedforthepipeis
accurate.  Additionally, Test10wasconductedonhydrants inanewdevelopment.  Previously,  
thisareawasatalowerelevationthanitiscurrently.  Thiscausedthemodeltonotcorrelatewell
withthefieldtestingdata.  Theelevationsofthehydrantsinthemodelwereadjustedtomore
closelycorrelatewiththefielddata, andasthepipeinthedevelopment isnew, itisbelievedthat
thepiperoughnesscoefficientusedforthepipisaccurate. 

Oncethecomputerwatermodelwasconstructed andcalibrated, themodelwasusedtocalculate
theoperatingconditionsinthewaterdistribution system. 

2.1ExistingSystemStaticPressures
Watersystempressureisprimarilyafunctionofelevationwithsomedegreeofpressurelossas
waterflowsacrossthesystem.  Staticpressuresthroughout thedistributionsystemas
determinedbythewatermodelareshowninFigures1-3inAppendixBforaveragedaydemand
ADD), maximumdaydemand (MDD), andPeakHourDemand.  Lowpressuresgenerallyoccur
inareaswheretheelevationsarerelativelyhighcomparedtotheoverflowelevationorhydraulic
gradeline (HGL) ofthesystem. 

AsyoucanseeinFigures1-3inAppendixB, thepressuresacrossthesystemaregenerally
consistent, andareapproximately thesamebetweenthethreedemandscenarios.  Allareasof
thesystemarewithintherangeof50to80psiasyoucanseeinTable3. 

Table3 –  WaterSystemStaticPressures

AverageDay MaximumDay PeakHour
DemandDemandDemand

MinimumPressure (psi) 565656
AveragePressure (psi) 68.568.167.5
MaximumPressure (psi) 777776
Demand (gpm) 1,2213,3305,498

AllthreedemandscenariosweredonewiththetowersatanHGLof1,031feet.  Nowellswere
runningduringthemodelsimulation. 

2.2ExistingSystem24-HourSimulation
A24-hourextendedperiodsimulationwasrunforaveragedaydemand (ADD) andmaximumday
demandMDDtomodelhowtheexistingsystemperformsintermsofpressure, velocity, andtank
levels.  Systempressuresarerecommended tobeintherangeof35psito80psi, andpipe
velocitiesarerecommended tonotexceed5feetpersecond.  Foranaveragedaydemand, 1.72
MGDwasassumed, andformaximumdaydemand, amaximumdaypeakingfactorof2.73was
assumedtogetamaximumdaydemandof4.7MGD.  Forbothdemandscenarios, diurnal
demandcurveswereused, andweredevelopedbyanalyzingSCADAoperationdata
documenting systemwatertowerlevels, aswellasusingindustrystandardsandprevious
experience.  ThesediurnaldemandcurvesareshowninFigures1and2, andwereusedforall
modelingsimulations.  Theoperating rangeofTower1wasassumedtobe6feetwherewells
wouldinitiallyturnonwhentheHGLofTower1wentbelow1,025feet, andthewellswouldturn
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offwhentheHGLofTower1wentabove1,031feet.  Figures4-5inAppendixBshowthe
operationofthewellsandtowersforbothdemandscenarios. 

Thepressuresacrossthesystemweregenerallyconsistent throughout the24-hoursimulationfor
bothdemandscenarios.  AscanbeseeninFigures6-7inAppendixB, atnopointdidpressures
dropbelow50psi, andatnopointdidpipevelocitiesexceed3feetpersecondfortheADD
simulation, orexceed5feetpersecondfortheMDDsimulation.  Infact, onlyonesegmentof
pipeexceeded4feetpersecondduringtheMDDsimulation. 

Figure1 – ADDDiurnalCurve

ADDDiurnalCurve
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Figure2 – MDDDiurnalCurve
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2.3ExistingSystemAvailableFlowforFireProtection
Designingawatersystemtoprovideadequatefireprotectionisanimportantconsideration.   
Adequatelysizedwatermain isanimportantconsideration tosupplydesiredfireflows.   
Guidelinesfordetermining fireflowrequirements areprovidedbytheISO.  ISOistheinsurance
serviceorganization responsibleforevaluatingandclassifyingmunicipalities forfireinsurance
ratingpurposes.  Availablefireflowforfireprotection (fireflow) inthisreportisdefinedastheflow
capacityatapointinthewaterdistributionsystemwhichcausesthepressuretofallto20psi
residualpressure).  Amapofthefireflowanalysisforthedistributionsystemunderamaximum

daydemandisshowninFigure8inAppendixB.  Notethatthefireflowanalysisforthe
distributionsystemwasdoneforjunctions (watermain intersectionsandatdead-ends) insteadof
hydrants, sothefireprotectioninsomeareasmaybebetterthanshownasahydrantmaybe
nearbyonalargersizedwatermain.  Ingeneral, lowfireflowsoccurwherenormalpressuresare
alreadylow, andinareaswithsmalldiameterwatermains, orinareaswitholderwatermains.   
Dead-endstypicallyhavenoticeablyweakerfireflowsthanloopedwatermainaswell. 

Todetermineifthewatersystemisdeficientinavailable fireflow, abasisforfireprotectionmust
beestablished.  Forplanningpurposes, theminimumfireprotectionrequirementcanbebased
onlanduseaccording toTable4. 

Table4 – MinimumFireFlows

LandUseFlow (gpm) 

Park500
Single-Family1,000
R-1Low-DensitySingleFamily1,000
Two-Family1,000
Multi-Family1,500
High-DensityMulti-Family1,500
ServiceOffice1,500
CommunityCommercial2,500
GeneralCommercial2,500
Industrial3,500
MixedUse-Neighborhood2,000
MixedUse-Community2,000
MixedUse-Regional2,000

Ingeneral, theCityiswellprotectedwithover98% ofthedistributionsystemhavingfireflowsof
1,500gpmorhigher.  WhencomparingavailablefireflowswiththeCity’sexistinglandusemap
thereareafewareaswheretheavailablefireflowmaybedeficient.  Specifically, asmall
industrial landuseareanorthofHighway10andsouthofthesoutherndead-endofJasparStreet
NW, aswellasthedead-endof142ndLaneNWinthesoutheasternpartoftown. 

2.4ExistingSystem24-HourSimulation – TreatmentPlant
Similartotheexistingsystem24-Hoursimulation, a24-hourextendedperiodsimulationwasrun
forADDandMDDdemandstomodelhowtheexistingsystemperformsintermsofpressure,  
velocity, andtanklevelswithatreatmentplantasthesolesourceofwater.  Withasinglesource

FEASIBILITY STUDY- DRAFTRAMSY 154354

Page 6



versuswellsspacedthroughout town, theworryisthatthefurthestpointsfromthetreatment
plantmayexperience lowerpressuresduetoheadlossthroughthedistributionsystem.  AnADD
of1.72MGDandaMDDof4.7MGDwereassumed. 

Figures9-10inAppendixBshowtheoperationofthetreatmentplanthighservicepumpsand
towersforbothdemandscenarios, andFigures11-12inAppendixBshowtheminimum
pressuresforbothdemandsscenarios.  Pressuresacrossthesystemweregenerallyconsistent
throughout the24-hoursimulationforbothdemandscenarios, andatnopointdidthepressure
dropbelow50psiduringbothdemandscenarios, andatnopointdidvelocitiesexceed5feetper
second.  Modelingofbothdemandscenariosshowthattheexistingsystemperformsverywell
withatreatmentplantasthesolesourceofwater.     

2.52040System24-HourSimulation
By2040, Ramsey’sestimatedaveragedaydemandisexpectedtoincreaseto3.5MGD, andthe
maximumdaydemandisexpectedtoincreaseto10.3MGD.  Withthisincreaseddemand, itis
importanttoensurethatthedistributionsystemandstoragefacilitiesareadequatelysizedto
meetthefuturedemand.  Thestoragecapacityofthecurrentwatersystemis4MG, whichwill
stillmeettheMinnesotaDepartmentofHealth’srecommendation ofhavingenoughstorageto
meetorexceedtheADD, soadditional storagewillnotberequiredthrough2040. 

Althoughitisimpossible toknowwherefuturewatermainwillberequired, futurewatermainwas
addedandsizedaccording topreviousreports, whichcanbeseeninFigures15-16inAppendix
B.  Futuredemandswereallocatedbasedonlocationsfuturepipesandfuturedevelopment
areas. 

Figures13-14inAppendixBshowtheoperationofthetreatmentplantandtowersforboth
demandscenarios, andFigures15-16inAppendixBshowtheminimumpressuresforboth
demandsscenariosofthe204024-hoursimulation.  Again, thepressuresacrossthesystem
weregenerallyconsistent throughout the24-hoursimulation forbothdemandscenarios, andat
nopointdidthepressuredropbelow50psiduringtheADDscenario.  Pressuresdiddroptoas
lowas37psiduringtheMDDscenarioinsomeareasinthefuturenorthdevelopmentbetween
173rdAveNWand181stAveNWduetothehigherelevations, althoughthiscanbealleviatedby
keepingthetowersatahigherlevel.  Velocitieswerekeptbelow5feetpersecond, althougha
shortsegmentof16” pipeonBunkerLakeBlvdNWapproachedaround5.5feetpersecond
duringtheMDDscenarioforashortperiodoftime, althoughthisisnotaconcern.   

2.6DistributionModelingConclusionsandRecommendations
ModelingofRamsey’swatersystemshowsthatitperformswellcurrentlyandwithatreatment
plantnowandinthefuture.  IftheCitychoosetobuildawatertreatmentplant, rawwatermainwill
beneededtobringthewellwatertothetreatmentplant.  Currentlythereisrawwatermainfor
bringingwellwatertothepumphouses, whichcanbeutilizedforthetreatmentplant, although
additionalandbiggersizedrawwatermainwillberequired.  Therawwatermain requiredis
showninFigure1inAppendixI, andwasassumedinthemodeling.  Ofnote, the16” watermain
alongBunkerLakeBlvdNWshouldbeusedasfinishedwatermain, andwasassumedtobein
themodeling. 

Asthepopulationgrows, andthusthewaterdemand, thereareafewrecommendations for
improvingthewatersystemtobeabletooperateefficientlywith2040demands.  First, itis
recommended thatthe16” watermainalongBunkerLakeBlvdNWbetiedintothe12” watermain
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alongETownCenterDrive.  Modelingdidnotassumedthis, althoughitmaybeadvantageous to
dosobeyond2040iftheprivatewellownersinthecenteroftowngooncitywater.  Themodels
didassumethatthe16” watermainalongBunkerLakeBlvdNWtiesintothe8” and12”  
watermainalongRhinestoneStreetNW. 

Second, withtheproposedtreatmentplantlocationbeingonthewestsideoftown, itmaybe
beneficialdependingonfuturedemandstoextendthe12” watermainalongArmstrongBlvdNW
toBunkerLakeBlvd, andtoextendthe16” watermainalongBunkerLakeBlvdNWtoETown
CenterDrive.  Theextensionsofthosepipeswasassumedinthe2040modelinganalysisand
preventedadditionalpipesintheareafromexceedingavelocityof5feetpersecond. 

Third, ascanbeseeninFigure19inAppendixB, thewaterlevelinTower2approachedand
stayedatanHGLof1,033feet.  Thiswasdonebyutilizinganaltitudevalveinthemodelforthe
tower.  DuetoTower2’scloseproximitytothetreatmentplant, thereisariskofthetowerto
overflow, especiallyduringaMDDscenario, asthetreatmentplantpumpsintothesystemtofill
Tower1.  Becauseofthis, analtitudemayhavetobeinstalledinthefuture

3Drinking WaterQuality
TheCityofRamsey’swateristestedonaregularbasisbytheCityandbyMinnesota
DepartmentofHealth (MDH).  ThefollowingsectionsdiscussPrimaryandSecondary testresults
fortheCity’swellsanddistributionsystem.   

3.1PrimaryDrinkingWaterStandards
PrimaryStandardsarelegallyenforceablestandardsthatpublicwatersuppliersarerequiredto
meet. Primarystandardsprotectpublichealthbyregulatingthelevelsofcertaincontaminants in
publicwatersupplies. TheUnitedStatesEnvironmental ProtectionAgency (USEPA) establishes
maximumcontaminant levels (MCLs) forprimarystandardconstituents.  Regulated constituents
includemicroorganisms, disinfectants, disinfectionbyproducts, inorganicchemicals, organic
chemicalsandradionuclides.  Afewprimarycontaminants havebeendetectedinRamsey’s
waterasshownonTable5; however, thecontaminants detectedwellbelowtheirrespective
MCLs. 
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Table5 – WaterQuality - PrimaryDrinkingWaterStandards

Highest 90% ofAverageor Rangeof ResultsEPAActionContaminantHighestDetected MCL WereLess LevelSingleTest TestResults ThanResult

90% of
Lead--- 1.9ppbhomesless

than15ppb
90% of

Copper--- 0.82ppmhomes less
than1.3ppm

Barium0.11ppm- 2ppm-- 
Arsenic1.49ppb- 10.4ppb-- 
2,4-D0.03ppb- 70ppb-- 

Combined 2.2pCi/l- 5.4pCi/l-- Radium
Total 1.70 – 2.10Trihalomethanes 2.1ppb80ppb-- ppbTTHMs) 

0.77 – 1.64TotalChlorine1.14ppm4.0ppm-- ppm
0.59 – 1.00Fluoride0.81ppm4.0ppm-- ppm

Notes: DatafromRamsey’sConsumer Confidence Report

3.2Manganese
AccordingtotheMinnesotaDepartmentofHealth (MDH), toomuchmanganese indrinkingwater
canhavenegativehealtheffectsforbabiesunderoneyearold.  Athighconcentrations,  
manganesecanalsohavenegativehealtheffectsforchildrenandadults.  Toprotectbottle-fed
babies, MDHrecommends manganese levelsoflessthan0.100mg/L.  Toprotectchildrenand
adults, amanganese leveloflessthan0.300mg/Lisrecommended.  Toensurethatallresidents
areprotected, MDHhasestablishedaHealthBasedValue (HBV) forManganeseof0.100mg/L.   

Manganesealsohasasecondary standardof0.05mg/Lwherelevelsabovecancausecolor,  
staining, andtasteissues.   

Recently, manganesewasincludedasacontaminant tobemonitoredundertheFourth
UnregulatedContaminant MonitoringRule (UCMR4), whichisdiscussedinlaterinthischapter.   
TheCityofRamseyconductedUCMR4samplingin2019whichincludedsamplingfor
manganese.  AsshowninTable6, WellsNo. 1, 3, 4, and8testedabovetheMDHHBV.  Dueto
thehighlevelsofmanganese, MDHhasrecommended totheCitythattheydevelopshort-, mid-,  
andlong-termplanstoaddressthehighlevels.  Inresponsetothehighlevels, theCitybegan
usingwellswiththelowestlevelsofmanganese, andwhenrequiredtousemorewellsduring
higherdemandtimes, theCitydevelopedaplantomixthewaterfromthelowlevelswellswith
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thehighlevelwells.  Asalong-termplan, theCityisintheprocessofdetermining thebestoption,  
butareconsidering: 

Mixingwaterfromdifferentwellstolowermanganesewells; 

Drillingnewdrinkingwaterwells; 

InstallingCityfiltrationsystems; 
Constructingawatertreatmentplant; and

Usingwaterfromneighboringmunicipalwatersystems. 

Table6 – ManganeseinRamseyWells

WellManganese (mg/L) MDHHBV (mg/L) 

Well10.3200.100
Well30.2290.100
Well40.3710.100
Well50.0220.100
Well60.0230.100
Well70.0520.100
Well80.2230.100

Note: Well2usedexclusively forirrigation

3.3SecondaryDrinkingWaterStandards
SecondaryStandardsarenon-enforceableguidelinesforcontaminants thatcauseaestheticor
cosmeticeffects, suchastaste, odorandcolor, andcancauseproblemswithpiping.  The
SecondaryStandard formanganese isdiscussed inSection3.2.  Table7presentstheironand
hardnessdataforRamsey’swells.   

Table7 – IronandHardnessinRamseyWells

Hardness (mg/LWellIron (mg/L) CaCO) 3

Well10.551256
Well30.529280
Well40.240- 
Well50.801- 
Well60.787211
Well70.818225
Well80.704- 
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3.3.1Iron
Thesecondarystandardforironis0.3mg/Lwhereironconcentrations abovethesecondary
standardcancausearustycolortothewater, sedimentbuild-up, ametallictaste, andreddishor
orangestaining.  AsshownonTable2, thedrinkingwaterfromtheRamseywellsconsistently
exceedstheSecondaryStandardforironwithconcentrations rangingfrom0.240mg/Lto0.818
mg/L. 

3.3.2Hardness
Hardness, whichisameasurementofmultivalentcations, suchascalciumandmagnesium, isan
aesthetic issueduetoitsabilitytocausescalingandbuild-uponfixtures, aswellasitsreaction
withsoapsproducingastickyandgummydeposit.  Althoughnotincludedasasecondary
standard, waterwithahardnessabove120mg/LasCaCOisconsideredhardwater.   3

AsshownonTable2, thedrinkingwaterfromRamsey’swellsisconsideredhardwithahardness
rangingfrom211mg/Lto280mg/L. 

3.4EmergingContaminants
TheUSEPAusestheContaminantCandidateList (CCL) andtheUnregulatedContaminant
MonitoringRule (UCMR) toscreenpotentialcontaminants forfurtherregulation.  TheCCLand
UCMRarediscussedinthefollowingsections. 

3.4.1ContaminantCandidateList
TheUSEPAmaintainsaContaminant CandidateList (CCL) forcontaminants thatmayneedto
beregulated, whichispublishedeveryfiveyears.  ThecurrentCCLincludes97chemicalsor
chemicalgroupsand12microbiological contaminants, andcanbeseeninAppendixCalongwith
theotherpublishedCCLs. Thelistincludeschemicalsusedincommerce, pesticides, biological
toxins, disinfection byproducts, andwaterbornepathogens. Thecontaminantsonthelistarenot
currentlyregulatedbyexistingPrimarydrinkingwaterstandards.  Itshouldalsobenotedthatthe
USEPAreviewsexistingregulatedcontaminants.  Ifexistingstandardsaremodified, theyare
typicallylowered (i.e. arsenic) andnotraised.   

3.4.2UnregulatedContaminantMonitoringRule
AlongwiththeCCL, UCMRisusedbytheEPAtocollectdataforcontaminants thatare
suspectedtobepresentindrinkingwater, butdonothavehealth-basedstandardssetunder
SDWA.  Occurrencedataarethenusedtodeterminewhetherparticularcontaminants shouldbe
regulatedintheinterestofprotectingpublichealth.  MonitoringunderUCMRisconductedevery
fiveyearsfornomorethan30contaminants, andisrequiredforallcommunitywatersystems
over10,000people, andforarepresentative sampleofsystemswithpopulations lessthanor
equalto10,000people.  Selectionofcontaminants tobemonitoredisdetermined through
existingprioritizationprocesses, includingcontaminantspreviouslymonitoredunderUCMR, and
theCCL.  Othercontaminantsofinterestmayalsobechosen.  SincethepromulgationofUCMR,  
therehavebeenfourroundsofsamplingwiththefourthround (UCMR4) currentlyunderway.   
AmongthefourroundsofUCMRsampling, someofthecontaminants include: 

Pesticides

VolatileOrganicCompounds (VOCs) 
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SyntheticOrganicCompounds (SOCs) 

Metals

Hormones
FlameRetardants

Perfluorinated Compounds (PFAS) 

DisinfectionByproducts
CyanotoxinChemicals

Otherchemicalsusedinindustrialandmanufacturing practices

Themajorityofthesecontaminants arefromanthropogenic, orhumanactivity, sources, andthus
necessitates theneedtobevigilantinprotectingCity’swellsfrompollution.  Asdiscussedfurther
inChapter5, theCity’swellsarewellprotectedfromanthropogenic pollution, butcontinued
safeguardingofthewellswillbecrucialinpreventinganewcontaminant intheCity’sdrinking
watersupplythatrequirestreatment. 

Althoughitisn’tpossibletopredictwhatcontaminants willberegulatedinthefuture, having
flexibilityinatreatmentsystemisimportanttoprovidetreatmentoptionsforpossible future
contaminations, newregulations forcontaminants, andastestingabilitiescontinuetoimprove.   

4WaterDemand
Ramsey’saveragedailywaterdemandfrom2009to2019rangedfrom1.6to1.9milliongallons
MGD). Themaximumdailydemand, usuallyoccurringduringsummermonthsduetolawn

wateringandothernon-consumptiveuse, rangedfrom4.1to5.5MGD.  

TheprojectedannualaveragewaterdemandfortheCityisexpectedtoincreaseto3.5MGDand
uptoaprojecteddailymaximumof10.3MGDintheyear2040. Alistoffuturewaterprojections
fromtheCity’sWaterSupplyPlanisincludedbelow. 

Table8 – ProjectedWaterDemands

ProjectedProjectedProjected ProjectedMaximumYearTotalPopulation AverageDaily DailyDemand (MGD) PopulationServedDemand (MGD) 

202027,55013,9211.85.3
202530,45018,5472.47.0
203033,35022,9873.08.7
204039,15026,9883.510.3

4.1AdequacyofExistingWaterSupply
Asdiscussed inSection1.2, ifacentralwatertreatmentplantisconstructed, WellsNo. 1and2
willnotlikelybeconnectedtothewatertreatmentplant.  Theexistingfirmcapacitywithout
consideringWellsNo. 1and2is4,850gpmor7.0MGD.  Table8predictsthatRamseyhas
sufficientfirmcapacitywithoutWellsNo. 1and2throughtheyear2025.  Whenmaximumday
demandsreach7.0MGD, Ramseyshouldconsiderdrillinganotherwell.   
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Bytheyear2040, Ramseywillneed10.3MGDinfirmcapacity.  Toprovidethiscapacitywithout
usingWells1and2, anadditional3wellswillbeneededby2040 (assuming850gpmperwell).    

5Groundwater Availability
TheCityofRamseycurrentlyutilizesgroundwater asitsexclusivesourceofdrinkingwater.  For
planningpurposes, theCityneedstounderstandwhethergroundwater cancontinuetoprovide
existingandfuturewaterdemands.   

5.1DescriptionoftheHydrogeologicalSetting
Thefollowingsectionsdescribethehydrogeology (groundwater) inRamsey.   

5.1.1SurficialHydrogeologicalSetting
Thesurficialgeologyintheregionisprimarilyassociatedwitherosionalanddepositionalglacial
eventsduringtheQuaternaryPeriod.  Surficialaquifersthroughout thisregionhavehighly
variableaquiferproperties. TheMetropolitanCouncilclassifiestheseashavingamoderate to
highwateryieldforpotableuse; however, itisoftenchallengingtoidentifythelocationsforthe
mostproductiveunitswithsomeareasproviding littleornoyieldforwatersupply. Dependingon
thelocation, thepresenceoffinergrainedunitsthatcanactasconfininglayerwillaffectwater
rechargeratestotheseaquifersandlimitthequantityofwatertheseaquiferscansupply.  
Surficialaquifersareoftenthefirstaquifertoberechargedandthuscanbemorevulnerableto
contamination. Therefore, theoverallwaterquantityandqualityisdescribedbytheMetropolitan
Councilasvariable.  

5.1.2BedrockHydrogeologicSetting
Thebedrockunderlying theCityofRamseyandsurroundingareasconsistsofPrecambrianto
OrdovicianagePaleozoicsedimentarystrataoverlyingPrecambrianagebasementrock. While
variationandextentofbedrockaquifersoccur, ingeneralfiveregionalaquifersaredescribedand
supportmuchofthepotablewaterfortheTwinCitiesregion, fromoldesttoyoungest: (1) Mt
Simon-Hinckley (2) TunnelCity-Wonewoc (3) PrairieduChien-Jordan (4) St. Peter, and (5)  
Quaternaryaquifers. Theseaquifersarehydrologically disconnectedbyavarietyofinterbedded
confininglayers. Regionalaquiferscanalsobesubdividedfurther; forexample, theTunnelCity- 
WonewocAquifermaybebehydraulically disconnectediftheLoneRockFormation (ofthe
TunnelCityGroup) actsasaconfiningunit.  Primarylithology, andhydrogeologic designations
aresummarizedinthetablebelow, fromoldesttoyoungest, forthearea. 

Regionallyotherbedrockaquifersexistthatarenotlistedabove, thefollowingareaquifers
presentwithintheCityofRamseyarea. Theseaquifersarediscussedindetailinthefollowing
sections. Throughout theCityofRamsey, TheTunnelCitygroupistheuppermostBedrockunit
meaningtheStLawrenceandJordanSandstoneisonlysparselypresent. AbovetheseBedrock
unitsareunconsolidated sedimentdiscussedinsectionsabove.  
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Table9 – BedrockAquifers

PrimaryGeologic ApproximateAgeHydrogeologic PrimaryRegionalLithologyFormationThicknessDesignation

Hinckley Pre- QuartzosesandstoneoverlyingtheAquiferNotAvailableSandstoneCambrianPrecambrian bedrock
QuartzsandstonethatcontainsMtSimon Middle ~ 200to336Aquiferinterbedded siltstoneandveryfineSandstoneCambrianft sand. 

MiddletoEauClaire Finegrainedsandstone, siltstoneandUpper Confining ~ 60to90ftFormationshale. Cambrian
Wonewoc Upper VeryfinetoverycoarsegrainedAquifer ~ 50to60ftSandstoneCambrianSandstone.  

LowerismassivelybeddedveryfineTunnelCity Upper Aquifer / ~ 150to180 tofine-grainedsandstone; upperisGroupCambrianConfiningft coarsegrainedsandstone. 
StDolomiticsiltstonewithinterbeddedUpperLawrence Confining~ 38to59ftveryfinegrainedsandstoneandCambrianFormationshale.  

Jordan Upper UpwardsequenceoffinetocoarserAquifer~ 85to100ftSandstoneCambriangrained sandstone.  

5.1.2.1JordanAquifer
TheJordanAquiferisgenerallyconsideredtobehydrologically connectedtothePrairieDu
ChienUnit. However, asevidentfromthegeologicbedrockmap (Figure2inAppendixD) the
PrairieDuChienUnitwaseithernotdepositedorhasbeenentirelyerodedthroughmuchofthis
area. Thethicknessandpresenceofthisaquiferthroughthisareaisscarceandlaterally
disconnected. Wherepresent, WithintheCityofRamsey, theJordanSandstonethickness is
minimalataround20-30feetandappearsheavilyeroded. Quaternarydepositsdirectlyoverlay
thisunitandtheJordanSandstone islikelyrechargedbythesedeposits.  

5.1.2.2Wonewoc / TunnelCityGroup
TheTunnelCityGroupandtheunderlyingWonewocSandstone (formerlyknownasthe
Franconia-Ironton-GalesvilleAquifer) supplywaterformuchoftheNorthwestMetroregion.  
PresenceandthicknessoftheTunnelCityisdepictedonFigure6inAppendixDandforthe
WonewoconFigure8inAppendixD. AreaswheretheAquiferisnotpresentprimarilyoccur
withinbedrockvalleyswherepreviousstreamsandsurfacewaterfeaturescarvedawaythe
bedrockunit. AlargeunconformityoftheWonewocSandstoneisdepictedwithinAnokaCounty
whereheavyerosionofthisunitappearstohavetakenplacepriortothedepositionoftheTunnel
CityAquifer. ThisareaisdepictedwheretheWonewocaquiferthicknessthinsorisnotpresent
Figure8inAppendixD). Potentiometric surfacesofthisunitsaredepictedonFigures7in

AppendixDfortheTunnelCityandFigure9inAppendixDfortheWonewocSandstone.  
Potentiometric surfaceswerecreatedbytheMinnesotaGeologicSurveyandprovidearough
estimateforwaterelevationsforaproposedwellwithintheseunitsandtheirgroundwater flow
direction.  
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TheMetropolitan CouncilgenerallydescribestheproductivityoftheTunnelCity – Wonewoc
Aquiferasvariable. Yieldstendtobemoderatetolowwithsomeofthehighestyieldsreported
wherebedrockunitsarehighlyfractured.  

5.1.2.3Mt. Simon-HinckleyAquifer
TheMountSimon-HinckleyAquiferisgenerallydescribedbytheMetropolitanCouncilasahigh
tomoderateyieldaquifer. NewhighcapacitywellsaregenerallynotpermittedbytheMinnesota
DepartmentofNaturalResourcesasusehasbeenrestrictedbyMinnesotaLaw, thereforeitis
notdiscussedinthisreportingreaterdetail.  

5.1.3RamseyMunicipalWells
TheCityofRamseywellfieldsarecomprisedof8wells. Wells1and2arelocatedinthe
southeastern portionofcitylimits, whileWells3 – 8arelocatedinthesouthcentralportionofthe
City. TheCityofRamseycurrentreceivesallofitspotablewaterfromtheTunnelCity-Wonewoc
aquifer. ThewelllocationsaredepictedonFigure1inAppendixD. Thesewellsaredetailedin
thetablebelow. 

Table10 – RamseyWellData

TotalCasingCasingWellUniqueDate AquiferDepthDepthDiameterNo.WellNo.Constructed ft)( ft)( in) 

TunnelCity1161441198432324314Group
TunnelCity2416183198732024014Group
TunnelCity- 3580306199734522230 x24Wonewoc
TunnelCity- 4580313199832119130 x24Wonewoc
TunnelCity- 5593672200031621530 x24Wonewoc
TunnelCity- 6706840200539028230 x24Wonewoc
TunnelCity- 7743832200733221630 x24Wonewoc
TunnelCity- 8743833200735424530 x24Wonewoc

5.1.4DailyVolumeofWaterPumped
TheMinnesotaDepartmentofNaturalResources (MnDNR) permitshighcapacitywellsand
recordstotalwaterusewithinwellsdeemedtobehighcapacity. AlloftheCityofRamseywells
areconsideredhighcapacitywellswithanapprovedMnDNRappropriation permit. Allyearly
wateruseisrecordedwithinMnDNR’sWaterPermittingandreportingsystem (MPARS).  
Additionally, TheCityofRamseyhasanapprovedWaterSupplyPlan (ThirdGeneration for
2018-2028).  
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TheCityofRamseycurrentlypreferentiallyutilizeswellsfromtheirsouth-centralwellfieldthat
includeswells3 - 8. CityWells1and2aretothesoutheastoftheprimarywellfieldandhasa
decreasingutilization rate. WelllocationsaredepictedonFigure1inAppendixD.   

AsdiscussedinSection4, theaveragedailywaterdemandfrom2007to2017rangedfrom1.62
to1.92milliongallons (MGD). Themaximumdailydemandrangedfrom4.1to5.5MGD. The
projectedannualaveragewaterdemandfortheCityisexpectedtoincreaseto3.5MGDandup
toaprojecteddailymaximumof10.2MGDintheyear2040.  

5.1.5AquiferResponsetoWellPumping
Aquiferresponsetowellpumpingcanbemeasuredinmanyways. Themostcommonand
observablemeasurement withinawellisthroughmeasurementofthedrawdown, orchangein
staticwaterlevels, andalsothroughcalculatingthewellspecificcapacity. Thesemeasurements
helptoquantifywaterusewithinawell. Asawellcontinuestopumpitcreatesaradiusof
influencewherenearbywaterisdrawndownintowhatiscalledaconeofdepression. This
correlatestowellinterferenceandcanhaveacombiningeffectwhenmultiplehighcapacitywells
arepumping.  ThesetermsarediscussedintheMinnesotaDepartmentofHealthpublication, “A
GuidetotheRulesRelatingtoWellsandBorings” (MinnesotaRules, Chapter4725).Theadjacent
imagefromthehandbookdescribesthisterminology. Thefollowingsectionswilldiscussthese
termsindetail. 
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5.1.5.1WellDrawdown
Welldrawdownisthedecreaseofwaterfrom Figure3 – TermsRelatingtoWellPerformance
thebaselinestaticwaterlevel. Itcanalsobe
describedasadecreaseinwaterelevation,  
potentiometric surface, orwaterhead. Asa
wellispumped, drawdownisinducedbythe
removalofavolumeofwaterfromthe
aquifer. Asthewellcontinuestooperateit
canalsocreateanareaaroundthewell
wherewaterisdrawdown. Thisareaof
drawdownisknownasaconeofdepression
ortheareaofInfluencefromapumpingwell. 

Whenawelldiscontinues pumping, waterfrom
surroundingaquiferswillflowintotheareaand
bringwaterlevelsbacktostaticlevels. Pumping
temporarycreatesanareaoflowpotentiometric
waterpressure, andwhenthewellisshutoff
waterwillflowintotheareatobalanceoutthat
changeinpotentiometric surface. Thisisknown
asrecharge, orrecovery. Therecoveryperiod
likethedrawdownisdeterminedbythe
hydrogeological propertiesoftheaquifer.  
DrawdownobservedintheCityofRamseywells
aretypicalforTwinCitiesbedrockaquifers. The
followingchartdepictsadrawdownandrecover

rdthofWell5duringa2dayperiodstartingMay3toMay5in2019.  

Figure4 – Well5DrawdownandRecharge

Well5
DrawdownandRecharge

May3 - May5th
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Atthestartofthisperiod, Well5waterlevelswererecoveringtostaticatapproximately 23feet
rdbelowgroundsurface. Pumpingcommencedat15:15onMay3andcontinuedforthenext18

hours. Initialdrawdownorinstantaneous drawdownisdepictedbythestepincreaseindrawdown
from16:51to18:27. Waterlevelsoverthisperiodfell80feet. Waterlevelsoverthefollowing18

rdhoursdecreasedanother40feet. Thewellceasedpumpingat10:30onMay3andrechargeto
theaquifertook17hourstoreturntostaticwaterlevels.  

Currentwellpumpingandratesofrechargeappeargoodwiththeaquiferbeingabletorecharge
watertostaticinarelatively lowperiodoftime.  

5.1.5.2WellDrawdownandAvailableHead
Waterlevelsfromthesourcewateraquifer, theTunnelCity-WonewocAquifer, aremuchhigher
thanthetopographicelevationofthetopofbedrock. Thisscenarioisknownasaconfined
aquifer, wherethepotentiometric surface, orwaterhead, ishigherthanthetopographic location
oftheaquifer.  

Presently, waterquantitythroughout theregionisgoodandtherearenoregulationsactively
beingenforcedonpumpinglevelswithinawell. Wellinterferenceandlongtermgroundwater
trendsthroughpumping/drawdownisconductedonacasebycasebasisbytheMinnesotaDNR
ifaproblemarises.  

Typicallyitisnotagoodideatodrawdownwaterlevelsinaconfinedaquiferbelowthetopof
bedrockasitcanintroduceoxygenintotheformation. Additionally, waterlevelsshouldstay
sufficientlyabovethespecificationsofthewaterpumpdesign. 

Forconfinedaquifers, theMinnesotaDNRhasestablishedatwo-tieredaquiferprotection
thresholdsystemtoensurethelong-termviabilityofthepumpedaquiferandtoprevent
exceedanceoftheaquifersafeyieldasdefinedbyMNRule6115.0630DefinitionsSubps.15and
16. Thesethresholdsallowforappropriation fromtheaquifer, butestablishesminimumwater
levelelevationstobemaintainedasasafeguardtoprotectthestructuralintegrityoftheaquifer
itself. Thresholdelevationsaresetinobservationwellscompletedinthesourceaquiferandnot
pumpedwells.  

Thefirstthresholdissetatanelevation thatis50% ofthepre-pumpingavailablehead
abovethetopoftheaquifer. Ifwaterlevelsdroptothe50% threshold, pumpingwillneed
tobeevaluatedandapossiblereductioninrateandvolumemayberequired.   
Thesecondisawaterlevelelevationassociatedwith25% ofthepre-pumpingavailable
headabovetheaquifer. Atthe25% threshold, pumpingwouldneedtoceasetoprevent
exceedingthesafeyieldfortheartesianaquifer.   
Ifmorethanoneaquiferisimpactedbypumping, thenthresholdsaresetsimilarlyinthe
otheraquifers. 

Thetablebelowdepictsthestaticwaterlevelandtheapproximate availableheadabovetopof
aquiferintheCityofRamsey’scurrentmunicipalwellstakingaccounttheMinnesotaDNR50%  
and25% thresholds.  

FEASIBILITY STUDY- DRAFTRAMSY 154354

Page 18



Table11 – DrawdowninRamseyWells

ApproximateApproximateApproximateTotalCasingStaticWaterWellUniqueDrawdowntoDrawdowntoDrawdowntoDepthDepthLevel DepthNo.WellNo. Topof 50% 25% ft)( ft)( ft) Aquifer (ft) threshold (ft)threshold (ft) 

11614413232439.5233.5116.75175.1
24161833202409.5230.5115.25172.8
35803063452222619698147
45803133211911817386.5129.7
55936723162152519095142.5
670684039028237245122.5183.7
77438323322162519195.5143.2
874383335424515230115172.5

TheseMnDNRthresholdvaluesareapproximateasanobservationwellhastobeestablishedby
theMnDNRforbaselinewaterelevations; however, thetableaboveprovidesanestimatefor
whichthecityshouldmanagewaterlevels. 

5.1.5.3WellSpecificCapacity
Wellspecificcapacityistherateofpumpingperunitofdrawdownexpected. Thisisgenerally
expressedasgallonsperminute (GPM) perfootofdrawdown. AlloftheCityofRamseywills
experienceasharpinitialdisplacementofwaterasthewellsareturnedon (asseeninWell5
drawdownexampleabove). Forthepurposeofthisreport, thisinitialdisplacement wasnot
considered inthecalculations forWellSpecificCapacityinordertogiveamoreaccurate
depictionofhowtheaquiferwillrespondoncestabilizedtovariouspumpingrates.  

WellSpecificCapacity fortheCityofRamseywasdeterminedtobeapproximately 30 – 40GPM /  
ftafterinitialdisplacement. Thisindictsa30 – 40GPMincreaseinpumpingratewillincrease
totaldrawdownbyafoot. TheSpecificCapacitywasestablishedanalyzingthefollowingrecent
resultsfrompumping. 

5.1.6BedrockHydrogeologicSensitivitytoPollution
Waterqualityforbedrockaquifersaregenerallyafunctionofrechargeratesforwateroriginating
fromsurficialwaters, orpercolationfromdirectprecipitation, thatmaycarrycontaminants.  
Aquifersgenerallyflowfromareasofhighpotentiometric conditionstoareasoflowpotentiometric
conditionswhichcanbeinfluencedbysurfacetopography, bedrocktopography, WellInfluence,  
andthehydraulicpropertiesofthegeologicunits.   

Theareasofhigherpotentiometric conditionsoftencorrespondtorechargeareasorwherewater
enterstheaquiferand, asaresult, arethemostsusceptible todistributingsuchcontamination to
thebedrockaquifer. Rechargeareasmayhavevariablerechargeratesandmayevendecrease
becauseofthepropertiesofthematerialinwhichitflows. Confiningunits, formationsprimarily
madeupoffinegrainedmaterial, reducegroundwater flowratesandprovidemoregeologic
protection. Geologicprotectioncanbedescribedincategoriesastohowquicklywatercan
percolatefromthesurfacetothebedrockfrom ‘Low’ to ‘High’.   
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Figure4inAppendixDdepictbedrockprotection ‘GeologicSensitivity’ forAnokaCounty. While
themajorityofthebedrockaquifersexhibitalowgeologicsensitivitysomeareasaredepicted
withahighsensitivity. Theareasofhighsensitivitydonotappeartocorrespondtospecific
bedrockgeologicconditions.  Instead, highsensitivity ismorelikelyrelatedtowhereconfining
unitshavebeenremovedandwherecoarsegrainedQuaternarysedimentoverliesthebedrock
surface. 

Figure5inAppendixDdepictstritiumsamplestakenwithintheCityofRamsey. Tritiumisa
radioactive isotopeofhydrogenthatcanbeusedtoindicatewaterage. MDHclassifiesyoung
post-1953) water, asindicatedbythepresenceof1TUorgreaterinthewellwater. Tritium

resultsforthesesamplesdepictamixedresult. Thismixedresultsreflectsuncertainty aboutthe
pathwayforyoungwater (containingtritium) toreachthedeeperbedrockaquifers. Althoughthe
presenceoftritiummaybetheresultofacompromised wellcasingallowingsurfacewater
seepage, conservatively, itisassumedthatsomepathwaysmayexist.  

5.1.7WellSpacing
Determining theproperspacingofwellsinArtesianAquifersisabalanceofwelldrawdown, the
abilityofthesurroundingformation torecharge, andfurthereconomicconsiderations (USGS
1961). Ingeneral, thefartheraparthighcapacitywellsarefromoneanother, thelessmutual
interferencewilloccuronthewells. Additionally, theeconomicsofwellspacingneedstobe
weighedagainstthepotentialdrawdownofthewells.  

TheUSGSin1961developedamethodutilizingtheTheisequationforhydraulicstodetermine
expectedwelldrawdownandthesurrounding coneofdepression. Calculationsusingthis
equationwerecompletedtounderstandthehydrogeologyofthisaquifersystem.   

Thefollowingexampledepictsdrawdowninwell8overthecourseof12hourperiodwhilewell7
waspumpingatanAverageof800GPM.  

Figure5 – DrawdowninObservationWell8

Drawdown inObservation Well8
2400feetfrompumping well (Well7) 
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DuringthecourseofWell7pumping, Well8atadistanceof2400feetobservedapproximately6- 
9feetofdrawdown.  

TheTheisequationpredictsaconeofdepressionapproximately 2448feetfrompumpingwell7. 

Theis Equation fortheCityofRamsey
Time = 0.5days

TheisW(u) Function0.752unitless
Drawdown = 6ft

Transmissivity = 11493gpd/ft
PumpingRate = 800gpm

Theisuvariable = 0.390unitless
2r = 4Ttu4S

Storativity = 0.0002unitless

Radiusroundedfor 2400ft
map

Theseresultsindicatethatasinglewellpumpingatcurrentwellfieldspacingdoesnotinduce
mutualwellinterference. This6footconeofdepression isdepictedonFigure11. 

However, complexitiesariseaspresentdayconditionsseetheuseof3 – 5concurrentwells, and
a2040demandincreasinguptoaprojected500% dailymaximumdemand. Inordertomodel
thesescenariosandtheirresultingconeofdepressionsagroundwater modelwasdeveloped. 

5.1.8Model
Thegroundwater flowandconeofdepressioncalculationfortheCityofRamseywere
determinedusinganexistingregionalMODFLOW modelthatwasdevelopedbyBarrEngineering
CompanyfortheMetropolitanCouncil (MetroCouncil, 2014). MODFLOWisa3D, cell-centered,  
finitedifference, saturatedflowmodeldevelopedbytheU.S. GeologicalSurvey (McDonaldand
Harbaugh, 1988; Harbaughetal., 2000).  

MODFLOWwasdevelopedbytheUnitedStatesGeologicalSurveyandispubliclyavailable. The
specificsoftwarecodeusedforthisdelineationwasMODFLOW-2005 (Harbaugh, 2005). The
programhasbeenthoroughlydocumented, iswidelyusedbyconsultants, governmentagencies,  
andresearchersandconsistentlyacceptedinregulatoryproceedings. MODFLOWisalsoan
extremelyversatileprogramcapableofsimulatinggroundwater flowinuptothreedimensions
whileofferingavarietyofboundaryconditionoptions, confinedorunconfinedaquiferconditions
andallowingforverticaldiscretization throughtheuseoflayering. 

TheMetroModelconsistsofninelayersthatrepresentthemajoraquifersandaquitardswithin
theseven-countymetropolitanarea. Theselayersrepresent, fromtoptobottom (youngestto
oldest), thefollowingunits:  (1) surficialaquiferofglacialdeposits; (2) St. PeterSandstoneor
QuaternaryBuriedArtesianAquifer; (3) PrairieduChienGroup; (4) JordanSandstone; (5) St.  
LawrenceFormation (aquitard); (6) TunnelCityGroup; (7) WonewocAquifer, (8) EauClaire
Formation (aquitard); and (9) Mt. SimonSandstone. Theregionalgroundwater modelwas
calibratedtosteady-statewaterlevelsandriverbaseflows. Modelparameterdevelopmentand
errorisdiscussedintheMetroModelreport. 
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Alocalmodellimitedtoanapproximate radiusaroundthecitylimitswasextractedfromthe
regionalseven-countymodelusingtelescopicmeshrefinementwiththeGroundwater Vistas
software. Constantandgeneralheadboundariesaroundthelimitsofthemodelalongwithwells,  
riversandlakes, andinfiltration, providedthemodelboundaryconditions. 

ThemodelgridwasrefinedaroundtheCityofRamseywells. Variablegridspacingwasused,  
rangingfromapproximately2metersneartheCityofRamseywellstoapproximately 500meters
attheedgeofthegrid.  

Priortotheiruseinthedelineations, thefollowingmodifications wereincorporated intherefined
models: 

Localareasofmodifiedhorizontalconductivitywereincludedinthemodel. 

Thepumpingratesforbaseline (nopumping), maximumpresentdayuse, andprojected
2040demandwereinputtedintoscenariosofthemodel. 

Todeterminethewatercontoursoftheaquiferandtheresultingconeofdepressionsmultiple
modelrunsusingmultipleflowrateswereinputtedintothecitywells. Baselineconditionswere
establishedcreatingamodelthatinputnopumpingfromtheCitywells. Thisrepresentsstatic
aquiferwaterlevelswithout influenceoftheCitywells. Waterelevationsfromthisbaseline
conditionisdepictedonFigure12inAppendixD. Theresultsfromthismodelrunareverifiedand
matchMnDNRhydrogeologic atlaspotentiometric surfacepredictionsdepicted inFigure7and
Figure9inAppendixD.  

ThesecondmodelruninputpumpingvaluesfromJune12, 2019topredicttheconeof
depressioncausedfrom8hoursofpumping4wells. Theresultingheadvaluesfromthismodel
weresubtractedfromthebaselinemodel. ResultsfromthiscalculationareshowninFigure13in
AppendixD. ThisFiguredepictstheconeofdepressioncreatedonJune12, 2019. Tocheck
accuracyofthemodelresultsWell3anon-pumpingobservationwellsawwaterlevelsdrop
approximate12-15feetfrombaselineconditions, essentiallymatchingmodeledresults.  

ThethirdmodelrunadjustedJune12, 2019pumpingwellstobeincreasedtoprojected2040
demand. Theresultingconeofdepression isdepictedonFigure14inAppendixD. Results
indicatedalmostdoublethedrawdowndepictedfromthesecondmodelrun. Well3wasagain
inputasanon-pumpingobservationwellandwouldobserve40feetofdrawdownunderthese
conditions.  

5.1.8.1ModelCalibration
Aqualitativeevaluationofthecalibrationcanbemadebycomparingthesimulatedpotentiometric
surface (Figure12inAppendixD) withobservedwaterleveltargetsobtainedfromtheMWI
databaseandMinnesotaDepartmentofNaturalResourcesPotentiometric Surfaces (Figure7
andFigure9inAppendixD). Uponreview, thecalibratedflowmodelgenerallycapturesthemajor
featuresofthegroundwater flowsystemalongwiththeelevation, shape, magnitude, andgradient
oftheMWIdatabaseobservedflowfield. 

Aquantitativemeasurebywhichtoevaluatethesuccessobtainedduringcalibrationisto
comparetherootmeansquareoftheresiduals (RMS) andthemaximumobservedhead
differenceofthecalibrationdataset. Thecalibrationdatasetincludedwaterlevelinformation from
wellsinanapproximate16mileradiusofthecity’swells. Therootmeansquareresidualofthe
calibrationforlayers6and7forthemodelwasapproximately5.15meterswithaNormalized
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RootMeanSquaredof5.0percent. Itisnotedthatthiserrorislessthanthecalibrationtargetof
15percent (Andersonetal., 2015). 

5.2GroundwaterModelingConclusions
TheSourcewateraquiferthattheCityofRamseycurrentlyutilizesisadeep-confinedaquifer
comprisedoftwogeologicunits, theTunnelCityandWonewocAquifers. Throughouttheregion,  
numerousotherunconsolidated andbedrockaquifersexistalongwithsubstantial surfacewater
bodiessuchastheMississippi River. Overalltheareasurrounding theTwinCitieshassubstantial
surfaceandgroundwater resourcestosupportpresentandlongtermportablewater.  

Atpresent, thereisnoreasontoassumethatthecurrentsourcewateraquiferfortheCityof
Ramseywillnotbeabletosupplypotablewaterfortheforeseeable future. TheCityofRamsey’s
sourcewateraquiferandwellsareabletomeetpresentdaydemandandappeartohavea
noticeablebuttemporaryradiusofinfluenceonthesurroundingaquifer.  Thewellsareableto
supporthighpumpingrateswithspecificcapacityshowingacceptabledrawdownalongside the
aquifer’sabilitytorechargetostaticlevelswithinadayofpumping.  

TheCityofRamseywillneedtobalancewaterdemandwithdrawdowntomeetMinnesota
DepartmentofNaturalResourcesdrawdownthresholdsdescribedinMNRule6115.0630
DefinitionsSubps.15and16. Twothresholdsareinplaceandregulatethatwellsmustnot
drawdownMnDNRassignedstaticwaterlevelstowithin50% and25% tothetopofaquifer.  
ThesethresholdvaluesaresetbyaMnDNRobservationwellandwouldtypicallybeenforcedif
longtermissuesareobserved. Thresholds fortheCityofRamseycouldbecomeaconcernif
thereisextendingpumpingwithinasinglewellorpumpingbymultiplewellsincloseproximity.  

Insummary, thesource water aquifer fortheCityofRamsey should continue toproduce
potable water tomeet present andforeseeable future demands; however, theCityof
Ramsey should planadditional well sites toensure static water levels remain sufficiently
above topofaquifers tomeetMnDNR thresholds.  

SinglewellpumpingfortheCityofRamsey, asdepictedbyRamseyWell5inMay, 2019saw
approximately 90to100feetoftemporarydrawdown. Thisobserveddrawdownnearsthe
MnDNR50% threshold; however, thepumpingextendedmultipledaysandrechargedwithinthe
sametimeperiodbacktostaticlevels. Thissupportstheabilityofthewellstosupplycontinued
waterandabilitytostaywithinprescribedStateStatute.  

Asinglewellalsocreatesaradiusofinfluencedrawingdownadjacentwaterlevels. Thezoneof
influenceforasinglewellwasobservedandmodeledtobeapproximately twotothreethousand
feet, meaningthatasinglewellpumpingatapproximately 800feetwillnotcauseasignificant
drawdowninanotherwell. Whenmultiplewellsarebeingutilizedsuchasunderheavyday
demandorunder2040conditionsthemodeledandobserveddrawdowninnearbywellsseesa
substantialdropinstaticwaterlevelsfromthatofasinglewellpumping. Modeleddrawdown
duringpresentheavydayconditionsdepict30-40feetofdrawdownapproximately1,500feet
aroundthewellfield. Afterpumpingstops, theaquiferwillrechargetostaticlevelswithinoneor
twodays. Ingeneral, itappearsnewwellsitesshouldbespacedatleast1,500to2,000feet
awayfromexistingwellstoensureapumpingschemethatgivestheaquifersufficienttimeto
recharge.  

FuturewellsitesshouldattempttobalancetheCity’scurrenteconomics, wellspacing, andtake
intoaccounttheunderlyinggeology. TheCityofRamseyshouldcontinuetoutilizethecurrent
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sourcewateraquiferforbothawaterquantityandawaterqualitystandpoint. Thesourcewater
aquiferisunderneathprotective “confining” unitsthatappeartoinhibittheinfluenceofnewwater
frombriningcontaminants totheCity’swellsandwilllikelyproduceconsistentwaterquality
unlikelyunconfinedsourcessuchassurfacewaterthatmayhaveahighlyvariablewaterquality. 

Additionalconsiderations forwellSitesshouldtakeintoaccountthethicknessofthetwo
hydrogeologic unitsthatmakeupthesourcewateraquifer. TheTunnelCityisnotasprolificas
anaquiferastheWonewocAquifermeaningthattheWonewocaquiferismoreeconomical
sourceofwater. Figure15inAppendixDdepictsthreepotentialwellsitestakingintoaccount
theseissues. WellSiteAreaAhasTunnelCityAquiferthicknessrangefrom100to150feetand
WonewocThicknessrangefrom45to60feet. WellSiteAreaBhasTunnelCityAquiferthickness
rangefrom0to80feetandWonewocThicknessrangefrom35to100feet. WellSiteAreaChas
TunnelCityAquiferthickness rangefrom90to100feetandWonewocThicknessrangefrom15
to35feet. Allofthesesiteshavepotentialforpotablewatersourcesbutatestwellwillneedtobe
installedtoconfirmtheirviability. Asopportunities toinvestigate thesewellsitespresent
themselves theCityofRamseyshouldconsidertheseaspotentialwellsites.  

6Regional WaterSupplyStudy
MetropolitanCouncilEnvironmental ServicesinconjunctionwiththeCitiesofRamsey, Dayton,  
Rogers, andCorcoranpreparedastudyin2020thatlookedatvariousoptionsforaregional
watersystem.  SEHwastheconsultingengineerontheproject.  TheNorthwest Metro Area
Regional WaterSupply SystemStudy (Study) evaluated fourapproaches towatersupply: 

Approach1: RegionalSurfaceWaterTreatmentPlant
Approach2: RegionalLimeSofteningGroundwater TreatmentPlant

Approach3: RegionalConjunctiveUseSystem (SurfaceWaterAugmentedwith
Groundwater) 

Approach4: StatusQuo (communities construct individual limesofteninggroundwater
treatmentplants) 

Sothatsimilartreatedwaterqualitieswerebeingevaluated, Approach2andApproach4
assumedthatthecommunities wouldconstructlimesofteninggroundwater treatmentplants.  A
potentialdriverultimatelyrequiringlimesoftenedgroundwater ortheuseofsurfacewaterisa
chloridedischarge limitinwastewater.   

Afindinginthereportasitrelatestosurfacewatertreatment inthevicinityofRamseywasthat
TheMississippi Riverhassufficient waterquantity toservetheNorthwest Metrocommunities.   

Thewaterquality intheMississippi Riverappears tobeacceptable foraconventional surface
water treatment plant.  St. Could, St. Paul, andMinneapolis utilize theMississippi Riverastheir
sourceofdrinking water.” 

Thecapitalcostofasurfacewatertreatmentplantissignificantlyhigherthananironand
manganesegroundwater treatmentplant.  Basedoncostspresentedinthereport, theproject
costfora10MGDsurfacewatertreatmentplantwouldbe $50millionormore.  Inaddition, the
OperationandMaintenance costsoftreatingsurfacewaterisapproximately twiceashighasiron
andmanganese treatment.   

Itshouldbenotedthatasurfacewatertreatmentplantcouldprovidesoftenedwatertothe
residentsofRamsey; whereasanironandmanganese treatmentplantwouldnotprovide
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softenedwater.  However, residentsthatareconcernedabouthardwaterarelikelyalready
softeningtheirwaterwithahomesoftener.   

Asofthepreparationofthisreport, theStudywasstillindraftform.  WhentheStudyiscomplete,  
itwillbeavailabletothepublicontheMCESwebsite.  Thecitationforthereportis: Metropolitan
Council. 2020. Northwest MetroAreaRegional Water Supply System Study. Prepared byShort
ElliottHendrickson Inc. Metropolitan Council: SaintPaul. 

Becauseithasbeendemonstrated thatRamseyshouldhavesufficientgroundwateravailableto
meetfuturedemands, asurfacewatertreatmentplantisnotrecommendedatthistime.  A
potentialRamseygroundwater treatmentplantwillbelocatedcloseenoughtotheMississippi
Riverthatitcouldbeconvertedtoasurfacewatertreatmentplantinthefutureifitbecame
necessary.  Itisrecommended thatsurfacewaterfeaturesbedesignedintoapotentialwater
treatmentplant.  Theadditionalcostofthesurfacewaterfeaturesisapproximately $250,000.   

7WaterTreatment
Toremovemanganese, iron, orhardnessfromRamsey’sdrinkingwater, awatertreatment
facilitycouldbeconstructed.   

7.1CurrentandFutureTreatmentNeeds
ManyofRamsey’swellsarehighinmanganese, whichhasnecessitatedasolutiontoreducethe
levelsduetoitshealthconcerns.  Ramsey’swaterisalsohighinironandhardness.  Ramsey’s
waterotherwisemeetsalloftheprimaryandaestheticdrinkingwaterstandards.   

Manganeseandironcanberemovedwithoxidationandsandfiltrationasdiscussedinthepilot
studyinAppendixE.  HardnessremovaloptionsarediscussedinSection7.5.   

Futuretreatmentrequirementswilldependupontheclassofcontaminantbeingtreated.  Volatile
chemicalscantypicallyberemovedusinganaerator (i.e. gasolineconstituents, trichloroethylene
TCE\], radon, hydrogensulfide, etc.).  Someorganicchemicalmayberemovedusinggranular

activatedcarbon (potential tasteandodorcausingcontaminants).  Itmayalsobepossibletoadd
chemical feedsystemstoremovenewcontaminants usingsandfilters (i.e. arsenic, radium).  Ifit
isnotpossibletoremovethecontaminantsbyvolatilization, carbonfiltration, orsandfiltration,  
membranefilterscouldbenecessary (i.e. reverseosmosis).  Itshouldbenotedthatsand
filtrationistypicallyrequiredaheadofmembranefiltersbecause ironandmanganesecauses
foulingonthemembranes.   

Inadditiontopotential futurecontaminants, awatertreatmentplantcouldbedesignedwith
featuresthatwouldallowittobeconvertedtoasurfacewatertreatmentplantinthefuture.  One
ofthesefeaturewouldbefilter-to-wastepipingandvalves.  Filter-to-wastepipingisrequiredfor
surfacewatertreatment, butnotgenerallyusedwithgroundwater treatment.   

Ultimately, havingatreatmentfacilitythatisflexibleandcanberetrofittedtomeetnewpotential
requirements isveryimportant.   

7.2TreatmentCapacity
AsdiscussedinChapter4, themaximumdaydemandrangedfrom4.1to5.5. MGDinthelast10
years.  Whiletheoverallmaximumdaywaterdemandhasbeenflatinthelast10years, the
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maximumdaydemandnearlytriplestheaveragedaydemand.  Theprojected2040maximum
daywaterdemandis10.3MGD.     

Therecommended capacityofawatertreatmentplantforRamseyis10MGDundernormal
conditionswiththeabilitytooperateupto15MGDforshorterperiods.  ThiswillallowtheCityto
comfortably treatmaximumdaysthrough2040andpossiblybeyond.   

7.3ManganeseandIronRemovalOptions
Themostcommonandmostcosteffectiveoptionformanganeseandironremovalischemical
oxidationfollowedbysandfiltration.  Ingroundwater, themanganese andironionsarein
solution.  Whenastrongoxidantisaddedtothewater, itconverts themanganeseandironto
filterablesolids.   

Theoxidantthatisaddedforironoxidationistypicallyoxygenviaaerationorchlorine.  The
chemicaloxidantthatisaddedformanganeseoxidationistypicallysodiumpermanganate.   
Chlorineisalessexpensivechemicaloxidant, butthereactionwithmanganeseistooslowtobe
usedinafiltrationprocess.  Optionsforgravityandpressurefiltrationarepresented laterinthis
chapter. 

Otheroptionsforironandmanganeseremovalarechemicaloxidationfollowedbymembrane
filtrationorreverseosmosis.  Bothoftheseoptionsareveryexpensivefromacapitalcostand
operationsandmaintenance standpointandarenotbeingconsidered further.   

7.4HardnessRemoval
Hardnessinwateriscausedbyexcesscalciumandmagnesiumionsinthewater.  Hardwater
causesscalingonfixturesandcanplugpipes.  Hardnesscanberemovedfromwaterona
municipalscalebylimesofteningorionexchangesoftening.   

7.4.1LimeSoftening
LimesofteninginvolvesaddinglimetowatertoraisethepHtoapointwherethecalcium
carbonateisnolongersolubleinthewater.  Byformingcalciumcarbonateprecipitate; the
calciumcanberemovedbyfiltration.  Alimesofteningwatertreatmentplantrequires
sedimentation, clarification, andfiltrationandisveryexpensive.  Thecapitalcostofalime
softeningwatertreatmentfacilityforRamseycouldbeasmuchas $50million.  Theoperation
andmaintenance (O&M) ofalimesofteningwatertreatment facilitywouldalsobesignificantly
morethananironandmanganeseremovalwatertreatmentfacility.  HigherO&Mforalime
softeningplantisduetoalargerfacilityandmorechemicalprocesses.  Itshouldbenotedthata
limesofteningwatertreatmentplantwouldalsoremovemanganeseandiron, andwouldnot
requireaseparatetreatmentprocess. 

DuetothehighcapitalandO&Mcostsassociatedwithalimesofteningwatertreatmentplant, it
isnotrecommended fortheCityofRamsey. 

7.4.2IonExchangeSoftening
Ionexchangesofteninginvolvesexchangingcalciumandmagnesium ionsforsodiumionswith
anionexchangeresin.  Thisisexactlythesameprocessthatisusedinahomewatersoftener.   
Toregenerateanionexchangesoftener, theresinisflushedwithaconcentrated solutionof
brine.  Thisregeneration processuseslargequantitiesofsalt.  Amunicipal ionexchangewater
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softeningsystemtreating3.5MGD (Ramsey’s2040averagedaydemand) woulduseasmuchas
6tonsofsalteveryday. 

Thecapitalcostofaddinganionexchangewatersofteningtreatmentprocesstoanewwater
treatment facilitywouldbeapproximately $5million.  Thiscostwouldbeinadditiontoanironand
manganeseremovalwatertreatmentplant. 

Theoperationcostforsaltandwastedwaterforanionexchangesofteningprocessis
approximately $500permilliongallonsofwatertreated.  Thisisindependent ofwhetheritisdone
bytheCityorbyaresident.   

Anion-exchangesofteningprocesswouldaddapproximately3tonsofchloridetothewastewater
systemwhichisultimatelydischargedtotheMississippiRiver.  WhiletheMCESMetro
WastewaterTreatmentPlantcurrentlymeetsitsdischargelimits, chlorideshavereceivedmore
regulatoryscrutinyrecently.  Operatingamunicipalscaleionexchangesofteningprocessmay
becomelessfeasibleinthefutureduetochlorides inwastewater.  Inaddition, municipalscaleion
exchangesofteningmightnotbeconsideredenvironmentally responsible.  Duetothehigher
operationandmaintenance costs, potential futureregulations, andenvironmental responsibility,  
anion-exchangesofteningprocessisnotrecommended. 

7.5PilotStudyResults
ApilotstudywasperformedbyJohnThomofSEHofRamsey’swaterinJanuary2020.  ThePilot
StudyReportisincludedinAppendixE.  Theobjectivesofthepilotstudyweretoevaluatethe
effectivenessofdetentiontimepriortofiltration, andtodeterminetheoptimalfiltermedia.   

Thepilotstudyfoundnosignificantdifferencebetweendirectfiltrationandutilizing30minutesof
detentiontimepriortofiltration, andfoundnosignificantdifferencebetweenthesilica
sand/anthraciteandgreensand/anthracitefiltermedia.  Becausethemanganeseoxidecoatingon
manganesegreensand filtersishelpfulformanganeseremoval, greensand/anthracite filtermedia
isrecommended.   

7.6FilterSizing
Therequiredfilterareaisdeterminedbydividingthenominalfiltrationcapacitybyafluxrate

2filtrationrate).  TenStatesStandardsrequiressandfiltrationratesfrom2to4gpm/ft.  Because
therequiredfiltrationcapacityis10MGDundernormaloperatingconditions, thefacilitywillbe

2designedfor10MGDat2gpm/ ft.  Therefore, if15MGDisnecessaryforshortperiodsoftime,  
thefiltrationratewillstillbeintheacceptable range.  Withacapacityof10MGDandafiltration
22rateof2gpm/ ft, itisnecessarytohave3,200ftoffiltermedia.  Tohavereasonable backwash

ratesandoperational flexibility, thiswillbebrokenintoeightfilters.   

7.7OperatorInput
RamseyoperatorsandCityStafftouredexistingwatertreatmentplantsinAndoverandBrooklyn
Centeraspartofthisfeasibilitystudy.  Operatorfeedbackfromthetourswasgatheredand
incorporated intothebuildinglayoutsdiscussedinthefollowingsections.  
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7.8TreatmentAlternative1 - GravityFilterLayout
7.8.1General

Inanironandmanganesegravityfiltrationsystem, watertobefilteredispumped, underlow
pressure, tothetreatmentfacilitywhereitflowsbygravitythroughthevarioustreatment
processes.  Followingtheoxidationprocess, thewaterflowsthroughthefiltercellsfromtopto
bottom.  Asthewaterpassesthroughthefiltermedia, theinsolubleparticlesofironand
manganeseareremoved. 

Asmoreandmorewaterisfiltered, therestrictiontoflow, createdbytheaccumulationofironand
manganesesolidsonthemedia, steadilyincreases.  Inagravityfacility, thisrestrictiontoflow,  
calledhead, ismeasuredinfeetofwaterdepthinthefiltercells.  Asthesolidsaccumulate, the
depthofwaterinthefiltercellsincreases.  Duetothephysicalnatureofagravityfilter, whenthe
depthofwaterinacellreachesitsmaximumdesignedhead (highwaterlevel) backwashing is
required.  Failuretobackwashatthepropertimecouldresultinthefilteroverflowingorpoor
effluentwaterqualitybeingproduced.  Gravityfiltersaretypicallyconstructedofconcreteorsteel.   
Steelfiltersaregenerally foundinsmallerwatersystems.  Becauseofthelargesizeofthefilters
requiredforRamsey, steelfiltersarenotbeingconsidered. 

Theadvantages togravityfiltrationsystemsare: 

1.Gravityfiltersprovideformoretreatmentoptionsincludingaerationanddetentionwithout
requiringanotherpumpingstep.  Ifregulations changeorthewaterbecomescontaminated,  
additional treatmentstepscanbeaddedtogravityfilters. 

2.Waterfromthegravityfiltersdoesnotgoimmediately intothedistributionsystem.  If
problemswiththefiltersoccurorifsodiumpermanganate isoverfed (causingpinkwater),  
operatorshavetimetoreactandcorrecttheproblem. 

3.Gravityfiltersareopentoviewandaccess.  Thisisadvantageous inthatitenhancesthe
observation, operationandmaintenanceofthefilterfunctionsandcomponents. 

4.Gravityfiltrationsystemshaveagreateramountofflexibilitywithlessdisruptionduring
normalmaintenance procedures. 

Thedisadvantages togravityfiltrationsystemsare: 

1.Thefacilitiestendtohavemorecapitalcostthanpressuretypefacilities.   

2.Typicallyrequiresthefacilitytobeconstructedontwofloorlevels. 

3.Providesforlessavailableheadlossthanpressurefacilitieswhichcanresultinshorterfilter
runtimes.  Shorterfilterruntimesresultinmorebackwashing whichtakesafilteroutof
service. 

7.8.2BuildingLayout/GeneralSequence
GravityfilterbuildinglayoutsareincludedinAppendixF.  Thechemicalroomsarelocatedonthe
eastsideofthebuilding, withexteriordoorsaccessible fordeliveries.  Theelectrical, mechanical,  
highservicepumproom, andgenerator roomsarelocatedincloseproximitytoeachotherto
allowforshortconduitrunstomotorcontrols. 

Thegravityfilterlayoutoccursontwolevelstoallowforfilterheighttoprovideheadforthe
filteringprocess.  Therawwaterentersthebuildingthroughthehighservicepumproomwhere
chlorineandpotassiumpermanganate areadded.  Thewatertravelsthroughthefiltersbygravity
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totheclearwell.  Thewatertravelsfromtheclearwelltothehighservicepumpchamberwhereit
ispumpedintothedistributionsystem.  Fluoride, chlorine, andphosphatewillbeaddedtothe
finishedwater.   

7.8.3MainLevel
7.8.3.1ChemicalRooms

Chemicalroomsareclusteredontheeastsideofthebuildingwithexteriordoorstoalloweasy
accessforchemicaldeliveries.  Itisexpectedthatchemicalroomswillberequiredforchlorine
gas, sodiumpermanganate, fluoride, phosphate, andpossiblypolymertoaidinbackwash
settling. 

7.8.3.2HighServicePumpRoom
Thehighservicepumproomcontainsthepumpsthatpumptreatedwaterfromtheclearwell into
thedistributionsystem.  Becausemostoftheelectrical loadislocatedinthehighservicepump
room, itisincloseproximitytotheelectricalroomandgeneratorroom. 

7.8.3.3ElectricalRoom
Theelectricalroomcontainsthemotorcontrolequipmentandelectricalpanels.  Thelocationof
thisroomincloseproximitytothehighservicepumproom, mechanical room, andgenerator
roomprovideforshortconduitandwireruns.   

7.8.3.4MechanicalRoom
Thisroomcontainsthemake-upair, dehumidification, andHVACequipment.  Thelocationofthis
roomonanoutsidewallprovidesspaceforairlouvers.   

7.8.3.5BlowerRoom
Theblowerroomcontainsthefilterbackwashblower.  Thebackwashblowerprovidesairwhichis
usedtohelpcleanthefiltermediaduringabackwash. 

7.8.3.6Office/ControlRoom/Lab
Anoffice/controlroom/labisprovidedforoperatorstohaveaSCADAcomputertomonitorand
controlthewatersystem.  Alabsinkanddesktopanalyzerwillbeprovidedtoallowoperatorsto
monitorwaterquality.  Theofficeislocatedinthefrontofthebuildingnexttotheentrance, and
haslotsofwindowsfornatural light.   

7.8.3.7GeneratorRoom
Astandbygeneratorwillbelocatedinthegeneratorroom.  Thegeneratoriscapableofrunning
thewatertreatmentplantintheeventofapoweroutageorpossiblyforpeakshaving (peak
shavingrequiresadditionalemissionscompliance).  Theserviceentranceandautomatic transfer
switcharelocatedinthisroom.  Twoexteriorwallsareprovidedforintakeandexhaustlouvers. 

7.8.4UpperLevel
TheupperlevelisdepictedontheUpperLevelFloorPlaninAppendixF.  Theupperlevel
consistsoffiltersandwalkways.  Windowswillbeprovidedinthefilterroomtoallowfornatural
lighting.  Walkwayswillbeprovidedaroundthefilterstoallowtheplantoperatortoinspectthe
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operatingconditionsofthefilters.  Controlpanels (fixedormobile) willbeprovidedtoallowthe
operatorstomanually initiatebackwashes fromtheupperlevel.   

7.8.5Clearwell
Aclearwell islocatedadjacent tothegravityfiltertreatmentfacility.  Theclearwellprovides
storageandoperational flexibility (theboxshownonFigure1AinAppendixFrepresents1million
gallonsofstorage).  Thisstorageisnecessaryto (1) maintainavolumeofwaterforbackwashing
filtercells, (2) toprovidetheflexibilitytotreatwaterataratedifferentthantherawwaterpumping
rate, and (3) toprovideadditionalstorageforthedistributionsystem. 

Toprovideoperational flexibilityandtosupplementsystemstorage, a1milliongallonclearwell is
theminimumsizerecommended.   

7.9TreatmentAlternative2 – PressureFilterLayout
7.9.1General

Inanironandmanganesepressurefiltrationsystem, watertobefilteredispumpeddirectlyto,  
andthrough, thefacility’scomponents underpressure.  Oxidationoccursinsidethepipelinesand
filtervesselsupstreamofthefiltermedia.  Followingtheoxidationprocess, thewaterflows
throughthefiltervesselsfromtoptobottom.  Asthewaterpassesthroughthefiltermedia, the
insolubleparticlesofironandmanganeseareremovedfromtheflow. 

Asmoreandmorewaterisfiltered, therestrictiontoflow, createdbytheaccumulationofironand
manganesesolidsonthemedia, steadilyincreases.  Inapressure facility, thisrestrictiontoflow,  
calledhead, ismeasured inpoundspersquareinch (psi).  Asthesolidsaccumulate, the
headloss, ordifferenceinpressuresbetweenthetopandbottomsidesofthefiltermedia
increases.  Duetothedesignandconstructionofpressurefilters, headlosscanbedrivenashigh
as15psi, although5to6psiisthepreferredupperlimittoensurewaterquality. 

Theadvantages topressurefiltrationsystemsare: 
1.Thefacilitiestendtohavelesscapitalcostthangravityfacilities.     

2.Plantsaretypicallyconstructedononefloorlevel. 

3.Provideforgreateravailableheadloss thangravityfacilitieswhichcanresultinlongerfilter
runtimesthanacomparablysizedgravityfacility.  Longerfilterruntimesrequireless
backwashing whichkeepsafilterinservicelonger.  

Thedisadvantages topressurefiltrationsystemsare: 
1.Pressurefiltersystemshavelessabilitytoaddadditional treatmentprocesses (aeration,  

detention) ifregulationsorwaterqualitychanges.   

2.Closedfromviewanddifficulttoaccessinternally.  Thispreventsobservationofthesystems
operation.  Conditionofthefiltermediaandflowdistribution duringabackwashcyclecannot
bereadilymonitored. 

3.Pressurefiltersareconstructedoutofsteelandrequireperiodicblastingandpainting.  

4.Inspectionofthepressurefiltersrequiresentryintoaconfinedspacewhichisasafety
hazard. 
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7.9.2BuildingLayout/GeneralSequence
PressurefilterbuildinglayoutsareincludedinAppendixG.  Thechemicalroomsarelocatedon
theeastsideofthebuilding, withexteriordoorsaccessible fordeliveries.  Theelectrical,  
mechanical, andgeneratorroomsarelocatedincloseproximitytoeachothertoallowforshort
conduitrunsandmotorcontrols. 

Thepressurefilterlayoutoccursononelevel.  Therawwaterentersthebuildinginpressurepipe
andchlorineandpermanganate areadded.  Thewatergoesdirectlythroughthefiltersunder
pressurewheretheironandmanganeseareremoved.  Fluoride, chlorine, andphosphatewillbe
addedtothefinishedwater.   

7.9.3MainLevel
7.9.3.1ChemicalRooms

Chemicalroomsareclusteredontheeastsideofthebuildingwithexteriordoorstoalloweasy
accessforchemicaldeliveries.  Itisexpectedthatchemicalroomswillberequiredforchlorine
gas, sodiumpermanganate, fluoride, phosphate, andpossiblypolymertoaidinbackwash
settling. 

7.9.3.2ElectricalRoom
Theelectricalroomcontainsthemotorcontrolequipmentandelectricalpanels.  Thelocationof
thisroomincloseproximitytothemechanical roomandgeneratorroomprovideforshortconduit
andwireruns.   

7.9.3.3MechanicalRoom
Thisroomcontainsthemake-upair, dehumidification, andHVACequipment.  Thelocationofthis
roomonanoutsidewallprovidesspaceforairlouvers.   

7.9.3.4BlowerRoom
Theblowerroomcontainsthefilterbackwashblower.  Thebackwashblowerprovidesairwhichis
usedtohelpcleanthefiltermediaduringabackwash. 

7.9.3.5Office/ControlRoom/Lab
Anoffice/controlroom/labisprovidedforoperatorstohaveaSCADAcomputertomonitorand
controlthewatersystem.  Alabsinkanddesktopanalyzerwillbeprovidedtoallowoperatorsto
monitorwaterquality.  Theofficeislocatedinthefrontofthebuildingnexttotheentrance, and
haslotsofwindowsfornatural light.   

7.9.3.6GeneratorRoom
Astandbygeneratorwillbelocatedinthegeneratorroom.  Thegeneratoriscapableofrunning
thewatertreatmentplantintheeventofapoweroutageorpossiblyforpeakshaving (peak
shavingrequiresadditionalemissionscompliance).  Theserviceentranceandautomatic transfer
switcharelocatedinthisroom.  Twoexteriorwallsareprovidedforintakeandexhaustlouvers. 

7.10BackwashAlternatives
Sandfilters (gravityandpressure) requireperiodicbackwashing toremovesolidsfromthefilters.   
Backwashing oneofthefilters (eithergravityorpressure) willconsumebetween40,000and
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70,000gallonsofwater.  Afterabackwash, thesolidsareallowedtosettleandtheclearwateris
recycledbacktothefilters.  Thiscanbedonewithbackwashtanksorlamellaplatesettlersas
discussedbelow. 

7.10.1BackwashAlternative1 – BackwashTanks
Backwashtankssimplyinvolvedischarging thebackwashwatertoatankwherethewateris
allowedtosettleforaperiodoftime (typically8hours).  Clearwaterisdecantedfromthe
backwashtankandrecycledtothebeginningofthetreatmentprocess.  Abackwashpolymer
maybeutilizedtoincreasesettlingefficiency. 

Toallowformorethanonefiltertobebackwashed inoneday, multiplebackwashtanksare
required.  Toprovideforefficientoperation, threebackwashtanksarerecommended. 

7.10.2BackwashAlternative2 – LamellaPlateSettlers
Lamellasettlingisaprocessthatreceivescontinuousflowfromthebackwashtank, andprovides
highratethickeningofthesludge, andreclaimsdecantedclearwatertothebeginningofthe
treatmenttrain.  Highrateinclinedplatesettlerstypicallythickenbackwashsludgeto
approximately0.5to1.5% solidspriortodischargingtoeitherasludgestoragetankforfurther
thickening, ordirectlytothesanitarysewer.  

Backwashwastewaterispumpedfromthe
backwashtankdirectlyintothegravity
settler, alleviatingsettlingtime. Acoagulant
isaddedimmediately, asthewaterflows
throughaflashmixerandintoaflocculation
tank. Thecoagulatedsludgethenflowsinto
aseriesofinclinedplates, thesurfaces
whichcollectthesludgeanddirectittoa
sludgehopper.  Thecleareffluentflowsout
theoverflowandisrecycledtotheraw
water.  Theinclinedorientationoftheplates
allowsformoresurfaceareaforthesolidsto
settleupon, whilelimitingthetotalspace
takenupbytheequipment.  

Aswithtreatmentprocessequipment in
general, redundancy isrecommended so
thatintheeventthatonelamellasettleris
down, settlingoperationscancontinue
seamlessly.  Therefore, onesinglelamella
settlerisnotrecommended. 

7.10.3BackwashAlternativeComparison
Theadvantagesoflamellaplatesettlersisthattheydonotrequiresettlingtimepriortorecycling
thebackwashwater.  Thiseliminatestheneedforbatchprocessingofbackwashwaterfrom
backwashtanksandprovidesignificantoperational flexibility.  Backwashtankscandictatewhen
andifafiltercanbebackwashed.   
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Lamellaplatesettlerswastebetween60and900gallonspermilliongallonsofwatertreated,  
dependinguponwhetherasludgeholdingtankisutilized.  Backwashtankswastebetween750
and5,000gallonsofwaterpermilliongallonsofwatertreated.   

Becauselamellaplatesettlersprovidesignificantlymoreoperational flexibilityandwasteless
water, lamellaplatesettlersarerecommended forRamsey. 

8Architectural Design
TheCityofRamsey’sgoalforthewatertreatmentfacilityistoprovideabuildingthatfitswiththe
adjacentfirestation, includescosteffectivesustainabledesignfeatures, isoperatorfriendly, and
providesacivicpresencetothepublic.  

Thewatertreatment functionsofthebuildingwillbeconstructedofpouredin-placeconcrete
foundationswithmasonry, brick, andstonefaçade.  Aglassatriumwillbeprovidedasan
architectural featureandtoprovideadditionalnaturallight.  Architectural featuresfromthe
adjacentfirestationwereincorporated intothedesign.   

Forwallsthatarelessvisibletothepublic, cost-effectiveinsulatedloadbearingprecastwall
panelswillbeuse.  Theroofwillconstructedofprecastconcretedouble ‘T’sfortheroofstructure
ofthefilterroomwhichallowsforagreaterclearspansandmoredaylighting.  

Sustainablearchitectural featureswillincludenaturaldaylighting throughout includingthefilter
room, lowmaintenance poured-in-placeandplantprecastconcretestructureandwallpanels,  
buildinginsulationwhichsurpassesthecurrentenergycode. Raingardensandlowmaintenance
landscaping featurescanbeincludedinthesitedesign. 

Anarchitectural rendering thatfurtherdemonstrates thedesignconceptofAlternative1is
includedinAppendixH. 

9UtilitySpaceNeedsEvaluation
Citystaffwassolicitedforadditionalspaceneedsandfeaturesinthewatertreatmentplant
buildinginadditiontothenecessary filtersandprocessrooms.  Theadditionalfeaturesrequested
inthebuildingincludedatrainingroom, andaseparatelaboratory.  Anoptional8,000squarefoot
garageisalsoincludedinthebuildinglayouts. 

10WaterTreatment PlantSiteAlternatives and
Evaluation
Threealternatives foranewwatertreatmentplantsitewereprovidedbytheCity.  These
alternatives includetheFireStationSite, PublicWorksSite, andVacantCityPropertySite.   
ThesesitesareshownonFigure1inAppendixI.  Thesesitearediscussedbelow. 

BunkerLakeBoulevard isscheduledtohaveafull-depthreconstruction inthesummerof2022.   
Thecostsinthefollowingsectionsassumethatthewatermain inBunkerLakeBoulevardis
constructedduringtheroadconstruction.  Theremainingwatermain isassumedtobe
constructed intheboulevardorundertrailsandnoroadreconstruction isassumed.   
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10.1FireStationSite
TheFireStationSiteiscurrentlyprivatepropertyandwouldneedtobeacquiredbytheCity.  It
wasdeterminedthata3.2acresitewouldbesufficientforthewatertreatmentplantandafuture
expansionto20MGD.  Portionsofthewatertreatmentplantwouldbeconstructedontheexisting
City-ownedFireStationproperty.   

10.1.1RawWatermainandCosts – FireStationSite
TherawwatermainrequiredtoconstructawatertreatmentplantattheFireStationSiteisshown
onFigure2inAppendixI.  Thewatermainandsiteacquisition costsareincludedinTable10-1.   
BecausetheFireStationSiteisremotefromotherCitygaragefacilities, itisassumedthata
watertreatmentplantgarageisneeded.   

Table10-1 – FireStationSiteCosts

Est. 1ItemUnitUnitPriceCostQuantity

24” RawWatermainLF4,350$ 250$ 1,088,000
24” RoadCrossing LF200$ 1,000$ 200,000Jacking) 
12” RawWatermainLF1,850$ 100$ 185,000
LandPurchaseLump Sum1$ 500,000$ 500,000
WTPGarageLump Sum1$ 1,280,000$ 1,280,000

Total$ 3,253,000
1Costsareforcomparisonofalternativesandarenotmeanttorepresentthefullprojectcosts.   

10.2PublicWorkSite
TheCityisintheprocessofconstructinganewPublicWorksBuildingonthe19.9acrePublic
WorksSiteshownonFigure1inAppendixI.  ThenewPublicWorksBuildingwillencompass the
southern13acresoftheproperty, leavingapproximately7acresoflandonthenorthsideofthe
PublicWorksSiteforanewwatertreatmentplant.   

10.2.1RawWatermainandCosts – PublicWorksSite
TherawwatermainrequiredtoconstructawatertreatmentplantattheFireStationSiteisshown
onFigure3inAppendixI.  ThewatermaincostsareincludedinTable10-2.  Becauseanew
PublicWorksbuildingisbeingconstructed onthePublicWorkSite, itisassumedthatanew
garageisnotneededwiththewatertreatmentplant.   

Table10-2 – FireStationSiteCosts

Est. 1ItemUnitUnitPriceCostQuantity

24” RawWatermainLF5,900$ 250$ 1,475,000
24” RoadCrossing LF200$ 1,000$ 200,000Jacking) 
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24” Finished LF3,800$ 250$ 950,000Watermain
20” RawWatermainLF1,900$ 175$ 333,000
Well8MeterVaultLumpSum1$ 100,000$ 100,000

Total$ 3,058,000
1Costsareforcomparisonofalternativesandarenotmeanttorepresentthefullprojectcosts.   

10.3VacantCityPropertySite
TheCityownsavacant4.1acreparcellocatedontheeastsideofRamseyBlvdNW, westofthe
PublicWorksSiteshownonFigure1inAppendixI.  A4.1acreparcelwouldbesufficientto
constructRamsey’swatertreatmentplant.   

10.3.1RawWatermainandCosts – VacantCityPropertySite
TherawwatermainrequiredtoconstructawatertreatmentplantattheVacantCityPropertySite
isshownonFigure3inAppendixI.  ThewatermaincostsareincludedinTable10-3.    
Easementsandrestorationareassumedtobeneededforaportionoftherawwatermain
constructedalongRamseyBoulevard; however, itisassumedthatmostofthewatermaincanbe
constructed inexistingCountyRight-off-Way. 

Table10-3 – FireStationSiteCosts

Est. 1ItemUnitUnitPriceCostQuantity

24” RawWatermainLF4,500$ 250$ 1,125,000
Easements/RestorationLumpSum1$ 300,000$ 300,000RamseyBlvd
24” RoadCrossing LF200$ 1,000$ 200,000Jacking) 
24” Finished LF4,500$ 250$ 1,125,000Watermain
20” RawWatermainLF1,900$ 175$ 333,000
Well8MeterVaultLumpSum1$ 100,000$ 100,000
WTPGarageLump Sum1$ 1,280,000$ 1,280,000

Total$ 4,463,000
1Costsareforcomparisonofalternativesandarenotmeanttorepresentthefullprojectcosts.   

10.4WaterTreatmentPlantSiteEvaluationandRecommendation
TheCityhasplannedtolocateawatertreatmentplantattheFireStationsite.  Someoftheraw
watermain isinplaceanditisconvenient formeteringWell8.  However, theFireStationsiteis
remotefromotherPublicWorksfacilities, wouldhavesomeStaffinefficiencies, andwouldrequire
buildingagarage.  TheFireStationsitewouldalsorequiretheCitytopurchaseland.  Duetothe
constructionofthegarageandpurchasing land, theFireStationsiteismoreexpensive thanthe
PublicWorkssite. 
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ThePublicWorkssiterequiresmorenewrawandfinishedwatermain thantheFireStationsite,  
butbecauseitisonthesiteofthePublicWorksBuildingthatiscurrentlyunderconstruction, it
wouldnotrequireagarage.  Havingmultiplepublicworksfacilitiesonthesamesitealso
increasesStaffefficiency.  ThePublicWorksSiteisalreadyownedbytheCityanddoesn’t
requirethepurchaseofprivateproperty.  Ifagarageisnotincludedwiththewatertreatment
plant, thePublicWorksSiteistheleastexpensiveoption. 

TheVacantPropertySitedoesn’thavetheadvantagesofeithertheFireStationSiteorthePublic
Workssite.  ItisincloseproximitytothePublicWorkssite, butdoesn’tofferthesame
efficiencies.  TheVacantPropertysiteisthemostexpensiveoption.   

ThePublicWorksSiteistherecommended locationofthewatertreatmentplantbecauseitisthe
leastexpensiveoptionandoffersefficienciesforRamseyStaff.   

11Impacts toNearbyProperties
ThewatertreatmentplantisproposedtobeconstructedonthenewPublicWorksSiteasshown
onFigure1AinAppendixF.  ThePublicWorkssiteisinanindustrialareaofRamseyandwill
alreadybeusedforamunicipalpublicworksbuilding.  Opposition fromtheneighboring
propertiestoanewwatertreatmentplantisnotanticipated.   

Watertreatmentplantsarequietneighborswithrelatively littletraffic.  Astandbygeneratorwill
likelybepartofthewatertreatmentplantproject, butitisproposedtobelocatedinsidethe
buildingandwillhavesoundattenuation.  Soundcomplaints fromneighborsarenotanticipated.   

Theoperatorswillvisittheplantdailyandchemicaldeliverieswilllikelybemadeapproximately
onceperweek.  Construction complaintsarenotexpectedsincethewatertreatmentplantisin
anindustrialneighborhood.     
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12Capital CostOpinions
Feasibility levelopinionsofprobablecost (OPC) brokendownbyconstructioncategorywere
preparedforthegravityandpressure filtrationalternatives.  Abreakdownofthesecostsby
divisionareincludedinAppendixJ.  Tables12and13presentthecapitalcostsforthegravity
andpressurefiltertreatmentplants. 

Table12 – CapitalCostOpinionSummary
GravityFilterWaterTreatmentPlant

ItemCost

WaterTreatmentPlant:$ 25,650,000
ConstructionContingency (10%):$ 2,565,000
Preliminary Construction Cost:$ 28,220,000
Engineering/ConstructionAdmin (12%)$ 3,390,000
Legal/Admin (1%)$ 282,000
Total Estimated Project Cost:$ 31,890,000

Table13 – CapitalCostOpinionSummary
PressureFilterWaterTreatmentPlant

ItemCost

WaterTreatmentPlant:$ 24,362,000
ConstructionContingency (10%):$ 2,436,000
Preliminary Construction Cost:$ 26,800,000
Engineering/ConstructionAdmin (12%)$ 3,216,000
Optional3,000sfgarage$ 268,000
Total Estimated Project Cost:$ 30,280,000

Anoptional8,000squarefootgaragecouldbeaddedtoeitherwatertreatmentplantalternative
foraprojectcostofapproximately $1.5million.   

13LifeCycleCostOpinions
Lifecyclecostsrepresentthetotalcostofowningthetreatmentplantsfor50yearsandinclude
capitalcost, equipment replacement, labor, gas, chemicals, insurance, electricity, andannual
equipment repair.  DetailedlifecyclecosttablesareincludedinAppendixK. 

ThelifecyclecostspresentedinTable14andTable15assumea20yearfinancingperiodon
thecapitalcostswith2% interestratesand2.75% inflation.   
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Table14 – 50-YearLifeCycleCostSummary
GravityFilterWaterTreatmentPlant

50-YearLifeCycleItemAnnualCostCost

CapitalProjectCosts$ 31,890,000$ 1,950,000
EquipmentReplacement$ 9,680,000$ 310,000
Labor$ 6,490,000$ 110,000
Gas$ 1,180,000$ 20,000
Chemicals$ 6,490,000$ 110,000
Insurance$ 1,770,000$ 30,000
Electricity$ 6,780,000$ 120,000
EquipmentRepair$ 7,080,000$ 120,000
Total 50YearLifeCycle Cost$ 71,360,000

Table15 – 50-YearLifeCycleCostSummary
PressureFilterWaterTreatmentPlant

50-YearLifeCycleItemAnnualCostCost

CapitalProjectCosts$ 30,280,000$ 1,850,000
EquipmentReplacement$ 13,990,000$ 450,000

Labor$ 6,490,000$ 110,000
Gas$ 1,180,000$ 20,000

Chemicals$ 6,490,000$ 110,000
Insurance$ 590,000$ 10,000
Electricity$ 6,190,000$ 105,000

EquipmentRepair$ 9,730,000$ 165,000
Total 50YearLifeCycle Cost$ 74,940,000

14Alternative Evaluation & Recommendation
Thetwooptionsforremovingmanganese fromRamsey’sdrinkingwaterthathavebeen
evaluatedincludegravityfiltersandpressure filters.   

Thecapitalcostofthepressurefiltertreatmentplantisslightlylessthanthegravityfilter
treatmentplant ($30.3millionversus $31.9million).  However, thelifecyclecostofthepressure
filtertreatmentplantismorethanthegravityfiltertreatmentplant ($74.9millionversus $71.4
million).  Thepressurefiltertreatmentplanthasahigherlifecyclecostduetotheexpenseof
paintingandmaintaining thesteelfilters; whereasconcretegravityfiltersrequireverylittle
maintenance. 

Inadditiontohavinglowerlifecyclecosts, gravityfiltershaveotheradvantagesoverpressure
filtersincluding: 
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Gravityfiltersprovideformoretreatmentoptionsincludingaerationanddetentionwithout
requiringanotherpumpingstep.  Ifregulations changeorthewaterbecomescontaminated,  
additional treatmentstepscanmoreeasilybeaddedtogravityfilters. 
Waterfromthegravityfiltersdoesnotgoimmediately intothedistributionsystem.  If
problemswiththefiltersoccurorifsodiumpermanganate isoverfed (causingpinkwater),  
operatorshavetimetoreactandcorrecttheproblem. 
Gravityfiltersareopentoviewandaccess.  Thisenhancestheobservation, operationand
maintenanceofthefilterfunctionsandcomponents. 
Gravityfiltrationsystemshaveagreateramountofflexibilitywithlessdisruptionduring
normalmaintenance procedures. 

Gravityfilterscouldpotentiallybeconvertedfromgroundwater tosurfacewaterinthe
futureifitbecamenecessary.   

Agravityfiltertreatmentplantistherecommended alternativeduetotheadvantages itoffersata
comparablecost.  

15Funding
Watertreatmentplantprojectsarecommonly fundedusinggeneralobligationbondsorloansand
paidforusingwaterrates.  Thefollowingsectionsdescribealowinterestloanprogramand
examplegrantsopportunities.     

15.1DrinkingWaterRevolvingFundLoan
TheMinnesotaDrinkingWaterRevolvingFund (DWRF) loanprogramprovideslowinterestloans
tocommunities thatqualify.  DWRFloanstypicallyhaveinterestratesthatarelowerthanother
loansorbondsavailabletocommunities. 

Toqualifyforadrinkingwaterrevolvingfundloan, aproposaliswrittentoplacetheprojectonthe
ProjectPriorityList (PPL).  ThePPLranksprojectsbyfactorsincludingthetypeofproject, a
community’sfinancialneed, andprimarycontaminant exceedances.  OnceaCityhasaproject
onthePPLandintendstoproceedwithconstruction, theprojectisplacedontheIntendedUse
Plan (IUP).  ProjectsontheIUParefundedbasedupontheirranking.  NotallprojectsontheIUP
arefunded.   

BaseduponRamsey’sfinancialstatusdiscussedinSection16, theDRWFprogrammaynotbe
desirablebaseduponadministrative requirements andloanrestrictions.   

15.2Grants
Grantsareavailableforsomewaterprojects, butaremostcommonlygiventocommunities that
haveafinancialhardship.  

OnepotentialgrantprogramthatisnottiedtofinancialneedistheCleanWaterFundGrant
administered throughtheMinnesotaBoardofWaterandSoilResources.  CleanWater
fundsmayonlybespenttoprotect, enhance, andrestorewaterqualityinlakes, rivers, and
streamsandtoprotectgroundwater fromdegradation.  Atotalof $2,158,000ingrantswas
awardedinFY2020for10projectsrelatedtosourcewaterprotection.  Alloftherecipient
organizations werecounties, watersheddistricts, orconservation districts.   
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Asmallergrantopportunity throughtheCleanWaterFundisaSourceWaterProtectiongrant
thatisadministered throughtheMinnesotaDepartmentofHealth.  ASourceWaterProtection
Grantistypically tiedtoagoalinaCommunity’sWellheadProtectionPlan.  ASourceWater
ProtectionGranthasamaximumvalueof $10,000.   

16EffectonWaterRates
TheCityofRamseycurrentlyhasaminimumquarterlywaterrateof $41.10.  Thisratecoversthe
first15,000gallonsofwaterusedperquarter.  Afterthefirst15,000, thecostper1,000ofwater
usedgetsprogressively moreexpensive.  Thisisreferredtoasaconservation waterrate
becauseitdiscourages theuseofmorewater.   

AccordingtotheRamseyFinanceDirector, theCityofRamseyhasapproximately $22-$23
millionsetasideforawatertreatmentplantproject.  TheCityofRamseycurrentlyraisesitswater
rates2% peryear. IftheCityofRamseyweretobondfor $9milliontocovertherestofthewater
treatmentplantproject, theCitywouldneedtoraisewaterratesat5% peryearforseveralyears.   
Ifwaterrateswereraisedatarateof5% peryearfor4years, theresultingminimumquarterly
ratein2025wouldbe $50.00.  Thiswouldalsopayforadditionaloperationandmaintenance
costs. 

17Public Involvement
Havinginformedandengagedresidentsisimportanttothesuccessofamajormunicipalproject.   
Toengageresidents, thefollowingpublicinvolvementactivitiesarerecommended: 

Publishinformationdescribingthewaterissuesandproposedwatertreatmentplant
projectontheCity’swebsiteinSeptember 2020.   

SendinformationmailerstoresidentsinOctober2020describingthewaterissuesand
proposedwatertreatmentplantproject.  Includediscussionaboutmunicipalscalewater
softeningandtherespectivecosts. 

18Schedule
IftheCityelectstoproceedwithawatertreatmentplantproject, theproposedprojectschedule
couldbeasfollows: 

ItemCompletion Date
PublicInvolvementSeptember 2020 – October2020
PreparationofPlansNovember 2020 – March2021
AdforBidApril2021
BidOpeningMay 2021
Construction StartJune2021
Construction CompleteApril 2022
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PilotStudyReport
WaterTreatmentPlant
PreparedfortheCityofRamsey, Minnesota

1Introduction
1.1Background

SEHwascontractedbytheCityofRamseytoconductacentralizedwatertreatmentplant
feasibilitystudy.  Aspartofthestudy, SEHconductedapilotstudytoconsideroptionsforthe
removalofironandmanganese fromtheirwatersupply.  ThewaterqualityinRamseyishighin
bothironandmanganesewithlevelsexceedingtheUnitedStatesEnvironmental Protection
Agency (USEPA) secondarystandardsof0.3mg/Land0.05mg/Lrespectively.  Alongwiththe
manganesesecondarystandard, Ramsey’saveragemanganese levelsexceedMinnesota
DepartmentofHealth’s (MDH’s) HealthBasedValue (HBV) of0.1mg/Lforbottle-fedinfantsless
thanoneyearofage. 

1.2Objectives
Theobjectivesofthestudyweretoevaluatetheeffectivenessofvarioustreatmentmethodsfor
removingironandmanganese, andthentoselecttreatmentmethodsforthedesignofaWater
TreatmentPlantfortheCityofRamsey. 

Thestudyincludedthefollowingobjectives: 
Evaluatetheeffectivenessofchlorineandpermanganate fortheremovalofironand
manganese; 

Establishfilterrunlengths; 

Evaluatefilterloadingrates; 

Selectthefiltermediatypethatprovidesthebestremovalofironandmanganese, and; 
Evaluatetheuseofaerationanddetentionaspartofthetreatmentprocess. 

2ExistingFacilities
2.1Wells

TheCityofRamseyhaseightwellsalllocatedinthesouthernpartoftownnorthofU.S. Highway
10.  TheCity’soriginaltwowells, WellsNo. 1and2, arelocatedinthesoutheastpartoftown,  
whiletheotherwellsarealllocatedinthesouthwestpartoftown.  Thewellsarecapableof
producingapproximately 11milliongallonsperday, althoughthetreatmentplantwouldbe
locatedwithinthesouthwestwellfieldandthuswouldnotbefedbyWellsNo. 1or2, makingthe
potential treatmentcapacity9.5milliongallonsperday.   
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Currenttreatmentatthewellsconsistsofchemical treatment includingpolyphosphate foriron
andmanganesesequestration, gaschlorinefordisinfection, andfluoridefordentalhealth. 

3PilotStudy
Thepilotstudywasconducted intheSEHpilotwaterplanttrailer.  Equipment usedforthepilot
studyincludedchemical feedsystems, anaerator, detentiontank, andfiltercolumns (filters).   
Train1ofthestudyutilizeddirectfiltrationwherethewellwaterwastreatedwithchemical
injectionsofchlorine (sodiumhypochlorite) andpotassiumpermanganate, andthenfiltered
throughfilterswithtwodifferentmediatypes.  Train2ofthestudyutilizedthechemical injections
andtwodifferentfiltermediatypes, butincludedaerationpriortothechemical injections, and
detentionpriortofiltration.  Samplingaspartofthepilotstudywereconductedandanalyzedby
SEH’spilotplantoperator. 

3.1PilotTestingProcesses
ThepilotstudywasconductedforRamsey’sWellsNo. 3and4toestablishtheefficiencyand
reliabilityofthetwotreatmentprocessesandfiltermediatypestoremoveironandmanganese.   
Processesforthepilotstudywereselectedbasedontheconcentrations ofironandmanganese,  
andonpriorexperience.  Thefiguresbelowshowtheprocesses forTrain1andTrain2. 

Figure1 – PilotSudyTrain1
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Figure2 – PilotStudyTrain2

3.1.1ForcedDraftAerator
TheSEHpilotwaterplantutilizedaforceddraftaerator, whichconsistsofanaeratorcolumn,  
packingmaterial, andablower.  DuringtreatmentofthewaterforTrain2, waterwaspumped
fromthewellintothepilotwaterplantaerator, andthenpercolateddownthroughthepacking
materialintheaeratorcolumnasairwasblownupthroughthepackingmaterial.  Aerationof
waterisdonetooxidizetheironintosolidssothattheycanbefilteredout.  Aerationofwatercan
alsoremovedissolvedgasesinwatersuchashydrogensulfide. 

3.1.2DetentionTank
AfteraerationduringTrain2, adetentiontankinthepilotwaterplantwasusedtoprovide
additional reactiontimeforchlorinetooxidizeironandpotassiumpermanganate tooxidize
manganese inthewater.  Forthisstudy, thesystemwassetuptoprovide30minutesof
detentionbeforefiltration. 

3.1.3ChemicalFeedSystem
Thechemicalsusedforthepilotstudyincludedchlorine, intheformofsodiumhypochlorite, and
potassiumpermanganate (KMnO).  Whilechlorineisusedforoxidizingiron, potassium4

permanganate isusedfortheoxidationofmanganese.  Bothchemicalsarecommonlyusedin
treatmentsystemsfortheremovalofironandmanganese.  Thesodiumhypochloritesolution
wasfedatastrengthof15gramsperliter (gpl).  Potassiumpermanganate wasfedatastrength
of4gpl. 

Thechemical feedsystemsusedinthepilotstudyincludedQdosperistalticmeteringpumps
capableoffeedingamaximumof31gallonsperhour (gph). 

Chemicaladditionwasmeasuredusingcalibrationcolumnsforeachchemical feedpump.  The
volume (inmilliliters) ofeachchemicalpumpedwasmeasuredperunitoftimeandthedosage
wascalculatedbasedontheflowtotheindividual treatmenttrains. 
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3.1.4Filters
TheSEHPilotWaterPlantcontains fourfiltercolumns (filters) thateachmeasure8inchesin

2diameterand72inchestall.  Theresultingsurfaceareaforfiltrationofeachfilteris0.35ft.  The
filterseachhavea0.75inchinlet, 1.5inchbackwashwasteoutlets, underdrains, airrelease
system, rateofflowmeters, sampletaps, andfiltermedia.  Pressuretapsarelocatedontheinlet
andoutletofeachfiltertoobtainfilterheadlossbycomparingthetwopressures.  Forthe
Ramseypilotstudy, Filters1and2 (Train1) wereoperatedwithoutaerationanddetention.   
Filters3and4 (Train2) wereoperatedwithaerationanddetention.  Eachfilterwassupplied1.05

2gpmtoachieveatargetfiltrationrateof3.0gpm/ftforthisstudy.  Eachtypeoffiltermediaused
inthestudywasnewandhadnotbeenusedinotherstudies.  Thefilterswerebackwashedwith
acombinationofairandwaterbetweenfilterruns. 

Table1 – PilotStudyFilterCharacteristics

FilterMediaFiltrationRate EffectiveSize MediaDepth (in) 
2gpm/ft)( mm) 

Greensand0.30-0.3518
13

Anthracite0.9-1.012
SilicaSand0.45-0.5518

23
Anthracite0.9-1.012
Greensand0.30-0.3518

33
Anthracite0.9-1.012
SilicaSand0.45-0.5518

43
Anthracite0.9-1.012

3.2SamplingandAnalysis
SamplingandanalysiswascompletedbytheonsiteSEHpilotplantoperator.  Fieldtestingfor
ironandmanganesewasconductedusingaHachDR/890PortableColorimeter, andwasdone
fortherawwaterandfromtheeffluentofeachfilter.  Testingforironwasconductedusingthe
HachMethod8147 (DR800FerroZineSolutionPillow), whichhasarangeof0-1.3mg/Liron (Fe),  
andanestimateddetection limitof0.011mg/LFe.  Testingformanganesewasconductedusing
theHachMethod8149 (DR800PAN), whichhasarangeof0-0.70mg/Lmanganese (Mn), and
anestimateddetectionlimitof0.020mg/LMn.  TemperatureandpHanalyseswereconducted
usingaHachHQ40pHmeter, andwasdonefortherawwater.  Samplesfortheanalysisof
chlorinewerecollected fromtheeffluentofeachfilterandanalyzedusingtheHachDR/890
PortableColorimeter.  Thechlorinedemandwascalculatedbysubtracting theresidualchlorine
afterfiltrationfromthedoseofchlorineaddedtotherawwatertooxidizeiron.  Theresultsofthe
samplingandsubsequentanalysisarepresentedintheremainderofthisreport. 

4PilotStudyResults
Asdiscussed, thepilotstudywasconductedforRamsey’sWellsNo. 3and4toestablishthe
efficiencyandreliabilityofthetwotreatmentprocesses, aswellasthetwofiltermediatypes, to
removeironandmanganese.  Identicalpilotstudieswereconductedatbothwells.  Thepurpose
ofthiswastodeterminehowwellthetreatmentprocesseswoulddowithmorethanonesource
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water.  ThefinishedwaterqualitymettheEPAsecondarystandardsforironandmanganese, as
wellasMDH’sHBVformanganese, forbothtreatmentprocessesandfiltermediatypes. 

4.1WellNo. 3Results
4.1.1RawWaterQuality

ThepilotstudyforWellNo. 3wascompletedbetweenJanuary21, 2020andJanuary22, 2020.   
WellNo. 3currentlypumpsapproximately1,450gpmdirectlyintothedistributionsystemwith
polyphosphate, chlorine, andfluorideaddedinasharedpumphousewithWellNo. 4.  Table2
belowsummarizes therawwaterresultscollectedfromWellNo. 3duringthepilotstudy. 

Table2 – WellNo. 3RawWaterQuality

Iron (mg/L) Manganese (mg/L) pH

Min. Avg. MaxMin. Avg. Max. Min. Avg. Max. 
0.5000.6400.8500.1600.2000.2407.467.727.85

ResultsfromtherawwatersamplingshowthatWellNo. 3exceedsEPA’ssecondary standards
forironandmanganese, whichcancauseaestheticwaterqualityissuesrelatedtocolor, taste,  
sediment, andstaining.  WellNo. 3alsoexceedsMDH’sHBV0.1mg/Lformanganese forbottle- 
fedinfantslessthanoneyearofage.  Infantswhodrinkwaterwithmanganeseabove0.1mg/L
maydeveloplearningandbehaviorproblems.   

4.1.2WaterTreatment
WaterfromWellNo. 3wentthroughbothtreatmenttrainsprovidedbytheSEHpilotwater
treatmentplant.  Train1utilizeddirectfiltrationthroughFilters1and2afterchlorineand
potassiumpermanganate injection, whileTrain2utilizedaerationanddetentionpriortofiltration
throughFilters3and4.  WithTrain2, aerationwasprovidedpriortochemical injectiontohelp
oxidizeiron, followedbychlorineandpotassiumpermanganate injection, andthen30minutesof
detentiontimetoallowforadequatechemicalreactiontimebeforefiltration.  Thechemicaldoses
totreatwaterfromWellNo. 3areprovidedinTable3.  Allfourfiltersinthepilotwaterplantwere

2operatedatarateof3.0gpm/ft. 

Table3 – WellNo. 3ChemicalDosages

Train1 – Filters1and2 (DirectFiltration) 

Chlorine (mg/LasCl) KMnO (mg/L) 24

Min. Avg. Max. Min. Avg. Max. 
2.152.923.580.490.490.49

Train2 – Filters3and4 (AerationandDetention) 

Chlorine (mg/LasCl) KMnO (mg/L) 24

Min. Avg. Max. Min. Avg. Max. 
1.953.244.530.100.100.10

Thechlorinedosagesforthetwotreatment trainsweresimilar, althoughthechlorinedosagewith
Train2maybeabletobereducedasaerationprovidessignificant ironoxidation, and30minutes
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ofdetentionallowsforadditionalchemicalreactiontimetoincreaseironoxidation.  The
potassiumpermanganate dosageinTrain2wasabletobeloweredtoaboutafifthofthatinTrain
1, astheaddedchemicalreactiontimewith30minutesofdetentionincreasesmanganese
oxidation. 

4.1.3FinishedWaterQuality
TheSEHpilotwaterplantwasabletotreatwaterfromWellNo. 3tolevelsthatmeettheEPA
secondarystandards, aswellasMDH’sHBVformanganese.  Infact, nosampleresultexceeded
theEPAsecondarystandards, andbothtreatment trainswereabletoremovebothironand
manganeseonaveragebelowthemethoddetection limitsof0.011mg/Land0.020mg/L
respectively. 

ThefinishedwaterqualityforWellNo. 3duringthepilotstudyissummarized inTable4below. 

Table4 – WellNo. 3FinishedWaterQuality

Iron (mg/L) Manganese (mg/L) 
Filter

Min. Avg. Max. Min. Avg. Max. 

1ndnd0.040ndnd0.043
2ndnd0.020ndndnd
3ndnd0.020ndnd0.048
4ndndndndndnd

Notes: nd = belowmethoddetection limit

Theuseofdetention inTrain2didnotprovideasignificant treatmentadvantageoverTrain1in
removingironandmanganese, althoughtheuseofaerationinTrain2providedslightlybetter
resultsintheremovalofiron.  Therealsowasn’tasignificantdifferenceintreatment
effectiveness betweenthetwofiltermediatypes, althoughFilters1and3eachhadatleastone
spikedresultformanganese thatapproached thesecondarystandard. 

4.2WellNo. 4Results
4.2.1RawWaterQuality

ThepilotstudyforWellNo. 4wascompletedbetweenJanuary20, 2020andJanuary21, 2020.   
WellNo. 4currentlypumpsapproximately 850gpmdirectlyintothedistributionsystemwith
polyphosphate, chlorine, andfluorideaddedinasharedpumphousewithWellNo. 3.  Table5
belowsummarizes therawwaterresultscollectedfromWellNo. 4duringthepilotstudy. 

Table5 – WellNo. 4RawWaterQuality

Iron (mg/L) Manganese (mg/L) pH

Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 
0.1800.2400.3600.0350.3920.3607.517.617.71

ResultsfromtherawwatersamplingshowthatWellNo. 4exceedsEPA’ssecondary standards
forironandmanganese, whichcancauseaestheticwaterqualityissuesrelatedtocolor, taste,  
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sediment, andstaining.  WellNo. 4alsoexceedsMDH’sHBV0.1mg/Lformanganese forbottle- 
fedinfantslessthanoneyearofage.  Infantswhodrinkwaterwithmanganeseabove0.1mg/L
maydeveloplearningandbehaviorproblems.   

4.2.2WaterTreatment
LikeWellNo. 3, waterfromWellNo. 4wentthroughbothtreatment trainsprovidedbytheSEH
pilotwatertreatmentplant.  ThechemicaldosestotreatwaterfromWellNo. 4areprovidedin

2Table3.  Allfourfiltersinthepilotwaterplantwereoperatedatarateof3.0gpm/ft. 

Table6 – WellNo. 4ChemicalDosages

Train1 – Filters1and2 (DirectFiltration) 

Chlorine (mg/LasCl) KMnO (mg/L) 24

Min. Avg. Max. Min. Avg. Max. 
1.432.573.430.490.490.52

Train2 – Filters3and4 (AerationandDetention) 

Chlorine (mg/LasCl) KMnO (mg/L) 24

Min. Avg. Max. Min. Avg. Max. 
1.952.662.720.210.210.21

Thechlorinedosagesforthetwotreatment trainsweresimilar, althoughthechlorinedosagewith
Train2maybeabletobereducedasaerationprovidessignificant ironoxidation, and30minutes
ofdetentionallowsforadditionalchemicalreactiontimetoincreaseironoxidation.  The
potassiumpermanganate dosageinTrain2wasabletobeloweredtolessthanhalfofthatin
Train1, astheaddedchemicalreactiontimewith30minutesofdetention increasesmanganese
oxidation. 

4.2.3FinishedWaterQuality
TheSEHpilotwaterplantwasabletotreatwaterfromWellNo. 4, onaverage, tolevelsthatmeet
theEPAsecondarystandards, aswellasMDH’sHBVformanganese.  Althoughtheaverageiron
andmanganeselevelswerebelowthosestandards, thepilotwaterplantwasnotabletoremove
ironbelowthemethoddetectionlimitonaveragelikeitdidwithWellNo. 3.  Filter4alsosawa
spikeinmanganeseatthebeginningofthefilterrun, whichwasabovetheMDHHBV, butquickly
reducedmanganesebelowthesecondarystandardandMDHHBVthereafter. 

ThefinishedwaterqualityforWellNo. 4duringthepilotstudyissummarized inTable7below. 

Table7 – WellNo. 4FinishedWaterQuality

Iron (mg/L) Manganese (mg/L) 
Filter

Min. Avg. Max. Min. Avg. Max. 

1nd0.0180.080ndnd0.044
2nd0.0140.080ndnd0.028
3nd0.0140.080ndnd0.031
4nd0.0150.090ndnd0.128

Notes: nd = belowmethoddetectionlimit
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TheuseofdetentionandaerationinTrain2didnotprovideasignificant treatmentadvantage
overTrain1inremovingironandmanganese.  Therealsowasn’tasignificantdifferencein
treatmenteffectiveness betweenthetwofiltermediatypes, althoughFilter4sawthespikein
manganesethatwasabovethesecondarystandardandMDHHBV. 

5Conclusions andRecommendations
TheSEHpilotwaterplantwasabletotreatwaterfromWellNo. 3andWellNo. 4to
concentrations belowtheEPAsecondarystandardsforironandmanganese, aswellastheMDH
HBVformanganese.  Implementing eithertreatment trainsatfull-scalewouldallowtheCityof
Ramseytoprovideaesthetically pleasingasitrelatestoironandmanganese, aswellasprovide
safedrinkingwatertotheresidentsasitrelatestomanganese. 

5.1Aeration
AerationofthewaterprovidedbetterresultsintermsofironremovalforWellNo. 3, whichhad
muchhigherrawwaterironlevelsthanWellNo. 4, butprovidedsimilarresultsintermsofiron
removalforWellNo. 4.  Itisexpectedthatthebenefitsofaerationwillbemorepronounced in
waterqualitysimilartothatofWellNo. 3.  Basedontheresultsandonpreviousexperience, the
useofanaeratormaybepreferredasitprovidesanadditional layerintheremovaloriron, and
mayalsoprovideadditional treatmentbenefitssuchastheremovalofdissolvedgaseslike
hydrogensulfide. 

5.2Detention
Theadditionofadetention tankdidnotprovideasignificantdifferenceintreatmenteffectiveness
forironandmanganeseremoval, butitdidallowforthepotassiumpermanganate dosagetobe
lowered.  Although30minutesofdetentionwassuitablefortheremovalofironandmanganese,  
andallowedforthereductioninthepotassiumpermanganate dosage, itisnotneededtoprovide
qualitywaterfortheCityofRamsey.  Ifawatertreatmentplantispursued, theCityshould
comparethecostsavingsofreducingthepotassiumpermanganate dosagewiththeconstruction
costofadetention tank. 

5.3ChemicalFeed
Thepilotstudyevaluatedtheuseofchlorineandpotassiumpermanganate asoxidants.  Feed
ratesarewithinnormalrangesforthetypeofwatertreated.  Itisrecommended tousethese
chemicalsforafull-scaledesign, althoughchlorinemaybefedassodiumhypochlorite solutionor
gaschlorine, andpotassiumpermanganate maybefedassodiumpermanganate instead. 

5.4Filtration
Bothfiltermediatypeswereeffectiveinremovingironandmanganeseandsuccessfullyoperated

2ataloadingrateof3.0gpm/ft, buttherewasn’tasignificantdifferenceineffectiveness.   
Althoughtherewasn’tasignificantdifferencebetweenthetwofiltermediatypes, SEH

TMrecommends theuseof12inchesofanthraciteover18inchesofGreensandPlus, ratherthan
12inchesofanthraciteover18inchesofsilicasandforfull-scalefilters.  Thisisbecause

TMGreensandPlus isafiltermediathatiscoatedwithmanganesedioxidesthatfurtheraidinthe
removalofmanganese.  
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Figure3 – Well #3ManganeseResults
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Figure4 – Well #3IronResults
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Figure5 – Well #4ManganeseResults
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Figure6 – Well #4IronResults
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Sustainablebuildings, soundinfrastructure, safetransportationsystems, cleanwater,  

renewableenergyandabalancedenvironment. BuildingaBetterWorldforAllofUscommunicates

acompany-widecommitment toactinthebestinterestsofourclientsandtheworldaroundus. 
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CapitalCostOpinions
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