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ABOUTTHISREPORT

TheMetropolitanCouncilcollectedwaterqualitydatainalimitednumberof
theAreaslakesandstreamsduring1980Osgood1981Oberts1982incon
nectionwithitssurfacewatermanagementplanningeffortsmandatedbySection
208oftheCleanWaterAct Fundamentaldifferencesbetweenthecharacterof
runoffinmainstemstreamsandurbanstormseweredwatershedsandthewater
shedsofArealakeswerenoted Thusassessingtheimpactsofnonpointsource
pollutiononlakewaterqualityusingextrapolationsfromdifferingwatershed
typeswasnotsatisfactory TheCouncilthenproposedafollowupstudy
September1980tobetterdefinetheserelationshipsinseveralArealakesand
theirwatersheds Asdatacollectionwasnolongereligiblefor208fundinga
PhaseIDiagnosticFeasibilitystudygrantunderSection314CleanWaterAct
wasobtained Theprimaryobjectiveofthisstudyistodiagnoseproblemsin
theselakesidentifytheircausesanddefineremedialprograms Howeveran
equallyimportantobjectiveofthisstudyistoobtaindatathatwillbeused
withdataobtainedin1980inbetterdefiningareTationshipbetweenwatershed
characteristicsandwaterquality

ThefeasibilityofprotectingrestoringsevenMetropolitanArealakesisspecif
icallyexaminedinthisseries Generalizedrunoffwaterqualityrelation
shipsrequiringdatacollectedfromthisstudyandalsofromapreviousstudy
Oberts1982Payneetal1982the1980208workwillbeexaminedina
companionfollowupstudy



INTRODUCTION

Thisreportcontainsthedetailedanalysesfindingsconclusionsandrecommen
dationsfortheexaminationoffeasiblerestorationprotectionalternativesfor
SpringLakeMinnesota

AgeneralapproachtothemethodsemployedisfoundinDiagnosticFeasibility
StudyofSevenMetropolitanAreaLakes PartOne Assuchthisreportis
moreorlessananalysisworksheetcontainingsummariesoftheresultsanaly
sisandexaminationanddiscussionofalternativemanagementmethodsspecif
icallyforSpringLake Onlyessentialanalyticalsummaryanddetailarefound
inthisreportwiththegeneralmethodsrawdataandliteraturecitedfoundin
PartOne
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SUMMARYANDCONCLUSIONS

SpringLakeislocatedinalargeagriculturalwatershed Thelakeitselfis

largebutrelativelyshallow SpringLakeisveryfertilereceiving
nutrientsfromrunoffandfrominternalsources Thegreatfertilitycauses
legendaryalgalgrowths Thebluegreenalgaethatnormallybloomsisan
incrediblenuisanceandhasbeentoxicinthepastfourdogsdiedafter
drinkinglakewaterin1980MinneapolisTribuneJuly11980

ThelakesdominantalgaeAphanizomenongrowsinflakeformunderthecondi
tionsfoundinSpringLakelasareunsightlybutalsoprofoundly
influencesthelakesinternalnutrientdynamics Certainlifehistorychar
acteristicsofthisalgaacttotransportphosphorusandothernutrientsfrom
theirdepositionsitelakesedimentsbackintothewater Thesealgaewill
resisteffortsatnutrientreductioninthelakeinfactitappearstheoreti
callypossiblethatalgaecouldincreaseinabundancewithnutrientreduc
tions ImprovingthewaterqualityofSpringLdkerequiresboththatthe
characterofthealgalcommunitybechangedandthatphosphorusinhelakebe
substantiallyreduced Improvementsinwaterqualitymayoccurifphosphorus
fromallsourcesisreducedbygreaterthan1500kgyear Thisminimumreduc

tionisjudgedtobeextremelydifficulttoattainthuswaterqualityimprove
mentinSpringLakewouldbeextremelydifficulttoattain



4

RECOMMENDATIONS

PriorLakeSpringLakeWatershedDistrictshould

A Continuetomonitorlakewaterqualityasdetailedinthisplaninorderto
betterunderstandthelakesecologyandtoestablishbaselinedata

B Continuetomonitorthequantityandqualityofwaterinthewatershedas
detailedinthisplanandprepareannualphosphorusandwaterbudgets

C Continuetheireffortstoimprovethelakeswaterqualitywiththeunder
standingthatimprovementsarenotlikelytooccurwithannualphosphorus
reductionsoflessthan1500kg Theseeffortsmayincluderesearchto
betterunderstandthelakesbiologyandinternalnutrientloadingmech
anismsorprojectswithunknownchancesforsuccess
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DIAGNOSTICSTUDY

SpringLakeislocatedinScottCountyMinnesotaabout22kilometers south

westofMinneapolisMinnesotaDepartmentofNaturalResourceso700054Lat
444205Long932821 ItislocatedinthePriorLakeSpringLakeWater
shedDistrict Springlakehastwoinletsoneisephemeralandoneoutlet
ThelakeisclassifiedbytheMinnesotaPollutionControlAgencyMPCAas2B
2C3B3C4A465and6intheclassificationsystemforintrastatewaters
ofMinnesota6MCARsec48024

TheSpringLakewatershedliesinglacialtillrelatedtotheDesMoineslobe
oftheWisconsinglaciationsomelakedepositsareassociatedwiththetill
Threesoilassociationsoccurinthewatershed CordovaLesterClarionLester

CordovaHaydenandHaydenLesterCaronThefiirstconsistsofpoorlydrained
CordovasoilswhicharefoundinnearlylevelareaswelldrainedLestersoils
foundongentleslopesandClarionsoilswhicharewelldrainedandoccuron
gentleslopes ThesecondassociationhasLesterandCordovasoilsaswellas
thewelldrainedHaydensoilsfoundonundulatingslopesandhills Thethird

associationconsistsofHaydenandLestersoilsandverypoorlydrainedorganic
Caronsoilsfoundindepressions Sedimentproductionisabout5589kghayr
sedimentproductionisdefinedastheamountofsoillossreachingawaterbody
asanaverageannualvolumeObertsandJouseau1979

ThecontributinglandareawithintheSpringLakewatershedis472 km The

pogulation inthatareais1706thuspopulationdensityis361personsper
km Themajorlanduseinthewatershediscroplandwithwetlandsgrass
landwoodlandpasturelandandsomeresidential Otherlandusesarerelative

lyminor DetailsaboutlandusearefoundinResults Thereare117housing
unitswithin913meters300feetofthelakethathavesepticsystems
Tlerehavebeennopointsourcedischargestothelakeforatleastfiveyears

CensusdataforSpringLakeTownship1980thetowninwhichSpringLakeis
locatedprovidesanoutlineoftheeconomicstructureofthepopulation
residingnearthelake

AnnualIncome NumberofHouseholds Percentof

dollars inthatIncomeRange TotalHouseholds

Lessthan2500 12 22

2500 9999 40 73

10000 19999 148 271

20000 29999 141 258

30000 39999 105 192

40000 49999 61 111

50000 74999 31 57

75000 9 16

4T

ThemedianincomeforSpringLakeTownshipis24906themeanincomeis
27204 Thereare2142peopleresidinginthetownship

SpringLakeisoneof942lakeslocatedinthesevencountyMetropolitan Area

ThepopulationoftheRegionisabout2million Approximately165million
waterrelatedrecreationoccasionstakeplaceannuallyintheRegion A162ha

regionalparkisunderdevelopmenttothenorthofSpringLake Aboatlaunch
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isproposedfortheparkasisaseparateswimmingareacampgroundpicnic
areaandtrailsystem Nodataexisttodocumenthistoricaluseofthelake
projectionsforuseoftheparkinclude47000surtnervisitsintfie year2000
Thereisnopublictransportationavailabletopointswithinonemileofthe
lake

SpringLakeisusedprincipallyforfishingithaspopulationsofnoitherns
crappiesandwalleyes Swimminghasnotbeenpopularinthelakeforsome
time Furtherlakedegradationmayadverselyaffectactivitiesonthelake
shoreandfishing

HitoricallimnologicaldataforSpringLakearesparse TheMnDNRsurveyed
thelakein1940194819541973and1982 MPCAmeasuredtotalphosphorusin
1979 TheMetropolitanCouncilconductedlakesurveysin19801981and1982
Therearetoofewdatatoindicatechangesinlaketrophicstate Howeverthe
pastvaluesofseveraltrophicindicators arewithintherangeofrecent
values Nochangeintrophicstatussince1940maybeinferredfromthisinfor
mation BiologicalresourcesandecologicalrelationshipsinSpringLake are

discussedlaterinthispaper
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RESULTS

A WATERSHEDANDBASINCHARACTERISTICS

SpringLakehasalargewatershed Runoffmonitoringstationsandtheir
subwatershedsareshowninFigure1 Table1sumnarizeslanduseinSpring
Lakeswatershed OtherwatershedcharacteristicsarefoundinTable2

SpringLakeswatershedislargelyagricultural57percent2710ha
cropsandpastureland Othersignificantlandusesincludenaturalareas
grasslandandwoodland17percentandwetlands15percent These

percentagesarecomputedexcludingnoncontributingandopenwaterareas
Residentialaccountsforlessthansixpercentofthewatershedarea

InlakesamplesitelocationsareshowninFigure2withSpringLakebasin
morphometryasfollows

MaximumLength 257km MaximumDepth 104m

SurfaceArea 2553 ha Volume 144x 10
MeanBreadth 099km MeanDepth 563m

ShorelineLength 81 km

SpringLakeisbroadparticularlywithrespecttotheprevailingwind
directionwesterly DuetoitsorientationanddepthSpringLakemixes
quitefrequentlyduringthesummerpolymictic

6 HYDROLOGICPHOSPHORUSBUDGETS

Runoffinformationwascollectedovera15monthperiod Annualand

seasonalloadingratesaresurrnarizedasfollows

Season InclusiveDates NumberofDays

Fall81 12October 31December1981 80

Snowmelt 1January 22April1982 112

Spring 23April 1June1982 40

EarlySurtxner 2June 17July1982 46

LateSummer 18July 4September1982 49

Fall82 5September 31December1982 118

Annualratesarecomputedasthewateryear198212October1981to
4September1982327daysandasthecalendaryear1982365days
Calendaryear1982hadaboutninepercentmoreprecipitationthannormal
NelsonandBrown1983

LoadingandexportofwaterandphosphorustofromSpringLakeisshown
inFigure3 SeasonalloadingbudgetsappearinTable3 Waterloadto

SpringLakeprecptation streaminflowandgroundwaterinflowis
935611431x10myearwatercalendaryear Ofthisinuthalf
5545percententersduringsnowmelt Phosphorusloadto pring lakeis

2181 2645kgyear Ofthisloadthelargestproportion8080per
centisfromstreaminflow Snowmeltaccountsforthelargestportionof
streaminflow7764percent Phosphorusloadingcanalsobesignificant
inthefall623percentandannualinputfromnearshoresepticsystems
issmall55percent
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Table1

LANDUSES SPRINGLAKE

Subwatershed Subwatershed Remaining

LandUseha Site1 Site2 Watershed Total

Lowdensityresidential 569 05 1805 2379

Mediumdensityresidential 85 223 308

Multifamily
Wetlands 33 101 3516 6925

Openwater 31 322o 363

ParksOpenSpace 08 101 3516 6925

CommercialIndustrial 16 05 2

Institutional

Crops 12706 87 11074 23867
Pastureland 1438 1792 323

Grassland 1520 38 2722 428

Woodland 1215 17 2484 3716

Other 100 08 108

MiscellaneousError 1285 02 996 2279

TotalContributingArea 22560 246 28039 5085
TotalNoncontributingArea 2979 2979

TotalWatershedArea 53824

IncludesSpringLake2553ha

Table2

WATERSHEDCHARACTERISTICS SPRINGLAKE

Subwatershed Subwatershed Remaining

Site1 Site2 Watershed Total

Areaunderconstructionha 106 106

Populationdensity 015 015 054 037

personsha
Reliefm 26 11 58 58

Drainagedensitymha 995 1487 137 1072

Mainehannelslopem1
Imperviousareaha 38 0 57 769

Ditchdensitymha 92 1487 1097 1020

Animalunitsnumber 675 0 823 1498

Lengthofditcheskm 2066 037 2713 4816
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Table3
HYDROLOGICANDPHOSPHORUSBUDGETSSPRINGLAKE

Early Late
Fall81 Snowmelt Spring Summer Summer Fall82

HYDROLOGICBUDGET10

Precipitation 40234 34229 26122 27323 44237 58449
Evaporation 26562 6916 40595 544127 55713 436102
SurfaceInflow 25048 3632625 704121 52290 7713 840144
SurfaceOutflow 83472 4400381 1800156 47041 434 2200190
StorageChange171 67734 47024 41621 362 55528
Groundwater 4653 1172468 77084 19768 4535 1767127

PHOSPHORUSBUDGETkg

Atmosphere 4810 37 37 4510 4410 6113
SurfaceInflow 388 1352258 12226 17737 6213 41689J
SurfaceOutflow 13541 50056 15017 768 40 1400t156
Groundwater 226 515 3610 26g 21 8222
SepticInput 2712 3817 136 167 178 4018

Parametervalue associatederror
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C INLAKEDATA

PhosphorusNitrogen

SpringLakeisenrichedwithphosphorus Surfacephosphorusconcentration
exceedsallacceptedcriteriaforaneutrophiclakeCarlson1977Maloney
1979 WinterphosphorusconcentrationsbothTPandTDPFigure4are
4050ugP1 TPwasgreatlyelevatedbylateApril123ug1 TDPwas

considerablylowersuggestingmostphosphoruswasparticulateandassoci
atedwithdiatomsCyclotella TPdeclinedrapidlytoitslowestannual
concentrationoverthenextcoupleofweeks Thisdeclinecorrespondsto
thedemiseofCyclotellawhichsuggestsremovalofphosphorusfromthe
surfacebyset ingce s Thenphosphorusisessentiallyalldissolved
atthistime InmidMayphosphorusbothTPandTDPbegintosteadily
increasethroughtherestofthQseasontoamaximumof170ug1 This

increasecorrespondstobloomofbluegreenalgaeprimarilyAphanizomenon
thatpersistsintoautumn AphanizomenonwhichispresentinTace
formmaybebringingnutriens rom e ottomwaterstothesurface

accordingtothehypothesisofLynch1980

Nearbottomphosphorusgenerallyfollowssurfacevaluesexceptfollowing
calmperiodswhenthelakestratifies Duringthesetimeshypolimnetic
buildupofphosphorusexceeding1600ug1nearthebottomiscornon
Subsequentrecirculationmaypartiallyaccountforthesteadyepilimnetic
increasesthroughoutthesurranerparticularlyTDPStephanandHanson
1981

NitrogenTKNrangesfrom144to279mg1atthesurfaceinSpringLake
Figure5 ThisrelativelynarrowrangeiscommoninMetropolitanArea
lakeslOsgood1981TDKNexceedsTKNseveraltimeswhichsuggests
possibleanalyticaldifficulties Thelargestproportionofparticulate
TKNnondissolvedcooccurswithAphanizomenonflakebToomssuggesting
thatAphanizomenon isnotnitrogen imit3doesnotdeclineduring
thefTTeomosTFigure5furthersugestingthatAphanizomenonmaybe
transportingNfromthesedimentsLynch1980Alsothenitrogenphos
phorusratiowhichequalsbetween10and20duringthebluegreenblooms
Figure6mayinfluencespeciescompositionSmith1982whenthealgal
communityisdominatedbynonnitrogenfixingbluegreens Howeveratthe
peakofaChroococbloomandaconcurrentdeclineofAphanizomenon
inmidAugustsuracenitrogenandphosphoruswasallisdsoTved
Coupledwiththeextremephosphorusconcentrationsnitrogenmaynormally
benonlimiting

ExceptduringmidMayammoniaNH3anddissolvedinorganicnitrogenNN
areatlowlevelsFigure5 TheelevatedlevelsofNH3andNNinmid
Maycorrespondtolowchlorophylllevelsandintensezooplanktongrazing
indicatedbyhighanimaldensities

TemperatureOxygen

SpringLakeispolymicticthatisitmixesmanytimesduringthesummer
Hypolimnetic8mtemperatureincreasesthroughoutmostofthesurmner
Figure7 Thisindicatesnearlycompletemixingatregularintervals
Theareabeiow8misthermallyisolatedduringJulyandAugusthowever
only17percentofthebottomsurfaceareaand45percentofthelakes
volumeisbelowthisdepth
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Mostofthelakeisoxygenatedgreaterthan1mg0above8mduring
theyear Surfaceconcentrationsfluctuatebutcornonlyexceed10
mg01 Duetodeepandfrequentmixinganoxygenatedsedimentwater
intrface occursregularlyandoveralargebottomarea Thisconditionis

apparentlynecessaryforthegenerationofAphanizomenonflakesLynch
1980Lennon1981LynchandShapiro191

SecchiDisc

Secchidiscvaluesarenormallymoderate12mthroughoutthesurner
sumnertimeaverage 20mexceptduringmidMayFigure8 These

moderatevaluesarecommoninthepresenceofpopulationsofAphanizomenon
flakebloomswhichpersistfrommidMayuntilautumnLynchsgoo
1982b ThegreatesttransparencyinmidMaySD 51mcorrespondsto
theloweststandingcropofalgaeaschlorophylla

ChlorophyllTotalSuspendedSolids

Planktonicalgaesubstantiallyconstituteallsuspendedmaterial inSpring
Lakessurfacewaters ChlorophyllaFigure9mirrorstotalsuspended
solidsFigure10exceptonApril2whenTSSisquitelowand CHLis

high Thisdifferencecannotheexplained ExceptduringMaychlorophyll
isquitehighupto89ug1duringthegrowingseasonseasonalaverage
47ug1 ThecombinationofarapidlysettlingCyclotellaandintense
grazingbyDaphniaLynch1980Lennon1981lakeyaccoun sforthelow

chlorophylllevelsinMay Anotherdeclineinchlorophyllisnotedin
earlyAugust ThisisassociatedwithasharpdeclineAphanizomenonflakes
seePhytoplankton FinallywhenAphanizomenonflakesarepresentthey
canbeeasilytransportedacrossthe acessurace Windredistribution

offlakesonSpringLakeisindicatedbydifferingchlorophylllevelsamong
thethreesurfacesamplingstationsAppendixAPartI

FecalColiformStreptococci

FecalcoliformsandfecalstreptococciarebothatlowlevelsinSpring
Lake1mdepthStationol Fecalcoliformsneverexceedfourcolonies
l00m1andfecalstreptococcionlyfourtimesexceededninecolonies100 ml

max 45inJanuary SeeAppendixBPartI

Phytoplankton

SpringLakeischaracterizedbyAphanizomenonflakebloomsthrough mostof

theyear Thedynamicsofsuch oomsarenotcompletelyunderstoodbut
thedescriptionsofLynch1980Lennon1981andLynchandShapiro
1981seemtoapplytoSpringLake Brieflytheysuggestthatthe
colonializationofAphanizomenonfilamentsintoflakesoccursonanoxic
sedimentsurfaceinpresenceoflargeDaphnia uplex

TheannualsequenceofthephytoplanktoncommunityisillustratedbyFig
ures111213and14withfurtherdetailfoundinAppendixCPartI
ThewintercomnunityisrelativelydiverseFigure11butsparse200
cellsml Cyclotellabloomsearlyanddeclinesrapidly Thedeclinemay

berelatedtozoopTanktongrazingiftheselargecellsareingestable
Burns1968 Settlingmayalsoaccountforthedecline Followingthe
demiseofCyclotellaandsubstantiallyallotheralgaethelakeisquite
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clearSD 51mandlowinphosphorusalldissolved Expandingzoo
planktonpopulationsseenextsectionefficientlygrazethealgaetolow
levelsduringMay ThisallowsflakeAphanizomenontobecompetitivefor
nutrientsLynch1980 AphanizomenonTsecomeabundantatthe
surfaceinearlyJuneandmaintaindominancethroughmostoftherestof
theyearFigures11and14 DuringabriefdeclineofAphanizomenonin
AugustthereisadramaticincreaseinChroococcusfollowe ya oomof

Melosira Chroococcusexpandstolargenumbers about50000cellsml
u comprisearaivelysmallportionofcommunitybiomass Melosira

hloomsbrieflyinlateAugustandearlySeptemberandisquicklysucceeded
byAphanizomenonflakeswhichpersistthroughtheseason Othertaxaof

imporance ce numbersincludegreenflagellatesAnabaenaand
Oscillatoriabuttheseareseldomofgreatquantitative iomass

significance

Zooplankton

Figures151617and1summarizethezooplanktoncommunitydynamicsin
SpringlakeandfurtherdetailisfoundinAppendixDPartI The

cladocerancortenunityisdominatedbyDaphniapulicariaDgaleata
mendotaeandChydorusFigures15and ercaoceransincTude D

rerocurvaDiapTianosomaLeydigiaPleuroxusandLeptidorabutare
ummporant intermso numers

ThespringincreaseinDpulicariaFigure15isrelatedtoarapid
declineinchlorophyllTFigure Thisincreaseisalsorelatedtothe

appearanceofAphanizomenonflakesFigure14whichisconsistentwith
Lennon1981pufcariadeclinestolowlevelsinAugustwitha
concurrentreductioninandAphanizomenonflakes Dpulicariais
replacedbyDgaleatamendotaeineptemlrasthedominan aocera

TheincreaseingafeaamenotaspursasecondbloomofAphanizomenon
flakesFigure14

Copepodcommunityabundanceseemstoberelatedtothepresenceofhigh
qualityfoodgreensanddiatomswithpulsesjustfollowingbloomsof
diatomsorflagellatesFigures13and17 Dominanceshiftsinthe

communityamongDiaptomusCyclopsandMesocyclops

RotifersareabundantonlybrieflyJuly19inSpringLakeFigure18
Thisanimal Conochilusisabundantwhenthefilamentousbluegreens
AphanizomenonanTUsciTlatoriaaremaximum

TrophicState

SpringLakeiseutrophic Totalphosphorusrangesfrom37to170ug1at
thesurfacechlorophyllasurfacerangesfrom54to87ug1Secchi
discrangesfrom12to51metersthereareintensebluegreenblooms
andthehypolimnionwhenpresentbecomesanoxic Alloftheseindicate

eutrophy UttormarkandWall1975Carlson1979Shapiro1979 Carlsons

t1977trophicstateindexalsoindicatesthatSpringLakeiseutrophic
Figures48and9 TheTSIforchlorophyllandphosphorusalways
exceeds50andnormallyexceeds70 TSIforSecchidiseissomewhatlower
about3565butinlakescharacterizedbyflakebloomsof
AphanizomenonitisapoorindicatoroftrophicstateOsgood1982b
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MacroPhytes

Vascularplantsdonotgrowtoadepthgreaterthanaboutthree metersin

SpringLakewhichindicatespotentialarealcoverageofabout 34percentof
thelake87ha Significantgrowthshoweverarelargelylimitedtothe
westernportionofthelakeandthecentralsouthernbay Thepredominant
taxaarePotamogetonfilaformisandCeratophyllumdemersumwitElodea
Anacharieeranthera uiaandLemna risucaasnd

Fish

SpringlakeismanagedforwalleyesbytheMinnesotaDepartment ofNatural

Resources Recentsurveysshowthatdespiteintensivestockingefforts
Table4walleyesarerelativelysparseTable5 Planktivoressuchas

perch5unfishbluegillsndcrappiesarerelativelyabundantwhile
predatorsaresparse Absoluteabundancesoftheperchandpanfishexceed
thelocalMetroAreamediannumbers
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Table4

MINNESOTADEPARTMENTOFNATURALRESOURCESSTOCKINGSINCE1970
SPRINGLAKE

Number Rate

Year Stocked Size fishlb Pounds Type

1970 82 Y NA NA NP
1970 1100 F 220 5 WA
1971 130 F 65 2 WA
1973 12675 F 17 73 WA
197 7680 F 960 Np
197 4284 F 204 21 WA
1975 189000 Fr WA
1976 193000 F WA
1977 190200 Fr WA
1978 188000 Fr WA
1979 380000 Fr WA
1980 35000 Fr WA
1981 35000 Fr WA
1982 335000 Fr WA

1 FfingerlingYyearlingFr fry
2 NP northernpikeWA walleye

Table5

MINNESOTADEPARTMENTOFNATURALRESOURCESFISHERIES
LAKESURVEYSUMMARY SPRINGLAKE

PercentaesCaptured

973 1977 1982

FishType Seine Gillnet Trapnet Gillnet Trapnet Gillnet Trapnet

LargemouthBass 1 p
NorthernPike 2 3 0 0 0
Walleye 2
Perch 0 53 1 5b 0 84 2
Sunfish 8 1 0 0 9
Bluegill 51 8 0 23
Crappie 1 38 37 31 90 6 63
Sucker 1 0 1 0 t 0
Bullhead 5 9 5 0 4 1
CarP 0 1 0
Minnow 90 0

MeanTotal 408 131 96 141 121 319 126
NumbersperNet

SummarizedfromsurveysprovidedbytheNINDNRFisheries
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ANALYSIS

A CHLOROPHYLLSECCHIDISCRELATIONSHIP

WaterclarityinSpringLakegenerallydependsonchlorophyllseeFigures
8and9 ThisCHLSDrelationshipisdifferentfromMetropolitanlakesin
generalFigure19 Thewaterismoretransparentparticularlyathigh
chlorophyllconcentrations Thisisrelatedtothepresenceof
AphanizomenonflakesOsgood1982bLynchandShapiro1981 Atlow

chloroplevelstherelationshipisquitegood Thisoccursattimes

whenAphanizomenonisabsentLennon191Lynch1980 Changesinthe
seasona caracerofSpringLakesphytoplanktonieAphanizomenon
dominancewilllikelychangethecharacteroftheCHLS reationsip
Figure19

B PHOSPHORUSCHLOROPHYLLRELATIONSHIP

SpringLakehasaloweryieldofchlorophyllthanpredictedonthebasisf
phosphorusFigure20 Thismaybedueatleastinparttonitrogen
limitationSmith1982SmithandShapiro1981 Consideringthatnitrogen
isrelativelyconstantFigure5Smiths1982model02suggeststhat
nitrogenlimitationmayoccurathighphosphorusconcentrationsTPgreater
than100ug1 IndeedathighphosphorusconcentrationsNPratiois
lowFigures4and6 AnotherexplanationmaybeAphanizomenonscost
ofcolonialitySmithetal1982 Theysuggesttatereisaneco
logicalcosttoAhanizomenonintheflakeform Thiscostisreduced

ratesofnutrientuptace ycolonialAphanizomenon Finallythegrazing
pressureofabundantlargeDaphniamayreuceagalabundanceatleastin
thespring AllthreemechanismsnitrogenlimitationEostofcoloniality
andgrazingDaphniamayaccountforreducedchlorophyllyield

C HYDROLOGICNUTRIENTINPUTSANDINLAKEPHOSPHORUS

Inlakephosphorusconcentrationisrelatedtotheinputofnutrientsto
thelake Parametersusedtoestimateinlakephosphorushavebeenpre
sentedearlierTable3andareusedasfollows

P L1Rp

qs

wherePis predited inlakephosphorusconcentrationLisarealphosphor
usloadinggmmyearRpisphosphorusretentioncoeffecientKirchner
andDillon1975andqsisarealwaterloadmyear Forfurtherdetail

seeDillonandRigler1974bandReckhow1979 Themodellingexercise
issumnarizedinTable6 Predictedinlakephosphorusis6775witha
rangeof3945to110119ugPl Thissignificantlyunderestimatesthe
observedlevelofphosphorusinSpringLakeFigure4 Seethefollowing
sectionforanexplanationofthisdifference

D INTERNAINUTRIENTLOADING

Theseasonalinputofnutrientsfromwithinalakeprimarilyfrombottom
sedimentsistermedinternalnutrientloading SpringLakesphosphorus
concentrationexceedstheexpectedlevels Theannualmeanvolume
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Table6

HYDROLOGICNUTRIENT MODEL SPRINGLAKE

Parameter Values

HYDROLOGICPARAMETERS

WatrInput 81 9356767 11038
10m 82 114319564 13298

ResidenceTime 81 154130 187
years 82 126108 150

ArealWaterLoad 81 3663133
myear 82 7375 521

PRetention 81 07120683 076
Coefficient 82 06770650 0708

PHOSPHORUSLOAD

AnnualInput 81 2181168b 2767

kg 82 26452044 3246

Area PhosphorousLoad 81 0850660 1048

gmyear 82 10360801 1271

MODEL

PredictedInlakeP 81 6T39 110

ug1 82 755 119

1 DillonandRigler197bKirchnerandDillon1975
2 81referstowateryear198282referstocalendar

year82
3 Numbersin aretherangesfromcarryingassoci

atederrorsthroughthecomputations
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weightedphosphorusconcentrationofthelakeis118ug1 Themagnitud
oftheinternalnutrientsourcemaybeestimated Visualexaminationof
thelakessurfaceconcentrationindicatesanearlylinearincreasefrom
May13toJuly19Figure21 Thischangeappliedtothelakesvolume
indicatesanincreaseof2600kgP Internalphosphorusloadingrate
duringthistimemaythenbeestimatedbyexcludingthemeasuredexternal
load406kgandassuming occursovertheentirebottomarea This

loadingrateis128mgPmday Thisisconsideredthemaximumnet
loadingratesinceitoccursatatimeofthegreatestrateofincreaseof
bothsurfacephosphorusandAphanizomenonflakes

PhosphorusconcentrationinSpringLakepredictedonthebasisofexternal

r phosphorusdynamicsis75ugliterTable6 Observedphosphorusconcen
trationvolumeweighteddailyintegratedwas118uglitersignificantly

J greaterthapredicted Assumingthatthelakesphosphorusretentioncoef
ficientis0677KirchnerandDillon1975andknowingtheannalphos
phorusinputtheannualoutflowofphosphoruswouldbe854kg Thisis

r muchlowerthanthemeasuredoutput Thedifference 1302kgis
attributedtointernalphosphorussources Addingthistothemeasured
externalloadyieldsanewpredictedphosphorusconcentrationof112ug
literveryclosetotheobservedconcentration

ThisinternalloadingofphosphorusinSpringLakeissignificantsubstan
tialandlargelyassociatedwiththelifehistorycharateristicsof
Aphanizomeflakes Estimatesofinlakephosphorusthatconsideronly
externaTnutrentsourcesaresignificantlyiessthantheobservedconcen
tration Thisdifferenceislargeandisasociatedwithinternalphoshor
ussources Boththeestimatedmaximumarealloadingrate128mgPm
dayandtheannualinternalload1302kgParesubstantial Internal

phosphorusloadingmayaccountfor33pereentofSpringLakestotalannual
loadandthissourceisentirelyfromtheproposedmechanism rising
Aphanizomenonflakes OtherinternalphosphorussourcesinSpringLakeare
proa6Tyinsignificant Benthivorousfisharenotabundantextensive
growthofmacrophytesarenotnotedandanaerobicreleasethoughitdoes
occurisunimportant

Anaerobic relgasemay beestimatedbyapplyingthefollowingrates
94mgPmdayArmstrong1979Larsenetal1981 Assumingahypo
limneticareaof429ha8mcontourbecomesanaerobiconaregularbasis
Figure7andfurtherthatttisareaisanaerobicfortheentireperiod
indicatedbyFgure778daysanaerobicreleaseis301 134kgphos
phorus Thoughsubstantialthisisasmallpercentageoftheestimated
internalload

Higherthanexpectedinternalphosphorusloadingmaybeduetotransportof
phosphorusfromthesedimentstotheeuphoticzonebyrisingAphanizomenon
flakes Thismechanismofnutrienttranslocataionhasnotbeenconsied
inthepastasfarastheauthorisaware AccordingtoLynchand
Shapirof1981Lennon1981andLynch1980 Aphanizomenonflakesform
onorcloselyassociatedwithoxicsediments Oncetese acesreach

ungrazeablesizeabout15mmtheyfloattothesurface Observations

onSpringLalceareconsistentwiththishypothesizedmechanism noflakes

observedinhypolimneticwatercontaininglessthanonemg01with23
mg01seeminglyatransitionzone Thismechanismcould b themost

imprtant internalnutrientsourceinSpringLalce



27

240 olumewelqhtad

Pooncntratloe

180

O3

120

n
e

L
d

d

e O

JanFebMaAprMayJunaJulyAupSeptOctNovDec
t982

Figure21VotumeWeightedPhosphorusConcentrationCompared

toPredictedPhosphorusConsideringonlyExternal

Phosphorus8ourcesPredictedphosphorussolidline
isfromTable6anddashedlinesreSresent90percent

confidenceintervalReckhowetal1980



zs

DISCUSSION

SpringLakehasalargesurfaceareashallowbasinFigure2thatis
locatedinaverylargeagriculturalwatershedFigure1Table1 Thewater
shedhasalargenumberofwetlandsFigure22a Agreatdealofrunoffis
generatedinthiswatershedwithhalftheannualvolumeenteringthelake
duringsnowmeltTable3 Phosphorusloadtothelakeisalsolargeagain
overhalfenteringthelakeviastreaminflowduringsnowmelt Othersources
ofhydrologicandnutrientinputarerelativelyminorTable3

Thereisadetentionbasinontheprimarystreaminletnearthelake Its
smallsizeandvolumehaverendereditineffectiveinreducingphosphorusand
perhapsotherpollutantdeliverytothelake Inadditionalargewetland
downstreamfromthedetentionbasinFigure22bhashadachannelconstructed
throughitthuseliminatingpotentialtreatmentofthestreaminflow

InlakephosphorusconcentrationishighFigure4 Howeverphosphoruscon
centrationisconsiderablyunderestimatedonthebasisofexternalhydrologic
andphosphorusdynamicsTable6 Aninternalphosphorussourceispostulated
whereAphanizomenonflakesrisingfromthelakesbottomcarrynutrientsto
thephoiczone ismechanismisconsistentwithanhypothesisofLynch
1980

Thismechanismofinternalphosphorusloadingissupportedbythefollowing
sequenceofobservations FirstpriortothepresenceofAphanizomenon
flakestheambientphosphorusconcentrationishighwith very itte issolved
phosphorusFigure4 ThiscooccurswithaCyclotellabloomFigure12
suggestingthatthesecellshaveutilizednearya teavailablephosphorus
Withthedemiseofthisdiatombloomallparticulatephosphorusdisappears
Figure6andisnotsubstantiallyreplenishedfromexternal sourcestTable
3 Phosphorusconcentrationbeginstoincreaseconcurrentwiththeappearance
offlakesFigures4and14 ThedynamicsofthisseasonsAphanizomenon
bloomhavebeendiscussedearlierRESULTSandisfoundtobeconsiswith
descriptionsofLynch1980Lennon1981andLynchandShapiro1981 The

increaseintotalphosphorushasanincreasingwithtimecomponentofpartic
ulatenondissolvedphosphorusagainassociatedwiththeAphanizomenon
flakPsFigures491213and14

Internalphosphorusloadingratesareestimatedwiththismechanisminmind
Internal posphorusloading wasfoundtobe1302kgyearwithamaximumrateof
128mgPmday Suchconsiderationsofinternalphosphorusloadingin
additiontoexternalnutrientdynamicsadequatelyexplainthelakesphosphorus
dynamics

Springlakeisunquestionablyeutrophic Howeverphosphorusconsideredalone
inadequatelydescribestheoverallalgalbiomassfoundinthelakeFigure20
thereisaloweryieldofchlorophyllthanpredicted Nitrogenlimitation

Figure6Smith1982thecostofcolonialitySmithetal1982 orinten

sivegrazingbyDaphniaFigure15Lynch1980mayallplayaroleinreducing
chlorophyll Alsowi thepresenceofflakesthewaterismoretransparent
SDthaexpectedFigure19particularlyathigherchlorophyll
concentrationsLynch1980Osgood1982b
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ThemostdramaticandperhapsmostecologicallysignificantcomponentofSpring
LakesbioticcommunityisAphanizomenon ItsdynamicsinSpringLakehave
beendetailedpreviouslyanai s ynamicsingeneralhavebeenpresentedby
othersLynch1980Lennon1981LynchandShapiro1981 Aphanizomenonis
presentinflakeformseeminglyonlyinassociationwithlarge oyszie
cladoceranherbivoresparticularlyDaphniapulexpulicaria Large
Daphniarequiresomesortofrefuge ync aiapiro Lynch1979Dodson
etaTDodson19741970BrooksandDodson1965fromtheirpredatorsin
ordertomaintaintheirpopulations Itisunclearwheresucharefugemaybe
inSpringLakeperhapstheflakesthemselvesactasdecoysandinterferewith
fishpredationonDaphniaTNoonanandDWrightpersonalcommunicatons
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FEASIBILITYSTUDY

A POLLUTIONCONTROLRESTORATIONALTERNATIVES

SpringLakeisincrediblyeutrophic Ithasanannualphosphorusinputof
3947kg198267percentfromthewatershed33percentfrominternal
sources Themajority56percentoftheannualexternalphosphorusload
comesfromsurfacerunoffduringsnowmeltandspringrunoffTable3
WhileexternalphosphorusisgenerallyconsideredcontrollableOberts
1982inlakeimprovementsreducedchlorophyllmaynotbepossible The

managementstrategyforSpringLakewillbetoexaminethepracticalextent
oftheprecedingstatement

Priortoadetailedwatershedanalysisthatexaminesthefeasibilityof
managingnutrientsitwillbeinstructivetolookatSpringLakessitu
ationmoregenerally SpringLakesexternalannualphosphorusloadis
primarilyfromsurfacerunoff80percentwithatmosphericgroundwater
andsepticsystemsaccountingforteremainder Itisgenerallynotfeas
ibletocontrolanyoftheminorsources Themaximumpossiblereduction
ofphosphorusinputfromsurfacerunoffinthistypeofwatershedis47per
centOberts1982Thoughsubstantialthisreductionwouldreducethein
lakephosphorusconcentrationtoabout84ug1fromabout112ug1 This

inlakereductionshouldreducealgalproductionaschlorophyllFigure
20butnotgreatly Alsoifthisreductionchangeshecharacterofthe
lakesplanktoncommunitychlorophyllmayactuallyincrease Flakeblooms

ofAphanizomenonhavereducedtheslopeoftheTPCHLrelationshipFigure
20 minaionoftheAphanizomenonflakesshouldhavetheeffectof
raisingtheslopeofthereationshipcausingahigheryieldofchlorophyll
foragivenphosphorusconcentration Asaresultchlorophyllwouldnot
changewiththeproposedphosphorusreduction 47ug1in198 57ug1
withPreductionindeeditmayincrease Iftheflakebloomspersisted
nosignificantreductioninchlorophyllcouldbeexpectedsincethesealgae
areapparentlyobtainingnutrientsthatareassociatedwiththelakessedi
ments ThereforeimprovedwaterqualityreducedchlorophyllofSpring
Lakecannotbedemonstratedbyreducingexternalnutrientloadingalone

InlakerestorationmeasuresforSpringLakearealsonotfeasible Normal

phosphoruscontrolmeasureswouldbedifficultorexpensiveinthislarge
shallowlake Alsoinlakemeasuresareineffectivewithoutpriorsub
stantialnutrientreductions Bioticmanipulationsinthelakearenot
appropriatesincethelakeszooplanktoncommunityalreadymimicsthe
idealsofbiomanipulationShapiroetal1982 Inthiscasehowever
DaphniaisprovidingAphanizomenonaserviceLynch1980byreducingalgal
compeitorsSmitheta isturbingDaphniascornunitystruc
turewouldactuallyleadtoincreasedchloropFiypreviousparagraph

WhatphosphorusreductionswouldleadtoimprovementsinSpringLake The

annualphosphorusloadtothelakeisnow3947kg2645external1302
internal Itisjudgedthatareductionofatleast1500kgPyearis
requiredbeforesignificantchangesinchlorophyllwouldoccur Elimi

natingthelakesinternalphosphoruswouldnearlyaccomplishthisobjec
tive Thismaybepossiblebyalteringthelakeszooplanktoncornunityin
awaycontrarytothebiomanipulationapproachShapiroetal1982 This

wouldcontrolAphanizomenonflakesLynch1980thuscontrolalargepor
tionofinterna nutrientsinputseeANALYSIS Thetransparencyhow
everwouldlikelydeclinewiththealterationoftheplanktonconunity
Figure19Osgood1982b
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Asdiscussedearlieragriculturalmanagementtechniquescouldreduce sur

faceinputofphosphorusupto47percent994kg Thisreductionhas
beenestimatedbyassumingthecombinationoftechniquesapplied oneach
agriculturalsitewillyieldthemaximumpossiblereductionandthatthese
techniquesarecurrentlynotapplied Thusthisestimatedreductionis
probablyhigh

Finallythereiscurrentlyasmalldetentionbasinnearteprimaryinlet
tothelakeFigure22b Thisbasinislargelyineffectiveincontrolling
phosphorusNelsonandBrown1983 Thelargewetlanddownstreamcould
conceivablybefashionedtoactasaretentionarea Unfortunatelyonly
819kgphosphorusperyearflowthroughthisarea Alsojustretaining
thesnowmeltwouldraisetheleveloverthewetlandareabyabout3m It

isnotfeasibletoutilizethewetlandinthisway Itwouldbegenerally
beneficialhowevertoallowtherunofftoseepthroughthewetlandrather
thanbypassitthroughthechannelthatnowexists

Waterqualityimprovementsinthelakegreatertransparencyorlesschloro
phyllcannotbeassuredwithanannualphosphorusreductionaflessthan
1500kg Noapparentwayhasbeenfoundtofeasiblyreducephosphorusto
SpringLakeby1500kg

SpringLakeisavaluableregionalresource Itisapopularfishinglake
andthereisalargeRegionalParkplannednearthelake Eventhough
substantialimprovementsinthelakeswaterqualityareunlikelythelake
isworthmaintainingatornearitspresentcondition

IsthereanywaySpringLakecaneverbeclean Itappearstattheonly
chancetosignificantlyimproveSprinqLakeswaterqualitywillrequire a

monumentaleffort Theanalysesthusfarsuggeststhatevenwithgreat
nutrientreductionsSpringLakewilllikelynotimprovehoweverthere
arestillmanyquestions Thelikelihoodforimprovementinthisnon
typicalbiologicalsystemisunclear Thereforegiventhegreatrecre
ationalpotentialofSpringLakeandawillingpublicmanagementefforts
ofanexperimentalnatureorwithanunknownchanceforsuccess maybe
considered Sincesucheffortshaveuncertainchancesforsuccessthey
cannotbespecificallyrecortenended Noweverdiscussingthedirection
futureeffortsbasedontheconclusionsofthisstudywouldbe auseful
service Thefollowingdiscussionwilladdressresearchandmonitoring
andpollutionsources

ResearchandMonitoring

Addressingthefollowingresearchtopicsmayhelptodirectfuturemanage
mentinSpringLake

1 Specificinternalloadingmechanismsofphosphorusandnitrogenshould
beidentified NutrienttranslocationbytheAphanizomenonflakeshas
beenimplicatedasanimportantinternalnutrienoTadingmechanism
Therelativeimportanceofthissourcecomparedtoothersshouldbe
assessed

2 Whatisreducingthechlorophyllyieldwithrespecttophosphorusin
thisiake NitrogenlimitationAphanizomenonscostofcoloni
alityorintenselygrazingzoopTanTconmaya1beresponsible
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3 WhereisDaphniasrefuge Thepresenceofnumerouslargebody
sizedDapiampliestheexistenceofarefugeforDaphnia Does

thisregeexistandifsowhereisitfound

4 IftheAphanizomenonflakeswerepreventedwouldtheDaphniapersist
Ifso e apniacouldbecountedontocontrolotheraaTgrowth
Ifnota1gaTgrowthwouldbedictatedbythenutrientconditionsin
thelake

AmonitoringprogramtobackupthisresearcheffortisdetailedinPartC
ofthisfeasibilitystudy Inessencedatacollectionshouldcontinuein
amannersimilartothisstudy Additionalanalysismayberequiredto
addresstheparticularresearchquestionspresentedabove

PollutionSources

The1982inputsofphosphorustoSpringLakearebrokendownasfollows

Percentageof
Source TotalInput

Atmosphere 6

Groundwater 4

NearshoreSepticSystem 3

InternalLoading 33

SurfaceRunoff 54

Thetotalphosphorusloadwas3947kg Whichofthesesourcescanpoten
tiallybecontrolled Theatmosphericgroundwaterandsepticsystem
inputsareallrelativelysmallandnotpracticallycontrolled The

greatestreductionintheremainingsourcesmaybeasfollows Themain

surfaceinflowcontributes819kgP1982andifdivertedcouldbe
eliminated Theremainingsurfaceinflow1310kgPcouldpossiblybe
reducedupto47percentseeearlierdiscussion Internalphosphorus
inputislikelygoingtobeverydifficulttocontrol Forthisdiscus

sionitwillbeassumedthatinternalphosphorusinputcanbereducedby
50percentalthoughconsideringthepossiblemechanismsthismaybe
optimistic

Thesereductionswillleadtoaphosphorusreductionof2086kgPperyear
basedon1982 Consideringthesereductionsinwaterandphosphorus
loadsinlakephosphorusconcentrationwouldbeabout58ug1Table6
Thisisstillsubstantialandtheflakesmaystillbethere Thesepossi
blephosphorusreductionsmayyieldreductionsinchlorophyllFigure20
butthebehaviorofthelakesplanktonwithreducednutrientsisunknown

Finallyinternalorexternalsourcesofphosphorusin1982mayhavebeen
lowerthaninmorenormalyears Sincetheannualrunoffvolumewasnear
normalinternalsourcesofphosphorusmayhavebeengreaterinprior
years Thisissuggestedbylookingatthelakesphosphorusconcentration
duringthetwoprioryears Theaveragephosphorusconcentrationsin1980
and1981were237and141ug1respectivelyOsgood19811982a This

yearsaverageconcentrationwas118ug1
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B EXPECTEDBENEFITS

NodemonstrableimprovementsinSpringLakeswaterqualityarepractically
feasiblethusbenefitsrelatedtoimprovedwaterqualityarenotexpected

C PHASE2IMPLEMENTATIONANDMONITORINGPROGRAM

ThereisnoPhase2implementationprogramproposedforSpringLakehow
everwaterqualitymonitoringshouldcontinue Annualwaterquality
monitoringshouldinclude

ANALYSIS FREQUENCY DEPTH

TP TwiceMonthlyMaySept Profile
MonthlyOctApr

TDPTKNCHL TwiceMonthlyMaySept Surface

MonthlyOctApr

ALKNNNH3 Monthly Surface

TEMPDO TwiceMonthlyMaySept Profile

MonthlyOctApr

SD TwiceMonthlyMaySept Exceptunder
MonthlyOctApr ice

ZooplanktonCollection TwiceMonthlyMaySept VerticalTow
Identificationand MonthlyOctApr
Enumeration

AlgalCommunity TwiceMonthlyMaySept Surface
Identificationand MonthlyOctApr
Enumeration

AphanizomenonFlake TwiceMonthlyMaySept Surface
ouns MonthlyOctApr

ThisannualmonitoringshouldbeconductedatStationNo1fromthis
study Alsoimportandexportofphosphorustofromthelakeshouldbe
estimatedbymonitoringthelakesinletsitsoutletandprecipitation
volumeasinthisstudy

D PHASE2SCHEDULEANDBUDGET

ThereisnoPhase2implementationprogramproposedforSpringLakethere
foreascheduleandbudgetisunnecessary

E FUNDINGSOURCES

RecentlegislationbytheStateofMinnesota1982SurfaceWaterManagement
LawChapter509mandateseffnrtstowardtheformationofwatershedmanage
mentorganizationstWMOsintheMetropolitanAreabytheendof1983for
mationbymid1984 Suchagencieswillpreparesurfacewatermanagement
plansfortheirrespectivewatershedsthenNillbeabletoinitiateand
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implementprojectsintheirdistrictsforwaterquantityandqualityman
agement Fundingforsuchprojectswillbefromsuchthingsasproperty
taxleviesandassessmentisbasedonthedegreeofbenefitrealizedby
thatpropertyfortheparticularproject Benefittedpropertiesare
definedtoincludethosepropertiesfoundtocontributetotheproblems
remediedbytheproposedprojectsaswellasthosethatreceiveadirect
benefit

F RELATIONTOOTHERPROGRAMS

g TheMetropolitanCouncilsDevelopmentGuidechapter WaterResources

ManagementconsistsofPart1 SewageTreatmentandHandlingandPart2
SurfaceWaterManagement NonpointSourcePollutionandStormWater
Runoff Part1ofthisdeelopmentguideistheCouncilsplanfor
managingsewagetreatmentintheMetropolitanArea NoneoftheAreas

sewagetreatmentfacilitiesdischargeeffluentStothislake

TheSurfaceWaterManagementActseeprevioussectionrequireswater
shedsintheMetropolitanAreathroughWMOstoplanforthemanagementof
stormwaterrunoffvolumeandquality Followingapprovaloftheseplans
implementationfundingmaybeobtained Improvedabilitytomanagethe
waterresourcesinthesewatershedsshouldbeadirectresultofthis

processG PUBLICPARTICIPATIONSUMMARY

TheMetropolitanCouncilappointeda17memberWaterQualityManagement
AdvisoryCommitteeonDecember231982 Thecommitteeconsistsofrepre
sentativesofprivatecitizenspublicinterestgroupswatersheddis
trictspublicofficialsandprivateinterests Thiscommitteereviewed

thepreliminaryfindingsconclusionsandrecommendationsofthisreport
andrecorrsnendedthisreportbeadoptedbytheMetropolitanCouncil

Atechnicaladvisorygroupwasalsoformedtoreviewthetechnicalaspects
ofthestudy This17membergroupwascomposedoftechnicallytrained

f representativesfamiliarwiththislakeaswellasmemberstrainedin
generalaspectsoflakeecology

Finallyadraftofthisreportwasmadeavailabletothepublicfortheir
comnentswrittenororalatapublicmeetingheldnearthelake These

commentswereconsideredastheyrelatedtotechnicalorpracticalaspects
ofthisreport Appropriatechangesweremadeinthefinaldraft These

finalchangeswerealsoreviewedbytheWaterQualityAdvisoryCorrnittee

H OPERATIONANDMAINTENANCE

Nostructuralmodificationsarebeingproposedinthisplan

I PERMITS

NoactivitiesrequiringpermitsunderSection404oftheCleanWaterAct
arebeingproposed

J ENVIRONMENTALEVALUATION

NoprojecthasbeenproposedforthemanagementofSpringLakeswater
quality
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DEFINITIONS

Algae Extremelysmallmicroscopicplantsthatlivefloatinginlakes

Algalbloom Aperiodofabundantalgae

AnaerobicAnoxic Lackingmolecularoxygen

Autochthonous Orginatingfromwithinthelake

Biomass Theamountoflivingmatterplantsandanimals

BioticCommunity Theplantsandanimalsoccupyingthelake

Chlorophyll Thegreenpigmentcoloringplantsameasureoftheamountof
pyopanconinthewater

Diurnal Occurringonadailybasis

Epilimnion Theupperwarmerlayerinastratifiedlake

Epilimnetic Referringtotheupperlayerinastratifiedlake

Eutrophic Enrichmentofnutrientswhichsupportdensegrowthsofaquatic
pans

Eutrophication Theprocessofthenutrientenrichmentoroverfertilizationof
aces

Harvesting Physicallyremovinglargeplantsgrowinginthelake

Herbivore Animalthateatsplants

Hypoiimnion Thebottomcoolerwaterlayerinastratifiedlake

KgKilogram 22pounds

Macrophytes Largevisibleplantsthatgrowattachedtothelakebottom

Metalimnion Thetransitionallayerbetweentheepilimnionandthehypoiimnion
seeasofhermocline

Mesotrophic Alakewithintermediatenutrientlevels

mg1 Milligramsperliteralsopartspermillion

Nitrogen Achemicalnutrientnecessaryforplantgrowth

Nutrient Achemicalrequiredbyplantsforgrowth

ODR Oxygendepletionrate

Oligotrophic Anutrientpoorlake

Oxic Conditionwhenthereisoxygenpresent
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Phosphorus Thenutrientorchemicalthatnormallycontrolsalgalgrowth

Photiczone Zoneofthelakewichispenetratedbylight

Phytoplankton Verysmallplantsthatlivefloatinginlakesseealso
gae ncudesalgaesuchasAphanizomenonCyclotella flagellatesand

diatoms

Piscivore Fishthateatotherfish

PlanktivorePlanktivorous Animalsthatfeedonverysmallaquaticanimals
zoopan on

PrimaryProductivity Theproductionoforganicmatterfromlightenergyand
inorgnaicemicas

Runoff Waterthatflowsonthelandsurfaceduringandafterarain

Taxa Agroupingofplantsoranimalswhicharealikeforclassification
purpose

TPandTN Totalphosphorusandtotalnitrogen
z

Thermocline Thelayerofwaterinalakecharacterizedbyaverystrong
temperaurechange

ug1 Microgramsperliter alsopartsperbillion

Watershed Thelandareaaroundalakefromwhichsurfacerunoffflowstothe
al

ZooplanktonZooplankter Smallanimalsthatlivefloatinginlakes Includes

apniacaoceranscopepodsandrotifers
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