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EXECUTIVE SUMMARY

AND ORGANIZATION OF THIS REPORT

Thisreportsummarizesvaterresourcesnanagemereandmonitoringwork doneasa cooperativesffort between
the Anoka ConservatiomDistrict (ACD) andwatershedlistricts or watershednanagemenbrganizatios. It
includesinformationaboutlakes,streamswetlands precipitation groundwaterandwaterquality improvement
projects Theresultsof thiswork arepresentedn awatershedasi® this documenservesasanannualreportto
eachof thewatershearganizationghathavehelpedfund thework. Readersvho areinterestedn a certainlake,
streamor river shouldfirst determinewhich watershedt is locatedin, andthenreferto the chaptercorresponding
to thatwatershedThe mapsandcountywide summariesn Chapterl will helpthereademeterminef the
informationtheyareseekings availableand,if so,in which chapterto find it. In additionto countywide
summariesChapterl alsoprovidesmethodologiesised explanation®f terminology,andinstructionon
interpretingdata.

Thewaterresourcenanagemerdandmonitoring
work reportechereinclude:

il

Monitoring
A precipitation,
A lakelevels,
A lakewaterquality,
A streamhydrology,
A streamwaterquality,
A streambenthicmacroinvertebrates,
A shallowgroundwatefevelsin wetlands,
and
A groundwatetevelsin observatiorwells.

Waterquality improvemenprojects

A projectsdesignedinstalled,or planned
arebriefly discussedn thisreport,

A costsharegrantsfor erosioncorrection,
lakeshoreestorationsandrain gardens,
and

A promotionof availablegrantsfor water
guality improvemenprojects.

Studiesandanalyses

A stormwaterretrofitting assessments,

A upstreanto downstreanwaterquality
analyses,

A waterquality trendanalyses and

A referencewetlandmulti-yearsummary
analyses.

Publiceducatiorefforts

A newsletterandmailings,
A signage,

A workshops,

A webvideos,and

A websites

Otherwork donefor watershednanagement
organizations

A reviewsof local waterplans,

A grantsearchesndapplications,
A annualreportsto the State,and
A otheradministrativeasls.

While this reportis perhapghe mostcomprehensiveourceof monitoringdataon lakes,streamyivers,
groundwaterandwetlandsn AnokaCouny, it is nottheonly source;nor is this reporta summaryof all work
completedhroughoutAnoka Countyin 2018. Rather it is asummaryof work carriedout by the Anoka
Conservatiomistrict in conjunctionwith watershedrganizationgvithin the county.Furthermorepnly work
conductedduring2018is presentedn this almanadqalthoughtrendandsimilar analysisalsoinclude previous

y e adats)d-orresultsof work completedn pastyears readershouldreferto previousWater Almanacs.All
datacollectedin 2018 andprior is available in digital formatfrom the Anoka Conservatiormistrict. All applicable
datais alsosubmittecto statedatabasefor wider availability; theseincludetheM P C A BQulISwaterquality
databasetheD N R @lsefindertool for lakelevels theD N R &€®operativeGroundwateMonitoring (CGM) tool
for observatiorwells, andthe StateClimatologyOffice online precipitationdatabase.
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CHAPTER 1:

WATER RESOURCE MONITORING PRIMER

Thisreportis anannualreportto watershed
organizationghathelpedfund watermonitoringand
managemerin cooperativeeffortswith the Anoka
Conservatioristrict. It alsoincludesotherwater
relatedwork carriedout by the ACD without
partnersThis chaptelprovidesanoverviewof the
monitoringactivitiesreportedn laterchaptersthe
methodologiesised andinformationthatwill help

2019Water Monitoring Sites

thereaderinterpretinformationfoundin later
chaptersThis reportincludesa variety of work
aimedat managingvaterresourcesincludinglakes,
streamsrivers,wetlandsgroundwaterand
precipitation(seemapbelow).

Countywide precipitationandgroundwater
hydrologydatais presentedn Chapterl.

(2019 Monitoring Sites )

Lake Levels
Lake Water Quality
Stream Water Quality

Stream Hydrology
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Precipitation

Precipitationdatais usefulfor understandinghe
hydrologyof waterbodies predictingflooding
andgroundwatetimitations,andis neededo
guidetheuseof specialregulationghatprotect
propertyandthe environmenin timesof high or
low water.Rainfall canvary substantiallygven
within onecity.

The ACD coordinates networkof 13 rain gauges
countywide which are monitored by volunteers
including one at the ACD offic&hevolunteer

2019 Precipitation Monitoring Sites

operatedstationsarecylinderstylerain gauges
locatedatthev o | u nhomeeTotél minfall is
readdaily. All datacollectedby volunteerds
submittedio the MinnesotaStateOffice of
Climatologywhereit is availableto the public
throughhttp://climate.umn.edu

A summaryof countywide datais providedonthe
following page. One volunteer reader was inactive
in 2019.

Tipping bucket rain gauge 1.2

Cylinder rain gauge.




2019Anoka County Average Monthly Precipitation (averageof all sites)
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2019Anoka County Monthly Precipitation at Each Monitoring Site
Month
Growing Season
Location or Volunteer City Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Total (May-Sept)
BYRG, DNR, and NWS data
30N 24W 3 DNR Fridley 051 2.60 2.12 3.79 5.7 2.51] 5.39 5.2 5.1 5.07 1.700 2.30 42.17 24.02
30 24 14 BYRG Fridley 048 252 2.1 384 6.1 279 539 536 4.94 512 1.6 2.22 42.57 24.54
32 22 14 BYRG Columbus 039 2.4 1.66 3.7 559 2.04 5.1¢6 3.83 53¢ 474 1.4 259 38.97 21.99
32 24 23 NWS Andover 0.4 2.300 1.8Y 3.73 6.13 229 4.7 458 5.09 5.37 1.43 2.2 40.17 22.81
34N 23W 36 BYRG East Bethel 0.00 0.00
Cylinder rain gauges (read daily)
N. Myhre Andover 050 245 183 3.3 6.30 2.1 4.43 4.44 3.60 7.22 1.3§ 2.45 40.17 20.93
J. Rufsvold Burns 3.03 5.3§ 291 4.19 3.31] 4.54 5.5] 28.84 20.3(Q
J. Arzdorf Blaine 252 7.33 2.74 5.624 6.61] 6.03 5.47 36.34 28.37
P. Arzdorf East Bethel 3.83 594 245 3909 3.39 6.45 5.49 31.32 22.09
A. Mercil EastBethel | 0.14 1.10 1.32 2.83 3.44 2.04 4.08 3.1) 548 3.89 0.82 1.84 30.09 18.14
K. Ackerman Fridley 04 23§ 2.20 4.0 6.41 3.3 5.30 5.22 4.76 4.94 2.2 2.0 43.2§ 25.04
B. Myers Linwood 2.37 331 1.67 3.39 2.3 7.14 3.53 23.81 17.91
B. Barkhoff Nowthen 1.79 743 3.35 4.79 2.69 6.20 26.25 24.49
S. Mizell Ramsey 0.0 0.00
ACD Office Ham Lake 3.1 6.49 2.071 5.33 4.1 558 5.09 31.84 23.59
Y. Lyrenmann Ramsey 2.8 6.3 3.08 4.927 3.84 4.47 3.8 0.39 29.74 22.67
T. Isaacson 4.89 2.0 5.09 3.37 551 5.3 26.19 20.89
S. LeMay East Bethel 0.50 2.58 0.87 5.6 1.84 4.0 2.73 6.6 5.54 30.47 20.98
2019 Average County-wide | 0.42] 2.30 1.7§ 3.20 5.7§ 2.4 4.73 4.0 5.44 5.07 1.37 2.25 38.79 22.42
30 Year Average Cedar 0.99 0.7 1.84 240 343 422 4.2) 470 3.29 2.44 2.1§ 0.90 31.36 19.89

Precipitation as snow is given in melted equivaler ts.

*Incomplete monthly data not included in averages
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Lake Levels

Longtermlakelevel recordsareusefulfor An enamelgaugeis installedin eachlakeand
regulatorydecisionmaking,building/development surveyedsothatreadingscoincidewith sealevel
decisions|ake hydrologymanipulationdecisions elevationsEachgaugeis readweekly. The ACD
andinvestigationof possiblenon-naturalimpacs on reportsall lake level datato the MN DNR, whereit
lakelevels ACD coordinatewoluntees who is postedon their website

monitorwaterlevelson 25 lakes with oneadditional (www.dnr.mn.us.statakefindindex.html),along
lake monitoredby continuousdatalogging with otherinformationabouteachlake.
equipment Resultsof lake level monitoringareseparatedyy

watershedn thefollowing chapters.
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Stream Hydroloqgy

Hydrologyis the studyof waterquantityand
movementRecordf the quantityof waterflowing
in astreamhelpsengineerandnaturalresource
manager$etterunderstandhe effectsof rain
eventsJanddevelopmenandstormwater
managemenfhis informationis alsooftenpaired
with waterquality monitoringandusedto calculate
pollutantloadings, which areusedin computer
modelsandwaterpollution regulatory
determinations

The ACD monitoredhydrologyat 12 streamsitesin
2019 Each site is equipped with afectronicgauge
thatrecordswaterlevelseveryhour, except for two
sites where levels were recordmgery 15 minutes

2019Stream Hydrology Monitoring Sites

Thesegaugesaresurveyedandcalibratedsothat
streamwaterlevel is measuredn feetabovesea
level.

Ratingcurve® aknownmathematicatelationship
betweenwaterlevel andflow suchthatonecanbe
calculatedrom the othe® havebeendevelopedor
somesites including 3 new rating curves developed
this year Theinformationgainedfrom the stream
hydrologymonitoringsitesis usedby the ACD,
watershednanagememrganizationsyatershed
districts,townshipscities,andothers

Resultsof streamhydrologymonitoringare
separatedby watershedn the following chapters
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Wetland Hydrology

Wetlandregulationsareoftenfocusedupon
determiningwvhetheranareais, or is not, awetland
Thisis difficult attimesbecausenostwetlandsare
not continually wet, especially at the surfade
orderto facilitate fair, accuratevetland
determinationshe ACD monitors19 wetlands
throughouthe countythatserveasa referenceof
conditionscountywide, andarethuscalled
referencavetlands Electronicmonitoringwells are
usedto measuresubsurfacevaterlevelsatthe
wetlandedgeeveryfour hours This hydrologic
information,alongwith examinatiorof the
vegetatiorandsoils,aidsin accuratevetland
determinationsnddelineationsThesereference

2019ReferenceWetland Monitoring Sites

wetlandsrepresenseveralwetlandtypesandmost
havebeenmonitoredfor 10+ years

Referenceavetlanddataprovideinsightsinto shallow
groundwatehydrologytrends.This canbe useful
for avarietyof purposesrom flood predictionsto
indicesof droughtseverity.Thereareconcerns
locally thatshallowaquifersarebeingdrawndown
and wetland data can help speak to.this

Resultsof wetlandhydrologymonitoringare
separatedby watershedn thefollowing chapters
The CoonCreekWatersheathaptetincludesa
multi-yearandmostrecentyearanalysisof all the
wetlands.
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Groundwater Hydroloqgy

TheMinnesotaDepartmenbf NaturalResources
(MN DNR) andthe ACD areinterestedn
understandingli n n e groundwataquantity
andflow. TheMN DNR maintainsa networkof
groundwateobservatiorwells acrosghe state The
ACD is contractedo takewaterlevel readingsat 23
wellsin AnokaCountyand to download continuous
loggers quarterlyAt mostsites,theMN DNR now
hasautomatedievicesakingcontinuouswvaterlevel
readingsat morefrequentintervals.The MN DNR
incorporateshesedatainto statewideand national
databasgthataid in groundwatemapping Thedata
arereportedto the MN DNR andareavailableon
theirwebsite

http://www.dnr.state.mn.us/waters/groundwater_sect
ion/obwell/index.html
Thesedeepgroundwatervells arenot assensitiveto
precipitationasotherhydrologicsystemssuchas
wetlandsandstreamsbut ratherrespondo longer
termtrends

Thechartsonthefollowing pagesshow groundwater
levelshandmeasuredby ACD through2018for
eachwell. Theseresultsarenot presenteclsewhere
in thisreport Rawdatacanbe downloadedirom the
MN DNR website aswell ascontinuousdatafrom
wells with dataloggersinstalled.ACD still hand
measuresvells with dataloggersperiodicallyto
ensureaccuracy.

2019Groundwater Observation Well Sitesand Well ID Numbers
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Observation Well #2007(270ft deepp Lino Lakes
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Observation Well #2015(280ft deepd Ramsey
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Observation Well #2016(193ft deep® Coon Rapids
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Observation Well #2024(141ft deepp EastBethel
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Observation Well #2025(21 ft deepp Bethel
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Observation Well #2028(510ft deepp Anoka
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Observation Well #2031(410ft deep® Nowthen
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Observation Well #2034(222ft deepp Blaine
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Observation Well #2038(810ft deepp Lino Lakes
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Lake Water Quality

Thepurposeof lake waterquality monitoringis to
detectanddiagnosewvaterquality prodemsthatmay
affectsuitability for recreatioror thatmayadversely
affectpeopleor wildlife . Themonitoringregimeis
designedo ensuramajorrecreationalakesare
monitoredevery2-3 years Somelakesare
monitoredmorefrequentlyif problemsaresuspected
or projectsareoccurringthatcould affectlake water
guality. Lakeswith stableconditions,no suspected
new problems androbustdatasetsremonitored
lessoften Monitoring efforts of the Minnesota
Pollution Control Agencyor MetropolitanCouncil
arenotduplicated andarenot presentedn this
report

2019 Lake Water Quality Monitoring Sites

In additionto thisreport,thereareseverakourceof
lake waterquality data For lakesmonitoredby the
ACD, Met Council, or MPCA prior to thecurrent
year, seethelettergradetableon page23. Detailed
analysedor thelakesshownin thattablearein each
respectivey e aWabesAlmanacReport.All data
collectedby the ACD andmostotheragenciesan
beretrievedthroughthe MPCAS websiteElectronic
DataAccesgool, which drawsdatafrom their
EQuliSdatalase.
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LAKE WATER QUALITY

MONITORING METHODS

Thefollowing parametersretestedat eachlake:
U DissolvedOxygen(DO);

Turbidity;

Conductivity;

Temperature;

Salinity;

Total PhosphorugTP);

TransparencySecchiDisk);

Chlorophylta (Cl-a);

pH.

coocococccc

Lakesaresampledceverytwo weeksfrom May to
SeptembemMonitoring is conductedyy boatatthe
deepestreaof thelake Thesesitesarelocated
usinga portabledepthfinder or GPS Conductivity,
pH, turbidity, salinity, dissolvedoxygen(DO), and
temperatur@remeasuredisingthe Hydrolab
Quantamulti-probeat a depthof onemeter Water
samplesarecollectedwith a Kemmerersampler
from a depthof onemeter,to beanalyzedoy an
independentaboratory(RMB Labg for total
phosphorus andhlorgphyll-a. Samplebottlesare
providedby thelaboratory Total phosphorusample
bottlescontainthe preservativesulfuric acid
(H2SQy), while bottlesfor chlorophylla analyss do
notrequirepreservativeBrown or foil-wrapped
bottles are used for chigwhyll-a toprevent light
from entering the bottle$Vatersamplesarekepton
ice anddeliveredto thelaboratorywithin 24 hours
of collection

Transparencys measuredisinga Secchidisk The
diskis loweredoverthe shadedsideof the boatuntil
it disappearandis thenpulledup to the pointwhere
it reappearsgain Themidpointbetweerthesetwo
depthsis the Secchidisk measurement

To evaluatehelake,resultsarecomparedo other
lakesin theregionandpastreadingsat thelake.
Comparisonso otherlakesarebasednthe

Car | FrophiéStatelndexandthe Metropolitan

C o u n takeudlgy gradingsystentfor theNorth
CentralHardwoodForestecoregionHistorical data
for eachlake canbe obtainedfromtheU.SSEP A6 s
nationalwater quality database-QulS via the
MinnesotaPollution Contrd Agency.
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Lake Water Quality Questions
and Answers

This sectionis intendedto answetbasicquestions
aboutthe AnokaConservatioDi st ri ct 6s
methodologyfor monitoringlake waterquality and
interpretingthedata

Q- Which parametersdid you testand what do
they mearf?

A- Thetableonthefollowing pageoutlines
technicalinformationaboutthe parameters
measuredwhichinclude:

pH- Thistestmeasuresvhetherthelake wateris
basicor acidic. A pH readingof greaterthan7
signifiesthatthelakeis basicandareadingof less
than7 meanghelakeis acidic Many fish andother
aquaticorganismsieeda pH in therangeof 6.5to
9.0in orderto remainviable. Eutrophiclakesare
oftenbasic(pH O7). ThepH of alakewill fluctuate
daily andseasonallylueto algal photosynthesis,
runoff, andotherfactors.

SpecificConductivity - Thisis a measuref the
degreeo which thewatercanconductelectricity. It
is causedy dissolvedmineralsin the lake.
Althougheverylake has a certainamountof
dissolvedmatter,high conductivityreadingamay
indicateadditionalinputsfrom sourcesuchasstorm
water(i.e. road salt)agriculturalrunoff, or failing
septicsystems.

Turbidity - Thisis ameasuref thediffraction of
light from solid materialsuspendech thewater
column,dueto mu d d ionalgaes 0

DissolvedOxygen(DO) - Sourcef dissolved
oxygenincludetheatmospheregeratiorfrom
streaminflow, andphotosynthesiby algaeand
submergegblantsin the lake Dissolvedoxygenis
consumedy organismsn thelake andby
decompositiorprocesses

Dissolvedoxygenis essentiato the metabolisnof
all aquaticorganismsandlow dissolvedoxygenis
oftenthereasorfor fish kills. Extremelylow DO
concentrationsitthelake bottomcanalsotriggera
chemicalreactionthatcausegphosphoruso be
releasedrom the sedimentinto thewatercolumn

Salinity- Thisis a measurement die quantity of
saltsdissolvedn thewater. Dissolvedsaltsin alake
arenot naturallyoccurringin Anoka County. High



salinity measurementsay betheresultof inputs
from othersourcesuchasfailing septicsystems,
springrunoff from roads,andfarmfield runoff.

Temperature- Fishspeciesresensitiveto water
temperatureLaketroutandsalmonprefer
temperaturebetweem6-56°F, while bassandpan
fish will withstandtemperaturesf 76°For greater
Temperaturalsoaffectsthe amountof dissolved
oxygenthatthewatercanholdin solution At
warmertemperaturegxygenis readilyreleasedo
theatmospheranddissolvedoxygenconcentrations
fall.

SecchiTransparency- Transparencys directly
relatedto theamountof algaeandsuspendedolids
in thewatercolumn.A Secchidiskis awhite and
blackdisk attachedo theendof aropethatis
markedat 0.1-foot intervals Thediskis lowered
overtheshadedsideof theboatuntil it disappears
andis thenpulledupto the pointwhereit reappears
again The midpointbetweernthesetwo pointsis the
SecchitransparencyShallowmeasurementadicate
abundantlgaeand/orsuspendedolids

Lake water quality monitoring parameters

Total Phosphorus(TP) - Phosphorugs anessential
nutrient Algal growthis commonlylimited by
phosphorousHigh phosphoroug alake canresult
in abundantlgalgrowth This,in turn, affectsa
variety of chemicalandecologicalfactorsincluding
thel a krec@eationatuitability, fisheries plants,
anddissolvedoxygen.A singlepoundof phosphorus
canresultin 500 poundsof algalgrowth Minnesota
Pollution Control Agencystandardslesignate lake
in ourecoregiorasii i mp aif avesaged
summertimephosphoruss >40 ng/L for deep lakes
or >60 ug/L for shallowlakes

Sourcef phosphorugncluderunoff from
agriculturalland, runoff carryingfertilizer from
lakeshae propertiesfailing septicsystemspet
waste andstornwaterrunoff. Thelakeitself can
alsobeasourceof phosphorusHigh levelsof
phosphorugontainedn the bottomsediment®of
lakescanbereleasedvhenthe sedimentis disturbed
throughrecreatioror animalactivity, or when
dissolvedoxygenlevelsarelow.

Chlorophyll -a (Cl-a) - Chlorophyltais the
inorganicportionof all greenplantsthatabsorbghe
light neededor photosynthesiChlorophylta
measurement@reusedto indicatethe concentration
of algaein thewatercolummn. It doesnotprovidean
indicationof largeplant(macrophytespr
filamentousalgaeabundance

Parameter Units Repor_ting Accuracy Average Summer Rangefor North Central
Limit Hardwood Forest

pH pH units 0.01 ° .05 8.6-8.8
Conductivity mS/cm 0.01 ° 1% 0.3-0.4
Turbidity NTU 0.1 ° 3% 1-2
D.O. mg/L 0.01 °0.1 N/A
Temperature °C 0.1 °0.17° N/A
Salinity % 0.01 °0.1% N/A
T.P. Hg/L 1 NA 237 50
Cl-a Hg/L 1 NA 57 27

. ft 4.9-10.5
SecchiDepth m NA NA 1.49i 3.2
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Q- Lakesare oftencomparedtothefie c or e g i o ®Q-VWhat do the lake physical condition and

What doesthis mean?

A- We compareour lakesto otherlakesin thesame
ecoregionThe U.S. EnvironmentaProtection
Agencymappedegionsof the U.S basedn soils,
landform,potentialnaturalvegetationandlanduse
Theseregionsarereferredto asecoregions
MinnesotahassevenecoregionsAnokaCountyis in
theNorth CentralHardwoodForestecoregion
Referencdakes,deemedo berepresentativand
minimally impactedoy man(e.g.,no pointsource
wastewatedischargesno largeurbanareasn the
watershedetc.),weresampledn eachecoregiorto
establisha standardangefor waterquality that
shouldbe expectedn eachecoregion.
Theaveragesummerrangeof waterquality valuesin
thetableonthe previouspagearetheinter-quartile
range(25" to 75" percentile)of thereferencdakes
for the North CentralHardwoodForestecoregion
This providesa rangeof valuesthatrepresenthe
centraltendencyof thereferencd a kveaterd
quality.

Q- What is the lake quality letter grading
system?

A-The MetropolitanCouncildevelopedhelake
waterquality reportcardin 1989(seetablebelow).
Eachlake receives a letter gratleatis basedn
averagessummertimgMay-Sept)chlorophylta, total
phosphorusandSecchitransparencyin the same
way thatateachemwould gradestudenton a

i ¢ u rthetake gradingsystemcompare®achlake
only to otherlakesin theregion.Thus,alakethat
getsanfi Aia the Twin CitiesMetro mightonly get
afi Cia northernMinnesota.Thegoal of this
gradingsystemis to provideasingle,easily
understandabldescriptionof lake waterquality.

Lake Grading SystemCriteria

. TP Cl-a i
Grade : Percentile (ne/L) (ne/L) ]s]li:fi]::flm}
A =10 =23 <10 =3.0
B 10 - 30 23-32 10-20 ;22-30
C 3-70 32-68 :20-45 :12-22
D 70 - 90 68 —152  48-77 | 0.7-1.2
F =00 =152 =77 = 0.7
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recreational suitability numbers mean?

A- TheMinnesotaPollution Control Agencyhas
established subjectiverankingsystemthatthe
ACD staff useduringeachlake visit (seetable
below). Rankngs arebasedpurelyuponthe

0 b s e rpereeptibnsThesephysicaland
recreationaftankingsaredesignedo give anarrative
descriptionof algaelevels(physicalcondition)and
recreationasuitability of eachlake. While the
physicalconditionis straightforward,the
recreationasuitability maybe complicatedby the
impactsof bothwaterquality anddenseaquatic
vegetation(theinfluenceof thesetwo factorsis not
separatedh theranking).

Lake Physical and RecreationalConditions
Ranking System

Rank

Interpretation
crystal clear
some algae
definite algae
high algae
severe bloom
beautiful
minimal problems,
excellent swimming and
boating
3 slightly swimming
impaired
no swimming / boating ok
no swimming or boating

Physical
Condition

[ P T N TR O

Recreational
Suitability

LA | b

Q-WhatisCar | sTophit Statelndex?

A-Car | FrophiéSsatelndex(seefigure below)
uses a number calculated with the lakes Secchi
transparency, phosphorus, and chlorophyll
readingdo describeal a kstaf§esf eutrophication
(nutrientlevel,amountof algae).Theindexranges
from oligotrophic(clear,nutrientpoorlakes)to
hypereutrophi¢green nutrientoverloadedakes).
Theindexvaluesgenerallyrangebetweer0 and100
with increasingvaluesindicatingmoreeutrophic
conditions.Unlike thelakelettergradingsystemthe
Car | FrophiéSsatelndexdoesnotcompare
lakesonly within the sameecoregionit is ascale
usedworldwide.



Therearefour trophicstateindexvalues:oneeach
for phosphorusghlorophylta, andtransparency,
plusanoveralltrophicstateindexvaluewhichis a
compositeof the others Theindicesareabbreviated
asfollows:

TSI- Overall Trophic Statelndex.

TSIP- Trophic Statelndexfor Phosphorus

Carlson's Trophic Statelndex Scale

TSIS- Trophic Statelndexfor Secchitransparency
TSIC- Trophic Statelndexfor theinorganicpartof
algae,Chlorophylla.

At the conclusionof eachmonitoringseasonthe
summertimgMay to Septemberaveragdor each
trophicstateindexis calculated

CARLSONGs TROPHIC STATE |NDEX

TSI <30

TSI 30-40

TSI 40-50
TSI 50-60

TSI 60-70
TSI 70-80

Classic Oligotrophy: Clear water, oxygen throughout the year in the hypolimnion, salmonid
fisheries in deep lakes.

Deepeirakes still exhibit classical oligotrophy, but some shallower lakes will become anoxic
the hypolimnion during the summer.

Water moderately clear, but increasing probability of anoxia in hypolimnion during the sumn
Lower boundaryf classical eutrophy: Decreased transparency, anoxic hypolimnion during t
summer, submerged plant growth problems evident, weaater fisheries only.

Dominance of blugreen algae, algal scum probable, extensive submerged plant problems.
Heavy algal blooms possible throughout the summer, dense submerged plant beds, but ext

TSI >80

OLIGOTROPHIC

20 25 30 35 40

limited by light penetration. Often classified as hypereutrophic.
Algal scum, summer fish kills, few submerged plants due to restricted light penetration

MES O TROPHIC

EUTROFHIC HYFEREUTROFHIC

TROPHIC 5§ TATE
mecx LN

1s
TRANSPARENCY
(METERS)

10 15 2 20 40 a0 20 10

CHLOROFHYLL-A :
(FFB)

15 20 25 30

40 50 60 a0 100 150

TOTAL
FPHOSPHORUS
(FFE)

Q- What doestheii t r o g th a df @lake mean?

A- Lakesfall into four categoriesor trophicstates,
basedn lake productivityandclarity.

1. Oligotrophic In theselakes nutrients(total
phosphorusndnitrogen)arelow. Oligotrophic
lakesarethe deepesandclearesof all lakes butthe
leastproductive(i.e. lowestbiomassof plantsand
fish dueto lack of nutrients)

2. Mesotrophie In thesdakes,plantnutrientsare
availablein limited quantities allowing for some but
not excessivelantgrowth Theseakesarestill
consideredelativelyclear NorthernMinnesota
walleyeandlaketrout lakesareusuallymesotrophic
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3. Eutrophic In theselakes,thewateris nutrient
rich. Productivityis high for both plantsandfish.
Abundantplantlife, especiallyalgae resultsin
poorerwaterclarity andcanreducethe dissolved
oxygencontentwhenit decaysAlgaebloomsin the
i d aaysofs u mmarecommonplaceBassand
panfishareusuallylargecomponent®f thefish
community,but roughfish canbecomeproblematic

4. Hypereutrophieln thesdakes nutrientsare
extremelyabundantAlgaearegrosslyabundant,
starvingall otherplantsof light. The poorconditions
oftenfavor roughfish overgamefish. Theseakes
havethe poorestrecreationapotential



Q- At what concentrationsdo total phosphorus
and chlorophyll-a becomea problem in lake
water?

A- Lakesin theNorth CentralHardwoodForests
havea certaincriteriasetfor bothtotal phosphorus
andchlorophylla. Fortotal phosphorusthe
concentratiorfor primary contactrecreationand
aestheticss setat< 40 ng/L in deep lakes and60
pg/L in shallowlakes Forchlorophylla, theaverage
concentrationsangefrom 5 to 22 ng/L, with
maximumsrangingfrom 7 to 37 ng/L. Oncethese
setlimits havebeenreachedr exceededexcessive
algaegrowthwill beobserved

Q- How do lakes changethroughout the year and
how doesthis affect water quality?

A- Watertemperaturéds veryimportantto the
functionof lakes Lakesundergoseasonathanges
thatcaninfluencewaterquality conditions Because
manyAnoka Countylakesareshallow(< 20ft),
someof the seasonathangeghataretypical for
deeplakesdo not occur. Thefollowing discussion
doesnotapplyto theseshallowlakes

In thesummey afterthe lake haswarmed deeplakes
typically will bedividedinto threelayers(stratified)
basedbnthew a t eem@emtur@anddensity;the
well-mixed upperlayer (epilimnion); themiddle
transitionlayer (metalimnion);andthe cool, deep
bottomlayer (hypolimnion) The hypolimnionis
usuallydepletedbf oxygenbecausef
decompositiorof organicmatter thelack of
photosynthesisandbecausé¢hereis no contactwith
the surfacewheregasexchangewith air canoccur.
Nutrientsattachedo sedimenir decomposing
organicmaterialalsofall into the hypolimnion
wheretheyaretemporarilyor permanentijostfrom
thesystem Thisis onereasordeeplakesareusually
notasnutrientrich anddo not experiencealgae
problemdike shallowlakes

In theautumn thewaternearthe surfaceeventually
coolsto thesametemperaturasthewateratthe
bottomof thelake Whenthewateris of uniform
temperaturdérom top to bottom.,it is easilymixed by
thewind. This mixesnutrientsthatwereformerly
trappedat the bottomandmay causeanautumn
algalbloom If thealgalbloomis too severejt could
be detrimentato thelake duringthe winter whenit
is coveredwith ice. Thesealgaewill decay
consuminglissolvedoxygen,alreadydecreasedue
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to ice over,which mayleadto awinter fish kill . This
situationis typically observedn shalloweutrophic
and/orhypereutrophi¢akes

In winter aninversethermalstratificationsetsup.
Iceis lessdensehanwaterandthereforefloats The
coldestwateris nearesthe surface Waterhasa
maximumdensityat4° C, andthatwateris found at
thebottom Thereversalof thetemperaturéayersin
springandfall iscalledfi t u ronvi enrg. 0O

In spring,thelakefi t ua wnewittothewarmer
waterrising to thetop andthe coldersinkingto the
bottom Whenthis occurs hutrientsneededor plant
growth (total phosphorusndnitrogen)are
distributedthroughouthe lake from the bottom.As
solarradiationslowly warmsthe deepettakesduring
the springandsummer thelake startsto stratify into
thethreelayersagain,this time with thewarmest
waterontop.

Q- How do we determineif there is a trend of
improving or worseninglake water quality ?

A- Becausef inherentnaturalvariation,lake water
quality is notthe sameeachyear. Sortingoutthis
naturalvariationfrom truetrendsis best
accomplishealith statisticalteststhatanalyzethe
dataobjectively Whenthereis atleast5 yearsof
monitoringdatapresent ACD staff testfor lake
trendsusinga Multivariate Analysisof Variance
(MANOVA) . MANOVA teststhevectorresponsef
correlatedesponseariables(Secchidepth,total
phosphorusandchlorophylla) while maintaining
the probability of makingatypel error(rejectinga
truenull hypothesisata= 0.05 In otherwords we
aresimultaneouslyestingthe threemostimportant
measurementsf lake waterquality. Testingeach
responseariableseparatelyould increasehe
chanceof makingatypel error.



Historical Water Quality Gradesfor Anoka County L akes(includes monitoring by ACD and Met C 0 u n dcCAMPSpsogram, post-1980

only.)
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Stream Water Quality T Chemical Monitoring

Streamwaterquality monitoringis conductedo
detectanddiagnosewaterquality problems

impactingthe ecologicalintegrity of waterways

recreationpr humanhealth Becausenany

streamdlow into lakes,streamwaterquality is
oftenstudiedaspartof lakeimprovemenstudies
Chemicalstreamwaterquality monitoringin 2018

wasconductedtfive Coon Creek system sites,

five SandCreeksystensites,threeSpringbrook
Creeksites two Pleasure Creek siteamdonesite

eachin the Rum River, Sunrise River,

MetropolitanCouncilfor monitoringof the Rum
River atthe AnokaDamaspartof the
MetropolitanC o u n &Vatérghedutlet
Monitoring Program(WOMP). Thosedataare
housedwith the MetropolitanCouncil,and
methodologiesreavailableuponrequesfrom
eitherorganization

Themethodologie$or chemicalstreamwater

guality monitoringandinformationon data
interpretatiorcanbefoundon thefollowing
pagesMonitoring resultsarepresentedn the

StonybrookandOakGlenCreek Additionally,

the ACD continueda cooperativeeffort with the

2019Chemical Stream Water Quality

Monitoring Sites

Sand Creek at W Mornmgsndefu I
_/ \ B

Coon Creek at Hwy 65

:EJ»TL | R 0 sl -

/ﬂCoon Cr at Naples St.

Coon Creek at 131stl (&
= :

\‘. L

4| \\ T2
R

Sand Creek at Xeon

|Coon Crat 111th Ave.

|Coon Cr at Vale (Coon Hollow)L

IPleasure Cr at 86th Ave.L__:}

lSpringbrook at 79th Way' —

|D|tch 60 at Happy AcresL -

:—!Dltch 41 at Hwy 65|/

\|Sprlngbrook at University Ave. ‘

|Stonybrook at Alden Wayf

!Oak Glen Cr at Logan| il

.;' [Spnngbrook at 85th Ave. ‘
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following chapters

Stream water quality sample
collection.




STREAM WATER QUALITY MONITORING METHODS

Streamwateris monitoredfour timesduringbaseflow conditionsandfour timesimmediatelyfollowing storm
eventsbetweerthe monthsof April andSeptembe(somespecialstudieshavedifferentsamplingregimes) Grab
samplesare a singlesampleof watercollectedto representvaterquality for a givenmomentor streamcondition
A compositesample converselyconsistof collectingseverabmall samplesvera periodof time andmixing
them Stream sampling is performed usinglydrolab Quanta muHprobe in the stream amdncurrently
collecting grab samples for laboratory analysis.
Eachstreamsamplewastestdfor thefollowing parameters:

u pH;
DissolvedOxygen(DO);
Turbidity;
SpecificConductivity;
Temperature;
Salinity;
Total PhosphorugTP);
Total Suspende&olids(TSS)
SecchiTubeTransparency
othersfor somespecialinvestigations.

Conductivity,pH, turbidity, salinity, dissolvedoxygen(DO), andtemperatur@aremeasuredn thefield usinga
HydrolabQuantamulti-probe.E. coli samplesre analyzedyy the independeniaboratoryinstrumentaResearch
Inc. (IRI). Total phosphoruschlorides total suspendedolids sulfate,hardnessandanyotherparametersre
analyzedy theindependeniaboratoryRMB Environmentalaboratory Samplebottlesare providedby the
laboratory alongwith necessarpreservative. Watersamplesare keptonice anddeliveredto thelaboratory
within 24 hoursof collection with the exceptionof E. coli sampleswhich are deliveredto thelaboratoryno later
than7 hoursafterbeingcollected Streamwaterlevel is notedwhenthesamples collected

coocooococc

c:
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Stream Water Quality Monitoring Questionsand Answers

This sectionis intendedto answelbasicquestionsaaboutthe AnokaConservatiolD i s t methodologsfor
monitoringstreamwaterquality andinterpretingthe data

Q- What do the parametersthat you testmean?

A- pH- Thistestmeasuref thewateris basicor
acidic A pH readingof greate than7 signifiesthat
the streams basicandareadng of lessthan7
meanghe streamis acidic. Many fish andother
aguaticorganismsieeda pH in therangeof 6.5t0
9.0.

Conductivity - Thisis ameasuref thedegreeo
which thewatercanconductelectricity. It is caused
by dissolvedmineralsin thelake. Althoughevery
lake hasa certainamountof dissolvedmatter,high
conductivityreadingamayindicateadditionalinputs
from sourcessuchasstormwater,agricultural
runoff, or from failing septicsystems.

Turbidity - Thisis ameasuref the diffraction of
light from solid materialsuspende¢h thewater
column,duetof mu d d ionalaes 0

DissolvedOxygen(DO) - Sourcef dissolved
oxygenincludetheatmospheregerationfrom
streaminflow, andphotosynthesiby algaeand
submergedlantsin the lake. Dissolvedoxygenis
consumedy organismsn thelakeandby
decompositiorprocesses.

Dissolvedoxygenis essentiato the metabolisnof
all aquaticorganismsandlow dissolvedoxygenis
oftenthereasorfor fish kills. Extremelylow DO
concentrationatthelake bottomcanalsotriggera
chemicalreactionthatcausephosphoruso be
releasedrom the sedimeninto thewatercolumn.

Salinity- This parametemeasureshe amountof
dissolvedsaltsin thewater.Dissolvedsaltsin alake
arenot naturallyoccurringin Anoka County.High
salinity measurementmay betheresultof inputs
from othersourcessuchasfailing septicsystems,
springrunoff from roads,andfarmfield runoff.

1-25

Temperature- Fishspeciesaresensitiveto water
temperaturelLaketroutandsalmonprefer
temperaturebetwee6-56°F,while bassandpan
fish will withstandtemperaturesf 76°For greater.
Temperaturalsoaffectsthe amountof dissolved
oxygenthatthewatercanholdin solution.At
warmertemperaturegxygenis readilyreleasedo
theatmospheranddissolvedoxygenconcentrations
fall.

SecchiTube Transparency- Transparencys

directly relatedto theamountof algaeand
suspendedolidsin thewatercolumn.A Secchitube
is a 1 mlong tube marked at 1 cm intervals with a
white and black disk on a string within it. The tube
is filled with water and the disk is drawn upward
until it is just visible than lowered until it just
disappears. The midpoint between these pagithe
Secchi transparency

Total Phosphorus(TP) - Phosphoruss anessential
nutrient.Algal growthis commonlylimited by
phosphorousHigh phosphoroug alake canresult
in abundanalgalgrowth.This, in turn, affectsa
variety of chemicalandecologicalfactorsincluding
thel a krecéeationabuitability, fisheries plants,
anddissolvedoxygen.A singlepoundof phosphorus
canresultin 500 poundsof algalgrowth.Minnesota
Pollution Control Agencystandardsiesignate
stream as impaired if it has >100 pg/L average
summertime phosphorous.

Sourcef phosphorusgncluderunoff from
agriculturalland, runoff carryingfertilizer from
lakeshorepropertiesfailing septicsystemspet
waste andstormwaterunoff. Thelake itself can
alsobea sourceof phosphorusHigh levelsof
phosphorugontainedn the bottomsediment®of
lakescanbereleasedvhenthe sedimentis disturbed
throughrecreatioror animalactivity, or when
dissolvedoxygenlevelsarelow.

Chloridesi Thisis ameasuref dissolvedchloride
materials The mostcommonsources roadsalt
(sodiumchloride),but othersourcesncludevarious
chemicalpollutantsandsewageeffluent.



Analytical Limits for Stream Water Qualit

Parameters

Parameter Unit of Method_ Dgtection Repor_ting Analysis or Instrument
Measurement Limit Limit Used

pH pH units 0.01 0.01 HydrolabQuanta
Conductivity mS/cm 0.001 0.001 HydrolabQuanta
Turbidity NTU 0.1 0.1 HydrolabQuanta
DissolvedOxygen mg/L 0.01 0.01 HydrolabQuanta
Temperature °C 0.1 0.1 HydrolabQuanta
Salinity % 0.01 0.01 HydrolabQuanta
Total Phosphorus po/L 0.3 1.0 EPA365.4
;‘;ﬁ SS“Spe”ded mgiL 5.0 5.0 EPA160.2
Chloride mg/L 0.005 0.01 EPA325.1
Sulfate mg/L 1.0 4.0 ASTM D51602
Hardness mg/L na 2340.B
E. coli MPN/100mL 1.0 1.0 SM9223B-97

Q- How do you rate the quality ofas t r e a mé s

water?

A- We makeup to threecomparisonsFirst, with
publishedwaterquality valuesfor the ecoregion
Ecoregionsareareaswith similar soils,landform,
potentialnaturalvegetationandlanduse.All of
Anoka Countyis within the North Central
HardwoodForest(NCHF) EcoregionMeanvalues
for our ecoregionandfor minimally impacted
streamsn our ecoregionarein thetablebelow.
Seconlly, we comparesachstreamo 48 other
streamghe Anoka ConservatiorDistrict has
monitoredthroughoutthe county. The county
includesurban,suburbanandrural areassothis
comparisorincorporatesvaterquality expectations
in all theselanduses.

Third, we compardevelsof a pollutantobservedo
statewaterquality standardsThesestandardexist
for some butnotall, pollutants.
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Q- What Quality Assurance/Quality Control
proceduresare in place?

A- QA/QCisaccomplishedh thefollowing ways:

RMB Environmental Laboratories (RMBpnducted
thelaboratoryanalysisRMB hasa comprehensive
QA/QC programwhichis availableby contacting
themdirectly. The ACD followed field protocols
suppliedby RMB includingkeepingsamplesnice,
avoidingsamplecontaminatioranddelivering
sampledo thelab within 24 hoursof sampling.
Samplebottlesareprovidedby RMB laband
includethenecessarpreservatives.

Thehandheld HydrolabQuantamulti-probeusedto
conductin-streammonitoringis calibratedat least
daily.



Typical Stream Water Quality Valuesfor the North Central Hardwood Forest (NCHF) Ecoregion

and for Anoka County

NCHF NCHF Ecoregion .
Parameter Units Ecoregion Minimally Impgcted Medianof AnokaCounty
Streams
Meant Stream
pH pH units 8.1 7.59
Conductivity mScm 0.389 0.298 0.363
Turbidity NTU 7.1 11.24
DissolvedOxygen mg/L - - 7.54
Temperature °F 71.6
Salinity % 0 0.01
Total Phosphorus po/L 220 130 126
Total Suspende&olids mg/L 13.7 13.66
Chloride mg/L 8 13.3
Sulfate mg/L 18.7
mg/L 180.5
Hardness CaCoO3

IMPCA 1993SelectedNaterQuality Characteristicef Minimally ImpactedStreamdor Mi n n e Sevén&coregionsAddendunto
DescriptiveCharacteristicef the SevenEcoregionof MinnesotaMcCollor & Heiskary.
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Stream Water Quality T Biological Monitoring

The streambiological monitoringprogramoften macroinvertebrateserveasgoodindicatorsof
calledbiomonitoring is botha strearmhealth streamhealth

assessmemndeducationaprogram This ACD addsaneducationatomponento the program
biomonitoringprogramusesbenthic(bottom by involving studens in thebiomonitoringat many
dwelling) macroinvertebrate® determinestream of the sites High school scienceclassesrethe
health Macroinvertebrateareanimalswithout a primaryvolunteersin 2019therewere
backboneandlargeenoughto seewithouta approximatelyl 90 studentsrom four high schools
microscopesuchasaquaticinsects snails,leeches, who monitoredfour streamsites Since200Q over
clams,andcrayfish Certainmacroinvertebrates, 5,372 studenthaveparticipatedTheexperience
suchasstonefliesrequirehigh quality streams, affordsstudentsanopportunityto learnscientific
while othersthrive in poorquality streamsBecause methodologieandbecomenvolvedin local natural
of their extendedexposurdo streamconditionsand resourcananagement

sensitivityto habitatandwaterquality, benthic Resultsof this monitoring areseparatedby

watershedn thefollowing chapters.

2019 Biological Stream Water Quality Monitoring Sites

-|Clearwater Creek at | *>
; rville City Hall “0x

i
] -

]

Rice Creek at Hwy 65!

— e ——
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Biomonitoring Methods

ACD biomonitoringis basedn the US EnvironmentaProtectionAgency(EPA) multi-habitatprotocolfor low-
gradientstreamgwww.epa.gov/owow/monitoring/volunteer/streanising this methodologyjndividualsdoing
the samplingdeterminenow muchof the streamis occupiedoy four typesof micro-habitat:vegetatedank
margins,snagsandlogs, aquaticvegetatiorbedsanddecayingorganicmatter,andsilt/sand/gravesubstrate
Samplingisby i j adr svéepswith aD-framenet Eachhabitattypeis sampledn proportionto the prevalence
of the habitattype At least20jabsaretaken For studentiomonitoring,all habitattypesaresampledout notin
proportion.All macroinvertebratesrepreservedindreturnedo thelab (or classroomjor identificationto the
family level. Theidentifiedinvertebratesrepreservedn labeledvials. Fromtheidentifications biomonitoring
indicesarecalculatedo rankstreamhealth.Fieldworkis overseerby AnokaConservatiomistrict (ACD) staff
andstudentdentificationsarecheckedby ACD staff beforeanyanalysiss done.

Biomonitoring Indices

Indicesaremathematicatalculationghatsummarizeallies of identified macroinvertebrate@ndknownvaluesof
their pollutiontoleranceinto a singlenumberthatservesasa gaugeof streamhealth Theindiceslistedbeloware
usedin the biomonitoringprogram,but arenotthe only indicesavailable No singleindexis a completemeasure
of streamhealth Multiple indicesshouldbe consideredn concert.

Taxa Richnessand Composition Measures

Number of Families: Thisis a countof thenumberof taxa(families)foundin the sample A high richnessor
varietyis good.

EPT: Thisis ameasuref the numberof familiesin eachof threegenerallypollution-sensitiveorders:
Ephemeropterémayflies),Plecoptergstoneflies) andTrichoptera(caddisflies) A high numberof these
familiesis good

Toleranceand Intolerance Metrics

Family Biotic Index (FBI): The Family Biotic Indexsummarizeshe variouspollution tolerancevaluesof all
familiesin the sample FBI rangedrom 0 to 10, with LOWER valuesreflectingHIGHER waterquality. Each
macroinvertebrateamily hasa uniquepollution tolerancevalueassociatedvith it. Thetablebelowprovidesa
guideto interpretingthe FBI.

Key to interpreting the Family Biotic Index (FBI)

Family Biotic Index (FBI) | Water Quality Evaluation Degreeof Organic Pollution
0.00- 3.75 Excellent Organicpollution unlikely
3.76- 4.25 Very Good Possibleslight organicpollution
4.26-5.00 Good Someorganicpollution probable
5.01-5.75 Fair Fairly substantiapollution likely
5.76- 6.50 Fairly Poor Substantiapollution likely
6.51-7.25 Poor Very substantiapollution likely

Population Attributes Metrics
% EPT: Thismeasureompareshe numberof organismsn the EPT orders(Ephemeropteramayflies:
Plecoptera stonefliesTrichoptera caddisflies)o thetotal numberof organismsn thesample A high
perceniof EPTis good.
% Dominant Family: This measureshe percentagef individualsin the samplethatarein the sample'smost
abundantamily. A high percentagés usuallybadbecausét indicatedow evennesgoneor afew families
dominate andall othersarerare)
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Sites

In 2019 high schoolclassedrom Anoka, Totino Grace,St. FrancisandForestLake ALC with ACD staff
supervisiorsample four sitesfor benthicmacroinvertebratesndidentified eachorganismcapturedo family

level. Information on sampling results from individual sites can be found in the correspondingdhégér for
that stream.

2019Biomonitoring Sitesand Corresponding Monitoring Groups

Monitoring Group Stream
Anoka High School Rum River (south)
Forest Lake Area Learning Centg¢r ~ Clearwater Creek
Totino Grace High School Rice Creek
St. Francis High School Rum River (north)
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Chapter2: SunriseRiver Watershed

: i :
Limvoaod Township

|

&
: L T
== 1
__,-fr r |_.I T
: Columbus
Ramsey e (wf i “'::;'
L4 ndover Ham Lake e
i
oF
dr'
.
r )
o
T
'
|+ _:;]_
: RN
Blaine i
4 Lino Lake Crenteru'ille
o q—I_Jf?; ? d} | 1
I . ‘
| Gircle Pings ;

L i
Coluhbih Heights
[

Prepared byhe Anoka Conservation District



33



Chapter 2: SunriseRiver Watershed
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Lake Level Monitoring

Partners:
Description:
Purpose:

Locations:
Results:

SRWMO, ACD, MN DNR, local volunteers

Weeklywaterlevel monitoringin lakes.The pastfive andtwenty-five yearsof data for each lake
areillustratedbelow,andall historical dataareavailableon the MinnesotaDNR websiteusing

thed L a k e Ffeatude@wwodnr.mn.us.statakefindindex.html).

To understandake hydrology,includingtheimpactof climateor otherwaterbudgetchanges.

Thesedataareusefulfor regulatory building/developmentandlake managemendecisions.
Coon,Fawn,Linwood, Martin, andTypo Lakes

Lakegaugesvereinstalledby the Anoka Conservation District aadrveyedoy the MN DNR. In

2019, lakes followed the expected pattern of high levels in the spring, declining levels through the
summerand then water levelzeginning to rebound ithefall. Coon Lake and Fawn Lake both

had highemwaterlevels than in 2018 but only fluctuated 0.5 ft. throughout the season. Typo Lake
and Martin Lake had the highest recorded levethénpasftive years Water levels on both lakes
fluctuated widely throughout the season (Typo: 1.96 ft., Martin: 1.51ftf). 6 s
had the greatest precipitation total of any recorded year (data goes back to 1871) in the Twin

Cities metro.

All lakelevel datacanbedownloadedromtheMN DNRw e b s LakeBirddsrfeature

(https://www.dnr.state.mn.us/lakefind/index.htn@rdinaryHigh WaterLevel (OHW), the
elevationbelowwhich a DNR permitis neededo performwork, is listedfor eachlake onthe

correspondingraphsbelow.
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Coon Lake Levelsi last 25 years
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Fawn Lake

Fawn Lake Levelsi last 25 years
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Martin Lake Levels T last 5 years Martin Lake Levels T last 25 years
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