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20PWATER MONI TORI NG SUMMARY
Cli mate Context
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The 2021 annual precipitation was 26.2inches, less tharthe 1981-2010 averageof 31.7 inches per year
2021 was the driest year since 2009

1
1
1 Monthly precipitation in 2021 exceeded the 19812010 normal in March, August,and Decembet
i There was onerainfall eventin 2021 with over 1.5 inches of rain1.76incheson 8/8 .
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20PData Coll ected:

1 Surface water quality (total phosphorus, chlorophylaand Secchi depth), bottom water phosphorus, dissolved
oxygen/temperature profiles, and lake levels werecollected from 10 lakes in2021.:

i Birch, Bone, Comfort, Forest, Keewahtin, Little Comfort, Mood$chool, Second, arshields
Overall Lake Water Qual it

1 Surface water qualityin 2021 was better for all lakesin the District compared tothe most recent 18year average
(2012-2021), due in part to averageinnual precipitation and implementation of watershed BMPs.
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1 The notable exceptiors were Forest Lake Middle(2nd Lake) and Second Lakevhich had slightly worse surface
water quality in 2021 compared to recent years.

Moody and Shields Lake Water Quality | mprovements

1 Significant improvements in surface water quality were observed in Moody anflhields Lakes due taggressive
implementation of watershed BMPs and wholdake alum treatments completed by the District The 2021
summer average inlake phosphorus concentration in both lakes were below the State standards for the first
time since monitaring records began. Bottom phosphorus levels were also very low throughout the growing
season which indicates that the wholdake alum treatments were successful at reducing internal loading.
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Il nternal Load Monitoring:

1 There were large seasonal increasesn bottom water phosphorus concentrationsin Bone, Comfort,Little
Comfort, School Forest Lake Middle(2nd Lake) and Forest LakeEast(3rd Lake)that suggestinternal loading may
contribute to lower surfacewater quality in summer.

1 There were modest seasonal increases in bottom water phosphorous concentrations $tieldsLakesbut was
unlikely to contribute to lower surface waterquality.
Lake Water Quality Trends:

1 Water quality has statistically improved in Forest Lake West (1st La® since 202 for all 3 parameters (TP, Chl
a and Secchi), and in Bone Lake since 2Dfor TP and Secchi. Water clarity (Secchand TP concentrations are
slightly worsening in Lake Keewahtinbut Lake Keewahtin consistently has the best water quality in #nDistrict.

1 While not statistically significant, there are declining trends in TP and Cla in Forest Lake Middlg2nd Lake) and
East(3rd Lake).
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Stream Water Quality

20PData Coll ected:

1 A total of 3 stream sites were monitoredin 2021 (8 long-term sites, 22 diagnostic sites, and effectiveness
monitoring sites). Continuous stream stage, flow measurements to develop stagescharge rating curves, and
total suspended solids andotal phosphorus grab smples were collected amost sites.

T 8longterm sites: Forest Lake Outlet, Bone Lake Outlet, Bone Lake North Inlet, Big Comfort Lake Outlet, Big
Comfort Lake Inlet,and Little Comfort Lake Inlet(also Sunrise 256 and Greenway Avenue to assess Shallow
LakePong

i ForestLake Management Districdiagnostic monitoring sites
T Shields Lake Stormwater Harvest and Reuse System Project effectiveness monitoring

T Broadway Avenue effectiveness monitoringNote: No water quality samples were collected duadtought
conditions)

T Comfort Lake Management Districtliagnostic monitoring (Heims Lake Drainage DitchEast Comfort Lake
Dr.) (Note: Only stage data was collected)

T Little Comfort Lake Management District diagnostic monitoring (Manningrail) (Note: Only shge data was
collected)

Overall Stream Water Quality:

9 Stream water qualityat the long-term monitoring sites is generally good throughout the District as observed by
stream chemistry concentrations that are low and generally below state standards for altes except occasional
exceedances of total phosphorus and total suspended solids stream standards. Notably nitrogen levels are very
low and no chloride readings exceeded state standards Distrigtide.

1 Most stream TSS FWMGCa the long-term monitoring sites and diagnostic monitoring sitesn 2021 were below
(meeting) the Central Region Reference TSS FWMC target of 30 mg/L.

1 The following 2021 stream TSS FWMCs were above (not meeting) the Central Region Reference TSS FWMC
target of 30 mg/L: Big Comfort Outle{CL1), Heims Drainage Ditch (CL5)dfest Lake Outfall (FL5), and Hayward
Ave.R14 (FL22).

1 Mostdiagnostic monitoring sites hadTP FWMCs in 2021 above (not meeting) the Central Region Reference TP
FWMC target of 0.10 mg/Lhowever the majority of these sies are small ephemeraktreams or are directly
downstream of wetlands which are subject to wetland release

1 The following 2021 stream TP FWMCs were below (meeting) the Central Region Reference TP FWMC target of
0.10 mg/L: Big Comfort Outet (CL1), Big Comfolnlet (CL2), Sunrise River at 256th St. (CL3), Sunrise River at
Greenway Ave. (CL4), Forest Lake Outlet (FL1), Cranberry Lake Outlet (FL17), FL44 Watershed (FL18), and
Hayward Ave.R14(FL22).

Shielakk fecti viemaeadring:

1 The Shields reuse project was predicted to have prevented 5 million gallonsgrioundwater from being
pumped during the drought conditions in 2021
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(& Big Comfort Inlet (CL2)
) 2,038 ac-ft
281IbTP (Slpg/l)
28,137 Ib TSS (5.1 mg/L) &

Sunrise @ 256" (CL3)
2,000 ac-ft
285 Ib TP (52 pg/L)
34,928 Ib TSS (6.4 mg/L) ¥

FIESEN i
Sunrise @ Greenway (CL4)
1,638 ac-ft
269 Ib TP (60 pg/L)
48,084 Ib TSS (11 mg/L)
Forest Outlet (FL1)
1,789 ac-ft
254 Ib TP (52 pg/L)
57,278 Ib TSS (12 mg/L)

5,291 ac-ft
1387 Ib TP (96 pg/L)
475,645 Ib TSS (33 mg/L)

26 Ib TP (97 pg/L) g
2657 Ib TSS (9.7 mg/L) &

7

39 Ib TP (367 pg/L)
3959 Ib TSS (3.7 mg/L)

CLFLWD
Monitoring

R

Lake and Stream Monitoring Site Key

1 Bone

2 Comfort

3 Forest

4 Little Comfort

S Moody

6 Shields

7 Shallow Pond

8 Bone Inlet

9 Bone Outlet
10 Big Comfort Outlet
11 Big Comfort Inlet
12 Sunrise @ 256th
13 Sunrise @ Greenway
14 Little Comfort Inlet
15 Forest Lake Outlet
16 Forest Lake Park
17 1st Forest Lake Outfall
18 2nd Forest Lake Outfall
19 Castlewood East
20 Castlewood East @ Hwy 97
21 Shields Lake @ Hwy 97
22 WJD-6 Subwatershed
23 WID-6 Subwatershed
24 WJD-6 Subwatershed
25 R11 Subwatershed
26 3rd Lake Pond Basin
27 Cranberry Lake Outlet
28 FL44 Wetland
29 Hayward Ave R4C
30 Hayward Ave R3
31 Hayward Ave R15
32 Hayward Ave R14
33 Hayward Ave RS

2021 Sites

Flow ’

direction

FiglreLake and stream,méomictl aerdii mq@ -tséutnmamaimtiyanraZrog® bsngg e wat er qual ity
*cfs = stream runoff volume in cubic feet per second, | b = s
Notleooads are unavailable at Little Comfort | nlLeaatkedue to beaver d
4|P a g e 2QR1Wat er MoReiptoorrti ng



I NTRODUCTI ON

The pur petseer nofsiltoengmoni toring is to yndaresaittandd tch
time, and identify and dorefd unkkewagptrerbd eends ladv é@lh.e Lwaal
2Qlar e s hrFoiwgnlt Aiens u mmar y-| ake tdhemmesr average phosphot

monitoring phos@llacreus nickiagisy df r@aotnd i2t0i on, thi s sect
hi storical climate records a2htdhasti gmay i b aweku rarmeenntt

future water quality conditions.
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Lake and Stream Monitoring Site Key

1 Bone
2 Comfort
3 Forest

4 Little Comfort
5 Moody

6 Shields

7 Shallow Pond

BL1 8 Bone Inlet

(BL2 9 BoneOutlet
CcL1 10 Big Comfort Outlet

CL2 11 Big Comfort Inlet

CL3 12 Sunrise @ 256th

cLa 13 Sunrise @ Greenway
LC1 14 Little Comfort Inlet

FL1 15 Forest Lake Outlet
FL4 16 Forest Lake Park

FLS 17 1st Forest Lake Outfall
FL7 18 2nd Forest Lake Outfall

FL8-D 19 Castlewood East

FL8-U 20 Castlewood East @ Hwy 97
FL9 21 Shields Lake @ Hwy 97
FL10 22 WID-6 Subwatershed

FL11 23 WID-6 Subwatershed

FL12 24 WID-6 Subwatershed

|FL14 25 R11 Subwatershed
FL15 26 3rd Lake Pond Basin

FL17 27 Cranberry Lake Outlet
FL18 28 FL44 Wetland

FL19 29 Hayward Ave R4C
FL20 30 Hayward Ave R3

FL21 31 Hayward Ave R15

FL22 32 Hayward Ave R14

FL23 33 Hayward Ave RS

CLFLWD
Monitoring

2021 Sites

Miles

Figlbeake and stream monitoring sites in 2021
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Cli mate Context

Climate context i s i mportahecdwge utnldeer amaonodt n@r
preci giatnatiimpract the pollutant | oads discharging
|l oads in wet years due tbogeeat ¢ meuliyofwvfe tionyeesa rrisehs
in betbake water qgtbhuUshyndueft wagerathbhr oughntdhd el
al gae Yagaosvdrmhal fr equencyi santd c urtreeninsti |ty pposfis @ sdsi vertefl saul
greater|l patds uthnough wetlhaedo @gimbkeel nvpa tademd sy ail mp ¢

ice/ snow dept h, i ce-whifc hd aitmp a catn dt htee mplerr aatt.iualea kae
temperatatesiamadi ®#nhr are il lustrated for each | ak
221Annual Precipitation

Annual gri ddiemd R@Ef4oirpitthaet iDonstriFctglAlraessd monarprzed:i
retrieved from the Minnesota State Climaawmdodyt O
in recewerdfemdbhepsaci migt ati BRI 86t @l f mamet Breoup at (
The2la2@npaéci pint &toiresaphradei waseWiseloi.g2lst on t he ¢
a dry2082e@ar t he dr i estThyee aarv esriangcqeer t2adtiOgbliett aveneana |1 9 8 1
wazd9i Bches Tplhea Miemmesota State Clyiemartso!| aosgtyyg e0df If S acw
preci mirteattiechre'tp@rcent i l e for t h3d ngeéreisgd amfd rde /o ryc
total paecualietsasttihogh@Bedr centi |lieod oof theld precheGcdr 26 .
preci pietaatsi cars year pr &c i phiett avicizthfa a ti'dpTe@Ic ent i | e f or
record (ornabédB8i@Beme R2)6p.r dNoir pnigthadti iccarnt @ de & yb ¢ theeen t
l i nes i ndifhceartd enngt ifHless cB0dt i710e pri eRd igRirteaae d ronn wWreer s
annual precipithitglhastharvats ywdoowse, imeeeBonmaheyear
t heowe sar d i dnréle pyreeacrispietasaitai coen N2cOl0dded 200720 2®,10gndt
2019Bel owpraveir migtesgitsi coal n2c0l @A @UA0 2 1

20PMonthly Precipitation

Mont hly gridded1lfporre ctihpe tDQaitsitorniFc t3a2s€d2s w onm@ a 1 e2R0dt @ n
nor mal mont hly precipitation based on precipitat
for Forest Lake, 1Hh.q atto tTa3l2 Npotrh2B028l 0N tweShigo s-8iap b a mp &
wak3. 96 siigmmmhds thanl gwbedaga s t i me Mofntthh ey yperaercl opfi
exceeded2@h@ Hd@®@BrmalnAu gtu Mk hgr eat er A uhgaunk E5r ais nwo n @
onreai nfall leWantpi od20d&d ovder761l.i ncihrmsheon @& 8r.ai n:
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Fig8re2Mdé@&nt hly Gridded Precipitation for Forest Lak

http://climateapps.dnr.statentmml. wsdrgird dlelee dp rded iapg pa
https://prism.oregonstate.edu/ explorer/

2021 Drought

The drought of 2021 ranks as one noufcont h®i wohieslod @ r
characterized by |tsabyeggogeaphydaass@adtng of 2
slightly above ,awdbaege piescirpibtudteidom Hg imMehyeenanvervaeinr
enough to overcome theaohegr2a020dr Wifhdgii ms 2wmidyp f
ust toHe 2AdDr2300 2@ sl @ed t o cloonwd iathiedqo mesaii pti U raeh a © nictdoe T i
1.

not
Aug
202
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http://climateapps.dnr.state.mn.us/gridded_data/precip/monthly/monthly_gridded_precip.asp
http://climateapps.dnr.state.mn.us/gridded_data/precip/monthly/monthly_gridded_precip.asp

These conditions combined with abnormally high
a

drought acFopem Mhgy shambegh August, the state exp
in 128 years oMaxeeapshlbkigiler ecedtuade, as the third war:r
July as the second driest. Overall, the stAttdecoc
heigfhtt hei drloagdt August, ovefri &d % 0furnder sdxttree mea
As | ate August faded into Fall, a series of scat:
Both September and November stilla wegibserre enddo alse c
hel ped subside the intensity of the dryihbasescamgl
devel opment of t he drought from the Jankiagur e2 (
Monthly Precipitation and Departures, Minnesota
January 2020 - November 2021
4001 ¥ 104 o
: +0.49 0.66 P
+0.24
+0.11 +0.14
- 2
== % >, : ~ - 0

-0.67

-0.29 e e
-0.14 2
-1.04
-1.41 -1.79

22 =4

0.3 012 -0.43 * 022 g3 o, -0.45 f

| ] -2.63

/ Autumn [~ =8
stabilization

Slowly mounting deficits

Precipitation & Departures (in.)

- -10
Rapid drought development
- -12
O O O O O O O O O © © © « o « o = o « « = « o
£ 8 9 @ ¢ 3 5 8 £y & T8 B T e N o5l 08 gl &8 ol 8 68 6y
c 6 £ £ > & = @w o £ > O c H £ £ X & = wm a # >
© T 2 ®© =S 3  ©0 O © T o @ S 3 © ©
Observed Monthly Precipitation B Normal Precipitation
% Monthly Departures === Acumulated Departure Since January 2020
m DEPARTMENT OF All data derived as state-averaged values by NOAA and served by Midwest Regional Climate Center via
MATURAL REIDURCES Cli-MATE retrieval tool (httpsz/ due.edu/CLIMATE/welcome.jsp)
State Climatology Office 1- retrieval too ( pS.//mrcc.purdue.eau, weilcome.|sp.

FigdMent hly precipitation andiNepa?20Rtes in Minnesota (Jan
(https:// www.dnr.state.-2ndn2 luysh/tcmli mat e/ journal / drought

20PCl i mate Summar yMN yDNR nHyhd r(o Cl i m)
MN DNR al soHypu mICil § hme, sMhieonmtebsloyt ael ect roni ¢ newssl et

climate conditions and the resulting impact on w
of t he moohhonantes t he events, ofavatiheblpreyv
https://www.dnr.state. matusblheg deaclir mtisn doelixevrd tt énh
monitoringdpteedodv:ar e
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https://www.dnr.state.mn.us/hydroclim/index.html

= =4

Mar cMiont hly precipitatone toontadbbhéeéf welhevhwegemenmr madl
east centr al Mi nnesota. The sur pliurmsc lcunddhagnecaht |
l1lwhilkcrhought some efhaihlke eaeapbdbresti lmagpgwtl lbergre dM|
Mar ci# 423 hat brought 3.53 i n,dUNeMa rocfh pfrienciisphietda t
war mest for mwst hohi hnhesmptaatures fnot heh8oO
ApriThe main precipitation-dawemterofodAmpri IcldDWLa
Howe vheprr,e lti mi nary s tparteecwii pdiet aatviewaesgidh. foBrninrecstod sa
The Aghreialt 5wave notched some of the highest t¢
St at ewdweer dachee t emperature finished 0.4 degr ees

MayNo newsl|l etter was reported for May.
Junkearly al/l of the stdtiéo@nhaddnkef@mMallinmimamarlay [
averoad2g.ed4 inchesThel bwsnot mme June was simil ar

l'i kely wind up one of t ha&n3rodp wairfmeesetn Jdurniee sotn J
behind 1933 andlhywerey ianimsag yt s t1a%88vi de average
normal June ,4t/ro0oR2®2tlo severe thundeaslairims f or |

JulTlyhe dry summer I ntensi fitedei statukey f202%hed
precipitation. Most areas in the state were o
average temperatufie4d fdoergr klelsy ad®@2¥ was mal . Tl

temper attluy e2®»0. JThe difference is that July .
Augusugust 20Rkchpou@ght on totals from one to t
in thdhesoavwvdéerage station in the sthHdted daslt ar mt

Novemi@éer: statewide prelimih@82y i mcéaeisp ibtedr@misvd nn
| ocations were in southwest Minnesotd@ahwewrehwase
significanevemtecipi Navember; A developing are
Dakota to the Twin Cities on Novelbeeml®r anemp
continued the streak of above noawatagemper a8
2.5 degrees above nor mal
Decemb®Pecembetrhpe2 @8Rl mi nary average stlafk wirdehes
nor mele. first | arge -@RPns$eows steha smo ot fh et hDe Ds@tOr&ichte |
l1a1, ,d0appixgor mogreow smuerh évia tneastroattae s appr oa
inches per hour athatbiotmeeth b yOmas desektbhe rc elrbt r al
Mi nnekhet lerecho that swepgr @atuoesd momude hweirmd MJ L
75 mph than any other event at any.Stamewiode ya
t e mpteuwesrse 2. @bdegrwiesimadver age temperature of

happemradveen ARBJhshnde2rst or ms provided widespr
Mi nneamtdhae, st at el surhirgaiersftal2l4 t Thtea |sstl ategpceorrideendc
unusual geogrmathti e&r mrse:vfr $hhdet r inch aMisn n edseng rae eh adda yr
southern Minnesota. The pr eltiam@n 8r yd eggw eereasg & bto
Sept eBeetember 2021 finished bel bwt ngamméd fyori
state. The preliminarOy5avenafges f bel &ivnn e shohheh .
northwest and quite dry in the southeast, wit
centr al Mi nnesonmaéSle.pbaemvas abotvenoed the warm
March 2021 and finished well above normal sta
2.7 degrees above nor mal
OctobBetober 2@210f 4&b ¢ Ine thresstr antad wit ha eec i plitt anai so
active severe weather month for October. On
National Forest in Cook Conuonrttyh e arsatk itnogr nad dvi knmr
so | a¢d ese@mbarhprel i minary state average temper
than normal. October 2021 rankedwi amxtckeetiopat
first half Dhetlhastmowedk haersaomeelsewowhnar kal

e

a
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St a-wWwede Climate Trends
According to data dPephopmdnbyotf hBathien sabrseR easggoeu racn
temperature and precihpivwartmeorn ahnadv ew esthti efrt ecdo nt doi tai c
year®2@l9compared t o t1h9%)l .y eTahriss ptrriBonrd b(Abs@ 9s8hlo wn i n
precipitation is displayed in inches oFnahtrheennhYetite
Xaxis. The four quadrants represent the foll owin
T Upper | eft quadrant: | ower temperatures, hig
T Lower aldefatntqu | ower temperatures, | ower ©prec
T Lower right quadrant: higher temperatures, |
T Upper right quadrant: higher temperatures, h
Theydots represent the cOD9PMiwthiighoelsdtdheet rweeprne sL88t5 tah
bet we%eamnd29P2 0OAs shown in the figure, there is a sh
representing higher temperatures and more precip
45 -
Lower Temperature ° Higher Temperature
Higher Precipitation Higher Precipitation
2019 °
40 - 5 e (]
< ".
® d®
35 - % e §
_ L .. ® (1'
£ ® .‘: °
5 oo ™ . ad 2017
g 3O ® e % Wpois ©®
a (] o
5 L L ° 2020
S e | o- . o e 2021 ¢
g ) oo :o.
< o ° o o ¢
® ...'
20 -
°
°
e 1895-1991 °
1992-2021
15 A
Lower Temperature ® Higher Temperature
Lower Precipitation Lower Precipitation
40 42 44 46 48
Annual Mean Temperature (F)
Fi gbHar dwood WMAe Mpresrraatgier e and HFXNRei pitation (Source:
With that, there are two key trends that have be
conditions:
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https://arcgis.dnr.state.mn.us/ewr/climatetrends/

1. Wetter conhdi mooespdeei pitation, more snow, an
2.l ncreasing temperatures especially at night,

Additionally, the State Climatol ogi st has ensoott ao b
but these are pr ojceentteudr yt.o get worse by mid

20PLake 1l ce Out
The MN DNR has kept records of <citizen observati

can i mpact summer water qualtety cmagdwbromnsp Famst
have poorer water quality in years with an ear/l:]
data are available for Comfort L gkiegrienc EoR2 0987 Bk
medi an ice out date is April 9, the earliest ice
2013. The i1 ce out20@daiaes dar2 6F,oreseslti tLtalkee a@ ar | iTehre t
duration of ice cover in Forest LakelBa® decri esas:c
i n 2RNIlge) (e Comfort Lake, the median ice out date
and the | atest ice out date is May 1, 2018. The
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Fig@reDuration of | ce @d@PereiporEFelebtys IMPIC@AWNVI1 P 6 Ad-datcadti anamre.
i mp aocuwsa t)er s

Lakleemperature Trends

Climate change has contributed to an overall war
last fifty years. Lakes t R3r.o9uAgFh ohuitg htehre isnt astuemnaerr
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https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters

August) asochbhmppeads ago. According to the MPCA,
decline in ice covedadaydby Burbhermgeepfalbecent
contributed to declininrgondgesrs otl verdmaolx ygtema tliefvied &
changes are shifting the physical and chemical e
| Fi g8 Fieg@r ekemd@rel ow, the trend |ines demonstrate
the | ast 30 Lgk@amf barteerdr Behe Floaleast Lake has exy
temperature increase in summer months and Septer
spring mont hsBo nAep mihalikcetann ¢h aBlay hseh d oo gelsdar p ewarrmdi ng
freeriod April through October.
Apri May June July August September October

- / _—
20 /

15 /

10/

Average temperature (°C)
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https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters

May June July August September Jctober

April

(- L -]
I — —

(Do) Bdmyedada) abedany

[an]

“0202

-0T0Z

-0002

“0£02

-0T0Z

-0002

“0£02

-0T0Z

-000Z

“0£02

-0ToZ

-0002

0204

-0ToZ

-0002

"0

-0T0Z

-000Z

“0£02

-0T0Z

-0002

20

o

t

from 1990

trends

e w

water temperature

FigBCemfordurlfakee

/| | www. pca-datcditi enanpeoanss ta)é m g v i

(htt ps:

MoRnhei ptoorrti

2QP1Wat er

19P a g e


https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters

Apri May June July August Zeptember October
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2@1Significant Events

The purpose of this seceventss wwougwexlorwe st lgern f
changes, notabl & dMP md d n sptirredj tattcitasmosc litrdr a&@td miangtdhiea v
potenti awater i gqualcitt y 2Hoaitmra tctod | fewttwerde i n 20

Thei strict took the | ead on all | ake monitori
2021 surpassed 2020 as the driest year since
Only one rainfall event produced greater than

There were blockages obselroedt adln daive mag2 save

fl ow and | oad calcubkati onke Cowmf b@liamidak & h8 o R\
subwat efFlsh@®.d at

T 2021 Drouwht et i qquta kadntdy fslaonmp Imenags ur a tne a talf d g o et
Juwéen most sites went dry. Rat iEmag tc uCrovmef GLr-it e rC
E-Fi guBtehe NURELBohidgluglemper i &IL-BAviegl Y e dHadg war d
Ave aRL X3 EeglLBFFor more infor matTiad®% eon t hese si

T Equi pmemtcciuasadleels Bone BajiRomatl &ke BILRCoOMf ont et
i n[CdL2 &md est LRKEreatleg @data gaps.

T A ditchht cbeawmmor ed a unmsotniutposrtirnega ns (BtEe}i9at | Hayeywdud

= =2 A =
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https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters

LAKES
There are 19 named | akleask @ nWatheer sCloexd .o rTth dsaek el dFkoa «

recreational value. TWwhay alago edgr vd 3 amtlsomd i tsch
waterfowl. The quality of water in these | akes I
ani mal s. Poor water quality can r elsauslst ofn hdaehcirteaat
ani mal s. More specifically, poor water quality <c
shifts in fish populations toward | ess desirhkbl e

water quality is a higdglhrgersitorliatkiei sWantiedrtis.dh e@do mf or t

Regul arly assessing water quality allows resourc
over time, and prioritizeée arkenagementquadtitgnsh.asMdn
Lakerest Lake Watershed District as far back as
collected by a number of organi zlagken¥at enrcd uaeddh e
Washington Conservation District, Metropolitan C
Poll ution Control Agency, and citizen volunteers
What i1 s the purpose of collecting | ake data?

Surface Water Quality
Lake surfacet ywaiteeal Igwadamp/l ed f ora taondlSedotsip hde pu

Tot al phepprecsrems s the amount of nuRhosmher usn s@od
soil erosion, stormwateamircumaftferilae d&f Imamtuer a wa
septdhclsor.apdpyd ¢ sremmbdnt hegae in the surface water.
measured by Secchi depth) and can caunséehenphé&asa
fi shreadnudced aquatic plant growth that suppoSetcsc hii
transparency depth is a measure of water clarity

The deepest depth at which the Secchi disk i s Vi s
turbidity or cloudisabkbak) o®et i wahe ptrh,anlded Dwalrgd
wat er and h3egchcehria ¢ddeepetphieg ® eRel ati onshi ps bet ween
l evel s with waSwenf aderwdtyer( W WD | i t yorg eMierrnad d oyt av a
| ower phosphoras aand delklper o Breyliclhi depth in spri:i
| owest water clarity typically in July and Augus

More Phosphoruss More Algae=Less Clarity

5 7 10 15 20 25 30 40 50 60 B0 100 1501

Low <—— Phosphorus (nutrients) and Chl-a (algae) levels ——> High

| Clear Secchi Depth (Water Clarity) — > Turbid

FiglbeRel ati onships between | ake phosphorus and al
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osphorus-a, c Bk ohc,b pahrdde pbaver al | | ake wat era qual iStey
ades) according to the foll owing Met Council w

Tabll eMetropolitan Counci l Lake Water Quality

Grade | Total phosphorug ChlorophyHa Secchi
(TP), pg/L (Chia), pug/L | depth (ft)

A <23 <10 >9.8
23-32 10-20 7.2-9.8
32-68 20-48 3.97.2

68-152 48-77 2.33.9

F >152 >77 <2.3
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ery winter, roadseagmdlatrger apwmiwuegl toalrfdr&ecvwesnt un
st common deicer by far is salcth| owhideeh cSoaanttaih
il dup and melts ice from paved sucé awadtasr Himd me
ter moves through environment the salt breaks
kes. Because deicing with salt i's so common, i
oundwdt egkwader sources

ot her major source of <chlor Hidme i wat déare < afftit eermar m
otro dreeact with the sources oflWwayeur hbopdepesdsas
may hawhatnoti tadtes a |ittle salty! However,
ty water acts i n cthhleo rsiaddee fiwsaogvuel eiymaivoer ¢ td at sO W If
er that | eavesthogsehl oftde entidhenpebebvinoodni
cesses that can remove chloride and reduce ha
not have technologies to removetehsiovedpr ecxee:

t hough chloride exi sats Inocaw ulreav & bys ti onx it ch et e navg u aot
ncentrationskelgihdloo gidea |studpxpirearteissn 5 nopha ¢otrsi dteh e g
puwctdi on of aquatic species, their food sources,
cause chiltohrd dreatdursarluppgrsocess of mol eicgglne s r b h me
ncentcrhatoic@miseivat ee to | eak out of cell s while
t drai mepcessary biological functi bh &quatigoaalite
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excessive concentrations oft rcehd soead demsd haoda m ¢awva b s(

l' ink between | ow dissolved oxygen and high <chl or
har mful for aquatic |ife. Chloride can cemtngteh d hre
exchange of gases fromChherbhadtt nmasuurameakes wertl
a probe for the first time in 2021. Due to poss
accurateeédondetlvere not reported.

Bottom Water Phosphorus

Bottom water phosphorus samples were collected f
future, internal phospbhmr wat emagdghogphaerrswe sprheopr rues:
released from | ake sedi ments when the | ake water
of oxygen, phosphorus that is bound to iron in t
accumul ate ianetrlse olvetrt amewsummer. Too much phosp
called internal | oading. When internal | oadi ng i
decrease surface water qguwaloint y.ak®Bheuirhpaet waft eirn
severe storm events and wenaktahned ,ftahlel swhrefna clea kaen ds tb

Lake Levels

The surface wateri eed e®owradea d nd wrfi nd eme paoktetse d ngo e DN R
|l evel s can be used to determine how much | ake | ev
(H&H) models used to identify and design best ma
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Wh alt aldeat a was col2l?2ected i n 20

Surface water quality-a( tantda|S epahedss p haodrputdsi )t cen i s @ip
filvekes were monitored by CAMP v odnud tSeaisindaBearaed

monitored byKeRiwsathrtliiiott t Is8 hai€ éBmdrecrhg§ ¢ haowlit )t om wat er p
sampweer e colrlodxitlteels ( BoRe mf Colhf ph@Fpr est West , F
ForestoEast 6K Lhhhomle,! , Shiaeldd sL,i t Mdledsyee®thf oxy pen and

profiles and | avkmes lad sl ncranldiutch @idbga&teisi ctol 3§ teaft fe.d
CLFLWD | adesnvaentDablbe | iomw.

Tab2d eCFLWD LGdlel ebDcatlead i n 20

X 5bwdzo f A O 5 [ 1{5hk¢S{dNF .2§2

[ 1S [t aaAau 5bw Lj! ONj f SZ] LINRU{| 2 v gl UGS

. A NDOK 2SGEt LYyl ymnpmm 00

. 2YS [ F1S Yy HI 1| HH

/I 2Y¥F 2N [ 1S MT 1 @mol| HM

C2NBaid o MZ N

C2NBaid o [ F1S y I MmOl| OcC

C2NBaid o T

YSS4I Koy [ 1S y HI N1 ynm TP

[AgtS [/ 2 [ 1S M@ A pEm 0c¢c

az2Re 2SGt Y| mmnmo np

{ OK22¢ 2 SGt Y| mmnmm nT

{ SO2yR [ 1S M T 1 Ep Tp

{ KASt Ra 2 SGEt Yl y mvom on
Acronym List: DNR I D = Minnesota Depart memntxygfenNatTempl =Rd <
WQ = water quality, TP = total phosphorus
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2Q@QlLake Water Quality Summary

The | ake water qu&lantdy tghrea dnegse tbrarseesdeoily 82a0¢ 20 b r o v
Tabldlen 212 0 Keewa h@o mf ldadtkeeFoared t)r € WMeasvtlealk e water qua
(bl;BehFegr est ) ( MFddeElsitt t(IlEea sC)mB @y amdl Shbhakreeslcsei ved
water qual i(gyepemade ho fariBh k®ccheaovleadk e wat er C(weallli dw
No | akes received a owamegfehqupl2Mi2yt ge adaeake$ ePuod i t
| oweEBsyear average (¢aiiaMoeo diyn atnlde ShViastterdischtt d k & 0 s p h ¢
projectiaka&ndalium treatments have bwkinclompl|l expecf
t he water gKueaelwathyt hgarsaldadkse. best wat er qualyietayr garvaed
grade of A.

Tabh3dl eCLFLWD Lake Wat e2r012Qud | md yty GraadesterZ@ig e (201

TP Chla Secchi Overall
Lake DNR ID Acres 2021 i\)/’é 2021 EX\)//gr] 2021 E-,;:\)//gr; 2021 ,56\-\)//&
Birch 13-004200 33 / G B B C G C C
Bone 82-005400 221 . B- A B+ C C B B-
Comfort 13-005300 218 ! B ! B+ B C+ A B
Elwell 82-007900 16 - C - B - -- -- --
Forest (West) 82-015600 1,086 A B+ A A B C+ A B+
Forest (Middle)| 82-015600 364 B C+ A B B B- B B-
Forest (East] 82-0156-00 790 B B- B C+ A B B

Forest (All Basins) 82-0156:00 2,240| B+ B- A- B+ B+ B- B+ B

Fourth Lake 13-002200 8 - D - B - -- -- --
Heims 13-0056-00 Q| - -- -- -- -- -- - --
Keewahtin 82-0080-00 7Bl A A A A A A A A
Lendt Lake 13-010300 4221 -- A - A - -- - -
Little Comfort 13-0054-00 36| C C A B- B C+ B Gt
Moody 13-002300 45 C G A C+ B D+ B G
Nielson 82-0055-00 371 - D - F - F -

School 13-005700 471 C C B C+ C D+ C C
Sea 82-005300 50| - C -- A -- -- - --
Second 13-002500 75 B B A A B B- B

Shields 82-016200 30| C D A C B D+ B G
Third Lake 13-002400 42 -- A -- A -- -- -- --
Twin Lake 82-0157-00 19 -- B -- A -- -- -- --

5yr Avg = Moysdarr ecvetn2&1;d v(e2 0

A ratinglsube®@wmaitmnggesiCowmtiimgl,s bDvwnatiino g asFg ervant iinng esdh o wn
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Wat er

The 2021 growing season average | ake

Tabd201Zr owi ng Season Average Lake
HAMDNER g Ay 3 { $ISaaiyS YoovEdxyl

c2al f L
a 5 t K2alJK / Kf 2 N# | {SOOAKAA,
[ 1S 5bw L/! ON 6 dzak [ 0dzak | 0FSSu

Birch 13-004200 33 TMOby Mnadn p®n

. 2YS yH Amm| HH HC dn TOT T ®o

[ 2Y T2 NI MO Aol HM HNdMm n®o y ®p

C2NBal o2 M3 HO®T c OH T®n

C2NBaii 64d ymmmol oc oc ®H hPdPm c P

C2NBaid o609 T® oo ®p Mn do y ®m

YSS4I Koy |ymnymm| Tp MO ®o HOT Mp ®Mm

[AgfES /2YmvMmanmm| oc nH®T T ®n y ®n

az2Re M T 1 maol np OH®p n®H y &t

School 13-0057-00 a7 nnaoo MH®M p ®o

{ SO2yR Mol A mpl| T p HT Oy noy y ®m

{ KASt Ra y mM@Hl| 0Nl oy ®H c dm y ®n
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wat erTahulad i 4
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Progrteosnsar ds District Lake Water Quality Goal

Progress of |l akes towardsl@ehbre(i2@1l) hgiomn|l ROBpe
Wat ershed Mabwadaments hBlwanf or phosphaobblusT he dl Slkeaes
in order o4 akecpeasphgrus concentration, and t he
their respectfvemDcbkbbsest Healvatihe L ak20 30lus tr ein
phosphorusgomBon8etakie, i Weosrte,stand kc hool Lake curr
goals andiEastestFaM&egd!| eakand Bieriah Sleakeé i mgeotal ts .
are baseiddean talveermge &EShat ei $famddraodsn whiigeeha raraey ely
The District ngoalds taroem Uuved he State standarastet
standards and are used to set priorities for i mp
Note that the TP and Secchi District goals are
responses to THI gddlrecemdr aekxampl €, a grakwe nghaeerp
concentration of 20 Og TP/L is expected to resul
clariegtof~2.14 meters), 33 Og TP/ L with water cl
clarity of 5 feet (~1.5 meters).

8.0 +

7.0—;

6.0 |

£ 50

§4.of

B 3.0 |

20 +

1.0 £

00 o 00 TR "
0 50 100 150 200 250
TP uglL R =073

FiglieSummam TP and Secchi relationships based o1
(Figurm Hai $kaoary and Wil son. 2005. Mi nnesota Lake Water Qu
Edition. Mi nnesota Pollution Control Agenc
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24P a g e

TabSlRr ogr ess

5Year Average
Lakes - ]
_(in ordgr E(Xz';lt'OYfeaDr Zeél?)iaslt
i ncreasi ng 2021)
Phosphorus
Keewahtin 15. 3 5 2
Bone 27. 3 5 3w
Comfort 30.9 5 30
Forest 35. 7 5 30
Forest E;q 40. 7 5 30
Forest Mi 39.0 5 30
Forest Wg 26. 5 5 30V
Little Cor 44 .3 5 40
School 48.1 4 5w
Birch 80. 8 4 60
Moody 67.1 5 40
Shields 119. 6 5 60
Secchi Depth
Keewahtin 12 . 9 5 oV
Bone 5.9 5 7
Comfort 6.3 5 7
Forest 6. 8 5 7
Forest E;¢ 7.1 5 7V
Forest Mi 7.2 5 7V
Forest Wg 61 5 7
Little Cor 5.2 5 7
School 3.7 4 4.6
Birch 5.0 4 3.\
Moody 32 5 4.6
Shiel ds 3.8 5 4. 26
##/= meet s Di#s#t r=i addto eBo anlo;t

.meet Di

2Q1Wat er

strict

t owar dsanrbd sSgrodacditss phosphor us

Goal

MoRnhei ptoorrti



Progress towakes Wat & tSa Quallair tdys

Tabolie | ustrates the progress of | akes t owards .a Ch
(2002) , Bone (2004), Little Comfort (2012), Mo o d
Lakes were |isted as i mpaired for eutrophication
| ake was eadBd8d dt)o Itilst i s included in parentheses
study.

Al State water quality stanB8Baeptembeer) bagedagas .g
i mpaired waters | ist,6spaholrauke smwusntd am @t AmMde th edt h@me|
Secchi depth standard based on at | east 8 @mpke
peri od. To be removed from the i mpairsadandat er sAN
chlor-apboyl 8ecchi depth standard based on at | eas:
recewytealOperi od. Il n addition, there must be an i
mai nt aionv eidmp hkaloa r Sekeyelhli observations. The | ocal 1
how the response conditions -wistebte met over tim
Lakes that were historically impastramndoédudsclhiasead:t

leyear RO 0dPded e c oBrodp@o mf,oratnd Schodlt | ledl€dImIf oir mpai I
close to meeting State waitteeedesealoift ¥ het 4 madsered sft @
area for i.8pliemest anmidomMoody Lakes are 201RI-1@&@ampa
peri od blumatheaidt qgu0dZ2h at metSesat de¢ ie mminah liKieeredvsa.meeh L &
St ate water quality st ana aradsd fScercEihh o Isdpedpaitkimes , S tca
standardseptoh &ed cahhd udiri ofpzhsyplhlospédmotr uast cons.
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Tabél eProgress towards State Water Quality ¢
Total Phosphor Chl or o-ah®d /L) Secchi Depth
Lalse 2 02- 2 02- 2 02-
(in orde 201 Year 201 Year 202 Year
increasi |Averaof D{Stand Averaof D|Stand|{Averagof D{Stand
GENERAL LAKES
Keewaht.i 1 47. 10 4 v 26 10 14 13. 9 10 4 .\6
Comfor't 30. 5 10 4 v 14. 10 14 54 10 4 .\6
Forest 33. 8 10 4 v 15. 6 10 14 59 10 4 .\6
Bone * 349 10 4 v 172. 10 14 47 10 4 .\6
Little C 51. 0 10 40 20. 0 10 14 5.0 10 4 . \6
Moody * 88 . 7 10 40 46 . 7 10 14 29 10 4.6
Birch 80. 8 4 60 13. 2 4 2 W 5.0 4 3.\8
El wel I 48. 4 1 n/ a 11. 9 1 n/ a 23 1 n/ a
Fourth 89. 7 3 60 18. 9 3 2 W 21 3 3.3
Hei ms 42 .3 2 6 oV 12. 1 2 2 v 3.3 2 3.\8
Lendt 15. 3 3 n/ a 64 3 n/ a 42 3 n/ a
Ni el son 64. 2 2 n/ a 37. 8 2 n/ a 4. 8 2 n/ a
Sea 49 .5 2 6 v 9.2 2 2 W 4.5 2 3.\8
Second * 27. 5 4 6 W 8.9 4 2 v 7.6 4 3.\
School * 48. 1 4 6 oV 28. 5 4 20 37 4 3.\8
Shi el ds 177. 10 60 44 .8 10 20 3.5 10 3.\8
Third 21. 1 3 6 oV 5.0 3 2 W 4. 4 8 3.\8
Twi n 27. 8 1 n/ a 5.6 1 n/ a 4. 2 1 n/ a
N = number of years dat®-2012d neeemrrdwldl.ect ed wit
* = | mpairiend,t hien c20uldOe dSti xdy akes TMDL
** = | mpairiend,t h®ua2Oildleed Ri ver Water shed TMDL St uydeyarbsut n
Lake names in bol##kawmeebDiss#H#tiantdid@eal soin/meet | Sitsarfdarcd e
2P a g e 2Q1Wat er MoRwe ptoorrti



LakMat er Quality Trends

Lorgerm | ake mwanes eqecal cuppatieendali hgs Tau statist
reports how consistently a watemrequalsi toy pa&Schaoaratts ¢
t ersmi{dd land elromg for the ermteign enmamgi two rt ihn d heewesdaoe
determinedffoor addcmolnake®r i ng data avail able Maowm
| akes had | ar ge graepcsoridrs tamedi rt hieerreni totrree n dosn | cyo usl hdo
not eflda biFlmee | o w.

T No treddticlad twat lee pgauraal mettyean sgisstnent |l y i ncreasin

to pear tpheer Atidme hi s is a statistically signif
T I mprooidreg! itmiemgls means that t he water qgualit
decreasing from yeerritoad yeadr NdVIeri nt hae sttiamha st i
T Significantolsy ginmgri cwainme ayn st atehlantat eg qual ity pa
increasing or decreasingeffiomd YW&NDr itho ayesdrat o
The percent change i n t hpeerp ardamest erre poowretre dt hfeo
trends.

T NAmeans that there was iIistsafifs eAdidalte acsd tnad stsca b
coll ected per year to be included in the tren
record have at dteeadstp ®e hsydewps!| .edso cnodtl ehave enolt
deter mitree mMm amgends i n water quality.

@)
™

r aolslt, Dnstrict | akes have iWprewvi ggalkirteywdlsas ns
Forest SLake)cwWws2tod( al | 3 paaampteBsacntdi H)n Bholn e
or TP aWat e&recaclhaandy TsPiSiagwhethlsyy mi Lgak e Keweadt j n
y and TP concentrati on®odvive dyt alhnadk eSvieil dfad e |
[

[

t

N
[y

g water guality with staWaseércal ar impyov

i
0 n
[ ng kiensstmicel d99Ba although the second of 1t
e

[

—_—— =

rrquality shows &hsignnbicanttimpi caémgn:
ra TiPn afaodr eCshtl Lakba®Mi ddl e and Eas

Q"0 NT
=~ >Som3g T Q5 <

t

\Y
n
a
S

DO O0OT D

W
nd
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Tab7l eLake Water EQRal ity Trends

Lake Tot al Phosphgq Chl oroahyt ¢ Secchi Di s k

. . . Il mproving s
Significantl - P S

Bone I mpr owiimage 4Significant]

si nce2(-300)

sinz@216 %)

Comfort

Il mproving si

| mproving® 9«4

Il mproving s
Significant|
Si nZz @2(8 0o)

For atmest

I mprovi rng 84i

Significant]l
si nz@2((-3 &)

Significant|
sincel-3 &)

Il mproving s

Significantl
si nc e2((21>a)

28P a g e

For adi dd Declining2s Declining2s Il mproving2s
. . . . . Significant|
Fora&tast Declining2s Decl ining2s since 2012
. ) ) ) Il mprovi g 74
Keewaht in Declining2s | mproving s . )
Declinigg1lg
Littl e Cqd I mpr oviimge 2/ | mproving s Il mproving s
Signi filangmtolv . .
Moody sinz@os 8 | mproving s Il mproving s
Il mproving si Signi f iDeatl
Shields Significant]l | mproving s since -5799 3
since(-80% Il mproving s
NA = not enougthildedatrani awaial &wleeap dt o n
Shetretrm trends areeneffediBRORAi me emost
LoAgerm trends are noted for the period of
201Wat er

water

record f

(

qgual it

or

MoRnhei ptoorrti



STREAMS

Streams are assessed by the Minnesota Pollution
aqguatic recreattronedesiognatfedagauadsic | i feo means
the direct harmbibstancdest samd poatecti on of huma
aquatic Brgaecsmen of Afaquatic recreationo mean:
Mi nnesotads waters.

CLFLWD streams are cons, daecear diondet «Cl talses MiBn \Wad
( MPCA) . These types of -anhdewawmamardidgdheciiesed ndg
water) and are held to certain WwBien. gRalTRep Gs @&

standar ds cTaanb8bee f sundppontant to track these wat
if the watsetatargomksetand whether or not they are
in which the 2B standards are not meeting MPCA t

considered in this report.

Mul ti pl e wat eerr squwelriet ymopna rtaomeetd and 28rRdITyhzepuatpoe
monitoring was to assess and document the curreril
resources or areatser mnidad®l ipme gmamietwdrn icg @i | | - en e
Forest Lake Watershed District (CLFLWD) to ident

Tab8l e MPCA Class 2B Water Quality Standard

t F NI YS{SN / fFraa uw{GRYR

/| Kt 2NARS o/ f HON Y3K
[26 5A&aa2t0S8H B p Y3Ik[ Fa
LJl b cdp 2 NJ 7
¢c20Ff { dzaLISYR fFoon Y3ak][
¢c201 €t t K2alLJd FoMAnJF Fdza K [

*May be exceeded no more tliseaptteenbepe3dent of t
** JBreept empear 18verage

The following is the description for thescherichia (E.) colstandard:

ANot to exceed 126 organisms per 100 mil/l
five samples represamtyatciaVvenafarc onoditthi, om®r
ten percent of al/l samples taken during a
organisms per 100 milliliters. The standa
31.0
What i s the purpose daft ac’2ol |l ecting stream

Locati on

1T Lontger m sitTrheea np u rlpoohsger no fsnbneamr i ng 1 s t o unc
District resources, identify changes over t
subwater Siherde | ave |l 3 | aket euml eecaoi desi wi €ChF
Forest LloankieorandL akk e . Data from these sites
tracking tot al fl ow and | oads discharged fr
data from these sites is greatl y viindfel uiennfcoer

29P a g e 2Q1Wat er MoRwe ptoorrti



on how | andscape changes Thefrltuamee 3wdta&kr q.u
term records in CLFLWD: Bone Lake North 1In
I nl et at | tasca Avenuuseef ubDatfaorf rcoamh itbhreastel nsgi t
flow and | oads discharged to | akes over ti
and | andscape changes influence water qual.
T Diagno3thiec pur gioa g@nmasfrtiitcoroi ndjetiesr mi ne t he s
I mpairments to surface water and to quant.
vari ous sources. 't is also used to deter mi
t hat meets ocdlandaiTte o6r ndgi ngs from specif
refinel/i mprove water quality modeling tool s
T Project efTlhetpwrepess of effectiveness moni
of a specific regul attasktep o mpmawmagevae rr &
effectiveness monitoring include monitoring
practi cesi{dgeMPniofoirda ori ng that is done to ass
Physical Par amet e
T Temper agtdeaegeeesiaCenleaisws ) of the {Tempenrat wr e
the oxygen content of the water (oxygen | ev
photosynthesis by aquatiwatpilandrsganmnihemsmetar
organisms to toxic wastes, parasites, and
dependent on certain temperature ranges fo
depend on o¢me species: bsest i n colder water
Benthic macroinvertebrates are also sensit]|
their optimal temperature. I f t empermdruired
ti me, organi sms aWer mttreemperda tanrde sc a(nt ydpgiec a l
or 68 degrees Fahrenheit) can stress or cau
stream cold water fish species in the Distr
1T Di ssol ved oixay greena s(umge/ Lo)f t he amount of di ss
support ddhgeatitec elaimf system both produces anit
the atmosphere and from plBansi rag vaatreers,ull
churning, di ssolves more oxygen than stil]l
Respiration by aquatic animals, decomposit.i
|l f more oxygen isceonsdimesothead osygpewomdiueve
ani mals may move away, weaken, or dhcaeur DOe

They vary with water temperature and altit
and waltes Ilhess oxygen at higher altitudes.

machinery in a manufacturing plant or a po\
oxygen content. Aquatic animal s natdemest | yu
hot summer days when stream fl ows are | ow,

not been produci ni soxo/lgweend sd xycgee ns ulnesvee l.s b e
or mortal imaycrioni nfviesrht eabnrdat e s .

T pHa measure of theHaaifdietcy sofmatnlye clwatme rc al

the water. For exampl e, di fferent organi sm
vari ety of aquati ¢ &S8n®malpH prudefserdea thamsge a
the stream because it stresses the physio
reproductlon. Low pH can also allow toxic
"avail bl Yy Bhqguauptakéeants and animals. Thi
aquatic i f e, particularly to sensitive speEe
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clarity how much t
Suspended materi a

ther substances. Th

) Turbidity can af t the color of

se suspendedepaetitcl abiabsonbtmrn, rec

n

t

n

and <{Toutrabli dviotlyatiisl e
he material suspenc
l s includel skt ormp,al
ese materials are t
fec

(DO) because warm water hol ds | ess
of I ight penetrating the water, wh i
s p cthat erials can c¢clog fish gills, reduc
tes, and affecting egg and | arval devel or
ttom, especially in slowent lwia¢ emacr aindv &
nnesota Class 2B water quality standard f

ents

osphoruisbo¢ mg/plhlosphorus and nitrogen are
i mals that make uppbbsphquasicsfobd webri
esh waters, even a odest increase in phec
ain of undesirable events in a stream i:r
ssoxlyvgeedn ,0 and the death of certain fish,

ny sources of phosphorus, both natur al a
eat ment plants, runoff fromiferstyisltieansd Ir
i mal manure storage areas, di sturbed | a
mmer ci al cl eaning preparations. Phosphot
osphorus (P) is rarexilsn snatsurpe,r tp lods ph qr
horus i n aquatic systems occurs as or
hate consists of a phostpdaade moll ecwll e,
I t ihsastuee .t hRahto sips not associated with
horus is the form required by plants.

organic and inorganic phosphodes ¢anht e
rticles in the water col umn)

hbe
mo d

O T 0O
T 9T T

TSoSwnw3unvon

d
a :
tr ofgemms of nitrogen include ammonia ( NHS3
e essential pl ant nutrients, but i n exc
obl emer TWogdeétphosphorus, nitrates 1 n exc
using dramatic increases in aquatic pl ant
at l'ive Iin the stream. Thi s, nd buhey ahn
cess nitrates can cause hypoxia (|l ow leve
ooded animals at higher concentrations (1
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vel of ammoni aaorernitratypiical $yrfl aowe (Wes
stewater treatment pl aShotusr,c eist odannirtamgee s

| e

w a

treat ment plants, runoff fronsifteer tsdptziead dYy
from ani mal manure storage areas, and i ndt
Nitrates from | and sources end up in river
phosphorus. This i s Dbecaus ehatnh epyh odsipshsact!evse,
attraction for soil particl es. As a result
source of sewage or manure pollution durchog
organi c mabwel omi ghtrates. Decomposition of
oxygen | evel, which in turn slows the rate
to nitrate (NO3). Under such circumstantests
ammonia, which are considerably more toxic
standard to protect aquatic |ife in Minneso
sources

Bacteria
1T Escheri tMemberod iof two bacteria groups, col

indicators of possi ble sewage contaminati c
ani mal feces. Al t hough they are genersalblly
presence of p-atbhegeg)cbbadieensae viruses, a
and ani mal di gestive systems. Therefore,
mi croorgani sms might al so eme i mrge ssehretl | & & ht
ri sk. Since -consemdnf@fi aodtexpemsive to te:
variety of pathogens, water is usually tes
of fecalatcont dmi nsurface waters i nesliunudee swee
systems, domestic and wilHd. aim® Imials praniug e ,o0f
bacteria that is specific t o-bfl ooalerdnleatsner i a

FIl ow

Stream flow is the total Hiodhewre otfr evaan efrl aws

precipitation or more runoff generatécdsubly pas
devel oped olrandd a6 aamérsdpesd dliahdsaawas pr shed.

Runof f Depth
Runoff demtph hitsofttaH e ol ume of water going pas

across the dwmainao®famaf sadepth normalizes stre
Hgher runoff depth may represent more runoff

or drainage in a watershed.

Load

The District measures continuous stream fl ow

the tottall pad | ditaamharged Loaa@andamnrbe Dhestghtt
phosphorus moving past a point in the stream .
times the total vol ume(Fiod a pvdit ghre rg oli mmagd sp amd y ¢
precipitation or more phosphorus | oad sources
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Concentration X Flow Load

Amount of P per Volume of Amt of P going
volume of wa‘:er water going past a point.
past a point Load =

Concentration X Flow

Fi glReel ati onship between stream flow and pol | U

FIl owei ghted Mean Concentration
The Weowhted mea@QFWbhEseoblhatk deedot al annual |
annuallThfel #WMC i ndi patladmtshdwsmbhahged r @lhatsipyhe r

FWMC tends to have a greater impact on | ake wi;
water quality standards for deep | akes i mnth
typically be met when watershed runoff TP FWM
and flow both increase to a |l ake, resulting it
on | ake water qual i tsypemelcsausne tthhee |taiknee dtehcer elac
flows in and out of the | ake faster).
Tot al flow and poll utant |l oads are most infl uen
changes in | and usemamagiemeihnéeé mpntati cesof BMEsST .
may be higher due to overall higher watershed rut
or BMP i mplementation that influehkcewtWwei gmbadt m
concentrations are better indicators of watershe

than tot al phosphorus | oads.

Wh a t stream data 2wd@s <col |l ected i n

A toB&li tefs wer e2Oitow heo Cé & LBWBR & nid@em gn 2t iteegsno st i ¢
9ef fectiveness Thenlino@rn it vgts @t essTJaibGaered iilnl FSgLBtee
t hr ddugli2iio e

Thleothgrm sites hoaiFd® o easktle iLOw t2 0e2t |, Bone Lake Out |l e
Comfort Lake Outl et ,anBi gi@drfeo rCtolnd ok & n ULoalkeet sltnrl eec
measurements -diosdlRarede®pr asttiamgge cur ves, ampo sittree asm
were col Il ®mebhtgerdn astt teelalm( sol i ds, phosphorus, nitrog

The @iAshdresddinadmualseti ¢ moni t or i ngF oorflesdtlel Maanjagre mterni
t wo effectivenretss imoal uddd dgBe efafdevaz02 r on E nahnadn c
Shiel ds Lakae cheugsieeg,odamnd c s Co mbloa ksel tMasn aigne nmiehnet D i
Lake DrainagastDi Cc ijn& madntdo en. & ihtedd nef or t Lake Manag
(ManniTma@gt b suppo-+ ed Ddsagnhnostti c Goonntiitnouroiunsg setfrfeoar
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measurements -tbsdeaegepr attaatgag! dedu sa f adtaanld nph os p h
sampl esolweateh e ddiagagnostic and effectiveness monit

The annual hydrographs with total phosphorus and
all water chemistryeidatianclod d edctherd rddyit \esitadngal Ifeo sd age
B(Lomgrm Stream Sites) and Appendix C (Diagnosti c

Tabil2e02 bthgrdm,agnosti c asntdr geafniietcotriivnegn essist e s
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FigutBe2021 stream monitoring sites near Birch Lake.
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Figbde2021 stream monitoring sites near Bone Lake.
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Figube2021 stream monitoring sites near Broadway Avenue.
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Figb7ve2021 stream monitoring sites near Forest Lake.
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20RStreVdat er Quality Summary

Stream wate@ral heaing teoytraels usl ussp efnodrced s oliirds,d phd of
ar e r empsoervieenth eoffe i-gdt ml Mgeam mhmpemdiixxngBsites in

Bone Lake Nami}le | nl et

Bone Lak@aOWpl et

Forest Lakeaebl@atl et

Sunrise River at(Tahllde nway Avenue
Sunrise RiB/tErabHle 256

Big Comf@rmtbl)enl et

Bi g CoOnfto(Tertbll Be

E R R

NotlLei:ttl e Comfort I|IBlexchudkedas$camAvenseseanal ysi s

Stream water quality is generallyrgeamdchkemosgheyu
t hat argenemwalalnyd bel bwr b & lak ececsctaaspi foaneadl d a noct easl opfh o s
andot al SuUsS pdmrdtadn sdldioddsabldy ni trogen | evels are
exceeded statewisdieched an ggh eBit stsrtireetam ¢ hl or ildwea sc oinn
Mar ch annd tlhuel ySSunri se Ri MbanHImgGrlLe, e nrweasyp efcvt e nvueel y()
the state standard of 230 mg/ L.

20RPStream Fl ow and Load Summary

Total volume, total phosphor usveamgd tteat ane asnnu cperrccee
were deter mi nedt hhes iténigm g-sLtUrXeS@anbfllsternt ce st he di agnostic
monitorifgblk#ééleswi nThe Central Regtang®Res 2 o@nh Sgy
mg/fLgr t ot al phosphorus and 30 mg/L for total su:

1T Stream water gtuearl mt gno raitt otrhien gl osnigt e s tihse ¢Dd rse rr.
observed by stream chemistry concentrations t
except occasional exceedances of total phosph
nitrogen | evaenlds neaor ec hieorryi dleow eadi ngswiedxec.e ed e d

T Most stream TSS-tFRWMCsnoati ttolre nlgonsg t es and di ag
bel ow (meeting) the Central Regi on Reference

T The f ol |lowitnrgea2n® 2TSS FWMCs wer e above (not me
FWMC target of 30 mg/ L: Big Comfort Outlet (C
(FL5), and Hayward Ave . (FL22) .

T Mostdiagnostic monitori2Zib@ 1siatbesvehgddhoTP mEWMC s
Reference TP FWMC target of 0.10 mg/L however
or are directly downstream of wetlands whi ch

T The foll owing 20 1lwertea ebaerd ol (FeveCt i ng) t he Cer
target of 0.10 mg/ L: Big Comfort Outet (CL1),
Sunrise River at Greenway Ave. (CL4) , For eBIt4
Watershed (FL18), and Hayward Ave. (FL22) .

The historic annual flow and TP oamgd mrSX nk VEMQG/& so a
for complar da8»dMeaws ur ed f | oWwwernaed nevaard st hen I[2d0we r en
observed -tfeorrm aslilt dRoensga Inlc i rR2eddli 42i0t2at i on wad [ éesw vl
wer e at & hmi minthymextcetphhe oBi gvaGomfesti Qadetepbivhdc¢
to average but veesgmpighobohderahbTa8Byco®cenama@Pi ol
concent@0a226.0nh@flsampl e was <coll ected on the risi
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merast he &o et r artaiyo alser eosfué s uspendeadibmenttoime channe
accumul ated over the past year plus of below ave

Note that there was an unacceptabld2yn R2i0OgBP | &rvae/l oro
| oad casfoul mangnsites; thalléenvda |lsuheosu |ladr eb ebh outRaskedd wil

stream | oads apmpd yhaaggeckventomeainl yobhasetrawi amd s
entire mpnpgdroirod based on a cdolnifEtcedeidtubd eypn Bes e guea
coll ect continuous waties Iiqmumdcrieeriftac mhgesat att sbhea

estimate concentrations on days without a sampl e
i FLUXZ2s below 0.2 i ndG\Wwédtewdeonv Ou.mXxteardadhea hatye unc
andVsabovea n@.dnaatcec ept abl y ihni gehs tui nncdehrietdadnid naeydts uncer
calculations is enhanced during drought years suc
bel owsampgl €s ean@ a s mal | ercrleoaatde swha clha rignehra r paearicl ey
significant runoff can occur in the spring when
equi pment withoudgensher durs&t ioh g.ft rod lmd $ raqtnhueslleiffgdhded y
l10%)nderesHowavterd,, this underestimate i s accepta
variability in flow observed from year to year.

1T Sites where fewer than 5 sampl ebsy wrelrleX 302b taan dn ei

following monBooei hgkesitatet North (BL1), Bor
Overflow (CPO), Const. Pond Itnl(eBL 8 oQa sht |(eOnNPal 0S
Hwy. 9U)(FIS&ields Lake a8 (Hmwyl 1-9,7 RMLFD29)),, CwJlal |
Qutlet (FL17), FL44 Wetl and (FL18), and Haywa
This highlights the i mportance foft hientsearmprl et ipreg i so
hi storic variability observed at that site. Stre
due to the | arge number of factors that ipafli mnwgnaec
years. Str a data is best interpr

eam water q
a

ual ity
ye-a®year weather vari bility.
Broadway Ave.
The water qualil
Therefore the d
0)

runoff. This-epnr

B, d&8nhd&weokl sevededaydComghedcoydi
ata are not sufficient for drawi
ued dwiamrclc ubreatreel y assess the effe
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Shi el ds LakKd eRdud svyeeneEsmy Monitor.i

Effectiveness monitoring data was collected thro
project in 2021. Due to the extremely dry condit
to cal dulsatharge rates from the reuse pond. Howeyv
gol f course irrigation and pump records, the est
al so be assumed taoantwatbe pethpchgonThe project w
pumping by wup to 11.8 million gallons during dry

season, because of the drought oonadi tsiupmpdy twad en
reuse system throughout the 2021 season so a sig
expected than even these projections.

Thwewater quality dataE,coOWIeNCPOd dNIRREERIr @8nsd€ERPENeEehye |
drought cona@aindo onlsownw&a®2dbserved i nThreeef orreeuy s et hpe
nostuf ficient for drawing conclusions about the ef
coumMd@soject witelvarndaead etdot iomeatcriters r fad teirye assess t he

The site | ocafFigh8& e amofggshtmeveh t me 21 002ald sdtarteaa nf or
project sitesTabldéendaminier i zed i n
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TabllO0l2Z oAge SNnream Monitoring
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Loa
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Tabllle 2Di2agnostic

and

Effectiveness

Stream Monitoring

Site

C

Bol ded values have very high coefficient of var i &thiadre d( iF.WAMC reixghe ewn a ehret &Ciemtt yr
b dzY 6 Ct 259 ¢c20lf tK2al ¢20l £ { dza LISY]
a2y Ad2NRy3 51 & 2F S A v
2F | { I YL aSlIy+2ftdy C2 al/ [ 2 R C2 al
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APPENDIAXO0AINDI VI DUAL LAKE SUMMARI ES

| nformati on on how to read the information provi
Lake pdxaml| hdkei duaimari es were developed mhomni t dhiee
iao0o21

1.Birch

2.Bone

3.Comfort

4 ForesiWdatkkeBasin

5. ForesiMiLaklee Basin

6 . ForesiEdsatkkeBasin

7. Keewahtin

8.Little Comfort

9. Moody

10School

l11Second

12Shiel ds

5QP a g e 2Q1Wat er MoRwe ptoorrti



The 2021 growing season average | ake wat erTabdlad i

Example Lake Summary (BONE LAKE

Some basi

Fas't Fact s: i nfor mat. i
DNR Lake 1382-0054-00 the | ake,
County. Washington how bi g i
Surface Area221acres where it

Littoral Area (depths less than 15 feet}24 acres
Maximum Depth 30feet
ShoreLength 3.01 miles

gram\3003A_monitoring\07_GIS\lake_bathymetry.qgz
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Example Lake Summary (BONE LAKE)

H nvSurface Water Quality Summary

Nutrients:
JuneSept. Average Tota
Phosphorus (TRg/L)
Growing Season (June-September)
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State Standard

Example Lake Summary (BONE LAKE)

10-year AverageZ012-2021)

2040District Goal

5-year AverageZ017-2021)

Nutrients:
JuneSept. Average
Total Phosphorus
(TP,ug/L)

Phosphorus
P

3097

Algae:
JuneSept. Average
ChlorophyHa
(Chia, pg/L)

Clarity:
JuneSept. Average
Secchi Depth

(Secchift)
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Phosphorus (pg/L)

30
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Chlorophyll-a (ug/L)

Secchi Depth (ft)
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Historical Water Quality Summary
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Example Lake Summary (BONE LAKE)
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Bl RCIHAKE

Fast Fact s:

DNR Lake 1113-0042-00

County. Chisago

Surface Area32acres

Littoral Area(depths less than 15 feet}32 acres
Maximum Depth 8 ft

ShoreLengthO . 74 mi | es
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