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Definitions

Ammonia Nitrogen: An inorganic form of nitrogen contained in fertilizers, septic system effluent, and animal wastes. It is

also a product of bacterial decomposition of organic matter. Ammonia nitrogen becomes a concern if high levels of the un-~
ionized form are present. In this form, it can be toxic to aguatic organisms. The presence of un-ionized ammonia is a function
of the ammonia nitrogen concentration, pl, and temperature. Conversion of ammonia nitrogen to nitrite nitrogen by
nitrification requires large quantities of oxygen which can kill aquatic organisms due to the lowered dissolved oxygen
concentrations in water. The lowest reported limit is 0.07 mg/L. Any samples below 0.07 mg/L are reported as 0.07 mg/ L
or <0.07 mg/ L.

Chlorophyll-a (Chl-a): Photosynthetic pigment found in all green plants and the main pigment in algae. The concentration

of Chlorophyll-a is used to estimate the amount of algae in surface water (MPCA). The lower the reading, the clearer the

water will be.

Color of Filtered Water: This is a description of the color of the algae which remains after lake water is drawn through a

filter. In order to provide an accurate description of the color, which can be compared year to year, the colors of the filtered

water are compared to those colors illustrated in the Martha Stewart Living — complete color palette.

Secchi Disk (SD): A measure of water clarity taken with a black and white disk lowered into the water until it disappears,

then raised until it barely appears and record a reading. The higher the reading, the clearer the water will be.
Temperature: A specific degree of hotness or coldness as indicated on or referred to a standard scale.

Total Phosphorus (TP): A nutrient essential to the growth of all organisms and commonly the limiting factor in the primary

productivity of surface water bodies. Total phosphorus includes the amount of phosphorus in solution (reactive) and in
particle form. Agricultural drainage, wastewater, and certain industrial discharges are typical source of phosphorus and

can contribute to the eutrophication of surface water bodies (MP CA). The lower the reacling, the clearer the water will be.

Physical Condition: Describe the Physical condition of the lake water at your sampling point

1 Crystal clear water

2 Not quite crystal clear-a little algae present/ visible

5] Definite algae, green, gellow, or brown color
4 High algae levels, limited clarity and,/or mild odor apparent

5 Severelg high algae levels with the following: massive floating scums, strong foul odor, fish kill

Recreational Suitability: Describe your opinion of how suitable the lake water is for recreation and aesthetics at your

sampling site.
Beautiful, could NOT be better

Very minor aesthetic problems; excellent for swimming, boating

Swimming/ aesthetic enjoyment slightly impaired because of algae levels

AN —

Desire to swim and level of enjoyment of the lake substantially reduced because of the algae levels (would not
swim but boating okag)

(&4

Swimming and aesthetic enjoyment of the lake nearly impossible due to the algae levels.




Trophic Levels
Trophic State Index: A formula used to determine the Trophic Level of a lake. Total Phosphorus, Chlorophyll-a and Secchi

Transparency will each have an individual Trophic Level that allows the parameters to be compared to one another when

the actual values cannot be compared.

Oligotrophic: Clear water, oxygen throughout the year in the hypolimnion (area below the thermocline or cold layer that
separates the upper mixed portion of the lake and the lower calm portion of the lake). Water may be suitable for an

unfiltered water supply. Salmon can occupy these lakes.

Mesotrophic: Water is moderatelg cleay, increasing prol)a]oilitg of lack of oxygen in the lnjpolimnion during summer. [ron,

manganese, taste, and odor problems worsen. Walleye population may be predominant.

Eutrophic: The hypolimnion is without oxygen the majority of the year. There may be problems with the macrophyte plant
population. Blue-green algae blooms may occur. The water supply may have episodes of severe taste and odor. Only warm
water fisheries are present. Nuisance macrophytes, algae blooms, and very low transparency may discourage swimming and

boating.

Hyper-eutrophic: Dense algae and macrophytes present. Rough fish dominate the fish population. The possibilities of

summer fish kills exist.

Carlson Trophic State Index (Carlson, RE. and J. Simpson. 1996. A Coordinator s Guide to Volunteer Lake Monitoring
Methods North American Lake Management Societg.)

<30 30-40 40-50 50-60 60-70 70-80
Lo <095 | 09526 | 2673 | 7320 | 2056 | 56-199 15
(ng/L)
SD (m) >8 8-4 4.2 2.1 05-1 025-05 | <025
TP (ng/L) <6 6-12 12-24 2448 4806 | 06-102 | 192-384

Impairments and Standards
Under section 303((1) of the Clean Water Act, states, territories, and authorized tribes are required to develop lists of

impaired waters. These are waters that are too polluted or otherwise degraded to meet the water quality standards set by
states, territories, or authorized tribes. The law requires that these jurisdictions establish priority ranking for waters on the
lists and develop Total Maximum Daily Loads (TMDL) for these waters. ATMDL is a calculation of the maximum amount
of pollution that a waterbody can receive and still safely meet water quality standards. (United States Environmental
Protection Agencg)

The Minnesota Pollution Control Agency (MPCA) has set the standards for Total Phosphorus, Chlorophyll-a, and Secchi
Disk Depth for lakes in Minnesota. A lake must have a minimum set of data to prove that it is Impaired (not meeting the
MPCA standards) or Not Impaired (does meet the MPCA standards) before it is listed on the 303(d) Impaired Waters list,
at which point a TMDL study is required.

The charts included in this report have bars colored either green or red. The green bars indicate that the

value is meeting the standard, while the red bars indicate that the value is not meeting the standard



Project Objective

The purpose of the 2017 Chisago County Water Quality Monitoring program is to help achieve goals identified in
the Chisago County Local Water Management Plan and the Chisago Lakes Lake Improvement District Water

Resource Management Plan.

Chisago Countu Local Water Manaﬁ.ement Plan:

Monitoring and Assessment

11. Develop a County wide annual water quality monitoring plan for nutrients, aqguatic life, and other parameters to
determine ambient water quality concentration trends and loading for all public waters in Chisago County,
includiug lakes with pul)lic accesses and the main stems and selected tributaries of Rock Creek, Rush Creek, Goose
Creek, Sunrise River, and Lawrence Creek.

12. Implementa County wide lake water quality monitoring plan.

14. Develop an annual water guality monitoring report for Chisago County describing the water resources that were
monitored and what parameters they were monitored for. The annual report will provide a complete summary of the
monitoring results.

Chisago LakesLake Improvement District Water Resource Manaﬁ.ement Plan:

Goal I: Preserve, protect, and enhance water quality within the Chisago Chain of Lakes watershed. Objective
2 Annuallq monitor nutrients, aquatic life, and other parameters to determine water quality concentrations, trends,

and loacling. The resultant report will provide information about lake water quality and interpretation of trends.

Past water quality monitoring has been useful in determining long term water quality trends. In addition, water
guality monitoring data is essential for completing the Total Maximum Daily Load Studies within the County.

Continuing the water quality monitoring will help determine progress in obtaining water quality goals.

Thirty locations were monitored through this program in 2017. Four lakes (Chisago, North Center, Spider, and
Goose) had 2 monitoring locations each. Most locations were monitored  times, once a month, May through

September. Samples were collected at the deepest part of the lakes.

Graphs represent 2017 data only. In some cases, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2013, and 2016 data is

listed below the chart for comparison.

O Thanks to the Chisago Lakes Lake Improvement District and Chisago County Water Plan for
providing partial staff and funding for the program.

O Thanks to the Chisago Soil & Water Conservation District for providing review of data,
interpretation, submittal to MPCA’s EQuIS program, and preparation of this report.

0 Thank you to Greg Anklan, Lisa Bardon, David Gertg, Daniel Lee, Scott Mower, Peter Storlie, Scott
Thelen, and Tina Walkowaik for serving as Volunteer Water Quality monitors and collecting
water samples from Pioneer, Wallmark, Linn, Emilg, Mattson, School, Swamp, Bloom, and Ogren
Lakes, respectively. Without the volunteers, we would not be able to collect the water samples and

have water quality information on the smaller lakes.
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Monitoring Locations

Explanation of Parameters

Parameter Unit MPCA Deep Lake MPCA Shallow Lake Expected Range
Standard™ Standard™ Chisago County
Chlorophyll-a ng/L 140 200 50-220
Secchi Disk Meters >14 >10 15-32
Ammonia Nitrogen" mg/L No Standard No Standard None

"Minimum reporting level 001 Samples reported as 001 are actually 001 or less.

Total Phosphorus },LS/L 400 600 23.0-50.0

Temperature °F No Standard No Standard None

A lake that fails to meet two of the three standards (Chlorophg 11-a, Secchi Disk, Total Phosphorus) does not meet
standards.

Source: Heiskary, 1991

“Standards are based on June~Septeml)er average. Shallow lakes have a maximum depth of 15 feet or less, or more than 80% of the
lake is shallow enough to support emergent vegetation (Littoral area). Deep lakes are generally more than 1Dieet deep and have less
than 80% littoral area.

Lake Classification

Parameter Oligotrophic Mesotrophic Eutrophic Hypereutrophic
Total Phosphorus (ug/L) <12 13-24 2406 >06
Chlorophyll-a (ng/L) <53 3-7 7-56 >56
Secchi Transparency (m) >40 20-4.0 20-05 <05

Source: Osgood, 1989b, Osgood, 1980c

Lake Water Quality Grades

Grade Percentile Total Phosphorus (ng/L) Chlorophyll-a (ng/L) Secchi Transparency (m)
A <10 <23 <10 >350
B 10-30 25-32 10-20 22-30
C 30-70 32-68 20-48 1222
D 70-90 68-152 48-T1 07-12
F >00 >152 >T1 <07

Source: Metropolitan Councing. 12,
http://www.metrocouncil.org/environment/RiversLakes/Lakes/07IntPurAcknMethResAn.pdf
Grades are based on Mag~September average.
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http://www.metrocouncil.org/environment/RiversLakes/Lakes/07IntPurAcknMethResAn.pdf

: £ 8 E 2 8§ 3% ¥ &3 3 4§
™ & o N &8 & & & = = A % o g s
1 Mattson™ A A- - - - - - 38.6 1.2 15.5 3.9 Mesotrophic Shallow Yes
2 Spider-West™ B B B- C+ B B-C - 43.6 14 24.3 2.4 Mesotrophic Shallow Yes
5] Fish A B B B B B - 43.8 3.0 18.8 3.0 Mesotrophic Deep Yes
4 Spider-East™ B+ B C C+ C C C 44.6 1.6 24.8 2.6 Mesotrophic Shallow Yes
5 School™ B+ B - - - - - 44.8 1.4 27.0 3.2 Mesotrophic Shallow Yes
6 Bloom B A- - - - - - 45.3 1.6 29.0 2.0 Mesotrophic Shallow Yes
7 North Lindstrom B+ A- B B B C B 48.3 5.8 20.8 2.2 Mesotrophic Deep Yes
8 Kroon B+ B B B B C B 48.8 6.1 30.5 2.1 Mesotrophic Deep Yes
9 Green B+ B C C+ C C-B C 49.5 8.1 29.0 2.2 Mesotrophic Deep Yes
10 Little Green B C C B- C C-D C 50.0 5.6 32.5 1.5 Eutrophic Deep Yes
1 Goose-South B C C D C C - 51.7 15.0 29.0 1.9 Eutrophic Deep Yes
12 Swamp” C C- - - - - - 52.5 35 29.5 0.9 Eutrophic Shallow Yes
15 South Lindstrom C+ B B C+ C C B 52.8 12.2 39.3 1.7 Eutrophic Deep Yes
14 Chisago-North B- B B C+ C C B 53.9 19.7 38.0 1.6 Eutrophic Deep Yes
15 Horseshoe C+ B C C C C - 54.9 13.3 36.3 1.1 Butrophic Deep Yes
16 Chisago-South C+ C C C D D C 55.4 13.9 53.8 1.4 Eutrophic Shallow Yes
17 South Center B- B B C+ C C C 56.0 20.1 30.8 1.5 Butrophic Deep Yes
18 Goose-North C+ C C D D C ~ 56.7 12.6 63.3 1.2 Butrophic Shallow Yes
19 North Center~North C C C C C C C 57.1 271 47.0 1.2 Butrophic Shallow Yes
20 North Center~South C C C C+ C C C 58.3 245 55.8 1.2 Butrophic Shallow Yes
2 Little C+ C C D C D C- 58.6 15.7 68.5 14 Butrophic Deep No
22 Rush~West C C C D+ C D - 58.7 246 65.3 1.1 Butrophic Deep No
25 Rush~East C C C D C D - 59.2 27.6 73.3 1.2 Butrophic Deep No
24 Mandall C C C D B _ B 59.5 22.6 54.8 1.2 Futrophic Deep No
25 Ogren C- - - - - - - 60.6 134 42.0 1.0 Butrophic Deep No
26 Rabour C D C D ~ - - 61.2 28.6 67.5 1.1 Eutrophic Shallow No
a Pioneer D+ F+ ~ ~ - - - 64.1 16.8 122.5 0.7 Eutrophic Shallow No
28 Wallmark D D - - - - - 64.3 32.6 72.0 0.7 Eutrophic Shallow No
20 Linn D D - - - - - 65.5 38.3 87.5 0.7 Eutrophic Shallow No
30 Emily D- F - - - - - 71.0 66.8 142.5 0.5 Eutrophic Shallow No

*Shaded cells do not meet the Water Quality Standards in 2017

"Shallow lakes where Secchi disk readings are taken from the lake bottom may result in an artificially low grade for Secchi Disk Depth, which can influence the overall grade.

“*Lakes in BOLD are listed as Impaired on the 503(d) Impaired Waters List (Mandall, Rabour, Bloom, Swamp, and Mattson Lakes have not been assessed).
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“In general, lower TSI values indicate better water quality.
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Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and

Phosphorus concentration for each color were determined from the average values of the samples within that color. The

following chart is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or more

samples collected were included in the chart. A total of 003 samples were collected. There is a correlation between the

algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.

Chlorophyll-a Secchi Phosphorus Nugher of
ColorName Concentrations Transparency Concentrations Somoles

(averageng/L) | (averagefeet) | (averagens/L) P
Chopstick 3 9 23 37
Rice Paper 3 8 29 20
Macadamia 2 12 30 12
Malted 7 8 30 34
Shortbread 5 6 30 23
Toasted Marshmallow 5 7 32 38
Bamboo 6 7 35 19
Parchment Paper 14 5 41 45
Eiderdown 9 7 44 16
Dried Chamomile 14 5 45 75
Beach Grass 25 4 52 147
Sultana 30 3 53 40
Cornucopia 26 4 66 11
Cornichon 42 3 79 121
Mossy Rock _ 70 2 116 15

14




Color of Filtered Water 2011-2017 Summary

Sort by Phosphorus (10 or more samples per color)
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Bloom Lake

Lake 13-0001-00 Site 201

2017 Report Card:
Shallow Lake

Lake Classification Mesotrophic
Meets MPCA Standards Yes
303(d) Listing Not Assessed
2017 Ranking 00t 50
Overall Lake Quality Grade
2011 2012 2015 2014 2015 2016 2017
NA NA NA NA NA A- B
Chlorophyll-a | Secchi Disk Depth Total Phosphorus | Overall |
Trophic State Index 346 4090 515 455
Classification Oligotrophic Mesotrophic Eutrophic Mesotrophic
2017 Average (May-Sept) 15ng/L 20 meters 266 ng/L ~
Grade A C B B
MPCA Standard (Shallow) 200ng/L >] meter 600ng/L ~
2017 Average (June-Sept) 16ng/L 20 meters 200 ng/L ~
Meets Standard Yes Yes Yes Yes

16



Bloom Lake | Chlorophyll-a | Expected Range: 5.0-22.0 ng/L | Shallow Lake Standard: 200 ng/L

4 N
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Bloom Lake | Total Phosphorus | Expected Range: 250-500 },Lg/L | Shallow Lake Standard: 60.0 },Ls/L

r N
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Bloom Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
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Degrees (°F)
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® Temperature

® 71.1
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N
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)

Bloom Lake | General Observations

Bloom Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

Average

2009-2015

°F

No Data

2016

736

2017

694

Month Phgsical Condition Rec.reat.i(?nal Color of Filter Paper*
Suitability
M ! 2 Toasted Marshmall
ay Clear Good oasted Marshmallow
2 2
June Low Algae Good Shortbread
2 1
July Low Algae Very Good Toasted Marshmallow
2 2 )
August Low Algae Good Eiderdown
2 1
September Low Algac Very Good Toasted Marshmallow

"See page 13 for explanation of color classification

19



North Center Lake-North

Lake 13-0032-01 Site 202

2017 Report Card:
Shallow Lake

Lake Classification Eutrophic

Meets MPCA Standards Yes

305(d) Listing Impaired

2017 Ranking 1901350
Overall Lake Quality Grade

2011 | 2012 | 2015 | 2014 | 2015 | 2016 | <2017

C C C C C C C
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 611 520 581 571
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 224 /L 17 meters 422 ng/L ~
Grade C C C C
MPCA Standard (Shallow) 200 ug/L > meter 60.0 ug/L ~
2017 Average (J une~Sept) 2l1ng/L 1.2 meters 470 ng/L ~
Meets Standard No Yes Yes Yes
( )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-Eutrophic mmmmmm Overall TS| = = =Trending
80.0
. 64.2 .
3 222 g -1 23 %86 55 574
g 50.0 -
& 400
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8 20.0
'_
10.0
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Annual Average
\_ /
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45.0 39.5 North
» 40.0
& 35.0
% 30.0 Expected Range:
3 250 19.7 50-220ng/L
& 200 56:8
2 150
S 100 Shallow Lake
5.0 3.5 2.0 5.0 Standard:
0.0 O ] 200 ng/L
5/10 6/7 7/25 8/15 9/15
2017 Samples
\ /

2011 2012 2015 2014 2015 2016 2017

Mag~Sept Average (ug/L) 24.9 19.5 17.2 384 144 74 23.6 15.2 224
Grade C B B C B A C B C
June-Sept Average (ng/L) 29.9 22.8 20.5 47.0 15.3 8.5 26.8 18.3 27.1
Meets Standard (?00 },1.8/1_.) No No No No Yes Yes No Yes No
e N
Chlorophyll-a Trend
I Average (June-Sept) ug/L e Standard = = =Trending
80.0
70.0
— 60.0
o
=500 47.0
T
E 40.0 20
=y : 22.8 20. 26. 27.1
S 30.0 -——— - - L ___ 0 _5 15.3 o8 18.3
= @=m 4L T TTE Tt _BB-__L_
O 20.0 = 20.0
10.0
0.0 l
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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2017 Samples Secchi Disk Depth
>/10 o/7 7125 8/15 915 North Center Lake-
0.0 -
. 0.6 . North
1.0 : 1.0
— 0.9 1.5
g 20 11 Expected Range:
s 23
2 30 33 15-32 meters
= :
o
4.0
a 3.8
50 Shallow Lake Standard:
>1.0 meter
6.0
Secchi Disk Depth es====Shallow Lake Standard e Expected High === Expected Low

2009 2010 2011 2012 2015 2014 2015 2016 2017

Mag—Sept Averase (Meter) 0.9 1.1 1.4 1.2 1.2 1.2 1.6 1.5 1.7

Grade D D C C-D C-D C-D C C C

June~Sept Aveyage (Meter) 0.7 0.8 1.3 0.8 1.2 1.2 1.2 1.2 1.2

Meets Standard (>10 Meter) No No Yes No Yes Yes Yes Yes Yes
4 )

Secchi Disk Clarity Trend

Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017

0.0

0.2

0.4
— 06
% 08  ==ad___
2 10 0.7 - 08 - 1.0
€12 0.8 - =
= 1.2 1.2 1.2

1.3

-
-
- -

[a) 1.2 T===
14 1.2
1.6
1.8
2.0
I Average (June-September) Meters e Standard = = =Trending
L J
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mmmm Total Phosphorus e===Shallow Lake Standard e Expected High === Expected Low Total Phosphorus
700 North Center Lake-
_ 60.0 60.0 North
®
500
S 200 Expected Range:
ey
§ 30.0 950~5OO }1,8/L
=
< 20.0
2 10.0 Shallow Lake Standard:
60.0 ug/L
0.0
5/10 7/25 8/15 9/15
2017 Samples
\_ W,
2009 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (ng/L) 80.0 74.0 52.6 60.6 41.2 49.6 46.4 35.2 42.2
Grade D D C C C C C C C
June-Sept Average (ng/1) 870 | 820 | 560 | 670 | 405 | 523 | 490 39.5 47.0
Meets Standard (60.0 ug/L) No No Yes No Yes Yes Yes Yes Yes
4 )
Total Phosphorus Trend
s Average (June-Sept) — e Standard = = =Trending
100.0
90.0 Ea 82.0
—~ 80.0 ~
~ -
% 700 ~._ 570
& 56.0 = ~
2 600 -—523 — 60.0
o T == : 47.0
-§_ 50.0 405 -< e
2 400 =
a -~
TE 30.0
R 200
10.0
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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North Center Lake-North | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None

4 N
Ammonia Nitrogen Trend
mmmmm Average mg/L = = =Trending

0.18 0.17
= 0.16
oo
£ 014
S 012
oo
o 0.10
=
Z 008 005 gg5 007 0.06
2006 | " .- 004 o004 0.05
o - e
é 0.04 002
< 0.02 .

0.00

2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )

Average
n18/ L

2009 <005
2010 <005
2011 007
2012 017
2015 002
2014 004
2015 004
2016 0.06
2017 005

2017 Sample Date

Ammonia Nitrogen (mg/L)

0067

0057 0059

0048

0024

North Center Lake-North | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

4 N
A 5 ® Temperature
verage
2009 17 90.0
78.1
2010 No Data 80.0 [ 72.0 70.0
201 658 70.0 63.0 L °
. o °
2012 700 = 000 50.0
9 500 °
2015 38 5
8 40.0
2014 68.6 200
2015 690 20,0
2016 626 10.0
2017 66.6 0.0
4/15 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22
2017 Samples
\_ )
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General Observations

North Center Lake-North

Month Physical Condition R;E:te:]l:;ﬁ 1;;11 Color of Filter Paper
2 2 .

Mal.J Low Algae Good Chopstick
4 4

Jllne I_Iisl‘l Algae POOI Sultana
5] 5]

Julg Medium Algae Fair Beach Grass
4 4

August High Algae Poor Beach Grass
September > 5 No Data No Data
P Medium Algae Fair

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was
compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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North Center Lake-South

Lake 13-0032-01 Site 201

2017 Report Card:
Sl’ldllOW Lake
Lake Classification Eutrophic
Meets MPCA Standards Yes
303(d) Listing Impaired
2017 Ranking 200150
Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
C C C C+ C C C
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 601 546 602 583
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag -Sept) 201ng/L 15 meters 486 ng/L ~
Grade C C C C
MPCA Standard (Shallow) 200 ug/L > meter 60.0 ug/L ~
2017 Average (J une-Sept) 245 ug/L 12 meter 558 ug/L ~
Meets Standard No Yes Yes Yes
r h
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending
80.0
70.0
% 60.0 | g s e _ 526 555 59.6 _ 519 s3
% 50.0
:;? 40.0
'_‘ci 30.0
&
= 20.0
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,




( )

mm Chlorophyll-a === Shallow Lake Standard e=====Expected High e===Expected Low
Chlorophyll-a
40.0 37.0
North Center Lake-
— South
= 30.0 26.7
X
= 25.0
2 22.0 Expected Range:
> 20.0 20.0
s 50-220 ug/ L
© 15.0
Ke}
N
S 100
2.6 2.6 Shallow Lake
> >0 Standard
andard:
0.0 [ [
5/10 6/7 7/25 8/15 9/15 200ng/L
2017 Samples
\ Wy,

May-Sept Average (ng/L) 249 | 195 | 172 | 384 | 144 7.4 23.6 18.6 20.1
Grade C B B C B A C B C
June-Sept Average (ng/L) 29.9 22.8 20.5 47.0 15.3 8.5 26.8 22.6 24.5
Meets Standard (?OO },1.8/1_.) No No No No Yes Yes No No No
a )
Cl‘llOYO}.‘)l‘lg 11—'61 Trencl
mmmms Chlorophyll-a Standard = = =Trending
50.0 47.0
45.0
40.0
< 350
o 29.9
TP’ 30.0 - _ 22.8 26.8 G
=20 B T[T ==-- 22.6 ’
g 250 205 [ T - ---—___ - _ l
g 20.0 53 - 20.0
< 15.0
(@)
10.0 8.5
i
0.0

2009 2010 2011 2012 2013 2014 2015 2016 2017

Annual Average
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4 N
2017 Samples
5/10 6/7 7/25 8/15 9/15

0.0

1.0 08 1.0
. 0.8 0.9 '
— 15 1.5
(0]
g
oo 2.0
()]
=)

2.5

2.4
2.6
3.0
3.2
3.5
I Secchi Disk Depth e===Shallow Lake Standard e Expected High e===Expected Low
\_ )

Secchi Disk Depth

North Center Lake~
South

Expected Range:
15-32 meters

Shallow Lake Standard:

>1.0 meter

2009 2010 2011 2012 2013 2016 2017
Mag—Sept Aveyage (Meter) 1.6 14 1.2 1.1 1.2 1.3 1.2 1.4 1.5
Grade C C C-D D C-D C C-D C C
June-Sept Average (Meter) 1.4 1.2 1.0 0.9 1.2 1.2 1.0 1.0 1.2
Meets Standard (>1O Meter) Yes Yes No No Yes Yes No No Yes
7 N
Secchi Disk Clarity Trend
Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017
0.0
0.2
0.4
EV,: 0.6
9]
208
§ 10 1.0 0.9 __B--l--=---- == M
1.2 - - g 1.0 1.0
1.2 1.2 1.2 1.2
1.4
1.4
1.6
mmm Secchi Disk Depth =~ emss Standard = = =Trending
\_ W,
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90.0
80.0
70.0
60.0

58.0

mm Total Phosphorus e Shallow Lake Standard e Expected High e Expected Low

50.0

60.0

40.0
30.0

50.0

Total Phosphorus (pg/L)

20.0
20.0
0.0

5/10

7/25

2017 Samples

8/15 9/15

/

Total Phosphorus

North Center Lake~
South

Expected Range:
235.0-500 ug/ L

Shallow Lake
Standard:
60.0 118/ L

2009 2010 2011 2012 2013 @ 2014 | 2015 2016 2017

Mag~SeptAverage (ug/L) 70.0 60.0 61.0 54.8 47.2 47.8 45.8 46.0 48.6
Grade D C C C C C C C C
June~SeptAverage (}18/L) 78.0 65.0 62.3 60.3 49.8 52.5 47.8 50.3 55.8
Meets Standard (600 ug/L) No No No No Yes Yes Yes Yes Yes
4 N
Total Phosphorus Trend
I Total Phosphorus e Standard = = = Trending
90.0
800 78.0
— = - 65.0
g 700 TS~__ 623 3
o -=__ 5. 49.8
= 60.0 60.0
5
5 50.0
S
a 40.0
ey
% 30.0
S 200
10.0
0.0
2009 2010 2011 2012 2014 2015 2016
Annual Average
\_ Y,
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North Center Lake-South | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None

4 )
Ammonia Nitrogen Trend Aver
verage
mmmmm Ammonia Nitrogen = = =Trending mg/L
S00s v08 2009 <005
£008 2010 <005
g 0.06 0.06 2011 006
goos  0_ 005 0.05 :
2005 = B B--a-----___ - 2012 0.08
£ gg: 0.03 2013 0.05
’ 0.02
£ 02 2014 003
<o.01 I 2015 002
0.00 2016 006
2009 2010 2011 2012 2013 2014 2015 2016 2017
A 2017 005
nnual Average

2017 Sample /25 8/15 9/15

Ammonia Nitrogen (mg/ L) 0.059 0073 0.062 0045 0027

North Center Lake-South | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

( )
® Temperature
Average 1000
°F 90.0
80.0 75.0 72.0 S
2009 6938 0.0 64.9 ° . .
2010 No Data E 60.0 520 °
2011 654 ail-’; 50.0 o
2012 696 go 40.0
2015 50 30.0
2014 688 20.0
2015 686 100
0.0
2016 63.0 4/15 5/5 5/25  6/14 7/4 7/24  8/13 9/2 9/22
2017 670 2017 Samples
g J

30



General Observations

North Center Lake-South

Month Physical Condition R;E:te:]l:;ﬁ 1;;11 Color of Filter Paper
2 2 ,
Mal.J Low Algae Good Chopstick
3 3 .
June Medium Algae Fair Chopstlck
3 3
Julg Medium Algae Fair Beach Grass
4 4
A118llst I_Iisl‘l Algae POO}' Sultana
September > 5 Dried Chamomile
eptembe Medium Algae Fair

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and

Phosphorus concentration for each color were determined from the average values of the samples within that color. The

chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or

more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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South Center Lake

Lake 15-0027-00 Site 207

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
Meets MPCA Standards Yes
303(d) Listing Impaired
| | 2017 Ranking 17 of 30
% Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
— C|l|cl[CcC[c-| B [ B |B
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 581 542 524 549
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2016 Average (Mag ~Sept) 165 g /L 15 meters 284 g /L ~
Grade B C B B-
MPCA Standard (Deep) 140 ug/ L >14 meters 400 pg/ L ~
2017 Average (J une~Sept) 201 ug/ L 15 meters 308 pg/ L ~
Meets Standard No Yes Yes Yes
4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmm Overall = = =Trending
80.0
70.0
550 59.8

60.0

Trophic State Index

o 6 & &8 & &
o o o o o o
[}
|
|
1

[}

|

|

|

[}

|
|
[}

|

[}

[}

|

|
I
|

|

[}

|

[}

|

[}

|

|

)

2011 2012 2013 2014 2015 2016 2017

Annual Average
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( )
mmmm Chlorophyll-a === Deep Lake Standard emm=Expected High e==Expected Low Chlorophu 11,-(‘1
45.0 41.0 South Center Lake
40.0
= 35.0
?o Expected Range:
=300 26.0
S 250 50-220ng/L
£ 200 22.0
o 10.5
= oo 14.0 Deep Lake
10.0
° 21 2.8 l Standard:
5.0 5.0
0.0 [ || 140 ug/L
5/10 6/7 7/25 8/15 9/15
2017 Samples
\_ /
2009 ‘ 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (118/L) No Data | No Data 174 36.4 14.0 12.8 15.0 14.6 16.5
Grade ~ ~ B C B B B B B
June~Sept Average (ug/L) No Data | No Data 21.0 44.0 16.0 14.5 18.0 17.6 20.1
Meets Standard (14.0 pg/L) ~ ~ No No No No No No No
7 )
Cl‘llOIOpl‘le H~'61 Trend
mmmm Chlorophyll-a Standard = = =Trending
50.0
44.0
45.0
40.0
= 350
o)
= 300 -
e
= 25.0 - -
- L N R 18.0 20.1
o200 B B, W T ==dad4 17.6
S 16.0 14.5 - -~
S 150 = 140
10.0
5.0
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W
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( )
2017 Samples Secchi Disk Depth
0.0 6/7 7125 8/15 9/15 South Center Lake
0.5
Expected Range:
mn 10 0.9 11 15-32 meters
bt - 1.4
o 1.5
g 1.4 1.5
< Deep Lake Standard:
< 20 P
o
g >14 meters
2.5
2.6
3.0
3.2
3.5
s Secchi Disk Depth e====Deep Lake Standard e Expected High e===Expected Low
\_ W,

2009 2010 2011 2012 2015 2014 2015 2016 2017

M(:lly-S@})t Average (Metey) No Data No Data 1.2 1.3 1.6 1.3 2.0 2.1 1.5
Grade - - C-D C C C C C C
June-Sept Average (Meter) No Data No Data 1.0 0.7 1.5 1.3 1.8 1.6 1.5
Meets Standard (>1.4 meters) ~ ~ No No Yes No Yes Yes Yes
r )
Secchi Disk Clarity Trend
Annual Average
2011 2012 2013 2014 2015 2016 2017
0.0
0.2
0.4
__ 06
g 08 -~ 0.7
[ S - =
210 -~
5 1.0 T ~a .
o 1.2
[ ™ - =
2 14 S — 1.4
1.3 -~
1.6 1.5 ~_ 15
1.6 S~o
1.8 S ~a
1.8
2.0
mmmm Secchi Disk Depth =~ e=m Standard = = =Trending
\_ Y
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4 )

m Total Phosphorus e===Deep Lake Standard e====Expected High e====Expected Low Total Phosphorus
60.0 South Center Lake
- 50.0 50.0
E:«f 0.0 . Expected Range:
”g’ ' . 23.0-500 ug/ L
5 300 26.0
a 19.0
T 200 1 Deep Lake Standard:
©
5 400 ng/L
© 10.0 I ne
0.0
5/10 7/25 8/15 9/15
2017 Samples
\_ /
2009 2010 2011
May-Sept Average (}Lg/L) No Data No Data 43.6 394 33.8 37.2 26.6 39.2 284
Grade ~ ~ C C C C B B B
June-Sept Average (LIB/L) No Data No Data 47.5 443 34.8 38.3 27.3 27.0 30.8
Meets Standard (400 ),18/]_.) ~ - No No Yes Yes Yes Yes Yes
r R
Total Phosphorus Trend
s Total Phosphorus Standard = = =Trending
60.0
50.0 = 47.5
%; = 34.8
3 400 40.0
2 273 27.0
o
< 30.0
8
=
a
—= 20.0
o
'_
10.0 I I
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ Y
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South Center Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 N
Ammonia Nitrogen Trend Average
mmms Ammonia Nitrogen = = =Trending 1118/L
. 0.08 0.07 2009 No Data
ED 0.07 0.06 oite 2010 No Data
c 006 201 0.04
S0 oos W ____ . 2012 007
= 0.04 SRR Bl S
S 003 0.03 2013 0.02
é 0.02 002 0.02 2014 003
< 0.01 I I 2015 0.02
0.00 2016 0.06
2011 2012 2013 2014 2015 2016 2017
Annual Average 2017 0.06
\_ )

2017 Sample /25 8/15 9/15

Ammonia Nitrogen (mg/ L) 0.081 0110 0.046 0.048 003>

South Center Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

4 N
Average ® Temperature
“F 100.0
2009 No Data 90.0
77.0
2010 No Data 80.0 P 73.0 71.1
70.0 63.0 e °
2011 No Data E 60.0 co0 °
2012 700 g 50.0 °
2015 718 &8 400
30.0
2014 682 0.0
2015 69.0 10.0
0.0
2016 628 4/15 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22
2017 66.8 2017 Samples

\_ /
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General Observations

South Center Lake

Recreational

Month Physical Condition Suitability Color of Filter Paper
2 2
Mal} LOW Algae GOO d Heavg Cream
3 3
June Medium Algae Fair Malted
3 3
Julg Medium Algae Fair Beach Grass
3 3
Au8uSt Medium Algae Fair Sultana
September 2 o Dried Chamomile
P Medium Algae Fair

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and

Phosphorus concentration for each color were determined from the average values of the samples within that color. The

chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or

more samples collected were included in the chart. A total of 623 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Chisago Lake-North

Lake 13-0012-01 Site 202

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
Meets MPCA Standards Yes
303(d) Listing Not Impaired
2017 Ranking 14 of 50
Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
B C C C+ B B B-
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 579 489 549 539
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 162 ug/ L 22 meters 338 ug/ L -
Grade B B-C C B-
MPCA Standard (Deep) 140 pg/ L >14 meters 400 ug/ L ~
2017 Average (J une-Sept) 197 ug/ L 1.6 meters 380 ug/ L ~
Meets Standard No Yes Yes Yes
a4 )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall TS| = = = Trending
80.0
700 59.7
é 60.0 ___ .59 =30 >7.0 : 54.5 52.4 53.3 53.9
= 500 B T B
:AE 40.0
% 30.0
2 200
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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( )
mmmm Chlorophyll-a  e====Deep Lake Standard e===Expected High == Expected Low Chlorophu 11,-(;1
35.0 308 r04 Chisago Lake-North
30.0 _
E 250 o Expected Range:
P 200 17.4 ' 50-220mgs/L
>
g 15.0 14.0
2 100 Deep Lake Standard:
o
5.0 19 = 5.0 140ng/L
0.0 [ —
5/23 6/15 7/28 8/15 9/15
2017 Samples
\_ /
2010 2011 2014 2015
May-Sept Average (ng/L) 12.2 31.3 | 104 | 416 | 274 116 | 158 13.4 16.2
Grade B C B C C B B B B
June-Sept Average (ng/L) 13.7 31.3 12.8 51.5 33.5 14.0 19.0 16.5 19.7
Meets Standard (140 ug/]_.) Yes No Yes No No Yes No No No
a )
Cl‘llOYOpl‘lU llﬂd Trend
mmms Chlorophyll-a =~ e=s=Standard = = =Trending
60.0
51.5

Chlorophyll-a (ug/L)

50.0
40.0
fiLE 33.5
30.0
____________ 19.0
- - - ___ 19.7
20.0 1‘6 E _______
13.7 12.8 14.0 -
| I

N I I

0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017

Annual Average
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( ) Secchi Disk Depth
2017 Samples
5/23 6/15 7/28 8/15 9/15 Chisago Lake-North
0.0
0s .
Lo Expected Range:
15 22 1.4 15-32 meters
a 1.2 15
S 20 1.5
(0]
% 2.5 Deep Lake Standard:
§ 30 3.2 >14 meters
0 35
4.0
45 Ao
5.0
s Secchi Disk Depth === Deep Lake Standard e==Expected High === Expected Low
\_ )

2009 2010 2011 2012 2015 2014 2015 2016 2017

MaLJ~Sept Average (Metey) 2.3 1.8 2.2 1.3 1.3 1.9 2.9 2.3 2.2
Grade B C C C C C B B B-C
June~Sept Average (Metey) 2.0 1.8 1.9 0.9 1.2 1.8 2.4 1.7 1.0
Meets Standard (>1.4 meters) Yes Yes Yes No No Yes Yes Yes Yes
4 )
Secchi Disk Clarity Trend
Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017
0.0
0.5 I
E 1.0 0.9
@
215
%_ 1.2 e 1.6
a 20 1.8 1.8 :
2.0 1.9
25 2.4
3.0
s Secchi Disk e Standard = = =Trending
\_ W,
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( )

mmmm Total Phosphorus e Deep Lake Standard e Expected High emExpected Low TOtdl Phosphorus
80.0 Chisago Lake-North
70.0
%; 60.0 55.0 Expected Range:
3
4 50.0 50.0 930~5OO 118/ L
G 43.0
< 400 36.0 40.0
g 200 Deep Lake Standard
5. 180 400 ng/L
2 200 17.0 e Ong/
’_
0.0
5/23 6/15 7/28 8/15 9/15
2017 Samples
\_ J
2009 2010 2011 2012 2015 2014 2015 {0) (6} 2017
May-Sept Average (ng/L) 28.0 48.0 37.8 66.8 48 4 42.4 33.6 35.4 33.8
Grade B C C C C C C C C
June~SeptAvera8e (ug/L) 28.0 48.0 42.8 79.0 53.3 40.3 36.5 40.0 38.0
Meets Standard (400 },1.8/1_..) Yes No No No No No Yes No Yes
4 )
Total Phosphorus Trend
mmmmm Total Phosphorus = e Standard = = = Trending
90.0
79.0
80.0
go 70.0
%‘ 60.0 53.3
> 48.0
S 00 e e o o - fzf - _ _ _ 403 36.5 400  38.0
s e . BB Tt -.
_Cg 40.0 40.0
= 300 28.0
8
S 200
10.0
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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Chisago Lake-North | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 N
Ammonia Nitrogen Trend Average
11‘18/ L
mmmmm Ammonia Nitrogen = = =Trending 2000 <005
ED 008 0.07 2010 <005
;::j 0.07 2011 004
oo
£ 006 505 0.5 0.08 0.05 2012 007
=00 TR -r--R- L 0.04 2013 004
004 o B m B = " T-----
o - - 2014 0.05
€ 0.03
< 0.02 2015 002
0.02
Jor I 2016 005
000 17 | 004
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average

2017 Sample 6/15 8/15 9/15

Ammonia Nitrogen (mg/ L) 0.066 0045 0045 0045 0.023

Chisago Lake-North | Surface Water Temperature | Expected Rangez None | Deep Lake Standard: None

4 N
A ® Temperature
verage
2000 718 80.0 . 7";'9 72.0
2010 730 70.0 64.0 °
[ )

2011 656 = 600 £

2012 724 g 500 .

2013 720 & 40.0

2014 604 2 300

2015 690 20.0

2016 642 10.0

2017 684 0.0

5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22
2017 Samples
\_ y,
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General Observations

Chisago Lake-North

Physical Condition Rgc’;é]‘:ftj‘l Color of Filter Paper
May Low jilgae G;Zod Malted
June Low jilgae G;Zo J Chopstick
July Low jilgae G;Zod Sultana
August Modion Algae o Calabash
September Medimz Algae Fe?ir Sultana

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and

Phosphorus concentration for each color were determined from the average values of the samples within that color. The

chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or

more samples collected were included in the chart. A total of 623 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Chisago Lake-South

Lake 13-0012-02 Site 201

| |

2017 Report Card:
Shallow Lake

Lake Classification Eutrophic
Meets MPCA Standards Yes

303 (d) Listing Not Impaired
2017 Ranking 1601 50

Overall Lake Qualitg Grade
2011 2012 | 2015 | 2014 | 2015 | 2016 | 2017

C D D C C C C+
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 544 525 60.0 554
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 1153 pg/ L 17 meters 46.6 pg/ L -
Grade B C C C+
MPCA Standard (Shallow) 200 pg/ L >10 meter 60.0 pg/ L ~
2017 Average (J une-Sept) 159 ug/L 14 meters 538 ug/ L ~
Meets Standard Yes Yes Yes Yes
4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall TSI = = = Trending
80.0
0.0 68.3 63.9
’ 59.2 56.7 .
x600 [T TToo---=--- - - __ 22 __59'2 __j7f___55.4____
< 50,0
;)E 40.0
E 30.0
3
= 20.0
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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4 N\
s Chlorophyll-a e Shallow Lake Standard ess=Expected High e Expected Low ClllOYODlllllLd
30.0 28.2 Chisago Lake~-South
250
E, - T %(2):8 Expected Range:
\‘.; 50-220 ],18/ L
= 15.0
ey
s
5 100 e Shallow Lake
ey
© 50 — — I 5.0 Standard:
0.0 N— — 200 }18/L
5/23 6/15 7/28 8/15 9/15
2017 Samples
\_ J

2009 2010 2011 2012 2015 2014 2015 2016 2017

May-Sept Average (ng/L) 158 | 426 | 150 | 568 | 318 | 136 | 244 20.2 11.3
Grade B C B D C B C C B
June-Sept Average (ng/L) 19.1 577 | 183 | 703 | 385 | 163 | 303 26.0 13.9
Meets Standard (?00 ug/]_.) Yes No Yes No No Yes No No Yes
4 N
Chlorophgll-a Trend
mmmmm Chlorophyll-a Standard = = =Trending
80.0
70.3
70.0
60.0 57.7
<
2500
£ 0 T==a_ - 38.5
>. 40.0 - -
< = - -—
a = S 30.3
530 W= 9w W ----_ 26.0
S 19.1 T -
20.0 . 18.3 16.3 —— = 20.0
13.9
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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2017 Samples Secchi Disk Depth
5/23 6/15 7/28 8/15 9/15
0.0 Chisago Lake-South
g B
v 1.0 : :
E’ 05 08 1.0 Expected Range
§ 1 1.5 15-32 meters
= 1.5
< 2.0
s
8 25
2.4 Shallow Lake Standard:
3.0 2.9
3.2 >1.0 meter
3.5
s Secchi Disk Depth === Shallow Lake Standard === Expected High === Expected Low

\_ /

2009 2010 2011 2012 2015 2014 2015 2016 2017

Mag~Sept Average (Meter) 1.8 1.3 1.8 2.4 1.0 1.2 1.5 1.9 1.7

Grade C C C B D C-D C C C

June-Sept Average (Meter) 1.7 1.1 1.2 1.6 0.9 1.1 1.3 1.6 14

Meets Standard (>1.0 meters) Yes Yes Yes Yes No Yes Yes Yes Yes
4 )

Secchi Disk Clarity Trend

Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017

Depth (Meters)
- o o o o o
o (o) (o)} H N o
£ I
(Y
~ I
N
> I
(<)}
¢ I
(-]
L I
[

1.0

1.2

1.4 1.3

1.4
1.6
1.6
1.8 1.7
mmmmm Secchi Disk Depth ~ ems===Standard = = =Trending
\_ J
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( )

mmmm Total Phosphorus === Shallow Lake Standard e==Expected High == Expected Low Total Pl’lOSpl’lOYuS
100.0 Y Chisago Lake~-South
90.0
= 80.0
E; 700 Expected Range:
— ' 61.0
5 600 60.0 23.0-500ng/L
o
§ 50.0 50.0
9 40.0 34.0
31.0
é 30.0 — Shallow Lake Standard:
© : .
° 200 23.0 60.01g/L
10.0 .
0.0
5/23 6/15 7/28 8/15 9/15
2017 Samples
\. y,

2009 2010 2011 2012 @ 2013

May-Sept Average (ng/L) 380 | 690 | 528 | 990 | 760 | 622 | 550 | 478 46.6
Grade C D C D D C C C C
June-Sept Average (ng/L) 420 | 800 | 608 | 1173 | 838 | 688 | 623 | 558 53.8
Meets Standard (600 ug/L) Yes No No No No No No Yes Yes
7 )
Total Phosphorus Trend
mmmmm Total Phosphorus Standard = = =Trending
140.0
117.3
120.0
éloo.o
\g 80.0 cos 83.8
= 80.0 .
e TTTT---EE--+--- - - 68'8__ 623 558  53.8
2 600 @ — R N . === 60.0
=z 42.0
© 40.0
o
|_
20.0 I
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ Y,
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Chisago Lake-South | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None

4 N
Ammonia Nitrogen Trend
mg/I_.
E mmmmm Ammonia Nitrogen = = =Trending 2000 <005
iéf 0.09 0.08 0.08 2010 <009
= 0.08 :
2007 0.06 2011 003
Zoos v oo W oop 0E___-m-- 2012 008
§ 0.04 = 008 2013 004
0.03 . 0.02
£ oo 2014 005
0.01 I 2015 0.02
0.00
2009 2010 2011 2012 2013 2014 2015 2016 2017 2016 0.06
Annual Average 2017 008
\_ J

2017 Sample 6/15 /28 8/15

Ammonia Nitrogen (mg/ L) 0045 0045 0.054 0045 0200

Chisago Lake-South | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

4 N
® Temperature
Average
°F 100.0
90.0 80.1
2009-2010 No Data 80.0 PY 73.9
2011 64.0 70.0 62.1 ¢
o= °
2012 728 = 000 50.0
Y 50.0 °
2015 35 go 40.0
2014 702 30.0
2015 686 20.0
10.0
2016 655 0.0
2017 674 5/5 5/25 6/14 7/4 7/24 8/13 9/2
2017 Samples
\_ J
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General Observations

Chisago Lake-South

Month Physical Condition RS?C’S]‘II":I Color of Filter Paper
May Low.zlgae G:)Zod Malted
June Low .zlgae G:)Zo J Shortbread
July Mediui Algac Fi Liderdown
August Modion Algae o Sultana
September Mediui Algae Fé:?ir Bamboo

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 633 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Lake E.milu

13-0046-00 Site 201

2017 Report Card:
Shallow Lake

Lake Classification Eutrophic
Meets MPCA Standards No
303(d) Listing Impaired
2017 Ranking 300130
Overall Lake Quality Grade
2008 2009 2010-2015 2016 2017
F F NA F D-
C11lorophgll~a Secchi Disk Depth Total Phosphorus Overall ‘
Trophic State Index 708 694 728 710
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Maq—Sept) 603 ug/ L 05 meters 1168 ug/ L -
Grade D F D D-
MPCA Standard (Shallow) 200 ug/ L >10 meter 60.0 pg/ L ~
2017 Average (J une—Sept) 66.8 ug/ L 05 meters 1425 ug/ L ~
Meets Standard No No No No
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Lake Emily | Chlorophyll-a | Expected Range:5.0-220 ug/L | Shallow Lake Standard: 22.0 ug/L

4 N
EE Chlorophyll-a e Shallow Lake Standard e=s=Expected High e Expected Low — - =
$ 5 $8a 233
1000 92.1 RN g 58D
O & D O @ © 9 =
90.0 <E = <:> g A > d 8
— 800 > = D&
B 700 2008 87.1 93.6 No
= 60.0
= 2000 180.9 202.5 No
= 50.0
S 400 2010-2015 No Data No Data ~
= 300 2016 107.0 107.0 No
© 200 22.0
20.0 2017 60.3 66.8 No
10.0
5.0
0.0
5/21 6/25 7/21 8/20 9/23
2017 Samples
\_ )
Lake Emily | Secchi Disk Depth | Expected Range: 195-3.2 meters | Shallow Lake Standard: <10 meter
4 N
2017 Samples — —
5/21 6/25 7/21 8/20 9/23 8 g8, ,28
0.0 g 3 g 8 | B g
05 B B B B B SR F EE =5e
— = = &
g 1.0 0.6 0.5 0.5 0.5 0.5 10
81s 15 2008 04 03 No
s 2.0 2009 05 05 No
8 22 2010-2015 No Data No Data ~
3.0
i 3.2 2016 0.5 0.4 No
2017 0.5 0.5 No
H Secchi Disk Depth === Shallow Lake Standard e====Expected High e==Expected Low
\_ J
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Lake Emily | Total Phosphorus | Expected Range: 23.0-50.0 ug/L | Shallow Lake Standard: 60.0 ug/L

= = =)
R
2008 341.0 F 341.1 No
2009 330.8 F 332.9 No
2010-2015 No Data ~ No Data ~
2016 150.2 F 165.0 No
2017 116.8 D 142.5 No

2008-2015 No Data
2016 0.18
2017 0.11

4 N
s Total Phosphorus e===Shallow Lake Standard e===Expected High e==Expected Low
200.0 180.0
— 180.0 170.0
)
o 160.0
=2
2 140.0 120.0
5 1200 100.0
< 100.0
8 80.0
<
2 60.0 600
£ 400 e :
= 200 — 23.0
00 [ |
5/21 6/25 7/21 8/20 9/23
2017 Samples
\_ W,
Lake Emily | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
4 )
B Ammonia Nitrogen
0.25
= 0.21
o
£ 0.20
H
téo 0.15 0.12 0.13
Z 0.10
= 0.06
o 0.05
g€ 0.05
E =
<
0.00
5/21 6/25 7/21 8/20 9/23
2017 Samples
\_ WV,
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Lake Emily | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

4 N
® Temperature
100.0 Average
78.1 °F
o 80.0 64.0 ® 68.0 68.0
o 52.0 o . .
5 600 N 2008-2015 | NoData
S 400
5 2016 70.0
2 200
0.0 2017 66.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\_ J

Lake Emily | General Observations

Month L Rggggjﬁﬁj Color of Filtered Water
May Mo Algac ot Dried Chamonmile
Yz Medion Algac o Comichon
etly Medion Algae Pjor Cormichon
AT Severn Algae o Comichon
September Mot Algae o Dried Chamomile

"See page 14 for explanation of color classification



Fish Lake

Lake 13-0068-00 Site 101

e 2017 Report Card:
T Deep Lake

Lake Classification Mesotrophic
%* Meets MPCA Standards Yes

303(d) Listing Not Impaired

2017 Ranking 30t30

Overall Lake Quality Grade

2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
= NA B B B B B A

Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 412 442 462 438
Classification Mesotrophic Mesotrophic Mesotrophic Mesotrophic
2017 Average (Mag ~Sept) 29 pg/ L 3.0 meters 184 ug/ L -
Grade A B A A
MPCA Standard (Deep) 140 ug/ L >14 meters 400 ug/ L ~
2017 Average (J une~Sept) 20 pg/ L 3.0 meters 188 pg/ L ~
Meets Standard Yes Yes Yes Yes
( )
Trophic State Index Overall Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmm Overall = = =Trending
80.0
70.0
§ 000 49.1 46.6 49.5 48.5 a7.4
© 50.0 -_—— - - = e - - - ___42.8 _____
§ 40.0
2 30.0
§- 20.0
—
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\. /
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4 N
mmmm Chlorophyll-a === Deep Lake Standard e=mExpected High e Expected Low Chloropl1ull~a
25.0 Fish Lake
22.0
— 20.0
P, Expected Range:
E 15.0 14.0 50-220 ]18/L
z
2 10.0
% Deep Lake
o s 2.3 %7 . >0 Standard:
00 HE = = N 140mg/L
5/22 6/29 7/24 8/31 9/27
2017 Samples
\_ S
2009 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (ng/L) No Data | NoData | No Data 6.8 4.0 5.0 6.8 3.8 2.9
Grade - - - A A A A A A
June-Sept Average (ng/L) NoData | NoData | No Data 7.3 4.0 5.3 7.5 2.6 3.0
Meets Standard (140 ug/]_.) ~ ~ ~ Yes Yes Yes Yes Yes Yes
4 N
Chlorophyll-a Trend
mmmms Chlorophyll-a =~ e Standard = = =Trending
16.0
14.0 14.0
12.0
=)
8 10.0
®
S 80 7.5
<
o
o
S 6.0 _ 53
= =
O S -
4.0 Tt -
26 = — =00 -
2'0 . I
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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4 N\
2017 Samples
5/22 6/29 7/24 8/31 9/27
0.0
0.5
1.0
0 1.4
9 15 1.5
[}
2 20
<
Q 25
a 2.4
3.0 2.7
3.2
3.5 3.0 3.2
4.0 3.7
I Secchi Disk Depth e=== Deep Lake Standard e===Expected High === Expected Low
\_ )

Secchi Disk Depth

Fish Lake

Expected Range:
15-32 meters

Deep Lake Standard:

>14 meters

2009 2010 2011 2012 | 2015 2014 2015 2016 2017

May-Sept Average (Meters) No Data | NoData | No Data 2.7 2.6 2.4 2.6 2.3 2.9
Grade - - - B-C B B B B A
June-Sept Average (Meteys) No Data No Data No Data 2.1 2.9 24 2.3 2.6 3.0
Meets Standard (>1.4 meters ) ~ ~ ~ Yes Yes Yes Yes Yes Yes
(
Secchi Disk Clarity Trend
Annual Average
2012 2013 2014 2015 2016 2017
0.0
0.5
10
% 1.5 1.4
g -~ -
Q M -
(] -
(]
25 -~~~ _ 1
3.0 -—-o.
3.0
3.5
mmm Secchi Disk === Standard = = =Trending
\_
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4 N
mmmm Total Phosphorus == Deep Lake Standard e=Expected High == Expected Low TOtal Pl‘IOSDl‘IOI’uS
60.0 Fish Lake
%‘D 50.0 50.0
7’3 200 s Expected Range:
= 230-50.0 1g/L
< 300
0 22.0
2 200 17.0 150 150 T -
® Deep Lake Standard:
= 100 I I 40.0 118/1_.
0.0
5/22 6/29 7/24 8/31 9/27
2017 Samples
\_ J
2009 2010 2011 2012 2015 2014 2015 ‘ 2016 2017
May-Sept Average (ng/L) No Data | NoData | NoData | 22.8 23.0 32.8 234 24.6 184
Grade -~ ~ ~ A B C B B A
June-Sept Average (ng/L) NoData | NoData | NoData | 21.8 | 20.5 35.0 22.3 17.0 18.8
Meets Standard (400 ),18/]_.) ~ ~ ~ Yes Yes Yes Yes Yes Yes
4 N
Total Phosphorus Trend
I Total Phosphorus e Standard = = =Trending
45.0
40.0 40.0
35.0
35.0
=)
% 30.0
§ 250 00 T T T==ao_ 223
Q 218 ST — - _ :
-§ 20-5 Tt - - - - _ _ 18.8
2 200 170 ~ T T----_
a
® 15.0
o
'_
10.0
5.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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Fish Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 N
Ammonia Nitrogen Trend Aver/afe
mg
mmms Ammonia Nitrogen = = =Trending
2009-2011 | NoData

S 0% o0
E 0.07 0.06 ?012 007
5 oo 098 2013 001
oo
o 0.05 0.04 A
2008 @ PHecececcce e - ==
.g 0.03 2014 004
o
E oo 0.01 0.01 2015 001
< 0.

0.00 . . 2016 0.06

2012 2013 2014 2015 2016 2017
A 2017 0.05
nnual Average
\_ )

2017 Sample 1/24

Ammonia Nitrogen (mg/L) 0045 0045 0.049 0097 0018

Fish Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

( N
® Temperature
100.0
Average 90.0
°F 78.1
80.0 ° 73.0
° 66.9
70.0
2009-2011 No Data . 60.1 Y
= 600 °
P 48.0

2012 716 § 500 >
2015 726 %“ 40.0
2014 694 30.0
2015 68.5 20.0
2016 628 100

0.0
2017 652 5/5 5/25 6/14 7/4  7/24 8/13  9/2  9/22 10/12

2017 Samples
\ y,
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General Observations

Fish Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
M 1 1 Dried Chamomile
ay Clear Very Good
J e 1 1 Malted
ui Clear Very Good
J ulg Low .(ilgae G:)Zo d Dried Chamomile
A st 1 L Toasted Marshmallow
ugu Clear Very Good
September 1 L No Data No Data
ptem Clear Very Good

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 633 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Goose Lake-North

Lake 13-0083-01 Site 202

2017 Report Card:
¥* Shallow Lake

Lake Classification Eutrophic
Meets MPCA Standards Yes
303(d) Listing Impaired
2017 Ranking 18 0 50

Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017

;

= NA C D D C C C+
C11lorophgll~a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 536 544 621 56.7
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag -Sept) 104 ug/ L 1D meters 558 ug/ L ~
Grade B C C C+
MPCA Standard (Shallow) 200 ug/ L >1.0 meter 60.0 pg/ L ~
2017 Average (J une-Sept) 126 ug/L 12 meters 6335 ug/ L ~
Meets Standard Yes Yes No Yes
4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-Eutrophic mmmmmm Overall = = =Trending
80.0
700 200 64.1 64.2 65:6 63.5 62.5
se00 . BHE B T == —= = -~=587
% 50.0
§ 40.0
'_LE) 30.0
3
= 20.0
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ J




( )
mm Chlorophyll-a === Shallow Lake Standard esssExpected High e==Expected Low C].‘llOYODlll]llF’d
30.0 Goose Lake-North
26.3
25.0
— 520 Expected Range:
= :
E 200 g 50-220 118/ L
= 150
<
g 100 10.4 Shallow Lake Standard:
S . 6.4 71 20.0 118/ L
5.0 l I 5.0
2.0
00 S
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ /
‘ 2009 ‘ 2010 2011 2012 | 2015 2014 ‘ 2015 2016 2017
May-Sept Average (ng,/L) NoData | NoData | NoData | 386 | 37.0 29.6 41.8 32.9 104
Grade - ~ ~ C C C C C B
June-Sept Average (ng/L) NoData | NoData | NoData | 425 | 43.3 34.0 50.5 40.6 12.6
Meets Standard (?00 ug/]_.) ~ ~ ~ No No No No No Yes
4 N
Chlorophyll-a Trend
mmms Chlorophyll-a e Standard = = =Trending
60.0
- 42.5 i
50.0 -
_ Sh~o_ 43 206
® 40,0 ~~.30 —
® i e
= 30.0 -
ey =
o S-o
o S o
S 20.0 20.0
S 12.6
10.0 l
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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2017 Samples Secchi Disk Depth

5/22 6/27 7/24 8/31 9/27
Goose Lake~-North

0.0
H B
% 1.0 £ 0.6 1.0 Expected Range:
% 1.5 1.5 15-32 meters
2
£ 20 1.8 1.8
. Shallow Lake Standard:
3.0 2.6 >1.0 meter
3.2
3.5

s Secchi Disk Depth e====Shallow Lake Standard === Expected High e===Expected Low
\_ /

2009 2010 2011 2012 2013 2014 2015 2016 2017

May-Sept Average (Meters) NoData | NoData | No Data 0.9 1.0 0.7 1.0 1.1 1.5
Grade - - - D D D-F D D C
June—Sept Average (Meteys) No Data No Data No Data 0.8 1.0 0.6 0.8 0.9 1.2
Meets Standard (>1.0 meter ) ~ ~ ~ No No No No No Yes
( N
Secchi Disk Clarity Trend
Annual Average
2012 2013 2014 2015 2016 2017
0.0
0.2
__ 04
5
@ 0.6
>3 - 0.6
S 08 == -
o) os N T T ---__
c_ . ==& 4 | T==ad
1.0 = - 1.0
1.0 0.8 0.9 --.
1.2
1.2
1.4
mmm Secchi Disk === Standard = = =Trending
\_ J
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( )

B Total Phosphorus e===Shallow Lake Standard e====Expected High === Expected Low TOtdl Phosphorus
100.0 91.0 Goose Lake-North
900
?10 80.0 71.0
2 70.0 Expected Range:
Z 60.0 60.0
51.0 ~
_CS 40.0 40.0
o 26.0
= 300 Shallow Lake
£ 200 23.0
T 100 Standard:
0.0 60.0 ug/L
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ J

2009 2010 2011

May-Sept Average (ng,/L) NoData | NoData | NoData | 63.2 | 77.6 88.0 59.2 64.2 55.8

Grade ~ ~ ~ C D D C C C

June-Sept Average (ng/L) No Data | NoData | NoData | 68.8 85.8 94.5 65.3 73.5 63.3

Meets Standard (60.0 ug/L) ~ ~ ~ No No No No No No
4 )
Total Phosphorus Trend
EE Total Phosphorus =~ e Standard = = =Trending

100.0 94.5
90.0 85.8
~ 80 T T===o -- 73.5
> 688 N T - ----__ _ 63.3
= 700 53 - -----___
5 600 60.0
2
S 500
(%]
2 400
[a W
© 30.0
°
= 200
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
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Goose Lake-North | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None

( )
Ammonia Nitrogen Trend
%D mmmmm Ammonia Nitrogen = = = Trending
E ou me/L
& o1 012 e 2009-2011 | NoData
"% 0.10 ’ 2012 007
2 o008 007 - 2013 002
é 0.06 TRl 2014 002
- oo e PP 2015 003
ggg | ] | ] l 2016 012
2012 2013 2014 2015 2016 2017 2017 010
Annual Average
\_ /

2017 Sample /24 8/31

Ammonia Nitrogen (mg/L) 0.060 0045 0.066 0.00.260 0027

Goose Lake-North | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

4 N
® Temperature
100.0
Average °F 90.0 80.1
80.0 { 72.0
2009-2011 | NoData 20.0 ® 66.2
e 60.1 °
2012 710 % 60.0 P
2013 728 g so0  %°
[oT4]
2014 702 I
2015 685 200
20.0
2016 608
10.0
2017 649 00
5/5 5/25 6/14 7/4 7/24  8/13 9/2 9/22 10/12
2017 Samples

\_ W

64



General Observations

Goose Lake-North

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability

o) 5]

Mag Medium A]gae Fair NoData NoData
4 4

Jllne I—Ii81‘1 Algae Pooy Beach GYdSS
4 4

J ulLJ I ‘Iigh A]gae Poor Cornichon

Au ust 4 4 Dried Chamomile
8 High A]gae Poor
o) 5]
September Medium A]gae Fair Cornichon

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was
compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 603 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Goose Lake-South

Lake 13-0083-02 Site 201

2017 Report Card:
Deep Lake

Lake Classification Eutrophic

Meets MPCA Standards Yes

303(d) Listing Impaired
h 9017 Ranking 116£ 30

Overall Lake Quality Grade

; 2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
— NA C C D C C B

Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 552 481 519 517
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 123 pg/ L 2.3 meters 214 ug/ L -
Grade B B B B
MPCA Standard (Deep) 140 ug/L >14 meters 400 ug/L ~
2017 Average (J une~Sept) 150 ug/ L 19 meters 200 ug/ L ~
Meets Standard No Yes Yes Yes
4 )
Owverall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending
80.0
7090 60.1
3600  —=ooo S70_ _ __s60 L 56.8 54.2 517
= 50.0 R
§ 40.0
'% 30.0
= 200
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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4 )

mm Chlorophyll-a === Deep Lake Standard e====Expected High e====Expected Low Chloyophqll_:a
45.0 393 Goose Lake-South
40.0
?o 35.0
= 300 Expected Range:
©
2 250 . 50-220 /L
S 20.0
£ 150 L
< 100 s 6.0 8.3 6.4 Deep Lake Standard:
5.0 : 5.0
m— = 140us/1
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ /

2009 2010 2011

May-Sept Average (ng/L) No Data | NoData | NoData | 18.2 17.0 22.4 18.0 13.9 12.3

Grade - - - B B C B B B
June-Sept Average (ng/L) No Data | NoData | NoData | 20.5 19.5 27.0 17.0 15.8 15.0
Meets Standard (140 ug/]_.) ~ ~ ~ No No No No No No
4 N
Cl’llOYOpl’]lJ 11'-’(':1 Trencl
E Chlorophyll-a =~ e Standard = = =Trending
30.0
25.0
~<o_ 205
S~ 19 5
= 17.0
= - 15.0
= 15.0 —
S = 14.0
o
2 100
O
5.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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2017 Samples Secchi Disk Depth
522 6/27 7124 8/31 527 Goose Lake-South
0.0
0.5
1.0 Expected Range:
g 1.5 15-32 meters
é 2.0
2.5
4 Deep Lake Standard:
8 3.0
>14 meters
3.5
4.0
4.5 S
mmmm Secchi Disk Depth === Deep Lake Standard === Expected High ===Expected Low
\_ )
2009 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (Meters) No Data | NoData | No Data 1.4 1.5 1.2 1.5 1.9 2.3
Grade - - - C C C C C B
June~Sept Average (Meters) No Data No Data No Data 1.4 1.3 1.1 1.5 1.8 1.9
Meets Standard (>1.4 meters ) ~ ~ ~ Yes No No Yes Yes Yes
4 N
Secchi Disk Clarity Trend
Annual Average
2012 2013 2014 2015 2016 2017
0.0
0.5
$ 10 =
9] - o
2 = o 11
£ —= — 1.4
2 1.5 1.4 1.3 S--a o
D -
1.5 T -
1 -
2.0 8 19
2.5
mmmm Secchi Disk Depth =~ e=s= Standard = = =Trending
\_ J
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é N
m Total Phosphorus === Deep Lake Standard e====Expected High e====Expected Low TOt(:ll P].‘lOS’Dl‘lOl’uS
60.0 Goose Lake-South
= 500 50.0
E Expected Range:
n 40.0 40.0
S 29.0 32.0 250-500 ng/L
_8 30.0 27.0 28.0 :
S 30.
3 21.0 .
_E 20.0 Deep Lake Standard:
[}
S 100 40.0 ug/L
0.0
5/22 6/27 7/24 8/31 9/27
2017 Samples
\. y,

2009 2010 2011 2012 | 2015 2014 2015 2016 2017

May-Sept Average (ng/1) | NoData | NoData | NoData | 390 | 348 | 548 | 396 | 342 27.4

Grade ~ ~ ~ C C C C C B

June-Sept Average (ng/L) | NoData | NoData | NoData | 38.0 34.0 58.0 36.0 35.8 29.0

Meets Standard (40.0 ].1.8/1_..) ~ ~ ~ Yes Yes No Yes Yes Yes
( )
Total Phosphorus Trend
I Total Phosphorus — e Standard = = =Trending

70.0

60.0 58.0
2 50.0
EX 38.0
- 0 T m=meemal__ 36.0 29.0
2 40.0 S —— 328 40.0
9 340 NN T oo -
S T e T B
o 30.0
=
o
©
£ 20.0
'_

10.0

0.0

2012 2013 2014 2015 2016 2017
Annual Average
\_ /
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Goose Lake~-South | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 )
Ammonia Nitrogen Trend
mg
mmmmm Ammonia Nitrogen = = =Trending 2000 No Data
S 012 2010 NoData
E 0.10
c 0.10 0.09 2011 No Data
&' 0.08 2012 010
= 0.06 0.06
‘s 0.06 - == 2015 003
é oo ----"""°"°° 2014 002
£ 0.03 0.02
< 0.02 I 2015 0.06
0.00 . 2016 0.09
2012 2013 2014 2015 2016 2017 2017 0.06
Annual Average

2017 Sample 6/27 7/24 8/31

Ammonia Nitrogen (mg/ L) 0150 0045 0.062 0.049 0.027

Goose Lake~-South | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

[ )
Average @ Temperature
°F 100.0
2009 No Data 90.0 .
2010 No Data 80.0 ° 72.0
70.0 P 66.0
2011 No Data . : 60.1 .
= 60.0 P
2012 a2 & 500 46.0
2015 750 & PS
8 40.0
2014 700 200
2015 685 20.0
2016 572 10.0
2017 644 0.0
5/5 /25 6/14 7/4 7/24 813 9/2 9/22 10/12
2017 Samples

\_ /
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General Observations

Goose Lake-South

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
2 2
Mag Low Algae Good Heavg Cream
o) 5]
June Medium A]gae Fair Beach Grass
o) o)
Julg Medium A]gae Fair Malted
A 18ust 5 5 Dried Chamomile
ugu Medium A]gae Fair
o) 5]
September Medium A]gae Fair Cornichon

Explanation of Color Classification

During each sample, water was run through tilter paper. A]gae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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GY(—)GI’I Lake

Lake 13-0041-02 Site 202

T 2017 Report Card:
¢ 'E\ Deep Lake
Lake Classification Mesotrophic
Meets MPCA Standards Yes
303(d) Listing Not Impaired
2017 Ranking 0of30

Overall Lake Quality Grade

2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
C |[CB| C | C+ | C B | B+

C11lorophgll~a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 504 469 512 4905
Classification Eutrophic Mesotrophic Eutrophic Mesotrophic
2017 Average (Mag -Sept) 15 ug/L 2D meters 262 ug/ L ~
Grade A B B B+
MPCA Standard (Deep) 140 pg/ L >14 meters 400 ug/ L ~
2017 Average (J une-Sept) 81 ug/ L 292 meters 200 ug/L ~
Meets Standard Yes Yes Yes Yes
r )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = = Trending
80.0
70.0

60.0 | = : 54.0 56.1 53.2 54.5 517
S N N B B B e Bk
40.0
30.0
20.0

10.0

Trophic State Index
|
|
!
—
]
[}
|
[}
|
|
[}
[}
|
Y
(-}
wv

0.0
2010 2011 2012 2013 2014 2015 2016 2017

Annual Average
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( )

mm Chlorophyll-a === Deep Lake Standard e===Expected High e Expected Low Cl’llOYODl’l‘L}ll—'d
25.0
Green Lake
22.0
% 200 17.2
=2 150 Expected Range:
fP . 12.5
E_ 1 50~QQO ],18/ L
g— 10.0
i)
S so > Deep Lake
1.0 1.7 Standard:
0.0 | -
5/23 6/15 7/28 8/15 9/21 140 }18/L
2017 Samples
\_ )
2010 2011 2014 2015
May-Sept Average (ng,/L) 284 14.0 168 | 164 | 168 116 | 20.1 112 7.5
Grade C B B B B B C B A
June-Sept Average (ng/L) 34.8 20.2 18.8 19.5 20.3 13.8 25.5 13.7 8.1
Meets Standard (140 },1.8/1_.) No No No No No Yes No Yes Yes
4 )
Cl1lorophgﬂ~a Trencl
mmmmm Chlorophyll-a Standard = = =Trending
40.0
35.0
__ 300
% 25.5
3 25.0
® 202 T~ Jf >
= 200 18.8
= 7 ~ 13.8
o R
o - -
5 15.0 14.0
=
o
10.0 -
5.0 I
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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( N
2017 Samples Secchi Disk Depth
oo 5/23 6/15 7/28 8/15 9/21 Green Lake
0.5
10 Expected Range:
(%]
g 15 1.4 15-32 meters
g 15
;; 2.0 1.7 1.8
525 24 Deep Lake Standard:
2 d
3.0 50 >14 meters
3.5 3.0
3.5
4.0
mmm Secchi Disk Depth === Deep Lake Standard e====Expected High === Expected Low

\_ /

2009 2010 2011 2012 2015 2014 2015

Mag~Sept Average (Meters) 2.5 2.4 1.6 2.1 1.8 1.9 2.3 2.4 2.5

Grade B B C C C C B B B

June—rSept Average (Meteys) 2.4 1.5 1.3 1.9 1.6 1.8 1.8 1.9 2.2

Meets Standard (>14 meters) Yes Yes No Yes Yes Yes Yes Yes Yes
4 N

Secchi Disk Clarity Trend

Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017

Depth (Meters)
JEN = o o
(6] o (6] o
|
[}
|
(=Y
4
=
ol
=
- I
- I
I
I
|
- I
I
|
I
|
I
|
|
o
D

N

o
(WY
[>]
[HY
[>]

~
[

2.4

w
(=}

mmm Secchi Disk === Standard = = =Trending
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7

mm Total Phosphorus e Deep Lake Standard e Expected High e==Expected Low

60.0

50.0

40.0

50.0

30.0

Total Phosphorus (ug/L)

20.0 15.0

10.0 .
0.0

5/23

6/15

N

Total Phosphorus
Green Lake

Expected Range:
930~5OO ug/ L

Deep Lake Standard:

44.0
33.0 40.0
23.0
16.0 I 23.0

7/28 8/15 9/21

2017 Samples

2010 2011

40.0 ug/ L

May-Sept Average (ug/L) 51.0 22.0 40.6 324 42.6 314 34.6 304 26.2
Grade C A C B-C C C C B B
June—SeptAveraSe (118/1_‘) 57.0 24.0 45.5 35.8 48.3 33.3 38.3 34.8 29.0
Meets Standard (400 ug/]_.) No Yes No Yes No Yes Yes Yes Yes
éa N
Total Phosphorus Trend
mmmmm Total Phosphorus Standard = = =Trending
60.0
N 50.0 oo 48.3
ﬁo = - 35.8 33.3
= 40.0 — —— 38.3 318 40.0
2 =N O T ----_ - 29.0
2 300 T---—--
a 24.0
o
<
& 200
©
°
-
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ Y,
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Green Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

a )
Ammonia Nitrogen Trend
mmmmm Ammonia Nitrogen = = =Trending mg/L
<010 0.09 2009 <005
& 0.09
£ 2010 009
g 0.08 0.07
®0.07 2011 004
Z 0.06 - 0.05 0.05 2012 007
g 004 H B o B 4L T =-o_ 2015 004
g 0.03 0 02 2014 0.05
0.02 2015 002
0.01
0.00 2016 005
2009 2010 2011 2012 2013 2014 2015 2016 2017 2017 005
Annual Average
\_ Y,

2017 Sample 6/15 7/28 8/15 9/21

Ammonia Nitrogen (mg/ L) 0045 0065 0045 0045 0045

Green Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

(" N
Average ® Temperature
2 0.0 80.1
2009 748 80.0 e 75.0
P 69.1
2010 729 70.0 64.9 °
2011 658 600 ‘
- 48.0
2012 710 = 50.0 -~
d
2015 710 5 40.0
(]
2014 696 © 300
2015 690 20.0
2016 642 10.0
2017 674 0.0
5/5  5/25  6/14  7/4  7/24  8/13  9/2  9/22 10/12
2017 Samples
\\ y,
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General Observations

Green Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
Ma ! 1 Chopstick
Y Clear Very Good P
2 2
Jllne LOWAlgde GOO(‘] Malted
2 2
Julg Low Algae Good Malted
August Me diun31 Algae F:ir Beach Grass
September Me diui Algae F:ir Beach Grass

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and

Phosphorus concentration for each color were determined from the average values of the samples within that color. The

chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or

more samples collected were included in the chart. A total of 623 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Little Green Lake

Lake 13-0041-01 Site 202

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
Meets MPCA Standards Yes
303(d) Listing Not Impaired
2017 Ranking 100150

Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
C C-D C B- C C B

Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 46.0 511 53.0 500
Classification Mesotrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 48 ug/ L 19 meters 2006 pg/ L -
Grade A C B B
MPCA Standard (Deep) 140 ug/ L >14 meters 400 ug/ L ~
2017 Average (J une~Sept) 56 pg/ L 1D meters 325 pg/ L ~
Meets Standard Yes Yes Yes Yes
( )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmm Overall = = = Trending
80.0
70.0
x 56.9 56.8 55.8 55.7 . .
§60.0 . __ o _ __ 524 55.1 _ 54.9 500
° O B e B 0 B B el
400
E 30.0
S
= 200
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ /
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4 )
mm Chlorophyll-a === Deep Lake Standard e Expected High — e===Expected Low Chloyophull_:a
25.0 Little Green Lake
22.0
= 20.0
W Expected Range:
=
T 150 TG 50-220ng/L
z
2 100
o 7.
S 5.9 > Deep Lake
< 3.9 4.9
O 50 — . l 5.0 Standard:
140ng/L
- na/
5/23 6/15 7/28 8/15 9/21
2017 Samples
\_ J
2014 2015
May-Sept Average (ng/L) 14.6 10.0 13.2 116 | 134 7.0 14.0 174 4.8
Grade B B B B B A B B A
June-Sept Average (ug/L) 16.8 14.4 15.3 13.5 15.0 7.8 17.0 21.5 5.6
Meets Standard (140 },1.8/1_.) No No No Yes No Yes No No Yes
4 N
Chloroplu]lLa Trencl
mmmmm Chlorophyll-a Standard = = =Trending
25.0
21.5
20.0
2 16.8 14.4 17.0
20 T --E-- L _Bs B0
L —_— e 14.0
Z - -----.
(o
S 10.0
K]
5 5.6
5.0 I
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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4 N
2017 Samples Secchi Disk Depth
0.0 523 6/15 7/28 8/15 9/21 Little Green Lake
0.5
1.0 Expected Range:
m
g 15 1.4 15-32 meters
] 1.2 1.2 15 1.5
220
F= 2.0
5 2.5 Deep Lake Standard:
o
3.0 - >14 meters
3.5
34
4.0
mmm Secchi Disk Depth e Deep Lake Standard e Expected High e Expected Low
\_ S

2009 2010 2011 2012 2015 2014 2015 2016 2017

May-Sept Average (Meters) 14 1.8 1.2 1.2 1.3 1.6 1.6 1.8 1.9

Grade C C C-D C-D C C C C C

June-Sept Average (Meters) 1.3 1.1 1.0 1.0 1.2 1.6 1.3 1.5 1.5

Meets Standard (>1.4 meters ) No No No No No Yes No Yes Yes
4 N

Secchi Disk Clarity Trend

Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017

s Secchi Disk e Standard = = =Trending
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4 N
s Total Phosphorus e Deep Lake Standard e Expected High e Expected Low
60.0
Z 500 50.0
i
% 40.0 38.0 40.0
g 31.0 35.0
< 30.0 26.0
2 18.0 .
£ 200 :
=
o 10.0
'_
0.0
5/23 6/15 7/28 8/15 9/21
2017 Samples
\_ J

Total Phosphorus
Little Green Lake

Expected Range:
235.0-500 ug/ L

Deep Lake Standard:
400 118/ L

May-Sept Average (ng/L) 54.0 32.0 400 | 346 | 324 32.8 34.2 33.2 29.6
Grade C B-C C C C C C C B
June-Sept Average (ng/L) 58.0 41.0 39.9 35.5 32.8 33.3 36.5 37.3 32.5
Meets Standard (400 ),18/]_.) No No Yes Yes Yes Yes Yes Yes Yes
4 N\
Total Phosphorus Trend
mmmmm Total Phosphorus Standard = = =Trending
70.0
60.0 58.0
< 50.0
2 == o e
@ e : 33.3 36.5 37.3
2 40.0 —= e 40.0
2 328 == - - 32.5
8 30.0 = —
ey -
a.
©
£ 20.0
|_
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ Y,
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Little Green Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 h Average
Ammonia Nitrogen Trend

0.08 0.07 2009 <005
5 007 2010 <005
2 o0s - 2011 003
% ' 0.05 0.05 :
0.05
2 N 00 o0 o0 2012 007
=AU B R e T == 2013 002
© 0.03 0.03
z 0.02 2014 003
E 0.02 2015 003
= oot I 2016 0.06
0.00 2017 004
2009 2010 2011 2012 2013 2014 2015 2016 2017

Annual Average

2017 Sample Yoo

Ammonia Nitrogen (mg/ L) 0045 0045 0.049 0045 0.018

Little Green Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

4 N
@ Temperature
Average 100.0
F 90.0 81.0
2009 749 80.0 e 750 o0
66.0 ® ’
2010 740 70.0 o °
2011 634 = 60.0 e
2012 718 g 500 °
o
2013 718 & 400
2014 6038 200
20.0
2015 690 100
2016 642 00
2017 68.0 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\_ J
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General Observations

Little Green Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
2 2 ,
Mag Low Algae Good ChOpSth
J une Low .(ilgae G:)Zo d Dried Chamomile
J ulg Low .(ilgae G:)Zo d Dried Chamomile
5] 5]
August Medium Algae Faiy Beach Grass
o) 5]
September Medium Algac Fair Beach Grass

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 633 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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I—IOI’ seshoe Lake

Lake 13-0073-00 Site 201

2017 Report Card:
Deep Lake

Lake Classification Eutrophic

Meets MPCA Standards Yes

303 (d) Listing Impaired
* 2017 Ranking 15030

Overall Lake Qualitg Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
NA C C C C B C+

Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 547 54.6 554 549
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 1.6 pg/ L 15 meters 350 pg/ L -
Grade B C C C+
MPCA Standard (Deep) 140 ug/ L >14 meters 400 ug/L ~
2017 Average (J une~Sept) 133 pg/ L 11 meters 365 pg/ L ~
Meets Standard Yes No Yes Yes
g A
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending
80.0
70.0
% 60.0 | __ %3 %87 54.2 53.8 54.9
Y B B B B e — — = g
§ 40.0
E 30.0
o
= 200
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\L J
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4 N
mmmm Chlorophyll-a === Deep Lake Standard e Expected High e Expected Low Chloropl1ull~a
25.0 Horseshoe Lake
. 20.5 22.0
?ﬂ 20.0
2 Expected Range:
© 15.0 12.6
= 1.2 e 50-220ng/L
S 10.0 8.9
o
S 4.9
5 50 5.0 Deep Lake Standard:
5/22 6/30 7/24 8/23 9/27
2017 Samples
\_ J
‘ 2009 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (ng/L) | NoData [ NoData | NoData | 20.0 174 13.0 12.6 12.1 11.6
Grade ~ ~ ~ B-C B B B B B
June-Sept Average (ng/L) NoData | NoData | NoData | 16.5 18.8 12.5 14.0 174 13.3
Meets Standard (140 ug/]_.) ~ ~ ~ No No Yes Yes No Yes
4 )
Cl‘llOl’O})l‘lL] H~d Trencl
mmmmm Chlorophyll-a Standard = = =Trending
20.0 18.8
17.4
180 —— T
0o N BN - -----__ 1_4-(1 _ 133
= 14.0 — = m— 14.0
> 12.5
=2 120
T
= 10.0
<
o
© 80
k)
S 60
4.0
2.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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4 N
2017 Samples . .
5/22 6/30 2/24 8/23 o/27 Secchi Disk Depth
0.0 I_IOYSGSI‘IOG L("lke
0.5
= 10 0.6 Expected Range:
9] 1.1 1.1
£ 15 14 15-32 meters
E .
= 1.5
X
o
8 25 Deep Lake Standard:
3.0 >14 meters
3.2
35 3.0
mmm Secchi Disk Depth e====Deep Lake Standard e===Expected High e====Expected Low
\_ W,
2009 2010 2011 2012 | 2015 2015 2016
May-Sept Average (Meters) NoData | NoData | No Data 1.6 1.5 1.2 1.8 1.6 1.5
Grade - - - C C C-D C C C
June~Sept Average (Meteys) No Data No Data No Data 1.7 1.6 1.2 1.8 1.3 1.1
Meets Standard (>1.4 meters ) ~ ~ ~ Yes Yes No Yes No No
( )
Secchi Disk Clarity Trend
Annual Average
2012 2013 2014 2015 2016 2017
0.0
0.2
0.4
. 0.6
g 08
3]
210
<
2 1.2 A=
9] =
a
1.4 - 14
1.6
18 ---"
2.0
s Secchi Disk e Standard = = =Trending
\_ /
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( )
m Total Phosphorus e Deep Lake Standard e Expected High e Expected Low Total PllOSpllOYllS
60.0
- Horseshoe Lake
3 50.0 50.0
=2 39.0 38.0
%] 36 0 s .
= 400 30.0 32.0 e Expected Range:
§. 300 235.0-50.0 118/ L
o 23.0
£ 20.0
g 10.0 Deep Lake Standard:
0.0 40.0 }18/ L
5/22 6/30 7/24 8/23 9/27
2017 Samples
\_ /
2009 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (ng/L) | NoData | NoData | NoData | 47.0 [ 38.0 40.0 35.8 30.2 35.0
Grade - - - C C C C B C
June-Sept Average (ng/L) | NoData | NoData | NoData | 435 | 375 | 403 | 358 36.0 36.3
Meets Standard (40.0 ].1.8/1_..) ~ ~ ~ No Yes No Yes Yes Yes
( )
Total Phosphorus Trend
s Total Phosphorus Standard = = =Trending
50.0
45.0 233
S 37.5 40.3
B 40.0 = i Ty o o 40.0
S 35.0 T —
2
v 30.0
3]
< 250
3
é 20.0
£ 150
'_
10.0
5.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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Horseshoe Lake |[Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 )
Ammonia Nitrogen Trend
mmmmm Ammonia Nitrogen = = =Trending
0.08
- 0.07 0.07
?o 0.07 2000-2011 | NoData
£ 005 2012 007
@ 0.05
S oa -9 _______00___ R 2015 003
E 0.03 2014 001
é 0.02 2015 005
£ 0.01
£ o.01 . 2016 007
0.00 2017 004
2012 2013 2014 2015 2016 2017
Annual Average
\_ J

2017 Sample 8/25

Ammonia Nitrogen (mg/ L) 0.060 0045 0057 0.018 0.018

Horseshoe Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

4 N\
@ Temperature
100.0
Average 90.0
°F 80.0 72.0
200 64.0 PY 66.9
2000-2011 | NoData : s . o
2012 714 E 60.0 28.0 °
2013 726 g >0.0 °
2014 702 8 400
2015 685 200
20.0
2016 614 0o
2017 622 '
0.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\_ J
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General Observations

I—IOISGSI‘IOG Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
Mag Low .Exlgae G:)Zo d Parchment Paper
5 3
June Medium A]gae Fair Beach Grass
3 3
J ulLJ Medium A]gae Fair Dried Chamomile
Au ust 3 3 Dried Chamomile
8 Medium A]gae Fair
September 3 3 Parchment Paper
P Medium A]gae Fair P

Explanation of Color Classification

During each sample, water was run through tilter paper. A]gae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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KYOOl’l Lake

Lake 13-0013-00 Site 202

== T 2017 Report Card:
=/ - _ | Deep Lake

| = Lake Classification Mesotrophic
\ 1 * I Meets MPCA Standards Yes

/) Ili",- @) I; s Not Impaired

‘ - 303(d)Listing *Dehste}jgon

TN /| | 20I7Ranking 8 of 30

Overall Lake Quality Grade
| 2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
— B C B B B B B+

Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 470 458 538 488
Classification Mesotrophic Mesotrophic Eutrophic Mesotrophic
2017 Average (Mag ~Sept) 53 pg/ L 21 meters 312 ug/ L -
Grade A B B B+
MPCA Standard (Deep) 140 ug/ L >14 meters 400 ug/ L ~
2017 Average (J une~Sept) 6.1 pg/ L 21 meters 2305 pg/ L ~
Meets Standard Yes Yes Yes Yes
( )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending
80.0
70.0
& 60.0 54.1
3 | __524 %25 509 50.8 52.6 52.0 18.8
© L R R T e s —— e - - — - - - o
E 400
E 30.0
o
= 200
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ /
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( N
mm Chlorophyll-a === Deep Lake Standard e=Expected High e Expected Low Chloropl1uﬂ~a
25.0 Kroon Lake
22.0
= 20.0
' Expected Range:
;ﬂ; 15.0 14.0 50-220 },18/1_.
>
S 100 e 8.6
;B: 5.1 Deep Lake Standard:
5.0 5.0
“ 23 1.7 . 140 ].18/L
0.0 I -
5/10 6/7 7/25 8/31 9/21
2017 Samples
\_ J
2010 2011 2012 2015
May-Sept Average (ug/L) 10.8 20.3 8.6 9.8 7.4 5.6 94 8.8 5.3
Grade B C A A A A A A A
June-Sept Average (Ll8/L) 13.6 20.3 10.0 11.3 9.0 6.3 11.3 10.7 6.1
Meets Standard (140 ].1.8/1_..) Yes No Yes Yes Yes Yes Yes Yes Yes
4 )
Cl‘llOYO}:)l‘lLJ H'-'(:l Trend
mmmmm Chlorophyll-a Standard = = =Trending
25.0
20.0
K} ~<_ 136
=2 15.0
® 14.0
=
s 10.0
2 100
o
ey
O
5'0 I I I I
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ W,
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! A Secchi Disk Depth

2017 Samples
5/10 6/7 7/25 8/31 9/21 Kroon Lake

0.0
Ll
1.4 E.xpectecl Rangez

m 1.5
i3 2.0 15-32 meters
(]
=
=30 3.2
s 40 Deep Lake Standard:
° >14 meters

5.0

4.9
6.0

mmm Secchi Disk Depth === Deep Lake Standard == Expected High === Expected Low
\_ J

2009 2010 2011 2012 | 2015 2014 2015 2016 2017

M(:lly-S@})t Average (Meteys) 1.9 1.7 2.0 1.7 2.0 1.8 1.7 1.8 2.7

Grade C C C C C C C C B

June—Sept Averase (Meteys) 1.3 1.7 1.6 1.4 1.5 1.7 1.5 1.5 2.1

Meets Standard (>1.4 meters ) No Yes Yes No Yes Yes Yes Yes Yes
4 N

Secchi Disk Clarity Trend

Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017

0.0
0.5 I
e === — 1.4
. 1.3 __________ 1.5
16 15 .
1.7 1.7

=
o

Depth (Meters)
=
(9]

14 . EE TS s-od

2.0
2.1

2.5

I Secchi Disk e Standard = = =Trending
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Total Phosphorus
Kroon I_.ake

Expected Range:
?30~5OO 118/ I_.

Deep Lake Standard:
40.0 118/ L

4 N
m Total Phosphorus e Deep Lake Standard e Expected High e Expected Low
60.0
jary
& 50.0 50.0
=2
2
< 300
S 23.0
< 20.0 :
o
3 100 III
s}
'_
0.0
5/10 7/25 8/31 9/21
2017 Samples
\_ WV,

2009 2010 2011 2012 2015 2014 2015 2016 2017

Mag~Sept Average (ug/L) 35.0 31.0 35.6 28.8 28.2 30.2 31.6 29.0 31.2
Grade C B C B B B B B B
June-SeptAverase (].18/L) 37.0 31.0 38.3 30.5 29.0 30.3 33.5 31.8 30.5
Meets Standard (400 ),18/]_.) Yes Yes Yes Yes Yes Yes Yes Yes Yes
4 N
Total Phosphorus Trend
mmmmm Total Phosphorus Standard = = =Trending
45.0
40.0 38.3 40.0
— 35.0
K,
=300
5
5 25.0
=
oY
2 20.0
=
o
= 15.0
°
= 10.0
5.0
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ M
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Kroon Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 A
Ammonia Nitrogen Trend
Average
mmms Ammonia Nitrogen = = =Trending
0.10 - g.09 2009 009
?ﬂ 0.09 0.08 0.08 2010 <005
£ 0.08 0.07
007 B === _ 2011 0.08
a0 0.06 oos N W ----___ 0.05 2012 007
£ 0.05 0.04 = -~ 0.04
< 004 0.03 2015 004
‘c 0.03
S 102 2014 005
Eoom 2015 005
0.00
2009 2010 2011 2012 2013 2014 2015 2016 2017 2016 008
Annual Average 2017 0.04
\_ /

2017 Sample /25 8/31 9/21

Ammonia Nitrogen (mg/ L) 0048 0048 0.054 0051 0.026

Kroon Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

4 N
@ Temperature
Average 100.0
°F 90.0
20.0 77.0
2009 133 ‘ o 68.0
70.0 64.9 °® el
2010 No Data o o
°_ 60.0 52.0
2011 640 g 50.0 P
2012 722 %D 40.0
2015 0 30.0
2014 698 20.0
2015 698 100
0.0
2016 596 4/15 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 656 2017 Samples
\_ J
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General Observations

KYOOI‘I Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
2 2 ,
Mag Low Algae Good ChOpSth
2 2 ,
June Low Algae Good ChOpSth
J ulg Low .(ilgae G:)Zo d Dried Chamomile
5] 5]
August Medium Algae Faiy Beach Grass
Septern]oey Low .Exlgae G:)Zo d Cornucopia

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 633 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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North Lindstrom [ake

Lake 13-0035-00 Site 201

.l | 2017 Report Card:
Deep Lake
| Lake Classification Mesotrophic
Meets MPCA Standards Yes
303(d) Listing Not Impaired
2017 Ranking T of 30
Opverall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 [ 2016 | 2017
B C B B B A- B+
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 481 474 404 483
Classification Mesotrophic Mesotrophic Mesotrophic Mesotrophic
2017 Average (Mag ~Sept) 6.0 ug/ L 24 meters 230 ug/ L ~
Grade A B B B+
MPCA Standard (Deep) 140 pg/ L >14 meters 400 ug/ L ~
2017 Average (J une-Sept) 58 ug/L 22 meters 2038 pg/L ~
Meets Standard Yes Yes Yes Yes
( )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = = Trending
80.0
70.0
g 000 . _ B _ _55'2 49.2 Sk 50.4 49.1 483
° 500 S . T T T - = — - - - - -
§ 40.0
£ 300
= 200
10.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ /




4 )
s Chlorophyll-a === Deep Lake Standard essExpected High e Expected Low C1110Y013111111~d
25.0 North Lindstrom Lake
. 22.0
= 200
3 Expected Range:
o 15.0
T 14.0 50-220ng/L
£ 8.4 1’18/
§ 10.0 6.8 . 7.5
% 5.0 = ol 5.0 Deep Lake Standard:
N i B 140ns/L
5/23 6/15 7/28 8/15 9/15
2017 Samples
\_ )
2009 2010 2011 2012 2015 2014 2015 {0) (6} 2017
May-Sept Average (ng,/L) 14.0 17.7 9.4 23.0 9.2 9.8 12.2 8.6 6.0
Grade B B A C A A B A A
June-Sept Average (ng/1) 15.6 19.6 115 | 280 | 108 12.0 14.8 10.5 5.8
Meets Standard (140 ug/]_.) No No Yes No Yes Yes No Yes Yes
4 N
Chlorophg 11-a Trend
s Chlorophyll-a Standard = = =Trending
30.0
25.0
gﬁ 20.0
Y
© 15.6
= 15.0 12.0
_g_ - 14.0
o
S
< 10.0
(@]
: I I I I I
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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5/23

0.0
0.5
1.0
1.5
2.0
2.5

Depth (Meters)

3.0

2017 Samples
6/15 7/28 8/15 9/15

14
1.5

3.2

35 3.2

\_

I Secchi Disk Depth e====Deep Lake Standard e===Expected High e Expected Low

/

Secchi Disk Depth

North Lindstrom Lake

Expected Range:

15-32 meters

Deep Lake Standard:

>14 meters

2009 2010 2011 2012 2015 2014 2015 2016 2017

Mag-Sept Average (Meteys) 2.0 2.1 2.8 1.8 2.7 2.1 2.8 2.3 2.4
Grade C C B C B C B B B
June-Sept Average (Meters) 1.5 2.1 2.5 1.6 2.7 1.8 2.6 1.9 2.2
Meets Standard (>14 meters) Yes Yes Yes Yes Yes Yes Yes Yes Yes
4
Secchi Disk Clarity Trend
Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017
0.0
0.5
- 1.0
g
\%_), 1.5 1.4
_‘g_ 1.3 1.6
820 ~TT=-=- — 1.8
: - - — _ 1.9
21 Y e
2.5
2.5
2.7 2.6
3.0
s Secchi Disk e Standard = = =Trending
\_
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( )

mm Total Phosphorus e====Deep Lake Standard e===Expected High e====Expected Low Total Phosphorus
60.0 North Lindstrom
3 50,0 50.0 Lake
3
» 40.0 40.0
2 32.0
2 300 Expected Range
o 22.0
8 2.0 20.0 — 20.0 23.0 230-500ng/L
< 20.0
©
5 10.0
= Deep Lake Standard:
0.0
5/23 6/15 7/28 8/15 9/15 400ng/L
2017 Samples
\_ J

2009 2010 2011 2012 | 2015 2014 2015 2016 2017

May-Sept Average (].1.8/L) 33.0 34.0 25.0 29.6 234 29.2 26.0 20.2 23.0
Grade C C B B B B B A B
June-Sept Average (ng/L) 32.0 33.0 260 | 325 | 230 | 315 | 273 218 20.8
Meets Standard (400 ),18/]_.) Yes Yes Yes Yes Yes Yes Yes Yes Yes
4 )
Total Phosphorus Trend
I Total Phosphorus — e=ss Standard = = =Trending
45.0
40.0 40.0
— 35.0 -— 32.0 33.0 32.5 315
3. Tw--E-
=300 s 27.3
9 260 BT - -=o 21.8
5 25.0 23.0 = oo 20.8
< = B =B H = O E -4
=3 -~ -
2°20.0
<
[a
= 15.0
©
= 100
5.0
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
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North Lindstrom Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

( N Average
Ammonia Nitrogen Trend mg/L
. ) 2009 01
mmmmm Ammonia Nitrogen = = =Trending
2010 01
0.14
= 0.12 2011 005
3 0.12
€ 0.10 0.10 2012 012
‘C’ 0.10
g il 2013 003
g % T -- 0.06
£ os 0.05 -~ : 2014 002
© S~o 0.04
5 0.04 003 T~ 2015 001
£ o 15 = b ~I 206|006
0.00 l [ 2017 004
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )

2017 Sample /28 8/15 9/15

Ammonia Nitrogen (mg/ L) 0.059 0.049 0.050 0045 0.018

North Lindstrom Lake| Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

4 N
@ Temperature
Average 100.0
°F
90.0 80.1
2009 No Data 80.0 ° 7i9 72.0
2010 No Data 70.0 64.9 °
— °®
2011 658 “% 60.0 50.0
2012 6938 o 500 °
2013 730 400
2014 700 30.0
2015 690 20.0
2016 646 10.0
2017 686 0.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22
2017 Samples
\_ Y,
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General Observations

North Lindstrom Lake

Month Physical Condition Rec-reat-io-nal Color of Filter Paper
Suitability
M ! 1 Eiderdown
ay Clear Very Good
2 2
June Low Algae Good Bamboo
2 2
Jlllg LOW Alsae Good Bal‘nboo
5] 5]
AuSuSt Medium Algae Fair Bamboo
2 2
September Low Algac Good Rattan

Explanation of Color Classification

During each sample, water was run through tilter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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South Lindstrom Lake

Lake 15-0028-00 Site 205

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
= Meets MPCA Standards Yes
& - 303(d) Listing Not Impaired
=5 2017 Ranking 130 30
-l Overall Lake Quality Grade
;:J 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
B C C C+ B B C+
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 535 407 552 528
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 103 pg/ L 2.0 meters 244 ug/ L ~
Grade B C C C+
MPCA Standard (Deep) 140 ug/ L >14 meters 400 ug/ L ~
9017 Average (J une~Sept) IQQ ug/ L 1.7 meters 393 ug/ L ~
Meets Standard Yes Yes Yes Yes
é )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending
80.0
70.0
60.3
3 600 525 26.0 53.9 S 53.8 52.8
?CJ 500 . pee BB - "B e R wWR
§ 40.0
E 30.0
3
~ 20.0
10.0
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
- /
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4 N
s Chlorophyll-a === Deep Lake Standard essmExpected High em=Expected Low C].‘llOYODlll]ll*-’d
30.0 26.4 South Lindstrom Lake
= 250
:i,f 200 220 Expected Range:
= 150 L . 50-220ng/L
ey o
§' 10.0 8.1
g 50 25 — l 5.0 Deep Lake Standard:
0.0 L — 140ng/L
5/23 6/15 7/28 8/15 9/15
2017 Samples
\_ J
2010 2011 2012 | 2015
May-Sept Average (ng/L) 11.8 20.0 112 | 350 | 168 11.6 12.2 15.6 10.3
Grade B B B C B B B B B
June-Sept Average (ng/L) 13.2 20.0 13.8 43.0 19.5 14.0 14.8 19.3 12.2
Meets Standard (140 ug/]_.) Yes No Yes No No Yes No No Yes
( N
Cl’llOYO})l’leH~a Trencl
mmmmm Chlorophyll-a Standard = = =Trending
50.0
45.0 43.0
40.0
= 35.0
o
= 300
?
z> 25.0
o S 20.0 19.5 19.3
0200 T T Tmemmeea o __ 14.8
5 20.0 B --------_EB _ 12.2
S 15.0 13.2 13.8 140 T T --~---_ o
10.0
5.0
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ J

103




(" A
2017 Samples Secchi Disk Depth
5/23 6/15 7/28 8/15 9/15 South Lindstrom Lake
0.0
0.5 l
10 Expected Range:
wv
@15 92 1.4 15-32 meters
Q 1.2 1.5
220
<
2 25 Deep Lake Standard:
a
3.0 o >14 meters
3.5
4.0 3.5 3.5
I Secchi Disk Depth === Deep Lake Standard e Expected High e Expected Low
\. Y,

2009 2010 2011 2012 | 2015 2014 2015 2016 2017

Mag—«Sept Average (Meters) 3.3 1.9 2.3 1.5 1.8 1.9 2.8 2.0 2.0

Grade A C B C C C B C C

June—Sept Averase (Meteys) 2.9 1.9 1.9 1.1 1.9 1.7 2.3 1.6 1.7

Meets Standard (>1.4 meters ) Yes Yes Yes No Yes Yes Yes Yes Yes
4 )

Secchi Disk Clarity Trend

Annual Average
2009 2010 2011 2012 2013 2014 2015 2016 2017

0.0
0.5
1.0
m
o 11 14
2 1.5 -
= B B D P L 16 17
520 W | ___le=====" 1.7 :
& - -=-T9 " 19 L
a - :
2.5 2.3
3.0 29
3.5
I Secchi Disk — emss= Standard = = =Trending
\_ W,
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4 N
s Total Phosphorus e Deep Lake Standard e Expected High e Expected Low
90.0 82.0
T 80.0
S~
% 70.0
E 60.0
9 50.0 50.0
& 400 40.0
o 29.0 32.0
£ 30,0
& 200 15.0 14.0 23.0
2 10.0 .
0.0
5/23 6/15 7/28 8/15 9/15
2017 Samples
\_ J

Total Phosphorus

South Lindstrom Lake

Expected Range:
930~5OO 118/ L

Deep Lake Standard:
40.0 118/ L

May-Sept Average (ng/L) 26.0 38.0 34.6 530 | 426 36.2 33.2 31.8 34.4
Grade B C C C C C C B C
June-Sept Average (ng/L) 27.0 38.0 38.5 61.8 46.3 40.3 345 36.0 39.3
Meets Standard (400 ug/]_.) Yes Yes Yes No No No Yes Yes Yes
4 )
Total Phosphorus Trend
mmmmm Total Phosphorus Standard = = =Trending
70.0
61.8
60.0
% 50.0 46.3
- 38.0 38.5 40.3 36.0 39.3
2 40.0 ————= _————— == = — — o
2 34.5
o
S 300 27.0
a
‘©
5 20.0
—
10.0
0.0
2009 2010 2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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South Lindstrom Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 N
Ammonia Nitrogen Trend
mmmmm Ammonia Nitrogen = = =Trending 2009 <005
0.10 2010 <005
= 0.09
E 0.08 0.07 2011 003
= 0.07 0.04 2012 007
tén 0.06 0.05 0.05 0.04 ’ 0.05 2013 0.04
£ 0.05 -- - 0.04
Z 0.04 003 " " —~m--22__B__ 2014 004
'S 0.03
S o 2015 002
£om I 2016 0.05
0.00 2017 004
2009 2010 2011 2012 2013 2014 2015 2016 2017 :
Annual Average
\_ J

2017 Sample 8/15

Ammonia Nitrogen (mg/ L) 0.057 0045 0.045 0.045 0.023

South Lindstrom Lake |Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

( N
® Temperature
Average 100.0
°F
90.0 29.0 o
2009 52 80.0 ° ‘ 72.0
2010 25 70.0 62.1 e
2011 662 L 600 50.0 3
2 500 °
2012 726 e
8 40.0
2015 706 20,0
2014 69038 20.0
2015 690 10.0
2016 646 0.0
2017 676 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22
- 2017 Samples
~ Y
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General Observations

South Lindstrom Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
M 1 1 Malted
ay Clear Very Good
June Low ilgae G:)Zo d Macadamia
%) %)
Julg Medium A]gae Fair Bamboo
%) %)
AuSHSt Medium A]gae Fair Sultana
September 4 4 Beach Grass
pLer High A]gae Poor

Explanation of Color Classification

During each sample, water was run through tilter paper. A]gae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Linn [ake

Lake 15-0014-00 Site 201

2017 Report Card:
Shallow Lake
Lake Classification Eutrophic
Meets MPCA Standards No
303(d) Listing Impaired
2017 Rankin8 200£ 350
Overall Lake Quality Grade
2008 | 2009 | 2010-2015 | <2016 2017
F F NA D D
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 647 64.0 679 655
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 322ns /L 0.8 meters 832ns /L ~
Grade C D D D
MPCA Standard (Shallow) 200 ug/ L >1.0 meter 60.0 pg/ L ~
2017 Average (J une—Sept) 383 ug/ L 0.7 meters 875 pg/ L ~
Meets Standard No No No No
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Linn Lake | Chlorophyll-a | Expected Range:5.0-220 ug/L | Shallow Lake Standard: 20.0 ug/ L

4 N
B Chlorophyll-a === Shallow Lake Standard e====Expected High e===Expected Low
- - |
O a [ORER=N " '_S\
0 57.5 ‘g?m?% %qu‘)% E% ?
. > = 4 > % = % -
~ 60.0 < 2“ < 3 = 5K
% 50.0 = =
T.': 40.0 36.1 2008 61.0 D 61.0 No
= 29.5 29.9
£ 300 2009 106.6 F 118.3 No
o)
5 200 %60 2010205 | NoData | - | NoData | -
© 100 8.2 2016 370 C 437 No
5.0
0.0 - 2017 322 C 283 No
5/22 6/27 7/17 8/23 9/25
2017 Samples
\_ J
Linn Lake | Secchi Disk Depth | Expected Range: 15-3.2 meters | Shallow Lake Standard: >1.0 meter
4 N
2017 Samples - - .
5/22 6/27 7/17 8/23 9/25 5 e PBe | L, 52
S 0 g g 59 9
g )
0.5 . . < \Ej S < 5 = &S =
= 1.0 0.6 0.6 6
= 1 2009 04 F 0.4 No
2 20 2010-2015 | No Data - Not Data -
(]
e 2 2016 07 D 07 No
3.0
3.2 2017 08 D 0.7 No
3.5
mmm Secchi Disk Depth  e===Shallow Lake Standard e====Expected High e==Expected Low
\_ S
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Linn Lake | Total Phosphorus | Expected Range: 23.0-50.0 ug/ L | Shallow Lake Standard: 60.0 ug/ L

4 N
N Total Phosphorus e Shallow Lake Standard e Expected High e Expected Low
120.0 1000 0B o B S RN
— ! 0 0 0 a5
3 100.0 89.0 92.0 g (,%1’ % g % g g
E! 552 S22 >389
5 80.0 560 69.0 <= <= R
]
5 600 o 2008 213.0 P 2132 No
a :
g 400 2009 221.8 F 222.0 No
©
5 200 N 2010-2015 | No Data - Not Data -
0.0 2016 740 D 790 No
5/22 6/27 7/17 8/23 9/25 2017 839 D 875 N
2017 Samples : °
\_ J
Linn Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
4 N
B Ammonia Nitrogen
0.160 0.140 Average
= 0.140 ns/L
oY)
£ 0120
c 2008-2015 No Dat
& 0-100 0.083 0.083 0.079 o
£ o0.080 :
= 0‘060 2016 007
2= 0.041
2 0.040 2017 0.09
£ 0020 l
0.000
5/22 6/27 7/17 8/23 9/25
2017 Samples
\_ W,
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Linn Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

4 N
® Temperature
100.0 Avc;szage
800 7i° 7:0 70.0 71.1
E o S ° ¢ 2008-2015 | NoData
Q
%0 0.0 2016 708
[a)]
20.0 2017 6938
0.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\_ )

Linn Lake | General Observations

Physical Condition Recreational Suitability Color of Filter Paper”
3 4 _
Mag Medium Algae Poor Cornucopla
J > 4 Cor
une Medium Algae Poor ormucopia
3 4 ,
Julg Medium Algae Poor Comichon
3 4
AuSHSt Medium Algae Poor Carton
3 4 ,
Septem]oer Medium Algae Poor Cornichon

“See page 14 for explanation of color classification
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Little Lake

Lake 13-0033-00 Site 201

2017 Report Card:
Deep Lake

—] | : | | Lake Classification Eutropl‘lic
[ i SN Meets MPCA Standards No
Lg e 303(d) Listing Impaired
\ I~ ; 2017 Rankin8 21 of 350
T \l.l
‘ Overall Lake Quality Grade
T l : ‘ - ' 2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
Al | cc| p|lc|{Dbp|c]|c]|ecs
C11lorophgll~a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 56.5 55.0 644 586
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag -Sept) 140 ug/ L 14 meters 654 ug/L ~
Grade B C C C+
MPCA Standard (Deep) 140 ug/ L >14 meters 400 ug/ L ~
2017 Average (J une~Sept) D7 ug/ L 14 meters 685 pg/ L ~
Meets Standard No No No No
4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic I Overall = = = Trending
80.0
66.1 65.8
) 70.0 | _ __S62__ 64.2 __ 625 62.2 586
9 60.0 = B == - = -
< 50,0
;)E 40.0
% 30.0
2200
10.0
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ S
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6 )
I Chlorophyll-a e Deep Lake Standard essExpected High e Expected Low C1110Y0131111H~61
45.0 — Little Lake
40.0
< 350
2 300 Expected Range:
T 250 50-220ng/L
< 20.
© 150 10.9 _
< 100 7.6 7.0 - ' Deep Lake Standard:
o ;
o == l = o 140 g/
0.0
5/17 6/7 7/31 8/24 9/21
2017 Samples
\_ J

2009 ‘ 2010 2011

May-Sept Average (ng,/L) No Data | NoData | 43.2 49.0 38.8 26.0 23.2 28.0 14.0
Grade - - C D C C C C B
June-Sept Average (ng/L) | NoData | NoData | 525 60.3 48.0 270 | 275 33.8 15.7
Meets Standard (140 ug/]_.) ~ ~ No No No No No No No
4 )
Chlorophyll-a Trend
mmmm Chlorophyll-a Standard = = =Trending
70.0
S o 52.5 60.3
60.0 S~
— 00 T~ 48.0
3 >~
= -
:(': 40.0 S _ mr 60
g 30.0 ZoAy R -
2 - 15.7
S 200 TS d
et 14.0
10.0 =
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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( N
2017 Samples SeCC].'li DiSk Dept]:l
5/17 6/7 7/31 8/24 9/21 thtle Lake
0.0
— Expected Range:
g 10 0.8 0.8
3 15-32 meters
Q15 1.4
3 1.4 15
< 20
§ 25 21 2.0 Deep Lake Standard:
>
3.0 14 meters
3.2
3.5
mmm Secchi Disk Depth e====Deep Lake Standard e===Expected High == Expected Low
\ y,

2009 2010 2011 2012 2015 2014 2015 2016 2017

Mag~Sept Average (Meteys) No Data No Data 1.2 1.8 1.5 1.1 1.4 1.2 1.4
Grade - - C-D D C D C C-D C
June~Sept Average (Meters) No Data No Data 0.9 0.9 1.2 1.2 1.1 1.0 14
Meets Standard (>1.4 meteys) ~ ~ No No No No No No No
( )
Secchi Disk Clarity Trend
Annual Average
2011 2012 2013 2014 2015 2016 2017
0.0
0.2
0.4
£ 06
1]
208
f -------
@ 1.0 09 T = =l=oo__
[a) 0.9 == - 1.0
2 2= ==  "T--____
1.2 1.2 11 = - -
1.4 1.4
14
1.6
HE Secchi Disk  em=== Standard = = =Trending
\_ )
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4 )
N Total Phosphorus === Deep Lake Standard essExpected High e Expected Low TOtal P].‘lOS’Dl‘lOYuS
100.0 thtle Lake
= 90.0
& 80.0
% 70.0 Expected Range:
£ 600 25.0-500 ng/L
< 500 50.0
§ 40.0 40.0
& 300 Deep Lake Standard:
S 200
2 10.0 400 ]lS/L
0.0
5/17 7/31 8/24 9/21
2017 Samples
\_ )
2009 2010 2011 2012 2015 2014 2015 2016 2017
May-Sept Average (ng/L) NoData | NoData | 1170 | 920 | 732 | 1090 | 1014 71.2 65.4
Grade - - D D D D D D C
June-Sept Average (ng/L) NoData | NoData | 1255 | 1025 | 755 | 1180 | 1100 | 748 68.5
Meets Standard (400 },Ls/L) ~ ~ No No No No No No No
4 N
Total Phosphorus Trend
E Total Phosphorus — e Standard = = =Trending
140.0
125.5
118.0
120.0 102 5 110.0
< 100.0
%
— 74 8
5 80.0 68 >
o
ey
>
_8 60.0
&
g 40.0 40.0
20.0
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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Little Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 N\ A
Ammonia Nitrogen Trend N
n18/ L
mmmm Ammonia Nitrogen = = =Trending 2009 No Data
. 0.30 2010 No Data
ED 0.25 0.24 2011 024
<020 2012 015
&0 0.15
g 0.15 T - - 2015 005
= Do 0.11
“o0 BN W 9000 T T--<__ 0.09 2014 006
5 0.05 0.06 - 0.06 205 000
g 0.05 . l == -l :
< 0.00 2016 o011
2011 2012 2013 2014 2015 2016 2017 2017 0.06
Annual Average
\_ )

2017 Sample 8,/24 0/21

Ammonia Nitrogen (mg,/L) 0052 0.064 0.067 0.026 0.100

Little Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

é A
® Temperature
Average 100.0
°F 90.0 81.0
2009 No Data 80.0 e 72.0 —
2010 NoData 70.0 6‘:9 ° o
2011 616 < 600 5?’
2012 708 o 500
o
2013 766 s 400
2014 69.6 30.0
2015 683 20.0
2016 604 100
0.0
2017 69'4 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\. Y,
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General Observations

Little Lake

Month Phq sical Condition Recireat-io-nal Color of Filter Paper
Suitability
2 2 ,
Mag Low Algae Good ChOpSth
2 2
J une Low Algae Good Bamboo
4 4
Julg High A]gae Poor Sultana
5] 5]
August Medium Algae Faiy Beach Grass
Se teml)er 5 J Dried Chamomile
P Medium A]gae Fair

Explanation of Color Classification

During each sample, water was run through tilter paper. A]gae remain on filter paper. The color of the filter paper was
cornpared to paint samples and matched as closelg as possible. The averages for Chlorophg 11-a, Secchi transparency, and

Phosphorus concentration for each color were determined from the average values of the samples within that color. The

chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Mandall Lake

Lake 13-0074-00 Site 201

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
Meets MPCA Standards No
305(d) Listing Not assessed
2017 Ranking 24 0150
Overall Lake Quality Grade
2011 2012 | 2015 | 2014 | 2015 | 2016 | 2017
NA NA NA D C C C
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 605 56.2 620 595
Classification Eutrophic Eutrophic Eutrophic Eutrophic
017 Average (May-Sept) 207 ng/L 13 meters 52 ng/L _
Grade C C C C
MPCA Standard (Deep) 140 1g/L >14 meters 400 /L _
2017 Average (June-Sept) 226ng/L 1.2 meters 548 ng/L -
Meets Standard No No No No
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Mandall Lake | Chlorophyll-a | Expected Range: 50-220 pg/ L |Deep Lake Standard: 14.0 ug/L

) ’*E o /:"c; ~ =
P82 4 P82 £359
gg2 5§ P9 2o
<s” <z 7 3 T
2014 29.2 C 32.3 No
2015 21.2 C 24 .8 No
2016 18.5 B 21.9 No
2017 20.7 C 22.6 No

$% ¢ $5 e ,TE
TR 8 £ L o5 &
g Pl 253
<s = < i~ &
2014 0.9 D 0.9 No
2015 1.5 C 1.4 Yes
2016 1.2 C-D 1.0 No
2017 1.3 C 1.2 No

4 N
mmm Chlorophyll-a === Deep Lake Standard e====Expected High e===Expected Low
60.0
__50.0
= 42.3
Y
= 40.0
?
_g 30.0 o1 24.9
o : 22.0
5 20.0
S5 14.0
“ 10,0 7.0
=
0.0
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ W,
Mandall Lake | Secchi Disk Depth | Expected Range: 15-32 meters | Deep Lake Standard: >14 meters
( )
Annual Average
5/22 6/27 7/24 8/31 9/27
0.0
0.5
n 1.0
£ 1 4
v 1.5
2
< 20 17
o
o 25
3.0
3.2
3.5
I Secchi Disk Depth == Deep Lake Standard e=m=Expected High e=Expected Low
\_ J
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Mandall Lake | Total Phosphorus | Expected Range: 23.0-50.0 ug/L | Deep Lake Standard: 40.0 ug/L

( )
N Total Phosphorus —e====Deep Lake Standard e====Expected High e===Expected Low
90.0 82.0
— 80.0 o B o B N
® 70.0 RSN TS 2389
3 = DN N g =
= 57.0 O & D O 9 D 9 = o
3 60.0 44.0 45.0 48.0 <2 " $57 %48
S 500 - - - 50.0 = = Al
Q.
8109 o 2014 89.8 D 94.3 No
30.0
% 20.0 23.0 2015 55.0 C 58.8 No
2 100 2016 77.6 D 90.3 No
0.0
5/22 6/27 7/24 8/31 9/27 2017 ooz ¢ S No
2017 Samples
\_ J
Mandall Lake | Ammonia Nitrogen | Expectecl Rangez None | Deep Lake Standard: None
4 N
B Ammonia Nitrogen
0.160
%‘D 0.140 2009-2015 | NoData
£ 0.120 2014 004
C
& 0-100 2015 004
£ 0.080 0.073 0.070 0.072
= 2016 015
o 0.060 0.045
é 0.040 0,025 2017 0.06
<o l =
0.000
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ WV,
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Mandall Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

N
® Temperature
100.0
79.0
80.0 ° 71 66.0
o 60.1
= : ¢
o 600 46.0 s
()
o ()
o0 40.0
a
20.0
0.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
J

General Observations | Mandall Lake

Average
°F
2009-2015> | NoData
2014 704
2015 6838
2016 6038
2017 644

Phq sical Condition Rec-reat-io-nal Color of Filter Paper*
Suitability
Mag Low jilgae Gc?o d Dried Chamomile
o) o)
o Medium Algae Fair Sultana
3 5 .
Julg Medium Algae Fair Comichon
August 5 5 Parchment Paper
Medium Algae Fair P
September Mo diunjn Algae Ffir Parchment Paper

“See page 14 for explanation of color classification
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Mattson Lake

Lake 13-0045-00 Site 201

‘ ]
| s 2017 Report Card:
| L\ Shallow Lake
| e
| ¥ Lake Classification Mesotrophic
& j Meets MPCA Standards Yes
303(d) Listing Not Assessed
2017 Ranking 10f30
| ™ Overall Lake Quality Grade”
| 2008 | 2009 | 2015 | 2014 | 2015 | 2016 | 2017
NA NA NA NA NA A- A
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 318 408 4392 386
Classification Oligotrophic Mesotrophic Mesotrophic Mesotrophic
2017 Average (Mag-Sept) 11 ug/ L 3.8 meters 150 ug/ L ~
Grade’ A A A A
MPCA Standard (Shallow) 200 ug/L >1.0 meter 60.0 ug/ L ~
2017 Average J une-Sept) 12 ug/L 39 meters 155 ug/ L ~
Meets Standard Yes Yes Yes Yes

“Grade may be artificially low due to shallow total depth or aguatic vegetation
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Mattson Lake | Chlorophyll-a | Expected Range:5.0-220 ug/L | Shallow Lake Standard: 20.0 ug/ L

o A o A <

L CEOREY

<2 " <:" =33
2008 3.5 A 2.0 Yes
2009 3.7 A 3.7 Yes

2010-2015 | No Data - No Data -

2016 1.4 A 1.4 Yes
2017 1.1 A 1.2 Yes

2B, 9B, ,33

A 8 g8 3 B8

42> <i* *47
2008 2.0 C 2.0 Yes
2009 1.0 D 0.8 No
2010-2015 No Data - No Data -
2016 1.8 C 1.8 Yes
2017 3.8 A 3.9 Yes

*Grades may be artificially low due to shallow total depth or

4 N
mm Chlorophyll-a === Shallow Lake Standard e====Expected High e==Expected Low
25.0
. 22.0
= 20.0 20.0
o
=2
© 15.0
=
S 10.0
g 10
i)
5 5.0 5.0
O
1.0 1.0 1.4
0.0 — — [ |
6/5 6/30 9/9
2017 Samples
\_ WV,
Mattson Lake | Secchi Disk Depth | Expected Range: 15-2.3 meters | Shallow Lake Standard: >1.0 meter
4 )
2017 Samples
6/5 6/30 9/9
0.0
0.5
1.0 1.0
(%]
% 1.5 1.5
s 2.0
= 25
a
3.0
a 3.2
3.5
4.0
45 =il
I Secchi Disk Depth === Shallow Lake Standard e====Expected High e==Expected Low
\_ W,

aquatic vegetation.
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Mattson Lake | Total Phosphorus | Expected Range: 23.0-50.0 ug/L | Shallow Lake Standard: 60.0 ug/L

- = ]

& > & a s

£4% g9y 12

g2 > 82 =89

< S < £ AR
2008 21.0 21.0 Yes
2009 26.5 B 26.5 Yes

2010-2015 No Data - No Data -

2016 16.4 A 17.0 Yes
2017 15.0 A 15.5 Yes

Average

mg, / L

2009-2015

No Data

2016

015

2017

004

4 )
I Total Phosphorus e===Shallow Lake Standard e Expected High === Expected Low
70.0
= 60.0 60.0
By
oo
= 50.0 50.0
(%]
2
5 400
<
x
2 30.0
T 23.0
T 200 14.0 15.0 16.0
o
0.0
6/5 6/30 9/9
2017 Samples
\_ W,
Mattson Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
4 )
B Ammonia Nitrogen
__0.050 0.045 0.045
=
£ 0.040 0.036
c
& 0.030
o)
=
£ 0.020
Rid
§ 0.010
:
£ 0.000
6/5 6/30 9/9
2017 Samples
\_ J

124



Mattson Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0
5/25

Degrees (°F)

6/14

@ Temperature

7/4 7/24
2017 Samples

75.9

8/13 9/2

9/22

N

J

Average

2009-2015

F

No Data

2016

744

2017

759

Mattson Lake | General Observations

Month Physical Condition R;E:te:]l:;ﬁ 1;;11 Color of Filter Paper”
2 2
Maq Low Algae Good Moonglow
2 2 :
June Low Algae Good Eiderdown
July No Data No Data No Data No Data
August No Data No Data No Data No Data
2 2
September Low Algae Good Lemon lce

"See page 14 for explanation of color classification
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O;S,rens Lake

Lake 13-0011-00 Site 201

v
2017 Report Card:
t'ﬁ‘ ) Lake Classification Eutrophic
y’ Meets MPCA Standards No
) 303(d) Listing Impaired
o™ 2017 Ranking 2501 30
\ j - Overall Lake Quality Grade
I / \,\; ' 2009 2012-2016 2017
1N / C+ NA C-
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 605 619 595 60.6
Classification Eutrophic Eutrophic Eutrophic Eutrophic
Q017 Average (May-Sept) 206 ng/L 09 meters 465 ng/L -
Grade C D C C-
MPCA Standard (Deep) 140 ng/L >14 meter 400 pg/1. -
2017 Average (June-Sept) 134 us/L 10 meter 420ns/L ~
Meets Standard Yes No No No
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Ogrens Lake | Chlorophyll-a | Expected Range: 50-220 },LS/L | Deep Lake Standard: 14.0 ug/L

Ogrens Lake | Secchi Disk Depth | Expected Range: 15-32 meters | Deep Lake Standard: >14 meters

4 N
mmm Chlorophyll-a  e==Deep Lake Standard e=Expected High e FExpected Low
45.0 42.3
40.0
< 35.0
o
= 300 -
L 250 :
> 22.0
-§_ 20.0 15.5
5 0 14.0
6 10.0
5.0 10 5.0
0.0 I
6/18 7/24 8/24 9/25
2017 Samples
\_ )
4 N
2017 Samples
6/18 7/24 8/24 9/25
0.0
S HE B
v 10 0.8 0.8
% 1.5 = %Asl
s 1.2 '
< 2.0
=
Q.
A8 25
3.0
3.2
3.5
mmm Secchi Disk Depth === Deep Lake Standard e====Expected High === Expected Low
\_ J

o E ) ’:5: ) =

g3 B EE.

O 5 0 0o o W0 =1

> 5 2 > g =2 8 S

<s <2 s
2009 224 24.5 No
2010 28.6 28.6 No

2011-2016 No Data No Data -

2017 20.6 13.4 Yes

£R 9 gER Q8 95 ¢

<= < .2 &R
2009 1.5 0.9 No
2010 4.0 4.0 Yes
2011-2016 No Data No Data -
2017 0.9 1.0 No
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Ogrens Lake | Total Phosphorus | Expected Range: 250-500 },Lg/L | Deep Lake Standard: 40.0 ug/L

7

Total Phosphorus (ug/L)

 Total Phosphorus e====Deep Lake Standard e Expected High e===Expected Low

70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

64.0

60.0
44.0
50.0
40.0
18.0 23.0

6/18 7/24 8/24 9/25
2017 Samples

N

b 85r 23%
2009 46.0 C 52.6 No
2010 55.0 C 55.0 No
2011-2016 No Data No Data -
2017 46.5 C 42.0 No

/

Ogrens Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

Ammonia Nitrogen (mg/L)

0.120

0.100

0.080

0.060

0.040

0.020

0.000

B Ammonia Nitrogen

0.100 0.096

0.049

0.021
8/1

2017 Samples

6/1 7/1 9/1

N

2009 15
2010-2016 | NoData
2017 007
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Degrees (°F)

80.0

75.0

70.0

65.0

60.0

55.0
5/25

73.9

6/14 7/4

® Temperature
78.1
[
72.0
[
7/24 8/13

2017 Samples

70.0

9/2 9/22 10/12

N

W

Ogrens Lake | General Observations

Ogrens Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

Average
°F

2009 684

2010 745

2011-2016 No Data

2017 735

Month Physical Condition Rsec’;fftj‘l Color of Filter Paper’
May No Data No Data No Data No Data
s Modiun Algae o Beach Grass
Ul Highixlgae - Comichon
Hages: Mediul?n Algae Fé?ir Bulap
September o Algac Pfor Cornucopia

"See page 14 for explanation of color classification
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Pioneer Lake

Lake 13-0034-00 Site 201

2017 Report Card:
Shallow Lake

:___g Lake Classification Eutrophic
— || Meets MPCA Standards No
‘ %ﬁ 303(d) Listing Impaired
= 2017 Ranking 7 ot 30
T Overall Lake Quality Grade
y j¥ﬁ 2000 | 2012-2015 2016 2017
F NA F+ D+
T oyl - e Dl Dt [Tl —Th— Cmall
Thesyslbiie Shirie e 56.8 636 720 641
Classification Eutrophic Eutrophic Hyper-Eutrophic Eutrophic
2017 Average (May-Sept) 144 /L 08 meters 1102 ns/L -
Cuardle C D D D+
MPCA Standard (Shallow) 200 ng/L >10 meter 60.01s/L -
9017 Average (June-Sept) 168 1g/L 0.7 meters 1229 ng/L -
Meets Standard Yes No No No
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Pioneer Lake | Chlorophyll-a | Expected Range: 50-220 },LS/L | Shallow Lake Standard: 20.0 ug/L

4 N
m Chlorophyll-a e Shallow Lake Standard essExpected High e==Expected Low
25.0 22.4
19.7 20.1 ’ = = I
22.0 &7 38 TN
I 200 — 20.0 g 43 % g % 3 2
o <> 5 = <> g 2 8 8
© 15.0 = =) D&
=
§_ 10.0 20090 107.9 F 103.3 No
g 5.0 4.9 2010 61.5 D 61.5 No
O 5.0 . . 5.0 2011-201H No Data - No Data -
0.0 2016 242 C 30.5 No
5/31 6/30 7/31 8/29 9/30 2017 14 .4 B 16.8 Yes
2017 Samples
\_ )
Pioneer Lake| Secchi Disk Depth | Expected Range: 15-32 meters | Shallow Lake Standard: >1.0 meter
4 N
2017 Samples — - ~ &
5/31 6/30 7/31 8/29 9/30 3;9 VE)'} 2 go c/“’? g 23 %
0.5 I . . . . <= L A A
— 0.6 0.6
g0 » 0.8 08 = 2000 0.3 F 0.2 No
s L 2010 1.2 C-D 1.2 No
£ 20 20112055 | NoData | - | NoData | -
L 25
- 2016 05 F 04 No
3.0
. a2 2017 0.8 D 0.7 No
mmm Secchi Disk Depth === Shallow Lake Standard e Expected High === Expected Low
\_ J
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Pioneer Lake | Total Phosphorus | Expected Range: 250-500 },LS/L | Shallow Lake Standard: 60.0 },LS/L

4 N
N Total Phosphorus e===Shallow Lake Standard e====Expected High e Expected Low
160.0 140.0 = - —
: o B o a RNy
—_ . 0 n ™
5 1400 120.0 120.0 g8 gAS £8P
2 120.0 110.0 ?g‘é’ gy D qu
% <3 <5 33
5 100.0 = 2
o
EL 80.0 1.0 2009 310.6 F 344.6 No
2 60.0 60.0
& 500 2010 184.5 F 184.5 No
‘g 100 2011-2015 No Data - No Data -
= 200 23.0
2016 156.0 F 183.3 No
0.0
5/31 6/30 7/31 8/29 9/30 2017 110.2 D 122.5 No
2017 Samples
\_ )
Pioneer Lake | Ammonia Nitrogen | E.xpectecl Range: None | Shallow Lake Standard: None
4 )
B Ammonia Nitrogen
0.600
%D 0.500 0.480
€
‘g’ 0.400 Average
gn n18/L
i 0.300
z 2009-2015 | NoData
Ri} 0.200 0.170
s Lelei 2016 018
€ 0.087
£0100  ooss . l 2017 019
o N ]
5/1 6/1 7/1 8/1 9/1
2017 Samples
\_ )
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Pioneer Lake| Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

N
® Temperature
90.0 75.9 78.1 3.9 Avcueyage
80.0 ° ° ' F
[ ]

70.0 60.1 60.1
& 60.0 ° ° 2009 6817
g °00 2010 610
5 40.0
8 300 2011-2015 No Data

200 2016 698

10.0

0.0 2017 696

5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
J

Pioneer Lake | General Observations

Month Physical Condition Rec-reat-io-nal Color of Filter Paper”
Suitability
2 2
Vi Low Algac Good Malted
June Low jilgae Ffir Eiderdown
5] 5] . .
July Medium Algae Fair Dried Chamomile
August 5 5 Parchment Paper
Medium Algae Fair P
%) %)
September Medium Algae Fair Cornichon

"See page 14 for explanation of color classification
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Ra]aour Lake

Lake 13-0079-00 Site 201

2017 Report Card:
Shallow Lake
Lake Classification Eutrophic
i Meets MPCA Standards No
303(d) Listing Not Assessed
2017 Ranking 26 of 50
Overall Lake Quality Grade
2011 2012 2015 2014 2015 2016 2017
NA NA NA D C D C
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 621 576 6359 612
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Maq—Sept) 248 pg/ L 1.2 meters 6350 pg/ L -
Grade C C-D C C
MPCA Standard (Shallow) 200 pg/ L >10 meter 60.0 pg/ L ~
2017 Average (J une—Sept) 286 pg/ L 11 meters 675 pg/ L ~
Meets Standard No Yes No No
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Rabour Lake | Chlorophyll-a | Expected Range: 50-220 },LS/L | Shallow Lake Standard: 20.0 ug/L

= = 1

U o v T

g4 F g49 §42

g > 9 5 3¢9 s 5o

<s <2~ a8
2014 234 C 26.3 No
2015 28.4 C 33.0 No
2016 36.0 C 431 No
2017 24.8 C 28.6 No

248 NS
<g= 223 =g
2009 0.9 D 0.8 No
2010 1.6 C 1.5 Yes
20112015 | No Data - No Data -
2016 1.0 D 0.0 No
2017 1.2 C-D 1.1 Yes

( )
mm Chlorophyll-a e Shallow Lake Standard e====Expected High e===Expected Low
40.0
34.8
35.0 32.4
Q 30.0
2 24.6
‘; 25.0 22.4
- 22.
> 20.0 20.8
=
S 15.0
5 9.7
<= 10.0
O
0.0
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ )
Rabour Lake | Secchi Disk Depth | Expected Range: 15-32 meters | Shallow Lake Standard: >1.0 meter
( )
2017 Samples
5/22 6/27 7/24 8/31 9/27
0.0
0‘5 I
% 10 1.0
3
g 1.5 . 1-5
< 20
o
o 25
3.0
3.2
35
mmm Secchi Disk Depth e Shallow Lake Standard e Expected High e Expected Low
\_ W,
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Rabour Lake | Total Phosphorus | Expected Range: 250-500 },Lg/L | Shallow Lake Standard: 60.0 },Lg/L

( )
mm Total Phosphorus e===Shallow Lake Standard e==Expected High e==Expected Low - - —
0 o Qo no Ny
0 0,9 D0 0 a E )
90.0 SR RN o5 £
81.0 9 A WD 9 ¢ D 9 g
80.0 2@ 2 rE A 223
= 69.0 <= <= »Z
% 70.0 64.0
3
% 60.0 26.0 60.0 2009 84.2 D 90.5 No
2 45.0
e 50.0 50.0 2010 65.4 C 68.0 No
[oX
g 00 2011-2015 | No Data - No Data -
o 30.0
T 200 23.0 2016 93.2 D 106.8 No
2 20.
~ 100 2017 63.0 C 67.5 No
0.0
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ )
Rabour Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
4 N
B Ammonia Nitrogen
0.120
) 0.100
%0 0.100
£ 0.079 0.082
S 0.080
S 0.060 0.061 2014 005
== 0.046
=z 2015 005
-g 0.040
S 2016 026
€ 0.020
E 2017 007
0.000
5/22 6/27 7/24 8/31 9/27
2017 Samples
\_ /
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Rabour Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

Rabour Lake | General Observations

N
@® Temperature

100.0

90.0 78.1 Aveyage

80.0 ® 72.0 °F

66.0

_. 700 L °
= oo s 2014 708
g s00 : 2015 683
g 400 2016 606

30.0

50.0 2017 644

10.0

0.0

5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
J

Physical Condition Rgc’;é]‘:ftj‘l Color of Filter Paper’
May Low filgae G;Zo J Dried Chamomile
LS Medinn Algae o Calabash
Ul Highji\lgae oo Sultana
gt Highilgae Pjor Beach Grass
September Mot Algac o Cornichon

"See page 14 for explanation of color classification
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East Rush Lake

Lake 15-0069-01 Site 207

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
303(d) Listing Impaired
Meets MPCA Standards No
2017 Rankin8 230130
Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
NA D C D C C C
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 611 520 644 502
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 224 ug/ L 17 meters 654 pg/ L -
Grade C C C C
MPCA Standard (Deep) 140 ug/L >14 meters 400 ug/L ~
9017 Average (J une~Sept) 976 pg/ L 1? meters 733 ug/ L ~
Meets Standard No No No No
4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending
80.0
« 70.0 e 3 65.0 61.6 613 592
B 60.0 ~ “T B -- ———a - _
@ 50.0
& 40.0
E 30.0
S 200
F 100
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ /
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4 N
mmmm Chlorophyll-a === Deep Lake Standard e Expected High === Expected Low Clﬂoropl1uﬂ~a
60.0 ’ East Rush Lake
— 50.0
b
= 400 Expected Range:
zl> 30.0 66 24.4 50-220 ug/L
16.
g- 20.0 22.0
s 13.8
G 100 17 l . e Deep Lake Standard:
5.0
0.0 — 140 ug/L
5/22 6/27 7/24 8/23 9/29
2017 Samples
\_ J
2009 2010 2011 2012 2015 2016
May-Sept Average (ng/L) NoData | NoData | NoData | 54.4 40.4 31.6 32.0 28.1 22.4
Grade - - - D C C C C C
June-Sept Average (ng/L) | NoData | NoData | NoData | 655 | 49.0 35.8 39.5 34.9 27.6
Meets Standard (14.0 },1.8/1_.) ~ ~ ~ No No No No No No
4 )
Cl‘llOYOpl‘le H—'d Trencl
s Chlorophyll-a Standard = = =Trending
/0.0 65.5
60.0 =~
S~a 49 0
— 50.0
b,
= 39.5
e 400 35.8 = 34.9
z T
S 300 ~._ 76
S
< S e
© 200 SRS
14.0
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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( )
5/22 6/27 7/24 8/23 9/29 East Rush Lake
0.0
g =
1.0 0.6 Expected Range:
-+ 0.8
S 15 1.4 15-32 meters
= 1.2 1.5
220
e
B 2.5 23 Deep Lake Standard:
(O] .
o
3.0 ™ >14 meters
3.5
4.0 3.8
I Secchi Disk Depth e===Deep Lake Standard e====Expected High === Expected Low
\_ J
2009 2010 2011 2012 2015 2016 2017
May-Sept Average (Meters) No Data | No Data | No Data 0.8 1.5 1.0 1.8 1.6 1.7
Grade - - - D C D C C C
June-Sept Average (Meters) | No Data | No Data | NoData | 0.7 1.3 0.9 1.2 0.9 1.2
Meets Standard (>1.4 meters) ~ ~ ~ No No No No No No
4 )
Secchi Disk Clarity Trend
Annual Average
2012 2013 2014 2015 2016 2017
0.0
0.2
0.4
g 0.6
@
208 0.7
£ ---------
0 T -----_ 0.9
[ -
09 [ - --<o__
1.2 =
1.2 1.2
1.4 1.3 1.4
1.6
N Secchi Disk e Standard = = =Trending
\_ J
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4 N
m Total Phosphorus e Deep Lake Standard essExpected High esExpected Low TOta‘l P].‘lOS’Dl‘lOlqu
100.0 East Rush Lake
89.0
90.0 84.0
?2 jg'g 68.0 Expected Range:
g 60.0 e 235.0-500 ug/ L
5 500 T 50.0
2 400 40.0 Deep Lake Standard:
— 30.0
m©
8 200 23.0 400 ng/L
10.0
0.0
5/22 6/27 7/24 8/23 9/29
2017 Samples
\_ )
2009 2010 2011 2014 2015
May-Sept Average (ng/L) | NoData | NoData | NoData | 900 [ 890 | 972 | 864 81.2 65.4
Grade ~ ~ ~ D D D D D C
June-Sept Average (ng/L) | NoData | NoData | NoData | 101.3 | 97.3 | 1100 | 755 97.3 73.3
Meets Standard (400 },Ls/L) - ~ - No No No No No No
4 )
Total Phosphorus Trend
mmmmm Total Phosphorus Standard = = =Trending
120.0 110.0
- 1013
~~~~~ 97.3
1000 e T =+ o 973
= = B BN O ---- 73.3
E 80.0 LA el
2 =
1<)
< 600
g
2 400 40.0
°
'_
20.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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East Rush Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

/ N\ Average
Ammonia Nitrogen Trend mg/L
. I Ammonia Nitrogen = = =Trending 2009-2011 NoData
D 008 2012 007
g > by 4
=00 Y b0 007 2013 005
) 4
g 0.06 005 o0 I 2014 004
2 00 2015 002
.g 0.04
g 0.03 0.02 2016 006
g 0.02 2017 007
0.01 I
0
2012 2013 2014 2015 2016 2017
Annual Average
\_ Y,

2017 Sample /24 8/25
Ammonia Nitrogen (mg/ L) 0.099 0.065 0045 0.026 0.094
East Rush Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None
( )
@ Temperature
Average 100.0
°F 90.0 80.1
2000-2011 | NoData 800 ° 720
70.0 L 64.9
2012 706 n 60.1 .
< 60.0 °
2013 730 ¢ . 460
2014 706 SR o
8 40.0
2015 6838
30.0
2016 616
20.0
2017 648 00
0.0
5/5 5/25 6/14 7/4 7/24  8/13 9/2 9/22  10/12
2017 Samples
\_ J
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General Observations | East Rush Lake

Month Physical Condition R;::Ejj:ﬁ f;ll Color of Filter Paper”
2 2 :
May Low Algae Good Chopstick
3 3
June Medium Algac Fair Beach Grass
4 4
July High Algae Poor Parchment Paper
August 4 4 Beach Grass
High Algae Poor
4 4
September High Algae Poor Cornichon

"See Page 14 for explanation of color classification

East Rush Lake| Sulfate | Expected Range: None | Deep Lake Standard: None

( N
M Sulfate
4.0 3.5 3.6 3.4
J 30 25 28
£
3 20 2015 518
3 10 2016 422
0.0 2017 316
5/22 6/27 7/24 8/23 9/29
2017 Samples
\_ /
East Rush Lake | Total Iron | Expected Range: None | Deep Lake Standard: None
( N
H Total Iron
200.0
= 149.0
Eo 150.0 124.0 124.0
— 99.3
S 1000 1o 2015 0.07
S s00 I 2016 1144
T o 2017 1135
5/22 6/27 7/24 8/23 9/29
2017 Samples
\_ W
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West

RLISl‘l Lake

Lake 13-0069-02 Site 204

2017 Report Card:
Deep Lake

Lake Classification Eutrophic
Meets MPCA Standards No
303(d) Listing Impaired
2017 Ranking 2201350
Overall Lake Quality Grade
2011 | 2012 [ 2015 | 2014 | 2015 | 2016 | 2017
NA D C D+ C C C
C11lorophgll~a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 60.0 532 6238 581
Classification Eutrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag -Sept) 201 ug/L 1.6 meters 584 ug/L ~
Grade C C C C
MPCA Standard (Deep) 140 ug/L >14 meters 400 ug/ L ~
2017 Average (J une~Sept) 246 pg/ L 11 meters 6253 pg/ L ~
Meets Standard No No No No
( )
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-Eutrophic mmmmmm Overall = = =Trending
80.0
66.4
Y e —-o8ls _ = 60.6 59.6 58.7
3 600 T === -=-- = s
= 500
g 40.0
£ 300
2 200
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ /
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4 N
s Chlorophyll-a es===Deep Lake Standard e Expected High === Expected Low Clﬂoropl1uﬂ~a
50.0 47.6 West Rllsh Lake
45.0
= :2'2 Expected Range:
[sTs) .
% 300 50-220 ug/ L
% 25.0 213 17.7 22.0
g 20.0 Deep Lake Standard:
9 150 11.7 14.0
S 10.0 140 }18/1_
5.0 2.0 5.0
0.0 —
5/22 6/27 7/24 8/23 9/29
2017 Samples
\_ )
2009 2010 2011 2012 2013 2014 2015 2016 2017
May-Sept Average (ng/L) | NoData | NoData | NoData | 57.2 47.6 33.0 38.6 244 20.1
Grade ~ ~ - D C C C C C
June-Sept Average (ng/L) | NoData | NoData | NoData | 67.8 59.3 39.8 47.8 29.5 24.6
Meets Standard (140 ug/]_.) ~ ~ ~ No No No No No No
4 N\
ClllOYOpLJ H—'d Trend
mmmm Chlorophyll-a Standard = = =Trending
80.0
70.0 e B
- 59.3
— 60.0 =
' =~ 47.8
=500 S~ :
Bl 39.8 T ~
> 40.0 ~
< -~
S =95
E’ 30.0 ™ = - 24.6
ey
e I I -
= 14.0
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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4 N
2017 Samples Secchi Disk Depth
5/22 6/27 7/24 8/23 9/29 West Rush Lake
0.0
1B
o Expected Range:
: 0.8
n e 0.9 14 15-32 meters
[0} . :
2 15 1.1 1.5
220
< Deep Lake Standard:
Q 25
a >14 meters
3.0
3.2
3.5
4.0 3.7
s Secchi Disk Depth e== Deep Lake Standard e===Expected High === Expected Low
\_ )

2009 2010 2011 2012 2015 2014 2015 2016 2017

May-Sept Average (Meters) | No Data | No Data | NoData [ 0.9 2.0 1.2 2.0 1.8 1.6
Grade - - - D C C-D C C C
June~Sept Average (Meters) No Data | No Data | No Data 0.7 0.9 1.0 14 1.3 1.1
Meets Standard (>1.4 meters) ~ ~ ~ No No No No No No
4 N
Secchi Disk Clarity Trend
Annual Average
2012 2013 2014 2015 2016 2017
0.0
0.2
0.4
;f» 0.6
© =
208 N e
= 0.7 TE=
§- 1.0 0.9
1.2
1.4 === 1.4
1.6
N Secchi Disk === Standard = = =Trending
\_ J
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4 N\
m Total Phosphorus e Deep Lake Standard e Expected High e Expected Low TOtal P].‘lOS’Dl‘lOYuS
90.0 82.0 West Rush Lake
78.0

800
=
% 70.0 Expected Range:
& 60.0
5 50.0 51.0 23.0-500 ug/ L
(c__) 50.0 50.0
o
2 40.0 310 40.0
& 300 Deep Lake Standard:
© 23.0
g 20.0 400 }18/1_

10.0

0.0
5/22 6/27 7/24 8/23 9/29
2017 Samples
\_ J

2009 2010 2011 2012 2015

May-Sept Average (ng/L) | No Data | NoData | NoData | 80.0 | 70.8 82.2 69.6 65.4 58.4

Grade ~ ~ ~ D D D D D C

June-Sept Average (ng/L) No Data | NoData | NoData | 88.0 77.5 92.0 81.3 81.5 62.3

Meets Standard (400 ug/]_.) ~ ~ ~ No No No No No No
4 N
Total Phosphorus Trend
I Total Phosphorus Standard = = =Trending

100.0 92.0

90.0 - _ _ 80

T <= - o 81.3 81.5

— 80.0 77.5 - -
— - - -
00 S B B B B ---
= 70 62.3 T
5 600
2
S 500
(%]
2 400 40.0
[a W
T 300
(o]
= 200

10.0

0.0
2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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West Rush Lake | Ammonia Nitrogen | Expected Range: None | Deep Lake Standard: None

4 N\
Ammonia Nitrogen Trend
0.12
0.10
< 010 2009-2011 | NoData
[eTo]
£
‘5’ 0.08 - - -007 _ 0.07 2012 010
FE T e 0.06 0.06
£ 006 Q0 _ _ o 2013 007
E 0.04 2014 004
< 0.04
€ 2015 006
£om
2016 007
0.00 2017 006
2012 2013 2014 2015 2016 2017
Annual Average
\_ )

2017 Sample

/24

Ammonia Nitrogen (mg/ L)

0.096

8/25

0045 0065 0.029

0.071

West Rush Lake | Surface Water Temperature | Expected Range: None | Deep Lake Standard: None

Average
°F
2009-2011 | NoData
2012 706
2015 742
2014 706
2015 6838
2016 (006)
2017 649

4 N
® Temperature
100.0
90.0 81.0
80.0 L 73.0
70.0 [ J 64.9
. 57.9 [
=~ 60.0 °®
[%]
8 500 46.0
ED [ J
2 40.0
30.0
20.0
10.0
0.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\_ J
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General Observations

West Rush Lake
. " Recreational . .
Month Pln] sical Condition Ny Color of Filter Paper
Suitability
May 2 2 No Data No Data
Low Algae Good
o) 5]
June Medium Algae Fair Beach Grass
4 4
Julg High Algae Poor Malted
4 4
August High Algae Poor Beach Grass
5] 5]
September Medium Algae Fair Cornichon
"See page 14 for explanation of color classification
West Rush Lake| Sulfate | Expected Range: None | Deep Lake Standard: None
\
M Sulfate
3.0
T 25 21 24 2.3
féj 2.0 1.6 1.6 2015 39
o 15
& 10 2016 25
A 0.5
0.0 2017 20
5/22 6/27 7/24 8/23 9/29
2017 Samples
/
West Rush Lake | Total Iron | Expected Range: None | Deep Lake Standard: None
\
H Total Iron
,\ 100.00 e Average
< 80.00 mg/L
ab ’ 62.7
£ 6000 e 260
c : 2015 005
£ 40,00
g 50.00 2016 653
0.00 2017 605
5/22 6/27 8/23 9/29
2017 Samples
/
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SCl‘lOOl Lake

Lake 13-0044-00 Site 201

2017 Report Card:
Shallow Lake

Lake Classification Mesotrophic
Meets MPCA Standards Yes
303(d) Listing Not Impaired
2017 Ranking 50130
Overall Lake Quality Grade”
2008 2009 2010-2015 2016 2017
D- F NA B B+
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 379 450 515 448
Classification Oligotrophic Mesotrophic Eutrophic Mesotrophic
Q017 Average (May-Sept) 21 ng/L 28 meters 267 ng/L _
Grade A B B B+
MPCA Standard (Shallow) 200 ng/1. >10 meter 600 ng/L _
Q017 Average (June-Sept) 14 ng/L 32 meters 7 0ng/L -
Meets Standard Yes Yes Yes Yes

"Grade may be artificially low due to shallow total depth or aquatic vegetation
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School Lake | Chlorophyll-a | Expected Range: 50-220 ug/L | Shallow Lake Standard: 20.0 ug/L

- - —

% & & PRI

g8 FR AN
O & 0 O o O 9 =

2 g = > 52| = 89

<2 <27 T2%
2008 84.5 84.6 No
2009 72.3 76.8 No
2010-2015 No Data No Data -
2016 2.0 2.1 Yes
2017 2.1 1.4 Yes

o A
O o 2
g 8
o &0
>§§:
<=

Meters

Average
(.] une-Sept)

Meets
Standard

> meter

2008 0.4 0.4 No
2009 0.4 0.4 No
2010-2015> | No Data No Data -
2016 1.6 1.6 Yes
2017 2.8 3.2 Yes

"Grades may be artificially low due to shallow total depth or

4 N
mm Chlorophyll-a e Shallow Lake Standard essExpected High e Expected Low
25.0
. 22.0
I 200 200
o
=2
© 15.0
=
S 100
g 10
o 3.5
5§ 50 T 50
. 1.0
6/5 6/30 9/9
2017 Samples
\_ J
School Lake | Secchi Disk Depth | Expected Range: 1.9-3.2 meters | Shallow Lake Standard: >1.0 meter
4 N
2017 Samples
6/5 6/30 9/9
0.0
0.5
—~ 1.0 1.0
&2
gas 1.5
(]
220
_*g_ 2.5 2.1
a
3.0 2.7
3.2
3.5
4.0 3.7
I Secchi Disk Depth e=== Shallow Lake Standard === Expected High === Expected Low
\_ J

aquatic vegetation
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School Lake | Total Phosphorus | Expected Range: 250-500 },Lg/l_. | Shallow Lake Standard: 60.0 },Lg/L

4 N\
m Total Phosphorus === Shallow Lake Standard e====Expected High =====Expected Low P P
o B o 2 . <
O CEREL
jry O & O O o D O 5
S5 60.0 60.0 » g A > g 2 d <
E: 3 iE% 2328
— 50.0 50.0 = =
>
S 40.0
% 29.0 s 2008 191.0 F 190.8 No
g 300 : 2009 217.0 F 221.8 No
& 200 23.0
= 2010-2015 | No Data - No Data -
5 10.0
= oo 2016 23.0 B 20.8 Yes
6/30 9/9 2017 26.7 B 27.0 Yes
2017 Samples
\_ )
School Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
4 N\
B Ammonia Nitrogen
0.060 0.054
%D 0.050 0.045
E
gc)DO.OllO 0.033
o
5 0.030
= 2008-2015 | NoData
5 0020 2016 006
g 0.010 2017 004
0.000
6/5 6/30 9/9
2017 Samples
\_ M
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School Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0
5/25

Degrees (°F)

@ Temperature

6/14 7/4 7/24
2017 Samples

8/13 9/2

N
® 75.9
Average
°F
2008-2015 | NoData
2016 748
2017 59
9/22
J

School Lake | General Observations

Month Physical Condition Rec-reat-io-nal Color of Filter Paper”
Suitability
2 5]
May Low Algae Fair No Data No Data
June 2 5 Toasted Marshmallow
Low Algae Fair

July No Data No Data No Data No Data

August No Data No Data No Data No Data
September Low ilgae F:ir Bamboo

"See page 14 for explanation of color classification
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Spider Lake-East

Lake 13-0019-00 Site 202

2017 Report Card:
Shallow Lake

Lake Classification Mesotrophic
Meets MPCA
* Standards Yes
305(d) Listing Not Impaired
2017 Ranking 4 of 50
Overall Lake Quality Grade”
._ 2011 2012 2015 2014 2015 2016 2017
' C C c | c+ C B B+
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 569 465 505 4406
Classification Oligotrophic Mesotrophic Eutrophic Mesotrophic
2017 Average (May-Sept) 19ng/L 20 meters 2481g/L -
Grade” A B B B+
MPCA Standard (Shallow) 200 ng/L >10 meter 60.0ng/L -
2017 Average (June-Sept) 16ng/L 20 meters 2481g/L -
Meets Standard Yes Yes Yes Yes

*Grade may be artificially low due to shallow total depth or aguatic vegetation

4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmmm Overall = = =Trending

80.0

70.0
x - _ _589 2 55.7
(3] - - o .
B 60.0 - - _ 507 53.6
- 50.0 = — -_ _45.6 44.6
12 T T " - -
&2 40.0 --
o
‘= 30.0
=%
2 20.0
-

10.0

0.0

2011 2012 2013 2014 2015 2016 2017
Annual Average
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4 N\
s Chlorophyll-a e Shallow Lake Standard e Expected High e Expected Low
Chlorophuyll-a
22.0 Spider Lake-East
= 20.0 20.0
S~
[eTY]
% 15.0 Expected Range:
z> 50-220 118/ L
? 10.0
o
S 5, . Shallow Lake Standard:
' 3.0 2.0 '
1.1 2.4 1.0 200ng/L
0.0 . | - - |
5/10 6/7 7/28 8/31 9/21
2017 Samples
\_ J

2015 2016 2017

May-Sept Average (ng/L) No Data No Data 164 23.8 12.0 3.8 104 2.7 1.9
Grade - - B C B A B A A
June-Sept Average (ng/L) | NoData | No Data 17.0 255 | 125 4.0 12.0 2.8 1.6
Meets Standard (20.0 ug/L) ~ ~ Yes No Yes Yes Yes Yes Yes
4 N
Chlor O})l’lLJ H~a Trend
mmmmm Chlorophyll-a Standard = = =Trending
30.0
25.0

K, 20.0 N ’

g 57, 0 20.0

2 1z 5

;>~ 15.0

< 12.0

o ~

2 100 S S

< ~

(@) -~

5.0 wl L8
. T~_. 16
0 H
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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4 N
2017 Samples SeCChi DlSk Depth
oo 5/10 6/7 7/28 8/31 9/21 SpiderLake~East
0.5
< 10 1.0 Expected Range:
[
g 1o . L5 15-32 meters
=20 >
e
S 25
8 30 26 26 o - Shallow Lake Standard:
3.5 >1.0 meter
4.0 3.5
s Secchi Disk Depth s Shallow Lake Standard e Expected High == Expected Low
\_ )

2009 2010 2011 2012 2015 2014 2015 2016

May-Sept Average (Meters) No Data | No Data 1.2 0.9 1.6 2.1 2.1 2.6 2.6
Grade - - C D C C C B B

June-Sept Average (Meters) NoData | NoData | 1.2 0.9 1.7 2.1 2.0 2.7 2.6
Meets Standard (>10 meter) - ~ Yes No Yes Yes Yes Yes Yes

"Grade may be artificially low due to shallow total depth or aquatic vegetation

4 )
Secchi Disk Clarity Trend
Annual Average
2011 2012 2013 2014 2015 2016 2017
0.0
0.5
R -~
-~

1.0 = 1.0
- ~<_09
g 15 1.2 TS~o
: o
% 2.0 1.7 ~< -
a 2.1 200 S~

25 -

-~ -~ -
3.0 2.7 2.6 S~ -
3.5
I Secchi Disk e Standard = = =Trending
\_ )
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é A
m Total Phosphorus === Shallow Lake Standard e Expected High e Expected Low TOt(:ll P].‘lOSDl‘lOl’uS
70.0 Spider Lake-East
= 60.0 60.0
[eTs)
= 500 50.0 Expected Range:
5 400 230-500 ng/L
c
2 30.0
c
% 20.0 e Shallow Lake Standard:
S 100 I 60.0 ng/L
0.0
5/10 7/28 8/31 9/21
2017 Samples
\. y,

2009 2010 2011 2012 2015 2014 2015 2016 2017

May-Sept Average (ng,/L) NoData | NoData | 550 | 624 | 43.6 46.0 41.0 24.8 24.8
Grade - - C C C C C B B
June-Sept Average (ug/L) No Data | No Data 52.0 56.8 40.0 42.5 42.5 25.5 24.8
Meets Standard (600 ug/L) ~ ~ Yes Yes Yes Yes Yes Yes Yes
4 N
Total Phosphorus Trend
s Total Phosphorus Standard = = =Trending
70.0
60.0 — sl 60.0
%; 50.0 40.0
=2 ~ - 425 425
3 40.0 = -
o -~
S ~_ 255
o 30.0 S ~a 24.8
ey S~
[a W -~
TU -
£ 20.0
'_
0.0
2011 2012 2013 2014 2015 2016 2017
Annual Average
\_ J
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Spider Lake-East | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None

Ammonia Nitrogen Trend

mmms Ammonia Nitrogen = = =Trending

__0.08

-

3 0.07

£ 0.06

C

@ 0.05
0.04

=2

< 0.03

S 0.02

£ 001

< 0.00

pud
o)

0.02

2013

0.01

2014 2015
Annual Average

2011 2012

3
Average
mg/ L
2000-2010 | NoData
2011 004
0.06 2012 007
0.05
2013 002
- 2014 003
2015 001
2016 006
2016 2017 2017 005
y.

2017 Sample

Ammonia Nitrogen (mg/ L) 0065

7/28
0058

8/31

0.065 0038

0.045

Spider Lake-East | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

4 N
® Temperature
100.0
Average 90.0 82.0
"F 80.0 ®
68.0 68.0
2009-20101 No Data 70.0 63.0 ° °
2011 632 = 600 sa0 @
« °
2012 726 §D 50.0
2013 726 4 400
2014 708 200
20.0
2015 685
10.0
2016 60.0 00
2017 670 4/15 5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
\_ /
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General Observations

Spider Lake-East

Month Physical Condition Rsec’f:]‘:ftjl Color of Filter Paper
May Low ilgae G;Zo J Chopstick
June Low filgae G;Zo J Rice Paper
July - VergIGoo | Heavy Cream

August Cllear VergIGoo d Chopstick

September Cllear VergIGoo d Malted

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 655 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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Spider Lake-West

Lake 15-0019-00 Site 201

2017 Report Card:
Shallow Lake

Lake Classification Mesotrophic
Meets MPCA Standards Yes

* | 303(d) Listing Not Impaired
2017 Ranking 20130

Overall Lake Quality Grade”
2008 | 2009 | 2010 | 2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
C+ B- | NA[NA |BC| B C+ | B- B B

Chlorophyll-a SecchiDisk Depth ~ Total Phosphorus Overall

Trophic State Index 236 472 501 456
Classification Oligotrophic Mesotrophic Eutrophic Mesotrophic
2017 Average (May-Sept) 14us/L 24 meters 242 ng/L -
Grade’ A B B B
MPCA Standard (Shallow) 200us/L >1.0 meter 60.0ns/L -
2017 Average (June-Sept) 14uws/L 24 meters 2451s/L ~
Meets Standard Yes Yes Yes Yes

"Grade may be artificially low due to shallow total depth or aquatic vegetation

4 N
Overall Trophic State Index Trend
Oligotrophic Mesotrophic Eutrophic Hyper-eutrophic mmmmm Overall = = =Trending
80.0
70.0
3 60.0 53.7
2 oo S 49.1 : °1.8 47.1
o 500 T eyt T T Sl — = - _—— - __ 436
- === 4= = B BB O v e—ee-e-
2 40.0
(S}
‘= 30.0
Q.
2 20.0
-
10.0
0.0
2012 2013 2014 2015 2016 2017
Annual Average
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4 N\
mm Chlorophyll-a e Shallow Lake Standard e Expected High === Expected Low Chloropl1uﬂ~a
25.0 Spider Lake-West
— 22.0
= 20.0 20.0
= -, Expected Range:
@ .
B 50-220 ug/ L
a 10.0
o
o
_LS >0 1.4 1.0 1.3 1.7 1.4 >0 Sl’l("l].lOW Lake Stdl‘ld&lfdl
0.0 [ — [ [ [ 200 ns /L
5/10 6/7 7/28 8/31 9/21
2017 Samples
\_ J

2009 2010 2011 2012 2015 204 2015 2016 2017

May-Sept Average (ng/L) 162 | 6.7 | NoData | No Data 3.8 3.4 8.8 7.6 2.9 1.4
Grade C A - - A A A A A A
June-Sept Average (ng/L) 173 | 72 | NoData | NoData | 4.5 3.8 10.5 9.0 1.2 1.4
Meets Standard (?OO ug/L) Yes Yes ~ ~ Yes Yes Yes Yes Yes Yes
4 )
Chlorophg 11-a Trend
mmmmm Chlorophyll-a Standard = = =Trending
25.0
20.0 20.0

— 17.3

=

oo

2150

T

z T - 10.5 9.0

[=} - .

© 10.0 S ~< o

Ie] Ts~ao

6 7.2 S - --_

2.0 43 3.8 -~ -
l . 1.2
0.0 [ |
2008 2009 2012 2013 2014 2015
Annual Average
\_ /
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4 N .M.
2017 Samples Secchi Disk Depth
5/10 6/7 7/28 8/31 9/21 Spider Lake-West
0.0
0.5
% 10 1.0 Expected Range:
£ 15 1.5 15-32 meters
=
=20 1.8
r=] 2.1
g 2> 2.3 Shallow Lake Standard:
0 3.0 2.6
35 52 >1.0 meter
3.4
4.0
mmm Secchi Disk Depth e===Shallow Lake Standard === Expected High e===Expected Low

\_ /

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

MaLJ~Sept Average (Meteys) 1.2 No Data | No Data No Data 1.9 1.9 2.0 2.3 2.2 1.4

Grade” C ~ ~ ~ C C C C B-C A

June—Sept Averase (Meteys) 1.3 No Data | No Data No Data 1.9 1.9 1.9 2.1 2.0 1.4
Yes

Meets Standard (>1.0 meter) Yes ~ ~ ~ Yes Yes Yes Yes Yes

*Grade may be artificially low due to shallow total depth or aquatic vegetation

4 )
Secchi Disk Clarity Trend
Annual Average
2008 2012 2013 2014 2015 2016 2017
0.0
0.5
v
210 1.0
(]
2
S 15
) 13 14
o @ m s e e em - - - -
2.0 s 1.9 1.9 20
’ 21 ’
2.5
N Secchi Disk e Standard = = =Trending
\_ W,
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Total Phosphorus
Spider Lake-West

\
m Total Phosphorus e Shallow Lake Standard e Expected High e Expected Low
70.0
o 60.0 60.0
<
o
= 500 50.0
(%]
2
5 40.0
ey
>
2 30.0
ey
a
f_B 20.0
o
= 10.0
0.0
5/10 7/28 8/31 9/21
2017 Samples
W,

2008 2009 2010 2011

Expected Range:
230-500ng/L

Shallow Lake Standard:
60.0 ug/ L

May-Sept Average (ng/L) 50.0 | 580 | NoData | NoData | 352 | 31.8 | 452 | 356 | 264 | 24.2
Grade C C - ~ C B C C B B
June-Sept Average (ng/L) 50.1 | 57.3 | NoData | NoData | 355 | 323 | 490 | 340 | 265 | 243
Meets Standard (600 ug/L) Yes Yes ~ ~ Yes Yes Yes Yes Yes Yes
( N
Total Phosphorus Trend
s Total Phosphorus Standard = = =Trending
70.0
60.0 60.0
— -~ 50 1
% 50.0
=2
2 400
2 555 323
a 265
S 300 - o 243
[a W
3 200
o
-
10.0
0.0
2008 2009 2012 2013 2014 2015 2016 2017
Annual Average
\_ )
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Spider Lake-West | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None

4 N
Ammonia Nitrogen Trend Average
n18/ L
mmmmm Ammonia Nitrogen = = =Trending
2000-2011 | NoData
= 009 0.08 0.08
£ 007 2013 003
o ggi 004 __ 005 | 2014 004
Z 004 - 2015 002
© 0.03
§ 003 0.02 2016 005
€ 0.02
£ sor I . 2017 008
0.00
2012 2013 2014 2015 2016 2017
Annual Average

2017 Sample 8/31

Ammonia Nitrogen (mg/ L) 0.099 0160 0.066 0057 0.018

Spider Lake-West | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

é A
® Temperature
100.0
Average 90.0 82.9
: °
F 80.0 s 700 g
2009-2011 [ NoData _ e s . * o
2012 726 e .
g 500
2013 756 &
g 400
2014 716 300
2015 703 50.0
2016 60.0 10.0
2017 680 0.0
4/15  5/5 5/25 6/14 7/4 7/24 8/13 9/2  9/22 10/12
2017 Samples
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General Observations

Spider Lake-West

Physical Condition RSeLT:;é]l;cllﬁ rjl Color of Filter Paper
May 1 1 Heavy Cream
) Clear Very Good )
2 2 :
June Low Algac Good Macadamia
1 1 :
July Cleay Very Good Macadamia
1 1 :
August Cloar Very Good Chopstick
1 1 :
September Cloar Very Good Chopstick

Explanation of Color Classification

During each sample, water was run through filter paper. Algae remain on filter paper. The color of the filter paper was

compared to paint samples and matched as closely as possible. The averages for Chlorophyll-a, Secchi transparency, and
Phosphorus concentration for each color were determined from the average values of the samples within that color. The
chart shown on page 14 is sorted according to phosphorus concentrations from lowest to highest. Only colors with 10 or
more samples collected were included in the chart. A total of 633 samples were collected. There is a correlation between

the algae color on the filter paper and the concentrations of Chlorophyll-a, Secchi transparency, and Phosphorus.
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SW("I mp Lake
Lake 13-0016-00 Site 201

2017 Report Card:
Shallow Lake

L ! ] Lake Classification Eutrophic
— Y
."‘Lf; A~ L : Meets MPCA Standards Yes
) . ‘ 1 303(d) Listing Not Assessed
- o 2017 Ranking 1204350
‘ | ‘ T Opverall Lake Quality Grade”
RN 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
NA NA NA NA NA C- C
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 4392 618 525 525
Classification Mesotrophic Eutrophic Eutrophic Eutrophic
2017 Average (Mag ~Sept) 30ng /L 0.9 meters 286 1g /L ~
Grade’ A D B C
MPCA Standard (Shallow) 200 ug/ L >1.0 meter 60.0 ug/ L ~
2017 Average (J une—Sept) 35 pg/ L 0.9 meters 205 ug/ L ~
Meets Standard Yes No Yes Yes

"Grade may be artificially low due to shallow total depth or aguatic vegetation
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Swamp Lake | Chlorophg ll-a | E.xpected Rangez 50-220 ug/L | Shallow Lake Standard: 20.0 ug/L

4 )
mm Chlorophyll-a === Shallow Lake Standard e===Expected High e==Expected Low
25.0 — — .
0 B o B RNy
_ 22.0 0 @, 0 0 2 3 D
I 200 20.0 AN THS o3 2
od O & D 0 o D 9 g
% B & 52 > 2
© 15.0 > 53 2 &
=
S 10,0 2008-2015 | No Data - No Data -
o
i) 2016 204 C 25.0 No
S 50 4.0 4.0 4.1 4.0 50
H « B B B 1| w6 | A | e | v
0.0
5/29 7/20 7/27 8/30 9/25
2017 Samples
\_ W,
Swamp Lake | Secchi Disk Depth | Expected Range: 13-3.2 meters | Shallow Lake Standard: >1.0 meter
( N
2017 Samples
oo 5/29 7/20 7/27 8/30 9/25 ‘S)O':E; ) %Té ) : ~ E)
: 3B & T & w8
o NE iy fiS
. g > g = 2=
0.6 <= <3 AN
w» 1.0 = 1.0
b} 0.9 1.1 0.9 0.9
@15 ' 15 2008-2015 | No Data - No Data -
s .
< 20 2016 1.0 D* 0.9 No
a
& 25 2017 0.9 D+ 0.9 No
3.0 "Grade may be artificially low due to shallow total depth or aguatic
3.2 vegetation
3.5
mmm Secchi Disk Depth === Shallow Lake Standard === Expected High === Expected Low
\_ /
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Swamp Lake | Total Phosphorus | Expected Range: 25.0-50.0 ug/L | Shallow Lake Standard: 60.0 ug/L

4 )
m Total Phosphorus e===Shallow Lake Standard e====Expected High e===Expected Low
70.0
3 600 600 $ 3 $3. IS
Ei AN goS §8 %
= 500 50.0 ¢ =2 2o < 3o
3 <s < .2 > K
5 40.0 36.0 35.0 = —
=
2 30.0 25.0 28.0 2008-2015 | No Data - No Data -
< 19.0
= 200 . B 2016 33.2 C 32.8 Yes
2 100 I 2017 28.6 B 29.5 Yes
0.0
5/29 7/20 7/27 8/30 9/25
2017 Samples
\_ /
Swamp Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
( )
B Ammonia Nitrogen
. 0.250 0.220
-
%
c 0.200
=
& 0.150
o
z 0.100
s 0.067 2008-2015 NoData
0.050 0.046
o
g 0.050 l 0.032 2016 006
< . . 2017 008
0.000 - .
5/29 7/20 7/27 8/30 9/25
2017 Samples
\_ W,
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Swamp Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

N
@ Temperature
75.
80.0 70.0 >-9
66.0 ° [ ] 68.0
70.0 63.0 ° .
P [ J
60.0
< 50.0
@
0 40.0
& 30.0
[a)
20.0
10.0
0.0
5/5 5/25 6/14 7/4 7/24 8/13 9/2 9/22 10/12
2017 Samples
/

Swamp Lake | General Observations

Average
°F

2008-2015 No Data
2016 56
2017 686

Month Physical Condition Rec-reat-io-nal Color of Filter Paper’
Suitability
2 5 :
iy Low Algae Very Poor Rice Paper
June 2 J Toasted Marshmallow
Low Algae Verg Poor
2 5
July Low Algac Very Poor Lemon lce
2 5 .
August Low Algac Very Poor Rice Paper
2 5
September Low Algac Very Poor Lemon Ice

"See page 14 for explanation of color classification
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Wallmark Lake

Lake 13-0029-00 Site 202

2017 Report Card:
Shallow Lake

Lake Classification Eutrophic
Meets MPCA Standards No
303(d) Listing Impaired
2017 Ranking 28 ot 30
Overall Lake Quality Grade
2011 | 2012 | 2015 | 2014 | 2015 | 2016 | 2017
NA NA NA NA NA D D
Chlorophyll-a Secchi Disk Depth Total Phosphorus Overall
Trophic State Index 635 640 658 645
Classification Eutrophic Eutrophic Eutrophic Eutrophic
017 Average (May-Sept) 280 ng/L 08 meters 718 ng/L -
Grade C D D D
MPCA Standard (Shallow) 200 ns/L >1.0 meter 60.0 ns/L -
Q017 Average (June-Sept) 326m8/1. 07 meters 720 1g/L -
Meets Standard No No No No
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Wallmark Lake | Chlorophg 1l-a | E.xpected Range: 50-220 ug/]_. | Shallow Lake Standard: 20.0 ug/L

( )
s Chlorophyll-a e Shallow Lake Standard e===Expected High e===Expected Low

700 57.7 % B 3 B TS
g 00 i< S4e 233
3 50,0 o g9 Q=g
20 <s ” <z R
2 400 — —
£ 300 = 2000 262.0 F 269.4 No
(o] .
5 200 ~ 20.0 2010-2015 | No Data - No Data -
e .
S 10,0 = . <o 2016 88.6 D 92.0 No

0.0 :

5/31 6/28 7/30 8/27 9/24 2017 s = 52.6 No
2017 Samples
\_ S

Wallmark Lake | Secchi Disk Depth | Expected Range: 13-3.2 meters | Shallow Lake Standard: >1.0 meter

4 N
2017 Samples
5/31 6/28 7/30 8/27 9/24
[]
-~ —~ -~ 9
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0.6 0.5 3 L% 548 LS
7 10 0.9 0.9 0.9 <£> i5> 222
b . . . z = A A
@ 15 1.5
= 2000 0.3 F 0.2 No
< 20
) 2010-2015 | No Data - No Data -
0 25
2016 0.6 F 0.5 No
3.0
3.2 2017 0.8 D 0.7 No
3.5
s Secchi Disk Depth e===Shallow Lake Standard e===Expected High === Expected Low

\_ /

171



Wallmark Lake | Total Phosphorus | Expected Range: 25.0-50.0 ug/L | Shallow Lake Standard: 60.0 ug/L

4 )
I Total Phosphorus === Shallow Lake Standard e====Expected High === Expected Low
= = 1
120.0 S B 8 I 2 5%
100.0 g o3 gl 389
— O - D 0 o @D 9 g
< 100.0 n & = BB > 2
¥ <= = B
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< 400
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= 23.
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0.0
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\_ )
Wallmark Lake | Ammonia Nitrogen | Expected Range: None | Shallow Lake Standard: None
4 N
B Ammonia Nitrogen
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Wallmark Lake | Surface Water Temperature | Expected Range: None | Shallow Lake Standard: None

Degrees (°F)
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N

/

Average
°F

2009-2015

No Data

56

724

Wallmark Lake | General Observations

Month Pln] sical Condition Rec'reat‘io‘nal Color of Filter Papelfk
Suitability
%) %)
ilery Medium Algae Fair Bulap
June Me diuli Algae Fe?ir Dried Chamomile
3 4 .
Julg Medium Algae Poor Cornucopla
5] 5] .
August Medium Algac Fair Cornucopia
September 3 4 Dried Chamomile
s Medium Algae Poor

"See page 14 for explanation of color classification
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