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2021 WATER MONITORING SUMMARY 

Climate Context 

 

¶ The 2021 annual precipitation  was 26.2 inches, less than the 1981-2010 average of 31.7 inches per year.  

¶ 2021 was the driest year since 2009. 

¶ Monthly precipitation in 2021 exceeded the 1981-2010 normal in March, August, and December.  

¶ There was one rainfall event in 2021 with  over 1.5 inches of rain, 1.76 inches on 8/8 . 

Lake Water Quality 

 

2021 Data Collected: 

¶ Surface water quality (total phosphorus, chlorophyll-a and Secchi depth), bottom water phosphorus, dissolved 
oxygen/temperature profiles, and lake levels were collected from 10 lakes in 2021: 

ï Birch, Bone, Comfort, Forest, Keewahtin, Little Comfort, Moody, School, Second, and Shields. 

Overall Lake Water Quality: 

¶ Surface water quality in 2021 was better for all lakes in the District compared to the most recent 10-year average 
(2012-2021), due in part to average annual precipitation  and implementation of watershed BMPs. 
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¶ The notable exceptions were Forest Lake Middle (2nd Lake) and Second Lake which had slightly worse surface 
water quality in 2021 compared to recent years. 

Moody and Shields Lake Water Quality Improvements: 

¶ Significant improvements in surface water quality were observed in Moody and Shields Lakes due to aggressive 
implementation of watershed BMPs and whole-lake alum treatments completed by the District. The 2021 
summer average in-lake phosphorus concentration in both lakes were below the State standards for the first 
time since monitoring records began. Bottom phosphorus levels were also very low throughout the growing 
season which indicates that the whole-lake alum treatments were successful at reducing internal loading. 

 

 
 

 
Internal Load Monitoring: 

¶ There were large seasonal increases in bottom water phosphorus concentrations in Bone, Comfort, Little 
Comfort, School, Forest Lake Middle (2nd Lake) and Forest Lake East (3rd Lake) that suggest internal loading may 
contribute to lower surface water quality in summer.  

¶ There were modest seasonal increases in bottom water phosphorous concentrations in Shields Lakes but was 
unlikely to contribute to lower surface water quality. 

Lake Water Quality Trends: 

¶ Water quality has statistically improved in Forest Lake West (1st Lake) since 2012 for all 3 parameters (TP, Chl-
a and Secchi), and in Bone Lake since 2012 for TP and Secchi. Water clarity (Secchi) and TP concentrations are 
slightly worsening in Lake Keewahtin but Lake Keewahtin consistently has the best water quality in the District. 

¶ While not statistically significant, there are declining trends in TP and Chl-a in Forest Lake Middle (2nd Lake) and 
East (3rd Lake). 
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Stream Water Quality 

2021 Data Collected: 

¶ A total of 39 stream sites were monitored in 2021 (8 long-term sites, 22 diagnostic sites, and 9 effectiveness 
monitoring sites). Continuous stream stage, flow measurements to develop stage-discharge rating curves, and 
total suspended solids and total phosphorus grab samples were collected at most sites. 

ï 8 long-term sites: Forest Lake Outlet, Bone Lake Outlet, Bone Lake North Inlet, Big Comfort Lake Outlet, Big 
Comfort Lake Inlet, and Little Comfort Lake Inlet (also Sunrise 256 and Greenway Avenue to assess Shallow 
Lake Pond) 

ï Forest Lake Management District diagnostic monitoring sites 

ï Shields Lake Stormwater Harvest and Reuse System Project effectiveness monitoring 

ï Broadway Avenue effectiveness monitoring (Note: No water quality samples were collected due to drought 
conditions) 

ï Comfort Lake Management District diagnostic monitoring (Heims Lake Drainage Ditch, East Comfort Lake 
Dr.) (Note: Only stage data was collected) 

ï Little Comfort Lake Management District diagnostic monitoring (Manning Trail ) (Note: Only stage data was 
collected) 

Overall Stream Water Quality: 

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

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

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

¶ Most diagnostic monitoring sites had TP FWMCs in 2021 above (not meeting) the Central Region Reference TP 
FWMC target of 0.10 mg/L however the majority of these sites are small ephemeral streams or are directly 
downstream of wetlands which are subject to wetland release 

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

Shields Lake Effectiveness monitoring: 

¶ The Shields reuse project was predicted to have prevented 5 million gallons of groundwater from being 
pumped during the drought conditions in 2021
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Figure 1. Lake and stream monitoring sites in 2021, including summary of long-term monitoring site water quality data* 

*(cfs = stream runoff volume in cubic feet per second, lb = stream pollutant load in pounds per year) 

Note: Loads are unavailable at Little Comfort Inlet due to beaver dam and plugged channel near Little Comfort Lake. 
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INTRODUCTION 

The purpose of long-term site monitoring is to understand the status of District resources, identify changes over 

time, and identify and define problems at the watershed or subwatershed level. Lakes and streams monitored in 

2021 are shown in Figure 1. A summary of the in-lake summer average phosphorus concentrations and stream 

monitoring phosphorus loads from 2021 are included on Figure 1. In addition, this section includes a summary of 

historical climate records and significant events that occurred in 2021 that may have an impact on current or 

future water quality conditions. 
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Figure 1. Lake and stream monitoring sites in 2021. 
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 Climate Context 

Climate context is important for understanding water quality because the amount and timing of annual 

precipitation can impact the pollutant loads discharging to lakes and streams. There are typically higher pollutant 

loads in wet years due to greater runoff over the landscape. However, extremely wet years can sometimes result 

in better lake water quality due to greater flushing of water through the lake (shorter residence times) and less 

algae growth. Seasonal frequency and intensity of rainfall is not currently assessed in this report but can result in 

greater pollutant loads through wetland pulsing and greater soil erosion. Lake water quality is also impacted by 

ice/snow depth, ice off date, and temperature - which impact the duration and depth of stratification. Lake 

temperatures and stratification are illustrated for each lake in Appendix A. 

2021 Annual Precipitation 

Annual gridded precipitation in 2004-2021 for the District is summarized in Figure 2 based on precipitation data 

retrieved from the Minnesota State Climatology Office for Forest Lake, MN (at T32N, R21W, S13) and data gaps 

in recent months were filled using precipitation data from the PRISM Climate Group at Oregon State University. 

The 2021 annual precipitation in Forest Lake was approximately 26.2 inches which is right on the edge of being 

a dry year. 2021 was the driest year since 2009. The average total annual precipitation between 1981 and 2010 

was 29.5 inches per year. The Minnesota State Climatology Office defines wet years as years with total annual 

precipitation greater than the 70th percentile for the period of record (or 32.3 inches) and dry years as years with 

total annual precipitation less than the 30th percentile for the period of record (or 26.1 inches), and normal 

precipitation years as years with total annual precipitation between the 30th and 70th percentile for the period of 

record (or between 26.1 and 32.3 inches). Normal precipitation is indicated by the area between the two black 

lines indicating the 30th percentile and 70th percentile precipitation depths in Figure 2. Years where the top of the 

annual precipitation bar is above the highest line are wet years, within the two lines are normal years, and below 

the lowest line are dry years. Wet precipitation years since 2004 included 2007, 2010, and 2014-2016, and 2018-

2019. Below average precipitation years since 2004 included 2009 and 2021. 

2021 Monthly Precipitation 

Monthly gridded precipitation in 2021 for the District is summarized in Figure 3 and compared to the 1981-2010 

normal monthly precipitation based on precipitation data retrieved from the Minnesota State Climatology Office 

for Forest Lake, MN (at T32N, R21W, S13). The total precipitation in the 2021 growing season (May-September) 

was 13.96 inches significantly less than average for this time of the year of 19.95. Monthly precipitation in 2021 

exceeded the 1981-2010 normal in March and August and was greater than 5 inches in August. There was only 

one rainfall event in 2021 that produced over 1.5 inches of rain: 1.76 inches on 8/8. 
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Figure 2. 2004-2021 Annual Gridded Precipitation for Forest Lake at Township 32N, Range 21W, Section 13 

http://climateapps.dnr.state.mn.us/gridded_data/precip/monthly/monthly_gridded_precip.asp  

https://prism.oregonstate.edu/explorer/ 

 
Figure 3. 2021 Monthly Gridded Precipitation for Forest Lake at Township 32N, Range 21W, Section 13 

http://climateapps.dnr.state.mn.us/gridded_data/precip/monthly/monthly_gridded_precip.asp  

https://prism.oregonstate.edu/explorer/ 

2021 Drought 

The drought of 2021 ranks as one of the worst droughts in at least a decade for much of Minnesota. It is also 

characterized by its unevenness in impact, varying by geography and by season. In fact, spring of 2021 saw 

slightly above average precipitation, albeit distributed highly unevenly across the state. However, these rains were 

not enough to overcome the overall drying trend that began in early 2020. With a brief respite of rains in July and 

August of 2020, the dryness of 2020 led to low air moisture conditions and a precipitation deficit that carried into 

2021.  

л

р

мл

мр

нл

нр

ол

ор

пл

пр

нллпнллрнллснллтнллунллфнлмлнлммнлмннлмонлмпнлмрнлмснлмтнлмунлмфнлнлнлнм

t
Ǌ
Ŝ
Ŏ
ƛ
Ǉ
ƛ
ǘ
ŀ
ǝ
ƻ
ƴ
 

όƛ
ƴύ

WŀƴπaŀǊ !ǇǊπaŀȅ Wǳƴπ{ŜǇǘhŎǘπ5ŜŎ

bƻǊƳŀƭ

²Ŝǘ

5Ǌȅ

л

м

н

о

п

р

с

т

Wŀƴ CŜō aŀǊ !ǇǊ aŀȅ Wǳƴ Wǳƭ !ǳƎ {ŜǇ hŎǘ bƻǾ 5ŜŎ

t
Ǌ
Ŝ
Ŏ
ƛ
Ǉ
ƛ
ǘ
ŀ
ǝ
ƻ
ƴ
 

όƛ
ƴΦ
ύ

aƻƴǘƘƭȅ DǊƛŘŘŜŘ tǊŜŎƛǇƛǘŀǝƻƴ ŦƻǊ CƻǊŜǎǘ [ŀƪŜ Ϫ ¢онΣ wнм²Σ {мо

нлнммфумπнлмл όbƻǊƳŀƭύ

http://climateapps.dnr.state.mn.us/gridded_data/precip/monthly/monthly_gridded_precip.asp
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These conditions combined with abnormally high summer temperatures to rapidly spread and intensify the 

drought across the state. From May through August, the state experienced historically warm and dry conditions: 

in 128 years of keeping records, May ranks as the 15th driest; June as the third warmest and seventh driest; and 

July as the second driest. Overall, the state consistently received less than half of normal precipitation. At the 

height of the drought in late August, over 70% of the state was classified as under extreme or exceptional drought. 

As late August faded into Fall, a series of scattered rainfall events returned the state to almost normal conditions. 

Both September and November still registered as slightly drier than normal but a wetter October and December 

helped subside the intensity of the dryness and the state is currently free from extreme drought. The complete 

development of the drought from the January 2020 through November 2021 is shown in Figure 4.

 

Figure 4. Monthly precipitation and departures in Minnesota (Jan 2020 ï Nov 2021) 

(https://www.dnr.state.mn.us/climate/journal/drought-2021.html) 

2021 Climate Summary by Month (MN DNR HydroClim) 

MN DNR also publishes HydroClim Minnesota, a monthly electronic newsletter summarizing Minnesotaôs 

climate conditions and the resulting impact on water resources. The newsletter is produced on the first Thursday 

of the month and chronicles the events of the previous month, available online at: 

https://www.dnr.state.mn.us/hydroclim/index.html. Notable excerpts over the course of the 2021 water 

monitoring period are adapted below: 

https://www.dnr.state.mn.us/hydroclim/index.html
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¶ March: Monthly precipitation totals were generally one to one-and-a-half inches above normal across 

east central Minnesota. The surplus came mostly from two main weather systems including on March 10-

11, which brought some of the earliest large hail reports in southern Minnesota and a prolonged soaker on 

March 23-24 that brought 3.53 inches of precipitation in Stillwater, MN. March finished in the top ten 

warmest for most of Minnesota, with high temperatures in the 50s and 60s for the first half of the month. 

¶ April: The main precipitation event of April 2021 was a 10-day period of clouds and precipitation. 

However, the preliminary statewide average for precipitation in Minnesota was 0.55 inches below normal. 

The April 5th heat wave notched some of the highest temperatures recorded in early April in Minnesota. 

Statewide the average temperature finished 0.4 degrees above normal. 

¶ May: No newsletter was reported for May. 

¶ June: Nearly all of the state had below normal precipitation in June 2021, at a preliminary statewide 

average of 2.44 inches below normal. The last time June was similarly dry was in 1995. June 2021 will 

likely wind up one of the top fifteen driest Junes since 1895 and 3rd warmest June on record for Minnesota, 

behind 1933 and very close to 1988. The preliminary statewide average temperature was 5.1 degrees above 

normal. On June 17, 2021, strong to severe thunderstorms formed and brought rains and hail. 

¶ July: The dry summer intensified in July 2021. Nearly the entire state finished with below normal 

precipitation. Most areas in the state were one to three inches short of normal. The preliminary statewide 

average temperature for July 2021 was 1.4 degrees above normal. This was close to the average 

temperature for July 2020. The difference is that July 2021 was much drier.  

¶ August: August 2021 brought precipitation totals from one to three inches above normal over many places 

in the south. The average station in the state had around five inches of precipitation. Notable storm events 

happened between August 26-28. Thunderstorms provided widespread soaking rains in southern 

Minnesota, and the state's highest 24-hour rainfall totals recorded to date. The state also experienced an 

unusual geographic reversal in patterns of hot days: northern Minnesota had more 90-degree days than 

southern Minnesota. The preliminary average temperature for the state was 2.3 degrees above normal. 

¶ September: September 2021 finished below normal for precipitation statewide but varied greatly in the 

state. The preliminary average for Minnesota was 0.57 inches below normal. September was dry in the 

northwest and quite dry in the southeast, with a swath from southwest and west central Minnesota to east 

central Minnesota that was above normal. September continued the warm streak of months that began in 

March 2021 and finished well above normal statewide. The preliminary average statewide temperature is 

2.7 degrees above normal. 

¶ October: October 2021 finished at 0.42 inches above normal in statewide average precipitation. It was an 

active severe weather month for October. On October 10th, a tornado plowed through the Superior 

National Forest in Cook County, making it Minnesota's farthest-northeast tornado known to have occurred 

so late in the season. The preliminary state average temperature was 52.2 degrees, six degrees warmer 

than normal. October 2021 ranked in the top ten warmest for many locations with an exceptionally warm 

first half of the month. The last week had some below normal temperatures with a killing frost. 

¶ November: The statewide preliminary precipitation total was 0.32 inches below normal. The driest 

locations were in southwest Minnesota with some monthly totals less than a half an inch. There was one 

significant precipitation event in November; A developing area of low pressure moved east from South 

Dakota to the Twin Cities on November 10 and 11, bringing with it rain and snow. November temperatures 

continued the streak of above normal temperatures. The preliminary statewide average is 33.4 degrees, 

2.5 degrees above normal. 

¶ December: In December 2021 the preliminary average statewide precipitation total was 0.71 inches above 

normal. The first large winter storm of the 2021-22 snow season within the District occurred on December 

10-11, 2021, dropping six or more inches of snow over southeastern Minnesota at rates approaching two 

inches per hour at times. On December 15th, about twenty tornadoes struck south central and southeast 

Minnesota. The derecho that swept across southern Minnesota produced more wind gust reports of at least 

75 mph than any other event at any time of year, anywhere in the US, back to 2004. Statewide average 

temperatures were 2.3 degrees above normal with an average temperature of 20.3 degrees. 
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State-Wide Climate Trends 

According to data developed by the Minnesota Department of Natural Resources, the average annual 

temperature and precipitation have shifted to a much warmer and wetter condition, respectively, in the last 30 

years (1992-2021) compared to the years prior (1895-1991). This trend is shown in Figure 5. Annual 

precipitation is displayed in inches on the Y axis and annual average temperature is shown in Fahrenheit on the 

X axis. The four quadrants represent the following conditions: 

¶ Upper left quadrant: lower temperatures, higher precipitation 

¶ Lower left quadrant: lower temperatures, lower precipitation 

¶ Lower right quadrant: higher temperatures, lower precipitation 

¶ Upper right quadrant: higher temperatures, higher precipitation 

The grey dots represent the conditions between 1895 and 1991, while the golden dots represent the conditions 

between 1992 and 2021. As shown in the figure, there is a shift in the later years into the upper right quadrant, 

representing higher temperatures and more precipitation. 

 

Figure 5. Hardwood WMA Average Temperature and Precipitation (Source: DNR) 

With that, there are two key trends that have been observed by climatologists in Minnesota relating to climate 

conditions: 

https://arcgis.dnr.state.mn.us/ewr/climatetrends/
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1. Wetter conditions due to more precipitation, more snow, and more frequent and larger extremes. 

2. Increasing temperatures especially at night, during winter, and when it is cold. 

Additionally, the State Climatologist has not observed heat extremes or droughts getting worse in Minnesota, 

but these are projected to get worse by mid-century.  

2021 Lake Ice Out 

The MN DNR has kept records of citizen observations of lake ice out dates since 1971. The timing of lake ice out 

can impact summer water quality conditions. For example, lake waters may warm up faster, stratify longer and 

have poorer water quality in years with an earlier ice out date compared to years with a later ice out date. Ice out 

data are available for Comfort Lake since 2007 and for Forest Lake since 1971 (Figure 6). In Forest Lake, the 

median ice out date is April 9, the earliest ice out date was March 15, 2016 and the latest ice out date was May 2, 

2013. The ice out date for Forest Lake in 2021 was March 26, a little earlier than the median ice out date. The 

duration of ice cover in Forest Lake has decreased to an average of about 140 days in 1970 to just above 125 days 

in 2010 (Figure 6). In Comfort Lake, the median ice out date is April 3, the earliest ice out date is March 16, 2016, 

and the latest ice out date is May 1, 2018. The ice out date for Comfort Lake in 2020 was April 2. 

 

Figure 6. Duration of Ice cover in Forest Lake (1967-2010) reported by MPCA (https://www.pca.state.mn.us/air/view-data-climate-

impacts-our-waters) 

Lake Temperature Trends 

Climate change has contributed to an overall warming trend in Minnesotaôs lake surface temperatures over the 

last fifty years. Lakes throughout the state are on average 3.0-3.9ÁF higher in summer months (July through 

https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
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August) as compared to 50 years ago. According to the MPCA, these higher lake temperatures have led to the 

decline in ice coverage by an average of 10 ï 14 days. Furthermore, a recent study found warmer lake temperatures 

contributed to declining dissolved oxygen levels and stronger thermal stratification, suggesting that climatic 

changes are shifting the physical and chemical environments in lakes. 

In Figure 8, Figure 9, and Figure 9 below, the trend lines demonstrate the magnitude of temperature change over 

the last 30 years in Forest Lake, Comfort Lake, and Bone Lake. Forest Lake has experienced the sharpest 

temperature increase in summer months and September while Comfort Lake shows the most warming in the 

spring months, April and May. Bone Lake which has the longest record shows sharp warming throughout the ice 

free period April through October. 

 
Figure 7. Forest Lake surface water temperature trends from 1980 to 2020 reported by MPCA (https://www.pca.state.mn.us/air/view-

data-climate-impacts-our-waters) 

https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
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Figure 8. Comfort Lake surface water temperature trends from 1990 to 2020 reported by MPCA 

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

https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
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Figure 9. Bone Lake surface water temperature trends from 1970 to 2020 reported by MPCA (https://www.pca.state.mn.us/air/view-

data-climate-impacts-our-waters) 

2021 Significant Events 

The purpose of this section is to record significant rain events, unusual weather patterns, notable landscape 

changes, notable permit violations and/or BMP construction projects that occurred in 2021 that may have had the 

potential to impact water quality data collected in 2021 or in the future. 

¶ The District took the lead on all lake monitoring in 2021 

¶ 2021 surpassed 2020 as the driest year since 2009 

¶ Only one rainfall event produced greater than 1.5 inches of rainfall, at 1.76 inches on 8/8. 

¶ There were blockages observed at several stream monitoring locations in 2021 that may have impacted 

flow and load calculations, including: blockages at Little Comfort Lake Inlet (LC1) and in the WJD-6 

subwatershed at FL10. 

¶ 2021 Drought limited water quality sampling and flow measurement opportunities at all sites after mid-

June when most sites went dry. Rating curves were unable to be established at East Comfort Drive (CL1-

E - Figure 16), the NURP Pond (CL7-B - Figure 15), Imperial Ave. (FL9-E - Figure 19), and Hayward 

Ave at site FL23 (see Figure 16). For more information on these sites, see Table 9. 

¶ Equipment issues occurred at the Bone Lake outlet (BL1), Bone Lake north inlet (BL2), Comfort Lake 

inlet (CL2), and Forest Lake outlet (FL1) creating data gaps. 

¶ A ditch cleanout occurred just upstream of a monitoring site at Hayward Ave. (FL19) in late July. 

https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
https://www.pca.state.mn.us/air/view-data-climate-impacts-our-waters
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LAKES 
There are 19 named lakes in the Comfort Lake Forest-Lake Watershed. These lakes have significant aesthetic and 

recreational value. They also serve as a home to a wide variety of plants, fish, mammals, reptiles, and migratory 

waterfowl. The quality of water in these lakes is a key variable in how the lake is used, both by humans and 

animals. Poor water quality can result in decreased opportunities for recreation and loss of habitat for plants and 

animals. More specifically, poor water quality can lead to nuisance algae blooms, odor problems, fish kills, and 

shifts in fish populations toward less desirable species such as carp and bullhead. Improving and protecting lake 

water quality is a high priority for the Comfort Lake-Forest Lake Watershed District. 

Regularly assessing water quality allows resource managers to compare lakes to one another, measure change 

over time, and prioritize management actions. Monitoring of lake water quality has been conducted in the Comfort 

Lake-Forest Lake Watershed District as far back as the 1970ôs. Water quality data over the years has been 

collected by a number of organizations including the Comfort Lake Forest- Lake Watershed District, the 

Washington Conservation District, Metropolitan Council, the MN Department of Natural Resources, the MN 

Pollution Control Agency, and citizen volunteers. 

What is the purpose of collecting lake data? 

Surface Water Quality 

Lake surface water quality is typically sampled for total phosphorus, chlorophyll-a and Secchi depth transparency. 

Total phosphorus represents the amount of nutrients in a lake that fuel algae growth. Phosphorus sources include 

soil erosion, stormwater runoff, leaf litter and other organic materials, manure runoff and wastewater (including 

septics). Chlorophyll-a represents the number of algae in the surface water. Algae blooms reduce water clarity (as 

measured by Secchi depth) and can cause unpleasant odors, a loss of dissolved oxygen in the lake necessary for 

fish and reduced aquatic plant growth that supports important habitat for fish and aquatic invertebrates. Secchi 

transparency depth is a measure of water clarity and is measured by lowering a Secchi disk over the side of a boat. 

The deepest depth at which the Secchi disk is visible is the Secchi depth. More algae in the water results in more 

turbidity or cloudiness of the water and lower (shallower) Secchi depth; less algae in the water results in clearer 

water and higher (deeper) Secchi depth as shown in Figure 10. Relationships between lake phosphorus and algae 

levels with water clarity (WCD). Surface water quality generally varies seasonally for Minnesota lakes, with 

lower phosphorus and chlorophyll-a and deeper Secchi depth in spring and fall, with peak concentrations and 

lowest water clarity typically in July and August. 

More Phosphorus = More Algae = Less Clarity 

 

Figure 10. Relationships between lake phosphorus and algae levels with water clarity (WCD)  
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Lake Grades 

Lake grades were assigned to each lake in 2021 and for the average of the last five years (2017-2021) for total 

phosphorus, chlorophyll-a, Secchi depth, and overall lake water quality (the average of the TP, Chl-a and Secchi 

grades) according to the following Met Council water quality grading system developed in 1989: 

Table 1. Metropolitan Council Lake Water Quality Grading System 

Grade Total phosphorus 
(TP), µg/L 

Chlorophyll-a 
(Chl-a), µg/L 

Secchi 
depth (ft) 

A <23 <10 >9.8 

B 23-32 10-20 7.2-9.8 

C 32-68 20-48 3.9-7.2 

D 68-152 48-77 2.3-3.9 

F >152 >77 <2.3 

 

Dissolved Oxygen and Temperature  

Dissolved oxygen (DO) and temperature depth profiles measure the dissolved oxygen concentration and 

temperature every meter in a lake from the surface to the bottom, typically measured at the deepest point in the 

lake. The temperature profile is used to see how strongly the lake stratifies or separates into a distinct warm 

surface layer and a cool bottom layer. The lake temperature at the interface between these two layers is 

characterized by a very rapid change from warm to cooler temperatures. This can often be felt when swimming 

in a lake in the summer where the surface water feels warm, but your toes feel cool when sticking them straight 

down into the water. The dissolved oxygen profile is used to show the amount of oxygen depletion of the bottom 

waters. Algae grows in the surface water where there is sufficient sunlight and then dies and decomposes in the 

bottom waters which consume oxygen. Decomposition of organic matter in the lake sediments can also consume 

oxygen. 

Chloride 

Every winter, roads and other paved surfaces require a large amount of de-icing to prevent unsafe conditions. The 

most common deicer by far is salt, which contains a high amount of sodium-chloride. Salt helps prevent ice 

buildup and melts ice from paved surfaces. However, the salt dissolves into the melted ice water and as the melted 

water moves through environment the salt breaks down and leaves chloride in water resources like rivers and 

lakes. Because deicing with salt is so common, it is one of the biggest contributors of excess chloride in our 

groundwater and drinking water sources. 

Another major source of chloride in the environment is water softeners. Home water softener systems often use 

chloride to react with the sources of water hardness, calcium and magnesium. If your home has softened water 

you may have noticed that it tastes a little salty! However, just as overly salty food is bad for your health, overly 

salty water acts in the same way. Unfortunately, chloride is very difficult to remove and as a result, the softened 

water that leaves houses often ends up letting chloride into the environment too. There are not many natural 

processes that can remove chloride and reduce harmful levels in the environment, and our water treatment plants 

do not have technologies to remove chloride except through one costly, energy-intensive process.  

Although chloride exists naturally in the environment at low levels, it is toxic to aquatic life at high levels. In low 

concentrations, chloride supports key biological functions; at toxic levels, chloride impacts the growth and 

reproduction of aquatic species, their food sources, and critical biological functions in amphibians. This is largely 

because chloride disrupts the natural process of molecules flowing in and out of cells. In high environmental 

concentrations, chloride can force water to leak out of cells while preventing other critical molecules from 

enteringða necessary biological function for aquatic and amphibious species. If aquatic life is exposed to such 
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excessive concentrations of chlorides for too long, their cells get stressed and can even die. Another issue is the 

link between low dissolved oxygen and high chloride levels, which is another reason high chloride levels are 

harmful for aquatic life. Chloride can change the density of the water entering a waterbody and prevent the natural 

exchange of gases from the bottom of a lake to the top. Chloride measurements were collected in the Lakes using 

a probe for the first time in 2021. Due to possible calibration issues, the concentrations cannot be verified as 

accurate and therefore were not reported. 

Bottom Water Phosphorus 

Bottom water phosphorus samples were collected from select lakes that have historic, or suspected of having 

future, internal phosphorus loading issues. Bottom water phosphorus represents the amount of phosphorus 

released from lake sediments when the lake water is stratified. When the bottom waters become mostly depleted 

of oxygen, phosphorus that is bound to iron in the sediments is released into the bottom waters. Phosphorus will 

accumulate in the bottom waters over the summer. Too much phosphorus accumulation in the bottom waters is 

called internal loading. When internal loading is sufficiently high, it can diffuse up into the surface waters and 

decrease surface water quality. The impact of internal loading on lake surface water quality is most notable after 

severe storm events and in the fall when lake stratification weakens, and the surface and bottom waters mix. 

Lake Levels 

The surface water elevation of the lakes is recorded during monitoring events and reported to DNR. These lake 

levels can be used to determine how much lake levels fluctuate each year and to calibrate hydraulic and hydrologic 

(H&H) models used to identify and design best management practices. 
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What lake data was collected in 2021? 

Surface water quality (total phosphorus, chlorophyll-a and Secchi depth) was collected from 10 lakes in 2021; 

five lakes were monitored by CAMP volunteers (Bone, Comfort, Forest, Moody, and Second) and five lakes were 

monitored by District staff (Keewahtin, Little Comfort, Shields, Birch, and School). Bottom water phosphorus 

samples were collected from 12 sites (Bone, Comfort, Comfort near Highway 8, Forest West, Forest Middle, 

Forest East, Forest Channel, School, Shields, Moody, and Little Comfort). Dissolved oxygen and temperature 

profiles and lake level monitoring was also conducted in all 10 lakes by District staff. Data collected from 

CLFLWD lakes in 2021 is inventoried in Table 2 below. 

 

Table 2. CFLWD Lake Data Collected in 2021 

[ŀƪŜ 
5bw tǳōƭƛŎ ²ŀǘŜǊ 
/ƭŀǎǎƛŬŎŀǝƻƴ 5bw L5 !ŎǊŜǎ 

[ŀƪŜ 
ƭŜǾŜƭǎ 

5hκ¢ŜƳǇ 
ǇǊƻŬƭŜǎ 

{ǳǊŦŀŎŜ 
²v 

.ƻǧƻƳ 
ǿŀǘŜǊ ¢t 

.ƛǊŎƘ ²ŜǘƭŀƴŘ унπллрпπлл оо · · ·  

.ƻƴŜ [ŀƪŜ унπллрпπлл ннм · · · · 

/ƻƳŦƻǊǘ [ŀƪŜ моπллроπлл нму · · · · 

CƻǊŜǎǘ ό²Ŝǎǘύ 

[ŀƪŜ унπлмрсπлл 

мΣлус 

· 

· · · 

CƻǊŜǎǘ όaƛŘŘƭŜύ осп · · · 

CƻǊŜǎǘ ό9ŀǎǘύ тфл · · · 

YŜŜǿŀƘǝƴ [ŀƪŜ унπллулπлл тр · · ·  

[ƛǧƭŜ /ƻƳŦƻǊǘ [ŀƪŜ моπллрпπлл ос · · · · 

aƻƻŘȅ ²ŜǘƭŀƴŘ моπллноπлл пр · · · · 

{ŎƘƻƻƭ ²ŜǘƭŀƴŘ моπллртπлл пт · · · · 

{ŜŎƻƴŘ [ŀƪŜ моπллнрπлл тр · · ·  

{ƘƛŜƭŘǎ ²ŜǘƭŀƴŘ унπлмснπлл ол · · · · 

Acronym List: DNR ID = Minnesota Department of Natural Resources Identification, DO = dissolved oxygen, Temp = temperature, 

WQ = water quality, TP = total phosphorus 
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2021 Lake Water Quality Summary 

The lake water quality grades based on 2021 and the most recent 5-year average (2017-2021) are provided in 

Table 3. In 2021, Keewahtin Lake, Comfort Lake, and Forest (West) received a lake water quality grade of A 

(blue); Bone, Forest (Middle), Forest (East), Little Comfort, Moody, Second and Shields Lakes received a lake 

water quality grade of B (green); and Birch and School Lake received a lake water quality grade of C (yellow). 

No lakes received a water quality grade of D (orange) or F (red) in 2021. Of the lakes monitored this year, the 

lowest five-year average grade in the District are Moody and Shields Lakes. Watershed phosphorus reduction 

projects and in-lake alum treatments have been completed for Moody and Shields which is expected to improve 

their water quality grades. Keewahtin Lake has the best water quality grade in the District, with a 5-year average 

grade of A. 

Table 3. CLFLWD Lake Water Quality Grades for 2021 and most recent 5-year average (2017-2021) 

   
TP Chl-a Secchi Overall 

Lake DNR ID Acres 
2021 

5-yr 
Avg 

2021 
5-yr 
Avg 

2021 
5-yr 
Avg 

2021 
5-yr 
Avg 

Birch 13-0042-00 33 / C- B B C C- C C 

Bone 82-0054-00 221 . B- A B+ C C B B- 

Comfort 13-0053-00 218 ! B ! B+ B C+ A B 

Elwell 82-0079-00 16 -- C -- B -- -- -- -- 

Forest (West) 82-0156-00 1,086 A B+ A A- B C+ A B+ 

Forest (Middle) 82-0156-00 364 B C+ A B B B- B B- 

Forest (East) 82-0156-00 790 B B- B C+ A B B C 

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

Fourth Lake 13-0022-00 8 -- D -- B -- -- -- -- 

Heims 13-0056-00 90 -- -- -- -- -- -- -- -- 

Keewahtin 82-0080-00 75 A A A A A A A A 

Lendt Lake 13-0103-00 42 -- A -- A -- -- -- -- 

Little Comfort 13-0054-00 36 C C A B- B C+ B C+ 

Moody 13-0023-00 45 C C- A C+ B D+ B C- 

Nielson 82-0055-00 37 -- D -- F -- F -- F 

School 13-0057-00 47 C C B C+ C D+ C C 

Sea 82-0053-00 50 -- C -- A -- -- -- -- 

Second 13-0025-00 75 B B A A- B B- B B 

Shields 82-0162-00 30 C D A C B D+ B C- 

Third Lake 13-0024-00 42 -- A -- A -- -- -- -- 

Twin Lake 82-0157-00 19 -- B -- A -- -- -- -- 

5-yr Avg = Most recent five-year average (2017-2021);  

A rating shown in blue, B rating shown in green, C rating shown in yellow, D rating shown in orange; F rating shown in red 
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The 2021 growing season average lake water quality data for all lakes monitored in 2021 is provided in Table 4. 

Table 4. 2021 Growing Season Average Lake Water Quality Data 

[ŀƪŜ 5bw L5 !ŎǊŜǎ 

нлнм DǊƻǿƛƴƎ {Ŝŀǎƻƴ όWǳƴŜπ{ŜǇǘŜƳōŜǊύ !ǾŜǊŀƎŜ 

¢ƻǘŀƭ 
tƘƻǎǇƘƻǊǳǎ 
όǳƎκ[ύ 

/ƘƭƻǊƻǇƘȅƭƭπŀ 
όǳƎκ[ύ 

{ŜŎŎƘƛ ŘŜǇǘƘ 
όŦŜŜǘύ 

Birch 13-0042-00 33 тмΦу млΦп рΦп 

.ƻƴŜ унπллрпπлл ннм нсΦл тΦт тΦо 

/ƻƳŦƻǊǘ моπллроπлл нму нлΦм пΦо уΦр 

CƻǊŜǎǘ ό²Ŝǎǘύ 

унπлмрсπлл 

мΣлус ноΦт сΦн тΦп 

CƻǊŜǎǘ όaƛŘŘƭŜύ осп осΦн фΦм сΦф 

CƻǊŜǎǘ ό9ŀǎǘύ тфл ооΦр мпΦо уΦм 

YŜŜǿŀƘǝƴ унπллулπлл тр моΦо нΦт мрΦм 

[ƛǧƭŜ /ƻƳŦƻǊǘ моπллрпπлл ос пнΦт тΦп уΦп 

aƻƻŘȅ моπллноπлл пр онΦр пΦн уΦт 

School 13-0057-00 47 плΦо мнΦм рΦо 

{ŜŎƻƴŘ моπллнрπлл тр нтΦу пΦу уΦм 

{ƘƛŜƭŘǎ унπлмснπлл ол оуΦн сΦм уΦп 
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Progress towards District Lake Water Quality Goals 

Progress of lakes towards achieving their respective District 10-year (2031) goals included in the 2022-2031 

Watershed Management Plan Update are shown for phosphorus and Secchi depth in Table 5. The lakes are listed 

in order of increasing in-lake phosphorus concentration, and therefore, in order of progress towards achieving 

their respective District goals, from closest to furthest. Keewhatin Lake currently meets its 2031 District 

phosphorus and Secchi goals. Bone Lake, Forest Lake ï West, and School Lake currently meet their phosphorus 

goals and Forest Lake ï East, Forest Lake ï Middle, and Birch Lake meet their Secchi goals. The District goals 

are based on the 5 ï year average and differ from the State standards which are based on the 10 ï year average. 

The District goals are used in addition to the State standards to help show incremental progress toward State 

standards and are used to set priorities for implementation within the District. 

Note that the TP and Secchi District goals are based on scientifically based relationships between lake clarity 

responses to TP concentrations (Figure 11). For example, a growing season average in-lake phosphorus 

concentration of 20 Õg TP/L is expected to result in water clarity of 10 feet (~3 meters), 30 Õg TP/L with water 

clarity of 7 feet (~2.1 meters), 33 Õg TP/L with water clarity of 6 feet (~1.8 meters), and 40 Õg TP/L with water 

clarity of 5 feet (~1.5 meters). 

 

Figure 11. Summer-mean TP and Secchi relationships based on MN reference lake data  

(Figure 4a from Heiskary and Wilson. 2005. Minnesota Lake Water Quality Assessment Report: Developing Nutrient Criteria, Third 

Edition. Minnesota Pollution Control Agency, 176 pp. 
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Table 5. Progress towards District phosphorus and Secchi goals 

Lakes 

(in order of 
increasing TP) 

5-Year Average 

Existing 
(2017-
2021) 

Years 
of Data 

2031 District 
Goal 

Phosphorus 

Keewahtin 15.3 5 20 V 

Bone 27.3 5 30 V 

Comfort 30.9 5 30 

Forest 35.7 5 30 

    Forest East 40.7 5 30 

    Forest Middle 39.0 5 30 

    Forest West 26.5 5 30 V 

Little Comfort 44.3 5 40 

School 48.1 4 50 V 

Birch 80.8 4 60 

Moody 67.1 5 40 

Shields 119.6 5 60 

Secchi Depth 

Keewahtin 12.9 5 10 V 

Bone 5.9 5 7 

Comfort 6.3 5 7 

Forest 6.8 5 7 

    Forest East 7.1 5 7 V 

    Forest Middle 7.2 5 7 V 

    Forest West 6.1 5 7 

Little Comfort 5.2 5 7 

School 3.7 4 4.6 

Birch 5.0 4 3.3 V 

Moody 3.2 5 4.6 

Shields 3.8 5 4.26 

## V = meets District Goal; ## = does not meet District Goal. 
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Progress towards State Lake Water Quality Standards 

Table 6 illustrates the progress of lakes towards achieving their respective State water quality standards. Comfort 

(2002), Bone (2004), Little Comfort (2012), Moody (2008), School (2008), Shields (2006), and Second (2012) 

Lakes were listed as impaired for eutrophication due to excess nutrients by the State of Minnesota (the year the 

lake was added to the 303(d) list is included in parentheses after the lake name) and were included in a TMDL 

study.  

All State water quality standards are based on growing season (June-September) averages. To be added to the 

impaired waters list, a lake must not meet the phosphorus standard AND not meet either the chlorophyll-a or 

Secchi depth standard based on at least 8 samples collected from at least 2 years within the most recent 10-year 

period. To be removed from the impaired waters list, a lake must meet the phosphorus standard AND the 

chlorophyll-a or Secchi depth standard based on at least 8 samples collected from at least 2 years within the most 

recent 10-year period. In addition, there must be an improving trend in TP or management activities in place to 

maintain improved chlorophyll-a or Secchi observations. The local entity must provide information that details 

how the response conditions will be met over time for a lake to be de-listed. 

Lakes that were historically impaired but currently meet the State water quality standards based on the most recent 

10-year period (2012-2021) are Second, Bone, Comfort, and School Lakes. Little Comfort is still impaired but 

close to meeting State water quality standards (that is to say, it meets one of the three standards) and is a focus 

area for implementation. Shields and Moody Lakes are still impaired over the most recent (2012-2021) 10-year 

period but had 2021 water quality that met state standards. Sea, Heims, Third, and Keewahtin Lakes meet the 

State water quality standards for phosphorus, chlorophyll-a, and Secchi depth.  Birch Lake meets the State 

standards for Secchi depth and chlorophyll-a but has high phosphorus concentrations.  
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Table 6. Progress towards State Water Quality Standards 

Lakes  

(in order of 
increasing TP) 

Total Phosphorus (Õg/L) Chlorophyll-a (Õg/L) Secchi Depth (ft) 

2012 -
2021 
Average 

Years 
of Data Standard 

2012 -
2021 
Average 

Years 
of Data Standard 

2012 -
202 

Average 
Years 
of Data Standard 

GENERAL LAKES 

Keewahtin 14.7 10 40 V 2.6 10 14 V 13.9 10 4.6 V 

Comfort * 30.5 10 40 V 14.4 10 14 5.4 10 4.6 V 

Forest 33.8 10 40 V 15.6 10 14 5.9 10 4.6 V 

Bone * 34.9 10 40 V 17.2 10 14 4.7 10 4.6 V 

Little Comfort * 51.0 10 40 20.0 10 14 5.0 10 4.6 V 

Moody * 88.7 10 40 46.7 10 14 2.9 10 4.6 

 

Birch 80.8 4 60 13.2 4 20 V 5.0 4 3.3 V 

Elwell 48.4 1 n/a 11.9 1 n/a 2.3 1 n/a 

Fourth 89.7 3 60 18.9 3 20 V 2.1 3 3.3 

Heims 42.3 2 60 V 12.1 2 20 V 3.3 2 3.3 V 

Lendt 15.3 3 n/a 6.4 3 n/a 4.2 3 n/a 

Nielson 64.2 2 n/a 37.8 2 n/a 4.8 2 n/a 

Sea 49.5 2 60 V 9.2 2 20 V 4.5 2 3.3 V 

Second ** 27.5 4 60 V 8.9 4 20 V 7.6 4 3.3 V 

School * 48.1 4 60 V 28.5 4 20 3.7 4 3.3 V 

Shields * 177.3 10 60 44.8 10 20 3.5 10 3.3 V 

Third 21.1 3 60 V 5.0 3 20 V 4.4 8 3.3 V 

Twin 27.8 1 n/a 5.6 1 n/a 4.2 1 n/a 

N = number of years data has been collected with the 2012-2021 time period. 

* = Impaired, included in the 2010 Six Lakes TMDL Study 

** = Impaired, included in the 2014 Sunrise River Watershed TMDL Study but no data collected within the last 10-years 

Lake names in bold have District Goals; ## V = meets Standard; ## = does not meet Standard, n/a = insufficient data 
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Lake Water Quality Trends 

Long-term lake water quality trends were calculated using the Kendallôs Tau statistical analysis which essentially 

reports how consistently a water quality parameter (such as TP or Secchi) increases or decreases over time. Short-

term (since 2011) and long-term (for the entire monitoring period beginning with the earliest available year) were 

determined for each lake for all monitoring data available from the MPCA EDA Surface Water Database. Many 

lakes had large gaps in their monitoring records and therefore, only short-term trends could be determined, as 

noted in Table 7 below. 

¶ No trend indicates that the water quality parameter is not consistently increasing or decreasing from year 

to year over the time-period AND this is a statistically significant no change. 

¶ Improving or declining trends means that the water quality parameter is consistently increasing or 

decreasing from year to year over the time-period but NOT in a statistically significant way. 

¶ Significantly improving or significantly declining means that the water quality parameter is consistently 

increasing or decreasing from year to year over the time-period AND in a statistically significant way. 

The percent change in the parameter over the entire time-period is reported for statistically significant 

trends. 

¶ NA means that there was insufficient data to determine a statistical trend. At least 4 samples must be 

collected per year to be included in the trend analysis, and at least 75% of all years in the total period of 

record have at least 4 samples collected per year. Ten lakes do not have enough monitoring data to 

determine long-term trends in water quality. 

Overall, most District lakes have improving trends in lake water quality. Water quality has statistically improved 

in Forest Lake West (1st Lake) since 2012 for all 3 parameters (TP, Chl-a and Secchi), and in Bone Lake since 

2012 for TP and Secchi. Water clarity (Secchi) and TP are slightly worsening in Lake Keewahtin however, water 

clarity and TP concentrations are still well below the State standards. Both Moody Lake and Shields Lake have 

improving water quality with statistical improvements in TP concentrations. Water clarity is significantly 

declining in Shields Lake since 1993, although the second of two planned alum treatments was completed in 2020 

and water quality shows a significant improvement in 2021. While not statistically significant, there are declining 

trends in TP and Chl-a in Forest Lake Middle and East basins. 
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Table 7. Lake Water Quality Trends (EOR) 

Lake Total Phosphorus Trend Chlorophyll-a Trend Secchi Disk Trend 

Bone 
Significantly Improving 
since 2012 (-50%) 

Improving since 2001 

Improving since 1984 

Significantly Improving 
since 2012 (105%) 

Comfort Improving since 1994 Improving since 1994 

Improving since 1987 

Significantly Improving 
since 2012 (80%) 

Forest ï West 

Improving since 1984 

Significantly Improving 
since 2012 (-38%) 

Significantly Improving 
since 2001 (-54%) 

Improving since 1984 

Significantly Improving 
since 2012 (110%) 

Forest ï Middle Declining since 2012 Declining since 2012 Improving since 2012 

Forest ï East Declining since 2012 Declining since 2012 
Significantly Improving 
since 2012 (52%) 

Keewahtin Declining since 2012 Improving since 2001 
Improving since 1974 

Declining since 2012 

Little Comfort Improving since 2012 Improving since 2012 Improving since 2012 

Moody 
Significantly Improving 
since 2005 (-73%) 

Improving since 2005 Improving since 2005 

Shields 

Improving since 1993 

Significantly Improving 
since 2012 (-83%) 

Improving since 2001 

Significantly Declining 
since 1993 (-57%) 

Improving since 2012 

NA = not enough data available to determine a long-term trend in water quality 

Short-term trends are noted for the most-recent 10-years (since 2012) 

Long-term trends are noted for the period of record for each lake, which varies, with the earliest year noted 
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STREAMS 
Streams are assessed by the Minnesota Pollution Control Agency for their ability to support aquatic life and 

aquatic recreation designated uses. Protection of ñaquatic lifeò means protection of the aquatic community from 

the direct harmful effects of toxic substances, and protection of human and wildlife consumers of fish or other 

aquatic organisms. Protection of ñaquatic recreationò means protection of the ability to recreate on and in 

Minnesotaôs waters. 

CLFLWD streams are considered to be Class 2B Waters, according to the Minnesota Pollution Control Agency 

(MPCA). These types of streams are described as cool- and warm-water fisheries (not protected for drinking 

water) and are held to certain water quality standards as set by the MPCA (Minn. R. 7050.0222. The state 

standards can be found in Table 8. It is important to track these water quality standards at each site to determine 

if the waters are meeting state goals and whether or not they are impaired. For the purposes of identifying instances 

in which the 2B standards are not meeting MPCA thresholds, only discrete (grab) samples taken manually are 

considered in this report. 

Multiple water quality parameters were monitored and analyzed at each stream site in 2021. The purpose of this 

monitoring was to assess and document the current water quality conditions of the streams, identify problem 

resources or areas, and to continue a long-term baseline monitoring program which will enable the Comfort Lake-

Forest Lake Watershed District (CLFLWD) to identify trends associated with land use changes in the watershed. 

Table 8. MPCA Class 2B Water Quality Standards 

tŀǊŀƳŜǘŜǊ /ƭŀǎǎ н. ²ŀǘŜǊǎ {ǘŀƴŘŀǊŘ 

/ƘƭƻǊƛŘŜ ό/ƘǊƻƴƛŎύ ғ нол ƳƎκ[ 

[ƻǿ 5ƛǎǎƻƭǾŜŘ hȄȅƎŜƴ ό5hύ Ҕ р ƳƎκ[ ŀǎ Řŀƛƭȅ ƳƛƴƛƳǳƳ 

ǇI Ҕ сΦр ƻǊ ғ уΦр 

¢ƻǘŀƭ {ǳǎǇŜƴŘŜŘ {ƻƭƛŘǎ ό¢{{ύ ғ ол ƳƎκ[ϝ 

¢ƻǘŀƭ tƘƻǎǇƘƻǊǳǎ ό¢tύ ғ млл ǳƎκ[ϝϝ 

*May be exceeded no more than ten percent of the time, April 1-September 30 

**June-September 10-year average 

The following is the description for the Escherichia (E.) coli standard: 

 

ñNot to exceed 126 organisms per 100 milliliters as a geometric mean of not less than 

five samples representative of conditions within any calendar month, nor shall more than 

ten percent of all samples taken during any calendar month individually exceed 1,260 

organisms per 100 milliliters. The standard applies only between April 1 and October 

31.ò 

What is the purpose of collecting stream data? 

Location 

¶ Long-term stream ï The purpose of long-term stream monitoring is to understand the status of 

District resources, identify changes over time, and identify and define problems at the watershed or 

subwatershed level. There are 3 lake outlet sites with long-term records in CLFLWD: Bone Lake, 

Forest Lake and Comfort Lake. Data from these sites are useful for calibrating H&H models and 

tracking total flow and loads discharged from the lakes over time to downstream waters. However, 

data from these sites is greatly influenced by lake water quality and does not provide information 
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on how landscape changes influence water quality over time. There are 3 lake inlet sites with long-

term records in CLFLWD: Bone Lake North Inlet, Comfort Lake Inlet, and Little Comfort Lake 

Inlet at Itasca Avenue. Data from these sites are useful for calibrating H&H models, tracking total 

flow and loads discharged to lakes over time, and can provide some information on how climate 

and landscape changes influence water quality over time. 

¶ Diagnostic ï The purpose of diagnostic monitoring is to determine the specific causes of 

impairments to surface water and to quantify inputs/loads of contaminants to a water body from 

various sources. It is also used to determine the actions needed to return a resource to a condition 

that meets standards or goals. The findings from specific investigations can be used to 

refine/improve water quality modeling tools. 

¶ Project effectiveness ï The purpose of effectiveness monitoring is to determine the effectiveness 

of a specific regulatory or management action taken to improve water quality. Examples of 

effectiveness monitoring include monitoring conducted following installation of a best management 

practice (BMP) or site-specific monitoring that is done to assess compliance with a permit or rule.  

Physical Parameters 

¶ Temperature (degrees Celsius) ï a measure of the temperature of the water. Temperature affects 

the oxygen content of the water (oxygen levels become lower as temperature increases); the rate of 

photosynthesis by aquatic plants; the metabolic rates of aquatic organisms; and the sensitivity of 

organisms to toxic wastes, parasites, and diseases. Aquatic organisms from microbes to fish are 

dependent on certain temperature ranges for their optimal health. Optimal temperatures for fish 

depend on the species: some survive best in colder water, whereas others prefer warmer water. 

Benthic macroinvertebrates are also sensitive to temperature and will move in the stream to find 

their optimal temperature. If temperatures are outside this optimal range for a prolonged period of 

time, organisms are stressed and can die. Warm temperatures (typically above 20 degrees Celsius, 

or 68 degrees Fahrenheit) can stress or cause mortality in coldwater fish species; there are no known 

stream cold water fish species in the District. 

¶ Dissolved oxygen (mg/L) ï a measure of the amount of dissolved oxygen available in the water to 

support aquatic life. The stream system both produces and consumes oxygen. It gains oxygen from 

the atmosphere and from plants as a result of photosynthesis. Running water, because of its 

churning, dissolves more oxygen than still water, such as that in a reservoir behind a dam. 

Respiration by aquatic animals, decomposition, and various chemical reactions consume oxygen. 

If more oxygen is consumed than is produced, dissolved oxygen levels decline and some sensitive 

animals may move away, weaken, or die. DO levels fluctuate seasonally and over a 24-hour period. 

They vary with water temperature and altitude. Cold water holds more oxygen than warm water 

and water holds less oxygen at higher altitudes. Thermal discharges, such as water used to cool 

machinery in a manufacturing plant or a power plant, raise the temperature of water and lower its 

oxygen content. Aquatic animals are most vulnerable to lowered DO levels in the early morning on 

hot summer days when stream flows are low, water temperatures are high, and aquatic plants have 

not been producing oxygen since sunset. Dissolved oxygen levels below 5 mg/L can cause stress 

or mortality in fish and macroinvertebrates. 

¶ pH ï a measure of the acidity of the water. pH affects many chemical and biological processes in 

the water. For example, different organisms flourish within different ranges of pH. The largest 

variety of aquatic animals prefer a range of 6.5-8.0. pH outside this range reduces the diversity in 

the stream because it stresses the physiological systems of most organisms and can reduce 

reproduction. Low pH can also allow toxic elements and compounds to become mobile and 

"available" for uptake by aquatic plants and animals. This can produce conditions that are toxic to 

aquatic life, particularly to sensitive species like rainbow trout. 
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¶ Specific conductance (ÕS/cm) ï a measure of the ability of water to pass an electrical current. 

Conductivity in water is affected by the presence of inorganic dissolved solids such as chloride, 

nitrate, sulfate, and phosphate anions (ions that carry a negative charge) or sodium, magnesium, 

calcium, iron, and aluminum cations (ions that carry a positive charge). Organic compounds like 

oil, phenol, alcohol, and sugar do not conduct electrical current very well and therefore have a low 

conductivity when in water. Conductivity is also affected by temperature: the warmer the water, 

the higher the conductivity. For this reason, conductivity is reported as conductivity at 25 degrees 

Celsius (25 C). Distilled water has a conductivity in the range of 0.5 to 3 Õmhos/cm. The 

conductivity of rivers in the United States generally ranges from 50 to 1500 Õmhos/cm. Studies of 

inland fresh waters indicate that streams supporting good mixed fisheries have a range between 150 

and 500 Õhos/cm. Conductivity outside this range could indicate that the water is not suitable for 

certain species of fish or macroinvertebrates. 

¶ Turbidity (total suspended solids and total volatile solids, mg/L) - Turbidity is a measure of 

water clarity how much the material suspended in water decreases the passage of light through the 

water. Suspended materials include soil particles (clay, silt, and sand), algae, plankton, microbes, 

and other substances. These materials are typically in the size range of 0.004 mm (clay) to 1.0 mm 

(sand). Turbidity can affect the color of the water. Higher turbidity increases water temperatures 

because suspended particles absorb more heat. This, in turn, reduces the concentration of dissolved 

oxygen (DO) because warm water holds less DO than cold. Higher turbidity also reduces the 

amount of light penetrating the water, which reduces photosynthesis and the production of DO. 

Suspended materials can clog fish gills, reducing resistance to disease in fish, lowering growth 

rates, and affecting egg and larval development. As the particles settle, they can blanket the stream 

bottom, especially in slower waters, and smother fish eggs and benthic macroinvertebrates. The 

Minnesota Class 2B water quality standard for TSS is 30 mg/L. 

Nutrients 

¶ Phosphorus (mg/L) ï both phosphorus and nitrogen are essential nutrients for the plants and 

animals that make up the aquatic food web. Since phosphorus is the nutrient in short supply in most 

fresh waters, even a modest increase in phosphorus can, under the right conditions, set off a whole 

chain of undesirable events in a stream including accelerated plant growth, algae blooms, low 

dissolved oxygen, and the death of certain fish, invertebrates, and other aquatic animals. There are 

many sources of phosphorus, both natural and human. These include soil and rocks, wastewater 

treatment plants, runoff from fertilized lawns and cropland, failing septic systems, runoff from 

animal manure storage areas, disturbed land areas, drained wetlands, water treatment, and 

commercial cleaning preparations. Phosphorus has a complicated story. Pure, "elemental" 

phosphorus (P) is rare. In nature, phosphorus usually exists as part of a phosphate molecule (PO4). 

Phosphorus in aquatic systems occurs as organic phosphate and inorganic phosphate. Organic 

phosphate consists of a phosphate molecule associated with a carbon-based molecule, as in plant or 

animal tissue. Phosphate that is not associated with organic material is inorganic. Inorganic 

phosphorus is the form required by plants. Animals can use either organic or inorganic phosphate. 

Both organic and inorganic phosphorus can either be dissolved in the water or suspended (attached 

to particles in the water column). 

¶ Nitrogen ï forms of nitrogen include ammonia (NH3), nitrates (NO3), and nitrites (NO2). Nitrates 

are essential plant nutrients, but in excess amounts they can cause significant water quality 

problems. Together with phosphorus, nitrates in excess amounts can accelerate eutrophication, 

causing dramatic increases in aquatic plant growth and changes in the types of plants and animals 

that live in the stream. This, in turn, affects dissolved oxygen, temperature, and other indicators. 

Excess nitrates can cause hypoxia (low levels of dissolved oxygen) and can become toxic to warm-

blooded animals at higher concentrations (10 mg/L or higher) under certain conditions. The natural 
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level of ammonia or nitrate in surface water is typically low (less than 1 mg/L); in the effluent of 

wastewater treatment plants, it can range up to 30 mg/L. Sources of nitrates include wastewater 

treatment plants, runoff from fertilized lawns and cropland, failing on-site septic systems, runoff 

from animal manure storage areas, and industrial discharges that contain corrosion inhibitors. 

Nitrates from land sources end up in rivers and streams more quickly than other nutrients like 

phosphorus. This is because they dissolve in water more readily than phosphates, which have an 

attraction for soil particles. As a result, nitrates serve as a better indicator of the possibility of a 

source of sewage or manure pollution during dry weather. Water that is polluted with nitrogen-rich 

organic matter might show low nitrates. Decomposition of the organic matter lowers the dissolved 

oxygen level, which in turn slows the rate at which ammonia is oxidized to nitrite (NO2) and then 

to nitrate (NO3). Under such circumstances, it might be necessary to also monitor for nitrites or 

ammonia, which are considerably more toxic to aquatic life than nitrate. There is currently no nitrate 

standard to protect aquatic life in Minnesota; nitrate levels must be below 10 mg/L in drinking water 

sources. 

Bacteria 

¶ Escherichia coli ï Members of two bacteria groups, coliforms and fecal streptococci, are used as 

indicators of possible sewage contamination because they are commonly found in human and 

animal feces. Although they are generally not harmful themselves, they indicate the possible 

presence of pathogenic (disease-causing) bacteria, viruses, and protozoans that also live in human 

and animal digestive systems. Therefore, their presence in streams suggests that pathogenic 

microorganisms might also be present and that swimming and eating shellfish might be a health 

risk. Since it is difficult, time-consuming, and expensive to test directly for the presence of a large 

variety of pathogens, water is usually tested for coliforms and fecal streptococci instead. Sources 

of fecal contamination to surface waters include wastewater treatment plants, on-site septic 

systems, domestic and wild animal manure, and storm runoff. E. coli is a species of fecal coliform 

bacteria that is specific to fecal material from humans and other warm-blooded animals. 

Flow 

Stream flow is the total volume of water going past a point. Higher stream flows may represent more 

precipitation or more runoff generated by precipitation due to greater imperviousness (such as in 

developed landscapes) or drainage (such as ditched landscapes) in a watershed.  

Runoff Depth 

Runoff depth is the depth of the total volume of water going past a point if it were evenly distributed 

across the monitoring site drainage area. Runoff depth normalizes stream flow to annual precipitation. 

Higher runoff depth may represent more runoff generated by precipitation due to greater imperviousness 

or drainage in a watershed.  

Load 

The District measures continuous stream flow and collects water quality concentration samples to model 

the total pollutant load discharged to and from District lakes. Load can be thought as the total amount of 

phosphorus moving past a point in the stream and is equal to the amount of pollutant per volume of water 

times the total volume of water going past a point (Figure 12). Higher loads may represent more 

precipitation or more phosphorus load sources compared to lower loads. 
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Figure 12. Relationship between stream flow and pollutant concentrations and loads 

Flow-weighted Mean Concentration 

The flow-weighted mean concentration (FWMC) is calculated as the total annual load divided by the total 

annual flow. The FWMC indicates how much pollutant is discharged relative to the flow. The phosphorus 

FWMC tends to have a greater impact on lake water quality than the total phosphorus load. The state lake 

water quality standards for deep lakes in the North Central Hardwood Forests region of 40 Õg/L can 

typically be met when watershed runoff TP FWMC are less than 100 Õg/L. For example, if the TP load 

and flow both increase to a lake, resulting in a similar TP FWMC, the higher TP load will have less impact 

on lake water quality because the time the load spends in the lake decreases under higher flows (water 

flows in and out of the lake faster). 

Total flow and pollutant loads are most influenced by the amount and timing of precipitation, in addition to 

changes in land use and implementation of best management practices (BMPs). During wet years, pollutant loads 

may be higher due to overall higher watershed runoff and flows, even without any significant changes in land use 

or BMP implementation that influence the amount of pollutant loads. In this way, flow weighted mean pollutant 

concentrations are better indicators of watershed changes, such as land use changes or implementation of BMPs, 

than total phosphorus loads. 

What stream data was collected in 2021? 

A total of 39 sites were monitored in 2021 by the CLFLWD and EOR (8 long-term sites, 22 diagnostic sites, and 

9 effectiveness monitoring sites). The 2021 monitoring sites are listed in Table 9 and illustrated in Figure 13 

through Figure 20. 

The long-term sites monitored in 2021 were Forest Lake Outlet, Bone Lake Outlet, Bone Lake North Inlet, Big 

Comfort Lake Outlet, Big Comfort Lake Inlet, and Little Comfort Lake Inlet. Continuous stream stage, flow 

measurements to develop stage-discharge rating curves, and stream water chemistry grab and composite samples 

were collected at all long-term stream sites (solids, phosphorus, nitrogen, and chloride).  

The other 27 sites included diagnostic monitoring of all major tributaries in the Forest Lake Management District, 

two effectiveness monitoring efforts included in the 2021 budget (Broadway Iron Enhanced Sand Filter and 

Shields Lake Reuse), and a couple of diagnostic stream sites in the Comfort Lake Management District  (Heims 

Lake Drainage Ditch and East Comfort Dr.) and one site in the Little Comfort Lake Management District 

(Manning Trail) to support District-led diagnostic monitoring efforts. Continuous stream stage, flow 

X                  = 
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measurements to develop stage-discharge rating curves, and total suspended solids and total phosphorus grab 

samples were collected at the diagnostic and effectiveness monitoring sites.  

The annual hydrographs with total phosphorus and total suspended solids concentrations are shown as figures and 

all water chemistry data collected by sample date is included in a table for each individual stream site in Appendix 

B (Long-term Stream Sites) and Appendix C (Diagnostic/Effectiveness Sites). 

Table 9. 2021 long-term, diagnostic and effectiveness stream monitoring sites 

{ƛǘŜ 5ŜǎŎǊƛǇǝƻƴ hƭŘ /ƻŘŜ 
bŜǿ 
/ƻŘ
Ŝ 

at/! 
{ǘŀǝƻƴ L5 

Cƭƻǿ {ǘŀƎŜ ¢t hǊǘƘƻ t ¢{{ aŜǘ /Φ 

[ƻƴƎπǘŜǊƳ {ǘǊŜŀƳ aƻƴƛǘƻǊƛƴƎ     у у у у у 

.ƛƎ /ƻƳŦƻǊǘ hǳǘƭŜǘ ./h /[м {ллпπпсу L{/h · · · · · 

.ƛƎ /ƻƳŦƻǊǘ LƴƭŜǘ ./L /[н {ллмπнно L{/h · · · · · 

{ǳƴǊƛǎŜ Ϫ нрсǘƘ {нрсϝϝ /[о {лмрπмсм L{/h · · · · · 

{ǳƴǊƛǎŜ Ϫ 
DǊŜŜƴǿŀȅ !ǾŜ 

Dw99bϝϝ /[п {ллпπфнс L{/h · · · · · 

[ƛǧƭŜ /ƻƳŦƻǊǘ LƴƭŜǘ [/L [/м {ллмπнон L{/h · · · · · 
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*water quality samples were not collected at this site due to drought conditions 

** these sites are listed as long-term, but are additional ISCO sites used to assess the impacts of Shallow Lake 

Pond 
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Figure 13. 2021 stream monitoring sites near Birch Lake.  
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Figure 14. 2021 stream monitoring sites near Bone Lake. 
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Figure 15. 2021 stream monitoring sites near Broadway Avenue. 
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Figure 16. 2021 stream monitoring sites in the Comfort Lake Management District. 
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Figure 17. 2021 stream monitoring sites near Forest Lake. 
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Figure 18. 2021 stream monitoring sites near Forest Lake. 
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Figure 19. 2021 stream monitoring sites near Shields Lake. 
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Figure 20. 2021 stream monitoring sites in the WJD6 subwatershed. 
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2021 Stream Water Quality Summary 

Stream water chemistry grab sample results for total suspended solids, phosphorus, nitrogen, iron and chloride 

are reported for seven of the eight long-term stream monitoring sites in Appendix B: 

¶ Bone Lake North Inlet (Table 12) 

¶ Bone Lake Outlet (Table 13) 

¶ Forest Lake Outlet (Table 14) 

¶ Sunrise River at Greenway Avenue (Table 15) 

¶ Sunrise River at 256th St. (Table 16) 

¶ Big Comfort Inlet (Table 17) 

¶ Big Comfort Outlet (Table 18) 

Note: Little Comfort Inlet at Itasca Avenue is excluded from this analysis due to lack of data collected. 

Stream water quality is generally good throughout the District as observed by stream chemistry concentrations 

that are low and generally below state standards for all sites except occasional exceedances of total phosphorus 

and total suspended solids stream standards. Notably nitrogen levels are very low and no chloride readings 

exceeded state standards District-wide. The highest stream chloride concentrations measured in 2021 was in 

March and July in the Sunrise River at Greenway Avenue (154 and 151 mg/L, respectively) but both well below 

the state standard of 230 mg/L. 

2021 Stream Flow and Load Summary 

Total volume, total phosphorus and total suspended solids load and flow-weighted mean concentration (FWMC) 

were determined using FLUX32 for the long-term stream sites in Table 10 and the diagnostic and effectiveness 

monitoring sites in Table 14 below. The Central Region Reference stream FWMC targets are 100 Õg/L (0.10 

mg/L) for total phosphorus and 30 mg/L for total suspended solids.  

¶ Stream water quality at the long-term monitoring sites is generally good throughout the District as 

observed by stream chemistry concentrations that are low and generally below state standards for all sites 

except occasional exceedances of total phosphorus and total suspended solids stream standards. Notably 

nitrogen levels are very low and no chloride readings exceeded state standards District-wide. 

¶ Most stream TSS FWMCs at the long-term monitoring sites and diagnostic monitoring sites in 2021 were 

below (meeting) the Central Region Reference TSS FWMC target of 30 mg/L. 

¶ The following 2021 stream TSS FWMCs were above (not meeting) the Central Region Reference TSS 

FWMC target of 30 mg/L: Big Comfort Outlet (CL1), Heims Drainage Ditch (CL5), Forest Lake Outfall 

(FL5), and Hayward Ave  . (FL22). 

¶ Mostdiagnostic monitoring sites had TP FWMCs in 2021 above (not meeting) the Central Region 

Reference TP FWMC target of 0.10 mg/L however the majority of these sites are small ephemeral streams 

or are directly downstream of wetlands which are subject to wetland release 

¶ The following 2021 stream TP FWMCs were below (meeting) the Central Region Reference TP FWMC 

target of 0.10 mg/L: Big Comfort Outet (CL1), Big Comfort Inlet (CL2), Sunrise River at 256th St. (CL3), 

Sunrise River at Greenway Ave. (CL4), Forest Lake Outlet (FL1), Cranberry Lake Outlet (FL17), FL44 

Watershed (FL18), and Hayward Ave. (FL22).   

The historic annual flow and TP and TSS FWMC/loads are included for all long-term stream sites in Appendix F 

for comparison with 2021. Measured flow and loads in 2021 were near the lower end of the historic ranges 

observed for all long-term sites since 2004. Recall that 2021 precipitation was less than average and flow volumes 

were at a minimum. The only exception was at the Big Comfort Outlet which had estimate pollutant loads closer 

to average but very high uncertainty. One sample on March 25th had a TSS concentration of 82.5 mg/L and a TP 

concentration of 0.226 mg/L. the sample was collected on the rising limb of the largest flow of the year which 
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means the high concentrations may be a result of resuspended bottom sediment in the channel that had 

accumulated over the past year plus of below average flow.  

Note that there was an unacceptably high level of uncertainty reported by FLUX32 in the 2021 TP and/or TSS 

load calculations for many sites; these values are bolded in Table 13 and should be used with caution. Recall that 

stream loads are based on applying event mean concentrations to daily baseflow and storm event flows across an 

entire monitoring period based on a limited number of grab samples collected (typically 8-14). Because we cannot 

collect continuous water quality concentrations, there is inherent uncertainty in the statistical methods we use to 

estimate concentrations on days without a sample; this uncertainty is measured by a coefficient of variation (CV) 

in FLUX32. CVs below 0.2 indicate low uncertainty, CVs between 0.2 and 0.5 indicate moderate uncertainty, 

and CVs above 0.5 indicate unacceptably high uncertainty in estimated loads. The inherent uncertainty in the 

calculations is enhanced during drought years such as 2021 where dry flows limit the number of samples collected 

below eight samples and create a smaller load which inherently creates a larger percent uncertainty. In addition, 

significant runoff can occur in the spring when air temperatures are still too cold to safely deploy monitoring 

equipment without the risk of freezing sensors or bursting tubes; therefore, total annual flow is often slightly (5-

10%) underestimated. However, this underestimate is acceptable because it is lower in magnitude than the 

variability in flow observed from year to year. 

¶ Sites where fewer than 5 samples were obtained are considered insufficient by FLUX32 and include the 

following monitoring sites: Bone Lake Inlet North (BL1), Bone Lake Outlet (BL2), Const. Pond 

Overflow (CPO), Const. Pond Inlet South (CPIS), Castlewood East (FL8-D), Castlewood East at 

Hwy. 97 (FL8-U), Shields Lake at Hwy. 97 (FL9), WJD-6 (FL11), WJD-6 (FL12), Cranberry Lake 

Outlet (FL17), FL44 Wetland (FL18), and Hayward Ave. (FL20) 

This highlights the importance of interpreting stream loads in the context of the sample period conditions and the 

historic variability observed at that site. Stream water quality tends to be more variable than lake water quality 

due to the large number of factors that influence runoff and pollutant discharge, especially when comparing across 

years. Stream water quality data is best interpreted within the same year across sites to reduce the influence of 

year-to-year weather variability. 

Broadway Ave. 

The water quality data collected at CL7-B, and CL7-C were severely limited by the drought conditions in 2021. 

Therefore, the data are not sufficient for drawing conclusions about the effectiveness of the system in treating 

runoff. This project will be re-evaluated in 2022 to accurately assess the effectiveness. 
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Shields Lake Reuse Effectiveness Monitoring 

Effectiveness monitoring data was collected throughout the Shields Lake Stormwater Harvest and Reuse system 

project in 2021. Due to the extremely dry conditions, some monitoring sites did not provide sufficient flow data 

to calculate discharge rates from the reuse pond. However, using a combination of monitoring data available and 

golf course irrigation and pump records, the estimated reuse volume is approximately 5 million gallons. This can 

also be assumed to be the reduction in groundwater pumping. The project was projected to reduce groundwater 

pumping by up to 11.8 million gallons during dry seasons. While this was the estimated benefit in a dry growing 

season, because of the drought conditions, the reuse pond was typically too low to supply water to the irrigation 

reuse system throughout the 2021 season so a significantly smaller reduction in groundwater pumping was to be 

expected than even these projections. 

The water quality data collected at CPIS, CPIN-E, CPIN-W, CPO, NIRR, and SIRR were severely limited by the 

drought conditions in 2021 and no flow was observed in the reuse pond after early June. Therefore, the data are 

not sufficient for drawing conclusions about the effectiveness of the reuse system in treating runoff from the golf 

course. This project will need to be re-evaluated in the future to accurately assess the projectôs effectiveness. 

The site locations are shown in Figure 13 through Figure 20 and the 2021 stream load data for the applicable 

project sites are summarized in Table 10 and Table 11. 
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Table 10. 2021 Long-term Stream Monitoring Site Concentrations and Loads.  

Bolded values have very high coefficient of variation (i.e. high uncertainty > 0.5) and should be used with caution. Shaded FWMC exceed the Central Region. 
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Table 11. 2021 Diagnostic and Effectiveness Stream Monitoring Site Concentrations and Loads.  

Bolded values have very high coefficient of variation (i.e. high uncertainty > 0.5) and should be used with caution. Shaded FWMC exceed the Central Region. 
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[ƻŀŘ 
όƭōǎύ /± 

C²a/ 
όƳƎκ[ύ [ƻŀŘ όƭōǎύ /± 

/ŜƴǘǊŀƭ wŜƎƛƻƴ wŜŦŜǊŜƴŎŜ C²a/     ғ лΦмл   ғ ол   

 9ũŜŎǝǾŜƴŜǎǎ 
{ƛǘŜǎΥ 

       
 

  
 

 {ƘƛŜƭŘǎ 
wŜǳǎŜ 

       
 

  
 

/ƻƴǎǘ tƻƴŘ LƴƭŜǘ 
{ƻǳǘƘ /tL{ 

{{лллфс нмт п лΦоу мсн лΦмп смΦо лΦот нΦфл мΣнун лΦуп 

/ƻƴǎǘ tƻƴŘ 
hǾŜǊƅƻǿ /th 

t{ллмфо нмр нϝ         

Flow Weighted Mean Concentration (FWMC) 

*Not enough grab samples collected to calculate a load or FWMC 
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APPENDIX A ä 2021 INDIVIDUAL LAKE SUMMARIES 
Information on how to read the information provided in the individual lake summaries is provided in the Bone 

Lake example. Individual lake summaries were developed for the lakes with District goals that were monitored 

in 2021: 

1. Birch 

2. Bone 

3. Comfort 

4. Forest Lake ï West Basin 

5. Forest Lake ï Middle Basin 

6. Forest Lake ï East Basin 

7. Keewahtin 

8. Little Comfort 

9. Moody 

10. School 

11. Second 

12. Shields 
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The 2021 growing season average lake water quality data for all lakes monitored in 2021 is provided in Table 4. 

Example Lake Summary (BONE LAKE) 

  

Fast Facts: 

DNR Lake ID: 82-0054-00 
County: Washington 
Surface Area: 221 acres  
Littoral Area (depths less than 15 feet): 124 acres 
Maximum Depth: 30 feet 
Shore Length: 3.01 miles 
 

 
 

Some basic 

information about 

the lake, such as 

how big it is and 

where it is 

This map shows 

the lake depths 

and nearby roads 
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Example Lake Summary (BONE LAKE) 

нлнм Surface Water Quality Summary 

Nutrients:  
June-Sept. Average Total 

Phosphorus (TP, µg/L) 
 

26 ug/L 
 

  

 

Algae:  
June-Sept. Average 

Chlorophyll-a 
(Chl-a, µg/L) 

 

7.7 ug/L 
 

 

Clarity:  
June-Sept. Average 

Secchi Depth 
(Secchi, ft) 

 

7.3 feet 
 

 

  

This figure shows all of the water quality 

samples collected in 2021. Each dot 

represents one sample date. Black dots were 

collected from surface water; gray dots were 

collected from bottom water. The top figure 

shows the phosphorus concentrations. The 

growing season (June-September) is shaded 

in tan. These samples were used to calculate a 

growing season average that is presented to 

the left of the figure. The red line represents 

the State water quality standard for each 

parameter. Points above the line do not meet 

the water quality sample. However, lakes are 

only considered impaired if the average of all 

samples collected during the growing season 

do not meet the water quality standard. 
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Example Lake Summary (BONE LAKE) 

Historical Water Quality Summary 

 Phosphorus Chl-a Secchi 
State Standard < 40 < 14 >4.6 feet 

10-year Average (2012-2021) 34.9 мтΦн 4.7 
2040 District Goal < 30 n/a > 7.0 

5-year Average (2017-2021) 31 13.7 5.9 

Nutrients: 
June-Sept. Average 
Total Phosphorus 

(TP, µg/L) 
 

 

 

Algae: 
June-Sept. Average 

Chlorophyll-a 
(Chl-a, µg/L) 

 

 

 

Clarity: 
June-Sept. Average 

Secchi Depth 
(Secchi, ft) 

 

 

 

 

 

This figure shows the growing season average 

by year for each parameter. Each dot 

represents the annual growing season 

average, and the vertical line represents the 

standard error, or the variability in samples 

collected during that year. 

The darker green area represents growing 

season average concentrations where water 

quality is not meeting the State water quality 

standards. The light blue area represents 

growing season average concentrations that 

are meeting the State water quality standards 

the water quality standard. Lakes are 

considered impaired if the most recent 10-

year average of the annual growing season 

averages do not meet the water quality 

standards, shown in the table at the top of the 

page. 
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Example Lake Summary (BONE LAKE) 

 

нлнм [ŀƪŜ [ŜǾŜƭǎ 

[ŀƪŜ ƭŜǾŜƭǎ ǊŀƴƎŜŘ ƻǾŜǊ ŀ ǘƻǘŀƭ ƻŦ 
мΦс ŦŜŜǘΤ ŦǊƻƳ ŀ ƳƛƴƛƳǳƳ ƻŦ 
флуΦтм ŦŜŜǘ ƻƴ {ŜǇǘŜƳōŜǊ фΣ 
нлнл ǘƻ ŀ ƳŀȄƛƳǳƳ ƻŦ фмлΦом 
ŦŜŜǘ ƻƴ hŎǘƻōŜǊ нрΣ нлнлΦ 

 

нлнм ¢ŜƳǇŜǊŀǘǳǊŜ tǊƻŬƭŜǎ 

¢ƘŜ ƭŀƪŜ ǿŀǎ ǎǘǊŀǝŬŜŘ ŦǊƻƳ ƳƛŘπ
WǳƴŜ ǳƴǝƭ ŜŀǊƭȅ {ŜǇǘŜƳōŜǊΦ 

 

нлнм 5ƛǎǎƻƭǾŜŘ hȄȅƎŜƴ 
tǊƻŬƭŜǎ 

DǊŜȅ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŘǳǊŀǝƻƴ ŀƴŘ 
ŘŜǇǘƘǎ ǿƘŜǊŜ ƴƻ ƻȄȅƎŜƴ ƛǎ 
ǇǊŜǎŜƴǘ ŀƴŘ ǎŜŘƛƳŜƴǘ 

ǇƘƻǎǇƘƻǊǳǎ Ŏŀƴ ōŜ ǊŜƭŜŀǎŜŘ ŀƴŘ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ƛƴǘŜǊƴŀƭ ƭƻŀŘƛƴƎΦ 

LƴǘŜǊƴŀƭ ƭƻŀŘƛƴƎ ǿŀǎ ǇƻǎǎƛōƭŜ 
ŦǊƻƳ ŜŀǊƭȅ WǳƴŜ ǳƴǝƭ ƳƛŘπ

{ŜǇǘŜƳōŜǊΦ 

This figure shows the lake level 

measurements for 2021. Each triangle 

represents one measurement. The 

date is shown along the bottom of the 

figure as MM-DD. The dashed blue 

line shows the Ordinary High Water 

level. 

 

This figure shows the lake temperatures. 

The top of the figure is the lake surface 

and the bottom of the figure is the lake 

bottom. Red represents warm water, 

blue represents cold water. The date is 

shown along the bottom of the figure as 

MM-DD. The sharp change in water 

temperature indicates when the lake is 

stratified during the growing season. 

 

This figure shows the lake dissolved 

oxygen levels. The top of the figure is the 

lake surface and the bottom of the figure 

is the lake bottom. Dark blue represents 

oxygen rich water, lightest blue 

represents water with little to no oxygen. 

The date is shown along the bottom of 

the figure as MM-DD. When the bottom 

of the lake has little to no oxygen the lake 

is stratified and sediment phosphorus 

release is more likely. The larger the 

extent of the lightest blue coloring in the 

black box represents a greater potential 

for sediment phosphorus release 

(internal loading). 
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BIRCH LAKE 

 

 

Fast Facts: 

DNR Lake ID: 13-0042-00 
County: Chisago 
Surface Area: 32 acres  
Littoral Area (depths less than 15 feet): 32 acres 
Maximum Depth: 8 ft 
Shore Length: 0.74 miles 
 

 
 

 






















































































































































































































