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A very nice Deep Lake
Flathead Lake, Montana

From John Erdman, MPCA
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1 lb. Phosphorus can support 500 lbs. Algae





Ann Lake - Trophic State Index - 64

(2008-2017)



Ann Lake Internal Load 

Feasibility Study
(Completed 2018)

• Bottom Sediment Cores Analyzed – 3 sites

• Phosphorus Content

• Treated with Phoslock

• 4 Treatment Options Analyzed

• Cost

• Environmental Considerations

• Treatment Schedule

• Benefits/Limitations







(Total Max. Daily Load)



“The internal load reduction goal for Ann Lake is 

significantly greater than the watershed reduction 

goal.  It will be extremely difficult, if not 

impossible to restore Ann Lake to meet state 

water quality standards without some sort of 

management strategy to decrease phosphorus 

loading from the lake's sediments.” 

- from the 2018 Ann Lake Internal Load Feasibility Study completed by Wenck







Aluminum Sulfate

(Alum)











Polyaluminum

Chloride



Polyaluminum Chloride (PACl)

Aluminum settles to the sediment surface

Aluminum is capable of converting mobile 
phosphorus to immobile phosphorus in sediments

Not commonly used in the United States



Each application will result in a small chloride spike 
that is well below the chloride standard

PACl Environmental Considerations



One thing for sure about shallow lakes ....
you never have to worry about these!

From John Erdman, MPCA



Phoslock















Total $885,000 + Application Cost



Ann Lake 

Water Quality



Ann Lake – Transparency Trends



1.0 m 
10 – Year Average All Summers



Ann Lake - Trophic State Index - 64

(2008-2017)



33 ug/L
10 – Year Average All Summers 



83 ug/L
10 – Year Average All Summers



Kanabec Lakes Water Quality & Standards

Total Phosphorus Chlorophyll-a Secchi disk depth

Name ug/L ug/L ft.

Northern Lakes & Forests 30 9 6.6

Eleven Lake 43 34 2.9

Pomroy Lake 25 6 7.2

Ann Lake 80 28 3.8

N. Central Hardwood Forests, Shallow 60 20 1

Knife Lake 95 25 3

Quamba Lake 98 20 2.4

Fish Lake 95 39 2.9

N. Central Hardwood Forests, Deep 40 14 4.6

Lewis Lake 30 16 7.1



Anticipated Treatment Results





https://www.millelacsswcd.org/snake-river-one-watershed-one-plan/

Snake River

Public Comments 

around Lakes / Rivers 

Thurs. Nov. 5, 6-7:30 pm
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1 LB OF PHOSPHORUS FERTILIZER CAN SUPPORT 
500 LB OF ALGAE AND PLANT GROWTH

EXCESSIVE PLANT AND ALGAE 

GROWTH CONSUME OXYGEN AS 

THEY DECOMPOSE AND DIE.  THIS 

MAY LEAD TO OXYGEN 

DEPLETION AND FISH KILLS AS 

WELL AS DANGEROUS BLUE-

GREEN ALGAE

RUNOFF TRIVIA





10-Year 

Average

All Summers

1 Avg.

33 Avg.

83 Avg.







Minnesota Lake Water Quality Standards
(Secchi depth in meters)

Total Phosphorus Chlorophyll-a Secchi Depth

Ecoregion(s) Sub-Class ug/L ug/L meters

Western Cornbelt Plains & 

Northern Glaciated Plains

Shallow 90 30 0.7

Deep 65 22 0.9

North-Central Hardwood 

Forest

Shallow 60 20 1.0

Deep 40 14 1.4

Stream trout 20 6 2.5

Northern Lakes & Forests

Deep/Shallow 30 9 2.0

Lake trout 20 3 4.8

Stream trout 12 6 2.5



Kanabec Lakes Water Quality

Total 
Phosphorus

Chlorophyll-a
Secchi disk 
depth

number

Name ug/L ug/L ft Years of samples

Eleven 43 34 2.9 2008 - 2016 15 - 23

Pomroy 25 6 7.2 2009 - 2014 15 - 80

Knife 95 25 3.0 2009 - 2011 13 - 38

Ann 80 28 3.8 2008 - 2016 26 - 133

Quamba 98 20 2.4 2008 - 2011 10 - 17

Fish 95 39 2.9 2008 - 2016 25 - 92

Lewis 30 16 7.1 2008 - 2016 30 - 232





MN Lake Water Quality Standards
Total Phosphorus
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The Littoral Zone



The Littoral Zone: this is what a shallow lake is!



What a deep lake in MN (mid-latitude) does seasonally:



But a shallow lake remains well-mixed.



Ecoregions in Minnesota



Minnesota Lake Water Quality Standards
(Secchi depth in feet)

Total Phosphorus Chlorophyll-a Secchi Depth

Ecoregion(s) Sub-Class ug/L ug/L feet

Western Cornbelt Plains & 

Northern Glaciated Plains

Shallow 90 30 2.3

Deep 65 22 3.0

North-Central Hardwood 

Forest

Shallow 60 20 3.3

Deep 40 14 4.6

Stream trout 20 6 8.2

Northern Lakes & Forests

Deep/Shallow 30 9 6.6

Lake trout 20 3 15.7

Stream trout 12 6 8.2



Minnesota Lake Water Quality Standards
Chlorophyll-a & Secchi depth
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Chlorophyll-a Secchi depth


