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Preliminary Results



High water caused problems getting into the lake



High water caused problems enjoying being around the lake



High water caused problems with erosion

High water also affected the water quality of the lake –
How? Why?



Specific Project Goals
1. Evaluate the current water quality of the lake in terms of 

long-term trends
2. Quantify the current water and phosphorus budgets for the 

lake – especially with respect to high water levels
3. Determine response in water quality to changes in water 

level and phosphorus input
4. Determine how changes in water level are related to 

changes in water quality
5. Quantify historical changes in the water level of the lake
6. Determine what has caused changes in water level

a. climatic
b. temporal changes in ground-water and surface-

water inputs
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During recent 
high water –
Elevated Total 
Phosphorus and
Chlorophyll (algae) 
and decreased Water 
Clarity 

With decreasing 
water levels since 
2003 –
Total Phosphorus 
decreasing, water 
clarity increasing, 
but Chlorophyll 
(algae) is quite 
variable
- All similar to that 
prior to 1999.
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Average Summer Trophic State of Silver Lake
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Why did the higher water levels cause a 
decrease in water quality?

Hypothesis: Higher water levels result from more 
water input and more nutrients. Since Silver Lake 
appears to be phosphorus limited, the decrease in 
water quality resulted from increased phosphorus 
loading.

So where does the phosphorus come from?



Most of the Phosphorus comes with water, 
so we first we need a very good:

Water Budget

Change in Storage  = Inputs – Outputs

DS =  P + QI + GI – E - Go

Precipitation Surface water Evaporation

Ground water

Past studies suggested Ground Water was the dominant source of 
water in and out of Silver Lake



Original Description of 
Ground-water Flow

A Ground-Water Flow-Through Lake



Yellow 
River

Silver 
Lake

Original Description
Ground-water flow near Silver Lake



Many Small 
Piezometers
(small wells) 
were installed 
around the 
lake.

These all 
showed that 
water was 
leaving the 
lake but NOT 
entering the 
lake.



Yellow 
River

Silver Lake

Original Description

Yellow 
River

Silver 
Lake

Improved Description of Ground-water Flow

Ground-water flow near Silver Lake

Estimated Ground-water Output – 0.1 inches/day



Original Description of Surface-water Flow



Improved Description of Surface-water Flow



T7
T2

T3

Therefore we 
changed our 
emphasis to 
surface water:
Main 
Tributary 
Sites



Estimated Tributary Inflow –
Estimated from Measured Flow in the Yellow River

Estimated Flow in Tributary #7
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Estimation of Evaporation with a Hydrodynamic Model
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Modeled Evaporation (mm)
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Water outputs = 1829 acre-ft

GW out
61%

Evaporation
39%

MY2005

Water inputs = 1297 acre-ft

Ungaged
11%

Precip.
68%

Trib. 7
11%

Trib. 3
3%

Trib. 2
7%



Water outputs = 1732 acre-ft

GW out
59%

Evaporation
41%

MY2006

Water inputs = 928 acre-ft

Trib. 2
6%

Trib. 3
1%

Trib. 7
13%

Precip.
69%

Ungaged
11%



Preliminary Results

Measured and Estimated Water Level  - Demonstrates the Accuracy of the Water Budget

With Tribs. 2, 3, and 7, 0.4' to ungaged in April 2 005, and .3 to ungaged in April 2006
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Total P Input =  P + QI

Phosphorus Budget

Precipitation Inflow

Ground water

+ GWI

Erosion

+ E

Simplified

So where does the Phosphorus come from?

Little during study years

Little Input



Estimating Phosphorus from Precipitation





Estimating Phosphorus from Tributaries





Phosphorus Loads to Silver Lake

MY2005 - Year 1 Phosphorus loading = 292 pounds

Ungaged
33%

PPT
18%

Trib. 3
5%

Trib. 7
37%

Trib. 2
7%

MY2006 - Year 2 Phosphorus loading = 140 pounds

Ungaged
30% PPT

29%

Trib. 2
6%

Trib. 7
33%

Trib. 3
2%



How does Silver Lake respond to 
changes in Phosphorus Loading?

Through the use of the WDNR WiLMS Model 
(Eutrophication Modeling)



Response in the Water Quality of Silver Lake – with 
Empirical Eutrophication Models

Phosphorus Response of Silver Lake
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Chlorophyll a Response of Silver Lake
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Chlorophyll a Response of Silver Lake
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Chlorophyll a Response of Silver Lake
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Modeling Chlorophyll a Concentrations

Chlorophyll a Response of Silver Lake
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Secchi Depth Response of Silver Lake
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Did the high water affect water quality the way 
we would have expected?
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Can we reproduce the effects of the High Water in 2002 – 2003?



Filled Channel

With Diversion – Present and Natural Condition



Opened Channel 

2002 and 2003 Flow



Potential for much more flow into Silver Lake



Erosion Study – How much phosphorus also came in with erosion?



Eroded Phosphorus = Amount of Sediment * Concentration

Calculation of the Amount of Phosphorus from 
Nearshore Erosion with rising water levels 

(2001 to 2003)

Amount of Sediment= 3,100,000 lbs

Concentration:
Ave Bank P Conc – Ave Nearshore P Conc = 134 mg/kg
Ave Bank PO4 Conc – Ave Nearshore P Conc = 47 mg/kg

Eroded Phosphorus = 145 – 414 lbs       48 – 138 lbs/yr

Assumed value for model predictions – 93 lbs/yr



MY2006 - Year 2 Phosphorus loading = 140 pounds

Trib. 3
2%Trib. 7

33%

Trib. 2
6%

PPT
29%

Ungaged
30%

MY2005 - Year 1 Phosphorus loading = 292 pounds

Ungaged
33%

Trib. 2
7%

Trib. 7
37%

Trib. 3
5%

PPT
18%

WY2003 - Phosphorus Loading = 550 pounds

Ungaged
27%

Shore 
erosion

15%

PPT
10%

Trib. 3
6%

Trib. 7
36%

Trib. 2
6%

WY2002 - Phosphorus Loading = 1093 pounds

Ungaged
31%

Shore 
erosion

7%
Trib. 2

7%

Trib. 7
42%

Trib. 3
7%

PPT
6%

How Phosphorus Loading has changed with changes in water level:

Average = 205 lbs



Phosphorus Response of Silver Lake
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Response in the Water Quality of Silver Lake – with 
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20022002                     

Modeled – No Erosion
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Predicted Total P in 2002 is Much Worse than Measured

Average
2005-06



Phosphorus Response of Silver Lake
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Response in the Water Quality of Silver Lake – with 
Empirical Eutrophication Models

2002   2003   Sylvan 

Predicted Total P in 2003 is a Little Worse than Measured



Total Phosphorus
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Reason for Higher Estimated Concentrations during 2002 and 
still a little too high in 2003 – The Lake was Not quite in 

Equilibrium with its inputs

This suggests the water quality of the lake could have 
gotten much worse if high water inputs would have 
continued



Secchi Depth Response of Silver Lake
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Predicted Secchi is a little worse than that Estimated from Measured TP 
(possibly due to the higher chlorophyll a than expected)



How would Adding water from 
Upstream Lakes affect water quality
- Sort of like 2002 and 2003



Phosphorus Response of Silver Lake
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Adding 2 ft of water from Upstream will degrade water quality 
(TP, .015 ug/L > .017–.023 ug/L; Chlorophyll, 5 ug/L > 7–11 ug/L; Secchi, 10.5 ft > 6.7-8.9 ft)
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Water straight from 
stream above wetland

Water affected by 
wetland complex

Present Water 
Quality



If high water were to reoccur would 
removing water (pumping) affect the water 
quality of the lake?

First, water as high as 2002-03 may not occur again, without 
opening the upstream filled channel.

Removing water is not expected to affect water quality because the 
water remaining in the lake will have the same nutrient 
concentrations and the effects of morphometry alone is small. 



Reconstruction of Past Water Levels of Silver 
Lake – Has high water occurred in the past?

Lake stage, 1936 - 2007
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High water may have occurred back around 1970, the mid 1950s, and around 1945. 
Waiting for the results of the sediment core analysis to determine if these changes 
affected the water quality like we saw in 2002 and 2003. 



Silver Lake Stage
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Results Can Now Be Use To:

1. Understand changes in water quality

2. Estimate how the lake should respond to various 
management alternatives

3. Develop a Management Plan for the lake

4. Better able to predict changes in other lakes 


