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High water caused problems getting into the lake




High water caused problems enjoying being arouadake



High water caused problems with erosion

High water also affected the water quality of thedke —

How? Why?




Specific Project Goals

1. Evaluate the current water quality of the lakéeirms of
long-term trends

2. Quantify the current water and phosphorus bsdigetthe
lake — especially with respect to high water levels

3. Determine response in water quality to changegaiter
level and phosphorus input

4. Determine how changes in water level are relaied
changes in water quality

5. Quantify historical changes in the water levighe lake

6. Determine what has caused changes in water level
a. climatic
b. temporal changes in ground-water and surface-

water inputs



Total Phosphorus

0.030
_ ® Sample concentration 4
0} 0.025 | —e— Average summer concentraton|
= o USGS sample
g
g 0.020 -
o
o 0.015
o i
o
T
o 0.010 1
-
=
o 0.005 -
|_
0.000 ‘ : : : : : : : : : :
1/1/86 1/1/88 1/1/90 1/1/92 1/1/94 1/1/96 1/1/98 1/1/00 1/1/02 1/1/04 1/1/06 1/1/08
Chlorophyll a
35
& Sanmple concentration
= 30 {| —m—Average summer concentration | ... _®
(:_)') ¢ USGS sample *
< 2D g mmmmm oo -
= 20
E .
o 15
5
3 10
O
5
1/1/86 1/1/88 1/1/90 1/1/92 1/1/94 1/1/96 1/1/98 1/1/00 1/1/02 1/1/04 1/1/06 1/1/08
Secchi depth
8
7
= 6
T
e 5
W
a 4
&
O 3 <
: H
24 [ @ Measurementvalue | % e
1 | | —@—Average summer vaue | e
¢ USGS Measurement
0 : ‘ ‘ ‘ ‘

1/1/86

1/1/88 1/1/90 1/1/92 1/1/94 1/1/96 1/1/98 1/1/00 1/1/02 1/1/04 1/1/06 1/1/08

During recent
high water —

With decreasing
water levels since
2003 —
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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.



Water Budget

Change In Storage = Inputs — Outputs

Ground water

= P +0Q,+G,-E-G,

Surface water  Evaporation



Original Description of
Ground-water Flow

A Ground-Water Flow-Through Lake



Ground-water flow near Silver Lake
Original Description
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Ground-water flow near Silver Lake
Original Description

Yellow
River

Improved Description of Ground-water Flow
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Lake
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4—
Estimated Ground-water Output — 0.1 inches/day



Original Description of Surface-water Flow



Improved Description of Surface-water Flow
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Flow, in CFS

Estimated Flow in Tributary #7
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Estimation of Evaporation with a Hydrodynamic Model

Evaporation
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Evaporation, mm

Modeled Evaporation (mm)
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MY 2005

Water inputs = 1297 acre-ft Water outputs = 1829 acre-ft

Ungaged
11%

Trib. 7

Evaporation
39%

Trib. 3
3%

Trib. 2
7%




MY2006

Water inputs = 928 acre-ft Water outputs = 1732 acre-ft

Ungaged
11%

Trib. 7
13%

Evaporation
41%

Trib. 3
1%
Trib. 2
6%




Elevation, ft
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Phosphorus Budget

Total P Input= P+ Q, +E + GW,

Inflow




Estimating Phosphorus from Precipitation






Estimating Phosphorus from Tributaries






Phosphorus Loads to Silver Lake

MY2005 - Year 1 Phosphorus loading = 292 pounds MY2006 - Year 2 Phosphorus loading = 140 pounds
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Through the use of the WDNR WILMS Model
(Eutrophication Modeling)



Total Phosphorus, in mg/L

Phosphorus Response of Silver Lake

0.035

0.030
0.025
0.020
0.015 m General Response
¢ Measured
@ Direct Modeled
0.010 — Poly. (General Response)
0.005

-100 -50 0 50 100 150 200 250 300 350 400 450
% Change in Controllable Phosphorus Loading




Chlorophyll a, in ug/L

Chlorophyll a Response of Silver Lake

B General Response
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Secchi Depth, in m

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 — 20037



Filled Channel

\



Opened Channel



Potential for much more flow into Silver Lake



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



Calculation of the Amount of Phosphorus fron
Nearshore Erosion with rising water levels
(2001 to 2003)

Eroded Phosphorus = Amount of Sediment * Concantrat

Amount of Sediment 3,100,000 Ibs

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 Ibs 48 — 138 s/

Assumed value for model predictions — 93 Ibs/yr



How Phosphorus Loading has changed with changes in water level:

WY2002 - Phosphorus Loading = 1093 pounds

PPT
6%

Shore
erosion
7%
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7%

Trib. 3
7%

WY2003 - Phosphorus Loading = 550 pounds

Shore
erosion
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31%

MY2005 - Year 1 Phosphorus loading = 292 pounds
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MY2006 - Year 2 Phosphorus loading = 140 pounds

Ungaged
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Average = 205 Ibs
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Total Phosphorus, in mg/L

Phosphorus Response of Silver Lake
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Total Phosphorus, in mg/L

Phosphorus Response of Silver Lake
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TOTAL PHOSPHORUS, MGI/L
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This suggests the water quality of the lake could have
gotten much worse If high water inputs would have
continued




Secchi Depth, in m

Secchi Depth Response of Silver Lake
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First, water as high as 2002-03 may not occur again, without
opening the upstream filled channel.



Lake stage, 1936 - 2007
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Stage, Ft above Datum
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1. Understand changes in water quality

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

3. Develop a Management Plan for the lake

4. Better able to predict changes in other lakes



