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Project Problem
� Since 1989, elevated chlorophyll-a

concentrations were found to be related to 
persistent algal blooms on Silver Lake

� Elevated chlorophyll-a concentrations, high 
phosphorus concentrations, as well as 
decreased water clarity 
� Indicated potential accelerated eutrophication during 

recent years

� A study was needed to characterize the water 
and nutrient sources to Silver Lake



Project Objectives

� Characterize hydrologic inputs & outputs 
and develop water and nutrient budgets for 
Silver Lake

� Provide information to local water 
managers & stakeholders to help identify 
nutrient sources and loads to Silver Lake



PROJECT TASKS



Task 1: 
Groundwater Reconnaissance (COMPLETED)

�Temporary wells (piezometers) were used 
to sample groundwater 

�Measured water chemistry and nutrients

�Results were used to identify 4 locations for  
longer-term groundwater monitoring



Task 2: 
Septic and Groundwater Influence (ONGOING)

� Monitor groundwater levels and 
nutrient chemistry for 2 years 
using 4 piezometers (North, 
South, East, & West)

� Measure 10 private wells for 
one year to supplement 
groundwater flow data (water 
levels)

� Observe groundwater flow by 
installing seepage meters



Task 3: Monitoring Surface Water Flow 
& Water Budget Data Analysis (ONGOING)

� Install & operate a continuous 
stream gage on Hunter Creek 

� Install & monitor staff gage at 
the Silver Lake channel dam

� Collect atmospheric data
� Determine evaporation and 

evapotranspiration rates using 
existing data sources



Task 3 cont…
� Establish a water budget



Task 4: Water Chemistry (ONGOING)

� Monitoring lake and stream chemistry 
4 times per year for 2 years, plus 2-3
storm events (annually)

� 5 monitoring locations on lake 
� Water temp, DO, Conductivity, pH
� Secchi disc transparency
� Chlorophyll-a, phytoplankton, N, P (surface & bottom)
� Common ions, color, turbidity, alkalinity, total dissolved solids, and 

silica (Middle site, 1x per year)

� Hunter Creek, Trib at State Pk, Trib at N Shore 
Drive, and Silver Creek: 

� Turbidity, chlorophyll-a, phytoplankton, N, P



Task 4 cont…
�Discharge measurements at Hunter Creek and 

Silver Creek

�Groundwater chemistry & drainage tiles for     
N & P

�Explore lake changes in response to reduction 
in nutrients from identified source(s)
�BATHTUB model 

�Predict lake response to various % reductions in 
nutrients from identified sources



Task 5: Other Potential Nutrient Sources 
or Conditions (ONGOING)

� Precipitation
� Wet (rain and snow) & dry (several days 

following no ppt) samples to determine 
nutrient deposition 

� Nutrient inputs from lawn 
runoff and waterfowl
� Estimated from previously 

published literature values



Task 6: Identify Nutrient Controlling 
Algal Blooms (AWRI) (SPRING/SUMMER 2013)

Task 7: Internal Phosphorus Loading 
Estimates (AWRI) (2013-14)



Task 8: Data Interpretation and Reporting 
(ONGOING)

� Presentation of project results to the Silver 
Lake Improvement Board

� Interpretive report of project study results 
(Published by Sept. 30th, 2015) (USGS & 
GVSU-AWRI)

�Data summary and analysis (Ongoing)
�Water budget, nutrient budget, groundwater 

and BATHTUB models (2015)



PROJECT RESULTS



Project Results

� It is important to note that the monitoring 
for this project is not completed

� Thus the data analysis and results may 
change as a result of additional data (data 
is preliminary) & subject to revision



USGS Project results - Website

mi.water.usgs
.gov/projects/

silverlake/

USGS 
Silver 
Lake 

Website











USGS Project results – Trophic Status

� Chlorophyll a, is an indicator of water 
quality and is frequently used as a 
measure of algal biomass

� Chlorophyll a is often used to determine 
the trophic status of 
a lake, or the plant
biological productivity
of the lake



USGS Project results – Trophic Status
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USGS Project Results – Nutrients

� Nutrients
� Essential for natural plant and animal growth

� Excessive nutrients can adversely affect aquatic li fe 
and human health

� Elevated nutrient concentrations in streams and lak es 
can trigger eutrophication, resulting in excessive 
growth of algae and other aquatic plants

� High nutrient concentrations also can cause growth of 
harmful algae



USGS Project Results – Nutrient 
Concentrations (Chlorophyll a)

Data are preliminary and subject to revision



USGS Project Results – Nutrient 
Concentrations (Total Nitrogen)

Data are preliminary and subject to revision



USGS Project Results – Nutrient 
Concentrations (Total Phosphorus)

Data are preliminary and subject to revision



USGS Project Results – Nutrient 
Loading (Total Nitrogen)

Data are preliminary and subject to revision



USGS Project Results – Nutrient 
Loading (Total Phosphorus)

Data are preliminary and subject to revision



Next steps

� 2014
� Complete Spring, Summer, and event sampling

� 2015
� Decommission stream gage & other equipment
� Compile final data, build models & scenario 

testing
� Report writing, report publication
� Final presentation to the Silver Lake Improvement 

Board



Thank you!

Contact Info:

Angela Brennan,
Hydrologist

akbrennan@usgs.gov
(517) 887- 8905

Joseph Duris,
Water Quality 
Specialist

jwduris@usgs.gov
(517) 887- 8942

mi.water.usgs.gov/projects/
silverlake/



Other data



Selected Silver Lake Groundwater Water Quality 

Parameters by Date (Oceana Co., MI) 

Data are provisional and subject to revision until they have been thoroughly reviewed and received final approval (Data collected by 

USGS MI-WSC).

For more information, visit nwis.waterdata.usgs.gov/nwis/qwdata



Selected Silver Lake Groundwater Water Quality 

Parameters by Date (Oceana Co., MI) 

Data are provisional and subject to revision until they have been thoroughly reviewed and received final approval (Data collected by 

USGS MI-WSC).

For more information, visit nwis.waterdata.usgs.gov/nwis/qwdata
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