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Study Goal 
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Develop a dynamic water quality model for 
Brewster lake using explicit “process-oriented” 
mechanistic basis that includes the chemical and 
biological interactions that take place in the lake. 
 
Why This Study: 
Most lake water quality models (studies) use 
steady-state input-output “data-oriented” mass 
balance equations. 
 
 



Objectives 

3 

 Collect/obtain physical data of the lake. 
 Develop a graphical model of the lake. 
 Perform hydrodynamic analysis of the lake’s 

watershed - water budget. 
 Collect and analyze water samples for a set of 

water quality variables. 
 Obtain atmospheric/weather data. 
 Develop/derive a mathematical model for the 

lake’s water quality. 
 Develop a numerical model. 
 Perform water quality simulations using 

COMSOL Multiphysics®. 
 



Study Location 
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Pierce Cedar Creek Biological Field Station, 
Barry County, Southwest MI 



Brewster Lake 
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Physical Data Collected 

 Bathymetric data – lake depth 
 USGS topographic data – watershed delineation 
 GPS data 
 Field dimensional measurements 
 Google areal images 
 Lake elevations 
 Outlet flow rate measurements 
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Graphical Model – Brewster Lake 
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AutoCAD Civil 3D 2013 
  



Graphical Model – Brewster Lake 

COMSOL Multiphysics® 
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Graphical Model – Brewster Lake 
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COMSOL Multiphysics® 
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Hydrodynamic Analysis – Water Budget 

Used the USGS conceptual model to perform the 
hydrodynamic analysis 

4 main 
components 

Runoff 
Groundwater 
Evaporation 
Precipitation 



 Runoff and Precipitation 
was calculated using  
TR-55 
 

 Evaporation was 
estimated using a 
mathematical model 

 Groundwater was 
estimated by using a 
water budget balance  
 

11 

Hydrodynamic Analysis – Water Budget 



Lake Water Level Monitoring 
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Hydrodynamic Analysis – Water Budget 
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Hydrodynamic Analysis – Water Budget 

Outlet flow rate measurements 
 



‹#› 



Watershed Analysis 
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L-THIA 2.0 
web-based 
watershed 
software –
Purdue 
University 

Hydrodynamic Analysis – Water Budget 
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Hydrodynamic Analysis – Water Budget 
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Hydrodynamic Analysis – Water Budget 



Weekly Weather Averages 18 

Weeks 
Rainfall 

total 
(in) 

Rainfall 
Average 
(in/day) 

Runoff 
(cfs) 

Evaporation 
(in) 

Temperature 
(F) 

Relative 
Humidity 

(%) 

Wind 
Speed 

(kt) 

May 26 -June 1 0.99 0.14 0 1.13 66.7 70.9 9.1 

June 2 - June 8 0 0.00 0 1.25 60.2 61.5 6.9 

June 9 - June 15 1.19 0.17 0 1.25 68.3 73.6 7.2 

June 16 – June 22 0.18 0.03 0 1.25 70.9 59.9 7 

June 23 - June 29 11.67 1.67 2 1.25 73.8 74.2 7.4 

June 30 - July 6 10.92 1.56 1.36 1.44 69.7 69.6 6.2 

July 7 -July 13 6.59 0.94 0 1.44 73.1 72.8 6.4 

July 14 - July 20 18.29 2.61 14.99 1.44 80.8 70.4 6.6 

July 21 - July 27 10.14 1.45 0.83 1.44 68.1 70.5 6.8 

July 28 - August 3 20.54 2.93 21.52 1.13 64.4 77.8 6.7 

Hydrodynamic Analysis – Water Budget 
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Weeks 
Average 

discharge (cfs) 
Volume of 

Discharge (m3) 

Volume of 
evaporation 

(m3) 
June 16 – 22 2.133 36529.8 1682.8 
June 23- 29 1.69 28943.0 1682.8 

June 30 – July 6 1.117 19129.8 1935.2 
July 7 - 13 1.214 20791.0 1935.2 

July 14 - 20 1.366 23394.2 1935.2 
July 21 – 27 1.188 20345.7 1935.2 

July 28 – August 3 1.099 18821.5 1514.5 

Weekly Water Budget 

Hydrodynamic Analysis – Water Budget 
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Weeks 
Volume of 

Runoff (m3) 
Average 

Delta height (m) 
Change in 

Volume (m3) 
Groundwater 
Volume (m3) 

June 16 – 22 0.0 0.143 7579 45791.6 

June 23- 29 34252.1 0.122 6466 2839.7 

June 30 – July 6 23291.4 -0.239 -12667 -14893.5 

July 7 - 13 0.0 -0.314 -16642 6084.2 

July 14 - 20 256719.2 -0.2 -10600 -241989.9 

July 21 – 27 14214.6 -0.148 -7844 222.3 

July 28 – August 3 368552.1 -0.028 -1484 -349700.2 

Weekly Water Budget – Groundwater Flow Rate 

Hydrodynamic Analysis – Water Budget 
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Nutrient Loading to the Lake from 
Watershed 



Monitoring Plan/Design 
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Monitoring Plan/Design 



 2 cross sections  
 14 water columns 
 3 sampling depths 
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Monitoring Plan 



E-W Cross Section 
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Monitoring Plan 
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NE-SW Cross Section 

Monitoring Plan 



1 ft below 
 surface 

1 ft above 
bottom 

Mid-point 
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Monitoring and Sampling 



 14 water columns 
 3 sampling depths 

 
 YSI Unit In-lake measurements 

 Dissolved Oxygen 
 Temperature 
 pH 
 Conductivity 

 Water Sampler 
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Monitoring and Sampling 

 



Lab Analyses 

 8 Parameters 
 Total Nitrogen  
 Total Phosphorus 
 Reactive Phosphorus 
 Ammonia 
 Nitrates 
 Chemical Oxygen 

Demand 
 Biochemical Oxygen 

Demand 
 Total Organic Content 
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Modeling Process 
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Variable Notation Concentration Units: 
 
C1 = Ammonia Nitrogen NH3, mg N/L 
C2 = Nitrate Nitrogen NO3,  mg N/L 
C3 = Inorganic Phosphorus PO4, mg P/L 
C4 = Phytoplankton Carbon PHYT, mg C/L 
C5 = Carbonaceous BOD CBOD, mg O2/L 
C6 = Dissolved Oxygen DO, mg O2/L 
C7 = Organic Nitrogen ON, mg N/L 
C8 = Organic Phosphorus OP, mg P/L 



Modeling Process 
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Dissolved Oxygen DO, mg O2/L 
Wool, et al., 2006 (WASP6 Manual): 



Modeling Process 
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Modeling Process 
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Modeling Process 
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Organic Phosphorus 

Inorganic Phosphorus 

Phytoplankton Phosphorus 



Modeling Process 
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Rearation: 
 

Flow-Induced 
Dependent on depth  

 
 
 
Wind Induced 

Wind velocity 
 

 
   

d < 2 ft 
2 < d < 20 ft 
d > 20 ft 

 
W < 6 m/s 
6 < w < 20 m/s 
w > 20 m/s 



Modeling Process 
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Rearation: 
Flow-Induced 

Dependent on depth  
 

 
 

d < 2 ft 
 
 
 
2 < d < 20 ft 
 
 
 
d > 20 ft 



Modeling Process 
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Rearation: 
Wind Induced - Wind velocity 
 

 
 

W < 6 m/s 
 
 
 
6 < w < 20 m/s 
 
 
 
w > 20 m/s 
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First Round Results 
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First Round Results 

42 



Second Round Results 
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Second Round Results 
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First Round Results 
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First Round Results 
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Second Round Results 
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Second Round Results 
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