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Lake Hydrodynamics



•Bathymetry/Morphometry
•Meteorological (Wind/Heat)  
•Tributary  

•Water Level  
{

•Circulation

Lake Hydrodynamics



River Dynamics

Free Flow

Dam Impoundment



Research Question
• What are time scales (flushing, residence, age)   

for Lakes & Rivers driven by these hydrodynamics? 



Flushing Time RECALL:

YEAR AVERAGE DISCHARGE (cfs) RAINFALL (in) FLUSHING TIME (years)

2004 135.8 28.76 4.16

2005 92.7 19.29 6.10

2006 113.6 21.28 4.98

2007 172.4 31.88 3.28

2008 258.5 25.54 2.19

2009 212.0 36.27 2.67

2010 184.1 29.63 3.07

2011 165.1 17.77 3.42

Average 166.8 26.30 3.392 2.5 3 3.5 4 4.5 5 5.5 6 6.5
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Approach
1. Hydrodynamic model

• Horizontal resolution: 100 meters
• Vertical layers: 52 

Model Execution
• AMD 64 processors 

(parallel computation)
Model Setup

• 8 Year Simulation
• Boundary Conditions

o Wind Stress
o Heat Flux
o Inflow/Outflow

Water Depth (m)

2. Particle Transport Model



Horizontal Dispersion Test
• Switch off advection term and release 1,000 particles at same time from center
• Check to see that particles remain within 3 times of standard deviation =             

This means that 99.7% of total particles should be located within area
6



1. Hydrodynamic Model Calibration
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1-D Model
Observed Data
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2. Particle Transport Model

= + 	∆ + 	 	∆
Advection

Particle Depth (m)



2. Particle Transport Model

= + 	∆ + 	 	∆
Advection

Dispersion
Particle Depth (m)



2. Particle Transport Model

= + 	∆ + 	 	∆
Advection
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Advection-Dispersion

Particle Depth (m)



Stratification

Stratified

Unstratified



Wind Up/Down welling

Baroclinic

Barotropic
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Residence Time
Lake

Lake-River

Years

Lake Mendota
Outlet

Monona Bay
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Summary
1. Hydrodynamic Model
2. Particle Transport ModelFlushing Time Age
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Future Work

MMQ
MWQ

WKQ
KSQ

Water Level
RESPONSE

R R R R

Lock/Dam 
Management 
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Kegonsaη

Mendotaη

Flooding Quality 

Optimization 


