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Lake Wister 

State of Oklahoma 303d List of Impaired Waterbodies: 
• Chlorophyll-a 
• Dissolved Oxygen 
• Total Phosphorus 
• Turbidity 
• pH 
• Mercury 

2013 – Contracted with Poteau 
Valley Improvement Authority: 

1. Sediment analysis 
2. Water quality model  



Presentation Overview 

• History of modeling and water quality analyses 

• Summary of existing watershed and in-lake 
data 

• Model selection process 

• Lake Wister ELCOM-CAEDYM model setup 

• Lake Wister ELCOM-CAEDYM model calibration 

• Lake Wister ELCOM-CAEDYM model planned 
simulations 



Previous modeling efforts for Lake Wister: 

Modeling approach (AMEC and Dynamic Solutions): 
 

Watershed inputs – derived from modeling using the 
Water Quality Analysis Simulation Program (WASP 7) 
 

WASP calibration – from USGS flow data and Oklahoma 
Conservation Commission in-stream WQ data 
 
Lake Model – Environmental Fluid Dynamic Code (EFDC); 
3D to simulate inflows and wind-driven mixing 
 

EFDC calibration – measured data from summer 2001 



Previous modeling efforts for Lake Wister: 



Overestimated benthic flux resulted in 

underestimated watershed contribution 
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Previous modeling efforts for Lake Wister: 

Haggard, Scott, and Patterson. Lake and Reservoir Management 2012 





Overestimated benthic flux resulted in 

underestimated watershed contribution 

Previous modeling efforts for Lake Wister: 

0.003 

0.001 



Existing data for Lake Wister and watershed 



Existing data for Lake Wister and watershed 

In-lake Water Quality Data: 
• Monthly since 2011 
• Total N, total P, NO2+NO3, 

NH4, SRP, chlorophyll-a, TSS 



Model Selection Process 



Two model options: 

Environmental fluid dynamic code (EFDC) 

• Open source (sort of…) 

• Widely utilized by USEPA 

• Standard internal diffusive flux model 

• P adsorption/desorption with partitioning coefficients 

Computational Aquatic Ecosystem Dynamic Model 
(CAEDYM) 

• Proprietary (U Western Australia; Zephyr Systems) 

• Rarely used by USEPA 

• Standard internal diffusive flux model 

• P adsorption/desorption using EPC0 
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ELCOM-CAEDYM chosen as modeling platform for Lake Wister 

 ELCOM = estuarine, lake and coastal ocean model is a 
 hydrodynamic model coupled to CAEDYM  



ELCOM-CAEDYM training in 
Fayetteville, AR –  

March 2015 

Clelia Marti – U Western Australia 



Conservation Pool Bathymetry Measured by OWRB 



Conservation pool elevation = 478 ft 

Maximum flood pool elevation = 502.5 ft 

Lake Wister is NOT regularly at the conservation 
pool elevation 



Integrated flood pool into continuous 
bathymetry for Lake Wister 



Integrated flood pool into continuous 
bathymetry for Lake Wister 



Conservation pool is not 
the norm 
 
Thermal stratification is 
temporary 



Model calibration ongoing 



Model calibration ongoing 

Model simulation years 2011 – 2015 

Calibration years: 2011, 2013, 2015 

Validation years: 2012, 2014 
Parameter (units) Current RMSE Target RMSE 

Surface Temperature (°C) 2.1 1.6 

Bottom Temperature (°C) 1.9 2.7 

Total Phosphorus (mg/L) 0.104 0.11 

Soluble Reactive P (mg/L) 0.083 0.03 

Total Nitrogen (mg/L) 0.71 0.49 

Nitrate (mg/L) 0.74 -- 

Ammonium (mg/L) 0.24 0.20 

Chlorophyll-a (µg/L) 4.1 14.2 

Dissolved Oxygen (mg/L) 1.5 1.6 



Low internal loading by inaccurate stratification duration 



Low internal loading by inaccurate stratification duration 







• Complete calibration 

• Simulate systematic load reductions on water 
quality with calibrated model 

• Derive specific load reduction estimates 
needed to achieve water quality targets for 
Lake Wister 

• Simulate the effect of lake management 
options (alum; wind breaks) 

• Final modeling report in November 2016 

Project Next Steps: 
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