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PROJECT MEMORANDUM 

DATE: 02-06-13 

FROM: Wayne Ingram and Chris Everts 

SUBJECT: SIPC – Supplemental Spring and Fall Hydrothermal Modeling 

TO: File (3250115515); Project Team 

Prepared by:  DWI   Date: 02/06/13   

  Checked by:  CJE   Date: 02/06/13   

Purpose:  Summary of results from supplemental hydrothermal modeling of Lake of 

Egypt water temperatures for April – May (spring) and October – November (fall) time 

periods.  

 
INTRODUCTION 
 
Following establishment of summer and winter lake water temperatures for a stressed condition 
for proposed regulatory criteria, it was determined that regulatory criteria be proposed for four 
periods of the year.  This memorandum provides a summary of lake temperature modeling 
results for the spring and fall transition periods.  The spring and fall transition periods were 
defined as April through May and October through November, respectively. Since the transition 
periods are when the lake water temperatures are changing from annual lows to highs or highs 
to lows, establishing regulatory criteria for maximum water temperatures focuses attention on 
specific days at the end of the spring transition period and at the beginning of the fall period.   
 
STATISTICAL ANALYSES OF EQUILIBRIUM TEMPERATURE PARAMETER FROM 
CLIMATIC RECORDS 
 
A primary input variable for the hydrodynamic model LLGVHT is the equilibrium temperature 
(Teq).  This value is calculated from incident solar radiation, dew point temperature, and wind 
speed.  When surface water temperature is greater than the equilibrium temperature, the water 
temperature in the lake is increasing.  If equilibrium temperature is less than lake temperature 
the lake is losing heat to the atmosphere.   Teq and the calculated coefficient of surface heat 
exchange (CSHE) are applied as the model time-steps through a simulation period with the 
resulting hydrodynamics dictating the water temperature distribution throughout the water body.  
Experience with the model has shown Teq to be the parameter to which lake temperature 
calculated by the model is most sensitive.  
 
The Teq parameter was calculated from a daily time series of the three climatic parameters (wind 
speed, dew point temperature, and solar radiation).  Solar radiation and dew point temperature 
vary continuously and in a cyclical manner over the course of a year.  Based on the 
approximately 22-year period of record available at the SIU climate station (Illinois State Water 
Survey’s Illinois Climate Network), The daily 95th and 100th (maximum) percentile Teq values 
were calculated and are presented in Figure F-1.  Statistics for selected days for each of the 
three climatic parameters and the Teq value are provided in Table F-1.  The Teq values in Table 
F-1 are the percentile values from the calculated daily Teq series from the raw climatic data and 
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not calculated from the percentile values of the three climatic parameters. The percentile values 
in both Figure F-1 and Table F-1 are identified as non-exceedance values. 
 
Variability, or randomness, of the non-exceedence values for the maximum daily values during 
the 22-year period of record is apparent on Figure F-1.  The 95 percent daily non-exceedance 
values have less variability than the maximum values and the longer averaging period (e.g., 45-
day) has less variability than the shorter (15-day) averaging period. 
 
TEMPERATURES FOR TRANSITION MONTHS 
 
Proposed regulatory criteria include four periods of the year.  The annual maximum summer 
period has been defined as the four-month period from June 1 – September 30.  The annual 
winter period has been defined as the four-month period from December 1 through March 31.  
The two transition month periods have been defined as April 1 through May 31 for the spring 
season and October 1 through November 30 for the fall period.  
 
Because these transition months have clearly defined and regular water temperature increases 
during the spring and water temperature decreases during the fall, regulatory maximum 
temperatures must be based on the conditions at the end of the spring period and beginning of 
the fall season.  The 30-day period and the 95th percentile values of the three climatic 
parameters, solar radiation, dew point temperature, and wind speed, were used to estimate the 
equilibrium temperature, Teq, as it was for prior analyses for the summer and winter stressed 
condition temperatures. 
 
Model inputs for spring (May 31) and fall (October 1) conditions are provided in Table F-2.  Heat 
loads used for the simulations are based on the 50th percentile for winter and summer heat load, 
650 MW.  Maximum surface temperature resulting from the spring condition simulation for a 
May 31 date was 29.9 °C (85.8 °F).  Under fall conditions (October 1) a maximum surface 
temperature of 32.6 °C (90.7 °F) was simulated from the model.   
 

At the edge of the proposed mixing zone, the spring water temperature is 29.8 °C (86 °F) and 

the fall water temperature is 32.5 °C (91 °F).
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Figure F-1.  Calculated Daily Teq Percentile Values (15-, 30- and 45-Day Average) (SIU Climate Station Period of Record) 
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Table F-1.  Percentile Values for Equilibrium Temperature and Three Climatic Parameters for 15-, 30-, and 45-Day Running Average Periods 

Day of Year 

Non-

Exceed 

% 

Average Wind Speed (m/s) 
 

Solar Radiation (W/m
2
) 

 
Dew Point Temperature (°C) 

 
Equilibrium Temperature (°C) 

15-day 30-day 45-day 15-day 30-day 45-day 15-day 30-day 45-day 15-day 30-day 45-day 

Winter (end - March 31) 
90 100 4.70 4.07 4.01   221.17 194.43 177.21   11.04 5.87 3.35   19.17 14.80 12.46 

90 95 4.29 4.01 3.72   199.94 186.03 166.74   10.78 5.72 3.35   18.72 14.63 12.45 

90 90 3.89 3.71 3.69   194.96 180.20 165.15   7.80 4.18 3.30   14.72 13.09 12.26 

90 80 3.56 3.53 3.59   188.37 177.25 160.22   5.04 3.18 3.01   13.96 12.48 11.70 

90 50 3.11 3.29 3.32   170.39 162.78 150.96   3.83 2.84 0.95   12.85 11.40 9.89 

Spring  (end - May 31) 
151 100 3.23 3.23 3.50 

 
323.85 293.72 272.55 

 
20.59 17.68 15.38 

 
29.22 26.62 24.17 

151 95 3.05 3.07 3.40 
 

295.46 288.21 269.40 
 

19.82 17.11 14.97 
 

28.76 26.45 23.81 

151 90 2.88 2.96 3.10 
 

293.81 274.85 259.90 
 

18.78 16.69 14.05 
 

27.78 25.71 23.57 

151 80 2.61 2.87 2.90 
 

286.25 254.88 244.30 
 

16.40 15.28 13.22 
 

26.20 24.40 22.69 

151 50 2.21 2.43 2.63 
 

251.57 239.68 226.23 
 

14.54 13.64 12.68 
 

24.42 23.36 21.75 

Summer (peak - August 18) 
230 100 2.29 2.16 2.32 

 
279.65 286.44 292.02 

 
25.51 24.51 23.27 

 
34.54 33.74 32.95 

230 95 2.21 2.05 2.02 
 

277.30 279.01 286.03 
 

22.59 22.66 22.34 
 

32.09 32.51 32.09 
230 90 1.97 1.98 1.95 

 
272.61 274.30 277.24 

 
21.79 22.38 22.30 

 
31.54 31.94 31.94 

230 80 1.89 1.95 1.91 
 

269.41 267.13 275.77 
 

21.45 21.89 21.64 
 

31.27 31.56 31.52 
230 50 1.73 1.76 1.82 

 
255.26 261.69 264.62 

 
20.19 20.41 20.53 

 
29.83 30.46 30.69 

Summer (end - September 1) 
244 100 2.31 2.02 1.99   266.26 276.30 276.97   22.17 23.62 23.44   32.01 33.19 33.00 

244 95 2.07 1.96 1.99   263.29 262.28 271.49   22.15 22.29 22.42   31.79 31.53 32.00 

244 90 1.98 1.93 1.96   257.48 259.97 264.62   21.89 21.59 21.79   30.93 30.92 31.43 

244 80 1.91 1.90 1.91   247.78 255.61 259.43   21.42 21.04 21.39   30.71 30.72 30.86 

244 50 1.67 1.73 1.79   232.40 242.56 251.71   20.09 19.96 20.52   29.39 29.46 30.29 

Fall (begin October 1) 
274 100 2.49 2.48 2.16   222.66 228.35 240.41   17.79 17.48 18.96   26.99 27.01 28.28 

274 95 2.34 2.11 2.02   218.10 218.69 223.69   17.02 17.31 18.34   26.33 26.87 28.09 

274 90 2.16 2.04 1.99   210.44 212.42 218.45   16.52 16.90 18.23   25.81 26.26 27.62 

274 80 2.06 1.95 1.93   203.38 207.30 216.93   15.20 16.62 17.73   24.41 25.98 27.21 

274 50 1.95 1.79 1.76   189.03 198.90 207.82   12.42 14.89 16.58   22.02 24.51 26.20 

ISWS ICN SIU Station for Period of Record (December 1989 through October 2012)  
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Table F-2.  Summary of Model Inputs for Lake of Egypt Thermal Simulations 

Input Parameter 

Spring Conditions (May 31) Fall Conditions (October 1) 

Value Source Value Source 

Wind Direction (from) Southwest 
Prevailing spring wind 

direction 
South Prevailing fall wind direction 

Wind Speed 2.16 m/s (4.8 mph) 30-day average 1.68 m/s (3.76 mph) 30 day average 

Cooling Water Discharge 8.19 m³/s (186.8 MGD) Winter flow conditions 12.744 m³/s (290.6 MGD) Summer Flow Conditions 

Temperature Rise in 
Discharge Water - ∆T 

19.1 °C (34.4 °F) Winter flow conditions 12.22 °C (22 °F) Summer Flow Conditions 

Heat Load Added to Lake 652 MW 
50th percentile for 30-day 

average of winter heat load 
649 MW 

50th percentile for 30-day 
average for summer heat 

load 

Coefficient of Surface 
Heat Exchange - CSHE 

25.0 W/m² 
Estimated from previous 
30 days (May 1-May 31) 

23.62 W/m² 
Estimated from previous  
30 days (Sept 1-Sept 30) 

Lake Equilibrium 
Temperature Teq 

26.4 °C (78.8 °F) 
Estimated from previous 
30 days (May 1-May 31) 

26.8 °C (79.5 °F) 
Estimated from previous  
30 days (Sept 1-Sept 30) 

Model Simulation Time 30 days steady state model 30 days steady state model 

Horizontal Grid Size 500 ft x 500 ft 
Allows model to include 

entire lake 
500 ft x 500 ft 

Allows model to include 
entire lake 

Vertical Layers 28 layers (18 inches deep) 
Maximum Lake depth  

12.2 m (40 ft) 
28 layers (18 inches 

deep) 
Maximum Lake depth  

12.2 m (40 ft) 

Initial Lake Temperature 
Conditions 

15.0 °C (surface) 
12.1 °C (bottom) 

Estimated from plant inlet 
temperature on May 1 

28.0°C (surface)        
27.1°C (bottom) 

Estimated from plant inlet 
temperature September 1 
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