
“Chickens don’t pollute.  It’s 
people with chickens that pollute.”

Scott A. Wells, Vanessa Wells, Chris Berger
Department of Civil and Environmental Engineering
Portland State University
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Illinois River Watershed
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Periphyton in Illinois River

Algae “sheen” in upper part of 
reservoir
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Source: Oklahoma Ex. 2499; Oklahoma Exhibit 2530



Source: Oklahoma Exhibit 6925



“You are what you eat” 

 Corn

 Soybeans

 Milling/baking wastes

 Fats

 Phosphates

 Na and K salts

 Amino acids

 Trace minerals
◦ Cu

◦ Zn

 Vitamins
 Antibiotics
◦ Arsenic compounds 

(stopped using this in 
early 2000’s…)

◦ Others





Oklahoma Exhibit 6923

Poultry Waste Disposal
West of AR-59
~0.1 mi north of Summers, AR
04/27/2006



Oklahoma Arkansas

Excess P2O5 from fertilizer and 

litter (tons) in watershed 1,348 6,700

Total excess fertilizer and litter P2O5 in 

Illinois watershed for 2002 = 

8,048 tons.

G. V. Johnson



Many public water supplies drawing 
water from Lake Tenkiller and 
streams within the Illinois River 
Watershed produce water with high 
levels of THMs that exceed drinking 
water standards



Chlorine 
Disinfection

Source Water Eutrophication
Algal Growth

Poultry Waste Disposal
High Nutrient Levels

THMs
(potential carcinogens)Runoff

Public 
Water 
Supply

Withdrawal
2005:04:14 11:35:33

2005:04:20 
10:56:49 









2-D (vertical-
longitudinal), 
unsteady model for 
hydrodynamics and 
water quality for 
rivers, reservoirs, 
lakes, estuaries 
supported by the 
Corps of Engrs, 
ERDC



 Temperature, 
 Velocity (U, W)
 Water surface elevation
 Conductivity
 Inorganic suspended solids 

groups
 Labile and refractory 

dissolved organic matter 
groups

 Total inorganic carbon
 # CBOD groups including 

CBODP and CBODN groups
 # generic groups (bacteria, 

tracer, toxics, water age)

 N – P Labile/refractory 
particulate organic matter 

 # algal groups
 # periphyton groups
 # macrophyte groups
 # zooplankton groups
 NH4-N
 PO4-P
 NO3-N+NO2-N
 Alkalinity
 Organic sediment model (0 

order, 1st order)

From these a set of derived variables are computed, such as TOC, TKN, 
TotP,TotN, pH, carbonate system, etc.



54 km length of main branch



Model Grid

Segment end view

200 model segments, 
13 branches, 500 m 
segment length, 1 m 
vertical layer height, 
51 vertical layers

Side view main branch

Plan view



Model set-up data Model calibration data

 Meteorological data
◦ Air temp, dew point 

temp, wind 
speed/direction, cloud 
cover, solar radiation

 Inflows

 Outflows

 Water quality boundary 
data (temp, nutrients, 
organic matter, DO, SS, 
etc.)

 Water level data
 Temperature profiles 

and continuous probes 
in outflow

 Dissolved oxygen and 
nutrient profiles and 
grab samples

 Algae data

January 2005-September 2007



2005-2007

Location # of comparisons, N Mean error, m Absolute mean error, m

Segment 109 at Tenkiller 

dam

1002 0.00 0.02



ME=-0.06C
AME=0.78C
117 profiles

tenkiller_TEMP.rm
tenkiller_TEMP.rm


 Comparison of 
all 
measurements 
at all locations 
compared to 
model 
predictions



1.5 mg/l 
AME
128 
profiles

tenkillerdo.rm
tenkillerdo.rm
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Data Depth, meters

0 to 2

Model Surface

Segment 59 - Station Name: LK-03
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Background data Scenarios

 50 year scenarios

 Repeat hydrologic, 
meteorological, and 
water quality data from 
1997-2007 for 5 10-
year periods

 Vary P load based on 
scenarios

 Base case
 Cessation
 Natural conditions
 Growth
 Historical conditions 

(reproduce 1950-1999 
historical conditions)
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Sampling Site LK03, Segment 59
Base Case

Linear trend - Base

Cessation SOD decline

Linear trend - Cessation SOD decline

Growth

Linear trend - Growth

Average Summer (June 1 to September 30) Surface
Volume Weighted Chlorophyll a Concentrations

Linear trend - Cessation SOD decline
Equation Y = -0.3039681633 * X + 30.59259216
Residual mean square = 159.6
Linear trend - Base
Equation Y = -0.01828404322 * X + 35.6112391
Residual mean square = 346.4
Linear trend - Growth
Equation Y = 0.2237537191 * X + 34.81100016
Residual mean square = 413.0



Chlorophyll a Range (ug/l)
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Sampling Site LK03, Segment 59
Base Case

Growth

Cessation of P loading, SOD decay = 0.1 g/m2/d

Cessation of P Loading, SOD decays over time

Natural

Historical

Average Summer (June 1 to September 30) Surface

Volume Weighted Chlorophyll a Frequencies
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Sampling Site LK03, Segment 59
Base Case

Linear trend - Base

Cessation - SOD decline

Linear trend - Cessation

Growth

Linear trend - Growth

Average Summer (June 1 to September 30) Surface
Volume Weighted Total Phosphorus Concentrations

Linear trend - Cessation
Equation Y = -0.0003537959184 * X + 0.02945779592
Residual mean square = 0.000379871
Linear trend - Base
Equation Y = 3.206722689E-005 * X + 0.03913428571
Residual mean square = 0.00131533
Linear trend - Growth
Equation Y = 0.0009312364946 * X + 0.03456546939
Residual mean square = 0.00270859
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Sampling Site LK03, Segment 59
Historical

Linear trend - Historical

Natural

Linear trend - Natural

Average Summer (June 1 to September 30) Surface
Volume Weighted Chlorophyll a Concentrations

Linear trend - Historical
Equation Y = 0.3606743097 * X + 11.2525511
Residual mean square = 93.95
Linear trend - Natural
Equation Y =   -0.001611466987 * X + 3.637268408

Residual mean square = 3.798
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Base case

Cessation SOD reduced to 0.1 g/m2/d

Linear trend base case

Linear trend SOD cessation

May 1-October 31
Last 10 year average outlet DO base case: 1.4 mg/l
Last 10 year average outlet DO cessation SOD reduced to 0.1 g/m2/d: 2.9 mg/l

Linear trend Cessation SOD reduced

Equation Y = 0.02788907563 * X + 1.723028571; Residual mean square = 2.175
Linear trend base case

Equation Y = -0.002480192077 * X + 1.427444898; Residual mean square = 0.9799
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Smallmouth bass suboptimal
Cessation, SOD changed to 0.1 g/m2/d

Base case 
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 CE-QUAL-W2 model calibrated to almost 3 
years of field data from Jan 2005- Sept 2007

 50-year scenarios set-up to evaluate the 
impact of P loading from watershed

 Even with cessation, P loading effects linger 
for close to 50 years – still not close to 
“natural” condition

 The natural condition showed that severe 
reductions in Total P can restore lake water 
quality
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