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Executive Summary 
 

Illinois EPA Clean Lakes Program 

Phase 1 Diagnostic/Feasibility Study of  

Cedar Lake (RNE) and Carbondale Reservoir (RNI) 

Jackson County, Illinois 

 

In the fall of 2003, HDR | CWI (formerly Cochran & Wilken, Inc.), through a grant 

provided by the Illinois Environmental Protection Agency (Illinois EPA) and funding 

provided by the City of Carbondale, undertook a detailed Phase 1 Diagnostic/Feasibility 

Study of Cedar Lake (RNE) and the Carbondale Reservoir (RNI) located in Jackson 

County, Illinois.  The major objectives of the Phase 1 study were to 1) evaluate the 

current condition of these water bodies, 2) investigate potential alternatives for restoring 

the water quality and enhancing the recreational and aesthetic qualities, and 3) to 

develop a comprehensive management plan.  Alternatives in the management plan 

could then be considered under the Illinois Clean Lakes Program, as a Phase 2 

implementation project, or as a project under the Non-Point Source Pollution Control 

Program (Section 319).   

RNE and RNI are 1,800 and 136 acres (729 and 55 hectares), respectively.  

These water bodies are located in the southeast portion of Jackson County, Illinois.  

The RNI was constructed in 1926 and served as the public water supply to the City of 

Carbondale and Southern Illinois University at Carbondale (SIUC) until the early 1970s.  

Due to the City’s and SIUC’s increasing water demands, RNE was built in 1973 and 

then completed in 1974.  Both water bodies are impounded by dams that maintain 

normal pool elevations of 431.0 and 436.0 feet above mean sea level for RNE and RNI, 

respectively.  The RNE and RNI watersheds are approximately 19,330 and 1,920 acres 

(7,828 and 778 hectares), respectively.  Each watershed is comprised of a mixture of 

woodlands, pasture, and row crops.  Cedar Creek, Mill Creek, Topping Creek, and Clay-

Lick Creek are the major tributaries that flow into RNE from the south, and Piles Fork is 

the major stream that feeds into RNI from the southwest.  The City of Carbondale and 

Park District manage RNI.  The City manages the northern half of RNE, while the United 

States Forest Service (USFS) manages the southern half of the lake.         
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Hydrologic budgets were developed for RNE and RNI for the Phase 1 monitoring 

period (November 2004-October 2005).  Drought conditions compounded with high 

temperatures were experienced during most of Phase 1 monitoring period.  These 

conditions likely skewed the hydrologic budgets, as the amount of watershed runoff was 

reduced.  Hydrologic budgets indicated that 95.5 billion and 3.8 million cubic-meters 

(77,463 and 3,072 acre-feet) of inflow entered during the Phase 1 period.  Watershed 

runoff and direct lake precipitation contributed 93.2% and 6.8% of the hydrologic 

budgets for RNE and 87.0% and 13.0% for RNI.  The net hydrologic outputs from RNE 

and RNI totaled 96.9 billion and 3.7 million cubic-meters (78,579 and 3,007 acre-feet).  

Withdrawals from RNE for the public water supply contributed 5.6% of the total 

hydrologic output.   

During the Phase 1 monitoring period, Secchi transparency depth measurements 

at in lake sampling sites RNE-1 and RNI-1 (deepest in-lake sampling location) averaged 

1.97 and 0.32 meters (77.4 and 12.7 inches), respectively.  Water transparencies within 

RNE were good.  However, reduced water transparencies within the RNI were attributed 

to excessive suspended solids from re-suspended bottom sediments and algae both 

suspended within the water column.     

In-lake lake monitoring during the Phase 1 period indicated high total phosphorus 

and chlorophyll a concentrations.  These chemical, biological, and physical (Secchi 

transparency) parameters suggest both water bodies were experiencing eutrophic 

conditions.        

During the Phase 1 monitoring period, dissolved oxygen and temperature profiles 

were recorded for both lakes.  During the summer months, in-lake site RNE-1 stratified 

at depths varying between 5.8 and 6.4 meters (19 and 21 feet).  During the summer 

stratification period, typical dissolved oxygen concentrations at RNE-1 ranged from 8.1 

mg/L at the surface to 0.3 mg/L near the bottom.  The RNI also experienced some 

stratification.  However, due to its shallow nature, prevailing winds appeared to disrupt 

stratification and limit thermal stratification.      

Phytoplankton, aquatic macrophytes, and fish populations were also surveyed at 

RNE and RNI during the Phase 1 monitoring period.  In 2005, phytoplankton or algae 

were dominated by cyanophyta (blue-green algae).  Algal bloom densities (greater than 
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1,000 algal units per mL) for blue-greens were achieved at the RNI throughout the 2005 

monitoring year and at RNE in July 2005.  Despite reduced littoral zones and the 

presence of both submerged and emergent macrophyte species at RNE, the aquatic 

macrophyte population was dominated by Eurasian water milfoil (EWM), an invasive 

species.  Poor water clarity within the RNI generally limited aquatic macrophytes to 

emergent species.  This poor water quality within the RNI has also impacted and 

stunted the fish population.  Conversely, good water clarity and lake management at 

RNE has yielded a good to excellent fish population.            

Sediment budgets for RNE and RNI estimated that inputs totaled 5.9 million and 

143 thousand kg (6,519 and 158 tons), respectively.  Sediment trapping efficiencies 

were calculated to be 93.7% and 91.2% for RNE and RNI.  Sediment loading from the 

watershed accounted for 59 and 61 percent, with shoreline erosion accounting for 35 

and 33 percent at RNE and RNI.  Drought conditions in 2005 likely underestimated 

watershed and overestimated shoreline sediment loading estimates.            

Sedimentation surveys were completed in 2004 at both water bodies.  The RNE 

survey consisted of select shallow bays, whereas the RNI included the entire lake due 

to shallow waters depths and well documented sedimentation issues.  For the shallow 

water areas surveyed within RNE, approximately 388,500 cubic yards (240.8 acre-feet) 

of sediment has been deposited.  This total represents a loss of 36.4% of the lake’s 

original water storage capacity for those areas surveyed within RNE.   

The RNI survey determined that approximately 619,000 cubic yards (383.8 acre-

feet) of sediment have been deposited and 33.5% of the reservoir’s original water 

storage capacity has been lost to sedimentation.  Sedimentation at RNI has buried the 

secondary water supply intake and the deepest intake (45 feet deep) at RNE.  Sediment 

analyses for RNE and RNI samples did not appear to warrant hazardous classification 

and should not require any specialized handling procedures, if removed.   

Pursuant to the diagnostic information collected during the Phase 1 period, 

potential alternatives for water quality improvement were developed.  The major areas 

of concern that were addressed are as follows:  sedimentation and shallow water 

depths, turbid water, shoreline erosion, unbalanced aquatic vegetation growth and taste 

and odor issues associated with the public water supply, and impacts to the fishery and 
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aquatic community.  Based on the results of this study, the following objectives and 

means to accomplish these objectives were recommended for water quality and 

aesthetic/recreational improvement:   

 

• Reduce the amount of sediment and nutrients being delivered to RNE and RNI 

by promoting conservation tillage and implementing best management 

practices (BMPs) within the watersheds, enhancing existing watershed 

sediment and nutrient control basins to RNE (e.g., Little Cedar Lake); and 

installing in-lake sediment and nutrient control structures within the southern 

portion of RNE.  

• Remove accumulated sediment from RNI via hydraulic dredging 

(approximately 620,000 cubic yards), which will improve water storage 

capacity and the City’s secondary water supply.  Other improvements that will 

be enhanced are water quality and clarity, which will benefit the aquatic 

community and fishery.    

• Improve the public water supply by enhancing water quality near the RNE 

water supply intake.  This can be accomplished by installing an aeration or 

circulation system near the intake within the Popular-Camp arm of RNE.  

Further improvements to the water quality can be made through a reduction in 

sediment and nutrient loading from the watersheds, sediment removal (RNI 

only), and shoreline stabilization.  These watershed and lake restoration 

efforts will support a more balanced aquatic community and also improve 

aesthetics.     

• Stabilize select areas of eroded shoreline within RNE and RNI and complete 

semi-annual shoreline erosion surveys to identify and prioritize developing 

problem areas.  For moderately and severely eroded areas, riprap with 

geotextile fabric revetments and riprap breakwaters are recommended.  For 

slightly eroded areas, native vegetative plantings are suggested.    

• Improve fisheries population and habitat by implementing water quality 

improvements mentioned above, and installing artificial habitat structures in 

strategic locations within RNE and RNI.   
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• Evaluate options to control invasive exotic plant species (i.e., Eurasian water 

milfoil (EWM)) in select areas of the RNE to improve access and recreational 

opportunities.  The bathymetry and limited littoral zones of RNE limit aquatic 

native macrophytes and invasive species, such as EWM, to areas adjacent to 

the shoreline.  Based on the 2005 macrophyte survey, treatment was not 

warranted.    

 

In order to implement the recommended lake and watershed restoration 

alternatives, the finalized Phase 1 report can be used to apply for a Phase 2 grant under 

the Illinois Clean Lakes Program or a grant under the Section-319 Non-Point Source 

Pollution Control Program.    
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Part 1 

 
 
 

Diagnostic Study of Cedar Lake (RNE) and  
the Carbondale Reservoir (RNI) 

 
 

Jackson County, Illinois 
 
 
 
 

INTRODUCTION 

 
 

A Diagnostic Study was undertaken on Cedar Lake (RNE) and the Carbondale 

Reservoir (RNI) to identify and quantify existing water quality problems and other factors 

affecting the recreational, aesthetic, and ecological qualities of these bodies of water.  

The Illinois Environmental Protection Agency (Illinois EPA) funded 60 percent of the 

study, under the Illinois Clean Lakes Program (ICLP) and the remaining 40 percent was 

funded by the City of Carbondale.  The Illinois EPA was responsible for grant 

administration and program management.  HDR | CWI (formerly Cochran & Wilken, 

Inc.) conducted the research study with assistance from the City of Carbondale, the 

U.S. Forest Service, Illinois Department of Natural Resources (IL DNR), the United 

States Department of Agriculture (USDA) - Natural Resources Conservation Service 

(NRCS), Jackson County Soil and Water Conservation District, and the Illinois EPA.   
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A. Lake Identification and Location 

 
Cedar Lake (RNE) and the Carbondale Reservoir (RNI) are 1,800 and 136-acre 

(729 and 55 hectares) impoundments, respectively.  They are both located in the 

southeast portion of Jackson County, Illinois (Figure 1).    

RNI was constructed in 1926 and served for many years as the sole water supply 

source for the City of Carbondale.  RNE was constructed in the early 1970s (dam 

completed in 1973 and lake was first filled in 1974) due to the City’s growing population 

and subsequent water demands.  Today RNE serves as the primary water supply 

source and RNI serves as the secondary source for the City of Carbondale, Southern 

Illinois University at Carbondale (SIUC), and several surrounding water districts.  Both 

bodies of water are impounded by dams that maintain normal pool elevations of 431.0 

and 436.0 feet above mean sea level for RNE and RNI, respectively.   

Watersheds for RNE and RNI are 19,330 and 1,920-acres (7,823 and 777 

hectares), respectively (Figure 1).  Cedar Creek, Mill Creek, Topping Creek and Clay 

Lick Creek flow into RNE, and Pikes Fork Creek feeds into RNI.  Each water body has 

approximately 30.0 and 3.2 miles (48.3 and 515 km) of shoreline, respectively.  When 

constructed, RNE and RNI had maximum depths of 18.3 and 6.4 meters (60 and 21 ft.) 

and mean depths of 7.6 and 2.4 m. (25 and 8 ft.).  The average hydraulic retention 

times of the systems were calculated to be approximately 1.19 and 0.52 years (Table 

1).  The estimated storage capacities of RNE and RNI when constructed were 

approximately 30.5 million and 1.3 million cubic meters (25,000 and 1,085 acre-ft).  

Bathymetric maps of RNE and RNI are shown in Figures 2A and 2B. 
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Table 1 - Identification and Location of Cedar Lake & the Carbondale Reservoir 

 

 

Source: US EPA, Illinois EPA, and USGS. 

  

Parameter Description Description 
Name Cedar Lake Carbondale Reservoir 
Illinois EPA Storet Code RNE RNI 
State Illinois Illinois 
County Jackson Jackson 
Ownership City of Carbondale & USFS City of Carbondale 
Nearest Municipality Carbondale Carbondale 
Latitude 37 Degrees 38' 24" N 37 Degrees 41' 50" N 
Longitude 89 Degrees 16' 32" W 89 Degrees 13' 33" W 
Location T10S, R2W, Sections Many T9S, R1W, Sections Many 
USEPA Region 5 5 
USEPA Major Basin Mississippi River Mississippi River 
USEPA Minor Basin Big Muddy River Big Muddy River 
Major Tributary Big Branch Crab Orchard Creek 
Receiving Waterbody Cedar Creek Piles Fork 
Applicable Water Quality Standards State of Illinois Rules & 

Regulations, Title 35:  
Environmental Protection, 
Subtitle C:  Water Pollution, 
Ch. 1: Pollution Control 
Board, Parts 302, Subpart 
B:  General Use Water 
Quality Stds. And Subpart 
C:  Public & Food 
Processing Water Supply 
Standards. 
 

State of Illinois Rules & 
Regulations, Title 35:  
Environmental Protection, 
Subtitle C:  Water Pollution, 
Ch. 1: Pollution Control 
Board, Parts 302, Subpart B:  
General Use Water Quality 
Stds. And Subpart C:  Public 
& Food Processing Water 
Supply Standards. 
 

Surface Area 1,800 acres  
(728.4 hectares) 

136 acres  
(55.0 hectares) 
 

Watershed Area 
 

19,330 acres 
(7,822.6 hectares)  

1,920 acres  
(777.0 hectares) 
 

Shoreline Length 30 miles (48,280 meters) 3.2 miles (5,150 meters) 
Maximum Depth 60 feet (18.3 meters) 21 feet (6.4 meters) 
Mean Depth 25 feet (7.6 meters) 8 feet (2.4 meters) 
Normal Pool Elevation 431.0 feet  

(131.4 meters) ASL 
436.0 feet  
(132.9 meters) ASL 

Hydraulic Retention Time 1.194 years 0.52 years 
Storage Capacity 25,000 acre-feet 1,085 acre-feet 
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B. Geological and Soils Description of Drainage Bas in 

 
1. Geological and Topographical Description 

The RNE and RNI watersheds are located within southern Jackson County in 

southern Illinois.  The southern portion of the RNE watershed also extends into Union 

County.  Both water bodies lie within the Shawnee Hill Section of the Interior Low 

Plateaus Province and the southern portion of the Mt. Vernon Hill Country of the Central 

Lowland Province, respectively (US COE, 1978).   

The bedrock found within the RNE watershed consists of the Caseyville 

Formation, Morrowan Series of the McCormick Group, Pennsylvanian Period.  The 

McCormick formation consists of the Battery Rock Sandstone with minor amounts of 

shale, coal, and underclay (US COE, 1978).  The Abbott Formation, McCormack Group, 

Atokan Series from the Pennsylvanian Period make up the bedrock of the RNI 

watershed.  The Abbott Formation is comprised mainly of sandstones with smaller 

amounts of shale, coal, and underclay (US COE, 1978).  Within the region, the 

Pennsylvanian Period formation includes shale, sandstone, limestone, and coal and is 

generally not water yielding except for small supplies available from sandstone strata 

(Selkregg, et al., 1957 and ISGS personal communication, 2005).         

 

2. Groundwater Hydrology 

The Illinois State Geological Survey (ISGS) publication entitled Groundwater 

Geology in Southern Illinois: a Preliminary Geologic Report (1956) was consulted to 

help determine the occurrence of groundwater present in the RNE and RNI watersheds.  

The study areas include various strata:  sandstone, limestone, and shale.  The 

sandstone and creviced limestone strata are believed to contain fresh water; however, 

the yield from these strata is generally not enough to sustain large water supply wells 

(ISGS personal communication, 2005).      
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3. Description of Soils 

The major soil types occurring in the RNE and RNI watersheds consist mainly of 

the Hosmer soil association with a small portion being located in the Belkamp-Wakeland 

association.  The Hosmer association generally consists of moderately well drained 

soils that formed in loess on uplands, and the Belkamp-Wakeland association consists 

of somewhat poorly drained soils that formed in water-laid silty sediment on tributary 

floodplains (NRCS, 1979).          

An inventory of all soil types found in the RNE and RNI watersheds is listed in 

Table 2.  The listing of soil types contains a numerical description (e.g., 214C2) where 

the first number (214) indicates the soil name, the capital letter (C) provides a slope 

range and the third part (2) describes the degree of erosion.    
 

Table 2 - Cedar Lake (RNE) & Carbondale Reservoir (RNI) Watershed Soil Types 

Soil Symbol RNE RNI Soil Type
8E X Hickory silt loam, 18 to 30 percent slopes
8G X Hickory silt loam, 30 to 50 percent slopes
164A X Stoy silt loam, 0 to 2 percent slopes
164B X Stoy silt loam, 2 to 4 percent slopes
214B X X Hosmer silt loam, 2 to 7 percent slopes
214C2 X Hosmer silt loam, 7 to 12 percent slopes, eroded
214C3 X X Hosmer silty clay loam, 7 to 12 percent slopes, severely eroded
214D2 X Hosmer silt loam, 12 to 18 percent slopes, eroded
214D3 X X Hosmer silty clay loam, 12 to 18 percent slopes, severely eroded
308B2 X Alford silt loam, 2 to 6 percent, eroded
308C2 X Alford silt loam, 6 to 12 percent, eroded
308D2 X Alford silt loam, 12 to 18 percent slopes, eroded
308D3 X Alford silty clay loam, 12 to 18 percent slopes, severely eroded
308E3 X Alford silty clay loam, 18 to 30 percent slopes, severely eroded
308E X Alford silt loam, 18 to 30 percent slopes
331 X Haymond silt loam
333 X Wakeland silt loam
382 X X Belknap silt loam
427 X Burnside silt loam
801 X Orthents, silty sloping
852E X Alford-Wellston silt loams, 15 to 30 percent slopes
976G X Neotoma-Rock outcrop complex, 25 to 55 percent slopes
977E X Neotoma-Wellston complex, 18 to 30 percent slopes
977G X Neotoma-Wellston complex, 30 to 50 percent slopes
999D3 X Alford-Hickory Complex, 12 to 18 percent slopes, severely eroded
999E X Hickory-Alford Complex, 18 to 30 percent slopes
999E3 X Hickory-Alford Complex, 18 to 30 percent slopes, severely eroded

Source:  United State Department of Agriculture, Soil Conservation Service, 1979  
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Major soil type descriptions provided by the USDA - NRCS are summarized 

below in order in which they are listed in the Soil Survey of Jackson County, Illinois, 

1979.   

8E – Hickory silt loam – This moderately steep and steep, moderately well 

drained or well-drained soil is on side slopes just above bottom lands or along 

drainageways near bottom lands.  Typically, the surface layer is dark grayish brown silt 

loam about 2-inches thick, and the subsurface layer is brown silt loam 3-inches thick.  

Water and air move through this soil at a moderate rate, and surface runoff is very 

rapid.  Most areas of this soil are in pasture or woodland.   

8G – Hickory silt loam – This very steep, moderately well drained or well-drained 

soil is on side slopes along drainageways or just above bottomlands.   Typically, the 

surface layer is dark grayish brown silt loam about 2-inches thick, and the subsurface 

layer is brown silt loam, about 3-inches thick.  Water and air move through this soil at a 

moderate rate, and surface runoff is very rapid.  Most areas of this soil are in woodland.   

164A and 164B – Stoy silt loam – These nearly level to gently sloping, somewhat 

poorly drained soils are on broad upland divides or at the head of drainageways.  

Typically, the surface layer is dark grayish brown and brown silt loam about 8–inches 

thick, and the subsoil yellowish-brown silt loam about 6-inches thick.  Water and air 

move through these soils at a slow rate, and surface runoff from cultivated areas is 

slow.  Most areas of this soil are farmed.    

214B – Hosmer silt loam – This gently sloping, moderately well drained soil is on 

convex ridge tops, knolls, and side slopes along drainage ways.  Typically, the surface 

layer is brown silt loam about 9-inches thick, and the subsoil is strong brown light silty 

clay that is about 41-inches thick.  Water and air move through the upper part of the soil 

at a moderate rate and through the compact lower part at a very slow rate.  Most areas 

of this soil are farmed.    

214C2 and 214C3 – Hosmer silt loam – These sloping, moderately well drained 

soils are on narrow ridgetops and sideslopes, and along drainageways.  Typically, the 

surface layers are 4 to 6 inches thick and are yellowish-brown silt loam or silt clay loam.  

The subsoils range from 37 to 41-inches in thickness and are comprised of two portions.  

The upper portions range from 10 to 14-inches in thickness and are strong brown to 



 

18 
 
 

yellowish brown light silty clay loam over mottled yellowish brown heavy silt loam.  The 

lower portions are about 27-inch thick and are very firm, compact silt loam.  Water and 

air move through the upper subsoils at moderate rates and through the compact lower 

subsoils at very slow rates.  Most areas of this soil are farmed.      

214D2 and 214 D3 – Hosmer silt loam – These strongly sloping, moderately well 

drained soils are found on ridge tops and on side slopes.  The surface layer is dark 

yellowish brown silt to silty-clay loam that ranges from 2 to 5-inches thick.  Subsoils vary 

from 35 to 40-inches in thickness and consist of strong brown light silty clay loam over 

mottled yellowish brown heavy silty loam.  Water and air move through the upper part of 

the subsoil at a moderate rate and through the bottom layer at a very slow rate.  Many 

of these soils are used for pasture or are in native hardwoods.   

308B2, 308C2, 308D2, 308D3, 308E3, and 308E – Alford silt and silty clay loams 

- These sloping to strong sloping, well-drained soils are mainly along sideslopes along 

drainageways.  The surface layers are yellowish-brown silt loam to strong brown silty 

clay loam that range from 4 to 7-iches thick.  The lower subsoils range from 50 to 58-

inched thick and consist of strong brown silty clay loam and brown heavy silt loam.  

Water and air move through these soils at a moderate rate.  Many of these areas are 

farmed, and some remain in native hardwoods.   

331 – Haymond silt loam – This nearly level, well drained soil is along streams 

and natural levees.  Typically, the surface layer is brown silt loam about 8-inches thick, 

and the substratum is a bout 60-inches of brown to dark yellowish brown silt loam.  

Water and air move through this soil at a moderate rate, and surface runoff is slow.  

Many areas of the soil are farmed and some remain in trees.   

333 – Wakeland silt loam – This nearly level, somewhat poorly drained soil is on 

narrow and broad, flat bottom lands along creeks and streams.  The surface layer is 

often brown silt loam about 13-inches thick, and the substratum is about 60-inches of 

brown to yellowish-brown silt loam.  Water and air move through this soil at a moderate 

rate, and surface runoff is slow.  Many areas of the soil are farmed and some remain in 

trees.   

382 – Belknap silt loam - This nearly level, somewhat poorly drained soil is on 

bottom lands.  The surface layer is often dark grayish-brown and brown silt loam about 
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8-inches thick, and the substratum is about 60-inches of variable mottled silt loam. 

Water and air move through this soil at a moderate rate, and surface runoff is slow.  

Many areas of the soil are farmed.   

427 – Burnside silt loam – This nearly level to gently sloping, moderately well 

drained to well drained soil is on narrow drainageways in areas overlying bedrock.  The 

surface layer is dark brown silt loam about 8-inch thick, and the subsoil is about 16-

inches of dark yellowish-brown silt loam.  Water and air move through this soil at a 

moderate rate, and surface runoff is slow to medium.  Many areas of the soil are in 

pasture or in native hardwoods.   

801 – Orthents silty sloping – These nearly level to moderately steep, somewhat 

poorly drained and moderately well drained soils are mostly in cut and fill areas of silty 

upland and terrace soils.  These soils are typically about 60-inches thick and consist of 

mottled brown silt loam.  Water and air move through this soil at a moderate to slow 

rate, and surface runoff is rapid to ponded.  Many areas of the soil have been used in 

construction.   

852E – Alford-Wellston silt loams – This moderately steep-to-steep, well-drained 

soil is typically found on long hillsides slopes above and below escarpments, and along 

drainageways.  Alford soils have a dark grayish brown silt loam surface layer about 3-

inches thick and a 7-inch subsurface layer that is yellowish-brown silt loam.  The 

Wellston soils have a dark grayish-brown silt loam surface layer about an inch thick.  

The subsurface layer is 5 inches and yellowish-brown silt loam.  Water and air move 

through these soils at a moderate rate.  Most of these soils are in woodlands.   

976G – Neotoma-Rock outcrop complex – This steep to very steep, well drained 

to excessively well-drained soil is on hillsides and at the head of drainageways.  

Neotoma soils are very dark grayish brown stony loam surface layer about 2-inches 

thick.  The subsurface layer is brown cobbly light loam about 12-inches thick.  The rock 

outcrop areas are largely bedrock escarpments that are mainly sandstone with shale, 

siltstone, or limestone.  Water and air move through these soils at a moderate to 

moderately rapid rate.  This soil is best suited for trees.     

977E and 977G – Neotoma-Wellston complex – This very steep, well-drained soil 

is found on hillsides and along drainageways.  Neotoma soils have a very dark grayish 
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brown stony loam surface layer about 2-inches thick.  The subsurface layer is brown 

cobbly light loam about 18-inches thick.  The Wellston soils have a dark grayish-brown 

silt loam surface layer about an inch thick.  The subsurface layer is 5 inches and 

yellowish-brown silt loam.  Water and air move through this soil at a moderate to 

moderately rapid rate.  This soil is best suited for trees.     

999D3 – Alford–Hickory complex – This strongly sloping, moderately well drained 

to well drained soil is found on side slopes along drainageways and hillsides above 

bottom lands.   The Alford soil has a surface layer of strong brown silty clay loam about 

4-inches thick and the Hickory soil surface layer is yellowish brown clay loam about 4-

inches thick.  Water and air move through this soil at a moderate rate, and surface 

runoff from cultivated areas is rapid to very rapid.  Most of these areas of soil are 

farmed or in pasture.     

999E and 999E3 – Hickory-Alford silt loams – This moderately steep to steep 

moderately well drained to well-drained soil is found on hillsides.  Hickory soils typically 

have a dark grayish brown silt loam surface layer about 2-inches thick and a brown silt 

loam subsurface layer about 3-inches thick.  Alford soils have dark grayish brown silt 

loam surface layer about 3-inches thick and a 7-inch subsurface layer that is yellowish-

brown silt loam.  Water and air move through these soils at a moderate rate.  Most of 

these areas are in native hardwoods.     
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C.  Description of Public Access 

Public access to Cedar Lake (RNE) and its surrounding areas is managed by the 

City of Carbondale and the U.S. Forest Service (USFS).  RNE is open year around and 

supports a variety of recreational opportunities.  Two public boat launch ramps and 

parking are available on the lake.  The north ramp is located on City-owned property 

and consists of two-lane concrete ramps with paved parking for 40 boating rigs.  The 

south ramp is a one-lane concrete ramp with paved parking for 30 boating rigs and is 

located on property owned and maintained by the USFS.  Neither the City nor the USFS 

charge any fees for boating on RNE.  Camping and public hunting are allowed at the 

south end of RNE.  A public beach is located at the northeast portion of the lake within 

the Popular Camp arm of RNE.  The Popular Camp Beach is managed by the City and 

is open for public swimming during the summer months (i.e., Memorial Day through 

Labor Day).  Fees for swimming at the beach are two-dollars per day for persons five 

years and older.  Other recreational uses at RNE include hiking, bicycling, picnicking, 

and horseback riding.  The River to River Trail extends across the southern portion of 

RNE over the Little Cedar Lake dam.  It is estimated that the annual visitor days to the 

RNE area is approximately 60,000 (City of Carbondale personal communication, 2005).  

Table 3 outlines the major recreational uses and facilities at RNE.    

Public access at Carbondale Reservoir (RNI) is also managed by the City and 

the Carbondale Park District.  The Park District operates Evergreen Park located along 

the north shore of RNI.  Recreational activities at RNI include a baseball diamond, a 

playground, bicycling, hiking, and picnicking opportunities.  A concrete boat ramp is also 

available at the reservoir for public use in the park area.  The city does not charge any 

usage fees at RNI.  It is estimated that the amount of annual visitor days to RNI area is 

approximately 25,000 to 50,000 visitors per year.  Table 3 outlines the major 

recreational uses and facilities at Carbondale Reservoir.       

 The major access roads that lead to RNE are Route 51 and 127.  These 

roadways both run in a north-south direction, with Route 51 being located to the east 

and Route 127 located to the west of the lake (Figure 3A).  Route 51 is also the major 
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access point to RNI (Figure 3B).  While there is no public transportation to RNE, City 

buses serve Evergreen Park and RNI.   

D. Description of Population Size and Economic Stru cture 

The major population centers located within close proximity to RNE and RNI 

systems are Murphysboro and Carbondale.  The total population for these towns as of 

the 2000 Census was 13,295 for Murphysboro and 20,681 for Carbondale.  In 2000, the 

total population for Jackson County was 59,612 (US Census Bureau, 2005).   

The largest industries for the RNE and RNI area as reported in the 2000 U.S. 

Census were educational, health, and social services (37.4 percent); retail trade (12.1 

percent); arts, entertainment, recreation, accommodation, and food services (9.2 

percent); manufacturing (6.8 percent); public administration (6.2 percent); and 

professional, scientific, management, administration (5.4 percent).  The industries 

making up the remaining 22.9 percent were construction (4.2 percent); finance, 

insurance, and real estate (4.2 percent); other services (4.2 percent); transportation, 

warehousing, and utilities (4.0 percent); information (3.1 percent); agriculture, forestry, 

fishing, hunting, and mining (1.9 percent); and wholesale trade (1.2 percent).  In 2000, 

the median household income within Jackson County was $24,946, and the median 

incomes for Murphysboro and Carbondale were $25,551 and $39,750, respectively.      
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E. Summary of Historical Lake Uses 

As mentioned, RNI was built in 1926 and served as the City’s sole water supply 

for many years, until the early 1970s.  In 1974, RNE was completed and replaced the 

RNI as the City’s public water supply source.  Today, RNE serves approximately 50,000 

users, which include several rural water supply districts.  In addition to a water supply, 

RNE and RNI are also used for water-based recreation and research by SIUC.  

Approximately twenty fishing tournaments are held at RNE annually (City of Carbondale 

personal communication, 2005).  Table 3 provides a list of the major recreational uses 

and associated facilities at RNE and RNI.   

 

Table 3 - Major Recreational Uses and Facilities at RNE and RNI 

 

 

 

 

 

 

 

 

 

Lake Uses Cedar Lake (RNE) Carbondale Reservoir (RNI)
Fishing Yes Yes
Sailing/Canoeing Yes Yes
Motor Boating 10-Horsepower Limit Electric Trolling Motors Only
Camping Yes - Select Areas No
Swimming Public Beach - Popular Camp Beach No
Skiing No No
Play Ground Yes Yes
Picnicking Yes Yes
Bicycling Yes Yes
Hiking Yes - River-to-River Trail Yes
Horseback Riding Yes No
Waterfowl Hunting Yes - Select Areas No
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F. Population Segments Adversely Affected by Lake D egradation 

As mentioned, RNE and RNI provide the primary and secondary water supplies 

for the City Carbondale, SIUC, and several water rural districts in the Carbondale area.  

In addition to the public water supply, it has been estimated that over 60,000 visitors 

use RNE and that between 25,000 to 50,000 use RNI on annual basis.  This utilization 

provides many secondary benefits, such as revenue generated from recreation.  

Together, the public water supply and the tourism/recreational opportunities provided by 

RNE enhances the prosperity of the entire region.  Heavy siltation within RNI has made 

the secondary public water supply intake inoperable (City of Carbondale personal 

communication, 2005).       

Degraded water quality and decreased access to RNE and/or RNI could impact 

the local communities that utilize these water bodies and adjacent areas.  The loss of 

revenue from various activities (i.e., fishing, boating, and commerce) in the RNE and 

RNI areas could be significant.   

G. Comparison of Lake Uses to Other Lakes in Region  

Figure 4 illustrates an area within 50 miles (80 km) RNE and RNI, where other 

public lakes greater than 8.1 hectares (20.0 acres) that are located.  Table 4 lists 

information for the public lakes identified within the area depicted in Figure 4.   
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Table 4 - Public Lakes within 50 mi. of Cedar Lake & the Carbondale Reservoir 

Lake State County Area 
(acres)

Max Depth 
(ft.)

Public 
Access

Launch 
Ramp

Recreational 
Facilities

Distance 
in Miles

Cedar Lake IL Jackson 1,800 60 Y Y B,F,C,P,SW 0
Carbondale Reservoir IL Jackson 136 21 Y Y B,F,P 0
Lake Murphysboro IL Jackson 145 40 Y Y B,F,C,P 10
Kinkaid Lake IL Jackson 2,335 80 Y Y B,C,P,F,SW,SK 12
Elkville City Lake IL Jackson 59 12 Y N B,F 14
Horseshoe Lake IL Alexander 1,890 6 Y Y B,SK,C,P,F 36
Crab Orchard Lake IL Williamson 6,965 36 Y Y B,SK,C,P,F 7
Lake of Egypt IL Williamson 2,300 52 Y Y B,F,SK,C,P,SW 18
Little Grassy Lake IL Williamson 1,000 77 Y Y B,F,C,P,SW 7
Devil's Kitchen Lake IL Williamson 810 90 Y Y B,F,C,P 11
Marion City Lake IL Williamson 128 18 Y Y B,F 18
Johnson City Lake IL Williamson 59 11 Y N B,F 21
Herrin Lake #1 IL Williamson 51 14 Y Y P,F,B 17
Herrin Lake #2 IL Williamson 46 17 Y Y B,F 15
Arrowhead Lake IL Williamson 30 Unk Y Y B,F,C,P 29
Lake Benton IL Franklin 68 30 Y Y B,SK,C,P,F,SW 34
Lake Hamilton IL Franklin 34 18 Y N B,F,C 33
West Frankfort New Res. IL Franklin 214 15 Y Y B,F,C,SW 32
West Frankfort Old Res. IL Franklin 147 20 Y Y B,F,C 31
Christopher Old Res. IL Franklin 20 17 Y N B,F,C 24
Christopher New Res. IL Franklin 38 23 Y N B,F,C 24
Lake Zeigler IL Franklin 55 20 Y N B,F,C,P 21
Sesser Reservoir IL Franklin 43 15 Y N B,F,C,P 29
Lake Moses IL Franklin 170 30 Y N B,F,C,P 32
Bay Creek Lake IL Pope 110 28 Y N F,B 33
Sugar Creek Lake IL Pope 94 8 Y N F,B 39
Lake Glendale IL Pope 79 14 Y Y B,F,SW,P,C 38
DuQuoin City Reservoir IL Perry 183 30 Y Y B,F,C 24
Pinckneyville Reservoir IL Perry 165 33 Y Y B,F,P 29
Randolph County Lake IL Randolph 84 40 Y Y B,F,C,P 39
Sparta New City Lake IL Randolph 40 12 Y N B,F,C,P 41
Sparta Old Reservoir IL Randolph 32 18 Y N B,F 41
Coulterville City Res. IL Randolph 32 30 Y N B,F,P 39
Washington County Lake IL Washington 248 25 Y Y B,F,C,P 42
Nashville City Reservoir IL Washington 40 22 Y Y B,F,P 47
Ashley City Reservoir IL Washington 22 27 Y N NA 45
Mermet Lake IL Massac 452 12 Y Y B,F,C,P 33
Harrisburg Reservoir IL Saline 209 30 Y Y B,F,P 38
Eldorado Reservoir IL Saline 98 18 Y N B,F,P 44
Glen Jones Lake IL Saline 105 25 Y Y B,F,C,P 48
Lake McLeansboro IL Hamilton 75 20 Y Y B,F,P 48
Rend Lake IL Jefferson 18,900 30 Y Y B,F,C,P,SK,SW 30
Baldwin Lake IL St. Clair 2,018 42 Y Y B,F,C,P 49
Bluff Lake IL Union 49 5 Y N NA 23
Grassy Lake IL Union 310 5 Y N B,F,P 18
Lyrle Lake IL Union 260 9 Y N B,F 24
Dongola Reservoir IL Union 70 22 Y Y B,P,F 23

NA - Not Available
B = Boating; SK = Skiing; C = Camping; P = Picnicking; F = Fishing; SW = Swimming  
 

Source:  Illinois State Atlas, 1980.   

Illinois & Missouri Atlas & Gazetteer, 2002.    
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H. Description of Point Source Pollution Discharges   

The known point source discharges and associated National Pollutant Discharge 

Elimination System (NPDES) permits within the RNE and RNI watersheds are listed in 

Table 5.   

 

Table 5 - Known Point Discharges within Watersheds 

NPDES Permit  Cedar Lake Watershed Carbondale Reservoir Watershed 

IL0047767 Union-Jackson Farms  
IL0000914 Alto Pass Water Treatment Plant  
IL0074012  Carbondale Water Treatment Plant 

 

A review of the discharge monitoring report (DMR) data and facility inspection 

reports indicate that the facilities listed in Table 5 are in compliance with their respective 

NPDES Permits (Illinois EPA, Freedom of Information Act Request, 2005).    

 

I. Land Uses and Non-Point Source Pollution Loading s 

The RNE and RNI watersheds (including the water bodies) encompass 

approximately 7,823 and 777 hectares (19,330 and 1,920 acres) of land in southeastern 

Jackson County, respectively.  The historical major land uses occurring within both 

watersheds are diverse as illustrated in Figures 5A and 5B.  
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Figure 5A – Historical Major Land Uses in the Cedar Lake (RNE) Watershed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source:  NRCS, 2005.  
 

Figure 5B – Historical Major Land Uses in Carbondale Reservoir (RNI) Watershed. 
 
 
 

 

 

 

 

 

 

 

 

 

 

Source:  NRCS, 2005. 
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Table 6 summarizes estimates of annual nutrient and solids loadings to RNE and 

RNI, related to specific acreage of each land use type.  The area for each land use type 

was applied to an average estimated gross loading coefficient for total suspended 

solids, total nitrogen, and total phosphorus.  The export rates were then adjusted to 

account for the sediment delivery rates, in order to more accurately reflect the actual 

loading to the lake systems.     

 

Table 6 - Estimated Annual Non-Point Source Pollutant Loadings  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  Jackson Co NRCS and SWCD, 2005  

 

 

 

 

Cedar Lake
Acres Percent Lbs/Ac/Yr Tons Lbs/Ac/Yr Tons Lbs/Ac/Yr Tons

Export
  Woodland 5,799 27.4% 31.4 91.0 0.2 0.6 0.1 0.29
  Pasture 3,866 18.3% 296.5 573.1 1 1.9 0.5 0.97
  Rowcrop 4,833 22.9% 1,482.6 3,582.3 10.1 24.4 2.3 5.56
  Urban 773 3.7% 16.6 6.4 0.7 0.3 0.2 0.08
  Other 4,059 19.2% 118.6 240.7 11.9 24.2 1.3 2.64
  Water 1,800 8.5% NA NA NA NA NA NA

Atm. Input 1,800 NA NA 5.9 5.3 0.37 0.33

Total 21,130 100.0% Tons 4,493.6 56.7 9.86
Lbs 8,987,290 113,301 19,725

Carbondale Reservoir
Acres Percent Lbs/Ac/Yr Tons Lbs/Ac/Yr Tons Lbs/Ac/Yr Tons

Export
  Woodland 288 14.0% 31.4 4.5 0.2 0.0 0.1 0.01
  Pasture 768 37.4% 296.5 113.9 1 0.4 0.5 0.19
  Rowcrop 768 37.4% 1,482.6 569.3 10.1 3.9 2.3 0.88
  Urban 96 4.7% 16.6 0.8 0.7 0.0 0.2 0.01
  Other 0 0.0% 118.6 0.0 11.9 0.0 1.3 0.00
  Water 136 6.6% NA NA NA NA NA NA

Atm. Input 136 NA NA 5.9 0.4 0.37 0.03

Total 2,056 100.0% Tons 688.5 4.7 1.12
Lbs 1,376,986 9,452 2,249

TSS Total Nitrogen Total Phosphorus

TSS Total Nitrogen Total Phosphorus
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Approximately, 4,493.6 tons/yr (8,987,290 lbs/yr) of total suspended solids, 56.7 

tons/yr (113,301 lbs/yr) of total nitrogen, and 9.86 tons/yr (19,725 lbs/yr) of total 

phosphorus are annually delivered to RNE.  Annual loadings for RNI were estimated to 

be approximately 688.5 tons/yr (1,376,986 lbs/yr) of total suspended solids, 4.7 tons/yr 

(9,452 lbs/yr) of total nitrogen, and 1.12 tons/yr (2,249 lbs/yr) of total phosphorus.  The 

comparison of the estimated annual non-point source pollutant loads from gross loading 

coefficients (i.e., theoretical loads from the watershed) in Table 6 to the actual 

measured loads from the watersheds in Phase 1 sediment and nutrient budgets yielded 

varying results.   

Similar problems involving large discrepancies between estimated loading rates 

and those derived from watershed monitoring were reported for lake restoration studies 

conducted in Illinois by Cochran & Wilken, Inc. (1991) on Paris Twin Lakes and Kinkaid 

Lake (2005), Kothandaraman and Evans (1983) on Johnson Sauk Trail Lake and Lake 

Le-Aqua-Na, by Kirschner and Sefton (1983) on the Skokie Lagoons, and by the Illinois 

Natural History Survey (1983) on Lake of the Woods.  These studies reported that 

estimated loading rates gave results much different than those derived from stream 

monitoring data.  These differences are probably related to the spatial distribution of 

land use in the watershed, changes in land uses and land use management practices, 

and the problems related to predicting average export rates for a non-homogeneous 

watershed.   

J. Current and Past Restoration Activities 

RNI is currently maintained by the Park District and the City of Carbondale.  In 

1973-74, the original outlet was replaced at RNI.  The other major construction project 

noted at RNI was improvements to the dam and spillway in 1995 to insure structures 

could handle probable maximum flood events.  The project cost was over $850,373 and 

was partially funded by the City of Carbondale ($470,373).  The remaining $380,000 

was acquired from Federal programs (Swayze personal communication, 2005).   

RNE is currently maintained by the City of Carbondale and the USFS.  The City 

has one full-time person staff and hires four seasonal (summer) personnel to manage 
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and oversee various lake activities that include erosion control, shoreline stabilization, 

mowing, and dam maintenance (Mieling personal communication, 2005).   

K. Baseline and Current Limnological Data  

 Baseline and current limnological data for RNE and RNI are based on historical 

and current sampling completed by the Illinois EPA ambient and volunteer lake 

monitoring programs (AMLP and VLMP).  Current data was generated from samples 

collected during the Phase 1 monitoring year (November 2004 through October 2005).  

The historical data were obtained from the US EPA STORET Computerized 

Environmental Data System.  Based on the completeness and availability of electronic 

data, historical results from 1977, 1987, 1990, 1991, 1994, and 1997 were used for this 

report.  Summaries of the current and historical data are provided in Appendix A.  

Current and historical data for RNE and RNI were organized and analyzed by 

parameter according to the Illinois EPA ambient sampling period (May through 

October).  All data reported prior to the Phase 1 monitoring year (2004-05) is 

considered historical data.     

 

1. Historical and Current Lake Water Quality 

As stated, water quality data was obtained from the Illinois EPA ALMP and 

VLMP.  The ALMP monitoring at RNE and RNI began in 1977, and it provides an 

intensive analysis of the limnological characteristics of the lake system and includes a 

wide range of water quality parameters.  The VLMP monitoring at RNE and RNI began 

in 1982 and 1991, respectively and supplements the more intensive ALMP data 

collection (Illinois EPA personnel communication, 2005).   

The Cedar Lake (RNE) ALMP currently has five in-lake sampling stations RNE-1, 

RNE-2, RNE-3, RNE-4, and RNE-5 (Figure 6A).  RNE-1 (Site 1) is the deepest 

sampling station and is located in the northern portion of the lake near the spillway and 

dam.  RNE-2 (Site 2) is located in the south-central portion of the lake, and RNE-3 (Site 

3) and RNE-4 (Site 4) are within the lower, southern portions of the lake.  RNE-5 (Site 

5) is near the public water supply intake in the northern portion of the lake. 
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The Carbondale Reservoir (RNI) ALMP currently has three in-lake sampling 

stations RNI-1, RNI-2, and RNI-3 (Figure 6B).  RNI-1 (Site 1) is the deepest sampling 

station and is located in the eastern portion of the reservoir near the spillway and dam.  

RNI-2 (Site 2) is located in the middle of the reservoir and RNE-3 (Site 3) is located in 

the western, upper end of the reservoir.      

Phase 1 water quality sampling at RNE and RNI was conducted during the 

period of November 2004 through October 2005 at the respective in-lake sampling sites 

(Figures 6A and 6B).  During the year-long sampling period, water quality samples were 

collected in accordance with the Quality Assurance Project Plan (QAPP) (Appendix I) 

order to analyze the 2004-05 conditions.  Samples were collected from both water 

bodies by Illinois EPA staff and by City of Carbondale personnel.  Surface samples 

were collected at 0.30 meters (1.0 ft.) below the surface at all sampling locations in both 

lakes.  In addition to the collection of surface water samples, bottom samples were 

collected from both water bodies at approximately two feet from the bottom at Site 1 

(i.e., the deep-water sampling station for RNE and RNI).  Sampling procedures for each 

trip also included a water transparency reading (Secchi transparency depths), an 

integrated chlorophyll sample obtained at approximately twice the Secchi transparency 

depth, and dissolved oxygen and temperature profiles.   
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Automated Composite Samplers  

In addition to the in-lake sampling, automated composite samplers were installed 

within major tributaries of RNE at Clay-Lick Creek (RNE-T2) and RNI at Piles Fork (RNI-

T2), during the 2004-05 Phase 1 monitoring period to better understand and document 

the sediment and nutrient loadings associated with major precipitation and storm 

events.  However, due to the extreme drought conditions, only one significant storm 

event (May 14, 2005) was captured by the automatic samplers during the Phase 1 

monitoring period.  Unfortunately, the samples from that event were mishandled and 

were not appropriately analyzed.  Following the Phase 1 period, the automatic samplers 

remained in place for several months (November 2005 through January 2006).  Over 

that three-month period, three significant storm events (November 15, 2005, January 

10, 2006, and January 22 and 23, 2006) were captured and logged by the samplers.  

Appendix F contains a written description and report of the findings from the data 

obtained from the automated composite samplers at RNE-T2 and RNI-T2.     

 

Illinois EPA Laboratory Audit  

After the Phase 1 data was received, analyzed, and then incorporated into the 

July 2006 draft report, the Illinois EPA’s Division of Laboratories completed an audit in 

October 2007.  The audit pertained to data generated by Illinois EPA’s Champaign 

laboratory in 2004-05.  As a result, the Illinois EPA added data qualifiers to many of the 

Phase 1 results for RNE and RNI.  In reviewing the audited data, the Illinois EPA 

determined (Appendix J) that some of the in-lake and tributary sample results failed to 

meet specific data quality control criteria and should not be used for any purpose.  

Phase 1 data for RNE and RNI along with a list of the data qualifiers is provided in 

Appendix A.       

These unusable Phase 1 data include all results for total Kjeldahl nitrogen (TKN) 

and total ammonia-nitrogen (NH3-N) and a few results for total phosphorus (TP), total 

suspended solids (TSS), and volatile suspended solids (VSS).  The unusable in-lake 

sample data impacts many of the Phase 1 report requirements (i.e., total nitrogen 

calculations, a total nitrogen budget, and limiting algal nutrient discussion, and those 

calculations and discussions that pertain to TKN, NH3-N, and parameters with select 
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qualified results).  In addition to the in-lake samples, some of the tributary samples were 

also qualified and portions of that data were also determined to be unusable.  

Therefore, nitrogen budgets for RNE and RNI could not be completed for the Phase 1 

period.  Specific impacts associated with the Illinois EPA laboratory data audit and the 

repercussions from the unusable data are discussed within subsequent sections of this 

report.    

 

Water Quality Data Analysis  

Issues related to data quality are important to recognize, as erroneous results 

may lead to incorrect interpretation of the lake’s condition, which can lead to 

inappropriate consideration and ultimate selection of management recommendations 

and improvement alternatives.  In addition to the Illinois EPA’s April 2008 review 

comments for the 2006 draft report (Appendix J), several criteria were used to review 

and evaluate the Phase 1 analytical results for RNE and RNI.  Those subsequent 

review criteria included analysis of laboratory performance, professional judgment, and 

statistical methods.    

     

1. April 2008 Illinois EPA Review Comments for 2006 Draft Report 

The Illinois EPA indicated in its April 9, 2008 review comments (Appendix J) that 

NH3-N and TKN results for the Phase 1 period failed to meet data quality objectives and 

should not be used.  Based on this Illinois EPA recommendation, the NH3-N and TKN 

results were eliminated from the Phase 1 analyses.   

 

2. Laboratory Performance  

The Illinois EPA added data qualifiers to the Phase 1 data, as a result of the 

2007 data audit.  Post audited results and qualifiers are provided within Appendix A.  All 

results that contained an “X” qualifier (i.e., reported values should not be used for any 

purpose) were eliminated from the evaluation.  Other results associated with the 

following data qualifiers were evaluated for their usefulness:   

•  “Y” – Laboratory analysis was performed on an unpreserved or 

improperly preserved sample; and 
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• “Q” – Laboratory holding time was exceeded. 

 

The “Y” qualified results appeared to be associated with samples that were 

received at the laboratory above 4o C (39.2o F).  It was determined that elevated sample 

temperatures have minimal impacts on total and volatile suspended solids (TSS and 

VSS) and total phosphorus results (personal communication Prairie Analytical, 2008) 

and (Griesbach and Peters, 1991).  Based on these findings, the “Y” qualified results 

were considered estimated values, as they do not appear to have a large impact on the 

overall TSS, VSS, and total phosphorus results.   

 Upon reviewing the “Q” qualified results, it was determined that samples were 

generally analyzed within several days after the laboratory holding times had expired.  

These relatively minor holding time exceedences were not critical (personal 

communication Prairie Analytical, 2008).  However, based on their qualified status, 

those results were also considered estimated values.        

Testing limits of detection were also used to evaluate laboratory performance.  

Two laboratories (Illinois EPA laboratory in Champaign and Teklab in Collinsville) 

analyzed samples during the Phase 1 period.  The Champaign laboratory completed the 

majority of the analyses with Teklab analyzing only two sampling events for RNE and 

RNI.  Laboratories results contained elevated reporting limits for TSS, VSS, NO3-NO2, 

TP, and DP.  In instances where results were non-detect (i.e., within the elevated 

reporting limits), values were estimated and evaluated at 50 percent of their respective 

elevated reporting limits.  The laboratory reporting limits for the Champaign lab and 

detection and reporting limits for Teklab are provided in Appendix A.     

        

3.  Statistical Analysis 

Phase 1 results were also evaluated for anomalies or outliers.  If the data result 

was already eliminated using the previous described methods, an outlier test was not 

performed on that particular result.  The Grubbs’ Test for Outliers (1969) at a 95 percent 

(0.05) significance level was used to detect and eliminate data outliers within the Phase 

1 results.  Data outliers are highlighted within the data tables in Appendix A.       
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After the proceeding criteria were used to assess water quality data, a statistical 

program called StatPlus Professional 2007 was used to analyze the historical and 

remaining Phase 1 data.  Given the varying number and small sample populations, a 

non-parametric statistical test called the Mann-Whitney U-test (comparing two-

independent samples) was used to analyze the data sets.  The Mann-Whitney test is 

used to compare two independent samples.  It is similar to the T-test, but unlike the T-

test, the Mann-Whitney U-test is valid even if the data sets are not normally distributed 

(Samuels and Witmer, 1999).  The two-tailed U-Tests were performed at a 95 percent 

(p=0.05) significance level.  The results of the Mann-Whitney analyses are discussed 

within subsequent sections of this report.   

   

a.  Water Transparency 

Lake water transparency was measured using a simple, inexpensive device 

known as a Secchi disk.  The Secchi disk is a 20.0 cm (7.9 inch) disk with alternating 

black and white patterns that is lowered into the water column until it disappears.  The 

corresponding depth at which the disk is no longer visible with the naked eye is known 

as the Secchi transparency depth.   

Table 7 summarizes the Phase 1 and historical Secchi transparency depth data 

for RNE and RNI.  Overall, the median Phase 1 values for all three in-lake RNE sites 

increased compared to the historical values, suggesting that lake water clarity has 

somewhat improved.  Conversely, the median Phase 1 values for RNI were similar or 

decreased slightly compared to the historical values.  These observed trends in Secchi 

transparency were statistically evaluated for in-lake sites RNE-1 and RNI-1.  A Mann-

Whitney U-test (P<0.05, two-tailed test) suggested a marginally significant difference 

between the Phase 1 and historical data.  Given the marginal significance of the results, 

it is possible that the observed variances were normal.       

Throughout the monitoring year, Secchi transparency depths are often higher in 

the spring and lower in the summer months when algal productivity is typically the 

highest.  For an agricultural watershed (characteristic of RNE and RNI), declines in 

Secchi transparency depth are usually attributed to an increase in suspended materials 

within the lake.  An increase in algal productivity or an increase in suspended solids 
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usually has a negative correlation with Secchi depth measurements due to a decrease 

in light penetration.   

 

 

 

b.  pH and Alkalinity 

When measuring the degree of acidity in a waterbody, a logarithmic scale 

ranging from 0 to 14 is used to measure the concentration of hydrogen ions.  This scale 

is known as the pH scale.  A measurement along the lower portion of the scale, 0 to 7 

indicates the degree of acidity while a measurement along the upper portion, 7 to 14 

indicates the degree of alkalinity.  A seven on the pH scale is considered to be neutral.  

Generally, lakes in Illinois are well buffered by limestone bedrock, which may neutralize 

acidic activity.  These lakes typically range from 6 to 9 on the pH scale.     

Table 7 - Secchi Transparency Depths for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites Number Minimum Maximum Mean Median Std. Dev.
RNE-1 10 27 100 77.4 85.0 25.8
RNE-2 10 29 114 73.5 71.0 26.4
RNE-3 10 29 98 63.7 68.0 21.4
RNE-4 10 24 72 52.8 48.0 17.8
RNE-5 5 8 100 71.2 84.0 36.2
RNI-1 10 5 17 12.7 14.0 4.1
RNI-2 5 12 19 15.0 14.0 3.2
RNI-3 5 10 19 13.2 12.0 3.6

Number Minimum Maximum Mean Median Std. Dev.
RNE-1 26 40 102 56.6 54.5 13.0
RNE-2 26 32 101 52.6 48.5 15.5
RNE-3 21 25 72 40.2 39.0 10.8
RNE-4 10 14 52 35.0 36.0 10.0
RNE-5 NA NA NA NA NA NA
RNI-1 11 10 22 16.1 17.0 3.6
RNI-2 11 10 22 15.6 16.0 4.0
RNI-3 11 8 19 14.3 15.0 3.4

Values reported in inches.
NA = Not Available
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Phase 1 Period

Historical Period
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Changes in pH during the monitoring period and throughout the year may be 

attributed to algal productivity, increased CO2 from respiration accompanying 

decomposition, and nitrogen assimilation in the water column.  Based on available data, 

pH measurements exhibited normal and expected fluctuations and remained similar to 

other Illinois lakes.   

Buffering capacity is defined by the ability of the water body to neutralize acid.  

This capacity is better known as alkalinity.  Total alkalinity measures the amount of acid 

needed to lower the pH of the water to 4.5.  A high alkalinity concentration indicates an 

increased ability to neutralize pH and resist changes, whereas a low alkalinity 

concentration indicates that a water body is vulnerable to changes in pH.   

Table 8 summarizes the Phase 1 and historical pH and total alkalinity data for 

RNE and RNI.  The median pH values for the Phase period increased slightly at the 

RNE sites, while the median pH values at RNI remained similar to the historical results.  

Phase 1 total alkalinity values increased at RNE and RNI, which suggests that both 

water bodies are well buffered.   

These observed trends in pH and total alkalinity were statistically evaluated for 

in-lake sites RNE-1 and RNI-1.  A Mann-Whitney U-test (P<0.05, two-tailed test) 

suggested a marginally significant difference between the Phase 1 and historical data 

for pH at RNE-1 and total alkalinity at RNI-1.  Given the marginal significance of these 

results, it is possible that the observed variances are normal fluctuations.  No significant 

difference was noted in the pH data for RNI-1.  The total alkalinity results for RNE-1 

were significant and were noticeably higher during the Phase 1 compared to the 

historical values.     
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c.  Conductivity 

Conductivity is a measure of water’s ability to conduct an electrical current.  The 

ability to carry a current is often driven by the dissolved materials present in a water 

column.  These materials can include dissolved ions and other materials in the water 

and are directly proportional to the concentration of total dissolved solids (TDS) present 

in the water column.   

Table 9 summarizes the May through October Phase 1 and historical 

conductance data for RNE and RNI.  Measurements from the Phase 1 monitoring 

period were similar to the historical readings for RNE.  The Phase 1 conductance values 

for RNI increased compared to the past values.  Conductance values for RNE and RNI 

Table 8 - pH and Total Alkalinity Values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

RNE-1 5 5 7.1 54.0 9.3 76.0 8.5 62.8 9.0 64.0 0.9 9.2
RNE-2 5 5 7.2 56.0 9.4 84.0 8.6 65.6 9.1 62.0 0.9 10.9
RNE-3 5 5 7.5 52.0 9.4 74.0 8.7 64.4 9.1 66.0 0.8 8.2
RNE-4 5 5 7.8 58.0 9.2 76.0 8.6 66.0 9.0 64.0 0.6 7.2
RNE-5 5 5 7.1 58.0 9.3 72.0 8.5 63.2 8.9 62.0 0.9 5.4
RNI-1 5 5 7.9 104.0 9.9 130.0 8.7 119.6 8.5 118.0 0.8 10.9
RNI-2 5 5 8.4 110.0 10.0 130.0 8.9 122.0 8.5 128.0 0.7 9.3
RNI-3 5 5 7.7 112.0 9.9 128.0 8.8 121.2 8.6 8.6 0.9 7.7

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

pH T
 A

lk

RNE-1 26 26 6.5 25.0 8.8 60.0 7.6 44.3 7.6 44.0 0.8 8.5
RNE-2 26 26 6.5 30.0 9.1 65.0 8.0 46.3 8.1 45.5 0.7 7.3
RNE-3 21 21 6.6 35.0 9.3 64.0 8.2 47.1 8.3 48.0 0.8 7.5
RNE-4 10 10 6.6 35.0 9.3 64.0 8.1 45.7 8.3 45.5 0.7 7.9
RNE-5 NA NA NA NA NA NA NA NA NA NA NA NA
RNI-1 11 11 7.3 62.0 9.3 120.0 8.3 88.4 8.3 84.0 0.7 19.2
RNI-2 11 11 7.4 64.0 9.6 120.0 8.4 91.5 8.6 82.0 0.7 20.8
RNI-3 11 11 7.2 60.0 9.4 120.0 8.4 87.0 8.7 80.0 0.7 21.3

Values reported in standard pH units and mg/l.
NA = Not Available
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Number Median

Median
Phase 1 Period

Historical Period

Number Minimum Maximum Mean Std. Dev.

Minimum Maximum Mean Std. Dev.
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remained similar to values for other Illinois lakes (i.e., reservoirs with agricultural 

watersheds).   

These observed trends in conductance were statistically evaluated for in-lake 

sites RNE-1 and RNI-1.  A Mann-Whitney U-test (P<0.05, two-tailed test) suggested a 

marginally significant difference between the Phase 1 and historical data for RNI-1 and 

no significant difference in the RNE-1 data.   

 

 

 

 

 

 

 

 

Table 9 - Conductivity Values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites Number Minimum Maximum Mean Median Std. Dev.
RNE-1 5 120 128 124.2 125.0 3.2
RNE-2 5 119 127 123.8 125.0 3.3
RNE-3 5 119 127 123.8 125.0 3.3
RNE-4 5 122 127 124.8 124.5 1.9
RNE-5 5 121 127 124.8 125.0 2.5
RNI-1 5 213 297 243.2 237.0 32.5
RNI-2 5 213 256 235.6 236.0 16.4
RNI-3 5 211 261 236.2 236.0 18.9

Number Minimum Maximum Mean Median Std. Dev.
RNE-1 26 103 170 128.5 122.0 18.1
RNE-2 26 102 150 122.2 120.5 11.5
RNE-3 21 101 150 118.4 118.0 10.1
RNE-4 10 102 129 115.6 115.5 9.6
RNE-5 NA NA NA NA NA NA
RNI-1 11 156 248 198.6 186.0 33.0
RNI-2 11 156 250 200.0 187.0 32.7
RNI-3 11 162 250 201.1 185.0 32.7

Values reported in µmho/cm.
NA = Not Available
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Phase 1 Period

Historical Period
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d. Suspended Solids 

Suspended solids concentrations in lakes most often consist of soil particles, 

organic material, and other debris that are present in the water column.  Secchi 

transparency depth measurements and solids concentrations are inversely proportional.  

As the total suspended solids concentration increases at a given sampling location, the 

Secchi depth or water transparency decreases.  Total suspended solids concentrations 

can be an important indicator of the type and degree of turbidity in a lake as related to 

water quality.  Total suspended solids (TSS) and volatile suspended solids (VSS) were 

measured to assess the concentration of suspended material in the water column at 

each sampling location.  The difference between TSS concentration and VSS (i.e., 

volatile organic particles) concentration represents inorganic portion of suspended 

particles present in the water column.   

The Phase 1 TSS and VSS data contained several “X” qualified data that were 

eliminated from the evaluation.  In addition, several of the TSS and VSS results were 

“Y” and/or “Q” qualified, as having elevated sample temperatures or exceeded the 

laboratory holding time for analyses.  Those “Y” and/or “Q” qualified results were used 

within the analyses as estimated values.  Elevated laboratory reporting limits were also 

encountered within the TSS and VSS data (i.e., 8 mg/L).  Those non-detect results were 

analyzed at 50 percent of the elevated reporting limits or at a value of 4 mg/L.   

Table 10 summarizes the Phase 1 and historical TSS and VSS values for RNE 

and RNI for the period of May through October.  The median Phase 1 TSS and VSS 

values were similar to the historical values for RNE and RNI.  These results should be 

viewed with caution, as most of the TSS and VSS values were based on qualified data 

that contain estimated values.   

The TSS and VSS results at RNE-1 and RNI-1 were evaluated with the Mann-

Whitney U-test (P<0.05, two-tailed test).  Analyses suggested no significant differences 

between the Phase 1 and historical data for TSS at RNE-1 or RNI-1 and the VSS at 

RNI-1.  A significant difference was noted between the current and historical VSS data 

for RNE-1.  It is possible that the observed variances or lack of variance can be 

attributed to the estimated Phase 1 values.   
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In order to more accurately determine the types and amounts of suspended 

solids in the lake, a VSS analysis is often performed in conjunction with the TSS 

analysis.  The VSS concentration often includes organic constituents, such as plankton 

and additional plant and animal debris that are present in the water column.  The RNE 

and RNI ratios of VSS to TSS at Site 1 were 86 and 44 percent, respectively.  These 

ratios suggest more organic solids within RNE and more inorganic solids for RNI.  The 

levels of inorganically based solids correlates to a high sediment load from the 

watershed or internal sediment re-suspension, as opposed to more organically based 

solids typically found in lakes with high algal productivity and chlorophyll levels.     

 

 

 

Table 10 - Total and Volatile Suspended Solids Values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites

TSS VSS TSS VSS TSS VSS TSS VSS TSS VSS TSS VSS
RNE-1 13 13 1.0 0.5 13.0 8.0 4.2 3.6 4.0 4.0 3.2 1.9
RNE-1B 10 10 1.0 1.0 8.0 4.0 3.7 3.0 4.0 3.5 1.8 1.2
RNE-2 13 13 1.0 1.0 10.0 4.0 3.5 2.9 3.0 3.0 2.2 1.3
RNE-3 13 13 1.0 1.0 12.0 8.0 4.3 3.5 4.0 4.0 2.9 1.8
RNE-4 12 13 1.0 1.0 12.0 8.0 4.5 3.7 4.0 4.0 2.8 1.6
RNE-5 5 5 2.0 1.0 8.0 4.0 4.0 3.0 3.0 3.0 2.3 1.2
RNI-1 12 12 11.0 3.0 22.0 12.0 16.0 7.0 15.5 6.0 4.0 3.5
RNI-1B 11 11 10.0 4.0 34.0 12.0 20.1 8.2 19.0 10.0 7.2 3.4
RNI-2 4 4 12.0 4.0 20.0 15.0 16.8 9.3 17.5 9.0 7.2 3.4
RNI-3 4 4 14.0 3.0 32.0 20.0 20.5 10.0 18.0 8.5 8.1 7.2

TSS VSS TSS VSS TSS VSS TSS VSS TSS VSS TSS VSS
RNE-1 26 26 2.0 2.0 10.0 5.0 3.8 2.3 3.0 2.0 2.1 0.7
RNE-2 26 26 2.0 2.0 8.0 4.0 3.8 2.2 4.0 2.0 1.8 0.5
RNE-3 21 21 3.0 2.0 14.0 9.0 6.7 3.1 5.0 2.0 3.5 2.1
RNE-4 10 10 2.0 2.0 23.0 5.0 7.1 2.9 5.5 2.5 5.8 1.1
RNE-5 NA NA NA NA NA NA NA NA NA NA NA NA
RNI-1 11 11 2.0 2.0 36.0 18.0 14.7 7.8 12.0 5.0 9.7 5.8
RNI-2 11 11 2.0 2.0 59.0 48.0 21.9 13.2 18.0 10.0 16.5 12.9
RNI-3 10 10 2.0 2.0 111.0 39.0 30.8 11.7 23.0 9.0 29.7 10.7

Values reported in mg/l.
NA = Not Available
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Number Median

Median
Phase 1 Period

Historical Period

Number Minimum Maximum Mean Std. Dev.

Minimum Maximum Mean Std. Dev.
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e. Nitrogen 

Nitrogen is one of a handful of chemicals that is essential in freshwater 

ecosystems.  Biota in the lake greatly depend upon an interaction with the nitrogen 

cycle for daily activities.  The diversity of species within a water body is often influenced 

by the degree of available nitrogen forms.  These forms include gaseous nitrogen (N2), 

nitrates (NO3
-), nitrites (NO2

-), ammonia nitrogen (NH3-N), ammonium (NH4
+), and 

dissolved organic nitrogen (DON).  Inorganic forms of nitrogen, such as nitrate-nitrite 

and ammonia, found in excess may be detrimental to lake ecosystems.  For example, 

Sawyer (1952) indicated that inorganic nitrogen concentrations in excess of 0.30 mg/L 

are considered sufficient to stimulate excessive algal growth.  In addition, high 

concentrations of ammonia can be toxic to many fish and other aquatic organisms.   

Nitrogen measurements conducted at RNE and RNI included NH3-N, NO2-NO3, 

and total Kjeldahl nitrogen (TKN).  TKN is a measurement of both organic and 

ammonia-nitrogen.  The NH3-N concentration represents only the ammonia-nitrogen or 

unionized nitrogen, NH4
+ represents the ammonium or ionized nitrogen, and NO2-NO3 

represents the nitrites and nitrates.  A total nitrogen concentration can be obtained by 

adding the TKN to the NO2-NO3 measurements.   

In general, the total nitrogen percentages provide a relationship of the sources of 

nitrogen in the water body.  The increase in organic and ammonia sources of nitrogen 

may be correlated to an increase in biomass.  Sources of increased organic nitrogen 

may include algae and macrophyte growth, while sources of ammonia nitrogen may be 

from fish waste, atmospheric input, and decomposing organic material in the lake (by 

microbes and bacteria).   

The Illinois General Water Quality Standards for ammonia-nitrogen vary 

according to water temperature and pH, with the allowable concentrations decreasing 

as temperature and pH increase.  The allowable concentration of ammonia-nitrogen 

varies from 1.5 mg/L to 13.0 mg/L.  Sources of ammonia-nitrogen may be from 

decomposition of organic material by bacteria, atmospheric sources, and fish excretion.  

Ammonia, in certain concentrations may be toxic to fish and other aquatic organisms 

and must be converted to ammonium (NH4
+) through the formation of (NH3OH) or 

nitrate (NO3
-) before uptake by plants can occur.  In contrast to ammonia, ammonium 
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(NH4
+) is not toxic to aquatic organisms and is readily available for uptake by 

phytoplankton and macrophytes.  The total amount of ammonia and ammonium in the 

water body at any certain time is dependent upon the balance between pH, animal 

excretion, plant uptake, and activity of bacteria.   

The 2007 Illinois EPA laboratory audit revealed that a critical distillation step prior 

to the analysis NH3-N was not completed.  Thus, all of the Phase 1 NH3-N data was “X” 

qualified “not to be used for any purpose.”  A similar issue was encountered with the 

TKN results, and the Illinois EPA audit determined that those data failed to meet specific 

quality control criteria or failed to meet the data quality objectives.  The Phase 1 NH3-N 

and TKN data were not used and not evaluated.  In addition, the Illinois EPA laboratory 

reporting limit for NO2-NO3 was raised to 0.1 mg/L.  Those non-detect results were 

analyzed at 50 percent of the elevated reporting limits or at a value of 0.05 mg/L.   

Table 11 summarizes the usable Phase 1 NO2-NO3 and historical NH3-N, TKN, 

and NO2-NO3 results for the period of May through October.  As previously noted, the 

Phase 1 data for NH3-N and TKN were determined to be unusable and are not included 

within Table 11.   

The NO2-NO3 current and historical data were evaluated for in-lake sites RNE-1 

and RNI-1.  A Mann-Whitney U-test (P<0.05, two-tailed test) determined no significant 

difference between the NO2-NO3 Phase 1 and historical data.  This finding should be 

viewed with caution, as several of the Phase 1 NO2-NO3 values were estimated, based 

on elevated detection limits and non-detect results.   
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 The absence of Phase 1 TKN and NH3-N data has large implications to this 

Phase 1 report.  Many of the discussions concerning nitrogen (i.e., total nitrogen 

calculations, the total nitrogen budget, and limiting algal nutrient discussions) could not 

be completed for the Phase 1 period.   

 

 

 

 

 

Table 11 - NH3-N, TKN, and NO2-NO3 Values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites
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RNE-1 * * 16 * * 0.01 * * 0.30 * * 0.07 * * 0.05 * * 0.08
RNE-1B * * 14 * * 0.01 * * 0.30 * * 0.11 * * 0.05 * * 0.10
RNE-2 * * 16 * * 0.01 * * 0.27 * * 0.06 * * 0.04 * * 0.07
RNE-3 * * 16 * * 0.01 * * 0.23 * * 0.05 * * 0.02 * * 0.06
RNE-4 * * 16 * * 0.01 * * 0.24 * * 0.06 * * 0.05 * * 0.06
RNE-5 * * 5 * * 0.01 * * 0.05 * * 0.03 * * 0.02 * * 0.02
RNI-1 * * 15 * * 0.01 * * 0.12 * * 0.03 * * 0.01 * * 0.04
RNI-1B * * 15 * * 0.01 * * 0.12 * * 0.02 * * 0.01 * * 0.03
RNI-2 * * 5 * * 0.01 * * 0.05 * * 0.04 * * 0.05 * * 0.03
RNI-3 * * 5 * * 0.01 * * 0.02 * * 0.01 * * 0.01 * * 0.01
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RNE-1 25 25 25 0.01 0.26 0.01 0.32 0.90 0.47 0.07 0.53 0.12 0.04 0.55 0.10 0.09 0.20 0.11
RNE-2 25 25 25 0.01 0.10 0.01 0.27 1.15 0.16 0.08 0.53 0.03 0.05 0.50 0.01 0.08 0.26 0.03
RNE-3 20 20 20 0.01 0.08 0.01 0.38 1.10 0.15 0.08 0.51 0.03 0.08 0.56 0.01 0.09 0.26 0.04
RNE-4 9 10 10 0.01 0.20 0.01 0.34 0.87 0.14 0.09 0.58 0.04 0.02 0.56 0.01 0.11 0.21 0.05
RNE-5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
RNI-1 11 10 10 0.01 0.13 0.01 0.36 2.20 0.09 0.09 1.03 0.02 0.09 0.92 0.01 0.10 0.71 0.03
RNI-2 10 10 10 0.01 0.76 0.01 0.44 3.50 0.04 0.09 1.72 0.01 0.03 1.45 0.01 0.15 0.91 0.01
RNI-3 10 10 10 0.01 0.70 0.01 0.53 2.90 0.09 0.11 1.50 0.02 0.04 1.30 0.01 0.17 0.76 0.03

Values reported in mg/l.
NA = Not Available
* = Data unusuable per Illinois EPA data audit
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Std. Dev.

Phase 1 Period

Historical Period

Number Minimum Maximum Mean Std. Dev.Median

MedianNumber Minimum Maximum Mean
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f. Phosphorus 

Phosphorus may be found in low concentrations in Illinois lakes throughout all 

seasonal periods of the year.  Phosphorus is typically the limiting nutrient in lake 

ecosystems and additional or elevated loading of phosphorus to the lake will generally 

stimulate additional plant and algae growth.  The control of phosphorus within a lake 

ecosystem is typically a primary focus for lake restoration and protection efforts.  Often, 

the majority of phosphorus that is delivered to streams and lakes is tightly bound to 

sediment particles contained in runoff from agricultural fields and construction sites in 

the watershed.  Additional sources of phosphorus may include internal recycling from 

anaerobic decomposition of organic matter at the bottom of the lake, leaking septic 

systems, waterfowl, atmospheric deposition, water and wastewater treatment plants, 

and other point sources of pollution.  According to the Illinois General Water Use 

Standards, phosphorus as “P” should not exceed 0.05 mg/L in any reservoir or lake with 

a surface area of 8.1 hectares (20 acres) or more.   

Table 12 summarizes the Phase 1 and historical total phosphorus (TP) and 

dissolved phosphorus (DP) results for RNE and RNI for the period of May through 

October.   Several of the Phase 1 phosphorus results received “Y” data qualifiers, and   

the TP and DP results also experienced elevated laboratory detection limits.  Non-

detect sample results were estimated at 50 percent of the elevated detection limit.  

Sample results with a “Y” qualifier and/or results under the detection limit were included 

in the analyses as estimated values.  The Phase 1 TP and DP values for RNE and RNI 

suggest that the median concentrations have decreased compared to the historical 

data.  These findings should be viewed with caution, as the some of the analyzed 

values were estimated.   

The TP and DP TSS results at RNE-1 and RNI-1 were evaluated using the 

Mann-Whitney U-test (P<0.05, two-tailed test).  Statistical analyses suggested no 

significant differences between the Phase 1 and historical data for TP at RNI-1 and DP 

at RNE-1.  A marginally significant difference was noted in the DP data for RNI-1, and a 

significant difference was noted between the current and historical TP data for RNE-1.  

It is possible that the observed variances can be attributed to the estimated Phase 1 TP 

and DP values.   
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g. Chlorophyll 

Chlorophyll measurements are commonly used in a lake to estimate the type and 

amount of algal productivity present in the water column.  The chlorophyll a pigment is 

present in green algae, blue-green algae, and also in diatoms.  This photosynthetic 

pigment is responsible for algal growth and can be measured in order to estimate the 

type and amount of algal productivity in the water column.  Chlorophyll a is often used to 

indicate the degree of eutrophication in a lake.  For example, concentrations of 

Table 12 - Total and Dissolved Phosphorus Values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites
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RNE-1 13 13 0.005 0.005 0.025 0.025 0.013 0.009 0.012 0.005 0.006 0.007
RNE-1B 11 9 0.005 0.005 0.259 0.240 0.112 0.111 0.093 0.110 0.099 0.093
RNE-2 13 13 0.005 0.005 0.017 0.050 0.013 0.009 0.013 0.005 0.004 0.012
RNE-3 13 13 0.005 0.005 0.026 0.016 0.015 0.007 0.016 0.005 0.006 0.004
RNE-4 13 13 0.017 0.005 0.129 0.018 0.041 0.007 0.025 0.005 0.037 0.004
RNE-5 5 5 0.005 0.005 0.014 0.010 0.011 0.007 0.013 0.005 0.004 0.003
RNI-1 14 14 0.012 0.005 0.145 0.050 0.090 0.013 0.093 0.008 0.039 0.013
RNI-1B 14 14 0.010 0.005 0.640 0.497 0.165 0.126 0.079 0.022 0.204 0.190
RNI-2 5 5 0.032 0.005 0.155 0.018 0.086 0.010 0.096 0.010 0.053 0.005
RNI-3 5 5 0.040 0.005 0.216 0.023 0.111 0.013 0.115 0.010 0.068 0.009
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RNE-1 22 22 0.013 0.003 0.161 0.190 0.045 0.030 0.024 0.010 0.047 0.046
RNE-2 26 25 0.007 0.001 0.468 0.338 0.048 0.020 0.019 0.006 0.092 0.066
RNE-3 21 20 0.010 0.001 1.560 0.880 0.128 0.058 0.033 0.009 0.335 0.194
RNE-4 10 10 0.023 0.005 0.114 0.050 0.038 0.014 0.029 0.010 0.027 0.013
RNE-5 NA NA NA NA NA NA NA NA NA NA NA NA
RNI-1 11 10 0.030 0.010 0.840 0.230 0.178 0.048 0.117 0.016 0.231 0.073
RNI-2 11 10 0.050 0.012 0.739 0.680 0.201 0.131 0.122 0.070 0.202 0.201
RNI-3 10 10 0.082 0.003 0.391 0.147 0.165 0.041 0.118 0.017 0.118 0.055

Values reported in mg/l.
NA = Not Available
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Std. Dev.

Median

MedianNumber Minimum Maximum Mean

Phase 1 Period

Historical Period

Number Minimum Maximum Mean Std. Dev.
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chlorophyll a that exceed 20 µg/L indicate that a lake may be exhibiting eutrophic 

conditions (Illinois EPA, 1996). 

In addition to the chlorophyll a concentrations, chlorophyll b, chlorophyll c, and 

phaeophytin can also be measured to further estimate the extent of algal diversity and 

productivity.  Chlorophyll b is most common in the green species and serves as an 

auxiliary pigment for photosynthesis.  Chlorophyll c is most common in diatom species 

and also serves as an auxiliary pigment.  Algal productivity and diversity can be 

estimated by determining the concentrations of each pigment in the sample.  For 

example, since green algal species contain both chlorophyll a and chlorophyll b, higher 

levels of both a and b may result if green algal species are dominant.  Blue-green 

species contain only chlorophyll a pigments and lack chlorophyll b and c.  High 

concentrations of only chlorophyll a may indicate that blue-green algal species are 

dominant.  Diatom species contain both chlorophyll a and chlorophyll c pigments.  

Higher concentrations of both chlorophyll a and c may indicate that diatom species are 

dominant.  Phaeophytin results from the breakdown of chlorophyll a, and a high 

concentration indicates a stressed algal population and/or recent algal die-off.  

Phaeophytin has an absorption peak in the same spectral region as chlorophyll a and 

can sometimes cause chlorophyll a values to appear higher than the actual 

concentration.  Corrected chlorophyll a values refer to a concentration determined by a 

modified laboratory method, which adjusts the chlorophyll a concentration when 

phaeophytin concentrations become significantly high.  The Phase 1 and historical 

chlorophyll data indicate that chlorophyll a concentrations exceed the chlorophyll b and 

c concentrations, thus suggesting that blue-green algae have and continue to be the 

dominant algal species within RNE and RNI.      

Table 13 contains the May through October Phase 1 and historical corrected 

chlorophyll a values for RNE and RNI.  Generally, the Phase 1 and historical chlorophyll 

a values appeared to be similar.  These observations were evaluated for in-lake sites 

RNE-1 and RNI-1 using a Mann-Whitney U-test (P<0.05, two-tailed test).  Statistical 

results suggested no significant differences between the current and historical results 

for RNE-1 and RNI-1.   
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h. Dissolved Oxygen and Temperature 

During the Phase 1 monitoring period (2004-05) the Illinois General Use Water 

Quality Standards indicated that dissolved oxygen concentrations should not fall below 

5.0 mg/L and should be at least 6.0 mg/L during 16 hours of any 24-hour period.  Since 

the 2004-05 Phase 1 monitoring period, new Illinois General Use Water Quality 

Standards for dissolved oxygen have been developed pursuant to Section 302.206 of 

the Illinois Administrative Code.   

Most aquatic organisms, including fish, require adequate concentrations of 

dissolved oxygen in the water column in order to survive.  In temperate lakes with 

sufficient water depth (i.e., greater than 1.8 to 2.4 meters (6.0 to 8.0 ft)), there is a 

seasonal variation in temperature throughout the water column.  Dissolved oxygen is an 

important component for respiration of aquatic life and thus is important for the overall 

Table 13 - Chlorophyll a values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)

Sampling 
Sites Number Minimum Maximum Mean Median Std. Dev.
RNE-1 15 4.9 16.2 9.8 8.7 3.6
RNE-2 15 5.6 17.4 10.4 8.5 4.1
RNE-3 15 5.9 24.7 13.8 13.6 6.0
RNE-4 15 9.1 32.2 15.9 13.3 6.8
RNE-5 4 9.1 15.2 11.7 11.2 3.0
RNI-1 14 28.4 262.0 74.6 47.3 63.7
RNI-2 5 37.2 155.0 94.0 67.2 53.8
RNI-3 5 38.1 252.0 131.2 69.7 104.7

Sites Number Minimum Maximum Mean Median Std. Dev.
RNE-1 8 6.1 19.6 12.1 10.4 4.7
RNE-2 7 4.4 27.7 16.1 17.0 7.8
RNE-3 10 9.2 38.6 17.8 15.2 8.7
RNE-4 10 12.2 38.8 22.9 21.2 8.3
RNE-5 NA NA NA NA NA NA
RNI-1 10 13.9 109.2 65.9 64.6 33.4
RNI-2 10 24.4 130.8 68.5 68.9 36.5
RNI-3 10 20.4 163.2 71.7 60.3 48.8

Values reported in µg/L.
NA = Not Available
Phase 1 Period = May thru October 2005
Historical Period for RNE = May thru October of 1977, 1987, 1990, 1991, 1994, and 1997
Historical Period for RNI = May thru October of 1977, 1991, and 1997

Phase 1 Period

Historical Period
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health of the lake.  Sources of oxygen can include inflow from tributaries, exchange with 

the atmosphere, and photosynthetic activity by aquatic plants and phytoplankton.  

Oxygen consumption on the other hand, can deplete valuable oxygen from the water 

column.  Sources of oxygen consumption may include outflow, such as water discharge 

from the lake, respiration by fish and other oxygen consuming organisms, and biological 

consumption, such as the decomposition of dead plant and animal material.   

As air temperatures rise in early spring, the upper layers of water warm up and 

mix with the colder water below as a result of wind and rain.  Gradually, this mixing 

process diminishes and the lake begins to thermally stratify or separate into distinctly 

different layers.  The upper layer of warmer water is known as the epilimnion and is 

separated from the lower cooler layer or hypolimnion by a transition zone known as the 

thermocline, where a rapid change in temperature generally occurs.  The most 

important aspect of thermal stratification in relation to lake eutrophication is the summer 

stratification period when the hypolimnion becomes anaerobic or devoid of dissolved 

oxygen due to the increase in highly oxidizable material and the extended isolation from 

the atmosphere.  When dissolved oxygen levels remain consistently below 5.0 mg/L 

and approach 0.0 mg/L, the conditions for chemical reduction become more favorable 

and the nutrient rich bottom sediments begin releasing nutrients such as ammonia and 

phosphorus, and minerals such as iron, manganese, and copper to the overlying 

waters.   

Dissolved oxygen and temperature data collected during the Phase 1 monitoring 

period for RNE and RNI are located in Appendix C.  Isopleth charts were developed for 

in-lake sampling sites RNE-1 and RNI-1 for dissolved oxygen (mg/L or ppm = parts per 

million) and temperature (degrees Centigrade).  Figures 7A and 7B and 8A and 8B 

reflect the seasonal variations for RNE-1 and RNI-1 during the 2004-05 Phase 1 

monitoring period.   
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Dissolved oxygen levels at RNE-1 and RNI-1 ranged from a high of 13.6 and 

15.2 mg/L near the surface to a low of 0.3 and 0.2 mg/L near the bottom during the 

summer months.  Thermal stratification began in RNE in early June, as indicated by a 

decrease in DO and temperature per foot of water depth, and remained stratified until 

October.  RNE-1 displayed anoxic conditions (i.e., DO less than 1.0 mg/L) or depleted 

oxygen levels at depths of 6.1 meters (20 ft.) and below from June through October 

2005.  These conditions normally occur due to a high oxygen demand as a result of 

decomposing material in the nutrient rich sediment.  Within RNI, the relatively shallow 

water conditions appeared to allow for prevailing winds to routinely mix the water 

column.  During the Phase 1 period, anoxic conditions were observed at RNI-1 in 

August 2005 at depths of 2.4 m (8 ft) and below.   

 

2. Trophic Condition 

The physical, chemical, and biological data obtained from the 2004-05 Phase 1 

monitoring period were used to quantitatively describe the degree of eutrophication, or 

the trophic state, by calculating an index number.  The Trophic State Index (TSI) 

number for a lake is of great value to the consultant or lake manager, and the user 

population.  An index number, when properly interpreted, allows comparison of the 

existing condition of the lake with that of the past.  Carlson (1977) has developed a 

useful trophic state index for lakes with algal turbidity and minimal aquatic vegetation 

(Table 14).   

This index was based on the amount of algal biomass in surface water, using a 

scale of 0 to 100.  The scale uses a log transformation of Secchi disk transparency 

values as a measure of algal biomass.  Since chlorophyll and total phosphorus 

concentrations are often correlated with transparency, an index number can also be 

calculated from these parameters.  However, the accuracy of Carlson’s Trophic State 

Index may vary as a result of water coloration or suspended materials other than algae.  

The following table lists the TSI numbers from 0 to 100 with the associated Secchi 

transparency depths, surface phosphorus and chlorophyll a concentrations.   
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Table 14 - Carlson’s Completed Trophic State Index 

 

Source: Carlson, 1977 

 

The trophic conditions for the in-lake monitoring sites at RNE and RNI have been 

calculated according to the Trophic State Index (TSI) developed by Carlson, as shown 

above.  Trophic state indices for RNE and RNI were calculated using the mean Secchi 

disk transparency depths, total surface phosphorus and chlorophyll a concentrations for 

Site 1 during the Phase 1 monitoring period (2004-05) and historical data from 1977, 

1987, 1990, 1991, 1994, and 1997.  Historical data was based on data obtained from 

the USEPA STORET website.  The calculated TSI values are shown in Table 15. 

According to the Lake Assessment Criteria as listed in the Illinois Water Quality 

Report, 1994-95 (Carlson, 1977), lakes having a mean Trophic State Index (TSI) 

greater than 50.0 and less than 70.0 are characterized as being eutrophic.  During the 

2004-05 Phase 1 period, RNE had the following TSI values:  Secchi disk transparency 

depth, 52; total phosphorus, 41; and chlorophyll, 53.  These values suggest that Cedar 

is mildly eutrophic for Secchi and chlorophyll.  RNI had Phase 1 TSI values of 76 for 

Secchi disk transparency depth; 71 for total phosphorus; and 74 for chlorophyll, thus 

making it highly eutrophic to hyper-eutrophic.  The TSI values may indicate that there 

has been an increase in algal productivity, thus reducing Secchi transparency depth.  

This phenomenon is supported by the higher chlorophyll a values found in Phase 1 

sampling data.   

 

 

 

 

TSI Secchi Secchi Transparency Surface Surface
Depth (m) Depths (ft) Phos. (ug/l) Chloro. (ug/l)

0 64 220 0.75 0.04
10 32 106 1.5 0.12
20 16 52.5 3 0.34
30 8 26 6 0.94
40 4 13 12 2.6
50 2 6.6 24 6.4
60 1 3.3 (39”) 48 20
70 0.5 1.6 (20”) 96 56
80 0.25 0.8 (10”) 192 154
90 0.13 0.4 (5”) 384 427

100 0.06 0.2 (2.5”) 768 1,183



 

59 
 
 

Table 15 – TSI Values for Cedar Lake (RNE) and Carbondale Reservoir (RNI)  

 

 Phase 1 Period (2004-05) and Historical Period (1977, 1987, 1990, 1991, 1994, and 1997)

Site Period Secchi (m) Total Phos (µg/l) Chloro a (µg/l)
RNE-1 Phase 1 52.0 41.0 53.0
RNE-2 Phase 1 53.5 42.0 53.5
RNE-3 Phase 1 56.0 44.0 56.0
RNE-4 Phase 1 59.0 57.0 57.5
RNI-1 Phase 1 76.0 71.0 74.0
RNI-2 Phase 1 75.0 68.0 74.0
RNI-3 Phase 1 76.0 71.5 77.5
RNE-1 Historical 55.5 45.0 53.0
RNE-2 Historical 56.0 53.0 56.5
RNE-3 Historical 59.0 53.0 57.5
RNE-4 Historical 62.0 56.0 60.5
RNI-1 Historical 74.0 78.5 71.0
RNI-2 Historical 74.0 80.5 71.5
RNI-3 Historical 75.5 77.5 71.5
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 3. Limiting Algal Nutrient 

The weight to volume ratio of total nitrogen (mg/L) to total phosphorus (mg/L) is 

often used to determine which nutrient is limiting algal growth in a lake or reservoir.  

Since the nitrogen to phosphorus ratio (by weight in mg/L) in algal cell tissue is typically 

7 to 1, it is assumed that when the ratio of total nitrogen (mg/L) to total phosphorus 

(mg/L) is greater than 10 to 1, phosphorus is generally the limiting nutrient (Horne, 

1994).  When ratios are less than 10 to 1, nitrogen is generally the limiting nutrient.   

As previously noted in the nitrogen discussion, the analysis of the lake’s limiting 

algal nutrient could not be completed for the Phase 1 period without useable TKN data.  

Historical RNE and RNI data suggests that the total nitrogen to total phosphorus ratios 

(TN:TP) for all in-lake sampling sites have exceeded 10 (i.e., RNE-1, 23; RNE-2, 27; 

RNE-3, 16; RNE-4, 19; RNI-1, 15, RNI-2, 15; and RNI-3, 11).  These results suggest 

that RNE and RNI have historically been phosphorus-limited.      

 

4.  Sediment Quality and Sedimentation 

a.  Chemical Characteristics 

 Composite grab samples were collected from RNE and RNI in-lake sites during 

the Phase 1 monitoring period.  Lake sediment samples were analyzed for metals and 

organics in the sediment.  The Phase 1 sampling period results for metals and organics 

are listed in Tables 16 and 17.  Most of the parameters were found to be within the low 

to normal range for Illinois lake sediment (Mitzlefelt, 1996) (Table 18).  However, metal 

and organic parameters (i.e., Kjeldahl nitrogen, mercury, barium, iron, manganese, 

nickel, arsenic and total DDT) were elevated.  Laboratory analyses of the sediment 

samples suggest that the lake sediment would likely be non-hazardous and would likely 

not require disposal in special hazardous facility, if any sediment were to be removed.   
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Table 16 - Phase 1 (2004-05) Sediment Analysis for Metals for Cedar Lake (RNE) and 

Carbondale Reservoir (RNI)  

 

 

 

 

 

 

 

 

 

 

 

 

Table 17 - Phase 1 (2004-05) Sediment Analysis for Organics for Cedar Lake (RNE) and 

Carbondale Reservoir (RNI)  

 

Sample ID Units RNE-1 RNE-2 RNE-3 RNE-4 RNE-5 RNI-1 RNI-2 RNI-3
Phosphorus-P mg/kg 1,036 1,034 278 551 743 839 695 404
Kjeldahl-N mg/kg 49,300 21,400 10,800 25,600 61,900 31,500 19,800 8,630
% Solids % 31.1 37.3 55.7 20.3 28.4 47.2 47.9 53.5
Soilds, Volatile % 10.5 9.0 4.4 10.5 10.8 8.9 7.8 5.2
Mercury mg/kg <0.64 <0.55 <0.37 <0.5 <0.73 <0.44 <0.43 <0.41
Potassium mg/kg 1,100 1,200 480 1,100 1,300 1,100 1,000 570
Barium mg/kg 380 300 56 160 350 250 200 77
Cadmium mg/kg 0.37 0.36 0.12 0.22 0.29 0.34 0.33 0.18
Chromium mg/kg 20 18 8 17 21 23.0 21.0 12.0
Copper mg/kg 28 26 10 22 28 53.0 60.0 20.0
Iron mg/kg 40,000 34,000 10,000 23,000 37,000 35,000 31,000 14,000
Lead mg/kg 26 28 12 28 27 26.0 25.0 11.0
Manganese mg/kg 6,200 3,000 460 920 3,200 2,000 1,400 810
Nickel mg/kg 32 26 8 20 30 24.0 23.0 12.0
Silver mg/kg <1 <1 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5
Zinc mg/kg 84 77 31 65 85 77 73 89
Arsenic mg/kg 25 18 3 8 21 12.0 8.8 8.0

Cedar Lake Carbondale Reservoir

Sample ID RNE-1 RNE-2 RNE-3 RNE-4 RNE-5 RNI-1 RNI-2 RNI-3
Total PCBs µg/kg <10 <10 <10 <10 <10 <10 <10 <10
Hexachlorobenzene µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Trifluralin µg/kg <10 <10 <10 <10 <10 <10 <10 <10
Alpha-BHC µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Gamma-BHC (Lindane) µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Atrazine µg/kg <50 <50 <50 <50 <50 <50 <50 <50
Heptachlor µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Aldrin µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Alachlor µg/kg <10 <10 <10 <10 <10 <10 <10 <10
Metribuzin µg/kg <10 <10 <10 <10 <10 <10 <10 <10
Metolachlor µg/kg <25 <25 <25 <25 <25 <25 <25 <25
Heptachlor Epoxide µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Pendimethalin µg/kg <10 <10 <10 <10 <10 <10 <10 <10
Gamma-Chlordane µg/kg <2 <2 <2 <2 <2 <2 <2 <2
Alpha-Chlordane µg/kg <2 <2 <2 <2 <2 <2 <2 <2
Total Alpha and Gamma Chlordane µg/kg <5 <5 <5 <5 <5 <5 <5 <5
Dieldrin µg/kg <1 <1 <1 <1 <1 <1 <1 <1
Captan µg/kg <10 <10 <10 <10 <10 <10 <10 <10
Cyanazine µg/kg <25 <25 <25 <25 <25 <25 <25 <25
Endrin µg/kg <1 <1 <1 <1 <1 <1 <1 <1
P,P'-DDE µg/kg 4.5 6 2.2 18 3.8 <1 <1 <1
P,P'-DDD µg/kg <1 2.5 <1 8.4 1.5 <1 <1 <1
P,P'-DDT µg/kg <1 <1 <1 1.7 <1 <1 <1 <1
Total DDT µg/kg 4.5 8.5 2.2 28 5.3 <10 <10 <10
Methoxychlor µg/kg <5 <5 <5 <5 <5 <5 <5 <5
Acetochlor µg/kg <25 <25 <25 <25 <25 25 <25 <25

Cedar Lake Carbondale Reservoir
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Table 18 - Classification of Illinois Lake Sediment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Source:  Mitzlefelt, 1996 

 

b.  Sedimentation 

Erosion and sedimentation are natural geophysical processes that allow fine-

grained silts, clays, and detritus to be delivered and deposited to lakes and reservoirs.  

Sedimentation can lead to a significant loss of original water depth and may be 

considered detrimental, if allowed to progress.  The average rate of reservoir capacity 

loss in Illinois has been reported to be approximately 0.6 percent per year (Roseboom 

et al., 1979).  Lakes and reservoirs often act as sediment traps and are capable of 

trapping as much as 90 percent of the sediments that are carried from their watersheds 

(e.g., agricultural fields and unprotected construction sites).  In addition to causing a 

loss in water depth and storage capacity, accumulated sediments can impact lake water 

through internal nutrient recycling from resuspension and/or anaerobic decomposition.   

In 2004, HDR | CWI conducted lake sedimentation surveys at RNE and RNI to 

determine the impact of accumulated sediment.  Due to increasing water depths and the 

vast area of lake, the sediment survey for RNE focused on select bays and major inlets 

Parameter Unit Low Normal Elevated Highly Elevated
PCB's µg/kg n/a less than 10 10 to <89 89 or greater
Aldrin µg/kg n/a less than 10 1 to <1.2 1.2 or greater
Diedrin µg/kg n/a less than 3.4 3.4 to <15 15 or greater
DDT µg/kg n/a less than 10 10 to 180 180 or greater
Chlordane µg/kg n/a less than 5 5 to 12 12 or greater
Endrin µg/kg n/a less than 1 n/a 1 or greater
Methoxychlor µg/kg n/a less than 5 n/a 5 or greater
alpha-BHC µg/kg n/a less than 1 n/a 1 or greater
gamma-BHC µg/kg n/a less than 2 n/a 1 or greater
HCB µg/kg n/a less than 3 n/a 1 or greater
Heptachlor Epoxide µg/kg n/a less than 4 1 to <1.6 1.6 or greater
Phosphorus mg/kg less than 394 394 to <1115 1115 to <2179 2179 or greater
Total Kjeldahl Nitrogen mg/kg less than 1300 1300 to <5357 5357 to <11700 11700 or greater
Cadmium mg/kg n/a less than 5 5 to <14 14 or greater
Copper mg/kg less than 16.7 16.7 to <100 100 to <590 590 or greater
Lead mg/kg less than 14 14 to <59 59 to <339 339 or greater
Mercury mg/kg n/a less than 0.15 0.15 to <0.701 0.701 or greater
Cyanide mg/kg n/a n/a n/a n/a
Arsenic mg/kg less than 4.1 4.1 to <14 14 to <95.5 95.5 or greater
Chromium mg/kg less than 13 13 to <27 27 to <49 49 or greater
Iron mg/kg less than 16000 16000 to <37000 37000 to <56000 56000 or greater
Manganese mg/kg less than 500 500 to <1700 1700 to <5500 5500 or greater
Zinc mg/kg less than 59 59 to <145 145 to <1100 1100 or greater
Nickel mg/kg less than 14.3 14.3 to <31 31 to 43 43 or greater
Silver mg/kg n/a less than 0.1 0.1 to <1 1 or greater
Potassium mg/kg less than 410 410 to <2100 2100 to <2797 2797 or greater
Barium mg/kg less than 94 94 to <271 271 to <397 397 or greater
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of the lake (i.e., sub-areas A through T) (Figure 9A).  Conversely, the sedimentation 

survey for RNI included the entire reservoir due to its documented sedimentation 

impairment issues (Larson et. al, 1951) (Figure 9B).  The sedimentation surveys for 

each water body were divided into sub-areas, which were further subdivided into 

segments.  The sedimentation survey cross-section transects marked the boundaries of 

each segment, which were located by global positioning systems (GPS).  Appendix D 

contains maps and cross-sections for the sub-areas of RNE and RNI sedimentation 

surveys.   

Water depth measurements were located horizontally in terms of X-Y coordinates 

using the global position system (GPS) unit.  Actual water depths (Z-coordinates) were 

determined using a flat steel disk eight-inches in diameter, attached to a graduated rod, 

where depth-to-sediment measurements were determined.  This method allowed 

accurate water depth determination over soft bottom materials, as the flat disk rests on 

the sediment surface, rather than penetrating the material.   

After the water depths were determined at each point, the sediment depths were 

also measured and recorded.  Sediment depths were determined using a one-inch 

diameter aluminum range pole.  The range pole was pushed through the soft sediment 

until the hard, original lake bottom was reached.  The total length of pole at the water 

surface was then determined, and this length, less the water depth, yielded the actual 

sediment depth at each of the respective points.   

The data from the soundings were then plotted as cross-sections so that a profile 

of the existing sediment and the original lake bottom could be developed.  The average 

end-area-method was applied to each segment to calculate the quantity of accumulated 

sediment and remaining water volume.  The results of the sedimentation surveys for 

RNE and RNI are presented in Tables 19A and 19B. 
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Across the twenty sub-areas of RNE that were surveyed in 2004, approximately 

388,501 cubic yards of sediment have been deposited.  For those areas surveyed within 

RNE, this volume represents approximately a 36.4 percent water storage capacity loss 

over the 30 plus-years since the lake was constructed.  This rate suggests that 

approximately 12,950 cubic yards of sediment have been deposited within the surveyed 

areas on an average-annual basis.   

The 2004 RNI sedimentation survey indicated that approximately 619,124 cubic 

yards of sediment have been deposited and this volume represents a 33.5 percent 

water storage capacity loss, compared to its original volume.  Based on these figures, 

RNI has lost on average approximately 7,937 cubic yards per year over its 78-year 

history.    

c.  Shoreline Erosion 

In 2004, HDR | CWI completed shoreline erosion surveys of RNE and RNI 

(Figures 10A and 10B) in order to determine the extent of shoreline erosion 

contributions on lake water degradation.  Shoreline erosion impairs lake usage and 

access by adding turbidity and decreasing storage capacity.  The loss of shoreline soils 

may also jeopardize the stability of infrastructure, such as bridges, roads, and docks.  In 

addition, shoreline loss impacts shoreline property and the overall aesthetic appeal of 

the lake.  Detailed shoreline erosion maps are provided in Appendix H.   

The methodologies used during the survey rated erosion severity by vertical 

measurements of the eroded zones.  An estimate was made to determine the horizontal 

length of each eroded zone and a vertical measurement was recorded and applied to 

the following criteria:  bank heights less than 1 foot were classified as having no 

erosion; bank heights of 1 to 3 feet were classified as having slight erosion; bank 

heights greater than 3 feet and less than 8 feet were classified as having moderate 

erosion; and bank heights greater than 8 feet were classified as having severe erosion.   

For RNE, an estimated 62,557 m. (205,238 ft.) of the 76,547 m. (251,138 ft.) of 

shoreline was classified as eroded during the 2004 survey.  The largest classification of 

eroded shoreline was 50,493 m. (165,658 ft.) of slight shoreline erosion, which 

represented 66% of the total eroded shoreline length.  Shoreline erosion was most 
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prevalent along points of the RNE.  Moderate shoreline erosion accounted for 10,178 m. 

(33,393 ft.) or 13.3% of the total eroded shoreline and severe erosion made up 2.5% of 

the total eroded shoreline with 604 m. (1,980 ft.).   

The estimated loading to RNE was based on the 2004 shoreline survey and was 

calculated by extending the eroded bank into the lake at a projected slope of 3:1 (3 foot 

horizontal to 1 foot vertical) to form a typical triangular end area.  Then, the length of the 

eroded shoreline in linear feet was multiplied by the projected end area for each degree 

of classification of erosion.  Over its 31-year history, approximately 240,526 tons 

(218,200,377 kg) of soil have been eroded from the shoreline of RNE.  These shoreline 

erosion figures equate to an average annual loading of approximately 3,880 tons/year 

(3,519,383 kg/year).  The total tons of delivered soil were calculated using a dry unit 

weight of 50 pounds per cubic-ft.     

The shoreline survey for the RNI indicated that an estimated 4,721 m. (15,490 ft.) 

of the 5,571 m. (18,276 ft.) of shoreline was eroded.  Slight shoreline erosion accounted 

for 4,001 m. (13,125 ft.) or 71.8% of the total eroded shoreline, and moderate shoreline 

erosion represented 12.9% of the total eroded shoreline at 721 meters (2,365 feet).  

Using the same loading rationale, an estimated 11,035 cubic yards of soil have been 

eroded from the shoreline of the RNI during its 79-year history.  This volume of soil 

equates to approximately 6,636 tons or (6,032,045 kg) over the RNI history or 84 

tons/year (76,355 kg/year).    

Riprap has been placed along the shoreline in several locations in an attempt to 

stabilize the shoreline and reduce erosion.  Most of these locations appeared be 

successful stabilization measures.  In addition to the general observations and 

measurements, areas in greatest need of remediation were documented and 

photographed (Appendix E).  Shoreline erosion is most commonly attributed to wave 

action generated from prevailing winds and boats.   
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5. Hydrologic Budget 

Hydrologic budgets were developed in order to account for the total inflow and 

outflow of water for the RNE and RNI systems during the Phase 1 monitoring period.  

The budgets account for the inflows from various tributaries entering RNE and RNI, total 

precipitation to the watersheds, and direct precipitation to the lakes.  The budgets also 

consider outflows, which include lake evaporation, water withdrawals for the public 

water supply, and flows over the spillways at RNE and RNI.  The hydrologic budgets 

serve as a critical component and basis for developing subsequent sediment and 

nutrient budgets.  In general, the lake hydrologic budget for the lake systems were 

calculated assuming the following formula:   

  

Change in Storage Capacity * = Inflows – Outflows  

 

* Unaccounted flows are assumed to result from fluctuations in the groundwater inflows 

and outflows.   

 

The hydrologic budgets were developed by using daily precipitation readings 

collected at Cedar Lake and the water level (discharge) readings collected over the weir 

at the each spillway, located near the dam.  The spillway outfall readings were used 

with the dam’s spillway-rating curve to develop lake discharges.  The spillway 

discharges and precipitation readings were found to occur at more regular intervals and 

to be more reliable and accurate in developing the hydrologic budget than the infrequent 

flow measurements collected during the Phase 1 (i.e., November 2004 through October 

2005) monitoring period.   

As mentioned, RNE and RNI areas experienced drought conditions (i.e., extreme 

temperatures compounded with lack of significant precipitation events) during the 

second half of the Phase 1 monitoring period.   These 2005 conditions likely 

underestimated typical hydrologic conditions (i.e., inflows from tributaries and 

watershed) and this skewed the hydrologic budgets for the Phase 1 period.  Since the 

hydrologic budgets served as the basis for the subsequent nutrient and sediment 
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budgets, it is likely that the inflows and/or loadings from the watershed and tributaries 

were also underestimated for nutrient and sediment budgets.   

Precipitation was monitored and readings were collected by City of Carbondale 

personnel.  Daily and monthly precipitation (i.e., rainfall) readings were then applied to 

the lake and to the entire watershed.  Runoff coefficients and sediment delivery rates 

were used to predict the potential watershed inflows to the lake.  Monthly evaporation 

rates and average monthly pumping rates at the water plant were also used to calculate 

outflows from the lake.  Evaporation was determined using the methods described in 

“Lake Evaporation in Illinois” (Roberts and Stall, 1967).       

The total calculated inputs for RNE and RNI during the Phase 1 monitoring year 

were nearly 95.5 million cubic meters (77,463.4 acre-feet) and 3.8 million cubic meters 

(3,072.4 acre-feet).  For each water body, approximately 1.44% and 2.12% of the total 

hydrologic budgets were unaccounted for and could be potentially attributed to 

groundwater inflows and outflows.  Approximately, 96.9 million cubic-meters (78,579.4 

acre-ft) and 3.7 million cubic-meters (3,007.2 acre-ft) left RNE and RNI.  The volume of 

water estimated to either enter or exit the RNE and RNI systems as a result of each of 

the above components was compiled monthly during the monitoring year that occurred 

from November 2004 to October 2005 (Tables 20A and 20B).   

 
Table 20A - Hydrologic Budget for Cedar Lake (RNE) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Month Avg. Pool 
Level

Precip. from 
Watershed 

Direct Lake 
Precip.

Net Inputs Evapor. 
from Lake

Public Water 
Supply

Spillway 
Outflow 

Net Outputs Unaccounted 
Inflow

Ft-ASL Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft
Nov-04 431.4 11,397.52 837.00 12,234.52 264.00 360.67 1,835.10 2,459.77 9,774.7
Dec-04 432.4 3,983.01 292.50 4,275.51 246.00 372.69 9,323.25 9,941.94 -5,666.4
Jan-05 432.9 11,744.76 862.50 12,607.26 237.00 372.69 15,117.46 15,727.15 -3,119.9
Feb-05 432.6 4,493.65 330.00 4,823.65 400.50 336.63 10,514.28 11,251.41 -6,427.8
Mar-05 432.5 5,188.12 381.00 5,569.12 489.00 372.69 8,164.47 9,026.16 -3,457.0
Apr-05 431.9 3,880.88 285.00 4,165.88 520.50 360.67 10,143.90 11,025.07 -6,859.2
May-05 431.9 4,595.78 337.50 4,933.28 645.00 372.69 4,266.53 5,284.22 -350.9
Jun-05 431.9 2,553.21 187.50 2,740.71 751.50 360.67 4,128.90 5,241.07 -2,500.4
Jul-05 431.7 13,174.56 967.50 14,142.06 808.50 372.69 3,318.55 4,499.74 9,642.3
Aug-05 431.3 3,574.49 262.50 3,836.99 718.50 372.69 1,422.28 2,513.47 1,323.5
Sep-05 431.0 5,739.61 421.50 6,161.11 543.00 360.67 0.00 903.67 5,257.4
Oct-05 430.2 1,838.31 135.00 1,973.31 333.00 372.69 0.00 705.69 1,267.6
Sum acre-feet 72,163.9 5,299.5 77,463.4 5,956.5 4,388.2 68,234.7 78,579.4 -1,116.0

cubic meters 88,978,064 6,534,284 95,512,348 7,344,365 5,410,629 84,133,410 96,888,403 -1,376,055
Avg. acre-feet 6,013.7 441.6 6,455.3 496.4 365.7 5,686.2 6,548.3 -93.0

cubic meters 7,414,839 544,524 7,959,362 612,030 450,886 7,011,117 8,074,034 -114,671
93.16% 6.84% 100.00% 7.58% 5.58% 86.84% 100.00% -1.44%

Inputs Outputs
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Table 20B - Hydrologic Budget for the Carbondale Reservoir (RNI) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.  Phosphorus and Nitrogen Budgets 

Phosphorus (TP) and nitrogen (TKN and NO3-NO2) samples were collected from 

tributary samples at Cedar Lake (RNE-T1, RNE-T2, RNE-T3, RNE-T4, and RNE-T5) 

and Carbondale Reservoir (RNI-T1 and RNI-T2) (Figures 6A and 6B) during the 2004-

05 Phase 1 period.  These tributary sample results are critical in the development of 

nutrient budgets (i.e., the amount of nitrogen and phosphorus that passes into and out 

of RNE and RNI).   

As previously mentioned, the Illinois EPA completed an audit of the Phase 1 

results in 2007.  As a result, qualifiers were placed on some of the Phase 1 data.  In 

some cases, it was determined that the data should not be used for any purpose.  

Those data included all TKN results, and as a result, Phase 1 nitrogen budget cannot 

be completed for the 2004-05 Phase 1 monitoring period.     

Phosphorus and nitrogen are generally considered to be the two main nutrients 

involved in algal growth and the lake eutrophication process.  The Phase 1 monitoring 

results were used to calculate monthly inputs and outputs for total phosphorus.  The 

methodologies for the collection and calculation of nutrient inputs and outputs were 

similar to those used in the hydraulic budget (Tables 20A and 20B) with the exception of 

the internal regeneration calculation, this was calculated as an additional input.  Data 

was collected during the monitoring year and then concentrations were estimated using 

Month Avg. Pool 
Level

Precip. from 
Watershed 

Direct Lake 
Precip.

Net Inputs Evapor. 
from Lake

Public Water 
Supply

Spillway 
Outflow

Net Outputs Unaccounted 
Inflow

Ft-ASL Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft Ac-Ft
Nov-04 436.0 189.41 63.24 252.65 34.91 NA 0.00 34.91 217.7
Dec-04 436.1 257.05 22.10 279.15 32.53 NA 288.30 320.83 -41.7
Jan-05 436.2 196.17 65.17 261.34 31.34 NA 815.30 846.64 -585.3
Feb-05 436.1 142.06 24.93 166.99 52.96 NA 260.40 313.36 -146.4
Mar-05 435.1 148.82 28.79 177.61 64.66 NA 288.30 352.96 -175.3
Apr-05 436.0 236.76 21.53 258.29 68.82 NA 0.00 68.82 189.5
May-05 436.0 263.82 25.50 289.32 85.28 NA 0.00 85.28 204.0
Jun-05 436.1 277.35 14.17 291.51 99.37 NA 279.00 378.37 -86.9
Jul-05 436.1 270.58 73.10 343.68 106.90 NA 288.30 395.20 -51.5
Aug-05 435.9 243.52 19.83 263.36 95.00 NA 0.00 95.00 168.4
Sep-05 435.9 236.76 31.85 268.61 71.80 NA 0.00 71.80 196.8
Oct-05 436.0 209.70 10.20 219.90 44.03 NA 0.00 44.03 175.9
Sum acre-feet 2,672.0 400.4 3,072.4 787.6 0.0 2,219.6 3,007.2 65.2

cubic meters 3,294,576 493,701 3,788,277 971,088 0 2,736,767 3,707,855 80,422
Avg. acre-feet 222.7 33.4 256.0 65.6 0.0 185.0 250.6 5.4

cubic meters 274,548 41,142 315,690 80,924 0 228,064 308,988 6,702
86.97% 13.03% 100.00% 26.19% 0.00% 73.81% 100.00% 2.12%

Inputs Outputs
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a flow weighted average method.  The total amount of a specific nutrient transported 

over a given period of time was calculated using the following equation (along with 

conversion factors):   

Ti = (Qi x Ci)     

where:   

Ti = Total amount of nutrient transported during a particular period. 

Qi = Total flow of water entering or leaving the lake during a period. 

Ci = Concentration of nutrients for the period being calculated. 

 

Phosphorus (P) is also released from lake sediments into well aerated or oxic 

water.  Jensen and Andersen (1992) have shown that Fe-bound phosphorus, when 

present in significant proportions in the sediment, may be a major source for internal 

phosphorus loading in shallow, eutrophic lakes, just as it may be in deeper, stratified 

lakes.  Holdren and Armstrong (1980), per Fricker (1981) quoted literature values of 

sediment phosphorus release rates from several lakes in the United States for aerobic 

(0 to 13 P mg/m2/day) and anaerobic conditions (0 to 50 [max. 150] P mg/m2/day).   

The calculated numbers were correlated with the hydrologic budget estimates for 

water movement and then converted to kilograms in order to estimate the total amount 

of nutrients flowing into and out of the lake during the sampling period.  The estimated 

releases of phosphorus from sediment were based on rates determined by Fricker 

(1981).  A rate of 25.0 mg/m2/day (0.223 lbs/acre/day) for phosphorus was used to 

calculate an approximate internal nutrient load for the period of time that dissolved 

oxygen levels were <1.0 mg/L (i.e., anoxic conditions).  Internal nutrient loading rates 

when dissolved oxygen levels were >1.0 mg/L (i.e., oxic conditions), 7.0 mg/m2/day 

(0.062 lbs/acre/day) for phosphorus were used.   

The regeneration values for anaerobic conditions (i.e., dissolved oxygen levels 

<1.0 mg/L) and aerobic conditions were multiplied by the approximate corresponding 

area of the lake bottom in order to arrive at a daily loading rate.  These corresponding 

rates were used to determine the internal nutrient loadings throughout the Phase 1 

monitoring period during times when the lake was anoxic and oxic.  Atmospheric inputs 
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were derived from regional concentrations obtained through the National Atmospheric 

Deposition Program (NADP) and applied to precipitation totals.   

Tables 21A and 21B display the monthly estimates for the phosphorus budgets 

for RNE and RNI, respectively.  The total gross loadings to RNE and RNI for all 

phosphorus sources were estimated to be 20,271.0 kg (22.3 tons) and 818.5 kg (0.9 

tons), respectively.  Internal regeneration within RNE and RNI accounted for 

approximately 26.7 and 24.1 percent of the total phosphorus loads.  A net load of 

16,903.2 kg (18.6 tons) and 714.1 kg (0.2 tons) of phosphorus entered RNE and RNI 

during the 2004-05 Phase 1 sampling period.   

As previously mentioned, the extreme drought conditions experienced in the 

RNE and RNI areas during 2005 skewed the hydrologic budgets.  Given that the 

hydrologic budgets served as the basis for the nutrient and sediment budgets, it is 

highly likely that those budgets were also impacted.  During this period, there were 

reduced inputs or loadings from external sources (i.e., watershed runoff and inflows 

from the tributaries).  Conversely, this lack of external loadings may have caused 

internal sources to appear greater, proportionately, than they might have normally been 

during a more typical year with more significant precipitation events.   
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Table 21A – Phosphorus Budget for Cedar Lake (RNE) 

Month

Units kg tons kg tons kg tons kg tons kg tons
Nov-04 20.2 0.022 2,664.2 2.9 303.7 0.33 176.0 0.2 2,812.1 3.1
Dec-04 2.5 0.003 526.1 0.6 313.8 0.35 122.6 0.1 719.7 0.8
Jan-05 21.4 0.024 1,906.9 2.1 313.8 0.35 339.5 0.4 1,902.7 2.1
Feb-05 3.1 0.003 1,417.6 1.6 283.5 0.31 347.0 0.4 1,357.2 1.5
Mar-05 4.2 0.005 420.8 0.5 313.8 0.35 278.3 0.3 460.4 0.5
Apr-05 2.3 0.003 773.4 0.9 303.7 0.33 788.8 0.9 290.7 0.3
May-05 3.3 0.004 939.4 1.0 313.8 0.35 205.3 0.2 1,051.2 1.2
Jun-05 1.0 0.001 166.5 0.2 698.1 0.77 64.6 0.1 800.9 0.9
Jul-05 26.9 0.030 3,227.1 3.6 721.3 0.80 865.9 1.0 3,109.6 3.4
Aug-05 2.0 0.002 876.2 1.0 721.3 0.80 179.8 0.2 1,419.7 1.6
Sep-05 5.1 0.006 1,405.9 1.5 599.5 0.66 0.0 0.0 2,010.5 2.2
Oct-05 0.5 0.001 450.3 0.5 517.6 0.57 0.0 0.0 968.4 1.1
Sum 92.6 0.102 14,774.3 16.3 5,404.2 5.96 3,367.8 3.7 16,903.2 18.6

Annual Totals Total KG Total Tons Percent of 
Total

Atmospheric Inflow 92.6 0.1 0.5%
Watershed & Trib. Sites 2,3,4,&5 Inflows 14,774.3 16.3 72.9%

Internal Regeneration 5,404.2 6.0 26.7%
Total Inflow 20,271.0 22.3 100.0%

Watershed & Trib. Site 1 Outflows 3,367.8 3.7
Total Outflow 3,367.8 3.7

Net Phosphorus Load 16,903.2 18.6

Net Phosphorus 
Load

Atmos. Inflow Watershed & Trib. 
Sites 2, 3, 4 & 5 

Inflows

Internal 
Regeneration

Watershed & Trib. 
Site 1 Outflows

 

Table 21B – Phosphorus Budget for the Carbondale Reservoir (RNI) 

 

Month

Units kg tons kg tons kg tons kg tons kg tons
Nov-04 1.5 0.002 62.3 0.07 11.5 0.01 2.6 0.00 72.7 0.02
Dec-04 0.2 0.000 43.0 0.05 11.9 0.01 4.0 0.00 51.1 0.01
Jan-05 1.6 0.002 48.4 0.05 11.9 0.01 10.4 0.00 51.4 0.01
Feb-05 0.2 0.000 58.1 0.06 10.7 0.01 23.2 0.01 45.8 0.01
Mar-05 0.3 0.000 2.2 0.00 11.9 0.01 7.0 0.00 7.4 0.00
Apr-05 0.2 0.000 70.6 0.08 11.5 0.01 0.0 0.00 82.2 0.02
May-05 0.2 0.000 62.6 0.07 18.6 0.02 0.0 0.00 81.5 0.02
Jun-05 0.1 0.000 53.9 0.06 21.3 0.02 28.0 0.01 47.3 0.01
Jul-05 2.0 0.002 120.8 0.13 27.3 0.03 29.2 0.01 120.9 0.03
Aug-05 0.1 0.000 32.5 0.04 27.3 0.03 0.0 0.00 59.9 0.01
Sep-05 0.4 0.000 33.1 0.04 21.3 0.02 0.0 0.00 54.9 0.01
Oct-05 0.0 0.000 27.1 0.03 11.9 0.01 0.0 0.00 39.0 0.01
Sum 7.0 0.008 614.6 0.68 196.9 0.22 104.4 0.02 714.1 0.16

Annual Totals Total KG Total Tons Percent of 
Total

Atmospheric Inflow 7.0 0.01 0.9%
Watershed & Trib. Site 2 Inflows 614.6 0.68 75.1%

Internal Regeneration 196.9 0.22 24.1%
Total Inflow 818.5 0.90 100.0%

Watershed & Trib. Site 1 Outflows 104.4 0.02
Total Outflow 104.4 0.02

Net Phosphorus Load 714.1 0.16

Net Phosphorus 
Load

Atmos. Inflow
Watershed & Trib. 

Site 2 Inflows

Internal 
Regeneration Watershed & Trib. 

Site 1 Outflows
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7.  Sediment Budget 

The system flow data calculated in the hydrologic budget was used to develop a 

sediment budget (Tables 22A and 22B), which indicates the amount of sediment 

entering and exiting the Cedar Lake and the Carbondale Reservoir systems.  The flow 

values in the hydrologic budgets and the corresponding total suspended solids (TSS) 

concentrations were used to calculate sediment inputs and outputs for RNE and RNI.  In 

addition, an estimate of 10 percent for bed load transport (Fitzpatrick and Harbison, 

1986) was added to the TSS monitored inputs, which could not be accurately 

monitored.   

Of the estimated 10.0 million kilograms (11,051 tons) and 234,000 kilograms 

(258.4 tons) of sediment that entered RNE and RNI during the Phase 1 monitoring year, 

8.7 million kg (9,697.6 tons) and 200,000 kg (219.9 tons) were deposited.  These 

estimated quantities resulted in overall trap efficiencies of 93.7 and 91.2 percent for 

RNE and RNI, respectively.  It was estimated that shoreline erosion has contributed a 

total of 3,879.5 tons and 84.2 tons of sediment to RNE and RNI each year.   

Temporal and spatial variability between the historical and Phase 1 periods likely 

account for some of the variations observed in the more “theoretical” loadings contained 

within Table 6 and “actual” loadings listed in Tables 21A, 21B, 22A, and 22B.  As noted, 

drought conditions were experienced in 2005, which likely underestimated typical loads 

into the RNE and RNI systems.  Elevated laboratory detection limits and estimated 

values associated with the Illinois EPA data audit also could have introduced additional 

variation in the watershed loadings.  These potential loading estimations were likely 

compounded by gross erosion and sediment delivery rates for the watersheds (Table 6) 

that were likely generated using data from years with normal precipitation rates.   
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Table 22A – Sediment Budget Summary for Cedar Lake (RNE) 

 

Table 22B – Sediment Budget Summary for the Carbondale Reservoir (RNI) 

 

 

 

 

 

 

Month

Units kg tons kg tons kg tons kg tons kg tons
Nov-04 799,829.0 881.7 49,285.8 54.3 293,281.9 323.3 24,272.8 26.8 1,068,838.2 1,178.2
Dec-04 290,057.7 319.7 49,285.8 54.3 293,281.9 323.3 73,579.5 81.1 509,760.1 561.9
Jan-05 1,502,603.6 1,656.3 49,285.8 54.3 293,281.9 323.3 135,794.6 149.7 1,660,090.9 1,829.9
Feb-05 541,441.0 596.8 49,285.8 54.3 293,281.9 323.3 97,149.2 107.1 737,573.7 813.0
Mar-05 343,471.6 378.6 49,285.8 54.3 293,281.9 323.3 66,801.9 73.6 569,951.6 628.3
Apr-05 339,144.4 373.8 49,285.8 54.3 293,281.9 323.3 81,595.6 89.9 550,830.6 607.2
May-05 451,060.0 497.2 49,285.8 54.3 293,281.9 323.3 52,144.1 57.5 692,197.7 763.0
Jun-05 162,270.0 178.9 49,285.8 54.3 293,281.9 323.3 38,788.7 42.8 416,763.2 459.4
Jul-05 784,981.3 865.3 49,285.8 54.3 293,281.9 323.3 44,403.0 48.9 1,033,860.2 1,139.6
Aug-05 212,979.4 234.8 49,285.8 54.3 293,281.9 323.3 21,702.4 23.9 484,559.0 534.1
Sep-05 364,783.0 402.1 49,285.8 54.3 293,281.9 323.3 0.0 0.0 658,064.9 725.4
Oct-05 121,702.5 134.2 49,285.8 54.3 293,281.9 323.3 0.0 0.0 414,984.4 457.4
Sum 5,914,323.7 6,519.4 591,432.4 651.9 3,519,382.8 3,879.5 636,231.8 701.3 8,797,474.6 9,697.6

Annual Totals Total KG Total Tons Percent of 
Total

Watershed & Trib. Sites 2,3,4,&5 Inflows 5,914,323.7 6,519.4 59.0%
Bed Load Tranport Est. 591,432.4 651.9 5.9%

Shoreline Erosion 3,519,382.8 3,879.5 35.1%
Total Inflow 10,025,138.8 11,050.8 100.0%

Watershed & Trib. Site 1 Outflows 636,231.8 701.3 7.2%
Net Sediment Load 8,797,474.6 9,697.6 100.0%

Watershed & Trib. Sites 2, 
3, 4 & 5 Inflows

Shoreline Erosion Watershed & Trib. Site 1 
Outflows

Net Sediment LoadBed Load Transport 
Est.

Month

Units kg tons kg tons kg tons kg tons kg tons
Nov-04 15,581.9 17.2 1,197.2 1.3 6,362.9 7.0 258.3 0.3 21,686.4 23.9
Dec-04 15,581.9 17.2 1,197.2 1.3 6,362.9 7.0 3,165.9 3.5 18,778.9 20.7
Jan-05 15,581.9 17.2 1,197.2 1.3 6,362.9 7.0 5,221.6 5.8 16,723.2 18.4
Feb-05 15,581.9 17.2 1,197.2 1.3 6,362.9 7.0 3,092.2 3.4 18,852.6 20.8
Mar-05 20,568.1 22.7 1,197.2 1.3 6,362.9 7.0 3,047.6 3.4 23,883.4 26.3
Apr-05 12,465.5 13.7 1,197.2 1.3 6,362.9 7.0 0.0 0.0 18,828.4 20.8
May-05 10,907.3 12.0 1,197.2 1.3 6,362.9 7.0 0.0 0.0 17,270.2 19.0
Jun-05 9,349.1 10.3 1,197.2 1.3 6,362.9 7.0 2,800.2 3.1 12,911.8 14.2
Jul-05 7,790.9 8.6 1,197.2 1.3 6,362.9 7.0 2,924.9 3.2 11,229.0 12.4
Aug-05 6,232.7 6.9 1,197.2 1.3 6,362.9 7.0 0.0 0.0 12,595.6 13.9
Sep-05 7,790.9 8.6 1,197.2 1.3 6,362.9 7.0 0.0 0.0 14,153.8 15.6
Oct-05 6,232.7 6.9 1,197.2 1.3 6,362.9 7.0 0.0 0.0 12,595.6 13.9
Sum 143,664.8 158.4 14,366.5 15.8 76,355.3 84.2 20,510.6 22.6 199,509.5 219.9

Annual Totals Total KG Total Tons Percent of 
Total

Watershed & Trib. Site 2 Inflows 143,664.8 158.4 61.3%
Bed Load Tranport Est. 14,366.5 15.8 6.1%

Shoreline Erosion 76,355.3 84.2 32.6%
Total Inflow 234,386.6 258.4 100.0%

Watershed & Trib. Site 1 Outflows 20,510.6 22.6 10.3%
Net Sediment Load 199,509.5 219.9 100.0%

Watershed & Trib. Site 2 
Inflows

Shoreline Erosion Watershed & Trib. Site 1 
Outflows

Net Sediment LoadBed Load Transport 
Est.
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L.  Biological Resources and Ecological Relationships 

1.  Phytoplankton 

Phytoplankton analyses were completed in 2006 for RNE and RNI by Dr. Larry 

O'Flaherty of Western Illinois University (WIU) in order to qualify and quantify the groups 

and species present in the water column (Appendix B).  Samples were collected in 2005 

from RNE-1, RNE-4, and RNE-5 on  May 3, June 6, July 25, August 11, and October 11 

and from the RNI-1 on May 11, June 14, August 1, August 17, and October 17 (Tables 

23A and 23B).  The Phase 1 samples were analyzed using the Sweep Method 

(Sedgewick-Rafter counting cell).   

 

Table 23A - Cedar Lake (RNE) Phytoplankton Summary for the Phase 1 Monitoring Period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  O’Flaherty, 2006 

Note:  All values represent the number of algal units per milliliter.  

 

Phylum May Jun Jul Aug Oct

Bacillariophyta 194 296 92 41 204
Chlorophyta 571 234 214 459 540
Chrysophyta 0 0 0 0 255
Cryptophyta 184 41 10 0 82
Cyanophyta 1,590 2,008 10,722 7,124 978
Euglenophyta 41 10 0 61 61
Pyrrhophyta 0 41 0 0 0
Xanthophyta 0 0 10 0 0
Total 2,579 2,630 11,048 7,685 2,120

Bacillariophyta 163 326 112 275 499
Chlorophyta 347 377 469 887 479
Chrysophyta 0 0 0 51 306
Cryptophyta 51 71 31 0 61
Cyanophyta 3,547 2,640 8,969 5,626 2,752
Euglenophyta 71 61 82 71 224
Pyrrhophyta 0 41 0 0 10
Xanthophyta 10 31 0 0 10
Total 4,189 3,547 9,662 6,910 4,342

Bacillariophyta 285 245 112 133 173
Chlorophyta 805 255 245 663 316
Chrysophyta 10 0 10 20 194
Cryptophyta 204 112 51 31 133
Cyanophyta 2,252 2,293 10,284 7,848 1,590
Euglenophyta 20 41 31 71 82
Pyrrhophyta 20 31 10 0 20
Xanthophyta 10 0 0 0 10
Total 3,608 2,976 10,742 8,765 2,518

RNE-1

RNE-4

RNE-5
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Table 23B - Carbondale Reservoir (RNI) Phytoplankton Summary for Phase 1 Monitoring Period  

  

Phylum May Jun Aug Oct

Bacillariophyta 530 1,274 413 1,173
Chlorophyta 1,345 1,539 2,828 4,107
Chrysophyta 10 0 0 10
Cryptophyta 102 51 566 377
Cyanophyta 10,569 14,483 51,093 10,416
Euglenophyta 306 255 647 183
Pyrrhophyta 0 31 51 31
Xanthophyta 0 0 5 0
Total 12,862 17,633 55,603 16,297

RNI-1

 
Source:  O’Flaherty, 2006 

Note:  All values represent the number of algal units per milliliter.  

 

 Phytoplankton analyses at Site 1 for Cedar Lake and the Carbondale Reservoir 

for the Phase 1 monitoring period showed that the total algal population ranged from 

lows of 2,120 units/ml in October and 12,862 units/ml in May to highs of 11,048 units/ml 

in July and 55,603 units/ml in July.  Cyanophyta (blue-greens) were the dominant algal 

division in both lakes in 2005 (Tables 23A and 23B).    

Figure 11 below shows the 2005 total phytoplankton densities for Sites 1, 4, and 

5 at Cedar Lake and Site 1 at the Carbondale Reservoir.  O’Flaherty reported that the 

total algal densities for the Carbondale Reservoir in August 2005 were among the 

highest seen in any of the Illinois EPA lakes examined during the past 27 years 

(O’Flaherty, 2006).   
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Figure 11 - Phytoplankton Density Comparisons of Monthly Means for Cedar Lake (RNE) and 

the Carbondale Reservoir (RNI) during the Phase 1 Monitoring Period 

 Source:  O’Flaherty, 2006  

 

Figures 12A and 12B illustrate that the group Cyanophyta (blue-green algae) was 

dominant in RNE and RNI during the Phase 1 monitoring period (especially during the 

summer months).  At high densities, this algal group can be a nuisance and is generally 

indicative of highly eutrophic conditions.   
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Figure 12A - Cedar Lake (RNE) Dominant Phytoplankton Comparison –  

Monthly Means at RNE-1 during the Phase 1 Monitoring Period  
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 Source:  O’Flaherty, 2006 
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Figure 12B - Carbondale Reservoir (RNI) Dominant Phytoplankton Comparison – 

 Monthly Means at RNI-1 during the Phase 1 Monitoring Period  
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  Source:  O’Flaherty, 2006 

 

2.    Fisheries Population 

a.  History 

Cedar Lake (RNE) has a diverse fish population and the Illinois Department of 

Natural Resources (IL DNR) has documented seventeen (17) species occurring in the 

lake (Table 24).  These species support and include multiple sport fish:  bluegill x green 

sunfish hybrid, black crappie, bluegill sunfish, common carp, channel catfish, golden 

shiner, green sunfish, gizzard shad, largemouth bass, longear sunfish, redfin shiner, 

redear sunfish, spotted sucker, threadfin shad, warmouth, white crappie, and yellow 

bullhead catfish.  Generally, IL DNR indicates that the populations of most sport fish 

within RNE are healthy.  RNE is renown for its largemouth bass (LMB) fishing.  The 

lower portion of the lake with its abundant water clarity, good depths, irregular 
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shorelines, and presence of sufficient forage have sustained and supported the growth 

of the RNE fish population.    

Twelve fish species have been documented within the Carbondale Reservoir 

(RNI):  black bullhead catfish, bluegill sunfish, common carp, channel catfish, green 

sunfish, gizzard shad, largemouth bass, longear sunfish, redear sunfish, warmouth, 

white crappie, and yellow bullhead catfish.  Turbidity and siltation in the reservoir have 

reduced the quality of fish habitat.     

b. Population Survey 

Fish population surveys for RNE and RNI have typically been completed in the 

spring of each year by the District 21 IL DNR fisheries biologist.  Table 24 lists the major 

fish species known to occur in Cedar Lake and the Carbondale Reservoir.    

 

Table 24 - Common Fish Species of Cedar Lake (RNE) & the Carbondale Reservoir (RNI)  

 

 

Source:  IDNR, 2005  

 

 

 

 

ID Code RNE RNI Species Scientific Name
BGH X Bluegill x Green Sunfish Hybrid Lepomis macrochirus x Lepomis cyanellus
BLB X Black Bullhead Catfish Ameiurus melas
BLC X Black Crappie Pomoxis nigromaculatus
BLG X X Bluegill Sunfish Lepomis macrochirus
CAP X X Common Carp Cyprinus carpio
CCF X X Channel Catfish Ictalurus punctatus
GOS X Golden Shiner Notemigonus crysoleucas
GSF X X Green Sunfish Lepomis cyanellus
GZS X X Gizzard Shad Dorosoma cepedianum
LMB X X Largemouth Bass Micropterus salmoides
LOS X X Longear Sunfish Lepomis mehalotis
RDS X Redfin Shiner Notropis umbratilis
RSF X X Redear Sunfish Lepomis microlophus
SDS X Spotted Sucker Minytrema melanops
THS X Threadfin Shad Dorosoma petenense
WAM X X Warmouth Lepomis gulosus
WHC X X White Crappie Pomoxis annularis
YEB X X Yellow Bullhead Catfish Ameiurus natalis
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The fish population surveys typically include electrofishing with eight, half-hour 

sampling events for RNE and one, half-hour sampling event for RNI.  The species 

collected were enumerated, weighed, and measured in length.  Species were then 

categorized into groups by length and weight.  Table 25 lists the results of the RNE and 

RNI electrofishing population surveys for 2002, 2003, and 2004.  These results are 

discussed in more detail under Fisheries Management.    

 

Table 25 - Cedar Lake (RNE) & Carbondale Reservoir (RNI) Fish Population Survey Summaries 

RNE

Species No. % of Total Min. Max. No. % of Total Min. Max. No. % of Total Min. Max.
BGH 0 0.0% 1 0.1% 0 0.0%
BLC 0 0.0% 10 0.5% 7.1 9.4 9 0.5% 4.3 12.2
BLG 189 9.4% 3.5 8.3 359 18.5% 2 7.9 531 32.1% 1.6 8.3
CAP 0 0.0% 27 1.4% 24.8 30.7 15 0.9% 25.6 30.3
CCF 2 0.1% 19.7 21.3 1 0.1% 0 0.0%
GOS 7 0.3% 3.9 9.4 17 0.9% 2.4 9.8 58 3.5% 3.9 8.7
GSF 8 0.4% 4.7 7.1 6 0.3% 2.8 7.5 12 0.7% 5.1 7.1
GZS 671 33.4% 5.1 10.2 207 10.6% 5.1 11.4 92 5.6% 3.9 12.2
LMB 523 26.0% 3.9 22.8 639 32.9% 3.5 21.7 489 29.5% 2.8 21.3
LOS 11 0.5% 3.9 4.3 20 1.0% 3.5 6.3 94 5.7% 2.8 5.9
RDS 1 0.0% 3 0.2% 2.8 3.5 0 0.0%
RSF 96 4.8% 4.7 9.8 158 8.1% 3.9 10.2 115 6.9% 2.4 9.4
SDS 141 7.0% 9.8 17.7 399 20.5% 4.7 17.7 115 6.9% 5.1 17.7
THS 176 8.8% 2.8 5.5 0 0.0% 0 0.0%
WAM 16 0.8% 5.9 8.3 20 1.0% 2.8 8.3 71 4.3% 2.4 7.9
WHC 166 8.3% 5.1 14.2 73 3.8% 7.1 15.7 51 3.1% 3.1 14.6
YEB 3 0.1% 11.4 12.2 5 0.3% 9.8 13.4 3 0.2% 7.9 11.8
Total 2,010 100.0% 1,945 100.0% 1,655 100.0%

RNI

Species No. % of Total Min. Max. No. % of Total Min. Max. No. % of Total Min. Max.
BLG 135 50.0% 2.8 6.3 48 43.2% 2.8 5.9 270 55.3% 2 5.9
CAP 3 1.1% 28.7 29.1 20 18.0% 21.7 24 12 2.5% 24 26
GZS 89 33.0% 4.7 9.4 10 9.0% 4.7 6.7 32 6.6% 3.9 7.1
LMB 23 8.5% 5.5 16.9 7 6.3% 7.9 17.7 34 7.0% 7.1 18.1
LOS 0 0.0% 10 9.0% 4.3 5.1 30 6.1% 4.3 5.1
RSF 6 2.2% 7.1 7.5 0 0.0% 0 0.0%
WAM 0 0.0% 8 7.2% 3.5 5.1 20 4.1% 3.1 5.9
WHC 14 5.2% 5.5 13.4 8 7.2% 5.5 6.7 90 18.4% 5.5 9.1
Total 270 100.0% 111 100.0% 488 100.0%

Length (In) Length (In) Length (In)
Spring 2002 Spring 2003 Spring 2004

Length (In) Length (In) Length (In)
Spring 2002 Spring 2003 Spring 2004

 

Source:  IDNR, 2005  
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c. Fish Contaminant Monitoring 

In recent years, fish flesh analyses have identified elevated mercury levels in 

largemouth bass and white crappie found in RNE.  Mercury is found in the environment 

because of natural and human activities.  It is transferred up the food chain to predator 

species and can accumulate in people that consume contaminated fish.  Mercury is 

extremely toxic to humans and can cause many adverse health effects.  Table 26 lists 

the fish restrictive consumption advisory for Cedar Lake.       

 

Table 26 – Special Mercury Advisory for Cedar Lake (RNE) 

Species Sizes Women Beyond Childbearing 
Age & Men >15 Years 

Pregnant or Nursing Women, 
Women of Childbearing Age, & 

Children <15 Years 

LMB All Sizes 1 meal / week 1 meal / month 
WHC All Sizes unlimited 1 meal / week 

 

   Source: IDNR, 2003. 

 

Fish flesh analyses were not completed from RNE nor RNI during the 2004-05 

Phase 1 sampling period (Hornshaw personal communication, 2005).  However, fish 

flesh samples were collected in the spring of 2004 from both water bodies.  The 2004 

fillet analyses for both water bodies revealed acceptable U.S. Food and Drug 

Administration (USFDA) levels of contaminants.  The USFDA action concentrations are 

listed in Table 27, and the recorded concentrations of fish contaminants for all fish flesh 

samples collected between 1997 and 2004 are listed in Table 28. 

 

 Table 27 - USFDA Action Level for Fish Flesh Analysis 

    

Source: USFDA 

 

Parameter Action Level (ppm)
Chloridane 0.3
Dieldrin 0.3
Heptachlor Epoxide 0.3
PCB 2.0
Mercury 1.0
Total DDT 5.0
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Table 28 - Fish Flesh Analyses for Cedar Lake (RNE) & Carbondale Reservoir (RNI)  

 

d. Fisheries Management 

Lake management status reports for RNE and RNI were compiled by the District 

21 IL DNR Fisheries Biologist.  Summaries of the 2001 through 2004 Lake Management 

Status Reports for RNE and RNI are provided in Tables 29A and 29B.   

 

 

 

 

 

 

 

 

 

 

 

Species Sampling 
Date

Avg Sample 
Wt. (Lbs)

Avg Sample 
Length. (In)

Total 
Chlordane

Total 
DDT

Dieldrin Total 
PCBs

Mercury Lipid 
Content

CAP 5/14/2004 13.9 29.3 0.026 0.66 0.011 <0.1 <0.1 7.1
LMB 7/1/1997 0.88 12.1 <0.02 0.17 <0.1 <0.1 0.2 0.54
LMB 7/1/1997 3.29 18.2 <0.02 0.45 0.1 <0.1 0.33 0.93
LMB 7/31/1998 0.92 13 0.04 0.06 <0.1 <0.1 0.34 0.34
LMB 7/31/1998 3.91 19.6 <0.02 0.25 <0.1 <0.1 0.75 0.89
LMB 5/12/1999 0.88 12.6 <0.02 0.03 <0.1 <0.1 0.38 0.46
LMB 5/12/1999 4.46 19.8 <0.02 0.09 <0.1 <0.1 <0.1 0.44
LMB 5/14/2004 0.77 11.8 <0.02 0.063 <0.1 <0.1 0.14 0.64
LMB 5/14/2004 2.36 16.6 0.021 0.15 <0.1 <0.1 0.21 0.89
LMB 5/14/2004 4.02 20.1 <0.02 0.09 <0.1 <0.1 0.45 0.39
WHC 5/12/1999 0.48 10.4 <0.02 0.03 <0.1 <0.1 0.13 0.24
WHC 5/14/2004 0.82 12.2 <0.02 0.021 <0.1 <0.1 0.16 0.3

Species Sampling 
Date

Avg Sample 
Wt. (Lbs)

Avg Sample 
Length. (In)

Total 
Chlordane

Total 
DDT

Dieldrin Total 
PCBs

Mercury Lipid 
Content

CAP 6/2/2004 6.74 24.6 <0.02 0.064 <0.1 <0.1 <0.1 4.6
LMB 6/2/2004 1.15 13.5 <0.02 0.012 <0.1 <0.1 0.15 0.33
LMB 6/2/2004 2.38 16.7 <0.02 0.017 <0.1 <0.1 0.29 0.44
WHC 6/2/2004 0.81 12.4 <0.02 <0.01 <0.1 <0.1 0.09 0.3

All units are reported as mg/kg (ppm).

Source:  Hornshaw, 2005.

RNE

RNI
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Table 29A  – Fisheries Lake Management Report Data for Cedar Lake (RNE) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  IL DNR, 2004 

 

 

 

 

 

 

 

 

 

 

 

 

Species Parameter 2001 2002 * 2003 2004 LMP Objective
LMB

YAR 0.9 0.3 0.1 0.5 1 to 5
PSD 23 53 46 59 40 to 70
RSD16 2 8 12 23 10 to 20
RSD18 1 18 3 6 10 to 20
Wr (150 mm) 88 94 94 94 110
CPUE (fish/hr) 117 105 160 122 60

BLG
PSD 25 54 28 32 20 to 40
RSD7 4 24 4 5 10 to 20
Wr (100 mm) 107 106 113 116 90 to 110
CPUE (fish/hr) 42 38 90 133 >50

RSF
PSD 89 28 63 59 30 to 50
RSD8 80 21 36 34 20 to 30
Wr (100 mm) 96 85 102 103 90 to 110
CPUE (fish/hr) 60 19 40 29 >50

WHC
PSD 68 60 86 71 20 to 40
RSD9 46 48 51 67 20 to 40
Wr (150 mm) 91 88 89 90 90 to 110
CPUE (fish/hr) 17 33 18 13 5 to 10

*  = New creel limits went into effect in April 2002 (2 <14" & 2 >18" to 5<14" and 1>18")
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Table 29B  – Fisheries Lake Management Report Data for the Carbondale Reservoir (RNI) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  IL DNR, 2004 

 

The terms for the abbreviations used within the IL DNR fisheries Lake Management 

Reports and Tables 29A and 29B are as follows:   

 

YAR – “Young-to-Adult Ratio” is the proportion of young-of-year fish in relation to adult 

or “quality-size” fish within a particular population.   

 

PSD – Proportional Stock Density is a way of representing the size structure of fish 

populations.  It represents the percentage of “quality-size” fish that are at sexual 

maturity with a given population.  The greater the PSD value, the greater percentage of 

“quality” fish there is within a particular population.  

 

Species Parameter 2001 2002 2003 2004 LMP Objective
LMB

YAR 0.1 0.3 0 0 1 to 5
PSD 82 29 72 55 40 to 70
RSD15 53 14 57 30 15 to 25
RSD18 14 0 0 0 5 to 10
Wr (150 mm) 101 100 110 104 90 to 110
CPUE (fish/hr) 76 31 14 68 60+

BLG
PSD 12 5 0 0 20 to 40
RSD7 0 0 0 0 10 to 20
Wr (100 mm) 94 107 93 111 90 to 110
CPUE (fish/hr) 353 180 96 540 50+

RSF
PSD NA 100 NA NA 20 to 40
RSD8 NA 0 NA NA 10 to 20
Wr (100 mm) NA 102 NA NA 90 to 110
CPUE (fish/hr) 0 8 0 0 50+

WHC
PSD 0 21 0 9 20 to 40
RSD9 0 14 0 0 20 to 40
Wr (150 mm) 86 98 89 106 90 to 110
CPUE (fish/hr) 160 19 16 180 >10

NA = Not Available
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RSD7 (or 8,9,14,16,18) – Relative Stock Density is another way of representing the size 

structure of fish populations that corresponds to the percentage of fish of a given length 

or larger within a population.  Hence, an RSD14 reading 25 for LMB indicates that 25 

percent of the sexually mature LMB are at least 14-inches in length.        

 

Wr – Weight Relative (to length) is a way of stating “plumpness” or “body condition” of a 

particular fish species.  The higher the Wr value, the better the condition.    

 

CPUE – Catch Per Unit of Effort is a way of representing the density of a species 

population.  The higher the CPUE means there are a greater number of fish present.   

 

General summaries of the major species sampled in the 2004-Lake Status  

Reports for Cedar Lake (RNE) and the Carbondale Reservoir (RNI) are as follows:   

 

Largemouth Bass (LMB) – For RNE, the LMB fishery was reported as excellent in 2004, 

as the LMB population continued to show a wide-ranging size distribution.  The LMB 

catch per unit of effort (CPUE) was the third highest on record, and the percentage of 

>18-inch LMB was the highest since 1999.  The RNI LMB population in 2004 was 

improved compared the last two years.  However, few smaller LMB were collected, 

indicating that reproduction and recruit remain low.  While the numbers of larger LMB 

(i.e., > 15-inches) was improved, there were no LMB sampled above 18-inches.     

 

Bluegill (BLG) – The BLG CPUE in 2004 for RNE was the highest on record.  Although 

there were few BLG sampled within the 6 to 8-inch size class.  For the RNI in 2004, the 

BLG continued to be poor with an overabundance of 3 to 6-inch sized fish.   

  

Redear Sunfish (RSF) – The RSF population within RNE remained excellent in 2004, 

although the CPUE was down slightly compared to the previous year.  No RSF were 

sampled in RNI in 2004.   
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White Crappie (WHC) – More than half of the WHC sampled in 2004 in 2004 within 

RNE were over 9-inches.  The RNI WHC population in 2004 was stunted.     
 

The fisheries management reports evaluated 2004 survey data and compared 

that data to the historical averages for both lakes.  Generally, considering observed 

fluctuations in certain fish populations, the 2004 survey data did not vary from the 

historical averages.  The overall fisheries management objective for RNE has been to 

achieve a quality, diversified sport fishery.  A record of supplemental fish stocking for 

RNE and RNI were reported along with a listing of the current Sport Fish Regulations 

that are in effect.  The fish-stocking summaries from 1990 through 2004 are provided in 

Table 30.   

 

Table 30.  Historical Fish Stocking Data for Cedar Lake (RNE) & Carbondale Reservoir (RNI)  

 

Source:  Illinois DNR, 2005 

 

 

RNE RNI
Year Species Number & Size Year Species Number & Size
1990 THS 2,000 / 3" Fingerlings 1997 LMB 52,820 1" Fingerlings
1990 STB 17,500 / 1" Fingerlings 1997 LMB 4,247 5" Fingerlings
1991 THS 1,800 / 3" Fingerlings 1997 LMB 5,500 7" Fingerlings
1991 THS 3,500 / 3" Fingerlings 1998 LMB 1,000 5.5" Fingerlings
1992 THS 3,500 / 3" Fingerlings 1998 LMB 1,150 7.4" Fingerlings
1992 STB 10,000 / 1.5" Fingerlings 1998 LMB 384 10" Fingerlings
1993 THS 1,500 / 3" Fingerlings 1999 LMB 119 10" Fingerlings
1993 STB 8,750 / 1.5" Fingerlings 1999 LMB 200 10" Fingerlings
1994 STB 8,000 / 1.5" Fingerlings 1999 LMB 681 4" Fingerlings
1996 STB 8,750 / 2.5" Fingerlings 2000 LMB 750 4" Fingerlings
1997 THS 3,000 / 3" Fingerlings 2000 LMB 250 4" Fingerlings
1997 STB 8,750 / 1.5" Fingerlings 2001 LMB 68 8" Fingerlings
2000 THS 4,000 / 3" Fingerlings 2001 LMB 969 5" Fingerlings
2001 THS 1,000 / 3" Fingerlings 2001 LMB 717 5" Fingerlings
2002 THS 250 / 2.5" Fingerlings 2002 LMB 1,000 5.3" Fingerlings
2002 THS 1,500 / 3.5" Fingerlings
2002 STB 6,000 / 2" Fingerlings
2003 THS 1,000 / 3.5" Fingerlings
2003 THS 1,300 / 3.5" Fingerlings
2004 THS 3,000 / 3.5" Fingerlings
2004 THS 2,000 / 3.5" Fingerlings
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The current sport fish regulations in effect for RNE and RNI continue to be 

maintained in order to assist in achieving Illinois Department of Natural Resources (IL 

DNR) management goals and to ensure a more balanced fishery.  Table 31 provides a 

listing of the current regulations, as set forth by the IL DNR.   

 

Table 31 - Sport Fishing Regulations for Cedar Lake (RNE) & Carbondale Reservoir (RNI) 

Lake Fish Species Regulation
RNE Recreational Use Restrictions No fishing within 250 feet of an occupied waterfowl blind 

(within the hunting area) on all IN DNR owned or managed 
lands

All Fish 2 Pole and Line Fishing Only
Large and Smallmouth Bass 14"-18" Protected Slot Length Limit
Large and Smallmouth Bass 5 fish under 14" and 1 fish over 18" - Daily Creel Limit 40
Striped, White, or Hybrid 
Striped Bass

17" Minimum Length Limit

Striped, White, or Hybrid 
Striped Bass

3 Fish Daily Creel Limit

RNI Large and Smallmouth Bass 15" Minimum Legth Limit
Large and Smallmouth Bass 3 Fish Daily Creel Limit  

Source:  IL DNR, 2005  

 

The 2004 Lake Status Report for Cedar Lake discussed the current sport fishing 

regulations listed in Table 31.  To produce more trophy-sized LMB in RNE, the creel 

limit was changed in April 2002 from two, <14-inch LMB and two, <18-inch LMB to five, 

<14-inch LMB and one >18-inch LMB.  These size-restrictions are intended to improve 

trophy-sized fish portion of the LMB population within RNE.   

 

3.  Aquatic Vegetation 

In July 2005, HDR | CWI conducted an aquatic macrophyte survey and mapped 

the species that were encountered at RNE and RNI.  Due to the bathymetry of RNE and 

the turbidity of the RNI, the aquatic plant surveys were focused along the shorelines for 

both water bodies.  Aquatic plant species encountered during the surveys were 

identified and then marked with the approximate site locations on aerial photographs.  

Approximate sampling locations for RNE and RNI were plotted utilizing AutoCAD Map 

software (Figures 13A and 13B).  A total of thirteen aquatic macrophyte species (8 
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emergent, 4 submersed, and 1 floating) were identified during the plant surveys.  

Generally, within RNE, aquatic plant sample sites had depth ranges from 0.15 to 3.65 

meters (>0.5 to 12 feet).  Due to the turbid water conditions of RNI, aquatic plants were 

encountered at shallower depths that ranged from >0.5 to approximately 3 feet.  Results 

for the aquatic macrophyte survey for RNE and RNI were evaluated by the number of 

times a particular species was encountered over the total survey.   

For RNE, Eurasian water milfoil (Myriophyllum spicatum) was found to be the 

most abundant and dominant aquatic macrophyte species.  Other abundant aquatic 

species within RNE were water willow (Decodon verticillatus), American pondweed 

(Potamogeton nodosus), coontail (Ceratophyllum dermersum), and creeping water 

primrose (Jussiaea repens var. glabrescens).      

Eurasian water milfoil (EWM) is typically an invasive, exotic species, within most 

lakes.  However, its presence within RNE was beneficial, as well as detrimental.  Within 

RNE, EWM was generally encountered in localized strips in the shallower areas located 

near the shoreline.  Within these shallow areas, EWM provides habitat for aquatic 

invertebrates, fish, and waterfowl; however, the aggressive and invasive nature of EWM 

allows it to out compete and dominate other beneficial, native aquatic plant species.  

Table 32 lists the species encountered in RNE during the Phase 1 aquatic macrophyte 

survey.   

Despite its turbid conditions, several aquatic plant species were encountered 

within RNI (Table 32).  American pondweed (Potamogeton nodosus) and creeping 

water primrose (Jussiaea repens var. glabrescens) were the most abundant aquatic 

plant species encountered within the RNI.  Detailed aquatic plant maps for RNE are 

provided in Appendix G.   
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Table 32 – Aquatic Macrophytes Encountered in Cedar Lake (RNE) and Carbondale Reservoir 

(RNI) during the Phase 1 Monitoring Period 

 

 

RNE RNI Common Name Scientififc Name Type Status
X Eurasian Water Milfoil Myriophyllum spicatum Submersed Exotic
X X Water Willow Decodon verticillatus Emergent Native
X X American Pondweed Potamogeton nodosus Submersed Native
X X Creeping Water Primrose Jussiaea repens var. glabrescens Emergent Native
X Coontail Ceratophyllum demersum Submersed Native
X X Cattails Typha spp. Emergent Native
X X Common Duckweed Lemna minor Floating Native
X Spatterdock Nuphar variegatum Emergent Native
X Arrow Arum Peltrandra virginica Emergent Native
X Slender Naiads Najas fexilis Submersed Native
X X Spike Rushes Eleocharis spp. Emergent Native
X X Giant Reed Phragmites australis Emergent Native

X American Lotus Nelumbo lutea Emergent Native
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Part 2 
 
 
 

Feasibility Study of Cedar Lake and the Carbondale Reservoir 

 
 

Jackson County, Illinois 
 
 
 
 
 

INTRODUCTION 

 
 

Pursuant to the information collected and the conclusions derived from the 

Diagnostic Study (Part 1) of this report, a Feasibility Study was undertaken to 

investigate potential alternatives for restoring the water quality and enhancing the 

recreational and aesthetic qualities of Cedar Lake (RNE) and the Carbondale Reservoir 

(RNI).  A management plan was also developed for the lakes for consideration as a 

Phase 2 Clean Lakes Program implementation project.  The Illinois Environmental 

Protection Agency (Illinois EPA) funded 60 percent of the Part 2 Feasibility Study under 

the Illinois Clean Lakes Program (ICLP), with the remaining 40 percent of funding 

contributed by the City of Carbondale.  The Illinois EPA was also responsible for grant 

administration and program management.  HDR | CWI completed the Feasibility Study, 

with assistance from the Illinois Department of Natural Resources (IL DNR), and the 

Illinois EPA.     
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A. Identification of Water Quality and Use Impairme nt Problems 

 

The following discussion is a summary of the water quality and use impairment 

problems in RNE and RNI that were identified in the diagnostic section of this report.   

 

1. Sedimentation and Shallow Water Depths 

Excessive sedimentation can negatively impact any lake that serves as a public 

water supply or is used for recreational purposes, as there is the possibility of burying 

intake structures, reducing the lake’s original water storage capacity, contributing to 

shallow water depths, and impacting aquatic habitat.  Reservoir sedimentation is a 

natural process that can be accelerated or slowed by human activities in the watershed.  

In most cases, agricultural and development activities in the watershed increase 

sediment delivery to the lake due to increased exposure of the soil material to erosive 

forces.   

Lake sedimentation surveys for RNE and RNI were completed in 2004 by HDR | 

CWI.  The survey results revealed that approximately 240.8 acre-feet (388,501 cubic 

yards) and 383.8 acre-feet (619,124 cubic yards) of accumulated sediment has been 

deposited in the surveyed portions of RNE and RNI, respectively.  These sediment 

quantities (within the areas surveyed) represent a water storage capacity loss of 

approximately 36.4 and 33.5 percent from their original 1974 and 1926 capacities.   

As expected, most of the accumulated sediment was found in the upper ends 

where the major streams or creeks enter into RNE and RNI.  The most impacted 

surveyed areas of RNE were found in sub-area L (near Clay Lick and Mill Creek), sub-

area M (near Cedar Creek), and sub-area O (near Topping Creek).  While these select 

areas within RNE contained higher quantities of accumulated sediment, public access 

and potential impacts to the public water supply generally did not appear to be an issue 

in most of these sub-areas.  The most impacted portion of RNE was where Clay Lick 

and Mill Creeks entered the lake (sub-area L).  The Clay Lick-Mill Creek arm of the lake 

contained approximately 231,534 cubic yards of accumulated sediment.          

The accumulation of sediments within the RNI was more problematic, especially 

near the water treatment plant and in the southern-most bays, where Piles Fork (the 
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major tributary) and other smaller tributaries enter RNI.  Within these areas of RNI, boat 

access is limited and water quality and clarity were severely impacted.  In addition, the 

amount of accumulated sediment near the dam has impeded flow through the water 

supply intake.  This has made the intake to the City’s secondary water supply unusable 

in its current state (Swayze personal communication, 2005).  Other impacts within RNI 

include excessive turbidity, reduced dissolved oxygen levels, and reduced or stunted 

aquatic macrophyte and fish populations.  These impacts have also been attributed to 

excessive sedimentation.   

The accumulated lake sediments are typically high in organic content and serve 

as significant nutrient sources, as they contain decomposing plant (i.e., algae, 

macrophytes, and leaves) and animal matter (i.e., bacteria, zooplankton, and fish).  This 

layer of decomposing material creates a loosely compacted substrate over the bottom 

of the lake.  This loose bottom sediment can be resuspended by bottom feeding fish, 

high wind conditions, boat usage, and storm inflows.  Sediment-induced turbidity can 

adversely impact water quality through elevated suspended solids levels, decreased 

water transparencies, and an excessive biological oxygen demand.  Removal of these 

excessive accumulated sediments, particularly at RNI, could improve the City’s 

secondary water supply intake, dissolved oxygen levels, provide improved fish 

spawning habitat by restoring more desirable bottom conditions, and would provide 

improved trapping capability for suspended solids and nutrients entering the lake.   

 

2. Turbid Water 

As noted previously in the Diagnostic Study, Part 1 of this report, turbidity or 

murkiness is caused primarily by the presence of suspended solids such as soil 

particles, resuspended bottom sediments, and both living and dead plant/animal matter.  

During the primary recreational use period from April through September, water clarity, 

as measured by a Secchi disk transparency, averaged 70.8-inches at RNE-1, 67.9-

inches at RNE-2, 55.9-inches at RNE-3, 44.5-inches at RNE-4, and 71.2-inches at 

RNE-5.  RNI-1 averaged 13.7 inches during this same period.  The 2005 Secchi 

transparency depths at RNE improved marginally compared to the historical averages, 

whereas the RNI values declined slightly.   
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General lake and reservoir aesthetics are reduced by the brown, green and/or 

murky water appearance.  Increased turbidity can also inhibit the growth of aquatic 

vegetation by limiting light penetration into the water column.  The macrophyte survey 

for the RNI indicated that the macrophyte population was degraded (i.e., dominated by 

emergent vegetation) due to the reservoir’s turbidity.     

The factors that have contributed to the turbidity at RNE and RNI water include 

excessive phytoplankton (i.e., blue-green algae) growth, a degraded macrophyte 

community, watershed runoff, and shoreline erosion.  Analyses of phytoplankton during 

the Phase 1 monitoring period indicated high counts of algae in the water column.  

Among the monitoring sites within RNE and RNI, the average standing crops were 

5,555 and 25,599 algal units per milliliter, respectively.  The predominant algae present 

within both water bodies were nuisance, blue-green species (particularly Anabaena 

spiroides, Aphanizomenon flos-aquae, and Microcystis aeruginosa).  During the months 

of June and August, blue-green algae accounted for 76 to 97 percent of the total algal 

biomass for all sample sites within RNE and RNI.  The blue-greens are considered 

especially undesirable with regards to aesthetics because of their tendency to form 

scum and mats.   

During years with a normal amount and frequency of significant precipitation 

events, watershed runoff typically contributes the most significant portion of the 

sediment and nutrient (i.e., phosphorus and nitrogen) loadings to the lakes.  Shoreline 

erosion has also contributed suspended sediment and nutrient loadings to these water 

bodies, which have increased the amount of turbidity and degraded water quality.  Fine 

grained particles (i.e., silts and clays) can remain suspended in the water column for 

extended periods of time.  As this occurs, the resuspended sediments may also release 

nutrients into the water column, thereby contributing to increased algal growth.  

Sediment resuspension and turbidity resulting from wind and wave action in shallow, 

near-shore areas was evident and has reduced the aesthetic enjoyment of RNE and 

RNI.   
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3.   Shoreline Erosion 

Field surveys were conducted at RNE and RNI in 2004 to evaluate the extent of 

shoreline erosion that has occurred.  Shoreline erosion impairs lake usage and access 

by increasing turbidity, decreasing lake storage capacity, and by damaging lakeshore 

property.  The loss of shoreline soils may also jeopardize the stability of infrastructure 

such as bridges, roads, and docks.  The 2004-shoreline surveys determined that 

approximately 62,557 meters (205,238 ft.) and 4,722 meters (15,490 ft.) of shoreline 

have experienced some degree of erosion within RNE and RNI, respectively. 

While the extent of the erosion varied from slight to severe within RNE, most of 

the moderate and severely eroded shorelines appeared on points and along west-facing 

shorelines.  Moderate shoreline erosion within RNI was present along the southern 

shoreline, particularly along northwest facing shorelines.  These observations suggest 

that the more eroded shorelines may be occurring due to the presence of prevailing 

(westerly and northwesterly) winds along regions of unprotected shoreline.       

According to the 2004 surveys, approximately 82% (48.3 km or 30 miles) and 

85% (5.1 km or 3.2 miles) of shoreline within RNE and RNI were either unprotected or 

have been negatively impacted by wind and wave erosion.  In addition to contributing 

sediment and turbidity to the lakes, uncontrolled shoreline erosion can impact aesthetic 

appeal.  Shoreline erosion can be caused by wind and wave action along erodible soil 

banks, along with pedestrian trails, water level drawdown, and a lack of near-shore 

vegetation.  The absence of near-shore vegetation and/or offshore rocks allows wind 

induced wave energy to reach the unprotected soils.   

There have been approximately 604 meters and 710 meters (1,980 ft. and 2,329 

ft.) of shoreline stabilization that have been implemented with riprap in selected areas of 

RNE and RNI, respectively.  Generally these areas were located along the dams and 

not the areas more susceptible to erosion.  Very few of the existing protected areas and 

stabilized shorelines within RNE and RNI were in areas that exhibited severe or 

moderate shoreline erosion with high vertical banks.    
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4. Unbalanced Aquatic Vegetation Growth and Taste and Odor Issues 

The water supply intake within RNE is located approximately 45-feet of water 

near in-lake sampling Site #5 (Figure 6A in Part 1).  At the intake location, there are a 

total of five levels in which the City can access water for the public water supply (i.e., 

two intakes at 45 feet, one intake at 35 feet, one intake at 25 feet, and one intake at 15 

feet).  Officials at the water treatment plant report that the deepest intakes (i.e., 45-feet) 

have been impacted by siltation and that the 15-foot intake is the primary intake used 

due to anoxia in the water column.  During the summer months, taste and odor issues 

have also been problematic with the 15-foot intake.  These issues are believed to have 

been associated with algal blooms and their subsequent “die offs” (Swayze personal 

communication, 2005).     

During the summer, RNE essentially stratifies below a depth of 15 feet, where 

dissolved oxygen levels generally become depleted.  Under these anoxic conditions, the 

lake bottom sediments can internally regenerate and release undesirable nutrients (e.g., 

phosphorus), metals (e.g., iron and manganese), and hydrogen sulfide into the water 

column.  This can adversely impact the public water supply and complicate water 

treatment.  According to the water plant officials, the lake intake location does not 

experience full turnover, which helps prevent the release of metals and nutrients from 

the anoxic lake bottom sediments (Swayze personal communication, 2005).    

As mentioned previously, the algal populations within RNE and RNI were rather 

extensive during the 2004-05 Phase 1-monitoring period.  Algal growth is stimulated by 

high concentrations of nutrients (i.e., phosphorus and nitrogen) in the water column.  

When algal bloom conditions occur, the increased turbidity reduces light penetration, 

which can adversely impact macrophyte growth.  Measurements of phosphorus and 

inorganic nitrogen obtained during the Phase 1 monitoring year remained above the 

levels shown to contribute to nuisance algal growth, such as 0.01 mg/L for inorganic 

phosphorus (Sawyer, 1952).  These levels suggest that algal blooms are problematic 

within RNE and RNI.     

The overabundance of phytoplankton can result in adverse effects such as:  

shading out and limiting the growth of submersed macrophytes, algal blooms and 
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surface scums that detract from lake aesthetics, night time respiration and/or rapid algal 

die-offs that can deplete dissolved oxygen levels that severely stresses fish populations.   

The sources of high in-lake nutrient concentrations within RNE and RNI include 

inflows from watershed runoff, shoreline erosion, internal regeneration, and atmospheric 

deposition.  During typical (i.e., non-drought) years, watershed runoff provides the 

majority of the phosphorus and nitrogen influxes to the lakes from various sources 

including agricultural row crop fields, pastures, and forested areas.  Despite the limited 

stratification periods in RNE an RNI during the Phase 1 period (Figures 7A and 7B and 

Figures 8A and 8B in Part 1), internal regeneration was estimated to be a significant 

contributor to total phosphorus during the Phase 1 monitoring period (Tables 21A and 

21B).  As mentioned, drought conditions experienced during 2005 reduced the amount 

of typical watershed inflows into RNE and RNI.  Therefore, nutrients released from 

shoreline erosion and internal sources likely appeared to be greater proportionately than 

they might normally have been during a typical year with average precipitation events.   

Turbidity and steep-sloping littoral zones are the primary reasons for limited plant 

population densities in RNI and RNE.  Within RNE, water clarity should support aquatic 

plant populations.  However, plant populations within Cedar Lake were generally found 

to be contained within shallow, littoral zones located near the shore, where the water 

depths were 10 to 12 feet or less.  Thus, the bathymetry of RNE appears to be the basis 

for the limited occurrences of plant populations.  Conversely, turbidity or low water 

transparencies impact the plant types and densities found within RNI.  While RNI is 

fairly shallow (i.e., greater than 75 percent of the reservoir being 10 feet deep or less), 

the macrophytes encountered were emergent species found only near the shore.  

Seven of the eight macrophyte species encountered within RNI were emergent or 

floating.   These findings strongly suggest that the reservoir’s turbidity has dictated the 

aquatic macrophyte population.    

While various aquatic macrophyte species were encountered in the littoral zones 

of RNE, three species were found to be most abundant in the plant survey:  Eurasian 

water milfoil (Myriophyllum spicatum), water willow (Decodon verticillatus), and 

American pondweed (Potamogeton nodosus).  Eurasian water milfoil (EWM) was the 

most dominant species in the lake.  It is an invasive, exotic aquatic plant that is 
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generally detrimental to lakes, as it is able to out compete other plant species.  The 

other species are native and are beneficial to lakes.    

EWM is generally considered to be an extreme nuisance species because of its 

prolific rate of growth and horizontal spread.  Once this species invades an aquatic 

habitat, it frequently dominates the vegetative community and suppresses or even 

eliminates the growth of most native species.  This reduction in plant species diversity 

tends to impact the diversity of other aquatic biota within the lake system.  Since the 

majority of the EWM’s plant biomass is found at or near the water surface, it can 

degrade aesthetics and be disruptive to recreational activities such as motor boating, 

sailing, fishing, and swimming.  This species has the ability to sprout a new plant from 

tiny fragments, which accelerates the rate at which the plant can spread throughout a 

lake.  EWM plants that have been broken apart by watercraft and other recreational 

activities can drift or be transported to other parts of a lake where they can develop 

roots and establish a new colony.   

While EWM is generally considered to be a noxious, invasive plant species, 

within RNE, it is generally found to be somewhat beneficial as the aquatic plant 

populations are stunted by a lack of extensive littoral zones.  Benefits of EWM and other 

aquatic plants in RNE include food, protective cover and spawning areas for fish, 

waterfowl, insects and some mammals; oxygen production and bottom stabilization; 

shoreline protection through wave dissipation; and interception of suspended particles 

in the water column.    

 

5. Degraded Fishery and Aquatic Community 

RNE is renowned for its fishing and is considered to have a good to excellent 

fishery.  Ongoing fisheries management efforts have included a regular supplemental 

stocking program and the enforcement of sport fishing regulations with an emphasis on 

catch and release, length restrictions, creel limits, and other fishing methods.  

Historically, over the last ten years, IL DNR has stocked threadfin shad and striped bass 

into RNE.   

Despite regular stocking of largemouth bass and enforcement of sport fishing 

regulations with an emphasis on catch and release, length restrictions, and creel limits; 
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the fish populations within the RNI are considered fair to poor, with several fish species 

being stunted.  The District 21 Fisheries Biologist has reported that degraded water 

quality (i.e., turbidity) and a lack of suitable aquatic habitat (i.e., excessive amounts of 

accumulated silt) have stunted the following fish species:  largemouth bass (LMB), 

bluegill (BLG), redear sunfish (RSF), and white crappie (WHC) within RNI (Hirst, 2005).  

In a 2004 Lake Management Report for RNI, the local fisheries biologist suggested “a 

complete renovation” might be the best remedy for RNI (Hirst, 2005).   

 

B. Objectives of the Lake Management Plan 

 

The goal of the lake management plan for Cedar Lake (RNE) and the 

Carbondale Reservoir (RNI) is to address the problems identified in the previous 

section, to protect and enhance existing lake uses, to increase recreational access and 

opportunities, and to improve the overall water quality.  The lake management plan 

objectives that have been determined are shown below: 

 

Comprehensive Lake Water Quality Objectives 

1. Reduce the amount of sediment and nutrients being delivered to RNE and RNI.   

2. Evaluate and consider removal of accumulated sediment that has caused 

shallow water depths in RNI and the upper end and select bays of RNE.   

3. Improve water quality, especially near the water supply intake at RNE, and 

improve general lake aesthetics of RNE and RNI to support more balanced 

aquatic plant communities.   

4. Prioritize eroded shoreline areas of RNE and RNI and stabilize eroded shoreline.   

5. Enhance the fisheries population and habitat for improved recreational 

opportunities in RNE and RNI.   

6. Evaluate options to control Eurasian water milfoil in select areas of RNE to 

improve lake access and recreational opportunities. 

 
 

The following recreational use improvements will be achieved by addressing the 

comprehensive water quality objectives listed above. 
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1. Preserve and enhance existing RNE and RNI uses for public water supply, 

fishing, swimming, boating, and aesthetics.   

2. Increase local interest by increasing water clarity and improving water quality at 

RNE and RNI. 

3. Increase the area available for recreational use by maintaining and/or increasing 

the depth in the upper reaches of RNE and RNI.   

4. Increase the numbers and growth of sport fish in RNE and RNI by improving 

habitat, combined with continued IL DNR stocking and fisheries management. 

 

C. Alternatives for Achieving the Lake Management P lan Objectives  

 
  

Each of the lake management plan objectives listed above has several 

alternative approaches or solutions that have been considered.  These restoration and 

protection alternatives are described below with a summary of which would be most 

feasible for RNE and RNI.  For most of the objectives, there are one or more restoration 

alternatives that clearly stand out relative to cost, benefits, and feasibility.  Although 

taking no action whatsoever is also an alternative, the long-term cost of no action is 

often too high.  Delaying any necessary watershed and lake restoration actions could 

lead to much more expensive projects at a later date as a result of continued 

degradation and eutrophication of RNE and RNI.   

 

Objective #1: Reduce the amount of sediment and nutrients being delivered 

to Cedar Lake (RNE) and the Carbondale Reservoir (RNI). 

 

Alternative Actions 

 

a. Watershed Best Management Practices 

The Jackson County Soil and Water Conservation District and the USDA-Natural 

Resources Conservation Service offices located in Murphysboro have worked very 

closely with agricultural producers in the RNE and RNI watersheds to promote no-till 
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and conservation tillage practices, especially in areas that have highly erodible slopes 

(i.e., D slopes - 12 percent and greater) (King personal communication, 2006).  

Generally, within Jackson County (i.e., the northern two-thirds of the Cedar Lake 

watershed), no till is used an estimated 25 to 33 percent of the time.  Most local 

agricultural producers utilize the following crop rotation:  corn (mulch till), soybeans (no 

till), and wheat (mulch till) (Martin personal communication, 2006).  Conservation tillage 

practices (i.e., no and mulch till) leave higher crop residues, typically greater than 30%, 

whereas conventional tillage practices only leave between 0-15% residue levels (NRCS, 

2005).  Less soil exposure (i.e., higher crop residues) generally translates to less soil 

erosion and subsequently less sediment deposition within RNE and RNI.      

A review of the management efforts by the Jackson Co. SWCD and USDA-

NRCS indicates that the following work has been completed within the RNE watershed 

through 2006:  wet detention ponds, dry dams, grassed waterways, and conversion of 

approximately 195 acres from cropland to the Conservation Reserve Program (CRP) 

(Martin personal communication, 2006).  When implemented in conjunction with 

conservation tillage, the aforementioned agricultural Best Management Practices (BMP) 

have been very effective at reducing sediment yield to waterways.   

In addition to the aforementioned completed BMPs, there are other watershed 

BMPs that could be considered.  Filter strips consist of strips of native grasses, trees 

and/or shrubs that border a stream.  They act to slow water flow and allow contaminants 

like sediment, fertilizers, and pesticides to collect in the vegetated buffer zone.  The 

trapped nutrients are utilized by the vegetation, and cleaner filtered water is allowed to 

enter the stream and lake.  According to the “Lake and Reservoir Restoration Guidance 

Manual” (USEPA, 1990), properly installed and maintained filter strips or stream side 

buffer zones are capable of filtering or trapping from 67 to 84 percent of sediment and 

nutrients from sheet runoff on 4 percent slopes.  The NRCS has found that the optimum 

width for most installations is approximately 66 feet on both sides of the stream.   

As mentioned, grassed waterways have been utilized within the RNE and RNI 

and they have been effective at preventing gully erosion.  Grassed waterways force 

storm water runoff to flow down the center of an established grass strip while minimizing 

soil erosion during the process.  Besides preventing gully erosion, grass waterways can 
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be effective filters that trap sediment and nutrients.  However, they can lose their 

effectiveness if too much sediment builds up in the waterway.  In order to maintain 

maximum effectiveness, they should be implemented with other practices such as 

conservation tillage and filter strips.   

 

b. Watershed Sediment and Nutrient Control Structures 

Several reservoirs or sediment and nutrient control basins exist within the RNE 

watershed.  Little Cedar Lake is a 72 acre (29.1 hectares) surface impoundment that 

was constructed in 1969.  Little Cedar Lake intercepts inflows from East and West 

Branches of Cedar Creek, which helps reduce sediment and nutrient loadings to RNE.  

The results from the 2004 sedimentation survey of RNE completed by HDR | CWI 

suggest that Little Cedar Lake (Appendix D and sedimentation survey results for sub-

area N) has been very effective in trapping sediment and reducing the loading to RNE.   

In 1976, the Illinois State Water Survey (ISWS) completed a sedimentation 

survey of Little Cedar Lake (Roseboom et. al., 1979).  The results of the ISWS survey 

suggest that the annual rate of water storage capacity loss for Little Cedar Lake was 

nearly 1.9 percent.  From the viewpoint of RNE management, Little Cedar Lake has 

functioned as an effective sedimentation trap for the Cedar Creek leg of RNE.    

 

c. In-Lake Sediment and Nutrient Control Structures 

 

In-lake sediment and nutrient control structures could be utilized to reduce flow 

velocities and allow sediment and nutrients to be deposited within the upper ends rather 

than the lower end of RNE.  These in-lake structures could consist of either a free 

floating sediment control boom or curtain, or a low-head dam structure that could be 

constructed to reduce flow velocities and allow sediment and nutrients to be deposited.  

The exact positioning and locations of the structures would be determined in the design 

phase of the project through further hydraulic and engineering design studies.   
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Proposed Actions 

 

a. Watershed Best Management Practices 

Local land and property owners are encouraged to continue to cooperate and 

work with the NRCS and SWCD offices in Jackson and Union Counties to develop the 

following best management practices (BMPs):  dry dams, wet or detention ponds, 

grassed waterways, terraces, conservation tillage, and vegetated buffer strips.  In 

addition to BMPs, public information and education programs should be coordinated 

through the local NRCS and SWCD offices.  These components are a vital component 

in connecting with landowners and farm operators to increase public awareness of 

resource management systems that reduce soil erosion within the watershed and in turn 

can improve the water quality of RNE and RNI.  The education and technical assistance 

will primarily be focused toward watershed residents who have soil, water, plant, and 

resource problems that require assistance.   

Some of the aforementioned BMP projects within the RNE and RNI watersheds 

may occur on lands that are privately owned, which can often create significant 

obstacles in acquiring land easements.  Easements are often required to construct and 

implement these projects.  Therefore, to improve the probability that BMPs can and will 

be implemented, the proposed projects (discussed later in this section) are located on 

land/property owned by the City of Carbondale or by the U.S. Forest Service.   

    

b. Watershed Sediment and Nutrient Control Basins 

To insure the continued and future effectiveness of Little Cedar Lake as a 

sediment and nutrient control basin for RNE, accumulated sediment should be 

quantified through an updated sedimentation survey and, if necessary, accumulated 

sediments should be removed.  After the amount of accumulated sediment has been 

determined, options can be formulated to address and potentially remove the quantities 

of accumulated sediment.  A sedimentation survey and a report of findings and 

recommendations for Little Cedar Lake would cost approximately $18,000.             
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c. In-Lake Sediment and Nutrient Control Structures 

To minimize lake and recreation access restrictions and to provide additional in-

lake sediment and nutrient trapping, three in-lake control structures are proposed within 

the following arms of RNE:  Clay-Lick Creek and Mill Creek arm, Little Cedar Lake arm, 

and Topping Creek arm (Figure 14).  The structures will consist of floating turbidity 

curtains consisting of a geosynthetic fabric that is suspended vertically throughout the 

water column.  The top of the curtain is attached to floats and the bottom is anchored to 

the lake bottom.  The exact positioning and locations of the structures will be 

determined in the design phase of the project through hydraulic and engineering design 

studies.  In addition, consideration will be given to allow boat access through the in-lake 

sediment and nutrient control curtains.  Costs for the proposed floating turbidity curtains 

within RNE are provided in Table 33.   

 

Table 33 – Estimated Costs for In-Lake Sediment and Nutrient Control Structures for  

Cedar Lake (RNE) 

 

 

 

 

 

 

 

 

Estimated Loading Reductions from Proposed Actions 

 

 Loading reductions for the three proposed in-lake sediment and nutrient control 

structures within RNE (Figure 14) were estimated using the Phase 1 (i.e., 2004-05) 

nutrient and sediment budgets and the trapping efficiency of a sediment and nutrient 

control structure.  The initial trapping efficiency was conservatively estimated at 50 

percent.  It should be noted that the sediment and nutrient control structure’s trapping 

Item Unit Costs Estimated Cost
Preliminary Site Investigation Lump Sum $28,000
Design Lump Sum $40,000
Manufactured Systems $110 per LF 1,050 LF $115,500
Anchoring Systems $55 per LF 1,050 LF $57,750
Installation $110 per LF 1,050 LF $115,500
Subtotal $356,750
Estimating Contingency (10%) $35,675
Total $392,425
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efficiency will be reduced over time as accumulated material from the watershed will 

reduce its storage capacity.  To sustain basin trapping efficiencies, routine operation, 

and maintenance activities (i.e., sediment removal) will need to be addressed.  Table 34 

provides the estimated loading reductions for sediment and nutrient control basins 

outlined in Table 33.   

  

Table 34 - Estimated Loading Reductions for Sediment and Nutrient Control Structures for 

Cedar Lake (RNE) 

 

 
 

Sediment & Nutrient Control Structures Sediment (tons/yr) Phosphorus (tons/yr)
Clay-Lick & Mill Creek Arm of RNE 1,141.0 2.9
Little Cedar Lake Arm of RNE 554.2 1.4
Topping Creek Arm of RNE 554.2 1.4
Total 2,249.4 5.6

Initial estimated trapping efficiency - 50 percent.
Trapping efficiencies for subsequent years would be reduced as storage capacity is diminished.
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Objective #2: Evaluate and consider removing of accumulated sediment in 

the Carbondale Reservoir (RNI) and select areas of Cedar Lake 

(RNE).   

 

Alternative Actions 

The 2004 sedimentation surveys by HDR | CWI indicated that approximately 

619,124 cubic yards of sediment have been deposited in RNI and approximately 

388,501 cubic yards of sediment have been deposited within the surveyed areas of 

RNE.  For the RNI, this quantity of sediment represents a 33.5% capacity loss from its 

original capacity in 1926.  For the sub-areas of RNE that were surveyed, the 

accumulated sediments occupy approximately 36.4% of the original 1974 capacity.   

In addition to capacity loss and impaired water quality and clarity, the 

accumulated sediments within the RNI have made the water supply intake located near 

the dam non-operational.  The inability to use the RNI water supply intake has rendered 

the back-up/supplemental water supply non-operational (Swayze personal 

communication, 2005).      

  The major alternatives for removing sediment accumulation from within RNI and 

select portions of RNE include extended water level drawdown, mechanical dredging, 

and hydraulic dredging.   

 

a. Lake Water Level Drawdown and Compaction 

Lowering the water level and allowing the sediment to dry and consolidate is an 

alternative for restoring lost water depths in some lakes.  However, this treatment 

alternative is generally a limited solution for excessive sediment deposits.  In order to 

assure optimum drying and compaction, the water level would have to be substantially 

lowered for a sufficient period of time.  According to a study completed by Fox et al. 

(1977), approximately 170 days of exposure to drying conditions would produce a 

sediment consolidation ranging from 7 to 50 percent, with water losses ranging from 40 

to 50 percent.  It would be anticipated that the sediment found in the upper arms of RNE 
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and RNI would fall in the lower to median range, and would thus be expected to 

consolidate approximately 15 to 25 percent.   

In order to effectively reduce sediment volume in the upper end of RNE and RNI, 

water levels would have to be lowered approximately fifteen and ten feet, respectively.  

However, a drawdown extended well into the spring or even into the summer would be 

nearly impossible to implement because of the extremely large watershed drainage 

area.  If it were possible, an extended drawdown would negatively impact the 

recreational uses and could impact the public water supply.   

 

b. Mechanical Dredging 

There are several methods of mechanical dredging or excavation presently 

available.  RNE and RNI can either be dredged at normal pool with a dragline, or the 

water level could be lowered enough to allow low ground pressure excavation 

equipment into the dry lakebed.  There are several advantages to dry lakebed 

excavation as compared to hydraulic or dragline dredging, such as the elimination of 

excessive turbidity or resuspended solids, and a smaller quantity of material to remove 

due to consolidation and compaction.  However, there are many disadvantages and 

problems that could be encountered.  The length of time required for the sediment to 

dewater and consolidate sufficiently enough to support excavation equipment may take 

longer than expected if frequent rainfall events occur.  This method could be an option 

for a limited dredging project where sediment thicknesses are typically only a few feet; 

however, this option is not considered feasible, since the watershed drains an extremely 

large area and would likely cause flooding problems within the dredging area. 

Another method of mechanical dredging could be accomplished with a dragline 

while the lake water level is at normal pool.  This is accomplished by extending 

excavating equipment from shore, or by mounting the equipment on a barge.  This 

method is more practical for smaller lakes or when a large quantity of rocks or debris is 

anticipated.  Removal of accumulated lake sediment in this manner is inefficient and 

can leave high percentages of material behind.  Disposal of the sediment is also very 

inefficient and labor intensive, since it must be handled several times.  Once the 

sediment is removed from the lake, it must be placed on a barge or a truck and 
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transported to the retention site.  This repeated handling is generally not cost effective, 

and can result in sediment losses during transfer.  Equipment access for the removal 

and placement of dredged sediment would also have a negative impact on the lake 

shoreline.  Therefore, mechanical dredging with a dragline would not be considered a 

feasible sediment removal method for RNE or RNI.   

 

c. Hydraulic Dredging 

Hydraulic dredging involves a centrifugal pump mounted on a pontoon or hull, 

which uses suction to pull the loose sediment off the bottom and pump it through a 

polyethylene pipeline to a sediment retention area.  Generally, a cutterhead is added to 

the intake of the suction line in order to loosen the accumulated or native sediment for 

easy transport and discharge.  A slurry of sediment and water, generally ranging 

between 10 and 15 percent solids (by weight), can be pumped for distances as much as 

10,000 to 15,000 feet with the use of a booster pump.  The efficiently pumped sediment 

slurry must be discharged into a suitably constructed earthen dike-walled containment 

area with adequate storage capacity.  The sediment containment or retention area must 

be properly designed to allow sufficient retention time for the sediment particles to settle 

throughout the project, and allow the clear decant or effluent water to flow through the 

outlet structure back to the lake or reservoir.   

One of the advantages of hydraulic dredging is the efficiency of sediment 

handling.  The removal, transport, and deposition are performed in one operation, which 

minimizes expenses and potential sediment losses during transport.  Another 

advantage is that the lake does not have to be drained, and most areas can remain 

open for public use.  Most hydraulic dredges are considered portable and are easily 

moved from one site to another.  They are extremely versatile and are capable of 

covering large areas of the lake by maneuvering with their spud anchorage system and 

moving the discharge pipeline when necessary.   
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Proposed Actions 

Generally, most of the accumulated sediment within RNE did not appear to be a 

serious threat or impact to public access, water quality, or the public water supply.  The 

most impacted portion of RNE was sub-area L, where Clay Lick Creek and Mill Creek 

enter into RNE.  Within this area, approximately 231,534 cubic yards of sediment has 

been deposited.  Sub-area L is located in the far southeastern end of RNE and does not 

appear to impact the public water supply intake.  Accumulated sediment within sub-area 

L could be removed through hydraulic dredging; however, this alternative is not 

suggested at this time, due to the minimal impacts to boat access, water quality, and the 

public water supply intake.   

Conversely, accumulated sediment within RNI has been problematic, well 

documented, and should be addressed.  The proposed alternative for removing 

accumulated sediment from RNI is hydraulic dredging.  Three hydraulic dredging 

scenarios have been developed for RNI, using “good”, “better”, and “best” scenarios.  

Each respective scenario varies in the amount of sediment to be removed (Table 35).  

Scenario 1 “good” consists of the removal of approximately 250,855 cubic yards of 

accumulated sediment that have been deposited in upper most portions of RNI, where 

the impacts have been most severe (i.e., lake segments 1-4 and 14-21).  Scenario 2 

“better” provides additional benefits to water quality and overall access by removing 

additional quantities of sediment that have been deposited from the upper through 

middle portions of RNI.  Scenario 2 addresses the removal of approximately 338,414 

cubic yards of sediment in lake segments 1-7 and 14-21.  Scenario 3 “best” provides the 

most benefit by restoring the most storage capacity by removing approximately 619,124 

cubic yards from all 21-lake segments of RNI.  Figure 9B in Part 1 provides a map that 

illustrates the locations of the various lake segments of the RNI from the 2004 

sedimentation survey.  Table 35 includes estimates of probable cost to hydraulically 

dredge the quantities discussed in Scenarios 1, 2, and 3.   
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Table 35  – Estimated Sediment Removal Scenario Costs for the Carbondale Reservoir (RNI) 

 

Normally, a maximum dredge cut depth of 8 to 10 feet is considered to be a 

suitable depth at which to deepen a lake or reservoir.  This maximum cut depth provides 

navigational access, minimizes sediment resuspension and controls aquatic vegetation 

growth.  A maximum dredge cut depth of at least 10 feet is recommended to provide 

additional storage volume, to extend the useful lifespan of the project, and to provide a 

long-term benefit to RNI.  For the purpose of this report, sediment removal Scenario 3 

(i.e., 619,124 cubic yards) is recommended for RNI.     

With hydraulic dredging, land will be required for the construction of a retention 

facility that will store and dewater dredged sediment.  The amount of land required for 

this facility is directly proportional to the quantity of sediment that is dredged within 

Table 35.  For recommended sediment removal Scenario 3, it is estimated that 

approximately 21.0 to 31.6 hectares (52 to 78 acres) will be required for suitable 

retention and dewatering sites.  For the other sediment removal scenarios, Scenario 2 

would typically require between 11.3 to 17.5 hectares (28 to 43 acres), whereas the 

smallest dredge quantity proposed (i.e., Scenario 1) would require between 8.5 to 13.0 

hectares (21 to 32 acres).   

The retention and dewatering site(s) ideally should be located within the 

watershed so that water from the dewatering site can drain back into RNI.  A preliminary 

Scenario Item Lake Segments Quantity Dredged Unit Meas.
Cost per 

Unit
Cost

1 - Good Hydraulic Dredging 1-4 & 14-21 250,855 CY $7.00 $1,755,985

 (incl. Confined Detention Facility; CDF)
Subtotal Construction Costs $1,755,985

12% Construction/Change Order Contingency $210,718
20% Engineering & Permitting $351,197

Total $2,317,900

2 - Better Hydraulic Dredging 1-7 & 14-21 338,414 CY $6.50 $2,199,691

 (incl. Confined Detention Facility; CDF)
Subtotal Construction Costs $2,199,691

12% Construction/Change Order Contingency $263,963
20% Engineering & Permitting $439,938

Total $2,903,592

3 - Best Hydraulic Dredging 1 - 21 619,124 CY $6.00 $3,714,744

 (incl. Confined Detention Facility; CDF)
Subtotal Construction Costs $3,714,744

12% Construction/Change Order Contingency $445,769
20% Engineering & Permitting $742,949

Total $4,903,462
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review of the Jackson County plat book suggests that the SIUC owns and manages 

several parcels of land adjacent to and within the RNI watershed.  Perhaps the City of 

Carbondale and SIUC can form some sort of an agreement (e.g., purchase, lease, etc.) 

that would allow detention site(s) to be constructed and dredged sediment to be placed 

on SIUC owned property.  The dredged sediments can also be land applied and 

beneficially reused as fertile agricultural soil and/or fill.  Land applied sediment on SIUC 

owned and managed agricultural test plots could provide additional research 

opportunities as well as an additional sediment disposal option.  Further evaluation and 

analysis will be required to find a suitable location(s) for a detention site(s).  Costs for 

the land required for the retention site are not included with the opinions of probable 

cost listed in Table 35.  It is important to note that if multiple small sites are required 

then costs would likely be higher than listed in Table 35.    

Under dredging Scenario 3, the removal of approximately 619,124 cubic yards of 

accumulated sediment from RNI would restore approximately 125,063,048 gallons or 

nearly thirty-five percent of the RNI’s original 1928 volume.  Once removed, the volume 

that was once occupied by sediment would provide additional lake water storage 

capacity.  During the Phase 1 monitoring period (2004-05), the City of Carbondale used 

an average of 4.6 million gallons per day (MGD) (Swayze personal communication, 

2005), which translates to between 138 and 143 million gallons of water used per 

month.  Removing the proposed volume of accumulated sediment would essentially 

provide the lake with an additional 125,063,048 gallons, which is approximately a one-

month water supply for the City, SIUC, and the surrounding communities.  This added 

storage capacity would be invaluable during drought conditions.      

Sediment removal at RNI will provide an effective improvement in water quality 

and recreational benefits by removing most of the nutrient rich, accumulated sediment 

from RNI.  The removal of sediment and detritus will also improve and expand aquatic 

habitat for fish, macro-invertebrates, and other aquatic organisms.   
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Estimated Loading Reductions from Proposed Actions 

Loading reductions for the proposed actions (i.e., sediment removal via hydraulic 

dredging) were estimated using the statewide mean sediment concentrations (Mitzelfelt, 

1996) (Table 18 in Part 1), in-lake sediment grab samples collected during the Phase 1 

monitoring period (2004-05) (Table 16 in Part 1), and the typical mean dry bulk density 

for sediment (assumed to be 50 lbs/CF (1,350 lbs/CY)).  Table 36 lists the estimated 

internal loading reductions from the removal of in lake sediments (outlined in Table 35).   

 

Table 36 – Estimated Loading Reductions for Sediment Removal from  

Carbondale Reservoir (RNI) 

 

   

 

    

       

 

 

Objective #3: Improve water quality near the water supply intake within 

Cedar Lake (RNE) and improve general lake aesthetics of RNE 

and the Carbondale Reservoir (RNI) to support more balanced 

aquatic plant communities.  

 
 
Alternative Actions 

There are several alternatives that can be considered for improving water quality 

in RNE and RNI, which would help to improve the public water supply and general lake 

aesthetics and support a more balanced aquatic plant community.  These alternatives 

include reducing nutrient availability, restructuring the algae population (i.e., reduce 

blue-green algae dominance), and installing an aeration/circulation system to reduce 

taste and odor issues and internal releases of nutrients, metals, and other substances 

from anoxic lake sediments in the Popular Camp arm of RNE.   

Parameters Units Option 1 Option 2 Option 3
Volume Removed CY 250,855 338,414 619,124
Sediment Lbs 338,654,250 456,858,900 835,817,400

Tons 169,327 228,429 417,909
Phosphorus * Lbs 357,264 481,965 881,748

Tons 179 241 441

* Carbondale Reservoir - Mean Phosphorus-P concentration of 646 mg/kg.
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Nutrients (i.e., nitrogen and phosphorus) can be controlled and reduced 

externally and internally in several ways such as:  externally by implementing best 

management practices in the watershed (discussed in Objective #1); internally by 

minimizing wind resuspension of sediment and nutrients via the removal accumulated 

sediments via dredging (discussed in Objective #2); and internally by minimizing internal 

nutrient availability.  Potential alternatives for reducing internal nutrient concentrations 

are nutrient diversion, dilution and flushing, discharge of hypolimnetic water, 

phosphorus inactivation/precipitation, and circulation via artificial aeration.   

Due to the morphometric and hydrologic features of RNE and RNI, it would be 

technically infeasible and expensive to undertake a diversion or flow routing system for 

the control of nutrients.  Dilution and flushing has been effective at reducing the 

concentration of nutrients in the water column by adding nutrient poor water.  Flushing 

reduces algal biomass by increasing the loss rate of cells.  However, dilution and 

flushing are not considered as acceptable alternatives for RNE and RNI due to the lack 

of suitable groundwater resources.  Furthermore, hypolimnetic discharges are normally 

not a feasible solution for lakes that undergo thermal stratification.  The release of 

hypolimnetic (possibly anoxic) waters would adversely impact downstream biota.  Also, 

water conservation can be crucial during the summer months, due to lack of significant 

precipitation events and excessive lake water losses from evaporation.   

Phosphorus inactivation and precipitation are techniques used to lower the 

concentration of phosphorus in the water column by either precipitating it out or 

preventing its release from sediments.  Aluminum sulfate (alum) is added to the lake 

surface in order to precipitate the phosphorus to the lake bottom.  Additional aluminum 

sulfate is added to form a barrier to prevent phosphorus release from the sediment, 

which can prevent or minimize phosphorus release into the overlying water column 

during anoxic conditions.  Properly applied alum treatments can result in relatively long-

term reductions of phosphorus in lakes where inflowing sources of phosphorus have 

been sufficiently controlled and resuspension of bottom sediments is minimal.  The cost 

of alum treatments has typically ranged $730 to $1,475 per hectare or $300 to $600 per 

acre.  Since the total surface area of both RNE and RNI are approximately 1,800 and 

136 acres, respectively, the cost for a whole lake alum treatment would range from 
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$540,000 to $1,080,000 and $40,800 to $81,600.  Since each water body has a large 

drainage area that will allow for continued sediment and nutrient loadings, it appears 

unlikely that alum would be an effective long-term alternative for controlling nutrient 

concentrations within the RNE or RNI system.   

Artificial aeration or circulation of lakes during the summer thermal stratification 

period is a practice commonly used to improve water quality conditions (i.e., increase 

dissolved oxygen concentrations).  The primary improvements in water quality that may 

be attained as a result of artificial aeration or circulation are reduced nutrient loading 

from bottom sediments, improved ecological diversity, and increased oxygen levels and 

chemical oxidation of substances in the entire water column.   

Due to its shallow depths, the RNI appears to experience routine mixing or 

natural destratification via prevailing winds and natural inflows from the watershed.  

Therefore, an artificial aeration or circulation system does not appear to be necessary 

for the RNI.  However, RNE typically stratifies at depths of approximately 15 feet (ISWS, 

1979 and Figures 8A and 8B in Part 1).  As mentioned, the City has experienced some 

taste and odor issues associated with high counts of blue-green algae within RNE.  In 

addition, the City typically uses the shallowest lake intake at a depth of 15 feet, due to 

anoxia in the water column (Swayze personal communication, 2005).  Given these 

public water supply issues, an artificial aeration or circulation system could be useful in 

the Popular Camp arm of RNE (near Site #5 and the public water supply intake).  

Artificial aeration or circulation, as previously mentioned, has been shown to be 

effective in improving ecological diversity by restructuring the algae populations (i.e., 

reducing blue-green algal dominance and allowing for a more diverse and desirable 

algal population) and improving water quality by increasing dissolved oxygen 

concentrations.     

The two primary methods of aeration/circulation include artificial circulation and 

hypolimnetic aeration.  Any system that is designed to mix or circulate the lake or 

provide aeration without maintaining the normal thermal structure is classified as an 

artificial circulation technique.  Systems within this category include compressed air 

and/or mechanical devices capable of lifting anoxic hypolimnetic water and circulating 

oxic surface waters in order to evenly distribute oxygenated water throughout the lake.  
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A compressed air system is typically used to initiate rising air bubbles that can 

sufficiently reach the surface and an adequate horizontal distance.  The cold, dense 

water eventually sinks to a level of equal density and establishes a whole lake mixing, if 

the system is sufficiently sized and designed.  Hypolimnetic aeration is a method of 

providing dissolved oxygen to the bottom waters of a lake without disrupting the normal 

pattern of thermal stratification.   

According to Lorenzen and Fast (1977) and other aeration system experts, the 

general design requirement for sizing an aeration system is based on an optimum rate 

of compressed air delivery of 1.3 CFM per lake surface acre.  This optimum formula has 

been observed to be effective at lower delivery rates, but the typical minimum rate is 

believed to be as low as 0.65 CFM per surface acre.  This rationale can vary of course 

depending on the morphometry of the lake and the type of system being employed.  

Based on the bathymetry and morphometry of the Popular Camp arm of RNE, a 

compressed air delivery rate of 1.0 CFM per lake surface acre was used.  Based on 

Lorenzen and Fast’s findings and recommendations, a suitable system for the 

approximately 200 acres near Site #5 and the public water supply intake at RNE should 

be capable of providing approximately 200 CFM.   

A compressed air destratification system suitably sized for the Popular Camp 

arm of RNE would have an estimated cost of $250,000 to $300,000 installed.  A 

desirable system would include a weighted air hose and high efficiency diffusers with a 

well-ventilated and sound proofed air compressor house.  The installed cost of a 

suitably sized Aspir-Air Venturi-type system is estimated to be between $275,000 and 

$325,000 installed.  The primary advantage of the Aspir-Air system is the greatly 

reduced space requirement on land and a reduced noise level.  However, the primary 

disadvantage is the requirement of surface buoys to fasten the necessary air hoses.  In 

addition, the previously described aeration systems utilize electric power to operate air 

compressors.  Given the high horsepower requirements to supply air to the necessary 

depths of RNE, operational and maintenance costs would be high and may prohibit the 

effective use of compressor driven aeration systems.    

Solar Bee has developed solar-powered reservoir circulators, which would 

greatly reduce annual operation costs.  Unlike compressor driven aeration systems, the 
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Solar Bee system circulates water, which can prevent soluble P, Mn, Fe, H2S, and taste 

and odor compounds in the hypolimnion from diffusing into the epiliminion.  In addition, 

recent information suggests that Solar Bees, through circulation, disrupt the epiliminion 

and thus reduce blue green algae’s ability to out compete other more beneficial algal 

groups (Ross personal communication, 2007).  For the RNE application, the Solar Bee 

SB10000v12 model is recommended and has the ability to circulate between 25 and 30 

acres per unit (i.e., reduced area of influence due to lake bathymetry).  For the Popular 

Camp arm of RNE, six SB10000v12 units could be utilized to effectively circulate an 

area of approximately 200 acres near the RNE water supply intake at an installed cost 

of approximately $275,000.           

 The following lists provided by Kothandaraman and Evans (1983) include 

advantages and disadvantages of artificial aeration and circulation systems.   

 

Potential Advantages  

1. Increased oxygen concentrations at the sediment/water interface can significantly 

reduce the rate of nutrients and metals released from the sediment.  

2. Benthic flora and fauna populations are typically more diverse and abundant 

under well-oxygenated conditions, which can impart better food supplies for 

game fish species.   

3. A shift in algal populations may occur with a decrease in undesirable blue-green 

species.  This is partly a result of the lowering of water temperatures; blue-green 

algae are most tolerant of high surface water temperatures.   

4. Oxidation of reduced organic and inorganic materials occurs.  This is particularly 

advantageous to water supply lakes because taste, odor and color problems 

caused by iron, manganese and/or hydrogen sulfide are eliminated or at least 

minimized.   

5. Evaporation rates can be reduced in summer as a result of lower surface water 

temperatures.   

6. Artificial destratification often results in increased water clarity.   

7. Maintaining a sufficient dissolved oxygen level under ice cover may prevent 

occurrence of wintertime fish kills.  However, an aeration system at Cedar Lake 
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(in the Popular Camp leg near in-lake sampling site #5) would only operate while 

the lake is stratified from spring through fall.   

 

Potential Disadvantages  

1. An increased heat budget can be caused in the lake that slightly lowers the 

temperature of the upper waters, whereas deep waters may be warmer by as 

much as 15o to 20oC to approximately the same temperature as the surface.   

2. There may be a temporary increase in water turbidity resulting from the 

resuspension of bottom sediments.   

3. Most investigations have resulted in a reduction of blue-green algae, but in some 

instances, there was little or no effect.   

4. The oxygen demand of resuspended sediments may result in depressed 

dissolved oxygen concentrations, at least temporarily, that may be harmful to the 

fish.   

5. Aeration may cause supersaturation of nitrogen gas, creating a potential danger 

for fish from gas bubble disease.   

 

Proposed Actions 

There are several alternatives that should be implemented in order to improve 

public water supply, improve water quality for lake aesthetics, and to support more 

balanced aquatic plant communities.  The first action is continued and increased soil 

conservation practices in the watersheds (Objective #1) that would reduce and minimize 

sediment and nutrient delivery to RNE and RNI.  Since much of the phosphorus 

entering RNE and RNI is bound to sediment, any action that involves controlling 

sediment delivery will also control phosphorus levels.  The local NRCS and SWCD have 

assisted in the implementation and completion of various watershed BMPs to control 

erosion and runoff in order to insure reduced sediment and nutrient loading.  

Conservation tillage and nutrient management practices should continuously to be 

followed throughout the watersheds in order to minimize the amount of soil erosion, 

nutrient leaching, and eventual deposition into RNE and RNI.     
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A second action that should be taken is artificial circulation or destratification by 

installing a suitably sized aeration/circulation system within the 200 acres that make up 

the Popular Camp arm of RNE, near the public water supply intake.  The increased 

oxygen levels and the artificial circulation will reduce the dominance of blue-green algae 

and allow for a more diverse and desirable algal population; improve water quality by 

increasing dissolved oxygen concentrations, which will expand and improve available 

fish habitat; and help to reduce anoxic conditions that typically lead to internal 

regeneration of nutrients and metals.  An aeration/circulation system could be installed 

in the Popular Creek arm of RNE for approximately $300,000 for the system.  

Installation costs are expected to be approximately $25,000 with an additional $45,000 

for design, coordination and implementation.   

The third action would be to address the resuspension of soft sediments within 

the RNI.  This has been previously addressed with recommendations for sediment 

removal by hydraulic dredging (Objective #2).  Once internal sediment and nutrient 

sources are reduced or removed and water clarity is improved, there can be a gradual 

re-establishment of a desirable diversity and growth of rooted macrophytes, which will 

also minimize sediment resuspension in shallow water.   

The fourth action is stabilizing eroded shoreline areas within RNE and RNI 

(discussed in Objective #4).  This will also help improve water quality by reducing 

sediment and nutrient loadings, which will subsequently reduce turbidity.       
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Objective #4: Prioritize eroded shorelines of Cedar Lake (RNE) and 

Carbondale Reservoir (RNI) and stabilize eroded areas.   

 

The uncontrolled erosion of shoreline areas is another source of sediment and 

nutrient loadings to RNE and RNI.  As previously described, there are a number of 

factors that contribute to shoreline erosion at RNE and RNI including easily erodible 

shoreline soil types and soil or shoreline exposure to waves generated by prevailing 

winds, fluctuating water levels, and a lack of near shore aquatic vegetation and/or rock 

breakers.   

 

Alternative Actions 

The total amount of eroded shoreline within each water body, as determined in 

the 2004 shoreline erosion surveys, is summarized in Table 37.  Photographs depicting 

eroded shoreline of RNE and RNI are shown in Appendix E.   

 

Table 37 – Shoreline Erosion Survey Results for Cedar Lake (RNE) and  

Carbondale Reservoir (RNI) 

 

 

 

 

 

 

 

 

Technology has developed many products to control erosion and has improved 

the older methods.  The following were considered when deciding the best approach for 

stabilizing the RNE and RNI shorelines:  riprap (both crushed stone and rounded glacial 

stone) with filter rock or filter fabric, erosion mats, plastic and natural geowebs, gabions, 

railroad ties, interlocking concrete blocks, and natural vegetative stabilization.   

For slightly eroded areas, vegetative coverings can provide shoreline stabilization 

and protection by reducing wave action and by binding the soil with roots.  In addition to 

Feet Percentage Feet Percentage
Natural rock 41,204 16.4% 0 0.0%
Nothing >1' 2,716 1.1% 457 2.5%
Slight 1' - 3' 165,658 66.0% 13,125 71.8%
Moderate >3' 33,393 13.3% 2,365 12.9%
Severe >8' 6,187 2.5% 0 0.0%
RipRap 1,980 0.8% 2,329 12.7%
Total 251,138 100.0% 18,276 100.0%

Cedar Lake (RNE) Carbondale Reservoir (RNI)



 

129 
 
 

the erosion control benefits, vegetative stabilization methods have the ability to absorb 

and assimilate nutrients from runoff and require little or no maintenance, since plants 

reproduce and often spread naturally.  These more natural stabilization measures are 

aesthetically pleasing, provide habitat, and can be cost effective.   

For some areas not subjected to large waves with slight (i.e., 1 to 3 foot bank 

heights) shoreline erosion and gently sloping littoral zones, plant species such as prairie 

cord grass (Spartina pectinata) could be used.  Prairie cord grass is an emergent, 

herbaceous, native perennial that is excellent for erosion control with dense beds and 

roots up to 2 ft. in the ground.  The plant does well in poor soils and tolerates seasonal 

flooding, as the species is often found near water and wet areas.  The plant spreads 

aggressively up to two feet per year. (Michigan State University Extension on-line, 

1999).  Prairie cord grass plugs within sand bags (approximately 2 ft. length by 1 ft. in 

width each) or within fiber rolls, consisting of natural, biodegradable materials, could be 

placed across the toe of the eroded bank.  The sand bags would provide immediate 

shoreline protection along with a medium to hold the plantings until they become 

established and rooted into the shoreline.  This natural form of shoreline stabilization 

would establish native plants for erosion control and enhance wildlife (Erosion Control, 

November/December 2000).   

Officials in the St. Louis Regional Office for the United States Corps of Engineers 

(COE) have reported having success with more natural forms of shoreline stabilization.  

In certain applications, the COE is beginning to favor natural, more ecologically friendly 

methods of shoreline stabilization as a supplement to conventional forms such as riprap 

and concrete (Daily personal communication, 2006).  

For moderately and severely eroded shorelines of RNE and RNI, riprap is an 

alternative to address the erosion problems.  The advantages of riprap include its 

reliable longevity, ease of installation and relatively inexpensive cost over large areas.  

All riprap should be installed using either filter stone or filter fabric to prevent washout 

from behind the installed riprap (Figures 15 and 16).   
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Figure 15 – Example of Riprap Shoreline Protection with Geotextile Fabric 

 

 

Figure 16 - Example of a Riprap Breakwater for Shoreline Protection 
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Proposed Actions 

As a result of the 2004 shoreline erosion surveys, it has been determined that 

riprap and filter fabric should be the stabilization measures for areas that have 

experienced severely and moderately eroded shorelines within RNE and RNI.  The 

estimated cost of riprap stabilization using gradation RR4 broken stone riprap with filter 

fabric is approximately $70 per linear foot installed.  Riprap should be placed along the 

undercut bank of the shoreline two feet below and two feet above normal pool (spillway 

elevation) at a 2:1 slope.  When possible, bare areas above the riprap would be graded 

at a 3:1 horizontal to vertical slope and seeded.  However, the eroded shoreline at RNE 

and RNI is typically bordered by wooded growth at or near the shoreline.  Thus, 

flattening the slope of the shoreline may be generally difficult or impractical in many 

cases.  Once the toe of the slope is protected from further undercutting, by structural 

and/or vegetative methods, the eroded slope will gradually slough until a state of 

equilibrium is reached.   

In areas where there is moderate erosion and/or heavy visitor use, vegetative 

approaches alone may not be capable of preventing further shoreline erosion.  

Structural barriers or method of shoreline stabilization, such as riprap, would be needed.  

However, in areas with gentle slopes that have been categorized as having slight bank 

erosion, native emergent vegetation (i.e., prairie cord grass) within sandbags should be 

used for shallow littoral areas in order to minimize wave action on shore, thus protecting 

eroded banks from further undercutting.  The estimated cost of implementing plantings 

for erosion control and shoreline stabilization is $25 per linear foot.   

To stabilize the entire eroded shoreline within RNE and RNI, as listed in Table 

37, would be cost prohibitive.  Therefore, a phased approach is suggested that will allow 

the City of Carbondale to assess and address those areas of eroded shoreline that are 

most severely impacted or that are most likely to be further eroded by prevailing winds 

and waves in a reasonable manner.  Table 38 is a summary of the proposed shoreline 

stabilization costs for RNE and RNI.   
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Table 38 - Shoreline Stabilization Costs for Cedar Lake (RNE) & Carbondale Reservoir (RNI) 

 

Shoreline stabilization work on this scale will require a Joint Application Permit 

from the Army Corps of Engineers, the Illinois EPA, and the Illinois DNR, particularly for 

riprap placed as fill material beneath the normal water level.  The benefits of shoreline 

stabilization would include reduced sediment loading and turbidity, improved aesthetic 

appearance, and prevention of further loss of shoreline.   

 

Estimated Loading Reductions from Proposed Actions 

Loading reductions from the proposed shoreline stabilization actions were 

estimated using the Illinois EPA’s Spreadsheet program entitled “Estimating Pollutant 

Load Reductions for Non-Point Source Pollution Control BMPs” and the in-lake 

sediment samples (i.e., mean concentrations) collected during the Phase 1 monitoring 

period.  Table 39 lists the estimated loading reductions from the stabilization of 

shoreline listed in Table 38.  

 

 

 

 

 

Degree of Erosion Length of Shoreline Stabilization Method

Cedar Lake (RNE)

Severe 5,000 LF Riprap ($70/LF)

Moderate 2,500 LF Riprap ($70/LF)

Slight 2,000 LF Veget. Plantings ($25/LF)

Mobilization & Site Prep.

Carbondale Reservoir (RNI)

Moderate 2,250 LF Riprap ($70/LF)

Mobilization & Site Prep.

Estimating Contingency (10%)

$978,125

$78,250

Engineering Design and Permitting (15%) $117,375

Total cost including estimating, engineering design, and permitting (25%)

$157,500

Total Estimated Shoreline Stabilization Cost $782,500

$25,000

Estimated Cost

$350,000

$175,000

$50,000

$25,000
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Table 39 – Estimated Loading Reductions for Shoreline Stabilization for Cedar Lake (RNE) and 

Carbondale Reservoir (RNI) 

 

 

Objective #5: Enhance fisheries populations and habitat for improved 

recreational opportunities in Cedar Lake (RNE) and  

Carbondale  Reservoir (RNI).   

 

Alternative Actions  

Fisheries management efforts within RNE have included supplemental stockings, 

size regulations, and creel limits in order to reduce smaller fish and increase the sizes of 

individuals.  While the fish population at RNE is good, the aquatic habitat could be 

improved.  There appears to have been a decline in the abundance of diverse and 

native aquatic macrophytes within RNE.  Also, the phytoplankton population within the 

lake has been dominated by blue-green algae.  As discussed in Objectives #1, #3, and 

#4, sediment and nutrients entering the lake should be controlled and addressed in 

order to improve water clarity, restructure the algae population and allow desirable, 

native macrophytes to become re-established.  The decrease in available nitrogen and 

phosphorus may help to diversify the algae population and shift it away from blue-green 

dominance, which will in turn benefit the fish population.     

 

 

 

 

Classification of Eroded Shoreline Linear Feet TSS (tons/yr) Phosphorus (Lbs/yr) *
Cedar Lake (RNE)
Slight (1 to 3 ft. bank heights) 2,000 3 4
Moderate (3 to 8 ft. bank heights) 2,500 113 139
Severe (> 8 ft. bank heights) 5,000 900 1,114
Carbondale Reservoir (RNI)
Moderate (3 to 8 ft. bank heights) 2,250 101 111
Total 11,750 1,117 1,368

* RNE - Mean Phosphorus-P concentration of 728 mg/kg.
* RNI - Mean Phosphorus-P concentration of 646 mg/kg.
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Proposed Actions 

The RNE and RNI fisheries will certainly benefit from the improved water quality 

from reduced sediment and nutrient inputs, and from the continued supplemental 

stockings and fishing regulations currently in effect.  The watershed and in-lake 

restoration activities proposed in Objectives #1, #2, #3, and #4 will all help improve 

water quality by reducing the sediment and nutrient inputs from the watersheds; 

removing accumulated sediments within RNI; improving dissolved oxygen levels within 

the Popular Camp arm of RNE, reducing internal regeneration of nutrients, and creating 

more diverse algae and macrophyte populations.  These restoration measures will 

enhance the fish habitat, cover, and spawning areas within RNE and RNI.    

Any consideration to the complete renovation of the RNI fishery should be done 

with the consultation of IL DNR District Fisheries Biologist.  However, it is strongly 

recommended that accumulated sediments within RNI be addressed and removed 

(Objective #2) prior to renovating the fish population.  Allowing the existing degraded 

habitat to remain would diminish the likelihood the stocked sportfish such as bluegill, 

redear sunfish, and largemouth bass would flourish.  In addition, allowing excessive 

amounts of accumulated sediment to remain would promote the re-establishment of 

carp and various species of catfish.       

To further enhance fish habitat and refuge areas, additional habitat structures 

should be installed.  Rather than placing evergreen trees, which decompose quickly and 

can introduce unwanted nutrients into the lake, other more durable methods are 

recommended, such as wooden log cribs, concrete block or rock rubble piles, stake 

beds, plastic structures, and bundled piping (Figures 17 and 18).  The estimated costs 

are approximately $300 each for log cribs or AquaCribs ©.  It is recommended that a 

minimum of 5 structures be installed within the RNI and approximately 25 structures or 

structure groupings be installed within RNE under the direction of an IL DNR fisheries 

biologist.  The total cost for the structures is estimated to be $15,000, plus $2,000 for 

installation and technical consultation.   
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Figure 17 - Fish Habitat Structure Alternatives 
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Figure 18 - Log Crib and AquaCribs©  Fish Habitat Structures 
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Objective #6:   Evaluate options to control Eurasian water milfoil in select 

areas of Cedar Lake (RNE) to improve access and recreation 

opportunities 

 

Alternative Actions 

 
The management alternatives for direct in-lake control of EWM include 

mechanical harvesting, hand pulling and other manual removal methods, sediment 

removal and rototilling, sediment covers or benthic barriers, herbicide treatments, and 

biological controls, such as the aquatic weevil.   

Mechanical harvesters offer relatively fast reduction in EWM biomass; however, 

the plant quickly regrows and the artificial creation of a large number of fragments can 

enhance the spread of the plant (Aiken et al., 1979; Bates et al., 1985; Newroth, 1985).  

Mechanical harvesters cut and remove most of the plant and deposit the debris on land.  

Numerous harvests per year may be necessary to keep the plant “under control” and it 

quickly grows back when harvesting is stopped (Truelson, 1985).  In Ontario, Painter 

and Waltho (1985) reported that the timing of the harvests was very important and that 

two “cuts or harvests” were adequate for short-term control, if they were carefully timed 

during the growing season.  Given the likelihood that harvesting would fragment and 

spread EWM to other sites, this option is not considered feasible.    

Underwater tilling and cultivating uproot the plants and allow them to float away, 

which is more effective in clearing a site of EWM than harvesting (Maxnuk, 1985).  It is, 

however, a slow and costly operation that frees a large number of plant fragments that 

are then able to spread to new sites.  The British Columbia Ministry of Environment 

developed a barge mounted rototilling machine called a rotovator to remove EWM roots.  

Underwater tiller blades churn up to 8 inches into the sediment and dislodge buoyant 

EWM roots.  Floating roots may then be collected from the water.  Control with 

rotovation, generally extends two or more growing seasons.  However, given the 

likelihood that tilling would fragment and spread EWM to other sites, this option is not 

considered feasible.     

Diver-operated dredges operate like underwater vacuum cleaners to remove 

plants from the bottom substrate.  Such devices are slow and costly to operate and 
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hence only suitable for limited infestations in selected areas (Newroth, 1985; Truelson, 

1985).  Diver removal by hand is another technique that is geared to smaller areas.  The 

Workshop on Management of Eurasian Milfoil in Northern Latitudes that was sponsored 

by the Freshwater Foundation and the Minnesota DNR in 1990 recommended diver 

removal by hand only for specific sites less than one acre or for wider spread 

infestations at low densities.  It was estimated that approximately one acre consisting of 

approximately 4,840 plants would require 440 diver-hours at a 1990 cost of $13,200 per 

acre.   

Sediment covers or benthic barriers consisting of polyethylene, polypropylene, 

fiberglass, and burlap, can be effective as an EWM control method.  However, due to 

the relatively high cost of material and installation and the direct long-term impact to 

habitat, covers or barriers are feasible only in small areas such as around docks or in 

swimming areas.   

Selective aquatic herbicide treatments of various types have also been found to 

be effective for eradicating or controlling EWM.  Aquatic herbicides are sprayed directly 

onto floating or emergent aquatic plants or are applied to the water in either a liquid or 

pellet form.  Systemic herbicides are capable of killing the entire plant.  Contact 

herbicides cause the parts of the plant in contact with the herbicide to die back, leaving 

the roots alive and capable of re-growth.  Non-selective herbicides will generally affect 

all plants that they come in contact with.  Selective herbicides will affect only some 

plants (often dicots - broad leafed plants like EWM will be affected by selective 

herbicides, whereas monocots – such as various grasses may not be affected).  

Because of environmental risks from improper application, aquatic herbicides are 

regulated and have certain restrictions.   

A widely used aquatic herbicide for many broadleaf species, such as EWM, is 

2,4-D (Navigate® or AquaKlean®).  As a selective systemic herbicide, it effectively 

controls broadleaf plants with a relatively short contact time, but does not generally 

harm the desirable native pondweeds.  When used at the label rate of 100 pounds per 

acre in granular form, 2,4-D has shown to be selective to EWM, leaving native aquatic 

species relatively unaffected.  Diquat (Reward®) is a non-selective contact herbicide 

that will act on a very short contact time.  It causes a rapid die-off of the shoot portions 
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of the plant it contacts, but is not effective on roots, rhizomes or tubers, requiring 

subsequent applications.  Diquat will bind to particulate and dissolved organic matter, 

which restricts its use in some water bodies.  Endothall (Aquathol®) is another non-

selective contact herbicide.  Unlike Diquat (Reward®), it is not affected by particulates 

or dissolved organic material.  However, it should not be used in tank mixtures with 

copper, as it can have an antagonistic reaction with chelated copper compounds.  

Fluridone (Sonar®) is a nonselective systemic aquatic herbicide.  It requires very long 

exposure times but may be effective at very low concentrations.  Fluridone is widely 

used for both hydrilla and EWM management.  It appears to work best where the entire 

lake or flowage system can be managed, but not in spot treatments or high water 

exchange areas.  Although fluridone is considered to be a non-selective herbicide, when 

used at low concentrations, it can selectively remove EWM.  Some native aquatic 

plants, especially pondweeds, are minimally affected by low concentrations of fluridone.  

Glyphosate (Rodeo®) is not effective on submersed plants, and triclopyr is not yet 

labeled for general aquatic use, so neither compound will receive additional attention.   

Granulated 2,4-D (i.e. Navigate® or AquaKlean®, etc.) has been found to be 

selective and effective towards the eradication and control of EWM.  In addition, it can 

be applied in a very controlled manner within the specific areas and water depths 

specified without significant drift beyond the target zones.  The estimated cost for a 

large scale application is approximately $400 per acre.  It is anticipated that with an 

initial spring application (May 15 to June 15), a significant reduction in EWM growth can 

be achieved.  Since the results are typically variable, a reduced amount of re-growth 

can be expected and a reduced fall application is recommended.  For estimating 

purposes, approximately 50 percent of the original treatment area should be re-treated.  

Although it is probable that variable re-growth of EWM will occur in subsequent years, 

the spring and fall applications are expected to greatly reduce the EWM density and 

overall plant community dominance.   

For cost purposes at RNE, the application of granulated 2,4-D (i.e., Navigate® or 

AquaKlean®, etc.) is approximately $500 per acre.  As an example, to treat an area 

within RNE of nearly 100 acres, the entire area would be treated in the spring of 2007 

and 50 acres would be treated in the fall at a total estimated cost of $75,000.  The 
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actual area to be re-treated in the fall application would be surveyed to determine the 

extent of the re-growth (fifty percent was assumed for estimation purposes).  In future 

years, selective re-treatments should be implemented on an as-needed basis.  

Selective aquatic herbicide treatments may have the ability to control the EWM 

population within RNE; however, their application may be prohibited as RNE serves as 

a public water supply.  Consultation and subsequent permitting through various state 

regulatory agencies (i.e., Illinois EPA, IL DNR, and IL Dept. of Agriculture) is 

recommended prior to selecting and implementing a specific aquatic herbicide treatment 

regime.    

The North American weevil (Euhyrchiopsis lecontei) has been found associated 

with declining populations of EWM in northeastern North America and in the Midwestern 

United States.  Studies have shown that this native weevil appears to be a milfoil 

specialist and will not feed on other macrophyte species.  It can be easily raised in the 

laboratory and laboratory-reared weevils could be used to augment natural populations.  

EnviroScience, Inc. of Stow, Ohio is a firm that exclusively offers a controlled method of 

introducing the native aquatic weevil into water bodies dominated by EWM.  This 

process was developed by Dr. Sallie Sheldon and Middlebury College (VT) and is 

referred to as the Middfoiltm process.  Although the weevil has been quite effective at 

some sites, it has not been effective at other sites.  Currently, it is difficult to predict 

when, where, and how the weevils will or will not be effective in controlling EMW.   

A typical Middfoiltm project includes the following components: 1) an initial survey 

of the milfoil beds to be stocked (i.e., stem density counts, determination of indigenous 

weevil populations, if applicable); 2) baseline site marking using differential GPS 

technology; 3) initial stocking of weevils by EnviroScience personnel; and 4) written 

progress reports based on follow-up surveys at the end of the first and second growing 

seasons.  Additional follow-up surveys are recommended particularly when the weevils 

are introduced while other control methods such as harvesting and herbicide 

applications are utilized.  The follow-up monitoring provides the information needed to 

evaluate the effectiveness of the weevils and to determine and/or modify “no-spray” or 

“no-harvest” zones.   
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There is a possibility of achieving limited success as a result of the weevil 

introduction program.  If the Middfoiltm program were to be adopted at RNE, a localized 

pilot program would be recommended to determine the effectiveness.  Such a program 

would include stocking approximately 10,000 weevils within an isolated area of RNE.  

The estimated cost of this pilot Middfoiltm program is $20,000, which includes follow-up 

monitoring and additional weevils to be provided if the Middfoil program does not 

perform up to expectations.   

 

Proposed Actions 

The natural bathymetry of RNE with its lack of extensive littoral zones (i.e., 

shorelines that quickly drop off into deep waters) prohibits the widespread growth of 

aquatic macrophytes throughout RNE.  Given these existing lake conditions, it is not 

surprising that the aquatic plants encountered were contained within the littoral zones of 

RNE.  Therefore, the argument could be made for RNE that any plants, native or 

invasive, could be beneficial.  Conversely, the expanded growth and dominance of 

EWM (i.e., exotic invasive monoculture) with certain areas of the RNE, especially in the 

shallow areas of the lake (i.e., less than 10 feet deep) could interfere with boating and 

reduce the aesthetic value of the RNE system.  If these conditions continue to develop, 

control measures discussed here within should be evaluated to either eradicate or 

significantly reduce the EWM population.  However, at the time of Phase 1 aquatic plant 

survey in 2005, the EMW population within RNE did not warrant treatment.   

The “unbalanced aquatic vegetation” or stunted aquatic macrophyte populations 

in RNE and RNI have been attributed to several factors.  Addressing Objectives #1 

through #5 discussed in Part 2 of this report will help improve water quality and clarity 

within RNE and RNI, which can help promote the growth of aquatic macrophytes and 

may help to reduce the dominance of blue-green algae.   
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D. Benefits Expected from Implementation of Lake Ma nagement Plan 

 

Once implemented, the recommended alternatives in the proposed lake 

management plan will generate a wide range of water quality improvements and 

recreational use benefits for RNE and RNI, which include:   

1)  Recommended watershed alternatives can reduce the amount of 

sediment and nutrients loadings to RNE and RNI.  It is estimated that the 

continued changes in tillage practices and the manipulation of conservation 

practices in the watershed, combined with the construction of in-lake sediment 

and nutrient control structures would reduce the incoming sediment and nutrient 

loads.  Reducing sediment and nutrient inflows or loadings to RNE and RNI can 

improve water quality and clarity, which have the ability to enhance the public 

water supply and recreational opportunities.   

Little Cedar Lake has served as an effective sediment and nutrient control 

basin to RNE for many years.  A sedimentation survey and report of findings for 

Little Cedar Lake would provide valuable information that would document 

existing conditions, help determine the remaining lifespan of the lake, and guide 

future sediment management and removal strategies.    

2)  The removal of accumulated sediment from RNI could improve water 

quality, enhance usable water depths and recreational opportunities, and 

lengthen the lake’s usable lifespan.  The removal of approximately 619,124 cubic 

yards of accumulated sediment from the RNI, combined with reduced sediment 

loads from the watershed, can improve water quality and clarity, and perhaps 

most importantly allow the reservoir’s intake (i.e., secondary water supply) to be 

operational again.   

3)  Stabilizing shoreline areas within RNE and RNI would reduce sediment 

and nutrient loadings and can help prevent further lake degradation.  The 

proposed shoreline projects would stabilize approximately 9,500 linear feet at 

RNE and 2,250 linear feet at RNI.  More importantly, it would protect valuable 

shoreline for continued recreational enjoyment.   
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4)  A suitable sized aeration system in the Popular Camp arm of RNE (i.e., 

near the water supply intake) may help provide a more diverse algae population.  

Implementation of best management practices can reduce soil erosion within the 

watershed and provide a reduction in sediment and nutrient loadings, which can 

improve lake water quality and allow more diverse aquatic plant (micro and 

macro) populations to become established.      

5)   While RNE has an excellent fishery, the RNI can obtain a more balanced 

fish population through improved water quality via best management practices 

within the watershed and with sediment removal.  A continued IL DNR fish 

management program and expanded fish habitat can enhance the fisheries at 

both water bodies.      

6)  Improved water quality can enhance aesthetics at RNE and RNI.  The 

removal of nutrient rich sediment from the RNI; the reduction of nutrients entering 

RNE and RNI via habitat improvements and shoreline stabilization can improve 

the water clarity and overall water quality of both water bodies.  These 

improvements can provide increased aesthetic enjoyment to the user population.   

 

 Table 40 shows the current use estimates for RNE and RNI, along with the 

projected use and benefits following the lake restoration program.  Prior studies 

completed by the Illinois DNR Planning Division have estimated that a 20 percent 

increase in total lake usage can be expected with the implementation of a lake 

restoration program that will improve and protect water quality, fisheries and 

recreational opportunities.  The economic value was calculated using a multiplier of 1.5 

as suggested by Griffith and Associates (1990).  It is estimated that the proposed 

restoration program will generate a total of $1,393,200 and $870,750, respectively in 

economic benefits over a ten-year period, which does not include the probable increase 

in revenues for area merchants as a result of greater lake usage. 

 A report prepared by JACA Corporation (1980) for the USEPA assessed the 

economic benefits derived from 28 projects in the Section 314 Clean Lake Program.  

The report found that a total return in benefits of $4.15 per total project dollar was 

accomplished.  The projects produced benefits in 12 categories that included recreation, 
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aesthetics, flood control, economic development, fish and wildlife, agriculture, property 

value, public health, public water supply, education, research and development cost, 

and pollution reduction.  The report also indicated that while many benefits could not be 

measured in monetary terms, the success of many Clean Lakes Program projects 

appears to be a catalyst for other community activities. 

 

Table 40 - Projection of Benefits for Cedar Lake (RNE) and Carbondale Reservoir (RNI) 

 

E. Phase 2 Monitoring Program 

 

Table 41 presents the proposed water quality-monitoring program for RNE and 

RNI for a one-year period following completion of the proposed lake restoration 

activities.  This program is essentially the same as that conducted under the Phase 1 

study except that no fish samples will be analyzed.   

All parameters except Chlorophyll (a, b, c), phytoplankton, Secchi disk 

transparency depths and dissolved oxygen/temperature profiles will be taken one foot 

below the surface at lake and tributary sampling sites and one foot above the bottom at 

Site 1.   

 

 

 

 

 

 

Total Economic

Change Value of Value of Value of Value of Benefit Using

Recreational Baseline Projected in Baseline Projected Annual Benefit(c) 1.5 Economic
Use Usage(a) Usage(a) Usage(a) Usage(b) Usage(b) Increment(b) (10 Year) Multiplier

Combined Usage for RNE 60,000    72,000    12,000    $464,400 $557,280 $92,880 $928,800 $1,393,200
Combined Usage for RNI 37,500    45,000    7,500    $290,250 $348,300 $58,050 $580,500 $870,750

(a)  -  in annual user days unless otherwise noted

(b)  -  in current dollars

(c)  -  net present value over duration of benefits

Sources: City of Carbondale, Illinois DNR Planning Division, and Griffith and Associates
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Table 41 - Proposed Phase 2 Water Quality Monitoring Program  

 

 

 

 

 

 

 

 

 

 

Key: M = monthly in-lake and tributary sampling (12 times per year by City of Carbondale) 

S = summer in-lake and tributary (Apr., June, July, Aug., & Oct. by Illinois EPA) 

T  = Storm event tributary sampling (as required by City of Carbondale and HDR | CWI) 

 

F. Budget and Schedule 

 
The projected schedule for the Phase 2 Restoration Project is based on the due 

date of December 31 for the actual Phase 2 application.  The completed Phase 1 report 

will serve as informational backup for the Phase 2 application.  The Illinois EPA will 

review the application in the winter of 2008 and Phase 2 Grant approval will be 

anticipated by spring of 2010.  The estimated costs and proposed budget for the Phase 

2 Restoration Program for RNE and RNI are summarized in Table 42.  The proposed 

work schedule shown in Table 43 is based upon the assumption that the ICLP program 

grant award would be made in March 2010, which would allow a Project start date as 

early as the spring or summer of 2010.  In addition, Table 43 also lists watershed and 

lake restoration projects based on their relative priority.  The restoration alternatives 

would be implemented primarily in 2010, 2011, and 2012, with post restoration 

monitoring being completed in the year 2012. 

 

 

 

Parameter Sampling Frequency 
Total Phosphorus M,S,T 
Dissolved Phosphorus M,S 
Ammonia-Nitrogen M,S,T 
NO2 +NO3 -Nitrogen M,S,T 
Kjeldahl-Nitrogen M,S,T 
Total Suspended Solids M,S,T 
Volatile Suspended Solids M,S 
Turbidity S 
pH M,S 
Alkalinity M,S 
Conductivity S 
Chlorophyll a, b, c M,S 
Phytoplankton S 
Transparency - Secchi Disc M,S 
Diss. Oxygen/Temperature Profile M,S 
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Table 42 - Proposed Budget for Phase 2 Restoration and Protection Program for  

Cedar Lake (RNE) and Carbondale Reservoir (RNI) 

 

 

 

 

 

 

 

 

 

 

Potential Restoration Alternatives  Estimated Cost Fu nding Source(s)
1 Watershed Protection 

USDA CRP Program
(Cost not included Budget)

b) Sedimentation Survey & Report - Little Cedar Lake $18,000 IL EPA & City of Carbondale
c) In-Lake Sediment Control Curtains at RNE $356,750 IL EPA & City of Carbondale

10% Estimating Contingency $35,675 IL EPA & City of Carbondale
     Subtotal $392,425 IL EPA & City of Carbondale
Total Watershed Protection Cost $410,425 IL EPA & City of Carbondale

2 Sediment Removal - Carbondale Reservoir

Hydraulic Dredging & Sediment Storage 
 (Scenario 3 - Approx. 619,124 CY) - RNI
Estimating & Construct. Change Orders (12%) $445,769 City of Carbondale
Design, Construction, & Permitting (20%) $742,949 City of Carbondale & IL EPA
Total Sediment Removal $4,903,462 City of Carbondale 

3 Aeration System - Cedar Lake - Popular Camp Arm

a) Aeration/Circulation - Popular Camp arm of RNE $300,000 IL EPA & City of Carbondale
Engineering Design & Coordination (15%) $45,000 IL EPA & City of Carbondale
Installation $25,000 IL EPA & City of Carbondale
Total Aeration System Cost $370,000 IL EPA & City of Carbondale

4 Shoreline Stabilization - Cedar Lake & Carbondale R eservoir

a)     Severe – Riprap (5,000 L.F.) - RNE $350,000 IL EPA & City of Carbondale
b)     Moderate – Riprap (2,500 L.F.) - RNE $175,000 IL EPA & City of Carbondale
c)     Slight - Veget. (2,000 LF) - RNE $50,000 IL EPA & City of Carbondale

Mobilization and Site Preparation - RNE $25,000 IL EPA & City of Carbondale
d)     Moderate – Riprap (2,250 L.F.) - RNI $157,500 IL EPA & City of Carbondale

Mobiliz. and Site Preparation - RNI $25,000 IL EPA & City of Carbondale
Estimating & Construct. Change Orders (10%) $78,250 IL EPA & City of Carbondale
Design, Construct.& Permitting (15%) $117,375 IL EPA & City of Carbondale
Total Shoreline Stabilization Cost $978,125 IL EPA & City of Carbondale

5 Fisheries Management - Cedar L. & Carbondale R. IL EPA & City of Carbondale
a)      Fish Attractor & Habitat Structures $15,000 IL EPA & City of Carbondale

     Engineering & Technical Assistance $2,000 IL EPA & City of Carbondale
b)      Supplemental Stocking, Surveys, etc. N/A IL DNR and City of Carbondale

Total Fisheries Management Cost $17,000 IL EPA & City of Carbondale
Lake Restoration Technical Consultation 
And Phase 2 Report

IL EPA & City of Carbondale
(labor for sampling/monitor.)

Total Proposed Phase 2 Budget $6,739,012 IL EPA & City of Carbondale

a) Filter Strips, Terraces, Grassed Waterways, Nutrient 
Management, & Education

N/A

  a) $3,714,744 

7 Phase 2 Sampling, Monitoring and Lab Analysis by IL  EPA & City 
of Carbondale

$15,000 

City of Carbondale

6 $45,000 IL EPA & City of Carbondale
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Table 43 - Proposed Project Implementation Schedule for Cedar Lake (RNE) and  

Carbondale Reservoir (RNI) 

 
 

 

G. Sources of Matching Funds 

 

The IL EPA offers two primary grant programs for lake and watershed restoration 

projects.  Those programs are a Phase 2 grant through the Illinois Clean Lakes 

Program (ICLP) and Section 319 Nonpoint Source Pollution grant.   

Phase 2 grants are available, through the IL EPA, to any lake owner who has 

completed an ICLP Phase 1 study.  Phase 2 grants match up to 50 percent of the 

RNE RNI

Activity A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

Implementation of Watershed X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

     Land Treatment Practices

Shoreline Stabilization X X X X X X X X X X X X X X X X X X X X

Shoreline Monitoring Program X X X X X X X X

Sediment Removal X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Aeration System X X X X X X X

In-Lake Sediment & Nutrient X X X X X X X X X X X X X

     Control Structures

Fisheries Management X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

     Surveys and Stocking

Fish Habitat Structures X X X X X X

Public Education Program X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Post Restoration Water Quality X X X X X X X X X X X X X X

     Sampling and Monitoring

Prepare Final Phase 2 Report X X X X X X X X X X X

IL EPA Grant Administration X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

2012 20132010 2011
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Phase 2 cost with the lake owner and/or other sources providing the remaining portion.  

The maximum amount of state funds is $300,000 for any Phase 2 project.  State grant 

availability in any given year will depend on the level of ICLP funding appropriated by 

the state legislature (http://www.epa.state.il.us/water/conservation-2000/iclp.html).   

The IL EPA receives Federal funds through Section 319(h) of the Clean Water 

Act to help implement Illinois' Nonpoint Source Pollution Management Program (NPS 

Program).  The purpose of the NPS Program is to work cooperatively with local units of 

government and other organizations toward protecting the quality of water in the state of 

Illinois by controlling NPS pollution.  The program emphasizes:  funding for 

implementing cost-effective corrective and preventative best management practices 

(BMPs) on a watershed scale; funding for the demonstration of new and innovative 

BMPs on a non-watershed scale; and the development of information/education NPS 

pollution control programs.  The maximum Federal funding, under the NPS Program, is 

60 percent of the total project cost.  The remaining 40 percent is the responsibility of the 

applicant.  The local match is limited to money or in-kind service to complete the 

approved project tasks.  Local match can also be provided by the contractor, sub-

contractor, project partners, and state grants (such as an ICLP Phase 2 grant).  Local 

match cannot be Federal funds or funds used to match another Federal program.  The 

annual deadline for Section 319-grant applications is August 1 

(http://www.epa.state.il.us/water/watershed/forms/319-application.pdf).   

Some of the larger-scale restoration projects may be more challenging to 

implement and may require additional funding, potentially from the City of Carbondale or 

other funding sources.  To reduce internal nutrient sources already present within the 

lake, excessive amounts of accumulated sediment must be removed.  While removing 

sediment would dramatically improve lake water quality, dredging is an expensive and 

large-scale project that the Illinois EPA does not typically help finance the actual 

dredging portion of the project.  However, the Illinois EPA has assisted in financing 

various components associated with dredging such as engineering, permitting, and 

retention site construction.  To implement a dredging project the City of Carbondale 

would likely be primarily responsible for funding.          
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Soil conservation practices implemented in RNE and RNI watersheds will likely 

be funded through the USDA Conservation Reserve Program (CRP) administered by 

the local Jackson County - NRCS and the Soil and Water Conservation Districts.  Within 

the watershed, participating landowners may provide matching funds and the USDA 

CRP Program may provide the remaining grant funds.  An alternative may include 

assistance to the participatory landowners with matching contributions from the City of 

Carbondale.   

 
H. Relationship to Other Pollution Control Programs  

 
It is the intent of the ICLP that Phase 1 studies and Phase 2 restoration projects 

should be coordinated with all other applicable programs of other agencies that deal 

with water-related environmental concerns.  State of ICLP funds are generally limited to 

those projects that apply an integrated watershed management approach toward 

improving and protecting the lake's water quality and recreational opportunities.   

As stated in the Diagnostic Study, staff members of the City of Carbondale have 

been monitoring RNE and RNI as part of Illinois EPA’s VLMP since 1982 and 1991, 

respectively.  Also, the Illinois EPA has also monitored RNE and RNI as part of Illinois 

EPA’s ALMP since 1977.  The proposed Phase 2 restoration project is consistent with 

Illinois EPA’s “Nonpoint Source Management Program Report,” which has been 

developed to provide an overview of ongoing and new program initiatives to address the 

water resource problems identified in the “Illinois Water Quality Report.”  The Illinois 

EPA was required to develop and maintain these two reports as a result of Section 319 

of the Clean Water Act. 

The Illinois DNR has provided supplemental stocking and ongoing fisheries 

management assistance to the City of Carbondale since the mid-1970s.  Also, the 

Jackson County Soil and Water Conservation District and the USDA NRCS continues to 

provide assistance to landowners in the watersheds related to soil and nutrient 

conservation, and have been committed to providing assistance in implementing the 

watershed land treatment practices through the Conservation Reserve Program (CRP) 

and other similar programs such as The Wildlife Habitat Incentives Program (WHIP) and 

the Wetlands Reserve Program (WRP).   
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I. Public Participation Summary 

 
The City of Carbondale reviewed the Draft Phase 1 Diagnostic/Feasibility Study 

(July 2006) and developed comments and questions that were discussed and 

addressed in telephone conservations and via electronic communication.  Written 

comments provided by the City are provided in Appendix J.   

  

J. Operation and Maintenance Plan 

 

If awarded a Phase 2 Clean Lakes Program and/or a 319-grant, the City of 

Carbondale will be responsible for the operation and maintenance of all recommended 

alternatives such as the sedimentation and nutrient control basins, shoreline 

stabilization, sediment removal and lake deepening, fisheries management, and 

watershed land treatment practices.  Shoreline erosion control measures will be 

inspected annually and repaired or replanted as required by the City of Carbondale.  

Watershed land treatment practices will be coordinated by the City of Carbondale with 

the Jackson County Soil and Water Conservation District and the local USDA NRCS.  

They will be inspected annually to insure continued effectiveness and participation in 

the CRP Program.  Fisheries management activities will be continued by the Illinois 

DNR fisheries biologist on an annual basis.  The City of Carbondale will cooperatively 

monitor the coordination of the fish habitat structures with the Illinois DNR.  A more 

detailed operation and maintenance plan will be provided as specific lake and 

watershed restoration projects are chosen and applied for.    

 
 
K. Permit Requirements 

 

Sediment removal from the upper end of RNI will require a Joint Application 

Permit from the U.S. Army Corps of Engineers (COE), the Illinois EPA and the Illinois 

DNR.  Since it is recommended to remove the sediment hydraulically while RNI is at 

normal pool, a Section 401 Water Quality Certification from the Illinois EPA for 

discharging the clarified effluent water back to RNI will also be needed.  Since an 
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upland retention and dewatering site will be required for placement of the dredged 

sediment, a Phase 1 Archeological Survey will be required and submitted to the Illinois 

Historic Preservation Agency to insure that no significant cultural resources are present.  

Structural shoreline stabilization work will also require a Joint Application Permit from 

the COE and can be included as part of the 404 Permit required for sediment removal.  

Coordination and consultation with the Illinois DNR, Illinois EPA, USDA NRCS, and the 

U.S. Fish and Wildlife Service will also be necessary.  The permit application process 

will be initiated after the Phase 1 report is completed, and approval for funding of the 

Phase 2 Implementation Project is granted.   

 

L. Environmental Evaluation 

 
Will the project displace people? 

 
The proposed projects fro RNE and RNI will not displace any people from 

residences or places of business. 

 
Will the project deface existing residences or resi dential areas? 

 
The proposed projects for RNE and RNI will have no adverse visual impacts on 

residential areas.  All in-lake and shoreline stabilization requirements will be completed 

within the City of Carbondale or United States Forest Service boundaries.  No 

watershed land treatment practices will impact residential areas.   

 

Will changes in established land use patterns or an  increase in development 

pressure? 

 
The proposed projects will not likely lead to changes in established land use 

patterns as the predominant restoration area is located within the limits of RNE and 

RNI.   

 

Will the project affect prime agricultural land or activities? 
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There will be no permanent negative impacts on prime agricultural lands from the 

proposed projects.  Soil conservation measures applied in the watersheds will help 

maintain soil fertility and control erosion on agricultural lands. 

 
Will the project adversely affect parkland, public land, or scenic land? 

 
RNE and RNI and the surrounding land will have enhanced recreational, 

environmental, and aesthetic value as a result of the proposed projects.   

 
Will the project adversely affect land or structure s of historic, architectural, 

archeological, or cultural value? 

 
In order to acquire a permit to construct a sediment retention and dewatering 

pond for the future storage of dredged sediment from RNI, a Phase 1 Archeological 

Survey will be completed to insure that no cultural resources are present.  

 
Will the project lead to a significant long-range i ncrease in energy demands? 

 
There will be no long-term increase in energy demands as a result of the 

proposed projects.   

 
Will the project adversely affect short-term or lon g-term ambient air quality? 

 
No long-term increase in traffic volume is expected as a result of the proposed 

projects.  Occasional short-term increases may occur during the installation of structural 

shoreline stabilization materials at RNE and RNI.  All construction equipment is 

expected to comply with noise and air pollution standards.  Very few areas are bordered 

by residential development.  Effects outside the immediate area of the implementation 

activities are not anticipated. 

 
If the project involves the use of in-lake chemical  treatment, will it cause short-

term or long-term adverse impacts? 

 
No long-term adverse impacts are expected from the proper application of 

herbicide to selectively control excessive aquatic vegetation for public access and/or 

fisheries management purposes at RNE.   
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Will the project involve modification or constructi on in floodplain areas? 

 
Shoreline stabilization practices at RNE and RNI would occur within the 100-year 

floodplain.  Structural shoreline stabilization and protection practices will be primarily 

utilized, and the planting of terrestrial and near shore emergent and submergent 

species resistant to erosive forces will be utilized when possible.  There will eventually 

be accumulated sediment removed from the upper end of the lake, which will be 

completed separately from the Clean Lakes Program work. 

 
If the project involves physically modifying the la keshore, its bed, or its 

watershed, will the project cause any short-term or  long-term adverse impacts? 

 
No long-term adverse impacts will result from proposed project activities.  

Shoreline erosion control practices at RNE and RNI may involve regrading and/or 

installation of structural practices such as riprap.  There may be short-term impacts 

such as higher localized turbidity, restricted access in certain areas during construction 

and minimal landscape damage from heavy equipment. 

 

Will the proposed project have a significant advers e effect on fish and wildlife, 

wetlands, or other wildlife habitat? 

 
No significant adverse effects on fish and wildlife, wetlands, or other wildlife 

habitat will occur as a result of the proposed projects. 

 
Will the project adversely impact threatened or end angered species? 

 
No threatened or endangered plants or wildlife species will be affected by the 

proposed projects.   
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Guidance for Use of Qualified Analytical Results
IEPA Lab Suburban Prairie Teklab
Qualifier Qualifier Qualifier Qualifier

Definition of Data Qualifier Code Code Code Code
Averaged Result (Only to be used for Fish Field Data and Bacteria data). A
Value calculated. (Used for bacteria results and for calculated hardness value; reported result was 
calculated from other available data.) C
Estimated value: Analyte was detected between the specified reporting limit (RL) and the   
method detection limit (MDL).  J J J J
Surrogate compound recovery limits have not been met J1
Internal Standard criteria were not met J2 Q 
The reported value failed to meet the established quality control criteria for either precision or 
accuracy possibly due to matrix effects. J3
The sample matrix interfered with the ability to make any accurate determination (i.e. oily samples, 
high mineral content in SOCs, etc.) J4 MI
“Blank Spike failed high, result was non-detect - impact on data may be minimal” J5 
“Blank Spike failed high – possible high bias or false positive result” J6 
“Blank Spike failed low – possible low bias or false non-detect result” J7
Spike recovery outside accepted limits. S S
The concentration of the analyte was above the acceptable level for quantitation (For bacteria, 
result calculated as if the smallest filtration volume had a count of 200).     L E E E
Presence of material verified (i.e., positive detection).  Value is estimated. M
Holding time exceeded. Q H H H
Sample received past holding time. HT
Test results provided by outside source. S
Indicates the analyte was detected in both the sample and the associated method blank and was 
outside method blank acceptance criteria. V B B B
Reported value should not be used.  Some or all of the quality control data for the analyte were 
outside acceptance criteria, and the presence or absence of the analyte cannot be determined from 
the data. X
The laboratory analysis was performed on an unpreserved or improperly preserved sample. Y
Not detected.  Note: For Surface Water Section results, the ND qualifier should be used when the 
analyte is not detected at the method detection limit (MDL). ND ND ND ND
Reporting limit RL
RL (reporting limit) adjusted to MDL (method detection limit) M
RPD (Relative percent diffierence) outside acceptable recovery limits. R R R
Dilution factor DF
Not reported NR
Absent _A
Present _P
Results are not compliant with the NELAC standards #
Non-NELAP accredited for this analysis. * c
Refer to case narraitive for specific requirements. G

Data Qualifiers Unique to Bacterial Samples
Too Numerous to Count TNTC TNTC TNTC
Mean of two or more colony counts within the acceptable range and at the same dilution. A
Results based on colony counts outside the acceptable range.  B
Calculated.  Two or more colony counts within the acceptable range, but at different dilutions. C
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Parameters Illinois EPA – Laboratory
Reporting Limits (mg/L)

Teklab – Minimum Detection and
Laboratory Reporting Limits (mg/L)

TSS 1.0, 4.0, and 8.0 5.0 and 6.0
VSS 1.0, 4.0, and 8.0 5.7 and 6.0
NH3-N 0.05 and 0.1 NA

TKN 0.5 0.4 and 0.8
NO3-NO2 0.1, 0.2, and 0.5 0.004 and 0.01

TP 0.01 and 0.02 0.01 and 0.02
DP 0.01 and 0.02 0.01 and 0.02



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Lake Samples - Historical Data

Station Sample Secchi Cond. pH TALK PALK TSS VSS NH3-N TKN NO2 -NO3 TPhos DPhos Total
Code Date In. µmho/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l m g/l Depth
RNE-1 07/16/77 102 150 8.2 60 2 3
RNE-1 05/21/87 54 139 6.8 50 10 8 2 0.10 0.60 0.17 43
RNE-1 06/18/87 74 137 7.6 50 10 4 2 0.10 0.40 0.47 43
RNE-1 07/13/87 51 159 7.5 30 10 2 2 0.10 0.70 0.30 0.033 0.011 43
RNE-1 08/18/87 58 159 7.1 40 0 3 2 0.32 0.40 0.18 45
RNE-1 09/24/87 78 170 6.7 30 10 5 2 0.10 0.30 0.10 0.060 0.010 43
RNE-1 04/18/90 48 119 7.0 40 0 10 5 0.10 0.60 0.10 0.040 0.028 45
RNE-1 06/15/90 60 133 8.7 50 0 4 2 0.03 0.30 0.10 0.161 0.060 43
RNE-1 07/16/90 56 116 6.6 25 5 3 2 0.08 0.30 0.28 0.024 0.010 43
RNE-1 08/20/90 48 160 7.3 40 5 4 3 0.01 0.70 0.10 0.025 0.120 45
RNE-1 10/18/90 55 124 6.9 40 0 2 2 0.04 0.90 0.10 0.057 0.020 43
RNE-1 04/22/91 51 121 7.8 45 0 3 2 0.01 0.80 0.07 0.024 0.008 43
RNE-1 06/11/91 67 118 8.0 40 0 3 2 0.01 0.30 0.01 0.021 0.009 43
RNE-1 07/09/91 53 121 8.7 40 50 3 2 0.01 0.50 0.11 0.013 0.007 42
RNE-1 08/19/91 44 121 8.4 45 10 3 2 0.01 0.60 0.01 0.021 0.010 43
RNE-1 04/18/94 40 114 7.6 50 0 6 2 0.01 0.50 0.14 0.016 0.004 43
RNE-1 06/14/94 59 123 8.0 40 0 2 2 0.01 0.70 0.10 0.160 0.065 44
RNE-1 07/13/94 67 138 6.8 55 10 2 2 0.04 0.80 0.10 0.082 0.060 44
RNE-1 08/18/94 43 124 8.8 42 10 4 2 0.01 0.90 0.10 0.138 0.012 44
RNE-1 10/11/94 57 120 7.1 50 0 4 2 0.13 0.60 0.10 0.022 0.190 43
RNE-1 10/17/97 57 128 6.8 55 0 2 2 0.02 0.30 0.02 0.015 0.003 38
RNE-1 04/08/97 45 116 7.7 60 0 8 3 0.14 0.40 0.17 0.025 0.004 45
RNE-1 06/23/97 55 103 8.6 44 10 2 2 0.04 0.26 0.01 0.015 0.008 46
RNE-1 07/30/97 50 104 8.7 47 7 5 3 0.11 0.62 0.01 0.016 0.003 42
RNE-1 08/28/97 46 111 8.4 44 0 3 2 0.01 0.26 0.04 0.015 0.005 43
RNE-1 10/20/97 54 112 6.5 40 0 3 2 0.31 0.55 0.01 0.017 0.007 45
Average 57 128 7.6 44 6 4 2 0.07 0.53 0.12 0.045 0.030 43
Median 55 122 7.6 44 0 3 2 0.04 0.55 0.10 0.024 0.010 43
Minimum 40 103 6.5 25 0 2 2 0.01 0.26 0.01 0.013 0.003 38
Maximum 102 170 8.8 60 50 10 5 0.32 0.90 0.47 0.161 0.190 46
Std. Dev. 12.98 18.10 0.76 8.55 10.28 2.09 0.67 0.09 0.20 0.1 1 0.05 0.05 2
Count 26 26 26 26 25 26 26 25 25 25 22 22 25
RNE-2 07/16/77 101 150 8.0 58 60 6 3 0.030
RNE-2 05/21/87 66 137 7.9 50 10 6 2 0.10 0.60 0.08 0.012 0.010 36
RNE-2 06/18/87 87 139 7.7 30 10 2 2 0.10 0.10 0.01 0.007 0.006 37
RNE-2 07/13/87 50 136 8.1 40 10 4 2 0.10 0.90 0.01 0.049 0.010 36
RNE-2 08/18/87 55 136 7.6 40 10 3 2 0.10 0.30 0.01 0.016 0.012 35
RNE-2 09/24/87 72 138 8.7 50 0 2 2 0.10 0.20 0.01 0.057 0.010 34
RNE-2 04/18/90 41 116 7.6 45 10 2 2 0.10 0.30 0.01 0.034 0.010 36
RNE-2 06/15/90 54 113 6.9 50 0 4 2 0.04 0.30 0.01 0.020 0.013 38
RNE-2 07/16/90 47 117 8.9 50 0 2 2 0.01 0.40 0.01 0.150 0.013 35
RNE-2 08/20/90 42 115 7.6 50 10 4 2 0.01 0.30 0.01 0.010 0.001 32
RNE-2 10/18/90 45 124 8.9 45 0 4 2 0.05 0.50 0.03 0.468 0.338 33
RNE-2 04/22/91 44 119 8.2 35 0 6 2 0.01 0.50 0.05 0.028 0.009 41
RNE-2 06/11/91 60 118 8.2 45 10 2 2 0.02 0.40 0.01 0.123 0.009 40
RNE-2 07/09/91 43 122 9.0 45 10 3 2 0.01 0.60 0.01 0.017 0.005 36
RNE-2 08/19/91 37 120 8.4 45 10 2 2 0.05 1.15 0.01 0.027 0.014 36
RNE-2 04/18/94 32 115 7.6 40 0 8 4 0.01 0.61 0.08 0.022 0.003 38
RNE-2 06/14/94 56 122 9.1 40 0 4 2 0.02 1.10 0.01 0.014 0.001 35
RNE-2 07/13/94 49 125 9.0 42 10 2 2 0.01 0.63 0.01 0.016 0.003 34
RNE-2 08/18/94 33 121 7.1 40 10 5 2 0.01 0.56 0.01 0.017 0.002 44
RNE-2 10/11/94 46 122 7.2 65 0 3 2 0.08 0.47 0.02 0.019 0.004 37
RNE-2 10/17/91 45 128 7.1 50 0 4 2 0.22 0.40 0.02 0.019 0.001 35
RNE-2 04/08/97 53 115 7.8 58 0 7 3 0.21 0.56 0.16 0.019 0.005 39

Cedar Lake - Historical Lake Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Lake Samples - Historical Data

Station Sample Secchi Cond. pH TALK PALK TSS VSS NH3-N TKN NO2 -NO3 TPhos DPhos Total
Code Date In. µmho/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l m g/l Depth
RNE-2 06/23/97 57 102 8.6 48 10 2 2 0.20 0.47 0.02 0.034 0.008 43
RNE-2 07/30/97 48 103 8.7 48 50 6 3 0.09 0.74 0.01 0.016 0.003 36
RNE-2 08/28/97 44 110 8.5 50 60 4 2 0.02 0.32 0.04 0.015 0.005 39
RNE-2 10/20/97 60 113 6.5 46 0 2 2 0.27 0.75 0.01 0.018 0.006 36
Average 53 122 8.0 46 11 4 2 0.08 0.53 0.03 0.048 0.020 37
Median 49 121 8.1 46 10 4 2 0.05 0.50 0.01 0.019 0.006 36
Minimum 32 102 6.5 30 0 2 2 0.01 0.10 0.01 0.007 0.001 32
Maximum 101 150 9.1 65 60 8 4 0.27 1.15 0.16 0.468 0.338 44
Std. Dev. 15.49 11.49 0.72 7.33 17.51 1.79 0.49 0.08 0.26 0.0 3 0.09 0.07 2.90
Count 26 26 26 26 26 26 26 25 25 25 26 25 25
RNE-3 07/16/77 72 150 8.0 64 3 3 0.040
RNE-3 05/21/87
RNE-3 06/18/87
RNE-3 07/13/87
RNE-3 08/18/87
RNE-3 09/24/87
RNE-3 04/18/90 29 114 6.9 40 0 10 2 0.10 0.20 0.13 0.040 0.010 23
RNE-3 06/15/90 53 113 8.9 40 10 4 2 0.03 0.30 0.01 0.017 0.009 23
RNE-3 07/16/90 39 118 7.8 50 0 6 2 0.10 0.20 0.01 0.020 0.010 21
RNE-3 08/20/90 44 116 9.1 50 10 4 2 0.01 0.20 0.01 0.010 0.001 22
RNE-3 10/18/90 36 123 6.9 45 0 5 2 0.03 0.40 0.02 1.560 0.880 22
RNE-3 04/22/91 36 118 8.2 35 0 7 2 0.10 0.80 0.02 0.035 0.007 22
RNE-3 06/11/91 53 118 8.3 45 5 3 2 0.20 0.30 0.01 0.033 0.003 21
RNE-3 07/09/91 30 123 9.1 55 10 5 4 0.01 0.60 0.01 0.019 0.008 22
RNE-3 08/19/91 33 123 8.5 45 10 6 2 0.02 0.08 0.01 0.034 0.013 20
RNE-3 04/18/94 25 110 7.3 40 0 12 9 0.01 0.64 0.08 0.019 0.004 22
RNE-3 06/14/94 45 122 7.9 48 0 5 2 0.04 0.79 0.01 0.210 0.020 22
RNE-3 07/13/94 38 126 9.3 40 10 4 3 0.01 0.62 0.01 0.220 0.080 20
RNE-3 08/18/94 41 122 9.1 64 10 5 2 0.02 1.10 0.02 0.200 0.040 22
RNE-3 10/11/94 28 122 8.8 48 0 14 4 0.08 0.69 0.02 0.051 0.040 22
RNE-3 10/17/91 36 129 7.1 50 0 6 2 0.12 0.30 0.03 0.023 0.003 19
RNE-3 04/08/97 28 113 7.9 48 0 14 4 0.15 0.79 0.15 0.051 0.008 23
RNE-3 06/23/97 43 101 8.8 42 0 5 3 0.08 0.51 0.01 0.024 0.008 21
RNE-3 07/30/97 48 105 8.9 50 10 5 2 0.09 0.64 0.01 0.020 0.004 21
RNE-3 08/28/97 45 110 8.6 40 60 12 9 0.10 0.42 0.04 0.030 0.005 21
RNE-3 10/20/97 42 111 6.6 50 0 5 3 0.38 0.63 0.01 0.028 0.009 20
Average 40 118 8.2 47 7 7 3 0.08 0.51 0.03 0.128 0.058 21
Median 39 118 8.3 48 0 5 2 0.08 0.56 0.01 0.033 0.009 22
Minimum 25 101 6.6 35 0 3 2 0.01 0.08 0.01 0.010 0.001 19
Maximum 72 150 9.3 64 60 14 9 0.38 1.10 0.15 1.560 0.880 23
Std. Dev. 10.82 10.08 0.83 7.47 13.40 3.50 2.08 0.09 0.26 0.0 4 0.33 0.19 1.10
Count 21 21 21 21 20 21 21 20 20 20 21 20 20
RNE-4 04/22/91 32 120 8.2 35 0 7 3 0.01 0.40 0.01 0.043 0.010 21
RNE-4 06/11/91 42 121 8.3 50 0 4 2 0.34 0.50 0.14 0.023 0.013 20
RNE-4 07/09/91 31 124 9.1 55 10 5 4 0.01 0.80 0.01 0.026 0.005 15
RNE-4 08/19/91 29 126 8.2 40 0 5 3 0.02 0.70 0.01 0.039 0.015 15
RNE-4 10/17/91 36 129 7.3 60 0 7 2 0.09 0.20 0.02 0.026 0.010 20
RNE-4 04/08/97 14 103 7.9 44 0 23 5 0.16 0.87 0.12 0.114 0.014 18
RNE-4 06/23/97 52 102 8.6 48 8 2 2 0.02 0.49 0.01 0.032 0.009 20
RNE-4 07/30/97 42 109 8.5 47 20 6 2 0.11 0.62 0.01 0.023 0.006 17
RNE-4 08/28/97 36 111 8.4 38 0 7 4 0.01 0.45 0.04 0.026 0.050 17
RNE-4 10/20/97 36 111 6.6 40 0 5 2 0.77 0.01 0.032 0.010 16
Average 35 116 8.1 46 4 7 3 0.09 0.58 0.04 0.038 0.014 18
Median 36 116 8.3 46 0 6 3 0.02 0.56 0.01 0.029 0.010 18

Cedar Lake - Historical Lake Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Lake Samples - Historical Data

Station Sample Secchi Cond. pH TALK PALK TSS VSS NH3-N TKN NO2 -NO3 TPhos DPhos Total
Code Date In. µmho/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l m g/l Depth
Minimum 14 102 6.6 35 0 2 2 0.01 0.20 0.01 0.023 0.005 15
Maximum 52 129 9.1 60 20 23 5 0.34 0.87 0.14 0.114 0.050 21
Std. Dev. 9.96 9.64 0.71 7.87 6.83 5.80 1.10 0.11 0.21 0.05 0. 03 0.01 2.34
Count 10 10 10 10 10 10 10 9 10 10 10 10 10

Cedar Lake - Historical Lake Data



Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Lake Samples - Historical Data

Station Sample Secchi Cond. pH TALK PALK TSS VSS NH3-N TKN NO2 -NO3 TPhos DPhos Total
Code Date In. µmho/cm mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l m g/l Depth
RNI-1 07/08/77 18 160 9.0 62 0 2 2 0.10 0.050
RNI-1 04/18/91 17 238 8.2 75 0 8 3 0.10 0.13 0.01 0.840 0.230 13
RNI-1 06/12/91 14 223 9.3 100 25 24 17 0.01 0.20 0.01 0.127 0.022 11
RNI-1 07/10/91 17 218 8.3 95 50 17 12 0.13 2.10 0.01 0.263 0.126 11
RNI-1 08/15/91 10 227 8.9 120 20 12 5 0.02 2.20 0.02 0.030 0.012 11
RNI-1 10/16/91 10 248 8.7 120 10 36 18 0.01 0.70 0.01 0.195 0.025 11
RNI-1 04/25/97 17 180 7.8 78 0 12 4 0.09 0.83 0.01 0.075 0.011 13
RNI-1 06/17/97 16 156 7.3 68 0 5 2 0.01 0.53 0.01 0.042 0.011 13
RNI-1 07/16/97 18 166 8.8 84 22 9 5 0.01 1.20 0.01 0.063 0.013 13
RNI-1 08/26/97 22 186 7.9 90 0 15 8 0.14 1.40 0.09 0.160 0.018 13
RNI-1 10/26/97 18 183 7.4 80 0 22 10 0.36 1.01 0.01 0.117 0.010 13
Average 16 199 8.3 88 12 15 8 0.09 1.03 0.02 0.178 0.048 12
Median 17 186 8.3 84 0 12 5 0.09 0.92 0.01 0.117 0.016 13
Minimum 10 156 7.3 62 0 2 2 0.01 0.13 0.01 0.030 0.010 11
Maximum 22 248 9.3 120 50 36 18 0.36 2.20 0.09 0.840 0.230 13
Std. Dev. 3.56 32.99 0.67 19.15 16.26 9.73 5.76 0.10 0.71 0.0 3 0.23 0.07 1.03
Count 11 11 11 11 11 11 11 11 10 10 11 10 10
RNI-2 07/08/77 19 170 8.8 66 0 2 2 0.050
RNI-2 04/18/91 20 238 8.7 80 10 20 7 0.01 1.20 0.01 0.096 0.680 8
RNI-2 06/12/91 14 227 9.6 110 30 26 18 0.03 2.10 0.01 0.122 0.160 7
RNI-2 07/10/91 18 218 8.6 105 50 16 13 0.06 2.70 0.01 0.353 0.142 7
RNI-2 08/15/91 10 227 9.1 120 20 59 48 0.02 2.32 0.02 0.293 0.118 6
RNI-2 10/16/91 10 250 8.7 120 10 44 20 0.01 0.80 0.01 0.163 0.022 6
RNI-2 04/25/97 16 180 7.9 82 0 12 5 0.07 0.76 0.01 0.739 0.110 8
RNI-2 06/17/97 15 156 7.4 64 0 6 2 0.01 3.50 0.01 0.056 0.012 8
RNI-2 07/16/97 12 165 8.4 76 20 18 12 0.01 1.60 0.01 0.130 0.017 8
RNI-2 08/26/97 22 187 7.7 104 0 15 8 0.44 1.30 0.04 0.120 0.018 8
RNI-2 10/26/97 16 182 7.8 80 0 23 10 0.27 0.90 0.01 0.094 0.030 8
Average 16 200 8.4 92 13 22 13 0.09 1.72 0.01 0.201 0.131 7
Median 16 187 8.6 82 10 18 10 0.03 1.45 0.01 0.122 0.070 8
Minimum 10 156 7.4 64 0 2 2 0.01 0.76 0.01 0.050 0.012 6
Maximum 22 250 9.6 120 50 59 48 0.44 3.50 0.04 0.739 0.680 8
Std. Dev. 3.96 32.68 0.66 20.75 16.18 16.53 12.94 0.15 0.91 0 .01 0.20 0.20 0.84
Count 11 11 11 11 11 11 11 10 10 10 11 10 10
RNI-3 07/08/77 19 170 9.0 64 0 2 2
RNI-3 04/18/91 15 247 8.3 80 5 31 9 0.01 1.20 0.01 0.090 0.023 3
RNI-3 06/12/91 13 224 9.4 100 30 37 18 0.02 2.20 0.01 0.141 0.017 2
RNI-3 07/10/91 12 216 8.8 95 10 22 11 0.04 2.40 0.01 0.372 0.147 2
RNI-3 08/15/91 8 228 9.1 120 20 111 39 0.03 2.90 0.01 0.391 0.143 1
RNI-3 10/16/91 10 250 8.8 120 10 24 9 0.01 0.70 0.01 0.169 0.020 2
RNI-3 04/25/97 15 183 7.8 60 0 19 7 0.07 0.77 0.01 0.086 0.011 3
RNI-3 06/17/97 18 162 7.2 74 0 14 3 0.11 0.90 0.01 0.094 0.015 3
RNI-3 07/16/97 13 165 8.7 68 16 27 13 0.01 1.50 0.06 0.083 0.016 4
RNI-3 08/26/97 17 185 7.5 100 0 21 6 0.53 1.40 0.09 0.144 0.017 3
RNI-3 10/26/97 17 182 7.7 76 0 0.29 0.99 0.01 0.082 0.003 3
Average 14 201 8.4 87 8 31 12 0.11 1.50 0.02 0.165 0.041 3
Median 15 185 8.7 80 5 23 9 0.04 1.30 0.01 0.118 0.017 3
Minimum 8 162 7.2 60 0 2 2 0.01 0.70 0.01 0.082 0.003 1
Maximum 19 250 9.4 120 30 111 39 0.53 2.90 0.09 0.391 0.147 4
Std. Dev. 3.44 32.74 0.73 21.30 10.14 29.73 10.68 0.17 0.76 0 .03 0.12 0.05 0.84
Count 11 11 11 11 11 10 10 10 10 10 10 10 10
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Lake Samples - Phase I

Station Sample Secchi Cond. pH TALK PALK TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data Total
Code Date In. µmho/cm mg/l mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers Depth

RNE-1 11/16/04 76.0 1.0 Y,ND 0.5 Y,ND 0.19 Y <0.5 J,X,Y,ND 0.03 J,Y,ND NR NR 46.0
RNE-1 01/11/05 65.0 8.0 Q 8.0 Q <0.05 J,ND 1.26 X 0.30 0.025 J,ND 0.025 J,ND 46.0
RNE-1 02/15/05 54.0 4.0 J,ND 4.0 J,ND 0.07 <0.5 X,J3,ND 0.21 <0.05 X,ND <0.05 X,ND 46.0
RNE-1 03/29/05 60.0 4.0 ND 4.0 ND 0.07 <0.5 J3,X,J,ND 0.19 <0.05 X,ND <0.05 X,ND 45.0
RNE-1 04/20/05 54.0 4.0 ND 4.0 ND <0.05 ND <0.5 J,J3,X,ND 0.05 J,ND 0.010 0.025 J,ND 44.0
RNE-1 05/03/05 84.0 120.0 8.2 54.0 0.0 4.0 ND 4.0 ND <0.01 ND 0.51 X,J,ND 0.05 J,ND 0.005 ND 0.005 ND 44.0
RNE-1 05/23/05 100.0 4.0 J,ND 4.0 ND <0.05 ND <0.5 ND 0.05 J,ND 0.020 0.005 ND 46.0
RNE-1 06/06/05 100.0 122.0 9.0 54.0 2.0 4.0 J,ND 4.0 J,ND <0.05 ND 0.82 X 0.05 J,ND 0.005 J,ND 0.005 ND 45.0
RNE-1 06/20/05 36.0 2.0 Y,J,ND 2.0 Y,J,ND <0.05 Y,ND <0.5 Y,X,J,ND 0.01 Y,J,ND 0.017 Y 0.005 Y,J,ND 45.0
RNE-1 7/11/205 27.0 13.0 5.0 <0.01 ND 0.56 X 0.05 J4,ND 0.011 0.005 ND 43.0
RNE-1 07/25/05 86.0 125.0 9.3 64.0 4.0 1.0 Y,ND 1.0 Y,ND <0.1 Y,J,ND <0.5 Y,J,ND 0.01 Y,J,ND 0.012 Y 0.005 Y,ND 44.0
RNE-1 08/11/05 78.0 126.0 9.1 66.0 8.0 3.0 ND 3.0 ND 0.05 ND 0.90 0.02 0.010 J,ND 0.010 ND NR
RNE-1 08/22/05 98.0 5.0 Q,X,J,ND 2.0 Q,X <0.1 J,ND 0.71 Q,X 0.05 ND 0.013 0.005 J,ND 43.0
RNE-1 09/26/05 90.0 2.0 X,ND 2.0 X,ND <0.1 ND 0.68 Q,X 0.05 ND 0.012 0.005 J,ND 43.0
RNE-1 10/11/05 75.0 128.0 7.1 76.0 13.0 3.0 ND 3.0 ND 0.05 ND 0.88 0.01 ND 0.014 J 0.010 ND NR
RNE-1 11/01/05 50.0 <1 X,ND <1 X,ND 0.10 <0.5 Q,X,J,ND 0.05 J,ND 0.018 0.005 J,ND 50.0

Average 70.8 124.2 8.5 62.8 5.4 4.1 3.4 0.09 0.790 0.073 0.013 0.009 45.0
Median 75.5 125.0 9.0 64.0 4.0 4.0 4.0 0.07 0.8 0.1 0.012 0.005 45.0

Minimum 27.0 120.0 7.1 54.0 0.0 1.0 0.5 0.05 0.5 0.0 0.005 0.005 43.0
Maximum 100.0 128.0 9.3 76.0 13.0 13.0 8.0 0.19 1.3 0.3 0.025 0.025 50.0
Std. Dev. 22.5 3.2 0.9 9.2 5.2 3.0 1.8 0.05 0.24 0.08 0.01 0.01 1.8

Count 16.0 5.0 5.0 5.0 5.0 15.0 15.0 6.0 8.0 16.0 13.0 13.0 14.0
RNE-1B 11/16/04 1.0 Y,ND 1.0 Y,ND 0.17 Y <0.5 J,X,Y,ND 0.04 J,Y,ND NR NR 46.0
RNE-1B 01/11/05 8.0 Q 1.0 Q,ND <0.05 J,ND 0.66 X 0.30 0.025 J,ND 0.025 J,ND 46.0
RNE-1B 02/15/05 4.0 J,ND 4.0 ND <0.05 ND 0.83 X 0.21 <0.05 X.ND <0.05 X,ND 46.0
RNE-1B 03/29/05 4.0 ND 4.0 ND <0.05 J,ND <0.5 X,J,ND 0.20 1.050 X 1.290 X,ND 45.0
RNE-1B 04/20/05 4.0 ND 4.0 ND 0.22 <0.5 J,X,ND 0.19 0.010 0.005 ND 44.0
RNE-1B 05/03/05 122.0 6.9 56.0 0.0 4.0 ND 4.0 ND 0.10 <0.5 X,J,ND 0.26 0.005 J,ND 0.005 J,ND 44.0
RNE-1B 05/23/05 NR Y,J,ND NR Y,ND <0.05 Y,J,ND 0.88 Y,X 0.14 Y 0.005 Y,ND NR Y,J,ND 46.0
RNE-1B 06/20/05 2.0 Y,J,ND 2.0 Y,J,ND 0.34 Y 0.66 Y,X 0.01 Y,J,ND 0.085 Y 0.070 Y 45.0
RNE-1B 07/11/05 4.0 ND 4.0 ND 0.74 1.21 X 0.05 J4,ND 0.143 0.134 43.0
RNE-1B 08/11/05 3.0 ND 3.0 ND 1.10 1.90 0.01 0.231 0.180 NR
RNE-1B 08/22/05 9.0 Q,X 7.0 Q,X 0.70 1.47 Q,X 0.05 ND 0.122 0.110 43.0
RNE-1B 09/26/05 2.0 X,ND 2.0 X,ND 1.32 2.27 Q,X 0.05 J,ND 0.259 0.240 43.0
RNE-1B 10/11/05 3.0 ND 3.0 ND 1.47 2.90 0.01 0.251 0.235 NR
RNE-1B 11/01/05 5.0 X,ND 4.0 X,ND 2.05 2.61 Q,X 0.05 J,ND 0.093 0.067 42.0
Average 4.08 3.31 0.82 1.54 0.11 0.190 0.215 44.42
Median 4.00 4.00 0.72 1.34 0.05 0.108 0.110 44.50

Minimum 1.00 1.00 0.10 0.66 0.01 0.005 0.005 42.00
Maximum 9.00 7.00 2.05 2.90 0.30 1.050 1.290 46.00
Std. Dev. 2.25 1.60 0.65 0.83 0.10 0.29 0.37 1.44

Count 13.00 13.00 10.00 10.00 14.00 12.00 11.00 12.00
RNE-2 11/16/04 67.0 1.0 Y,ND 1.0 Y,ND 0.14 Y <0.5 J,X,Y,ND 0.04 J,Y,ND NR NR 35.0
RNE-2 01/11/05 60.0 10.0 Q 1.0 Q,ND 0.05 0.83 X 0.27 0.005 J,ND 0.005 J,ND 30.0
RNE-2 02/15/05 54.0 4.0 J,ND 4.0 ND <0.05 ND 0.68 X 0.18 <0.01 X,ND <0.01 X,ND 38.0
RNE-2 03/29/05 54.0 4.0 ND 4.0 ND <0.05 J,ND 0.55 X 0.14 <0.01 X,ND NR 36.0
RNE-2 04/20/05 66.0 4.0 ND 4.0 ND <0.05 ND <0.5 X,J,ND 0.03 J,ND 0.014 0.005 ND 35.0
RNE-2 05/03/05 65.0 119.0 8.2 56.0 0.0 4.0 ND 4.0 ND <0.05 ND <0.5 X,J,ND 0.01 J,ND 0.005 ND 0.005 ND 37.0
RNE-2 05/23/05 84.0 2.0 Y,J,ND 4.0 Y,ND <0.05 Y,ND <0.5 Y,X,J,ND 0.05 Y,ND 0.016 Y 0.005 Y,ND 35.0
RNE-2 06/06/05 100.0 122.0 9.1 60.0 2.0 2.0 Y,J,ND 2.0 Y,J,ND <0.05 Y,ND 0.78 Y,X 0.01 Y,J,ND 0.013 Y 0.005 Y,ND 37.0
RNE-2 06/20/05 39.0 3.0 Y,J,ND 3.0 Y,J,ND <0.05 Y,ND <0.5 Y,X,J,ND 0.01 Y,ND 0.014 Y 0.005 Y,ND 34.0
RNE-2 07/11/05 29.0 4.0 ND 4.0 ND <0.1 ND 0.59 X 0.05 ND 0.013 0.005 ND 33.0
RNE-2 07/25/05 70.0 125.0 9.4 62.0 4.0 2.0 Y,ND 1.0 Y,ND <0.1 Y,J,ND <0.5 Y,J,ND 0.01 Y,ND 0.012 Y 0.005 Y,J,ND 34.0
RNE-2 08/11/05 72.0 126.0 9.2 66.0 8.0 3.0 ND 3.0 ND 0.05 ND 0.94 0.02 0.014 J 0.010 ND
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Lake Samples - Phase I

Station Sample Secchi Cond. pH TALK PALK TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data Total
Code Date In. µmho/cm mg/l mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers Depth

RNE-2 08/22/05 114.0 3.0 Q,X,J,ND 3.0 Q,X,J,ND <0.1 ND <0.5 X,Q,J,ND 0.05 ND 0.013 0.050 ND 34.0
RNE-2 09/26/05 96.0 1.0 X,ND 1.0 X,ND <0.1 J,ND 0.61 Q,X 0.05 J,ND 0.013 0.005 ND 33.0
RNE-2 10/11/05 66.0 127.0 7.2 84.0 13.0 3.0 ND 3.0 ND 0.05 ND 0.78 J 0.01 ND 0.014 J 0.010 ND
RNE-2 11/01/05 50.0 3.0 X,ND 3.0 X,ND <0.1 J,ND <0.5 Q,XJ,ND 0.05 J,ND 0.017 0.005 ND 32.0

Average 67.9 124 8.6 66 5 3.31 2.81 0.07 0.72 0.06 0.013 0.009 34.5
Median 66 125 9 62 4 3 3 0.05 0.73 0.04 0.013 0.005 34.5

Minimum 29 119 7 56 0 1 1 0.05 0.55 0.01 0.005 0.005 30.0
Maximum 114 127 9 84 13 10 4 0.14 0.94 0.27 0.017 0.050 38.0
Std. Dev. 22 3 1 11 5 2 1 0.05 0.13 0.07 0.00 0.01 2

Count 16 5 5 5 5 16 16 4 8 16 13 13 14
RNE-3 11/16/04 48.0 1.0 Y,ND 1.0 Y,ND 0.12 Y 0.53 Y,X 0.04 J,Y,ND NR NR 21.0
RNE-3 01/11/05 42.0 12.0 4.0 0.09 0.69 X 0.23 0.005 ND 0.005 ND 23.0
RNE-3 02/15/05 30.0 4.0 J,ND 4.0 J,ND <0.05 ND 0.70 X 0.14 <0.01 X,ND <0.01 J3,X,ND 23.0
RNE-3 03/29/05 36.0 4.0 ND 4.0 ND <0.05 ND 0.59 X 0.10 <0.01 X,ND <0.01 X,ND 23.0
RNE-3 04/20/05 48.0 4.0 ND 4.0 ND <0.05 ND <0.5 X,J,ND 0.03 J,ND 0.005 J,ND 0.005 ND 22.0
RNE-3 05/03/05 64.0 119.0 8.2 52.0 0.0 4.0 J,ND 4.0 J,ND <0.05 ND <0.5 X,J,ND 0.01 ND 0.026 0.011 22.0
RNE-3 05/23/05 72.0 2.0 Y,J,ND 2.0 Y,J,ND <0.05 Y,ND <0.5 Y,X,J,ND 0.01 Y,ND 0.016 Y 0.005 Y,ND 22.0
RNE-3 06/06/05 84.0 122.0 9.1 68.0 2.0 4.0 J,ND 4.0 J,ND <0.05 ND 0.74 X 0.01 ND 0.014 0.005 ND 23.0
RNE-3 06/20/05 33.0 8.0 Y 8.0 Y <0.05 Y,ND <0.5 Y,X,J,ND 0.01 Y,ND 0.016 Y 0.005 Y,J,ND 22.0
RNE-3 07/11/05 29.0 4.0 ND 4.0 ND <0.1 ND <0.5 X,J,ND 0.01 ND 0.012 0.016 21.0
RNE-3 07/25/05 72.0 125.0 9.4 62.0 2.0 1.0 Y,ND 1.0 Y,ND <0.1 ND <0.5 Y,J,ND 0.01 J3,Y,J,ND 0.013 Y 0.005 Y,ND 22.0
RNE-3 08/11/05 70.0 126.0 9.2 66.0 8.0 3.0 ND 3.0 ND 0.05 ND 0.04 J 0.02 0.020 0.010
RNE-3 08/22/05 98.0 3.0 Q,X,J,ND 3.0 Q,X,J,ND <0.1 ND 0.82 Q,X 0.05 ND 0.014 0.005 J,ND 21.0
RNE-3 09/26/05 66.0 3.0 X,ND 3.0 X,ND <0.1 ND 0.70 Q,X 0.05 ND 0.018 0.005 ND 20.0
RNE-3 10/11/05 49.0 127.0 7.5 74.0 12.0 5.0 J 3.0 ND 0.05 ND 0.70 J 0.01 ND 0.023 0.010 ND
RNE-3 11/01/05 53.0 2.0 X,ND 2.0 X,ND <0.1 J,ND <0.5 Q,X,J,ND 0.05 J,ND 0.019 0.005 ND 20.0

Average 55.9 124 8.7 64 5 4.00 3.38 0.08 0.61 0.05 0.015 0.007 21.8
Median 51 125 9 66 2 4 4 0.07 1 0 0.016 0.005 22.0

Minimum 29 119 8 52 0 1 1 0.05 0 0 0.005 0.005 20.0
Maximum 98 127 9 74 12 12 8 0.12 1 0 0.026 0.016 23.0
Std. Dev. 20 3 1 8 5 3 2 0.03 0.23 0.06 0.01 0.00 1

Count 16 5 5 5 5 16 16 4 9 16 13 13 14
RNE-4 11/16/04 48.0 1.0 Y,ND 1.0 Y,ND 0.08 Y 0.52 Y,X 0.04 J,Y,ND NR NR 16.0
RNE-4 01/11/05 12.0 154.0 8.0 <0.05 0.86 X 0.24 0.119 0.005 ND 23.0
RNE-4 02/15/05 21.0 4.0 J,ND 4.0 ND <0.05 ND 1.26 X 0.14 <0.01 X,ND <0.01 J3.X,ND 16.0
RNE-4 03/29/05 16.0 12.0 4.0 ND <0.05 ND 0.80 X 0.12 <0.01 X,ND <0.01 X,ND 16.0
RNE-4 04/20/05 39.0 4.0 ND 4.0 ND <0.05 ND <0.5 X,J,ND 0.01 J,ND 0.019 0.005 J,ND 15.0
RNE-4 05/03/05 48.0 122.0 8.2 60.0 0.0 4.0 J,ND 4.0 J,ND <0.05 ND <0.5 X,J,ND 0.05 ND 0.032 0.005 J,ND 17.0
RNE-4 05/23/05 48.0 4.0 Y,J,ND 2.0 Y,J,ND <0.05 Y,ND 0.56 Y,X,J,ND 0.01 Y,ND 0.036 Y 0.005 Y,J,ND 17.0
RNE-4 06/06/05 72.0 124.0 9.0 68.0 2.0 4.0 J,ND 4.0 J,ND <0.05 ND 0.72 X 0.05 J,ND 0.017 0.005 ND 22.0
RNE-4 06/20/05 24.0 3.0 Y,J,ND 3.0 Y,J,ND <0.05 Y,ND <0.5 Y,X,J,ND 0.01 Y,J,ND 0.024 Y 0.005 Y,J,ND 16.0
RNE-4 07/11/05 24.0 8.0 4.0 ND <0.1 ND <0.5 X,J,ND 0.05 ND 0.021 0.018 16.0
RNE-4 07/25/05 72.0 125.0 9.2 58.0 2.0 4.0 ND 4.0 ND <0.1 ND <0.5 J,ND 0.05 ND 0.022 0.005 J,ND 16.0
RNE-4 08/11/05 62.0 126.0 9.0 68.0 8.0 3.0 ND 3.0 ND 0.05 ND 0.04 J 0.02 0.025 0.010 ND
RNE-4 08/22/05 66.0 1.0 Q,X,J,ND 1.0 Q,X,J,ND <0.1 ND <0.5 Q,X 0.05 J,ND 0.025 0.005 J,ND 14.0
RNE-4 09/26/05 48.0 6.0 X 5.0 X <0.1 ND 0.69 Q,X 0.05 J,ND 0.027 0.005 J,ND 20.0
RNE-4 10/11/05 64.0 127.0 7.8 76.0 12.0 3.0 ND 3.0 ND 0.05 ND 0.77 J 0.01 ND 0.129 0.010 ND
RNE-4 11/01/05 48.0 4.0 X 4.0 X <0.1 J,ND <0.5 Q,X,J,ND 0.05 J,ND 0.031 0.005 J,ND 14.0

Average 44.5 124.8 8.6 66.0 4.8 13.7 3.6 0.06 0.69 0.06 0.041 0.007 17.0
Median 48.0 124.5 9.0 64.0 2.0 4.0 4.0 0.07 0.71 0.05 0.025 0.005 16.0

Minimum 12.0 122.0 7.8 58.0 0.0 1.0 1.0 0.05 0.04 0.01 0.017 0.005 14.0
Maximum 72.0 127.0 9.2 76.0 12.0 154.0 8.0 0.08 1.26 0.24 0.129 0.018 23.0
Std. Dev. 20.0 1.9 0.6 7.2 5.0 37.5 1.6 0.02 0.32 0.06 0.04 0.00 2.7

Count 16 5 5 5 5 16 16 3 9 16 13 13 14
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Lake Samples - Phase I

Station Sample Secchi Cond. pH TALK PALK TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data Total
Code Date In. µmho/cm mg/l mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers Depth

RNE-5 11/16/04
RNE-5 01/11/05
RNE-5 02/15/05
RNE-5 03/29/05
RNE-5 04/20/05
RNE-5 05/03/05 8.0 121.0 8.3 64.0 0.0 8.0 4.0 J,ND <0.05 ND <0.5 X,J,ND 0.05 J,ND 0.013 0.005 J,ND 38.0
RNE-5 06/06/05 100.0 124.0 9.1 58.0 2.0 4.0 ND 4.0 ND <0.05 ND 0.89 X 0.05 J,ND 0.005 J,ND 0.005 ND 41.0
RNE-5 07/25/05 86.0 125.0 9.3 60.0 2.0 2.0 Y,ND 1.0 Y,ND <0.1 Y,J,ND <0.5 Y,J,ND 0.01 Y,ND 0.013 Y 0.005 Y,J,ND 37.0
RNE-5 08/11/05 78.0 127.0 8.9 62.0 8.0 3.0 ND 3.0 ND 0.05 ND 0.04 J 0.02 0.010 J,.ND 0.010 ND
RNE-5 10/11/05 84.0 127.0 7.1 72.0 12.0 3.0 ND 3.0 ND 0.05 ND 0.73 J 0.01 ND 0.014 0.010 ND

Average 71.2 124.8 8.5 63.2 4.8 4.0 3.0 0.05 0.55 0.03 0.011 0.007 39
Median 84.0 125.0 8.9 62.0 2.0 3.0 3.0 0.05 0.73 0.02 0.013 0.005 38

Minimum 8.0 121.0 7.1 58.0 0.0 2.0 1.0 0.05 0.04 0.01 0.005 0.005 37
Maximum 100.0 127.0 9.3 72.0 12.0 8.0 4.0 0.05 0.89 0.05 0.014 0.010 41
Std. Dev. 36.2 2.5 0.9 5.4 5.0 2.3 1.2 0.00 0.45 0.02 0.00 0.00 2.1

Count 5 5 5 5 5 5 5 2 3 5 5 5 3

Statistics were calculated using all data shown.
X qualified data or data not used per IL EPA request
Non-detect results - estimated value represents 50% of laboratory reporting limit
Data outlier removed from evaluation
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Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Lake Samples - Phase I

Station Sample Secchi Cond. pH TALK PALK TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data Total
Code Date In. µmho/cm mg/l mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers Depth
RNI-1 01/12/05 12.0 NR NR 22.0 4.0 ND 0.070 1.28 X 0.12 0.145 0.005 J,ND 12.0
RNI-1 02/23/05 17.0 NR NR 20.0 4.0 ND 0.140 0.64 X 0.01 ND 0.310 J6,X <0.01 J5,X,ND 12.0
RNI-1 03/31/05 15.0 NR NR 22.0 4.0 0.060 1.28 X 0.01 ND 0.125 0.032 12.0
RNI-1 04/25/05 17.0 NR NR 18.0 4.0 ND <0.05 J,ND 0.37 X,J,ND 0.05 J,ND 0.055 0.005 ND 12.0
RNI-1 05/16/05 16.0 245.0 8.3 104.0 0.0 12.0 4.0 J,ND <0.05 J,ND 0.46 X,J,ND 0.05 J,ND 0.062 0.005 ND 13.0
RNI-1 05/24/05 17.0 NR NR 14.0 Y 3.0 Y,J,ND <0.05 Y,ND 0.45 Y,X,J,ND 0.01 Y,ND 0.054 Y 0.005 Y,J,ND 12.0
RNI-1 06/14/05 17.0 297.0 8.5 116.0 2.0 18.0 8.0 0.040 0.32 X,J,ND 0.01 ND 0.058 0.005 ND 13.0
RNI-1 06/21/05 8.0 NR NR 12.0 10.0 <0.05 ND 0.65 0.01 ND 0.012 0.050 12.0
RNI-1 07/13/05 5.0 NR NR 16.0 12.0 0.020 1.76 X 0.01 ND 0.129 0.005 J,ND 11.5
RNI-1 08/01/05 13.0 224.0 9.9 130.0 34.0 6.0 Q,X,J,ND 2.0 Q,X <0.1 ND 0.58 0.01 J4,ND 0.081 0.015 13.0
RNI-1 08/17/05 15.0 213.0 9.0 118.0 8.0 12.0 12.0 0.050 ND 1.68 0.02 0.139 0.010 ND NR
RNI-1 08/29/05 12.0 15.0 10.0 0.030 J,ND 0.81 Q,X 0.01 ND 0.116 0.016 11.0
RNI-1 09/26/05 9.0 12.0 X 9.0 X 0.250 1.79 Q,X 0.01 J,ND 0.098 0.019 11.0
RNI-1 10/17/05 15.0 237.0 7.9 130.0 13.0 11.0 9.0 0.140 1.66 0.02 0.102 0.010 ND NR
RNI-1 11/01/05 18.0 12.0 X 6.0 X 0.180 1.17 Q,X 0.09 0.088 0.005 J,ND 12.0

Average 13.7 243.2 8.7 119.6 11.4 14.8 6.7 0.098 0.993 0.027 0.105 0.013 12.0
Median 15.0 237.0 8.5 118.0 8.0 14.0 6.0 0.065 0.8 0.0 0.098 0.008 12.0

Minimum 5.0 213.0 7.9 104.0 0.0 6.0 2.0 0.020 0.3 0.0 0.012 0.005 11.0
Maximum 18.0 297.0 9.9 130.0 34.0 22.0 12.0 0.250 1.8 0.1 0.310 0.050 13.0
Std. Dev. 3.9 32.5 0.8 10.9 13.6 4.5 3.4 0.08 0.55 0.04 0.07 0.01 0.7

Count 15 5 5 5 5 15 15 10 15 15 15 14 13
RNI-1B 01/12/05 34.0 4.0 ND 0.040 J,ND 1.41 X 0.12 0.025 J,ND 0.025 J,ND 12.0
RNI-1B 02/23/05 14.0 4.0 ND 0.120 0.69 X 0.01 ND 1.100 J6,X <0.01 J5,X,ND 12.0
RNI-1B 03/31/05 28.0 12.0 <0.05 ND 0.85 X 0.01 ND 0.058 0.012 12.0
RNI-1B 04/25/05 18.0 4.0 <0.05 <0.5 X,J,ND 0.03 0.059 0.028 12.0
RNI-1B 05/16/05 266.0 7.2 116.0 0.0 22.0 4.0 J,ND 0.070 <0.5 X,J,ND 0.01 J,ND 0.073 0.005 ND 13.0
RNI-1B 05/24/05 26.0 Y 10.0 Y 0.020 Y,ND <0.5 Y,X,J,ND 0.01 Y,ND 0.084 Y 0.032 Y 12.0
RNI-1B 06/14/05 352.0 7.1 248.0 0.0 22.0 10.0 1.410 2.03 X 0.01 ND 0.594 0.497 13.0
RNI-1B 06/21/05 NR NR <0.05 ND 0.81 X 0.01 ND 0.070 0.012 12.0
RNI-1B 07/13/05 16.0 10.0 0.070 J,ND 1.32 X 0.01 J,ND 0.060 0.019 11.5
RNI-1B 08/01/05 342.0 6.9 200.0 0.0 8.0 Q,X 7.0 Q,X 2.620 <0.5 J,ND 0.01 J4,ND 0.303 0.209 13.0
RNI-1B 08/17/05 12.0 11.0 4.960 6.52 0.02 0.640 0.482 13.0
RNI-1B 08/29/05 19.0 12.0 4.910 0.56 Q,X 0.01 ND 0.010 0.405 11.0
RNI-1B 09/26/05 12.0 X 8.0 X 0.270 1.58 Q,X 0.05 J,ND 0.137 0.012 11.0
RNI-1B 10/17/05 10.0 9.0 0.080 1.61 0.02 0.107 0.010 ND 13.0
RNI-1B 11/05/05 13.0 X 6.0 X 0.220 0.95 Q,X 0.05 J,ND 0.095 0.010 12.0

Average 18.14 7.93 1.233 1.67 0.02 0.228 0.126 12.17
Median 17.00 8.50 0.170 1.32 0.01 0.084 0.022 12.00

Minimum 8.00 4.00 0.020 0.56 0.01 0.010 0.005 11.00
Maximum 34.00 12.00 4.960 6.52 0.12 1.100 0.497 13.00
Std. Dev. 47.03 0.15 66.81 0.00 7.51 3.08 1.89 1.67 0.03 0.31 0.19 0.70

Count 3 3 3 3 14 14 12 11 15 15 14 15
RNI-2 05/16/05 16.0 245.0 8.5 110.0 0.0 12.0 4.0 J,ND <0.05 ND <0.5 X,J,ND 0.05 J,ND 0.032 0.005 J,ND 10.0
RNI-2 06/14/05 20.0 256.0 8.4 114.0 2.0 20.0 8.0 <0.05 ND <0.5 X,J,ND 0.05 ND 0.033 0.005 ND 9.0
RNI-2 08/01/05 12.0 228.0 10.0 130.0 36.0 8.0 Q,X 8.0 Q,X <0.1 ND <0.5 ND 0.05 J4,ND 0.096 0.018 9.0
RNI-2 08/17/05 13.0 213.0 9.3 128.0 8.0 17.0 15.0 0.050 ND 2.24 0.02 0.155 0.011 J 9.0
RNI-2 10/17/05 14.0 236.0 8.4 128.0 13.0 18.0 10.0 0.050 ND 1.77 0.01 0.112 0.010 ND 9.0

Average 15.0 235.6 8.9 122.0 11.8 15.00 9.00 0.050 2.01 0.04 0.086 0.010 9.20
Median 14.0 236.0 8.5 128.0 8.0 17.00 8.00 0.050 2.01 0.05 0.096 0.010 9.00

Minimum 12.0 213.0 8.4 110.0 0.0 8.00 4.00 0.050 1.77 0.01 0.032 0.005 9.00
Maximum 20.0 256.0 10.0 130.0 36.0 20.00 15.00 0.050 2.24 0.05 0.155 0.018 10.00
Std. Dev. 3.2 16.4 0.7 9.3 14.5 4.9 4.0 0.00 0.33 0.02 0.05 0.01 0.4

Count 5 5 5 5 5 5 5 2 2 5 5 5 5
RNI-3 05/16/05 14.0 246.0 8.6 112.0 0.0 16.0 3.0 J,ND <0.05 J,ND <0.5 X,J,ND 0.01 ND 0.040 0.005 ND 4.0
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Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Lake Samples - Phase I

Station Sample Secchi Cond. pH TALK PALK TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data Total
Code Date In. µmho/cm mg/l mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers Depth
RNI-3 06/14/05 19.0 261.0 7.7 114.0 0.0 14.0 8.0 <0.05 ND <0.5 X,J,ND 0.01 J,ND 0.065 0.005 J,ND 3.0
RNI-3 08/01/05 11.0 227.0 9.9 124.0 34.0 5.0 Q,X 6.0 Q,X <0.1 ND 0.85 0.01 ND 0.120 0.022 4.0
RNI-3 08/17/05 10.0 211.0 9.4 128.0 8.0 32.0 20.0 0.100 3.01 0.02 0.216 0.023 3.0
RNI-3 10/17/05 12.0 236.0 8.5 128.0 13.0 20.0 9.0 0.060 1.48 0.01 0.115 0.010 ND 3.0

Average 13.2 236.2 8.8 121.2 11.0 17.40 9.20 0.080 1.78 0.01 0.111 0.013 3.40
Median 12.0 236.0 8.6 124.0 8.0 16.00 8.00 0.080 1.48 0.01 0.115 0.010 3.00

Minimum 10.0 211.0 7.7 112.0 0.0 5.00 3.00 0.060 0.85 0.01 0.040 0.005 3.00
Maximum 19.0 261.0 9.9 128.0 34.0 32.00 20.00 0.100 3.01 0.02 0.216 0.023 4.00
Std. Dev. 3.6 18.9 0.9 7.7 14.0 9.8 6.5 0.03 1.11 0.01 0.07 0.01 0.5

Count 5 5 5 5 5 5 5 2 3 5 5 5 5

Statistics were calculated using all data shown.
X qualified data or data not used per IL EPA request
Non-detect results - estimated value represents 50% of laboratory reporting limit
Data outlier removed from evaluation
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Tributary Samples - Phase I

Station Sample Staff Velocity Cond. DO pH TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data
Code Date FPS µmho/cm mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers

RNE-T1 12/07/04 - - - 12.0 Y 4.0 Y,ND 0.070 Y 0.70 X,Y 0.27 Y 0.005 J3,ND -
RNE-T1 01/03/05 12.0 4.0 ND <0.05 J,ND <0.5 X,J,ND 0.28 <0.01
RNE-T1 01/13/05 14.0 Q 4.0 Q,ND <0.05 ND 0.89 X 0.27 <0.05
RNE-T1 02/07/05 24.0 4.0 J,ND 0.100 ND 0.96 X 0.01 J,ND <0.01 X,J,ND
RNE-T1 03/23/05 4.0 ND 4.0 <0.05 0.56 X 0.21 <0.01 X,J,ND
RNE-T1 05/03/05 1.50 1.10 120.0 10.5 8.4 4.0 ND 4.0 <0.05 ND <0.5 X,J,ND 0.02 J,ND 0.005 ND -
RNE-T1 05/14/05 30.0 4.0 J,ND 0.260 0.52 Y,X,J,ND 0.19 0.102
RNE-T1 06/06/05 1.00 0.80 126.0 9.9 9.4 4.0 ND 4.0 ND <0.05 ND 0.98 X 0.01 J,ND 0.010 0.005 ND
RNE-T1 07/19/05 15.0 6.0 X <0.1 J,ND 0.66 X 0.64 0.156
RNE-T1 11/15/05 59.0 X 5.0 X 0.140 0.51 X 0.05 J,ND 0.086
RNE-T1 11/27/05 3.0 X,Q,ND 3.0 Q,X,ND 0.150 0.88 J1,X 0.05 J,ND 0.030
RNE-T1 01/10/06 113.0 13.0 0.220 <0.5 0.49 0.256
Average 24.50 4.92 0.16 0.74 0.21 0.081 -
Median 13.00 4.00 0.15 0.70 0.20 0.058

Minimum 3.00 3.00 0.07 0.51 0.01 0.005
Maximum 113.00 13.00 0.26 0.98 0.64 0.256
Std. Dev. 32.04 2.64 0.07 0.19 0.20 0.09 #DIV/0!

Count 12 12 6 9 12 8 1
RNE-T2 11/16/04 - - - 4 Y,ND 4 Y,ND <0.05 J,Y,ND <0.5 J,Y,X,ND 0.05 J,Y,ND NR -
RNE-T2 12/07/04 0.5 6.20 - - - 28 Y 4 Y,ND 0.06 Y 1.52 X,Y 0.33 Y NR -
RNE-T2 01/03/05 0.5 3.40 22 2 <0.05 J,ND 0.89 X 0.19 0.017 J7
RNE-T2 01/13/05 1.5 3.90 210 Q 8 Q 0.1 1.34 X 0.22 0.225
RNE-T2 02/07/05 0.9 4.10 94 8 0.06 1.33 X 1.38 0.186 X 
RNE-T2 03/23/05 0.70 - - - 12 4 ND <0.05 J,ND 1.06 X 0.51 0.094 X -
RNE-T2 05/03/05 1.5 0.75 142 11.1 7.4 4 J,ND 4 J,ND <0.05 ND <0.5 X,ND 0.05 J,ND 0.025 J,ND
RNE-T2 05/14/05 170 20 0.39 0.96 X 0.49 0.295 J3 
RNE-T2 06/06/05 0.01 0.01 233 4.6 7.3 4 J,ND 4 J,ND <0.05 J,ND 0.83 X 0.05 J,ND 0.047
RNE-T2 07/13/05 0.2 8 4 ND <0.1 ND 1 X 0.30 0.249
RNE-T2 07/19/05 0.1 0.2 32 7 <0.1 ND 0.54 0.23 0.246
RNE-T2 09/15/05 0 7 X 6 X <0.1 J,ND X 0.05 J,ND 0.069
RNE-T2 11/15/05 1.9 4.2 523 X 24 X <0.1 J,ND 0.73 X 0.33 0.577
RNE-T2 1 11/15/05 763 X 34 X <0.1 J,ND 0.53 X 0.19 0.565
RNE-T2 2 11/15/05 155 X 14 X <0.1 J,ND <0.5 X 0.19 0.677
RNE-T2 3 11/15/05 291 X 18 X <0.1 J,ND 1.45 X 0.21 0.457
RNE-T2 4 11/15/05 201 X 14 X <0.1 J,ND 1.29 X 0.24 0.541
RNE-T2 5 11/15/05 1248 X 65 X 0.32 J,ND 2.8 X 0.23 1.321
RNE-T2 6 11/15/05 438 X 29 X <0.1 J,ND 0.65 X 0.19 0.588
RNE-T2 7 11/15/05 191 X 15 X <0.1 J,ND 1.49 X 0.18 0.441
RNE-T2 8 11/15/05 101 X 10 X <0.1 J,ND 0.68 X 0.25 0.402
RNE-T2 9 11/15/05 67 X 8 X 0.1 J,ND 0.69 X 0.28 0.428
RNE-T2 10 11/15/05 35 X 6 X <0.1 J,ND <0.5 X 0.29 0.486
RNE-T2 11 11/15/05 30 X 6 X <0.1 J,ND 1.18 X 0.29 0.435
RNE-T2 12 11/15/05 26 X 6 X <0.1 J,ND 0.68 X 0.29 0.402
RNE-T2 11/27/05 0.4 2.6 6 Q,X 4 Q,X <0.1 J,ND 1.4 X 0.23 0.323
RNE-T2 1 01/10/06 198 <2 <0.1 <0.5 0.30 0.367
RNE-T2 2 01/10/06 246 19 0.24 <0.5 0.37 0.366
RNE-T2 3 01/10/06 223 20 0.28 <0.5 0.49 0.274
RNE-T2 4 01/10/06 257 22 0.29 <0.5 0.56 0.273
RNE-T2 5 01/10/06 256 56 0.3 <0.5 0.23 0.182
RNE-T2 6 01/10/06 222 20 0.24 <0.5 0.39 0.217
RNE-T2 7 01/10/06 249 24 0.26 <0.5 0.56 0.360
RNE-T2 8 01/10/06 344 27 0.3 <0.5 0.58 0.388
RNE-T2 9 01/10/06 527 30 0.29 2.1 0.53 0.439
RNE-T2 10 01/10/06 2,395 110 0.24 2.03 0.53 0.599
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Tributary Samples - Phase I

Station Sample Staff Velocity Cond. DO pH TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data
Code Date FPS µmho/cm mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers

RNE-T2 11 01/10/06 223 18 0.28 1.74 0.50 0.353
RNE-T2 12 01/10/06 186 10 0.28 1.36 0.54 0.441
RNE-T2 1 01/22/06 43 7 0.21 <0.5 0.17 0.142
RNE-T2 2 01/22/06 61 7 <0.1 <0.5 0.19 0.123
RNE-T2 3 01/22/06 65 9 0.31 0.92 0.23 0.179
RNE-T2 4 01/22/06 74 9 0.15 0.89 0.24 0.276
RNE-T2 5 01/22/06 73 10 <0.1 0.96 0.26 0.376
RNE-T2 6 01/22/06 75 10 0.13 1.27 0.24 0.366
RNE-T2 7 01/22/06 73 10 0.22 0.94 0.29 0.260
RNE-T2 8 01/22/06 55 9 0.13 1.24 0.27 0.433
RNE-T2 9 01/23/06 40 7 0.14 0.5 0.26 0.319
RNE-T2 10 01/23/06 30 6 0.1 0.94 0.27 0.254
RNE-T2 11 01/23/06 24 6 0.27 <0.5 0.28 0.226
RNE-T2 12 01/23/06 19 5 0.22 0.5 0.28 0.333
Average 212.56 15.90 0.22 1.13 0.32 0.347 -
Median 74.50 9.00 0.24 0.98 0.27 0.343

Minimum 4.00 2.00 0.06 0.50 0.05 0.017
Maximum 2395.00 110.00 0.39 2.80 1.38 1.321
Std. Dev. 385.46 18.63 0.09 0.51 0.21 0.21 #DIV/0!

Count 50 49 27 34 50 48 0
RNC-T3 12/07/04 1.50 2.40 - - - 64 12 <0.05 J,ND NR X NR NR -
RNC-T3 01/03/05 1.40 1.90 - - - 22 4 ND 0.13 1.02 X 0.37 0.031 J3,J7 -
RNC-T3 01/13/05 2.70 5.10 306 Q 18 Q 0.06 1.82 X 0.27 0.282
RNC-T3 02/07/05 2.00 2.30 260 16 0.13 1.95 X 0.72 0.325 X
RNC-T3 03/23/05 0.60 10 4 ND <0.05 ND 0.91 X 0.46 0.076 X
RNC-T3 05/03/05 0.37 0.30 265 10.7 7.7 18 12 <0.05 J,ND <0.5 X,J,ND 0.05 J,ND 0.031 -
RNC-T3 05/14/05 2.3 1.9 288 28 0.38 1.35 X 0.51 0.348
RNC-T3 06/06/05 1 0.4 392 6.55 7.8 4 J,ND 4 ND <0.05 ND 0.85 X 0.12 0.038
RNC-T3 07/12/05 0.5 0.6 26 8 0.1 1.94 X 0.87 0.646
RNC-T3 07/19/05 0.25 0.2 17 4 <0.1 J,ND 0.63 0.38 0.152
RNC-T3 07/25/05 0.5 0.64 322 4.6 7.3 6 4 ND <0.1 J,ND 0.54 0.18 0.103 0.054
RNC-T3 08/11/05 0.8 0.6 424 6 7.4 2 ND 2 ND 0.05 J,ND 0.82 X 0.04 0.087 0.034
RNC-T3 09/15/05 0.15 0.2 7 X 3 X <0.1 J,ND X 0.05 J,ND 0.071
RNC-T3 10/11/05 0.5 2 ND <4 X,ND <0.1 J,ND 0.77 X 0.03 0.071 0.033
RNC-T3 11/15/05 3.3 6.9 511 X 28 X <0.1 J,ND 0.63 X 0.45 0.763
RNC-T3 11/27/05 0.5 1.6 <4 Q,X,ND <11 Q,X,ND 0.1 2.03 X 0.59 0.421
RNC-T3 01/10/06 2.5 3.2 496 33 0.21 <0.5 X,ND 0.68 0.828
Average 127.44 12.00 0.15 1.17 0.36 0.267 0.040
Median 20.00 8.00 0.12 0.91 0.38 0.128 0.034

Minimum 2.00 2.00 0.05 0.54 0.03 0.031 0.033
Maximum 511.00 33.00 0.38 2.03 0.87 0.828 0.054
Std. Dev. 182.13 10.43 0.11 0.57 0.27 0.27 0.01

Count 16 15 8 13 16 16 3
RNE-T4 12/07/04 0.2 2.80 - - - 26 4 ND 0.05 0.95 X 0.29 NR -
RNE-T4 01/03/05 0.2 2.60 - - - 24 4 ND <0.05 ND 0.76 X 0.24 0.012 X,J7 -
RNE-T4 01/13/05 1.5 4.00 96 Q 12 Q <0.05 J,ND 1.09 X 0.25 0.169
RNE-T4 02/07/05 0.0 4.00 182 14 0.13 1.48 X 0.79 0.318 X
RNE-T4 03/23/05 0.50 4 ND 4 ND <0.05 J,ND <0.5 X,J,ND 0.19 0.018 X
RNE-T4 05/03/05 1.5 0.88 199 12.7 8.4 4 ND 4 ND <0.05 J,ND <0.5 X,ND 0.05 J,ND 0.041 0.022
RNE-T4 05/14/05 1.0 6.30 180 20 0.34 0.74 X 1.25 0.225
RNE-T4 06/06/05 0.5 0.37 376 9 8.2 8 4 ND <0.05 ND 0.96 X 0.33 0.063 0.051
RNE-T4 07/12/05 0.8 0.5 24 8 <0.1 J,ND 1.54 X 0.65 0.178
RNE-T4 07/19/05 0.25 0.4 5 2 <0.1 J,ND <0.5 J,ND 0.24 0.078
RNE-T4 07/25/05 0.25 0.6 279 8.4 8.1 4 ND 2 ND <0.1 J,ND <0.5 J,ND 0.22 0.082 0.068
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Tributary Samples - Phase I

Station Sample Staff Velocity Cond. DO pH TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos Data
Code Date FPS µmho/cm mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers

RNE-T4 09/15/05 0.1 0.0 <4 X,ND <4 X,ND <0.1 J,ND 0.05 J,ND 0.202
RNE-T4 11/15/05 0.2 4.30 656 X 40 X <0.1 J,ND 0.61 X 0.36 0.662
RNE-T4 11/27/05 0.2 3.20 59 Q,X 8 X,Q <0.1 J,ND 1.87 X 0.28 0.375
RNE-T4 01/10/06 0.1 3.6 433 29 0.16 <0.5 X,ND 0.52 0.343
Average 121.79 11.07 0.17 1.11 0.38 0.198 -
Median 25.00 6.00 0.15 0.96 0.28 0.174

Minimum 4.00 2.00 0.05 0.61 0.05 0.012
Maximum 656.00 40.00 0.34 1.87 1.25 0.662
Std. Dev. 194.22 11.37 0.12 0.43 0.31 0.18

Count 14 14 4 9 15 14
RNE-T5 12/07/04 1.15 0.80 - - - 26 Y 4 Y,ND 0.14 Y 1.12 X,Y 0.32 Y NR -
RNE-T5 01/03/05 1.00 0.50 - - - 18 4 ND <0.05 J,ND 0.88 X 0.23 <0.01 X,J7,J,ND -
RNE-T5 01/13/05 1.50 2.00 66 Q 4 Q,ND 0.06 0.98 X 0.28 0.235
RNE-T5 02/07/05 1.02 1.20 38 4 J,ND 0.06 0.89 X 0.44 0.124 X
RNE-T5 03/23/05 0.90 0.10 12 4 ND <0.01 0.59 X 0.05 J,ND 0.057 X
RNE-T5 05/03/05 0.62 0.45 184 11.7 7.6 4 J,ND 4 J,ND <0.05 ND <0.5 X,J,ND 0.12 0.036 0.014
RNE-T5 05/14/05 0.50 2.10 46 8 0.24 0.66 X 0.24 0.193
RNE-T5 06/06/05 0.05 0.16 196 6.7 7.5 8 4 ND 0.11 0.88 X 0.17 0.049 0.032
RNE-T5 07/12/05 0.63 0.50 16 4 ND <0.1 ND 0.66 X 0.15 0.161
RNE-T5 07/19/05 0.58 0.5 17 4 <0.1 ND 0.65 0.11 0.058
RNE-T5 07/25/05 0.50 0.57 205 5.4 7.3 3 2 ND <0.1 J,ND 0.52 0.31 0.082 0.055
RNE-T5 09/15/05 0.40 0.00 12 X 5 X 0.12 X 0.25 J,ND 0.105
RNE-T5 11/15/05 1.40 2.90 245 X 71 X <0.1 J,ND 0.55 X 0.27 0.418
RNE-T5 11/27/05 0.70 0.70 26 Q,X 6 Q,X 0.12 1.4 X 0.54 0.268
RNE-T5 01/10/06 1.30 3.5 326 30 0.23 <0.5 X 0.37 0.452
Average 57.53 10.53 0.14 0.82 0.26 0.172 0.034
Median 18.00 4.00 0.12 0.77 0.25 0.124 0.032

Minimum 3.00 2.00 0.06 0.52 0.05 0.036 0.014
Maximum 326.00 71.00 0.24 1.40 0.54 0.452 0.055
Std. Dev. 95.31 18.03 0.07 0.26 0.13 0.14 0.02

Count 15 15 8 12 15 13 3

Statistics were calculated using all data shown.
X qualified data or data not used per IL EPA request
Non-detect results - estimated value represents 50% of laboratory reporting limit
Data outlier removed from evaluation
* = Composite Sampler - only 1 of 12 bottle analyzed
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Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Tributary Samples - Phase I

Station Sample Staff Velocity Cond. DO pH TSS Data VSS Data NH3-N Data TKN Data NO2-NO3 Data TPhos Data DPhos
Code Date Ffps µmho/cm mg/l mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l Qualifiers mg/l

RNI-T1 12/07/04 NR NR NR NR NR 20.00 Y 1.00 Y,ND <0.05 Y,ND 0.88 X,Y 0.02 J,Y,ND 0.005 J7,ND NR
RNI-T1 01/03/05 NR NR NR NR NR 16.00 4.00 ND <0.05 ND 0.68 X 0.05 ND 0.005 J3 NR
RNI-T1 01/13/05 NR 5.20 NR NR NR 26.00 Q 2.00 Q,ND <0.05 J,ND 0.75 X 0.13 0.171 NR
RNI-T1 02/07/05 NR NR NR NR NR 12.00 4.00 ND <0.05 J,ND 0.57 X 0.31 0.016 X NR
RNI-T1 03/28/05 NR NR NR NR NR 34.00 8.00 <0.05 0.79 X 0.01 0.016 NR
RNI-T1 05/14/05 NR NR NR NR NR 14.00 8.00 0.240 0.57 X 0.05 ND 0.051 NR
RNI-T1 05/16/05 No Flow
RNI-T1 06/14/05 No Flow
RNI-T1 07/13/05 No Flow
RNI-T1 08/01/05 No Flow
RNI-T1 08/17/05 No Flow
RNI-T1 09/15/06 No Flow
RNI-T1 10/17/05 No Flow
RNI-T1 11/15/05 17.00 X 6.00 X <0.1 ND 0.68 X 0.21 0.068
RNI-T1 11/27/05 13.00 Q,X 6.00 Q,X 0.190 2.91 X 0.30 0.147
RNI-T1 01/10/06 10.00 6.00 0.380 <0.5 X 0.45 0.117

Average 18.00 5.00 0.27 0.98 0.17 0.066 -
Median 16.00 6.00 0.24 0.72 0.13 0.051

Minimum 10.00 1.00 0.19 0.57 0.01 0.005
Maximum 34.00 8.00 0.38 2.91 0.45 0.147
Std. Dev. 7.66 2.45 0.10 0.79 0.16 0.06

Count 9 9 3 8 9 9
RNI-T2 12/07/04 2.1 2 M 15 S NR NR NR 25.00 Y 2.00 Y,ND <0.05 Y,ND 1.21 X,Y 0.33 Y NR NR
RNI-T2 01/03/05 2.1 0.40 NR NR NR 26.00 2.00 <0.05 J,ND 1.02 X 0.13 0.015 J7 NR
RNI-T2 01/13/05 2.6 1.70 NR NR NR 278.00 Q 14.00 Q <0.05 J,ND 1.32 X 0.39 0.029 J3 NR
RNI-T2 02/07/05 2.1 0.40 NR NR NR 276.00 16.00 0.06 1.87 X 0.65 0.244 X NR
RNI-T2 03/28/05 2.2 2 M 7 S NR NR NR 66.00 3.00 ND 0.07 1.16 X 0.91 0.213 X NR
RNI-T2 05/14/05 NR NR NR NR NR 60.00 10.00 0.24 0.5 X 0.11 0.081 NR
RNI-T2 05/16/05 2 0 405 5.2 7.3 2.00 J,ND 2.00 J,ND 0.2 <0.5 X,J,ND 0.45 0.005 ND NR
RNI-T2 06/14/05 1 0 228 3.9 6.8 8.00 4.00 0.1 0.77 0.07 0.018 NR
RNI-T2 07/13/05 1.41 0.2 NR NR NR 12.00 8.00 <0.1 J,ND 0.66 X 0.82 0.067 NR
RNI-T2 08/01/05 1.86 0 191 4.2 6.7 2.00 1.00 <0.1 ND <0.5 0.08 0.012 NR
RNI-T2 08/17/05 1.8 0 200 0.4 6.9 5,300.00 2,730.00 0.49 47.1 0.1 1.720 NR
RNI-T2 09/15/05 0.1 0 252.00 X 114.00 X 0.4 0.05 J,ND 0.304
RNI-T2 10/17/05 14.00 7.00 0.11 1.24 0.03 0.112 NR
RNI-T2 11/15/05 0.7 2.8 2,410.00 X 70.00 X <0.1 J,ND 1.3 X 0.55 0.510
RNI-T2 11/27/05 2 0.1 75.00 Q,X 11.00 Q,X <0.1 ND 1.05 X 0.13 0.051
RNI-T2 01/10/06 0.18 <0.5 0.37 0.295

Average 587.07 199.60 0.21 4.93 0.323 0.245 -
Median 60.00 8.00 0.18 1.19 0.230 0.081

Minimum 2.00 1.00 0.06 0.50 0.030 0.005
Maximum 5,300.00 2,730.00 0.49 47.10 0.910 1.720
Std. Dev. 1,438.27 700.71 0.15 13.28 0.29 0.43

Count 15 15 9 12 16 15

Statistics were calculated using all data shown.
X qualified data or data not used per IL EPA request
Non-detect results - estimated value represents 50% of laboratory reporting limit
Data outlier removed from evaluation
* = Composite Sampler - only 1 of 12 bottle analyzed
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Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Chlorophyll Samples -- Historical Data

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin
Code Date Depth a a b c

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNE-1 04/22/91 1 9.99 9.24 1.16 0.90 0.82
RNE-1 07/09/91 1 9.45 10.68 1.74 0.09
RNE-1 08/19/91 1 18.17 19.58 1.03 0.88
RNE-1 04/08/97 1 9.64 9.08 0.65 0.68 0.45
RNE-1 06/23/97 1 7.60 10.10
RNE-1 07/30/97 1 12.14 14.77 0.26
RNE-1 08/28/97 1 15.07 17.65 0.14
RNE-1 10/20/97 1 4.62 6.05 0.52
Average 10.84 12.14 0.79 0.64 0.64
Median 9.82 10.39 0.65 0.78 0.64
Minimum 4.62 6.05 0.14 0.09 0.45
Maximum 18.17 19.58 1.74 0.90 0.82
Std. Dev. 4.25 4.69 0.56 0.38 0.26
Count 8 8 7 4 2
RNE-2 04/22/91 1 11.33 11.20 0.67 2.21 0.12
RNE-2 07/09/91 1 14.90 16.99 1.80
RNE-2 08/19/91 1 26.01 27.65 0.91
RNE-2 10/17/91 1 4.34 4.35 0.15
RNE-2 04/08/97 1 11.76 11.05 0.45 0.14 0.55
RNE-2 07/30/97 1 17.53 19.87 0.10
RNE-2 08/28/97 1 20.76 21.91 0.22
Average 15.23 16.15 0.61 1.18 0.34
Median 14.90 16.99 0.45 1.18 0.34
Minimum 4.34 4.35 0.10 0.14 0.12
Maximum 26.01 27.65 1.80 2.21 0.55
Std. Dev. 7.05 7.85 0.60 1.46 0.30
Count 7 7 7 2 2
RNE-3 04/22/91 1 16.02 15.26 3.31 2.03 0.76
RNE-3 06/11/91 1 10.72 9.24 2.96 1.78 2.26
RNE-3 07/09/91 1 12.85 15.09 0.71
RNE-3 08/19/91 1 34.46 38.57 2.28 1.23
RNE-3 10/17/91 1 11.51 11.20 0.55 1.06
RNE-3 04/08/97 1 19.28 19.72 1.78 1.19
RNE-3 06/23/97 1 10.14 13.76
RNE-3 07/30/97 1 17.66 21.36 1.24
RNE-3 08/28/97 1 23.23 23.28 1.21
RNE-3 10/20/97 1 12.43 10.56 0.19
Average 16.83 17.80 1.58 1.46 1.51
Median 14.44 15.18 1.24 1.23 1.51
Minimum 10.14 9.24 0.19 1.06 0.76
Maximum 34.46 38.57 3.31 2.03 2.26
Std. Dev. 7.49 8.67 1.09 0.42 1.06
Count 10 10 9 5 2
RNE-4 04/22/91 1 16.51 16.99 0.81 1.92
RNE-4 06/11/91 1 17.06 15.09 3.50 2.43 2.79
RNE-4 07/09/91 1 18.23 20.54 2.54 4.60
RNE-4 08/19/91 1 25.61 28.93 9.20
RNE-4 10/17/91 1 12.93 12.22 1.43 0.72 0.61
RNE-4 04/08/97 1 36.31 38.78 5.99 3.22

Cedar Lake - Historical Chlorophyll Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Chlorophyll Samples -- Historical Data

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin
Code Date Depth a a b c

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNE-4 06/23/97 1 13.57 17.28
RNE-4 07/30/97 1 17.99 21.85 2.23
RNE-4 08/28/97 1 25.16 25.73 1.18 0.74
RNE-4 10/20/97 1 33.03 31.15 3.28 1.56
Average 21.64 22.86 3.35 2.27 1.65
Median 18.11 21.20 2.54 2.18 1.56
Minimum 12.93 12.22 0.81 0.72 0.61
Maximum 36.31 38.78 9.20 4.60 2.79
Std. Dev. 8.07 8.25 2.69 1.50 1.09
Count 10 10 9 6 3

Cedar Lake - Historical Chlorophyll Data



Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Chlorophyll Samples -- Historical Data

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin
Code Date Depth a a b c

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNI-1 04/18/91 1 26.86 26.70 3.03 0.59
RNI-1 06/12/91 1 106.80 10.24 5.29
RNI-1 07/30/91 1 60.64 63.67 9.96 2.21
RNI-1 08/15/91 1 108.86 109.23 13.33 5.15
RNI-1 10/16/91 1 94.94 96.12 10.85 5.62
RNI-1 04/25/97 1 39.89 36.88 5.76 0.69 3.39
RNI-1 06/17/97 1 11.48 13.88 0.97
RNI-1 07/16/97 1 64.47 65.57 4.51
RNI-1 08/26/97 1 88.56 85.35 14.53 8.65
RNI-1 10/07/97 1 53.86 54.49 6.49
Average 61.06 65.87 8.74 4.03 2.18
Median 60.64 64.62 9.96 5.15 2.18
Minimum 11.48 13.88 3.03 0.59 0.97
Maximum 108.86 109.23 14.53 8.65 3.39
Std. Dev. 32.27 33.44 3.99 2.97 1.71
Count 9.00 10.00 9.00 7.00 2.00
RNI-2 04/18/91 1 30.36 31.71 3.79 0.65
RNI-2 06/12/91 1 105.70 112.14 19.88 1.08
RNI-2 07/30/91 1 86.65 88.32 14.20 1.36
RNI-2 08/15/91 1 123.46 130.83 11.20 3.48
RNI-2 10/16/91 1 81.15 81.51 6.19 4.00
RNI-2 04/25/97 1 39.51 38.38 5.78
RNI-2 06/17/97 1 22.74 24.38 1.25
RNI-2 07/16/97 1 82.95 84.66 7.20 0.17
RNI-2 08/26/97 1 46.66 36.83 6.66 2.87 1.47
RNI-2 10/07/97 1 53.88 56.32 6.55
Average 67.31 68.51 8.27 2.24 0.82
Median 67.52 68.92 6.61 2.12 0.82
Minimum 22.74 24.38 1.25 0.65 0.17
Maximum 123.46 130.83 19.88 4.00 1.47
Std. Dev. 33.61 36.47 5.43 1.39 0.92
Count 10.00 10.00 10.00 6.00 2.00
RNI-3 04/18/91 1 21.98 20.42 2.13 0.49 1.57
RNI-3 06/12/91 1 86.10 96.12 7.58 2.64
RNI-3 07/30/91 1 158.61 163.17 30.49 3.17
RNI-3 08/15/91 1 132.47 144.94 14.43 6.08
RNI-3 10/16/91 1 70.71 69.11 4.76 6.12
RNI-3 04/25/97 1 32.77 32.86 4.74 1.55
RNI-3 06/17/97 1 29.72 33.38 2.35
RNI-3 07/16/97 1 72.12 58.26 6.99
RNI-3 08/26/97 1 63.47 62.25 11.08 5.85
RNI-3 10/07/97 1 36.50 4.81 9.22
Average 74.22 71.70 8.94 4.06 4.11
Median 70.71 60.26 5.90 4.51 1.57
Minimum 21.98 20.42 2.13 0.49 1.55
Maximum 158.61 163.17 30.49 6.12 9.22
Std. Dev. 46.39 48.82 8.48 2.33 4.42
Count 9.00 10.00 10.00 6.00 3.00

Carbondale Reservoir - Historical Chlorophyll Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Chlorophyll Samples -- Phase I

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin Data 
Code Date Depth a a b c Qualifiers

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNE-1 11/16/04 13.0 NR NR NR NR NR NR
RNE-1 01/11/05 11.0 11.90 13.50 0.50 0.50 <1 Q, ND
RNE-1 02/15/05 9.0 6.50 6.57 0.50 1.95 <1
RNE-1 03/29/05 10.0 4.94 4.85 0.50 0.5 <1
RNE-1 04/20/05 9.0 7.69 7.82 0.50 1.07 <1
RNE-1 05/03/05 14.0 12.6 14.3 0.50 1.73 <1
RNE-1 05/23/05 16.0 7.57 8.63 0.50 1.05 <1
RNE-1 06/06/05 17.0 8.59 10.70 0.50 0.50 <1 J6
RNE-1 06/20/05 6.0 4.93 6.06 0.50 0.5 <1
RNE-1 07/11/05 5.5 11.7 14.1 0.50 1.33 <1
RNE-1 07/25/05 14.0 15 16.2 <1 1.09 <1 X, ND
RNE-1 08/11/05 13.0 9.57 9.52 0.5 0.5 0.5
RNE-1 08/22/05 16.0 9.29 8.7 0.5 0.5 0.5
RNE-1 09/26/05 15.0 7.68 7.03 0.5 0.5 0.5
RNE-1 10/11/05 13.0 13.8 13.2 0.5 0.5 0.5
RNE-1 11/01/05 8.0 6.19 5.93 1.45 1.61 0.5

Average 11.84 9.20 9.81 0.57 0.92 0.50
Median 13.00 8.59 8.70 0.50 0.50 0.50

Minimum 5.50 4.93 4.85 0.50 0.50 0.50
Maximum 17.00 15.00 16.20 1.45 1.95 0.50
Std. Dev. 3.59 3.17 3.62 0.25 0.52 0.00

Count 16 15 15 14 15 5
RNE-2 11/16/04 12.0 NR NR NR NR NR
RNE-2 01/11/05 10.0 14.40 16.50 0.50 1.46 0.50 Q, ND
RNE-2 02/15/05 9.0 8.78 8.46 0.50 0.50 0.50
RNE-2 03/29/05 9.0 5.77 5.70 0.50 0.50 0.50
RNE-2 04/20/05 13.0 8.00 8.27 0.50 0.50 0.50
RNE-2 05/03/05 11.0 14.80 17.40 0.50 2.02 0.50
RNE-2 05/23/05 14.0 6.05 6.63 0.50 0.50 0.50
RNE-2 06/06/05 17.0 9.11 10.90 0.50 0.50 0.50 J6
RNE-2 06/20/05 6.5 4.93 5.60 0.50 0.50 0.50
RNE-2 07/11/05 5.0 14.60 17.10 0.50 1.64 0.50
RNE-2 07/25/05 12.0 12.90 14.60 0.50 0.50 0.50
RNE-2 08/11/05 12.0 10.10 10.40 0.50 0.50 0.50
RNE-2 08/22/05 18.0 8.91 8.30 0.50 0.50 0.50
RNE-2 09/26/05 16.0 10.30 8.51 0.50 0.50 2.44
RNE-2 10/11/05 11.0 11.60 10.80 0.50 0.50 0.50
RNE-2 11/01/05 8.0 8.40 7.36 1.60 1.89 1.49

Average 11.47 9.91 10.44 0.57 0.83 0.70
Median 11.50 9.11 8.51 0.50 0.50 0.50

Minimum 5.00 4.93 5.60 0.50 0.50 0.50
Maximum 18.00 14.80 17.40 1.60 2.02 2.44
Std. Dev. 3.62 3.20 4.09 0.28 0.58 0.55

Count 16 15 15 15 15 15
RNE-3 11/16/04 8.0 NR NR NR NR NR
RNE-3 01/11/05 7.0 13.20 14.50 0.50 1.88 0.50 Q, ND
RNE-3 02/15/05 5.0 22.90 20.20 0.50 1.86 0.50
RNE-3 03/29/05 6.0 8.19 8.77 2.91 3.61 0.50 J3
RNE-3 04/20/05 8.0 6.57 6.73 0.50 0.50 0.50

Cedar Lake - Phase 1 Chlorophyll Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Chlorophyll Samples -- Phase I

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin Data 
Code Date Depth a a b c Qualifiers

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNE-3 05/03/05 11.0 13.20 22.40 0.50 1.75 0.50
RNE-3 05/23/05 12.0 11.70 13.60 0.50 1.36 0.50
RNE-3 06/06/05 14.0 9.04 10.90 0.50 0.50 0.50 J6
RNE-3 06/20/05 5.5 5.62 6.48 0.50 0.50 0.50
RNE-3 07/11/05 5.0 21.70 24.70 0.50 1.81 0.50
RNE-3 07/25/05 12.0 17.50 19.50 0.50 1.32 0.50
RNE-3 08/11/05 12.0 15.90 15.30 0.50 1.23 0.50
RNE-3 08/22/05 16.0 11.70 10.80 0.50 0.50 0.50
RNE-3 09/26/05 11.0 11.10 10.50 0.50 0.50 0.50
RNE-3 10/11/05 8.0 18.30 17.30 1.04 1.22 0.50
RNE-3 11/01/05 8.0 6.29 5.86 0.50 1.08 0.50

Average 9.28 12.86 13.84 0.70 1.31 0.50
Median 8.00 11.70 13.60 0.50 1.23 0.50

Minimum 5.00 5.62 5.86 0.50 0.50 0.50
Maximum 16.00 22.90 24.70 2.91 3.61 0.50
Std. Dev. 3.36 5.46 5.98 0.63 0.83 0.00

Count 16 15 15 15 15 15
RNE-4 11/16/04 8.0 NR NR NR NR NR
RNE-4 01/11/05 4.0 11.00 12.00 0.50 1.00 0.50 Q, ND
RNE-4 02/15/05 4.0 27.60 23.50 0.50 2.23 0.50
RNE-4 03/29/05 3.0 14.10 14.80 0.50 1.54 0.50
RNE-4 04/20/05 6.5 11.00 11.20 0.50 1.02 0.50
RNE-4 05/03/05 8.0 13.10 13.30 0.50 1.21 0.50
RNE-4 05/23/05 8.0 11.50 12.70 0.50 1.41 0.50
RNE-4 06/06/05 12.0 10.30 11.30 0.50 0.50 0.50
RNE-4 06/20/05 4.0 7.45 9.14 0.50 0.50 0.50
RNE-4 07/11/05 4.0 24.90 28.10 0.50 1.96 0.50
RNE-4 07/25/05 12.0 28.40 32.20 0.50 1.70 0.50
RNE-4 08/11/05 10.0 14.20 13.50 0.50 1.11 0.50
RNE-4 08/22/05 11.0 18.90 18.30 0.50 1.36 0.50
RNE-4 09/26/05 8.0 13.50 11.60 0.50 0.50 2.49
RNE-4 10/11/05 11.0 16.80 15.80 1.28 1.02 0.50
RNE-4 11/01/05 8.0 12.70 11.30 1.42 2.97 1.75

Average 7.59 15.70 15.92 0.61 1.34 0.72
Median 8.00 13.50 13.30 0.50 1.21 0.50

Minimum 3.00 7.45 9.14 0.50 0.50 0.50
Maximum 12.00 28.40 32.20 1.42 2.97 2.49
Std. Dev. 3.08 6.46 6.79 0.30 0.68 0.59

Count 16 15 15 15 15 15
RNE-5 11/16/04
RNE-5 01/11/05
RNE-5 02/15/05
RNE-5 03/29/05
RNE-5 04/20/05
RNE-5 05/03/05 13.0 13.10 13.10 0.50 1.39 0.50
RNE-5 05/23/05
RNE-5 06/06/05
RNE-5 06/20/05

Cedar Lake - Phase 1 Chlorophyll Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Chlorophyll Samples -- Phase I

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin Data 
Code Date Depth a a b c Qualifiers

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNE-5 07/11/05
RNE-5 07/25/05 14.0 13.80 15.20 0.50 1.16 0.50
RNE-5 08/11/05 13.0 9.30 9.07 0.50 0.50 0.50
RNE-5 08/22/05
RNE-5 09/26/05
RNE-5 10/11/05 14.0 9.72 9.27 0.50 0.50 0.50

Average 13.50 11.48 11.66 0.50 0.89 0.50
Median 13.50 11.41 11.19 0.50 0.83 0.50

Minimum 13.00 9.30 9.07 0.50 0.50 0.50
Maximum 14.00 13.80 15.20 0.50 1.39 0.50
Std. Dev. 0.58 2.30 3.00 0.00 0.46 0.00

Count 4 4 4 4 4 4

NR = Not Reported  
ND = Not Detected

Data not usable per Illinois EPA

Statistics were calculated using all data shown.
X qualified data or data not used per IL EPA request
Non-detect results - estimated value represents 50% of laboratory reporting limit
Data outlier removed from evaluation

Cedar Lake - Phase 1 Chlorophyll Data



Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data

Chlorophyll Samples -- Phase I

Station Sample Sample Chlorophyll Chlorophyll Chlorophyll Chlorophyll Phaeophytin Data 
Code Date Depth a a b c Qualifiers

Uncorrected Corrected
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

RNI-1 01/12/05 2.0 33.40 39.10 2.71 3.31 0.50 Q, ND
RNI-1 02/23/05 3.0 26.90 28.40 1.03 3.07 0.50
RNI-1 03/31/05 2.5 51 51.3 0.5 5.79 0.50
RNI-1 04/25/05 3.0 29 30.5 0.50 2.05 0.50
RNI-1 05/16/05 3.0 31.2 36.1 1.67 2.43 0.50
RNI-1 05/24/05 3.0 27.5 31.9 0.50 2.94 0.50
RNI-1 06/14/05 3.0 66.3 74.5 29.40 0.50 0.50
RNI-1 06/21/05 1.5 55.5 43.3 0.50 3.07 0.50
RNI-1 07/13/05 1.0 290 326 0.50 43.80 0.50
RNI-1 08/01/05 2.0 167 262 1.23 7.85 0.50 J3,ND
RNI-1 08/17/05 3.0 125 119 1.23 6.81 2.48 J3
RNI-1 08/29/05 2.0 130 130 1.12 10.40 0.50
RNI-1 09/26/05 1.5 106 103 1.40 5.95 0.50
RNI-1 10/17/05 3.0 64.9 58.8 0.50 2.29 6.47
RNI-1 11/01/05 3.0 39.8 37 2.32 4.34 2.60

Average 2.43 82.90 91.39 3.01 6.97 1.17
Median 3.00 55.50 51.30 1.12 3.31 0.50

Minimum 1.00 26.90 28.40 0.50 0.50 0.50
Maximum 3.00 290.00 326.00 29.40 43.80 6.47
Std. Dev. 0.70 72.18 89.35 7.33 10.51 1.63

Count 15 15 15 15 15 15
RNI-2 05/16/05 3.0 32.60 37.20 1.63 2.82 0.50
RNI-2 06/14/05 3.0 55.20 62.70 1.17 4.34 0.50
RNI-2 08/01/05 2.0 136.00 155.00 0.50 5.43 0.50
RNI-2 08/17/05 2.0 153.00 148.00 3.70 12.80 0.50
RNI-2 10/17/05 2.0 71.10 67.20 1.24 2.93 2.47

Average 2.40 89.58 94.02 1.65 5.66 0.89
Median 2.00 71.10 67.20 1.24 4.34 0.50

Minimum 2.00 32.60 37.20 0.50 2.82 0.50
Maximum 3.00 153.00 155.00 3.70 12.80 2.47
Std. Dev. 0.55 52.31 53.76 1.22 4.13 0.88

Count 5 5 5 5 5 5
RNI-3 05/16/05 2.0 34.90 38.10 1.10 2.43 0.50
RNI-3 06/14/05 1.0 50.90 58.00 0.50 2.89 0.50
RNI-3 08/01/05 2.0 190.00 238.00 1.81 8.96 0.50
RNI-3 08/17/05 2.0 253.00 252.00 2.07 21.30 0.50
RNI-3 10/17/05 2.0 73.10 69.70 0.50 3.47 1.44

Average 1.80 120.38 131.16 1.20 7.81 0.69
Median 2.00 73.10 69.70 1.10 3.47 0.50

Minimum 1.00 34.90 38.10 0.50 2.43 0.50
Maximum 2.00 253.00 252.00 2.07 21.30 1.44
Std. Dev. 0.45 95.92 104.65 0.73 7.99 0.42

Count 5 5 5 5 5 5

NR = Not Reported  
ND = Not Detected

Data not usable per Illinois EPA

Statistics were calculated using all data shown.
X qualified data or data not used per IL EPA request
Non-detect results - estimated value represents 50% of laboratory reporting limit
Data outlier removed from evaluation

Carbondale Reservoir - Phase 1 Chlorophyll Data



Cedar Lake (RNE) & Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Sediment Metals

Date Sampled Units 08/11/05 08/11/05 08/11/05 08/11/05 08/11/05 08/17/05 08/17/05 08/17/05 Data 
Time 11:30 12:10 12:35 13:00 10:50 15:15 15:50 16:10 Qualifiers
Sample ID RNE-1 RNE-2 RNE-3 RNE-4 RNE-5 RNI-1 RNI-2 RNI-3
Collector MDB MDB MDB MDB MDB MDB MDB MDB
Depth of Sample 49 35 22 15 39 13 9 4
Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil
Date Received 09/16/05 09/16/05 09/16/05 09/16/05 09/16/05 09/16/05 09/16/05 09/16/05
Phosphorus-P mg/kg 1,036 1,034 278 551 743 839 695 404
Kjeldahl-N mg/kg 49,300 21,400 10,800 25,600 61,900 31,500 19,800 8,630 X
% Solids % 31.1 37.3 55.7 20.3 28.4 47.2 47.9 53.5
Soilds, Volatile % 10.5 9.0 4.4 10.5 10.8 8.9 7.8 5.2
Mercury mg/kg <0.64 <0.55 <0.37 <0.5 <0.73 <0.44 <0.43 <0.41 Q, ND
Potassium mg/kg 1,100 1,200 480 1,100 1,300 1,100 1,000 570
Barium mg/kg 380 300 56 160 350 250 200 77
Cadmium mg/kg 0.37 0.36 0.12 0.22 0.29 0.34 0.33 0.18
Chromium mg/kg 20 18 8 17 21 23.0 21.0 12.0
Copper mg/kg 28 26 10 22 28 53.0 60.0 20.0
Iron mg/kg 40,000 34,000 10,000 23,000 37,000 35,000 31,000 14,000
Lead mg/kg 26 28 12 28 27 26.0 25.0 11.0
Manganese mg/kg 6,200 3,000 460 920 3,200 2,000 1,400 810
Nickel mg/kg 32 26 8 20 30 24.0 23.0 12.0
Silver mg/kg <1 <1 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5
Zinc mg/kg 84 77 31 65 85 77 73 89
Arsenic mg/kg 25 18 3 8 21 12.0 8.8 8.0

NR = Not Reported  
ND = Not Detected
Data not usable per Illinois EPA

Cedar Lake Carbondale Reservoir

Cedar Lake and Carbondale Reservoir - Phase 1 Metals Sediment Data



Cedar Lake (RNE) & Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
ICAP Metals

Data 
Date Sampled Units 05/03/04 06/06/05 07/25/05 08/11/05 10/11/05 05/16/05 06/14/05 08/01/05 08/17/05 10/17/05 Qualifiers
Time 14:20 14:05 8:45 10:50 15:10 11:10 14:20 15:00 16:10 12:25
Sample ID RNE-5 RNE-5 RNE-5 RNE-5 RNE-5 RNI-3 RNI-3 RNI-3 RNI-3 RNI-3
Collector MDB MDB MDB MDB MDB MDB MDB MDB MDB MDB
Depth of Sample 15 15 15 14 13 1 1 1 1 1
Depth of Site 38 41 37 39 36 4 4 4 4 4
Sample Matrix Water Water Water Water Water Water Water Water Water Water
Date Received 05/06/05 06/08/05 07/26/05 08/16/05 10/13/05 05/17/05 06/16/05 08/03/05 08/19/05 10/18/05
Lead, T ug/l <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Calcium, T mg/l 12 12 13 14 12 22 24 17 19 22
Magnesium, T mg/l 3.3 3.3 3.4 3.6 3.4 8.0 8.4 6.5 7.5 8.6
Sodium, T mg/l 6.1 5.5 6.1 6.6 5.7 14.0 14.0 13.0 15.0 15.0
Potassium, T mg/l 2.1 2.0 2.0 2.1 2.1 <4 2 2 3 3
Aluminum, T ug/l <100 <100 280 <100 <100 260 260 120 400 310
Barium, T ug/l 24 20 26 26 16 53 56 17 30 69
Boron, T ug/l 28 20 26 26 19 <50 27 29 32 31
Beryllium, T ug/l <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Cadmium, T ug/l <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Chromium, T ug/l <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Copper, T ug/l <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Cobalt, T ug/l <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Iron, T ug/l 100 65 <50 100 <50 400 310 95 420 540
Manganese, T ug/l 37 36 28 36 140 380 510 210 460 450
Nickel, T ug/l <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Silver, T ug/l <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
Strontium, T ug/l 60 59 65 66 66 100 110 88 100 110
Vanadium, T ug/l <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Zinc, T ug/l <10 <10 26 <10 <10 <10 <10 <10 <10 <10
Hardness Calc. mg/l 44 44 46 49 45 88 94 69 79 90

Cedar Lake Carbondale Reservoir

Cedar Lake and Carbondale Reserovir - Phase 1 Metal Water Data



Cedar Lake (RNE) & Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Sediment Organics

Date Sampled Units 08/11/05 08/11/05 08/11/05 08/11/05 08/11/05 08/17/05 08/17/05 08/17/05
Time 12:10 12:10 12:35 12:35 12:35 15:15 15:15 15:15
Sample ID RNE-1 RNE-2 RNE-3 RNE-4 RNE-5 RNI-1 RNI-2 RNI-3
Collector MDB MDB MDB MDB MDB MDB MDB MDB
Depth of Site 35 35 22 15 39 13 9 4
Sample Matrix Soil Soil Soil Soil Soil Soil Soil Soil
Date Received 08/14/05 08/14/05 09/14/05 09/14/05 09/14/05 09/14/05 09/14/05 09/14/05
Total PCBs ug/kg <10 <10 <10 <10 <10 <10 <10 <10
Hexachlorobenzene ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Trifluralin ug/kg <10 <10 <10 <10 <10 <10 <10 <10
Alpha-BHC ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Gamma-BHC (Lindane) ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Atrazine ug/kg <50 <50 <50 <50 <50 <50 <50 <50
Heptachlor ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Aldrin ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Alachlor ug/kg <10 <10 <10 <10 <10 <10 <10 <10
Metribuzin ug/kg <10 <10 <10 <10 <10 <10 <10 <10
Metolachlor ug/kg <25 <25 <25 <25 <25 <25 <25 <25
Heptachlor Epoxide ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Pendimethalin ug/kg <10 <10 <10 <10 <10 <10 <10 <10
Gamma-Chlordane ug/kg <2 <2 <2 <2 <2 <2 <2 <2
Alpha-Chlordane ug/kg <2 <2 <2 <2 <2 <2 <2 <2
Total Alpha and Gamma Chlordane ug/kg <5 <5 <5 <5 <5 <5 <5 <5
Dieldrin ug/kg <1 <1 <1 <1 <1 <1 <1 <1
Captan ug/kg <10 <10 <10 <10 <10 <10 <10 <10
Cyanazine ug/kg <25 <25 <25 <25 <25 <25 <25 <25
Endrin ug/kg <1 <1 <1 <1 <1 <1 <1 <1
P,P'-DDE ug/kg 4.5 6 2.2 18 3.8 <1 <1 <1
P,P'-DDD ug/kg <1 2.5 <1 8.4 1.5 <1 <1 <1
P,P'-DDT ug/kg <1 <1 <1 1.7 <1 <1 <1 <1
Total DDT ug/kg 4.5 8.5 2.2 28 5.3 <10 <10 <10
Methoxychlor ug/kg <5 <5 <5 <5 <5 <5 <5 <5
Acetochlor ug/kg <25 <25 <25 <25 <25 25 <25 <25

Notes:  Highlighted results represent laboratory detection.

Cedar Lake Carbondale Reservoir

Cedar Lake and Carbondale Reservoir - Phase 1 Sediment Organics Data



Cedar Lake (RNE) & Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Water Organics

Date Sampled Units 05/03/05 06/06/05 07/25/05 08/11/05 10/11/2005 05/16/05 06/14/05 08/01/05 08/17/05 10/17/05
Time 14:20 14:05 8:45 10:50 15:10 11:10 14:20 15:00 16:10 15:00
Sample ID RNE-5 RNE-5 RNE-5 RNE-5 RNE-5 RNI-3 RNI-3 RNI-3 RNI-3 RNI-3
Collector MDB MDB MDB MDB MDB MDB MDB MDB MDB MDB
Depth of Sample 15 15 15 14 13 1 1 1 1 1
Depth of Site 38 41 37 39 36 4 4 4 4 4
Sample Matrix Water Water Water Water Water Water Water Water Water Water
Date Received 05/05/05 06/08/05 07/26/05 08/16/05 10/13/05 05/17/05 06/21/05 08/03/05 08/23/05 10/18/05
Hexachlorobenzene ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Trifluralin ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Alpha-BHC ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Gamma-BHC (Lindane) ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Atrazine ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Heptachlor ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Aldrin ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Acetochlor ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Alachlor ug/l <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Metribuzin ug/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Metolachlor ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Heptachlor Epoxide ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Pendimethalin ug/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Gamma-Chlordane ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Alpha-Chlordane ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total Alpha and Gamma Chlordane ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dieldrin ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Captan ug/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Cyanazine ug/l 0.32 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Endrin ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
P,P'-DDE ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
P,P'-DDD ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
P,P'-DDT ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total DDT ug/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Methoxychlor ug/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Total PCBs ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
2,4-D ug/l <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Pentchlorophenol (PCP) ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
2,4,5,TP (Silvex) ug/l <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Dalapon ug/l <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Dicamba ug/l <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
Dinoseb ug/l <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7
Picloram ug/l <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
Acifluorfen ug/l <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
EPTC ug/l <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Butylate ug/l <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Phorate ug/l <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
Terbufos ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Fonofos ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Diazinon ug/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Methyl Parathion ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Malathion ug/l <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
Chlorpyrifos ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Atrazine ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

Notes:  Highlighted results represent laboratory detection.

Cedar Lake Carbondale Reservoir

Cedar Lake and Carbondale Reservoir - Phase 1 Organics Water Data



APPENDIX B 



January 12, 2006  

Lake Cedar (RNE) Report 

 Lake Cedar was sampled at three sites (1, 2, 3) on 16 July, 1977 and the samples 

examined using the “Membrane Filter Method”.  Data from this date are not included in this 

report.  Sampling was done at Site 1 on 8 April, 23 June, 30 July, 28 August and 20 October, 

1997 (See Report dated August 14, 1998).  In 2005, sampling was done at three sites (1, 4, 5) on 

3 May, 6 June, 25 July, 11 August, 11 October (Tables:  2; 3: 4; 5; List of taxa-2005; Figures:  

Three Sites).  Samples from 1997 and 2005 were examined with the “Sweep Method”.  

Comparisons in this report will involve Site 1 in 1997 and 2005 and the three sites sampled in 

2005.  The 8 April, 1997 date will not be included since a corresponding date was not sampled in 

2005.      

 Phytoplankters produced their peak density of 25,952/mL for both years on 30 July, 1997 

(Tables:  1; 2; Figures:  Total Phytoplankton-Site 1; Three Sites).  Other densities at Site 1 in 

1997 were 4256/mL on 23 June, 25,759/mL on 28 August and 1726/mL on 20 October (Table:  

1; Figure:  Total Phytoplankton-Site 1).  They reached their peak density of 11,048/mL for 2005 

on 25 July at Site 1 and were at 2579/mL at Site 1, 4189/mL at Site 4 and 3608/mL at Site 5 on 3 

May, 2630/mL at Site 1, 3547/mL at Site 4 and 2976/mL at Site 5 on 6 June, 11,048/mL at Site 1 

as noted, 9662/mL at Site 4 and 10,742/mL at Site 5 on 25 July, 7685/mL at Site 1, 6910/mL at 

Site 4 and 8765/mL at Site 5 on 11 August, 2120/mL at Site 1, 4342/mL at Site 4 and 2517/mL 

at Site 5 on 11 October (Table:  2; Figure:  Total Phytoplankton-Three Sites).  Blue-greens 

(Phylum Cyanophyta) were the dominant group on all dates in 1997 and 2005 (Figures:  

Cyanophyta-Site 1; Three Sites).   

 With one exception, diatoms (Phylum Bacillariophyta) were in higher densities in 2005  

that they were in 1997 (Tables:  1; 2; Figures:  Bacillariophyta-Site 1; Three Sites).  The one  
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exception was the 28 August, 1997 sample in which diatoms were at 45/mL and at nearly the  

same density (41/mL) at Site 1 on 11 August, 2005.  Sites 4 and 5 had higher densities on most 

dates than those at Site 1 in either year.  Densities in 1997 and 2005 were 194/mL-Site 1, 

163/mL-Site 4 and 285/mL-Site 5 for May (not sampled-1997), 60/mL-1997, 296/mL-Site 1, 

326/mL-Site 4, 245/mL-Site 5 for June, 30/mL-1997, 92/mL-Site 1 and 112/mL at Site 4 and 5 

in July, 45/mL-1997, 41/mL-Site 1, 275/mL-Site 4, 132/mL-Site 5 for August and 15/mL-1997, 

204/mL-Site 1, 499/mL-Site 4 and 173/mL-Site 5 for October.  Cyclotella meneghiniana was the 

only diatom of five that was numerous (100 or more/mL) in the sample taken on 3 May, 2005 at 

Site 1.  It was in a density of 102/mL on that date accompanied by Melosira italica var. 

tenuissima at 10/mL, Nitzschia acicularis at 20/mL and Synedra delicatissima var. angustissima 

and S. delicatissima var. delicatissima each at 31/mL (Table:  5/3/2005-Site 1).  Diatoms in the 

sample taken at Site 4 on 3 May, 2005 were each in a density <100/mL (Table:  5/3/2005-Site 4).  

C. meneghiniana at 61/mL was the diatom in highest density with Asterionella formosa and S. 

delicatissima var. angustissima each at 10/mL, M. italica var. tenuissima at 51/mL and N. 

acicularis at 31/mL.  The sample taken at Site 5 on 3 May, 2005 contained A. formosa and S. 

delicatissima var. angustissima each at 10/mL, C. meneghiniana at 183/mL, M. italica var. 

tenuissima “Present” or not in a countable form, N. acicularis at 51/mL and S. delicatissima var. 

delicatissima at 31/mL (Table:  5/3/2005-Site 5).  The 23 June, 1997 sample contained C. 

meneghiniana in a density of 45/mL, Melosira distans and M. italica var. tenuissima each 

“Present” and N. acicularis at 15/mL.  In the 6 June, 2005 sample at Site 1, C. meneghiniana was 

at 92/mL, Fragilaria crotonensis at 41/mL, N. acicularis at 51/mL, Nitzschia palea at 10/mL and 

S. delicatissima var. delicatissima at 102/mL (Table:  6/6/2005-Site 1).  The Site 4 sample 

contained C. meneghiniana at 214/mL, N. acicularis at 41/mL, N. palea at 10/mL and S.  
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delicatissima var. delicatissima at 61/mL (Table:  6/6/2005-Site 4).  Site 5 had C. meneghiniana  

at 132/mL, M. italica var. tenuissima “Present”, N. acicularis at 82/mL and S. delicatissima var.  

delicatissima at 31/mL (Table:  6/6/2005-Site 5).  C. meneghiniana and F. crotonensis were each 

at 15/mL and M. distans “Present” in the 30 July, 1997 sample.  The Site 1 sample taken on 25 

July contained N. acicularis at 41/mL, N. palea and S. delicatissima var. angustissima each at 

10/mL and S. delicatissima var. delicatissima at 31/mL (Table:  7/25/2005-Site 1).  C. 

meneghiniana was in a density of 20/mL in the Site 4 sample taken on 25 July, 2005 

accompanied by N. acicularis at 10/mL, N. palea at 31/mL and S. delicatissima var. 

delicatissima at 51/mL (Table:  7/25/2005-Site 4).  In the Site 5 sample of 25 July, C. 

meneghiniana was at 20/mL, N. acicularis at 51/mL and S. delicatissima var. delicatissima at 

41/mL (Table:  7/25/2005-Site 5).  C. meneghiniana in a density of 30/mL and F. crotonensis at 

15/mL were the two diatoms in the 28 August, 1997 sample.  The two in the 11 August, 2005 

sample taken at Site 1 were S. delicatissima var. angustissima and S. delicatissima var. 

delicatissima each at 20/mL (Table:  8/11/2005-Site 1).  At Site 4 on that date, C. meneghinana 

was at 61/mL, M. distans “Present”, N. acicularis at 31/mL, N. palea at 41/mL and S. 

delicatissima var. delicatissima at 143/mL (Table:  8/11/2005-Site 4).  The Site 5 sample on 11 

August, 2005 contained C. meneghiniana and S. delicatissima var. delicatissima each at 61/mL 

and N. acicularis at 10/mL (Table:  8/11/2005-Site 5).  M. italica var. tenuissima was “Present” 

and Synedra ulna var. subaequalis at 15/mL in the sample taken on 20 October, 1997.  In the 

sample taken at Site 1 on 11 October, 2005, C. meneghiniana was at 51/mL, M. distans “Present’ 

and N. acicularis at 153/mL (Table:  10/11/2005-Site 1).  The Site 4 sample on that date had C. 

meneghiniana at 153/mL, M. distans “Present”, N. acicularis at 102/mL, N. linearis at 20/mL, N.     

palea at 10/mL, S. delicatissima var. delicatissima at 204/mL and Synedra ulna var. ulna at  
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10/mL (Table:  10/11-2005-Site 4).  The Site 5 sample taken on 11 October, 2005 contained C.  

meneghiniana at 51/mL, a Fragilaria sp. at 20/mL, M. italica var. tenuissima “Present”, N.  

acicularis at 92/mL and S. delicatissima var. delicatissima at 10/mL (Table:  10/11/2005-Site 5).  

Diatoms seen in 1997 and 2005 are those typically found in eutrophic lakes.  Patrick and Reimer 

(1966) indiated that S. delicatissima var. angustissima is found in water of “medium hardness”.  

The three species of Nitzschia characteristically develop on the bottom of streams and on the 

bottom sediments of lakes.  They are carried into a body of water by flow from runoff or they are 

able to move from the bottom of a lake and become part of the phytoplankton community.  They 

tolerate high levels of organic materials with Nitzschia palea the most tolerant.  None of the 

diatoms was in a high density (1000 or more/mL) in any of the samples.                 

Green algae (Chlorophyta) reached their peak density of 887/mL for both years on 11 

August, 2005 at Site 4 (Tables:  1; 2; Figures:  Chlorophyta-Site 1; Three Sites).  Densities on 

other dates were different at each site including May (No sample-1997; 571/mL-Site 1; 347/mL-

Site 4; 805/mL-Site 5), June (253/mL-1997; 234/mL-Site 1; 377/mL-Site 4; 255/mL-Site 5), July 

(149/mL-1997; 214/mL-Site 1; 469/mL-Site 4; 245/mL-Site 5), August (297/mL-1997; 459/mL-

Site 1; 887/mL-Site 4; 662/mL-Site 5) and October (313/mL-1997; 540/mL-Site 1; 479/mL-Site 

4; 316/mL-Site 5).  Except for the May and October dates, Site 4 had higher densities on every 

date than were observed for 1997 or at sites 1 and 5 in 2005.  Three of the 10 taxa seen in the 3 

May, 2005 sample taken at Site 1 were numerous (Table:  5/3/2005-Site 1).  Ankistrodesmus 

falcatus var. acicularis was in a density of 112/mL, a Cosmarium sp. (5.0 x 5.0 µm) at 122/mL 

and Kirchneriella lunaris var. lunaris at 153/mL.  A. falcatus var. acicularis was in a density of 

122/mL at Site 4 on 3 May, 2005 (Table:  5/3/2005-Site 4).  The other 10 green algae were each 

in a density of <100/mL.  Cosmarium sp. seen at Site 1 was at 51/mL and K. lunaris var. lunaris  
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at 61/mL.  Of the 13 taxa in the 3 May, 2005 sample taken at Site 5, the same three that were 

numerous at Site 1 and in the highest densities at Site 4 were numerous (Table:  5/3/2005-Site 5).  

A. falcatus var. acicularis was in a density of 143/mL, the Cosmarium sp. seen at the other two 

sites was at 122/mL and K. lunaris var. lunaris was at 245/mL.  Seven species were in the 23 

June, 1997 sample with none of the seven in the numerous category.  Carteria multifilis and 

Schroederia setigera were the two species in highest density with each at 74/mL.  At Site 1 on 6 

June, 2005, 15 taxa were in the sample including C. multifilis at 71/mL and S. setigera at 20/mL 

(Table:  6/6/2005-Site 1).  Other taxa found in both years were Closterium acutum (15/mL-1997; 

20/mL-2005), Coelastrum microporum (15/mL-1997; 10/mL-2005), Dictyosphaerium 

pulchellum (15/mL-1997; 10/mL-2005) and Scenedesmus abundans (30/mL-1997; 10/mL-2005).  

None of the taxa seen in 2005 was numerous.  The Site 4 sample taken on 6 June, 2005 

contained 15 taxa (Table:  6/6/2005-Site 4).  K. lunaris var. lunaris in a density of 122/mL was 

the only one that was numerous.  None of the 10 taxa observed in the Site 5 sample from that 

date was numerous (Table:  6/6/2005-Site 5).  Only three taxa were common to the three sites 

sampled in 2005.  They were A. falcatus var. acicularis (10/mL-Site 1; 82/mL-Site 4; 31/mL-Site 

5), Oocystis borgei (10/mL-Site 1; 20/mL-sites 4 and 5) and S. abundans (10/mL-sites 1; 4; 

31/mL-Site 5).  None of the five species seen in the sample taken on 30 July, 1997 was 

numerous.  The same was true for the 12 taxa observed at Site 1 and Site 5 or the 17 found at 

Site 4 on 25 July, 2005 (Tables:  7/25/2005-Site 1; 4; 5).  Two taxa were common to all four 

samples.  They were O. borgei (89/mL-1997; 20/mL-Site 1; 61/mL-Site 4; 41/mL-Site 5) and 

Tetraedron minimum (15/mL-1997; 31/mL-Site 1; 82/mL-Site 4; 51/mL-Site 5).  A. falcatus var. 

acicularis (10/mL-sites 1 and 5; 71/mL-Site 4) was the only taxon common to the three sites 

sampled in 2005.  A. falcatus var. acicularis was the only taxon of five in a density >100/mL in  
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the 28 August, 1997 sample.  It was at 208/mL accompanied by C. multifilis and T. minimum 

each at 30/mL and S. abundans and a Staurastrum sp. each at 15/mL.  The Site 1 sample taken 

on 11 August, 2005 contained 13 taxa with only A. hantzschii var. fluviatile numerous at 143/mL 

(Table:  8/11/2005-Site 1).  Of the 5 taxa seen in 1997, only C. multifilis at 41/mL and T. 

minimum at 10/mL were present at Site 1 in 2005.  In the 11 August, 2005 sample taken at Site 4, 

22 taxa were seen with A. hantzschii var. fluviatile again the most numerous in a density of 

204/mL (Table:  8/11/2005-Site 4).  A. falcatus var. acicularis was another taxon in the 

numerous category in a density of 153/mL.  A. hantzschii var. fluviatile was the only taxon of 15 

in a density >100/mL in the 11 August, 2005 sample taken at Site 5 (Table:  8/11/2005-Site 5).  

It was at 255/mL.  Taxa common to the different samples included the aforementioned 

Actinastrum, A. falcatus var. acicularis (208/mL-1997; not at Site 1; 153/mL-Site 4; 10/mL-Site 

5), C. multifilis (30/mL-1997; 41/mL-Site 1; 31/mL-Site 4; 20/mL-Site 5), C. microporum (not in 

1997; 10/mL-each of the others), D. pulchellum (not in 1997; 20/mL-sites 1 and 5; 10/mL-Site 

4), K. lunaris var. lunaris (not in 1997; 10/mL-Site 1; 71/mL-sites 4 and 5), O. borgei (not in 

1997; 92/mL-Site 1; 20/mL-Site 4; 71/mL-Site 5) and T. minimum (30/mL-1997; 10/mL-Site 1; 

71/mL-Site 4; 20/mL-Site 5).  Five taxa were counted in the 20 October, 1997 sample including 

A. falcatus var. acicularis in a density of 223/mL, C. multifilis at 45/mL, C. microporum at 

15/mL, S. abundans “Present’ and T. minimum at 30/mL.  The Site 1 sample taken on 11 

October, 2005 had 16 taxa including the five seen in 1997 (Table:  10/11/2005-Site 1).  A. 

falcatus var. acicularis and C. multifilis were each at 31/mL, C. microporum at 10/mL, S. 

abundans at 20/mL and T. minimum at 41/mL .  Two taxa not seen in 1997 were each numerous 

at 132/mL.  They were D. pulchellum and O. borgei.  The Site 4 sample taken on 11 October, 

2005 contained 19 taxa with A. falcatus var. acicularis in a density of 112/mL the only one in a  
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density >100/mL (Table:  10/11/2005-Site 4).  None of the 15 taxa in the sample taken on 11  

October, 2005 at Site 5 was numerous (Table:  10/11/2005-Site 5).  Taxa common to the three 

sites sampled in 2005 were A. falcatus var. acicularis (31/mL-Site 1; 112/mL-Site 4; 61/mL-Site 

5), C. multifilis (31/mL-sites 1 and 4; 61/mL-Site 5), a Cosmarium sp. with dimensions of 5.0 x 

5.0 µm (10/mL-sites 1 and 5; 31/mL-Site 4), K. lunaris var. lunaris (41/mL-sites 1 and 4; 

10/mL-Site 5), O. borgei (132/mL-Site 1; 41/mL-sites 4 and 5) and T. minimum (41/mL-each 

site).  Green algal taxa present in 1997 and 2005 were those characterically found in eutrophic 

lakes.  A majority of these taxa were members of the Order Chlorococcales as is typical of such 

lakes.  Taxa in this order included the genera Actinastrum, Ankistrodesmus, Chodatella, 

Coelastrum, Crucigenia, Dictyosphaerium, Elakatothrix, Golenkinia, Micractinium, Oocystis, 

Scenedesmus, Schroederia, Selenastrum, Tetraedron, Tetrastrum and Treubaria (Table:  List of 

taxa-2005).  Other genera (Carteria, Chlorogonium, Gonium, Phacotus) seen are in the Order 

Volvocales and are found in shallow waters with a high organic content.  None of the green algae 

was in a high density (1000 or more/mL) in 1997 or 2005.          

Chrysophytes (Chrysophyta) were present at Site 1 in 1997 in a density of 74/mL on 23 

June, 45/mL on 28 August and 15/mL on 20 October (Table:  1).  They were not present on 30 

July (Table:  List of taxa-1997).  The latter was the case at Site 1 on 3 May, 6 June, 25 July and 

11 August and Site 4 on the first three dates and at Site 5 on 6 June, 2005 (Table:  2).  Densities 

on other dates in 2005 were 10/mL at Site 5 on 3 May and 25 July, 51/mL at Site 4 and 20/mL at 

Site 5 on 11 August and 255/mL at Site 1, 306/mL at Site 4 and 194/mL at Site 5 on 11 October.  

Mallomonas acaroides var. acaroides was responsible for the total of 10/mL at Site 5 on 3 May, 

2005 (Table:  5/3/2005-Site 5).  It formed the same total on 25 July, 2005 (Table:  7/25/2005-Site 

5).  This alga was at 15/mL in the sample taken on 28 August, 1997 and at 20/mL in that from  
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Site 4 and 10/mL in that from Site 5 on 11 August, 2005 (Tables:  8/11/2005-Site 4; 5).   

Mallomonas pseudocoronata was in three of the four samples taken in August of the two years 

(30/mL-1997; 31/mL-Site 4; 10/mL-Site 5).  M. acaroides var. acaroides was in a density of 

15/mL in the sample taken on 20 October, 1997.  It was the only chrysophyte in the samples 

taken at sites 1 and 5 on 11 October, 2005 (Tables:  10/11/2005-Site 1; 5).  It was in a density of 

10/mL at each site.  Mallomonas tonsurata was in a density of 10/mL in the sample taken at Site 

4 on 11 October, 2005 (Table:  10/11/2005-Site 4).  Dinobryon sociale was present with its cells 

in loricae in a density of 163/mL at Site 1, 173/mL at Site 4 and 154/mL at Site 5 on 11 October, 

2005 (Tables:  10/11/2005-Site 1; 4; 5).  Statospores of this species were seen at the mouth of 

loricae and free in the sample in a density of 92/mL only at Site 4 on this date.  Cells of a 

Dinobryon sp. (probably D. sociale) free from their loricae were observed and counted in 

densities of 82/mL at Site 1, 31/mL at Site 4 and Site 5 on this date.  Cells of Dinobryon leave 

their loricae when under stress.  Chrysophytes seen in 1997 and 2005 were those typically seen 

in samples from eutrophic lakes.  Presence of chrysophytes on a number of dates could be taken 

as a positive sign in terms of lake condition.  These algae form higher populations when 

temperature and competition are low which appeared to be the case in October, 1997 and 2005.  

Blue-green densities were lower in October than they were in earlier months.          

Cryptomonads (Cryptophyta) were present on all of the dates in both years except for 11 

August, 2005 at sites 1 and 4 (Tables:  1; 2; Figures:  Cryptophyta-Site 1; Three Sites).  Totals in 

1997 were 89/mL on 23 June, 60/mL on 30 July, 15/mL on 28 August and 45/mL on 20 October.  

The 2005 data for 3 May were 183/mL-Site 1, 51/mL-Site 4 and 204/mL-Site 5.  For 6 June, they 

were 41/mL-Site 1, 71/mL-Site 4 and 112/mL-Site 5.  The 25 July figures were 10/mL-Site 1, 

31/mL-Site 4 and 51/mL-Site 5.  As was mentioned, these algae were absent at sites 1 and 4 on  
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11 August and at 31/mL at Site 5.  The final date, 11 October, showed densities of 82/mL-Site 1,  

61/mL-Site 4 and 132/mL-Site 5.  As can be seen, densities at Site 5 were higher on each date 

than they were at the other two sites in either year.  Cryptomonas erosa and a Cryptomonas sp. 

(No. 1) were the only two cryptomonads seen in 1997 and 2005.  The former was in a density of 

20/mL and the latter at 163/mL on 3 May, 2005 (Table:  5/3/2005-Site 1).  Cryptomonas sp. in a 

density of 51/mL was the only one of the two at Site 4 on 3 May, 2005 (Table:  5/3/2005- 

Site 4).  Both species were in the Site 5 sample taken on 3 May, 2005 and each was in a density  

of 102/mL (Table:  5/3/2005-Site 5).  Both taxa were in the 23 June, 1997 sample with C. erosa 

at 74/mL and Cryptomonas sp. at 15/mL.  The latter was found at all three sites on 6 June, 2005 

(Tables:  6/6/2005-Site 1; 4; 5).  Its densities were 41/mL-Site 1, 61/mL-Site 4 and 102/mL-Site 

5.  C. erosa was not in the sample taken at Site 1 and was at 10/mL in each of the samples from 

the other two sites.  Both species were in the sample taken on 30 July, 1997 and the one taken at 

Site 5 on 25 July, 2005.  C. erosa was in a density of 45/mL in the former and 10/mL in the latter 

(Table:  7/25/2005-Site 5).  Cryptomonas sp. was at 15/mL in the 30 July, 1997 sample.  On 25 

July, 2005, it was in a density of 10/mL at Site 1, 31/mL at Site 4 and 41/mL at Site 5 (Tables:  

7/25/2005-Site 1; 4; 5).  C. erosa in a density of 15/mL was the only species in the 28 August, 

1997 sample.  Neither species was in samples taken at sites 1 and 4 on 11 August, 2005 (Tables:  

8/11/2005-Site 1; 4).  The Site 5 sample taken on that date contained only Cryptomonas sp. in a 

density of 31/mL (Table:  8/11/2005-Site 5).  Both species were in the 20 October, 1997 sample 

with C. erosa at 30/mL and Cryptomonas sp. at 15/mL.  The latter was the only cryptomonad in 

the samples taken on 11 October, 2005 in densities of 82/mL at Site 1, 61/mL at Site 4 and 

132/mL at Site 5 (Tables:  10/11/2005-Site 1; 4; 5).  Cryptomonas sp. (No. 1) often appears in 

high densities (1000 or more/mL) when high concentrations of organic materials are present.  It  
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has been seen to produce higher densities following the destruction of other organisms following  

an algicide treatment.  Its densities in 2005 at Site 5 were consistently higher than in samples 

taken at sites 1 and 4.  These results may indicate that Site 5 was shallower than the other sites 

and that there was a higher level of organic material in the water at that site.             

As was noted earlier, blue-greens (Cyanophyta) dominated the phytoplankton community  

on each date in 1997 and 2005 (Tables:  1; 2; Figures:  Cyanophyta-Site 1; Three Sites).  Except  

for the October dates at sites 4 and 5, total densities of these organisms were higher on each date 

in 1997 than they were in 2005.  Densities were 1590/mL-Site 1, 3547/mL-Site 4 and 2252/mL-

Site 5 on 3 May, 3750/mL-1997, 2008/mL-Site 1, 2640-Site 4 and 2293/mL-Site 5 in June, 

25,699/mL-1997, 10,722/mL-Site 1, 8969/mL-Site 4 and 10,284/mL-Site 5 in July, 25,342/mL-

1997, 7124/mL-Site 1, 5626/mL-Site 4 and 7848/mL-Site 5 in August and 1295/mL-1997, 

978/mL-Site 1, 2752/mL-Site 4 and 1590/mL-Site 5 in October.  Three species of blue-greens 

were in the 3 May, 2005 sample (Table:  5/3/2005-Site 1).  Anacystis montana was in a density 

of 713/mL, Gomphosphaeria lacustris at 805/mL and Schizothrix calcicola at 71/mL.  A. 

montana was abundant (1000 or more/mL) in the 3 May, 2005 sample taken at Site 4.  It was in a 

density of 1916/mL with Dactylococcopsis rhaphidioides at 10/mL, G. lacustris at 1437/mL, 

Merismopedia quadruplicata at 20/mL and S. calcicola at 163/mL (Table:  5/3/2005-Site 4). 

Taxa in the 3 May, 2005 sample at Site 5 included an Anabaena sp. at 10/mL, A. montana at 

1152/mL, Aphanizomenon flos-aquae at 61/mL, G. lacustris at 948/mL and S. calcicola at 

143/mL (Table:  5/3/2005-Site 5).  Seven taxa were in the 23 June, 1997 sample.  Samples taken 

in 2005 contained six taxa at Site 1, four at Site 4 and the same number at Site 5 (Tables:  

6/23/2005-Site 1; 4; 5).  Taxa common to the four samples included A. montana (1711/mL-1997; 

744/mL-Site 1; 1223/mL-Site 4; 856/mL-Site 5), G. lacustris (1429/mL-1997; 724/mL-Site 1;  
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1111/mL-Site 4; 866/mL-Site 5) and S. calcicola (208/mL-1997; 469/mL-Site 1; 285/mL-Site 4;  

530/mL-Site 5).  Anabaena spiroides var. crassa was in a density of 15/mL in the 1997 sample, 

but not in those taken on 6 June, 2005.  A. flos-aquae was in a density of 342/mL in the 1997 

sample, at 20/mL at Site 1 and not in the other two samples taken on 6 June, 2005.  Microcystis 

aeruginosa was in a density of 15/mL in June, 1997 and not in samples taken in June, 2005.  Six 

species were in the 30 July, 1997 sample.  Samples taken on 25 July, 2005 contained eight 

species at sites 1 and 5 and 10 at Site 4 (Tables:  7/25/2005-Site 1; 4; 5).  Species common to all 

four samples included A. montana (908/mL-1997; 82/mL-Site 1; 754/mL-Site 4; 224/mL-Site 5), 

A. flos-aquae (16,845/mL-1997; 20/mL-Site 1; 10/mL-Site 4; 41/mL-Site 5), G. lacustris 

(774/mL-1997; 92/mL-Site 1; 754/mL-Site 4; 214/mL-Site 5) and Schizothrix calcicola 

(6994/mL-1997; 2365/mL-Site 1; 2038/mL-Site 4; 2293/mL-Site 5).  A Cylindrospermum sp. 

(2.0 x 20.0 µm) was abundant (1000 or more/mL) in each sample taken on 25 July, 2005 

(8143/mL-Site 1; 4994/mL-Site 4; 7471/mL-Site 5).  It was not seen in 1997.  Anabaena 

spiroides var. crassa was only seen in the sample taken at Site 4 (“Present”).  Two other       

blue-greens were of interest.  D. rhaphidioides (134/mL-1997; not in the Site 1 sample; 41/mL-

Site 4; 20/mL-Site 5) was one and Raphidiopsis curvata (45/mL-1997; 10/mL-Site 1; 132/mL-

Site 4; not at Site 5) the other.  Species in the 28 August, 1997 sample included A. montana at 

313/mL, A. flos-aquae at 23,348/mL, D. rhaphidiodes at 74/mL, G. lacustris at 342/mL, M. 

quadruplicata at 30/mL, R. curvata at 15/mL and S. calcicola at 1220/mL.  The 11 August, 2005 

sample taken at Site 1 contained an Anabaena sp. at 41/mL, a second at 20/mL, A. montana at 

102/mL, the Cylindrospermum sp. seen in July was in a density of 3465/mL, G. lacustris at 

408/mL, M. quadruplicata at 10/mL, R. curvata at 51/mL and S. calcicola at 3027/mL (Table:  

8/11/2005-Site 1).  Site 4 on that date had A. spiroides var. crassa at 10/mL, A. montana at  
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601/mL, A. flos-aquae at 61/mL, the same Cylindrospermum sp. at 652/mL, G. lacustris at  

1722/mL, M. quadruplicata at 122/mL, R. curvata at 132/mL and S. calcicola at 2110/mL 

(Table:  8/11/2005-Site 4).  In the sample taken at Site 5 on 11 August, 2005 were an Anabaena 

sp. at 31/mL, a second at 51/mL, A. montana at 316/mL, A. flos-aquae at 31/mL, the same 

Cylindrospermum sp. at 3384/mL, G. lacustris at 459/mL, M. quadruplicata at 10/mL, R. 

curvata at 31/mL and S. calcicola at 3557/mL.  Taxa counted in the sample taken on 20 October,  

1997 included an Anabaena sp. at 15/mL, A. montana at 461/mL, A. flos-aquae at 45/mL, G.  

lacustris at 417/mL and S. calcicola at 357/mL.  Taxa seen in the sample taken at Site 1 on 11 

October and their densities were A. montana at 296/mL, G. lacustris at 520/mL, M. 

quadruplicata at 20/mL, R. curvata at 10/mL and S. calcicola at 132/mL (Table:  10/11/2005-

Site 1).  Those at Site 4 were A. montana at 1590/mL, G. lacustris at 968/mL, M. quadruplicata 

at 20/mL and S. calcicola at 173/mL (Table:  10/11/2005-Site 4).  The sample from Site 5 on that 

date contained A. montana at 622/mL, A. flos-aquae at 10/mL, G. lacustris at 734/mL, M. 

quadruplicata at 20/mL, R. curvata at 10/mL and S. calcicola at 194/mL (Table:  10/11/2005-

Site 5).  All three indicators of a eutrophic condition in a lake were present in 1997.  These three 

are Anabaena spiroides var. crassa, Aphanizomenon flos-aquae and Microcystis aeruginosa.  

The last named blue-green was not in the 2005 samples.  This lack and the fact that densities of 

A. flos-aquae never reached “bloom” levels (1000 or more/mL) in 2005 as they had in 1997 

could be taken as a plus in terms of lake condition.  On the other hand, other blue-greens and 

environmental factors may have been responsible for the results obtained for these organisms.  

The presence of Cylindrospermum sp. (2.0 x 20.0 µm), Dactylococcopsis rhaphidioides, 

Merismopedia quadruplicata, Raphidiopsis curvata and Schizothrix calcicola indicated that 

shallow areas existed in the lake.  The Cylindrospermum, M. quadruplicata and S. calcicola  
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probably began their development on the bottom in those shallows.  This development led to  

them becoming phytoplankters.  R. curvata begins to increase in density when water temperature 

reaches 25 C.  It was never abundant in either year.  D. rhaphidioides and the others are tolerant 

of high levels of organic materials, but D. rhaphidioides was not in high densities in either year.  

These organisms and higher water temperatures may have accounted for the lower densities of 

Aphanizomenon flos-aquae and its compadres in 2005 as compared to 1997.  Lake condition may 

have declined to the point that these taxa could not tolerate its new status or Cylindrospermum 

sp. and S. calcicola were too much competition for them.            

Euglenoids (Euglenophyta) were numerous (100 or more/mL) on only 11 October, 2005  

at Site 4 (Tables:  1; 2; Figures:  Euglenophyta-Site 1; Three Sites).  Densities in 1997 were 

30/mL on 23 June, “zero” on 30 July, 15/mL on 28 August and 45/mL on 20 October.  Totals for 

2005 besides that mentioned were 41/mL-Site 1, 71/mL-Site 4 and 20/mL-Site 5 on 3 May, 

10/mL-Site 1, 61/mL-Site 4 and 41/mL-Site 5 on 6 June, “zero”-Site 1, 82/mL-Site 4 and 31/mL-

Site 5 on 25 July, 61/mL-Site 1 and 71/mL at sites 4 and 5 on 11 August and 61/mL-Site 1 and 

82/mL-Site 5 on 11 October.  Except for 11 August when the densities at sites 4 and 5 were the 

same, Site 4 had higher densities of euglenoids that were seen at the other two sites in both years.  

In the 3 May, 2005 sample at Site 1, a Euglena sp. and a Trachelomonas sp. were each at 10/mL 

and Trachelomonas volvocina at 20/mL (Table:  5/3/2005-Site 1).  A different Euglena sp. at 

10/mL and four species of Trachelomonas were in the 3 May, 2005 sample taken at Site 4 

(Table:  5/3/2005-Site 4).  The four species of Trachelomonas included T. hispida and a 

Trachelomonas sp. each at 10/mL and T. volvocina and a second Trachelomonas sp. each at 

20/mL.  A Euglena sp. and a Trachelomonas sp. different from those seen at sites 1 and 4 and T. 

volvocina “Present” were the three euglenoids in the Site 5 sample taken on 3 May, 2005 (Table:   
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5/3/2005-Site 5).  T. hispida was in a density of 15/mL in the 23 June, 1997 sample, but not seen  

in the samples taken on 6 June, 2005 (Tables:  6/6/2005-Site 1; 4; 5).  T. volvocina in a density of 

15/mL was the other species seen on 23 June, 1997.  It was not in the 6 June, 2005 sample at Site 

1 and was in a density of 10/mL at sites 4 and 5.  Species of Euglena were in the samples taken 

at sites 4 and 5 in June, but none was common to the two sites.  No species of this genus were in 

the sample taken at Site 1.  As was noted, no euglenoids were counted in the 30 July, 1997 

sample or in the 25 July, 2005 sample taken at Site 1 (Table:  7/25/2005-Site 1).  The Site 4 

sample taken on 25 July, 2005 contained nine species none of which was numerous (Table:  

7/25/2005-Site 4).  Among those seen were Euglena oxyuris (“Present”) and Phacus acuminatus 

and T. volvocina each at 10/mL.  Neither of the two species seen at Site 5 was numerous (Table:  

7/25/2005-Site 5).  T. volvocina was at 10/mL and Trachelomonas sp. at 20/mL.    

Trachelomonas volvocina was in each of the samples taken in August of 1997 and 2005.  It was 

in a density of 15/mL and the only euglenoid in the 28 August, 1997 sample, at 20/mL at Site 1, 

51/mL at Site 4 and 61/mL at Site 5 on 11 August, 2005 (Tables:  8/11/2005-Site 1; 4; 5).  Each 

sample taken on 11 August, 2005 contained one or more euglenoids in addition to T. volvocina  

A Trachelomonas sp. and three species of Euglena were each in a density of 10/mL in the Site 1 

sample.  The Site 4 sample had two species of Euglena each at 10/mL and the Site 5 sample had 

one species of Euglena at 10/mL.  Euglena oxyuris in a density of 15/mL and T. volvocina at 

30/mL were the two euglenoids in the 20 October, 1997 sample.  Two species of Euglena, but 

not E. oxyuris and four species of Trachelomonas including T. volvocina were in the Site 1 

sample taken on 11 October, 2005 (Table:  10/11/2005-Site 1).  Each was in a density of 10/mL.  

The Site 4 sample taken on that date contained eight species of Euglena and three of 

Trachelomonas including T. volvocina with each again at 10/mL (Table:  10/11/2005-Site 4).   
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Two species of Euglena and T. volvocina were in the Site 5 sample taken on 11 October, 2005  

with the first two at 10/mL and the latter at 61/mL (Table:  10/11/2005-Site 5).  Euglenoids were 

not major components of the standing crop of phytoplankton in either 1997 or 2005.  Their 

densities were low in every sample indicating that the level of organic materials was not high or 

that they were being consumed by zooplankters and did not have time to build high densities.       

Dinoflagellates (Pyrrhophyta) were counted in only one sample from 1997 (Table:  1).  

They were in a density of 15/mL on 30 July.  They were in seven samples in 2005 (Table:  2).  

These samples were one on 3 May (20/mL-Site 5), three on 6 June (41/mL at both sites 1 and 4; 

31/mL-Site 5), the Site 5 sample from 25 July (10/mL) and two on 11 October (10/mL-Site 4; 

20/mL-Site 5).  Ceratium hirundinella was responsible for the total of 20/mL obtained at Site 5 

on 3 May, 2005 (Table:  5/3/2005-Site 5).  This alga was in each of the samples taken on 6 June, 

2005 (Tables:  6/6/2005-Site 1; 4; 5).  Its densities at each site were 31/mL-Site 1 and Site 5 and 

41/mL-Site 4.  It was accompanied by another dinoflagellate (Glenodinium gymnodinium) in a 

density of 10/mL only at Site 1.  C. hirundinella formed the density of 15/mL obtained on 30 

July, 1997.  It was not in the samples taken at the three sites on 25 July, 2005 (Tables:  

7/25/2005-Site 1; 4; 5).  Glenodinium quadridens was responsible for the density of 10/mL seen 

at Site 5 on 25 July and for that at Site 4 on 11 October, 2005 (Tables:  7/25/2005-Site 1; 

10/11/2005-Site 4).  C. hirudinella and a Glenodinium sp. were each in a density of 10/mL in the 

sample taken at Site 5 on 11 October, 2005 (Table:  10/11/2005-Site 5).  Species seen in 1997 

and 2005 were those indicative of a body of water in a eutrophic condition.           

Centritractus belanophorus was the yellow-green alga (Xanthophyta) seen and it was 

found only in 2005 (Tables:  List of taxa-1997; 2005).  It was in a density of 10/mL at Site 1 on 

25 July and at sites 4 and 5 on 3 May and 11 October and at 31/mL at Site 4 on 6 June (Tables:   
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1; 2).  This alga is found in eutrophic lakes, but until 2005, it rarely appeared in lake samples.   

Summary  

Lake Cedar was eutrophic in 1997 and 2005.  This conclusion is based on the taxa seen in 

each of the major groups and the presence of Anabaena spiroides var. crassa, Aphanizomenon 

flos-aquae and Microcystis aeruginosa even though the last named blue-green was not seen in 

2005.  Results of the phytoplankton analyses gave the appearance that the lake was in “better” 

condition in 2005 than in 1997.  This statement is based on the lack of  “bloom densities” of A. 

flos-aquae and the low densities of other photosynthetic organisms such as members of the genus 

Nitzschia, the flagellated green algae (Carteria, Chlorogonium, Gonium, Phacotus), 

Cryptomonas sp. (No. 1) and the euglenoids.  This suggestion that the lake appeared to be in a 

“better” condition in 2005 than in 1997 may have resulted from other factors such as more 

competition from other photosynthetic organisms or a routine application of algicides or the      

installation of a destratifier.  The appearance of the chrysophytes, Mallomonas spp. and 

Dinobryon sociale in 2005, may have resulted from a decline in the populations of their 

competitors in the blue-green phylum since they were in higher densities in October when 

densities of the blue-greens were lower than they had been earlier in the year.  Chrysophytes 

typically produce their highest densities when water temperature and competition are low as may 

have been the case for the former factor and appeared to be true for the latter one.  One concern 

that arose from the 2005 data was the appearance of “bloom densities” of a blue-green, 

Cylindrospermum sp., and its potential to be a competitor of other photosynthetic organisms 

including its relatives.  It should be noted, however, that 2005 was a year with little or no rainfall 

and this organism and its partners, Merismopedia quadruplicata and Schizothrix calcicola may 

have developed in areas of the lake that became shallow because of a drop in water levels.   
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Species of Cylindrospermum are typically found on the bottom of mud puddles following spring  

and summer rains.  The presence of an indicator of warm water, Rapidiopsis curvata, and its 

higher densities in August, 2005 than in August, 1997 may have resulted from this same drop in 

water levels.   

Reference 
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    .    



List of taxa found in samples from Lake Cedar (RNE) during 2005.  
 
Taxa*       Date and Site Found                      
    
BACILLARIOPHYTA 
 
Asterionella formosa Hass.     5-3(4,5) 
 
Cyclotella meneghiniana Kuetz.      5-3(1,4,5), 6-6(1,4,5), 7-25(4,5), 8-11(4,5), 
  10-11(1,4,5)                                          
 
Fragilaria  
  F. crotonensis Kitt.      6-6(1)              
 
  F. sp.       10-11(5) 
 
Melosira 
  M. distans (Ehr.) Kuetz.      8-11(4), 10-11(1,4)                   
        
  M. italica (Ehr.) Kuetz. var. tenuissima (Grun.)                                               
    Muell.                       5-3(1,4,5), 6-6(5), 10-11(5) 
 
Nitzschia 
N. acicularis (Kuetz.) Wm. Sm.             5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5),  
 8-11(4,5), 10-11(1,4,5) 

 
  N. linearis (Ag.) Wm. Sm.     10-11(4)                                              
        
  N. palea (Kuetz.) Wm. Sm.     6-6(1,4), 7-25(1,4), 8-11(4), 10-11(4)  
 
Synedra  
  S. delicatissima W. Sm. var. angustissima Grun. 5-3(1,4,5), 7-25(1), 8-11(1)  
 
  S. delicatissima var. delicatissima    5-3(1,5), 6-6(1,4,5), 7-25(1,4,5), 8-11(1,4,5),  
       10-11(4,5) 
 
  S. ulna (Nitz.) Ehr. var. ulna    10-11(4) 
 
CHLOROPHYTA 
 
Actinastrum  hantzschii Lag. var. fluviatile    

Schroed.  7-25(4,5), 8-11(1,4,5)                                
        
Ankistrodesmus  
  A. braunii (Naeg.) Brunnth.     6-6(4,5) 
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Taxa       Date and Site Found 
 
Ankistrodesmus (Cont.) 
  A. convolutus Corda      6-6(4), 7-25(1), 8-11(4), 10-11(4,5)                
 
  A. falcatus (Corda) Ralfs var. acicularis (A. Br.)  
    G. S. West       5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5),  
       8-11(4,5), 10-11(1,4,5)  
     
Carteria multifilis (Fres.) Dill.    5-3(1,4,5), 6-6(1,5), 7-25(4,5), 8-11(1,4,5),  
       10-11(1,4,5)  
 
Chlorogonium elongatum (Dang.) Franze var. 
  elongatum      6-6(4), 8-11(4), 10-11(4)                                                           
  
Chodatella 
  C. citriformis Snow      8-11(4,5), 10-11(5) 
 
  C. quadriseta Lemm.     5-3(5), 6-6(5)  
 
Closterium acutum (Lyngb.) Breb.     5-3(1), 6-6(1,4), 7-25(1)                            
 
Coelastrum  
  C. cambricum Arch.      8-11(4) 
 
  C. microporum Naeg.    6-6(1), 7-25(4), 8-11(1,4,5), 10-11(1)  
        
Cosmarium 
  C. sp. (5.0 x 5.0 µm)     5-3(1,4,5), 6-6(4,5), 7-25(4,5), 8-11(1,5),  
       10-11(1,4,5) 
        
C. sp. (5.0 x 5.0 µm)    10-11(1)  
 
C. sp. (5.0 x 10.0 µm)    8-11(4), 10-11(4)  
 
C. sp. (7.5 x 5.0 µm)    8-11(4) 
 
C. sp. (7.5 x 7.5 µm)    10-11(1) 
 
C. sp. (10.0 x 5.0 µm)    7-25(4) 
 
C. sp. (10.0 x 5.0 µm)    8-11(1)  
 
C. sp. (10.0 x 5.0 µm)    8-11(5) 
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Taxa       Date and Site Found 
 
Cosmarium (Cont.)  
C. sp. (10.0 x 6.0 µm)    10-11(5)        

 
C. sp. (10.0 x 7.5 µm)    6-6(1), 8-11(1)            
 

C. sp. (10.0 x 7.5 µm)    8-11(4)           
 

C. sp. (10.0 x 8.0 µm)    7-25(1)  
 
C. sp. (10.0 x 10.0 µm)    6-6(4)  
 
C. sp. (10.0 x 10.0 µm)    7-25(4)  
 

Crucigenia 
  C. fenestrata Schmid.    5-3(5)  
 
  C. quadrata Morren      10-11(1) 
 
  C.  rectangularis (A. Br.) Gray     5-3(1), 10-5(4,5)                                                 
 
Dictyosphaerium pulchellum Fres.       5-3(1,4), 6-6(1), 7-25(1,4), 8-11(1,4,5),  
       10-11(1,5) 
 
Elakatothrix viridis (Snow) Printz     6-6(5), 10-11(5)           
 
Euastrum sp.       7-25(4)  
 
Golenkinia radiata Chod.     5-3(5), 6-6(4), 7-25(1), 8-11(1,4,5), 10-11(5) 
 
Gonium pectorale Muell.     7-25(4), 10-11(4)  
       
Kirchneriella lunaris (Kirch.) Moeb. var. lunaris 5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5), 
          8-11(1,4,5), 10-11(1,4,5)  
 
Micractinium pusillum Fres.     5-3(1,4,5), 6-6(1), 8-11(5)  
 
Mougeotia sp.       6-6(1), 7-25(5)  
     
Oocystis borgei Snow     5-3(4,5), 6-6(1,4,5), 7-25(1,4,5), 8-11(1,4,5),  
       10-11(1,4,5)  

 
Phacotus lenticularis (Ehr.) Stein    5-3(4), 6-6(4), 8-11(4)  

 



Lake Cedar Taxa (2005) p. 4  
 

Taxa       Date and Site Found 
    
Scenedesmus 
  S. abundans (Kirch.) Chod.            5-3(1,4,5), 6-6(1,4,5), 8-11(4), 10-11(1,4) 
 
  S. acutiformis Schroed.     7-25(1,4), 8-11(4), 10-11(4)  
 
  S. arcuatus Lemm. var. platydisca G. M. Sm.  7-25(1)  
 
  S. bijuga (Turp.) Lag. var. bijuga                      5-3(5), 6-6(1,5), 7-25(4,5), 10-11(5)  
 
  S. denticulatus Lag.      10-11(4)   
 
  S. dimorphus (Turp.) Kuetz.    6-6(4), 8-11(4)                     
 
Schroederia setigera (Schroed.) Lemm.  6-6(1,4), 7-25(5), 8-11(5), 10-11(4)  
 
Selenastrum westii G. M. Sm.    10-11(4)  

 
Staurastrum  
  S. sp. (20.0 x 30.0 µm)    7-25(4,5), 8-11(1,4,5)  
 
  S. sp. (30.0 x 25.0 µm)    7-25(1)  
 
  S. sp. (45.0 x 35.0 µm)    10-11(1)  
 
Tetraedron 
  T. caudatum (Corda) Hansg. var. caudatum  7-25(4), 10-11(1,5)  
 
  T. constrictum G. M. Sm.     10-11(4)   
 
  T. gracile (Rein.) Hansg.     10-11(4) 
 
  T. minimum (A. Br.) Hansg.     6-6(1,4), 7-25(1,4,5), 8-11(1,4,5),  
       10-11(1,4,5)  
 
  T. regulare Kuetz. var. incus Teiling  8-11(4), 10-11(1,4)    
 
  T. trigonum (Naeg.) Hansg. var. gracile  
    (Rein.) de Toni     5-3(4)  
 
  T. trigonum var. trigonum    8-11(5), 10-11(1)                          
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Taxa       Date and Site Found 
 
Tetrastrum heterocanthum (Nordst.) Chod.  5-3(4,5), 7-25(5)  
 
Treubaria setigerum (Arch.) G. M. Sm.   5-3(1,5), 6-6(1), 7-25(5), 8-11(1)  
 
CHRYSOPHYTA 
 
Dinobryon                                       
  D. sociale Ehr.     10-11(1,4,5)  
 
  D. sociale (statospores)     10-11(4)  
 
  D. sp. (cells without loricae)    10-11(1,4,5)  
 
Mallomonas 
  M.  acaroides Perty var. acaroides    5-3(5), 7-25(5), 8-11(4,5), 10-11(1,5)  
 
  M. pseudocoronata Presc.     8-11(4,5)  
 
  M. tonsurata Teiling     10-11(4)  
 
CRYPTOPHYTA 
 
Cryptomonas 
  C. erosa Ehr.                 5-3(1,5), 6-6(4,5), 7-25(5)               

 
  C. sp. (No. 1)                 5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5), 8-11(5),  
       10-11(1,4,5)  
 
CYANOPHYTA 
 
Anabaena 
  A. spiroides Kleb. var. crassa Lemm.   7-25(4), 8-11(4)                          
        
  A. sp. (2.5 x 25.0 µm)       7-25(5)   
 
  A. sp. (2.5 x 25.0 µm)       8-11(1)                     
 
  A. sp. (3.0 x 30.0 µm)       6-6(1)  
 
  A. sp. (5.0 x 50.0 µm)       5-3(5), 7-25(4), 8-11(5)  
 
  A. sp. (5.0 x 50.0 µm)       6-6(1), 7-25(5), 8-11(1,5)  
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Taxa       Date and Site Found 
 
Anacystis montana (Lightf.) Dr. & Daily  5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5),  
       8-11(1,4,5), 10-11(1,4,5)  
        
Aphanizomenon flos-aquae Born. et Flah.    5-3(5), 6-6(1), 7-25(1,4,5), 8-11(4,5),  
       10-11(5)  
 
Cylindrospermum  
  C. sp. (2.0 x 20.0 µm)       6-6(5), 7-25(1,4,5), 8-11(1,4,5) 
 
  C. sp. (2.5 x 25.0 µm)       7-25(1)   
 
Dactylococcopsis rhaphidioides Hansg.     5-3(4), 7-25(4,5)                             
        
Gomphosphaeria lacustris Chod.    5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5),  
       8-11(1,4,5), 10-11(1,4,5)  
            
Merismopedia quadruplicata Trev.      5-3(4), 6-6(4), 7-25(4), 8-11(1,4,5),  
       10-11(1,4,5)  
 
Oscillatoria sp.      7-25(1)  
        
Raphidiopis curvata Fritsch & Rich    7-25(1,4), 8-11(1,4,5), 10-11(1,5)  
        
Schizothrix calcicola Gom.           5-3(1,4,5), 6-6(1,4,5), 7-25(1,4,5),  
       8-11(1,4,5), 10-11(1,4,5)  
        
EUGLENOPHYTA 
 
Euglena  
  E. oxyuris Ehr.     7-25(4) 
 
  E. sp. (6.0  x 25.0 µm)    10-11(4)  
 
  E. sp. (10.0 x 20.0 µm)    6-6(4)  
 
  E. sp. (10.0 x 20.0 µm)    6-6(5)  
 
  E. sp. (10.0 x 25.0 µm)    6-6(4) 
 
  E. sp. (10.0 x 50.0 µm)    10-11(1)  
 
  E. sp. (12.5 x 17.5 µm)    6-6(5)  
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Taxa       Date and Site Found 
 
Euglena (Cont.)  
  E. sp. (12.5 x 65.0 µm)    10-11(4)  
 
  E. sp. (15.0 µm)     7-25(4)  
 
  E. sp. (15.0 x 20.0 µm)    6-6(4)  
 
  E. sp. (15.0 x 20.0 µm)    7-25(4)  
 
  E. sp. (15.0 x 20.0 µm)    10-11(1)   
 
  E. sp. (15.0 x 20.0 µm)    10-11(5)  
 
  E. sp. (15.0 x 25.0 µm)    7-25(4)  
 
  E. sp. (15.0 x 25.0 µm)    10-11(4)  
 
  E. sp. (15.0 x 30.0 µm)    10-11(4)  
 
  E. sp. (15.0 x 40.0 µm)    10-11(4)  
 
  E. sp. (15.0 x 50.0 µm)    6-6(4)  
 
  E. sp. (15.0 x 70.0 µm)    8-11(5) 
 
  E. sp. (16.0 µm)     10-11(4)  
 
  E. sp. (17.0 x 20.0 µm)    5-3(5)  
 
  E. sp. (17.5 x 25.0 µm)    10-11(4)  
 
  E. sp. (18.0 x 35.0 µm)    10-11(5)  
 
  E. sp. (20.0 µm)     5-3(1)  
 
  E. sp. (20.0 µm)     8-11(1)  
 
  E. sp. (20.0 x 25.0 µm)    8-11(4)  
 
  E. sp. (20.0 x 25.0 µm)    10-11(4)  
 
  E. sp. (20.0 x 30.0 µm)    8-11(1)  
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Taxa       Date and Site Found 
 
Euglena (Cont.)  
  E. sp. (20.0 x 35.0 µm)    8-11(1)  
 
  E. sp. (25.0 µm)     7-25(4)  
 
  E. sp. (27.5 x 47.5 µm)     8-11(4)  
 
  E. sp. (32.5 µm)     5-3(4)  
 
Phacus acuminatus Stokes     7-25(4)  
  
Trachelomonas 
  T. hispida (Perty) Stein     5-3(4) 
 
  T. volvocina Ehr.             5-3(1,4,5), 6-6(4,5), 7-25(4,5), 8-11(1,4,5),  
       10-11(1,4,5) 
 
  T. sp. (cyl.-gran.-collar) (10.0 x 15.0 µm)  5-3(4) 
 
  T. sp. (cyl.-gran.-neck) (17.5 x 25.0 µm)  6-6(4)         
 
  T. sp. (cyl.-gran.-neck) (20.0 x 30.0 µm)  10-11(1) 
 
  T. sp. (cyl.-smooth) (5.0 x 7.5 µm)   7-25(5)  
 
  T. sp. (cyl.-smooth) (7.5 x 10.0 µm)   10-11(4)  
 
  T. sp. (cyl.-smooth) (10.0 x 17.5 µm)  10-11(4)  
 
  T. sp. (cyl.-smooth) (12.0 x 15.0 µm)  7-25(4)  
 
  T. sp. (cyl.-smooth) (12.5 x 15.0 µm)  5-3(1) 
 
  T. sp. (cyl.-smooth) (16.0 x  20.0 µm)  5-3(4) 
 
  T. sp. (cyl.-smooth) (18.0 x 21.0 µm)  6-6(1)  
 
  T. sp. (cyl.-smooth-collar) (15.0 x 20.0 µm)  5-3(5)   
 
  T. sp. (cyl.-smooth-neck) (17.5 x 25.0 µm)  10-11(1)  
 
  T. sp. (spherical-smooth) (15.0 µm)   10-11(1)     
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Taxa       Date and Site Found 
 
Trachelomonas (Cont.)  
  T. sp. (spherical-smooth) (16.0 µm)   8-11(1)    
 
PYRRHOPHYTA 
 
Ceratium hirundinella (O. F. Muell.) Duj.   5-3(5), 6-6(1,4,5), 10-11(5)  
 
Glenodinium 
  G. gymnodinium Penard    6-6(1)  
 
  G. quadridens (Stein) Schill.    7-25(5), 10-11(4)  
 
  G. sp. (25.0 x 26.0 µm)    10-11(5)  
 
XANTHOPHYTA 
 
Centritractus belanophorus Lemm.    5-3(4,5), 6-6(4), 7-25(1), 10-11(4,5)  
 
CHYTRIDIOMYCOTA-Chytridiomycetes 
 
Unknown Chydrid (10.0 µm) (attached to a  
  filament of Cylindrospermum sp. (2.0 x 20.0 µm) 7-25(4)  

 
ARTHROPODA-None                                                                   
 
PROTOZOA-Sub-Phylum Ciliophora-Class Ciliata- 
                         
Unknown Ciliate (10.0 µm)    7-25(1)  
 
Unknown Ciliate (10.0 x 7.5 µm)   7-25(5) 
 
Unknown Ciliate (10.0 x 17.5 µm)   7-25(5)  
 
Unknown Ciliate (10.0 x 20.0 µm)   10-11(1) 
 
Unknown Ciliate (11.0 x 17.5 µm)   8-11(5)  
 
Unknown Ciliate (12.5 x 16.0 µm)   6-6(5)  
 
Unknown Ciliate (12.5 x 20.0 µm)   7-25(5)  
 
Unknown Ciliate (12.5 x 22.5 µm)   6-6(4) 
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Taxa       Date and Site Found 
 
Unknown Ciliate (15.0 µm)    5-3(4)  
 
Unknown Ciliate (15.0 µm)    7-25(4)  
 
Unknown Ciliate (15.0 x 17.5 µm)   8-11(1)  
 
Unknown Ciliate (15.0 x 20.0 µm)   7-25(4)  
 
Unknown Ciliate (15.0 x 20.0 µm)   7-25(4)  
 
Unknown Ciliate (15.0 x 22.5 µm)   8-11(4)  
 
Unknown Ciliate (15.0 x 25.0 µm)   8-11(5)  
 
Unknown Ciliate (17.5 x 32.5 µm)   8-11(1)  
 
Unknown Ciliate (20.0 µm)    7-25(5)  
 
Unknown Ciliate (22.5 µm)    6-6(5)  
 
Unknown Ciliate (22.5 x 25.0 µm)   10-11(1)  
 
Unknown Ciliate (26.0 µm)    6-6(1)  
 
                                                                                        Order Oligotrichida-Family Halteriidae 
 
Halteria sp. (25.0 µm)              5-3(1), 6-6(4), 8-11(4)  
 
           Order Sessilia-Family Vorticellidae  
 
Vorticella sp. (30.0 µm)    5-3(4)  
 
                        Sub-Phylum Mastigophora-Class Zoomastigophorea- 
                         
Unknown Flagellate (17.5 x 26.0 µm)  7-25(4)  
 
ROTATORIA-Class Monogonata-Order Ploima- 
               
Unknown Rotifer  (25.0 x 25.0 µm)   5-3(4)  
 
Unknown Rotifer  (45.0 x 60.0 µm)   8-11(4)  
 



Lake Cedar Taxa (2005) p. 11 
 
Taxa       Date and Site Found 
 
Unknown Rotifer  (45.0 x 70.0 µm)   8-11(1)  
 
              Family Brachionidae  
               
Brachionus  
  B. sp. (25.0 x 25.0 µm)    5-3(5)  
 
  B. sp. (30.0 x 60.0 µm)    7-25(5)  
 
  B. sp. (30.0 x 62.5 µm)    10-11(4)  
    
              Family Synchaetidae  
 
Polyarthra sp. (50.0 x 110.0 µm)   5-3(4)  
 

                               -Family Trichocercidae  
 
Trichocerca sp. (15.0 x 133.0 µm)   7-25(1)                                                                          
__________________________________________________________________ 
 
*These taxa were found in counts.  



Table 1:  Phytoplankton Totals for Lake Cedar Site 1 in 1997 and 2005.  

Phylum May June July August October

Bacillariophyta-2005 194 296 92 41 204
Bacillariophyta-1997 60 30 45 15

Chlorophyta-2005 571 234 214 459 540
Chlorophyta-1997 253 149 297 313

Chrysophyta-2005 0 0 0 0 255
Chrysophyta-1997 74 0 45 15

Cryptophyta-2005 183 41 10 0 82
Cryptophyta-1997 89 60 15 45

Cyanophyta-2005 1590 2008 10722 7124 978
Cyanophyta-1997 3750 25699 25342 1295

Euglenophyta-2005 41 10 0 61 61
Euglenophyta-1997 30 0 15 45

Pyrrhophyta-2005 0 41 0 0 0
Pyrrhophyta-1997 0 15 0 0

Xanthophyta-2005 0 0 10 0 0
Xanthophyta-1997 0 0 0 0

Totals-2005 2579 2630 11048 7685 2120
Totals-1997 4256 25952 25759 1726



Table 2:  Phytoplankton Totals for Lake Cedar Sites 1, 4 and 5 in 2005.  

Phylum 3 May 6 June 25 July 11 August 11 October

Bacillariophyta-Site 1 194 296 91 41 204
Bacillariophyta-Site 4 163 326 112 275 499
Bacillariophyta-Site 5 285 245 112 132 173

Chlorophyta-Site 1 571 234 214 459 540
Chlorophyta-Site 4 347 377 469 887 479
Chlorophyta-Site 5 805 255 245 662 316

Chrysophyta-Site 1 0 0 0 0 255
Chrysophyta-Site 4 0 0 0 51 306
Chrysophyta-Site 5 10 0 10 20 194

Cryptophyta-Site 1 183 41 10 0 82
Cryptophyta-Site 4 51 71 31 0 61
Cryptophyta-Site 5 204 112 51 31 132

Cyanophyta-Site 1 1590 2008 10722 7124 978
Cyanophyta-Site 4 3547 2640 8969 5626 2752
Cyanophyta-Site 5 2252 2293 10284 7848 1590

Euglenophyta-Site 1 41 10 0 61 61
Euglenophyta-Site 4 71 61 82 71 224
Euglenophyta-Site 5 20 41 31 71 82

Pyrrhophyta-Site 1 0 41 0 0 0
Pyrrhophyta-Site 4 0 41 0 0 10
Pyrrhophyta-Site 5 20 31 10 0 20

Xanthophyta-Site 1 0 0 10 0 0
Xanthophyta-Site 4 10 31 0 0 10
Xanthophyta-Site 5 10 0 0 0 10

Totals-Site 1 2579 2630 11048 7685 2120
Totals-Site 4 4189 3547 9662 6910 4342
Totals-Site 5 3608 2976 10742 8765 2517



Table 3.  Summary of numbers and biovolumes of organisms in Lake Cedar Site 1 in 2005.  

3 May, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 193.6 140,111.4
CHLOROPHYTA 570.8 259,686.2
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 183.5 74,051.0
CYANOPHYTA 1,590.0 797,383.4

EUGLENOPHYTA 40.8 76,448.1
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 2,578.6 1,347,680.1
ARTHROPODA 0.0 0.0

PROTOZOA 10.2 83,382.8
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 10.2 83,382.8

6 June, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 295.6 276,046.1
CHLOROPHYTA 234.4 171,186.8
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 40.8 6,005.1
CYANOPHYTA 2,007.8 814,001.4

EUGLENOPHYTA 10.2 54,464.0
PYRRHOPHYTA 40.8 5,078,878.4
XANTHOPHYTA 0.0 0.0

TOTALS 2,629.5 6,400,581.8
ARTHROPODA 0.0 0.0

PROTOZOA 10.2 93,794.9
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 10.2 93,794.9

Summary (Site 1) p. 2   

25 July, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 91.7 83,376.7
CHLOROPHYTA 214.0 373,773.3
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 10.2 1,501.3
CYANOPHYTA 10,722.0 702,638.6

EUGLENOPHYTA 0.0 0.0
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 10.2 120,072.0

TOTALS 11,048.1 1,281,361.9



Table 3.  Summary of numbers and biovolumes of organisms in Lake Cedar Site 1 in 2005.  

ARTHROPODA 0.0 0.0
PROTOZOA 10.2 5,336.5
ROTATORIA 10.2 239,542.6

TOTALS-ANIMALS 20.4 244,879.1

11 August, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 40.8 55,385.4
CHLOROPHYTA 458.6 2,113,659.7
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 0.0 0.0
CYANOPHYTA 7,124.2 645,449.2

EUGLENOPHYTA 61.2 287,670.3
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 7,684.8 3,102,164.6
ARTHROPODA 0.0 0.0

PROTOZOA 20.4 56,879.6
ROTATORIA 10.2 1,134,676.3

TOTALS-ANIMALS 30.6 1,191,555.9

Summary (Site 1) p. 3

11 October, 2005
Phylum Number/mL Total Volume

BACILLARIOPHYTA 203.8 75,792.8
CHLOROPHYTA 540.2 1,362,097.5
CHRYSOPHYTA 254.8 309,545.3
CRYPTOPHYTA 81.5 12,010.3
CYANOPHYTA 978.4 467,936.2

EUGLENOPHYTA 61.2 258,898.2
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 2,119.9 2,486,280.3
ARTHROPODA 0.0 0.0

PROTOZOA 40.8 294,497.8
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 40.8 294,497.8



Table 4.  Summary of numbers and biovolumes of organisms in Lake Cedar Site 4 in 2005.  

3 May, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 163.1 223,308.7
CHLOROPHYTA 346.5 136,210.9
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 51.0 7,506.4
CYANOPHYTA 3,546.8 1,793,439.3

EUGLENOPHYTA 71.3 382,537.3
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 10.2 120,072.0

TOTALS 4,188.9 2,663,074.6
ARTHROPODA 0.0 0.0

PROTOZOA 20.4 162,097.6
ROTATORIA 20.4 2,326,386.1

TOTALS-ANIMALS 40.8 2,488,483.7

6 June, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 326.1 170,980.0
CHLOROPHYTA 377.1 126,871.0
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 71.3 34,022.9
CYANOPHYTA 2,639.7 1,262,876.4

EUGLENOPHYTA 61.2 230,880.4
PYRRHOPHYTA 40.8 6,335,922.0
XANTHOPHYTA 30.6 360,215.8

TOTALS 3,546.8 8,521,768.5
ARTHROPODA 0.0 0.0

PROTOZOA 61.2 445,056.2
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 61.2 445,056.2

Summary (Site 4) p. 2   

25 July, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 112.1 104,765.5
CHLOROPHYTA 468.8 750,077.2
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 30.6 4,503.8
CYANOPHYTA 8,969.0 1,621,769.4

EUGLENOPHYTA 81.5 382,828.8
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 9,662.0 2,863,944.7



Table 4.  Summary of numbers and biovolumes of organisms in Lake Cedar Site 4 in 2005.  

CHYTRIDIOMYCOTA 10.2 5,336.5
ARTHROPODA 0.0 0.0

PROTOZOA 40.8 153,792.2
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 40.8 153,792.2

11 August, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 275.2 287,105.6
CHLOROPHYTA 886.7 2,407,950.5
CHRYSOPHYTA 51.0 563,050.9
CRYPTOPHYTA 0.0 0.0
CYANOPHYTA 5,626.0 1,825,230.3

EUGLENOPHYTA 71.3 405,081.1
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 6,910.2 5,488,418.4
ARTHROPODA 0.0 0.0

PROTOZOA 20.4 123,907.2
ROTATORIA 10.2 972,579.8

TOTALS-ANIMALS 30.6 1,096,487.0

Summary (Site 4) p. 3

11 October, 2005
Phylum Number/mL Total Volume

BACILLARIOPHYTA 499.4 490,840.5
CHLOROPHYTA 479.0 960,773.3
CHRYSOPHYTA 305.8 333,956.2
CRYPTOPHYTA 61.2 9,007.7
CYANOPHYTA 2,751.8 1,376,759.9

EUGLENOPHYTA 224.2 530,691.4
PYRRHOPHYTA 10.2 36,021.6
XANTHOPHYTA 10.2 120,072.0

TOTALS 4,341.8 3,858,122.6
ARTHROPODA 0.0 0.0

PROTOZOA 0.0 0.0
ROTATORIA 10.2 450,268.3

TOTALS-ANIMALS 10.2 450,268.3



Table 5.  Summary of numbers and biovolumes of organisms in Lake Cedar Site 5 in 2005.  

3 May, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 285.4 170,853.6
CHLOROPHYTA 805.2 268,048.7
CHRYSOPHYTA 10.2 41,381.6
CRYPTOPHYTA 203.8 265,165.2
CYANOPHYTA 2,252.4 1,113,811.3

EUGLENOPHYTA 20.4 82,289.2
PYRRHOPHYTA 20.4 3,167,961.0
XANTHOPHYTA 10.2 120,072.0

TOTALS 3,608.0 5,229,582.6
ARTHROPODA 0.0 0.0

PROTOZOA 0.0 0.0
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 0.0 0.0

6 June, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 244.6 115,919.7
CHLOROPHYTA 254.8 68,439.3
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 112.1 40,028.0
CYANOPHYTA 2,293.2 921,075.5

EUGLENOPHYTA 40.8 61,404.7
PYRRHOPHYTA 30.6 4,751,941.5
XANTHOPHYTA 0.0 0.0

TOTALS 2,976.1 5,958,808.7
ARTHROPODA 0.0 0.0

PROTOZOA 20.4 80,798.1
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 20.4 80,798.1

Summary (Site 5) p. 2   

25 July, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 112.1 98,686.0
CHLOROPHYTA 244.6 430,832.2
CHRYSOPHYTA 10.2 41,381.6
CRYPTOPHYTA 51.0 31,020.3
CYANOPHYTA 10,283.7 819,415.5

EUGLENOPHYTA 30.6 10,499.8
PYRRHOPHYTA 10.2 36,021.6
XANTHOPHYTA 0.0 0.0

TOTALS 10,742.4 1,467,857.0



Table 5.  Summary of numbers and biovolumes of organisms in Lake Cedar Site 5 in 2005.  

ARTHROPODA 0.0 0.0
PROTOZOA 30.6 81,715.3
ROTATORIA 10.2 432,258.0

TOTALS-ANIMALS 40.8 513,973.3

11 August, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 132.5 125,654.1
CHLOROPHYTA 662.5 3,269,451.7
CHRYSOPHYTA 20.4 201,477.5
CRYPTOPHYTA 30.6 4,503.8
CYANOPHYTA 7,847.8 701,849.7

EUGLENOPHYTA 71.3 171,058.4
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 8,765.1 4,473,995.2
ARTHROPODA 0.0 0.0

PROTOZOA 20.4 61,977.5
ROTATORIA 10.2 125,074.5

TOTALS-ANIMALS 30.6 187,051.7

Summary (Site 5) p. 3

11 October, 2005
Phylum Number/mL Total Volume

BACILLARIOPHYTA 173.3 75,719.4
CHLOROPHYTA 316.0 173,957.4
CHRYSOPHYTA 193.6 283,782.0
CRYPTOPHYTA 132.5 19,516.7
CYANOPHYTA 1,590.0 762,697.9

EUGLENOPHYTA 81.5 171,779.0
PYRRHOPHYTA 20.4 1,714,057.9
XANTHOPHYTA 10.2 120,072.0

TOTALS 2,517.4 3,321,582.3
ARTHROPODA 0.0 0.0

PROTOZOA 0.0 0.0
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 0.0 0.0



January 2, 2006 

Lake Carbondale (RBL) Report 

 Lake Carbondale was sampled at three sites (1, 2, 3) on 8 July, 1977 and the samples 

examined using the “Membrane Filter Method”.  Data from this date are not included in this 

report.  In 2005, sampling was done at Site 1 on 11 May, 14 June, 1 August, 17 August and 17 

October (Tables:  1; 2; List of taxa; Figures).  These samples were examined with the “Sweep 

Method”.   

 Phytoplankters produced their peak density of 59,644/mL on 17 August and were at 

12,862/mL on 11 May, 17,632/mL on 14 June, 51,561/mL on 1 August and 16,898/mL on 17 

October (Table:  1; Figure:  Total Phytoplankton).  Blue-greens (Phylum Cyanophyta) were the 

dominant group on all dates in 2005 (Figure:  Cyanophyta).   

 Diatoms (Phylum Bacillariophyta) were at their highest total density of 1773/mL on 17 

October (Table:  1: Figure:  Bacillariophyta).  Totals for other dates were 530/mL on 11 May, 

1274/mL on 14 June, 163/mL on 1 August and 662/mL on 17 August.  Six diatoms were in the 

11 May sample (Table:  5/11/2005).  These six were Cyclotella chaetoceros in a density of 

20/mL, Cyclotella meneghiniana at 245/mL, Melosira distans and Melosira italica var. 

tenuissima each “Present” (not in a countable form), Nitzschia acicularis at 153/mL and 

Nitzschia palea at 112/mL.  The 14 June sample contained C. meneghiniana at 71/mL, M. 

distans, M. italica var. tenuissima and M. varians each “Present”, N. acicularis at 652/mL, 

Nitzschia linearis at 296/mL, N. palea at 143/mL and Synedra delicatissima var. angustissima at 

112/mL (Table:  6/14/2005).  Four species were in the 1 August sample including Fragilaria 

crotonensis as a single cell in a density of 10/mL, N. acicularis at 31/mL, N. linearis at 10/mL 

and N. palea at 112/mL (Table:  8/1/2005).  The same four species were in the 17 August sample 

(Table:  8/17/2005).  F. crotonensis as a single cell was in a density of 20/mL accompanied by  
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N. acicularis at 132/mL, N. linearis at 122/mL and N. palea at 387/mL.  Ten taxa were in the 17  

October sample (Table:  10/17/2005).  They included C. meneghiniana in a density of 122/mL  

with F. crotonensis as a single cell at 163/mL, a Fragilaria sp. as a single cell at 10/mL, M. 

distans, M. italica var. tenuissima and M. varians each “Present”, N. acicularis at 163/mL, N. 

linearis at 92/mL, N. palea at 1213/mL and S. delicatissima var. delicatissima at 10/mL.  All of 

these taxa are typically found in eutrophic lakes.  The presence of the three species of Nitzschia 

in densities >100/mL indicated the lake had extensive shallows in its basin and a high level of 

organic materials in its water.  Species of Nitzschia develop on the bottom of streams or on the 

bottom in shallow areas of a lake.  The move into the water column from these locations and 

develop as members of the phytoplankton community.  Each of these species is tolerant of high 

levels of organic materials with N. palea at the upper end of this scale of tolerance.  It was in 

high densities (>100/mL) on every date reaching its peak of 1213/mL in the 17 October sample.     

 Green algae (Chlorophyta) were abundant (1000 or more/mL) on all of the dates sampled 

in 2005.  They reached their peak density of 4107/mL on 17 October and were at 1345/mL on 11 

May, 1539/mL on 14 June, 2405/mL on 1 August and 3251/mL on 17 August (Table:  1; Figure:  

Chlorophyta).  Twenty-two taxa were in the 11 May sample (Table:  5/11/2005).  Of the 22, six 

were numerous (density of 100 or more/mL) including Ankistrodesmus falcatus var. acicularis at 

224/mL, Carteria multifilis and Closterium acutum each at 122/mL, a Cosmarium sp. (5.0 x 5.0 

µm) at 112/mL, Kirchneriella lunaris var. lunaris at 163/mL and Scenedesmus abundans at 

183/mL.  Thirty taxa were in the 14 June sample with six in the numerous category (Table:  

6/14/2005).  The six were A. falcatus var. acicularis at 194/mL, C. acutum at 102/mL, 

Dictyosphaerium pulchellum at 285/mL, K. lunaris var. lunaris at 143/mL, Oocystis borgei at  

102/mL and S. abundans at 132/mL.  Five of the 29 taxa seen in the 1 August sample were  
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numerous (Table:  8/1/2005).  They were A. falcatus var. acicularis in a density of 622/mL, the  

Cosmarium sp. (5.0 x 5.0 µm) seen in June at 132/mL, a second Cosmarium sp. (10.0 x  

10.0 µm) at 112/mL, D. pulchellum at 448/mL and Schroederia setigera at 296/mL.  The 17 

August sample contained 24 taxa (Table:  8/17/2005).  Of the 24, one was abundant (1000 or 

more/mL) and nine were numerous.  S. setigera was in a density of 1070/mL, Coelastrum 

microporum was at 143/mL, the Cosmarium sp. (5.0 x 5.0 µm) seen in June and August at 

214/mL, Cosmarium sp. (10.0 x 10.0 µm) seen in August at 122/mL, D. pulchellum at 428/mL, 

K. lunaris var. lunaris at 418/mL, O. borgei at 102/mL, S. abundans at 173/mL, Scenedesmus 

dimorphus at 153/mL and Tetraedron trigonum var. trigonum at 122/mL.  Thirty-one taxa were 

in the 17 October sample (Table:  10/17/2005).  Taxa in a density >100/mL (numerous) included 

C. multifilis at 122/mL, Crucigenia rectangularis at 214/mL, D. pulchellum at 866/mL, K. 

lunaris var. lunaris at 907/mL, S. abundans at 357/mL, S. dimorphus at 183/mL, Scenedesmus 

obliquus at 265/mL and S. setigera at 367/mL.  Taxa seen in 2005 were those characterically 

found in eutrophic lakes.  Most of the taxa seen are in genera in the Order Chlorococcales.  

These genera included Actinastrum,  Ankistrodesmus, Chodatella, Coelastrum, Crucigenia, 

Dictyosphaerium, Didymogenes, Elakatothrix, Kirchneriella, Nephrocytium, Oocystis, 

Pediastrum, Polyedriopsis, Scenedesmus, Schroederia, Selenastrum, Tetraedron, Tetrastrum and 

Treubaria (Table:  List of taxa).  Other genera were members of the Order Volvocales (Carteria, 

Chlorogonium, Phacotus) or the Order Zygnematales (Closterium, Cosmarium, Staurastrum).  

The number of sub-generic taxa seen on each date was high, but each total density was 

distributed over relatively few of these taxa.  This type of distribution is not a positive sign in 

terms of lake condition.             

 Chrysophytes (Chrysophyta) were represented by two species each in a density of 10/mL  
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(Table:  1).  Heliapsis mutabilis was in this density on 11 May and Mallomonas acaroides on 17  

October (Tables:  5/11/2005; 10/17/2005).  These two species are found in eutrophic lakes  

although they are often not common or present in high densities.   

 Cryptomonads (Cryptophyta) peaked at 693/mL on 1 August and were in densities of 

102/mL on 11 May, 51/mL on 14 June, 438/mL on 17 August and 377/mL on 17 October 

(Table:  1: Figure:  Cryptophyta).  Two species were seen during 2005.  They were Cryptomonas 

erosa and Cryptomonas sp. (No. 1).  The former was at 10/mL and the latter at 92/mL on 11 May 

(Table:  5/11/2005).  Only Cryptomonas sp. in a density of 51/mL was in the 14 June sample 

(Table:  6/14/2005).  Cryptomonas erosa was at 41/mL and the Cryptomonas sp. at 652/mL in 

the 1 August sample (Table:  8/1/2005).  Cryptomonas sp. was responsible for the total density of 

438/mL obtained on 17 August and that of 377/mL determined for 17 October (Tables:  

8/17/2005; 10/17/2005).  Cryptomonas sp. often appears in higher densities in bodies of water 

with a high level of organic materials.  Its densities during 2005 were not excessive (<1000/mL 

on each date), but its dominance on every date was an indication that organic compounds were 

present in Lake Carbondale.       

 As was mentioned earlier in this report, blue-greens (Cyanophyta) dominated the 

phytoplankton on every date in 2005.  They reached their peak density of 54,904/mL on 17 

August and were at 10,569/mL on 11 May, 14,483/mL on 14 June, 47,281/mL on 1 August and 

10,416/mL on 17 October (Table:  1:  Figure:  Cyanophyta).  The 11 May sample contained eight 

taxa including Anabaena spiroides var. crassa and an Anabaena sp. (4.0 x 60.0 µm) each at 

10/mL, Anacystis montana at 7257/mL, Aphanizomenon flos-aquae at 163/mL, Dactylococcopsis 

rhaphidioides at 20/mL, Gomphosphaeria lacustris at 2477/mL, Merismopedia quadruplicata at 

51/mL and Schizothrix calcicola at 581/mL (Table:  5/11/2005).  The 14 June sample had 16   
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taxa.  A. spiroides var. crassa was at 693/mL, an Anabaena sp. (2.0 x 20.0 µm) at 173/mL, a  

second Anabaena sp. (2.0 x 50.0 µm) “Present”, a third (3.0 x 30.0 µm) at 489/mL, a fourth (5.0 

x 50.0 µm) at 92/mL, a fifth (6.0 x 60.0 µm) at 143/mL, Anabaenopsis elenkinii at 31/mL, A. 

montana at 2833/mL, A. flos-aquae at 326/mL, a Cylindrospermum (2.0 x 20.0 µm) at 3954/mL, 

a second Cylindrospermum sp. (3.0 x 30.0 µm) and D. rhaphidioides each at 31/mL, G. lacustris 

at 1376/mL, M. quadruplicata at 112/mL, Raphidiopsis curvata at 1192/mL and S. calcicola at 

3017/mL.  Fifteen taxa were seen in the 1 August sample (Table:  8/1/2005).  They were A. 

spiroides var. crassa in a density of 163/mL, Anabaena sp. (2.0 x 20.0 µm) seen in June at 

1896/mL, a second Anabaena sp. (2.0 x 50.0 µm) seen in June at 10/mL, a third (2.5 x 25.0 µm) 

not seen earlier at 10/mL, a fourth (5.0 x 50.0 µm) seen in June at 10/mL, A.  elenkinii at 

112/mL, A. montana at 1080/mL, A. flos-aquae at 112/mL, one of the species of 

Cylindrospermum (2.0 x 20.0 µm) seen in June at 4087/mL, D. rhaphidioides at 31/mL, G. 

lacustris at 1325/mL, M. quadruplicata at 2151/mL, Microcystis aeruginosa at 132/mL, R. 

curvata at 29,577/mL and S. calcicola at 6574/mL.  The 12 taxa in the sample taken on 17 

August had been in the 1 August sample (Table:  8/17/2005).  A. spiroides var. crassa was in a 

density of 214/mL accompanied by the Anabaena sp. (2.0 x 20.0 µm) at 1315/mL, A. elenkinii at 

112/mL, A. montana at 652/mL, A. flos-aquae at 234/mL, the Cylindrospermum sp. (2.0 x 20.0 

µm) seen on 1 August at 1152/mL, D. rhaphidioides at 41/mL, G. lacustris at 1845/mL, M. 

quadruplicata at 3353/mL, M. aeruginosa at 245/mL, R. curvata at 35,998/mL and S. calcicola 

at 9744/mL.  These twelve taxa plus another Anabaena sp. (5.0 x 50.0 µm) were in the 17 

October sample (Table:  10/17/2005).  A. spiroides var. crassa was in a density of 102/mL 

accompanied by the Anabaena sp. (2.0 x 20.0 µm) seen earlier at 71/mL, the Anabaena sp.  

 (5.0 x 5.0 µm) not seen before at 10/mL, A. elenkinii at 31/mL, A. montana at 2650/mL, A.  
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flos-aquae at 51/mL, Cylindrospermum sp. (2.0 x 20.0 µm) at 31/mL, D. rhaphidioides at 

61/mL, G. lacustris at 3292/mL, M. quadruplicata at 948/mL, M. aeruginosa at 183/mL, R. 

curvata at 459/mL and S. calcicola at 2528/mL.  The presence of the three indicators of a  

eutrophic condition in a lake gave evidence that Lake Carbondale was in this category in  

2005.  These indicators are Anabaena spiroides var. crassa, Aphanizomenon flos-aquae and  

Microcystis aeruginosa.  Three other features of the lake were evident from the blue-green data.   

First, the lake had extensive shallow areas in its basin.  Evidence for this conclusion came from 

the high densities (>1000/mL) of species of Cylindrospermum, Merismopedia quadruplicata and 

Schizothrix calcicola.  These organisms develop on the bottom in the shallows and then enter the 

water column by different means.  Cylindrospermum species and S. calcicola may form gas 

bubbles under mats of filaments causing pieces of the mats to float.  Both of these blue-greens 

may enter the water column by the movement of their filaments.  M. quadruplicata is often 

carried with the filaments of S. calcicola or stirred from the bottom by waves or currents.  The 

second feature of the lake exhibited by blue-green data was its high water temperatures.  

Anabaenopsis elenkinii and Raphidiopsis curvata are indicators of such temperatures.  The latter 

is found in water with a temperature of 25 C or higher.  Its abundance in samples taken in June 

and August supported this conclusion.  Its densities in August (29,577-1 August; 35,998/mL-

17August) were among the highest recorded in IEPA studies.  The third feature of the lake was a 

high level of organic materials.  This aspect was verified by the presence the species of 

Cylindrospermum, Dactylococcopsis rhaphidioides and Schizothrix calcicola.  The middle of 

these three organisms was not in a high density on any of the dates, but its presence does indicate 

that organic compounds were present in the lake water.       

 Euglenoid (Euglenophyta) total densities were in the numerous category (100 or  
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more/mL) on each date in 2005.  These algae were in densities of 306/mL on 11 May, 255/mL  

on 14 June, 917/mL on 1 August, 377/mL on 17 August and 183/mL on 17 October (Table:  1; 

Figure:  Euglenophyta).  Twenty euglenoid species were in the 11 May sample, but none of these 

was numerous (Table:  5/11/2004).  Those in highest densities included a Euglena sp. at 20/mL,  

Phacus pyrum at 51/mL, Trachelomonas volvocina and a Trachelomonas sp. each at 31/mL and  

Another Trachelomonas sp. at 20/mL.  None of the 20 taxa in the 14 June sample was numerous 

(Table:  6/14/2005).  T. volvocina was at 31/mL, three species were each at 20/mL (a Euglena sp. 

and two Trachelomonas sp.) and 16 were each at 10/mL (Euglena viridis, five species of 

Euglena, Phacus longicauda, Trachelomonas hispida and eight species of Trachelomonas).  Two 

of the 27 species in the 1 August sample were numerous (Table:  8/1/2005).  A Euglena sp. was 

in a density of 183/mL and T. volvocina at 255/mL.  Of the 12 species in the 17 August sample, 

only T. volvocina at 194/mL was in a density >100/mL (Table:  8/17/2005).  The number of 

euglenoid species was down to seven in the sample taken on 17 October (Table:  10/17/2005).  

Once again, T. volvocina in a density of 122/mL was the only species in the numerous category.  

Even though none of the euglenoids was abundant (in a density 1000 or more/mL) in 2005, they 

gave support to the suggestion that organic materials were present in the lake water.   

 Dinoflagellates (Pyrrhophyta) were in their peak density of 102/mL on 1 August (Table:  

1).  They were not in a countable density on either 11 May or 17 August, but were at 31/mL on 

14 June and 17 October.  The 14 June sample had Glenodinium gymnodinium in a density of 

20/mL and a Glenodinium sp. (15.0 x 15.0 µm) at 10/mL (Table:  6/14/2005).  Four  

species of Glenodinium were in the 1 August sample including the one seen in June (Table:   

8/1/2005).  This species (15.0 x 15.0 µm) was in a density of 51/mL accompanied by a second 

and third species each at 20/mL and the fourth at 10/mL.  Two species of Glenodinium were in  
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the 17 October sample (Table:  10/17/2005).  One of these (dimensions of 11.0 x11.0 µm) was  

not in the earlier samples and the other (15.0 x 15.0 µm) was in the samples taken on 14 June 

and 1 August.  The first one was in a density of 10/mL and the second at 20/mL.  All of the 

dinoflagellaes seen in 2005 were those typically found in eutrophic lakes.   

 Centritractus belanophorus (Xanthophyta) was the only yellow-green found in the  

samples taken in 2005.  It was in a density of 10/mL on 17 August (Table:  8/17/2005).  This 

alga is found in eutrophic lakes.     

Summary 

 Lake Carbondale was eutrophic in 2005.  This conclusion is based on the types of 

photosynthetic organisms found in each of the samples taken during the year.  These included 

diatoms, a dominance of the green algae by members of the Order Chlorococcales, the          

blue-greens Anabaena spiroides var. crassa, Aphanizomenon flos-aquae, Microcystis 

aeruginosa, euglenoids and dinoflagellates.  The three blue-greens are indicators of a eutrophic 

condition in lakes.  They were not in a “bloom density” (1000 or more/mL or One Million or 

more/L) on any date probably due to competition from other blue-greens especially Raphidiopsis 

curvata.  This lake had extensive shallows in its basin, its water was warm and contained a high 

level of organic materials.  Evidence for the existence of shallows came from the high densities 

(>1000/mL) of the blue-greens Cylindrospermum spp., Merismopedia quadrupicata and 

Schizothrix calcicola.  These organisms develop on the bottom of such shallows and through 

various means become part of the phytoplankton community.  Water temperatures were at or 

above 25 C.  The presence of two blue-greens support this conclusion.  They are Raphidiopsis 

curvata and Anabaenopsis elenkinii.  The former begins to develop high densities when water 

temperature reaches 25 C.  Its densities during August were among the highest seen in any of the  
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IEPA lakes examined during the past 27 years.  Organic materials were apparently in the lake  

water as evidenced by the densities of the three species of Nitzschia (N. acicularis, N. linearis, N. 

palea) with N. palea in the highest density and the most tolerant of such materials.  Further 

evidence came from the presence of the blue-green Dactylococcopsis rhapidioides and the large 

number of euglenoid species.  Based on the data obtained, this lake was in a seriously 

deteriorated state in 2005.      



List of taxa found in samples from Lake Carbondale (RBL) Site 1 during 2005.  
 
Taxa*       Date Found                       
   
BACILLARIOPHYTA 
 
Cyclotella 
  C. chaetoceros Lemm.     5-11 
  
  C.  meneghiniana Kuetz.        5-11, 6-14, 10-17                           
 
Fragilaria  
  F. crotonensis Kitt.      8-1, 8-17, 10-17 
 
  F. sp.       10-17 
 
Melosira 
  M. distans (Ehr.) Kuetz.      5-11, 6-14, 10-17                     
        
  M. italica (Ehr.) Kuetz. var. tenuissima (Grun.)                                               
    Muell.                       5-11, 6-14, 10-17 
 
  M. varians Ag.     6-14, 10-17 
 
Nitzschia 
N. acicularis (Kuetz.) Wm. Sm.             5-11, 6-14, 8-1, 8-17, 10-17       

 
  N. linearis (Ag.) Wm. Sm.     6-14, 8-1, 8-17, 10-17                                
        
  N. palea (Kuetz.) Wm. Sm.     5-11, 6-14, 8-1, 8-17, 10-17       
 
Synedra  
  S. delicatissima W. Sm. var. angustissima Grun. 6-14 
 
  S. delicatissima var. delicatissima    10-17 
 
CHLOROPHYTA 
 
Actinastrum  hantzschii Lag. var. fluviatile    

Schroed.  6-14, 8-1, 8-17, 10-17                                             
        
Ankistrodesmus  
  A. braunii (Naeg.) Brunnth.     5-11 
 
  A. convolutus Corda      5-11, 6-14 
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Taxa       Date Found 
 
Ankistrodesmus (Cont.) 
  A. falcatus (Corda) Ralfs var. acicularis (A. Br.)  
    G. S. West       5-11, 6-14, 8-1, 8-17, 10-17                                
     
Carteria multifilis (Fres.) Dill.    5-11, 8-1, 8-17, 10-17                            
       
Chlorogonium elongatum (Dang.) Franze var.   
elongatum 5-11, 6-14, 8-1, 8-17, 10-17                                                            

  
Chodatella 
  C. quadriseta Lemm.     5-11 
 
  C. wratislawiensis (Schroed.) Ley   5-11, 6-14, 10-17 
 
Closterium acutum (Lyngb.) Breb.     5-11, 6-14, 8-1, 10-17                               
 
Coelastrum microporum Naeg.   6-14, 8-1, 8-17, 10-17 
        
Cosmarium 
  C. sp. (5.0 x 5.0 µm)     5-11, 6-14, 8-1, 8-17, 10-17                                      
     
C. sp. (6.0 x 5.0 µm)    8-17 
 
C. sp. (6.0 x 6.0 µm)    8-17 
 
C. sp. (7.5 x 5.0 µm)    10-17 
 
C. sp. (7.5 x 7.5 µm)    8-1 
 
C. sp. (10.0 x 5.0 µm)    10-17 
 
C. sp. (10.0 x 6.0 µm)    10-17 
 
C. sp. (10.0 x 10.0 µm)    6-14, 8-1, 8-17  
 

C. sp. (10.0 x 10.0 µm)    6-14, 10-17       
 

C. sp. (10.0 x 12.5 µm)    6-14                
 

Crucigenia 
  C. fenestrata Schmid.    5-11 
 
  C.  rectangularis (A. Br.) Gray     5-11, 6-14, 8-1, 8-17, 10-17                                      



Lake Carbondale Taxa (2005) p. 3 
 

Taxa       Date Found                                              
 
Dictyosphaerium pulchellum Fres.       5-11, 6-14, 8-1, 8-17, 10-17    
 
Didymogenes anomala (G. M. Sm.) Hind.  8-1 
 
Elakatothrix viridis (Snow) Printz     6-14, 8-1, 8-17, 10-17                                                
       
Kirchneriella 
  K. contorta (Schmid.) Bohl.     8-1 
 
  K. lunaris (Kirch.) Moeb. var. dianae Bohl.  8-1 
 
  K. lunaris var. lunaris     5-11, 6-14, 8-1, 8-17, 10-17 
 
Nephrocytium limneticum (G. M. Sm.) G. M. Sm.  6-14                                     
 
Oocystis  
  O. borgei Snow     5-11, 6-14, 8-1, 8-17, 10-17 
 
  O. pusilla Hansg.      10-17 
 
Pediastrum  
  P. duplex Meyen var. gracilimum West & West  6-14, 10-17 
   
  P. tetras (Ehr.) Ralfs var. tetraodon (Corda) 
    Hansg.       5-11 
 
Phacotus lenticularis (Ehr.) Stein    6-14, 8-1, 8-17 
 
Polyedriopsis spinulosa Schmid.   8-1, 10-17                     
        
Scenedesmus 
  S. abundans (Kirch.) Chod.            5-11, 6-14, 8-1, 8-17, 10-17  
 
  S. bijuga (Turp.) Lag. var. bijuga                      8-17          
 
  S. dimorphus (Turp.) Kuetz.    5-11, 6-14, 8-1, 8-17, 10-17  
 
  S. obliquus (Turp.) Kuetz.     10-17 
 
Schroederia setigera (Schroed.) Lemm.  5-11, 6-14, 8-1, 8-17, 10-17 

 
 



Lake Carbondale Taxa (2005) p. 4 
 

Taxa       Date Found   
    
Selenastrum  
  S. bibraianum Rein.     10-17 
 
  S. westii G. M. Sm.      10-17 
 
Staurastrum  
  S. sp. (5.0 x 5.0 µm)     8-1 
 
  S. sp. (25.0 x 20.0 µm)    8-1 
 
Tetraedron 
  T. caudatum (Corda) Hansg. var. caudatum  10-17 
 
  T. constrictum G. M. Sm.     5-11, 6-14 
 
  T. gracile (Rein.) Hansg.     10-17 
 
  T. hastatum (Rein.) Hansg. var. palatinum  
    (Schmid.) Lemm.      8-17 
 
  T. minimum (A. Br.) Hansg.     6-14, 8-1, 8-17, 10-17 
 
  T. muticum (A. Br.) Hansg. var. muticum   6-14, 8-1 
 
  T. regulare Kuetz. var. incus Teiling  6-14, 8-1, 8-17, 10-17 
 
  T. regulare var. regulare     5-11 
 
  T. trigonum (Naeg.) Hansg. var. gracile  
    (Rein.) de Toni     5-11, 6-14 
 
  T. trigonum var. trigonum    5-11, 6-14, 8-1, 8-17, 10-17               
 
Tetrastrum heterocanthum (Nordst.) Chod.  6-14, 8-1, 8-17 
 
Treubaria setigerum (Arch.) G. M. Sm.   6-14 
 
CHRYSOPHYTA 
 
Heliapsis mutabilis Pascher    5-11 
 
Mallomonas acaroides Perty var. acaroides   10-17 
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CRYPTOPHYTA 
 
Cryptomonas 
  C. erosa Ehr.                 5-11, 8-1                              

 
  C. sp. (No. 1)                 5-11, 6-14, 8-1, 8-17, 10-17                   
 
CYANOPHYTA 
 
Anabaena 
  A. spiroides Kleb. var. crassa Lemm.   5-11, 6-14, 8-1, 8-17, 10-17              
        
  A. sp. (2.0 x 20.0 µm)       6-14, 8-1, 8-17, 10-17 
 
  A. sp. (2.0 x 50.0 µm)       6-14, 8-1 
 
  A. sp. (2.5 x 25.0 µm)       8-1           
 
  A. sp. (3.0 x 30.0 µm)       6-14      
 
  A. sp. (4.0 x 60.0 µm)       5-11          
 
  A. sp. (5.0 x 50.0 µm)       6-14, 8-1 
 
  A. sp. (5.0 x 50.0 µm)       10-17          
 
  A. sp. (6.0 x 60.0 µm)       6-14        
 
Anabaenopsis elenkinii Miller          6-14, 8-1, 8-17, 10-17            
 
Anacystis montana (Lightf.) Dr. & Daily  5-11, 6-14, 8-1, 8-17, 10-17         
        
Aphanizomenon flos-aquae Born. et Flah.    5-11, 6-14, 8-1, 8-17, 10-17 
 
Cylindrospermum  
  C. sp. (2.0 x 20.0 µm)       6-14, 8-1, 8-17, 10-17 
 
  C. sp. (3.0 x 30.0 µm)       6-14      
 
Dactylococcopsis rhaphidioides Hansg.     5-11, 6-14, 8-1, 8-17, 10-17                  
        
Gomphosphaeria lacustris Chod.    5-11, 6-14, 8-1, 8-17, 10-17           
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Merismopedia quadruplicata Trev.      5-11, 6-14, 8-1, 8-17, 10-17                   
        
Microcystis aeruginosa Kuetz.    8-1, 8-17, 10-17 
 
Raphidiopis curvata Fritsch & Rich    6-14, 8-1, 8-17, 10-17 
        
Schizothrix calcicola Gom.           5-11, 6-14, 8-1, 8-17, 10-17                      
        
EUGLENOPHYTA 
 
Euglena  
  E. viridis Ehr.     6-14 
 
  E. sp. (2.5 x 15.0 µm)    8-1 
 
  E. sp. (6.0 x 20.0 µm)    8-1 
 
  E. sp. (6.0 x 20.0 µm)    8-1 
 
  E. sp. (7.0 x 37.5 µm)    8-1 
 
  E. sp. (7.5 x 20.0 µm)    5-11 
 
  E. sp. (7.5 x 25.0 µm)    8-1 
 
  E. sp. (10.0 x 15.0 µm)    5-11 
 
  E. sp. (10.0 x 21.0 µm)    6-14, 8-1 
 
  E. sp. (10.0 x 21.0 µm)    8-17 
 
  E. sp. (10.0 x 25.0 µm)    8-1 
 
  E. sp. (10.0 x 25.0 µm)    8-1 
 
  E. sp. (10.0 x 27.5 µm)    8-1 
 
  E. sp. (10.0 x 30.0 µm)    5-11 
 
  E. sp. (10.0 x 30.0 µm)    8-1 
 
  E. sp. (10.0 x 30.0 µm)    8-1 
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Euglena (Cont.)  
  E. sp. (10.0 x 32.5 µm)    5-11 
 
  E. sp. (10.0 x 35.0 µm)    6-14 
 
  E. sp. (10.0 x 35.0 µm)    8-1 
 
  E. sp. (10.0 x 36.0 µm)    8-1 
 
  E. sp. (10.0 x 40.0 µm)    6-14 
 
  E. sp. (10.0 x 40.0 µm)    8-1 
 
  E. sp. (10.0 x 40.0 µm)    8-17 
 
  E. sp. (11.0 x 22.5 µm)    10-17 
 
  E. sp. (12.0 x 25.0 µm)    5-11 
 
  E. sp. (12.0 x 35.0 µm)    8-17 
 
  E. sp. (12.0 x 35.0 µm)    8-17 
 
  E. sp. (12.5 x 20.0 µm)    6-14 
 
  E. sp. (12.5 x 25.0 µm)    6-14 
 
  E. sp. (12.5 x 30.0 µm)    8-1 
 
  E. sp. (12.5 x 40.0 µm)    6-14 
 
  E. sp. (12.5 x 40.0 µm)    5-11 
 
  E. sp. (15.0 x 35.0 µm)    8-1 
 
  E. sp. (16.0 x 40.0 µm)    8-17 
 
  E. sp. (17.0 µm) (encysted)    8-17 
 
  E. sp. (17.5 µm) (encysted)     8-17 
 
  E. sp. (20.0 µm) (encysted)    8-17 
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Euglena (Cont.)  
  E. sp. (20.0 x 22.5 µm) (encysted)    10-17 
 
  E. sp. (25.0 x 40.0 µm) (encysted)   5-11 
 
  E. sp. (30.0 x 35.0 µm) (encysted)   8-1 
 
Phacus  
  P. longicauda (Ehr.) Duj.     6-14 
 
  P. pyrum (Ehr.) Stein    5-11, 8-1, 8-17, 10-17 
 
Trachelomonas 
  T. hispida (Perty) Stein     6-14 
 
  T. volvocina Ehr.             5-11, 6-14, 8-1, 8-17, 10-17   
 
  T. sp. (cyl.-gran.) (10.0 x 15.0 µm)   5-11    
 
  T. sp. (cyl.-gran.) (10.0 x 15.0 µm)   5-11   
 
  T. sp. (cyl.-gran.) (10.0 x 15.0 µm)   6-14 
 
  T. sp. (cyl.-gran.) (10.0 x 15.0 µm)   8-1  
 
  T. sp. (cyl.-gran.) (10.0 x 20.0 µm)   10-17 
 
  T. sp. (cyl.-gran.) (11.0 x 15.0 µm)   8-17  
 
  T. sp. (cyl.-gran.) (12.0 x 15.0 µm)   6-14 
 
  T. sp. (cyl.-gran.) (12.5 x 15.0 µm)   8-1 
 
  T. sp. (cyl.-gran.) (12.5 x 16.0 µm)   5-11   
 
  T. sp. (cyl.-gran.) (12.5 x 16.0 µm)   8-1  
 
  T. sp. (cyl.-gran.) (15.0 x 16.0 µm)   10-17 
 
  T. sp. (cyl.-gran.) (15.0 x 20.0 µm)   6-14      
 
  T. sp. (cyl.-gran.) (15.0 x 21.0 µm)   8-1           
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Trachelomonas (Cont.)  
  T. sp. (cyl.-gran.-collar) (11.0 x 20.0 µm)  8-1  
 
  T. sp. (cyl.-gran.-collar) (12.5 x 17.5 µm)  5-11 
 
  T. sp. (cyl.-gran.-neck) (10.0 x 25.0 µm)  8-1            
 
  T. sp. (cyl.-gran.-neck) (15.0 x 25.0 µm)  8-1 
 
  T. sp. (cyl.-smooth) (10.0 x 12.5 µm)  8-17   
 
  T. sp. (cyl.-smooth) (11.0 x 15.0 µm)  6-14 
 
  T. sp. (cyl.-smooth) (12.5 x 22.5 µm)  5-11 
 
  T. sp. (cyl.-smooth) (15.0 x 17.5 µm)  5-11 
 
  T. sp. (cyl.-smooth) (15.0 x 20.0 µm)  5-11 
 
  T. sp. (cyl.-smooth) (15.0 x  20.0 µm)  8-1  
 
  T. sp. (cyl.-smooth) (16.0 x 20.0 µm)  8-1  
 
  T. sp. (cyl.-smooth) (17.5 x 20.0 µm)  6-14 
 
  T. sp. (cyl.-smooth-collar) (15.0 x 20.0 µm)  6-14     
 
  T. sp. (cyl.-smooth-collar) (15.0 x 20.0 µm)  6-14    
 
  T. sp. (cyl.-smooth-neck) (10.0 x 17.5 µm)  6-14      
 
  T. sp. (cyl.-smooth-neck) (12.5 x 20.0 µm)  5-11    
 
  T. sp. (cyl.-smooth-neck) (15.0 x 20.0 µm)  5-11   
 
  T. sp. (cyl.-smooth-neck) (15.0 x 22.5 µm)  5-11     
 
  T. sp. (cyl.-spiny) (12.5 x 22.5 µm)   6-14                     

 
  T. sp. (spherical-gran.) (12.5 µm)   6-14 
 
  T. sp. (urn-shape) (16.0 x 25.0 µm)   5-11 
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PYRRHOPHYTA 
 
Glenodinium 
  G. gymnodinium Penard    6-14 
 
  G. sp. (11.0 x 11.0 µm)    10-17 
 
  G. sp. (15.0 x 15.0 µm)    6-14, 8-1, 10-17 
 
  G. sp. (15.0 x 22.5 µm)    8-1 
 
  G. sp. (25.0 x 30.0 µm)    8-1   
 
  G. sp. (25.0 x 30.0 µm)    8-1   
   
XANTHOPHYTA 
 
Centritractus belanophorus Lemm.    8-17          

 
ARTHROPODA-None                                                                   
 
PROTOZOA-Sub-Phylum Ciliophora-Class Ciliata- 
 
Unknown Ciliate (10.0 x 11.0 µm)   10-17 
 
Unknown Ciliate (10.0 x 12.5 µm)   8-17 
 
Unknown Ciliate (10.0 x 20.0 µm)   8-17 
 
Unknown Ciliate (10.0 x 20.0 µm)   8-17 
 
Unknown Ciliate (10.0 x 22.5 µm)   10-17 
 
Unknown Ciliate (12.5 x 16.0 µm)   8-17 
 
Unknown Ciliate (15.0 µm)    8-17 
 
Unknown Ciliate (15.0 x 20.0 µm)   8-17 
 
Unknown Ciliate (15.0 x 21.0 µm)   8-17 
 
Unknown Ciliate (15.0 x 22.5 µm)   8-17 
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Unknown Ciliate (15.0 x 30.0 µm)   10-17 
 
Unknown Ciliate (15.0 x 30.0 µm)   8-17 
 
Unknown Ciliate (16.0 x 25.0 µm)   8-17 
 
Unknown Ciliate (22.5 x 30.0 µm)   5-11 
 
                                                                                        Order Oligotrichida-Family Halteriidae 
 
Halteria sp. (25.0 µm)              5-11, 8-17 
 
PROTOZOA-Sub-Phylum Mastigophora-Class Zoomastigophorea- 
 
Unknown Flagellate (10.0 x 17.5 µm)  8-1  
 
PROTOZOA-Sub-Phylum Sarcodina-Class Actinopoda-Order Heliozoida- 
 
Unknown Actinopod (10.0 µm)   8-17 
 
ROTATORIA-Class Monogonata-Order Ploima- 
 
Unknown Rotifer (25.0 x 90.0 µm)   8-1, 8-17, 10-17 
 
Unknown Rotifer (30.0 x 45.0 µm)   8-17 
 
Unknown Rotifer (50.0 x 75.0 µm)   8-1                                                                         
__________________________________________________________________ 
 
*These taxa were found in counts.  



Table 1:  Phytoplankton Totals for Lake Carbondale Site 1 in 2005.  

Phylum 11 May 14 June 1 August 17 August 17 October 

Bacillariophyta 530 1274 163 662 1773

Chlorophyta 1345 1539 2405 3251 4107

Chrysophyta 10 0 0 0 10

Cryptophyta 102 51 693 438 377

Cyanophyta 10569 14483 47281 54904 10416

Euglenophyta 306 255 917 377 183

Pyrrhophyta 0 31 102 0 31

Xanthophyta 0 0 0 10 0

Totals 12862 17632 51561 59644 16898



Table 2.  Summary of numbers and biovolumes of organisms in Lake Carbondale Site 1 in 2005.  

11 May, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 530.0 165,369.4
CHLOROPHYTA 1,345.3 770,920.0
CHRYSOPHYTA 10.2 1,592.0
CRYPTOPHYTA 101.9 38,526.7
CYANOPHYTA 10,569.1 5,443,574.7

EUGLENOPHYTA 305.8 1,079,957.8
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 0.0 0.0

TOTALS 12,862.3 7,499,940.6
ARTHROPODA 0.0 0.0

PROTOZOA 61.2 500,296.7
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 61.2 500,296.7

14 June, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 1,274.0 830,349.4
CHLOROPHYTA 1,539.0 2,503,201.2
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 51.0 7,506.4
CYANOPHYTA 14,482.8 9,556,246.5

EUGLENOPHYTA 254.8 2,340,041.6
PYRRHOPHYTA 30.6 680,889.8
XANTHOPHYTA 0.0 0.0

TOTALS 17,632.2 15,918,234.9
ARTHROPODA 0.0 0.0

PROTOZOA 0.0 0.0
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 0.0 0.0

Summary p. 2   

1 August, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 163.1 60,014.6
CHLOROPHYTA 2,405.3 3,050,273.0
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 693.1 196,143.0
CYANOPHYTA 47,280.7 25,678,508.9

EUGLENOPHYTA 917.3 1,810,715.0
PYRRHOPHYTA 101.9 666,763.7
XANTHOPHYTA 0.0 0.0

TOTALS 51,561.3 31,462,418.2



Table 2.  Summary of numbers and biovolumes of organisms in Lake Carbondale Site 1 in 2005.  

ARTHROPODA 0.0 0.0
PROTOZOA 30.6 42,023.7
ROTATORIA 30.6 570,340.3

TOTALS-ANIMALS 61.2 612,364.0

17 August, 2005

Phylum Number/mL Total Volume

BACILLARIOPHYTA 662.5 319,565.0
CHLOROPHYTA 3,251.2 3,503,979.0
CHRYSOPHYTA 0.0 0.0
CRYPTOPHYTA 438.3 64,555.1
CYANOPHYTA 54,904.3 34,900,210.8

EUGLENOPHYTA 377.1 644,996.7
PYRRHOPHYTA 0.0 0.0
XANTHOPHYTA 10.2 120,072.0

TOTALS 59,643.6 39,553,378.6
ARTHROPODA 0.0 0.0

PROTOZOA 173.3 575,843.0
ROTATORIA 71.3 3,025,802.9

TOTALS-ANIMALS 244.6 3,601,645.9

Summary p. 3

17 October, 2005
Phylum Number/mL Total Volume

BACILLARIOPHYTA 1,773.4 662,667.5
CHLOROPHYTA 4,107.4 6,143,935.3
CHRYSOPHYTA 10.2 41,381.6
CRYPTOPHYTA 377.1 55,547.4
CYANOPHYTA 10,416.2 11,945,850.5

EUGLENOPHYTA 183.5 276,656.8
PYRRHOPHYTA 30.6 64,686.6
XANTHOPHYTA 0.0 0.0

TOTALS 16,898.3 19,190,725.7
ARTHROPODA 0.0 0.0

PROTOZOA 30.6 80,847.1
ROTATORIA 0.0 0.0

TOTALS-ANIMALS 30.6 80,847.1



APPENDIX C 



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Temperature-Dissolved Oxygen Profiles

11/16/04 01/11/05 02/15/05 03/29/05 04/20/05 05/03/05 06/06/05 07/25/05 08/11/05 10/11/05
10:45 10:40 9:30 11:15 10:30 13:50 13:40 13:40 13:40 13:40

1 1 1 1 1 1 1 1 1 1
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 14.3 6.9 0 6.4 13.6 0 6 11 0 9.3 8.7 0 19.1 8.5 0 16.1 11 0 28.3 8.3 0 32.4 8.6 0 30.8 8.1 0 20.3 6.4
1 14.3 6.7 1 6.4 13.6 1 6 11 1 9.3 8.6 1 19 8.3 1 16.1 11 1 27.9 8.4 1 32.4 8.1 1 30.8 8.1 1 20.3 6.1
3 14.3 6.6 3 6.4 13.6 3 6 10.7 3 9.3 8.4 3 18.9 7.8 3 16 10.7 3 27.4 8.4 3 32.3 8.1 3 30.7 8 3 20.3 6
5 14.2 6.5 5 6.3 13.2 5 5.9 10.2 5 9.2 8.3 5 18.9 7.9 5 16 10.5 5 26.4 8.5 5 32.2 8 5 30.7 7.9 5 20.3 5.9
7 14.2 6.3 7 6.3 13.9 7 5.9 10.3 7 9 8.7 7 18.8 7.9 7 15.7 10.5 7 26.2 8.6 7 32.1 8 7 30.5 7.9 7 20.3 5.8
9 14.2 6.3 9 6.2 13.3 9 5.9 10.1 9 9.1 8.2 9 18.6 7.4 9 15.4 10.4 9 26.1 8.6 9 31.3 9.2 9 30.4 8 9 20.3 5.6

11 14.2 6.3 11 6.2 12.6 11 5.9 10.1 11 9 8 11 18.4 7.4 11 15.3 10.4 11 24.5 8.4 11 29.3 9.5 11 29.8 7.7 11 20.3 5.6
13 14.2 6.4 13 6.2 12.1 13 5.9 10.2 13 8.7 8 13 18.3 7.3 13 15.2 10.2 13 22.8 8 13 28 9.1 13 28.9 7 13 20.3 5.5
15 14.2 6.3 15 6.2 11.7 15 5.9 9.8 15 8.6 8 15 17.3 7.3 15 15.2 9.7 15 21 7.2 15 26.7 4.4 15 27.8 4.1 15 20.2 5.5
17 14.2 6.3 17 6.2 11.1 17 5.9 9.8 17 8.6 8 17 16.1 6.4 17 15.1 9.5 17 18.3 5.2 17 25.2 1.8 17 26.3 2.5 17 20.2 5.5
19 14.2 6.3 19 6.2 11.3 19 5.9 9.9 19 8.5 7.8 19 14.9 4.8 19 14.9 8.7 19 16.6 3 19 21 1.1 19 23.2 0.8 19 20.2 5.5
21 14.2 6.3 21 6.2 12.2 21 5.9 9.8 21 8.5 7.7 21 13.1 3.9 21 14.9 8.7 21 15.5 2.2 21 18.3 0.8 21 19.4 0.7 21 20.2 5.4
23 14.2 6.3 23 6.2 12.4 23 5.9 9.7 23 8.5 7.5 23 12.8 3.3 23 14.8 8.6 23 14.9 1.3 23 16.6 0.6 23 17.6 0.7 23 20.2 5.4
25 14.2 6.3 25 6.2 11.6 25 5.9 9.8 25 8.5 7.2 25 12.6 3 25 14.3 7.6 25 14.2 0.8 25 14.9 0.4 25 15.8 0.4 25 20.1 5.1
27 14.2 6.3 27 6.2 11.6 27 5.9 9.8 27 8.5 6.9 27 12.1 2.5 27 12.9 5.6 27 13.3 0.7 27 14.1 0.4 27 14.5 0.4 27 17.4 0.7
29 14.1 6.3 29 6.2 11.2 29 5.8 9.5 29 8.5 6.4 29 12 2.2 29 12.1 4.7 29 12.8 0.6 29 13.3 0.4 29 13.6 0.4 29 14.9 0.6
31 14.1 6.3 31 6.2 11.7 31 5.8 9.4 31 8.5 6 31 11.9 2.1 31 11.7 4.5 31 12.6 0.6 31 12.7 0.3 31 13 0.4 31 13.6 0.5
33 14.1 6.2 33 6.2 11.2 33 5.8 9 33 8.5 5.7 33 11.5 1.5 33 11.5 4 33 12.1 0.6 33 12.4 0.3 33 12.5 0.4 33 13.1 0.4
35 14 6.1 35 6.2 11.3 35 5.8 8.9 35 8.5 5.4 35 11.2 1.4 35 11.3 3.6 35 11.8 0.5 35 12.2 0.3 35 12.3 0.4 35 12.8 0.3
37 14 6.1 37 6.2 11.5 37 5.8 8.2 37 8.5 5.2 37 11.1 1.3 37 11.2 3.2 37 11.7 0.5 37 12.1 0.3 37 12.1 0.3 37 12.6 0.3
39 13.9 6.2 39 6.2 11.9 39 5.7 8.1 39 8.4 4.9 39 11.1 1.2 39 39 11.7 0.5 39 12 0.3 39 12 0.3 39 12.6 0.3
41 13.9 6.3 41 6.2 11.4 41 5.6 7.6 41 41 41 41 11.7 0.4 41 11.9 0.3 41 11.7 0.3 41 12.6 0.3
43 13.9 6.2 43 6.2 11.3 43 43 43 43 43 11.6 0.4 43 11.8 0.3 43 11.8 0.3 43 12.4 0.3
45 13.9 6.2 45 6.1 11.6 45 45 45 45 45 45 45 11.8 0.3 45

47 11.7 0.3 47

11/16/04 01/11/05 02/15/05 03/29/05 04/20/05 05/03/05 06/06/05 07/25/05 08/11/05 10/11/05
12:00 11:45 11:50 11:20 13:20 13:20 13:20 13:20 13:20

2 2 2 2 2 2 2 2 2 2
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 14.2 7.2 0 6.4 11.4 0 0 9.8 8.7 0 18.1 8.6 0 16.3 10.6 0 28.5 8.7 0 32.2 8.2 0 30.9 8.8 0 20.4 6.6
1 14.2 7 1 6.3 11.4 1 1 9.8 8.5 1 18.1 8.4 1 16.2 10.6 1 27.8 8.5 1 32.3 8.1 1 30.9 8.4 1 20.4 6.1
3 14.2 6.8 3 6.3 11.4 3 3 9.7 8.5 3 18 8.1 3 16.1 10.4 3 26.8 8.5 3 32.3 8.1 3 30.9 8 3 20.4 5.9
5 14.2 6.7 5 6.3 11 5 5 9.7 8.4 5 17.9 8.1 5 15.9 10.4 5 26.4 8.6 5 32.1 8.1 5 30.9 8.4 5 20.4 5.9
7 14.2 6.7 7 6.3 12.1 7 7 9.7 8.4 7 17.9 8.1 7 15.8 10.4 7 26.3 8.5 7 31.9 8.4 7 30.6 8.3 7 20.4 5.8
9 14.1 6.7 9 6.3 11.6 9 9 9.6 8.4 9 17.8 8.1 9 15.5 10.3 9 25.5 8.5 9 30.1 9.6 9 30.6 8.3 9 20.4 5.7

11 14.1 6.6 11 6.3 11 11 11 9.6 8.4 11 17.6 8.1 11 15.4 9.9 11 23.9 7.9 11 28.6 9.1 11 29.7 8 11 20.4 5.6
13 14.1 6.6 13 6.3 10.7 13 13 9.6 8.3 13 17.2 7.7 13 15.3 9.7 13 21.7 7.4 13 28.5 8.6 13 29 7 13 20.4 5.6
15 14.1 6.5 15 6.3 10.1 15 15 9.4 8.4 15 16.5 7.6 15 15.3 9.6 15 20.7 6.4 15 26.7 5.9 15 28.2 4.2 15 20.4 5.6
17 13.9 6.6 17 6.2 10.1 17 17 9.3 8.4 17 15 6.8 17 15.3 9.4 17 19.2 4.1 17 24.7 1.2 17 25.1 1.2 17 20.4 5.6
19 13.8 6.7 19 6.2 10.3 19 19 9.2 8.4 19 14.2 6 19 15.2 9.2 19 17.8 4.1 19 22.3 1 19 22.5 0.8 19 20.4 5.6
21 13.6 6.7 21 6.2 10.2 21 21 9.1 8.5 21 13.4 5.3 21 15 9.2 21 16.2 1 21 19.1 0.6 21 19.9 0.6 21 20.4 5.6
23 13.5 6.8 23 6.2 9.9 23 23 9 8.5 23 13.1 5 23 14.8 8.5 23 15.5 0.9 23 16.6 0.4 23 17.2 0.4 23 20.4 5.7
25 13.5 7.1 25 6.2 9.8 25 25 9 8.4 25 12.6 4.4 25 14.2 6.4 25 14.9 0.8 25 15.3 0.4 25 15.4 0.3 25 20.2 5.5
27 13.4 7.2 27 6.2 9.4 27 27 9 8.6 27 12.2 4.8 27 12.5 5.1 27 14 0.6 27 14.4 0.4 27 14.3 0.3 27 17.8 0.7
29 13.4 7.1 29 6.2 9.6 29 29 9 8.5 29 11.7 4.4 29 12.1 4.1 29 13.3 0.6 29 13.6 0.4 29 13.4 0.4 29 14.6 0.7
31 13.2 7.3 31 6.2 9.6 31 31 8.9 8.8 31 11.5 4.4 31 11.7 3.4 31 12.5 0.5 31 13 0.3 31 12.9 0.4 31 13.7 0.6
33 13.1 7.4 33 6.2 9.7 33 33 9 8.8 33 11.4 4.4 33 11.6 2.9 33 12.2 0.5 33 12.5 0.3 33 12.6 0.3 33 13.4 0.6
35 35 6.2 9.3 35 35 8.9 9 35 35 11.4 2.1 35 12 0.4 35 12.3 0.3 35 35
37 37 37 36 37 37 37 37 12.1 0.3 37 37

39 12 0.3
41 11.9 0.3

11/16/04 01/11/05 02/15/05 03/29/05 04/20/05 05/03/05 06/06/05 07/25/05 08/11/05 10/11/05
12:25 13:35 11:00 12:10 11:50 12:30 12:30 12:30 12:30 12:30

3 3 3 3 3 3 3 3 3 3
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 14 8.3 0 6.8 9.5 0 6.7 10.3 0 10.9 8.6 0 17.9 8 0 16.2 10.8 0 28.4 8.1 0 32.2 9.1 0 31 8.8 0 20.3 7.5
1 14 8.2 1 6.8 9.5 1 6.6 10.1 1 10.9 8.8 1 17.9 8 1 16.1 10.5 1 27.1 8.4 1 32.1 8.7 1 31 8.4 1 20.3 7.5
3 14 8.1 3 6.8 9.5 3 6.6 10.1 3 10.9 8.4 3 17.8 7.9 3 16.1 10.3 3 26.5 8.2 3 32.1 8.5 3 30.9 8.4 3 20.2 7.3
5 14 8 5 6.8 9.4 5 6.7 10 5 10.8 8.3 5 17.6 8.1 5 15.7 10.2 5 26.1 8.5 5 31.8 8.8 5 30.5 8.4 5 20.2 7.2
7 13.7 7.9 7 6.7 9.4 7 6.6 10 7 10.6 8.3 7 17.4 8 7 15.6 10 7 25.9 8.4 7 30.5 10.4 7 30.2 8.3 7 20.2 7.2
9 13.4 8.5 9 6.6 9.3 9 6.6 10.1 9 10.6 8.3 9 16.5 7.9 9 15.3 9.7 9 25.2 8.4 9 29.4 9.5 9 29.7 7.5 9 20.2 7.1

11 13.3 8.6 11 6.6 9.4 11 6.6 10.1 11 10.6 8.2 11 15.9 7.6 11 15.3 9.7 11 23.8 8.1 11 28.1 7.6 11 29.3 6.5 11 20.2 7.1
13 13.1 8.6 13 6.6 9.4 13 6.6 10.1 13 10.6 8.4 13 15.4 7.4 13 15.2 9.6 13 22.9 6.5 13 27.7 5.4 13 28.7 3.5 13 20.2 7
15 13 8.6 15 6.6 9.4 15 6.6 10.1 15 10.5 8.5 15 14.7 6.5 15 15.1 9.1 15 21.8 4.7 15 26.4 1.3 15 27.2 0.7 15 20.2 7
17 12.9 8.5 17 6.6 9.3 17 6.6 10.2 17 10.5 8.6 17 13.8 5 17 15.1 8.9 17 19.7 1.4 17 24.3 0.5 17 24.5 0.4 17 20.2 7
19 12.6 8.2 19 6.6 9.4 19 6.6 10.2 19 10.5 8.5 19 13.4 4.5 19 15 8.4 19 17.6 0.7 19 21 0.4 19 20.8 0.3 19 20 6.6
21 21 6.5 9.5 21 6.5 10.2 21 10.4 8.6 21 12.7 3.8 21 15 7.5 21 15.8 0.7 21 19.5 0.4 21 19.1 0.3 21

Cedar Lake - Phase 1 Dissoloved Oxygen and Temperature Data



Cedar Lake (RNE)
IL EPA Chemical Analysis Data
Temperature-Dissolved Oxygen Profiles

11/16/04 01/11/05 02/15/05 03/29/05 04/20/05 05/03/05 06/06/05 07/25/05 08/11/05 10/11/05
14:40 13:05 11:30 12:30 13:50 13:00 13:00 13:00 13:00 13:00

4 4 4 4 4 4 4 4 4 4
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 13.7 9.5 0 7.1 18.6 0 7.2 9.9 0 11.1 8.5 0 18.1 8.9 0 16.7 10.6 0 28.8 8.7 0 32.4 8.9 0 31 8.3 0 20.1 8.4
1 13.7 9.4 1 7 17.6 1 7.2 10 1 11.1 8.3 1 17.9 8.9 1 167 10.5 1 28.2 8.6 1 32.4 9 1 31 8.2 1 20.1 8
3 13.6 9.4 3 6.9 17 3 7.1 9.9 3 11 8.3 3 16.3 9 3 16.6 10.4 3 26.8 8.5 3 32.1 8.8 3 31 8 3 20.1 8
5 13.4 9.4 5 6.8 15.8 5 7.1 9.8 5 10.9 8.4 5 15.9 8.5 5 16.3 10.2 5 26.4 8.5 5 31.5 10.3 5 30.4 8.1 5 20.1 7.8
7 13.4 8.8 7 6.8 15.2 7 7.1 9.8 7 10.9 8.3 7 15.3 7.9 7 16 9.9 7 26.2 8.5 7 30.4 9.5 7 30.1 8.1 7 20 7.7
9 13.1 8.7 9 6.8 14.8 9 7 10 9 10.7 8.3 9 14.6 7.7 9 16 9.9 9 25 7 9 29.4 7.7 9 29.7 7.1 9 20 7.7

11 12.8 8.9 11 6.7 14.5 11 6.9 10.1 11 10.2 8.2 11 14.4 5.9 11 15.9 9.5 11 24 6.9 11 28.6 3.4 11 29.2 2.4 11 19.9 7.6
13 12.7 8.9 13 6.5 15 13 6.8 10.1 13 10.1 8.1 13 14.2 4.3 13 15.8 9.4 13 22.9 3.4 13 27.5 0.7 13 28.5 0.8 13 19.8 7.5
15 12.2 9.2 15 6.4 11.4 15 6.8 10.2 15 9.7 8 15 14.1 2 15 15.7 8 15 21.2 0.9 15 26.6 0.4 15 15

17 6.3 13.4 17 19.1 0.8
19 6.2 13.1 19 17.6 0.6
21 6.2 13.2 20 16.5 0.6

11/16/04 01/11/05 02/15/05 03/29/05 04/20/05 05/03/05 06/06/05 07/25/05 08/11/05 10/11/05
14:20 14:05 14:05 14:05 14:05

5 5 5 5 5 5 5 5 5 5
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 0 0 0 0 0 16.1 10.6 0 29.2 8.2 0 0 31 8.1 0 20.5 6.8
1 1 1 1 1 1 16.1 10.4 1 28 8.1 1 1 31 8.1 1 20.5 6.5
3 3 3 3 3 3 16 10.4 3 26.8 8.4 3 3 30.9 8 3 20.5 6.1
5 5 5 5 5 5 15.8 10.4 5 26.5 8.7 5 5 30.8 8 5 20.5 6
7 7 7 7 7 7 15.6 10.4 7 26.4 8.7 7 7 30.7 8 7 20.5 6
9 9 9 9 9 9 15.5 10.4 9 25.8 8.8 9 9 30.4 8 9 20.4 5.9

11 11 11 11 11 11 15.5 10.1 11 24.9 9.1 11 11 30.2 8 11 20.4 5.9
13 13 13 13 13 13 15.5 9.9 13 23.9 8.4 13 13 29.5 6.5 13 20.4 5.8
15 15 15 15 15 15 15.5 10 15 21 8.1 15 15 28.7 5.3 15 20.4 5.7
17 17 17 17 17 17 15.5 9.9 17 18.6 5.1 17 17 25.8 1.4 17 20.5 5.7
19 19 19 19 19 19 15.3 9.6 19 16.6 2.4 19 19 23.2 0.6 19 20.4 5.6
21 21 21 21 21 21 14.9 9 21 15.5 1.3 21 21 20 0.6 21 20.3 5.6
23 23 22 23 23 23 14.3 8 23 14.8 1.1 23 23 17.5 0.5 23 20.2 5
25 25 25 13.8 6.2 25 14 0.7 25 25 16 0.4 25 19.6 0.7
27 27 27 12.8 5.1 27 13.4 0.6 27 27 14.9 0.4 27 18 0.7
29 29 29 12.6 4.7 29 13 0.5 29 29 13.9 0.4 29 15 0.6
31 31 31 12.5 4.4 31 12.9 0.5 31 31 13.1 0.4 31 14.3 0.6
33 33 33 11.8 3.4 33 12.6 0.5 33 33 12.6 0.4 33 13.2 0.6
35 35 35 11.6 3.2 35 12.2 0.5 35 35 12.4 0.4 35 12.8 0.5
37 37 37 11.5 3 37 12 0.5 37 37 12.3 0.4 37

39 11.8 0.4 39 39

Cedar Lake - Phase 1 Dissoloved Oxygen and Temperature Data



Carbondale Reservoir (RNI)
IL EPA Chemical Analysis Data
Temperature-Dissolved Oxygen Profiles

01/12/05 05/16/05 06/14/05 08/01/05 08/17/05 10/17/05
10:50 10:00 13:30 14:20 15:15 11:50

1 1 1 1 1 1
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 9.9 8.2 0 22.1 7.8 0 27.6 9.1 0 32.7 15.2 0 29.4 6.7 0 18.5 6.7
1 9.9 8.2 1 22.1 7.6 1 26.9 8.8 1 30.4 16.1 1 29.3 6.3 1 18.5 6.4
3 9.9 8.3 3 21.7 6.8 3 27.1 8.9 3 28.6 11.6 3 28.7 3.5 3 18.5 6.3
5 9.8 8.4 5 21.6 6.9 5 27.5 8.7 5 28.1 2.9 5 28.4 1.7 5 18.4 6.1
7 9.7 8.5 7 21.4 5 7 27.5 8.6 7 27.7 1.3 7 28.4 1.2 7 18.4 5.9
9 9.6 8.5 9 18.1 0.5 9 27.4 8.6 9 27 0.5 9 26.7 0.2 9 18.4 5.9

11 9.6 8.6 11 16.2 0.4 11 18.8 1.4 11 24 0.4 11 23.8 0.2 11 18.4 5.8
13 13 13 13 13 13
15 15 15 15 15 15

05/16/05 06/14/05 08/01/05 08/01/05 10/17/05
10:40 14:00 14:50 15:15 12:10

2 2 2 2 2 2
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 0 22.4 7.8 0 27.9 8.5 0 33.1 16 0 29.8 8.8 0 18.6 8.1
1 1 22.4 7.8 1 27.8 8.4 1 32.4 16.7 1 29.6 8.3 1 18.7 8
3 3 22.2 7.7 3 27.7 8.4 3 29.3 15.8 3 29.2 5.7 3 18.5 7.7
5 5 21.6 6.9 5 27.7 8.4 5 28.1 2.3 5 28.5 2.3 5 18.5 7.6
7 7 20.9 6 7 26.8 7.7 7 27.4 0.4 7 28.5 1.9 7 18.4 7.5
9 9 20.7 4.6 9 9 9 9

11 11 11 11 11 11

05/16/05 06/14/05 08/01/05 08/01/05 10/17/05
11:10 14:20 15:00 16:10 12:25

3 3 3 3 3 3
Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO Depth ft Temp C DO

0 0 22.4 8.6 0 28.1 7.4 0 34.2 15.9 0 30.2 11.2 0 18.4 8.6
1 1 22.6 8.7 1 27.1 5.6 1 33.8 16.5 1 29.9 10.4 1 18.4 8.3
3 3 22.5 8.7 3 3 33 16.4 3 29.2 6.5 3 18.4 8.2
5 5 5 5 5 5
7 7 7 7 7 7

Carbondale Reservoir - Phase 1 Dissolved Oxygen and Temperature Data
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Automated Composite Sample Data Analysis for Cedar Lake 
(RNE-T2) and the Carbondale Reservoir (RNI-T2) 

Introduction and Methods 

 During the 2004-05 Phase 1 Diagnostic/Feasibility Study, Sigma 

automated composite samplers were used to collect water elevation, flow, and 

chemical analysis data from the major tributaries - Clay-Lick Creek (RNE-T2) and 

Piles Fork (RNI-T2) - that flow into Cedar Lake and the Carbondale Reservoir, 

respectively.  The automated samplers were provided by the Illinois 

Environmental Protection Agency (IEPA) and were installed by City of 

Carbondale and HDR | Cochran & Wilken, Inc. personnel.  As the respective 

tributary water levels’ within the creek channels rose above a designated 

elevation, the samplers were programmed to collect discrete velocity, water level 

readings, and water samples.  The velocity, water level, and chemical analysis 

data obtained from the major storm and subsequent runoff events were used to 

document and better understand the loadings associated with major storm 

events.  Copies of the raw data collected by the automatic samplers during the 

storm events are provided at the end of this discussion.    

 The automated samplers designated as RNE-T2 and RNI-T2 were 

installed on March 29, 2005 and April 6, 2005, respectively.  Due to extreme 

drought conditions during the Phase 1 monitoring period, only one significant 

storm event was sampled from November 2004 through October 2005.  That 

event occurred on May 14, 2005 at RNE-T2 and RNI-T2.  With only one 

significant storm event, the RNE-T2 automatic sampler remained in service for 

several months after the Phase 1 period ended.  During the three month period 

(i.e., November 2005 through January 2006), the RNE-T2 sampler collected 

samples from three additional storm events on November 15, 2005, January 10, 

2006, and January 22 and 23, 2006, respectively.  The RNE-T2 sampler was 

removed from service on January 31, 2006.  The RNI-T2 sampler was removed 

from service (see discussion below) on November 15, 2005.   
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 The following narrative describes the May 14, 2005, November 15, 2005, 

January 10 and 22 and 23, 2006 storm sampling events.   

 May 14, 2005:   Both samplers (RNE-T2 and RNI-T2) were triggered and 

each unit collected a full round of samples.  City of Carbondale personnel sent all 

samples to the IEPA laboratory.  The samples were mishandled by the 

laboratory, where only 1 sample was analyzed of 12 samples that were collected 

from each unit.  The remaining 11 samples from each unit were discarded by the 

laboratory and therefore were not analyzed.  The laboratory did not indicate 

which of the 12 samples from RNE-T2 and RNI-T2 were analyzed.  Sample 

collection times and stream velocity and water level data available for RNE-T2 

and RNI-T2.     

 November 15, 2005:  Due to the extended drought, no significant storm 

event occurred between May 14 and this event on November 15, 2005.  City 

personnel visited the RNE-T2 sampler during the storm event (6.25-inch rain 

event) and found it dormant with no samples taken.  At that time, the RNE-T2 

sampler was re-set, causing it to start sampling at 15:15 through 20:45.  RNE-T2 

collected a full round of samples, which were analyzed by the IEPA laboratory.  

Data collected from the RNE-T2 sampler suggested that the collected samples 

were from the end of the storm event or hydrograph.   

 This is the major storm event “washed out” the sampler at the RNI-T2 and 

took it out of service.  No samples were collected from RNI-T2 on November 15, 

2005.     

 January 10, 2006:  Sampler at RNE-T2 was triggered and collected a full 

round of samples during the hydrograph, and City personnel sent all samples to 

the IEPA lab.  IEPA analyzed twelve samples collected between 10:25 through 

18:25).  Laboratory analytical data, sample collection times, stream velocity data, 

and water levels available for RNE-T2 on January 10, 2006.   
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 January 22 and 23, 2006:  RNE-T2 sampler was triggered and collected 

a full round of samples during the hydrograph.  All samples were sent to the 

IEPA laboratory.  IEPA analyzed the samples collected between 17:25 through 

03:25 the following day.  Laboratory analytical data, sample collection times, 

stream velocity data, and water level available for RNE-T2 on January 22 and 23, 

2006.   

Data Analysis 

 To determine the flow rate (i.e., cubic feet per second or CFS) passing 

through the respective sampling areas for RNE-T2 and RNI-T2 the following 

formulas was used: 

  Q (CFS) = A (SF) x V (FPS) 

 Using RNE-T2 as an example, the area of the sampling region (in square 

feet)  was calculated by using the physical dimensions of twin-twelve-foot wide, 

box culverts (i.e., 288-inches wide) multiplied by the respective water level 

(recorded in inches) when each sample was collected.  Velocity readings were 

also recorded in feet per second (FPS) when samples were collected.  Similar 

calculations were made for RNI-T2.         

 Once flow rates (CFS) were determined, they were converted to the 

number of liters passing through the area between each sampling interval (i.e., 

between every 30 or 60 minute sampling interval).  The number of liters per 

sampling period were then used with the laboratory data concentration data 

(recorded in mg/l) to determine the mass loading in between each sampling 

event.  Mass loadings were calculated for metric and English equivalents (i.e., kg 

per sampling event, pounds and tons per sampling event).   

 The aforementioned calculations are provided in attached Excel 

spreadsheets for storm events on May 14, 2005 (RNI-T2 only) ; November 15, 
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2005; January 10, 2006; and January 22 and 23, 2006 for RNE-T2.   Copies of 

these spreadsheets are provided at the end of this discussion.  

Data Results and Discussion 

 Hydrographs were developed for the November 15, 2005; January 10, 

2006; and January 22-23, 2006 storm events at RNE-T2 to help depict the 

changes in the flow rates (CFS) over time (see Exhibits 1 through 6).  

Corresponding sample times and concentrations (mg/l) for TSS and TP were 

also posted on the hydrographs to assist in the potential identification of 

relationships between the hydrograph and the sample results (i.e., changes in 

sediment and nutrient loading as flow rates changed over time).  Generally, the 

hydrographs demonstrated that TSS and TP concentrations and subsequent 

loadings tended to be somewhat proportional to flow rate (CFS) measurements 

that were recorded through the RNE-T2 sampling area.  The relationship 

between TSS and phosphorus has been well documented in the literature.  The 

negative charge of sediment particles (i.e., TSS concentrations) allows 

phosphorus, which has a positive charge, to bind with and be proportional with 

TSS concentrations.          

 The Chart 1 compares monthly mass loadings taken from the Phase 1 

Sediment (TSS) and Nutrients (TP) Budget inflows from RNE-T2, RNE-T3, RNE-

T4, and RNE-T5 as well as the watershed (see left side of Chart 1) to the 

discrete data collected at RNE-T2 during from storm events (see right side of 

Chart 1).  In comparing the Phase 1 Budget loading data to storm event loading 

data, the data suggests that the majority of sediment and nutrient loading occurs 

during significant storm events.   

 Given the lack of laboratory data from the May 14, 2005 event and the 

uncertainty as to when the November 15, 2005 samples were taken in relation to 

the hydrograph, the first two events were not analyzed.  However, the January 

2006 events, were evaluated, since they contained samples and data that were 
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collected during the hydrograph.  Mass loadings were calculated for total 

suspended solids (TSS) and total phosphorus (TP) for the storm events captured 

on January 10 and 22 and 23, 2006 at RNE-2.  The data collected from RNE-2 

on January 10 and 22-23, 2006 were compared against themselves and against 

data obtained from the Phase 1 sediment and nutrient budgets (November 2004-

October 2005).   

 Precipitation readings collected at weather station #111265 located at the 

Carbondale Sewage Plant on January 10 and 22-23, 2006 were 0.63 and 0.81-

inches, respectively.  Despite these apparent similarities in rainfall events, the 

automatic samplers recorded varying results.  Flow rate (CFS) readings and the 

TSS and TP concentrations for the January 10-precipitation event averaged 

1,079 CFS, 444 mg/l TSS, and 0.355 mg/l TP, compared to 323 CFS, 52.67 mg/l 

TSS, and 0.274 mg/l TP on January 22-23.  As the physical and chemical data 

and subsequent data analysis suggest, the mass loadings from these two events 

were greatly varied.         

 The mass loadings collected and measured during storm events from 

RNE-2 automatic sampler were then compared against the loadings generated in 

the sediment and nutrient budgets for Cedar Lake (developed using tributary 

samples that were collected once or twice monthly during the Phase 1 monitoring 

period).  It is important to note and be mindful of several major confounding 

variables before comparing the discrete storm event data and data generated 

from monthly or periodic sampling over the Phase 1 period.  First, during the 

Phase 1 period, four major tributary, inflow sites for Cedar Lake were sampled 

(i.e., RNE-T2 through RNE-T5) and there are many smaller tributary sites (that 

were not sampled) also discharge into the Cedar Lake.  Essentially, Cedar Lake 

has many opportunities for additional loading to occur that just from RNE-T2.  

Secondly, the theoretical mass loading rates for TSS and TP for the Phase 1 

monitoring period were likely underestimated, as the Phase 1 period, as 

previously noted, was a drought year (i.e., nutrient and sediment budgets were 

based on hydrologic budget).   
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 Generally, making inferences and conclusions on small data sets from two 

sampling events is challenging.  However, the following are general trends and 

observations were made from the January 10 and 22-23 storm sampling events.   

 The sampler at RNE-T2 collected readings and samples during the 

hydrograph (every half-hour from 9:25 through 18:25) on January 10, 2006.  TSS 

and TP concentrations peaked at 2,395 mg/l and 0.599 mg/l, respectively, at 

16:25 - approximately three hours after the hydrograph had crested (see Exhibits 

3 and 4).  Despite the delayed spike in TSS, the remaining TSS readings 

throughout the hydrograph were more constant throughout the storm event, 

ranging from 186 to 527 mg/l.  Generally, TP samples concentrations throughout 

the hydrograph were more variable.  However, the highest TP and TSS 

concentrations were collected from the same sample at 16:25, which suggests 

there is some validity to these elevated samples and the subsequent mass 

loadings.          

 While January 22-23 event did not contain the high flow rates and high 

TSS concentrations of the January 10 event, the hydrograph for January 22-23 

event demonstrates more of a “bell curve”, where flow rates (CFS) tend to match 

TSS (mg/l) concentrations (see Exhibit 5).  For TP, those concentrations were 

more variable (see Exhibit 6), as they related to CFS.  Peak TP concentrations 

were collected at 23.25 - approximately four hours after the hydrograph had 

peaked.     

  



Monthly 
Precipitation 

Totals

Daily 
Precipitation 

Totals

Month Inches kg tons kg tons Storm Events Inches kg tons kg tons
Nov-04 5.58 799,829 882 2,664 2.94
Dec-04 1.95 290,058 320 526 0.58
Jan-05 5.75 1,502,604 1,656 1,907 2.10
Feb-05 2.20 541,441 597 1,418 1.56
Mar-05 2.54 343,472 379 421 0.46
Apr-05 1.90 339,144 374 773 0.85
May-05 2.25 451,060 497 939 1.04 5/14/2005 1.55
Jun-05 1.25 162,270 179 166 0.18
Jul-05 6.45 784,981 865 3,227 3.56
Aug-05 1.75 212,979 235 876 0.97
Sep-05 2.81 364,783 402 1,406 1.55
Oct-05 0.90 121,703 134 450 0.50
Total 35.33 5,914,324 6,519 14,774 16.29 11/15/2005 * 5.15 199,668 220 268 0.296
Avg. 2.94 492,860 543 1,231 1.36

1/10/2006 0.63 558,178 615 434 0.479
1/22/2006 0.81 19,746 22 85 0.094

Total 8.14 577,924 637 519 0.573
Avg. 2.04 259,197 286 262 0.290

* Storm samples collected at end of hydrograph.

Phosphorus Mass 
Loadings from RNE-

T2

Samples Collected - Samples Not Analyzed

Chart 1 - Comparison of Watershed Inflows to Cedar Lake 

Phase 1 Budget Data Storm Event Data

Sediment Inflows from 
Watershed & RNE T2, T3, T4 

& T5

Phosphorus Inflows from 
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Table 1 - Composite Samplers Results
Cedar Lake
RNE-T2 - Clay Lick Creek

14-May-05

Sample TSS (mg/l) T Phos (mg/l) Sampler Time* Actual Time Time (min) Level (in) Velocity (fps) Area (sf) Flow Rate (cfs) Flow Rate (gpm) Gal per period L per period
6:15 170 0.295 6:15 30 6.93 3.06 166.32 509 228,412 6,852,357 25,939,119
6:45 6:45 30 12.01 3.24 288.24 934 419,133 12,573,997 47,597,987
7:15 7:15 30 16.59 3.6 398.16 1,433 643,299 19,298,974 73,054,917
7:45 7:45 30 18.54 3.62 444.96 1,611 722,907 21,687,208 82,095,408
8:15 8:15 30 20.47 3.84 491.28 1,887 846,668 25,400,041 96,150,076
8:45 8:45 30 17.02 3.45 408.48 1,409 632,474 18,974,223 71,825,592
9:15 9:15 60 13.45 3.32 322.8 1,072 480,977 28,858,630 109,242,323
9:45 10:15 60 7.51 2.77 180.24 499 224,070 13,444,203 50,892,088

10:15 11:15 60 4.31 2.5 103.44 259 116,060 6,963,581 26,360,148
10:45 12:15 60 3.51 2.44 84.24 206 92,249 5,534,932 20,952,097
11:15 13:15 60 3.63 2.24 87.12 195 87,583 5,254,967 19,892,309
11:45 14:15 60 2.50 2.05 60 123 55,202 3,312,144 12,537,889

* Sampler on Day Light Saving's Time 

Sample TSS (kg) T Phos (kg) Liters Mass TSS kg Mass TP kg Mass TSS lbs Mass TP lbs Mass TSS T Mass TP T
6:15
6:45
7:15
7:45
8:15
8:45
9:15
9:45

10:15
10:45
11:15
11:45

Only 1 sample of 12 analyzed - actual time when sample was collected is unknown. 

Lab Data Automated Sampler Data



Table 2 - Composite Samplers Results
Cedar Lake
RNE-T2 - Clay Lick Creek

15-Nov-05

Sample TSS (mg/l) T Phos (mg/l) Sampler Time* Actual Time Time (min) Level (in) Velocity (fps) Area (sf) Flow Rate (cfs) Flow Rate (gpm) Gal per 30 min L per 30 min
15:15 763 0.565 16:15 15:15 30 30.55 3.88 733.2 2,845 1,276,753 38,302,603 144,991,821
15:45 155 0.677 16:45 15:45 30 31.23 3.17 749.52 2,376 1,066,339 31,990,173 121,096,561
16:15 291 0.457 17:15 16:15 30 20.24 2.59 485.76 1,258 564,644 16,939,306 64,122,558
16:45 201 0.541 17:45 16:45 30 15.27 3.13 366.48 1,147 514,811 15,444,317 58,463,383
17:15 1,248 1.321 18:15 17:15 30 9.48 2.47 227.52 562 252,214 7,566,423 28,642,166
17:45 438 0.588 18:45 17:45 30 3.88 1.98 93.048 184 82,685 2,480,541 9,389,913
18:15 191 0.441 19:15 18:15 30 0 2.05 0 0 0 0 0
18:45 101 0.402 19:45 18:45 30 0 1.55 0 0 0 0 0
19:15 67 0.428 20:15 19:15 30 0 1.45 0 0 0 0 0
19:45 35 0.486 20:45 19:45 30 0 1.4 0 0 0 0 0
20:15 30 0.435 21:15 20:15 30 0 1.15 0 0 0 0 0
20:45 26 0.402 21:45 20:45 30 0 1.1 0 0 0 0 0

* Sampler on Day Light Saving's Time 

Sample TSS (mg/l) T Phos (mg/l) Liters Mass TSS kg Mass TP kg Mass TSS lbs Mass TP lbs Mass TSS T Mass TP T
15:15 763 0.565 144,991,821 3.88 110,629 82 243,892 181 121.95 0.090
15:45 155 0.677 121,096,561 3.17 18,770 82 41,380 181 20.69 0.090
16:15 291 0.457 64,122,558 2.59 18,660 29 41,137 65 20.57 0.032
16:45 201 0.541 58,463,383 3.13 11,751 32 25,907 70 12.95 0.035
17:15 1,248 1.321 28,642,166 2.47 35,745 38 78,804 83 39.40 0.042
17:45 438 0.588 9,389,913 1.98 4,113 6 9,067 12 4.53 0.006
18:15
18:45 199,668 268 440,187 591 220 0.296
19:15
19:45
20:15
20:45

Samples collected during end of hydrograph

Lab Data Automated Sampler Data



Table 3 - Composite Samplers Results
Cedar Lake
RNE-T2 - Clay Lick Creek

10-Jan-06

Sample TSS (mg/l) T Phos (mg/l) Sampler Time* Actual Time Time (min) Level (in) Velocity (fps) Area (sf) Flow Rate (cfs) Flow Rate (gpm) Gal per period L per period
1 198 0.367 9:25 10:39 30 6.66 2.38 159.84 380 170,732 5,121,964 19,388,837
2 246 0.366 9:55 11:09 30 9.85 2.77 236.4 655 293,887 8,816,604 33,374,638
3 223 0.274 10:25 11:39 30 11.93 2.77 286.32 793 355,946 10,678,385 40,422,277
4 257 0.273 10:55 12:09 30 13.08 3.05 313.92 957 429,706 25,782,375 97,597,376
5 256 0.182 11:25 12:39 30 13.97 2.69 335.28 902 404,774 24,286,449 91,934,654
6 222 0.217 12:25 13:09 30 19.15 3.43 459.6 1,576 707,501 42,450,053 160,691,705
7 249 0.360 13:25 13:39 30 27.93 3.09 670.32 2,071 929,594 55,775,665 211,134,875
8 344 0.388 14:25 14:09 30 24.36 3.46 584.64 2,023 907,857 54,471,423 206,197,760
9 527 0.439 15:25 14:39 30 16.59 3.26 398.16 1,298 582,543 34,952,587 132,310,572

10 2,395 0.599 16:25 15:09 30 13.99 2.82 335.76 947 424,943 25,496,594 96,515,571
11 223 0.353 17:25 15:39 30 11.31 2.83 271.44 768 344,757 20,685,422 78,303,216
12 186 0.441 18:25 16:09 30 8.77 2.75 210.48 579 259,774 15,586,465 59,001,472

* Sampler on Day Light Saving's Time 

Sample TSS (mg/l) T Phos (mg/l) Liters Mass TSS kg Mass TP kg Mass TSS lbs Mass TP lbs Mass TSS T Mass TP T
10:39 198 0.367 19,388,837 3,839 7 8,463 16 4.23 0.008
11:09 246 0.366 33,374,638 8,210 12 18,100 27 9.05 0.013
11:39 223 0.274 40,422,277 9,014 11 19,873 24 9.94 0.012
12:09 257 0.273 97,597,376 25,083 27 55,297 59 27.65 0.029
12:39 256 0.182 91,934,654 23,535 17 51,886 37 25.94 0.018
13:09 222 0.217 160,691,705 35,674 35 78,646 77 39.32 0.038
13:39 249 0.360 211,134,875 52,573 76 115,902 168 57.95 0.084
14:09 344 0.388 206,197,760 70,932 80 156,377 176 78.19 0.088
14:39 527 0.439 132,310,572 69,728 58 153,722 128 76.86 0.064
15:09 2,395 0.599 96,515,571 231,155 58 509,604 127 254.80 0.064
15:39 223 0.353 78,303,216 17,462 28 38,496 61 19.25 0.030
16:09 186 0.441 59,001,472 10,974 26 24,194 57 12.10 0.029

558,178 434 1,230,558 957 615 0.479

Lab Data Automated Sampler Data



Table 4 - Composite Samplers Results
Cedar Lake
RNE-T2 - Clay Lick Creek

22-Jan-06

Sample TSS (mg/l) T Phos (mg/l) Sampler Time* Actual Time Time (min) Level (in) Velocity (fps) Area (sf) Flow Rate (cfs) Flow Rate (gpm) Gal per period L per period
1 43 0.142 18:25 17:25 30 6.46 2.14 155.04 332 148,905 4,467,161 16,910,126
2 61 0.123 18:55 17:55 30 8.56 2.44 205.44 501 224,972 6,749,148 25,548,426
3 65 0.179 19:25 18:25 30 9.21 2.54 221.04 561 251,975 7,559,250 28,615,011
4 74 0.276 19:55 19:25 30 9.54 2.66 228.96 609 273,334 8,200,028 31,040,633
5 73 0.376 20:25 20:25 60 9.85 2.55 236.4 603 270,546 16,232,737 61,447,889
6 75 0.366 21:25 21:25 60 9.36 2.51 224.64 564 253,054 15,183,256 57,475,152
7 73 0.260 22:25 22:25 60 7.30 2.43 175.2 426 191,070 11,464,219 43,396,999
8 55 0.433 0:25 23:25 60 3.44 2 82.56 165 74,106 4,446,351 16,831,352
9 40 0.319 1:25 0:25 60 1.67 1.79 40.08 72 32,198 1,931,901 7,313,076

10 30 0.254 2:25 1:25 60 0.89 1.85 21.36 40 17,735 1,064,087 4,028,026
11 24 0.226 3:25 2:25 60 0 1.58 0 0 0 0 0
12 19 0.333 4:25 3:25 60 0 1.41 0 0 0 0 0

* Sampler on Day Light Saving's Time 

Sample TSS (mg/l) T Phos (mg/l) Liters Mass TSS kg Mass TP kg Mass TSS lbs Mass TP lbs Mass TSS T Mass TP T
17:25 43 0.142 16,910,126 727 2 1,603 5 0.80 0.0026
17:55 61 0.123 25,548,426 1,558 3 3,436 7 1.72 0.0035
18:25 65 0.179 28,615,011 1,860 5 4,101 11 2.05 0.0056
19:25 74 0.276 31,040,633 2,297 9 5,064 19 2.53 0.0094
20:25 73 0.376 61,447,889 4,486 23 9,889 51 4.94 0.0255
21:25 75 0.366 57,475,152 4,311 21 9,503 46 4.75 0.0232
22:25 73 0.260 43,396,999 3,168 11 6,984 25 3.49 0.0124
23:25 55 0.433 16,831,352 926 7 2,041 16 1.02 0.0080
0:25 40 0.319 7,313,076 293 2 645 5 0.32 0.0026
1:25 30 0.254 4,028,026 121 1 266 2 0.13 0.0011
2:25 24 0.226 0
3:25 19 0.333 0

19,746 85 43,532 188 22 0.0940

Lab Data Automated Sampler Data



Table 5 - Composite Samplers Results
Carbondale Reservoir
RNI-T2 - Piles Fork 

14-May-05

Sample TSS (mg/l) T Phos (mg/l) Sampler Time* Actual Time Time (min) Level (in) Velocity (fps) Area (sf) Flow Rate (cfs) Flow Rate (gpm) Gal per period L per period
5:35 5:35 30 1.65 0.2 39.6 8 3,554 106,635 403,659
6:05 6:05 30 3.00 0.2 72 14 6,463 193,882 733,925
6:35 6:35 30 3.00 0.2 72 14 6,463 193,882 733,925
7:05 7:05 30 2.97 3.62 71.28 258 115,805 3,474,164 13,151,206
7:35 7:35 30 2.82 0.21 67.68 14 6,379 191,361 724,384
8:35 8:35 60 2.77 0.2 66.48 13 5,967 358,035 1,355,315
9:35 9:35 60 2.65 0.22 63.6 14 6,280 376,777 1,426,261

10:35 10:35 60 2.32 0.2 55.68 11 4,998 299,870 1,135,138
11:35 11:35 60 1.96 0.2 47.04 9 4,222 253,339 958,996
12:35 12:35 60 1.82 0.2 43.68 9 3,921 235,243 890,496

* Sampler on Day Light Saving's Time 

Sample TSS (kg) T Phos (kg) Liters Mass TSS kg Mass TP kg Mass TSS lbs Mass TP lbs Mass TSS T Mass TP T
6:15
6:45
7:15
7:45
8:15
8:45
9:15
9:45

10:15
10:45
11:15
11:45

Only 1 sample analyzed - time analyzed unknown. 

Lab Data Automated Sampler Data
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Exhibit 1 - Comparison of Sample Times, TSS Concentrations, 
Velocities, and Levels for RNE-T2 on November 15, 2005 
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Exhibit 2 - Comparison of Sample Times, Total Phosphorus Concentrations, 
Velocities, and Levels for RNE-T2 on November 15, 2005
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Exhibit 3 - Comparison of Sample Times, TSS Concentrations, 
Velocities, and Levels for RNE-T2 on January 10, 2006
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Exhibit 4 - Comparison of Sample Times, Total Phosphorus Concentrations, 
Velocities, and Levels for RNE-T2 on January 10, 2006
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Exhibit 5 - Comparison of Sample Times, TSS Concentrations, 
Velocities, and Levels for RNE-T2 on January 22 and 23, 2006
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Exhibit 6 - Comparison of Sample Times, Total Phosphorus Concentrations, 
Velocities, and Levels for RNE-T2 on January 22 and 23, 2006
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1.3 Distribution List 

Each person listed on the approval sheet and each person listed under Project/Task Organization 
will receive a copy of this quality assurance project plan.  Individuals taking part in the project may 
request additional copies of the Quality Assurance Project Plan (QAPP) from personnel listed under 
Section A4. 

This document has been prepared according to the United States Environmental Protection Agency 
publication EPA Requirements for Quality Assurance Project Plans dated March 2001 (QA/R-5).  It 
will be revised annually and modified accordingly. 

1.4 Project/Task Organization 

Table 1 is an organizational chart for the project. 

City of Carbondale personnel will conduct water sample collection and gauge readings in 
accordance with the approved QAPP and as follows: 

• Conduct lake and tributary sampling in accordance with the approved QAPP. 

• Prepare and submit samples to a National Environmental Laboratory Accreditation 
Program (NELAP) laboratory (Illinois Environmental Protection Agency 
Laboratory, hereinafter referred to as IEPA Lab) for analyses. 

• Equipment preparation, calibration, and maintenance. 

• Data management. 

Cochran & Wilken, Inc. will be responsible for the following relative to the water sample collection 
within Cedar Lake and the Carbondale Reservoir and the tributaries thereto: 

• Installation of tributary staff gauges and maintenance of same. 

• Survey cross sections of tributaries at sampling points. 

• Update the QAPP as necessary. 

The City of Carbondale will be responsible for the recording of daily lake surface elevations for 
both Cedar Lake and the Carbondale Reservoir.  The Reservoir is equipped with a staff gauge, and 
the Cedar Lake elevation is read remotely from the water treatment plant.  Precipitation data will be 
provided by the City using the present weather station at the City’s southeast wastewater treatment 
plant. 

IEPA lab personnel will be responsible for all laboratory analyses and the maintenance of the 
laboratory’s internal quality control/assurance. 



Cochran & Wilken. Inc. 
Cedar Lake and Carbondale Reservoir 
Quality Assurance Project Plan 

 
 

7 

1.5 Problem Definition / Background 

Cedar Lake 

The primary uses of the Lake, recreational and water supply, are impaired due to degraded water 
quality.  Recreational use is thought to be impaired by factors such as sedimentation, reduced water 
clarity, and shoreline erosion.  Sedimentation is reducing overall lake volume, water clarity and 
water quality.  Shoreline erosion is present at numerous locations of the lake, with vertical scarps of 
up to 20 feet in height.  Nutrients (Nitrogen) and metals (Mercury) have also been identified as 
water quality problems. 

Carbondale Reservoir 

The primary uses of the reservoir are recreational and as the City’s only back up raw water supply.  
Extensive siltation has seriously reduced the total water capacity of the reservoir.  This siltation is 
also thought to be a factor in reduced water clarity and reduced water quality.  Water quality is 
impaired by priority organics, nutrients, and excessive algal growth / Chlorophyll A. 

1.6 Project / Task Description 

For Cedar Lake, monitoring will be conducted at four locations on the Lake, at four tributaries 
entering the lake, and at the spillway.  Figure 1-A is a site map indicating these sampling locations.  
Table 3a provides descriptions on the sample locations, and complete field procedures for all 
analyses are described in Appendix A. 

For the Carbondale Reservoir, monitoring will be conducted at one location on the Reservoir, at one 
tributary entering the Reservoir, and at the spillway.  Figure 1-B is a site map indicating these 
sampling locations.  Table 3b provides descriptions on the sample locations, and complete field 
procedures for all analyses are described in Appendix A. 

Water quality sampling will be conducted once per month for the period December, 2004 through 
March, 2005, twice monthly from April, 2005 through October, 2005, then once during November, 
2005.  Samples for Chlorophyll and Phytoplankton are depth-integrated, taken from the surface to 
twice the Secchi depth.  Phytoplankton is collected only by Illinois EPA staff.  Table 4 indicates the 
project-sampling schedule. 

Surficial sediment samples will be collected by Illinois EPA staff.  Sediment core samples for 
potential dredging sites will be collected by Cochran & Wilken, Inc. 

Tributary samples will be collected at the designated sites in response to precipitation events 
exceeding 0.5 inches, which generate surface runoff and stream flow.  Two samples will be 
collected per month up to a maximum of 18 events for the entire project.  At the time of each 
sample, the staff gauge reading, water velocity, and time and date will be recorded.  Stream velocity 
will be determined by using the electronic velocity meter or by timing the movement of a floating 
object over a measured distance. 
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The shoreline of both lakes will be surveyed for the purpose of creating a shoreline erosion map.  
Additional shoreline surveys will be done to quantify and map the aquatic macrophytes within the 
lakes.  This work will be done by Cochran & Wilken. 

The sample procedures to be used are explained in more detail in tables 5 and 6 and in Appendix A. 

1.7 Data Quality Objectives and Criteria for Measurement Performance 

Many analytes measured for this project are present in analytically low concentrations throughout 
the watersheds.  Analyte concentrations will vary as stormwater runoffs are introduced into the 
streams.  All analytes are subject to chemical, biological, and physical processes that will alter their 
presence in the streams and lakes.  It is the intent of this project to employ methods of 
measurements that will detect and quantify all analytes of interest wherever possible. 

Although there are many intended and potential uses of the data, minimum measurement criteria 
will be established at the lowest Analyte concentration required for planned uses of the 
measurement data.  Minimum measurement criteria are State of Illinois water quality standards for 
general use waters where applicable.  Where no minimum measurement criteria can be identified, 
the water samples will be analyzed to the lowest concentration readily achievable by the IEPA 
laboratory.  The monitored parameters and the established minimum measurement criteria are 
shown in Table 7. 

Table 7 also gives the minimum measurement objectives for the project.  The minimum 
measurement objectives will be set at approximately one-fifth of the minimum measurement criteria 
shown to ensure that analytes will be measured with reasonable accuracy at the minimum 
measurement criteria concentrations, and measured to reasonable levels below the minimum 
measurement criteria. 

The minimum measurement objective for any analyte will be achieved when the analytical 
procedure selected for sample analysis can be shown to have a method detection limit (MDL) at or 
below the minimum measurement objective. 

Analyte MDLs shall be determined by the USEPA method given in the Code of Federal Regulations 
(CFR), Volume 40, Part 136, Appendix B.  The MDL is defined as the minimum constituent 
concentration that can be distinguished from a sample with no analyte at a 95 percent confidence 
level.  Since the MDL procedure is based upon precision obtained for a standard greater than the 
MDL, it also is a measure of method sensitivity at concentrations near the MDL. 

For analytes without minimum measurements criteria, the minimum measurement objectives will be 
understood to be the MDL level that is readily achievable using analytical methods generally 
employed at the IEPA laboratory.  For parameters where MDLs are not applicable such as pH, 
temperature, turbidity and dissolved oxygen, the minimum measurement objectives shown in Table 
7 are the sensitivity to be obtained by the measurement method.  The accuracy, precision, and 
completeness for each parameter are also indicated in Table 7. 
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1.8 Special Training Requirements 

Carbondale City employees that are to conduct field sampling will be trained by personnel from the 
IEPA in sample collection, processing, storage, and delivery.  Chemical analyses will be performed 
by the IEPA lab. 

1.9 Documents and Records 

Cochran & Wilken, Inc. shall retain all updated versions of the QAPP and be responsible for 
distribution of the current version of the QAPP.  Cochran & Wilken, Inc. and the IEPA Project 
Manager will approve annual updates. 

Sampling collection records, field notebooks, and all records of field activities shall be retained for 
five years by the Project Manager of the organization that took the samples.  Sample collection 
records shall document proper sampling protocol performed in the field. 

The Project Manager shall retain all laboratory analytical results and all correspondence from the 
IEPA lab.  The Project Quality Assurance Officer (QAO) and the IEPA QAO shall be made aware 
of any problems encountered during any phase of the project. 

The Project Manager shall retain copies of all management reports, memorandums, and all 
correspondence between CWI, the City of Carbondale and the IEPA. 

2. MEASUREMENT DATA ACQUISITION 

2.1 Sampling Process Design 

Sampling Stations 

Data sampling stations are described in Tables 3A and 3B.  Sampling location sites were selected 
according to the following criteria: 

CEDAR LAKE: 

Site Cedar - 1:  Representative water quality sample from main body of the lake near the spillway. 

Site Cedar –2:  Representative water quality sample from main body of the lake. 

Site Cedar – 3:  Representative water quality sample near the southwest branch of the lake near the 
Topping Creek and Cedar Creek inflow to the lake. 

Site Cedar – 4:  Representative water quality sample near the southeast branch of the lake near the 
Clay-Lick Creek and Mill Creek inflow to the lake. 

Site Cedar - T1: Determines point and non-point loading downstream of the lake’s spillway. 

Site Cedar – T2: Determines point and non-point loading from the Clay-Lick Creek sub-watershed. 
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Site Cedar – T3: Determines point and non-point loading from the Mill Creek sub-watershed. 

Site Cedar – T4: Determines point and non-point loading from the Cedar Creek sub-watershed. 

Site Cedar – T5: Determines point and non-point loading from the Topping Creek sub-watershed. 

CARBONDALE RESERVOIR: 

Site Reservoir – 1: Representative water quality sample of the main body of the impoundment. 

Site Reservoir – T1: Determines point and non-point loading downstream of the Reservoir’s 
spillway. 

Site Reservoir – T2: Determines point and non-point loading of the main tributary to the Reservoir, 
Pyle’s Fork Creek. 

Sampling Frequency 

Water Quality 
Sampling will be done once monthly November 2004 – March 2005, and twice monthly April 2005 
– October 2005.  In addition to ambient sample collection, storm surge samples are collected at the 
inflowing tributaries and the spillway overflows as soon as possible after 0.5 inches of rain have 
been recorded.  Whether ambient or storm surge, samples are collected at the spillway overflow 
sites only when there is flow from the lake over the spillway edge. 

In-depth sampling procedures are explained in Appendix 1. 

Selection of Parameters for Monitoring 

Parameters for chemical analysis were selected because these specific nutrients and other 
parameters will be beneficial to assess change to water quality resulting from implementation of 
watershed improvement projects, TMDL’s and in establishing future NPDES permit limits. 

2.2 Sampling Methods 

Lake Sampling 

Each site is located by GPS coordinates or visual triangulation using fixed landmarks and by depth 
with a sonar depth finder.  Upon arrival at the site, an anchor is lowered slowly, slightly upwind of 
the site to allow the boat to drift over the actual sample location and minimize bottom sediment 
disturbance.  Secchi transparency is recorded to the nearest inch and depth to the nearest foot 
following EPA protocol (see appendix 1). 

Field measurements taken at each site include temperature, dissolved oxygen, pH, turbidity and 
specific conductivity and are measured using a Hydrolab (or similar) digital motor.  Temperature 
and dissolved oxygen are measured at the surface and at two-foot intervals, beginning at one foot in 
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depth and ending two feet above the bottom.  Conductivity, pH and turbidity are measured one foot 
below the surface and at two feet above the bottom at site No. 1. 

A weighted bottle sampler and a clean, one-half gallon high-density polyethylene bottle are used to 
collect a depth-integrated (surface to twice the Secchi depth) sample for chlorophyll at each site.  
This sample is transferred to an aluminum foil-wrapped bottle with preservative, and immediately 
put on ice in a cooler for transport to City facilities where they are placed in a refrigerator until 
filtering can be completed (within 24 hours of sample collection). 

Water samples are collected with a Kemmerer sampler (previously cleaned with phosphate-free 
detergent and rinsed with distilled water).  Each lake sample site requires two 4-ounce bottles (four 
at sites No. 1 for surface and bottom samples) containing an acid preservative and one 1-pint bottle 
with no preservative added.  The 1 pint sample bottle is rinsed with ambient water before collecting 
the sample.  The rinsed water is poured out of the boat on the opposite side from where the sample 
is collected.  Each small bottle is visually examined for the presence of foreign debris before sample 
collection and is replaced by another clean bottle if such debris is present.  Samples are taken one 
foot beneath the surface.  At sites No. 1, if water depth is in excess of 10 feet, a sample will be 
collected two feet above the lake bottom. 

Sediment Sampling 
Surficial sediment samples will be collected by IEPA staff. 

Tributary Sampling 
Field measurement parameters are the same as those outlined in the lake sampling procedure.  At 
the designated sites, sample bottles are held by hand at a depth of one foot below the water surface 
and upstream from the person taking the sample until they are filled.  The four ounce bottles should 
be filled with the rinsed pint bottle to prevent loss of the acid preservative.  Tributary sites require 
one pint bottle and two 4-ounce bottles; the 1 pint bottle is rinsed with ambient water before sample 
collection.  Rinsed water is poured downstream or on the bank away from the collection site.  The 
remaining small bottles, which contain an acid preservative, are examined for the presence of 
foreign debris in a similar manner as that for lake sites. 
 
Two automatic samplers have been provided by the IEPA for supplemental sampling of two 
tributary points.  Details for the installation for these samplers are to be worked out by the City and 
CWI, with the samplers to be installed in time for spring, 2005 storm-generated samples.  Tentative 
plans are to install one sampler at the Carbondale Reservoir, sample site T-2, with the second 
sampler to be installed at the Cedar Creek tributary to Cedar Lake, sample site T-4. 

2.3 Sample Handling and Custody 

All sample containers are chilled in an ice-filled cooler immediately after collection and kept on ice 
during transport to City facilities where they are prepared for shipment by the fastest method to the 
IEPA laboratory.  The IEPA lab is supplying the sample containers and labels.  Preservatives, if 
necessary, come in the containers provided by the IEPA lab.  Table 4 describes field collection 
containers and field preservation. 
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Samples are to be transported to the laboratory within the prescribed holding times and temperature 
limits.  Samples will be shipped by City personnel to the IEPA lab by UPS. 

When received by the laboratory, the samples are logged into the laboratory logbook and/or 
laboratory database.  Maximum holding times before analysis, as stated in applicable laboratory 
method standard operating procedures (SOPs) are followed.  Parameters of particular concern 
because of short maximum holding times include nitrate (48 hours) and nitrite (48 hours). 

2.4 Analytical Methods 

All methods used by the laboratories for data analysis shall be USEPA approved methods listed in 
40 CFR Part 136.  Table 5 describes holding times as established in 40 CFR Part 136. 

The IEPA lab will perform all laboratory analyses. 

2.5.1 Field Quality Control 

All field operations personnel are responsible for ensuring that proper sampling methods, sample 
preservation, and sample custody of the delivered samples to the designated laboratory are 
followed. 

An investigation and corrective action report prepared by the responsible supervising field 
personnel in the event pf a quality control or noncompliance issue will be submitted to his Project 
Manager.  The Project Manager will then forward this report to the Project QAO.  The accuracy and 
precision of all data measurements must be quantifiable.  Analytical procedures used for data 
analysis must be performed according to approved standard methods.  Data measurements should 
be recorded in a controlled environment in which a quality control program can be maintained. 

2.5.2 Laboratory Quality Control 
The IEPA lab is responsible for the accuracy and reliability of analytical methods and final data 
reports according to their QA/QC Manual.  An investigation and corrective action report will be 
submitted to the Project Manager and the Project QAO from the Laboratory’s Manager as quality 
control or noncompliance issues arise.  The IEPA lab is responsible for providing data qualifiers 
and/or case narratives to inform Project Manager and the Project QAO of any analytical exceptions 
that fall outside of routine method protocols.  The lab’s QA/QC Manual contains the procedures for 
quality control. 

2.6 Instrument/Equipment Testing, Inspection and Maintenance 

All laboratory equipment shall be routinely maintained according to the manufacturer’s manuals.  
Any equipment used for field data measurements shall be tested and inspected prior to sampling 
events and after the equipment returns from the field. 

2.7 Instrument Calibration and Frequency 

Instruments used in the field and in the laboratory shall be calibrated prior to use according to the 
manufacturer’s manual.  The laboratory shall calibrate instruments according to internal quality 
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assurance plans.  The laboratory is also to keep adequate records of equipment calibration and to 
use NIST traceable standards when possible. 

The Hydrolab (or equivalent) field probe shall be calibrated on the day of a sample event. 

2.8 Data Management 

Field books, field measurement records, and other data gathered in the field shall be maintained for 
five years in project files by City personnel.  The IEPA lab will convey all laboratory analytical data 
to the CWI Project Manager in the IEPA laboratory’s standard report form. 

3. ASSESSMENT/OVERSIGHT 

3.1 Assessment and Response Actions 

Review of the sampling program and samples collected will be done monthly by the Project 
Manager.  Possible issues with quality or field activities will be discussed with appropriate City 
personnel, and corrective action to avoid future such occurrences will be taken. 

Field activities by CWI, including all lake survey work, will be overseen by the Project Manager. 

3.2 Reports to Management 

The Project Manager will receive investigation and corrective action reports in case of any quality 
control or noncompliance issue and will forward any reports to the Project QAO.  Reports shall be 
prepared by the Project QAO in the area related to the quality control issue.  The Project QAO shall 
annually prepare and review performance evaluations and audits, and data quality assessments.  
Any QA problems affecting the final reported values shall be reported to all data users. 

4. DATA VALIDATION AND USABILITY 

4.1 Data Review, Validation, and Verification Requirements 

The Project Manager and the Project QAO will review final analytical data reports and address any 
issue related to data reliability as mentioned in pertinent investigation and corrective action plans.  
Qualified laboratory data will be listed as such in any reports or data submitted to the IEPA (see 
Section 2.5.2).  It will be the responsibility of the IEPA Project Manger to determine the usability of 
any qualified data. 

4.2 Verification and Validation Methods 

Sample collection and field measurement records shall be verified by field technicians and the 
records kept by the Project Manager.  Laboratory data shall be verified by the laboratory managers 
of the laboratories that produced the data.  Field and Laboratory records shall be archived by each 
Project Manager. 
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In the case of data verification resulting in a change to data, the Project Manager shall inform all 
data users and make corrections. 

The Project Manager and the Project QAO shall be responsible for resolving issues with the IEPA. 

The Project Manager shall be informed if data accuracy, reliability, or usability has been reduced as 
the result of errors in stored data or corrupted data files.  All data users shall be notified of the 
problems and corrections made.  The Project Manager shall submit a report documenting the 
problem and CWI shall revise the QAPP as appropriate. 

4.3 Reconciliation with User Requirements 

The IEPA Project Manager or their outside consultant shall review project data and its usability and 
determine if it meets requirements of the project objectives.  The project objectives are stated in 
Section 1.5, Problem Definition/Background. 

The execution of the project shall follow the procedures outlined in this QAPP.  Personnel listed 
under Section 1.4, Project Task Organization are responsible for implantation of the quality control 
measures during each stage of the project. 

Updates of the QAPP shall be submitted to the IEPA Project Manger and Project QAO for review 
and comment. 

The QAPP shall be reviewed annually by all persons listed on the approval page.  The review shall 
determine issues to be addressed as the project progresses.  Issues to be discussed may include: 

1. The number and location of sampling stations. 
2. The frequency of sampling. 
3. Sampling procedures.  
4. Parameters measured. 
5. Data quality objectives and minimum measurement criteria. 
6. Analytical procedures. 
7. Project reporting. 
8. Corrective actions taken. 

The project shall be modified as directed by CWI Project Manager.  Changes in procedures shall not 
be made without approval of CWI Project Manager.  All changes shall be documented in a 
memorandum that will be distributed to those listed on the approval sheet. 

The CWI Project Manager shall update the QAPP after review and keep a separate record of 
changes. 
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TABLE 1 PROJECT PERSONNEL 

 

Entity Project Role Staff 

Cochran & Wilken, Inc. Project Manager 

Project Quality Assurance 

Gary Raines 

Peter Berrini 

 

IEPA Project Manager 

Quality Assurance Officer 

Mike Bundren 

    

 

IEPA Laboratory Project Manager 

Quality Control Manager 
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TABLE 2 PROJECT ORGANIZATION 

 
Overall Project Coordination 
Contract Management 
Monitoring Design 

Mike Bundren (IEPA) 
Gary Raines and Peter Berrini (CWI) 
Gary Raines and Peter Berrini (CWI) 

Monitoring Coordination 
Technical Review 
Data Management 
Surface Water & Sediment Analysis 
Partial In-Lake Monitoring 
Phytoplankton Collection 
Phytoplankton Enumeration & Identification 
Fish Contamination Analysis 
Water Quality Monitoring Training 

(IEPA) 
(IEPA) 
Tara Lambert (IEPA) 
IEPA (lab) 
Mike Bundren (IEPA) 
Mike Bundren (IEPA) 
 
IEPA (lab) 
Mike Bundren & Teri Holland (IEPA) 
Gary Raines (CWI) 

Provide sign for project 
Subcontractual Agreements 

(IEPA) 
Ed Reeder, Carbondale Director of 
Public Works 

Overall Local Coordination 
Lake Water Quality Collection 

Gary Raines 
Mike Burden (IEPA) 
Ted Mieling, Carbondale  

Storm Event Collection 
Field Report Preparation 
Public Participations 

Ted Mieling, Carbondale 
Jeff Stone (HES) 

Tributary Monitoring Mike Burden (IEPA) 
Staff Gauge Installation Gary Raines, CWI 
Daily Staff Gauge Readings (Stream & Lake) City of Carbondale 
Surficial Sediment Sampling Mike Bundren (IEPA) 
Fish Contaminant Sample Collection IDNR 
Fish Population Survey IDNR 
Bathymetric Mapping Gary Raines (CWI) 
Macrophyte Survey Peter Berrini (CWI) 
Shoreline Erosion Survey Gary Raines (CWI) 
Waterfowl Counts Ted Mieling, Carbondale 
Watershed Assessment Gary Raines (CWI) 
Local Match & Documentation Ed Reeder 
Monthly Status Reports Gary Raines (CWI) 
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Table 3A CEDAR LAKE SAMPLING LOCATIONS 
 
Site 
Number 

General 
Description 

 
Latitude 

 
Longitude 

Location 
Criteria 

Cedar-1 Near spillway 37°39.750′ N 89°16.957′ W Represents sample from deepest 
part of lake 

Cedar-2 Main body of lake 37°38.478′ N 89°16.785′ W Represents sample from main 
body of lake 

Cedar-3 Southwest branch of 
lake 

37°37.402′ N 89°17.736′ W Determines lake water quality 
downstream of tributary inflow 

Cedar-4 Southeast branch of 
lake 

37°36.899′ N 89°16.442′ W Determines lake water quality 
downstream of tributary inflow 

Cedar-T1 Spillway discharge 37°39.462′ N 89°17.125′ W Determines water quality 
immediately downstream of lake 

Cedar-T2 Clay-Lick Ck. inflow 37°35.984′ N 89°14.403′ W Determines point and non-point 
loading from tributary 

Cedar-T3 Mill Ck. inflow 37°36.069′ N 89°15.518′ W Determines point and non-point 
loading from tributary 

Cedar-T4 Cedar Ck. inflow 37°35.047′ N 89°17.643′ W Determines point and non-point 
loading from tributary 

Cedar-T5 Topping Ck. inflow 37°37.357′ N 89°18.732′ W Determines point and non-point 
loading from tributary 

 
 
Table 3B CARBONDALE RESERVOIR SAMPLING LOCATIONS 
 
Site 
Number 

General 
Description 

 
Latitude 

 
Longitude 

Location 
Criteria 

Reservoir-1 Near spillway 37°41.867′ N 89°13.467′ W Represents sample from deepest 
part of lake 

Reservoir-T1 Spillway discharge 37°41.833′ N 89°13.317′ W Determines water quality 
immediately downstream of 
reservoir 

Reservoir-T2 Primary reservoir 
inflow point 

37°41.500′ N 89°14.183′ W Determines point and non-point 
loading from tributary 
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TABLE 4 

ICLP WATER QUALITY SAMPLING SCHEDULE 

2004 – 2005 
 

Organization 
Responsible: 

APR 16-30  MAY 1-15 MAY 16-31 JUNE 1-15  JUNE 16-30  JULY 1-15 JULY 16-31 

IEPA ICLP-WQ ICLP-Secchi ICLP-WQ ICLP-
Secchi 

ICLP-WQ ICLP-
Secchi 

ICLP-WQ 

  ALMP  ALMP  AMLP  
 1 storm 1 storm 1 storm 1 storm 1 storm 1 storm 1 storm 
 15 gages 15 gages 15 gages 15 gages 15 gages 15 gages 15 gages 
     Sediment   
  Month rpt.   Month rpt.  Month rpt. 
        
        

Organization 
Responsible: 

AUG 1-15 AUG 16-31 SEPT 1-15 SEPT 16-30 OCT 1-15 OCT 16-31 NOV 1-30 

IEPA ICLP-Secchi ICLP-WQ ICLP-WQ ICLP-WQ ICLP-Secchi ICLP-WQ ICLP-WQ 

 ALMP    ALMP   
 1 storm 1 storm 1 storm 1 storm 1 storm 1 storm 1 storm 
 15 gages 15 gages 15 gages 15 gages 15 gages 15 gages 15 gages 
        
  Month rpt.  Month rpt.  Month rpt. Month rpt. 
        
        

Organization 
Responsible: 

DEC 1-31 JAN 1-31 Feb 1-28 MAR 1-31 APR 1-15   

IEPA ICLP-WQ ICLP-WQ ICLP-WQ ICLP-WQ ICLP-WQ   

        
 1 storm 1 storm 1 storm 1 storm 1 storm   
 15 gages 15 gages 15 gages 15 gages 15 gages   
        
 Month rpt. Month rpt. Month rpt. Month rpt.    

ICLP-WQ:  The grant recipient “volunteer” collects the following:  Secchi transparency, Dissolved 
Oxygen/Temp. profile, water quality collection (1’ all sites, bottom at sites No. 1 if >10ft. 
deep). Chlorophyll, dissolved nutrients and water quality at tributary sites and spillway 
site. 

ICLP- Secchi: The grant recipient “volunteer” collects the following:  Secchi transparency, Dissolved 
Oxygen/Temp profile. 

ALMP: IEPA collects water quality samples plus:  alkalinity, pH, dissolved nutrients and flow at 
tributary sites. 

Storm Event: volunteer collects water quality sample at tributary sites during storm event (size of event 
to be determined), may end up collecting 4 storm events one month and non the next.  
Total of 18 events allocated for the project. 

Gages: staff gage read daily. 

sediment grab: ALMP staff collect a surficial sediment sample for each site. 

monthly report:  submitted by CWI to Illinois EPA by the 1st of each month, for the previous 30 days. 

Note: Cedar Lake ambient lake sampling started November 2004.  Carbondale Reservoir 
ambient sampling started December 2004.  Tributary sampling started December 2004. 
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TABLE 5 SAMPLE CONTAINERS AND FIELD PRESERVATION 

 

Parameter Container Preservation * 

Illinois Environmental Protection 
Agency Laboratory 
Total and Dissolved Phosphorus 

Illinois Environmental Protection Agency Laboratory 

4 – ounce plastic bottle, H2SO4, 4°C 
Ammonia-Nitrogen, Nitrate-Nitrite 
Nitrogen and Organic Kjeldahl 
Nitrogen 

4-ounce plastic bottle, H2SO4, 4°C 

Total alkalinity 1 pint plastic bottle, 4°C 

Chlorophyll ½ gallon plastic collection bottle, 4°C 

Suspended Solids 1 pint plastic bottle, 4°C 
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TABLE 6 HOLDING TIMES 

 

Parameter Maximum Holding Time*† 

DO (field) NA 

Temperature (field) NA 

PH (field) NA 

Conductivity (field) NA 

Nitrate – Nitrite nitrogen 28 days, Refrigerate 

Ammonia nitrogen 28 days, Refrigerate (H2SO4 to ph < 2) 

Kjeldahl nitrogen 28 days, Refrigerate (H2SO4 to ph < 2) 

Total Phosphorus 28 days, Refrigerate (H2SO4 to ph < 2) 

Total suspended solids, total volatile solids 
Alkalinity 
Ortho phosphorus 

7 days Refrigerate 
24 hours, Refrigerate 
48 hours, Refrigerate 

*  After preservatives, if necessary, are added. 
†  Holding time is defined as from time and date of collection to time and date of analysis. 
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TABLE 7 MINIMUM MEASUREMENT CRITERIA AND OBJECTIVES  

 

    MS/MSD* LCS* 

Parameter Minimum 
Measurement 

Criteria 

Minimum 
Measurement 

Objectives 

Method* 
MDL¹ 

Accuracy  
(% recovery) 

Precision 
(RPD) 

Accuracy  
(% recovery) 

Completeness 

Dissolved Oxygen NA 0.1 mg/Ls -- Field Field Field Field 

Temperature NA 0.1 degree Cs -- Field Field Field Field 

Conductivity NA  -- Field Field Field Field 

pH NA 0.1 pH units -- Field Field Field Field 

Turbidity NA 0.1 NTU -- Field Field Field Field 

Nitrite Nitrogen No Standard  0.01 mg/L 80-120 20% 90-110 90% 

Nitrite Nitrogen No Standard  0.05 mg/L 50-120 20% 90-110 90% 

Kjeldahl Nitrogen No Standard  0.136mg/L 80-120 20% 89.7-110 90% 

Phosphorus, Total No Standard  0.02 mg/L 81.8-119 13.7% 86.9-111 90% 

Ammonia Nitrogen 15.0 mg/LG 3.0 mg/L 0.06 mg/L 80-120 20% 80-120 90% 

Total Dissolved 
Solids 

100 mg/LG  10 mg/L N/A 20% N/A 90% 

Suspended Solids No Standard  0.5 mg/L N/A 20% N/A 90% 

Alkalinity No Standard       

Ortho Phosphorus No Standard  0.016 mg/L 80-120 20% 85-115 90% 

NA = Not applicable 
* Limits are current and subject to change 
s = Required sensitivity 
1 = Method Detection Limit (MDL) from the contract laboratory 
2 = Calculated acute standard based on a minimum water hardness of 100 mg/L as CaCO3 
G = State of Illinois General Use Water Quality Standard 
Gary shaded areas are the (MDLs) from the Contract lab 
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APPENDIX 1 

SAMPLE COLLECTION AND FIELD PROCEDURES 

COLLECTION OF SAMPLES 

This section describes the methods used for collecting water samples from tributary and lake sites.  
This standard operating procedures document (SOP) has been developed to maintain consistent data 
collection procedures and to ensure the quality of the data collected.  Sample data sheets are 
available in Appendix 2. 

1.0 FIELD EQUIPMENT 

WATER QUALITY SAMPLING 

Tributary Sites 
The following equipment listed is necessary for tributary sampling procedures. 

1. Distilled or reagent-grade deionized water. 
2. Hydrolab (or equivalent) field probe. 
3. Sample bottles (provided by IEPA lab): 

a. 1 (per site) – 4-ounce plastic bottle with acid preservative, labeled Total. 
b. 1 pint plastic bottle 

4. Cooler and ice or ice packs. 
5. Field data sheets. 
6. Bottle labels 
7. Flow meter or equipment for time-distance current measurement. 

Lake Sites 
Items 1 –7, same as for tributary sites 
7. Sample bottles (provided by IEPA Lab) 

a. 2 (per site) – 4 ounce plastic bottles with acid preservative, labeled Total, Dissolved. 
b. 1 pint plastic bottle. 
c. 1-quart plastic bottle, aluminum foil-wrapped with preservative. 

8. Weighted chlorophyll sampler 
9. One half-gallon HDPE container 
10. Secchi disk 
11. Secchi color chard 
12. Kemmerer sampler 
13. Dissolved Phosphorus filtering equipment 

a. syringe 
b. filter cup 
c. 0.45 µm filters 
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2.0 PREPARATION 

Before samples are collected, preprinted labels should be applied to the sample bottles and the 
proper information entered on the label.  The 4 – ounce bottles for the lake sites should be labeled 
Total, and Dissolved using a permanent marker.  The 4-ounce bottles for tributary sampling sites are 
to be labeled Total. 

Coolers and samples bottles should be inspected before samples are collected.  If dirt, residual 
chemicals, or any other types of contaminants are present, the sample bottle should not be used.  
The coolers should be washed with mild soap and wiped down if any contaminants are present. 

3.0 PROCEDURE 

Sample bottles should be kept closed until they are filled with the exception of the 1 pint bottle 
which is to be rinsed with ambient water before sample filling. 

3.1 Sample Collection Procedure 

Inorganic Water Parameters/ICAP Metals:  The syringe must be rinsed properly before any 
sample collection.  The syringe is filled with deionized and expelled for the first rinse.  After 
the filter cup has been rinsed with deionized water a filter is applied to the cup surface 
avoiding skin contact with the filter surface.  Deionized water is then dispensed two times 
through the syringe and attached filter cup.  The filter and syringe are now ready for 
dissolved phosphorus sample filtering.  This process must be repeated between each sample 
and when the filter becomes filled. 

Prior to lake sample collection, two blank sample bottles must be prepared.  These bottles 
must also have preprinted labels affixed to them and labeled with a permanent marker.  One 
bottle is labeled 99 Blank A and the other 99 Blank B.  The 99 Blank A bottle is filled with 
deionized water while the 99 Blank B bottle is filled with deionized water through the filter 
and syringe.  Both bottles are then placed in an ice filled cooler. 

A Kemmerer sampler (previously cleaned with phosphate-free detergent and rinsed with 
distilled water) will be used to collect samples one foot below the surface and two feet 
above the lake bottom at Site 1 if the total depth is greater than 10 feet.  Samples will be 
collected at one foot below the surface for all other lake sites.  The 1 pint bottle and the 
bottle labeled Total are filled directly from the sampler.  The sampler is also used to fill the 
syringe in preparation for dissolved phosphorus filtering.  The first syringe of sample water 
is then attached to the filter cup with the clean filter and is dispensed into the 4 – ounce 
bottle labeled Dissolved.  The remaining water needed for the Dissolved phosphorus sample 
can be poured into the syringe from the pint bottle.  All samples are then placed in coolers 
until sampling is complete and immediately transported to the City facilities to be 
refrigerated while awaiting shipment to the IEPA Lab for analysis. 

Chlorophyll:  A weighted bottle sampler and a clean one-half gallon bottle are used to 
collect a depth-integrated (surface to twice the Secchi depth) sample for chlorophyll at each 
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lake site.  It is then poured into a one quart plastic bottle which will need to be wrapped with 
aluminum foil prior to sampling.  This sample is placed in a cooler for transport to City 
facilities where it is filtered with a hand vacuum pump.  The algae-laden filters, one for each 
site, are folded in quarters, promptly wrapped in aluminum foil, labeled, and stored in a 
freezer prior to shipment for IEPA lab analysis. 

Field Measurements:  Field measurements taken at each site include water temperature, 
dissolved oxygen, conductivity, pH and turbidity analyzed with a Hydrolab Quanta 
multimeter.  Temperature and dissolved oxygen are measured at the surface and at two-feet 
intervals, beginning at one foot in depth and ending two feet above the bottom.  
Conductivity, pH and turbidity are measured one foot below the surface at all sites and two 
feet above the bottom at sites No. 1. 

Tributary Sampling:  The major inflowing and outflowing tributary will be sampled for 
inorganic water parameters and field measurements during each field visit.  Samples at both 
sites will be collected at one foot below the surface.  Sample methods will be similar to 
those at the lake sites with the exception or dissolved phosphorus which will not be 
collected. 

3.2 Field Measurements 

Sample pH, temperature, dissolved oxygen, turbidity and specific conductivity are measured 
with a Hydrolab Quanta (or equivalent) field probe.  Field measurements are taken directly 
in the water column. 



Cochran & Wilken. Inc. 
Cedar Lake and Carbondale Reservoir 
Quality Assurance Project Plan 

 
 

28 

APPENDIX 2 

Field Data Sheets 
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Figure 1A – CEDAR LAKE SAMPLE LOCATION MAP 
 
Figure 1B – CARBONDALE RESERVOIR SAMPLE LOCATION MAP 
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Report Name:  Diagnostic Feasibility Report: Cedar Lake and Carbondale Reservoir, 

Carbondale,              IL. 

Report prepared by:   Cochran & Wilken, Inc.   

Report reviewed by:   Mike Bundren, Environmental Protection Specialist and 

   Teri Holland, Environmental Protection Specialist, Lakes Unit, 

              Surface Water Section, Illinois Environmental Protection Agency, 

Bureau of Water 

The above draft document has been reviewed against the document entitled Appendix E: Protocol for 

the Conduct of Phase I Diagnostic-Feasibility Studies and Environmental Evaluations. The comments 

provided below are a result of that review.  Before submitting the final draft report, the following 

comments must be addressed.   

General Comments: 

1. In general, the report is well written, however, there are many typographical errors throughout 

the report. Where found, these errors have been noted within the text of the report.  I have 

enclosed a copy of the report with those comments noted within. 

2. Many of the data tables presented in Appendix A are difficult to read because the font size is 

too small.  Increase the font size and if necessary, print on a larger sheet of paper.  In addition, 

the last column in all Phase I data tables is labeled “Data Qualifier,” however, there is no 

indication which data are actually being qualified.  The qualifier must be associated with a 

result value, otherwise it has no meaning.  In addition, for some rows in this data qualifier 

column, “Teklab” is the reported value.  It is unclear what the meaning of “Teklab” is in this 

column. 

3. p. 34. Regarding the discussion of the General Disclaimer for Illinois EPA (IEPA) data.  The 

paraphrasing of the disclaimer misrepresents the overall intent of the disclaimer.  It would be 

better to state something like the following:  Phase I data were received from the Illinois EPA 

with two disclaimers.  In those disclaimers certain analytes from specified time periods were 

identified as being unfit for use in the Integrated Report pursuant to Sections 305(b) and 303(d) 

of the Clean Water Act because results failed to meet specific data quality control criteria or 

failed to meet data quality objectives.  Although data were unfit for 305(b) and 303(d) purposes, 

those data may be useful for other purposes, such as for Illinois Clean Lakes Program 

objectives.  To help determine data usability for this project, data were statistically evaluated by 

Cochran & Wilken, Inc…… (it’s ok to use the language in the disclaimer so that the correct 

meaning is conveyed).  Be sure to elaborate upon the type of statistical analysis conducted. 

4. Specific Data Quality Issues to consider: 

 Subsequent to receipt of this draft report, the IEPA Bureau of Water has received results from a 

data audit conducted by the IEPA Division of Laboratories for all results reported from the 

IEPA Champaign laboratory during the years of 2004 and 2005.  As a result of this data audit, 

qualifiers were added to many results.   In reviewing the post-audit data for Cedar and 

Carbondale Lakes, many results reported for TKN during the study period were qualified with 

an “X.” A list of data qualifiers and their meaning is attached to help with data interpretation; 

however in general, “X”-qualified data should not be used for any purpose.  Therefore, for the 

study period the following report requirements may be incomplete or missing entirely:  total 
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nitrogen calculations, a total nitrogen budget, and limiting algal nutrient discussion.  The report 

must reflect the fact that TKN results for the study period failed to meet specific data quality 

control criteria or failed to meet data quality objectives and were not used.  This comment must 

also be included in subsequent sections containing missing requirements (e.g. nutrient budget 

and limiting algal nutrient). 

 In addition to “X”-qualified results, it was determined that the Champaign Laboratory did not 

perform a distillation step prior to the analysis for ammonia nitrogen.  Therefore, results for 

ammonia nitrogen analyzed during the study period may be subject to interferences.  I also 

recommend that these results not be used in this report.  A new data disclaimer reflects the 

problem with ammonia nitrogen results.  Include a copy of the new disclaimer in the report.  

 Reported results for certain other analytes (e.g. nitrate + nitrite, total and dissolved phosphorus, 

and TSS and VSS) also had qualifiers, or combination of qualifiers, that were determined to be 

unusable for Integrated Report purposes (Sections 305(b) and 303(d) of the Clean Water Act).  

Although the results were deemed unusable for Integrated Report purposes, these results should 

be interpreted for usability in this study.  This means that the value should be analyzed in terms 

of method detection and reporting limits, and actual holding times.   These post-audit data 

results will be made available to you for evaluation.   

 p 34. The historical dataset considered in this report was limited to three sample years (one year 

had a single date, 7/16/77).  A quick review of Legacy Storet shows that data collected through 

the Ambient Lake Monitoring Program are also available for years 1987, 1990, and 1994.  Data 

collected through the Volunteer Lake Monitoring Program are also available for several years 

and could be used for comparisons.  Where appropriate, all available data must be included in 

the historical dataset.

3.   Graphs: 

 Graphs should enhance the discussion.  They should be concise, informative and easy to read 

and understand.  Some of the graphs in this section offer nothing additional to the discussion 

and are unnecessary.  Other graphs, for Cedar Lake in particular, are very busy and 

unnecessarily complex.  The Cedar Lake graphs show monthly mean concentrations for the 

study year at each site, but also compare current to historical data by month.  It would be more 

meaningful to separate the within-study-year comparisons from the current to historical data 

comparisons.  The current graphs eliminate seven of the 12 months of data collected during the 

study period.

 Furthermore, the graphs are misleading.  The arithmetic mean defines a central tendency for a 

dataset, but does not give the reader any information about the distribution of observations 

within the dataset.  Since most environmental datasets are skewed, the mean may not be the best 

indicator of central tendency.  Valid comparisons between datasets can only be made if 

additional parameters of the datasets are defined, such as variance, minimum and maximum 

values, and total number of observations.  That additional key information is missing from these 

graphs and from the discussion.  Upon review of the data tables in Appendix A, it seems for the 

most part, monthly means were calculated using only two observations.  It is difficult to draw 

meaningful comparisons based on such few observations.  

 Comparisons made between current and historical datasets might be better presented if annual 

means are looked at through time.  Boxplots are useful for such comparisons because the 

interquartile range, median and maximum values, and outliers are readily apparent. 

 While isopleth charts are useful for getting an overall view of dissolved oxygen concentrations 

throughout lake depth, most readers find them difficult to interpret and they are less useful if 
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you want to find specific depth, dissolved oxygen, and temperature combinations.  I find 

dissolved oxygen and temperature data most useful if simply left in a data table.    

The following comments are by section: 

Executive Summary 

1. Several typographical errors in the Executive Summary. 

           See comments in text (the report has been included).

(a)(1) Lake Identification and Location 

1. Table 1.  The parameters “Surface Area” and “Watershed Area” are not in line 

with the description.  Move them up a line.

2. The total watershed area for the lakes does not match that provided in Table 6.  

Table 1 eliminates the water surface area in the total.  This acreage should be 

included in the total watershed area reported. 

(a)(2) Geological and Soils Description of Drainage Basin 

1. Requirement met. 

(a)(3) Description of Public Access 

1. Need tables and more descriptions – see comments in text. 

(a)(4) Description of Size and Economic Structure of Potential User Population 

1. Need tables and/or graphs to help better present the population info. – see 

comments in text. 

 (a)(5) Summary of Historical Lake Uses 

1. Include public water supply usage in the table.

2. Add user day information to the table for some of the uses (i.e. swimming, 

fishing).

3. Elaborate on the studies (and their value) done by SIUC.  See comments in text. 

4. There is no analysis of the relationship between historical trends in lake water 

quality, uses, and usage. 

 (a)(6) Population Segments Adversely Affected by Lake Degradation 

1. Elaborate and clarify – see comments in text. 

(a)(7) Comparison of Lake Uses to Uses of Other Lakes in Region 

1. Add the missing items to Table 4 – see comments in text. 

(a)(8) Inventory of Point Source Pollution Discharges 

1. Need more information in tables & text.   

2. Need a map of the watersheds showing discharge points.  See comments in text. 

(a)(9) Land Uses and Nonpoint Pollutant Loadings 

1. See comments in text. 

(a)(10) Baseline and Current Limnological Data 

1. See comments in text. 

2. Spell out Secchi disk transparency depth (not just Secchi depth). 

3. Please note that there is a numeric water quality standard for pH.  

Measurements from both lakes exceed the numeric pH standard during the 
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study period.  Please explain those exceedances in relation to other water 

quality variables (e.g. chlorophyll concentrations) observed.  Does algal 

productivity help explain those results? Is it more natural in origin? 

4. Please note the typical alkalinity concentration for Illinois. 

5. p. 47. It states that “mean VSS concentrations were approximately 50 percent 

and 53 percent of the TSS concentrations”…..then goes on to state that “these 

findings suggest that the solids present within the water bodies contain a high 

inorganic component.” If TSS is made up of NVSS and VSS and the VSS 

component is half of the total TSS, how does that suggest a “high” inorganic 

component?  What were total concentrations?  What are typical concentrations? 

When does most of the loading occur?  Are concentrations of TSS (and NVSS) 

higher during rain events?  How do VSS concentrations correlate with 

chlorophyll results?  Conclusions must be supported with data and findings 

from the study.   

6. p. 54.  0.010 is the method reporting (not detection) limit for phosphorus. 

7. p. 54.  The report states that the high value for total phosphorus at Cedar Lake 

was 0.120 mg/L at site 1, however, that high value is not reflected in the graph 

showing total phosphorus results. The graph (16A) leads the reader to think that 

the high value at Cedar Lake is 0.07 mg/L, which actually appears to be an 

outlier in the graph.  Further discussion is needed to explain the high 

phosphorus concentrations observed in Aug/Sept at site 1, but not at the other 

sites during the same time period, nor observed in the historical dataset during 

that time period.  How do these results relate to the numeric water quality 

standard for phosphorus?  Is the numeric water quality standard being met in 

these lakes?   

8. p. 60. There is a new dissolved oxygen water quality standard for the state of 

IL.  Listed on IPCB website:

http://www.ipcb.state.il.us/documents/dsweb/Get/document-33354/

      Located in section 302.206 

9. TSI-SD, TSI-TP, and TSI-chl a are independent estimates of algal productivity 

and should not be averaged.  In general, the TSI values put Cedar Lake in a 

eutrophic category and Carbondale Reservoir in a hypereutrophic category.

10. p. 67. The report states that laboratory analyses “indicate that the lake sediment 

is non-hazardous.”  Mitzelfelt’s Classification of Illinois Lake Sediments is 

based on mean values found in Illinois lake sediments and is not related to 

toxicity.  If the goal is to identify hazards in the sediments that would require 

special disposal upon dredging, additional testing would be required.

11. Fig. 23A & B, Tables 14A & B.  It is not clear how the labeling of the figures 

and tables correspond to one another.  For example in Table 14B there are 11 

lake segments numbered 1 – 11 in sub-area A.  I do not see a similar numbering 

system of lake segments represented in Figure 23 B.  Furthermore, I do not see 

that it has been clarified in Appendix D.  Therefore, when the reader is referred 

to these lake segments later on in Table 31 by number, it is unclear which lake 

segments are being referred to.  

12. Shoreline Erosion Study.  The pictures in Appendix E that reflect the areas in 

greatest need of protection are not identified according to location in the lake.
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(a)(11) Biological Resources and Ecological Relationships 

1. Discuss waterfowl (it is mentioned as a possible source of nutrients on p. 114).  

2. Was any monitoring done at the beaches for pathogens?  Typically, if a beach is 

present on the lake, results for E. coli or fecal coliform are included.  

3. See comments in text. 

(b)(1) Pollution Control and Restoration Procedures 

1. See comments in text. 

2. p. 114. It states “Despite the limited stratification periods in Cedar Lake,” 

however, I find in Figure 19 B that Cedar Lake is starting to stratify at site 1 by 

May and appears to be thermally stratified by June through Oct.   Isn’t that 

fairly typical?  

3. see comment #11 in section (a)(10) above 

4. p. 116.  Lake management objectives should relate to a specific water quality 

goal or benefit to lake use and should be quantifiable where possible (so that 

you know when achieved). If a goal is to increase the number of recreational 

opportunities available in a lake, one objective might be to eliminate X cubic 

yards of sediment.  Another objective might be to eliminate X number of acres 

of Eurasian water milfoil.  Furthermore, some of the stated objectives begin 

with “evaluate.”  The evaluation step has been completed as a result of this 

project and should not be included in the objective. For example, the 

sedimentation study has already been done and since we know the amount of 

sediment that has accumulated in the upper ends and bays of the lakes the 

objective should be to remove X cubic yards of sediment.  Likewise, since the 

shoreline erosion survey is complete, the objective should be to stabilize X 

number of feet of eroded shoreline.  Of course, those objectives should then be 

tied to a specific goal. 

5. p. 131. Table 32. Sediment samples were “grab” in Phase 1 (at least the results 

presented in Table 13).  Since dredging is a recommendation of this study for 

Carbondale Reservoir, core samples should have been collected there, but I do 

not see the results presented in this report.

6. Table 32. Depending on the depth of dredging to be conducted, the average 

concentration of phosphorus and TKN from the grab samples, may or may not 

be representative of the concentration in deeper sediments. 

7. p. 135. Solar Bee units are not designed to destratify a lake.  During summer 

months, the tube depth typically is set at or above the thermocline (depending 

on the lake and desired results). These units are primarily used to reduce 

nuisance algal conditions.  According to the Solar Bee literature, units are not 

necessarily designed to prevent release of iron, manganese, and hydrogen 

sulfide from anoxic lake bottom sediments, but designed to prevent the soluble 

P, Mn, Fe and H2S from diffusing into upper waters (see 

http://www.solarbee.com/literature/FWB012307.pdf).  However, when the 

intake tube is placed down to a depth near the lake sediments, the area of 

treatment is significantly reduced compared to when the intake tube is left up 

near the thermocline. Units are referred to as circulators and not aerators.  

Ultimately, research is ongoing (a new interest of mine since Otter Lake had 

units installed), but it is now believed that the units work not by reducing 
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nutrient levels, but by disturbing the habitat for nuisance blue-greens.  They are 

trying to “shift” algal populations from blue-greens to greens, which increases 

the overall benefit to the lake.  Frank Wilhelm is going to be doing some 

enclosure experiments using Solar Bee units. We’ll have to follow that research 

to see what it shows.

8. p. 137. The phosphorus budget showed most of the phosphorus coming from 

internal regenerations and 32% coming from the tribs? Also, the Solar Bees 

should not destratify the lake. 

9. p.139, Fig. 29.  I’m curious as to why Solar Bee would recommend a separate 

hypolimnetic treatment unit at the PWS intake.  If the PWS intake at 15’ is 

above the thermocline (I think that we have shown that it is) and the lake 

remains stratified, is there really a need? (I’m not sure, I’m just questioning).   

10. p. 144. Has the estimate for linear foot of riprap increased due to increased fuel 

costs? 

11. Is the riprap break wall technique applicable at Cedar for any of the targeted 

areas for shoreline stabilization?  If so, discuss. 

12. p. 146, Table 35. Are average phosphorus and TKN concentrations in lake 

sediments comparable to the concentrations in eroded shorelines? What about 

using average soil concentrations?  There are calculations for estimating the 

load reductions for bank stabilization in the 319 worksheet.  Although the 

calculations were designed for stream banks, I think you could use them for 

lake shorelines. 

13. p. 158. How is aeration going to provide a more balanced aquatic vegetation 

community? 

(b)(2) Benefits Expected From Restoration 

1. O.K. – see comments in text. 

(b)(3) Phase 2 Monitoring Program 

1. p. 159.  Phase 2 monitoring will generally include sediment sampling (through 

ALMP).  However, tributary sampling is not generally included in the Phase 2 

monitoring unless significant watershed implementation has occurred as part of 

the project.  I wouldn’t plan on it just yet. Turbidity and conductivity will not 

be collected monthly, unless the city has a multiparameter probe to use for 

sampling.  It will be done when IEPA staff are sampling.  Likewise, 

phytoplankton will only be collected when IEPA staff are there sampling. 

1. See comments in text. 

(b)(4) Schedule and Budget 

* Elaborate on tables 38 & 39.

(b)(5) Sources of Matching Funds 

* see comments in text.
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(b)(6) Relationship to Other Pollution Control Programs 

* see comments in text.

(b)(7) Public Participation Summary 

* Include copies of the comments made and questions asked

(b)(8) Operation and Maintenance Plan 

* Elaborate  - see comments in text.

(b)(9) Copies of Permits or Pending Applications 

* see comments in text.

(c)(1-

14)

Environmental Evaluation 

Requirement met 

Recommendations:

 Include all historical data in your analysis of historical data (VLMP data can be included also 

for many comparisons) 

 Separate out the comparisons between within-study period and current to historical. 

 Current to historical comparisons should be by year over time. How does the current study year 

compare to past years?   

 Expand the size of some of the tables in Appendix A to make them more readable. 

 Provide the reader with all of the facts necessary to be able to interpret tables and graphs 

appropriately.  Based on the information presented, the reader should readily be able to 

determine whether or not they agree with the arguments and conclusions presented in the 

discussion.

 Go through comments in text of the report (pages are identified by sticky notes). 

 Elaborate, correct, add, etc. needed items from each section above. 

 Use a graph other than the isopleths for the D.O. & temp data or simply include a data table 

along with it.

 A short narrative description under each photo (Appendix E) would be helpful. 

 Define specific goals and objective in the lake management plan.  
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DRAFT List of Bureau of Water Data Qualifiers (STORET Remark Codes) 
Updated: May 24, 2006 

Data Qualifiers Used by IEPA Division of Laboratories  

A Averaged Result (Only to be used for Fish Field Data). 

B Results based upon colony counts outside the acceptable range. 

C Value calculated.  Value reported was not measured directly, but was calculated from other 
 available data. 

J  Estimated value.  The laboratory cannot support the validity of the number.  Note: for Surface 
Water Section samples, this qualifier should be  used when the analyte is detected between the 
specified reporting limit (RL) and the method detection limit (MDL). 

J1 Surrogate compound recovery limits have not been met 

J2 Internal Standard criteria was not met 

J3 The reported value failed to meet the established quality control criteria for either precision or 
accuracy possibly due to matrix effects. 

J4 The sample matrix interfered with the ability to make any accurate determination (i.e. oily samples, 
high mineral content in SOCs, etc.) 

J5  “Blank Spike failed high, result was non-detect - impact on data may be minimal” 

J6  “Blank Spike failed high – possible high bias or false positive result” 

J7 “Blank Spike failed low – possible low bias or false non-detect result” 

L Actual value not known, but known to be greater than value shown.  To be used when the 
concentration of the analyte is above the acceptable level for quantitation.  Value shown is the 
highest acceptable level for 

 quantitation. 

M Presence of material verified (i.e., positive detection).  Value is estimated. 

Q Holding time exceeded. 

S Test results provided by outside source. 

V Indicates the analyte was detected in both the sample and the associated method blank and was 
outside method blank acceptance criteria. 

X Reported value should not be used.  Some or all of the quality control data for the analyte were 
outside acceptance criteria, and the presence or absence of the analyte cannot be determined from 
the data. 

Y The laboratory analysis was performed on an unpreserved or improperly preserved sample. 

ND Not detected.  Note: For Surface Water Section results, the ND qualifier should be used when the 
analyte is not detected at the method detection limit (MDL).
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NR Not reported 

_A Absent 

_P Present 

TNTC Too Numerous to Count (Microbiological samples) 

# Results are not compliant with the NELAC standards 

* Non-NELAP accredited 
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General Disclaimer For Illinois EPA Data

The Illinois Environmental Protection Agency (“Illinois EPA”) is providing the data at your request.  Neither the 

State of Illinois nor the Illinois EPA nor any of the Illinois EPA’s employees makes any warranty, expressed or 

implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of the data. 

 The act of distribution of the data shall not constitute any such warranty, and no responsibility is assumed by the 

Illinois EPA in the use of the data or related information.  In no event shall the Illinois EPA have any liability 

whatsoever for payment of any consequential, incidental, special or tort damages of any kind, including but not 

limited to, any loss of profits arising out of use of, or reliance on the data or arising out of the delivery, 

installation, operation or support by the Illinois EPA.  Although the data have been processed by the Illinois 

EPA, no warranty, expressed or implied, is made by the Illinois EPA regarding the use of the data on any other 

system, nor does the act of distribution constitute or imply such warranty.   

General Disclaimer For Non-Illinois EPA Data

The data are prepared from the data generated by an non-Illinois Environmental Protection Agency (“Illinois 

EPA”) party for its own purposes.  The release of the data does not constitute or imply the Illinois EPA’s 

endorsement or recommendation.  The Illinois EPA is providing the data at your request.  Neither the State of 

Illinois nor the Illinois EPA nor any of the Illinois EPA’s employees makes any warranty, expressed or implied, 

or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of the data or 

represents that its use would not infringe privately owned rights.  Users are strongly cautioned to check the 

accuracy of the data.  Methods, purposes, and conditions can vary dramatically among data collecting efforts and 

the data should not be combined with other data from the Illinois EPA or other sources unless the user fully 

understands the procedures and purposes used to create each set of data and can verify that data are comparable 

across sources.  The act of distribution of the data shall not constitute any such warranty, and no responsibility is 

assumed by the Illinois EPA in the use of the data or related information.  In no event shall the Illinois EPA have 

any liability whatsoever for payment of any consequential, incidental, special or tort damages of any kind, 

including but not limited to, any loss of profits arising out of use of, or reliance on the data or arising out of the 

delivery, installation, operation or support by the Illinois EPA.  Although the data have been processed by the 

Illinois EPA, no warranty, expressed or implied, is made by the Illinois EPA regarding the use of the data on any 

other system, nor does the act of distribution constitute or imply such warranty.   

Specific Disclaimer For Surface Water Data

The Illinois Environmental Protection Agency (“Illinois EPA”) has provided the data at your request.  Neither 

the State of Illinois nor the Illinois EPA nor any of the Illinois EPA’s employee makes any warranty, expressed 

or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of the 

data.  Regardless of the presence, absence, or type of data qualifier associated with each result, the Illinois EPA 

does not deem the results of the following analytes, analyzed by the Illinois EPA Champaign laboratory, during 

the specified time periods to be fit for the Integrated Report pursuant to Sections 305(b) and 303(d) of the Clean 

Water Act as these results failed to meet quality control criteria or failed to meet data quality objectives as 

defined in the various Illinois EPA documents.  For these analytes, analyzed by the Illinois EPA Champaign 

laboratory, and for the above-mentioned purposes, the Illinois EPA intends to further review the results of 

samples collected after 12/31/2003, and therefore does not intend to use the data until a complete review of 

samples has been conducted.  Data sets not used were: ammonia collected from 01/01/1997 through 12/31/1999 

and 10/01/2002 through 12/31/2003; phenols and total Kjeldahl nitrogen data collected from 01/01/1999 through 

12/31/2003; and phosphorus, nitrate/nitrite, chloride, alkalinity, sulfate, cyanide, chlorophyll, total suspended 

solids, volatile suspended solids and total dissolved solids collected from 10/01/2002 through 12/312003.  The 

act of distribution of the data shall not constitute any such warranty, and no responsibility is assumed by the 

Illinois EPA in the use of the data or related information.  In no event shall the Illinois EPA have any liability 

whatsoever for payment of any consequential, incidental, special or tort damages of any kind, including but not 

limited to, any loss of profits arising out of use of, or reliance on the data or arising out of the delivery, 

installation, operation or support by the Illinois EPA.  Although the data have been processed by the Illinois 
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EPA, no warranty, expressed or implied, is made by the Illinois EPA regarding the use of the data on any other 

system, nor does the act of distribution constitute or imply such warranty.   

Additional Disclaimer for Ammonia Results

More recently discovered and not mentioned in the disclaimer language above, ammonia analyses performed by 

the Illinois EPA Champaign laboratory and that used the USEPA method 350.1 (i.e., samples collected 

01/01/2004 through approximately July 2006) did not include a distillation step and therefore the ammonia 

results are subject to inaccuracies attributable to interferences from color or turbidity in the ambient water 

sample. This fact is not necessarily reflected in the data qualifiers provided with the results. 







217/782-3362 
 
 
April 9, 2008 
 
 
Beth Ponce, P.E. 
Public Works Director 
City of Carbondale 
200 South Illinois Avenue 
P.O. Box 2047 
Carbondale, IL 62902-2047 
 
Re: Financial Assistance Agreement #24007 

Diagnostic-Feasibility Study of Cedar Lake and Carbondale Reservoir  
 
Dear Ms. Ponce: 
 
This letter is in reference to Financial Assistance Agreement #24007 between the City of 
Carbondale and the Illinois Environmental Protection Agency (Illinois EPA).  As stated in the 
Agreement, the Phase I Study is to be developed according to Appendix B: Requirements for 
Phase I Diagnostic-Feasibility Studies and Environmental Evaluations as found in the Illinois 
Clean Lakes Program (ICLP) financial assistance application package.  Furthermore, the 
information required in Appendix B is to be obtained and presented following the guidance and 
format provided in the document entitled Appendix E: Protocol for the Conduct of Phase I 
Diagnostic-Feasibility Studies and Environmental Evaluations. 
  
The draft report entitled Phase 1 Diagnostic/Feasibility Study of Cedar Lake and Carbondale 
Reservoir, Carbondale, IL (draft submittal July 2006) was reviewed against the above-referenced 
documents.  A detailed summary of the comments associated with the review are attached.  In 
addition, a copy of the reviewed draft report is also included in this mailing. Many additional 
comments and identification of typographical errors were made within this copy.  These 
comments should be considered when developing the final report document.  Once completed, 
the Illinois EPA requests five hard copies of the report and one electronic version submitted in 
pdf format.   
 
I want to bring to your attention certain data quality problems that may affect the quality of this 
report.  These problems have been described in more detail in the attached, but briefly, the 
Illinois EPA Division of Laboratories conducted a detailed data audit on results reported from the 
Illinois EPA Champaign Laboratory during the time of this study period.  The data audit revealed 
specific data quality problems for certain analytes reported in this study.  As a result, we 
recommend that specific data sets be excluded from analysis in this study and that other data sets 
be examined in more detail for usability in this study. 
 
These data quality problems are an unfortunate obstacle for completing this report.  On behalf of 



the Illinois EPA, I sincerely apologize for the inconveniences and delays caused as a result of this 
issue.  We are willing to work with you toward a successful resolution for this project.  Please 
feel free to contact me with questions regarding this letter.  I can be reached by telephone at 
217/782-3362, or by email at teri.holland@illinois.gov.  Thank you for your continued patience.  
   
  
Sincerely, 
 
 
 
Teri Holland 
Lakes Unit 
Surface Water Section 
Bureau of Water 
 
 
Attachments 
 
cc:       Ted Mieling, City of Carbondale 
 Peter Berrini, HDR, Inc. 
 Ryan Keith, HDR, Inc. 
 Gary Raines, HDR, Inc. 
 Gregg Good, Illinois EPA 
 Mike Bundren, Illinois EPA 
 
 
 

 



Cc list: 
 
Ted Mieling 
City of Carbondale 
1705 Cedar Creek Road 
Carbondale, IL 62903 
 
Peter Berrini 
HDR Inc.  
5201 S. Sixth Street Road 
Springfield, IL 62703 
 
Ryan Keith 
HDR Inc. 
5201 S. Sixth Street Road 
Springfield, IL 62703 
 
Gary Raines 
HDR, Inc. 
1339 Walnut Street 
Murphysboro, IL 62966 




