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1.0 INTRODUCTION  

1.1 Project Location  

Little Swan Lake is located in Warren County, Illinois; Sections 19, 20, and 30 in Township 8 
North, Range 1 West and Sections 24 and 25 in Township 8 North, Range 2 West.  The nearest 
municipality is Avon, IL, located approximately 4.75 miles East of the Lake.  The lake, its dam, 
and its appurtenances are owned, operated, and maintained by The Little Swan Lake Club.   
The lakeshore is surrounded by residential homes; as such, the lake’s primary purpose is 
residential development and recreation.   

1.2 Scope of Work 

Little Swan Lake is a man-made reservoir located in a rural part of West Central Illinois.  Like 
many man-made reservoirs, Little Swan Lake has experienced significant sediment deposition 
since its construction in 1968.  37 years of siltation led to a dredge study/project in 2003-2004, 
however, as early as 2015 it became evident that a large amount of additional sediments had 
entered the lake and that additional dredging may be necessary.  Prior to authorizing additional 
dredging, Klingner & Associates, P.C. was retained by the Little Swan Lake Siltation Committee 
to perform a series of watershed management tasks.  The main purpose of these tasks were to 
determine the possible sources of silt entering the lake, the total expected silt load, the expected 
siltation rate, and possible alternatives to reduce future sedimentation (among other items).  The 
final Scope of Work included:  

1.) Topographic survey of the dam  
2.) Bathymetric survey of the lake bottom 
3.) Geotechnical analysis of the lake bottom sediment 
4.) Dam inspection 
5.) Stakeholder Inventory Development  
6.) Development of a Watershed Management Plan 

1.3 Pertinent Lake/Dam Information 

Date Constructed………………………………………………………………... 1968 

National Inventory of Dams ID Number………………………………………. IL00469 

Dam Type………………………………………………………………………… Earthen 

Top of Dam Elevation…………………………………………………………… 666.0 FT 

Dam Height………………………………………………………………………. 49 FT 
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Dam Length……………………………………………………………………….958 FT 

Lake Area……………………………………………………………………….... 230 AC +/- 

Normal Lake Storage…………………………………………………………….3172 AC-FT 

Maximum Lake Storage………………………………………………………… 5423 AC-FT 

Watershed Area…………………………………………………………………. 5675 AC 

 Open Water……………………………………………………………… 245 AC (4.3%) 

 Developed Area…………………………………………………………. 581 AC (10.2%) 

 Forest…………………………………………………………………….. 268 AC (4.8%) 

 Pasture…………………………………………………………………… 391 AC (6.9%) 

 Cultivated Crops………………………………………………………… 4190 AC (73.8%) 

Watershed to Lake Area Ratio…………………………………………………. 25:1 

Average Watershed Slope……………………………………………………… 24 FT/MI 

Primary Watershed Soil Type………………………………………………….. Silty Loam 

Principal Spillway Type…………………………………………………………. Concrete Drop Box 

Principal Spillway Size………………………………………………………….. 10 FT x 6.25 FT 

Principal Spillway Elevation (Normal Pool)…………………………………… 656 FT 

Emergency Spillway Type……………………………………………………… Trapezoidal, Grass-
Lined Channel 

Emergency Spillway Size………………………………………………………. 80 FT Bottom Width 

Emergency Spillway Elevation………………………………………............... 660 FT 

2.0 REVIEW OF PAST DATA SOURCES 

Little Swan Lake provided Klingner with their available past studies, reports, maps, plans, and 
pertinent correspondence.  This information was reviewed to provide historic context and the 
backround information necessary to determine how the lake and its dam has changed over 
time.  It also provided the information necessary to perform certain calculations, such as historic 
siltation rates and the inflows and outflows from the lake.  The primary historic sources used in 
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this review were the “Little Swan Lake Sedimentation Survey and Management Plan, CWI 
(2003)” (Appendix C.1) and the Bryan Hartman Bathymetric Survey, (2015) (Appendix B.6).  
This information is briefly described below.  Other sources of data used in this report can be 
seen in Appendix E.  

2.1 CWI Report, 2003 

In 2003, The Little Swan Lake Club retained Cochran & Wilken, Inc. (CWI) to perform a 
bathymetric survey and sedimentation calculations in preparation for a future dredging project.  
In that study CWI used GPS and a sounding pole to obtain a series of eleven (11) cross 
sections.  These cross sections were intended to map the lake bottom at that time, which could 
be compared with the design cross sections developed from the original Little Swan Lake 
Grading Plan (Appendix A.1).  The difference in these cross sections provided the estimated 
amount of sediment deposition, or 174,226 cubic yards.  The report recommends that at least 
103,388 cubic yards of sediment be removed.  The report also recommends that additional 
riprap be placed along the lake’s shoreline to prevent further shoreline erosion.  As a result of 
this Report, Little Swan Lake did pursue a dredge project.  However, the amount of silt removed 
from the lake is unknown.  

2.2 Bryan Hartman Data, 2015 

Bryan Hartman, P.L.S performed volunteer supplemental bathymetric survey services in 2015 
due to concerns that sediment deposition had significantly increased since 2003.  Mr. Hartman 
used GPS and depth sounding equipment to map the entirety of the lake bottom.  The dense 
network of bathymetric survey points were converted into Digital Terrain Models (DTM’s), in 
which a variety of analyses could be completed,  including comparisons with past/future 
bathymetric surveys and comparisons with the original lake contours. 
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3.0 GEOTECHNICAL ANALYSIS 

3.1 Methodology 

As part of Klingner’s Scope of Work, three soil samples were taken from the bottom of Little 
Swan Lake in order to characterize the sediment materials.  The samples were taken at three 
different locations within the upper third of the lake.  Samples were collected using a geoprobe. 
The material was then transferred to collection buckets and transported to the Klingner 
Geotechnical Lab in Hannibal, MO.   Once in the lab, two specific tests were performed, a Sieve 
Analysis/Particle Size Distribution Test and Atterburg Limits Test.   

3.2 Results 

The Atterburg Limits Test determines the material classification of the sediments which, in turn, 
helps dredging contractors understand what types of materials are to be removed.  The 
sediments found at the bottom of Little Swan Lake were different at the three different sample 
locations.  The first was Silty Sand (ML), the second was Lean Clay (CL), and the third was 
Organic Clay (OH).  While distinctly different, these soil types are not unexpected for a man-
made lake bottom.  Silts and Clays have very small particle sizes which are able to settle out 
when the watershed’s tributaries enter the lake and the water velocity drastically decreases.  
These soil types are also common in the watershed, and we expect to see similar soil types in 
the watershed as we would the lake bottom.   

The Particle Size Distribution Test further breaks down the soil type into their percentages of 
large grain (primarily sands) and fine grain (silts and clays) sediments.  As previously stated, the 
majority of the sediments were fine grained silts and clays.  However, soil sample No. 1 did 
have a slightly larger amount of sand, 16% versus 3% and 1% for Samples No. 2 and No.3, 
respectively.  This is not unexpected as Sample No. 1 is the furthest upstream in the lake, and 
the heavier sand materials are the first to drop out of suspension. As you move downstream, it 
is expected that the amount of sands would decrease and the particle sizes would become 
smaller.  This is what we see in Samples No. 2 and No.3. 

4.0 EROSION/SEDIMENTATION CALCULATIONS  

Erosion and sedimentation calculations were performed in two distinct manners: theoretical or 
“expected” rates of sedimentation and actual measured rates of sedimentation.  By combining 
these two methods, we were able to form a relatively accurate picture of the sediment 
deposition concerns at Little Swan Lake.  The theoretical rates of siltation were developed by 
applying the Modified Universal Soil Loss Equations (MUSLE).   The actual measured siltation 
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rates were calculated by comparing the Klingner Bathymetric Survey (2018) with the historic 
bathymetric surveys completed in 2003 and 2011.   

4.1 Modified Universal Soil Loss Equations 

The Modified Universal Soil Loss Equations are intended to estimate average annual soil loss.  
They were initially developed for agricultural watersheds in the United States; however, their 
application have since been greatly expanded.  These equations are widely used in the 
engineering, agricultural, and environmental fields. The equations aggregate a series of 
measurable watershed qualities to develop the average annual soil loss expected for that 
watershed in a given year.  The Modified Universal Soil Loss Equation can be seen in Equation 
1 below: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 1:     𝐴𝐴 = 𝑅𝑅 ∗ 𝐾𝐾 ∗ 𝐿𝐿𝐿𝐿 ∗ 𝐶𝐶 ∗ 𝑃𝑃 

𝑊𝑊ℎ𝑒𝑒𝑒𝑒𝑒𝑒:  

𝐴𝐴 = 𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒𝐸𝐸𝐴𝐴𝑒𝑒 𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴 𝐿𝐿𝐸𝐸𝐸𝐸𝐴𝐴 𝐿𝐿𝐸𝐸𝐿𝐿𝐿𝐿 (𝑇𝑇𝐸𝐸𝐸𝐸𝐿𝐿 𝐴𝐴𝐴𝐴 𝑌𝑌𝑒𝑒)⁄⁄  

𝑅𝑅 = 𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅𝐸𝐸𝐴𝐴𝐴𝐴 − 𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 𝐸𝐸𝑒𝑒𝐸𝐸𝐿𝐿𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸 𝐹𝐹𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑒𝑒 

𝐾𝐾 = 𝐿𝐿𝐸𝐸𝐸𝐸𝐴𝐴 𝐸𝐸𝑒𝑒𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸 𝐹𝐹𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑒𝑒 

𝐿𝐿𝐿𝐿 = 𝐿𝐿𝐴𝐴𝐸𝐸𝑆𝑆𝑒𝑒 𝐿𝐿𝑒𝑒𝐸𝐸𝐴𝐴𝐸𝐸ℎ 𝐸𝐸𝐸𝐸𝐸𝐸 𝐿𝐿𝐸𝐸𝑒𝑒𝑒𝑒𝑆𝑆𝐸𝐸𝑒𝑒𝐿𝐿𝐿𝐿 𝐹𝐹𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑒𝑒 

𝐶𝐶 = 𝐶𝐶𝐸𝐸𝐴𝐴𝑒𝑒𝑒𝑒 𝑀𝑀𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝑒𝑒𝑀𝑀𝑒𝑒𝐸𝐸𝐸𝐸 𝐹𝐹𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑒𝑒 

𝑃𝑃 = 𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐸𝐸𝑒𝑒𝐸𝐸 𝑃𝑃𝑒𝑒𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝐴𝐴𝑒𝑒 𝐹𝐹𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑒𝑒 

For the purpose of this study, it was important to understand not only the total expected amount 
of sediments entering the lake, but also what portions of the watershed were most susceptible 
to erosion.  In order to make this determination, the MUSLE was applied geospatially using 
ArcGIS (the standard geospatial analysis software) and the methodology provided in “Soil 
Erosion Assessment Using GIS and Revised Universal Soil Loss Equation, Kim (2014)”.  The 
end result of this analysis is a Soil Loss “Heat Map,” which details which parts of the watershed 
are most susceptible to erosion.  This map can be used to determine which parts of the 
watershed would most benefit from soil conservation practices.  Each variable in the MUSLE, 
and how that variable was calculated, is described in the subsections below.  

4.1.1 Rainfall-Runoff Erosivity 

Rainfall-Runoff Erosivity is a measure of the erosive force and intensity of rainfall.  
These values have been computed using rainfall records from across the United States 
and are compiled in Rainfall Erosivity Maps Published by the USGS and NRCS, among 
other State and Federal Agencies.  However, many of these maps are not available 
geospatially; as such, a relationship developed in “Evaluation of the Relationships 
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Between the RULSE R-Factor and Mean Annual Precipitation, Kurt Cooper, (2011)” was 
used in our analysis.  This relationship is as follows: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 2:     𝑅𝑅 = 1.24 ∗ 𝑃𝑃1.36 

𝑊𝑊ℎ𝑒𝑒𝑒𝑒𝑒𝑒: 

𝑃𝑃 = 𝑇𝑇ℎ𝑒𝑒 𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒𝐸𝐸𝐴𝐴𝑒𝑒 𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴 𝑃𝑃𝑒𝑒𝑒𝑒𝐴𝐴𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝐸𝐸𝐸𝐸) 

Average annual precipitation from 1960 to 2001 was geospatially compiled by The 
Blackland Research Center at Texas A&M University System in Temple, TX.  The data 
was developed with the intention to support USDA-NRCS Nationwide Conservation 
Efforts.  In the southern part of Warren County, IL, the average annual precipitation was 
37 inches, which results in an R-Factor of 168. 

4.1.2 Soils Erodibility 

Soil erodibility (K) is a measure of the susceptibility of soil particles to detach and be 
transported by water.  K is high when erodibility is high. Loose silt materials have the 
highest K values and densely packed clays have the lowest K values.  K values are 
estimated by the The United States Department of Agriculture (USDA) based on their 
extensive network of soil survey information.  This data is available geospatially via the 
USDA Web Soil Survey.  The Soil Erodibility Map can be seen in Appendix B.1.     

4.1.3 Slope Length Factor 

The slope length factor is a single figure that encompasses both the length of slopes 
within the watershed and the steepness of slopes within the watershed. As the slope 
length and slope steepness increase, so does the slope length factor.  In our 
calculations, the slope length factor was calculated using the Unit Stream Power Erosion 
and Deposition (USPED) method.  In ArcGIS, flow direction and flow accumulation grids 
were developed and combined with the watershed slope using the USPED shown in 
equation 3 below:  

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 3:     (𝐹𝐹𝐴𝐴𝐸𝐸𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴𝐸𝐸𝑀𝑀𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐺𝐺𝑒𝑒𝐸𝐸𝐸𝐸 ∗ [𝐶𝐶𝑒𝑒𝐴𝐴𝐴𝐴 𝑅𝑅𝑒𝑒𝐿𝐿𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸]/22.1)0.4

∗ �
𝐿𝐿𝐸𝐸𝐸𝐸(𝐷𝐷𝑒𝑒𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 𝐸𝐸𝑅𝑅 𝐿𝐿𝐴𝐴𝐸𝐸𝑆𝑆𝑒𝑒 ∗ 0.01745)

0.09
�
1.4

∗ 1.4 

While the Slope Length Factor is used in the MUSLE equations, it is easier to interpret a 
map of slope steepness. The slope map of the watershed can be seen in Appendix B.2.  
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4.1.4 Cover-Management Factor 

The Cover Management Factor is a measure of the effectiveness of crop/vegetation 
cover in preventing soil loss.  The development of this factor starts with the National 
Land Cover Database, 2011 (NLCD).  This geospatial database was developed by Multi-
Resolution Land Characteristics Consortium and uses remote sensing to characterize 
the land cover of the nation into 20 distinct cover types.   The NLCD land use map can 
been seen in Appendix B.3.  This land cover type can be converted into a C factor using 
the methodology developed in “Design Hydrology and Sedimentology for Small 
Catchments, Haan Barfield,and Hayes (1994).”  This conversion from NLCD 
classification to Cover-Management Factor can be seen in Table 1 below.     

Table 1. Cover-Management Factors Based on NLCD Classification 
NLCD Value NLCD Description Cover-Management Factor 

11 Open Water 0 
21 Developed, Open Space 0.003 
22 Developed, Low Intensity 0.013 
23 Developed, Medium Intensity 0.2 
24 Developed, High Intensity 0.45 
31 Barren Land 1 
41 Deciduous Forest 0.003 
42 Evergreen Forest 0.003 
43 Mixed Forest 0.003 
52 Shrub/Scrub 0.009 
71 Grassland/Herbaceous 0.013 
81 Pasture/Hay 0.003 
82 Cultivated Crops 0.003 
90 Woody Wetlands 0.001 
95 Emergent Herbaceous Wetlands 0.003 

 

4.1.5 Practice Support Factor 

The Practice Support Factor takes into account conservation practices such as plowing 
and tillage.  We know that some conservation practices are occurring in the watershed, 
however, the extent of conservation practices and the effectiveness of these practices 
are unknown.  Therefore, it was assumed that no conservation practices were used, 
which equating to a Practice Support Factor of one (1).   

4.2 Watershed Average MUSLE Results 

The end result of the geospatial MUSLE exercise is a soil erosion “Heat” map, seen in Appendix 
B.4.  The map highlights areas that are more highly prone to erosion in red and areas less 
prone to erosion in green.  Soil erosion in the 5675-acre watershed ranged from 0.01 
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tons/ac/year to over 10 tons/ac/year.  The average soil loss across the entirety of the watershed 
was 0.5 tons/ac/year.  By using this average value and the area of the watershed, it was 
determined that the watershed should theoretically produce 2,500 tons of sediment per year 
which would be eventually captured by Little Swan Lake.   

By comparison, Table 2 below shows the average annual soil loss per land use in Illinois 
according to USDA’s National Resource Inventory. 

Land use Average Soil Loss (T/Ac/Yr) 
Crop Land 3.95 

CRP/Forest 0.29 
Pasture Land 1.07 

Using the soil loss above and the known landuses of The Little Swan Lake Watershed, an 
average soil loss of approximately 3 tons/ac/yr was calculated. Comparing the MUSLE results 
for the Little Swan Lake Watershed, we expect soil erosion less than the typical statewide 
values.  

4.3 Single Event MUSLE Calculations 

The Universal Soil Loss Equations were developed to estimate soil loss on an average annual 
basis; however, revisions to the equations and the methodology allow for the Universal Soil 
Loss Equations to be applied for a single rainfall event.  To calculate the sediment for a single 
event, Klingner used the methodology as provided in “Use of the Revised Universal Soil Loss 
Equations on an Event-By-Event Basis, Kelsey (2001).”  The event of interest occurred on May 
15th, 2009, where, according the Little Swan Lake Operation Records, over 6 inches of rain fell 
in 24 hours.  This led to the only overtopping of the emergency spillway noted in the five (5) year 
record provided to Klingner.  The distribution/intensity of this event was determined by analyzing 
the 15 minute rainfall records at the three nearest rainfall gages: Monmouth, IL; Yates City, IL; 
and Marietta, IL.  The Rainfall-Runoff Erosivity Factor (R-Factor) as described in Equation 1 is 
replaced with Equation 4 below: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 4:  𝑅𝑅 =  �𝐸𝐸 ∗ 𝐼𝐼30(10−2) 

𝑊𝑊ℎ𝑒𝑒𝑒𝑒𝑒𝑒: 

𝑅𝑅 = 𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅𝐸𝐸𝐴𝐴𝐴𝐴 − 𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅𝑅𝑅 𝐸𝐸𝑒𝑒𝐸𝐸𝐿𝐿𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸 𝐹𝐹𝐸𝐸𝐴𝐴𝐸𝐸𝐸𝐸𝑒𝑒 

𝐸𝐸 = 𝑇𝑇𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴 𝐿𝐿𝐸𝐸𝐸𝐸𝑒𝑒𝑀𝑀 𝐾𝐾𝐸𝐸𝐸𝐸𝑒𝑒𝐸𝐸𝐸𝐸𝐴𝐴 𝐸𝐸𝐸𝐸𝑒𝑒𝑒𝑒𝐴𝐴𝐸𝐸 

𝐼𝐼30 = 𝑀𝑀𝐸𝐸𝑀𝑀𝐸𝐸𝑀𝑀𝐸𝐸𝑀𝑀 30 −𝑀𝑀𝐸𝐸𝐸𝐸 𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅𝐸𝐸𝐴𝐴𝐴𝐴 𝐼𝐼𝐸𝐸𝐸𝐸𝑒𝑒𝐸𝐸𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸 

The May 15th, 2009 storm event was independently analyzed for two purposes; first, it was the 
largest storm event Little Swan Lake has experienced in recent memory and second, the storm 
occurred in the midst of construction of the back nine holes of the Swan Lake Golf Club.  It is 
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believed that during the event, the 75-acre construction site was either entirely or partially 
disturbed.  It is also believed that no erosion control measures were in place at the time of the 
event (i.e. no hay bales, silt fence, mulching, etc.).  The project was located directly adjacent to 
the headwaters of Little Swan Lake. Therefore, it was assumed that all sediments from this 
event immediately entered the Lake.  In addition to a change in the R-Factor, the other primary 
change in the MUSLE calculations was the change in the Cover Management Factor.  This 
factor was set to 1.0 to reflect bare/disturbed earth.  This exercise resulted in an estimated 
12.75 tons of sediment/acre or 970 total tons of sediment from this site alone.  That’s 
approximately 40 percent of the expected annual total sediment load.   

4.4 MUSLE Conclusions 

The MUSLE calculations are intended to provide Little Swan Lake with the theoretical expected 
sediment load in order to anticipate and prepare for future sediment mitigation projects, 
dredging projects, and other lake management decisions.  General conclusions from this 
exercise are as follows: 

1.) Soil loss in the watershed ranged from 0.01 to over 10 tons/ac/yr 
2.) The Average Annual Soil loss for the watershed was approximately 0.5 tons/ac/yr 
3.) This compares to a stateside average of approximately 3 tons/ac/yr 
4.) Total sediment load per year was calculated at approximately 2500 tons/yr 
5.) The May 15th, 2009 rainfall event produced approximately 12.75 tons/ac or a total or 

approximately 970 tons.  

4.5 Comparison of Bathymetric Surveys 
4.5.1.1 CWI Bathymetric Survey 

As described in Section 2.1 in 2003, CWI performed bathymetric survey and sediment 
calculations to estimate the total amount of sediment that had entered the lake since its 
construction in 1968.  At that time, CWI estimated the total amount of sediment to be 
174,226 cubic yards or approximately 178,600 tons.  Using this value and the number of 
years since the lake’s construction, we estimated that the rate of siltation from 1968 to 
2003 was 4950 ton/yr or 0.8 tons/ac/yr.  After the 2003 CWI study, an unknown quantity 
of material was dredged from the lake.  As such, the survey information from CWI could 
not be compared to future surveys.   

4.5.1.2 Hartman – Klingner Bathymetric Surveys 

As described in Section 2.2 in 2015, Bryan Hartman performed a complete bathymetric 
survey of Little Swan Lake using GPS and Sonar equipment.  A similar methodology 
was employed by Klingner in 2018.  By comparing the water depths/lake bottom 
elevations from the 2015 Hartman Survey and 2018 Klingner Survey, we can determine 
the siltation rate from 2015 to 2018, as well as the movement of sediment along the 
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bottom of the lake. Appendices B.5 through B.7 show the approximate lake depths using 
the Hartman Survey, Klingner Survey, and the difference between the two surveys, 
respectively.  The difference in the two surveys only amounted to an additional 510 cubic 
yards or 525 tons.  Given the limited nature of the Klingner Survey (upper third of the 
lake only), it is probable that the total amount of siltation experienced over the three (3) 
year time gap is actually greater.  The most significant result from this comparison of 
surveys was the movement of sediments along the lake bottom.  As can be seen in 
Appendix B.7, the water depth has actually slightly increased in the uppermost portions 
of the lake, but decreased in the lower portions of the lake.  One explanation of the 
migration of sediments is that the rate of siltation occurring prior to 2011 was greater 
than the rate of siltation experienced between 2011 and today.  The large amount of 
sediment deposition that occurred prior to 2011 first accumulated at the upper reaches 
of the lake, but has since begun to migrate towards the lake’s center.  Since the rate has 
begun to decrease, the sediments moving downstream are not being replaced as quickly 
with new sediments, which may explain why the lake bottom on the upper end of the 
lake is actually slightly deeper today than it was in 2011.   

4.6 Bathymetric Survey Conclusions 

Using the three available bathymetric surveys along with the original lake bathymetry, it 
was possible to estimate the real time sediment deposition experienced since 1968.  
Sediment deposition from 1968 to 2003 averaged 0.8 tons/ac/ft. While greater than our 
theoretical average of 0.5 tons/ac/year, it is within a realistic tolerance.  This provides a 
level of confidence in the MUSLE calculations.  Additionally, the survey results indicate 
that sometime between 2003 to 2015 there was an increase in the sedimentation rate 
which lead to an above average silt deposition in the upstream portions of the lake.  
Since that time, that large deposit has been shown to be migrating to the center of the 
lake.  While it could not be determined with certainty that the construction of the back 
nine of the Swan Lake Golf Club caused the increased rate, it seems reasonable that its 
construction in combination with record rainfall contributed to a short term siltation rate 
increase.  It is likely that since that adverse event, siltation rates have returned to a more 
“normal” state.  

The most recent bathymetric survey (Klingner, 2018) was also used to determine the 
total quantity of sediment deposition in the lake’s upper third since 1968.  This was done 
by comparing the Klingner survey to a digitized version of the original design’s lake 
bottom contours (Appendix B.8).  Using the two datasets, it was estimated that 
approximately 110,000 cubic yards of sediment would need to be removed to return the 
lake to its original design.  

10 | P a g e  

 



Watershed Management Study 
Little Swan Lake Siltation Committee 
Project No. 18-3036 

4.7 Limitations 

Soil losses computed with the Universal Soil Loss Equations are estimated values, not absolute.  
The accuracy of the predicted soil loss will depend on the accuracy of its inputs.  Input data was 
available in a wide variety of densities and accuracies, which is therefore reflected in the final 
soil loss calculations.  Survey data and survey calculations were also limited given the survey 
boundary and the density/accuracy of the survey points.  Unless otherwise indicated, all 
calculations should be considered approximate.  

5.0 ALTERNATIVES/RECOMMENDATIONS 

As part of the Little Swan Lake Siltation Study, Klingner developed a series of alternatives for 
the consideration of the Little Swan Lake Siltation Committee and the Little Swan Lake Board.  
These alternatives are intended to be realistic options given the constraints of the Board and its 
constituents.  If the Board decides to pursue one of these options, a more detailed description 
and cost estimate would need to be developed for the selected alternative.  

5.1 Alternative 1 – No Action 
5.1.1 Description  

If no action is taken on the sediment deposition of Little Swan Lake, we should expect siltation 
rates to continue at their current calculated amounts of 0.5-0.8 tons/ac/yr.  This on top of the 
sediment deposition that has already occurred.  The majority of this sedimentation is likely to 
occur in the lake’s headwaters, as has been experienced since the lake’s construction. In this 
area, sedimentation has already caused boating difficulties which would continue until a point 
where boating and fishing on the west end of the lake would be made impossible.  Since the 
lake’s primary purpose is to provide lakeshore property and recreational opportunities to its 
landowners, this option does not seem viable.  

5.1.2 Cost Estimate 

No direct financial cost; however, a loss of property values and loss of recreational opportunities 
would be expected.  

5.2 Alternative 2 – “Low Cost” Watershed Improvements 

No amount of investment will completely eliminate sediments from entering Little Swan Lake, 
however by applying some low cost, common sense practices, Little Swan Lake can reduce the 
amount of sediments and lengthen the amount of time between potential, future, dredging 
projects.  This sediment reduction would be in addition to increasing the water quality, creating 
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fish and wildlife habitat, screening noise, stabilizing shorelines, and increasing the lakes 
aesthetic value.  

5.2.1 Description 

This alternative includes lower-cost watershed improvements which may extend the time period 
required between dredging operations.  Due to their low cost, the cost-benefit ratio of applying 
these practices is expected to exceed 1.  These lower-cost improvements may include the 
following: 

1.) Rock (Riprap) Check Dams in the small ditches and swales leading to the lake 
a. Check dams help reduce ditch and channel velocities, prevent erosion, and trap 

sediments.  They do this by creating low velocity areas upstream of each dam 
causing heavier sediments to drop out of suspension.  Check dams are relatively 
inexpensive and easy to install and maintain.  Check dams should only be 
installed in areas where the channel slope does not exceed 10% and the 
contributing watersheds do not exceed 10 acres.  Height, width, spacing, and 
other design considerations will be dependent on specific site conditions.  

 
Figure 1.  Example Rock Check Dam (https://stormwater.pca.state.mn.us/index.php?title=Sediment_control_practices_-

_Check_dams_(ditch_checks,_ditch_dikes)) 

2.) Buffer strips and/or riprap protection surrounding the lake 
a. Wind and boat wake wave wash can disturb the lake shore and cause shoreline 

erosion and sloughing of the banks.  This erosion has the potential to contribute 
to the lake’s sediment deposition rate.  Two methods of combating shoreline 
erosion are riprap stabilization and naturally vegetated buffer strips.  Most 
properties surrounding the lake seem be using riprap relatively effectively.  
However, those properties not utilizing one of these techniques should be 
strongly encouraged to do so.  Both methods help stabilize the shoreline; 
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however, buffer strips have the added benefit or reducing runoff from adjacent 
land (and thus removing sediments), creating fish and wildlife habitat, screening 
boat noise, and creating aesthetic appeal.  Any width of buffer can be effective, 
but a minimum 25 feet is typically recommended. Buffer vegetation should 
consist of native species with deep root systems.   
 

 
Figure 2.  Example of potential vegetative buffer strips (http://www.epa.state.il.us/water/conservation/lake-notes/shoreline-

buffer-strips/shoreline-buffer-strips.pdf) 

3.) Increased enforcement of erosion mitigation requirements, particularly during all 
construction activities within the Little Swan Lake HOA 

a. In accordance with the Little Swan Lake Building and Construction Rules- 
Building Codes and Regulations, Sections 12, “Any new construction on 
waterfront properties or adjacent to any natural drainage that flows into Little 
Swan Lake must have a silt fence installed prior to construction.  This silt fence 
shall remain in place until landscaping and lawn growth is sufficient enough to 
stop any erosion of loose soil that would enter the lake and drainage way.”  This 
provision should be maintained and fully enforced.  It could also be expanded to 
allow the use of earthen barriers or straw bales.  Additionally, Little Swan Lake 
may wish to consider additional construction provisions, including: 

i. Preserving natural vegetation and maintaining a green belt of native 
plants between the site and the shore or drainage ditch running into the 
lake 

ii. Avoiding open construction sites and lengthy construction times 
iii. Limiting construction during periods of typically high rainfall 
iv. Prohibiting the use of topsoil or dredge operations in boat dock 

construction activities 
v. Requiring storm drain inlet protections 
vi. Mulching and/or application of blanket stabilization measures (prior to 

establishment of vegetation) 
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Construction activities can be a major source of sediment.  By applying and 
strongly enforcing lakeshore construction rules, preventable and unnecessary 
siltation of the lake can be significantly reduced. Properly managed construction 
sites can reduce sediments 75 to 99 percent over construction sites that apply no 
erosion control measures.  
 

 
Figure 3.  Example of properly applied mulch at a construction site 

(https://stormwater.pca.state.mn.us/index.php?title=File:Mulch_stabilized_slope_2.jpg) 

 
4.)  Support for and communication with NRCS and farmers within the watershed to 

promote wise agricultural and forestry practices 
a. The most effective way to manage lake sedimentation is to keep soil on the land 

and never allow it to erode in the first place.  This can only be done with proper 
land-use practices that prevent soil erosion and limit soil movement.  Although 
it’s the most effective, this may be the most difficult practice to adopt since Little 
Swan Lake does not have direct control over land management outside of its 
Home Owners Association.   
 
In communications with the NRCS (Appendix C.3), it is clear that some upland 
landowners are utilizing best conservation practices.  However, the majority are 
not actively involved in NRCS or Soil Conservation Service Programs.  Little 
Swan Lake should continue to maintain working relationships with their local 
NRCS employees and upland landowners in order to strongly encourage the use 
of these best management practices.  These practices may include, but are not 
limited to: 

i.) Strip cropping and contour plowing 
ii.) Land grading and terracing 
iii.) Efficient crop harvesting and the removal of crop residues 
iv.) Installation of soil stabilization structures and sediment traps 
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v.) Prevention of overgrazing 
vi.) Maintaining buffer strips along waterways 

Areas indicated in Red on the Soil Loss “Heat Map” may be areas where 
conservation practices would provide the most benefit.  

 

5.2.2 Cost Estimate 

Riprap Check Dam……………………………………………………………….$1,400 (Ea) 

 Estimated 24 Total Dams……………………………………………… $33,600 

Total………………………………………………………………………………. $33,600 

Vegetative buffers, increased construction constraints, and support for watershed conservation 
practices are not anticipated to have direct cost to the Little Swan Lake Association unless a 
cost share program for one or more of these ventures is pursued.  However, these modifications 
may marginally increase the cost of construction activities and shoreline protection projects.  
This cost burden would fall on the individual land owner and would likely take landowner buy in 
and action from the Little Swan Lake Board.  These options would also require active board 
member engagement in order to monitor and enforce shoreline and construction activities and 
communicate with upland landowners.  

5.3 Alternative 4 – Wetland and/or Sedimentation Basin 
Development 

5.3.1 Description 

Little Swan Lake may have the unique opportunity to potentially partner with a nearby local 
municipality to construct wetlands along the upper tributaries of the lake.  The municipality has a 
permit which requires them to create or restore wetlands to compensate for 1.5 acres of wetland 
impacts.  The amount of acres to be created or restored will be based upon the location of the 
chosen mitigation site.  If a wetland were to be created under this partnership at Little Swan 
Lake, the US Army Corps of Engineers (USACE) would require creation of 3.38 acres of 
forested wetland.  Wetlands provide a number of beneficial services to both people and wildlife.  
Wetlands protect and improve water quality, store floodwaters, provide wildlife habitat, and offer 
recreational opportunities.  Wetlands improve water quality by retaining or transforming excess 
nutrients (i.e. from ag run-off) and by trapping heavy metals, slowing water movement, and 
allowing sediment to settle out of the water column.  The trapping of sediment should be of 
special interest to Little Swan Lake.  A partnership between the municipality and Little Swan 
Lake would provide a unique cost-sharing opportunity to meet the current and future needs of 
both entities. 
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Figure 4.  Potential Wetland Concept 

5.3.2 Cost Estimate 

Wetland…………………………………………………………………………… $100,000-150,000 

Land Acquisition………………………………………………………… $17,000 

Engineering & Design………………………………………………….. $15,000-22,500 

Permitting………………………………………………………………... $5,000 

Construction……………………………………………………………...$48,000-90,500 

Legal Fees………………………………………………………………. $5,000 

Annual Monitoring and Reporting…………………………………….. $10,000 

Total………………………………………………………………………………. $200,000-300,000* 

* This total would potentially be shared with the municipality in need of wetland mitigation.  The terms of the cost share 
would be directly negotiated between Little Swan Lake and the municipality.  

* Actual cost will vary based on detailed Engineering and Design.  

The wetland cost shown above are the total costs of wetland construction. If this scenario is 
pursued a portion of this cost would be funded by the municipality.  The exact cost share would 
be dependent on negotiations between Little Swan Lake and the municipality.  Additional 
funding and grant opportunities for the creation and maintenance of wetlands are available 
through several State and Federal Agencies.  These grants may make it possible to further 
reduce the cost associated with wetland development and maintenance and/or allow Little Swan 
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Lake to expand the wetland beyond 3.38 acres.  A list of these funding sources can be seen in 
Appendix D.  

Similar to wetlands, sedimentation basins are a very effective way to reduce and control the 
amount of sediments entering the lake.  They act as impoundments which store water and allow 
sediments to fall out of suspension prior to entering the main body of the lake.  Figures 5 and 6 
below show the application of a sediment basin on a similar lake in Northwestern Illinois.  

 
Figure 5.  Sediment Basin Located on a Large Lake in Rural NW Illinois – Aerial View 

 
Figure 6. Sediment Basin Located on a Large Lake in Rural NW Illinois - View from Dam 
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The cost share and grant opportunities are not available for sediment basins, as they are for 
Wetlands, due to their lack of environmental and ecological benefits.  In addition, land 
acquisition and extensive permitting would be required. However, they are the most effective 
and direct way to reduce the amount of sediment entering the lake.  Sediment basins provide 
the added benefit of redirecting future dredging operations from the main body of the lake to the 
sediment basins.  While the basins may require more frequent cleanout (every 15 to 20 years), 
they would be cheaper and easier to dredge and would continuously keep the main body of the 
lake open to boating and recreational opportunities.   Potential locations for sediment basins can 
be seen in Figure 7 below.  Little Swan Lake has the option to pursue Basin 1A, Basin 1B, Basin 
1A and 1B, or Basin 2.  Ease of land acquisition and the Little Swan Lake budget will likely 
dictate the feasibility of this alternative.  

 
Figure 7.  Possible Locations for the Installation of Sediment Basins. 

5.3.3 Cost Estimate 

Single 30 Ac-ft Sediment Basin 

Mobilization/Demobilization…………………………………………………….. $50,000 

Excavation………………………………………………………………………...$75,000 

Earthen Fill and Compaction…………………………………………………… $25,000 

Spillway Pipes……………..…………………………………………………….. $135,000 

Cast-in-Place Concrete for Drop Box and Headwalls……………………….. $10,000 
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Riprap…………………………………………………………………………….. $10,000 

Land Acquisition…………………………………………………………………. $15,000 

Permitting……………………………………………………………………….... $10,000 

Engineering/Design……………………………………………………………... $35,000 

Contingency (10%)……………………………………………………………… $30,000 

Total……………………………………………………………………………………….. $395,000* 

* Actual cost will vary based on detailed Engineering and Design.  

5.4 Alternative 4 – Dredge  
5.4.1 Description  

In order to maintain a boating depth throughout the lake, dredging is required for the upper third 
of the lake where bathymetric measurements were made.  This can be done in conjunction with 
the preventative measures discussed in Alternatives 2 and 3 in order to maximize the dollars 
spent on dredging, or can be done independently.  Sedimentation calculations, shown in 
Section 4.1.6, estimated 110,000 cubic yards of sediment needs to be removed in order for the 
lake to be returned to its original design.  This option would restore boating and recreational 
activities for those homeowners living along the upper third of the lake.  However, it would do 
nothing to reduce the amount of sediment entering the lake, which would be expected to 
continue at a rate of 0.5 to 0.8 tons/ac/yr.   This would be considered a temporary fix and would 
require Little Swan Lake to commit to dredging the lake an average of every 25 to 35 years.  A 
lesser amount could be dredged under this alternative, however dredging would be required 
again more quickly.   

5.4.2 Cost Estimate 

Mobilization/Demobilization…………………………………………………….. $50,000 

Hydraulic Dredging ($5/CY)……………………………………………………. $550,000 

Construction of Dredge Spoil Site (10-20 acres)…………………………….. $200,000 

Permitting and Monitoring…………………………………………………........ $20,000 

Engineering (15%)……………………………………………………………..... $123,000 

Contingency (10%) ………………………………………………………………$82,000 

Total………………………………………………………………………………. $1,025,000 
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5.5 Summary and Final Recommendations 

Sediment deposition problems are a common occurrence in man-made reservoirs.  The manner 
in which they are constructed disrupt natural drainage and act as large, efficient settling basins 
for sediments.  They are more susceptible to sedimentation than natural lakes due to their 
inability to “flush” during large flood events.  Excessive sediments are a serious threat to lakes 
for multiple reasons, including: 

1.)       Loss of lake storage 
2.)       Reduced water clarity and decrease light penetration 
3.)       Increase in water temperatures 
4.)       Lower dissolved oxygen levels 
5.)       Smothering of fish eggs and bottom dwelling life forms 
6.)       Excessive algae blooms 
7.)       Promotion of fish kills 
8.)       Inhibiting of recreational boating, swimming, and fishing 
9.)       Impairing natural beauty 
10.) Decreased property values 

It is recommended that Little Swan Lake pursue preventative measures designed to lengthen 
the time between dredge projects.  As can be seen in the dredging cost estimate, dredging 
projects are expensive.  By investing in preventative measures such as check dams, 
construction management techniques, buffer strips, wetlands and sediment basins, Little Swan 
Lake can capture a portion of the total sediment prior to their entering the lake and extend the 
required time between dredge projects.  Increasing this timeline, even a few years has the 
potential to save Little Swan Lake hundreds of thousands of dollars in dredging costs.  
Alternatives 2 and 3 have varying degrees of costs and benefits.  The ultimate decision on 
which preventative to pursue will be dependent on the ability to acquire the necessary land for 
projects and the budget allotted toward their construction/implementation.   

In order to maintain the lake to a level expected by its landowners, we recommend Little Swan 
Lake also pursue dredging the lake to remove the sediments that have already accumulated.  If 
the full 110,000 cubic yards of dredging required to return the lake to its original design 
conditions is not financially feasible, a lesser dredging project may be pursued.  However, it is 
recommended that a minimum channel depth of 8 feet be achieved in order to maintain full 
boating and recreational access for Little Swan Lake landowners.  If a lesser dredge project is 
pursued it should be noted that a future dredge project will be required sooner than if the full 
amount of sediments were removed.  In the long run, this more frequent dredging would be a 
more expensive option.  Dredging does not need to occur immediately, and Little Swan Lake 
may wish to install preventative measures prior to initiating a dredge project.  If Alternatives 2 
through 4 are pursued by Little Swan Lake, it is recommended that a competent licensed 
professional engineer be retained for design, permitting, bidding, and construction services. 
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User
Community
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Potential Funding Streams: 

1. City of Nauvoo Partnership:  The City of Nauvoo is required by the Corps of Engineers to create
forested wetlands for previously impacting wetlands.  It appears there could be a unique cost-
sharing/partnership opportunity for Little Swan Lake and Nauvoo to team up and develop
wetlands which would help Nauvoo meet their mitigation requirements, while also reducing silt
and improving the water quality of Little Swan Lake.  We have had preliminary discussion with
the Corps of Engineers and they are open to the idea.  They would have to approve a mitigation
plan before the project could begin, but the City of Nauvoo would be very interesting in
beginning a dialog.

2. Wetland Mitigation Banking:  This would involve creating a wetland at your site and having it
certified as a Mitigation Bank;  wetland “credits” can then be sold (we have seen upwards of
$50,000/acre) to entities needing wetland mitigation credits.  This option would require up front
and close coordination with USACE/EPA & other regulatory agencies throughout process and it
may take years before credits are ready to sell.  Therefore, there would not be funds available
up front for construction, but rather income down the road to potentially pay off any
loans/bonds, etc. that may be required.

3. Ducks Unlimited (North American Wetlands Conservation Act (NAWCA) Grant), Standard or
Small Grant:

a. Standard Grant:  Requires a 1:1 cost sharing. The application is a lengthy, formal federal
application process.  (Grant is considered a small grant if under $100,000.).  Requires
wetland establishment and adequate uplands buffer.  We are currently awaiting
additional information from DU.

4. Illinois Clean Energy Community Foundation Grant:   (Community Stewardship Challenge Grant)
No money is available for construction, etc.; however, after construction (of a wetland, for
example), IF the homeowner’s group is a non-for profit, AND the site would be open to the
public, money would be available for maintenance/up-keep of that natural area (i.e. tree
replacement plantings, maintenance of water control structures, etc).  It is a cash-donation
match grant; they provide $3 for every $1 raised by the NFP over an 18-month grant period, not
to exceed $21,000 from the foundation.  Further research would be required to see if this is a
viable option if there was a partnership with Nauvoo in place.

5. NRCS Conservation Programs :

a. Conservation Stewardship Program (CSP):  There may be a potential for owners of
upland farmland (upgradient to the lake) to install conservation activities which could
help land erosion/sediment.  This would be an annual payment to farmers who
implemented eligible practice during a 5 year contract (funds don’t go to Little Swan
Lake).
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6. IDNR Grants:  (These programs are currently on hold due to lack of funding but will likely be
restarting in the near future).  These could potentially assist in purchasing land upstream of the
lake as needed to develop a wetland or basin for sediment control.

a. Open Space Lands Acquisition and Development Grant/Land & Water Conservation
Programs – These programs provide a cost reimbursement up to 50% (90% for
distressed communities) of project cost.  Max is $750k for acquisition, $400k for
development/renovation projects.  Examples: acquisition of land for new park sites or
park expansion, interpretive trail signage, wetland observation decks, water quality
basins with native plantings, interpretive prairie gardens, etc.

b. Park and Recreational Facilities Construction (PARC) Grant Program: Funds can be used
for site work, acquisition for open space/conservation purposes to protect floodplains,
wetlands, natural areas, etc. Program is a cost reimbursement up to 75% of project
costs (except local governments, up to 90%).
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“Sediment Control Practices - Check Dams (Ditch Checks, Ditch Dikes).” Tanners Lake - Alum 
Injection for Phosphorus Removal - Minnesota Stormwater Manual, 
stormwater.pca.state.mn.us/index.php?title=Sediment_control_practices_-
_Check_dams_(ditch_checks,_ditch_dikes). 

“General Principles for Erosion Prevention and Sediment Control at Construction Sites in 
Minnesota.” Tanners Lake - Alum Injection for Phosphorus Removal - Minnesota Stormwater 
Manual, 
stormwater.pca.state.mn.us/index.php?title=General_principles_for_erosion_prevention_and_s
ediment_control_at_construction_sites_in_Minnesota. 

Kelsey, Kurt. “Use of the Revised Universal Soil Loss Equation on an Event-By-Event Basis.” 
College of Natural Resources, University of Steven Point, doi: 2001 

Helfrich, Louis A. “Guide to Understanding and Managing Lakes: Part 1 (Physical 
Measurements).” Virginia Cooperative Extension, Publication 420-538, doi: 2009 

Cooper, Kurt. “Evaluation of the Relationship between the RUSLE R-Factor and Mean Annual 
Precipitation.” Colorado State University Library, doi: 12/01/2011 

Kim, Yongsik. “Soil Erosion Assessment Using GIS and Revised Universal Soil Loss Equation 
(RUSLE).” University of Texas-Austin Library, doi: 12/05/2014 

Wischmeier, W.H., and Smith D.D. “Predicting Rainfall Erosion Losses – A Guide to 
Conservation Planning.” U.S. Department of Agriculture, Agriculture Handbook No. 537. doi: 
1978 

U.S. Department of Agricultures. 2015. Summary Report: 2012 National Resources Inventory, 
Natural Resources Conservation Service, Washington, DS, and Center for Survey Statistics and 
Methodology, Iowa State, Ames, Iowa. http:/www.nrcs.usda.gov/technical/nri/12summary 

Additional Technical Information Provided from: 

Illinois Stream Stats:  https://streamstats.usgs.gov/ss/ 

USDA Web Soil Survey:  https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx 

USACE National Inventory of Dams:  http://nid.usace.army.mil/cm_apex/f?p=838:12 
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