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SUMMARY
Total Maximum Daily Loads (TMDLs) were developed and approved by the U.S. EPA
for several waterbodies in Southeastern Illinois, to address water quality impairments.
These include TMDLs for Skillet Fork (IL_CA-03), to address water quality impairment
due to fecal coliform bacteria; for Stephen A. Forbes Lake (IL_RCD) and Sam Dale Lake
(IL_RBF), to address impairments due to phosphorus; and for Wayne City Side Channel
Reservoir (IL_RCT) to address impairment due to manganese. These TMDLs
determined that significant reductions in existing pollutant loadings were needed to meet
water quality objectives. The next step in the TMDL process is to develop a voluntary
implementation plan that includes both accountability and the potential for adaptive
management. This document identifies a number of alternative actions to be considered
by local stakeholders for TMDL implementation, and presents recommendations for
implementation actions and additional monitoring.

INTRODUCTION
Section 303(d) of the 1972 Clean Water Act requires States to define waters that are not
meeting designated uses under technology-based controls and identify them on a list of
impaired waters, which is referred to as the 303(d) list. Section 303(d) of the Clean
Water Act and EPA's Water Quality Planning and Management Regulations (40 CFR
Part 130) requires states to develop Total Maximum Daily Loads (TMDLs) for these
impaired water bodies. The TMDL process establishes the allowable loading of pollutants
or other quantifiable parameters for a water body based on the relationship between
pollution sources and conditions in the water body. This allowable loading represents the
maximum quantity of the pollutant that the waterbody can receive without exceeding
water quality standards. The TMDL also takes into account a margin of safety, which
reflects scientific uncertainty, as well as the effects of seasonal variation. By following
the TMDL process, States can establish water quality-based controls to reduce pollution
from both point and nonpoint sources, and restore and maintain the quality of their water
resources (U.S. EPA, 1991).
Skillet Fork (IL_CA-03), Stephen A. Forbes Lake (IL_RCD), Sam Dale Lake (IL_RBF),
and Wayne City Side Channel Reservoir (IL_RCT) are listed on the 2006 Illinois Section
303(d) List of Impaired Waters (IEPA, 2006) as waterbodies that are not meeting their
designated uses. As such, they have been targeted as high priority waterbodies for TMDL
development. TMDLs for these waterbodies have been developed (LTI, 2006) and
approved by the U.S. EPA. The next step in the TMDL process is to develop a voluntary
implementation plan that includes both accountability and the potential for adaptive
management. Adaptive management recognizes that proceeding with some initial
improvement efforts is better than waiting to find a “perfect” solution. In an adaptive
management approach, the TMDL and the watershed to which it applies are revisited
over time to assess progress and make adjustments that continue to move toward
achieving the TMDL’s goals. Adaptive management may be conducted through the
implementation of a long-term monitoring plan designed to assess the effectiveness of
pollution controls as they are implemented, as well as progress towards attaining water
quality standards.
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This document presents the implementation plan for the Skillet Fork, Stephen A. Forbes
Lake, Sam Dale Lake, and Wayne City Side Channel Reservoir TMDLs. It is divided
into sections describing the watershed, summarizing the TMDLs, describing existing
controls within the watershed for the pollutants of interest, outlining the implementation
approach, presenting a variety of implementation alternatives, recommending particular
control alternatives, describing areas for targeting controls, presenting reasonable
assurances that the measures will be implemented, and outlining future monitoring and
adaptive management.

WATERSHED DESCRIPTION
The impaired waterbodies addressed in this report are all located within the Skillet Fork
watershed. This watershed is located in Southeastern Illinois, approximately 10 miles east
of the city of Mount Vernon and the intersection of Interstates 57 and 64. Skillet Fork is a
tributary to the Little Wabash River, with its confluence located three miles northeast of
Carmi, Illinois, near river mile 39. Portions of the Skillet Fork watershed lie in Clay,
Marion, Wayne, Jefferson, White and Hamilton counties. The watershed is approximately
672,425 acres (1,051 square miles) in size, and there are about 1,720 miles of streams in
the watershed. The main stem of the Skillet Fork River is approximately 97 miles long
(54 miles are listed as being impaired). The waterbodies of concern are Skillet Fork
(IL_CA-03), Stephen A. Forbes Lake (IL_RCD), Sam Dale Lake (IL_RBF), and Wayne
City Side Channel Reservoir (IL_RCT). A detailed characterization of the impaired
waterways and their watersheds is presented in the First Quarterly Status Report (LTI,
2004)..
Figure 1 shows a map of the watershed, and includes some key features such as
waterways, impaired waterbodies, public water intakes and other key features. The map
also shows the locations of point source discharges that have a permit to discharge under
the National Pollutant Discharge Elimination System (NPDES).
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Figure 1. Skillet Fork Watershed
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TMDL SUMMARY
The impairments in waters of the Skillet Fork Watershed addressed in this report are
summarized in Table 1, with the parameters (causes) that they are listed for, and the
impairment status of each designated use, as identified in the 303(d) list (IEPA, 2006).
TMDL Implementation Plans for Sam Dale Lake, Stephen A. Forbes Lake, Wayne City
Side Channel Reservoir, and Skillet Fork fecal coliform are included in this report. Other
TMDLs and implementation plans for Skillet Fork, Horse Creek, Brush Creek, and Dums
Creek will be conducted separately. While TMDLs are currently only being developed
for pollutants that have numerical water quality standards (indicated in Table 1 with bold
font), many controls that are implemented to address TMDLs for these pollutants will
reduce other pollutants as well. For example, any controls to reduce phosphorus loads
from watershed sources (stream bank erosion, runoff, etc.) would also serve to reduce
sediment loads to a lake, as phosphorus Best Management Practices (BMPs) are often the
same or similar to sediment BMPs. Furthermore, any reduction of phosphorus loads,
either through implementation of watershed controls or dredging of in-lake sediments, is
expected to work towards reducing algae concentrations, as phosphorus is the nutrient
most responsible for limiting algal growth.
Table 1. Summary of Impairments
Skillet Fork
Assessment Unit ID

IL_CA-03

Size (miles)

7.2

Listed For

Fecal Coliform, manganese, pH, dissolved oxygen, total suspended
solids, habitat assessment (streams), sedimentation/siltation, total
phosphorus, PCBs

Use Support1

Aquatic life (N), fish consumption (N), primary contact (N), secondary
contact (X), aesthetic quality (X)

1

F=full support, P=partial support, N=nonsupport, X=not assessed

Sam Dale Lake
Assessment Unit ID

IL_RBF

Size (Acres)

194

Listed For

Phosphorus, total suspended solids, aquatic algae

Use Support1

Aquatic life (F), fish consumption (X), primary contact (X), secondary
contact (X), aesthetic quality (N)

1

F=full support, P=partial support, N=nonsupport, X=not assessed
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Stephen A. Forbes Lake
Assessment Unit ID

IL_RCD

Size (Acres)

525

Listed For

Phosphorus, total suspended solids, aquatic algae

Use Support1

Aquatic life (F), fish consumption (F), primary contact (X), secondary
contact (X), aesthetic quality (N)

1

F=full support, P=partial support, N=nonsupport, X=not assessed

Wayne City Side Channel Reservoir
Assessment Unit ID

IL_RCT

Size (Acres)

8

Listed For

Manganese, total suspended solids, aquatic algae

Use Support1

Aquatic life (F), fish consumption (X), public and food processing water
supplies (N), primary contact (X), secondary contact (X), aesthetic quality
(N)

1

F=full support, P=partial support, N=nonsupport, X=not assessed

Potential sources contributing to the listing of these waterbodies on the 303(d) list are
summarized in Table 2.
Table 2. Waterbody Impairment Causes and Sources
Waterbody
Cause of impairments
Skillet Fork (IL_CA 03)
Fecal coliform
Sam Dale Lake (IL_RBF)
Phosphorus

Lake Stephen A. Forbes (IL_RCD)
Phosphorus

Wayne City SCR (IL_RCT)
Manganese

Limno-Tech, Inc.

Potential Sources
Municipal point sources, agricultural runoff, failing
septic systems, intensive animal feeding operations
Agricultural runoff, sediment phosphorus release
during seasonal hypolimnetic anoxia, failing septic
systems
Agricultural runoff, sediment phosphorus release
during seasonal hypolimnetic anoxia, failing septic
systems
Natural background sources, sediment manganese
release during seasonal hypolimnetic anoxia
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EXISTING CONTROLS
The local Natural Resource Conservation Service (NRCS), Farm Service Agency (FSA),
and Soil and Water Conservation District (SWCD) offices have information on existing
best management practices within the watershed, and can be contacted to understand
what efforts have been made or are planned to control nonpoint sources.
The Clean Lakes Study for Stephen A. Forbes Lake indicated that the Marion County
SWCD has been involved in the implementation of several management practices within
the Stephen A. Forbes lake watershed, including conservation tillage, vegetative filter
strips, grassed waterways, grade control structures, and land use changes (IDOC, ca.
1993). Shoreline stabilization has also been implemented at four lakeside locations
(IDOC, ca. 1993)
Prior to TMDL development, information on land uses and agricultural practices was
obtained as part of the Watershed Characterization (LTI. 2005). Information on
participation in the Conservation Reserve Program (CRP) was obtained through calls to
county agencies. It was estimated that there are:
•
•
•
•
•

20,000-30,000 acres in Jefferson County in the CRP (Jefferson County NRCS);
13,000 acres in White County (White County FSA);
33,000 acres in Hamilton County in the CRP (Hamilton County FSA), with most of
these located in the northwest part of the county;
50,000 acres in Wayne County in the CRP (Wayne Co. NRCS); and
many CRP acres in Marion County, especially in the Skillet Fork watershed due to
the poorer soils in the county (Marion County SWCD).

Note that these area estimates are for the entire county rather than the portion of the
county that was in the Skillet Fork watershed. Watershed-specific estimates were not
available.

IMPLEMENTATION APPROACH
The approach to be taken for TMDL development and implementation is based upon
discussions with Illinois EPA and its Scientific Advisory Committee. The approach
consists of the following steps, with the first three steps corresponding to TMDL
development and the latter two steps corresponding to implementation:
1. Use existing data to define overall existing pollutant loads, as opposed to
developing a watershed model that might define individual loading sources.
2. Apply relatively simple models (e.g. BATHTUB) to define the load-response
relationship and define the maximum allowable pollutant load that the lakes can
assimilate and still attain water quality standards.
3. Compare the maximum allowable load to the existing load to define the extent to
which existing loads must be reduced in order to meet water quality standards.
4. Develop a voluntary implementation plan that includes both accountability and
the potential for adaptive management.
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5. Carry out adaptive management through the implementation of a long-term
monitoring plan designed to assess the effectiveness of pollution controls as they
are implemented, as well as progress towards attaining water quality standards.
This approach is designed to accelerate the pace at which TMDLs are being developed
for sites dominated by nonpoint sources, which will allow implementation activities (and
water quality improvement) to begin sooner. The approach also places decisions on the
types of nonpoint source controls to be implemented at the local level, which will allow
those with the best local knowledge to prioritize sources and identify restoration
alternatives. The Association of Illinois Soil and Water Conservation Districts (SWCDs),
using Section 319 grant funding, have made available a Watershed Liaison to provide
educational, informational, and technical assistance to local agencies and communities.
The liaison can assist in establishing local watershed planning groups, as well as acting as
an overall facilitator for coordination between local, state, and Federal agencies.
The adaptive management approach to be followed recognizes that models used for
decision-making are approximations, and that there is never enough data to completely
remove uncertainty. The adaptive process allows decision-makers to proceed with initial
decisions based on modeling, and then to update these decisions as experience and
knowledge improve.
Steps One through Three described above have been completed, as described in the
TMDL report (LTI, 2006). This plan represents Step Four of the process. Step Five is
briefly described in the last section of this document, and will be conducted as
implementation proceeds.

IMPLEMENTATION ALTERNATIVES
Based on the objectives for the TMDL, information obtained at the public meetings, and
experience in other watersheds, a number of alternatives have been identified for the
implementation phase of these TMDLs. These alternatives are focused on those sources
suspected of contributing phosphorus loads to the lakes (agricultural sources, release
from existing lake bottom sediments, and failing private sewage disposal systems) and
fecal coliform loads to Skillet Fork (runoff from livestock operations, municipal point
sources, and failing private sewage disposal systems).
For manganese, the primary source appears to be release from lake sediments during
periods when there is no dissolved oxygen in lake bottom waters. The lack of dissolved
oxygen in lake bottom waters is presumed to be due primarily to sediment oxygen
demand resulting from the effects of nutrient enrichment, as there are no significant point
source discharges to the lake, nor were other significant sources of oxygen demanding
materials identified in the watershed characterization prepared during the TMDL process
(LTI, 2004). For this reason, release from in-place sediments is considered a controllable
source, and the best management practices (BMPs) described to reduce phosphorus loads
are expected to reduce manganese loadings from the sediments. BMPs designed to
reduce erosion are expected to provide secondary benefits in reducing manganese, given
that manganese concentrations in local soils are often elevated (LTI, 2005).
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The implementation alternatives identified for this watershed include:
•
•
•
•
•
•
•
•
•
•
•
•

Nutrient Management Plans
Conservation Tillage
Conservation Buffers
Sediment Control Structures
Streambank and Shoreline Enhancement and Protection
Grassed Waterways
Private Sewage Disposal System Inspection and Maintenance Program
Aeration
Dredging
Phosphorus Inactivation
Point Source Controls
Restrict Livestock Access to Waterbodies

Each of these alternatives is described briefly in this section, including information about
their costs and effectiveness in reducing loadings of the constituents of concern. Costs
have been updated from their original sources, based on literature citations, to 2006 costs
using the Engineering News Record Construction Cost Index, as provided by the Natural
Resource Conservation Service (NRCS)
(http://www.economics.nrcs.usda.gov/cost/priceindexes/index.html). Some of the
measures described below are most applicable to a single pollutant, while others will
have broader applicability. Table 3 summarizes the implementation alternatives and the
pollutants which each is expected to reduce.
It should be noted that there is usually a wide range in the effectiveness of the various
practices; this is largely due to variations in climate, soils, crops, topography, design,
construction, and maintenance of the practices (NRCS, 2006). Establishing the
effectiveness of alternatives for phosphorus reduction is complicated by the different
forms in which phosphorus can be transported. Some practices are effective at reducing
particulate phosphorus, but may exacerbate the transport of dissolved phosphorus, the
more bioavailable form (NRCS, 2006).

Limno-Tech, Inc.

Page 8

DRAFT Skillet Fork Watershed TMDL Implementation Plan

December 2006

Table 3. Applicability of Implementation Alternatives
Alternative

Fecal
Coliform

Phosphorus

Manganese

Nutrient Management Plans
Conservation Tillage
Conservation Buffers
Sediment Control Structures
Streambank and Shoreline
Enhancement and Protection
Grassed Waterways
Aeration
Dredging
Phosphorus Inactivation
Private Sewage Disposal System
Inspection and Maintenance Program
Point Source Controls
Restrict Livestock Access to
Waterbodies
Nutrient Management
Nutrient management plans are designed to minimize nutrient losses from agricultural
lands, and therefore minimize the amount of phosphorus transported to the lakes.
Because agriculture is the most common land use in the watershed, controls focused on
reducing phosphorus loads from these areas are expected to help reduce phosphorus loads
delivered to the lake. The focus of a nutrient management plan is to increase the
efficiency with which applied nutrients are used by crops, thereby reducing the amount
available to be transported to both surface and ground waters (EPA, 2003). The majority
of phosphorus lost from agricultural land is transported via surface runoff, mostly in
particulate form attached to eroded soil particles, while nitrogen generally leaches
through the soil. A nutrient management plan identifies the amount, source, time of
application, and placement of each nutrient needed to produce each crop grown on each
field each year, to optimize efficient use of all sources of nutrients (including soil
reserves, commercial fertilizer, legume crops, and organic sources) and minimize the
potential for losses that lead to degradation of soil and water quality (UIUC, 2005).
Steps in developing a nutrient management plan include (UIUC, 2005):
•
•
•
•
•
•

Assess the natural nutrient sources (soil reserves and legume contributions).
Identify fields or areas within fields that require special nutrient management
precautions.
Assess nutrient needs for each field by crop.
Determine quantity of nutrients that will be available from organic sources,
such as manure or industrial or municipal wastes.
Allocate nutrients available from organic sources.
Calculate the amount of commercial fertilizer needed for each field.
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Determine the ideal time and method of application.
Select nutrient sources that will be most effective and convenient for the
operation.

A Pennsylvania State University study on the relative effectiveness of nutrient
management in controlling phosphorus indicated that total phosphorus loads can be
reduced by 35% with nutrient management (EPA, 2003). Nutrient management is
generally effective, but for phosphorus, most fertilizer is applied to the surface of the soil
and is subject to transport (NRCS, 2006). In an extensively cropped watershed, the loss
of even a small fraction of the fertilizer-applied phosphorus can have a significant impact
on water quality. In addition to reducing nutrient loads, appropriate application of
manure can reduce fecal coliform loads. This may be important in the Skillet Fork
watershed, since livestock are present throughout the watershed and it is common
practice to spread manure on the fields (LTI, 2004).
Costs of developing nutrient management plans have been estimated at $6 to $20/acre
(EPA, 2003). These costs are often offset by the savings associated with using less
fertilizer. For example, a study in Iowa showed that improved nutrient management on
cornfields led to a savings of about $3.60/acre (EPA, 2003).
Conservation Tillage
The objective of conservation tillage is to provide profitable crop production while
minimizing soil erosion (UIUC, 2005). This reduction in erosion also reduces the
amount of nutrients, particularly phosphorus, lost from the land and delivered to the lake.
The Natural Resources Conservation Service (NRCS) has replaced the term conservation
tillage with the term crop residue management, or the year-round management of residue
to maintain the level of cover needed for adequate control of erosion. This often requires
more than 30% residue cover after planting (UIUC, 2005). Conservation tillage/crop
residue management systems are recognized as cost-effective means of significantly
reducing soil erosion and maintaining productivity. The most recent Illinois Soil
Transect Survey (IDOA, 2004) suggests that approximately 77% of land under soybean
production and 71% of the land in small grain production in the Skillet Fork watershed is
farmed using reduced till, mulch till, or no-till, while approximately 52% of corn fields
are farmed with conventional methods. Additional conservation tillage measures could
be considered as part of this implementation plan, particularly for cornfields.
Conservation tillage practices have been reported to reduce total phosphorus loads by
45% (EPA, 2003). In general, conservation tillage and no-till practices are moderate to
highly effective at reducing particulate phosphorus, but exhibit low or even negative
effectiveness in reducing dissolved phosphorus (NRCS, 2006). A wide range of costs has
been reported for conservation tillage practices, ranging from $12/acre to $83/acre in
capital costs (EPA, 2003). For no-till, costs per acre provided in the Illinois Agronomy
Handbook for machinery and labor range from $36 to $66 per acre, depending on the
farm size and planting methods used (UIUC, 2005). In general, the total cost per acre for
machinery and labor decreases as the amount of tillage decreases and farm size increases
(UIUC, 2005).
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Conservation Buffers
Conservation buffers are areas or strips of land maintained in permanent vegetation to
help control pollutants (NRCS, 1999), generally by slowing the rate of runoff, while
filtering sediment and nutrients. Additional benefits may include the creation of wildlife
habitat, improved aesthetics, and potential economic benefits from marketing specialty
forest crops (Trees Forever, 2005). This category of controls includes buffer strips, field
borders, filter strips, vegetative barriers, riparian buffers, etc. (NRCS, 1999).
Filter strips and similar vegetative control methods can be very effective in reducing
nutrient transport. The relative gross effectiveness of filter strips in reducing total
phosphorus has been reported as 75% (EPA, 2003). Reduction of particulate phosphorus
is moderate to high, while effectiveness for dissolved phosphorus is low to negative
(NRCS, 2006). Vegetated filter strips and riparian buffers can also be used to reduce
bacteria; riparian buffer zones have bacteria removal efficiencies of 43-57%
(Commonwealth of Virginia, 2003).
Costs of conservation buffers vary from about $200/acre for filter strips of introduced
grasses or direct seeding of riparian buffers, to approximately $360/acre for filter strips of
native grasses or planting bare root riparian buffers, to more than $1,030/acre for riparian
buffers using bare root stock shrubs (NRCS, 2005).
The Conservation Practices Cost-Share Program (CPP), part of the Illinois Conservation
2000 Program, provides cost sharing for conservation practices including field borders
and filter strips (http://www.agr.state.il.us/Environment/conserv/index.html). The
Department of Agriculture distributes funding for the cost-share program to Illinois' soil
and water conservation districts (SWCDs), which prioritize and select projects. The
Illinois Buffer Partnership offers cost sharing for installation of streamside buffer
plantings at selected sites. An additional program that may be of interest is the Visual
Investments to Enhance Watersheds (VIEW), which involves a landscape design
consultant in the assessment and design of targeted BMPs within a watershed. Sponsored
by Trees Forever (www.treesforever.org), VIEW guides a committee of local
stakeholders through a watershed landscape planning process (Trees Forever, 2005).
Additional funding for conservation buffers may be available through other sources such
as the Conservation Reserve Program.
Sediment Control Basins
Sediment control basins trap sediments (and nutrients bound to that sediment) before they
reach surface waters (EPA, 2003). Basins could be installed throughout the watershed, in
areas selected to minimize disruption to existing croplands. In addition to controlling
sediment, these basins would reduce phosphorus loads to the lakes. Costs for these
basins can vary widely depending on location and size; estimates prepared for another
Illinois watershed range from $1,200 to more than $200,000 per basin (Zahniser Institute,
undated). This same study estimated a trapping efficiency for sediment of 75%. The
Clean Lake Study for Stephen A. Forbes Lake (IDOC, ca. 1993) discussed installation of
an in-lake sedimentation basin in the upper end of the main tributary, Lost Fork, but this
alternative was discarded due to concerns about upstream flooding problems and road
access issues, as well as the cost.
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Implementation of storm water wetlands at various locations in the watershed may be
feasible where hydric soils exist, but where wetland, forest or development does not
currently exist. This is discussed in more detail in the section “Identifying Priority Areas
for Control.” These wetlands would trap sediments and nutrients; a study prepared for
another Illinois watershed provides an estimated phosphorus removal rate of 45%
(Zahniser Institute, undated). Wetlands generally have low to moderate effectiveness at
reducing particulate phosphorus, and low to negative effectiveness at reducing dissolved
phosphorus (NRCS, 2006).
Streambank and Shoreline Enhancement and Protection
Erosion of the banks and beds of tributary streams is a potentially significant source of
sediment to the waterbodies in the Skillet Fork Watershed. This sediment load not only
leads to sedimentation in the lakes, but also contributes to phosphorus loading. It can
also increase fecal coliform loadings. Streambank stabilization (including grade
stabilization to reduce erosive velocities and shear stresses) is a key measure in reducing
loads.
A recent aerial assessment report of Skillet Fork noted extensive channelization, severely
incised channels, and geotechnical problems throughout Skillet Fork (IDOA, 2005). This
study recommends additional study in the downstream areas (approximately 5 miles in
length), and grade control structures and bank stabilization practices, including rock riffle
grade controls and stone toe protection, in the remainder of the stream. Using costs
presented in the report, the estimated cost to stabilize the segments described is
approximately $14 million
Because of the potential cost of stabilizing streambanks throughout the watershed,
additional study is recommended to prioritize sites for streambank stabilization. Such
study should include direct observations of bank conditions, as well as an assessment of
stream hydraulics and geomorphology to support identification and design of effective
stabilization measures.
For the lakes, shoreline enhancement efforts, such as planting deep-rooted vegetation or
installing rip-rap in unprotected shoreline areas, can provide protection against erosion
and the associated increased pollutant loads. Streambank protection and stabilization can
reduce both nutrient and bacteria loads by 40% (Commonwealth of Virginia, 2003).
Estimates for rip-rapping are approximately $67-$73/ton (NRCS, 2005), while estimates
for plantings at another Illinois lake suggest a cost of approximately $5/linear foot (CMT,
2004). Costs for shoreline stabilization in Stephen A. Forbes Lake have been estimated at
$642,700 (IDOC, ca. 1993).
Grassed Waterways
Grassed waterways are another alternative to consider for this watershed. A grassed
waterway is a natural or constructed channel that is planted with suitable vegetation to
reduce erosion (NRCS, 2000). Grassed waterways are used to convey runoff without
causing erosion or flooding, to reduce gully erosion, and to improve water quality. They
may be used in combination with filter strips, and are effective at reducing soil loss, with
typical reductions between 60 and 80 percent (Lin et al, 1999). Grassed waterways cost
approximately $1,800/acre, not including costs for tile or seeding (MCSWCD, 2006).
Limno-Tech, Inc.
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Aeration
As noted in the TMDL report (LTI, 2006), the existing sediments are a significant source
of both phosphorus (Sam Dale Lake and Stephen A. Forbes Lake) and manganese
(Wayne City SCR). When dissolved oxygen is absent in the hypolimnion (deep layer) of
the lakes, phosphorus and manganese are released from the sediments. Control of this
internal load requires either removal of phosphorus (and manganese) from the lake
bottom (such as through dredging), or preventing oxygen-deficient conditions from
occurring. Aeration of portions of the lakes might be considered as an alternative to
increase mixing and improve oxygen levels. Destratifiers have also been installed in
other Illinois lakes to prevent thermal stratification, and thus increase oxygen
concentrations in the deeper lake waters. Studies have indicated that such systems can
significantly improve water quality (Raman et. al, 1998). A destratification system
installed in Lake Evergreen in McLean County, a lake larger (754 acres) than either Sam
Dale Lake (194 acres) or Stephen A. Forbes Lake (525 acres), was effective in improving
dissolved oxygen levels throughout the lake, up to the depth of its operation (Raman et al,
1998). The destratifier used on Lake Evergreen cost approximately $72,000 (Raman et
al, 1998). It should, however, be noted that artificial circulation/aeration for Stephen A.
Forbes Lake was discarded as an alternative in a prior study, because the size and shape
of the lake make artificial circulation difficult and expensive to successfully implement
(IDOC, ca. 1993).
With regard to manganese in the Wayne City SCR, aeration in either the reservoir or its
tributaries may reduce manganese concentrations. In the tributaries, instream energy
dissipation via rock weirs or rock riffles could be used. An aerator could also be installed
in the reservoir. In either case, manganese in the water column would be oxidized and
precipitate from the water column. However, given that the manganese impairment is for
the public water supply use, it would likely be more cost efficient to consider treatment of
the public water supply, rather than the entire lake. It is important to note that the water
quality standard is designed to prevent offensive tastes and appearances in drinking
water, as well as staining laundry and fixtures. Manganese in water does not present a
human health hazard.
Dredging
As noted in the TMDL report (LTI, 2006), in-place sediments are a significant source of
phosphorus in Sam Dale and Stephen A. Forbes Lakes, and of manganese in the Wayne
City SCR. Control of these internal loads requires removal of phosphorus and
manganese from the lake bottoms, such as through dredging. Dredging of the existing
sediments is, however, an expensive alternative, and would be only a temporary solution;
if phosphorus (and manganese) loads are not reduced in the watershed, it is likely that the
flux of these elements from the sediments will continue to be a problem in the future.
Hydraulic dredging of 250,000 cubic yards of sediment from Stephen A. Forbes Lake has
been estimated at $1.4 million (IDOC, ca. 1993).
Phosphorus Inactivation
Phosphorus inactivation involves application of aluminum salts or calcium compounds to
the lake to reduce phosphorus in the water column and slow its release from sediments
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(McComas, 1993). This can be an effective means of mitigating excess phosphorus in
lakes and reservoirs (NALMS, 2004). Addition of aluminum sulfate (alum) is most
common, but compounds such as calcium carbonate and calcium hydroxide (lime) can
also be used (McComas, 1993). When alum is added to lake water, a series of chemical
hydrolysis steps leads to the formation of a solid precipitate that has a high capacity to
absorb phosphates. This flocculent material settles to the lake bottom, removing the
phosphorus from the water column and providing a barrier that retards release of
phosphorus from the sediments (NALMS, 2004). Aluminum concentrations in lake
water are usually at acceptable levels for drinking water shortly after alum application
(NALMS, 2004).
This alternative is best used in combination with a reduction in phosphorus inputs from
watershed sources. If the external phosphorus load is being addressed, and most of the
phosphorus comes from in-place sediments, a single dose treatment will likely be
sufficient (Sweetwater, 2006). If watershed sources are not controlled, repeated
treatments will be needed. Often, it is possible to do repeat dosing over several years,
giving a partial dose every three to five years (Sweetwater, 2006). Phosphorus
inactivation has been used in lakes of similar size to Sam Dale and Stephen A. Forbes,
with an average reduction in total phosphorus on the order of 30 to 60%, lasting for
approximately five to eight years (Cooke et al, 2005). Costs for phosphorus inactivation
are approximately $1,000 to $1,300 per acre (Sweetwater, 2006). This translates to a cost
of $194,000 to $252,200 for Sam Dale Lake, and $525,000 to $682,500 for Stephen A.
Forbes Lake. This alternative is recommended only in concert with watershed load
reductions.
Private Sewage Disposal System Inspection and Maintenance Program
All county health departments serving the Skillet Fork watershed were contacted during
the early stages of the TMDL project (LTI, 2005). Based on calls made to the county
health departments, it was determined that most of the urbanized areas are served by
public sewer, with areas outside municipal boundaries served primarily by private septic
systems. None of the county health officials contacted were able to estimate the percent
of septic systems that are failing, and many noted that they only inspect a system if a
complaint is made about it. Very few complaints (1-2 per year at most) have been
received by the health departments. Several county health departments (Marion,
Jefferson/Wayne, and Egyptian (White)) mentioned that there might be straight pipes in
the watershed; however, none had an estimate of how many were in existence.
IEPA is developing a permitting program for individual private sewage disposal systems.
The proposed general permit is intended to minimize discharges to the ground surface
and receiving waters, and includes requirements designed to protect surface waters
(IEPA, 2006).
A more proactive program to maintain functioning systems and address nonfunctioning
systems could be developed to minimize the potential for releases from private sewage
disposal systems. The U.S. EPA has developed guidance for managing private sewage
disposal systems (EPA, 2005). This guidance includes procedures for assessing existing
conditions, assessing public health and environmental risks, selecting a management
approach, and implementing a management program (including funding information).
Limno-Tech, Inc.
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This alternative would require the commitment of staff time for County Health
Department personnel; cost depends on whether the additional inspection activities could
be accomplished by existing staff or would require additional personnel.
Point Source Controls
There are fourteen sewage treatment operations (STPs) expected to discharge fecal
coliform in the watershed upstream of the Segment CA 03 sampling stations (LTI, 2006).
Only two of these STPs have a permit limit specified for fecal coliform but all are
potential sources. The twelve facilities without fecal coliform limitations currently have
disinfection exemptions, and are not required to remove fecal coliform from their
effluent.. IEPA will examine disinfection exemptions as part of TMDL implementation.
IEPA intends to remove disinfection exemptions for point sources discharging directly to
impaired waterbodies, and will require point sources discharging upstream of impaired
segments to demonstrate that their discharge has no reasonable potential to exceed water
quality standards in applicable stream reaches. IEPA will evaluate the need for additional
point source controls through the NPDES permitting program; permits might need to be
modified to ensure consistency with the WLA.
Restrict Livestock Access to Lake and Tributaries
Livestock are a source of bacteria, and are present within the Skillet Fork watershed (LTI,
2004). The 2002 Census of Agriculture (USDA, 2002) indicates there are several
thousand livestock head in the counties comprising the Skillet Fork watershed, including
in the vicinity of this segment of Skillet Fork and upstream in the watershed. Several hog
confined animal feeding operations (CAFOs) are located in White County (LTI, 2004).
Telephone calls to local agencies suggested that most cattle within the watershed might
be free range, with perhaps one-third or fewer fenced away from local waterbodies.
One recommended component of TMDL implementation would be to restrict livestock
access to the creek. This could be accomplished by fencing and installation of alternative
systems for livestock watering. Livestock exclusion and other grazing management
measures have been shown to reduce phosphorus loads on the order of 49%, and fecal
coliform counts by 29-46% (EPA, 2003). The principal direct costs of providing grazing
practices vary from relatively low variable costs of dispersed salt blocks to higher capital
and maintenance costs of supplementary water supply improvements. Improving the
distribution of grazing pressure by developing a planned grazing system or strategically
locating water troughs, salt, or feeding areas to draw cattle away from riparian zones can
result in improved utilization of existing forage, better water quality, and improved
riparian habitat. Fencing costs are estimated as $3,500 to $4,000 per mile (USEPA,
2003). Capital costs for pipeline watering range from $0.32 to $2.60 per foot, while
watering tanks and troughs range from $291 to $1,625 each (EPA, 2003).
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IDENTIFYING PRIORITY AREAS FOR CONTROLS
Priority areas for locating controls were identified through a review of available
information. Information reviewed included: tributary water quality data; an aerial
assessment report; and GIS-based information. Based on this review, it is recommended
that streambank stabilization be initiated in the Skillet Fork watershed to reduce bank
erosion, and that this work occur concurrently with watershed controls in priority areas.
Additional data collection is also recommended, to help focus control efforts.
Tributary Monitoring
Available water quality data obtained as part of the Stage 1 Watershed Characterization
work were reviewed and little tributary monitoring data was identified. Additional data
collection is therefore recommended to help understand where loads are being generated
in the watershed and focus control efforts. Specific data collection recommendations are
provided in the Monitoring and Adaptive Management section later in this
Implementation Plan.
Aerial Assessment Report
A recent aerial assessment report of Skillet Fork noted extensive channelization, severely
incised channels, and geotechnical problems throughout Skillet Fork (IDOA, 2005). This
study recommends additional study in the downstream areas (approximately 5 miles in
length), and grade control structures and bank stabilization practices, including rock riffle
grade controls and stone toe protection, in the remainder of the stream. Using costs
presented in the report, the estimated cost to stabilize the segments described is
approximately $14 million
Because of the potential cost of stabilizing streambanks throughout the watershed,
additional study is recommended to prioritize sites for streambank stabilization. Such
study should include direct observations of bank conditions, as well as an assessment of
stream hydraulics and geomorphology to support identification and design of effective
stabilization measures.
GIS Analysis
GIS soils, land use and topography data were analyzed to identify areas that are expected
to generate the highest sediment and associated pollutant loads. This analysis is most
applicable to the watershed of the three lakes; it is less applicable for the control of fecal
coliform to Skillet Fork.
Within the GIS, maps were generated to show areas with steep slopes (Figure 2), highly
erodible soils (Figure 3), and finally, priority areas for best management practices
(BMPs). Priority areas are defined as agricultural areas that have both steep slopes and
highly erodible soils (Figure 4). These maps serve as a good starting point for selecting
areas to target for implementing control projects, to maximize the benefit of the controls.
Other locations that should be investigated for control projects are those that have either
erodible soils or steep slopes, because both of these characteristics make soil more prone
to erosion.
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GIS analysis was also used to investigate the presence of hydric soils in each lake’s
watershed to determine whether wetland restoration or creation is a viable option within
this watershed. To support this analysis, areas having hydric soils, which are not already
developed, forested, or covered by water or wetlands were identified. A significant
proportion (37%) of the Stephen A. Forbes Lake watershed and the Sam Dale Lake
watershed (18%) was identified as being potentially suitable for wetland restoration or
creation. Although data on hydric soils were not available for all counties, using
available data it was determined that at least 15% of the soils in the Skillet Fork/Wayne
City Side Channel Reservoir watershed are potentially suitable for wetland restoration or
creation. These areas are shown in Figure 5.
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Figure 2. Areas with Steep Slopes
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Figure 3. Areas of Highly Erodible Land
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Figure 4. Potential Priority Areas for BMPs
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Figure 5. Potential Wetland Restoration Areas
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REASONABLE ASSURANCE
The U.S. EPA requires states to provide reasonable assurance that the load reductions
identified in the TMDL will be met. Reasonable assurance for point sources means that
NPDES permits will be consistent with any applicable wasteload allocation contained in
the TMDL. In terms of reasonable assurance for point sources, Illinois EPA administers
the NPDES permitting program for treatment plants, stormwater permitting and CAFO
permitting. The permits for the point source dischargers in the watershed will be
modified if necessary to ensure they are consistent with the applicable wasteload
allocations presented in the TMDL. Permit information for these facilities is summarized
in Table 4.
Table 4. Permitted Dischargers
NPDES ID

Facility Name

IL0024643

Beaver Creek School
STP

Year-round
since 1994

Bluford STP

Year-round
since 1989
Year-round
since 2002

IL0046957
IL0054496

IL0073903

Springerton STP
IL DNR-Stephen Forbes
State Park Shower Bldg
STP
IL DNR Stephen Forbes
State Park Concession
Bldg.

ILG580029

Xenia STP

ILG580080

Dahlgren STP

ILG580105

Enfield West STP

ILG580108

Enfield East STP

ILG580129

Belle Rive STP

ILG580146

Iuka STP

ILG580195

Mill Shoals STP
Wayne City South STP

IL0068977

ILG580220

IL0068829

Limno-Tech, Inc.

IL DOT-I64 Jefferson Co
West STD (Goshen Rd
West Rest Area)

Disinfection
exemption?

Average
design flow
(MGD)

Permit
expiration
date

0.0125

9-30-10

0.06

12-31-10

0.02

11-30-07

No

0.004

7-31-10

No

0.006

8-31-10

0.055

12-31-07

0.05

12-31-07

0.025

12-31-07

0.05

12-31-07

0.048

12-31-07

0.043

12-31-07

0.0382

12-31-07

0.19

12-31-07

0.006

2-28-09

Year-round
since 1990
Year-round
since 1991
Year-round
since 1990
Year-round
since 1990
Year-round
since 1989
Year-round
since 1993
Year-round
since 1989
Year-round
since 1994
Year-round
since 2001
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For nonpoint sources, reasonable assurance means that nonpoint source controls are
specific to the pollutant of concern, implemented according to an expeditious schedule
and supported by reliable delivery mechanisms and adequate funding (U.S. EPA, 1999).
One of the most important aspects of implementing nonpoint source controls is obtaining
adequate funding to implement voluntary or incentive-based programs. Funding is
available from a variety of sources, including the following:
•

•

•

•

•

Illinois Nutrient Management Planning Program, cosponsored by the
Illinois Department of Agriculture (IDOA) and IEPA
(http://www.agr.state.il.us/Environment/LandWater/tmdl.html). This
program targets funding to Soil and Water Conservation Districts
(SWCDs) for use in impaired waters. The nutrient management plan
practice cost share is only available to landowners/operators with land
in TMDL watersheds. The dollar amount allocated to each eligible
SWCD is based on their portion of the total number of cropland acres
in eligible watersheds.
Clean Water Act Section 319 grants to address nonpoint source
pollution (http://www.epa.state.il.us/water/financial-assistance/nonpoint.html). Section 319 of the Clean Water Act provides Federal
funding for states for the implementation of approved nonpoint source
(NPS) management programs. Funding under these grants has been
used in Illinois to finance projects that demonstrate cost-effective
solutions to NPS problems. Projects must address water quality issues
relating directly to NPS pollution. Funds can be used for the
implementation of watershed management plans, including the
development of information/education programs, and for the
installation of best management practices.
Conservation 2000 (http://www.epa.state.il.us/water/conservation-2000/),
which funds nine programs across three state natural resource agencies (IEPA,
IDOA, and the Department of Natural Resources). Conservation 2000 is a
six-year, $100 million initiative designed to take a broad-based, long-term
ecosystem approach to conserving, restoring, and managing Illinois' natural
lands, soils, and water resources while providing additional high-quality
opportunities for outdoor recreation. This program includes the Priority Lake
and Watershed Implementation Program and the Clean Lakes Program.
Conservation Practices Cost-Share Program. Another component of
Conservation 2000, the Conservation Practices Program (CPP) focuses on
conservation practices, such as terraces, filter strips and grass waterways, that
are aimed at reducing soil loss on Illinois cropland to tolerable levels. IDOA
distributes funding for the cost-share program to Illinois' SWCDs, which
prioritize and select projects. Construction costs are divided between the state
and landowners.
Conservation Reserve Program administered by the Farm Service Agency
(http://www.nrcs.usda.gov/programs/crp/). The Conservation Reserve
Program (CRP) provides technical and financial assistance to eligible farmers
and ranchers to address soil, water, and related natural resource concerns on
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their lands in an environmentally beneficial and cost-effective manner. CRP is
administered by the Farm Service Agency, with NRCS providing technical
land eligibility determinations, conservation planning and practice
implementation.
Wetlands Reserve Program (http://www.nrcs.usda.gov/programs/wrp/).
NRCS’s Wetlands Reserve Program (WRP) is a voluntary program offering
landowners the opportunity to protect, restore, and enhance wetlands on their
property. The NRCS provides technical and financial support to help
landowners with their wetland restoration efforts. This program offers
landowners an opportunity to establish long-term conservation and wildlife
practices and protection. Figure 5 shows potential wetland restoration areas.
These are areas with hydric soils that are not currently developed, covered by
water, or forested.
Environmental Quality Incentive Program sponsored by NRCS (general
information at http://www.nrcs.usda.gov/PROGRAMS/EQIP/; Illinois
information and materials at http://www.il.nrcs.usda.gov/programs/eqip/). The
Environmental Quality Incentives Program (EQIP) provides a voluntary
conservation program for farmers and ranchers that promotes agricultural
production and environmental quality as compatible national goals. EQIP
offers financial and technical assistance to eligible participants to install or
implement structural and management practices on eligible agricultural land.
EQIP may cost-share up to 75 percent of the costs of certain conservation
practices. Incentive payments may be provided for up to three years to
encourage producers to carry out management practices they may not
otherwise use without the incentive.
Wildlife Habitat Incentives Program (WHIP)
(http://www.il.nrcs.usda.gov/programs/whip/index.html). WHIP is a NRCS
program for developing and improving wildlife habitat, primarily on private
lands. It provides both technical assistance and cost-share payments to help
establish and improve fish and wildlife habitat.
Funding for Private Sewage Systems. EPA guidance (2005) indicates that
funding might be available through programs such as the USDA Rural
Utilities Service.
(http://www.epa.gov/owm/septic/pubs/onsite_handbook.pdf)

In terms of reasonable assurances for nonpoint sources, Illinois EPA is committed to:
•
•
•
•

Convene local experts familiar with nonpoint sources of pollution in
the watershed
Ensure that they define priority sources and identify restoration
alternatives
Develop a voluntary implementation plan that includes accountability
Use the results of future monitoring to conduct adaptive management.
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MONITORING AND ADAPTIVE MANAGEMENT
Future monitoring is needed to assess the effectiveness of the various restoration
alternatives and to conduct adaptive management. The Illinois EPA conducts a variety of
lake and stream monitoring programs (IEPA, 2002). Ongoing stream monitoring
programs include: a statewide 213-station Ambient Water Quality Monitoring Network
(AWQMN); an Intensive Basin Survey Program that covers all major watersheds on a
five-year rotation basis; and a Facility-Related Stream Survey Program that conducts
approximately 20-30 stream surveys each year. Skillet Fork is monitored at three
locations (near Carmi, Wayne City, and Iuka) as part of the AWQMN, and is on the
Intensive Basin Survey list for 2006 monitoring. The ongoing Illinois EPA Lake
Monitoring Program includes: an Ambient Lake Monitoring Program that samples
approximately 50 lakes annually; an Illinois Clean Lakes Program that typically monitors
three to five projects each year; and a Volunteer Lake Monitoring Program that
encompasses over 170 lakes each year. Sam Dale Lake is considered a “core” lake and is
monitored approximately every three years. Beyond this IEPA monitoring, local
agencies and watershed organizations are encouraged to conduct additional monitoring to
assess sources of pollutants and evaluate changes in water quality in the lake.
In particular, the following monitoring is recommended:
•

Monitoring for phosphorus in major tributaries upstream of Sam Dale Lake and
Stephen A. Forbes Lake, to better understand where loads are being generated in the
watershed, and monitor improvements in water quality as controls are implemented.
This monitoring should be conducted during both wet and dry weather.

•

Monitoring for manganese and phosphorus in Skillet Fork near the point where
water is diverted to Wayne City Side Channel Reservoir (Skillet Fork at Illinois
Route 15), to assess water quality entering the reservoir. Monitoring for manganese
within Wayne City Side Channel Reservoir can be used to assess water quality over
time and evaluate the effectiveness of watershed controls.

•

Fecal coliform monitoring in Skillet Fork and major tributaries. This monitoring
should be conducted primarily during wet weather because that is when elevated
fecal coliform concentrations have been observed. Sites should be selected to
include locations downstream of potential fecal coliform loads, such as livestock
operations or areas that have higher concentrations of septic systems. Suggested
locations for initial monitoring include three tributaries that drain directly to
segment CA 03:
o Sevenmile Creek at Co. Rd. 750E (N. of Co. Road 1800N)
o Limekiln Creek at Co. Rd. 2000N
o Wilson Creek near confluence with Skillet Fork

•

Monitoring is also recommended at two locations within the listed segment:
o Skillet Fork at Co. Rd. 800E – to assess Skillet Fork water quality from
upstream portions of the watershed
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o Skillet Fork at Co. Hwy 1/Co. Rd. 1125E/1150E – to assess spatial trends
in fecal concentrations in Skillet Fork.
The results of this monitoring will help guide future monitoring and
implementation efforts. For example, if elevated fecal coliform concentrations
are found in the tributaries, and not at the upstream end of segment CA 03, then
implementation efforts should be focused in the tributary watersheds. If elevated
fecal coliform concentrations are observed at the upstream end of the listed Skillet
Fork segment (Skillet Fork at Co. Rd. 800E), then additional monitoring and
implementation efforts should be focused on upstream areas of the watershed.
If elevated fecal coliform concentrations are observed during dry weather, then dry
weather monitoring at additional upstream Skillet Fork locations is recommended.
Sampling at bridge crossings progressively moving upstream from segment CA 03 will
provide insight on spatial trends in fecal concentrations and will help identify stream
reaches that are receiving significant fecal loads.
Dry weather fecal coliform monitoring is also recommended in Skillet Fork and
tributaries upstream and downstream of the STP outfalls listed in Table 4, especially
those located closer to segment CA 03. This monitoring will help assess the
contributions of these sources to the fecal coliform impairment.
These activities will provide additional information to identify or confirm potential
sources of the pollutants of concern, and assist in targeting implementation efforts.
Continued monitoring efforts will provide the basis for assessment of the effectiveness of
the TMDLs, as well as future adaptive management decisions. As various alternatives
are implemented, the monitoring will determine their effectiveness and identify which
alternatives should be expanded, and which require adjustments to meet the TMDL goals.
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