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Dear Ms. Willhite: HIEF'S Of

The United States Environmental Protection Agency (U.S. EPA) has conducted a complete
review of the final Total Maximum Daily Loads (TMDLs) for phosphorus, manganese, and
sulfate, including supporting documentation, for the Big Muddy River watershed, located in
Jackson County, Illinois. Based on this review, U.S. EPA has determined that Illinois’s TMDLs
for these waterbodies meets the requirements of Section 303(d) of the Clean Water Act (CWA)
and U.S. EPA’s implementing regulations at 40 C.F.R. Part 130. Therefore, by this letter, U.S.
EPA hereby approves three TMDLSs for the Big Muddy River watershed as listed below:

Waterbody 'Pollutant
Kinkaid Lake (RNC) ‘phosphorus
Big Muddy River (N12) ‘manganese, sulfate

The statutory and regulatory requirements, and U.S. EPA’s review of Illinois’s compliance with
each requirement, are described in the enclosed decision document.

We wish to acknowledge Illinois’s effort in these submitted TMDLs, and look forward to future
quality TMDL submissions by the State of Illinois. If you have any questions, please contact Mr.
Kevin Pierard, Chief of the Wetlands and Watersheds Branch at 312-886-4448.

‘Sincerely yours,

Jo Traub
Director, Wate: sion

Enclosure
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Parameter changes for developing TMDLs

In May 2001, Illinois EPA entered into a contract with Camp Dresser & McKee to
develop Total Maximum Daily Loads (TMDL) for Big Muddy River (N12) and
Kinkaid Lake. In the 1998 Section 303(d) List, Big Muddy River (N12) was listed as
impaired for the following parameters: Manganese, cyanide, sulfates, nitrogen, pH,
siltation, low dissolved oxygen (DO), total dissolved solids (TDS), and total suspended
solids (TSS). Kinkaid Lake was initially listed as impaired for: Manganese, mercury,
phosphorus, nitrogen, siltation, low DO, TSS, excessive algal growth, and chlorophyll-
a.

Since then, new data assessed in 2002 showed that Big Muddy River (N12) is now
impaired for manganese, sulfates, pH, low DO, and TSS. The listing of cyanide as a
cause of impairment for Big Muddy River (N12) was done so in error and should not
have been listed as such. New data assessed in 2002 for Kinkaid Lake showed it is now
impaired only for pH, mercury, and siltation.

Illinois EPA has since determined that at this time TMDLs will only be developed for
those parameters with numeric water quality standards. These numeric water quality
standards will serve as the target endpoints for TMDL development and provide a
greater degree of clarity and certainty about the TMDL and implementation plans. As a
result, the TMDL for Big Muddy River (N12) will only focus on the parameters of
manganese, sulfates, pH, and low DO, for which numeric water quality standards exist.
Likewise, the TMDL for Kinkaid Lake will only focus on the parameter of pH. While
the impairment caused by mercury is acknowledged, a TMDL will not be developed
for it at this time, as mercury contamination is considered to be an interstate and
international issue caused primarily by air deposition.

Causes of impairment not based on numeric water quality standards will be assigned a
lower priority for TMDL development. Pending the development of numeric water
quality standards for these parameters, as may be proposed by the Agency and adopted
by the Illinois Pollution Control Board, Illinois EPA will continue to work toward
improving water quality throughout the state by promoting and administering existing
programs and working toward creating new methods for treating these potential causes
of impairment.
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Executive Summary
Big Muddy River Watershed

TMDL Fact Sheet
Watershed Name: Kinkaid Lake Big Muddy River
Impaired Segments: RNC N12
Location: Jackson County, lllinois Jackson County, lllinois
Size: 2,350 acres at normal storage 8.0 miles

Primary Watershed Land Uses:

Forest, grassland, and agriculture

Forest, grassland, and agriculture

Criteria of Concern:

pH and Mercury

Manganese, sulfates, pH, and DO

Designated Uses Affected:

General use

General use

Environmental Indicators:
General use and public
and food processing
water supply

pH monitoring

Manganese, sulfates, pH and DO
monitoring

Major Sources:

Nonpoint from agriculture

Potentially contaminated groundwater,
stagnant stream conditions, elevated
instream temperatures, and nonpoint
source loading from agriculture

Loading Capacity:

13,983 pounds/year total
phosphorus

Mn = 2,244 |bs/day
Sulfate = 1,163,422 Ibs/day
pH = No Allocation
DO = No allocation

Waste Load Allocation:

Zero; No point sources

No Allocation

Margin of Safety:

Implicit through conservative
modeling; additional explicit of
10 percent

Implicit through data selected for
development of TMDL; additional explicit
of 10 percent

This Total Maximum Daily Load (TMDL) assessment for impaired water bodies in the
Big Muddy River Watershed addresses the sources of water body impairments,
reductions in source loading necessary to comply with water quality standards, and the
implementation of procedures to mitigate the impairment.

A correlation between pH and total phosphorus was established for Kinkaid Lake, and
modeling demonstrates a reduction of 43 percent total phosphorus necessary so that pH
water quality standards can be achieved. Primary sources of phosphorus loading to
Kinkaid Lake include runoff from agricultural lands. Procedures outlined in the
implementation plan to decrease phosphorus loading to the lake include measures
applied to the watershed to control nutrients in surface runoff and eroded sediment.
Watershed controls include filter strips and wetlands to prevent phosphorus in surface
runoff from reaching the lake, conservation tillage to decrease nutrient-rich soil
erosion from agricultural fields, and development of nutrient management plans to
ensure that excess phosphorus is not applied to agricultural fields.

The TMDLs for manganese and sulfates in Big Muddy River segment N12 was based
on analyses performed in a Monte Carlo simulation. The simulation for manganese
showed a manganese reduction of 70 percent necessary to achieve water quality
standards. Results of the Monte Carlo simulation for sulfates showed a 62 percent
reduction for segment N12 necessary to achieve the water quality standard. The

®

FINAL REPORT

ES-1



Executive Summary
Big Muddy River Watershed
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potential source of manganese and sulfates in the Big Muddy River Watershed is
contaminated groundwater. The groundwater is potentially contaminated by abandoned
coal mines; however, further source identification is recommended. Confirmation that
abandoned mines are a source of manganese and sulfates in the watershed would
require reclamation of the mines. Passive treatment for mine reclamation is
recommended.

The TMDL analysis for DO in Big Muddy River segment N12 was made through
investigation of the relationship between DO, total organic carbon (TOC), 5-day
biochemical oxygen demand (BODS), and reaeration in the creek. The likely source of
DO impairments in the segment is primarily a lack of aeration caused by stagnant
stream conditions and elevated instream temperatures. BOD loadings in runoff from
nonpoint source loads may also contribute to DO impairments. However, examination
of BOD in the stream segment showed that the concentrations of BOD are low and
likely represent ambient conditions in the stream; therefore, reductions in BOD
concentrations are not recommended at this time. Due to data limitations and technical
considerations of implementation difficulties, a load allocation cannot be developed for
reaeration or temperature, so allocations were not developed for segment N12.
Procedures to alleviate low DO caused by slow-moving waters can be addressed with
in-stream mitigation methods such as reaeration. Additionally, riparian buffer strips aid
in decreasing instream temperatures, which could help to alleviate the DO impairment.
Excess nutrients can cause excessive algal growth that can also deplete DO in streams;
however, analytical tools were not used to assess nutrients, algae, and DO as no algal
data was available for Big Muddy River segment N12. Methods to control nutrients
were still included in the implementation plan, such as buffer strips along the stream
banks, which are similar to filter strips in their ability to remove nutrients from surface
runoff. The potential contributions to BOD from nonpoint source loads are attributed
to agricultural land uses requiring mitigation methods to control nutrients in sediment
erosion and surface runoff from the land contributing to segment N12. These methods
include filter strips, wetlands, conservation tillage, and nutrient management plans as
discussed above.

The analysis for pH was based on hydrogen ion concentrations and the three-year flow
observed in Big Muddy River segment N12. Analysis showed that the existing average
hydrogen ion concentration was below the allowable loading, so allocations were not
developed for pH in segment N12 at this time. Although an allocation was not
developed, mitigation measures for manganese, sulfates, and DO will help control pH
in Big Muddy River segment N12.
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Section 1

Goals and Objectives for Big Muddy River
Watershed (ILN12)

1.1 Total Maximum Daily Load (TMDL) Overview

A Total Maximum Daily Load, or TMDL, is a calculation of the maximum amount of
a pollutant that a water body can receive and still meet water quality standards.

TMDLs are a requirement of Section 303(d) of the Clean Water Act (CWA). To meet
this requirement, the Illinois Environmental Protection Agency (Illinois EPA) must
identify water bodies not meeting water quality standards and then establish TMDLs
for restoration of water quality. Illinois EPA lists water bodies not meeting water
quality standards every two years. This list is called the 303(d) list, and water bodies on
the list are then targeted for TMDL development.

In general, a TMDL is a quantitative assessment of water quality problems,
contributing sources, and pollution reductions needed to attain water quality standards.
The TMDL specifies the amount of pollution or other stressor that needs to be reduced
to meet water quality standards, allocates pollution control or management
responsibilities among sources in a watershed, and provides a scientific and policy
basis for taking actions needed to restore a water body (U.S. Environmental Protection
Agency [USEPA] 1998a).

Water quality standards are laws or regulations that states authorize to enhance water
quality and protect public health and welfare. Water quality standards provide the
foundation for accomplishing two of the principal goals of the CWA. These goals are:

m restore and maintain the chemical, physical, and biological integrity of the nation's
waters,

m where attainable, to achieve water quality that promotes protection and propagation
of fish, shellfish, and wildlife, and provides for recreation in and on the water.

Water quality standards consist of three elements:
m the designated beneficial use or uses of a water body or segment of a water body,

m the water quality criteria necessary to protect the use or uses of that particular water
body,

m an antidegradation policy.

Examples of designated uses are swimming, recreation, and protection of aquatic life.
Water quality criteria describe the quality of water that will support a designated use.
Water quality criteria can be expressed as numeric limits or as a narrative statement.
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Antidegradation policies are adopted so that water quality improvements are
conserved, maintained, and protected.

1.2 TMDL Goals and Objectives for Big Muddy River
Watershed

The TMDL goals and objectives for the Big Muddy River Watershed include
developing TMDLs for all impaired water bodies within the watershed, describing all
of the necessary elements of the TMDL, developing an implementation plan for each
TMDL, and gaining public acceptance of the process. Following are the impaired
water body segments in the Big Muddy River Watershed, which are also shown in
Figure 1-1:

m Big Muddy River (N12)
m Kinkaid Lake (RNC)

The TMDL for each of the segments listed above will specify the following elements:

m Loading Capacity (LC) or the maximum amount of pollutant loading a water body
can receive without violating water quality standards

m Waste Load Allocation (WLA) or the portion of the TMDL allocated to existing or
future point sources

m Load Allocation (LA) or the portion of the TMDL allocated to existing or future
nonpoint sources and natural background

m Margin of Safety (MOS) or an accounting of uncertainty about the relationship
between pollutant loads and receiving water quality

These elements are combined into the following equation:
TMDL =LC =ZWLA + ZLA + MOS

Each TMDL developed must also take into account the seasonal variability of pollutant
loads so that water quality standards are met during all seasons of the year. Also,
reasonable assurance that the TMDLs will be achieved is described in the
implementation plan. The implementation plan for the Big Muddy River Watershed
describes how water quality standards will be attained. This implementation plan
includes recommendations for implementing best management practices (BMP), cost
estimates, institutional needs to implement BMPs and controls throughout the
watershed, and timeframe for completion of implementation activities.
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1.3 Report Overview
The remaining sections of this report contain:

Section 2 Big Muddy River Watershed Description provides a description of the
impaired water bodies and general watershed characteristics.

Section 3 Public Participation and Involvement discusses public participation
activities that occurred throughout the TMDL development.

Section 4 Big Muddy River Watershed Water Quality Standards defines the
water quality standards for the impaired water bodies. Pollution sources will also be
discussed in this section.

Section 5 Big Muddy River Watershed Data Review provides an overview of
available data for the Big Muddy River Watershed.

Section 6 Methodologies to Complete TMDLs for the Big Muddy River
Watershed discusses the models and analyses needed for TMDL development.

Section 7 Model Development for Kinkaid Lake provides an explanation of
model development for Kinkaid Lake.

Section 8 Total Maximum Daily Load for the Kinkaid Lake Watershed
discusses the allowable loadings to water bodies to meet water quality standards and
the reduction in existing loadings needed to meet allowable loads.

Section 9 Implementation Plan for Kinkaid Lake provides methods to reduce
loadings to impaired water bodies.

Section 10 Methodology Development for Big Muddy River describes the
analytical procedures used to examine Big Muddy River.

Section 11 Total Maximum Daily Load for Big Muddy River discusses the
allowable loadings to water bodies to meet water quality standards and the reduction
in existing loadings needed to meet allowable loads.

Section 12 Implementation Plan for Big Muddy River provides methods to
reduce loadings to impaired water bodies.

Section 13 References lists references used in this report.
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Section 2
Big Muddy River Watershed Description

2.1 Big Muddy River Watershed Overview

The Big Muddy River originates in Jefferson County and flows southward. It then
flows west towards Kinkaid Lake in Jackson County. Kinkaid Lake is located in
Jackson County where the flow moves east towards the Big Muddy River. Big Muddy
River segment N12 is located entirely in Jackson County. The entire Big Muddy River
watershed, including Kinkaid Lake and all tributaries to Big Muddy River,
encompasses an area of approximately 200 square miles and is located in the U.S.
Geological Survey (USGS) Big Muddy Basin (Hydrologic Unit Code [HUC]
07140106). Figure 1-1 shows the impaired river and lake segments within the
watershed. Impaired segments are shown in red. Table 2-1 lists the water body
segments, water body size, and potential causes of impairment for each water body.

Table 2-1 Impaired Water Bodies in Big Muddy River Watershed

Water Body Water Body

Segment ID Name Size Potential Causes of Impairment

N12 Big Muddy River 8 miles Manganese, sulfates, pH, dissolved oxygen (DO)
RNC Kinkaid Lake 3,475 acres pH, mercury

Land use data was obtained from the Critical Trends Assessment Land Cover Database
of Illinois (Illinois Department of Natural Resources [IDNR] 1996). Land use in the
watershed is predominantly forested followed by rural grassland and agricultural land
uses. Farmers in the area primarily raise cash crops, such as corn and soybeans.

Soils within the Big Muddy River Watershed are primarily silty soils over clayey
sediment. The surface layer is typically seven inches of dark grayish brown silt loam.
The subsurface layer is about five inches of light brownish silt loam. The subsoil is a
grayish silty clay loam that extends to a depth of more than 60 inches. Permeability is
slow, and the available water capacity is moderate to high (U.S. Department of
Agriculture [USDA] 1979).

The climate in Big Muddy River Watershed is cold in the winter and warm in the
summer. In the winter, October through March, the average temperature is 43 degrees
Fahrenheit (°F) and the average daily minimum temperature is 32°F, according to data
collected at DuQuoin, Illinois. Summer temperatures are typically 70°F with an
average daily maximum of 82°F. Annual precipitation is 46 inches, of which 25
inches, approximately 54 percent, usually falls in April through September (NCDC
2002).
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2.2 Stream Segment Site Reconnaissance of Big Muddy River
Watershed

The project team conducted a site reconnaissance of the Big Muddy River Watershed
on June 19, 2001. This section briefly describes the stream segment and the site
reconnaissance.

Table 2-1 lists the impaired stream segments in the Big Muddy River Watershed.
Based on the 1998 303(d) list, Illinois EPA determined that one segment of Big Muddy
River was impaired, Segment N12. This segment is shown in Figure 1-1. Segment N12
flows from roughly east to west, and includes a large bend to the south. The segment is
located entirely in Jackson County, Illinois.

2.3 Lake Segment Site Reconnaissance of Big Muddy River
Watershed

The project team visited one site on Kinkaid Lake during the site reconnaissance of the
Big Muddy River Watershed on June 19, 2001. This section briefly describes a lake
segment and the site reconnaissance.

wy [llinois EPA has listed one lake segment as impaired
based on 1998 303(d) list data in the Big Muddy River
| Watershed. Kinkaid Lake, Segment RNC, is located on
Kinkaid Creek in eastern Jackson County as shown in
Figure 1-1. Crissenberry Dam was constructed on
Kinkaid Creek in 1972. The dam is owned by the
IDNR. The dam structure is 980 feet in length and 96
feet tall enabling it to store a maximum of 153,000
acre-feet, although the normal storage volume is 78,500
acre-feet. The lake is used for both recreation and a
water supply (U.S. Army Corps of Engineers [USACE]
1999). The drainage area of Kinkaid Lake is
approximately 62 square miles and is fed by Kinkaid, Little Kinkaid, Spring and
Johnson Creeks.

Kinkaid Lake at lllinois Rt. 151 crossing.

Kinkaid Lake was observed from the Boat
Access at Marina Road. The spillway was also
observed, although the lake was not visible
from the bottom of the spillway. Kinkaid Lake
is a recreational area with both boating and
swimming. A marina houses several boats at
the lake. The spillway from Kinkaid Lake is a
natural rock formation with a few
enhancements, and was busy with swimmers
and anglers at the time of observation.

Kinkaid Lake spillway.
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Section 3
Public Participation and Involvement

3.1 Big Muddy River Watershed Public Participation and
Involvement

Public knowledge, acceptance, and follow through are necessary to implement a plan
to meet recommended TMDLs. It was important to involve the public as early in the
process as possible to achieve maximum cooperation and counter concerns as to the
purpose of the process and the regulatory authority to implement the
recommendations. Public meetings were held to discuss the Big Muddy River
Watershed at 3:00 p.m. and 6:20 p.m. on December 12, 2001 at the Davis McCann
Center in Murphysboro, Illinois. A total of 44 interested citizens including public
officials and organizations other than Illinois EPA attended the public meeting.
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Section 4

Big Muddy River Watershed Water Quality
Standards

4.1 Illinois Water Quality Standards

Water quality standards are developed and enforced by the state to protect the
"designated uses" of the state's waterways. In the state of Illinois, setting the water
quality standards is the responsibility of the Illinois Pollution Control Board (IPCB).
[llinois is required to update water quality standards every three years in accordance
with the CWA. The standards requiring modifications are identified and prioritized by
[llinois EPA, in conjunction with USEPA. New standards are then developed or
revised during the three-year period.

Illinois EPA is also responsible for developing scientifically based water quality
criteria and proposing them to the IPCB for adoption into state rules and regulations.
The Illinois water quality standards are established in the Illinois Administrative Rules
Title 35, Environmental Protection; Subtitle C, Water Pollution; Chapter I, Pollution
Control Board; Part 302, Water Quality Standards.

4.2 Designated Uses

The waters of Illinois are classified by designated uses, which include: General Use,
Public and Food Processing Water Supplies, Lake Michigan, and Secondary Contact
and Indigenous Aquatic Life Use (Illinois EPA 2000). The only designated uses
applicable to the Big Muddy River are General Use.

The General Use classification provides for the protection of indigenous aquatic life,
primary and secondary contact recreation (e.g., swimming or boating), and agricultural
and industrial uses. The General Use is applicable to the majority of Illinois streams
and lakes (Illinois EPA 2000).

4.3 Illinois Water Quality Standards

To make 303(d) listing determinations, Illinois EPA compares collected data for the
water body to the available water quality standards developed by Illinois EPA for
assessing water body impairment. Table 4-1 presents the water quality standards of the
potential causes of impairment for TMDLs that will be developed in the Big Muddy
River Watershed. These water quality standards are further discussed in the remainder
of the section.
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Table 4-1 Summary of General Use Water Quality Standards for Big Muddy River Watershed

Parameter General Use Water Quality Standard
pH 6.5109.0
DO Greater than 5.0 milligrams per liter (mg/L)
Greater than 6.0 mg/L (16 hours of any 24-hour period)
Phosphorus 0.05 mg/L
Lakes/reservoirs >20 acres and streams entering lakes or reservoirs
Mercury AS = 2.6 micrograms per liter (ug/L)
CS =1.3 pg/L
Manganese 1.0 mg/L
Sulfates 500 mg/L
4.3.1 pH

The parameter pH is listed as a cause of impairment for the Big Muddy River segment
N12. The General Use water quality standard for pH is a range with a minimum of 6.5
and maximum of 9.0. This is with the exception of pH levels outside this range due to
natural causes.

The pH parameter is listed as a cause of less than full support use attainment in streams
if there is at least one General Use water quality violation based on the last three years
of Ambient Water Quality Monitoring Network (AWQMN) data, or at least one
violation determined from the most recent basin survey or facility survey data. The
AWQMN is a series of fixed stations throughout Illinois streams that are sampled
every six weeks for a minimum of 55 parameters. Segments without AWQMN stations
are sampled as part of the intensive basin survey, which occurs every five years.

4.3.2 Dissolved Oxygen

DO is listed as a cause of impairment for Big Muddy River and Kinkaid Lake. The
General Use water quality standard for DO is based on a minimum value of 5.0 mg/L.
Therefore, DO levels shall not be less than 5.0 mg/L at any time. In addition, DO
levels should not be less than 6.0 mg/L for more than 16 hours of any 24-hour period.

DO is listed as a cause of less than full support use attainment in streams if there is at
least one General Use water quality violation based on the last three years of AWQMN
data or at least one violation determined from the most recent basin survey or facility
survey data. DO is a source of impairment in lakes and reservoirs if there is at least one
General Use water quality violation based on Ambient Lake Monitoring Program
(ALMP), or Illinois Clean Lakes Program (ICLP) data, or if there was a known fish kill
due to DO depletion.

4.3.3 Mercury

Mercury is listed as a cause of impairment for Kinkaid Lake. The General Use water
quality standard for mercury is based on an acute standard (AS) and chronic standard
(CS). The AS for mercury is 2.6 ug/L and the CSis 1.3 ug/L.
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Mercury is listed as a cause of less than full support use attainment in lakes and
reservoirs if there is at least one General Use water quality violation based on ALMP
or ICLP data. Mercury is also listed as a cause of less than full support if the sediment
concentration is 0.701 milligrams per kilogram (mg/kg) or higher based on dry weight,
or if there have been fish advisory reports due to mercury.

4.3.4 Manganese

Manganese is listed as a cause of impairment for Big Muddy River segment N12. The
General Use water quality standard for manganese is 1.0 mg/L and is based on total
manganese. Manganese is listed as a cause of less than full support use attainment in
streams if there is at least one General Use water quality violation based on the last
three years of AWQMN data, or at least one violation determined from the most recent
basin survey or facility survey data. Manganese is also listed as a cause of less than full
support if there have been fish advisory reports due to manganese or the manganese
concentration in the sediment is 2,800 mg/kg or higher (Illinois EPA 2000).

Manganese is listed as a cause of less than full support use attainment in lakes or
reservoirs if there is at least one General Use water quality violation based on ICLP, or
if the sediment concentration exceeds 2,800 mg/kg (M.B. Short 1997).

4.3.5 Sulfates

Sulfates are listed as a cause of impairment for the Big Muddy River. The General Use
water quality standard for sulfates is 500 mg/L and the public and food processing
water supplies standard is 250 mg/L. Sulfate is listed as a cause of a less than full
support use attainment in streams if there is at least one General Use water quality
violation based on the last three years of AWQMN data, or at least one violation from
the most recent basin survey or facility survey data.

4.3.6 Parameters without Water Quality Standards

It should be noted that although formal TMDLs will not be developed for parameters
without water quality standards in the Little Muddy River Watershed, many of the
management measures discussed in Section 9 of this report will result in reductions of
the parameters listed in the 1998 and 2002 303(d) lists that do not currently have
adopted water quality standards. For example, many of the management measures that
will be discussed in Section 9 address the other parameters of concern for the
watershed. For total suspended sediments (TSS) and siltation management measures
that control erosion, such as filter strips and wetlands, will reduce sediment from
entering the waterways thereby reducing TSS caused by eroding stream banks.
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4.4 Pollution Sources

As part of the Illinois EPA use assessment presented in the annual Illinois Water
Quality Report, the causes of the pollutants resulting in a less than full support use

Table 4-2 Summary of Potential Sources of

attainment are associated with a potential
source, based on data, observations, and other

Pollutants
Cause of | existing information. The following is a
:’n°te_“t_'a' Isl;’”_"';es 'mpgg“e“t summary of the sources associated with the
unicipa’ tolnt Souree listed causes for the TMDL listed segments
Agriculture DO . - ” .
Nonirrigated crop production in this watershed. They are summarized in
Pasture Land Table 4-2.
Animal Holding/Management Areas
Resource Extraction Sulfates o o .
Mining oH 4.4.1 Municipal Point Sources
Mine Tailings Mg"neg:‘;;ﬁe Municipal point sources include wastewater
Contaminated Sediments Mercury treatmgnt pl.ants (WWTP) (?I)_erated by
Manganese | municipalities to treat municipal wastewater
DO generated by the community. A National
Urban Runoff/Storm Sewers DO

4-4

Pollutant Discharge Elimination System
(NPDES) permit issued by Illinois EPA regulates the discharge. The NPDES permit
sets limits that must be met at the discharge to the receiving stream.

Historically, these point sources have impacted water quality of the receiving streams,
particularly during low flow conditions. Many municipal WWTPs have upgraded the
facilities through grant and low-interest loan programs, thereby improving effluent
quality and reducing impacts to the receiving stream.

Municipal point source effluents are typically regulated for ammonia nitrogen and
biochemical oxygen demand (BOD). BOD is associated with oxygen demand. The
higher the BOD, the more likely the effluent is to reduce the DO levels in the stream.

Phosphorous can be attributed to municipal point sources and can originate from
domestic sources. Control of phosphorous entering the stream may reduce the amount
of algal growth/chlorophyll "a" in the stream.

There are a total of 186 NPDES permits issued to dischargers in the Big Muddy River
basin. A total of nine WWTPs discharge to the Big Muddy River mainstem, all
downstream of Rend Lake. Four of these dischargers are considered major municipal
dischargers (design average flow greater than one million gallons per day) (Muir et al.
1997). The point sources specific to the Big Muddy River N12 and Kinkaid Lake
watersheds are discussed in Section 5.

4.4.2 Agriculture

The southern Illinois area is largely agriculture land use. Row crop agriculture is the
largest single category land use in the basin. Agricultural land uses potentially
contribute sediment, TSS, nutrients, and BOD loads to the water resource loading. The
amount that is contributed is a function of the soil type, slope, crop management,
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precipitation, total amount of cropland, and the distance to the water resource
(D.B. Muir, R.L. Hite, M.M. King, and M.R. Matson 1995).

Erosion of the land and streambanks carries sediment to the streams and lakes,
resulting in higher levels of BOD, which impacts DO concentrations, TSS, and
siltation. This can also be caused by livestock on pastures and feedlots. Wastes from
livestock can enter streams, adding to the ammonia nitrogen loading and impact DO.

4.4.3 Resource Extraction

Resource extraction consists of both active mining and abandoned mine lands. Runoff
and discharges from mines can contain sulfates, salinity/total dissolved solids (TDS)/
chlorides, metals, TSS, and can affect the pH of the stream or lake. There are currently
47 permitted coal mines with 169 authorized discharges in the Big Muddy River basin.
In addition, 1,177 inactive or abandoned mines have been identified. There are 4 pre-
law inactive coal mines located in the Big Muddy River segment N12 Watershed and
no permitted mines within the Kinkaid Lake Watershed. Mining is most concentrated
in Beaucoup Creek, Galum Creek, Little Muddy River, Pond Creek, Hurricane Creek,
and Rend Lake watersheds (Muir et al. 1997).

Drainage from the mines can be impacted by contact with exposed soil, spoil piles, or
pumped water from pits. Acid mine drainage occurs when water and oxygen come in
contact with iron pyrite material. This combination makes ferrous iron and sulfuric
acid, creating acidic runoff and impacting the stream pH. Although acid mine drainage
may come from active mines, most acid mine drainage entering streams is from
abandoned mine lands.

4.4.4 Contaminated Sediments

Sediments are carried to streams, lakes, and reservoirs during runoff conditions and are
generally deposited in streambeds or lake bottoms. Constituents contained in sediment
may include nutrients, which can impact BOD loads, and metals. Both agricultural
lands and urban areas contribute to the nutrient loading in the sediment.

Suspended sediments settle out to stream bottoms during periods of low flow. During
periods of high flow, sediments are resuspended and carried downstream to be
deposited in another location. Once the sediment reaches a lake or reservoir, the
sediments are deposited and typically accumulate in these areas. The source of the
contaminated sediment can therefore be located much farther upstream than the
location detected.

Contaminated sediments can slowly leach contaminants to the water column, thereby
being a continual source of impact to the water body. Phosphorous is commonly
released from sediment into the water column especially when anoxic conditions
persist.
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4.4.5 Urban Runoff/Storm Sewers

Urban areas in the Big Muddy River Watershed constitute a small percentage of land
use in the watershed; however, polluted runoff from urban sections can be significant.
Runoff from urban areas reaches streams or lakes either by sheet flow runoff or
through storm sewer discharges. The runoff can originate from any number of areas
including highways; roadways; parking lots; industrial, commercial, or residential
areas; or undeveloped lands. Phosphorous, which can influence BOD loads, can
originate from fertilizer use, natural phosphorous levels in sediment, and from sanitary
waste where combined sewer overflows are present.
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5.1 Existing Data Review

The following data sources were reviewed for model selection and analysis:

mapping data

topography data

flow data

precipitation data
temperature data
evaporation data

existing water quality data
land use

soil data

cropping practices
reservoir characteristics
point sources

dairy and animal confinement locations
septic systems

5.1.1 Mapping Data

USGS quadrangle maps (scale 1:24,000) were collected for the watershed in paper and
electronic form. These were utilized for base mapping.

5.1.2 Topography Data

A Digital Elevation Model (DEM) was used to delineate watersheds in a geographic
information system (GIS) for Kinkaid Lake and Big Muddy River impaired segment
N12. A DEM is a digital representation of the landscape as a GIS-compatible grid in
which each grid cell is assigned an elevation. DEMs of 90-meter resolution were
downloaded from the BASINS database (USEPA 2002a) for watershed delineation.
GIS watershed delineation defines the boundaries of a watershed by computing flow
directions from elevations and locating elevation peaks on the DEM. The GIS-
delineated watershed was checked against USGS 7.5-minute topographic maps to
ensure agreement between the watershed boundaries and natural topographic
boundaries. Figure 5-1 at the end of this section shows the location of historic flow and
water quality gages for the Kinkaid Lake segment RNC and Big Muddy River segment
N12 Watersheds and the boundaries for each watershed. The watershed boundaries
define the area investigated for causes of impairments in each segment. Purple areas in
Figure 5-1 represent features of the topographic maps that have been updated through
aerial photography but have not been field verified.

The watershed for segment N12 only represents the area that drains directly to segment
N12. Beaucoup Creek converges with the main stem of the Big Muddy River directly
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upstream of segment N12. The Big Muddy River segment directly downstream of
segment N12 is also listed as full support. Sources of impaired constituents in
Beaucoup Creek segment NCO7 (upstream of segment N12) will be addressed
separately. Therefore, the sources of impairments in segment N12 will focus on areas
draining directly to the segment.

5.1.3 Flow Data

Analyses of the Kinkaid Lake and Big Muddy River Watersheds require an
understanding of flow into Kinkaid Lake and through the Big Muddy River segment
N12. A gage is located in segment N12; however, no gage for the tributaries to
Kinkaid Lake exists. Therefore, the drainage area ratio method, represented by the
following equation, was used to estimate flows into the lake.

Q Areaungaged _ Q
gaged — “ungaged

Area .,
where  Qgaged = streamflow of the gaged basin
Qungaged = streamflow of the ungaged basin
Areageq = area of the gaged basin
Areayngaged = area of the ungaged basin

The assumption behind the equation is that the flow per unit area is equivalent in
watersheds with similar characteristics. Therefore, the flow per unit area in the gaged
watershed times the area of the ungaged watershed will result in a flow for the ungaged
watershed.

USGS gage 05595820 (Casey Fork at Mt. Vernon, Illinois) was chosen as an
appropriate gage from which to compute flow into Kinkaid Lake. Gage 05595820
captures flow from a drainage area of 77 square miles in an upstream section of the
Casey Fork Watershed, which is about 50 miles northeast of the Kinkaid Lake
Watershed. Daily streamflow data for the gage were downloaded from the USGS
National Water Inventory System (NWIS) for the entire period of record from October
1, 1985 to September 30, 2000 (USGS 2002a). Figure 5-2 at the end of this section
shows the average monthly flows over the period of record into Kinkaid Lake
calculated from the drainage area ratio method using gage 05595820.

USGS gage 05599500 (Big Muddy River at Murphysboro, Illinois) is located at the
downstream end of segment N12 as shown in Figure 5-1. Gage 05599500 captures
flow from a drainage area of approximately 2,169 square miles. Daily streamflow data
for the gage were downloaded from the USGS NWIS for the entire period of record
from January 1, 1972 to September 30, 2000 (USGS 2002a). Figure 5-3 at the end of
this section shows the seasonal patterns of streamflow through segment N12 over the
period of record. Flows are higher in the spring months of March through May. For
Big Muddy River segment N12, average monthly flows range from 403 to

4,180 cubic feet per second (cfs) with a mean annual flow of 2,080 cfs. The 7Q10 flow
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(lowest average 7 consecutive day low flow with an average recurrence frequency of
once in 10 years) is typically utilized as the critical low flow for NPDES permitting
and is estimated to 55 cfs for segment N12 (ISWS 2000).

5.1.4 Precipitation, Temperature, and Evaporation Data

Two sites with historical temperature and precipitation data were identified in Jackson
County through the NCDC database. The data from gage 1265 were used for analysis
because the recent dataset was more complete than the data set from gage 5983.
Fifteen months of data were missing from gage 1265 over the period from 1985 to
2001. Missing data were supplemented with data from the gage in neighboring
Williamson County. Table 5-1 lists the station details for the Jackson County and
Williamson County gages (NCDC 2002).

Table 5-1 Historical Precipitation Data for the Big Muddy River Watershed (NCDC 2002)

NCDC Gage Number Station Location (Name) Period of Record
5983 Jackson County (Murphysboro 2SW) 1948 to present
1265 Jackson County (Carbondale Sewage Plant) 1970 to present
5342 Williamson County (Marion 4NNE) 1948 to present

Table 5-2 Average Monthly Precipitation TabI.e .5_2. shows the average monthly
in Jackson County from 1985 to 2001 precipitation of the dataset developed for

Average Precipitation | Jackson County for the years 1985 to 2001.
Month (inches) The average annual precipitation over the same
January 3.2 iod i . Iv 46 inch
February 32 period is approximately 46 inches.
March 3.6 . . .
April 45 Pan evaporation data is available through the
May 4.9 Illinois State Water Survey (ISWS) website at
June 5.3 nine locations across Illinois (ISWS 2002). The
i:l;ust gg Carlyle station was chosen for its proximity to
September 35 the 303(d).—listed water bod%es and stream
October 3.1 segments in southern Illinois and the
November 4.8 completeness of the dataset as compared to
December 35 other stations. The Carlyle station is
Total 46

approximately 60 miles northeast of the
Kinkaid Lake and Big Muddy River Watersheds. The average monthly pan
evaporation for the years 1980 to 2001 at the Carlyle station was downloaded from the
ISWS website and summed to produce an average annual pan evaporation of

44.2 inches. Actual evaporation is typically less than pan evaporation, so the average
annual pan evaporation was multiplied by 0.75 to calculate an average annual

evaporation of 33.2 inches (ISWS 2002).

5.1.5 Water Quality Data

Twelve historic water quality stations exist within the Kinkaid Lake and Big Muddy
River segment N12 watersheds and are presented in Table 5-3. This table provides the
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location, station identification number, and the agency that collected the water quality
data. Location and station identification number are also shown in Figure 5-1.

Table 5-3 Historic Water Quality Stations in the Big Muddy River Watershed

Station Identification
Location Number Data Collection Agency
Big Muddy River N12 lllinois EPA Division of Water Pollution Control
Big Muddy River 05599500 USGS
Kinkaid Lake 05599540 USGS
RNC-1 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-2 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-3 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-4 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-5 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-6 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-7 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-8 lllinois EPA Division of Water Pollution Control
lllinois EPA Volunteer Lake Monitoring
Kinkaid Lake RNC-9 USEPA Region 5 Data

The impaired water body segments in the Big Muddy River Watershed were presented
in Section 2. For Kinkaid Lake, segment RNC, there are 10 historic water quality
stations. For Big Muddy River segment N12 there are two historic water quality
stations listed in Table 5-3 and shown in Figure 5-1. The Kinkaid Lake stations
beginning with "RN" have a concurrent period of record. Stations RN-A08-C-1 and
05590540 are positioned in the same place in Kinkaid Lake and have overlapping
periods of record. The two stations in segment N12 are also located in the same place,
but have different sampling periods. Table 5-4 summarizes available historic water
quality data since 1990 from the USEPA Storage and Retrieval (STORET) database
associated with impairments discussed in Section 2 for segments RNC and N12.
Stations RNC-5 through RNC-9 are not included in Table 5-4 because their periods of
record ended prior to 1990. Illinois volunteer lake monitoring data was not utilized

in modeling efforts.
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Table 5-4 Summary of Constituents Associated with Potential Impairments for Big Muddy River
Segments N12 and RNC (USEPA 2002b and lllinois EPA 2002)

Sample Location and Parameter | Period of Record Examined for Samples | Number of Samples

Big Muddy River Segment N12; Sample Location 05599500

Manganese 1/9/90-4/24/97 51
Sulfates 1/9/90-4/24/97 65
pH 1/9/90-4/24/97 102
DO 1/9/90-4/24/97 102
| Big Muddy River Segment N12; Sample Location N12
Manganese 10/27/97-9/6/00 27
Sulfates 11/20/97-9/6/00 25
pH 10/27/97-9/6/00 27
DO 10/27/97-9/6/00 27

Kinkaid Lake Segment RNC; Sample Location 05599540, RNC-1, RNC-2, RNC-3, RNC-4

05599540

pH 1/08/90-8/28/97 70
RNC-1

pH 4/30/90-10/11/01 52
RNC-2

pH 4/30/90-10/11/01 25
RNC-3

pH 4/30/90-10/11/01 25
RNC-4

PH 4/30/90-10/11/01 25

5.1.5.1 Kinkaid Lake Water Quality Data

There are four active water quality stations in Kinkaid Lake as shown in Figure 5-1
and listed in Table 5-4. The water quality station data for Kinkaid Lake were
downloaded from the STORET online database for the years of 1977 to 1998 (USEPA
2002b). Data collected after 1998 were available from the Illinois EPA and were
incorporated into the electronic database. The data summarized in this section include
water quality data for impaired constituents in Kinkaid Lake as well as constituents
used in modeling efforts. The raw data are contained in Appendix A.

The constituents of concern in Kinkaid Lake are pH and mercury. The mercury TMDL
will be addressed in a regional TMDL by USEPA and will not be addressed at the state
level. The regional TMDL will focus on air deposition of mercury. USEPA's strategy
for addressing persistent, bioaccumulative toxic chemicals (PBT) is a two-track
approach. The "fast track" involves actions that can be implemented immediately,
including pollution prevention and the "virtual elimination" project. The "science
track" includes the study and assessment of the problems and solutions through
modeling, monitoring, and emission inventories. The "virtual elimination" project, a
cooperative Canadian — U.S. strategy to virtually eliminate persistent toxic substances
in the Great Lakes Basin (the Bi-national Strategy), seeks to achieve quantifiable
reduction goals between now and 2005 for specific toxic substances, including
mercury (USEPA 2003). Mercury is addressed by USEPA with these strategies;
therefore, Illinois EPA does not address it as part of this TMDL.
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Constituents are sampled at various depths throughout Kinkaid Lake, and compliance
with water quality standards is determined by the sample at a one-foot depth from the
lake surface. This section discusses the one-foot depth samples of water quality
constituents used in modeling efforts for Kinkaid Lake. The exception is chlorophyll
"a," which was sampled at various depths at each water quality station and will be
presented as an average over all sample depths. Modeling of the reservoir required use
of phosphorus samples at all depths, which is discussed and presented in Section
7.3.3.2.

5.1.5.1.1 pH

The average pH measurements at one-foot depth for each year of available data after
1990 at each monitoring site in Kinkaid Lake are presented in Table 5-5. At station
RNC-1, samples were taken at one-foot depth from the lake surface and at the lake
bottom. Samples at stations RNC-2, RNC-3, and RNC-4 were only taken at a one-foot
depth from the lake surface. The TMDL endpoints for pH are a minimum of 6.5 and a
maximum of 9.0. The annual averages at all three stations and the annual lake averages
are all within the endpoint limits, but individual measurements in 1991, 1994, and
2000 exceeded the upper limit. Specifically, the pH value at station RNC-3 on July 9,
1991 was 9.1, and on July 12, 1994, the pH value was 9.1 at RNC-1. On June 5, 2000
and August 2, 2000, the pH value measured was 9.2 at RNC-1 and RNC-3,
respectively. At gage 05599540, three values were below the lower limit for pH. On
September 25, 1991 and January 11, 1996, the pH was recorded as 6.3, and on
December 14, 1995, the pH was recorded as 6.2.

Table 5-5 Average pH (s.u.) Values in Kinkaid Lake

Year RNC-1 and 05599540 RNC-2 RNC-3 RNC-4 Lake Average
1990 7.7 8.2 8.1 7.5 7.9
1991 7.7 8.1 8.2 7.6 7.9
1992 7.4 7.4
1993 8.0 8.0
1994 8.2 8.3 8.4 8.1 8.2
1995 7.2 7.2
1996 7.1 7.1
1997 7.7 7.9 7.9 74 7.7
2000 8.3 8.3 8.5 8.2 8.3

Fluctuations in pH can be correlated to photosynthesis from algae. Plants and algae use
carbon dioxide (CO,) during photosynthesis, which causes pH levels to rise. The
photosynthetic rate progressively decreases as the residual CO, concentration declines
and ceases completely with the extinction of light. During the night, reaeration and
respiration replenish CO; causing the pH levels to decrease overnight (Welch 1980).
Chlorophyll "a" indicates presence of excessive algal or aquatic plant growth.
Reducing total phosphorus is likely to reduce algal growth thus resulting in attainment
of the pH standard. Therefore, the relationship between pH, chlorophyll "a," and total
phosphorus in Kinkaid Lake was investigated. The correlation between pH and
chlorophyll "a" is expected to indicate a direct relationship between the two
constituents. Likewise, the correlation between chlorophyll "a" and total phosphorus is
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expected to indicate a direct relationship. These relationships would suggest that
controlling phosphorus will decrease chlorophyll "a" concentrations, which will in turn
control the pH. This hypothesis is supported by Wetzel who asserts that photosynthesis
and respiration are major influences on pH (1983).

5.1.5.1.2 Total Phosphorus

The average total phosphorus concentrations at one-foot depth for each year of
available data from 1990 to 2000 at each monitoring site in Kinkaid Lake are presented
in Table 5-6. At station RNC-1, samples were taken at a one-foot depth from the lake
surface and at the lake bottom. Samples at stations RNC-2 and RNC-3 were only taken
at a one-foot depth from the lake surface. The water quality standard for total
phosphorus is less than or equal to 0.05 mg/L at one-foot depth. Additionally, multiple
samples taken at one-foot depth since 1990 do violate the TMDL endpoint for
phosphorus. It is apparent from Table 5-6 that concentrations at Station RNC-4
repeatedly violate the phosphorus standard. The raw data for all sample depths are
contained in Appendix A.

Table 5-6 Average Total Phosphorus Concentrations (mg/L) in Kinkaid Lake at One-foot Depth
(USEPA 2002b and lllinois EPA 2002)

Year RNC-1 and 05599540 RNC-2 RNC-3 RNC-4 Lake Average |
1990 0.06 0.01 0.02 0.09 0.05
1991 0.02 0.02 0.03 0.10 0.04
1992 0.02 0.02
1993 0.02 0.03 0.02
1994 0.03 0.02 0.04 0.14 0.06
1995 0.02 0.02
1996 0.03 0.03
1997 0.02 0.03 0.04 0.13 0.06
1998 0.03 0.03
2000 0.01 0.01 0.02 0.05 0.03

Phosphorus exists in water in either a particulate phase or a dissolved phase.
Particulate matter includes living and dead plankton, precipitates of phosphorus,
phosphorus adsorbed to particulates, and amorphous phosphorus. The dissolved phase
includes inorganic phosphorus and organic phosphorus. Phosphorus in natural waters
is usually found in the form of phosphates (PO4 and PO3). Phosphates can be in
inorganic or organic form. Inorganic phosphate is phosphate that is not associated with
organic material. Types of inorganic phosphate include orthophosphate and
polyphosphates. Orthophosphate is sometimes referred to as "reactive phosphorus."
Orthophosphate is the most stable kind of phosphate and is the form used by plants or
algae. There are several forms of phosphorus that can be measured. Total phosphorus
is a measure of all the forms of phosphorus, dissolved or particulate, that are found in a
sample. Soluble reactive phosphorus is a measure of orthophosphate, the filterable
(soluble, inorganic) fraction of phosphorus, the form directly taken up by plant cells.
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5.1.5.1.3 Chlorophyll "a"

The average chlorophyll "a" concentrations for each year of available data from 1990
to 2001 at each active monitoring site in Kinkaid Lake are presented in Table 5-7.
There was no chlorophyll "a" data available at station 05599540. The raw data for all
sample depths are contained in Appendix A.

Table 5-7 Average Chlorophyll "a" Concentrations (ug/L) in Kinkaid Lake (USEPA 2002b and
lllinois EPA 2002)

Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Average |
1990 9.8 13.6 14.5 32.7 17.6
1991 9.0 10.5 171 43.1 19.9
1994 19.1 23.4 24.3 521 29.7
1997 13.2 19.4 27.5 48.9 27.3
1998 21.9 21.9
2000 18.4 12.7 16.4 38.0 214

5.1.5.1.4 Tributary Data

There is no water quality data available for the tributaries to Kinkaid Lake. The
primary tributaries to Kinkaid Lake are Kinkaid Creek and Little Kinkaid Creek.
Tributary water quality data along with flow information would be useful in assessing
contributing loads from the watersheds to help differentiate between external loading
and internal loading. External loads are those loadings from the watershed, such as
nonpoint source runoff and point sources. Internal loads are caused by low DO
conditions near lake sediments, which promote re-suspension of phosphorus from the
sediments into the water column. External versus internal loads will be discussed
further in Section 7.4.

5.1.5.2 Big Muddy River Water Quality Data

There is one active and one historic water quality station in Big Muddy River segment
N12 as shown in Figure 5-1. The water quality station data for segment N12 were
downloaded from the STORET online database for the years of 1990 to 1998 (USEPA
2002b). Data collected after 1998 were available from the Illinois EPA and were
incorporated into the electronic database. The data summarized in this section include
water quality data for impaired constituents in the Big Muddy River segment N12 as
well as constituents used in modeling efforts. The raw data are contained in Appendix
A.

5.1.5.2.1 Manganese and Sulfates

Table 5-8 summarizes historical manganese and sulfates data since 1990 from the
USEPA STORET database and recent data not yet entered into the STORET database

for impaired segments in the Big Muddy River Watershed. The raw historical water
quality data are contained in Appendix A. For impairments on segment N12, the average
of the data sets do not exceed the water quality standard for either manganese and
sulfates. The historical water quality samples were also taken during months with
historically varying flow conditions.
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Table 5-8 Summary of Constituents Associated with Potential Impairments for the Big Muddy
River Segment N12

Sample Location Endpoint Period of Record and

and Parameter (mgl/L) Number of Data Points Mean Maximum | Minimum

Big Muddy River Segment N12; Sample Location 05599500
Manganese 1.0 1/9/90-4/24/97; 51 0.6 2.5 0.1
Sulfates 500 1/9/90-4/24/97; 65 237 660 59

| Big Muddy River Segment N12; Sample Location N12

Manganese 1.0 10/27/97-9/6/00; 27 0.6 1.9 0.2
Sulfates 500 11/20/97-9/6/00; 24 285 653 68

Figures 5-4 and 5-5 (at the end of this section) show concentrations of manganese and
sulfates, respectively, with corresponding flows in segment N12. Figures 5-4 and 5-5
exclude samples taken between October 1993 and September 1995 because flow data
was unavailable for those months. The flow for each sample date was compared to the
monthly average flow shown in Figure 5-3 for the month the sample was taken. Based
on this analysis, about 75 percent of manganese samples and 88 percent of sulfates
samples were taken at below average flow conditions. This suggests that most
historical samples were taken under low flow conditions in segment N12 of the Big
Muddy River Watershed. Analysis of impaired sample dates showed that more than
half of the impaired samples were taken at below average flows.

5.1.5.2.2 DO and TOC

Table 5-9 summarizes the available historic DO and total organic carbon (TOC) data
since 1990 from the USEPA STORET database and recent data not yet entered into the
STORET database for Big Muddy River segment N12 (raw data contained in Appendix
A). TOC data are presented here because they are used in the DO analysis. The
average DO concentration for segment N12 is above the water quality standard of 6.0
mg/L (16 hours of any 24-hour period), but the minimum values observed are less than
the water quality standard of 6.0 mg/L.

Table 5-9 Existing DO and TOC Water Quality Data and TMDL Endpoints

Sample Period of Record

Location and Endpoint Examined and Number Mean Maximum | Minimum

Parameter (mg/L) of Data Points (mg/L) (mg/L) (mg/L)
| Big Muddy River Segment N12; Sample Location 05599500

DO 6.0 (16 hours of 1/9/90-4/24/97; 102 8.7 20.8 3.7

any 24-hour period)

Big Muddy River Segment N12; Sample Location N12

DO 6.0 (16 hours of 10/27/97-9/6/00; 25 7.7 12.4 4.7
any 24-hour period)

TOC - 10/27/97-9/6/00; 2 5.6 5.6 5.5

Historical flow data were presented in Section 5.1.3. The flow values during the
historical sampling events for DO that had corresponding TOC measurements are
presented in Table 5-10. The flow for each sample date was compared to the monthly
average flow shown in Figure 5-3 for the month the sample was taken. Based on this
comparison, the September 6, 2000 sample was taken at below average flows, and the
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July 24, 2000 sample was taken at above average flows. Low flow values within the
stream segment result in slow-moving waters, which could decrease the amount of
aeration occurring in the stream. In addition, the day with DO impairment (September
6, 2000) occurred in a typically warm weather month. Elevated stream temperatures
affect the aquatic environment by limiting the concentration of DO in the water
column. For example, the DO concentration for 100 percent air saturated water at sea
level is 14.6 mg O,/L at 0 degrees Celsius (°C) (32°F) and decreases to 8.6 mg O,/L at
25°C (77°F) (Brown and Brazier 1972).

Table 5-10 DO Sampling Events and Associated Flow Values

Flow DO

Sample Location Date (cfs) (mg/L)
Big Muddy River (N12) 7/24/00 2,060 7.9
| Big Muddy River (N12) 9/6/00 400 4.7

5.1.5.2.3 pH and TDS

Table 5-11 summarizes the available historic pH data from 1990 to 2001 from the
USEPA STORET database and recent data not yet entered into the STORET database
for Big Muddy River segment N12 (raw data contained in Appendix A). Although the
segment is not impaired for TDS, the data are used in the pH calculations. The average
pH concentration for the segment is within the water quality boundaries of 6.5 and 9.0,
but the minimum value observed is less than the water quality standard of 6.5.

Table 5-11 Existing pH and TDS Water Quality Data and TMDL Endpoints

Sample Location Endpoint Period of Record and
and Parameter (mg/L) Number of Data Points Mean Maximum Minimum
| Big Muddy River Segment N12; Sample Location 05599500
pH 6.5-9 1/9/90-4/24/97; 102 7.4 8.8 6.4
TDS 1,000 1/9/90-2/29/96; 16 620 2,010 197
| Big Muddy River Segment N12; Sample Location N12
pH 6.5-9 10/27/97-9/6/00; 25 7.1 8.1 6.4
TDS 1,000 7/24/00-9/6/00; 2 356 487 225

Figure 5-6 shows a histogram of pH values in Segment N12 of the Big Muddy River.
This histogram illustrates that, based on historic data, three percent of the measured pH
values in segment N12 violated the pH standard. The last violation occurred in August
of 1998.

5.1.6 Land Use

The Illinois Natural Resources Geospatial Clearinghouse distributes the Critical Trends
Assessment Land Cover Database of Illinois. This database represents 23 land use
classes created by satellite imagery captured between 1991 and 1995. The data were
published in 1996 and are distributed by county in grid format for use in GIS. The
GIS-delineated watershed for Kinkaid Lake and Big Muddy River segment N12 were
used to obtain the land use from the Critical Trends Assessment Land Cover grid.
Tables 5-12 and 5-13 list the land uses contributing to the Kinkaid Lake Watershed
and the segment N12 watershed, as well as each land use area and percent of total area.
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Table 5-12 Critical Trends Assessment Land Uses in Kinkaid Lake (IDNR 1996)

Land Use Acres Percent of Area
Deciduous Forest 21,597 56%
Rural Grassland (pastureland, grassland,
waterways, buffer strips, CRP land, etc.)

Pasture 2,977 8%

Grassland 5,953 16%
Row Crop (corn, soybeans, and other tilled crops) 3,576 9%
Open Water 2,703 7%
Small Grains (wheat, oats, etc.) 751 2%
Coniferous Forest 461 1%
Forested Wetlands 368 1%
Urban (high and medium density) 101 0%
Shallow Water Wetlands 61 0%
Shallow Marsh/Wetlands 27 0%
Urban Grassland 17 0%
Deep Marsh 7 0%
Barren Land 5 0%
Cattle Feedlot 6 0%
Total 38,610 100%

*Subclasses of rural grassland were estimated by the Jackson County NRCS (2002a)

Table 5-13 Land Use for Segment N12 Watershed

Land Use Area (Acres) Percent of Total
Deciduous 7,164 39%
Rural Grassland 5,175 28%
Row Crop 1,989 11%
Urban Grassland 1,241 7%
Forested Wetland 813 4%
Medium Density 529 2.5%
Small Grains 491 2.5%
Orchard/Nurseries 297 2%
Open Water 292 2%
High Density 200 1%
Shallow Water/Wetlands 159 1%
Coniferous 27 0%
Shallow Marsh/Wetlands 16 0%
Low Density 11 0%
Swamp 3 0%
Deep Marsh 1 0%
Total 18,408 100%

Additional land use data were obtained from the Spatial Analysis Research Center's
Cropland Data Layer to supplement the Critical Trends Assessment dataset. The data
were requested from the National Agricultural Statistics Service (NASS) website for
the years of 1999 and 2000 (NASS 2002). The Cropland Data Layer is also derived
from satellite imagery, but the land use classes for crops are more detailed than those
presented in the Critical Trends Assessment dataset. The detailing of crops in the
Cropland Data Layer land use classes makes it a more accurate dataset for calculation
of crop-related parameters. The dataset was also used to verify the land use obtained
from the Critical Trends Assessment. Table 5-14 shows the cropland use classes of the
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Cropland Data Layer and the Critical Trends Assessment classes to which they were
applied.

Table 5-14 Comparison of Land Use Classes in the Kinkaid Lake Watershed

Cropland Data Layer Land Use Class Critical Trends Assessment Land Use Class
Corn Row Crop
Sorghum Small Grains
Soybeans Row Crop
Winter Wheat Small Grains
Other Small Grains & Hay Small Grains
Double-Cropped Winter Wheat/Soybeans Half to Small Grains
Half to Row Crops

5.1.7 Point Sources and Animal Confinement Operations
5.1.7.1 Coal Mines and Oil and Gas Fields

Acid mine drainage from coal mines could contribute to manganese and sulfates
concentrations in a watershed. Data from the Illinois Natural Resources Geospatial
Data Clearinghouse was reviewed for coal mines, oil fields, and non-coal mines within
the Big Muddy River Watershed from the following references (full citation provided
in Section 13):

m Chenoweth, Cheri, 1998, Areas Mined for the Springfield (No. 5) Coal in Illinois
m Stiff, Barbara J., 1997, Areas Mined for Coal in Illinois - Part 1
m Stiff, Barbara J., 1997, Areas Mined for Coal in Illinois - Part 2

m Coal Section, Illinois State Geological Survey, 1991, Point Locations of Active and
Abandoned Coal Mines in Illinois

m [llinois Office of Mines and Minerals, 1998, Coal Mine Permits Boundaries in
Illinois

m Staff, ISGS, 1996, Non-coal Underground Mines of Illinois
m Staff, ISGS, 1996, Non-coal Underground Mines of Illinois - Points
m [llinois State Geological Survey, not published, Oil and Gas Fields in Illinois

Figure 5-7 presents the findings from these databases for extraction operations in the
Big Muddy River Watershed. Multiple coal mines were identified within the watershed
and labeled on Figure 5-7. The mine names and dates of operation are listed in
Appendix B. There are no permitted mines in this watershed, and a comparison of the
existing and permitted mine databases suggests that non-permitted mines are likely
abandoned or closed. No oil or gas fields or non-coal mines were located in the
segment N12 Watershed; however, the non-coal mine database contains only 20
percent of the non-coal mines in Illinois due to the lack of a legal filing requirement.
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Both Illinois EPA and IDNR Office of Mines and Minerals have responsibilities
relating to the permitting of active coal mines and the regulation of mine drainage.
Mine drainage is any groundwater, surface water, or rainwater that flows through, or in
any way contacts an area affected by mining. Mine drainage from sites in Illinois are
either non-acid drainage or acid drainage and can be classified as pre-law and post-
law. Pre-law mines are those mines operated prior to 1977, which are abandoned and
not permitted and are typically acid drainage mines (Muir et al. 1997).

Acid mine drainage is formed when three essential components combine: iron pyrite
material, oxygen, and water. Pyritic material may come in several different forms,
some of which are very stable and difficult to break down while others are very
reactive and break down readily. Iron pyrite is commonly found associated with coal
and coal refuse materials. As water contacts iron pyrite in the presence of oxygen, a
chemical reaction occurs that forms ferrous iron and sulfuric acid. The ferrous iron
then undergoes oxidation to form ferric iron. With the presence of ferrous iron, ferric
iron, pyrite, oxygen, and water, several chemical reactions occur that produce
additional acidity, further lowering the pH of the water. The formation of new acid is
practically continuous when erosion of the refuse material exposes unreacted pyrite in
the presence of oxygen and water. The negative impacts of acid mine drainage are high
levels of dissolved solids, especially iron, sulfates, chlorides, and manganese
associated with the mine drainage (Muir et al. 1997).

As mentioned previously, the sampling data for manganese and sulfates, shown in
Figures 5-4 and 5-5, were taken primarily under low-flow conditions. The figures
show a decrease in concentrations with increases in flow indicating that groundwater is
the potential source of these constituents. If the source of manganese and sulfates were
due to surface runoff, an increase in concentrations would be expected with increased
flows. The absence of exceedences of the water quality standards for manganese or
sulfates at higher flows in the figures supports the conclusion that manganese and
sulfates could have leached into the groundwater from pools within the mine sites and
be the source of manganese and sulfates concentrations in segment N12. In addition,
no data are available to assess the natural background of manganese and sulfates in the
watershed. Natural background concentrations typically are attributed to what occurs
naturally in groundwater due to mineral conditions of the soils (Water Environment
Research Foundation [WERF] 1997).

5.1.7.2 Animal Confinement Operations

The Illinois EPA provided a GIS shapefile illustrating the location of livestock
facilities in the Big Muddy River Basin, which contains Kinkaid Lake and Big Muddy
River segment N12. The Illinois EPA assessed the potential impact of each facility on
water quality with regard to the size of the facility, the site condition and management,
pollutant transport efficiency, and water resources vulnerability. Two livestock
facilities (cattle feedlots) were identified in the Kinkaid Lake watershed as shown in
Figure 5-8. One of the feedlots was determined to have no impact on the receiving
waters, and the other was determined to have a slight impact on receiving waters. Three
animal management operations were located in the segment N12 watershed; two are
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designated as having no impact on receiving waters, and the third was not assessed.
Figure 5-9 shows the animal management operations within the segment N12
Watershed.

5.1.7.3 Wastewater Treatment Plants

Table 5-15 lists the wastewater treatment facilities within the N12 watershed. No point
sources were located within the Kinkaid Lake Watershed. Table 5-15 also provides
information on whether there is potential for the facility to impact DO concentrations
in Segment N12. With exception of the Carbondale Northwest Wastewater Treatment
Plan, none of the facilities has the potential to impact DO concentrations in Segment
N12. The facilities are either no discharge or discharge such little effluent that it is
unlikely that they impact the Big Muddy River. The Carbondale Northwest Plant will
be further discussed in Section 10.

Table 5-15 Wastewater Treatment Plants within N12 Watershed

Potential to Impact DO
Facility Name NPDES Number Concentrations in N12
Lake Chautauqua Home IL0045705 No
Fairway Motor Home Park IL0045306 No
New Thompson Lake Fishing Club IL0048569 No
Jackson Country Club 1L0038521 No
Fairway Vista Group ILO061786 No
Paul Parrish Apartments 1L0048089 No
Green Tree Mobile Home Park IL0036935 No
Happy Ours Mobile Home Park 1L0046299 No
Carbondale Northwest Wastewater IL0027871 Yes
Treatment Plant

5.1.8 Soil Data

State Soil Geographic (STATSGO) database data, created by the USDA — National
Resource Conservation Service (NRCS) Soil Survey Division, are aggregated soil
surveys for GIS use published for Illinois in 1994. The STATSGO shapefiles were
downloaded by HUC from the USEPA BASINS website (USEPA 2002a). STATSGO
data are presented as map units of soils in which each map unit has a unique code
linking it to attribute tables listing percentages of soil types within a map unit, soil
layer depths, hydrologic soil groups, and soil texture among other soil properties.

5.1.9 Cropping Practices

Tillage practices can be categorized as conventional till, reduced till, mulch-till, and
no-till. The percentage of each tillage practice for corn, soybeans, and small grains by
county are generated by the Illinois Department of Agriculture from County Transect
Surveys. Data specific to the Kinkaid Lake Watershed were not available; however,
the Jackson County NRCS office recommended percentages of each tillage practice for
application to the Kinkaid Lake Watershed as shown in Table 5-16 (NRCS 2002a).
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Table 5-16 Tillage Practices in the Kinkaid Lake Watershed (NRCS 2002a)

Tillage Practice Corn Soybeans Small Grains
Conventional Till 20% 0% 20%
Reduced Till 15% 10% 50%
Mulch-Till 15% 5% 10%
No-Till 50% 85% 20%

5.1.10 Reservoir Characteristics

Reservoir characteristics were obtained from GIS analysis, the Illinois EPA, the
Kinkaid Lake watershed plan, and USEPA water quality data. The watershed plan for
Kinkaid Lake lists a normal pool of 2,350 acres (Kinkaid Area Watershed Project, Inc.
[KAWP] 2000). I1linois EPA originally estimated the surface area of Kinkaid Lake as
3,475 acres, resulting in a large discrepancy between this value and those obtained
from the watershed plan and GIS. Based on recent studies in the watershed, the
surface area of 2,350 acres from the watershed plan was used to validate the surface
area of 2,402 acres obtained from GIS analysis. For modeling analyses, the area
obtained through GIS analysis was scaled to equal the area from the resource plan.

The water quality dataset described in Section 5.1.5.1 was used to determine the

average depth of Kinkaid Lake. On each date sampled for water quality constituents,
the total depth at the site was measured. Table 5-17 lists the average depth calculated
for each water quality site in Kinkaid Lake for each year of available data after 1990.

Table 5-17 Average Depths in Feet for Kinkaid Lake

Year RNC-1 RNC-2 RNC-3 RNC-4 Lake Average |
1990 55.9 42.3 6.5 6.5 27.8
1991 63.0 40.3 22.0 3.4 32.2
1992 80.4 15.2 13.8 4.3 28.4
1993 73.0 22.4 15.6 6.5 29.4
1994 60.0 35.7 24.7 4.0 31.1
1996 60.0 411 9.2 9.2 29.9
1997 57.9 40.2 27.4 9.4 33.7
1998 57.9 39.5 29.0 10.5 34.2
2000 51.3 39.4 26.8 10.2 31.9

Reservoir characteristics that were unavailable were flows into and out of the reservoir.

5.1.11 Septic Systems

Typically, septic systems near lake waters have greater potential for impacting water
quality than systems near streams due to their proximity to the water body of concern.
The number of septic systems within the watersheds could not be confirmed from
available data sources. There were no residences observed near the lake during the site
visit described in Sections 2.2 and 2.3. It is anticipated that failing septic systems are a
negligible source of pollutant loads in this watershed.
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5.1.12 Aerial Photography

Aerial photographs of the Big Muddy River Watershed were obtained from the Illinois
Natural Resources Geospatial Data Clearinghouse. The photographs were used to
supplement the USGS quadrangle maps when locating facilities.
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Figure 5-4 Manganese Concentrations and Flows
in Big Muddy River Segment N12
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Figure 5-5: Sulfate Concentrations and Flows
in Big Muddy River Segment N12
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Section 6

Methodologies and Models to Complete
TMDLs for the Big Muddy River

6.1 Set Endpoints for TMDLs

TMDLs are used to define the total amount of pollutants that may be discharged into a
particular water body within any given day based on a particular use of that water
body. Developing TMDLs must, therefore, account for both present and future stream
users, habitat, flow variability, and current and future point and nonpoint pollutant
loadings that may impact the water body. Defining a TMDL for any particular stream
segment must take into account not only the science related to physical, chemical, and
biological processes that may impact water body water quality, but must also be
responsive to temporal changes in the watershed and likely influences of potential
solutions to water quality impairments on entities that reside in the watershed.

Stream and lake water quality standards were presented in Section 4, specifically in
Table 4-1. Biological data, such as the Index of Biotic Integrity (IBI) and the
Macroinvertebrate Biotic Index (MBI), are used to support 305(b) and 303(d) listing
decisions; however, TMDLs were not developed specifically to meet biological
endpoints for the Big Muddy River Watershed. The endpoints presented in Section 4,
which are chemical and physical endpoints of the following constituents, were
targeted:

m stream segments: sulfates, pH, DO, manganese;
m lake segment: pH.

6.2 Methodologies and Models to Assess TMDL Endpoints

Methodologies and models were utilized to assess TMDL endpoints for the Big Muddy
River Watershed. Model development is more data intensive than using simpler
methodologies or mathematical relationships for the basis of TMDL development. In
situations where only limited or qualitative data exist to characterize impairments,
methodologies were used to develop TMDLs and implementation plans as appropriate.

In addition to methodologies, watershed and receiving water computer models are
available for TMDL development. Most models have similar overall capabilities but
operate at different time and spatial scales and were developed for varying conditions.
The available models range between empirical and physically based. However, all
existing watershed and receiving water computer models simplify processes and often
include obviously empirical components that omit the general physical laws. They are,
in reality, a representation of data.

Each model has its own set of limitations on its use, applicability, and predictive
capabilities. For example, watershed models may be designed to project loads within
annual, seasonal, monthly, or storm event time scales with spatial scales ranging from
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large watersheds to small subbasins to individual parcels such as construction sites.
With regard to time, receiving water models can be steady state, quasi dynamic, or
fully dynamic. As the level of temporal and spatial detail increases, the data
requirements and level of modeling effort increase.

6.2.1 Watershed Models

Watershed or loading models can be divided into categories based on complexity,
operation, time step, and simulation technique. USEPA has grouped existing
watershed-scale models for TMDL development into three categories based on the
number of processes they incorporate and the level of detail they provide (USEPA
1997):

m simple models,
» mid-range models,
m detailed models.

Simple models primarily implement empirical relationships between physiographic
characteristics of the watershed and pollutant runoff. A list of simple category models
with an indication of the capabilities of each model is shown in Table 6-1. Simple
models may be used to support an assessment of the relative significance of different
nonpoint sources, guide decisions for management plans, and focus continuing
monitoring efforts. Generally, simple models aggregate watershed physiographic data
spatially at a large-scale and provide pollutant loading estimates on large time-scales.
Although they can easily be adopted to estimate storm event loading, their accuracy
decreases since they cannot capture the large fluctuations of pollutant concentrations
observed over smaller time-scales.
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Table 6-1 Evaluation of Watershed Model Capabilities - Simple Models (USEPA 1997)

Regressi
USEPA Simple on SLOSS-
Criteria Screening' | Method' | Method' | PHOSPH? | Watershed | FHWA | WMM
Land Urban o o o - o 03 °
Uses Rural e - o e e o °
Point Sources - - — - o — o
Time Annual PY P PY ° P ° °
Scale Single Event o o o _ _ o _
Continuous - - _ — _ _ _
Hydrology | Runoff —4 o _ _ _ o o
Baseflow - - — - - - o
Pollutant Sediment e ° ° e ° — —
Loading Nutrients = = =) =) = (= =
Others o e e - e e e
Pollutant Transport — — _ — — _ —
Routing Transformation _ _ _ _ _ _ o
Model Statistics — — _ — o o o
Output Graphics _ _ _ _ ° _ o
Format Options - - — - ° — o
Input Requirements o o) 0o o o o) o
Data Calibration _ _ _ 5 o _ o
Default Data ° ° ° e o ° e
User Interface — — _ — o o o
BMPs Evaluation o o — o = = =~
Design Criteria - — _ — — _ —
Documentation PY PY PY PY PY PY °
' Not a computer * Extended Versions ) .
program recommended use of ® High @ Medium O Low — Not Incorporated
2 Coupled with GIS SCS-curve number
® Highway drainage method for runoff
basins estimation

Mid-range models attempt a compromise between the empiricism of the simple models
and complexity of detailed mechanistic models. Mid-range models are designed to
estimate the importance of pollutant contributions from multiple land uses and many
individual source areas in a watershed. Therefore, they require less aggregation of the
watershed physiographic characteristics than the simple models. Mid-range models
may be used to define large areas for pollution migration programs on a watershed
basis and make qualitative evaluations of BMP alternatives. A list of models within the
mid-range category and their capabilities is shown in Table 6-2.
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Table 6-2 Evaluation of Watershed Model Capabilities - Mid-Range Models (USEPA 1997)
Criteria SITEMAP GWLF P8-UCM Auto-Ql AGNPS SLAMM
Land Uses Urban ° ° ° ° — °
Rural PY PY _ _ P _
Point Sources o o PY _ PY PY
Time Scale Annual — - — — — -
Single Event o — PY _ ° _
Continuous PY PY PY PY — PY
Hydrology Runoff PY ° ° ° PY PY
Baseflow o ° o o — o
Pollutant Sediment — PY PY PY P P
Loading Nutrients ° ° ° ° ° °
Others - - ° ° - Py
Pollutant Transport o o o ® PY °
Routing Transformation _ - - — — —
Model Output | Statistics = o — — - o
Graphics e e ° — PY o
Format Options PY PY PY o PY PY
Input Data Requirements o o e e o o
Calibration o o o ° o °
Default Data PY PY ° o o o
User Interface PY PY PY o o PY
BMPs Evaluation o o ° ° = =
Design Criteria — — PY ° o o
Documentation ° PY PY ° ° ®
@ High © Medium O Low — Not Incorporated
Detailed models use storm event or continuous simulation to predict flow and pollutant
concentrations for a range of flow conditions. These models explicitly simulate the
physical processes of infiltration, runoff, pollutant accumulation, instream effects, and
groundwater/surface water interaction. These models are complex and were not
designed with emphasis on their potential use by the typical state or local planner.
Many of these models were developed for research into the fundamental land surface
and instream processes that influence runoff and pollutant generation rather than to
communicate information to decision-makers faced with planning watershed
management (USEPA 1997). Although detailed or complex models provide a
comparatively high degree of realism in form and function, complexity does not come
without a price of data requirements for model construction, calibration, verification,
and operation. If the necessary data are not available, and many inputs must be based
upon professional judgment or taken from literature, the resulting uncertainty in
predicted values undermine the potential benefits from greater realism. Based on the
available data for the Big Muddy River Watershed, a detailed model could not be
constructed, calibrated, and verified with certainty and the watershed model selection
should focus on the simple or mid-range models.
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6.2.1.1 Watershed Model Recommendation

The watershed model recommendation for Kinkaid Lake is the Generalized Watershed
Loading Function (GWLF) model. No watershed models will be utilized for stream
TMDLs as methodologies will be utilized for stream segments in the Big Muddy River
Watershed. The GWLF model was chosen for the Kinkaid Lake TMDL based on the
following criteria:

m case of use and Illinois EPA familiarity
m compatible with pollutants of concern and existing data
m provide adequate level of detail for decision making

The GWLF manual estimates dissolved and total monthly phosphorus loads in
streamflow from complex watersheds. Both surface runoff and groundwater sources
are included, as well as nutrient loads from point sources and onsite wastewater
disposal (septic) systems. In addition, the model provides monthly streamflow, soil
erosion, and sediment yield values (Haith et al. 1996).

6.2.2 Receiving Water Quality Models

Receiving water quality models differ in many ways, but some important dimensions
of discrimination include conceptual basis, input conditions, process characteristics,
and output. Table 6-3 presents extremes of simplicity and complexity for each
condition as a point of reference. Most receiving water quality models have some mix
of simple and complex characteristics that reflect tradeoffs made in optimizing
performance for a particular task.

Table 6-3 General Receiving Water Quality Model Characteristics

Model Characteristic Simple Models Complex Models
Conceptual Basis Empirical Mechanistic

Input Conditions Steady State Dynamic

Process Conservative Nonconservative
Output Conditions Deterministic Stochastic

The concept behind a receiving water quality model may reflect an effort to represent
major processes individually and realistically in a formal mathematical manner
(mechanistic), or it may simply be a "black-box" system (empirical) wherein the output
is determined by a single equation, perhaps incorporating several input variables, but
without attempting to portray constituent processes mechanistically.

In any natural system, important inputs, such as flow in the river, change over time.
Most receiving water quality models assume that the change occurs sufficiently slowly
so that the parameter (for example, flow) can be treated as a constant (steady state). A
dynamic receiving water quality model, which can handle unsteady flow conditions,
provides a more realistic representation of hydraulics, especially those conditions
associated with short duration storm flows, than a steady-state model. However, the
price of greater realism is an increase in model complexity that may be neither justified
nor supportable.
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The manner in which input data are processed varies greatly according to the purpose
of the receiving water quality model. The simplest conditions involve conservative
substances where the model need only calculate a new flow-weighted concentration
when a new flow is added (conservation of mass). Such an approach is unsatisfactory
for constituents such as DO or labile nutrients, such as nitrogen and phosphorus, which
will change in concentration due to biological processes occurring in the stream.

Whereas the watershed nonpoint model's focus is the generation of flows and pollutant
loads from the watershed, the receiving water models simulate the fate and transport of

6-6

the pollutant in the water body. Table 6-4 presents the steady-state (constant flow and
loads) models applicable for this watershed. The steady-state models are less complex
than the dynamic models. Also, as discussed above, the dynamic models require
significantly more data to develop and calibrate an accurate simulation of a water

body.
Table 6-4 Descriptive List of Model Components - Steady-State Water Quality Models
Water Body Parameters Process Simulated
Model Type Simulated Physical Chemical/Biological
USEPA River, lake/ Water body nitrogen, Dilution, First order decay -
Screening reservoir, phosphorus, advection, empirical relationships
Methods estuary, coastal chlorophyll "a," or dispersion between nutrient loading
chemical and eutrophication
concentrations indices
EUTROMOD | Lake/reservoir DO, nitrogen, Dilution Empirical relationships
phosphorus, between nutrient loading
chlorophyll "a" and eutrophication
indices
BATHTUB Lake/reservoir DO, nitrogen, Dilution Empirical relationships
phosphorus, between nutrient loading
chlorophyll "a" and eutrophication
indices
QUAL2E Rivers (well DO, CBOD, arbitrary, Dilution, First order decay, DO-
mixed/shallow nonconservative advection, BOD cycle, nutrient-algal
lakes or substances, three dispersion cycle
estuaries) conservative
substances
EXAMSII Rivers Conservative and Dilution, First order decay,
nonconservative advection, process kinetics,
substances dispersion daughter products,
exposure assessment
SYMPTOX3 River/reservoir Conservative and Dilution, First order decay,
nonconservative advection, sediment exchange
substances dispersion
STREAMDO Rivers DO, CBOD, and Dilution First order decay, BOD-
ammonium DO cycle, limited algal
component

6.2.2.1 Receiving Water Model Recommendation
The receiving water model recommended for Kinkaid Lake is BATHTUB, which
applies a series of empirical eutrophication models to reservoirs and lakes. The
program performs steady-state water and nutrient balance calculations in a spatially
segmented hydraulic network that accounts for advective and diffusive transport, and
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nutrient sedimentation. Eutrophication-related water quality conditions are predicted
using empirical relationships (USEPA 1997).

Because of the lack of spatial data sets for the stream segments within the Big Muddy
River Watershed, methodologies based on the USEPA Screening Methods and Monte
Carlo simulations will be utilized for stream TMDL development as discussed in the
following section.

6.2.3 Kinkaid Lake TMDL _ |
For Kinkaid Lake, a TMDL for pH will be completed Predict Loadings

using a watershed/receiving water model combination.
The strategy for completing the watershed/receiving Y
water model TMDL for Kinkaid Lake is shown in the
schematic to the right. This strategy applies to
constituents whose loads can be predicted using GWLF.
This approach allows a linkage between source and
endpoint resulting in an allocation to meet water quality
standards. After loads are predicted, the BATHTUB
model will be used to determine the resulting phosphorus

Steady State Model

Allocation

. Lo . . Schematic 1
concentrations within Kinkaid Lake. Model development Strategy for Lake TMDL
is discussed further in Section 7. Modeling

6.2.4 Stream TMDVL:s for the Big Muddy River Watershed

Because of limited data available for watershed and receiving water model
development for the Big Muddy River Watershed, TMDLs for the following
constituents will be completed using methodologies: sulfates, pH, DO, and manganese.
For DO, a Streeter-Phelps analysis based on the USEPA Screening Procedures was
developed. This analysis is described in Section 8. For sulfates and manganese, a
Monte Carlo simulation was conducted, and the description of this analysis is also
contained in Section 8. For pH, an analysis based on recurrence interval and pH was
created, and this discussion is also included in Section 8.

6.2.5 Calibration and Validation of Models

The results of loading and receiving water simulations are more meaningful when they
are accompanied by some sort of confirmatory analysis. The capability of any model to
accurately depict water quality conditions is directly related to the accuracy of