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BUR 14 2004
Ms. Marcia T. Willhite BURE4, AU OF Waj
IEPA Bureau of Water CHigr S OFFE R

1021 North Grand Avenue East
Springfield, IL 62794-9276

Dear Ms. Willhite;

The United States Environmental Protection Agency (U.S. EPA) has reviewed the final Total
Maximum Daily Load (TMDL) submittal for the Little Muddy River Watershed, including
supporting documentation and follow up information. IEPA’s submitted TMDLs address one
stream segment impaired for General Use. Based on this review, U.S. EPA has determined that
[llinois” TMDLs for manganese, sulfates, and Total Dissolved Solids (TDS) 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, U.S. EPA hereby approves Illinois’ 3 TMDLs for
the Little Muddy River Watershed. The statutory and regulatory requirements, and U.S. EPA’s
review of Illinois’ compliance with each requirement, are described in the enclosed decision
document.

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

Sincerely yours,

Director, Water Division

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 (TMDLs) for Little Muddy River. In the 1998
Section 303(d) List, Little Muddy River was listed as impaired for the following
parameters: manganese, sulfates, nitrogen, pH, siltation, low dissolved oxygen (DO),
total dissolved solids (TDS), other habitat alterations, and total suspended solids
(TSS). Since then, new data assessed in 2002 showed that Little Muddy River is
currently impaired for manganese, sulfates, pH, low DO, TDS, pathogens, and TSS.

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, this TMDL will only focus on the parameters of manganese, sulfates, pH, low
DO, and TDS, for which numeric water quality standards exist.

The listing of pathogens as a cause was based on the criteria published in the 2002
305(b) Water Quality Report. The current General Use water quality standard for
pathogens specifies that during the months of May through October, based on a
minimum of five samples taken over not more than a 30-day period, fecal coliform
bacteria counts shall not exceed a geometric mean of 200/100 mL, nor shall more than
10 percent of the samples during any 30-day period exceed 400/100 mL. The
frequency of water sampling at Ambient Water Quality Monitoring Network sites (i.e.,
approximately once every six weeks throughout the year) does not meet the frequency
necessary to apply the Illinois standard; therefore, surrogate assessment guidelines,
closely reflecting the standard, are used to assess attainment of the primary contact
(swimming) use.

For Little Muddy segment NEOS, 24 measurements of fecal coliform bacteria were
taken during May-October in 1996-2000. Thus the sampling frequency was less than
one sample per month, much less than the five samples in 30 days required in order for
the numeric water quality standard to apply, and no month had the requisite five
samples taken. Using the surrogate assessment guidelines, two of the 12 samples were
greater than 400/100 mL when TSS was less than or equal to the 50th percentile value
of TSS, indicating partial support of primary contact use. A TMDL was not developed
for pathogens. The Agency is instead recommending that additional monitoring be
conducted to verify pathogen concentrations and sources consistent with the
specifications of the water quality standard. If the monitoring results indicate water
quality standard violations, a TMDL for pathogens will be conducted at a later time.
To learn more about this process, see page 40 of Illinois EPA's Illinois Water Quality
Report 2002.
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Parameter changes for developing TMDLs

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

Little Muddy River Watershed

TMDL Fact Sheet

Watershed Name:
Segment Name
Impaired Segments:
Location:

Size:

Primary Watershed Land Uses:

Criteria of Concern:
Designated Uses Affected:

Environmental Indicators:
Major Sources:

Loading Capacity:

Waste Load Allocation:
Margin of Safety:

Little Muddy River

Little Muddy River

NEO5

Jackson County, lllinois

15.5 miles

Agriculture, grassland, and forest land
Manganese (Mn), sulfates, TDS, pH, and
dissolved oxygen (DO)

General use

Mn, sulfates, TDS, pH, and DO monitoring
Potentially contaminated groundwater, stagnant
stream conditions, elevated instream
temperatures, and nonpoint source loading from
agriculture

Mn = 178 Ibs/day

Sulfate = 68,805 Ibs/day

TDS = 459,698 Ibs/day

pH = No Allocation

DO = No allocation

No Allocation

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
Little 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.

The TMDLs for manganese, sulfates, and TDS in Little Muddy River segment NEO5
were based on analyses performed in a Monte Carlo simulation. Segment NEOS5 was
listed for TDS impairments due to noncompliant conductivity measurements, so the
TDS analysis was based on a relationship between TDS and conductivity. The Monte
Carlo simulation for manganese, sulfates, and TDS showed a reduction of 88 percent,
89 percent, and 52 percent, respectively, necessary to achieve water quality standards.
The potential source of manganese, sulfates, and TDS in the Little Muddy River
Watershed is contaminated groundwater. The groundwater is potentially contaminated
by active and abandoned coal mines; however, further source identification is
recommended. Confirmation that abandoned mines are a source of manganese,
sulfates, and TDS in the watershed would require reclamation of the mines. Passive
treatment for mine reclamation is recommended. If active mines are confirmed as a
source of impairments, permit reductions may be required.

The TMDL analysis for DO in Little Muddy River segment NEO5 was made through
investigation of the relationship between DO, total organic carbon (TOC), 5-day
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biochemical oxygen demand (BODs), and reaeration in the creek. The likely source of
DO impairments in the segment is primarily a lack of aeration 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 NEOS. 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 Little Muddy River
segment NEOS. 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 NEOS. 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 Little Muddy River segment NEO5. Analysis showed that the existing
average hydrogen ion concentration was below the allowable loading, so allocations
were not developed for pH in segment NEOS5 at this time. Although an allocation was
not developed, mitigation measures for manganese, sulfates, TDS, and DO will help
control pH in Little Muddy River segment NEOS.
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Section 1

Goals and Objectives for Little Muddy River
Watershed (ILNEO0S)

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] 1998).

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 Little Muddy River
Watershed

The TMDL goals and objectives for the Little 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 is the impaired water
body segment in the Little Muddy River Watershed, which is also shown in Figure 1-1:

m Little Muddy River (NEOS)
The TMDL for each of the segments listed above will specify the following elements:

m [oading 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=X>WLA +XLA+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 Little 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 time frame for completion of implementation activities.

1.3 Report Overview

The remaining sections of this report contain:

m Section 2 Little Muddy River Watershed Description provides a description of
the impaired water body and general watershed characteristics.
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m Section 3 Public Participation and Involvement discusses public participation
activities that occurred throughout the TMDL development.

m Section 4 Little 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.

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

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

m Section 7 Methodology Development for Little Muddy River describes the
analytical procedures used to examine Little Muddy River.

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

m Section 9 Implementation Plan for Little Muddy River Watershed provides
methods to reduce loadings to impaired water bodies.

m Section 10 References lists references used in this report.
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Section 2
Little Muddy River Watershed Description

2.1 Little Muddy River Watershed Overview

The Little Muddy River Watershed originates in the northeastern portion of Jackson
County and flows southward towards its confluence with the Big Muddy River. The
watershed encompasses an area of approximately 270 square miles and is located
within U.S. Geological Survey (USGS) Big Muddy Basin (Hydrologic Unit Code
[HUC] 07140106). Figure 1-1 shows the impaired river segment within the watershed.
The impaired segment is shown in red. Table 2-1 lists the water body segment, water
body size, and potential causes of impairment. Illinois EPA has determined that at this
time TMDLs will only be developed for those parameters with numeric water quality
standards; therefore, several parameters listed for the Little Muddy River watershed in
the 1998 and 2002 303(d) lists, such as total suspended sediments and pathogens, will
not be addressed with this TMDL.

Table 2-1 Impaired Water Body in Little Muddy River Watershed

Water Body Segment ID | Water Body Name Size Potential Causes of Impairment
NEOS Little Muddy River 15.5 miles | Manganese, sulfates, pH, dissolved
oxygen (DO)

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 agricultural followed by rural grassland and deciduous
forest land use. Strip mining also is a land use type found within the watershed.
Farmers in the area primarily raise cash crops, such as corn, soybeans, and alfalfa.

Soils within the Little Muddy River Watershed are primarily of 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 Little Muddy River watershed is cold in the winter and warm in the
summer. There is no published temperature data available through the National
Climate Data Center (NCDC) for Jackson County; hence, temperature data presented
below is for Perry County. 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

45 inches, of which 25 inches, approximately 55 percent, usually falls in April through
September (NCDC 2002).
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2.2 Stream Segments Site Reconnaissance of Little Muddy
River Watershed

The project team conducted a site
reconnaissance of the Little Muddy River
Watershed on June 18, 2001. This section
briefly describes the stream segments and the
site reconnaissance.

Table 2-1 lists the impaired stream segment
in the Little Muddy River Watershed. Based
on the 1998 and 2002 303(d) lists, Illinois
EPA determined that one segment of the -~
Little Muddy River was impaired, Segment Little Muddy River looking north from the
NEO5. This segment is shown in Figure 1-1. Hwy 14 bridge near the Peg%’;;;’mg’
Segment NEOS was observed from Illinois '
Route 14 west of the Perry/Franklin County line near DuQuoin, Illinois, and from
County Road 2400N east of Elkville, Illinois.

The upper portion of the Little Muddy
appeared silty or turbid and, on the north side
of the bridge, was full of branches and other
debris. The bank appeared muddy and barren
closest to the river, but mature trees were
present at the tops of the banks. The
surrounding land was planted with row crops
to the east and was wooded to the west.

The lower portion of the Little Muddy was
broader and slower flowing.

Little Muddy River looking north-northeast
from lllinois Rt. 2400N bridge east of
Elkville, lllinois.
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Section 3
Public Participation and Involvement

3.1 Little 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, counter concerns as to the
purpose of the process, and the regulatory authority to implement the
recommendations. Two public meetings were held to discuss the Little 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

Little 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 Little 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 classification is applicable to the majority of
[llinois 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 avallable? wgter quality Table 4-1 Summary of General Use Water
standards developed by Illinois EPA for Quality Standards for Little Muddy River

assessing water body impairment. Table General Use Water Quality

4-1 presents the water quality standards Parameter | Standard

of the potential causes of impairment for pH 6.5109.0 — .
. . DO Greater than 5.0 milligrams per liter

TMDLs that will be developed in the (mglL)
Little Muddy River Watershed. These Greater than 6.0 mg/L (16 hours of
water quality standards are further any 24-hour period
di din th ind fth Manganese | 1.0 mg/L

iscussed in the remainder of the Sulfates 500 mg/L
section. TDS 1,000 mg/L
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4.3.1 pH

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 Little Muddy River. 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.

4.3.3 Manganese

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 milligrams per kilogram (mg/kg) or higher
(Muir et al. 1997).

4.3.4 Sulfates

The General Use water quality standard for sulfates is 500 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.

4.3.5 TDS

Total dissolved solids (TDS) is listed as a cause of impairment in the Little Muddy
River. The General Use water quality standard for TDS is 1,000 mg/L. TDS 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 of TDS in the last three years based on AWQMN
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data or at least one violation determined from the most recent basin survey or facility
survey data. Conductivity measurements are used to determine the relative TDS level.
If conductivity levels are greater than 1,667 microSiemens per centimeter (uS/cm),
TDS is estimated to be a cause of impairment.

4.3.6 Parameters without Numeric 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), 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.

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
attainment are associated with a potential source, based on data, observations, and
other existing information. The following is a summary of the sources associated with
the listed causes for the TMDL listed segments in this watershed. They are
summarized in Table 4-2.

Table 4-2 Summary of Potential Sources of Pollutants

Potential Source Cause of Impairment
Municipal Point Source DO
Agriculture DO

Nonirrigated crop production
Pasture Lane
Animal Holding/Management Areas

Resource Extraction Sulfates
Mining pH
Mine Tailings Manganese

Contaminated Sediments Manganese

DO

Urban Runoff/Storm Sewers DO

4.4.1 Municipal Point Sources

Municipal point sources include wastewater treatment plants (WWTP) operated by
municipalities to treat municipal wastewater generated by the community. A National
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
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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.

A total of 186 NPDES permits are issued to dischargers in the Big Muddy River
basin. Within the Little Muddy watershed NEOS, there is one point source from a
wastewater treatment plant and one permitted mine discharge.

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 can potentially
contribute sediment, TSS, nutrients, and pesticides to the stream loading. The amount
that is contributed is a function of the soil type, slope, crop management, precipitation,
total amount of cropland, and the distance to the water resource (Muir et al. 1997).

Erosion of the land and streambanks carries sediment to the stream, resulting in higher
levels of TSS and siltation. This can be also be caused by livestock on pastures and
feedlots. Wastes from livestock can enter streams 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, TDS, metals, TSS, and can affect the
pH of the stream. 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. Although there are many permitted mines within the Big
Muddy River Basin, there is only one permitted, active coal mine located in the Little
Muddy River 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 during runoff conditions and are generally deposited
in streambeds or lake bottoms. Constituents contained in sediment may include metals
and nutrients. Contaminated sediments containing metals can originate from urban
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areas or mining locations. 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.

4.4.5 Urban Runoff/Storm Sewers

Urban areas in the Little 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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Little Muddy River Watershed Data Review

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

existing water quality data

land use

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 Little Muddy River impaired segment NEO5. 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 water quality gages for the Little Muddy
Watershed and the boundary for the segment NEO5 subwatershed. The watershed
boundaries define the area investigated for causes of impairments in segment NEOS.

The watershed for segment NEOS only represents the area that drains directly to
segment NEOS. All segments upstream and downstream of segment NEOS on the main
stem of the Little Muddy River, as well as all tributaries to segment NEOS, are listed as
full support. Therefore, the sources of impairments in segment NEOS5 will focus on
areas draining directly to the segment.

5.1.3 Flow Data

Analyses of the Little Muddy Watershed require an understanding of flow through the
Little Muddy River segment NEOS5. There is no active stream gage within the Little
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Muddy Watershed. Therefore, the drainage area ratio method, represented by the
following equation, was used to estimate flows within the segment NEO5
subwatershed.

Q Areaungaged _ Q
gaged — “Nungaged
Area .,

where  Qgaged = Streamflow of the gaged basin
Qungaged = Streamflow of the ungaged basin
Areage.q = Area of the gaged basin
Areayngeed = 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.

An assessment of the flow gages within HUC 07140106, which contains the Little
Muddy River, revealed three gages with flow data through 2001. Of these three gages,
two are downstream of a reservoir, Rend Lake, on the Big Muddy River and the third
represents a drainage area of only 37 square miles. USGS gage 05597000 (Big Muddy
River at Plumfield, Illinois) was chosen as an appropriate gage from which to compute
flows within the Little Muddy Watershed. Although the gage is downstream of a
reservoir, it was the most suitable for use within the HUC due to its proximity to the
Little Muddy Watershed and availability of recent data. Additionally, a comparison of
average annual flows prior to the construction of the reservoir in 1971 and after the
construction showed little variation, as shown in Figure 5-2. Gage 05597000 captures
flow from a drainage area of approximately 794 square miles in the Big Muddy River
Watershed and is located about 10 miles east of segment NEOS. 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 stream flow through segment NEO5 over the
period of record. Flows are higher in the spring months of March through May. For
Little Muddy River segment NEOS, average monthly flows range from 37 to 529 cubic
feet per second (cfs) with a mean annual flow of 256 cfs. The 7Q10 flow (lowest
average seven 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 be zero for segment NEO5 (ISWS 2000).

5.1.4 Precipitation and Temperature Data

As discussed in Section 2.1, the Little Muddy Watershed is located within Jackson
County. Two sites with historical precipitation data were identified in Jackson County
through the NCDC database. No historical temperature data records for Jackson
County were identified through the NCDC database. Additionally, the precipitation
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and temperature gage for Perry County is located closer to the watershed. Therefore,
data from the Perry County gage were used for analysis. Two months of data were
missing from the Perry County gage over the period from 1985 to 2001. Missing data
were supplemented with data from a gage in neighboring Franklin County. Table 5-1
lists the station details for the Jackson County, Perry County, and Franklin County

gages.

Table 5-1 Historical Precipitation and Temperature Gages for the Little Muddy Watershed (NCDC

2002)

NCDC Gage Number Station Location (Name) Period Record

5983 Jackson County (Murphysboro 2SW) 1948 to present

1265 Jackson County (Carbondale Sewage Plant) 1970 to present

2483 Perry County (Du Quoin) 1901 to present

0608 Franklin County (Benton 2 N) 1948 to present

Table 5-2 Average Monthly Precipitation Table 5-2 shows the average monthly

Developed for the Little Muddy Watershed from precipitation of the dataset developed

1985 to 2000 for the Little Muddy Watershed for the
Average

Month Precipitation (in) | years 1985 ‘Fo ‘20(‘)1. The average

January 3.2 annual precipitation over the same

February 2.8 period is approximately 45 inches for

March 3.5 the watershed.

April 4.3

May 4.7 .

June 51 5.1.5 Water Quality Data

,JAUW gg Two historic water quality stations

Sgg;‘esr;ber o2 exist within the Little Muddy River

October 31 segment NEOS subwatershgd and are

November 45 presented in Table 5-3. This table

December 3.0 provides the location, station

Average Annual Precipitation 44.7

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 for the Little Muddy River Watershed

Location Station Identification Number Data Collection Agency
Little Muddy River 05597280 USGS
Little Muddy River NEO5 lllinois EPA

The impaired water body segments in the Little Muddy River Watershed were
presented in Section 2. For Little Muddy River segment NEOS there are two historic
water quality stations listed in Table 5-3 and shown in Figure 5-1. The two stations in
segment NEOS are 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 the segment NEOS.

® 5-3
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Table 5-4 Summary of Constituents Associated with Potential Impairments Listed for Little Muddy
River Segment NE05 (USEPA 2002b and lllinois EPA 2002)

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

Little Muddy River Segment NE05; Sample Location 05597280

Manganese 1/10/90-4/2/97 52
Sulfates 1/10/90-4/2/97 52
PH 1/10/90-4/2/97 52
DO 1/10/90-4/2/97 53
TDS 7/17/95-3/5/96 2

Conductivity (uS/cm) 1/10/90-4/2/97 65
Little Muddy River Segment NE05; Sample Location NE05

Manganese 10/22/97-8/22/00 29
Sulfates 10/22/97-8/22/00 29
PH 10/22/97-8/22/00 29
DO 10/22/97-8/22/00 29
TDS 7/19/00-8/22/00 2

Conductivity (uS/cm) 5/20/97-8/22/00 31

5.1.5.1 Little Muddy River Water Quality Data

The water quality station data for the two stations in segment NEO5 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 Little Muddy River segment NEOS, as well as
constituents used in modeling efforts. The raw data are contained in Appendix A.

5.1.5.1.1 Manganese, Sulfates, and TDS

Table 5-5 summarizes historical manganese, sulfates, TDS, and conductivity data since
1990 from the USEPA STORET database and recent data, not yet entered into the
STORET database, for segment NEOS in the Little Muddy River Watershed. The raw
historical water quality data is contained in Appendix A. Although the average
manganese, sulfates, and conductivity values for some stations are below the water
quality standard, the maximum observed values exceed the endpoints. Segment NE0OS
is impaired for TDS although the water quality data shows that no sample points
exceed the endpoint; however, the impairment for TDS is based on conductivity,
which does exceed the endpoint. The historical water quality samples were also taken
during months with historically varying flow conditions.

®

FINAL REPORT W:\1681\32931\W9-rpt\Final Report\S5.doc




Section 5

Little Muddy River Watershed Data Review

Table 5-5 Existing Water Quality Data and TMDL Endpoints for Segment NE05 (USEPA 2002b)

Period of Record Examined
Sample Location and for Samples and Number of
Parameter Endpoint Data Points Mean Maximum Minimum
Little Muddy River Segment NE05; Sample Location 05597280
Manganese (mg/L) 1.0 1/10/90-4/2/97; 52 1.1 4.2 0.1
Sulfates (mg/L) 500 1/10/90-4/2/97; 52 363 1,620 38
TDS (mg/L) 1,000 7/17/95-3/5/96; 2 740 866 614
Conductivity (uS/cm) 1,667 1/10/90-4/2/97; 65 856 2,780 193
Little Muddy River Segment NE05; Sample Location NE05
Manganese (mg/L) 1.0 10/22/97-8/22/00; 29 0.7 2.0 0.04
Sulfates (mg/L) 500 10/22/97-8/22/00; 29 499 1,940 23
TDS (mg/L) 1,000 7/19/00-8/22/00; 2 520 724 316
Conductivity (uS/cm) 1,667 5/20/97-8/22/00; 31 1,025 3,440 147

Figures 5-4 through 5-6 (at the end of this section) show concentrations of manganese,
sulfates, and TDS, respectively, with corresponding flows in segment NEOS. 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 68 percent of
manganese and sulfate samples and 25 percent of TDS samples were taken at below
average monthly flow conditions. This suggests that most historical samples were

taken under low flow conditions in segment NEOS of the Little Muddy River
Watershed. Analysis of impaired sample dates showed that more than 80 percent of the
impaired samples for manganese, sulfates, and conductivity were taken at below
average flows.

5.1.5.1.2 DO and TOC

Table 5-6 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 Little Muddy River segment NEOS (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 NEOS 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 5-6 Existing DO and TOC Water Quality Data and TMDL Endpoints
Period of Record
Sample Location Endpoint Examined and Number Mean Maximum | Minimum
and Parameter (mg/L) of Data Points (mg/L) (mg/L) (mg/L)
Little Muddy River Segment NE05; Sample Location 05597280
DO 6.0 (16 hours of any 1/10/90-4/2/97; 53 71 12.6 25
24-hour period)
Little Muddy River Segment NE05; Sample Location NE05
DO 6.0 (16 hours of any 10/22/97-8/22/00; 28 6.3 15.5 22
24-hour period)
TOC - 7/17/95-8/22/00; 4 7.7 8.7 7.2

Historical flow data were presented in Section 5.1.3. The flow values during historical
sampling events for DO that had corresponding TOC measurements are presented in

W:\1681\3293 1\W9-rpt\Final Report\S5.doc

®

FINAL REPORT

5-5




Section 5

Little Muddy River Watershed Data Review

5-6

Table 5-7. 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,
over half of the impaired samples were taken at below average flows. Low flows
within the stream segment result in slow-moving waters, which could decrease the
amount of aeration occurring in the stream. In addition, 17 of the 20 days with DO
impairments occurred between May and September, which are typically considered
warm weather months. 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 5-7 DO Sampling Events and Associated Flow Values

Flow DO
Sample Location Date (cfs) (mg/L)
NEQ5 7/17/95 160 3.0
NEO5 3/5/96 18 12.6
NEO5 7/19/00 235 4.0
NEOQ5 8/22/00 139 4.8

5.1.5.1.3 pH

Table 5-8 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 Little Muddy River segment NEOS (raw data contained in Appendix A). 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.

TDS concentrations are used in the pH calculations and were included previously in
Table 5-5.

Table 5-8 Existing pH Water Quality Data and TMDL Endpoints (USEPA 2002b and lllinois EPA
2002)

Period of Record

Sample Location Endpoint Examined and Number Mean Maximum Minimum
and Parameter (s.u.) of Data Points (s.u.) (s.u.) (s.u.)
Little Muddy River Segment NE05; Sample Location NE05

pH |  65-9 | 10/22/97-8/22/00;29 | 7.1 | 8.1 | 6.0
Little Muddy River Segment NE05; Sample Location 05597280

pH | 65-9 | 1/10/90-4/2/97;52 | 7.4 | 8.4 | 6.8

Figure 5-7 shows a histogram of pH values in segment NEOS of the Little Muddy
River. This histogram illustrates that, based on historic data, 1.2 percent (one sample)
of the measured pH values in segment NEO5 violated the pH standard. The violation
occurred on June 20, 2000.

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
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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 Little Muddy River segment NEOS5 was used to obtain
the land use from the Critical Trends Assessment Land Cover grid. Tables 5-9 lists the
land uses contributing to the segment NEOS5 subwatershed as well as each land use area
and percent of total area.

Table 5-9 Land Use for Segment NE05 Subwatershed

Land Use Area (Acres) Percent of Total
Row Crop 16,235 50%
Rural Grassland 4,138 13%
Deciduous 4,102 13%
Forested Wetland 2,846 9%
Small Grains 2,427 7%
Medium Density 971 3%
Urban Grassland 376 1%
Shallow Water Wetland 359 1%
Open Water 318 1%
Shallow Marsh/Wetland 296 1%
| High Density 166 1%
Deep Marsh 89 0%
Swamp 74 0%
Low Density 40 0%
TOTAL 32,437 100%

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, sulfates, and TDS
concentrations and high conductivity levels 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 Little Muddy River Watershed from the
following references (full citation provided in Section 10):

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

® 5-7
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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 5-8 presents the findings from these databases for extraction operations in the
segment NEOS watershed. Multiple coal mines were identified within the watershed
and labeled on Figure 5-8. The mine names and dates of operation are listed in
Appendix B. Figure 5-8 also shows which coal mines are permitted. 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 NEOS5 subwatershed; 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.

Figure 5-8 shows one permitted coal mine (#967) in the segment NEOS5 watershed. The
discharge permit ID number for this mine is IL0038512 and is held by the
Consolidation Coal Company. The original permit was granted June 6, 1975 and the
current permit expired October 31, 2002. The facility is still operating under the old
permit until a new one is completed. According to the data provided in Appendix B,
Mine 967 was only operational until 1990; however, data from the USEPA's Permit
Compliance System states that pipe outfalls associated with this permit are active as of
October 2002 (USEPA 2002c).

Manganese and sulfate data are not reported on the available discharge monitoring
reports for permit IL038512; however, iron data, which can be used as a surrogate for
manganese, and pipe outflow data are available for one pipe outfall. These data are
summarized in Table 5-10.

Table 5-10 Iron Pipe Outfall Concentrations

Flow (cfs) Iron (mg/L)

(7] (]

K4 K-

<% [

£ € g o g € g o

S| E| E| §|8| E| E | @
Permit ID and S = x Q 5 = % 0
Sample Dates Pipe Outfall #* = = < 1 = = <
IL0038512
05/00 — 09/01 Outfall 6-015 15 0.00 3.01 0.38 15 | 1.84 13.90 | 4.99

Permitted discharges are regulated by Title 35 of the Illinois Administrative Code
(IPCB 1999b). The effluent standards for mine discharges are listed in Table 5-11.
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Table 5-11 Effluent Standards for Mine Discharges in The average iron

lllinois (IPCB 1999b) -

Constituent it concentration of the effluent

Acidity Shall not exceed total alkalinity data exceeds the' efflvent

Iron (total) 3.5 mglL standards listed in Table 5-11.

Lead (total) 1 — This data will be further

Ammonia Nitrogen (as N) 5 mg/L dlscusseq n Sectlop 7 as part

pH 6-9su of a loading analysis.

Zinc (total 5 mg/L ..

Flu or(ide (t)otal) 15 mgg L Both Illinois EPA and IDNR

Total Suspended Solids 35 mg/L Office of er}f:§ .a?d Mme'rals

Manganese 2 mg/l® have responsibilities relating

Sulfate 3,500 mg/L to the permitting of active coal

Chloride 1,000 mg/L® mines and the regulation of

DS ___a mine drainage. Mine drainage

@ Utilize good mining practices to minimize discharge of 1S any grougdwater, surface
pollutant. water, or rainwater that flows

through, or in any way contacts, an area affected by mining. Mine drainage from sites
in Illinois is 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, sulfates, and TDS, shown
in Figures 5-4 and 5-5, respectively, were taken primarily under low-flow conditions.
The figures for manganese and sulfates show a decrease in concentrations with
increases in flow indicating that groundwater is the potential source of these
constituents. If the source of manganese or sulfates was due to surface runoff, an
increase in concentrations would be expected with increased flows. Figure 5-6, which
shows the sampling data for TDS, only contains four data points from which a
conclusion cannot be drawn. The absence of exceedences of the water quality
standards for manganese, sulfates, or TDS, at higher flows in the figures, supports the
conclusion that manganese, sulfates, and TDS could have leached into the groundwater
from pools within the mine sites and be the source of manganese, sulfates, and TDS
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concentrations in segment NEOS. In addition, no data is available to assess the natural
background of manganese, sulfates, and TDS 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 the Little Muddy Watershed.
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. Four animal management operations
were located in the segment NEOS subwatershed. Of the four operations, one (feedlot)
is designated as potentially having no impact on receiving waters, one (animal
management area) as potentially having a slight impact on receiving waters, and the
last two (dairy and animal management area) were not assessed. Figure 5-9 shows the
animal management operations within the segment NEO5 subwatershed.

5.1.8 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. It is anticipated that failing septic systems are a negligible
source of pollutant loads in this watershed.

5.1.9 Aerial Photography

Aerial photographs of the Little 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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Section 6

Methodologies and Models to Complete
TMDLs for the Little Muddy River
Watershed

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 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 Little
Muddy River Watershed. The endpoints presented in Section 4, which are chemical
and physical endpoints of the following constituents, were targeted: manganese,
sulfates, TDS, pH, and DO.

6.2 Methodologies and Models to Assess TMDL Endpoints

Methodologies and models were examined to assess their applicability for addressing
TMDL endpoints for the Little 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 