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Section I: Executive Summary

The Eagle Creek Watershed Management Plan:
An Integrated Approach to Improved Water Quality

The Eagle Creek Watershed Management Plan is the result of combined efforts of the Eagle
Creek Watershed Task Force and the Central Indiana Water Resources Partnership (a long-
term research and development partnership between the Center for Earth and Environmental
Science at IUPUI and Veolia Water Indianapolis, LLC). The groups have joined forces to
create the Eagle Creek Watershed Alliance (ECWA), a group of citizens, researchers, and
managers working together to improve water quality in Eagle Creek Watershed.

Eagle Creek Watershed is located in Central Indiana approximately 10 miles northwest of
downtown Indianapolis. The watershed is relatively flat and has a 162 mi” drainage area
upstream of the Eagle Creek Reservoir dam. The Eagle Creek Reservoir, which is used as a
public drinking water supply for the City of Indianapolis, is located completely within
Marion County, while the rest of Eagle Creek Watershed runs through parts of Marion,
Hendricks, Boone, and Hamilton counties. The dominant land-cover in Eagle Creek
Watershed (approximately 60%) is agriculture (mostly corn and soybean) with some portions
of the watershed, particularly those close to the reservoir, undergoing urbanization.

The ECWA seeks to bring a fresh approach and new energy to solving watershed problems
by increasing the scientific basis for watershed management decisions while incorporating
stakeholder concerns and views. This approach is apparent in the Eagle Creek Watershed
Management Plan: An Integrated Approach to Improved Water Quality. The development
of the Plan consisted of:

1. Investigating and Assessing Water Quality Issues in Eagle Creek Subwatersheds —
The investigation of water quality issues used historical and recent datasets to assess
water quality conditions of subwatersheds and develop problem statements and locate
critical areas. A comprehensive Subwatershed Assessment was conducted utilizing
several layers of information. The subwatersheds were then ranked against each
other to determine those most impacted.

2. Developing Concerns and Problem Statements — Concerns and problem statements
were based on a multi-parameter, systematic process, allowing areas of greatest
concern to be chosen by the degree of water quality degradation and the possible
causes of such degradation. This approach led to the determination of the best course
of remediation and insight into the possible outcomes of proposed remediation. Five
primary areas of concern have been identified:

a. Streams in the Eagle Creek watershed exceed the Indiana single sample daily
maximum of 235 colonies per 100 milliliters for Escherichia coli (E. coli)
bacteria.

b. Concentrations of Atrazine in Eagle Creek watershed streams are resulting in
elevated Atrazine levels in Eagle Creek Reservoir that exceed the USEPA
standard of 3.0 pg/L (.003 mg/L) for drinking water supplies.
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c. Sediment loads in the subwatersheds of Eagle Creek are high during event
flows, eventually transporting large pulses of sediment to the reservoir and
potentially degrading aquatic habitat.

d. Nutrient concentrations in all streams in Eagle Creek watershed frequently
exceed the national average for watersheds with 50-75% agricultural use.

e. An adequate educational outreach program is not in place to inform the
residents in the Eagle Creek Watershed about their role in maintaining the
overall quality of the watershed.

3. Identifying and Prioritizing Critical Areas - A Critical Areas Evaluation tool was
developed and a List of Priorities was created for Eagle Creek Watershed. A
Subwatershed Prioritization list was then created for subwatersheds chosen for best
management implementation. The Critical Area Evaluation took into consideration:

a. The level of water quality degradation based on benchmark assessment of
water quality.

b. The identification of land-use/land-cover assessments that showed specific
areas particularly vulnerable to on-going and future degradation
(vulnerability).

c. The feasibility of remediation.

4. Developing Goals and Action Items - Goal achievement was parsed into short-term
and long-term target outcomes with each having an associated objective, action item,
and indicator(s) of success.

5. Implementing the Watershed Management Plan - A multi-pronged approach to water
resource sustainability will be taken to achieve and maintain the water quality goals
of the management plan. The first approach is through a series of watershed Best
Management Practices and associated demonstration projects. The second approach is
through several complimentary watershed education projects.

6. Determining Indicators of Success - Measuring success involves tracking several
indicators which have been divided into two major categories: Water Quality
Improvements and Education and Outreach Achievements.

The ECWA intends to carry out the goals of this Plan. With the assistance of implementation
grants, the ECWA proposes to accomplish a series of initiatives including implementation
and demonstrations of best management practices, water quality monitoring, watershed
education, and public information and outreach. The ECWA believes that this Watershed
Management Plan will provide a sound foundation from which more ambitious and holistic
management initiatives can be developed.
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Section II: Project Introduction

Designating the Study Area

Eagle Creek Watershed is located approximately 10 miles northwest of downtown
Indianapolis within the Eastern Corn Belt Ecoregion (Central Till Plain Natural Region)
in the Upper White River Watershed, IN (Figure I1-1). Topography of the watershed is
relatively flat and consists of productive soils developed in glacial till and loess. It has a
drainage area north of the Eagle Creek Reservoir dam of 162 mi’. The Eagle Creek
Reservoir, which is part of the Indianapolis’ public drinking water system, is located
completely within Marion County, while the rest of the watershed runs through parts of
Marion, Hendricks, Boone, and Hamilton counties (Figure Il-1). The watershed is
divided into 10 subwatersheds varying in size from 10.4 mi® to 20.9 mi®. The town of
Zionsville is the largest urban community within the watershed located approximately 5
miles north-northeast of the reservoir and with a population of approximately 8,800 in
2000 (IBRC, 2002). In 2000, 52% of the watershed land cover was agriculture, 29.9%
was herbaceous land cover, 9.3% was forested, and 4.3% was high and low density
development. Agriculture and herbaceous land cover has declined while high/low
density and herbaceous land cover has increased since 2000. The greatest percent of
agricultural land is located at the northern portions of the watershed while the portions
closer to Eagle Creek Reservoir are undergoing significant urbanization. Subwatersheds
transitioning to suburban development the fastest are Little Eagle Branch-Woodruff
Branch, Eagle Creek-Long Branch/Irishman Run, Eagle Creek/Jackson Run, School
Branch, and Fishback Creek.

Building Partnerships

In 1995, in response to growing Atrazine concerns in Eagle Creek Watershed, a group of
concerned citizens led primarily by a watershed coordinator, who was hired by the
Indiana Farm Bureau, began to address water quality issues in the Watershed. Funded by
an EPA 319 grant, this group, the Eagle Creek Watershed Taskforce (ECWTF), held
monthly meetings with stakeholders such as Veolia Water Indianapolis, LCC (formerly
USFilter Indianapolis Water, formerly the Indianapolis Water Company) and the Marion
County Health Department (MCHD) and developed a monitoring program for the
Watershed (Appendix A).

In 2003, the Center for Earth and Environmental Science (CEES) and USFilter
Indianapolis Water (now Veolia Water Indianapolis, LCC), joined to form the Central
Indiana Water Resources Partnership (CIWRP), a long-term research and development
partnership focused on creating a center of excellence in water quality and watershed
research. In 2004, building on the work of the ECWTF, CIWRP joined the citizens group
to begin implementation of best management practices in Eagle Creek Watershed. The
combined efforts of the ECWTF and CIWRP resulted in the creation of the Eagle Creek
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Figure 11-1: Eagle Creek Watershed in relation to the Upper White River Watershed

Watershed Alliance (ECWA), a group of citizens, researchers, and managers working
together to improve water quality in Eagle Creek Watershed (Appendix B).

Missions

The Eagle Creek Watershed Task Force
The mission of the Eagle Creek Watershed Taskforce is to improve water quality and the
environment of Eagle Creek Watershed by working cooperatively with those who impact,
and are impacted by watershed activities.

The Eagle Creek Watershed Alliance
The Eagle Creek Watershed Alliance is a broad coalition of individuals, volunteers,

foundations, local organizations, utilities, county, state and federal agencies, and
universities whose mission is to utilize a holistic approach to watershed management with
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the ultimate goals of improving water quality, increasing public awareness of watershed
water quality, and encouraging stewardship of the watershed’s resources.

The ECWA will coordinate watershed research, water quality monitoring, BMP
implementation, and watershed education and outreach programs in an effort to boost
community awareness and involvement in local watershed issues

History of Eagle Creek Watershed Management Efforts

1995 and 1996

In 1995 and 1996, due to the timing and intensity of spring rains in relation to the
agricultural producers’ activities in the fields, the levels of triazines in the Eagle Creek
Reservoir’s untreated water exceeded the Environmental Protection Agency’s (EPA’S)
drinking water quality standard (3 ppb or 0.003 mg/L) for most of each year. To
maintain drinking water quality, the Indianapolis Water Company added powder-
activated carbon to their water treatment process, an expensive necessity to ensure safe
drinking water for the 80,000 customers whose source water is Eagle Creek Reservoir.

The knowledge of high Atrazine levels in the watershed coupled with an increased
public concern that was not always grounded in “solid science”, catalyzed a dialogue
between Novartis (formerly Ciba), a company that utilizes Atrazine in some of their
products, the (then) Indianapolis Water Company , and the Indiana Farm Bureau. These
three organizations expressed a strong desire to make permanent changes within Eagle
Creek Watershed that would result in better quality water; not only in terms of
Atrazine, but also in terms of all water quality parameters.

From the beginning, initial efforts were hampered by the lack of consistent data. With
the exception of Indianapolis Water Company records from their raw water intake
(located in the reservoir itself) and the 1982 Indiana Heartland Model Implementation
Project Report, little more than general, discontinuous data existed, especially for the
watershed.

In the spring of 1997, meetings were held with individuals from various technical
agencies such as Soil and Water Conservation Districts, the Natural Resources
Conservation Service, and other successful watershed protection groups. From these
contacts, a model based on other successful efforts came forth.

1997

In 1997, Indiana Farm Bureau hired a watershed coordinator to focus the work of the
ECWTF. This year, the ECWTF with the help of the Indianapolis Water Company
began a detailed monitoring study of the Watershed. This would provide crucial bench
marking from with which to measure future progress. So while efforts were underway
to develop a contact list of potential stakeholders for the steering committee, a
monitoring program was established in the watershed.



2005 EAGLE CREEK WATERSHED PLAN

An Integrated Approach to Improved Water Quality

The monitoring program was a cooperative venture between Indiana Farm Bureau and
the Indianapolis Water Company. The Indianapolis Water Company ran chemical
analyses on water samples free of charge for eight different water quality parameters
(i.e. Triazines, Ammonia, Nitrates, Nitrites, Turbidity, Fecal Coliform (E. Coli.), Total
Coliform, and Hetrotropic Plate Counts. In later years, sulfates and chlorides were
added.

Samples were collected at ten sites scattered throughout the four-county watershed. The
sample sites and frequency where chosen to assess tributary water quality during the
agricultural/construction season. Generally, the sampling was intended to be every
week for the months of April through June (when lawn, agricultural, and construction
impacts are most likely to be intensified due to early season rains), and then every other
week until the end of October. With only a few isolated exceptions, this schedule was
followed every year since 1997. These samples provided a valuable baseline water
quality data for the watershed.

At this time, the Steering Committee submitted an application for an EPA 319 grant
application.

1997 — 2002

ECWTF data collection and watershed educational programs continued in the
watershed. This included mailings and articles in local newspapers and public tours of
septic fields and ECWTF sample sites. At this time, the EPA 319 grant was approved
for funding and work on a Watershed Management Plan began.

2002 — 2003

ECWTF submitted and received an EPA 319 grant to support an E. coli DNA
ribotyping study in Eagle Creek Watershed. This grant was also supported by funding
from the Sierra Club.  Another 319 grant was submitted to begin Phase |
Implementation for best management practices in the watershed. This grant wasn’t
successful due to lack of supporting data in the Watershed Management Plan.

2004 — 2005

ECWTF began work with the Center for Earth and Environmental Science at Indiana
University — Purdue University, Indianapolis (IUPUI) to submit another EPA 319 grant
to begin Phase | Implementation for best management practices, detailed loading
studies in the watershed, and collaboration to complete the Watershed Management
Plan.

A History of Eagle Creek Watershed Research Efforts

IDEM Assessment Information Management System (AIMS): Documented 23 watershed
stations in Eagle Creek Watershed and 20 stations in Eagle Creek Reservoir. Water
samples are analyzed for nearly 50 chemical parameters; however, not all sites are
monitored for all 50 parameters.
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Indiana Heartland Model Implementation Project (1982): Examined watershed data
from 1971 — 1980 and reservoir data from 1980-1981; showed that non-point source

pollution is a problem in Eagle Creek Watershed and the affects of best management
practices.

IDEM Lake Water Quality Assessment Program: Sampling occurred on Eagle Creek
Reservoir, Geist Reservoir, and Morse Reservoir once in the 1970s, once in the 1980s,
1991, 1995, and 1996. Physical, chemical, and biological data were gathered to
determine the lakes trophic status based on the Indiana Trophic State Index.

Marion County Health Department (1995 — Present): Sited 11 stations in Eagle Creek
Watershed around Eagle Creek Reservoir and 1 station on Eagle Creek Reservoir.
Sampling occurs on a bi-weekly basis during the growing season and includes the
measurement of in-situ water quality parameters (dissolved oxygen, temperature, pH,
conductivity, and total dissolved solids) and the analysis of soluble nitrogen compounds,
ortho-phosphorous, and several herbicides and pesticides.

IDEM Zooplankton Study (2000): Zooplankton were sampled from Eagle Creek
Reservoir and Geist Reservoir on August 10, 2000 using an underwater light trapping
technique. Data showed that algaecide treatment did not affect mid-summer zooplankton
community over the period of the study.

Eagle Creek Watershed Taskforce, ECWTF (1997 — 2003): Funded through an IDEM
319 Grant, the ECWTF sited 10 stations in Eagle Creek Watershed for bi-weekly
sampling for chemical and biological analysis during the growing season; showed that E.
coli and Atrazine contamination is a problem in Eagle Creek Watershed.

Veolia Water Indianapolis (formerly USFilter and Indianapolis Water Company): Two
watershed sampling stations were sited in Eagle Creek Watershed and monitored from
October 2002 to present. Water samples are collected bi-weekly and analyzed for
chemical water constituents (e.g., nutrients). Water from the T.W. Moses Drinking
Water Plant intake on Eagle Creek Reservoir intake also sampled bi-weekly and analyzed
for E. coli, Atrazine, nutrients, and other chemical water constituents.

Central Indiana Water Resources Partnership: Several studies on the watershed and
reservoir have been completed, initiated, and proposed through the CIWRP partnership:

2002 — Geologic and Climatological Setting Analysis for Eagle Creek Reservoir,
Geist Reservoir, and Morse Reservoir (Tedesco et al., 2003)

2002 - Surficial Sediment Characterization for Eagle Creek Reservoir, Geist
Reservoir, and Morse Reservoir (Tedesco et al., 2003)

2003 — Eagle Creek Reservoir: Responses to Algaecide Treatment (Pascual and
Tedesco, 2004)

2003 - Phytoplankton Ecology of Eagle Creek Reservoir, IN (Pascual and Tedesco,
2004)
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2003 — Eagle Creek Reservoir Zooplankton Growth Responses to the Blue-green
Algae Microcystis and Anabaena (Trierweiler and Pascual, in progress)

2003 - Seasonal Loading Contributions to Eagle Creek Reservoir, Geist Reservoir,
and Morse Reservoir from Non-point Watershed Sources (Shrake, Hall,
Tedesco and Atekwana, in progress)

2003 - Internal Phosphorus Cycling in an Urban Drinking Water Reservoir, Eagle
Creek Reservoir (Raftis Master’s Thesis, in progress)

2003 - E. coli distribution in Eagle Creek Watershed (Kuhn, Master’s Project, in
progress)

2004 — Eagle Creek Reservoir Nutrient Mass Balance (Pascual, Shrake, Tedesco,
Hall, in progress)

2004 - Phytoplankton Succession and Ecology in a non-Algaecide Treatment Year
(Pascual, in progress)

2004 - Effects of Watershed Residential Development on Stream Loading and Water
Quality (Casey, Master’s Thesis, in progress)

2004 — Watershed Input Tracking of Allochthonous Organic Matter and Nutrients to
Eagle Creek, Geist, and Morse Reservoirs (Mattox and Filley, in progress)

2005 — Eagle Creek Watershed Alliance: Phase 1 Watershed BMP Implementation,
Education and Public Outreach Grant (Tedesco and Vidon, Proposed IDEM
319 Grant)

2005 — Nutrient and Sediment Stream Budgets of Streams Under the Influence of
Agriculture, Urbanization, and In-transition areas in Eagle Creek Watershed,
IN (Campbell and Vidon, in progress)

2005 — Nutrient Limitation and Phytoplankton Succession in Eagle Creek Reservoir
(Pascual, in progress)

2005 — Hyperspectral remote sensing of blue-green algae in Central Indianapolis’
Reservoirs (Lin, Tedesco, Pascual, Randolph and Hall, in progress).
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Section IlI: Physical Setting of Eagle Creek Watershed

Geological and Climatological Description of Central Indiana and Eagle
Creek Watershed

To better characterize the water resources of Eagle Creek Watershed, it is important to
consider them within their overall geologic and climatologic setting.

Indiana’s Climate Setting and Climate Change

Indiana’s climate is classified as temperate continental and humid. Continental
climates have a pronounced difference in average seasonal temperatures between
summer and winter. Humid climates are those where the normal annual precipitation
exceeds annual evapotranspiration. The average annual temperature varies across the
state from 48°F (8.7°C) in the northeast to 57°F (13.7°C) in the southwest. The Central
Indiana area has an average annual temperature of ~52°F (Figure 111-1; Newman, 1997;
Clark, 1980).
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Figure 111-1: (A) Average annual temperature in degrees Fahrenheit (°F). (B) Average
annual precipitation in inches (1931-1980). Modified from Clark, 1980.

The average annual precipitation for Central Indiana is 38” to 40” (97 to 102 cm)
(Figure 111-2; Newman, 1997). In central areas of the state, the wettest seasonal period
is late spring; the driest is February (Figure 111-2; Newman, 1997). In central Indiana,
more than half (54%) of the average annual precipitation occurs during the five-to-six
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month frost-free growing season. This distribution of rainfall affects the timing and
magnitude of water recharge to groundwater resources as well as the timing and
magnitude of surface runoff (Figure I11-3; Clark, 1980). Using the average values,
about 68 % of the precipitation is lost as evaporation, while approximately 9% will
recharge groundwater reserves, and the remaining 23% becomes surface runoff (Figure
[11-4; Clark, 1980).
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Figure 111-2: Average Monthly Precipitation in Indiana. Demand is defined as
Evapotranspiration. Newman, 1997.
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Figure 111-3: Average Precipitation Runoff in Indiana. Clark, 1980.
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Evidence of climate change is present in Indiana. Continuous and accurate climatological
records have existed since about the middle of the nineteenth century. They show that
climate has changed over the past century and that detectable shifts have occurred over
decadal time scales. Analyses of nine Central Indiana climate records are similar to century
long climate trends on global and hemispherical scales (Figure 111-5A; EPA, 1998, Newman,
1997). Central Indiana records showed a warming trend of nearly 3°F in annual mean
temperature between the 1890s and the 1930s, followed by a cooling trend of about 2°F from
the 1940s through the 1970s. A sharp increase occurred in the 1980s, giving rise to the
warmest decadal mean annual temperatures since the 1930s (Figure 111-5B; Newman, 1997).
Other regional observations also suggest that global climate may be changing and the effects
of these changes on drinking water supplies and the ecosystem dynamics of lakes and
reservoirs should be considered (IPCC, 1995). These observations include:

a) the 20th century's ten warmest years all occurred in the last fifteen years of the
century;

b) 1995 record warmth was eclipsed by 1997 record warmth;

c) 1998 was the warmest year on record (since 1860); and

d) the 1990s were the first decade on record with three years featuring nine or
more hurricanes which develop over warm ocean water (EPA, 1998).

In Indiana, EI Nifio climate disturbances
result in extended periods of above
normal precipitation (e.g. 1993). The
1980s and 1990s had an unusual number
of El Nifio events (1982-83, 1986-87,
1991-92, 1993, 1994, 1997-98). In
Indiana, La Nifia results in below normal
seasonal precipitation and above-normal
seasonal temperature (e.g., 1983, 1988).
Other La Nifa years included a weak
event in 1995-96 and events in 1998-99.
The decade with the most summer
droughts was the 1930s, followed by the
1980s.

As watershed managers continue to face
challenges of harmful algal blooms in
Eagle Creek Reservoir and changes in
overall water quality, consideration of
the role of climate and climate change  Figure I11-4: Indiana’s Hydrologic Cycle.
will need to be taken into account. Clark, 1980

11
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Central Indiana’s Geologic and Physiographic Setting

Bedrock Geology

In Central Indiana, the bedrock trends from northwest to southeast with units of
increasing age progressing from southwest to northeast across the state. In the study
area, the youngest bedrock includes Mississippian-age carbonates (limestone and
dolomite), siltstones, and shales (Shaver et al., 1986; Gray et al., 1987; Gray, 1989;
and Rupp, 1991). To the northeast, Devonian-age limestones, dolomites, and black
shales occur. In the easternmost portion of the study, Siluirian-age limestones and
dolomites prevail. A generalized bedrock geology map of Indiana is shown in Figure
111-6 (Clark, 1980).

EXPLANATION

Rochs of Pennsyhanan age
Shaie and sandsrone

Rocks of Mishsippan age
Lumestons. aitstone Sandstons and shale

Figure 111-6 Bedrock Geology Map for Indiana. Clark, 1980.

Glacial History

Most of Indiana was covered and reshaped by glaciers during at least three separate
glacial episodes of the Pleistocene Epoch (Wayne, 1966; Figure I11-7). The materials
deposited in Central Indiana during glaciation consist primarily of till (a poorly sorted
mixture of gravel, sand, silt, and clay), sand and gravel along streams, and silty lake
deposits. Materials of the most recent glaciation (Wisconsinian, Figure 111-7C-F) were
deposited above and covered most of the materials of previous glaciations, except in the
far southwest and southeast portions of the state. Unconsolidated deposits may be several
hundred feet thick.

13



2005 EAGLE CREEK WATERSHED PLAN
An Integrated Approach to Improved Water Quality

Natural Regions and Landscape

Much of Central Indiana lies within the Tipton Till Plain Section of the Central Till Plain
region (Gray, 2000; Figure 111-8). The Tipton Till Plain Section is topographically
uniform and of very low relief with slope angles of mostly 1-2°, with some 2-6° slopes
(Figure 111-9; Waldrip and Roberts, 1972). The downstream portions of the Eagle Creek
Watershed exhibit some areas of higher relief. This is caused by glacial incision of major
valleys during deglaciation of the ice sheet. These deep narrow valleys that are now
occupied by Eagle Creek, its tributaries, and Eagle Creek Reservoir are much deeper than
the surrounding uplands and provide dramatic relief compared to the headwater areas of
the watershed.
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Figure 111-7: Extent and Retreat of Glacial Ice in Indiana. A and B Depict the Maximum
Extent of Two Previous Glaciations. The Glacial Ice Completely Retreated from Indiana
Between these two Glaciations and the Wisconsinan Glaciations Depicted in image C, D, & E.
Image C depicts the Maximum Extent of the Last Glaciation. Images D-F Depict the Retreat of

Glacial Ice and Generalized Deposits (Wayne, 1966).
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Soils

The soils within the Tipton Till Plain are generally poorly draining soils (Figure 111-10)
developed in glacial materials and include thin loess over loamy glacial till (Clark,
1980; Hall, 1999) and alluvial materials deposited since the last glaciation. These soils
formed under dense pre-settlement forests of beech and maple, oak, ash and elm
(Newman, 1997). These soils have profiles characterized by an A Horizon, an E
Horizon (where it hasn’t been mixed by cultivation), and a B Horizon that is underlying
horizons (Hall, 1999). The B Horizon is yellowish-brown when the soil is well drained
and gray with mottles if the soil is poorly drained (Hall, 1999). These alfisols are
excellent for farming but many require artificial drainage in the nearly flat Tipton Till
Plain. Soil erosion, however, is not as severe as in most of southern Indiana where
slopes are steeper (Figure 111-10 and Figure 111-11; Clark, 1980).

Eagle Creek Watershed’s Geologic and Physiographic Setting

Bedrock Geology

The rock units underlying the Eagle Creek Watershed range in age from Upper Silurian
(~420 my) to Lower Mississippian (~345 my; Figure 111-12). The far northeastern
portion of the watershed is underlain by the upper members of the Silurian-aged
Wabash Formation. These rocks are generally brown, fine-grained dolomite to
dolomitic limestone. Moving southwest, the area is underlain by the Middle Devonian-
aged Muscatatuck Group. It consists of brown sandy dolomite to sandy dolomitic
limestone and gray, shaley fossiliferous limestone. The north-central and southern
areas of the watershed are underlain by the Upper Devonian to Lower Mississippian-
aged New Albany Shale. It consists of brownish-black carbon-rich shale, greenish-gray
shale, and minor amounts of dolomite and dolomitic quartz sandstone. Underlying the
far western portion of the watershed is the lower portion of the Lower Mississippian-
aged Borden Group consisting of dark gray shale to claystone (Shaver et al., 1986;
Gray et al., 1987).

Surficial Deposits

The surficial deposits within the Eagle Creek Watershed are overwhelmingly
dominated by loam till of the Trafalgar Formation (Figure 111-13). Outwash of the
Atherton Formation consists of sand and gravel along major valleys and was deposited
by glacial meltwater during the deglaciation of the area. Large areas of outwash can be
found along Fishback Creek in Boone County and within Eagle Creek Valley and
Reservoir in Marion County. A small area of lake deposits consisting of silt and clay
can be found in the uppermost reaches of Fishback Creek in Boone County. Modern
alluvium consisting of sand, silt and minor clay can be found along most of the streams
throughout the watershed. The surficial deposits range in thickness from 50 feet to 350
feet and average approximately 200 feet.

Soils

Soil associations (“landscapes that have a distinctive pattern of soils in defined
proportions”, NRCS) within the Eagle Creek Watershed are mapped in Figure 111-14.

15
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The dominant soil associations are the Crosby-Treaty-Miami association in the
headwaters, and Miami-Crosby-Treaty association along the downstream areas. Minor
soil associations include the Sawmill- Lawson- Genesee association within the Eagle
Creek Valley and two associations, the Fincastle-Brookston-Miamian association and
Mahalasville-Starks-Camden association, along the northwestern watershed boundary.

The Crosby- Treaty- Miami association consists of a deep, poorly drained, nearly level
to gently sloping soils formed in a thin silty layer overlying glacial till. This
association occurs on the gently undulating upland till plains at the headwaters of the
watershed.

The Miami- Crosby- Treaty association consists of deep well drained to somewhat
poorly drained, nearly level to moderately steep soils formed in a thin silty layer and
the underlying glacial till. This association occurs on slightly to moderately dissected
upland plains between the uplands (Crosby-Treaty-Miami association) and the
bottomlands (Sawmill- Lawson-Genesee association). The Sawmill-Lawson- Genesee
association consists of deep, well drained to very poorly drained, nearly level soils
formed in loamy alluvium. This association occurs within the bottomlands or
floodplain of the lower half of Eagle Creek including that area which is now flooded by
Eagle Creek Reservoir. The Fincastle-Brookston-Miamian association consists of deep,
poorly drained, fine to medium textured, nearly level soils formed in silts and silt-
covered glacial till on uplands. This association is found in the headwater uplands of
the far western portion of the watershed where the silt overlying the glacial till is
substantially thicker (22-40 inches) than elsewhere in the watershed (generally less than
20 inches). The Mahalasville-Starks-Camden association consists of deep, poorly
drained, moderately fine to medium textured, nearly level soils formed in glacial
outwash and lake deposits on outwash plains. This association is found in the
headwater uplands of the far western portion of the watershed where silty loess or lake
deposits overlie loamy to sandy outwash.

16
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Indiana's Natural Regions
Source: Indiana Geologic Survey (IGS)
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Figure I111-8: Indiana’s Natural Regions
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Figure 111-9: Average slope in Indiana. Waldrip and Roberts, 1972
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Figure 111-10: Drainage Characteristics of Indiana Soils. Clark, 1980
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Figure 111-11: Erosion Potential of Indiana Soils. Clark, 1980.
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Description of Eagle Creek Watershed and Reservoir

The majority of the surface water in Marion County is derived from the Upper White
River Watershed (Figure 111-15). The Indianapolis drinking water system is fed primarily
by the White River and three central Indiana watersheds and three reservoirs (Figure
111-16), one of which is Eagle Creek Reservoir.

Eagle Creek Watershed and Reservoir

Watershed and Setting

Eagle Creek Watershed (ECW), HUC#05120201120, is located approximately 10 miles
northwest of downtown Indianapolis within the Eastern Corn Belt Plains Ecoregion in
the state. It has a drainage area north of the Eagle Creek Reservoir dam of 162 mi?,
which runs through parts of Marion, Hendricks, Boone, and Hamilton counties (Figure
I11-17) with majority of the watershed lying within the southeastern portions of Boone
County. The watershed can be divided into 10 subwatersheds varying in size from 10.4
mi® to 20.9 mi® (Figure I11-17 and Table 111-1). The main tributaries joining Eagle
Creek above the reservoir include Dixon Branch, Finley Creek, Kreager Ditch, Mounts
Run, Jackson Run, Woodruff Branch, Little Eagle Branch, and Long Branch. School
Branch and Fishback Creek, along with Eagle Creek flow directly into the reservoir.
Flow apportionment shows that Eagle Creek with an average measured flow of 100 ft*/s
(USGS Gage # 03353200; Figure 111-17; and Figure I11-18) contributes 79% of the
water to Eagle Creek Reservoir while Fishback Creek has an average calculated flow
rate of 37 ft*/s and contributes 14% and School Branch has an average calculated flow
of 17 ft*/s and contributes 7%.

Streamflow measured in Eagle Creek Watershed at Zionsville (U.S. Geological Survey
streamflow gaging station 03353200) shows that flow highest in March with a monthly
average of 192 ft’/s and lowest in September with a monthly average of 21 ft*/s (Figure
[11-18). Monthly averages are taken from a 1957-2002 record (USGS, 2003). Average
annual runoff in Eagle Creek at Zionsville for the 1958-97 water years is about 13
inches (Stewart et al., 1998).

Agriculture is the dominant land use within the subwatersheds, with the exception of
Little Eagle Branch-Woodruff Branch and Eagle Creek-Long Branch/Irishman’s Run
which are transitioning to suburban development (Figure 111-17).

Climate

Monthly precipitation normals for the Eagle Creek Watershed taken from 1971-2000
Whitestown, IN data show lowest precipitation occurring in February with an average
of 2.35 inches, and highest precipitation occurring in July with an average of 4.54
inches of rainfall. The mean annual precipitation for the Eagle Creek Watershed area is
41.37 inches. Monthly mean temperatures for this area from 1971-2000 show January
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as having the lowest average temperature of 26.0°F and July as the being the warmest
month with an average temperature of 74.7°F (PAMG, 2003).

Eagle Creek Reservoir History, Use, and Morphological Data

History —

The City of Indianapolis constructed the Eagle Creek Reservoir, prior to and through
1967. The primary purpose for its development was flood control on Eagle Creek.
Historically, Eagle Creek would seasonally flood areas of Indianapolis and the Town of
Speedway as it approached its confluence with the White River. In 1976, the Reservoir
began use as a drinking water supply for the City and the 56™ St. causeway was built.
The causeway had the effect of creating two basins: a northern and southern basin in
which flow is constricted to a 50 yard opening (Figure 111-19).

Use —

The Reservoir is a small (2.1 mi®) impoundment located on the Northwest side of
Indianapolis (86.31W 39.83N, 86.30W 39.87N) located completely within Marion
county. The Indiana Department of Environmental Management has listed Eagle Creek
Reservoir’s designated uses (as defined by IAC 327) for Full Body Contact Recreation,
Warm Water Agquatic Life, and Public Water Supply. The reservoir’s multiuse
designation complicates reservoir management. Eagle Creek Park, which surrounds the
northern end of the reservoir, utilizes it for recreational purposes, including swimming,
boating, fishing, and sporting events such as rowing competitions. Eagle Creek Park
also manages the abandoned quarry on the northeastern section of the reservoir which
serves as a bird sanctuary. The City of Indianapolis uses the reservoir as a drinking
water source water for the T.W. Moses Drinking Water Plant, which provides drinking
water for over 80,000 Indianapolis residents.

Morphological Description —

The reservoir has a mean depth 18 ft and a calculated residence time of 51 days.
Characterization of Eagle Creek Reservoir using Indiana’s Trophic State Index (ITSI)
showed that the reservoir is in the mesotrophic to eutrophic range; however,
characterization of the reservoir using 2003 data show that the reservoir is currently in a
eutrophic to hypereutrophic state: with an average Total Phosphorous concentration of
93.5 ug P/L (R: 14 — 680 ug P/L; N = 127), an average Secchi Disk Depth of 1.0 meters
(R: 0.35 - 4.2 m; N = 48), sustained hypolimnetic anoxia, and the occurrence of blue-
green algae, assessment of Eagle Creek Reservoir using the ITSI resulted in a score of
55, an ITSI score in eutrophic to hypereutrophic state (Pascual and Tedesco, 2004).
Morphological data for Eagle Creek Reservoir are summarized in Table 111-2.
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Figure 111-15: Upper White River Watershed
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Figure 111-17: Eagle Creek Watershed — Subwatersheds, Political Boundaries, and
location of USGS Gage # 03353200 on Eagle Creek.
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Table 111-1: Eagle Creek Subwatersheds and the Associated Drainage Area

Subwatershed Area Area Area
(km?) (mi®) (Acres)
Eagle Creek-Dixon Branch 425 16.4 10,492
Eagle Creek-Finley Creek 26.9 104 6,638
Eagle Creek-Kreager Ditch 31.3 121 7,727
Little Eagle Branch-Headwaters 40.6 15.7 10,034
Mounts Run-Neese Ditch 41.2 15.9 10,183
Little Eagle Branch-Woodruff Branch 35.1 13.6 8,680
Eagle Creek-Jackson Run 48.5 18.7 11,991
Fishback Creek (Eagle Creek Reservoir) 54.1 20.9 13,353
Eagle Creek-Long Branch/Irishman Run 48.5 18.7 11,978
Eagle Creek Reservoir-School Branch 51.0 19.7 12,591
Eagle Creek Watershed Total  419.7 162.0 103,667
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Figure 111-18: Eagle Creek Monthly Mean Streamflow (Zionsville, IN; USGS Gage

03353200; 1957-2002; Figure 111-17)
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Figure 111-19: Eagle Creek Reservoir overlay of Eagle Creek and valley (1941), showing the
location of the 56" St. Causeway opening and the original location of streambed. Black arrow
shows location of land bridge opening. Yellow arrow shows pre-flood Eagle Creek streambed.
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Table 111-2: Morphological Data for Eagle Creek Reservoir

Lake surface area 1.9 km?
Northern Basin 0.8 km?
Southern Basin 1.1 km?
Quarry 0.2 km?
Mean Depth 55 m
Lake Volume 5,500 million
gallons
Calculated 51 days

Residence Time

As a eutrophic reservoir, nuisance algal blooms are a common occurrence, threatening
all of the Reservoir’s designated uses. Of particular concern is the protection of the
Reservoir as a drinking water supply. As the T.W. Moses Drinking Water Plant uses
Eagle Creek Reservoir as its source water, algal blooms of nuisance (e.g., taste and
odor or filter-clogging algae) or harmful (toxin producing algae) create challenges to
maintaining finished drinking water quality: this treatment plant is not technologically
equipped with a process that can adequately address the levels of algal produced taste
and odor compounds historically measured in the Reservoir. Water conditions in Eagle
Creek Reservoir define the parameters for treatment at the TWM plant (there is no
groundwater or additional surface water source with which to blend and, therefore,
amend Reservoir water). Therefore, protecting Eagle Creek Reservoir is critical to
protecting drinking water resources in Indianapolis.

EAGLE CREEK RESERVOIR — AT A GLANCE

Ownership — The City of Indianapolis
Original purpose — Flood control

Date into service — 1968

Water surface area — 1,350 acres

Maximum depth — 40 feet; 54 feet

Watershed area above dam — 162 square miles
Storage capacity — 7.8 billion gallons
Dependable water supply yield — 15.4 MGD
Rated capacity of TWM plant — 16 MGD*
Permanent pool elevation — 790.0 feet M.S.L.
Overall dam length — 4,200 feet

Dam height above valley — 75 feet

Water depth at dam — 40 feet

Type of embankment structure — Earthen fill
Type of outlet structure — Six Tainter Gat
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Section IV: Land-use and Land Cover Description of Eagle
Creek Watershed

Surface water quality is inherently related to the land over and through which the water
flows. As such, land-use’ and land cover® descriptions of Eagle Creek Watershed are
important to understanding surface water quality: slope, soil characteristics, and ground
cover (e.g., impervious surfaces) will affect water velocity and quality. Therefore land-
use/land cover assessments of Eagle Creek Watershed can give insight into the possible
sources of contaminants to Eagle Creek Watershed streams.

Landuse History

Eagle Creek Watershed, like most of Indiana prior to the mid-1700s was a temperate
deciduous forest. However by the late 1800s and into the 1900s the watershed was dominated
by farmland. This decrease in forested land and increase in farmland occurred with a loss of
wetland areas (Figure IV-1). By the 20™ Century, more than 80% of Indiana’s pre-settlement
wetlands were being drained by agricultural tiles, and the converted land was transformed to
farmland, a practice that continues today with land being further transformed to suburban low
and high density housing.

. e 1,.::“:;.:;. Wetland Acres
24 1% Wetlands (5.6 million acres) 3.5% Watlands (813,000 acras)

Figure 1V-1: Indiana Wetland Losses (A) Historic Wetlands in Indiana® and (B) 1986
Wetlands in Indiana’ (Robb, 2002).

! Land-use is defined as the activity for which a parcel of land is used (e.g., agriculture).
% Land cover is defined as the physical description of the land surface (e.g., forest)
® Hydric soils acreage from NRCS County Soil Surveys
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Demographic History

Eagle Creek Watershed lies within four counties: Boone, Hamilton, Hendricks, and
Marion. Boone County covers the largest portion of the watershed with 53.5% of Eagle
Creek watershed within its county boundaries. Hamilton, Hendricks, and Marion
counties contain 26.5%, 5.5%, and 14.5% of the watershed, respectively (Figure 111-17).
Population density ranges from 30 people per square mile in Marion Township in the
northern part of the basin to about 1100 people per square mile in Clay and Pike
townships in the southeastern part of the basin, where population is the most concentrated
due to the suburban expansion of Indianapolis. Suburban expansion of Sheridan, and
Zionsville have also added to the basin’s population. Sheridan, Zionsville, and
Whitestown are the three towns located within Eagle Creek Watershed. Sheridan is
located in Hamilton County and has had a 14.5% increase in population from 1980-2000.
The population of Zionsville has increased dramatically by 122% from 1980-2000,
which is important due to its central location in the watershed. Whitestown is the only
town in Eagle Creek watershed that has seen a slight decline in population (IBRC, 2002)
(Table IV-1). Overall, the estimated population in the watershed has more than tripled in
the last 40 years. (The watershed population was estimated by pro-rating the township
population by the percent of that township in the basin.)

Much of the watershed land-use is agriculture, but high and low density land-use is on the
rise as a result of increased development. Increasing population and the associated
development can have a dramatic impact on the water quality. Population of the four
counties has shown a steady rise since the early-1900’s (IBRC, 2002). The growth within
the watershed and surrounding areas are largely a result of the close proximity to the city
of Indianapolis. Work/residence patterns show high commuting trends between Boone,
Hamilton, Hendricks, and Marion counties (IBRC, 2003).

Land-use Data

Under contract by CEES, the Center for Urban Policy and the Environment (CUPE)
conducted a study to use GIS to analyze historic, current, and future land-use in and around
Eagle Creek Watershed. Historic and current land-use patterns were identified by evaluating
1985 and 2000 Indiana land cover data previously developed by CUPE. The land cover data
were created from supervised classification of satellite imagery and cover the entire state of
Indiana at a spatial resolution of 30 meters. Using a geographic information system (GIS)
coverage of Eagle Creek Watershed provided by CEES, CUPE staff used spatial analytical
tools to identify grid cells located in the watershed and subwatersheds.

Using the Land-use in Central Indiana (LUCI) model, a tool created by CUPE to evaluate
the effects of policy choices on the conversion of vacant land to residential use over time,
CUPE staff projected future land-use in and around the watershed areas (Tedesco et al.,
2003). The database from which the model was developed was created from satellite

* Rolley, 1991
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imagery for 1985 and 2000 from the Thematic Mapper (TM) and Enhanced Thematic
Mapper Plus (ETM+) sensors on the Landsat series of earth observation satellites. Image
pixels were resampled to a spatial resolution of 30 meters during the georeferencing
process. Image processing and GIS operations were performed using selected elements
of ERDAS Imagine 8.5 and ESRI ArcGIS 8.1. to enable researchers to use the data for
specific applications and analyses.

Table IV-1: Eagle Creek Watershed Demographic History

Population Census Counts % Change
1900 1950 1980 1990 2000 1980-2000
Counties
Boone 26,321 23,993 36,446 38,147 46,107 27%
Hamilton 29,914 28,491 82,027 108,936 182,740 123%
Hendricks 21,292 24594 69,804 75,717 104,093 49%
Marion 197,227 551,777 765,233 797,159 860,454 12%
Townships in Watershed
Boone County
Center 7,497 9,596 14,376 14,538 17,102 19%
Eagle 1,883 2,762 7,995 9,864 13,910 74%
Marion 2,370 1,369 1,214 1,191 1,359 12%
Perry 1,015 609 1,144 1,162 1,166 2%
Union 1,087 750 1,634 1,707 2,014 23%
Worth 1,116 999 1,378 1,378 1,292 -6%
Hamilton County
Adams 4,415 3,691 4,307 4,504 4,892 14%
Clay 1,283 2,311 32,606 43,007 64,709 98%
Washington 3,696 3,032 7,425 9,272 18,358 147%
Hendricks County
Brown 1,032 769 4,176 4,617 8,142 95%
Lincoln 1,474 2,600 13,351 14,008 18,967 42%
Marion County
Pike 2,006 3,316 25,336 45,204 71,465 182%
Towns in Watershed
Boone County
Whitestown na 550 497 476 471 -5%
Zionsville 765 1536 3948 5281 8775 122%
Hamilton County
Sheridan 1795 1965 2200 2046 2520 15%

1985 Land-use Data

In 1985, Eagle Creek Watershed was 2.1% High and Low Density Urban, 13.4% Forest
(Forest and Wetland Forest), and 65.9% Agriculture land cover (Figure 1\VV-2 and Table
IV-2).
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2000 Land-use Data

By 2000, the Eagle Creek Watershed was 4.3% High and Low Density Urban, 10.6%
Forest (Forest and Wetland Forest), and 52% Agriculture land cover (Figure 1V-2 and
Table IV-2).

Land-Cover Change Analysis 1985-2000

Comparing Eagle Creek Watershed land-cover characterizations between 1985 and 2000,
the Watershed showed a 21% (-22.61 mi?) decrease in the amount of agricultural land-use
accompanied by a 25% (-5.04 mi®) loss in Forest cover (Table IV-2). The greatest
amount of percent change occurred with the increase of High Density Urban +147%
(1.34 mi®) and Herbaceous (Grassland) +98% (24.03 mi®) with the greatest percent land-
cover losses occurring in the Bare Soil/Sparse Vegetation -73% (-0.91 mi®) , Wetland
Other Vegetation -48% (-0.13 mi? ), and Wetland Bare -57% (-0.04 mi?) land-covers.

Land-use Change Predictions 2000-2040

Using the LUCI model, the percent change in urbanization was predicted for each
subwatershed between 2000 and 2040 (Tedesco et al., 2003). Urbanization appears to be
expanding the most in areas surrounding Eagle Creek Reservoir and the town of
Zionsville (Figure 1V-3).

Table 1V-2: Eagle Creek Watershed Area Change by Land Cover Type (1985 & 2000)

1985 2000 Change % Change

Land Cover Type (mi®) (%) (mi®) (%) (mi®) (mi®)
High Density 091 0.6 2.25 1.4 1.34 147%
Low Density 2.53 1.6 4.72 2.9 2.19 87%
Bare Soil/Sparse 1.24 0.8 0.33 0.2 -0.91

Vegetation -73%
Excavations 0.00 0.0 0.53 0.3 0.52

Forest 20.06 124 15.02 9.3 -5.04 -25%
Herbaceous 24.40 15.1 48.43 29.9 24.03

(Grassland) 98%
Agriculture 106.82 65.9 84.21 52.0 -22.61 -21%
Wetland Forest 1.70 11 2.14 1.3 0.44 26%
Wetland Other 0.27 0.2 0.14 0.1 -0.13

Vegetation -48%
Wetland Bare 0.07 0.0 0.03 0.0 -0.04 -57%
Water 2.76 1.7 2.97 1.8 0.21 8%
Roads 1.28 0.8 1.28 0.8 0.00 0%
Total Area 162.05 100 162.05 100 0.00 0%
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Figure 1V-2: Eagle Creek Subwatershed Areas by Land Cover Type (1985 & 2000)
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Table 1V-3: Predicted Urbanization by Subwatersheds (2000-2040)
% Urban* % Urban* Change in %

Subwatershed 2000 2040 Urbanization
Eagle Creek-Dixon Branch 3% 7% 4%
Eagle Creek-Finley Creek 2% 23% 21%
Eagle Creek-Kreager Ditch 2% 13% 11%
Little Eagle Branch-Headwaters 3% 57% 55%
Mounts Run-Neese Ditch 1% 12% 11%
Little Eagle Branch-Woodruff Branch 10% 75% 66%
Eagle Creek-Jackson Run 15% 64% 49%
Fishback Creek (Eagle Creek Reservoir) 10% 59% 49%
Eagle Creek-Long Branch/Irishman Run 31% 85% 54%
Eagle Creek Reservoir-School Branch 18% 65% 47%

* low and high density land cover

Eagle Creek Watershed - Urbanized Land (2000-2040)

Percent Urbanization 2000 Percent Urbanization 2040 &

Central Indiana Water Resources Partnership N
Center for Urban Policy and the Environment
Q. "diana University-Purdue University Indianapolls
www, urbancanter. iupui.edu
Figure 1V-3: LUCI Model Prediction of Urbanization in Eagle Creek Watershed (2000 —

2040)

36



2005 EAGLE CREEK WATERSHED PLAN
An Integrated Approach to Improved Water Quality

2002 - 2003 Land-use Data

In 2004, Eagle Creek Watershed’s land-use was reassessed using multiple images from
various seasons (winter, spring, summer, and fall) to determine the difference between
herbaceous, grassland, and farmland land cover types. This reassessment utilized 2002-
2003 land cover data created by CUPE from supervised classification of satellite imagery
and cover at a spatial resolution of 25 meters and resulted in a more precise delineation of
herbaceous, grassland, and farmland land cover types. By comparing land cover over the
seasons, researchers were able to delineate land cover that was once assessed to be
herbaceous cover into three categories: herbaceous, grassland, and farmland. This
reclassification of the Eagle Creek Watershed resulted in an increase in the amount of
land classified under agricultural land cover and a decrease in the amount of land
classified under herbaceous land cover (Table IV-4). The 2002-2003 land cover data
show that Eagle Creek Watershed was 10% low and high density urban, 13.7% forest,
23% herbaceous, and 61% agriculture land cover. This new method for classifying
herbaceous land cover was also used to determine land cover area for each Eagle Creek
Subwatershed (Table V-5 and Figure 1V-4). These data show that the northernmost
Eagle Creek Subwatersheds (Dixon Branch, Mounts Run-Neese Ditch, Kreager Ditch,
Finley Creek, and Little Eagle Branch Headwaters) are dominated by agriculture; at least
70% of the land cover was classified as agriculture land-use. Comparatively, the
subwatersheds closer to Eagle Creek Reservoir have a larger percentage of urbanized
land and less farmland. Of the subwatersheds located around the reservoir, Eagle Creek-
Irishman Run (located just north of the reservoir) has the least percent agriculture (25%)
and the most percent urbanization (25%), while Fishback Creek (located just north west
of the reservoir) has the most percent agriculture (59%) and the least percent urbanization
(9.3%).

Table 1V-4: Comparison of 1985, 2000, and 2002-2003 Land Cover Assessment

1985 2000 2002-2003

Land Cover Type (mid) (%) (mi%) (%) (mi) (%)
High Density 0.91 0.6 2.25 14 2.32 14
Low Density 2.53 1.6 4,72 2.9 13.90 8.5
Bare Soil/Sparse 1.24 0.8 0.33 0.2 n/a n/a
Vegetation

Excavations 0.00 0.0 0.53 0.3 0.98 0.6
Forest 20.06 12.4 15.02 9.3 22.22 13.5
Herbaceous 24.40 15.1 48.43 29.9 22.78 13.9
(Grassland)

Agriculture 106.82 65.9 84.21 52.0 98.78 60.1
Wetland Forest 1.70 1.1 2.14 1.3 n/a n/a
Wetland Other 0.27 0.2 0.14 0.1 n/a n/a
Vegetation

Wetland Bare 0.07 0.0 0.03 0.0 n/a n/a
Water 2.76 1.7 2.97 1.8 3.44 2.1
Roads 1.28 0.8 1.28 0.8 n/a n/a
Total Area 162.05 100.0 162.05 100.0 164.42 100.0
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Total Eagle Little Eagle
Creek Eagle Creek Eagle Creek- Eagle Creek - Branch- Mounts Run-
Land Cover Type Watershed Dixon Branch  Finley Creek Kreager Ditch Headwaters Neese Ditch
(mi®) % (mi®) % (mi®) % (mi®) % (mi®) % (mi®) %
High Density 2.32 14% 007 04% 002 02% 0.01 0.1% 0.04 03% 0.02 01%
Low Density 13.90 85% 050 30% 044 41% 0.32 2.6% 0.88 56% 0.19 1.2%
Excavations 0.98 0.6% 0.01 0.0% 011 11% 0.00 0.0% 0.14 0.9% 0.00 0.0%
Forest 2222 135% 081 49% 088 83% 1.11 9.1% 1.18 75% 111 6.9%
Herbaceous 22.78 13.9% 1.26 7.6% 155 14.6% 1.44 11.8% 2.38 15.0% 1.22 7.6%
Agriculture 98.78 60.1% 1388 83.6% 7.56 71.3% 9.32 75.8%  11.16 70.4% 13.57 84.0%
Water 3.44 2.1% 0.06 0.4% 0.05 0.5% 0.08 0.7% 0.06 04% 0.03 0.2%
Total Area 164.42 16.60 10.60 12.29 15.84 16.15
Fishback Eagle Creek-
Little Eagle Creek (Eagle Long Eagle Creek
Branch- Eagle Creek- Creek Branch/Irishman Reservoir-
Land Cover Type Woodruff Jackson Run Reservoir) Run School Branch
(mi®) % (mi®) % (mi®) % (mi®) % (mi®) %
High Density 0.10 07% 014 07% 028 13% 0.86 4.5% 0.78  3.9%
Low Density 1.53 11.1% 218 115% 170 8.0% 3.97 20.9% 219  10.9%
Excavations 0.09 0.7% 0.10 0.5% 015 07% 0.36 1.9% 0.02 0.1%
Forest 2.11 153% 340 179% 324 153% 4.68 24.6% 3.69 185%
Herbaceous 2.47 179% 2.62 138% 3.10 14.6% 3.99 21.0% 274  13.7%
Agriculture 7.41 538% 1041 549% 1258 59.3% 4.68 24.6% 8.22 41.1%
Water 0.05 0.4% 0.13 0.7% 0.15 0.7% 0.47 2.5% 2.35 11.8%
Total Area 13.76 18.98 21.20 19.01 19.98
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Little Eagle
Land Cover Total Eagle Eagle Creek Eagle Creek- Eagle Creek - Branchg- Mounts Run-
Type Creek Waterhsed Dixon Branch Finley Creek Kreager Ditch Headwaters Neese Ditch
(acres) % (acres) % (acres) % (acres) % (acres) % (acres) %
High Density 1,485 1.4% 45 0.4% 13 0.2% 6 0.1% 26 0.3% 13 0.1%
Low Density 8,896 8.5% 320 3.0% 282 4.1% 205 2.6% 563 5.6% 122 1.2%
Excavations 627 0.6% 6 0.0% 70 1.1% 0 0.0% 90 0.9% 0 0.0%
Forest 14,221 13.5% 518 4.9% 563 8.3% 710 9.1% 755 7.5% 710 6.9%
Herbaceous 14,579 13.9% 806 7.6% 992 14.6% 922 11.8% 1,523 15.0% 781 7.6%
Agriculture 63,219 60.1% 8,883 83.6% 4,838 71.3% 5,965 75.8% 7,142 70.4% 8,685 84.0%
Water 2,202 2.1% 38 0.4% 32 0.5% 51 0.7% 38 0.4% 19 0.2%
Total Area 105,229 10,624 6,784 7,866 10,138 10,336
Eagle Creek-
Little Eagle Fishback Creek Long Eagle Creek
Land Cover Branch- Eagle Creek- (Eagle Creek Branch/Irishman  Reservoir-School
Type Woodruff Jackson Run Reservoir) Run Branch
(acres) % (acres) % (acres) % (acres) % (acres) %
High Density 64 0.7% 90 0.7% 179 1.3% 550 4.5% 499 3.9%
Low Density 979 11.1% 1,395 11.5% 1,088 8.0% 2,541 20.9% 1,402 10.9%
Excavations 58 0.7% 64 0.5% 96 0.7% 230 1.9% 13 0.1%
Forest 1,350 15.3% 2,176 17.9% 2,074 15.3% 2,995 24.6% 2,362 18.5%
Herbaceous 1,581 17.9% 1,677 13.8% 1,984 14.6% 2,554 21.0% 1,754 13.7%
Agriculture 4,742 53.8% 6,662 54.9% 8,051 59.3% 2,995 24.6% 5,261 41.1%
Water 32 0.4% 83 0.7% 96 0.7% 301 2.5% 1,504 11.8%
Total Area 8,806 12,147 13,568 12,166 12,787
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Figure IV-4: Eagle Creek Watershed 2002-2003 Land Cover

40



2005 EAGLE CREEK WATERSHED PLAN
An Integrated Approach to Improved Water Quality

Slope and Elevation

A general topographic survey in Eagle Creek Watershed Sub-watersheds was completed
using digital elevation model (DEM) data (USGS, 2002) to investigate elevation
variations (Figure 1VV-5). Elevations in the watershed ranged from 240 m above sea level
in School Branch to 299 m above sea level in Fishback Creek Watershed. Additionally,
GIS surface analysis tools (ESRI, 2003) were used to model slope in the watersheds from
the DEM dataset (Figure IV-5). In Eagle Creek Watershed, percent slope ranges from 0
to 44% in the lower reaches of Fishback Creek. However, the vast majority of Eagle
Creek Watershed has a low percent slope; mean slopes of the sub-watersheds range from
0.85% in Dixon Branch to 2.43% in School Branch watershed (Figure IV-5and Table
IV-6). The slope of the watersheds typically increases from the headwaters toward the
outflow of the watershed, and the highest slopes in Eagle Creek Watershed are found
nearest Eagle Creek Reservoir (Figure IV-5). The slope of the land surface is an
important watershed characteristic, as the slope of the land surface increases, both soil
erosion and runoff rise, increasing the delivery of sediment, nutrients, and pollutants to
nearby streams (NRCS, 1994 and NRCS, 2002). Slope is not the only factor controlling
erosion and runoff, soil type and permeability also play a significant role, but land
surfaces with greater than just 1.00 % slope have been shown to have increased erosion
and runoff rates (NRCS, 1994 and NRCS, 2002).

Table IV-6 Elevation and Percent slope statistics for all sub-watersheds in Eagle Creek
Watershed.

Elevation Statistics Percent Slope Statistics
Mean o Min  Max | Mean o Min  Max
fM) @ F @ | ) () ) (%)

947 12 899 971 0.9 1.2 0.0 13.0

Eagle Creek-Dixon

Branch

Eagle Creek-Finley 933 18 860 961 | 13 18 00 282
Creek

Ei%lr? Creek-Kreager 933 18 866 961 | 15 21 00 261
Little Eagle Branch- 919 15 869 951 | 09 13 00 114
Headwaters

gi?éjr?ts Run-Neese 944 14 860 974 | 12 19 00 231
Little Eagle Branch-

Liide ~agle Bran 902 21 823 938 | 17 20 00 183
E":‘J%'e Creek-Jackson 915 28 823 971 | 21 27 00 330

Fishback Creek (Eagle
Creek Reservoir)
Eagle Creek-Long
Branch/Irishman Run
Eagle Creek Reservoir-
School Branch

921 31 791 981 2.3 3.7 00 441

876 34 791 951 3.3 3.4 00 321

868 40 787 935 2.4 4.0 0.0 380
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Figure IV-5: Eagle Creek Watershed — Slope Delineation
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Impervious Surface Analysis

Using 2003 land-use/land cover data CEES researchers estimated impervious land cover
for each subwatershed. EPA defines an impervious surface as any “hard surface area that
either prevents or retards the entry of water into the soil mantle or causes water to run off
the surface in greater quantities or at an increased rate of flow.” Examples of impervious
surfaces are streets and roads, rooftops, and parking lots. Therefore, this analysis was
completed using the convention that forest and natural ground cover were the least
impervious, allowing for the greatest amount of water infiltration and retention, and high
density urban was the most impervious, allowing for the least amount of water infiltration
and retention (Table IVV-7 and Figure 1V-6).

As impervious surfaces facilitate the overland flow of water and decrease infiltration and
retention of water, areas with a high surface area of impervious surfaces cause
detrimental effects to their adjoining stream ecosystems. For example, impervious
surface can alter the shape of stream channels, raise water temperature, augment the
transport of trash and pollutants “washing” into the stream, and increase the frequency
and magnitude of surface runoff event such as storm run-off. Therefore, increasing the
amount of watershed impervious surfaces results in a decrease in stream water quality.
Work published by Elvidge et al., (2004) on small (0.2 to 10 square mile area) urban
watersheds in the mid-Atlantic showed that stream water quality decreased as a function
of increased watershed percent impervious surface cover, whereby, watersheds with 11 —
25% impervious cover had streams that exhibited clear signs of degradation (i.e.,
downcutting and widening of the stream channel, streambank erosion, and degraded
water quality) and watersheds with 25 — 30% impervious cover had streams that
consistently exhibited severe degradation (i.e., severe widening, downcutting, and
streambank erosion, a significant loss of riffle-pool stream structure®, and degraded water

quality).

® Riffle and pool stream structure describes the longitudinal transects of a stream that alternate

between shallow areas with high water velocity and mixed gravel-cobble substrates and deeper
areas with slow water velocity and finer substrates (Allan, 1995). These alternating areas provide
essential habitats for fish and aquatic macroinvertebrate communities.

Stream-Riffle Structure (reproduced from Allan, 1995)
A - Longitudinal View
B - Plan view
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Table 1V-7: Continuum of Land-use/Land Cover Imperviousness

Land-use/Land Cover Imperviousness
Forest Least Impervious
Herbaceous 8%
Agriculture N2
Excavations v
Low Density Urban N2
High Density Urban Most Impervious

--- Dashed lines represent delineation between an impervious surface and permeable surface.

The impervious surface analysis for Eagle Creek Watershed showed that the upper
subwatersheds (e.g., Dixon Branch, Kreager Ditch, and Mounts Run —Neese Ditch) have
the least amount of impervious surfaces while the lower subwatersheds (e.g., Long
Branch/Irishman Run and School Branch) have the greatest amount of impervious
surfaces (Table IV-8 and Figure IV-7). Therefore, the streams in these lower
subwatersheds are susceptible to downcutting and widening, streambank erosion, and
degraded water quality.

st Impervious >

Figure 1V-6: Diagram showing the effect of increasing urbanization on run-off (©1UPUI
Visual and Interactive Spaces Lab/CEES 2005). A — Natural land cover of forest and
herbaceous plants. B — Low density urban land cover. C - High density urban land cover.
1t = evapotranspiration; ¥ = infiltration; and < = run-off.
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Table 1V-8: Eagle Creek Subwatersheds — Impervious Surface Analysis

Impervious Pervious
Subwatershed (mi®) % (mi?) %
Eagle Creek Dixon Branch 0.6 34% 16.0 96.1%
Eagle Creek-Finley Creek 0.6 54% 10.0 94.2%
Eagle Creek -Kreager Ditch 0.3 27% 119 96.7%
Little Eagle Branch-Headwaters 1.1 6.8% 147 92.9%
Mounts Run- Neese Ditch 0.2 13% 159 98.5%
Little Eagle Branch- Woodruff 1.7 125% 120 87.0%
Eagle Creek- Jackson Run 24  12.7% 164 86.6%
Fishback Creek (Eagle Creek Reservoir) 2.1 10.0% 189 89.2%
Eagle Creek- Long Branch/Irishman Run 5.2 27.3% 134 70.2%
Eagle Creek Reservoir-School Branch 3.0 149% 14.7 73.3%
Total Eagle Creek Watershed 172  105% 143.8 87.5%
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Recreation Areas

While the streams in Eagle Creek Watershed and Eagle Creek Reservoir are designated for
use for Full Body Contact Recreation, much of the upstream reaches are bordered by
agricultural land, making access to the streams limited. Public Access to Eagle Creek is
limited to a few parks: Eagle Creek Park (Indianapolis), Starkey Nature Park (Zionsville),
Creekside Nature Park (Zionsville), and Lions Park (Zionsville) (Table 1V/-9).

The main trunk of Eagle Creek in the Long Branch & Irishman Run subwatersheds are
sufficiently deep to allow for shallow drafting, low horsepower or paddle driven water craft
such as jon boats, kayaks and canoes. Boaters can access this area of the stream via under
bridge put-ins or Eagle Creek Park.

Table 1V-9: Recreational Areas in Eagle Creek Watershed

Park City Size Amenities

Eagle Creek Park Indianapolis 3,900 acres Bait shop, Sailboat Marina,
Outdoor Theater, Concession
Stands, Fishing Areas, Fitness
Course, Nature Center, Retreat
Centers, Picnicking, Boat Ramps
and Slips, Swim Beach,, Boat
Rentals, Cross-Country Ski Paths,
Marsh & Bird Sanctuary,
Pistol/Archery Range, Woodland
Wildlife Preserve

Starkey Nature Park Zionsville 77 acres  Hiking Trails, Nature Study,
Picnicking, Access to Stream

Creekside Nature Park Zionsville 18 acres  Hiking Trails, Access to Stream

Lions Park Zionsville 18 acres Baseball and Softball Diamonds,

Sand Volleyball, Picnicking

Farming Practices

Corn and soybeans are the predominant crops in Boone, Hamilton, and Hendricks
Counties, the three agricultural counties in which Eagle Creek Watershed lies (Figure
111-17). (The area of Marion County in which Eagle Creek Watershed lies does not have
a significant amount of agriculture). In 2000, approximately 53,900 acres of land in
Eagle Creek Watershed were used for agriculture (Tedesco et al., 2003). In 2004,
221,014 acres in Boone County, 106,430 acres in Hamilton County, and 114,085 acres in
Hendricks County were used for the production of corn and soybean (Table IVV-10).
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Tillage Practices

Tillage practices can affect water quality by influencing the amount of sediment that is
eroded from fields and transported to streams, lakes, and reservoirs. Agricultural
chemicals, such as nutrients and pesticides, are often transported along with eroded
sediments, which can increase concentrations of these contaminants in surface water.
Soil erosion and runoff are considered (by volume) the greatest surface water
contaminant in Indiana watersheds (Evans et al., 2000). No-till, a conservation-tillage
system, which leaves more than 30% crop residue cover on the fields, is the most
effective soil conservation practice for reducing soil erosion and improving water quality.
Leaving more than 30% crop cover increases infiltration rates, thus reducing the amount
of soil lost to agricultural runoff. As such, conservation tillage® along with filter strips
and buffers is recognized as a management practice necessary for reducing agricultural
runoff and improving water quality (Evans et al., 2000) however, no-till practices can
result in an increased use of agricultural chemicals.

Table IV-10: Corn and Soybean Acreage and Tillage Practices

Corn
Total Acres No Till Mulch Till  Conventional
Year  County (acres) (acres) % (acres) % (acres) %
2004  Boone 114,543 8,018 7% 12,600 11% 93,925 82%

2003  Hamilton 59,058 11,221 19% 2,362 4% 45475 T77%
2004  Hamilton 48,372 12,093 25% 7,256 15% 29,023 60%
2003  Hendricks 68,679 29,532 43% 5494 8% 33,653 49%
2004  Hendricks 49,525 13,867 28% 15,848 32% 19,810 40%

Soybean
Total Acres No-Till Mulch Till  Conventional
Year  County (acres) (acres) % (acres) %  (acres) %
2004  Boone 106,471 70,271 66% 19,165 18% 17,035 16%

2003  Hamilton 55,161 38,613 70% 3,861 7% 12,687 23%
2004  Hamilton 58,058 42,963 74% 10,450 18% 4,645 8%
2003  Hendricks 57,736 42,147 73% 7,506 13% 8,083 14%
2004  Hendricks 64,560 49,711 77% 14,203 22% 646 1%

6 Any tillage system leaving at least 30% of the crop residue cover on the soil surface after planting.
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No-till: Any direct seeding system including strip preparation with
minimal soil disturbance.

Mulch Till: Any tillage system leaving greater than 30% of the crop
residue cover after planting, excluding no-till.

Conventional: Any tillage system leaving less than 30% crop residue
cover after planting.

Figure 1V-8: Tillage Practices by County (Percent) (Indiana Division of Soil Conservation,
2003 and 2004)
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Indiana’s Division of Soil Conservation 2003 and 2004 data show that corn field tillage
practices in the counties in which Eagle Creek Watershed lies are dominated by
conventional tillage, while soybean crop tillage practices are dominated by no-till
practices (Table IVV-10 and

Figure 1VvV-8). That corn is the most heavily fertilized of soybean and corn crops (see
following section on Agricultural Chemicals) and that corn is most often farmed using
conventional tillage practices suggests that corn field run-off is a possible source of
nutrients and herbicides into Eagle Creek Watershed’s streams.

Agricultural Chemicals

Agricultural fertilizers, herbicides, and pesticides are used extensively in crop
production in Indiana. Soil erosion, runoff, and tile drainage from agricultural fields is
a source of contaminants in Indiana watersheds; therefore, a major source of plant
limiting nutrients (nitrogen and phosphorous), herbicides, and pesticides in the surface
and ground water is from chemical applications to row crops.

As information on agricultural chemical use is not available for Eagle Creek
Watershed, usage was estimated. Estimates of acres planted of each crop within Eagle
Creek Watershed were based on the statewide percentages of soybean and corn acres.
The state total acreage of soybean and corn fields was added to obtain the Total
Agricultural Acreage. (Other crops such as wheat, hay, and oats were not included in
the calculation as visual assessments of the Eagle Creek Subwatersheds show that they
are negligible.) The acreage of soybeans was divided by the Total Agricultural
Acreage to determine the percentage of agricultural land used for soybean production
and the same calculation was completed for corn. These calculations resulted in an
estimated annual state agricultural land-use average of 48% soybean and 52% corn
production. These percentages were applied to the acreage of agricultural land
delineated in 2002-2003 land cover assessment for each Eagle Creek Subwatershed to
estimate acres of soybean and corn in the subwatersheds. (Visual assessment of the
subwatersheds verifies that agricultural land is approximately 50% soybean fields and
50% corn fields.) To estimate the amount of agricultural chemicals used in Eagle
Creek Basin, the total mass of chemicals applied in the state was divided by the total
acreage of crop (soybean or corn) to determine an average statewide application rate
(Ibs/acre-year or ton/acre-year Mass of applied chemicals was based on NASS USDA
2002 Chemical Usage Reports. This rate was then applied to the Eagle Creek
Subwatersheds to estimate mass of agricultural chemicals applied to agricultural fields
in Eagle Creek Watershed (Table 1\VV-11 and Table 1V-12).

Of the crops to which fertilizer is applied (e.g., corn, soybean, and wheat) most is
applied to corn—it receives 90 percent of the nitrogen and 76 percent of the
phosphorus. One percent of the nitrogen and 13 percent of the phosphorus is applied to
soybeans. Application methods and the types of fertilizer applied in Indiana varies
depending on the weather, soil fertility, tillage systems, crop types, crop rotations, yield
goals, and farmer preferences. Anhydrous ammonia, 28-percent-liquid nitrogen, and
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urea in solid form are the most widely used nitrogen-based fertilizers for corn
(Schnoebelen and others, 1996). Typically, two applications of nitrogen based fertilizer
are applied in Indiana to corn per year (Indiana Agricultural Statistics Service, 1992).
The initial treatment is anhydrous ammonia applied 1 to 2 weeks before planting or
liquid nitrogen or urea applied at planting. After corn is about 1 foot tall (usually early
to mid-June), a second, larger treatment is applied. Some farmers also apply nitrogen-
based fertilizers after harvest, especially if they plan to grow winter wheat. As
estimated fertilizer usage was based on acreage, those subwatersheds with the greatest
amount of land in soybean and corn production (Dixon Branch, Mounts Run-Neese
Ditch, and Fishback Creek) consistently show the highest estimated fertilizer
application (Table IVV-11- shaded rows).

Herbicides applied to corn and soybeans dominate herbicide and pesticide use in
Indiana and, therefore, it is reasonable to believe that, this is also true for the Eagle
Creek Basin. Herbicides are applied in the spring during planting to virtually all corn
and soybean crops. In Indiana, herbicide with the highest statewide average application
rate are Sulfosate (1.22 Ib/acre-year) and Glyphosate (1.58 Ib/acre-year). Corn
herbicides with the highest statewide average application rate are Atrazine (1.32
Ib/acre-year), Dimethenamid (1.18 Ib/acre-year), Metolachlor (1.66 Ib/acre-year), and
S-Metolachlor (1.23 Ib/acre-year) (Table 1V-12). Because of increased use of no-till
farming practices in Indiana, there has been a significant increase in the use of
glyphosate, 2,4-D, and pendimethalin in the last 7 years. These herbicides are used
prior to planting to kill all plant growth. Insecticides are applied during the summer to
about 25 percent of the corn crop and typically are not applied to soybeans (National
Agricultural Statistics Service, 1998). As estimated herbicide usage was based on
acreage, those subwatersheds with the greatest amount of land in soybean and corn
production (Dixon Branch, Mounts Run-Neese Ditch, and Fishback Creek) consistently
show the highest estimated herbicide application (Table 1VV-12— shaded rows).

51



2005 EAGLE CREEK WATERSHED PLAN

An Integrated Approach to Improved Water Quality

Table IV-11: Estimated 2002 Fertilizer Application in Eagle Creek Subwatersheds

Soybean Corn
N* P" Potash N* P"  Potash

Application Rate

(Ibs/acre/yr)* 2 52 111 147 71 125
Soybean Corn

Acres Planted®  N* P"  Potash N* P"  Potash
Subwatershed Soybean Corn (tons) (tons) (tons) (tons) (tons) (tons)
Eagle Creek Dixon 4600 4283 41 121 256 315 151 268
Branch
Eagle Creek-Finley 2504 2332 22 66 139 172 82 146
Creek
gi%'ﬁ Creek-Kreager 5490 5975 28 81 172 212 101 180
Little Eagle Branch- 3698 3443 33 97 205 253 121 215
Headwaters
I\D/Ii(tJéjt?tS R [N 4497 4187 40 118 250 308 148 262
Little Eagle Branch- 2455 2286 22 64 136 168 81 143
Woodruff
Ei?]'e Creek-Jackson 5,00 3213 31 90 102 236 113 201

Fishback Creek (Eagle
Creek Reservoir)

Eagle Creek- Long
Branch/Irishman Run
Eagle Creek Reservoir-
School Branch

Total Applied in Eagle
Creek Watershed

* Nitrogen

" Phosphorous

* Application rate based on total mass applied in Indiana divided by total acres of land
in Indiana used for each crop (NASS USDA 2002 Chemical Usage Reports).

° Acres Planted was estimated based on statewide averages for corn and soybean
production. In Indiana, annual averages show that 52% of farmland is used for corn
production while 48% is used for soybean production. These percentages were
applied to the acreage of agricultural land delineated in 2002-2003 land cover
assessment for each subwatershed to estimate how many acres were planted for each
crop. Visual assessment of the subwatersheds verifies that agricultural land is
approximately 50% corn fields and 50% soybean fields and that other crops (e.g.,
wheat, hay, and oats) were negligible.

4,170 3,882 3.7 109 232 286 137 243
1550 1,443 14 41 86 106 o1 90
2,724 2536 24 71 151 187 89 159

32,738 30,480 29.3 858 1,819 2,243 1,075 1,905
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Table 1V-12: Estimated 2002 Herbicide Application in Eagle Creek Subwatersheds

Soybean
i Chlorimuron- Fluazifop- Glyphosate,
2,4-D ethyl Fenoxaprop P-butyl Fomesafen Glyphosate diam. Salt
(Canopy, (Fusilade,  (Reflex, (E%:gggf
Common Name(s) Classic, (Fusion) Typhoon, Flextar, ' (Touchdown)
Authority) Fusion) Typhoon) Extreme,
Bronco)

Application rate (Ibs/acre/yr)* 0.29 0.02 0.14 0.04 0.31 1.22 0.90

i Chlorimuron- Fluazifop- Glyphosate,

2,4-D ethyl Fenoxaprop P-butyl Fomesafen Glyphosate diam. Salt

Subwatershed (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Eagle Creek Dixon Branch 1,348 79 650 206 1,428 5,590 4,142
Eagle Creek-Finley Creek 734 43 354 112 777 3,043 2,255
Eagle Creek -Kreager Ditch 905 53 437 138 958 3,753 2,781
Little Eagle Branch-Headwaters 1,084 64 523 166 1,148 4,494 3,330
Mounts Run- Neese Ditch 1,318 78 636 202 1,396 5,465 4,049
Little Eagle Branch- Woodruff 720 42 347 110 762 2,984 2,211
Eagle Creek- Jackson Run 1,012 60 488 155 1,071 4,194 3,107
rlsEnR LRk (Sl Ces s 1,222 72 590 187 1,204 5,067 3,754
Reservoir)
Ez&gg]le Creek- Long Branch/Irishman 454 27 219 69 481 1,883 1.395
cagle Creek Reservoir-School 798 47 385 122 845 3,310 2453
Total for Eagle Creek Watershed 9,596 564 4,628 1,468 10,160 39,784 29,477

* Application rate based on total mass applied in Indiana divided by total acres of land in Indiana used for each crop (NASS USDA 2002
Chemical Usage Reports). These estimates show the amount of herbicide possibly applied if all farms used all herbicides at all times. This is
not the case: each farm utilizes only one to a few chemicals for each crop. Therefore, these estimates only give the possible amount of herbicide
used in each watershed.
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Table 1V-12: Estimated 2002 Herbicide Application in Eagle Creek Subwatersheds (continued)

Soybean
Imazaquin Imazethapyr Metribuzin Pendimethalin Suize:‘:ra Sulfosate
(Canopy,

(Pursuit, (Prowl, Steel, (Authority

Common Name(s) (Scepter, Squadron, Lightnight, Steel, Turbo,_Sencor, Pursuit Plus, , Canopy, (Touchdown)
TriScept, Steel) Aziom, (2001 Data)
Extreme, Res.) Squadron) Gauntlet)
Boundary)
Application rate (Ibs/acre/yr)* 0.07 0.06 0.16 0.90 0.10 1.58
Imazaquin Imazethapyr Metribuzin Pendimethalin Sug)e:etra Sulfosate
Subwatershed (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Eagle Creek Dixon Branch 337 262 730 4,124 465 7,257
Eagle Creek-Finley Creek 184 142 397 2,245 253 3,951
Eagle Creek -Kreager Ditch 226 176 490 2,769 312 4,872
Little Eagle Branch-Headwaters 271 210 587 3,315 373 5,834
Mounts Run- Neese Ditch 330 256 713 4,032 454 7,094
Little Eagle Branch- Woodruff 180 140 389 2,201 248 3,874
Eagle Creek- Jackson Run 253 196 547 3,094 349 5,445
Fishback Creek (Eagle Creek 306 237 661 3,738 421 6,578
Reservoir)
Ez&gg]le Creek- Long Branch/Irishman 114 88 246 1,389 156 2,445
Eagle Creek Reservoir-School 200 155 432 2,442 275 4,297
Branch
Total for Eagle Creek Watershed 2,399 1,863 5,193 29,351 3,306 51,647

* Application rate based on total mass applied in Indiana divided by total acres of land in Indiana used for each crop (NASS USDA 2002
Chemical Usage Reports). These estimates show the amount of herbicide possibly applied if all farms used all herbicides at all times. This is
not the case: each farm utilizes only one to a few chemicals for each crop. Therefore, these estimates only give the possible amount of herbicide
used in each watershed.

54



2005 EAGLE CREEK WATERSHED PLAN
An Integrated Approach to Improved Water Quality

Table 1V-12: Estimated 2002 Herbicide Application in Eagle Creek Subwatersheds (continued)

Corn
Acetamide Acetochlor Atrazine Clopyralid Dicamba Qlcamba, Dimethenamid
Dimet. Salt
(AX|_om, (Harness Plus, (Atrazine, (Curtail, (Banvel, (Distinct,
Epic, . . North Star, (Guardsman,

Common Name(s) - Surpass, Bicep, Degree, Stinger, . Range Star, . J

Definte, TopNotch) Xtra) Hornet) Celebrity, Sterlin) Frontier, Op Till)

Domain). P Op Till)
Application rate (Ibs/acre/yr)* 0.44 0.19 1.32 0.10 0.12 0.10 1.18

Acetamide Acetochlor Atrazine Clopyralid Dicamba D_|camb 4, Dimethenamid
Dimet. Salt

Subwatershed (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Eagle Creek Dixon Branch 1,903 807 5,640 419 529 416 5,036
Eagle Creek-Finley Creek 1,036 439 3,071 228 288 227 2,742
Eagle Creek -Kreager Ditch 1,278 542 3,787 281 355 280 3,381
Little Eagle Branch-Headwaters 1,530 649 4,534 337 425 335 4,049
Mounts Run- Neese Ditch 1,861 789 5,514 410 517 407 4,923
Little Eagle Branch- Woodruff 1,016 431 3,011 224 282 222 2,688
Eagle Creek- Jackson Run 1,428 605 4,232 315 397 312 3,779
FEnloRe CIees ((S2ls Ciee 1,725 731 5,113 380 479 377 4,565
Reservoir)
Ez&gg]le Creek- Long Branch/Irishman 641 272 1,900 141 178 140 1,697
Eagle Creek Reservoir-School 1127 478 3,340 248 313 247 2,082
Branch
Total for Eagle Creek Watershed 13,547 5,743 40,141 2,984 3,763 2,963 35,842

* Application rate based on total mass applied in Indiana divided by total acres of land in Indiana used for each crop (NASS USDA 2002
Chemical Usage Reports). These estimates show the amount of herbicide possibly applied if all farms used all herbicides at all times. This is
not the case: each farm utilizes only one to a few chemicals for each crop. Therefore, these estimates only give the possible amount of herbicide
used in each watershed.
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Table 1V-12: Estimated 2002 Herbicide Application in Eagle Creek Subwatersheds (continued)

Corn
Flumetsulam  Glyphosate Imazapyr Imazethapyr Isoxaflutole ~ Metolachlor Nicosulfuron
. (Roundup, . . .

(Broadstrike, Protocol. (nghtn!ng, (_Pursglt, (Balance, (Dual, Dual II, (Accent Qold,

Common Name(s) Accent Gold, Pursuit, Lightning, - . Celebrity,
. Extreme, Epic) Bicep, Turbo)
Bicep) Steel) Steel) Steadfast)
Glyphomax)

Application rate (Ibs/acrefyr)* 0.10 0.68 0.00 0.01 0.06 1.66 0.02

Flumetsulam  Glyphosate Imazapyr Imazethapyr Isoxaflutole  Metolachlor Nicosulfuron
Subwatershed (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Eagle Creek Dixon Branch 412 2,895 16 32 256 7,112 79
Eagle Creek-Finley Creek 225 1,576 9 17 140 3,872 43
Eagle Creek -Kreager Ditch 277 1,944 11 21 172 4,775 53
Little Eagle Branch-Headwaters 332 2,327 13 26 206 5,717 64
Mounts Run- Neese Ditch 403 2,830 16 31 250 6,952 78
Little Eagle Branch- Woodruff 220 1,545 8 17 137 3,796 42
Eagle Creek- Jackson Run 309 2,172 12 24 192 5,336 60
Fishback Creek (Eagle Creek 374 2,624 14 29 232 6,446 72
Reservoir)
Ez%Ie Creek- Long Branch/Irishman 139 975 5 11 86 2,396 27
Eagle Creek Reservoir-School 244 1714 9 19 152 4211 47
Branch
Total for Eagle Creek Watershed 2,935 20,602 113 226 1,824 50,612 564

* Application rate based on total mass applied in Indiana divided by total acres of land in Indiana used for each crop (NASS USDA 2002
Chemical Usage Reports). These estimates show the amount of herbicide possibly applied if all farms used all herbicides at all times. This is
not the case: each farm utilizes only one to a few chemicals for each crop. Therefore, these estimates only give the possible amount of herbicide
used in each watershed.
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Table 1V-12: Estimated 2002 Herbicide Application in Eagle Creek Subwatersheds (continued)

Corn
Primisulfuron S-Metolachlor  Chlorpyrifos  Clyfluthrin ~ Fipronil ~ Teupirimphos Tefluthrin
(Gual Mag, (Baythroid,

Common Name(s) (Exceed, North Dual I, Bicep (Lorsban, Leverage, (Regent) (Aztec) (Force)

Star, Beacon) Dursban)

Mag, Bound Aztec)

Application rate (Ibs/acre/yr)* 0.02 1.23 0.90 0.00 0.13 0.11 0.12

Primisulfuron S-Metolachlor  Chlorpyrifos  Clyfluthrin ~ Fipronil =~ Teupirimphos Tefluthrin
Subwatershed (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs) (Ibs)
Eagle Creek Dixon Branch 99 5,289 3,847 20 544 466 523
Eagle Creek-Finley Creek 54 2,879 2,094 11 296 254 285
Eagle Creek -Kreager Ditch 67 3,551 2,583 13 365 313 351
Little Eagle Branch-Headwaters 80 4,251 3,092 16 437 375 421
Mounts Run- Neese Ditch 97 5,170 3,760 19 532 455 512
Little Eagle Branch- Woodruff 53 2,823 2,053 11 290 249 279
Eagle Creek- Jackson Run 74 3,968 2,886 15 408 350 393
Fishback Creek 90 4,794 3,487 18 493 422 474
Eagle Creek- Long 33 1,782 1,296 7 183 157 176
Branch/Irishman Run
Eagle Creek Reservoir-School 59 3132 2278 12 399 276 310
Branch
Total for Eagle Creek Watershed 706 37,638 27,376 141 3,870 3,316 3,725

* Application rate based on total mass applied in Indiana divided by total acres of land in Indiana used for each crop (NASS USDA 2002
Chemical Usage Reports). These estimates show the amount of herbicide possibly applied if all farms used all herbicides at all times. This is
not the case: each farm utilizes only one to a few chemicals for each crop. Therefore, these estimates only give the possible amount of herbicide

used in each watershed.
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Herbicides are the most commonly occurring agricultural pesticides in surface waters in
the White River Basin (Crawford, 1995; Crawford, 1996). Typically, 1 percent of the
applied herbicide is washed into surface water (Crawford, 1995). Most of this wash off
usually occurs during the first rainfall after application. The percentage of the
herbicides applied that wash off increases as the time between pesticide application and
the next rainfall decreases. Concentrations of herbicides in streams are usually elevated
for a several week to several month period from mid-May to early July (Crawford,
1995). Herbicides washed into Eagle Creek Reservoir can accumulate there because of
the reservoir residence time (51 days) and the persistence of some chemicals. For
example, depending on temperature, pH, and organic matter content, Atrazine has a
half-life of 64 days. Given an increase in organic matter, degradation can be twice as
fast; however, given a pH of 7-9 (typical of Eagle Creek Watershed Streams),
degradation can be 2-3 times as slow. In general, herbicide persistence is dependent on
the degradation kinetics of the particular herbicide and the presence of bacteria capable
of facilitating degradation.

Tile Drains

Water quality in many parts of Indiana is affected by tile drains. Since the beginning of
the 20™ Century many poorly drained soils in Indiana have been improved for farming
by the installation of tile-drain systems (Figure 1V-1). Newer tile drains commonly
consist of perforated, flexible tubes buried in trenches in fields beneath the plow zone.
Older systems are usually clay tile. Tile drains short circuit the natural flow of water
through soil by removing standing water in fields, draining excess soil moisture in the
unsaturated zone, draining seasonally high ground-water tables, and transporting water
to nearby ditches or streams. Information on the number and location of tile-drain
systems in Indiana is not available, but agricultural experts expect that nearly all