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LONG INDIAN WATERSHED IMPROVEMENT PLAN
City of Alpharetta

EXECUTIVE SUMMARY

This report was prepared for the City of Alpharetta and provides a comprehensive Watershed Improvement Plan
for the Long Indian Creek Watershed. Long Indian Creek extends approximately 4 miles from its headwaters in
the City of Johns Creek downstream to the confluence with Big Creek. Its watershed area is approximately 3.6
square miles and consists predominately of residential land use with a smaller percentage of commercial,
institutional, parks, and undeveloped land tracts. In general, half of the watershed is in the City of Alpharetta
(City) and half is located in the City of Johns Creek. Long Indian Creek is listed as an impaired stream segment on
the Georgia Environmental Protection Division (EPD) 303(d) list for fecal coliform for its entire 4 mile reach. EPD
requires that the City conduct and/or update watershed studies for impaired stream on 5-year intervals through
the City’s National Pollutant Discharge Elimination System (NPDES) Permit. The EPD developed a Total
Maximum Daily Load (TMDL) for Long Indian Creek in 2013 that recommends a 95-percent reduction in fecal
coliform.

The main elements of this study included:

e Acquisition and development of data from the City of Alpharetta, the City of Johns Creek, and Fulton
County. Data collected included 1) GIS standard data such as city limits, street centerlines, parcels, etc.; 2)
Planimetrics including buildings, roads, wooded areas, open water, etc.; 3) Existing and future land use;
4) Stormwater inventory including closed conduits, structures, BMPs, ditches, lakes, etc.; 5) Aerial
imagery; 6) Topography including bare earth LiDAR; 7) Fecal coliform monitoring data; 8) GIS data and
models associated with previous studies; and 9) Drainage complains and BMP/MS4 inspection reports.

o Digitization of building, roads, and parking areas to update impervious surface data in watershed.

e Analysis of Bacterial Source Tracking (BST) to determine the main contributors of fecal coliform to the
watershed.

e Conduct detailed field reconnaissance to pinpoint areas that exhibit 1) Reduced riparian buffers; 2) Active
construction activity; 3) Intense stream bed or bank erosion; 4) Stream channel alterations; 5) Existing
BMPs conditions and configurations; 6) Potential pollution sources such as broken or leaking sewer lines,
SSOs, illicit discharges, illicit dumping, confined animal areas, areas with pet waste, poorly maintained
land, and suspect odors, and; 7) Potential maintenance issues such as blocked or damaged culverts, bridge
crossings, storm drains, etc.

¢ Development of PCSWMM hydrodynamic model based on EPA’s SWMM5 program engine to model the
entire Long Indian including the stormwater infrastructure owned by the City of Alpharetta in the
watershed. Fecal coliform loading will also be integrated into the model in order to quantify benefits from
proposed CIPs.

o Identification and prioritization of watershed CIPs with a goal of reducing fecal coliform loading by 95%.
Prioritization and ranking will include a cost analysis for each proposed project.

Identify potential partnerships and Federal and State grant funding opportunities.

Development of a public outreach strategy in coordination with the City of Alpharetta to enhance public
understanding of the project and encourage their participation in selecting, designing, and implementing
the nonpoint source management measures to be implemented.

Based on this watershed improvement project, several major challenges were identified in the Long Indian Creek
Watershed. Currently, dog waste is the most pressing challenge facing the watershed and has been determined to
be the primary source of the elevated fecal coliform levels in the watershed. It can be best addressed with non-
structural measures such as the installation and maintenance of dog waste stations and public education. The
second challenge, sanitary sewer spills, is currently a much lower contributor to fecal coliform due to
rehabilitation and preventive maintenance activities by Fulton County over the past few years. However, there are
concerns about potential breaks or ruptures to the existing sanitary sewer infrastructure that has become exposed
due to stream erosion and degradation. Unlike the other three goals, the third challenge of system flooding is not
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directly related to water quality. However, it is critical to the safety of residents in the watershed. Further, it helps
prevent erosion of Long Indian Creek and surrounding land which can reduce the sediment load of the stream,
improving the health of the watershed. In order to prevent system flooding, upgrades to stormwater systems can
be completed in several critical areas. In order to best protect existing sanitary sewer infrastructure and to address
the fourth challenge, ecology, stream restoration measures can be taken to reduce and even reverse the current
stream degradation. A full project list and further details of recommended BMPs for Long Indian Creek is
provided later in this section.

Regulations affecting the Long Indian Creek watershed span local, regional, state, and federal agencies. However,
all of these regulations can be grouped into two primary driving categories: 1) those that regulate activities within
the watershed (i.e. NPDES permitting) and drive the restoration effort (i.e. TMDL requirements); and 2) those
that regulate how projects are implemented (i.e. the Georgia Stormwater Management Manual).

Based on the current challenges within the Long Indian Creek Watershed, the existing regulatory environment,
and project limitations within the watershed, a series of non-structural and structural recommendations have
been compiled for the watershed. Additionally, project sheets have been prepared for all projects requiring an
outlay of capital costs.

This Watershed Improvement Plan addresses the Environmental Protection Agency’s Nine Elements of a
Watershed Based Plan and the Metropolitan North Georgia Water Planning District Watershed Management Plan
requirements.
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1 INTRODUCTION

This report presents the results of the Long Indian Watershed Improvement Project. It provides a thorough
review of the defining characteristics of the watershed. From information gathered during stream walks, field
visits, water quality monitoring data, and model simulation, a comprehensive picture of current conditions in the
model is formed. Based on the current watershed conditions, solutions are developed using models and best
management practices (BMPs). Finally, goals, critical milestones, and monitoring criteria are developed in order
to track the progress of the Watershed Improvement Plan, and a capital improvement plan is formed that
integrates all of proposed solutions in order to meet the plan goals.

1.1 Background and Description of Watershed

Long Indian Creek extends approximately 4 miles from its headwaters in the City of Johns Creek downstream to
the confluence with Big Creek. Its watershed area is approximately 3.6 square miles and consists predominately of
residential land use with a smaller percentage of commerecial, institutional, parks, and undeveloped land tracts. In
general, half of the watershed is in the City of Alpharetta (City) and half is located in the City of Johns Creek.
Figure 1.1 provides a vicinity map of the Long Indian Creek Watershed, and Figure 1.2 provides a more detailed
view of the watersheds that compose the Long Indian Creek and its drainage map.

Long Indian Creek is listed as an impaired stream segment on the Georgia Environmental Protection Division
(EPD) 303(d) list for fecal coliform for its entire 4 mile reach. EPD requires that the City conduct and/or update
watershed studies for impaired stream on 5-year intervals through the City’s National Pollutant Discharge
Elimination System (NPDES) Permit. EPD developed a Total Maximum Daily Load (TMDL) for Long Indian
Creek in 2013 that recommends a 95-percent reduction in fecal coliform.

The City, in conjunction with the City of Johns Creek, entered a Sampling and Quality Assurance Plan (SQAP) in
2014 for testing and analysis of fecal coliform on Long Indian Creek. Samples are taken at 5 different locations
along Long Indian Creek to identify potential sources and analyze trends. Furthermore, Fulton County is currently
conducting water quality monitoring for fecal coliform on Long Indian Creek at Waters Road.

1.2 Study Purpose

The purpose of this project is to evaluate the results of the City’s fecal coliform monitoring for the potential to
delist the stream and to also develop a WIP that encompasses all areas in the watershed within the City Limits of
Alpharetta. The City is proactively identifying and prioritizing projects for its capital improvement program on a
10-year forecast basis. The City’s ultimate goal for the Long Indian Creek Watershed is to identify and implement
all practicable improvement projects in their improvement program to improve water quality, reduce erosion, and
improve stream habitat in Long Indian Creek in order to restore the stream to its intended use designation and
have it delisted from EPD’s 303(d) list.
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Figure 1.1 - Vicinity map showing the location of the Long Indian Creek Watershed within Fulton County, GA.
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Figure 1.2 - Drainage map of the Long Indian Creek Watershed. More detailed subcatchments are provided where stormwater infrastructure was integrated into
the model.
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1.3 Study Elements

The main elements of this study included:

e Acquisition and development of data from the City of Alpharetta, the City of Johns Creek, and Fulton
County. Data collected included 1) GIS standard data such as city limits, street centerlines, parcels, etc.; 2)
Planimetrics including buildings, roads, wooded areas, open water, etc.; 3) Existing and future land use;
4) Stormwater inventory including closed conduits, structures, BMPs, ditches, lakes, etc.; 5) Aerial
imagery; 6) Topography including bare earth LiDAR; 7) Fecal coliform monitoring data; 8) GIS data and
models associated with previous studies; and 9) Drainage complains and BMP/MS4 inspection reports.

o Digitization of building, roads, and parking areas to update impervious surface data in watershed.

¢ Analysis of Bacterial Source Tracking (BST) to determine the main contributors of fecal coliform to the
watershed.

e Conduct detailed field reconnaissance to pinpoint areas that exhibit 1) Reduced riparian buffers; 2) Active
construction activity; 3) Intense stream bed or bank erosion; 4) Stream channel alterations; 5) Existing
BMPs conditions and configurations; 6) Potential pollution sources such as broken or leaking sewer lines,
SSOs, illicit discharges, illicit dumping, confined animal areas, areas with pet waste, poorly maintained
land, and suspect odors, and; 7) Potential maintenance issues such as blocked or damaged culverts, bridge
crossings, storm drains, etc.

¢ Development of PCSWMM hydrodynamic model based on EPA’s SWMM5 program engine to model the
entire Long Indian including the stormwater infrastructure owned by the City of Alpharetta in the
watershed. Fecal coliform loading will also be integrated into the model in order to quantify benefits from
proposed CIPs.

o Identification and prioritization of watershed CIPs with a goal of reducing fecal coliform loading by 95%.
Prioritization and ranking will include a cost analysis for each proposed project.

¢ Identify potential partnerships and Federal and State grant funding opportunities.

e Development of a public outreach strategy in coordination with the City of Alpharetta to enhance public
understanding of the project and encourage their participation in selecting, designing, and implementing
the nonpoint source management measures to be implemented.

1.4 Scope of Report

This report summarizes the results of the work performed under this study and presents recommendations for the
watershed improvement plan for Long Indian Creek. As there are no point source discharges in the Long Indian
Watershed, the recommendations for this watershed improvement plan focus on management of nonpoint
pollution discharges. The remaining chapters of the report are:

Chapter 2 Watershed Characteristics

Chapter 3 Watershed Conditions

Chapter 4 New Data and Model Development

Chapter 5 Watershed Management Goals and Objectives
Chapter 6 Capital Improvement Plan

2 WATERSHED CHARACTERISTICS

Long Indian Creek extends approximately 4 miles from its headwaters in the City of Johns Creek and flows in
downstream in a south-west direction to its confluence with Big Creek. Big Creek continues downstream to its
confluence with the Chattahoochee River (HUC 03130001). The watershed for Long Indian Creek is
approximately 3.6 square miles and consists predominately of residential land use with a smaller percentage of
commercial, institutional, parks, and undeveloped land tracts. In general, half of the watershed is in the City of
Alpharetta (Alpharetta) and half is located in the City of Johns Creek. Generally, the watershed is bounded to the
north by Kimball Bridge Road, to the east by Jones Bridge Road, and to the south by Old Alabama Road. Figure
2.1 provides an overview of the Long Indian watershed. The Cities of Alpharetta and Johns Creek are located in
the northern metro Atlanta region which has experienced rapid growth starting in the 1970s. Although there are
still several small areas of active construction in the Long Indian watershed, a large majority of the watershed is
developed.
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2.1 Hydrology

The Long Indian Creek watershed spans the Cities of Alpharetta and Johns Creek which are located in
northeast Fulton County and are part of the larger Upper Chattahoochee watershed. The watershed is
located in a wet climate that has an average annual precipitation of 51.84 inches per year. On average, the
wettest month of the year is January with 5.35 inches of rain and the driest month is October with 3.58
inches of rain (US Climate Data, 2016). The Long Indian Creek watershed is affected by severe
thunderstorms and flooding as well as hurricanes and tropical storms. The most recent extreme event
occurred in September 2009 in which a 500-year precipitation event affected several counties around the
Atlanta metro area. In the City of Alpharetta, it was recorded that 9.14 inches fell from September 14,
2009, at 8 AM ending on September 22, 2009, at 8 AM (NOAA, 2016). Further, the most impactful
tropical storms have been Hurricane Katrina in August 2005, Hurricane Floyd in September 1999, and
Tropical Storm Alberto in July 1994 (GEMA, 2016). The age of development in the watershed ranges
greatly in age from buildings built prior to current regulations to new construction. Therefore, a portion of
the stormwater infrastructure in the watershed may not include BMPs. The lack of these BMPs can impair
water quality in the watershed.

2.1.1 Surface Water

Long Indian Creek drains 3.6 square miles within the Cities of Alpharetta and Johns Creek, and it flows
for approximately 4 miles before emptying into Big Creek. There are three main tributaries that flow into
Long Indian Creek. They are named Long Indian Creek Tributary 1, Long Indian Creek Tributary 2, and
Long Indian Creek Tributary 3. Long Indian Creek Tributary 1 has the furthest downstream confluence
with Long Indian Creek, and Long Indian Creek Tributary 3 has the furthest upstream confluence.
Additionally, there is a stream called Long Indian Creek Tributary 3.1 that flows into Long Indian Creek
Tributary 3. The names and lengths of the tributaries to Long Indian Creek are shown in Table 2.1 and a
detailed image of the watershed can be seen in Figure 2.1 in the previous section.

Long Indian Creek passes through primarily residential areas. Trash could be seen along the creek with
increased debris in the more commercial area around State Bridge Road. Further, the riparian zone on
either side of Long Indian Creek has been intruded upon by residents along the bank, and large numbers
of invasive species were also noted along a majority of the banks. Additionally during field visits, fish and
animals were seen in Long Indian Creek.

Table 2.1 - Length and stationing information for significant tributaries to Long Indian Creek.
Tributary Name ‘ Length (feet) Confluence Stationing (feet)

Long Indian Creek Tributary 1 2221 2288

Long Indian Creek Tributary 2 1902 2899

Long Indian Creek Tributary 3 2794 5604

Long Indian Creek Tributary 3.1 2276 23.85 .
(Confluence with Tributary 3)

2.1.2 Climate

Long Indian Creek is located in north central Georgia within the Piedmont Region. The Piedmont Region
experiences a variable climate with cool winters and hot summers. The hottest month in the Long Indian
Creek watershed is July with an average temperature of 87 °F, and January is the coldest month with an
average temperature of 50 °F (US Climate Data, 2016). Record temperatures are a high of 102 °F in July
1986 and -10 °F in January 1985 (Weather, 2016).
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2.1.3 Flooding

Flooding has not been a major concern in the Long Indian Creek Watershed. BMPs were present and
appeared to be functioning properly throughout the watershed. Additionally, there are very few
commercial or industrial areas in the watershed, allowing for more pervious area in yards and parks that
helps reduce rainfall runoff. System flooding has been reported to the City of Alpharetta via drainage
complaints. However, the system flooding issues appeared to be isolated incidents and not related to
watershed flooding.

2.2 Topography and Floodplains

The Long Indian Creek Watershed is located in the Piedmont Region of Georgia which is characterized by
low hills and narrow valleys. Along the northern edge of the Piedmont Region, the rolling hills become
more mountainous as the terrain transitions into the Blue Ridge Mountain Region. The elevation in the
Long Indian Creek watershed ranges from 1180 feet NGVD at the upper end to 960 feet NGVD at the
lower end. Figure 2.2 shows the topography in the Long Indian Creek watershed.

There are three tributaries that enter Long Indian Creek in the bottom half of the watershed. The
tributaries are named Long Indian Creek Tributary 1, 2, and 3, with Tributary 1 being furthest
downstream and Tributary 3 being furthest upstream. Further, Long Indian Creek Tributary 3 has its own
small tributary named Long Indian Creek Tributary 3.1. Updated flood studies were completed for Long
Indian Creek and its tributaries in 2012 and have been incorporated into the Fulton County
Unincorporated and Incorporated Flood Insurance Rate Maps (FIRMs) in 2013. Long Indian Creek is
designated as a Zone AE (detailed study) floodplain from approximately 1,000-ft upstream of State Bridge
Road downstream to the confluence with Big Creek. The tributaries and the most upper reaches of Long
Indian Creek are designated as a Shaded Zone X (limited detail study) floodplain. The existing 100 year
floodplain and the future 100 year floodplain from that study are shown in Figure 2.3.
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Figure 2.2 - Topography of the Long Indian Creek watershed.
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Figure 2.3 - Existing and Future 100 year floodplains for Long Indian Creek and Long Indian Creek Tributary 3.
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2.3 Geology

The Long Indian Creek Watershed is located in the Piedmont Region of Georgia which is characterized by clayey-
soils that are commonly red in color and consist of kaolinite, halloysite, and iron oxides. The soils are produced by
the weathering of feldspar-rich igneous and metamorphic rocks. Further, the Piedmont Region contains
moderate-to-high-grade metamorphic rocks, such as schists, amphibolites, gneisses, and migmatites as well as
igneous rocks such as granite. In isolated areas there are granitic plutons that interrupt the Piedmont landscape.
Stone Mountain is an example of one such pluton (UGA, 2016).

2.4 Soils

The Long Indian Creek Watershed has three predominant soil types Urban Land-Grover-Mountain Park complex
(31.6%), Urban Land-Cecil complex (23.8%), and Urban Land-Madison-Bethlehem complex (15.8%) that
constitute over 70% of the soil. Urban land indicated soil that has been altered by cutting, filling, and/or shaping.
A majority of the soils in the Long Indian Creek Watershed are considered well drained. A complete breakdown of
the U.S. Department of Agriculture (USDA), Natural Resources conservation Service classified soils in the
watershed is provided in Table 2.2 and the location of the soils can be seen in Figure 2.4 (USDA, 2006).

Table 2.2 - Long Indian Creek Soils.
Soil Map Unit Names ‘ Acres Percent (%) ‘

Altavista sandy loam, 2 to 6 percent slopes 16.2 0.70%

Appling-Hard Labor complex, 6 to 10 percent slopes 5.3 0.23%

Cartecay-Toccoa complex, 0 to 2 percent slopes, occasionally flooded 155.3 6.70%

Cecil sandy loam, 2 to 6 percent slopes, moderately eroded 7.4 0.32%

Cecil sandy loam, 6 to 10 percent slopes, moderately eroded 32.4 1.40%

Grover-Mountain Park complex, 2 to 10 percent slopes, stony 22.3 0.96%

Grover-Mountain Park complex, 10 to 20 percent slopes, stony 50.9 2.19%

Grover-Mountain Park complex, 20 to 60 percent slopes, stony 6.9 0.30%

Madison-Bethlehem complex, 2 to 6 percent slopes, moderately eroded 6.7 0.29%

Madison-Bethlehem complex, 6 to 10 percent slopes, moderately eroded 75.6 3.26%

Pacolet-Saw complex, 6 to 10 percent slopes, moderately eroded, bouldery 1.1 0.05%

Rion sandy loam, 10 to 15 percent slopes 3.5 0.15%

Urban Land 95.3 4.11%

Urban Land-Cecil complex, 2 to 10 percent slopes, moderately eroded 552.7 23.84%
Urban Land-Grove-Mountain Park complex, 2 to 10 percent slopes, stony 33.0 1.42%

Urban Land-Grover-Mountain Park complex, 10 to 25 percent slopes, stony 732.4 31.60%
Urban Land-Madison-Bethlehem complex, 2 to 10 percent slopes, 367.0 15.83%
moderately eroded

Urban Land-Rion complex, 10 to 25 percent slopes 151.4 6.53%
Water 2.5 0.11%
Altavista sandy loam, 2 to 6 percent slopes 16.2 0.70%
TOTAL 2317.9 100%
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2.5 Flora and Fauna

Georgia has been recognized as one of the most biologically diverse
states in the nation. However due to anthropogenic actions,
approximately 320 of Georgia’s native species receive state or
federal funding for protection. Furthermore, the draft 2015 State
Wildlife Action Plan (SWAP) has identified 290 plant species and
349 animal species with high priority for conservation. The SWAP is
a management plan to proactively conserve wildlife and habitats
before it is too late or too costly to do so. Funding for the program
comes from a State Wildlife Grant with matching funds from
Georgia’s Nongame Wildlife conservation Fund (GA DNR, 2016).

Despite the urbanization seen in the Long Indian Creek Watershed,
it still provides an important habitat to several animals, such as the
Tri-colored Bat, Yellow-crested Night-heron, Shinyrayed
Pocketbook, and plants, such as the Large Witch-alder, Sweet
Pinesap, Indian Olive, and American Ginseng, included in the most
recent SWAP (GA DNR, 2015). Figure 2.5 to the right shows a
large snapping turtle that was found during the stream walk.

Further, several invasive plant species were noted in the watershed
that dominated large portions of the stream banks. These species
include Privet, Russian Olive, and Bamboo. These species are seen
as highly detrimental to the watershed as they eliminate native plant
species and often do not provide the necessary root depth and mass
to secure the stream banks, resulting in greater erosion along the
banks and higher total suspended solids in the stream.

2.6 Land Use and Land Cover

The impervious area for the City of Alpharetta is expected to increase from 23% in 1995 to 48% in 2020 according
to the Big Creek Watershed Study (CDM, 2000), and the percent of undeveloped land in the City of Alpharetta is
expected to decrease from 9% in 2000 to 0% in 2025 according to the Big Creek Watershed Study Update (R2T,
2011). According to a land use analysis performed by Dewberry, the impervious area within the Long Indian Creek
Watershed is 627.2 acres or 27.1% of the watershed area. Dewberry completed the analysis by creating four types
of land use: lawns, vegetation, water, and impervious. The impervious layer was generated by merging building,
roadway, and parking area GIS data provided by the Cities of Alpharetta and Johns Creek and digitizing missing
building footprints, driveways, roadways, and parking areas not included in the datasets. The lawn layer was
developed by manually digitizing the areas that were free of woody brush based on aerial imagery. The water layer
includes all significant wet ponds in the watershed. Finally, the vegetated layer was assumed to be any area of the
watershed that was not considered lawn, water, or impervious. The creation of this land use layer involved a
review of all areas within the watershed in order to manually digitize the most up-to-date land use data based on
aerial imagery. Table 2.3 summarizes the land use data from Dewberry’s analysis and Figure 2.6 shows the land
use layer. The land use data created from this analysis was overlaid with the hydraulic soils group (HSG) to create
a joined layer that was used to assign the appropriate curve number to each land area based on land use and HSG.

Table 2.3 - Long Indian Creek Watershed Existing Land Use.

City of Alpharetta 2015 Land Use (Acres) 2015 Land Use (%)
Lawns 1007.2 43.5%
Vegetation 680.3 29.3%
Water 3.2 0.1%
Impervious 627.2 27.1%
TOTAL 2317.9 100%
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3 WATERSHED CONDITIONS

The Long Indian Watershed Improvement Project included two major parts. The first part was an extensive data
collection phase to thoroughly assess the conditions of the watershed. The data collection phase involved
coordination with the watershed stakeholders (City of Alpharetta, City of Johns Creek, and Fulton County) to
gather any data that could impact the watershed such as sewer crossing locations, stormwater infrastructure,
drainage complaints, etc. Further, streamwalks were completed for over five miles of Long Indian Creek and its
tributaries. Data collected during these stream walks include Stream Reach Observation Summary Forms, Habitat
Assessment Field Data Sheets, Bank Erosion Hazard Index Forms, and GIS inventory shapefiles with referenced
photographs. Lastly, fecal coliform measurements and bacterial source tracking (BST) were utilized to quantify
the pathogen levels in the stream and determine the source(s) of fecal coliform in Long Indian Creek.

The following section details and analyzes the information collected during the data collection review, as well as
field sampling results gathered by the Dewberry Team and others.

3.1 Current Challenges
The major challenges facing the Long Indian Creek Watershed include:

1. Stormwater
a. Effects of stormwater runoff — significant areas of impervious and lawn land cover generate
increased stormwater runoff which contributes to erosion of the stream banks and potentially
increases pathogen loads in the stream during wet weather.
b. Elevated fecal coliform levels in stream — BST indicated dogs as a major source of fecal
coliform in the watershed. Lawns and open space are the most likely land coverage to contribute
heavily to fecal loading from dog waste.

2. Wastewater
a. SSOs and Septic Systems - BST indicated humans as a source of minor contributor of fecal
coliform in the watershed. The most likely sources are from sanitary sewer overflows in wet
weather and improperly maintained septic systems in the watershed.

3. Ecology
a. Invasive species — Kill off native species and provide insufficient root mass to secure stream
banks from erosion. Bamboo, Privet, and Russian Olive were seen in the watershed.
b. Altered watershed hydrology — increased impervious and lawn area
c. Altered stream geomorphology — reduced length of stream flow path; and loss of
connectivity with historic floodplain.

3.1.1 Water Quality Pollutants

Long Indian Creek is listed as an impaired stream on the Georgia Environmental Protection Division (EPD)
303(d) list for fecal coliform for its entire four mile reach. The EPD developed a Total Maximum Daily Load
(TMDL) for Long Indian Creek in 2013 that recommends a 95% reduction in fecal coliform.

Excess water quality pollutants discharging into Long Indian Creek produce elevated pathogen levels. Elevated
fecal coliform levels can impact human health and enjoyment by making the water unsafe for human contact. This
is a concern in the Long Indian Creek Watersheds where residences have direct access to the stream. Additionally,
the Long Indian Creek Watershed is part of the larger Upper Chattahoochee Watershed which is widely used by
Georgia residents for drinking water, recreation, and fishing. In addition to the human impact, elevated fecal
coliform levels in Long Indian Creek can have negative impacts on the surrounding flora and fauna.

The City of Alpharetta began consistently monitoring the water quality in Long Indian Creek in 2008. Further
steps towards assessing the condition of the watershed began in 2014 when the City of Alpharetta and the City of
Johns Creek entered into a Sampling and Quality Assurance Plan (SQAP) for testing and analysis of fecal coliform
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on Long Indian Creek. Samples are taken at 5 different locations along Long Indian Creek to identify potential
sources and analyze trends. The sampling locations are:

Site 1: State Bridge Road

Site 2: Buice Road

Site 3: Willow Meadow Circle

Site 4: Waters Road

Site 5: Park off of High Hampton Chase

The sampling locations are shown in Figure 3.1. Furthermore, Fulton County is conducting water quality
monitoring for fecal coliform on Long Indian Creek at Waters Road (Site 4). All the results of these monitoring
efforts have been combined in section 3.3.1 Fecal Coliform Monitoring Results of this report.

3.1.2 Bacterial Source Tracking

In addition to standard fecal coliform monitoring through quantification of counts per 100 mL (cfu/100mL),
Dewberry worked with Source Molecular based in Miami, FL, to test water samples at the various sampling sites
for the presence/absence of bird, dog, goose, Human (Dorei and EPA tests), and ruminant fecal coliform
contamination. Bacterial Source Tracking (BST) sampling is a key part of this project as it identifies the main
sources of fecal contamination, allowing Dewberry to design a more targeted watershed improvement plan to
address the main sources of fecal contamination. Table 3.1 shows the tests that were performed at each sampling
location. Although this section presents the sampling locations and methodology, a full analysis of the BST results
will be presented in Section 3.3.3 Bacterial Source Tracking Results.

Table 3.1 - Locations of BST tests performed for bird, dog, goose, Human (Dorei and EPA tests), and ruminant fecal
contamination. BST tests are conducted to determine the presence/absence and quantification, if possible, of fecal

contamination for each organism tested.
Test Sitel | Site2 Site 3 Site 4 Site 5

Bird X X X X X
Dog X X X X X
Goose X X

Dorei (Human) X X X X X
EPA (Human) X X X X X
Ruminant X X X
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Figure 3.1 - Fecal coliform sampling locations for Long Indian Creek. Consistent sampling between Alpharetta and Johns Creek began in 2014.
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3.1.3 SSOs and Septic Systems

Sanitary sewer overflows (SSOs) are a common problem for older urban sanitary sewer systems. Fulton
County maintains the sanitary sewer system within the City of Alpharetta, and the County has been
actively working to address SSOs. Although the sanitary sewer system within the City of Alpharetta is
newer than other areas of the metro-Atlanta region, it could still suffer from SSOs. SSOs occur during wet
events when sewage escapes the sanitary sewer system, most commonly due to a process called
“Infiltration and Inflow” or I&I. I&I describes a process through which rainwater runoff and groundwater
enter a sanitary sewer system through cracked pipes, leaky manholes, or improperly connected storm
drains, down spouts, and sump pumps. The excess water that enters the sanitary system during wet
events exceeds its design capacity and causes it to overflow.

Fulton County provided a record of sanitary sewer spills that have occurred within the Long Indian Creek
Watershed. The spill dates range from October 1997 to February 2007. No spills were reported by the
County after 2007. Additionally, all spills were reported as minor. Figure 3.2 provides a map of the
cataloged sanitary sewer spills. Although Long Indian Creek Watershed has not suffered an SSO in many
years, it is important to remain vigilant of potential infiltration into the sanitary system and support a
robust maintenance system to ensure the sanitary sewer system does not suffer future SSOs.

Another concern for the sanitary sewer systems is exposed sewer lines cause by stream bank erosion
exposing pipes parallel to the stream or stream bed erosion exposing once-buried sewer pipes crossing the
stream. Many exposed sewer pipes were noted during the stream inventory along Long Indian Creek and
its tributaries. Exposed sanitary sewer pipes are at risk of being damaged during a storm event should
debris strike or become caught on the pipe. Damage to sanitary sewer pipes could cause leaks in the
system potentially resulting in SSOs, or extreme damage could break the pipe, causing a major spill.
Figure 3.3 and Figure 3.4 show two examples of exposed sanitary sewer pipes in the Long Indian Creek
Watershed.

Dewberry actively worked with Fulton County’s Department of Water Resources, Finance Department,
and Department of Health and Wellness to identify locations of septic systems in the Long Indian Creek
Watershed. Information received from various County Departments was verified through visual inspect of
the neighborhoods to pinpoint the most likely locations of septic tanks in the watershed. Based on this
analysis 75 potential septic systems were identified within the watershed. Septic systems are primarily
located in older neighborhoods in the south-western part of the watershed near Waters Road. Several
systems may also be found along Jones Bridge Road and Kimball Bridge Road where there are several
older properties. The existence and condition of these septic tanks was not confirmed in this report.
However, the age of the developments suggest that many of the septic systems may be 20-years or older
and may be contributing to the local contamination if not properly maintained. Even if the septic system
is newer and within its design life, it still has the potential to contribute to local contamination if located
or operated inappropriately. Figure 3.5 provides a map of probably locations of septic systems within the
Long Indian Creek Watershed.
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Figure 3.2 - Locations of sanitary sewer spill reported by Fulton County. No spills have been reported since February 2007.
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Figure 3.3 - A sanitary sewer pipe exposed due to channel and bank erosion. A large root ball can be seen behind

the pipe and is an indication of the size of debris that can be transported in Long Indian Creek in storm events. Debris
of this size could easily damage the exposed pipe.

Figure 3.4 - A sanitary sewer pipe running parallel to the stream has been exposed due to bank erosion. This pipe is

subject to damage in storm events. Additionally, a damaged manhole can be seen on the bank of the stream. Further
bank erosion could compromise the manhole.
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Figure 3.5 — Probable locations of septic systems within the Long Indian Creek Watershed. Dewberry actively worked with Fulton County’s Department of Water
Resources, Finance Department, and Department of Health and Wellness to identify these locations.
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3.1.4 Stormwater Runoff

Although no SSOs have been reported by Fulton County since 2007, non-point source pollution from surface
runoff continues to be a concern for the Long Indian Creek Watershed. According to a land use study conducted
by Dewberry, twenty-eight percent of the land area in the watershed is impervious. Significant amounts of
impervious surfaces are a concern in a watershed because surface runoff collects pollutants that have accumulated
on impervious surfaces, and unless the surface runoff is allowed to infiltrate into the ground, no cleaning is
provided to the runoff water before it enters Long Indian Creek, contributing a large pollutant load. Additionally,
increased surface runoff contributes to greater flows in the stream which can increase erosion and further impair
water quality and stream health. In fact, a report by Hammock and Leo (2013) shows that streams within a
watershed are most likely impaired when a watershed’s impervious cover exceeds 20-25%. Stream impairment
due to impervious areas can include increased stormwater runoff volume, increased ambient stream flow
temperature; increased channel velocities contributing to bank and channel erosion; and increased pollutant loads
from trash, sediment, grass clippings, fertilizer, pet waste, and heavy metals and petrochemicals from roadway
and parking lot surfaces.

Based on the BST results, dog feces have been identified as a major source of fecal contamination in the
watershed. This contamination occurs when surface runoff from yards transports fecal coliform from dog waste
directly into Long Indian Creek. Although surface runoff volumes from lawns are less than runoff volumes from
impervious areas, lawns still increase surface runoff compared to forests or undisturbed land. When lawns are
covered in dog waste, the runoff from these areas can be highly contaminated. Since 43.5% of the Long Indian
Creek Watershed is used for lawns, runoff from lawns with dog waste are likely a significant contributor of fecal
coliform to the stream.

It should also be noted that BST results were collected for dry and wet weather events, and even in the dry weather
samples, fecal coliform from dog waste was detected in low concentrations. In comparison, fecal coliform from
dog waste was detected in much higher concentrations during wet weather events. Therefore, even in dry
conditions, fecal coliform from dog waste is entering Long Indian Creek; however, it is entering the stream at a
much reduced rate.

3.1.5 Altered Watershed Hydrology

The Long Indian Watershed is highly developed and lawns and impervious area constitute approximately 70% of
the watershed’s land use. This alteration from natural conditions increases the surface runoff. Further, the
reduction in surface roughness caused by the removal of natural forests and replacement with lawns and
impervious area shortens the time of concentration, causing the hydrograph to peak higher and faster than in
predevelopment conditions. Both of these effects from altered watershed hydrology increase the volume of water
in the stream channel during storm events. This increases volume causes channel velocities to increase which
increases stream bank and bed erosion, further degrading the stream’s water quality. The impacts of increase
discharge volume and velocities were evident by the extent of channel and bank erosion seen in various locations
along Long Indian Creek. Figure 3.6 and Figure 3.7 provide two examples of the extreme bank erosion seen in
some areas. However, this additional sediment from channel bank and bed erosion drops out of the flowing water
as it approaches its confluence with Big Creek. At this point, the stream velocity along Long Indian Creek slows,
allowing larger particles eroded upstream to drop out of suspension and settled onto the channel bed, creating a
soft, sandy, and highly unstable channel bottom near the confluence with Big Creek.
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Figure 3.7 - Excess flows and eating nearly vertical banks that are approximately 10 feet
high. Altered Stream Geomorphology
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3.1.6 Altered Stream Geomorphology

Straightening of the stream channel, especially around bridges, and the addition of gabion baskets and riprap
along stream banks are the two most obvious alterations to Long Indian Creek’s geomorphology. Most likely, the
stream channel was straightened to reduce flood risk by passing water through the channel more quickly and to
minimize the risk of channel migration in the vicinity of bridges and culverts. However, straightening of the
stream often has the effect of increasing the flow velocities within the channel. Increased flow velocities cause the
banks to become incised which isolates the stream from its natural floodplain, further increasing velocities in the
channel and increasing erosion. Figure 3.8 shows an area of the channel that has been altered to be much
straighter than it would be naturally.

In order to combat the increased erosion, gabion baskets and riprap were seen along some banks of the stream,
either to protect private property or public infrastructure. These measures provide a poor habitat for fish, animals,
and other organisms that live in the stream. Additionally although gabion baskets and riprap protect the area they
cover, they tend to worsen erosion at either end. Therefore, these measures do not solve the issue of erosion along
the streambank but, instead, relocate it to another area along the stream. Figure 3.9 shows how gabion baskets
have been used to protect the bank surrounding sanitary sewer infrastructure. Further, riprap can be noted on the
right side of the photograph. It was potentially placed there to counteract the erosion caused by the gabion
baskets.

Another alteration that was noticed in some areas of the watershed was the loss of the natural riparian buffer
zone. In some neighborhoods, lawns extended to the very edge of the stream bank, allowing no buffer zone to
prevent dog waste, fertilizer, and other pollutants from running off directly into the stream. Further, the lack of
trees along the stream banks can cause increased erosion due to the lack of root mass to stabilize the banks.
Additionally, natural habitats provided by tree roots are removed when the natural riparian buffer is eliminated.

Figure 3.8 - A segment of straighten streamway prior to entering a culvert. Streamways were straightened to reduce flood risk
and channel migration around bridges and culverts. Reduction of the riparian buffer can be seen on the right side of the
stream.
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Figure 3.9 — Gabion baskets have been installed along the stream bank to protect the sanitary sewer pipe. Riprap has been
installed to the right of the pipe to further protect against increased stream bank erosion.

3.1.7 Invasive Species

Four main invasive species were commonly seen within the Long Indian Creek Watershed. The species are Privet,
Russian Olive, Bamboo, and Japanese Honeysuckle. Images of the invasive species for identification purposes are
shown in Figure 3.10 to Figure 3.14. Invasive species are a concern in the watershed due to their ability to
compete with and displace native vegetation (USDA, 2016). Further, many invasive species have fast-growing,
shallow root systems that provide poor stabilization for riparian soils, increasing erosion along stream banks
(Bellinger Landcare Inc, 2006).
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Figure 3.11 — Privet. Can be 30 feet tall and
reproduces vigorously (Moorhead, 2016).

Figure 3.12 — Russian Olive fruit. Produces 8 pounds Figure 3.13 — Russian Olive. Can alter local hydrology
of fruit per plant (Sydnor, 2016). (Sydnor, 2016).

The most common invasive species seen in the Long Indian Creek Watershed is Privet (Ligustrum sinense). It is
an evergreen shrub that can grow up to 30 feet tall (Bellinger Landcare Inc, 2006). However, it more commonly
grows in the range of 5 to 12 feet tall, and plants of this size were most commonly seen in the watershed (USDA,
2016). The root system of privet is shallow but extensive, and it can reproduce by suckers from its extensive root
system, contributing to its invasive nature (USDA, 2016). Privet also reproduces sexually through the production
of fruit that ripens in later autumn and winter, providing a food source for birds when few others are available.
Further, a mature plant can produce over one million seeds (Bellinger Landcare Inc, 2006). Once established,
Privet is especially difficult to remove due to the massive seedbank produced by mature plants and the need to
remove the entire root system to prevent vegetative reproduction (USDA, 2016). Figure 3.15 shows an area along
the bank of Long Indian Creek where Privet dominates. Intense erosion can be seen on the banks due to the lack
of deep root systems that would normally be provided by native plants and trees.

Russian Olive (Elaeagnus angustifolia) is another invasive species commonly seen in the Long Indian Creek
Watershed. The Russian Olive is native to western and central Asia, and is a woody, deciduous species that grows
from 10-30 feet tall in the form of a large shrub or small tree (USDA Forest Service, 2016). Russian Olive can
reproduce sexually and vegetatively via root crowns and suckers. Similar to Privet, Russian Olive reproduces
vigorously, producing eight pounds of fruit per plant, and fruit remains on the plant throughout winter, providing
an easy food source to animals when few other plants bear fruit (USDA Forest Service, 2016). Russian Olive will
quickly outcompete native vegetation, and once established, it is difficult to eradicate and can interfere with new
tree growth required to stabilize stream banks (USDA Forest Service, 2016). Further, Russian Olive has been
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shown to alter hydrology in lowland riparian forests through rapid evapo-transpiration which can stabilize
formerly flooded soils, rendering the habitat inhospitable to native species (USDA Forest Service, 2016).

Bamboo was another invasive species seen in the Long Indian Creek Watershed (Phyllostachys aurea); however,
it was less common than Privet or Russian Olive, and the clumps were contained to smaller areas along the stream
banks. Bamboo is an evergreen plant that can grow as tall as 16 to 40 feet (Invasive Plant Atlas, 2016). Despite the
height of bamboo plans, the root system is only 2 to 3 feet deep, providing very little stabilization for riparian soils
along stream banks (Bamboo Garden, 2016). Bamboo is spread by rhizomes that can form dens, monocultural
thickets that displace native plants and are difficult to remove (Invasive Plant Atlas, 2016). Figure 3.16 shows an
example of bamboo found along the stream bank of Long Indian Creek. The thicket has surrounded a sanitary
sewer pipe that has been exposed due to bank erosion. Due to the
limited soil stability provided by Bamboo, erosion around the
sanitary sewer pipe is likely to continue.

Japanese Honeysuckle (Lonicera japonica) was the fourth main
invasive species noted in the watershed. It is an evergreen, woody,
twining vine that can grow in excess of 80 feet in length. It is
known for its extremely fragrant white flowers that yield numerous
small black berries which are distributed by birds. However, the
plant can also reproduce vegetatively with underground rhizomes
and ground-level runners. Therefore, Japanese Honeysuckle is
seen as highly invasive because of its wide range of habitat,
expansive seed dispersal, rapid growth, extended growing season,
and a lack of natural enemies. For these reasons, it is able to
rapidly and completely cover forest floors and canopies, chocking
out native plants (UF, 2016).

o o ALY S = T, AR,
Privet has completely displaced native plants from the stream banks along Long Indian Creek. Erosion can be

seen along the stream bank where the Privet roots do not provide sufficient soil stabilization.

P
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Figure 3.16 - Bamboo thicket surrounding an exposed sanitary sewer pipe on the bank of Long Indian Creek. The shallow root
system of the Bamboo plants can be seen on the exposed bank. Field Data Collection

3.2 Field Data Collection

An extensive field reconnaissance effort was completed for the Long Indian Creek Watershed. The objective of the
field work was to analyze existing streams, drainage features, BMPs, and erosion problems in the watershed in
order to identify and select opportunities for future capital improvements that are most effective at improving
water quality and stream conditions. Prior to fieldwork, Dewberry reviewed the data collection efforts with the
City of Alpharetta in order to target specific areas of the watershed for field reconnaissance. The location and
intensity of survey points evaluated by field teams was focused in the following areas of the watershed:

Areas having the highest percentage of impervious area;

Areas with a high concentration of drainage complaints;

Areas with sanitary sewer infrastructure crossing or in close proximity to the stream;

Areas with a concentration of septic systems;

Bridges, culverts, and systems that indicate flooding per the hydrodynamic modeling in events less than
the 100-year level of service for bridges and culverts and less than 25-year level of service for systems;

o Exiting BMPs on public facilities and existing BMPs on select commercial and residential properties
agreed upon with the City of Alpharetta;

Stream reaches with erosive velocities in the 1-year storm event, and;

Steam reaches with visible erosion evident from aerial imagery.

Figure 3.17 provides a map of digitized drainage complaints provided by the City of Alpharetta from December
2007 through January 2015. Each drainage complaint has been categorized using the following descriptions:
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Table 3.2 — Categorized drainage complaints provided by the City of Alpharetta.

Complaint Issue Number of Complaints
BMP Maintenance 3
Bury Pit 14
Debris 6
Drainage Inquiry 7
Erosion 49
Flooding — Basement 2
Flooding — Landscaping 6
Flooding — System 5
Floodplain Inquiry 2
Sewer Spill 1
Sink Hole — Compaction 1
Sink Hole — Landscaping 8
Structure Maintenance 7
TOTAL 111

In the areas noted in the above bullets, the field teams focused on obtaining information at observation points that
exhibited:

Reduced riparian buffers;

Areas of active construction activity near Long Indian Creek and its tributaries;

Areas of intense stream bed or bank erosion;

Stream channel alterations;

Existing BMP conditions and configurations;

Potential pollution sources such as broken or leaking sewer lines, SSOs, illicit discharges, illicit dumping,
confined animal areas, areas with observed pet waste, poorly maintained land, and suspect odors, and;

o Potential maintenance issues such as blocked or damaged culverts, bridge crossings, or storm drains.

The data presented in this section was collected during a steam walk completed in March, 2016, and several field
visits in June, 2016. Data for this section is provided in the Technical Memorandum “Long Indian Creek Stream
Inventory” which is presented in full in APPENDIX D: LONG INDIAN CREEK STREAM INVENTORY
TECHNICAL MEMORANDUM (Golder, 2016).

3.2.1 Stream Inventory

The Dewberry Team inventoried Long Indian Creek and its Tributaries in March 2016, and the inventory included
the following components:

Characterizing the stream conditions;
Identifying maintenance issues, including severe erosion at construction sites, illicit discharge, and
sanitary sewer pipe leaks and breaks, and;

e Collecting data on the physical condition and assessing the aquatic habitat of representative reaches
throughout the watershed.

The Dewberry Team collected 61 data points over approximately 5.76 miles along Long Indian Creek and its
Tributaries. Habitat assessments were completed using the methodologies specified in the Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates, and Fish (EPA,
1999). Additionally, the bank erosion hazard index was conducted using the Rosgen methodology, Applied River
Morphology (Rosgen, 1996).
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Further, the Dewberry Team measured stream cross-sections and performed habitat assessments and bank
erosion hazard indexes at the five sampling sites showing in Figure 3.1. The cross-section measurements are
needed to compute the entrenchment ratio and width-depth ratio for the Rosgen Stream Classification System.
Additionally, the cross-sections can be compared to any historical or future stream cross-section measurements in
order to assess channel erosion/deposition and migration.

Appendix A provides the following data collected during the inventory:

Stream Reach Observation Summary Forms
Habitat Assessment Field Data Sheets

Bank Erosion Hazard Index Forms

Stream Cross Sections

Further, a GIS stream inventory shapefile labeled “LongIndianCreek_GPS_20160311” and photographs from the
stream inventory will be provided in a digital format to the City. A stream inventory parameter sheet is also
included with the shapefile to define the parameter codes.

3.2.2 Field Findings

The observed stream conditions at each of the five sampling locations are described below:

e Site 1: State Bridge Road (34.050859 N, -84.227183 W)

o Moderately stable, minimal stream bank erosion on both the left and right bank.
Invasive species (Ligustrum sinense and Lonicera japonica) were observed.
No human impact within 60 feet of the stream bank on the right bank.
Minimal human impact on left bank with a 20-40 foot riparian zone from the left bank.
Moderate bank erosion hazard index score of 21.9.

O O O O

e Site 2: Buice Road (34.044721 N, -84.237667 W)
o Chicken coop along the left bank.
Moderately to severely eroded left and right bank.
Invasive species (Ligustrum sinense and Lonicera japonica) were observed.
Very little riparian vegetation on both the left and right bank due to human impact.
Moderate bank erosion hazard index score of 24.6.

O O O O

e Site 3: Willow Meadow Circle (34.038129 N, -84.257503 W)
o Stream reach impounded by beaver dam.
Moderately stable, minimal stream bank erosion on both left and right bank.
No human impact within 60 feet of the stream bank on the right bank.
Minimal human impact on left bank with a 20-40 foot riparian zone from the left bank.
Suspicious discharge within stream reach.
Moderate bank erosion hazard index score of 27.2.

O O O O O

e Site 4: Waters Road (34.039325 N, -84.257503 W)
o Unstable, many eroded areas on both left and right bank.
o Very little riparian vegetation and no buffer due to human construction activity on right bank.
o No human impact within 60 feet of the stream bank on the left bank.
o Moderate bank erosion hazard index of 22.2.

e Site 5: Park off Hampton Chase (34.038031 N, -84.27144 W)
o Parklocated on right bank.
Gabion baskets located at an exposed sewer pipe crossing.
Unstable, many eroded areas on right bank.
Moderately unstable bank erosion on left bank.
Large human impact on right bank with a 20-40 foot riparian zone from the right bank.
No human impact within 60 feet of the stream bank on the left bank.

O O O O O
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o High bank erosion hazard index of 35.51.

Figure 3.18 provides an aid to visualize the stream bank areas suffering from erosion on the left and right banks
of the stream. In the Figure, stream bank erosion is described as minor (25-50% eroded), moderate (50-75%
eroded), and severe (75-100% eroded).

Other information gathered from field reconnaissance included locations of exposed pipes crossing the stream
(Figure 3.19), damaged BMPs and pipes (Figure 3.20), and other areas of concern including beaver dams,
debris, and trash found in the stream (Figure 3.25). When possible, images (Figure 3.21 to Figure 3.24 and
Figure 3.26 to Figure 3.28) have been included after maps to demonstrate the issues seen in the watershed.
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Figure 3.17 — Drainage complaints provided by the City of Alpharetta.
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Figure 3.19 — Exposed pipes discovered crossing or parallel to Long Indian Creek and its Tributaries. Exposed pipes can be seen most commonly in areas of
moderate to severe erosion.
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Figure 3.20 — Damaged BMPs and pipes discovered in the Long Indian Watershed. The following photos provide insight into the type of damage.
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Figure 3.22 — Sedimentation in a BMP found in a neighborhood detention pond leading into Long Indian Creek. The flow
attenuation provided by the BMP has been compromised by the sedimentation.
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Figure 3.24 — A damaged plpe infrastructure. The headwall has become d|scbhhected from the pipe due to scouring under the
headwall.
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Figure 3.25 — Other areas of concern in Long Indian Creek. The most common/major issues noticed in the creek were debris dams, dumping/trash, and a beaver
dam located just north of where Willow Meadow Circle crosses Long Indian Creek.
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Figure 3.26 — Debris and trash blocking the entrance to the culvert. The debris could be a
damage the culvert during a flood event.
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Figure 3.27 — A corrugated metal pipe is lodged under the bridge for Waters Road.
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Figure 3.28 — A large debris dam has formed in Long Indian Creek. The debris dam is a flooding concern as it could cause a

large flood hazard if it traps more debris, further blocking the flow of water, or is suddenly dislodged during a flooding event.

3.2.3 Field Inventory Recommendations

Based on observed field conditions, initial recommendations were made for each inventory point involving the
suggested restoration measure, the ease of implementing the restoration measure, and the accessibility of the site
to construct the suggested restoration measure. The restoration measures and anticipated level of effort described
in this report are preliminary and further field visits are required to fully assess the feasibility of implementing the
restoration method. However, these general recommendations can be used to rapidly identify and assess potential
project options for restoring portions of Long Indian Creek and its Tributaries. Figure 3.29 to Figure 3.32
provide a map of inventory points that show the amount of effort and expense anticipated to complete the
restoration measure, the ease of accessibility to construct the restoration measure, and the suggested restoration
measure(s), respectively. Further, the rankings for restoration effort and accessibility issues have been additively
combined to provide a more comprehensive image of the projects requiring the most extensive amount of input
from both a resources and ease-of-access perspective. Figure 3.31 provides the combined rankings for
restoration effort and accessibility issues. Similarly to Figure 3.29 and Figure 3.30, a lower ranking indicates
more extensive project requirements, implying that more resources are needed to complete the project and that
accessibility issues are more likely to arise during the project.

Table 3.3 to Table 3.5 provide definitions and explanations for abbreviations and terminology seen in Figure
3.29 to Figure 3.32.
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Table 3.3 — Restoration effort ratings and descriptions.

Rating Restoration Effort | Description

. Restoration efforts would be very expensive and require extensive

1 Extensive -

permitting.

. Restorations efforts require resources between Moderate and Extensive

2 Major

efforts.
3 Moderate Restoration efforts would address moderate problems that may require a

moderate amount of equipment, planning, funding, and permitting.

. Restorations efforts require resources between Minimal and Minor

4 Minor

efforts.
5 Minimal Restoration efforts would correct minor problems that could be corrected

with minimal labor, planning, and funding.

Table 3.4 — Accessibility ratings and descriptions.

Accessibility No. Private
Rating Issues Parcels Affected | Description

1 Extensive >5 Site is difficult to reach by foot and vehicle
2 Major 3-4 Site is moderately accessible by foot and vehicle
o | ibl f i bl

3 Moderate 5.3 Slte‘IS easily accessible by foot but not easily accessible by
vehicle

4 Minor 5 Site is (?a5|ly accessible by foot and moderately accessible
by vehicle

5 Minimal 1 Site is easily accessible by both foot and vehicle
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Table 3.5 — Restoration measures, abbreviations, and descriptions.

Restoration Measure

Abbreviation

Measure Description

Riparian Buffers

BU

Plant trees and other woody vegetation in the riparian zone
to enhance or widen the existing buffer. Each bank length
is entered separately (i.e., a 100 foot restoration project
with planted buffers on both sides is 200 feet).

Grade Control Group

CG

Designed to maintain a desired streambed elevation by
either raising the bed or maintaining the bed at the current
elevation. Measures include weirs, cross vanes, step
pools, and drop structures and can be made of rock or log
materials.

Debris Removal

DR

Measure used when large debris dams should be removed
to alleviate the stress on the stream banks and upstream
sedimentation.

Bank Protection Group

PG

Designed to protect the streambank from erosion or failure
with structural measures. Use along banks where
infrastructure protection is important or when space or
erosive velocities are the constraint. Examples are rip-rap,
rootwads, boulder revetments, lunkers, and A-jacks.

Mixed Bank
Protection/Bank
Stabilization

PS

Combination of PG and SG measures where structural
measures are put along the toe of the bank and
stabilization measures along the remainder of the bank.
This is best used when the majority of the erosive velocities
are undermining the toe of the bank, leading to bank failure
or slumping.

Bank
Stabilization/Bioengineering

SG

Non-structural measures to stabilize banks to protect
against erosion by regrading the streambanks to a stable
angle and geometry and planting with native plantings and
use of biodegradable materials to stabilize the banks.
Includes regrading, live stakes, branch packing or layering,
mattresses, fascines, and joint planting.

Rosgen Priority 1 Channel
Restoration

SR1

Re-establish the channel on the previous floodplain using
the relic channel or construct a new bankfull discharge
channel. The dimension, pattern and profile designed to a
stable form. Fill the existing channel to the floodplain.
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Figure 3.29 — Restoration effort required by each stream inventory point to implement restoration measures.
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Figure 3.30 — Accessibility issues likely to be encountered at each stream inventory point in order to implement restoration measures.
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Figure 3.31 — Rankings for restoration effort and accessibility issues have been additively combined to provide a more comprehensive image of the projects

requiring the most extensive amount of input from both a resources and ease-of-access perspective
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Figure 3.32 — Suggested restoration measures for each stream inventory point. Not all inventory points require restoration. These points are labeled as “N/A”.
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3.2.4 Field Reconnaissance Summary

During the stream inventory, several key areas of concern were identified that could potentially be contributing to
elevated levels of fecal coliform in the Long Indian Creek Watershed. Common areas used for walking animals
were noted as a major concern, especially parks, athletic fields, and walking trails directly bordering Long Indian
Creek and its Tributaries. Along one of these parks in the Hampton Hall subdivision in the lower reach of Long
Indian Creek, a bag of dog waste was found discarded in the creek. Further, several damaged BMPs were noted
during the stream inventory. Although dry and dry extended detention basins are not credited for fecal coliform
removal, they do provide flow attenuation of peak discharges, proving critical in protecting the overall health of
the watershed. Once damaged, these BMPs no longer provide the necessary flow attenuation to reduce erosion
and TSS loading in the watershed. Further, these damaged BMPs provide retrofit opportunities to easily improve
the functioning of existing detention ponds, and potentially convert dry detention ponds to wet ponds or wetlands
that can contribute to the reduction of fecal coliform loads in the watershed. The field inventory also documented
major deficiencies including suspicious discharge, severely eroding stream banks, large debris jams, culvert
maintenance issues, and possible stream water withdrawal points. All of these deficiencies negatively affect the
health of the watershed and also have the ability to negatively affect the elevated fecal coliform in the watershed.

In order to begin addressing the deficiencies noted in the steam inventory, preliminary suggestions for stream
restoration measures have been provided along with rankings for restoration effort and ease of site access. This
information, when combined with modeling results showing the most impactful projects, can be used to prioritize
and select watershed improvement projects.

3.3 Water Quality Data

Long Indian Creek is listed as an impaired stream on the Georgia Environmental Protection Division (EPD)
303(d) list for fecal coliform for its entire four mile reach. The EPD developed a Total Maximum Daily Load
(TMDL) for Long Indian Creek in 2013 that recommends a 95% reduction in fecal coliform.

The City of Alpharetta began consistently monitoring the water quality in Long Indian Creek in 2008. Further
steps towards assessing the condition of the watershed began in 2014 when the City of Alpharetta and the City of
Johns Creek entered into a Sampling and Quality Assurance Plan (SQAP) for testing and analysis of fecal coliform
on Long Indian Creek. Samples are taken four times a year at 5 different locations along Long Indian Creek to
identify potential sources and analyze trends. The sampling locations are shown in Figure 3.1. Furthermore,
Fulton County is conducting water quality monitoring for fecal coliform on Long Indian Creek at Waters Road
(Site 4). All the results of these monitoring efforts have been combined in this report and are presented in the next
section.

As an additional measure, the City of Alpharetta elected to utilize Bacterial Source Tracking (BST) sampling for
human, dog, geese, bird, and ruminants as a part of this project in the fall of 2015 and spring of 2016 to identify
the organisms contributing to the elevated fecal coliform levels in the Long Indian Creek Watershed. BST is a new
technology used to identify the source of contamination based on DNA markers. BST copies and amplifies the
DNA of the fecal coliform bacteria found in water samples and compares it with an existing DNA library to
determine if the fecal coliform bacteria has human, dog, geese, bird, or goose origins. Samples were taken at the
same five locations used for standard fecal coliform monitoring on four different days:

November 12, 2015
December 3, 2015
April 12, 2016

May 17, 2016

The November 12, 2015, sampling was conducted during dry weather conditions, defined as less than 0.1 inches of
precipitation in the past 72 hours. All other samples were collected during wet weather conditions, defined as 0.3
or greater inches of precipitation within 24 hours of sampling. All precipitation measurements were based on
USGS gage 02335700 on Big Creek near Alpharetta, GA. The results of the BST are presented in this section.
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3.3.1 Fecal Coliform Monitoring Results

The below tables show the fecal coliform measurements for the five sampling locations on Long Indian Creek. The
following results include both Fulton County’s and the City of Alpharetta’s results. It should be noted that the
measurements become much more frequent beginning in 2014. It was at this time that the City of Alpharetta and
the City of Johns Creek entered into a SQAP to further enhance testing and analysis of fecal coliform in Long
Indian Creek. The City of Alpharetta measured many more water quality indicators in addition to fecal coliform
counts. These additional data are provided in APPENDIX E: SAMPLED WATER QUALITY DATA.

Table 3.6 - Fecal coliform sampling results for Site 1 on State Bridge Road.

Sample Fecal Coliform Sample Fecal Coliform Fecal Coliform
Date 9222D (cfu/100mL) Date 9222D (cfu/100mL) Sample Date = 9222D (cfu/100mL)

9/30/2014 900 4/28/2015 40 1/5/2016 205
10/9/2014 665 7/1/2015 330 1/12/2016 80
1/6/2015 200 7/7/2015 105 1/19/2016 90
1/13/2015 720 7/21/2015 130 1/26/2016 80
1/20/2015 45 7/28/2015 275 4/5/2016 320
1/27/2015 60 10/6/2015 185 4/11/2016 290
4/1/2015 120 10/13/2015 2950 4/19/2016 525
4/7/2015 1260 10/20/2015 25 4/26/2016 260
4/21/2015 195 10/30/2015 210

Table 3.7 — Fecal coliform sampling results for Site 2 on Buice Road.

Sample Fecal Coliform Sample Fecal Coliform Fecal Coliform
Date 9222D (cfu/100mL) Date 9222D (cfu/100mL) Sample Date = 9222D (cfu/100mL)

9/30/2014 900 4/28/2015 40 1/5/2016 205
10/9/2014 665 7/1/2015 330 1/12/2016 80
1/6/2015 200 7/7/2015 105 1/19/2016 90
1/13/2015 720 7/21/2015 130 1/26/2016 80
1/20/2015 45 7/28/2015 275 4/5/2016 320
1/27/2015 60 10/6/2015 185 4/11/2016 290
4/1/2015 120 10/13/2015 2950 4/19/2016 525
4/7/2015 1260 10/20/2015 25 4/26/2016 260
4/21/2015 195 10/30/2015 210

Table 3.8 - Fecal coliform sampling results for Site 3 on Willow Meadow Circle in the City of Johns Creek.

Sample Fecal Coliform Sample Fecal Coliform Fecal Coliform
Date 9222D (cfu/100mL) Date 9222D (cfu/100mL) Sample Date = 9222D (cfu/100mL)

10/9/2014 300 7/1/2015 110 1/5/2016 110
1/6/2015 30 7/7/2015 90 1/12/2016 30
1/13/2015 180 7/21/2015 50 1/19/2016 40
1/20/2015 70 7/28/2015 30 1/26/2016 60
1/27/2015 180 10/6/2015 210 4/5/2016 100
4/1/2015 30 10/13/2015 2300 4/11/2016 40
4/7/2015 80 10/20/2015 80 4/19/2016 360
4/21/2015 200 10/29/2015 170 4/26/2016 120
4/28/2015 70
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Table 3.9 — Fecal coliform sampling results for Site 4 on Waters Road.

Sample Fecal Coliform Sample Fecal Coliform Fecal Coliform
Date 9222D (cfu/100mL) Date 9222D (cfu/100mL) Sample Date = 9222D (cfu/100mL)
7/30/2008 230 11/15/2011 60 1/20/2015 110
9/17/2008 130 2/9/2012 70 1/27/2015 40
10/1/2008 85 3/6/2012 105 4/1/2015 30
11/12/2008 20 3/29/2012 150 4/7/2015 30
12/17/2008 10 4/24/2012 760 4/21/2015 750
1/21/2009 53 6/20/2012 150 4/28/2015 50
2/26/2009 50 7/25/2012 280 6/2/2015 560
4/16/2009 57 9/27/2012 170 6/9/2015 300
4/29/2009 100 10/10/2012 662 6/18/2015 190
6/10/2009 150 11/5/2012 230 6/24/2015 80
6/24/2009 220 11/27/2012 90 7/1/2015 20
7/28/2009 2300 1/9/2013 40 7/7/2015 120
8/25/2009 110 1/29/2013 70 7/21/2015 140
10/21/2009 130 3/5/2013 40 7/28/2015 180
11/18/2009 150 4/10/2013 30 8/3/2015 350
12/28/2009 60 5/8/2013 200 8/18/2015 4800
1/7/2010 0 6/5/2013 415 8/20/2015 520
2/9/2010 30 7/8/2013 50 8/26/2015 460
2/19/2010 0 8/26/2013 170 10/6/2015 130
4/6/2010 0 9/17/2013 6600 10/13/2015 2300
4/21/2010 20 10/10/2013 130 10/20/2015 60
5/25/2010 50 10/22/2013 90 10/27/2015 90
7/7/2010 80 11/5/2013 30 11/4/2015 700
8/4/2010 70 11/25/2013 10 11/9/2015 3700
8/18/2010 440 3/5/2014 1 11/12/2015 170
10/12/2010 200 4/28/2014 20 11/17/2015 160
11/3/2010 320 5/21/2014 70 1/5/2016 140
12/20/2010 70 6/17/2014 80 1/12/2016 50
1/5/2011 50 7/2/2014 120 1/19/2016 120
2/15/2011 60 7/9/2014 100 1/26/2016 460
3/23/2011 50 7/9/2014 150 2/1/2016 180
5/2/2011 10 8/14/2014 140 2/8/2016 140
5/10/2011 75 8/26/2014 70 2/15/2016 50
5/23/2011 100 9/22/2014 190 2/26/2016 290
6/28/2011 40 9/30/2014 340 4/5/2016 170
7/19/2011 40 10/9/2014 160 4/11/2016 120
8/22/2011 4300 1/6/2015 130 4/19/2016 60
9/19/2011 50 1/13/2015 150 4/26/2016 60
10/26/2011 85
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Table 3.10 - Fecal coliform sampling results for Site 5 at the park on High Hampton Chase.

Sample Fecal Coliform Sample Fecal Coliform Fecal Coliform

Date 9222D (cfu/100mL) Date 9222D (cfu/100mL) Sample Date = 9222D (cfu/100mL)
9/30/2014 120 4/28/2015 30 1/5/2016 40
10/9/2014 620 7/1/2015 130 1/12/2016 30
1/6/2015 100 7/7/2015 100 1/19/2016 10
1/13/2015 70 7/21/2015 140 1/26/2016 30
1/20/2015 40 7/28/2015 660 4/5/2016 120
1/27/2015 0 10/6/2015 180 4/11/2016 20
4/1/2015 10 10/13/2015 1000 4/19/2016 40
4/7/2015 60 10/20/2015 50 4/26/2016 20
4/21/2015 2100 10/29/2015 60

3.3.2 Delisting Evaluation and Recommendation

Long Indian Creek is listed as an impaired stream on the Georgia Environmental Protection Division (EPD)
303(d) list for fecal coliform for its entire four mile reach. The EPD developed a Total Maximum Daily Load
(TMDL) for Long Indian Creek in 2013 that recommends a 95% reduction in fecal coliform. Since the Long Indian
Creek Watershed is located in both the City of Alpharetta and the City of Johns Creek, they entered into a SQAP in
2014 to better monitor the fecal coliform contamination in Long Indian Creek. During 2015, the City of Alpharetta
collected 80 water quality grab samples in accordance with the SQAP. Additional samples were taken to establish
ambient water quality and identify concentrated sources of fecal contamination. These samples were used to
generate geometric mean values for each month in which samples were collected. These geometric means are
presented in Error! Reference source not found.. The results from Technical Memorandum “Long Indian
Creek Stream Delisting Evaluation and Summary” are compiled in this section, and the entire technical
memorandum can be found in APPENDIX F: LONG INDIAN CREEK STREAM DELISTING EVALUATION AND
SUMMARY TECHNICAL MEMORANDUM (R2T, 2015).

Table 3.11 - Geometric mean values for each sample site for the months in which sampling occurred. Values are presented in
MPN/100mL. BOLD values exceed the Georgia 391-3-6 Water Use Classification and Water Quality Criteria Rule.

SITE1 SITE 2 SITE3 SITE4 SITES
State Bridge Buice Road Willow Waters Road High Hampton

Road Meadow Road Chase
January 2015 58 140 91 96 23
April 2015 35 185 76 76 78
July 2015 62 188 391 88 186
October 2015 285 231 406 200 152
January 2016 57 104 53 140 25
April 2016 47 336 115 93 37

Fulton County Data

June 2015 -- -- -- 225 --
August 2015 -- -- - 796 --
November 2015 - - - 515 --
February 2016 -- -- -- 138 --

The standards required by the Georgia Water Use Classification and Water Quality Criteria for freshwater
streams, lakes and reservoirs is presented in Table 3.12. The table shows the minimum requirements that must
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be met by each geometric mean value depending on summer or winter conditions. From May to October (summer
season) the geometric mean value limit is 200 MPN/100mL, and no single sample should exceed 500
MPN/100mL. From November to April (winter season), the geometric mean value limit is 1000 MPN/100mL
(GAEPD, 2016). These values are based on the designated use of “Fishing” for Long Indian Creek.

Table 3.12 - Georgia Water Quality Criteria limits based on designation of “Fishing” for Long Indian Creek.

Season Criteria® Water Body
200 MPN/100mL Stream/River
May - October 3002 MPN/100mL Lakes and Reservoirs
5002 MPN/100mL Flowing Freshwater Streams
1000 MPN/100mL Streams/Rivers
November - April >4000 MPN/100mL for any one
sample

INot to exceed value of 300 col/100mL for Lakes and Reservoirs and 500 col/100mL for streams
2Not to exceed value of 4,000 col/100mL

The amount of precipitation correlates strongly with fecal coliform levels. It was noted that heavy rainfall events
or extended periods of wet weather seemed to elevate the levels of fecal bacteria in the water samples. Whereas
samples collected during dryer weather had lower levels of fecal coliform. Since 2015 is considered a wet year with
56.97 inches of precipitation, some of the elevated fecal coliform levels can be attributed to the wetter weather.
Additionally, three of the six months in which water samples were collected experienced rainfall totals in excess of
five inches. Table 3.13 shows the total rainfall for each month in which water samples were collected.

Table 3.13 — Precipitation totals from USGS Gage 02335700 Big Creek near Alpharetta, GA.

Month Precipitation (inches)

January 2015 4.58
April 2015 6.70
June 2015 1.58

August 2015 3.36

October 2015 5.60

November 2015 6.10

January 2016 441

February 2016 4.34
April 2016 6.70

According to Georgia’s 2014 305(b)/303(d) Listing Assessment Methodology, a stream can be delisted if it meets
the following criteria (GAEPD, 2014).

If there is one year of available data:
“Waters were eligible for delisting for fecal coliform if 10% or less of the geometric means exceeded the
water quality criteria. If fewer than 4 geometric means were available for assessment, GA EPD may
have considered a water eligible for delisting if there were at least two summer geometric means
available for assessment and they complied with the water quality criteria.”

If there are multiple consecutive years of available data:
“Waters were eligible for delisting for fecal coliform bacteria if 10% or fewer of the geometric means
exceeded water quality criteria.”
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Thirty-four geometric mean values could be computed from the water samples collected. Of those 34 values, 27
were within the water quality limits show in Table 3.12 and 7 values exceeded the water quality criteria.
Therefore, 21% of the geometric mean values exceeded the water quality standards established by Georgia. Twelve
geometric mean values occurred in the summer season (May-October), and of those twelve values, seven exceeded
the water quality limits of 200 MPN/100mL (summer season only). Therefore, 58% of the summer season
geometric mean values were not within the water quality limits. Whereas in the winter season, none of the
geometric mean values exceeded the water quality standards of 1000 MPN/100mL.

Figure 3.33 is presented to further help visualize the TMDL for Long Indian Creek. Figure 3.33 shows the
TMDL curve for the summer and winter season. Since the TMDL is affected by the creek discharge, a larger flow
will increase the TMDL curve. Therefore, both the summer and winter fecal coliform loads increase as the flow
increases. The average flow presented in Figure 3.33 and Table 3.14 are estimated based on flow at the
Crooked Creek gage near Norcross, GA, (Station No. 02335350) which is noted as the representative watershed by
the GAEPD report in the Total Maximum Daily Load Evaluation for the Chattachoochee River Basin (GAEPD,
2013).

The points in Figure 3.33 represent the measured fecal coliform counts for each of the five sites for every
sampling month. In agreement with Table 3.11, Figure 3.33 shows seven measured summer load points
exceeding the summer TMDL curve and no measured winter load points exceeding the winter TMDL curve.
However, the values displayed in Figure 3.33 differ from those in Table 3.11 because the values form Table
3.11 have been converted from daily geometric means to monthly fecal coliform loads measured in total fecal
counts per 30 days. The monthly fecal coliform loads displayed in Figure 3.33 are provided in Table 3.14.
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Figure 3.33 - Comparison of summer and winter TMDL curves to measured data from Long Indian Creek.
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Table 3.14 — Measured summer and winter TMDLSs.

Sample Date Average Flow! (cfs) TMDL (counts/30 days)
Winter January 2015 1 14 6.12E+10
Winter January 2015 2 2.4 2.49E+11
Winter January 2015 3 3 1.98E+11
Winter January 2015 4 5.2 3.68E+11
Winter January 2015 5 8 1.34E+11
Winter April 2015 1 1.5 3.77E+10
Winter April 2015 2 2.5 3.36E+11
Winter April 2015 3 3 1.70E+11
Winter April 2015 4 53 2.98E+11
Winter April 2015 5 8.1 4.68E+11
Summer June 2015 4 13 2.17E+11
Summer July 15 1 0.6 1.85E+11
Summer July 15 2 1.1 1.50E+11
Summer July 15 3 1.3 6.11E+10
Summer July 15 4 2.3 1.52E+11
Summer July 15 5 3.6 491E+11
Summer August 2015 4 3.3 1.95E+12
Summer October 2015 1 0.8 2.40E+11
Summer October 2015 2 1.4 2.32E+11
Summer October 2015 3 1.7 3.50E+11
Summer October 2015 4 2.9 4.32E+11
Summer October 2015 5 4.5 5.02E+11
Winter November 2015 4 13.8 5.23E+12
Winter January 2016 1 4.1 1.73E+11
Winter January 2016 2 7 5.36E+11
Winter January 2016 3 8.6 3.35E+11
Winter January 2016 4 15.1 1.55E+12
Winter January 2016 5 23.1 4.14E+11
Winter February 2016 4 10.3 1.04E+12
Winter April 2016 1 0.9 3.23E+10
Winter April 2016 2 1.6 3.93E+11
Winter April 2016 3 2 1.65E+11
Winter April 2016 4 3.4 2.33E+11
Winter April 2016 5 5.2 1.43E+11

1Estimated based on representative flow at the Crooked Creek gage near Norcross, GA (Station No. 02335350).

Based on these results it is recommended that the City of Alpharetta and the City of Johns Creek continue to
monitor fecal coliform levels in the Long Indian Creek Watershed. The most crucial months for monitoring are
May-October as these are the months in which Long Indian Creek is most likely to exceed the water quality limits.
For this reason, further monitoring steps were taken by implementing BST in the watershed in order to determine
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the origin of the fecal contamination, allowing for proposed solutions to be more targeted and impactful. These
targeted projects will assist the City of Alpharetta in reducing the summer season fecal loading to meet the water
quality standards. Once fecal coliform levels are consistently below the summer and winter water quality
standards, the City of Alpharetta can submit the data to the Georgia EPD for delisting consideration.

3.3.3 Bacterial Source Tracking Results

Dewberry worked with Source Molecular based in Miami, FL, to test water samples at the various sampling sites
for the presence/absence of bird, dog, goose, Human (Dorei and EPA tests), and ruminant fecal coliform
contamination. BST sampling is a key part of this project as it identifies the main sources of fecal contamination,
allowing Dewberry to design a more targeted watershed improvement plan to address the main sources of fecal
contamination. In section 3.1.2, Figure 3.1 shows the location of the sampling sites, and Table 3.1 shows the
tests that were performed at each sampling location.

BST allows for the determination of the source(s) of fecal contamination because of variations in DNA sequences
between living organisms that make it possible to distinguish one organisms from another through molecular
biology techniques. This can be done through a process called Polymerase Chain Reaction (PCR) in which DNA
sequences are extracted and amplified to identify and quantify the presence of microorganisms in water samples
based on the unique genetic sequence of that organism (Source Molecular, 2016). This process is the preferred
BST technology (Shanks , 2015), and Source Molecular is licensed by the EPA to use their patented genetic testing
methods developed to identify Human, cattle, chicken, and dog fecal contamination. Samples were taken at the
same five locations used for standard fecal coliform monitoring on four different days:

e November 12, 2015
e December 3, 2015
e April 12, 2016

May 17, 2016

The November 12, 2015, sampling was conducted during dry weather conditions, defined as less than 0.1 inches of
precipitation in the past 72 hours. All other samples were collected during wet weather conditions, defined as 0.3
or greater inches of precipitation within 24 hours of sampling. All precipitation measurements were based on
USGS gage 02335700 on Big Creek near Alpharetta, GA. The BST results for the tests performed at the various
sites along Long Indian Creek are displayed in Table 3.15 to Table 3.20. A more detailed analysis is provided in
the Technical Memorandum “Long Indian Creek Bacteria Source Tracking” found in APPENDIX G: LONG
INDIAN CREEK BACTERIA SOURCE TRACKING TECHNICAL MEMORANDUM (R2T, 2016). If there was a
sufficient amount of fecal contamination to quantify the fecal coliform count, a number is provided in the below
tables. If contamination was present but not a sufficient amount to quantify, this result is labeled at “Trace” in the
below tables. Finally where no fecal coliform was detected, this result is labeled as “Absent”.

Table 3.15 — BST results for Bird in Long Indian Creek. Any quantification of fecal coliform is presented in copies/100mL.
Sample Sampling

Date Event Site 1 Site 2 Site 3

11/13/2015 Dry Trace Absent Absent Trace Absent
12/3/2015 Wet Absent Absent Absent Absent Absent
4/13/2016 Wet Trace Trace Trace Absent Absent
5/18/2016 Wet Trace Trace Trace Trace Trace

Table 3.16 — BST results for Dog in Long Indian Creek. Any quantification of fecal coliform is presented in copies/100mL.

Sample Sampling

Date Event

11/13/2015 Dry Trace Absent Absent 356 Trace
12/3/2015 Wet 14,300 16,600 8,560 12,300 19,300
4/13/2016 Wet 2,600 29,600 12,200 17,200 24,900
5/18/2016 Wet 4,610 5,030 7,680 7,690 15,300
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Table 3.17 — BST results for Goose in Long Indian Creek. Any quantification of fecal coliform is presented in copies/100mL.

Sample Sampling

Date Event

11/13/2015 Dry Absent Not Tested Not Tested Absent Not Tested
12/3/2015 Wet Absent Not Tested Not Tested Absent Not Tested
4/13/2016 Wet Absent Not Tested Not Tested Absent Not Tested
5/18/2016 Wet Absent Not Tested Not Tested Absent Not Tested

Table 3.18 — BST results for Human Dorei in Long Indian Creek. Any quantification of fecal coliform is presented in
copies/100mL.

Sample Sampling

Date Event Site 1 Site 2 Site 3

11/13/2015 Dry Absent Trace Absent Trace Absent
12/3/2015 Wet 387 377 251 204 330
4/13/2016 Wet Trace Trace 204 Trace Trace
5/18/2016 Wet 599 758 739 693 1150

Table 3.19 — BST results for Human EPA in Long Indian Creek. Any quantification of fecal coliform is presented in
copies/100mL.

Sample Sampling

Date ~ Event Site 1 .~ Site2 Site 3 ~ Site4d Site 5
11/13/2015 Dry Absent Absent Absent Absent Absent
12/3/2015 Wet Absent Absent Absent Trace Trace
4/13/2016 Wet Absent Absent Absent Absent Absent
5/18/2016 Wet Trace Trace Trace 320 371

Table 3.20 — BST results for Ruminant in Long Indian Creek. Any quantification of fecal coliform is presented in copies/100mL.

Sample Sampling

Date Event Site 1 Site 2 Site 3 Site 4

11/13/2015 Dry Not Tested Absent Absent Not Tested Absent
12/3/2015 Wet Not Tested Trace Absent Not Tested Trace
4/13/2016 Wet Not Tested Absent Absent Not Tested Absent
5/18/2016 Wet Not Tested Trace Absent Not Tested Trace

Both the Dorei and EPA tests were used to detect Human fecal contamination for purposes of quality assurance of
the results. Although the Dorei test provides the best choice for detecting human fecal matter because of its
sensitivity and specificity, it has occasionally been shown to “cross-react” with chicken or dog feces, providing a
false positive for Human fecal contamination when none is present. For this reason, the Dorei test can be paired
with the EPA test to corroborate results. As the EPA test is slightly less sensitive than the Dorei test, the absence of
the EPA marker does not guarantee that no human fecal matter is present. However if both the Dorei and EPA
tests detect Human fecal matter, it is a strong indicator that Human fecal matter is present, providing an
additional level of quality assurance (SCCWRP, 2013).

Due to the possibility of the Dorei test to “cross-react” with dog feces, producing a false positive, dog fecal samples
were collected on May 17, 2016, to determine if any human biomarkers could be identified within the dog feces
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which would suggest “cross-reaction” was occurring within the watershed. However, the Dorei and EPA tests for
the dog feces did not come back positive for any human biomarkers.

The BST indicates that the two main contributors of fecal contamination in the Long Indian Creek Watershed are
Humans and dogs, with dogs being the predominant fecal source. Results for dog feces were far more numerous
than results for Human fecal matter, especially when the Dorei test was compared to the EPA test. Further, results
for dog fecal contamination were often several orders of magnitude larger than results for Human fecal
contamination.

Based on the results of the BST, it is recommended that the City of Alpharetta continues to monitor the source of
fecal coliform in the Long Indian Creek Watershed, especially in the spring and summer of 2016 when humans
and animals are most active in the watershed. Future BST monitoring efforts should be conducted during wet
weather events which produce the most information about bacteria sources and can be used to further develop a
bacteria source profile, especially to measure progress as projects are completed to address fecal contamination in
the watershed. Ideally, fecal coliform contamination from dog waste can be reduced through a multipronged
approach including social marketing, education, and low-cost structural best management practices (BMPs).
Recommended solutions will be discussed later in this report.

4 NEW DATA AND MODEL DEVELOPMENT

In order to most effectively assess watershed conditions during a storm event and evaluate potential impact of
new projects, Dewberry developed a hydrodynamic rainfall-runoff simulation model was created for the Long
Indian Creek Watershed using PCSWMM software (EPA SWMM 5 engine). Hydrologic and hydraulic modeling is
based on existing land coverage conditions using the dynamic wave hydraulic model formulation. This method
also allows time varying rainfall to be routed through the system, accounting for timing of the hydrographs,
conduit storage, backwater, and losses in the system. This is the most accurate representation of actual conditions
during a storm event and allows multiple synthetic and observed events to be modeled. The following section will
detail the process used to develop the model and the results generated by the model.

4.1 Model Setup

In order to create a model that closely represents real-world conditions, a wide range of data sources were utilized.
The sources of information used are:

City of Alpharetta GIS stormwater inventory ;

City of Johns Creek GIS stormwater inventory ;

HEC-RAS models and flood studies recently complete for the City of Johns Creek;

Imagery provided by the City of Alpharetta to develop an existing land use scenario;

Fecal coliform sampling results from the City of Alpharetta, the City of Johns Creek, and Fulton County;
Stream inventory data which included flooding and erosion concerns noted during stream walks;

Field survey of pipe network which involved collecting information for new systems and filling
information gaps for older systems, and;

e Testimony from citizens familiar with local flooding and erosion issues.

Proper model development and calibration are critical to create a model that accurately represents storm events. A
more accurate model allows for more confidence in results when estimating and comparing solutions to achieve
fecal load reduction goals. The following sections explain the steps taken to develop and calibrate the model for
the Long Indian Creek Watershed.

4.1.1 Model Development

To create the existing conditions model for the Long Indian Creek Watershed, the effective HEC-RAS model for
Long Indian Creek and its Tributaries was converted into a SWMM model. A SWMM model was selected for the
hydrologic and hydraulic simulation of the watershed because the method allows for time varying rainfall to be
routed through the system, accounting for timing of the hydrographs, conduit storage, backwater, and losses in
the system. SWMM models produce the most accurate representation of actual conditions during a storm event
and allow multiple synthetic and observed events to be modeled.
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Once Long Indian Creek and its Tributaries were modeled, models of the stormwater systems within the City of
Alpharetta contributing flow to Long Indian Creek were developed. To develop these system models, connectivity
was built from the outfalls along Long Indian Creek to the most upstream contributing pipes maintained by the
City of Alpharetta. Within the GIS program, ArcMap, adjustments were made to each individual pipe to correct for
pipe direction, pipe and inlet locations, and headwall locations based on aerial imagery, terrain information, and
provided measure down values. Open channels were then added as non-conduits and updated to match the latest
terrain, and the connections between inlets, junctions, conduits, and non-conduits were individually verified to
ensure that the system elements were snapped. This ensured top to bottom system connectivity. Making these
connectivity corrections to the inventory dataset was critical to providing an accurate representation of the
effectiveness of the stormwater system. Sometimes situations would arise where the inventory did not match the
information shown by the terrain or imagery. These situations often required further evaluation and corrections
to the inventory, and several trips to the field were made to verify the system connectivity.

Additionally, modeling parameters were assigned to each pipe and associated shapefiles. These parameters
included roughness values depending on pipe material, culvert entrance loss coefficients depending on upstream
inlet type, exit loss coefficients based on downstream inlet type and downstream channel condition, and culvert
codes depending on pipe material and pipe shape. Each element of the system was also assigned a unique
Structure ID. Pipes and inlets with existing Structure IDs provided by the City of Alpharetta remained the same,
but any junctions, natural channels, or newly added pipes and inlets were given a unique identifier. These unique
Structure IDs allow the City to better keep track of their inventory, as well as eliminate any redundancies in the
model.

Upon completion of the connectivity corrections, Dewberry conducted a spatial analysis that assigned the terrain
elevation to each end of the pipe at the inlet/structure. Dewberry then subtracted the measure down value from the
assigned terrain value, estimated the upstream and downstream inverts for each closed conduit, and populated the
result in the closed conduit inventory database. For open-end sections such as headwalls, plain end pipes, and
flared-end sections, Dewberry assigned a measure down value of 0.0’ and used the terrain to approximate the closed
conduit’s invert elevation at that point. Correct placement of inlets and pipes was essential to assign the correct
terrain and invert values for all structures.

Similar to connectivity corrections, the process to review and correct the upstream and downstream inverts is a
pipe-by-pipe process. Many inaccessible pipes with no measure down values were assumed using engineering
judgment so that they would tie into the pipes with known measure down values. Dewberry further checked for
negative slopes, pipes that did not have enough ground cover above them, and any measure downs and inverts
that did not seem representative of real systems. Engineering judgment was used to estimate the inverts for these
cases. These vertical profile corrections were equally important to modeling the effectiveness of the system as
correcting the connectivity.

Once inverts for the system in the watershed were estimated, the Dewberry Team implemented a hydrologic and
hydraulic (H&H) analysis of the system to determine the flow capacity level of service for each pipe segment.

H&H modeling begins with an automated ArcGIS custom applications for subcatchment delineation and
hydrologic parameter development. Subcatchments were developed for each inlet/end section that captures
surface runoff using the automated toolsets, but due to the high level of detail required to delineate basins as small
as some of those that drain into the stormwater system, engineers reviewed each basin individually and made
manual adjustments. Some of the considerations that guided engineers in these delineations include splitting
subcatchments along the centerline of the roadway and along the rooflines of houses. Topology checks were run to
ensure that there were no overlapping subcatchments or gaps between the subcatchments. Runoff potential was
developed using Soil Conservation Service (SCS) hydrologic methodologies. Flow paths were developed for each
inlet from a digital elevation model (DEM) using flow accumulation methodology, and each subcatchment area
was delineated based on flow paths. Each subcatchment’s longest flow path was then extracted and used to
calculate each subcatchment’s width and average slope.

Once each subcatchment area was delineated, curve number (CN) values were developed from the union of land
cover with soils data. Land cover is broken down into four categories: Impervious Cover, Vegetation (forested
area), Open Space (lawns), and Open Water. By merging land cover with each hydrologic soil type (HSG) in
ArcMap, detailed CN and Impervious Area values were determined to provide a return of runoff potential for
every square foot of the entire watershed. This is particularly critical in that it captures all impervious areas, thus
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providing the most accurate account of runoff potential for each subcatchment in the study scope. Table 4.1
provides the CN values used based on land cover and HSG.

Table 4.1 — Curve number (CN) values used based on land use type and hydrologic soil type.

Hydrologic Runoff Curve Number by Land Cover for each Soil Type

Soil Type Impervious Open Water Vegetation Lawn/Open
Areas Space

A 98 98 25 39
B 98 98 55 61
C 98 98 70 74
D 98 98 77 8o

SWMM models treat each subcatchment as a non-linear reservoir. This means that surface runoff from a
precipitation event is generated after depression storage, infiltration, and evaporation are accounted for. Outflow
was then determined using Manning’s equation by continuously updating the depth of runoff and numerically
solving a water balance equation over the subcatchment. The Manning’s n values provided in Table 4.2 are to be
used for each material defined in the data dictionary.

Table 4.2 — Mannings n values used for each material in the SWMM model.

Pipe Material Symbol Mannings Value (n)
Aluminized Steel AS 0.024
Reinforced Concrete RC 0.013
Coated Corrugated Metal CO 0.024
Plain Corrugated Metal PL 0.024
Plastic/PVC PT/PVC 0.015
Relined RL 0.015
Clay CL 0.013
Cast Iron CI 0.013
Plain concrete CP 0.013

SWMM models for the Long Indian Creek watershed study were setup to allow ponding on all junctions that flood
so that no runoff volume was lost from the system at the outfall. All flooding was ponded on top of the junction to
a depth that is dependent on the surface area at the junction and reintroduced into the system as capacity permits.
In reality, the excess water will pond and, in most cases, runoff overland to the next runoff accepting junction. In
order to better represent flooding conditions both in the pipe and overland, overland flow was modeled to convey
flooded water on the node to the next downstream runoff accepting node for non-city maintained pipes that flood
in the 25-year storm or less. This modeling technique was primarily used to represent overland flow from extended
detention ponds that overtop in the 25-year storm or less, ensuring that water was not artificially attenuated by the
model. Overland flow was modeled with conduits with irregular channel transects that represented the overland
flow path to the next downstream junction. The upstream elevation of each overland flow conduit was set at the
elevation at which the water began conveying to the downstream junction, and the downstream invert was set at
the rim elevation of the downstream junction. For the Long Indian Creek model, overland flow was incorporated
into model during the upgrade scenario. Overland flow was only required for non-city maintained junctions that
were overtopped to ensure that the maximum amount of water was conveyed downstream to best represent real-
world conditions. No overland flow was required for city-maintained pipes because, for the upgrade scenario, city-
maintained systems were upgraded to ensure that they would not overtop in the 25-year storm event and city-
maintained culverts would not overtop in the 100-year storm event.
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Once the existing conditions model was stabilized and the level of service (LOS) was assigned to each pipe segment,
the following rehabilitation and replacement scenarios were developed. For all scenarios, it is assumed that the
existing vertical horizontal and vertical alignment will be maintained. It also assumed that the existing structure
type was maintained, except that plain end sections were assumed to be upgraded to headwalls or flared end
sections.

e Cured-in-Place Pipe Rehabilitation (CIPP)
o For all City-maintained CO/AS/PL
» Set Manning’s ‘n’ as 0.015
* No improvements to non-City maintained pipe
o Maintain same pipe diameter (lining negligible)
o Determine the LOS for this rehabilitation scenario
e Upgrade Scenario - Replace pipe with HDPE or RCP to meet desired level of service
o For pipes not meeting desired LOS from CIPP/Replace like size scenarios
Desired LOS is 25-yr for closed, lateral and longitudinal systems
Desired LOS is 100-yr for culverts
Replace arch/ellipse pipe with equivalent round diameter
HDPE limitations
*  60-inch diameter maximum
* Do not use for pipes under roads
* Do not use where depth of the trench is greater than 20-feet

O O O O

Once each of the rehabilitation and replacement model scenarios were stabilized and finalized, the results for each
of these tasks were populated into an inventory database for use with a Stormwater System Cost Estimation Tool.
The Stormwater System Cost Estimation Tool is designed to generate pipe and structure specific concept-level
construction cost estimates by aggregating specific data for each pipe and structure from an ArcGIS inventory and
rehab/replacement database and integrating that data with an Excel unit cost database for the following
rehabilitation and replacement scenarios.

o CIPP
e Replace like size with HDPE

o Return “Not Applicable” where limitations exists
e Replace like size with RCP
e Replace pipe to meet desired LOS HDPE

o Return “Not Applicable” where limitations exists
e Replace pipe to meet desired LOS RCP

The inventory database contains information regarding each pipe’s existing LOS and results from the rehabilitation
and replacement scenarios. Construction related items associated with rehabilitation or replacement of each pipe
and structure that can be quantified from inventory database and GIS feature classes are populated in the database
to serve as input data for the Stormwater System Cost Estimation Tool. These items, in general, include the
following:

CIPP rehabilitation, inversion setup, and pipe cleaning
Pipe removal and replacement

Depth to top of the pipe for depths over 8

Structure removal and replacement

Unsuitable haul-off allowances

Driveway, sidewalk, and street cut replacement

Silt Fence and Sod
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4.1.2 Pollutant Model Creation and Calibration

Once a complete model, including all applicable tributaries and stormwater conveyance systems, is created for the
watershed, the model can be hydrologically calibrated, and pollutant modeling can be incorporated and

calibrated. Since the models are used to simulate the TMDL, each model was run for a 30-day period using rainfall
totals from the representative gage on Crooked Creek (USGS Gage 02335350). In order to ensure that modeled
flows closely resembled measured flows, the percent error formula was used to compare the modeled flows at the
five bacterial sampling sites, shown in Table 3.1, with adjusted gage flows, scaled with respect to the basin area,
from the Crooked Creek Gage. The flows for both the model and gage were averaged over the entire 30-day period
before being compared with the percent error formula.

Measured — Modeled
% Error = eoasured x 100

In order to hydrologically calibrate the model to closely match the actual flows, the model baseflows were
increased for wet months and decreased for drier months based on average daily gage flows for the modeled
month. This process was repeated until the error percentage was minimized at each of the five sampling locations
for each 30-day period that was modeled.

Once each model was hydrologically calibrated, the pollutant load in Long Indian Creek was simulated using event
mean concentrations (EMC) which are applied to each land use type found in the model (vegetation, lawn,
impervious, and open water). The EMC is the assumed average load that will be washed off from the specified land
use during a precipitation event. The EMC used for the Long Indian Creek watershed are shown in Table 4.3.

Table 4.3 — Event mean concentration (EMC) used for each land use type in Long Indian Creek watershed.
Land Use Type EMC

Vegetation 2000
Lawn 4000
Impervious 1000
Open Water 0

These values were determined through a series of model calibrations. Once again, the percent error formula was
used, and the EMC for each land use was varied until it minimized the error percentage at each sampling location
and closely matched the sampled results presented in Table 3.14 and Figure 3.33. This process was repeated
for each month in which a geometric mean could be calculated. A geometric mean requires three or more samples
be collected within a 30-day time span in order to calculate a TMDL. For this report, geometric means area
available for the following months: January 2015, April 2015, June 2015, July 2015, August 2015, October 2015,
November 2015, January 2016, February 2016, and April 2016. The geometric mean combines data from Fulton
County and the City of Alpharetta. Since Fulton County only samples at Waters Road (site 4), some of the months
only contain data for the Waters Road sampling site. These months include: June 2015, August 2015, November
2015, and February 2016.

The results summary of the model calibration, including modeled versus measured errors, are presented in Table
4.4. Further, a visual comparison of modeled versus measured results is presented in Figure 4.1. The two
parallel lines indicate the summer (lower curve) and winter (upper curve) TMDLs for Long Indian Creek.
Measured values are represented by closed circles and modeled values are represented by open circles. Any red
point falling above the winter TMDL curve (red line) represents a violation of the winter TMDL, and any gray
point falling above the summer TMDL (gray line) represents a violation of the summer TMDL. The two curves are
necessary because the winter months have a higher TMDL than the summer months.
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Table 4.4 — Results summary from calibration of pollutant model for the Existing Conditions model.

Average Average Flow Measured 30- | Modeled 30-day 30-day Fecal
Gage Flow Modeled Flow Percent day Fecal Fecal Load Load Percent
Month Site (CFS) (CFS) Error Load (Counts) (Counts) Error
1 1.4 1.5 2% 6.12e10 1.63e11 167%
2 2.4 2.4 3% 2.49e11 2.81e11 13%
January 2015 3 3.0 2.9 1% 1.98e11 3.14€e11 58%
4 5.2 4.7 9% 3.68e11 4.44€11 21%
5 8.0 7.0 12% 1.34e11 6.32e11 370%
1 1.5 1.7 18% 3.77e10 2.55e11 577%
2 2.5 2.9 18% 3.36e11 4.39€11 31%
April 2015 3 3.0 3.5 15% 1.70€e11 4.90€e11 189%
4 5.3 5.6 6% 2.98e11 6.88e11 131%
5 8.1 7.9 3% 4.68e11 9.76€e11 108%
1 0.4 0.5 33% N/A 7.81e10 N/A
2 0.6 0.8 37% N/A 1.33e11 N/A
June 2015 3 0.8 1.0 29% N/A 1.46€e11 N/A
4 1.3 1.6 19% 2.33e11 1.94€e11 17%
5 2.0 2.1 6% N/A 2.65€11 N/A
1 0.6 0.9 46% 1.85e11 1.59€e11 14%
2 1.1 1.6 49% 1.50€e11 2.71e11 81%
July 2015 3 1.3 1.9 43% 6.11€10 3.05€11 399%
4 2.3 3.2 36% 1.52€11 4.30e11 183%
5 3.6 4.5 25% 4.91e11 6.14e11 25%
1 0.9 0.9 1% N/A 1.21e11 N/A
2 1.6 1.6 1% N/A 2.09e11 N/A
August 2015 3 1.9 2.0 3% N/A 2.32e11 N/A
4 3.3 3.3 1% 2.98e11 3.18e11 7%
5 5.1 4.8 6% N/A 4.37e11 N/A
1 0.8 1.1 38% 2.40€11 1.83e11 24%
October 2015 2 1.4 1.9 40(‘:/0 2.32€11 3.11e11 34%
3 1.7 2.3 35% 3.50€e11 3.47€11 1%
4 2.9 3.7 26% 4.32e11 4.82e11 12%
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5 4.5 5.2 15% 5.02e11 6.78e11 35%
1 3.8 4.3 13% N/A 6.63e11 N/A
2 6.4 7.5 16% N/A 1.13e12 N/A
November 2015 3 7.9 9.2 17% N/A 1.30e12 N/A
4 13.8 15.6 13% 5.23e12 1.90€e12 64%
5 21.1 22.3 6% N/A 2.79e12 N/A
1 4.1 4.4 7% 1.73e11 2.49e11 44%
2 7.0 7.5 7% 5.36€e11 4.34€e11 19%
January 2016 3 8.6 9.9 15% 3.35€ei11 4.91€e11 47%
4 15.1 16.8 12% 1.55€12 6.97e11 55%
5 23.1 24.8 7% 4.14e11 1.00€12 142%
1 2.8 2.7 5% N/A 3.75€e11 N/A
2 4.8 4.5 6% N/A 6.30€e11 N/A
February 2016 3 5.9 5.6 4% N/A 7.14e11 N/A
4 10.3 9.1 11% 1.04€12 1.01e12 3%
5 15.7 13.4 15% N/A 1.47€12 N/A
1 0.9 0.9 2% 3.23e10 1.52€e11 371%
2 1.6 1.6 3% 3.93e11 2.68e11 32%
April 2016 3 2.0 1.9 1% 1.65e11 3.00e11 82%
4 3.4 3.2 5% 2.33e11 4.24e11 82%
5 5.2 4.6 12% 1.43€e11 6.08e11 324%
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Figure 4.1 — Comparison of modeled and measured pollutant loads and TMDL curves. Measured values are represented by closed circles and modeled values
are represented by open circles. The red line (upper curve) represents the winter TMDL limit and the grey line (lower curve) represents the summer TMDL limit.
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Once the model has been fully calibrated for pollutants, it can be used to compare pre- and post-removal rates for
various water quality treatment best management practices (BMPs). This allows for more accurate and more
target measures to treat fecal coliform in the watershed. Additionally, it provides a means for an accurate cost-
benefit comparison of various BMPs, allowing the modeler to view the total impact a single BMP can have on the
entire watershed. This model-centric technique for selecting and testing BMPs ensures the most effective
treatment measures can be implemented.

4.2 Evaluation of Solutions and Model Results

The hydrodynamic SWMM model offers the advantage of being able to rapidly compare and evaluate a series of
options. For this report, improvements were focused in two main areas: system flooding reduction and fecal
coliform load reduction. Initially, it was anticipated that any infrastructure improvements could address both
flooding issues while reducing fecal coliform loading. However, the lack of publicly owned land within the
watershed boundary, influenced the decision against incorporating and modeling any stormwater BMPs that
could reduce the fecal coliform load.

Despite the omission of structural BMPs from the model, one infrastructure BMP that has the potential to reduce
fecal coliform loading is an existing shallow dry detention basin at the corner of Buice Road and Pinehollow Court
that has the potential to be converted into a stormwater wetland which provides a 70-85-pct removal rate for fecal
coliform. However, the existing BMP is privately owned and is noted to be silted in as shown in

Figure 3.22. Should the BMP property owners plan improvements in the future, it is recommended that the City
communicate the watershed improvement opportunities associated with converting the BMP to a constructed
wetland.

With the exception of this single project, all other project solutions involve increasing pipe sizes to solve flooding
issues, installing dog waste stations in conjunction with public education to reduce fecal coliform loads, adding
enhanced dry swales to reduce runoff volumes, and stream restoration along portions of Long Indian Creek to
protect existing sanitary sewer infrastructure and prevent future risks of contamination.

4.2.1 Modeling Best Management Practices

The Georgia Stormwater Management Manual, commonly referred to as the Blue Book, is the guiding document
used to determine the fecal coliform removal rates for each existing and proposed BMP in the Long Indian Creek
model. BMPs are modeled by assigning a removal rate to the model node where the BMP exists or is to be
implemented. Currently, there are two privately-owned wet ponds located within the Long Indian Creek
watershed. One receives flow from the Tuxford neighborhood, and the other attenuates flow from the Dunmoor
neighborhood. For each of these existing wet ponds, a fecal coliform reduction rate of 70%, in accordance with the
Blue Book, has been applied to the outflow of the ponds for all modeling scenarios. With the exception of Ocee
Park located in the City of Johns Creek, there is no publicly owned land within the Long Indian Creek Watershed.
Therefore, construction/conversion large stormwater BMPs that reduce fecal coliform are not feasible within the
watershed inside the City of Alpharetta. Further, Bacterial Source Tracking has indicated that the primary
contributor of fecal coliform to the watershed is dog waste which can be better reduced with less expensive and
more-easily installed non-structural solutions. For these reasons, it has been deemed highly unlikely that any
large stormwater BMP projects will occur within the watershed, and no additional fecal reductions from proposed
large stormwater BMP projects have been included in the model.

4.2.2 Dog Waste Stations and Community Education

Based on the Bacterial Source Tracking results indicating that dog waste is the main contributor of fecal coliform
and the obstacles for constructing or improving large stormwater BMPs in the watershed, it was determined that
installing dog waste stations and educating the community would be the best solution for reducing fecal coliform
load in the Long Indian Creek watershed. In order to accurately model the implementation of non-structural
treatment methods, such as installing dog waste stations and community education, reduced EMCs, shown in
Table 4.5, are applied to the Lawns and Impervious Areas. Reductions have only been applied to Lawns and
Impervious Areas since those are the only areas where residents are likely to have dogs on leashes and more likely
to collect pet waste and dispose of it properly.
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Based on a literature review of surveys from various location in the United States (Hillsborough, 20009;
Montgomery County, 2014; NMSU, 2012), it was estimated that with the installation and proper community
education, dog waste pollution could be reduced in areas by up to 60%. This particular number is based on a
survey that reported that 44% of dog owners would not clean up their pet waste and “would refuse to do so in the
face of fines and neighbors’ complaints” (Hillsborough County, 2009). Therefore, it is anticipated that through the
installation of dog waste stations and community education, the 56% of the population who are willing to properly
dispose of their pet waste can be persuaded to do so. Due to a lack of before and after studies for dog waste station
installations, this number is expected to vary from location to location and has the potential to vary greatly
depending on how successful the community education component is.

Table 4.5 - Reduced event mean concentration (EMC) used for each land use type where dog waste stations can be installed
in Long Indian Creek watershed.

Lawn with Dog Stations 1600
Impervious Area with Dog Stations 400

Three model scenarios were created to compare the effectiveness of installing dog waste stations and community
education. The first scenario is the existing conditions model which only includes fecal load reductions from dog
waste stations currently installed at Ocee Park in the Johns Creek. The results from this model are presenting in
Table 4.4 and Figure 4.1. The second scenario assumes dog waste stations and community education are
implemented in all areas of the watershed that are part of the City of Alpharetta and two ‘hotspot’ areas within
Johns Creek which potentially have a high concentration of dogs based on visual observations. The ‘hotspot’ areas
are a business corridor along State Bridge Road with numerous veterinarians and groomers along with a Petco,
and the second area is the North Haven apartment complex off of State Bridge Road that allows pets. The
locations of the ‘hotspots’ are shown below in Figure 4.2. The third scenario assumes that dog waste stations and
community education are implemented throughout the entire watershed including the City of Johns Creek. This is
the most comprehensive model and would require coordination and assistance from the City of Johns Creek.
Table 4.6 compares the modeled fecal coliform loading results from each scenario. To summarize the scenarios:

Scenario 1: Existing conditions model
Scenario 2: Dog waste stations and community education are implemented in all areas of the watershed
that are part of the City of Alpharetta and two ‘hotspot’ areas within Johns Creek

e Scenario 3: Dog waste stations and community education are implemented throughout the entire
watershed including the City of Johns Creek
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Figure 4.2 - ‘Hotspot’ locations for pet waste identified in the City of Johns Creek. It is recommended that dog waste stations
be installed in the areas covered by green polygons. Dog waste stations in these areas are included in the Scenario 2 and
Scenario 3 models

Table 4.6 - Comparison of 30-day fecal load for each scenario run at each sampling site for every month in which there was a
calibrated TMDL. The percent reductions indicate the expected fecal load reduction from each scenario when compared with
scenario 1, the existing conditions model.

Scenario 2 Scenario 3
Percent Percent
Month Site Scenario 1 Scenario 2 Reduction Scenario 3 Reduction
1 1.63E+11 1.61E+11 1.2% 8.45E+10 48.16%
2 2.81E+11 2.57E+11 8.5% 1.44E+11 48.75%
January 2015 3 3.14E+11 2.82E+11 10.2% 1.63E+11 48.09%
4 4.44E+11 3.64E+11 18.0% 2.30E+11 48.20%
5 6.32E+11 5.10E+11 19.3% 3.31E+11 47.63%
1 2.55E+11 2.52E+11 1.2% 1.32E+11 48.24%
April 2015 2 4.39E+11 4.02E+11 8.4% 2.25E+11 48.75%
3 4.90E+11 4.40E+11 10.2% 2.55E+11 47.96%
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4 6.88E+11 5.66E+11 17.7% 3.56E+11 48.26%
5 9.76E+11 7.88E+11 19.3% 5.10E+11 47.75%
1 7.81E+10 7.71E+10 1.3% 4.05E+10 48.14%
2 1.33E+11 1.23E+11 7.5% 6.83E+10 48.65%
June 2015 3 1.46E+11 1.32E+11 9.6% 7.59E+10 48.01%
4 1.94E+11 1.62E+11 16.5% 9.93E+10 48.81%
5 2.65E+11 2.16E+11 18.5% 1.36E+11 48.68%
1 1.59E+11 1.57E+11 1.3% 8.23E+10 48.24%
2 2.71E+11 2.50E+11 7.7% 1.39E+11 48.71%
July 2015 3 3.05E+11 2.76 E+11 9.5% 1.59E+11 47.87%
4 4.30E+11 3.59E+11 16.5% 2.23E+11 48.14%
5 6.14E+11 5.04E+11 17.9% 3.22E+11 47.56%
1 1.21E+11 1.19E+11 1.7% 6.26E+10 48.26%
2 2.09E+11 1.92E+11 8.1% 1.07E+11 48.80%
August 2015 3 2.32E+11 2.08E+11 10.3% 1.20E+11 48.28%
4 3.18E+11 2.60E+11 18.2% 1.62E+11 49.06%
5 4.37E+11 3.49E+11 20.1% 2.24E+11 48.74%
1 1.83E+11 1.81E+11 1.1% 9.47E+10 48.25%
2 3.11E+11 2.85E+11 8.4% 1.59E+11 48.87%
October 2015 3 3.47E+11 3.13E+11 9.8% 1.81E+11 47.84%
4 4.82E+11 3.99E+11 17.2% 2.50E+11 48.13%
5 6.78 E+11 5.52E+11 18.6% 3.55E+11 47.64%
1 6.63E+11 6.56E+11 1.1% 3.42E+11 48.42%
2 1.13E+12 1.04E+12 8.0% 5.78 E+11 48.85%
November
2015 3 1.30E+12 1.18E+12 9.2% 6.81E+11 47.62%
4 1.90E+12 1.60E+12 15.8% 1.00E+12 47.37%
5 2.79E+12 2.32E+12 16.8% 1.50E+12 46.24%
1 2.49E+11 2.46E+11 1.2% 1.29E+11 48.19%
2 4.34E+11 3.97E+11 8.5% 2.22E+11 48.85%
January 2016 3 4.91E+11 4.40E+11 10.4% 2.55E+11 48.07%
4 6.97E+11 5.75E+11 17.5% 3.61E+11 48.21%
5 1.00E+12 8.11E+11 18.9% 5.25E+11 47.50%
1 3.75E+11 3.71E+11 1.1% 1.94E+11 48.27%
2 6.30E+11 5.82E+11 7.6% 3.23E+11 48.73%
February 2016 3 7.14E+11 6.49E+11 9.1% 3.74E+11 47.62%
4 1.01E+12 8.54E+11 15.4% 5.32E+11 47.33%
5 1.47E+12 1.22E+12 17.0% 7.85E+11 46.60%
1 1.52E+11 1.51E+11 0.7% 7.84E+10 48.42%
2 2.68E+11 2.45E+11 8.6% 1.37E+11 48.88%
April 2016 3 3.00E+11 2.68E+11 10.7% 1.56E+11 48.00%
4 4.24E+11 3.48E+11 17.9% 2.20E+11 48.11%
5 6.08E+11 4.91E+11 19.2% 3.20E+11 47.37%
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The most notable result from Table 4.6 is that scenario 2 results in increasing fecal coliform load reduction
percentages as the flow travels downstream. This increasing reduction downstream is primarily due to the fact
that more of the upstream portion of the watershed is located within the City of Johns Creek while a larger portion
of the downstream watershed is located within the City of Alpharetta. It is important to note this result because
fecal coliform reduction goals are unlikely to be met in the upper portions of the watershed without the
cooperation of the City of Johns Creek. However in the lower portion of the watershed, reductions ranging from
16.8% to 20.1% are predicted.

As expected, the most substantial decreases in the fecal coliform load occurs when dog waste stations are installed
throughout the City of Alpharetta and the City of Johns Creek. This results in an average decrease of 48% across
the entire watershed. Additionally, scenario 3 produces a greater percent reduction in fecal coliform loading
because the City of Johns Creek has more land area within the Long Indian Creek watershed.

The data shown in Table 4.6 can also be visually displayed in Figure 4.3-Figure 4.5. The two parallel lines
indicate the summer (lower curve) and winter (upper curve) TMDLs for Long Indian Creek. Modeled values are
represented by open circles. Any red circle falling above the winter TMDL curve (red line) represents a violation of
the winter TMDL, and any gray circle falling above the summer TMDL (gray line) represents a violation of the
summer TMDL. The two curves are necessary because the winter months have a higher TMDL than the summer
months. It should be noted that a greater number of modeled points drop below the summer TMDL line (gray) for
each scenario, and scenario 3 results in a sufficient decrease in fecal coliform load where all of the points drop
below the summer TMDL line.
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Figure 4.3 - 30-day fecal coliform load versus flow for Scenario 1. The top line represents the winter TMDL and the gray line represents the Summer TMDL. Red
circles correspond with modeled winter values, and gray circles correspond with modeled summer values.
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Figure 4.4 - 30-day fecal coliform load versus flow for Scenario 2. The top line represents the winter TMDL and the gray line represents the Summer TMDL. Red
circles correspond with modeled winter values, and gray circles correspond with modeled summer values.
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Figure 4.5 - 30-day fecal coliform load versus flow for Scenario 3. The top line represents the winter TMDL and the gray line represents the Summer TMDL. Red
circles correspond with modeled winter values, and gray circles correspond with modeled summer values.
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4.2.3 System Flooding Solutions

In addition to modeling the fecal coliform load and potential reductions from non-structural initiatives, the
Dewberry team created a comprehensive geo-referenced database for each stormwater conveyance and structure
maintained by the City of Alpharetta in the Long Indian Creek watershed. The database includes basic
information about the conveyances, such as diameter, upstream and downstream invert, pipe material, pipe
shape, etc., and the structures, such as invert depth, rim depth, structure shape, and structure type. Further any
existing conveyance or structure identification numbers from the existing City of Alpharetta database have been
maintained in the updated database to ensure consistency. Where new pipes or structures were added, a new
identification number in the 100,000s was assigned to the pipe or structure. Further the database presents
upgrade scenarios, detailing pipe size and pipe material, for the following five options:

e Scenario 1: Cured-in-Place Pipe (CIPP)

e Scenario 2: Replace like size with HDPE
o Return “Not Applicable” where limitations exists

¢ Scenario 3: Replace like size with RCP

e Scenario 4: Replace pipe to meet desired Level of Service HDPE
o Return “Not Applicable” where limitations exists

e Scenario 5: Replace pipe to meet desired Level of Service RCP

For the existing scenario and the five upgrade options, a level of service is extracted from the SWMM model
results and provided in the database. Model runs were created for the 1-, 2-, 5-, 10-, 25-, and 100-year 24-hour
duration storm events. Therefore, the level of service could fall into the following categories in the database, <1-
year (represented by 0.5 in the database), 1-year, 2-year, 5-year, 10-year, 25-year, and 100-year or greater. In
total, 819 pipes were analyzed in the model. Of the 819 pipes, 684 are maintained by the City of Alpharetta and
135 are privately maintained or maintained by another government entity. Table 4.7 provides a summary of the
existing level of service for pipes in the Long Indian Creek watershed and for only those pipes maintained by the
City of Alpharetta.

Table 4.7 - Summary of the level of service for existing pipes maintained by the City of Alpharetta and for all pipes within the
Long Indian Creek watershed based on the SWMM model results.

No. of Pipes Maintained by

Level of Service Alpharetta Total No. of Pipes
<1-year 9 10

1-year 6 7

2-year 13 14

5-year 26 31

10-year 44 51

25-year 67 77
100-year or greater 519 629

If improvements to the existing level of service are needed, upgrades are made to each pipe in the model based on
the five upgrade scenarios listed above until the desired level of service is reached. For stormwater systems, a 25-
year level of service was achieved for city-maintained pipes. For culverts passing under roads, a 100-year level of
service was achieved for city-maintained pipes. Although upgrades were required throughout the entire
watershed, this report will focus on two neighborhoods that were identified as problem areas either by the City, by
neighbors sharing past system flooding experience with the Dewberry field team, or by the model indicating
substantially undersized pipe systems. Finally, existing Capital Improvement Projects (CIPs) were analyzed with
the more granular SWMM model and results were compared to those found using the HEC-RAS model and
reported in the Capital Improvements Project Report (Dewberry, 2011).
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4.2.3.1 Pinehollow Court System Improvements

Pinehollow Court is a neighborhood, composed of two streets, located off of Buice Road. There are no drainage
complaints within the neighborhood, and the Dewberry field team was not approached with system flooding
complaints by any residents. However, the existing model indicates that 11 of the 15 pipes within the
neighborhood are undersized. In the most severe case, an 18-inch pipe at the outlet of the system requires on
upgrade to a 48-inch pipe to meet the 25-year level of service. Therefore despite the lack of City or resident
complaints, the Dewberry team has identified the Pinehollow Court neighborhood as a candidate for system
improvements based on model-indicated, neighborhood-wide flooding. The general location of the Pinehollow
Court neighborhood along with its existing stormwater system are shown in Figure 4.6. Red pipes indicate
existing pipes that do not meet the 25-year level of service, and blue pipes do meet the 25-year level of service.
Further, each pipe’s Facility ID Number is provided in the figure. This number corresponds to the pipe’s database
entry.

In order to meet the 25-year level of service, all five of the upgrade scenarios were explored for Pinehollow Court.
Table 4.8 provides a summary of pipe shape, material, size, and level of service for each upgrade scenario. Pipes
are correlated to the database and Figure 4.6 through their Facility ID Number, and pipe material symbols are
referenced in Table 4.2. Additionally, a cost estimate has been provided in Table 4.9 bases on the Stormwater
System Cost Estimation Tool to complete the improvements for each scenario in the Pinehollow Court
neighborhood. More detailed results and specifications can be found in the system analysis database for each
upgrade scenario.
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Figure 4.6 - Location of the Pinehollow Court Neighborhood and its existing stormwater system. Red pipes do not meet the 25-year level of service, and blue
pipes do meet the 25-year level of service. Pipe Facility ID Numbers are displayed next to each pipe and can be related to the upgrade scenario tables and the

system analysis database.
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Table 4.8 - Summary of pipe shape, material, size, and level of service for each upgrade scenario.

Scenario 2 - Replace like size

Existing Conditions Scenario 1 - CIPP with HDPE

Level of Level of Level of
Facility Diameter Service Diameter | Service Diameter Service
ID Material (inch) (years) Material (inch) (years) Material (inch) (years)
40835 Circular RC 18 5 RL 18 10 RC 18 10
40837 Circular CO 18 5 RL 18 10 PT 18 10
40839 Circular PL 12 1 RL 12 2 PT 12 2
40841 Circular CO 18 2 RL 18 5 PT 18 5
40843 Circular RC 18 1 RL 18 2 PT 18 2
40845 Circular CO 18 <1 RL 18 1 PT 18 1
40847 Circular CO 18 <1 RL 18 <1 PT 18 <1
40849 Circular CO 18 <1 RL 18 <1 PT 18 <1
40852 Circular RC 18 100 RL 18 100 RC 18 100
40854 Circular RC 18 100 RL 18 100 RC 18 100
40856 Circular RC 18 100 RL 18 100 RC 18 100
40858 Circular RC 18 100 RL 18 100 RC 18 100
40860 Circular RC 18 5 RL 18 10 RC 18 10
40862 Circular RC 18 1 RL 18 5 RC 18
40864 Circular CcO 18 2 RL 18 5 PT 18
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Table 4.8 Continued

Scenario 4 - Replace pipe with  Scenario 5 -Replace pipe with

Scenario 3 - Place like size with RCP HDPE to meet LOS RCP to meet LOS
Level of Level of Level of
Diameter Service Diameter | Service Diameter Service
Material (inch) (years) Material (inch) (years) Material (inch) (years)

40835 Circular RC 18 10 RC 18 25 RC 18 25
40837 Circular RC 18 10 PT 18 25 RC 18 25
40839 Circular RC 12 2 PT 18 25 RC 18 25
40841 Circular RC 18 5 PT 18 25 RC 18 25
40843 Circular RC 18 2 PT 18 25 RC 18 25
40845 Circular RC 18 1 PT 24 100 RC 24 100
40847 | Circular RC 18 <1 PT 24 25 RC 24 25
40849 Circular RC 18 <1 PT 48 25 RC 48 25
40852 Circular RC 18 100 RC 18 100 RC 18 100
40854 Circular RC 18 100 RC 18 100 RC 18 100
40856 Circular RC 18 100 RC 18 100 RC 18 100
40858 Circular RC 18 100 RC 18 100 RC 18 100
40860 Circular RC 18 10 RC 18 25 RC 18 25
40862 Circular RC 18 5 RC 18 25 RC 18 25
40864 Circular RC 18 5 PT 24 25 RC 24 25

# Dewberry
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Table 4.9 - Total cost estimates for each of the upgrade scenarios for the Pinehollow Court neighborhood.

Scenario Total Cost of Each Scenario

1: CIPP $215,716
2: Replace like size with HDPE $525,410
3: Replace like size with RCP $538,383
4: Replace pipe to meet desired LOS with HDPE $539,504
5: Replace pipe to meet desired LOS with RCP $550,637

4.2.3.2  Tuxford System Improvements

Tuxford is a neighborhood located off of Kimball Bridge Road. Stormwater runoff within the neighborhood is
conveyed by a closed stormwater system. For this analysis, the focus will be on the pipes spanning Tuxford Drive
between Dunoon Drive and Grenadier Lane. There are several drainage complaints in the area surrounding the
pipes. Two complaints are for erosion and one complaint is for structure maintenance. Additionally, the Dewberry
field team was approached by residents during their surveying. Several residents described persistent system
flooding and erosion. Further, the existing model corroborates the accounts of residents and indicates flooding
due to insufficient capacity in the four most downstream pipes of the system. Due to drainage complaints from the
City, resident complaints, and model-verified system flooding, the Dewberry team has identified the Tuxford
neighborhood as a candidate for system improvements. The general location of the Tuxford neighborhood along
with its existing stormwater system are shown in Figure 4.7. Red pipes indicate existing pipes that do not meet
the 25-year level of service, and blue pipes do meet the 25-year level of service. Further, each pipe’s Facility ID
Number is provided in the figure. This number corresponds to the pipe’s database entry.

In order to meet the 25-year level of service, all five of the upgrade scenarios were explored for Tuxford. Table
4.10 provides a summary of pipe shape, material, size, and level of service for each upgrade scenario. Pipes are
correlated to the database and Figure 4.7 through their Facility ID Number, and pipe material symbols are
referenced in Table 4.2. Additionally, a cost estimate has been provided in Table 4.11 bases on the Stormwater
System Cost Estimation Tool to complete the improvements for each scenario in the Pinehollow Court
neighborhood. More detailed results and specifications can be found in the system analysis database for each
upgrade scenario.

It should be noted in Table 4.10 that only pipe 36284 requires an upgrade from a 72-inch diameter pipe to a 9o-
inch diameter pipe in order to meet a 25-year level of service. Normally, this is an ideal solution as upgrades are
limited to a single pipe in order to meet the requirements of the entire system. Unfortunately, the size of the pipe
and its location between two houses could present construction site constraints. Figure 4.8 shows that the trench
cut (brown polygon) required to install the larger pipe would overlap with existing houses, making it impossible to
install the larger pipe needed to meet the 25-year level of service. Therefore, alternate solutions, such as a parallel
system would need to be explored as potential solutions.
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Figure 4.7 - Location of the Tuxford Neighborhood and its existing stormwater system. Red pipes do not meet the 25-year level of service, and blue pipes do
meet the 25-year level of service. Pipe Facility ID Numbers are displayed next to each pipe and can be related to the upgrade scenario tables and the system

analysis database.
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Table 4.10 - Summary of pipe shape, material, size, and level of service for each upgrade scenario.

Scenario 2 - Replace like size

Existing Conditions Scenario 1 - CIPP with HDPE

Level of Level of Level of
Facility Diameter Service Diameter | Service Diameter Service
ID Material (inch) (years) Material (inch) (years) Material (inch) (years)
36101 Circular CO 48 100 RL 48 100 PT 48 100
36195 Circular CcO 48 100 RL 48 100 PT 48 100
36241 Circular RC 48 100 RL 48 100 PT 48 100
36272 Circular CO 54 2 RL 54 2 PT 54 2
36276 Circular CO 60 1 RL 60 1 PT 60 1
36280 Circular RC 72 2 RL 72 2 RC 72 2
36284 Circular CO 72 2 RL 72 2 RC 72 2
39983 Circular CO 18 100 RL 18 100 PT 18 100
42107 Circular CO 36 100 RL 36 100 PT 36 100
100060 | Circular PT 12 25 RL 12 25 PT 12 25
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Table 4.10 Continued

Scenario 4 - Replace pipe with  Scenario 5 -Replace pipe with

Scenario 3 - Place like size with RCP HDPE to meet LOS RCP to meet LOS
Level of Level of Level of
Diameter | Service Diameter Service Diameter Service
Material (inch) (years) Material (inch) (years) Material (inch) (years)

36191 Circular RC 48 100 PT 48 100 RC 48 100
36195 Circular RC 48 100 PT 48 100 RC 48 100
36241 Circular RC 48 100 PT 48 100 RC 48 100
36272 Circular RC 54 2 PT 54 100 RC 54 100
36276 Circular RC 60 1 PT 60 100 RC 60 100
36280 Circular RC 72 2 RC 72 100 RC 72 100
36284 Circular RC 72 2 RC 90 100 RC 90 100
39983 Circular RC 18 100 PT 18 100 RC 18 100
42107 Circular RC 36 100 PT 36 100 RC 36 100
100060 | Circular RC 12 25 PT 12 25 RC 12 25

Table 4.11 - Total cost estimates for each of the upgrade scenarios for the Tuxford neighborhood.

Scenario Total Cost of Each Scenario
1: CIPP $682,290
2: Replace like size with HDPE $519,760
3: Replace like size with RCP $537,146
4: Replace pipe to meet desired LOS with HDPE $473,046
5: Replace pipe to meet desired LOS with RCP $490,732
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Figure 4.8 - Trench cuts are shown as brown polygons. The area that the polygon covers is the approximate area required for a trench cut to replace each pipe.
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4.2.3.3 City of Alpharetta Existing Capital Improvement Projects Analysis

A Capital Improvements Projects Report was prepared for the City of Alpharetta in December 2011. Floodplain
modeling and mapping was performed for all streams within the City of Alpharetta up to a 100-acre drainage area
for existing and future land conditions. Modeling was completed using HEC-RAS for Long Indian Creek and its
Tributaries. Based on these models CIPs reports were generated for the following structures:

CIP No. LIC_o500: Waters Road over Long Indian Creek

CIP No. LIC_1300: Buice Road over Long Indian Creek

CIP No. LIC_100_1: Birch Rill Drive over Tributary 1 to Long Indian Creek

CIP No. LIC_0200_1: Glenn Knolle Court over Tributary 1 to Long Indian Creek
CIP No. LIC_o0100_3_1: Laruen Hall Court over Tributary 3.1 to Long Indian Creek

ap @

Each of these CIPs were included in the updated SWMM model and were analyzed for changes or updates to the
CIP report. Often the more granular, hydrodynamic SWMM model allows for improved routing and attenuation
when compared to steady state HEC-RAS models. Therefore, it is not uncommon for the level of service to
increase for CIPs when they are analyzed using a SWMM model. Updates to the CIP Report are documented in
Table 4.12 to Table 4.16. For each CIP, the design flood event is the 100-year existing conditions event.

The most important updates to know are that LIC_o500 for Waters Road and LIC_0200_ 1 for Glenn Knolle
Court no longer require upgrades to meet the 100-year level of service, according to the SWMM model. Further,
the Waters Road Bridge has 1.4 feet of freeboard between the 100-year water surface elevation at the structure and
the low chord of the bridge. Therefore according to the SWMM model, the only CIP that requires an upgrade is
LIC_o0100_1 for Birch Rill Drive. Although the SWMM model does indicate an increase of the service level for
LIC_o100_1 for Birch Rill Drive from a 5-year overtopping frequency to a 10-year overtopping frequency, an
upgrade to a 48” pipe is required to meet the 25-year level of service.

Table 4.12 - Updates to the CIP Report for LIC_0500: Waters Road over Long Indian Creek. The ‘—' symbol indicates that no
updates have been made.

LIC_o0500: Waters Road over Long Indian Creek ‘

2011 CIP Report 2016 WIP Report
Frequency of Overtopping 10-year 100-year
Existing Structure 14’ Span Bridge --
100-y9:ar Water Surface 99727 992.32
Elevation at Structure
Minimum Top of Road Elevation 995.71

Table 4.13 - Updates to the CIP Report for LIC_1300: Buice Road over Long Indian Creek. The ‘—' symbol indicates that no

updates have been made.
LIC_1300: Buice Road over Long Indian Creek

2011 CIP Report 2016 WIP Report
Frequency of Overtopping >500-year --
Existing Structure Triple 10’x8' RCB --
100-y(?ar Water Surface 1054.64 1053.34
Elevation at Structure
Minimum Top of Road Elevation 1059.6
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Table 4.14 - Updates to the CIP Report for LIC_0100_1: Birch Rill Drive over Tributary 1 to Long Indian Creek. The ‘—' symbol
indicates that no updates have been made.

LIC_o0100_1: Birch Rill Drive over Tributary 1 to

Long Indian Creek

2011 CIP Report 2016 WIP Report
Frequency of Overtopping 5-year 10-year
Existing Structure Single 36” CMP --
100-ye:-ar Water Surface 987.43 988.32
Elevation at Structure
Minimum Top of Road Elevation 986.08

Table 4.15 - Updates to the CIP Report for LIC_0200_1: Glenn Knolle Court over Tributary 1 to Long Indian Creek. The ‘—'
symbol indicates that no updates have been made.
LIC_o0200_1: Glenn Knolle Court over Tributary 1 to

Long Indian Creek
2011 CIP Report 2016 WIP Report
Frequency of Overtopping 2-year 100-year
Existing Structure Single 24” CMP --
100-y<-far Water Surface 1061.08 1057.67
Elevation at Structure
Minimum Top of Road Elevation 1059.48

Table 4.16 - Updates to the CIP Report for LIC_0100_3_1: Laruen Hall Court over Tributary 3.1 to Long Indian Creek. The ‘—'
symbol indicates that no updates have been made.

LIC_o100_3_1: Laruen Hall Court over Tributary 3.1
to Long Indian Creek

2011 CIP Report 2016 WIP Report
Frequency of Overtopping >500-year --
Existing Structure Single 54” CMP --
100-ye:ar Water Surface 1055.67 1053.14
Elevation at Structure
Minimum Top of Road Elevation 1062.47

In conclusion, no upgrades are required for LIC_o500, LIC_1300, LIC_0200_1, and LIC_o0100_3, and they will
not be included in any recommended Capital Improvement Projects. However, an upgrade is required for
LIC_o0100_1, and it will therefore be included as a potential Capital Improvement Project.

5 WATERSHED MANAGEMENT GOALS AND OBJECTIVES

The Long Indian Watershed serves many important purposes to the local community from recreation to aesthetic
beauty to flood protection. Additionally, it contributes to the health of all downstream systems, and therefore,
provides a key opportunity improve watershed conditions on a scale larger than just the local watershed. This
section will not only detail the vision and goals of this Watershed Improvement Plan but also explain the
regulatory framework surrounding the watershed restoration effort and any suggested projects to achieve the plan
objectives.
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5.1 Vision

Long Indian Creek is a natural resource that provides enjoyment to residents of the Cities of Alpharetta and Johns
Creek. Numerous parks and greenways as well as backyards of family-oriented neighborhoods share access to the
stream and its tributaries. Further, Long Indian Creek contributes flow to Big Creek and, eventually, the
Chattahoochee River, both important natural resources to the local and regional community, providing important
access to greenspace, recreational activities, fishing, and other cultural contributions.

With these connections and contributions in mind when considering a future vision for Long Indian Creek, the
health of the watershed becomes critically connected to the health of the local community and the health of the
larger, regional community. For these reasons, the Long Indian Creek watershed offers an exceptional opportunity
to not only protect the local watershed’s health but to contribute to the health of important downstream resources.

5.2 Decision Framework

With a clear vision for the future of the Long Indian Creek watershed defined, Goals and Objectives can be created
and executed to ensure that the vision becomes a reality and is maintained for years to come. Goals and objectives
for the Long Indian Creek watershed are developed based on data gathers from a range of sources including, but
not limited to:

City of Alpharetta

Residents

Stream walks and field analysis of stormwater system
Previous studies

GIS analysis

Hydrodynamic model analysis

Issues noted by the above sources include:

e Water Quality Issues
o Excessive fecal coliform present
o Trash in stream and overbanks
o Dog waste noted throughout watershed
¢ Flooding Concerns
o Resident complaints of system flooding and erosion
o 113 pipes in watershed do not meet 25-year level of service
o Damaged or failing BMPs
e Stream Degradation
o Severe bank erosion in lower portion of watershed
Exposed sanitary sewer infrastructure
No stream buffer along portions of stream
Invasive species common throughout watershed
Beaver activity

O O O O

The above issues and vision, along with stakeholder requests and preferences, were all considered when shaping
the following goals and objectives.

Goals of the Long Indian Creek Watershed Improvement Plan:

Improve water quality

Protect and improve stream condition including health of residents, fish, and wildlife

Protect residents from flooding

Educate residents about water quality and how they can contribute to protecting the health of the
watershed

PwhE
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Objectives of the Long Indian Creek Watershed Improvement Plan coordinated with the Goal it is indented to
address:

1. Achieve fecal coliform TMDL reductions (Goal 1 & 4)
2. Protect existing sanitary sewer infrastructure through stream restoration efforts (Goal 1 & 2)
3. Meet desired 25-year level of service for stormwater systems (Goal 3)

5.3 Regulatory Environment

Regulations affecting the Long Indian Creek watershed span local, regional, state, and federal agencies. However,
all of these regulations can be grouped into two primary driving categories: 1) those that regulate activities within
the watershed (i.e. NPDES permitting) and drive the restoration effort (i.e. TMDL requirements); and 2) those
that regulate how projects are implemented (i.e. the Georgia Stormwater Management Manual). Each set of
regulations is expanded upon below.

5.3.1 Watershed Restoration Drivers
The primary regulations affecting activities within the watershed and driving the restoration effort include:

¢ NPDES municipal separate storm sewer system (MS4) permits which regulate stormwater discharge; and
o Georgia EPD issued Fecal Coliform TMDL for Long Indian Creek.

5.3.2 Project Implementation Drivers

The second part of the regulatory framework governs how projects can be implemented. Most permit
requirements will be based primarily on the City’s Unified Development Code. Current regulations implemented
by the City of Alpharetta that could affect project implementation are listed in Table 5.1. Additionally for any
construction that requires the disturbance of a state/federal jurisdictional surface water or wetlands, such as a
stream restoration, a USACE Nationwide Permit will likely be required.
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Table 5.1 - Current regulations implemented by the City of Alpharetta.

Measure

Georgia Stormwater Management Manual

Description

Requirement of the stormwater management ordinance. Sets design
guidelines and requirements for stormwater systems.

Stormwater and Floodplain Management
Ordinance (UDC Article Ill, Sections 3.3 and
3.4)

Protects streams by prohibiting illicit discharges, regulating post
development runoff quality and quantity, managing stormwater systems,
and managing floodplains. Revised to meet requirements of model
ordinances.

Site Grading and Ordinance (UDC Article
11, Section 3.1)

City is designated local issuing authority under memorandum of
agreement with Georgia EPD. Requires erosion and sediment control
using best management practices and stream buffers as required under
Georgia Code section 12-7-6 and the Metropolitan River Protection Act
(Georgia Code 12-5-440 et seq.).

Chattahoochee River Protection Ordinance
(Alpharetta Code of Ordinances Chapter 5,
Article VI)

Required under Metropolitan River Protection Act (Georgia Code 12-5-
440 et seq.). Requires 35-foot buffer on flowing streaming draining to
Chattahoochee.

MNGWPD Model Ordinances

Revised and amended existing ordinances to meet MNGWPD model
ordinance requirements for post development stormwater (UDC Article
11, Section 3.3), floodplain management (UDC Article Ill, Section 3.4),
illicit discharge (UDC Article Ill, Section 3.3.9), and stream buffer (UDC
Article I, Section 3.3.6). City minimum undisturbed natural stream buffer
is 50 feet on non-perennial streams and 100 feet on perennial streams.

Illicit Discharge Program

Responds to complaints, including downstream inspection and sampling,
locating violator, if possible, and requiring clean-up. Revised to match
District Model Ordinance standards.

Stormwater Structural Control
Maintenance

Inspect and maintain permanent control structures. The City is
responsible for 70 BMPs, 4,440 catch basins, % mile of ditches, 130 miles
of storm drain lines, and 3,797 other structures. 20% of all structures are
inspected yearly. In FY2015, 2,992 stormwater structure inspections were
completed, and there were 204 drainage repairs and maintenance to
stormwater infrastructure.

Maintaining Roadside Drainage Systems

Remove excess sediment and debris from storm inlets, catch basins,
pipes, and ditches. Maintain vegetation on roadside shoulders and
ditches with City crews and under City annual contracts.

Roadside Litter Removal

Remove litter from right-of-way. Inspections done daily by full-time
employees of Public Works Department. In the 2014-2015 reporting
period, 269 miles of streets were swept, and 16,204 pounds of litter were
removed from the right-of-ways. The City participates in Adopt-A-Mile
program to remove roadside litter.

Dry Weather Screening

Under memorandum of agreement for NPDES permit requirements. City
monitors 20% of the City’s 751 outfalls each year. Maintains outfall
inventory. Investigates detected discharges. Has found illicit connections
and leaks through program.

Education Programs

The City has an Environmental Programs Coordinator who works with
Regional Clean Water Campaign to provide educational material to
residents and businesses on proper protection of their watershed. The
City participates in stream and river cleanups and has active Adopt-A-
Stream and Adopt-A-Mile programs. The City sponsors workshops,
recycling programs, and environmental events. Participates in EverGreen

schools program, and is a Gold Level Green Community through the ARC.
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Although not directly related to the existing regulatory framework, the lack of public land located within the Long
Indian Creek watershed will very directly limit the number and types of projects that can be implemented within
the watershed.

6 CAPITAL IMPROVEMENT PLAN

This section provides the culminating recommendations, associated costs, implementation plan, and monitoring
criteria to achieve the watershed goals and objectives. This plan and recommendations have been developed using
the full knowledge of this report including understanding the watershed characteristics and conditions,
interpreting the results from hydrodynamic and GIS analysis, and considering the wants and needs of all
stakeholders in the Long Indian Creek Watershed.

6.1 Challenges in Long Indian Creek

This section will highlight each of the major challenges faced in the Long Indian Creek Watershed and
recommend appropriate structural and non-structural BMPs to successfully address each challenge. Currently,
dog waste is the most pressing challenge facing the watershed and has been determined to be the primary source
of the elevated fecal coliform levels in the watershed. It can be best addressed with non-structural measures such
as the installation and maintenance of dog waste stations and public education. The second challenge, sanitary
sewer spills, is currently a much lower contributor to fecal coliform due to rehabilitation and preventive
maintenance activities by Fulton County over the past few years. However, there are concerns about potential
breaks or ruptures to the existing sanitary sewer infrastructure that has become exposed due to stream erosion
and degradation. Unlike the other three goals, the third challenge of system flooding is not directly related to
water quality. However, it is critical to the safety of residents in the watershed. Further, it helps prevent erosion of
Long Indian Creek and surrounding land which can reduce the sediment load of the stream, improving the health
of the watershed. In order to prevent system flooding, upgrades to stormwater systems can be completed in
several critical areas. In order to best protect existing sanitary sewer infrastructure and to address the fourth
challenge, ecology, stream restoration measures can be taken to reduce and even reverse the current stream
degradation. A full project list and further details of recommended BMPs for Long Indian Creek is provided later
in this section.

6.1.1 Dog Waste

Based on initial observations of the dog population and activities in the Long Indian Creek watershed, dog waste
was identified early in the project as a potential contributor to elevated fecal coliform levels. This theory was later
corroborated by bacterial source tracking tests which did show dog waste to be the major contributor of fecal
coliform load to the watershed and was distantly followed by humans as the second largest contributor to the fecal
load. Dog waste presents a unique challenge in that it is a nonpoint source pollutant and is often not recognized as
a pollutant by dog owners. Therefore, any solution to the dog waste problem will need to involve a robust public
education component.

6.1.2 Sanitary Sewer Spills

Although Fulton County has not recorded a sanitary sewer spill in the Long Indian Creek Watershed since
February 2007, the challenge still persists due to the numerous exposed sanitary sewer pipes noted during the
stream walk along Long Indian Creek and its Tributaries. Exposed sanitary sewer pipes are not sufficiently
protected to prevent against damage leading to spills during major storm events. There are several especially
vulnerable pipes located directly downstream of large debris jams on Long Indian Creek. If any sanitary sewer
pipes are damaged during a storm event, the resulting spill could reverse progress made in the watershed to
reduce fecal coliform loading.

6.1.3 System Flooding

Current flooding within the watershed puts roadway infrastructure and houses at risk. However as the City of
Alpharetta owns no public land or BMPs in the Long Indian Watershed, its options are highly limited for
providing additional stormwater attenuation within the watershed to reduce flooding. Therefore, solutions to
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address flooding are limited to improvements to the City-maintained stormwater system and to GI/LID measures
where applicable. Due to these limited options to correct system flooding, potential BMP projects on public land
are greatly limited within the Long Indian Creek Watershed.

6.1.4 Ecology

The ecological health of the watershed is closely linked to the flooding of the entire system. Increased
development and impervious area in the watershed have resulted in larger flows entering the stream more
frequently which has led to a widening of the channel and deeply incised bank, preventing the stream from
connecting with its existing floodplain. Further degrading the watershed’s health is the reduction or, in some
cases, the complete elimination of the riparian buffer along certain reaches of the stream due to mowed lawns
extending to the stream banks. In other portions of the watershed, the stream geomorphology has been altered
due to past straightening of the stream channel. Further, invasive vegetation has overtaken portions of the stream
banks, worsening erosion and TSS load in the watershed. All of these ecological issues contribute to degraded
water quality and have a negative impact on the health and diversity of the watershed.

6.2 Recommended Project List

Below is a list of Watershed Improvement Projects (WIP) to reduce fecal coliform and improve overall watershed
health within the Long Indian Creek watershed. More detailed project sheets are provided in APPENDIX C:
PROJECT SHEETS.

WIP #1 — Dog Waste Stations & Public Education

WIP #2 — Stream Restoration and Sanitary Sewer Protection Project 1
WIP #3 — Stream Restoration and Sanitary Sewer Protection Project 2
WIP #4 — Stream Restoration and Sanitary Sewer Protection Project 3
WIP #5 — Stream Restoration and Sanitary Sewer Protection Project 4
WIP #6 — Stream Restoration and Sanitary Sewer Protection Project 5
WIP #7 — Pinehollow Court Neighborhood Flooding

WIP #8 — Tuxford Neighborhood Flooding

WIP #9 — Birch Rill Drive Capital Improvement Project No. LIC_0100_1
WIP #10 — Waters Road Enhanced Dry Swales Project 1 (North)

WIP #11 — Waters Road Enhanced Dry Swales Project 2 (South)

WIP #12 — Bacterial Source Tracking (BST)

Project selection was based on data collected from numerous sources, including but not limited to: 1) Bacterial
Source Tracking; 2) GIS analysis; 3) SWMM modeling; 4) Field assessments; and 5) Identified capital
improvement projects.

6.2.1 Prioritization Process of Management Measures

Once the 12 potential project were identified, they were ranked using predetermined criteria. The criteria was
designed to capture the wide array of opportunities and obstacles presented by each project. However, it is chiefly
important that two main criteria are most strongly considered: 1) Will the proposed project reduce fecal coliform
loads which have resulted in an exceedance of the total maximum daily load for the entire stream; and 2) Is the
proposed project located on public land, a requirement for constructability. With these goals in mind, the ranking
criteria in Table 6.1 were developed to assist in selecting the projects with the greatest potential to improve the
watershed, considering costs and other limitations. The criteria uses a streamlined rating system of o, 1, and 2
with 2 being the most desirable ranking and o being the least desirable ranking.
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Table 6.1 - Criteria for ranking and prioritizing watershed improvement projects.

Criteria Description

Public Land

Is the project situated
on public land?

o
Land is privately
owned.

1
Land is partially
publicly owned or
within an easement
dedicated to a local
government.

2
Land is entirely
owned by or within
an easement
dedicated to the
City of Alpharetta.

Fecal Coliform

Does the project
reduce fecal coliform

No. The project does
not reduce fecal

The project can
prevent against

Yes. The project will
reduce fecal

reduce sediment
loading in the
watershed?

not reduce sediment
loading.

moderately reduce
sediment loading.

loading in the coliform loading. future fecal loading. | coliform loading.
watershed?

Capital Cost What is the capital Cost is >$1 million Cost ranges from Cost is <$100,000
costs required to $100,000 to $1
construct the project? million

Sediment Does the project No. The project does | The project can The project can

substantially reduce
sediment loading.

Constructability

How difficult is the
project to construct.
l.e. permits, access,
easement acquisition,
utility conflicts?

The project requires
extensive acquisition
of easements and
permitting from
state/federal levels.

The project requires
minimal easement
acquisition and
permitting on a local
level.

The project requires
no easement
acquisition and no
permitting.

improve its
surrounding
environment?

neither add nor
detract from its
environment.

moderately improve
the surrounding
environment.

Flood Risk Does the project The project provides | The project provides | The project

Mitigation reduce flooding no flood risk flood risk mitigation | provides flood risk
concerns in the mitigation. but at a level of mitigation at a level
surrounding service less than the | of service equal or
community? 100-year event. greater than the

100-year event.

Community Does the community The community has | The community has | The community has

Involvement have direct stake in the | no directimpacton | moderate substantial access
success of the project the project. interaction to and to and influence
and/or access to the some influence over | over the success of
project? the success of the the project.

project.
Aesthetics Overall, will the project | The project will The project will The project will

substantially
improve the
surrounding
environment.

Shared Cost

Are there cost sharing
opportunities for the
project including other
governments, utilities,
and/or grants?

There are no
additional
stakeholders and no
potential for shared
costs.

There is an
additional
stakeholder and/or
moderate potential
for shared costs.

There are numerous
stakeholders and
high potential for
shared costs.
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In order to determine a projects final score, the following equation was used to analyze each categories’ score:
Points Total = (FC+C+S+E+FL+1+A+SC) XL

Where: L = Public Land Score
FC = Fecal Coliform Score
C = Capital Cost Score
S = Sediment Score
E = Constructability Score
FL = Flood Risk Mitigation Score
I = Community Involvement Score
A = Aesthetics Score
SC = Shared Cost Score

Based on the above scoring criteria and the ranking equation, the scores and ranks are provided for each project in
Table 6.2. The maximum score a project could receive is 32 points.
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Table 6.2 - Prioritization and Ranking Scores for Recommended Project List.

Flood
Public Fecal Capital Construct- Risk Community Shared
Land Coliform Cost | Sediment ability Mitigation Invlvment @ Aesthetics Cost
Description L C S E FL I A SC Score
Dog Waste Station &
1 Public Education 2 2 2 0 2 0 2 0 2 20

Stream Restoration
and Sanitary Sewer
2 Protection Project 1 1 0 0 2 0 0 1 2 2 7
Stream Restoration
and Sanitary Sewer
3 Protection Project 2 1 0 1 2 0 0 1 2 2 8
Stream Restoration
and Sanitary Sewer
4 Protection Project 3 1 0 1 1 0 0 1 2 2 7
Stream Restoration
and Sanitary Sewer
5 Protection Project 4 1 0 1 2 0 0 1 2 2 8
Stream Restoration
and Sanitary Sewer

6 Protection Project 5 1 0 2 1 0 0 1 2 2 8
Pinehollow Court
Neighborhood

7 Flooding 1 0 1 0 1 1 0 0 0 3
Tuxford Neighborhood

8 Flooding 1 0 1 0 0 1 0 0 0 2

Birch Rill Drive Capital
Improvement Project
9 No. LIC_0100_1 1 0 1 0 1 2 0 0 0 4
Waters Road Enhanced
Dry Swales Project 1

10 (North) 2 0 2 2 1 1 0 1 1 16
Waters Road Enhanced
Dry Swales Project 2

11 (South) 2 0 2 2 2 1 0 1 1 18
Bacterial Source
12 Tracking (BST) 2 2 2 0 2 0 0 0 2 16
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6.2.2 Management Measures for Nonpoint Source Pollution

Due to the difficulty of identifying and reducing nonpoint source pollution, any solution requires an integrated
approach of non-structural and structural measures. This approach is especially true in the Long Indian Creek
Watershed where the primary contributor of fecal coliform contamination is dog waste, a highly decentralized
issue that requires large public education and buy-in to correct. As with any public education campaign,
behavioral change can be slow, and this timeline challenge will be reflected in the project implementation
schedule. However, public education campaigns also present the opportunity to correct a nonpoint source
pollution issue for a relatively inexpensive cost if non-structural, or programmatic, measures are smartly
partnered with effective structural measures. The following sections discuss the range of non-structural solutions
and the most complementary structural solutions that can be implemented in order to reduce fecal coliform
loading in the watershed in the most cost-effective manner possible.

6.2.2.1 Non-Structural Management Measures

Non-structural management measures can provide a wide range of options to address nonpoint source pollution.
Additionally, non-structural measures tend to be less expensive than structural options. Therefore when working
to reduce nonpoint source pollution, non-structural methods can initially be implemented, along with any
complementary structural methods, to attempt to reach pollution reduction goals before making large
investments in structural methods. Below is a list of non-structural management measures, and the following
paragraphs describe the implementation process for each management measure:

Dog Waste Stations and Public Education
Bacterial Source Tracking

Before-and-After Fecal Coliform Monitoring
Repair Damage BMPs

Encourage Restoration of Stream Buffers
Remove Debris Jams

Collaborate with Private BMP Owners

NoohowhdE

Dog Waste Stations and Public Education

The City of Alpharetta already has a strong public education portion associated with its Stormwater Management
Program through its partnership with the Clean Water Campaign. Key issues include, pet waste management,
septic tank maintenance, stormwater stenciling, lawn care, and other critical issues involving watershed health.
Figure 6.1 provides a sampling of educational material provided by the City of Alpharetta.
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The Solution

Picking up after your pet keeps waste out of nearby
storm drains, drainage ditches, streams and lakes. It
helps keep waters healthy for recreation. It protects
human health and the plants and animals that depend
on clean water.

Doing the right thing is easy. Whenever you
walk your dog or take him outside in your yard, you can
easily do the right thing. Simply scoop the poop or use
a plastic bag and dispose of it in a garbage can.

It only takes a minute, and you'll have the satisfaction
of knowing that you're being a good neighbor and
protecting nearby waters.

Be a Solution

to Water Pollution
by Storm Drain
Stenciling

Figure 6.1 - Examples of educational and outreach material provided by the City of Alpharetta to inform citizens about
protecting stormwater.

Although the public education component is a non-structural measure, it could strongly benefit from the
complementary structural measure of installing dog waste stations throughout the watershed. As the initial
installation of the dog waste stations would require a capital cost, a project sheet has been included for dog waste
stations and public education. More information specific to dog waste stations is provided in the project sheet
inAPPENDIX C: PROJECT SHEETS. In the case of public outreach, the actual dog waste stations could provide a
public education opportunity simply through their installation and signage. Further, dog waste stations provide an
opportunity for Alpharetta to partner with homeowners associations and other civic groups in order to explain the
necessity of dog waste stations to protect the Long Indian Creek watershed. Brochures from the Clean Water
Campaign regarding dog waste could be distributed to residents of neighborhoods receiving dog waste stations,
increasing the likelihood that the message will be heard. The fliers could be sent by mailer, but higher success
could likely be achieved by hand delivering fliers by volunteers who are versed in discussing the importance of
utilizing dog waste stations. Additionally, fliers and information could be provided to local veterinarians, dog
groomers, and dog boarders to provide and discuss with their customers the importance of properly disposing of
dog waste. Ultimately, the long-term involvement and commitment from homeowners associations and/or other
dedicated groups/clubs of citizens will ensure that the dog waste stations are adopted, maintained, and well
utilized, ensuring that pet waste cleanup becomes ingrained in residents’ behavior.
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Bacterial Source Tracking

The City of Alpharetta implemented a BST program in the Long Indian Creek Watershed under this Plan to help
identify the key contributors of fecal coliform in the watershed. It is recommended that Alpharetta continues the
BST sampling after the completion of this Watershed Improvement Plan in order to track progress towards
meeting the fecal coliform reduction goals and to ensure that there are no major changes in the main source of
fecal coliform in the watershed, as a change in the main contributor of fecal coliform would result in a change of
strategy to address the pollutant. The use of BST ensures that Alpharetta is efficient in the use of its resources to
address the critical contributor of fecal coliform. As BST results change, so should the management measures used
to address fecal coliform pollution. Since BST must be sent to an outside lab for analysis, an outlay of costs is
required for lab testing, and therefore, a project sheet has been included for BST in APPENDIX C: PROJECT
SHEETS.

Before-and-After Fecal Coliform Monitoring

In order to measure the effectiveness of management measures, it is recommended that the City of Alpharetta
complete before-and-after fecal coliform monitoring of outfalls impacted by structural management measures.
This sampling would be done in addition to the existing sampling schedule already completed by Alpharetta in the
Long Indian Creek Watershed, and the costs of the additional tests could be incorporated into current operations.
Since very little research exists with respect to the effectiveness of dog waste stations, this testing would be
especially critical to quantify the fecal coliform reduction expected from the installation of dog waste stations
when partnered with public education. Based on findings from a test installation of dog waste stations in a
selected neighborhood, the City can decided if the results prove the investment to be effective at reducing fecal
coliform and can guide the City on future installation decisions. Further, the results can help the City predict the
reduction it will see in actuality from the installation of dog waste stations throughout the watershed versus the
modeling results currently available. Based on these results, other management measures and be adjusted
accordingly.

Repair Damaged BMPs

During the stream walk and field visits, several damaged BMPs were noted throughout the watershed. The
location of these BMPs is noted in Figure 3.20. These damaged BMPs indicated areas where the stormwater
system is not performing to level to which it was designed. In these areas, flow may not be sufficiently attenuated
before entering the stream or erosion may be a concern from high velocity flows. For these reasons, damaged
BMPs could be an indication of areas where the stormwater system and/or the stream is suffering from larger
issues. Each damaged BMP can be seen as an easily identifiable project and could have immediate positive effects
in its local area once repaired. However, BMPs are privately owned and any restoration efforts would have to be
undertaken by private property owners. The City would have the opportunity to discuss improving the BMPs to
provide additional water quality and channel protection benefits with the property owners during the planning
stages.

Encourage Restoration of Stream Buffers

During the stream walk, it was noted that many private yards and parks

associated with neighborhoods provided very little or no buffer around the

stream banks. In these areas, stream bank erosion was especially prevalent.

Unfortunately, there is no publicly owned land along the stream banks, and

therefore, no opportunity for the City of Alpharetta to implement buffer

protection and/or restoration measures. However, the City does support a

program called Alpharetta’s Wild Side with the goal of becoming a National

Community Wildlife Habitat, a program supported by the National Wildlife

Federation. In order to qualify for the program, the City must register at least

200 homes and 6 common areas that are designated as wildlife habitats, and in

order to be designated as a wildlife habitat, the home or common area must

provide food, water, and shelter that support wildlife. Therefore, homes and common areas located along streams
are excellent opportunities for wildlife habitats, and through the Wild Side program, homeowners and
homeowners associations could be encouraged to return stream buffers on their habitat to more natural habitats,
improving the health of the watershed and the habitat for local wildlife.
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Remove Debris Jams

Debris jams pose a large flooding threat upstream and have the potential to break exposed downstream sanitary
sewer infrastructure when the jam becomes dislodged during flood events. Therefore, debris jams are a health and
safety concern for multiple reasons. Figure 6.2 shows a snippet from an article from a nearby community that
recently experienced a sanitary sewer spill due to a debris jam.

192016 Damaged pipe send sewage into Chattahcochee Iributary | News
Nearly 1,500 gallons of sewage spilled into a tributary of the Chattahoochee River in the - -
w area on Labor Day because of a damaged pipe, a
official announced on Tuesday.

The water department said the spill occurred on a gravity sanitary sewer line at
Director of Permitting and Regulatory Services did not specify what type of damage the
pipe had, but he said in a statement that it was caused a build up of logs and debris.

Figure 6.2 - Article about a sanitary sewer spill cause by a debris jam in a nearby community.

For this reasons, the removal of debris jams should be seen as preventative maintenance for sanitary sewer
infrastructure, and the City of Alpharetta can work with Fulton County and its contractors to ensure that debris
jams are removed from Long Indian Creek and its Tributaries in a timely manner.

Collaborate with Private BMP Owners

There is no public land available in the Long Indian Creek Watershed within the City of Alpharetta. For this
reason, construction or conversion of large stormwater ponds by the City of Alpharetta that could reduce the fecal
coliform load are not feasible. However, the City can work closely with private BMP owners to help guide
maintenance and retrofits to BMPs to ensure that the best steps to protect the watershed are being implemented
by the BMP owners.

6.2.2.2 Structural Management Measures

The final list and ranking of all recommended projects is provided in Table 6.3, with a ranking of ‘1’ being the
highest ranking project and a ranking of ‘12’ being the lowest ranking project. More detailed information on each
project can be found in the project sheets provided in APPENDIX C: PROJECT SHEETS. The final ranking was
most impacted by whether or not the project was located on public land and/or could be accessed via public land.
If a proposed project was not located on public land, it was viewed as not feasible, and immediately bumped to the
bottom of the ranking.

Although most recommended projects are free-standing and do not require additional non-structural measures to
ensure their success, WIP No. 1 Dog Waste Stations & Public Education requires at least one non-structural
measure to improve its success. Ideally, the installation of dog waste stations will be partnered with public
education and before-and-after fecal coliform monitoring. When partnered with these two non-structural
measures, it is expected that the success rate of each structural and non-structural measure will have a
compounding effect, encouraging additional participation than any one measure implemented on its own. For this
reasons, the structural measure of installing dog waste stations and the non-structural measures of public
education and before-and-after fecal testing are seen as complementary measures.
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Table 6.3 - Final ranking of suggested structural management measures.
WIP No. Project Name Final Ranking

1 Dog Waste Station & Public Education 1
11 Waters Road Enhanced Dry Swales Project 2 (South) 2
10 Waters Road Enhanced Dry Swales Project 1 (North) 3
12 Bacterial Source Tracking (BST) 3
2 Stream Restoration and Sanitary Sewer Protection Project 1 5
4 Stream Restoration and Sanitary Sewer Protection Project 3 5
3 Stream Restoration and Sanitary Sewer Protection Project 2 7
5 Stream Restoration and Sanitary Sewer Protection Project 4 7
6 Stream Restoration and Sanitary Sewer Protection Project 5 7
9 Birch Rill Drive Capital Improvement Project No. LIC_0100_1 10
7 Pinehollow Court Neighborhood Flooding 11
8 Tuxford Neighborhood Flooding 12

6.2.3 Critical Areas of Implementation

Although this Watershed Improvement Plan has been completed for the City of Alpharetta, only approximately
half of Long Indian Creek’s watershed falls within the political boundaries of Alpharetta. The other half of Long
Indian Creek’s watershed is contained within the City of Johns Creek. It is highly unlikely that the required
reductions in fecal coliform can be reached by either City alone. Instead, Alpharetta and Johns Creek should
continue to work together to implement the non-structural and structural management measures suggested in
this Plan. Figure 4.4 and Figure 4.5 provide an excellent example of the limitations of only implementing a
management measure in one City but not the other. Figure 4.4 shows the expected fecal coliform loads in Long
Indian Creek if dog waste stations are installed in only the City of Alpharetta (Scenario 2). In contrast, Figure 4.5
presents the expected fecal coliform loads if dog waste stations are installed throughout the entire watershed
(Scenario 3), including the City of Johns Creek. In Scenario 2, the maximum TMDL is still expected to be exceeded
since half of the watershed will not see a reduction in fecal coliform levels from dog waste. However, when dog
waste stations are implemented on a watershed-wide level, fecal coliform levels are expected to fall below the
TMDL limit. This example enforces the importance that management measures must be jointly implemented by
both the City of Alpharetta and the City of Johns Creek to the greatest extent possible to ensure the maximum
impact of the management measure is seen.

6.3 Potential to Address Objectives

Although almost all of the proposed projects present a multitude of benefits to the Long Indian Creek Watershed,
the most important object is the reduction of the fecal coliform load throughout Long Indian Creek and its
Tributaries. The following measurable milestones and criteria used to measure load reductions will focus heavily
on the reduction of fecal coliform in the watershed.

6.3.1 Measurable Milestones

This Watershed Improvement Plan is designed as a guiding document that the City of Alpharetta can use when
determining non-structural and structural management measures to reduce the fecal coliform load in the Long
Indian Creek Watershed. As new data arises and/or sources of fecal coliform change, this Plan and its
management measures will need to adapt to ensure continued protection of the watershed. For this reason, the
schedule proposed in the next section is based on information known at the time of the publishing of this report,
and if any of that information is updated or adjusted, the schedule and measures recommended by this report will
also need to be reassessed. Despite potential changes and/or adjustments to management measures suggested in
this initial Watershed Improvement Plan, the City of Alpharetta commits to actively working to improve the
conditions in the Long Indian Creek Watershed in order to meet the criteria set forth in the following section.
Therefore, although the schedule set forth in this Plan may not be met, the City will still be progressing towards its
goal of improved watershed health if the criteria are being achieved. In the City of Alpharetta’s Annual Phase 1
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MS4 Report to the EPD, it will note the milestones it has met with respect to this Watershed Improvement Plan or
provide reasons why it has deviated from the plan and the alternate projects implemented to meet the changing
pollution sources.

6.3.2 Criteria to Measure Load Reductions

Although several criteria are listed below, by far the most important criteria is the continued reduction of fecal
coliform in the Long Indian Creek Watershed. However, it is acknowledge that a majority of the contamination is
from dog waste which can be difficult to reduce rapidly as it requires a cultural shift rather than an investment in
infrastructure in order to see noticeable reductions. Therefore, progress may be slow, and it is important to
acknowledge other steps the City is taking in order to reduce pollution from dog waste, even if the results are not
yet noticeable, and to improve the overall health of the watershed. For this reason, the criteria used to evaluate the
progress towards improving the Long Indian Creek Watershed are:

¢ Report of fecal coliform monitoring results
o Comparison of geometric means to TMDL and previous years’ data
o Before-and-after monitoring results for any implemented projects
o  Shifts in the major contributor of fecal coliform pollution
Documentation of non-structural management measures started or continued
Documentation of completed and in-progress structural management measures
List of upgraded, retrofitted, or repaired BMPs
In cases of water quality degradation, the City should:
o Compare bacterial source tracking results in order to identify the source of the problem
o Select an existing management measure or propose a new management measure to target the
source of the pollution

6.3.3 Monitoring of Criteria

In order to most effectively track its progress towards meeting the criteria outlined in the previous section, it is
recommended that the City of Alpharetta implement multiple monitoring avenues. First, the City will continue its
Sampling and Quality Assurance Plan it entered with the City of Johns Creek in 2014. This program provides for
sampling at 5 different locations along Long Indian Creek four times a year. This data will be the most important
in determining long-term trends of water quality improvement or degradation within the watershed. Second, it is
recommended that the City of Alpharetta implement a bacterial source tracking monitoring program. The BST
monitoring implemented under this Plan has proved vital in identifying the major contributor of fecal coliform
pollution to the watershed and, based on that knowledge, creating a pinpointed Watershed Improvement Plan.
For this reason, it is recommended that the City continue to monitor the major fecal coliform contributors in the
watershed so that the plan can be adjusted as needed to address changing needs. Third, it is recommended that
the City of Alpharetta complete before-and-after sampling for initial dog waste station installations. This will
allow the City to predict the amount of fecal coliform reduction it can expect from dog waste station installations
located in other areas of the City. More information on each of these monitoring criteria has been provided in
section 6.2.2.1 Non-Structural Management Measures.

6.4 Implementation Schedule

The schedule presented below provides a feasible implementation timeline for this Watershed Improvement Plan.
Projects included in the implementation schedule were selected based their scores determined in Table 6.2 -
Prioritization and Ranking Scores for Recommended Project List. The ranking equation allowed for a maximum of
32 points to be awarded to any one project. Any projects receiving a score of 50% or greater (16 or more points)
were included in the implementation schedule. The projects included are: 1) Dog Waste Station & Public
Education; 2) Waters Road Enhanced Dry Swales Project 2 (South); 3) Waters Road Enhanced Dry Swales Project
1 (North); and 4) Bacterial Source Tracking (BST).

The remaining projects fall into two categories, stream restoration projects (WIP No. 2-6) and stormwater
infrastructure capital improvement projects (WIP No. 7-9). The City of Alpharetta will refer all stream restoration
projects identified to protect sewer infrastructure to Fulton County, and the stormwater infrastructure capital
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improvement projects will be added to the city-wide replacement and lining project list where they will be ranked
and prioritized against all other city projects.

The implementation schedule presented in Figure 6.3 recommends a staggered approach in order to provide
breaks between projects for fecal coliform monitoring efforts. Based on the monitoring results, the schedule is
subject to change and adjustment based on which projects prove to be most effective at reducing the fecal coliform
loads in the watershed. For instance if only moderate reductions in fecal coliform loads are seen after one year of
dog waste education, then dog waste stations are recommended to be installed in the third year. Then if
substantial reductions are seen in fecal coliform levels after the installation of dog waste stations, funding for
enhanced dry swale installations may be delayed in order to fund more dog waste stations as they would have
already been proven successful. Although a set implementation timeline is shown in Figure 6.3, the schedule is
designed to be a data-informed implementation schedule that allows for flexibility in project selection and scale
decisions.

Despite potential changes and/or adjustments to management measures suggested in this initial Watershed
Improvement Plan, the City of Alpharetta commits to actively working to improve the conditions in the Long
Indian Creek Watershed in order to meet the criteria set forth in the previous section. Figure 6.3 provides the
suggested implementation schedule for the Long Indian Creek Watershed Improvement Plan.
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Long Indian Creek Watershed Improvement Implementation Plan

Fiscal Year

FY 18

FY 19

FY 20

FY 21

FY 22

Figure 6.3 — Long Indian Creek Watershed Improvement Plan implementation schedule.

Estimated 5-
Date | July 2017 - June 2018 July 2018 - June 2019 Tuly 2019 - June 2020 Tuly 2020 - June 2021 | July 2021 - June 2022 vear Cost
Dog Waste Education £5.000 £5.000 £5.000 $5.000 $5.000 £25.000
Bacterial Source Tracking £25.000 $£25.000 £50.,000
#
‘e-—’s Dog Waste Station Installation $25.000 §25,000
[N
Dog Waste Station Maintenance $30.000 £30.000 £30.000 £117.000
Enhanced Dry Swale Installation £162.385 $162.835
Total 5-year Cost $379 835

Dewberry
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6.5 Cost and Funding

This section summarizes the estimated cost required to complete this 5 year Watershed Improvement Plan and
the potential technical and financial assistance sources that the City of Alpharetta can leverage to mitigate costs.
This plan has a strong adaptability focus that allows the City of Alpharetta to adjust the schedule, budget, and
management measures as it sees fit based on continued monitoring results. Despite potential changes and/or
adjustments to management measures suggested in this initial Watershed Improvement Plan, the City of
Alpharetta commits to actively working to improve the conditions in the Long Indian Creek Watershed in order to
meet the criteria set forth in the previous section.

6.5.1 Cost Estimate

Capital cost estimates for each recommended project are shown in Table 6.4. Additionally, the project sheets in
APPENDIX C: PROJECT SHEETS provide a break-down of the associated costs along with an estimated annual
operations and maintenance cost.

Table 6.4 - Capital Costs for Recommended Projects.
WIP No. Project Name Capital Cost

1 Dog Waste Station & Public Education* $50,000
10 Waters Road Enhanced Dry Swales Project 1 (North) $79,826
11 Waters Road Enhanced Dry Swales Project 2 (South) $83,009
12 Bacterial Source Tracking (BST) $50,000

*Qperational costs for dog waste stations will total $117,000. See the implementation schedule in Figure 6.3 for annual cost information.

6.5.2 Partnership and Technical & Financial Assistance Opportunities

Although most funding for implementation of this Watershed Improvement Plan will come from the City of
Alpharetta, multiple opportunities do exists on the local, state, and federal level for the sharing of project funding
through partnerships in watershed management and technical and financial assistance through grants and loans.

Partnerships are most likely on a local level. One of the most obvious partnerships to address the challenges in
Long Indian Creek is with the City of Johns Creek, as the Long Indian Creek Watershed spans both the political
boundaries of Alpharetta and Johns Creek and a SQAP already exists between the two Cities. Additional local
partners include local homeowners associations and/or other groups willing to sponsor dog waste stations. For
instance, the City of Alpharetta could provide the initial funds for installation of the dog waste stations. These
stations could then be adopted by homeowners associations or local businesses and/or community groups that
could help maintain dog waste stations and provide continuing education to the public about proper disposal of
dog waste. A further partnering opportunity includes private BMP owners as all BMPs in the Long Indian Creek
Watershed within the City of Alpharetta are privately owned. The City could actively collaborate with these BMP
owners so that the City can help guide upgrades as private owners elect to implement those measures.
Additionally, the stream restoration projects are also focused on protecting sanitary sewer infrastructure which is
operated and maintained by Fulton County. Therefore, there is the opportunity to jointly complete watershed
improvement projects with the goal of minimizing costs for the City while maximizing the benefits for the
watershed.

From a state funding level, there are two major grant opportunities:

1. Section 319(h) Georgia’s Nonpoint Source Implementation Grant
2. Regional Water Plan Seed Grant Funds

The Section 319(h) Grants are actually federally funded and are further discussed in Table 6.5, but the funds are
distributed by the state of Georgia. The Regional Water Plan Seed Grant Fund is designed to encourage the
implementation of management practices from one of the Regional Water Plans. The maximum amount for the
Regional Water Plan Seed Grant is $75,000 and is limited to 60% of the total project cost. Eligible activities and
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projects for the Regional Water Plan Seed Grant include: 1) Undertaking programs to address critical information
and/or data needs identified in the Regional Water Plan(s); 2) Tracking and analyzing available monitoring data
and reporting on water resource conditions as identified as needs in the Regional Water Plan(s); 3) Preparing and
distributing technical guidance that can be shared by Regional Water Councils on management practices that
affect common water resources; and 4) Providing technical assistance to support implementation of Regional
Water Plan management practices. It is hoped that this grant money could help fund the recommended Bacterial
Source Tracking project.

There are a multitude of funding options on the federal level with various requirements and eligibility. Based on a
review of available funding sources, the most promising options for the Long Indian Creek Watershed have been
compiled in Table 6.5.
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Typical

Typical

Table 6.5 - Summary of technical and financial assistance provided by the federal government for which projects in the Long Indian Creek Watershed could apply.

% of Lowest Highest Median
Technical Match Applicants | Amount Amount Amount
Agency Eligible Parties Program Overview Assistance  Amount Funded Awarded  Awarded Awarded
The program seeks to develop nation-wide-
community stewardship of local natural
resources, preserving these resources for
future generations and enhancing habitat for
Any public or private local wildlife. Projects seek to address water
entity. Preference is quality issues in priority watersheds, such as
Five-Star shown to organizations erosion due to unstable streambanks,
. connected to the local ollution from stormwater runoff, and
Restoration EPA X P . No No 30% $5,000 $45,000 $25,000
Program community who can degraded shorelines caused by
g monitor and sustain development. Funding priorities include: 1)
project for 5 years or On-the-ground wetland, riparian, in-stream,
more. and/or coastal habitat restoration; 2)
Meaningful education and training activities;
2) Measurable ecological, educational, and
community benefits; and 4) Partnerships
that engage a diverse group of partners.
This program has an emphasis on engaging
communities with environmental justice
concerns. The objective of the grant is to
States, local . ;
. fund projects that foster a comprehensive
governments, Indian . .
Tribes. public and understanding of local urban water issues,
. ! p . identify and address these issues at the local
Urban Waters private universities and level, and educate and empower the
EPA colleges, public or - A No 4,000 N/A 40,000 60,000 60,000
Small Grants R g€, publl Ny community. In particular, the Urban Waters > / s s 5
private nonprofit
o Small Grants seek to help restore and
organizations, ; -
. . . protect urban water quality and revitalize
intertribal consortia, . . .
- ) adjacent neighborhoods by engaging
and interstate agencies L s ) .
communities in activities that increase their
connection to, understanding of, and
stewardship of local urban waterways.
Climate Resilient Mitigation Activities are
eligible under the Hazard Mitigation
Assistance programs to support
communities in reducing the risks associated
.S. Territori ith cli h .Th :
Hazard “recerally recognned | Aquifer Storage and Recovery, Floodnian 25% (cash $36.3
Mitigation Grant | FEMA | Vrecos d ge and | v, Toocp No or in-kind N/A $2,130 i~ $605,094
tribes, local and Stream Restoration, Flood Diversion and million
Program resources)
governments Storage, and Green Infrastructure Methods.
These activities can mitigate any natural
hazard; however, the activities are focused
on mitigating the impacts of flood and
drought conditions.
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Typical Typical
% of Lowest Highest Median

Technical Match Applicants | Amount Amount Amount

Agency Eligible Parties Program Overview Assistance  Amount Funded Awarded  Awarded Awarded
The EPA's Clean Water State Revolving Fund
(CWSRF) program provides a permanent
source of low-cost financing for a wide range
of water quality infrastructure projects.
These projects include municipal wastewater
treatment and collection, nonpoint source
pollution controls, decentralized wastewater
treatment systems, green infrastructure,
water efficiency, and estuary management.
Funds to capitalize the program are provided
annually through federal grants and state
Public, private, or matching funds (equal to 20 percent of
nonprofit entity federal grants). Monies are loaned to
assistance recipients at below-market rates.
In addition, states also have the ability to
customize loan terms to benefit small and
disadvantaged communities. Loan
repayments are recycled back into the
programs to fund additional projects. Since
its inception, the CWSRF has provided over
$111.2 billion in assistance to eligible
borrowers, including communities of all
sizes, farmers, small businesses, and
nonprofit organizations.
The EPA provides formula grants to
implement nonpoint source programs and
projects in accordance with section 319 of
the Clean Water Act (CWA). Nonpoint source
pollution projects can be used for a wide
range of activities including agriculture,
forestry, construction, and urban challenges.
When set as priorities within a state's
Nonpoint Source nonpoint source management program,
Implementation EPA States, ter.ritories, and projects may also pe used.to protect source Yes 40% non- Variable $422,000 $.8..4
Grants (319 tribes water areas and high quality waters. Federal million
Program) Examples of previously funded projects
include installation of best management
practices (BMPs) for animal waste; design
and implementation of BMP systems for
stream, lake, and estuary watersheds; and
basin-wide landowner education programs.
Most states provide opportunities for 3rd
parties to apply for funds under a state
request for proposal.

Clean Water
State Revolving EPA
Fund (CWSRF)

No No

No Loan N/A statutory statutory N/A
limit limit

$2.8 million
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Typical Typical
% of Lowest Highest Median
Technical Match Applicants | Amount Amount Amount
Agency Eligible Parties Program Overview Assistance  Amount Funded Awarded  Awarded Awarded
The initiative provides a means to develop
long-term weed management projects
within the scope of an integrated pest
management strategy. The goals of PTl are:
(1) to prevent, manage, or eradicate invasive
and noxious plants through a coordinated
program of public/private partnerships; and
State and local (2) to increase public awareness of the
Pulling Together NEWE agencies, private adverse impacts of invasive and noxious
Initiative landowners, and other plants. PTI provides support for the
interested parties formation of local weed management area
(WMA) partnerships, allowing them to
demonstrate successful collaborative efforts
and develop permanent funding sources for
the maintenance of WMAs from the
involved parties. Successful projects will
serve to increase public awareness and
interest in future partnership projects.
The Bring Back the Natives initiative (BBN)
funds on-the-ground efforts to restore
native aquatic species to their historic range.
Projects should involve partnerships
between communities, agencies, private
Local, state, federal, landowners, and organizations that seek to
and tribal governments, | rehabilitate streamside and watershed
special districts (e.g., habitats. Projects should focus on habitat
Bring Back the NEWE conservation districts, needs of species such as fish, invertebrates,
Natives planning districts, utility | and amphibians that originally inhabited the
districts), non-profit waterways across the country. Funding for
501(c) organizations, the BBN program is administered through
schools and universities. | NFWF from federal agencies cooperating to
support this program. Cooperating agencies
and organizations include the US Fish and
Wildlife Service (FWS), Bureau of Land
Management (BLM), USDA Forest Service
(FS), and Trout Unlimited (TU).

Yes 11 40% $25,000 $200,000 $75,000

No 2:1 30% $20,000 $100,000 $60,000
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Typical Typical
% of Lowest Highest Median

Technical Match  Applicants  Amount Amount Amount
Agency Eligible Parties Program Overview Assistance  Amount Funded Awarded  Awarded Awarded
The program provides technical and financial
assistance to private landowners to restore
fish and wildlife habitats on their lands via
cooperative agreements. Since 1987, the
Partnersfor fish D300 landownars to restore 765,400 acres Yes
and Wildlife FWS Private landowners ! . ! Yes (negotia N/A $1,000 $50,000 $25,000
Program of wetlands; over 1.9 million acr(-.zs of ble)
grasslands and other upland habitats; and
6,560 miles of in-stream and streamside
habitat. In addition, the program restores
stream habitat for fish and other aquatic
species by removing barriers to passage.
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APPENDIX A: EPA’S NINE KEY ELEMENTS OF A WATERSHED-
BASED PLAN

The Environmental Protection Agency’s nine key elements of a watershed-based plan have been addressed
throughout this watershed improvement plan. In order to provide ease of access and review, a summary of each
element is provide below along with the section in which more information can be found.

1.

Identify causes of impairments and pollutants sources or groups of sources that need to be controlled to
achieve needed load reductions and any other goals identified in the watershed plan.

Section 3.1.1 Water Quality Pollutants
Section 3.2 Field Data Collection
Section 3.3 Water Quality Data

Long Indian Creek is listed as an impaired stream on the Georgia Environmental Protection Division (EPD)
303(d) list for fecal coliform for its entire four mile reach. The EPD developed a Total Maximum Daily Load
(TMDL) for Long Indian Creek in 2013 that recommends a 95% reduction in fecal coliform.

An extensive field reconnaissance effort was completed for the Long Indian Creek Watershed. The objective of
the field work was to analyze existing streams, drainage features, BMPs, and erosion problems in the
watershed in order to identify and select opportunities for future capital improvements that are most effective
at improving water quality and stream conditions. Prior to fieldwork, Dewberry reviewed the data collection
efforts with the City of Alpharetta in order to target specific areas of the watershed for field reconnaissance.
The location and intensity of survey points evaluated by field teams was focused in the following areas of the
watershed:

Areas having the highest percentage of impervious area;

Areas with a high concentration of drainage complaints;

Areas with sanitary sewer infrastructure crossing or in close proximity to the stream;

Areas with a concentration of septic systems;

Bridges, culverts, and systems that indicate flooding per the hydrodynamic modeling in events less than
the 100-year level of service for bridges and culverts and less than 25-year level of service for systems;

o Exiting BMPs on public facilities and existing BMPs on select commercial and residential properties
agreed upon with the City of Alpharetta;

Stream reaches with erosive velocities in the 1-year storm event, and;

Steam reaches with visible erosion evident from aerial imagery.

The City of Alpharetta began consistently monitoring the water quality in Long Indian Creek in 2008. Further
steps towards assessing the condition of the watershed began in 2014 when the City of Alpharetta and the City
of Johns Creek entered into a Sampling and Quality Assurance Plan (SQAP) for testing and analysis of fecal
coliform on Long Indian Creek. Samples are taken four times a year at 5 different locations along Long Indian
Creek to identify potential sources and analyze trends. Furthermore, Fulton County is conducting water
quality monitoring for fecal coliform on Long Indian Creek at Waters Road (Site 4). All the results of these
monitoring efforts have been combined in this report and are presented in the next section.

As an additional measure, the City of Alpharetta elected to utilize Bacterial Source Tracking (BST) sampling
for human, dog, geese, bird, and ruminants as a part of this project in the fall of 2015 and spring of 2016 to
identify the organisms contributing to the elevated fecal coliform levels in the Long Indian Creek Watershed.
BST is a new technology used to identify the source of contamination based on DNA markers. BST copies and
amplifies the DNA of the fecal coliform bacteria found in water samples and compares it with an existing DNA
library to determine if the fecal coliform bacteria has human, dog, geese, bird, or goose origins. As samples
have indicated that dog waste is the primary contributor to the fecal coliform load in the Long Indian Creek
Watershed.

An estimate of the load reductions expected from management measures.
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Section 4.2.2 Dog Waste Stations and Community Education

Three model scenarios were created to compare the effectiveness of installing dog waste stations and
community education. The first scenario is the existing conditions model which only includes fecal load
reductions from dog waste stations currently installed at Ocee Park in the Johns Creek. The second scenario
assumes dog waste stations and community education are implemented in all areas of the watershed that are
part of the City of Alpharetta and two ‘hotspot’ areas within Johns Creek which potentially have a high
concentration of dogs based on visual observations. The ‘hotspot’ areas are a business corridor along State
Bridge Road with numerous veterinarians and groomers along with a Petco, and the second area is the North
Haven apartment complex off of State Bridge Road that allows pets. The third scenario assumes that dog
waste stations and community education are implemented throughout the entire watershed including the City
of Johns Creek. This is the most comprehensive model and would require coordination and assistance from
the City of Johns Creek. Table 4.6 compares the modeled fecal coliform loading results from each scenario.
To summarize the scenarios:

Scenario 1: Existing conditions model
Scenario 2: Dog waste stations and community education are implemented in all areas of the watershed
that are part of the City of Alpharetta and two ‘hotspot’ areas within Johns Creek

e Scenario 3: Dog waste stations and community education are implemented throughout the entire
watershed including the City of Johns Creek

The data shown in Table 4.6 can also be visually displayed in Figure 4.3-Figure 4.5. The two parallel lines
indicate the summer (lower curve) and winter (upper curve) TMDLs for Long Indian Creek. Modeled values
are represented by open circles. Any red circle falling above the winter TMDL curve (red line) represents a
violation of the winter TMDL, and any gray circle falling above the summer TMDL (gray line) represents a
violation of the summer TMDL. The two curves are necessary because the winter months have a higher TMDL
than the summer months. It should be noted that a greater number of modeled points drop below the summer
TMDL line (gray) for each scenario, and scenario 3 results in a sufficient decrease in fecal coliform load where
all of the points drop below the summer TMDL line.

Table 4.6 - Comparison of 30-day fecal load for each scenario run at each sampling site for every month in which there was a
calibrated TMDL. The percent reductions indicate the expected fecal load reduction from each scenario when compared with
scenario 1, the existing conditions model.

Average Measured Modeled 3o0-day
Gage Average Flow 3o-day 3o-day Fecal Load
Flow Modeled Percent Fecal Load | Fecal Load Percent
Month Site (CFS) Flow (CFS) Error (Counts) (Counts) Error
1 1.4 1.5 2% 6.12€10 1.63e11 167%
3 2 2.4 2.4 3% 2.49el11 2.81e11 13%
n
2zluary 3 3.0 2.9 1% 1.98e11 3.14€e11 58%
> 4 5.2 4.7 9% 3.68e11 4.44€11 21%
5 8.0 7.0 12% 1.34e11 6.32e11 370%
1 1.5 1.7 18% 3.77€e10 2.55e11 577%
2 2.5 2.9 18% 3.36e11 4.39€e11 31%
April 2015 3 3.0 3.5 15% 1.70€e11 4.90e11 189%
4 5.3 5.6 6% 2.98e11 6.88e11 131%
5 8.1 7.9 3% 4.68e11 9.76€e11 108%
1 0.4 0.5 33% N/A 7.81e10 N/A
June 2015 2 0.6 0.8 37% N/A 1.33e11 N/A
3 0.8 1.0 290% N/A 1.46e11 N/A

H o City of Alpharetta | Long Indian Creek Watershed Improvement Plan | A2
# Dewberry Y of Alpharetta | Long P



4 1.3 1.6 19% 2.33e11 1.94e11 17%
5 2.0 2.1 6% N/A 2.65€e11 N/A
1 0.6 0.9 46% 1.85e11 1.59€e11 14%
2 1.1 1.6 49% 1.50e11 2.71e11 81%
July 2015 3 1.3 1.9 43% 6.11€10 3.05€e11 399%
4 2.3 3.2 36% 1.52e11 4.30€11 183%
5 3.6 4.5 25% 4.91e11 6.14e11 25%
1 0.9 0.9 1% N/A 1.21e11 N/A
August 2 1.6 1.6 1% N/A 2.09e11 N/A
2015 3 1.9 2.0 3% N/A 2.32e11 N/A
4 3.3 3.3 1% 2.98e11 3.18e11 7%
5 5.1 4.8 6% N/A 4.37€11 N/A
1 0.8 1.1 38% 2.40e€11 1.83e11 24%
October 2 1.4 1.9 40% 2.32e11 3.11e11 34%
- 3 1.7 2.3 35% 3.50€e11 3.47€e11 1%
4 2.9 3.7 26% 4.32€11 4.82e11 12%
5 4.5 5.2 15% 5.02€e11 6.78e11 35%
1 3.8 4.3 13% N/A 6.63e11 N/A
November 2 6.4 7.5 16% N/A 1.13e12 N/A
2015 3 7.9 9.2 17% N/A 1.30e12 N/A
4 13.8 15.6 13% 5.23e12 1.90e12 64%
5 21.1 22.3 6% N/A 2.79e12 N/A
1 4.1 4.4 7% 1.73e11 2.49e11 44%
January 2 7.0 7.5 7% 5.36e11 4.34€11 19%
2016 3 8.6 9.9 15% 3.35€e11 4.91e11 47%
4 15.1 16.8 12% 1.55€e12 6.97e11 55%
5 23.1 24.8 7% 4.14e11 1.00€e12 142%
1 2.8 2.7 5% N/A 3.75€e11 N/A
February 2 4.8 4.5 6% N/A 6.30€e11 N/A
2016 3 5.9 5.6 4% N/A 7.14€e11 N/A
4 10.3 9.1 11% 1.04e12 1.01e12 3%
5 15.7 13.4 15% N/A 1.47€e12 N/A
1 0.9 0.9 2% 3.23€10 1.52e11 371%
2 1.6 1.6 3% 3.93e11 2.68e11 32%
April 2016 3 2.0 1.9 1% 1.65e11 3.00e11 82%
4 3.4 3.2 5% 2.33e11 4.24€e11 82%
5 5.2 4.6 12% 1.43e11 6.08e11 324%
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Figure 4.3 - 30-day fecal coliform load versus flow for Scenario 1. The top line represents the winter TMDL and the gray

line represents the Summer TMDL. Red circles correspond with modeled winter values, and gray circles correspond with
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represents the Summer TMDL. Red circles correspond with modeled winter values, and gray circles correspond with modeled
summer values.

No other project recommendations are anticipated to create a substantial reduction in fecal coliform load.
Although, stream restorations and enhanced swales are expected to reduce the total TSS loading in the
watershed.

3. A description of the nonpoint source management measures that will need to be implemented to achieve load
reductions, and a description of the critical areas in which those measures will be needed to implement this
plan.

Section 6.2.2 Management Measures for Nonpoint Source Pollution
APPENDIX C: PROJECT SHEETS

Non-structural management measures can provide a wide range of options to address nonpoint source
pollution. Additionally, non-structural measures tend to be less expensive than structural options. Therefore
when working to reduce nonpoint source pollution, non-structural methods can initially be implemented,
along with any complementary structural methods, to attempt to reach pollution reduction goals before
making large investments in structural methods. Below is a list of non-structural management measures:

Dog Waste Stations and Public Education
Bacterial Source Tracking

Before-and-After Fecal Coliform Monitoring
Repair Damage BMPs

Encourage Restoration of Stream Buffers
Remove Debris Jams

Collaborate with Private BMP Owners

Nogrpwhd e
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Table 6.3 - Final ranking of suggested structural management measures.Error! Reference source not found.
WIP No. Project Name Final Ranking

1 Dog Waste Station & Public Education 1
11 Waters Road Enhanced Dry Swales Project 2 (South) 2
10 Waters Road Enhanced Dry Swales Project 1 (North) 3
12 Bacterial Source Tracking (BST) 3
2 Stream Restoration and Sanitary Sewer Protection Project 1 5
4 Stream Restoration and Sanitary Sewer Protection Project 3 5
3 Stream Restoration and Sanitary Sewer Protection Project 2 7
5 Stream Restoration and Sanitary Sewer Protection Project 4 7
6 Stream Restoration and Sanitary Sewer Protection Project 5 7
9 Birch Rill Drive Capital Improvement Project No. LIC_0100_1 10
7 Pinehollow Court Neighborhood Flooding 11
8 Tuxford Neighborhood Flooding 12

4. Estimate of the amounts of technical and financial assistance needed, associated costs, and/or the sources and
authorities that will be relied upon to implement this plan.

Section 6.5.1 Cost Estimate
Section 6.5.2 Partnership and Technical & Financial Assistance Opportunities

Capital cost estimates for each recommended project are shown in Table 6.4. Additionally, the project sheets
in APPENDIX C: PROJECT SHEETS provide a break-down of the associated costs along with an estimated
annual operations and maintenance cost.

Table 6.4 - Capital Costs for Recommended Projects.
WIP No. Project Name Capital Cost

1 Dog Waste Station & Public Education* $50,000
10 Waters Road Enhanced Dry Swales Project 1 (North) $79,826
11 Waters Road Enhanced Dry Swales Project 2 (South) $83,009
12 Bacterial Source Tracking (BST) $50,000

*Qperational costs for dog waste stations will total $117,000. See the implementation schedule in Figure 6.3 for annual cost information.

Partnerships are most likely on a local level. One of the most obvious partnerships to address the challenges in
Long Indian Creek is with the City of Johns Creek, as the Long Indian Creek Watershed spans both the
political boundaries of Alpharetta and Johns Creek and a SQAP already exists between the two Cities.
Additional local partners include local homeowners associations and/or other groups willing to sponsor dog
waste stations. For instance, the City of Alpharetta could provide the initial funds for installation of the dog
waste stations. These stations could then be adopted by homeowners associations or local businesses and/or
community groups that could help maintain dog waste stations and provide continuing education to the
public about proper disposal of dog waste. A further partnering opportunity includes private BMP owners as
all BMPs in the Long Indian Creek Watershed within the City of Alpharetta are privately owned. The City
could actively collaborate with these BMP owners so that the City can help guide upgrades as private owners
elect to implement those measures. Additionally, the stream restoration projects are also focused on
protecting sanitary sewer infrastructure which is operated and maintained by Fulton County. Therefore, there
is the opportunity to jointly complete watershed improvement projects with the goal of minimizing costs for
the City while maximizing the benefits for the watershed.
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From a state funding level, there are two major grant opportunities:

1. Section 319(h) Georgia’s Nonpoint Source Implementation Grant
2. Regional Water Plan Seed Grant Funds

The Section 319(h) Grants are actually federally funded and are further discussed in Table 6.5, but the funds
are distributed by the state of Georgia. The Regional Water Plan Seed Grant Fund is designed to encourage
the implementation of management practices from one of the Regional Water Plans. The maximum amount
for the Regional Water Plan Seed Grant is $75,000 and is limited to 60% of the total project cost. Eligible
activities and projects for the Regional Water Plan Seed Grant include: 1) Undertaking programs to address
critical information and/or data needs identified in the Regional Water Plan(s); 2) Tracking and analyzing
available monitoring data and reporting on water resource conditions as identified as needs in the Regional
Water Plan(s); 3) Preparing and distributing technical guidance that can be shared by Regional Water
Councils on management practices that affect common water resources; and 4) Providing technical assistance
to support implementation of Regional Water Plan management practices. It is hoped that this grant money
could help fund the recommended Bacterial Source Tracking project.

There are a multitude of funding options on the federal level with various requirements and eligibility. Based
on a review of available funding sources, the most promising options for the Long Indian Creek Watershed
have been compiled in Table 6.5.

An information and education component used to enhance public understanding of the project and encourage
their early and continued participation in selecting, designing, and implementing the nonpoint source
management measures that will be implemented.

Section 6.2.2.1 Non-Structural Management Measures

Dog Waste Stations and Public Education

The City of Alpharetta already has a strong public education portion associated with its Stormwater
Management Program through its partnership with the Clean Water Campaign. Key issues include, pet waste
management, septic tank maintenance, stormwater stenciling, lawn care, and other critical issues involving
watershed health. Figure 6.1 provides a sampling of educational material provided by the City of Alpharetta.
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The Solution

Picking up after your pet keeps waste out of nearby
storm drains, drainage ditches, streams and lakes. It
helps keep waters healthy for recreation. It protects
human health and the plants and animals that depend
on clean water.

Doing the right thing is easy. Whenever you
walk your dog or take him outside in your yard, you can
easily do the right thing. Simply scoop the poop or use
a plastic bag and dispose of it in a garbage can.

It only takes a minute, and you'll have the satisfaction
of knowing that you're being a good neighbor and
protecting nearby waters.

Be a Solution

to Water Pollution
by Storm Drain
Stenciling

Figure 6.1 - Examples of educational and outreach material provided by the City of Alpharetta to inform citizens about
protecting stormwater.

Although the public education component is a non-structural measure, it could strongly benefit from the
complementary structural measure of installing dog waste stations throughout the watershed. As the initial
installation of the dog waste stations would require a capital cost, a project sheet has been included for dog waste
stations and public education. More information specific to dog waste stations is provided in the project sheet in
APPENDIX C: PROJECT SHEETS. In the case of public outreach, the actual dog waste stations could provide a
public education opportunity simply through their installation and signage. Further, dog waste stations provide an
opportunity for Alpharetta to partner with homeowners associations and other civic groups in order to explain the
necessity of dog waste stations to protect the Long Indian Creek watershed. Brochures from the Clean Water
Campaign regarding dog waste could be distributed to residents of neighborhoods receiving dog waste stations,
increasing the likelihood that the message will be heard. The fliers could be sent by mailer, but higher success
could likely be achieved by hand delivering fliers by volunteers who are versed in discussing the importance of
utilizing dog waste stations. Additionally, fliers and information could be provided to local veterinarians, dog
groomers, and dog boarders to provide and discuss with their customers the importance of properly disposing of
dog waste. Ultimately, the long-term involvement and commitment from homeowners associations and/or other
dedicated groups/clubs of citizens will ensure that the dog waste stations are adopted, maintained, and well
utilized, ensuring that pet waste cleanup becomes ingrained in residents’ behavior.
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Encourage Restoration of Stream Buffers

During the stream walk, it was noted that many private yards and parks associated with neighborhoods
provided very little or no buffer around the stream banks. In these areas, stream bank erosion was especially
prevalent. Unfortunately, there is no publicly owned land along the stream banks, and therefore, no
opportunity for the City of Alpharetta to implement buffer protection and/or restoration measures. However,
the City does support a program called Alpharetta’s Wild Side with the goal of becoming a National
Community Wildlife Habitat, a program supported by the National Wildlife Federation. In order to qualify for
the program, the City must register at least 200 homes and 6 common areas that are designated as wildlife
habitats, and in order to be designated as a wildlife habitat, the home or common area must provide food,
water, and shelter that support wildlife. Therefore, homes and common areas located along streams are
excellent opportunities for wildlife habitats, and through the Wild Side program, homeowners and
homeowners associations could be encouraged to return stream buffers on their habitat to more natural
habitats, improving the health of the watershed and the habitat for local wildlife.

6. Schedule for implementing the nonpoint source management measures identified in this plan that is
reasonable expeditious.
Section 6.4 Implementation Schedule
A recommended Watershed Improvement Plan Schedule is provided below.
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Long Indian Creek Watershed Improvement Implementation Plan

Figure 6.3 — Long Indian Creek Watershed Improvement Plan implementation schedule.

Fiscal Year FY'18 FY'19 FY 20 FY 21 FY '22 FEstimated 5-
Date | July 2017 - June 2018 July 2018 - June 2019 Tuly 2019 - June 2020 Tuly 2020 - June 2021 | July 2021 - June 2022 vear Cost
Dog Waste Education £5.000 £5.000 £5.000 $5.000 $5.000 £25.000
Bacterial Source Tracking £25.000 $£25.000 £50.000
#
‘e-—’s Dog Waste Station Installation $25.000 $25,000
[N
Dog Waste Station Maintenance $30.000 £30.000 £30.000 £117.000
Enhanced Dry Swale Installation £162.385 $162.835
Total 5-vear Cost $379 835

Dewberry
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A description of interim measurable milestones for determining whether nonpoint source management
measures or other control actions are being implemented.

Section 6.3.1 Measurable Milestones

This Watershed Improvement Plan is designed as a guiding document that the City of Alpharetta can use
when determining non-structural and structural management measures to reduce the fecal coliform load in
the Long Indian Creek Watershed. As new data arises and/or sources of fecal coliform change, this Plan and
its management measures will need to adapt to ensure continued protection of the watershed. For this reason,
the schedule proposed in the next section is based on information known at the time of the publishing of this
report, and if any of that information is updated or adjusted, the schedule and measures recommended by this
report will also need to be reassessed. Despite potential changes and/or adjustments to management
measures suggested in this initial Watershed Improvement Plan, the City of Alpharetta commits to actively
working to improve the conditions in the Long Indian Creek Watershed in order to meet the criteria set forth
in the following section. Therefore, although the schedule set forth in this Plan may not be met, the City will
still be progressing towards its goal of improved watershed health if the criteria are being achieved. In the City
of Alpharetta’s Annual Phase 1 MS4 Report to the EPD, it will note the milestones it has met with respect to
this Watershed Improvement Plan or provide reasons why it has deviated from the plan and the alternate
projects implemented to meet the changing pollution sources.

A set of criteria that can be used to determine whether loading reductions are being achieved over time and
substantial progress is being made toward attaining water quality standards.

Section 6.3.2 Criteria to Measure Load Reductions

Although several criteria are listed below, by far the most important criteria is the continued reduction of fecal
coliform in the Long Indian Creek Watershed. However, it is acknowledge that a majority of the
contamination is from dog waste which can be difficult to reduce rapidly as it requires a cultural shift rather
than an investment in infrastructure in order to see noticeable reductions. Therefore, progress may be slow,
and it is important to acknowledge other steps the City is taking in order to reduce pollution from dog waste,
even if the results are not yet noticeable, and to improve the overall health of the watershed. For this reason,
the criteria used to evaluate the progress towards improving the Long Indian Creek Watershed are:

¢ Report of fecal coliform monitoring results
o Comparison of geometric means to TMDL and previous years’ data
o Before-and-after monitoring results for any implemented projects
o  Shifts in the major contributor of fecal coliform pollution
Documentation of non-structural management measures started or continued
Documentation of completed and in-progress structural management measures
List of upgraded, retrofitted, or repaired BMPs
In cases of water quality degradation, the City should:
o Compare bacterial source tracking results in order to identify the source of the problem
o Select an existing management measure or propose a new management measure to target the
source of the pollution

A monitoring component to evaluate the effectiveness of the implementation efforts over time, measured
against the criteria established in the item above.

Section 6.3.3 Monitoring of Criteria

In order to most effectively track its progress towards meeting the criteria outlined in the previous section, it
is recommended that the City of Alpharetta implement multiple monitoring avenues. First, the City will
continue its Sampling and Quality Assurance Plan it entered with the City of Johns Creek in 2014. This
program provides for sampling at 5 different locations along Long Indian Creek four times a year. This data
will be the most important in determining long-term trends of water quality improvement or degradation
within the watershed. Second, it is recommended that the City of Alpharetta implement a bacterial source
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tracking monitoring program. The BST monitoring implemented under this Plan has proved vital in
identifying the major contributor of fecal coliform pollution to the watershed and, based on that knowledge,
creating a pinpointed Watershed Improvement Plan. For this reason, it is recommended that the City
continue to monitor the major fecal coliform contributors in the watershed so that the plan can be adjusted as
needed to address changing needs. Third, it is recommended that the City of Alpharetta complete before-and-
after sampling for initial dog waste station installations. This will allow the City to predict the amount of fecal
coliform reduction it can expect from dog waste station installations located in other areas of the City. More
information on each of these monitoring criteria has been provided in section 6.2.2.1 Non-Structural
Management Measures.
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APPENDIX B: MNGWPD’S ELEMENTS FOR A WATERSHED
IMPROVEMENT PLAN

The Metropolitan North Georgia Water Planning District’s elements for a watershed improvement plan have been
addressed throughout this watershed improvement plan. In order to provide ease of access and review, a
summary of each element is provide below along with the section in which more information can be found.

1.

Introduction — Brief overview of the watershed being addressed, including watershed delineation and
drainage maps.

Section 1.1 Background and Description of Watershed
Section 1.2 Study Purpose

Long Indian Creek extends approximately 4 miles from its headwaters in the City of Johns Creek downstream
to the confluence with Big Creek. Its watershed area is approximately 3.6 square miles and consists
predominately of residential land use with a smaller percentage of commercial, institutional, parks, and
undeveloped land tracts. In general, half of the watershed is in the City of Alpharetta (City) and half is located
in the City of Johns Creek. Figure 1.1 provides a vicinity map of the Long Indian Creek Watershed, and
Figure 1.2 provides a more detailed view of the watersheds that compose the Long Indian Creek and its
drainage map.

Long Indian Creek is listed as an impaired stream segment on the Georgia Environmental Protection Division
(EPD) 303(d) list for fecal coliform for its entire 4 mile reach. EPD requires that the City conduct and/or
update watershed studies for impaired stream on 5-year intervals through the City’s National Pollutant
Discharge Elimination System (NPDES) Permit. EPD developed a Total Maximum Daily Load (TMDL) for
Long Indian Creek in 2013 that recommends a 95-percent reduction in fecal coliform.

The City, in conjunction with the City of Johns Creek, entered a Sampling and Quality Assurance Plan (SQAP)
in 2014 for testing and analysis of fecal coliform on Long Indian Creek. Samples are taken at 5 different
locations along Long Indian Creek to identify potential sources and analyze trends. Furthermore, Fulton
County is currently conducting water quality monitoring for fecal coliform on Long Indian Creek at Waters
Road.

Problem Identification — Assessment of watershed impairments including flooding, bank/channel erosion and
stability, hydraulic capacity, aquatic habitat/biological, and water quality. Field sampling, data collection
and/or modeling may be used to evaluate existing or potential problems and impairments.

Section 3.1 Current Challenges
Section 3.2 Field Data Collection
Section 3.3 Water Quality Data

The Long Indian Watershed Improvement Project included two major parts. The first part was an extensive
data collection phase to thoroughly assess the conditions of the watershed. The data collection phase involved
coordination with the watershed stakeholders (City of Alpharetta, City of Johns Creek, and Fulton County) to
gather any data that could impact the watershed such as sewer crossing locations, stormwater infrastructure,
drainage complaints, etc. Further, streamwalks were completed for over five miles of Long Indian Creek and
its tributaries. Data collected during these stream walks include Stream Reach Observation Summary Forms,
Habitat Assessment Field Data Sheets, Bank Erosion Hazard Index Forms, and GIS inventory shapefiles with
referenced photographs. Lastly, fecal coliform measurements and bacterial source tracking (BST) were
utilized to quantify the pathogen levels in the stream and determine the source(s) of fecal coliform in Long
Indian Creek.
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The major challenges facing the Long Indian Creek Watershed include:

4. Stormwater
a. Effects of stormwater runoff — significant areas of impervious and lawn land cover generate
increased stormwater runoff which contributes to erosion of the stream banks and potentially
increases pathogen loads in the stream during wet weather.
b. Elevated fecal coliform levels in stream — BST indicated dogs as a major source of fecal
coliform in the watershed. Lawns and open space are the most likely land coverage to contribute
heavily to fecal loading from dog waste.

5. Wastewater
a. SSOs and Septic Systems - BST indicated humans as a source of minor contributor of fecal
coliform in the watershed. The most likely sources are from sanitary sewer overflows in wet
weather and improperly maintained septic systems in the watershed.

6. Ecology
a. Invasive species — Kill off native species and provide insufficient root mass to secure stream
banks from erosion. Bamboo, Privet, and Russian Olive were seen in the watershed.
b. Altered watershed hydrology — increased impervious and lawn area
c. Altered stream geomorphology — reduced length of stream flow path; and loss of
connectivity with historic floodplain.

3. Mitigation/Improvement Projects — Potential structural measures, infrastructure improvements, retrofits,
and restoration efforts that will help address the problems identified in the watershed. Include conceptual
plans and/or designs with a level of detail sufficient to prepare planning level cost estimates. Modeling can be
used to evaluate the potential projects to meet the proposed objectives.

Section 6.2.2 Management Measures for Nonpoint Source Pollution
APPENDIX C: PROJECT SHEETS
Non-structural management measures can provide a wide range of options to address nonpoint source
pollution. Additionally, non-structural measures tend to be less expensive than structural options. Therefore
when working to reduce nonpoint source pollution, non-structural methods can initially be implemented,
along with any complementary structural methods, to attempt to reach pollution reduction goals before
making large investments in structural methods. Below is a list of non-structural management measures:
1. Dog Waste Stations and Public Education
2. Bacterial Source Tracking
3. Before-and-After Fecal Coliform Monitoring
4. Repair Damage BMPs
5. Encourage Restoration of Stream Buffers
6. Remove Debris Jams
7. Collaborate with Private BMP Owners
i Dewberrym City of Alpharetta | Long Indian Creek Watershed Improvement Plan | B2
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Table 6.3 - Final ranking of suggested structural management measures.
WIP No. Project Name Final Ranking

1 Dog Waste Station & Public Education 1
11 Waters Road Enhanced Dry Swales Project 2 (South) 2
10 Waters Road Enhanced Dry Swales Project 1 (North) 3
12 Bacterial Source Tracking (BST) 3
2 Stream Restoration and Sanitary Sewer Protection Project 1 5
4 Stream Restoration and Sanitary Sewer Protection Project 3 5
3 Stream Restoration and Sanitary Sewer Protection Project 2 7
5 Stream Restoration and Sanitary Sewer Protection Project 4 7
6 Stream Restoration and Sanitary Sewer Protection Project 5 7
9 Birch Rill Drive Capital Improvement Project No. LIC_0100_1 10
7 Pinehollow Court Neighborhood Flooding 11
8 Tuxford Neighborhood Flooding 12

4. Project Cost Estimates — Cost estimates for the potential projects.

Section 6.5.1 Cost Estimate

Capital cost estimates for each recommended project are shown in Table 6.4. Additionally, the project sheets
in APPENDIX C: PROJECT SHEETS provide a break-down of the associated costs along with an estimated
annual operations and maintenance cost.

Table 6.4- Capital Costs for Recommended Projects.

WIP No. ‘ Project Name Capital Cost
1 Dog Waste Station & Public Education* $50,000
10 Waters Road Enhanced Dry Swales Project 1 (North) $79,826
11 Waters Road Enhanced Dry Swales Project 2 (South) $83,009
12 Bacterial Source Tracking (BST) $50,000

*Qperational costs for dog waste stations will total $117,000. See the implementation schedule in Figure 6.3 for annual cost information.

5. Project Ranking and Prioritization — Evaluation of the potential watershed improvement project based upon a
set of criteria.

Section 6.2.1 Prioritization Process of Management Measures

Once the 15 potential project were identified, they were ranked using predetermined criteria. The criteria was
designed to capture the wide array of opportunities and obstacles presented by each project. However, it is
chiefly important that two main criteria are most strongly considered: 1) Will the proposed project reduce
fecal coliform loads which have resulted in an exceedance of the total maximum daily load for the entire
stream; and 2) Is the proposed project located on public land, a requirement for constructability. With these
goals in mind, the ranking criteria in Table 6.1 were developed to assist in selecting the projects with the
greatest potential to improve the watershed, considering costs and other limitations. The criteria uses a
streamlined rating system of 0, 1, and 2 with 2 being the most desirable ranking and o being the least
desirable ranking.
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Table 6.1 - Criteria for ranking and prioritizing watershed improvement projects.

Criteria Description

Public Land

Is the project situated
on public land?

o
Land is privately
owned.

1
Land is partially
publicly owned or
within an easement
dedicated to a local
government.

2
Land is entirely
owned by or within
an easement
dedicated to the
City of Alpharetta.

Fecal Coliform

Does the project
reduce fecal coliform

No. The project does
not reduce fecal

The project can
prevent against

Yes. The project will
reduce fecal

reduce sediment
loading in the
watershed?

not reduce sediment
loading.

moderately reduce
sediment loading.

loading in the coliform loading. future fecal loading. | coliform loading.
watershed?

Capital Cost What is the capital Cost is >$1 million Cost ranges from Cost is <$100,000
costs required to $100,000 to $1
construct the project? million

Sediment Does the project No. The project does | The project can The project can

substantially reduce
sediment loading.

Constructability

How difficult is the
project to construct.
l.e. permits, access,
easement acquisition,
utility conflicts?

The project requires
extensive acquisition
of easements and
permitting from
state/federal levels.

The project requires
minimal easement
acquisition and
permitting on a local
level.

The project requires
no easement
acquisition and no
permitting.

improve its
surrounding
environment?

neither add nor
detract from its
environment.

moderately improve
the surrounding
environment.

Flood Risk Does the project The project provides | The project provides | The project

Mitigation reduce flooding no flood risk flood risk mitigation | provides flood risk
concerns in the mitigation. but at a level of mitigation at a level
surrounding service less than the | of service equal or
community? 100-year event. greater than the

100-year event.

Community Does the community The community has | The community has | The community has

Involvement have direct stake in the | no directimpacton | moderate substantial access
success of the project the project. interaction to and to and influence
and/or access to the some influence over | over the success of
project? the success of the the project.

project.
Aesthetics Overall, will the project | The project will The project will The project will

substantially
improve the
surrounding
environment.

Shared Cost

Are there cost sharing
opportunities for the
project including other
governments, utilities,
and/or grants?

There are no
additional
stakeholders and no
potential for shared
costs.

There is an
additional
stakeholder and/or
moderate potential
for shared costs.

There are numerous
stakeholders and
high potential for
shared costs.
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City of Alpharetta | Long Indian Creek Watershed Improvement Plan | B4




In order to determine a projects final score, the following equation was used to analyze each categories’ score:
Points Total = (FC+C+S+E+FL+1+ A+ SC) XL

Where: L = Public Land Score
FC = Fecal Coliform Score
C = Capital Cost Score
S = Sediment Score
E = Constructability Score
FL = Flood Risk Mitigation Score
I = Community Involvement Score
A = Aesthetics Score
SC = Shared Cost Score

Based on the above scoring criteria and the ranking equation, the scores and ranks are provided for each
project in Table 6.2. The maximum score a project could receive is 32 points.
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Table 6.2 - Prioritization and Ranking Scores for Recommended Project List.

Flood
Public Fecal Capital Construct- Risk Community Shared
Land Coliform Cost | Sediment ability Mitigation Invlvment @ Aesthetics Cost
Description L C S E FL I A SC Score
Dog Waste Station &
1 Public Education 2 2 2 0 2 0 2 0 2 20

Stream Restoration
and Sanitary Sewer
2 Protection Project 1 1 0 0 2 0 0 1 2 2 7
Stream Restoration
and Sanitary Sewer
3 Protection Project 2 1 0 1 2 0 0 1 2 2 8
Stream Restoration
and Sanitary Sewer
4 Protection Project 3 1 0 1 1 0 0 1 2 2 7
Stream Restoration
and Sanitary Sewer
5 Protection Project 4 1 0 1 2 0 0 1 2 2 8
Stream Restoration
and Sanitary Sewer

6 Protection Project 5 1 0 2 1 0 0 1 2 2 8
Pinehollow Court
Neighborhood

7 Flooding 1 0 1 0 1 1 0 0 0 3
Tuxford Neighborhood

8 Flooding 1 0 1 0 0 1 0 0 0 2

Birch Rill Drive Capital
Improvement Project
9 No. LIC_0100_1 1 0 1 0 1 2 0 0 0 4
Waters Road Enhanced
Dry Swales Project 1

10 (North) 2 0 2 2 1 1 0 1 1 16
Waters Road Enhanced
Dry Swales Project 2

11 (South) 2 0 2 2 2 1 0 1 1 18
Bacterial Source
12 Tracking (BST) 2 2 2 0 2 0 0 0 2 16
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6.

Capital Improvement Plan — Final recommended list of watershed improvement projects which includes the
rationale for inclusion, overall potential to address objectives, estimated project costs, funding potential, and
preliminary schedule for implementation.

Section 6.2.2.2 Structural Management Measures

APPENDIX C: PROJECT SHEETS

Section 6.5.1 Cost Estimate

Section 6.5.2 Partnership and Technical & Financial Assistance Opportunities
Section 6.4 Implementation Schedule

Non-structural management measures can provide a wide range of options to address nonpoint source
pollution. Additionally, non-structural measures tend to be less expensive than structural options. Therefore
when working to reduce nonpoint source pollution, non-structural methods can initially be implemented,
along with any complementary structural methods, to attempt to reach pollution reduction goals before
making large investments in structural methods. Below is a list of non-structural management measures:

Dog Waste Stations and Public Education
Bacterial Source Tracking

Before-and-After Fecal Coliform Monitoring
Repair Damage BMPs

Encourage Restoration of Stream Buffers
Remove Debris Jams

Collaborate with Private BMP Owners

NoohowhdE

Rankings are provided in Table 6.3 and are shown in Element 3 of this Appendix. Each project’s potential to
address the Watershed Improvement Plan’s objectives are further elaborated upon in APPENDIX C:
PROJECT SHEETS.

Capital cost estimates for each recommended project are shown in Table 6.4 in Element 4 of this Appendix.
Additionally, the project sheets in APPENDIX C: PROJECT SHEETS provide a break-down of the associated
costs along with an estimated annual operations and maintenance cost.

Partnerships are most likely on a local level. One of the most obvious partnerships to address the challenges in
Long Indian Creek is with the City of Johns Creek, as the Long Indian Creek Watershed spans both the
political boundaries of Alpharetta and Johns Creek and a SQAP already exists between the two Cities.
Additional local partners include local homeowners associations and/or other groups willing to sponsor dog
waste stations. For instance, the City of Alpharetta could provide the initial funds for installation of the dog
waste stations. These stations could then be adopted by homeowners associations or local businesses and/or
community groups that could help maintain dog waste stations and provide continuing education to the
public about proper disposal of dog waste. A further partnering opportunity includes private BMP owners as
all BMPs in the Long Indian Creek Watershed within the City of Alpharetta are privately owned. The City
could actively collaborate with these BMP owners so that the City can help guide upgrades as private owners
elect to implement those measures. Additionally, the stream restoration projects are also focused on
protecting sanitary sewer infrastructure which is operated and maintained by Fulton County. Therefore, there
is the opportunity to jointly complete watershed improvement projects with the goal of minimizing costs for
the City while maximizing the benefits for the watershed.

From a state funding level, there are two major grant opportunities:

3. Section 319(h) Georgia’s Nonpoint Source Implementation Grant
4. Regional Water Plan Seed Grant Funds

The Section 319(h) Grants are actually federally funded and are further discussed in Table 6.5, but the funds
are distributed by the state of Georgia. The Regional Water Plan Seed Grant Fund is designed to encourage
the implementation of management practices from one of the Regional Water Plans. The maximum amount
for the Regional Water Plan Seed Grant is $75,000 and is limited to 60% of the total project cost. Eligible

i
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activities and projects for the Regional Water Plan Seed Grant include: 1) Undertaking programs to address
critical information and/or data needs identified in the Regional Water Plan(s); 2) Tracking and analyzing
available monitoring data and reporting on water resource conditions as identified as needs in the Regional
Water Plan(s); 3) Preparing and distributing technical guidance that can be shared by Regional Water
Councils on management practices that affect common water resources; and 4) Providing technical assistance
to support implementation of Regional Water Plan management practices. It is hoped that this grant money
could help fund the recommended Bacterial Source Tracking project.

There are a multitude of funding options on the federal level with various requirements and eligibility. Based

on a review of available funding sources, the most promising options for the Long Indian Creek Watershed
have been compiled in Table 6.5.

A recommended Watershed Improvement Plan Schedule is provided below.
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Long Indian Creek Watershed Improvement Implementation Plan

Fiscal Year

FY 18

FY 19

FY 20

FY 21

FY 22

Figure 6.3 — Long Indian Creek Watershed Improvement Plan implementation schedule.

Estimated 5-
Date | July 2017 - June 2018 July 2018 - June 2019 Tuly 2019 - June 2020 Tuly 2020 - June 2021 | July 2021 - June 2022 vear Cost
Dog Waste Education £5.000 £5.000 £5.000 $5.000 $5.000 £25.000
Bacterial Source Tracking £25.000 $£25.000 £50.000
#
‘e-—’s Dog Waste Station Installation $25.000 $25,000
[N
Dog Waste Station Maintenance $30.000 £30.000 £30.000 £117.000
Enhanced Dry Swale Installation £162.385 $162.835
Total 5-vear Cost $379 835

Dewberry
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APPENDIX C: PROJECT SHEETS
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Project Overview

The installation of dog waste stations partnered with robust community education
provides the best and most cost-effective opportunity to reduce fecal coliform
loads in the watershed. The most successful results are modeled when dog waste
stations are installed throughout the entire watershed, including in the City of
Johns Creek. It is recommended that dog waste stations are installed every V2
mile along all city streets, especially in neighborhoods where residents are most
likely to walk their dogs.

AFTER YOUR DOG

dog waste bags

please clean up
after your dog N

City of Alpharetta

......
......

D Watershed Boundary
= Alpharetta Street

Johns Creek Streets

- Streams

0 02505 1 1.5
e e Miles

Street Miles No. Waste Stations
City of Alpharetta 25 Miles 50
‘;.'H,-\;,'\ \ M‘\ ik ,gl..v. City of Johns Creek 55 Miles 110
SVRTFRY LA N , 1 " “' '

Costs are based on an initial cost of $500 per waste station with a
predicted weekly maintenance cost of $15. Homeowner Associations
provide potential partnering vehicles for the Cities to help defray the
maintenance costs of dog waste stations located in neighborhoods.

Initial Capital Cost $25,000 $55,000
Annual Maintenance Cost $39,000 $85,800
Annual Public Education Cost $5,000 $5,000
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Educational image from the City of Alpharetta and the Clean Water Campaign.
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2500
To demonstrate the expected benefits from installation of
dog waste stations in the City of Alpharetta and Johns Creek,
the following scenarios were compared : 2000
[
* Scenario 1: Existing conditions model S 1500
* Scenario 2: Dog waste stations and community E
education are implemented in all areas of the watershed £
that are part of the City of Alpharetta and two ‘hotspot’ S 1000--
areas within Johns Creek S
* Scenario 3: Dog waste stations and community "
education are implemented throughout the entire 500+
watershed including the City of Johns Creek
0 I I I I
1Fni 8 Fri 15 Fri 22 Fri 1 Sun
Apr 2016 Date/Time

Comparison of expected fecal coliform loads for Scenarios 1, 2, and 3 at the furthest downstream sampling site based on sampling results
from April 2016. For April 2016, Scenario 2 is expected to reduce fecal loading by 19% and Scenario 3 is expected to reduce fecal loading by
47% at the most downstream site.
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Project Overview

Project 1 of the Stream Restoration and Sanitary Sewer Protection Plan extends 3800 feet upstream from the
confluence of Long Indian Creek with Big Creek (labeled Zone 1 in the map). The stream can be accessed from
a park located on High Hampton Chase and via a sewer easement that traverses alongside the stream. Based
on conditions observed during the stream walk, a Priority 3 Stream Restoration Project using natural channel
design techniques is recommended to create a more stable plan form and profile and to reconnect the stream
to the historic floodplain. Further, there are two exposed sanitary sewer pipes along this section of stream
where cross vanes are recommended to be placed immediately downstream to raise the streambed and bury
the pipes, protecting them against debris jams which could break the pipes. .
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Reduce TSS load by approximately 575 tons/year

Reduce stream velocity

Protect existing sanitary sewer infrastructure and prevent
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« Improve stream habitat

» Improve aesthetics of stream
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A typical cross vane detail that would be installed to protect sanitary sewer
infrastructure

Exposed pipe located at 600 feet upstream of the
confluence.
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Clearing & Grubbing $50,000 $350,000
Erosion Control LF 3,800 $o5 $95,000
Earthwork CY 5,700 $15 $85,500
Riparian Buffer Plantings LF 3,800 $35 $133,000
Stream Structures (Cross-Vane, J-Hook, etc.) — Large EA > $35,000 $70,000
Stream Structures (Cross-Vane, J-Hook, etc.) — Medium EA o $25,000 $0
Stream Structures (Cross-Vane, J-Hook, etc.) — Small EA o $15,000 $0
Construction Sub-Total $733,500
Engineering and Permitting (25%) $183,375
Contingency (20%) $183,375
! & Deeply Incised Capital Cost $1,100,250 A severely incised bank typical of the lower section of Long Indian Creek.
Streambanks
Annual Maintenance Cost $250
9192016 Damaged pipe send sewage into Chattahoochee tributary | News
Nearly 1,500 gallons of sewage spilled into a tributary of the Chattahoochee River in the "
W area on Labor Day because of a damaged pipe,a e - - -
- official announced on Tuesday.
il s The water department said the spill occurred on a gravity sanitary sewer line at « = - -
reamoanx i1s
regraded back xo/, Director of Permitting and Regulatory Services .« did not specify what type of damage the
RIRENG SR0NS , : pipe had, but he said in a statement that it was caused a build up of logs and debris.
configuration Active Active
floodplain is floodplain is
recreated recreated
Graphic showing 1nc1‘sed- banks and ideal banks after regarding (Santa A debris jam below an incised bank. Debris jams have the
Clara Valley Water District, 2016). . . .
potential to cause flooding and damage infrastructure.
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Project Overview

Project 2 of the Stream Restoration and Sanitary Sewer Protection Plan extends 2500 feet
upstream along Long Indian Creek Tributary 3 from the confluence with Long Indian Creek
(labeled Zone 2 in the map). Since there are no community open spaces near Tributary 3, the
stream must be accessed through private property. The best entry point is off of New Heritage
Drive where the lot sizes are larger and a sewer easement that runs parallel to the tributary can be
easily reached. Based on conditions observed during the stream walk, a Priority 3 Stream
Restoration Project using natural channel design techniques is recommended to create a more
stable plan form and profile and to reconnect the stream to the historic floodplain. Further, there
are two exposed sanitary sewer pipes along this section of stream where cross vanes are
recommended to be placed immediately downstream to raise the streambed and bury the pipes,
protecting them against debris jams which could break the pipes.

Priority 3 Restoration

New Stable Channel

Narrow Floodplain

Graphic showing the construction of stabilized banks to help reconnect the stream with
its historic floodplain (FWS, 2016).

A 0 005 0.1 0.2 0,3.es \; / ~ ﬁx 7_/
Legend |

Watershed Boundary \ndian creeK
B2 Restoration Zone 2 Long
we
\ Streams il o
water®

An incised stream bank that has migrated
laterally towards sanitary sewer running
parallel to the stream. Further, migration
could compromise the infrastructure.
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Clearing & Grubbing $50,000 $200,000 « Reduce TSS load by approximately 220 tons/year
- * Reduce stream velocity
LF 2,500 $25 $62,500 «  Provide grade control along the stream
Wi i cy 6 $15 S5 * Protect §X1st1ng sanlta.ry sgwer infrastructure gnd prevent future
fecal coliform contamination from damaged pipes
Riparian Buffer Plantings LF 2,500 $35 $87,500 * Improve stream habitat
» Improve aesthetics of stream
Stream Structures (Cross-Vane, J-Hook, etc.) — Large FA 0 $35,000 $0
Stream Structures (Cross-Vane, J-Hook, etc.) — Medium EA 1 $25,000 $25,000
Stream Structures (Cross-Vane, J-Hook, etc.) — Small EA 1 $15,000 $15,000
Construction Sub-Total $446,250
Engineering and Permitting (25%) $111,563
Contingency (20%) $111,563
Capital Cost $669,375
Annual Maintenance $250

A sample cross vane from a completed project. The cross vane would be placed
just downstream of the exposed sanitary sewer pipe. This would provide grade
control for the stream, and protect the sanitary sewer pipe from future damage

Expsed pipe in the upper part of the sream restoration | Exposed pipe n the lower part of the stream restoration during flooding events.

zone. The stream is sufficiently degraded to expose the zone. The stream is sufficiently degraded to expose the

push-on joint. push-on joint.
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Long Indian Creek Watershed Improvement Plan ALPHARETTA SHEET C.6
WIP #3 — Stream Restoration and Sanitary Sewer Protection Project 2 ’tgg,, Dewberrsf




Project Overview

Project 3 of the Stream Restoration and Sanitary Sewer Protection Plan extends 500 feet
downstream along Long Indian Creek from the confluence of Long Indian Creek with Tributary 3
(Iabeled Zone 3 in the map). The stream can be accessed from a park located on Waters Mill
Drive and via a sewer easement that traverses parallel the stream. Based on the stream walk, the
restoration measures called for include bank stabilization measures which involve using tree
stumps, geotextile fabrics, plants, stone, and other materials to reduce erosion on banks that
have been regarded to better connect the stream to its historic floodplain. Further, there is one
exposed sanitary sewer pipe which requires protection with a cross vane.
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Benefits

» Reduce TSS load by approximately 55 tons/year

* Reduce stream velocity

» Provide grade control along the stream

» Protect existing sanitary sewer infrastructure

» Prevent future fecal coliform contamination from damaged pipes
« Improve stream habitat

* Remove of invasive plant species

« Improve aesthetics of stream

The two drawings to the left provide typical riffle and pool cross sections for regraded stream

banks.
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Cross section
Not to scale

Clearing & Grubbing $50,000 $50,000
Erosion Control LF 500 $25 $12,500
Earthwork CY 750 $15 $11,250
Riparian Buffer Plantings LF 500 $35 $17,500
Stream Structures (Cross-Vane, J-Hook, etc.) — Large EA 1 $35,000 $35,000
Stream Structures (Cross-Vane, J-Hook, etc.) — Medium EA 0 $25,000 $0 o o sk
> Stream-forming flow )
Stream Structures (Cross-Vane, J-Hook, etc.) — Small EA 0 $15,000 $0
Live cutting
. 1/2to 1 122 inches in diameter
Construction Sub-Total $126,250 —
oe prolection
Note:
Engineering and Permitting (25%) $31,563 e
the time of installation.
Contingency (20%) $31,563 : : S o T s
Live staking detail. Live staking is an effective bioengineering method to stabilize
Capital Cost $189,375 banks (GA DNR, 2011).
Annual Maintenance Cost $250

Exposed sanitary sewer pipe. A grade-control structure Severely eroded stream bank section of Long Indian el B g

such as a cross vane can be installed to protect the pipe. Creek recommended for stream restoration. Live staking along stream bank (Kingsport, 2016).
CITY OF ALPHARETTA
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Project Overview

Project 4 of the Stream Restoration and Sanitary Sewer Protection Plan extends 2000 feet
upstream along Long Indian Creek from Waters Road (labeled Zone 4 in the map). The site can
be accessed from Waters Road, and then a sanitary sewer easement can be used to traverse the
stream length. Based on the stream walk, the restoration measures called for are a mixture of
Rosgen Priority 3 Channel Restoration, bank stabilization, and bank protection groups. Bank
protection groups differ from bank stabilization because bank protection groups utilize structural
methods to protect banks while bank stabilization employs non-structural techniques to resist
bank erosion. Further, there are three exposed sanitary sewer pipes along this section of stream

which require protection with cross vanes.

Z Existing vegetation, plantings or
Cross section soil bioengineerix"lg systems

Not to scale

Stream-forming flow
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Log, rootwad, and boulder revetment. Example of a bank protection group
(GA DNR, 2011).
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Plan view of rootwad revetment.
Rootwad revetments prevent bank
erosion and provide excellent
habitats (SMRC, 2016).

Profile view of single boulder revetment. Although boulder revetments do prevent
erosion, they offer limited potential for improving in-stream habitats (SMRC, 2016).
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Exposed sanitary sewer pipe near the downstream end of the

project.
BATYS:

» Reduce TSS load by approximately 220 tons/year

* Reduce stream velocity

» Provide grade control along the stream

» Protect existing sanitary sewer infrastructure

» Prevent future fecal coliform contamination from
damaged pipes

« Improve stream habitat

» Remove of invasive plant species

» Improve aesthetics of stream

_ Quantity | Unit Price | Total Price Exposed sanltary sewer pipe near the center of the restoration proj ject.

The pipes are attached with a flange joint, and therefore not as

Clearing & Grubbing $50,000 $150,000 susceptible to damage during flood events.
Erosion Control LF 2,000 $25 $50,000 |
Earthwork CY 3,000 $15 $45,000
Riparian Buffer Plantings LF 2,000 $35 $70,000
Stream Structures (Cross-Vane, J-Hook, etc.) — Large EA 3 $35,000 $105,000
Stream Structures (Cross-Vane, J-Hook, etc.) — Medium FA o $25,000 $0
Stream Structures (Cross-Vane, J-Hook, etc.) — Small EA 0 $15,000 $0
Construction Sub-Total $420,000
Engineering and Permitting (25%) $105,000
Contingency (20%) $105,000 » A ; =~
CapitalCost $630,000 Eaposl i sonrpipe v e apsteam e f e pjet Al
Annual Maintenance Cost $250 pipe during a flood event.
CITY OF ALPHARETTA
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Project Overview

Project 5 of the Stream Restoration and Sanitary Sewer Protection Plan only incorporates the
couple hundred feet of Long Indian Creek directly downstream of Buice Road (labeled Zone 5 in
the map). Access to the site can be gained from a park off of Buice Road. The stream is in
relatively good condition in this reach. Therefore, only a minor amount of grade control is
suggested just downstream of the exposed sanitary sewer pipe to protect it from future damage
and further reduce stream velocities in the affected area.

0.1
Mlle S

Legend

D Watershed Boundary
m Restoration Zone 5

Streams

peoy aoing

Open park area near the exposed sanitary sewer pipe. The park
provides an area for the community to interact with the /
stream.

Benefits

Clearing & Grubbing 0.5 $50,000 $22,957
Erosion Control LF 200 $25 $5,000
Earthwork CY 300 $15 $4,500
Riparian Buffer Plantings LF 200 $35 $7,000
Stream Structures (Cross-Vane, J-Hook,

etc.) — Large EA ° $35,000 e
Stream Structures (Cross-Vane, J-Hook, EA 1 $25,000 $25.000
etc.) — Medium 2 >
Stream Structures (Cross-Vane, J-Hook, EA o $15,000 $0

etc.) — Small

Construction Sub-Total $64,457
Engineering and Permitting (25%) $16,114
Contingency (20%) $16,114

Capital Cost $96,685

Annual Maintenance Cost $250

Exposed sanitary sewer pipe. A cross vane can be
installed downstream of the pipe to protect it from future
"% damage and improve the aesthetics of the surrounding
& park.

Reduce TSS load by approximately 15 tons/year

Reduce stream velocity

Provide grade control along the stream

Protect existing sanitary sewer infrastructure

Prevent future fecal coliform contamination from damaged pipes
Improve stream habitat

Improve aesthetics of stream

Provide an opportunity for the community to interact with the stream
Educate the public about the Long Indian Creek stream restoration in a
highly visible location

CITY OF ALPHARETTA
Long Indian Creek Watershed Improvement Plan
WIP #6 — Stream Restoration and Sanitary Sewer Protection Project 5
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Project Overview

Pinehollow Court is a neighborhood, composed of two streets, located off of Buice Road. Construction related items are p.opulgted in the datab.ase to serve as Input dat.a for
There are no drainage complaints within the neighborhood, and the Dewberry field team the Stormwater System Cost Estimation Tool. These items include the following:
was not approached with system flooding complaints by any residents. However, the « CIPP rehabilitation, inversion setup, and pipe cleaning
existing model indicates that 11 of the 15 pipes within the neighborhood are undersized. « Pipe removal and replacement
In the most severe case, an 18-inch pipe at the outlet of the system requires on upgrade « Depth to top of the pipe for depths over 8’
to a 48-inch pipe to meet the 25-year level of service. Therefore despite the lack of City or « Structure removal and replacement
resident complaints, the Dewberry team has identified the Pinehollow Court « Unsuitable haul-off allowances
neighborhood as a candidate for system improvements based on model-indicated, « Driveway, sidewalk, and street cut replacement
neighborhood-wide flooding. e Silt Fence and Sod
T J
° 51V g & ( 18" RCP Pipe (L.F.) $60.0 $2,149.8
' o 3 3 &7 /4% \® 24" RCP Pipe (L.F.) 451 $65.0 $20,318.8
g Q“" 48" RCP Pipe (L.F.) 83 $150.0 $12,454.1
g o Catch Basin Complete, Group 1 or 2 (V.F.) 13 $500.0 $6,400.0
f ° \f/; Headwall for 24" Pipe (Each) 1 $600.0 $600.0
/ ‘f ., o Headwall for 48" Pipe (Each) 1 $1,400.0 $1,400.0
<. ; W @ Manhole Complete, Type 1 or 2 (V.F.) 6 $500.0 $3,000.0
& 53 ] m@ %"‘ . Yard Inlet All Types Complete, Group 1 or 2 (V.F.) 12 $600.0 $7,080.0
R\ W wrgr T A ot 40843 pSREEES _ 40835 i Depth to Top of Pipe (< 8.1') (L.F.) 570 $0.0 $0.0
R P §: i h Driveway (6" Concrete) (S.Y.) 1 $60.0 $68.1
%, F 10 Haul Off Unsuitables and Classified Stone Backfill (C.Y.) 397 $60.0 $23,816.2
\ e K Removal of Existing Drainage Structures (Each) 8 $500.0 $4,000.0
o ° Al ‘=; Remove Existing Pipe, All Types and Sizes (L.F.) 570 $25.0 $14,247.9
& - 2 < Silt Fence Type C, Complete (L.F.) 1615 $4.0 $6,458.4
2 < & Sodding Complete (S.Y.) 1418 $7.0 $9,928.3
) L 1Y N - Street Cut (Detail C) (S.Y.) 82 $75.0 $6,129.8
g, v V% : Fa | CIPP 18" (L.F.) 210 $102.0 $21,371.4
: 0854“ : g BV 18" Pipe - Cleaning less than 25% full (L.F.) 210 $4.0 $838.1
v g : /N Inversion Setup Charge 15"-36" CIPP (Each) 2 $1,740.0 $3,480.0
e § 5% ~ Construction Sub-Total $152,741
gl f pd ‘ E 125 25D 500 Engineering and Permitting (20%) $30,550

[ ee—— xS

Contingency (20% 6,658
Location of the Pinehollow Court Neighborhood and its existing stormwater system. Red pipes do gency (20%) $36,65
not meet the 25-year level of service, and blue pipes do meet the 25-year level of service. Pipe Capital Cost $219,950

Facility ID Numbers are displayed next to each pipe and can be related to the upgrade scenario

tables and the system analysis database. Annual Maintenance Cost $500
CITY OF ALPHARETTA
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| +  Provide flood control to an entire neighborhood
0 5 »  Enable access to neighborhood by emergency vehicles during storm events
*  Address potential roadway and structure flooding within neighborhood
|
[T The database presents upgrade scenarios,
detailing pipe size and pipe material, for
the following five options:
" Scenario 1: Cured-in-Place Pipe (CIPP)
Scenario 2: Replace like size with HDPE
- Return “Not Applicable” where
/ limitations exists
. Scenario 3: Replace like size with RCP
Scenario 4: Replace pipe to meet desired Level
of Service HDPE
"""""""""" e Return “Not Applicable” where
limitations exists
- Maximum Hydraulic Grade Line (HGL) for an existing portion of the Maximum Hydraulic Grade Line (HGL) for an upgraded portion of the Scenario 5: Replace pipe to meet desired Level
Pinehollow Court neighborhood stormwater system. Currently, all nodes flood ~ Pinehollow Court neighborhood stormwater system. In the upgrade of Service RCP
in the 25-year storm event. scenario, none of the nodes flood during a 25-year storm event.
| bdstingConditons | scenarioz | seemaio2 | scenarioa | scenarioa | scenarios |
Facility Diameter Level of Diameter Level of Diameter Level of Diameter Level of Diameter Level of Diameter Level of
ID Shape Material (inch) Service (years) Material (inch) Service (years) Material (inch) Service (years)  Material (inch) Service (years)  Material (inch) Service (years)  Material (inch) Service (years)
e85 circular RC 18 5 RL 18 10 RC 18 10 RC 18 10 RC 18 25 RC 18 25
68370 circular co 18 5 RL 18 10 PT 18 10 RC 18 10 PT 18 25 RC 18 25
o839 circular PL 12 1 RL 12 2 PT 12 2 RC 12 2 PT 18 25 RC 18 25
o83 circular co 18 2 RL 18 5 PT 18 5 RC 18 5 PT 18 25 RC 18 25
o8N circular RC 18 1 RL 18 2 PT 18 2 RC 18 2 PT 18 25 RC 18 25
o845 circular co 18 <1 RL 18 1 PT 18 1 RC 18 1 PT 24 100 RC 24 100
S8 circular co 18 <1 RL 18 <1 PT 18 <1 RC 18 <1 PT 24 25 RC 24 25
468490 circular co 18 <1 RL 18 <1 PT 18 <1 RC 18 <1 PT 48 25 RC 48 25
140852 circular RC 18 100 RL 18 100 RC 18 100 RC 18 100 RC 18 100 RC 18 100
140854 | Circular RC 18 100 RL 18 100 RC 18 100 RC 18 100 RC 18 100 RC 18 100
140856 | Circular RC 18 100 RL 18 100 RC 18 100 RC 18 100 RC 18 100 RC 18 100
140858 | Circular RC 18 100 RL 18 100 RC 18 100 RC 18 100 RC 18 100 RC 18 100
HS860N circular RC 18 5 RL 18 10 RC 18 10 RC 18 10 RC 18 25 RC 18 25
1468620 cCircular RC 18 1 RL 18 5 RC 18 5 RC 18 5 RC 18 25 RC 18 25
Mo8eN circular co 18 2 RL 18 5 PT 18 5 RC 18 5 PT 24 25 RC 24 25
CITY OF ALPHARETTA PN
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Tuxford is a neighborhood located off of Kimball Bridge Road. Stormwater runoff within the neighborhood is
conveyed by a closed stormwater system. For this analysis, the focus will be on the pipes spanning Tuxford
Drive between Dunoon Drive and Grenadier Lane. There are several drainage complaints in the area
surrounding the pipes. Two complaints are for erosion and one complaint is for structure maintenance.
Additionally, the Dewberry field team was approached by residents during their surveying. Several residents
described persistent system flooding and erosion. Further, the existing model corroborates the accounts of
residents and indicates flooding due to insufficient capacity in the four most downstream pipes of the system.
Due to drainage complaints from the City, resident complaints, and model-verified system flooding, the
Dewberry team has identified the Tuxford neighborhood as a candidate for system improvements.

LR
Unit Cost | Total Cost |,

90" RCP Pipe (L.F.) 142 $490.0 $69,362.9
Catch Basin Complete, Group 1 or 2 (V.F.) 13 $500.0 $6,650.0
Headwall for 90" Pipe (Each) 1 $3,750.0 $3,750.0
Depth to Top of Pipe (8.1' - 12.0") (L.F.) 142 $50.0 $7,077.9
Haul Off Unsuitables and Classified Stone Backfill (C.Y.) 544 $60.0 $32,648.8
Removal of Existing Drainage Structures (Each) 2 $500.0 $1,000.0
Remove Existing Pipe, All Types and Sizes (L.F.) 142 $25.0 $3,538.9
Silt Fence Type C, Complete (L.F.) 414 $4.0 $1,655.0
Sodding Complete (S.Y.) 744 $7.0 $5,206.7
Street Cut (Detail C) (S.Y.) 64 $75.0 $4,765.8
CIPP 36" (L.F.) 236 $306.0 $72,067.0
CIPP 48" (L.F.) 237 $510.0 $121,007.2
CIPP 54" (L.F.) 95 $1,030.0 $97,766.6
CIPP 60" (L.F.) 25 $882.0 $21,657.5
36" Pipe - Cleaning Less Than 25% Full (L.F.) 236 $6.0 $1,413.1
48" P'1pe - Clean'lng Less Than 25% Full (L.F.) 237 $9.0 $2,135.4 Location of the Tuxford Neighborhood and its existing stormwater system. Red pipes do not meet the 25-
54" Pipe - Cleaning Less Than 25% Full (L.F.) 95 $9.0 $854.3 year level of service, and blue pipes do meet the 25-year level of service. Pipe Facility ID Numbers are
60” Pipe - Cleaning Less Than 25% Full (L.F.) 25 $11.0 $270.1 displayed next to each pipe and can be related to the upgrade scenario tables and the system analysis
Inversion Setup Charge 15"-36" CIPP (Each) 1 $1,740.0 $1,740.0 database.
Inversion Setup Charge 42"-60" CIPP (Each) 4 $4,140.0 $16,560.0
iy baceentingy el e S (207) $94,226 Construction related items are populated in the database to serve as input data for the
Contingency (20%) $113,071 Stormwater System Cost Estimation Tool. These items include: 1) CIPP rehabilitation,
. inversion setup, and pipe cleaning; 2) Pipe removal and replacement; 3) Depth to top of the
CapitalCost $678,425 pipe for depths over 8’; 4) Structure removal and replacement; 5) Additional excavation
Annual Maintenance Cost $500 allowances; 6) Driveway, sidewalk, and street cut replacement; and 77) Silt Fence and Sod

CITY OF ALPHARETTA
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HGL

HGL

. . . Conduit 36131 Conduit 36195 Conduil 36272 Conduil 36276 Conduit 36230 Conduit 36264 Conduit 200059
Conduit 36131 Conduit 36195 Conduit 36272 Conduit 36278 Conduit 36280 Conduit 36284 Conduit 200053 4 Y o 2 4 . 2
Flow =54.235 ofs Flow =54.133 o5 Flow = 118.127 cfs Flow = 131.732 cfs Flow = 133.959 ofs Flow = 138.611 oz Flow = 178 604 ¢5 Flows = 54.167 ofs Flow =54.114cfs Flows = 103.135 o= Flow = 104 344 ofs Flovs = 116 275 o5 Flow = 130,649 ofs Flow = 174,681 cf=

The database presents upgrade scenarios, detailing
pipe size and pipe material, for the following five
options:

1055 1055

1050 1050

. Scenario 1: Cured-in-Place Pipe (CIPP)
Scenario 2: Replace like size with HDPE

Return “Not Applicable” where limitations
exists

Scenario 3: Replace like size with RCP
Scenario 4: Replace pipe to meet desired Level of
Service HDPE

Return “Not Applicable” where limitations
exists

1040

1035

1025

1020

1 100 200 00 400 B0 700 200 o [ 100 200 300 400 s00 500 700 200 o Scenarlo 5: Replace plpe to meet deSIred Level Of
B GAEn e 0T BTm OETe Ba 5BW EWe B 5%e 50e 5Tm 0. 5%w 8% Service RCP

Maximum Hydraulic Grade Line (HGL) for an existing portion of Maximum Hydraulic Grade Line (HGL) for an upgraded portion of the

the Tuxford neighborhood stormwater system. Currently, the four Tuxford neighborhood stormwater system. In the upgrade scenario,

most downstream pipes have insufficient capacity. none of the nodes flood during a 25-year storm event.

| edstingConditions | scemarioz | scenaio2 | Scemario3 | scenarioa | Scemarios ____|

Facility Diameter Level of Diameter Level of Diameter Level of Diameter Level of Diameter Level of Diameter Level of
ID Shape Material (inch) Service (years) Material (inch) Service (years) Material (inch) Service (years)  Material (inch) Service (years)  Material (inch) Service (years)  Material (inch) Service (years)
_ Circular CO 48 100 RL 48 100 PT 48 100 RC 48 100 PT 48 100 RC 48 100
_ Circular Cco 48 100 RL 48 100 PT 48 100 RC 48 100 PT 48 100 RC 48 100
_ Circular RC 48 100 RL 48 100 PT 48 100 RC 48 100 PT 48 100 RC 48 100
_ Circular CO 54 2 RL 54 2 PT 54 2 RC 54 2 PT 54 100 RC 54 100
_ Circular CO 60 1 RL 60 1 PT 60 1 RC 60 1 PT 60 100 RC 60 100
_ Circular RC 72 2 RL 72 2 RC 72 2 RC 72 2 RC 72 100 RC 100
_ Circular co 72 2 RL 72 2 RC 72 2 RC 72 2 RC 90 100 RC 0 100
_ Circular (6/0) 18 100 RL 18 100 PT 18 100 RC 18 100 PT 18 100 RC 8 100
_ Circular CoO 36 100 RL 36 100 PT 36 100 RC 36 100 PT 36 100 RC 36 100
_ Circular PT 12 25 RL 12 25 PT 12 25 RC 12 25 PT 12 25 RC 12 25

Only pipe 36284 requires an upgrade from a 72-inch diameter pipe to a 90-inch diameter pipe in order to meet a 25-year level of service. Normally, this is an ideal solution as upgrades are limited to a single pipe in
order to meet the requirements of the entire system. Unfortunately, the size of the pipe and the its location between two houses could present construction site constraints. The trench cut required to install the larger
pipe would overlap with existing houses, making it impossible to install the larger pipe needed to meet the 25-year level of service. Therefore, alternate solutions, such as a parallel system would need to be explored as
potential solutions.
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° J The database presents upgrade scenarios, detailing pipe size and pipe
PI'OJ ect Overview material, for the following five options:

CIP No. LIC_o0100_1 is the Birch Rill Drive Culvert that spans Long Indian Creek Tributary 1. In the December 2011 CIP Report, Scenario 1: Cured-in-Place Pipe (CIPP)

the HEC-RAS model indicated that the culvert overtops during the 5-year storm event. Due to this overtopping frequency, the Scenario 2: Replace like size with HDPE
CIP was ranked 5t. In this 2016 WIP Report, each CIP was reassessed using a SWMM model. Often the more granular, Return “Not Applicable” where limitations exists
hydrodynamic SWMM model allows for improved routing and attenuation when compared to steady state HEC-RAS models. Scenario 3: Replace like size with RCP
Therefore, it is not uncommon for the level of service to increase for CIPs when they are analyzed using a SWMM model. In the Scenario 4: Replace pipe to meet desired Level of Service HDPE
case of CIP No. LIC_0100_1, the SWMM model indicated an improved level of service from a 5-year overtopping frequency to a Return “Not Applicable” where limitations exists
10-year overtopping frequency. Although the SWMM model does indicate an increase of the service level for LIC_0100_1 for Scenario 5: Replace pipe to meet desired Level of Service RCP
Birch Rill Drive, an upgrade to a 54” pipe is required to meet the 25-year level of service.
SRV R RO B 54" RCP PIPE (L.F.) $175.0 $32,200.7
' 5 X HEADWALL FOR 48" PIPE (EACH) 1 $1,400.0 $1,400.0
HEADWALL FOR 54" PIPE (EACH) 1 $1,600.0 $1,600.0
WEIR (EQUIV TO YI FOR PURPOSE OF COST) (V.F.) 10 $600.0 $6,084.0
DEPTH TO TOP OF PIPE (< 8.1") (L.F.) 184 $0.0 $0.0
DRIVEWAY (6" Concrete) (S.Y.) 39 $60.0 $2,365.8
Haul Off Unsuitables and Classified Stone Backfill (C.Y.) 038 $60.0 $56,255.6
REMOVAL OF EXISTING DRAINAGE STRUCTURES (EACH) 3 $500.0 $1,500.0
REMOVE EXISTING PIPE, ALL TYPES AND SIZES (L.F.) 184 $25.0 $4,600.1
SILT FENCE TYPE C, COMPLETE (L.F.) 479 $4.0 $1,915.1
SODDING COMPLETE (S.Y.) 567 $7.0 $3,969.4
STREET CUT (Detail C) (S.Y.) 100 $75.0 $7,533.7
CIPP 18" (L.F.) 65 $102.0 $6,589.6
18" PIPE - Cleaning less than 25% full (L.F.) 65 $4.0 $258.4
INVERSION SETUP CHARGE 15"-36" CIPP (EACH) o $1,740.0 $3,480.0

Construction Sub-Total $129,753
Engineering and Permitting (20%) $25,951
Contingency (20%) $31,141
Capital Cost $186,845

Location of CIP No. LIC_0100_1. Red pipes do not meet the 100-year level of service, and blue pipes do

meet the 100-year level of service. Pipe Facility ID Numbers are displayed next to each pipe. Annual Maintenance Cost $500
|| exstingCondiions | scenariol | scenarb2 | Scenario3 | scenario4 | Scenario5 |

Facility Diameter Level of Diameter Level of Diameter Level of Diameter Level of Diameter Level of Diameter Level of

ID Shape Material (inch) Service (years) Material (inch) Service (years) Material (inch) Service (years)  Material (inch) Service (years)  Material (inch) Service (years)  Material (inch) Service (years)

BN ciccular cO 36 10 RL 36 10 PT 36 10 RC 36 10 PT 54 100 RC 54 100

_ Circular Cco 48 100 RL 48 100 PT 48 100 RC 48 100 PT 54 100 RC 54 100

145604% cCircular  CO 18 <1 RL 18 <1 PT 18 <1 RC 18 <1 PT 18 25 RC 18 25

_ Circular CO 18 <1 RL 18 <1 PT 18 <1 RC 18 <1 PT 18 25 RC 18 25
*Pipe 45604 and 45606 increase their LOS without any upgrades due to improved downstream hydraulics cause by upgrades to pipe 44127 and 44129.
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Project Overview

An enhanced dry swales is recommended along the west side of Waters Road just north of where
Long Indian Creek crosses the road. Due to the lack of public land within the Long Indian Creek
watershed, swales are recommended for reducing runoff and total suspended solids loading into
Long Indian Creek because of their linear nature and lesser land requirements. Based on the
available land, it is estimated that approximately 350 linear feet of swale could be installed. In
total, this installation would treat 2.4 acres of land, of which 0.65 acres (27%) is impervious
cover. The Stormwater Quality Site Development Review Tool, version 2.2, from the Georgia
Stormwater Management Manual was used to predict a runoff reduction volume of 2,559 cubic
feet and a water quality treatment volume of 3,071 cubic feet from runoff from a 1-inch storm.
This storage volume would remove 80% of the TSS from the contributing drainage area.

W

Legend

Enhanced Swale

Streams

0 75 150 300 450
o mmw e Feet

Location of proposed enhanced dry swale along Waters Road. A runoff reduction volume
of 50% and a TSS removal rate of 80% is expected for the area treated by the swale.
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SECTION

Typical schematic for a dry swale from the Georgia Stormwater Management Manual (ARC,

2016)
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_ Total Pricelf | JULCEICRIE

Clearing and Grubbing $25,000
Erosion Control LF 350 $20
Earthwork - Haul off and Engineered Soils CYy 100 $75
Sod Complete SY 800 $10
Check Dam EA 6 $2,500
Plastic Filter Fabric SY 400 $10

Construction Sub-Total
Engineering and Permitting (25%)

Contingency (20%)

Capital Cost

Annual Maintenance Cost

CHECK DAM IF SWALE
SLOPE EXCEEDS 4%

$5,022
$7,000
$7,500
$8,000
$15,000
$4,000
$46,522
$20,000

$13,304

$79,826
$500

DESIGN CRITERIA

« Longitudinal slopes must be less than 4%

« Bottom width of 2 to 8 feet

« Side slopes 2:1 or flatter; 4:1 recommended

« Convey the 25-year storm event with a minimum of 6 inches of
freeboard

ADVANTAGES / BENEFITS

« Combines stormwater treatment with runoff conveyance system
« Less expensive than curb and gutter

« Reduces runoff velocity

DISADVANTAGES / LIMITATIONS

« Higher maintenance than curb and gutter systems
« Cannot be used on steep slopes

« Possible resuspension of sediment

« Potential for odor / mosquitoes (wet swale)

MAINTENANCE REQUIREMENTS

« Maintain grass heights of approximately 4 to 6 inches (dry swale)
« Remove sediment from forebay and channel

POLLUTANT REMOVAL (DRY SWALE)
@ Total Suspended Solids

Metals - Cadmium, Copper.
Lead, and Zinc removal

Nutrients - Total Phosphorus

/ Total Nitrogen removal @ Paiogam = Facal Colsom)

POLLUTANT REMOVAL (WET SWALE)

Metals - Cadmium, Copper.
Laad, and Zinc removal

@ Total Suspended Solids

Nutrients - Total Phosphorus
/ Total Nitrogen removal

@ Pathogens — Fecal Coliform

Check dams can be used for swales whose slopes

exceed 4% as would be the case for this project.

STORMWATER MANAGEMENT SUITABILITY

e Runoff Reduction

@ Water Quality

€ Channel Protection

@ Overbank Flood Protection
@ Extreme Flood Protection

¢ suitable for this practice
% may provide partial benefits

IMPLEMENTATION CONSIDERATIONS

0 Land Requirement

) Capital Cost

o Maintenance Burden
Residential Subdivision Use: Yes
High Density/Ultra-Urban: No
Drainage Area: 5 acres max

Soils: No rastrictions

Other Considerations:
« Permeable soil layer (dry swale)

« Wetiand plants (wet swale}

L=Low M=Moderate H=High

RUNOFF REDUCTION CREDIT

« Dry Swale: 100% of the runoff reduction
volume provided {no underdrain)

« Dry Swale: 50% of the runoff reduction volume

provided (underdrain)

« Wet Swale: 0% of the runoff reduction volume

provided

CITY OF ALPHARETTA
Long Indian Creek Watershed Improvement Plan
WIP #10 — Waters Road Enhanced Dry Swale Project 1 (North)
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Project Overview

An enhanced dry swales is recommended along the east side of Waters Road south of where
Long Indian Creek crosses the road. Due to the lack of public land within the Long Indian Creek
watershed, swales are recommended for reducing runoff and total suspended solids loading into
Long Indian Creek because of their linear nature and lesser land requirements. Based on the
available land, it is estimated that approximately 500 linear feet of swale could be installed. In
total, this installation would treat 2/3 acres of land, of which 0.38 acres (56%) is impervious
cover. The Stormwater Quality Site Development Review Tool, version 2.2, from the Georgia
Stormwater Management Manual was used to predict a runoff reduction volume of 1,347 cubic
feet and a water quality treatment volume of 1,617 cubic feet from runoff from a 1-inch storm.
This storage volume would remove 80% of the TSS from the contributing drainage area.

Example of a dry swale from the Georgia Sormwater Management Manual
(ARC, 2016)
Clearing and Grubbing 0.3 $25,000 $7,174
Erosion Control LF 500 $20 $10,000
Earthwork - Haul off and Engineered Soils CY 200 $75 $15,000
Sod Complete SY 1,200 $10 $12,000
Check Dam EA o) $2,500 $0
Plastic Filter Fabric SY 500 $10 $5,000
N Construction Sub-Total $49,174
E:::‘::d Swale A Engineering and Permitting (25%) $20,000
0 75 10 a0 a0 Contingency (20%) $13,835
Loatln f proposed ehac d swale along Wters Road. A off reduction volume Coyptall Lpes $83,009
of 50% and a TSS removal rate of 80% is expected for the area treated by the swale. Annual Maintenance Cost $500
CITY OF ALPHARETTA _ N
Long Indian Creek Watershed Improvement Plan ALPHARETTA SHEET C.19
WIP #11 — Waters Road Enhanced Dry Swale Project 2 (South) Dewberrv




Identify Sources of

Bacterial Source Tracking, commonly referred to as BST, allows for the determination of the source(s) of fecal Fe Ca I PO l I u t' on
contamination because of variations in DNA sequences between living organisms that make it possible to ; ;
distinguish one organisms from another through molecular biology techniques. This can be done through a process
called Polymerase Chain Reaction (PCR) in which DNA sequences are extracted and amplified to identify and
quantify the presence of microorganisms in water samples based on the unique genetic sequence of that organism
(Source Molecular, 2016). This process is the preferred BST technology (Shanks , 2015), and Source Molecular is
licensed by the EPA to use their patented genetic testing methods developed to identify Human, cattle, chicken,
and dog fecal contamination. It is reccommended that the City of Alpharetta continues to utilize BST technology to
monitor the source(s) of fecal contamination in watersheds. Continued BST monitoring will ensure that the best
and most targeted measures are being used to address fecal coliform contamination within the Long Indian Creek
Watershed. It is anticipated that BST monitoring will cost $25,000 annually, but this cost can be customized to the
City’s needs by adjusting the number of samples and their sampling frequency.

Y ) N
/oA o‘

h "1‘ g

Sample BST Results:
) . Marker Quantified DNA Analytical
SM # Client # Analysis Requested (copies/100 ml) Results
SM-6D13021 Site 1 Dog Bacteroidetes |ID 2.60E+03 Present
SM-6D13022 Site 2 Dog Bacteroidetes |ID 2.96E+04 Present
SM-6D13023 Site 3 Dog Bacteroidetes ID 1.22E+04 Present
SM-6D13024 Site 4 Dog Bacteroidetes |ID 1.72E+04 Present

SM-6D13025 Site 5 Dog Bacteroidetes |ID 2.49E+04 Present

Catellicoccus
marimammalium

- - . ’ AN
ol ‘Wlieobacter

Polyoavirus Bacteroides fragilis

CITY OF ALPHARETTA
Long Indian Creek Watershed Improvement Plan ALPRARETIA SHEET C.20

WIP #12 — Bacterial Source Tracking (BST) “’ Dewberrw




APPENDIX D: LONG INDIAN CREEK STREAM INVENTORY
TECHNICAL MEMORANDUM

: o City of Alpharetta | Long Indian Creek Watershed Improvement Plan | D1
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Worksheet 21. Summary of bank erosion hazard index (BEHI) < | 7€ i

sllﬂllolé LEf'I Banic
‘Bank Erosion Hazard ﬁating Guide
Stream LonGC (WD (AN CLEEReach  SITE | ___ Date 3‘1‘-{ Z'Zo‘ & Crew
Bank Height (ft): (» Bank Height/ Root Depth/ Root Bank Angle Surface
Bankfull Height (ft): > . S Bankfull Ht Bank Height Density % (Degrees) Protection%
Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80
VERY LOW Index 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9
Choice V: I: V: I: V: I: V: I: V: 1:
Value 1.11-1.19 0.89-0.5 79-55 21-60 79-55
= LOow Index 2.0-3.9 2.0-3.9 2.0-3.9 2.0-3£ 2.0-3.9
= Choice V: I: V: I: V: 6v 1 3.5 v 4l 3.2 V- T701 2.¢
9 Value 1.2-1.5 0.49-0.3 54-30 61-80 54-30
8 MODERATE index 4.0-5.9 4.0-59 4.0-5.9 4.0-5.9 4.0-59
£ Choice  [V: I V:D.201 5.9 v I: V: I vV: I;
‘0 Value 1.6-2.0 0.29-0.15 29-15 81-90 29-15
E HIGH Index 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9
X Choice Vi .7 .S v I 2 I: V: I: V: I
E Value 2.1-2.8 0.14-0.05 14-5.0 91-119 14-10
- VERY HIGH Index 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0
Choice V: I: V: I: V: I: V: I: V: I:
Value >2.8 <0.05 <5 >119 <10
EXTREME Index 10 10 10 10 10
Choice V: I: V: I: V: I: V: I: V: I:
V = value, | = index SUB-TOTAL (Sum one index from each column) zﬁ

[Bank Material Description:

|Bank Materials

Bedrock (Bedrock banks have very low bank erosion potential)

Boulders (Banks composed of boulders have low bank erosion potential)

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank material that is composed of sand)

Sand (Add 10 points)

Silt Clay (+ 0: no adjustment)

BANK MATERIAL ADJUSTMEN II )

Stratification Comments:

Stratification
Add 5-10 points depending on position of unstable layers in relation to bankfull stage

STRATIFICATION ADJUSTMEN II 5
2 e A
VERY LOW LOW ODERATE HIGH VERY HIGH EXTREME
5-9.5 10-19.5 20-29.5 30-39.5 40-45 46-50

Bank locati cription (circle one) GRAND TOTAL Z ‘. ﬁ
Straight Reach) Outside of Bend BEHI RATING A
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Worksheet 21. Summary of bank erosion hazard index (BEHI) < (TE Z

RIG T BAnL

Bank Erosion Hazard Rating Guide
Stream LoNE IPDANS GLEBL Reach Sire 72 Date 3_11‘-[ I%L(; Crew S

Bank Height (ft): ], ®» Bank Height/ Root Depth/ Root Bank Angle Surface
Bankfull Height (ft): Z. - 5 Bankfull Ht Bank Height Density % (Degrees) Protection%
Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80
VERY LOW Index 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9
Choice V: I: V: I: \/: I: V: I: V: I:
Value 1.11-1.19 0.89-0.5 79-55 21-60 79-55
= Low Index 2.0-3.9 2.0-3.9 2.0-3.9 2.0-39 2.0-3.9
= Choice  |Vv: I V: I V: I V:6D1:3.9 V-5 ]
9 Value 1.2-1.5 0.49-0.3 54-30 61-80 54-30
nc_’ MODERATE Index 4.0-5.9 4.0-59 4.0-5.9 4.0-5.9 4.0-5.9
£ Choice V: I; V: I: v:-sH 1 0,0 M I \Z I
‘0 Value 1.6-2.0 0.29-0.15 29-15 81-90 29-15
= HIGH Index 6079 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9
x Choice |[V:I.6 1 6.0 WV.o.728:7.4 v I V: I: V: I:
5 Value 2.1-2.8 0.14-0.05 14-5.0 91-119 14-10
@ VERY HIGH Index 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0
Choice V: I: V: I: V: I: V: I: \A I:
Value >2.8 <0.05 <5 >119 <10
EXTREME Index 10 10 10 10 10
Choice V: I: V: I: V: I: V: I: V: :
V = value, | = index ~ SUB-TOTAL (Sum one index from each column) A

IBank Material Description:

|Bank Materials
<&éﬁﬁmBedmck banks have very low bank erosion potential)
Boulders (Banks composed of boulders have low bank erosion potential)
Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank material that is composed of sand)
Sand (Add 10 points)
Silt Clay (+ 0: no adjustment)

BANK MATERIAL ADJUSTMENTI (&)

Stratification Comments:

Stratification
Add 5-10 points depending on position of unstable layers in relation to bankfull stage

STRATIFICATION ADJUSTMENTI (@)

N
VERY LOW Low (’WIODER{\‘T_E_,) HIGH VERY HIGH EXTREME
5-9.5 10-19.5 TT20-29.5 30-39.5 40-45 46-50
Bank location description (circle one) GRAND TOTAL

24 L

Straight Reach Outside of Bend BEHI RATING
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Worksheet 21. Summary of bank erosion hazard index (BEHI) < | T€. 3
LerT Badic
BEA«J € A<T LV 1‘(\1

“Bank Erosion Hazard R Rating Guide

Stream L‘apG lub AN CAEe-Reach ST 3 ___Date 3 M /2016 Crew &)
Bank Height (ft): 5 Bank Height/ Root Depth/ Root ank Angle Surface
Bankfull Height (ft): ‘{,-; Bankfull Ht Bank Height Density % (Degrees) Protection%
Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80
VERY LOW Index 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9
Choice V: I: V- I: \V/: I: V: I: V: I:
Value 1.11-1.19 0.89-0.5 79-55 21-60 79-55
- Low Index 2.0-3.9 2.0-39 2.0-3.9 2.0-3.9 2.0-3.9
= Choice  Jv: I V: t: V:6D 1. § B v: 701 B.2
9 . Value 1.2-1.5 0.49-0.3 54-30 61-80 54-30
2 MODERATE Index 4.0-5.9 4.0-5.9 40-59 4.0-5.9 4.0-5.9
£ Choice  [v: & VN VR V801 5.9 v &
‘0 Value 1.6-2.0 0.29-0.15 29-15 81-90 29-15
E HIGH Index 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9
X Choice v: (.81 6.9 [V I: V: I V: I: V: I:
g Value 21-2.8 0.14-0.05 14-5.0 91-119 14-10
o VERY HIGH Index 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0
Choice V: I: vidb.g 8.1 I v I: V: I
Value >2.8 <0.05 <5 >119 <10
EXTREME Index 10 10 10 10 10
Choice V: I: V: I: IV I: V: I: V: I:
V =value, | = index SUB-TOTAL (Sum one index from each column) 27 2

IBank Material Description:

|Bank Materials

Bedrock (Bedrock banks have very low bank erosion potential)

Boulders (Banks composed of boulders have low bank erosion potential)

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank material that is composed of sand)

S 10 points)
ilt Cla 0: no adjustment)
BANK MATERIAL ADJUSTMENTI e S

Stratification Comments:

Stratification
Add 5-10 points depending on position of unstable layers in relation to bankfull stage

L STRATIFICATION ADJUSTMENT] (@)

VERY LOW LOW MODERATE HIGH VERY HIGH EXTREME
5-9.5 10-19.5 20-29.5 30-39.5 40-45 46-50
Bank le€ation desctiption (circle one) GRAND TOTAL
Stralght Reach utside of Bend BEHI RATING

272
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Worksheet 21. Summary of bank erosion hazard index (BEHI) < |, T&. lf—

Bank Erosion Hazard Rating Guide

Stream (2n€ (ND yaP CAtFYReach S | TE Y

Date 35/1"1)& Icrew 63

Bank Height (f): S . §_ Bank Height! | Root Depth/ Root nk Angle Surface
Bankfull Height (ft): 3.5 Bankfull Ht Bank Height Density % (Degrees) Protection%
Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80
VERY LOW Index 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9
Choice V: I: V: I: V: I: \& I: V: I:
Value 1.11-1.19 0.89-0.5 79-55 21-60 79-55
= Low Index 2.0-3.9 2.0-39 2.0-3.9 2.0-3.9 2.0-3.9
.‘E Choice V: I: i 7 2.5 v I: V: I: Vi D I 2.4
9 Value 1.2-1.5 0.49-0.3 54-30 61-80 54-30
no_ MODERATE Index 4.0-5.9 4.0-5.9 4.0-5.9 4.0-59 4.0-5.9
5 Choice  |Vv: I V. I: V:SO1 4.y V:Zp 59 v I:
‘® Value 1.6-2.0 0.29-0.15 29-15 81-90 29-15
UEJ HIGH Index 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9
X Choice V: 1.6l (.o|v: I V: I: V: I \'2 I:
E Value 21-2.8 0.14-0.05 14-5.0 91-119 14-10
@ VERY HIGH Index 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0
Choice V: I: V: l: \V/: I: V: I: V: I:
Value >2.8 <0.05 <5 >119 <10
EXTREME Index 10 10 10 10 10
Choice V: I: V: I: V: I: vV I: V: I:
V = value, | = index SUB-TOTAL (Sum one index from each column) 22. Z-

IBank Material Description:

|Bank Materials

Bedrock (Bedrock banks have very low bank erosion potential)

Boulders (Banks composed of boulders have low bank erosion potential)

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank material that is composed of sand)

10 points)

f (+ 0: no adjustment)

BANK MATERIAL ADJUSTMENTI ')

Stratification Comments:

Stratification
Add 5-10 points depending on position of unstable layers in relation to bankfull stage

STRATIFICATION ADJUSTMENT] 7 )

VERY LOW Low MODERATE HIGH VERY HIGH EXTREME
5-95 10-19.5 20-29.5 30-39.5 40-45 46-50
tion (circle one) GRAND TOTAL

Outside of Bend

BEHI RATING

2Z2.2
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Worksheet 21. Summary of bank erosion hazard index (BEHI) S5t 5

Rl ur BAN

~ Bank Erosion Hazard ﬁating Guide

Stream Reach § ITE < Date 3/ ! "MZO I Crew L3
Bank Height (ft): A Bank Height/ Root Depth/ Root ank Angle Surface
Bankfull Height (ft): 3 Bankfull Ht Bank Height Density % (Degrees) Protection%
Value 1.0-1.1 1.0-0.9 100-80 0-20 100-80
VERY LOW Index 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9 1.0-1.9
Choice V: I: V: I: £ I: vV 1: V: I:
Value 1.11-1.19 0.89-0.5 79-55 21-60 79-55
= Low Index 2.0-3.9 2.0-39 2.0-39 2.0-3.9 2.0-39
'E Choice Vi L0V l: V: B V: I3 V- E
9 Value 1215 0.49-0.3 54-30 61-80 54-30
£ MODERATE Index 4.0-59 4.0-59 4.0-59 4.0-5.9 4.0-59
g Choice V: I V: I: V: 1: V: I: \2 I:
‘® Value 1.6-2.0 0.29-0.15 29-15 81-90 29-15
5 HIGH Index 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9 6.0-7.9
X Choice V: I: v:0 L 7.5 |V I V: Jo bt 7.9 v I
g Value 2.1-2.8 0.14-0.05 14-5.0 91-119 14-10
@ VERY HIGH Index 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0 8.0-9.0
Choice  |V: B V: B v: 5 11 9oV I v: I
Value >2.8 <0.05 <5 >119 <10
EXTREME Index 10 10 10 10 10
Choice V: I: V: l: V: I: V: I: \' 1O
V = value, | = index SUB-TOTAL (Sum one index from each column) 25' S"|—

IBank Material Description:

]|Bank Materials

Bedrock (Bedrock banks have very low bank erosion potential)

Boulders (Banks composed of boulders have low bank erosion potential)

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of bank material, then do not adjust)
Gravel (Add 5-10 points depending percentage of bank material that is composed of sand)

Sand (Add 10 points)
@‘ 0: no adjustment)
BANK MATERIAL ADJUSTMEN II D)

Stratification Comments:

Stratification
Add 5-10 points depending on position of unstable layers in relation to bankfull stage

STRATIFICATION ADJUSTMEN II (]

VERY LOW LOW MODERATE HIGH VERY HIGH EXTREME
-9.5 10-19.5 20-29.5 30-39.5 40-45 46-50

location descriptiqn (circle one) GRAND TOTAL
Straight Re tside of Bend BEHI RATING

ach
==

35 .5
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Associates CALCULATIONS
Subject: Stream Cross-Sections for Long Indian Creek
Date 5/20/2016 Made By: LDH
Project No.: 1538603 Checked By: SSH

Project Short
Title:

Long Indian Creek Watershed Improvement

Reviewed By: cCB

INTRODUCTION

This calculation summarizes the survey data collected for Site 1-State Bridge Road of Long Indian Creek.

BS, feet 4.26 Latitude 34.04994
HI, feet 104.26 Longitude -84.22768
Stream Name: Long Indian Creek Date Surveyed 3/14/2016
*Assumes 100' ground surface at instrument.
3/11/2016 Habitat Assessment Score 122
3/14/2016 Bank Erosion Hazard Index Score 21.9
Ground Surface
Station, feet FS, feet Elevation Description
(feet)
0+00 4.26 100.00 Benchmark
0+1.9 4,72 99.54 Left Terrace
0+4.5 4.56 99.70 Left Top of Bank
0+14.7 7.97 96.29 Left Bankfull
0+17.6 9.96 94.30 Left Toe Slope
0+19.0 11.28 92.98 Left Edge of Water
0+20.8 11.45 92.81 Stream Point
0+23.9 11.38 92.88 Gravel Bar
0+25.7 11.49 92.77 Maximum Depth
0+28.0 11.13 93.13 Bedrock
0+28.8 11.16 93.10 Right Edge of Water
0+30.8 7.80 96.46 Right Bankfull
0+32.9 5.96 98.30 Right Top of Bank
0+36.4 5.16 99.10 Right Terrace 1
0+43.2 5.46 98.80 Right Terrace 2

LonglndianCreek_Stream_Sections.xlIsx

1/10



Golder

Associates CALCULATIONS
CROSS SECTIONS
State Bridge Road Cross Section
_ Wfpa -
100.00 <& 7Y S 2
Dfpa| A i
99.00 Wiob P31 T btob
98.00 /
s 97.00 \kaf v ?[
B 96.00 \ bkt
ks \
w
95.00 \
94.00 \ '
93.00 \__‘%&
92.00
0 5 10 15 20 25 30 35 40 45
Stationing, feet
e Cross Section
Bankfull Width (WBKkf)= 16.1 feet
Bankfull Depth (Dbkf)= 3.65 feet
Floodprone width (Wfpa)= 43.2 feet
Floodprone depth (Dfpa)= 7.30 feet
Bank-top width (Wtob)= 28.40 feet
Bank-top depth (Dtob)= 6.93 feet
Dfpa = 2 x Dbkf
2110

LonglndianCreek_Stream_Sections.xlIsx



CALCULATIONS

Subject: Stream Cross-Sections for Long Indian Creek
Date 5/20/2016 Made By: LDH
Project No.: 1538603 Checked By: SSH

Project Short

Title: Long Indian Creek Watershed Improvement Reviewed By: CCB

INTRODUCTION
This calculation summarizes the survey data collected for Site 2-Buice Road of Long Indian Creek.

BS, feet 4.22 Latitude 34.04496
HI, feet 104.22 Longitude -84.23360
Stream Name: Long Indian Creek Date Surveyed 3/14/2016
*Assumes 100' ground surface at instrument.
3/11/2016 Habitat Assessment Score 24.6
3/14/2016 Bank Erosion Hazard Index Score 111
Ground Surface
Station, feet FS, feet Elevation Description
(feet)
0+00 4.22 100.00 Benchmark
0+0.4 6.08 98.14 Left Terrace
0+5.5 6.87 97.35 Left Top of Bank
0+11.5 8.09 96.13 Left Bankfull
0+15.2 10.45 93.77 Left Toe Slope/Edge of Water
0+17.9 10.50 93.72 Bedrock
0+20.2 10.33 93.89 Exposed Bedrock
0+23.3 10.88 93.34 Maximum Depth
0+25.7 10.36 93.86 Right Toe Slope/Edge of Water
0+28.4 8.32 95.90 Right Bankfull
0+31.8 7.11 97.11 Right Top of Bank
0+37.7 6.25 97.97 Right Terrace

3/10

LonglndianCreek_Stream_Sections.xlIsx



CROSS SECTIONS

CALCULATIONS

Buice Road Cross Section

Stationing, feet

e Cross Section

100.00
99.00 1—\’-\&93 S
\ Dfpa =
00 N -
c XWtO /
oS 97.00 \ 1
S N Dtob /
[ L
5 9600 \\ka —¥%
95.00 \ /
94.00 ‘\//\\A Z
|/
93.00
0 5 10 15 20 25 30 35

40

Bankfull Width (WBKkf)=

Bankfull Depth (Dbkf)=

Floodprone width (Wfpa)=
Floodprone depth (Dfpa)=
Bank-top width (Wtob)=
Bank-top depth (Dtob)=

Dfpa = 2 x Dbkf
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CALCULATIONS

Subject:
Date 5/20/2016
Project No.: 1538603

Project Short
Title:

Stream Cross-Sections for Long Indian Creek

Long Indian Creek Watershed Improvement

Made By: LDH
Checked By: SSH
Reviewed By: CcCB

INTRODUCTION

This calculation summarizes the survey data collected for Site 3-Willow Meadow Circle of Long Indian Creek.

BS, feet 4.28 Latitude 34.03826
HI, feet 104.28 Longitude -84.23692
Stream Name: Long Indian Creek Date Surveyed 3/14/2016
*Assumes 100' ground surface at instrument.
3/11/2016 Habitat Assessment Score 27.2
3/14/2016 Bank Erosion Hazard Index Score "
Ground Surface
Station, feet FS, feet Elevation Description
(feet)
0+00 4.28 100.00 Benchmark
0+1.6 4.36 99.92 Left Top of Terrace
0+4.4 6.60 97.68 Left Bottom of Terrace
0+7.6 6.76 97.52 Left Top of Bank
0+16.6 12.68 91.60 Left Bankfull
0+18.7 14.82 89.46 Left Edge of Water
0+19.2 17.59 86.69 Left Toe Slope
0+24.0 18.49 85.79 Maximum Depth
0+32.0 17.27 87.01 Stream Point
0+36.1 15.78 88.50 Right Toe Slope
0+37.9 14.78 89.50 Right Edge of Water
0+40.3 13.08 91.20 Right Bankfull
0+50.3 12.75 91.53 Right Flood Plain
0+80.2 13.90 90.38 Right Toe of Bank
0+84.0 12.54 91.74 Right Top of Bank

LonglndianCreek_Stream_Sections.xlIsx
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CALCULATIONS

CROSS SECTIONS

Willow Meadow Circle Cross Section

100.00
98.00 e Wtob
. 4N
96.00 Wfpa Dfpa
Dtob

Elevation

94.00 \

92.00 v Whkf

90.00 MDbkf ‘ /

88.00 /
\ ~

86.00 Nl

84.00
0 10 20 30 40 50 60 70 80

Stationing, feet

e Cross Section

Bankfull Width (WBkf)= 23.7 feet
Bankfull Depth (Dbkf)= 5.81 feet
Floodprone width (Wfpa)= 76.0 feet
Floodprone depth (Dfpa)= 11.62 feet
Bank-top width (Wtob)= 76.40 feet
Bank-top depth (Dtob)= 11.73 feet

Dfpa = 2 x Dbkf
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CALCULATIONS

Subject: Stream Cross-Sections for Long Indian Creek
Date 5/20/2016 Made By: LDH
Project No.: 1538603 Checked By: SSH

Project Short

Title: Long Indian Creek Watershed Improvement Reviewed By: CCB

INTRODUCTION
This calculation summarizes the survey data collected for Site 4-Waters Road of Long Indian Creek.

BS, feet 2.11 Latitude 34.03879
HI, feet 102.11 Longitude -84.25873
Stream Name: Long Indian Creek Date Surveyed 3/14/2016
*Assumes 100' ground surface at instrument.
3/11/2016 Habitat Assessment Score 22.2
3/14/2016 Bank Erosion Hazard Index Score 59
Ground Surface
Station, feet FS, feet Elevation Description
(feet)
0+00 2.11 100.00 Benchmark
0+3.0 4.41 97.70 Left Terrace
0+13.6 6.09 96.02 Left Top of Bank
0+16.5 9.52 92.59 Left Bankfull
0+17.4 12.02 90.09 Left Toe Slope/Edge of Water
0+19.6 12.59 89.52 Sand Bar
0+25.3 11.86 90.25 Cobble Bar
0+30.5 12.90 89.21 Maximum Depth
0+33.2 11.89 90.22 Gravel Bar
0+38.2 11.62 90.49 Right Edge of Water
0+40.1 10.97 91.14 Right Toe Slope
0+41.8 5.43 96.68 Right Top of Bank
0+50.7 5.60 96.51 Right Terrace

7110

LonglndianCreek_Stream_Sections.xlIsx



CROSS SECTIONS

CALCULATIONS

Waters Road Cross Section

100.00 \
98.00 - e g =
96.00 Tpa Dtob
s \ Df
= pa
g 94.00 ¥ Whkf
fre \
92.00 \ Dbkf
90.00 P
V V
88.00
-5 5 15 25 35 45 55
Stationing, feet
e Cross Section
Bankfull Width (WBkf)= 25.3 feet
Bankfull Depth (Dbkf)= 3.38 feet
Floodprone width (Wfpa)= 20.8 feet
Floodprone depth (Dfpa)= 6.76 feet
Bank-top width (Wtob)= 28.20 feet
Bank-top depth (Dtob)= 7.47 feet

Dfpa = 2 x Dbkf

LonglndianCreek_Stream_Sections.xlIsx
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CALCULATIONS

Subject:
Date 5/20/2016
Project No.: 1538603

Project Short
Title:

Stream Cross-Sections for Long Indian Creek

Long Indian Creek Watershed Improvement

Made By: LDH
Checked By: SSH
Reviewed By: CcCB

INTRODUCTION

This calculation summarizes the survey data collected for Site 5-High Hampton Chase of Long Indian Creek.

BS, feet 3.40 Latitude 34.03823
HI, feet 103.40 Longitude -84.27144
Stream Name: Long Indian Creek Date Surveyed 3/14/2016
*Assumes 100' ground surface at instrument.
3/11/2016 Habitat Assessment Score 35.51
3/14/2016 Bank Erosion Hazard Index Score 4
Ground Surface
Station, feet FS, feet Elevation Description
(feet)
0+00 3.40 100.00 Benchmark
0+7.5 2.95 100.45 Left Top of Levee
0+15.2 4.10 99.30 Left Bottom of Levee
0+21.5 4.29 99.11 Left Top of Bank
0+32.0 7.85 95.55 Left Bankfull
0+40.7 10.43 92.97 Left Toe Slope
0+45.4 10.73 92.67 Gravel Bar
0+49.4 11.44 91.96 Left Edge of Water
0+56.6 12.02 91.38 Maximum Depth
0+60.7 11.70 91.70 Sand Bar
0+64.0 11.45 91.95 Right Edge of Water
0+66.6 11.09 92.31 Right Toe Slope
0+66.7 8.10 95.30 Right Bankfull
0+68.0 4.49 98.91 Right Top of Bank
0+73.5 4.48 98.92 Right Terrace

LonglndianCreek_Stream_Sections.xlIsx
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CALCULATIONS

CROSS SECTIONS

High Hampton Chase Cross Section
101.00
100.00 ™ Wipa
\WtOb N\ Dfpa
98.00 \ Dtob
97.00
5 N\
5 9600 N\ Whk =
3 95.00 A =
“ 94,00 Dbkf
93.00
92.00 TN ===
91.00
90.00
0 10 20 30 40 50 60 70 80
Stationing, feet
e Cross Section
Bankfull Width (WBkf)= 34.7 feet
Bankfull Depth (Dbkf)= 4.17 feet
Floodprone width (Wfpa)= 46.0 feet
Floodprone depth (Dfpa)= 8.34 feet
Bank-top width (Wtob)= 46.50 feet
Bank-top depth (Dtob)= 7.73 feet

Dfpa = 2 x Dbkf
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(535602
HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAMNAME: | s s . JIpilfon yeoe K

| sSTEermy: S5 4 |

LAT (DD):

34.049%9949

LONG (DD): -

8.2274 3

LAT (D,M,S):

LONG (D,M,S):

INVESTIGATORS: ﬂ 5 UL' C 5

FORM COMPLETED BY: % ﬁ

PROJECT: ) . g/ +7 | paTE 2 /e REASON FOR SURVEY:
e L VPIen \N 2 TIME 13.51 AM PM
—
FIELD SEASON: COMMENTS:
W indter \N\lel
Habitat Condition Category
Farameter Optimal Suboptimal Marginal Poor
Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization full colonization availability less than obvious; substrate

Available Cover

SCORE | 7

and fish cover; mix of
snags, submerged logs,
undercut banks, cobble
or other stable habitat
and at stage to allow full
colonization potential
(i.e., logs/snags that are

potential; adequate
habitat for maintenance
of populations; presence
of additional substrate in
the form of newfall, but
not yet prepared for
colonization (may rate at

desirable; substrate
frequently disturbed or
removed.

unstable or lacking.

not new fall and not high end of scale).
transient).
D OISR S B T2 161 | 015 S T4 S5 0001 2 0 100 | 1 OO S 761 |5 s 3 2 e 10

2. Pool Substrate
Characterization

SCORE } ?

Mixture of substrate
materials, with gravel
and firm sand prevalent;
root mats and submerged
’Eetation common.

Mixture of soft sand,
mud, or clay; mud may
be dominant; some root
mats and submerged
vegetation present.

All mud or clay or sand
bottom; little or no root
mat; no submerged
vegetation.

Hard-pan clay or
bedrock; no root mat or
vegetation.

20885195818 1817 éG;

15 14 13 12 11

100 SIS 3 TR S 6

g 4 & 4 I [

3. Pool
Variability

SCORE , g

Even mix of large-
shallow, large-deep,
small-shallow, small-
deep pools present.

Majority of pools large-
deep; very few shallow.

Shallow pools much
more prevalent than deep
pools.

Majority of pools small-
shallow or pools absent.

20 19 A8) 17 16

15 14 13 12 11

o g 7 @

S B e 3 e 2 S | S ),

4. Sediment
Deposition

Parameters to be evaluated in sampling reach

SCORE ’ [/

Little or no enlargement
of islands or point bars
and less than <20% of
the bottom affected by
sediment deposition.

Some new increase in
bar formation, mostly
from gravel, sand or fine
sediment; 20-50% of the
bottom affected; slight
deposition in pools.

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 50-80% of the
bottom affected;
sediment deposits at
obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
80% of the bottom
changing frequently;
pools almost absent due
to substantial sediment
deposition.

20 19 18 17 16

110150 O S 8 S T O

g 4 5 Z 10

5. Channel Flow
Status

SCORE | @

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

15 /%) 13 12 11
\ g

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of
the available channel,
and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

20 19 18 17@

TSR RE13 (12 88 111

w9 8 7 @

SRR S

g]

2A-6




b

153

%6 03

HABITAT ASSESSMENT FIELD DATA SHEET — LOW GRADIENT STREAMS (BACK)

8. Bank Stability
(score each

of erosion or bank failure
absent or minimal; little

infrequent, small areas of
erosion mostly healed

60% of bank in reach has
areas of erosion; high

Habitat Condition Category
Parameter
Optimal Suboptimal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with
Alteration dredging absent or present, usually in areas | extensive; embankments | gabion or cement; over
minimal; stream with of bridge abutments; or shoring structures 80% of the stream reach
normal pattern. evidence of past present on both banks; channelized and
channelization, i.e., and 40 to 80% of stream | disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
= present.
SCORE!/201918171615141@-’1211 w o g 7 @ A8 a j @
The bends in the stream | The bends in the stream | The bends in the stream | Channel straight;
7. Channel increase the stream increase the stream increase the stream waterway has been
Sinuosity length 3 to 4 times length 2 to 3 times length 1 to 2 times channelized for a long
longer than if it was ina | longer than if it was ina | longer than if it was ina | distance.
straight line. (Note - straight line. straight line.
channel braiding is
considered normal in
coastal plains and other
low-lying areas. This
parameter is not easily
rated in these areas.)
SCORE 7201918171615141312111098/776543210
Banks stable; evidence Moderately stable; Moderately unstable; 30- | Unstable; many eroded

areas; "raw" areas
frequent along straight

Parameters to be evaluated broader than sampling reach

Note: determine

vegetation, including
trees, understory shrubs,

of plants is not well-
represented; disruption

patches of bare soil or
closely cropped

bank) potential for future over. 5-30% of bank in | erosion potential during | sections and bends;
problems. <5% of bank | reach has areas of floods. obvious bank sloughing;
affected. erosion. 60-100% of bank has

erosional scars.

SCORE4_(LB) |LefiBank 10 9 0 ) g O Ph

SCORE 7 (RB) | RightBank 10 9 BN )6 Sad s 7 0
More than 90% of the 70-90% of the 50-70% of the Less than 50% of the

9. Vegetative streambank surfaces and | streambank surfaces streambank surfaces streambank surfaces

Protection (score | immediate riparian zone | covered by native covered by vegetation; covered by vegetation;

each bank) covered by native vegetation, but one class | disruption obvious; disruption of streambank

vegetation is very high;
vegetation has been

10. Riparian
Vegetative Zone
Width (score
each bank
riparian zone)

SCOREY_(LB)
SCORE | (RB)

>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not

12-18 meters; human
activities have impacted
zone only minimally.

12 meters; human
activities have impacted
zone a great deal.

left or right side or nonwoody evident but not affecting | vegetation common; less | removed to
by facing macrophytes; vegetative | full plant growth than one-half of the 5 centimeters or less in
downstream. disruption through potential to any great potential plant stubble average stubble height.
grazing or mowing extent; more than one- height remaining.
minimal or not evident; | half of the potential plant
almost all plants allowed | stubble height remaining.
to grow naturally.
SCORE ! (LB) | Left Bank 10 9 8 7 6 5 4 a0
SCORE ) (RB) |RightBank 10 9 8 7 6 5 4 A @) 0
Width of riparian zone Width of riparian zone Width of riparian zone 6- | Width of riparian zone

<6 meters: little or no
riparian vegetation due
to human activities.

impacted zone.
LeftBank 10 /9

Right Bank 10 9

4
&

Total Score P; 22’

2A-7
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HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAM NAME: LDV' 2 In ﬂ!i&m Cre FI(

| sirErmys: S/ /e >

LAT (DD):

> oyl gy

LONG (DD): - 2%) 2 3%0

LAT (D,M,S):

LONG (D,M,S):

INVESTIGATORS: / /} UL ﬁ/ B

FORM COMPLETED BY: A{ B

3/ 16

PROJECT: - 7 7 | DATE REASON FOR SURVEY: \ , s |
I & 3
Lons grdien W/ TIME /7 -59AM _PM Aol Bes
FIELD SEASON:
COMMENTS:
wWinter \Wet”
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization full colonization availability less than obvious; substrate

Available Cover

and fish cover; mix of
snags, submerged logs,
undercut banks, cobble
or other stable habitat
and at stage to allow full
colonization potential
(i.e., logs/snags that are

potential; adequate
habitat for maintenance
of populations; presence
of additional substrate in
the form of newfall, but
not yet prepared for
colonization (may rate at

desirable; substrate
frequently disturbed or
removed.

unstable or lacking.

SCORE | (7

constrictions, and bends;
moderate deposition of
pools prevalent.

not new fall and not high end of scale).
transient).
SCORE,& 20 19@17 16| IS NI 4TE013 55012 S 11155 | 551 O (500 O SN S [ 7 AT O 58] 05 M 4 A3 Sy st | S O,
=
E Mixture of substrate Mixture of soft sand, All mud or clay or sand | Hard-pan clay or
:',, 2. Pool Substrate | materials, with gravel mud, or clay; mud may bottom, little or no root | bedrock; no root mat or
£ Characterization | and firm sand prevalent; | be dominant; some root | mat; no submerged vegetation.
E‘ root mats and submerged | mats and submerged vegetation.
s | vegetation common. vegetation present.
‘; score || (BRI 12/51:‘;/109 37 Gl9 4859 @
5 Even mix of large- Majority of pools large- | Shallow pools much Majority of pools small-
E 3. Pool shallow, large-deep, deep; very few shallow. | more prevalent than deep | shallow or pools absent.
2 Variability small-shallow, small- pools.
° deep pools present.
» .
g score )/ |20 19 18 17 16] 15 4 3 2 AW 9 8 7 6ls5 4 3 2 1 0
@
g Little or no enlargement | Some new increase in Moderate deposition of | Heavy deposits of fine
K 4. Sediment of islands or point bars bar formation, mostly new gravel, sand or fine | material, increased bar
Deposition and less than <20% of from gravel, sand or fine | sediment on old and new | development; more than
the bottom affected by sediment; 20-50% of the | bars; 50-80% of the 80% of the bottom
sediment deposition. bottom affected; slight bottom affected; changing frequently;
deposition in pools. sediment deposits at pools almost absent due
obstructions, to substantial sediment

deposition.

2051 51 S S 1774816,

15 14 13 12 11

M) o 8 71 6

S .4 g 4 ¢ [

5. Channel Flow
Status

SCORE / é

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of
the available channel,

and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

18

exposed.
17 AB)

20 19

15[SNT4RE113 58] 2 S]]

w o B8 7 6

g 4 8§ 2 0 @

bé
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HABITAT ASSESSMENT FIELD DATA SHEET — LOW GRADIENT STREAMS (BACK)

each bank)

Note: determine

covered by native
vegetation, including
trees, understory shrubs,

vegetation, but one class
of plants is not well-
represented; disruption

disruption obvious;
patches of bare soil or
closely cropped

Habitat Condition Category
Parameter
Optimal Suboptimal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with
Alteration dredging absent or present, usually in areas | extensive; embankments | gabion or cement; over
minimal; stream with of bridge abutments; or shoring structures 80% of the stream reach
normal pattern. evidence of past present on both banks; channelized and
channelization, i.e., and 40 to 80% of stream | disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.
SCORE lz 208801 9AERI 3 END1781 6 1514@1211 e O g 7 Gl g 4 ¥k @
The bends in the stream | The bends in the stream | The bends in the stream | Channel straight;
7. Channel increase the stream increase the stream increase the stream waterway has been
Sinuosity length 3 to 4 times length 2 to 3 times length 1 to 2 times channelized for a long
longer than if it was ina | longer than if it was ina | longer than if it was ina | distance.
straight line. (Note - straight line. straight line.
channel braiding is
considered normal in
< coastal plains and other
g low-lying areas. This
&0 parameter is not easily
= rated in these areas.)
o
g SCORE 2058819 ST/ 17758916 1] 5915 S0V 4 788813 8012 655 1) 168 91 O RSSO NS 7/@543210
=
% Banks stable; evidence Moderately stable; Moderately unstable; 30- | Unstable; many eroded
= 8. Bank Stability | of erosion or bank failure | infrequent, small areas of | 60% of bank in reach has | areas; "raw" areas
= (score each absent or minimal; little | erosion mostly healed areas of erosion; high frequent along straight
E bank) potential for future over. 5-30% of bank in | erosion potential during | sections and bends;
= problems. <5% of bank | reach has areas of floods. obvious bank sloughing;
£ affected. erosion. 60-100% of bank has
% erosional scars.
S |score £ 1B) |LoftBak 10 9 | O 71 6 S 2 S TR0
g SCORE z (RB) | Right Bank 10 9 8 @ 6 S 4 2 1 0
wn _—
-
£ More than 90% of the 70-90% of the 50-70% of the Less than 50% of the
E 9. Vegetative streambank surfaces and | streambank surfaces streambank surfaces streambank surfaces
E Protection (score | immediate riparian zone | covered by native covered by vegetation; covered by vegetation;

disruption of streambank
vegetation is very high,
vegetation has been

left orright side | or nonwoody evident but not affecting | vegetation common; less | removed to
by facing macrophytes; vegetative | full plant growth than one-half of the 5 centimeters or less in
downstream. disruption through potential to any great potential plant stubble average stubble height.
grazing or mowing extent; more than one- height remaining.
minimal or not evident; | half of the potential plant
almost all plants allowed | stubble height remaining.
to grow naturally.
SCORE 5 (LB) |LeftBank 10 9 8 s 10
SCORE _‘/ (RB) | RightBank 10 9 8 g3 @2 3 1 0

10. Riparian

Width of riparian zone
>18 meters; human

Width of riparian zone
12-18 meters; human

Width of riparian zone 6-
12 meters; human

Width of riparian zone
<6 meters: little or no

Vegetative Zone | activities (i.c., parking activities have impacted | activities have impacted | riparian vegetation due
W'gtg (sl:ore lots, roadbeds, clear-cuts, | zone only minimally. zone a great deal. to human activities.
ach ban lawns, or crops) have not

riparian zone) impacted zone.

SCORE | (LB) | Left Bank 10 9 8 5 4 2 A) o
SCORE | (RB) | RightBank 10 9 8 R i 2o R

Total Score ] I

2A-7
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HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAMNAME: [ Do, T poliers (reeK

[ siTE@rmys: S5 Lr %

LAT®D): %Y. 73 2/7 &

(1. 23692

LONG (DD): - &

LAT (D,M,S):

LONG (D,M,S):

INVESTIGATORS: /j )’} (){ L }‘}

FORM COMPLETED BY: # 5

I WL F

pate ¥ (/14

TIME [4/:2% AM_PM

REASON FORSURVEY: ,/ /., /3, |t

PROJECT: [0
N

FIELD SEASON:
Winde, wied™

COMMENTS: STNneAm, (EACTH

By Bemen OAmM

)M P00 DED

Available Cover

and fish cover; mix of
snags, submerged logs,
undercut banks, cobble
or other stable habitat
and at stage to allow full
colonization potential
(i.e., logs/snags that are

potential; adequate
habitat for maintenance
of populations; presence
of additional substrate in
the form of newfall, but
not yet prepared for
colonization (may rate at

desirable; substrate
frequently disturbed or
removed.

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization full colonization availability less than obvious; substrate

unstable or lacking.

not new fall and not high end of scale).
transient).
SCORE ’ 200801 05881 8 (N1 7881 6 | N 1S S8 1 4513 01 2555 11581551 OSSN O NS 8 S 7 e O | SN 47 3 2 ('1‘30
=
§ Mixture of substrate Mixture of soft sand, All mud or clay or sand | Hard-pan clay or
;, 2. Pool Substrate | materials, with gravel mud, or clay; mud may bottom; little or no root | bedrock; no root mat or
= Characterization | and firm sand prevalent; | be dominant; some root | mat; no submerged vegetation.
E‘ root mats and submerged | mats and submerged vegetation.
] vegetation common. vegetation present.
= 1
= SCORE 2050010 501 S INS1 77500161 115 N8 14 T3 SE6 T2 (0 101 S |1 OS5 O S 8 N {7480 6 5| 5 5 [ 4. 03 SN SR 1 O)
o
E Even mix of large- Majority of pools large- | Shallow pools much Majority of pools small-
g 3. Pool shallow, large-deep, deep; very few shallow. | more prevalent than deep | shallow or pools absent.
2 Variability small-shallow, small- pools.
e deep pools present.
E SCORE 20851 9P R INN1 7NN 61 | M1 SIER1 4000 1'3 1 20 1 1] 151 O/58E9 S 8 RN T 6 ] 5 A N3 N 21 0
o
g Little or no enlargement | Some new increase in Moderate deposition of | Heavy deposits of fine
£ 4. Sediment of islands or point bars bar formation, mostly new gravel, sand or fine | material, increased bar
Deposition and less than <20% of from gravel, sand or fine | sediment on old and new | development; more than
the bottom affected by sediment; 20-50% of the | bars; 50-80% of the 80% of the bottom
sediment deposition. bottom affected; slight bottom affected; changing frequently;
deposition in pools. sediment deposits at pools almost absent due
obstructions, to substantial sediment
constrictions, and bends; | deposition.
moderate deposition of
pools prevalent.
SCOREZ 200801 9/881'8 N1l 6011 SER T 45501 312 BN 1NN O SH 0 8 ST AN 61| S IR 4 3 N (e2281 0

5. Channel Flow

Water reaches base of
both lower banks, and

Water fills >75% of the
available channel; or

Water fills 25-75% of
the available channel,

Very little water in
channel and mostly

Status minimal amount of <25% of channel and/or riffle substrates present as standing
channel substrate is substrate is exposed. are mostly exposed. pools.
exposed.

SCORE'? 20 19 @ 1781 6 1S ] 4] 13 B2 80111 S| 1.0 [ O SRS & S 7 6 5 B 4 S 3 ) S 1 )

30
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HABITAT ASSESSMENT FIELD DATA SHEET — LOW GRADIENT STREAMS (BACK)

3

minimal; stream with
normal pattern.

of bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted.

Habitat Condition Category
Parameter
Optimal Suboptimal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with
Alteration dredging absent or present, usually in areas | extensive; embankments | gabion or cement; over

80% of the stream reach
channelized and
disrupted. Instream
habitat greatly altered or
removed entirely.

0 9 /&)1 e

Note: determine

vegetation, including
trees, understory shrubs,

of plants is not well-
represented; disruption

patches of bare soil or
closely cropped

SCORE 20 19 18 17 16] 15 14 13 12 11 g 43 2 0 @0
The bends in the stream | The bends in the stream | The bends in the stream | Channel straight;
7. Channel increase the stream increase the stream increase the stream waterway has been
Sinuosity length 3 to 4 times length 2 to 3 times length 1 to 2 times channelized for a long
longer than if it was in a | longer than if it was in a | longer than if it was ina | distance.
straight line. (Note - straight line. straight line.
channel braiding is
considered normal in
= coastal plains and other
g low-lying areas. This
a0 parameter is not easily
= .
= rated in these areas.)
=
§ SCOREé2019181716151413121110987?57543210
=
g Banks stable; evidence Moderately stable; Moderately unstable; 30- | Unstable; many eroded
] 8. Bank Stability | of erosion or bank failure | infrequent, small areas of | 60% of bank in reach has | areas; "raw" areas
o (score each absent or minimal; little | erosion mostly healed areas of erosion; high frequent along straight
E bank) potential for future over. 5-30% of bank in | erosion potential during | sections and bends;
= problems. <5% of bank | reach has areas of floods. obvious bank sloughing;
*';; affected. erosion. 60-100% of bank has
= erosional scars.
s L .
v SCORE = _(LB) | Left Bank 10 9 8 /6 2 5 4 2 1 0
'; SCORE (RB) | Right Bank 10 9 @ 7 6 5 4 2 1 0
E —
£ More than 90% of the 70-90% of the 50-70% of the Less than 50% of the
E 9. Vegetative streambank surfaces and | streambank surfaces streambank surfaces streambank surfaces
-] Protection (score | immediate riparian zone | covered by native covered by vegetation; covered by vegetation;
o each bank) covered by native vegetation, but one class | disruption obvious; disruption of streambank

vegetation is very high;
vegetation has been

10. Riparian
Vegetative Zone
Width (score
each bank
riparian zone)

SCORE [ (LB)
SCORE /O (RB)

>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

12-18 meters; human
activities have impacted
zone only minimally.

12 meters; human
activities have impacted
zone a great deal.

left or right side or nonwoody evident but not affecting | vegetation common; less | removed to
by facing macrophytes; vegetative | full plant growth than one-half of the 5 centimeters or less in
downstream. disruption through potential to any great potential plant stubble average stubble height.
grazing or mowing extent; more than one- height remaining.
minimal or not evident; | half of the potential plant
almost all plants allowed | stubble height remaining.
to grow naturally.
SCORE ) (LB) | Left Bank 10 9 7 6 4 A (10
SCORE | (RB) |RightBank 10 9 6 4 ()0
Width of riparian zone Width of riparian zone Width of riparian zone 6- | Width of riparian zone

<6 meters: little or no
riparian vegetation due
to human activities.

Left Bank 10 9

RightBank () 9

8 6/) 6
7

Total Score 7 7

2A-7
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HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAMNAME: 0@ 10 Aipn (-2 K

| SITE (or ID) #:

Srleltl

LAT®D): 34 D38 79

LONG@D): — 2 4. 7587 %

LAT (D,M,S):

LONG (D,M,S):

INVESTIGATORS: ﬁ g V!/

FORM COMPLETED BY: ﬁ' CE

PROJECT: Zéna iy\ / .

pate 7/\1/1&

REASON FOR SURVEY:
W /e d-er T

Dec/,

TIME AM_PM
FIELD SEASON: - COMMENTS:
M inter \&led
Habitat Condition Category
it Optimal Suboptimal Marginal Poor
Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable

substrate favorable for
epifaunal colonization
and fish cover; mix of
snags, submerged logs,
undercut banks, cobble
or other stable habitat
and at stage to allow full
colonization potential
(i.e., logs/snags that are
not new fall and not
transient).

1. Epifaunal
Substrate/
Available Cover

habitat; well-suited for
full colonization
potential; adequate
habitat for maintenance
of populations; presence
of additional substrate in
the form of newfall, but
not yet prepared for
colonization (may rate at
high end of scale).

habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

habitat; lack of habitat is
obvious; substrate
unstable or lacking.

SCORE 5 20 19 18 17 16

15 14 13 12 11

11 0155 O SN S S /S O

A 0 1 O

the bottom affected by
sediment deposition.

sediment; 20-50% of the
bottom affected; slight
deposition in pools.

bars; 50-80% of the
bottom affected;
sediment deposits at
obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent.

o=

§ Mixture of substrate Mixture of soft sand, All mud or clay or sand | Hard-pan clay or

:,, 2. Pool Substrate | materials, with gravel mud, or clay; mud may bottom; little or no root | bedrock; no root mat or

£ Characterization | and firm sand prevalent; | be dominant; some root | mat; no submerged vegetation.

E‘ root mats and submerged | mats and submerged vegetation.

s vegetation common. vegetation present.

=

hc scom:é 20 19 18 17 16) 15 14 13 12 11 l10 9 8 7 Al S5 4 3 2 1 0

o

E Even mix of large- Majority of pools large- | Shallow pools much Majority of pools small-

g 3. Pool shallow, large-deep, deep; very few shallow. | more prevalent than deep | shallow or pools absent.

8 Variability small-shallow, small- pools.

e deep pools present.

E SCORE F 20200198051 8 1775801 61| LTS 01 475001'3 50012 S 11 SN] 191 0 S0 OSSN 8 ISR 7A 6 1| IS B4 03 2@0

o

E Little or no enlargement | Some new increase in Moderate deposition of | Heavy deposits of fine

g 4. Sediment of islands or point bars bar formation, mostly new gravel, sand or fine | material, increased bar
Deposition and less than <20% of from gravel, sand or fine | sediment on old and new | development; more than

80% of the bottom
changing frequently;
pools almost absent due
to substantial sediment
deposition.

SCORE / 20 19 18 17 16

IS 14 13 12 11

0 O B 7

s 43 2/00

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

5. Channel Flow
Status

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of
the available channel,
and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

SCORE LS 20 19 18 17 16

@14 13 12 11

X O 8 7 6

SHRRATEE3 B2 S 0S )

2A-6
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HABITAT ASSESSMENT FIELD DATA SHEET — LOW GRADIENT STREAMS (BACK)

each bank)

Note: determine
left or right side
by facing
downstream.

SCORE < (LB)
SCORE /_(RB)

covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimal or not evident;

vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth
potential to any great
extent; more than one-
half of the potential plant

disruption obvious;
patches of bare soil or
closely cropped
vegetation common,; less
than one-half of the
potential plant stubble
height remaining.

Habitat Condition Category
Parameter
Optimal Suboptimal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with
Alteration dredging absent or present, usually in areas | extensive; embankments | gabion or cement; over
minimal; stream with of bridge abutments; or shoring structures 80% of the stream reach
normal pattern. evidence of past present on both banks; channelized and
channelization, i.e., and 40 to 80% of stream | disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.
SCORE ” 208801051 8 N1 7NN 61| RSN 425513 12@/)10 o g 7 @Gils 4 g A f 0
The bends in the stream | The bends in the stream | The bends in the stream | Channel straight;
7. Channel increase the stream increase the stream increase the stream waterway has been
Sinuosity length 3 to 4 times length 2 to 3 times length 1 to 2 times channelized for a long
longer than if it wasina | longer than if it was ina | longer than if it was ina | distance.
straight line. (Note - straight line. straight line.
channel braiding is
considered normal in
= coastal plains and other
g low-lying areas. This
e parameter is not easily
= rated in these areas.)
g SCORE ’ 20101 9001 8 5501 75M01 6 5] E1'S 55814013012 (5101 S5] I8 O 1555 O SIS 8 M7 N O M | A S 4 3 2ﬁ')0
=
% Banks stable; evidence Moderately stable; Moderately unstable; 30- | Unstable; many eroded
5 8. Bank Stability | of erosion or bank failure | infrequent, small areas of | 60% of bank in reach has | areas; "raw" areas
i} (score each absent or minimal; little | erosion mostly healed areas of erosion; high frequent along straight
E bank) potential for future over. 5-30% of bank in | erosion potential during | sections and bends;
= problems. <5% of bank | reach has areas of floods. obvious bank sloughing;
& affected. erosion. 60-100% of bank has
%‘ erosional scars.
»
s SCORE i (LB) | Left Bank 10 9 7 4 2 /D 0
£ SCORE Z(RB) | RightBank 10 9 7 4 Dl o
E B
2 More than 90% of the 70-90% of the 50-70% of the Less than 50% of the
E 9. Vegetative streambank surfaces and | streambank surfaces streambank surfaces streambank surfaces
E Protection (score | immediate riparian zone | covered by native covered by vegetation; covered by vegetation,

disruption of streambank
vegetation is very high;
vegetation has been
removed to

5 centimeters or less in
average stubble height.

almost all plants allowed | stubble height remaining.

to grow naturally.

Left Bank 10 9 7 4 2 1 0
Right Bank 10 9 7 4 (22) 1 0

10. Riparian
Vegetative Zone
Width (score
each bank
riparian zone)

score 7 @wp)
SCORE Z- (RB)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone
12-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone
<6 meters: little or no
riparian vegetation due
to human activities.

Left Bank

10 A)

RightBank 10 9

2
@)

Total Score _~ (

2A-7
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HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAMNAME: [ opnco Ty My £ yeell

] SITE (or ID) #:

pd {

LATOD): 24, 05223

LONG®D): — 5. 27 )4

LAT (D,M,S):

LONG (D,M,S):

INVESTIGATORS: ( E } "f

5

FORM COMPLETED BY: !;; ﬁ

PROJECT:) . ], o vy WIP

PATE 3/11/1&

AM _PM

REASON FORSURVEY: \ 1, | __ /= 1}

FIELD SEASON:

Winde r \/\/é’d’

TIME |71
L

COMMENTS: Giz Jpipn [oos Keds a,r’/'ff"v,vmo‘/

P’Z‘LY!)‘( on /2,”5/‘1

crefsine 6;’;\./{:'/:’!*1.(?
7 PBen K

L
IeseMmen™

Available Cover

score | O

and fish cover; mix of
snags, submerged logs,
undercut banks, cobble
or other stable habitat
and at stage to allow full
colonization potential
(i.e., logs/snags that are

potential; adequate
habitat for maintenance
of populations; presence
of additional substrate in
the form of newfall, but
not yet prepared for
colonization (may rate at

desirable; substrate
frequently disturbed or
removed.

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 50% of 30-50% mix of stable 10-30% mix of stable Less than 10% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization full colonization availability less than obvious; substrate

unstable or lacking.

not new fall and not high end of scale).
transient). _
208501 95801 8 S801 72881 651 1081'S N1 455013 M1 215111 @ QLIRS 8 WIS 7 00 610 | U85 (v 4 8 3 52 SIS 0

—_
~

SCORE %

the bottom affected by
sediment deposition.

sediment; 20-50% of the
bottom affected; slight
deposition in pools.

bars; 50-80% of the
bottom affected;
sediment deposits at
obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent.

=

E Mixture of substrate Mixture of soft sand, All mud or clay or sand | Hard-pan clay or

:,, 2. Pool Substrate | materials, with gravel mud, or clay; mud may bottom; little or no root | bedrock; no root mat or

= Characterization | and firm sand prevalent; | be dominant; some root | mat; no submerged vegetation.

E‘ root mats and submerged | mats and submerged vegetation.

S <6 | vegetation common. vegetation present.

=

§ SCORE 20 19 18 17 16| 15 14 13 12 11 10 9 (8) 7 6} 5 4 3 2 1 0

E Even mix of large- Majority of pools large- | Shallow pools much Majority of pools small-

g 3. Pool shallow, large-deep, deep; very few shallow. | more prevalent than deep | shallow or pools absent.

2 Variability small-shallow, small- pools.

e deep pools present.

E SCORE é 2088195501 8INS174EN1 611115 N1 408813 501 2 11081 191 0 SN10 NI T, /'a § ¢ & 2 Jb @

]

; Little or no enlargement | Some new increase in Moderate deposition of | Heavy deposits of fine

£ 4. Sediment of islands or point bars bar formation, mostly new gravel, sand or fine | material, increased bar
Deposition and less than <20% of from gravel, sand or fine | sediment on old and new | development; more than

80% of the bottom
changing frequently;
pools almost absent due
to substantial sediment
deposition.

20550195881 S NS1 758816

1 5ES01 400013 581 21!

109@76

S 4 % & i 0

5. Channel Flow
Status

SCORE / O

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of
the available channel,
and/or riffle substrates
are mostly exposed.

Very littie water in
channel and mostly
present as standing
pools.

20 19 18 17 16

15 14 13 12 11

@9876

S kAl L )

2A-6
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HABITAT ASSESSMENT FIELD DATA SHEET — LOW GRADIENT STREAMS (BACK)

longer than if it was in a
straight line. (Note -
channel braiding is
considered normal in

longer than if it was in a
straight line.

longer than if it was in a
straight line.

Habitat Condition Category
Parameter
Optimal Suboptimal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with
Alteration dredging absent or present, usually in areas | extensive; embankments | gabion or cement; over
minimal; stream with of bridge abutments; or shoring structures 80% of the stream reach
normal pattern. evidence of past present on both banks; channelized and
channelization, i.e., and 40 to 80% of stream | disrupted. Instream
dredging, (greater than reach channelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
present.
SCORE ZO 2058010551 SIEN01 75001 681 1S 81 4,513 BN 258141 ﬁ(ﬂ Q-8 ¥ GiIrsg 4 & 2 W O
The bends in the stream | The bends in the stream | The bends in the stream | Channel straight;
7. Channel increase the stream increase the stream increase the stream waterway has been
Sinunosity length 3 to 4 times length 2 to 3 times length 1 to 2 times channelized for a long

distance.

SCORE 2 (LB)
SCORE | (RB)

grazing or mowing
minimal or not evident;
almost all plants allowed
to grow naturally.

extent; more than one-
half of the potential plant
stubble height remaining.

height remaining.

] coastal plains and other
g low-lying areas. This
o0 parameter is not easily
= .
= rated in these areas.)
-
g SCOREII 201859190501 8 N1 78RN 6 31151 S 81 4588135512 5511 1098@6 S A e 3 e 2 S 1 Sl O
=
g Banks stable; evidence Moderately stable; Moderately unstable; 30- | Unstable; many eroded
5 8. Bank Stability | of erosion or bank failure | infrequent, small areas of | 60% of bank in reach has | areas; "raw" areas
o (score each absent or minimal; little | erosion mostly healed areas of erosion; high frequent along straight
E bank) potential for future over. 5-30% of bank in | erosion potential during | sections and bends;
= problems. <5% of bank | reach has areas of floods. obvious bank sloughing;
] affected. erosion. 60-100% of bank has
2 erosional scars.
3 3
- SCORE ~ (LB) | Left Bank 10,9 6 5 4 m 2 1 0
; SCORE _l (RB) | Right Bank 100 9 8 7 6 5 4 3 2 (’f) 0
&
£ More than 90% of the 70-90% of the 50-70% of the Less than 50% of the
§ 9. Vegetative streambank surfaces and | streambank surfaces streambank surfaces streambank surfaces
N Protection (score | immediate riparian zone | covered by native covered by vegetation; covered by vegetation;
A each bank) covered by native vegetation, but one class | disruption obvious; disruption of streambank
vegetation, including of plants is not well- patches of bare soil or vegetation is very high;
Note: determine | trees, understory shrubs, | represented; disruption closely cropped vegetation has been
left or right side | or nonwoody evident but not affecting | vegetation common; less | removed to
by facing macrophytes; vegetative | full plant growth than one-half of the 5 centimeters or less in
downstream. disruption through potential to any great potential plant stubble average stubble height.

Left Bank 10 9

7 6

S 4 3

Bla g

RightBank 10 9

6

5 4 3

9 () 0

10. Riparian
Vegetative Zone
Width (score
each bank
riparian zone)

SCORE i (LB)
SCORE " (RB)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone
12-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone
<6 meters: little or no
riparian vegetation due
to human activities.

Left Bank 10 9

G«

RightBank 10 9

5 4

3
&

Total Score 7 Z{

2A-7




Stream Reach Observations Summary Form |5386 07
Sub-watershed LonG (NDIAN CLCEL  Points: lﬂéﬂ -51 Team:_CQ ~GAT

stream: Lol (WDIAN CLRCEL Photos: I2‘)6 -,2?? Date: 3/7{“.
Reach: ¢ . sen_ Acacy AT Ble Cu ﬁ Length: Soo Investigators: CR
REACH OBSERVATIONS

Summarize reach observations in the foltowing catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Peeennial. Steeapl A7 ConFluedce oF BIG Ceetic,
SEAm PED  ACGeAd G SEVELE  LEPF Padi
Eassion. FlaoD PLa/M Domynated 67 JUVNSIVE

905:(-(65 L.'jus-}rdm S nensSe .

CAUSES
ILisl types of land-use categories adjacent to the siream along this reach to the nearest 10%. ]
Indusirial Apartmant Meod-Don Res Agricullure Park Batren
Commercal High-Den Res Low-Don Res ZS‘ Goll Undevelopad 75 Ongoing Construction
Comment:
|List the direct cause(s) of disturbance(s) in this reach, Check up to three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area
Culvert/Bridge Crossing Instream structures Natural Setting ./' Agriculture Other

Comment: REQiDENTIAL  DEVELOLMETS LS €A m

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff}, sediment inputs, and landscape influences

STREAM  BAnK  EReSioN LANDSCAZ (NG IN £eS. DeveLofmenTs
AsD  RonD GosSiaG s

RESTORATION
Describe and give location of polential restoration projects that would be applicable for this reach.

STeean. BANL  PraTicTren aAnD STMABrILizaTiopn,
REMsvAL OF (VPSS v€  S¢¢ c) €S,

rﬁescn'be and give location of any vacant/undeveloped or public or park land adjacent to the stream.
WALLING TLAIL ALowbé RIENT BaAwie OF BIC cefeie,

[Describe and give location for any detention structures/BMP's observed or other areas for ofi-channel detention.
NoNE |




Stream Reach Observations Summary Form \5 28 o3

Sub-watershed Lodis (801N (RELKL Points: S2_ Team:_ GoL0¢
Stream: oG (M D AN Qe Photos: | 300 - (363 Date: 3/7 e
Reach: D GRS STREAM Length: oy Investigators: Cf!
. — REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel marphology, Bank stability, Sediment deposition, Riparian
zane and Habitat diversity. Also, list any county maintenance issues observed.

PepenNiaL STREAn AT PEAIEN DI CULAL  SEWER
Cro55 NG, EXPoSeEd QY ConcCaeTe ¢(pE.

g DUCED RIGHT BoFFEL |, La.

SEvEAE Eoswd  ga  AFT STREAM OAS k.

O HuMAAN AUD DEEL A LESNG

EVi DENCE
SeeAM |

I CAUSES

IList types of land-use calegories adjacent to the stream along this reach to the nearest 10%.
Agniculture Park

Barran

Induatrial Apartment Med-Den Res
Commercial High-Den Res Low-DanRes 3‘! Golt Undesloped 6 “ CngoingConstruction
Comment;
- = .
[Cist the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct storm water inputs Land-tlearing activity Reduced riparian bufier Impervious Area
Cutvert/Bridge Crossing Instream struclures Natural Setting [ Agriculiure Other KES. 'D € \/
Comment;

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Steeam PaNe CeoSwna. ReDICED RIGHT BAAN I
BoF FE A -

F g RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.
fle- sTABLSH  Ripariad BsFFEL on RIGHT End i

MA“JT‘EN ] ﬂc.tr QENE/L CroSsia) 6') S'mef_“(\ Bﬂf" je
PRoTeCTion ARP Svw a)L,2 ATeAN -

|Describe and give location of any vacant/undeveloped or public or park land adjacenl to the stream.

VACAST LAN) IN LEFT ELeop PLAIN.

[Describe and give location for any detention structures/BMP’s observed or other areas for off-channel delention.

NE




Stream Reach Observations Summary Form \% 360>

Sub-watershed (anG (N D AN CRETGIL Points: S3 Team:_ Gol,Deﬂ_
|Stream: LondG tNO 1AM Ceegie Photos: ]301.[ - ,308 Date: 3 ’7,20! C
Reach: Doan STHEA M - WOATERS 0 R Length: Soo Investigators: 3 -~

- REACH OBSERVATIONS

jSummarize reach observations in the following calageries: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

'Peaeamm_ STrREAM wiTH SAND, ST bt Gravee SUBSMATE .,
Do WASTE (8 PuAstic BAG 0BScrved 18 STREAM.

SEverc LEFT 8nle €reStan. SEVERE To MODENATE
QUGHT BANKL Elosion. Re0dceS RIGHT Ondic
RaPart AN Bugrep Horman s Dega ¢ Do&S
pcCeSsSInG STREAM,

CAUSES
List types of land-use calegories adjacent to the stream along this reach to the nearest 10%.

Industriat Apartmani Mad-Don Raa Agriculture Park Bamren
Commercial High-DenRos Low-DenRes rﬁn Goll Undaveloped Ongoing Construction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm waler inputs Land-clearing activity Reduced riparian buffer #— Impervious Area

Culvert/Bridge Crossing Instream structures Nalural Setting — Agriculture Cther
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

SteeAam DAnk euosion, [lepiced RiP. BuFFEA,

RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

Gmeam ek STRBWLI zaTIoN AWD PeyTECTIoN.

Describe and give location of any vacant/undeveloped or public or park iand adjacent to the stream.

PCLESS ALon€ BaTH RIGHT t WELT BANES,

Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

NenANCE |




Stream Reach Observations Summary Form l.f) 33603

Sub-watershed LDAYG (A D1AS CL€C - Points: SY Team:_ GetDEA
Stream: Lod G (8D, A CIET L. Photos: |30“ - {31z Date: 3/7/7,01 {
|Reach: DorANSTREAM - wirTERS A.D. Length: Sho Investigators: <3

~ REACH OBSERVATIONS

Summarize reach observations in the following catagaries: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

PEa.eoJrJIAL— STREA wWwtTH  Sed ST & Gruaui
SUQB'MI_E. C)LfOSED Pl(f)c_ f’éﬂ.?éd D cmrn /i

@—°9$”‘j(’, N CasT  Jaow  Sewen wd€,
GCodion RASKers a6 LEFr Ol Séygec
To ™MoDeenTE Roxod AWLNG Lo 2 B
Ripami A BoFFEeS (W TACT.  Soccil FleLDeon EB.

EviDewCe oFf  HymadS, Dids 4 pech ACESSC Smetm,

CAUSES
jList types of land-use categories adjacent to the siream along this reach to the nearest 10%.

Indusirtal Apsriment Med-Dan Res Agricullure Park Barren
Commorcial High-Den Res Low-Dan Ras ﬁ a8 Goll Undaveloped Ongoing Construction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water Inputs Land-clearing activity Reduced riparian buffer &~ Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting - Agriculiure Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Ereenm @A Epos (o8, Siccxe FLELD orf MHGHT BAnK—
LA,

RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

o MO/ NTEM aCeE SEWKL LINEJ STREAMn  PAN I

eESTONATIN;  Re-ESTABLISH R164 T 21PA «H-nJ
DoFfFe@ .

[Describe and give location of any vacant/undeveloped or public or park land adjacent lo the stream.

PRz on LloUy KB ANk

Describe and give location for any detention structures/BMP’s observed or other areas for off-channel detention.

NI




Stream Reach Observations Summary Form 15 3%6 0 3

Sub-watershed LomG IMD e CleEle Points: S C Team:_ Gouden

Stream: (o C (NDeadN CREEK, Photos: [3(3 - |3 { A Date: 3 [7[24:C

IRaach:m,s STRE P WO ATRNS €D, Length: %4, Investigators:
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversily. Also, list any county maintenance issues observed.

Peressiac  S7eeam Wil Degas Pam.  Severe
caoStod Ao G  LeFT Al

Humans, Dees ; Degn QCesSs, G Smeam.
e Doced RIPRp1I AN RBIFFEZ ou LEFT Bank,

CAUSES
IList types of land-use cateqories adjacent to the stream along this reach to the nearest 10%.

Industrial Apartmant Med-Don Res Agriculture Park Barren
Commerdal High-Dan Res Low-Don Res ‘/ loo Golt Undeveloped Ongoing Construction
Comment:

|List the direct cause(s) of disturbance(s) in this reach. Check up to three,
Direct slorm water inputs Land-clearing aclivity Reduced riparian buffer v Impervious Area
CulverUBridge Crossing Instream structures Natural Setting \/ Agriculture Other

Comment: LEFT ®anE eanian

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

STreAm BANK EloSten | LAWNS  on  (efFT BAd I,

RESTORATION

|Describe and give location of potential restoration projects that would be applicable for this reach.

STREAM PBARK PROTCGod AND STAG LIZATION,
Re-eSradLisH LEFT LivAeian]  BUFFen Remove DS

|Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

MedT epsic pCcess)mLc -

|Describe and give localion for any detention structures/BMP's observed or other areas for off-channel detention.

P2k




Stream Reach Observations Summary Form (53%603

Sub-watershed LeNG 18 Dcan CRECK Points: S Team:_ Go LOEMA

Stream: LamG (PR 4 RECTH Photos: {317- /320 Date: 3[7/20#&

Reach: 'D, W NSTRE AMN- WATEAS R . Length: §so Investigators:  ¢¢3
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

PeLennN ALl Seam AT DRBUS DAM. pmodengrs
STLEAM BAd k& €S|l . PAralEL Swer win e

RB . RiPanias W FFees (dmcT,
oe HimadS , Docs &4D DTEnc

ﬁLaAG

Fd( Hnce
ﬁcceg_g,,\c ST €A .

CAUSES

JList types of land-use cateqories adjacent to the stream along this reach to the nearest 10%.

Industrial Apsrimenl Med-Dan Ras Agricutture Fark Barren

Commercisl High-DenRes Low-Den Res f 30 Golf Undavalopad Ongoing Conslruction
Comment:
|List the direct cause(s) of disturbance(s) in this reach. Check up to three,

Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting  § Agricullure Other "
Comment; Sewer LupE

List the types of sedimentation/erosion processes abserved in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

CTREAM BAlL CwLsion .

RESTORATION

Describe and give location of potential restoration projects that would be applicable for this reach.

Lemove DEBUS PAM,

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

ACCESS  pvpmiL ROLE  oN RIGHY Badi |

|Describe and give location for any detention structures/BMP's observed or other areas for ofi-channel detention.

N oNG .




Stream Reach Observations Summary Form i5>%¥Lo03

|Sub-watershed LonG o Oran (neen Points: ST Team:_ (oo D62

steam: Lon b (ND) AN Crede Photos: 32 ( - 1229 Date: 3/7/2014

Reach:DMd STREAM - WASTRS 2D, Length: S-O'O Investigators: Cﬁ
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

PUL&\U\C Q\ SM wad Ha S~ A -u-\el BM
S lpshrale, FVIPERCE oF  PHuMANS au

s & AceesSinG  Smeam. DG RuA
ALeNG “Tof of LepT BAd .
SEVELE Badlk eroeSton od L GHT Pave

L PAr A R EFTny N TR T

CAUSES

|List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Indusiriat Apartmant Mad-Den Res Agricultture Park Barren
Commerdial High-Don Res Low-DenRes | o0 Golt Undaveloped Dngoing Conatruction
Comment:
|List the direct cause(s) of disturbance(s} in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvery/Bridge Crossing Instream structures Natural Setling |~ Agricullure Other Vv S\ €/
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

CTRE AN Pad k.  EepoSion SENEL MANTTNAMCE $
C‘DAJSWM(OAJ U‘a &rﬂeﬂ,m
RESTORATION

|Describe and give location of potential restoration projects that would be applicable for this reach.

steam  Danie  Phomrcries A0D  STRG 1L1Z4TIN,

|Describe and give location of any vacant/undeveloped or public or park land adjacent to the siream.

RiGHT ®Grmle (BCCeSS 1B LE,

|Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

NG




Stream Reach Observations Summary Form I 5 5% o3

Sub-watershed LanG (O Dr1ad CAEER Points: 88 Team:_ (roobx i

sream: LonG INDIAA  ChEele Photos: (325"~ )32% Date: 3 f7fze1f

Reach: 'Dm,.) STRE AP WATERS LD, length 5,0 Investigators: C /3
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county mainienance issues observed.

Perenal aV  Sheean~ at fw(’mi;m\w Sewer
6(555"r\3 (Qul\\ : 12" cast Jrad
120—-6’-04/\“1 mai—t.nano.c[.

Goallow baskels «n .r.'cJLér bo e

e
CAUSES
==l
IList lEEes of land-use cateaories adjacent to the stream along this reach to the nearest 10%.

Industrial Aparimant Med-Dion Fow Agricullure Park Barten
Commerelal High-DenRas Lew:Don Res (& ] Goll Undeveloped Ongoing Construction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm waler inputs Land-clearing aclivity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting .~ Agricullure Other

|Commenl:

List the types of sedimentation/erosion processes observed in the channel and from uptand sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Sheean banle w°$[°“)' CraSion )Cf‘om S

\‘H\SL- MG 7&-\\"“«.(.0.

RESTORATION
Describe and give location of potential restoralion projects that would be applicable for this reach.

9‘\‘rc6~m \oov\(r, S\'G\‘O‘ |:‘zq.“;0n. ..J\A fro‘,-gcihon‘

|Describa and give location of any vacant/undeveloped or public or park land adjacent to the stream.

[CsrS S alo ms V“jl\,‘}‘ L)Ounk_

rDescribe and give location for any delention structures/BMP's observed or other areas for off-channel detention.

M"Kfét




Stream Reach Observations Summary Form l6 3 ?G 03

Sub-watershed Losé (DN Caézic Points: §9 Team:_ (oo D€L

Stream: LonG 1IN DeAd Cpemie Photes: 18 29 - 7133 2 Date: 3[7[24_-,“

Reach:D AS N STREA™ WATERS RO, Length: S Investigators: ¢ /2,
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

ch.nn,'.,\ S hrecn w s M mk:javl -S;.\orls e
U(S"(’P@A-M. Qeé.uﬂ.ul (“l(Ja'f‘"‘*%\OJ'PQ-r O (;.jL-\-

(ra«n,\«-. E\?Amc.a .'c LL’ Man S . d-acjs o\wl A_u_xf
o.C.Cﬁ-S$ '\f\-C‘\ SW : (\/loium. < ?A‘Ta_&m
\go U oereSion -

CAUSES
e =y

List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Industrial Apartment Mod-Den Res Agriculture Park Barren

Commercial High-Dan Rew Low-Don Res LOO Golt Undaveloped Ongoing Construction
Comment:
List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-cleating activity Reduced riparian buffer w*" Impervious Area

Culver/Bridge Crossing Instream structures Natural Setting - Agriculiure Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

6*“@..0\\/\'\ \go v\ll- QJQS';Q{-\ -c.,'v\é WQAU\CQ_‘?\ v rqxvcﬂ-(.‘

bo i Lenr.
RESTORATION

| e e
Describe and give location of potential restoration projects that would be applicable for this reach.

Ghecom loonk Staoilinon el frodohions
ve- esteblsh  lablb ripaviag b, IO

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Access Ctlor\‘-‘\ ’QV%_S')"‘*U*“’\ oawk .

[Describe and give location for any detention structures/EMP's observed of other areas for off-channel detention.

Neone,




Stream Reach Observations Summary Form \ 5 5 '3 G 0 3

Sub-watershed LonJ& (4 DIAS CREE Points: {0 Team:_ (3, ( DETL

Stream: L€ (ND AN Coesl- Photos: ,353 - 133¢ Date: 3{7(Zot (

[Reach: Pruiuspcam o € o) avEns R, Length: &g Investigators: @
~REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Pﬁm—vmla\ Sheesn~ - MDD Syncanm bl evosfon
ld-‘—iu;" v';()c-(‘\!:\vx \OJQ‘;Q_(S',

\v\_\.lo\s:v-e-— Ypecses . E)e_uojndS.

CAUSES
IList types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Industriaf Apartmant Mead-0an Ras Agricutture Park Barren
Commaercial High-Dien Res Low-DenRes D2 Gult Undeveloped OngoingConstruction
Comment:

[Cist the direct cause(s) of disturbance(s) in this reach. Check up 1o three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting 1~ Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and tandscape influences

Streamm bank €4r0slon

RESTORATION

|Describe and give location of potential restoration projects that would be applicable for this reach.

Removal od E,-go.c‘v)hus.

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Access palony b,

[Describe and give location for any detention struclures/BMP's observed or other areas for off-channel detention.

NENE




Stream Reach Observations Summary Form l S 3 g é G

Sub-watershed Copé (MDA CREEL Points: Sy S\ Team:_ (3 0D EN.
stream: (oa ¢ [#¥D1AL (AW Photos: {337~ 1340 Date: 3[7/ 20t L
[Reach: D) ;548 STVCam. JaRaS 2D . Length: S, Investigators: ~ 2

REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habilat diversily. Also, list any county maintenance issues observed.

Pewu\v\‘,a\ stheasnn w:+\r\ S(O\JL\ and Semd  Sufestmle.
lze,c\«uws rlﬂ\r\\' CPr N e bu-f-ie«f- RMP on

\-e,}'\ \D“V\,\!— Mg&_a,«a‘&-f’.a STEﬁ\Q_PLvu_ bﬂ\w\ﬂ,_
UOS\O(\‘ L*L‘W‘“V\S. &:"}S u.w'\ ALL{ G\C@S\\&j

5’\'7"-6_.0\1*\ ; \J\JQS: Je S?fc—:&é'- lf)G\W\ |D©ot E{e_a.sn,d&

CAUSES
jList types of land-use categories adjacent lo the stream along this reach to the nearest 10%.
tndustrial Aparimenl Med-Den Res Agsicutture Park Barron

Commarcial High-Det Ras Low-Den Res t‘ oo Gol Undeveloped Ongoing Construction
Comment;

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-ctearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting 4.~ Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion {caused
instream and from fateral runoff), sediment inputs, and landscape influences

Cfream \()U\yub', uoS{on]' vedpcad P‘-P“‘f"“‘ff\
bu@f—w-

RESTORATION

Describe and give location of potential restoration projects that would be applicable for this reach.

Rerove invasive Specdes. Ra-estabizh  cipavian

bublar.

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

—

Describe and give location for any detention structures/BMP's observed or other areas for ofi-channel detention.




Stream Reach Observations Summary Form \ 53 YG O 3

Sub-watershed Loaa‘- NDan (AeEW Points: £43 512 Team:_ GooDEN

Stream: LonG INDiAw CAEEL. Photos: |34}~ [?‘-]‘-{ Date: ‘3/7/201,(,

Reach: DM NITEAN -~ W qTeds @9 Length: Seo Investigators: =3
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channe! morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

PQ-PG-—\(\(\:q\ Str e wil bk .{)erpe_w:l:c_w\ar Senn e
|'ne Qf°SS7‘\3 (Q‘LpoSL) |2 CasT (Lo
Also, ?frfjw\"\ch Pvc P:GQ- 7129 Llawin on
L 6.

ModSATE STREAM PAan & SHeStoA.
INVASIV E Species - babmlooo.

CAUSES
|List types of land-use cateqories adjacent to the stream along this reach to the nearest 10%.
Incuatrial Apartmenl Med-Den Res Agricutture Park Barren

Commercial High-Den Ros Low-Den Res l': "y Gelf Undeveloped Ongoing Construction

Comment:
IList the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer " Impervious Area

Culvert/Bridge Crossing Instream structures Nalural Setling Agricuture Other . i
Comment: Ve “h"\“ oen {'Pe

List the types of sedimentalion/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Steeam bank €xeSion . red ecad VP an boflays

L RESTORATION
Describe and give location of potential restoration projects thal would be applicable for this reach.

. 13 \
Seu)u \.\9- NG\:‘\‘LLV\'\V\C-Q - RQ"W\B\W— Ir(ljﬁ""foh
L b 1]
eVC.. (lf!.-') Vemw av 2 (AN CLST Ve 5".:.(__,0_.5,
Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Non

Describe and give location for any detention structures/BMP’s observed or other areas for off-channel detention.

Moug




Stream Reach Observations Summary Form | 53860 3

Sub-watershed LowG |uD AN CREE Points: N9 S [ Team:_ GoLDENR
Stream: LonG (NDrA N Photos: {34 § - [.5'/3 Date: 3/7/301 [A
Reach: D"ﬂ-‘ A STRCamt - VJ ATENS (LD . Length: Koo Investigaters: C{3

- REACH OBSERVATIONS

e R s
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

(PWQJIU\.:G.\ S"'\l" LA U’"\M &“'\C‘ O\V\& %W&NC,\. E)Lfoé-bb\
\)e,cl\ruc,(t re 6‘:\““%‘- So_,ua_me. ewroSien On

\{‘Zj\f\'\ beanlk . Kediad (‘.f,e«lcw \J.A(-C’.f
CbMM o 5?0 e Hon (tc"»\-\ bu w\f-«. |

Eu‘.&.ﬂu—f @Q \(\Umuw‘)oj Gtvul cL.u n-C.CeSSI‘*ﬁ
S'!r'\r eo e |

= CAUSES
IList tﬁs of land-use caleqories adjacent to the stream along this reach to the nearest 10%.
ndustrial Apartment Med-Den Res Agzizatture Park Barren
Commercial High-Den Res Leww-DenRsa t Bt Gt Lindeveloped OngoingConstruction
lComment:
List the direct cause(s} of disturbance(s} in this reach. Check up to three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area
Culveri/Bridge Crossing Instream siniclures Natural Setting Agriculture Other R € S 'D CV
|Comment:

|Lisl the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

g‘,“rea.m Lvaa. EA(GS,' en
site.

RESTORATION

\)f 5‘,‘rQo,m Caon.S‘}rdc.'l‘ibh

e ———meseaw T
Describe and give location of potential restoration projects that would be applicable for this reach.

Shream bonk Staksi (¢ '\A"';cr\ A\ fro J‘QCJ\"O/) :
Re- C-S{"\lal-')‘\ (t'PW:QJ\I\ \Ou{C'-v

[Deseribe and give location of any vacant/undeveloped or public of park land adjacent to the stream.

Pu‘\u o rée)‘ml bewk

Describe and give location for any detention structures/BMP's observed or other areas for af-f':channel detention.

[

Nodl .




Stream Reach Observations Summary Form (53603

Sub-watershed [onlG 1WDiaAN GLEER Points: Sy Team:_ GoeDene

Stream: Lo C (nDi1anN TR Photos: (349 -(%52 Date: 3/7/20 (74

Reach: Dm N STREAM - WaTEes b, Length: Boo Investigators: /3
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habilat diversity. Also, list any county maintenance issues observed.

Pﬂft.,nm‘u\ S‘Teauv\ a"' e,,c(’as-o—nl Sasen Uf\e..

(
Cfo&S:f\a 'J\.tr\o{- 3'*\(«@_;,“,\.. \QG‘V\.L evolSioa-

nbeet  pparion budless

CAUSES
|List types of land-use categories adjacent to the siream along this reach to the nearest 10%.
ndustrial Apartant Mad-Don Row Agricullure Park Barren

Commercial High-DanRea Low-DenRes {ﬂ‘ﬂ' Goll Uadavaloped Cingoing Construction

Comment:
|List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water Inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culver/Bridge Crossing Instream structures Natural Setting Agriculture other (2. ES, b{—U .
iComment:

|List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from tateral runoff), sediment inputs, and landscape influences

Skreﬁws. ‘;ow\,\g_ eyoS.ion f*-M—A- U(‘S‘\‘r‘c&?\n C,oa‘.i"‘“(‘uc:l‘:ﬂ'r\

QCH\I 2~(41 .
RESTORATION

Describe and give location of polential restoration projects that would be applicable for this reach.

Mainlenane Sader Jine.

Describe and give location of any vacanl/undeveloped or public or park land adjacent to the stream.

ALM-CJ F:l‘fJ km-(a-.

Describe and give location for any detention structures/BMP's observed or other areas for ofi-channel delention,

Newe .




Stream Reach Observations Summary Form 1535603

Sub-watershed Lo N 18D ad Ccae Points: SI1§ Team:_ G‘O'L | Y24

Stream: Ll (nDcAY et Photos: | 3§ 3~ 1356 Date: 3[‘7/24((

Reach: Dﬂ‘b} NSTEAM - WATERS £ D, Llength: Sop Investigators: C@
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zane and Habitat diversity. Also, list any county maintenance issues observed.

P@,&j,\fcﬁ‘- S—rleam, . Con ST CTI0A SITE OA

L HT Banle .
Mraon STREAM Banl ke ELR251on.

No Evivedct of Humaxs, Da6s ea DeEZ

[0 S meeam,

RiFpelLe. Poot CamPLex . MeDerATE MACro -
INVERT 2 FISH HA8/TAT:

CAUSES
|List types of land-use categories adjacent to the stream along this reach to the nearest 10%.
Indusirial Apartmenl Med-0en Res Agricutture Park Barran
Commercial High-Cien Rea Low-Den Res 5 O Gott Undevelopad OngoingConstruction & o)
Comment:
|List the direct cause(s) of disturbance(s) in this reach. Check up 1o three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer v Impervious Area
Culvert/Bridge Crossing Instream structures Natural Setting Agriculture Olher v Lon STRVCTION
Comment: 51175

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

STriAm  Dan & CawsianN, [€DsCe D BvFFer, ¢ansmeuciton)
S 17, RoAD CrSSie 6 UP StecAM.

RESTORATION
|Describe and give location of potential restoration projecis that would be applicable for this reach.

E0osion ComTROL, Ro-establish ¢fpacian boffer
® M r:j\ﬂ‘f \OQV\L,

Describe and give location of a-ny vacant/undeveloped or public or park land adjacent to the stream.

h‘or\}t’.

|Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.




Stream Reach Observations Summary Form 1523(03

Sub-watershed L3NG (RDiad CecEl Points: Si{ Team:_ GoLD®%

stream: Lot (WD vl CAET Photos: |3 7- 1362 Date: 37/20/&,

hReach: Dﬂd D STEamn 8 pr,en,S D _ Length: 50D Investigators: Cf»
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed,

Putv\qin\\ shean a\ %r-‘ 4‘3-0- CJ-‘QSSI\A,D o
wawns Lo AD,
Ex005€D | AGANDanNeD CMP LoDGED TR

SedimeNT  ygudet RBeDeE

CAUSES

List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Industrial Apartmeni Med-Den Ras Agriculture Park Barren
Commercial High-Can Res Low-DenRies 5—(') Gl Undevelaped Z; OngaingConstruction 3 {
Comment:
List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced ripadan buffer Impervious Area

Culvert/Bridge Crossing v Instream struclures Nalural Setling Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion {caused
instream and from lateral runoff), sediment inputs, and landscape influences

Roan GLOSSII\]G-/ STVEAM BANKk E2aSion),

RESTORATION

l-Describe and give location of polential resloration projects that would be applicable for this reach.

Remsve ABASDowED  CMmP,

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

v ok

Describe and give location for any delention structures/BMP's observed or other areas for ofi-channel detention.

Nan ¢




Stream Reach Observations Summary Form (533 6 0 3

Sub-watershed LopG IND/#ds Cpdel  Points: S| Team:_ Gov €4

Stream: [ pNGAD AN CREE I~ Photos: {36 {~ (364 Date: -3,5/2°(L

|Reach: DWSWM RAtCE €2, Length: gapn Investigators: ¢ (&
REACH OBSERVATIONS

e e-—e—————--s—-————es
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian 1
zone and Habitat diversity. Also, list any county maintenance issues observed.

(Pue'“\-'f\r‘“'\ S‘l'*-e.ﬁ-vw.. u-;'{'(f\ S‘hA' 5;‘\"‘ - Sv-a..ua-k
54‘05‘&?‘&—*“". FQ.-V fe-nelo.u/\‘a\r Swe“f L)AO_ C_,rc,ss';,:j;)

C’/Keagq—o‘ . 12" CAST yaon P:Fe) n V\QLA b#
Nﬁrf(\&-ezr\ﬂn - DQ—\OY:S :5“.,.,\ ,A— \()‘. pe a-.v\c§
\ nn(r\ecl - 4-\-,(;1 L — S“"’cc\m) Lraa+t\ﬂj S

bouwlk erosion.

CAUSES

IList types of land-use categories adjacent to the stream along this reach to the nearest 10%. e

Industrial Apartmant Med:Don Ros Agriculture Park Barren

Cotmmefeiat High-DettRes Low-Den Ros ,m Golt Undevelopad Ongoing Construction

Comment;

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures o~ Natural Setling .~ Agriculture Other

[Comment: SeweEpn— Line C oSS, G-

List the types of sedimentalion/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

._T>Q_br55 c}tam CA,ULS';'Vﬁ S"‘rc«n ‘oo-.,J’- € oS on-

RESTORATION
Describe and give localion of potential restoration projects that would be applicable for this reach.

Na\'tr\'l'@nﬁmcﬁ- Se wea “'\P_ C"’QSS&'LJ. ((Q.MOUC,

&"‘\""‘5 A“ms' Steo \0’*%\1" S"-U\L:)(Zﬁ‘ilffﬂ ‘;frfl‘f}:"\ﬂ‘

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Seweyr fine exsement adong pighi hank.

|Describe and give location for any detention structures!BMl-:"s observed or other areas for off-channel detention.

Nwe.




Stream Reach Observations Summary Form 153%6 063

Sub-watershed Loy ¢ [wD(A~ (o exi— Points: S2 Team:_ CaDE2_

Steam: LB ¢ (WD AN  QaFgle-  Photos: |36S - 136¥ pate: 3/g 2014

Reach: DNN3T\L€A A Buce 2D ) Length: Soo Investigators: R
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channe! morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Quo‘ﬂ:\r\_“a.\ Streoan, S-u\.s., S € ch\ sw\ps-i*m*t.
Molﬂd’“—"’t— 5‘?"“-‘“""\ k&wb- evosiiaon, Vw_1 c,kg_v\m\iul_

; = cCess b
EuDenCE OF H—J;—{ﬂIJS, TOuGs ¥ Deea A

2. P~ seun \:w-(-[eff Ir\')"-"cf"

6"{-1-' L O .
e e ———
CAUSES
S T
IC=t types of land-use categories adjacent to the streamn along this reach to the nearest 10%.

Industrisl Aparmenl Mead-Dan Ros Agricutture Park. Barren
Commercial High-Dan Res Low-Oen Ros j u-D Golt Undeveloped Ongoing Construclion
Comment:

|Cist the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting .~ Agriculture Other

|comment: SoweEr LinNE

|List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion {caused
instream and from lateral runoff), sediment inputs, and landscape influences

5&%& b:—v\ k MOS"°V\.

g —
RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

S“‘!‘Q_M Y‘.e_s‘-orqfon’ C,Lu:LL ri“ﬂ‘o_/foo‘ Co.mvale,y.
anA S:nqagt-l'vl o"; Pq)-lcvh/f'roﬁ'l&,

[Deseribe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Sewen e -inbe.me,nv" (o‘-fq”(,l "}0 r-’gh% wak

[Describe and give location for any detenlion structures/BMP's observed or other areas for off-channel detention.

Mo €,




Stream Reach Observations Summary Form  (§23%¢ 03

Sub-watershed LoaiG [N D { 4-0! CQEEL.  Points: S Team:_ GoL-DE

Stream: LonlG |ND a4y GREEW Photos: (3¢ T~ 13 72 Date: 3/3[{‘

Reach: ‘Dmd STREAM QtuC{' R D. Length: “~a g Investigators: ce?
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

P:JZFNNML STcamn AT wcoD €Al FOOT BRiIDGE

SrﬁNN fk) C‘ SNGAM . '2(. A—'LCG—C‘ qf‘: g}a_r-;.h b" .FL/‘-T.
5@.».5@.« \ine &055-'45 Per pen q)l U,Jaf °"° 5("”““"‘
E&pa%&-A P"fe--, Pl CaS“ “won., Moy '('0 “0“3""4&
S*rc_o-m &X-‘w\.(l- C.troS'. oW .

CAUSES
List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Indusirial Aparimenl Mad-Den Res Agnicuiture Park Barron
Commercial High-Den Res Low-Don Fos J SO Golf Undeveloped Ongoing Construction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing actlvity Reduced riparian buffer =" Impervicus Area

Culvert/Bridge Crossing Instream structures Natural Setting Agriculture Other
Comment:

List the lypes of sedimentation/erosion processes cbserved in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Sewer \ine Vefs}'\ﬁ) S‘}\re_aq bcw\,lﬂ CroS:on |

RESTORATION

Describe and give location of polential restoration projects that would be applicable for this reach.

SW.U(- \"uu:. mo\:«k—ehaw&_ Ev:«%c ':ASch-hoh)
S'}\(’Qﬁuﬂr\ bnmk pf‘"LP_Q ‘B—h_

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Cearline «la,,,j ‘N%‘A'{ bawl .

Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

en€ ,




Stream Reach Observations Summary Form , 63 Qé 23

Sub-watershed Lo § |nDian CGeegpn  Points: SJ 1373~ 137 [ Team:_ Gopen
stream: Ly €& (DDA Crecrn Photos: - Date: _3{3/20 t{

Reach: 'D,wu STREAM PButCE RD _ Length: Sgq Investigators: (2
l'\;EACH OBSERVATIONS

e T E———]
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Perenniol Shromn  wilh Saud | s «ad gravel
Substrale,  Same ex posed bedreck.

gew-u.v \‘w\e, c_.ross‘mj Purwel:c.»lmr —‘-o S‘\‘V‘t&m,
ecgest 1 cut tren pive. Dilris dowm
Above awd helow ploe ovesSng. Mo dacale
Streamn bruwlb Crosie .

CAUSES
e

IList types of land-use categories adjacent 1o the siream along this reach to the nearest 10%.

Industrial Apartmant Meod-Don Ros Agricullure Park Barran

Commercial High-DenRes Low-DonRas \/l” Goll Undavelopad Ongoing Construction

Comment:

List the direct cause{s) of disturbance(s) in this reach. Check up to three.

Direct storm waler inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream struclures y~" Natural Setting Agricullure Other
[Comment: Sewen  Limb

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

ge,\p-uf e CN‘°55"43 S %"(‘--c.-m \Oﬂuk -eavo'i:bn.

s U
RESTORATION
|Describe and give location of potential restoration projects that would be applicable for this reach.

Maintenance  Sewer pife. Lamove debeis dums,
%‘\-Q\QII..‘LE. \Oax.v\.‘ﬁ—.S :

|Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

%e_udcx l_?f'\L. e.AS-umm'\’ P&rq)le_,l ‘l‘a .(-‘\n]\,,-{' |oo\.,\l,~‘

[Describe and give location for any delention structures/BMP's observed or other areas for off-channel detention.

H‘-‘HJ\..- i




Stream Reach Observations Summary Form | 53 ?6 o3

Sub-watershed Lond¢ JNDiARS CACEK  Points: S5 Team:_ CpoeiDEVL

Stream: Lod G [mbDLAS CrEeic Photos: [377 - (3 Yo Date: 3 [‘3/2..[(_

Reach: _I}Lu N STEE AN Bu‘- e 2o _ Length: 50 D Investigators: U
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Sji“f‘e.ow\ w e ﬁn-n-oS?-H ansd ~fFle
.Faol %n/l("l'b&. o \(‘u(gvr.&m b {‘-LQ." On ‘rlc‘"‘-

\oo'w\, l&wy\s 2:‘0 vfﬁ,) Gt‘ovu] f:3L4 L‘*\v\.t’—.

S{-nrm \pu‘\-&r ppe_ énsdaawy;_x ‘P\rcm \th,(_
\pmv\,\{.. M'ucl.elra“-f- ‘\'ﬂ SeNeve_ S'SI‘V‘C“W\ \o«ud(_
CxeS on . g\lncl--mu_. og Hdmovs Qlwl Lﬁs ac(_ess‘,.\jg-\,w

Pe.u"bi\ l\: o-\

CAUSES
List types of land-use cateqories adjacent to tha stream along this reach to the nearest 10%.

Indusirial Apartment Mod-Den Res Apriculture Park Barven
Commercisl High-Den Ros Low-DonRas {oo Gol Undaveloped Ongoing Construction
Comment:

JList the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct storm water Inputs Land-clearing activity Reduced riparian buffer v~ Impervious Area
Culvert/Bridge Crossing Instream structures .~ Nalural Setting - Agriculiure Other

Comment: 5401-.“_ wkt P pe,.

List the types of sedlmentatlonierosmn processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

\Q-{_AAA.C.LJ. rt‘gcx("v‘&ﬂ LD‘L'F'FQI PN C'-j\’k\‘ \0‘\&.((-.
9'(\'9_% \9"-"\‘1— exn%}on,_

RESTORATION
|Describe and give location of potential restoration projects that would be applicable for this reach.

P - establsh V:?‘W: an  Bu F'S'Qf‘ Ste e . banle
éﬂ-\”: |7 2akis W\.\A pe rection

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

N RT3

Describe and give location for any detention structures/BMP's observed or other areas for ofi-channel detention.

Nsue .




Stream Reach Observations Summary Form 15 2 RGo ‘5

Sub-watershed | vG (8 Dtad CLETK Points: 56 Team:_ GocDEn

Stream: Lpop(s 1 DLAN LREBL Photos: (3% (- (354 Date: 3]%’ 20 (£

[Reach: DaanSTREAV, R ur £ ). Length: 50v Investigators: R
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

\ae,ro.,y\.,\: e [ Strecm Wi Sow A) csrd.vb\ Y

On \e‘('+ \O‘W\lﬁ- CfBW\ .{ov\_l.
Moc\,qu\-c_ Shreawm bew o avroSion . evAdC_n..A
\r‘;()uv“-&\t\ \Ow-‘(:'c{“’ at‘n;\_x ('p)\r\" bGM_JL

E\J; eL\.V\ e @-ﬁ lqu MansS Cumé Las c‘_CC.e_SSHc V\.j
Srvreem .

CAUSES
List types of land-use calegories adjacent to the stream along this reach to the nearest 10%.

Industrial Apariment Med-Den Res Agricullure Park Barren
Commercial High-Den Ros Lew-Don Ras ';QD Goll Undeveloped OngeingConstruction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inpuls v Land-clearing actlivity Reduced riparian buffer .~ Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion {caused
linstream and from lateral runoff), sediment inputs, and landscape influences

RLAJ-! CLA ' ()o. € S \(:) u_"QG-r S‘\""C.O v L)O.MJL e~xcSton. .

RESTORATION

[Describe and give location of potentlial restoration projects that would be applicable for this reach.

1 [ .F'I- ‘. i
ﬂ'ﬁn‘{“-ﬁ'rm-?———:nm <t —terT—p=wic

S'}r(,a.m \aﬂw[«. -eftLQG""IOn. ﬂQ‘CS"Q‘? l‘:')'\q V'"Y""““’"q"' \Ou 'H'\'J

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

A[H“\ lt\:" \D&v\t‘- .

Describe and give Iocation for any detention structures/BMP's observed or other areas for off-channel detention.

MU\\E—:




Stream Reach Observations Summary Form [S32( 0%

Sub-watershed LopG INDhAN (ReEk.  Points: ST Team:_ GarDén

Stream: (OMG INDLaN OEEW Photos: |8 Y& - IDYY Date: 3{?,3.5 L

Reach: Dmn ST‘ﬂ-CHﬂ\, QNOG QD_ Length: 5, > Investigators: <3
REACH OBSERVATIONS

e e A L
Summarize reach observalions in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Pe,rg“n;q\ Steamn w1 Srave..‘l Cobble Q.,\A Mrocj,.
Sk\oS‘*\ﬂC\‘L. S-L:rrmvdccjp_v GmHi"\' S‘}Vwc;\w\.rt Q_\Qmj

\C’Q‘\_ NJC*'VL’ M“G\-"—"‘ﬁ'}t ¥ ceav \oow.,J!g. €Ar ONon
\V\-Ltc_.«* \.‘)A‘C‘QJ‘S
E’v: dence of Humaws ' Q&-njs *«ni la.w o\cc@ggll?-

Shatamn

— CAUSES
List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Industrial Aparimant Mad-Dan Ros Agriculiure Park Barren
Comtnerdal High-Deti Res Low-Den Reos [ﬂ'b Golf Undeveloped OngoingCenstruction
Comment:

List the direct cause(s) of disturbance{s} in this reach. Check up 1o three.
Direct storm water Inputs Land-clearing activity Reduced riparian bufier Impervious Area
Culveri/Bridge Crossing Insiream structures Natural Setting \/ Agriculture Other

Comment: S‘Lemm 3 G W

List the lypes of sedimentalion/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from [ateral runoff), sediment inputs, and landscape influences

S“rbwrw\ m&';-i’/v Ou.‘\- \-e-'\' S'!V"c—vokm \oavv-l{— ('L'rcgnﬂn.

RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

%f\'r-'.&ﬂ\ be b ()ro-’-ec.'\“l on.

[Describe and give tocation of any vacant/undeveloped or public or park land adjacent to the stream.

'JQJL‘-

|Describe and give localion for any detention structures/BMP's observed or other areas for off-channel detention.

NVoOWE




Stream Reach Observations Summary Form 153 g0 03

Sub-watershed Ls 36 (i ipN CREEA Points: S% Team:_ G a1 PEA

Stream: LonG 10DV CRerL Photos: | 39 - {392 Date: 3(8,1'6

|Reach: Do oawd Squ B"HC—E RD. Length: Sm Investigators: €&
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Fefe,nn;c-‘ Shrea m w:JA«\ ﬁat\c&. S\t\*( fi'f“‘-\fb\ Qu\i
Ssme e»seose»ol bedvochk . Fp op ey r‘c3k+

\poqﬁ\f-- Lo watey O“”f\&'\' q‘ou\ﬂ Y:oj\/L\‘ beule .
Rewar \ine g e o % \QQ:\ Lowk. Modorche

6‘\1"%:'\'\ \po-wa ’E--W:Sihl’\.- (Z‘-CLM..LJLA \("HS\AS" r‘\; ()cmr\tcxt\
\OWLLU = dvca o LLJMO”S/ A"&S "‘"‘l— ~\..wt.r «cq;gij

Stveom .
—
CAUSES
List types of land-use categories adiacent to the stream along this reach to the nearest 10%.

Industrial Apartmant Med.Den Ros Agricullure Patk Barren
Commercial High-Can Res Low-Don Res m ‘Go!l Undaveloped Ongoing Consiruction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct stormm water inputs Land-clearing activity Reduced riparian buffer Impervious Area
Culvert/Bridge Crossing Instream structures / Natural Setting Agriculture Other

Comment: Sdo rem wohey

List the types of sedimentation/erosion processes observed in the channe! and from upland sources - include erosion {caused
instream and from lateral runoff), sediment inputs, and landscape influences

Glorm woler outlet .  Streanm bouwk eresitn | Reduced
o @0-*(‘(0"\ b"*@(‘-"- '\xﬁ-o"’&lhlhﬂ?w‘;‘a\ls SurGlQLS

RESTORATION

|Describe and give location of potential restoration projects thal would be applicable for this reach.

Re- estadh I'sh \":D\d r:fw'.vw Lo,

[Describe and give location of any vacanl/undeveloped or public or park land adjacent to the stream.

N >ne 7

|Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

NanE -




Stream Reach Observations Summary Form [ 528603

Sub-watershed Lop & TWDr 4S8 Cucaic Points: S 9 Team: GOLDEﬂ-

Stream: Lan G (a3 DA CoECK Photos: (3 93+ |39( Date: 3'3{1,(‘

Reach: DT\J\‘ LTILER J@uu ce Lp . Length: S Investigators: @3
“REACH OBSERVATIONS

Summarize reach observalions in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues chserved.

PQ\(‘Lv\n:ql 5‘!’v~eam OJ' FO('OL&J}Q»IQY Sewen l:qg
Wossing, expesed 12" cogb rew pipe. Shemoefer
o»Jr \u‘t &\ov\S ri:\,\'\Jr Lomh. Sewwur |‘mn. \ﬂm‘f‘il‘e\
K\"’"\—"s \(‘1“3}\/‘ lo&w\l_ "L)M'E_O\J nexv LMS f’um(’ a‘Owj

CAUSES
List types of land-use calegories adjacent to the stream along this reach to the nearest 10%.

Industrial Apartmenl Mad-Dan Res Agriculture Pk Batren
Commercial High-Den Res Low-Dan Res I a0 Golt Undevelopad Ongoing Construction
Comment:

IList the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing aclivity Reduced riparian buffer v_ Impervious Area

CulvertBridge Crossing Instream structures v’ Natural Setting Agriculiure Other
Comment:

ILisl the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff}, sediment inputs, and landscape influences

Rbc\»&u{\ \owq?or.s_ .S“-ormu:quf awHL’f'. Sead ev Viae
c“'ss“'\j- Sheeom Loowl evoglon .

RESTORATION

|Describe and give location of potential restoration projects that would be applicable for this reach.

Sewer lin MGt Al awce . le- eﬁ-‘ﬁblisl\ v"lf«wi&v\
b fleve.

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

DN E,

[Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

MopR .




Stream Reach Observations Summary Form L) 3 g 6o 3

Sub-watershad L °0G WDiAN cree, Points: S0 Team:_(Go= DT

Stream: Lops  (uDIAN OraE ke Photos: {397 - (Y00 Date: 3[?{.’_'0( [

Reach: DoWNSTRETN 8 wCeE 1’0, Length: S0 Investigators: (43
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Perennial Sheeom ot N e
(ronm fﬁfe.
{:/kfia\,wc,u ot Houmens ,JOSS awd clf-c- aczgss?-:j

S"N*&MV\.
M:aor \_Q H:.A&,VGL‘- S hrecm \'-"wL- CAroSiOn.

CAUSES

e s e = s ——————— i |
List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Industrial Apariment Med-Den Rea Agricuttura Park Barran

Commarcist High-Den Res Lew-DanRes [D o Gal Undeveloped CngoingConslruction
Comment:
List the direct cause(s) of disturbancels) in this reach. Check up to thres.

Direct storm water Inputs Land-clearing activity Reduced riparian buffer Impervious Area

Culvert/Bridge Crossing Instream structures \/ Natural Setiing Agriculture Other
Comment:

IList the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff}), sediment inputs, and landscape influences

Re duced ‘o-\.g—ﬁtusl Seud ax UQSSJ-\% ' g-\xfe_:.km

\')‘-'\_“' @nvo S\‘Q .
I RESTORATION .

|Describe and give location of polential restoralion projects that would be applicable for this reach.

M«E«lwcmuf Sadear P-'PQ-.

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

;JO,JG

Describe and give location for any detention structures/BMP's observed or other areas for off-channe! detention.

Noné&




Stream Reach Observations Summary Form IS 386 03

Sub-watershed LORG WP A Cniew Points: St = ¢ileTod Team:_ GaLbE R

Stream: Lo le (nDias CGLEK Photos: M%.%D—%QLW Date: 3{3/201 J4

Reach: Th ajwsiedam Butce n. Length: So00 Investigators: C_g
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

?&r(’_nn:\.\ 5{‘!‘ Com o 1 ¥ Soun & % I+ a.d Gsraqe|
6‘»\%5&{&“ . LOC&{:‘MJ ayveaf "‘Q‘th V': 3k+
LJO'W'L UJ;.—J{_L e roSian a\v\é V"u‘o ("Q_(. be-\b"&"‘ﬁ.
5"“‘L5\ LA \/.)c.- v\_ll_ UUS:OV\ L=1"2N ba-‘_!"\ xD"V\."S RL'L'CLJ]

f\,cpuv':mv\ \D-A..L'[‘-fg| C\—JtAJ—V‘Cﬂ-' "—"Q Wuane S L“ﬁs o ~d
doer 1A Sheamn .

CAUSES
JList types of land-use categories adjacent to the stream along this reach io the nearest 10%.
Industrial Apariment Med-Dan Res Agricultura Park Batren
Commercial High-Den Res Low-DenRes fﬁﬂ Golf Undeveicpad Ongoing Construction
[Comment:
List the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct storm waier inputs Land-clearing activity Reduced riparian buffer - Impervious Area
Culvert/Bridge Crossing Instream structures Natural Setiing Agriculture Other
Comment;

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from [ateral runoff), sediment inputs, and landscape influences

a&iuul r‘-pmf"-ww \Ou{‘CMS

RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

ﬂga e/s-‘—& '0 \‘S'n ShAecew \OJ'F‘C'-(S- 5‘\*"9—‘%« o
Mo’\;a,\ )

Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

L)\AG_

[Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

Mo E -




Stream Reach Observations Summary Form { 5 '5 Ré6 o 3

Sub-watershed Lo & W Dind CRET Points: S |2 Team:_ (oL DEA

Stream: LoAMG  IND AR Cr€OV Photos: W H-a[']‘{’(l"lnate: I/g/zom

[Reach: Do STeEAM BwicZ 2D, Length: < g Investigators:  Cf2
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Perenaral Sreanm ith Sand, sS4 and Braue.l
6&.\.\051“‘(QJ(‘Q Som < Q’Fr"""'-J \ne.el(‘ocA E?‘("DS&I
Se,uxw (f\'("'— l)" a'«ur( fqrq”&l o OLj rcj\,\']-
bank . Moderade fo cevere Shecawn bank ereion
anuS:Ve- Species L’:‘)‘L&\Vum Sinense on bl

\ﬁ(ﬁ Vion \. KUS E\"J—U\\Cﬂ_— of ")“W\‘w\, o‘tj‘i om.L

CAUSES
JList types of land-use categories adjacent to the stream along this reach to the nearest 10%.
Industrial Apartment Med-Don Ros Agricutture Park S\o Barren
Commercial High-Den Res Law-Don Ros 5 o Gatt Undaveloped Ongoing Construction

Comment: ‘Paut'l(- o{oo\-\ (‘sb\ln'f \DCW\{L

[Gist the direct cause(s) of disturbance(s) in thig’reach. Check up lo three.

Direct storm waler inputs Land-clearing activity Reduced riparian buffer " Impervious Area
Culvert/Bridge Crossing Instream structures Natural Setting Agriculture Other
[Comment:

lList the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion {caused
instream and from lateral runoff), sediment inputs, and landscape influences

E;\(:.\SLA Sonv ey :AQ,

RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

M'\:"(ﬂ"a“a Sewer lime. p\e/\ftovc. Y avaSive See teS.

g‘}?‘("\m \3«9\(:. 'fLSlOf‘o\-I-‘/oﬂ_

|Describe and give iocation of any vacant/undeveloped ar public or park land adjacent to the stream.

PO\((}L G\lo\mj r 9(«"} L"“\(L

[Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

\SDME .




Stream Reach Observations Summary Form [ A RC63R

Sub-watershed LoprG |AD S (LT Points: §(73 Team:_(SaeDETZ

Stream: [ oG 1N O mi e~ Photos: ﬂoq__m_f_-b— ‘\{05‘ |4¢P Date; 3}?,20:6

LReach: DN NSTALA Rucce oD . Length: 5 00 Investigators: <
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habilat diversity. Also, list any county maintenance issues observed.

Puu\m,fa;\ S}Y‘eaw\ °~"’ P"\"l‘— aLov\3 f“'j‘/\‘!‘ \0‘1'\“-- Madorate
o Seveve Sheeam Yeule 2resvan ’ [hqu,ugﬁp(,oic.s
L'.c\)uc‘,-kmm S nenSw . H‘AN%V\KF C.Loﬁf Mé& Agc,r

CAUSES

List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

tndustrial Aparimant Mod-Den Res Agricullure Park s Fal Barren
Commercial High-Do Ras Low-DionRas s' o Goll Undaveioped OngoingConatruction
Comment;
List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer =" Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting Agricuture Other
Comment:

List the types of sedimenlation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Reducad Vipsr e W b o FCers.

RESTORATION

Describe and give location of polential restoration projects that would be applicable for this reach.

STREMn  Bane ReSToaATIVN [gragiczaniod. Remed€
(WVASIVE SpecieEs,

Describe and give location of any vacanl/undeveloped or public or park land adjacent to the siream.

Pre  BLond RICPT Tanw.

[Describe and give location for any detention structures/BMP’s observed or olher areas for off-channel detention.

N oNE




Stream Reach Observations Summary Form | £ % ZLo3

Sub-watershed LomM G 100DAY €N Polnts: S}Y Team:_ Cra cDE
Stream: Lo G 1D IAA KEFEC Photos: WC 409~ 412 pate: 3 lS}to(é

IReach: DetdnN ST Byl ce @D, Length: SOV Investigators: <%

REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channe! morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues cbserved.

?C'&wnc‘ul Shre N w -"l"\a\ San d { Seld 1 4 Dv-mu.\
5%\95"7‘0'{*6- Debr.'J Aow CA Q,k\v\,‘_e_l . E‘V:QLEMW

6l becvers, Wumeans, clojg e d e
Shre am . H-lo_»rc“v(ﬂ ngci:&i strea a1 bouks .
Qe_cl,uc_n,é v. porr 18 \O«_FLJ‘S‘

lnvasive Species i Liyushum Tiaeinse and

Lo\m" st ta }J?.v\: Ca .

CAUSES
B e e T B
List types of land-use categories adiacent to the stream along this reach to the nearest 10%.
Induatriad Apartmant Med-DaniRes Agriculture Park s_o Barmen
Commorcial High-Den Ras Low-DanRes g o Galf Undaveloped OngoingConstruction
Comment:
|Gistine direct cause(s) of disturbance(s} in this reach. Check up to three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer / Impervious Area V"
Culvert/Bridge Crossing Instream structures Natural Setting Agriculture Other d,&bf ' S
Comment: A anAa

IList the types of sedimeniation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

—DE\:”"B de v M\MM[ Neovb :MPU\I:G\’S
SUQ“KCJ-S. K-EQ\MQQJ[ r‘.Pq V‘--N,\ ]D-a “L

RESTORATION
|Describe and give location of potential restoration projects that would be applicable for this reach.
-D(-',\.‘){'\S cJﬂ-w\ b’wqq_‘; RQ,M T ‘.;\\jaS.\N?. SfLHCS_

Sﬁ-c.«rv\ be n e no_s}orn',w'\n /s‘l—a bn.l-.h"‘:n\..

[Describe and give location of any vacanlundeveloped or public or park land adjacent to the stream.

P._rl‘_ q(ov\3 f;wJL'* |O=:vx..l<_,

[Describe and give location for any detention structures/BMP's observed or olher areas for ofi-channel detention.

J o€ .




Stream Reach Observations Summary Form (5 3% 6 03

Sub-watershed | oG IND AN CeExic Points: ,5? Team:_ G P €7t

Stream: Lo p G mDigm TR Photos: fli-‘-"""""z’g_ (3 - {4le Date: 3, ?IZNL

IReach: D s STe€Am Ghl-t cg fLp Length: S0 d Investigators: ()
REACH OBSERVATIONS

e i
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habital diversity. Also, list any county maintenance issues observed.

Sreeem  a¥  mnerete Von culoart

LS
P{_I‘ (LN A GL\

Wi -\-\’\ L‘\ \Ooqc.e,S. %fﬂ-\lcn. deo.nn a¥k J P Sh~e < pn
S H&Q oS etk ML lesca lo. shrenma
bhv\‘p earc S\.Av\.. QQ.AAA.(.LA- \Dwg-QxS‘.

eqé—n—vxw oC L\»-'M‘Mr\_éj Le_mve..(.?, X—D‘BS GW\C\_

CLW a¥ SS%Q-CU"\ \ﬂ(us.‘JL 5‘0364‘0,‘5
Ly '}K%*\f v, O\V\.(l_ Lov\'- Cero-

| CAUSES
T =

List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Industrial Apartmant Med-Don Res Agriewiurs Park s-a Baman

Commercal Migh-Den Res Low-Den Roa S‘o Goll Undwisioped Ongoing Construction

Comment:
|Cist the direct cause(s) of disturbance(s) in this reach. Check up lo three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer V""' Impervious Area 1.#"'

CulvervBridge Crossing Instream structures Natural Setting Agriculture Other Yy AL
jComment: ,

List the types of sedimentalion/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Berea Dom ,  Feod Cressing [impervious Swelfras.
Rch...(_‘_(l r‘o(:r.a.('scw\ \pJLC_{‘S‘, S'jv'e_m\ bsmL Uogic/\.

LTI I T T
RESTORATION
= B e e T e
Describe and give location of potential restoration projects that would be applicable for this reach.

Dt\:rfs ramyval, e- le-f«‘offsl\ r:()m.r:m.v\
_ \OUCLL(S . Y*ﬂ-"'\-h'\le.. Tiasive ﬁacc-;e_s

[Describe and give location of any vacant/undeveloped or public or park land adjacent {o the stream.
[+

po’«(l‘- q\amj (;3\1\,‘\ bﬁf\L

[Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

N.NT




Stream Reach Observations Summary Form i 5 3 D lc, 03

Sub-watershed LanG INDian CACER. Points: §( G Team:_ Got DE€A-

Stream: Lg;JG [NDiand CACTK. Photos: W i"ln- HL 9 Date: 3/9/2.o A

Reach: ‘@m,} STRLEAap Butc€ enD Length: $o Investigators: /2,
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morpholegy, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

pwnf\ :Q_t S"\r‘ €L, 9 MoAp_ra'l—(- J—Q S.Q_VQ?C.-\(“I Unés_,&
6“)'\1'1-9'\(\!\ \0"\'\-\"-—5 {LQ(JU\(J_‘A V'f@c;.-\r'.c\v\ \augf-u Q‘avxﬂ
\Q'F‘\' \O"*-W"" E“:chMCJ_- OC ‘nUM‘nmS'/ AL:‘&S "“’t~
LQ’U- C\v\'; 0"—&'\ CDOP "’J NﬂS \C‘F'l' b‘kv\—"- .

17\JQS;\L1 SFQ f-‘l@.$ L'l 3\-\.5""/'9\'(\ o V\,J Lo n. Cera .

CAUSES

|List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

nduatrial Apattmant Mod-Den Res Agricultura Park Bairen
Commertial High-Den Res Low-Den Res i‘ﬂ G Undmesioped Ongoing Conslruction
Comment:
|List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water Inputs Land-clearing activity Reduced riparian butfer / Impervious Area

CulvertBridge Crossing Instream struclures Natural Setting Agriculture QOther
|Comment:

List the types of sedimentation/erosion processes obsarved in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

p(C-LU‘.CtCl r‘,G,a(:Qn b“‘Fch u‘lonj V'ICJ\I\‘\' \oc.nj../.

RESTORATION

Describe and give location of potential restoration projects that would be applicable for this reach.

{2?" QSI“\‘OI:SL\ V:()C‘ fw.O\.v\ lO\LCCT. ép{lam b&n‘p‘-—
6"'\\9:1.‘2@"""% avxc‘ {rnltcj“:on.. ﬂJmuuL I“J&S\NQ_ﬁetQ‘Q.j,

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Alon e RicHT Bank.

[Describe and aive location for any detention struclures/BMP's observed or other areas for ofi-channe! delention.

No N,




Stream Reach Observations Summary Form (G 3 5 6o 2

Sub-watershed LonG )N Di1AS GYU cu Paints: $f°7 Team:_ (o LDEn

Stream: L an { 18D rad Cu €W Photos: -f«-2-F=1730 (l‘u-HZ‘fDatez 3[3]2.,“

[Reach: Dy SoeecA™M @B uicg eD. Length: S50 Investigators: ¢Q3
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

()tﬂvu\'-a\ S‘L"tcm R‘\- \0‘&“"2‘"‘4:%\0‘( Sevyen”
l‘ C‘roSS;fv‘)l e%?ﬂﬁe_é 1:2' CAS" {rawn.

dn-{—'

MIOCLQ,V..\—(, ‘3—"‘(‘(,4.1\(\ qul\'_ CxoSiewn . EV:AJ—M.&L
ﬁ‘c A-@e_-r‘ ‘mdmaws ch\ CZ\—QDS.

CAUSES
|List types of land-use categories adjacent to the stream along this reach to the nearest 10%.
industrigl Aperiment Med-DenRes Agricutture Park Barran
Commercial High-DenRes Lew-DenfRas | o> Galf Undevoiopod Ongoing Construction
Emment:
IList the direct cause(s) of disturbance(s) in this reach. Check up 1o three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area
Culvert/Bridge Crossing Instream structures =" Natural Setting .~ Agriculture Other
Comment: Sewtn

List the types of sedimentation/erosion processes observed in the channet and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

€€N€YL LS 6 O(Lofs;njc- .Sf—r\(J_mm ba,u\/b_ Cwal: @n .

RESTORATION

Describe and give location of potential restoration projects that would be applicable for this reach.

MANTEN AVCE  SewEan.  LINE.  Srecam Banp

STB LI 24700 AU D PROTECTLOW.

|Describe and give location of any vacant/undeveloped or public or park Jand adjacent to the stream.

ALM] Riguy Bonle .

[Describe and give location for any detention structures/BMF's observed or olher areas for ofi-channel detertion.

NarJe .




Stream Reach Observations Summary Form ( 53K (o3

Sub-watershed Lon G (A AN CAEE K Points: 418 Team:_ G'IDL-D'EJ'L

Stream: [onNG (ADiAN “REEIL Photos: ja3-t="T434 \L{ 15- Nl&Date: 3/ S’/Z-ol.L

Reach: DghIpNSTR Epnm AurCe Lo D Length: 5o Investigators:  C,
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

PeaenmiAL  sTeeam Witk sond, 81 (1 ~nd qreved
Sw\osjﬁra&-&. Rff Lo /(’oo| complex Moo ede

Shres e \QBV\L, e_xhs‘.nr\ . M.cLU Q_'LA_ \,\G‘A‘- “\n"‘
AJ‘AQYS?’\‘]- Rf-cl»u—cs \o..)-“‘u- k—(ou\i .r]b(,c\ \OQUL_

EJGAJ-’\\CJ— (,_.,-f kumgkg‘ 4‘35 o\.v\c& Ae_,.__, QCLQSSI.AJ
5{‘7‘“‘\0\. l”\'“qs‘:‘,e’ -SP"'L"e’S L:a\»?“fum n-nj lonicese

CAUSES
[List types of land-use categories adjacent to the siream along this reach to the nearest 10%.

Indusirial Apatimenl Mad-Den Rea Agriculture Park Barren
Commerctal High-Den Res Low-Den Res l op Goll Undaveloped OngoingConstruction
Comment:

|List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer " Impervious Area

CulvertBridge Crossing Instream structures Natural Setting Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

pO_AAU—A f..pr-r\-ow \oumu Stream bank eysS.on.

RESTORATION

E)escribe and give localion of potential restoration projects that would be applicable for this reach.

QC,NOU{_ ‘ln\lﬂ'");\/(__ jec c.eS. QQ- = QS““\ b\;SL V’:l\sv"ﬂv\

lou $ee. bl shreem bowls

IDescribe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

p(')'\‘) \c-y)l' ‘0‘-"‘1"-

Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

Py




Stream Reach Observations Summary Form 153 60 B

Sub-watershed LoaG 1A8Di42 CREEW Points: 9 | Team:_ Go DN

Stream: L, )G |JdDIAN et €E K Photos: |43q- (432 Date: "B [2°lf

Reach: Dm,u STREA M Bwice ad Length: Sa0 Investigators: cn
REACH OBSERVATIONS

e e e e eeew——ie e e
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Peveunial Streanm with S-mcﬂ, S and 3r-wc.,l

Sulb strade. Qc,clmr.zd r'.c;qf:&h \ou-L[ur-S, favle alb"j
letd bawk. M.;J.e_,oJ,q,\..‘ ENOJ'.\I\j strevm (A-mf‘-—S.
Loc_—hu.cl avreas of Sever e baulk evesiow and.
,,-',(, rqé rrO“rc.‘Af-h m\oms banks. Evidemer ot
be mans a_vuA Jocf «CCaSSH 4 Streaa- (nvasive
gpcf—)es N 3\«3',\(“”\ Siazn S .

ILisl types of land-use caleqgories adjacent to the stream along this reach to thW
Indusirial Apartment Mast-Den Res Agticulture Pork 5 O Barren
Commarclal High-Dont Ros Low-Don Res S‘ o Golf Undavolopad Ongoing Construciion
Comment:
List the direct cause(s) of disturbance(s) in this reach. Eheck up to three.
Direct storm water inputs Land-clearing activity Reduced riparian bufier v Impervious Area l"""
Culvert/Bridge Crossing Instreamn structures g~ Natural Selting Agriculture Other

[comment: e ll-'mq l!" S, Sﬁ woam CreS SvAGYE
e 7

List the types of sedimentation/erosion processes abserved in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs._and landscape influences

P\oo\'d- CroSS:«.j -c‘ Bwic_c__ ﬂ-oacl)- Iw\pu\/'-oos_. S&rp_tw,

p“E—AJ&.LﬂJ:( “‘teucaw qu.fs.

RESTORATION

e )
IDescribe and Eive location of Eotential restoration projects that would be applicable for this reach.

Re- esta b fish riperian buFCu—.?. floms ve. mvasSive
S Pe’f'" es. 5"7\;0&,“, L"&L Prp‘)-ec.'(IIOI\ -

|Describe and give location of any vacantfundeveloped or public or park land adjacent to the stream.

qu(t QLow3 lr&":l(' b“-WL :

Describe and give location for any detention structures/BMP's observed or other areas for of-f-channel detention.

Neae.




Stream Reach Observations Summary Form 153 (6 (30‘3

Sub-watershed LonG [NDd Cpeci Points: S?2 Team:. Got DEL

Stream: LaG (W DL CacEL- Photos: 3 3 - J9q 3 (” Date: 3"1,7-016

Reach: Diwn STre Bwe g RD. Length: 6‘ oD Investigators: QB
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habital diversity. Also, list any county maintenance issues observed,

Pevenmial Shreem oF Puice Road. Goncrede
lao\c u&\m"(. 'E)‘-(OS*—A 12" cast ilrew S

L:'\Q,l (f-e_.rfoké:cm.\.c-\r k.)‘\‘%‘(/\ c\,e\OV-'S AhM-
€Y damce 0% \Mumans Cav\J A".js C«C.Coss-'«ﬁ Shre e

Re duced ¢ pOr i oo Wus.
l__MoA.-EﬂQ‘\-L sdvreormn Lauwle evesiaw .

CAUSES
IList types of Iand-u;;mmo this reach to the nearest 10%. S |
Industrial Aparimonl Med.Den Ros Agriculture Park S’ o Barmran
Commercial High-Den Res Low-Den Ras SO Golt Undevelopad Ongoing Construction
Comment:
[Cist the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer v impervious Area
Cutvert/Bridge Crossing Instream structures - Natural Setting Agriculture Other

|comment: Rod . Sewen '\‘..u:, C.ug\uo.f'\'

IList the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

\.mPUv:OJS Swuvy '{-\A.C-I-S’ SAvre s ¥°--}‘- 2noSion. Sawev
L'..rxe- . ]Ze,ézt«.czaé. \:)u g“;—fs"

RESTORATION
= == ——=——=q
Describe and give location of potential restoration projects that would be applicable for this reach.

\Q’{'—‘—E—S\-Q‘Ohs\ﬂ r‘\cur'to-«/L \au.pgﬁ-“S- Maia Yenan. cel
SW \wu_ Rex\uade- A.e_\an'ub A-\MS.

[Describe and give location of any vacant/undeveloped or public of park Jand adjacent to the stream.

P,,r\f, u\onj L-_H \)vw‘*

[Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

MM\.L_




Stream Reach Observations Summary Form 15 3560 3

Sub-watershed LonG [ND 1AN C2EEW  points: S 73 Team:_ GoLDER

steam: Lopd ¢ (N (AN CR2SEL photos: 1437 - (Y40 Date: 3(‘],&; i

[Reach: Dovdnd STRCA™  STRTE AR Llength: o, Investigators: (3
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habital diversity. Also, list any county maintenance issues observed.

P{J‘e-vuq.tr— \ S-‘—r‘m.m w ¢ Fln S'a.wél l'&va.\re,\ and S50 e

C&(Ja}ta.-\ \ge.l FOC/L. U'a oALV\ -Cbo—\—\:r:ljg SPQV"\:’j
Chreom . Miloale b severelq eroding shresuc

LD-VL\'-S. K&A«u_oq_,cl \)..g ‘l:'(:G-(S é\/:AAJKCP e?
Q«J-vwws Q.IA..L Aaﬁs acuss-'-«ﬂ SW .

CAUSES
|List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Induatrial Apartment Med-Dety Res Agriculture Park Barren
Commarcial High-Dan Res. Low-DenRes [m Goll Undeveloped Ongoing Construction
Comment;

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water Inpuls Land-clearing activity Reduced riparian buffer % Impervious Area

Culvert/Bridge Crossing Instream structures  w= Natural Setting Agriculture Cther
Comment:

List the types of sedimentalion/erosion processes observed in the channel and from upland sources - include erosion {caused
instream and from fateral runoff), sediment inputs, and landscape influences

Ca\uaw;v\e..\ :ndS}A}, 5""0"0-0~r\ ba.“_ln._ wosl‘!nn.

RESTORATION

Describe and give location of potential restoration projects that would be applicable for this reach.

Br--é—l)t, \‘nSfcc.'\':on. @1--25“‘& ‘O‘ES‘A r.'e..r."% \:N-c‘(-l-rs,

|Describe and give location of any vacant/undeveleped or public or park land adjacent to the stream.

f‘lcﬂe

[Describe and give location for any detention slructures/BMP's observed or other areas for ofi-channel delention.

Mone_ :




Stream Reach Observations Summary Form i'??) cb ()0—3

Sub-watershed LanG S Dias Crecie Points: SY Team:_ (.. dER
Stream: LonG MDA d CZCER  Photos: | Y Y144 6 2L "ll 20fL
Reach: T $TLcA». STATE B¢ ﬂ: Length: Soo Investigators: ¢

REACH OBSERVATIONS

| e S e
Summarize reach observations in the following catagories: Channel morphology, Bank stabilily, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Pwtnn.‘q\ sbrecm a (' re~d C.NSS.',\a, o8 R C (DS
and \;JQ,‘t( 5'\(uc:]'vw~€, BM f. RMF cl_mm‘-l °J‘¢-i .
%WM‘1 'Q/V'C:A:Nj S"'\r-&Om L)O'\J\LS. —T-f-'ﬂSlfl if'\

S'\f‘fe—&w\. \-rwo.s.‘w_. SFLC;‘-S" L‘-nusimm a/\&

v
Lo'\.g Ccavro.,

CAUSES
I{.isl types of land-use categories adjacent to the stream along_tm%.
Industrial Apsrtment Med-Den Rea Agriculture Park Barren
Commards! High-Den Ros LowDenkes [y Golt Undevelopad Onguing Construction
|Comment:
|Uist the direct cause(s) of dislurbance(s) in this reach. Check up to three.
Direct storm water Inputs Land-clearing activity Reduced riparan buffer Imperviaus Area o
Culvert/Bridge Crossing Instream structures v’ Nalural Setting Agriculture Other

Comment; &oO\J l'.'.q-oSS:_/l_j

IList the types of sedimentation/erosion pr‘c':'::esses observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

S"""'W\\ bauwkh eveSion.

T A R
RESTORATION
|Describe and give location of potential restoralion projects that would be applicable for this reach.

Mq:n-‘-bhﬂh% GN\P Ah.cl Gu.,\.\fc,f:" 3'75)*—«/\. 8“*\‘0;’;%
and PN.\_EC\ Stream bML.S Rameve Yeash,.

|Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

Novg

|Describe and give localion for any delention struclures/BMP's observed or other areas for off-channel detention.

o G




Stream Reach Observations Summary Form |5 3§ 603

Sub-watershed \_opl L DA CLET  Points: s9 Team:_ GoLDe A

Stream: Lol D tan CRET Photos: (44 T =4S 0 Date: 3/q {Za W

LReach:msmfﬂ. M of STaTeE OR. Length: Se O Investigators: (=,
~“REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

FQJ"—‘V\I'\,‘i an..,\ ‘SJ‘F'Z‘LM u;*l"b\ V‘-\Ht_,\ 1 Saup.A o-—-..-& S l‘)‘
Suzb 5"1"(‘-1_5'-2_, . 'Ma J-U“\'LQ- ‘ﬁ? SQ-N’C,V (_l!-‘ QLso l_Ld g‘\'\peq__vh

bm\(_l_k.' RQ/JA‘-CQ,A et f’c’fl‘&w ‘\0*-?"‘;'—* G-L.w\.) le__g’\
\om(a . \nvo.s,‘ JE Spe.c,l el " L“ﬂuS""Vv\‘“ -\.vx'-l ‘-tn‘c (0 ta,
g\t‘* A"""'"Q' 9'( \’\./‘-'MCLV\.S an &35 cn.c..c_c.SS'nj
%-‘n-c.m -

CAUSES
JList types of land-use cateqgories adjacent to the siream along this reach lo the nearest 10%.

Industrial Apariment Med-Den Ras Agticulture Park Barren
Commerclal High-Don Rea Low-Den Rea [ b Gatf Undevelopad Ongeing Conatruction
Comment:

[List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian bufier w" Impervious Area

CulverVBridge Crossing Instream structures Natural Setting Agriculture Cther
Comment;

List the types of sedimentation/erosion processes observed in the channel and from upland seurces - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

5"'1?1-.& ‘0-—-\-"- onm\(m .

RESTORATION
|Describe and give location of potential restoration projects that would be applicable for this reach.

P\-c.." Q,S‘!-Ox‘o“ﬁln &;‘|€qr\rak \Ou ?&d_ ) gmm l:)o.,k_b_
Sk Jl"l-&"'\'-on ound Pro\-auf\"\On.

[Describe and give location of any vacant/undeveloped or public or park land adjacent to the siream.

Néme-

[Describe and give location for any detenlion structures/BMP's observed or other areas for ofi-channel detention.

None .




Stream Reach Observations Summary Form 193 3 03

Sub-watershed Lon& tuDrAd CLEER- Points: S [4 Team:_GaLDEM

Stream: LonNG  (ND1An (RETRC Photos: (¢S [ - [4SY Date: 3[y/2614

|Reach: DW STAEM M STRTE B4 Length: Soo Investigators: o
“REACH OBSERVATIONS

-—-—e—-—rr——— e e A e
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversily. Also, list any county maintenance issues observed.

?@¢&Wno‘m\ st eam with Seme e—)‘-eoSc.A bedrec k.
C e e\ ‘.,\C.?S:AS. @:nuosiﬁ with f'l"rf/-c/{‘cvo[
ompley . Modevelte habdt dlversily

Mo:&,p_,vm\“e— Sheec v bew CreSiew €V"'<L'-\u.- OL
Romans, Loj and dae Q—C-LE.SS‘-.\:] Shrcuwm. .

K:P-\;..(t.h-..y\ \o..a IC({S }/\ ')*‘lc_«J-

CAUSES
IList types of land-use cateqgories adjacent to the stream along this reach to the nearest 10%. — |
tndustrial Apartment KMad-Den Res Agricylture Park Barren
Commaerial High-Den Res Lovw:-DenRes ‘ﬂﬂ Golt Undaveloped OngoingConstruction
Comment:
List the direct cause(s) of disturbance{s) in this reach. Check up fo three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area
Culven/Bridge Crossing Instream structures Natural Setting % Agriculture Other
Comment;

ILisl the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

SHtom buio eraSlion -

——— i —
RESTORATION
|Bescribe and give location of potential restoration projects that would be applicable for this reach.

S‘h-mm ‘Onvu,t(— S“"m\g:’:"l_q'*l‘e.. 4~-v~.=l- Pro'l‘ef-fu""\.

Describe and give location of any vacant/undeveloped or public or park land adjacent {o the stream.

\}ac» o3 \awd a'\ovuj WicHT Bawk Sepuee Live

[Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

Mos €.




Stream Reach Observations Summary Form |5 3@ b 03

Sub-watershed L.oadG 1™ D1Ad CATEW Points: §7] Team:_ (5, DC
Stream: LooG (WD A CaEEW Photos: [ G S - 1460 Date: 5,1’1.0}.6
Reach: P af SHEAM  STrTE BRI Length:5 ey Investigators: (3
- ——REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channe! morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Poccantel shream oF U7 Gorreqded plaste dea,
‘.ﬁee_ A‘-SCL\.&WT\% cleav \-:Ciu‘u:l o Stresnn Q\r‘ém
\eg-\‘ ewk.  WJalen Q—\W.J?wﬁ Qr,.., ere ot timw
09& a$SeSSment. [_I. appesrs (:;PQ__ May V0o Co wnecld
Yoo “\r\w‘i‘\\"“l wetland ‘X\‘Mj "'&f o8 lefF lOQwU—..
2. 04¢gC [94.22 %7\

List types of land-use categories adiacent lo the slream atong this reach (o th g this reach to the nearest 10%. 1
industrial Apartmant Mod-Don Ros Agriculture Park Bamen

Commercial High-Den Res Low-Den Res t o0 Golf Undeveloped Ongoing Construction

Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct storm water inputs Land-clearing activity Reduced riparian buffer Impervious Area
CulvertBridge Crossing Instream structures Natural Setting Agriculture Other v

Comment: A? agk&(q € 'Q'f'ﬂv'n Pk'\"‘-'-- .

‘ L]
ILisl the types of sedimanlatianh’amsion processes observed in the channel and from upland sources - include erosion {(caused
instream and from lateral runoff), sediment inputs, and landscape influences

S‘h‘g,m t:&-\u\— MQQ:OV\ .

RESTORATION

I5escribe and give location of potential restoration projects that would be applicable for this reach.

\nvgs\-lba.-\-f— Sowreo OC CJ—“SC—"\CLV‘se..

|Describe and give location of any vacant/undeveloped or public or park land adjacent to the stream.

NorE

{Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

Moné .




Stream Reach Observations Summary Form |53 9 (, ¢ 3

Sub-watershed [»NG 1D a0 cEE Points: ¢ Team:_ GoLDE N

Stream: LoAG (ND AN CACEU Photos: 1qeq - (4 ‘,1 Date: S,qﬁog ¢

|Reach: P s 303 STC £ A sm 51'2% Length: 40 Investigators: C(?;
REACH OBSERVATIONS

e e T T
JSummarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Perennial Strean~ wita S’aui7 s |4 and Br&wl
Substrale. F-'lome.ﬂ-ws ca\oaxe, on Subshale.

Molovate Shcepm boul <ewsSion Teash
f A Sheam . EJ:AJL.ACJZ— o£ H"vuxus G wd

c‘ajs l\l\ S"‘lﬁrckm . lnvasme Set.c.:tS.r

L."b us"‘!‘wm ‘\.k.é l.—o wicera_,

CAUSES
—_— e
List types of land-use categories adjacent to the stream along this reach 1o the nearest 10%.
Industrisl Apartmant Mad-Cen Ros Agriculture Patk Barran
Commarciat Q’S High-Dan Res Lew-Don Res ‘? g" Golf Undevelopad Ungoing Conatruction
I_Comment:
List the direct cause(s) of disturbance(s) in this reach. Check up to three.
Direct storm water inputs Land-clearing aclivity Reduced riparian buffer Impervious Area
Culvert/Bridge Crossing & Instream structures Natural Setting Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

S+"‘Qﬁ\\u~ lov- LL erxo0S5lo n.

i AN IS 1
RESTORATION
|Describe and give location of potential restoration projects that would be applicable for this reach.

S+"‘€.O\.V\v lOOMek 5"‘& l'D:lt.Zc'“m\ a;v\e;l ‘Pf‘d"‘t C/"'|'\av\ .

RQ.M:NG‘ o'(\: fAavesive S‘fu..'c,_s,

IDescribe and give location of any vacant/undeveloped or public or park iand adjacent to the stream.

[Jon.\t"

|Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

N oo €




Stream Reach Observations Summary Form 1S 3 Q G 03

Sub-watershed Lené (RUDAS CREEK Points: S | Team:_(zoL D €.
stream: Lol & PN AR CLEECK. ppotos: (¢ 65 - |46 T Date: 3,;0 YN
|Reach: U@ STeCAN. SpATE SLDEE Length: o p Investigators: (1)

- REACH OBSERVATIONS -

T O S e Tt
Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Pevennial  Bhrearm with sond, SUtE Gravel subshek.
Vable box  cnlvert a¥ Stk Beldge Road. Dobris
and trosh ‘oloc['-}'ﬁ okt R eep 0\\00&.3 Soure
¢ Ho sHewm beu ks, Modevate Sheam o be-
’ L‘-j‘-SS“'“'M ST AzwW SC

ergSEQU\. \f\\)esj\pl_ ‘Sp ecieS |

Qv\A Lw\\- cRyv & :_\o\Pg.k‘. ca .

CAUSES

ILisl t;Ees of land-use cat&ories adiacenl to the stream alona this reach to the nearest 10%.

Indusirial Apartment SO Med-DenRea ‘5_ o Agriculture Park Barran
Commaercial High-Den Res Low-Den Res Goll Undeveloped OngaingConstruction

lComment:

List the direct cause(s) of disturbance(s} in this reach. Check up lo three.

Direct storm water inputs ¥ Land-clearing activity Reduced riparian buffer Impervious Area
Culvert/Bridge Crossing v Insiream structures W Natural Setting Agriculiure Other
[Comment: \MP{.’.J\I"\')AS S

IList the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

fonot€  Lrow Tmpervioss Surlewes wnearby. feduced
('.\,Pa_r\.av\ \O-\_'K‘J‘s- g"“\(‘ﬂ-om loo-'\h- U‘S\ﬁh A

RESTORATION
e e e ——— e T —
|Describe and give location of potential restoration projects that would be applicable for this reach.

&e,wuvc.. AQ.\H*:S '; '\\r'a_s\ -Qra“ “'\h'}. S+"‘Lq~n \°* V\.'/"
%“‘a\):‘:u‘kow o~-u) pookc‘;on-

[Describe and give localion of any vacant/undeveloped or public or park land adjacent lo the stream.

"\Soc\e_—

|Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

%N\F &ANV\-S“""WM TN \c,{"‘ \D«\.‘F,




Stream Reach Observations Summary Form { 5 3% Lo ?

Sub-watarshed Lol D An) Ceecw Points: S 2 Team:_ Go W DER

Stream: LemG (m D) AN C2TCI- Photos: [¢¥ (49 - | q472 Date: 3 lO{ZO( 6

Reach: UrSTREAM STATE fBn;DGe  Lensth: SO Investigators: ¢ @
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habilat diversity. Also, list any county maintenance issues observed.

ch!_.\f\.ﬁlo\ S‘\Va.uw- at QFPO%Q/J '2" fuc. f\'PC—-
Pe('?e V\.A‘- UAIGV +o Cz\\ﬂ. VU’\:(,‘ ] T"“*Sl/\ .\ - D“n‘pe_;__._‘-

No (‘.(b\(‘c.us‘\ lc"-’ 'F":Qf‘ [ RVEN k\")"\.* \QKVLL .

MD(LC-WGJ-& 5‘\‘r‘oouw\ ‘ﬂﬁwl'— €vo3Sion -
|nwasive species. Clhannel Incised.

CAUSES
|List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

Induatrial Aparimanl ;ﬂ Med-Den Ras {n Agriculiure Park Banen
Commercial High-Dan Res Low-Det Ras Golf Undeveloped Ongoing Construction
Comment:

[Cist the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer v Impervious Area

Culvert/Bridge Crossing v’ Instream structures (.~ Natural Setting Agriculture Other

|Comment: Ex POSED Pi PE

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inpuls, and landscape influences

g'{'f'&afﬁ\ \’G“Ul(- 94[0%1 LY R KQ J&L\ML "'; U L\,“' V‘; Pc. vt S

bo ller.
RESTORATION

IDescribe and give location of potential restaration projects that would be applicable for this reach.

?1fe. maln‘&v\aua_ ) 5’!‘r‘to\m \aa.wlc_ S-}-:\L:,r-?_qj':en
aﬁé {f-‘y'tc.*“zon.

|Describe and give location of any vacant/undeveloped or public or park land adjacent 1o the siream.

N'ne

|Describe and give location for any detention struciures/BMP's observed or other areas for off-channel detention.

N




Stream Reach Observations Summary Form { 6 2 3 Lo3

Sub-watershed Loné 10D |4+ CREEJ. points: S3 Team:_ GoodDeEN

Stream: LontG (N D AN Coerie. Photos: |4 7% - 1476 Date: ‘ﬂlqlz.p(,c
Reach: UFSTTLE A STaE % DG€ Length: Sop Investigators: <=
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Pe"’b‘w\-:"\\ S""""—%w\ U:{‘\'\ 3«-«(11 5-‘—H’ °wl A ra vel .
CD"\L(“'W\-CC o"(' .Pe.f‘c.mv\‘w\ S"'V'Q-aww. ?3”\? UPM"\.
ot lbi‘ar'\-vv\u,\-_‘ Ca wr P\e_y__ Mo l_o,rq.'(‘.""— e s

loa._y\_,lﬁ- e/o‘S:cSu\. \/\,meS.\\rL jfe—cra-s E Lfau.S‘I'VVLWL

Ml La“\r‘ CRATG |

CAUSES
List types of land-use categories adjacent lo the stream along this reach to the nearest 10%.

Indusirial Apartment gﬂ Med-Den Res Sm Agriculture Park Barran
Commercial High-Dan Res Low-DenRea Gelt Undaveloped Ongoing Construction
Comment:

List the direct cause(s) of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer - Impervious Area

CulvertiBridge Crossing Instream structures Natural Setting Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
linstream and from lateral runoif}, sediment inputs, and landscape influences

Streann Yok Trosioun.

RESTORATION
Describe and give location of potential restoration projects that would be applicable for this reach.

S*"“Q—lkw\- ‘ouw\h G\'u\g:l.‘z.n-'\'\ov\ a.mcl (foﬁu'\‘:om.

Describe and give location of any vacanl/undeveloped or public or park land adjacent to the stream.

Neae

Describe and give location for any detention structures/BMP's observed or other areas for off-channel detention.

F')M'P . uu)e% (o“,,l AT RP&(%‘W\L&J}’ Gomfl*x




Stream Reach Observations Summary Form ] 5% 2 {, 03

Sub-watershed LorG /4 DiAS Ce&ek. Points: SY Team:_ GoLbTra.

Stream: UK R o MED TRI1G UT'\"A( Photos: ({77 - 1450 Date: 3[,, ,2“ ¢

|Reach: 'D IO IREAN WATE s 8D Length: Sop Investigators: Cex
REACH OBSERVATIONS

Summarize reach observations in the following catagories: Channel marphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

Vavna smed ruc_vu\‘.o\ Sheon wita S‘“"“l St o wd
CO\OLD,.L S--«-‘OS-"V“-LQ- Reel*cb&. \rt}eq.(‘:h-.v\ \OU'E&-(S_

Eu'sc\.m\c,:. s-I Luw\r\hs C\.C.Q&SS’:A:S ‘.’:'LPQ..QM,
M‘-z\or 5"*’(:-&/\ toaw\\( exolinn.

\AUO\ST\J‘ Sft_tles g L‘-jusj‘vdm wd (K:)\;sL\‘t\!'l.

CAUSES

List types of land-use categories adjacent to the stream along this reach to the nearest 10%.

industrial Apaniment Med-Cen Ras Agricultura Park Barren
Commarcial High-Dan Res Low-DanRes ra D Goll Undeveloped Ongoing Construction
Comment:
List the direct cause{s} of disturbance(s) in this reach. Check up to three.

Direct storm water inputs Land-clearing activity Reduced riparian buffer " Impervious Area

Culvert/Bridge Crossing Instream structures Natural Setting Agriculture Other
Comment:

List the types of sedimentation/erosion processes observed in the channe! and from upland sources - include erosion (caused
instream and from lateral runoff), sediment inputs, and landscape influences

Re cLJ\CQ}\- \ou%s )

RESTORATION

Descnbe and give location of potential restoration projects that would be applicable for this reach,

’Buqe-f %+Q‘ol SL\NQ.«J“

[Describe and give location of any vacant/undeveloped or public or park land adjacent {o the stream.

Neo¢

Describe and give location for any delention structures/BMP’s observed or other areas for off-channel detention.

RMP - WeT fodD  J¢ STeernm




Stream Reach Observations Summary Form [5 3 8 é, 6 5

Sub-watershed Lo SG ) DAl CLEE kpoints: SS Team:_ (Gt DA
Stream: ), NAMED TRIBY THM{ Photos: j4f gl- ]?83 Date:3l [Ol‘l-o 1%
Reach: pnad sSTeam w RTELS f(b Length: & Investigators: CB

REACH GBSERVATIONS

Summarize reach observations in the following catagories: Channel morphology, Bank stability, Sediment deposition, Riparian
zone and Habitat diversity. Also, list any county maintenance issues observed.

(PL\'Q.V\.(\.:O\\ ng"e_b-m ‘LS( l/\,c._,CkJ et (2 H} . P_‘P
Ya() Q\oﬁc) r'-ca\«\‘ \oov\L, QQAMQ_,Q [Wq:(/g.

EV'-C[.—Q-M(J_- egj L\,-‘Mov\s QCQLSS.-’S s trea M,
(onerede vn chanasl.

CAUSES
s=a—— —— |
ILislt es of land-use categories adjacent to the stream along this reach to the nearest 10%.
Industrial Apariment Mad-Denfles Agricultura Park Barran
Commercia Hign-Dan Res Leva-Ooti Row Ioo il Undealoped Ongoing Construction
Comment:

[Cist the direct cause(s} of disturbance(s} in this reach. Check up to three. i
Di Land-clearing activity Reduced riparian buffer Impervious Area

irect storm water inputs
Culvert/Bridge Crossing Instream structures \/ Natural Setting Agriculture Other

Comment: lo

List the types of sedimentation/erosion processes observed in the channel and from upland sources - include erosion (caused
instream and from laleral runoff), sediment inputs, and [andscape influences

C.On (;bs‘—l. \“\ C\/\q vwf\..b\ @QCL'\: f\j [/\Q,ql CA_,({'_

RESTORATION
_
|Describe and aive location of potential restoration projects that would be applicable for this reach

Qmwt, cancrete | Ra- Q.Sjrq\olsl'\ V‘s‘?qr:k\,\

|Describe and give location of any vacant/undeveloped or public or park land adjacent to the 