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1 Introduction 

Foe Killer Creek is a perennial stream that flows through the cities of Alpharetta and Roswell, Georgia.  It 

flows into Big Creek and then into the Chattahoochee River.  The creek and its tributaries run primarily 

through residential and agriculturally zoned land.  The Foe Killer Creek drainage basin, from its 

confluence with Big Creek, is approximately 12 square miles, and is located on the west side of Highway 

9.  The project area for this Watershed Improvement Plan (WIP) includes the 5.85 square mile portion of 

the watershed that is within Alpharetta city limits.  The main stem of Foe Killer Creek is listed on the 

Georgia Environmental Protection Division (EPD) Draft 2014 Integrated Clean Water Act 305(b)/303(d) 

list of impaired waters for not supporting its designate use of “fishing.”  Two criteria were violated— 

biota (fish community) caused by sediment in the creek and fecal coliform bacteria.   

The Foe Killer Creek WIP provides a summary of existing conditions in the watershed, and recommends 

programs and projects for watershed improvement.  In order to characterize existing conditions, Tetra 

Tech and Moreland Altobelli (the Tetra Tech Team) reviewed recent studies in the watershed and then 

conducted additional assessments.  The Tetra Tech Team conducted a stream assessment, evaluated 

upland areas for potential pollution sources and drainage issues, collected survey data on stormwater 

infrastructure, evaluated impervious coverage in the watershed, and developed a hydrodynamic model 

of the watershed.  The WIP also includes a comprehensive assessment of Wills Park, a city-owned 

property within the watershed, which is a priority area for the City for watershed improvement efforts.  

A location map showing the Foe Killer Creek study area is provided in Figure 1-1. 

The WIP evaluates potential watershed improvement measures and recommends specific capital 

improvement projects that can be undertaken by the City.  The recommended projects were prioritized 

and concept plans and cost estimates were developed to facilitate project implementation.  Potential 

structural improvement projects were incorporated into the hydrodynamic model to evaluate their 

effectiveness for improving hydrology.   

The Tetra Tech Team developed a schedule that calls for WIPs to be implemented during the next 5 

years.  Plan implementation is expected to improve water quality in Foe Killer Creek.  Ultimately, the 

City would like to see Foe Killer Creek delisted and the creek restored to its intended use designation. 

This plan meets the minimum standards required for a WIP per Georgia EPD and U.S. Environmental 

Protection Agency (EPA) standards, and meets all regulations spelled out in the City’s municipal separate 

storm sewer system (MS4) permit and through the Metropolitan North Georgia Water Planning District 

(MNGWPD) Watershed Management Plan.  This plan also meets the minimum requirements so that the 

City is eligible for state and federal grant funding of future projects.  The Foe Killer Creek WIP addresses 

USEPA’s Nine Elements of Watershed Planning.  Key information from the WIP that addresses the nine 

key elements is summarized in Appendix A.     
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Figure 1-1  Location Map  
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2 Objectives 

The primary project objective is to develop a WIP for Foe Killer Creek that meets regulatory 

requirements and includes specific capital improvement project recommendations that will improve 

water quality so that the creek can ultimately be de-listed for its impairments, due to fecal coliform 

bacteria and sediment. 

Additional objectives include: 

 Identify causes of impairment and pollutant sources 

 Identify non-point source management measures 

 Develop cost estimates and an implementation schedule 

3 Regulatory Framework 

Land development and post-construction stormwater management activities in Alpharetta are regulated 

by city and state regulations and guidance documents.  Article III of the Alpharetta, Georgia - Unified 

Development Code (UDC) (Municipal Code Corporation and the City of Alpharetta, Georgia 2014) 

contains ordinances and regulations related to land development activities. Section 3.3 of this article 

focuses on stormwater management, and provides reasonable guidance for the regulation of post-

development stormwater runoff for the purpose of protecting local water resources from degradation.  

Additionally, the City of Alpharetta uses the technical specifications and standards in the latest edition of 

the Georgia Stormwater Management Manual (ARC 2012, 2009, 2001a, and 2001b) and the City of 

Alpharetta Stormwater Management Design Manual.     

The UDC requires that a stormwater management plan be developed for all land development activities 

detailing how post-development stormwater runoff will be controlled or managed.  This plan must 

include a hydrologic analysis and an operations and maintenance plan. 

Stream buffers are required by Article III of the UDC.  Non-perennial streams are required to have a 50-

foot undisturbed, natural vegetated buffer and an additional 25-foot buffer where impervious surfaces 

are prohibited.  Perennial streams are required to have a 100-foot undisturbed, natural vegetated buffer 

and an additional 50-foot buffer where impervious surfaces are prohibited. 
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4 Existing Conditions 

4.1 Land Use 

The City’s zoning map (updated December 5, 2014) was used to assess land use within the watershed.  

For the purposes of this assessment, zoning categories were aggregated.  All residential categories have 

been combined into a single "Residential" category, all commercial and industrial categories have been 

combined into a "Commercial and Industrial" category, and the Open Space and Recreational (OSR) and 

Special Use (SU) categories have been combined into a "Parks and Recreation" category.  The 

Community Unit Plan (CUP) category has been renamed "Mixed Use" to reflect its composition of a 

maximum of 10% commercial and 25% office space, with the remainder being residential.  Land use is 

shown in Figure 4-1.   

The Foe Killer Creek project area was divided into five subcatchments with similar land use compositions 

(as delineated on Figure 4-1).  This was done in order to characterize existing conditions for each 

subcatchment and then identify basin-specific management needs.  

A breakdown of land uses for each subcatchment is provided by area in Table 4-1 and by percent in 

Table 4-2. 

Table 4-1. Land Use Breakdown by Area 

Subcatchment 

Area (acres) 

Total area Agriculture 
Comm. and 
Industrial 

Mixed 
use 

Parks and 
Recreation 

Residential 

Subcatchment 1 699 85.5 42.4 62.3 4.6 500.9 

Subcatchment 2 1,113 108.4 9.2 0.0 8.0 985.3 

Subcatchment 3 838 68.0 45.7 16.5 49.7 656.1 

Subcatchment 4 557 9.2 158.7 13.5 121.0 253.5 

Subcatchment 5 538 0.0 473.3 22.2 3.6 14.9 

Total study area 3,745 271.1 729.3 114.5 186.9 2,410.7 
Note: Land use totals do not add up to the total acreage of the study area because a small portion of the watershed is un-

zoned.  

Table 4-2. Land Use Breakdown by Percent 

Subcatchment 
Percent of 
study area 

Agriculture 
Comm. and 
Industrial 

Mixed 
use 

Parks and 
Recreation 

Residential 

Subcatchment 1 19% 12% 6% 9% 1% 72% 

Subcatchment 2 30% 10% 1% 0% 1% 89% 

Subcatchment 3 22% 8% 5% 2% 6% 78% 

Subcatchment 4 15% 2% 28% 2% 22% 46% 

Subcatchment 5 14% 0% 88% 4% 1% 3% 

Total study area 100% 7% 19% 3% 5% 64% 
Note: Land use percentages only add up to 99% of the total study area because a small portion of the watershed is un-zoned. 
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Figure 4-1  Land Use  
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4.2 Impervious Surfaces 

Tetra Tech created a complete impervious surface coverage of the project area, including the extent of 

the Foe Killer Creek watershed, within the City of Alpharetta.  This task was completed as part of the 

WIP to better characterize the impervious nature of the watershed for the purpose of assessing 

management needs and setting up the Stormwater Management Model (SWMM).  Impervious surfaces 

were digitized using 2013 aerial photographs provided by the City.  An existing impervious coverage 

provided by the City, which included parking lots, roads, and buildings over portions of the watershed, 

was used as a template.  This existing coverage was reviewed and updated where needed to reflect 

changes such as parking lots, roads, and buildings that do not appear in the 2013 aerial photo 

(presumably demolished) or changed shape in the 2013 aerial photo (due to additions or 

redevelopment).  Modified shapefiles were created for these parking lots, roads, and buildings 

coverages.   

New roads, buildings, and parking lots that appear in the 2013 aerials were added.  Driveways, which 

were not included in the original coverage, were also added.  A new category called “Other” was also 

added to include impervious surfaces that are not buildings, driveways, parking lots, or roads (i.e. 

basketball courts, tennis courts, and plazas).  The files created for the impervious surface delineation 

were provided to the City on CD.  A summary of impervious surfaces by subcatchment is provided in 

Table 4-3.  A map showing all impervious surfaces in the watershed is shown in Figure 4-2. 

Table 4-3. Summary of Impervious Surfaces by Subcatchment 

Subcatchment 
Total area 

(acres) 
Impervious area 

(acres) 
Percent of 
study area 

Subcatchment 1 699 167 24% 

Subcatchment 2 1,113 209 19% 

Subcatchment 3 838 185 22% 

Subcatchment 4 557 171 31% 

Subcatchment 5 538 231 43% 

Total study area 3,745 963 28% 
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Figure 4-2  Impervious Surfaces 
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4.3 Significant Facilities 

The EPA’s Facility Registry Service (FRS) was searched for any facilities within the study area that could 

potentially discharge pollutants in the Foe Killer Creek watershed.  This system queries all EPA databases 

and state databases for facilities which require permits, and is equivalent to searching all relevant 

databases individually.  Facilities in Georgia were downloaded and those within Alpharetta’s portion of 

the Foe Killer Creek watershed were mapped and examined.  The permitted facilities are identified on 

Figure 4-3.  

One Toxic Release Inventory (TRI) site (Alpharetta Ready Mix Concrete) was found; however, it releases 

lead into the air and not groundwater.  One National Pollutant Discharge Elimination System (NPDES) 

site (Colonial Pipeline Company) was found but its permit expired in 2011, and it appears not to have 

released any pollutants even prior to permit expiration.  In addition, there were 16 Resource 

Conservation and Recovery Act (RCRA) sites, including gas stations, car repair facilities, cabinet makers, 

and dry cleaners.  Facilities that generate hazardous waste are regulated by RCRA.  None of the 

aforementioned facilities were in violation of permitted releases.    
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Figure 4-3  Significant Facilities  
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4.4 303(d) Listed Waterbodies 

The Georgia EPD lists Foe Killer Creek on its Draft 2014 Integrated Clean Water Act 305(b)/303(d) list of 

impaired streams.  Foe Killer Creek, along the six-mile reach from its headwaters to Big Creek, is on the 

“not supporting” list for its designated use of fishing.  Two criteria were violated— biota (fish 

community) and fecal coliform bacteria.  The 303(d) listing attributes the impairments to urban 

runoff/urban effects.  A total maximum daily load (TMDL) was completed for fecal coliform bacteria in 

2003, and revised in 2008 (Table 4-4).  The reduction goal for fecal coliform bacteria is 5 percent.  The 

impaired stream segment is identified on Figure 4-3. 

A TMDL implementation plan was developed for the Big Creek/Foe Killer Creek watershed in 2004.  The 

purpose of this implementation plan is to reduce or eliminate the sources of fecal coliform bacteria 

contributing to these stream segments in order to meet the fecal coliform water quality standard. The 

water quality attainment date is ten years from the time the implementation plan was approved.  The 

following potential fecal coliform sources were identified for stream segments in the watershed: urban 

runoff, animal waste, sanitary sewer overflows (SSOs), illicit connections, and leaking/failing septic 

systems. 

Table 4-4. 2008 TMDL for Foe Killer Creek 

Parameter 
Current load 
(counts/30 

days) 

Wasteload 
allocation from 

stormwater 
(WLASW) 

(counts/30 days) 

Load 
allocation 

(LA) 
(counts/30 

days) 

Margin of 
safety 
(MOS) 

(counts/30 
days) 

TMDL 
Percent 

reduction 

Fecal 
Coliform 

7.22E+11 3.93E+11 2.69E+11 7.35E+ 10 

 
2.15 x 1012 
counts/30 days 

5% 

4.5 Sewer and Septic 

Potential sources of fecal coliform bacteria from human sources include leaking sewer pipes and septic 

systems.  Fulton County Department of Water Resources provided Geographic Information System (GIS) 

data on sewer crossings over streams.  Figure 4-4 identifies sewer crossings in the watershed.   

The City of Roswell conducted a Foe Killer Creek Watershed Study and Improvement Plan in 2010.  As 

part of this study, the Fulton County Finance Department was contacted to obtain information needed 

to identify septic system locations within the Foe Killer Creek watershed.  The Finance Department 

confirmed 79 homes are billed for water only within the City of Alpharetta portion of the Foe Killer 

Creek watershed.  An additional 476 homes are billed for water only within the City of Roswell portion 

of the Foe Killer Creek watershed.  It is presumed that because these homes are not billed for 

wastewater, they are on septic. 

Tetra Tech contacted the Fulton County Finance Department in 2015 to verify that this information was 

still accurate, but the finance department was unable to comply with this request due to difficulties in 

performing such a query using the department’s billing software.  Tetra Tech contacted the Fulton 

County Department of Health and Wellness-North District to obtain information on septic areas.  This 

department was able to confirm that they have septic records for 65 of the addresses identified in the 

2010 study.  Parcels that were confirmed to be on septic are identified in Figure 4-4.  
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Figure 4-4  Sewer Crossings and Septic Systems  
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4.6 Water Quality and Biological Monitoring 

4.6.1 Data Collection 

Impaired Waters Monitoring 

The City of Alpharetta’s Phase I Large MS4 permit requires the City to implement a Stormwater 

Management Program (SWMP) in order to protect water quality.  One requirement of the SWMP is to 

monitor discharges to impaired waterbodies.  To fulfill this requirement, the City developed a 

Monitoring and Implementation Plan for Foe Killer Creek (Appendix B).  They also developed a Sampling 

and Quality Assurance Plan (SQAP) for Foe Killer Creek, in a joint effort with the City of Roswell, which 

establishes a coordinated monitoring program (Appendix C).     

The City of Alpharetta completes sampling at three sites along Foe Killer Creek within city limits: (1) near 

Mid Broadwell Road, (2) near Rucker Road, and (3) near Old Roswell Road.  The City of Roswell 

completes sampling at two sites along Foe Killer Creek within Roswell city limits: (1) near Upper 

Hembree Road, and (2) near Greenhouse Drive.  The names and coordinates of the five fecal coliform 

sampling sites are provided in Table 4-5, and the sampling locations are shown on Figure 4-5.  The 

sampling schedule follows the bacteria sampling protocol outlined in the Metropolitan North Georgia 

Water Planning District’s (MNGWPD) Standard Methodologies for Surface Water Monitoring (MNGWPD 

2007).  Grab samples of water are taken at each site 16 times per year.  Four samples are collected 

within a 30-day period during 4 calendar quarters to calculate 4 geometric means.   

Table 4-5. Fecal Coliform Sampling Sites on Foe Killer Creek 

Site name SQAP Site number Latitude Longitude 

Mid Broadwell Road Site 1 33° 04’ 54.25” N -84° 18’ 47.06” W 

Rucker Road Site 2 33° 04’ 32.38” N -84° 19’ 38.46” W 

Upper Hembree Road Site 3 33° 04’ 11.89” N -84° 20’ 08.94” W 

Greenhouse Drive Site 4 33° 03’ 14.57” N -84° 19’ 29.01” W 

Old Roswell Road Site 5 33° 02’ 33.45” N -84° 19’ 10.98” W 

 

Biological Monitoring  

The MNGWPD Watershed Management Plan calls for local jurisdictions to perform watershed 

conditions assessments, including long-term ambient trend monitoring and habitat/biological 

monitoring.  Alpharetta, in conjunction with Fulton County and the various cities within north Fulton 

County, signed a memorandum of understanding to coordinate completion of these monitoring 

requirements.  In this agreement, Alpharetta was assigned one habitat/biological station, which is on 

Foe Killer Creek, downstream of Old Roswell Road Bridge on the lower end of the watershed before its 

confluence with Big Creek.  Fish and benthic macroinvertebrate surveys are conducted at this site every 

two years.  In an effort to be proactive and gather additional trend data, Alpharetta also completes 

habitat/biological monitoring at a site on Big Creek just upstream of Kimball Bridge Road every two 

years.  This site is just over 3.5 miles upstream of the confluence of Foe Killer Creek and Big Creek.   
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Long-Term Ambient Water Quality Monitoring 

Alpharetta began conducting ambient water quality monitoring of city streams approximately fifteen 

years ago to collect baseline data, determine trends, and to find and resolve water quality problems.  

There are eight long-term ambient water quality monitoring stations in the Foe Killer Creek watershed, 

identified in Table 4-6, including six within city limits and two outside of city limits.  The two sites outside 

of city limits are monitored quarterly by the City of Roswell.  All stations are monitored monthly.  Five of 

the ambient water quality monitoring sites are also SQAP impaired waters monitoring sites.  The 

stations are shown in Figure 4-5.  Alpharetta is not responsible for any long-term ambient trend 

monitoring as part of MNGWPD requirements.  However, the City voluntarily collects ambient water 

quality monitoring data on Big Creek at Kimball Bridge Road, where they conduct biological surveys.  

Table 4-6. Long-term Ambient Water Quality Monitoring Stations in the Foe Killer Creek Watershed 

Site Name SQAP site number 
Reach ID 

(used by City) 

Rucker Rd Site 2 03 

Wills Park/Old Milton Parkway N/A 11 

Wills Park/Trib 14 N/A 11e 

Mansell Rd  N/A 12 

Old Roswell Rd/Rock Mill Way  Site 5 20 

Mid-Broadwell Rd Site 1 44 

Upper Hembree Rd (Roswell) Site 3 56 

Greenhouse Rd (Roswell) Site 4 57 
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Figure 4-5  Water Quality Monitoring Stations  
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4.6.2 Results 

Water quality data from April 2008 through January 2015 are provided in Appendix D for the eight long-

term ambient water quality monitoring stations in the Foe Killer Creek watershed.  Tetra Tech reviewed 

these data to identify potential impairments with respect to state standards and other accepted stream 

standards.  Average values for each parameter are presented in Table 4-7, with values of concern 

highlighted in bold text.  An explanation of each parameter is provided in the sections below.   

Table 4-7. Summary of Ambient Water Quality Data (long-term averages) 

 

 

Temperature 

Human activity has affected the temperature of rivers and streams in many ways.  One of the most 

significant mechanisms that increases water temperature is thermal pollution.  Industries, such as 

nuclear power plants, may cause thermal impacts by discharging water used to cool machinery.  

Thermal impacts may also come from stormwater running off warmed urban surfaces, such as streets, 

sidewalks, and parking lots.  The temperature of streams and rivers is also affected by the loss of 

riparian buffers (e.g., trees that provide shade), thereby exposing the water to more direct sunlight. 
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Soil erosion can also contribute to warmer water temperature.  Many types of activities, including the 

removal of streamside vegetation, overgrazing, poor farm practices, and construction, can cause soil 

erosion.  Soil erosion raises water temperatures because it increases the amount of suspended solids 

carried by the river, making the water cloudy or turbid.  Cloudy water absorbs the sun’s rays, causing 

water temperature to rise.  

Changes in water temperature have a profound effect on the stream ecosystem.  As water temperature 

rises, the rate of photosynthesis and plant growth also increase.  The additional plants eventually die 

and are decomposed by bacteria that consume oxygen.  Therefore, as temperature and the rate of 

photosynthesis increase, so does the need for oxygen in the water (biochemical oxygen demand [BOD]).  

The metabolic rate of organisms also rises with increasing water temperature, resulting in even greater 

oxygen demand.  The life cycles of aquatic insects tend to speed up in warm water.  Animals that feed 

on these insects can be negatively affected, particularly birds that depend on insects emerging at critical 

time periods during their migratory flights.  

Most aquatic organisms have adapted to survive within a range of water temperatures.  Some 

organisms, such as trout and stonefly nymphs, prefer cooler water while others thrive under warmer 

conditions (e.g., carp and dragonfly nymphs).  As the temperature of a stream or river increases, the 

warm water organisms will replace the cool water species.  Few organisms can tolerate extremes of heat 

or cold.  Temperature also affects the sensitivity of aquatic life to toxic wastes, parasites, and disease.  

For example, thermal pollution may cause fish to become more vulnerable to disease, either due to the 

stress from rising water temperatures or the resulting decrease in dissolved oxygen.  

Georgia Water Use Classifications and In-stream Water Quality Standards for designated uses require 

that discharge to a stream cannot produce a temperature change of more than 5° F from the ambient 

water temperature.  A maximum water temperature not to exceed 90° F (32° C) is specified.  

Foe Killer Creek Results – Water temperatures average between 59° F and 62° F during the study period.  

No single measurement was taken over 90° F. 

pH 

Water (H20) contains both hydrogen (H+) ions and hydroxyl (OH-) ions.  The pH test measures the H+ ion 

concentration of liquids and substances, with resulting values reported on a scale from 0 to 14.  Pure 

deionized water contains equal numbers of H+ and OH- and has a neutral pH of 7.  If a water sample has 

more H+ than OH- ions, it is considered acidic and has a pH of less than 7.  If a sample contains more OH- 

than H+ ions, it is considered basic with a pH greater than 7.  It is important to note that for every one-

unit change on the pH scale, there is approximately a ten-fold change in how acidic or basic the sample. 

Changes in the pH value of water are important to many organisms as they have adapted to life in water 

of a specific pH and may die if it changes even slightly.  This has occurred to brook trout in some streams 

in the northeast.  Impacts to biological communities are observed in streams that receive acid rain and 

acid snow melts in the spring.  Immature stages of aquatic insects and young fish are extremely sensitive 

to pH values at or below 5.  Very acidic waters can also cause heavy metals, such as copper and 

aluminum, to be released into the water.  Heavy metals accumulate on the gills of fish or cause 

deformities in young fish, reducing their chance of survival.  At extremely high or low pH values (e.g., 9.6 

or 4.5) the water becomes unsuitable for most organisms.  
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Georgia Water Use Classifications and In-stream Water Quality Standards for designated uses require 

that pH levels be between 6.0 and 8.5.  

Foe Killer Creek Results – The averages for pH ranged from 6.21 to 6.91.  At Mid-Broadwell Road, the pH 

was measured below 6.0 during all six (6) sampling events between March 2012 and July 2012 and once 

again in December of 2013.  At Upper Hembree Road (Roswell), pH levels were also below 6.0 during all 

four (4) sampling events in June and July of 2012 and once again in March of 2014.   

Dissolved Oxygen  

Dissolved oxygen (DO) is essential for the maintenance of healthy streams and rivers. The primary 

source of DO in water comes from the atmosphere through physical mixing at the air-surface water 

interface.  Algae and rooted aquatic plants also release oxygen into streams and lakes through 

photosynthesis.  Most aquatic plants and animals need oxygen to survive.  Waters with consistently high 

levels of DO are generally considered healthy and stable ecosystems capable of supporting many 

different species of aquatic organisms. .  

Levels of DO in aquatic ecosystems vary significantly depending on a number of factors.  Physical 

influences, such as volume of discharge and water temperature directly affect oxygen concentration 

with levels increasing with increased mixing rates as well as decreasing temperature.  During dry 

periods, e.g. in the summer, flow may be reduced and air and water temperatures are often higher.  

Both of these factors tend to reduce DO levels.  In the spring, wet weather increases flow resulting in 

greater mixing and dissolution of atmospheric oxygen.  Large daily fluctuations in DO are also 

characteristic of waterbodies with extensive plant growth.  Levels rise in the morning through the 

afternoon as a result of photosynthesis, reaching a peak in late afternoon.  Photosynthesis stops at 

night, but plants and animals continue to respire and consume oxygen.  As a result, DO levels fall to a 

low point just before dawn.  This phenomenon is more common in lakes and impounded rivers than in 

fast flowing streams.  

The main factor contributing to significant changes in DO concentrations is the build-up of organic 

wastes, including leaves, feces, etc.  Organic waste can enter rivers in many ways, such as in sewage, 

urban and agricultural runoff, or in the discharge of animal feeding operations and other industrial 

sources.  A primary component of urban and agricultural runoff is fertilizers that stimulate the growth of 

algae and other aquatic plants.  As plants die, aerobic bacteria consume oxygen in the process of 

decomposition.  Many other kinds of bacteria also consume oxygen while decomposing sewage and 

other organic material in the river.  

Depletions in DO concentration cause major shifts in the kinds of aquatic organisms found in 

waterbodies.  Species that cannot tolerate low oxygen levels (mayfly and stonefly nymphs, caddis fly and 

beetle larvae, bass, and trout) will be replaced by fewer kinds of pollution tolerant organisms, such as 

worms and fly larva, carp, and catfish.  Nuisance algae and anaerobic organisms may also become 

abundant in waters with low levels of DO.  DO levels below 5 mg/L are generally considered an indicator 

of poor water quality.  

The state of Georgia criteria lists a minimum level of DO that should not fall below 5.0 mg/L for daily 

average readings for streams other than trout streams.  The state also cites that DO levels should not be 

below 4.0 mg/l for any single measurement.  
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Foe Killer Creek Results – - DO levels were measured below the state standard of 4.0 mg/L at all sampling 

locations.  Wills Park/Trib 14 had a low DO average of 4.40 mg/l.  The other sampling locations had DO 

averages of 7.14 mg/l to 8.76 mg/l.   

Sediment Load  

The nature of suspended solids varies depending upon the source of the material, ranging from clay, silt, 

and plankton, to industrial wastes and sewage.  High turbidity may be caused by soil erosion, waste 

discharge, urban runoff, abundant bottom feeders (such as carp) that stir up bottom sediments, or algal 

growth.  The presence of suspended solids may cause color changes in water, from nearly white to red-

brown or green from algal blooms.  

At higher levels of turbidity, water loses its ability to support a diversity of aquatic organisms.  Murkier 

waters become warmer as suspended particles absorb-heat from sunlight, causing oxygen levels to fall.  

Photosynthesis decreases because less light penetrates the water causing further decreases in oxygen 

content.  The combination of warmer water, less light, and oxygen depletion makes it impossible for 

some forms of aquatic life to survive. 

Suspended solids affect aquatic life in other ways.  Suspended solids can clog fish gills, reduce growth 

rates, decrease resistance to disease, and prevent egg and larvae development.  Particles of silt, clay, 

and organic materials settle to the bottom, especially in slower moving rivers and streams.  These 

settled particles could smother the eggs of fish and aquatic insects, as well as suffocate newly hatched 

insect larvae.  Material that settles into spaces between rocks makes these microhabitats unsuitable for 

mayfly nymphs, stonefly nymphs, caddis fly larvae, and other aquatic insects living there. 

Turbidity is a measurement of the relative clarity of water - the greater the level, the murkier the water.  

Sediment load can be estimated through the use turbidity.  The turbidity meter is relatively easy to use 

in the field.   

Turbidity measurements are reported as nephelometric turbidity units (NTUs).  A Georgia Board of 

Regent’s Scientific Panel recommended a 25 NTU instream limit for the protection of aquatic 

communities in streams with a “fishing” classification (Kundell and Rasmussen, 1995).  

Foe Killer Creek Results – The turbidity in Foe Killer Creek is very low with averages at all stations 

between 5.18 NTU and 9.92 NTU.  Very few samples exceed the 25 NTU instream limit.   

Nutrients  

Cultural eutrophication, the human-caused enrichment of water with nutrients (phosphorus and/or 

nitrogen), is the primary cause of most eutrophication today.  Natural eutrophication also takes place 

today but is insignificant by comparison.  For example, forest fires are natural events that cause 

eutrophication.  Lakes that receive no inputs of nutrients from human activities age very slowly.  

Phosphorus is an essential element for life.  It is a plant nutrient needed for growth, and a fundamental 

element in the metabolic reactions of plants and animals.  Phosphorus oxidizes very readily and occurs 

in the earth’s rocks principally as orthophosphate.  Inorganic phosphates are the most abundant form of 

phosphorus and are rapidly taken up by algae and larger aquatic plants for nutritional needs.  Organic 

phosphate is a part of living plants and animals, their by-products, and their remains.  Plant growth is 

usually limited by the amount of phosphorus available.  In most waters, phosphorus functions as the 
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growth limiting factor because it is usually present in very low concentrations.  Because algae only 

require small amounts of this nutrient to live, excess phosphorus causes extensive algal growth called 

“blooms.”  Algal blooms are a classic symptom of cultural eutrophication.  

Phosphorus comes from several sources, including: human wastes, animal wastes, industrial wastes, 

fertilizers, and human disturbance of the land and its vegetation.  Sewage from wastewater treatment 

plants and septic systems are major sources of phosphorus in many aquatic ecosystems.  According to 

the EPA, sewage effluent should not contain phosphorus at levels greater than 1 mg/L, but outdated 

wastewater treatment plants often fail to meet this standard.  Also, some types of industrial wastes 

interfere with the removal of phosphorus during the wastewater treatment process.  Storm sewers 

sometimes carry flow into waterways from leaking sanitary sewer connections after a rainfall event.  

Phosphorus from animal wastes sometimes enters rivers and lakes through runoff from animal feeding 

operations.  Soil erosion from agricultural and construction activities is also a primary contributor of 

phosphorus to many waterbodies.  Fertilizers used for crops, lawns, and home gardens usually contain 

phosphorus, and when used in excess, the nutrient usually ends up in streams, rivers, and lakes.  

Draining swamps and marshes for farmlands, housing, commercial, and/or industrial parks releases 

nutrients like phosphorus that have remained dormant in years of accumulated organic deposits.  In 

addition, drained wetlands no longer function as filters of silt and phosphorus, allowing more runoff -

and phosphorus - to enter waterways. 

Shallow lakes and impounded river reaches, where the water is shallow and slow moving, are the most 

vulnerable to the effects of cultural eutrophication.  As mentioned previously, phosphorus stimulates 

the growth of algae and rooted vegetation, the latter that takes up phosphorus previously locked in 

bottom sediments and releases it to water, causing further eutrophication.  As eutrophication increases, 

swimming and boating may become impossible.  Eventually, the entire lake or river stretch may fill with 

aquatic vegetation.  The advanced stages of cultural eutrophication can produce anaerobic conditions in 

which oxygen in the water is completely depleted.  These conditions occur near the bottom of a lake or 

impounded river stretch, and produce gases like hydrogen sulfide, unmistakable for its “rotten egg” 

smell.  

It is important to evaluate both the total phosphorus (TP) as well as orthophosphate results to 

determine if this nutrient is a concern in any watershed.  Orthophosphate is that portion of the TP 

measurement that promotes eutrophication.  If orthophosphate is present in excess of the 0.1 mg/L 

threshold, it is likely that excessive nutrient input is occurring and causing impact to the stream 

ecosystem.  If the concentration of this parameter is low, then phosphorus is not a concern regardless of 

measurements of TP exceed recommended thresholds.  The state of Georgia does not have a standard 

for TP or orthophosphate; however, EPA Region 4 contends that aquatic resources that measure above 

0.1 mg/L for TP or orthophosphate may be at risk from cultural eutrophication.  

Foe Killer Creek Results – TP is not collected in the Foe Killer Creek watershed.  The average 

orthophosphate levels recorded were between 0.08 mg/L and 0.10 mg/L with many of the samples 

measuring over the 0.10 mg/L threshold.  By analyzing the data, it is evident that the orthophosphate 

has dropped dramatically since 2012.  Most measurements taken before 2012 exceeded the threshold 

and samples 2012 and beyond were well below the 0.10 mg/l recommendation.   
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Nitrogen  

Nitrogen is an element needed by all living plants and animals to make protein.  In aquatic ecosystems, 

nitrogen is present in many forms.  Nitrogen is a much more abundant nutrient than phosphorus in 

nature.  It is more commonly found in its molecular form (N2), which makes up 79 percent of the air we 

breathe.  This form is useless for most aquatic plant growth.  Blue-green algae, the primary algae of algal 

blooms, are able to use N2 and convert it into other forms of nitrogen, specifically: ammonia and 

nitrate, which plants can take up through their roots and use for growth.  Animals obtain the nitrogen 

they need by either eating aquatic plants or eating other aquatic organisms that feed upon the plants.  

As aquatic plants and animals die, bacteria break down large protein molecules into ammonia.  

Excretions of aquatic organisms are very rich in ammonia, although the amount of nitrogen they add to 

waters is usually small.  Ducks and geese, however, contribute a heavy load of nitrogen (from 

excrement) in areas where they are plentiful.  Ammonia is extremely toxic to fish populations even at 

low levels and can cause various problems including a reduction in hatching success, reduction in growth 

rate and morphological development, and pathologic changes in tissues of gills, livers, and kidneys.  

Ammonia is rapidly oxidized by other bacteria to form nitrites and nitrates.  Nitrate is the most common 

form of nitrogen found in water.  There are also bacteria that can transform nitrates into N2.  The 

nitrogen cycle begins again if this N2 is converted by blue-green algae into ammonia and nitrates.  

Because nitrogen, in the form of ammonia and nitrates, acts as a plant nutrient, it also causes 

eutrophication. As described in the previous section on phosphorus, eutrophication promotes plant 

growth and decay, which in turn increases BOD.  However, nitrogen, unlike phosphorus, rarely limits 

plant growth, so plants are not as sensitive to increases in ammonia and nitrate levels. 

Sewage is the main source of human nitrates added to rivers.  Sewage enters waterways in inadequately 

treated wastewater from sewage treatment plants, in the effluent from leaking sanitary sewer 

connections, and from poorly functioning septic systems.  Septic systems, more common in rural areas, 

generally treat waste from a single household.  If these systems are located too close to the water table 

or if the systems are not emptied periodically, nutrients and bacteria can enter the drinking water 

supply from a nearby well or can travel through the ground or through surface runoff to nearby streams 

and lakes.  Although it is not toxic itself, water containing high nitrate levels can cause a serious 

condition called methemoglobinemia, if used to make infant milk formula.  This condition prevents the 

baby’s blood from carrying oxygen; hence the nickname “blue baby” syndrome.  Therefore, a drinking 

water standard exists for both nitrates and nitrites. 

Two other important sources of nitrates in water are fertilizers and runoff from cattle feedlots, dairies, 

and barnyards.  High nitrate levels have been found in groundwater beneath croplands due to excessive 

fertilizer use, especially in heavily irrigated areas with sandy soils.  Stormwater runoff can carry nitrate-

containing fertilizers from farms and lawns into waterways.  Similarly, places where animals are 

concentrated, such as feedlots and dairies, produce large amounts of waste rich in ammonia and 

nitrates.  If not properly contained and treated, bacteria and nutrients can seep into groundwater or be 

transported to surface waters.  As discussed previously, eutrophication can limit organism diversity, 

recreational opportunities, and property values. 

Typically, concentrations of total nitrate above 10 mg/L, nitrite above 0.1 mg/L, ammonia above 2.0 

mg/L, and total Kjeldahl nitrogen (TKN — a measure of both the ammonia and organic forms of 
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nitrogen) above 2.0 mg/L are a concern and suggest that actions should be taken to identify sources and 

limit inputs of nitrogen in the ecosystem of concern. 

Foe Killer Creek Results – Only ammonia is measured in Foe Killer Creek.  The average concentrations 

ranged from 0.02 mg/L to 0.09 mg/L.  No samples exceeded the 2.0 mg/L threshold.   

Metals  

Volcanic eruptions, weathering of rock, and other natural processes continually introduce and cycle 

metals in the environment.  This geological weathering is responsible for the background levels of 

metals found in rivers and lakes.  Natural processes and cycles are often disrupted by human activity 

such as mining (e.g., lead, silver, copper, and iron ore) and manufacturing processes that redistribute 

and concentrate metals in the environment.  Metals are often found in the effluent of various 

manufacturing processes, including: lead and nickel in battery manufacturing, copper from the textile 

industry, silver in photographic film production, and iron ore in steel production.  Other point sources, 

such as sewage effluent, may contain elevated levels of copper, lead, zinc, and cadmium.  Some of this 

increase has been linked to corrosion within the wastewater collection system. 

Nonpoint sources of pollution include both urban and rural runoff.  Urban stormwater runoff carries 

increased metal loadings, especially during the initial “first flush” phase of the rain event.  Stormwater 

carries lead deposited on streets and parking lots from car exhaust, oil and grease, zinc in motor oil and 

grease, and copper worn from metal plating and brake linings.  In rural areas, sediments eroding from 

croplands carry cadmium, and even uranium, which are both found in some phosphate fertilizers.  

Herbicides used to control weeds may also contain arsenic.  In addition, metals used in products 

common to our daily life, such as cars, eventually end up in landfills or their by-products can be 

transported via stormwater to a nearby waterbody.  

Many metals are essential for plant and animal growth and metabolism.  Nickel, zinc, and copper are 

considered essential elements.  Essential trace metals, at excessive levels, become toxic to invertebrates 

and fish.  Often the difference between non-toxic and toxic levels is minute.  Non- essential elements, 

such as cadmium, mercury, and lead, are toxic even at very low levels.  Toxicity refers to the potential 

harmful effects, both lethal as well as non-lethal, of a chemical upon a living organism.  Potential effects 

may include the inability to reproduce, behavioral changes, and/or changes in growth and development.  

It is often difficult to differentiate the many interconnected effects related to toxic metals.  For example, 

a fish that is stressed by accumulation of metals may become physically less able to avoid predation.  

The toxicity of heavy metals to aquatic organisms depends upon many factors, including the 

bioavailability of metals to organisms.  Organisms take up metals through ingestion of food, through 

adsorption onto membranes (gills), and transport through the skin.  Bioavailability, in turn, is influenced 

by water hardness, pH, life cycle, age of the organism, and water temperature.  With increasing water 

hardness, the toxicity of metals decreases, as they are adsorbed onto insoluble carbonate compounds.  

A lowering of the pH increases the solubility of metals in solution.  Below a pH of 5.5, aluminum and 

mercury levels may be a threat to aquatic life.  Concentrations of metals, such as mercury, are often 

higher in older organisms.  An increase in water temperature increases metabolism and quickens the 

intake of metals, as well.  Metals are adsorbed onto organic material and are found concentrated in 

bottom sediments.  Organisms that inhabit metal-laden sediment, e.g., Tubjfex, exhibit high levels of 
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metals.  People who eat bottom-feeding fish, such as carp and catfish, on a frequent basis may be at 

increased health risk.  

EPA, generally adopted by all states unless they choose to be more protective, has defined acute and 

chronic water quality standards for many individual metals.  For example, Georgia EPD has set for 

freshwater ecosystems an acute maximum standard of 7.0 µg/L and a chronic maximum standard of 5.0 

µg/L for copper, a typical metal found in Georgia’s streams.  Acute levels are those in which aquatic life 

will suffer deleterious effects after a short period of exposure, typically one hour.  Chronic levels are 

those in which aquatic life will suffer deleterious effects after a prolonged exposure, typically four days. 

Foe Killer Creek Results — The average copper results were between 0.01 µg/L and 0.02 µg/L.  No single 

sample exceed the chronic maximum standard of 5.0 µg/L.   

Specific Conductivity  

Specific conductance (conductivity) is a numerical expression of water’s ability to conduct an electrical 

current.  It is typically measured in microsiemens per centimeter (µS/cm).  Values of high specific 

conductance reflect the presence of high concentrations of total dissolved solids or potentially dissolved 

metals.  Specific conductance in natural surface waters has been found to range from 50 to 150 µS/cm 

(0.05 to 0.15 mS/cm).  The common standard used for freshwater monitoring in Georgia is 147 µS/cm 

(0.147 mS/cm).  

Foe Killer Creek Results — Two sampling stations reported levels above 147 µS/cm.  Wills Park/Old 

Milton Parkway reported levels above the threshold twice during the five (5) year period.  Wills 

Park/Trib 14 consistently had samples greater than the threshold.  More than half of the samples taken 

were more than 147 µS/cm.  Average concentrations for the remaining sampling stations ranged from 

79.27 µS/cm to 86.52 µS/cm.   

Fecal Coliform 

Fecal coliform bacteria are found in the feces of humans and other warm-blooded animals.  These 

bacteria enter rivers through direct discharge from mammals and birds, from agricultural and urban 

storm runoff carrying animal waste, and from human sewage discharged into the water.  Fecal coliform 

bacteria by themselves are not pathogenic.  Pathogenic organisms that cause diseases and illnesses 

include not only bacteria, but viruses and parasites as well.  Fecal coliform bacteria occur naturally in the 

human digestive tract and aid in the digestion of food.  In infected individuals, pathogenic organisms are 

found along with fecal coliform bacteria.  

Pathogens are relatively scarce in water, making them difficult and time-consuming to monitor.  Instead, 

fecal coliform levels are monitored because of the correlation between fecal coliform counts and the 

presence of pathogenic organisms.  If an analysis indicates the presence of fecal coliform counts are 

higher than 200 colony forming units per 100 milliliters (cfu/100 mL) of stream water sampled, the 

potential for pathogenic organisms to be present also exists.  A person swimming in such waters has a 

greater chance of getting sick from swallowing disease causing organisms, or from pathogens entering 

the body through the nose, mouth, ears, or cuts in the skin.  Diseases and illness, such as typhoid fever, 

gastroenteritis, dysentery, and ear infections, can be contracted in waters with high fecal coliform 

counts.  
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Cities and small towns sometimes contribute human wastes to local rivers through their sewer systems.  

A sewer system is a network of underground pipes that carry wastewater.  In a separate sewer system, 

sanitary wastes flow through sanitary sewers and are treated at the wastewater treatment plant.  Storm 

sewers carry stormwater runoff from streets, and discharge untreated stormwater directly into streams 

and rivers.  Rainfall can wash animal wastes produced by pets, birds, squirrels, etc. from lawns, 

sidewalks, and streets into streams.  Rainfall can also flush fecal coliforms from SSOs into streams.  In a 

combined sewer system, both sanitary wastes and storm runoff are treated at the wastewater 

treatment plant.  

Georgia has several sets of standards depending on the water use classification of the water body in 

question.  The fecal coliform standard applied to the “fishing” classification of Foe Killer Creek is as 

follows: “For the months of May through October, when water contact recreation activities are 

expected to occur, fecal coliforms not to exceed a geometric mean of 200 cfu per l00 mL based on at 

least four samples collected from a given sampling site over a 30-day period at intervals not less than 24 

hours.  Should water quality and sanitary studies show fecal coliform levels from non-human sources 

exceed 200 cfu per 100 mL (geometric mean) occasionally, then the allowable geometric mean fecal 

coliform shall not exceed 300 colonies per 100 L in lakes and reservoirs and 500 cfu per 100 mL in free 

flowing freshwater streams.  For the months of November through April, fecal coliforms not to exceed a 

geometric mean of 1,000 cfu per 100 mL based on at least four samples collected from a given sampling 

site over a 30-day period at intervals not less than 24 hours and not to exceed a maximum of 4,000 cfu 

per 100 mL for any sample….”  

Foe Killer Creek Results — Fecal coliform geometric mean data are presented in Table 4-9.  Geometric 

means exceeding state standards are highlighted in bold.  During winter months, the Foe Killer Creek 

watershed only had two geometric means above the 1,000 cfu/100 mL state standard in the five-year 

sampling period.  Old Roswell Road/Rock Mill Way had a fecal coliform geometric mean of 4,128 cfu/100 

mL in December of 2011 and a geometric mean of 1,602 cfu/100 mL in March of 2015.  Geometric 

means above 200 cfu/100 mL were observed multiple times in the summer months.  A majority of the 

geometric means calculated for summer sampling events from 2010 through 2014 were above the 200 

cfu/100 mL threshold.  In the summer of 2015 there was a slight improvement, with only half of the 

summer geometric mean values greater than 200 cfu/100 mL. 

Fulton County is responsible for identifying and responding to sewer and septic spills in Alpharetta.  

Since 2009, the County has identified and cleaned up 18 spills in Alpharetta, as shown in Table 4-8.  This 

program, which requires a response and clean-up effort for identified spills, is likely helping to reduce 

fecal coliform bacteria loads.    

Table 4-8. Sewer and Septic Spills in Alpharetta Identified and Cleaned up by Fulton County 

Reporting period Number of spills identified and cleaned up 

2009-10 9 

2010-11 0 

2011-12 5 

2012-13 1 

2013-14 3 
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Table 4-9. Summary of Fecal Coliform Geometric Mean Data 
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4.7 Upland Assessment (2015) 

Tetra Tech conducted an assessment of upland areas of the Foe Killer Creek WIP project area to identify 

potential sources of pollution and hydrologic impairment.  The assessment involved a review of existing 

reports, aerial photographs, zoning maps, and GIS shapefiles (stormwater ponds, stormwater pipes and 

structures, etc.) to identify potential problem areas, and then conducting a visual survey of the 

watershed to verify and further characterize the nature of these areas.  A more intensive assessment 

was conducted within Wills Park, including a thorough walk-through of the park and an examination of 

upland land uses and their impacts on the receiving streams.   

The visual survey of the watershed involved a drive-by inspection of representative commercial, 

industrial, residential, and agricultural land use areas and representative stormwater management 

ponds.  Spot checks were done in areas with high percentages of impervious area to see if stormwater 

detention was being provided and if the stormwater management facilities appeared to be adequate 

and functioning properly. 

A summary of the upland assessment, including potential sources of pollution and hydrologic 

impairment are discussed in the sections below. 

4.7.1 Existing Ponds 

Existing stormwater ponds in the watershed range in state from extremely well-manicured to 

completely neglected.  Many of the privately maintained stormwater ponds in the City have vertical 

walls on the sides so they can occupy as little space as possible.  These ponds were built or approved 

prior to implementation of an ordinance that limits the practice, or prior to annexation into the city.  It is 

also common for privately maintained stormwater ponds to be full of mature trees, which appear to 

have been recruited naturally and never removed (see Photos 1 and 2).  Some stormwater ponds appear 

to have been created by impounding small, wooded, headwater streams.  These were likely constructed 

before regulations were put in place that discourage in-stream detention.  For the most part, in 

Alpharetta, the wooded detention ponds seemed to be functioning well.  While mature trees in ponds 

can cause a minimal loss of storage volume due to tree trunks, the trees are helping to infiltrate and 

evapotranspire stormwater runoff, as well as shading the ponds and keeping water temperatures from 

getting too high.  The only potential drawback to these wooded ponds is high loads of organic matter 

entering the streams when leaves are washed out of the ponds.  Wooded ponds require maintenance in 

the form of brush clearing and debris removal, although they do not need to be mowed.  Overall, the 

advantages of wooded stormwater detention ponds appear to outweigh the drawbacks.   

A few ponds, such as one observed at the Old Milton High School, were so overgrown with shrubs and 

vines that it would be impossible to access the outlet structure and perform routine maintenance 

inspections.  One pond on Surry Point was found to have a blown out berm and outlet structure such 

that is was not serving to detain any water (Photo 3).  While the city does complete inspections of 

private ponds, like other surrounding communities, the city does not provide maintenance of ponds on 

private property with city funds.  The city has completed inspections on the pond at Surry Point.  There 

has been considerable difficulty in identifying the current property owner in order to enforce 

maintenance practices.  Unmaintained private ponds in the watershed are contributing to degraded 

stream health.   
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Photo 1.  Typical detention pond on private property that is walled and forested. 

 

Photo 2.  Pond at Roswell Street that is walled and contains pine saplings. 
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Photo 3. Pond at Surry Point with a failed berm and outlet structure. 

4.7.2 Hydrology 

The analysis of impervious surfaces determined that impervious surface cover ranges from 19 percent in 

areas that are primarily residential to 43 percent in highly developed commercial areas.  Land that is 

even as little as 10% impervious can have significant negative impacts on aquatic life.  A high percentage 

impervious surface cover causes flash hydrology and high peak storm flows that results in severe in-

stream erosion.  In the Foe Killer Creek watershed, some of the older residential developments and 

downtown areas have inadequate stormwater detention facilities.  Stormwater runoff is routed directly 

to the streams and is a direct cause of hydrologic impacts.  It is also a common practice in Alpharetta to 

connect downspouts directly into a stream or stormwater pond (Photo 4).  This practice reduces 

opportunities for infiltration and evapotranspiration that would preserve base flow in streams and 

reduce runoff volumes.    

Flooding is a problem at two locations in the watershed.  The first involves flooding of a tributary that is 

parallel to and to the north of Birch Hollow Drive.  Flooding at this location is due to beaver activity, and 

is discussed in the stream assessment section (Section 4.8).  The second area involves the regular 

flooding of homes and properties along Foe Killer Creek in the vicinity of Mayfield Circle and Maple 

Lane.  The primary problem in this area is that homes were constructed in the floodplain of Foe Killer 

Creek before stream buffers were required.  Flooding can be exacerbated if proper stormwater 

management and downstream analysis is not required on new developments.  City regulations and 

ordinances do require these calculations. 
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Photo 4.  Downspouts at the Community Center are piped to a stormwater pond. 

4.7.3 Industrial Runoff 

The industrial area along North Fulton Industrial Boulevard was inspected because runoff from industrial 

facilities could cause significant stream impairment.  No obvious issues with contaminated runoff were 

observed.  Two cement plants in this area keep and treat all runoff onsite.  Runoff from a junkyard/scrap 

metal lot appears to drain to an offsite pond (or ponds) before entering a stream.  It is possible that 

some oil, grease, and heavy metals are transported into the stream from this site, but the site is not 

directly connected to a stream, so it is a low concern. 

4.7.4 Fecal Coliform Bacteria 

Potential source of fecal coliform bacteria in the Foe Killer Creek watershed include human waste from 

leaky sewer pipes and poorly functioning septic systems, agricultural runoff from cow pastures and 

horse stables, pet waste, and waterfowl.  No visible signs of sewer or septic problems were noticed 

during the upland assessment.  Many of the parcels that are zoned as agriculture do not appear to be 

currently used for agriculture.  Many of these parcels are single family homes with wooded or mowed 

lots.  One cow pasture was observed at the corner of Rucker Road and Charlotte Drive (Photos 5 and 6) 

where cattle have direct access to a farm pond that drains to a stream.  Other small pastures and stables 

were noted, but the overall impact in the watershed is likely minimal.  Geese were observed at one 

pond and feces were observed in great quantities around the perimeter (Photo 7).  It is likely that geese 

are present throughout the watershed and are a contributing source of fecal coliform bacteria.  Dogs are 

likely another potential source, particularly in residential areas. 
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Photo 5.  Cow pasture is a potential source of fecal coliform bacteria.  

  

Photo 6.   Google Earth image of cow pasture with a farm pond. 
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Photo 7.  Geese observed around ponds are a likely source of fecal coliform bacteria. 

4.7.5 Wills Park 

Waste Containment 

Wills Park has an active equestrian center where waste containment is a big problem because of site 

constraints and outdated facilities.  The center currently brings in waste containment with each event.  

This temporary containment and haul off practice does provide opportunities for improvement 

especially considering impacts of inclement weather, lack of permanent containment, and proximity of 

temporary storage to streams.  Rain causes contaminated runoff from the dumpsters to wash into the 

parking lot which drains directly to the stream with no treatment (Photo 8).  The stables and dumpsters 

are in very close proximity to the stream because the park was developed prior to stream buffer 

regulations.  The equestrian center is likely a large source of fecal coliform bacteria.   
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Photo 8.  Uncontained stable waste is a likely source of fecal coliform bacteria at Wills Park. 

Wills Park also has a dog park and walking paths where dogs are allowed.  The City has a pet waste 

program that provides pet waste bags and waste receptacles throughout the park (Photo 9).  The 

program appears to be effective, and is likely limiting dog waste as a source of fecal coliform bacteria. 

 

Photo 9.  Pet waste management at Wills Park. 
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Drainage Issues  

Drainage issues in Wills Park are significant because most of the park was developed prior to current 

stormwater regulations.  The dog park, the community center, and the walking trail area directly behind 

the community center are newer facilities, and are all serviced by stormwater ponds.  The equestrian 

arena (Photo 10), recreation center, and parking lots in the older section of the park (all except for one 

small lot by the Mansell House) drain to a stream with no stormwater detention or water quality 

treatment.  This is exacerbated by the fact that building downspouts (i.e. from the recreation center) are 

piped directly to the streams.  The baseball fields also have no flow attenuation or treatment.  The 

stream is severely eroded downstream of the outlet from the baseball fields. There is a huge gully where 

soil has eroded below the outfall from the main parking lot. 

 

Photo 10.   Equestrian arena with no stormwater treatment. 

Channel Protection 

Stream buffers within Wills Park are minimal because the park was developed before stream buffers 

were required within the City of Alpharetta.  There are several areas where impervious surfaces exist in 

close proximity to streams.  The access road along the northern edge of the equestrian center is right 

along the stream bank, with no stream buffer.  Additionally, mowed lawns, Frisbee golf fairways, and 

pedestrian paths currently exist along stream banks in the park, leaving minimal buffer vegetation.  

There are areas where Frisbee golfers cross the stream regularly that do not have bridge crossings.  

These areas have bare soil and no vegetation (Photo 11).  Streams are mowed to the edge in areas 

adjacent to Frisbee golf and playgrounds.  This lack of vegetation along stream banks leaves the stream 

banks susceptible to erosion (Photo 12), particularly when coupled with untreated storm flows running 

off of impervious surfaces.  Gravel from the parking areas at the equestrian center is also a constant 
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maintenance issue because the gravel washes downslope after each storm event and a portion of it 

ends up in the stream. 

 

Photo 11.  Stream buffer impacted by heavy foot traffic. 

 

Photo 12.   Stream buffer impacted by mowing and recreational uses. 
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4.8 Stream Assessment (2015) 

A full stream walk assessment was conducted as part of this WIP and the report is provided in Appendix 

E.  The sections below provide a summary of the overall state of the streams and a comparison to 

conditions noted in the 2010 City of Roswell Watershed Study and Improvement Plan. 

4.8.1 Overall State of the Streams 

In general, streams are transporting a high sand load.  This sand is transported though high-gradient 

reaches and is deposited in low-gradient reaches and on floodplains during high flows.  Gravel and 

cobble riffles along many of the low-gradient reaches are embedded by sand.  Pools are often filled with 

sand.  Many reaches are characterized as having intermittent dunes of loose sand.  These dunes migrate 

downstream with each storm runoff event; essentially a conveyor belt transporting sand perhaps a few 

hundred feet or yards with each heavy rainfall.  Much of this sand becomes trapped on floodplains, in 

stormwater detention basins, and behind beaver dams.  Over time the floodplain deposits are liberated 

as the streams meander and cut into their banks.  

In general, streams are impacted by channel enlargement through bed incision and channel widening.   

The likely cause is the increase in energy from higher peak stormwater runoff volumes.  Within each 

tributary sub-watershed, there are variations between highly eroding and highly depositional channel 

forms, but the overall trend is erosional. 

Grade controls are created by road crossings, stormwater detention structures, beaver dams, and 

woody debris jams tight to the bed.  Sediment is deposited on the bed immediately above these 

features.  These depositional reaches have low-height, stable banks, and loose sand beds.  Immediately 

below these features, the channels are actively eroding.  Banks are high and subject to mass wasting.  If 

trees mass waste into the channels, then erosion is exacerbated as flows scour around the ends of the 

jam into the floodplain.   

Many of the upper reaches of Foe Killer Creek and its tributaries are well maintained by land owners.  

The conditions observed along the streams flowing through residential neighborhoods, and from 

conversations with landowners encountered during the stream walks, indicate that many of the 

homeowners serve as stewards of their stream waterfronts.  They are the first to notice problems with 

their streams, they clear woody debris jams, and they contact the City for rip-rap, which they then 

provide the labor for installing. Thus, the present program of providing rip-rap to concerned waterfront 

owners appears to have a high value towards maintaining channel stability. 

In the lower part of the watershed, especially where the bridges are open spans and thus do not create 

grade controls, and where the stream has a broad alluvial valley to meander across, the channel is 

actively recruiting woody debris through bank erosion. 

The Stream Walk Assessment Appendix includes notes on locations where city infrastructure appears to 

be impacted.  These areas are identified as maintenance issues in Table 5-1 of the stream walk report 

(Appendix E).  Typical impacts include, sewage pipelines scoured free of the banks, large quantities of 

woody debris or trash trapped against a pipe, plugged culverts, etc. 
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4.8.2 Stream Condition Compared to the 2010 WIP 

The 2015 Foe Killer Creek stream walk assessment included stream reaches that were previously 

assessed as part of the 2010 City of Roswell Watershed Study and Improvement Plan.  A comparison of 

corresponding reaches indicates that the channel conditions have remained similar during the 

intervening five years.  Stable reaches have tended to remain stable, and reaches that were undergoing 

severe erosion and impacts from woody debris are still impacted.  The 2015 assessment differs from the 

2010 study in that Foe Killer Creek outside of Alpharetta city limits was not assessed, but an additional 

dozen or so major tributaries within city limits were assessed.  Another difference is the method of the 

assessment.  The 2015 assessment was conducted by walking in the channel where ever possible.  This 

enables the field personnel to view both stream banks (it is difficult to assess a stream bank face when 

standing on top of it), and affords the opportunity to feel the bed state and to not miss in-channel 

features such a beaver dams, debris jams, tributaries, outfalls, etc.  Thus, the 2015 assessment is more 

detailed than the 2010 study. 

Outcomes of the 2010 study included several suggested stream restoration projects.  A reinterpretation 

of these suggested projects is proposed based on additional data collected in 2015.  The three reaches 

recommended for restoration in 2010 are still undergoing severe bank erosion in 2015.  However, the 

2015 assessment indicates that there are many thousands of feet of stream bank that are impacted by 

severe scour, incision driven mass wasting, and channel widening due to large woody debris jams.  Thus, 

any individual stream restoration or bank stabilization effort would likely have minimal impact on 

improving the overall downstream sedimentation issues.  Overall, it is likely that stream restoration 

efforts will not provide a high value for each dollar spent in improving water quality.   

4.9 Stormwater Inventory and Detailed Drainage Analysis of Wills Park 

The Tetra Tech Team performed a stormwater inventory in the Foe Killer Creek watershed in 2015 in 

conjunction with the WIP to improve the City’s database of surveyed stormwater structures and 

conveyances in the watershed.  A total of 432 structures and 484 conveyances were inventoried, 

including a complete inventory of Wills Park.  A summary of the inventory data is provided in Table 4-10.  

The survey involved the collection of data on pipes and structures that were previously not surveyed, as 

well as the collection of additional data on pipes and structures that were already in the City’s database 

but were missing information.  The inventory focused on priority areas in the eastern part of the 

watershed where hydrology issues are the greatest.  The inventory also focused on filling in gaps in the 

City’s existing stormwater inventory in order to obtain a more complete picture of the stormwater 

drainage network.  The inventory was then used in the hydrodynamic model to assess existing hydrology 

in the watershed and to assess the performance of proposed stormwater management measures.  A 

figure of the City’s stormwater inventory, including previously surveyed City stormwater conveyances 

and structures, as well as stormwater structures and conveyances inventories as part of the WIP, is 

provided in Appendix F. 
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Table 4-10. WIP Stormwater Inventory  

 
Detailed Drainage 

Analysis of Wills Park 

Watershed inventory 
(outside of Wills 

Park) 
Total 

Structures 166 266 432 

Conveyances 140 344 484 

Total (structures + conveyances) 306 610 916 

 

4.10 Hydrodynamic Model (2015) 

A new Foe Killer Creek SWMM model was developed in 2015 as part of the WIP, using PCSWMM 
modeling software.  The complete modeling report is included as Appendix G.  The 2015 PCSWMM 
model included several enhancements and updates to the SWMM model that was conducted as part of 
the 2006 Foe Killer Creek Watershed Study. These enhancements and updates included: 

 Extended the modeled area of Upper Foe Killer Creek  watershed (1.45 mi2) to entire Foe Killer 
Creek watershed (12.3 mi2)  

 Increased subcatchment resolution in the Upper Foe Killer Creek watershed.  Average size of 
subcatchments in the upper portion of the watershed was decreased from 25 acres (2006 SWMM 
model) to 3.6 acres (2015 PCSWMM model). 

 Included 2,892 stormwater structures and 2,539 stormwater conveyances in the City of 

Alpharetta area of the 2015 PCSWMM model.  The stormwater structures and conveyances data 

were provided in archived datasets from the City of Alpharetta, and in recent surveys completed 

by Integrated Science & Engineering (ISE) and Moreland Altobelli.  The 2006 SWMM model only 

included 118 conduits pipes and channels. 

 Represented approximately 176,000 ft of natural stream and pipes in the 2015 PCSWMM model. 
The 2006 SWMM model had 37,700 ft of natural streams and pipe 

 Defined soil properties (texture and type) using the SSURGO coverage (fine resolution) to 
determine infiltration parameters.  The 2006 SWMM model used the STATSGO coverage (coarse 
resolution).  

 Updated land use impervious and pervious coverage percentages using the 2011 National Land 
Use Coverage Dataset (NLCD) and City of Alpharetta impervious coverage shapefiles that were 
completed for the project area by Tetra Tech as part of the 2015 WIP. 

 Modeled land use pollutant loading for ammonia, ortho-phosphorus, and fecal coliform. 

The model set up included watershed delineation and the development of inputs for soil and infiltration, 

land use classification, groundwater, and potential evapotranspiration and rainfall.  It also included 

setup of the conveyance system, including natural channels, pipes and nodes, and ponds. The model 

was calibrated for hydrology and water quality.  The calibrated PCSWMM model was used to evaluate 

and determine locations where the current natural channel and stormwater conveyances were 

undersized and where potential flooding was occurring.  
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The PCSWMM model was also used to simulate pollutant loading for Foe Killer Creek Watershed. The 

water quality constituents modeled are Ammonia, Ortho-phosphate and Fecal Coliform. These three 

parameters were chosen as the most available and frequent sampling parameters available during the 

monitoring period of 2008-2014 and these parameters have values above detection limits, making them 

suitable for calibration. TSS data is not available and turbidity does not necessarily correspond to all the 

suspended solids.   

Annual loads were calculated based on the flow rates, volumes, and concentrations. The loads are listed 

for all three constituents in Table 4-11. The average annual loads are comparable with the predicted 

loads for Big Creek.  

Table 4-11. Model Predicted Total Annual Loads 

 Ortho-
phosphate 

(lbs/acre/yr) 

Ammonia 
(lbs/acre/yr) 

Fecal Coliform 
million  

count/acre/yr) 

2009 0.587 1,189 1.29E+11 

2010 0.273 553 5E+10 

2011 0.182 368 3.9E+10 

2012 0.142 289 2.95E+10 

2013 0.576 1,167 1.09E+11 

2014 0.322 652 5.86E+10 

Avg 0.347 1,189 6.92E+10 

 

Once the existing conditions model was set up, the model was used to identify potential drainage issues 

and high pollutant loading areas in the Upper Foe Killer Creek Watershed. This analysis, along with 

drainage area problem records from the City of Alpharetta, was used to identify areas of flooding 

concern.  

Six of the recommended watershed improvement measures listed in Table 8-3 of this report that detain, 

remove, or decrease velocity of storm flows were incorporated into the PCSWMM model.  The model 

was run to determine if the available sizing of the BMPs was appropriate for a 25-year design storm. The 

model was also run for the 1.2 inch as well as the, 1, 2, 5, 10, 50, and 100-year design storms to 

determine the available capacity of the different BMPs.  Hydrographs were generated for each of the 

measures designed to reduce peak flows.  This and other output data were used to size the measures 

appropriately through an iterative process, and to demonstrate the hydrologic benefit of each measure.  

The entire model and conveyance system was run for a 25-year storm event to determine the 

cumulative impacts of the BMPs as designed according to site constraints.  There is generally greater 

than a 30 percent reduction in peak flow in conveyances just downstream of the management 

measures, with reductions up to 85 percent.  Reductions in peak flow continue to be seen further 

downstream of the measures to a lesser degree, with noticeable reductions seen as far as one mile 

downstream of Wills Park, and three miles downstream of Old Milton High School. 

The model was also used to evaluate the effects of upsizing culverts on Foe Killer Creek at Mid 

Broadwell Road and Maple Lane, including effects on the capacity of the actual culverts, as well as 

effects on upstream and downstream conveyances to assess flooding risk.  The culvert replacements 

were not recommended based on the results of this evaluation because it was determined that 



City of Alpharetta  Foe Killer Creek – Watershed Improvement Plan 

 38 December 2015 

enlarging the culverts have little impact on the upstream water surface elevation, and flooding was 

present regardless of the culvert dimension during 25-year storm events.   
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5 Watershed Projects and Research 

There is a great deal of previous work that has been done to assess conditions in the watershed.  The 

City, in conjunction with City of Roswell, has previously studied this basin, and collected fecal coliform 

data from five locations in the watershed.  Additional long-term monitoring data have been collected 

through an agreement with other neighboring communities.  The City of Alpharetta has a Downtown 

Master Plan (Kimley-Horn 2015) that identifies potential locations for stormwater facilities; a regional 

flood management facility is recommended at the southeast corner of Mayfield Road and Mayfield 

Circle, and new stormwater management facilities are recommended in Wills Park and at the old Milton 

High School.  In this Plan, Old Milton High School is also identified as a future green space. 

The City of Alpharetta conducted an Upper Foe Killer Creek Watershed Study in 2006, which presents 

specific drainage issues and proposed capital improvement projects to address those issues.  The City of 

Roswell conducted a Foe Killer Creek Watershed Study and Improvement Plan in 2010.  The two 

watershed studies are detailed in the sections below.   

5.1 2006 Foe Killer Creek Watershed Study 

An Upper Foe Killer Creek Watershed Study was performed in 2006 by Arcadis.  The purpose of this 

study was to prepare a Capital Improvement Program (CIP) to address stormwater improvement needs 

in the watershed.  This study encompassed a 1.45 square mile portion of the Foe Killer Creek watershed 

upstream of Mid Broadwell Road.  The study identified improvement alternatives aimed at reducing 

peak stormwater runoff rates and replacing undersized or deteriorating infrastructure, and to 

recommend repairs or maintenance to the existing stormwater conveyances and drainage system.  The 

study included a hydrologic and hydraulic analysis using SWMM to evaluate flooding locations. 

Some of the major findings of this study include: 

 There is significant flooding, channel erosion, and maintenance related concerns in the area 

south of Mayfield Road.   

 There is an undersized pipe at Jere Drive that causes occasional roadway overtopping. 

 There is a higher rate of stormwater runoff generated from the more densely developed and 

commercialized downtown area.  Most of the runoff from this area (which includes Old Milton 

High School) is directed into Tributary C and D drainage subwatersheds.  Stormwater releases 

from Tributary D, which originates east of Old Milton High School, exceed the capacity of the 

downstream storm sewer system.   

Each of these findings were revisited as part of this 2015 WIP: 

Flooding and channel erosion are still concerns in the area south of Mayfield Road.  This area was 

investigated as a potential site for regional detention. 

Jere drive still gets flooded, and was investigated for potential detention opportunities.  There is one 

parcel that could be utilized for off-line detention, but the City has already pursued this option and the 

property owner was unwilling to cooperate on the issue. 
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Stormwater runoff from the highly impervious downtown area, and surrounding areas that are densely 

developed, is still a concern.  Due to the limited space in this densely developed area, there are few 

opportunities for traditional stormwater detention.  Master planning and ordinances that encourage low 

impact development and flexible stormwater management options may help address this area in the 

long term.  Old Milton High School, located toward the upper end of this drainage basin, was 

investigated as a potential site for regional detention and low-impact re-development.   

5.2 City of Roswell Foe Killer Creek WIP 

The City of Roswell conducted a Foe Killer Creek Watershed Study and Improvement Plan in 2010 (River 

to Tap 2010).  This study included stream walks, a septic system inventory, and recommended best 

management practices (BMPs) for watershed improvement.  

The plan recommended that the City of Roswell should partner with the City of Alpharetta to construct 

stormwater detention basins in 12 locations within the Foe Killer Creek watershed to reduce the volume 

and velocity of stormwater runoff.  The report noted that constructing all 12 basins would detain runoff 

from 281 acres and reduce the total runoff volume draining directly to Foe Killer Creek by about 9%.  

The exact locations of these ponds were not easily discernable from the report. 

The Roswell WIP also identified three areas in Alpharetta with moderate streambank erosion that would 

be good candidate sites for stream restoration: 

 Mayfield Manor Drive 

 Jennifer Oaks 

 Kingsport subdivision 

  



City of Alpharetta  Foe Killer Creek – Watershed Improvement Plan 

 41 December 2015 

6 Current Management Measures 

6.1 TMDL Implementation Plan Measures 

The 2004 TMDL Implementation Plan for Big Creek, which includes Foe Killer Creek, identifies 

management measures and activities that have been put into place or will be put into place to address 

fecal coliform bacteria impairment.  Table 5 of the TMDL Implementation Plan identifies several entities 

that are responsible for the measures, including Fulton County, Fulton County Environmental Health 

Department, City of Alpharetta, City of Roswell, and MNGWPD.  Measures that are identified as being 

the responsibility of the City of Alpharetta are listed in Table 6-1, but they have been updated to reflect 

changes that have occurred since the plan was developed, including the consolidation of ordinances into 

the City’s Unified Development Code (UDC).   

Affected governments in the Big Creek watershed all have public education / outreach programs in place 

to educate the general public about water quality.  Fulton County and the cities of Roswell and 

Alpharetta participate in the Clean Water Campaign (www.cleanwatercampaign.com); an active Adopt-

A-Stream program operates in Fulton County and the cities of Roswell and Alpharetta; and storm drain 

stenciling programs are common throughout the watershed area.   

Table 6-1. Current Management Measures Implemented by the City of Alpharetta 

Measure Description 

Stormwater Design Manual 

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

Soil Erosion and Sedimentation Control 
Ordinance (UDC Article III, 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 streams draining to Chattahoochee 

MNGWPD Model Ordinances 

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

http://www.cleanwatercampaign.com/
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Measure Description 

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

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

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 
for which the City is responsible.  In 2015 this 
included 49 ponds (ponds, BMPs, oil/water 
separators, Stormceptors), 4,364 catch basins, 54 
miles of ditches, 7,040 miles of storm drain lines, and 
2, 756 other structures.  20% of all structures are 
inspected yearly.  They are cleaned and maintained 
as needed and as funding allows. 

Maintaining Roadside Drainage Systems 

Remove excess sediment and debris from storm 
inlets, catch basins, pipes, and ditches; maintain 
vegetation on roadside shoulders and ditches under 
City landscape contract. 

Roadside Litter Removal 

Remove litter from right-of-way. Inspections done 
daily by full-time employees of Public Works 
Department.  In the 2014-105 reporting period, 269 
miles of streets were swept, and 16,204 pounds of 
litter were removed from the right-of-ways. 

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, leaks through program.  

Education Programs 

City has an Environmental Programs Coordinator, 
works with Regional Clean Water Campaign.  
Provides educational material to public, businesses, 
homeowners associations on proper use of 
pesticides and fertilizers, disposal of toxic materials, 
participates in stream and river cleanups, has active 
Adopt-A- Stream and Adopt-A-Mile programs.  The 
City sponsors workshops, recycling programs, and 
environmental events.  Participates in EverGreen 
schools program.  Recertified as a Gold Level Green 
Community through the ARC in December 2014. 
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6.3 Phase 1 Stormwater Management Plan BMPs 

The City of Alpharetta developed a Monitoring and Implementation Plan for Foe Killer Creek in January 

2015 to satisfy requirements of the City’s Phase 1 Stormwater Management Plan (SWMP) to monitor 

and evaluate water quality within impaired waters.  This Monitoring and Implementation Plan is 

provided as Appendix B.  Section 3 of the Monitoring and Implementation Plan describes BMPs that are 

currently being implemented by the City to control and reduce pollutants of concern.  These BMPs are 

evaluated each year.  The results of this evaluation, along with additional BMPs proposed to address 

causes of degradation are described in the annual report that is submitted to EPD by June 15th each 

year.  BMPs identified include: 

 Dry weather screening of MS4 outfalls 

 Investigatory sampling 

 SSO / pipe leak or breech reporting 

 Minimum lot size for septic lots 

 Expanded buffers 

 Erosion and sediment control program 
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7 Watershed Management Needs  

Watershed management needs were identified by subcatchment.  Management needs were determined 

based on an evaluation of land use and impervious surface GIS coverages, water quality data, previous 

studies, and field investigations conducted as part of this WIP.  Management needs are identified in 

Figure 7-1. 

Fecal coliform source identification is a management need throughout the watershed because the entire 

length of the stream is listed as impaired for fecal coliform bacteria and the exact sources have not been 

determined.  Geometric means were found  to exceed state standards on multiple occasions at all five of 

the fecal coliform monitoring stations.    

Hydrology is a management need in subcatchments 3, 4, and 5.  Subcatchment 3, which contains a 

portion of downtown and Old Milton High School, has under-capacity stormwater pipes and 

demonstrated issues with flooding, as noted in the 2006 drainage study and confirmed in this 2015 

study.  Subcatchments 4 and 5 both have a very high percentage of impervious surfaces (greater than 

30%).  The stream assessment and upland assessment indicate that the vast majority of sediment load is 

coming from in-channel sources (due to scour from storm flows), rather than from upland sources.  

Therefore, sediment is a management need that goes hand-in-hand with hydrology, and can best be 

addressed through measures that improve hydrology in the watershed.   

Agriculture is a management need in Subcatchment 2 because this is the only area where there are 

significant sized parcels that are still in agricultural use and farm animals were noted in close proximity 

to the stream system. 

DO is listed as a management need in Subcatchment 4 because of low DO measurements observed at 

the Wills Park/Old Milton Parkway monitoring station.  

Conductivity as a management need in Subcatchment 4 due to average concentrations greater than 147 

µS/cm at the Wills Park/Trib 4 monitoring station.   
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Figure 7-1  Management Needs  



City of Alpharetta  Foe Killer Creek – Watershed Improvement Plan 

 46 December 2015 

8 Watershed Improvement Opportunities 

The City of Alpharetta wants to improve its CIP by identifying and prioritizing projects for at least a 10-

year forecast.  Additionally, the City is emphasizing the necessity for stormwater infrastructure 

maintenance and improvements.  Tetra Tech conducted a GIS analysis and field assessments to identify 

watershed improvement opportunities to address to the management needs.  Tetra Tech considered 

projects identified in the 2006 Foe Killer Creek Drainage Analysis, as well as design concepts identified in 

the 2014 Downtown Master Plan. 

8.1 Identification of Potential Sites for Management Measures and Stream 

Restoration 

Areas of focus for watershed Improvement opportunities included: 

 Wills Park 

 Existing stormwater management BMPs (retrofit opportunities) 

 Highly impervious areas 

 Degraded stream reaches identified through stream assessments 

 Public lands (within City of Alpharetta and Fulton County) 

 Agricultural lands 

 Areas where flooding is a problem (Birch Hollow and Maple Lane/Mayfield Circle) 

 Sites identified as problem areas in the Upper Foe Killer Creek Watershed Study (Arcadis 2006) 

 Sites identified as potential locations for stormwater management facilities in the City of 

Alpharetta Downtown Master Plan (Kimley-Horn 2014) 

An initial GIS analysis was conducted to identify public lands, existing stormwater BMPs, highly 

impervious areas, stream reaches with poor buffers, and open lands upstream of flood-prone areas.  

Hydrology was the primary focus of this effort, although potential sources of pollution including 

agricultural land, industries, and potential sources of fecal coliform bacteria were also investigated.  

Most of the opportunities were located in the eastern portion of the watershed, which includes part of 

downtown Alpharetta, two Fulton County schools, commercial land uses, and older developments that 

were constructed prior to current stormwater regulations.    

8.2 Field Assessment 

Tetra Tech conducted a field assessment to look at areas identified in the GIS analysis, as well as areas 

identified through the upland assessment (described in Section 4.7) as having potential.  This 

assessment helped determine if there were, in fact, opportunities for watershed improvement, and 

what type of management measures would be appropriate.  Data sheets were completed identifying 

site information and noting access constraints, utility conflicts, contributing land use, etc. (Appendix J).  

Existing site conditions were described and potential management features or restoration opportunities 

were also described. 

Simultaneously, a stream assessment was being conducted (described in Section 4.8) to evaluate stream 

channel conditions and potential opportunities for stream restoration. 
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8.3 Initial Project Rating and Screening 

A total of 25 potential projects were evaluated based on criteria set by the City.  Nine criteria were 

defined and broken out into three categories with scores of 0, 1, and 2.  These criteria are shown in 

Table 8-1.  The results of the scoring are shown in Table 8-2.  Projects with a score of 5-9 were rated as 

good, and projects with a score of 10 or greater were rated as excellent.  Projects in Wills Park, those at 

Old Milton High School, a regional detention pond at the corner of Mayfield Road and Mayfield Circle, 

and culvert enlargements ay Mid Broadwell Road and at Maple Lane were the highest scoring projects in 

the watershed.    

Management measures that were carried forward as potential CIP projects for the City are listed in 

Table 8-3 and shown in Figure 8-1.  Although scoring and ratings were the primary consideration for 

selection, site-specific considerations such as utility conflicts, maintenance concerns, and probability of 

success were also considered.    



City of Alpharetta  Foe Killer Creek – Watershed Improvement Plan 

 48 December 2015 

Table 8-1. Initial Prioritization Criteria 
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Table 8-2. Initial Rating of Potential WIP Projects 
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Table 8-3. Management Measures Evaluated as Potential CIP Projects 

Measure ID Measure Description 

Measure 1 Vault and step-pools for main parking lot 

Measure 2a Underground storage below baseball fields 

Measure 2b Enhanced stormwater pipes below baseball fields 

Measure 3 Dry detention for northwest parking lot 

Measure 4 Bioswale at recreation center 

Measure 5 Rain garden at recreation center 

Measure 6 Cistern at equestrian arena 

Measure 7 Rock filter dams by equestrian center parking lot 

Measure 8 Detention adjacent to upper stream reach at Old Milton High School 

Measure 9 Detention in basin south of Old Milton High School 

Measure 11 Off-line detention pond at Mayfield Rd and Mayfield Cir.  

Measure 13 Wills Park stream restoration  

Measure 14 Waste containment 

Measure 15 Buffer enhancements and trail management plan 

Measure 16 Replace 5' culvert at Mid Broadwell Road  

Measure 17 Replace box culvert at Maple Lane 
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Several projects on private property were removed from consideration as city funded CIP projects, but 

could still be considered as opportunities for private land owners.  These opportunities are listed in 

Table 8-4.   

Table 8-4. Opportunities for Private Land Owners (not city funded) 

Measure ID Measure Description Details 

Measure 10 Surry Place- repair outlet 
structure and berm  

The outlet structure and berm have failed and 
the pond is no longer detaining water. 

Measure 12 Mayfield Manor Dr.- add riser 
structure to detention by tennis 
courts 

There is a large area west of the tennis courts 
that appears to be an in-line detention pond, 
but it is acting as a flow-through system and 
water is not detained.  Adding a riser structure 
sized appropriately so as not to flood upstream 
properties would provide detention and protect 
the downstream reach.  A permit would be 
required from the USACE. 

Measure 22 Oakmere Drive and Summerfield 
Court- increase capacity of 
unmaintained pond 

There is a small pond at this location that is 
unmaintained and overgrown with shrubs.  It is 
a nice wetland area, but is not likely providing 
the detention it was designed for. 

Measure 23 Oakmere Drive and Summerfield 
Court- Inline flow attenuation at 
Summerfield Ct 

There is a large area adjacent to Foe Killer Creek 
that is currently used for recreation.  The area is 
mowed and has several barbeque grills.  Inline 
detention/flow attenuation would allow this 
area to flood temporarily after storm events and 
protect areas downstream from flooding.  The 
grills would need to be relocated and a permit 
would be required from the USACE. 

Measure 24 Verizon Amphitheatre parking lot- 
Re-orient parking in an E-W 
orientation to intercept runoff.  
Add trees. 

This parking lot is a sediment source.  The 
detention pond that the lot drains to is very 
turbid.  Re-orienting the parking strips in an E-W 
fashion to intercept runoff would reduce 
sediment loads. 
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Figure 8-1  Management Measures Evaluated as Potential CIP Projects 
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Each of the measures listed in Table 8-3 was evaluated further for feasibility and benefits.  Six measures 

were removed from further consideration for various reasons: 

 Measure 4 was removed because of low hydrologic benefit (because of small drainage area and 

limited capacity of the bioswale) and utility conflicts. 

 Measure 5 was removed because of a concern that the rain garden could exacerbate a chronic 

problem with groundwater leakage that has been difficult to manage at the recreation center. 

 Measure 11 was removed because space constraints would only allow for a pond large enough 

to treat a 2-year storm.  A house would also need to be purchased and demolished to make 

room for the pond. 

 Measure 16 was removed because the hydrologic evaluation showed that increasing the size of 

this culvert would not reduce upstream flooding.  Even a very large (5’ x 30’ box culvert) fills up 

during the 25-year storm event due to backwater effects from a tributary that enters from the 

south immediately downstream of Mid Broadwell. 

 Measure 17 was removed because the hydrologic evaluation showed that increasing the size of 

this culvert would have a negligible effect on upstream flooding.  It was determined that the 

culvert capacity is not the limiting factor, but rather floodplain storage in Foe Killer Creek is itself 

limited.  

8.4 Final Project Rating and Prioritization 

The remaining projects that were carried forward from the initial rating and screening were evaluated in 

more detail. The reason for this is that many of the top-rated projects in Wills Park scored similarly on 

many of the initial criteria; therefore, more refined criteria were needed to tease out the differences.  

Some of the initial criteria were removed from consideration in the final analysis, benefits were broken 

out into several different criteria, and a cost/benefit analysis was conducted and incorporated into the 

rating system.  The stream restoration (Measure 15) was broken out into three restoration reaches.  The 

final prioritization criteria are shown in Table 8-5.  The results of the final scoring and prioritization of 

the 13 projects are shown in Table 8-6. 

A cost/benefit analysis was conducted to evaluate the value of each project.  The total project cost was 

divided by the total weighted score of the benefits (with 130 being the maximum weighted benefits 

score possible) to obtain a cost/benefit value.  A cost/benefit score was then assigned to each project 

according to the criteria scoring shown in Table 8-5.   

The final 13 projects are discussed further in the Management Recommendations section, under 

Structural Improvement Measures (Section 8.5.2). 
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Table 8-5. Final Prioritization Criteria  
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Table 8-6. Final Rating and Prioritization of WIP Projects 

 

 

8.5 Management Recommendations 

8.5.1 Programmatic Improvement Opportunities 

A summary of programmatic improvement opportunities and their estimated costs is provided in Table 

8-7 below, and a description of each is provided in the following sections. 
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Table 8-7. Programmatic Improvement Opportunities 

Programmatic Measure  Estimated Cost 

Bacterial Source Tracking- entire watershed $20,000-$30,000 

Nutrient and Total Suspended Solids (TSS) Monitoring- entire watershed $9,000 

Ordinance Update (approved by council for implementation in 2015-2016) $100,000 

Improved Site Planning (to be completed by staff) $ negligible 

Stream Buffer Preservation (buffer clean-up on city property) $ negligible 

Education/Outreach $ negligible 

Private Property Recommendations- These are projects recommended for private property owners.  
They should be constructed and managed at the property owners’ expense and should not include 
city fiscal impacts. 

Beaver Control $ negligible 

Agricultural Measures $ negligible 

Private Pond Maintenance (based on recommended city involvement) $ negligible 

Wildlife Habitat and Buffer Protection (NRC – Alpharetta’s Wild Side) $ negligible 

Bacterial Source Tracking 

Foe Killer Creek is impaired for fecal coliform bacteria and the City of Alpharetta is obligated to 

implement measures to meet the TMDL and, ultimately, meet the goal of reducing fecal coliform loads 

by 5%.  In order for the City to make the best use of its resources and focus on effective management 

measures, it is essential to identify the major sources of fecal coliform bacteria.  This can be achieved 

through a bacterial source tracking study.  A laboratory that does microbial source tracking (such as 

Source Molecular) can help the City develop a customized sampling and microbial source tracking plan.  

The City can opt for presence/absence testing or quantification testing to determine the concentration 

of the host-associated genetic markers in the water samples.  The first step in setting up a program is to 

look at existing evidence and form a hypothesis about potential sources.  That step was completed as 

part of this WIP.  Potential sources include human, goose, horse, cow, and dog.  After completing a 

bacterial source tracking study, the City will know the primary sources of fecal coliform bacteria, and can 

focus future management efforts accordingly.  Although the study itself will not reduce pollutant loads, 

it is expected that the management efforts that will follow will have a significant impact because they 

will be targeted at a known source.   

An estimated cost for a study focused on five sites (including 6 samples per site and 3 tests per sample), 

at an average cost of $265/test, would be $23,850.  

Nutrient and Total Suspended Solids (TSS) Monitoring 

Nutrient and TSS monitoring are currently not a regulatory requirement.  The City could start monitoring 

total nitrogen (TN), total phosphorus (TP), and TSS as part of their long-term ambient water quality 

monitoring.  TSS is extremely important to monitor in streams that are impaired due to sediment.  

Nutrients are important indicators of stream health, and TN and TP are the standard parameters that 

are used to characterize stream health with respect to nutrients.  The state of Georgia may adopt 

nutrient standards for streams in the near future, and it will be very beneficial to have baseline data on 
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TN and TP if and when this goes into effect.  Monitoring these parameters will allow the City to evaluate 

pollutant loads over time and thus, the effectiveness of management measures.  

The estimated cost of monitoring TS, TN, and TSS at 8 sites (including 12 events per year) is 

approximately $9,000/year.  

Ordinance Update  

Stormwater management is extremely challenging in downtown Alpharetta and in other heavily 

developed areas of the City.  There are usually space constraints that make it difficult, if not impossible, 

to redevelop a site to meet current stormwater ordnance requirements.  An ordinance update that 

allows flexible stormwater management options for redevelopment, such as regional detention/fee-in-

lieu, and green infrastructure options would encourage redevelopment in the downtown, and would 

provide the Community Development Department with tools to assist developers in the plan review 

process.  The City has approved a budget for such a review in Fiscal Year 2016.  This ordinance update 

will provide an economic incentive for re-development and will help to improve hydrology in the parts 

of the City where hydrology has been identified as a management need. 

The estimated cost for an ordinance update is $100,000. 

Improved Site Planning 

Improved site planning can encourage development that minimizes hydrologic impacts on receiving 

streams.  The City should encourage green infrastructure and low impact development (GI/LID) practices 

as part of the development plan review process. In the Foe Killer Creek watershed it would be 

particularly beneficial to encourage disconnected downspouts and depressional parking lot islands 

rather than raised ones.  A plan review process that encourages GI/LID practices would be most 

effective in conjunction with an ordinance update that incentivizes such practices. 

Costs associated with this programmatic measure will be negligible. 

Stream Buffer Preservation 

It is much more cost-effective to preserve well-functioning habitat than to restore degraded habitat.  

The City’s stream buffer ordinance goes a long way towards protecting stream buffers, but high quality 

stream, floodplains, and riparian zones should be identified and preserved.  The City-owned property at 

Rock Mill Way, just south of Roswell Road is a very good candidate for preservation.  This is the area 

where Tributary FA (as identified in Appendix E Stream Assessment) flows into Foe Killer Creek in the 

southern portion of the watershed.  The stream channel has moderate erosion activity along this reach, 

but it is not very incised, and it is connected to the floodplain.  The stream is surrounded by woods and 

is conterminous with a reach to the north that also has a wide riparian buffer.  This parcel is currently 

being used as a dumping ground for furniture, garbage, and yard waste.  It also contains a fair amount of 

Chinese privet, an invasive species.  Preserving this parcel as a functioning floodplain and riparian buffer, 

and implementing a management program for litter removal and invasive species management would 

serve to protect this very nice section of Foe Killer Creek.  

The only cost associated with stream buffer preservation on City-owned land will be long term 

maintenance costs associated with litter control and invasive species removal.  
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Education and Outreach 

The City has a strong education and outreach program in place.  Potential additional methods for 

outreach could include updates to the City website, signage at all watershed project implementations, 

flyers or door hangers in targeted communities, and articles for HOA newsletters.  These can be done in 

coordination with the Natural Resources Commission, Recreation and Parks Commission, and 

homeowners’ associations. 

Beaver Control 

The City receives repeated complaints about beavers in the tributary just north of Birch Hollow Drive 

(west of Harris Road).  Beavers have impounded the tributary with numerous small dams which is 

causing flooding of back yards, including fences and sheds.  The full nature of the impact and 

photographs of the area are provided in the stream walk assessment (Appendix E).  This stream is 

extremely wide and deep along the impacted reach, and the main channel is not visible; it is essentially a 

deep-water swamp.  Although the beavers are a nuisance, some of the neighbors along the stream do 

not mind the beavers and do not want to see them trapped and killed.  Beaver activity in this area 

extends well downstream of the affected neighborhood, into a wooded area just inside of Roswell, as 

well as on the main stem of Foe Killer Creek, just upstream of its confluence with this tributary.  Any 

kind of permanent solution would involve a very large scale effort to trap and remove beavers from a 

large area that includes two cities and multiple property owners.  Trapping beavers on individual parcels 

will not likely have an impact on the beaver population that is affecting this area.  Removing the beaver 

dams without removing the beavers is ineffective because they can rebuild in a matter of days.   

Because the beavers are on private property (some of which is outside of the city) and the impacts are 

not affecting roads or other infrastructure, the City does not have sufficient justification to spend City 

funds to address this problem.  Surrounding communities have similar policies of not completing work 

such as this on private property.  Should the City consider completing any work on private property, 

especially private property without easements, legal counsel should be consulted.  The city can offer, 

with no impact to the general fund, a meeting location for the property owners to congregate to try to 

decide on a course of action for their private repairs.  The city could also consider allowing for expedited 

plan review for said repair development plans (noting that EPD and ACOE permits must be in place 

before city permits are issued).  If the City did have cause to address the problem, one potential solution 

is for the City to purchase affected properties as part of a floodplain buy-out program, as they are able 

to do with other houses that experience repeated flooding.   

Beaver and beaver dam removal will likely not be a one-time measure.  Property owners should 

understand that to maintain a clear stream channel they must remain united and diligent in the removal 

of future beaver activity. 

Research from other areas has shown that there may be additional measures that can be installed to 

distract the beavers in an attempt to encourage them to relocate.  These include installation of drainage 

pipes through or under the beaver dam to provide a continuous flow of water through the dam.  This 

would be an experimental measure and may not be appropriate for this location as there appears to be 

numerous beavers in the area and this technique might not discourage all of them.  Additional data on 

lethal and nonlethal measures for beaver control can be found in the Georgia Department of Natural 

Resources (DNR) publication, Beaver Management and Control in Georgia (GaDNR 2008), and on the 
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DNR website at: http://georgiawildlife.com/node/516.  All state and local laws must be followed when 

trapping, removing, or disturbing wildlife. 

Any projects that could include land disturbance, manipulation of floodplain or floodplain volume, 

clearing of vegetation, realignment of stream channel, grading, introduction of soil, impacts including 

draining of swamp or wetlands, stream restoration, etc., could require city, state, and federal permits.  A 

meeting with the US Army Corps of Engineers Savannah District Regulatory Division and the Georgia EPD 

would be necessary to determine if permits are required for any proposed projects. 

Costs associated with this programmatic measure will be negligible to the City, as their role is limited to 

facilitation.  

Agricultural Measures 

Only seven percent of the land in the study area is zoned for agriculture, and only a small portion of this 

land appears to be in active agricultural use.  The greatest impact that agricultural practices are having 

on the watershed are from a handful of pastures where cows and horses have direct access to surface 

waters.  The city should identify these land owners and contact them directly to see if the property 

owners are interested in working with the city to implement agricultural BMPs such as livestock 

exclusion and buffer enhancement.  Some kind of incentive could be offered to encourage participation.  

Specific measures that the City can recommend include: 

 Place supplemental feeding and mineral stations a reasonable distance away (approximately 

100 feet) from streams, lakes, wetlands, and wells. 

 Use man-made ponds or other watering facilities in upland areas to reduce cattle use of natural 

streams and wetland systems. 

 Plan shading facilities to keep cattle away from streams and lakes as much as possible.  Leaving 

or planting small, scattered clusters of trees in upland areas of pastures can provide shade 

structures. 

 When feasible, move feeding stations, alternative water supplies, or shade structures 

periodically to prevent areas of concentrated waste accumulation and denuded vegetation. 

 Use grassed waterways and vegetated areas to clean water before discharging offsite. 

 When feasible, exclude animals from streams and waterbodies that drain to streams using 

fencing, and provide an alternative water source. 

 When land is cleared, quickly plant a vegetative cover. 

 Leave vegetated buffer strips during land clearing along drain areas, wetlands, and 

watercourses. 

Direct costs associated with this programmatic measure will be negligible. 

Private Pond Maintenance 

Within the City of Alpharetta ponds servicing private developments or on private property are 

maintained by the private property owner.  Maintenance of the ponds and other BMPs is dictated by 

pond maintenance agreements set up during permitting and through the Unified Development Code of 

Alpharetta.  City staff or consultants hired by the City complete intermittent inspections on private 

BMPs and make suggestions for the repairs and maintenance of these BMPs.  It is solely the 
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responsibility of the private property owner or named BMP manager to complete all necessary repairs 

and routine maintenance to ensure functionality.  Owners or operators should not rely on city 

inspections to notify them of any repairs or maintenance necessary for functionality.  This responsibility 

lies fully on the BMP owner, operator, or manager. 

Wildlife Habitat and Buffer Protection 

The city of Alpharetta requires minimum buffers on streams per the Unified Development Code and the 

recorded plats of subdivisions.  The City Natural Resources Commission has identified participation in 

the National Wildlife Federation Community Wildlife Habitat program as a goal.  This program requires a 

minimum participation by private properties to register their property as wildlife habitat.  The minimum 

standards for the property registration align with standards that help to improve water quality in 

stream, including native vegetation, enhanced stream buffers, and maintenance of open channels.   

8.5.2 Structural Improvement Measures 

Table 8-8 presents the final list of 14 recommended structural management measures, along with their 

estimated total 20-year costs.  These include all of the measures that were evaluated and ranked (in 

Section 8.4) plus one additional measure, Measure 14a that is an optional add-on measure for the 

Waste Management project.  Measure 14a is a bioretention area for the equestrian center parking lot at 

Wills Park that would further treat runoff before it enters the stream.  Projects are listed in order of 

priority, with the highest priority projects listed first.  Project information sheets are provided in 

Appendix H that include the project description, a location map, project benefits, existing condition and 

with-measure hydrographs for modeled BMPs, and concept plans for each measure.  Cost estimates for 

these recommended projects are provided in Appendix I, including: 1) costs broken out by basic cost 

categories including survey, design, mobilization, construction, contingency, and 20-yr operation and 

maintenance, 2) details of the construction cost component, including estimated quantities, and 3) 

Measure 13 Stream Restoration planting cost assumptions.  All of the measures except Measures 8 and 

9, are located in Wills Park.  Measures 8 and 9 are located at Old Milton High School.  The recommended 

measures include stormwater detention ponds and velocity reduction measures to address hydrology 

and sediment issues; waste containment to address fecal coliform bacteria; and stream restoration, 

buffer enhancement, and trail management to further address sediment. 

The hydrologic benefits of the detention measures are demonstrated through a reduction in peak flows.  

Hydrographs that compare existing conditions to a scenario that represents having all the proposed 

measure in place is shown in the modeling report (Appendix G) and project information sheets 

(Appendix H).  The proposed measures will also remove pollutants.  Pollutant load reductions were not 

evaluated in the SWMM model because of modeling constraints.  However, pollutant reductions can be 

estimated.  The Georgia Stormwater Management Manual provides estimated pollutant removal 

efficiencies for various stormwater management measures; stormwater ponds have a moderate to high 

removal of urban pollutants, with an estimated 80% removal of TSS, 50% removal of TP, 30% removal of 

TN, 50% removal of metals, and 70 percent removal of pathogens.  It is estimated that new waste 

containment facilities at the equestrian center (Measure 14) will prove a 50 percent removal of 

pathogens, including fecal coliform bacteria, from runoff originating from the equestrian center, as all 

stable waste will be contained, and runoff that is contaminated from other sources at the center will be 

minimal. 
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Table 8-8. Recommended Structural Management Measures 

Measure ID Measure Description 
Estimated 20-

Year cost 

Measure 1 Vault and step-pools for main parking lot $467,950  

Measure 13a Wills Park stream restoration (720 ft of buffer enhancement) $40,320 

Measure 6 Cistern at equestrian arena $150,000  

Measure 14 Waste containment $82,850  

Measure 13b Wills Park stream restoration (840 ft of channel and bank restoration) $718,150 

Measure 13c Wills Park stream restoration (840 ft of channel and bank restoration) $718,150 

Measure 15 Buffer enhancements and trail management plan $291,600  

Measure 7 Rock filter dams by equestrian center parking lot $153,000  

Measure 9 Detention in basin south of Old Milton High School $76,200 * 

Measure 8 Detention adjacent to upper stream reach at Old Milton High School $213,500 * 

Measure 3 Dry detention for northwest parking lot $216,500  

Measure 2b Enhanced stormwater pipes below baseball fields $105,850  

Measure 2a Underground storage below baseball fields $866,100  

Measure 14a** Bioretention for equestrian parking lot $254,500 

Total cost  $4,354,670 
* Does not include purchase or easement 

** Measure 14a was not ranked.  This measure was added after prioritization and ranking analysis.  
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8.6 Plan Implementation 

8.6.1 Implementation Schedule 

A recommended 5-year implementation schedule is provided in Table 8-9. 

Table 8-9. Implementation Schedule 

Fiscal Year  
(July 1-June 30) 

Management Action Estimated 
Cost 

2015-16 
Ordinance Update 

$100,000 

2016-17 
Develop and implement a bacterial source tracking program  

$25,000 

2016-17 
Design BMP Measure 1 to address runoff and erosion issues from the main 
parking lot at Wills Park 

$34,200 

2016-17 
Begin monitoring TN, TP, and TSS 

$3,000 

2016-17 
Revisit and update plan review process to reflect ordinance updates and 
emphasis on LID practices  

N/A 

2016-17 
Address high priority maintenance issues identified in the geomorphic 
assessment (Appendix E, Table 5-1) 

N/A 

2017-18 
Design a Frisbee golf  and trail management plan for Wills Park  

$21,600 

2017-18 
Address medium and low priority maintenance issues identified in the geomorphic 
assessment (Appendix E, Table 5-1) 

N/A 

2017-18 
Design and construct Measure 13a stream restoration/ buffer enhancement (cost 
includes design, contingency, mobilization and construction) 

$20,320 

2018-19 
Complete construction of BMP Measure 1 (cost includes survey, contingency, 
mobilization, and construction)  

$333,750 

2019-20 
Initiate first phase of  construction activities associated with stream buffer 
enhancement and trail management plan for Wills Park 

TBD 

8.6.2 Milestones and Performance Criteria 

This WIP should be used as a planning document for the City.  The City will implement new watershed 

management actions over the next few years in accordance with this WIP, in addition to continuing their 

current management practices and stormwater programs.  In an effort to meet the objectives presented 

in this WIP, the City will actively work to maintain and improve conditions in the Foe Killer Creek 

Watershed.  The City documents progress as it relates to SWMP requirement by submitting a Phase 1 

MS4 Annual Report to EPD each year.   Milestones met relative to this WIP (such as completion of a 

management action from the implementation schedule) will be noted in appropriate sections of the 

Annual Report.   

The City will track progress in attaining water quality standards by following the Monitoring and 

Implementation Plan for Foe Killer Creek (Appendix B). Each year, the City will develop a brief water 

quality report for Foe Killer Creek outlining: 

 Monitoring results for the year 

 Trend analysis of the water quality monitoring data 

 Documentation of additional activities taken to identify potential pollutant sources and the 

outcome of such activities. 

 Evaluation and recommendation of the BMPs 

 If the monitoring results indicate water quality degradation, the city should: 
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o Try to identify point sources of any degradation 

o Attempt to identify the cause of the degradation 

o Evaluate the current BMPs established, and 

o Propose additional BMPs that may address the cause of the degradation 

This analysis will be included with the Annual Report submitted to EPD by June 15th each year.  
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EPA’s Nine Key Elements of a Watershed-Based Plan 

The Foe Killer Creek WIP addresses USEPA’s Nine Elements of Watershed Planning.  Key information 

from the WIP that addresses the nine key elements is presented below. Under each element, the 

location is noted where this information, and additional details, can be found in the WIP: 

 

1. An identification of the causes and sources:  

Section 4.4 303(d) listed water bodies 

Section 4.7 Upland Assessment (2015) 

Section 4.8 Stream Assessment (2015) 

Foe Killer Creek, along the six-mile reach from its headwaters to Big Creek, is on the “not supporting” list 

for its designated use of fishing.  Two criteria were violated— biota (fish community) and fecal coliform 

bacteria.  The 303(d) listing attributes the impairments to urban runoff/urban effects. 

Tetra Tech conducted an assessment of upland areas of the Foe Killer Creek WIP project area to identify 

potential sources of pollution and hydrologic impairment.  An analysis of impervious surfaces 

determined that impervious surface cover ranges from 19 percent in areas that are primarily residential 

to 43 percent in highly developed commercial areas.  Land that is even as little as 10% impervious can 

have significant negative impacts on aquatic life.  A high percentage impervious surface cover causes 

flash hydrology and high peak storm flows that results in severe in-stream erosion.  Areas of moderate 

and severe stream erosion were noted throughout the watershed in the 2015 stream assessment.  This 

is a source of sediment in the Foe Killer Creek watershed. 

Potential source of fecal coliform bacteria in the Foe Killer Creek watershed include human waste from 

leaky sewer pipes and poorly functioning septic systems, agricultural runoff from cow pastures and 

horse stables, pet waste, and waterfowl.  The equestrian center at Wills Park is a likely source of fecal 

coliform bacteria due to outdated facilities. 

 

2. An estimate of the load reduction: 

Section 8.5 Management Recommendations 

Proposed stormwater ponds are expected to have a moderate to high removal of urban pollutants, with 

an estimated 80% removal of TSS, 50% removal of TP, 30% removal of TN, 50% removal of metals, and 

70 percent removal of pathogens.    It is estimated that new waste containment facilities at the 

equestrian center (Measure 14) will provide a 50 percent removal of pathogens, including fecal coliform 

bacteria, from runoff originating from the equestrian center, as all stable waste will be contained, and 

runoff that is contaminated from other sources at the center will be minimal. 
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3. A description of the non-point source management measures: 

Section 8.5 Management Recommendations 

Table 8-7. Programmatic Improvement Opportunities 

Programmatic Measure  Estimated Cost 

Bacterial Source Tracking- entire watershed $20,000-$30,000 

Nutrient and Total Suspended Solids (TSS) Monitoring- entire watershed $9,000 

Ordinance Update (approved by council for implementation in 2015-2016) $100,000 

Improved Site Planning (to be completed by staff) $ negligible 

Stream Buffer Preservation (buffer clean-up on city property) $ negligible 

Education/Outreach $ negligible 

Private Property Recommendations- These are projects recommended for private property owners.  
They should be constructed and managed at the property owners’ expense and should not include 
city fiscal impacts. 

Beaver Control $ negligible 

Agricultural Measures $ negligible 

Private Pond Maintenance (based on recommended city involvement) $ negligible 

Wildlife Habitat and Buffer Protection (NRC – Alpharetta’s Wild Side) $ negligible 

 

Table 8-8. Recommended Structural Management Measures 

Measure ID Measure Description 
Estimated 20-

Year cost 

Measure 1 Vault and step-pools for main parking lot $467,950  

Measure 13a Wills Park stream restoration (720 ft of buffer enhancement) $40,320 

Measure 6 Cistern at equestrian arena $150,000  

Measure 14 Waste containment $82,850  

Measure 13b Wills Park stream restoration (840 ft of channel and bank restoration) $718,150 

Measure 13c Wills Park stream restoration (840 ft of channel and bank restoration) $718,150 

Measure 15 Buffer enhancements and trail management plan $291,600  

Measure 7 Rock filter dams by equestrian center parking lot $153,000  

Measure 9 Detention in basin south of Old Milton High School $76,200 * 

Measure 8 Detention adjacent to upper stream reach at Old Milton High School $213,500 * 

Measure 3 Dry detention for northwest parking lot $216,500  

Measure 2b Enhanced stormwater pipes below baseball fields $105,850  

Measure 2a Underground storage below baseball fields $866,100  

Measure 14a** Bioretention for equestrian parking lot $254,500 

Total cost  $4,354,670 
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4. An estimate of the amounts of technical and financial assistance that will be needed 

Section 8.5 Management Recommendations 

Appendix I- Cost Estimates 

Costs associated with the management measures are provided in Tables 8-7 and 8-8, under Element 3, 

above.  

  

5. An information/education component 

Section 6 Current Management Measures 

The City has an Environmental Programs Coordinator who works with the Regional Clean Water 

Campaign.  City programs provide educational material to public, businesses, homeowners associations 

on proper use of pesticides and fertilizers, disposal of toxic materials.  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, and participates in the EverGreen schools 

program.  Alpharetta was recertified as a Gold Level Green Community through the ARC in December 

2014. 

 

6. A schedule 

Section 8.5 Management Recommendations 

A recommended 5-year implementation schedule is provided in Table 8-9. 

Table 8-9. Implementation Schedule 

Fiscal Year  
(July 1-June 30) 

Management Action Estimated 
Cost 

2015-16 
Ordinance Update 

$100,000 

2016-17 
Develop and implement a bacterial source tracking program  

$25,000 

2016-17 
Design BMP Measure 1 to address runoff and erosion issues from the main 
parking lot at Wills Park 

$34,200 

2016-17 
Begin monitoring TN, TP, and TSS 

$3,000 

2016-17 
Revisit and update plan review process to reflect ordinance updates and 
emphasis on LID practices  

N/A 

2016-17 
Address high priority maintenance issues identified in the geomorphic 
assessment (Appendix E, Table 5-1) 

N/A 

2017-18 
Design a Frisbee golf  and trail management plan for Wills Park  

$21,600 

2017-18 
Address medium and low priority maintenance issues identified in the geomorphic 
assessment (Appendix E, Table 5-1) 

N/A 

2017-18 
Design and construct Measure 13a stream restoration/ buffer enhancement (cost 
includes design, contingency, mobilization and construction) 

$20,320 

2018-19 
Complete construction of BMP Measure 1 (cost includes survey, contingency, 
mobilization, and construction)  

$333,750 

2019-20 
Initiate first phase of  construction activities associated with stream buffer 
enhancement and trail management plan for Wills Park 

TBD 
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7. A description of interim, measurable milestones 

Section 8.7.1 Milestones and Performance Criteria 

The City will implement new watershed management actions over the next few years in accordance with 

this WIP, in addition to continuing their current management practices and stormwater programs.  In an 

effort to meet the objectives presented in this WIP, the City will actively work to maintain and improve 

conditions in the Foe Killer Creek Watershed.  The City documents progress as it relates to SWMP 

requirement by submitting a Phase 1 MS4 Annual Report to EPD each year.   Milestones met relative to 

this WIP (such as completion of a management action from the implementation schedule) will be noted 

in appropriate sections of the Annual Report.   

 

8. A set of criteria that can be used to determine if loading reductions are being achieved 

Section 8.6.2 Milestones and Performance Criteria 

The City will track progress in attaining water quality standards by following the Monitoring and 

Implementation Plan for Foe Killer Creek (Appendix B). Each year, the City will develop a brief water 

quality report for Foe Killer Creek outlining: 

 Monitoring results for the year 

 Trend analysis of the water quality monitoring data 

 Documentation of additional activities taken to identify potential pollutant sources and the 

outcome of such activities. 

 Evaluation and recommendation of the BMPs 

 If the monitoring results indicate water quality degradation, the city should: 

o Try to identify point sources of any degradation 

o Attempt to identify the cause of the degradation 

o Evaluate the current BMPs established, and 

o Propose additional BMPs that may address the cause of the degradation 

This analysis will be included with the Annual Report submitted to EPD by June 15th each year. 

 

9. A monitoring component 

Section 4.6 Water Quality and Biological Monitoring 

Impaired Waters Monitoring 

The City of Alpharetta completes sampling at three sites along Foe Killer Creek within city limits: (1) near 

Mid Broadwell Road, (2) near Rucker Road, and (3) near Old Roswell Road.  The City of Roswell 

completes sampling at two sites along Foe Killer Creek within Roswell city limits: (1) near Upper 

Hembree Road, and (2) near Greenhouse Drive.  The names and coordinates of the five fecal coliform 

sampling sites are provided in Table 4-5, and the sampling locations are shown on Figure 4-5.  The 

sampling schedule follows the bacteria sampling protocol outlined in the Metropolitan North Georgia 

Water Planning District’s (MNGWPD) Standard Methodologies for Surface Water Monitoring (MNGWPD 
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2007).  Grab samples of water are taken at each site 16 times per year.  Four samples are collected 

within a 30-day period during 4 calendar quarters to calculate 4 geometric means. 

Biological Monitoring 

The MNGWPD Watershed Management Plan calls for local jurisdictions to perform watershed 

conditions assessments, including long-term ambient trend monitoring and habitat/biological 

monitoring.  Alpharetta, in conjunction with Fulton County and the various cities within north Fulton 

County, signed a memorandum of understanding to coordinate completion of these monitoring 

requirements.  In this agreement, Alpharetta was assigned one habitat/biological station, which is on 

Foe Killer Creek, downstream of Old Roswell Road Bridge on the lower end of the watershed before its 

confluence with Big Creek.  Fish and benthic macroinvertebrate surveys are conducted at this site every 

two years.  In an effort to be proactive and gather additional trend data, Alpharetta also completes 

habitat/biological monitoring at a site on Big Creek just upstream of Kimball Bridge Road every two 

years.  This site is just over 3.5 miles upstream of the confluence of Foe Killer Creek and Big Creek. 

Long-Term Ambient Water Quality Monitoring 

Alpharetta began conducting ambient water quality monitoring of city streams approximately fifteen 

years ago to collect baseline data, determine trends, and to find and resolve water quality problems.  

There are eight long-term ambient water quality monitoring stations in the Foe Killer Creek watershed, 

identified in Table 4-6, including six within city limits and two outside of city limits.  The two sites outside 

of city limits are monitored quarterly by the City of Roswell.  All stations are monitored monthly.  Five of 

the ambient water quality monitoring sites are also SQAP impaired waters monitoring sites.  The 

stations are shown in Figure 4-5.  Alpharetta is not responsible for any long-term ambient trend 

monitoring as part of MNGWPD requirements.  However, the City voluntarily collects ambient water 

quality monitoring data on Big Creek at Kimball Bridge Road, where they conduct biological surveys. 
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1.  INTRODUCTION & STUDY OBJECTIVES 
 
The City of Alpharetta (City) has developed this Monitoring & Implementation Plan (Plan) to 
monitor water quality within Foe Killer Creek.  Foe Killer Creek, of which part is within the City, 
is listed of the 303(d) report as not meeting its designation use due to fecal coliform and biota-f 
impairment.  This Plan is intended to satisfy requirements of the City’s Phase I Stormwater 
Management Plan to monitor and evaluate water quality within impaired waterways within the 
City. 
 
Contact 
The primary contact with the City who will serve as a liaison with EPD is provided below: 
Name:  Jill Bazinet 
Title:  Senior Stormwater Engineer 
Address: 1790 Hembree Road, Alpharetta, Georgia 30009 
Phone:  678-297-6200 
Email:  jbazinet@alpharetta.ga.us 
 
Stream Impairment 
The Georgia 305(b) / 303(d) list of impaired waterways identifies Foe Killer Creek within the 
City as not supporting its designated use.  Details of the impairment from the report are below. 
Reach Name Reach 

Location 
Criteria 
Violated 

Potential 
Causes 

Extent Notes 

Foe Killer 
Creek 

Headwaters 
to Big Creek 

Fecal 
Coliform, 
Biota-F 

Urban Runoff 7 miles TMDL 
completed FC 
2003 

 
 
 
 
2. WATER QUALITY SAMPLES & MONITORING PLAN 
 
Fecal Coliform Bacteria- 
The City of Alpharetta completes sampling at 3 sites along Foe Killer Creek within city limits.  
The sites are: Foe Killer Creek near Mid Broadwell Road, Foe Killer Creek near Rucker Road, 
and Foe Killer Creek near Old Roswell Road (see enclosed map).  The City has completed 
monitoring and laboratory analysis of these three sites since 2008 when the City entered into a 
SQAP with City of Roswell (see attached executed agreement).  The City of Alpharetta under this 
monitoring and implementation plan will continue to gather the samples, process the laboratory 
analysis, evaluate the data and provide the results in the Annual Report to EPD for a five – year 
period. 
  
Sampling Methods 
Grab sampling will be performed by collecting manual, “grab” samples for laboratory analysis.  
Grab samples are discrete water samples collected from the surface water body.  Samples are 
taken from the stream at a point as near to the centerline of the stream as possible.  Grab samples 
are taken by city employees and are analyzed in the Environmental Laboratory at the City Public 
Works Facility.  Analysis is completed by the Senior Water Resources Analyst (certified in 
compliance with the Georgia State Board of Examiners for Certification of Water and 
Wastewater Treatment Plant Operators and Laboratory Analysts Act).  Water samples are 
collected in sterilized glass bottles standing downstream in the middle of the creek.  Water 
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samples (250 mL) are collected by dipping the sample bottle just under the surface of the water.  
Once the bottle is submerged, the cap will be unscrewed or the foil liner will be cracked to fill the 
bottle to within an inch top.  Samples are collected in clean containers that have been cleaned in 
accordance with the latest procedures outlined in Standards and Methodologies for Surface Water 
Quality Monitoring from the Metropolitan North Georgia Water Planning District.   
 
Handling and Preservation 
Samples are transported in a cooler back to the laboratory for analysis.  Sample holding times are 
in accordance with the latest Standards and Methodologies for Surface Water Quality Monitoring 
from the Metropolitan North Georgia Water Planning District.   
 
Parameters 
Fecal coliform bacteria will be analyzed using the membrane filter technique (Standard Methods 
for the Examination of Water and Wastewater, 22nd edition, #9222D). Colonies are isolated via a 
vacuum filtration system and then incubated in nutrient media before enumerating the number of 
colonies present.   
 
Sampling Frequency 
Sampling occurs 16 times a year at each location.  Four samples are collected within a 30 day 
period over 4 calendar quarters to calculate 4 geometric means.  Sampling is completed March, 
June, September, and December.  Sampling is performed without regard to weather conditions 
(dry or wet weather) and ideally will be performed once per week on the same day for four 
consecutive weeks per geometric mean. 
 
Quality Assurance 
Quality assurance and control measures will be completed such as duplicate analysis and blank 
dilution water analysis will be completed.  Laboratory Analysis is completed by the Senior Water 
Resources Laboratory Analyst who is certified by the Georgia State Board of Examiners for 
Certification of Water and Wastewater Treatment Plant Operators and Laboratory Analysts. 
 
Evaluation 
Sample results are reviewed immediately and trend data is reviewed annually.  Monitoring results 
are provided in the Annual Report to EPD.  Sampling results that indicate spikes or higher than 
expected levels are followed up with additional investigatory field inspections and additional 
sampling to try to isolate the source.  Sources found are immediately reported to the responsible 
party and follow up inspections occur to ensure remediation. 
       
Biota-F- 
The City of Alpharetta completes Biological / Habitat monitoring at one site on Foe Killer Creek 
every two years.  The site is located on Foe Killer Creek between Westside Parkway and Old 
Roswell Road on the lower end of the watershed before the confluence with Big Creek.  The city 
contracts with a private consulting firm to complete this work.  Habitat Assessments are 
conducted following the latest Georgia EPD Standard Operating Procedure, which includes an 
evaluation of the immediate watershed area, substrates (stream bed material), stream width, and 
general water quality conditions for riffle/run and glide/pool prevalent systems.  Benthic Macro-
invertebrate Sampling also follows the Georgia EPD Standard Operating Procedure.  The major 
habitat types at each site as well as the proportion of each habitat type sampled, will be recorded 
for each station.  Samples are preserved and sent to a laboratory for enumeration and 
identification. Benthic data will be analyzed based on assessment metrics, metric evaluation 
criteria, and scores for the Georgia Piedmont ecoregion.  The City consultant provides a report 
that details their findings and analyzes trends based on previous study data.  Biota-F impairment 
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is typically impacted by increased sedimentation in the stream.  The City completes testing for 
Total Dissolved Solids during dry weather screening of outfalls, during the fecal coliform 
sampling described above, and through additional investigatory sampling throughout the 
watershed.  A major contributor to increased sedimentation in streams is construction activity.  To 
combat the possibility of increased sediment load, the City has in place additional enforcement 
actions for construction sites.  The City requires additional BMPs on the impaired stream segment 
as required by the current NPDES Construction Permits, expanded stream buffers, and a 
comprehensive erosion control inspection program on all permitted construction sites. 
 
Outfalls 
A map of City MS4 maintained outfalls in the Foe Killer Creek Basin is attached. 
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3. BEST MANAGEMENT PRACTICES 
 
The City will implement its Stormwater Management Plan (SWMP) under its current NPDES 
Phase I MS4 Permit.  Applicable sections of the SWMP include illicit discharge / illegal dumping 
prohibitions, construction management, and evaluation of existing municipal facility flood 
protection and water quality retrofitting projects.  The majority of this watershed is residential 
development with scattered agricultural lands and a city park with an equestrian center.  The City 
will continue to evaluate monitoring data and conduct follow up and additional upstream 
sampling to isolate and identify potential pollution sources. BMPs will be reviewed annually. 
 
Dry Weather Screening of MS4 Outfalls 
The City completes investigatory dry weather inspections of MS4 outfalls each year.  During the 
cycle of the permit, each outfall is screened at least once by the City.  Procedures for screening 
and source tracing are provided within the City’s SWMP.  Any illicit discharges discovered as 
part of this procedure will be documented, sampled, tested, and traced to their originating location 
to determine if pollutants are being introduced to the stream.  If a discharge is located, appropriate 
actions in accordance with the SWMP and Enforcement Response Plans (ERPs) will be 
implemented including education, warnings, and citations as warranted.  Reports of all sampling 
and the resolution will be included in the Annual Report. 
 
Investigatory Sampling 
When a trend or spike is determined through the analysis of normal sampling, the City will 
conduct stream walks and additional sampling to isolate and locate the source.  If a point source is 
located through investigation, contact will be made in writing to the owner of the issue and the 
City will follow up on the solution. Illicit discharges and illegal connections will follow the 
appropriate actions in accordance with the SWMP and Enforcement Response Plans (ERPs) will 
be implemented including education, warnings, and citations as warranted.   Reports of all 
sampling and the resolution will be included in the Annual Report. 
 
Sanitary Sewer Overflow / Pipe Leak or Breech Reporting 
Sanitary sewer services in the City are provided by Fulton County.  The City will complete 
investigatory sampling and field stream walks to help identify locations of potential overflows or 
pipe leaks.  The City will contact Fulton County (in accordance with the SWMP and ERP) and 
remain in contact with Fulton County to report and follow up on leaks.  Reports of all leaks and 
resolutions will be included in the Annual Report. 
 
Minimum Lot Size for Septic Lots 
Septic systems are reviewed and approved by Fulton County.  The City does not issue permits for 
lot development until Fulton County Heath has approved any plan with a septic system.  The City 
helps to check and abide by the 1 acre minimum lot size and the requirement for area dedicated as 
a reserve field during plan review on all lots served by a septic system.  The City also 
occasionally receives calls about septic maintenance or complaints.  All calls are referred to 
Fulton County and the City remains in contact with Fulton County through the resolution.   
 
Expanded Buffers 
The City has adopted development codes and ordinances that require expanded buffers (beyond 
the 25’ state minimum) on perennial and intermittent streams.  These buffers are determined by 
City staff trained in stream determination using guidance from Georgia EPD and are shown on all 
development plans.  Expanded buffers provide opportunity for pollutants to be filtered by the 
vegetation.     
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Erosion and Sediment Control Program  
The City has adopted development codes and ordinances that meet the minimum standards of the 
State Erosion Control Laws and the Metro North Georgia Water Planning District.  The City 
enforces BMPs outlined in the Erosion and Sediment Control Manual (Green Book).  The City 
issues Land Development Permits in accordance with the SWMP.  The City also enforces all 
development plans in accordance with the ordinances, SWMP and ERPs through education, 
warnings, citations, and fines as warranted.  The City additionally hosts monthly Pre-
Construction Classes for all developers who are required to obtain a permit.  This class is taught 
by the Civil Engineer who completes erosion control permit plan review.  It covers the 
expectations of the city’s erosion control inspection program along with an explanation of the 
violation procedures.   
 
 
4. EVALUATION AND REPORTING 
 
Evaluation of the Monitoring Data 
All regular sampling data will be evaluated immediately to look at results and identify potential 
spikes that would result in further upstream investigation.  All regular sampling data will also be 
evaluated annually in accordance with the latest Georgia DNR allowable fecal coliform 
concentration numbers.  The current regulatory guidelines for fecal coliform are: 

• During the summer period from May – October, fecal coliform should not exceed a 
geometric mean of 200 counts / 100 ml 

• During the winter period from November – April, fecal coliform should not exceed a 
geometric mean of 1,000 counts / 100 ml and not exceed 4,000 counts / 100 ml in a 
single sample. 

 
Biological and Habitat Assessment data is reviewed every other year when the final report data is 
submitted to the City from our consultant.  Trends in the data are analyzed.     
 
Annual Reporting 
Each year, the City will develop a brief water quality report for Foe Killer Creek outlining: 

• Monitoring results for the year 
• Trend analysis of the water quality monitoring data 
• Documentation of additional activities taken to identify potential pollutant sources 

and the outcome of such activities. 
• Evaluation and recommendation of the BMPs 
• If the monitoring results indicate water quality degradation, the city should: 

o Try to identify point sources of any degradation 
o Attempt to identify the cause of the degradation 
o Evaluate the current BMPs established, and 
o Propose additional BMPs that may address the cause of the degradation 

This analysis will be included with the Annual Report submitted to EPD by June 15th each year. 
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1. Contact List and Responsibilities 
 
 

Project Personnel Organization Duties 
Mike Hill 
Water Resources Technician 
678.297.6200  
678.297.6201 (fax) 
mhill@alpharetta.ga.us 

City of Alpharetta 
Engineering/Public 
Works Department 
1790 Hembree Rd. 

Alpharetta, GA 30004 

Quality Assurance Manager for Alpharetta 
for water quality monitoring; receives and 
retains all monitoring data, reports, and 
maps; responsible for overseeing all basic 
sampling and analyses as well as 
maintenance of lab equipment; assists with 
interpretation of data; oversees the overall 
data quality objectives; reviews and 
validates all data before release. 

Jill Bazinet, PE, CFM 
678.297.6200  
678.297.6201 (fax) 
jbazinet@alpharetta.ga.us 
 

City of Alpharetta 
Engineering/Public 
Works Department 
1790 Hembree Rd. 

Alpharetta, GA 30004 

Project Manager for Alpharetta.  Provides 
technical support for water quality 
monitoring.  Coordinates and prepares semi-
annual reports.  
 
  

Alice Champagne, CPESC, CFM 
770-641-3715 
770-641-3750 (fax) 
achampagne@ci.roswell.ga.us 

City of Roswell 
Public 

Works/Environmental 
Department 

38 Hill Street, Suite235 
Roswell, GA 30075 

Project Manager for Roswell.  Provides 
technical support for water quality 
monitoring.  Coordinates and prepares semi-
annual reports. 
 

Nick Pezzello 
770-641-3715 
770-641-3750 (fax) 
npezzello@roswellgov.com 

City of Roswell 
Public 

Works/Environmental 
Department 

38 Hill Street, Suite235 
Roswell, GA 30075 

Quality Assurance Manager for Roswell; 
receives and retains all monitoring data 
results, assists with interpretation of data; 
oversees the overall data quality objectives; 
reviews and helps generate semi-annual 
reports. 

 
 
2. Problem Identification/Background 
 
Foe Killer Creek, which is located in both the City of Alpharetta and the City of Roswell, 
is listed on Georgia’s 303(d) list of impaired waters.  The cause of this listing is due to 
elevated fecal coliform bacteria, a water quality and public health concern for both Cities.  
The presence of fecal coliform bacteria in aquatic environments may indicate that the 
water has been contaminated with the fecal material of man or other animals. Potential 
sources of fecal coliform bacteria are direct discharge of waste from mammals and birds, 
from agricultural and storm runoff, and from untreated human sewage.  Large quantities 
of fecal coliform bacteria in water may indicate a higher risk of pathogens being present 
in the water.  Because Foe Killer Creek is designated as a recreational water body, the 
City of Alpharetta and the City of Roswell value the protection of humans as well as the 
environment and therefore would like to see it monitored to reduce fecal coliform 
loadings, with this data used in future listing decisions. 
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In a joint effort between the City of Roswell and the City of Alpharetta, the objective of 
this project is to monitor Foe Killer Creek for fecal coliform levels from its headwaters to 
its confluence with Big Creek (Figure 1).  The main goal is to generate water quality data 
to be used by the Georgia Environmental Protection Division (GAEPD) in listing 
decisions.  In addition, we wish to develop long-term trends in fecal coliform levels for 
the protection of Foe Killer Creek and the Big Creek Watershed, as well as the citizens 
that utilize these waters.   
 
 

 
 
 
 
 
3. Study location 

 
Foe Killer Creek is located within both the City of Alpharetta and the City of Roswell of 
Fulton County, Georgia.  In addition, Foe Killer Creek is a tributary to Big Creek (USGS 
Cataloging Unit #031130001).   
 
4. Study Sites 
 
We propose to monitor at five locations within Foe Killer Creek to get a holistic 
representation of fecal coliform levels.  Access is good to these locations as they are 
conveniently located near road crossings.  The locations of these sites (with GPS 
coordinates) are listed below. 

 

Figure 1.  Map of Foe Killer Creek (red, listed) and Big 
Creek (blue, not listed). 

Big Creek 

Foe 
Killer  
Creek 
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Site 1:  Foe Killer Creek near Mid Broadwell Road  
GPS Coordinates: 34° 04´ 54.25˝ N, -84° 18´ 47.06˝ W 
 
Site 2:  Foe Killer Creek near Rucker Road 
GPS Coordinates: 34° 04´ 32.38˝ N, -84° 19´ 38.46˝ W 
 
Site 3:  Foe Killer Creek near Upper Hembree Road 
GPS Coordinates: 34° 04´ 11.89˝ N, -84° 20´ 08.94˝ W 
 
Site 4:  Foe Killer Creek near Greenhouse Drive 
GPS Coordinates: 34° 03´ 14.57˝ N, -84° 19´ 29.01˝ W 
 
Site 5:  Foe Killer Creek near Old Roswell Road 
GPS Coordinates: 34° 02´ 33.45˝ N, -84° 19´ 10.98˝ W 
 
5. Sampling Parameter 

4 

1 

3 

2 

5 
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The pollutant to be sampled for is fecal coliform bacteria.  Whenever possible, water 
samples will be collected by grab sampling with representatives from both Cities present, 
and then taken to the Environmental Laboratory at the City of Alpharetta for analysis. If 
for an unforeseen reason the analysis can not be performed at the City of Alpharetta, then 
water samples will be taken to the City of Roswell Water Laboratory for analysis. 
 
6. Sampling Schedule 
 
The sampling schedule to be employed for this project will follow the Metropolitan North 
Georgia Water Planning District’s (March 2007) bacteria sampling protocol.  Grab 
sampling of water will be taken at each site 16 times per year.  Four samples will be 
collected within a 30 day period over 4 calendar quarters to calculate 4 geometric means.  
It should be noted that the 30 day sampling period should not overlap the months of 
April/May and October/November due to in-stream water quality standards for bacteria. 
Thus we propose to start monitoring in 2008 with the four quarters, or 30 day periods, 
being the months of March, June, September, and December.  
 
7. Personnel Requirements 
 
There are not personnel limitations in performing the sampling for this project. The City 
of Alpharetta Water Resources Technician and the Stormwater Coordinator for the City 
of Roswell both have demonstrated previous experience collecting and performing fecal 
coliform analysis, with each having the use of a City vehicle, sterilized glass sample 
bottles, and ice chests for collecting samples. 
 
 8. Material Requirements 
 
All materials necessary for analysis of fecal coliform bacteria are available at the City of 
Alpharetta Environmental Laboratory and at the City of Roswell Water Laboratory.  
These include an autoclave for sterilizing samples bottles and glassware/equipment.  
Other equipment to perform the analysis include: a pump and vacuum filtration system, 
petri dishes, absorbent pads, membrane filters, sterile dilution water, pipettor and 
pipettes, culture media, microscope, and an incubator.     
 
9. Sample Collection/Representativeness 
 
Permanent labels will be affixed on the sample containers and field data sheets will be 
completed for each water quality sample.  Sample labels will include information 
identifying the sampling location, sample date and time, and initials of the field person(s) 
collecting the data, and general water conditions, which will include rainfall data. 
 
Preferably, a representative from both Cities will be present together when collecting 
water samples.  Water samples (ca. 200 mL) will be collected in sterilized glass bottles.  
Standing downstream in the middle of the creek, water samples will be collected by 
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dipping the sample bottle just under the surface of the water.  Once the bottle is 
submerged, the cap will be unscrewed to fill the bottle.   
 
Sample collection using containers and cleaning procedures will be according to those 
recommended in the Environmental Investigations Branch Standard Operating 
Procedures and Quality Assurance Manual, November 2001 (Section 10 and Appendices 
A and B) 
 
10. Sample Transport and Holding Times 
 
Hold times will be those recommended in the Environmental Investigations Branch 
Operating Procedures and Quality Assurance Manual, November 2001.  Samples will be 
stored on ice in closed coolers while being transported between sampling sites and the 
laboratory.  Hold time for the samples used for fecal coliform analysis will be analyzed 
within four hours of their collection or placed on ice at a temperature below 10°C and 
processed within six hours.   
 
11. Analysis  
 
Fecal coliform bacteria will be analyzed for using the membrane filter technique 
(Standard Methods for the Examination of Water and Wastewater, 21st edition, #9222D).  
Briefly, colonies are isolated via a vacuum filtration system and then incubated in 
nutrient media before enumerating the number of colonies present. 
 
12. Quality Assurance Measures 
 
The Water Protection Branch Quality Assurance Manual (June 1999) and Title 40 of the 
Code of Federal Regulations, Part 136 will be adhered to for quality assurance.   
 
Quality control samples, including duplicate analysis of samples (one per sample site) as 
well as analysis of blank dilution water to avoid cross contamination will also be 
performed.  One field blank and one duplicate analysis of a sample will be prepared and 
analyzed during each sample collection event.  Records of duplicates and blanks will be 
retained to document proper quality control performance for a period of three years. 
 
13. Records 
 
The originals of all records, including but not limited to maps, field sheets, lab sheets, 
raw data, annual reports, and other relevant data will be deposited in both the City of 
Alpharetta Engineering/Public Works Department and the City of Roswell Public 
Works/Environmental Department for three years. 
 
14. Corrective Maintenance 
 
Corrective maintenance on laboratory instrumentation will be performed based on their 
performance. Maintenance logs will be kept for all equipment used for analysis, which 
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will show maintenance and/or repair history as well as the name of the person(s) 
performing the maintenance.  
 
15. Data Management 
 
Data management begins with the analytical results data, which will be validated by the 
Quality Assurance Manager.  After that level of validation, data is sent to the Lead 
Project Manager who as the responsibility of ultimate stewardship.  All collaborators in a 
joint effort will create the reports and maps related to the work of this project, but under 
the authority of the Lead Project Manager.   In general all data results will be entered into 
electronic files (Microsoft Excel tables) on computer hard-drives and backed-up on a 
regular basis.  These tables will be incorporated into the semi-annual reports that will be 
generated and housed in both the City of Alpharetta Engineering/Public Works 
Department and the City of Roswell Public Works/Environmental Department for a 
period of three years.  If required, in odd numbered years, final reports of the data 
gathered will be submitted to the GA EPD by June 1st for the subsequent year’s listing 
assessments.    
 
16. Certifications 
 
Both the Water Resources Technician for the City of Alpharetta and the Stormwater 
Coordinator for the City of Roswell have considerable training and experience in 
collecting and analyzing for a number of pollutants, including fecal coliform bacteria, and 
will be responsible for the collection and analysis performed in this project.  The City of 
Roswell is a Georgia Environmental Protection Division certified laboratory in 
microbiological analysis.  This laboratory will perform all quality assurance/quality 
control measures required on samples analyzed for this study. 
 
17. References 
 
Code of Federal Regulations, Title 40, Part 136. Guidelines Establishing Test Procedures 

for the Analysis of Pollutants.   
 
Environmental Investigations Branch Standard Operating Procedures and Quality 

Assurance Manual.  November 2001. USEPA Region 4, SESD, Athens, Georgia. 
413 pp.  Available at http://www.epa.gov/region4/sesd/eisopqam/eisopqam.pdf   

 
Standards and Methodologies for Surface Water Quality Monitoring. March 2007 (April 

2007 Revision). Metropolitan North Georgia Water Planning District. 492 pp.   
 
Standard Methods for the Examination of Water and Wastewater, 21st ed.  2005.  Andrew 

D. Eaton, Lenore S. Clesceri, Eugene W. Rice, and Arnold E. Greenberg, editors.  
American Water Works Association. 1368 pp.   

 
Water Quality Assurance Manual. June 1999 (January 2005 Revision).  Georgia 

Department of Natural Resources, Environmental Protection Division.  82 pp. 

 





















Segment 03 - Foe Killer Creek at Rucker Road, West of Spring Gate Subdivision

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

4/2/2008 1185 57 80.0 50 8.96 0.00 No

4/24/2008 6.10 50 260 0.19 63 90.0 60 6.51 0.26 6.89 0.83 0.000 No

6/4/2008 11.00 1070 1900 0.56 70 6.0 90.0 60 6.97 0.20 0.40 2.83 0.21 0.020 Clear No

6/17/2008 10.60 1180 480 2.46 73 3.5 80.0 50 7.03 0.10 0.36 3.18 0.19 0.005 Clear No

7/8/2008 9.80 1070 68 3.0 70.0 40 7.83 0.14 3.06 0.23 0.100 Clear No

7/29/2008 12.40 605 655 0.92 73 2.7 80.0 50 6.91 0.17 0.00 1.98 0.26 0.057 Clear No

8/12/2008 11.60 260 370 0.70 68 2.7 80.0 50 6.94 0.05 0.00 4.40 0.16 0.036 Overcast No

9/9/2008 15.40 2200 2800 0.79 72 3.0 80.0 60 6.78 0.20 0.37 4.95 0.41 0.015 Overcast No

9/18/2008 7.60 1700 68 3.2 80.0 50 6.99 0.07 0.63 5.38 0.30 0.019 Clear No

9/23/2008 7.90 1340 64 7.3 80.0 50 6.92 0.05 0.19 5.02 0.20 0.021 Clear No

9/25/2008 7.30 775 59 7.0 80.0 50 7.05 0.13 0.18 5.37 0.16 0.013 Clear No

10/15/2008 5.60 720 448 1.61 64 2.8 70.0 50 7.82 0.18 0.48 4.60 0.24 0.014 Clear No

11/5/2008 9.40 500 420 1.19 54 6.0 70.0 50 7.23 0.24 0.08 5.10 0.20 0.003 No

12/9/2008 5.50 140 120 1.17 44 17.7 80.0 50 6.99 0.14 0.01 7.92 0.13 0.000 Overcast No

1/14/2009 8.30 190 705 0.27 41 7.5 90.0 60 6.77 0.14 0.50 11.55 0.23 0.018 Clear No

2/11/2009 5.60 80 380 0.21 50 5.5 80.0 60 7.08 0.08 0.32 9.16 0.00 0.026 Overcast No

3/11/2009 7.70 580 220 2.64 56 6.0 80.0 60 7.11 0.16 0.59 9.09 0.05 0.048 Clear No

4/6/2009 9.10 200 525 0.38 55 6.0 80.0 60 7.02 0.00 0.67 8.92 0.18 0.027 Cloudy No

6/2/2009 11.40 8800 24600 0.36 66 5.3 80.0 60 6.57 0.06 0.81 7.07 0.22 0.058 Clear No

6/23/2009 11.70 280 1500 0.19 74 9.0 80.0 60 6.69 0.06 0.54 5.09 0.15 0.006 Clear No

7/7/2009 10.25 210 600 0.35 72 4.5 80.0 50 6.61 0.08 0.48 5.08 0.23 0.002 Overcast No

8/4/2009 10.55 210 510 0.41 72 3.0 70.0 50 6.32 0.12 0.20 4.66 0.03 0.008 Clear No

9/15/2009 8.24 940 600 1.57 70 4.5 80.0 60 6.37 0.11 0.35 4.71 0.30 0.002 Overcast No

11/4/2009 5.20 50 340 0.15 54 9.5 80.0 60 6.12 0.06 0.52 8.38 0.00 0.004 Clear No

12/17/2009 8.03 150 40 3.75 44 17.5 80.0 60 5.91 0.11 0.14 10.70 0.02 0.011 Partly Cloudy No

1/12/2010 5.47 30 30 1.00 38 15.5 80.0 50 5.72 0.07 0.76 12.46 0.00 0.000 Overcast No

1/20/2010 8.40 30 30 1.00 47 16.0 70.0 50 5.83 0.06 0.54 9.78 0.00 0.000 Clear No

2/18/2010 4.77 0 0 39 12.0 80.0 40 6.26 0.11 0.50 8.60 0.00 0.017 Clear No

3/9/2010 5.52 0 240 0.00 47 13.5 70.0 40 6.40 0.10 0.26 10.44 0.00 0.008 Clear No

5/11/2010 6.85 0 650 0.00 58 11.5 80.0 50 6.47 0.08 0.73 8.15 0.00 0.016 Clear No

7/6/2010 10.85 430 660 0.65 70 10.5 80.0 50 6.93 0.16 0.37 6.03 0.03 0.018 Clear No

8/3/2010 10.20 190 710 0.27 76 13.5 80.0 50 6.92 0.13 0.45 6.15 0.07 0.015 Overcast No

8/11/2010 10.55 350 2900 0.12 75 10.0 70.0 50 6.84 0.12 0.39 5.11 0.00 0.005 Clear No

9/21/2010 7.09 90 460 0.20 69 9.5 80.0 50 6.93 0.13 0.50 4.92 0.00 0.004 Clear No

10/14/2010 5.56 40 630 0.06 62 9.2 70.0 50 6.97 0.10 0.34 6.49 0.00 0.015 Clear No

12/7/2010 8.19 75 260 0.29 37 9.0 90.0 60 7.01 0.19 0.96 11.63 0.00 0.009 Partly Cloudy No

12/29/2010 5.60 70 60 1.17 37 16.0 80.0 50 7.23 0.08 0.48 12.38 0.00 0.004 hazy No

2/8/2011 8.22 25 55 0.45 42 12.5 80.0 50 6.91 0.11 0.49 10.85 0.01 0.010 Clear No

2/17/2011 7.16 40 80 0.50 47 12.0 70.0 50 7.04 0.15 0.47 9.57 0.01 0.010 fog No

3/22/2011 7.74 240 1950 0.12 57 15.0 70.0 50 6.96 0.11 0.62 7.98 0.01 0.019 Fair No

4/15/2011 7.21 120 310 0.39 59 17.0 80.0 50 6.96 0.08 0.79 7.63 0.00 0.009 mostly cloudy No

5/16/2011 9.16 290 380 0.76 59 14.0 80.0 50 6.97 0.10 0.17 7.19 0.08 0.008 Overcast No

6/1/2011 9.89 240 550 0.44 70 16.0 80.0 50 6.88 0.14 0.46 6.07 0.07 0.019 Clear No

7/12/2011 9.68 280 470 0.60 76 11.0 70.0 50 6.80 0.21 0.06 4.52 0.00 0.021 Partly Cloudy No

8/2/2011 8.22 170 470 0.36 76 14.5 80.0 50 6.74 0.10 0.07 4.19 0.08 0.020 Clear No

9/14/2011 13.60 35 315 0.11 66 13.0 80.0 50 5.90 0.11 0.05 2.17 0.07 0.032 Clear No

10/3/2011 7.44 100 170 0.59 54 14.5 70.0 40 6.68 0.11 0.10 5.13 0.01 0.013 Clear No

11/8/2011 4.37 50 160 0.31 52 17.0 70.0 40 5.97 0.11 0.03 5.34 0.00 0.010 Clear No

12/5/2011 5.62 140 130 1.08 51 13.0 90.0 60 5.83 0.09 0.31 7.07 0.00 0.017 Overcast No

1/3/2012 6.93 20 60 0.33 37 10.5 90.0 60 6.15 0.09 0.37 16.81 0.00 0.015 Clear No

2/15/2012 6.34 120 60 2.00 46 10.8 80.0 50 6.06 0.11 0.44 11.15 0.02 0.044 Partly Cloudy No

3/12/2012 8.34 140 260 0.54 56 15.0 80.0 50 5.59 0.03 0.83 8.21 0.00 0.011 Overcast No

3/26/2012 6.25 630 220 2.86 58 12.0 80.0 50 5.69 0.03 0.65 7.76 0.00 0.035 Clear No

5/8/2012 8.96 380 600 0.63 68 16.0 80.0 50 5.67 0.08 0.34 3.58 0.02 0.031 Overcast No

6/18/2012 10.60 330 430 0.77 67 14.0 80.0 50 5.72 0.07 0.26 4.44 0.00 0.002 Fair No

6/25/2012 10.60 150 260 0.58 73 15.0 80.0 50 5.78 0.07 0.20 3.93 0.00 0.028 Overcast No

7/2/2012 20.65 90 690 0.13 74 13.5 90.0 50 5.98 0.04 0.10 1.81 0.02 0.026 Overcast No

9/4/2012 11.00 210 550 0.38 73 13.0 80.0 50 6.82 0.07 0.32 3.57 0.00 0.037 Overcast No

9/17/2012 9.28 150 340 0.44 69 14.5 70.0 50 6.76 0.05 0.14 4.64 0.00 0.026 Overcast No

9/24/2012 6.89 240 280 0.86 58 13.0 80.0 50 6.99 0.05 0.35 5.85 0.00 0.018 Clear No

11/26/2012 3.99 320 4100 0.08 43 22.0 90.0 60 6.75 0.07 0.02 5.95 0.00 0.021 Clear No

12/3/2012 4.00 20 10 2.00 49 20.5 120.0 80 6.51 0.10 0.01 4.63 0.01 0.003 Clear No

2/5/2013 8.52 45 105 0.43 45 15.0 80.0 50 6.68 0.08 0.37 10.29 0.01 0.018 Overcast No

3/4/2013 7.58 110 110 1.00 41 16.0 80.0 50 6.64 0.02 0.40 11.36 0.00 0.014 Partly Cloudy No

4/15/2013 8.66 100 180 0.56 58 15.0 70.0 50 6.56 0.05 0.58 8.58 0.05 0.022 Overcast No

6/3/2013 11.40 2400 69 14.0 70.0 40 6.57 0.74 5.73 Overcast No

6/11/2013 23.50 750 360 2.08 69 23.0 70.0 40 6.35 0.06 0.50 6.80 0.00 0.033 Overcast No

6/17/2013 48.00 2400 70 16.0 60.0 40 6.35 1.00 6.94 Overcast No
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Segment 03 - Foe Killer Creek at Rucker Road, West of Spring Gate Subdivision

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

6/24/2013 11.50 170 340 0.50 69 16.0 80.0 50 6.66 0.05 0.36 8.91 0.00 0.019 Overcast No

7/10/2013 13.00 205 500 0.41 72 9.5 80.0 50 6.72 0.05 0.64 7.45 0.06 0.018 Partly Cloudy No

9/3/2013 6.49 230 680 0.34 71 17.0 80.0 50 6.68 0.03 0.42 6.33 0.02 0.020 Fair No

9/9/2013 5.31 330 560 0.59 69 15.0 80.0 50 6.78 0.06 0.27 6.38 0.00 0.008 Fair No

9/16/2013 4.54 60 400 0.15 67 16.0 80.0 50 6.54 0.06 0.24 6.15 0.00 0.013 Fair No

9/24/2013 9.74 250 490 0.51 66 15.0 80.0 50 6.73 0.06 0.40 6.83 0.01 0.005 Overcast No

11/12/2013 3.41 140 200 0.70 50 17.5 80.0 50 6.30 0.04 0.20 7.68 0.00 0.016 Clear No

12/3/2013 13.80 400 820 0.49 51 16.5 70.0 50 6.03 0.03 0.58 9.24 0.00 0.016 Overcast No

12/11/2013 17.40 70 46 15.5 80.0 50 5.91 0.73 10.48 Clear No

12/16/2013 9.49 60 43 16.0 80.0 50 6.14 0.33 10.49 Clear No

12/23/2013 49.00 510 54 19.0 60.0 40 5.49 1.93 8.89 Clear No

3/4/2014 13.20 300 45 9.0 80.0 50 6.04 0.06 0.74 10.84 0.02 0.031 Overcast No

3/10/2014 7.34 70 50 12.0 80.0 50 6.28 0.03 0.69 10.03 0.04 0.025 Partly Cloudy No

3/18/2014 17.60 90 47 9.5 70.0 50 5.98 1.17 10.01 Overcast No

3/24/2014 6.30 70 48 14.5 80.0 50 6.34 0.04 0.73 10.16 0.00 0.021 Clear No

6/2/2014 10.90 290 590 0.49 66 12.0 80.0 50 5.94 0.03 0.47 6.60 0.07 0.010 Fair No

6/9/2014 11.10 250 480 0.52 69 15.0 80.0 50 6.02 0.12 0.47 6.07 0.06 0.017 Fair No

6/16/2014 11.40 300 420 0.71 70 9.0 80.0 50 6.00 0.05 0.39 6.29 0.00 0.025 Partly Cloudy No

6/23/2014 12.30 200 460 0.43 71 13.0 90.0 50 6.10 0.07 0.25 5.79 0.01 0.020 Fair No

9/3/2014 7.86 120 400 0.30 72 14.0 80.0 50 5.99 0.07 0.10 4.75 0.00 0.017 Partly Cloudy No

9/9/2014 18.40 270 610 0.44 71 15.0 70.0 40 5.83 0.03 0.51 6.07 0.00 0.017 Partly Cloudy No

9/16/2014 8.39 100 420 0.24 70 15.0 80.0 50 5.86 0.07 0.26 6.12 0.00 0.007 Overcast No

9/23/2014 7.40 280 570 0.49 64 12.5 80.0 50 5.93 0.04 0.10 6.14 0.03 0.022 Clear No

11/4/2014 6.94 220 160 1.38 49 18.5 80.0 50 6.79 0.08 0.00 7.21 0.01 0.010 Fair No

12/2/2014 5.11 50 200 0.25 50 13.5 90.0 60 6.88 0.06 0.44 8.52 0.00 0.028 Clear No

12/9/2014 6.22 110 160 0.69 46 13.5 90.0 60 6.84 0.12 0.51 8.46 0.34 0.024 Clear No

12/15/2014 5.44 90 80 1.13 40 14.5 90.0 60 7.14 0.02 0.45 10.27 0.11 0.028 Partly Cloudy No

12/22/2014 5.38 90 110 0.82 48 16.5 90.0 60 7.03 0.07 0.02 7.33 0.02 0.007 Overcast No

9.79 431.77 809.85 0.71 59.07 12.21 79.27 51.35 6.53 0.09 0.42 7.14 0.07 0.02
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Segment 11 - Foe Killer Creek trib in Wills Park off Old Milton Parkway

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

6/17/2008 8.2 200 380 0.53 72 11 140 90 6.67 0.22 0 2.41 0.19 0.029 Clear No

7/29/2008 5.4 1475 3800 0.39 73 8 140 90 6.44 0.14 0 1.84 0.15 0.03 Clear No

8/12/2008 3.7 1265 510 2.48 68 7.3 140 90 6.52 0.13 0 3.6 0.1 0.039 Overcast No

9/9/2008 19.1 4900 0 73 6.7 120 80 6.38 0.27 0 0.8 0.47 0.021 Overcast No

9/16/2008 10.3 66 7.7 160 100 6.45 0.09 0 1.55 0.25 0 Overcast No

9/18/2008 7.7 11000 ? 66 7.8 140 90 6.49 0.21 0 2.05 0.16 0.002 Clear No

9/23/2008 4.8 625 ? 64 9.7 130 90 6.39 0.37 0 3.42 0.14 0.056 Clear No

10/15/2008 11.4 1220 555 2.2 64 10.5 120 80 6.48 0.11 0 2.03 0.12 0.028 Clear No

11/5/2008 6.4 410 845 0.49 57 6.3 130 90 6.51 0.16 0 1.72 0.18 0 No

12/9/2008 6.4 0 70 0 50 11 130 90 6.56 0.16 0.01 3.19 0.11 0.013 Overcast No

1/14/2009 6.3 80 60 1.33 48 13.3 140 100 6.47 0.16 0.25 8.61 0.05 0.041 Clear No

2/11/2009 5.7 975 340 2.87 54 14 120 80 6.63 0.04 0.22 6.84 0.16 0.007 Overcast No

3/11/2009 9.7 130 320 0.41 57 9.3 110 80 6.67 0.11 0.57 6.1 0.25 0.04 Clear No

4/6/2009 10.3 450 175 2.57 54 14.5 120 80 6.62 0.06 1.05 7.26 0.13 0.02 Cloudy No

6/2/2009 8 260 1180 0.22 68 16.2 130 90 6.25 0.13 0.61 4.64 0.31 0.05 Clear No

6/23/2009 11.65 195 210 0.93 72 9 120 90 6.28 0.06 0.07 4.33 0.17 0.007 Clear No

7/7/2009 12.05 2300 1100 2.09 72 13.2 140 100 6.24 0.15 0.01 1.6 0.26 0.003 Overcast No

8/4/2009 8.1 505 370 1.36 72 11.5 140 100 5.77 0.1 0.01 1.66 0.04 0.004 Clear No

9/15/2009 85.1 2200 10400 0.21 75 16 130 90 6.44 1.09 0.06 4.39 0.57 0.066 Overcast No

11/4/2009 7.8 50 60 0.83 61 19 110 80 5.99 0.05 0.01 6.12 0.05 0.003 Clear No

12/17/2009 4.68 10 0 ? 53 20 110 80 5.92 0.04 0.42 8.12 0.02 0.016 Partly Cloudy No

1/12/2010 4 10 0 ? 49 17.5 120 90 5.66 0.07 0.27 8.66 0.01 0.012 Overcast No

1/20/2010 4.08 0 20 0 52 20 110 70 5.6 0.02 0.48 7.82 0.01 0.004 Clear No

2/18/2010 1.88 0 30 0 48 19.5 120 80 6.18 0.12 0.49 7.98 0 0.09 Clear No

3/9/2010 3.06 0 30 0 51 24 110 70 7.54 0.1 0.14 7.54 0.04 0.012 Clear No

4/13/2010 4.56 0 120 0 59 25 100 70 6.03 0.03 0.45 7.79 0.09 0.01 Clear No

5/11/2010 5.3 0 120 0 61 18 100 70 5.92 0.01 0.21 7.49 0.02 0.03 Clear No

7/6/2010 8.82 510 420 1.21 71 17 110 80 6.58 0.08 0.05 4.91 0.15 0.009 Clear No

8/3/2010 9.5 170 330 0.52 76 15.5 110 80 6.44 0.09 0.23 5.44 0.14 0.005 Overcast No

8/11/2010 11 90 500 0.18 75 16 120 80 6.46 0.09 0.1 3.25 0 0.01 Clear No

9/21/2010 7.76 410 480 0.85 70 14.5 130 90 6.6 0.26 0.04 1.78 0.03 0.008 Clear No

10/14/2010 13.5 220 260 0.85 65 19 130 90 6.65 0.17 0.05 2.24 0.17 0.014 Clear No

12/7/2010 8.92 80 6200 0.01 46 18.5 120 80 6.9 0.17 0.14 7.97 0.04 0.006 Partly Cloudy No

12/29/2010 8.48 610 5600 0.11 47 15 110 70 6.86 0.11 0.23 7.09 0.02 0.011 hazy No

2/8/2011 5.39 240 390 0.62 49 17 120 70 6.58 0.09 0.67 7.99 0.03 0.009 Clear No

2/17/2011 4.85 10 170 0.06 52 15 110 70 6.65 0.09 0.27 7.16 0.06 0.008 fog No

3/22/2011 5.14 160 2000 0.08 59 100 60 60 6.47 0.11 0.47 6.79 0.06 0.02 Fair No

4/15/2011 4.96 55 240 0.23 59 17 100 70 6.51 0.11 0.36 4.81 0.03 0.01 mostly cloudy No

5/16/2011 8.5 480 120 4 61 13.5 110 70 6.52 0.14 0.17 4.89 0.01 0.011 Overcast No

6/7/2011 9.4 120 590 0.2 73 14 110 70 6.62 0.14 0.1 5.31 0.08 0.013 Clear No

7/12/2011 9.86 1210 350 3.46 75 15.5 120 80 6.51 0.13 0.05 3.16 0.04 0.015 Partly Cloudy No

8/2/2011 12.6 530 0 77 15 220 140 6.36 0.22 0 2.21 0.08 0.014 Clear No

8/15/2011 7.01 1132 40 28.3 72 17 130 90 6.4 0.13 0 1.94 0.07 0.011 Clear No

9/12/2011 6.85 4600 95 48.42 67 14.5 130 80 5.83 0.1 0.05 1.22 0.06 0.032 Clear No

10/4/2011 4.1 350 120 2.92 58 16 130 90 6.32 0.12 0.05 2.81 0 0.008 Clear No

11/7/2011 6.8 80 60 1.33 55 14 110 70 5.84 0.06 0 2.12 0 0 Clear No

12/6/2011 6.62 20 210 0.1 60 18 130 90 5.86 0.12 0.05 2.81 0.01 0.034 Overcast No

1/30/2012 5.8 10 20 0.5 52 18 100 70 5.8 0.11 0.18 7.42 0.03 0.014 Clear No

2/22/2012 4.26 6300 530 11.89 55 18.5 110 70 5.59 0.12 0.14 6.64 0.32 0.015 Overcast No

3/6/2012 7.33 60 190 0.32 54 18 120 80 5.61 0.07 0.22 8.42 0.19 0.015 Clear No

4/11/2012 6.79 130 225 0.58 59 18.5 120 80 5.39 0.04 0.21 5.49 0.12 0.019 Clear No

4/30/2012 10.8 3400 2900 1.17 67 19.5 120 80 5.42 0.07 0.17 1.68 0.27 0.042 Fair No

6/27/2012 7.14 2000 70 28.57 72 16 160 100 5.6 0.07 0.02 1.74 0.23 0.018 Clear No

8/14/2012 13.3 99999 5700 17.54 73 22.5 60 40 6.53 0.03 0.02 2.72 0 0.02 Overcast No

8/21/2012 5.92 110 320 0.34 72 19.8 110 70 7.5 0.06 0.02 2.48 0 0.022 Partly Cloudy No

8/27/2012 2.96 500 320 1.56 73 16 120 80 6.7 0.03 0.01 2.68 0 0.025 Clear No

10/24/2012 8.97 575 365 1.58 63 15.5 140 90 6.45 0.06 0.02 0.19 0.02 0.012 Clear No

11/13/2012 16.6 285 290 0.98 54 18 100 70 6.17 0 0.02 0.64 0.04 0.03 Clear No

12/4/2012 4.25 25 20 1.25 57 16 140 90 6.17 0.04 0.01 0.21 0.02 0.008 Partly Cloudy No

1/22/2013 6.22 0 140 0 52 19 110 70 6.47 0.06 0.25 7.33 0.02 0.004 Clear No

2/5/2013 6.6 10 290 0.03 53 18 110 70 6.45 0 0.32 7.03 0.02 0.004 Overcast No

3/5/2013 7.62 10 400 0.03 55 18.5 100 70 6.43 0.06 0.08 6.73 0.09 0.018 Partly Cloudy No

4/23/2013 7.11 390 680 0.57 58 18.5 110 70 6.24 0.04 0.17 6.38 0.22 0.008 Clear No

5/16/2013 14.6 1260 2500 0.5 62 18 100 60 6.41 0.06 0.15 5.33 0.23 0 Partly Cloudy No

6/12/2013 12.4 625 345 1.81 68 6.5 90 60 6.28 0.04 0.69 6.51 0 0.017 Overcast No

7/9/2013 14.5 90 200 0.45 70 8 90 60 6.28 0.08 0.17 6.23 0.09 0.022 Partly Cloudy No

8/26/2013 12.4 100 260 0.38 70 6 90 60 6.32 0.01 0.25 5.96 0.05 0.015 Fair No

9/18/2013 9.89 50 250 0.2 68 7.5 110 70 6.07 0.04 0.29 4.06 0.03 0.013 Partly Cloudy No
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Segment 11 - Foe Killer Creek trib in Wills Park off Old Milton Parkway

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

10/9/2013 5.52 170 165 1.03 66 7 110 70 6.07 0.04 0.39 4.47 0.04 0.01 Clear No

10/28/2013 75 4200 4000 1.05 61 9 70 40 6.05 0.04 0.33 7.51 0.28 0.057 Overcast No

11/11/2013 4.83 0 30 0 59 8 110 70 5.87 0.04 0.13 4.01 0 0.006 Clear No

12/17/2013 6.04 90 240 0.38 54 7.5 100 70 5.6 0.04 0.39 5.51 0 0.02 Clear No

4/1/2014 3.6 60 ? 56 8.5 100 60 5.5 0.04 0.24 6.72 0.04 0.008 Partly Cloudy No

5/5/2014 3.46 15 60 0.25 61 7.5 100 60 5.58 0.02 0.09 6.46 0.06 0.008 Clear No

5/29/2014 5.4 95 455 0.21 66 7.5 100 60 5.55 0.03 0.12 3.59 0.06 0.005 Fair No

6/18/2014 7.44 80 105 0.76 69 7 110 70 5.68 0.04 0.28 2.27 0.02 0.021 Fair No

7/7/2014 5.92 30 110 0.27 71 8 110 70 5.63 0.04 0.16 2.16 0.06 0.004 partly sunny No

7/15/2014 6.8 60 300 0.2 72 8 120 80 5.56 0.02 0.23 1.76 0.11 0.007 Partly Cloudy No

8/18/2014 8.4 280 510 0.55 73 8.5 100 70 5.55 0.05 0.17 0.79 0 0.036 partly sunny No

8/27/2014 20 140 0.14 72 8 120 80 5.45 0.08 0.15 0.81 0 0.014 Clear No

9/24/2014 5.72 115 160 0.72 65 8 120 80 5.55 0.06 0.16 1.23 0 0.016 Clear No

10/13/2014 6.52 80 50 1.6 67 8 120 80 5.52 0.03 0.56 0.95 0 0.006 Partly Cloudy No

11/3/2014 5.09 90 40 2.25 56 8 110 70 6.32 0.06 0.1 3.06 0 0.005 Clear No

12/30/2014 5.02 25 150 0.17 55 8 110 70 6.36 0.06 0.3 6.16 0 0.014 Partly Cloudy No

1/22/2015 3.92 0 30 0 53 10.5 110 70 6.45 0.03 0.22 5.09 0.01 0.006 Overcast No

Avg 9.28 1893.24 825.43 2.43 62.46 14.60 116.71 77.76 6.21 0.10 0.19 4.40 0.09 0.02
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Segment 11e - Foe Killer Creek Trib 14 out of Wills Park at Wills Road

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

4/30/2008 4.3 210 110 1.91 68 130 90 6.98 0.18 3.98 0.07 0.019 No

6/4/2008 4.9 200 3150 0.06 75 3 160 100 7.41 0.12 0.59 3.18 0.12 0.036 Clear No

6/17/2008 16.4 270 320 0.84 81 3 180 120 7.5 0.13 0.9 3.28 0.19 0.049 Clear No

7/29/2008 4.6 390 202 1.93 73 3 170 110 7.44 0.07 0 1.74 0.09 0.042 Clear No

8/12/2008 4.6 90 400 0.23 75 2 190 130 7.2 0.13 0.02 7.94 0.17 0.037 Overcast No

9/9/2008 8.6 2500 490 5.1 75 8.6 170 110 6.88 0.19 0.52 4.79 0.37 0.033 Overcast No

9/16/2008 5.7 70 1 220 150 6.92 0.1 1 6.25 0.05 0.013 Overcast No

9/18/2008 8.2 130 ? 72 3.2 210 140 7.2 0.08 0.4 7.76 0.06 0.004 Clear No

9/23/2008 3.4 50 ? 66 0.5 200 140 7.02 0.12 0.5 6.21 0.13 0.006 Clear No

10/15/2008 5.9 240 180 1.33 68 2.3 180 130 6.95 0.11 0.5 5.89 0.14 0.015 Clear No

11/5/2008 3.1 0 40 0 55 2.8 190 130 7.05 0.12 0.75 6.3 0.06 0 No

12/9/2008 6.3 80 170 0.47 46 4.8 150 110 7.05 0.19 0.56 8.14 0.15 0 Overcast No

1/14/2009 7.2 160 367 0.44 41 7 150 100 6.8 0.12 0.3 11.9 0.09 0.028 Clear No

2/11/2009 4.6 470 100 4.7 54 7.5 130 100 7.04 0.19 0.41 9.11 0 0.006 Overcast No

3/11/2009 7 160 70 2.29 61 7 120 90 7.07 0.16 0.86 8.51 0.07 0.034 Clear No

4/7/2009 6.1 48 167 0.29 47 7.5 120 90 7.01 0.08 1.27 10.33 0.04 0.011 Overcast No

6/2/2009 4.42 600 1140 0.53 71 6.5 130 90 6.88 0.09 0.81 7.37 0.3 0.011 Clear No

6/23/2009 4.69 340 1130 0.3 75 8.5 150 110 7 0.08 0.6 6.98 0.07 0.011 Clear No

7/7/2009 4.46 310 900 0.34 76 4.2 190 130 6.92 0.09 0.16 6.7 0.16 0.006 Overcast No

8/4/2009 5.46 1567 693 2.26 78 3.8 170 120 6.25 0.1 0.78 5.75 0 0.001 Clear No

9/15/2009 4.54 60 540 0.11 72 8 200 140 6.46 0 0.2 4.77 0 0.007 Overcast No

11/4/2009 4.94 160 40 4 57 5.5 130 90 6.05 0.04 0.23 8.03 0 0.006 Clear No

12/17/2009 5.76 100 50 2 46 5.5 130 90 5.98 0.11 0.39 10.33 0 0.008 Partly Cloudy No

1/12/2010 4.42 15 20 0.75 42 5.5 130 90 5.99 0.04 0.28 11.38 0 0.006 Overcast No

1/20/2010 5.98 110 140 0.79 50 6 110 80 5.92 0.03 0.26 9.38 0 0.005 Partly Cloudy No

2/18/2010 4.09 0 50 0 43 6.5 120 70 6.46 0.13 0.64 8.9 0 0.006 Clear No

3/9/2010 4.98 0 150 0 50 6.5 110 70 6.39 0.08 0.2 10.14 0 0.01 Clear No

4/13/2010 5.18 0 90 0 60 10 110 80 6.45 0.05 0.27 8.37 0 0.022 Clear No

5/11/2010 4.41 0 450 0 59 6.3 120 80 6.25 0.05 0.46 8.17 0 0.015 Clear No

7/6/2010 4.62 270 680 0.4 70 6 140 100 7.17 0.07 0.21 6.83 0 0.016 Clear No

8/3/2010 5.01 240 880 0.27 78 8.5 150 110 7.21 0.06 0.15 6.77 0.01 0.006 Overcast No

8/11/2010 5.98 310 9400 0.03 76 10 170 120 7.1 0.12 0.16 6.01 0 0.005 Clear No

9/21/2010 6.03 100 1100 0.09 71 7 190 130 7.04 0.18 0.06 5.15 0 0.01 Clear No

10/14/2010 4.29 110 400 0.28 63 9 190 140 7.17 0.11 0.1 5.69 0.01 0.011 Clear No

12/7/2010 5.86 20 200 0.1 36 10.8 150 110 7.42 0.15 0.76 10.59 0 0.008 Partly Cloudy No

12/29/2010 3.8 10 80 0.13 37 14.5 140 90 7.43 0.09 0.63 10.6 0 0.006 hazy No

2/8/2011 5.86 0 230 0 41 8 120 80 7.33 0.1 0.54 10.7 0 0.021 Clear No

2/17/2011 4.97 0 60 0 49 15 120 80 7.06 0.1 0.22 9.12 0 0.006 fog No

3/22/2011 9.42 20 60 0.33 58 9 120 80 6.94 0.1 0.72 8.26 0 0.016 Fair No

4/15/2011 4.44 2100 200 10.5 60 12 130 80 6.96 0.07 0.29 8.06 0 0.013 mostly cloudy No

5/16/2011 7.07 455 1950 0.23 59 14 140 90 7.06 0.09 0.22 7.05 0 0.011 Overcast No

6/7/2011 7.64 275 760 0.36 77 10 150 90 7.2 0.12 0.37 6.04 0 0.009 Clear No

7/12/2011 5.32 490 645 0.76 77 9 185 120 6.93 0.13 0.22 4.28 0 0.021 Partly Cloudy No

8/2/2011 6.26 90 700 0.13 78 9.5 180 120 6.7 0.2 0.05 2.88 0.04 0.003 Clear No

9/12/2011 8.14 140 20 7 68 9.5 200 130 6.33 0.13 0.05 4.24 0 0.028 Clear No

10/4/2011 4.29 165 200 0.83 56 8.8 210 140 6.51 0.13 0.05 4.35 0 0.007 Clear No

11/7/2011 3.52 80 180 0.44 53 14 180 120 6.11 0.07 0.28 5.48 0 0 Clear No

12/6/2011 3.2 70 185 0.38 59 11.5 160 100 6.28 0.13 0.2 6.17 0 0.011 Overcast No

1/30/2012 6.06 20 30 0.67 47 16 130 90 6.1 0.05 0.26 8.56 0 0.015 Clear No

2/22/2012 4.2 220 110 2 53 16.5 140 90 6.14 0.02 0.08 8.29 0 0.021 Overcast No

3/6/2012 8.52 70 250 0.28 55 16.5 130 80 5.99 0.02 0.46 9.75 0 0.008 Clear No

4/11/2012 6.96 190 610 0.31 56 10.5 150 100 5.95 0.06 0.18 7.78 0 0.004 Clear No

4/30/2012 7.26 200 310 0.65 69 14.5 140 90 5.97 0.01 0.26 5.05 0 0.033 Fair No

6/27/2012 8.49 2450 505 4.85 81 9 210 130 6.39 0.05 0.1 7.91 0 0.014 Clear No

8/6/2012 5.3 740 310 2.39 81 14.5 170 110 7.13 0.05 0.4 5.26 0 0.018 Partly Cloudy No

8/21/2012 5.85 790 260 3.04 77 13 180 120 7.61 0.04 0.31 6.39 0 0.02 Partly Cloudy No

8/27/2012 6.64 150 280 0.54 79 12.5 220 140 7.39 0.03 0.29 6.22 0 0.025 Clear No

10/23/2012 2.82 60 120 0.5 65 10 210 140 6.62 0.07 0.28 5.26 0 0.008 Fair No

11/12/2012 5.5 80 130 0.62 58 10 200 130 6.59 0.06 0.2 2.15 0 0.014 Overcast No

12/4/2012 16.4 120 100 1.2 58 11.5 230 150 6.37 0.28 0.16 0.35 0.06 0.012 Partly Cloudy No

1/23/2013 6.6 10 30 0.33 45 14.5 140 90 6.84 0.07 0.31 9.87 0 0.008 Partly Cloudy No

2/5/2013 5.98 10 60 0.17 50 12 140 90 6.85 0.01 0.28 9.27 0 0.018 Overcast No

3/18/2013 6.54 50 50 1 56 11.5 130 80 6.76 0.03 0.48 9.02 0 0.029 Overcast No

4/23/2013 3.98 40 60 0.67 58 11.5 130 90 6.8 0.04 0.14 8.35 0.01 0.007 Clear No

6/4/2013 7.54 420 545 0.77 68 10 130 90 6.77 0.04 0.2 5.75 0 0.017 Partly Cloudy No

6/12/2013 6.33 2500 360 6.94 78 7 130 80 6.86 0.06 0.08 6.78 0 0.008 Overcast No

7/30/2013 3.18 190 200 0.95 73 11 140 90 7.19 0.09 0.41 7.59 0.01 0.006 Fair No

9/11/2013 3.04 110 295 0.37 72 2 150 100 7.2 0.05 0.79 8.59 0 0.004 Fair No
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Segment 11e - Foe Killer Creek Trib 14 out of Wills Park at Wills Road

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

9/18/2013 2.59 220 340 0.65 68 2 160 100 7.26 0.02 0.29 9.02 0 0.011 Partly Cloudy No

10/9/2013 3.18 390 330 1.18 66 2 150 90 6.88 0.04 0.5 8.12 0 0.014 Clear No

10/28/2013 25 3600 3000 1.2 58 3 100 60 6.23 0.04 1.05 7.03 0 0.034 Overcast No

11/20/2013 3.26 550 240 2.29 48 3 150 100 6.37 0.04 0.14 9.07 0 0.006 Clear No

12/17/2013 4.16 30 40 0.75 49 4.5 130 80 6.19 0.03 0.42 8.98 0 0.011 Clear No

4/1/2014 2.53 90 ? 59 12 120 80 6.17 0.03 0.29 9.33 0 0.009 Partly Cloudy No

5/5/2014 3.38 80 160 0.5 67 4.5 120 80 6.37 0.04 0.63 8.45 0.01 0.009 Clear No

5/29/2014 3.63 520 270 1.93 72 3 140 90 6.46 0.06 0.34 8.06 0 0.013 Partly Cloudy No

6/18/2014 5.3 810 3000 0.27 75 5 160 100 6.64 0.05 0.16 7.73 0 0.026 Fair No

7/7/2014 5.88 310 290 1.07 79 5.5 190 120 6.82 0.04 0.29 6.45 0 0.014 partly sunny No

7/15/2014 8.47 190 360 0.53 76 4 190 120 6.74 0.08 0.32 5.88 0 0.011 Partly Cloudy No

8/19/2014 15.6 2400 4800 0.5 73 5 60 40 6.04 0.02 0.4 6.29 0 0.035 Overcast No

9/15/2014 6.39 345 390 0.88 68 2.5 180 120 6.41 0.04 0.12 7.17 0 0 Overcast No

9/24/2014 2.56 80 150 0.53 63 8 240 150 6.59 0.03 0.2 8.44 0 0.014 Clear No

10/13/2014 3.28 240 360 0.67 70 4 180 120 6.44 0.05 0.54 7.5 0 0.005 Partly Cloudy No

11/3/2014 1.94 115 6500 0.02 50 5 120 80 7.06 0.06 0.43 7.59 0 0.001 Clear No

12/30/2014 6.11 80 90 0.89 52 4 130 90 6.84 0.04 0.51 8.55 0 0.017 Partly Cloudy No

1/22/2015 3.88 20 10 2 49 6.5 150 90 7.07 0.05 0.33 8.37 0 0.006 Overcast No

5.86 372.88 658.95 1.18 62.71 7.76 155.41 103.49 6.75 0.08 0.37 7.21 0.03 0.01
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Segment 12 - Foe Killer Creek at Mansell Rd west of GA 400

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

6/19/2008 4.1 350 290 1.21 68 5 100 60 7.28 0.11 0.74 3.53 0.24 0.053 Clear No

3/11/2009 5.3 1655 590 2.81 62 10.7 70 50 7.71 0.23 1.05 9.69 0.05 0 Clear No

4/7/2009 5.3 2500 2700 0.93 49 12.7 80 60 7.31 0.07 1.12 10.89 0.03 0.023 Overcast No

6/2/2009 5.44 5400 1415 3.82 71 6 80 60 6.85 0.19 0.87 7.57 0.3 0.043 Clear No

6/23/2009 4.98 370 420 0.88 75 9 80 60 6.9 0.12 0.71 6.65 0.12 0.008 No

7/7/2009 2.8 480 390 1.23 74 7.8 90 60 6.83 0.13 0.48 6.41 0.05 0.006 Overcast No

8/4/2009 3.74 190 270 0.7 75 8.5 70 50 6.25 0.16 0.74 6.7 0.04 0.002 Clear No

10/21/2009 6.26 2600 500 5.2 53 25 70 50 6.8 1.04 0.35 9.97 0.05 0.021 Clear No

11/4/2009 4.44 1700 290 5.86 56 23 80 50 6.29 0.02 0.66 9.28 0 0 Clear No

12/17/2009 8.94 3750 815 4.6 45 18 80 50 6.32 0.1 0.94 12.07 0 0.016 Partly Cloudy No

1/12/2010 4 1115 460 2.42 38 19 80 60 6.28 0.09 1.01 12.68 0.02 0.015 Overcast No

1/20/2010 5.2 6500 1180 5.51 48 15.8 70 50 6.25 0.02 1.01 10.74 0.01 0.008 Partly Cloudy No

2/18/2010 4.5 370 400 0.93 41 16.5 70 40 6.65 0.16 0.49 12.23 0 0.012 Clear No

3/9/2010 4.47 3100 2300 1.35 50 15 80 40 6.8 0.07 0.91 11.49 0 0.003 Clear No

4/13/2010 3.88 540 10 54 60 17 70 50 6.7 0.09 1.35 9.53 0.06 0.012 Clear No

5/11/2010 6.42 5900 650 9.08 60 15 70 50 6.74 0.08 1.26 9.09 0.01 0.013 Clear No

7/6/2010 4.84 650 220 2.95 72 7 70 50 7.2 0.11 1.42 7.41 0.06 0.019 Clear No

8/3/2010 4.28 1900 500 3.8 79 8.5 80 50 7.22 0.14 1.54 7.6 0 0.007 Overcast No

8/11/2010 4.98 730 545 1.34 77 8.5 80 60 7.14 0.12 0.83 7.11 0 0.008 Clear No

9/21/2010 2.04 500 530 0.94 71 9.5 90 60 7.15 0.15 0.5 6.88 0.01 0.001 Clear No

10/14/2010 2.44 330 220 1.5 63 8.5 80 60 7.21 0.1 0.29 8.82 0 0.012 Clear No

12/7/2010 5.56 40 260 0.15 38 10 80 60 7.33 0.11 1.66 12.83 0 0.011 Partly Cloudy No

12/29/2010 3.8 20 0 ? 37 12 80 60 7.38 0.11 1.47 13.84 0 0 hazy No

2/8/2011 8.23 20 60 0.33 43 14 80 50 7.25 0.13 1.02 12.59 0 0.014 Clear No

2/17/2011 5.13 30 0 ? 49 11.5 70 50 7.45 0.11 1.47 11.6 0.09 0.011 Partly Cloudy No

3/22/2011 5.94 20 120 0.17 63 15 70 7 7.42 0.1 0.74 10.11 0 0.027 Fair No

4/15/2011 6.34 30 40 0.75 61 12.5 80 50 7.33 0.12 0.85 9.33 0 0.011 mostly cloudy No

5/17/2011 5.58 265 220 1.2 58 15 80 50 0.13 0.48 8.78 0.01 0.012 Clear No

6/7/2011 5.4 450 310 1.45 75 13.5 80 50 7.21 0.15 0.37 6.88 0 0.003 Clear No

7/18/2011 4.04 70 995 0.07 72 14 80 50 6.94 0.19 0.24 6.34 0.01 0.014 Partly Cloudy No

8/15/2011 5.42 120 150 0.8 72 11 90 60 6.72 0.15 0.17 3.63 0.07 0.013 Clear No

9/12/2011 3.18 130 100 1.3 66 11.5 90 60 6.1 0.12 0.13 5.41 0.09 0.028 Clear No

10/18/2011 4.3 115 195 0.59 63 17.5 80 60 6.21 0.14 0.35 6.82 0.04 0.011 Overcast No

11/8/2011 3.42 1600 260 6.15 54 18.5 70 50 6.31 0.11 0.25 7.64 0.06 0 Clear No

1/30/2012 5.04 1050 2800 0.38 45 17 70 50 6.3 0.08 0.46 10.27 0.06 0.015 Clear No

2/22/2012 4.9 10 10 1 51 18.8 70 50 6.28 0.02 0.3 10.89 0 0.018 Overcast No

3/19/2012 6.53 115 95 1.21 63 14.5 80 50 5.92 0.03 0.53 9.03 0 0.03 Fair No

4/11/2012 5.71 170 580 0.29 57 14 80 50 6.17 0.02 0.11 8.79 0 0.018 Clear No

5/9/2012 6.53 80 130 0.62 69 15.5 100 60 5.96 0.04 0.28 4.72 0 0.02 Overcast No

6/18/2012 7.04 400 860 0.47 69 13 80 50 6.14 0.04 0.1 6.35 0 0.008 Fair No

6/25/2012 4.34 170 990 0.17 75 16 90 60 6.03 0.03 0.1 5.51 0 0.017 Overcast No

7/2/2012 6.02 190 3800 0.05 76 14 100 60 6.13 0.02 0.1 4.38 0 0.022 Overcast No

9/4/2012 4.33 110 320 0.34 74 18 80 50 7.23 0.04 0.05 4.98 0 0.026 Overcast No

9/17/2012 3.38 140 350 0.4 70 16.5 90 60 7.06 0.03 0.05 5.68 0 0.027 Overcast No

9/24/2012 3.02 50 1040 0.05 59 16 80 50 7.35 0.04 0.05 7.2 0 0.01 Clear No

11/26/2012 2.63 60 80 0.75 45 32 90 60 7.05 0.04 0.01 9.9 0 0.028 Clear No

12/3/2012 3.8 160 260 0.62 50 33 90 60 6.79 0.05 0.01 8.36 0 0 Clear No

2/5/2013 6.58 40 120 0.33 45 16 80 50 7.1 0.04 0.42 11.51 0 0.014 Overcast No

3/4/2013 7.91 20 10 2 44 15 80 50 7.09 0.02 0.49 12.18 0 0.02 Partly Cloudy No

4/23/2013 5.2 50 4500 0.01 58 13 80 50 7.05 0.1 0.4 9.85 0 0.01 Clear No

6/11/2013 18.9 330 260 1.27 71 20 60 40 6.8 0.05 0.5 7.88 0 0.022 Overcast No

6/24/2013 8.46 150 230 0.65 71 18 80 50 7.05 0.06 0.56 7.97 0 0.011 Overcast No

7/10/2013 9.42 160 190 0.84 75 14.5 80 50 7.05 0.08 0.74 7.96 0.02 0.018 Partly Cloudy No

9/3/2013 4.9 90 580 0.16 73 16 80 60 6.86 0.04 0.3 7.4 0 0.023 Fair No

9/9/2013 3.24 30 300 0.1 72 16 90 60 7.03 0.09 0.26 6.86 0 0.006 Fair No

9/16/2013 2.74 130 240 0.54 69 15 90 60 6.45 0.06 0.19 7.18 0 0.009 Fair No

9/24/2013 4.68 210 260 0.81 67 14 80 50 7.05 0.22 0.29 7.65 0 0.003 Overcast No

11/12/2013 3.37 70 370 0.19 52 14.5 90 60 6.85 0.03 0.2 9.83 0 0.004 Clear No

12/3/2013 8.96 280 690 0.41 51 17 70 50 6.47 0.03 0.85 10.67 0 0.012 Overcast No

3/10/2014 4.64 30 ? 52 17 80 60 6.66 0.05 0.64 10.62 0.09 0.015 Partly Cloudy No

3/24/2014 5.06 20 ? 51 14 80 50 6.7 0.04 0.69 11.55 0 0.012 Clear No

5/29/2014 5.14 80 180 0.44 72 17 80 50 6.52 0.03 0.39 7.57 0 0.009 Partly Cloudy No

6/2/2014 5.62 70 180 0.39 68 17.5 80 50 6.48 0.07 0.39 8.21 0 0.01 Fair No

6/9/2014 5.43 460 430 1.07 72 19 80 50 6.21 0.05 0.44 7.48 0.04 0.013 Fair No

6/16/2014 4.79 410 260 1.58 72 18 90 60 6.48 0.05 0.31 6.87 0 0.032 Partly Cloudy No

6/23/2014 6.48 380 240 1.58 73 16.5 90 60 6.62 0.03 0.21 6.88 0 0.022 Partly Cloudy No

9/3/2014 4.06 100 340 0.29 73 16 90 60 6.51 0.07 0.1 4.71 0 0.009 Partly Cloudy No

9/9/2014 7.41 130 280 0.46 72 16.5 80 50 6.14 0.1 0.27 7.31 0 0.005 Partly Cloudy No

Page 7 of 14



Segment 12 - Foe Killer Creek at Mansell Rd west of GA 400

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

9/16/2014 4.08 210 700 0.3 71 15 80 50 6.2 0.06 0.26 7.02 0 0.014 Overcast No

9/23/2014 3.36 200 260 0.77 65 14 90 60 6.42 0.04 0.1 7.7 0 0.022 Clear No

11/5/2014 2.1 90 100 0.9 52 18 90 60 7.29 0.06 0.36 10.26 0 0.002 Overcast No

12/2/2014 5.36 20 70 0.29 52 21 80 50 7.36 0.07 0.18 9.76 0 0.013 Clear No

12/9/2014 5.71 140 150 0.93 46 20 80 50 7.29 0.03 0.24 10.01 0.02 0.02 Clear No

12/15/2014 2.68 50 40 1.25 41 17 90 60 7.41 0.04 0.1 10.9 0.02 0.005 Partly Cloudy No

12/22/2014 4.32 90 50 1.8 48 18 90 60 7.42 0.08 0.1 9.19 0 0.019 Overcast No

5.18 670.47 544.52 2.11 60.92 15.25 81.07 53.29 6.79 0.10 0.53 8.55 0.02 0.01
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Segment 20 - Foe Killer Creek at Rock Mill Way west of GA 400

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

4/2/2008 33500 59 80 50 9.59 0 0 No

4/30/2008 4.8 300 1000 0.3 61 80 50 7.16 0.18 3.2 0.08 0 No

6/4/2008 5.2 180 230 0.78 72 10 100 60 7.38 0.22 0.82 2.95 0.16 0.031 Clear No

6/17/2008 4.3 20 200 0.1 75 7 90 60 7.49 0.15 3.52 0.13 0.04 Clear No

7/29/2008 3 10 160 0.06 77 8 90 60 7.25 0.25 0.34 2.58 0.17 0.033 Clear No

8/20/2008 2.9 80 170 0.47 72 6.5 110 70 6.85 0.39 0.01 4.62 0 0.035 Cloudy No

9/9/2008 5.5 720 1135 0.63 73 8.7 90 60 7.39 0.11 0.52 7.12 0.24 0.001 Overcast No

9/16/2008 5.4 310 70 8.3 100 70 7.19 0.31 0.37 6.42 0.11 0.01 Overcast No

9/18/2008 2.8 180 70 9 90 60 7.4 0.22 0.44 7.3 0 0 Clear No

9/23/2008 2.5 145 66 4.3 110 70 7.17 0.27 0.23 6.89 0.08 0.021 Clear No

10/15/2008 3.5 750 225 3.33 66 6.5 80 60 7.11 0.26 0.27 6.72 0.24 0 Clear No

11/5/2008 7.5 600 270 2.22 57 10 90 60 7.23 0.24 0.32 7.66 0.18 0 No

12/9/2008 3.3 10400 7000 1.49 46 11 80 60 7.38 0.22 0.54 11.77 0.43 0.008 Overcast No

12/16/2008 5.4 2700 50 12 80 60 7.43 0.62 11.06 0 Overcast No

1/14/2009 7 11600 3700 3.14 43 14 90 60 7.22 0.08 1.43 13.2 0.17 0.011 Clear No

1/22/2009 4.3 320 39 11.8 80 60 7.62 0.16 0.9 13.3 0.15 0.02 Clear No

2/11/2009 4.9 2400 1230 1.95 52 12 80 60 7.62 0.04 0.85 12 0.05 0.015 Overcast No

7/7/2009 3.2 280 290 0.97 75 9.8 90 70 6.9 0.16 0.34 6.09 0.1 0.007 Overcast Yes

8/4/2009 3.88 195 180 1.08 75 9.2 70 50 6.44 0.14 0.43 6.67 0.06 0.002 Clear No

9/15/2009 3.14 500 310 1.61 71 12 90 60 6.61 0.12 0.4 6.54 0 0.005 Overcast No

11/4/2009 4.14 2800 410 6.83 55 13 80 60 6.23 0.03 1.28 10.12 0.02 0 Clear No

12/17/2009 7.93 3700 1505 2.46 44 17.5 80 60 6.26 0.06 1.09 12.47 0.03 0.01 Partly Cloudy No

1/12/2010 3.92 1000 600 1.67 38 14 80 60 6.23 0.06 1.57 13.43 0 0.014 Overcast No

1/20/2010 4.68 11900 3200 3.72 48 15 70 50 6.22 0.04 1.94 11.31 0.01 0.006 Partly Cloudy No

2/18/2010 3.85 5 4550 0 41 12.8 70 40 6.64 0.16 2.51 9.94 0 0.008 Clear No

3/9/2010 3.94 2700 1340 2.01 50 13 80 40 6.84 0.06 0.78 11.44 0 0.01 Clear No

4/13/2010 3.82 20 190 0.11 59 17.5 70 50 6.61 0.08 0.76 9.01 0.08 0.01 Clear No

7/6/2010 5.99 910 770 1.18 71 19.5 80 50 7.33 0.11 0.71 6.67 0.08 0.024 Clear No

8/3/2010 4.21 4200 815 5.15 78 17 80 50 7.28 0.12 0.25 4.95 0.14 0.018 Overcast No

8/11/2010 3.82 760 570 1.33 77 13 90 70 7.03 0.09 0.23 4.61 0 0.002 Clear No

9/21/2010 2.49 680 635 1.07 72 18.5 100 70 7.11 0.22 0.38 5.02 0.06 0.005 Clear No

10/14/2010 2.25 420 490 0.86 62 19 80 60 7.26 0.13 0.83 8.33 0.04 0.011 Clear No

12/7/2010 5.5 90 270 0.33 37 18 90 60 7.38 0.15 1.06 12.9 0.01 0.007 Partly Cloudy No

12/29/2010 3.44 0 390 0 37 17 80 60 7.42 0.17 0.89 13.24 0 0.03 hazy No

2/8/2011 7.29 20 0 43 21 80 50 7.36 0.11 1.79 12.04 0 0.01 Clear No

2/17/2011 5.32 50 30 1.67 49 20 80 50 7.5 0.22 1.77 10.19 0.11 0.006 Partly Cloudy No

3/22/2011 5.02 30 110 0.27 62 18 70 50 7.54 0.1 1.53 9.96 0 0.025 Fair No

4/15/2011 6 20 70 0.29 61 21 80 50 7.43 0.09 1.26 8.98 0 0.01 mostly cloudy No

5/16/2011 5.38 2100 440 4.77 61 19.5 80 50 7.34 0.08 0.3 8.38 0.14 0.014 Overcast No

6/1/2011 7.66 3000 490 6.12 73 15 80 50 7.21 0.14 0.42 6.27 0.14 0.015 Clear No

7/12/2011 4.4 110 300 0.37 78 15 80 50 7.11 0.09 0.3 5.46 0.02 0.026 Partly Cloudy No

8/2/2011 4.94 50 270 0.19 79 13.8 80 50 6.93 0.15 0.5 5.61 0.12 0.014 Clear No

9/14/2011 3 140 90 1.56 67 13 90 60 6.14 0.19 0.42 6.3 0.05 0.025 Clear No

10/4/2011 3.81 340 170 2 56 11.5 80 50 6.73 0.25 0.33 7.88 0.11 0.009 Clear No

11/8/2011 3.3 1150 260 4.42 53 14.5 70 50 6.25 0.18 8.63 Clear No

12/5/2011 4.22 490 260 1.88 52 15 80 50 6.29 0.11 0.68 9.57 0.07 0.008 Overcast No

1/3/2012 5.36 4800 1230 3.9 37 16.5 90 60 6.77 0.07 1.8 7.6 0.1 0.014 Clear No

2/15/2012 4.4 70 50 1.4 48 18.5 80 50 6.51 0.07 1.71 12.59 0.01 0.042 Partly Cloudy No

3/12/2012 6.28 280 410 0.68 57 17 80 50 6.17 0.04 1.91 9.85 0 0.001 Overcast No

3/26/2012 5.63 60 100 0.6 60 19 90 60 6.08 0.01 1.44 9.23 0 0.022 Clear No

5/8/2012 5.08 40 140 0.29 70 18 90 60 6.11 0.04 0.56 5.06 0 0.034 Overcast No

6/18/2012 6.84 360 210 1.71 68 16 80 50 5.99 0.03 0.73 6.91 0 0.013 Fair No

6/25/2012 3.9 110 180 0.61 75 11.8 90 60 6.24 0.03 0.61 4.23 0 0.017 Overcast No

7/2/2012 2.56 40 270 0.15 76 14 90 60 6.35 0.03 0.25 6.38 0 0.018 Overcast No

9/4/2012 4.65 210 330 0.64 74 12 80 50 7.33 0.05 1.61 7.35 0 0.018 Overcast No

9/17/2012 4.03 120 160 0.75 70 9 90 60 7.3 0.02 0.42 6.02 0 0.025 Overcast No

9/24/2012 3.68 110 240 0.46 59 10 80 50 7.41 0.03 0.45 7.35 0 0.013 Clear No

11/26/2012 5.16 20 70 0.29 44 19.5 90 60 7.15 0.05 0.44 10.67 0 0.031 Clear No

12/3/2012 3.35 10 40 0.25 50 17 90 60 6.8 0.05 0.62 9.94 0 0.002 Clear No

2/4/2013 7.3 40 70 0.57 45 19 80 50 7.19 0.04 0.45 11.91 0 0.011 Overcast No

3/4/2013 7.26 30 60 0.5 43 15 80 50 7.1 0.02 1.64 12.42 0 0.017 Partly Cloudy No

4/23/2013 4.86 50 40 1.25 57 14 80 50 7.19 0.02 0.56 10.18 0 0.01 Clear No

6/3/2013 10.4 2400 71 15.5 70 50 6.86 1.01 6.59 Overcast No

6/11/2013 18.2 360 410 0.88 70 13.5 60 40 6.94 0.03 1.5 8.28 0 0.026 Overcast No

6/17/2013 38 3600 71 11 60 40 6.82 2 8.18 Overcast No

6/24/2013 7.75 130 300 0.43 71 14 80 50 7.26 0.05 0.76 8.27 0 0.011 Overcast No

7/30/2013 4.15 70 380 0.18 69 12 80 50 7.18 0.07 0.98 7.63 0 0.011 Fair No

9/3/2013 4.32 100 410 0.24 72 12 80 50 7.18 0.05 1 8.53 0 0.016 Fair No
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Segment 20 - Foe Killer Creek at Rock Mill Way west of GA 400

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

9/9/2013 3.26 70 220 0.32 71 12 90 60 7.17 0.04 0.59 8.62 0 0.007 Fair No

9/16/2013 3 80 320 0.25 69 12 90 60 6.52 0.02 0.52 8.62 0 0.01 Fair No

9/24/2013 5.46 100 230 0.43 67 9 80 50 7.14 0.06 1.07 8.81 0.01 0.002 Overcast No

11/12/2013 6.98 20 280 0.07 52 11 90 60 6.9 0.12 0.74 10.56 0 0.01 Clear No

12/3/2013 8.54 370 740 0.5 51 12 70 50 6.48 0.03 1.61 10.93 0 0.012 Overcast No

12/11/2013 12.4 110 47 14 70 50 6.41 1.24 10.79 Clear No

12/16/2013 7.66 30 43 15 80 50 6.42 1.81 12.4 Clear No

12/23/2013 43 80 54 10 60 40 5.95 2.75 10.54 Overcast No

3/4/2014 5.88 90 45 12 80 50 6.57 0.12 1.23 11.96 0.36 0.015 Overcast No

3/10/2014 4.78 30 51 14 80 50 6.71 0.03 1.47 11.1 0.05 0.013 Partly Cloudy No

3/18/2014 12.6 10 47 12 70 50 6.3 1.55 11.39 Overcast No

3/24/2014 4.32 40 51 13 80 50 6.7 0.04 1.26 11.79 0 0.024 Clear No

6/2/2014 6.67 50 210 0.24 69 10 80 50 6.51 0.04 1.3 8.79 0 0.012 Fair No

6/9/2014 6.23 410 340 1.21 72 12 80 50 6.23 0.06 1.09 8.01 0.04 0.016 Fair No

6/16/2014 5.26 210 160 1.31 72 11 90 60 6.61 0.05 0.7 8.23 0 0.028 Partly Cloudy No

6/23/2014 4.74 500 260 1.92 73 10.5 90 60 7.73 0.03 0.74 7.99 0 0.014 Partly Cloudy No

9/3/2014 2.9 130 280 0.46 74 8.8 90 60 6.61 0.07 0.43 6.79 0 0.012 Partly Cloudy No

9/9/2014 7.38 150 200 0.75 72 11 80 50 6.21 0.08 0.93 8.03 0 0.014 Partly Cloudy No

9/16/2014 4.58 50 200 0.25 71 10 80 50 6.42 0.01 0.65 8.31 0 0.006 Overcast No

9/23/2014 3.58 170 190 0.89 65 9 90 60 6.55 0.04 0.52 8.76 0 0.017 Clear No

11/5/2014 2.58 60 125 0.48 51 10 90 60 7.5 0.06 0.52 11.83 0 0.003 Overcast No

12/2/2014 2.82 30 80 0.38 52 10 80 50 7.47 0.05 0.84 10.8 0 0.016 Clear No

12/9/2014 4.1 120 140 0.86 46 12 80 50 7.38 0.04 1.28 10.52 0.01 0.019 Clear No

12/15/2014 2.51 20 70 0.29 41 12 90 60 7.52 0.07 0.81 11.71 0 0.024 Partly Cloudy No

12/22/2014 3 30 20 1.5 48 10 90 60 7.55 0.03 0.92 9.94 0 0.004 Overcast No

5.87 1267.15 557.56 1.25 60.03 13.17 82.69 54.84 6.91 0.10 1.00 8.76 0.05 0.01
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Segment 44 - Foe Killer Creek northwest of Br in Saddle Creek Apts off Mid-

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

4/2/2008 745 ? 59 90 60 8.83 0 No

6/19/2008 10.5 760 995 0.76 64 1.5 90 60 7.28 0.51 1.1 3.11 0.26 0.092 Clear No

7/2/2008 8.3 410 ? 64 1.5 90 60 6.85 0.17 3.14 0.27 0.045 Clear No

7/29/2008 9.6 460 845 0.54 73 1 100 70 6.8 0.14 0.27 1.76 0.33 0.028 Clear No

8/12/2008 14.5 225 80 2.81 68 0 110 70 6.49 0.06 0 1.16 0.49 0.029 Overcast No

9/9/2008 11.3 8900 6800 1.31 70 1.3 80 50 6.78 0.14 0.83 5.35 0.3 0.052 Overcast No

9/11/2008 7 270 ? 72 1 100 70 7.05 0.19 1.6 5.42 0.15 0.029 Overcast No

10/15/2008 4.9 410 385 1.06 63 2.3 80 60 7.78 0.11 0.59 5.62 0.09 0.02 Clear No

11/5/2008 3.4 720 160 4.5 52 3 90 60 7.17 0.14 0.18 6.4 0.02 0.026 No

12/9/2008 3.7 30 80 0.38 43 3.3 80 60 7.4 0.1 1.18 10.4 0.06 0.023 Overcast No

1/14/2009 7.8 90 3700 0.02 41 6 110 80 6.8 0.28 0.74 11.91 0.42 0.01 Clear No

2/11/2009 4.2 2500 1283 1.95 50 3.3 90 60 6.96 0.13 1.39 9.9 0.08 0.036 Overcast No

3/11/2009 5.3 250 300 0.83 55 6.3 90 60 7.18 0.09 0.66 8.38 0.13 0.022 Clear No

4/6/2009 5.7 120 2100 0.06 54 4.5 80 60 7.18 0.22 0.24 8.87 0.08 0.028 Cloudy No

6/2/2009 7.7 750 4800 0.16 66 5 80 60 6.78 0.12 1.25 7.72 0.26 0.033 Clear No

6/23/2009 9.19 440 2300 0.19 73 3.5 90 60 6.88 0.06 0.8 6.28 0.19 0.005 Clear No

7/7/2009 7.64 70 570 0.12 72 3 90 60 6.72 0.08 0.51 5.38 0.16 0.006 Overcast Yes

8/4/2009 8.5 505 1430 0.35 72 4.5 80 50 6.2 0.15 0.51 5.97 0.04 0.007 Clear No

9/15/2009 10.5 140 1175 0.12 70 3.8 90 60 6.37 0.05 0.3 5.5 0 0.015 Overcast No

11/4/2009 5 580 270 2.15 53 22.5 90 60 5.03 0.05 0.33 8.39 0 0.008 Clear No

12/17/2009 6.25 80 30 2.67 45 20.5 80 60 5.79 0.06 0.38 9.8 0 0.012 Partly Cloudy No

1/12/2010 4.34 120 10 12 39 18.5 70 50 5.67 0.11 0.47 11.28 0 0.011 Overcast No

1/20/2010 8.54 35 45 0.78 48 18.5 80 60 5.82 0.1 0.26 9.67 0 0.015 Clear No

2/18/2010 4.02 0 10 0 40 15 70 40 6.24 0.21 0.52 11.07 0 0.01 Clear No

3/9/2010 4.11 0 585 0 47 16.5 80 60 6.15 0.06 0.66 9.59 0 0.017 Clear No

4/13/2010 5.4 0 655 0 56 13 80 60 6.34 0.06 0.27 8.31 0 0.011 Clear No

5/11/2010 5.28 0 690 0 58 18.8 80 60 6.44 0.04 0.71 8.11 0 0.015 Clear No

7/6/2010 9.37 560 1200 0.47 69 12.8 80 60 7.11 0.11 0.36 6.96 0.02 0.018 Clear No

8/3/2010 7.65 240 910 0.26 76 11 80 60 7.17 0.08 0.56 6.71 0.67 0.014 Overcast No

8/11/2010 8.15 480 2800 0.17 75 10 90 60 7.12 0.1 0.32 6.34 0 0.011 Clear No

9/21/2010 6.53 1200 3100 0.39 69 12.5 90 60 7.2 0 0.21 4.91 0.01 0 Clear No

10/14/2010 4.29 110 790 0.14 61 13.8 90 60 7.31 0.04 0.53 7.51 0 0.014 Clear No

12/7/2010 4.14 100 160 0.63 37 5 100 70 7.31 0.18 0.83 12 0.01 0.012 Partly Cloudy No

12/29/2010 3.36 80 20 4 37 8 90 60 7.36 0.16 0.81 12.21 0 0.003 hazy No

2/8/2011 7.71 50 50 1 42 7 90 60 7.03 0.12 1.14 11.2 0 0.011 Clear No

2/17/2011 5.18 40 70 0.57 47 8 80 50 7.15 0.13 1.11 10.07 0 0.008 fog No

3/22/2011 5.74 280 1800 0.16 57 10 80 50 7.01 0.12 1.23 8.48 0 0.016 Fair No

4/15/2011 5.43 90 140 0.64 58 8.5 80 50 7.01 0.07 0.33 7.82 0 0.008 mostly cloudy No

5/16/2011 7.24 370 420 0.88 59 13 80 50 7.03 0.12 0.28 6.9 0.03 0.007 Overcast No

6/1/2011 9.73 540 610 0.89 70 15 80 50 6.93 0.12 0.17 5.77 0.03 0.015 Clear No

7/12/2011 9.88 360 600 0.6 76 12.5 90 50 6.89 0.13 0.2 4.13 0.07 0.033 Partly Cloudy No

8/2/2011 9.52 250 540 0.46 76 10.5 80 50 6.64 0.2 0.3 3.33 0.15 0.021 Clear No

10/3/2011 5.18 565 505 1.12 55 4 80 50 6.55 0.1 0.12 5.32 0.02 0.018 Clear No

11/8/2011 5.04 155 95 1.63 51 11 80 50 6.06 0.06 0.45 5.82 0 0.001 Clear No

12/5/2011 3.99 40 80 0.5 51 13 90 60 5.78 0.12 0.43 6.41 0 0.015 Overcast No

1/3/2012 4.06 85 190 0.45 38 7.2 100 70 6.37 0.08 0.75 11.38 0 0.015 Clear No

2/15/2012 4.01 55 95 0.58 45 15.8 80 50 6.03 0.08 0.54 10.37 0.02 0.031 Partly Cloudy No

3/12/2012 5.2 95 330 0.29 56 9.5 80 50 5.49 0.04 0.85 8.33 0 0.002 Overcast No

3/26/2012 5.49 340 550 0.62 57 8.5 90 60 5.65 0.04 0.79 7.06 0 0.016 Clear No

5/8/2012 7.67 2250 7000 0.32 67 16 90 60 5.64 0.08 0.24 4.23 0 0.037 Overcast No

6/18/2012 10.55 805 540 1.49 67 6 90 60 5.94 0.03 0.4 4.31 0.04 0.013 Fair No

6/25/2012 10.15 490 355 1.38 73 11 100 70 5.96 0.02 0.1 2.35 0.16 0.021 Overcast No

7/9/2012 11.1 660 2400 0.28 74 7 80 50 5.9 0.03 0.22 3.6 0.04 0.012 Clear No

9/4/2012 9.77 285 785 0.36 74 16 90 60 6.84 0.04 0.41 3.64 0 0.03 Overcast No

9/17/2012 10.5 130 365 0.36 69 15.5 100 60 6.69 0.03 0.07 3.36 0.01 0.023 Overcast No

9/24/2012 7.23 2650 460 5.76 61 14 90 60 7 0.04 0.22 3.75 0 0.02 Clear No

11/26/2012 3.96 35 300 0.12 42 17.5 90 60 6.75 0.06 0.73 7.55 0 0.014 Clear No

12/3/2012 6.2 45 230 0.2 50 18 100 60 6.64 0.12 0.41 6.02 0.01 0.008 Clear No

2/4/2013 5.54 100 65 1.54 46 15 90 60 6.72 0.08 0.31 9.81 0.06 0.009 Overcast No

3/4/2013 5.74 50 205 0.24 40 17 80 50 6.69 0.02 0.5 10.77 0 0.019 Partly Cloudy No

4/15/2013 5.98 155 375 0.41 58 15 80 50 6.59 0.04 0.6 7.95 0.03 0.018 Overcast No

6/3/2013 11.6 1550 ? 68 16.5 80 50 6.82 0.76 5.53 Overcast No

6/11/2013 14 700 480 1.46 68 16 80 50 6.35 0.02 0.78 6.89 0 0.025 Overcast No

6/17/2013 26.4 2050 ? 70 9 60 40 6.41 1 6.93 Overcast No

6/24/2013 9.54 345 385 0.9 68 18 90 60 6.8 0.04 1.12 7.27 0 0.023 Overcast No

7/30/2013 5.18 325 3250 0.1 67 15 90 60 6.91 0.05 0.39 7.01 0.04 0.01 Fair No

9/3/2013 5.03 975 750 1.3 70 26 90 60 6.64 0.04 0.69 6.67 0 0.018 Clear No

9/9/2013 4.02 270 590 0.46 69 23 90 60 6.81 0.06 0.59 6.71 0.01 0.007 Fair No
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Segment 44 - Foe Killer Creek northwest of Br in Saddle Creek Apts off Mid-

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

9/16/2013 3.06 130 605 0.21 67 16 90 60 6.72 0.06 0.22 6.87 0.01 0.021 Fair No

9/24/2013 3.45 395 455 0.87 66 17 90 60 6.86 0.13 0.14 6.65 0 0.013 Overcast No

11/12/2013 2.31 130 245 0.53 49 11.5 80 50 6.39 0.06 0.05 7.06 0 0.01 Clear No

12/3/2013 22.4 385 2700 0.14 51 11 60 40 5.96 0.01 0.67 8.58 0 0.026 Overcast No

12/11/2013 11.2 235 ? 46 19.5 80 50 5.89 0.43 10.32 Clear No

12/16/2013 6.16 220 ? 44 20 90 60 6.06 0.55 10.57 Clear No

12/23/2013 42 260 ? 54 19 60 40 5.57 0.48 8.86 Overcast No

3/4/2014 14 105 ? 45 11 90 60 6.04 0.04 0.49 10.43 0.04 0.019 Overcast No

3/10/2014 6.06 120 ? 49 11 90 60 6.18 0.04 1.33 9.4 0.02 0.011 Partly Cloudy No

3/18/2014 14.9 190 ? 48 12 80 50 5.99 0.44 9.58 Overcast No

3/24/2014 6 75 ? 47 12 90 60 6.34 0.04 0.4 9.8 0 0.012 Clear No

6/2/2014 7.58 730 650 1.12 65 12 90 60 6.21 0.03 0.54 7.18 0.06 0.01 Fair No

6/9/2014 10.6 595 580 1.03 68 13 80 50 6.02 0.04 0.67 6.72 0.05 0.019 Fair No

6/16/2014 6.41 690 4550 0.15 69 12 90 60 6.03 0.06 0.44 6.75 0.02 0.013 Partly Cloudy No

6/23/2014 9.45 605 685 0.88 70 13.5 90 60 6.14 0.04 0.34 6.59 0.02 0.016 Fair No

9/3/2014 14.9 120 645 0.19 72 12.5 100 60 5.84 0.08 0.28 2.96 0.08 0.018 Partly Cloudy No

9/9/2014 8.7 455 685 0.66 70 12 80 50 5.93 0.05 0.48 6.39 0 0.018 Partly Cloudy No

9/16/2014 4.72 170 635 0.27 70 11 90 60 5.87 0.05 0.3 4.88 0 0.015 Overcast No

9/23/2014 4.4 580 740 0.78 63 11.5 90 60 5.8 0.06 0.17 5.07 0.04 0.019 Clear No

11/4/2014 3.98 65 225 0.29 47 15.5 90 60 7.14 0.06 0.53 9.77 0 0.008 Fair No

12/2/2014 3.25 70 165 0.42 50 11 100 70 6.88 0.05 0.55 8.53 0 0.015 Clear No

12/9/2014 4.18 115 95 1.21 46 12.5 100 60 6.94 0.05 0.31 8.41 0 0.023 Clear No

12/15/2014 2.86 100 90 1.11 40 7 90 60 7.06 0.06 0.55 9.71 0.02 0.014 Partly Cloudy No

12/22/2014 2.9 95 90 1.06 48 10 90 60 7.04 0.04 0.3 7.6 0.01 0.007 Overcast No

7.75 491.30 959.10 0.96 58.41 11.32 86.52 57.50 6.54 0.09 0.54 7.28 0.06
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Segment 56 - Foe Killer Creek @ Upper Hembree Rd (Roswell)

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

6/11/2012 18 1400 ? 70 13 60 40 5.71 1 7.11 Overcast No

6/18/2012 8.01 140 ? 68 10 90 60 5.93 0.28 6.01 Fair No

6/25/2012 7.18 240 ? 73 8 90 60 5.85 0.19 5.08 Overcast No

7/2/2012 6.94 160 ? 75 6 100 70 5.83 0.12 2.55 Overcast No

9/4/2012 7.8 260 ? 73 9 80 50 6.88 0.28 5.08 Overcast No

9/10/2012 8.76 400 ? 66 6 90 60 6.95 0.47 6.12 Partly Cloudy No

9/17/2012 8.22 490 ? 69 13 110 70 6.82 0.32 5.28 Overcast No

9/24/2012 5.32 170 ? 59 9.5 80 50 7.1 0.69 6.5 Clear No

11/26/2012 5.01 60 ? 44 14.5 90 60 6.88 0.01 9.56 Clear No

11/26/2012 4.94 70 ? 43 13.5 90 60 6.76 0.34 9.68 Clear No

12/3/2012 5.1 60 ? 48 12 90 60 6.59 0.12 8.08 Clear No

12/10/2012 4.81 50 ? 57 12.5 120 80 6.55 0.47 6.39 Overcast No

12/18/2012 8.98 110 ? 51 11 70 50 6.65 0.71 8.74 Clear No

3/4/2013 8.93 0 ? 42 13 80 50 6.77 0.93 11.72 Partly Cloudy No

3/13/2013 14.7 260 ? 48 13 70 50 6.62 2.07 10.48 Clear No

3/19/2013 19.4 180 ? 50 14 70 40 6.63 1.93 10.01 Clear No

3/26/2013 14 30 ? 45 15.5 80 50 6.66 1 11.13 Overcast No

6/3/2013 13.4 3300 ? 69 11 80 50 6.62 0.78 6.23 Overcast No

6/11/2013 16.6 290 ? 70 11.5 70 40 6.53 1 7.49 Overcast No

6/17/2013 31.2 1800 ? 71 14 60 40 6.52 1 7.11 Overcast No

6/24/2013 10.4 100 ? 70 11 80 50 6.78 0.83 7.42 Overcast No

9/3/2013 6.89 310 ? 71 10 80 50 6.71 0.96 7.37 Clear No

9/9/2013 5.08 140 ? 70 10.5 90 60 6.74 0.36 7.09 Fair No

9/16/2013 4.56 350 ? 68 10 90 60 6.65 0.26 7.26 Partly Cloudy No

9/23/2013 42.7 230 ? 54 20.5 60 40 5.7 2 9.51 Overcast No

9/24/2013 4.74 480 ? 67 11 80 50 6.82 0.65 7.58 Overcast No

12/3/2013 11.4 250 ? 51 14 70 40 6.23 2.27 9.79 Overcast No

12/11/2013 15.6 90 ? 48 15 70 50 6.11 1.22 10.74 Clear No

12/16/2013 8.14 70 43 1.62 12 80 50 6 11.09 Clear No

3/18/2014 16 50 ? 48 14 80 50 5.97 2.15 10.45 Overcast No

3/24/2014 7.02 40 ? 49 14 90 60 6.21 0.48 11.18 Clear No

6/2/2014 7.02 110 ? 68 10.5 80 50 6.16 0.81 7.67 Fair No

6/9/2014 8.54 8400 ? 71 12 80 50 6.11 0.67 6.61 Fair No

6/16/2014 7.56 140 ? 71 11.5 90 60 6.22 0.56 7.07 Partly Cloudy No

6/23/2014 9.34 110 ? 72 10 90 60 6.34 0.56 6.69 Fair No

9/3/2014 4.64 120 ? 72 8 90 60 6.25 0.36 5.62 Partly Cloudy No

9/9/2014 11.7 260 ? 72 11.5 90 60 6.07 0.67 6.78 Partly Cloudy No

9/16/2014 5.88 250 ? 71 9 80 50 6.26 0.97 7.19 Overcast No

9/23/2014 4.5 210 ? 64 8.5 90 60 6.29 0.35 7.6 Clear No

12/2/2014 3.34 10 ? 50 10 110 70 7.04 0.85 7.04 Clear No

12/9/2014 5.04 130 ? 46 10 90 60 7.1 0.69 9.48 Clear No

12/15/2014 4.1 50 ? 41 9 90 60 7.21 1.08 10.59 Partly Cloudy No

12/22/2014 5.1 120 ? 48 9.5 90 60 7.18 0.49 8.76 Overcast No

9.92 499.77 43.00 1.62 59.19 13.01 83.26 53.63 6.50 #DIV/0! 1.02 7.85
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Segment 57 - Foe Killer Creek @ Greenhous Rd (Roswell)

SurveyDate Turbidity Fecalcoli Fecalstrep ColiStrepRatio WaterTempF Depth Conductivity Dissolved solids pH Phosphate Flowrate Dissoxy_meter Ammonia Copper WeatherConditions BioMonitoring

NTU cfu/100ml cfu/100ml cfu/100ml F in uS/cm ppm ppm ft/s ppm ppm ppb

6/11/2012 19.6 1040 ? 70 14 50 30 6.05 1.04 7.56 Overcast No

6/18/2012 5.11 120 ? 69 8.5 90 60 5.83 0.31 6.62 Fair No

6/25/2012 4.59 40 ? 74 6.8 90 60 6.03 0.25 5.64 Overcast No

7/2/2012 3.85 130 ? 75 6 100 60 6.13 0.2 4.39 Overcast No

9/4/2012 4.87 270 ? 74 8 90 60 7.11 0.48 6.53 Overcast No

9/10/2012 5.32 360 ? 67 7 90 60 7.16 0.31 7.47 Partly Cloudy No

9/17/2012 6.8 110 ? 70 8 110 70 7.02 0.16 6.86 Overcast No

9/24/2012 5.45 60 ? 60 8 80 50 7.19 0.23 7.96 Clear No

12/3/2012 5.12 30 ? 50 16 90 60 6.72 0.01 8.35 Clear No

12/10/2012 4.05 20 ? 58 15 110 70 6.71 0.01 7.12 Overcast No

12/18/2012 8.66 500 ? 51 15 80 50 6.55 0.58 8.13 Clear No

3/4/2013 8.72 10 ? 42 18 80 50 6.85 0.53 11.84 Partly Cloudy No

3/13/2013 12.6 60 ? 47 18 80 50 6.83 1 10.63 Clear No

3/19/2013 20.8 190 ? 50 16 60 40 6.78 0.9 10.23 Clear No

3/26/2013 11.4 50 ? 43 20 80 50 6.68 0.71 11.14 Overcast No

6/3/2013 10.6 2800 ? 70 13 80 50 6.71 0.58 6.56 Overcast No

6/11/2013 18 360 ? 70 21.5 70 40 6.63 0.5 7.29 Overcast No

6/17/2013 40 2100 ? 71 17 50 30 6.6 1 7.46 Overcast No

6/24/2013 9.76 140 ? 70 16.5 80 50 6.91 0.76 7.58 Overcast No

9/3/2013 4.35 210 ? 71 15 80 50 6.8 0.87 7.19 Clear No

9/9/2013 3.86 150 ? 71 13 90 60 6.87 0.45 7.19 Fair No

9/16/2013 7.84 60 ? 43 15 80 50 6.24 0.97 11.64 Clear No

9/16/2013 3.36 110 ? 68 12 90 60 6.83 0.64 7.54 Partly Cloudy No

9/23/2013 46.6 330 ? 54 21 60 40 5.76 2.5 9.62 Overcast No

9/24/2013 5.42 490 ? 66 12 80 50 7.03 0.4 7 Overcast No

12/3/2013 8.75 450 ? 51 14 70 50 6.31 1.05 10.11 Overcast No

12/11/2013 12.2 110 ? 48 15 70 50 6.26 1.3 11.16 Clear No

3/4/2014 5.84 80 ? 45 15 90 60 6.38 1.12 11.67 Overcast No

3/10/2014 5.97 20 ? 51 13 90 60 6.43 0.82 10.63 Partly Cloudy No

3/18/2014 12.5 10 ? 47 18 70 50 6.11 1.63 10.67 Overcast No

3/24/2014 5.55 60 ? 49 17 80 50 6.34 1.2 11.35 Clear No

6/2/2014 7.34 140 ? 68 13 80 50 6.25 0.64 8.04 Fair No

6/9/2014 7.7 740 ? 71 14.5 80 50 6.07 0.64 7.02 Fair No

6/16/2014 6.46 240 ? 71 14 90 60 6.23 0.54 7.37 Partly Cloudy No

6/23/2014 7.44 90 ? 73 14 90 60 6.36 0.34 6.14 Fair No

9/3/2014 4.37 340 ? 73 15.5 90 60 6.23 0.1 5.23 Partly Cloudy No

9/9/2014 8.51 220 ? 72 15 90 60 6.05 0.41 6.2 Partly Cloudy No

9/16/2014 4.71 110 ? 71 14 80 50 6.14 0.35 6.46 Overcast No

9/23/2014 5.24 230 ? 65 12.5 90 60 5.99 0.33 7.31 Clear No

12/2/2014 2.94 80 ? 50 14 90 60 7.19 0.41 10.42 Clear No

12/9/2014 4.04 180 ? 45 11 90 60 7.17 0.52 9.56 Clear No

12/15/2014 3.02 40 ? 40 12 90 60 7.3 0.2 11.34 Partly Cloudy No

12/22/2014 3.29 30 ? 48 11.5 90 60 7.3 0.32 9.08 Overcast No

9.1302326 300.2325581 #DIV/0! #DIV/0! 60.27906977 13.798 82.79069767 53.72093023 6.561 #DIV/0! 0.6351163 8.355813953
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1 Goals 

The objective of the Foe Killer Creek stream walks and geomorphic assessments was to survey the 

condition of the stream channels of Foe Killer Creek and its tributaries. The employed procedure entails 

collection of stream characteristics at a sub-reach scale, thereby complementing the broader-scale 

characterization of the watershed (e.g. impervious surfaces, land use). This information was used to help 

identify both management challenges and management opportunities at specific locations. Products of 

the survey include this appendix to the watershed improvement plan, a spreadsheet containing data 

collected in each reach and at assessment point, maps showing erosion potential, large woody debris 

jams, and beaver dams, and photo logs of representative and unique features along the streams.  

2 Methods 

From January to March, 2015, the assessment was carried out by a fluvial geomorphologist and an 

environmental scientist walking either on the stream bed or along the stream bank. The main channel of 

Foe Killer Creek was assessed from the southern boundary of Alpharetta to Westside Parkway and then 

from where Foe Killer Creek reenters Alpharetta north of Upper Hembree Road until its headwaters near 

Andover Drive and Hopewell Road (Appendix A). Hughes Branch, which joins Foe Killer Creek by Upper 

Hembree Road in Roswell, was assessed from where it enters Alpharetta to its headwaters near Singletree 

Trace. Additionally, many of the major tributaries were assessed to their origins. The tributaries were 

labeled alphabetically from “A” to “L”, starting at the downstream end of the watershed, based on streams 

shown on existing maps. The reaches of Foe Killer Creek were numbered, starting downstream, 1 to 10, 

with reach boundaries at the confluence of each major tributary.  

Data were collected at approximately 360 locations in the watershed. At 77 of these locations a complete 

suite of geomorphic parameters was collected using the rapid geomorphic assessment (RGA) procedure. 

Rapid geomorphic assessments were conducted at each major change in channel morphology, bed and 

bank lithology, and/or riparian vegetation. Data from RGAs included location description, stage of the 

channel evolution model (CEM), bank heights, bed and bank material descriptions, stability, vegetation, 

land use, and photos of representative morphology. Partial data were collected at the remaining locations. 

Partial data typically consisted of a photograph and note of a feature that was representative of the entire 

reach or a feature unique to that specific location. Examples of representative reach features include a 

typical stable stream bank, typical unstable stream bank, and/or typical bar forms. Examples of unique 

features include single locations of bank mass wasting, pipeline crossings, tributary confluences, large 

woody debris, trash, road crossings, and others.  

The CEM is a qualitative field assessment of stream channel stability based on characteristic channel 

form features which can be interpreted to indicate the evolutionary stage of a channel.  The CEM is an 

established series of phases (Figure 1) that an alluvial channel may pass through following a disturbance 

to the equilibrium between sediment load, discharge, and gradient (Alonso et al, 2002).  The CEM is 

used to predict if a channel is heading towards greater stability, or greater instability 
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Based on the collected data, stream reaches were rated has having a low, moderate, or high erosion 

activity. This semi-quantitative rating process used the criteria presented in Table 1.  

 

Table 2-1.  Channel assessment criteria per reach. 

Erosion Activity 
 

Erosion by Mass Wasting 
(Sum of value of both banks) 

Erosion by Scour      
(Larger value of both banks) 

Low Equal to 0% Less than or equal to 30% 

Moderate                        0 to 20%                and/or           Greater than 30% 

High Greater than or equal to 20% Any percentage 

 

In some cases further adjustments to ratings were made based on professional judgment of additional 

factors affecting the channel character. These factors included, but were not limited to, CEM stage, bank 

height, beaver activity, infrastructure, etc. 

The field data for each stream reach and tributary is included in the stream walk data table (Appendix B: 

Data tables). Based on the assessment results at the corresponding sites, Foe Killer Creek and its 

tributaries are divided into lengths colored blue, yellow, or red (low, moderate, or high erosion activity, 

respectively). The same color scheme is used on s to show levels and locations of erosion activity 

throughout the watershed.  

Photos were taken at most of the assessment points, as well as at other features of interest. The photos 

are compiled into a photo log on one DVD. 

Figure 1. Six stages of the Channel Evolution Model (Alonso et al, 2002). 
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3 Overall State of the Stream Channels of the Foe 

Killer Creek Watershed 

Stream Condition Compared to the 2010 WIP 

The 2015 Foe Killer Creek stream walk assessment included stream reaches that were previously 

assessed as part of the 2010 City of Roswell Watershed Study and Improvement Plan.  A comparison of 

corresponding reaches indicates that the channel conditions have remained similar during the 

intervening five years.  Stable reaches have tended to remain stable, and reaches that were undergoing 

severe erosion and impacts from woody debris are still impacted.  The 2015 assessment differs from the 

2010 study in that Foe Killer Creek outside of Alpharetta city limits was not assessed, but an additional 

dozen or so major tributaries within city limits were assessed.  Another difference is the method of the 

assessment.  The 2015 assessment was conducted by walking in the channel where ever possible.  This 

enables the field personnel to view both stream banks (it is difficult to assess a stream bank face when 

standing on top of it), and affords the opportunity to feel the bed state and to not miss in-channel 

features such a beaver dams, debris jams, tributaries, outfalls, etc.  Thus, the 2015 assessment is more 

detailed than the 2010 study. 

Outcomes of the 2010 study included several suggested stream restoration projects.  A reinterpretation 

of these suggested projects is proposed based on additional data collected in 2015.  The three reaches 

recommended for restoration in 2010 are still undergoing severe bank erosion in 2015.  However, the 

2015 assessment indicates that there are many thousands of feet of stream bank that are impacted by 

severe scour, incision driven mass wasting, and channel widening due to large woody debris jams.  Thus, 

any individual stream restoration or bank stabilization effort would likely have minimal impact on 

improving the overall downstream sedimentation issues.  Overall, it is likely that stream restoration 

efforts will not provide a high value for each dollar spent in improving water quality.   

 

Overall State of the Streams 

In general, streams are transporting a high sand load.  This sand is transported though high-gradient 

reaches and is deposited in low-gradient reaches and on floodplains during high flows.  Gravel and 

cobble riffles along many of the low-gradient reaches are embedded by sand.  Pools are often filled with 

sand.  Many reaches are characterized as having intermittent dunes of loose sand.  These dunes migrate 

downstream with each storm runoff event; essentially a conveyor belt transporting sand perhaps a few 

hundred feet or yards with each heavy rainfall.  Much of this sand becomes trapped on floodplains, in 

stormwater detention basins, and behind beaver dams.  Over time the floodplain deposits are liberated 

as the streams meander and cut into their banks.  

In general, streams are impacted by channel enlargement through bed incision and channel widening.   

The likely cause is the increase in energy from higher peak stormwater runoff volumes.  Within each 

tributary sub-watershed there are variations between highly eroding and highly depositional channel 

forms, but the overall trend is erosional.    
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Grade controls are created by road crossings, stormwater detention structures, beaver dams, and 

woody debris jams tight to the bed.  Sediment is deposited on the bed immediately above these 

features.  These depositional reaches have low-height, stable banks, and loose sand beds.  Immediately 

below these features, the channels are actively eroding.  Banks are high and subject to mass wasting.  If 

trees mass waste into the channels, then erosion is exacerbated as flows scour around the ends of the 

jam into the floodplain.   

Many of the upper reaches of Foe Killer Creek and its tributaries are well maintained by land owners.  

The conditions observed along the streams flowing through residential neighborhoods, and from 

conversations with landowners encountered during the stream walks, indicate that many of the 

homeowners serve as stewards of their stream waterfronts.  They are the first to notice problems with 

their streams, they clear woody debris jams, and they contact the City for rip-rap, which they then 

provide the labor for installing. Thus, the present program of providing rip-rap to concerned waterfront 

owners appears to have a high value towards maintaining channel stability. 

In the lower part of the watershed, especially where the bridges are open spans and thus do not create 

grade controls, and where the stream has a broad alluvial valley to meander across, the channel is 

actively recruiting woody debris through bank erosion.   

During the stream walks, maintenance issues were noted, including areas where city infrastructure 

appeared to be impacted. These maintenance issues are summarized in Table 5-1 in the Conclusions 

section.   Typical impacts include sewage pipelines scoured free of the banks, large quantities of woody 

debris or trash trapped against a pipe, plugged culverts, etc. 
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4 Reach-by-Reach Assessment 

Each individual reach and major tributary is described in a summary narrative. The narratives do not 

include every field observation but are general characterizations based on the dominant characteristics.  

At least one photo of each reach or tributary is included with the remaining photos compiled in the digital 

photo log on DVD.  Specific “points” referred to in the narratives can be located on the stream assessment 

figures (Appendix A).  Images with a black fringe are panoramas consisting of two or three stitched photos. 

4.1 Reach F1 

4.1.1 Foe Killer Creek from the confluence of Big Creek to Mansell Road 

Foe Killer Creek flows within a broad alluvial valley carrying a heavy sand load which forms its bed and 

banks. Beavers are active along this reach having formed dams within the creek and a large impoundment 

along the left floodplain.  The reach is primarily depositional even though the channel is strongly impacted 

by bank scour, with occasional areas of mass wasting associated with bank edge trees falling into the 

channel.   The bed is buried in loose sand which prevents a defined thalweg from forming (Figure 2).   

  

 

Figure 2. Heavily sand embedded reach (point 40). 

4.1.2 Foe Killer Creek from Mansell Road to the Confluence of Tributary FA 

Immediately above Mansell Road the channel is densely lined with river birch saplings on both banks 

which indicates that within the past decade a streambank stabilization effort took place.  The banks are 

semi-stable as evidenced by the slight amount of soil scoured from around the tree roots coupled with 

the bent trunks of the saplings which indicate a slow downward creep in the bank earth materials. Heading 

upstream bank heights, up to 2.8 meters, have exceeded their critical height and are subject to mass 

wasting (Figure 3) making this reach a sediment source. 
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Figure 3. CEM stage 5 reach (point 45). 

4.1.3 Foe Killer Creek from the Confluence of Tributary FA to Westside Parkway 

This reach is a stable gravel/cobble bedded pool-riffle form with bedrock steps. A stone structure (a non-

functioning old mill dam) is at point 079. From the old dam to Westside Parkway the west bank has been 

stabilized with rock baskets (point 080) (Figure 4).   

 
Figure 4. Rock baskets (gabions) protecting the west bank of Foe Killer Creek (point 080). 

4.2 Tributary FA  

4.2.1 Tributary FA from Foe Killer Creek to Westside Parkway 

The lower part of tributary FA includes a range of bank characteristics. This reach is impacted by trash 

dumped on the west floodplain (Figure 5); the source of the trash was not determined. About 100 meters 

above the confluence the stream is actively downcutting and the banks are eroding by scour over most of 

their length and by mass wasting in several locations (Figure 6). This reach is classified as a CEM 3 with a 

predicted continuation of downcutting and increased bank erosion. About 100 meters below Westside 
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Parkway the channel bedrock is exposed, which serves as a grade control and stabilizes the channel from 

further erosion (Figure 7). The channel in this part of the reach is stable. 

   

 
Figure 5. Trash dumped on west floodplain just downstream of point 082. 

 

Figure 6. Tributary FA undergoing erosion through incision, scour, and mass wasting (point 082). 
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Figure 7. Stable reach of tributary FA below Westside Parkway (point 083). 

4.2.2 Tributary FA from Westside Parkway to Dam South of Lakewood Parkway (point 088) 

The southern part of this reach is a stable channel with negligible erosion and deposition. It flows through 

a wooded floodplain with residential/office complex land use surrounding it (Figure 8). The stream bottom 

is gravel bedded with occasional bedrock steps. 

In the northern 50 meters of this reach, a boggy area of standing water lies below the dam on the west 

floodplain (Figure 9). The area has enough water to generate flow to the creek, forming a headcut where 

the water enters the creek. The source of water for the boggy area is not apparent. It is conceivable that 

water seeping through the dam and coming to the surface is creating the boggy area. A hydrogeologist 

and/or a civil engineer with earthen dam inspection experience should verify the source of the water.   

 

 
Figure 8. Bankface vegetation helps stabilize reach near point 086. 
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Figure 9. Seep on west floodplain below dam (point 88). 

4.3 Tributary FB 

4.3.1 FB from the confluence of Foe Killer Creek to Rucker Road 

This reach is generally a stable gravel bedded pool-riffle reach flowing through residential backyards. 

Landowners keep the stream free of large woody debris and have placed rip-rap on any stream banks that 

show signs of erosion (Figure 10). A 100 meter long reach below Rucker Road (Figure 11) is impacted by 

heavy sand deposits. The natural gravel bed is buried by sand; however, the deposits have caused neither 

channel widening nor channel migration. 

 

 
Figure 10. Stable reach lined with rip-rap and woody vegetation (point 093). 
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Figure 11. The blue and tan rod pushed 1 meter deep into the soft sand bed shows how much aggradation has occurred (point 
094). 

4.3.2 FB from Rucker Road to Salisbury Drive 

This reach includes many different channel forms. The 400 meter reach above Rucker Road is an extremely 

sinuous sand embedded gravel pool-riffle channel with cut banks undergoing extreme erosion by scour 

and mass wasting (Figure 12). Large woody debris jams are frequent. These jams exacerbate the bank 

scour and mass wasting which, in turn, helps deliver more woody debris to the channel.  

The midpoint of the reach is marked by a 1 meter high headcut (Figure 13). This indicates a change in 

stream equilibrium, most likely caused by an increase in stormwater runoff. The channel is presently 

adjusting to this disequilibrium by downcutting. Above the headcut the channel is stable, flowing through 

residential backyards where landowners manage the waterfront by clearing out the woody debris and by 

adding rip-rap to protect their banks from erosion. 
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Figure 12. Reach impacted by bank erosion and woody debris (point 097). 

 

Figure 13. Headcut stalled while advancing through roots (point 102). 

4.4 Tributary FC and Wills Park 

4.4.1 Tributary FC from the confluence of Foe Killer Creek to Harris Road 

Tributary FC is impacted by beaver activity from its confluence with Foe Killer Creek nearly all the way to 

Harris Road. Because of the beaver activity, no defined stream channel exists below point 120. The valley 

is marked by numerous small beaver dams which have caused extensive ponding across the entire valley 
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and into land owners’ yards (Figure 14). Impacts include loss of grass and water damage to sheds, fences, 

and other infrastructure (Figure 15).  

As flow enters the system and spreads out across the floodplain/beaver marsh the velocity slows, allowing 

sediments to drop out. This low gradient region serves as an extensive filter, trapping large quantities of 

sediment and associated pollutants. 

 

Figure 14. Beaver pond backs up into Birch Ridge yards (point 119). 
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Figure 15. Infrastructure impacted by beaver ponds (point 119). 

4.4.2 Tributary FC from Harris Road to Wills Road 

This reach has a mixed character. There are stable sections running through backyards that are free of 

large woody debris and with rip-rap on the banks (Figure 16) and unstable sections where banks have 

mass wasted and large woody debris blocks stream flow, generating bank scour (Figure 17).  

A sewer line crossing in this reach is visibly impacted by large woody debris (Figure 18). This example is 

representative of a situation encountered throughout the watershed; LWD snagged on sewer lines that 

are not buried under the stream bed are common. The LWD can generate bank scour around the ends of 

the pipe or underneath pipes that are partially buried, thus making the pipes more susceptible to damage 

during extreme floods. 
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Figure 16. Reach kept stable through removal of LWD and placement of rip-rap (point 131). 

 

Figure 17. LWD exacerbates bank erosion through scour and mass wasting (point 128). 
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Figure 18. LWD collecting under a sewer line crossing (point 126). 

4.4.3 Wills Park- Tributary FC1 from Wills Road to its confluence with FC2 

This reach generally has low, stable banks. There is some minor erosion on the outside bends.  There is 

slightly excessive sedimentation but not enough sediment to fully bury the pool-riffle form (Figure 19). 

 

Figure 19. Aggrading and widening reach adjacent to playground area. 
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4.4.4 Wills Park- Tributary FC2 from Wills Road to its confluence with FCC 

This reach is generally stable. However, there is excessive bar formation from non-native gneiss pea gravel 

runoff from the horse arena area in Wills Park (Figure 20). 

 
Figure 20. Stable banks with moderate sedimentation. 

4.4.5 Wills Park- Tributary FC2 from confluence with FCC to its confluence with FCD 

This reach is impacted by sedimentation. The banks are largely stable but undergoing some scour. 

4.4.6 Wills Park- Tributary FC2 from confluence with FCD to the paved footpath at point 354, 

including north drainage from the parking lot 

Both the main channel and drainage channel from the parking lot are actively eroding. They are classed 

as CEM stage 4, which is characterized by an incising bed and mass wasting banks. The bank mass wasting 

has recruited numerous trees to the channel which exacerbate bank erosion. Closer to point 350, the 

channel is in CEM stage 3, which is characterized by an incising bed. The likely scenario is that the channel 

will continue to incise until the banks exceed their critical height (i.e. the height above which they cannot 

support their own weight). Once the banks exceed their critical height, the channel will progress to CEM 

stage 4 and mass wasting will take place.  

Point 350 marks the present uppermost knickpoint along the channel. Downstream of the knickpoint the 

channel is unstable; above the knickpoint the channel is stable. However, the knickpoint will likely 

continue to retreat upstream with every heavy rainfall event until it reaches the paved footpath at point 

354, approximately 100 meters upstream. Now and over the intermediate future, these reaches will 

produce large quantities of sediment. The apparent cause of the channel evolution is an increase in 

stormwater runoff. 
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4.4.7 Wills Park- Tributary FCB from its confluence with FC1 to point 341 

In this reach the banks are moderately impacted by scour. Foot traffic has denuded the east riparian buffer 

of vegetation (Figure 21). 

 

Figure 21. Reach FCB with a denuded buffer. 

4.4.8 Wills Park- Tributary FCB from point 341 to point 342 

The eastern bank is actively eroding by mass wasting. Although its cause is not obvious, it likely linked to 

some water source that is saturating the floodplain soils. The west bank of the reach, with its low angle 

and moderate vegetation cover, is stable (Figure 22).  
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Figure 22. One stable bank and one unstable bank in Wills Park. 

4.4.9 Wills Park- Tributary FCB from point 342 to point 344 

In this reach are stable stormwater outfalls to both right and left banks. The reach is generally stable with 

a minor amount of bank scour. At point 343 a rubber fitting for a sewage line crossing repair is distorted 

and appears to be under stress (Figure 23). 

 

Figure 23. Stressed rubber fitting at iron/PVC junction due to pipe misalignment. 
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4.4.10 Wills Park- Tributary FCB from Point 345 to point 346 

In this reach the eastern bank is actively mass wasting and floodplain soils are saturated. The suspected 

source of water is the stormwater outfall (seen near the top center of Figure 24) draining the parking lot 

in the far background. Runoff from the parking lot is uniformly dissipated across the floodplain which 

appears to be done by design and is an effective tool for slowing down stormwater runoff. The predicted 

process is that once the slight rise in floodplain elevation near the bank is lost to erosion, then gulley will 

form which will permit faster delivery of runoff to the creek along with sediments eroded from the gulley.   

The reach from 345 to the culvert outfall at 346 has been lined with rip-rap and is generally stable. 

 

Figure 24. Mass wasting east bank due to saturated soi (point 345). 

4.5 Reaches F2 and F3- Foe Killer Creek from city limits to Rucker Road 

This is a pool-riffle reach transporting a heavy sand load. The banks are mass wasting in places, generally 

because of trees on the stream banks falling into the channel (Figure 25). It is a clear channel evolution 

model stage 5 progressing towards a stable stage 6. If present and future LWD jams do not impact 

infrastructure, then these jams will reshape the channel and, as they decay, the channel will return to a 

stable form. However, this is a multi-decadal process.  
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Figure 25. LWD jam causes bank scour below concrete and rip-rap sewer crossing (point 139). 

4.6 Tributary FD- From its confluence with Foe Killer Creek to Squirrel Run 

Between Rucker Road and the Jennifer Oaks subdivision, tributary FD and Foe Killer Creek share a broad, 

wooded floodplain. The form and location of tributary FD within the floodplain indicate that the channel 

likely was historically straightened and relocated to the northeast valley margin. The channel is incised 

and actively eroding; the lower banks are impacted by scour and the upper banks are impacted by frost 

action raveling (Figure 26). Although channels typically respond to straightening by incising, often to the 

point of bank mass wasting, limited mass wasting is taking place in this case. The banks, at about 1.4 

meters high, so far appear to be below the height threshold for mass wasting. Heavy sand deposits from 

upstream sources appear to protect the bed from continued incision, thereby preventing attainment of 

the threshold bank height for mass wasting. Woody debris jams are frequent in this area and they cause 

additional bank scour. 

The broad floodplain likely serves as a buffer that protects against downstream flooding by allowing 

floodwaters to disperse laterally. Fresh sand deposits from recent overbank flows were noted on the 

floodplain. 
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Figure 26. Typical incised channel form shows eroding banks and heavy siltation (point 143). 

4.6.1 Tributary FDA- From above Squirrel Run to Mid Broadwell Road 

Tributary FDA flows on a broad floodplain bounded by residential land to the southwest and large, 

wooded, residential lots to the northeast. The northeast lots appear to have been historically used as 

pasture and grazed woods (Figure 27). The channels are impacted by sediment deposition and bank scour. 

Although bank heights less than 1 meter limit the soil surface area exposed to erosive flows. 

Between point 156 and Mid Broadwell Road (point 158) the channel is incised to about 2.2 meters deep. 

The banks are unstable with about 1/3 of the reach undergoing mass wasting (Figure 28). 

An active headcut is located at point 152. It is manifested not as an abrupt change in the stream bed 

elevation but as a “knickreach.” This knickreach has a rapid change in bed elevation of about a 0.5 meter 

fall over 20 meters long.  The bed is scoured free of sediment and is incising into the underlying hard clay 

(Figure 29). It is the classic Channel Evolution Model incisional 3rd stage. Continued bed incision will result 

in higher stream banks, which, in turn, may result in bank erosion by mass wasting. The knickreach will 

continue to migrate in the upstream direction until it reaches a non-erodible grade control, which could 

include natural bedrock, constructed features such as a culverted road crossing, or rip-rap at a utility 

crossing.  
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Figure 27. Low bank height reach flowing through wooded lot cleared of understory vegetation (point 149). 

 

 

Figure 28. Eroding reach below Mid Broadwell Road (point 157). 
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Figure 29. Actively incising channel scoured to hard clay (point 152). 

4.6.2 Tributary FDA- From Mid Broadwell Road to the lake 

Mid Broadwell Road serves as a grade control to tributary FDA which prevents bed incision and promotes 

sediment deposition. The channel is not incised, thus allowing high flows full access to the floodplain 

(Figure 30). About 100 meters north of Mid Broadwell Road the stream drains from a 1/3 acre pond that 

serves as a grade control and sediment trap. 

 

 

Figure 30. Low stream banks allow high flows access to floodplains (point 159). 



City of Alpharetta  Foe Killer Creek – Stream Walk Assessment 

 24 July 2015 

4.6.3 Tributary FDB- From above Squirrel Run to Mid Broadwell Road 

Tributary FDB is a channelized reach bounding the straight property line between the wooded pasture to 

the northwest and residential backyards to the southeast. The entire length of the soil on the right 

(northwest) bank is held by dense privet roots. Below point 163 the channel is undergoing bank erosion 

primarily by scour with occasional points of mass wasting, especially on the left bank where bank top 

vegetation has been cleared along the backyards. The reach becomes gradually more incised, with bank 

height increasing from 0.9 meters (point 162) to nearly 2 meters just below Mid Broadwell Road (Figure 

31). From point 164 to Mid Broadwell Road the channel is impacted by large woody debris from undercut 

trees which have fallen into the stream. 

The channel appears to have widened over time, as evidenced by the fences lining the banks falling into 

the stream at several locations.  

 

Figure 31. Straight, low-bank height reach undergoing erosion primarily by scour (point 164). 

4.6.4 Tributary FDA- From Mid Broadwell Road to Briers Bend 

Above Mid Broadwell Road tributary FDB is stable with low banks (<1 meter high) that are heavily 

vegetated (Figure 32). The channel tends to follow the west side of the floodplain valley. At point 169 the 

channel erodes into the west valley wall and has undercut two large trees which have fallen into the 

channel. The double box culvert at the Briers Bend road/stream crossing serves as a grade control with 

about a 1 meter high bed elevation change over a rip-rap step-pool and a flow control structure upstream 

of the culvert. 
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Figure 32. Stable reach above Mid Broadwell Road. The fallen tree (left in photo) was due to causes other than channel erosion. 

4.6.5 Tributary FDA- From Briers Bend to Wendy Hill Drive 

Immediately above Briers Bend, tributary FDB has no discernible channel. The stream is multi-threaded 

with each sub-channel buried in leaf litter detritus (Figure 33). However, by point 171 the channel turns 

into a single sand-bedded thread with low banks. There are heavy sand deposits along this reach. The 

banks are generally stable with some erosion by scour along residential backyards where vegetation has 

been cleared from the bank tops and bank faces (Figure 34). Above Wendy Hill Road (near point 173) the 

bed is coated by a thick layer of algae and the banks have been stabilized by stacked rip-rap walls. 
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Figure 33. Stream FDB buried in organic debris above Briers Bend. 

 

Figure 34. Sand-buried reach through residential backyards (point 172). 
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4.7 Reach F4- Foe Killer Creek from Rucker Road to Mid Broadwell Road 

This reach is characterized by heavy loose sand deposits on the bed and moderately eroding sand banks, 

with increased scour in areas with LWD jams (Figure 35). A beaver dam backs up flow within the channel 

about 200 feet meters below Mid Broadwell Road (point 180). The sand deposited in this reach originated 

upstream and has been deposited across the broad floodplain. The sand is liberated by ongoing bank 

erosion upstream and is then transported to this reach in pulses. It is deposited in this reach in mid-

channel bars, in dunes on the bed until the next high flow event, or on the floodplain. 

 

Figure 35. Reach blanketed with heavy sand deposits (point 177). 

4.8 Tributary FE- From its confluence with Foe Killer Creek to about 2000 feet 

upstream 

From its confluence with reach F4 to near point 183, tributary FE is depositional; recent sand deposits are 

frequent on the floodplains. From above 209 to near 210 the channel is poorly defined (Figure 36).  It 

appears to have been relocated, possibly as a result of construction in the adjacent residential backyards. 

Between points 210 and 213 the channel becomes increasingly incised to the point of bank mass wasting. 

The upper end of the reach, including the headwater tributaries that feed tributary FE, are all impacted 

by severe bank erosion through mass wasting (Figure 37). 
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Figure 36. Poorly defined channel with headcut at 209. 

 

Figure 37. Mass wasting bank at 211 (left hand side of image) is frequent along this reach. 
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4.9 Reach F5- Foe Killer Creek from Mid Broadwell Road to the confluence of 

FF and FG 

Although this reach is impacted by heavy sand deposits, they are not quite as heavy as those in reach F4. 

The channel appears to have been historically straightened as evidenced by its straightness and a noted 

ridge (perhaps a spoils berm) along the channel near point 187. Landowners maintain the banks by 

mowing to the bank edge. The barren banks are undergoing moderate erosion through scour and mass 

wasting (Figure 38). Large woody debris jams also induce scour in this reach. 

 

Figure 38. Barren bank undergoing erosion (point 187).  Rise in bank near staff may be dredge spoils. 

4.10 Tributary FF- From its confluence with Foe Killer Creek to Mayfield Road 

Tributary FF from its confluence with reach F5 to Mayfield Road passes through three distinct reaches: a 

stable lower reach, an unstable middle reach, and a stable upper reach. All three reaches flow through 

residential back yards. Landowners maintain the stream channel by clearing large woody debris and/or 

by placing rip-rap on eroding sections. From the confluence with F5 to point 215 the banks have a small 

surface area exposed to scour and are sufficiently low that they are not failing by mass wasting. Heading 

upstream, the channel becomes increasingly incised with active mass wasting occurring near point 215; 

there are several large undercut trees on the bank tops (Figure 39). Between 215 and the stormwater dry 

detention pond at 218 several of the landowners have stabilized the stream banks by grading the banks 

to a lower angle and/or by placing rip-rap on the bank face. From the dry detention pond upstream to 

point 220 at Mayfield Road the channel is stable. 
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Figure 39. Erosion by mass wasting along tributary FF.  

4.11 Tributary FG 

4.11.1 Tributaries FG and FGA- From confluence with Foe Killer Creek to Milton Avenue 

Tributary FG appears to have been extensively historically modified. The lower reaches, from its 

confluence with Foe Killer Creek to the first bend near point 229, may have been straightened. This section 

is moderately impacted by siltation and is undergoing erosion by bank scour. Stream bank erosion by mass 

wasting in the most downstream portion of FG, from the confluence with Foe Killer Creek to point 223, is 

a major sediment source (Figure 40). The lower half of the reach, from point 223 to Mayfield Circle, is 

impacted by minor amounts of bank scour and by moderate sand deposits on the bed.  

The reach between points 229 and 234 (FGA) appears to have been relocated to the southwest edge of 

the valley to provide space for the Milton High School sports fields. This stretch has undergone severe 

historic erosion through bed incision and channel widening (Figure 41). Incision and widening will likely 

continue as large woody debris is recruited to the channel from bank erosion and mass wasting.     

Reach FGA from point 234 to point 241 is stable. It passes through a series of stormwater management 

BMPs and through several culverts which serve to dampen high flows, trap sediment, and act as grade 

controls, thus limiting the impact of flow and sediment on the channel form (Figure 42). 
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Figure 40. Actively mass wasting stream bank impacts residential fence and is a sediment source (point 222). 

 

Figure 41. Washed out stream crossing near point 231. 
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Figure 42. Stable reach upstream of the old Milton High School near point 240. 

4.11.2  Tributary FGB- From its confluence with FGA to Marietta Street 

Immediately above the confluence with tributary FGA, tributary FGB’s banks are comprised of fine sand 

while the bed is impacted by heavy loose sand deposits. This fine sand appears to be old pond deposits, 

possibly from a beaver pond. The stream is now cutting through these deposits, causing a moderate 

amount of bank erosion by mass wasting and scour, and releasing this sediment into the stream flow. 

Thus, FGB between points 327 and 328 is a sediment source (Figure 43). 

Tributary FGB is stable from Milton Avenue to point 332. The banks have been armored with stacked 

stone immediately above Milton Avenue. Above point 332 the channel becomes increasingly incised with 

impacts from multiple large woody debris jams and stream bank erosion by both mass wasting and scour. 

Turbid dry weather runoff flows from the apartment complex construction site at Marietta Street. 
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Figure 43. Active mass wasting of fine sand banks at point 327. 

4.12 Reaches F6, F7 and F8- Foe Killer Creek from the confluence of FF and FG 

to Mayfield Road 

These are gravel pool-riffle reaches embedded by sand undergoing mild bank erosion over the lower end 

and severe bank erosion by mass wasting along F8 below Mayfield Road (Figure 44). The banks along F8 

are high (~2 meters) and are subject to collapsing under their own weight. Just below Mayfield Road is a 

stone structure across the channel which appears to be part of a defunct mill dam. 

Conversations with landowners indicate that homes on both sides of the creek (at points 191 and 260) 

suffered water damage from flooding during Hurricane Ivan in 2005 and during storms on September 21, 

2009. They could not recall the stream exceeding its banks between 1990 and 2004. This suggests that 

the existing culverts under Mayfield Road had been able to handle all flows prior to 2005 regardless of 

how much debris blocked their inlets. One landowner (whose property was not flooded) posited that any 

debris blockages would have been inconsequential in contributing to the flood elevations because the 

amount of water flowing through the yards appeared so great that it would have overwhelmed culverts 

of any size.  

Factors that may have contributed to this flooding include land use change, stormwater BMP function, 

and flow peak timing. A review of historical aerial imagery indicates that neighborhoods have been 

developed from woodlands between 1990 and 2004. Land use affects both hydrology and runoff, thus the 

land use changes are a strong candidate as a contributing factor for the flooding. Inspections of 

stormwater BMPs found two non-functioning structures upstream of Mayfield Road: on Surrey Point 

(point 322, see Section 4.17.1) and another north of Andover Drive (point 317, see Section 4.18.2). The 

confluence of the three streams FF, FG, and the F6 reach of Foe Killer Creek just downstream of Maple 
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Lane and Meadow Drive may also facilitate flooding.  Flow peaks arriving simultaneously at the confluence 

could contribute to excessive water backing up.  A proper hydrological study is needed to evaluate the 

land use, BMP, and flow timing factors. 

 

Figure 44. Reach impacted by mild sedimentation and mild bank erosion (point 191). 

4.13 Tributary FH 

4.13.1 Tributary FH- From its confluence with Foe Killer Creek to Mayfield Circle  

FH flows within a tree line between two residential yards. It is sand bedded with low banks about 0.5 

meters high. It is essentially a stable reach undergoing minor amounts of bank erosion by scour. 

4.13.2 Tributary FH- From Mayfield Circle to the stormwater inlet near Alpharetta 

Elementary School 

Above Mayfield Circle tributary FH becomes more incised with bank heights around 1.4 meters. A 

stormwater discharge channel from an Alpharetta Elementary School BMP is causing severe bank erosion 

where it joins this tributary at point 252 (Figure 45). Above this location, from point 253 to the stormwater 

outfall at point 258, the reach is generally stable with well vegetated banks. 
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Figure 45. Stormwater discharge from right causing severe bank erosion on left (point 252). 

4.13.3 Tributary FH- From near Alpharetta Elementary School to Upshaw Drive 

Along this reach tributary FH primarily flows inside culverts; thus, it was not inspected. The GIS data 

indicate that FH is daylighted for about 30 meters between Brooke Drive and Meadow Drive but this 

segment was not examined. 

4.13.4 Tributary FH- From Upshaw Drive to near Canton Road 

Above Upshaw Drive, tributary FH has been greatly altered by changes in land use. The channel has been 

rerouted to the southern edge of a recently constructed 0.8 acre stormwater dry detention structure for 

a condominium complex. The 60 meter long reach immediately above Upshaw Drive is fairly stable with 

some erosion by scour (Figure 46). The reach above the condominium’s BMP is buried in leaf debris (point 

244). From point 243 to 242 tributary FH essentially flows within culverts. 
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Figure 46. Short, stable reach between 0.8 acre BMP and Upshaw Drive (point 246). 

4.14 Tributary FJ 

4.14.1 Tributary FJ- From its confluence with Foe Killer Creek to Mayfield Circle  

This tributary is incised up to 1.8 meters deep throughout this entire reach (Figure 47). The banks are 

severely impacted by erosion through both mass wasting and scour. Land use is residential with the 

adjacent riparian buffers cleared of all vegetation up to the bank top edge other than pine trees. The bank 

face protection is negligible; there is only slight coverage from the pine tree roots. The channel below the 

culvert outlet at Mayfield Circle is scoured to hard clay but there is no scour pool; thus, the channel 

appears relatively stable at that location. 
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Figure 47. CEM stage 4 reach actively incising and undergoing bank erosion near point 263. 

4.14.2 Tributary FJ- From Mayfield Circle to Mayfield Road 

Above Mayfield Circle the culvert inlet was about 70% plugged by pine straw at the time of this assessment 

(Figure 48). However, the adjacent landowner did not attribute flooding of his yard during the most recent 

flood to blockage of the culvert. He asserted that the depth and quantity of water flowing across his yard 

would have overwhelmed the culvert even had it been fully open. The Mayfield Circle culvert serves as a 

grade control preventing the upstream channel from becoming incised. The banks of this reach are fairly 

well protected by roots and ivy and thus are undergoing a low amount of erosion (Figure 49).  
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Figure 48. Pine straw plugged culvert at Mayfield Circle Crossing (point 264). 

 

 
Figure 49. Relatively stable reach above Mayfield Circle (point 264). 
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4.14.3 Tributary FJ- From Mayfield Road to above Hook Street 

The entire reach from above Mayfield Road to above Hook Street is very stable and categorized as a CEM 

stage 6. The banks are low in height and well vegetated with roots fully penetrating the full bank height 

(Figure 50). Negligible amounts of bank erosion by scour is taking place. 

 

 
Figure 50. Stable reach near point 271. 

4.15 Reach F8, continued- Foe Killer Creek above Mayfield Road (GPS points 

277 to 282) 

Above Mayfield Road tributary F8 is bounded on the left bank by rip-rap. The adjacent land owner 

indicated that their property did not flood until 2009 and that the channel has widened and deepened 

over the past 20 years. 

In general the condition of the channel is dictated by how each home owner manages his or her back yard 

riparian zone. This reach varies between rip-rap-hardened banks, yards mowed to the bank edge, and 

banks densely covered with privet and other unmaintained vegetation (Figure 51). The channel form is a 

sand embedded pool-riffle with alternate bars. Banks are low in height, 0.5 to 1 meter, so there is not a 

great amount of surface area available to erode, although, in a few places, banks are eroding by mass 

wasting. 
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Figure 51. Reach mowed to bank edge (point 279). 

4.16 Reach F9- From its confluence with tributary FK to its confluence with 

tributary FL (GPS points 282 and 305-309) 

Reach F9 flows in a 200 meter long meandering channel through residential back yards. Land owners 

generally mow or otherwise maintain their lawns to the bank edge. The channel form is a sand embedded 

pool-riffle. Bank stability is mixed; about 30% of the bank segments that are low and stable are undergoing 

scour. Mass wasting is occurring where the channel cuts into high terrace banks (Figure 52).  
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Figure 52. Mixed stability reach where channel cuts into abandoned terrace (point 309). 

4.17 Tributary FL 

4.17.1 Tributary FL- From its confluence with Foe Killer Creek to Surrey Point  

Above Foe Killer Creek, tributary FL flows through residential land use. Bamboo is common on the riparian 

buffer. Although the banks are only about 1 meter high, they are subject to erosion by mass wasting, 

especially along the reach near point 323. Thus, this reach is a sediment source (Figure 53). 

A stormwater dry detention basin immediately downstream of Surry Point has a failed outlet structure 

(Figure 54). High flows have scoured around the structure leaving the basin with zero stormwater 

detention capability.   
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Figure 53. Slightly incised yet unstable reach (point 323). 

 

 
Figure 54.  Failed stormwater basin outlet structure (point 322). 
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4.17.2 Tributary FL- Above Surrey Court  

Above Surrey Court tributary FL is very stable with low bank heights and densely vegetated bank faces.  

The channel is classified as a CEM stage 6 (Figure 55).  However, a stormwater outfall to a short channel 

leading to tributary FL is extremely unstable. The 2.5 meter high banks are actively mass wasting. One 

concrete wingwall has broken off the culvert outlet structure (Figure 56). The cause of the deep incision 

is not clear as there is a culvert inlet serving as a grade control at the downstream end of the reach.  

 
Figure 55. Stable reach above Surrey Court (point 326). 
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Figure 56. Short, extremely unstable, channel from storm water outfall (point 325). 

4.18 Reach F10 

4.18.1 Reach F10- From its confluence with FL to Oakmere Road  

The lower half of this reach, from its confluence with tributary FL to point 310, is characterized by mass 

wasting and frost action raveling where the stream is eroding into the valley wall with frequent large 

woody debris deposits. A head cut and scoured bed create a CEM stage 3 reach section which is an 

indicator of future increased channel instability. 

The channel in the upper half of this reach, between point 310 and Oakmere Road, is stable with no mass 

wasting and minor amounts of bank scour (Figure 57). The channel form is a sand embedded pool-riffle 

with natural vegetation allowed to grow on the bank faces and in the riparian buffers. 
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Figure 57. Stable reach (point 311). 

4.18.2 Reach F10- From Oakmere Road to beyond the Alpharetta city limits (GPS points 313-

317)  

Upstream of Oakmere Road the channel flows over a 1 meter high head cut. Although erosion by mass 

wasting is frequent, large woody debris is minimal in this segment. The reach, flowing through wooded 

residential back yards, appears to have been straightened especially near point 314. Near point 314 the 

banks are sufficiently low in height (1 meter) to not be impacted by mass wasting. Nevertheless, the banks 

are severely impacted by scour and frost action raveling (Figure 58). Moreover, the bed is heavily impacted 

by sedimentation and is buried in sand. 

A failed earthen dam is located at point 317 (Figure 59). The cause of the failure is not known. The now 

dry upstream lakebed is covered in privet and saplings. Several of the saplings approach 5 inches in 

diameter which indicates that either historically this was a dry detention basin which was not well 

maintained or that the dam has perhaps not held back water for a decade or more. The stream cut through 

the dam has fresh, actively eroding surfaces. There were no manmade concrete or steel components 

found that would have been associated with an outlet structure. 
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Figure 58. Straightened reach undergoing erosion by scour (point 314). 
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Figure 59. Stream cutting through earthen dam (point 317). 

4.19 Hughes Branch 

4.19.1  Hughes Branch from city limits to confluence with HA  

This reach has a gravel pool-riffle form that is heavily sand embedded (Figure 60). The channel form is 

strongly influenced by both decayed and still active LWD jams. The jams are typically trees that have fallen 

into the stream due to mass wasting of the bank. These LWD blockages have directed flow into the banks 

which widens the channel through scour. Where the LWD jams have decayed and let flow proceed down 

the original channel bed, the overwidened channel has filled or is currently filling with sediment until a 

new, restabilized form is reached. 
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Figure 60. Sand embedded reach influenced by large woody debris (point 001). 

4.19.2 Hughes Branch from its confluence with HA to Rucker Road  

The presence of dead standing timber on the floodplain indicates a prior long-term impact by beaver 

dams. The dam is partially functioning; it does not impound water but it does create a grade control that 

traps sediment upstream, thus burying the upper reach in sand (Figure 61). Also, a concrete sewer line is 

exposed by bank erosion at point 009 (Figure 62). 

 

 

Figure 61. Grade control from a former beaver dam (point 008). 
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Figure 62. Sewer line exposed due to erosion (point 009). 

4.19.3 Hughes Branch from Rucker Road to Ferncreek Drive  

This reach is stable. There are tilted rock baskets armoring the east bank to protect the sewer line running 

along the downstream end of the reach (Figure 63). 

 

Figure 63. Rock baskets protecting the sewer line (point 010). 
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4.19.4 Hughes Branch from Ferncreek Drive to Brookhill Crossing 

This is a stable pool-riffle reach that has experienced minor bank erosion due to scouring. The left bank 

and undeveloped flood plain are slightly more stable than are the right bank and floodplain. The right 

riparian buffer is impacted by residential landscaping and yard management, thus reducing the protective 

vegetative cover on the bank face (Figure 64). 

 
Figure 64. Differing stabilities on the left and right banks (014). 

4.19.5 Hughes Branch from Brookhill Crossing to Singletree Trace 

In the lower part of this reach, a stone structure across the stream (point 018) (Figure 65) appears to have 

backed up sediment (point 019) (Figure 66). The structure does not currently create a grade control, 

although it appears to have done so in the past. 

 

Figure 65. Old stone structure (point 018). 
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Further upstream, by point 020, the channel is defined and is mass wasting along a 100 foot reach where 

residential landscaping activities have cleared the vegetation to the left bank top edge (Figure 67). The 

right bank is stable. 

From point 020 to the upper end of the reach, the channel is bounded by railroad tie walls along residential 

back yards (Figure 68). The reach is generally stable with a few places where the walls have started to fail. 

The neighborhood was designed to have the gutter downspouts discharge directly into the creek.   

 

Figure 66. Absence of defined channel behind stone structure (point 019). 

 

Figure 67. Mass wasting left bank along a 30 meter reach (point 20). 
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Figure 68. Backyard streamfronts stabilized by timber retaining walls (point 22). 

4.20 Tributary HA 

4.20.1 Tributary HA from its confluence with Hughes Branch to Rucker Road   

The lower end of the reach shares its beaver-impacted floodplain with Hughes Branch. At point 025 a 

sewer main and riser are exposed (Figure 69). Upstream, at point 027, the channel’s left bank is saturated 

and is mass wasting over a 20 meter reach, leaving heavy sediment deposits on the bed. The cause of the 

mass wasting is not apparent. From Welford Trace to Rucker Road the reach is generally stable.   

 
Figure 69. Exposed sewer infrastructure (point 025). 

4.20.2 Tributary HA from Rucker Road to Crabapple Chase  

The stream flows under the powerline easement for the entire reach. The downstream end is influenced 

by a recently modified stormwater dry detention basin and is undergoing siltation below point 029. 
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The reach is generally stable with low-angle, well vegetated banks (Figure 70). One exception is at point 

030, where the channel is a deeply incised “slot canyon”-like channel with severely eroding banks over 20 

meters. This appears related to a now missing structure, perhaps a culvert or low earthen dam.  

 

Figure 70. Typical part of reach HA (point 029). 

4.20.3 Tributary HA from Crabapple Chase to Dunbrody  

The channel is stable from Crabapple Chase to point 034. It flows through residential land use with low-

angle maintained banks (Figure 71). 

From point 034 to the upper end of the reach at the stormwater pond outfall (point 036), the channel 

becomes incised with locations of mass wasting. Just below point 036 the channel flows through a series 

of headcuts. 

 

Figure 71. Stable, low-angle banks (point 033). 
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5 Conclusions 

There are many stream reaches that would locally benefit from a bank stabilization or stream 

restoration effort.  However, because of the pervasive nature of channel erosion and channel instability 

throughout the watershed, there are no particular in-channel projects that would be especially 

beneficial in terms of water quality improvement and improvement in downstream sediment load and 

bank stability.  The length of impacted streams is so great that the costs would be prohibitive to 

implement a stream restoration program that would make a difference.  The most cost effective 

restoration projects would be projects on public land.  In the Foe Killer Creek watershed, Wills Park is by 

far the best opportunity to implement a project that would be cost effective and provide beautification 

in a high visibility location that is frequented by the public.  Stream improvements here will also make 

streambanks less dangerous in areas where there are currently vertical drops of 6-8 feet into the stream 

from recreational areas.   

During the streamwalk, many maintenance issues, such as sewer lines scoured free from the stream 

banks, were noted.  These noted issues have been compiled into a table and prioritized based on the 

perceived impact to water quality and repair cost should the issue be left unrepaired (Table 5-1). 

The ongoing free rip-rap program appears to offer great value in keeping the small to moderate sized 

channels stable.  It has enabled landowners to become active stewards of their backyard streams.  Often 

rip-rap is looked upon critically because it can be unsightly, especially when freshly installed.  However, 

over time, many of the rip-rapped reaches have remained stable and have become well vegetated, thus 

improving the habitat through stream shading and have become more aesthetically appealing while 

reducing the overall sediment load.   Thus, this watershed wide do-it-yourself channel stabilization 

program helps to counteract the pervasive watershed wide channel erosion driven by land development 

and associated changes in hydrology. 

The most downstream reaches of Foe Killer Creek are impacted by siltation and large woody debris.  

Over the long term the channel will progress through the channel evolution model stages and reach a 

new, stable equilibrium.  So long as no infrastructure is impacted then the stream can be left alone.  This 

includes leaving large woody debris jams that block flow and cause bank erosion, but which will leave 

the channel in a more stable form once the debris jam has decayed.   
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Table 5-1.  Maintenance issues 

Stream / Site Location Recommendation Figure Priority 

FA / 82  Remove trash from northwest floodplain 5 Low 

FA / 88 
west floodplain 
below dam 

Verify source of water on floodplain.  It is a 
critical problem if the water is leaching 
through the dam. 

9 High 

FC1 / 126 See map 
Remove trash collected on sewage line 
crossing stream. 

18 Low 

FCB / 343 
Northwest area of 
Wills Park 

Rubber fitting of repaired sewage pipe is 
under stress.  Inspect fitting. 

23 Moderate 

FJ / 264 
Mayfield Circle 
near Mayfield Rd. 

Culvert inlet is 70% blocked.  Clear debris. 48 High 

FL / 322 
BMP north of Surry 
Point. 

Repair failed stormwater basin outlet 
structure. 

54 High 

F10 / 317 
Dam north of 
Andover Dr. 

Investigate repairing dam and outlet structure. 
Note that the dam is just outside of city limits. 

59 Moderate 

Hughes 
Branch / 009 

330 feet south of 
Rucker Rd. 

Re-bury and stabilize exposed sewer pipe 62 Moderate 

HA / 025 
400 feet SW of 
Welford Trace. 

Re-bury and stabilize exposed sewer pipe 69 Moderate 
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7 Glossary 

Aggradation:  Stream bed elevation is becoming higher due to the sediment deposition. 

Alluvial:  Pertaining to soils and sediments that were deposited by flowing water. Typically the floodplain 

silts and sands deposited during floods.   

Headcut (also Knickpoint):  An abrupt change in stream gradient where it flows over an erodible bed, 

typically of clay, partially weathered rock, or residuum. Active gullies typically have one or more 

headcuts along their length. 

Large Woody Debris (LWD):  LWD consists of any woody material that has fallen into the channel and is 

impacting the stream or its banks. This could be a single tree that was growing on the banktop and has 

fallen in or it could be a bunch of tree limbs that have gotten entangled together on an object in the 

stream such as a boulder, bridge pier, overhanging tree, or fallen tree. 

Incision:  Stream bed elevation is becoming lower due the erosion of sediment deposits on the bed and 

underlying parent materials. 

LWD-forced riffle:  Where LWD constricts the channel or controls gradient in such a way to create a high 

velocity region that serves the same habitat function as a gravel or cobble riffle. 

LWD-forced pool:  Where LWD blocks the channel and forces flow to scour down into bed, thus creating 

a pool habitat. 

LWD-induced bank scour:  Where LWD blocks the channel causing moderate to high flows to widen the 

channel by scouring the banks around the ends of the jam. 

Partially Weathered Rock (PWR):  Bedrock materials that have lost their strength through weathering 

processes.     

Residual:  Pertaining to soils composed of material formed in situ from underlying parent bedrock.   

Unadjusted Tributary:  A tributary, with a bed elevation higher than the main channel at the confluence 

of the tributary and main channel. The most likely cause is that the tributary is newly formed as a result 

of an increase in storm runoff. Another possible cause is that the main channel has begun to rapidly 

incise and the tributary has been unable to keep up. Stream systems that are in equilibrium will have 

tributaries joining the main channel with their beds adjusted to the same elevation. 



 

 

 

 

 

 

 

 

 

Appendix A: Stream Walk Figures  
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1.0 Introduction 

Foe Killer Creek is located in the metropolitan area of Atlanta, Georgia and flows through the City of 
Alpharetta and the City of Roswell. The watershed is predominately urban, and most of the watershed is 
zoned as residential and consists primarily of single family houses on 0.3 acre lots. The populations of the 
City of Roswell has doubled in the last two decades, while the population of City of Alpharetta has 
quintupled during this same time period (U.S. Census Bureau released 2010 population). Due to this 
growth, the aging stormwater infrastructure is undersized in areas and causing localized flooding in those 
areas. Also, the natural stream channel has been degraded in areas, and pollutant loading has increased 
throughout the watershed. Foe Killer Creek has been listed on the EPD 303(d) list for elevated levels of 
fecal coliform and fish biota since 2000. The latest TMDL has been in place since 2003 and revised in 2008 
for these two criteria. (https://epd.georgia.gov/sites/epd.georgia.gov/files/related_files/site_page/ 
303d_Draft_Streams_Y2014.pdf).  

To improve hydrology and water quality in the watershed, the City of Alpharetta developed a Watershed 
Improvement Plan (WIP) for Foe Killer Creek in 2015 that completed the requirements of a WIP as dictated 
by the Georgia Environmental Protection Division (GaEPD), the U.S. Environmental Protection Agency 
(USEPA), and the Watershed Management Plan of the Metropolitan North Georgia Water Planning District 
(Tetra Tech 2015). For the WIP, the City of Alpharetta developed a stormwater model using PCSWMM 
which quantifies both hydrologic flows and pollutant loadings in Foe Killer Creek.  

The Foe Killer Creek stormwater model encompassed the entire watershed, including the lower section 
of the creek that flows through the City of Roswell. By including the extensive network of natural channels 
and piped conduits in the City of Alpharetta, the model was able to provide results identifying the cause 
of flooding at road crossings of interest. In addition to hydrology, the model was setup and calibrated for 
ammonia, ortho-phosphorus, and fecal coliform pollutant loading.  

The completed stormwater model was used to evaluate the effects of engineered stormwater best 
management practices (BMPs) on reducing channel velocities and volumes, specifically in the Wills Park 
area of Alpharetta. Six BMPs including detention basins, an underground stormwater storage system, and 
a large cistern were evaluated. The model results were used to provide supporting information regarding 
which BMP measures would be most cost-effective for improving hydrology in the upper portion of Foe 
Killer Creek. 

The Foe Killer Creek stormwater model development, calibration, and BMP analysis is described in the 
report below. The location of the Foe Killer Creek watershed is shown in Figure 1-1.  For modeling 
purposes, the watershed was broken out into an upper watershed and a lower watershed, shown in Figure 
1-2. 
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Figure 1-1 Location of the Foe Killer Creek Watershed 
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Figure 1-2 Foe Killer Creek Upper Watershed and Lower Watershed  
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2.0 Model Background 

The USEPA Storm Water Management Model (SWMM) model is a rainfall-runoff simulation model 
developed in 1971, which has been updated several times since its initial release (Metcalf & Eddy, Inc. 
1971, Huber and Dickinson 1992). Developed for use in urban areas, SWMM routes rainfall runoff from 
subcatchments through a series of user-input conveyance systems comprised of pipes, channels, and 
storage devices for both single events, such as design storms, and continuous periods (CDM Inc. 2005, 
James et al. 2008, Gironas et al. 2009, Huber and Dickinson 1988, Roesner et al. 1988, Rossman 2015, 
Rossman 2006). The most recent version, SWMM5, which uses a Windows platform, can also simulate a 
variety of LID and green infrastructure practices, including rain gardens, vegetative swales, and rain 
barrels.  

Each subcatchment is characterized by area weighted soil and land use parameters which include 
infiltration into the soil, percolation of infiltrated water into the groundwater, and direct runoff from 
impervious lands. Additionally, SWMM can model a complex network drainage system of conduits and 
conveyance systems connected by nodes, which can include pipes, natural channels, storage or treatment 
units, diversion structures, pumps, and other elements. The SWMM5 model outputs multiple parameters 
for selecting subcatchments, conveyances, and nodes during the simulation period.  

In addition to the hydrology and hydrography capabilities, SWMM5 can estimate and predict pollution 
loads in stormwater runoff using build-up and wash-off algorithms for different land uses. The model can 
simulate dry-weather pollutant build up, wash-off due to storm events, pollutant contribution from 
rainfall, reductions due to BMPs, and reductions due to treatment by natural processes. 

2.1 PCSWMM 

EPA offers a free, non-proprietary version of SWMM5, which can be downloaded at their website 
(http://www2.epa.gov/water-research/storm-water-management-model-swmm). Several companies 
offer commercially available versions of SWMM5, including Computational Hydraulics International (CHI) 
which has developed PCSWMM. PCSWMM uses the same code and contains the same capabilities as 
SWMM5, but includes a user-friendly graphic user interface (GUI), a non-proprietary geographic 
information system (GIS) platform, automated model input development, and quality assurance/control 
checks. Because CHI’s PCSWMM uses the same code as SWMM5, the model inputs and data are 
compatible with other SWMM5 platforms, including the EPA SWMM GUI. PCSWMM was selected as the 
modeling platform for simulating conditions in Foe Killer Creek. 

2.2 Upper Foe Killer Creek Previous Modeling Efforts 

A SWMM model was originally developed in 2001 by CDM, Inc. for Fulton County for the Upper Foe Killer 
Creek Watershed.  In 2006, ARCADIS updated the 2001 SWMM model as part of the 2006 Upper Foe Killer 
Creek Watershed Study (ARCADIS 2006). The 2006 SWMM model updated the percent impervious area, 
added several new culvert crossings along the main stem of Foe Killer Creek, and added a new 
subwatershed to capture proposed improvement measures along Tributary D which originates east of 
Milton High school and drains a significant portion of both the high school campus and downtown area. 
Neither the 2001 SWMM nor the 2006 SWMM models were setup or calibrated to for water quality.  

The 2006 SWMM model was used to evaluate flooding in the watershed and develop management plan 
components to help alleviate channel erosion and flooding. The model divided the watershed into 12 
subcatchments, each approximately 25 acres in size. The model was run for the 2-, 10-, 25-, 50-, and 100-
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year SCS Type II 24-hour distributed storms under future land use conditions. Several ponds and detention 
BMP measures were proposed in the 2006 Watershed study, and the 2006 SWMM model evaluated the 
proposed BMP effectiveness. 

2.3 2015 Foe Killer Creek Model Setup 

A new Foe Killer Creek SWMM model was developed in 2015 using PCSWMM as part of the Foe Killer 
Creek Watershed Improvement Plan (Tetra Tech, 2015). The 2015 PCSWMM model, whose setup and 
calibration are described in Sections 3 and 4, included several enhancements and updates to the 2006 
SWMM model. These enhancements and updates included: 

 Extended the modeled area of Upper Foe Killer Creek  watershed (1.45 mi2) to entire Foe Killer 
Creek watershed (12.3 mi2)  

 Increased subcatchment resolution in the Upper Foe Killer Creek watershed. Average size of 
subcatchments in the upper portion of the watershed was decreased from 25 acres (2006 SWMM 
model) to 3.6 acres (2015 PCSWMM model). 

 Included 2,892 stormwater structures and 2,539 stormwater conveyances in the City of Alpharetta 
area of the 2015 PCSWMM model. Through model setup, some aggregation of drainage areas was 
necessary to create a model that was appropriately scaled for its intended uses.  As a result some 
of the stormwater pipes and inlets were omitted from the model, though they are accounted for 
via downstream conveyances. The stormwater structures and conveyances data were provided 
in archived datasets from the City of Alpharetta, and in recent surveys completed by Integrated 
Science & Engineering (ISE) and Moreland Altobelli (Table 2-1). The 2006 SWMM model only 
included 118 conduits pipes and channels.  

Table 2-1 Stormwater and conveyance data summary 

Data Source Stormwater Structures Stormwater Conveyances 

City of Alpharetta 1,966  1,635 

ISE  494 420 

Moreland Altobelli 432  484  

Total 2,892 2,539 

 

 Represented approximately 176,000 ft of natural stream and pipes in the 2015 PCSWMM model. 
The 2006 SWMM model had 37,700 ft of natural streams and pipe. 

 Defined soil properties (texture and type) using the SSURGO coverage (fine resolution) to 
determine infiltration parameters. The 2006 SWMM model used the STATSGO coverage (coarse 
resolution).  

 Updated land use impervious and pervious coverage percentages using the 2011 National Land 
Use Coverage Dataset (NLCD) and City of Alpharetta impervious coverage shapefiles that were 
completed for the project area by Tetra Tech as part of the 2015 WIP. 

 Modeled land use pollutant loading for ammonia, ortho-phosphorus, and fecal coliform. 
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3.0 Model Development  

The PCSWMM Foe Killer Creek Model was setup to represent flow movement through a series of open 
channels and piped conduits in the watershed, and represent pollutant loading and transport. A variety 
of data was required for setup of the model, including pervious and impervious land coverages, soils data, 
rainfall, potential evapotranspiration, and the stormwater system conveyance network. The data used for 
model setup was provided by the City of Alpharetta and its contractors, or state and federal agencies.  

3.1 Watershed Delineation 

The Foe Killer Creek watershed boundary was delineated using the United States Geological Survey (USGS) 
12-Digit Hydrologic Unit Code (HUC12) watershed boundary and the City of Alpharetta’s Light Detection 
and Ranging (LiDAR) digital elevation model (DEM) (http://data.geocomm.com/dem/). In order to 
represent the hydrologic and water quality processes in the Foe Killer Creek Watershed, the watershed 
was further delineated into a series of smaller subcatchments.  

For the subcatchment delineation, the Foe Killer Creek watershed was divided into two separate sections: 
Upper Foe Killer Creek and Lower Foe Killer Creek (Figure 3-1). Upper Foe Killer Creek, approximately 5.2 
mi2, contains the watershed headwaters and is located in the northwest corner of the City of Alpharetta. 
Due to the need for detailed flooding analysis in this area, the model was further delineated into fine 
resolution subcatchments.  

The Upper Foe Killer Creek subcatchment delineation was also completed using the City of Alpharetta’s 
DEM (Digital Elevation Model) data and the USGS DEM data 
(http://viewer.nationalmap.gov/basic/#productSearch). A subcatchment was delineated for most 
stormwater structures in the Upper Foe Killer Creek watershed using the DEM data.  The delineation was 
based on the topography, the slope of the terrain and the location of the stormwater structures. A 
subcatchment was not defined for a stormwater structure if that inlet was part of a small, localized 
conveyance system that was immediately adjacent to a stream. Each subcatchment contained one or 
more natural or pipe conveyances and stormwater structures that were connected to a downstream 
subcatchment. 

A total of 1,132 subcatchments were delineated in the Upper Foe Killer Creek watershed. The average 
subcatchment size was 3.0 acres, and individual subcatchment sizes ranged from 0.1 to 33 acres.  

The Lower Foe Killer Creek subcatchment delineation was also completed using the City of Alpharetta and 
the USGS DEM data (Figure 3-2). Of the 7.1 mi2 in the Lower Foe Killer Creek watershed, 6.1 mi2 was located 
in the City of Roswell, and 1.0 mi2 was located in the southwest corner of the City of Alpharetta. The Lower 
Foe Killer Creek area in the City of Roswell was not the focus of the 2015 WIP, therefore only a coarse 
subcatchment delineation was applied in that the Roswell area. A total of 26 subcatchments were 
delineated in Roswell with an average area of 149 acres for each subcatchment and sizes ranging from 53 
to 340 acres. This delineation was finer for the Alpharetta section where a total of 15 subcatchments were 
delineated in the Lower Foe Killer Creek Alpharetta region, and they averaged approximately 43 acres in 
size and ranged from 20 to 80 acres. 
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Figure 3-1 Foe Killer Creek study area and lower and upper watershedslimits  
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Figure 3-2 Foe Killer Creek USGS DEM 
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3.2 Soil and Infiltration 

PCSWMM can use three different methodologies to calculate model infiltration for pervious soils: Horton 
infiltration, Green-Ampt infiltration, and the SCS Curve Number infiltration. The Green-Ampt infiltration 
methodology, which takes into account antecedent moisture conditions and wetting and drying fronts 
following precipitation events, works well for continuous simulations. Because the Foe Killer Creek 
PCSWMM model was run and calibrated for a multi-year period, the Green-Ampt methodology was 
chosen to represent infiltration. 

The Green-Ampt methodology uses measured soil properties to define, the saturated hydraulic 
conductivity, the suction head at the wetting front, and the lower limit for initial soil moisture deficit prior 
to a rainfall event. The Fulton County SSURGO soils data collected by the National Cooperative Soil Survey 
(NCSS) for the Natural Resources Conservation Service (NRCS) was used to define soils information for 
each subcatchment (http://websoilsurvey.nrcs.usda.gov/app/).  

The SSURGO soil data was used to determine the textural class (sand, silt, and clay) for each mapping unit 
key (MUKEY). First, horizon textural class fractions for each soil type (sand, silt, and clay) were depth-
weighted using a variable soil horizon and profile thickness to determine the average textural class for 
each soil type. In Fulton County profile thicknesses ranged from 66 cm to 203 cm, and the horizons (soil 
layers) ranged from 5cm to 188 cm. Second, textural class for each soil profile were area weighted by soil 
type and MUKEY (MUKEY’s can be made up of one to many soil types) to determine the overall textural 
class for each MUKEY (Figure 3-3). The area weighted textural classes for each MUKEY was used to define 
the soil texture (sandy loam, silt loam, clay loam, silty clay, etc.). The resulting information was placed in 
a GIS texture class shapefile which was imported into the PCSWMM model.  

There were four distinct textural classes in the Foe Killer Creek Watershed: Clay Loam, Loam, Sandy Clay 
Loam, and Sandy Loam (Figure 3-3). The Lower Foe Killer Creek Watershed was dominated by Sandy Clay 
Loams, although Sandy Loams were present along Foe Killer Creek and its tributary riparian corridors. The 
Upper Foe Killer Creek Watershed was predominately a mix of Clay Loams and Sandy Clay Loams, although 
Sandy Loams were also present in the riparian corridors. 

Green-Ampt parameters for hydrologic conductivity (in/hr), suction head (in), and initial moisture deficit 
(%), were defined for each soil textural class using measured and recommended values (Table 3-1) 
(Handbook of Hydrology 1993). Area weighted values were assigned to each subcatchment based on the 
information provided in the GIS texture class shapefile and the area of each subcatchments. 
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Figure 3-3 SSURGO soil map for the Foe Killer Creek Watershed   
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Table 3-1 Green-Ampt Infiltration parameterization table 

Soil Type Conductivity (in/hr) Suction Head (in) Initial Deficit 

Sand  9.27 1.95 0.346 

Loamy Sand 2.35 2.41 0.312 

Sandy Loam 0.86 4.33 0.246 

Loam 0.52 3.5 0.193 

Silt Loam 0.27 6.57 0.171 

Sandy Clay Loam 0.12 8.6 0.143 

Clay Loam 0.08 8.22 0.146 

Silty Clay Loam 0.08 10.75 0.105 

Sandy Clay 0.05 9.41 0.091 

Silty Clay 0.04 11.5 0.092 

Clay 0.02 12.45 0.79 

 

3.3 Land Use Classification and Parameterization 

PCSWMM uses land use classifications and percent impervious area to populate model inputs for both 
pervious and impervious areas including depression storage, manning’s roughness for hydrology, and 
build up and wash off coefficients. Parameter values were selected based on literature values for 
impervious areas and land use types, and each subcatchment was assigned a value based on the 
proportion of land use types within its boundary. 

3.3.1 Land Use Assignment 

PCSWMM uses land use data as the basis for representing hydrology and nonpoint source loadings. In 
order to assign land uses to subcatchments, the 2011 NLCD coverage was clipped to the Foe Killer Creek 
Watershed. There were 14 separate NLCD land use coverage classifications located in the Foe Killer Creek 
Watershed: Open Water, Woody Wetlands, Shrub/Scrub, Deciduous Forest, Mixed Forest, Evergreen 
Forest, Pasture/Hay, Grassland/Herbaceous, Emergence Herbaceous Wetlands, Barren Land, Developed 
Open Space, Developed Low Intensity, Develop Medium Intensity, and Developed High Intensity. The 
watershed was dominated by the developed land uses, which accounted for 75 percent of the total area 
of the watershed. Approximately half of this was classified as Developed Open Space (Figure 3-4). 

In order to capture the immediate rainfall runoff from storm events in urban areas, the percent directly 
connected impervious area was defined for each subcatchment in PCSWMM. The City of Alpharetta 
provided three GIS shapefiles of major impervious features: buildings, streets, and parking lots. These 
shapefiles identified most of the impervious areas within the city limits. The shapefiles were manually 
reviewed for accuracy, and any buildings, streets, and parking lots in the Foe Killer Creek watershed that 
were missing were added to the shapefiles. Impervious areas were estimated by using best professional 
judgement for each impervious classification. Two other shapefile coverage for driveways and other 
miscellaneous impervious surfaces such as tennis courts, pools, playgrounds were also created from aerial 
imagery. The five impervious shapefiles were combined into one shapefile of impervious area which 
contained 17 different types of impervious land uses. Approximately 22% of the Upper Foe Killer Creek 
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Watershed and 44% of the Lower Foe Killer Creek located in the City of Alpharetta were classified as 
impervious (Figure 3-5). 

The City of Alpharetta impervious shapefile was intersected with the NLCD coverage shapefile. The 
intersected land use coverage was then divided into three separate, distinct regions: Alpharetta Pervious, 
Alpharetta Impervious, and Roswell Land Use. Both the Alpharetta Pervious and Roswell Land Use regions 
contained the 14 NLCD land use coverage classifications, while the Alpharetta Impervious region included 
the 17 impervious classifications (Table 3-2). 

There were no detailed impervious area coverages for the Lower Foe Killer Creek Watershed within the 
City of Roswell. To account for impervious areas in this region, percentages for impervious areas were 
assigned to the Developed Low, Medium and High NLCD land use classification based on literature values 
from Urban Hydrology for Small Watershed (USDA, 1986). In the City of Roswell, approximately 12% of 
the Foe Killer Creek Watershed was classified as impervious.  

PCSWMM land use attributes were assigned to the 46 classifications for percent impervious area, 
Manning's n for overland flow over the impervious areas, Manning's n for overland flow over the pervious 
areas, depth of depression storage in the impervious areas, and depth of depression storage on the 
pervious areas. These assignments are described in Section 3.3.2 and 3.3.3, and are shown in Table 3-2 

3.3.2 Depression Storage 

In PCSWMM, depression storage represents rainfall that is captured on the land surface and is unavailable 
for infiltration or runoff. This process represents rainfall lost due to canopy interception for pervious lands, 
or small depression areas with no outlets for impervious areas. Water in depression storage is subjected 
to evaporation and does not reach the channels. 

Land uses were assigned with depression storage for pervious and impervious areas. In the Foe Killer 
Creek Watershed model, depression storage for pervious areas were set to values ranging from 0.08 to 
0.16 inches. For impervious areas, depression storage values were set to 0.06 inches for 75% of impervious 
areas and zero for 25% of them.  

3.3.3 Manning’s n Roughness 

Manning’s n roughness values for overland flow were assigned in the model for both pervious and 
impervious area. Manning’s n roughness values were assigned to each land use based on previous 
hydrology models of the Chattahoochee basin. The Manning’s n values in the Foe Killer Creek Watershed 
PCSWMM model ranged from 0.14 to 0.50 for pervious areas and 0.14 for impervious areas after 
calibration (Table 3-2). These values correspond to recommended Manning’s n roughness values in other 
peer reviewed studies (Limerinos J. T., 1898; Chow 2009). 
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Figure 3-4 NLCD land use and impervious areas in the Foe Killer Creek Watershed 
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Figure 3-5 Mapped impervious coverage of the Foe Killer Creek Watershed 
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Table 3-2 PCSWMM Landuse Parameters  

Land Use 
Classification Region 

% 
Impervious 

Area 

Manning’s 
n, 

Impervious 
Areas 

Manning’s 
n, 

Pervious 
Areas 

Depression 
Storage 

(in), 
Impervious 

Areas 

Depression 
Storage 

(in), 
Pervious 

Areas 

FK Open Water 
Alpharetta 
Pervious 

0 0.00 0.14 0.00 0.08 

FK Developed, Open 
Space 

Alpharetta 
Pervious 

0 0.00 0.36 0.00 0.12 

FK Developed, Low 
Intensity 

Alpharetta 
Pervious 

0 0.00 0.36 0.00 0.12 

FK Developed, 
Medium Intensity 

Alpharetta 
Pervious 

0 0.00 0.36 0.00 0.12 

FK Developed, High 
Intensity 

Alpharetta 
Pervious 

0 0.00 0.36 0.00 0.12 

FK Barren Land 
Alpharetta 
Pervious 

0 0.00 0.22 0.00 0.08 

FK Deciduous Forest 
Alpharetta 
Pervious 

0 0.00 0.50 0.00 0.20 

FK Evergreen Forest 
Alpharetta 
Pervious 

0 0.00 0.50 0.00 0.20 

FK Mixed Forest 
Alpharetta 
Pervious 

0 0.00 0.50 0.00 0.20 

FK Shrub/Scrub 
Alpharetta 
Pervious 

0 0.00 0.43 0.00 0.16 

FK Grassland/ 
Herbaceous 

Alpharetta 
Pervious 

0 0.00 0.36 0.00 0.16 

FK Pasture/Hay 
Alpharetta 
Pervious 

0 0.00 0.36 0.00 0.16 

FK Woody Wetlands 
Alpharetta 
Pervious 

0 0.00 0.43 0.00 0.20 

FK Emergent 
Herbaceous Wetlands 

Alpharetta 
Pervious 

0 0.00 0.43 0.00 0.20 

Open Water 
Roswell 

Land Use 
0 0.14 0.14 0.06 0.08 

Developed, Open 
Space 

Roswell 
Land Use 

0 0.14 0.36 0.06 0.12 

Developed, Low 
Intensity 

Roswell 
Land Use 

4 0.14 0.36 0.06 0.12 

Developed, Medium 
Intensity 

Roswell 
Land Use 

24 0.14 0.36 0.06 0.12 

Developed, High 
Intensity 

Roswell 
Land Use 

40 0.14 0.36 0.06 0.12 

Barren Land 
Roswell 

Land Use 
0 0.14 0.22 0.06 0.08 

Deciduous Forest 
Roswell 

Land Use 
0 0.14 0.50 0.06 0.20 

Evergreen Forest 
Roswell 

Land Use 
0 0.14 0.50 0.06 0.20 

Mixed Forest 
Roswell 

Land Use 
0 0.14 0.50 0.06 0.20 

Shrub/Scrub 
Roswell 

Land Use 
0 0.14 0.43 0.06 0.20 

Grassland/ 
Herbaceous 

Roswell 
Land Use 

0 0.14 0.36 0.06 0.16 
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Land Use 
Classification Region 

% 
Impervious 

Area 

Manning’s 
n, 

Impervious 
Areas 

Manning’s 
n, 

Pervious 
Areas 

Depression 
Storage 

(in), 
Impervious 

Areas 

Depression 
Storage 

(in), 
Pervious 

Areas 

Pasture/Hay 
Roswell 

Land Use 
0 0.14 0.36 0.06 0.16 

Cultivated Crops 
Roswell 

Land Use 
0 0.14 0.43 0.06 0.20 

Woody Wetlands 
Roswell 

Land Use 
0 0.14 0.43 0.06 0.20 

Emergent 
Herbaceous Wetlands 

Roswell 
Land Use 

0 0.14 0.43 0.06 0.20 

Impervious tennis 
Alpharetta  
Impervious 

45 0.14 0.00 0.06 0.00 

Impervious pool 
Alpharetta  
Impervious 

22 0.14 0.00 0.06 0.00 

Impervious tennis 
Alpharetta  
Impervious 

45 0.14 0.00 0.06 0.00 

Impervious basketball 
Alpharetta  
Impervious 

45 0.14 0.00 0.06 0.00 

Impervious other 
Alpharetta  
Impervious 

27 0.14 0.00 0.06 0.00 

Impervious plaza 
Alpharetta  
Impervious 

27 0.14 0.00 0.06 0.00 

Impervious pools 
Alpharetta  
Impervious 

22 0.14 0.00 0.06 0.00 

Impervious patio 
Alpharetta  
Impervious 

27 0.14 0.00 0.06 0.00 

Impervious play 
asphalt 

Alpharetta  
Impervious 

27 0.14 0.00 0.06 0.00 

Impervious play area 
Alpharetta  
Impervious 

27 0.14 0.00 0.06 0.00 

Impervious added 
building 

Alpharetta  
Impervious 

45 0.14 0.00 0.06 0.00 

Impervious added 
driveway 

Alpharetta  
Impervious 

67 0.14 0.00 0.06 0.00 

Impervious added 
road 

Alpharetta  
Impervious 

81 0.14 0.00 0.06 0.00 

Impervious added 
parking 

Alpharetta  
Impervious 

81 0.14 0.00 0.06 0.00 

Impervious original 
parking 

Alpharetta  
Impervious 

81 0.14 0.00 0.06 0.00 

Impervious original 
road 

Alpharetta  
Impervious 

81 0.14 0.00 0.06 0.00 

Impervious original 
building 

Alpharetta  
Impervious 

45 0.14 0.00 0.06 0.00 
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3.4 Groundwater 

In PCSWMM, a subcatchment is linked to both an aquifer and a node of the conveyance system that 
exchanges groundwater with the aquifer. Aquifers are sub-surface groundwater areas used to model the 
vertical movement of water infiltrating from the subcatchments that lie above them. They also permit the 
infiltration of groundwater into the drainage system, or exfiltration of surface water from the drainage 
system, depending on the hydraulic gradient that exists. 

Grroundwater flow uses an equation which is a power polynomial function of difference of height of 
saturated zone above bottom of aquifer and height of surface water at receiving node above aquifer 
bottom and threshold groundwater height. The coefficients and powers of the polynomial can be defined 
in subcatchment attributes which represent the interaction of surface and groundwater flows. Aquifer 
dependent parameters such as aquifer names, receiving node, surface elevation are also attributed to the 
subcatchments. The groundwater coefficients following calibration were specified as A1=0.0008, A2=0 , 
B1=1.0 , B2=0 and A3=0. To control and unify the seasonal water table and groundwater outflow 
simulation, subcatchment elevations were set to six feet above the outflow node, the bottom of the 
aquifer was set to four feet below the outflow node, and the initial water table elevation was set to one 
foot above the outflow node. 

3.5 Potential Evapotranspiration and Rainfall 

Meteorological data from weather stations in close proximity to the Foe Killer Creek watershed were used 
to develop precipitation and potential evapotranspiration (PET) input files for the PCSWMM model. Data 
from the Johns Creek Georgia Automated Environmental Monitoring Network (GAEMN) station 270 which 
only existed from historical data, 1997 to 2012 was used to develop the monthly average PET values and 
the rainfall precipitation time series through 2012. GAEMN stations are maintained and operated by the 
College of Agricultural and Environmental Sciences of the University of Georgia, and record precipitation, 
air temperature, relative humidity, rainfall, solar radiation, wind speed, wind direction at 15-minutes 
intervals. Precipitation data for 2012 – 2014 were obtained from a National Climatic Data Center Summary 
of the Day Station NCDC-SOD 092408 located on Cumming 1 ENE, Forsyth County. The location of both of 
the above stations are shown in Figure 3-6. 

PET daily values were calculated based on the Priestly-Taylor method and then aggregated into monthly 
average daily values, which are summarized in Table 3-3. The daily PET rates ranged from 0.0140 in/day 
in December to 0.199 in/day in July. 

Precipitation data from GAEMN station 270 and NCDC-SOD 092408 were used to develop precipitation 
time series from January 1, 1997 to December 31, 2014 as shown in Figure 3-7. The yearly precipitation 
data is also summarized Table 3-4.  
 



   

  
 

18 

 

 

Figure 3-6 Weather Station Locations near the Foe Killer Creek Watershed 
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Table 3-3 Monthly average evaporation used in PCSWMM 

Month Monthly Evaporation 
(in/day) 

Jan 0.029 

Feb 0.052 

Mar 0.088 

Apr 0.136 

May 0.173 

Jun 0.199 

Jul 0.194 

Aug 0.173 

Sep 0.127 

Oct 0.079 

Nov 0.040 

Dec 0.014 

 

 

 
Figure 3-7 Daily precipitation data for 1997-2015 

 

Table 3-4 Yearly Precipitation (inches), 1997-2012 from GAEMN 270, and 2013-2014 from 
NCDC-SOD #092408 

Year 
Total Precipitation 

(in/year) 

1997 46 

1998 48 

1999 35 

2000 41 
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Year 
Total Precipitation 

(in/year) 

2001 45 

2002 57 

2003 58 

2004 48 

2005 61 

2006 43 

2007 34 

2008 41 

2009 78 

2010 45 

2011 45 

2012 39 

2013 78 

2014 53 

 

3.6 Conveyance System 

PCSWMM allows the user to select one of three techniques to model flows in its transport component: 
steady flow, kinematic wave, and dynamic wave. Each routing method is predominantly suitable for a 
specific application and offers various benefits to those specific applications. Dynamic wave is a popular 
and advanced tool for urban stormwater unsteady modeling in systems with both natural streams and 
pipe networks. It solves the complete one-dimensional Saint Venant equations of flow for the entire 
conveyance network. This method can simulate all gradually-varied flow conditions observed in urban 
drainage systems such as backwater, surcharged flow and flooding. Therefore it was used for the Foe Killer 
Creek PCSWMM model. The dynamic wave technique routes non-steady flows and has the ability to 
model backwater effects, flow reversals, pressurized flows, and entrance and exit energy losses. However, 
the dynamic wave technique is computationally intensive and computational times are long. The Foe Killer 
Creek PCSWMM model used a maximum routing time step of 15-seconds to stabilize the model and 
reduce continuity errors. However, the average routing time step varied from 0.5 to 2.0 seconds. 

Conduits are pipes or channels that move water from one node to another in the conveyance system. 
Their cross-sectional shapes can be selected from a variety of standard open and closed geometries. To 
accurately represent the conveyance system in the Foe Killer Creek Watershed, the PCSMM model 
included nearly all of the stormwater conveyances in the Upper Foe Killer Creek area along with natural 
channels. The City of Alpharetta maintains a database of inlets, outlets, stormwater conduit pipes, ponds, 
and detention basins. This comprehensive database was augmented with survey work conducted by ISE 
and Moreland Altobelli to document features not measured in the original surveys. The stormwater 
conveyance system databases included the locations, lengths, dimensions, cross sections, storage area 
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depth and dimensions, and the stormwater features. This detailed information was used to build the 
conveyance system in the PCSWMM model. Conveyances are shown in Figure 3-8.  

3.6.1 Natural Channels 

Natural channels were identified using the USGS National Hydrography Database (NHD). Most of Foe Killer 
Creek and its major tributaries are contained in natural open channels. In several locations, specifically 
areas in the City of Roswell, Foe Killer Creek has been channelized and the stream is relatively straight and 
does not contain meander bends or sinuosity typical of a stream that size. 

The 2006 SWMM model included the upper portion of Foe Killer Creek and its tributaries, and the channels 
were defined using cross sectional and channel profile data collected for the 2006 Upper Foe Killer Creek 
Watershed Study. The 2015 PCSWMM model used this information to initially define the channel locations 
and cross sections. The model was then updated with NHD data, and the Lower Foe Killer Creek and its 
tributaries were added to the model.  

In PCSWMM, open channels can be represented with several pre-defined shapes, but are usually specified 
with user-defined irregular cross-sections. The cross-sectional dimension of the channels and their 
floodplains were extracted from the DEM data using a tool in the PCSWMM model. The slope for each 
channel was automatically calculated based on the upstream and downstream channel elevations.  The 
natural channels were assigned a Manning’s n of 0.05 using guidance from the EPA SWMM 5 User’s 
Manual (Rossman, 2015) . 

3.6.2 Stormwater Pipes and Nodes 

The PCSWMM model pipe geometry was developed using the City of Alpharetta stormwater conveyance 
GIS shapefile and the supplemental stormwater conveyance surveys conducted by ISE and Moreland 
Altobelli. The inventories contained shapefiles of the locations of the conduits, which consisted of 
stormwater pipes and open channel ditches, as well as the locations of stormwater nodes, such as 
stormwater inlets, headwalls, and junctions.  

The GIS files were manually reviewed to confirm the direction and network connection of the stormwater 
conveyance systems to ensure that the model conveyance network was correctly setup in in PCSWMM. 
For this task, all of the stormwater conveyances and junctions were numbered and a conveyance network 
was developed that identified the upstream and downstream node for each pipe and structure. In some 
locations a small conveyance network flowed out of a headwall into a short depression ditch before 
entering an open channel stream or ditch. In these locations, the model assumed that the headwall was 
directly connected to the open channel to ensure appropriate connection of the network. 

Once the stormwater conveyance network structure was identified and confirmed, the pipe and node 
data were reviewed to ensure that that pipe sizes corresponded correctly. The connected conveyances 
were verified to have the same pipe diameter or the upstream pipe diameter to be larger than the 
downstream pipe. For the remaining structures, the pipe diameter value was either missing or the 
upstream pipe diameter was larger than the downstream pipe diameters. For missing values, the nearest 
pipe diameter was used, and for those with sizing mismatches were corrected based on the diameters of 
other pipes in the same immediate network. 

In PCSWMM, the stormwater pipes require the following information: names of the inlet and outlet 
nodes, offset height or elevation above the inlet and outlet node invert elevations, conduit length, 
Manning's roughness, cross-sectional geometry, entrance/exit losses (optional), presence of a flap gate 
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to prevent reverse flow (optional). This information was supplied in the GIS files provided by City of 
Alpharetta, and missing data was gathered for the model as part of the Moreland Altobelli survey. The 
name of the inlets and outlet and conduit length were supplied by the City of Alpharetta, ISE, and 
Moreland Altobelli surveys. The remaining information was either calculated from available data or 
estimated. 

The invert depth depths are calculated in PCSWMM for each conduit and node using 2 of the following 3 
data requirements:  

1. Rim Elevation (the elevation of the ground surface at the structure location 

2. Invert Elevation (the elevation of the bottom of the structure or bottom of the pipe 

3. Invert Depth 

Using the formula ‘Rim Elevation – Invert Depth = Invert Elevation‘, PCSWMM calculates the missing 

data requirement. The invert depth was provided by the City of Alpharetta, and the rim elevation for 

each structure was identified using the LiDAR data also provided by the study. PCSWMM then calculated 

the invert elevation. All of the structures were reviewed to ensure consistency, and any mismatches 

were corrected. 

PCSWMM uses the Manning equation to express the relationship between flow rate (Q), cross-sectional 
area (A), hydraulic radius (R), Manning’s n (n), and slope (S) in all conduits. For standard U.S. units, 

𝑄 =
1.49

𝑛
𝐴𝑅2/3𝑅1/2          (Eq-1) 

Manning’s n roughness for the pipes and channels was selected using literature values: 0.01 for concrete 
pipes and 0.013 for steel pipes (Chow 2009).  The slope for each pipe was automatically calculated based 
on the pipe upstream and downstream junction invert elevations.   

The conveyance dimensions were assigned based on information provided in the stormwater surveys. 
Pipes come in standard sizes that are published by the American Iron and Steel Institute in Modern Sewer 
Design and by the American Concrete Pipe Association in the Concrete Pipe Design Manual. Stormwater 
conveyances were represented as circular, rectangular-open, rectangular-closed, or trapezoidal. 

3.6.3 Ponds 

In the Foe Killer Creek PCSWMM model, ponds and detention basins were represented as storage units. 
The City of Alpharetta provided a shapefile with 48 surveyed ponds in the Upper Foe Killer Creek 
Watershed. The USGS NHD coverage was used to identify and locate ponds in both the Upper and Lower 
Foe Killer Creek Watershed areas. The locations and shapes of the ponds were manually confirmed using 
Google Earth ortho-imagery, and the imagery was also used to search and locate ponds not identified by 
the City of Alpharetta or on the NHD coverage. There are 73 ponds located within the Foe Killer Creek 
Watershed within City of Alpharetta limits, of which 48 are located in Upper Foe Killer Creek and 25 are 
in Lower Foe Killer Creek of Alpharetta. The pond surface area size ranged from 0.1 to 6.0 acres. Major 
ponds in the study area with sizes greater than 1.5 acres were included in the model.  Ponds in Roswell 
were not included in the model. Some ponds were excluded if they were located in subcatchment 
headwaters, and were unlikely to have significant impact on downstream flow. After filtering based on 
size and location, 17 ponds were included in the model. The locations of the ponds are shown in Figure 
3-9, and are identified as “Storage”. 
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Storage curves of the ponds were developed using a tabular function using the existing surface area of 
the pond area and an average slope of 1:3 for the banks. The full ponded surface area and the estimated 
crest height, or spill height, for each pond was input into the PCSWMM model. Dead storage (i.e., the 
volume of water from the bottom of the outlet structures to the bottom of the pond was not included in 
the configuration of the ponds. 

The ponds were connected to the conveyance system using a combination of orifices and/or weirs. Outlet 
dimensions and offsets were specified using surveys of the outlet structures when available. In many 
cases, aerial imagery could be used to estimate weir widths. Otherwise assumptions were made regarding 
outlet configurations allowing for slow release of smaller storm events, and rapid discharge over spillways 
for larger storm events.  
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Figure 3-8 Model Conduits (streams and pipes) 
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Figure 3-9 Model Storage 
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4.0 Model Calibration 

4.1 Simulation Period 

The model simulation period corresponded to the available periods of record of the precipitation data, 
spanning 1997 – 2014. The City of Alpharetta collected water quality data in Foe Killer Creek Watershed 
from 2008 to 2014. In addition, point measurements of velocity and depth were included in the water 
quality monitoring database. However, it was not possible to estimate flow from the depth and velocity 
measurements. First, a detailed survey of the channel cross section would be needed to estimate flow. 
Second, a plot of depth versus velocity revealed no relationship between the two measures, suggesting 
that the monitoring did not capture average cross-sectional depth and/or flow and depth integrated 
average velocity. As a result, USGS flow gage data from Big Creek (which encompasses Foe Killer Creek) 
was used as a proxy for flow in Foe Killer Creek. The USGS gage on Big Creek near Highway 400 (02335700) 
has been maintained for several decades, allowing for full use of the precipitation period of record. 
However, due to the lack of long-term or continuous flow data from Foe Killer Creek, hydrology calibration 
had greater uncertainty, especially for representing storm events. 

4.2 Hydrology Calibration 

Hydrology calibration was conducted at Junction J350 in the PCSWMM model, at the main branch of Foe 
Killer Creek where it enters the City of Roswell (Figure 4-1). The calibration was conducted between 1997 
and 2012, with the first year discarded as model “spin up.” The drainage area of Foe Killer Creek to this 
location is 2,775 acres, while the watershed area to the Big Creek USGS flow station was about sixteen 
times larger at 46,080 acres. A scaling factor of 0.0602 was used to compare the Big Creek flow to the Foe 
Killer Creek flow during the hydrology calibration. Land use for both watersheds was similar about 65% 
residential, along with soils and geology (mostly loam or silty loam), due to their close proximity (City of 
Alpharetta Big Creek watershed Study Update, 2011).  

Hydrologic calibration followed standard operating procedures for watershed models as described in 
Donigian et al. (1984), Lumb et al. (1994), and USEPA (2000). The goals of the calibration were to achieve 
a good fit for annual water balance, the 10 percent highest and 50 percent lowest flows, seasonal water 
balance, and storm event volume, with performance calculated as relative mean error expressed as a 
percent: 


 


O

PO
E

)(
100 , 

where 

 E = percent relative mean error 

 O = observations 

 P = model prediction at the same time as the observations 
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Figure 4-1 Water quality calibration station (Segment 3), and flow calibration station (J350). 
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Statistics for the hydrologic calibration are shown in Table 4-1. All but one of the measures are achieved 
relative to the calibration targets. The error in the summer storm event volumes is higher than the target, 
however, this is expected since Bid Creek has a much larger drainage area than Foe Killer Creek, and storm 
event peaks and volumes would be muted for Big Creek relative to Foe Killer Creek due to differences in 
timing. The daily coefficients of efficiency are low, due primarily to different storm event patterns and 
flow timing between the two watersheds. The monthly volume Nash-Sutcliffe Coefficient is much better, 
indicating a good match for monthly volumes.  

A flow-duration plot (plot of flow versus percent-of-time exceeded, Figure 4-2) shows excellent agreement 
across the entire range of flows. The curves do diverge in the representation of the lowest flows; however, 
Bid Creek is a larger watershed and is expected to show better sustained baseflow. A diagnostic plot of 
the distribution of observed and simulated flows by month is shown in Figure 4-3. The bar ranges indicate 
the range between the 25th and 75th percentile, while the center point is the median. Medians and the 
interquartile range are well replicated throughout the year. 

A separate flow validation was not conducted for the hydrology simulation. The calibration is regarded as 
good but approximate due to lack of flow monitoring data from Foe Killer Creek. 

Table 4-1 Calibration Hydrologic Statistics for Daily Flows 

 

 

SWMM 5 Simulated Flow Observed Flow Gage

REACH OUTFLOW FROM DSN 702

15-Year Analysis Period:  1/1/1998  -  12/31/2012

Flow  volumes are (inches/year) for upstream drainage area

Total Simulated In-stream Flow: 22.00 Total Observed In-stream Flow: 20.41

Total of simulated highest 10% flows: 10.81 Total of Observed highest 10% flows: 9.94

Total of Simulated lowest 50% flows: 3.05 Total of Observed Lowest 50% flows: 3.03

Simulated Summer Flow Volume (months 7-9): 4.72 Observed Summer Flow Volume (7-9): 3.66

Simulated Fall Flow Volume (months 10-12): 4.68 Observed Fall Flow Volume (10-12): 4.69

Simulated Winter Flow Volume (months 1-3): 7.18 Observed Winter Flow Volume (1-3): 7.52

Simulated Spring Flow Volume (months 4-6): 5.42 Observed Spring Flow Volume (4-6): 4.54

Total Simulated  Storm Volume: 9.74 Total Observed Storm Volume: 8.35

Simulated Summer Storm Volume (7-9): 2.87 Observed Summer Storm Volume (7-9): 1.73

Errors (Simulated-Observed) Error Statistics Recommended Criteria

Error in total volume: 7.77 10

Error in 50% lowest flows: 0.36 10

Error in 10% highest flows: 8.81 15

Seasonal volume error - Summer: 28.91 30

Seasonal volume error - Fall: -0.16 30

Seasonal volume error - Winter: -4.60 30

Seasonal volume error - Spring: 19.42 30

Error in storm volumes: 16.63 20

Error in summer storm volumes: 65.75 50

Nash-Sutcliffe Coefficient of Efficiency, E: 0.066 Model accuracy increases

Baseline adjusted coefficient (Garrick), E': 0.362 as E or E' approaches 1.0

    Monthly NSE 0.784

>> Clear
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Figure 4-2 Calibration Observed and Modeled Flow-Duration 

 

 

Figure 4-3 Calibration Observed and Modeled Monthly Flow Distributions with Monthly 
Rainfall 
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4.3 Water Quality Calibration 

The PCSWMM model was also used to simulate pollutant loading for Foe Killer Creek Watershed. The 
water quality constituents include ammonia, ortho-phosphorus and fecal coliform. These three 
parameters were chosen as the most available and frequent sampling parameters available during the 
monitoring period of 2008-2014, making them suitable for calibration.  

To estimate pollutant loading, PCSWMM uses pollutant buildup and washoff algorithms. Pollutant buildup 
can be defined as the pollutant accumulated within a land use as mass per unit of subcatchment area. The 
amount of buildup is a function of the number of preceding dry weather days. In the PCSWMM model of 
Foe Killer Creek an exponential function was used for buildup. The exponential function represents 
buildup as an exponential growth curve that approaches a maximum limit asymptotically. Pollutant 
washoff from a given land use category occurs during wet weather periods. The Foe Killer Creek model 
used the Event Mean Concentration method, which simulates washoff concentrations using individual 
defined EMC values for each model land use. When available storage is depleted during a storm event, 
washoff ceases   

Model parameters were estimated from several sources. Tetra Tech developed a SWMM 5 model for the 
Third Fork Creek watershed in Durham, North Carolina (Tetra Tech, 2012). Third Fork Creek is an urban 
drainage, similar to the upper portion of Foe Killer Creek. The model included fecal coliform, total 
nitrogen, and total phosphorus. Fecal coliform EMC parameters were used without modification. The TN 
and TP buildup and washoff parameters were scaled down using best professional judgment to represent 
ammonia and ortho-phosphorus. To represent ammonia concentration in rainfall, the National 
Atmospheric Deposition Program website was consulted (http://nadp.isws.illinois.edu/), and a 
representative value of 0.1 mg/L was selected from the Atlanta region as shown in the yearly 
concentration maps. The groundwater concentrations corresponded to the magnitudes of the Alpharetta 
pollutant monitoring data, which was typically collected during periods of low flow. 

The model predictions for ammonia, phosphate and fecal coliform were compared with the measured 
data at Segment 3 station as shown in the figures below. Figure 4-4 through Figure 4-6 show the 
relationship between flow and simulated/observed concentrations. These plots are useful for visually 
comparing simulated value and monitoring data distributions as functions of flow. Noting that flow is 
shown on a logarithmic scale, it is apparent that monitoring data have been collected during periods of 
low flow (less than 10 cfs), which means that storm event concentrations predicted by the model cannot 
be readily compared to monitoring data. Since the majority of pollutant loading in a watershed occurs 
during high flow events, the lack of storm event monitoring data limits the ability of the model to predict 
watershed loads. In addition, predicting ammonia presents a special challenge. As seen in Figure 4-5, 
ammonia concentrations during low flows are highly variable. While ammonia is found in stormwater 
runoff and in groundwater, the concentrations are typically low; ammonia concentrations are largely 
driven by releases from organic material in the streams themselves. 

Plots comparing monitoring data and simulated values paired to the dates the monitoring data were 
collected are shown in Figure 4-7 through Figure 4-9. Ideally, the points would fall along the line of equal 
fit shown in the plots. It is important to note that the comparison is applicable to low-flow conditions only 
since there are no observed storm event data points. Fecal coliform concentrations compare fairly well, 
though there is much more variability in the monitoring data than captured by the model. Ammonia does 
not compare well, but this is expected since SWMM 5 does not have the ability to simulate benthic release 
of ammonia. Ortho-phosphorus monitoring data also have considerable variability, ranging from about 
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0.02 to 0.2 mg/L. This suggests there may be sporadic low-flow sources of ortho-phosphorus, such as leaks 
from cracked sanitary sewer lines. 

 

Figure 4-4 Simulated and Observed Fecal Coliform Concentration versus Simulated Flow 

 

 

Figure 4-5 Simulated and Observed Ammonia Concentration versus Simulated Flow 
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Figure 4-6 Simulated and Observed Ortho-phosphate Concentration versus Simulated Flow 

 

 

Figure 4-7 Paired Simulated versus Observed Fecal Coliform Concentration 
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Figure 4-8 Paired Simulated versus Observed Ammonia Concentration 

 

 

Figure 4-9 Paired Simulated versus Observed Ortho-phosphorus Concentration 

 

Annual loads were calculated based on the flow rates and the concentrations. The loads for the Segment 
3 assessment point are listed for all three constituents in Table 4-2.  
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Table 4-2 Model predicted total annual loads 

 Ortho-
phosphate 
(lbs/acre/yr) 

Ammonia 
(lbs/acre/yr) 

Fecal Coliform 
(Million  
Count/acre/yr) 

2009 0.587 1,189 1.29E+11 

2010 0.273 553 5E+10 

2011 0.182 368 3.9E+10 

2012 0.142 289 2.95E+10 

2013 0.576 1,167 1.09E+11 

2014 0.322 652 5.86E+10 

Avg 0.347 1,189 6.92E+10 
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5.0 Conduits Capacity 

The calibrated and validated PCSWMM model was used to evaluate and determine locations where the 
current stormwater conveyances may be undersized and where flooding may be occurring. The conduit 
capacity analysis was done for two time periods – September 21, 2009 (when 5.9 inches of rainfall fell, 
equating to 25-yr storm event) and May 2013, when there were two storm events of approximately 3.2 
inches, each corresponding to a 1-yr storm event. One of the model outputs is the number of hours during 
a simulation where conduit capacity is exceeded. The values were tabulated from the model output from 
closed culverts and stormwater pipes (open channels were not included since they are contained in the 
defined channel cross-section floodplain). Model results for each of the two simulations are shown in 
Figure 5-1 for the September 21, 2009 event and in Figure 5-2 for the two events during May 2013.  

There are numerous conduits that exceed capacity for the May 2013 simulation (1-yr storm).  Most 
notable are those at road crossings, including Foe Killer Creek at Alpharetta Highway, Rucker Road, Mid 
Broadwell Road, and Maple Lane.  Many more conduits exceeded capacity during the September 2009 
simulation (25-yr storm), and the hours above capacity increased substantially for conduits that were 
already over-capacity for the 1-yr storm. 
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Figure 5-1 Model predicted hours above capacity, September 21, 2009   
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Figure 5-2 Model predicted hours above capacity, May 2013 
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6.0 BMP Representation 

The results of the Foe Killer Creek PCSWMM model were used to identify potential drainage issues and 
high pollutant loading areas in the Upper Foe Killer Creek Watershed. This analysis, along with drainage 
area problem records from the City of Alpharetta, was used to identify areas of flooding concern. To help 
alleviate flooding and water quality issues, potential BMP opportunities were identified in the Upper Foe 
Killer Creek Watershed. 

A GIS desktop analysis was used to identify areas where BMPs could be sited. A site visit was conducted 
to verify the selection area and determine the most appropriate BMP measure for the location. Final BMP 
selection was based on location in the watershed, property ownership, access, and ability to meet 
management needs. A total of 16 potential improvement measures shown in Figure 6-1 were identified 
in the Upper Foe Killer Creek as potential CIP projects and described in Table 8-3 of the main report. Out 
of these 16 measures, 8 were modeled which are listed in Table 6-1. These modeled BMPs include a vault 
(measure 1), underground storage (measure 2a), dry detention ponds (measures 3, 8, and 9), cisterns 
(measure 6), and widened culverts (measures 16 and 17). The other 8 recommended BMPs were not 
directly modeled, either because they are not intended to improve hydrology as their primary function 
(measures 13, 14, and 15), the hydrologic benefits were determined to be minimal based on a preliminary 
hydrologic analysis (measures 4, 5, 7, and 11), or the measure is not easily modeled in SWMM (measure 
2b). A detailed description of all BMPs is found in the 2015 WIP. 

6.1 BMP representation 

To evaluate the effect of the BMPs on flooding and water quality in the Upper Foe Killer Creek, the 6 BMPs 
that detained, removed, or decreased velocity of storm flows were incorporated into the PCSWMM model 
(Table 6-1). The BMPs were all modeled as storages. Each BMP storage was given an initial length, width, 
and depth, based on the available area at the site, which was used to calculate the total water storage 
volume availability for each location. 
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Figure 6-1 Location of potential BMP watershed improvement measures 
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Table 6-1 Modeled BMPs types and specifications 

BMP ID BMP Type 
PCSWMM 

Layer 
Length 

(ft) 
Width 

(ft) 
Depth 

(ft) 
Area 
(ft2) 

Volume 
(ft3) 

Storm 
size 

Measure 1 
Vault and step-
pools for main 

parking lot 
Storages 30 20 8 600 4,800 1-yr 

Measure 2a 
Underground 
storage below 
baseball fields 

Storages 600 100 4 60,000 240,000 100-yr 

Measure 3 
Dry detention for 
northwest parking 

lot 
Storages 100 50 4 5,000 20,000 100-yr 

Measure 6 
Cisterns at 

equestrian arena 
Storages 10 10 20 100 2,000 1.2” 

Measure 8 

Detention adjacent 
to upper stream 

reach at Old Milton 
High School 

Storages 360 100 8 36,000 288,000 100-yr 

Measure 9 
Detention in basin 

south of Old Milton 
High School 

Storages 175 80 3 14,000 42,000 2-yr* 

Measure 16 
Replace 5' culvert at 
Mid Broadwell Road 

Conduit Configured with a 5 ft x 50 ft box culvert 

Measure 17 
Replace box culvert 

at Maple Lane 
Conduit Configured with a 4 ft x 100 ft box culvert 

*Measure 9 benefits assume that measure 8 has been constructed immediately upstream 

The storage BMPs were connected to the PCSWMM conveyance network via outlets. With the exception 
of Measures 1 and 6, each modeled outlet structure had one to three orifices: the water quality orifice, 
channel protection orifice, and/or the 25-yr orifice. In addition, each storage BMP had a spillway 
represented as a weir. An example schematic is shown in Figure 6-2.  

When present, the water quality outlet provides pollutant removal for the runoff volume from the water 
quality storm event (1.2 inches) in a pond or wetland through uptake by wetland vegetation and algae, 
vegetative filtering, and through gravitational settling in the slow moving marsh flow. A water quality 
outlet was used for Measures 2a, 3, 8, and 9. The channel protection volume outlet provides extended 
detention for the 1-yr storm event and releases it over a period of 24 hours, and was included in Measures 
2a, 3, and 8. The 25-yr storm outlet provides over bank flood protection and reduces post-development 
peak flow in a 25-yr storm event. The 25-yr outlet was included for Measures 2a, 3, and 8. The weir 
spillway was included to prevent the maximum storage capacity of the practice from being exceeded 
during extremely large events, and all of the practices included a weir spillway. In some cases, orifices 
were modified due to limited storage volume: 

 Measure 1 was modeled with an orifice sized to allow for capture of the 1-yr event without flow 
overtopping the weir spillway. However, the orifice does not provide extended detention, so it 
does not correspond to design criteria for the water quality volume or the channel protection 
volume. Its purpose is to reduce velocity of discharge and mange outflow for bankfull events to 
the extent possible. 

 The purpose of Measure 6, a cistern, is to capture roof runoff from an equestrian arena, providing 
some mitigation of storm runoff as well as provide a water source for dust control in the arena. 
The cistern system is composed of two 15,000 gallon tanks. Assuming the application rate for dust 
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control is ½ inch per week spread over one acre, the weekly volume needed would be about 
10,000 gallons. The model was configured with a pump that drew about 1,400 gallons per day 
from the tank when water was available. In addition, a very small orifice (the size of a hose spigot) 
was added to allow for gradual drawdown of the tank volume over a period of about 10 days, if 
full. 

 Measure 9 was not sufficiently large to fully manage the channel protection volume. As an 
alternative, the second orifice was sized to allow for peak control of the 2-yr event (assuming 
Measure 8 is constructed). 

 

 Figure 6-2 Outlet schematic of a stormwater wetland or pond (Georgia Stormwater Management 
Manual, 2001) 

 

In the City of Alpharetta, the SCS Type II 25-yr 24-hour design storm had a rainfall depth of 6.5 inches and 
a peak intensity of 7.2 in/hr. To design the spillway orifice size for the 25-year storm, the model was run 
for forested and natural conditions. This assumed that all land uses were forested and the area was 
entirely pervious. This was used to determine what the 25-year design storm hydrograph would look like 
under natural conditions, and the orifices were designed to allow the appropriate amount of water 
through to mimic this type of hydrograph. 

Water quality volume was calculated using the recommended runoff coefficient from Georgia Stormwater 
Management Manual, 2001, as well as and the drainage areas and contributing impervious area for each 
storage BMP. Channel Protection volume was calculated using Georgia Stormwater Management Manual 
recommended formula using the ratio of peak outflow and inflow discharge.  

6.2 BMP Model Results 

6.2.1 Individual Analysis of Detention BMPs 

Following BMP implementation into the PCSWMM model, the model was run to determine if the available 
sizing of the BMPs was appropriate for a 25-year design storm. The model was also run for the 1.2 inch 
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water quality storm, as well as the, 1, 2, 5, 10, 50, and 100-year design storms to determine the available 
capacity of the different BMPs. The 1.2 inch storm was used to model the LID Measure 6 (cisterns) which 
is smaller in size and the other storm events were applied to the other BMPs with more volume storage 
and detention capacity. The BMP performance was evaluated at a point immediately downstream of the 
BMP and compared to the existing condition of the network.  

The downstream velocities of the 1-yr and 25-yr storm for measure 1 are shown in Figure 6 3.  The 
hydrographs of the 1-yr and 25-yr storm for measure 1 are shown in Figure 6 4.  Measure 1 is designed to 
reduce the velocity by passing the flow through a spreader box or a vault and step-pools. It is effective for 
velocity reduction in both the 1-yr and 25-yr storms. It will also have a small reduction in peak flow in a 1-
yr storm event. 

The hydrographs of 2-yr and 25-yr storm for measures 2a, 3, 8, and 9 are shown in Figure 6 5 to Figure 6 
8.  These BMP measures are designed to detain water and decrease and delay the peak flow. The 
hydrograph of the 1.2 inch storm for LID measure 6 is shown in Figure 6 9. This LID measure is designed 
to attenuate the peak flow for small storms. This LID measure shows a 95% reduction in peak flow for the 
1.2 inch storm.   

Measure 2a has been sized as an underground storage below baseball fields to capture a 100-yr event and 
the hydrographs also show the effectiveness in both 2-yr and 25-yr storms as shown in Figure 6 5. Measure 
3 is a dry detention for the northwest parking lot at Wills Park. It is designed for a 25-yr storm and it is 
effective for both a 2-yr and 25-yr storm as shown in Figure 6 6. Measure 8 is a detention pond adjacent 
to upper stream reach at Old Milton High School. It is sized to capture a 25-yr storm and as shown in Figure 
6 7. Measure 9 is a detention pond in the basin south of Old Milton High School and it is sized to capture 
a 2-yr storm. Both hydrographs show a detention in flow as shown in Figure 6 8.    

 

  

Figure 6-3 Downstream velocity of measure 1 compared to existing condition for the SCS 
Type II 1-Yr Storm (left) and 25-Yr Storm (right). 
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Figure 6-4 Downstream flow of measure 1 compared to existing condition for the SCS Type 
II 1-Yr Storm (left) and 25-Yr Storm (right). 

 

 

Figure 6-5 Downstream flow of measure 2a compared to existing condition for the SCS 
Type II 2-Yr Storm (left) and 25-Yr Storm (right). 

 

 

Figure 6-6 Downstream flow of measure 3 compared to existing condition for the SCS Type 
II 2-Yr Storm (left) and 25-Yr Storm (right). 



   

  
 

44 

 

 

Figure 6-7 Downstream flow of measure 8 compared to existing condition for the SCS Type 
II 2-Yr Storm (left) and 25-Yr Storm (right). 

 

Figure 6-8 Downstream flow of measure 9 compared to existing condition for the SCS Type 
II 2-Yr Storm (left) and 25-Yr Storm (right). 

 

 

Figure 6-9 Downstream flow of measure 6 compared to existing condition for the SCS Type 
II 1.2 inch Storm. 
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6.2.3 Cumulative Analysis of Detention BMPs 

Following BMP analysis, the entire model and conveyance system was run for a 25-year storm event to 
determine the cumulative impacts of the BMPs as designed according to site constraints. In this report, 
the term “conveyances” includes both pipes and natural conveyances. The percent reduction in peak flow 
with management measures from baseline conditions is shown in Figure 5-16. The magnitude of the 
reduction is indicated by different colors. There is generally greater than a 30 percent reduction in peak 
flow in conveyances just downstream of the management measures, with reductions up to 85 percent.  
Reductions in peak flow continue to be seen further downstream of the measures to a lesser degree, with 
noticeable reductions seen as far as one mile downstream of Wills Park, and three miles downstream of 
Old Milton High School. 

Conveyances with greater than a 1 percent reduction in peak flow after management measures are listed 
in Table 6-2. These conveyances include both stormwater pipes and natural channels. With all six 
management measures in place, peak flows are reduced over 4.6 miles of stream, including a segment of 
Foe Killer Creek.  



   

  
 

46 

 

 

Figure 6-10 Percent reduction in peak flow with management measures for a 25-year storm. 
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Table 6-2 Reduction in peak flow with management measures 

Segment 
ID 

Segment 
length (ft) 

Maximum 
baseline flow 

(cfs) 

Maximum flow (cfs) 
with BMPs 

Decrease in 
maximum flow (cfs) 

Percent decrease in 
maximum flow 

112752 49.92 201.25 197.18 4.07 2.02% 

216114 153.22 62.21 20.27 41.94 67.42% 

216118 227.33 62.2 20.31 41.89 67.35% 

216247 56.72 266.81 217.55 49.26 18.46% 

216310 45.46 770.07 760.13 9.94 1.29% 

219033 36 331.58 313.5 18.08 5.45% 

219053 75.06 0.35 0.34 0.01 2.86% 

219074 13.73 111.57 105.59 5.98 5.36% 

219425 29.38 568.68 550.36 18.32 3.22% 

219427 36.56 683.91 667.39 16.52 2.42% 

219429 39.64 1115.12 1098.15 16.97 1.52% 

C00612 306.65 38.36 36.07 2.29 5.97% 

C02751 27.76 232.94 228.23 4.71 2.02% 

C02752 49.92 31.7 31.05 0.65 2.05% 

C02753 465.32 240.88 235.89 4.99 2.07% 

C02758 507.27 313.28 298.57 14.71 4.70% 

C06309 605.87 746.56 723.89 22.67 3.04% 

C09122 306.74 146.78 145.29 1.49 1.02% 

C154 226.77 248.65 243.35 5.3 2.13% 

C155 358.31 263.82 258.87 4.95 1.88% 

C163 561.29 266.93 260.68 6.25 2.34% 

C170 313.2 574.86 558.67 16.19 2.82% 

C174 114.02 579.54 564.75 14.79 2.55% 

C176 324.79 572.3 557.35 14.95 2.61% 

C204 740.9 568.7 552.44 16.26 2.86% 

C206 268.53 566.9 551.75 15.15 2.67% 

C210 426.01 579.98 564.21 15.77 2.72% 

C211 493.04 568.5 551.3 17.2 3.03% 

C220 541.95 222.68 167.65 55.03 24.71% 

C221 977.61 235.1 178.99 56.11 23.87% 

C224 129.74 73.26 31.22 42.04 57.38% 

C225 524.91 86.76 38.12 48.64 56.06% 

C226 389.59 148.62 131.42 17.2 11.57% 

C229 256.6 282.93 269.45 13.48 4.76% 

C230 240.45 340.73 322 18.73 5.50% 

C231 240.11 382.46 359.72 22.74 5.95% 

C235 107.28 116.23 113.81 2.42 2.08% 
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Segment 
ID 

Segment 
length (ft) 

Maximum 
baseline flow 

(cfs) 

Maximum flow (cfs) 
with BMPs 

Decrease in 
maximum flow (cfs) 

Percent decrease in 
maximum flow 

C236 193.73 115.16 112.28 2.88 2.50% 

C238 210.01 253.51 248.04 5.47 2.16% 

C240 157.58 684.3 667.75 16.55 2.42% 

C241 92.95 266.32 260.42 5.9 2.22% 

C242 93.2 266.29 260.37 5.92 2.22% 

C243 266.61 266.27 260.33 5.94 2.23% 

C269 415.39 739.79 711.38 28.41 3.84% 

C278 299.44 753.38 724.52 28.86 3.83% 

C279 253.27 813.72 784.73 28.99 3.56% 

C282 757.87 585.03 571.16 13.87 2.37% 

C288 306.8 23.94 20.91 3.03 12.66% 

C295 284.87 576.48 561.4 15.08 2.62% 

C298 196.93 582.06 567.67 14.39 2.47% 

C304 268.82 471.85 458.48 13.37 2.83% 

C305 153.76 580.09 564.36 15.73 2.71% 

C306 282.76 757.35 727.36 29.99 3.96% 

C328 70.79 92.33 89.75 2.58 2.79% 

C329 127.87 93.34 90.7 2.64 2.83% 

C330 79.21 117.06 114.58 2.48 2.12% 

C338 434.78 685.14 668.56 16.58 2.42% 

C340 567.94 684.59 668.14 16.45 2.40% 

C341 312.62 663.28 647.91 15.37 2.32% 

C342 902.7 807.54 792.61 14.93 1.85% 

C343 363.16 803.08 788.5 14.58 1.82% 

C344 271.23 862.75 847.48 15.27 1.77% 

C345 967.49 861.34 846.14 15.2 1.76% 

C691 1088.28 1111.59 1094.62 16.97 1.53% 

C713 44.89 52.11 37.85 14.26 27.37% 

C714 58.63 62.19 20.28 41.91 67.39% 

C725 866.15 255.39 201.69 53.7 21.03% 

C740 72.54 250.02 230.36 19.66 7.86% 

C746 79.42 250.48 230.65 19.83 7.92% 

C747 199.52 252.23 232.42 19.81 7.85% 

C748 150.69 395.15 391.04 4.11 1.04% 

C751 60.06 10.28 10.03 0.25 2.43% 

C792 297.67 23.09 21.98 1.11 4.81% 

C793 93.29 105.91 100.39 5.52 5.21% 

C796 154.6 121.89 115.15 6.74 5.53% 
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Segment 
ID 

Segment 
length (ft) 

Maximum 
baseline flow 

(cfs) 

Maximum flow (cfs) 
with BMPs 

Decrease in 
maximum flow (cfs) 

Percent decrease in 
maximum flow 

C800 373.95 249.93 228.8 21.13 8.45% 

C844 145.18 138.18 135.88 2.3 1.66% 

C856 68.3 683.94 667.42 16.52 2.42% 

C858 274.15 183.18 164.94 18.24 9.96% 

C914 193.05 10.53 9.95 0.58 5.51% 

C951 273.28 145.74 129.01 16.73 11.48% 

C956 195.78 3.14 0.92 2.22 70.70% 

C9931 271.58 744.01 715.07 28.94 3.89% 

C9935 327.63 751.26 722.04 29.22 3.89% 

OR4 355.19 13.3 1.94 11.36 85.41% 

OR6 129.04 28.75 27.84 0.91 3.17% 

 

6.2.4 Analysis of Culvert Upsizing 

Two locations of interest were evaluated to determine whether increasing culvert capacity would improve 
flooding conditions that are frequently observed. Both are located on the Foe Killer Creek mainstem – one 
at the Maple Lane crossing (measure 17) and one at Mid-Broadwell Road crossing (measure 16).  

As seen in Figure 6-11, during the September 21, 2009 storm event (equivalent to a 25-yr storm) the water 
surface profile is essentially not affected by the culvert under Maple Lane. This suggests that the culvert 
capacity is not the limiting factor, but rather floodplain storage in Foe Killer Creek is itself limited. Currently 
the culvert is represented as two 4 x 4 ft closed boxes. The horizontal dimension was increased to an 
arbitrarily large value (100 ft) while the vertical dimension was kept fixed at 4 ft. Both the Sep 2009 event 
and the design 100-yr 24-hr event were tested with the larger culvert. There was little impact on the water 
surface elevation, and flooding was present regardless of the culvert dimension. 
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Figure 6-11 Water Surface Profile during Sept 21 2009 event at Maple Lane 

The culvert at Mid-Broadwell Rd was evaluated using the same method. As seen in Figure 6-12, the culvert 
has a minor influence on the water surface profile during the September 21 2009 event, but the primary 
cause of flooding appears to be limited floodplain capacity. The culvert at Mid-Broadwell is currently 
represented with a 5-ft diameter closed pipe. To test the influence of increasing the culvert capacity, the 
model was configured with a 5 ft x 50 ft box culvert as an arbitrarily large size. During the Sep 2009 event, 
the upsized culvert did result in a reduction of the maximum water depth from 8.7 ft to 7.2 ft, but flooding 
still occurred for about 8 hours, the same duration as for the current culvert. 

 

Ln 
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Figure 6-12 Water Surface Profile during Sept 21 2009 event at Mid-Broadwell Rd. 
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Existing outlet from parking lot Erosion due to storm flows
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Site Location

Site ID Measure 1 Latitude 34° 04’ 15.63” N

Project Name Vault and Step-pools Longitude 84° 18’ 21.30” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

This project is located in a forested area between the main parking lot for Wills Park and a stream that runs 

east to west through the park.  Currently the area receives runoff from the parking lot and part of a baseball 

field with no detention.  High volume and high velocity storm flows have carved a large gully, 6-8 feet deep, 

through the wooded area which is causing mature trees to fall over and a dangerous hazard for Frisbee 

golfers.  The project will involve the construction of a 30’x20’x8’ stormwater vault at the outlet of the parking 

lot which will reduce velocities by releasing the water through multiple orifices.  The gully below the vault will 

be re-shaped into step-pool structures with bank stabilization and stone weirs to cascade the water gently 

downslope into the stream.  Several large trees will need to be removed to accommodate this feature, but the 

area will be left as wooded as possible, and the design will accommodate Frisbee golf and provide a safe 

crossing for golfers and hikers.   

Energy dissipating storm vault

Storm vault / spreader box discharges into a cascade of step-pools with stone weirs.

Vault/Spreader box

Length 30 ft

Width 20 ft

Depth 8 ft

Volume 4,800 cu ft

Step-pool 

channel restoration

Length 250 ft

Plan view of storm vault and stone weir check dams in step-pool channel

Existing storm drain lines

Proposed junction box/energy 
reducing structure

Construction access along 
existing trail adjacent to disc 
golf tee #11

Limits of clearing, 
approx. 2 acres

Concrete and granite structures to create 
step pools; actual number may vary 
depending on ground run survey of 
channel profile



E
X

H
IB

IT

A
.2

C
IT

Y
 O

F
 A

LP
H

A
R

E
T

TA

F
O

E
 K

ILLE
R

 C
R

E
E

K
 W

A
T

E
R

S
H

E
D

 IM
P

R
O

V
E

M
E

N
T

 P
LA

N

M
E

A
S

U
R

E
 1-

V
A

U
LT

 A
N

D
 S

T
E

P
-P

O
O

LS
 F

O
R

 M
A

IN
 P

A
R

K
IN

G
 LO

T

Constituent

1-Year, 24-Hour Storm Event Reduction

Pre-BMP Post-BMP Reduction Percent

Peak Flow (cfs) 14.78      12.88 1.9 13%

Velocity (ft/s)
0.92 0.65 0.27 29%

Benefits

• Velocity Reduction

• Beautification

• Improved Pedestrian Access

• Improved Stream Function

Costs

Survey $6,000

Design $34,200

Contingency $28,500

Mobilization $14,250

Construction $285,000

20-year O&M $100,000

Total Cost $467,950
Existing condition of gully/channel Stone weir check dams

1-Year, 24-Hour Storm Hydrograph 1-Year, 24-Hour Storm Velocities

Deeply incised existing channel banks to 

be laid back and protected with live 

staking in conjunction with wood fiber 

matting to create pool areas behind dams

Energy reduction structure 
outfall elevation Concrete gravity wall structures 

faced with full dimension granite

Number and size of weir openings 
to match desired flow 
characteristics

Number of dams determined by 
field run survey to create flow 
characteristics similar to natural 
channel from structure outfall invert 
to top of bank of receiving stream
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Facing north towards baseball fields Impacted channel with fallen trees due to bank scour
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Site Location

Site ID Measure 2a Latitude 34° 04’ 14.15” N

Project Name Underground storage Longitude 84° 18’ 16.57” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

This project will provide underground storage in the outfield areas of one baseball field to detain and slowly 

release stormwater runoff over an extended period of time.  Currently two baseball fields drain to inlets that 

are piped directly to the stream with no detention. The runoff is currently treated by a Stormsceptor device 

before entering the stream, but this does not improve hydrology.  The stream channel is highly eroded below 

the outlet from the baseball fields.  It is incised and has steep banks.  Large trees have fallen into the channel 

because of the bank erosion.  Underground detention will reduce peak storm flows entering the stream. 

Manufacturers and products that would be appropriate for this application include Contech’s ChamberMaxx

line or ADS’s StormTech.

Profile view of underground storage

Underground storage beneath outfield of baseball field

Underground storage

Length 300 ft

Width 100 ft

Depth 4 ft

Volume 90,000 cu ft

Area required is approximately 24,000 SF to 

achieve 90,000 CF of storage, approximately 

8 rows of structures in ball field outfield.

Infiltration chambers tie to existing storm 

drain lines.
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Constituent

25-Year 24-Hour Storm Event Reduction

Pre-BMP Post-BMP Reduction Percent

Peak Flow (cfs) 13.30      1.94 11.36 85%

Benefits

• Peak Flow Reduction

• Improved Stream Function

Costs

Survey $6,000

Design $75,600

Contingency $63,000

Mobilization $31,500

Construction $630,000

20-year O&M $60,000

Total Cost $866,100

Typical layout- plan view (Chambermaxx)

Typical section (Chambermaxx)

25-Year, 24-Hour Storm Hydrograph Stormwater chamber system (Chambermaxx)

Typical layout- elevation view (Chambermaxx)



E
X

H
IB

IT

A
.1

Facing north towards exiting outfall

C
IT

Y
 O

F
 A

LP
H

A
R

E
T

TA

F
O

E
 K

ILLE
R

 C
R

E
E

K
 W

A
T

E
R

S
H

E
D

 IM
P

R
O

V
E

M
E

N
T

 P
LA

N

M
E

A
S

U
R

E
 2b-

M
U

LT
IP

LE
 O

U
T

FA
LLS

  B
E

LO
W

 B
A

S
E

B
A

LL F
IE

LD
S

Site Location

Site ID Measure 2b Latitude 34° 04’ 12.89” N

Project Name Multiple Outfalls Longitude 84° 18’ 16.57” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

This project will modify the stormwater pipes and outfall by the baseball fields. Additional manholes and pipe 

at top of slope will redistribute flow to outfalls at toe of slope along the stream bank just south of the baseball 

fields.

Location of additional pipe and outfalls

Additional pipe

Length 400 ft

Section of new junction box

Existing pipe

Proposed additional 

pipe and outfalls Proposed 

junction box
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Benefits

• Energy Dissipation

• Improved Stream Function

Costs

Survey $6,000

Design $8,100

Contingency $4,500

Mobilization $2,250

Construction $45,000

20-year O&M $40,000

Total Cost $105,850

Eroded streambanks downstream of existing outlet by baseball fields.  Mass wasting is causing large trees to fall.



E
X

H
IB

IT

A
.1

Facing north towards stream and proposed pond site Parking lot that drains to proposed pond
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Site Location

Site ID Measure 3 Latitude 34° 04’ 21.10” N

Project Name Dry Detention Pond Longitude 84° 18’ 31.90” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

This project is located between the northwest parking lot at Wills Park and the stream that is drains into.  

Currently the stream receives runoff from the parking lot with no detention.  The existing outfall from the 

parking lot is set back from the stream bank allowing water to sheet flow over a mowed lawn before entering 

the stream.  However, the left stream bank is unstable due to frequent saturation, and the stream channel is 

highly eroded due to high volume, high velocity storm flows.  The project will involve the construction of a 

stormwater detention pond to capture and slowly release storm flows.  Existing Frisbee golf fairway and 

basket #18 can be incorporated into the detention feature.  It is recommended that this project be done in 

conjunction with restoration of the receiving stream reach.   

Plan view of dry detention pond

Dry detention pond

Length 100 ft

Width 50 ft

Depth 4 ft

Volume 20,000 cu ft

Existing outlet

Stream

New pedestrian bridge 
to tennis courts

Rebuild existing parking lot inlet

New control structures with under drain system

Disc golf basket #18
Gravity retaining wall

Facing south towards proposed pond site
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Constituent

25-Year, 24-Hour Storm Event Reduction

Pre-BMP Post-BMP Reduction Percent

Peak Flow (cfs) 3.14 0.92 2.22 71%

Benefits

• Peak Flow Reduction

• Improved Stream Function

Costs

Survey $6,000

Design $18,000

Contingency $15,000

Mobilization $7,500

Construction $150,000

20-year O&M $20,000

Total Cost $216,500

Caption

Profile view of dry detention pond

25-Year, 24-Hour Storm Hydrograph
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Equestrian arena Inside of the equestrian arena
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Site Location

Site ID Measure 6 Latitude 34° 04’ 06.04” N

Project Name Cistern Longitude 84° 18’ 31.12” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

This project involves constructing two 15,000-gallon above ground cisterns (water storage tanks) at the 

equestrian arena to collect and reuse runoff from the roof.  The cisterns will be tied to a modified roof gutter 

system. A pumping system will allow a water truck to be filled from the cisterns for irrigation and dust control 

in the equestrian center.

Photo of a 19,000 gallon water tank

Cistern

Volume 30,000 gal

(2 tanks @ 

15,000 gal 

each)

Above-ground water tank

New, larger capacity gutters with modified hanger 
system to direct roof runoff to storage tanks

Pumping system to lift water to truck mounted tank

Tank mounted on reinforced slab with grade beam 
and overflow drain connected to existing storm 
drains
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Constituent

1.2-inch, 24-Hour Storm Event Reduction

Pre-BMP Post-BMP Reduction Percent

Peak Flow (cfs) 0.84      0.04 0.8 95%

Benefits

• Volume Reduction

• Peak Flow Reduction

• Water Re-use

• Improved Stream Function

Costs

Survey $3,000

Design $12,000

Contingency $10,000

Mobilization $5,000

Construction $100,000

20-year O&M $20,000

Total Cost $150,000

1.2-Inch, 24-Hour Storm Hydrograph

Schematic of a 15,000 gallon water storage tank Plan view of water storage tanks and gutter system

Two 15,000 gallon corrugated metal above ground storage 
tanks; tied to modified roof gutter system.

Existing gutters rerouted for 
positive slope to cisterns.

Connect overflow drain to 
existing storm drain lines.
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Facing downslope along grass swale Facing upslope from where swale empties into stream
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Site Location

Site ID Measure 7 Latitude 34° 04’ 10.35” N

Project Name Rock filter dams Longitude 84° 18’ 37.88” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

Runoff from the southwest corner of the equestrian center drains into a grassy swale between the main 

paved equestrian center parking lot and a grassy overflow parking area to the west.  Large amounts of gravel 

from the gravel parking lots are deposited at the outlet at the upslope end of the grassy swale.  A series of 

rock filter dams would be constructed along the length of the swale to slow flow and to provide some 

detention behind the dams following storm events. The peak flow reduction will be minimal, and will only 

provide a benefit for small storm events. The dams will be aesthetically pleasing structures that can function 

as seat walls. The rock filter dams will be incorporated into the existing Frisbee golf fairway #6 that follows 

the length of the swale.  The uppermost dam will contain gravel wash-off that can be collected and replaced 

in the parking areas.  

Stone Weir

Concept plan of stone/rock dams and small pools

Rock filter dams

Length 400 ft
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Benefits

• Velocity Reduction

• Peak Flow Reduction

• Improved Stream Function

• Gravel Containment

Costs

Survey $6,000

Design $12,000

Contingency $10,000

Mobilization $5,000

Construction $100,000

20-year O&M $20,000

Total Cost $153,000

Section

Gravel washout at upslope end of proposed projectPlan view

Swale graded behind wall to catch granite dust fines that wash 

down from equestrian areas upstream; perforated underdrain 

promotes drainage to accommodate pedestrians and disc golfers  

Concrete and stone dam structures are 

short and wide to function as seat wall 

Underdrains behind walls, 
typical

Underdrain collection pipe, 
discharges into existing swale 
below last wall
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Facing east towards proposed Measure 8 Existing clvert under road at proposed Measure 9 outlet
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Site Location

Site ID Measures 8 and 9 Latitude 34° 04’ 3670” N

Project Name Detention Longitude 84° 18’ 01.02” W

Date of Field Visit 04/06/2015 Street Address Old Milton High School

Field Visit Personnel JK and EB Landowner Fulton CountyProject Narrative

On Old Milton High School property there are two opportunities to provide stormwater detention to improve 

hydrology on the receiving stream, which is highly eroded.  An intermittent stream flows from a culvert under 

Milton Ave at the southeast corner of the property through the high school property.  It is piped in sections.   

The most upstream stream segment has shallow banks and is vegetated with meadow wildflowers.  Measure 

8 is an opportunity for offline detention adjacent to this stream in what is currently a paved, overflow parking 

lot.  Offline detention could receive runoff from a parking lot as well overflow from the stream after storm 

events.   A two-tier outlet control structure will regulate water levels in the upper pond to support wetland 

habitat.  Measure 9 is an opportunity for in-stream detention in a segment that is just downstream and is 

currently surrounded by parking lots and buildings.  It is a wooded basin that is currently a flow-through 

system.  A riser structure would be added at the outlet of the basin to detain water and release it slowly.

Measure 8 detention

Length 360 ft

Width 100 ft

Depth 8 ft

Volume 288,000 cu ft

Measure 9 detention

Length 175 ft

Width 80 ft

Depth 10 ft

Volume 140,000 cu ft

Profile views of Measure 8 off-line detention

Existing driveway

Existing channel

Underdrain for slow release of stored water

High water in channel restricted at lower 

opening and over flows into offline pond

Old parking lot removed and 

replaced with off-line pond Existing parking to remain

New outlet control 

structure passes 

baseflow and 

detains stormflow
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Constituent

25-Year, 24-Hour Storm Event Reduction

Pre-BMP Post-BMP Reduction Percent

Measure 8 

Peak Flow (cfs)
45.44 4.40 41.04 90%

Measure 9

Peak Flow (cfs) 73.21 27.97 45.24 62%

Benefits

• Peak Flow Reduction

• Improved Stream Function

Costs- Measure 9

Survey $3,000

Design $7,200

Contingency $4,000

Mobilization $2,000

Construction $40,000

20-year O&M $20,000

Total Cost $76,200

Stream reach that should be evaluated holistically for future development

Measure 8 

25-Year, 24-Hour Storm Hydrograph

Measure 9

25-Year, 24-Hour Storm Hydrograph

Costs- Measure 8

Survey $3,000

Design $18,000

Contingency $15,000

Mobilization $7,500

Construction $150,000

20-year O&M $20,000

Total Cost $213,500

Future Development

Re-development of the Old Milton High 
School property should address 
stormwater runoff and stream function 
holistically.  The stream will benefit from 
an integrated plan that incorporates low 
impact development practices, 
traditional stormwater ponds, and a 
restored stream channel, where 
feasible. 

Plan view of off-line detention pond- Measure 8 Plan view of detention pond- Measure 9
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Site Location

Site ID Measure 13 Latitude 34° 04’ 15.63” N

Project Name Stream restoration Longitude 84° 18’ 21.30” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

There are three reaches of stream in Wills Park that would benefit from stream restoration and/or buffer 

enhancement; reaches A, B, and C.  Reach A is an incised channel adjacent to the proposed Measure 3 

detention pond.  The incised stream should be restored using natural channel design to include a stable 

channel form, habitat features, and native vegetation.  Reach B has an acceptable channel form and is well-

connected to the floodplain, but is currently mowed to the edge and experiencing some bank erosion.  This 

reach which is highly visible should be planted with a landscaped stream buffer that includes fruit trees, 

native shrubs and wildflowers.  This reach can include manicured landscaping as well as passive recreation 

elements, such as park benches and boardwalks that protect the stream bank while allowing patrons to enjoy 

a park-like setting.  Reach C is highly incised due to storm runoff.  The channel should be widened to 

accommodate greater flows and stabilized with stone armoring where necessary.  A wetland fringe can be 

incorporated into the banks to preserve this habitat type which occurs along a small reach of the stream.
Stream restoration including shallow banks, buffer vegetation and limited pedestrian access

Stream restoration

Measure 13a 840 ft

Measure 13b 725 ft

Measure 13c 840 ft

Eroded banks along reach of proposed Measure 13a

Log vanes at outside bends create opportunities 

to capture silt and slow down bank scour

Brush mats, coir logs, live fascines and live 

staking protect outside banks from erosion

Containerized native shrubs and trees create 

vegetative buffer and protect sand/gravel bars 

from foot traffic and silt from runoff

Stream reach by community garden in need of buffer enhancement

Measure 13b includes 

buffer enhancement 

plantings with minimal 

grading. Measures 13a and 

13c include high level 

restoration with significant 

grading, in-channel work, 

and plantings.
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Benefits

• Reduction of Fecal Coliform Bacteria

• Improved Wildlife Habitat

• Beautification

• Improved Stream Function

Channel with stabilized banks and buffer vegetationProfile view of stream channel and shallow, stabilized banks 

Tree trunks from trees removed can 
be placed into the stream bank at 30 
to 45 degree angle pointing upstream 
to catch silt and create pools

Fascine bundles from small diameter 
branches on site, or manufactured coir 
logs, can be staked into the slopes to 
hold live stakes while they establish

25-foot vegetated stream buffer landscaping In-channel stream restoration features

Native plants that tolerate wet soils:

 Indica azaleas

 Camelias

 Gardenia

 Spirea

 Carolina Cherry Laurel

 Buttonbush

 Buddleia

Planting plan for 25-foot buffer in high traffic areas

Costs

Meas 13a Meas 13b Meas 13c

Survey $0 $6,000 $6,000

Design $1,920 $65,400 $65,400

Contingency $1,600 $54,500 $54,500

Mobilization $800 $27,250 $27,250

Construction $16,000 $545,000 $545,000

20-year O&M $20,000 $20,000 $20,000

Total Cost $40,320 $718,150 $718,150
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Uncovered dumpster in equestrian center parking lot Temporary staging area for stable waste
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Site Location

Site ID Measure 14 Latitude 34° 04’ 10.80” N

Project Name Waste Containment Longitude 84° 18’ 24.58” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

The equestrian facility at Wills Park currently has inadequate facilities for waste management.  Waste from 

horse stables is stored temporarily on uncovered cement pads, then transferred to uncovered dumpsters.  

Rain causes contaminated runoff from the dumpsters to wash into the parking lot which drains directly to the 

stream.  This likely a large source of fecal coliform bacteria.  This project involves updating the waste 

management system to keep all horse wasted contained. A covered dumpster pad will be installed in the 

eastern equestrian center parking lot and the drainage from the dumpsters will be connected to the existing 

sanitary sewer system.  Cement pads used for temporary storage of stable waste will be covered and 

drainage from these areas tied to the sanitary sewer line.  As an additional option, a bioretention area could 

be constructed along the north edge of the equestrian center parking lot to treat additional runoff.

Uncovered dumpster in the “bone yard” leaking stable waste

Dumpster pad and shelter 

Simple open truss timber structure covers reinforced 

concrete pad for two roll on/roll off waste dumpsters

Floor slopes to center drain sump connected to 

nearby sanitary sewer line

Construct small timber 
shelters over waste 
holding areas at horse 
stalls; cut slab and 
install sump draining 
to sanitary sewer

Small shelter over waste holding area
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Benefits

• Reduction of Fecal Coliform Bacteria

• Beautification

Costs (dumpster pad and shelters)

Planning $3,000

Design $8,100

Contingency $4,500

Mobilization $2,250

Construction $45,000

20-year O&M $20,000

Total Cost $82,850

New dumpster pad and new pipes that tie into existing sanitary sewer line

Optional bioretention area along north edge of equestrian center 

parking lot 

Existing sanitary sewer line

New dumpster pad

New pipes to tie into sanitary sewer line

Schematic for a typical bioretention area

200 SF wood decking over bioretention area
to maintain access to existing path across 
stream

Existing stream

Junction box and outfall  structure 
for bioretention underdrain

20’ x 300’ bioretention area

Costs (bioretention area)

Planning $3,000

Design $21,600

Contingency $10,00

Mobilization $5,000

Construction $100,000

20-year O&M $120,000

Total Cost $254,500



E
X

H
IB

IT

A
.1

Stream buffer impacted by heavy foot traffic – no defined trail Stream buffer impacted by heavy foot traffic 
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Site Location

Site ID Measure 14 Latitude 34° 04’ 32.69” N

Project Name Buffer enhancement 

and trail management

Longitude 84° 18’ 32.50” W

Date of Field Visit 04/05/2015 Street Address Wills Park

Field Visit Personnel JK, EB, CK Landowner City of Alpharetta

Project Narrative

Wills Park was developed before stream buffers were required in the City of Alpharetta.  Therefore, there are 

several areas where impervious surfaces exist in close proximity to streams.  Additionally, mowed lawns, 

Frisbee golf fairways and pedestrian paths currently exist along stream banks in the park, leaving minimal 

buffer vegetation.  This trail management plan limits recreational activities along stream banks and calls for 

an enhanced vegetated buffer.  Frisbee golf fairways should be re-oriented to cross steams perpendicularly 

where possible.  Vegetation should be undisturbed within 25 feet of each stream bank, with wider buffers 

where feasible. Walking paths through the woods should be well defined with logs or rocks to limit vegetation 

trampling.  Trail layout should encourage crossing the stream at boardwalks.  Long-term planning should aim 

to reduce impervious surfaces within 150 feet of streams. 

Tee box and trail plan

Large – 500 to 750 pound 
boulders at top of bank

Artificial turf path and tee box

Trails will be well-defined with logs or rock edging and will be set back from stream banks  

Pedestrian bridge

Place bridge footings at existing bluffs 

for maximum high water clearance; 

bridge structure is also more visible

Evaluate and preserve 

mature trees when feasible
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Benefits

• Improved Stream Function

• Reduction of Sediment

• Beautification

Costs

Survey $3,000

Design $21,600

Contingency $18,000

Mobilization $9,000

Construction $180,000

20-year O&M $60,000

Total Cost $291,600

Artificial turf proposed around high-traffic Frisbee golf tees and baskets Hydro Turf

Existing layout of Frisbee golf course- will be modified to better protect stream buffers 
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Measure 13 Planting Cost Assumptions  

Measure 13a 

Type 2 Planting  

The Measure 13a stream reach requires installation of containerized native landscape material.  Based 

on a 725-foot stream length with a 25-foot vegetated buffer on each bank, the total planting area for 

Measure 13b is 36,250 SF.  Assuming a density of 50 plants per 1,000 SF over the planting area, the cost 

is estimated to be $18 per linear foot of stream.  The cost estimate assumes the stream banks are 

relatively stable and require minimal restoration work.  Cost does not include labor, and assumes that 

labor will be provided by the City or partnering organizations.  Measure 13a has the following planting 

cost estimate: 

Type 2 Cost: 725 LF x $18 LF = $13,050 

Measures 13b and 13c 

These two stream reaches will require a combination stream bank stabilization (Type 1 planting) and 

intense stream bank work (Type 3 planting) for different segments within each reach. The cost estimate 

assumes that each reach will require equal lengths of Type 1 and 3 plantings.  The cost per linear foot is 

based on the assumptions below. 

Type 1 Planting- Stream bank and channel enhancements that treat areas which are currently stable, 

but exhibit early indications of undercutting.  No significant grading or removal of mature trees greater 

than 8” dia required; these techniques include: 

 Live staking 

 Placement of coir logs or facine bundles 

 Brush matting 

 Small stone gabions 

 Log vanes 

The construction cost is $200 per linear foot of stream centerline. 

Type 3 Planting- Intense stream bank work proposed for areas with deeply incised channels, vertical and 

or undercut banks and mature trees that are in danger of falling.  The cost per foot assumes the cost of 

Type 1 work at $200/foot plus additional cost for tree removal, grading and replacement tree plantings. 

Some of the key assumptions are: 

 Every 100 feet of bank requiring grading will take down five trees with an average dia of 18”; or 

90 total caliper inches. Replacement trees are priced as 4” dia hardwoods at $400 each. This is 

$88 per foot for replacement trees. 

 Grading cost is based on a three man crew with small excavator with a production rate of 1,000 

feet per week. 

Total cost of Type 3 work is $550 per linear foot of stream centerline. 

For Measures 13b and 13c, each measure has the following planting cost estimate: 
Type 1 Cost: 420 LF x $200/ LF = $84,000 
Type 3 Cost: 420 LF X $550 /LF = $231,000 
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