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Executive Summary

In the Orange Creek Basin, three streams in urban Gainesville, Sweetwater Branch, Hogtown Creek, and Tumblin Creek are designated by the Florida Department of Environmental Protection (FDEP) as Impaired Waters due to elevated levels of fecal coliform. To satisfy section 303(d) of the Clean Water Act (CWA), the FDEP adopted TMDLs in the basin in 2003.  TMDLs, which are adopted by rule, establish the maximum amount of specific pollutants that a waterbody can assimilate while maintaining its designated uses.  Class III waters, such as those in the Orange Creek Basin, must have suitable water quality for recreational use and for the propagation and maintenance of a healthy, well-balanced population of fish and wildlife.

TMDLs have been developed for fecal coliform in Sweetwater Branch, Hogtown Creek, and Tumblin Creek.  The Orange Creek Basin TMDL stakeholders (e.g., Alachua County Environmental Protection Department [ACEPD], Alachua County Health Department [ACHD], City of Gainesville Public Works Department [COGPWD], Florida Department of Transportation [FDOT], and Gainesville Regional Utilities [GRU]), in conjunction with the FDEP, have developed a Basin Management Action Plan (BMAP) to implement the TMDLs for fecal coliform.  “Hot spot” areas have been identified in these watersheds.  These are locations that consistently exceed State criterion for fecal coliforms bacteria. However, further investigation is necessary to identify the potential sources and make recommendations regarding additional diagnostic measures and methods that could be used to help find and eliminate sources, and reduce contamination.  Prior to the preparation of this report, historical data collected by the Orange Creek Basin TMDL stakeholders was evaluated to include trend analyses and possible correlations with water quality parameters, and one-on-one informational interviews with the stakeholders were conducted.  This Summary Report reflects information compiled and documented by the Orange Creek Basin TMDL Stakeholders as of February 20, 2008.  The Summary Report documents what activities each stakeholder has done or is doing, the results of the activities, and a sufficiency of effort (i.e., whether the management actions will adequately address the potential sources of fecal contamination). 

This evaluation indicates that sources of fecal contamination in the Sweetwater Branch, Hogtown Creek, and Tumblin Creek watersheds are both animal and human-related. More specifically, the main sources (not listed in order of importance) appear to be: 1) existing private and public utility infrastructure; 2) On Site Treatment and Disposal Systems (OSTDS); 3) wildlife; and (4) stormwater (as a conveyance system for non-point sources).  Potential additional (human and nonhuman) sources include homeless camps, domesticated animals and illicit discharges.  
Based on microbial source sampling and testing by the ACEPD and GRU utilizing conventional indicators (i.e. fecal coliforms, enterococcus) and advanced genetic analysis for human markers (Human Polyoma virus, Human Enterococcus, and Human Bacteriodes), a significant portion of fecal coliform contamination appears to be from animal sources as determined from the average results across the three TMDL impaired urban creeks
 (i.e., it may not be possible to meet the creek fecal coliform TMDLs).  However, it is possible that a greater amount of fecal coliform contamination at the priority “Hot Spots” (see Figure E-1) may be from human sources (these are all the stakeholder selected priority hot spots in the Gainesville area – initial focus will be on fecal coliform TMDL impaired creeks).  Therefore, the stakeholders will utilize this report to implement a coordinated program to find and eliminate human-related sources of fecal contamination in these watersheds to reduce overall fecal contamination.  The reason for this is that the stakeholders may be able to prioritize resources and actually reduce the fecal coliforms in the urban creek basins from human sources.  In addition, the report information also will be integrated into the continued efforts to reduce both domesticated animal and possibly wild animal fecal contamination sources.  Of note, to address the dog related source, the ACEPD and the Gainesville Clean Water Partnership continues public outreach efforts including signs and television spots to encourage residents to clean up after their animals.  Also ACEPD, GRU, ACHD, and GCPW are investigating microbial hot spots in the Gainesville stormwater system and working to find sources that may by contributing to elevated creek fecal coliforms levels.  
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Figure E-1. Locations of Eight Microbial “Hot Spots” within the Gainesville Urban Area
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1.0 Introduction and Background
In the Orange Creek Basin, three streams in urban Gainesville, Sweetwater Branch, Hogtown Creek, and Tumblin Creek are designated by the Florida Department of Environmental Protection (FDEP) as Impaired Waters due to elevated levels of fecal coliform.  To satisfy section 303(d) of the Clean Water Act (CWA), the FDEP adopted TMDLs in the basin in 2003. TMDLs, which are adopted by rule, establish the maximum amount of specific pollutants that a waterbody can assimilate while maintaining its designated uses.  Class III waters, such as those in the Orange Creek Basin, must have suitable water quality for recreational use and for the propagation and maintenance of a healthy, well-balanced population of fish and wildlife.

TMDLs have been developed for fecal coliform in Sweetwater Branch, Hogtown Creek, and Tumblin Creek. The Orange Creek Basin TMDL Stakeholders (e.g., Alachua County Environmental Protection Department [ACEPD], Alachua County Health Department [ACHD], City of Gainesville Public Works Department [COGPWD], Florida Department of Transportation [FDOT], and Gainesville Regional Utilities [GRU]), in conjunction with the FDEP, have developed a Basin Management Action Plan (BMAP) to implement the TMDLs for fecal coliform.  “Hot spot” areas have been identified in these watersheds; however, further investigation is necessary to identify the potential sources and make recommendations regarding additional diagnostic measures that could be used to help identify sources and reduce contamination.  Prior to the preparation of this report, historical data collected by the Orange Creek Basin TMDL Stakeholders were evaluated to include trend analyses and possible correlations with select water quality parameters, and one-on-one informational interviews with the Stakeholders were conducted.  This Summary Report generally reflects information compiled and documented by the Orange Creek Basin TMDL Stakeholders as of February 20, 2008, but also includes additional information compiled into May 2009.
The Summary Report documents activities each stakeholder has done or is doing, the results of the activities, and a determination of sufficiency of effort (i.e., whether the management actions will adequately address the most likely sources of fecal contamination). It must be noted that the spatial extent of this report covers the three watershed boundaries of Sweetwater Branch, Hogtown Creek, and Tumblin Creek.  The Waterbody Identification (WBID) boundaries of these watersheds were used for extracting data, and include Sweetwater Branch (WBID 2711), Hogtown Creek (WBID 2698), and Tumblin Creek (WBIDs 2718 A/B/C) (Figure 1-1).
The sections in the report provide the following information.

· Section 1 provides background information on typical sources of fecal coliform and assessment techniques. 
· Section 2 discusses the analyses performed on data compiled and from Alachua County.

· Section 3 provides an assessment of potential contributing sources in the Sweetwater Branch, Hogtown Creek, and Tumblin Creek watershed.  
· Section 4 provides a summary of the potential sources of fecal contamination in each watershed.  
· Section 5 provides a description and preliminary evaluation of management actions, including a determination of sufficiency of effort.  
· Section 6 provides a detailed assessment of hot spot areas including recommended management actions
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Figure 1-1.  General Location Map of Orange Creek Basin: Hogtown Creek, Sweetwater Branch, and Tumblin Creek Watersheds
1.1 Problem to be Addressed and Purpose
The problem to be addressed in this report is the contamination of waterbodies with microbiological indicators of fecal contamination. Indicator organisms, such as Escherichia coli (E. coli) and Enterococcus spp. (enterococci), found in the gastrointestinal tract of humans as well as warm-blooded and some cold-blooded animals (Harwood et al. 2000, 2005), have been used for over a century to warn of a fecal contamination risk in water and food.  These organisms, along with enteric pathogens, are shed in feces that can contaminate surface and ground waters.  Microorganisms from fecal sources that enter waters used by the public can pose a health threat, whether the water is utilized as a drinking water source or for recreation such as fishing or swimming, though the typical use/exposure for the Gainesville urban creeks is wading or more likely secondary contact.  
In order to effectively reduce fecal contamination to waterbodies, the sources of such contamination must be identified so that appropriate remediation techniques can be applied. A weight-of-evidence approach, including data analysis in conjunction with background knowledge of the watershed and area land use patterns, is used in this document to assess the contribution of various potential sources to water bodies impaired by high levels of fecal coliform bacteria.  The determination of contributing sources within urban creek areas is particularly important with respect to fecal microbial exceedances because the measured indicators often do not readily discriminate between human, livestock, domesticated animals (i.e., pets, dogs, cats, etc.), and wildlife sources.  In addition, because pathogens from human sources present the highest potential for infection, identification of the type of source affects the evaluation of risk.  As a result, attempts at source identification are critical to achieving the end goal of implementing action to improve water quality and protect human health.
1.2 Background on Typical Sources of Fecal Coliforms
Fecal contamination results from the input of untreated fecal material from humans, other warm-blooded animals, and some cold-blooded animals into the waterbody.  It has been noted that under certain circumstances there is a potential for bacterial persistence in the sediments; however, the original input of fecal contamination into the environment is via contributions from other sources.  Potential sources can be recognized through a detailed site assessment. The site assessment begins with the compilation and review of existing information [preferably Geographic Information System (GIS) data] about the WBID, including but not limited to: land use cover and classification, historical sampling data, public and private infrastructure, and recorded incidents such as sanitary sewer overflows (SSOs). Once all pertinent information has been overlaid with the WBID, potential sources may be apparent and can be field-verified (depending on source). Probable sources may include:
· Wastewater infrastructure (private and public);

· Septic tanks;

· Wildlife and Domesticated Animals  and/or
· Stormwater collection system

· Specific land uses (e.g., cattle farms, aquaculture, marinas, dog parks, homeless camps).

In many waterbodies, inputs of fecal coliform contamination stem from a combination of human, wildlife, and domestic animal sources.  It is also important to note, that upon entering the environment it is possible for fecal bacteria to persist in the sediments for an unspecified length of time under certain environmental conditions (Davies et al. 1995, Anderson et al. 2005, Mallin et al. 2007).  When there is no obvious probable source of fecal pollution, a more exhaustive search is required.  The background information collected for the impaired waterbody should be supplemented with a thorough field examination.  In some cases, more advanced techniques may be deemed appropriate as part of the field examination. Once combined, visual inspections, sampling results, and historical data generally suggest potential sources of fecal contamination.  The results from this study will be used to develop a set of management and monitoring actions for the basin, as well as for pilot study at one of the “hot spot” areas (Elizabeth Creek).
Based on the GRU Tracking and Investigating Microbial Sources in Gainesville Urban Creeks Final Report, the ribotyping analysis of water samples for the complete study is shown in Figure 1-2, and presents the averages of possible fecal coliform sources (human / animal by species) for all the creeks combined and separately for Tumblin, Sweetwater and Hogtown creeks (CH2M HILL & Biological Consulting Services of North Florida 2007).  Appendix G, Exhibit 7 provides a breakdown for the Gainesville urban creeks at each sample location. 
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Figure 1-2.  Results of Ribotyping Analysis of Water Samples for the Complete Study and the Creeks

1.2.1 Centralized and Private Sewage Infrastructure and Overflows
The centralized (public) and private sewer systems may contribute fecal coliform pollution to the environment through the slow and continuous leakage of sanitary sewer infrastructure, treatment failure in wastewater treatment plants (WWTPs), and SSOs.  SSOs are releases of untreated sewage into the environment, and are generally prohibited under the CWA. Common causes of SSOs may include: 1) heavy rainfall resulting in the inflow of stormwater or infiltration of ground water into sewer lines; 2) breaks or blockages in sewer lines due to aging infrastructure or accumulation of grease; and 3) malfunctioning equipment and pumps (possibly due to power failures).  General information regarding SSOs can be found on EPA’s website (http://www.epa.gov/npdes/sso/control/). Analysis of SSOs can be a useful tool for example, if there are repeated SSOs at the same location, indicating failing infrastructure such as repeated lift station failures or broken piping.   
Underground sanitary sewer pipes can leak.  When ground water levels are low or the pressure in the sanitary sewer pipes is greater than the surrounding pressure of ground water, wastewater in the sanitary sewer pipes can exfiltrate out through leaks in the pipes into the surrounding ground water and potentially migrate to adjacent surface waters.  When ground water levels are high, ground water surrounding the pipes can infiltrate into leaks in the sanitary sewer pipes.  Surface water associated with flooding also can inflow into the sanitary sewer pipes when stormwater pipes are connected illegally to the sanitary sewer pipes.  In addition, surface water and/or ground water can inflow into 
the sanitary sewer pipes when the caps are off sanitary sewer laterals, or when there are holes in the sanitary sewer pipe.

A study in California (Brown & Caldwell 2005) confirmed that high water tables do not usually result in the exfiltration of sewage from pipes or couplings into ground water.  Rather, as indicated above, ground water is more likely to infiltrate into the collection system.  Some studies suggest that the transport of sewage and fecal coliform bacteria into ground water depends on many factors, with one of the largest being the difference in hydraulic head between the sewage in the pipe and the ground water table.  According to a recent EPA study, “The occurrence of exfiltration is limited to those areas where sewer elevations lie above the ground water table.  Since ground water elevations near surface water bodies are typically near the ground surface, sewers near surface water bodies generally are below the ground water table, and infiltration (rather than exfiltration) will dominate the mode of sewer leakage in these areas” (Amick & Burgess 2000).  It is important to note that the majority of the study area has a relatively high ground water table and the wastewater collection system (WWCS) pipes along the urban creeks are typically below the water table and water levels in the creeks.  Figure 1-3 shows the GRU WWCS infrastructure in the urban creek basins and stakeholder priority hot spots. 
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Figure 1-3.  GRU WWCS Infrastructure in the Creek Basins and the Priority Hot Spots 

The private WWCS may also contribute fecal pollution to the environment via lift station failure, infrastructure leakage, and SSO incidents.  Generally speaking, regulation, inspection, and monitoring of private systems are extremely limited; therefore, issues regarding these systems may not always be reported or properly remedied.  For example, GRU has reported that many apartments within the Gainesville area have an onsite private WWCS and pump stations that have been recognized as a major problem within the community (personal communication, Paul Davis, July 30, 2008).  Furthermore, data provided by GRU and FDEP indicate that there are a total of 24 private lift stations within the Orange Creek Basin (Sweetwater Branch [4], Hogtown Creek [9], and Tumblin Creek [11]).  Figure 1-4 shows the private collection systems in the urban creek basins and the priority hot spots. 
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Figure 1-4.  Private Collection Systems in the Urban Creek Basins and the Priority Hot Spots
1.2.2 On-Site Sewage Treatment and Disposal Systems

On-site sewage treatment and disposal systems (OSTDS) consist of a septic tank and a subsurface wastewater infiltration system, or drainfield, where most of the drainfield occurs in the soil above the water table.  The drainfield and underlying soils are the most critical components of septic tank systems for treatment of wastewater. 
A failing septic system is considered to be one that is not functioning in a sanitary manner and which may result in the transport of untreated or partially treated wastewater to surface waters. Failure of OSTDS can be due to a number of causes, including unsuitable soil conditions, improper design and installation, or inadequate maintenance practices. Improperly functioning septic systems are recognized as a significant contributor of pollutants, including microbiological pathogens (Nicosia et al. 2001, McDowell et al. 2005). These failing systems may result in obvious sanitary nuisances such as ponding on the ground and runoff into surface waters and less conspicuous nuisances, including the leaching of untreated wastewater into ground water.  Figure 1-5 shows the OSTDS’ in the urban creek basins and the priority hot spots (not field verified). 
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Figure 1-5.  OSTDS in the Urban Creek Basins and the Priority Hot Spots (not field verified)
1.2.3 Land Uses
Land use cover and classification data, when overlaid with the WBID boundaries, can be used to determine potential sources of fecal contamination. Certain land uses are likely to impact microbial loading to surface waters, including agricultural activities and marinas. Runoff from agricultural areas containing animals (e.g., livestock grazing, dairies, cattle farms) can contribute a significant amount of fecal contamination to surface waters. Although the identification of potential sources may seem like an obvious exercise, the initiation of remedial measures may not be undertaken without further testing and “proof” of the contamination source.  This project includes creeks in urban Gainesville, where most land uses are residential, commercial, conservation, and industrial.  Other uses of land in the Gainesville urban watershed are homeless encampments identified in areas surrounding surface waters.  These encampments are transient in nature and therefore, their degree of contribution to the fecal problem is not easily identifiable.  The locations of some of the encampments are shown in figures in Chapter 3 of this report.  
1.2.4 Municipal Separate Stormwater System (MS4)

Stormwater, including that which is transported via the stormwater collection system, may carry various pollutants including fecal contamination and should be considered as a potential source of bacterial pollution.  There is a possibility for various sources to contribute to the stormwater collection system, including polluted stormwater.  For example, stormwater infrastructure that regularly parallels or crosses sanitary sewer lines increases the risks of cross-connections which may contribute sewage into the stormwater collection system.  Illicit connections (e.g., direct connection of septic systems to stormwater conveyance systems) to the stormwater system can also introduce contaminants into the stormwater system.  In addition, wildlife that may inhabit or frequent stormwater conveyance systems may also be a source of bacterial contamination to the stormwater collection system.  Furthermore, the persistence and likelihood for re-growth of indicator bacteria in sediments allows stormwater conveyance systems, especially those underground, to act as reservoirs for contamination that periodically result in the influx of high levels of bacteria to receiving waters (Anderson et al. 2005, Brownell et al. 2007).  Fecal contamination may not always originate from within the stormwater conveyance system; however, as it serves to convey and discharge potentially polluted stormwater into waterbodies, it may be considered as a potential contributor to fecal contamination.  Figure 1-6 shows the Gainesville stormwater collection system and the priority hot spots in the urban creek basins.
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Figure 1-6.  Gainesville Stormwater Collection System and the Priority Hot Spots in the Urban  Creek Basins 
1.3 Fecal Contamination Thresholds

Water quality standards are based upon the use of a lake, stream or river (e.g., for drinking water, shellfishing, or recreation) and set specific water quality criteria to safely achieve that function.  Under the CWA Section 304(a), the EPA is required to publish water quality criteria that accurately reflect the latest scientific knowledge for the protection of human health and aquatic life.  The EPA’s Ambient Water Quality Criteria for Bacteria -1986 was developed for the protection of waters designated for recreational uses (EPA 1986). Epidemiological studies conducted by the EPA demonstrated that for fresh water, E. coli and enterococci are better suited than previously used indicators for predicting the presence of pathogens that cause illness, and that for marine waters, enterococci are most appropriate (EPA 2002). The FDEP, however, uses fecal coliforms for regulating water quality and has adopted Criteria for Surface Water Quality Classifications [Chapter 62-302.530, Florida Administrative Code (FAC)] (Table 1-1).
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Table 1-1  FDEP-adopted Criteria for Surface Water Quality Classifications [Chapter 62-302.530] (http://www.dep.state.fl.us/legal/Rules/shared/62-302/62-302.pdf)
1.4 Available Assessment Techniques

Assessment and direct identification of sources of fecal contaminants is confounded by many variables inherent in the use of indicator organisms for monitoring and by variables in the dynamics of microbial populations in various substrates and environmental conditions.  As a result, there is no single method able to determine the extent, severity, and causes of pathogen contamination.  Field sampling was not done as part of this report, however a synthesis of data collected from previous sampling efforts (including ambient monitoring and special projects) is included.  Data collection and analysis from Orange Creek Basin stakeholders (predominantly ACEPD and GRU) include field reconnaissance, conventional testing methods for fecal coliform bacteria as well as use of alternative indicators and Microbial Source Tracking (MST). 
1.5 Project Components

The “Evaluation of Fecal Coliform Bacteria ‘Hot Spots’ in Gainesville Urban Creeks (Orange Creek Basin)” project consists of multiple components, including data collection efforts, site visits, and the development of reports.
1.5.1 GIS Data Collection

Geographic Information System (GIS) files were collected from each of the Orange Creek Basin TMDL stakeholders to use in the assessment of potential sources. Table 1-2 provides information on GIS data collected to date. 
1.5.2 One-on-One Interviews

Past experience has demonstrated that one-on-one interviews with key stakeholder staff are invaluable sources of knowledge regarding water quality problems and potential sources of fecal contamination. PBS&J conducted such meetings with City of Gainesville, ACEPD, GRU, and ACHD.  Knowledge gained through these meetings is described in Sections 2-5. 

1.5.3 Project Workshop

A Project Workshop with FDEP and the Orange Creek Basin stakeholders was held on February 20, 2008 at the GRU office.  The purpose of the Workshop was to present information compiled during the data collection efforts and facilitate discussion concerning: (1) an evaluation and review of the data collection/analysis efforts and results, (2) ideas regarding the identification of the most likely potential sources, and (3) logistics/suggested targeted areas for the watershed tour. As part of this Workshop, a “maps on the table” exercise was conducted using maps created from the GIS data collection effort (described above).

The Workshop began with a presentation from PBS&J that discussed the status of the initial screening process, including the GIS data collection efforts, one-on-one interviews, and development of the Draft Summary Report.  The data analysis, assessment of potential sources, and management actions described in this report were presented to the group.

The Workshop culminated with the “maps on the table” exercise where the Workshop participants (FDEP, PBS&J, and Orange Creek Basin stakeholders) were asked to collectively ‘brain-storm’ about potential problem areas, share anecdotal information not captured on the GIS layers, and spatially locate areas of concern as well as those that should be visited during the watershed tour (Section 1.5.4) on the maps.  The maps provided to the group included aerial images and infrastructure and land use information; all maps included ACEPD sampling stations as points of reference. The results from this exercise are incorporated into the assessment included in Sections 3-5 of this report.

Table 1-2.  GIS Data Collected from Orange Creek Basin Stakeholders
	Source Entity 
	Data Layer Content

	ACEPD

	
	Sampling stations

	
	SSO Events

	
	Illicit Discharge events

	
	Facilities and recreation parks

	
	Wastewater Treatment Plants 

	GRU

	
	Sanitary sewer infrastructure

	
	Private lift stations / service areas

	City of Gainesville

	
	Storm sewer infrastructure

	ACHD

	
	OSTDS Inventory and Creek Study impact areas

	University of Florida

	
	Storm sewer and sanitary sewer infrastructure


1.5.4 Watershed Tour

A project area “watershed tour” was held March 5, 2008 for FDEP, PBS&J, and Orange Creek Basin Stakeholders.  The tour was led by Stacie Greco, ACEPD, and consisted of a combination of windshield surveys and field verification/exploration.  The tour started at the headwaters of each of the three watersheds (Hogtown, Sweetwater, and Tumblin) and continued downstream for each, with stops at areas designated ‘of interest’ at the Project Workshop (described above; see Figure 1-7).  This effort had four main objectives: 
· Confirm tributary characteristics;

· Verify land use and current ideas of potential sources in each watershed;

· Elicit any additional information from participants; and

· Improve the overall understanding of the characteristics of each watershed.

Information resulting from this exercise is included in Sections 3-5 of this report.

1.5.5 Summary Report
As described in Section 1.0, this Summary Report includes a synthesis of the information collected from the Orange Creek Basin TMDL Stakeholders as well as the data analyses and assessments conducted on existing watershed data.  The Summary Report documents activities each stakeholder has done or is doing, the results of the activities, and a determination of sufficiency of effort (i.e., whether the management actions will adequately address the most likely sources of fecal contamination) of the activities. 

Three iterations of the Draft Interim Summary Report have been prepared and submitted to FDEP and the Orange Creek Basin Stakeholders for review on February 12, 2008, May 29, 2008 and April 17, 2009.  Comments on the Draft Report are addressed in this Final Summary Report. 
1.5.6 Implementation Strategy for Phase II

Information obtained from the overall “Evaluation of Fecal Coliform Bacteria ‘Hot Spots’ in Gainesville Urban Creeks (Orange Creek Basin)” effort (i.e., all components described in Section 1.5) will be used to develop an Implementation Strategy for Phase II, a pilot study in the Upper Elizabeth Creek watershed.  The strategy may include detailed recommendations for conducting additional diagnostic measures such as: 1) an evaluation of the area’s current infrastructure; 2) additional field assessments; and 3) supplemental fecal coliform and/or Microbial Source Tracking (MST) sampling to further define sources or source areas.
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Figure 1-7.  Orange Creek Points of Interest from Watershed Tour
2.0 Data Analysis
Three creeks are discussed in this report: Sweetwater Branch (WBID 2711), Hogtown Creek (WBID 2698), and Tumblin Creek (WBIDs 2718 A/B/C) (see Figure 1-1).  The following descriptions are from http://www.gainesvillecreeks.org/index.html, a website sponsored by the Gainesville Clean Water Partnership (a cooperative partnership between the City of Gainesville, Alachua County, and the FDOT; discussed in more detail in Section 5.3.1). 
The Sweetwater Branch basin encompasses approximately three square miles of central Gainesville. Sweetwater Branch flows through the Duck Pond area and the heart of downtown Gainesville, then through the Depot Avenue residential/industrial district where it is joined by Rosewood Branch near SE 10th Avenue.  Sweetwater Branch continues southeast through residential and natural areas before reaching an old landfill site.  Farther downstream, reclaimed water is discharged into the creek from the GRU Main Street Water Reclamation Facility (MSWRF).  The creek continues south of Williston Road (SR 331) and flows into Paynes Prairie State Preserve where it ultimately discharges to the Floridan aquifer via Alachua Sink.  Historically, Sweetwater Branch was a small spring-fed stream that meandered through a young Gainesville.  As the city grew, so did the need to prevent flooding, hence many segments of the creek were channelized.  Today the creek flows through highly developed residential and commercial areas in the upper and central parts of the basin.  Only a small portion of the watershed, the area south of the MSWRF and the portion of the creek that flows through Paynes Prairie, remains undeveloped.

The Hogtown Creek basin is located in the northwest and southwest quadrants of Gainesville and is one of the largest watersheds in the area, encompassing approximately 11 square miles of urban and suburban Gainesville.  A portion of the University of Florida (UF) and Gainesville High School are located within this basin. Hogtown Creek has numerous tributaries, with four of the largest being Possum Creek, Springstead Creek, Rattlesnake Branch, and Elizabeth Creek. These four tributaries all join the creek in the area between NW 39th Avenue and University Avenue.  Approximately 80% of Hogtown Creek flows through urban residential and commercial areas of Gainesville and intermittent areas of natural forest and wetland. 
The Tumblin Creek watershed, encompassing approximately four square miles of urban land, flows through south-central Gainesville to Bivens Arm Lake.  Shands at Alachua General Hospital (AGH), Tumblin Creek Park, and P.K. Yonge Developmental Research School at UF are located within this watershed.  The dominant land uses in the Tumblin Creek watershed are residential, commercial, and institutional.  The creek begins approximately 100 feet north of SW 5th Avenue and flows an estimated 1.7 miles southward into Bivens Arm Lake just west of US 441. Sources of baseflow include springs and seeps from the surficial aquifer.  The headwaters are channelized through underground concrete culverts until the stream emerges from a 60-inch reinforced concrete pipe culvert at the southern end of the Shands at AGH parking area. At the end of SW 7th Terrace, a 72-inch reinforced concrete pipe (RCP) culvert provides a second source of baseflow to Tumblin Creek. 
2.1 Analysis of Water Quality Data
Within the three watersheds of the Orange Creek Basin there are two primary types of sampling data available for analysis: ambient monitoring and high frequency/short duration (special projects) monitoring.  Ambient sampling for fecal coliform bacteria includes water samples also collected for routine analysis of nutrients and general chemical characteristics.  Ambient sampling is performed quarterly and then uploaded into FDEP’s STORET database. The high frequency/short duration sampling was done in the winter and summer, beginning December 2006/January 2007 (repeated July 2007).  High frequency/short duration monitoring is addressed in the ACEPD Report Fecal Coliform Bacteria, Fluorescent Whitening Agents, Bacteriological Indicators, and Microbial Source Tracking Studies in Gainesville’s Urban Creeks Microbial “Hot Spots” June 2004 through August 2007 (ACEPD 2008).  Also, GRU developed the GRU Tracking and Investigation of Microbial Sources (GRU-TIMS) Report (CH2M HILL & Biological Consulting Services of North Florida 2007).  This study was reviewed by the FDEP and other stakeholders before commencement and consisted of an intensive three-phased creek sampling program that incorporated conventional bacterial counts and MST techniques. 
The following analysis focuses on data collected as part of the ambient monitoring and uses data uploaded in the FDEP STORET database.  The assessment of potential sources (Section 3.0) includes information from the data analysis presented here as well as the ACEPD Report (2008) and GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007).  The data from STORET was provided to PBS&J (March 2008) to statistically analyze trends in fecal coliform abundance at stations within Sweetwater Branch (WBID 2711), Hogtown Creek (WBID 2698), and Tumblin Creek (WBIDs 2718 A/B/C).  Fifty-two ACEPD stations with a total of 906 observations were identified (Figures 2-1 2-2 2-3.  All stations were considered to be independent and data were not combined for any locations.  All stations identified in this report are ACEPD sampling stations, unless otherwise indicated. These stations are described in more detail in Appendix A (ACEPD 2008). 
Through their various sampling regimes, ACEPD and GRU have identified a total of six priority “hot spot”, or problematic areas within the Hogtown Creek (3), Tumblin Creek (1), and Sweetwater Branch (2) watersheds. Priority hot spots are defined as locations with high fecal coliforms bacteria counts that regularly exceed State criterion. The following data analysis discussion focuses on the watersheds as a whole; hot spots information is also provided throughout this report and Section 6.0 has been designated to provide a more detailed evaluation and implementation plan with a coordinated approach for investigation of the priority “hot spot” areas.  Sampling and data analysis related to “hot spot” areas are also discussed in detail in the ACEPD Report (ACEPD 2008) and the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007).  For additional summary information refer to Appendix E, F and G. 
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Figure 2-1.  Station Location Map: Sweetwater Branch Watershed
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Figure 2-2.  Station Location Map: Hogtown Creek Watershed
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Figure 2-3.  Station Location Map: Tumblin Creek Watershed
2.1.1 Summary Statistics

Statistical analyses were performed using SYSTAT® for Windows®, version 11.00.01 software.  Daily median values for all data were calculated for each station to eliminate the potential for duplicated information, an error previously reported for this dataset. The mean, median, geometric mean, minimum, and maximum values for each station were calculated over the period of record (Table 2-1, Figure 2-4).  Additionally, the number and percentage of samples exceeding the Florida limit for fecal coliform concentration (400 CFU/100mL) were determined for each of the 52 stations.  The water quality criterion for fecal coliform concentration in a Class III water body is detailed in Chapter 62-302 of the FAC and is stated as follows:

The most probable number (MPN) or membrane filter (MF) counts per 100mL of fecal coliform bacteria shall not exceed a monthly average of 200, nor exceed 400 in 10 percent of samples, nor exceed 800 on any one day. 

Due to the sampling frequency of the available data, calculation of a geometric mean based upon a minimum of 10 samples taken over a 30-day period was not possible.  Therefore, a more conservative approach was taken for evaluation, and the number and percentage of exceedances were evaluated as a single fecal coliform count of 400 CFU/100mL or greater.  

The three basins, sampled under differing regimes and often by different entities, nevertheless, exhibited similar incidences of elevated fecal coliform concentrations.  It is important to note that samples were taken under base flow conditions and elevated flow or unique conditions due to storm events, hurricanes, and SSOs (usually, differentiation made not made in the tabulated sample data sets).  Also, because storm events result in elevated fecal coliform levels, routine creek sampling was often delayed following those events.   
Within Hogtown Creek, 74.6% of samples exceeded the 400 CFU/100mL fecal coliform count (N=402), 74.6% for Sweetwater Branch (N=287), and 71.9% for Tumblin Creek (N=217).  Overall, 30 stations had exceedance percentages greater than 80%, although many of them had low sample sizes (i.e., N< 5; Table 2-1). 
Table 2-1.  Summary of Fecal Coliform Concentrations Recorded at Stations within Hogtown Creek, Sweetwater Branch and Tumblin Creek Basins.  Concentrations Expressed as CFU/100mL
	Station
	Basin
	Mean
	Geometric Mean
	N
	Minimum Obs.
	Maximum Obs.
	Start Date
	End Date
	# Exceedance
	% Exceedence

	ASHLEY 
	Hogtown Creek
	1500.00
	1500.00
	1
	1500
	1500
	9/14/2005
	9/14/2005
	1
	100.00

	ELIZARBOR 
	Hogtown Creek
	5821.25
	4335.31
	8
	790
	12300
	5/10/2006
	7/26/2007
	8
	100.00

	ELIZNW23 
	Hogtown Creek
	2752.50
	2545.00
	4
	1250
	3800
	5/10/2006
	4/26/2007
	4
	100.00

	ELIZNW7 
	Hogtown Creek
	3233.33
	2309.60
	3
	1100
	7000
	7/15/2005
	9/12/2005
	3
	100.00

	ELIZNW7DS 
	Hogtown Creek
	3437.50
	2813.59
	4
	1230
	7100
	5/10/2006
	4/26/2007
	4
	100.00

	ELIZUNIV 
	Hogtown Creek
	9000.00
	6409.38
	7
	1700
	19750
	7/15/2005
	7/26/2007
	7
	100.00

	ELIZUNIVUS 
	Hogtown Creek
	2010.00
	1749.29
	2
	1020
	3000
	9/12/2005
	5/16/2007
	2
	100.00

	GLENSP 
	Hogtown Creek
	320.00
	320.00
	1
	320
	320
	6/7/2005
	6/7/2005
	0
	-

	HOG30 
	Hogtown Creek
	359.32
	245.82
	38
	30
	2400
	6/13/2001
	9/6/2005
	10
	26.32

	HOG30US 
	Hogtown Creek
	141.67
	94.37
	3
	21
	230
	3/19/2007
	10/17/2007
	0
	-

	HOGCETRIB 
	Hogtown Creek
	154.67
	106.49
	3
	26
	258
	4/24/2007
	4/26/2007
	0
	-

	HOGEAST 
	Hogtown Creek
	4666.67
	2596.25
	3
	500
	10000
	9/6/2005
	8/28/2007
	3
	100.00

	HOGGHSN 
	Hogtown Creek
	4733.89
	2788.90
	18
	70
	13550
	6/7/2005
	7/26/2007
	17
	94.44

	HOGGHSNASH 
	Hogtown Creek
	16000.00
	16000.00
	1
	16000
	16000
	5/10/2006
	5/10/2006
	1
	100.00

	HOGNW16 
	Hogtown Creek
	2997.78
	1574.64
	36
	120
	16800
	8/25/2003
	10/17/2007
	34
	94.44

	HOGNW16S 
	Hogtown Creek
	1000.00
	916.52
	2
	600
	1400
	7/20/2004
	6/7/2005
	2
	100.00

	HOGNW19 
	Hogtown Creek
	362.00
	303.75
	5
	180
	700
	5/12/2004
	9/6/2005
	2
	40.00

	HOGNW22 
	Hogtown Creek
	5418.95
	2045.30
	57
	350
	92000
	3/15/2001
	6/21/2006
	56
	98.25

	HOGNW23 
	Hogtown Creek
	3166.53
	1301.62
	35
	120
	22000
	4/11/2001
	4/26/2007
	29
	82.86

	HOGNW45 
	Hogtown Creek
	747.21
	469.55
	38
	18
	3300
	2/7/2002
	10/17/2007
	23
	60.53

	HOGNW53 
	Hogtown Creek
	110.00
	110.00
	1
	110
	110
	5/10/2006
	5/10/2006
	0
	-

	HOGNW8 
	Hogtown Creek
	8101.07
	2073.78
	28
	330
	92000
	8/7/2003
	4/26/2007
	27
	96.43

	HOGSW2 
	Hogtown Creek
	2161.34
	887.70
	44
	99
	13000
	2/7/2002
	7/26/2007
	28
	63.64

	HOGUSRAT 
	Hogtown Creek
	3046.29
	1552.93
	7
	304
	12100
	5/10/2006
	7/26/2007
	6
	85.71

	POSNW8 
	Hogtown Creek
	687.59
	509.29
	29
	140
	3300
	8/7/2003
	4/26/2007
	17
	58.62

	RATNW12 
	Hogtown Creek
	292.50
	153.03
	4
	34
	600
	4/26/2004
	9/19/2006
	2
	50.00

	RATNW8 
	Hogtown Creek
	170.67
	168.91
	3
	138
	194
	4/24/2007
	4/26/2007
	0
	-

	RATUSHOG 
	Hogtown Creek
	2584.83
	1399.89
	12
	168
	7900
	11/3/2003
	7/26/2007
	9
	75.00

	SPSTNW13 
	Hogtown Creek
	2644.00
	1002.74
	5
	480
	11000
	9/10/2004
	6/21/2006
	5
	100.00

	ROSE331 
	Sweetwater Branch
	7900.00
	7900.00
	1
	7900
	7900
	4/14/2004
	4/14/2004
	1
	100.00

	ROSESE2 
	Sweetwater Branch
	1180.00
	1130.08
	3
	800
	1640
	5/12/2005
	9/12/2005
	3
	100.00

	ROSESE7 
	Sweetwater Branch
	36082.50
	7384.03
	4
	1530
	132000
	5/9/2006
	4/26/2007
	4
	100.00

	ROSESE9 
	Sweetwater Branch
	5252.61
	1445.62
	23
	200
	80000
	4/14/2004
	10/16/2007
	21
	91.30

	ROSEUNIV 
	Sweetwater Branch
	12905.60
	1144.94
	5
	56
	51000
	4/14/2004
	4/26/2007
	2
	40.00

	SWB331 
	Sweetwater Branch
	1018.21
	299.89
	70
	20
	13000
	3/8/2001
	10/16/2007
	27
	38.57

	SWBDPWEIR 
	Sweetwater Branch
	11300.00
	3953.97
	6
	500
	30000
	8/16/2000
	2/5/2002
	6
	100.00

	SWBLF 
	Sweetwater Branch
	659.00
	605.11
	2
	398
	920
	4/25/2007
	4/26/2007
	1
	50.00

	SWBNE10 
	Sweetwater Branch
	41569.47
	2952.42
	49
	40
	1300000
	8/16/2000
	10/16/2007
	44
	89.80

	SWBNE2 
	Sweetwater Branch
	2400.00
	2400.00
	1
	2400
	2400
	10/16/2003
	10/16/2003
	1
	100.00

	SWBNE6 
	Sweetwater Branch
	17000.00
	17000.00
	1
	17000
	17000
	2/5/2002
	2/5/2002
	1
	100.00

	SWBNW16 
	Sweetwater Branch
	4041.58
	1418.42
	19
	20
	16000
	1/15/2004
	9/12/2006
	15
	78.95

	SWBSE1 
	Sweetwater Branch
	3799.04
	1670.75
	46
	90
	35000
	8/16/2000
	7/26/2007
	38
	82.61

	SWBSE2 
	Sweetwater Branch
	1157.00
	1107.43
	4
	768
	1700
	12/9/2003
	3/23/2005
	4
	100.00

	SWBSE4 
	Sweetwater Branch
	2332.60
	1216.67
	50
	130
	24000
	6/11/2001
	10/16/2007
	45
	90.00

	SWBSE8ST 
	Sweetwater Branch
	530.00
	370.54
	3
	136
	1120
	4/24/2007
	4/26/2007
	1
	33.33

	TUM441 
	Tumblin Creek
	4462.22
	837.12
	79
	1
	92000
	9/7/1999
	10/16/2007
	52
	65.82

	TUM72DS 
	Tumblin Creek
	4613.64
	1501.43
	11
	100
	25600
	12/11/2006
	7/26/2007
	10
	90.91

	TUMPORTERS 
	Tumblin Creek
	14107.00
	564.08
	4
	52
	56000
	5/11/2006
	4/26/2007
	1
	25.00

	TUMSW11 
	Tumblin Creek
	260.00
	246.09
	3
	158
	360
	4/24/2007
	4/26/2007
	0
	-

	TUMSW5 
	Tumblin Creek
	5601.66
	2039.74
	82
	10
	54000
	9/7/1999
	10/16/2007
	73
	89.02

	TUMSW9 
	Tumblin Creek
	6026.25
	1434.67
	24
	100
	50000
	9/7/1999
	7/26/2007
	18
	75.00

	BIV331 
	Tumblin Creek
	145.36
	83.93
	14
	10
	500
	7/16/2001
	9/12/2006
	2
	14.29
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Figure 2-4.  The Geometric Mean, Maximum Observation and Number of Observations (alt. axis) for Fecal Coliform Concentrations from Stations within Hogtown Creek, Sweetwater Branch, and Tumblin Creek.  Yellow line indicates the FDEP limit for fecal concentration, 400 CFU/100mL
2.1.2 Correlative Analysis of Abiotic Data:  Physical Parameters

In addition to fecal coliform data, the ACEPD database provided additional information regarding water quality parameters (e.g., specific conductance, temperature, and nutrient constituents) measured concurrently at many of the stations.  These data were used to better characterize station-specific trends in fecal abundance.  Stations with 10 or more recorded observations (from 1999-2007) for those parameters that may assist in fecal coliform-source identification (i.e., conductivity, temperature, pH, dissolved oxygen and turbidity) were extracted from the dataset and their linear relationships with fecal coliform concentration were investigated using Pearson correlation (Tables 2-2 and 2-3).  Table 2-4 shows the coverage dates for each analysis.  
Table 2-2.  Number of Observations Per Station for Fecal Coliform Abundance (‘FECAL’; CFU/100mL), Specific Conductance ('CONDUCT.'; UMHOS/CM @ 25C), Dissolved Oxygen (‘DO’; mg/L), Temperature (‘TEMP.’; C), pH (‘pH’) and Turbidity (‘TURBIDITY’; NTU)
[image: image12.emf]Station Name Basin Fecal Temp. pH DO Turbidity Conduct.

ASHLEY  Hogtown Creek 1 0 0 0 0 0

ELIZARBOR  Hogtown Creek 8 2 2 2 5 2

ELIZNW23  Hogtown Creek 4 1 1 1 1 1

ELIZNW7  Hogtown Creek 3 0 0 0 0 0

ELIZNW7DS  Hogtown Creek 4 1 1 1 1 1

ELIZUNIV  Hogtown Creek 7 1 1 1 4 1

ELIZUNIVUS  Hogtown Creek 2 1 1 1 1 1

GLENSP  Hogtown Creek 1 1 1 1 1 1

HOG30  Hogtown Creek 38 0 0 0 0 0

HOG30US  Hogtown Creek 3 3 3 3 3 3

HOGCETRIB  Hogtown Creek 3 0 0 0 0 0

HOGEAST  Hogtown Creek 3 1 1 1 1 1

HOGGHSN  Hogtown Creek 18 3 3 3 6 3

HOGGHSNASH  Hogtown Creek 1 1 1 1 1 1

HOGNW16  Hogtown Creek 36 4 4 4 7 4

HOGNW16S  Hogtown Creek 2 1 1 1 1 1

HOGNW19  Hogtown Creek 5 2 2 2 2 2

HOGNW22  Hogtown Creek 57 10 10 10 10 10

HOGNW23  Hogtown Creek 35 3 3 3 3 3

HOGNW45  Hogtown Creek 38 12 12 12 15 12

HOGNW53  Hogtown Creek 1 1 1 1 1 1

HOGNW8  Hogtown Creek 28 1 1 1 0 1

HOGSW2  Hogtown Creek 44 11 11 11 14 11

HOGUSRAT  Hogtown Creek 7 1 1 1 3 1

POSNW8  Hogtown Creek 29 2 2 2 2 2

RATNW12  Hogtown Creek 4 0 0 0 0 0

RATNW8  Hogtown Creek 3 0 0 0 0 0

RATUSHOG  Hogtown Creek 12 3 3 3 5 3

SPSTNW13  Hogtown Creek 5 0 0 0 0 0

ROSE331  Sweetwater Branch 1 0 0 0 0 0

ROSESE2  Sweetwater Branch 3 1 1 1 1 1

ROSESE7  Sweetwater Branch 4 1 1 1 1 1

ROSESE9  Sweetwater Branch 23 6 6 6 9 6

ROSEUNIV  Sweetwater Branch 5 1 1 1 1 1

SWB331  Sweetwater Branch 70 25 25 25 28 25

SWBDPWEIR  Sweetwater Branch 6 0 0 0 0 0

SWBLF  Sweetwater Branch 2 0 0 0 0 0

SWBNE10  Sweetwater Branch 49 17 17 17 20 17

SWBNE2  Sweetwater Branch 1 1 1 1 1 1

SWBNE6  Sweetwater Branch 1 0 0 0 0 0

SWBNW16  Sweetwater Branch 19 4 4 4 4 4

SWBSE1  Sweetwater Branch 46 12 12 12 15 12

SWBSE2  Sweetwater Branch 4 1 1 1 2 2

SWBSE4  Sweetwater Branch 50 9 9 9 12 9

SWBSE8ST  Sweetwater Branch 3 0 0 0 0 0

BIV331  Tumblin Creek 14 5 5 5 5 5

TUM441  Tumblin Creek 79 21 21 21 24 21

TUM72DS  Tumblin Creek 11 0 0 0 3 0

TUMPORTERS  Tumblin Creek 4 1 1 1 1 1

TUMSW11  Tumblin Creek 3 0 0 0 0 0

TUMSW5  Tumblin Creek 82 22 22 22 25 22

TUMSW9  Tumblin Creek 24 2 2 2 5 2



Table 2-3.  Summary of Results for the Correlative Analysis of Abiotic Parameters with Fecal Coliform Abundance.  Significance was Assessed at an Alpha of 0.05.  Reported Values are Pearson Correlation Coefficients. 
[image: image13.emf]Station Basin Temp. pH Cond. DO Turbidity Comments

HOGNW22  Hogtown Creek X X X X X

HOGNW45  Hogtown Creek - - - - -

HOGSW2  Hogtown Creek X X X X X Turbidity (r=0.588, p=0.027)

SWB331  Sweetwater Branch X - - - X Turbidity (r=0.416, p=0.028)

SWBNE10  Sweetwater Branch X - X - X Temp (r=0.487,p=0.047); Turb (r=0.526,p=0.017)

SWBSE1  Sweetwater Branch - - - - X

SWBSE4  Sweetwater Branch n/a n/a n/a n/a X Turbidity (r=0.674, p=0.016)

TUM441  Tumblin Creek - - - - X

TUMSW5  Tumblin Creek X - -

-0.626

X Turbidity (r=0.596, p=0.002)

'  - ' =  Not significant

X = Not normally distributed

n/a = N<10


Table 2-4.  Sampling Dates of Stations for which Abiotic Parameters were Available for Statistical Analyses  
[image: image14.emf]Station Basin Temp. pH Cond. DO Turbidity

HOGNW22  Hogtown Creek

HOGNW45  Hogtown Creek 12.10.03 - 10.17.07 12.10.03 - 10.17.07 12.10.03 - 10.17.07 12.10.03 - 10.17.07 12.10.03 - 10.17.07

HOGSW2  Hogtown Creek

SWB331  Sweetwater Branch 10.16.03 - 10.16.07 10.16.03 - 10.16.07 10.16.03 - 10.16.07

SWBNE10  Sweetwater Branch 3.10.04 - 10.16.07 3.10.04 - 10.16.07

SWBSE1  Sweetwater Branch 10.16.07 - 9.12.06 10.16.07 - 9.12.06 10.16.07 - 9.12.06 10.16.07 - 9.12.06

SWBSE4  Sweetwater Branch

TUM441  Tumblin Creek 10.16.03 - 10.16.07 10.16.03 - 10.16.07 10.16.03 - 10.16.07 10.16.03 - 10.16.07

TUMSW5  Tumblin Creek 10.16.03 - 10.16.07 10.16.03 - 10.16.07

10.16.03 - 10.16.07


Of the nine stations exhibiting sufficient coverage (i.e., N>10), only six were ultimately examined due to a large degree of non-normality associated with these data.  This was particularly evident for records of turbidity, which included a limited number of highly turbid events spread across the period of record.  In some cases, these outliers still allowed for a statistically significant correlation to be found; however, such findings should be viewed with caution as violations of this type severely degrade our ability to define the nature of the relationship.  Although higher levels of turbidity were generally associated with high fecal coliform abundances across the sampled locations, these were generally low (< 3.7 NTU) for stations where positive trends were observed
 and may not be indicative of a stormwater source. .
A significant negative relationship was found for dissolved oxygen at station TUMSW5 between October 6, 2003 and October 16, 2007 (r=-0.628, p<0.05).  The low dissolved oxygen levels observed at this location are likely a function of the perennial surficial aquifer ground water flow from the underground portion of the MS4.  Though the data was non-normally distributed, there also appeared to be a positive relationship between fecal coliform levels and temperature at the Sweetwater Branch station SWBNE10.  However, this relationship is not indicative of any specific source of fecal contamination at this time. 
Despite these findings, broad correlations with abiotic data were not readily apparent within the dataset.  This indicates that rare, episodic events could be of primary importance in controlling fecal abundance and that, for these stations over these periods of record, no suite of abiotic parameters could viably replace fecal sampling in determining potential indicator abundance.  

2.1.3 Correlative Analysis of Abiotic Data:  SJRWMD Rainfall Data

The St. Johns River Water Management District (SJRWMD) maintains an extensive hydrologic database served by over 1,000 monitoring stations scattered throughout northeast Florida.  Proximate to the basins of interest was USGS station number 00260033 (Alachua County Fairgrounds at Gainesville).  This location had instantaneously recorded, daily rainfall totals (expressed in inches) from January 22, 1998 to April 10, 2007 and was available online at:

http://arcimspub.sjrwmd.com/website/dahds/design/index.html.  
Rainfall has been documented as an important factor in the contribution of fecal coliforms to tributaries via increased runoff (stormwater, septic failure, and/or WWTP failure; (Eleria & Vogel 2005); however, identifying a relationship between fecal coliform and rainfall data is challenging.  In locations where failing septic systems are likely to be major contributors of bacterial loading, one may expect that bacterial concentrations in tributaries would be higher in the “dry” season due to continued influx via ground water combined with a reduced potential of dilution by large volumes of stormwater runoff.  Alternatively, storms and heavy rainfall often encountered in the “wet” season may cause failure of sewer or septic systems due to power outages, excessive volumes of water, or higher water tables, leading to elevated levels of fecal pollution.  In cases where non-point sources (i.e., stormwater runoff) are suspected as the major source of bacterial loading, higher concentration levels in the “wet” season would be anticipated.  A comparison of the mean/median log-transformed fecal coliform concentrations between the “wet” and “dry” season at stations with adequate data (N≥10; Table 2-5) were analyzed.  The “wet” season was defined as June through October and the “dry” season as November through May (Winkler & Ceric 2006).  All assumptions required to complete the analysis were reviewed (i.e., normality, equal variances, and independent samples) and verified for stations RATUSHOG and HOGGHSN; therefore, the parametric comparison of means (T-test) was completed due to the normal distribution of data (Table 2-5).  The data sets at the remaining stations were non-normally distributed; therefore, a non-parametric analysis, Wilcoxon Test, was used to determine if the “wet” season was statistically different than the “dry” season (Table 2-5). Over half of the sites analyzed showed significantly (p<0.05) higher fecal coliform concentrations in the “wet” season compared to the “dry” season.  Considering the possibility for dilution during the “wet” season, it is possible that loadings observed during this time of the year were even higher than they appeared to be.
A more detailed analysis that examined the relationship between rainfall and bacterial loading was evaluated for all stations with greater than 10 observations and a temporal coverage that included the last seven years (i.e., N>10, End Date > January 1, 2000); Table 2-6.  Log- or square-root- transformed fecal concentrations were compared to daily, 2-day, 3-day, 4-day, 14-day total and 14-day maximum rainfall value (http://arcim spub.sjrwmd.com/website/dahds/design/index.html) using Pearson correlation (Table 2-6).  Only 15 of 21 stations were sufficiently normalized by data transformation (log or square-root) for at least one comparison to safely interpret the correlative results.  Only six stations resulted in significant relationships; the majority of these from upstream and midstream areas of Tumblin Creek.  A single station from Hogtown Creek revealed a relatively strong 4-day correlation (RATUSHOG; r=0.644, p<0.05).
However, evidence of a delayed synchrony between rainfall and fecal coliform concentration was by far the most common result, observed at a third of the analyzed stations.  Generally, these correlations were small (r2<0.60) and restricted to the 2-week metrics.  The time lag between rainfall and elevated levels of fecal coliform contamination suggests that sources are not contributing directly into the creeks at the stations evaluated, but are instead likely being transported by stormwater runoff or over relatively large distances via surface waters.  It is interesting to note that stations SWB331 and  TUMSW5 also demonstrated positive trends between fecal coliforms concentrations and turbidity, which may be associated with stormwater runoff and sediment suspension that occur during rainfall events.   
Table 2-5.  Sampling Dates of Stations with Adequate Sample Size for Seasonal Rainfall Analysis. *indicates stations with significantly higher rainfall in the “wet” season compared to the “dry” season (p<0.05)
	Watershed
	Station
	p-value

	Sweetwater Branch
	SWB331*
	0.0216

	Sweetwater Branch
	SWBNE10*
	0.0202

	Sweetwater Branch
	SWBNW16
	0.1712

	Sweetwater Branch
	SWBSE1*
	0.0052

	Sweetwater Branch
	SWBSE4
	0.1137

	Sweetwater Branch
	ROSESE9
	0.1162

	Hogtown Creek
	HOG30
	0.4883

	Hogtown Creek
	HOGGHSN*
	0.0074

	Hogtown Creek
	HOGNW16
	0.0506

	Hogtown Creek
	HOGNW22*
	0.0077

	Hogtown Creek
	HOGNW23
	0.1392

	Hogtown Creek
	HOGNW45
	0.1352

	Hogtown Creek
	HOGNW8*
	0.0450

	Hogtown Creek
	HOGSW2*
	0.0227

	Hogtown Creek
	POSNW8
	0.3313

	Hogtown Creek
	RATUSHOG
	0.0859

	Tumblin Creek
	BIV331
	0.1140

	Tumblin Creek
	TUM441*
	0.0173

	Tumblin Creek
	TUM72DS*
	0.0095

	Tumblin Creek
	TUMSW5*
	0.0002

	Tumblin Creek
	TUMSW9*
	0.0348


[image: image60.emf]Tumblin Creek

0.0

1.0

2.0

3.0

4.0

5.0

6.0

BIV331  TUM441  TUM72DS  TUMPORTERS  TUMSW11  TUMSW5  TUMSW9 

Station ID

Fecal Coliform [log10(CFU/100mL)]

0

10

20

30

40

50

60

70

80

90

N

Maximum Observation Geometric Mean Concentration 400 Limit N

Table 2-6.  Summary of Results for the Correlative Analysis of Rainfall Data with Fecal Coliform Abundance.  Significance was Assessed at an Alpha of 0.05.  Consult Table 2-1 for Coverage Dates
3.0 Assessment of Potential Sources

This section discusses an introduction to the types of potential sources and then discusses potential sources of each watershed individually.  

The assessment of potential sources within each watershed includes information from the ACEPD Report (ACEPD 2008) GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007), and the ACHD OSTDS Creek Study (ACHD 2006; described in Section 5.2.1.1). 
3.1 Types of Sources
Sources are broadly classified as either “point sources” or “non-point sources” (both are described below).  For purposes of this report, the term “point source” refers to discharges to surface waters that typically have a continuous flow via a discernable, confined, and discrete conveyance, such as a pipe.  In contrast, the term “non-point source” is used to describe intermittent, rainfall-driven, diffuse sources of pollution associated with everyday human activities, including runoff from urban land uses, agriculture, and silviculture; and discharges from failing septic systems.
3.1.1 Point Sources

As described above, “point sources” are discharges/inputs with identifiable points of origin.  Domestic and industrial wastewater treatment plants (WWTPs) are examples of traditional point sources, including either the facility itself or a conveyance feature of the system (pipe).
3.1.1.1 Illicit Point Source Discharges

Contamination of the stormwater drainage system and receiving waters by illegal and/or improper discharges occurs in variable ways.  Such discharges may include, but are not limited to: sanitary sewer flow; industrial process water; chlorinated pool water; grass clippings; and used oil.  Sanitary sewer flow may result from improper connections to sanitary sewage pipes, leaking and broken sewage pipes, backups and overflows of sewage conveyance systems during localized flooding, and the direct connection of septic systems to stormwater conveyance systems, thus short-circuiting treatment provided by the drainfield.  

The role of collection system influences on bacterial abundance can be further assessed by reviewing information provided on recent SSOs within the area.  As discussed in Section 1.2.1, overflows can be due to inflow of stormwater or infiltration of ground water into sewer lines resulting from heavy rainfall, breaks or blockages in sewer lines due to aging infrastructure or accumulation of grease, and malfunctioning equipment and pumps (possibly due to power failures). 

3.1.1.2 On-Site Sewage Treatment and Disposal Systems

As discussed in Section 1.2.2, OSTDS consist of a septic tank and a subsurface wastewater infiltration system, or drainfield, where most of the treatment occurs in the soil above the water table.  The drainfield and underlying soils are the most critical components of septic tank systems for treatment of wastewater.  A failing septic system is considered to be one that is not functioning in a sanitary manner and which may result in the transport of untreated or partially treated wastewater to surface waters.  These failing systems may result in obvious sanitary nuisances such as ponding on the ground and runoff into surface waters.
3.1.1.3 National Pollutant Discharge Elimination System (NPDES) MS4 Stormwater Program

The Orange Creek basin is also regulated as a Phase II Municipal Separate Storm Sewer System (MS4).  Entities with MS4 Phase II permits within the Orange Creek Basin include the City of Gainesville (FLR04E006), Alachua County (FLR04E005), Marion County (FLR04E021), UF (FLR04E067), and DOT (FLR04E018) (FDEP 2008).  These MS4 Phase II permittees are treated as point sources under the TMDL program (for more details on this program refer to the “Support Document for the 2007 Orange Creek Basin Management Action Plan” [FDEP 2008]).   
3.1.2 Land Uses and Non-point Sources

As described above, “non-point sources” include intermittent, rainfall-driven, diffuse sources of pollution associated with everyday human activities, including runoff from urban and agricultural land uses and discharges from failing septic systems.  Additional non-point sources may include areas with concentrated wildlife (e.g., bird rookeries), domestic animals (e.g., dog parks), or homeless populations.  As a result, information pertaining to land use can be instrumental in the identification of probable non-point sources of fecal pollution.
3.2 Sweetwater Branch

The Sweetwater Branch headwaters are located just north of NW 16th Avenue (Figure 2-1).  According to ACEPD (ACEPD 2008) the headwaters are primarily underground.  There is a small intermittent section that flows above ground north of NW 14th Avenue before it continues into the subsurface stormwater system until it emerges again at NE 10th Avenue.  The majority of Sweetwater Branch is contained in a single channel, with the exception of one main bifurcation where Rosewood Branch joins the main channel of Sweetwater Branch from the northeast near SE 9th Avenue.  Just east of the Springhill Park, Rosewood Branch is joined by another small tributary from the northwest (Figure 2-1).  

A hydrological classification map (Figure 3-1) [United States Department of Agriculture/Natural Resource Conservation Service (USDA/NRCS) Soil Survey Geographic (SSURGO) Database] indicates that the majority of the Sweetwater Branch watershed contains soils with both slow and high infiltration rates.  Those soils with hydrologic classifications indicating high infiltration rates could compromise the effectiveness of OSTDS in that area if there is not sufficient distance between the septic tank and the water table.  
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Figure 3-1.  Hydrological Classification Group, Orange Creek Basin

Furthermore, analysis of impervious surface, using coefficients derived from those provided in the Impervious Surface Analysis Tool (ISAT) developed by the National Oceanic and Atmospheric Administration (NOAA) Coast Services Center in partnership with the University of Connecticut, Nonpoint Education for Municipal Officials (NEMO) Project, indicates that the Sweetwater Branch basin contains predominantly <10-25% impervious surfaces (Figure 3-2).  The majority of areas with <10% impervious surface within each of the WBIDs primarily correlates with natural land usage (e.g., mixed wetlands and hardwoods).  No areas with >25% impervious surface were identified in the watershed.
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Figure 3-2.  Analysis of Impervious Surface in the Orange Creek basin, Using Coefficients Derived from Those Provided in the ISAT Developed by the NOAA Coast Services Center in Partnership with the University of Connecticut, NEMO Project
3.2.1 Point Sources

The MSWRF, located near 1600 South Main Street, is permitted to discharge approximately 7.5 million gallons per day (MGD) of advanced-treated wastewater to Sweetwater Branch. The MSWRF effluent is typically non-detect for fecal coliform and due the high level of treatment and volume of flow (dilution of creek base flow), the downstream fecal coliform levels in Sweetwater Branch are 
reduced.  The GRU John R. Kelly Generating Station, located just west of Sweetwater Branch at 605 SE 3rd Street, is also permitted to discharge approximately 0.005 MGD industrial wastewater into the surface waters of Sweetwater Branch.  There are no concentrated animal feeding operations (CAFOs), application sites for septic residuals or biosolids, or landfills permitted to discharge to Sweetwater Branch.  It is important to note that there is an old in-active landfill, adjacent to the GRU MSWRF and near station SWBLF, from which Sweetwater Branch has been eroding sediment.  The banks of the landfill were recently armored in this area as required by the FDEP to eliminate erosion of solid waste into Sweetwater Branch.  Sweetwater Branch also has a Phase II MS4 that runs throughout the basin.  
3.2.1.1 Illicit Point Source Discharges

The ACEPD is continuing a program to identify, confirm and respond to cross-contamination issues in Gainesville.  As part of this effort, the ACEPD has detected 14 potential illicit discharges to the tributaries of Sweetwater Branch (as of October 17, 2007) (Figure 3-3).  Two of these discharges, an illegal septic tank identified on October 23, 2006 just south of station ROSEUNIV on Rosewood Branch, and an SSO at the In the Pines Apartments on April 4, 2007 are related to bacterial contamination.  This event was also reported by the ACEPD as an SSO and is listed in Table 3-1.  The remaining illicit discharges were chemical (5), nutrient (2), erosion/sediment (1), and “other” (4) in nature.
3.2.1.2 Sewer Infrastructure and SSOs

The role of public and private collection systems influences on bacterial abundance in Sweetwater Branch was further assessed by reviewing information provided on SSOs within the area.    This analysis can be useful tool for example, if there are repeated SSOs at the same location, indicating failing infrastructure such as lift station failures or broken WWCS piping.  Data indicate that there are a total of 43.39 miles of public sewer lines, four GRU lift stations, as well as an unknown amount of private sewer lines and four privately-owned lift stations within the basin.  The information presented contains locations of reported sewer overflows associated with this infrastructure, as well as information on the volume of sewage believed to have been accidentally released (Figure 3-3).  Data that were analyzed for this report covered the period 2001-2007. 


[image: image17]
Figure 3-3.  SSO (January 2001-August 2007) and Illicit Discharge (August 2005-October 2007) Locations: Sweetwater Branch.  Red circles indicate illicit discharges that were identified as sources of fecal coliform
   Table 3-1.  SSOs Reported in Sweetwater Branch from 2001-2007
	Date of Overflow
	Water Reclamation Facility (WRF) that Receives WWCS Flow
	Location
	Volume
	Cause of Spill

	12/05/2001
	Main Street
	NE 2nd St. and NE 2nd Ave
	Unknown
	Grease blockage; caused wastewater to flow into stormwater system

	04/08/2002
	Data not provided
	E University Ave
	Unknown
	Line blockage; manhole overflow

	04/23/2002
	Main Street
	NE 1st Ave
	Unknown
	Crack in stormwater system manhole; wastewater leaking into stormwater manhole

	09/24/2002
	Private (In the Pines Apartments)
	205 SE 16th Ave
	Unknown
	Lift station pump failure

	06/24/2004
	Main Street
	200 NE 10th Ave
	200
	Grease blockage

	06/22/2005
	Main Street
	NW 10th Ave and NW 2nd St
	4,300
	Crack in sewer line

	06/26/2005
	Main Street
	SE 10th St and SE 8th Ave
	3,800
	Partial grease blockage

	06/26/2005
	Main Street
	SE 10th St and SE 7th Pl
	3,800
	Partial grease blockage

	09/23/2005
	Main Street
	NE 9th Ave and NE 3rd St
	125
	Partial grease blockage; release from manhole

	04/01/2007
	Private (In the Pines Apartments)
	205 SE 16th Ave; Apt 30E
	<100
	Excessive paper towels clogged drain; caused overflow at clean out


There have been a total of 10 SSOs, totaling 12,325 gallons, reported by ACEPD within the Sweetwater Branch boundaries over the seven year period (2001-2007) or 1.4 SSOs/year (Figure 3-3; Table 3-1).  Four of these incidents reported an unknown volume of sewage released; the others ranged from 100 to 4,300 gallons.  Five of the events resulted from grease-related incidents which does not represent failed infrastructure, but may be preventable through management practices. Two of the incidents occurred at privately-owned sewer infrastructure (In the Pines Apartments; Table 3-1); only one of these reported the volume of sewage released (<100 gallons). 
The occurrences of reported SSOs within the Sweetwater Branch basin were transient in nature and SSO follow up sampling protocol (upstream, downstream, point of impact), as required by the Florida Department of Environmental Protection, showed fecal coliform levels returned to background levels within days, so their contribution to the overall contamination of the watershed does not appear to be large.  The majority of sampling events, however, did not coincide with SSO incidents.  As such, it is unlikely that the reported SSOs were responsible for the consistent fecal coliform exceedances observed.  Additionally, the highest levels of fecal coliforms did not always correspond with the 10 SSO incidents reported between 2001 and 2007.  This demonstrates that other sources, such as unidentified sewer infrastructure leaks (e.g., from underground sewer mains), failing OSTDS, stormwater system inputs, illicit connections, homeless populations, domestic animals and wildlife may be contributing to the overall pollution of the Sweetwater Branch watershed.  Further investigation of these sources will be undertaken.   
The SSO detected on June 22, 2005, just west of station SWBNE10, corresponded with extreme levels of fecal coliforms at this location (108,000 CFU/100mL) while levels upstream of the spill at station SWBNW16 were lower at 640 CFU/100mL.  According to the SSO report, an intense rain event caused the spilled wastewater to be washed downstream.  Although station SWBSE4 appeared to retain some of the impact the following day, measuring 2,700 CFU/100mL, fecal coliform levels were significantly diluted farther downstream at station SWB331 which reported 720 CFU/100mL on June 23, 2005.  This dilution is to be expected at SWB331, as most of the flow (approximately 90%) at this site during base flow conditions is comprised of treated effluent from the MSWRF.  It is important to note that inoculation of the sediments following an SSO event
 or unknown infrastructure leak may lead to the persistence and likelihood of re-growth of indicator bacteria in sediments, thereby possibly allowing for an influx of high levels of bacteria to receiving waters for an unspecified duration of time (Davies et al. 1995, Anderson et al. 2005, Mallin et al. 2007).  There is currently no data pertaining to the persistence of bacteria in the sediments following an SSO incident in the Sweetwater Branch basin, but the episodic nature of the events (1.4 SSOs per year), and the fact that a typical storm event causes significant increases in creek fecal coliform levels, reported SSOs do not appear to be the cause of the persistently elevated coliforms in the creek.    
Similar patterns suggesting an upstream source that is transported downstream are commonly observed in the Sweetwater Branch basin.  A prime example, though not the result of a reported SSO event, took place on August 11, 2004 in the vicinity of station SWBNE10 when fecal coliform levels reportedly reached 12,160 CFU/100mL.  Farther downstream the same day, at stations SWBSE1 and SWBSE4, documented levels reached 15,000 and 3,160 CFU/100mL, respectively.  It should be noted that the effects of Tropical Storm Bonnie, which made landfall on St. Vincent Island, Florida on August 12, 2004, were likely apparent at this time (see Section 3.2.2.2). This trend of transport was also evident on August 12, 2003 after a 2-day cumulative rainfall event of 0.78 inches (not a reported SSO event) when fecal coliform levels observed at station SWBSE1 were reported at 35,000 CFU/100mL and those downstream at station SWB331 reached 13,000 CFU/100mL.  Curiously, on the same day, station SWBNE10, located upstream, reported fecal coliform concentrations of 17,000 CFU/100mL, indicating that there are likely multiple sources contributing to Sweetwater Branch.  It is also important to note that during the 2007 sampling events, the majority of samples collected at station SWB331 exhibited lower fecal coliform concentrations compared to upstream sampling locations.  This is likely due to dilution of waters from effluent originating at the MSWRF.  This was most noticeable in August 2007 when fecal coliforms at station SWB331 measured 770 CFU/100mL and that of upstream stations ranged from 1,400 to 19,400 CFU/100mL, signifying that upstream sources likely impact this sampling location but that the original contributions are likely being diluted by the GRU MSWRF as they are transported downstream. 
Visual evidence of private sanitary sewer infrastructure as a potential source of fecal coliform contamination in Sweetwater Branch was indicated by the observation of a private cleanout pipe for a lateral wastewater line with its cap removed between University Avenue and NE 10th Avenue (ACEPD 2008).  Evidence of a recent release of wastewater was observed at that time.  Although the ACEPD worked with the homeowner and GRU to have the pipe repaired, similar incidents are possible in this area, suggesting that further attention should be given to this area.  It is important to note that GRU’s Inflow and Infiltration program includes smoke testing which typically locates broken cleanouts; all that were found when the basin was last tested were corrected
.    There were also two SSOs at the in the Pines Apartments due to a lift station failure and a clogged drain; the volume of one the spills (<100 gallons) was known.  
Station SWBNE10, is located within an area characterized by older sewer infrastructure (pipes and private connections formed of vitreous clay pipes and less durable material) and sewer gravity mains that parallel and cross the creek (ACEPD 2008), further suggesting public or private sanitary sewer infrastructure as a possible source of fecal pollution. This station is a priority “hot spot”. There are other possible sources influencing this station that will be investigated, including the upgradient stormwater system, septic systems and homeless encampments.  The SWBNE10 location is where the stormwater sewer system first reappears on the surface after being mostly underground.  The stormwater sewershed continues across Main Street west to about NW 9th Street and north to about NW 23rd Avenue.  Moreover, the highest and second highest fecal coliform concentrations observed at this station on September 12, 2006 and September 14, 2006 (1,300,000 CFU/100mL and 200,000 CFU/100mL, respectively) are indicative of direct impacts of surface water with fecal pollution; however, they did not correspond to a reported SSO incident.  Samples collected upstream at station SWBNW16 on September 12, 2006 were considerably lower, though remained elevated (8,400 CFU/100mL), suggesting that contributions from another source such as sewer infrastructure leaks are occurring in areas downstream of SWBNW16 and/or in close proximity to station SWBNE10.  Furthermore, due to the abundance of GRU-owned, as well as privately-owned sanitary sewer infrastructure (e.g., sewer gravity mains, sewer force mains, lift stations) not only present, but crossing and directly adjacent to the surface waters throughout the basin, it is possible that SSOs, as well unidentified sewer infrastructure leaks (e.g., underground sewer main leaks) have historically, and continue to contribute to this pollution.  Lastly, the potential for a private and/or public sanitary sewer source is further supported by the presence of several human-specific MST markers identified by the ACEPD and GRU-TIMS study throughout the watershed (ACEPD 2008, (CH2M HILL & Biological Consulting Services of North Florida 2007), but these sources will need further investigation.
Figure 3-4 provides a graphic of all the Sweetwater Branch Basin microbial hot spots sample sites identified from the ACEPD report.   Table 3-2 and Table 3-3 provide a summary of stakeholder MST information from both the ACEPD and GRU-TIMS reports for the Sweetwater Branch and Rosewood Branch basins, respectively.  For a complete summary of all the urban creeks stakeholder MST results, refer to Appendix F of this report.  Figure 3-5 shows the GRU infrastructure and the priority hot spots in the Sweetwater Branch basin.  Figure 3-6 shows the private WWCS and the priority hot spots in the basin.  
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 Figure 3-4.  Sweetwater Branch Watershed Microbial Hot Spots Sample Sites (ACEPD 2008) 
Table 3-2.  GRU and ACEPD Sweetwater Branch Microbial Source Tracking and Septic Tank Survey Results and Interpretations by Sample Site, Appendix XIIb. (ACEPD 2008)
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	Table 3-3.  GRU and ACEPD Rosewood Branch Microbial Source Tracking and Septic Tank Survey Results and Interpretations by Sample Site, Appendix XIIc. (ACEPD 2008)
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Figure 3-5.  GRU WWCS Infrastructure and the Priority Hot Spots in the Sweetwater Branch Basin
[image: image22.emf]


Figure 3-6.  Private WWCS Infrastructure and the Priority Hot Spots in the Sweetwater Branch Basin 
It should be noted that the majority of the data from Rosewood Branch was obtained from station ROSESE9 (N=23); five or less sampling events were conducted at the remaining four sampling stations (Table 2-1).   As a result, it is difficult to determine the sources of fecal contamination contributing to Rosewood Branch.  Nevertheless, extreme levels of fecal coliforms were detected at stations ROSEUNIV (51,000 CFU/100mL), ROSESE7 (132,000 CFU/100mL), and ROSESE9 (80,000 CFU/100mL) on May 9, 2006.  It is possible that fecal contamination from multiple localized sources contributed to the pollution of Rosewood Branch after rainfall (1-day 0.11 inches, 4-day total 0.29 inches), though it is likely that the bacteria levels detected downstream (at ROSESE9) were transported from upstream sources.  Interestingly, the only Sweetwater Branch station (SWBNE10) sampled on May 9, 2006 is in the upstream portion of the basin and is not impacted by contributions from Rosewood Branch but also resulted in extreme levels of fecal coliforms (140,000 CFU/100mL), suggesting that there are likely multiple sources contributing to Rosewood Branch.  Unfortunately, no samples were collected on this date at the Sweetwater Branch stations south of the Rosewood Branch and Sweetwater Branch confluence and therefore the potential impacts of fecal contamination originating from Rosewood Branch could not be determined.  Nonetheless, samples collected in 2007 suggest that Rosewood Branch periodically contributes to the fecal pollution of Sweetwater Branch as indicated by higher fecal coliform concentrations in 8 of 10 sampling events at the most downstream Rosewood Branch station, ROSESE9, compared to station SWBSE4, located south of the Rosewood Branch and Sweetwater Branch confluence.   
The trend of transport indicates that the main channel of Sweetwater Branch is also responsible for the impacts observed below the confluence with Rosewood Branch; however, upstream contamination does not always coincide with that detected farther downstream (i.e., at station SWB331).  For example, on March 23, 2005, fecal coliform concentrations reached 9,200 CFU/100mL at station SWB331 when samples taken at stations farther upstream (stations SWBSE2, SWBNE10, SWBNW16) were all under 1,200 CFU/100mL.   In instances when peaks below the confluence cannot be explained by levels upstream on Sweetwater Branch, the source of pollution can either be local to the downstream portion of Sweetwater Branch or it can originate along Rosewood Branch.  In the March 23, 2005 example, levels detected at station SWBSE4 (1,400 CFU), located just below the confluence with Rosewood Branch and upstream of station SWB331, indicate a local source in the downstream portion of Sweetwater Branch.  Homeless population’s immediately surrounding station SWB331 may be a localized source of fecal contamination in this area.
Evidence for impacts of sanitary sewer infrastructure along Rosewood Branch includes the occurrence of a SSO on June 26, 2005 just south of station ROSESE7 that released 3,800 gallons of sewage into a nearby ditch; however, sampling data at Rosewood Branch stations did not correspond to the SSO incident.  Although it was reported that the leak was absorbed within the ditch before reaching surface waters of the creek, contamination likely remained in the ditch sediments and may have been transported to surface waters during the next rainfall.  It is important to note that sediments provide ultraviolet (UV) radiation protection and key nutrient sources (carbon, nitrogen, and phosphorous) that allow bacteria to grow and survive, and thus may become reservoirs for fecal bacteria (Mallin et al. 2007).  Inoculation of the sediments due to an unknown infrastructure leak, may therefore lead to the persistence and likelihood of re-growth of indicator bacteria in sediments, thereby possibly allowing for an influx of high levels of bacteria to receiving waters for an unspecified duration of time (Davies et al. 1995, Anderson et al. 2005, Mallin et al. 2007).   Inoculation and persistence within the sediments may also be attributed to other sources (e.g., stormwater events, animals, OSTDS, and homeless populations) as well. 
As with the main channel of Sweetwater Branch, the presence and location of the sanitary sewer infrastructure in Rosewood Branch, including a GRU lift station adjacent to the creek north of station ROSESE7 and a private lift station in close proximity to surface waters north of station ROSE331, suggests that SSOs, as well as unidentified sewer main leaks, could contribute to the contamination of this tributary.  However, GRU lift stations are monitored continuously by a Supervisory Control And Data Acquisition System (SCADA) which utilizes a 24-hour automatic call-out system.  GRU staff are notified by the system when problems arise and respond quickly to those situations.  Furthermore, the presence of a total of eight  human-specific MST markers at stations ROSE331 and ROSESE9 (ACEPD 2008, CH2M HILL & Biological Consulting Services of North Florida 2007) lends support to potential human inputs.  Therefore, all possible sources will need to be investigated further by the stakeholders, starting with the priority hot spots.  
3.2.1.3 On-Site Sewage Treatment and Disposal Systems

According to ACHD, there are nine parcels on OSTDS that are adjacent to Sweetwater Branch. As a result of the ACHD OSTDS Creek Study (ACHD 2006; described in Section 5.2.1.1), seven OSTDS were identified with significant potential for adverse impact to the creek, and two were identified with confirmed impact (Figure 3-7). As explained in Section 5.2.1.1, the designation of “significant” does not necessarily mean ‘failing’ (failing would be classified as ‘confirmed’); the term “significant” implies that the systems do not meet current codes (e.g., for setbacks and separation to wet season water table) and could potentially be contributing to fecal contamination.  One of the ‘confirmed impact’ parcels had a straight pipe discharge to the creek, and has since been remedied (connected to sewer).  The other system with confirmed impact was pumped out, but is still classified as ‘significant’ because it does not meet current codes (for setbacks and separation to wet season water table).
The seven parcels identified with significant impacts are located between stations SWBSE4 and SWBLF, downstream of the Sweetwater Branch and Rosewood Branch confluence.  Although a comparison between these stations would be ideal to clarify the potential for OSTDS-related impacts in this area, this evaluation is not currently possible due to an insufficient amount of data at station SWBLF.  Given that the locations of these areas are directly adjacent to the creek, it is likely that failing septic systems contribute to bacterial contamination in the receiving waters in this portion of the watershed.  OSTDS are likely not a predominant source; however, as the most elevated levels of fecal coliforms are reported farther upstream.  
There was also a significant impact area identified by ACHD on Rosewood Branch, just south of station ROSESE2.  Moreover, in 2006, ACHD identified and required property owners to repair a faulty septic system at Rosewood branch (ACEPD 2008).  These data indicate that septic systems may play a role in the fecal contribution of Rosewood Branch.  Further investigation by the stakeholders will be necessary to confirm the fecal coliform sources in the basin.    Figure 3-8 shows the OSTDS (not field verified) and the priority hot spots in the basin.
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Figure 3-7.  ACHD Study of OSTDS Parcels Adjacent to Sweetwater Branch 
[image: image24.emf]
Figure 3-8.  OSTDS and the Priority Hot Spots in the Sweetwater Branch Basin (not field verified)
3.2.2 Land Use and Non Point Source

3.2.2.2 Land Uses

The spatial distribution and acreage of different land-use categories in the Sweetwater Branch basin were identified using the 2004 land-use coverage data from SJRWMD (Figure 3-9).  The land-use legend is located in Appendix B.  Sweetwater Branch is a highly-urbanized watershed with predominant land uses including medium-density residential communities and commercial areas; high-density residential areas are not typically adjacent to the surface waters.  South of the confluence of Sweetwater Branch and the Rosewood tributary, land uses shift to include more abundant wetlands and upland forests that border the creek.  

Due to the amount of impervious surface (10%-25%) associated with residential and commercial land uses in the more northern reaches (north of SE 13th Avenue) of the basin, there is an increased potential for stormwater runoff to impact surface waters in this section of the watershed (Figure 3-2; Figure 3-9).  In addition, assuming that 40 percent of households have one dog (Tyler 2006), there is a higher potential for impacts of domestic animals in this portion of the basin.  According to observations made during a wildlife survey of Sweetwater Branch (ACEPD 2008), animal tracks, dog walkers, and evidence of use by a transient community were identified along portions of the creek between SE 1st Avenue and NE 10th Avenue; however, there were no reports of scat or human waste found in this area. Transient populations have also been identified in areas: 1) upstream, directly surrounding station SWBNW16 where a small segment of the creek surfaces from underground and forms ditches in the area between NE 14th Avenue and NE 16th Avenue; 2) in the immediate vicinity of station SWBSE4; 3) from SE 2nd Street south to SE 1st Street; 4) along the creek from the MSWRF to just south of station SWB331; and 5) directly south of the SE 16th Avenue and SE Williston Road intersection. More wildlife tracks and few incidents of animal scat in addition to an abundance of trash were observed along Rosewood Branch during this survey (ACEPD 2008).  Despite these observations, the relative potential for continual impacts related to non-human (e.g., wildlife) sources are higher in the most southern portion of the watershed due to the nature of the land use in this area.  It is also possible that wildlife inhabit more urban areas of the watershed and live in or frequent areas in close proximity to surface waters as indicated by wildlife surveys described above.  Episodic, highly-elevated levels of fecal coliform contamination, however, like those evident at station SWBNE10, are more indicative of a human-specific source, at times originating in the upstream portion of the watershed. As mixed wetland hardwoods form a boundary around the surface waters of Sweetwater Branch and Rosewood Branch, there is a potential for wildlife sources to contribute to the fecal contamination in these locations.  Furthermore, human-specific MST markers were not detected at stations ROSESE7, ROSEUNIV, and SWB331 indicating that wildlife may be a primary contributor in these areas.  It is possible that wildlife that inhabit urban areas and that live in or frequent areas adjacent to surface waters contribute to the contamination at ROSESE7 and ROSEUNIV.  
The relatively high potential for a human-related source in the northern region of Sweetwater Branch is supported by the detection of several human-specific MST markers at stations north (i.e., SWBNE10, SWBSE1, SWBSE8ST, ROSE331, and ROSESE9) of the confluence with Rosewood Tributary (ACEPD 2008).  Although human-specific results were obtained at station SWBLF, located south of this union, these markers, were not evident farther downstream at station SWB331 (but may be diluted by treated effluent from the MSWRF).  It must be noted that despite the lack of human-specific markers observed at station SWB331, an episodic human source, as indicated by the nature of reported fecal coliform levels from 2001-2007, may still be possible in this area as the ACEPD 2007 MST study only characterizes this site for the three days during which the sampling occurred.  According to ACEPD, a landfill exists upstream adjacent to the MSWRF and near station SWBLF.  Sweetwater Branch was eroding the banks of the landfill; however, the banks have since been armored in response to FDEPs requirement to eliminate erosion of solid waste into Sweetwater Branch (see Section 3.2.1, above). 
Results from the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007) corroborate the findings above. MST data indicated that the following stream reaches showed evidence of human fecal contamination:
· Sweetwater Branch near station SWBSE8ST at SE 8th Avenue south (Figure 2-1)
· Rosewood near station ROSESE7 to confluence with Sweetwater Branch
For a detailed analysis of the MST sampling and results, please refer to the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007), and Appendix E, F and G of this report.
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Figure 3-9.  Land Use Classification (SJRWMD 2004): Sweetwater Branch
3.2.2.2 Non-point Sources

The persistence and likelihood for re-growth of indicator bacteria in sediments allows stormwater conveyance systems, especially those underground, to act as reservoirs for contamination that periodically result in the influx of high levels of bacteria to receiving waters (Anderson et al. 2005, Brownell et al. 2007).  Stormwater infrastructure within the Sweetwater Branch watershed is extensive and regularly parallels or crosses sanitary sewer lines, increasing the potential for cross-contamination. Although closed conveyances are common throughout the basin, open-channel systems are also widespread in the watershed. 

Seasonal Evaluation

Although the private and public sanitary sewer system and septic systems have been identified as potential point sources of fecal coliform bacteria, non-point sources are considered to be potential sources of bacterial loading as well.  Rainfall has been documented as an important factor in the contribution of fecal coliforms to tributaries due to increased runoff (stormwater, septic failure, and/or WWTP failure) (Eleria & Vogel 2005). 

The Sweetwater Branch watershed has an increased potential for stormwater runoff in the northern portion of the basin, where industrial and residential land uses were classified.  Considering that stormwater runoff (1) comprises the “headwaters” of Sweetwater Branch; (2) primarily runs underground and through culverts before reappearing at NE 10th Avenue; and (3) that closed conveyances can act as reservoirs for bacterial contamination; it is a likely source of fecal coliform contamination identified at the most upstream locations (i.e., stations SWBNW16 and SWBNE10).  There were also significantly higher fecal coliform concentrations observed during the “wet” season compared to “dry” season (Table 2-5).  However, no significant correlations were observed between fecal coliform concentrations and detailed rainfall analysis at these locations.  Station SWB331 was the only Sweetwater Branch sampling location that resulted in a significant, though weak, correlation with rainfall (14-day, p=0.292; 14-day Max, p=0.257) and also showed significantly higher fecal coliform concentrations in the “wet” season compared to the “dry” season.

Despite the lack of significant rainfall correlations at station SWBNW16, there appears to be a trend between elevated levels of fecal coliform contamination and total rainfall.  For example, the highest concentrations of fecal coliforms recorded (16,000 and 13,000 CFU/100mL) were on March 10, 2004 and April 14, 2004, respectively.  For twelve days prior to the March peak, there was a cumulative rainfall of 0.04 inches, 0.03 inches of which occurred on March 9, 2004.  Similarly, for 26 days prior to the April peak, there was a cumulative rainfall of 1.14 inches, 0.11, and 0.94 inches of which occurred on April 12 and 13, 2004, respectively.  In contrast, when fecal coliform levels were recorded below 700 CFU/100mL, there had been no rain for at least four days.  One exception to this was on October 13, 2004 when fecal coliform concentrations were recorded at 350 CFU/100mL and it had rained 0.02 inches on October 12 and 0.87 inches on October 11.  This information suggests that the observed spikes may be attributed to the recent flushing of the stormwater system comprising the headwaters of Sweetwater Branch.
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Although no statistical correlations with rainfall were shown for Rosewood Branch stations, the extreme levels of fecal coliforms detected on May 9, 2006 at stations ROSEUNIV (51,000 CFU/100mL), ROSESE7 (132,000 CFU/100mL), and ROSESE9 (80,000 CFU/100mL) occurred after rainfall (0.11 inches; 2-day total of 0.29 inches; 14-day total of 0.47 inches).  No rainfall was recorded 10 days prior to May 8, 2006; therefore, it is possible that the high concentrations of fecal coliforms were the result of stormwater flushing accumulated fecal pollutants from surrounding areas and drain systems into the surface waters at Rosewood Branch.  Figure 3-10. shows the Gainesville stormwater collection system and the priority hot spots in the Sweetwater Branch basin with possible homeless encampments.  
Figure 3-10.  Gainesville Stormwater Collection System and the Priority Hot Spots in the Sweetwater Branch Basin with Possible Homeless Encampments
Hurricanes of 2004

A striking, though not surprising, decrease in fecal coliform levels over time after hurricane events was apparent during the 2004 hurricane season (Figure 3-11). This pattern is most obvious at station SWBNE10 where a decrease in reported concentrations of fecal coliforms (12,160 CFU/100mL on August 11, 2004 to 560 CFU/100mL on September 23, 2004) occurred sometime over the period when Tropical Storm Bonnie made landfall on St. Vincent Island, Florida (August 12, 2004). The two-day cumulative rainfall received on August 12, 2004 was 0.78 inches.  For the eight months following the peak concentration reported in August, fecal coliform concentrations remained below 2,300 CFU/100mL (and below 500 CFU/100mL for five of these months).  This pattern was interrupted on June 22, 2005 when fecal coliform levels reached 108,000 CFU/100mL as the result of an SSO reported in the vicinity on the same day.  The decrease in fecal coliform contamination levels is likely the result of rainfall-induced flushing of the watershed associated with the August storms and perhaps the September 2004 hurricanes (Frances and Jeanne).  The occurrence of a nearby SSO event may have allowed for the re-inoculation of fecal coliform pollution to the water column and sediments in Sweetwater Branch.  Overall fecal coliform levels appeared to decrease following the SSO event until May 9, 2006 when extreme levels (140,000 CFU/100mL) were detected again.  A similar trend was apparent downstream at stations SWBSE1 and SWBSE4.
Hurricanes Frances and Jeanne made landfall in Florida in September 2004 before traveling northwest to impact the northern portion of the state.  Unfortunately, there were only five samples taken from the Sweetwater Branch watershed in September, four of which were taken on September 23, 2004, between the two storms.   One sample, taken on September 29, 2004 at station SWB331, three days after landfall of Hurricane Jeanne, showed levels of fecal coliform reaching 9,750 CFU/100mL.  Six days prior, on September 23, 2004, concentrations were merely 250 CFU/100mL at this station.  Although it appears that this peak in fecal coliform contamination is related to Hurricane Jeanne, without additional spatial data, it is impossible to determine if the source originated in the northern portion of the watershed and was transported downstream or if the source was in close proximity to where the sample was obtained.  This peak may be attributed to lift station power outages during the hurricanes.  ACEPD comments lend support to this notion and indicate that numerous lift station failures and subsequent SSOs occurred during Hurricanes Frances and Jeanne (personal communication, Stacie Greco and Robin Hallbourg, March 2008).
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Figure 3-11.  Hurricane Activity and Recorded Rainfall from July 2001 to January 2006 in Alachua County
3.3 Hogtown Creek 
The headwaters of Hogtown Creek are located west of NW 13th Street, just north of NW 53rd Avenue, where the creek emerges from a 42” culvert (ACEPD 2008) (Figure 2-2).  The main channel of the creek flows southward and is characterized by numerous tributaries that join the central channel from both the east and west.  The largest tributaries are found between NW 39th Street and University Avenue and include: Springstead Creek, Rattlesnake Branch, Elizabeth Creek, and Possum Creek.  Springstead Creek extends east from the NE 11th Terrace and NE 35th Avenue intersection before merging with the main channel at the NW 35th Avenue and NW 13th Street intersection.  Rattlesnake Branch extends east to NW 12th Street and converges with the main channel just north of the NW 14th Avenue and NW 20th Street intersection.  Farther downstream, Elizabeth Creek extends east to NW 23rd Street and flows into the central channel northeast of NW 32nd Street.  Possum Creek, a separate watershed, extends just west of NW 36th Street and merges with Hogtown Creek just southeast of NW 35th Street. Hogtown Creek ultimately ends at Haile Sink in Hogtown Prairie where it recharges the Floridan aquifer (ACEPD 2008). 

A hydrological classification map (Figure 3-1) indicates that the majority of the Hogtown Creek watershed contains soils with both slow and high infiltration rates.  Those soils with hydrologic classifications indicating high infiltration rates could compromise the effectiveness of OSTDS in that area if there is not sufficient distance between the septic system drainfield and the water table. 
Furthermore, analysis of impervious surface (Figure 3-2) indicates that the Hogtown watershed contains predominantly 10-25% impervious surface.  The majority of areas with <10% impervious surface within the Hogtown Creek watershed primarily correlates with natural land usage (e.g., mixed wetland hardwoods).  No areas with >25% impervious surface were identified in the watershed.
3.3.1 Point Sources

There are no industrial or domestic wastewater facilities, concentrated animal feeding operations, application sites for septic residuals or biosolids, or landfills permitted to discharge to Hogtown Creek.  It is worth noting that the Gainesville Mall contains businesses (e.g., Lowes) that discharge stormwater into surface waters of Hogtown Creek at station HOGEAST.  Hogtown Creek also has a Phase II MS4 that runs throughout areas of the basin. 
3.3.1.1 Illicit Point Source Discharges

The ACEPD is continuing a program to identify, confirm and respond to cross-contamination issues in Gainesville.  As part of this effort, the ACEPD has detected 33 potential illicit discharges within Hogtown Creek basin (2001- September 27, 2007) (Figure 3-12).  Three of these illicit discharges are related to bacterial contamination and include: a sewage leak from a private system lateral line at Cumberland Circle in Ring Park (November 22, 2006), an SSO at the Point 23 Apartment Complex, and an illegal sewage release from a recreational vehicle (RV) at NW 6th Street (September 27, 2007).  These events were also reported as SSOs by the ACEPD and are listed in Table 3-4.  The remaining illicit discharges were chemical (11), nutrient (5), erosion/sediment (5), and “other” (10) in nature.
Table 3-4.  SSOs Reported in Hogtown Creek from 2001-2007

	Date of Overflow
	WRF that Receives WWCS Flow
	Location
	Volume
	Cause of Spill

	01/08/2001
	Main Street
	3915 NW 3rd St
	Unknown
	Leak in force main

	09/25/2001
	Kanapaha
	403 NW 23rd St
	Unknown
	Leaking lateral from gravity line to house

	03/06/2002
	Private
	2564 NW 13th St
	Unknown
	Line blockage in private collection system; overflow from manhole

	07/29/2002
	Main Street
	700 NW 12th St
	Unknown
	Line blockage; storm drain to Rattlesnake Branch

	01/09/2003
	Kanapaha 
	740 NE 23rd Ave
	500
	Broken pipe behind Ryan’s Steakhouse; release from a cleanout to an adjacent parking lot

	03/22/2003
	Kanapaha 
	300 SW 34th St
	300
	Partial grease blockage

	04/03/2003
	Data not available
	3446 W University Ave
	300
	Partial grease blockage

	06/11/2003
	Main Street
	200 SW 34th Ave
	200
	Manhole leveling bricks dropped onto the wastewater pipe

	07/30/2003
	Kanapaha
	1500 SW 34th Ave
	2,500,000
	Force main rupture

	08/26/2003
	Kanapaha
	2100 NW 11th Rd
	266,000
	Damaged pipe

	09/24/2003
	Kanapaha
	9100 NW 18th Pl
	400
	Lift station #21 inoperable for a period of time

	06/27/2004
	Data not available
	2505 NW 7th Rd
	40,000
	Ruptured water main and wastewater line failed due to a lightning strike

	10/30/2004
	Data not available
	NW 13th St and NW 39th Ave
	Data not available
	Data not available

	06/27/2005
	Kanapaha
	3458 W University Ave
	675
	Partial grease blockage

	07/07/2005
	Kanapaha
	Data not available
	35-50
	Partial grease blockage

	06/21/2006
	Main Street (Point 23 Apartments)
	740 NE 23rd Ave
	<500
	Grease blockage

	07/31/2006
	Private (Septic System)
	1553 NW 45th Ave
	Unknown
	Faulty installation of septic tank without drainfield

	11/22/2006
	Private
	Data not available
	Unknown
	Broken lateral line

	02/24/2007
	Private (Creek Edge Condos)
	1810 NW 23rd Blvd
	Unknown
	Grease blockage

	04/09/2007
	Private
	740 NE 23rd Ave
	100
	Grease blockage


3.3.1.2 Sewer Infrastructure and SSOs

The role of collection system influences on bacterial abundance in Hogtown Creek was further assessed by reviewing information provided on recent SSOs within the area.    This analysis can be a useful tool for example, if there are repeated SSOs at the same location, indicating failing infrastructure such as lift station failures or broken WWCS piping.  Data indicate that there are a total of 128.04 miles of public sewer lines, nine GRU lift stations, as well as an unknown amount of private sewer lines and nine privately-owned lift stations within the basin.  The information presented contains locations of reported sewer overflows associated with this infrastructure, as well as information on the volume of sewage believed to have been accidentally released.  Data that were analyzed for this report covered the period 2001-2007.
There have been a total of 21 SSOs, totaling 2,809,025 gallons, reported by ACEPD (2001-2007) over this seven year period or 3 SSO/year within the Hogtown Creek boundaries (Figure 3-12; Table 3-4).  Eight of these incidents reported an unknown volume of sewage released; the others ranged from 50 to 2,500,000 gallons.  Of these events, seven resulted from grease-related incidents and six were caused by ruptured, leaky, and/or broken sewer lines/mains.  Four of the incidents occurred at establishments with privately-owned sewer infrastructure; only three of these reported the volume of sewage released (500, 300, and 100 gallons; Table 3-4).  The source of one private SSO incident was identified as a septic system (Table 3-4).
The occurrences of reported SSOs within the Hogtown Creek basin were episodic in nature and SSO follow up sampling protocol (upstream, downstream, point of impact), as required by the Florida Department of Environmental Protection, conducted by GRU showed fecal coliform levels returned to background levels within days; therefore the reported SSOs 
unlikely contributed to the overall contamination of the watershed.  Also, the majority of the sampling events did not coincide with SSO incidents.  As such, it is unlikely that the reported SSOs were responsible for the consistent fecal coliform exceedances observed within the basin.  Additionally, the highest levels of fecal coliforms at all stations did not correspond with the seventeen SSOs incidents reported between 2001 and 2007.  This demonstrates that other sources, such as unidentified sewer infrastructure leaks, failing OSTDS, stormwater system inputs, illicit discharges, homeless populations, domestic animals and wildlife may be contributing to the overall pollution of the Hogtown Creek watershed; therefore, these sources need to be investigated further.  
A 2,500,000 gallon SSO event occurred on July 7, 2003 at 1500 SW 34th Street and was due to a force main rupture (Figure 3-12).  As an excessive amount of sewage was spilled adjacent to Hogtown Creek, this incident likely impacted surface waters. Unfortunately, no data were available at surrounding sampling stations on or around that date.  Interestingly, extreme elevated levels were observed several weeks later (August 14, 2003) in surface waters upstream from the July SSO event at stations HOGSW2, (7,900 CFU/100mL), HOGNW8 (92,000 CFU/100mL), and farther upstream at HOGNW22 (92,000 CFU/100mL), and a gravity pipeline determined damaged by erosion from a rain event in Rattlesnake Branch was identified and repaired, and Hogtown Creek fecal coliforms returned to background levels.  It is important to note that rainfall (1-day total, 0.12 inches, 4-day total, 0.46 inches) may have also influenced the abundance of fecal coliforms on this sampling date (August 14, 2003). 

[image: image27]
Figure 3-12.  SSO (January 2001-August 2007) and Illicit Discharge (August 2005-October 2007) Locations: Hogtown Creek Watershed.  Red circles indicate illicit discharges that were identified as sources of fecal coliform contamination.  A black circle represents the location of the 2,500,000 SSO (July 7, 2003)
The abundance of GRU-owned, as well as privately-owned sewer infrastructure (e.g., sewer gravity mains, sewer force mains, lift stations) not only present, but crossing and directly adjacent to the surface waters throughout the basin, suggest that the SSOs described above, as well as sewer infrastructure leaks (e.g., from underground sewer mains) may contribute to fecal coliforms in the creek.  It is also important to note that a sewer line crossing an unnamed tributary of Rattlesnake Branch appeared to have pink bacterial growth during a ACEPD tributary survey conducted between July 17, 2007 and August 6, 2007 (ACEPD 2008). Water samples collected by ACEPD staff near the sewer line resulted in fecal coliform levels of 19,900 and 9,900 CFU/100mL, indicating a possible leak from the sewer line.  When GRU was subsequently notified and the site was investigated by GRU and ACEPD staff, it was determined that the sewer line was not leaking and there was neither a sewage odor or grey water at the pipe (personal communication, Paul Davis, July 30, 2008); which was verified by follow up ACEPD fecal coliform sampling.  It is also pertinent to note that there was a homeless encampment just upstream from this site.  Although this camp may have been displaced by the construction of the University House Apartments when the sampling event occurred, homeless may remain in the riparian areas at this location.  
It is possible that unknown sewer line leaks impact the water quality of Hogtown Creek, resulting in elevated levels of fecal coliforms.  There are other possible fecal coliform sources as well that will also have to be investigated, as these include upgradient stormwater system inputs, homeless populations, OSTDS, domestic animals and wildlife.  Lastly, the potential for human related fecal coliform source(s) is further supported by the presence of several human-specific MST markers identified by the ACEPD throughout the watershed (ACEPD 2008).

It is possible that fecal contamination could be contributed by the sanitary sewer system located along Rattlesnake Branch and Elizabeth Creek and may impact the water quality of Hogtown Creek. Both watersheds are characterized by an old WWCS and lateral lines run along Rattlesnake Branch where sewage odors are often reported by citizens (ACEPD 2008).  It is important to note though, that intermittently, in areas adjacent to the gravity WWCS; there can be sewage odors without wastewater being released.  Further attention should be given to all potential sources, beginning with the priority hot spots.   
Figure 3-13 provides a graphic of all the Hogtown Creek Basin hot spots sample sites identified from the ACEPD report.  Table 3-5 provides a summary of stakeholder MST information from both the ACEPD and GRU-TIMS reports for the basin.  Figure 3-14 provides a graphic of all the Elizabeth Creek Basin microbial hot spots identified from the ACEPD report.  Table 3-6 provides a summary of stakeholder MST information from both the ACEPD and GRU-TIMS reports for the Elizabeth Creek basin.  For a complete summary of all the urban creeks stakeholder MST results, see the Appendix F of this report.  Figure 3-15 shows the GRU infrastructure and the priority hot spots in the Hogtown Creek basin.   Figure 3-16 shows the private collection systems with the priority hot spots. 

[image: image28.emf]
Figure 3-13.  Hogtown Creek Basin Microbial Hot Spots Sample Sites (ACEPD 2008)
Furthermore, Rattlesnake Branch and Elizabeth Creek have may have both been impacted by reported SSOs, which occurred in close proximity to their respective surface waters. One SSO took place on September 24, 2003 at Rattlesnake Creek and reported 400 gallons of spilled sewage.  Another event (40,000 gallons) occurred on June 27, 2004 at Elizabeth Creek (2505 NW 7th Road) and resulted from a lightning strike that cracked a high pressure water main which subsequently damaged a gravity line (personal communication, Paul Davis, July 30, 2008).
Table 3-5.  GRU and ACEPD Hogtown Creek Microbial Source Tracking and Septic Tank Survey Results and Interpretations by Sample Site, Appendix XIId.  (ACEPD 2008)
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Figure 3-14.  Elizabeth Creek Watershed Microbial Hot Spots Sample Sites (ACEPD 2008)
Table 3-6.  GRU and ACEPD Elizabeth Creek Microbial Source Tracking and Septic Tank Survey Results and Interpretations by Sample Site, Appendix XIIg. ACEPD (2008)
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Figure 3-15.  GRU WWCS Infrastructure and the Priority Hot Spots in the Hogtown Creek Basin 
[image: image33.emf]


Figure 3-16.  Private WWCS Infrastructure and the Priority Hot Spots in the Hogtown Creek Basin 
Both baseflow and stormflow monitoring at ACEPD stations in these tributaries have resulted in extreme levels of fecal coliforms (ACEPD 2008).  These tributaries are therefore likely to have a direct impact on the main channel of Hogtown creek.  The potential impact from Rattlesnake Branch is demonstrated by the high levels of fecal coliforms reported at station HOGNW22 located downstream of the confluence of Rattlesnake Branch and the main channel.  July 2007 data at station HOGSW2, show considerably lower fecal coliform levels compared to those upstream along Elizabeth Creek (i.e., ELIZUNIV and ELIZARBOR), which may indicate that fecal pollution at this site is originating from Elizabeth Creek.  It should be noted that the lower levels within Hogtown Creek may also be due to a dilution effect as surface waters from a small branch to the west merge with the main channel of the creek just north of station HOGSW2.  In addition, human-related sources of contamination in the Rattlesnake Branch and Elizabeth Creek watersheds are corroborated by the detection of human-specific MST markers as well as weak positive signals for fluorescent whiting agents (FWAs)  in these areas (CH2M HILL & Biological Consulting Services of North Florida 2007, ACEPD 2008).
Although there were no SSOs reported to impact the downstream segment of Possum Creek within the Hogtown WBID boundaries, several incidents have occurred in the midstream segments of Possum Creek near Thornbrook Village in response to a repeatedly damaged GRU sewer pipe by an electrical contractor.  For example, sewage from SSOs has been reported to spill into a stormwater retention pond that discharges into Possum Creek.  The pattern of elevated levels of fecal coliforms appears to correspond with the spatial trend in reported SSOs.  For instance, bacteria concentrations greater than 1,000 CFU/100mL are rare at the most downstream station, POSNW8 while higher concentrations (>4,000 CFU/100mL) have been observed at upstream locations. Therefore, although the potential exists for fecal coliforms originating from human-related sources at upstream Possum Creek stations to be transported into Hogtown Creek, they appear to be somewhat diluted before reaching surface waters of the main channel. However, the upstream SSO events were episodic in nature and SSO follow up sampling protocol (upstream, downstream, point of impact), as required by the Florida Department of Environmental Protection, conducted by GRU showed fecal coliform levels returned to background levels within days, so their contribution to the overall contamination of the watershed does not appear to be the primary source.   However, human-specific MST markers at upstream (POSNW16 and POSNW36DR) and downstream (POSNW8) stations show positive results for more than one marker (some double hits of human-markers), but these results were somewhat inconsistent 
in a comparison of the TIMS and the ACEPD MST watershed work.   Table 3-7 provides a summary of stakeholder MST information from both the ACEPD and GRU-TIMS reports for this basin. Sources throughout this area will need to be investigated further, as a specific hot spot location has not been delineated.    
3.3.1.3 On-Site Sewage Treatment and Disposal Systems

According to the ACHD, there are 25 parcels on OSTDS adjacent to Hogtown Creek. As a result of the ACHD OSTDS Creek Study (ACHD 2006; described in Section 5.2.1.1), 20 OSTDS were identified with significant potential for adverse impact to the creek, two were identified with minor potential, and ACHD was not able to gain access to the remaining three OSTDS (Figure 3-17). Approximately 50% (10) of “significant” parcels are located in the northern portion of the Hogtown Creek watershed, with 25% in the central portion, and 25% in the southeast portion of the watershed. As explained in Section 5.2.1.1, the designation of “significant” does not necessarily mean ‘failing’; the term “significant” implies that the systems do not meet current codes (e.g., for setbacks and separation to wet season water table), and could potentially be contributing to fecal contamination.
Table 3-7.  GRU and ACEPD Possum Creek Microbial Source Tracking and Septic Tank Survey Results and Interpretations by Sample Site, Appendix XIIe. ACEPD (2008) 
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Additionally, near sampling station HOGNW45, a reported illicit discharge (July 31, 2006) was the result of a faulty septic tank installation (without a drainfield), which caused sewage runoff to impact surface waters of the creek.  Although this has been remedied, it is located in the northern portion of the watershed (near the parcels designated as “significant” discussed above) and may have contributed to the overall septic-related fecal pollution in that portion of the watershed.
Available data for the upstream portion of Hogtown Creek where significant OSTDS impact areas were identified were limited to those samples collected from 2002-2007.  Of the five sampling events at station HOGNW19, only two resulted in moderate exceedances (700 CFU/100mL and 540 CFU/100mL).  However, elevated levels of fecal coliforms (>800 CFU/100mL) were observed during numerous sampling events at station HOGNW45.  Given that the designated OSTDS impact areas are directly adjacent to the creek, and that fecal coliform exceedances have been observed at downstream sampling locations, it is likely that failing septic systems have contributed to bacterial contamination in the receiving waters in this portion of the watershed.  Upstream portions of the creek also utilize sanitary sewer and therefore it is possible that both OSTDS and sanitary sewer are contributing to the fecal loading in that area of Hogtown Creek.  
It is also important to note that “significant”, though smaller, OSTDS impact areas were identified at two separate tributaries of Rattlesnake Branch; at the intersection of NW 19th Avenue and NW 7th Street, and the NW 17th Avenue and NW 7th Street intersection.  Fecal coliform levels did not exceed 600 CFU/100mL at stations (RATNW12 and RATNW8) located upstream of the OSTDS impact areas; however, levels at downstream stations RATUSHOG and HOGUSRAT frequently surpassed 1,000 CFU/100mL.  These data indicate that fecal pollution is entering Rattlesnake Branch between RATNW8 and HOGUSRAT station locations and signifies that OSTDS are a potential contributing source.  Sanitary sewer gravity mains parallel and cross either above or below Rattlesnake Branch surface waters and should be considered as a possible source of contamination at this location.  Further investigation by the stakeholders will be necessary to determine the fecal coliform sources in the basin.    Figure 3-18 shows the OSTDS (not field verified) and the priority hot spots in the basin.  Refer to Appendix F for MST results summary of the Rattlesnake Branch.
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Figure 3-17.  ACHD Study of OSTDS Parcels Adjacent to Hogtown Creek
[image: image36.emf]
Figure 3-18.  Possible Septic Tank Systems (OSTDS) in the Hogtown Creek Basin and the Priority Hot Spots (not field verified)
3.3.2 Land Use and Non Point Source

3.3.2.1 Land Uses

The spatial distribution and acreage of different land-use categories in the Hogtown Creek basin were identified using the 2004 land-use coverage data from SJRWMD (Figure 3-19).  The land-use figure legend is located in Appendix B.  Hogtown Creek is a highly-urbanized watershed with predominant land uses including medium- to high-density residential communities and commercial areas high-density residential areas are primarily located at the upstream and midstream segments of the creek.  Those high-density areas located adjacent to Hogtown Creek surface waters are situated: 1) just north of station HOGNW53, south of NW 55th Avenue; 2) at NW 43rd Avenue south to NW 16th Street, west of the creek; 3) south of NW 29th Boulevard to just west of Gainesville High School; and 4) east of NW 35th Avenue extending from station HOGSW2 south to Cazabella Apartments.  Wetland areas and community recreational areas predominate on the southern portion of the basin.  

Due to the increase in the amount of impervious surface (10%-25%) associated with residential and commercial land uses from northern reaches (north of NW 53rd Avenue) to middle portion of the basin (NW 16th Avenue); there is an increased potential for stormwater runoff in this section of the watershed.  In addition, assuming that 40 percent of households have one dog (Tyler 2006), there is a higher potential for impacts of domestic animals in this portion of the basin.  According to observations made during a wildlife survey of Hogtown Creek (ACEPD 2008), numerous animal tracks, and evidence of dogs and humans were observed at the midstream portion of Hogtown Creek between station HOGNW16 upstream to station HOGNW23.  The area of the creek near station HOGNW23 may also be used by a homeless transient population (ACEPD 2008); however, there were no reports of scat or human waste found in this area.  More wildlife and human tracks, as well as trash were observed during a 100-foot survey of the confluence of Rattlesnake Branch and Hogtown Creek. ACEPD staff also identified a potential transient homeless camp during an extended survey of Rattlesnake branch to NW 12th Street.    A survey of Elizabeth Creek in the lower portion of the basin also revealed many animal tracks including domesticated cats and an observation of a dog contained in a fenced area near the creek.  A survey of an unnamed tributary just east of station HOGGHSN also revealed both human and animal tracks; moreover, during the Watershed Tour (Section 1.5.3), it was reported that a large number of cats frequent garbage dumpsters at this location.  As mixed wetland hardwoods form a boundary around the surface waters of Hogtown Creek, Rattlesnake Branch, and Elizabeth Creek, there is a potential for wildlife sources to contribute to the fecal contamination in these locations.  Furthermore, human-specific MST markers were not detected at stations HOGNW8, HOGGHSNASH, and ELIZNW7DS indicating that wildlife may be a primary contributor in these areas.  Wildlife may also be predominant contributors to the fecal contamination at stations HOG30, HOG30US, SPSTNW13, and HOGNW45. 
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Figure 3-19.  Land Use Classification (SJRWMD 2004): Hogtown Creek Watershed
Despite observations regarding animal sources, the extremely elevated (>10,000 CFU/100mL) and chronic levels of fecal coliforms observed at the midstream sampling stations (HOGNW23, HOGGHSNASH, HOGGHSN, HOGNW16, HOGNW8, and HOGNW22) and the detection of human-specific MST markers at stations (HOGNW23, HOGGHSN, HOGNW16, HOGCETRIB, HOGUSRAT, RATNW8, RATUSHOG, ELIZUNIV, ELIZNW23, ELIZARBOR, and POSNW8) (ACEPD 2008, Appendix,  XIId-XIIg) indicate that human related sources also contribute to the fecal contamination at Hogtown Creek and its associated tributaries.  These sources may be derived from OSTDS significant impact areas (section 3.3.1.3), sanitary-sewer infrastructure, (section 3.3.1.2), and improperly disposed waste from transient populations as described above.   
In contrast, fecal coliform data suggest that fecal contribution is minor in the upper reaches of Hogtown Creek from stations HOGNW53 downstream to station HOGNW19, and at the lower reaches of the basin at stations HOG30 and HOG30US.  It must be noted that a human-specific marker was detected in the upstream portion of the creek at station HOGNW53 (ACEPD 2008, Appendix XIId) and may indicate human sources.  Lower numbers of fecal coliforms at stations HOG30 and HOG30US may be attributed to land usage, which is classified by SJRWMD as predominantly mixed wetland hardwoods.  There was also a mobile home park just upstream of station HOG30, and perhaps the two exceedances (> 1,000 CFU/100mL) observed on December 12, 2003 and January 13, 2004 were due to downstream transport from the vicinity of this residential neighborhood.  This mobile home park is currently being removed. 
Results from the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007) corroborate the findings above. MST data indicated that the following stream reaches showed evidence of human fecal contamination:
· Possum Creek from NW 16th Avenue south to the confluence with Hogtown Creek

· Hogtown Creek near ACEPD station HOGNW23 at Covered Bridge south

· Rattlesnake Branch

· Elizabeth Creek
· It is also worth noting that positive human markers were observed in the upstream segments of the creek at stations HOGNW53 and HOGNW39
For a detailed analysis of the MST sampling and results, please refer to the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007).

3.3.2.2 Non-point Sources

The persistence and likelihood for re-growth of indicator bacteria in sediments allows stormwater conveyance systems, especially those underground, to act as reservoirs for contamination that periodically result in the influx of high levels of bacteria to receiving waters (Anderson et al. 2005, Brownell et al. 2007).  Stormwater infrastructure within the Hogtown Creek watershed is extensive and regularly parallels or crosses sanitary sewer lines, increasing the potential for cross-contamination.  Although closed conveyances are common throughout the basin, open-channel systems are also widespread in the watershed.  Figure 3-20 shows the Gainesville stormwater collection system and the priority hot spots in the Hogtown Creek Basin with possible homeless encampments. 
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Figure 3-20.  Gainesville Stormwater Collection System and the Priority Hot Spots in the Hogtown Creek Basin with Possible Homeless Encampments
There were only sufficient data at three Hogtown Creek stations (HOGNW22, HOGNW45, and HOGSW2) to perform correlative analyses of turbidity and fecal coliforms.  Although no significant correlations were observed, there appeared to be a positive trend between fecal coliforms and turbidity at the most downstream sampling location evaluated, station HOGSW2 (Table 2-3).  The majority of fecal coliform results at station HOGSW2 (61%) exceeded water quality criteria.  It is interesting to note that HOGSW2 is the furthest downstream location adjacent to sanitary sewer infrastructure.  Stations thereafter (e.g. HOG30 and HOG30US) are distant from urbanized areas and are classified as predominantly mixed wetland hardwoods.  Furthermore, positive human-specific MST results were observed upstream at stations along both Rattlesnake Branch, Possum Creek, and Elizabeth Creek, increasing the likelihood that fecal pollution at station HOGSW2 is originating from an upstream human source.  These data suggest that fecal coliforms at this location are due to stormwater transport of pollutants from upstream urbanized areas or from the re-suspension of potentially contaminated sediments associated with rainfall events.
Seasonal Evaluation

Although the sanitary sewer system has been identified as a potential point source of fecal coliform bacteria, non-point sources are considered to be potential sources of bacterial loading as well.  Rainfall has been documented as an important factor in the contribution of fecal coliforms to tributaries due to increased runoff (stormwater, septic failure, and/or WWCS failure, etc.) (Eleria & Vogel 2005). This may be especially true at upstream areas of the stream as it appears that stormwater comprises the headwaters of Hogtown Creek, which emerges from a 42-inch concrete pipe just north of NW 53rd Avenue.  
As described in Section 3.3.2.1, the Hogtown Creek watershed has an increased potential for stormwater runoff, primarily in the northern and mid-stream portions of the basin.  As stormwater runoff appears to comprise the “headwaters” of Hogtown Creek and runs underground and through culverts before emerging at NW 53rd Avenue, it is a likely source of fecal coliform contamination identified at the most upstream locations (HOGNW53, HOGNW19, and HOGNW45).  Sufficient data from HOGNW19 and HOGNW53 were not available to perform statistical analyses and non-normally distributed data prevented 1-, 2-, 3-, and 4-day correlations at station HOGNW45.  Nonetheless, a relatively strong relationship was identified between fecal coliform concentrations and total rainfall over a 4-day period at station RATUSHOG and a marginal relationship was observed at station HOGGHSN (p=0.054, 14-day; p=0.059, maximum rainfall amount over 14-day period) (Section 2.1.3).  There were also significantly higher fecal coliform concentrations observed during the “wet” season compared to “dry” season at station HOGGHSN (Table 2-5).  Station RATUSHOG is the most downstream sampling site on Rattlesnake Branch and is bordered by medium- and low-density residential areas.  It must be noted that higher loadings associated with rainfall at this station may be the result of failing sanitary sewer infrastructure, OSTDS, or improperly disposed waste from homeless transient populations identified along Rattlesnake Branch. The lack of correlation between fecal coliform levels and daily rainfall at this location suggests that this area may be exhibiting slightly delayed impacts due to prolonged travel time from upstream sources. Sufficient data were not available to perform analyses at station HOGUSRAT, located just upstream of the confluence with Rattlesnake Branch.  Also due to non-normally distributed data, significant correlations between rainfall and fecal coliforms could not be determined at downstream station HOGNW22. 
Station HOGGHSN is located at an unnamed tributary where numerous cats have been spotted at area garbage dumpsters and is in the immediate vicinity to private sewer infrastructure associated with the Gainesville High School.  It is therefore possible that fecal pollution originating from sewer infrastructure and feral cats is contributing to the contamination at this location.  
Hurricanes of 2004

Tropical Storm Bonnie made landfall on St. Vincent Island, Florida (August 12, 2004). A two day cumulative rainfall event of 0.78 inches was recorded on August 12, 2004.  Shortly afterwards, Hurricanes Frances and Jeanne reached the Florida coast in September 2004 before traveling northwest to impact the northern portion of the state.  There appears to be no correlation with fecal coliform concentrations and the dates at which the tropical storm and two hurricanes made landfall. This may be partially due to limited sampling data for dates on which the storms made landfall.  
3.4 Tumblin Creek

The Tumblin Creek headwaters are located around SW 5th Avenue (Figure 2-3).  According to ACEPD (ACEPD 2008) the headwaters of Tumblin Creek flow through channelized underground concrete culverts before emerging from a 60-inch culvert at Shands AGH.  The source of the headwaters appears to be comprised of a combination of stormwater and natural springs underneath Shands AGH.  The majority of Tumblin Creek flows southwest in a single channel, with the exception of a minor input contributing from the east at the headwaters, just north of SW 5th Street.  Tumblin Creek eventually merges with Bivens Arm Lake and flows out of the southern portion of the lake into Payne’s Prairie.  

A hydrological classification map (Figure 3-1) indicates that the majority of the Tumblin Creek watershed contains soils with both slow and high infiltration rates.  Those soils with hydrologic classifications indicating high infiltration rates could compromise the effectiveness of OSTDS in that area if there is not sufficient distance between the septic system drainfield and the water table.  
Furthermore, analysis of impervious surface (Figure 3-2) indicates that the Tumblin Creek watershed contains predominantly 10-25% impervious surfaces (Figure 3-2).  The majority of areas with <10% impervious primarily correlate with natural land usage (e.g., mixed wetland hardwoods).  One area with >25% impervious surface was located in close proximity to station TUM PORTERS at Depot Avenue and suggests an increase potential for stormwater runoff at this site.

3.4.1 Point Sources

There are no industrial or domestic wastewater facilities, concentrated animal feeding operations, application sites for septic residuals, or landfills permitted to discharge to Tumblin Creek.  Tumblin Creek also has a Phase II MS4 that runs throughout the basin. 
3.4.1.1 Illicit Point Source Discharges

The ACEPD is continuing a program to identify, confirm and respond to cross-contamination issues in Gainesville.  As part of this effort, the ACEPD has detected 24 illicit discharges to the tributaries of Tumblin Creek (2001- October 4, 2007) (Figure 3-21).  Four of these illicit discharges were related to fecal coliform bacteria and were identified as SSOs.  These events were also reported by the ACEPD and are listed in Table 3-8. One potential illicit connection to the storm drain from a 6-inch pipe was discovered along West University Avenue at the Seagle Building on November 2, 2005 during dry weather.  Investigation of the discharge by ACEPD determined that the discharge was ground water from an underground sump pump..  Also, an illegal intermittent discharge was reported at the La Familia Restaurant in close proximity to the creek just south of SW 16th Avenue on November 3, 2005.  ACEPED determined that paint was being discharged from an underground sump pump located in the pool house of  a nearby apartment complex.   The remaining illicit discharges were swimming pool related (2), chemical (10), nutrient (1), erosion/sediment (4), and “other" (1) in nature.
3.4.1.2 Sewer Infrastructure and SSOs

The role of collection system influences on bacterial abundance in Tumblin Creek was further assessed by reviewing information provided on recent SSOs within the area.  Data indicate that there are a total of 41.48 miles of public sewer lines, six GRU lift stations, as well as an unknown amount of private sewer lines and eleven privately-owned lift stations within the basin.  The information presented contains locations of reported sewer overflows associated with this infrastructure, as well as information on the volume of sewage believed to have been accidentally released.  Data that were analyzed for this report covered the period 2001-2007. 

There have been a total of 14 SSOs, totaling 176,650 gallons, reported by ACEPD within the Tumblin Creek boundaries (Figure 3-21), all of which occurred between December 2001 and September 2007 or 2 SSO/year over this seven year period.  Three of these incidents reported an unknown volume of sewage released; the others ranged from 150 to 110,000 gallons.  Eight of the events resulted from grease-related incidents.  It is also important to note that five of the incidents occurred at establishments with privately-owned sewer infrastructure; only one of these reported the volume of sewage released (9,000 gallons).  One private SSO was identified as a septic system overflow.
The occurrences of reported SSOs within the Tumblin Creek basin were episodic in nature and SSO follow up sampling protocol (upstream, downstream, point of impact), as required by the Florida Department of Environmental Protection, conducted by GRU showed fecal coliform levels returned to background levels within days; so their contribution to the overall contamination of the watershed does not appear to be the primary source.  Also, the majority of the sampling events did not coincide with SSO incidents.  As such, it is unlikely that the reported SSOs were responsible for the consistent fecal coliform exceedances observed.  Additionally, the highest levels of fecal coliforms at all stations did not correspond with the eleven SSOs incidents reported between 2001 and 2007.  This demonstrates that other sources, such as unidentified sewer infrastructure leaks, failing OSTDS, stormwater system inputs, illicit connections, homeless populations, domestic animals and wildlife may be contributing to the overall pollution of the Tumblin Creek watershed; therefore, these sources will need to be investigated further.  

An SSO detected on March 11, 2005, which released an estimated 110,000 gallons of sewage approximately 250 feet southwest of station TUM441 corresponded to fecal coliform sampling events three days (3,100 CFU/100mL), ten days (300 CFU/100mL) and twelve days (1,300 CFU/100mL) following the SSO incident.  It is possible that the elevated levels of fecal coliforms detected three days after the SSO event were due to the persistence of fecal contamination in the surface waters and/or sediments following the initial sewage release. A rain event (0.42 inches) that occurred during the March 23, 2005 sampling event may have suspended sediments harboring bacteria in the water column or perhaps transported sediments laden with bacterial contamination into surface waters to this location.   As mentioned previously, sediments provide UV radiation protection and key nutrient sources (e.g., carbon, nitrogen, and phosphorous) that allow bacteria to grow and survive, thus facilitating the development of reservoirs for fecal bacteria (Mallin et al. 2007).  Inoculation of the sediments following an SSO event 
or unknown infrastructure leak may therefore lead to the persistence and likelihood of re-growth of indicator bacteria in sediments, thereby possibly allowing for an influx of high levels of bacteria to receiving waters for an unspecified duration of time (Davies et al. 1995, Anderson et al. 2005, Mallin et al. 2007).  There is currently no data pertaining to the persistence of bacteria in the sediments following an SSO incident in the Tumblin Creek basin, but the episodic nature of the events (2.0 SSOs per year), and the fact that a typical storm event causes significant increases in creek fecal coliform levels, reported SSOs do not appear to be the cause of the consistently elevated coliforms in the creek.   
Patterns suggesting transport from the upper to middle reaches of Tumblin Creek are commonly observed.  Although not a result of a reported SSO event, extremely elevated levels of contamination were detected on the July 2007 sampling events throughout the basin at stations TUMSW5, TUM72DS, TUMSW9, and TUM441.  This is suggestive of multiple localized sources of similar magnitude, or more likely, the downstream transport of fecal contamination with little dilution from upstream to downstream.  For example, fecal coliform concentrations detected on July 24, 2007 during a storm event (0.09 inches) at station TUM72DS (25,600 CFU/100mL) were similarly high at downstream station TUMSW9 (21,750 CFU/100mL); bacteria levels at both sites were slightly lower at TUM441 (17,300 CFU/100mL), located considerably farther downstream.  It is interesting to note that although TUMSW5 (3-day fecal coliform average of 7,933 CFU/100mL) is located upstream of TUM72DS, higher fecal coliform concentrations were observed at TUM72DS (3-day fecal coliform average of 14,633 CFU/100mL) during all three July 2007 sampling events.   This information suggests that fecal loading occurred downstream of TUMSW5 and/or adjacent to station TUM72DS during these sampling events.  It must be noted however that station TUMSW5 has historically exhibited high fecal coliform concentrations (>10,000 CFU/100mL) and therefore, another more episodic source of contamination has potentially contributed to the fecal pollution at this station. 
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HOG30  Hogtown Creek X X X X - X

HOGGHSN  Hogtown Creek X X X -

0.461 0.454

Marginally significant at p=0.054 and p=0.059, respectively

HOGNW16  Hogtown Creek X X X X - -

HOGNW22  Hogtown Creek X X X X X X

HOGNW23  Hogtown Creek X X X X X X

HOGNW45  Hogtown Creek X X X X - -

HOGNW8  Hogtown Creek X X X X X X

HOGSW2  Hogtown Creek X X X X X X

POSNW8  Hogtown Creek X X X X - -

RATUSHOG  Hogtown Creek X X X

0.644

X X

ROSESE9  Sweetwater Branch X X X X - -

SWB331  Sweetwater Branch X X X X

0.292 0.257

SWBNE10  Sweetwater Branch X X X X - -

SWBNW16  Sweetwater Branch X X X X - -

SWBSE1  Sweetwater Branch X X X X - -

SWBSE4  Sweetwater Branch X X X X - -

BIV331  Tumblin Creek X X X X - -

TUM441  Tumblin Creek X X X X

0.253

-

TUM72DS  Tumblin Creek X X X X X X

TUMSW5  Tumblin Creek X X X X

0.299

-

TUMSW9  Tumblin Creek X X X X

0.568 0.494

'  - ' =  Not significant

Continuous rainfall data: USGS Station 00260033 (1.1.2001 - 10.7.2007)

X = Not normally distributed

n/a = N<10

[image: image65.png]


[image: image39.png]SN SR A

Illicit Discharge (ACEPD)
SSO (ACEPD)

i

8 - w Jm —y i g ‘3

: Al >,

SSO & lllicit Discharge: Tumblin Creek ._._._._._._._._. A

025 05





Figure 3-21.  SSO (January 2001-August 2007) and Illicit Discharge (August 2005-October 2007) Locations: Tumblin Creek.  Red circles indicate illicit discharges that were identified as sources of fecal coliform contamination
Table 3-8.  SSOs Reported in Tumblin Creek from 2001-2007

	Date of Overflow
	WRF that Receives WWCS Flow
	Location
	Volume
	Cause of Spill

	12/07/2001
	Main Street
	1405 SW 13th St
	150
	Broken lateral; release from behind restaurant into Creek

	01/27/2003
	Data not available
	1805 SW 13th St
	300
	Partial grease blockage

	10/27/2003
	Kanapaha
	2700 SW 23rd Terrace
	200
	Failed pump control unit at LS #168 at University Club Apartments

	01/26/2004
	Kanapaha 
	2320 SW 35th Pl
	5,000
	Grease blockage at Hickory Place Apartments

	05/05/2004
	Data not available
	1405 NW 13th St
	<1,000
	Cap broke loose from an abandoned lateral line; grease blockage was cleared

	07/07/2004
	Main Street
	800 SE 5th Ave
	25,000
	Grease blockage

	03/11/2005
	Main Street
	SW 13th St
	110,000
	Grease caused level and pump controllers at lift station to malfunction

	03/15/2005
	Main Street
	SW 5th Ave and SW 6th St
	25,000
	Grease blockage

	05/18/2005
	Private (Septic Tank)
	2603 SW 13th St
	Unknown
	Septic system overflow to stormwater system

	11/21/2005
	Main Street
	1500 SW 13th Street
	1,000
	Partial grease blockage

	02/04/2007
	Private (Tivoli Apartments)
	SW 13th St
	9,000
	Paper towels clogged the lift station and caused a release from the manhole

	02/04/2007
	Private (Szechuan Panda)
	3830 SW 13th St
	Unknown
	Grease trap overflow

	08/03/2007
	Private (Plasma Lounge/Moonshine Bar)
	7 SW 1st St
	Unknown
	Leaking cleanout behind building

	09/24/2007
	Private (Bridgewood Apartments)
	3006 SW 23rd St
	Unknown
	Grease fully blocked 8-inch pipe


Additional evidence of sanitary sewer infrastructure as a source of fecal coliform contamination in Tumblin Creek was provided by the observation of two GRU sanitary sewer manholes leaking directly into Tumblin Creek.  The manholes were located behind Joe’s Deli on US 441 and west of US 441 at a dredged channel (ACEPD 2008).  Also, a private lift station (St. Croix Apartments), located  nearby TUMSW5, has had a history of failures and may have contributed to the extreme concentrations of fecal coliforms observed at stations TUMSW5 and TUM441.  According to ACEPD, the collection system and associated discharges at St. Croix Apartments are downstream of TUMSW5, though discharges may occur at other segments of the stream as well (personal communication, Robin Hallbourg, ACEPD, June 5, 2008).  Also, areas of Tumblin Creek from station TUMSW5 downstream to TUM441 are characterized by exposed sewer lines.  If these leak, they could contribute fecal contamination directly into surface waters, though no leaks have been identified. Appendix H contains information about for GRU Operation and Maintenance (O&M) programs that eliminate and prevent WWCS leaks. 
The abundance of GRU-owned, as well as privately-owned sewer infrastructure (e.g., sewer gravity mains, sewer force mains, lift stations) not only present, but crossing and directly adjacent to the surface waters throughout the basin, suggest that unidentified and therefore, unreported, SSOs (e.g., underground sewer main leaks) may contribute to this pollution.  Lastly, the potential sources for the Tumblin priority hot spot and creek basin will need to be investigated further as these include the upgradient stormwater system inputs, illicit discharges, septic tanks and homeless populations, etc. The human source inputs are further supported by the presence of human-specific MST markers identified by the ACEPD and GRU-TIMS study in the upstream and midstream portion of the watershed (ACEPD 2008, CH2M HILL 2007).  Figure 3-22 provides a graphic of all the Tumblin Creek Basin microbial hot spots sample sites identified from the ACEPD report.   Table 3-9 provides a summary of stakeholder MST information from both the ACEPD and GRU-TIMS reports for the basin.  For a complete summary of all the urban creeks stakeholder MST results, refer to Appendix F of this report.  Figure 3-23 shows the GRU infrastructure and creek crossings in the Tumblin Creek basin.  Figure 3-24 shows the private systems in the basin.  
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Figure 3-22.  Tumblin Creek Watershed Microbial Hot Spots Sample Sites
Table 3-9.  GRU and ACEPD Tumblin Creek Microbial Source Tracking and Septic Tank Survey Results and Interpretations by Sample Site (ACEPD 2008, Appendix XIIa.) 
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Figure 3-23.  GRU WWCS Infrastructure and Pipe Crossings in the Tumblin Creek Basin and the Priority Hot Spot
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Figure 3-24.  Private WWCS Infrastructure in the Tumblin Creek Basin and the Priority Hot Spot
3.4.1.3 On-Site Sewage Treatment and Disposal Systems

According to the ACHD, there are three parcels with OSTDS that are adjacent to Tumblin Creek. As a result of the ACHD OSTDS Creek Study (ACHD 2006; described in Section 5.2.1.1), two OSTDS parcels were identified with significant potential for adverse impact to the creek; ACHD was not able to gain access to the remaining OSTDS parcel (Figure 3-25). The two parcels with potential “significant” impacts are located in the midstream section of the watershed between stations TUMSW5 and TUM441), south of 9th Road/Depot Avenue, north of SW 16th Avenue and west of US 441. As explained in Section 5.2.1.1, the designation of “significant” does not necessarily mean ‘failing’, the term “significant” implies that the systems do not meet current codes (e.g., for setbacks and separation to wet season water table), and could potentially be contributing to fecal contamination. 

Failing septic systems may contribute to bacterial contamination in the receiving waters in the middle portion of the watershed because they are located directly adjacent to the creek, and fecal coliform exceedances have been observed at adjacent and downstream sampling locations.  However, upstream portions of the creek, where extreme levels of fecal coliforms have been detected (station TUMSW5), primarily utilize sanitary sewer.  As a result, OSTDS are not likely a predominant source farther upstream. Of course it is possible that unidentified failing septic systems exist in upstream areas (e.g., directly south of station TUMSW5) and may contribute to the fecal contamination in those areas of the watershed.
Additionally, on May 18, 2005, GRU reported a septic tank overflow to a stormwater retention pond at 2603 SW 13th Street. Data are not available from nearby stations to determine the impacts to nearby surface waters. Further investigation by the stakeholders will be necessary to confirm the fecal coliform sources in the basin.    Figure 3-26 shows the possible locations of septic systems (not field verified) and the priority hot spots in the basin.
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Figure 3-25.  ACHD Study of OSTDS Parcels Adjacent to Tumblin Creek
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Figure 3-26.  Possible Septic Tank Systems (OSTDS) in the Tumblin Creek Basin and the Priority Hot Spot (not field verified)
3.4.2 Land Use and Non Point Source

3.4.2.1 Land Uses

The spatial distribution and acreage of different land-use categories in the Tumblin Creek basin were identified using the 2004 land-use coverage data from SJRWMD (Figure 3-27).  The land-use figure legend is located in Appendix B.  Tumblin Creek primarily includes residential, commercial, and institutional land uses. Residential communities are mainly characterized by low-density, single family homes and high-density apartment complexes serving UF students. The commercial property within the watershed includes mainly strip malls and restaurants and is located in the vicinity of the headwaters and the area adjacent to SW 16th Avenue and US 441. Institutional land uses include Shands at Alachua General Hospital, Tumblin Creek Park, and P.K. Yonge Developmental Research School at UF (ACEPD 2008). Industrial activities in this watershed include a mineral processing facility (operated by Florida Rock, Inc.) and Florida Concrete Recycling, Inc.

Due to the increase in the amount of impervious surface (10%-25%) associated with residential and commercial land uses located in the upstream and midstream portions of the basin, the potential for stormwater runoff to be a source of fecal coliform contamination is more likely in these sections of the watershed (Figure 3-2).  In addition, assuming that 40 percent of households have one dog (Tyler 2006), there is a higher potential for impacts of domestic animals in these portions of the basin.  This number may not be accurate, however, given that there is an abundance of student housing in the vicinity.  According to observations made during a wildlife survey of Tumblin Creek (ACEPD 2008), animal and human tracks, and evidence of use by a transient community were identified along segments of the creek between SW 5th Avenue and SW Depot Avenue, located in close to stations TUMSW5, TUM72DS, and TUMSW9; however, there were no reports of scat or human waste found in this area.  GRU also reported mattresses in a small depression north of AGH and NW 2nd Street north of the parking lot on NW 2nd Avenue and south of University Avenue, which may indicate the presence of transients (personal communication, Paul Davis, July 30, 2008.  Although episodic, highly-elevated concentrations of fecal coliforms, like those evident at station TUMSW5 and TUM441, are more indicative of a human-specific source, the low percentage (1 positive out of 13 tests;7%) of human-specific markers at TUMSW5 indicate that wildlife that inhabit urban areas in close proximity to surface waters may contribute to the contamination at this location.  Also, wildlife that potentially live in the  mixed wetland hardwoods that form a boundary around the downstream segments of the creek may contribute to the fecal contamination at station BIV331.
The relatively high potential for a human-related source in the northern and central regions of Tumblin Creek is supported by the detection of several human-specific MST markers at stations north of Bivens Arm Lake (TUMSW9, TUMSW11, and TUM441) (ACEPD 2008).  The one positive human-specific MST marker at TUMSW5 also signifies that there may be periodic human contribution at this location.  
Results from the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007) corroborate the findings above, indicating that the following stream reaches showed evidence of human fecal contamination:
· Tumblin Creek from S-100 (near station TUMSW9) upstream of the 72-inch stormwater outfall south
· It is also worth mentioning that human MST markers were detected at station TUMDEPOT
For a detailed analysis of the MST sampling and results, please refer to the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007).
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Figure 3-27.  Land Use Classification (SJRWMD 2004): Tumblin Creek Watershed
3.4.2.2 Non-point Sources

The persistence and likelihood for re-growth of indicator bacteria in sediments allows stormwater conveyance systems, especially those underground, to act as reservoirs for contamination that periodically result in the influx of high levels of bacteria to receiving waters (Anderson et al. 2005, Brownell et al. 2007).  Stormwater infrastructure within the Tumblin Creek watershed is extensive and regularly parallels or crosses sanitary sewer lines, increasing the potential for cross-contamination. Although closed conveyances are common throughout the basin, open-channel systems are also widespread in the watershed.  

There were insufficient data to perform correlative analyses of turbidity and fecal coliforms for the majority of Tumblin Creek sampling stations.  No stations showed significant correlations; however, a positive trend was observed at station TUMSW5.   Station TUMSW5 is located upstream, just south of the Tumblin Creek “headwaters”.  This trend suggests the potential transport of bacteria together with sediments from upstream underground conveyance systems comprising the “headwaters” to station TUMSW5.  The transport of sediments is important, as soil particles can adsorb bacteria colonies, thereby facilitating their survival, growth and transportation from one area to another (Gerba and McLeod 1976, LaLiberte and Grimes 1982, Marino and Gannon 1991, Davies et al 1995).  

Seasonal Evaluation

Although the sanitary sewer system has been identified as a potential point source of fecal coliform bacteria, non-point sources are considered to be potential sources of bacterial loading as well.  Rainfall has been documented as an important factor in the contribution of fecal coliforms to tributaries due to increased runoff (stormwater, septic failure, and/or WWTP failure) (Eleria & Vogel 2005).  Figure 3-28 shows the Gainesville stormwater collection system and the priority hot spots in the Tumblin Creek basin with possible homeless encampments.  

Tumblin Creek watershed has a moderate potential for stormwater runoff, primarily in the northern portion of the basin.  As stormwater runoff comprises the “headwaters” of Tumblin Creek and primarily runs underground and through culverts before reappearing at SW 2nd Avenue at Shands AGH, it is a likely source of fecal coliform contamination identified at the most upstream locations (i.e., stations TUMSW5 and TUM72DS).  Of the stations with available data to conduct robust statistical analyses with total rainfall (TUMSW5, TUM72DS, TUMSW9, TUM441, and BIV331), marginally significant relationships were only observed at stations TUMSW5, TUMSW9, and TUM441 for 14-day total rainfall; a relationship was also observed between maximum rainfall (over 14-day period) at station TUMSW9.  Most of the data could not be statistically analyzed due to non-normal distribution.  Although only a 14-day analysis of rainfall could be performed due to non-normally distributed data, the relationship between rainfall and fecal coliforms from upstream and midstream stations is evidence that stormwater is a probable source of fecal pollution in these areas of the watershed.  This is further supported by a short duration/high frequency comparison of “dry” season (January 2007) and “wet” season (July 2007) median fecal coliform results at upstream (stations TUMSW5 and TUM72DS), midstream (station TUMSW9), and downstream (station TUM441) stations, which showed levels 3 to 52 times higher during the “wet” season sampling events compared to the “dry” season sampling events (ACEPD 2008).  This is further supported by a seasonal comparison between the “wet” and “dry” season fecal coliform concentrations analyzed in this report, which showed significantly higher fecal coliform concentrations in the “wet” season at all stations with adequate data (TUM441, TUM72DS, TUMSW5, and TUMSW9) with the exception of station BIV331 (Table 2-5).  The disparity between the fecal coliform results in the “wet” and “dry” seasons throughout the watershed indicates that stormwater or other rainfall-driven sources (e.g., failing sanitary sewer or OSTDS infrastructure) may impact all segments of the creek. 
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Figure 3-28.  Gainesville Stormwater Collection System and the Priority Hot Spots in the Tumblin Creek Basin with Possible Homeless Encampments
Hurricanes of 2004

Similar to Sweetwater branch, a decrease in fecal coliform levels was apparent in the downstream segment of the watershed following storms during the 2004 hurricane season.  This pattern is most obvious at station TUM441 where a drastic decrease in reported concentrations of fecal coliforms (8,850 CFU/100mL on August 12, 2004 to 310 CFU/100mL on September 30, 2004) occurred sometime after the August 12, 2004 landfall of Tropical Storm Bonnie on St. Vincent Island, Florida.  Rainfall (reported at station 00260033 [Alachua County Fairgrounds at Gainesville]) associated with the storm corresponded with the August 12, 2004 sampling event (1-day total, 0.12 inches; 2-day total, 0.78 inches).  Following the peak concentration reported in August, fecal coliform concentrations remained below 3,100 CFU/100mL (and below 500 CFU/100mL in 18 sampling events from September 30, 2004 to April 26, 2007). This pattern was interrupted on July 24, 2007 when fecal coliform levels reached 17,300 CFU/100mL.  The significant decrease in fecal coliform contamination levels after August 12, 2004 is likely the result of rainfall-induced flushing of the watershed associated with the August storm and possibly the September 2004 hurricanes.
A similar pattern was observed at station TUMSW5.  On August 12, 2004 (Tropical Storm Bonnie landfall) levels reached 25,600 CFU/100mL.  Thereafter, bacteria concentrations remained below 3,800 CFU/100mL until May 11, 2006 when a spike of 38,300 CFU/100mL was detected.  A 0.24-inch rainfall event was recorded the day of sampling and potentially was the cause of the substantial increase in fecal coliform concentrations. However, historical rainfall events have exceeded 0.24 inches at station TUMSW5 and resulted in much lower fecal coliform concentrations (<2,000 CFU), signifying that an unidentified source contributed to the fecal contamination.  It is possible that the disparity between fecal coliform concentrations during sampling events with similar volumes of rainfall is attributed to the duration and intensity of storm events. 
Hurricanes Frances and Jeanne made landfall in Florida in September 2004 before traveling northwest to impact the northern portion of the state.  There appears to be no correlation with fecal coliform concentrations and the dates at which the two hurricanes made landfall.  This may be partially due to limited sampling data for dates on which the storms made landfall.  
The effects of storm events were also measured by ACEPD during Tropical Storm Ernesto, forecasted to reach Gainesville on August 30, 2006.  In order to characterize the affects of the storm on fecal coliform levels, ACEPD monitored station TUM441 from August 29, 2006 through August 31, 2006 (ACEPD 2008).  Fecal coliform levels detected a day prior to the tropical storm measured 1,000 CFU/100mL.  The day of the storm, fecal coliform levels dramatically increased from 2,400 CFU/100mL during the first morning sampling event (9:55) to an estimated 1,000,000 CFU/100mL during the afternoon sampling event (14:15).  Fecal coliform levels were estimated at 90,000 CFU/100mL during the last sample collected the day of the storm (15:30). The levels quickly subsided to 2,400 CFU/100mL a day after the storm on August 31, 2006.  

During the storm event, turbidity was also measured and correlated with the levels of fecal coliforms. Turbidity measured 2.09 NTU the day before the storm and peaked to 70.2 NTU at 14:15 the day of the storm, which coincided with the highest levels of fecal coliforms observed (estimated 1,000,000 CFU/100mL). These data effectively demonstrate the potential impacts of storm events on the water quality of Tumblin Creek.  
4.0 Fecal Coliform Source Assessment Summary

The information presented thus far in this report includes an overview of typical sources of fecal coliforms, and independent analysis of IWR data, and a preliminary assessment of potential sources in each watershed. This report also includes discussion of sampling and analyses by ACEPD, GRU, and ACHD. 

The purpose of this report is two-fold: (1) to synthesize data, analyses, and existing programs/management actions from each of the Orange Creek Basin Stakeholders, and (2) to provide a preliminary assessment of potential sources to guide the field reconnaissance and sampling stages of the project (Phase II). Phase II will be ultimately directed towards the identification of potential sources and recommendation of corrective actions that can be taken to reduce contamination.

4.1 Sweetwater Branch

This evaluation indicates that the potential sources of fecal contamination in the Sweetwater Branch watershed include both human related and wildlife sources.  Human related sources can include impacts from the public and private sanitary sewer system,  OSTDS, stormwater system inputs, illicit connections, homeless populations, and unknown SSOs.  Public and private sanitary sewer infrastructure are located in adjacent to the surface waters throughout the watershed.  Potential unidentified sewer infrastructure leaks from these systems may contribute to the overall fecal contamination of Sweetwater Branch.  Furthermore, SSOs from both private and public infrastructure have been reported in the watershed, though they were episodic in nature.  SSO follow up sampling protocol (upstream, downstream, point of impact), as required by the Florida Department of Environmental Protection, conducted by GRU showed fecal coliform levels returned to background levels within days, so their contribution to the overall contamination of the watershed does not appear to be large.  These range in volume (several incidents do not have reported volumes) and have mainly occurred within the northwestern reaches of the watershed.  Although the majority of these events originated in the upstream portion of the basin, their effects were observed in the southernmost region of the watershed.  Additional potential contributors of human-derived fecal pollution in this area may include impacts from isolated areas of failing septic systems and homeless populations, especially in the downstream segment of Rosewood Branch and the vicinity of station SWBSE1, respectively.  It should be noted that these additional human sources of fecal contamination may be minor relative to the potential influence from the private and public sanitary sewer system, but these sources will need to be investigated further.   
When considering (1) that mixed wetland hardwoods serve as habitat for various species of wildlife and are located in the immediate vicinity of surface waters in areas from the Rosewood Branch and Sweetwater Branch confluence south to the southern WBID boundary; and (2) that there was an absence of human MST markers at downstream station SWB331, wildlife appear to be a contributing source within these areas of the watershed.  It is also important to note that wildlife in the urban areas that live in or frequent the stream corridors may impact upstream stations; however, human-specific MST results also indicate that sources in these areas may be human-related (ACEPD 2008, Appendix XIIb).  These data indicate that wildlife sources may form a percentage of background bacterial levels in the surface waters of Sweetwater Branch, but that rare episodic extremes may be due to unidentified failing OSTDS and/or sewer infrastructure leaks. 

In addition, stormwater runoff, as a conveyance system for a variety of more specific sources of bacterial contamination, is also a potential contributor within the basin.  Moreover, there is a potential for urban stormwater runoff, and possibly associated re-growth in the underground stormwater conveyance system, to be a relatively high contributor to the fecal coliform contamination observed at station SWBNW16, and perhaps farther downstream at station SWBNE10.  Table 4-1 identifies the most likely sources of fecal contamination for each area of Sweetwater Branch.
Table 4-1.  Summary of Potential Sources of Contamination in Sweetwater Branch.  *represents hot spot areas that are discussed in more detail in Section 6.0
	Potential Sources for Further Investigation
	General Location
	Corresponding ACEPD Stations
	Weight-of-Evidence for Potential Source Identification
	Comments

	Stormwater
	NW 16th Avenue
	SWBNW16
	Stormwater

Located just downstream of underground stormwater conveyance system comprising headwaters (potential for re-growth of bacteria)

Extremely elevated levels are episodic

Evidence of correlation with rainfall
	Sanitary sewer, transient communities, OSTDS and illicit discharges may also contribute to fecal pollution in this area

	Human

Sanitary Sewer
Stormwater
	NE 10th Avenue
	SWBNE10*
SWBNE2


	Human-specific MST

Levels of fecal coliforms are chronically and moderately high with episodic extreme peaks

Sanitary Sewer
Located downstream of abundant public and private sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and/or crossing the creek

Area characterized by older sewer infrastructure
Private wastewater line observed by ACEPD with no cap

Stormwater

located immediately downstream of an underground conveyance system and vortex box (potential for re-growth of bacteria) and a positive trend between turbidity and fecal coliform concentrations was observed

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Located downstream of two SSOs that spilled a total of 4,500 gallons of sewage between 2004 and 2005

Illicit discharges and transient communities and OSTDS may also contribute to fecal pollution in this area

	Human

Sanitary Sewer


	NE 6th Avenue south to NE 5th Avenue
	SWBNE6

SWBDPWEIR
	Upstream human-specific MST

Sanitary Sewer 

Located downstream of abundant public sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek

Area characterized by older sewer infrastructure
	Located downstream of three SSOs that spilled a total of 4,625 gallons of sewage between 2004 and 2005

	Human

Sanitary Sewer

Stormwater
	University Avenue south to SE 4th Avenue
	SWBSE1

SWBSE2


	Human-specific MST

Levels of fecal coliforms are chronically and moderately high with episodic extreme peaks

Sanitary Sewer
Located downstream of abundant public sewer infrastructure (e.g., sewer mains) in close proximity to and crossing creek 

Stormwater

Located immediately downstream of vortex box (potential for re-growth of bacteria)

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Located downstream of three SSOs that spilled unknown volumes of sewage in 2001 and 2002

 Elevated levels may originate farther upstream 

Transient communities and wildlife may also contribute to fecal pollution in this area



	Human

Sanitary Sewer


	Immediately north of SE 8th Street
	SWBSE8ST
	Human-specific MST

Limited data (N=3) showing one elevated exceedance (1,120 CFU/100mL)

Sanitary Sewer

Located downstream of abundant public sewer infrastructure (e.g., sewer mains) in close proximity to and crossing creek
	

	Human

Sanitary Sewer

Wildlife
	Rosewood Branch

(Upstream)
	ROSE331

ROSEUNIV

ROSESE2


	Sanitary Sewer

Located in close proximity and downstream of public sewer infrastructure (e.g., sewer mains, lift stations)

 in close proximity to and crossing creek

Wildlife 

Human-specific MST markers were not detected (ROSEUNIV)

Wildlife that live in the urban areas and frequent stream corridors may impact these areas
	Illicit discharges and stormwater may also contribute to fecal pollution in this area

Extreme levels appear to correlate with rainfall

Abundant trash observed around surface waters

	Human

Sanitary Sewer

OSTDS

Wildlife
	Rosewood Branch

(Midstream)


	ROSESE7


	Sanitary Sewer

Located downstream of abundant public sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek
OSTDS

“Significant” septic system impact areas located adjacent to creek downstream of station ROSESE2

Illegal septic tank identified in October 2006

Wildlife

Human-specific MST markers were not detected

Wildlife that live in the urban areas and frequent stream corridors may impact this site
	Located downstream of a SSO that spilled an estimated 3,800 gallons of sewage into a ditch in 2005

Illicit discharges and stormwater may also contribute to fecal pollution in  this area

Extreme levels appear to correlate with rainfall

Abundant trash observed around surface waters

	Human

Sanitary Sewer

OSTDS
	Rosewood Branch

(Downstream)
	ROSESE9*
	Human-specific MST

Sanitary Sewer

Located downstream of abundant public sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek
OSTDS

“Significant” septic system impact areas located adjacent to creek downstream of station 

Illegal septic tank identified in October 2006


	Located downstream of a SSO that spilled an estimated 3,800 gallons of sewage into a ditch in 2005

Illicit discharges, stormwater, and wildlife may also contribute to fecal pollution in  this area

Extreme levels appear to correlate with rainfall

Abundant trash observed around surface waters

	Human

Sanitary Sewer

OSTDS


	SE 13th Avenue south to station SWBLF
	SWBSE4

SWBLF
	Human-specific MST (SWBLF)

Sanitary Sewer
Located in close proximity and downstream of abundant public sewer infrastructure (e.g., sewer mains) in close proximity to and crossing creek
OSTDS

 “Significant” septic system impact areas located adjacent to creek


	Elevated levels  may originate farther upstream

Illicit discharges, sanitary sewer, transient communities, and wildlife may also contribute to fecal pollution in this area 

Positive trend between turbidity and fecal coliform concentrations may also indicate a stormwater or residual sediment source

	Human

Sanitary Sewer

Wildlife

Stormwater
	South of station SWBLF
	SWB331
	Unlike upstream locations, levels of fecal coliforms oftentimes meet regulatory standards with episodic exceedances (highest peaks are lower than those upstream)

Highest fecal coliform concentrations correspond by date with those recorded upstream, indicating potential for transport

Sanitary Sewer

Located in close proximity and downstream of abundant public sewer infrastructure (e.g., sewer mains) in close proximity to and/or crossing 

Downstream and in close to areas that utilize private sewer systems

Wildlife

Human-specific MST markers were not detected

Located downstream and in close proximity to wildlife habitat (mixed wetland hardwoods)

Stormwater

Significant correlation between fecal coliforms and  14-day total and 14-day maximum rainfall, as well as the  positive trend between turbidity and fecal coliform concentrations may indicate a stormwater or residual sediment source

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Located just northeast (approximately 320 feet) from a private SSO that spilled an unknown volume of sewage in 2002

 Elevated levels may originate farther upstream

Illicit discharges, transient communities 




4.2 Hogtown Creek

This evaluation indicates potential sources of fecal contamination in the Hogtown Creek watershed include both human related and wildlife sources.  Human related sources can include impacts from the public and private sanitary sewer system, OSTDS, stormwater system inputs, illicit connections, homeless populations, and unknown SSOs.  Public and private sanitary sewer infrastructure are located adjacent to the surface waters throughout the watershed.  Potential unidentified sewer infrastructure leaks from these systems (e.g., from underground sewer mains) may contribute to the overall fecal contamination of Hogtown Creek.  Furthermore, SSOs from both private and public infrastructure have been reported in the watershed.  These range from 100 gallons to 2,500,000 gallons (including five SSO releases of unknown volumes of sewage) and have occurred throughout the watershed, though generally they were episodic in nature. SSO follow up sampling protocol (upstream, downstream, point of impact), required by the Florida Department of Environmental Protection and  conducted by GRU showed fecal coliform levels returned to background levels within days
,   Additional potential contributors of human-derived fecal pollution in this area may include impacts from isolated areas of failing septic systems, located at upstream and midstream locations, and homeless populations possibly residing near station HOGNW23 and at Rattlesnake Branch.  It should be noted that these additional sources of fecal contamination may to be minor relative to the potential influence from the public and private sanitary sewer system, but these sources will need to be investigated further.  The GRU-TIMS Report also identified four potential reaches within the Hogtown Creek watershed with human-specific markers.  The sampling for this study, was further augmented by ACEPD sampling that detected human-specific markers within Hogtown Creek and contributing tributaries (i.e., Rattlesnake Branch, Elizabeth Creek, and Possum Creek) (ACEPD 2008; Appendix XIId-XIIg). 
When considering (1) that mixed wetland hardwoods serve as habitat for various species of wildlife and are located in close proximity to surface waters for almost the entire length of Hogtown Creek, Rattlesnake Branch, and Elizabeth Creek; (2) that wildlife in the urban areas may live in or frequent the stream corridors; and (3) that there was an absence of human MST markers at stations HOGGHSNASH, HOGNW8, and ELIZNW7DS, wildlife appear to be a contributing source within these areas of the watershed.  It is important to note however, that human-specific MST results also indicate that stations in these areas were impacted by human related sources (ACEPD 2008; Appendix XIId, XIIf, and XIIg).  These data indicate that wildlife sources may form a percentage of background bacterial levels in the surface waters of Hogtown Creek, but that rare episodic extremes may be due to unidentified failing OSTDS and/or sewer infrastructure leaks (e.g., from underground sewer mains). 
In addition, stormwater runoff, as a conveyance system for a variety of more specific sources of bacterial contamination, is also a potential contributor within the basin.  Moreover, there is a potential for urban stormwater runoff, and possibly associated re-growth in the underground stormwater conveyance system, to be a relatively high contributor to the fecal coliform contamination observed at station HOGNW19.  Stations HOGGHSN, RATUSHOG, and ELIZUNIVUS also appear to be impacted by stormwater as demonstrated by fecal coliform correlations with rainfall and/or extreme fecal coliform levels following storm events.  Table 4-2 identifies the potential sources for further investigation of fecal contamination for each area of Hogtown Creek.  
Table 4-2.  Summary of Potential Sources of Contamination in Hogtown Creek.  N/A = Not Applicable; *represents hot spot areas that are discussed in more detail in Section 6.0
	Potential Sources for Further Investigation
	General Location
	Corresponding ACEPD Stations
	Weight-of-Evidence for Potential Source Identification
	Comments

	N/A
	NW 53rd Avenue 
	HOGNW53
	Limited data (N=1) showing no exceedances (110 CFU/100mL)
	Human-specific MST markers have been detected at this location

	N/A

	Downstream of NW 19th Street Bridge
	HOGNW19
	Limited data (N=5) showing two moderate exceedances (700 and 500 CFU/100mL)

Upstream human-specific MST
	Sanitary sewer, OSTDS, and stormwater may all contribute to fecal pollution in this area

	Human

Sanitary Sewer

OSTDS

Wildlife
	East of 13th Street on 45th Avenue
	HOGNW45


	Sanitary Sewer
Located downstream of abundant public sewer infrastructure (e.g., sewer mains,) which encompass areas surrounding creek

OSTDS

Located downstream of “significant” septic system impact areas 
Wildlife

Located downstream and in close proximity to wildlife habitat (mixed wetland hardwoods)
	Stormwater may also contribute to fecal pollution in this area



	Human

Sanitary Sewer

OSTDS

Wildlife
	West of NW 13th Street
	SPSTNW13

(Springstead Creek)
	Limited data (N=5) showing moderate (>400 CFU/100mL) and extreme exceedances (11,000 CFU/100mL)

Sanitary Sewer
Downstream of abundant public sewer infrastructure (e.g., sewer mains) in close proximity to creek 

OSTDS

Located downstream of “significant” septic system impact area 

Wildlife

Located downstream and in close proximity to wildlife habitat (mixed wetland hardwoods)
	Located just south of SSO that spilled an unknown volume of sewage to Springstead Creek in 2004
Illicit discharges and transient communities may also contribute to fecal pollution in this area

	Human

Sanitary Sewer 
	NW 29th Road
	HOGEAST
	Limited data (N=3) showing elevated exceedances (500-10,000 CFU/100mL)

Sanitary Sewer

In close proximity to public sewer infrastructure (e.g., sewer mains) and areas that utilize private sewer systems
	Located downstream of a  private SSO that spilled an unknown volume of sewage at the Gainesville Mall in 2002

Stormwater (e.g., Gainesville Mall outfall), 
upstream OSTDS, and nearby transient community may also contribute to the fecal pollution in this area

	Human

Sanitary Sewer


	North of NW 23rd Avenue
	HOGNW23*
	Human-specific MST 

Sanitary Sewer

Located downstream of public sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek
	Transient communities, stormwater (e.g., Gainesville Mall outfall), and wildlife may also contribute to fecal pollution in this area

	N/A


	South of NW 23rd Avenue
	HOGCETRIB
	Limited data (N=3) showing no exceedances

Human-specific MST 
	Sanitary sewer and stormwater (e.g., Gainesville Mall outfall) may also contribute to the fecal pollution in this area 

	N/A
	At the headwaters of a minor tributary just north of Gainesville High School
	HOGGHSNASH

(upstream on minor tributary of Hogtown Creek)
	Limited data (N=1) showing an exceedance (16,000 CFU/100mL)

Human-specific MST markers were not detected
	Wildlife may contribute to the fecal pollution in this area

Abundant trash, and animal tracks were observed during ACEPD wildlife survey

Private sewer infrastructure may also contribute to the fecal pollution

Located in close proximity to an apartment complex

	Human

Sanitary Sewer

Stormwater
	At downstream segment of a minor tributary just north of Gainesville High School
	HOGGHSN

(downstream on minor tributary of Hogtown Creek)
	Human-specific MST 

Sanitary Sewer
Located in close proximity to and downstream of public sewer infrastructure (e.g., lift stations, sewer mains) in close proximity to and crossing the creek 

Located in close proximity to areas that utilize private sewer systems

Stormwater 

Marginally significant correlation between fecal coliform concentrations and  14-day total and 14-day maximum rainfall

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Illicit discharges, transient communities and wildlife and feral cats may also contribute to fecal pollution in this area 

	N/A
	NW 23rd Boulevard (Gaineswood Condos)
	GLENSP
	Limited data (N=1) showing no exceedance
	

	Human

Sanitary Sewer

OSTDS
	NW16th Avenue at Ring park to and directly south of NW16th Avenue
	HOGNW16

HOGNW16S
	Human-specific MST (HOGNW16)

Sanitary Sewer 

Located downstream of abundant sewer infrastructure (e.g., sewer mains)

OSTDS

Three “significant” OSTDS impact areas are located upstream on the main channel and just southeast at an unnamed tributary


	Located approximately 2,400 feet downstream of a SSO that spilled an unknown volume of sewage in 2006

Elevated numbers may often originate farther upstream

Illicit discharges and wildlife may also contribute to fecal pollution in this area

No significant correlation between rainfall and fecal coliform concentration

	N/A
	Unnamed tributary, south of Gainesville High School
	ASHLEY19

(unnamed tributary)
	Limited data (N=1) showing elevated exceedance (1,500 CFU/100mL) 
	

	N/A
	Intersection of NW 8th  Avenue and NW12th Street
	RATNW12

(Rattlesnake Branch)
	Limited data (N=4) showing two moderate exceedances (480 and 600 CFU/100mL)


	Located in close proximity to homeless population, past SSO and abundant sewer infrastructure

Illicit discharges, domesticated animals, and wildlife may also contribute to fecal pollution in this area

	Human

Sanitary Sewer


	NW 8th Avenue at Rattlesnake Branch
	RATNW8

(Rattlesnake Branch)
	Limited data (N=3) showing no exceedances

Human-specific MST 

Sanitary Sewer 

Located downstream and in close proximity to abundant public sewer infrastructure (e.g., sewer mains)
	Located downstream of a SSO that spilled an unknown volume of sewage in 2002

Illicit discharges, domesticated animals, and wildlife may also contribute to fecal pollution in this area

	Human

Sanitary Sewer

OSTDS

Stormwater
	Located just east of station HOGUSRAT
	RATUSHOG*

(Rattlesnake Branch)
	Human-specific MST 

Sanitary Sewer 

Located downstream of abundant public sewer infrastructure (e.g., sewer mains)

Private lateral lines observed running along houses in close proximity to creek 

Sewage odors often reported

OSTDS 

Two “significant” OSTDS impact areas are located upstream at a tributary in Rattlesnake Branch

Stormwater

Significant 4-day correlation with rainfall
	Located in close proximity to two SSOs that spilled an estimated 266,400 gallons of sewage in 2003

Illicit discharges, domesticated animals, and wildlife may also contribute to fecal pollution in this area

	Human

Sanitary Sewer


	Upstream of Hogtown Creek and Rattlesnake Branch confluence
	HOGUSRAT


	Human-specific MST

Sanitary Sewer 

Located downstream and in close proximity to public sewer infrastructure (e.g., sewer mains)
	

	Human

Sanitary Sewer

OSTDS
	NW 22nd Street between 16th and 8th Avenue
	HOGNW22


	Upstream human-specific MST

located downstream of the confluence of Rattlesnake Branch and Hogtown Creek confluence 

Sanitary Sewer

Located downstream of public sewer infrastructure (e.g., sewer mains)

OSTDS 

Two “significant” OSTDS impact areas are located upstream at a tributary on Rattlesnake Branch
	Located downstream of two SSOs that spilled an estimated 266,400 gallons of sewage in 2003

Wildlife may also contribute to fecal pollution in this area

	Human

Sanitary Sewer

Wildlife
	North of NW 8th Avenue
	HOGNW8
	Sanitary Sewer

Located downstream of public sewer infrastructure (e.g., sewer mains)

Upstream locations may impact water quality at this station-extreme elevated levels (92,000) of fecal coliforms mirrored those of upstream station HOGNW22 on August 13, 2003

Wildlife

Human-specific MST markers were not detected

Located downstream and in close proximity to wildlife habitat (mixed wetland hardwoods) 
	

	Human

Sanitary Sewer

OSTDS

Stormwater
	South side of West University Avenue in Elizabeth Creek
	ELIZUNIVUS

ELIZUNIV*

ELIZARBOR

ELIZNW23


	Human-specific MST (ELIZUNIV, ELIZARBOR, and ELIZNW23)

Sanitary Sewer

Located in close proximity to abundant public sewer infrastructure (e.g., sewer mains)

Located downstream of areas that utilize UF private sewer infrastructure

OSTDS

Old septic tanks observed in surrounding area

Stormwater

Extreme elevated fecal coliform levels (16,800 and 12,400 CFU/100mL following storm event (ACEPD 2008)
	Domesticated animals and wildlife may also contribute to fecal pollution in these areas

	Human 

Sanitary Sewer

Wildlife
	South side of University Avenue, West of Elizumire 
	ELIZNW7DS

ELIZNW7
	 Sanitary Sewer

Located in close proximity to abundant sewer infrastructure (e.g., sewer mains)

Wildlife

Human-specific MST markers were not detected (ELIZNW7DS)

Located downstream and in close proximity to wildlife habitat (mixed wetland hardwoods)
	Located in close proximity to a SSO that spilled an estimated 40,000 gallons of sewage in 2004

Domesticated may also contribute to fecal pollution in this area

	Human

Sanitary Sewer
	North of NW 8th Avenue (Possum Creek)
	POSNW8
	Human-specific MST

Sanitary Sewer

Located in close proximity to and downstream of abundant public sewer infrastructure (e.g., lift stations, sewer mains) 


	Located downstream of two SSOs in 2003 and 2004 that have spilled a total of 291,000 gallons of sewage

Domesticated animals and wildlife may also contribute to fecal pollution in this area

	Human

Sanitary Sewer
	SW 2nd Avenue  (SR 26A) between 34th Street and Newberry Road
	HOGSW2
	Upstream human-specific MST (Elizabeth Creek and Possum Creek)

Sanitary Sewer

Located downstream of abundant public sewer infrastructure (e.g., sewer mains)

High-density residential area in close proximity to station
	Located in close proximity to  2003 and 2005 SSOs that spilled a total of 200 and 675 gallons of sewage, respectively 

Positive trend between turbidity and fecal coliform concentrations may indicate a stormwater or residual sediment source

	Wildlife
	SW 20th Avenue
	HOG30

HOG30US


	Exceedances are moderate with only three (7%) > 800 CFU 

Wildlife

Located downstream and in close proximity to wildlife habitat (mixed wetland hardwoods)
	Sanitary sewer may also contribute to the fecal pollution in this area

Located west of a high density residential area that utilize public sanitary sewer


4.3 Tumblin Creek
This evaluation indicates that potential sources of fecal contamination in the Tumblin Creek watershed include both human related and wildlife sources. 
 Public and private sanitary sewer infrastructure are located close to surface waters throughout the watershed.  Potential unidentified sewer infrastructure leaks from these systems may contribute to the overall fecal contamination of Tumblin Creek.  Furthermore, SSOs from both private and public infrastructure have been reported in the watershed, though they were episodic in nature and SSO follow up sampling protocol (upstream, downstream, point of impact), as required by the Florida Department of Environmental Protection, conducted by GRU showed fecal coliform levels returned to background levels within days, so their contribution to the overall contamination of the watershed does not appear to be large.  The SSO events range in volume from 150 to 110,000 gallons (four SSOs released unknown volumes of sewage) and have occurred throughout the watershed.  Additional potential contributors of human-derived fecal pollution in this area may include impacts from isolated areas of failing septic systems and possible homeless populations, in the midstream portion of the basin.  It should be noted that these additional sources of fecal contamination may be minor relative to the potential influence from the private or public sanitary sewer system, but these sources will need to be investigated further.  
When considering that mixed wetland hardwoods serve as habitat for various species of wildlife and are located in close proximity to surface waters at the upper midstream and downstream segments of the creek, wildlife appear to be a contributing source within the watershed.  It is important to note; however, that human-specific MST results also indicate that some stations in these areas may be impacted by human-related sources (ACEPD 2008; Appendix XIIa).  Wildlife in the urban areas that live in or frequent the stream corridors may also impact surface waters as indicated by the absence of human MST markers at stations TUMSW1 and TUMSW5 (ACEPD 2008; Appendix XIIa).  These data indicate that wildlife sources may form a percentage of background bacterial levels in the surface waters at the upstream areas of  the Creek, but that rare episodic extremes may be due to unidentified failing OSTDS and/or sewer infrastructure leaks (e.g., from underground sewer mains). 
In addition, stormwater runoff, as a conveyance system for a variety of more specific sources of bacterial contamination, is also a potential contributor within the basin.  Moreover, there is a potential for urban stormwater runoff, and possibly associated re-growth in the underground stormwater conveyance system, to be a relatively high contributor to the fecal coliform contamination observed at station TUMSW5 and TUMSW9. The midstream station TUM441 also appears to be impacted by stormwater.  Table 4-3 identifies potential sources of fecal contamination for each area of Tumblin Creek.

Table 4-3.  Summary of Potential Sources of Contamination in Tumblin Creek. N/A = Not Applicable; *represents hot spot areas that are discussed in more detail in Section 6.0 
	Potential Sources for Further Investigation
	General Location
	Corresponding ACEPD Stations
	Weight-of-Evidence for Potential Source Identification
	Comments

	Human

Sanitary Sewer

Wildlife

Stormwater
	SW 5th Avenue
	TUMSW5*

	1 positive detection out of 13 Human-specific MST tests
Sanitary Sewer

Located downstream of abundant public sewer infrastructure (e.g., sewer mains) 

Extremely elevated levels are consistently detected

Wildlife
The majority of human-specific MST markers (93%) were not detected

Wildlife that live in the urban areas and frequent stream corridors may impact this site
Stormwater

Located just downstream of underground stormwater conveyance system comprising headwaters (potential for re-growth of bacteria) 

Fecal coliform levels coincide with rain events 

Evidence of fecal coliform levels higher during the “wet” season compared to the “dry” season 
Apparent positive trend between fecal coliform levels and turbidity

Marginally significant correlation with rainfall (ACEPD 2008) 

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Illicit discharges and transient homeless populations may also contribute to fecal pollution in this area 

	Human

Sanitary Sewer

Stormwater
	Just upstream of Depot Avenue
	TUM72DS
	Sanitary Sewer

Located downstream of abundant public sewer infrastructure (e.g., sewer mains, lift stations) 

Downstream of private lift station (St. Croix Apartments) with historical failures 
Stormwater 

Located at 72-inch storm pipe servicing the University and 13th Street area (potential for re-growth of bacteria)

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Located in close proximity to a SSO that spilled an estimated 25,000 gallons of sewage in 2005

Illicit discharges, transient homeless populations, and wildlife may also contribute to fecal pollution in this area

	Human

Sanitary Sewer

Stormwater
	South of Depot Avenue, west of SW 6th Street
	TUM PORTERS
	Limited data (N=4) showing one exceedance (56,000 CFU/100mL)

Upstream human-specific MST 

Sanitary Sewer

Located just downstream of abundant sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek 

Located in close proximity to areas that utilize private sewer infrastructure

Stormwater

Located at stormwater pipe extending from the Porters neighborhood. 

Located near >25% impervious surface area

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	

	Human

Sanitary Sewer

OSTDS
	North of SW 9th Street
	TUMSW9
	Human-specific MST

Sanitary Sewer 

Located downstream of abundant public sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek

Located downstream and in close proximity to areas that utilize private sewer infrastructure

OSTDS

Located in close proximity to a “significant” OSTDS impact area 
	Illicit discharges and stormwater may also contribute to the fecal pollution in this area

Marginally significant correlation with rainfall 



	N/A 
	SW 11th Avenue
	TUMSW11
	Limited data (N=3) showing no exceedances


	Sanitary sewer and illicit discharges may contribute to fecal pollution in this area

	Human

Sanitary Sewer

Stormwater
	West of US 441, south of SW 16th Avenue
	TUM441


	Human-specific MST 

Levels of fecal coliforms are chronically and moderately high with episodic extreme peaks

Sanitary Sewer
Located in close proximity to and downstream abundant public sewer infrastructure (e.g., sewer mains, lift stations) in close proximity to and crossing creek

Stormwater

Evidence of coliform levels higher during the “wet” season compared to the “dry” season 

Marginally significant correlation with rainfall (ACEPD 2008) 

Significantly higher fecal coliform concentrations observed in the “wet” season compared to the “dry” season
	Located approximately 250 northeast of a SSO that spilled an estimated 110,000 gallons of sewage in 2005

Illicit discharges and upstream OSTDS may also contribute to fecal pollution in this area

	Stormwater

Wildlife


	Southwest of the intersection of Highway 331 and US 441
	BIV331
	Stormwater

Two minor exceedances (≤500 CFU/100mL) have occurred at this station (N=14) 

Potential transport of upstream pollution with sediments

Wildlife

Located downstream and in close proximity to wildlife habitat (wetland hardwoods)
	


5.0 Management Actions

This section describes activities of the Orange Creek Basin stakeholders relevant to the identification of fecal coliform sources and implementation of corrective actions within the Sweetwater, Hogtown, and Tumblin Creek watersheds. Information presented here is based on one-on-one interviews with stakeholder representatives September 2007, and information provided by the stakeholders September – December 2007.

Although there is some overlap between entities, the primary programs/activities of each stakeholder relevant to the identification and/or correction of pathogenic contamination in Gainesville’s urban waterways are discussed here. Recommendations for additional or revised management actions are also discussed.

The evaluation of available data discussed above indicates that part of the fecal coliform contamination in Sweetwater Branch, Hogtown Creek, and Tumblin Creek are likely  human-related. More specifically, the sources include (not listed in order of importance): 1) existing utility infrastructure and unknown SSOs; 2) OSTDS; 3) wildlife; and 4) stormwater (as a conveyance system for non-point sources such as illicit discharges and homeless communities); and other non-human sources (e.g., dogs, wildlife, birds).

The effect of many of the management actions discussed below may not be fully realized.  Nevertheless, it is recommended that all of the programs continue with refinements derived from the assessment of the Orange Creek basin provided in this report.  

5.1 Sanitary Sewer 

5.1.1 Programs to Address the Sanitary Sewer System as a Source

GRU is a multi-service utility that provides wastewater, drinking water, gas, electricity, and telecommunications services to customers in Gainesville and Alachua County, Florida. GRU is owned by the City of Gainesville and operates sanitary sewer collection system facilities in the Orange Creek basin, including the MSWRF (surface water discharge to Sweetwater Branch) and the Kanapaha Water Reclamation Facility (which is one of two plants in the state of Florida that is permitted to discharge drinking water quality effluent directly into the Floridan aquifer); drainage wells and the UF Water Reclamation Facility also discharge to the Floridan aquifer on the UF campus.
Although GRU had a force main failure in 2003 (discussed in Section 3.3), severe utility infrastructure collapses are generally rare. However, as the infrastructure ages, failures may become more likely.  Continued inspection and rehabilitation of existing utility infrastructure, including proper preventative and predictive maintenance and the identification of problem areas, is important in order to help reduce or eliminate SSOs. These measures should be implemented by all area utility providers.  Private lift stations, for instance, may be a potential source of fecal coliform contamination to area tributaries. Information regarding known locations of private lift stations are included in the composite GIS database (developed as a task in conjunction with this report), and elements are shown in figures in Sections 1 and 3.
Currently, GRU is implementing several county-wide specific improvement programs to address the sanitary sewer system as a source of fecal coliform contamination.  The entire sanitary sewer system is on a Supervisory Control and Data Acquisition (SCADA) system, which includes a warning system, back-up generators, and mobile generators. The warning system alerts a control center if a localized component of the infrastructure is not functioning properly, and the generators will assist in maintaining continuous power to the sewer infrastructure (WWTPs, force mains, and lift stations) in the event of a power failure. 

GRU conducts comprehensive screening of sewer infrastructure every five years. This comprehensive screening includes closed-circuit television (CCTV) inspection, smoke testing and dye testing. Recent cycles for smoke and dye testing include: Phase I: January 2001 through July 2002; Phase 2: July 2002 through August 2003 (urban creeks); and Phase 3: August 2003 through August 2005 (some creek areas and additional basins). Additionally, GRU has crews that CCTV the sewer lines daily, as well as a designated CCTV/repair crew specifically for repairing WWCS issues that are found.

In addition to sewer infrastructure screening and maintenance, GRU also administers a Fats, Oils, and Grease (FOG) program for both residential and commercial entities. This program has been recently enhanced through the addition of new inspectors and new initiatives to address residential grease as shown in Figure 5-1) (for more details on GRU’s county-wide specific improvement programs please refer to the “Support Document for the 2007 Orange Creek Basin Management Action Plan” [FDEP 2008] and Appendix H of this report). 
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Figure 5-1.  GRU Residential Grease Program Door Hanger, Grease Disposal Can Cap and Fat Free Sewers Brochure
5.1.2 Sufficiency of Effort

Based on information collected from GRU as of September, 2007, as well as the analysis of water quality and land use described in this report, a preliminary effort has been made to relate identified management actions to the continual needs for monitoring and assessment in the Orange Creek Basin.  

The Orange Creek basin urban creeks area defined in this report includes approximately 220 miles of sewer lines as well as a variety of associated infrastructure (e.g., lift stations, manholes) that may fail on occasion resulting in varying levels of environmental impacts.  The ability to prevent and predict problem areas is imperative to decreasing the occurrence and associated effects of SSOs. 

As described above, GRU has taken steps to reduce SSOs through the addition of daily TV inspection of the sewer lines, and repair crews on hand to address problems, and the addition of grease inspectors to investigate potential grease blockages (a significant source of SSOs). GRU also initiated the TIMS study (CH2M HILL & Biological Consulting Services of North Florida 2007), which supplemented conventional bacterial sampling with intensive MST sampling events. Additional MST sampling is recommended to further identify the primary sources of contamination in the Orange Creek basin. A detailed field reconnaissance and sampling program will be developed as Phase II of this effort. 
Additional management actions include supplementing the current maintenance process to include more frequent GRU O&M activities such as (also discussed in GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007):
· Smoke testing to identify faulty connections and illicit cross-connections

· Videotaping interior of the pipelines

· Dye testing

· Pump run-time study to identify aberrations in pumping patterns that may indicate leaky pipes
For a more complete description of these activities, refer to Appendix H of this report “FDEP Support Document for the 2007 Orange Creek Basin Management Action Plan, Appendix H.  GRU Operations and Maintenance Programs.”  
As there have been documented SSOs resulting from privately-owned infrastructure failure, and when considering that private WWCS regulation, inspection, and monitoring are limited, and that issues regarding these systems may not always be reported or properly remedied; there is a need for an annual routine inspection program for private systems.  The ACEPD has initiated a pilot study for inspecting and regulating private collection systems’ infrastructure to evaluate the need and feasibility of such a program (ACEPD, 2008).   
5.2 On-Site Sewage Treatment and Disposal Systems

5.2.1 Programs to Address OSTDS as Sources in the Orange Creek Basin
Properly designed, functioning, and maintained septic systems can effectively remove nearly all suspended solids, bio-degradable organic compounds, and fecal coliforms (EPA 2002); however, old and poorly maintained septic systems are a major source of fecal coliform contamination. Few programs exist to address onsite system operation and maintenance which result in failures leading to otherwise preventable costs and risks to public health and water resources (EPA 2002). 

5.2.1.1 ACHD OSTDS Creek System Study

In July 2004, the ACHD received a $20,000 grant from the State Health Office, Bureau of Onsite Sewage Programs to do a study on Fecal Coliform Loading Attributed to OSTDS in the Hogtown, Tumblin, and Sweetwater Creek Systems, in Gainesville, Florida (ACHD 2006). The study examined characteristics (soils, setback measurements, water quality assessment/fecal coliform levels) about the parcels that abut the three creeks and characterized potential impacts to the creek as:
· Confirmed impact: 

· visible signs of untreated effluent impacting creek

· Significant potential for adverse impact:

· No visible signs of impact to creek

· Horizontal setback to creek of less than 75 feet and/or

· Vertical setback to SHWT of less than 24 inches

· Minor potential for adverse impact to creek:

· No visible signs of impact to creek

· Horizontal setback to creek of greater than 75 feet and/or

· Vertical setback to SHWT of more than 24 inches

The designation of “significant” does not necessarily mean ‘failing’; the term “significant” implies that the systems do not meet current codes (e.g., for setbacks) and could potentially be contributing to fecal contamination.
The first step in the study was to determine which parcels adjacent to the creeks had OSTDS. ACHD worked with GRU to obtain this information by determining which properties had electricity accounts with GRU but did not have sewer accounts. It was assumed these properties were using OSTDS. GPS locations of all OSTDS on parcels (that granted access) abutting the creek system in the study area were obtained and a digital map of the OSTDS locations was developed. The survey yielded the following results (also discussed in Section 3.0 per watershed):
· Sweetwater Branch:

· 9 parcels on OSTDS abut creek
· 0 with minor potential

· 7 with significant potential

· 2 with suspected impact

· Hogtown Creek:

· 25 parcels on OSTDS abut creek
· 3 unable to gain access

· 2 with minor potential

· 20 with significant potential

· 0 with confirmed impact

· Tumblin Creek:

· 3 parcels on OSTDS abut creek
· 1 unable to gain access

· 0 with minor potential

· 2 with significant potential

· 0 with confirmed impact

5.2.1.2 Other Programs
Currently, the ACHD is implementing a variety of county-wide specific improvement programs and restoration activities to address OSTDS as sources of fecal coliform contamination.  These include: 1) an OSTDS inspection program; and 2) a sanitary nuisance program. The OSTDS inspection program is complaint-driven. Once ACHD permits a system, it is the homeowners’ responsibility to maintain the system. If ACHD receives a complaint about a system, they have the authority to go on-site and issue an abatement notice, under which the homeowner must rectify the violation or ACHD can issue a fine. ACHD is in discussions with Alachua County regarding the potential need for a regular (i.e., not complaint-driven) inspection program. Under the sanitary nuisance program, residential properties that abut a sewer line have to connect to the sewer line once they need a repair permit for the OSTDS. Commercial and industrial properties must connect to the available sewer line if certain distance criteria to the line are met.
5.2.2 Sufficiency of Effort

As stated above, OSTDS are a viable solution for the treatment of sewage, when they function properly and are located appropriately.   In some situations, these systems provide a better health protection alternative than the public sewer system as, by their nature, they include the provision for passive wastewater treatment and are relatively cost-effective.  As these systems are privately-owned, one of the most important aspects to increasing their effectiveness is public education and outreach. One suggestion is to increase outreach efforts to homeowners in communities with a high incidence or likelihood of OSTDS failures and educate the owners on proper preventative maintenance practices.

In areas where traditional OSTDS systems are not a viable option due to environmental conditions, new performance-based systems may provide a practical and cost-effective alternative.  According to Scott Turner with the Duval County Health Department (personal communication, March 5, 2007), newer performance-based systems are now available to meet advanced secondary treatment levels (not to exceed 200 CFU/100mL).  These systems are generally permitted in areas with decreased setbacks and smaller drainfields.  As a result, failure of these systems can be more problematic and are therefore subject to annual inspections.  It is suggested that owners of these systems (if any) be subject to a mandatory educational course instructing them in the proper maintenance of their systems.  

Alachua County should consider initiating a septic-tank phase-out program, where septic tank failure and nuisance areas are identified and designated for transfer to central sewer. Duval County has an existing phase-out program that could be used as a guideline for Alachua County. 
Additionally, isolated and problematic septic systems may be better served through alternative programs such as:
· a Department of Health-sponsored certification program for haulers; 

· a program in which septic tanks must be inspected when home ownership changes; 

· a program to execute new maintenance and design requirements that are based on environmental conditions (e.g., location within an impaired watershed, unsuitable soil conditions, proximity to surface water) and regulated by the ACHD; 

· a community-based onsite management system program in which clusters of conventional septic tanks are drained into centralized advanced wastewater treatment areas and are managed by a designated responsible party (e.g., local utility or health department) (NESC 2006); and

· a subsidized septic tank-pumping program that could be used in conjunction with septic-tank phase out programs to help immediately alleviate impacts during the transition period.
In addition to these programs, Alachua County should consider updating local septic tank ordinances to proactively avoid future water quality impacts.  Components of these proposed ordinances could include: 
· delineation of areas where septic tanks are inappropriate and other options are required;

· determination of critical habitat and environmentally sensitive areas where use of septic tanks should be restricted;

· development and implementation of a county-wide mandatory septic system inspection, maintenance, and tracking program headed by the ACHD; and

· encouragement of efforts to connect to the existing sanitary sewer system and WWTPs in areas that do not meet minimum OSTDS setbacks and in areas with frequent OSTDS failures.
5.3 Programs to Address Stormwater as a Source

Typical fecal coliform bacteria concentrations for untreated stormwater runoff are within a range of 10,000 to 100,000 MPN/100mL (Metcalf & Eddy 2003). Thus, it is important to consider stormwater as a potential and highly probable conveyance system for a variety of more specific sources of bacterial contamination.  Although the first priority should always focus on the elimination of the sources contributing pollution to stormwater conveyance systems, stormwater must also be considered as a source unto itself in order to manage it more effectively. 
Management actions to provide additional stormwater treatment will benefit a tributary by reducing the sediment, oil and grease, and nutrient and bacteria loadings discharged into the affected water body. When focusing efforts on stormwater treatment, it is important to realize that the reduction of sediment loads to a tributary is critical because such particles frequently adsorb bacterial colonies thereby facilitating their survival, growth and transportation from one area to another (Gerba & McLeod 1976, LaLiberte & Grimes 1982, Marino & Gannon 1991, Davies et al. 1995). It is also important to consider that bacterial loads that accumulate within the sediments comprising stream bottoms and banks may be released or re-suspended by rainfall or increased surface flow events. 
5.3.1 NPDES Program and Gainesville Clean Water Partnership

On September 20, 2001, the City of Gainesville, Alachua County, and the FDOT signed an Interlocal Agreement for the joint implementation of the National Pollutant Discharge Elimination System (NPDES) Phase II MS4 program in the Gainesville Urbanized Area. The Agreement presented a financial plan for the implementation of the minimum control measures, including mapping requirements, public outreach, operations best management practices and illicit discharge detection and elimination program, required by the NPDES Phase II MS4 program. This Agreement established the Gainesville Clean Water Partnership (GCWP).  The GCWP is a cooperative partnership between the City of Gainesville, Alachua County, and the FDOT dedicated to working with the Gainesville community for healthy waterways.  The goals of the Partnership are to collectively address requirements of the NPDES program through public outreach and participation, illicit discharge detection and elimination (IDDE), construction site stormwater controls, post construction stormwater controls, and good housekeeping in municipal operations.  The City of Gainesville is the lead agency for the joint implementation of the program. Individual NPDES Phase II MS4 permits were obtained by Alachua County on July 8, 2003, City of Gainesville on July 8, 2003, and FDOT on June 23, 2003. 

On June 24, 2003, Alachua County and the City of Gainesville signed an Interlocal Agreement for the Establishment of an Illicit Discharge Detection and Elimination Program. As part of the Agreement, the ACEPD became the agency responsible for the implementation of the illicit discharge detection and elimination program. ACEPD tracks illicit discharges (including SSOs), and has established a hotline (352-264-6800) for reporting of illegal dumping/discharge. 

The City of Gainesville is responsible for mapping activities, including digitizing and mapping of all storm sewer infrastructure. FDOT provides mapping of their infrastructure, but the City of Gainesville verifies the information and incorporates into the overall City mapping system. Also, as part of a creek survey for erosion in 2002, the City mapped all small pipes/outfalls in the Hogtown Creek watershed. 

Public outreach activities are numerous in the Orange Creek Basin and are conducted by various agencies including ACEPD and GCWP.  Public outreach and education activities include websites (www.gainesvillecreeks.org and www.alachuacountywater.org), TV commercials and environmental programming, publication of printed materials (flyers, brochures, and The Wader electronic newsletter), and children’s activities (e.g., puppet show, storm drain marking).  ACEPD and the GCWP also fund the Watershed Action Volunteers (WAV) program and Current Problems Inc./Adopt-A-River. The GCWP also funds stormwater pollution prevention programs through the Florida Yards and Neighborhoods (University of Florida Extension Service) program. ACEPD and the GCWP also have an active campaign to increase the proper disposal of pet wastes.
5.3.2 Maintenance of Stormwater Conveyance Systems

The City of Gainesville PWD is responsible for the maintenance of the majority of stormwater conveyance systems in Gainesville. Regular maintenance activities include catch-basin cleaning, vegetation removal, street sweeping, and ditch scraping.
	Frequency of Street Sweeping 

Downtown Area - Swept early in the morning every Monday throughout the year. Additionally, the downtown area around the Plaza and NE 1st Street is swept prior to special events such as the annual Art Festivals and Homecoming Parade. Also, the NW 5th Avenue and 6th Street area by Santa Fe Community College is swept prior to the annual 5th Avenue Arts Festival. 

Major Collectors/Arterial Roads - Swept once every 4 weeks or as needed. 

Residential Areas - Residential areas of the city are swept every 4 to 6 weeks, which averages about 9 times annually. 


Street Sweeping Services 

COGPWD mission is to clean city streets as required to provide safe conditions for all modes of transportation. Clean streets will improve air standards and stormwater quality services to the citizens of Gainesville. 

The City of Gainesville maintains over 800 lane miles of paved roadway. Over 300 of these lane miles have curb and gutter. Curb and guttered streets are the focus of street sweeping activities designed to remove debris that would plug storm drains and cause flooding. 
The City of Gainesville maintains street sweeping zones and routes. Routes include City owned streets as well as several County and State roads that lie within the City limits. For frequency, see inset above.
City streets are maintained by 4 sweepers and two dump trucks. The sweepers sweep approximately 17,000 miles of residential and arterial roads annually and remove approximately 12,000 cubic yards of debris in the process. The operating hours for street sweeping are 4:00 a.m. to 2:30 p.m. Monday through Thursday. 
Stormwater Management

Open watercourse system
This system is composed of main watercourses, Right-of-Way (ROW) road side ditches and swales, retention and detention ponds, and watershed flood control systems. Routine scheduled maintenance accounts for 60% of activity, and includes mowing and cleaning, checking inlets and outfall structures on a seasonal basis. Other maintenance activities are machine cleaning and excavating; hydroscopes, trackhoes, backhoes, etc. This also includes removing debris and sediments from systems and activities related to erosion control and repair. Scheduled maintenance occurs 4 to 5 times a year. 

Citizen complaint and inquiry generates another 30% of activity. Citizens will call before scheduled maintenance occurs or if their concerns were not addressed during scheduled maintenance. 
Closed watercourse system
This system consists of inlets, catch basins, manholes, pipes and outfall structures. Maintenance activity in this system is generated by complaint, inspection and meteorological events. Citizens’ complaints about street flooding and erosion around manholes generate about 20% of maintenance activity. Maintenance includes jetting and extracting debris from sediment structures/ hydrodynamic separators a minimum of twice per year and inspection of curb inlets once per year. This schedule has been in effect since 2007. Vacuum trucks and jet trailers are used for jetting and extracting debris from closed watercourse systems (including catch basins) on an as needed basis.  
The Alachua County PWD is responsible for the maintenance of the some of the stormwater conveyance systems in Gainesville. Maintenance activities are outlined below.
Street Sweeping Services 

Alachua County’s street sweeping program sweeps approximately 100 various locations on county roads and developments on an approximate 4 – 6 month cycle.  Some of this maintenance takes place in the Gainesville Urban Area. The maintenance cycle varies depending on time of the year, i.e.  leaf season, storms and citizens complaints for special sweeping.  When a sweeping request is received, the Alachua County Public Works Department accommodates the request as possible.  Some county roads that fall within the limits of the City of Gainesville are maintained by the City.

Stormwater Management

The Alachua County Public Works Department performs maintenance on approximately 50 – 60 catch basins in the Gainesville Urban Area on a 10-12 month cycle.  Maintenance performed includes median mowing and litter pickup. Brush removal and clean out of culverts and inlets are also performed on an as needed basis. AC Public Works also responds to citizen requests and complaints concerning catch basin maintenance.
5.3.3 Sufficiency of Effort

In order to manage stormwater as it pertains to fecal-coliform contamination, it must be considered as a source unto itself and not merely as a conveyance system.  The City has directed emphasis towards water quality and fecal coliform contamination to the City’s stormwater system with regards to the NPDES MS4 permit requirements, Clean Water Partnership educational outreach efforts, and IDDE.  
As stormwater runoff comprises the “headwaters” of Sweetwater Branch, Hogtown Creek, and Tumblin Creek, it is a likely source of the fecal coliform contamination identified at the most upstream locations.  As elevated bacteria levels are also apparent, and appear to be correlated with rainfall, at the most upstream sampling locations of Sweetwater Branch and Tumblin Creek, it is suggested that a focused investigation of the stormwater system be conducted in these areas.  This investigation should include: 1) a thorough inspection of all ditches and associated conveyance structures for the presence of illicit discharges; and 2) routine sampling of the waters located underground as well as those immediately surfacing at NE 10th Avenue (for Sweetwater Branch) and at Shands AGH (for Tumblin Creek).  The implementation of a routine sampling program, to incorporate rain events and non-rain events, in these areas would help to differentiate between the possibility of bacterial growth within the storage area and potential sources contributing to the runoff entering the system from farther upstream.  Depending on the results of this investigation, the use of MST at the headwaters may be necessary to discern whether bacterial growth in the closed conveyance system is increasing the magnitude of the source of fecal contamination to the surface waters.  For example, a analysis comparing the genomic profiles of the sediments to the overlying waters can be performed to determine if a reservoir of contamination that has not been recently augmented is present and therefore potentially responsible for the detected exceedances (PBS&J 2006). 
Improvements to the stormwater system, including retrofits and associated programs, may already be underway in the Orange Creek basin and could be used to supplement additional, more focused efforts. If these programs are not already in place or are no longer functioning efficiently, implementation or reorganization may be a good place to start. Such programs may include, but are not limited to: 1) public outreach directed specifically towards homeowner’s associations (HOAs), especially those with residences adjacent to surface waters, that include storm drain marking and the distribution of informational door flyers which would provide information on how to properly dispose of oils/grease, pet waste, and lawn debris (e.g., grass clippings); 2) citizen education programs on reclaimed water; 3) stormwater pond inspection programs aimed at preventing excessive sediment and turbidity in surface waters; 4) construction site inspection programs; and (5) more extensive routine maintenance of stormwater conveyance systems (e.g., removal of excess sediment and debris).
Additional stormwater-related management actions that should be considered include:
· Additional re-development and retrofit;

· Identification of stormwater utilities responsible for pond maintenance, if unknown;

· Increased enforcement actions for zoning and management of proper pond design and creation;

· Use of flocculation via alum injection;

· Use of ultra-violet light disinfection or ozone treatment for small systems;

· Creation of wetland systems;

· Use of individual product-line developments;

· Increased sediment control;

· Increased use of catch basin inlets and coordinating maintenance program; 

· Implementation of pet control practices; and

· Application of non-structural Basin Management Plans (BMPs) to the affected areas.


All of the above, alone or in combination can be effective in reducing coliform loadings to surface waters; however, each must be evaluated based on the area in question, the cost required, and the level of public acceptance. It is recommended that analysis be conducted on a life-cycle cost basis and factors such as capital costs, operation and maintenance costs and regulatory issues be considered in order to determine the most feasible approach. 

5.4 Monitoring/Sampling Activities
As discussed in Section 2.1, ACEPD and GRU have both conducted fecal coliform sampling/monitoring in attempts to identify potential sources of contamination. These programs have included ambient monitoring (conducted quarterly and uploaded into STORET) as well as special projects (utilizing other parameters such as MST) in all three watersheds to evaluate trends in fecal coliform concentrations and build a dataset for use in evaluating TMDL implementation. ACEPD has also recently begun quarterly monitoring for E. coli in an attempt to distinguish recent releases of wastewater to surface waters from persistent contamination. ACEPD has documented their recent sampling efforts in a report entitled Fecal Coliform Bacteria, Fluorescent Whitening Agents, Bacteriological Indicators, and Microbial Source Tracking Studies in Gainesville’s Urban Creeks Microbial “Hot Spots” June 2004 through August 2007 (ACEPD 2008). This report presents an analysis of baseflow and stormflow fecal coliform data from 2001 through mid 2007 and a series of studies conducted to better define the sources of elevated fecal coliform bacteria in the creeks. The individual studies were conducted over a three-year period from 2005 through early August 2007 and include (ACEPD 2008): 

· Baseflow and Stormflow Fecal Coliform Monitoring

· Fluorescent Whitening Agents (FWAs) in Gainesville Creeks, May 2005

· FWAs, Fecal Coliform, Alternative Bacteriological Indicators, and Microbial Source Tracking (MST) at “Hot Spots,” April 2006

· FWAs, Fecal Coliform, and MST at “Hot Spots,” April 2007

· Intensive High Frequency Short Duration Fecal Coliform Monitoring, Tumblin Creek Pilot Project December 2006

· High Frequency Short Duration Fecal Coliform Monitoring, January and July 2007

Also, GRU conducted fecal coliform sampling and developed the GRU Tracking and Investigation of Microbial Sources (GRU-TIMS) Report (CH2M HILL & Biological Consulting Services of North Florida 2007). This study consisted of an intensive three-phased creek sampling program that incorporated conventional bacterial counts and MST techniques.
Suggestions for Improving Monitoring and Sampling Activities

Suggestions for improving monitoring and sampling activities include: (1) adjusting flexible sampling locations using results from previous months; 
(2) coordinating sampling events using the results from different monitoring agencies (i.e., FDEP, ACEPD); (3) sampling progressively upstream (on smaller spatial scales) of where elevated levels of fecal coliforms are observed as soon as possible after the increase is detected; (4) inspecting additional sewer infrastructure (e.g., smoke testing, dye testing, use of remote camera equipment) in the upstream vicinity of where elevated levels of fecal contamination are identified; (5) sampling more frequently in order to detect episodic events and impacts related to local SSO events or sanitary sewer infrastructure leaks (e.g., from underground sewer mains); (6) the use of ruminant-specific MST markers (e.g., deer), in areas resulting in negative human-specific MST detections (e.g., station TUMSW5) and in areas where wildlife are thought to contribute to the fecal contamination; 
(7) when applicable, using quantitative MST markers in place of presence and absence MST markers to assist in tracking sources; (8) as the potential for multiplication, especially in warm subtropical waters, may differ among indicator bacteria, performing additional sediment sampling for indicator organisms (E. coli, enterococci, and fecal coliforms) at sites where bacterial persistence is thought to be a factor would be helpful in determining if the contamination is originating from a more recent or older source (e.g., at stations SWBNE10 and TUMSW5).  For example, although it has not yet been scientifically documented enterococci appear to demonstrate greater persistence and growth under certain circumstances, such as within enclosures and underground stormwater storage units (personal communication, Dr. Valerie J. Harwood, October 3, 2007); (9) the use of library-based identification using Repetitive Extragenic Palindromic Polymerase Chain Reaction (Rep-PCR)  to compare the genomic profiles of enterococci of the sediments to those of the overlying waters in areas where bacterial persistence is thought to be an issue.  The degree of variability in the Rep-PCR patterns of enterococci between the sediments and water column would help to determine if continuous inputs or an older source was driving fecal contamination within the creek (PBS&J 2008); (10) performing sampling during increased sanitary sewer usage (e.g., at the headwaters of Elizabeth Creek during a UF football game); and (11) establishing additional routine sampling locations to assist in targeting areas where potential sources of fecal pollution are contributing to bacteriological loading of Sweetwater Branch, Hogtown, and Tumblin Creeks.  For example, a sampling location should be stationed just below the confluence of Hogtown Creek and Elizabeth Creek. These suggestions will be discussed in more detail in the Phase II Implementation Strategy Report and in Section 6.0.
6.0 Area of Evaluation: Hot Spots
Using existing surface water quality data, ACEPD has identified six sites (SWBNE10, ROSESE9, HOGNW23, RATUSHOG, ELIZUNIV, and TUMSW5) within the Sweetwater Branch, Hogtown Creek, and Tumblin Creek watersheds with consistent fecal coliform exceedances.  These sites have been designated as priority “hot spots” or areas of concern and approved by the OCB working group.  This Section provides a synopsis of data collection efforts/results in the hot spots as shown in Gap Analysis Summary Table (Appendix C) and a detailed characterization of each hot spot using water quality data, wildlife surveys, source identification projects, and GIS data provided by local stakeholders (Appendix D).  In addition, a GIS interactive session was held at PBS&J on March 11, 2009 with local stakeholders to collectively view and discuss the various components (e.g., wastewater infrastructure, stormwater infrastructure) of the hot spot areas.  Data and information provided by local stakeholders during the GIS meeting have been incorporated into this Section and Appendix D.  

6.1 Hot Spot Location Descriptions
Hot spot locations are described using ACEPD station descriptions and notes (ACEPD 2008).  Two “hot spots” were identified in the Sweetwater Branch watershed at stations SWBNE10 and ROSESE9.  

· Station SWBNE10 is located near the headwaters of Sweetwater Branch at NE 10th Avenue between North Main Street and NE 2nd Street, approximately 10 meters downstream of the vortex box and weir at NE 10th Avenue. 

· Station ROSESE9 is sampled along the downstream segment of Rosewood Branch at SE 9th Street, between SE 9th Avenue and SE 10th Avenue (Figure 2-1).  

Three hot spots were identified within the Hogtown Creek watershed.  

· Station HOGNW23 is positioned at the midstream segment of the main channel near NW 23rd Avenue, approximately 10 meters upstream of the covered bridge at the Covered Bridge Apartments.  

· Station RATUSHOG is the most downstream site on Rattlesnake Branch and is located at a pedestrian bridge on a foot trail, between NW 22nd Street and NW 18th Street.  

· Station ELIZUNIV is an upstream site of Elizabeth Creek and is sampled near the headwaters on the south side of West University Avenue (Figure 2-2).  

Only one hot spot was identified within the Tumblin Creek watershed.  

· Station TUMSW5 is located upstream on the main channel at SW 5th Avenue, between SW 8th Street and SW 10th Street (Figure 2-3).

6.2 Potential Human Sources at Hot Spots

Human sources are contributing to the fecal contamination at stations SWBNE10, ROSESE9, HOGNW23, RATUSHOG, ELIZULNIV  based upon ACEPD and GRU MST studies that resulted in the detection of >36% human-specific markers analyzed at each station location (ACEPD 2008, CH2M HILL & Biological Consulting Services of North Florida 2007) (Appendix D).  Possible human sources located in close proximity to surface waters and/or upstream of each hot spot include public and private sanitary sewer infrastructure, OSTDS, and transient populations. 

6.2.1 Public and Private Sanitary Sewer 

In many of the hot spot areas public and private sanitary sewer infrastructure are located in close proximity to surface waters. Possible infrastructure leaks and/or failures associated with this infrastructure may contribute to the fecal contamination of surface waters.  In addition, sewer lines have been identified in close proximity and/or crossing the stormwater collection system upstream of hot spots locations.  Using available data, specific areas with public and private sanitary sewer infrastructure have been identified in each hot spot area for further stakeholder investigation (Table 6-1; Appendix D).  Suggested action items associated with each of these areas are also described.

6.2.2 OSTDS

The frequent detection of the esp gene at each hot spot during ACEPD and GRU MST studies (Appendix D) indicate that OSTDS are a less likely source at priority hot spot locations.  The esp gene is commonly found in human sewage resulting from sanitary sewer systems, but it rarely survives through the storage tanks and associated drainfields of septic systems (personal communication, Dr. Valerie J. Harwood, September 24, 2007).  However, there is still a potential for an OSTDS-derived source in areas where residents utilize OSTDS.  GIS data provided by GRU show unverified OSTDS within close proximity to surface waters in hot spot areas.  Potential unverified OSTDS located in close proximity to surface waters upstream of hot spots are listed in Table 6-2.  It is suggested that these OSTDS be inspected by ACHD to ensure that they are operating properly and meet the current OSTDS code (e.g., 24-inch separation between the seasonal high water table and bottom of the drainfield).  The ACHD has determined that some of the potential septic system locations do not utilize OSTDS and are connected to sanitary sewer; however, some systems still require further field investigations (Table 6-2).  There were two seeps identified by the ACEPD at an unnamed tributary near parcels with OSTDS upstream of RATUSHOG.  These seeps appear to be located south of the NW 8th Avenue and the NW 19th Terrace intersection near parcels at 1920 NW 7th Place and 1902 NW 7th Place.  It is suggested that the ACEPD collect at least one fecal coliform sample at each of the seeps. 

6.2.3 Homeless Camps
Transient populations have been reported in each of the hot spot areas with the exception of Elizabeth Creek.  Direct evidence (e.g., toilet paper) of fecal contamination adjacent to the creek in the area of transient populations has also been reported by GRU.  As transient populations may reside in areas in close proximity to surface waters and have been reported in hot spot areas, they should be considered as potential sources of fecal contamination.  Table 6-3 lists areas where transient populations have been reported in close proximity to hot spot areas.  Although there are currently no coordinated efforts by local government to address removal of homeless communities in the Gainesville urban creek watersheds within the Orange Creek Basin, in specific areas law enforcement (e.g., Sheriff) can remove homeless people.
Table 6-1 Public and Private Sewer Areas at Hot Spots for Further Stakeholder Investigation

	Hot Spot
	Area of further investigation
	Suggested Action Items ACEPD
	Suggested Action Items GRU
	Suggested Action Items

CGPWD
	Suggested Action Items

FDOT

	SWBNE10
	The stormwater collection system parallels older public sewer gravity mains at NW 2nd Street and NE 10th Avenue
	(1) Sample the drop inlet just southwest of the NE 10th Avenue and the North Main Street intersection for fecal coliforms (2 water samples baseflow; 2 water samples following storm events).  If high levels of fecal coliforms are detected cease sampling.

(2) Collect 2 sediment samples at SWBNE10 for indicator bacteria (fecal coliforms, E.coli, and Enterococcus spp.)
	If ACEPD sampling results are high at the drop inlet, then perform

smoke/dye testing or televising of lines at NW 2nd Street and NE 10th Avenue
	If ACEPD sampling results are high at the drop inlet, then coordinate with GRU in televising stormwater collection system at NW 2nd Street and NE 10th Avenue
	

	SWBNE10
	A private lift station and associated infrastructure is located in close proximity to the stormwater collection system at the Gainesville Shopping Center
	Inspect the lift station located at the Gainesville Shopping Center to ensure that it is operating properly
	
	Visually inspect drop inlets for cross- connections/sewage odors in areas west of North Main Street at the Gainesville Shopping Center
	

	ROSESE9
	Sewer gravity lines are located in close proximity to a ditch that flows into the creek west of SE 10th Terrace
	Sample ditch surface waters for fecal coliforms located at SE 10th Terrace (2 samples baseflow; 2 water samples following storm events).  If high levels of fecal coliforms are detected cease sampling.
	If ACEPD sampling results are high at the ditch, then perform

smoke/dye testing or televising of lines just south of the SE 8th Avenue and SE 10th Terrace intersection. 
	
	

	ROSESE9
	The stormwater collection system is in close proximity to sewer gravity mains immediately south of station ROSESE9, east of SE 9th Street
	(1) Sample drop inlet immediately south of sampling site, just east of SE 9th Street for fecal coliforms (2 water samples baseflow; 2 water samples following storm events) If high levels of fecal coliforms are detected cease sampling.

(2) Coordinate 2 sampling events to include the collection of fecal coliform samples just upstream of where stormwater collection system outfalls into creek near ROSESE9 and immediately downstream of the outfall location.  If high levels of fecal coliforms are detected cease sampling.
	If ACEPD sampling results are high at the drop inlet, then perform

smoke/dye testing or televising of lines in immediate vicinity of station location
	If ACEPD sampling results are high, then coordinate with GRU in televising stormwater collection system in the immediate vicinity of this station location
	

	HOGNW23
	Private sewer and public sanitary sewer lines parallel the stormwater collection system at the Gainesville Mall, just upstream of station HOGEAST
	Sample water for fecal coliforms at the most northern outfall, located immediately upstream of station HOGEAST (2 samples baseflow; 2 samples following storm events).  If high levels of fecal coliforms are detected cease sampling.
	If ACEPD sampling results are high at the outfall, then perform

smoke/dye testing or televising of lines in the immediate vicinity of station HOGEAST
	(1) Visually inspect drop inlets for cross-connection/sewage odors in areas west of North Main Street at the Gainesville Shopping Center

(2)  If ACEPD sampling results are high, then coordinate with GRU in televising the stormwater collection system in the immediate vicinity of station HOGEAST
	

	HOGNW23
	Private sewage infrastructure from the Gainesville Mall appears to be in close proximity to the stormwater collection system located near the southern portion of the Gainesville Mall
	Sample water for fecal coliforms at the closest upstream outfall (approximately 0.7 miles upstream) that drains the southern portion of the Gainesville Mall.  (2 samples baseflow; 2 samples following storm events)   
	
	If ACEPD sampling results are high, then televise the stormwater collection system directly upstream of outfall
	

	HOGNW23
	Public sanitary sewer gravity mains parallel the  stormwater collection system along NW 14th Street 
	Sample for fecal coliforms at the outfall located immediately north of NW 32nd Avenue (2 water samples baseflow; 2 water samples following storm events).  If high levels of fecal coliforms are detected cease sampling.
	If ACEPD sampling results are high at the drop inlet, then perform

smoke/dye testing or televising of lines just north of the NW 14th Street and the NW 32nd Avenue intersection
	(1) Visually inspect drop inlets for cross connection/sewage odors in areas along NW 14th Street

(2) If ACEPD sampling results are high, then coordinate with GRU in televising the stormwater collection system just north of the NW 14th Street and the NW 32nd Avenue intersection
	

	RATUSHOG
	Public sanitary sewer gravity mains parallel the  stormwater collection system along NW 11th Road
	Sample  for fecal coliforms at the more northern outfall located on the east side of the creek, north of NW 11th Road (2 water samples baseflow; 2 water samples following storm events).  If high levels of fecal coliforms are detected cease sampling
	If ACEPD sampling results are high, then perform smoke/dye testing or televising of lines at NW 11th Road, just west of the NW 11th Road and NW 20th Road intersection 
	If ACEPD sampling results are high, then coordinate with GRU in televising the stormwater collection system just west of the NW 11th Road and the NW 20th Road intersection
	

	RATUSHOG
	Public sanitary sewer gravity mains parallel the  stormwater collection system along NW 21st Terrace between NW 10th Avenue and NW 9th Avenue
	Sample for fecal coliforms at the more southern outfall located on the west side of the creek, north of NW 11th Road (2 water samples baseflow; 2 water samples following storm events).  If high levels of fecal coliforms are detected cease sampling
	If ACEPD sampling results are high, then perform smoke/dye testing or televising of lines at the intersection of NW 21st Terrace and NW 10th Avenue
	
	

	ELIZUNIV
	Public sanitary sewer gravity mains parallel the  stormwater collection system along University Avenue West
	
	Consider performing

smoke/dye testing or televising of lines in the immediate vicinity of ELIZUNIV
	
	Provide details of results (e.g., specific location televised, areas with cross-connections and excessive sediments) of the lines televised along West University Avenue to the BMAP working group

	ELIZUNIV
	Public sanitary sewer gravity mains parallel and cross the stormwater collection system along NW 3rd Avenue 
	Sample for fecal coliforms at the drop inlet located along the most northern terminus of NW 21st Terrace (2 water samples baseflow; 2 water samples following storm events).   If high levels of fecal coliforms are detected cease sampling
	If numbers are high from the ACEPD stormwater outfall sample then perform

smoke/dye testing or televising of lines at NW 3rd Avenue
	
	

	ELIZUNIV
	Private UF infrastructure is located upstream of this hot spot area.
	It is suggested that samples be collected for fecal coliforms before 2 separate UF events (e.g., football games) and during or immediately following UF events   (1 water sample collected before each of the 2 UF events; 1 water sample following each of the 2 UF event)
	
	
	

	TUMSW5
	Public sanitary sewer gravity mains parallel and cross the stormwater collection system along SW 4th  Avenue
	Sample for fecal coliforms at the junction chamber at SW 4th Avenue (2 water samples baseflow; 2 water samples following storm events).   If high levels of fecal coliforms are detected cease sampling
	If numbers are high from the ACEPD sample then perform smoke/dye testing or televising of lines at SW 4th Avenue, just upstream of Tumblin Creek surface waters
	Visually inspect drop inlets for cross connection/sewage odors in areas along NW 14th Street
	

	TUMSW5
	
	Collect 2 sediment samples at TUMSW5 for indicator bacteria (fecal coliforms, E.coli, and enterococcus spp.) to determine if the source is more recent or older
	
	
	


Table 6-2 Locations of Unverified OSTDS at Hot Spot Areas
	Hot Spot
	OSTDS Location
	Investigated by ACHD
	ACHD investigation results/notes
	Suggested Action 

	SWBNE10
	1411 NW 2nd Street
	
	
	Further ACHD investigation and field verification if necessary

	SWBNE10
	118 NW 16th Avenue
	X
	(Florida Pest Control) Parcel utilizes sanitary sewer
	

	SWBNE10
	1627 NW 2nd Street
	
	
	Further ACHD investigation and field verification if necessary

	ROSESE9
	1025 SE 8th Avenue
	
	
	ACHD investigation and perform field verification if necessary

	ROSESE9
	606 SE 10th Terrace
	
	According  ACHD data this is an old septic system that is up to code
	

	RATUSHOG
	1818 NW 8th Avenue
	
	
	ACHD investigation and perform field verification if necessary

	RATUSHOG
	1000 NW 8th Avenue
	X
	Parcel utilizes sanitary sewer
	

	RATUSHOG
	1010 NW 8th Avenue
	X
	Parcel utilizes sanitary sewer
	

	RATUSHOG
	805 NW 13th Street
	X
	Verified as an OSTDS with a repair permit
	

	ELIZUNIV
	7 SW 23rd Street
	X
	Do not have septic data – possible OSTDS; however, do not know if are on UF sewer? Needs further investigation
	ACHD field verification 

	ELIZUNIV
	20 SW 23rd Street
	X
	Do not have septic data – possible OSTDS; however, do not know if are on UF sewer? Needs further investigation
	ACHD field verification

	ELIZUNIV
	2291 West University Avenue
	X
	Do not have septic data – possible OSTDS; however, do not know if are on UF sewer? Needs further investigation
	ACHD field verification


Table 6-3 Locations of Homeless Camps Reported by Local Stakeholders Upstream and/or in Close Proximity to Hot Spots
	Hot Spot
	Locations of Reported Homeless Camps

	SWBNE10
	Upstream at the Rail to Trail Bike path just south of NW 16th Avenue

	SWBNE10
	Near the old Publix, just south of NW 10th Avenue

	ROSESE9
	Upstream near the headwaters of Rosewood Creek

	HOGNW23
	Upstream on the west side of the creek just south of NW 29th Road

	RATUSHOG
	In upstream areas of Rattlesnake Branch in the vicinity of NW 13th Street and the NW 8th Avenue intersection

	TUMSW5
	Possible transients have been reported upstream between SW 5th Avenue and SW 4th Avenue.  Homeless camps have also been reported just downstream on the east side of the creek at a park located between SW 5th Avenue and SW Depot Avenue 


6.3 Potential Stormwater/Sediment Sources at Hot Spots
Stormwater water collection systems are located in the vicinity of each hot spot. Stormwater conveyance systems, especially those underground, can act as reservoirs for contamination that may periodically result in the influx of high levels of bacteria to receiving waters (Anderson et al. 2005, Brownell et al. 2007).  These systems should be considered as a possible contributing source at hot spots.  Also, as mentioned previously, there is a potential for cross-connections with the private and public sanitary sewer infrastructure that parallel and cross the stormwater collection system (Table 6-1).  Table 6-4 lists specific areas of the stormwater collection system for further stakeholder investigation and suggests actions to be performed by local stakeholders.
Table 6-4 Areas with Stormwater Infrastructure in Close Proximity to Hot Spots for Further Stakeholder Investigation

	Hot Spot
	Area of further investigation
	Suggested Action Items

CGPWD
	Suggested Action Items

FDOT

	SWBNE10
	Vortex box located directly upstream of hot spot
	Ensure that the vortex box maintenance schedule is adequate
	

	HOGNW23
	Two sediment traps are located upstream of this location
	Ensure that the sediment traps maintenance schedule is adequate 
	

	ELIZUNIV
	The flow patterns for the stormwater collection system that outfall into this location along West University Avenue are not known.
	Verify flow patterns for the stormwater collection system that outfall in the vicinity of this hot spot  
	Provide details of results (e.g., specific location televised, areas with cross-connections and excessive sediments) of the stormwater lines televised along West University Avenue to the BMAP working group


6.4 Potential Wildlife and Domestic Animal Sources at Hot Spots

Wildlife and domesticate animals have been observed in the vicinity of the hot spot areas during the GRU-TIMS Report (CH2M HILL & Biological Consulting Services of North Florida 2007) and ACEPD wildlife surveys (ACEPD 2008) as listed in Table 6-5.  There is a potential for wildlife to contribute to the fecal contamination of the hot spot areas.  However, it should be noted that advanced MST studies conducted by GRU and ACEPD have shown that human sources are contributors to each of the hot spot areas.  It appears that wildlife and/or domestic animals may form a large percentage of the fecal contamination at TUMSW5, as only 1 of the  thirteen human-specific markers tested for at this location was detected.  Furthermore, the ACEPD observed dog tracks and noted that cats and raccoons are commonly seen at this site (ACEPD 2008). Also, according to ACEPD cats are fed just downstream of this location (personal communication, Stacie Greco, March 11, 2009).
Table 6-5 Signs of Wildlife and Domestic Animals at Hot Spot Areas

	Hot Spot
	Agency/Study
	Areas Where Animals Were Noted
	Evidence of Wildlife
	Evidence of Domestic Animals

	SWBNE10
	ACEPD Wildlife Survey (ACEPD 2008)
	Between University Avenue and NW 10th Avenue
	Raccoon tracks and signs of squirrel and birds
	Three dog walkers observed

	ROSESE9
	ACEPD Wildlife Survey (ACEPD 2008)
	From the confluence of Rosewood Branch with Sweetwater Branch upstream to State Road 331
	Raccoon, bird, armadillo, rodent, and possible fox tracks observed
	Dog and cat tracks and cat scat observed

	ROSESE9
	GRU-TIMS Report (CH2M HILL & Biological

Consulting Services of North Florida 2007)
	At station location
	
	Dogs frequently observed in the creek bed at site

	HOGNW23
	ACEPD Wildlife Survey (ACEPD 2008)
	From Alfred Ring Park at ACEPD routine monitoring station (HOGNW16) upstream to station HOGNW23
	Rodent, opossum, and raccoon tracks observed upstream of station.

A squirrel, birds, and frogs were also sited
	Dog and cat tracks observed

	RATUSHOG
	ACEPD Wildlife Survey (ACEPD 2008)
	From the confluence of Rattlesnake Branch with Hogtown Creek upstream to  NW 12th Street
	Squirrel and raccoon tracks observed.

Rabbits, birds, and frogs were also sited
	Dog and cat tracks observed

	ELIZUNIV
	ACEPD Wildlife Survey (ACEPD 2008)
	From Elizabeth Creek at NW 7th Road  upstream to the arboretum at University Avenue
	Raccoon, armadillo, squirrels, and a possible fox or coyote tracks were observed
	Dog and cat tracks observed.

A dog was also sited behind a fence in a yard close to the creek

	TUMSW5
	ACEPD Wildlife Survey (ACEPD 2008)
	From station TUMSW9 near SW 9th Avenue upstream to station  TUMSW5
	Raccoons, squirrel, and armadillo tracks observed; raccoons are commonly seen at this site
	Dog and cat tracks observed; cats are commonly seen at this site; according to ACEPD cats are fed just downstream
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�Averaging all three creeks together? Why?


�Not sure if I understand Paul’s comment.





In field notes ACEPD  records if samples are baseflow or stormflow (we now measure turbidity also to reduce ambiguity). This dataset includes both. Samples associated with reported SSOs were also accompanied with field notes denoting the conditions.


�3.7 is low and not indicative of storm events. How does this indicate stormwater source?





EW made changes in text


�Implies statistics were calculated


�Citation?





EW removed language


�MCP: need to ask Paul Davis for dates of service.


�Was this data provided. This would be an interesting Appendix. I have never seen this data compiled.





EW this data was not provided to PBS&J


�I think the large camp  was already displaced by the construction of the University House Apartments when this event occurred. However, I do think there may have been some stragglers still living in the riparian area.





EW added text according to comment


�ACEPD and TIMS report show positive human markers at POSNW16. We included Possum in our studies per Brett Goodman ‘s (then employed by GRU) request, as he felt it warranted further investigation. We should add the MST results table for Possum Creek (similar to table 3.6 above).





EW inserted table


�Citation?


EW removed language


�If going to take out SSOs, should remove this one also.





EW kept SSO info in the comments


�MCP the size of some of the spill makes me suspicious of their not having an impact.


�Ig going to remove other SSOs, should remove this one.





EW kept all SSOs in comments. 


�MCP  Can some of the redundant text be eliminated?  This statement has been made more than half a dozen times.  Also some of the e.g. text can be eliminated. 





EW changed text in some parts of document and removed some of the e.g. repeats


�I am not convinced that all of these are appropriate for reduction of bacteria. I expanded in the decision tree document.





EW comment noted


�Jody Harwood discouraged this, as we should stay with the same sites to get statistically significant datasets.





EW noted.  In this case these are not stationary sites, but are sites added/moved to identify areas closer to the source


�Would Ruminant markers  pick up  and differentiate between on raccoons, rats, dogs, etc. 





EW, certain wildlife such as raccoons/possums may be carriers of ruminant markers (e.g., deer) in certain areas, but this has yet to be determined.


Bird and dog-specific markers are still in the research phase.  
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Ribotyping Results for Sweetwater Branch
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Ribotyping Results for Hogtown Creek
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Ribotyping Results for Tumblin Creek
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