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1. Introduction

This document serves as the Interim Vulnerability Technical Memorandum for Task 6 as outlined in the
Drummond Carpenter, PLLC (Drummond Carpenter) Scope of Work for the Orange County Groundwater
Vulnerability Assessment, under contract Y20-906A, PO#C20906A001.

1.1. Background
Orange County has experienced continuing water quality degradation countywide, with lakes, rivers, and
springs not attaining mandated water quality standards in regions throughout the county, both urban and
rural. Countywide, there have been over 150 water quality impairments documented over the last 20 years,
with over 60% of these impairments attributable to excess nutrients, notably nitrogen and phosphorus'.
These excess nutrients originated from multiple sources but were primarily transported to these waters
through stormwater runoff and groundwater flow.

Orange County has adopted numerous programs to control nutrient pollutant sources, including educational
outreach, stormwater and water quality capital improvements, operation and maintenance efforts, source
control removal (e.g., street sweeping), local ordinances (e.g., fertilizer ordinance), and others. This study
focuses exclusively on the role groundwater has on nutrient transport, particularly nitrogen from septic
systems, and what steps the County can make to control relevant pollutant sources from contributing to water
quality impairments through groundwater flow.

1.1.1. Onsite Sewage Treatment Disposal Systems
Over 90,000 onsite sewage treatment and disposal systems (OSTDS) (septic systems) are believed to exist
within Orange County. These septic systems can provide a safe and cost-effective wastewater treatment
solution for residents who live in regions where centralized sewer systems are not available. Septic systems
can, however, cause elevated nitrogen levels in groundwater which can contribute to nutrient impairment in
lakes and rivers via groundwater seepage through the surficial aquifer, and to springs via groundwater flow
and discharge through the Upper Floridan Aquifer.

Within Orange County, groundwater may be more or less vulnerable to contamination from septic systems in
certain areas based on a multitude of factors. For nitrogen in groundwater, these factors are further
complicated when transport of groundwater to downgradient water resources is considered. For instance,
elevated nitrogen in groundwater beneath a septic system may only be a concern if the septic system is
adjacent to a lake. If the septic system is sufficiently far away from a lake, then natural attenuation processes
may sufficiently reduce the nitrogen before groundwater seepage occurs. Understanding the conditions
through which septic systems more readily contribute to groundwater and surface water impairment are
critical to the County'’s efforts at controlling septic-based pollution.

Orange County has developed a Septic Tank Workgroup to address septic-based nutrient pollution. This
Workgroup is tasked with recommending solutions for those existing septic systems that pose a significant
risk to the County’s water resources, as well as to limit the construction of new septic systems within
undeveloped vulnerable regions through administrative rules and regulations. This Workgroup is broken up
into four Subgroups, including:

' Orange County Septic Tank Workgroup, Board of County Commissioners Presentation 2022-02-22
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Subgroup A - Responsible for new development where connection to centralized sewer is viable. This
Subgroup is being led by Orange County Utilities.

Subgroup B - Responsible for septic-to-sewer retrofits. This Subgroup is being led by Orange County Utilities.

Subgroup C - Responsible for existing septic tank upgrades to advanced treatment systems. This Subgroup is
being led by Planning, Environmental and Development Services (PEDS) Department.

Subgroup D - Responsible for new septic tank standards and permitting. This Subgroup is being led by the
Public Works Department.

Each Subgroup is tasked with addressing existing and future septic-based pollution through these different
forms of septic system intervention, all of which are focused on mitigating nutrient impairment to the
County’s water resources.

1.2. Project Goals
The primary goal of this project is to provide a framework for the County to develop specific action plans to
mitigate septic-based water quality impairment through various septic system interventions. This framework
will take the form of a groundwater vulnerability and prioritization map with supporting documentation and
will incorporate a countywide surficial aquifer system (SAS) vulnerability model, a countywide groundwater
model, groundwater quality fate and transport modeling, and geospatial prioritization analysis of the County’s
septic system and related datasets.

This report is the interim deliverable for this project that combines the vulnerability modeling, groundwater
modeling, and initial geospatial prioritization mapping efforts. Refer to Figure 1 for a depiction of the project
flowchart. The results of this effort will be used to inform the next phase of the project, which will consist of
groundwater fate and transport model scenarios and the development of the final groundwater vulnerability
and prioritization mapping effort. Communication and coordination with project stakeholders will continue to
occur to gain valuable feedback for development of the project recommendations.
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Figure 1: Orange County Groundwater Vulnerability Assessment Workflow.

1.3. Report Outline

The report outline for the remaining sections is presented below:

Section 2:

Section 3:

Section 4:

Section 5:

Section 6:

Data collection: This section recaps the data collection efforts, with more detail
included in Appendix A.

Countywide Surficial Aquifer System (SAS) vulnerability modeling: This section
discusses the efforts to develop a countywide SAS vulnerability map.

Countywide Groundwater Modeling: This task designates groundwater influence
zones (groundwater basins) for select Waterbodies of Interest (WOI) throughout the
County to assess SAS seepage potential of vulnerable regions into WOIs.

Septic and Sanitary Sewer Spatial Analysis: This task represents the initial
assessment of priority areas for septic system interventions.

Development of Vulnerability Categories: This task identified various vulnerability
scenarios for additional analysis in future project tasks.
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An extensive data collection effort was conducted to inform this vulnerability assessment. The compiled data
include a variety of relevant GIS data (i.e., environmental, social, hydrogeologic, impaired waters, reclaimed
wastewater coverage), related previous studies, available water quality data, regional groundwater model,
and regulatory information. A summary of the data collection effort is presented in Table 1. More detail on

data collected for each of these topics is summarized in the Task 2 Deliverable (Appendix A).

GIS Data

Table 1. Summary of Data Collection Effort.

Regional
Groundwater Model

Safwal SR et
‘ Onsite Sewage Program
\

Regulatory
Information

REGIONAL
WATER QUALITY REGULATORY
GIS DATA PREVIOUS STUDIES DATA GROUNDWATER INFORMATION
MODEL

e  Environmental 2005 Florida Aquifer 2021 Watershed East-Central Florida OSTDS

e  Social Vulnerability Information Transient Expanded Standards

e Hydrogeologic Assessment (FAVA) Network (WIN) (ECFTX) Model (381.0065,

e Impaired 2005 Wekiva Aquifer Monitoring (2019) (a regional Florida Statutes)
Waters Vulnerability Locations in MODFLOW model and Chapter

e Reclaimed Assessment (WAVA) Orange County covering 23,800 64E-6, F.A.C.
Wastewater 2007 Florida Surface water data square miles of Priority Focus
Coverage Department of Health from Orange Central Florida) Areas (PFAs)

e  Utility data (FDOH) Study County Water requirements

e ArcGIS Spatial 2009 Wakulla County Atlas FDOH and
Data Modeler Aquifer Vulnerability Orange County
(Arc-SDM) Assessment (WCAVA) septic system
Software 2018 Wekiva Spring regulations
Model and Rock Springs

Basin Management
Action Plan (BMAP)
2019 FDOH STUMOD
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3. Vulnerability Modeling
3.1. Aquifer Vulnerability Model Setup

<

A countywide SAS Vulnerability Model, known herein as the Orange County Aquifer Vulnerability Assessment
(OCAVA), was developed for Orange County using the Weights of Evidence (WOE) approach developed by the
State of Florida and previously used in other Aquifer Vulnerability Assessments (AVA) statewide (e.g., Arthur et
al. 2017, Baker et al. 2009, Baker et al. 2007, Cichon et al. 2005). The WOE approach was chosen to provide a
methodology consistent with the statewide SAS vulnerability assessment completed by the Florida Geologic
Survey (FGS) in the Florida Aquifer Vulnerability Assessment (FAVA) (Arthur et al. 2017). The WOE model is
data-driven and does not rely on more subjective, knowledge-driven approaches used in other vulnerability
studies.

The WOE approach is a probabilistic model that predicts the likelihood of a condition occurring based on
known information. For this study, the WOE approach was used to estimate the likelihood for a pollutant to
reach the top of the SAS once it's introduced to the top of or within the unsaturated zone. Areas with
increased likelihood of a pollutant reaching the SAS are considered more vulnerable compared to areas with
less likelihood.

The vulnerability modeling relies on two categories of user inputs: (1) training points and (2) evidential themes
to produce the output response theme (Figure 2). Training points are selected wells in the aquifer of interest
with the desired water quality data. Evidential themes are GIS layers of properties that influence aquifer
vulnerability. The response theme delineates the model area into categories of relative vulnerability.

Soil Permeability

Karst Fealures

IAS Thickness . & < -
1 <
““t’ﬂﬂl
-

Head Difference

Response Theme

Figure 2. WOE Conceptual Model: The top four layers are evidential themes, the yellow lines represent training points (wells) projected
throughout the layers, and the bottom layer is the response layer which shows More Vulnerable areas in red and Less Vulnerable in blue
(Figure adopted from Arthur et al. 2017 Fig. 4).

3.1.1. Training Points

Training points represent actual water quality data within the study area of interest and are defined as wells
screened in the SAS with available water quality data for the parameters of interest, Dissolved Inorganic
Nitrogen (DIN) and Dissolved Oxygen (DO). DIN and DO are not typically found in high concentrations in
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groundwater and serve as indicators of relative aquifer recharge for wells in this study (Arthur et al. 2017).
Regions with greater aquifer recharge are considered areas where pollutants have an increased likelihood to
be transported from the ground surface to the aquifer.

SAS water quality data were obtained from the St. John'’s River Water Management District, Florida
Department of Environmental Protection (FDEP) Watershed Information Network (WIN), STORET database,
and well records maintained by Water Management Districts. Acquiring data to identify sufficient training
points within the County required multiple searches of available databases. In all, 543 data points were
collected from 71 separate SAS wells in Orange County. Of the 71 SAS wells found with measured parameters
of interest, 56 had measured DIN and 60 had measured DO (Table 2).

Table 2. Sources of Well Data Used for Training Points.

DATABASE SOURCFE WELLS DATES SAMPLED ORIGINAL PROJECT OR SAMPLING PROGRAM
ST. JOHNS RIVER WATER 1 i i
MANAGEMENT DISTRICT
DEPARTMENT OF
ENVIRONMENTAL 2 - -
PROTECTION WIN WAVES
DEPARTMENT OF
ENVIRONMENTAL 44 July 1985 — GW-Trend, Background, STATUS GW-Trend, Background,
PROTECTION STORET October 2019 STATUS, VISA, Wastewater Treatment Plant GW sampling
ARCHIVAL DATABASE
September 19,
ORANGE COUNTY WATER 2 1989 — August 2, South Florida Water Management District
ATLAS
2005
WEKIVA AQUIFER STUDY 10 geil 1:'225)1191 e Orange County

Data processing required cross referencing the multiple datasets for duplicate wells, evaluation, and
correction to achieve consistency in GPS format and ensure the data were consistent in parameters measured
and units. Each study evaluated different nitrogen species. Total DIN (NO; + NO, + NH,*), therefore, was
calculated individually for sites from available measurements of dissolved ammonia, ammonia-N, nitrate-N +
nitrite-N, and nitrite + nitrate.

Consistent with the WOE methodology, the third quartile value was calculated for DO and DIN measurements
from the collected well data. For wells with multiple recorded measurements of DO or DIN, the median value
was calculated for each parameter for that well. Then, wells with median values greater than the third quartile
values were selected to be part of the final training points dataset for that parameter. For DO, this procedure
resulted in a training point dataset containing 8 wells, and for DIN, this resulted in a dataset containing 13
wells. Unfortunately, the DO training points did not produce sufficient differentiation in the model and were
therefore not used in the final OCAVA model. The final training point set contained the 13 DIN wells. This is an
increase from the statewide study, which had 1 training point within Orange County.

3.1.2. Evidential Themes

The evidential themes included in the AVA process were intended to capture geologic controls on aquifer
vulnerability. Selected evidential themes are individual GIS layers of geologic properties that can influence
how quickly water moves through the unsaturated zone. Consistent with the FAVA for SAS vulnerability, the
evidential themes considered in this study included:

1. soil hydraulic conductivity,
2. depth of soil between the surface and the water table,
3. and distance to karst features.

6|Page



DRAFT

Orange County Groundwater Vulnerability Assessment A DRUMMOND
14 March 2022 2 CARPENTER

For each evidential theme layer, multiple datasets were considered to determine the most appropriate GIS
layers for this study, as further described below.

Soil Hydraulic Conductivity

Soil hydraulic conductivity is a parameter representing how well a fluid can move through pore spaces or
fractures under nearly saturated conditions (Newby et al. 2009). Two datasets were evaluated to serve as this
evidential theme. The soil hydraulic conductivity within the East Central Florida Transient Expanded (ECFTX)
groundwater model was the first dataset evaluated (CFWI 2020). The benefit of this layer is that it represents
the hydraulic conductivity throughout the County and is sourced from a calibrated and peer reviewed
groundwater model. Unfortunately, as the ECFTX is a regional model, the evidential theme produced with this
dataset did not capture the anticipated variability in soil conductivity at the county-scale and was therefore
not used in the final OCAVA model.

The second hydraulic conductivity dataset was obtained from the Natural Resources Conservation Service
(NRCS) Soil Survey Geographic Database (SSURGO). The SSURGO dataset discriminated variability due to
localized differences in soil conditions better than the dataset from the ECFTX model. The vertical soil
hydraulic conductivity values from SSURGO ranged from 5-70 feet per day (ft/day) with most of training points
in regions with values of less than 30 ft/day. Some areas within Orange County did not have SSURGO data, and
these were generally areas associated with urban land uses. This dataset was used in the final OCAVA model,
and the areas with missing data were not assigned to vulnerability categories.

Depth-to-Water

In this study, the two available datasets for the Depth to SAS evidential theme were found to be poor
predictors of training points and thus were not used in the final OCAVA model. The available training points
were in areas where the groundwater table was uniformly shallow, which may have caused this model result.

The first dataset evaluated was the statewide Estimated Depth to Water Table - Surficial Aquifer System, which
was created by FDEP by subtracting a water table surface grid from a Digital Elevation Model (DEM) (Anon.
2008). Unfortunately, at the county-scale, the data shows little variation within the County. All but three of the
training points were in areas with depths to water of less than 10 ft. The second dataset evaluated was the
average depth to saturated water table from the SSURGO database. In this dataset, hydrologic features such as
lakes and rivers as well as areas with depth to water table greater than 160 centimeters were assigned “no
data.” The lack of training points in regions with available water table data prevented this dataset from serving
as an evidential theme.

The absence of a quality depth-to-water table layer across Orange County highlights the need for the County
to develop this from available data or by installing a countywide SAS well network. Currently, the available
datasets either do not sufficiently capture the variability across the County or are missing too much data to
serve as evidential themes. A refined depth to SAS layer could help strengthen the OCAVA model.

Karst Features

Karst features such as sinkholes can serve as conduits to directly route water from the surface to subsurface
aquifers. Various studies used evidential themes that quantified distance to karst features (Arthur et al. 2017
and Baker et al. 2009). Areas in greater proximity to karst features are considered more vulnerable compared
to areas further away, so radial buffer zones around each karst feature were delineated to allow for distance to
karst features from each training point to be measured. This study examined multiple datasets in efforts to
find the most effective data set to represent the Buffered Effective Karst Feature evidential theme including
the following:

1. Orange County High Resolution DEM (5 ft and 10 ft, based on available spatial coverage),
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2. FGS Subsidence Incident Report (FGS 2021),
3. FGS Sinkhole Favorability Study (FDEP and FGS 2017), and
4. FGS Closed Topographic Depressions (FGS 2004).

ArcGlIS raster tools (contour, sink, fill) were used to identify potential karst features from the Orange County
DEM. This processing did identify more topographic depressions when compared with the statewide FDEP
Elevation Contour Depression dataset (FDEP 2019), however the depressions were often low-lying areas
representing GIS artefacts that may not represent evidence of sinkholes. Additionally, the detail did not
translate due to the resolution of the WOE model (30 x 30 meters). The Orange County DEMs therefore were
not used as the basis for the evidential theme.

The FGS Subsidence Incidence Report contains subsidence incidents self-reported by citizens, Department of
Transportation, and state and local governments. The incidents did visually align with karst regions. However,
these reports have not been field-verified nor has the cause of potential subsidence been identified. This layer
was not used as the basis for the evidential theme.

The FGS Sinkhole Favorability Study designates regions that are unfavorable, favorable, more favorable, and
most favorable to sinkholes. The results of this study did align visually with the FGS Closed Topographic
Depressions, but the scale of the analysis was too broad to serve as an evidential theme in this study.
Therefore, this layer was not used.

Ultimately, the FGS Closed Topographic Depressions dataset was selected to create the karst features
evidential theme. Following the methodology outlined in the FAVA Study and others, “Closed Depressions”
were identified and selected from the FDEP Elevation Contour Depression dataset (Arthur et al. 2017; Baker, et
al. 2009). Closed topographic depressions identified as lakes were removed. To filter out linear depressions,
such as roadside swales and squared off detention ponds that do likely not represent former sinkholes, a
roundness ratio was calculated for each closed depression, and any depression with a roundness ratio of less
than 0.75 was removed from the karst feature dataset.

3.1.3. Model Extent

The study area extent for this model was delineated to be the same as Orange County and is shown in Figure 3
along with the training points. The study area was comprised of 30 meter-square grid cells to cover the
entirety of the County. Waterbodies listed in the Orange County Hydrology dataset (Orange County, 2021)
were removed from the study area, consistent with previous studies as SAS water quality monitoring wells
were not located within these waterbodies (Arthur et al. 2017; Cichon et al. 2005).
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Figure 3. Aquifer Vulnerability Model Extent and Training Points.

3.2. Aquifer Vulnerability Model Results

The AVA process evaluates the inherent geologic properties of the evidential themes collocated with each
training point. The model then applies a probability of finding training points in regions with the same
combination of evidential themes. Model results at any one location are relative to each other in the study
area.

The model classifies regions within the study area into three vulnerability categories (i.e., more vulnerable,
vulnerable, less vulnerable) that can be viewed spatially as the “response theme” (Figure 4). The model that
produced the response theme with the highest level of confidence across the study area incorporated the
Buffered Effective Karst Features theme and the Soil Hydraulic Conductivity theme developed from the
SSURGO NRCS soil data. Depth to SAS was not included as an evidential theme due to the lack of a sufficient
countywide dataset that produced a valid response theme.

The More Vulnerable regions were correlated with shorter distances to karst features and higher soil hydraulic
conductivity and were more likely to contain a training point. The Less Vulnerable areas were correlated with
regions with longer distances to karst features and lower soil hydraulic conductivity and were less likely to
contain a training point.
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Figure 4. Response Theme: Relative Vulnerability of the SAS in Orange County.

The three vulnerability categories of the response theme are determined by the posterior probability that a
training point will occupy a defined unit area within the study area based on the evidential themes.
Delineation of the specific vulnerability categories is determined by changes in the relationship between the
posterior probabilities and the percent cumulative area (Figure 5). Regions with a posterior probability less
than 0.0039 were considered Less Vulnerable (27% of the model area), regions with a posterior probability
between 0.0039 and 0.0069 were considered Vulnerable (58% of the model area), and regions with a posterior
probability greater than 0.0069 were considered More Vulnerable (15% of the model area).
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Figure 5. Posterior Probability Plotted with Cumulative Area for the Model.

The prior probability for each model is calculated by dividing the training point unit area by the total study
areq, effectively calculating the proportion of known impacted regions (SAS wells with elevated DIN) in the
study area. Prior probability for this model was calculated to be 0.00538 which is greater than the prior
probability of 0.0014 for the FAVA SAS model (Arthur et al. 2017). This means the OCAVA model has more
training points per model area compared to the FAVA SAS model. Approximately 57% of the study region had
a posterior probability above the calculated prior probability of 0.00538, which indicates that the model is a
strong predictor of the location of training points (Arthur et al. 2017).

3.2.1. Model Confidence

Model confidence in the response theme is calculated by dividing the theme’s posterior probability by its total
uncertainty (standard deviation) (Arthur et al. 2017). This calculation produces a confidence map which shows
the quality of the response theme spatially. The confidence map for this study, shown in Figure 6, reveals
confidence in the response theme ranges from 80-99%. Generally, the higher confidence areas correspond
with higher vulnerability areas, and lower confidence areas correspond to lower vulnerability areas.
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Figure 6. Confidence Map
3.2.2. Comparison to Florida Aquifer Vulnerability Assessment (FAVA)

The statewide vulnerability model, FAVA, provides vulnerability of the SAS in Orange County relative to the
entire state. The model created for this study, OCAVA, defines vulnerability regions of the SAS relative to the
County. The refined scale of the model allows for greater distinction between regions within the County
compared to the results from the statewide model (Figure 7).
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Regional patterns between the FAVA study and this study show generally similar patterns of more vulnerable
areas along a northwest to south-central corridor in the western half of the county and less vulnerable areas in
the east. The Wekiva Springs Priority Focus Area (PFA) in the northwestern portion of the county is primarily
More Vulnerable. Areas in the southwestern portion of the county are also categorized as More Vulnerable.

At the scale of the FAVA model, the Orange County region was largely considered More Vulnerable. This
vulnerability classification correlated with the shallow depths to the water table observed across Orange
County compared to the deeper depths observed across the state. When the WOE approach was used to
evaluate county-scale vulnerability, the relatively uniformly shallow depth to the SAS across the county did
not provide a broad range of values for comparison within the region. The soil hydraulic conductivity did
provide valuable information to the vulnerability classification at the county-scale. Distance to karst features
were Influential at the state-scale and county-scale.

The OCAVA model shows a pattern of higher vulnerability in the central and western portions of the County,
including much of the Wekiwa Springs and Rock Springs PFA, as well as Winter Park and other areas along the
western border. To the east, generally lower vulnerability is predicted. This is generally consistent with the
prior understanding of high recharge areas located in the central and western portions of the County, as well
as areas of higher sinkhole potential.

3.3. Limitations and Future work

This study created a map of the relative vulnerability of the SAS to pollution in Orange County using the WOE
approach. These results are not directly comparable to vulnerability assessments from other regions since the
model defines vulnerability relative to the model extent.

This analysis was limited by the available well data used to develop training points. Spatially, training points
were not evenly distributed across the County, with the majority of training points located in the
northwestern portion of County. As data becomes available, the model would likely be improved by
incorporating training points with greater spatial variability. Evidential themes, such as depth to water, that
did not show sufficient generalization (i.e., the data was not predictive of training point locations) may be
improved with additional training points. Other sources for SAS water quality data within Orange County that
were beyond the scope of this project could be explored in a future effort to increase the number and spatial
distribution of training points.

This analysis assumed that the observed DIN in wells was independent of the landcover or human activity on
the surface as the intent of the AVA process is to evaluate aquifer vulnerability based on nonanthropogenic
properties. To assess this assumption, possible associations between land use and the distribution of mean
posterior probabilities (i.e., vulnerability categories) were evaluated (Figure 8). A strong correlation between
certain types of land uses and more vulnerable areas (i.e., areas of high posterior probabilities) was not found,
which is an indicator that human activity has limited influence on the results. However, if anthropogenic
influences are suspected to outweigh the impacts of intrinsic vulnerability in Orange County, then evidential
themes that consider anthropogenic impacts, such as distance to impervious surfaces, septic tank density, and
land use, could be explored in future with the addition of more training points.
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Figure 8. Posterior Probability Calculated for Each Land Use.

15|Page



DRAFT
Orange County Groundwater Vulnerability Assessment DRUMMOND

14 March 2022 S” CARPENTER

4. Groundwater Modeling

The OCAVA model and similar WOE-based vulnerability models (e.g., Florida statewide and other Florida
counties’ AVA studies) predict relative vulnerability for pollution to reach the underlying aquifer. However, this
modeling alone is insufficient to understand why certain water resources (e.g., lakes, rivers, springs, etc.) are
impacted or become impaired by such vulnerable regions. Countywide groundwater modeling is therefore
conducted to understand how the transport of excess nutrients or other pollutants from the SAS can impact
important Waterbodies of Interest (WOlIs). The groundwater modeling discussed in this report is the initial
phase of the groundwater modeling effort for this project. Future efforts will incorporate various water quality
transport modeling scenarios, which will be performed in subsequent project phases.

<

4.1. Model Configuration

To assess the influence of vulnerable SAS regions on nitrogen concentrations in WOIs, a countywide
groundwater model was developed by refining the regional ECFTX groundwater flow model (Central Florida
Water Initiative 2020). The ECFTX model uses MODFLOW-NWT (Niswonger et al. 2011), a groundwater
modeling code developed and maintained by the United States Geological Survey, to simulate groundwater
flow. The ECFTX model encompasses peninsular Florida from the Gulf of Mexico to the Atlantic Ocean
between northern Volusia County and the Charlotte-DeSoto County line and represents the underlying
hydrogeologic units using 11 layers (Figure 9). For the purposes of this project, the ECFTX model was refined
and modified in an iterative process to better represent local groundwater flow conditions within Orange
County using Groundwater Vistas Version 8 (Rumbaugh and Rumbaugh 2020), a pre- and post-processor for
MODFLOW models.

Model Layer Hydrostratigraphic Conceptualization

1 — surficial aquifer ‘:Iqr:?:rl
— intermediate
27 — intermediate confining unit confining unit
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_ [ oo a|___ _ _ | 8
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11

Figure 9. Vertical discretization of the ECFTX Model (Figure from CFWI 2020).
4.1.1. Model Refinement

The model domain and grid resolution were modified using the Telescopic Mesh Refinement (TMR) tool
available in Groundwater Vistas Version 8. This tool refines the model grid to a desired resolution throughout
a specified area and partitions the existing boundary condition cells, representing waterbodies and other
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hydrogeologic features, to corresponding cells at the new grid resolution. The rectangular area selected for
TMR included Orange County and areas of Lake, Seminole, Volusia, Brevard, Polk, and Osceola counties. The
model grid was refined from the original ECFTX model’s 1,250 ft by 1,250 ft cell spacing to a 200 ft by 200 ft
cell spacing. Model grid refinement was performed to facilitate simulation of groundwater flow throughout
Orange County at a finer resolution than the original ECFTX model, which is needed to perform the particle
tracking analysis with sufficient detail to develop groundwater influence zones at the individual water body
scale. Care was taken to minimize modifications to the ECFTX model during grid refinement. The refined grid
model will be referred to as the Orange County (OC) ECFTX herein.

4.1.2. Model Boundary Conditions and Hydraulic Properties

In the ECFTX model, river boundary condition cells represent rivers, open basin lakes, and wetland areas
adjacent to surface waterbodies. Drain boundary condition cells are used to represent a variety of hydrologic
features in model Layer 1 including closed basin lakes and adjacent wetlands, lakes with drain wells, and
smaller surface waterbodies (i.e., irrigation ditches, headwater drainage features, and shallow surface water
bodies). Lakes with drain wells return water to model Layer 3, which represents the Upper Floridan Aquifer
(UFA), drain boundary condition cells are also used in Layer 3 to represent springs.

River and drain boundary condition cells were modified to represent surface water features at the refined grid
resolution. River and drain boundary condition cells that appeared to represent large surface water bodies
(i.e., lake, river, or wetland) but neither overlapped with the corresponding water body defined in the
hydrology shapefiles obtained from Orange (Orange County 2021) and Seminole (Seminole County 2013)
Counties nor appeared to represent a wetland based on aerial imagery were removed from the model. Select
drain boundary conditions representing smaller surface water bodies were removed using the same criteria.
Drain cells representing Big Sand Lake were modified to represent the drain well that is currently in operation
but not included in the original ECFTX model. Model representation of hydrologic features using boundary
conditions before and after model refinement is shown in Figure 10.
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Figure 10. Boundary Condition Refinements More Accurately Representing Water Features

Hydraulic property (e.g., hydraulic conductivity) values assigned to model cells in the original ECFTX model
were not changed except for porosity. In the original ECFTX model, the default porosity value was assigned to
all model cells. To calculate groundwater travel times more accurately, a general porosity value of 0.25 was
assigned to model cells in Layers 1-11. This porosity value was chosen to be representative of the range of
possible porosity values (Yu et al. 2015) of the geologic materials (sand, silt, clay, and limestone) which
comprise the modeled aquifer units.

4.1.3. Calibration Targets

Locations of head calibration targets in Orange County and the corresponding observed water levels from
2003 were obtained from the online results portal for the ECFTX model?. These calibration targets are located
throughout the county in the Surficial Aquifer System (SAS; Layer 1) and the transmissive portions of the
Upper Floridan (UFA; Layers 3 and 5) and Lower Floridan (LFA; Layers 9 and 11) Aquifers. Head target residuals
(difference between observed and computed groundwater elevations or “head” values) were used to guide
the iterative refinement and modification of the ECFTX model and assess model calibration both discretely
and holistically.

Residual calibration statistics for targets in Orange County for the original and OC ECFTX models are shown in
Table 3. Calibration statistics for the OC ECFTX model are similar to those tabulated for the original model,
indicating that the OC ECFTX model is relatively well calibrated, and is therefore suitable for purposes of
tracking groundwater through the SAS for this project. Histograms of target residuals for the original and
OC models are shown in Figure 11 and Figure 12 for comparison.

Table 3. Comparison of Residual Statistics for Orange County for the Original and OC ECFTX Models.
RESIDUAL STATISTIC ORIGINAL ECFTX* OC ECFTX

2 https://waterapp.shinyapps.io/ecftx/
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RESIDUAL MEAN (FT) -0.03 0.08

ABSOLUTE RESIDUAL MEAN (FT) 248 2.57

RESIDUAL STANDARD DEVIATION 3.19 3.18

SUM OF SQUARES 596.58 595.63

ROOT MEAN SQUARE ERROR 3.18 3.18

MINIMUM RESIDUAL (FT) -9.37 -9.03

MAXIMUM RESIDUAL (FT) 6.68 6.33

*Residual statistics calculated using calibration targets in the refined area within Orange County.
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Figure 11. Original ECFTX Model Target Residuals.
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Figure 12. OC ECFTX Model Target Residuals.
4.2. Waterbodies of Interest (WOIs) Influence Zones

The potential for leached nutrients from septic systems to reach surface waterbodies via groundwater
pathways can be evaluated if groundwater contributions to those waterbodies are spatially and temporally
understood. The potential for elevated nutrient concentrations in lakes and rivers can be increased when
septic systems are within areas where groundwater is contributing to those surface waterbodies. Additionally,
the time it takes for nutrients in groundwater to travel from the water table to a surface waterbody affects the
degree to which nutrients naturally attenuate during transport, which can impact surface waterbody nutrient
concentrations. To delineate groundwater contribution zones and quantify groundwater travel times for
select lakes and rivers, a particle tracking analysis was performed using the countywide groundwater model
discussed in Section 4.1.

The particle tracking analysis focused on 174 WOIs that were more likely to be susceptible to groundwater
pollution, already considered impaired for water quality, or are otherwise considered important based on a
screening process that considered several criteria. Considerations for waterbodies as a WOI included whether
the waterbody is:

Not attaining standards for select analytes,

On the Verified List of Non-Attaining Waters for select analytes,
Associated with a Basin Management Action Plan (BMAP),
Assigned a Total Maximum Daily Load (TMDL)

Associated with Outstanding Florida Waters,

Within a closed basin or karst area, or

Adjacent to areas with a high density of septic systems.

A more detailed description of the WOI screening process can be found in Appendix B.
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Reverse particle tracking was performed on the steady-state groundwater flow field calculated by the OC
ECFTX model using MODPATH Version 7 (Pollock 2016). Particles were released at five vertical locations in
Layer 1 of the model between the water table and the bottom of the layer at 50 ft intervals along the
boundaries of the 174 recommended WOIs, as defined by either the Orange County hydrology shapefile
(Orange County 2021) or the Orange County Property Appraiser hydrology shapefile (Orange County Property
Appraiser 2021). Using the steady-state flow field, MODPATH tracks the virtual particle upgradient from its
endpoint (the WOI) to its origin point. To capture the effects of changes in annual precipitation, reverse
particle tracking was also performed using the flow fields from two additional simulations of the OC ECFTX
model with 20% more and 20% less recharge.

Using the three sets of origin points (OC ECFTX, plus 20% recharge, minus 20% recharge), groundwater
influence zones were generated for WOIs using either the Convex Hull (Minimum Bounding Geometry) or the
Concave Hull (Alpha Shapes) Vector Geometry tools in QGIS version 3.20.1-Odense (QGIS 2022). The Convex
Hull tool considers the origin points for a waterbody and generates a polygon which encloses the origin
points for each waterbody while maximizing the area (similar to putting a rubber band around the farthest
particle end points). This tool was used to generate the influence zones for each of the WOIs except for the
Econlockhatchee River, the Little Econlockhatchee River, and Crane Strand.

The Concave Hull (Alpha Shapes) tool was used to generate the influence zones for the Econlockhatchee River,
the Little Econlockhatchee River, and Crane Strand. The Concave Hull (Alpha Shapes) tool is like the Convex
Hull tool in that it creates a polygon which encloses the origin points for each water body (similar to
connecting the dots around the perimeter); however, instead of maximizing area, the algorithm connects the
origin points with constraints on the angle of the line needed to connect the next closest point, as determined
by the alpha value. The Concave Hull (Alpha Shapes) tool was used to develop the influence zones for these
waterbodies because the Convex Hull did not produce realistic influence zones.

Origin points generated for WOIs with the same name (e.g., Tootoosahatchee Creek, Turkey Creek) were
combined to create one influence zone for the WOI. Similarly, origin points for the tributaries of the
Econlockhatchee River were combined with origin points for the main Econlockhatchee River to generate one
influence zone. Using these methods, 166 unique influence zones were produced. Examples of influence
zones generated using the convex hull and concave hull tools are presented in Figure 13.

Convex Hull Lagend Concave Hull
Waterbody of

Interest

Capture Zone
Particle Track

Legend

Waterbody of
Interest

| [ ] Capture Zone
 —— Particle Track

Figure 13. influence Zones Generated using the Convex Hull and Concave Hull Tools.
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Influence zones for the WOIs in western Orange County generally mirrored the shapes of the WOIs, which
indicates that groundwater flowing into these WOIs comes from recharge in the surrounding areas. Influence
zones in WOIs in eastern Orange County were generally elongated, which indicates that, in addition to
recharge from the surrounding areas, groundwater flowing into these WOIs comes from recharge zones
hydraulically upgradient (generally west) of the WOIs. The influence zones generated using the methods are
shown in Figure 14,

Median travel times were tabulated for each WOI using the results of the particle tracking analysis. Travel
times for the recommended WOIs ranged from less than 1 year to over 15 years. The WOIs with the shortest
median travel times were generally in western Orange County and include Lake Rutherford, Lake Olivia, Lake
Fischer, Lake Stanley, and Lake Lucy, which have median travel times of 0.4 years, 0.6 years 0.6 years, 0.6 years,
and 0.7 years, respectively. The WOIs with the shortest median travel times are relatively small waterbodies,
with the smallest being Lake Rutherford, with an area of approximately 13 acres, and the largest being Lake
Olivia, with an area of approximately 88 acres. The WOIs with the longest median travel times were in eastern
and southern Orange County and include Lake Jennifer, Lake Suzanne, Tootoosahatchee Creek, the
Econlockhatchee River, and Lake Tucker, which have median travel times of 15.3 years, 12.9 years, 11.5 years,
7.7 years, and 7.0 years, respectively. Influence zone median travel times are summarized in Figure 14.
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5. Regional Septic & Sanitary Sewer Spatial Analysis

A septic system and sanitary sewer spatial analysis was conducted to provide context to the vulnerability and
groundwater modeling described in the earlier sections. Septic systems are documented in Orange County as
a major source of groundwater pollution and therefore must be represented to understand where the largest
pollution risk factors originate and to what degree. Simply understanding the density of septic systems (i.e.,
number of septic tanks per acre) is not sufficient at addressing pollution risk, as dense septic systems in less
vulnerable regions may represent a lower risk than lower density septic systems in higher vulnerable regions.
Other factors, including whether waterbodies surrounding septic systems are impaired, what the population
growth trends are spatially, the expansion plans of sewer and wastewater treatment systems, the functioning
of existing septic systems (i.e., whether they are adequately controlling pollution onsite), and other factors
complicate the development of a countywide vulnerability assessment.

The efforts discussed in this section were conducted by subconsultant Applied Ecology, Inc. (AEl) and
Drummond Carpenter. AEl performed the initial septic system vulnerability and prioritization mapping to
illustrate where existing septic regions are more likely contributing to surface water and groundwater
impairments countywide. These mapped areas represent the initial effort to identify regions that are of higher
priority for septic system intervention, such as septic-to-sewer retrofits, advanced treatment septic system
retrofits, or other administrative options such as rulemaking updates to the County’s Comprehensive Plan or
Land Development Code.

AEl's assessment utilized many available GIS datasets as well as Drummond Carpenter’s OCAVA model to
establish a priority ranking system for subdivisions primarily on septic (>50% septic) within the County
boundary. Subdivisions were used as the base “unit” in the mapping scheme, as these are generally individual
neighborhoods that share similar conditions. Since it is likely that septic system interventions will be
implemented at a subdivision scale, this method was deemed appropriate. High priority ranking areas were
expected to be characterized by higher septic, population, and housing densities, a shallower groundwater
table, shorter distances to waterbodies, the OCAVA More Vulnerable category, and are within an impaired
watershed. Further refinement of these priority areas will be completed during the future phase of this
project.

The following subsections briefly summarize key points from the analysis performed by AEl while the
complete Septic and Sewer Spatial Analysis Technical Memorandum Report is included as Appendix C.

5.1. Orange County Septic System Database

A major difficulty with septic system analysis is having confidence in knowing where and how many septic
systems exist, which can create uncertainty in the underlying data and results. To address this, multiple data
sources were collected, assessed, and collated into a comprehensive septic system database for Orange
County. Information collected includes known septic locations from state and wastewater utility-provider
sources, municipal wastewater data, and billing data from utility providers from Orange County and other
cities. A map of the countywide septic systems is included in Exhibit 1.

5.2. Initial Septic System Vulnerability and Prioritization Mapping Parameters

AEl's data acquisition effort included GIS datasets for septic inventory, current sewer infrastructure, current
land use, hydrographic features, elevation datasets, census and census-derived datasets, and property
appraiser data. Each dataset was processed to support the development of the ranking system to prioritize
subdivisions based on their potential to contribute to the pollution of groundwater and waterbodies.
Parameters selected for use in the ranking process include the following:
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e Septic density,

e OCAVA category,

e Percent of subdivision within an impaired surface or spring watershed,

e Housing density change (2020-2050),

e Population density (2010),

e Population density change (2000-2020),

e Mean year subdivision was built,

e Mean distance to waterbody,

e Mean elevation (as a proxy for depth to groundwater table), and

o Distance to existing infrastructure (force and gravity main).

5.2.1. Septic Density

Septic density was calculated as the number of septic tanks per acre. An area with a higher septic density is
expected to create a larger volume of septic leachate with greater pollution potential compared to an area
with a lower septic density.

5.2.2. OCAVA Category

The OCAVA modeling classified the County into three categories: (1) Less Vulnerable, (2) Vulnerable, and (3)
More Vulnerable. Each subdivision was assigned a ranking value for this parameter by calculating the average
category of the subdivision area. To calculate the average, a value was assigned to each category (i.e., Less
Vulnerable = 1, Vulnerable = 3, and More Vulnerable = 6).

5.2.3. Area within Impaired Watershed or Springshed

The area of each subdivision that falls within an impaired watershed was calculated for this parameter. Areas
within an impaired watershed or springshed are more vulnerable to pollution as they already have pollutants
exceeding acceptable levels.

5.2.4. Housing Density Change

Future housing density change projections for 2020 to 2050 were obtained for subdivisions with greater than
50% of parcels on septic. Greater housing density is anticipated to correspond to more septic tanks and more
people using them which will correlate with greater pollution potential.

5.2.5. Population

Population data, including 2010 population density and population density change from 2000 to 2020, were
obtained for use in the priority ranking. Greater population density in subdivisions primarily on septic is
expected to create a larger volume of wastewater, increasing pollution potential.

5.2.6. Year Built

Subdivision age was considered an important parameter because prior to 1962 no specific Florida Statute
regulated conditions to siting septic tanks. Additionally, older infrastructure may not perform as well as newer
infrastructure leading to greater pollution potential. For example, older subdivisions on septic have simply
had more time for potential release of pollutants to groundwater.

5.2.7. Distance to Waterbody

The distance from a septic tank to a nearby waterbody can be a controlling factor for the likelihood of leached
pollutants to reach the waterbody. Typically, the shorter the distance to a nearby waterbody, the faster
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pollutants can reach the waterbody. Shorter travel times also reduce the potential for natural attenuation
processes of pollutants, such as denitrification.

5.2.8. Elevation

Elevation was used as a proxy for depth to SAS. Mean elevation above mean sea level (AMSL) typically has
strong correlation with the water table (e.g., correlation coefficients often above 0.8-0.9, Rios et al. 2011). A
shallower depth to water table is expected to have a greater pollution potential due to the shorter distance to
reach groundwater.

5.2.9. Distance to Infrastructure

The minimum distance to sewer main line (force and gravity) was included to add an element of feasibility for
the priority areas. Subdivisions closer to existing infrastructure will likely be easier to retrofit compared to
subdivisions lacking nearby infrastructure. This distance serves as a proxy for potential cost associated with
connection; though, it is one of many considerations that would be further evaluated if a subdivision was
selected for septic retrofit options, such as septic-to-sewer.

5.3. Initial Priority Ranking Methodology

Once the data were gathered for the selected parameters and their association with vulnerability and retrofit
priority was established, each set of parameters was divided into six classes. These classes were assigned
values or “ranks” from 1 to 6, with a rank of 1 having lower pollution potential and a rank of 6 having the
highest pollution potential.

The individual parameter ranks were aggregated for each subdivision to determine the subdivision’s priority
rank value. Three methods of aggregation were evaluated: (1) an Unweighted Vulnerability Scheme, (2) a
Weighted Vulnerability Scheme, and (3) a Weighted Connectivity Scheme.

The vulnerability schemes, strictly concerned with pollution potential, did not include the distance to existing
infrastructure. In the Unweighted Vulnerability Scheme, aggregation was performed by calculating the mean
of individual parameter ranks with each parameter weighted equally. Realistically, however, certain
parameters were predicted to have a greater influence on vulnerability. To account for this, weights were
assigned to these parameters in the Weighted Vulnerability Scheme before calculating the mean priority rank.
The parameters and assigned weights for the vulnerability schemes are shown in Table 4.

Table 4. Vulnerability Scheme Parameters and Weight Values (Table 5 in Appendix B).

VARIABLE NAME UNWEIGHTED VULNERABILITY WEIGHTED VULNERABILITY

SCHEME SCHEME
SEPTIC DENSITY (#/ACRE) 1 2
OCAVA VULNERABILITY CATEGORY 1 2
PERCENT SUBDIVISION IN IMPAIRED 1 )

WATERSHED OR SPRINGSHED

HOUSING DENSITY CHANGE (2020-2050) 1 0.5
POPULATION DENSITY CHANGE 1
MEAN YEAR BUILT 1
MEAN DISTANCE TO WATER (METERS) 1
1

MEAN SURFACE ELEVATION (FT)

- N = =

*Variables with a higher weighted value are considered more influential factors contributing to pollution potential.
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To add an element of retrofit feasibility, the Weighted Connectivity Scheme included the distance to existing
force and gravity mains. Greater detail on feasibility, including costs, capacity, and constraints would require
an engineering evaluation which is not part of this assessment. The Weighted Connectivity Scheme was
created by adding the parameter for distance to existing infrastructure to the Weighted Vulnerability Scheme
(Table 5).

Table 5. Connectivity Scheme Parameters and Weight Values (Table 6 from Appendix B).
WEIGHTED CONNECTIVITY

VARIABLE NAME SCHEME
SEPTIC DENSITY (#/ACRE) 2
OCAVA VULNERABILITY CATEGORY 2
PERCENT SUBDIVISION IN IMPAIRED WATERSHED OR SPRINGSHED 2
HOUSING DENSITY CHANGE (2020-2050) 0.5

POPULATION DENSITY CHANGE
MEAN YEAR BUILT
MEAN DISTANCE TO WATER (METERS)
MEAN SURFACE ELEVATION (FT)
DISTANCE TO EXISTING SEWER INFRASTRUCTURE

N = N = —

5.4. Initial Priority Ranking Results

There were noticeable variations in the results of the three ranking schemes, yet the top priority ranking
subdivisions did have some consistencies across schemes. Table 6 shows the top 15 ranking subdivisions for
each scheme. There are five common subdivisions that rank within the top 15 for each scheme. Additionally,
the Piedmont Estates subdivision ranked either 1t or 2" in each priority list.

Table 6. Top Priority Ranking Subdivisions among Three Ranking Schemes per the Initial Priority Rankings (Table 1 from Appendix B).

RANK UNWEIGHTE:AVI\lIJ':.NERABILITY WEIGHTED;II:JI\IJ.I?ERABILITY WEIGHTED CONNECTIVITY RANK
1 Semoran Club Condo Long Lake Villas Ph 1B Piedmont Estates
2 Piedmont Estates Piedmont Estates Lake Florence Highlands Ph 1
3 Ranchette Lake Florence Highlands Ph 1 Semoran Club Condo
4 Riverside Acres Eden Park Estates JLM Condo
5 Long Lake Villas Ph 1B Semoran Club Condo Eden Park Estates
6 Wells Gap JL M Condo Lake Cortez Woods
7 Rimar Ridge Little Lake Park Little Lake Park
8 Eden Park Estates Parc Corniche Condo Ph 1 Long Lake Villas Ph 1B
9 Monroe Manor Troynelle By Big Lake Apopka University Garden
10 Holiday Heights Wells Gap Pennsy Park
11 Lake Barton Park Lake Cortez Woods Lake Barton Park
12 Little Lake Park Little Lake Georgia Terrace Callum Mac Sub
13 Meadowbrook Annex 2" Add Ranchette Enclave At Oxford Place Condo
14 Riverside Acres 1°t Add Parc Corniche Condo Ph 2 Meadowbrook Annex 2" Add
15 Wekiva Manor Sec 2 Rimar Ridge Little Lake Georgia Terrace

Across schemes, the higher priority areas were generally spread within the central northwestern portion of the
County. These areas were commonly characterized by older developments, higher housing and population
densities, shorter distances to waterbodies, OCAVA More Vulnerable category, and within an impaired
watershed. Socioeconomic factors, while an important consideration in County planning, were not
incorporated into the ranking schemes as their impact on pollution potential or feasibility for retrofit can be
difficult to establish.
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The results can be viewed spatially for each of the schemes in Figures 15 — 17. The overall prioritization
appears relatively similar between schemes. Adding weights to significant parameters in the ranking for the
Weighted Vulnerability Scheme did appear to increase the total number of higher priority subdivisions across
Orange County. Similarly, incorporating the distance to existing sewer infrastructure to the ranking for
Weighted Connectivity Scheme also increased the total number of higher priority subdivisions.

There are several higher priority subdivisions within the Wekiva PFA. The County currently has multiple septic-
to-sewer retrofit projects ongoing in this area, as well as funding assistance programs to support these
projects from the state. Areas in the eastern portion of the County generally rank lower on the priority
schemes. Longer groundwater travel times and lower population, housing, and septic densities in the eastern
region create a lower pollution potential relative to other areas in the County. Further refinements in the next
phase of this project are expected to be incorporated and these results are therefore subject to change.
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Figure 15. Unweighted Vulnerability Scheme Results: Increasing Priority (from 1 - 5) Corresponds to Increasing Pollution Potential.
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Figure 16. Weighted Vulnerability Scheme Results: Increasing Priority (from 1 - 5) Corresponds to Increasing Pollution Potential.
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Figure 17. Weighted Connectivity Scheme Results: Increasing Priority (from 1 —5) Corresponds to Increasing Pollution Potential and Feasibility.
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6. Vulnerability Categories and Future Tasks

Based on the foregoing sections, several initial tasks have been completed to assess groundwater vulnerability
of Orange County, its sources of potential septic pollution, and the groundwater pathways through which this
pollution may impact sensitive County surface water and groundwater resources. These tasks are briefly
summarized below:

1. Orange County Aquifer Vulnerability Assessment - The OCAVA mapping effort used a data-driven
methodology developed by the State of Florida for assessing surficial aquifer vulnerability. Relative
vulnerability scores were provided for most areas throughout the County. This vulnerability represents
the relative potential for pollutants applied within the unsaturated soil zone (i.e., at or immediately
below the land surface) to reach the underlying aquifer.

2. Countywide groundwater modeling — A countywide groundwater model was developed based on
the calibrated and peer reviewed ECFTX groundwater model that was created as part of the Central
Florida Water Initiative. This groundwater model predicts how groundwater travels within the SAS
(and lower aquifers) before reaching sensitive water resources, such as lakes and rivers (via
groundwater seepage) or springs (via UFA transport). Groundwater influence zones (i.e., groundwater
basins) were generated for 174 waterbodies of interest to predict where sources of pollutants (e.g.,
septic system leachate) may originate from and impact these WOls.

3. Septic System Spatial Analysis & Initial Prioritization Mapping - This effort developed a
countywide septic system database reflecting the best available information of where septic systems
are most likely located throughout the County. Additionally, an initial prioritization mapping scheme
was developed based on existing septic infrastructure, aquifer vulnerability, retrofit feasibility, and
other factors to produce preliminary prioritizations for septic system interventions.

The results from these tasks were used to develop recommendations and an approach to complete the future
project phase, which is described in this section below. This future phase will consist of water quality
modeling of septic system leachate under representative conditions in Orange County to quantify the
pollutant transport to receiving waterbodies. Results of this water quality modeling will inform
recommendations for future septic system interventions within the County.

In addition, a Preliminary Groundwater Vulnerability and Prioritization Decision Matrix is presented below. The
purpose of this matrix is to propose a list of considerations that should be included to develop the Final Septic
System Prioritization Map. This list builds upon the Initial Prioritization Mapping efforts discussed in Section 5
and may incorporate other considerations including the results of the water quality modeling efforts,
groundwater influence zones, socioeconomic factors, funding opportunities, or others. This matrix will be
refined throughout the next phase of this project through coordination and collaboration with OCEPD and
other stakeholders.

6.1. Preliminary Groundwater Vulnerability and Prioritization Decision Matrix

Integrating the OCAVA modeling, WOI influence zones, and Septic & Sanitary Sewer Spatial Analysis, a
Preliminary Groundwater Vulnerability and Prioritization Decision Matrix (Matrix) was created to provide a
guantitative method to generate a Final Septic System Prioritization Map within the study area (Table 7). This
table is expected to be refined in the next phase of this project.
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Table 7. Preliminary Groundwater Vulnerability and Priority Decision Matrix *.

PARAMETER HIGH PRIORITY MEDIUM PRIORITY LOW PRIORITY
AREA WITHIN WOI INFLUENCE ZONE Yes - No
GRANT OR FUNDING POTENTIAL Yes - No
SEPTIC SYSTEM TYPE Conventional - Advanced
OCAVA CATEGORY More Vulnerable Vulnerable Less Vulnerable
TRAVEL TIME TO RECEPTOR
Fast (<1 year) Average (1-7 years) Slow (>7 years)
WATERBODY
SEPTIC DENSITY (#/ACRE) High (3-6) Average (0.6-3) Low (<0.6)
PERCENT WITHIN IMPAIRED .
High (>90%) Average (10-90%) Low (<10%)
WATERSHED
HOUSING DENSITY CHANGE 2020-2050 .
High (>1K) Average (30-1K) Low (<30)
(HOUSES/KM?)
POPULATION DENSITY (PERSON/ACRE) High (>6) Average (1.5-6) Low (<1.5)
MEAN YEAR BUILT <1962 1962-1999 >1999
DEPTH TO GW (FT) Shallow (<10) Average (10-50) Deep (>50)
DISTANCE TO EXISTING SEWER
Short (<500) Average (500-2K) Long (>2K)
INFRASTRUCTURE (FT)
SOCIOECONOMICS Incorporated as appropriate

*General relationship of parameters to prioritization expected to stay consistent; however, appropriate cut-offs for each parameter
among priority categories (i.e., High, Medium, Low) are subject to change and will likely be improved by future modeling efforts in
subsequent project tasks.

6.2. Socioeconomic Considerations

Septic system retrofits are cost intensive. Consequently, socioeconomics is an important consideration in
addition to aquifer vulnerability and feasibility factors when selecting priority areas. In some cases, grants and
other potential funding sources can help offset the financial burden for individual homeowners.

Maintaining septic systems can also be costly and is necessary to keep the systems functioning properly.
Proper maintenance and repair of septic systems may be more likely to be postponed due to the cost in areas
with lower household incomes which increases pollution potential of septic tanks in these areas.

The priority ranking did not include socioeconomic parameters due to the difficulty in quantifying their
impact. Still, socioeconomics could be factored into decision-making as appropriate in the future phase of this
project.

6.3. Future Task: Water Quality Modeling

Water quality modeling scenarios are proposed to further evaluate the influence of key parameters on the
likelihood of septic pollution reaching groundwater and waterbodies. The modeling effort proposed will focus
on depth to groundwater, soil hydraulic conductivity, travel time to waterbody, and type of septic system (i.e.,
conventional or advanced treatment). The results of this effort will strengthen the analysis of priority areas for
retrofits to allow for selection of most vulnerable areas or areas that retrofits are anticipated to have the
greatest positive impact towards reducing nutrient pollution.

6.3.1. Depth to Groundwater

Depth to groundwater can be an important control on pollution potential because it can impact the extent of
unsaturated zone attenuation. In areas with a shallow depth to water, there is less distance for the pollutant to
travel from the septic system to the groundwater table, which typically corresponds to less opportunity for
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attenuation to occur compared to areas with deeper groundwater tables. Consequently, a shallow depth to
water is associated with a higher pollution potential. As discussed in the vulnerability analysis, the available
datasets for depth to water within Orange County would be improved by the addition of more data points.

6.3.2. Soil Hydraulic Conductivity

As discussed previously in Section 3, soil hydraulic conductivity is a measurement of how well a fluid can move
through pore spaces or fractures under nearly saturated conditions. A higher soil hydraulic conductivity is
associated with a higher pollution potential as pollutants will more easily travel through the saturated zone.
The impact of soil hydraulic conductivity on septic tank pollution potential will be evaluated by modeling
scenarios with high and low magnitude values. The soil hydraulic conductivity reported by SSURGO ranged
from approximately 5-70 ft/day in Orange County.

6.3.3. Travel Time to Receptor Waterbody

Travel time for a pollutant from where it enters the SAS to the receptor waterbody can be an important
predictor of pollution potential. Longer travel times are expected to allow for greater reduction of pollutants
from septic leachate through attenuation processes. The influence zones of WOIs reveal that travel times can
range from less than 1 year to greater than 15 years. The modeling scenarios will help define the relationship
between travel time and nutrient load reduction.

6.3.4. Septic System Type

The septic system type will influence the pollution potential as it affects the contents of the septic leachate.
Advanced treatment septic systems allow for additional treatment of wastewater compared to conventional
septic systems. Evaluation of the reduction in nutrient loading from the higher degree of treatment by
advanced systems will help determine how to prioritize septic-to-sewer retrofits vs conventional-to-advanced
septic retrofits in vulnerable areas.

6.3.5. Proposed Modeling Scenarios

Sixteen water quality modeling scenarios are proposed to explore the influence of key parameters on
pollution potential (Table 8). These scenarios will be evaluated in the subsequent phase of this project.
Modeling will consist of unsaturated and saturated transport of septic leachate under varying conditions.

Table 8. Proposed Modeling Scenatrios.

SOIL TRAVEL TIMETO
MODELING  pEpTHTOGW ~ HYDRAULIC RECEPTOR SEPTICSYSTEM
SCENARIO CONDUCTIVITY  WATERBODY TYPE
1 Deep High Fast Conventional
2 Shallow Low Slow Advanced
3 Shallow High Fast Conventional
4 Shallow Low Fast Conventional
5 Shallow Low Slow Conventional
6 Deep Low Slow Advanced
7 Deep High Slow Advanced
8 Deep High Fast Advanced
9 Shallow High Slow Advanced
10 Shallow High Fast Advanced
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11 Shallow Low Fast Advanced

12 Deep Low Fast Conventional

13 Deep Low Slow Conventional

14 Deep High Slow Conventional

15 Shallow High Slow Conventional

16 Deep Low Fast Advanced

Unsaturated water quality modeling of septic leachate will be performed using the Soil Treatment Model
(STUMOD-FL), which was developed specifically to evaluate nitrogen attenuation from septic systems in the
unsaturated soil zone in Florida (FDOH 2015). The results from STUMOD-FL will inform the saturated water
quality transport model, which will be used to predict the transport of hypothetical septic plumes in the
saturated zone to a receptor waterbody. Figure 18 illustrates septic leachate in the unsaturated soil zone as it
drains into the saturated surficial aquifer.

"‘lﬂﬂi—uq
\

Figure 18. Conventional Septic System Leachate Transport (Figure obtained from FDOH 2015).

The ultimate objective of the modeling assessment is to estimate the nitrogen attenuation and load to
respective waterbodies for each scenario. These results will allow for a better understanding of the
significance of each of these parameters to pollution potential. High-risk areas can be identified using this
knowledge to help planning, prioritization, and regulation of septic system management within the County.

6.4. Next Steps

Drummond Carpenter recommends that the County coordinate with relevant stakeholders to review the
Decision Matrix outlined in Section 6.1, as well as the proposed water quality modeling scenarios presented in
Section 6.3, to ensure that these adequately represent the variables and conditions for the ultimate
vulnerability mapping effort. Once feedback is provided by Orange County, Drummond Carpenter will
proceed with the final phase of this project.
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TO: Orange County
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Ryan Hupfer, PG — Drummond Carpenter
Marion Divers, PhD - Drummond Carpenter
Olivia Warren, GIT - Drummond Carpenter

SUBJECT: Orange County Groundwater Vulnerability Assessment — Data Review and
Compilation - Task 2 Deliverable.

Introduction

This memo summarizes the data collection efforts performed to assist the assessment of groundwater
vulnerability in Orange County. The data is categorized consistent with the Drummond Carpenter
scope of work, and will be used as the principal sourcing information used for subsequent project
tasks. The below data and information has been collected by Drummond Carpenter. Separate data
collection efforts are being performed by subconsultant Applied Ecology, Inc, which will be
summarized as part of the Task 6 Interim Vulnerability Technical Memorandum.

Environmental GIS Data
A GIS layer of topographic data for the study area was obtained from Orange County
(Orange_County_Topo.gdb).

A GIS shapefile for wastewater facilities in Orange County was downloaded from the Florida
Department of Environmental Protection (FDEP) online database'. The Wastewater Facilities shapefile
includes 2018 data for facilities that are active, closed but monitored, or under construction and
facilities that are unpermitted but require a permit.

A GIS shapefile of 2017 drinking water source and domestic (household) wastewater disposal method
(septic or sewer) for parcel polygons was obtained from an online Florida Department of Health
(FDOH) database?. The data was compiled as part of the Florida Water Management Inventory Project
(FLWMI).

A GIS shapefile of Orange County water supply wells (Public_Water_Supply_(PWS)_Wells_(Non-
Federal).shp) with 2021 data was downloaded from the FDEP online database?.

! https://floridadep.gov/water/domestic-wastewater/content/domestic-wastewater-biosolids

2 http://ww10.doh.state.fl.us/pub/bos/Inventory/FloridaWaterManagementlnventory/Orange/

3 https://geodata.dep.state.fl.us/datasets/public-water-supply-pws-wells-non-federal?geometry=-
99.910%2C24.608%2C-66.533%2C31.392&orderBy=PWS CITY&orderByAsc=false



https://floridadep.gov/water/domestic-wastewater/content/domestic-wastewater-biosolids
http://ww10.doh.state.fl.us/pub/bos/Inventory/FloridaWaterManagementInventory/Orange/
https://geodata.dep.state.fl.us/datasets/public-water-supply-pws-wells-non-federal?geometry=-99.910%2C24.608%2C-66.533%2C31.392&orderBy=PWS_CITY&orderByAsc=false
https://geodata.dep.state.fl.us/datasets/public-water-supply-pws-wells-non-federal?geometry=-99.910%2C24.608%2C-66.533%2C31.392&orderBy=PWS_CITY&orderByAsc=false
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A GIS shapefile of 2020 Florida Waterbody IDs (WBIDs) was downloaded from the FDEP online
database*.

A GIS shapefile of 2020 Florida wetland extents was downloaded from the U.S. Fish & Wildlife National
Wetlands Inventory database®.

Surface water levels for the portion of Orange County within SIRWMD were downloaded from the
SJRWMD online hydrologic database®.

Bathymetric maps for Orange County lakes were obtained from the University of Florida Institute of
Food and Agricultural Sciences (UF IFAS)’.

A GIS shapefile of soils data for Orange County was obtained from the Natural Resources Conservation
Service (NRCS) database®. The NRCS soils shapefile includes 2013 data of soil hydrologic group and
runoff potential.

Wastewater coverage areas, provider information, septic locations, billing addresses, and location of
rapid infiltration basins (RIBs) were collected by subconsultant Applied Ecology, Inc., and are detailed
in their report to be submitted under separate cover.

Social GIS Data

Orange County demographic data was downloaded from the U.S. Census Bureau database®
containing population estimates for 2015 (Florida_Demographic_Information.shp).

Florida population projections were obtained from the Bureau of Economic and Business Research
(BEBR)'. Population projections for Orange County are available for five year increments up to the
year 2045 (FL_population_projections_2020.xIsx). A GIS geodatabase of parcel polygons containing the
population projections from BEBR was downloaded from the Central Florida Watershed Initiative
(CFWI) online resources’".

GIS shapefiles of Orlando political boundaries were obtained from the City of Orlando Open Data'?
including the Orlando city limits, annexations, neighborhoods, commissioner districts, and
commissioner district divider.

Additional social GIS data were collected by subconsultant Applied Ecology, Inc., and are detailed in
their report to be submitted under separate cover.

4 https://geodata.dep.state.fl.us/datasets/waterbody-ids-wbids?geometry=-116.598%2C21.065%2C-
49.845%2C34.616&orderBy=WATER TYPE&orderByAsc=false

5 https://www.fws.gov/wetlands/data/mapper.html

6 http://webapub.sjrwmd.com/agws10/hdsnew/map.html

7 https://lakewatch.ifas.ufl.edu/for-volunteers/bathymetric-maps/

8 https://www.nrcs.usda.gov/wps/portal/nrcs/detail/?cid=nrcs144p2 065038

% https://hub.arcgis.com/datasets/61a30fb3eadc43e4854fbb4c1be57394 0?geometry=-100.493%2C24.294%2C-
67.116%2C31.097&orderBy=Median _Hou&where=NAMELSAD%20%3D%20%270range%20County%27
19 https://www.bebr.ufl.edu/population/population-data/projections-florida-population-county-
2020%E2%80%932045-estimates-2019

" https://www.cfwiwater.com/CFWIresources.html

12 https://data.cityoforlando.net/
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https://geodata.dep.state.fl.us/datasets/waterbody-ids-wbids?geometry=-116.598%2C21.065%2C-49.845%2C34.616&orderBy=WATER_TYPE&orderByAsc=false
https://www.fws.gov/wetlands/data/mapper.html
http://webapub.sjrwmd.com/agws10/hdsnew/map.html
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https://www.bebr.ufl.edu/population/population-data/projections-florida-population-county-2020%E2%80%932045-estimates-2019
https://www.cfwiwater.com/CFWIresources.html
https://data.cityoforlando.net/
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Hydrogeologic GIS Data

Hydrogeologic data were obtained from the Florida Geological Survey (FGS), including statewide
surface geology (Florida_Stratigraphic_Geology.shp) and locations of wells within Orange County with
available lithology logs (Florida_Geological_Survey (FGS)__Wells.shp).

A GIS shapefile of aquifer performance tests was downloaded from the SFWMD online database'®. The
aquifer performance test shapefile includes 2021 data for locations of aquifer testing, testing period,
and results such as transmissivity values. Similarly, a GIS shapefile of aquifer performance tests was
downloaded from the SJRWMD online database' with data from 2020.

The file geodatabase of the Surficial Aquifer System (SAS) contamination potential (FAVA 11 2019) was
downloaded from the FDEP online database . The SAS FAVA Il displays the relative vulnerability of the
SAS based on three classes: (1) more vulnerable, (2) vulnerable, and (3) less vulnerable.

Impaired Waters GIS Data

A GIS shapefile of Florida total maximum daily load (TMDL) areas was downloaded from the FDEP
online database'®. The TMDL shapefile includes 2021 data of TMDLs at the following stages: draft,
state adopted, and state adopted and EPA approved.

A GIS shapefile of Florida basin management action plan (BMAP) areas was downloaded from the
FDEP online database'’. The BMAP shapefile includes 2020 data of adopted and pending BMAPs.

A GIS shapefile of Outstanding Florida Waters (OFW) was downloaded from the FDEP online
database . The OFW shapefile includes 2020 data of waters designated worthy of special protection
based on their natural attributes.

A GIS shapefile of Waters Not Attaining Standards (WNAS) was downloaded from the FDEP online
database. The WNAS shapefile includes 2020 data of waters with various assessment statuses from
impaired to ongoing restoration to TMDL complete.

East Central Florida Transient Expanded (ECFTX) Model

The East-Central Florida Transient Expanded (ECFTX) model (2019) is a three-dimensional, eleven-
layer, regional MODFLOW model covering 23,800 square miles of Central Florida. This model was
developed to inform management strategies within the CFWI area as part of a collaborative effort

13 https://geo-sfwmd.hub.arcgis.com/datasets/aquifer-performance-test-locations-and-results-from-sfwmd-
dbhydro-database?geometry=-89.783%2C25.184%2C-73.094%2C28.612

4 https://data-floridaswater.opendata.arcgis.com/datasets/aquifer-performance-test-hydrologic-
parametersjrwmd?geometry=-89.673%2C27.434%2C-72.985%2C30.793

15> https://geodata.dep.state.fl.us/datasets/surficial-aquifer-system-contamination-potential-fava-ii

16 https://geodata.dep.state.fl.us/datasets/florida-total-maximum-daily-load-tmdI?geometry=-
100.353%2C24.973%2C-66.976%2C31.735&0orderBy=TMDL STATUS&orderByAsc=false

17 https://geodata.dep.state.fl.us/datasets/statewide-basin-management-action-plan-bmap-general-
areas?geometry=-91.961%2C26.949%2C-75.273%2C30.323&orderBy=STATUS&orderByAsc=false

18 https://hub.arcgis.com/datasets/FDEP::outstanding-florida-waters?geometry=-83.000%2C28.089%2C-
78.828%2C28.934

19 https://geodata.dep.state.fl.us/datasets/waters-not-attaining-standards-wnas?geometry=-
100.307%2C24.270%2C-66.930%2C31.074
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among multiple state water management districts, FDEP, partner municipalities, public utilities, and
other stakeholders. This model was previously obtained by Drummond Carpenter under Orange
County project C18901108 Wekiwa BMAP Site Assessment, Gap Analysis, and Review project.

ArcGIS Spatial Data Modeller (Arc-SDM) Software Model

The Arc-GIS Spatial Data Modeller (Arc-SDM) toolbox provides geoprocessing tools for using
categorical maps to produce a predictive map of where something of interest is likely to occur®. Arc-
SDM will be used to predict aquifer vulnerability in this project based on key evidential theme layers.

Reclaimed Wastewater Coverage GIS Data

Reclaimed wastewater application information was obtained from the previously described
wastewater facility shapefile?’, which shows one wastewater residuals application site within Orange
County. A water reuse user area shapefile was downloaded from the SFWMD online database®. The
water reuse shapefile contains polygon data from 2021 delineating where reclaimed was, is, or may be
provided.

Previous Orange County and Other Relevant Studies

Final TMDL and BMAP reports for waterbodies within Orange County were downloaded from the
FDEP website. A document of Minimum Flows and Levels (MFLs) for Orange County was downloaded
from the SJRWMD website. No MFLs fall within the SFWMD portion of Orange County.

2005 Florida Aquifer Vulnerability Assessment (FAVA)

The FGS developed a GIS map of relative aquifer vulnerability across the state of Florida based on the
local hydrogeologic setting, disregarding natural and anthropogenic sources of contamination . This
study, known as the Florida Aquifer Vulnerability Assessment (FAVA), maps three categories: (1)
primary (more vulnerable), (2) secondary (vulnerable), and (3) tertiary (less vulnerable). A weight of
evidence approach used large amounts of available data (DEM, Depth-to-water table, closed
topographic depressions, soils, overburden thickness, geology, hydraulic head difference between
water table and FAS, etc.) to map probabilities of vulnerability for three aquifer units across Florida: (1)
SAS, (2) Intermediate Aquifer System (IAS), and (3) FAS. A limitation of the FAVA is the scale.
Vulnerability is assessed relative to a statewide scale, which means use of the maps at small scale is not
recommended.

20 Sawatzky, D., G. Raines, and G. Bonham-Carter, 2010. Spatial Data Modeller.

2 Wastewater_Facility_Regulation_(WAFR)_-_Wastewater_Facilities.shp

2 https://geo-sfwmd.hub.arcgis.com/datasets/water-reuse-user-area?geometry=-97.846%2C23.109%2C-
64.469%2C29.983&orderBy=COUNTY&where=COUNTY%20%3D%20%27ORANGE%27

3 Arthur, J., A. Baker, J. Cichon, A. Wood, and A. Rudin, 2005. Florida Aquifer Vulnerability Assessment (FAVA):
Contamination potential of Florida’s principal aquifer systems. Florida Geological Survey: Division of Resource
Assessment and Management.
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2005 Wekiva Aquifer Vulnerability Assessment (WAVA)

The FGS developed a refined FAVA specific to the Wekiva area. This Wekiva Aquifer Vulnerability
Assessment (WAVA) estimated relative degrees of vulnerability of the Floridan Aquifer System (FAS)
within the Wekiva study area.

2007 Florida Department of Health (FDOH) Study

A 2007 FDOH study assessed the role of OSTDS in contributing to nitrate loading within the Wekiva
study area”. Based on mass loading calculations performed as part of the study, between half and
three quarters of the nitrogen from the OSTDS sites was estimated to reach groundwater.

2009 Wakulla County Aquifer Vulnerability Assessment (WCAVA)

FDEP through the FGS contracted with Advanced GeoSpatial Inc. developed the Wakulla County
Aquifer Vulnerability Assessment (WCAVA), a refinement of the FAVA to the FAS in Wakulla County?.

2018 Wekiva Spring and Rock Springs Basin Management Action Plan (BMAP)

Based on elevated total phosphorus and nitrate-nitrogen concentrations and an imbalance in aquatic
flora, the Wekiva River and Rock Spring Run were listed as impaired in 2007. In 2008, TMDLSs for nitrate
(286 pg/L) and total phosphorus (65 ug/L) were developed for Wekiva Spring and Rock Springs. A
BMAP was adopted to implement the TMDLs. As part of the BMAP, FDEP developed the Wekiva and
Rock Springs Nitrogen Source Inventory Loading Tool (NSILT). The NSILT estimated percent
contributions of identified nitrogen sources to total nitrogen loading for the BMAP area. The top
contributors to nitrogen loading to groundwater were estimated as the following:

1) fertilizers (45%),

(M
(2) OSTDS (29%),

(3) wastewater treatment facilities (16%), and

(4) atmospheric, nurseries, and livestock operations (10%).

There is uncertainty in these NSILT estimates created by model assumptions such as biochemical
attenuation factors, density of septic systems, fertilizer application rates, and land use
apportionments.

2019 Florida Department of Health STUMOD

STUMOD-FL is an analytical solution designed to evaluate nitrogen fate and transport processes in the
Soil Treatment Unit (STU) the unsaturated soil zone below an Onsite Wastewater Treatment System
(OWTS) and above the saturated groundwater table. This study, and associated STUMOD-FL model?,
will be used in Part 3 of this study.

2 Cichon, J., A. Baker, A. Wood, and J. Arthur, 2005. Wekiva Aquifer Vulnerability Assessment. Florida Geological
Survey: ISSN 0160-0931.

% Briggs, G.R., E. Roeder, and E. Ursin, 2007. Nitrogen Impact of Onsite Sewage Treatment and

Disposal Systems in the Wekiva Study Area. Bureau of Onsite Sewage Programs, Division

of Environmental Health, Florida Department of Health.

2 Baker A., A. Wood, and J. Cichon, 2009. The Wakulla County Aquifer Vulnerability Assessment. Advanced
GeoSpatial Inc. Prepared for FDEP, Contract No. RM059.

2 http://www.floridahealth.gov/environmental-health/onsite-sewage/research/nitrogenstudydeliverables.html
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Relevant Water Quality Data

A GIS shapefile of 2021 Watershed Information Network (WIN) Monitoring Locations in Orange County
was downloaded from the FDEP online database? and will be used as the principal source of
information for the Orange County Aquifer Vulnerability Assessment task associated with the
identification of training points within the surficial aquifer. Surface water data will be obtained
primarily from the Orange County Water Atlas as needed.

Regulatory Information

Standards for OSTDS are detailed in 381.0065, Florida Statutes (FS) and Chapter 64E-6, F.A.C. and
include required installation distances from items such as wells and waterbodies. A GIS shapefile® of
known OSTDS as of 2013 was obtained from the FDOH Bureau of Environmental Health’s Database.
Construction dates are included in the shapefile as well as if sewer is available. Holding tanks and
abandonments are not included in this shapefile. This data is being updated based on the efforts
completed by subconsultant Applied Ecology, Inc., to be submitted under separate cover.

Additional OSTDS regulation applies to areas within Priority Focus Areas (PFAs) that may be
considered as part of this project:

e “Fornew homes or businesses with new septic systems on lots less than one acres: Installation of
new septic systems is prohibited unless the system includes enhanced treatment of nitrogen as
described in the septic system remediation plan. This applies to all new system permits on lots less
than one acre within the Priority Focus Area of an adopted BMAP. The installation or replacement
of an enhanced system in these areas will not be required if central sewer connection is planned by
the local government and identified as a BMAP-listed project.

e Forexisting septic systems: Nothing will immediately change. However, in the future, failing
systems may need to be enhanced with nitrogen-removing technology or to connect to central
sewer. These requirements will be put in place after certain programs, such as homeowner grant
programs to assist with offsetting the cost of replacement systems, are established. These
requirements will be phased in no later than five years after the adoption of the restoration
plans.>"

The Wekiwa-Rock Springs PFA falls within Orange County and is subject to these additional
regulations.

WWTP wastewater permits (public and available private providers) are being researched and
documented by subconsultant Applied Ecology, Inc., and will be included under separate cover.

2 https://geodata.dep.state.fl.us/datasets/watershed-information-network-win-monitoring-
locations?geometry=-99.910%2C24.608%2C-66.533%2C31.392&where=COUNTY%20%3D%20%270RANGE%27
29 OSTDS_Septic_ FDOH_EHD_11_15_2013.shp

30 FDEP, 2016. Spring and Aquifer Protection Act.
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Memorandum
DATE: 14 March 2022
TO: Julie Bortles — Orange County Environmental Protection Division

Mitchell Katz, PhD, - Orange County Environmental Protection Division

FROM: Lee Mullon, PE, CFM, D.WRE, PMP — Drummond Carpenter
Ryan Hupfer, PG — Drummond Carpenter

SUBJECT: PO C20906A001 Identification of Waterbodies of Interest for Vulnerability and
Groundwater Modeling

Background

Drummond Carpenter is developing a countywide groundwater model based on a refinement of the
ECFTX (2019) model developed by the Central Florida Water Initiative. A crucial element of this effort is
identifying the Waterbodies of Interest (WOI’s), which are defined as surface waterbodies such as lakes,
springs, and rivers that are more likely to be susceptible to groundwater pollution, are already
considered impaired for water quality, or are otherwise considered important waterbodies within the
County in context with this project. The WOI’s will be explicitly included in the particle tracking portion
of the proposed Groundwater Modeling task for this project. Within the model, groundwater particle
tracking and tracing functions will be utilized to develop zones of groundwater influence, illustrating
where WOI’s will potentially be impacted from vulnerable aquifer areas via groundwater seepage from
the surficial aquifer system (SAS). Approximately 100-200 WOIs were targeted for selection across the
County. This task is being performed concurrent with the Orange County Aquifer Vulnerability
Assessment (OCAVA) modeling, which will map relative SAS vulnerability.

Waterbodies of Interest Screening and Selection

An initial screening process was conducted to identify recommended WOIs which are detailed below.
Drummond Carpenter requests that the County review and provide feedback as to the list of initial
WOlIs, the screening methodology, and other prioritization factors that may affect the selection of WOIs
used in subsequent tasks.

A description of the Initial Screening Process and GIS data analysis used (See Exhibit 1 and Table 1):
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1. Waterbodies located within the jurisdiction of Orange County

Drummond Carpenter selected waterbodies from the Orange County Hydrology! data set that
were within, either partially or fully, the jurisdiction of unincorporated Orange County. This
resulted in a dataset with 806 records. Of these waterbodies, 320 were “Unnamed Lakes” and
64 were “Unnamed Canals.” A visual examination of the Unnamed Lakes and Unnamed Canals
indicated that they either had no acreage recorded or were under an acre in size and they often
contained structures indicating that they were, functionally, stormwater ponds, roadside swales,
drainage ditches, or other infrastructure (visual outlet structures or berms, visibly following
road, etc.). These were removed from the dataset.

The remaining 422 waterbodies were examined further by selecting various waterbody acreage
thresholds. An examination of the attribute table after this selection showed that several river
and creek segments were not included when the areas were selected by size (area). Similarly,
with the selection of waterbodies at other thresholds areas, sections of relevant waterbodies
were left off of the resulting list. Therefore, we examined the list manually to ensure that
relevant sections of creek and rivers were also included. When waterbodies greater than or
equal to 10 acres were selected, and waterbodies where Orange County was a stakeholder, the
resulting data set contained 279 entries. This was considered the “INITIAL WOI LIST”

For this assessment it is noted that the naming convention for waterbodies between various
data sets was found to be inconsistent. For example, the Hydrology data set listed a stream as
“Little Econlockhatchee Tributary,” however the name for the waterbody in this same physical
location provided by the Florida Department of Environmental Protection Florida Total
Maximum Daily Load dataset was listed as “Crane Strand” or “Crane Strand Drain.”
Inconsistencies like this between co-located waterbodies were common and created challenges
when trying to join data based on waterbody name. Therefore, joins were conducted based on
spatial relationships (overlapping or intersecting shapefiles) instead of water body names. The
naming convention provided in the Hydrology data set supplied by Orange County was
compared to the naming convention used by the Orange County Property Appraiser?, and where
inconsistencies were present, the name used by the Orange County Property Appraiser was
generally used. In some circumstances, local names (e.g., Crane Strand, Little Lake Conway)
were used instead of the names in either database. The state water body identification number
(WBID) was preserved throughout the geospatial analysis. Waterbodies which did not have a
unique WBID were assigned the WBID of the surrounding area.

2. Waterbodies that are considered “Not Attaining,” are part of a TMDL, are listed in BMAPs within
the County, or are on the FDEP “Verified List of Non-Attaining Waters”

Drummond Carpenter cross-referenced the Initial WOI List with waterbodies that were
specifically referenced within a region with a Basin Management Action Plan (n=24), associated

' Hydrology, ftp://ftp.onetgov.net/divisions/Infomap/pub/GIS Downloads/FTP%20Shapefiles/, 2021
2 Orange County Property Appraiser, Hydro Polygon Shapefile, 2021.
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with a waterbody with a listed TMDL (n=57), waterbodies that were considered “Not Attaining”
due to Algae, Chlorophyll-a, Escherichia Coli, Fecal Coliform, Macrophytes, all forms of nitrogen,
and total phosphorus (n=94), and waterbodies on the FDEP “Verified List of Non-Attaining
Waters” due to Algae, Chlorophyll-a, Escherichia Coli, Fecal Coliform, Macrophytes, total
nitrogen, and total phosphorus (n=54) to ensure that these were included in the Initial WOI List
for further examination. Many of the waterbodies were cross listed in multiple categories. In
all, these regulatory categories comprised 75 of the final WOI’s.

3. Waterbodies associated with Outstanding Florida Waters

The waterbodies associated with Outstanding Florida Waters were cross-referenced with the list
of WOI’s to ensure that these were included in the Initial WOI List (n=48). Many of the
waterbodies were cross listed with waterbodies in the regulatory categories listed above. In all,
the Outstanding Florida Waters database added an additional 23 WOI’s to the list.

4. Waterbodies within closed basins or karst areas that are considered more vulnerable to
impairments (due to lack of flushing potential).

Waterbodies in closed basins are more vulnerable to water pollution because water will not
flush through the basin to dilute or send water downstream. Closed basins are often associated
with karst topography (sinkholes) where significant infiltration to the SAS can occur. In order to
identify potential WOI’s in closed basins, Drummond Carpenter examined GIS layers including
the Florida Geological Survey Swallets dataset (although the published Swallet dataset did not
identify any of these features within the boundaries of Orange County), the FDEP Elevation
Contour and Depression dataset, the Subsidence Incident Reports database published by the
Florida Geological Survey, the Sinkhole Vulnerability dataset and model created by the Florida
Geological Survey, and the Orange County 100 FT DEM.

The Elevation Contour and Depression (FDEP) dataset contained features labeled “Depressions.”
These were extracted from the dataset, converted from polylines to polygons, merged into
singular polygons for each location, and the centroid of each polygon found. This formed a
dataset of 4,309 depressions scattered throughout Orange County. A hotspot analysis of
depressions did produce “hotspots” of depressions that corresponded with the Sinkhole
Vulnerability dataset and model created by the Florida Geological Survey. Waterbodies within
the regions identified as “Hot Spots” with a 90% or higher confidence level were selected
(n=25).

The Subsidence Incident Report GIS database is compiled by the FL Geological Survey and
maintains user-reported records of subsidence incidents throughout the Florida3. This dataset
documented 211 Subsidence Incident report locations in Orange County, with recorded
incidents dating back to 1960. This dataset was further refined by selecting incident sites that
were either listed as a true sinkhole (3 locations) or contained comments in the incident report

3 Subsidence Incident Reports, Florida Geological Survey, 2021,
https://floridadep.gov/fgs/sinkholes/content/subsidence-incident-reports
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that indicated the sinkhole was a significant size or had significant impact on the landscape
around it (44 locations). For this analysis, these sites were considered “verified,” although the
database metadata states that the majority of the incidents have not been field-checked and the
cause of subsidence is not verified.

The refined data was compared with the Florida Geological Society Sinkhole Favorability* model
results. This effort worked to map sinkhole incidents across the state and model the
corresponding favorability of the geology to sinkhole formation. Visually, the subsidence
incident reports did appear to coincide with Sinkhole Favorability. A “hotspot” analysis of the
subsidence incident report identified a region of high sinkhole incidence that corresponded with
the “Favorable” region for sinkholes. The WOI dataset had 162 waterbodies that were either
located fully within or partially within the regions considered “favorable” for sinkholes. There
were 4 waterbodies partially within the areas considered “Most Favorable” for sinkholes. The 4
waterbodies partially within the “most favorable” areas also had areas partially within the
“favorable” areas.

Drummond Carpenter also completed a modified fill and subtract analysis of the DEM to identify
landscape sinks. The “FILL” geoprocessing tool fills sinks in a surface raster in preparation for
other geoprocessing. However, a “filled” raster can also be used to identify surface sinks, if the
original raster is subtracted from the filled. While this process did identify surface sinks, it did
not provide new information to help further identify WOI’s.

The various “Closed Basin and Karst Areas” analyses that were completed and the datasets that
were examined identified regions with sinkholes, or that were favorable to sinkholes. These
datasets were cross-referenced with the list of WOI’s and it was found that these waterbodies
largely were already identified as WOI’s (n=101), which suggests that waterbodies in regions
susceptible to sinkholes and karst topography may be more likely to be impaired. Many of the
waterbodies were cross listed with waterbodies in the regulatory categories listed above. In all,
the Sinkhole Hotspot added an additional 21 WOI’s to the list. This karst areas analysis will
provide specific information to develop “Evidential Layers” for the Weights of Evidence model
portion of this study in subsequent tasks.

5. Waterbodies adjacent to areas of dense septic systems

A primary focus of this work is to determine water body susceptibility to nutrients ultimately
sourced from septic systems. A map of parcels with septic systems was obtained from Orange
County Utilities (OCU). Additional data sets utilized for this effort included the Florida
Department of Health Water Management Inventory (WMI) dataset®, an ongoing data collection
effort to record the drinking water source and wastewater treatment method for each parcel in

4 The Favorability of Florida's Geology to Sinkhole Formation, 2017,
http://publicfiles.dep.state.fl.us/FGS/FGS_Publications/FGS%20Library%20Documents/GreyLit/Misc/DEMSi
nkholeReport.pdf

> Florida Department of Health Water Management Inventory, 2017,
http://www.floridahealth.gov/environmental-health/drinking-water/flwmi/index.html
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the State of Florida. From this dataset, parcels outside of OCU service areas with confirmed
septic systems, as well as those likely to contain septic systems, were selected. A third set of
parcels with septic systems from the Winter Garden® was also used in this analysis. It is noted
that additional septic tank inventory efforts are underway, and this dataset is expected to be
updated throughout this project.

The three septic datasets, (OCU, WMI, and Winter Garden) were consolidated into one polygon
data set. A point feature class based on the centroid of each polygon was processed and a “Hot
Spot” map created that indicated whether a region was likely to have a septic tank. However,
this analysis identified only the regions with significant numbers of septic systems, and did not
consider septic proximity to surface waters which presumably have greater potential to
adversely impact waterbodies.

To more directly target waterbodies with septic tanks that were likely to affect water quality,
the septic tank density (per acre) in a 200-ft buffer around each Initial WOI was calculated and
the resulting data was used in the process to determine the final list of WOI’s. WOI’s with a
septic density greater than 0.5 tanks per acre in the 200 ft buffer surrounding each lake were
selected and included in the final list (n=79). Many of the waterbodies were cross listed with
waterbodies in the regulatory categories listed above. In all, the septic tank density dataset
added 44 waterbodies to the finalized WOI list that were not otherwise listed due to other
factors detailed above.

6. Waterbodies associated with older age residential areas (based on subdivision information or
septic permit records

Several Orange County GIS data layers were evaluated for information that would help to
determine subdivision age or septic system age. The assumption was that the older subdivisions
or regions with older septic systems would be more likely to introduce nutrients to
groundwaters due to failed systems. However, the available data did not provide a good metric
to help determine the age or theoretical condition of the septic systems that may be installed on
the parcels within them. Therefore, age of residential areas with septic was not considered in
this analysis.

7. Waterbodies in each BOCC district.

The final list of WOI’s did contain waterbodies in each of the Board of County Commissioner’s
District in Orange County. There were a number (n=6) of waterbodies that spanned BCCD
boundaries, they were counted once in each district.

6 City of Winter Garden Utilities, 2021
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Board Of County Number of
Commissioner’s Recommended
District WOiIs in District

1 64

2 34

3 21

4 15

5 38

6 8

8. Waterbodies within and outside of the urban service area

WOI’s are located within and outside of the urban service area. Of the Recommended WOl’s, 87
were located partially or fully within the Rural Service Area and 98 were located partially or fully
within the Urban Service Area. There were a number (n=11) of waterbodies that crossed the
Urban / Rural Service Area boundaries, these are counted once in each district.

9. Water Quality data availability

Of the Recommended WOI’s, all but 31 had nutrient water quality data available through the
Orange County Water Atlas. This water quality data varied in date collection range, agency or
group that collected the data, and parameters measured.

Final examination and analysis:

As part of the final analysis, each waterbody was examined within the context of regulatory
classification (i.e., part of a TMDL, BMAP, or with an impaired status), potential for sinkholes / closed
basins, and septic system density with proximity to waterbodies. The finalized dataset of Recommended
Waterbodies of Interest is presented as Table 1. This dataset contains 174 Recommended WOI’s. All
WOI’s are located in unincorporated Orange County or are waterbodies in which Orange County is a
stakeholder in a TMDL or BMAP. All WOI’s have either known impairments or the potential for
impairments from septic systems as described above. The location and status of each WOI is shown on
the map Exhibit 1. Waterbodies within the St. Johns River Watershed and associated tributaries, the
Wekiwa River, and Rock Springs Run were excluded from the list of Recommended WOls, as was Lake
Apopka.
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Table 1. Waterbodies on the Initial WOI List
Orange County Groundwater Vulnerability Assessment
3/14/2022

Notes:

*Waterbody ID of the surrounding area was assumed since a unique Waterbody ID does not exist

O~NO O WNPE

LAKE BUTLER
LAKE CHAPIN
LAKE REXFORD
LAKE PEARL EAST
LAKE GATLIN
LAKE LUCY
LAKE STANLEY
LAKE MARSHA
LAKE SPEER
GREEN BRANCH
LAKE STANDISH
LAKE JENNIE JEWEL
TROUT LAKE
EMERALD SPRINGS BASIN
LAKE PICKETT
LAKE OLA
LAKE CANE EAST
MUD LAKE
ECONLOCKHATCHEE RIVER
LITTLE LAKE CONWAY
LAKE AVALON
LAKE HANCOCK
LAKE EVE
TOOTOOSAHATCHEE CREEK
LITTLE LAKE FAIRVIEW
LAKE PRICE
LAKE TUCKER
LAKE HOURGLASS
LAKE IHRIG
LAKE ANDERSON
LAKE HOLDEN
LAKE OLIVIA
LAKE CANE WEST
LAKE COEN
SECOND CREEK
LAKE NEEDHAM
LAKE ELLENOR
WHISPERWOOD LAKE
LAKE FLOYD
LAKE GIFFORD
LAKE HENEY
LAKE NAN
CAWOOD POND
LAKE DOWNEY
LITTLE LAKE BARTON
POCKET LAKE
CLUB LAKE

1 - Not Attaining list dated July 27, 2020
2 - Verified list dated June 22, 2021

3170Q
3170F5*
3170FC
3009J
3168D
3002
30020
3169E
3170G2
3047
2841*
3168J
3002A1*
3004*
3003
2836B
28932
28935+
2991
3168A1
28738
3170G1
3169A*
3035
3004H
3012A
3169C1*
3168X2
31701A*
3168E
3168H
3002K
3169J
2967+
3042+
31701A*
3169A1
3169A*
31702A
3170FB
3170F4*
3009H
3170G*
3024
3023A*
3170H2
2989*

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

YES
No
No

YES
No
No
No
No
No
No

YES
No
No

YES
No
No

YES

YES

YES
No
No
No

YES
No

YES
No
No

YES
No

YES

YES
No
No

YES
No
No

YES

YES
No
No
No

YES
No
No

YES
No
No

DRAFT

No
No
No
No
No
No
No
No
No
No
No
No
YES
YES
No
No
YES
No
YES
No
No
No
No
No
YES
No
No
No
No
YES
YES
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
YES
YES
No
No
No
No
No
No
YES
No
No
No
No
No
No
YES
No
No
No
No
YES
No
YES
No
No
No
YES

YES
No
No

YES
No
No
No
No
No
No
No
No
No
No
No
No
No

YES

YES
No
No
No

YES
No
No
No
No

YES
No

YES
No
No
No
No
No
No

YES

YES
No
No
No

YES
No
No

YES
No
No

YES
No
No
No
No
No
No
No
No

YES
No
No
No
No
No
No
No

YES

YES
No
No
No
No

YES
No
No
No
No
No
No
No
No
No
No

YES
No
No
No
No
No
No
No
No
No
No

YES
No

A DRUMMOND
S CARPENTER

angineering + regaarch

YES
YES
YES
YES
YES
YES
YES
YES
YES
No
No
YES
YES
No
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
No
No
YES
No
No
YES
YES
No
YES
YES
YES
No
YES
No

Waterbodies of Interest - 1



Table 1. Waterbodies on the Initial WOI List
Orange County Groundwater Vulnerability Assessment

3/14/2022

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

Notes:

*Waterbody ID of the surrounding area was assumed since a unique Waterbody ID does not exist

SETTLEMENT CREEK
LAKE LOCKHART
LAKE PEARL WEST
LAKE SUE
LAKE WILLIS
LAKE BARTON
LAKE MARE PRAIRIE
REEDY LAKE
LONG LAKE
LAKE BUMBY
LAKE SUSANNAH
LAKE MAGGIORE
LAKE TANNER
LAKE RUBY
DREAM LAKE
LAKE SARAH
RACCOON LAKE
LAKE LA GRANGE
PALM LAKE
PHILLIPS PONDS
LAKE BRYAN
LITTLE BRYAN LAKE
LAKE CLAIRE
LAKE GEM MARY
LAKE DILLARD
LAKE HILL
LAKE BRENDA
LAKE MARGARET
LAKE TENNESSEE
LAKE ALMA
LAKE RUTHERFORD
LAKE CAWOOD
TOOTOOSAHATCHEE CREEK
LAKE FISCHER
LAKE PREVATT
LAKE CARLTON
LAKE PINELOCH
LAKE BURKETT
LAKE ISLEWORTH
LAKE ANNIE
LAKE HALL
LAKE EBBY
LAKE LEE
LAKE GIBSON
HART BRANCH
FISH LAKE
LAKE GEAR

1 - Not Attaining list dated July 27, 2020
2 - Verified list dated June 22, 2021

3042+
3004*
28728
2997I
3169M
3023E
3168Q
3170F4*
3002T
3168W7
3023C
2841*
3019
3169A4
2993A
3004F
3170FD
3168Z*
31703
31702*
3169N
3169A5
3001C*
3168W1
2827+
3004S
3170J1*
3168P
3168X1
2993B*
2835B*
3170G*
3035
3002M*
2993
2837B
3168
3009C
3170X
2854*
3009G*
3001C*
3001C*
3036B*
3043*
317071
3023D

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

No
YES
No
No
YES
YES
YES
No
No
YES
YES
YES
No
YES
No
YES
No
No
No
No
YES
YES
YES
No
No
YES
No
No
No
No
YES
No
No
No
No
YES
No
YES
No
No
YES
YES
YES
No
No
No
YES

DRAFT

No
YES
No
YES
No
No
No
YES
No
YES
No
No
No
No
No
YES
No
No
No
No
No
No
YES
YES
No
YES
No
No
No
No
YES
No
No
No
No
YES
No
YES
No
No
No
YES
YES
No
No
No
No

No
No
No
YES
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
YES
No
YES
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
YES
YES
YES
No
No
YES
YES
No
No
YES
No
No
No
No
No
No
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
YES
YES
YES
No
No
No
YES

YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

YES
No
No
No
No
No

YES
No

YES
No
No
No

YES
No
No
No
No
No

YES

YES
No

A DRUMMOND
S CARPENTER

angineering + regaarch

No
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

No
YES
YES
YES
YES

No

No

No
YES
YES
YES
YES
YES
YES
YES
YES

No
YES
YES

No
YES
YES
YES
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Table 1. Waterbodies on the Initial WOI List
Orange County Groundwater Vulnerability Assessment

3/14/2022

95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

Notes:

*Waterbody ID of the surrounding area was assumed since a unique Waterbody ID does not exist

LAKE JENNIFER
LAKE CHRISTIE
LAKE BARTHO
DISSTON CANAL
LAKE BUCHANNAN
LAKE WILLISARA
LAKE SUZANNE
TURKEY CREEK
LAKE TYLER
LAKE CHASE
LAKE LOUISE
LAKE WILKENS
LAKE BUYNAK
WALSH POND
COWPEN BRANCH CREEK
HORSESHOE LAKE
LAKE SLOAT
SANDY LAKE
LAKE INGHRAM
LAKE GEORGIA
LAKE BOSSE
LAKE MARTHA
LAKE LUNTZ
BASS LAKE
LAKE DOWN
LAKE KILLARNEY
LAKE LAWNE
JAMES CREEK
LAKE WAUNATTA
LAKE DRAWDY
LAKE ROPER
LAKE BLANCHE
TAYLOR CREEK
HUCKLEBERRY LAKE
LAKE SAWYER
LAKE MARY
LAKE REAMS
LAKE SAN SUSAN
LAKE LERLA
CORNER LAKE
LAKE ROBERTS
LAKE SHEEN
TURKEY CREEK
LAKE POINSETT
LAKE MCCOY
LAKE GRASSMERE
LAKE STARLITE

1 - Not Attaining list dated July 27, 2020
2 - Verified list dated June 22, 2021

2991*
3169S
2965B*
2991~
3169A3
3168Z*
2991*
3053
3169A2
3170Y
3170W
2967*
3170J1*
3170G*
3043
3002A
3169C1*
3169T
3170L
3009E
3004*
3009B
2875*
3168F
3170S
2997X
3004C
3042
3009A
3033D
2875C
3170U
3059A
3170M
3170P
31680
3170G6
3169G1*
2967*
3033C
2872A
3170H1
3053
2893K
2993C
2967*
3002A1*

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES

No
YES
No
No
YES
No
No
No
YES
No
No
YES
No
No
No
No
No
YES
No
YES
YES
YES
No
YES
YES
No
YES
No
YES
No
No
No
No
No
No
No
No
No
YES
No
YES
No
No
No
No
YES
No

DRAFT

No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
YES
YES
No
YES
No
YES
YES
No
No
No
No
No
YES
No
No
YES
No
No
YES
No
YES
No
No
No
No
YES
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
YES
No
No
No
No
No
No
YES
No
No
YES
No
No
No
No
YES
No
No
No
No
No
No

No
No
YES
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
YES
No
No
No
No
YES
No
No
No
No
No
No
No
No

No
YES
No
No
YES
No
No
No
YES
No
No
No
No
No
No
No
No
YES
No
YES
No
YES
No
YES
YES
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
YES
YES
No
No
No
YES
No
YES
YES
No
No
No
YES
No
No
No
No
No
No
No
No
No
YES
No
No
YES
No
No
No
YES
YES
No
No
No
No
No
No
No
No
YES
YES
YES
No
No
No

A DRUMMOND
S CARPENTER

angineering + regaarch

YES
YES
No
YES
YES
YES
No
No
YES
YES
YES
No
No
No
YES
YES
YES
YES
YES
YES
YES
YES
No
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
No
YES
YES
YES
No
YES
YES
No
YES

Waterbodies of Interest - 3



Table 1. Waterbodies on the Initial WOI List
Orange County Groundwater Vulnerability Assessment
3/14/2022

Notes:

*Waterbody ID of the surrounding area was assumed since a unique Waterbody ID does not exist

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

LAKE SHADOW
BAY LAKE
LAKE FAIRVIEW
LAKE IRMA
LAKE CRESCENT
LAKE HARTLEY
LAKE GANDY
LAKE LARTIGUE
LAKE ROWENA
LAKE BESSIE
LAKE TIBET
LAKE HART
LAKE ROUSE
LAKE ORLANDO
LAKE CONWAY
LAKE MARY JANE

LITTLE ECONLOCKHATCHEE RIVER

CRANE STRAND
LITTLE CREEK
LAKE STARKE

LAKE LOTTA
LAKE HIAWASSEE
SAW GRASS LAKE

LAKE ROSE

LAKE WILLIAM DAVIS

LAKE ESTES

CARDINAL POND

CAWOOD POND WEST
LAKE WESTON
HICKORY NUT LAKE

BIG SAND LAKE

PANTHER LAKE
JOHNS LAKE

ST JOHNS RIVER

LAKE MIRA
LAKE SERENE

ST JOHNS RIVER
LAKE BERGE
LAKE LENORE

ST JOHNS RIVER
SPRING LAKE
LAKE HERRICK

LAKE BRITT
NEIGHBORHOOD LAKE
LAKE SHARP
WEKIWA RIVER
CLEAR LAKE

1 - Not Attaining list dated July 27, 2020
2 - Verified list dated June 22, 2021

3011B
3004G
3004N
3017
3170R
3170G*
3004J
3170G4
2997J
3170T
3170Y
3171
3024A1
3004K
3168A
3171A
3001B/C
3023
3054
3002D/E
3002G
3002J
3170G3
3002I
3170J1*
317033
3170G*
3170G*
3011A
3170l
3169C
317012
2873C
2893I*
3017A*
3169C1*
2964B1*
3024B*
3002A1*
2964B1*
3002B
3002M*
3170FE
2965B*
3170G7
2956A*
3169G

YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
YES
YES

No

No

No
YES

No

No

No

No

No
YES
YES

No

No
YES
YES

No
YES
YES

No

No

No

No

No

No

No
YES
YES
YES

No
YES
YES

No

No
YES

No

No
YES

No

No

No

No

No
YES

No

DRAFT

No
YES
YES

No

No

No
YES

No
YES

No

No
YES

No
YES
YES

No
YES
YES

No

No

No

No

No

No

No

No

No

No
YES

No

No

No

No
YES

No

No

No

No

No

No

No

No

No

No

No
YES

No

No
No
No
No
No
No
YES
No
YES
No
No
YES
No
YES
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No

No
No
No
No
No
YES
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
YES
YES
No
YES
No
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
YES
No
No
YES
YES
No
No
No
No
No
No
No
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No

A DRUMMOND
S CARPENTER

angineering + regaarch

YES
YES
YES
YES
YES
No
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
No
YES
YES
YES
YES
YES
YES
YES
No
No
YES
YES
YES
YES
YES
YES
YES
YES
YES
No
YES
YES
YES
No
YES
No
YES
YES
YES

Waterbodies of Interest - 4



Table 1. Waterbodies on the Initial WOI List
Orange County Groundwater Vulnerability Assessment

3/14/2022

189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

Notes:

*Waterbody ID of the surrounding area was assumed since a unique Waterbody ID does not exist

LAKE APOPKA
ST JOHNS RIVER
TURKEY CREEK
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER
WEKIWA RIVER
WEKIWA RIVER

LAKE MABEL
LITTLE SAND LAKE
WEKIWA RIVER
WEKIWA RIVER
WEKIWA RIVER
WEKIWA RIVER
ROCK SPRINGS RUN

LAKE AUSTIN
BOO BOO LAKE

LAKE LOVELY
LAKE CROWELL

LAKE JOVAL
LAKE JULIA
HEINIGER LAKE
LAKE JOHIO
LAKE MAC
LAKE REED
BLUE LAKE
LAKE MITCHELL
SECOND CREEK

LAKE REAVES

LAKE CORONIA

LAKE OLIVER
SECOND CREEK

STEER LAKE
LAKE EAGLE
BEARHEAD LAKE
LAKE PAXTON
DALLAS LAKE
LAKE JEAN

LAKE MEADOW
CROOKED LAKE

LAKE BURDEN
SECOND CREEK

LITTLE LAKE SAWYER
LAKE SCOTT

1 - Not Attaining list dated July 27, 2020
2 - Verified list dated June 22, 2021

2835D
2964B1*
3053
28935*
28935*
2893I*
2893I*
2893I*
28935*
2956*
2956*
31700
3169L
2956*
2956A*
2956A*
2956*
2967*
3170F5*
3169C1*
3011D
3169C1*
3170G*
3002A1*
2854*
3002L
3170F5*
3018A*
3002A2
3002A1*
3051
2872*
2993B*
3170FA
3051
3002M*
3173D*
3168W
3019A*
3041*
3017A*
3002A1*
3002P
317034
3049
3170G5
3170F5*

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

YES
YES
No
YES
YES
YES
YES
YES
YES
YES
YES
No
No
YES
YES
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

DRAFT

YES
No
No
No
No

YES

YES

YES
No

YES

YES
No
No

YES

YES

YES

YES

YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
YES
YES
No
No
YES
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
YES
YES
No
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
YES
YES
No
YES
YES
YES
YES
No
No
No
YES
YES
YES
YES
YES
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

A DRUMMOND
S CARPENTER

angineering + regaarch

YES
YES
No
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
YES
No
YES
YES
YES
No
No
YES
No
No
YES
No
YES
No
YES
No
YES
No
No
YES
No
YES
YES
No
YES
YES

Waterbodies of Interest - 5



Table 1. Waterbodies on the Initial WOI List

Orange County Groundwater Vulnerability Assessment

3/14/2022

236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279

Notes:

*Waterbody ID of the surrounding area was assumed since a unique Waterbody ID does not exist

LAKE TELFER
LAKE DOUGLAS
LAKE RHEA
GRASS LAKE
LAKE PLEASANT
LAKE WHITNEY
LAKE STORY
ST JOHNS RIVER
LAKE OLYMPIA
LAKE KEHOE
LAKE BEULAH
LAKE BURDEN
LAKE FLORENCE
LAKE AUDIE
ST JOHNS RIVER
ST JOHNS RIVER
BORDER LAKE
LAKE SPAR
APACHE LAKE
LAKE LILLY
LAKE CATHERINE
LAKE FREDRICA
OSAGE LAKE
ST JOHNS RIVER
LAKE LOUISE
LAKE STAR
LAKE TILDEN
SOUTH LAKE
SPRING LAKE
LAKE GEORGE
ST JOHNS RIVER
SECOND CREEK
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER
ST JOHNS RIVER

ECONLOCKHATCHEE RIVER

LAKE GLORIA
LAKE JESSAMINE

LAKE WHIPPOORWILL

BLACK LAKE

LAKE ALPHARETTA

LAKE SHERWOOD

1 - Not Attaining list dated July 27, 2020
2 - Verified list dated June 22, 2021

3017A*
3017A2
31702*
3170F5*
3002U
31702*
3017G*
2964B1*
3002C
3024B*
2872*
317034
3002A1*
2989*
28935*
28935*
3002A1*
3170G*
3170F5*
2872C
3169P
3036
3170FF
28931*
3018
3170F4*
2875B
317002
3169K
3036A1
2964B1*
3049
2893K1*
28935*
28935*
28935*
28935*
3001C*
3168K
3168C
3171B
2875A
3002W
3002H

No
No
No
No
No
No
No
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INTRODUCTION

Orange County has retained the team of Drummond Carpenter PLLC. (DC) and Applied Ecology, Inc.
(AEl) to assist the County with developing an aquifer vulnerability assessment and management plan
to address Onsite Sewage Treatment and Disposal systems’ (OSTDS), also referred to as septic
systems’, influence on nitrogen pollution. AEl has developed a methodology for assigning confidence
of parcel wastewater infrastructure that will help assess potential septic-based nitrogen pollution of
the surficial aquifer countywide. This report describes the key variables and methodologies needed to
prioritize retrofit areas and rank potential septic to sewer projects within Orange County to aid
management plan development. In this report, we refer to parcel services by central sewer as “sewer”
and to those serviced by OSTDS as a “septic” parcel.

Septic systems are known inputs of nutrients to water systems, particularly those located near impaired
waters, in soil with high hydraulic conductivity, and in areas with shallow groundwater. An
overabundance of nutrients, eutrophication, has caused impairments in many of Florida's waters,
resulting in overabundance of algal bloom conditions, reductions of dissolved oxygen, and subsequent
loss of aquatic life. Clean Waterways Act, now Chapter 2020-150, Laws of Florida, places priority
measures to minimize the impact of OSTDS by transferring authority for these systems to Florida
Department of Environmental Protection (FDEP) from Florida Department of Health (FDOH) and
prioritizing remediation plans for OSTDS in areas with Basin Management Plans (BMAPs). Through this
bill FDEP has been directed to adopt new rules related to OSTDS. These rules will supersede the existing
statutory requirements for setbacks and take into consideration conventional and advanced OSTDS
designs, impaired water bodies, wastewater and drinking water infrastructure, potable water sources,
non-potable wells, stormwater infrastructure, OSTDS remediation plans, and nutrient pollution. An
important focus of this Act is the requirement that local governments develop OSTDS remediation
plans within BMAPs if the FDEP determines that OSTDSs contribute at least 20 percent of the nutrient
pollution or if the DEP determines remediation is necessary to achieve the total maximum daily load.
Such plans must be adopted as part of the BMAPs no later than July 1, 2025. Orange County is being
proactive in initiating a plan to identify the most vulnerable regions of the county to sources of septic-
base groundwater solution, before additional requirements have been identified by FDEP.

Identifying areas vulnerable to elevated sources of nutrient loads is important because total nitrogen
and total phosphorus are major groundwater and surface water pollutants generated by OSTDS
(Badruzzman et al 2012; Briggs et al. 2007; Wang et al. 2012; Ye et al. 2014; Ye et al. 2017; Zhu et al.
2016). There are many variables that influence pollution rates from OSTDS like soil denitrification rates
and other variables considered in this analysis but converting existing septic systems to properly
functioning sewer will help reduce pollution rates by eliminating septic leachate to the groundwater.

The scope of work completed by AEl included data acquisition, spatial analysis, and the development
and implementation of a ranking system to prioritize subdivisions based on the potential for these
areas to contribute to the eutrophication of the nearby water systems.

" ECOLOGY )
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Deliverables for this work include:

e File Geodatabase with final spatial layers used in the reporting effort, including the septic
inventory with associated level of confidence, distances to force/gravity mains, and priority
areas for retrofit.

e Draft Septic and Sewer Spatial Analysis Technical Memorandum Report summarizing the
above-described efforts with level of confidence tables, septic density maps (current and
potential future), population household change maps, distance to current sewer infrastructure,
and priority retrofit area.

To meet the objectives described above, AEI collected relevant ancillary GIS datasets, including septic
inventory, current sewer infrastructure, current land use, hydrographic features, elevation datasets,
census and census-derived datasets, Property Appraiser’s (PA) data, among others. These data were
organized in an ESRI File Geodatabase. Orange County’'s septic inventory was compared against
FDEP’s, FDOH's and infrastructure and billing records within the county to produce a refined septic
inventory for the area of interest. Orange County subdivisions served primarily by OSTDS (defined as
greater than 50% of the total parcels) were selected for ranking based on their potential to contribute
to nutrient pollution via groundwater sources (Figure 1).

Parameters used in the ranking process included:

e septic density (number divided by total area)

¢ mean Orange County Aquifer Vulnerability Assessment (OCAVA) class (provided by
DQ)

e percent subdivision in impaired surface or spring watershed

e housing density change (2020-2050)

e population density (2010) and population density change (2000-2020)

e mean year built

e mean distance to watershed

e mean elevation

In order to prioritize subdivisions for potential retrofit (connection to a central sewer system), an
additional ranking scheme (connectivity scheme) was developed to include an additional variable, the
distance to existing infrastructure (force main & gravity main). This distance provides a generalized
proxy for potential cost associated with connection, though an engineering evaluation would be
required to provide a more detailed analysis of constraints and costs associated with each of high
priority communities.

< éggg‘cggg\ 2|Page
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Figure 1. The geographic location of subdivisions with greater than 50% OSTDS with Orange County, Florida.
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The final weighted and unweighted vulnerability schemes used the listed individual variables to
determine locations that contribute nutrient source pollution into the groundwater. Examples would
be areas with higher septic density, or higher population per household, and/or distance to waterbody,
would be ranked as priority retrofit areas with high vulnerability of groundwater source pollution.

Results from the vulnerability and connectivity schemes are presented in Appendix A and B, while the
top 15 subdivisions within Orange County are presented here in Table 1. Appendix A contains the raw
values for each of the parameters used in the development of pollution potential and Appendix B
contains the associated ranking values assigned to each of the parameters along with the final
prioritization scheme values. The subdivisions were ranked using a scheme of prioritization of the
above listed individual parameters, with each ranking placing different weights to the parameters. In
both vulnerability schemes, the three subdivisions most highly ranked for their likelihood to contribute
nutrient pollution were the Semoran Club Condo, Piedmont Estates, and the Long Lake Villas Phase 1B
subdivisions, respectively. The connectivity prioritization scheme ranked highest priority the three
subdivisions from the vulnerability scheme along with Lake Florence Highlands Phase 1 subdivision
and the JLM Condo. All other subdivisions within the three schemes had different ranks. In addition to
the overall vulnerability ranking, ancillary information associated with infrastructure can assist with the
engineering planning and community outreach efforts.

Table 1.Top subdivisions among final ranking schemes within the Orange County, Florida.

Rank Unweighted Vulnerability
Rank

Weighted Vulnerability Rank  Weighted Connectivity Rank

1 Semoran Club Condo Long Lake Villas Ph 1B Piedmont Estates
2 Piedmont Estates Piedmont Estates Lake Florence Highlands Ph 1
3 Ranchette Lake Florence Highlands Ph 1 Semoran Club Condo
4 Riverside Acres Eden Park Estates JL M Condo
5 Long Lake Villas Ph 1B Semoran Club Condo Eden Park Estates
6  Wells Gap JL M Condo Lake Cortez Woods
7 Rimar Ridge Little Lake Park Little Lake Park
8 Eden Park Estates Parc Corniche Condo Ph 1 Long Lake Villas Ph 1B
9 Monroe Manor Troynelle By Big Lake University Garden
Apopka
10  Holiday Heights Wells Gap Pennsy Park
11  Lake Barton Park Lake Cortez Woods Lake Barton Park
12 Little Lake Park Little Lake Georgia Terrace Callum Mac Sub
13  Meadowbrook Annex 2Nd Ranchette Enclave At Oxford Place
Add Condo
14 Riverside Acres 1St Add Parc Corniche Condo Ph 2 Meadowbrook Annex 2Nd
Add
15  Wekiwa Manor Sec 2 Rimar Ridge Little Lake Georgia Terrace
__APPLIED 4|Page
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METHODOLOGY

The process of assessing Orange County aquifer vulnerability is data intensive, requiring many different

data sources and types (Table 2). Assigning a level of confidence to the septic or sewer parcel

identification (inventory) required developing systematic rules to compare various data sources and

types (Table 3).

The process of ranking priority retrofit areas also required the synthesis and

aggregation of many data sets from a variety of sources and the use of a statistical classification

methods.

DATA SOURCES AND VARIABLES

This vulnerability assessment was able to integrate many previously disparate data sources. A table
has been provided to identify the sources for each required data set in this study (Table 2).

Table 2. Data sources used as basis for ranking pollution potential for subdivisions within Orange County, Florida.

Subdivisions | Orange County | Orange county geographic data included subdivision features.

Septic FLWMI, Orange | FLWMI septic data were used as the base of the septic parcels. The

Locations County, & City FLWMI data were used as the base of the data because it appeared

of Ocoee complete and more accurate compared to other sources, with
exception of the data directly received from Orange County, for
septic tank information. These data were then compared to the
existing sewer feature classes (sewer gravity line, pressure line, and
manholes) to exclude areas that were serviced by central sewer.

Sewer Orange County Orange County Utilities geographic data included sewer

Infrastructure | Utilities, City of infrastructure information. Billing data from Orange County Utilities

Apopka, Ocoee, | was used to confirm addressees of parcels receiving sewer service.
Orlando, City and Town sewer infrastructure data also used to confirm sewer
Maitland, Winter | services to land parcel locations.

Garden, Winter

Park, & Town of

Mount Dora

Demographic | US Census, Census data detailing population density, housing density, social and

Variables SILVIS, & SEDAC | economic structure.

Waterbodies | Orange County | Orange County provided data included a hydrology shapefile
containing lakes, ponds, rivers, canals, and springs.

Land Parcel Orange County | Orange County Property Appraiser’s parcel layer was used because it
was the most complete source. Centroids of parcels were assumed
as the location of the septic tanks. The edges of parcels were used to
determine distances to sewer infrastructure (gravity and force
mains). Land parcel maps were used to assess both status (vacant,
single family, multi-family) for septic systems and proximity analysis
to environmental and socioeconomic census data.

__APPLIED
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WBID FDEP Water body identification number is a State of Florida unique
numeric identifier assigned to each waterbody. Used as an identifier
for each waterbody throughout analysis. Also used to help identify
impaired watershed areas within Orange County.

Spring FDEP Area with the greatest potential impact to a specific spring within the
Priority Focus State of Florida. Spring protection zones are priority areas for BMAP
Areas project identification and funding that are based on assumed or

modeled groundwater travel time to target springs and high
likelihood of land use activities to significantly influence the spring’s
water quality.

Total FDEP Maximum amount of a pollutant allowed to enter a water body so it
Maximum will continue to meet water quality standards for that pollutant. Used
Daily Loads to identify and track waterbodies with TMDL requirements.

(TMDL)

Reasonable FDEP Under EPA regulations the state of Florida Watershed Restoration
Assurance Act allows a RAP as a plan of restoring an impaired waterbody. Used
Plan (RAP) to identify and track waterbodies with Reasonable Assurance Plans.
Orange Drummond This model predicts the relative vulnerability to the Surficial Aquifer
County Carpenter System (SAS) within the boundaries of Orange County. The model
Aquifer estimates the likelihood for a pollutant to reach the top of the SAS
Vulnerability once into is introduced to the top or within the unsaturated zone.
Assessment

(OCAVA)
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LEVEL OF CONFIDENCE SEWER AND SEPTIC WITH DECISION RULES

Decision points were necessary to classify each parcel's confidence of wastewater infrastructure to

better inform the accuracy of the wastewater type associated with each parcel (Table 3). It was

important to go through this effort to make sure the wastewater infrastructure information was as

complete and correct as possible so that accurate conclusions could be made in the prioritization

process. Vacant data was also included in this effort because it could better inform the County if the

parcels were developed after completion of prioritizing each subdivision. Directly below Table 3 is a

detailed breakdown of how those decisions were made at each decision point supported by available

data.

Sewer allocation Decision Rules

There is an extremely high confidence that the parcel is serviced by central sewer, if billing data
exists and there are sewer laterals connecting the parcel.

There is a high confidence that the parcel is serviced by central sewer, if billing data exists and
no sewer laterals exist, but there are nearby sewer gravity lines.

There is a high confidence that the parcel is serviced by central sewer, if no billing data exists,
but lateral data show the parcel is connected and FLWMI indicates it is likely sewer.

There is a medium confidence that the parcel is serviced by central sewer, if there is no billing
data and no nearby sewer laterals exist, but there are nearby sewer mains and FLWMI states it
is likely sewer.

There is a low confidence that the parcel is serviced by central sewer, if there is no billing data,
no nearby sewer laterals or main and it is listed as likely sewer in FLWMI and not in the Orange
County (OC) inventory as being vacant or not having wastewater data.

There is a very low confidence that the parcel is serviced by central sewer, if no billing data
exists, no sewer laterals or mains present, and it is listed as somewhat likely sewer in FLWMI
and it is not in the OC inventory as being vacant or without wastewater.

Septic allocation Decision Rules

__APPLIED
? ECOLOGY: }\"m‘

There is an extremely high confidence that the parcel is serviced by septic, if no billing data
exists, there is no infrastructure present, it is listed as known septic in FLWMI and not
considered vacant by the Property Appraiser (PA), and the OC Property use inventory assigned
it as not having wastewater data.

There is a very high confidence that the parcel is serviced by septic, if no billing data exists,
there is no infrastructure present, it is listed as likely septic in FLWMI, not considered vacant in
PA, and the OC Property use inventory assigned it as not having wastewater data.

There is a high confidence that the parcel is serviced by septic, if no billing data exists, no
infrastructure present, somewhat likely septic in FLWMI, not considered vacant by PA, but OC
Property use inventory assigned it as not having wastewater data.
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- There is a medium confidence that the parcel is serviced by septic, if no billing data exists, no
infrastructure present, likely or somewhat likely septic in FLWMI, not considered vacant by PA,
and OC Property use inventory assigned without wastewater.

- There is a medium confidence that the parcel is serviced by septic, if there is billing data or
nearby lateral infrastructure, considered known or likely septic by FLWMI, not vacant, OC
property assigned without wastewater.

- There is a low confidence that the parcel is serviced by septic, if there is billing data or nearby
lateral infrastructure, considered somewhat likely septic by FLWMI, not vacant, OC property
assigned without wastewater.

- There is a very low confidence that the parcel is serviced by septic, if there is both billing data
and lateral infrastructure, considered somewhat likely or unknow parcel by FLWMI, not vacant,
OC still assigned to septic.

8|Page
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Table 3. Wastewater infrastructure level of confidence within Orange County, Florida.

Sewer Infrastructure Information
Municipality WW Billing Billing
Billing Data information information
Municipality WW Lateral lines Nearby gravity Lateral line Nearby gravity
Infra. Data mains main
Florida Water Likely sewer Likely sewer Likely sewer Somewhat likely
Management sewer
Inventory (FLWMI)
Septic Information
FLWMI Known septic Likely septic Somewhat Likely or somewhat Somewhat No information
likely septic likely sewer OR likely septic
known or likely
septic

Municipality WW Known septic Likely septicand ~ No nearby No nearby sewer Somewhat Somewhat nearby
Data and no nearby no nearby sewer  sewer infrastructure OR nearby sewer sewer

sewer infrastructure infrastructure  somewhat nearby infrastructure  infrastructure

infrastructure sewer infrastructure
Land Use/Vacant Information
Orange County Known vacant LU indicates LU indicates
Property Use parcel, not vacant parcel vacant parcel,
Codes associated WW aerial has building

infrastructure

9|Page
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SPATIAL ANALYSIS FOR VARIABLE DEVELOPMENT

To facilitate this analysis, geographic data were gathered and analyzed in the ArcGIS environment. The
first step after gathering the data, was to make sure they are comparable and compatible. Below is a
brief discussion of the spatial datasets and processing.

Septic Systems

Septic (OSTDS) FLWMI data were added to GIS database and clipped to match geographic boundaries
of Orange County. For each parcel containing septic, an associated confidence attribute was assigned
of “"very high, high, medium, low, or very low. The base layer, FLWMI layer, was then compared to the
parcel layer, aerial imagery, septic tank locations, and sewer infrastructure data provided. For example,
parcels from the FLWI data that stated they were on septic, but the sewer infrastructure data indicated
that the parcel was served by a lateral, were considered to be on central sewer, and the attributes were
updated accordingly. Parcels that were indicated to by vacant as reported by the property appraiser
dataset, were updated to indicate that they were vacant. The last step was quality control checks and
final editing to ensure accuracy.

The percentage of parcels serviced by septic system was calculated for each of the Orange County
subdivisions. Subdivisions with greater than 50% septic parcels (out of the total number of developed
parcels) were considered “septic”. A frequency histogram of the % septic systems is displayed in Figure
2. As anticipated, subdivisions that had septic systems were typically dominated by those with no
access to central sewer. Most of the subdivisions with greater than 50% of the parcels on septic used
in the prioritization are completed dominated by parcels on septic (>97.8% septic, Figure 2).

Frequency of Percent Septic
1200 -
1000 -
i m 50-61.
> 800 50-61.5
g 61.6-75.1
3 600 -
g 75.2-85.7
“ 400 - 85.8-92.3
200 4 m92.4-97.7
m>978
O _ T T T T - T
50-61.5 61.6-75.1 75.2-85.7 85.8-923 924-97.7 >9738
Percent Septic (Septic Parcels/Total Developed Parcels)

Figure 2. Frequency of percent septic parcels within subdivisions in Orange County, Florida, with greater than 50% septic
parcels per subdivision.
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Waterbodies

An Orange County hydrology feature class with lakes, rivers, ponds, canals, springs, and stream
watershed areas was obtained from the County. These waterbodies were used for calculating distances
between the edge of parcels and the closest waterbody.

__APPLIED A
(4 ECOLOGY}» A
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- Orange County Waterbodies
D Orange County Boundary

Figure 3. Geographic location of waterbodies within Orange County, Florida.

Orange County Property Appraiser Data

Orange County Property Appraiser land use code data was utilized and augmented with property use
description information and added to land parcel geographic features. The data were obtained directly
from the Orange County Property Appraiser’s Office with associated parcel information, including but
not limited to, land use code, land use description, and year built (actual and approximate).

The distance from the parcel boundary (edge of parcel) to the nearest force sewer main and gravity
sewer main were measured using automated GIS measuring functions. The septic layer created for this
project was used to identify the parcels as septic. If a parcel did not overlap with the septic points, it
was then compared to municipal sewer infrastructure and Property Appraiser data to determine if it
was a sewer or vacant parcel, and each parcel was labeled as septic, sewer, or vacant.
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Subdivisions from the Property Appraiser were used as the boundaries used in determining priority
retrofit areas. The parameters, Table 2, were then summarized by subdivisions completely or partially
within unincorporated Orange County. Impaired waterbody watersheds (WBIDs) were used to
determine percentage of each subdivision within an impaired watershed.

Elevation data were derived by using NOAA provided LiDAR raster data based Digital Elevation Model
(DEM) collected in March 2006. Each parcel was assigned a mean elevation value based on parcel
boundary and LiDAR elevation data in the GIS for all subdivisions.

INDIVIDUAL PARAMETER RANKING

Each of the parameters that were used in final prioritization will be summarized in this section.
Summarized parameters include septic density, OCAVA, subdivisions within impaired surface and
spring watersheds, census data, distances to existing sewer infrastructure, subdivision age, distance to
waterbodies, and mean elevation.

All the parameters were individually ranked with a score from 1 to 6. A rank of 1 was given to values
that would have a lower pollution potential, whereas a rank of 6 was given to values that would have
a higher pollution potential. For each of the individual parameters, a histogram is provided to show
the frequency of subdivisions within each break point. The break points were determined using the
Jenks natural breaks optimization method, which is a method in which natural breaks in the data are
determined by reducing the variance within each of the classes and maximize the variance between
the classes. This classification method provides more accurate visual representation of the data, often
used when developing choropleth maps. For each of these breakpoints the rank (1-6) is shown above
the bar along with a color (green to red, respectively to rank) within the graph. The Jenks method was
used for septic density, percent of subdivisions within an impaired surface or spring watershed, the
census data, and elevation. The breaks for subdivision age were created using significant legislative
events pertaining to septic systems and groundwater. The break points for distances to sewer
infrastructure and waterbodies were determined using bins of 500 to 1000 ft.

SEPTIC DENSITY

Septic density (number septic parcels divided by area in subdivision) is one of the most important
indicators of pollution potential, the greater number of OSTDS within a small area the greater the
loading potential into a nearby waterbody or groundwater. Population density, number of OSTDS
within a subdivision, or typical land use density are often used to prioritize areas of interest and are
critical input variables for groundwater water quality modeling (Keene, 2015; Harper & Baker, 2007,
Briggs, Roeder, & Ursin, 2007; LaPointe & Herren, 2016). The higher the density of the houses and
septic tanks within an area, the greater concentration and volume of wastewater. Thus, there is greater
potential for groundwater contamination with higher septic densities within subdivisions (Figure 4).
The subdivisions with higher septic tank density were ranked the highest, class 6, due to the increased
potential for groundwater contamination. Some of the subdivisions have a septic density greater than
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5 septic tanks per acre, these are generally associated with multi-family residential subdivisions like
townhomes and condominiums. Townhomes and condominiums are not generally considered to be
on septic but were marked as septic due to lack of data or sewer infrastructure in the surrounding
areas. Most of the subdivisions fell into the lowest 4 categories, with septic densities ranging from
<0.59 to 3.77 septic tanks per acre. Figure 5 shows the distribution subdivision septic density across

the County.
Frequency of Septic Density
400 -
1
350 A
300 - 2 3 4
W <0.59
3250 -
< 0.60-1.40
3 200 -
g 1.41-243
i 150 -
244-3.77
100 - 5
W 3.78-5.98
>0 ] . ° m>598
O T T T T T -—\
<0.59 0.60-1.40 1.41-243 244-377 3.78-598 >5.98
Septic Density (Septic Tanks/Acre)

Figure 4. Frequency distribution of septic density in subdivisions comprised of greater than 50 percent septic within Orange
County, Florida. * Generally, subdivisions with septic density greater than 5 septic tanks per acre are multi-family housing
(like townhomes and condominiums).
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Figure 5. Septic density for subdivisions with at least 50 percent septic within Orange County, Florida.
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ORANGE COUNTY AQUIFER VULNERABILITY ASSESSMENT
(OCAVA)

The Orange County Aquifer Vulnerability Assessment (OCAVA) is a model developed by Drummond
Carpenter, which predicts the relative vulnerability of the Surficial Aquifer System (SAS) within the
boundaries of Orange County. The assessment was conducted using the Weights of Evidence (WoE)
Approach (Arthur, 2017), a probability model, to estimate the likelihood for a pollutant to reach the
top of the SAS once it is introduced to the top of or within the unsaturated zone. The model classifies
regions within the study area into three relative vulnerability categories (i.e., more vulnerable,
vulnerable, less vulnerable) that can be viewed spatially as the response theme. These three categories
were then given rank values of 6, 3, and 1, respectively. These values were then spatially averaged per
subdivision with greater than 50% septic, across Orange County. Figure 6 shows the frequency
distribution and Figure 7 shows the spatial distribution of OCAVA class values for subdivisions in
Orange County.

Frequency of Mean OCAVA Class Value
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Figure 6. Frequency distribution of OCAVA classes for subdivisions of greater than 50 percent septic, in Orange County,
Florida.
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Figure 7. Mean OCAVA class for subdivisions with at least 50 percent septic within Orange County, Florida.
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SUBDIVISIONS WITHIN IMPAIRED SURFACE AND SPRING
WATERSHEDS

Impaired waterbody watersheds were used to determine which subdivisions fell within an impaired
surface or spring watershed. Highest priority was assigned to subdivisions with the highest percent
acreage within an impaired watershed due to the chance that the septic tanks would have a greater
negative impact on the impaired waterbody. Figure 8 provides the frequency of subdivisions using
percentage of subdivision within an impaired watershed. Most subdivisions fell inside the two classes,
with class one having the highest frequency of subdivisions and class six having the second highest
frequency. Class one or subdivisions with <10.8% within an impaired watershed and class six
subdivision having 93.8-100%. Subdivisions with 93.8% or greater of the subdivision within an impaired
watershed were prioritized to having the highest ranking, while those in the 0-18.5% category were
classified as the lowest class. Figure 9 provides the watershed boundaries within Orange County and
indicates if the watershed impaired or not impaired, while Figure 10 provides spatial distribution of the
percentage of subdivisions within an impaired watershed.

Frequency of Percentage of Subdivisions
within an Impaired Surface Water
Watershed or Springshed
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2 3 4 5
0 | | | o W 76.6-93.8
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Percentage of Subdivision

Figure 8. Frequency distribution of percentage of subdivision, of greater than 50 percent septic, within an impaired
watershed, in Orange County, Florida.
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Figure 9. Impaired WBIDs and spring sheds within Orange County, Florida.
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Figure 10. Percentage of subdivisions, of greater than 50 percent septic, within an impaired surface or spring watershed, in Orange County, Florida.
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CENSUS DATA

Demographic data in this report were provided by the United States Census Bureau's 2010
Redistricting Data. The shapefile utilized in this report was received directly from data provided by
Orange County to Applied Ecology. Geographic population and housing density data were also
obtained from the Socioeconomic Data and Applications Center (SEDAC) and Spatial Analysis for
Conservation and Sustainability SILVIS Lab raster data. These data were clipped to the Orange County
boundary and used for spatial growth potential analysis. Key demographic factors selected were future
housing density (2020-2050), 2010 census block population density, and 2000-2020 change in
population density. More recent census data (2020) is currently only available for block group data
(with non-randomized information, https://www.ncsl.org/research/redistricting/differential-privacy-

for-census-data-explained.aspx) and was therefore not used for this analysis.

As some of the subdivisions spanned two or more census blocks or block groups, a weighted
apportionment process was developed. This approach utilized the number of housing units identified
in the American Community Survey (ACS) and then how many residential parcels were identified in the
subdivision. The ACS housing units are divided by density type from single housing unit structures to
50+ housing unit structures. These values were compared against the identified multiunit residential
parcels in each subdivision and corresponding census block group to determine their relative
contribution. To obtain the 2010 population density information for each subdivision, a population
density was calculated for each census block, by dividing the total population by the acres of census
block. Then using ESRI automated tools, a spatial calculation was performed to determine the average
population density for each subdivision. Percent weights of demographic data were generated by
determining the percent of a census block group’s housing units were in each subdivision.
Demographic data frequency breakdowns are provided to show how the data are distributed in
subdivisions with 50 percent or greater septic within Orange County, Florida (Figure 11 - Figure 13).
Maps show the geographic distribution of the demographic variables included in this pollution
potential analysis for Orange County, Florida (Figure 14 - Figure 16). Raw population values for both
population density in 2010 and population density change from 2000-2020 are in Appendix A.

The 2019 socioeconomic data from the U.S. Census Bureau were included as a reference for Orange
County. The data were evaluated at the census block group level for the following socioeconomic
factors: number/percentage of households below poverty, number/percentage households on public
assistance, and median household income. This data is presented in the Socioeconomics section of the
report and was not used in the vulnerability assessment schemes but used as a visual reference. The
median household income data were used directly from the U.S. Census Bureau, while both the
households below poverty and on public assistance were calculated as the percent of households
within the census block groups.

TECOLOGYY)

r/l_‘


https://www.ncsl.org/research/redistricting/differential-privacy-for-census-data-explained.aspx
https://www.ncsl.org/research/redistricting/differential-privacy-for-census-data-explained.aspx

DRAFT
SEPTIC AND SEWER SPATIAL ANALYSIS TECHNICAL MEMORANDUM REPORT

Frequency of 2010 Population Density
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Figure 11. Frequency distribution of 2010 population density, within subdivisions containing at least 50 percent septic
within Orange County, Florida.
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Figure 12. Frequency distribution of the change in population density from 2000-2020, within subdivisions containing at
least 50 percent septic within Orange County, Florida.

AR 21|Page
<]



DRAFT
SEPTIC AND SEWER SPATIAL ANALYSIS TECHNICAL MEMORANDUM REPORT

Frequency of Housing Density Change
2020-2050 (Houses per km?)
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Figure 13. Frequency distribution of the potential change in housing density from 2020-2050, within subdivisions containing
at least 50 percent septic within Orange County, Florida.
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Figure 14. 2010 mean population density, person per acre within a subdivision greater than 50% septic, Orange County, Florida. Data source U.S. census bureau.
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Figure 15. Population density change from 2000 to 2020, Orange County, Florida. Data source SEDAC.6.
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Figure 16. Projected housing density change from 2020 to 2050, Orange County, Florida. Data source SILVUS.
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DISTANCES TO EXISTING SEWER INFRASTRUCTURE

Subdivisions that are nearby existing sewer infrastructure, such as sewer force and gravity main lines,
were prioritized to increase subdivision prioritization of subdivisions who are closer to existing
infrastructure. Engineering feasibility was not considered for this report, only proximity to existing
sewer infrastructure was factored into the ranking. Six prioritization classes were determined for
distances to force and gravity mains, then the minimum classification was used to prioritize
subdivisions. Subdivisions with the closest mean distances of less than or equal to 500 ft were given
the highest priority, where the lowest priority were given to subdivisions with mean distances of greater
than 4,000 ft from both the sewer force and gravity mains. The frequency distribution of distances to
existing sewer infrastructure such as sewer force main and sewer gravity main is provided in Figure 17
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Figure 17. Frequency distribution of distance to sewer force main (ft), for subdivisions containing at least 50 percent septic,
within Orange County, Florida.
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SUBDIVISION AGE

Older subdivisions have greater polluting potential based on the age of the infrastructure and the
length of time that wastewater has been discharged. Other studies and research include the age of
subdivisions as a predictor of pollution potential from subdivisions into local waterbodies
(Badruzzman, Pinzon, Oppenheimer, & Jacangelo, 2012; Armstrong, 2015; Keene, 2015; Briggs et al.,
2007). Changes have occurred in regulatory requirements regarding OSTDS, which likely have
impacted the contribution of each OSTDS to nutrient pollution of the groundwater or surface systems
over time. Prior to 1962, no specific Florida Statute regulated conditions to siting septic tanks which
might greatly increase the potential of poorly functioning drainfields. The first regulatory requirement
of separation between bottom of drainfield and groundwater water table (12") was implemented in
1962. In 1983, the regulatory requirement was changed to be more conservative and require a 24"
distance between the bottom of drainfield and the water table, which should have reduced the
pollution potential of the OSTDS even further. In addition, newer OSTDS have improved technology
and are more likely to be properly functioning in comparison to older systems. Figure 18 provides the
frequency of subdivisions using mean year built for the subdivision, with break points in 1962 and
1983 due to increasing regulatory requirements in those years and Figure 19 provides the spatial
distribution of subdivision mean year built. Subdivisions with a mean year built earlier than 1962 were
prioritized with the highest score, with progressively newer subdivisions receiving lower scores.
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Figure 18. Frequency distribution of mean year built in subdivisions comprised of greater than 50 percent septic within
Orange County, Florida.
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Figure 19. Mean year built for subdivisions with at least 50 percent septic within Orange County, Florida.
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WATERBODIES

Distance to waterbodies, is a very important predictor of loading potential to the waterbody of concern
(Keene, 2015; Briggs et al.,, 2007). Most groundwater transport models (ArcNLET, STUMOD, etc.) take
the distance from source loading to waterbody as a primary input variable to establish appropriate
paths and estimated plumes (Rios, Wang, & Lee, 2011; Wang, Ye, Rios, & Lee, 2012; Ye & Sun, 2013;
Ye, Sun, & Hallas, 2017).

Highest priority was assigned to the subdivisions closest to the waterbodies (Figure 20). Septic drain
fields within 200 feet of a waterbody (essentially waterfront), have the greatest loading potential since
the path from the septic location to the waterbody will limit the ability of the soils to reduce nutrients
through absorption, nitrification, and denitrification processes. The waterbodies used in this analysis
were based on a shapefile received from Orange County and it does not include some minor
waterbodies like swales or small canals. The mean distance from a subdivision to nearest waterbody
could decrease if a more detailed exploration of waterbodies could be completed in the future.
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Figure 20. Frequency distribution of mean distance to waterbody in subdivisions comprised of greater than 50 percent
septic within Orange County, Florida.

MEAN ELEVATION

Mean elevation above mean sea level (MSL) is a good predictor of water table, with strong correlation
coefficients (often above 0.8-0.9, Rios et al. 2011). Often, depth to groundwater is not available at a
landscape scale and topography is used as a subdued replica of the water table (Rios et al,, 2011; Wang
et al, 2012). Chapter 64E-6 of the Florida Administrative Code for the Standards for Onsite Sewage
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Treatment and Disposal Systems has a criterion specifically designating a minimum water table
elevation that is used for site evalutation when installing an OSTDS (Florida Administrative Code, 2018).
The highest-ranking score was assigned to subdivisions located at lower elevation within Orange
County, specifically less than 20.1 meters above mean sea level. Hydraulic head tends to be low when
elevation above mean sea level is low, providing a proxy method of measuring mean groundwater
levels. Subdivisions with septic drainfields located where groundwater levels are high, have the greatest
polluting potential because there is insufficient time for denitrification processes to take place.
Subdivisions with drainfields well above the water table allow sufficient time for effluent attenuation.
The elevation above mean sea level data were obtained from Lidar mapping.

While typically elevation above mean sea level and depth to water table are highly correlated, there
are exceptions to this, particularly in area with perched aquifers, former alluvial plains, and those
dominated by manmade features (e.g. sand and gravel pits). In addition, since the source of the
elevation data was Digital Elevation Models from airborne LiDAR datasets, drainfields located in
shallower water tables were prioritized for their likely higher pollution potential to the groundwater
(Figure 22). Both most commonly used OSTDS transport models (ArcNLET and STUMOD) use directly
or indirectly (by estimating water table from a smoother DEM) depth to water table to predict plumes
generated from septic tanks. Several other studies examining groundwater nutrient transport also
consider the importance of water table depth in model predictons (Briggs et al.,, 2007; Keene, 2015).

Subdivisions with mean elevation above sea level of 20.1 meter were prioritized into the highest
classification, where subdivisions with mean elevation above 42.9 meters were placed into the lowest
classification (Figure 21).

Frequency of Mean Elevation
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Figure 21. Frequency distribution of mean elevation (ft) within subdivisions containing at least 50 percent septic within
Orange County, Florida.
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Figure 22. Elevation derived from Lidar Digital Elevation Model for subdivisions within Orange County, Florida.

FINAL POLLUTION POTENTIAL RANKING RESULTS

Two prioritization schemes of vulnerability pollution potential were developed to prioritize
subdivisions that are greater than 50% septic within Orange County, FL. The variables included, in the
vulnerability schemes, are the following: septic density (number divided by total area), mean year built,
percent subdivision in impaired surface or spring watershed, mean distance to water, mean surface
elevation, mean OCAVA class, housing density (predicted change 2020-2050), population density
(change 2000-2020). A third prioritization scheme was developed that included all the above
parameters and an additional parameter of minimum distance to existing sewer infrastructure gravity
or force main. This third scheme would help prioritize high pollution potential subdivisions for
potential retrofit (connection to central sewer infrastructure).

Each individual variable was ranked from 1-6 (lowest to highest pollution potential), based on the
previously provided data distribution (See Individual Parameter Ranking Section). A summary of the
ranks by individual parameter are included in Table 4.
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Table 4. Break points for all parameters used for schemes within subdivisions dominated by OSTDS (= 50% septic parcels) within Orange County, Florida.

<059  0.00-1.00 <10.8 <286 <15 <161 >4,000 >4000  >1999  >2,000 >42.9
0.60-1.40 1.01-200  10.9-31.1 28.7-87.5 1.6-3.1 131.1- 3,001- 3,001-  1989-  1,001-  36.0-42.9
351.2 4,000 4,000 1999 2,000
3 141-243 201-3.00  31.2-52.3 87.6-460.7 3.2-49 351.3- 2,001- 2,001-  1983- 601-1,000 30.8-35.9
577.4 3,000 3,000 1988
2.44-377 3.01-400  52.4-765 460.8- 5.0-7.0 577.5- 1,001- 1,001-  1973-  401-600  25.7-30.7
1,324.1 834.5 2,000 2,000 1982
3.78-598 4.01-500  76.6-93.8 1,324.2- 7.1-10 834.6-  501-1,000 501-1,000 1962- 201-400  20.2-25.6
3,865.8 1,298.2 1972
>598  5.01-6.00 <93.8 >3,865.8 >10 >1,298.2 <500 <500 <1962 <200 <20.1
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Each individual parameter rank is aggregated, using one of three methods. The first scheme
(Unweighted Vulnerability Scheme) uses equal weighting of all relevant variables, which corresponds
simply to the mean of the individual ranks. The second scheme (Weighted Vulnerability Scheme) is
based on a weighted average that allows the adjustment of the importance of certain variables that
are known to carry a large influence for contributing to pollution potential. The vulnerability schemes
are summarized below in Table 5. The third scheme (Weighted Connectivity scheme) applies the same
weighting values as the Weighted Vulnerability Scheme, but includes distance to existing sewer
infrastructure, with a factor of 2 (Table 6). For weighted schemes, variables that were found to be
critical drivers of vulnerability from previous modeling efforts were provided weight with a factor of 2,
while variables associated with greater uncertainty, correlated with other variables, or in mitigation
planning stage received a weight of 0.5. For example, the weighted schemes increase the importance
of communities in impaired surface and spring watersheds, while reducing the weight of the future
housing density (a predictive variable associated with larger uncertainty).

Table 5. Variable weights used in final vulnerability schemes (unweighted and weighted) for Orange County, Florida.

Septic Density (#/acre) 1 2
OCAVA Vulnerability Classes 1 2
Percent Subdivision in Impaired Surface 1 >
Watershed or Spring shed

Housing Density Change (2020-2050) 1 0.5
Population Density Change 1 1

Mean Year Built 1 1

Mean Distance to Water (m) 1 2

Mean Surface Elevation (ft) 1 1

*Variables with higher ranking value are known to be influential factors contributing to pollution potential, therefore
carry more influence in the weighted ranking.

Table 6. Variable weights used in final weighted connectivity scheme for Orange County, Florida.

Septic Density (#/acre) 2
OCAVA Vulnerability Classes 2

Percent Subdivision in Impaired Surface
Watershed or Spring shed
Housing Density Change (2020-2050) 0.5

Population Density Change

Distance to Existing Sewer Infrastructure

Mean Year Built

Mean Distance to Water (m)

2N =N,

Mean Surface Elevation (ft)
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The individual variables received values representing their contribution to pollution potential and these
variables were converted to overall mean and weighted ranks and a color coding (Figure 23) was
utilized ranging from a cool color representing 1 (low pollution potential) to a warm color representing
6 (highest pollution potential).

Figure 23. Pollution potential color ranking scale for Orange County, Florida. Coolest color representing rank 1 (low
pollution potential) to hottest color rank 6 (highest pollution potential).

1
2
3
4
5
6

Table 7, Table 8, and Table 9 show the values greater than 4.25 for the unweighted vulnerability,

weighted vulnerability, and weighted connectivity schemes, respectively for all subdivisions with
greater than 50% septic within Orange County. For the vulnerability schemes, there were several
subdivisions that ranked high. The Semoran Club Condo, Piedmont Estates, and Long Lake Villas Phase
1B subdivisions all ranked within the first five highest ranking subdivisions for the Vulnerability
Schemes. The higher the value the higher the potential for nutrient pollution of the subdivision.

The weighted connectivity scheme weighs all the individual parameters the same as the weighted
vulnerability scheme, but it includes minimum distance to sewer main line (force and gravity), with a
factor of 2. As for the weighted connectivity scheme, the three subdivisions above are also listed as
priorities, with Piedmont Estates and Semoran Club Condo ranking in the top three subdivisions, and
Long Lake Villas Phase 1B ranking in seventh place among hundreds of subdivisions. Both the Lake
Florence Highlands Phase 1 subdivision and the JLM Condo ranked high in the weighted schemes but
were not as highly ranked in the unweighted scheme.

A complete ranked listing of subdivisions dominated by septic parcels in Orange County can be found
in Appendix B, whereas the complete list of subdivisions with raw parameter values are included in
Appendix A. Appendix B has 1286 subdivisions containing the raw variable scores as a reference.

The highest-ranking areas for all three schemes are located generally in the north-central part of
Orange County (Figure 24 - Figure 26). The lowest priority ranking scores are geographically distributed
in the eastern rural portions of Orange County. The subdivisions with the lower scheme values should
have a lower pollution potential than those subdivisions having higher values for the vulnerability
schemes.
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Table 7. Variable and overall Unweighted Vulnerability Scheme for Orange County subdivisions with scores greater than 4.25.

Septic % Housing Pop. Mean Year | Mean Mean Unweighted
Density | OCAVA | Impaired Density Density | Built Distance to Elevation Vulnerability
Subdivision Name Score Score WB Score | Score Score Score WB Score Score Scheme
Semoran Club Condo 6.00 3.00 6.00 6.00 4.00 3.00 4.00 4.69
Piedmont Estates 6.00 6.00 6.00 3.00 4.63
Ranchette 4.00 3.00 6.00 4.00 6.00 3.00 4.50
Riverside Acres 4.00 3.00 6.00 6.00 4.00 6.00 2.00 4.50
Long Lake Villas Ph 1B 6.00 411 6.00 3.00 2.00 4.00 4.45
Wells Gap 2.00 3.00 6.00 4.00 2.50 6.00 6.00 6.00 4.44
Rimar Ridge 4.00 3.00 6.00 3.50 6.00 3.00 4.44
Eden Park Estates 3.00 6.00 3.00 3.50 4.44
Monroe Manor 4.00 3.00 6.00 6.00 4.50 3.00 4.00 4.44
Holiday Heights 4.00 3.00 6.00 6.00 3.50 3.00 4.44
Lake Barton Park 3.00 3.00 6.00 3.00 6.00 4.00 4.38
Little Lake Park 3.00 3.47 6.00 2.50 4.00 6.00 4.37
Meadowbrook Annex 2nd Add 4.00 3.00 6.00 3.00 4.50 6.00 3.00 4.31
Riverside Acres 1st Add 3.00 3.00 6.00 6.00 3.50 6.00 2.00 4.31
Wekiwa Manor Sec 2 3.00 6.00 4.00 3.00 3.00 4.31
Suburban Homes 3.00 3.00 6.00 6.00 2.50 6.00 3.00 4.31
Troynelle By Big Lake Apopka 3.00 4.61 6.00 3.00 2.50 6.00 4.00 4.26
Rio Grande Terrace 3rd Add 3.00 4.00 6.00 2.00 4.00 4.25
Lake Cortez Woods 3.00 4.46 6.00 3.50 3.00 4.00 4.25

*Subdivisions with lower mean scores can be found ranked in Appendix B. Higher values indicate greater potential for contributing nutrient pollution to nearby
waterbodies.
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Table 8. Variable and overall Weighted Vulnerability Scheme for Orange County subdivisions with scores greater than 4.25.

Subdivision Name

Long Lake Villas Ph 1B

Piedmont Estates

Lake Florence Highlands Ph 1

Eden Park Estates

Semoran Club Condo

J L M Condo

Little Lake Park

Parc Corniche Condo Ph 1

Troynelle By Big Lake Apopka

Wells Gap

Lake Cortez Woods

Little Lake Georgia Terrace

Ranchette

Parc Corniche Condo Ph 2

Rimar Ridge

University Garden

Holiday Heights

Pennsy Park

Millers Sub (Lockhart)

Lake Barton Park

Callum Mac Sub

Enclave At Oxford Place Condo

Monroe Manor 4.00
Lake Florence Estates 4.00
Lake Gandy Shores 3.00

3.00

Riverside Acres

Shady Oak Cove

Huntley Park

Septic % Impaired Housing Pop. Mean Year
Density WB Score Density Density Built Score
Score Score Score

6.00

3.00

6.00

6.00

3.00

4.00

Mean Distance
to WB Score

Mean
Elevation
Score

Weighted
Vulnerability
Scheme

4.00

4.69

3.00

4.65

4.00

4.59

4.59

4.59

4.54

4.54

4.52

4.48

4.46

4.41

4.37

4.35

4.35

4.33

4.33

4.33

4.33

4.30

4.30

4.28

4.28

4.28

4.00

4.27

4.26

4.26

4.26

4.26

*Subdivisions with lower mean scores can be found ranked in Appendix B. Higher values indicate greater potential for contributing nutrient pollution to nearby waterbodies.
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Table 9. Variable and overall Weighted Connectivity Scheme for Orange County subdivisions with scores greater than 4.25.

Septic OCAVA % Housing Pop. ww Mean
Density Score Impaired Density Density Infra. Year Built
Score WB Score | Score Score Score Score

Subdivision Name
Piedmont Estates
Lake Florence Highlands Ph 1

6.00 6.00 | 6.00

6.00 450 K

Semoran Club Condo 6.00 3.00 6.00 6.00 | 6.00
J L M Condo 6.00 3.00 6.00 | 450 O

3.00 6.00

Eden Park Estates

Lake Cortez Woods 3.00 4.46 6.00 | 350 A
Little Lake Park 3.00 3.47 6.00 | 250 |
Long Lake Villas Ph 1B 6.00 4.11 6.00
University Garden 4.00 3.00 6.00 | 6.00
Pennsy Park 3.00 6.00 6.00 \ 6.00

Lake Barton Park 3.00 3.00 6.00 6.00 6.00
Callum Mac Sub 6.00 6.00

Enclave At Oxford Place Condo IR0 3.00 6.00 | 450 N

Meadowbrook Annex 2nd Add 4.00 3.00 6.00 6.00 6.00
Little Lake Georgia Terrace 3.00 3.60 6.00 | 400 |

Parc Corniche Condo Ph 1 6.00 3.00 6.00 3.00 2.00
Tuckaway Terrace 4.00 3.00 6.00 3.00 4.00 6.00

Rimar Ridge 4.00 3.00 6.00 | 350 | 6.00
Holiday Heights 4.00 3.00 6.00 O 350 |

Ponce De Leon 3.00 3.00 6.00 | 350 A

Wells Gap 2.00 3.00 6.00 4.00 6.00
Lake Gandy Shores 3.00 3.00 6.00
Alafaya Prof Park 2 Condo 6.00 2.00 6.00

Riverside Acres 1st Add 3.00 3.00 6.00 600 [EEI 600 6.00
Riverside Acres 3rd Add 4.00 3.00 6.00 | 350 | 6.00
Wekiwa Manor Sec 2 3.00 6.00

Rose Hill Groves Ut No 1

4.00 6.00 | 450 [N

Lake Gandy Estates 3.00 3.00 6.00
Trout Lake Camp 3.36 6.00 \ 6.00 6.00

Riverside Park Estates
Lockhart Sub No 1

3.00 6.00 | 450 X 6.00

3.00 6.00 4.00 2.50 6.00

Mean Mean Unweighted
Distance to El<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>