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EXECUTIVE SUMMARY

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. There have been over 150 surface water quality impairments documented over the last 20 years, many
of which are caused by excessive nutrients, and the number of impairments is increasing. To combat this
trend, Orange County has adopted numerous programs to control excessive nutrient loading to surface
waters and groundwater, including educational outreach, water quality capital improvements, improved
operation and maintenance efforts, source control measures, local ordinance updates, and others.

This study focuses exclusively on evaluating nutrient
transport from Orange County onsite sewage treatment
and disposal systems (OSTDS) (septic systems) and how
septic systems contribute nutrient loads to surface
waterbodies via the groundwater pathway. Wastewater
entering septic tanks carry nutrients at elevated levels. In
conventional septic systems, this wastewater goes
through a septic tank before being released into a drain
field effluent that leaches to underlying groundwater. In
advanced treatment septic systems, pollutant reduction

DWATER T measures are incorporated to reduce nutrient leaching
TO DRINKING WATER, when compared to conventional systems.
SURFACE WATER

A septic system prioritization framework for Orange
County has been developed to identify regions of high
priority where pollution reduction measures are more
likely to yield greater water quality benefits to impaired lakes and rivers and to protect other systems from
becoming impaired. These pollution reduction measures take the form of various septic interventions, such as
septic-to-sewer retrofits, conventional-to-advanced septic system retrofits, and policy and regulatory
adjustments to conventional septic permitting.

Transport from a septic tank to groundwater and surface
water (Silent Spring Institute 2017).

Statewide regulatory and data-driven efforts undertaken to protect groundwater resources and restore
Wekiwa Springs served as a model for this framework and can guide future efforts for septic interventions and
management within Orange County. Past Wekiwa Springs protection efforts included conducting a Wekiva
Aquifer Vulnerability Assessment (2005), developing the Wekiwa and Rock Springs Basin Management Action
Plan (Wekiwa BMAP), and developing the Wekiva Priority Focus Area (Wekiva PFA) using the Florida
Department of Environmental Protection (FDEP) as well as the Florida Geologic Survey (FGS) criteria and
processes. The Wekiwa Springs model focuses resources on solutions that provide the greatest reduction of
nutrients to this groundwater-fed system, which was found to be heavily impacted by the extent of septic
systems within the Wekiwa springshed.

Approximately 86,000 septic systems are believed to exist within Orange County, of which approximately
30,000 are estimated to exist within the Wekiva PFA. Detailed studies conducted by FDEP and others have
shown that conventional septic systems within the Wekiva PFA are the largest contributor of nitrogen within
the Priority Focus Area. Therefore, nutrient loading from septic systems outside the Wekiva PFA has the
potential to be a significant contributor to other surface water impairments throughout Orange County.
Several efforts have been completed in this study to assess the 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 (see flowchart below).
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This study was designed to:

(5)

) Identify the number and location of septic systems throughout Orange County,

Model and map the shallow groundwater vulnerability countywide to estimate regions of the County
that are more vulnerable to septic pollution,

Investigate how septic pollution to groundwater can impact County surface waterbodies
(Waterbodies of Interest),

Identify prioritized areas for the allocation of resources for septic interventions (Phase | Priority Focus
Areas), and

Provide recommendations for future septic intervention and management efforts.

A summary of key results and findings are provided below.

X3

%

X3

%

Aquifer vulnerability modeling indicates areas in the western and central portion of Orange County
are generally more vulnerable to shallow groundwater (Surficial Aquifer) septic pollution than areas in
the eastern portion of the County.

There are 1,910 subdivisions identified in Orange County where at least 50% of the parcels are served
by a septic system (i.e., “septic subdivisions”).

Septic subdivisions across Orange County were scored in terms of vulnerability for groundwater
pollution to provide a priority ranking for septic management and retrofit activities at the subdivision
scale. Consistent with aquifer vulnerability modeling results, septic subdivisions in the eastern portion
of the County were generally considered less vulnerable and scored lower on the priority ranking
systems than subdivisions in the western and central portion of the County. Longer groundwater
travel times and lower population, housing, and septic densities in the eastern region created a lower
vulnerability score relative to other areas in the County.

173 Waterbodies of Interest were identified that represent surface waterbodies across Orange County
susceptible to groundwater pollution, are already considered impaired for water quality, or are
otherwise considered important based on a screening process.

Using groundwater flow modeling, groundwater influence zones were calculated for the Waterbodies
of Interest to estimate what areas of shallow groundwater (Surficial Aquifer) contribute nutrient loads
to the waterbodies.

Water quality modeling of nitrogen and phosphorus of septic effluent indicates that nutrient leaching
to groundwater and downgradient surface waterbodies can be influenced by effluent concentrations,
distance to the groundwater, geologic and geochemical properties, septic density, and setback
distance between septic systems and waterbodies.

Increased nutrient reduction from advanced treatment septic systems, as compared to conventional
septic systems, can play a significant role in reducing nutrient loads from septic leachate to
groundwater and surface waterbodies.

Based on water quality modeling, groundwater flow modeling, septic and sewer spatial analysis, 66
Phase | Priority Focus Areas were identified. These Priority Focus Areas represent areas around a
subset of the Waterbodies of Interest where groundwater pollution from septic systems to the
waterbodies would be expected to be the greatest. 671 septic subdivisions (i.e., subdivisions with
more than 50% of parcels on septic) were identified within the Priority Focus Areas, which focuses
potential septic system intervention strategies from the 1,910 septic subdivisions identified across
Orange County.

Priority Focus Areas were ranked in terms of presence, extent, and vulnerability scores of septic
subdivisions to provide a prioritization system for septic retrofits and future feasibility studies.
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The Priority Focus Area concept was used for this study as it mirrors the development of PFAs used by FDEP to
establish special groundwater influence regions for Outstanding Florida Springs per the Florida Springs and
Aquifer Protection Act’, except that lakes and rivers are considered instead of springs. Per Florida Statute:

“Priority focus area” means the area or areas of a basin where the Floridan Aquifer is generally most vulnerable to pollutant
inputs where there is a known connectivity between groundwater pathways and an Qutstanding Florida Spring, as determined
by the department in consultation with the appropriate water management districts and delineated in a basin management
action plan.”

The effort conducted in this study, including identification of Phase | PFAs and vulnerability mapping of septic
subdivisions, can be used as a tool for policy development for septic systems throughout Orange County.
Study results can be used to prioritize locations for conversion of conventional septic systems to advanced
treatment systems, prioritize areas for feasibility studies for connection of septic subdivisions to central sewer,
and develop policy guidelines for septic systems. Orange County could consider the following
recommendations.

1) Develop consistent policy guidelines regarding new and existing septic systems falling within
PFAs. An approach similar to that of the Wekiva and Rock Springs BMAP developed for the Wekiva
PFA could be considered as the approach has been adopted and is logical and defensible.

2) Develop consistent guidelines for new and existing septic systems not falling within PFAs.

3) Work with the FDEP, and other applicable local, state, and federal agencies, to develop and
implement policy and funding strategies.

4) Evaluate how new policies above can be used to address nutrient BMAPs in Orange County to
meet relevant requirements of the Clean Waterways Act (SB 712, 2020) once the statewide rules
have been finalized and adopted.

Phase | PFAs developed in this study represent areas recommended for septic interventions to protect
identified WOIs. The WOlIs in this study focused largely on waterbodies that are currently impaired and
evaluating subdivisions already on septic (>50%) for intervention.

However, the number of impaired waterbodies in Orange County have shown an increasing trend over the
past 20 years. Without planning and preventative measures, this trend could continue as population in the
area is expected to continue to increase. Therefore, future work should focus on developing Phase Il PFAs.
These PFAs should be developed to proactively protect water resources (i.e., lakes) that are not currently
impaired but could become impaired based on new development and construction of new septic systems or a
continuation of existing practice.

1373.803 F.A.C. ‘Delineation of priority focus areas for Outstanding Florida Springs’
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1. Introduction
This document serves as the Final Report for Task 11 and Change Orders 1 and 2 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?. The
number of water quality impairments have also been increasing over time (Figure 1). These excess nutrients
originated from multiple sources but were primarily transported to these waters through stormwater runoff
and groundwater flow.

CUMULATIVE IMPAIRMENTS

2002 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 1. Number of Impaired Waterbodies in Orange County as they Become Listed.

Orange County has adopted numerous programs to control excessive nutrient loading to surface waters and
groundwater, including educational outreach, water quality capital improvements, operation and
maintenance efforts, source control removal, local ordinances, and others. This study focuses exclusively on
the role groundwater has on nutrient transport, particularly from septic systems, and what steps Orange
County can take to mitigate pollutant sources contributing to water quality impairments through
groundwater.

This study builds on efforts taken by FDEP, Orange County, and others to protect Wekiwa Springs from
groundwater-based nutrient pollution, and serves as a guide for prioritizing protecting measures for Orange
County’s other water resources. For Wekiwa Springs, several studies have been conducted to understand the
role that septic systems and groundwater conditions have on influencing water quality of surface water

2 Orange County Septic Tank Workgroup, Board of County Commissioners Presentation 2022-02-22
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systems. FDEP conducted the Wekiva Aquifer Vulnerability Assessment (2005) to map regions of the Wekiva
area that are more or less vulnerable to pollution of the upper Florida aquifer. FDEP also developed the
Wekiwa and Rock Springs Basin Management Action Plan (Wekiva BMAP) and associated Wekiva Priority
Focus Area (Wekiva PFA) to attribute groundwater nutrient pollution sources and establish a geographic
region to prioritize nutrient reduction efforts. Locally, Orange County is conducting a Wekiwa Springs Basin
Wastewater Treatment Feasibility Analysis to identify regions of the Wekiwa basin that are feasible for septic-
to-sewer retrofitting.

These efforts are driven by the knowledge that conventional septic systems are likely the largest contributor
of nitrogen within the Wekiwa springshed. While similar estimates are not available for other waterbodies
across Orange County, it is reasonable to assume septic systems are a significant contributor to nutrient
loading in many of these waterbodies, especially in areas where septic system density is high.

1.1.1. Onsite Sewage Treatment Disposal Systems
Approximately 86,000 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 and phosphorus levels in groundwater which can contribute to
nutrient impairment in surface waterbodies, such as lakes and rivers via groundwater seepage through the
Surficial Aquifer System (SAS) and springs via discharge through the Upper Floridan Aquifer (UFA) (Figure 2).

Figure 2. Transport of Septic System Effluent to Groundwater and Downstream Waterbodies (Figure from Brewton et al. 2022).
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Septic systems were generally classified into two types in this report: (1) conventional septic systems and (2)
advanced treatment septic systems?. Different types of representative septic systems are displayed in Figure 3.
Conventional septic systems typically involve a septic tank and subsurface disposal system (i.e., a drain field).
In Florida, only about 30-40% of the total nitrogen in wastewater entering a conventional septic system is
removed from the septic tank and drain field, suggesting around 60-70% of the total nitrogen entering a
conventional septic system can reach the groundwater (Toor et al., 2020). Considering the average total
nitrogen concentration in household wastewater entering septic systems is approximately 60 mg/L (Toor et
al., 2020), septic effluent with total nitrogen concentrations exceeding 30 mg/L could leach to groundwater,
representing a significant nitrogen loading risk.

Advanced treatment septic systems aim to reduce nitrogen loading by converting nitrogen in wastewater
entering the system to nitrogen gas before discharge. Advanced septic treatment systems can include both
passive and active treatment technologies. Passive treatment typically treat wastewater as it flows vertically
through a layered soil and reactive media layers before discharge. Active treatment includes mechanical
equipment and often multiple tanks where wastewater undergoes multiple treatment processes before being
discharged. Both passive and active advanced septic treatment systems can provide approximately 50% to
95% total nitrogen reduction as compared to the 30-40% reduction from conventional septic systems.

Conventional Advanced

ATU

Passive

In-Ground Nitrogen-Reducing Biofilter (INRB)
oD, y g

Drain Field

Perforated Pipes &
Gravel Trenches

From Home |
Septic Tank Filtration

Soil Absorption & Purification

Ground Water i i

Figure 3. Representative Septic System Types, including Conventional (left), Aerobic Treatment Unit (ATU), Performance-Based Treatment
Sytem (PBTS), and Passive Treatment.

Within Orange County, groundwater is vulnerable to contamination from septic systems to various extents
based on a multitude of environmental factors. For nutrients in groundwater, these factors are further
complicated when transport of groundwater to downgradient water resources is considered. For instance,
elevated nitrogen in groundwater from septic leachate may only be a concern if the septic system is adjacent

% Orange County Septic Tank Workgroup, Board of County Commissioners Presentation 2022-02-22
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to and is expected to seep into a nearby surface waterbody or water supply well. If the septic system is
sufficiently far away, then such polluted groundwater beneath the septic system may not flow toward the
waterbody or natural attenuation processes may sufficiently reduce nitrogen and other potential pollutants
before groundwater seepage into a surface waterbody 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, hereby referred to as septic system interventions, for
those existing septic systems that pose a significant risk to the County’s water resources. The Workgroup is
also tasked with developing recommendations to limit the construction of new conventional septic systems
within undeveloped vulnerable regions through administrative rules and regulations. This Workgroup is
broken up into four Subgroups, including:

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 of existing systems. 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 Orange County Planning, Environmental and Development Services (PEDS) Department.

Subgroup D - Responsible for new septic tank standards and permitting. This Subgroup is being led by the
Orange County 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. This Groundwater Vulnerability Assessment will be an important tool for each
Subgroup when planning and implementing their short-and-long-term goals.

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
takes the form of a groundwater vulnerability analysis and prioritization recommendations with supporting
documentation that incorporates a countywide SAS vulnerability model, a countywide groundwater model,
groundwater quality fate and transport modeling, a geospatial prioritization analysis of the County’s septic
system and related datasets, and finally the development of specific priority focus areas (PFAs).

1.3. Report Outline
The report outline for the remaining sections is presented below:
Section 2: Data Collection: Recaps the data collection efforts, with more detail included in
Appendix A.

Section 3: Countywide Surficial Aquifer System (SAS) Vulnerability Modeling: Discusses the
efforts to develop a countywide SAS vulnerability map.
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Section 6:

Section 7:

Section 8:

Section 9:
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Waterbodies of Interest and Influence Zones: 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: Represents the initial assessment of
priority areas for septic system interventions.

Nitrogen Water Quality Modeling: Describes the water quality modeling performed
to further evaluate the influence of key parameters on the likelihood of nitrogen septic
pollution reaching groundwater and waterbodies.

Phosphorous Water Quality Modeling: Details a screening-level evaluation of the
impact of setback distances for septic systems on phosphorus loading to groundwater
and downgradient waterbodies.

Phase | PFAs: Provides methodology for identification and ranking of Phase | Priority
Focus Areas (PFAs) for septic intervention activities.

Summary of Vulnerability Assessments: Provides conclusions and recommended
next steps for the County based on the completed work.
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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).

Table 1. Summary of Data Collection Effort.

Regional
Groundwater Model

Regulatory
Information

REGIONAL
WATER QUALITY REGULATORY
GIS DATA PREVIOUS STUDIES D Iel' A GROUNDWATER INFORMATION
MODEL

e  ENVIRONMENTAL 2005 Florida Aquifer o 2021 o  Fast-Central Florida | e  OSTDS Standards

e  SOCIAL Vulnerability Assessment Watershed Transient Expanded (381.0065,

e  HYDROGEOLOGIC (FAVA) Information (ECFTX) Model Florida Statutes)

e  IMPAIRED WATERS 2005 Wekiva Aquifer Network (WIN) (2019) (a regional and Chapter 64E-

e RECLAIMED WASTEWATER Vulnerability Assessment Monitoring MODFLOW model 6,FA.C
COVERAGE (WAVA) Locationsin covering 23,800 e Priority Focus

e  UTILITY DATA 2007 Florida Department of Orange County square miles of Areas (PFAs)

e  ARCGIS SPATIAL DATA Health (FDOH) Study e Surface water Central Florida) requirements
MODELER (ARC-SDM) 2009 Wakulla County Aquifer data from e  FDOHand Orange
SOFTWARE MODEL Vulnerability Assessment Orange County County septic

(WCAVA) Water Atlas system
2018 Wekiva Spring and Rock regulations
Springs Basin Management

Action Plan (BMAP)

2019 FDOH STUMOD
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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, an objective and
data-driven methodology, 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. 2007, Baker et al. 20093, Baker et al. 2009b,
Cichon et al. 2005). The OCAVA mapping effort assessed surficial aquifer vulnerability in Orange County.
Relative vulnerability scores (less vulnerable, vulnerable, and more vulnerable) were produced for areas
throughout the County. This vulnerability represents the likelihood for pollutants at the land surface or within
the soil (unsaturated zone) to reach the underlying aquifer.

The following subsections briefly summarize key points from the OCVAVA effort aquifer analysis performed.
The complete OCAVA effort and results are described in detail in Appendix B.

3.1. Aquifer Vulnerability Model Setup

Surficial aquifer vulnerability in Orange County used the WOE model because it is data-driven and does not
rely on subjective, knowledge-driven approaches used in other vulnerability studies. This vulnerability study
was conducted on the SAS as septic leachate to nearby lakes occurs primarily from this aquifer (Figure 4).

The WOE approach uses a statistical P
approach to estimate the likelihood that »
a pollutant released into the soil will S T —

reach the SAS. Areas with increased ‘ : .
likelihood of a pollutant reaching the SAS
are considered more vulnerable
compared to areas with less likelihood.

esian yeg

llrhes'Qn
1]

The vulnerability modeling relies on two
categories of user inputs: (1) training
points and (2) evidential themes to
produce a relative aquifer vulnerability
output map (Figure 5). Training points are
selected wells in the aquifer of interest
with the desired water quality data.
Evidential themes are spatial GIS layers of
properties that influence aquifer
vulnerability. A vulnerability map is
generated by the WOE method by comparing values from the spatial evidential themes to locations that have
elevated values of a specific water quality parameter in groundwater (i.e., training points).

Figure 4. Florida's Aquifer Systems: Vulnerability modeling performed for the
surficial aquifer system (SAS) (Figure from CFWI2022).
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Soil Permeability

Karst Features

IAS Thickness [ -
= 4 1- L3

Head Difference

Response Theme

Figure 5. 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 represents relative aquifer vulnerability (response theme) 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 groundwater quality data within the study area 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) are not typically found in high concentrations in groundwater and
may be used as training points because they can serve as indicators of relative aquifer recharge (Arthur et al.
2017). Areas with higher intrinsic aquifer recharge potential are assumed to have increased likelihood for a
pollutant introduced at the land surface or in the soil (vadose zone) to be transported to the aquifer (i.e.,
higher recharge potential represents higher aquifer vulnerability).

Training points were developed from SAS water quality data obtained from the St. John’s River Water
Management District, Florida Department of Environmental Protection (FDEP) Watershed Information
Network (WIN), STORET database, Orange County Environmental Protection Division (OCEPD), and well
records maintained by Water Management Districts. In all, 541 data points were collected from 70 separate
SAS wells in Orange County. Of the 70 SAS wells found with measured parameters of interest, 56 had
measured DIN and 60 had measured DO (Table 2).
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Table 2. Sources of Well Data Used for Training Points.

DATABASE SOURCE WELLS DATES SAMPLED ORIGINAL PROJECT OR SAMPLING PROGRAM
ST.JOHNS RIVER WATER 1 ) )
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 April 18,2011-April
(OCEPD) 10 8,2019 Orange County

For wells with multiple recorded measurements of DO or DIN, the median value was calculated for each
parameter for that well. For both DO and DIN, wells with median values in the upper quartile of values were
selected to be part of the final training points dataset, as is consistent with the WOE methodology. For DO, this
procedure resulted in a training point dataset containing 8 wells, and for DIN, this resulted in a dataset
containing 14 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 14
DIN wells. This is an increase from the statewide study, which had 1 training point for the SAS within Orange
County.

Total Phosphorous Training Point Analysis

Subsequent to the DIN and DO analyses, an additional exploratory analysis was performed gathering data to
create training points from wells with Total Phosphorous (TP) measurements. As phosphorous is naturally
occurring in Florida soils, additional consideration is necessary when using TP data to create training points. In
the conceptual framework of WOE for assessing aquifer vulnerability, training points have traditionally served
as indicators of higher aquifer recharge because aquifer recharge has been treated as the indicator governing
potential aquifer vulnerability to pollution introduced at the surface. Therefore, parameters not typically
found in high concentrations in groundwater naturally, such as DO and DIN, are often used for training points
because they represent indicators of aquifer recharge. The natural occurrence of phosphorous in soils and the
strong impact geochemical processes have on phosphorus transport may influence the correlation between
aquifer recharge and TP concentrations in groundwater.

The methodology for creating training points for TP mirrored the methodology described for DIN and DO
training points. Multiple searches of online databases generated a total of 415 TP data points from 33 SAS
wells in Orange County. Training points were selected as the SAS wells with median TP values in the upper
quartile of the entire TP dataset. A total of 8 training points were produced from the TP dataset. Similar to the
DO training points, the TP training points did not produce sufficient differentiation in the model and were not
used in the final OCAVA model. Appendix B contains results and discussion of the exploratory TP analysis.
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3.1.2. Evidential Themes

The evidential themes included in the aquifer vulnerability assessment were GIS layers intended to capture
spatial soil and geologic properties that could make an area of the County more vulnerable to groundwater
pollution compared to other areas. 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, and

3. distance to karst features.

For each evidential theme layer, multiple datasets were
considered to determine the most appropriate GIS layers

for this study, as further described below. Figure 6. A Visual Representation of Hydraulic Conductivity: A

measure of how easily water moves through soil and aquifer
Soil /—/ydrau//c Conducz‘/'\//z‘y materials (Image from Build LLC 2013).

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; see Figure 6). In theory, the easier water moves through a soil the higher the risk for pollution potential
to the underlying groundwater (i.e., higher vulnerability).

The soil hydraulic conductivity evidential theme layer was a GIS layer obtained from the Natural Resources
Conservation Service (NRCS) Soil Survey Geographic Database (SSURGO) that provides soil hydraulic
conductivity spatially across Orange County. The vertical soil hydraulic conductivity values from SSURGO
ranged from 5-70 feet per day (ft/day).

Depth-to-Water

Depth to water is the vertical distance from
the ground surface to the water table
(Figure 7). In theory, a smaller depth-to-
water would mean it would be easier for a
pollutant to reach the water table (i.e., more
vulnerable area of aquifer pollution). In this
study, the two available GIS datasets for f
creating the Depth to SAS evidential theme
were evaluated found to be poor predictors | Unsaturated {vadose) Zone capillary fringe
of places with elevated DIN levels (i.e., )’f

training points) and thus were not used in e \wWATER TAELE
the final OCAVA model. Saturated Zone

e—
I

infiltr ation Soil Moisture

Figure 7. Diagram of Delineation of Unsaturated and Saturated Zones by the
Water Table (Figure from Digital Atlas of Idaho 2022).
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Karst Features When a cover-collapse
sinkhole breaches the

confining unit, water can
move into the Upper
Floridan aquifer.

<

Karst features S}Jch as‘smkholes can T T

serve as conduits to directly route surface: solution sinkholes
, |

water from the surface to subsurface AE IR \ Confining unit (ciay)

aquifers (Figure 8). Various past .

vulnerability studies have used Mantle or

. . . overburden
evidential themes that quantified SINA (clay/sand)
distance to karst features (Arthur et , =3 .
al. 2017 and Baker et al. 2009). Areas ' 1 e
in greater proximity to karst features bedrock
are considered more vulnerable ,ﬁﬁiﬁ{;’;‘g{
compared to areas farther away. -

System

The FGS Closed Topographic
Depressions dataset was selected to (it vk Bt
create the karst features evidential move through the

theme in this study. Upper Floridan aquifer.

3.1.3. Model Extent

Pper ...
FIondan aquit
er

. Figure 8. Karst Features and Connections to Florida's Aquifers and Surface Waterbodies (modified
The study area extent for this model from Tihansky 1999).

was delineated by the Orange
County boundary. The model study area and the 56 wells from the DIN dataset, including the14 training
points, are shown in Figure 9.

3.1. Aquifer Vulnerability Model Results

The WOE model was used to classify regions within the study area into three vulnerability categories: More
Vulnerable, Vulnerable, and Less Vulnerable. These vulnerability categories can be viewed spatially in the
Figure 10. Areas More Vulnerable to SAS aquifer potential were found to be associated with locations having
higher soil hydraulic conductivity and shorter distances to karst features. Areas Less Vulnerable to SAS aquifer
pollution were locations with lower soil hydraulic conductivity and longer distances to karst features
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Figure 9. Aquifer Vulnerability Model Extent, DIN Wells, and Training Points.
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Figure 10. Relative Vulnerability of the SAS in Orange County.
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3.1.1. Dissolved Inorganic Nitrogen (DIN) versus Vulnerability

DIN values measured in SAS are expected to positively correlate with areas the WOE model predicts as being
More Vulnerable because it is assumed higher DIN concentrations in groundwater correlate with higher
recharge, i.e.,, more vulnerable areas of the surficial aquifer. To explore this relationship, the OCAVA
vulnerability class (posterior probability, see Appendix B) was determined at the location of each of the 56 SAS
wells with DIN data that were used to develop the training points.

For each of the 56 SAS wells, the average DIN values were plotted against the vulnerability class (Less
Vulnerable, Vulnerable, More Vulnerable) at the location where the well is located. Results show a positive
correlation between average DIN in the SAS wells and vulnerability. This trend suggests the model predictions
of relative vulnerability align with observations of DIN data (Figure 11).

2.50 -
2.00
1.50 A
1.00

0.50 -

Dissolved Inorganic Nitrogen (mg/L)

0.00

0.00243 0.00615 0.02217
(Less Vulnerable) (Vulnerable) (More Vulnerable)

Figure 11. Positive Correlation between DIN values in the SAS and Aquifer Vulnerability.

3.1.2. 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 12).

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 state 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 in other areas of the state. When the WOE approach was
used to evaluate county-scale vulnerability, the relatively uniform depth to the SAS across the County did not
provide a broad range of values for comparison within the region and were not correlated with higher DIN
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concentrations in the SAS. Soil hydraulic conductivity did provide valuable information to the vulnerability
classification at the county-scale. Distance to karst features were also 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.
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Figure 12. Comparison between the FAVA (Top) and OCAVA (Bottom) Results for the SAS.
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4. Waterbodies of Interest and Influence Zones

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 was therefore
conducted to understand how the transport of excess nutrients or other pollutants from the SAS can impact
important Waterbodies of Interest (WOlIs) (examples shown in Figure 13 and Figure 14). This section of the
report describes how WOIs were determined and details the groundwater modeling efforts conducted to
delineate groundwater influence zones around the WOIs. Water quality transport modeling evaluating how
pollutants from septic systems enter and move through the SAS to a downstream waterbody is presented in
Sections 6 and 7.

4

Figure 13. Lake Butler, an identified WOI (OC Water Atlas: photo by Aimee Krivan, OCEPD).

4.1. Waterbodies of Interest

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 influence zones and quantify groundwater travel times for select
lakes and rivers, a particle tracking analysis was performed using the refined OC ECFTX groundwater model
discussed in the following sections.

The particle tracking analysis focused on 173 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 WOl included whether
the waterbody is:

e not attaining standards for select analytes,
e on the Verified List of Non-Attaining Waters for select analytes,
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e associated with a Basin Management Action Plan (BMAP),
e assigned a Total Maximum Daily Load (TMDL),

e associated with Outstanding Florida Waters,

e within a closed basin or karst area,

e adjacent to areas with a high density of septic systems, or
e are considered important waterbodies of Orange County.

K

4

A more detailed description of the WOI screening process can be found in Appendix C.

Figure 14. Sunrise over an identified WOI, Big Sand Lake (photo taken by Drummond Carpenter staff October 2021).

4.2. 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 15). The surficial aquifer was represented by Layer 1 in the model.
For the purposes of this project, the ECFTX model grid 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.
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Figure 15. Vertical Discretization of the ECFTX Model (Figure from CFWI2020).

4.2.1. 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
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 an approximately 40x finer resolution than the original ECFTX model, which was performed
to conduct the particle tracking analysis with sufficient detail to develop groundwater influence zones at the
individual waterbody scale. Care was taken to minimize modifications to the ECFTX model during grid
refinement. The refined grid model is referred to as the Orange County (OC) ECFTX herein.

4.2.2. 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

19|Page



Orange County Groundwater Vulnerability Assessment A DRUMMOND
12 April 2023 & CARPENTER

bodies). Lakes with drain wells return water to model Layer 3, which represents the UFA, and 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 representing large surface waterbodies (i.e., lake, river, or
wetland) that were not present in either aerial imagery or the hydrology shapefiles obtained from Orange
(Orange County 2021) and Seminole (Seminole County 2013) Counties were removed from the model. Select
drain boundary conditions representing smaller surface waterbodies 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. An example model representation of hydrologic features using
boundary conditions before and after model refinement is shown in Figure 16.
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Figure 16. 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.

4.2.3. 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

4 https://waterapp.shinyapps.io/ecftx/

20|Page



Orange County Groundwater Vulnerability Assessment A DRUMMOND
12 April 2023 2 CARPENTER

the iterative refinement and modification of the OC 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 17 for comparison.
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Figure 17. Original ECFTX (Top) and OC ECFTX (Bottom) Model Target Residuals.

21|Page



Orange County Groundwater Vulnerability Assessment A DRUMMOND
12 April 2023 & CARPENTER

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

RESIDUAL STATISTIC ORIGINAL ECFTX* OC ECFTX
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.

4.3. Influence Zones

The OC ECFTX model was used to generate influence zones for the WOIs identified in Section 4.1. 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 (SAS) of
the model between the water table and the bottom of the layer at 50 ft intervals along the boundaries of the
173 recommended WOls, 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 tracked virtual particles upgradient from their endpoints (the
WOlIs) to their point of origin. 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 the WOIs using either the Convex Hull (Minimum Bounding Geometry) or
the Concave Hull (Alpha Shapes) Vector Geometry tools in QGIS (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, influence zones were produced for WOIs. Examples of influence zones
generated using the convex hull and concave hull tools are presented in Figure 18.
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Figure 18. Influence Zones Generated using the Convex Hull and Concave Hull Tools.

Influence zones for the WOIs in western and central Orange County generally mirrored the shapes of the
WOls, which indicates that groundwater flowing into these WOIs comes from recharge in the surrounding
areas. Influence zones in WOIs closer to the eastern boundary of Orange County were generally elongated to
the west of the WOIs, which indicates that groundwater flowing into these WOIs comes from hydraulically
upgradient areas generally west of the waterbodies. The influence zones generated using the methods are
shown in Figure 19.

Median predicted 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 19.
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Figure 19. Influence Zones with Median Travel Times.
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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 source of groundwater pollution and therefore are important to understanding 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 assessing 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 system, 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. These ranked subdivisions are further used in the proposed priority focus areas (PFAs) discussed in
Section 8.

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 D.

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, septic parcel information received directly from Orange County Utilities
for their service area, and billing data from utility providers from Orange County and other cities. The final
septic inventory was reviewed and approved by Orange County Utilities and OCEPD. Overall, 85,932 septic
systems are estimated to exist within Orange County. A map of the countywide septic systems is included in
Exhibit 1.

5.2. Septic System Vulnerability and Subdivision 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
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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:

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

e 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.

5.24. 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 had more
time for potential release of pollutants to groundwater.

26|Page



Orange County Groundwater Vulnerability Assessment A DRUMMOND
12 April 2023 & CARPENTER

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
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. An Unweighted Vulnerability Ranking System and a Weighted Vulnerability Ranking System were
developed to rank primarily septic subdivisions (>50%) in terms of pollution potential.

In the Unweighted Vulnerability Ranking System, aggregation was performed by calculating the mean of
individual parameter ranks with each parameter weighted equally. Realistically, 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 Ranking System before calculating the mean priority rank. The
parameters and assigned weights for the vulnerability ranking systems are shown in Table 4.
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Table 4. Vulnerability Ranking System Parameters and Weight Values (Table 5 in Appendix D).
UNWEIGHTED VULNERABILITY WEIGHTED VULNERABILITY

VARIABLE NAME RANKING SYSTEM RANKING SYSTEM
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 WATERBODY (METERS) 1
1

MEAN SURFACE ELEVATION (FT)

S NG T QN

*Variables with a higher weighted value are considered more influential factors contributing to pollution potential.

5.4. Initial Priority Ranking Results

There were noticeable variations in the results between the unweighted and weighted ranking systems, yet
the top priority ranking subdivisions did have some consistencies. Table 5 shows the top 15 ranking
subdivisions for both ranking systems. There are four common subdivisions that rank within the top 15 for
both. Additionally, the Wekiwa Manor Sec 1 and Piedmont Estates subdivisions ranked in the top three in each
priority list.

Table 5. Top Priority Ranking Subdivisions per the Initial Priority Rankings (Table 1 from Appendix D).

RANK UNWEIGHTED VULNERABILITY RANK WEIGHTED VULNERABILITY RANK
1 Wekiwa Manor Sec 1* Lake Florence Highlands Phase 1*
2 Piedmont Estates* Wekiwa Manor Sec 1*

3 Ranchette* Piedmont Estates*

4 Wells Gap Lake Lucy Estates*

5 Suburban Homes Long Lake Villas Phase 1B*
6 Long Lake Villas Phase 1B* Eden Park Estates*

7 Anderson George W Sleepy Hollow Phase 1*
8 Wentrop Shores University Garden

9 Florence Park Little Lake Georgia Terrace
10 Riverside Acres* Trout Lake Camp*

1 Rio Grande Homesites Citrus Oaks Phase 4*

12 Riverside Acres 2nd Addition* Troynelle By Big Lake Apopka
13 Rimar Ridge* Lake Florence Estates*
14 Suburban Homes Vanguard Heights*

15 Eden Park Estates* Citrus Oaks Phase 3*

*All or part of subdivision within Wekiva PFA |

Across both ranking systems, 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 systems as their impact on pollution potential or feasibility for retrofit can be
difficult to establish.

The results can be viewed spatially for both ranking systems in Figure 20 and Figure 21. The overall
prioritization appears similar between ranking systems. Adding weights to significant parameters in the
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ranking for the Weighted Vulnerability Ranking System did appear to increase the total number of higher
priority subdivisions across Orange County as compared to the Unweighted Vulnerability Ranking System.

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 a Wekiwa Springs Basin Wastewater Treatment
Feasibility Analysis, and funding assistance programs to support these projects from the state. Areas in the
eastern portion of the County generally rank lower on the priority ranking systems. 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.
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Figure 20. Unweighted Vulnerability Ranking System Results: Increasing Priority (from 1 -5) Corresponds to Increasing Pollution Potential.
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6. Nitrogen Water Quality Modeling

Figure 22 demonstrates how a septic system can impact groundwater and nearby surface waters through
transport of nutrients and contaminants from households to the environment. Septic effluent gets released
from the septic tank into the drain field where it moves through the soil to the underlying groundwater table
and then to downgradient waterbodies. Water quality modeling scenarios were developed to simulate this
process to evaluate the influence of key parameters impacting the magnitude of septic nitrogen pollution.
The goal of this effort is to identify priority areas for septic intervention that are the most vulnerable areas or
areas that septic interventions are anticipated to have the greatest positive impact towards reducing nutrient
pollution. This knowledge can help the County with planning, prioritization, and regulation of septic system
management.

LEACH LINES

L me—— ﬁ»

TANK aisaitaages
DRAINFIELD:: @i

TO DRINKING WATER,
SURFACE WATER

Figure 22. Transport from Septic Tank to Groundwater and Surface Water (Silent Spring Institute 2017).

6.1. Modeling Scenarios

Modeling scenarios were constructed to simulate nitrogenous compounds in septic effluent exiting the drain
field, leaching through the unsaturated zone to groundwater, and traveling to downstream waterbodies via
the groundwater pathway. Modeling included unsaturated and saturated transport of septic effluent with
varying depths to groundwater, soil hydraulic conductivities, septic system types (conventional vs. advanced
treatment), and groundwater travel times to a downstream waterbody. A total of eight water quality modeling
scenarios were evaluated to explore the influence of key parameters on septic pollution potential within the
unsaturated soil zone (Table 6).
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Table 6. Water Quality Modeling Scenarios Evaluating Nitrogen Pollution Potential from Septic Systems.

SOIL HYDRAULIC

MODELING SCENARIO DEPTH TO GW CONDUCTIVITY SEPTIC SYSTEM TYPE
1 2ft 10 ft/day Conventional @
2 10 ft 1.5 ft/day Advanced®
3 10 ft 10 ft/day Conventional
4 10 ft 1.5 ft/day Conventional
5 2ft 1.5 ft/day Advanced
6 2ft 10 ft/day Advanced
7 10 ft 10 ft/day Advanced
8 2ft 1.5 ft/day Conventional

2 Conventional septic is assumed to release 60 mg/L as N under a hydraulic loading rate of 1.18 in/day (STUMOD-FL).
b Advanced septic is assumed to release 30 mg/L as N under a hydraulic loading rate of 1.18 in/day (STUMOD-FL).

6.1.1. 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
attenuation to occur compared to areas with deeper groundwater tables. Consequently, a shallow depth to
water is often associated with a higher pollution potential®.

The modeling scenarios evaluated depths to water of 2 ft and 10 ft. The 2 ft depth to water was selected based
on the County’s minimum regulatory requirements for separation of septic drain fields from seasonal high-
water tables. The 10 ft depth to water was selected based on representative County water table conditions
and to be consistent with previous fertilizer groundwater transport methodology used for the County.

6.1.2. 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 greater 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 were evaluated by modeling
scenarios with high and low magnitude values. The modeling scenarios evaluated soil hydraulic conductivities
of 1.5 ft/day and 10 ft/day. These soil hydraulic conductivities are considered representative values based on

> Under certain conditions, saturated (anaerobic) soils under shallow water table conditions with lower
permeability and higher organic content can facilitate better dentrification than highly-permeable, well-
drained soils over deeper water tables (FDOH 2015, Simonne et al., 2019). The permeable, well-drained soils
over deeper water tables typically have aerobic conditions and don't retain organic carbon, which reduces the
ability for denitrification to occur. However, these permeable, well drained soils facilitate drainage of septic
system effluent, which is an important and often critical design component. It is uncertain how common these
soil and groundwater conditions exist within Orange County. However, the analysis performed herein are
based on the findings of the FDOH Florida Onsite Sewage Nitrogen Reduction Study (2015).
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NRCS soils data, the ECFTX model in Orange County, and USGS literature of Orange County of high and low
saturated hydraulic conductivity values.

6.1.3. 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. Conservative estimates were made for nitrogen concentrations in septic
effluent leaving the septic tank and entering the drain field for typical (conventional) systems based on
default STUMOD parameters. Advanced systems were made, based on conservative estimates of a minimum
nitrogen reduction values, of at least 50% for a typical nitrogen-reducing Advanced Treatment Unit (ATU) or a
Performance Based Treatment System (PBTS) with an additional treatment of at least 15% in the drain field for
systems with at least 24 inches of groundwater separation.

6.1.4. Travel Time (Distance) to Receptor Waterbody

Once a pollutant enters groundwater (e.g., the SAS), the time it takes for the pollutant to reach a receptor
waterbody is considered groundwater travel time, which 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 in the groundwater system. The influence zones of WOIs (i.e., groundwater basins)
reveal that non-retarded travel times can range from less than 1 year to greater than 15 years. The modeling
scenarios help define the relationship between travel time and nutrient load reduction using monitoring wells
at varying distances downgradient from the septic source in the saturated transport modeling effort.

6.2. Model Description

Impacts of nitrogen leaching from septic systems on groundwater and downgradient waterbodies were
evaluated using two fate and transport models. First, FDEP's Soil Treatment Model (STUMOD-FL) was used to
simulate movement of nitrogen from septic tank effluent to the groundwater. Results of STUMOD-FL were
then incorporated into a groundwater model developed using MODFLOW coupled with RT3D to evaluate
nitrogen transport from septic systems in a representative, hypothetical subdivision within Orange County to
a downgradient waterbody.

6.2.1. STUMOD-FL

Unsaturated water quality modeling of septic leachate was performed using STUMOD-FL, which was
developed specifically to evaluate nitrogen attenuation from septic systems in the unsaturated soil zone in
Florida (FDOH 2015). STUMOD-FL was designed to incorporate the following:

e source nitrogen provided as either NH, or NOs,

e removal of nitrogen through soil sorption, bacterial reactions, and plant uptake,

o effect of soil saturation and temperature on nitrification and denitrification rates,

e impact of soil carbon content on denitrification, and

¢ inclusion of multiple, heterogeneous soil or biomat layers with capillary zone effects.

STUMOD-FL was used to estimate nitrogen concentrations from septic systems at the water table for eight
water quality scenarios. Representative model parameters of each scenario were used based on the known
best available data, which considered parameterization recommended by Florida Department of Health
(FDOH), FDEP, and OCEPD. More detail on selected STUMOD-FL parameters and the modeling performed is
provided in APPENDIX F.
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6.2.2. Groundwater Model

A hypothetical site groundwater flow and transport model was developed using Groundwater Vistas Version
8, a pre-and post-processor for MODFLOW-based models. The model was developed to simulate steady-state
groundwater flow as well as transport of ammonium and nitrate loading from septic systems in a hypothetical
subdivision of approximately 9,000,000 ft? (approximately 200 acres) over a period of 40 years. Based on
typical lot sizes in Central Florida, there was one septic system every 40,000 ft? (200 ft in each direction) in the
model. The model horizontal grid spacing was 20 ft x 20 ft.

A recharge rate of 0.00383 ft/day was specified for all model cells that did not contain a hypothetical septic
system. A recharge rate of 0.141 ft/day was assigned to model cells containing hypothetical septic systems.
This rate is higher than the hydraulic loading rate assumed in the STUMOD models (0.0984 ft/day or 3
cm/day). Septic systems drain fields in the model were assumed to be 571 ft? based on the septic sizing
requirements under the specified hydraulic loading rate per F.A.C. 62-6 Standards for Onsite Sewage
Treatment and Disposal Systems. Since septic system drain fields are approximately 571 ft* and model cells are
400 ft?, the STUMOD hydraulic loading rate was scaled up by a factor of 1.43 (571 ft>/400 ft?) to represent one
septic drain field in one model cell. A sample calculation is provided below:

Recharge = STUMOD Hydraulic Loading Rate x Septic Field Scaling Factor

ft ft
Recharge = 0.0984 — x 1.43 = 0.141—-—
day day

Recharge concentrations for ammonium and nitrate were applied to each cell in which a septic tank was
assumed to be present. Total nitrogen recharge concentrations for each scenario were calculated by
multiplying the STUMOD predicted nitrogen flux (mass/area/day) by the assumed area of one septic tank (571
ft?) and dividing by the recharge volume (recharge rate multiplied by cell area). Recharge concentrations for
ammonium and nitrate were calculated by multiplying the total nitrogen recharge concentration by the ratio
of the concentration of each species to the concentration of the sum of ammonium and nitrate. A sample
calculation for conversion of the mass flux from STUMOD to MODFLOW recharge concentration is provided
below:

3259374 ,
Total N Recharge Concentration = 7 =307.66 —
0.141 Jor % 400 ft ft
mg Nitrate
_ _ mg 10.863 —1 mg
Nitrate Recharge Concentration = 307.66 — x = 307.617 —
ft3 10.864 ™9 Total N ft3
’ L
mg Ammonium
_ _ mg 0001 = mg
Ammonium Recharge Concentration = 307.66 —— x T TotalN - 0.0283 —
& 10864 IS ft

Transformation of nitrogenous compounds was simulated using a sequential reaction chain with first-order
decay (NHs*=> NO> > NO3; 2> N,). Since the transformation of nitrite (NO>) to nitrate (NO5) is a much faster
reaction than the transformation from ammonium (NH,*) to nitrite (Hansen et al. 2006), nitrite was not
explicitly simulated, and the decay rate from ammonium to nitrate accounted for intermediate nitrite in the
model.
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The model was constructed with six layers, which represent the SAS (Layers 1-4), Intermediate Confining Unit
(ICU; Layer 5), and the UFA (Layer 6). The SAS was numerically divided into four layers to provide increased
vertical discretization. Top and bottom elevations of hydrogeologic units were based on subsurface data (e.g.,
well logs) from locations in Orange County.

A distribution coefficient of 0 L/mg was specified for nitrate in all model layers since it does not strongly
adsorb to soil (Krupka et al. 2004 as reported in Serne 2007). Distribution coefficients for ammonium were
based on literature values for the respective layer properties (Buss et al. 2004). Half-life values of 6 years
(2191.5 days) (Puckett et al. 2011; Uffink 2003; Yan and Zhou, 2018 as reported in Zhang et al., 2020) and 3
years (1095.75 days) (Roy and Krapac 2009) were used for nitrate and ammonium, respectively. Nutrient
transport properties for the Hypothetical Site model are presented in Table 7.

Table 7. Nutrient Transport Properties Specified in the Hypothetical Site Model.

Represented Bulk Density Distribution Coefficient (L/mg) Dispersivity (ft)
Layer Aquifer (mg/L)
9 Nitrate Ammonium Longitudinal Transverse  Vertical
1-4 SAS 1.51E+06' 0 4.00E-07° 200 20 2
5 ICU 1.64E+06? 0 6.50E-07° 200 20 2
6 UFA 2.73E+06° 0 3.60E-077 1000 100 10

"Yu et al. 2015 Table 2.1.1, dry bulk density of sand.

2Yu et al. 2015 Table 2.1.1, dry bulk density of sandy clay.

3 Bennett 2003, mean grain density measurements from limestone samples; Appendix D Table 2.
4 Krupka 2004 as reported in Serne 2007.

5 Buss et al. 2004, peak value of triangular distribution for clean sand and gravel from Table 2.

6 Buss et al. 2004, median range of clayey sand and gravel from Table 2.

7 Buss et al. 2004, average value for Lincolnshire Limestone from Table 2.

General head boundary condition cells at the southern and northern boundaries of the model were used to
simulate groundwater flow in and out of model layers. Head values and conductance terms for the general
head boundary condition cells were specified to produce hydraulic gradients similar to those found in Orange
County. Values for aquifer properties (e.g., hydraulic conductivity, storage, porosity) for the three
hydrogeologic units were assigned to represent a typical site in Orange County. Key hydraulic properties
specified for the hypothetical site model are presented in Table 8.

Table 8. Key Hydraulic Properties for the Hypothetical Site Model.

Hydraulic Conductivity (ft/day)

Layer Represgnted Hydraulic Gradient® (ft/ft) Porosity
Aquifer . .
Horizontal Vertical
1-4 SAS 15 15 0.00388 0.25
5 ICU 0.1 0.01 0.00193 0.25
6 UFA 5400 5400 0.00035 0.25

'Average hydraulic gradient between southern boundary and waterbody monitoring points for the forty-year simulation period.

36|Page



Orange County Groundwater Vulnerability Assessment A DRUMMOND
12 April 2023 & CARPENTER

6.3. Modeling Results and Recommendations

Modeling results demonstrated that nitrogen loading to waterbodies is expected to be mainly in the form of
nitrate as nitrogen (nitrate-N). Layer 1 in the groundwater model approximately represents the top 25 ft of the
surficial aquifer, which is assumed to be the primary origin of groundwater contributions to surface
waterbodies. Groundwater model simulations were performed for a 40-year period. For clarity, presentation of
model results will focus on nitrate-N, groundwater model Layer 1, and the last timestep of the 40-year
groundwater simulations.

Table 9 provides predicted nitrate-N concentrations at the bottom of the STUMOD-FL model, predicted
concentrations 0, 150, and 300 ft downgradient of the subdivision in the groundwater model, and the percent
reduction in nitrate-N from STUMOD-FL to the different downgradient distances. The nitrate-N from septic
loading is predicted to be significantly reduced during transport from the water table directly beneath the
drain field (STUMOD-FL) to groundwater at the edge of the subdivision (0 ft downgradient) with model
estimates of 67% reduction. This is likely a function of dilution once nitrate enters the groundwater. As the
nitrate from septic is transported in groundwater downgradient from the subdivision, reduction continues
due to dilution and degradation processes. At 150 ft and 300 ft downgradient, 82% and 86%, respectively, of
the initial nitrate-N concentration leaving the bottom of the drain field is predicted to be reduced.

A 2007 Ellis & Associates, Inc. study measured groundwater concentrations beneath septic systems in Orange
County, Seminole County, and Lake County. Each septic system had been in operation for approximately 20
years based on installation dates. While the uppermost soil layer for each site was representative of sandy soils
found in Central Florida, soil types varied by site. Surficial soils at the Orange County site were characterized as
fine sands belonging to the Tavares Series sands followed by intermixed layers of clay loam, loamy sands, and
find sands. Surficial soils at the Seminole County site were characterized as similar to Myakka fine sands.
Surficial soils at the Lake County site were characterized as find sands similar to the Tavares Series near the
surface underlain by layers of interfingering clay loam, loamy sands, and find sands. Soils at all sites had low
levels of organic content. The mean organic content for the soils was 1.39%, 1.29%, and 3.01% for the Orange
County, Seminole County, and Lake County sites, respectively. The wet season water table depth below
ground surface was approximately 40 inches at the Orange County site, 8-12 inches at the Seminole County
site, and greater than 50 inches for the Lake County site. In Orange County, a 67% reduction in total nitrogen
concentrations was observed approximately 45 ft downgradient of the septic system. In Seminole County,
total nitrogen reductions of 70% and 98% were observed 80 ft and 130 ft downgradient of the drain field,
respectively. In Lake County, a 48% reduction in total nitrogen concentration was observed 45 ft
downgradient of the drain field with an 80% reduction observed 90 feet downgradient of the drain field.

Results from the nitrogen modeling effort in this study (Table 11) appear in reasonable agreement with the
2007 Ellis & Associates, Inc. field study findings, especially when considering the Ellis & Associates, Inc. study
was designed to be conducted on large lots where nitrogen plumes would not be impacted from neighboring
septic systems. Under the lot size and septic spacing in the representative subdivision simulated in this study,
groundwater modeling results indicate neighboring septic plumes would impact each other (Figure 26).

As shown in Table 9, nitrate reduction percentages were similar under the same groundwater conditions,
regardless of the nitrate concentration entering the groundwater system. Figure 23 shows nitrate-N
concentrations in groundwater 150 and 300 ft downgradient of the hypothetical subdivision for the different
model scenarios. Concentrations are given for each scenario at 150 and 300 ft downgradient of the
subdivision with 300 ft downgradient indicated by a striped bar. Comparing results across the scenarios
demonstrates that two subdivisions with identical septic densities can contribute very different nitrate-N
loadings to groundwater based on the depth to groundwater, septic system type, and soil hydraulic
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conductivity. Results also demonstrate that the nitrate-N concentration reaching a downstream waterbody is
dependent on the how far downgradient from the septic source the waterbody is located.

The magnitude of variability in predicted nitrate concentrations based on the selected parameters can be
highlighted by comparing Scenarios 3 and 5. Scenario 3 represented a conventional septic system operating
above a shallow water table (2 ft) releasing effluent into more conductive soil (10 ft/day). Scenario 5
represented an advanced treatment septic system operating above a deeper water table (10 ft) releasing
effluent into a less conductive soil (1.5 ft/day). The STUMOD-FL predicted nitrate-N load entering the water
table was 41.47 and 0.06 mg/L for Scenarios 3 and 5, respectively. A waterbody located 150 ft downgradient of
this subdivision is predicted to receive groundwater recharge with a nitrate-N concentration 7.49 mg/L in
Scenario 3 and 0.02 mg/L in Scenario 5, representing more than a two orders-of-magnitude difference.

Table 9. Nitrogen Water Quality Modeling Results.

STUMOD-FL 0 ft Downgradient ® 150 ft Downgradient 300 ft Downgradient
Scenario Nitrate-N Nitrate-N Nitrate-N Nitrate-N Nitrate-N Nitrate-N Nitrate-N
(mg/L) (mg/L) Reduction ® (mg/L) Reduction (mg/L) Reduction

1
DTW < 10 ft
Conventional
Soil K% 10 ft/day
2
DTW: 2 ft
Advanced
Soil K: 1.5 ft/day
3
DTW: 2 ft
Conventional
Soil K: 10 ft/day
4
DTW: 2 ft
Conventional
Soil K: 1.5 ft/day
5
DTW: 10 ft
Advanced
Soil K: 1.5 ft/day
6
DTW: 10 ft
Advanced
Soil K: 10 ft/day
7
DTW: 2 ft
Advanced
Soil K: 10 ft/day
8
DTW: 10 ft
Conventional
Soil K: 1.5 ft/day
2Distance downgradient defined by distance from downgradient edge of hypothetical subdivision.
bNitrate-N Reduction: Percent reduction in nitrate-N concentration from initial STUMOD-FL bottom concentration in column 2.
¢DTW: Depth to Water.
4S0il K: Unsaturated zone hydraulic conductivity.

10.86 3.55 1.96 1.50

12.99 4.25 235 1.79

41.47 13.56 7.49 573

40.82 13.35 737 5.64

67% —_— 82% —_— 86%

0.06 0.02 0.01 0.01

0.12 0.04 0.02 0.02

13.53 4.43 244 1.87

10.87 3.55 1.96 1.50

The extent of the 1 mg/L nitrate-N septic plumes surrounding the subdivision are shown for Scenarios 1-4, 7
and 8 in plan view in Figure 24. Plume extents for Scenarios 5 and 6 are not shown on the figure because
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nitrate-N concentrations for these scenarios did not exceed 1 mg/L. The low nitrate loading in Scenarios 5 and
6 can be attributed to a deeper depth to water and advanced treatment septic system. Scenarios 3 and 4, both
with a shallow depth to water and conventional septic, had the highest predicted nitrate loading and farthest
plume extents.

The potential benefits of advanced treatment systems can be seen in Figure 25 and Figure 26. Figure 25
compares 1 mg/L nitrate-N plume extents for Scenarios 3 and 7. Both scenarios have a shallow water table (2
ft) and more conductive soils (10 ft/day). The distinction between the two scenarios is septic type
(conventional vs. advanced treatment). The 1 mg/L nitrate-N plume extends approximately 1,000 ft farther
downgradient of the subdivision for Scenario 3 with conventional septic systems compared to Scenario 7 with
advanced treatment septic systems. Figure 26 compares the 0.001 mg/L nitrate-N plume extents for Scenarios
5 and 8. Both scenarios have a deeper water table (10 ft) and less conductive soils (1.5 ft/day). The distinction
between the two scenarios is septic type. The 0.001 mg/L nitrate-N plume extends approximately 3,000 ft
farther downgradient of the subdivision for Scenario 8 with conventional septic systems compared to
Scenario 5 with advanced treatment subdivisions.

The water quality modeling results indicate the relative level of influence that each evaluated parameter has
on nitrate loading under specified model conditions. The impact each parameter is predicted to have on
nitrate loading to a downgradient waterbody in order of greatest impact is as follows:

1. depth to groundwater beneath the septic drain fields,

2. septic system type (conventional or advanced treatment),
3. distance to waterbody, and

4. unsaturated zone hydraulic conductivity.

While modeling results indicate all parameters have the ability to impact nitrogen loading on a downgradient
waterbody, depth to groundwater and septic system type appeared to have the largest impacts. The influence
of these key parameters on septic loading can help inform septic intervention practices and future regulatory
review efforts.

Modeling results suggest steps can be taken to manage septic systems in a way that significantly reduces
nitrogen loading on downgradient waterbodies. Based on modeling results, the County could consider the
following recommendations for reducing nitrogen loading from septic systems to adjacent waterbodies.

1) Study the impact of water table depth on nitrogen leaching to groundwater from septic systems
in Orange County.

s+ For conventional septic systems on more conductive soils (10 ft/day), modeling results
indicate groundwater nitrate-N concentrations in shallow groundwater 150 ft downgradient
of the hypothetical subdivision were reduced by approximately 73% (7.49 vs. 1.96 mg/L) by
increasing the height of the septic system above the water table from 2 to 10 ft. In more
vulnerable areas of the County where septic systems cannot be feasibly installed 10 ft above
the water table, the County could consider requiring advanced nitrogen-reducing septic
systems.

¢ Under certain conditions, saturated (anaerobic) soils under shallow water table conditions
with lower permeability and higher organic content can facilitate better dentrification than
highly-permeable, well-drained soils over deeper water tables (FDOH 2015, Simonne et al.,
2019). The permeable, well-drained soils over deeper water tables typically have aerobic
conditions and don’t retain organic carbon, which reduces the ability for denitrification to
occur. However, these permeable, well drained soils facilitate drainage of septic system
effluent, which is an important and often critical design component. It is uncertain how
common these soil and groundwater conditions exist within Orange County. However, the
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analysis performed herein are based on the findings of the FDOH Florida Onsite Sewage
Nitrogen Reduction Study (2015).

2) Prioritize the conversion of conventional septic systems to advanced treatment systems or
provide septic-to-sewer retrofits for areas at higher risk of septic leachate transport and
waterbody impacts.

+» For septic systems over a shallow water table (2 ft) on more conductive soils (10 ft/day),
modeling results indicate an advanced treatment septic system reduced nitrate-N
concentrations in shallow groundwater 150 ft downgradient of the hypothetical subdivision
by 67% (7.49 vs 2.44 mg/L).

3) Require a setback distance of 300 ft for any new or upgraded conventional septic systems.

++ For conventional septic systems over a shallow water table (2 ft) on more conductive soils (10
ft/day), modeling results found nitrogen concentrations in shallow groundwater 300 feet
downgradient of the hypothetical subdivision were approximately 23% less than nitrate
concentrations 150 feet downgradient of the subdivision (7.49 vs. 5.73 mg/L).

40|Page



Orange County Groundwater Vulnerability Assessment A DRUMMOND
12 April 2023 S CARPENTER

7

6

5

4

3

2

| I I

5 S o = =

Type: Advanced Advanced Advanced Advanced Conventional Conventional Advanced Advanced Conventional Conventional Advanced Advanced Conventional Conventional Conventional Conventional
Soil K: | 1.5 ft/day 1.5 ft/day 10 ft/day 10 ft/day 10 ft/day 1.5 ft/day | 1.5 ft/day 10 ft/day 10 ft/day 1.5 ft/day = 1.5 ft/day 10 ft/day 1.5 ft/day 10 ft/day 1.5 ft/day 10 ft/day
DTW: 10ft 10ft 10 ft 10ft 10 ft 10ft 2 ft 2 ft 10 ft 10 ft 2 ft 2 ft 2 ft 2 ft 2ft 2 ft
300 ft) 8 (300 ft) 2 (300 ft) 7

Nitrate-N Concentration at Downgradient Distance (mg/L)

0O OO OO
OO

T
T

TN
NN

Scenario: | 5 (300 ft) 5 (150 ft) 6 (300 ft) 6 (150 ft) 1

—_—
—_—
—_—

300 ft) 1 (150 ft) 8 (150 ft) 2 (150 ft) 7 (150 ft) 4 (300 ft) 3 (300 ft) 4 (150 ft) 3 (150 ft)

Figure 23. Water Quality Modeling Results: Nitrate-N Concentrations 150 (solid bar) and 300 (striped bar) ft Downgradient of the Hypothetical Subdivision for Each Scenario (Soil K= Unsaturated Zone Hydraulic Conductivity; DTW =Depth to Water).
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Figure 24. Predicted Groundwater Nitrate-N Plumes from Septic Loading of Hypothetical Subdivision.
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Figure 25. Predicted Nitrate-N Plume Extents for Scenarios 3 and 7.
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Figure 26. Predicted Nitrate-N Plume Extents for Scenarios 5 and 8.
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7. Phosphorous Water Quality Modeling

Over 150 water quality impairments due to excess nutrients have been documented in Orange County over
the last 20 years. Many of these impairments are driven by excess nitrogen or phosphorus. While phosphorus
is not as mobile in groundwater as nitrogen, specifically nitrate, phosphorus loading from septic systems to
groundwater and downgradient waterbodies can be impactful. Phosphorous concentrations in effluent
leaving septic systems (5-15 mg/L; Robertson 2021) can be several orders of magnitude greater than
impairment criteria levels specified to maintain water quality in surface waterbodies. Minimum native
numerical nutrient criteria for TP in Florida lakes ranges from 0.01-0.05 mg/L (F.A.C. 62-302.531 Numeric
Interpretations of Narrative Nutrient Criteria). Many lakes in Florida are also phosphorus-limited, and studies
conducted as part of TMDL development indicate that septic systems can contribute 4% to 55% of TP to lakes
(Lusk et al. 2021).

Screening-level environmental water quality models were developed to evaluate the impact of septic system
setback distance on phosphorus loading to downgradient waterbodies. Models were designed to simulate the
fate and transport of phosphorus in septic effluent entering the drain field, leaching through the soil to the
groundwater, and being transported to a waterbody. Models were designed to simulate phosphorus transport
and attenuation under soil conditions generally representative of those found in Orange County.

7.1. Model Scenarios

Water quality models were developed to evaluate the impact of different factors on phosphorus fate and
transport from septic effluent to a downgradient waterbody (e.g., a lake). Twelve scenarios were developed to
evaluate the impact of setback distance, soil type, and groundwater gradient on phosphorus transport from
septic systems. For each scenario, a representative water table depth beneath the drain field of 5 ft was
assumed.

7.1.1. Setback Distance

Setback distance was considered the distance from the edge of drain field to a downstream waterbody. Under
the same type of soil and groundwater flow pattern, the farther away a drain field is from a receiving
waterbody, the lower the phosphorus loading from a septic system would likely be. Three setback distances
were evaluated: 50, 150, and 250 ft. Orange County currently requires a setback distance of 150 ft for septic
systems.

7.1.2. Soil Type

For the same loading conditions, setback distances, groundwater flow pattern, and geochemical conditions, a
septic system in less conductive soils with a higher phosphorus storage capacity will contribute less
phosphorus to a downgradient waterbody than a septic system in conductive soils with a lower phosphorus
storage capacity. The two soil types were considered to represent native soil in this modeling effort: sand and
loamy sand.

The sand was represented by Candler fine sand (1.9% clay, 1.2% silt, 96.9% sand), which is found in Orange
County and has been used in a previous fertilizer leaching modeling effort in the Wekiva Priority Focus Area
(Drummond Carpenter, PLLC. 2021). Phosphorus transport properties for Candler fine sand have also been
characterized (Kadyampakeni et al. 2017).

The loamy sand was represented by a Spodosol, zolfo fine series (5.0% clay, 8.5% silt, 86.5% sand). The soil was
used in fate and transport studies of phosphorus loading from septic systems conducted at the University of
Florida’s Institute of Food and Agricultural Sciences (UF-IFAS) Gulf Coast Research and Education Center
(Mechtensimer and Toor 2016, 2017). The sand used in this modeling effort was considered representative of
the sands found in Orange County that are highly conductive and have lower phosphorus storage capacities.
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The loamy sand used in this modeling effort was considered representative of soils found in Orange County
that are less conductive and have higher phosphorus storage capacities than some of the County’s sandier
soils.

Simulating phosphorus transport under both the sand and loamy sand soil types provides a reasonable
screening-level range of soil types in Orange County that could have the potential to transport phosphorus
from septic systems to downgradient waterbodies.

7.1.3. Groundwater Gradient

Phosphorus loading to a downgradient waterbody can be impacted by the speed of groundwater flow. Under
similar conditions, faster groundwater movement from beneath a septic system to a downgradient waterbody
will generally lead to greater phosphorus loading to the waterbody. Simulations were conducted for two
groundwater gradients: 0.00388 and 0.00776 ft/ft. The 0.00388 ft/ft gradient represents the gradient used for
the SAS in the nitrogen groundwater transport modeling described in Section 6. The 0.00388 ft/ft gradient
was doubled to 0.00776 ft/ft to evaluate the impact of increased groundwater flow on phosphorus transport
and loading to a downgradient waterbody.

7.2. Model Description
7.2.1. Model Domain and Inputs

HYDRUS is a finite element modeling software capable of simulating one-, two- or three- dimensional (1D, 2D,
or 3D) water, solute, and heat transport in variably-saturated media. HYDRUS simulates water flow by
numerically solving the Richards equation and solute transport by numerically solving the convection-
dispersion equation (Simtnek and Sejna 2018a, 2018b). In this study, 2D HYDRUS models were developed to
represent a 2D cross section capturing phosphorus in septic effluent being released into a drain field, leaching
through the drain field into the shallow water table, and being transported downgradient to a hypothetical
waterbody, such as a lake. As a 2D cross section was conceptualized for this modeling effort, models will be
referred to as HYDRUS-2D models. The conceptual cross section, model mesh, and model boundary
conditions are shown in Figure 27.

Three HYDRUS-2D model geometries were developed. The model geometries were 375 ft long by 50 ft deep.
The difference in the model domains was the setback distance at which the drain field was placed (50, 150, or
250 ft). Finite element meshes were generated for each of the model geometries with refinements made in
areas where higher water and solute fluxes would be expected, including where septic effluent enters the
drain field. At each setback distance septic effluent was assumed to enter the drain field and flow through one
foot of commercial sand (representing the drain field media), whose properties are described in Toor et al.
(2017), then flow through four feet of native soil before reaching groundwater five feet below the surface
(Figure 27).

The model simulations utilized a daily time step and were run for a 40-year simulation period. Therefore,
model results provide a screening-level evaluation of phosphorus transport and loading from a septic system
to a downgradient waterbody over 40 years of use. The same hydraulic loading rate applied in the nitrogen
modeling conducted in Section 6 was used in this phosphorus modeling effort (3 cm/day). The fate and
transport of phosphate (PO.) was simulated in this effort because it is the form of phosphorus most mobile in
soil at near-neutral pH and is typically the dominant form of phosphorus in septic effluent (Mechtensimer and
Toor 2016, 2017; Robertson 2021). A PO, concentration of 10 mg/L was assumed for septic effluentin the
models, which falls within the expected range of PO4 concentrations in septic effluent (Mechtensimer and
Toor 2016, 2017; Robertson 2021). The left and right sides of the model boundary were specified as constant
head boundary conditions, and the difference between the head levels represented the groundwater
gradient. Flow was from left to right in the model domain; therefore, the downgradient waterbody was
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represented by the constant head boundary on the right side of the model domain (Figure 27). The
concentration of the downgradient waterbody was specified at 0.05 mg/L throughout the simulation, which
represents the upper value of the range of the minimum interpretation of native numerical nutrient criteria
values for TP in Florida lakes ranges (F.A.C. 62-302.531 Numeric Interpretations of Narrative Nutrient Criteria).
Atmospheric impacts and plant uptake were not considered.

A Top of Drain Field

Setback Distance

AH Top of Drain Field

\1 ~ Lake

—_—

A\

Material 1: Commercial Sand

Top of Drain Field
'\‘ . Constant Flux

Figure 27. HYDRUS-2D Model Information. A) Model Conceptualization and Domain for the 150-ft Setback Model. B) Material Distribution in
the 50-ft Setback Model. C) Boundary Conditions and Finite Element Mesh in the 250-Setback Model.

47 |Page



Orange County Groundwater Vulnerability Assessment DRUMMOND

12 April 2023 S” CARPENTER

7.2.2. Water Flow and Transport Parameters

Soil hydraulic characteristics used in the Richards equation of the HYDRUS-2D models were defined using the
van Genuchten soil water retention function and the Mualem-van Gentuchten hydraulic conductivity function
(Mualem 1976; van Genuchten 1980). The soil water retention and hydraulic functions are defined via
saturated (6s) and residual (6z) water contents (L3/L®) and parameters related to air entry (a, 1/L), curve shape
(m, n, unitless), pore connectivity (/, unitless), and saturated hydraulic conductivity (K, L/T). The empirical

curve shape parameters m and n are related as
=1-
t 1m Mechanisms impacting the fate and transport
Adsorption (copied from Figure 1in Lusk et al., 2021).
S Precipkation Phosphorus transport in a septic system drain

Septic tank effluent contains primarily
PO,™, HiPO,, H:PO., HPO,®

of PO, in septic effluent are shown in Figure 28

e field and groundwater can be a function of
~ Desorption 1 1 1
srstion sk traghanpcoss various hydrayllc an‘d geochgmlcal ‘
" Preciphation mechanisms, including sorption/desorption,
Flow precipitation reactions, plant uptake and

mineralization/immobilization (Mechtensimer
Figure 28. Fate and Transport of Phosphate in Septic System Effluent (Copy of and Toor 2016, 2017; Lusk et al. 2021;

Figure 1 from Lusk et al. 2021). Robertson 2021). The attenuation processes

included in the HYDRUS-2D models were

sorption and precipitation, which are the dominant mechanisms impacting attenuation of phosphorus from
septic effluent (Mechtensimer and Toor 2016, 2017; Lusk et al. 2021). Diffusion was not considered. Langmuir
isotherms developed in Mechtensimer and Toor (2016) were used to described nonlinear PO, sorption for the
commercial sand and the loamy sand in the HYDRUS-2D models. Linear sorption was used to describe the
sorption processes for the Candler fine sand using an average linearized sorption coefficient (Kp) of a
Freundlich isotherm developed in Kadyampakeni et al. (2017). The PO4sorption maxima (Smax) for the
commercial sand and loamy sand in the HYDRUS-2D models was 0.118 and 0.26 mg/g, respectively
(Mechtensimer and Toor, 2016). Smax for the Candler fine sand was set at 0.015 mg/g.

Precipitation reactions attenuating PO, were described using first-order decay reactions. The first order decay
coefficient is termed as SinkL1 in the HYDRUS-2D models. Studies have shown that most phosphorus
attenuation occurs within the first few feet of the drain field due to rapid precipitation reactions (Lusk et al.
2021; Mechtensimer and Toor 2016, 2017). To simulate precipitation at a screening-level, the first foot of soil
where septic effluent enters the drain field, commercial sand (model layer 1 in the HYDRUS-2D models), was
assigned a decay constant of 0.9/day. Previous studies indicate precipitation and sorption become less
important once phosphorus enters the groundwater (Lusk et al. 2021). Therefore, the linear decay rate for
native soil beneath the commercial sand (sand or loamy sand) was reduced by two-orders of magnitude to
0.009/day.

As the HYDRUS-2D models are screening-level, the entire soil system beneath the commercial sand was
represented as one layer and was assigned a uniform decay (precipitation) rate and sorption values. PO,
travels through an unsaturated portion of this soil before entering the water table then travels through a
saturated portion of this soil to the downgradient waterbody. Therefore, the uniform sorption and
precipitation rate in this soil layer may lead to an underestimation of PO, attenuation before reaching the
water table and overestimation of PO, attenuation in the groundwater system. However, this methodology
was applied to all scenarios and facilitates a responsible approach for providing long-term simulations to
assess phosphorus fate and transport septic systems and their impact on downgradient waterbodies at the
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screening-level. These models are not designed to replace and should not take precedence over local field
monitoring and modeling studies that can account for local soil, hydrogeologic, and geochemical conditions.

Water and transport modeling parameters for PO, and the commercial sand and native soils (sand and loamy
sand) used in the HYDRUS-2D models are provided in Table 10 and Table 11.

Table 10. Soil Water Flow Parameters used in the HYDRUS-2D Phosphorous Setback Models.

Model Parameter Model Layer 1 Model Layer 2 (Scenario Dependent)
Soil Type' Commercial Sand Sand Loamy Sand

Or (cm3/cm?3) 0.0507 0.0542 0.04659
0s (cm3/cm?) 0.376 0.41 0.38

a (1/cm) 0.034 0.075 0.0367
n 4.42 1.89 2.13
] 0.5 0.5 0.5
Ks (cm/day) 1,429 1,376 196

'Soil hydraulic properties were derived using the neural network prediction function built into HYDRUS based on soil textural information provided in
Holt et al. (2020) for the sand and Mechtensimer and Toor (2017) for the commercial sand and loamy sand.

Table 11. Soil Transport used in the HYDRUS-2D Phosphorous Setback Models.

Model Parameter Model Layer 1 Model Layer 2 (Scenario Dependent)
Soil Type Commercial Sand Sand Loamy Sand
Bulk Density (g/cm3) 1.622 1.65! 1.49?
Longitudinal Dispersivity (cm) 0.22 15 15
Transverse Dispersivity (cm) 0.022 0.15 0.15
Fraction of Absorption Sites 1 1 1
Immobile Water Content 0 0 0
(cm?/cm?3)
Ka (cm3/g) 7.914 3.08° 26.52*
Nu (cm3/mg) 674 0 102¢
Beta 1 1 1
SinkL1 0.9 0.009 0.009
SMax1 0.118* 0.015° 0.26*

'From Table 2 in Kadyampakeni et al. (2017) for Candler fine sand 0-15 cm interval.

2From Table S2 in Appendix A of Mechtensimer and Toor (2016).

3Average value of linearized isotherm for Candler fine sand from Kadyampakeni et al. (2017).
4From Table S3 in Appendix A of Mechtensimer and Toor (2016).

SFrom Kadyampakeni et al. (2017).

7.3. Modeling Results and Recommendations

Results of the HYDRUS-2D model simulations are provided in Table 12. Simulated 1 mg/L PO,4plumes at the
end of the 40-year simulation period are shown in Figure 29 - Figure 31.

7.3.1. Comparison to Previous Studies

In the presented scenarios, septic effluent with a PO, concentration of 10 mg/L first flowed through one foot
of commercial sand then through four feet of native soil (sand or loamy sand) before reaching the water table.
At the bottom of the commercial sand, simulated PO,concentrations reached an equilibrium of approximately
3.5 mg/L after the phosphorus storage capacity of the sand was reached. Modeling results appear in
reasonable agreement with previous studies that indicate rapid phosphorus attenuation in the drain field
directly below where septic effluent is released due to precipitation reactions. Mechimester and Toor (2017)
measured average PO4concentrations at the bottom of the commercial sand layer between beneath a septic
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drain field and found an average concentration ranging from 1.3-3.6 mg/L, depending on drain field type.
Column tests on a sandy loam soil under biofilm conditions indicated phosphorus concentrations stabilized
between 2-6 mg/L (Magdoff et al. 1974).

Modeling results predicted 1 mg/L phosphorus plumes after the 40-year simulation period would reach 36 to
139 ft downgradient of the drain field depending on soil type and groundwater gradient (Table 12, Figure 29 -
Figure 31). Results appear in reasonable agreement with previous studies. A study in the Florida Keys found a
0.5 mg/L plume extended approximately 190 feet downgradient of a drain field (Corbett et al. 2002).
Background phosphorus concentrations in that study were 0.5 mg/L. Two well-characterized septic plumes in
sandy aquifers in Ontario, Canada measured 1 mg/L extending up to 100 feet from septic sites (Robertson
2021). Phosphate concentrations of 1 mg/L or more have been measured in a Cape Cod municipal wastewater
plume almost 2,000 ft downgradient from the site’s wastewater infiltration beds. It is noted that attenuation of
phosphorus in septic effluent can vary significantly based on precipitation reactions governed by geochemical
conditions. For example, as indicated in Mechtensimer and Toor (2016), previous studies have found PO, in
septic effluent was largely attenuated in a drain field located in non-calcareous soil over a 13-year operational
period, while a PO4 plume at 75% of septic effluent concentration was advancing in a calcareous soil at 3.28
feet per year from a drain field after 17 years of operation (Robertson et al. 1991, 1998).

7.3.2. Findings

Model results indicate that while septic systems can be effective at reducing phosphorous loading to
downgradient waterbodies, phosphorous in septic effluent near a waterbody can still contribute phosphorus
to that waterbody. Modeling results found phosphorous loading to waterbodies can be impacted by soil type,
groundwater gradient, and setback distance.

Greater PO, attenuation was observed in the loamy sand native soil compared to the sand native soil (Table
12, Figure 29 - Figure 31). This could be expected as the loamy sand had a lower hydraulic conductivity and a
greater phosphorus storage capacity than the sand, allowing for increased sorption and precipitation
reactions. When the native soil was the sand, phosphorus was observed to reach the downgradient
waterbody (i.e., the lake) within the 40-year simulation period, regardless of setback distance or groundwater
gradient.

Increasing the groundwater gradient (i.e., the speed at which groundwater moved from the drain field to the
lake) increased the loading of PO, to the lake and decreased the time it took for PO, to reach the lake. For the
same setback distance and soil type, doubling the groundwater gradient (0.00388 ft/ft vs. 0.00776 ft/ft)
reduced the time for PO, to reach the lake by 38-74% over the 40-year simulation period (Table 12).

Considering the various soil types and groundwater gradients simulated in the model, results indicate setback
distance played an important role in PO, loading to the lake. At the 50-ft setback distance, between 85-99% of
PO.in septic effluent was attenuated over the 40-year simulation period (Table 12). At the 150-ft setback
distance, 95-100% of PO, was attenuated. At the 250-ft setback distance, 98-100% of PO,was attenuated. The
“worst-case” scenario simulated a lake-adjacent septic system in a sandy soil with a higher groundwater
gradient to a lake. For this “worst-case” scenario, 84%, 95%, and 98% of PO, was attenuated at the 50-ft, 150-ft,
and 250-ft setback distances, respectively. Increasing the setback distance from 50 to 150 ft appears to
provide a reasonable benefit in PO, attenuation with diminishing returns when increasing from 150 to 250 ft.
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Table 12. Phosphorus Setback Modeling: HYDRUS-2D Results

PO Mass PO Mass PO4 .
Flux Flux Attenuation 1mg/L PO, Time for
. Setback Soil | Groundwater i i . Plume Phosphorus
Scenario . s Entering Entering from Drain .
Distance | Type Gradient - . Distance from to Reach
Drain Field? Lake? Field to Drain Field? Lake
(mg/cm) (mg/cm) Lake
<50 ft
1 Sand Low 320,400 31,180 90% (Reached 0.8 years
Waterbody)
<50 ft
2 Sand High 320,400 51,710 84% (Reached 0.5 years
50 ft Waterbody)
3 L;’;:;y Low 320,500 0.008 99.9% 40 ft 10.6 years
Loam <50 ft
4 San dy High 320,400 31,340 90% (Reached 3.2 years
Waterbody)
5 Sand Low 320,400 3,844 99% 77 ft 4.1 years
6 Sand High 320,400 17,640 95% 132 ft 2.3 years
150 ft
7 L;’;:;y Low 321,100 0 100% 36 ft >40 years
8 L;J::;y High 320,400 52 99.9% 139 ft 16 years
9 Sand Low 320,300 301 99.9% 74 ft 9.2 years
10 Sand High 320,300 5,029 98.4% 126 ft 5years
250 ft
1 L;’::;y Low 320,300 0 100% 75 ft >40 years
12 L;’:‘:;y High 320,300 <0.001 100% 132 ft 35 years

'Low groundwater gradient: 0.00388 ft/ft. High groundwater gradient: 0.00776 ft/ft.
2Cumulative simulated fluxes across mesh lines in HYDRUS-2D at the end of the 40-year simulation period.

31 mg/L plume distance downgradient from edge of the septic system drain field at the end of the 40-year simulation period.
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Figure 29. Simulated Phosphate (PO.) Plume (1 Mg/L) Downgradient of Septic Drain Field Setback 50 Ft from a Lake Under Different Soil Types and Groundwater Gradients After a 40-Year

Simulation Period (see Table 13).
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Figure 30. Simulated Phosphate (PO4) Plume (1 Mg/L) Downgradient of a Septic Drain Field Setback 150 Ft from a Lake Under Different Soil Types and Groundwater Gradients After a 40-Year

Simulation Period (see Table 13).
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Figure 31. Simulated Phosphate (PO4) Plume (1 Mg/L) Downgradient of a Septic Drain Field Setback 250 Ft from a Lake Under Different Soil Types and Groundwater Gradients After a 40-Year

Simulation Period (see Table 13).
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7.3.3. Recommendations

Screening-level modeling of a representative septic system located adjacent to a waterbody (e.g., a lake) in
Orange County suggests phosphorous loading from septic systems can contribute phosphorus to adjacent
surface waters. Results indicate soil type, groundwater gradient, and setback distance all impact phosphorus
attenuation and loading. Based on a review of previous studies and the screening-level modeling results
presented in this section, the County could consider the following recommendations for reducing phosphorus
loading from septic systems to adjacent waterbodies.

1) Maintain the existing requirement that a septic system’s drain field have at least a 150-ft
setback distance from a waterbodys®.

% Increasing the setback distance from 50 ft to 150 ft provided the greatest increase in PO,
attenuation with diminishing returns when increasing from 150 ft to 250 ft. Across assessed
scenarios, PO, attenuation was >95% at the 150-ft setback and >98% at the 250-ft setback over
the 40-year simulation period. For sensitive lakes already at phosphorus capacity, some
studies have recommended a setback distance of almost 1,000 feet (300 meters) (Robertson
2008).

+ The County should not permit variances to the 150 ft setback criteria without septic applicants
demonstrating that the reduced setback would not contribute to water quality impairments,
such as providing site specific investigations (as stated below) or implementing advanced
treatment septic systems. This would not apply to those parcels entirely within 150 ft of a
waterbody, or similar scenario where locating septic outside of this setback is infeasible.

2) Study the impact of water table depth on phosphorus leaching to groundwater from septic
systems in Orange County.
+» Studies have found rapid phosphorus attenuation occurs in the soil after septic effluent enters
drain field (unsaturated zone). Maintaining enough distance above the water table is
important to provide enough time for these precipitation reactions to take place.

3) Prioritize methods that facilitate the reduction of phosphorus loading from septic systemsin
areas at higher risk of septic leachate transport and downgradient waterbody impacts. This
could include conversion of conventional septic systems to advanced treatment systems or
septic-to-sewer retrofits.

¢+ Sorption of phosphorus plays a role in attenuation of phosphorus in septic effluent. Reducing
the phosphorus load entering the drain field increases the time for sorption sites in the soil
and groundwater to become saturated, which increases the time for precipitation reactions to
occur and increases the time septic systems can operate with minimal downgradient impacts.
As noted in Lusk et al. (2021), while sorption plays an important role in attenuation, there is
always the possibility for desorption of phosphorus, which could contribute mobile
phosphorus over a decades-long scale. Reducing phosphorus loading entering the soil
reduces this risk. It should be noted that phosphorous removal efficiencies for advanced
treatment systems are not as well characterized as the removal efficiencies for nitrogen and
are a subject of future research.

¢ The setback for nitrogen (Section 6) is recommended at a greater distances than for phosphorus and thus may control
the ultimate setback distance.
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4) Forlong-running septic systems (e.g., septic systems in operation in excess of a certain period
of time), consider requiring soil in the first one to two feet of a drain field be replaced during
septic system upgrades.

@
0’0

Replacing drain field soil during septic system upgrades with proper soil, or other suitable
media, can increase phosphorus sorption and facilitate precipitation reactions leading to
increased phosphorus attenuation. Phosphorus plumes in long-running septic systems can
develop in groundwater even when the septic tank and drain field are working properly as
phosphorus storage capacity of the soil gets filled (Lusk et al. 2021).

5) Develop a methodology for site-specific investigations of septic systems installed or upgraded
adjacent to WOIs and/or sensitive lakes (where applicable).

®
0’0

Phosphorus loading from septic systems to downgradient waterbodies can be impacted by a
variety of local parameters, including setback distance, soil type, groundwater flow, and
geochemical conditions. Therefore, a local evaluation could include soil tests in the
unsaturated zone beneath a potential drain field location, characterizing local groundwater
flow conditions, and development of a local-scale, site specific fate and transport model. As
sorption and precipitation reactions are the dominant processes impacting the attenuation of
phosphorus in septic effluent, soils could be tested for the phosphorus storage capacity of the
soil column beneath the drain field (Nair et al. 2010) as well as other soil tests that may impact
precipitation reactions (e.g., pH, redox potential, CaCO; content).

The County could conduct a study with the goal of developing a simple soil assessment that
septic applicants could perform that would demonstrate whether sufficient phosphorus
sorption capacity exists onsite when minimum drain field setback requirements cannot be
met.
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8. Priority Focus Areas Phase |

Drummond Carpenter implemented a detailed methodology for the identification of subdivisions that may
contribute to groundwater contamination from septic sources and has ranked these subdivisions for septic
system intervention based on a data-driven vulnerability framework. These subdivision rankings were
conducted for known subdivisions that have at least 50% septic system density (i.e., at least half of the parcels
are on septic), totaling 1,910 ranked subdivisions. This ranking system, while helpful for identifying critical
subdivisions for retrofit prioritization, does not provide sufficient differentiation of subdivisions to be directly
used to recommend strategic capital improvement actions or County policy changes meant to improve
specific waterbodies that have the greatest need for such interventions.

The ranking system classifies 68 subdivisions with the highest priority (i.e., ranks above 4). Given the complex
challenges needed for septic system interventions to occur for even these highest priority subdivisions, the
timeframe for corresponding water quality improvements to be realized is likely on the order of decades.
Therefore, it is recognized that a more focused priority assessment is needed that targets individual
waterbodies for septic interventions so that County goals can be prioritized and measured at the waterbody
level.

Through coordination with the County, Drummond Carpenter developed a proposed methodology to define
Priority Focus Areas (PFAs) for septic intervention measures. The PFAs are defined at the individual waterbody
level, that consolidates the previously ranked subdivisions and provides a ranking system for allocation of
resources. This assessment is considered Phase | of this effort and is meant to prioritize septic interventions of
existing septic systems that would likely take the form of capital improvements projects (i.e., septic-to-sewer
or advanced treatment retrofits). Phase Il of this PFA process (not included herein) will target areas of future
septic systems and is meant to prioritize policy changes that should be implemented to responsibly regulate
existing and future septic system construction and operation.

8.1. Identification of Priority Focus Areas

The PFA concept used for this project mirrors the development of PFAs used by FDEP to establish special
groundwater influence regions for Outstanding Florida Springs per the Florida Springs and Aquifer Protection
Act’, except that lakes and rivers are considered instead of springs. Per Florida Statute:

“Priority focus area” means the area or areas of a basin where the Floridan Aquifer is generally most vulnerable to pollutant inputs where
there is a known connectivity between groundwater pathways and an Qutstanding Florida Spring, as determined by the department in
consultation with the appropriate water management districts and delineated in a basin management action plan.”

In addition, per 373.803 F.A.C,, the delineation of PFAs must consider the following:

1. Groundwater travel time. This can be either measured or modeled (simulated) groundwater travel

time.

2. Hydrogeology. This includes the groundwater contributing area, recharge, transport, and aquifer
vulnerability.

3. Nutrient load. This can either be from measured water quality data or predicted loading from
modeling.

4. Other factors that can lead to degradation of the waterbody. These factors can include soil
characteristics, pollutant sources, and others.

5. Be established using identifiable boundaries for ease of implementation. This can include roads,
natural boundaries, and political jurisdictions.

7373.803 F.A.C. ‘Delineation of priority focus areas for Outstanding Florida Springs’
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For this project, the SAS is considered instead of the UFA, as septic leachate to nearby waterbodies occurs
primarily from the SAS, and Waterbodies of Interest (WOls) (e.g., lakes and rivers) are the primary focus instead
of Outstanding Florida Springs.

The following procedure was used to delineate the proposed Orange County PFAs:

1. The Phase 1 PFA targets were selected as a subset of the WOIs described in Section 4. These generally
included those WOIs that had an established water quality impairment, are classified as an
Outstanding Florida Water, or had prioritized subdivisions (as detailed in Section 5) within the WOI's
groundwater influence zone. Finally, WOIs within the existing Wekiwa and Rock Springs PFA were
precluded from selection since they are already within an FDEP PFA. This results in 66 PFAs. Because
the PFAs were selected from the WOI list, the PFA delineation requirements related to Hydrogeology,
Nutrient Load, and Other Factors have been met based on the use of the OC ECFTX groundwater
model, OCAVA model response theme, STUMOD + MODFLOW RT3D water quality models, the
measured water quality data that established water quality impairments, and the presence of known
pollution sources (i.e., septic systems) within the groundwater influence zones used to generate the
WOls.

2. Once the PFAs had been selected, the first step in delineating the PFA extent was developing 5-year
influence zones for the WOIs. The 5-year influence zones represent areas of the influence zones
described in Section 4 (i.e., groundwater basins) where a particle of water released in the SAS would
be predicted to reach a WOI in less than five years. This was performed to satisfy the Groundwater
Travel Time standard for developing PFAs to include only those “faster” groundwater travel regions
that would be more susceptible to septic pollutant flux.

3. A 150-ft buffer was then applied to these 5-year influence zone boundaries to better capture the
seasonality, fluctuation, and potential deviations in groundwater flow conditions from dry to wet
years. A 150-ft setback is also the current Orange County septic setback requirement from
waterbodies.

4. Buffered 5-year influence zones that overlapped with each other were consolidated (e.g., nearby lakes
or chains of lakes). This effort produced 66 unique PFAs across the County. PFAs are listed in Table 14.

5. Ranked septic subdivisions where at least a portion of the subdivisions fell within the delineated PFA
were considered to qualify as part of the PFA. This is done to meet the requirement that PFAs be
established using identifiable boundaries for ease of implementation.

Septic subdivisions within identified PFAs were selected for priority ranking. There are a total of 671 PFA septic
subdivisions within the 66 PFAs, including the Shingle Creek PFA. A septic subdivision was considered to be
associated with a PFA provided any portion of the subdivision fell within the PFA boundary. These PFA septic
subdivisions were ranked based on the Weighted Vulnerability Ranking System discussed in Section 5. These
rankings consider septic density, OCAVA vulnerability class, land use (i.e., population/housing density), septic
age, distance to water, elevation (as a proxy for depth to water), and whether the subdivision is within an
impaired water/watershed (from the state WBID layer) or springshed (i.e., Wekiwa springshed). Selection of
PFAs identifies a more refined priority list for septic intervention with 6 PFA subdivisions having the highest
priority ranking (i.e., ranks above 4) as compared to the 68 septic subdivisions across Orange County with the
highest priority rank (Table 13).

In addition to ranking subdivisions within identified PFAs, a methodology was also developed for priority
ranking at the PFA scale. Priority Focus Areas were first ranked using a Cumulative PFA Vulnerability Score,
which represented the summation of each septic subdivision’s Weighted Vulnerability Ranking System score
(Section 5) multiplied by the total subdivision area (Equation 1). PFAs were then ranked using a Normalized
PFA Vulnerability Score, which represented the summation of each septic subdivision’s Weighted Vulnerability
Ranking System score (Section 5) multiplied by the area of the subdivision within the PFA normalized by the
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total PFA area excluding areas occupied by WOIs (Equation 2). Ranked PFAs and PFA septic subdivisions are
provided in Table 14 and Table 15 and shown on Figure 32 and Figure 33.

n
Cumulative PFA Vulnerability Score = Z(VW * Agq) (Equation 1)
i

Y o x A Equation 2
Normalized PFA Vulnerability Score = M (Equati )
Appar
Where:
Vw=  Weighted vulnerability ranking score for the subdivision
As= Total area of the subdivision area (acres)

Asqrra = Area of subdivision within the PFA (acres)

Aprra-= PFA area excluding Waterbodies of Interest (acres)
i= Individual septic subdivision within the PFA

n=  Total number of septic subdivisions within the PFA

Table 13. Total Subdivisions by Priority Ranking.

Weighted Ranking System Score
>4 3-4 <3 LIt
Total Number of Subdivisions included
in Ranking Analysis 68 802 1040 1910
(Section 5)
Total Number ofpi:l:dlwsmns within 6 215 450 671

APPENDIX G provides a table of the 671 ranked subdivisions, including Shingle Creek, as well as their

corresponding PFA. Subdivisions completely outside of the PFA boundaries were not included in the final
priority ranking for septic intervention.
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Table 14. Phase | Priority Focus Areas (PFAs) by Cumulative PFA Vulnerability Score.
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Phase | PFA
PFA Area . Priority Rankings
PFA Name P::i:::;a excluding WOIs Vu(I::z:II;:iI:’;SPCIZ:e* yby °
(acres) Cumulative PFA
Vulnerability Score
Butler Chain of Lakes PFA 10247 4740 12218 1
Econlockhatchee River PFA 9519 8974 9445 2
Lake Fairview PFA 1335 831 2889 3
Lake Ola PFA 960 523 2476 4
Little Econlockhatchee River 3186 3112 2382 5
Lake Conway PFA 3587 1786 2160 6
Johns Lake PFA 4284 2439 1882 7
Lake Olivia PFA 357 269 1674 8
Lake Gatlin PFA 930 710 1659 9
Lake Mary Jane PFA 1671 580 1508 10
Lake Barton PFA 456 303 1420 11
Lake Holden PFA 806 537 1218 12
Lake Burkett PFA 745 496 1022 13
Fish Lake PFA 68 44 1010 14
Lake Pickett PFA 1198 482 1003 15
Lake Hiawassee PFA 713 545 985 16
Big Sand Lake PFA 2654 1770 985 17
Lake Marsha PFA 216 123 889 18
Lake Rose PFA 262 179 832 19
Lake Roper PFA 168 118 712 20
Lake San Susan PFA 97 78 705 21
Lake Killarney PFA 670 432 652 22
Lake Hourglass PFA 151 136 641 23
Lake Roberts PFA 313 176 627 24
Lake Willis PFA 273 130 607 25
Lake Cane PFA 267 184 572 26
Bass Lake PFA 184 143 556 27
Lake Floyd PFA 58 35 500 28
Phillips Pond PFA 55 40 465 29
Palm Lake PFA 44 29 420 30
Lake Rexford PFA 119 70 411 31
Lake Georgia PFA 173 84 410 32
Lake Anderson PFA 101 86 403 33
Hickorynut Lake PFA 941 617 399 34
Lake Drawdy PFA 137 87 394 35
Lake Fischer PFA 76 51 345 36
Lake Hancock PFA 1566 1108 340 37
Lake Sawyer PFA 227 136 338 38
Lakes Sue Rowena PFA 817 615 327 39
Lake Inghram PFA 84 55 323 40
Lake Rouse PFA 73 39 321 41
Lake Irma PFA 358 234 318 42
Lake Tennessee PFA 68 56 265 43
Lake Price PFA 236 150 211 44
Lake Susannah PFA 245 166 197 45
Lake Speer PFA 798 459 132 46
Lake Carlton PFA 405 172 117 47
Panther Lake PFA 320 261 94 48
Lake Downey PFA 39 21 73 49
Lake Gear PFA 97 85 54 50
Lake Mary PFA 104 54 47 51
Lake Mare Prairie PFA 332 202 25 52
Lake Lawne PFA 559 413 6 53
Taylor Creek PFA 493 292 0 54
Lake Heney PFA 86 44 0 54
Lake Ihrig PFA 29 14 0 54
Lake Lartigue PFA 103 62 0 54
Huckleberry Lake PFA 173 80 0 54
Saw Grass Lake PFA 139 82 0 54
Lake Needham PFA 151 67 0 54
Lake Sandy PFA 76 52 0 54
Lake Bumby Tyler PFA 196 156 0 54
Cawood Ponds PFA 123 94 0 54
Jim Creek PFA 1169 859 0 54
Tootoosahatchee Creek PFA 3025 2879 0 54
Shingle Creek 1162 999 0 54

*See Equation 1
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Table 15. Phase | Priority Focus Areas (PFAs) by Normalized PFA Vulnerability Score.
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Phase | PFA
PFA Area . Priority Rankings
PFA NAME P(Fa’: 2‘33 without WOIs* Vu"l'::r';;'i'lziffs";‘:e* yby ?
(acres) Normalized PFA
Vulnerability Score
Lake Barton PFA 456 303 3.59 1
Palm Lake PFA 44 29 3.51 2
Lake Willis PFA 273 130 349 3
Lake Rose PFA 262 179 346 4
Lake Marsha PFA 216 123 332 5
Lake Anderson PFA 101 86 3.28 6
Phillips Pond PFA 55 40 3.27 7
Fish Lake PFA 68 44 3.07 8
Lake Rouse PFA 73 39 2.84 9
Lake Rexford PFA 119 70 2.82 10
Lake Roper PFA 168 118 273 11
Lake Hourglass PFA 151 136 2.72 12
Lake San Susan PFA 97 78 2.70 13
Lake Olivia PFA 357 269 2.70 14
Lake Floyd PFA 58 35 254 15
Lake Cane PFA 267 184 248 16
Lake Roberts PFA 313 176 233 17
Bass Lake PFA 184 143 230 18
Lake Georgia PFA 173 84 2.30 19
Lake Ola PFA 960 523 2.24 20
Lake Drawdy PFA 137 87 222 21
Lake Fairview PFA 1,335 831 2.20 22
Lake Fischer PFA 76 51 2.09 23
Lake Downey PFA 39 21 2.05 24
Lake Holden PFA 806 537 1.88 25
Lake Mary Jane PFA 1,671 580 1.81 26
Butler Chain of Lakes PFA 10,247 4,740 1.80 27
Lake Tennessee PFA 68 56 1.76 28
Lake Gatlin PFA 930 710 1.74 29
Lake Burkett PFA 745 496 1.42 30
Lake Sawyer PFA 227 136 1.36 31
Lake Inghram PFA 84 55 1.36 32
Lake Killarney PFA 670 432 1.35 33
Lake Price PFA 236 150 1.32 34
Lake Hiawassee PFA 713 545 1.21 35
Lake Pickett PFA 1,198 482 1.10 36
Lake Irma PFA 358 234 1.04 37
Lake Conway PFA 3,587 1,786 0.90 38
Lake Mary PFA 104 54 0.71 39
Lake Carlton PFA 405 172 0.63 40
Hickorynut Lake PFA 941 617 0.61 41
Big Sand Lake PFA 2,654 1,770 0.56 42
Johns Lake PFA 4,284 2,439 0.55 43
Lakes Sue Rowena PFA 817 615 0.49 44
Little Econlockhatchee River 3,186 3,112 0.49 45
Lake Gear PFA 97 85 044 46
Lake Susannah PFA 245 166 0.40 47
Econlockhatchee River PFA 9,519 8,974 0.35 48
Lake Hancock PFA 1,566 1,108 0.27 49
Lake Speer PFA 798 459 0.18 50
Panther Lake PFA 320 261 0.01801 51
Lake Lawne PFA 559 413 0.006 52
Lake Mare Prairie PFA 332 202 0 53
Taylor Creek PFA 493 292 0 54
Lake Heney PFA 86 44 0 54
Lake Ihrig PFA 29 14 0 54
Lake Lartigue PFA 103 62 0 54
Huckleberry Lake PFA 173 80 0 54
Saw Grass Lake PFA 139 82 0 54
Lake Needham PFA 151 67 0 54
Lake Sandy PFA 76 52 0 54
Lake Bumby Tyler PFA 196 156 0 54
Cawood Ponds PFA 123 94 0 54
Jim Creek PFA 1,169 859 0 54
Tootoosahatchee Creek PFA 3,025 2,879 0 54
Shingle Creek 1,162 999 0 54

*See Equation 2
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Figure 32. Phase | Priority Focus Areas (PFAs), Cumulative Vulnerability PFA Priority Rankings, and Subdivisions Identified for Septic Intervention (see Table 14).
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Figure 33. Phase | Priority Focus Areas (PFAs), Normalized PFA Priority Rankings, and Subdivisions Identified for Septic Intervention (see Table 15).
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9. Summary of Vulnerability Assessment

Based on the foregoing sections, several 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. The goal of this project is to
provide the County with sufficient data and tools to prioritize septic intervention practices and inform future
septic management and regulation. When evaluating specific areas, the County may discover more localized,
site-specific data are available, which is encouraged to be incorporated into decision-making processes as
appropriate. The completed tasks are briefly summarized below:

1. Orange County Aquifer Vulnerability Assessment - The OCAVA mapping effort assessed surficial
aquifer vulnerability in Orange County using a data-driven methodology developed by the State of
Florida. Relative vulnerability scores (less vulnerable, vulnerable, and more vulnerable) were provided
for areas throughout the County. This vulnerability represents the likelihood for pollutants at the land
surface or within the unsaturated zone 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. The groundwater model developed in this study was designed to predict 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 173 WOIs using the groundwater model.
Groundwater influence zones represent predicted areas where sources of pollutants (e.g., septic
system leachate) could originate from and impact the WOIs.

3. Septic System Spatial Analysis & Subdivision 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. The final septic inventory was approved by Orange
County Utilities and OCEPD. Additionally, a subdivision prioritization mapping system was developed
based on existing septic infrastructure, aquifer vulnerability, retrofit feasibility, and other factors to
produce prioritizations for septic system interventions at the subdivision scale countywide.

4. Nitrogen Water Quality Modeling — Water quality modeling was conducted to evaluate the
influence of key parameters on the likelihood of nitrogen septic pollution reaching groundwater and
waterbodies. STUMOD-FL and MODFLOW coupled with RT3D were used in this effort to evaluate the
impacts of depth to groundwater, soil hydraulic conductivity, travel time to a waterbody, and type of
septic system (i.e., conventional or advanced treatment) on nitrogen pollution from septic systems.
Results of this water quality modeling can inform recommendations for future septic system
interventions within the County. Refer to Section 6 for specific recommendations.

5. Phosphorous Water Quality Modeling - A screening-level evaluation was conducted using water
quality modeling to evaluate the impact of setback distances for septic systems on phosphorus
loading to groundwater and downgradient waterbodies. HYDRUS-2D was used to simulate
phosphorus in septic effluent leaching through soil to underlying groundwater and to a
representative adjacent downgradient waterbody. Results of this water quality modeling can inform
recommendations for future septic system interventions within the County. Refer to Section 7 for
specific recommendations.

6. Phase | Priority Focus Areas (PFAs) - Identification of Phase | Priority Focus Areas (PFAs) for septic
intervention activities incorporating results from Tasks 1 — 5, including influence zones for WOIs,
groundwater travel times, hydrogeology, nutrient load, subdivision priority ranking system, and other
factors impacting vulnerability of surface waterbodies to septic pollution.
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9.1. 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 future phases of this
project or in the feasibility study phase for connection to the central sewer.

9.2. Future Work

Phase | PFAs developed in this study represent areas recommended for septic interventions to protect
identified WOIs. The WOlIs in this study focused largely on waterbodies that are currently impaired and
evaluating subdivisions already on septic (>50%) for intervention.

However, impaired waterbodies in Orange County have shown an increasing trend over the past 20 years.
Without planning and preventative measures, this trend could continue as population in the area is expected
to continue to increase. Therefore, future work will focus on developing Phase Il PFAs. These PFAs can be
developed to proactively protect water resources (i.e., lakes) that are not currently impaired but could become
impaired based on new development and construction of new septic systems or a continuation of existing
practices.

Phase Il PFAs are proposed to be developed using lake water quality and/or future growth projections from
Orange County. Waterbodies not currently impaired but showing trends toward impairment for various
analytes (e.g., Total Nitrogen, Total Phosphorus, Chlorophyl a) and waterbodies in areas vulnerable to
groundwater pollution identified in this study (Section 3) where significant future population growth in
projected are proposed to be evaluated for potential inclusion as WOIs for Phase Il PFA development. Phase Il
PFAs are proposed to be developed following the methodology utilized for determining the groundwater
influence zones for the WOIs and Phase | PFAs described in Sections 4 and 8 of this report.

9.3. Policy Recommendations

The Orange County Groundwater Vulnerability Assessment focused exclusively on the role groundwater has
on nutrient transport, particularly from septic systems, and what steps the County can take to mitigate
pollutant sources contributing to water quality impairments through groundwater. Building on the framework
of previous efforts undertaken by Orange County, FDEP, and others to protect Wekiva Spring—including the
Wekiva Aquifer Vulnerability Assessment (2005), development of the Wekiwa and Rock Springs BMAP, an
Orange County Utilities septic-to-sewer feasibility study, and obtaining funding from state sources for sewer
implementation and septic system upgrades—this study conducted a groundwater vulnerability analysis via
(1) a countywide SAS vulnerability model (OCAVA), (2) a countywide groundwater model, (3) groundwater
quality fate and transport modeling, (4) a geospatial prioritization analysis of the County’s septic system
subdivisions, (5) identification of important waterbodies (WOIs), and (6) finally the development and
prioritization of PFAs for the WOls.

Based on the efforts undertaken in the study and previous efforts conducted by Orange County to protect
water resources, Orange County could consider the following policy recommendations:
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1) Develop consistent policy guidelines regarding new and existing septic systems falling within
PFAs?. An approach similar to that of the Wekiwa and Rock Springs BMAP developed for the Wekiva
PFA could be adopted, which has precedence in Florida for groundwater protection, is logical and
defensible. Specific policies include:

a.

b.

Require new developments that cannot be connected to central sewer to install advanced
septic treatment systems and maintain a waterbody setback distance of at least 150 feet.
Study the impact of water table depth on nutrient leaching to groundwater from septic
systems in Orange County.

Require existing conventional septic systems within 300 feet of a waterbody or on lot sizes of
less than 1 acre to be upgraded to advanced treatment systems if they are not planned for
connection to central sewer within a 20-year period.

Require existing failing conventional septic systems that require a permit from FDOH/FDEP for
repair be upgraded to advanced treatment systems if not planned to be connected to central
sewer within a 5-year period. Failing conventional septic systems could be considered those
where the system is not operating as intended by the manufacturer due to one or more failing
components, which could include but are not limited to the septic drain field(s), plumbing, or
the septic tank(s).

Consider increasing the distance for which connection to existing central sewer is required for
new developments.

Conduct septic-to-sewer feasibility studies for PFAs. Feasibility studies could utilize the PFA
priority rankings developed in this study, proximity to existing infrastructure, and
socioeconomic strategies.

Consider offering septic upgrade incentive programs like the pilot program currently being
offered within the Wekiwa PFA for subdivisions that are not considered feasible for connection
to the sanitary sewer. Within nutrient BMAP areas, such programs could be part of the
County’s annual stakeholder contribution to reduce nutrient loads.

2) Develop consistent guidelines for new and existing septic systems not falling within PFAs®.

a.

Require setback distances from a waterbody for new septic systems of 150 feet for advanced
septic systems and 300 feet for conventional septic systems. Do not allow variances to the
setback distance of 300 feet for conventional septic systems unless they upgrade to advanced
septic systems.

Study the impact of water table depth on nutrient leaching to groundwater from septic
systems in Orange County.

Consider offering septic upgrade incentive programs for conversion of existing conventional
septic systems to advance septic systems in “Vulnerable” and “Highly Vulnerable” areas
defined in this effort’s OCAVA model.

Conduct septic-to-sewer feasibility studies for septic subdivisions (>50%) based on the
prioritized vulnerability rankings developed in this study.

& Septic systems falling within PFAs represent any septic systems within a subdivision for which at least of portion of that
subdivision falls within a PFA boundary.

° Septic systems not falling within PFAs represent any septic systems within a subdivision for which no portion of that
subdivision falls within a PFA boundary.
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3) Work with the FDOH, and other applicable local, state, and federal agencies, to develop and
implement policy and funding strategies.
a. Develop an interagency agreement between Orange County and FDOH to:
i. Implement new requirements for the new and existing septic systems within PFAs,
near waterbodies, and possibly within designated areas (i.e., “Vulnerable” and “Highly
Vulnerable” OCAVA areas) across Orange County.
ii. Consider the administer grant program(s) for upgrading septic systems to advance
treatment systems.
b. Develop a funding strategy for implementation of recommendations for existing septic
systems within PFAs in accordance with the recommendations outlined above.
c. Develop afunding strategy for implementation of recommendations for existing septic
systems not falling withing PFAs in accordance with the recommendations outlined above.

4) Evaluate how new policies above can be used to address nutrient BMAPs in Orange County to
meet relevant requirements of the Clean Waterways Act (SB 712, 2020) once the statewide rules
have been finalized and adopted.

a. Incorporate wastewater and OSTDS plans into future nutrient BMAPs.
b. Inventory and develop projects to address septic issues with jurisdiction of other local
governments that may impact Orange County waterbodies.

5) Develop allowable variances that account for lots that cannot comply with the setback
requirements due to lot size and site geometry.

6) Develop a methodology for site-specific investigations of septic systems installed or upgraded
adjacent to WOIs and/or sensitive lakes (where applicable).

a. The County could conduct a study with the goal of developing a simple soil assessment that
septic applicants could perform that would demonstrate whether sufficient phosphorus
sorption capacity exists onsite when minimum drain field setback requirements cannot be
met.
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Appendix A: Orange County Groundwater Vulnerability Assessment
- Data Review and Compilation
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\// engineering + research
DATE: 12 October 2021
TO: Orange County
FROM: Lee Mullon, PE, CFM, D.WRE - Drummond Carpenter
CC: Chad Drummond, PE, D.WRE, BCEE - Drummond Carpenter

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://www.bebr.ufl.edu/population/population-data/projections-florida-population-county-2020%E2%80%932045-estimates-2019
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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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
https://data-floridaswater.opendata.arcgis.com/datasets/aquifer-performance-test-hydrologic-parametersjrwmd?geometry=-89.673%2C27.434%2C-72.985%2C30.793
https://data-floridaswater.opendata.arcgis.com/datasets/aquifer-performance-test-hydrologic-parametersjrwmd?geometry=-89.673%2C27.434%2C-72.985%2C30.793
https://geodata.dep.state.fl.us/datasets/surficial-aquifer-system-contamination-potential-fava-ii
https://geodata.dep.state.fl.us/datasets/florida-total-maximum-daily-load-tmdl?geometry=-100.353%2C24.973%2C-66.976%2C31.735&orderBy=TMDL_STATUS&orderByAsc=false
https://geodata.dep.state.fl.us/datasets/florida-total-maximum-daily-load-tmdl?geometry=-100.353%2C24.973%2C-66.976%2C31.735&orderBy=TMDL_STATUS&orderByAsc=false
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
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
https://hub.arcgis.com/datasets/FDEP::outstanding-florida-waters?geometry=-83.000%2C28.089%2C-78.828%2C28.934
https://hub.arcgis.com/datasets/FDEP::outstanding-florida-waters?geometry=-83.000%2C28.089%2C-78.828%2C28.934
https://geodata.dep.state.fl.us/datasets/waters-not-attaining-standards-wnas?geometry=-100.307%2C24.270%2C-66.930%2C31.074
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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Aquifer Vulnerability Modeling — Orange County

1. Aquifer Vulnerability Modeling — Dissolved Inorganic Nitrogen

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. 2007, Baker et al. 2009a, Baker et al.
2009b, 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 subjective, knowledge-driven approaches used in other vulnerability studies. This
vulnerability study was conducted on the SAS as septic leachate to nearby lakes occurs primarily from
this aquifer (Figure 1).

The WOE approach uses a probabilistic s
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
soil zone. Areas with increased
likelihood of a pollutant reaching the
SAS are considered more vulnerable
compared to areas with less likelihood.

The VUIneral?lllty mOde.Img relies on Figure 1. Florida's Aquifer Systems: Vulnerability modeling performed for
two categories of user inputs: (1) the surficial aquifer system (SAS) (Figure from CFWI 2022).
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. WOE vulnerability mapping was conducted using the Arc Spatial Data Modeler (ArcSDM)
toolbox for ArcGIS'.

' (Available at: GitHub - gtkfi/ArcSDM: Spatial Data Modeler 5 for ArcGis Desktop and ArcGis Pro)
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Soil Permeability

Karst Features E“"“ —- .
IAS Thickness EI

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).

1.1.Training Points

Training points represent actual groundwater quality data within the study area 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) are not typically found in high concentrations in groundwater
and may be used as training points because they can serve as indicators of relative aquifer recharge
(Arthur et al. 2017). Areas with higher intrinsic aquifer recharge potential are assumed to have increased
likelihood for a pollutant introduced at the land surface or in the vadose zone to be transported to the
aquifer (i.e., higher recharge potential represents higher aquifer vulnerability).

Training points were developed from SAS water quality data obtained from the St. John's River Water
Management District, Florida Department of Environmental Protection (FDEP) Watershed Information
Network (WIN), STORET database, Orange County Environmental Protection Division (OCEPD), 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, 541 data points were
collected from 70 separate SAS wells in Orange County. Of the 70 SAS wells found with measured
parameters of interest, 56 had measured DIN and 60 had measured DO (Table 1).
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Table 1. Sources of Well Data Used for Training Points.

DATABASE SOURCE WELLS DATES SAMPLED ORIGINAL PROJECT OR SAMPLING PROGRAM
ST. JOHNS RIVER WATER 1 i i
MANAGEMENT DISTRICT
DEPARTMENT OF
ENVIRONMENTAL 2 - -
PROTECTION WIN WAVES
DA UMENTICh GW-Trend, Background, STATUS GW-Trend,
ENVIRONMENTAL July 1985 —
44 y Background, STATUS, VISA, Wastewater Treatment
PROTECTION STORET October 2019 e i
ARCHIVAL DATABASE ping
ORANGE COUNTY WATER September 19, 1989 . L
ATLAS 2 _ August 2, 2005 South Florida Water Management District
WEKIVA AQUIFER STUDY April 18, 2011-April
(OCEPD) 10 8 2019 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 (NO3™ + NO," + NH4"),
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 14 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 14 DIN wells. This is an increase from the statewide study,
which had 1 training point for the SAS within Orange County.

Total Phosphorous Training Point Analysis

Subsequent to the DIN and DO analyses, an additional exploratory analysis (see Section 2) was
performed gathering data to create training points from wells with Total Phosphorous (TP)
measurements. As phosphorous is naturally occurring in Florida soils, additional consideration is
necessary when using TP data to create training points. In the conceptual framework of WOE for
assessing aquifer vulnerability, training points have traditionally served as indicators of higher aquifer
recharge because aquifer recharge has traditionally been treated as the indicator governing potential
aquifer vulnerability to pollution introduced at the surface. Therefore, parameters not typically found in
high concentrations in groundwater naturally, such as DO and DIN, are often used for training points
because they represent indicators of aquifer recharge. The natural occurrence of phosphorous in soils in
conjunction with strong impact of geochemical processes governing phosphorus transport may
influence the correlation between aquifer recharge and TP concentrations in groundwater.

The methodology for creating training points for TP mirrored the methodology described for DIN and
DO training points. Multiple searches of online databases generated a total of 415 TP data points from
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33 SAS wells in Orange County. Training points were selected as the SAS wells with median TP values
greater than the upper third quartile value calculated from the entire TP dataset. A total of 8 training
points were produced from the TP dataset. Similar to the DO training points, the TP training points did
not produce sufficient differentiation in the model and were not used in the final OCAVA model.
Appendix B contains results and discussion of the TP analysis.

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 aquifer recharge potential. 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, and
3. distance to karst features.

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; see Figure 3). 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 Figure 3. A visual representation of hydraulic conductivity:
dataset evaluated (CFWI 2020). The benefit of this a measure of how easily water moves through soil and
layer is that it represents the hydraulic conductivity aquifer materials (Image from Build LLC 2013).

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 filled using GIS
functions: Raster Calculator and Focal Statistics. The filled areas represent 3.4% of the total area of
Orange County.

4|Page



A DRUMMOND Orange County Groundwater Vulnerability Assessment
2N

§7// CARPENTER Aquifer Vulnerability Modeling - Appendix B

Depth-to-Water

Depth to water is the vertical distance from
S the ground surface to the saturated water
///f/‘f// table (Figure 4). In this study, the two
available datasets for the Depth to SAS
evidential theme were found to be poor
Y predictors of training points and thus were
} infiltr ation E ] f } JSuiI Mois ture not used in the final OCAVA model. The
available training points were in areas
Unsaturated {vadose) Zone ’,capillaw fringe | where the groundwater table was uniformly
shallow, which may have caused this model
% WATER TABLE | result.

Saturated Fone

The first dataset evaluated was the
statewide Estimated Depth to Water Table -
Surficial Aquifer System, which was created

Figure 4. Diagram of delineation of unsaturated and saturated zones )
by the water table (Figure from Digital Atlas of Idaho 2022). by FDEP by subtracting a water table
surface grid from a Digital Elevation Model

(DEM) (Anon. 2008). Unfortunately, at the state-widescale at which this layer was produced, 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, are missing too
much data to serve as evidential themes, or training points are not correlated with depth to water. A
refined depth to SAS layer could help strengthen the OCAVA model if depth-to-water is a strong
indicator of DIN vulnerability.

Karst Features

Karst features such as sinkholes can serve as conduits to directly route water from the surface to
subsurface aquifers (Figure 5). Various vulnerability 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.
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This study examined multiple datasets in efforts to find the most effective dataset to represent the
Buffered Effective Karst Feature evidential theme including:

1. Orange County High

When a cover-collapse

Resolution DEM (5 ft sinkhole breaches the
confining unit, water can
and 10 ft, based on Limestone near or at land move into the Upper

surface: solution sinkholes
are prevalent

i 1 Florida if
available spatial oridan aquifer

coverage),

2. FGS Subsidence
Incident Report (FGS
2021),

3. FGS Sinkhole
Favorability Study

\
\ Confining unit (clay)
\

Mantle or
overburden

(clay/sand)

Paleokarst
carbonate
bedrock

(FDEP and FGS 2017), ot
and U|f6r_
sy
4. FGS Closed oS

. G \ late 4, .
Topogra_ph|c Large volumes of water ——= uier Syst
Depressions (FGS rSovO l?lrough the ;

er rloriaan aquirer.

2004). P !

ArcGIS raster tools (contour,
sink, fill) were used to identify Figure 5. Karst features and connections to Florida's aquifers and surface waterbodies

potential karst features from (modified from Tihansky 1999).

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 likely GIS artifacts that may not represent evidence of sinkholes.
Additionally, the detail did not translate well 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, the
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 therefore 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.
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1.3. Model Extent

The study area extent for this model was delineated to be the same as Orange County. The model study
area and the 56 wells from the DIN dataset, including the14 training points, are shown in Figure 6. 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 6. Aquifer Vulnerability Model Extent, DIN Wells, and Training Points.

1.4. Aquifer Vulnerability Modeling Results - DIN

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 WOE model was used to classify regions within the study area into three vulnerability categories
based on posterior probabilities: More Vulnerable, Vulnerable, and Less Vulnerable. These vulnerability
categories can be viewed spatially in the “response theme” (Figure 7). The model that produced the
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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 and training point correlation to produce 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 7. 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 limits 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 8). This delineation is
performed using the ArcSDM toolbox and is consistent with the methodology followed for the
statewide FAVA model. Regions with a posterior probability less than 0.0024 were considered Less
Vulnerable (27% of the model area), regions with a posterior probability between 0.0024 and 0.0062
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were considered Vulnerable (65% of the model area), and regions with a posterior probability greater
than 0.0062 were considered More Vulnerable (8% of the model area).
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Figure 8. Posterior Probability versus Cumulative Area for the Model.

The prior probability for each model is calculated by dividing the training point unit area by the total
study area, 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 0.0060 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. Posterior probability
values generated during the response theme development are interpreted relative to the value of prior
probability with higher values generally indicating areas with higher probability of containing a training
point (Baker et al. 2009).

1.4.1. Conditional Independence

Conditional independence is a calculation performed during the execution of the WOE approach that
determines validity of the posterior probability values. Conditional independence ensures that the
probability of occurrence of one evidential theme does not influence the occurrence of another
evidential theme. The conditional independence is calculated as a ratio of the product of the sum of
each unique condition’s area multiplied by its corresponding posterior probability. This calculation is
performed within the WOE package. If conditional independence is met, then the calculated ratio
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should fall within the range 1.00 + 0.15 (Raines 2001). The OCAVA conditional independence was
calculated to be 0.94 and is within the acceptable range.

1.4.2. 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 9, reveals confidence in the response theme is 80% or higher. Generally, the higher confidence
areas correspond with higher vulnerability areas, and lower confidence areas correspond to lower
vulnerability areas.
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Figure 9. OCAVA Confidence Map.

1.4.3. Weights Calculations

The WOE approach calculates weights, contrast, and confidence values for each evidential theme that is
used to generate the response theme. These values for the evidential themes in the OCAVA model are
provided in Table 2. Similar to previous vulnerability assessments, a binary break was defined in the
WOE analysis to generalize the evidential themes and generate weights for two categories (Baker et al.
2007; 2009a; 2009b). Positive weights correspond to areas where training points are likely to occur, and
negative weights correspond to areas where training points are not likely to occur. Contrast is the
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difference between the highest and lowest weights and is a measure of how well the generalized
evidential themes predict the training point locations. Higher contrast values indicate evidential themes
that best predict training point locations. Confidence is a measure of significance and is equal to the
contrast divided by its standard deviation. Confidence values approximately correspond to t-test levels
of significance expressed as degree of confidence in Table 2 (Arthur et al. 2017).

The weights reveal that training points are more likely to occur in areas with higher hydraulic
conductivity and within shorter distances to karst features. The model contrast and confidence are
higher for the Soil Hydraulic Conductivity evidential theme indicating this evidential theme was a
stronger predictor of training points. The Soil Hydraulic Conductivity evidential theme also has the
highest absolute weight (W1: +1.1288). The strongest correlation of the evidential themes and training
points was a positive correlation between vulnerability and high soil hydraulic conductivity. This weight
was correlated with a generalized binary break value of the Soil Hydraulic Conductivity evidential theme
at 38 feet/day.

Table 2. Weights calculated for each evidential theme and their associated contrast and confidence values.

Evidential Theme W1 (+) W2 (-) Contrast Confidence Deg.ree Of*
Confidence
Soil Hydr.at.lllc 11288 01693 2981 9793 o7 554
Conductivity

Buffered Effective

0.1988 -0.7332 0.9321 1.2184 80%
Karst Features

*Degree of Confidence expressed as level of significance (Percentages obtained from Table 3 from Arthur et al. 2017).
1.4.4. Dissolved Inorganic Nitrogen (DIN) versus Posterior Probability

DIN values are expected to positively correlate with model posterior probability values based on the
assumption that higher DIN concentrations in groundwater correlate with higher recharge, i.e., more
vulnerable, areas of the surficial aquifer. To explore this relationship, posterior probability was
determined for each of the 56 SAS wells with DIN data that were used to develop the training points by
taking the posterior probability of the response theme at the location of each well. The wells were then
binned into the three vulnerability classes based on posterior probability. Next, an average of the
median DIN values of the wells falling in each in each vulnerability class was calculated. Median DIN
values from each well were averaged because median values were used to develop the training points.

The average DIN values for each vulnerability class were plotted against the posterior probability to
reveal any correlation (Figure 10). Results show a positive correlation between average DIN in the wells
and vulnerability. This trend suggests the model predictions of relative vulnerability align with
observations of DIN data.
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Figure 10. DIN values (averaged per vulnerability class) versus posterior probability values reveal a trend between increasing DIN
concentrations and posterior probability (vulnerability).

1.5.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 11).

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 state 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 in other areas of 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 and were not correlated with training points. The soil hydraulic conductivity did
provide valuable information to the vulnerability classification at the county-scale. Distance to karst
features were also 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.
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Figure 11. Comparison between the FAVA (Top) and OCAVA (Bottom) Results for the SAS.
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1.6. Limitations and Future work

This study created a map of the relative vulnerability of the SAS to pollution in Orange County using a
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, the
majority of training points were located in the northwestern portion of County. As additional data
becomes available, the model would likely be improved by incorporating more well data which may
lead to a training point dataset 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 show improved performance with additional data. 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 12).
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.
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Figure 12. Posterior Probability Calculated for Each Land Use.
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Aquifer Vulnerability Modeling
Total Phosphorus

2. Aquifer Vulnerability Modeling — Total Phosphorus

The purpose of this analysis was to explore the impact of using Total Phosphorous (TP) data to create
training points as opposed to DIN or DO. The modeling was kept consistent with the OCAVA model
described in main report with the exception that the training points were derived using wells with TP
data in lieu of DIN data.

2.1.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. The same evidential themes used in
the OCAVA model described in the main text were used in this analysis and included:

1. soil hydraulic conductivity,
2. and distance to karst features.

2.2.Training Points

The methodology for creating training points for TP mirrored the methodology described for DIN and
DO training points. Multiple searches of online databases generated a total of 415 TP data points from
33 SAS wells in Orange County. Training points were selected as the SAS wells with median TP values
greater than the third quartile value calculated from the entire TP dataset. A total of 8 training points
were produced from the TP dataset.

As phosphorous is naturally occurring in Florida soils, additional consideration is necessary when using
TP data to create training points. In the conceptual framework of WOE for assessing aquifer
vulnerability, training points have traditionally served as indicators of higher aquifer recharge because
aquifer recharge has traditionally been treated as the indicator governing potential aquifer vulnerability
to pollution from the surface. Therefore, parameters not typically found in high concentrations in
groundwater naturally, such as DO and DIN, are often used for training points because they represent
indicators of aquifer recharge. The natural occurrence of phosphorous in soils in conjunction with
strong the impact of geochemical processes on phosphorus transport may influence the correlation
between aquifer recharge and TP concentrations in groundwater.

2.3.Model Extent

The study area extent for this model was kept consistent with the OCAVA model described in the main
text. The model extent is shown in Figure 13 along with the 33 SAS wells with TP data and the
corresponding 8 training points.
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Figure 13. Model Extent, TP Wells, and Training Points.

2.4. Aquifer Vulnerability Modeling Results — Total Phosphorus

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—More Vulnerable,
Vulnerable, Less Vulnerable—that can be viewed spatially as the “response theme"” seen in Figure 14.
The response theme generated with the TP training points did not produce as much differentiation
throughout the county when compared to the response theme generated with DIN training points
(Section 3.2 of Main Text). This may be attributed to the fact that phosphorus is naturally occuring in
Florida soils and its transport is largely influenced by geochemical processes.

Aquifer recharge generally serves to represent aquifer vulnerability in vulnerability assessments. In other
words, areas with higher intrinsic aquifer recharge potential are assumed to have higher potential for
contamination (i.e., vulnerability) from a pollutant introduced at the land surface or in the vadose zone.
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However, elevated phosphorus levels in the SAS in Orange County may be more tied to natural
phosphorus levels and geochemistry of the subsurface (soils/SAS) rather than aquifer recharge.
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Figure 14. Response Theme produced with TP Training Points.

The three vulnerability categories of the total phosphorus response theme (Figure 15) were determined
based on the distribution of posterior probability across the modeled area. Poster probability
represents the 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
15). Regions with a posterior probability less than 0.002 were considered Less Vulnerable (57% of the
model area), regions with a posterior probability between 0.002 and 0.0044 were considered Vulnerable
(42% of the model area), and regions with a posterior probability greater than 0.0044 were considered
More Vulnerable (1% of the model area).
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Figure 15. Posterior Probability versus Cumulative Area.

The prior probability for each model is calculated by dividing the model area occupied by training
points by the total study area, effectively calculating the proportion of known impacted regions (SAS
wells with elevated TP) in the study area independent of evidential themes. Prior probability for this
model was calculated to be 0.0034. Posterior probability values generated during response theme
development are interpreted relative to the value of prior probability with higher values generally
indicating areas with higher probability of containing a training point (Baker et al. 2009).

2.4.1. Conditional Independence

Conditional independence is a calculation performed during the execution of the WoE approach that
determines validity of the posterior probability values. Conditional independence ensures that the
probability of occurrence of one evidential theme does not influence the occurrence of another
evidential theme. The conditional independence is calculated as a ratio of the product of the sum of
each unique condition’s area multiplied by its corresponding posterior probability. This calculation is
performed within the WoE package. If conditional independence is met, then the calculated ratio should
fall within the range 1.00 + 0.15 (Raines 2001). The model conditional independence was calculated to
be 1.06 and is within the acceptable range.
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2.4.2. 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 (Figure 16).
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Figure 16. Model Confidence Map.
2.4.3. Weights Calculations

The WoE approach calculates weights, contrast, and confidence values for each evidential theme that is
used to generate the response theme. These values for evidential themes used to generate the total
phosphorus response theme are provided in Table 3. Similar to previous vulnerability assessments, a
binary break was defined in the WOE analysis to generalize the evidential themes and generate weights
for two spatial categories (Baker et al. 2007; 2009a; 2009b). Positive weights correspond to areas where
training points are more likely to occur, and negative weights correspond to areas where training points
are less likely to occur. Contrast is the difference between the highest and lowest weights and is a
measure of how well the generalized evidential themes predict the training point locations. Higher
contrast values indicate evidential themes that best predict training point locations. Confidence is a
measure of significance and is equal to the contrast divided by its standard deviation. Confidence values
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approximately correspond to t-test levels of significance expressed as degree of confidence in Table 3
(Arthur et al. 2017).

Based on contrast, the results indicate that the Buffered Effective Karst Features evidential theme is a
strong predictor of where training points are likely to occur, and training points are more likely to occur
in areas near karst features (Table 3). The strongest weight (i.e., training point location predictor)
associated with any evidential theme was the positive weight associated the Buffered Effective Karst
Features evidential theme (W1 = 2.411). However, this weight was classified for a distance to karst
features of 0 feet (W1 = 2.411), which comprised a very small portion of the study area. Any distance
outside of a karst feature, which comprised most of the study area, was considered the weakest
predictor of any evidential theme (W2 = -0.122, Table 3) and was associated with areas where training
points were not likely to occur.

Though the contrast is not as great for the Soil Hydraulic Conductivity evidential theme, both weights
(W1 =0.368, W2 = -.414) were stronger predictors of association with training points than the negative
weight of the Buffered Effective Karst Features evidential theme that comprised most of the study area
(W2 = -0.122). Therefore, it would be expected that the response theme would more closely mimic the
spatial distribution of the Soil Hydraulic Conductivity evidential theme rather than the Buffered Effective
Kast Features evidential theme. Weights associated with the Soil Hydraulic Conductivity theme indicate
training points are more likely to occur in areas with a soil hydraulic conductivity greater than 21 ft/day.

Table 3. Weights calculated for each evidential theme and their associated contrast and confidence values.

Evidential Theme W1 (+) W2 (-) Contrast Confidence Degree of
Confidence*
Soil Hydraulic 0368 -0.414 0.782 1,069 80%
Conductivity
Buffered Effective 2411 0122 2533 2334 99%

Karst Features
*Degree of Confidence expressed as level of significance (Percentages obtained from Table 3 from Arthur et al. 2017).

2.5. Discussion

The TP training point set model results were not as robust compared to the model results produced
with the DIN training point set. This may be due to the size or spatial distribution of the training point
set, the presence of naturally occuring phosphorus in Florida soils and groundwater, the evidential
themes utilized in the analysis, or the impact of geochemistry on phosphorus transport. Though the TP
training point set was not used in the final OCAVA model, the model results do show a similar trend
with 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 OCAVA presented in the main text represents relative aquifer vulnerability of the SAS throughout
Orange County due to inherent geologic properties (i.e., soil hydraulic conductivity and karst features).
The response theme of the OCAVA represents the likelihood of contamination at the surface to reach
the SAS. These vulnerability categories may be used to understand where nitrate, phosphorous, or other
pollutants from anthropogenic activities are more likely to contaminate the SAS independent of land
use.
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Waterbodies of Interest

Background

Drummond Carpenter has developed a countywide groundwater vulnerability framework to assess the
County’s groundwater regions and associated waterbodies that are vulnerable to onsite treatment and
disposal system (OSTDS) (septic systems). An important element of this effort is identifying the
Waterbodies of Interest (WOIs), which are defined as surface waterbodies such as lakes and rivers that
are more likely to be susceptible to groundwater pollution within the surficial aquifer system (SAS), are
already considered impaired for water quality, or are otherwise considered important waterbodies
within the County in context with this project. Approximately 100-200 WOIs were targeted for selection
across the County. The results of the WOI selection are used subsequently in the project to define
priority focus areas (PFAs) for the County to prioritize septic systems interventions that can reduce the
potential for nutrients to contribute to waterbody impairments through the groundwater pathway.

Waterbodies of Interest Screening and Selection

A screening process was conducted to identify recommended WOIs which are detailed below. A
description of the Initial Screening Process and GIS data analysis used (See Exhibit 1 and Table 1):

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 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 were within Orange County, the resulting data set
contained 279 waterbodies. This was considered the “INITIAL WOI LIST”

" Hydrology, ftp.//ftp.onetgov.net/divisions/Infomap/pub/GIS Downloads/FTP%20Shapefiles/, 2021
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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 waterbody 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 are within a
Basin Management Action Plan region, waterbodies with a listed TMDL, waterbodies that were
considered “Not Attaining” due to Algae, Chlorophyll-a, Escherichia Coli, Fecal Coliform,
Macrophytes, all forms of nitrogen, and total phosphorus, 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 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 141 of the final WOlIs.

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. 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 13 WOlIs 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 WOIs 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

2 Orange County Property Appraiser, Hydro Polygon Shapefile, 2021.
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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.

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
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 “likely sinkholes,”
although the database metadata states that the majority of the incidents have not been field-
checked and the cause of subsidence is not confirmed.

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 WOls.

3 Subsidence Incident Reports, Florida Geological Survey, 2021,
https://floridadep.gov/fgs/sinkholes/content/subsidence-incident-reports

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
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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 WOIs, and these waterbodies were already
identified as WOIs, 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 did not
add WOls to the list.

5. Other WOIs
Other WOIs were selected based on additional criteria, such as proximity to dense septic areas,
previous studies that identified lakes as potentially impaired from groundwater, or other
waterbodies that are considered important to Orange County. These account for an additional
18 waterbodies.

6. Waterbodies in each BOCC district.

The final list of WOIs did contain waterbodies in each of the Board of County Commissioner’s
District in Orange County, with several waterbodies that spanned BOCC district boundaries.

Board Of County Number of
Commissioner’s Recommended
District WOIs in District
1 58
2 35
3 21
4 13
5 38
6 11

7. Water Quality data availability

Of the Recommended WOIs, all but 29 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 173 Recommended WOIs. Refer
to the location and status of